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Contact Information

Servotronix Motion Control Ltd.
21C Yagia Kapayim Street
Petach Tikva 49130

Israel

Tel: +972 (3) 927 3800

Fax: +972 (3) 922 8075
Website: www.servotronix.com

Technical Support

If you need assistance with the installation and configuration of the CDHD2 drive, contact
Servotronix Technical Support: tech.support@servotronix.com

Customer Service

Servotronix is committed to delivering quality customer service and support for all our
products. Our goal is to provide our customers with the information and resources so that
they are available, without delay, if and when they are needed. In order to serve in the most
effective way, we recommend that you contact your local sales representative for order status
and delivery information, product information and literature, and application and field
technical assistance. If you are unable to contact your local sales representative for any
reason, please use the most relevant of the contact details below:

For product support, contact: tech.support@servotronix.com
To order products, contact: orders@servotronix.com

For all other inquiries regarding CDHD2 drives or other Servotronix products, contact:
customer.service@servotronix.com

Warranty

The Product Warranty statement can be found in the Terms and Conditions document on the
Servotronix website: servotronix.com/terms-conditions

Unpacking
The package contains the CDHD2 drive only.
Upon receipt, open the package and remove all packing materials.

Check to ensure there is no visible damage to the CDHD2 drive. If damage is detected, notify
the carrier immediately.
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CDHD2 Introduction

1 Introduction

1.1 CDHD2 Product Overview

CDHD?2 is a high-performance servo drive based on innovative technologies and advanced
control algorithms. It is the second generation of this servo drive series, and features many
enhancements and improved capabilities.

Refer to the Ordering Information for the various options for the CDHD2 drive.

CDHD?2 drives that use a medium voltage power supply (120-240 VAC) are referred to as
MV models, and drives that use a low voltage power supply (20-90 VDC) are referred to as
LV models.

CDHD2-33 CDHD2-008

CDHD2-020 CDHD2-4D5  CDHD2-1D5
CDHD2-44 CDHD2-010

CDHD2-024 CDHD2-006  CDHD2-003
CDHD2-55 CDHD2-013

Figure 1-1. CDHD2 -120-240 VAC (MV) Models

Figure1-2.  CDHD2 - 20-90 VDC (LV) Models
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1.2 CDHD2 Models

The various models in the CDHD?2 servo drive series are differentiated by means of the
communication methods and protocols they use. The following table presents the different
models and their distinguishing characteristics.

Table 1-1. CDHD2 Models - Communication and Protocols
CDHD2 Model Physical Layer Communication Protocol Configuration
Language
CDHD2 (AP) Serial (RS232) ASCIl commands VarCom*
Standard CDHD2 Ana'og +10V
model. . .
Pulse Train Pulse and Direction, CW/CCW,
AB Quadrature
CDHD2 CAN (AF) Serial (USB|RS232) ASCIl commands VarCom
A CAN driVe, which Ana'og +10V
uizioié:\mpen Pulse Train Pulse and Direction, CW/CCW,
b ' AB Quadrature
Referred to as L
CDHD2 CANopen CAN Communication: CANopen VarCom
drive. CiA 301, CiA 402 CANopen
CDHD?2 EtherCAT (EC) Serial (USB|RS232) ASCIl commands VarCom
An EtherCAT drive, Analog +10V
which uses CANopen . N
Pulse Train Pulse and Direction, CW/CCW,
over EtherCAT (CoE)
AB Quadrature
protocol.
EtherCAT Communication: CANopen over VarCom
EtherCAT (COE) CANopen
CiA 402
CDHD?2 EtherCAT (EB) Serial (USB) ASCIl commands VarCom
An EtherCAT drive, Analog +10V
which uses CANopen .
EtherCAT Communication: CANopen over VarCom
over EtherCAT (CoE) EtherCAT (CoF)
protocol ) CANopen
CiA 402

VarCom is a proprietary set of parameters and commands for configuring, operating and
tuning CDHD2 drives. The VarCom Reference Manual and EtherCAT and CANopen
Reference Manual for CDHD2 can be downloaded from the product page on the
Servotronix website: http://www.servotronix.com/products/cdhd-servo-drives/

Note

12 User Manual


http://www.servotronix.com/products/cdhd-servo-drives/

CDHD2 Introduction

1.3  Ordering Information
The following diagram shows the ordering options that comprise the various model numbers

of the drives in the CDHD2 product line. To enquire about product availability, contact
Servotronix.
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Table 1-2. CDHD2 Ordering Options

CDHD2

CDHD2

006

2A AP1

CDHD2 Servo Drive — HD Series

Rating
120/240 VAC (MV)  20-48/90 VDC (LV)
Cont. Peak Cont. Peak
[A rms] [Arms]  [Arms] [A rms]
1D5 1.5 4.5
003 3 9 3 9
4D5 4.5 18
006 6 18 6 18
008 8 28
010 10 28
012 12 24
013 13 28
015 15 30
020 20 60
024 24 72
033 33 130
044 44 130
055 55 130
Input Power Supply
Low Voltage Input Power Supply
1D * 20-90 VDC for motor power (for 3A—12A models)
* 20-48 VDC for motor power (for 15A model)
* 20-48 VDC (optional) for logic power
Medium Voltage Input Power Supply
oA e Single Phase 120 L-N VAC +10% -15% 50/60 Hz
« Single Phase 240 L-N VAC +10% -15% 50/60 Hz
e Three Phase 120-240 L-L VAC +10% -15% 50/60 Hz
Communication Interfaces Analog Inputs
APXx Analog Voltage, Pulse Train, RS232. 1*or 2
AFx CANopen, Analog Voltage, Pulse Train, USB, RS232 1*or 2
ECx EtherCAT, Analog Voltage, Pulse Train, USB, RS232 1or2*
EB2 EtherCAT, USB. 2
x = 1: One analog input, 16 bit * Standard configuration
x = 2: Two analog inputs, 14 bit each
AF1 and EC2 options only for LV and MV-33/44/55 models
Motor Type
[blank]  Rotary and linear servo motors
RO Rotary servo motors. Available in Asia market only.
Special Options
[blank]  Standard
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1.4 CDHD2 Product Label

Different product models may appear identical. Model numbers and specifications appear on
the product label on the drive’s back panel.

0O A m
Model: CDHD2-0032AEC2

T (LR
Rev: XX

118B-0000012

Rating Input Output
Voltage VAC 120/240 1PH |0-2403PH [(FW: 2.0.0
Frequency Hz |50/60 0-1000Hz SCCR: 5000A
F.L.Current 1PH| 5A 3A Enclosure: IP20
Power 120/240V 0.44/0.74kVA| Ambient :45°C

Functional

r N Functioral |
b g Safoty
@ TOVRheinland
c us 5 Geavione

E Dangerous Residual voltage. Risk of electric shock, Wait 5

Voltage minutes after removing pewer before servicing.
Tension Voltage résiduel. Attendez 5 minutes aprés mise
Dangereuse hors tension avant de manipuler.

Read manual & follow the safety instructions
é CAUTION  ce cormrect PE earthing technique.

Attention  Lisez le manuel et suivez les consignes de
sécurité

Hot Do nottouch heatsink. May cause burns.
Surface
Surface Ne touchez pas le dissipateur thermique.

Chaude Risque de brilure.
waw.servotronix.com Ref : PRDBHCDUSMCZ-OUJ

Figure1-3.  CDHD2 Product Label — Example

1.5 Documentation Set for CDHD?2

The documentation set for the CDHD2 servo drive consists of the manuals listed below.

The CDHD?2 manuals can be downloaded from the product page on the Servotronix website:
http://www.servotronix.com/products/cdhd-servo-drives/

® CDHD?2 User Manual. Hardware setup, operation and tuning.
Intended for persons who are qualified to transport, assemble, commission, and
maintain the drive.

® ServoStudio 2 Reference Manual. Graphical user interface (GUI) provided with the
CDHD2 for configuring, operating and tuning the drive.

® VarCom Reference Manual. Parameters and commands for configuring, operating and
tuning the drive.

®  EtherCAT and CANopen Reference Manual.
CDHD2 implementation of CANopen protocol for CDHD2 EtherCAT (EC and EB) and
CAN (AF) drives.

Documentation is also available in the online Help package that is bundled with

Note ServoStudio 2 software.
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2

2.1

Safety and Standards

Safety Symbols

Safety symbols indicate a potential for personal injury or equipment damage if the
prescribed precautions and safe operating practices are not followed.

The following safety-alert symbols are used on the drive and in the documentation.

Table 2-1. Safety-Alert Symbols

2.2

Symbol Meaning Description ISO 7000/
IEC 60417
é Caution Indicates caution is necessary when operating the 0434
device.

Also indicates the current situation needs
operator awareness or operator action to avoid
undesirable consequences.

ﬁ Dangerous voltage Indicates hazards arising from dangerous 5036
voltages.
@ Protective earth; Identifies any terminal which is intended for 5019
protective ground  connection to an external conductor for

protection against electric shock in case of a fault,
or the terminal of a protective earth (ground)
electrode.

ff Caution, hot surface Indicates the marked item can be hot and should 5041
not be touched without taking care.

Safety Guidelines

The CDHD?2 servo drive is intended for use as a component within a machine system.

The machine builder and integrator must ensure the protection of both personnel and the
complete machine system.

The machine builder and/or integrator must perform a risk assessment in view of using the
CDHD?2 drive in the intended application. Based on the results, the appropriate safety
measures must be implemented.

The CDHD?2 drive must be used in compliance with all applicable safety regulations and
directives, and all technical specifications and requirements.

A The CDHD?2 drive utilizes hazardous voltages. It must be properly grounded.

16

The machine builder and the machine owner are responsible for the safety of the machine
operators.
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Safety and Standards

The machine owner and the machine operator are responsible for ensuring personnel
cannot enter the hazard zone while the machine is energized unless adequate functional
safety mechanisms are in place.

Only qualified personnel may perform installation, operation, service and maintenance
procedures. These persons must have sufficient technical training and knowledge to foresee
and recognize potential hazards that may occur when using the product, modifying settings,
and operating the mechanical, electrical and electronic components of the entire machine
system.

All persons working on and with the product must be fully familiar with all applicable
standards, directives, and accident prevention regulations when performing such work.

2.2.1 Installation Safety

Note Incorrect handling of the CDHD2 may cause personal injury and/or damage to equipment.

User Manual

When connecting the CDHD2 to other control equipment, be sure to follow two basic
guidelines to prevent damage to the drive:

The CDHD2 must be grounded via the earth ground of the main AC voltage supply.

Any motion controller, PLC or PC that is connected to the CDHD2 must be grounded
to the same earth ground as the CDHD2.

Before installing or commissioning the CDHDZ2, review all relevant product
documentation.

Perform the installation in strict compliance with product specifications and installation
instructions.

All system components must be connected to ground. Electrical safety is provided
through a low-resistance earth ground connection. (Protective Class 1 according
standard EN/IEC 618005-1.) The motor should be connected to protective earth by an
independent earthing conductor rated not less than the motor wire.

As part of the machine design, the machine builder must generate a hazard analysis for
the machine, and take appropriate measures to ensure that unforeseen movements
cannot cause personal injury and/or damage to equipment.

The drive meets IP20 (per IEC 60529), and type 1 (per UL 50); therefore, the machine
builder must select a suitable enclosure. The enclosure must meet at least IP54 (per

IEC 60529), and at least type 2 (per UL 50), and be composed of metal or a material with
rating flammability of 5 VA, and not have any openings in the bottom.

The leakage current to protective earth is greater than 3.5 mA; therefore, compliance
with IEC61800-5-1 and UL 508C requires either doubling of the PE connection (by one
grounding connection through the mains power cable earthing wire, and another
connection through the heat sink connection to the grounded machine base), or the
use of a copper connecting cable with a cross-section greater than 10 mm?. Use the
drive mount screws and the PE connection screws to meet this requirement.

Wiring of a yellow color with or without one or more green stripes must not be used,
except for protective bonding.

Power cables should be rated at least 600V, 75°C.
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2.2.2 Operational Safety

Machine builder are responsible for machine safety implementation, testing and
Note certification. The machine manual must define operational and maintenance conditions
and safety precautions.

Perform all machine operations in strict compliance with product specifications and
installation instructions.

The machine builder must provide a power mains disconnect device in accordance with
local regulations.

During operation, keep all covers and cabinet doors shut.

During operation the machine has electrically charged components and hot surfaces.
The CDHD?2 heat sink can reach temperatures of 90°C. Control and power cables can
carry a high voltage, even when the motor is not rotating.

Machine axes with a suspended load or unbalanced load must have an additional
mechanical safety block (such as a motor-holding brake) to prevent the load from
falling out of control. The CDHD2 cannot keep the load suspended when STO is active.
Serious injury may result if the load is not properly safeguarded.

2.2.3 Maintenance Safety

2.3

18

Note Incorrect handling of the CDHD2 may cause personal injury and/or damage to equipment.

Before performing maintenance on the CDHD2 (or the machine it drives), review all
relevant product documentation.

Perform maintenance procedures in strict compliance with the product maintenance
requirements and instructions.

To prevent electric arcing and hazards to personnel and electric contacts, never
disconnect or connect the product while the power source is energized.

After disconnecting the power source from the machine, wait at least 5 minutes before
touching or disconnecting parts of the machine that normally carry electrical charges
(such as capacitors, contacts, screwed connections).

Before touching the machine, measure the electrical contact points with a meter.
Be certain voltage is below 30 VDC before handling components.

Material Safety Data

The CDHD?2 is marked is in accordance with SJ/T 11364, which applies to electronic and
electrical products sold in the People’s Republic of China.

The data in the Hazardous Substances table below is in accordance with China RoHS 2.0:
Administrative Measures for the Restriction of Hazardous Substances in Electric Appliances
and Electronic Products; released January 21, 2016.
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P : . .
( (2? \ CDHD2 contains certain hazardous substances, and can be used safely for
\\l/’ 20 years, after which it should enter the recycling system.

Table 2-2. Hazardous Substances
Part Name Hexavalent Polybrominated Plybrominated
Lead Mercury Cadmium Chromium biphenyls diphenyl ethers
(Pb) (Hg) (Cd) (Cr (VD) (PBB) (PBDE)
Metal parts X O @) @) O @)
Plastic parts O O @) @) O @)
Electronic X @) @) @) @) @)
Contacts O @) @) @) (@) @)
Cables and O O @) @) (@) @)
cabling

accessories
O: Indicates that the concentration of hazardous substance contained in all of the homogeneous materials for
this product is below the limit stipulated in GB/T 26572.

X: Indicates that the concentration of hazardous substance contained in at least one of the homogeneous
materials used for this product is above the limit stipulated in GB/T 26572.
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2.4 Standards Compliance

The CDHD?2 has been tested and certified according to the following standards.
Table 2-3. Standards Compliance
Standard Directive/Description Certif. Mark
IEC 61800-5-1 Low Voltage Directive 2014/35/EU

IEC 61800-5-2:2017

IEC 61800-3

IEC 61800-3

EN 50581

SJ/T 11364

UL 508C

CSA C22.2
NO. 14-10

EU REACH

Adjustable speed electrical power drive systems.

Machinery Directive 2006/42/EC

Adjustable speed electrical power drive systems — Safety
requirements — Functional.

Electromagnetic Compatibility (EMC) Directive 2004/108/E
Adjustable speed electrical power drive systems.

Electromagnetic Compatibility (EMC) Directive 2014/30/EU
Adjustable speed electrical power drive systems.

Intended for use in second environment.

European Regulations 2011/65/EU RoHS (Restriction of
Hazardous Substances)

Technical documentation required for declaring compliance
with the applicable substance restrictions.

Marking for the Restricted Use of Hazardous Substances in
Electronic and Electrical Products (China RoHS 2.0)
Hazardous substances in electronic and electrical products;
environmental protection use period and recyclability.
Power Conversion Equipment

Open or enclosed equipment that supplies power to control a
motor or motors operating at a frequency or voltage different
than that of the input supply.

Industrial Control Equipment

Control and protective devices, and accessory devices, rated at
not more than 1500V, for starting, stopping, regulating,
controlling, or protecting electric motors, generators, heating
apparatus, or other equipment used to control an industrial
process that is intended to be installed and used in non-
hazardous locations.

Regulation (EC) 1907/2006 Concerning the Registration,
Evaluation, Authorization and Restriction of Chemicals.

The production and use of chemical substances, and their
potential impacts on both human health and the environment.

IEC International Electrotechnical Commission

EN European Standard (Euro Norm)

UL Underwriters Laboratory

CSA Canadian Standards Association

EU European Parliament and Council of the European Union

C€
C€

C€
C€

C€

A

TUVRheinland

e us

A

TUVRheinland
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2.5 Certificates of Compliance

Certificate

Certificate no.

CU 72151669 07

License Holder: Manufacturing Plant:
Servotronix Motion Control Ltd. A.M.S. Electronics Ltd.
21C Yagia Kapayim St. 14 Ha'amal St.
4913020 Petach Tikva Rosh Ha'ayn 4809250
Israel Israel
|
Test report no.: USA-AS 31380097 011 Client Reference: Nurit Barlev
Tested to: UL 508C:2016

C22.2 NO. 14-13

Certified Product: Servo Drive License Fee - Units

Change:
Upgrade of standard for all models: see above

Output Ratings: see appendix (CDF page 23)

contd.
Appendix: 1, 1-23
Licensed Test mark: Date of Issue
(day/mo/yr)
21/06/2017

A

TUVRheinland

TUV Rheinland of North America, Inc., 12 Commerce Road, Newtown, CT 06470, Tel (203) 426-0888 Fax (203) 426-4009
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Certificate

TUVRheinland

Certificate no.

CU 72151669 08

License Holder:

Servotronix Motion Control Ltd.
21C Yagia Kapayim St.

4913020 Petach Tikva

Israel

Manufacturing Plant:

Servotronix Motion Technology
Development (Shenzhen) Ltd.

6F 13 Building
Dongfangjianfuyusheng
Industrial Park, Xixiang Town
518126 Baoan District, Shenzhen
China

Test report no.: USA-AS 31380097 011

Tested to: UL 508C:2016
€222 :NO.; 1413

Client Reference: Nurit Barlev

Certified Product: Servo Drive

contd. Addition:
Model Designation:

License Fee - Units

1) CDHD2-1D52cdddddddd, 2) CDHD2-0032cdddddddd,
3) CDHD2-0034cdddddddd, 4) CDHD2-4D52cdddddddd,
5) CDHD2-0062cdddddddd, 6) CDHD2-0064cdddddddd,
7) CDHD2-0082cdddddddd, 8) CDHD2-0102cdddddddd,
9) CDHD2-0124cdddddddd, 10) CDHD2-0132cdddddddd,
11) CDHD2-0202cdddddddd, 12) CDHD2-0242cdddddddd,

(e =D, A, W d=0:59, K38, blank)

Input Ratings: see pages 2-3

Output Ratings: see appendix (CDF page 23)

Licensed Test mark:

TUVRheinland

Date of Issue
(day/mo/yr)
21/06/2017

TUV Rheinland of North America, Inc., 12 Commerce Road, Newtown, CT 06470, Tel (203) 426-0888 Fax (203) 426-4009
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Safety and Standards

May 10, 2018
abaays ) motion Ref: 710717 Ver.02

£C Declaration of Conformity

We: Servotronix Motion Control Lid.
21C Yagia Kapayim, P.O.B. 3919,
Petach Tikva 49130, Israel

Hereby under our sole responsibility, declare that the following products —

CDHD2 Servo Drive HD Series:

Models: CDHD2-aaabbeccdee-fff

While:

aaa

bb

cC

o8

=105, 003, 4D5, 006, 008, 010, 013, 020, 024 denoting Rating Current;
105 1.5A/4.8A {Cont.fPeak);

003: 3AIM9A;

4D5: 4.5A184;

006: GAMMSA;

008: SA/28A;

010: 10A/284;

013: 13A/284;

020: 20A760A;

024: 24A1724;

= 2A denoting Input Power Supply;
2A: 1201240Vac 1/3Ph;

= AP, AF, EC, EB denoting Communication Interfaces;
AP: Analog Veltage, P&D, RS232;

AF: Analog Voitage, P&D, CANepen, USB, R8232;

EC: Analog Voltage, EtherCAT, USB, RS232;

EB: Analog Voltage, EtherCAT, USB (EB2 only available);

=1, 2 denoting Analog inputs;
1; One Analog Input, 16 bit;
2: Two Analog inputs, 14 bit each;

= [Blank], RO denoting Motor Type;
[Blank]: Rotary and Linear servo motors;
RC: Rotary servo motors (Available In Asia market only);

= [Blank], XXX denoiing Special Options;
[Blank]: Standard;
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May 10, 2018
Ref: 710717 Ver.02

Subject to their installation, in accordance with the applicable installation’s manual and instructions, to
meet their applicable guidelines and their intended use, are in conformity with the following EC
directives, which are corresponding with the harmonized standards {including all their applicable
amendments): '

armonized Sta
EN 61800-5-2: 2017

Machinery Directive (MD)

DIRECTIVE 2014/35/EU

Low Voitage Directive (LVD)
Directive 2014/30/EU
Elsctromagnetic Compatibility (EMC)
Directive 2071/65/EU 1
Restriction of the use of certain hazardous |
substances {RoHS2) |

IEC/EN 51800-5-1: 2007 (second Edition)

IEC/EN 61800-3:2004+A7:2012 1

EN 50581:2012

Servotronix Motion Gontrol Lid, keeps records of the technical documents, installation’s manual or
instructions, diagrams and other technical documentation for examination for the EU authorities only.

First year of affixing CE Marking: 2017
issued at: Servotronix Motion Control Ltd,; Petach Tikva; Israel;

Signatures,  May 10, 2017

/]

/
] R T
Sew?trorijs'{ WMotior c/:éntrot Lid. p ,;g’{é@,;g;a o V}'V
\‘ f’“) Lot . > \}’f\\ @ ."‘/\ 1‘;:?‘@'3}:31‘ ’ = f
By: \Mrs it Bartev WL By: M. E.féan Katzir
Title: K{P Engineering ’fﬂmﬁ\ : Tithe: VP Technology
{ e

A}

Servolronix Motion Controf Lid.
21C Yagia Kapavyim - 7,0.B, 3819 - Pelach Tikva 49130 - Istael
Tel +872,3.92723800 » Fax; +872 3 922 8075
WWW. SBIVOIrenix.com
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Q) servorRonix REACH SVHC Declaration

CTYHEND Registration, Evaluation, Authorization and restriction of Chemicals
ol 174 Substances of Very High Concern (SVHC) on ECHA Candidate List

July 7, 2017

Dear Valued Customer,

Servotronix Motion Control Ltd. hereby declares the conformity of the CDHD Servo Drive
Series, with European Union Regulation (EC) 1907/2006 concerning the Registration,
Evaluation, Authorization, and Restriction of Chemicals (REACH), which came into effect on
June 1, 2007.

Under Article 33 of REACH, product (article) manufacturers or importers into Europe are
obligated to inform recipients of any articles that contain chemicals on the Substances of Very
High Concern (SVHC) candidate list above a 0.1% concentration (by weight per article).

Based on reliable information provided by our suppliers, we can confirm that the complete
product range of CDHD Servo Drive manufactured by Servotronix Motion Control does not
contain any of the substances on the REACH SVHC candidate list (as published by the
ECHA) in concentrations greater than 0.1% by weight per article.

CDHD Servo Drive Series are non-chemical articles; therefore, Servotronix is not subject to

any obligation to register or to compile safety data sheets.

In the highly unlikely event that we find a CDHD Servo Drive product contains a substance
listed in the ECHA candidate list with a weight exceeding 0.1%, we will promptly fulfill our
obligation to make such information known to our product users.

For additional information on this subject contact:

e

Zadok Shani  [zadok.shani@servotronix.com]
Engineering Manager
Servotronix Motion Control Ltd.

Servotronix Motion Control Ltd.
21C Yagia Kapayim « P.0.B. 3919 - Petach Tikva 49130 - Israel
Tel: +972.3.9273800 « Fax: +972.3.922.8075
www.servotronix.com
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& SERVOTRONIX Declaration of RoHS Conformity

CDOHD [In accordance with EU Directive 2011/65/EU and China-RoHS2]
August 11, 2017

Servotronix Motion Control Ltd. hereby declares the conformity of the CDHD Servo Drive
Series, with European Union Regulation 2071/65/EU RoHS EN 50581 of the European
Parliament and of the Council of 8 June 2011 on the restriction of the use of certain
hazardous substances in electrical and electronic equipment.

On 4 June 2015, the EU commission has published a new Directive (EU) 2015/863 to amend
Annex Il to EU RoHS 2 (Directive 2011/65/EU) to add the following 4 phthalates onto the list
of restricted substances.

* Lead (Pb)

» Mercury (Hg)

+ Cadmium (Cd), - 0.01% by mass (100 PPM)

* Hexavalent Chromium (Cr VI)

* Polybrominated biphenyls (PBB) and

+ Polybrominated diphenyl ethers (PBDE)

* Bis(2-Ethylhexyl) phthalate (DEHP) _amends by Directive (EU) 2015/863
* Benzyl butyl phthalate (BBP) _ amends by Directive (EU) 2015/863
* Dibutyl phthalate (DBP) _ amends by Directive (EU) 2015/863
« Diisobutyl phthalate (DIBP) _amends by Directive (EU) 2015/863

Based on reliable information provided by our suppliers, we can confirm that the product
manufactured by Servotronix Motion Control for Schneider Electric does not contain any of
the substances which are known to pose health risks and cause damage to the environment.
The maximum permitted concentrations are 0.1% by mass (1000PPM), unless otherwise

mensioned.
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CDHD2 Safety and Standards

Q) sERvOTRONIX Declaration of RoHS Conformity

We further declare compliance with the Ministry of Industry and Information Technology
(MIIT) of the People’s Republic of China “Administrative Measures for the Restriction of the
Use of Hazardous Substances in Electrical & Electronic Products™ (China RoHS-2).

The data shown below are related to the following version of the China RoHS 2.0: 20
Administrative Measures for the Restriction of Hazardous Substances in Electric d

Appliances and Electronic Products" released January 21st 2016.

1 F I - Hazardous Substances
Hit
Pa:name it K i Atk FRPEE | BR SR
(Pb) (Hg) (Cd) (Cr (V1)) (PBB) (PBDE)
A X o ) o 0 0
Metal parts
it ) o 0 0 0 0
Plastic parts
EE%‘? X (o] o (o] (0] (0]
Electronic
e o o 0 0 0 0
Contacts
LR RIZR S 1
Cables & cabling o 0 (0] 0 0 0
accessories

AFREACHE SIT11364 HIHLE Sk .

O: FRiEHFEVREEMEA YR R & RI7E GB/T 26572 MGERMBERELT.

X: FOREAHFYELTEZO MR SRR I & B GBIT 26572 ME i PR R

This table is made according to SJ/T 11364.

0O: indicates that the concentration of hazardous substance in all of the homogeneous materials for this
part is below the limit as stipulated in GB/T 26572.

X: indicates that concentration of hazardous substance in at least one of the homogeneous materials
used for this part is above the limit as stipulated in GB/T 26572

Servotronix Motion Control is committed in its goal of responsible manufacturing, and is ready

to meet environmental standards, domestic and international.

For additional information on this subject contact:

s

Zadok Shani  [zadok shani@servotronix com]
Engineering Manager
Servotronix Motion Control Ltd.

Page-2 of 2
Servotronix Motion Control Ltd.
21C Yagia Kapayim + P.O.B. 3919 + Petach Tikva 49130 » Israel
Tel: +972.3.9273800 - Fax: +972.3.922.8075
www _servotronix.com
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3 Specifications

3.1 Dimensions

A number of different enclosures house the various models of CDHD?2 drives. The exterior
dimensions of the enclosures are shown in the figures below.

®4.70
2pls for screws M4 or UN #8

SERVOTRONIX

158.09
173.12

14471

Figure 3-1. CDHD2-1D5/CDHD2-003 (MV) — Dimensions (mm)

Note CDHD2-1D5 does not have a fan. CDHD2-003 has a fan.
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©4.58
2pls for screws M4 or UN #8

SERVOTRONIX

157.59
156.95

173.24

164.50 55.24

Figure 3-2. CDHD2-4D5/CDHD2-006 (MV) — Dimensions (mm)

@ 4.50
2 pls for screvws M4 or #8

SERVOTRONIX

17277

177.30
19431

184.90

(am

174.88 62.18

177.50

Figure 3-3. CDHD2-008/CDHD2-010/CDHD2-013 (MV) — Dimensions (mm)
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SERVOTRONIX o
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@45
3pls for screws M4 or #8

B 4.49
3pls for screws M4 or #8

Figure 3-4. CDHD2-020/CDHD2-024 (MV) — Dimensions (mm)
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Figure 3-5. CDHD2-033/CDHD2-044/CDHD2-055 (MV) — Dimensions (mm)
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6pls for screws M4 or UN #8
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Figure 3-6. CDHD2-003/CDHD2-006/CDHD2-012/CDHD2-015 (LV) — Dimensions (mm)
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3.2 Mechanical and Electrical Specifications
Table 3-1. Mechanical and Electrical Specifications - CDHD2-1D5/CDHD2-003 (MV)
Single Phase Specification MV MV
120/240 VAC CDHD2-1D5 CDHD2-003
Ratings
Input Power Circuit: Voltage (VAC Line-Neutral) Nominal £10% 120/240 120/240
L1, L2 Line Frequency (Hz) 50/60 50/60
120/240 VAC 1 Phase 1 Phase
Continuous Current (Single Phase A rms) 2.5 5
Line Fuses (FRN-R, LPN, or equivalent) (A) 4 6
Withstand Voltage (Primary to Earth) 1500 VAC 1500 VAC
(2121VvDC) (2121 VDC)
Control Circuit Input 120 10 or 240 +10 VAC 1 Phase 1 Phase
Power (L1C, L2C)
Logic Input Fuse (Time 120 or 240 VAC (A) 0.5 0.5
Delay)
STO (Safe Torque Off)  STO Power Supply (VDC) 24 +10% 24 +10%
STO Fuse (Time Delay) 120 or 240 VAC (A) 1.5 1.5
Drive Output Continuous Output Current (A rms) 1.5 3
Continuous Output Current (A peak) 2.12 424
Peak Output Current (A rms) for 2 seconds 45 9
Peak Output Current (A peak) for 2 seconds 6.3 12.72
kVA at 120 VAC 0.28 044
kVA at 240 VAC 0.37 0.74
PWM Frequency (kHz) 16 16
Soft Start Max. Surge Soft Start Current (A) 7 7
Max. Charge Time (ms) 350 350
Control Circuit Loss W 5 5
Hardware
Unit Weight kg 0.7 0.75
Connection Hardware  PE Ground Screw Size/Torque M4/1.35 Nm M4/1.35 Nm
Wire Size Control Circuit (AWG) up to 3 meters 24-28 24-28
Main Circuit Motor Lines (AWG) 18 18
Main Circuit AC Inputs (AWG) 18 18
PE Ground Screw M4 M4
Mounting Book mounting
Clearance Distance Side-to-Side (mm) 10 10
Top/Bottom (mm) 50 50
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Single Phase Specification MV MV

120/240 VAC CDHD2-1D5 CDHD2-003
Voltage Trip

Under-Voltage Trip (Nominal) (VDC)
Over-Voltage Trip (VDC)

User-defined
420

User-defined
420

Power Temperature

Fan Normally operates at quarter power; when No Yes
temperature exceeds high-speed fan trigger
temperature, operates at full power
Trigger Temperature for High Speed Fan (°C) NA 45
Power Module Power Module Over-Temperature Fault 80 £5% 80 £5%
Regulated (°C)
Power Module Over-Temperature Fault 100 £5% 100 £5%
Non-regulated (°C)
External Regenerative
Resistor (B1+, B2)
External regenerative  Peak Current (A) 6.3 12.7
resistor requirement  n\jinimum Resistance (Q) 64 315
(regen resistor not )
supplied with drive) Power Rating (W) System- System-
dependent  dependent
Application Internal Bus Capacitance (uF) 360 660
Information
VLOW (Regen Circuit Turn Off) (VDC) 380 380
VMAX (Regen Circuit Turn On) (VDC) 400 400

User Manual
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Table 3-2. Mechanical and Electrical Specifications - CDHD2-4D5/CDHD2-006 (MV)
Single or Three Phase Specification MV MV
120/240 VAC CDHD2-4D5 CDHD2-006
Ratings
Input Power Circuit: Voltage Nominal £10% (VAC) 120/240 120/240
Single Phase: L1,L3 Line Frequency (Hz) 50/60 50/60
Three Phase: L1, L2, L3
120 VAC 1 Phase or 1 Phase or
3 Phase 3 Phase
240 VAC 1 Phase 1 Phase
Continuous Current (1 Phase A rms) 8.5 10
Continuous Current (3 Phase A rms) 4 5.8
Line Fuses (FRN-R, LPN, or equivalent) (A) 10 10
Withstand Voltage (Primary to Earth) 1500 VAC 1500 VAC
(2121 VDC) (2121 VDQ)
Control Circuit Input 120 £10 or 240 +10 VAC Single Phase Single Phase
Power (L1C, L2C)
Logic Input Fuse (Time 120 or 240 VAC (A) 0.5 0.5
Delay)
STO (Safe Torque Off)  STO Power Supply (VDC) 24 +10% 24 +10%
STO Fuse (Time Delay) 120 or 240 VAC (A) 1.5 1.5
Drive Output Continuous Output Current (A rms) 45 6
Continuous Output Current (A peak) 6.63 8.48
Peak Output Current (A rms) for 2 seconds 18 18
Peak Output Current (A peak) for 2 seconds 25.45 25.45
kVA at 120 VAC 0.5 0.7
kVA at 240 VAC 1.1 1.5
PWM Frequency (kHz) 16 16
Soft Start Max. Surge Soft Start Current (A) 7 7
Max. Charge Time (ms) 350 350
Control Circuit Loss w 5 5
Hardware
Unit Weight kg 0.97 0.97
Connection Hardware  PE Ground Screw Size/Torque M4/1.35 Nm M4/1.35 Nm
Wire Size Control Circuit (AWG) up to 3 meters 24-28 24-28
Main Circuit Motor Lines (AWG) 16 16
Main Circuit AC Inputs (AWG) 16 16
PE Ground Screw M4 M4
Mounting Book mounting
Clearance Distance Side-to-Side (mm) 10 10
Top/Bottom (mm) 50 50
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Single or Three Phase Specification MV MV

120/240 VAC CDHD2-4D5 CDHD2-006
Voltage Trip

Under-Voltage Trip (Nominal) (VDC)
Over-Voltage Trip (VDC)

User-defined

420

User-defined

420

Power Temperature

Fan Normally operates at quarter power; when Yes Yes
temperature exceeds high-speed fan trigger
temperature, operates at full power
Trigger Temperature for High Speed Fan (°C) 45 45
Power Module Power Module Over-Temperature Fault 80 £5% 80 £5%
Regulated (°C)
Power Module Over-Temperature Fault 100 £5% 100 £5%
Non-regulated (°C)
External Regenerative
Resistor (B1+, B2)
External regenerative  Peak current (A) 25.5 25.5
resistor requirement  njinimum resistance (Q) 16 16
(regen resistor not )
supplied with drive) Power Rating (W) System- System-
dependent  dependent
Application Internal Bus Capacitance (pF) 1120 1120
Information
VLOW (Regen Circuit Turn Off) (VDC) 380 380
VMAX (Regen Circuit Turn On) (VDC) 400 400
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Table 3-3. Mechanical and Electrical Specifications - CDHD2-008/CDHD2-010/CDHD2-013 (MV)
Three Phase Specification MV MV MV
120/240 VAC CDHD2-008 CDHD2-010 CDHD2-013
Ratings
Input Power Circuit: Voltage (VAC Line-Line) Nominal 120/240 120/240 120/240
L1, L2, L3 +10%

Line Frequency (Hz) 50/60 50/60 50/60

120/240 VAC 3 Phase 3 Phase 3 Phase

Continuous Current (3 Phase Arms) 5 8 10

Line Fuses (FRN-R, LPN, or 10 10 15

equivalent)

Withstand Voltage (Primary to Earth) 1500 VAC 1500 VAC 1500 VAC
(2121VDC) (2121VDC) (2121VDCQ)

Control Circuit 120 £10 or 240 +10 VAC Single Phase Single Phase Single Phase

Input Power (L1C,

L2C)

Logic Input Fuse 120 or 240 VAC (A) 0.5 0.5 0.5
(Time Delay)

STO (Safe Torque  STO Power Supply (VDC) 24 £10% 24 +10% 24 +10%
Off)

STO Fuse (Time 120 or 240 VAC (A) 1.5 1.5 1.5
Delay)

Drive Output Continuous Output Current (Arms) 8 10 13
Continuous Output Current (A peak) 11.31 14.14 18.38
Peak Output Current (A rms) for 28 28 28
2 seconds
Peak Output Current (A peak) for 39.56 39.56 39.56
2 seconds
kVA at 120 VAC 1.1 1.3 1.7
kVA at 240 VAC 1.7 2.2 2.8
PWM Frequency (kHz) 8 8 8
Soft Start Max. Surge Soft Start Current (A) 15 15 15
Max. Charge Time (ms) 350 350 350

Control Circuit Loss W 5 5 5
Hardware
Unit Weight kg 1.15 1.15 1.15
Connection PE Ground Screw Size/Torque M4/1.35 Nm M4/1.35 Nm M4/1.35 Nm
Hardware
Wire Size Control Circuit (AWG) up to 3 meters 24-28 24-28 24-28

Main Circuit Motor Lines (AWG) 14 14 14
Main Circuit AC Inputs (AWG) 14 14 14
PE Ground Screw M4 M4 M4
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Three Phase Specification MV MV MV
120/240 VAC CDHD2-008 CDHD2-010 CDHD2-013
Mounting Book mounting
Clearance Distance Side-to-Side (mm) 10 10 10

Top/Bottom (mm) 50 50 50
Voltage Trip
Under-Voltage Trip (nominal) (VDC)  User- User- User-defined
defined defined
Over-Voltage Trip (VDC) 420 420 420
Power

Temperature

Fan Normally operates at quarter power; Yes Yes Yes
when temperature exceeds high-
speed fan trigger temperature,
operates at full power
Trigger Temperature for High Speed 45 45 45
Fan (°C)
Power Module Power Module Over-Temperature 80 £5% 80 £5% 80 £5%
Fault Regulated (°C)
Power Module Over-Temperature 100 5% 100 5% 100 5%
Fault Non-regulated (°C)
External
Regenerative
Resistor (B1+, B2)
External Peak current (A) 40 40 40
reg.enerative Minimum resistance (Q) 10 10 10
resistor )
requirement Power Rating (W) System- System- System-
(regen resistor not dependent dependent dependent
supplied with drive)

Application Internal Bus Capacitance (uF) 2110 2110 2110
Information

VLOW (Regen Circuit Turn Off) (VDC) 380 380 380
VMAX (Regen Circuit Turn On) (VDC) 400 400 400
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Table 3-4. Mechanical and Electrical Specifications - CDHD2-020/CDHD2-024 (MV)
Three Phase Specification MV MV
120/240 VAC CDHD2-020 CDHD2-024
Ratings
Input Power Circuit Voltage (VAC Line-Line) Nominal +10% 120/240 120/240
(L1, L2, L3)
Line Frequency (Hz) 50/60 50/60
120/240 VAC 3 Phase 3 Phase
Continuous Current (3 Phase A rms) 20@240V 20@240V
Line Fuses (FRN-R, LPN, or equivalent) (A) 25 30
Withstand Voltage (Primary to Earth) 1500 VAC 1500 VAC
(2121VvDC) (2121 VDQ)
Control Circuit Input 120 or 240 VAC Single Phase Single Phase
Power (L1C, L2C)
Logic Input Fuse 120 or 240 VAC (A) 0.5 0.5
(Time Delay)
STO (Safe Torque Off)  STO Power Supply (VDC) 24 +10% 24 +10%
STO Fuse (Time Delay) 24 VDC +10% 1.5 1.5
Drive Output Continuous Output Current (A rms) 20 24
Continuous Output Current (A peak) 28.28 34.93
Peak Output Current (A rms) for 2 seconds 60 72
Peak Output Current (A peak) for 2 seconds 84.6 101.5
kVA at 120 VAC 3 3.5
kVA at 240 VAC 5 6
PWM Frequency (kHz) 8 8
Soft Start Max. Surge Soft Start Current (A) 15 15
Max. Charge Time (ms) 1000 1000
Control Circuit Loss W 5 5
Hardware
Unit Weight kg 3.2 3.2
Connection Hardware  PE Ground Screw Size/Torque M4/1.35 Nm M4/1.35 Nm
Wire Size Control Circuit (AWG) up to 3 meters 24-28 24-28
Main Circuit Motor Lines (AWG) 12 12
Main Circuit AC Inputs (AWG) 12 12
PE Ground Screw M4 M4
Mounting Book mounting
Clearance Distance Side-to-Side (mm) 10 10
Top/Bottom (mm) 50 50
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Three Phase Specification MV MV

120/240 VAC CDHD2-020 CDHD2-024
Voltage Trip

Under-Voltage Trip (nominal) (VDC)
Over-Voltage Trip (VDC)

User-defined

420

User-defined

420

Power Temperature

Fan Normally operates at quarter power; when Yes Yes
temperature exceeds high-speed fan trigger
temperature, operates at full power
Trigger Temperature for High Speed Fan (°C) 45 45
Power Module Over-Temperature Fault 80 £5% 80 £5%
Regulated (°C)
Power Module Over-Temperature Fault 100 £5% 100 £5%
Non-regulated (°C)
External Regenerative
Resistor (B1+, B2)
External regenerative  Peak current (A) 44 44
resistor reguwement Minimum resistance (Q) 8.4 8.4
£fge|?e;e;|/?:s rdr:i?/';) Power Rating (W) System- System-
PP dependent  dependent
Application Internal Bus Capacitance (uF) 3280 3280
Information
VLOW (Regen Circuit Turn Off) (VDC) 380 380
VMAX (Regen Circuit Turn On) (VDC) 400 400
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Table 3-5. Mechanical and Electrical Specifications - CDHD2-033/CDHD2-044/CDHD2-055 (MV)
Three Phase Specification MV CDHD2-033
230 VAC CDHD2-044

CDHD2-055
Ratings
Input Power Circuit Voltage (VAC Line-Line) Nominal £10% 230
(L1, L2, 13) Line Frequency (Hz) 50/60
230 VAC 3 Phase
Continuous Current (3 Phase A rms) 26@230V
Line Fuses (FRN-R, LPN, or equivalent) (A) 60
Withstand Voltage (Primary to Earth) 1500 VAC
(2121 VDQ)
Control Circuit Input 230 VAC Single Phase
Power (L1C, L2C)
Logic Input Fuse 230 VAC (A) 0.5
(Time Delay)
STO (Safe Torque Off)  STO Power Supply (VDC) 24 +10%
STO Fuse (Time Delay) 24 VDC +10% 1.5
Drive Output Continuous Output Current (A rms) 33/44/55
Continuous Output Current (A peak) 46.5/62/77.5
Peak Output Current (A rms) for 2 seconds 130
Peak Output Current (A peak) for 2 seconds 183
kVA at 240 VAC 6.8/9.1/11.4
PWM Frequency (kHz) 8
Soft Start Max. Surge Soft Start Current (A) 448
Max. Charge Time (ms) 1
Control Circuit Loss w 5
Hardware
Unit Weight kg 7.8
Connection Hardware  PE Ground Screw Size/Torque M6/5 Nm
Wire Size Control Circuit (AWG) up to 3 meters 22-20
Main Circuit Motor Lines (AWG) 5
Main Circuit AC Inputs (AWG) 4
Motor Lines / AC Input/PE Ground Screw M6
Mounting Book mounting
Clearance Distance Side-to-Side (mm) 10
Top/Bottom (mm) 50
Voltage Trip
Under-Voltage Trip (nominal) (VDC) User-defined
Over-Voltage Trip (VDC) 420
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Three Phase Specification MV CDHD2-033
230 VAC CDHD2-044
CDHD2-055

Power Temperature
Fan ON/OFF control
Power Module Over-Temperature Fault Regulated (°C) 80 +5%

Power Module Over-Temperature Fault Non-regulated 100 £5%
0

External Regenerative
Resistor (B1+, B2)

External regenerative  Peak current (A) 97
resistor requirement

Minimum resistance (Q) 4
(regen resistor not . )
supplied with drive) Power Rating (W) System-dependent
Application Internal Bus Capacitance (uF) 5740
Information VLOW (Regen Circuit Turn Off) (VDC) 380
VMAX (Regen Circuit Turn On) (VDC) 400
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Table 3-6. Mechanical and Electrical Specifications - CDHD2-003/006/012/015 (LV)
20-90 VDC Specification LV LV LV LV
CDHD2-003 CDHD2-006 CDHD2-012 CDHD2-015
Ratings
Bus Input Power Voltage Nominal £10% 20-90 20-90 20-90 20-48
(VIN+, VIN-) Line Fuses (FRN-R, LPN, 2 4 6 8
or equivalent)
Withstand Voltage - - -
(Primary to Earth)
Control Input Power  Voltage Nominal £10% 20 -48 20 -48 20 -48 20 -48
(VL+, VL)
STO (Safe Torque Off) STO Power Supply 24 £10% 24 £10% 24 £10% 24 £10%
(VDC)
STO Fuse (Time Delay) 120 or 240 VAC (A) 1.5 1.5 1.5 1.5
Drive Output Continuous Output 3 6 12 15
Current (A rms)
Continuous Output 4.24 8.48 16.97 21.15
Current (A peak)
Peak Output Current (A 9 18 24 30
rms) for 2 seconds
Peak Output Current (A 12.72 25.45 33.93 423
peak) for 2 seconds
kVA at 20 VDC 0.06 0.12 0.24 0.3
kVA at 48 VDC 0.144 0.288 0.576 0.72
kVA at 90 VDC 0.27 0.54 1.08 -
PWM Frequency (kHz) 16 16 16 16
Soft Start Max. Surge Soft Start - - - -
Current (A)
Max. Charge Time (ms) - - - -
Control Circuit Loss W 5 5 5 5
Hardware
Unit Weight kg 0.7 0.7 0.7 0.7
Connection Hardware PE Ground Screw M4/1.35 Nm M4/1.35 Nm M4/1.35 Nm M4/1.35 Nm
Size/Torque
Wire Size Control Circuit (AWG) 24-28 24-28 24-28 24-28
up to 3 meters
Main Circuit Motor Lines 16 14 14 14
(AWG)
Main Circuit AC Inputs 16 14 14 14
(AWG)
PE Ground Screw M4 M4 M4 M4
Clearance Distance Side-to-Side Book 10 10 10 10

42
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20-90 VDC Specification LV LV LV LV
CDHD2-003 CDHD2-006 CDHD2-012 CDHD2-015

Top/Bottom Book 50 50 50 50
Mounting (mm)

Clearance Distance Side-to-Side Brick 50 50 50 50
Mounting (mm)
Top/Bottom Brick 50 50 50 50
Mounting (mm)

Voltage Trip
Under-Voltage Trip 19 19 19 19
(nominal) (VDC)
Over-Voltage Trip (VDC) 92 92 92 50

Power Temperature

Power Module Over- 80 +5% 80 +5% 80 +5% 80 +5%
Temperature Fault
Regulated (°C)

Power Module Over- 85 +5% 85 +5% 85 +5% 85 +5%
Temperature Fault (°C)
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3.3  Control Specifications

Table 3-7. Control Specifications

Feature Specification

Motors Types DC brushless, DC brushed, Voice coil, Rotary servo, Linear

Operation Modes

Current (Torque)
Control

Velocity Control

Position Control

Automatic Motor
Phasing

Selectable Control
Modes

Performance

Step Response
Time

Control Loop

Reference
Command*

Autotuning
Performance

Selectable Velocity
Control Loops

Filters

Reference
Command

Performance

Control Loop

servo

Automatic configuration of motor phasing, encoder direction,
Hall sensor sequence

Current (Torque) control, Velocity control, Position control,
HD control, Dual loop control, Gantry control

Update rate 31.25 s (32 kHz), Output waveform sinusoidal

Actual current reaches command in two cycles, 62.5 ps

DQ, PI, Feedforward

Analog Voltage +10 VDC, Serial RS232 or USB, CANopen,
EtherCAT

Automatic setting of current control loop parameters
Update rate 125 ps (8 kHz)

Pl, PDFF, Standard pole placement, Advance pole placement,
Standard pole placement high frequency, Pole placement
with active dumping

First order low pass filter, Double first order low pass filter,
Notch, High pass filter, Band pass filter, User defined
polynomial filter

Analog Voltage +10 VDC, Serial RS232 or USB*, CANopen,
EtherCAT

Update rate 250 ps (4 kHz)
PID and feedforward

Reference Pulse and direction with electronic gearing, Serial RS232 or
Command* USB, CANopen, EtherCAT
HD Control Performance Update rate 125 ps (8 kHz)

Gantry Control

Control Loop

Filters

Reference
Command*

Autotuning

Control Loop

Nonlinear control algorithm provides very low tracking error,
zero or minimum settling time and smooth movement;
includes an adaptive feedforward feature that is applied at
end of movement to achieve zero or minimum settling time.

One second order low pass, two notch filters, and other filters
to handle flexible and resonant systems

Velocity: Analog Voltage +10 VDC, Serial RS232 or USB,
CANopen, EtherCAT

Position: Pulse Train, Serial RS232 or USB, CANopen, EtherCAT

Automatic inertia load measurement, automatic setting and
optimization of HD control loop parameters.

Position control for H-shaped mechanical structures

44
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Feature Specification

Brake Method Controlled stop, Dynamic braking, Motor electromechanical
braking.

Display User Interface MV models: 5 digit 7-segment LED display
LV models: 1 digit 7-segment LED display

Keypad User Interface Operator panel for editing and monitoring parameter values;
No keypad on LV models

GUI User Interface ServoStudio 2 Windows-based application

Electronic Gearing

Rotary Units

Linear Units

Function

Method
Position
Velocity

Acceleration/
Deceleration

Position
Velocity

Acceleration/
Deceleration

Setting connection, Drive information, Power information,
Motor, Feedback, I/O selection/configuration, Motion
setting/tuning, Fault history/display, Setup wizard, Expert view

User defined input signal ratio
Revolutions, counts, degrees
rps, rpm, deg/s

rps/s, rpm/s, deg/s2

Counts, pitch, mm, um
mm/s, um/s

mm/s2, um2/s

* Some features are not available on all models. Refer to Ordering Information.

User Manual

45



Specifications

CDHD2

3.4 Protective Functions and Environmental Specifications

Table 3-8. Protective Functions and Environmental Specifications — All CDHD2 Models
Feature Specification
Protective Including, but not restricted to: Under- and over-voltage, Over-current, Drive and
Functions motor over-temperature, Motor foldback, Drive foldback, Feedback loss, Secondary
feedback loss, STO signal not connected, Not configured, Circuit failure.
Compliance IEC 61800-5-1: Low Voltage Directive 2006/95/EC.

Environment

Operating
Conditions

Adjustable speed electrical power drive systems.
EN 61800-5-2:2017: Machinery Directive 2006/42/EC.
Adjustable speed electrical power drive systems — Safety requirements — Functional.

IEC 61800-3: EMC Directive 2004/108/E.
Adjustable speed electrical power drive systems.

EN 50581: Support Essential Requirements of EU RoHS Directive 2011/65/EU.
Directive on the restriction of the use of certain hazardous substances in electrical
and electronic equipment.

UL 508C: TUV Rheinland certification.
Power Conversion Equipment.

Note: Certification pending for LV models.

REACH: EC Regulation 1907/2006.
Regulation on chemicals and their safe use.

Ambient temperature: Operation 0-45°C, Storage 0-70°C

Humidity: 10-90%

Altitude: If in accordance with specified clearances, per IEC 61800-5-1, the CDHD?2 is
rated for use at altitudes up to 2000m

Vibration: 1.0g

Protection class: IP20, pollution degree: 2 as per IEC 60664-1
Do not use in the following locations: corrosive or flammable gasses, water oil or
chemical, dust including iron dust and salts

46

User Manual



CDHD2

3.5

STO/Functional Safety Specifications

Specifications

Note STO certification is currently pending for all CDHD2 models.

Table 3-9.

STO Electrical Specifications

Feature

Specification

STO Supply Voltage

Cable

Current Drain

Maximum Reaction
Time

Maximum Duration
of OSSD Test Pulse

Maximum Frequency
of OSSD Test Pulses

Nominal voltage

Voltage levels per Type 2 EN 61131-2

exception (operation from 15 VDC and

not 11 VDCQ)

Power supply - external
Power supply - internal
Max. length

Wire size

Time within which the motion is inhibited

OSSD test pulse is ignored by the drive

Absolute maximum frequency of 1 ms
test pulses that will be successfully
filtered by the drive

24 VvDC

15-30 VDC: STO function not active
(motion allowed)

0-5 VDC: STO function active
(motion inhibited)

5-15 VDC: STO function not
defined and not guaranteed

SELV/PELV required
STO jumper required
30m

22-24 AWG

At 15 VDC < 300 mA
At 24 VDC < 200 mA
At 30 VDC < 150 mA

40 ms

Tms

475 Hz
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3.6 Communication Specifications

Table 3-10.  Communication Specifications
Feature Specification
CANopen* CiA 301 application layer and CiA 402 device profile for drives and motion control
Baud rate: 0.5M 1M bit/s
Integrated 120Q) termination resistor, with on/off switch
Addressing: Operator panel (MV models), Rotary switch (LV models)
EtherCAT* CiA 301 application layer and CiA 402 device profile for drives and motion control
Communication cycle time: up to 250 ps
RS232 ASClI-based, ServoStudio 2, HyperTerminal
Baud rate: 115200 bit/s
Maximum cable length: 10 m
uUsB* ASCll-based, ServoStudio 2, HyperTerminal
Baud rate: 115200 bit/s
Maximum cable length: 3 m
Daisy Chain Up to 8 axes. Axis address setting from 0-99

Maximum cable length: T m

* Some features are not available on all models. Refer to Ordering Information.
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3.7 1/0 Specifications
Table 3-1 I/0 Specifications
Feature Specification

First Analog Input

CDHD2 Model
Voltage Range
Input Resolution
Input Impedance
Bandwidth (-3 db)

Accuracy

AP/AF EC EB

Analog +£10 VDC differential

16 bit (14-bit on version with two analog inputs)
8 kQ (when using two analog inputs 20 kQ.)

8 kHz

2%

Second Analog
Input*

Voltage Range

Analog +10 VDC differential

Input Resolution 14 bit
Input Impedance 20 kQ
Bandwidth (-3 db) 8 kHz
Accuracy 2%
Pulse Train Signal RS 422 Line receiver
Max. Input Frequency 5 MHz

Equivalent Encoder
Output

Signal

AB quadrature and index differential, RS422 line
transmitter

Max. Output Frequency 5 MHz
Digital Inputs Quantity 8 8 4
Signal Configurable. Opto-isolated.
Sinking or sourcing supply.
Voltage 24V (IEC 61131)
EMI Protection yes
Max. Input Current 6 mA
Propagation Delay Time 1 ms
Frequency 1 kHz
Fast Digital Inputs  Quantity 3 3 1
Signal Configurable. Opto-isolated.
Sinking or sourcing supply.
Voltage 24V (IEC 61131)

EMI Protection
Max. Input Current
Propagation Delay Time

Frequency

yes
12.5 mA
1 us

1 MHz
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Feature

Specification

CDHD2 Model AP/AF EC EB
Digital Output Quantity 6 6 3
Signal Configurable. Opto-isolated.
Open collector.
Sinking or sourcing supply.
Voltage 24V (IEC 61131)
EMI Protection yes
Max. Output Current 100 mA
Over-Current Protection  yes
Propagation Delay Time 1 ms
Fast Digital Outputs Quantity 2 2 -
Signal Configurable. Opto-isolated. -
Open collector.
Sinking supply.
Voltage 5to24V -
Max. Output Current 50 mA -
Propagation Delay Time 1 s -

Analog Output Signal Configurable analog output -
Voltage 10V -
Resolution 12 bit -
Bandwidth 2 kHz -
Max. Load 100 kQ -
Fault Output Relay Signal Configurable dry contacts -
Voltage 24V -

Max. Current

TA

* Some features are not available on all models. Refer to Ordering Information.

50

User Manual



CDHD2

3.8 Motor Feedback Specifications

Specifications

Table 3-12.  Motor Feedback Specifications — All CDHD2 Models
Feature Specification
Power Supply Supply Voltage from Drive 5VDC (8 VDC¥)
Max. Supply Current from Drive 320 mA @5V
to Primary Encoder** 140 mA @8V
Cable Max. Length 50 m for sensAR encoder. For other feedback

Incremental Encoder

Hall Sensor

Resolver

Sine Encoder

Serial Synchronous
(SSI) Encoder

Motor Temperature

Differential RS422 or RS485

AB Quad Max. Input Frequency

Min. Index Pulse Width
Signal

Signal

Transformation Ratio
Excitation Frequency
Input Voltage from Drive
Max. DC Resistance
Max. Drive Current
Output Voltage to Drive
Signal

Signal Level

Max. Input Frequency
Protocols

Input Impedance
Interpolation

Signal

Protocols

Signal

devices, per device specifications

AB quadrature, with or without index,
8-channel Tamagawa

5 MHz (before quadrature)
1 us

Open collector single-ended (optional
differential)

Sine/cosine differential
0.45-0.8

8 kHz

6-22 Vpp

120 Q (stator)

55 mA rms

10 Vpp

Sine/cosine differential, with or without Halls
1Vpp @25V

300 kHz

EnDat 2.1, HIPERFACE
120 Q

Up to 16384 (14 bit)

Differential data and clock for synchronous
encoders
Data only for asynchronous encoders

sensAR, EnDat 2.2, BiSS-C (up to 26 bit),
Nikon, Tamagawa

Thermal resistor PTC or NTC, User-defined
fault threshold

* Some features are not available on all models. Refer to Ordering Information.

** Combined maximum current from motor and secondary feedback must not exceed 500 mA.
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3.9 Secondary Feedback Specifications

Table 3-13.  Secondary Feedback Specifications — All CDHD2 Models

Feature Specification

Power Supply Supply Voltage from Drive 5VDC

Max. Supply Current from Drive 320 mA
to Encoder*

Incremental Encoder Differential RS422 or RS485 AB quadrature with or without index
AB Quad. Max. Input Frequency 5 MHz (before quadrature)
Min. Index Pulse Width 1 s
Serial Encoder Signal Differential data and clock for synchronous
encoders. Data only for asynchronous
encoders.
Protocols EnDat 2.2, BiSS-C (up to 26 bit)
Functions Dual loop, Master/Slave or Handwheel,

Encoder readout

* Combined maximum current from motor and secondary feedback must not exceed 500 mA.
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4.1

4.2

Note

Drive Setup

Drive Setup

Setup Overview

Perform the following steps to install and setup a CDHD2 system.
1. Mount the CDHD2.
2. Make all wiring and cable connections, as required by your application:
m  Controller I/Os and/or Machine I/Os
m  Motor feedback
m  Fieldbus devices, if in use
m  CANopen network: set 120Q2 termination resistor switches as required
m  Safe torque off (STO), or bypass using jumpers
m  Motor
m  Regeneration resistor, if required
m  Motor brake, if required
m MV models: AC input voltage

m LV models: DC input voltage

3. Connect the drive to the host computer.

4. Power up the drive and the host computer. Refer to Power Up.

5. Install ServoStudio 2 software. Refer to the ServoStudio 2 manual.

6. If required, define the drive communication address. Refer to Drive Addressing.
Power Up

After completing all hardware connections, you can turn on power to the drive.

If logic and bus AC supplies are separate, it is recommended that logic AC be turned on
before bus AC.

Look at the digital display on the CDHD2 front panel.
During power up, the digital display shows 5 dashes (- - - - - ).

Upon initial power up, the digital display indicates a Parameter Memory Checksum Failure
(Fe). This fault will be cleared once the drive is configured and the parameters are saved in
the drive’s non-volatile memory.
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Drive Addressing

If only one drive is connected to the host computer, the drive address is set to 0 by default
and does not need to be defined.

If more than one drive is connected to the host computer, they must each be assigned a
unique communication address. When configuring a daisy-chain, address 0 cannot be used.

® MV models: Set the drive address using the operator panel parameter PO003 (refer to
the instructions below), or VarCom variable ADDR. Then enter SAVE and power-cycle

the drive.

® LV models: Set the drive address using the rotary address switch on the front panel.
Then power-cycle the drive.

Note The new address will take effect only after (SAVE and) power-cycle of the drive.

Setting the Drive Address

54

Code P00O03

Parameter Drive Communication Address

VarCom ADDR

Sequence Press: Mode

Select:  (up/down) Parameter mode

Display: P000O

Select: (up/down) PO003

Press: Shift

Display: 00000, flashing digit

Select: (up/down) address value; for example: 2

Display: 0000 2, flashing 2

Press: Long Shift + Mode (0.5 second) to apply value and execute
CONFIG.

or Press: Very Long Shift + Mode (2 seconds) for CONFIG and SAVE.

Done: done

Power cycle the drive after changing the address.

Within a CANopen network, a unique node address (identification number) must be

allocated to each individual CANopen device.

Within an EtherCAT network, a physical node address (identification number) does not have
to be specifically allocated to a device; the EtherCAT controller will assign the address. Two
or more drives connected in the EtherCAT network can be set at the same physical address;

the EtherCAT controller will automatically set the slave IDs.
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4.4 Setup Preparation

4.4.1 Hardware and Tools

All required hardware and tools are specified in the table below.

In addition, you will need:

Table 4-1.

M4 ring or spade terminal for grounding on all models, except CDHD2-033,
CDHD2-044, CDHD2-055.

M6 ring for grounding on CDHD2-033, CDHD2-044, CDHD2-055.
M2 spade terminal for logic connectors on CDHD2-033, CDHD2-044, CDHD2-055.

A small slotted screwdriver for setting switches.

Required Tools (if not using ready-made cable assemblies)

MV Models - 120/240 VAC

Item Model Interface

All CDHD2 models

Crimping tool Molex 0638190000  P1

CDHD2-1D5

CDHD2-003
Crimping tool YRF-1070 P2, P3
Extraction tool EJ-JFAJ3 P2, P3
Key for spring connector ~ J-FAT-OT

CDHD2-4D5

CDHD2-006
Crimping tool YRF-1070 P2, P3, P4
Extraction tool EJ-JFAJ3 P2, P3, P4
Key for spring connector ~ J-FAT-OT

CDHD2-008

CDHD2-010

CDHD2-013
Crimping tool YRF-1130 P2, P3, P4
Crimping tool YRF-1070 P5
Extraction tool EJ-JFAJ4 P2, P3, P4
Extraction tool EJ-JFAJ3 P5

For other models, no additional tools are needed.
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4.4.2 Cables and Crimping

CDHD2

The various cables required for CDHD2 systems are detailed in the section Cables.

Prior to crimping, strip 2 mm at the end of wire, as shown in Figure 4-1.

BRUSH BELL
MOUTH

INSULATION

STRIP
LENGTH

Figure 4-1.  Stripped Wire in Crimp Pin

4.4.3 Mating Connectors — Control Board

For cable details, refer to Cables.

Table 4-2. Controller Interface C2 Mating Connector
I/F Mfgr Item Manufacturer Servotronix
Part Number Part Number
Cc2 3M Solder Plug Connector 10136-3000PE CONr00000036-01

3M Solder Plug Junction Shell 10336-52F0-008

HODr00000036-00

Table 4-3. Machine Interface C3 Mating Connector

I/F Mfgr Item Manufacturer Servotronix
Part Number Part Number
C3 3M Solder Plug Connector 10120-3000PE CONr00000020-38

3M Solder Plug Junction Shell 10320-52F0-008

HODr00000020-00

Table 4-4. Feedback C4 Mating Connector

I/F Mfgr Item Manufacturer Servotronix
Part Number Part Number
c4 3M Solder Plug Connector 10126-3000PE CONr00000026-31
3M Solder Plug Junction Shell ~ 10326-52F0-008 HODr00000026-00
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Table 4-5. Fieldbus Communication (EtherCAT/CAN) C5/C6 Mating Connector

I/F Mfgr Item Manufacturer Servotronix
Part Number Part Number
C5/C6 Molex Connector 44915-0011

Table 4-6. RS232 Serial Communication C7 Mating Connector

I/F Mfgr Item Manufacturer Servotronix
Part Number Part Number
c7 AIM-Cambridge  Connector 32-5964UL

Table 4-7. RS232 Serial Communication C8 Mating Connector

I/F Mfgr Item Manufacturer Servotronix
Part Number Part Number
c8 TE Connector 1658527-3 CONr00000010-67

4.4.4 Mating Connectors — Power Board

Note All power board mating connectors are supplied with the drive.

Table 4-8. CDHD2-1D5/CDHD2-003 (MV) Mating Connectors

I/F  Function Mfgr Manufacturer Servotronix
Part Number Part Number
P1 STO Molex Housing: 436450400 CONr10000004-09
Crimp x4: 0430300001 PINr43030000-00
CONr00000004-AS
(STO jumper)
P2 Motor JST Spring: 04JFAT-SBXGF-I CONr10000004-19
Housing: F32FSS-04V-KX CONr10000004-13
Crimp x4: SF3F-71GF-P2.0 PINrSF3F71GF-00
P3 ACInput and Regen JST Spring: 06JFAT-SBXGF-I CONr10000006-06
Housing: F32FSS-06V-KX CONr00000006-91

Crimp x6: SF3F-71GF-P2.0 PINrSF3F71GF-00
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Table 4-9. CDHD2-4D5/CDHD2-006 (MV) Mating Connectors
I/F Function Mfgr Manufacturer Servotronix
Part Number Part Number
P1 STO Molex Housing: 436450400 CONr10000004-09
Crimp x4: 0430300001 PINr43030000-00
CONr00000004-AS
(STO jumper)
P2 Motor JST Spring: 04JFAT-SBXGF-I CONr10000004-19
Housing: F32FSS-04V-KX CONr10000004-13
Crimp x4: SF3F-71GF-P2.0 PINrSF3F71GF-00
P3 Regen JST Housing: F32FSS-02V-KX CONr10000002-10
Crimp x2: SF3F-71GF-P2.0 PINrSF3F71GF-0
P4 AC Input JST Spring: 05JFAT-SBXGF-I CONr10000005-04
Housing: F32FSS-05V-KX CONr10000005-03
Crimp x5: SF3F-71GF-P2.0 PINrSF3F71GF-00
Table 4-10. CDHD2-008/CDHD2-010/CDHD2-013 (MV) Mating Connectors
I/F Function Mfgr Manufacturer Servotronix
Part Number Part Number
P1 STO Molex Housing: 436450400 CONr10000004-09
Crimp x4: 0430300001 PINr43030000-00
CONr00000004-AS
(STO jumper)
P2 Motor JST Housing: J43FSS-04V-KX CONr10000004-18
Crimp x4: SJ4F-71GF-M3.0 CRPrSJ4F71GF-00
P3 Regen JST Housing: J42FSC-02V-K CONr10000002-14
Crimp x2: SJ4F-71GF-M3.0 CRPrSJ4AF71GF-00
P4 Main AC Input JST Housing: J43FSS-03V-KX CONr10000003-19
Crimp x3: SJ4F-71GF-M3 CRPrSJ4AF71GF-0
P5 Logic AC Input JST Housing: F32FSS-02V-KX CONr10000002-10

Crimp x2: SF3F-71GF-P2.0

PINrSF3F71GF-00
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Table 4-11. CDHD2-020/CDHD2-024 (MV) Mating Connectors

Drive Setup

I/F  Function Mfgr Manufacturer Servotronix
Part Number Part Number
P1 STO Molex  Housing: 436450400 CONr10000004-09

Crimp x4: 0430300001

P2 Motor Phoenix Spring: SPC 5/4-STCL-7,62
(1718504)

P3 Regen Phoenix Spring: SPC 5/2-STCL-7,62
(1718481)

P4 Main AC Input Phoenix Spring: SPC 5/3-STCL-7,62
(1718494)

P5 Logic AC Input Phoenix Spring: FKC 2.5/2-STF-5.08
(1873207)

PINr43030000-00
CONr00000004-AS

(STO jumper)
CONr10000004-2
CONr10000002-16

CONr10000003-21

CONr10000002-25

Table 4-12. CDHD2-033/CDHD2-044/CDHD2-055 (MV) Mating Connectors

I/F Function Mfgr Manufacturer Servotronix
Part Number Part Number
P1 STO Molex Housing: 436450400 CONr10000004-09

Crimp x4: 0430300001

PINr43030000-00

CONr00000004-AS
(STO jumper)

Table 4-13.  CDHD2-003/CDHD2-006/CDHD2-012/CDHD2-015 (LV) Mating Connectors

I/F  Function Mfgr Manufacturer Servotronix

Part Number Part Number
P2 Motor Wirth 691340500004 CONr10000004-74
P3 Power Wirth 691340500005 CONr10000005-45

4.4.5 Host Computer System

The following computer system and software are required:
e 2GHzCPU
e 1GBRAM

® 1000 MB available on hard drive (after .net 4 is installed)

® Communication interface for connection to the drive; one of the following:

m  USB port
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m  USB port and USB-to-RS232 adaptor with ferrite bead
m  RS232 port
Operating system: Windows 7, Windows 8, Windows 10. 32-bit or 64-bit.

For ServoStudio 2, the recommended screen resolution is 1280x800;
minimal resolution is 1024x800.
It is recommended that Windows display settings be set to Smaller — 100% (Default).

.Net4 (for details, refer to .NET Framework System Requirements). If .NET 4 is not
installed on the computer, ServoStudio 2 will guide you through the installation, but will
not install it automatically.

ServoStudio 2, the graphical software interface for configuring and testing the drive.
Download from the Servotronix website or contact Technical Support.
Refer to Software Installation in the ServoStudio 2 manual.

Note ServoStudio 2, provides compatibility with CDHD2 firmware version 2.0 and later.

Installing ServoStudio 2

1.

Download ServoStudio 2 software installation file from the Servotronix website or
contact Technical Support.

Install ServoStudio 2 software on the host computer.

When installation is complete, start ServoStudio 2 from the Windows Start menu or the
shortcut on your desktop.

If the error message, The system cannot find the file specified, is displayed when installing
the software, do the following:

Note

Copy the installation file to the computer hard drive.
Right-click the installation file, and select Run as Administrator.

Installing USB Device Drivers for CDHD2
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The first time the drive is connected to the host computer on the USB port, Windows may
display a Found New Hardware wizard, or the new drivers will be added to the Windows
Device Manager with an error or warning symbol.

1.

If Windows activates the New Hardware wizard, press Skip obtaining drivers from the
net if this prompt appears.
Open the Windows Device Manager.

In either the Ports or the Universal Serial Bus controllers section, find the device
marked as Unknown.

Right-click on the unknown device and select Update Driver.

Select Browse my computer, and browse to the location:
C:\Program Files (x86)\ Servotronix\ServoStudio 2\Drivers\

Make sure the option Include subfolders is selected, and press Next.

When prompted by Windows, press Install.
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The USB drivers have two layers, and it may be necessary to repeat the Update Drivers
Notes Procedure asecond time.

CDHD2 USB drivers are digitally signed.

4.4.6 Files for Fieldbus Devices

®  EDS file for CDHD2 (if using CAN protocol) on the host computer or PLC controller.
Download from the Servotronix website or contact Technical Support.

® XML file for CDHD2 (if using EtherCAT protocol) on the host computer or PLC controller.
Download from the Servotronix website or contact Technical Support.
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4.5 System Wiring

4.5.1 CDHD2-1D5/CDHD2-003 (MV) System Wiring

CDHD2

Power Supply Daisy Chain / Gantry
Single Phase
120/240 VAC
CAN 120Q
EtherCAT Termination
o H
CANopen =
Breaker
or Fuses
STO | B
Safe Torque Off
Line Filter Connect to *24 VDC PS
(optional) arusaBypaseiol Host PC
Regeneration Host Controller
Resistor (optional) Pulse and direction input
i - Equivalent encoder output
Magnetic = Analog input/s
Contactor LA Analog output
® Digital inputs
L : P Digital outputs
T
M Machine
T
p s Secondary feedback
Fault relay
Digital inputs
Digital outputs
Functional
= Ground
Motor Feedback
Motor Power
*24VDC 7 |
—— *Rela
Power Supply | Y Motor Brake
{optional)
Brake Output

* To be supplied by user.

Note: Some models do not have all the interfaces shown here.

Figure 4-2.  Servo System Wiring, Single Phase - CDHD2-1D5/CDHD2-003 (MV)
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4.5.2 CDHD2-4D5/CDHD2-006 (MV) System Wiring

Daisy Chain / Gantry
Power Supply
Single Phase CAN 12002
120/240 VAC EtherCAT e Yermination
OR ouT [
CANopen H
IN 1
b | @ )
Breaker i
or Fuses
STO
Safe Torque Off
Connect to 24 VDC PS
or use bypass plug
Line Filter Host PC (USB or RS5232)
(optional) *Regeneration
Resistor (optional)
Host Controller
Pulse and direction input
Equivalent encoder output
Analog input/s
Magnetic . Analog output
Contactor Digital inputs
Digital outputs

Machine

Secondary feedback
Fault relay

Digital inputs

Digital outputs

Ground

Motor Power Motor Feedback

*24VDC

*Relay -
Power Supply L

Motor Brake
(optional)
Brake Qutput

* To be suppiied by user.

Note: Some models do not have all the interfaces shown here.

Figure 4-3.  Servo System Wiring, Single Phase - CDHD2-4D5/CDHD2-006 (MV)
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4.5.3 CDHD2-008/CDHD2-010/CDHD2-013 (MV) System Wiring

Breaker
or Fuses

Line Filter
(optional}

Magnetic
Contactor

Power Supply
Three Phase
1201240 VAC

EtherCAT
CR

CANopen

STO
Safe Torque Off

Connect to *24 YDC PS
or use bypass plug

*Regeneration
Resistor (optional)

Daisy Chain / Gantry

* To be supplied by user.

Note: Some models do not have all the interfaces shown here.

Figure 4-4.
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Servo System Wiring, Three Phase - CDHD2-008/CDHD2-010/CDHD2-013 (MV)

Functional
Ground

*24VDC
Power Supply

Brake OQutput

—— *Relay

Moter Power

Motor Brake
(optional)

CAN 120Q
Termination

Host PC (USB or RS232)

Host Controller

Pulse and direction input
Equivalent encoder output
Analog input/s

Analog output

Digital inputs

Digital outputs

Machine

Secondary feedback
Fault relay

Digital inputs

Digital outputs

Motor Feedback

CDHD2
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4.54 CDHD2-020/CDHD2-024 (MV) System Wiring

Daisy Chain / Gantry

Power Supply CAN 1200
Three Phase Termination
120/240 VAC BhERAL ey [ iereenere

CANopen

STO
Breaker Safe Torque Off
or Fuses Connect to *24 VDG PS
or use bypass plug
tineEiiter Host PC (USB or RS232)
(optional)
Host Controller
Pulse and direction input
Equivalent encoder output
. Analog input/s
Magnetic Analog output
Contactor Digital inputs
Digital outputs

Machine

Secondary feedback
Fault relay

Digital inputs

Digital outputs

* Regenerative
Resistor (optional)

Functional

Motor Feedback
Ground Motor Power
Motor Brake
* ST optional
24VDC *Relay s !

Power Supply
Brake Output

* To be supplied by user.

Note: Some models do not have all the interfaces shown here.

Figure 4-5.  Servo System Wiring, Three Phase - CDHD2-020/CDHD2-024 (MV)
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4.5.5 CDHD2-033/CDHD2-044/CDHD2-055 (MV) System Wiring

Daisy Chain / Gantry

Power Supply
Three Phase T ouT ch\emigsgﬁq
120/240 VAC CANgpan r———————1 | [i==c-rse-mosmcns
STO
Breaker Safe Torque Off
or Fuses Connect to *24 VDG PS
or use bypass plug
Line Filter Host PC (USB or RS232)
(optional)
Host Controller
Pulse and direction input
Equivalent encoder output
Analog input/s
Analog output
Magnetic Digital inputs
Contactor Digital outputs

Machine
Secondary feedback
Fault relay

Digital inputs

Digital outputs

* Regeneration
Resistor (opticnal)

) Motor Feedback
Functional

Ground

*24 VDC *Relay
Power Supply Motor Brake
(optional)

Brake Output

* To be supplied by user.

Note: Some maodels do not have all the interfaces shown here.

Figure 4-6.  Servo System Wiring, Three Phase - CDHD2-033/CDHD2-044/CDHD2-055 (MV)
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456 CDHD2-003/006/012/015 (LV) System Wiring

Daisy Chain / Gantry

CAN 120Q
Termination

EtherCAT
CANopen &

Host PC

Host Controller

Pulse and direction input
Equivalent encoder output
Analog input/s

Analog output

Digital inputs

Digital outputs

Machine

Secondary feedback
Fault relay

Digital inputs

Digital outputs

Motor Feedback

Motor Power

20 - 48 VDC
Logic Power Supply

Figure 4-7.
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CDHD2-003/006/012/015 (LV) — System Wiring (1 power supply)
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20 -90 VDC
Bus Power Supply

=

- o -
e |

20-48VDC

Logic Power Supply

EtherCAT

Q
CANopen .

CDHD2

Daisy Chain / Gantry

CAN 1200

Host PC

Host Controller

Pulse and direction input
Equivalent encoder output
Analog input/s

Analog output

Digital inputs

Digital outputs

Machine

Secondary feedback
Fault relay

Digital inputs

Digital outputs

Motor Feedback

Motor Power

96 o=
E

T re ]
Figure 4-8.

CDHD2-003/006/012/015 (LV) — System Wiring (2 power supplies)

4.6 EMI Suppression

4.6.1 CE Filtering Techniques

The CDHD?2 drive complies with the CE standards specified in Standards Compliance. Proper
bonding, grounding and filtering techniques must be applied in order to meet this standard.

Noise currents often occur in two types. The first is conducted emissions that are passed
through ground loops. The quality of the system grounding scheme inversely determines the
noise amplitudes in the lines. These conducted emissions are of a common-mode nature
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from line to neutral (or ground). The second is radiated high-frequency emissions usually
capacitively coupled from line-to-line and are differential in nature.

To properly mount the EMI filters, the enclosure should have an unpainted metallic surface.
This allows for more surface area to be in contact with the filter housing and provides a lower
impedance path between this housing and the back plane. The back panel, in turn, has a high
frequency ground strap connection to the enclosure or earth ground.

4.6.2 Grounding

When connecting the CDHD2 to other control equipment, be sure to follow two basic
guidelines to prevent damage to the drive:
& e The CDHD2 must be grounded via the earth ground of the main AC voltage supply.

e Any motion controller, PLC or PC that is connected to the CDHD2 must be grounded
to the same earth ground as the CDHD2.

PLC/Controller

|(J O 0 0 0 0C 0|

Bonded cabinet
ground bus

— Ground grid or
power distribution ground

Figure 4-9. CDHD2 System Grounding

System grounding is essential for proper performance of the drive system.

The AC input voltage ground wire must be connected to the PE terminal, located on the
CDHD2 front panel. This is necessary for both safety and EMI reduction.

Use a single point ground for the system (start wiring) to avoid ground loops.

It is strongly recommended that the CDHD2 be mounted to a metallic back panel, and that a
high frequency ground be provided to connect the back panel to earth ground. Provide an
electrical connection across the entire back surface of the drive panel. Electrically-conductive
panels such as aluminum or galvanized steel are recommended. For painted and other
coated metal panels, remove all coating behind the drive. The objective is to provide an
extremely low impedance path between the filters, drives, power supplies, and earth ground
for high-frequency signals that might cause EMI. Use a flat braid or copper busbar to achieve
high-frequency grounding. Use the shortest braid possible when connecting high frequency
grounds.
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4.6.3 Shielding and Bonding
EtherCAT/CAN OUT
Mains
20
e P _ EtherCAT/CAN IN =
Safe Torque Off 1 =) PLC/Controller
‘;; Vi ]
Circuit Breaker 2844 Regen_e;ative RS232
or Fuses resistor Daisy Chain i
USB connection to PC
Line Filter
1 @:H} Controller I/F
Machine I/F
Magnetic
contactor
NO | Port Description Connected to Cable Type
1 | AC Power AC mains (via filter) | Unshielded
2 | 5TO STO socket Shielded
3 | Motor Power Motor Power Shielded
4 | Motor Feedback | Motor Feedback Shielded
5 | Controller I/F PLC/Host/Controller | Shielded
6 | Machine I/F PLC/Host/Controller | Shielded
7 | CAN IN & QUT PLC/Host/Controller | Shielded
8 | USB PC Shielded
9 | R5232 PC Shielded
10 | Regen Regenerative resistor | Unshielded
11| Daisy Chain Other COHDs Unshielded
12| GND Protected Ground
Figure 4-10. CDHD2 Shielding and Bonding
To minimize noise emissions and maximize the immunity levels of the drive system, motor
and feedback cables must be shielded and properly bonded to a grounded surface.
The shield must be connected to ground at both ends of the cable. Its effect is to reduce the
impedance between the cable shield and the back panel.
It is recommended that all shielded cables be bonded to the back panel.
70 User Manual
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Ensure good connections between the cabinet components. Connect the back panel and
cabinet door to the cabinet body using several conductive braids. Never rely on hinges or
mounting bolts for ground connections. Ensure good ground connection from cabinet to

proper earth ground. Ground leads should be the same gauge as the leads to main power or

one gauge smaller.

The host computer must also be properly grounded.




CDHD2

4.6.4

4.6.5

Drive Setup

The motor and feedback shielded cables should be exposed as close as possible to the drive.
This exposed cable shield is bonded to the back panel using either non-insulated metallic
cable clamps or cable bonding clamps.

It is recommended to use a star point shield connection with a shielding busbar.

Input Power Filtering
The CDHD?2 electronic system components require EMI AC line filtering in the input power
leads to meet the CE requirements for the industrial environment.

Care must be taken to adequately size the system. The type of filter is determined according
to the voltage and current rating of the system and whether the incoming line is single phase
or three phase. One input line filter can be used for multi-axis control applications.

For manufacturer names and part numbers of line filters recommended for the CDHD2, refer
to Line Filters.

Implementation of the input power filter must adhere to the following guidelines:
® Maintain separation of leads entering and exiting the mains filter.
®  Filter must be mounted on the same panel as the drive.

®  Filter must be mounted as close as possible to the drive, to prevent noise from being
capacitively coupled into other signal leads and cables.

®  When mounting the filter to the panel, remove any paint or material covering. Use an
unpainted metallic back panel, if possible.

®  Filters are provided with a ground terminal, which must be connected to ground.

®  Filters can produce high leakage currents. Filters must be grounded before connecting
the supply.

®  Filters should not be touched for 10 seconds after removing the supply.

Additional EMI Suppression Recommendations

Power and control cables should be routed separately. A distance of at least 200 mm is
recommended, and improves the interference immunity.

If input power and motor leads need to cross, make sure they cross at a 90° angle.

Feedback lines may not be extended, since this would cause the shielding to be interrupted,
and possibly disturb the signal processing.

Splice cables properly. If you need to divide cables, use connectors with metal backshells.
Make sure that both shells connect along the circumference of the shields. No portion of the
cabling should be unshielded. Never divide a cable across a terminal strip.

For differential inputs for analog signals, use twisted-pair, shielded signal lines, connecting
shields on both ends.
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4.7

4.7.1

4.7.2

4.8

4.8.1

72

Electrical System Considerations

Fuses
Circuit protection must be in compliance with the National Electrical Code and/or the
regulations defined by national, state, provincial and/or local authorities.

®  US fuses: Class RK5 or CC or J or T, 600 VAC 200 kA, time-delay. The fuse must be UL
and CSA listed; UR-recognized is not sufficient.

® EU fuses: Types gRL or gL, 400 V/500 V, time-delay.

®  Fuse holders: Standard fuse blocks, or finger-safe fuse holders according to IEC 60529.
For example:

m  Bussmann: CH Series modular fuse holders, fuse size up to 30A, class J, 3 poles:
CH30J3

m  Ferraz: Ultrasafe fuse holders, fuse size up to 30A, class J, 3 poles: US3J3I

Leakage Current

Leakage current via the PE conductor results from the combination of equipment and cable
leakage currents. The leakage current frequency pattern comprises a number of frequencies,
whereby the residual-current circuit breakers definitively evaluate the 50 Hz current. For this
reason, the leakage current cannot be measured using a conventional multimeter.

As a rule of thumb, the following assumption can be made for leakage current on cables,
depending on the PWM frequency of the output stage:

® Jleak = nx20mA + L x 1 mA/m at 8 kHz PWM frequency at the output stage
® Jleak = nx20mA + L x2 mA/m at a 16 kHz PWM frequency at the output stage
(where /leak=leakage current, n=number of drives, L=length of motor cable)

Since the leakage current to PE is greater than 3.5 mA, compliance with IEC61800-5-1
requires that either the PE connection be doubled or a connecting cable with a cross-section
greater than 10 mm? be used. Use the PE terminal and the PE connection screws to meet this
requirement.

Mechanical Installation

Mounting the CDHD2

Using the bracket on the back of the CDHD2, mount the CDHD2 on a grounded conductive
metal panel. The panel must be sufficiently rigid.

For mounting dimensions, refer to Dimensions.
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4.8.2 Mounting Multiple Units
When multiple CDHD2 units are mounted side-by-side within a cabinet or enclosure, the
recommended minimum spacing between units is 10 mm. The recommended minimum top
and bottom clearance is 50 mm for all CDHD2 models.
It is important to maintain an ambient temperature within the enclosure that does not
exceed 45°C. If CDHD2 units are mounted on a backplane, also make sure the backplane
temperature does not exceed 45°C. It is recommended that a cooling fan be installed at the
bottom of the cabinet for best circulation.

50 mm
10 mm PLC/Controller

50 mm

Note: Not drawn to scale.

Figure 4-11.  Mounting Multiple CDHD2 Units within Cabinet
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4.9 Control Board Connections

The control board interfaces vary depending on the specific CDHD2 model, as detailed in the
following table.

Table 4-14.  Controller Board Interfaces

CDHD2 Model AP AF EC EB
Function Interface

USB serial communication C1 - u u u
RS232 serial communication c7 u u u -
CANopen communication C5 + C6 - [ | — -
EtherCAT communication - - [ | [ ]
Daisy chain communication Cc8 u u u |
Controller interface c2 u u u u
Pulse and direction input u | [ | -
Equivalent encoder output u u | -
Analog inputs 1or2 Tor2 Tor2 2
Analog output 1 1 1 0
Digital inputs c2|c3 8 8 8 4
Fast digital inputs 3 3 3 1
Digital outputs 6 6 6 3
Fast digital outputs 2 2 2 0
Machine interface c3 u [ [ -
Secondary feedback | [ | [ | -
Fault relay | [ | [ | -
Motor feedback interface c4 u L u u
Sine encoder | [ | [ | [ |
Motor temperature sensor u u u |
Motor feedback 8V supply - [ ] -
Motor feedback resolver u u | -
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4.9.1

CDHD2-AP (MV) Control Board Pinouts

Drive Setup

Controller I/F
C2: MDR 36 Plug | 24-28 AWG

IIF Mfgr

Mating Connector

Manufacturer PN Servotronix PN

C2 3M
3M

Solder Plug Connector

Solder Plug Junction Shell 10336-52F0-008

10136-3000PE CONr00000036-01
HODr00000036-00

C3 3M
3M

Solder Plug Connector

Solder Plug Junction Shell  10320-52F0-008

10120-3000PE CONr00000020-38

HODr00000020-00

C4 3M
3M

Solder Plug Connector

Solder Plug Junction Shell 10326-52F0-008

10126-3000PE CONr00000026-31

HODr00000026-00

a
=
3
w

Each type of drive (AP, AF, EC, EB) has the same control board, regardless of rating.

Figure 4-12.
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11

12
13
14
15
16
17
18

Common output

Digital output 1

Digital input 1

Equivalent encoder output A-
Equivalent encoder output B-
Equivalent encoder output Z-

Analog input 1+
Direction input+
Secondary encoder B+
Ground

Pulse input-
Secondary encoder A-
Fast digital output 8
Ground

Digital input 4

Fast digital input 6
Digital output 3

Fast digital output 24V

* Analog input 2+

19
20
21

28

29

30
31
32
33
34
35
36

Common input
Digital input 2

Equivalent encoder output A+
Equivalent encoder output B+
Equivalent encoder output Z+
Ground

Analog input 1-

Direction input-

Secondary encoder B-

Pulse input+

Secondary encoder A+
Ground

Fast digital output 7

Digital input 3

Fast digital input 5

Digital output 2

Fast digital output 24V return
* Analog input 2-

Analog output

* Optional. Refer to Ordering Options.

Machine I/F
C3: MDR 20 Plug | 24-28 AWG

1 Secondary encoder A+ 11 Secondary encoder A-
Pulse input + Pulse input -

2 | Secondary encoder B+ 12 Secondary encoder B-
Direction input+ Direction input-

3 | Secondary encoder Z+ 13 | Secondary encoder Z-

4  Secondary encoder 5V 14 Secondary encoder ground

5 Digital input 7 15 Digital input 8

6 | Digital input 9 16 Digital input 10

7 | Fast digital input 11 17 | Digital output 4

8 Digital output 5 18 | Digital output 6

9 Common input 19 Common output

10 Fault relay 1 20 Fault relay 2

Feedback
C4: MDR 26 Plug | 24-28 AWG

1 Incremental encoder A + 14 Incremental encoder A -
SSl encoder data + SSI encoder data -

2 | Incremental encoder B + 15 Incremental encoder B -
SSI encoder clock + SSI encoder clock -

3 Incremental encoder Z + 16 Incremental encoder Z -

4 HallU+ 17 Hall v+

5 Hallw + 18

6 Resolver sine + 19 Resolver sine -

7 Resolver cosine + 20 Resolver cosine -

8 Resolver reference + 21 Resolver reference -

9  Sine encoder sine + 22 Sine encoder sine -

10 Sine encoder cosine + 23 Sine encoder cosine -

11 5V supply for feedback device | 24 Ground (5V return)

12 Motor temperature sensor 25 Motor temperature sensor

13 5V supply for feedback device | 26 Shield

CDHD2 (MV) AP Models Control Board Pin Assignments
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4.9.2 CDHD2-AF (MV) Control Board Pinouts

Controller I/F
C2: MDR 36 Plug | 24-28 AWG
1 Common output 19 Common input
2 Digital output 1 20 Digital input 2
3 Digital input 1 21
I/F_ Mfgr Mating Connector Manufacturer PN Servotronix PN 4 Equivalent encoder output A-| 22 Equivalent encoder output A+
C2 3M  Solder Plug Connector 10136-3000PE  CONr00000036-01 5 | Equivalent encoder output B- | 23 Equivalent encoder output B+
3M  Solder Plug Junction Shell 10336-52F0-008 HODr00000036-00 6 Equivalent encoder output Z- | 24 Equivalent encoder output Z+
C3 3M  Solder Plug Connector 10120-3000PE CONr00000020-38 7 25 Ground
3M  Solder Plug Junction Shell 10320-52F0-008 HODr00000020-00 8  Analog input 1+ 26 Analog input 1-
C4 3M  Solder Plug Connector 10126-3000PE CONr00000026-31 9  Direction input+ 27 Direction input-
3M  Solder Plug Junction Shell 10326-52F0-008 HODr00000026-00 Secondary encoder B+ Secondary encoder B-
10 Ground 28 Pulse input+
Secondary encoder A+
11 Pulse input- 29 Ground
US.B. Secondary encoder A-
C1: Mini-B
1 lsv 12 Fast digital output 8 30 Fast digital output 7
] > |pata- 13 Ground 31 Digital input 3
3 |pam+ 14 Digital input 4 32 Fast digital input 5
I 4 Vv A O l 4 15 | Fast digital input 6 33 Digital output 2
5 GND 16 Digital output 3 34  Fast digital output 24V return
17 Fast digital output 24V 35 * Analog input 2-
™ 18 * Analog input 2+ 36 Analog output
19 1 * Optional. Refer to Ordering Options.
Machine I/F
C3: MDR 20 Plug | 24-28 AWG
1 Secondary encoder A+ 11  Secondary encoder A-
A L Pulse input + Pulse input -
2  Secondary encoder B+ 12 Secondary encoder B-
Direction input+ Direction input-
3  Secondary encoder Z+ 13 | Secondary encoder Z-
11 1 4  Secondary encoder 5V 14 Secondary encoder ground
5 Digital input 7 15 Digital input 8
6 Digital input 9 16 Digital input 10
20 10 7 | Fastdigital input 11 17 Digital output 4
8 Digital output 5 18 Digital output 6
9  Common input 19 Common output
10 Fault relay 1 20 Fault relay 2
14 1 Feedback
C4: MDR 26 Plug | 24-28 AWG
1 Incremental encoder A + 14 Incremental encoder A -
SSI encoder data + SSI encoder data -
}- 3 26 13 2 Incremental encoder B + 15 Incremental encoder B -
G g ‘- SSI encoder clock + SSI encoder clock -
_' 1 @ 3 Incremental encoder Z + 16 Incremental encoder Z -
4 Hall U+ 17 Hall v+
' ' 5 Hallw + 18 8V supply
; 6 Resolver sine + 19 Resolver sine -
7 Resolver cosine + 20 Resolver cosine -
8 Resolver reference + 21 Resolver reference -
9 Sine encoder sine + 22 Sine encoder sine -
Each type of drive (AP, AF, EC, EB) has the same control board, regardless of rating. 10 Sine encoder cosine + 23 Sine encoder cosine -
11 5V/8V supply for feedback device | 24 Ground (5V/8V return)
12 Motor temperature sensor 25 Motor temperature sensor
13 5V/8V supply for feedback device | 26 Shield

Figure 4-13. CDHD2 (MV) AF Models Control Board Pin Assignments
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4.9.3 CDHD2-EC (MV) Control Board Pinouts

usB
C1: Mini-B
1 5v
2 Data-
3 Data+
4
5 GND

19 1
l w
1 1
I D
14 1

Each type of drive (AP, AF, EC, EB) has the same control board, regardless of rating.

Drive Setup

Controller I/F
C2: MDR 36 Plug | 24-28 AWG

© o N o O bh w N P

[N
o

1

[

1
13
14
1!
1
1
18

N

~N o o

Common output

Digital output 1

Digital input 1

Equivalent encoder output A-
Equivalent encoder output B-
Equivalent encoder output Z-

Analog input 1+
Direction input+
Secondary encoder B+
Ground

Pulse input-
Secondary encoder A-
Fast digital output 8
Ground

Digital input 4

Fast digital input 6
Digital output 3

Fast digital output 24V
* Analog input 2+

19
20
21
2
2
24
25
2
2

W N

~N o

2|

[e3)

29

30
3.
3
3.
34
35
3

W N P

[

Common input

Digital input 2

Equivalent encoder output A+
Equivalent encoder output B+
Equivalent encoder output Z+
Ground

Analog input 1-

Direction input-

Secondary encoder B-

Pulse input+

Secondary encoder A+
Ground

Fast digital output 7

Digital input 3

Fast digital input 5

Digital output 2

Fast digital output 24V return
* Analog input 2-

Analog output

* Optional. Refer to Ordering Options.

Machine I/F
C3: MDR 20 Plug | 24-28 AWG

1 Secondary encoder A+ 11 Secondary encoder A-
Pulse input + Pulse input -
2 | Secondary encoder B+ 12 Secondary encoder B-
Direction input+ Direction input-
3  Secondary encoder Z+ 13 Secondary encoder Z-
4 | Secondary encoder 5V 14 Secondary encoder ground
5 Digital input 7 15 Digital input 8
6 Digital input 9 16 Digital input 10
7 Fast digital input 11 17 Digital output 4
8 Digital output 5 18 Digital output 6
9 Common input 19 Common output
10 Faultrelay 1 20 Fault relay 2
Feedback
C4: MDR 26 Plug | 24-28 AWG
1 Incremental encoder A + 14 Incremental encoder A -

© 0 N o g A~ W

10

SS| encoder data +
Incremental encoder B +
SSI encoder clock +
Incremental encoder Z +
HallU +

Hallw +

Resolver sine +
Resolver cosine +
Resolver reference +
Sine encoder sine +
Sine encoder cosine +

11 5V/8V supply for feedback device

12

Motor temperature sensor

13 5V/8V supply for feedback device

SSI encoder data -
15 Incremental encoder B -
SSI encoder clock -
16 Incremental encoder Z -
17 Hall v+
18 8V supply
19 Resolver sine -
20 Resolver cosine -
21 Resolver reference -
22 Sine encoder sine -
23 Sine encoder cosine -
24 Ground (5V/8V return)
25 Motor temperature sensor
26 Shield

Figure 4-14. CDHD2 (MV) EC Models Control Board Pin Assignments
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4.9.4 CDHD2-EB (MV) Control Board Pinouts

I/F Mfgr Mating Connector Manufacturer PN Servotronix PN

C2 3M  Solder Plug Connector 10136-3000PE CONr00000036-01
3M  Solder Plug Junction Shell 10336-52F0-008  HODr00000036-00

C4 3M  Solder Plug Connector 10126-3000PE CONr00000026-31
3M  Solder Plug Junction Shell 10326-52F0-008 HODr00000026-00

usB Controller I/F
C1: Mini-B C2: MDR 36 Plug | 24-28 AWG
1 5v 1 Common output| 19 Common input
2 Data- 2 Digital output 1 |20 Digital input 2
E 3 Data+ 3 Digital input1 |21
g 4 22
5 GND 23
24
25 Ground
Analog input 1+ [ 26 Analog input 1-
27
Ground 28
29 Ground
30
Ground 31 Digital input 3

Digital input 4 | 32 Fast digital input 5
33 Digital output 2
Digital output 3 | 34

35 Analog input 2-

Analog input 2+ | 36

Feedback
C4: MDR 26 Plug | 24-28 AWG
Incremental encoder A + 14 Incremental encoder A -
SSI encoder data + SSI encoder data -
Incremental encoder B + 15 Incremental encoder B -
SSI encoder clock + SSI encoder clock -
Incremental encoder Z + 16 Incremental encoder Z -
Hall U + 17 Hall v+
Hall W + 18
19
20
21
Sine encoder sine + 22 Sine encoder sine -
Sine encoder cosine + 23 Sine encoder cosine -
5V supply for feedback device [ 24 Ground (5V return)
12 Motor temperature sensor 25 Motor temperature sensor
13 5V supply for feedback device | 26 Shield

Each type of drive (AP, AF, EC, EB) has the same control board, regardless of rating.

Figure 4-15. CDHD2 (MV) EB Models Control Board Pin Assignments
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4.9.5 CDHD2 (MV) Control Board Top Panel Pinouts

Note EB models do not have RS232 port (interface C7).

-~ - Hﬂa. -~ o~
I I E R
L J EEEEE

L )]

iﬁl‘\ﬁ\ﬂﬁ
-

[ (1207 dad

| C5 Cé

EtherCAT IN EtherCAT OUT RS232 Daisy Chain / Gantry
C5: RJ45 C5: RJ45 C7: 4p4c C8: 0.1" IDC Female
1 TX+ 1 TX+ 1 RX 1 DC Shield
2 TX- 2 TX - 2 GNDISO 2
3 RX+ 3 RX+ 3 TX 3 RX
4 4 4 Shield 4 | GND
5 5 5 TX
6 RX- 6 RX - 6 GND
7 7 7 Gantry A+
8 8 8 Gantry A-
9 Gantry B+
10 Gantry B-
IIF Mfgr Mating Connector Manufacturer PN Servotronix PN
C5 Molex Connector 44915-0011
Cc6é
C7 AIM-Cambridge Connector 32-5964UL
C8 TE Connector 1658527-3 CONr00000010-67
—

AAAAAA A M ~me ~ -
- L EEEEE
( = RS232 Daisy Chain
- - ' -ca B: Ember Switch
| C5 uCe C T: CAN 120Q Termination Switch

7 T B |
A L]
T —
CANopen IN CANopen OUT RS232 Daisy Chain / Gantry
C5: RJ45 C6: RJ45 C7: 4pac C8: 0.1" IDC Female
1 CANH 1 CANH 1 RX 1 DC Shield
2 CANL 2 CANL 2 GNDISO 2
3 FGND 3 FGND 3 TX 3 RX
4 4 4 Shield 4 GND
5 5 5 TX
6 6 6 GND
7 FGND 7 FGND 7 Gantry A+
8 8 8 Gantry A-
9 Gantry B+
10 Gantry B-

Figure 4-16. CDHD2 (MV) Control Board Pin Assignments — Top Panel
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4.9.6 CDHD2-AF/EC (LV) Control Board Pinouts

CDHD2

Controller I/F
C2: MDR 36 Plug | 24-28 AWG

I/F Mfgr Mating Connector Manufacturer PN Servotronix PN
C2 3M  Solder Plug Connector 10136-3000PE CONr00000036-01
3M  Solder Plug Junction Shell 10336-52F0-008 HODr00000036-00
C3 3M  Solder Plug Connector 10120-3000PE CONr00000020-38
3M  Solder Plug Junction Shell 10320-52F0-008 HODr00000020-00
C4 3M  Solder Plug Connector 10126-3000PE CONr00000026-31
3M  Solder Plug Junction Shell 10326-52F0-008 HODr00000026-00

Figure 4-17.

80

USB
C1: Mini-B
1 5v
2 Data -
3 Data +
4
5 GND

19 1
l
11 1
.
14 1
1§

© 0 N o b W NP

N
o

11

12
13
14
15
16
17
18

Common output

Digital output 1

Digital input 1

Equivalent encoder output A-
Equivalent encoder output B-

Equivalent encoder output Z-

Analog input 1+
Direction input+
Secondary encoder B+
Ground

Pulse input-
Secondary encoder A-
Fast digital output 8
Ground

Digital input 4

Fast digital input 6
Digital output 3

Fast digital output 24V

* Analog input 2+

19
20
21

28

29

30
31
32
33
34
35
36

Common input
Digital input 2

Equivalent encoder output A+
Equivalent encoder output B+
Equivalent encoder output Z+
Ground

Analog input 1-

Direction input-

Secondary encoder B-

Pulse input+

Secondary encoder A+
Ground

Fast digital output 7

Digital input 3

Fast digital input 5

Digital output 2

Fast digital output 24V return
* Analog input 2-

Analog output

* Optional. Refer to Ordering Options.

Machine I/F
C3: MDR 20 Plug | 24-28 AWG

[uy

Secondary encoder A+
Pulse input +

Secondary encoder B+ 12
Direction input+

11 Secondary encoder A-
Pulse input -
Secondary encoder B-
Direction input-

3 Secondary encoder Z+ 13  Secondary encoder Z-
4 Secondary encoder 5V 14 Secondary encoder ground
5 | Digital input 7 15 Digital input 8
6 Digital input 9 16 Digital input 10
7 Fastdigital input 11 17 Digital output 4
8 | Digital output 5 18 Digital output 6
9 Common input 19  Common output
10 Faultrelay 1 20 Fault relay 2
Feedback

C4: MDR 26 Plug | 24-28 AWG

1 Incremental encoder A + 14 Incremental encoder A -

© O N o g b~ W

10

SSI encoder data +
Incremental encoder B +
SSI encoder clock +
Incremental encoder Z +
Hall U +

Hallw +

Resolver sine +
Resolver cosine +
Resolver reference +
Sine encoder sine +

Sine encoder cosine +

11 5V/8V supply for feedback device

12

Motor temperature sensor

13 5V/8V supply for feedback device

SSI encoder data -
15 Incremental encoder B -
SSI encoder clock -
16 Incremental encoder Z -
17 Hall V+
18 8V supply
19 Resolver sine -
20 Resolver cosine -
21 Resolver reference -
22 Sine encoder sine -
23 Sine encoder cosine -
24 Ground (5V/8V return)
25 Motor temperature sensor
26 Shield

CDHD?2 (LV) Control Board Pin Assignments (AF and EC Models)
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4.9.7 CDHD2-AF/EC (LV) Control Board Top Panel Pinouts

B: Ember Switch

T: CAN 120Q Termination Switch

v v v v v v v v Vv v T W=~

Daisy Chain / Gantry RS232 EtherCAT OUT EtherCAT IN
C8: 0.1" IDC Female C7: 4p4c C5: RJ45 C5: RJ45
1 DC Shield 1 RX 1 TX+ 1 TX+

2 2 GNDISO 2 TX - 2 TX-

3 RX 3 TX 3 RX+ 3 RX+

4 GND 4 Shield 4 4

5 TX 5 5

6 GND 6 RX - 6 RX-

7 Gantry A+ 7 7

8 Gantry A- 8 8

9 Gantry B+

10 Gantry B-

Daisy Chain / Gantry RS232 CANopen OUT CANopen IN
C8: 0.1" IDC Female C7: 4p4c C6: RJ45 C5: RJ45
1 DC Shield 1 RX 1 CANH 1 CANH

2 2 GNDISO 2 CANL 2 CANL

3 RX 3 TX 3 FGND 3 FGND

4 GND 4 | Shield 4 4

5 TX 5 5

6 GND 6 6

7 Gantry A+ 7 FGND 7 FGND

8 | Gantry A- 8 8

9 Gantry B+

10 Gantry B-

I/F Mfgr Mating Connector Manufacturer PN Servotronix PN
C5 Molex Connector 44915-0011

C6

C7 AIM-Cambridge Connector 32-5964UL

C8 TE Connector 1658527-3 CONr00000010-67

Figure 4-18. CDHD2 (LV) Control Board Pin Assignments — Top Panel

4.9.8

USB Serial Communication - C1

Drive Setup

For commissioning, the drive can be connected to the host computer through interface C1
(USB port). It is strongly recommended that you use the USB cable supplied by Servotronix,

which has been tested and proven for reliability.

Alternately, interface C7 (RS232 port) can be used.

Refer to Host Computer System.

Note CDHD2 USB drivers are digitally signed.
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4.9.9

4.9.10

4.9.11

4.9.12

82

RS232 Serial Communication - C7

For commissioning, the drive can be connected to the host computer through interface C7
(RS232 port). Alternately, interface C1 (USB port) can be used.

Fieldbus Communication — C5 and C6

Interfaces C5 and C6 are RJ45 ports that serve as transmitter and receiver for drives
operating on a CAN or EtherCAT network.

The LEDs on interfaces C5 and C6 indicate fieldbus status. Refer to Fieldbus Status — LED:s.

Refer to the CDHD2 EtherCAT and CANopen Reference Manual for details on installation,
configuration and operation of drives being used on CAN and EtherCAT networks.

An adapter is available to enable the connection of a RJ45 port to a D9 interface. Refer to
D9-RJ45 Adapter.

Daisy Chain and Gantry Communication - C8

The CDHD?2 can be addressed and controlled on a daisy-chained RS232 line.

In a daisy-chain RS232 configuration, all drives must be daisy-chained through interface C8.
Each drive must have a unique address to enable its identification on the network.

A daisy-chained drive can be assigned an address from 1 to 99 by setting parameter PO003
from the operator panel, or VarCom variable ADDR.

When configuring a daisy-chain, address 0 cannot be used.

Controller Interface - C2

Wire the digital and analog inputs and outputs according to the requirements of your
application.

Unused pins must remain unwired.

Common input and common output on the Controller interface (C2) and the Machine
interface (C3) are connected internally.

24 VDC supply and return can be connected on either the Controller interface (C2) or the
Machine interface (C3), but it is not necessary to connect it on both.

All digital inputs and digital outputs on all CDHD2 models are opto-isolated.

Fast outputs are sink only. All other digital inputs and digital outputs can be connected as
either source or sink.

If both the fast and regular digital outputs are configured as sink, one power supply can
usually be used for all outputs.

It is recommended to use a fast output (7 or 8) for the motor brake release signal.

A separate power supply is required for the motor brake. An external flywheel diode must be
added if the load is inductive (e.g., relay).
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Table 4-15.

Controller Interface — AP/AF/EC Models

Drive Setup

Pin Function

Description

Pin Function

Description

1

2 Digital output 1

3 Digital input 1

4 Equivalent encoder
output A-

5 Equivalent encoder
output B-

6 Equivalent encoder
output Z-

7

8 Analoginput 1+

9  Direction input+
Secondary encoder
B+

10 Ground

Common output

User Manual

Opto-isolated
programmable digital
output. Read using
OouT1

Opto-isolated
programmable digital
input. Read using IN1

Low side of the
equivalent encoder
output signal A (RS422)

Low side of the
equivalent encoder
output signal B (RS422)

Low side of the
equivalent encoder
output index (RS422)

High side of the
differential analog
command input
(£10 VDQ)

High side of the
direction signal (RS422),
or

High side of the down
count signal

High side of the
secondary encoder input
signal B (RS422)

Digital ground

19
20

21

22

23

24

25
26

27

28

Common input

Digital input 2

Equivalent
encoder output
A+

Equivalent
encoder output
B+

Equivalent
encoder
output Z+

Ground

Analog input 1-

Direction input-

Secondary
encoder B-

Pulse input+

Secondary
encoder A+

Opto-isolated
programmable digital
input. Read using IN2

High side of the
equivalent encoder
output signal A (RS422)

High side of the
equivalent encoder
output signal B (RS422)

High side of the
equivalent encoder
output index (RS422)

Digital ground

Low side of the
differential analog
command input
(£10 VDCQ)

Low side of the direction
signal (RS422), or

Low side of the down
count signal

Low side of the
secondary encoder input
signal B (RS422)

High side of the pulse
signal (RS422), or

High side of the master
encoder signal A, or
High side of the up
count signal

High side of the
secondary encoder input
signal A (RS422)
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Pin Function

Description

Pin Function

Description

11 Pulse input-

Secondary encoder
A-
12 Fast digital
output 8

13  Ground

14 Digital input 4

15 Fast digital input 6

16 Digital output 3

17 Fast digital output

24V

18 * Analog input 2+

Low side of the pulse
signal (RS422), or

Low side of the master
encoder signal A, or

Low side of the up count
signal

Low side of the
secondary encoder input
signal A (RS422)

Digital ground

Opto-isolated
programmable digital
input. Read using IN4

Fast opto-isolated
programmable digital
input. Read using IN6

Opto-isolated
programmable digital
output. Read using
OouT3

High side of the second
differential analog input
(£10 VDQ)

29

30

31

32

33

34

35

36

Ground Digital ground

Fast digital

output 7

Digital input 3 Opto-isolated
programmable digital
input. Read using IN3

Fast digital input 5 Fast opto-isolated

programmable digital
input. Read using IN5

Digital output 2 Opto-isolated
programmable digital
output. Read using

ouT2

Fast digital output
24V return

Low side of the second
differential analog input
(£10 VDCQ)

Analog output,
referenced to digital
ground (0-10 VDC)

* Analog input 2-

Analog output

* Optional, see Ordering Information.

Blank cells indicate unused pins; these pins must remain unwired.
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Table 4-16.

Controller Interface — EB Models

Drive Setup

Pin Function

Description

Pin Function

Description

1 Common output

2 Digital output 1

w

Digital input 1

o N oo Ul b

Analog input 1+

10 Ground
11
12
13 Ground

14 Digital input 4

16 Digital output 3

17

18 Analog input 2+

Opto-isolated
programmable digital
output. Read using
OouT1

Opto-isolated
programmable digital
input. Read using IN1

High side of the
differential analog
command input
(£10 VDCQ)

Digital ground

Digital ground

Opto-isolated
programmable digital
input. Read using IN4

Opto-isolated
programmable digital
output. Read using
OouT3

High side of the second
differential analog input
(£10 VDCQ)

19
20

21

22
23
24
25
26

27
28
29
30
31

32

33

34

35

36

Common input

Digital input 2

Ground

Analog input 1-

Ground

Digital input 3

Fast digital input 5

Digital output 2

Analog input 2-

Opto-isolated
programmable digital
input. Read using IN2

Digital ground

Low side of the
differential analog
command input
(£10 VDCQ)

Digital ground

Opto-isolated
programmable digital
input. Read using IN3

Fast opto-isolated
programmable digital
input. Read using IN5

Opto-isolated
programmable digital
output. Read using OUT2

Low side of the second
differential analog input
(£10 VDC)

Blank cells indicate unused pins; these pins must remain unwired.
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Digital and Analog Inputs and Outputs Wiring — C2

SOURCE INPUTS SINK INPUTS
: c2-¢ e ! : c2. Controller IIF
1 \J IN_COMMON 119 K ~ IN_COMMON 19
| EE D
- > D_IN_1 3 ™ 0 o O_IN_1 3
=
ON: 11-30VDC | ON: 11-30VDC |
OFF:0-5VDC : - OFF:0-5VDC : -
] D_IN_2 20 Y O_IN_2 20 B
Q_r'\ = o_f'\‘_“

L~ ___ON3 J:,L ‘Hs:

FAST_OUT_8
Max 50 mA |
|

=
|
| |
| 2 %
DN 144 ## ~~__DiN4 144 #4:
?_f = ?_r =
I |
o i 15
rastns  la2 L - "} " FASTINS ,‘i,ggj\(_ it
|
I |
| 15 | 14
FAST_IN_6 15 FAST_IN_6 15
= # > T # b
T ) e )
Figure 4-19. Digital Input Wiring — C2
SINK OUTPUTS e e e T | SOURCE OUTPUTS e e o ot vt A
| c2-c VF I | C2- Controller I/F |
—— DouTi1i2 | v~ OUT_COMMON , 1 |
O Wax 100 mA T :l- : D_OUT_1 : 2 } :
ax m, # _OuT_ L
I : 24y - ?—’ :
pourzl | Max 100 mA |
1 &3 | = | |
M 100 A I | pourz la } :
: | | — = —olllF ol |
DLOUT3 |4 : Max 100 mA I |
i i | | |
Max 100 mA ,!.1 | —— Doura |16 :
OUT_COMMOI | — T |
| Max 100 mA | |
| |
SINK FAST OUTPUTS ! | | !
FAST_OUT 24417 | SINKFAST OUTPUTS FAST_OUT_24v 17 :
|
| posn '
* | o |
Max 50 mA ! } | ~ I
C—e Max 50 mA |
: o A FAST_OUT_RTI?.IH . ‘} :
5-24VDC : 524VDC : :
! |
) |
|
| |
| |
|

Figure 4-20. Digital Output Wiring — C2
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Controller/PLC C2- Controller IIF

| ! [
| ' [
| | “ —————————— | |
| L& A 8 ANINT+ I
| T i | i < +-10V |
| S | I I 26 ANIN1- l
| O I T Q g |
| : I I : :
| | I I I |
| + L] I 18 ANIN2+ +/-10V |
| ] T T |
I -1 L L 135ANIN2- |
| Q !i by Q q |
' Lo A |
| || | 29 GND

| CNPO—T 9 |
| LY e M I
—————————————— drain —_——————————————

= Shield Shield=
(connector's shell) (connector's body)

Figure 4-21.  Analog Input Wiring — C2

r~.lSt:mtrc::ller.lfPLC

e

.

I

I

I

I

|

I

I

|

Sl g

W ——
o a
] =

= Shield Shield =
{connector's shell) (eonnector's body)

Figure 4-22. Analog Output Wiring — C2

Pulse and Direction Opto-Isolated Wiring — C2
The CDHD?2 enables the connection of PLCs with a 24 VDC single-end signal to the drive.

This type of signaling requires the use of the fast digital inputs on the CDHD2 Controller
interface (C2).

For this configuration, CDHD2 inputs 5 and 6 must be set to INMODE 17 and 18, respectively.
(Applicable/recognized in GEARMODE 0, 1, 2).

® The Pulse signal is connected to fast digital input 5 on pin 32.

® The Direction signal is connected to fast digital input 6 on pin 15.

® The cable shield on the PLC side can be connected to any available shield connector.
® The cable shield on the CDHD?2 side can be connected to the shell of the 36-pin

connector.

Note The 24 VDC power supply must be provided by the user.
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SINK INPUTS

CDHD2

—_———————————— ———— —_——————— — — ——————

| C2- Controller I/F

2vrIN 'l LA T T T T T T |
A /‘\ A\ IN_COMMON'19

|
|
: T I
I I
FAST_IN_5 432
: # 1 T ?_’\(_
| I I
| o X |
| | I I | ”
" [ ] | | FAST_IN6 l15
| ~e hd <«—
| | — Tdrain - T |
- - ___1
= Shied Shield =
(connector's body) (connector's body)
SOURCE INPUTS
I controtterrLe || ____ I C2- Controller I/F
| A @, IN_COMMON l1g
| | e
| I | | FASTUNS 32 A\ -
I T [ | —>
| 1 1 |
| 1 1 [
| L I | s
[ | | | FAST_IN6 l15
| N4
—>
| |
- __ l_
=  Shield Shield =
(connector's body) (connector's body)

Figure 4-23. Pulse and Direction Opto-Isolated Inputs Wiring — C2

Pulse and Direction Differential Inputs Wiring — C2

88

When using the CDHD2 Controller interface (C2):

® The Pulse signals are received from the controller or PLC on pins 28 and 11.

® The Directions signals are received from the controller or PLC on pins 9 and 27.
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Pulse and Direction Differential Inputs Wiring — C2

Figure 4-24.

Simulated Encoder Equivalent Outputs Wiring — C2

_ IIIIIIIIIIIIIIIIIIIIIIIIIIIII -
| e _
| & |
| £ |
IS |
[ |
_C

_ I
_ I
_ I
| . " , 3 . 2 _
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........ s s s T 3
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Shield
(connector's shell)

(connector's shell)

Simulated Encoder Equivalent Outputs Wiring — C2

Figure 4-25.
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4.9.13 Machine Interface - C3

Table 4-17.

CDHD2

Note EB Models — CDHD2 EB models do not have a Machine interface.

Wire the machine inputs and outputs according to the requirements of your application.

Unused pins must remain unwired.

Common input and common output on the Controller interface (C2) and the Machine
interface (C3) are connected internally.

24 VDC supply and return can be connected on either the Controller interface (C2) or the
Machine interface (C3), but it is not necessary to connect it on both.

All digital inputs and digital outputs on all CDHD2 models are opto-isolated.

Fast outputs are sink only. All other digital inputs and digital outputs can be connected as
either source or sink.

If both the fast and regular digital outputs are configured as sink, one power supply can
usually be used for all outputs.

It is recommended to use a fast output (7 or 8) for the motor brake release signal.

A separate power supply is required for the motor brake. An external flywheel diode must be
added if the load is inductive (e.g., relay).

Machine Interface — AP/AF/EC Models

Pin Function

Description

Pin Function

Description

1

90

Secondary
encoder A+

Pulse input+

Secondary
encoder B+

Direction
input+
Secondary

encoder Z+

Secondary
encoder 5V

Digital input 7

Digital input 9

High side of the secondary
encoder input signal A
(RS422)

High side of the pulse
signal

High side of the Secondary
encoder input signal B
(RS422)

High side of the direction
signal

High side of the secondary
encoder input index
(RS422)

5 VDC supply for the
secondary encoder

Opto-isolated
programmable digital
input. Read using IN7

Opto-isolated
programmable digital
input. Read using IN9

11

14

15

16

Secondary
encoder A-

Pulse input-

Secondary
encoder B-

Direction input-

Secondary
encoder Z-

Secondary
encoder ground

Digital input 8

Digital input 10

Low side of the secondary
encoder input signal A
(RS422)

Low side of the pulse
signal

Low side of the secondary
encoder input signal B
(RS422)

Low side of the direction
signal

Low side of the secondary
encoder input index
(RS422)

Ground of the 5 VDC
supply for the secondary
encoder.

Opto-isolated
programmable digital
input. Read using IN8

Opto-isolated
programmable digital
input. Read using IN10
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Pin Function Description Pin Function Description
7  Fastdigital Fast opto-isolated 17 Digital output 4 Opto-isolated
input 11 programmable digital programmable digital
input. Read using IN11 output. Read using OUT4
8 Digital Opto-isolated 18 Digital output 6 Opto-isolated
output 5 programmable digital programmable digital
output. Read using OUT5 output. Read using OUT6
9 Common 19 Common output
input
10 Faultrelay 1 Terminal 1 of the dry 20 Fault relay 2 Terminal 2 of the dry
contact fault relay contact fault relay
Digital Inputs and Outputs Wiring - C3
SOURCE INPUTS SINK INPUTS
P77 co-achine iF | [ ca-Machinetr |
& IN_COMMON J\Q 1 (g ™) A IN_COMMON *9 |
T - I T - I
o ‘J DINT (]l)s_/\ - #*"K : 2“‘:- D_IN_7 {j)s_,.“_ ##”K :
Seane i 7 K | e i 2 K i
10 I 3 | e ‘ : !
D_IN_8 15 4 D_IN_8 15
1= : s |
I I I
I % | | % I
oms  le **‘K | e oms lg ##"K |
Q..._f
s : N l
I I I
e nd o fof L |
| I l I
] il | | _ I
~~  FAST_IN_11 I — ﬁ‘K : FAST IN 11 A7 — ##‘K :
et e | | IS e I
Figure 4-26. Digital Input Wiring — C3
SINK OUTPUTS [P ———— SOURCEOUTPUTS ______________
| C2- Machine lIF | i C3- Machine liF |
D_OUT_4’|\17 | A d QUT_COMMON AWQ I
— T | I
ax m - I
Max 100 mA : } : - —— DouT4 |i7 } |
p_out_s | z | r\m 00 mA | I
1 T % | | :
mﬂﬂ mA } : — D OUT 5 | 8 } |
| — [ I
D_OUTS | g | Max 100 mA | :
|
Max 100 mA. :[19 } : —— bours lis } :
ouT,COMMOW ! — h |
| Max 100 mA |

Figure 4-27. Digital Output Wiring — C3
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4.9.14 Motor Brake Wiring

The CDHD2 does not have sufficient amperage to activate a motor brake, but can control a
motor brake via an external relay. The selection of power supply, relay and diodes depends
on the specification of the actual motor brake used in your application.

You can connect the relay to any digital output on the CDHD2 Machine I/F (C3) or Controller
interface (C2). It is recommended that you connect to fast digital output 7.

Motor brake wiring requires the following:

® Flyback diodes: D1 and D2 (for example, PN 1N4002)

® Relay: 24 V < 100mA

® Relay coil: > 500 Q

®  External power supply: 24V
When using an inductive load, such as motor brake, be sure to install flyback diodes
according to wiring diagram.

When using a DC relay to switch inductive loads, such as a relay sequence circuit, a motor

A brake, or a DC solenoid, it is important to always absorb surges (e.g., with a diode) to
protect the contacts; that is, the drive’s digital inputs and outputs. Switching these
inductive loads on and off can generate a counter-electromotive force (Back-EMF) of
several hundred to several thousand volts, which can severely damage contacts and
greatly shorten product life.

Refer also to Motor Brake Control via Relay.

Fieday 1Amp, 24y

BRAKE +
BRAKE - *

SINK MODE

Relay 1Amg, 24V

AN r——— T —————

C2- Controller I/F

|

|
D_OUT_X 12

T

|

i~ OUT_COMMON

-

BRAKE + 4k
BRAKE - L

Figure 4-28. Motor Brake Wiring CDHD2 (MV models)
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4.9.15 Secondary Feedback Wiring

The following tables show the most common secondary feedback variations. If you need
additional information, or your motor feedback does not match any one of the following,
contact Technical Support.

Use the User Motor Pin# column in these tables to record the pin numbers of your specific
feedback device for future reference.

Wiring - BiSS-C Encoder

Table 4-18. BiSS-C Encoder

Pin # Twisted Pair User Encoder Pin#  Signal Description
Serial Data + (SLO+)

Twisted Pair
Serial Data - (SLO-)
Serial Clock + (MA+)
Twisted Pair
Serial Clock - (MA-)
4 +5VDC
14 0 vDC

Wiring - HEIDENHAIN (EnDat 2.x Communication Only)

Table 4-19.  Feedback Wiring — HEIDENHAIN (EnDat 2.x Communication Only)

Pin # Twisted Pair User Encoder Pin#  Signal Description

Serial Data +
Twisted Pair
Serial Data -
Serial Clock +
Serial Clock -
4 +5VDC

14 0 vDC

Twisted Pair

Wiring - Incremental Encoder A Quad B, Index Pulse and Halls

Table 4-20. Feedback Wiring — Incremental Encoder A Quad B, Index Pulse and Halls

Pin # Twisted Pair User Encoder Pin#  Signal Description

1 Twisted Pair Incremental Encoder A+
11 Incremental Encoder A-
2 Twisted Pair Incremental Encoder B+
12 Incremental Encoder B-
3 Twisted Pair Incremental Encoder Z+
13 Incremental Encoder Z-
4 +5VDC

14 0VvDC
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4.9.16 Motor Feedback Interface - C4

CDHD2

Wire the motor feedback interface according to the type of feedback device to be used in
your application. Refer to the tables in Motor Feedback Wiring for common types of feedback
wiring.

Pins 1, 2, 14 and 15 have dual functionality.

Pin 25 for the motor temperature sensor is connected internally in the drive to CDHD2
ground.

Unused pins must remain unwired.

Serial communication encoders, such as Tamagawa and Nikon have the following
properties:

Note °
[ ]

Serial encoder data is bidirectional.
Serial encoder clock is only output.

Low-voltage indication comes directly from the encoder; the drive does not have the

capability to verify encoder battery voltage.

Table 4-21. Motor Feedback Interface (C4)

Pin
1

6*
7%
8*
9

10
11
12
13

Function

Incremental encoder A +
SSl encoder data +
Incremental encoder B +
SSI encoder clock +
Incremental encoder Z +
Hall U +

Hall W +

Resolver sine +

Resolver cosine +
Resolver reference +

Sine encoder sine +

Sine encoder cosine +
Power supply to feedback device
Motor temperature sensor

Power supply to feedback device

Pin
14

15

16
17
18
19*
20*
21*
22*
23
24
25
26

Function

Incremental encoder A -
SSI encoder data -
Incremental encoder B -
SSI encoder clock -
Incremental encoder Z -
Hall V+

AF/EC only: 8V supply
Resolver sine -

Resolver cosine -
Resolver reference -
Sine encoder sine -

Sine encoder cosine -
Ground

Motor temperature sensor
Shield

* Not on EB model.
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4.9.17 Motor Feedback Wiring

Drive Setup

The following tables show the most common feedback variations. If you need additional
information, or your motor feedback does not match any one of the following, contact

Technical Support.

Use the User Motor Pin# column in these tables to record the pin numbers of your specific

motor for future reference.

Use the ServoStudio 2 Motor Setup procedure and the Feedback screens to define motor

feedback type, resolution, and other parameters.

Wiring - sensAR Encoder

Table 4-22.

Feedback Wiring — sensAR Encoder

Pin # Twisted Pair User Motor Pin#

Signal Description

Twisted Pair
14

11
24
26

Serial Data +
Serial Data -
+5VDC
0VvDC
Shield

Wiring - BiSS-C Encoder

Table 4-23.

Feedback Wiring — BiSS-C Encoder

Pin # Twisted Pair User Motor Pin#

Signal Description

1 Twisted Pair
14
2 Twisted Pair
15
11
24
26

Serial Data + (SLO+)
Serial Data - (SLO-)
Serial Clock + (MA+)
Serial Clock - (MA-)
+5VDC

0VDC

Shield
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Wiring - Incremental Encoder A Quad B, Index Pulse and Halls

Table 4-24.

Feedback Wiring — Incremental Encoder A Quad B, Index Pulse and Halls

Pin # Twisted Pair User Motor Pin#

Signal Description

Twisted Pair
14

i Twisted Pair
3
16
4
17
5
12
25
11
24
26

Twisted Pair

Twisted Pair

Incremental Encoder A+
Incremental Encoder A-
Incremental Encoder B+
Incremental Encoder B-
Incremental Encoder Z+
Incremental Encoder Z-
Hall U

Hall V

Hall W

Motor Temperature Sensor
Motor Temperature Sensor
+5VDC

0VDC

Shield

Note If the motor does not support a temperature sensor, do not connect pins 12 and 25.

Wiring - Single-Ended Halls
Table 4-25.  Feedback Wiring — Single-Ended Halls
Pin # Twisted Pair User Motor Pin# Signal Description
4 Hall U
17 Hall V
5 Hall W
11 +5VDC
24 0VvDC
12 Motor Temperature Sensor
Twisted Pair
25 Motor Temperature Sensor
26 Shield
If the motor does not support a temperature sensor, do not connect pins 12 and 25.
Notes

96

Halls are single-ended signals. If you want to use differential Hall signals, refer to the

relevant wiring tables.
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Wiring - Incremental Encoder A Quad B, Index Pulse and Differential Halls

Table 4-26.  Feedback Wiring — Incremental Encoder A Quad B, Index Pulse and Differential Halls

Pin # Twisted Pair User Motor Pin# Signal Description
Twisted Pair Incremental Encoder A+
Incremental Encoder A-
Twisted Pair Incremental Encoder B+
Incremental Encoder B-
9 Hall U+
22 Hall U-
10 Hall V+
23 Hall V-
3 Hall W+
16 Hall W-
12 Twisted Pair Motor Temperature Sensor
25 Motor Temperature Sensor
11 +5VDC
24 0VvDC
26 Shield

If the motor does not support a temperature sensor, do not connect pins 12 and 25.

To use differential Halls with A quad B and index, connect the Halls to the Machine interface
as follows:

Hall U+ to Machine I/F pin 1, Hall U- to Machine I/F pin 11.

Hall V+ to Machine I/F pin 2, Hall V- to Machine I/F pin 12.

Hall W+ to Machine I/F pin 3, Hall W- to Machine I/F pin 13.

Connect the encoder A, B, |, and power supply to the Motor Feedback connector.

Notes

On every power up, phase find (PHASEFIND) must be executed.
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Wiring - Differential Halls Only

Table 4-27.

Feedback Wiring — Differential Halls Only

Pin # Twisted Pair

User Motor Pin#

Signal Description

9

22
10
23
3

16
11
24
26

Hall U+
Hall U-
Hall V+
Hall V-
Hall W+
Hall W-
+5VDC
0VvDC
Shield

Wiring - Tamagawa Incremental

Table 4-28.

98

Notes

Feedback Wiring — Tamagawa Incremental

CDHD2

Pin # Twisted Pair

User Motor Pin#

Signal Description

14
2

15
3

16
12
25
11
24
26

Twisted Pair

Twisted Pair

Twisted Pair

Twisted Pair

Incremental Encoder A+ / Hall U+
Incremental Encoder A- / Hall U-
Incremental Encoder B+ / Hall V+

Incremental Encoder B- / Hall V-

Incremental Encoder Z+ / Hall W+

Incremental Encoder Z- / Hall W-
Motor Temperature Sensor
Motor Temperature Sensor
+5VDC

0VDC

Shield

If the motor does not support a temperature sensor, do not connect pins 12 and 25.

Incremental encoders with Hall sensors and index pulse.

A, B and Z signals use the same wiring as Hall sensors U, V, and W.
On power up, feedback briefly sends Hall readings, and then continuously sends the A, B
and Z signals.

On every power up, phase find (PHASEFIND) must be executed.
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Wiring - Sine Encoder

Table 4-29.

Feedback Wiring — Sine Encoder

Drive Setup

Pin # Twisted Pair

User Motor Pin#

Signal Description

Twisted Pair

10
23
12
25
11
24
26

Twisted Pair

Twisted Pair

Sine Encoder Sine+

Sine Encoder Sine-

Sine Encoder Cosine+

Sine Encoder Cosine-
Motor Temperature Sensor
Motor Temperature Sensor
+5VDC

0vDC

Shield

If the motor does not support a temperature sensor, do not connect pins 12 and 25.

Notes

On every power up, phase find (PHASEFIND) must be executed.

Wiring - Sine Encoder with Halls

Table 4-30.

Feedback Wiring — Sine Encoder with Halls

Pin # Twisted Pair

User Motor Pin#

Signal Description

9 Twisted Pair
22

10 Twisted Pair
23

4

17

5

12 Twisted Pair
25

11

24

26

Sine Encoder Sine+

Sine Encoder Sine-

Sine Encoder Cosine+

Sine Encoder Cosine-

Hall U

Hall V

Hall W

Motor Temperature Sensor
Motor Temperature Sensor
+5VDC

0VDC

Shield

Note If the motor does not support a temperature sensor, do not connect pins 12 and 25.
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Wiring - Sine Encoder with Index

Table 4-31.

Note

CDHD2

Feedback Wiring — Sine Encoder with Index

Pin # Twisted Pair

User Motor Pin# Signal Description

9

22
10
23
3

16
12
25
11
24
26

Twisted Pair

Twisted Pair

Twisted Pair

Twisted Pair

Sine Encoder Sine+

Sine Encoder Sine-

Sine Encoder Cosine+

Sine Encoder Cosine-

Sine Encoder Z+

Sine Encoder Z-

Motor Temperature Sensor
Motor Temperature Sensor
+5VDC

0VvDC

Shield

If the motor does not support a temperature sensor, do not connect pins 12 and 25.

Wiring - Sine Encoder with Index and Halls

Table 4-32.

100

Note

Feedback Wiring — Sine Encoder with Index and Halls

Pin # Twisted Pair User Motor Pin# Signal Description

9

22
10
23
3

16
4

17
5

12
25
11
24
26

Twisted Pair

Twisted Pair

Twisted Pair

Twisted Pair

Sine Encoder Sine+

Sine Encoder Sine-

Sine Encoder Cosine+

Sine Encoder Cosine-

Sine Encoder Z+

Sine Encoder Z-

Hall U

Hall V

Hall W

Motor Temperature Sensor
Motor Temperature Sensor
+5VDC

0VDC

Shield

If the motor does not support a temperature sensor, do not connect pins 12 and 25.
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Wiring - Sick 5V (HIPERFACE Protocol and Sine Signal)

Table 4-33.

Feedback Wiring — Sick 5V (HIPERFACE Protocol and Sine Signal)

Pin # Twisted Pair User Motor Pin# Signal Description

1

14
9

22
10
23
12
25
11
24
26

Twisted Pair

Twisted Pair

Twisted Pair

Twisted Pair

Serial Data +

Serial Data -

Sine Encoder Sine+

Sine Encoder Sine-

Sine Encoder Cosine+

Sine Encoder Cosine-
Motor Temperature Sensor
Motor Temperature Sensor
+5VDC

0VvDC

Shield

Note If the motor does not support a temperature sensor, do not connect pins 12 and 25.

Wiring - Sick 8V (HIPERFACE Protocol and Sine Signal)

Table 4-34.

Feedback Wiring — Sick 8V (HIPERFACE Protocol and Sine Signal)

Pin # Twisted Pair

User Motor Pin# Signal Description

1

14
9

22
10
23
12
25
18
24
26

Twisted Pair

Twisted Pair

Twisted Pair

Twisted Pair

Serial Data +

Serial Data -

Sine Encoder Sine+

Sine Encoder Sine-

Sine Encoder Cosine+

Sine Encoder Cosine-
Motor Temperature Sensor
Motor Temperature Sensor
+8 VDC

0VvDC

Shield

Note If the motor does not support a temperature sensor, do not connect pins 12 and 25.
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Wiring - HEIDENHAIN (EnDat 2.x Communication Only)

Table 4-35.

Feedback Wiring — HEIDENHAIN (EnDat 2.x Communication Only)

Pin # Twisted Pair

User Motor Pin# Signal Description

12
25
11
24
26

Twisted Pair

Twisted Pair

Twisted Pair

Serial Data +

Serial Data -

Serial Clock +

Serial Clock -

Motor Temperature Sensor
Motor Temperature Sensor
+5VDC

0VvDC

Shield

Note If the motor does not support a temperature sensor, do not connect pins 12 and 25.
Refer to EnDat 2.x Bidirectional Interface.

Wiring - HEIDENHAIN (EnDat 2.x with Sine/Cosine)

Table 4-36.

Feedback Wiring — HEIDENHAIN (EnDat 2.x with Sine/Cosine)

Pin # Twisted Pair User Motor Pin# Signal Description

1

14
2

15
9

22
10
23
11
24
26

Twisted Pair

Twisted Pair

Twisted Pair

Twisted Pair

Serial Data +

Serial Data -

Serial Clock +

Serial Clock -

Sine Encoder Sine+
Sine Encoder Sine-
Sine Encoder Cosine+
Sine Encoder Cosine-
+5VDC

0VvDC

Shield

Note

If the motor does not support a temperature sensor, do not connect pins 12 and 25.

Refer to EnDat 2.x Bidirectional Interface.
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Wiring — Nikon / Tamagawa | Incremental 17-bit | Single Turn

Table 4-37.  Feedback Wiring - Single Turn: Nikon 17-bit Single Turn |
Tamagawa 17-bit Incremental Single Turn

Pin # Twisted Pair User Motor Pin# Signal Description

Serial Data +

Twisted Pair
Serial Data -
11 +5VDC
24 0VvDC
26 Shield

Wiring — Nikon / Tamagawa | Incremental 17-bit | Multi-Turn

Table 4-38.  Feedback Wiring — Multi-turn: Nikon 17-bit Multi-turn | Tamagawa 17-bit Multi-turn |
Sankyo Multi-turn

Pin # Twisted Pair User Motor Pin# Signal Description

Serial Data +

Twisted Pair
Serial Data -
11 +5VDC
24 0VvDC
26 Shield

Encoder backup battery is external to the CDHD2 drive.
Note Recommended battery is lithium 3.6V, 1000 mAh.
Use the backup battery recommended by the encoder manufacturer.

Wiring - Resolver

Table 4-39.  Feedback Wiring — Resolver

Pin # Twisted Pair User Motor Pin# Signal Description

6 Resolver Sine +
Twisted Pair .

19 Resolver Sine -

7 Resolver Cosine +
Twisted Pair i

20 Resolver Cosine -

8 ) ) Resolver Reference +
Twisted Pair

21 Resolver Reference -

12 ) ) Motor Temperature Sensor
Twisted Pair

25 Motor Temperature Sensor

54 Ground Optional: Internal shield of each

twisted pair (sine, cosine, reference)
26 Cable Shield
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If the motor does not support a temperature sensor, do not connect pins 12 and 25.

Notes Halls are single-ended signals. If you want to use differential Hall signals, refer to the
relevant wiring tables.

4.9.18 Gantry System Wiring
The two drives for the two axes of a CDHD2 gantry system can be connected to each other
either through the C8 or the C3 interface.

To ensure noise immunity, it is strongly recommended that the drives be connected through
the shielded C3 interface.

PLC

o
Y1 Y2

Pulse train &
Encoder simulation

Gantry communication

Figure 4-29. Gantry System Wiring — Pulse Train and Serial

EtherCAT/CAN

Communicatic

EtherCAT/CAN
Gantry communication

Figure 4-30. Gantry System Wiring — EtherCAT/CAN
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Table 4-40.  Gantry Daisy Chain C8 Wiring

Drive Setup

Gantry Master Gantry Difference  Twisted Pair Signal Description

(Y1) Drive (Y2) Drive

7 7 Serial Data Tx+
Twisted Pair

8 8 Serial Data Tx-

9 9 Serial Data Rx+
Twisted Pair

10 10 Serial Data Rx-

Table 4-41.  Gantry Daisy Chain C3 Wiring

Gantry Master (Y1) Gantry Difference Twisted Pair Signal Description

Drive (Y2) Drive

1 1 Serial Data Tx+
Twisted Pair

11 11 Serial Data Tx-

2 2 Serial Data Rx+
Twisted Pair

12 12 Serial Data Rx-

4.10 Power Board Connections

The power board interfaces vary depending on the specific COHD2 model.

Refer to the Power Board Pinout diagrams.

Make sure the main voltage rating matches the drive specification. Applying incorrect
voltage may cause drive failure.

Do not apply power until all hardware connections are complete.
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4.10.1 CDHD2-1D5/CDHD2-003 (MV) Power Board Pinouts

STO - Safe Torque Off
P1: Molex | 22-24 AWG

AW N P

24 VDC (STO enable)
Ground (24 VDC return)

Motor
P2: JST J300 | 18 AWG

B W N P

PE  Functional Ground
U Motor Phase U
\Y Motor Phase V
w Motor Phase W

AC Input and Regeneration
P3:JST J300 | 18 AWG

o g b~ W N P

B1+ DC Bus +

B2 Regen Bus -

L1 AC Phase 1

L2 AC Phase 2

Lic Logic AC Phase 1
LC2 Logic AC Phase 2

CDHD2

Functional Ground
PE: Terminal M4

All drives of the specified rating have the same power board.

Figure 4-31. CDHD2-1D5/CDHD2-003 (MV) Power Board Pin Assignments
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4.10.2

CDHD2-4D5/CDHD2-006 (MV) Power Board Pinouts

STO - Safe Torque Off
P1: Molex | 22-24 AWG

B W N P

24 VDC (STO enable)
Ground (24 VDC return)

Motor
P2:JST J300 | 16 AWG

A W N B

PE  Functional Ground
U Motor Phase U
\% Motor Phase V
W Motor Phase W

Regeneration
P3:JST J300 | 16 AWG

B1l+ DC Bus +
B2 Regen Bus -

AC Input
P4:JST J300 | 16 AWG

a A W N P

L1 AC Phase 1
L2 AC Phase 2
L3 AC Phase 3
LicC Logic AC Phase 1
LC2  Logic AC Phase 2

All drives of the specified rating have the same power board.

Figure 4-32. CDHD2-4D5/CDHD2-006 (MV) Power Board Pin Assignments

User Manual
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Drive Setup

Functional Ground
PE: Terminal M4
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4.10.3 CDHD2-008/CDHD2-010/CDHD2-013 (MV) Power Board Pinouts

STO - Safe Torque Off
P1: Molex | 22-24 AWG

1 24 VDC (STO enable)
2 Ground (24 VDC return)
3
4
Motor

P2: JST J400 | 14 AWG
1 PE Functional Ground
2 U Motor Phase U
3V Motor Phase V
4 W  Motor Phase W

Regeneration
P3:JST J300 | 16 AWG

B1+ DC Bus +
B2 Regen Bus -

Main AC Input
P4:JST J400 | 14 AWG

L1 AC Phase 1
L2 AC Phase 2
L3 AC Phase 3

Logic Power AC Input
P5: JST J300 | 16 AWG

Lic AC Phase 1
L2C AC Phase 2

All drives of the specified rating have the same power board.

Functional Ground
PE: Terminal M4

Figure 4-33. CDHD2-008/CDHD2-010/CDHD2-013 (MV) Power Board Pin Assignments
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4.10.4 CDHD2-020/CDHD2-024 (MV) Power Board Pinouts

STO - Safe Torque Off
P1: Molex | 22-24 AWG

ENERARE R

24 VDC (STO enable)
Ground (24 VDC return)

Logic Power AC Input
P2: Phoenix | 16 AWG

Lic AC Phase 1
L2C AC Phase 2

Main AC Input
P3: Phoenix | 12-13 AWG

L1 AC Phase 1

2 L2 AC Phase 2
3 L3 AC Phase 3
Motor
P4: Phoenix | 10-11 AWG
1 PE Functional Ground
2 U Motor Phase U
3 Vv Motor Phase V
4 W Motor Phase W
Regeneration
P5: Phoenix | 14 AWG
1 B2 Regen Bus -
2 Bi1+ DC Bus +

Figure 4-34. CDHD2-020/CDHD2-024 (MV) Power Board Pin Assignments

All drives of the specified rating have the same

User Manual

Functional Ground
PE: Terminal M4
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4.10.5 CDHD2-033/CDHD2-044/CDHD2-055 (MV) Power Board Pinouts

STO - Safe Torque Off
P1: Molex | 22-24 AWG

1 24 VDC (STO enable)

2 |Ground (24 VDC return)
3
4

Logic Power AC Input
P2 | 20-22 AWG
L1C AC Phase 1
L2C AC Phase 2

Regeneration
P2 | 4 AWG

1 Bl+ DCBus+
2 B2
2 B3

Regen Bus -

Not connected.
For bus sharing.

L=

0
Motor
P2 | 5 AWG \ [

1 v Motor Phase U T

2 Vv Motor Phase V J———

3 W  Motor Phase W ¢

4 Functional Ground

Functional Ground t
PE: Terminal M6

All drives of the specified rating have the same power board.

Figure 4-35. CDHD2-033/CDHD2-044/CDHD2-055 (MV) Pin Assignments
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4.10.6 CDHD2-003/006/012/015 (LV) Power Board Pinouts

Motor
P2: Wurth | 12-24 AWG

S W N P

PE  Functional Ground
U Motor Phase U
\ Motor Phase V
W Motor Phase W

Power
P2: Wurth | 12-24 AWG

o~ ®w N P

PE  Functional Ground

VIN+ Input Voltage + (20-90V)
VIN-  Input Voltage Return
VL+ Logic Input Voltage (20-48V)
VL-  Logic Input Voltage Return

STO - Safe Torque Off
P1: Molex | 26-28 AWG

AW N P

24 VDC (STO enable)
Ground (24 VDC return)

Figure 4-36.

CDHD2-003/006/012/015 (LV) — Power Board Pin Assignments

4.10.7 STO -P1

Drive Setup

Safe torque off (STO) is a safety function that prevents the drive from delivering power to the

motor which can generate torque.

For complete installation and operation details, refer to Safe Torque Off (STO) Overview

Table 4-42.

STO Interface

Pin Pin Label Function

1

24V STO Power Supply

User Manual
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Pin Pin Label Function

2 GND STO Return
3

4

24V Return, provided by the drive for STO bypass
24V Supply, provided by the drive for STO bypass

Note If the application does not require STO control, jumper pin 4 to pin 1, and pin 3 to pin 2, to
bypass the STO, using the supplied STO bypass plug.

Figure 4-37. STO Bypass Plug

An example of a STO system configuration is shown in the following diagram.

Emergency stop

—
24VDC

L
= A sroov]]|®
H I

s |
é,"_ ___________________ *;TO_%V

Shlel& bar

|]|—

[ Dl ===,

Figure 4-38. STO — Emergency Stop Circuit Wiring — Example

4.10.8 Motor Power - P2, P4

The Motor Power interfaces and connectors vary among CDHD2 models.

Refer to the Power Board Pinouts diagrams.

4.10.9 Regeneration Resistor - P3, P5

The Regeneration Resistor interfaces and connectors vary among CDHD2 models.
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Refer to the Power Board Pinouts diagrams.

If the application requires a regeneration (regen) resistor, connect the regen resistor between
terminals B1+ and B2.

4.10.10 AC Input - Bus Power and Logic Power - P3, P4, P5

AN

The AC Input interfaces and connectors vary among CDHD2 models.

On CDHD2-1D5 and CDHD2-003, Regen and AC Input Voltage are combined on one
connector. Since these models support only single-phase AC, they do not have a L3 terminal
for bus power.

Refer to the Power Board Pinouts diagrams.

Make sure the main voltage rating matches the drive specification. Applying incorrect
voltage may cause drive failure.
Do not apply power until all hardware connections are complete.

Prevent inrush surge:

Bus Power (L1-L2-L3): After switching on bus power, wait 1 minute before switching on
again, regardless of time in Off state.

Logic Power (L1C-L2C): After switching off logic power, wait 1 minute before switching on
again.

Procedure: Connecting Power

1. Connect the AC input voltage ground wire to the PE terminal, located on the CDHD2
front panel. Use an M4 ring or spade terminal.

Figure 4-39. Ground Terminals

2.  Connect L1, L2 and L3 (for bus power).

m  If the main voltage is from a single-phase source, connect line and neutral to L1
and L3.

m  If the main voltage is from a three-phase source, connect the phases to L1, L2
and L3.

3. Connect L1C and L2C (for logic power).

m  If the main voltage is from a single-phase source, connect line and neutral to L1C
and L2C.

m  If the main voltage is from a three-phase source, connect any two phases to L1C
and L2C.
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4.11

Regeneration

4.11.1 Regenerative Energy Overview

When a motor and load decelerate rapidly, kinetic energy of the load drives the motor shaft
energy back to the drive; this is called regenerative energy, or regeneration. This energy must
dissipated or absorbed

Regenerative energy that is not dissipated is added to the electrical energy already stored in
the capacitors of the bus module. If the capacitors are capable of storing the energy, the
system does not require a regeneration resistor.

In some cases, often due to a high inertial mismatch between the load and motor, excessive
energy is added to the capacitors, causing the voltage on the capacitors to reach the over-
voltage threshold, which then disables the drive. To prevent over-voltage, and potential
damage to the system, the excessive regenerative energy must be dissipated by a
regeneration resistor.

To determine whether a system requires a regeneration resistor, and if so, the level of
capacity, refer to Regeneration Resistance Calculations to calculate system properties.

External regen resistor

- [T

B1+
B2
<:> J— - 5
1or3 Regen
phase Control

BUS-

Figure 4-40. Regeneration Resistor Circuit
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4.11.2 Regeneration Resistance Calculations

CDHD2 Bus Specifications

Drive Setup

Table 4-43.  Bus Specifications - Single Phase 120/240 L-L VAC
Drive Model Capacitance (uF) VNOM (VDC) VLow (VDC)  VHigh (VvDC) VMAX (VDC)
CDHD2-1D5 360 170/340 380 400 420
CDHD2-003 660 170/340 380 400 420
CDHD2-4D5 1120 170/340 380 400 420
CDHD2-006 1120 170/340 380 400 420

Table 4-44.  Bus Specifications - Three Phase 120/240 L-L VAC
Drive Model Capacitance (uF) VNOM (VDC) VLow (VDC)  VHigh (VvDC) VMAX (VDC)
CDHD2-4D5 1120 170/340 380 400 420
CDHD2-006 1120 170/340 380 400 420
CDHD2-008 2110 170/340 380 400 420
CDHD2-010 2110 170/340 380 400 420
CDHD2-013 2110 170/340 380 400 420
CDHD2-020 3280 170/340 380 400 420
CDHD2-024 3280 170/340 380 400 420

Calculating the Energy Returned for Each Deceleration

1
Edec = E (JM +JL)(w%'w%)

Where:

Edec

Energy returned during deceleration (J or ft-Ib)
Rotor inertia (kg:m? or Ib-ft-sec2 )

Load inertia (kg:m? or Ib-ft-sec2)

Speed at the start of deceleration (rad/s)

Speed at the end of deceleration (rad/s)

Determining the Amount of Energy Dissipated by the Motor

Due to current flow through the motor winding resistance, some energy is dissipated by the

motor:
Emotor = 3|%/I ’ (RM/Z) “ty
Where:
Emotor = Energy dissipated by the motor (J)
Rwm = Motor resistance (Q L-L)
I = Current during deceleration (ARMS/phase)
tq = Time of deceleration (s)
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Determining the Amount of Energy Dissipated by Friction

1
Efriction = in(UM -wy)ty

Where:
Efriction = Energy dissipated by friction (J or ft:lb)
Ts = Friction torque (N-m or lb-ft)
W1 = Speed at the start of deceleration (rad/s)
Wy = Speed at the end of deceleration (rad/s)
tq = Time of deceleration (s)

Determining the Energy to be Dissipated by the Amplifier

Em = Edec~Emotor~Efriction

Where:

Em = Total energy to be dissipated by the amplifier (J or ft-Ib)

If this energy is less than that which the bus module can store, no regeneration resistor is
needed.

Ey should be expressed in joule. The conversion ratio from ft-Ib to joule is:

1 ftlb = 1.356 J
Determining the Energy the Bus Can Absorb

1 2
Egus = EC(V’I%A-(VNOM) )

Egus = Energy the bus module can absorb (J)

C = Bus module capacitance (F); refer to section Bus Specifications
Vm = Maximum bus voltage (V); refer to section Bus Specifications
Viom = Nominal bus voltage = V2V ins (V)

Determine if a regeneration resistor is required

If Egys > Em Regeneration resistor is not required.

If Egys < Em Regeneration resistor is required.

Determining Resistor Value

The procedure for calculating regeneration requirements is twofold. Both the regeneration
resistance value and the resistor wattage must be determined.

Determining the Resistance Value

R VEA
M Vel V3
Where
Vg = Motor back EMF less motor losses.
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Vg= KgN - V3l (Ryu/2)

Vm = Maximum bus voltage (V); refer to section Bus Specifications
Ks = Back EMF constant (V L-L / rpm)

N = motor speed prior to deceleration (rpm)

I = Current during deceleration (ARMS/phase)

Rm = Motor resistance (Q L-L)

Determining the Average Dissipated Power

1
Em-5 C(Vigh~VEow)

AV =

teycle
Where:
Em = Total energy needs to be dissipated by the amplifier (J)
C = Bus module capacitance (F); refer to section Bus Specifications
Vhigh = Hysteresis point: Regen circuit turn on(V); refer to section Bus Specifications
Viow = Hysteresis point: Regen circuit turn off (V); refer to section Bus Specifications
teycle = Time between decelerations + time of deceleration (s)

Determining the Peak Resistor Power

Via
Ppc= Roo
Regen
RRregen = Regeneration resistor resistance (Q L-L)
Vm = Maximum bus voltage (V); refer to section Bus Specifications

Regeneration Calculation in US Standards Units - Example

Motor and Drive Specifications
CDHD2-006 drive with 240 VAC single phase input
Jmotor = 0.000484 |b-ft-sec2

Ry = 1.32Q
lpeak = 18 A
Ty = 19.8 Ib-ft
C=0001120F
Vi = 420 V

Kg = 81.2 V/krpm = 0.0812 V/rpm
k; = 1.188 lb-ft/A

System Specifications
Ts = 1.5 Ibft
Jioag = 0.0015 Ib-ft-sec2
Vmax = 2,500 rpm => wy = 261 rad/s
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Viom = 240 Vrms=340 VDC

Time between decelerations = 5 s

Time of Deceleration Calculation

ty = Wotorthoad) (M) (9 000484 +0.001)-(261)/(19.8+1.5) = 0.0181 s

(Tm+T¢)

Current During Deceleration Calculation

_ UMotortlioad) Wi-wp _ 0.001+0.000484 261

=18A
ke tg 1.188 00181

Im

Energy Calculation

Egec = 5 Un+J0(w3-wd) = 2(0.0015+0.000484)(261°-0) = 67.57 ft-1b = 91.63 J

Emotor = 3l - (Ry,/2) - =3 - 182 - (%) -0.0181 =11.61]
Efiction = 3 Tr(W1-Wa)ty = 5 - 1.5(261-0) - 0.0181 = 3.54 ftlb = 4.8 )
Em = Edec - Emotor ~Efiction = 91.633 -11.611-4.8 = 75.22 J
Esus =5 C(Vi-Viom) = 3:0.001120(420°-340°) = 34.05
Since Ey>Egys, a regeneration resistor is required.
Resistor Specification Calculation

R 132
Vg = KgN-V3ly, (TM) - 0.0812*2500-V3 - 18 - (T) - 182423V

V2, 420°
Rmax = =
VglyV3 182423 -18-v3

Ev-3C(VRigh-VEow) _ 75.22 - 3 0.001120 -(400%-380%)

=31.02Q

Pav = toycle 5.0181 =13.25W
P = Vi _ 2 _ cegsenw
P RRegen 132 :

Regeneration Calculation inMKS Units - Example

Motor and Drive Specifications
CDHD2-006 drive with 240 VAC single phase input
Jmotor = 0.0006562 kg-m?

Ry = 1.32Q
lpeak = 18 A
Ty = 16.08 N'm
C=0001120F
Vi = 420 V

Kg = 81.2 V/krpm = 0.0812 V/rpm
ki = 1.042 N-m/A
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System Specifications

Ts = 2.5 N-m

Jioad =0.0015 kg:m?

Vyax = 2,500 RPM => wy, = 261 rad/s

Vnom = 220 Vrms = 340 VDC

Time between deceleration = 5 s

Time of Deceleration Calculation

_ Umotor*+Jioad)-(wn) _ (0.0006562+0.0015)(261)

ty Tv+T7) (16.08+2.5) = 003s
Current During Deceleration Calculation
lM:(JMOmrHLoad) (w1w _00006562+00015 261 _ g o

ke tg 1.042 0.03

Energy Calculation

Egec = 5 Um+J)(W3-w3) = 5(0.0006562+0.0015 )(261>-0) = 73.44]

132

Emotor = 3+ (Ry/2) -t = 3187 (£2) - 0.03 = 1924]

1 1
Efriction = ETf((.U] -(Uz)td = z - 2.5 (261 - O) -0.03 =978

Ev = Egec-Emotor-Efriction = 73.44-19.24-9.78 = 44.42 )

Esus = 3 C(Vin-Viom) = 3 - 0.001120(420°-340%) = 34.05 ]

Since Ey > Egys, a regeneration resistor is required.

Resistor Specification Calculation

R 132
Vg = KgN-v3ly, <7M) - 0.0812 - 2500-V3 - 18 - (T) - 182423V

V2, 420°
Rmax = =
VglyV3 182423183

=31.020Q

) Ev- 5 C(VEign-Viow ) 44.42-% -0.001120 - (400%-3802)

AV toae 503 =71W
Ppy = Vi 420° 5686.65 W
P Rpegen 132 '

4.11.3 Regeneration Resistor Overload Protection

Motor energy regeneration is always active in the CDHD2.
There are two modes for the motor energy regeneration function:
®  Regeneration with resistor overload protection.

The regeneration resistor circuitry itself requires overload protection to ensure the
resistor functions reliably. In this mode, use the configurable CDHD2 regeneration
resistor parameters to apply this protection.
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® Regeneration without resistor overload protection. This is also referred to as the
bang-bang mode.

In bang-bang mode, when bus voltage exceeds the upper threshold level (400V for
medium voltage (MV) drives, 790V for high voltage (HV) drives), the regeneration
resister will be activated by the drive; when bus voltage is reduced to the lower
threshold level (380V for MV drives, 770V for HV drives), the regeneration resister will
be deactivated.

Use the regeneration resistor protection with caution.

A If the motor increases bus voltage, resulting in activation of the protection mechanism, an
over-voltage condition may result.

4.11.4 Regeneration Resistor Parameters

The regeneration resistor capacity is defined by several parameters.

To activate the regeneration resistor protection function in the CDHD2, parameter REGENRES
and/or parameter REGENPOW must be set to a value other than -1, which is the default

value.

VarCom Description

REGENRES Resistance of the regeneration resistor, in ohms.
REGENPOW Power of the regeneration resistor, in watts.

REGENMAXONTIME  The maximum time for which the regeneration resistor may be
continually activated (on), in milliseconds.

REGENMAXPOW The maximum calculated power of the regeneration resistor, in
watts.

If the system does not have a regeneration resistor, set REGENRES = -1 and

REGENPOW = -1
Note
If the system has a regeneration resistor, a value of -1 for either REGENRES or REGENPOW

deactivates the regeneration resistor overload protection algorithm.
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4.12 Firmware Update

4.12.1 Firmware Update Preparation

Important: Before updating the firmware, be sure to do the following:

®  Refer to the Release Notes and any other documentation supplied with the new
firmware.

® Since parameter settings may be lost during the update, backup drive parameters from
each drive in the system, and keep these files secure. After the update is completed, the
parameters can be reloaded/restored.

To backup parameters, go the ServoStudio 2 Backup & Restore screen, and press the
Save to Backup button.
4.12.2 Firmware Update Options

The Download Firmware button in the ServoStudio 2 Drive Information screen opens the
Firmware Download dialog box.

? Firmware Download X

Firmware Path

| CAServotroni\CDHD2_Firmware\CDHD_2_15_2.sfw |
Axis# .. Dt
Progress:

e .

v Close when done

Address 0 Port COM1 -
Baud rate 115200 -

Ember Mode

(¢) Software (' Hardware

lestore parameters Disable optimization

Figure 4-41. Firmware Download
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Firmware Path

Start
Advanced
Close When Done

Address

Port

Baud Rate
Ember Mode

Disable
Optimization

Restore Parameters

The path and name of the file containing the firmware update.

The file name indicates the firmware version; for example:
2_00_0*sfw represents firmware version 2.0.x.

The default path is \My Documents\ServoStudio 2.
Press Browse to select another path.

Activates the firmware update.
Expands the dialog to show additional options

When selected, the Firmware Download dialog box closes
automatically once the procedure is completed.

e When only one drive is connected to the host computer, a drive
address is not needed.
The software attempts to communicate with the drive that was
communicating with the host before the Firmware Download
process was activated. Thus, if the drive responds to serial
communication, the firmware download process will proceed.

e When multiple drives are connected to the host in a daisy-chain,
a drive address must be specified.
When a drive address is specified, the software starts by sending
the command \\ which stops all drives connected to the
selected serial port from responding to serial communication. It
then issues the command \nn which instructs only the drive with
address nn to respond. Then it begins the firmware download.

The COM port of the host computer to which the drive is connected.
Make sure this COM port is not being used by any other application.

The rate must be set to 115200.

Ember is the process used for burning new firmware on the drive’s
flash memory.

e Software: Normally use the default Software option.

e Hardware: If the firmware loading process has been interrupted

and you are unable to establish communication with the drive,
use this option.

The firmware update procedure uses an optimization method to
improve performance. In rare instances this optimization may cause
the procedure to fail. In such an instance, disable the optimization
and restart the firmware update.

When selected, the firmware update procedure stores all user

parameters to memory before downloading the firmware and

restores the parameters after the update. This option can be

disabled.

This option is not available if host and drive are not communicating.

Note: Regardless of this option setting, it is strongly recommended
that you use the Save to Backup option in the Backup &
Restore screen to preserve the existing drive parameters before
updating the firmware.
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4.12.3 Firmware Update over Serial Connection

Procedure:

1.

Updating Drive Firmware over Serial Connection

Download the drive's firmware file (*.sfw) from the product web page to a host
computer.

From the ServoStudio 2 Drive Info screen, press Download Firmware.

The Firmware Download dialog box opens, and allows you to send the firmware file to
the drive over a serial communication link.

Browse to and select the firmware file.

Press Start to download the firmware file to the drive.

During the firmware update process, the digital display shows (FLOAd):
FLORAd

The process takes several minutes.

When the process is complete, the new firmware starts running.

Download the drive parameter file to the drive.

Execute SAVE to save the parameters in the drive's non-volatile memory.

Cycle power, and run the machine.
If machine behavior has changed, contact Technical Support.

Retrieve the parameter file from the drive, and save the file for future reference and
backup.

Repeat the firmware update procedure for each drive in the machine.

4.12.4 Firmware Update over EtherCAT

Firmware updates can be performed using File over EtherCAT (FoE) download protocol. The
CDHD2 runs in a bootloader state to allow firmware download to the host controller via the
EtherCAT network. Standardized firmware download to devices is therefore possible, even
without the support of TCP/IP.

Drive Resident (Bootloader) must be version 1.3.1 or higher.

Note

The version can be checked in the ServoStudio 2 Terminal screen, by means of the

command VER. If the system has a regeneration resistor, a value of -1 for either REGENRES
or REGENPOW deactivates the regeneration resistor overload protection algorithm.
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Terminal * 0

—=ver
Digital Servo Drive

Firmware Verzion: 1.44.12a2.0.6

FieldBus Version: EC_5.00.01

ESl Version - HOO020002
i - ruary 25 2016

Figure 4-42.

Procedure: Updating Drive Firmware over EtherCAT

1. Install TwinCAT 3.0 on the host PC.
Follow the instructions provided by Beckhoff.

Eﬁicrﬂsoﬂ Visual Studic L ‘9 B9

" - . Lic?nsedtc:
OO Visual Studio 2010 shei DPTIT
Microsoft

Microsoft Visual Studio 2010 Microsoft .NET Framework
Version 10.0.30319.1 RTMRel Version 4.6.01055 RTMRel
2010 Microsoft Corporation. © 2010 Microsoft Corporation.
All rights reserved. All rights reserved.
Installed products:

Microsoft Visual Web Developer 2010 01011-532-2002361-70883 Copy Info

TcMeasurement 1.0

TcXaeDebuggerLiveWatch 1.0 Systemn Info

TcXaeHelper 1.0

TcXaeModules 1.0 DDiag |

TwinCAT XAE Base 3100
TwinCAT XAEPLC 31.0.0

Product details:

ﬁ The TwinCAT XAE Base extension provides the basic project structure for TwinCAT projects.

Warning: This prog is protected by copyright law and i ional treaties. Unauthorized reproduction or

distribution of this program, or any portion of it, may result in severe civil and criminal penalties, and will be prosecuted to
the maximum extent possible under the law.

Figure 4-43.
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2. In TwinCAT connect to the CDHD2 drive.
3. Inthe TwinCAT navigation menu, select I/O > Devices ... CDHD2 drive.

CDHD2
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R TN Bl vt General | BheCAT [ DC. | Process Data | Statup | CoE - Onine | Orine.

o & TwinCAT Projectss Nama: Drive 1 CDHD) Wt
@@ svsTEM
4 @ MOTION Object I3: 3020001

+ |8 NC-Task1 54F Tyos COHD EtherCAT Drve [CeE)
[ NC-Task1 SVB
¥ fage .
[ Tables

& Zm Aves

b B Awisl

@ ric 5

SUFETY

P 7 Deabled Create smbols
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" Devices
4 55 Device 2 [EtherCAT)
B jage
B Image-Info
b @ SyncUnits
b Inputs
i Output:
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TP 4 1 Posttion octuslv... X (00000000 (1) DINT 40 B0 gt D nbatalnl . In . Inguts ...
B RFDC L % Torque Demand... (0000 (0) ™ . o gt O
. RPDO 2 #! Analag Input 1 0000 @) T 20 @0 Ingwt O
W BP0 3 1 Digital inputs 00000008 [0) UDINT W 0 Ipat O

Figure 4-44.

4. Go to the Online tab.
Press Bootstrap.

Wait until Current States becomes BOOT.

TwinCAT Project88
= = ==—0 = — - =
| General | BherCA Process Startup - Oniine
o Solution ‘TwinCAT Project88' (1 project) I ] = TID@ I — M[ I_CpE Ophni_l
la Gl TwinCAT Projectss State Machine
v il svsTeM [}
4 MOTION 3 =t JCurent State: BOOT
4 [B MC-Task1 saF (POp | [SaleOp | P - —
[B3 NC-Task1 SVE Op Clear Emor |
*® Image
£ Tables DLL Status
4 Sae Axes
P Carrier / Oy
B Avis1 ot A ier / Open
@ pc Pot B No Carer / Closed
|5 saFETY No Camer / Closed
bl ¢+ F No Carrier / Closed
« @wo e
4 ¥ Devices
4 B Device 2 (EtherCAT) erhiciioonsdiall )
2% Image (Dowroad.. | [ Upoad.. |
*8 Image-Info
2 SyncUnits
Inputs
i Outputs
L] Il;“oo:“CDHD Name Online Type Size >Addr.. In/Out UserlD Linkedto
- .' mTe:PI()D] ) # StatusWord X 0:0000 (0) UINT 20 580 Input 0 nStatel, nState2
TWPDO 2 #! Modes of operat... 000 (0} SINT 10 600 Input 0O
& T Acke.al \ NN () IRIT an £10 1 e 0

Figure 4-45.

5. Press Download.
6. The File Manager dialog box opens.
Browse to and select the CDHD2 firmware file (with *.i00 extension).

Press Open.
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WinCAT Projectit
St Machins
nt Boctstrap
[ Curment Siake: EOOT
ot | lsmeoe Fequeted Sate.  BOOT
o Gear ror
BLL Sistos: o0 Open -3
B i &) =5 » Compwter v 05() + GUEETA v candanve » COMD_dve ¥ %] | seorch 2 [l
Pot B MoCamer. Closed
PaRE Mo Camer / Closed Organize = New folder N
Pt No Camer / Closed & GIT_CTT 4 HName Type
. vatcom user manual @/ cc_busld_Debuglog Text Document
T ). 1+ CDHD RELEASE @) COHD_divemap MAP Fiie
Lpbed . | K Test @ COHD_ drive.out OUTFile
) T-Tma @] COHD_drvepaf PARL File
L. PET Fitmware @ COHD_drivepit
. Main Release Plan @) COHD_thive.shl
4\ MCPROGRAM %1 CDHD_dilve.code styleml
= S L PEG 8l CheckCallsbat Windows Betch File
f LW L nmmu‘m] 1 GIT_SE.1.5 EC_Branch EC 8| CheckCalls jor JAR File
fs nﬁii’[’s:’;‘ m‘g‘m | Blcheccumgbe VBScript Script Fle Wi
4 Positon sctualv.. ¥ 0400000000 @) G CheckCalls cesh bat Windows Betch File i
% TorqueDemond... 0000 @) f CodeSwitchTesterfrm.bat Windows Batch File
% AnalogInputl 040000 @) &0 CodeSmtchTestefrm.cxe Application
% Digitsl inputs 0:00000000 (0] o) Music ) CodeSuitehTestesFim coibbat Windows Batch File
% manu spec Ma.. 0400000000 (0) & Pictures @ Debug Ik
¥ Following Eror... X 0400003000 (0) B videos
F Westate x1 . Edshiehiame.bat
% InputToggle X0 18 Computer & EdcFileName.sxe
e felkta o) &osi) % EdsFileName ccsbbat
Com  vam ol s s
# DcCutputshift X 0D04FFC (610300)
# DelputShift 0,00336204 (33897 . Filename: | DP_DAIVE_28344:00

Figure 4-46.

7. The Edit FoE Name dialog box opens.

Do not change anything in this dialog box. Simply press OK.

WA PIOJECEs

[General [ EtherCAT | DC._| Process Deta | Stertup | CoE-Onine | Orine |

State Machine
int. | Bootstrep
e e BOOT
BHe ) FuesdSs  BOOT
On Ciear Eror
DLL Statue - T
Pott A Canier /Opan Edit Fok Name
i f e A Swmg neE NS 244
C o Camer / Closed
e NG Carer / Closed Hexe 4453 50 5F 4452 4956 45 5F 32 3833 34 34
File Access over BheCAT Length: 15
Pessword (hex), 00000000

Mame Online Type Size >Addr.. In/Out UserlD Linkedto

# StatusWord ¥ 00000 {0) UINT 20 580 Input O nStatel, nState2
#1 Modes of operat.., 0+00 (0} SINT 10 600 Input 0

# Torque Actual V... 00000 (0} NT 20 610 Input O

Figure 4-47.

8. The firmware update process begins.

The digital display shows:

FLORJ|

CDHD2

In the TwinCAT status bar at the bottom of the screen, Downloading is displayed at the

left, and a progress bar is displayed at the right.
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Fiie Access over BiheCAT
Dowrloed,. | Ugoed.. |
Name: Cnline Type Size >Addr.. In/Qut UserlD Linkedto
|¥ StatusWord X 0=0000 (0) UINT 0 580 Input 0 nbtatel, notatel
% Torque Actusl V. 00000 (0) INT 20 610 Input 0
|# Pestion actual v.. X 000000000 0] DINT 49 630 Input 0 nDatalnl . In . Inputs . E..
|[#! Torque Demand... 00000 (0) INT 28 670 Input 0
%) Analog Input 1 00000 (0) INT 20 90 Input 0
¥ Digitalinputs 000000000 {0) UDINT a0 0 Input 0
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%) Following Eror .. X 000000000 @) DINT 40 780 Input 0 nDatalnl .In . Inputs . Dr.
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¥ Adsiddr 192168219.1.34.. AMSADDR 8O 15500 Input 0
%) Cho) 000 (0 USINT 10 15580 Input 0
| DcOutputShift X OW000S4FFC (510303) DINT 49 15590  Input 0 nBcOutputTime In . In...
¥ DenputShift 0x00338904 (33897... DINT 40 15630 Input 0
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I%- Target position X 000000000 {0) DINT a0 60 Output 0 ADatsOutl . Out . Outpu,

Figure 4-48.

9.

When the firmware updated is completed, Current State switches from BOOT to PREOP.

| General | EtherCAT | DC | Process Data | Startup | CoE - Online | Orline

State Machine
[ Init | [Bootstrap :
Currert State: PREOP
[ Pre-Op | [Saf=0p
Requested State: PREOF
[Dp ] Il:lear Emor
DLL Status
Fort A: Camier / Open
Port B: Mo Carrier / Closed

Mo Camier / Closed

Mo Carmier / Closed

File Access over EtherCAT
l Download. .. ] [ Upload...

Figure 4-49.

4.12.5 Resuming Operation After Firmware Update

Procedure:

1.

User Manual

Resuming Operation After Firmware Update

Go to the ServoStudio 2 Drive Info screen in ServoStudio 2, and check the drive
firmware version to verify that the new firmware has been loaded.

Open the Backup & Restore screen, and press the Restore button to reload the
previously backed up parameters the drive

Check the version release note, and set any parameters that may have been added to
the new version.

Save the parameters to the non-volatile parameter memory: either execute the serial
command SAVE command, or press the Save button on the ServoStudio 2 toolbar, or
use the operator panel command C0006 and wait for the display to show done.

Cycle power, and run the machine. If machine behavior has changed, contact Technical
Support.
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4.12.6 Ember Mode

Ember is the process used for burning new firmware on the drive’s flash memory. The drive
must be in the Ember mode for the firmware to be loaded. The drive has two Ember modes,
Software and Hardware.

Normally, you can and should communicate with the drive in Software Ember mode for
loading new firmware.

However, if the firmware loading process has been interrupted and you are unable to
establish communication with the drive, you need to use the Ember Hardware mode.

To activate the Hardware Ember mode, use a small screwdriver or similar tool to gently press
the Hardware Ember switch. This switch is located on the top of the drive next to the daisy
chain connector (C8).

RS232 ])awyCham )

cs 7 |
Recessed Hardware
Ember Switch

Figure 4-50. Location of Hardware Ember Switch

Pressing the switch sets the drive to serial communication Boot-Up mode.

If the drive has a fan, the fan rotates at maximum speed. The fan speed will revert to normal
after the firmware has been downloaded successfully and the drive has restarted.

While in Boot-Up mode, the 5-digit digital display shows five dashes (- - - - - ).

4.12.7 Parameter Download over EtherCAT

To automate and simplify the process of downloading parameters to multiple drives,
parameters can be downloaded using File over EtherCAT (FoE) download protocol.

Procedure: Downloading Parameters over EtherCAT
1. Use ServoStudio 2, backup the parameters in the drive to a SSV file.

For example, save to a file called CDHD2_parameters.SSV.
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Figure 4-51.

2. Using TwinCAT, connect to CDHD2 drive.

Be sure the drive is in Init or Pre-Op state.

D TwanCAT Prejectt - Micresoft Visual Studic
FLE EDIT VEW PROMCT DBURD DEBUG TWINCAT TWINSAFE PLC  TOOLS SCOPE  WINDOW HELP
Aot Ld Xd -] b atach, - Melease =] | TwinCAT BT () Bl -k

L lB2 . ® w5 e n z y

b NC-Tak1 505 a
i Fc

4 "% Devices
4 =% Devie 1 (E2herCAT)
*B Image
5% Image-into P8 N Carrer / Citoed
B2 Symelinite - =
b Inputs
b Outputs
3
-

& InfeDats
A Drive 1 (COHD)
* 001
TP002
TFDO3
TPO0d
W Rebo 2 ¥=| Ciot T e rom
p-iploin ok o g estages ¢
[T Description
W WeState
W Infcats
4 B Muppings
w1 NC-Task 1 SAF - Device 1 (B
i NC-Task 1 S4F - Deviee (81

File Line Column  Project

rrrrreTe

-

q » Frvor List

Figure 4-52.

3. Press the Download button, and select the SSV parameter file that you saved in Step 1.

User Manual 129



Drive Setup

D] TwinCAT Projectd - Microsck Visusl Studio X2 | Qo Launch (C1
FLE EONT VIEW PROJECT BURD DEBUG TWINCAT TWINSAFE PIC TOOLS SCOPE  WINDOW  HELP
B-o-%Ed & - 0 o] Amah e :'n;....}_.' - 'r...i:}m\:';‘_'q -] -lmeEa
B M 2| [slocats s . kbt FP—

wian2

i = Deskiop v fastures 5 FOR + paeswne fe »
= P e Machne | Organze s Hewtolder
b NCTok1 SaF i s B o
il e | (B ¥t Faverites Hame
5 SAFETY Pep | [seed B Deshicp ME
] Lre G | [CewB % Downloads paineat
‘ ? L—.Dnmm L Pecent Places 1| fe_drsawe
% > I
4 58 Devicel (EtherCAT) R Srmon . [ B & s
m Park  Coe /Gomn | B e
5% Image-infe Foa @ o Comer /O 23 Libranies 1] para_ghassv
b 2 Symcnes o Commer / # Documents | paraens.ssy
: - s o o Mutiz
i Pictures
b InfoData - | Dite medified: 25052007 1510
4 A Drivel (GOMD) B dcommovrBheCAT || [ Videor L
v TEBO1 Dowrioad | [k |
4 TR0 2 & Computer
b TE002 & osicy a3 L i
b TPDO4 T
b RPDOL File neme: - parans.ssy » | EtherCAT Firmware Files [t '!
b W RPDOZ —_—
b RPROZ | Gpen_f=} | . Coneet
b RPDO4
b Weltete
b W Infolata
4 &% Mippings
4", NC-Task 1 S4F - Device 1 (B
% HC-Task 1 SAF - Desice 1 81 _

Figure 4-53.

4. Be sure the file name includes the extension .SSV
(By default, TwinCAT does not add the extension.)
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Figure 4-54.
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5. Press OK.

CDHD2

Look at the drive. The digital display shows FoE while the parameters are downloading.

6. Wait about 10 seconds. When the download is complete, the digital display returns to

its previous setting.
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5 Motor Setup

As of firmware version 1.40.0, the drive attempts to detect a motor feedback device and an
electronic motor nameplate (MTP) at power-up. If an MTP is detected, certain motor and
feedback parameters are transferred directly to the drive, and cannot be manipulated. The
electronic nameplate thus makes commissioning very simple and reliable.

If an electronic motor nameplate is not detected at power-up, you can use the Motor screen
or the Motor Setup wizard to select a motor from the ServoStudio 2 databases (motor
libraries). You can simply select the motor family and motor part number, and ServoStudio 2
will prepare the appropriate motor and feedback parameters. The screen allows you to
modify and send parameters to the drive, read parameters from the drive, and save
parameters.

Disable the drive before manipulating motor and feedback parameters.

Many parameters can be modified while the drive is enabled.
& Exercise caution, however, as motor behavior will change.

If a parameter cannot be modified while the drive is enabled, ServoStudio 2 will prompt
you to disable the drive.

5.1 Motor Setup Wizard

The ServoStudio 2 Motor Setup wizard provides the quickest and easiest method for getting
the drive and motor up and running. It configures the essential parameters and the current
control loop for a motor without a load.

It is recommended that you use the Motor Setup wizard when connecting the host
computer, drive and motor for the first time.

This chapter describes the functions and parameters that are configured during the setup
and initialization of the motor.

Motor Setup — Connection

Typically, the wizard begins with a step to establish communication between the drive and
the ServoStudio 2 software.

If ServoStudio 2 is already communicating with the drive, the wizard will skip this step.
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Connection Drive Info Motor Limit Direction

Motor Setup > Connection Q

Port COMS - Baud rate 115200 -

Connect

All Addresses 0 To 6

Figure 5-1.  Motor Setup Wizard — Connection

1. Select either a specific COM port or Search All.
2.  Press Connect.

Refer to Communication.

Motor Setup — Drive Identification

If ServoStudio 2 is already communicating with the drive, the wizard will begin at Drive

Information.

Connection Drive Info Matar Limit Direction
Motor Setup > Drive Information Q
Drive Details Drive Settings
Drive Name DEMODRIVE Drive Peak Current 25455
Drive Model CDHD Drive Continuous Current 8485
Serial Number 000000000000, January 2000 Feedback Device sensAR Magnetic Encoder Single Turn

Firmware Version 2150

See More Restore Factory Default

Interface Mode

() Serial / Pulse / &nalog O EtherCAT / CAMopen

Figure 5-2.  Motor Setup Wizard — Drive Information

1. Review the drive information.
2.  Enter a name for the drive, and press Enter after typing the name.

The name field will change from blue to white, indicating the name has been sent to the
drive.

This step also includes an option to restore the drive’s factory settings: Restore Factory
Default.
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This step also shows and allows setting the Command Interface Mode:

®  Serial/Pulse/Analog indicates drive is active (Servo On) and motion commands are
transmitted via a serial, pulse or analog interface. COMMODE 0.

®  EtherCAT/CANopen indicates drive is active (Servo On) and motion commands are
transmitted via an EtherCAT or CANopen interface. COMMODE 1.

For CDHD2 AF, EC, EB models and AF models, both interface options are available.

Note o CDHD2 AP and AP models, only the EtherCAT/CANopen option is available.

Motor Setup — Motor Identification and Initialization

If the drive detects an electronic motor nameplate, the parameters in this screen are set
automatically and cannot be manipulated. Simply press Next to continue to the next step.

Motor

Select Motor from Library
Motor Model P2-06A230355200
Motor Mominal Voltage 230 VAC

Encoder Feedback Device  sensAR Absolute Single Turn Encoder

Figure 5-3.  Motor Setup Wizard — Automatic Motor Detection

If the drive does not detect an electronic nameplate (or if the software is not communicating
with the drive), you can select a motor from the ServoStudio 2 motor libraries.

If your motor is not listed in the default set of motor libraries, press Define New Motor, and
use the New Motor Wizard to enter the parameters for your particular motor.
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Motor

Select Motor from Library

Family Servotronix MT Motors - Define New Motor
Model Motor bus... Brake Feadback.. Connectors Customize...
MT-6CCA01C > # N w T - 2 #
Name Value Units
Load from Drive Motor Name MT-6CC401C
Motor Type 0
ite to Drive Mator Continuous Current 495 A (peak)
Muotar Peak Current 14.849 A (peak)
Copy to U Motor Maximum Speed 4500 pm
Torque Constant 0.262 Nm/A
Rator Inertia 0.029 Kg*m#2*10-3
Motor Resistance 187 ohm
Motor Inductance 422 mH
- - Motar Poles 14
Verify | Stop Motor Over-Temperature Mode 3
+ Skip Motor ML/MR Estimation Commutation Offset 0 Degrees
Motor Commutation Type 0
0 % Tergue Angle at Mator Contin Current |0
Torgue Angle at Motor Peak Current |0

Figure 5-4.  Motor Setup Wizard — Motor Selection

1. Select the motor Family
2. Select the motor Model.

3. Select the characters that match the label on the motor (# means the field can be
ignored).

4. Press Verify to send parameters to the drive and test the motor configuration.

A Verify enables the drive and moves the motor!

Motor Setup — Current, Velocity and Position Limits

The wizard suggests Low, Medium or High limit values for current and velocity. The values
are equivalent to 25%, 50% and 100%, respectively, of the maximum range.

Refer to Current Limits and Velocity Limits.

The wizard also allows you to set the position error threshold level, that is, the maximum
value that will not produce a fault.

Refer to VarCom PEMAX.

Note If the limits are set too low, the Autotuning wizard might not produce the optimal result.
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Mator Setup » Limits Q

Low (25%) () Medium (50%) %) High (100%) ) User Defined
Current Limit {ILIM) 3.182 A 4773 A 6.364 A 6.364 A
Velocity Limit (VLIM) 2500.000 pm 3750.000 pm 5000.000 pm 5000.000 pm
Position Error Limit (PEMAX) 1 rev 0.5 rev 0.5 rev 0.500 rev

Figure 5-5.  Motor Setup Wizard — Limits

1. Do either of the following to set velocity and current limits, and the position error limit:
m  Select the suggested Low, Medium or High values.
m  Select User Defined, and enter your preferred values.

2. Press Approve to send the values to the drive.

If Current Limit or Velocity Limit is set to a user-defined value of 0, it will prevent motion
from occurring.

If Position Error Limit is set to a user-defined value of 0, no position error limit is set, and no
faults will be produced.
Motor Setup — Motor Direction

The wizard simplifies the process of defining the rotation direction for a movement
command. Otherwise, VarCom instructions are required.

Refer to VarCom MPHASE and DIR.

To visually test the direction of motion, press and hold the directional buttons. The test
speed is defined as a percentage of Motor Continuous Current. Use a low value so that the
direction of motor movement can be easily viewed. By default it is set to 5.

The Motor Setup wizard simplifies the process of defining the rotation direction for a positive
command. Otherwise, VarCom instructions are required.

% of Motor Continuous Current 5

Inverse Direction

Figure 5-6.  Motor Setup Wizard — Motor Direction
1. To verify motor motion direction, press Negative or Positive.

& Negative and Positive enable the drive and move the motor!

2. To reverse the direction to match your system, enable the option Inverse Direction.

Refer to VarCom MPHASE and DIR.
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3.

CDHD2

To complete the procedure, press SAVE or DONE.

Motor Setup - Save

Figure 5-7.

5.2

136

When the Motor Setup is completed, it is recommended that you save parameters to the
drive’s non-volatile memory and to a file on the host computer for backup.

Save your work by selecting one of the options, and click SAVE

Save to Drive

Save to Non-Volatile Drive

Memory

Motor Setup Wizard —Save

Do both of the following:

Press Save to Drive to save the parameters from the drive's RAM to the drive's
permanent memory.

Press Save to PC to save the parameters in drive RAM to a backup file on the computer.
The parameters are saved in a text file with either TXT or SSV extension. The text file can
be edited using Notepad or any other text editor.

It is also recommended that you create an application report:

Press Generate Report.

When activated, the Report Generator opens a dialog box that allows you to enter
application and user information. It then generates a set of CSV and TXT files within a
zip file. The file can be attached to an email that is automatically addressed to Technical
Support. You can change the address and send to a different recipient.

Refer to Report Generator in the ServoStudio 2 manual.

Drive Identification

Drive information is presented and confirmed in the Motor Setup wizard.

The ServoStudio 2 Drive Info screen allows you to view drive properties and define the drive
name.

The following parameters are used to view and configure drive information:
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5.3
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Motor Setup

VarCom Description

INFO Hardware-defined. Returns the drive model and serial number, and
version numbers of firmware, control board, power board and FPGA.

DRIVENAME Optional, user-defined parameter. It is useful when an application has
more than one drive. It is recommended that you provide a name for
the drive that reflects the function it performs, such as Axis-1.

Motor Identification

Motor selection and properties are presented and confirmed in the Motor Setup wizard.

If the drive does not detect an electronic motor nameplate (MTP), the Motor screen allows
you to define and initialize the motor.

You can select the motor family and motor part number from the ServoStudio 2 databases
(motor libraries) and ServoStudio 2 will prepare the appropriate motor and feedback
parameters.

If your motor is not listed in the default set of motor libraries, use the New Motor wizard to
define a new motor.

The following parameter is used to view and configure motor identity:

VarCom Description

MOTORNAME If the motor is selected from a library in the ServoStudio 2 database,
the name is automatically assigned. Motor names can also be
assigned and modified by users.

The motor name always begins with a quotation mark (").
For example: "MT-6CC401C

Motor Initialization

Motor commutation is performed in the Motor Setup wizard.

If the drive does not detect an electronic motor nameplate (MTP), the Motor screen provides
the Verify and Stop buttons to start and stop the MOTORSETUP process.

The command MOTORSETUP initiates a quick commissioning procedure for setting the
parameters that define motor commutation.

During the initialization process, the rotary motor moves forward/backward about two
mechanical revolutions in forced commutation, which does not require feedback.
MOTORSETUP detects the state of Hall switches, index position and polarity, the order of the
electrical phases, the direction of motor movement, and the feedback resolution per
electrical revolution.

Based on the data collected, the drive updates the parameters MFBDIR, MPHASE, MPOLES,
MENCRES and MENCZPOS, making it possible to begin working with the motor and wiring
that are connected to the drive.

If the procedure fails, the original values of MFBDIR, MPHASE, MPOLES, MENCRES and
MENCZPOS will be restored.
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Notes

Not all parameters are updated by the procedure. It depends which parameters are in use,
as determined by MENCTYPE.

The value of MICONT is very important, since this value sets the limit for the current used
during the procedure.

Procedure: MOTORSETUP

5.5

138

To execute the Motor Initialization procedure, do the following:
1.  Disable the drive.
Clear any faults in the drive.

Enter the command MOTORSETUP.

A woN

Enable the drive (otherwise the process will hang at Stage 5/51).
The procedure will execute a series of steps.

Once the Motor Initialization procedure is started (even when the drive is disabled) the
digital display shows At 1.
When the setup finishes successfully, the display returns to its normal state; if the setup
fails, the display shows - 5.

To cancel the motor setup procedure, enter the command MOTORSETUP 0

Any parameters that were modified by the MOTORSETUP procedure will be restored to
their previous values.

To view the status of the procedure, enter the command MOTORSETUPST.

Current Limits

Current limits are modified and/or confirmed in the Motor Setup.
The Current Limits tab in the ServoStudio 2 Limits screen allows you to define position limits.

The following parameters are used to define the maximum current for the system and to set
the current limits for an application.

VarCom Description

DIPEAK The rated peak current of the drive. Hardware defined. Read only.
MIPEAK The rated peak current of the motor. The value can be manipulated.
IMAX This value is the maximum current for a drive and motor combination,

as calculated by the software. Read only.

ILIM The current limit for the application. This parameter lets you limit the
drive’s peak current to a value lower than DIPEAK.

ILIMACT The actual drive current limit. Read only.
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Motor Setup

5.6 Velocity Limits

Velocity limits are modified and/or confirmed in the Motor Setup wizard.

The Velocity Limits tab in the ServoStudio 2 Limits screen allows you to define position

limits.

The maximum speed that the drive can compute is hardware defined.

The following parameters are used to define the maximum velocity for the system and to set
the velocity limit for an application.

VarCom Description

MSPEED The maximum motor speed, as defined in the motor datasheet.

VMAX This value is the maximum velocity for a drive and motor combination.
VMAX is based on maximum motor speed. Read only.

VLIM The maximum application velocity. This parameter lets you limit the

motor’'s maximum velocity to a value lower than VMAX.

5.7 Position Limits

Position limits are modified and/or confirmed in the Motor Setup wizard procedure.

The Position Limits tab in the ServoStudio 2 Limits screen allows you to define position

limits.

The following parameters are used to define positioning limit mechanisms and error

tolerances.
VarCom Description
PEMAX The maximum position error allowed without producing a fault, in
counts.
PEINPOS The window of tolerance for declaring an “in position” state.
INMODE # 5 Defines digital input # as the signal that indicates whether the position
limit has been reached in the positive direction.
INMODE # 6 Defines digital input # as the signal that indicates whether the position

LIMSWITCHPOS
LIMSWITCHNEG

POSLIMMODE

POSLIMPOS
POSLIMNEG

limit has been reached in the negative direction.

Indicate the status of all positive and negative limit events. Read only.

Enables and disables the use of software position limits and/or
transient position limits and/or homing limits.

The maximum and minimum values, in counts, for the software position
limits.
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5.8 Motor Direction

When the motion command is positive, the direction of motion can be explicitly reversed.
The positive direction for a rotary motor, for example, can be either clockwise or
counterclockwise, depending on the application requirements.

Motion direction is tested and/or reversed and/or confirmed in the Motor Setup wizard.

The following parameters are used to define motor direction:

VarCom Description

DIR Motor direction.
DIR can be used to invert the values of position feedback (PFB), velocity
(V) and current (ICMD), thereby inverting the direction of motor
movement.

MPHASE The resolver/encoder phase relative to the standard commutation
table. To reverse the direction of rotation, 180 degrees is added to the
value of MPHASE.

MFBDIR Defines several direction and polarity settings. MFBDIR values are set
by the MOTORSETUP procedure.

Caution!
& The values of DIR and MPHASE must be changed at the same time, before the drive is
enabled, otherwise a commutation fault (motor runaway) may occur.

5.9 New Motor Wizard

If the drive detects an electronic motor nameplate, the New Motor wizard is not available

Note . .
when operating online.

If you are using a motor whose parameters are not available in the default sets of motor
libraries in ServoStudio 2, you can use the New Motor wizard to define your motor. Once
defined, the new motor is added to the set of User Motors in the motor library.

The wizard can be activated either from the Motor screen, or during the Motor Selection step
in the Motor Setup wizard.

Press Define New Motor to activate the wizard.

It is recommended that you activate the New Motor wizard from the Motor screen, because
Note parameters cannot be saved to the User Motor library when the wizard is activated from
Motor Setup.

A series of dialog boxes prompts you to provide motor parameters, which you should be
able to extract from the motor datasheet.

The New Motor wizard allows you to select units and enter values according to the
information in your motor's datasheet. In addition, the wizard includes a unit conversion
function. Once you have entered all data in the wizard, ServoStudio 2 converts the units into
the equivalent values used by the drive. These converted values are maintained in the motor
library and in the drive.
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New Motor — Motor Specification

Mator Type Rotary Motor v

Mator Name DEMO

Maotor Picture File (optional) -

Maotor Peak Current 15.0 Ampere peak -

Meotar Continucus Current 50 Ampere peak -

Maotor Maximum Speed 4500 rpm

Maotor Inductance 42 mH

Maotor Resistance 1.87 ohm

Maotor Pales 2

Torgue Censtant 0.016 Nm / Ampere peak -

Rotor Inertia 0.03 kg-m*2 * 10~-3 -
CANCEL | [ N |

Figure 5-8.  New Motor Definition

VarCom Description

MOTORTYPE Rotary Motor / Linear Motor
MIPEAK Motor Peak Current

MICONT Motor Continuous Current
MSPEED Motor Maximum Speed

ML Motor Inductance

MR Motor Resistance

MPOLES Motor Poles

MKT Torque Constant (Rotary Motor)
MJ Rotor Inertia (Rotary Motor)
MKF Torque Constant (Linear Motor)
MMASS Mass of Motor Without Load (Linear Motor)
MPITCH Motor Pitch (Linear Motor)
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New Motor — Motor Feedback Selection

Tamagawa Incremental Encoder (8 wires) -
Feedback Type
Feedback Type = 2 Maotor Encoder Type = 11
Maotor Encoder Resolution 2500 Lines per revolution w

Figure 5-9. New Motor - Feedback

VarCom Description
FEEDBACKTYPE Feedback Type
MENCTYPE Motor Encoder Type
MENCRES Motor Encoder Resolution

New Motor — Thermal Protection Definition

Motor Over-Temperature Options

Meotar Over-Temperature Mode 3 -Ignore thermostat input hd

Figure 5-10. New Motor — Thermal Protection

VarCom Description
THERMODE Motor Over-Temperature Mode

142 User Manual



CDHD2

New Motor - Verify

Motor Setup

Select Motor from Library

Family

Model

Figure 5-11.

User Motors

DEMO -

Save Library

+ Skip Motor ML/MR Estimation

New Motor — Verify

-

Define New Motor

Motor Info

MName

Motor Type

Motor Commutation Type
Motor Name

Mator Peak Current
Matar Continuous Current
Motor Maximum Speed
Mator Inductance

Mator Resistance

Motor Poles

Torque Constant

Rotor Inertia

Motor Encoder Resolution
Motor Over-Temperature Mode

Value

0

0
DEMO
15.0

4500
42
1.87

0.016
003
2500

Units

A

A

rpm

rH

Chm

poles

MNrm/A
Kg*m"2*104-

Lines per reve

& Verify enables the drive and moves the motor!

Complete the procedure according to where the New Motor wizard was activated,

User Manual

If the New Motor wizard was activated from the Motor screen, press these buttons in

the following order:

a. Save Library to save the set of motor parameters to the User Motors library.

b.  Write to Drive to send the parameters to the drive.

¢.  Verify to test the motor configuration.

d. Wait for the Motor Setup Successful message to appear.

If the New Motor wizard was activated from the Motor Setup wizard, press Verify to
send parameters to the drive and test the motor configuration. Wait for the Motor
Setup Successful message. (The motor cannot be saved to the User Motors library.)
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6

6.1

6.1.1

6.1.2
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Application Setup

Parameters

Configuration Parameters
VarCom is a proprietary set of commands and variables, or parameters, used to configure
drive functionality when the host and drive are communicating over a serial connection.
VarCom parameters can be accessed and manipulated through ServoStudio 2 software, in
either graphical interface screens, or a command-line terminal screen.
While setting parameters, pay close attention to any warning or error messages that
appear in ServoStudio 2, and any flashing codes on the drive digital display.
Disable the drive before manipulating motor and feedback parameters.

Many parameters can be modified while the drive is enabled.
Exercise caution, however, as motor behavior may change.

If a parameter cannot be modified while the drive is enabled, a prompt to disable the drive
will be displayed.

Managing Parameters - Drive Memory

The CDHD?2 drive has two types of memory for storing the drive's parameters:

®  Flash: Non-volatile memory. It holds the drive's default parameter values (contained
within the drive's firmware), as well as the saved set of parameters.

® RAM: Volatile memory. The drive’s working memory. Parameter values are maintained
in RAM while you configure and test the drive and adjust parameters. If power to the
drive is disconnected, any unsaved changes in the parameters will be lost.

During power up, the CDHD2 loads parameter values from the non-volatile memory to RAM,
and a checksum of these parameter values is calculated. If the checksum is invalid, default
parameter values (which are hard-coded in the drive’s firmware) are loaded into RAM and a
Parameter Memory Checksum Failure fault is set.

Certain parameters may be stored on an electronic motor nameplate (MTP), such as used in
the sensAR magnetic encoder. When detected, the value of these parameters are loaded
directly from the encoder memory to the drive RAM at power-up.

The following diagram illustrates the relationships among the different types of memory and
commands used for managing the drive parameters.

User Manual



CDHD2 Application Setup

FLASH Restore Factory RAM GUI
Defaults Software Interface
Working memory,
holds parameterg =t v o
values during
online operation

Hardcoded firmware
and factory default
parameter values

Non-volatile
user-defined Files on PC
parameter values

FLASH RAM Terminal Application
FACTORYRESTORE

Hardcoded firmware Working memory, GUI - Software Interface
and factory default holds parameter SEPLink

parameter values values during HyperTerminal
online operation

Non-volatile
user-defined
parameter value:

Figure 6-1.  Memory and Commands for Managing Parameters

In ServoStudio 2, drive parameters can be saved to non-volatile memory at any time by
pressing the Save button on the toolbar.

6.2 Application Setup Wizard

The Application Setup wizard guides you through a procedure that will set drive parameters
for your particular application.

The specific Application Setup procedure is determined by the Interface Mode selected in the
first step. Subsequent steps may include PDO mapping, definition of position units, gearing
ratios, limits, homing, and functionality of inputs and outputs.

When the software is offline, all Interface Modes are displayed.

Note . - . .
When the software is communicating with the drive, only the relevant modes are shown.

Application Setup - Communication

CANopen

CAN Bus Bit Rate 4-1000 Lg Drive Communication Address = 0

Power cycle required

Figure 6-2.  ServoStudio 2 — Application Setup Wizard — Communication
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Displayed when the Interface Mode is: CANopen
Defines the communication settings for a drive system operating in a CANopen network.

Refer to chapter Communication.
Application Setup — Operation Mode

Application Setup > Operation Mode

Operation Mode (object 6060h)

(@) (Mode1)  Profile Position (3 [Mode8)  Cydic Sync Pasition
) (Mode 3) Profile Velocity ) (Mode8)  Cyclic Sync Velocity
) [Moded)  Profile Torque ) [Mode 10} Cydlic Sync Torque

) [Modeb) Homing

Interpolation mode (object 60C0Oh)
®  (Mode() Linear Interpolation O (Mode1) Cubic Interpolation

Timing - Cycle Time (object 60C2h)

- us

Figure 6-3.  ServoStudio 2 — Application Setup Wizard — Operation Mode (CANopen/EtherCAT)

Defines the operation mode for a drive system operating in a CANopen or EtherCAT network.

Refer to the EtherCAT/CANopen Reference Manual.

Application Setup » Operation Mode

Analog Current
Cperation Mode

i

Figure 6-4.  ServoStudio 2 — Application Setup Wizard — Operation Mode (Analog Command)

Defines the operation mode for a drive system operating according to analog commands.

Refer to Analog Current Operation Mode and Analog Velocity Operation Mode.
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Application Setup - Pulse Train

Application Setup > Pulse Train Configuration

Pulse Train Source Pulse Train Type

Pulse and Direction

L LU LILL ULl step
=
z Dir
®; (2 - Controller IfF R5422 Clockwise Counterclockwise
oW/ cow
ow
- Conrller F s st o ammm
Clockwize Counterclockwise
Encoder Follower
A
» €3 - Machine I/F R5422

Figure 6-5.  ServoStudio 2 — Application Setup Wizard — Pulse Train

Defines the gearing method for a drive system operating according to gearing (pulse train).

Refer to: Gearing/Pulse Train Operation

Application Setup - Resolution

Application Setup > Resolution

Gear Numerator

Input Resolution 1
Pulse N o Position
Command 4 o048 LPRIX Command 3
Gear Denominator
1
T e e .
| /
Qutput Resolution Mode
Simulation / 2048 LBR {2 Off
Feedback i > & On {Simulated Index)

e () On {Motor Index)

Figure 6-6.  ServoStudio 2 — Application Setup Wizard — Resolution (Pulse Train)

Defines the resolution, gearing ratio, and feedback parameters for a drive system operating
according to gearing (pulse train).

Refer to: Gearing/Pulse Train Operation
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Application Setup > Resolution

CDHD2

Current Command Scaling

Analog J e
nput ——————— "Nolk= | 0355
P
. ‘ ] . )
\ /
Qutput Resolution Mode
Simulation e
Feedback 2048 LR

Figure 6-7.

A

On (Simulated Index)

On (Motor Index)

Analog
Command

Motor

Feedback

ServoStudio 2 — Application Setup Wizard — Resolution (Analog Command)

Defines the resolution, gearing ratio, and feedback parameters for a drive system operating

according to analog commands.

Application Setup - Filters

Application Setup > Filters

Command Smoothing Filter

v Smaothing Filter

4.000
Stiff

0.25 ms

Gear Command Noise Filter

Gear Noise Filter

Stiff

0.75 ms

Figure 6-8.

Soft
30ms

Soft
32 ms

50 100 150 200

Time ms

Time ms

ServoStudio 2 — Application Setup Wizard - Filters (Pulse Train)

Defines the resolution, gearing ratio, and feedback parameters for a drive system operating

according to gearing (pulse train).
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Application Setup » Filters

Analog Offset

0.000 v
v Deadband Filter Analog Input
Analog Input (3 » » »
0.000 v 1000 Hz 10:106 v
j Set To Zero
Analog Input Noise Filter
Enable Analog Input 1 Filter | 4
e
: AF =
£ : T
A L
w 4
= s
Stiff Soft |/
0375 ms 32ms ‘

Time ms

Figure 6-9.  ServoStudio 2 — Application Setup Wizard - Filters (Analog Command)
Defines the filtering parameters for a drive system operating according to analog commands.
Application Setup - Limits

Application Setup > Limits

Trajectory Limits
v Trajectory is limited by Acceleration, Deceleration and Velocity limits
Acceleration 40000.000 rpmys Deceleration 40000.000 rpmys User Velocity Limit 5000.000 pm

Evaluate incoming pulses from the master even if drive is disabled

Current Limits

User Current Limit 6.364 A

Position Error Limits Preition PEINPOSTIHE

Maximum Position Error 0.500 v [ TorciPoion ©T7 777 i r\v """""""" PEINPOS
In Position Error Tolerance 0.000 rev

Actual Pasition :
In Position Time 1 ms : Time

STOP PEDOUT

Figure 6-10. ServoStudio 2 — Application Setup Wizard — Limits (Pulse Train)

Defines the limit parameters for a drive system operating according to gearing (pulse train).

Application Setup > Limits

Current Limits

User Current Limit 6.364 A

Figure 6-11.  ServoStudio 2 — Application Setup Wizard - Limits (Analog Command)

Defines the limit parameters for a drive system operating according to analog commands.
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Application Setup - PDO Mapping

Application Setup » PDO Mapping

| Name Object Description Length State | Name Object Description Length State
(Hex) [byte] (Hex) [byte]
PDO 1 6040h Controlword 15 Enabled PDO 1 6041h Statusword 2 Enabled
6060h Modes of Operation
6072Ah  Target Pasition PDO2 6061h  Modes of Operation Display 1 Enabled
6081h Profile Velocity in profile position m...
GOFER/1  Qutput Status PDO3 606%h  Position Feedback 8 Enabled
60FDh  Input Stat
PDC2  607Ah  Target Position 8 Enabled nput Stetus
6081h Profile Velocity in profile position m... PDO4  6OFDh Input Status 4 Enabled
PDO 3 60FER/T  Qutput Status 4 Enabled
PRO4 0 Disabled

Figure 6-12. ServoStudio 2 — Application Setup Wizard — PDO Mapping (CANopen/EtherCAT)

Displayed when Interface Mode is:
®  EtherCAT
e CANopen

Application Setup - Position Units

Application Setup > Position Units

(607Ah) Position Units Gear Ratio

Position

Command
User Defined = :

'.\ \ i )
U Feed Const Numerator (6092/1h) Gear Numerator (6091/2h) v
‘ 360000 1

(5064h) PFB
Actua Feed Const Denominator (6092/2h) Gear Denominator (6091/2h) Motor
Posiion % |1 1 Tl Feadback

Figure 6-13. ServoStudio 2 — Application Setup Wizard — Position Units

Displayed when Interface Mode is:
®  EtherCAT
® CANopen
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Application Setup - Inputs/Outputs

Application Setup > Inputs/Outputs

State Input Function Polarity State Output Function Polarity

. 1 - Remote Enable 4 Active High - . - - Active -
. - v Clear Fault - . 2 - Brake Release Signal 4 Active High -
L) - Emergency Stop - . 1 - Alarm 4 Active High -
. 2 - Positive Limit Switch & Active High - . - - Stopped -
L) E Negative Limit Switch & Active High - . - Homing Completed -
L) - Home Switch -

L) - Touch Probe hd

) - Home Command -

Figure 6-14. ServoStudio 2 — Application Setup Wizard — Inputs/Outputs

Displayed when Interface Mode is:
®  EtherCAT

e CANopen

®  Pulse train

® Analog Command

® USB/RS232

Application Setup - Homing

Application Setup > Homing

Home Type 1 Homing on first index mark after disengaging from negative limit -

1. Homing Acceleration

16000.000 rpmys

2, Homing Speed 1 - Switch Search
100.000 pm

3. Homing Speed 2 - Index Search

20.000 rpm
1 Homing on first index mark after disengaging from negative limit
4, Home Offset
0.000 rev

5, Automatic Homing Mode

0 -No Actian. User must initiate homing manually.

o®

1 -Drive will attempt to perform homing after power up.

ek | [ oo

Figure 6-15. ServoStudio 2 — Application Setup Wizard — Homing

Displayed when Interface Mode is:
®  FEtherCAT
® CANopen
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) Pulse train

® USB/RS232
Application Setup - Save

This option appears in the Application Setup — Homing step when the software is
communicating with the drive.
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6.3 Communication

Commissioning the drive through ServoStudio 2 requires a serial RS232 or USB connection.
Once the drive is configured, you can then connect it to a PLC or controller over an EtherCAT
or CANopen network.

Note

For communication through serial RS232/USB connections and pulse train/analog
interfaces, the drive must be set to COMMODE 0.

For communication over Ethernet or CAN networks, the drive must be set to
COMMODE 1. COMMODE 1 is the drive's factory default setting.

The following parameters are used to configure and monitor communication:

VarCom Description

COMMODE 0 While COMMODE 0 is in effect:

e Serial RS232/USB communication is enabled.

e EtherCAT/CANopen communication is disabled.

e Reference commands are accepted via serial/pulse/analog interfaces
only.

e The drive can be fully controlled (enabled, motor movement,
parameter modification) by both the operator panel and
ServoStudio 2

Note: Neither the operator panel nor ServoStudio 2 takes precedence.

COMMODE 1 Applicable only for COHD2 AF, EC and EB models.

While COMMODE 1 is in effect:

e EtherCAT/CANopen communication is enabled.

e Serial RS232/USB communication can be used as a utility for
monitoring and changing parameters with limited functionality.

e Reference commands cannot be received via serial/ pulse/analog
interfaces.

e The drive can be fully controlled by a fieldbus device.

e The drive cannot be enabled and the motor cannot be moved through
ServoStudio 2 or the operator panel.

Note: Certain functions must be performed by means of ServoStudio 2
or the operator panel. These functions are restricted to parameters
that do not interfere with fieldbus operation. If you attempt to set a
parameter that interferes with fieldbus operation, the drive will issue
an error code in the digital display and/or an error message in
ServoStudio 2.

BAUDRATE Sets the serial communication bit rate between the drive and the host

computer.

CANBITRATE Sets the CAN bus communication bit rate between the drive and the host

computer.

The ServoStudio 2 Communication screen allows you to establish communication between
the host computer and the drive over a serial connection. Alternately, the first step of the
Motor Setup wizard will configure communication between the host computer and the drive.
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6.3.1

Procedure:

Figure 6-16.

Serial Baud Rate

The CDHD?2 default baud rate is 115200. If the setting is changed and saved in the drive's
non-volatile memory, the drive will use the saved baud rate at power up.

In the event of a connectivity problem, for example, you can try using a lower baud rate.

Modifying the Serial Baud Rate

To modify baud rate settings, the change must be made in both the drive and ServoStudio 2
software.

1.

Change the baud rate in the drive:

m  Go to the Terminal screen.

m  [ssue a command to change the baud rate; for example: BAUDRATE 19200

m  Press Enter.

Communication is lost as soon as Enter is pressed, and ServoStudio 2 goes offline.
Change the baud rate in ServoStudio 2.

m  Go to the Communication screen.

m  Select the same baud rate specified in Terminal for the drive.

Baud Rate 115200 -

9600
19200
38400
57600
115200

Serial Baud Rates

(] Press Connect.

If successful, ServoStudio 2 will reconnect with the drive, and go back online.

6.3.2 CANopen Bit Rate

Procedure:

154

Establishing CANopen Communication

To establish, verify and modify CANopen communication, use ServoStudio 2 over a serial
connection.

1.
2.

Be sure the CANopen interface is installed according to manufacturer instructions.

In the ServoStudio 2 Drive Information screen, select the Interface Mode option:
EtherCAT/CANopen.
In the ServoStudio 2 Terminal screen, make sure the following settings are in effect:

COMMODE 1
CANBITRATE 3 (or 4, if required by system)

For the CANBITRATE setting to take effect, a SAVE command followed by a cycle power
sequence must be executed.
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Power Rating

When the motor is selected from the ServoStudio 2 Motor Library, power rating parameters
are pre-set and written to the drive. These parameters are manufacturer-defined and should
not be manipulated by the user; if you want to make any changes to these parameters,
contact Technical Support.

Use the ServoStudio 2 Power Rating screen to view current and voltage values, and set some
voltage parameters.

The following parameters are used to monitor and manipulate power rating.

VarCom Description

DICONT Drive continuous current. Defined in hardware. Read only.

DIPEAK Drive peak current. Defined in hardware. Read only.

OVTHRESH The level for detection of bus over-voltage. Defined in hardware.
Read only.

UVMODE Defines how the drive will respond to an under-voltage fault.

UVRECOVER Defines how the drive will recover from an under-voltage fault.

UVTHRESH The level for detection of bus under-voltage condition.

UVTIME The duration of an under-voltage condition before latching a fault.

VBUS Bus voltage (DC).

VBUSREADOUT The actual bus voltage of the drive. Defined in hardware. Read only.

Feedback

When the CDHD?2 drive system includes an electronic motor nameplate, certain feedback
parameters are transferred directly to the drive after power-up, and cannot be manipulated.

When the motor is selected from the ServoStudio 2 Motor Library, motor feedback
parameters are pre-set and written to the drive. These parameters are manufacturer-defined
and should not be manipulated by the user; if you want to make any changes to these
parameters, contact Technical Support.

FEEDBACKTYPE defines the type of motor feedback used in the drive application.

The CDHD?2 supports various motor feedback technologies and devices, including:

®  BiSS-C encoder

® EnDat encoder

e  HIPERFACE encoder

® Incremental A-quad-B encoder, with or without Hall sensors (or commutation tracks)
e Nikon encoder

®  Resolver

®  sensAR encoder

®  Sine encoder

® Tamagawa encoder
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6.5.1 Incremental Encoder
Types and Resolution

The CDHD?2 supports several types of incremental encoders.

The following parameters are used to configure and monitor incremental encoders.

VarCom Description

MENCTYPE The type of encoder being used on the motor.

MENCRES The resolution of the encoder, in number of lines per revolution of
the motor.

For an incremental encoder, MENCRES x 4 equals the number of
encoder counts per revolution.

The CDHD2 monitors all encoder signal wires, and generates an A/B Line Break fault (digital
display: r4 | Fr4) if any wire is broken.

Hall Signals
The CDHD?2 supports single-ended (or open-collector) and differential Hall signals.

The following parameters are used to configure and monitor Hall commutation sensors.

VarCom Description

HALLSTYPE The type of Hall signals.

HALLS Reads the state of the Hall signals.

HALLSINV Inverts the polarity of individual Hall signals associated with motor
phases UVW.

The CDHD2 monitors the state of the Hall signals, and will generate an lllegal Halls fault
(digital display: r6 | Fr6) if either state 000 or 111 is detected.

It will generate a Differential Halls Line Break fault (digital display: r3 8 | Fr 3 8) if it fails to
detect the differential Hall signals.

Differential Hall signals can be used with Incremental A and B signals or as Halls only using
Note the standard motor feedback C4 connector. If your application requires differential Hall
signals with incremental A, B and index signals, contact Technical Support.

Encoder Index

Encoders often have an additional channel, referred to as a marker channel, zero pulse, or
index channel. This channel outputs one pulse per revolution, and is typically an extremely
narrow pulse equal to about one-quarter of the width of an A or B channel pulse, but may be
wider. The encoder index can be used for homing (absolute position reference) and for
commutation alignment.

You can also use the command Find Index in the ServoStudio 2 Motor Feedback screen to
determine the position of the index signal.
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The following parameter is used to set and monitor the encoder index.

VarCom Description
MENCZPOS The encoder index position.

The CDHD2 monitors the index signal wires, and will generate an Index Line Break fault
(digital display: r5 | Fr5) if any wire is broken.

Phase Finding

Note

6.5.2

6.5.3

The Phase Finding procedure is used to initialize commutation for incremental encoder
systems.

The Phase Finding procedure can be used only on a balanced axis; it cannot be used for
unbalanced mechanics, such as a vertical Z-axis. In addition, it cannot be used when gantry
mode is in effect.

You can also use the command Find Phase in the ServoStudio 2 Motor Feedback screen to
determine the correct commutation.

The following parameters are used to configure phase finding.

VarCom Description
PHASEFINDMODE The method to be used for the commutation phase finding.

PHASEFIND Starts the commutation initialization procedure for incremental
encoder systems.

PHASEFINDGAIN Adjusts the gain of the phase finding mechanism.
PHASEFINDI Adjusts the current of the phase finding mechanism.
PHASEFINDTIME The duration of the phase finding mechanism in a soft start.

Sine Encoder

Sine encoders are very similar to incremental encoders. The difference is that sine encoders
send the A and B channels to the drive as 1V peak-to-peak sine-waves, while incremental
encoders generate digital pulses.

sensAR Absolute Magnetic Encoder

The sensAR series of absolute magnetic encoders was developed by Servotronix.

The sensAR encoder has an electronic motor nameplate (MTP), which means a set of motor
parameters is embedded in the encoder’'s non-volatile memory.

The CDHD?2 attempts to detect an electronic motor nameplate at power-up. If detected,
motor and feedback parameters are transferred directly to the drive, and cannot be
manipulated by the user.

The Servotronix PRO2 and PRHD2 motors are typically equipped with a sensAR encoder.
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The sensAR encoder has two different types:

Absolute Single Turn (FEEDBACKTYPE=12): After a power cycle the encoder retains its
absolute position within one mechanical revolution. The multi-turn absolution position
is 0.

Absolute Multi-turn (FEEDBACKTYPE=19): After a power cycle the encoder retains its
absolute position within one mechanical revolution as well as the total number of motor
revolutions since the last power cycle. A multi-turn encoder eliminates the need for
homing after every power cycle.

The multi-turn encoder can store up to 65535 revolutions, provided it has an external
backup battery. The encoder battery sits in a battery compartment on the cable
between the motor and the drive. If the cable between the motor and the battery
compartment is disconnected, or if the encoder does not receive voltage from the
battery or the drive, the encoder loses the multi-turn number of resolutions; however,
the single-turn absolute position is retained.

The following commands are used for configuring and enabling the multi-turn absolute
encoder.

VarCom Description

MTTURNRESET Resets the position counter of an absolute multi-turn encoder, and

clears battery no voltage fault.

IGNOREBATTFLT  IGNOREBATTFLT=1 prevents a multi-turn absolute encoder from

issuing a fault due to a dead, disconnected, or missing backup battery,
thus allowing the encoder to be used as a single-turn absolute
encoder.

Multi-turn Encoder Backup Battery Replacement

6.5.4

158

The battery voltage level is measured during the power-up sequence only. If the battery
voltage drops below the specified values during operation, no warnings or faults are issued
until a power cycle is performed.

If battery power drops below 3.15V, the encoder issues a battery low voltage warning.
The battery should be replaced as soon as possible.

When replacing the battery, keep the drive under power to maintain the multi-turn
position in memory during the replacement. Remove the old battery and insert a new
one.

If battery power drops below 3.0V, the encoder issues a battery no voltage fault (r4 0);
the drive detects the fault and disables the motor. Multi-turn data is no longer reliable.

Replace the battery: Shut off power to the drive. Remove the old battery and insert a
new one. Power on the drive. Issue the command MTTURNRESET to reset the position
counter of the multi-turn encoder. MTTURNRESET also clears the fault.

BiSS-C Interface

BiSS is an open interface for sensors and actuators. The BiSS-C standard allows vendors of
such feedback devices to define a small set of commands that will cause the feedback device
to perform certain functions. BiSS-C implementation in the drive is fully bidirectional.
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The following commands are used to configure and monitor a BISS-C feedback device.

VarCom Description

BISSCFIELDS  Sets the number of bits allocated for transmission of position data within
a BiSS-C packet, and the number of effective bits. It is applicable for both
rotary and linear encoders.

The values used for the command arguments are taken from the
information found in the datasheet provided by the encoder
manufacturer.

BISSCINFO Returns information about the BiSS-C device.

EnDat 2.x Bidirectional Interface

The EnDat interface is a digital, bidirectional interface for encoders. It is capable of
transmitting position values from incremental and absolute encoders as well as transmitting
or updating information stored in the encoder, or saving new information. The serial
transmission method requires only four signal lines. The data is transmitted in synchronism
with the clock signal from subsequential electronics. The type of transmission (e.g., position
values, parameters, diagnostics) is selected by mode commands that the subsequential
electronics send to the encoder.

CDHD2 supports the EnDat 2.1 communication protocol, which is a subset of the EnDat 2.2
protocol. All EnDat 2.2 capable devices support the 2.1 protocol, including the commands
and queries that are relevant to CDHDZ2; accordingly, all EnDat 2.2 capable devices will work
with CDHD2.

EnDat 2.x can be used with the CDHD2 in following ways:

® EnDat 2.x Communication Only: for setups in which the drive relies only on the serial
data from the feedback device as the source of position information.

® EnDat 2.x with Sine/Cosine: for setups in which (a) the drive performs encoder
initialization and uses the serial data for position initialization, and (b) position update
during operation is derived from the sine/cosine signals.

CDHD?2 does not support the ability to query and set parameters during position-
feedback operations.

CDHD2 communication rate is 2 MHz. (To modify the communication rate, refer to
VarCom FEEDBACKBR.)

EnDat 2.x Encoder with Sine Signals: The value of PFB is calculated from the value of
HWPOS and the sine/cosine signals during EnDat initialization upon power up, and upon
clearing a feedback related fault. Initialization takes a few seconds. During this time, the
value of PFB value is undetermined, and therefore the drive cannot be enabled.

Initialization of the EnDat encoder takes about 2.5 seconds; during this process the
message "ENDAT initialization incomplete” will be displayed if the drive status is queried
(using command ST).

The +5 VDC supply to the EnDat encoder must be switched off during (re)initialization.
During the EnDat initialization, the CDHD2 switches off the +5 VDC it supplies to the
encoder. However, if the encoder receives +5 VDC from a different source, and it is not
switched off, initialization is likely to fail.
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6.5.6

6.5.7

Note

Encoder Simulation Output

An encoder simulation output, also referred to as an equivalent encoder output (EEO) or a
buffered encoder output, is available on the Controller interface (C2).

The following parameters are used to configure simulation.

VarCom Description

ENCOUTMODE  Switches the encoder simulation on or off, and sets the functionality.

ENCOUTRES The resolution, in equivalent lines-per-revolution, of the encoder
simulation output.

ENCOUTZPOS The index offset value of the encoder simulation output.

Resolver

A resolver is a rotary transformer used to measure the motor shaft position.

The resolver has a primary winding, and two secondaries — a sine and cosine in sync with the
motor rotation. The level of voltage on the sine and cosine waves correlates to the position
of the shaft within one magnetic cycle of the resolver (one pole pair).

Resolvers typically enable slower dynamic tracking than encoders.

The following parameters are used to configure and monitor resolver feedback.

VarCom Description

RESAMPLRANGE The acceptable range of resolver sine/cosine signals, expressed as a
percentage, around their nominal value.

MRESPOLES The number of individual poles in the resolver feedback device.

RESFILTMODE Defines whether feedback position interpolation is performed on the
resolver feedback in order to generate a continuous stream of data.

RESBW The resolver conversion bandwidth. High bandwidth produces better
dynamic tracking and less phase lag in high frequencies. Lower
bandwidth results in better noise reduction. RESBW sets the most
balanced value according to specific application requirements.

The automatic tuning of the resolver reference amplitude takes about 3-5 seconds after
the drive is powered on. During this time the drive cannot be enabled.

6.5.8 Resolver and Sine Encoder Calibration

Resolver and Sine Encoder Calibration Overview

160

When the CDHD?2 is initially connected to a motor equipped with either a resolver or a sine
encoder, CDHD2 parameters must be calibrated. Calibration is required during system
assembly. Since analog component values might change over time, it is prudent to repeat
the calibration procedure once every two years. Once the calibration procedure is completed,
the calibration parameters are saved in the CDHD2.
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For the calibration, CDHD2 needs to read 128 sine signals either in one direction or back and
forth.

Commonly a resolver will need 128 motor revolutions to generate the necessary 128 sine
signals. Therefore the motor needs to be moved, at a limited speed, by a movement
command.

Sine encoders can typically generate 128 sine signals well within one motor revolution.
Therefore, the motor may be moved by hand for the calibration.

Resolver and Sine Encoder Parameters

The following parameters are used to configure and monitor resolver/sine encoder

calibration.

VarCom Description

SININITMODE Enables/disables the automatic calibration of sine encoder or resolver
sine and cosine signals at power up.

SININIT Activates a procedure that calibrates sine encoder or resolver sine and
cosine signals. The calibration serves to reduce Harmonic errors in the
sine encoder or resolver reading.

The procedure averages sine encoder or resolver signals over several
motor turns to determine the gain and offset correction.

SININITST Reports the status of the sine encoder or resolver calibration
procedure.

SINPARAM Returns the parameters that are used for calibrating sine encoder or

resolver sine and cosine signals. The parameters are in hexadecimal
representation.

Motor Revolutions Required for Calibration

If your application has limited travel, you can run the motor back and forth 128 times. The
length of each of these 128 movements must be at least 1.5 sine cycles. If running the motor
in one direction, the number of revolutions required for the calibration is calculated as
follows:
MRESPOLES

2

Where MENRESPOLES is the number of individual poles in the resolver feedback device.

Resolver: 128 +

For example, if MRESPOLES =4, the motor needs to make 64 revolutions for calibration.

MENCRES
128

Sine encoder:

Where MENCRES is the number of since cycles per motor revolution or per motor pitch.

Motor Speed Limitations During Calibration

During the calibration procedure, the motor speed must not exceed the following values:

37502
Resolver: ————rpm
MENCRES
. 3750
Sine encoder: ————rpm
MENCRES
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Calibrating Resolver and Sine Encoder

CDHD2

Procedure: Resolver Calibration Using Terminal
1. Inthe Terminal interface, enter the sine/cosine calibration command:
SININIT <Enter>
2. Enter a command to run the motor at a low speed, such as 800 rpm,
for about 10 seconds, according to the operation mode of your application.
3.  Enter the sine/cosine calibration status command:
SININITST <Enter>
4.  Wait until SININITST changes to 1, and then reverts back to 0.
Example: The motor runs in a velocity control loop at 600 rpm, and the calibration procedure
is executed.
-=>0PMODE
0
-=EN
—=J 600
—=sininit
—=sininitst
1
—=sininitst
1
-=sininitst
0
—=k
—[
Figure 6-17.
Procedure: Resolver Calibration Using ServoStudio 2
1. In the Feedback screen, select Feedback > Resolver.
Feedback
Motor Feedback Secondary Feedback
Resclver -
Feedback Type =1 Inverse Direction
Figure 6-18.
2. Inthe Motion screen, set the parameters, for example:
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m  Select Operation Mode> Serial Velocity.

m  Set Velocity to 600 rpm.
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Cperation Mode Serial Velocity -

Velocity Command ® Jog () Alternating

Welocity
Acc Dec.
Time
Acceleration 75000 rpsfs  Jog Command 600
Deceleration 75000 rpsis  Time (optional)

Figure 6-19.

3. In the Feedback screen, set the following:

Feedback

ps

ms

Mator Feedback Secondary Feedback

Resolver

Feedback Type =1

Resclver Conversicn Bandwidth 300

ra

Maotor Resolver Poles

Resclver Amplitude Range 35

Sine/Cosine Calibration Parameters

Sine/Cosine Calibration Status

Start

Figure 6-20.

a. Note that Sine/Cosine Calibration Status is 0.

Inverse Direction

Hz

poles

b. Press the Start button to begin the calibration procedure.

c.  Note that Sine/Cosine Calibration Status changes to 1.

d. Wait until Sine/Cosine Calibration Status reverts to 0.

Calibration is complete.
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Procedure: Sine Encoder Calibration Using Terminal

1. In the Terminal interface, enter the sine/cosine calibration command:
SININIT <Enter>

2. Enter a command to run the motor at a low speed, such as 100 rpm,
according to the operation mode of your application (current, velocity or position
mode). Alternately, move the motor by hand.

3.  Enter the sine/cosine calibration status command:
SININITST <Enter>

4.  Wait until SININITST changes to 1, and then reverts back to 0.

Example: The motor runs in a velocity control loop at 6 rpm, and the calibration procedure is executed.

-»0OPMODE

]
-=EM

—=J B
—=gininit
—-=gininitst
1
-»sininitst
1
—»sininitst
]
—=gininitst
]
—=gininitst
]
-=MEMCRES
128 [LPR]

>

Figure 6-21.

Procedure:

Sine Encoder Calibration Using ServoStudio 2

ServoStudio 2 does not currently support sine encoder calibration.

Sine Encoder and Resolver Diagnostics

Sine Encoder and Resolver Diagnostics Overview

When working with a sine encoder or a resolver, the CDHD2 measures the levels of the sine
and cosine signals, and checks that they are within a certain range. When the signals are out
of range, two possible faults can result: r4 | Fr4 andr8 |Fr8.

If these faults occur, it is very useful to record the sine and the cosine signals, to determine
whether or not they are valid.

Recording the Signals

The sine and the cosine signals can be recorded by recording particular drive-internal data. A
typical RECORD command is as follows:

record 1 1000 "@_AX0_s16_Sine.s16 "@_AX0_s16_Cosine.s16

This command records 1000 samples of the sine and the cosine values, at a intervals of 31.25
s (the drive's basic sampling rate).
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A typical recording of a sine encoder might look as shown in the following figure.

The recorded data is presented in internal drive units (counts of the analog-to-digital
converter).
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Figure 6-22. Sine Encoder Recording — Example

A typical recording of resolver might look as shown in the following figure.

30000 -
— @_AXD_s16_Cosine(HODD0e1a3) | 7

200001/ \ A\ = SRR /
/{\\\ /O\ VAVAY
=\ A\ W\

-30000

0 50 100 150 200

Milliseconds

Figure 6-23. Resolver Recording — Example

Converting to Physical Values

The recorded data is in internal drive units, and needs to be converted to physical units; that
is, the input voltage to the drive.

Since the physical sine and cosine signals are scaled differently for the sine encoder and the
resolver, the following equations are used to convert the recorded data:

] Recorded Value 10
Sine encoder: Input Voltage = 78 > Jez
Recorded Value 10
: = w7 X 3
Resolver: Input Voltage 32768 35

Examining the Plot
The recorded data can be scaled in the ServoStudio 2 Scope screen.

When examining the sine and cosine signals from a sine encoder, you need to multiply the
signals by 0.00001883 (calculated from 1/32768 x 10/16.2)
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The resulting plot in the Scope screen will look similar to one shown in the following figure.
This plot shows the signal levels of the actual input signal (in volts). As expected, the sine
encoder signals are close to 1V peak-to-peak.
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Figure 6-24. Signals from Sine Encoder — Example

Figure 6-25.

6.6

6.6.1
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When examining the sine and cosine signals from a resolver, you need to multiply the signals
by 0.0000939 (calculated from 1/32768 x 10/3.25).

The resulting plot in the Scope screen will look similar to one shown in the following figure.
This plot shows the signal levels of the actual input signal (in volts).

Fa — x @_AXD s16_Cosine(H0000=1a9)
J/_\\ \l — x @_A¥D s16_Sine(HO000=138) f

24 /N
0 \ AN A

" | \ (Y,
\ J{

150 200

0 50 100

Milliseconds

Signals from Resolver — Example

Secondary Feedback

Refer also to Dual Feedback Position Control Loop Tuning.

Secondary Feedback Overview (Dual Loop Control)

The CDHD?2 enables correction of positioning errors by means of a secondary feedback
device and dual loop control.

In dual loop control, two feedback devices (typically, encoders) are connected to one axis:
one feedback device is mounted on the motor and a secondary feedback device is connected
to the load. The load feedback device serves to control positioning, while the motor

feedback device is used to control velocity and current.
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Axis movement

Trajectory

«—>

/////H//////////

+, Position + Velocity + Current
Controller Controller Controller ?

Linear scale

Motor Feedback

Load Feedback

Figure 6-26. Dual Loop Control with Secondary Feedback

Note

6.6.2

In dual loop control, the secondary (load) encoder acts as the main positioning feedback.
Thus, the following functions are performed on the load feedback:

® Homing, including homing on index. Refer to Homing.

®  Encoder simulation output. Refer to Encoder Simulation Output.
®  AB quadrature encoder interpolation.

® Touch probe capture.

Dual loop control can be used in the following operation modes:

® OPMODE 4 (Gearing/Pulse Train)

® OPMODE 8 (Serial Position)

® (CiA 402 mode 1 (Profile Position)

® CiA 402 mode 8 (Cyclic Synchronous Position)

For dual loop control, the motor feedback device is connected to the CDHD2 Feedback
interface (C4), and the load feedback device is connected to the Secondary Encoder pins on
the CDHD2 Machine interface (C3).

When dual loop control is used, the gearing input must be from the Controller interface (C2);
GEARMODE 0, 1 and 2.

When the CDHD?2 error correction function is used in a dual control loop system, the
correction is performed on the secondary (load) encoder value.

Secondary Feedback Devices

CDHD2 dual loop control can be implemented with either rotary motors (MOTORTYPE=0) or
linear motors (MOTORTYPE=2).

In addition, secondary feedback devices for dual loop control can be AB quadrature, BiSS-C
interface, or EnDat 2.2.

For stable dual loop control, the effective resolution of the motor encoder must be higher
than that of the load feedback device. A lower motor encoder resolution will cause the
position loop to issue VCMD whose resolution is too high and cannot be executed by the
velocity loop. A load encoder with a higher resolution can be used if the load encoder is
serving closed position and velocity control loops, and the motor encoder is serving the
current control loop.
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6.6.3 Secondary Feedback EtherCAT/CANopen
In EtherCAT and CANopen, the drive reports Position Feedback (object 6064h), Velocity
Feedback (object 606Ch), and Position Error (Object 60F4h).
® When dual loop is activated, these objects are reported according to the load feedback.

®  When dual loop is not activated (default), these objected are reported according to the
motor feedback.

6.6.4 Secondary Feedback Units

User Units
Secondary feedback uses the same parameters as motor feedback.

® |f the load feedback is a rotary encoder: SFB, SFBVEL are displayed in rotary units:
UNITSROTPOS, UNITSROTACC and UNITSROTVEL.

® If the load feedback is a linear encoder: SFB, SFBVEL are displayed in linear units:
UNITSLINACC, UNITSLINVEL, UNITSLINPOS.

Secondary Feedback Motor to Load Ratio
[LMUNITSNUM / LMUNITSDEN] is a mechanical ratio, defined as follows:
®  For rotary systems: 1 motor revolution per n load revolutions.

®  For linear systems: 1 motor revolution per n millimeters linear movement.
Rotary Motor and Linear Encoder on Load - Example

Axis movement

,; \ 77777, 7777777
—— . [oo] |

Linear scale

Linear encoder head

Figure 6-27. Rotary Motor with Gear and Ball Screw and Linear Encoder on Load

Motor reducer ratio: 1:11

Ball screw lead: 20 mm
LMUNITSNUM _ 1 1 1

LMUNITSDEN _ 11 20 _ 220
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Rotary Motor and Rotary Encoder on Load - Example

Figure 6-28. Rotary Motor and Rotary Encoder on Load

6.6.5

d1=50mm _

d2= 100mm\

Pulley diameter on motor side: 50 mm
Pulley diameter on load side: 100 mm
N1: number of teeth on gear N1 (10)
N2: number of teeth on gear N2 (60)

LMUNITSNUM _ 10x100 _ 1
LMUNITSDEN

60x50 3

Secondary Feedback Parameters

The following parameters are used to configure and monitor dual-feedback applications.

VarCom Description Explained
SFBMODE Secondary Feedback Mode Activates/deactivates the dual feedback
control mode.
SFBTYPE Secondary Feedback Type The type of feedback device (rotary or
linear) and communication interface.
SFBENCTYPE  Secondary Feedback Type of  The type of AB quadrature encoder on the
AB Quadrature Encoder load.
SFBDIR Secondary Feedback Direction The positive direction of feedback from the
load.
SFBOFFSET Secondary Feedback Offset The offset value added to SFB.
SFBRES Secondary Feedback The resolution of the feedback device on
Resolution the load, in number of lines per revolution
or lines per millimeter.
LMUNITSDEN Motor to Load Mechanical The denominator of the motor feedback to

Ratio Denominator

LMUNITSNUM Motor to Load Mechanical
Ratio Numerator

load feedback scaling ratio.

The numerator of the motor feedback to
load feedback scaling ratio.
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VarCom Description Explained
MFB Motor Feedback Position The position according to the feedback
(Read only) device on the motor.
SFB Secondary Feedback Position  The position according to the feedback
(Read only) device on the load.
PFB Feedback Position (Read only) The position (of motor or load), according
to SFBMODE.
MVEL Motor Velocity (Read only) The velocity of the motor.
SFBVEL Secondary Feedback Velocity  The velocity of the load.
(Read only)
SFBVLIM Secondary Feedback Velocity  User-defined maximum velocity for the
Limit load.
V Velocity (Read only) The velocity (of motor or load), according
to SFBMODE.
MACC Motor Acceleration The acceleration value according to the
feedback device on the motor.
SFBACC Secondary Feedback The acceleration value according to the
Acceleration feedback device on the load.
ACC Acceleration The acceleration value (of motor or load)
according to SFBMODE.
MDEC Motor Deceleration The deceleration value according to the
feedback device on the motor.
SFBDEC Secondary Feedback The deceleration value according to the
Deceleration feedback device on the load.
DEC Deceleration The deceleration value (of motor or load)

according to SFBMODE.

Motion Units

The CDHD2 has configurable units of acceleration, velocity and position, for both linear and
rotary motor systems. The unit definitions can be a user preference or a property of the
specific motor being used.

Use the ServoStudio 2 Motion Units screen for viewing and defining motion units.

The following parameters are used to monitor and manipulate motion units.

VarCom

Description

UNITSROTPOS
UNITSROTVEL
UNITSROTACC
UNITSLINPOS
UNITSLINVEL
UNITSLINACC

The units of position variables in a rotary system.

The units of velocity variables in a rotary system.

The units of acceleration and deceleration variables in a rotary system.

The units of position variables in a linear system

The units of velocity variables in a linear system.

The units of acceleration and deceleration variables in a linear system.
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VarCom Description

PNUM Conversion factors of the user-defined unit. They are used to multiply

PDEN the motor revolution (rotary motors) or the motor pitch (linear motors),
according to the type of motor (MOTORTYPE).

FBGDS The conversion factor of the fieldbus device's drive shaft revolution.

FBGMS The conversion factor of the fieldbus device's gear shaft revolution.

Current Foldback

The current foldback is a mechanism used by CDHD?2 to protect the drive and motor from
overheating due to excessive current. Current foldback is set separately for the drive and for
the motor.

Current foldback limits the root mean square (rms) value of current to the drive and/or the
motor.

When the motor is selected from the ServoStudio 2 Motor Library, current foldback
parameters are pre-set and written to the drive. These parameters are manufacturer-defined
and should not be manipulated by the user; if you want to make any changes to these
parameters, contact Technical Support.

Use the ServoStudio 2 Current Foldback task screen for viewing and configuring motor and

drive foldback parameters.

The following parameters are used to monitor and manipulate foldback properties.

VarCom Description

IFOLD Drive foldback current

DICONT Drive continuous current
IFOLDFTHRESH Drive foldback fault threshold
IFOLDWTHRESH Drive foldback warning threshold
DIPEAK Drive peak current

MIFOLD Motor foldback current

MICONT Motor continuous current

MIFOLDFTHRESH
MIFOLDWTHRESH

Motor foldback fault threshold
Motor foldback warning threshold

MIPEAK Motor peak current

MFOLDD Motor foldback delay time
MFOLDT Motor foldback time constant
MFOLDR Motor foldback recovery time
MFOLDDIS Motor foldback enabled/disabled
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Digital Inputs

The CDHD?2 has both regular and fast opto-isolated digital inputs. The number of inputs
varies according to model. Refer to the I/O Specifications table.

® Regular digital inputs have a propagation delay up to 1 millisecond.

® Fast digital inputs have a propagation delay up to 1 microsecond.

Use the ServoStudio 2 Digital I0s screen to configure and view the state of the digital inputs.

The following parameters are used to configure and monitor the digital inputs.

VarCom Description

IN Reads the state of a specified digital input.
INPUTS Reads the state of all digital inputs.
INMODE Defines the functionality of the digital input.
ININV Inverts the polarity of a specified input.

ServoStudio 2 includes a Drive Script tool for programming instructions for digital inputs.
These scripts can modify drive behavior while a machine is in operation, such as increasing or
reducing acceleration, initiating a movement, setting a variable, or switching operation
modes. Refer to Digital Input Activation of Drive Scripts in the ServoStudio 2 manual.

Digital Outputs

Most CDHD2 drives have both regular and fast opto-isolated digital outputs. The number of
outputs varies according to model. Refer to the I/O Specifications table.

® Regular digital outputs have a propagation delay up to 1 millisecond.

®  Fast digital outputs have a propagation delay up to 1 microsecond.

Use the ServoStudio 2 Digital 10s screen to configure and view the state of the digital
outputs.

The following parameters are used to configure and monitor the digital outputs.

VarCom Description

ouT Reads the state of a specified digital output.
OUTPUTS Reads the state of all digital outputs
OUTMODE Defines the functionality of the digital output
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Digital Output Control Using Compare-Match (PCOM)

This function is available only in CDHD2 AF (CANopen) and EC (EtherCAT) models.

The drive includes two compare-match modules (PCOM1 and PCOM2) for triggering an
output based on a compare-match of position feedback or a timer.

The output is used to activate an external event or device — such as a camera, a pick and
place machine, or a measuring device — when the CDHD2 moves through a predefined
position or range of positions.

The two PCOM modules have the same functionality, and can be configured to either pulse
or toggle the output.

The PCOM modules allow three different configurations for triggering an output.

® Periodic configuration: The output is triggered according to a fixed number of

feedback counts between positions.

Table configuration: The output is triggered according to a predefined set of positions.

Timing configuration: The output is triggered at time offsets from the SYNCO signal.

The controller updates the times offsets every EtherCAT cycle.

When using an incremental feedback device, it must be homed before any of the PCOM
module parameters are set.

The following parameters are used for configuring and monitoring the PCOM modules.

VarCom

CANopen/CoE Object

Description

PCOMCNTRL{1]2}

PCOMDIR{1]2}

PCOMEND({1]2}

PCOMN({1|2}

PCOMSTART{1]2}

PCOMSTATUS{1|2}

PCOMTABLE{1]2}

PCOMTABLELEN{1|2}

PCOMWIDTH{1|2}

2191h, sub-index 0
2192h, sub-index 0
2195h, sub-index 0
2196h, sub-index 0

219Dh, sub-index 0
219Eh, sub-index 0
219Fh, sub-index 0
21A0h, sub-index 0
219Bh, sub-index 0
219Ch, sub-index 0
2193h, sub-index 0
2194h, sub-index 0
21A1h, sub-index 0
21A2h, sub-index 0
2197h, sub-index 0
2198h, sub-index 0

2199h, sub-index 0
219Ah, sub-index 0

Configures the Match-Compare Trigger
Output (PCOM) module.

Defines whether output is triggered during
motor movement in negative direction,
positive direction, or either direction.

The position at which the PCOM module
stops triggering the output.

A fixed number of feedback counts between
each output trigger position.

The position at which the PCOM module
begins triggering the output.

The actual state of the PCOM module.
A set of positions at which the output will be
triggered.

The number of positions in the PCOM table.

The width of a pulsed output signal.
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VarCom CANopen/CoE Object Description

DIFPORTMODE 21A3h, sub-index 0 The differential (RS422) digital port hardware
and output functionality.

OUTMODE n 27|28  209Ch The output triggered by PCOM module 1|2.

PCOM Periodic Configuration

The periodic configuration is used to output a pulse, or to toggle the output state, at fixed
intervals, defined as number of position feedback counts (PCOMN). In this mode, the PCOM
module continuously compares the actual position with the value defined in PCOMN (or the
equivalent EtherCAT/CANopen object). Whenever the feedback counter is equivalent to
PCOMN, the PCOM module triggers the output.

® Two user-defined positions (PCOMSTART and PCOMEND) define the range of positions
in which the position-compare function is active, and output will be triggered.

® A user defined constant (PCOMN) defines the number of encoder counts (interval)
between each output trigger.

® The pulse width is defined by PCOMWIDTH.

Start Point END Point
PCOMSTART PCOMEND

O v
i‘ ‘b

Actual Position (PFB) ‘ } } } } |

! PCOMN 3 PCOMN 3 PCOMN 3 PCOMN | PCOMN !

Output - Pulse Mode |_| |_| I—I I—l I_I I_I

Output - Toggle Mode l I
PCOM Output Enabled I i 3 | | 3 | \_

Figure 6-29. Position-Compare Trigger Output — Periodic Configuration

6.11.2 PCOM Table Configuration

174

The position table configuration is used to output a pulse, or to toggle the output state, at
specific positions. In this mode, the PCOM module continuously compares the actual
position with the positions defined in PCOMTABLE. Whenever the feedback counter is
equivalent to a position in the table, the PCOM module triggers the output.

®  For periodic configuration, the pulse width is defined (PCOMWIDTH)

® A user defined constant (PCOMN) defines the number of encoder counts (interval)
between each output trigger.

Up to 32 user-defined positions (PCOMTABLE) define the specific positions at which the
output will be triggered.

The number of trigger positions in the table is defined by the parameter PCOMTABLELEN.
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Trigger Point Trigger Point Trigger Point Trigger Point
PCOMTABLE 0 500 PCOMTABLE 0 800 PCOMTABLE 0 2000 PCOMTABLE 0 3000
\A r'e
500 800 2000 3000

Actual Position (PFB) i 1 i |

Output - Pulse Mode I_l |_| |_| I_l
Output - Toggle Mode | |
PCOM Output Enabled I |

Index 0 1 2 3

Position 500 800 2000 3000

Figure 6-30. Position-Compare Trigger Output — Table Configuration

6.11.3 PCOM Timing Configuration

N

User Manual
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PCOM timing configuration is applicable only in an EtherCAT Cyclic Synchronous operation
mode.

The timing configuration is used to set the output state at time offsets from the SYNCO
signal.

Within one EtherCAT cycle, up to four time offsets (TM1, TM2, TM3, TM4) can for be used for
triggering the output. The offsets, and the state of the output, are defined by the four
sub-indexes of object 2205h (PCOM 1 module) and 2206h (PCOM 2 module).

TMT must be the smallest value, and TM2, TM3 and TM4 must be progressively higher values.

If less than four transitions (TR) are required in one cycle — for example, only two — TR will be
set to 2 by the controller, and the drive will process only TMT and TM2 and ignore TM3 and
T™MA4.

The controller increments the counter to indicate the time offset PDO is valid. If the
controller does not increment the counter, the time offset PDO will be ignored, meaning the
output state will not change.

Timing resolution is 0.1 ps.
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SYNCO SYNCO SYNCO SYNCD SYNCD SYNCO

X A x X T "
— T T - — T

_CNTRL | [eNTRL] ! [enTRL] |

Timer 4 : X 1

Timard A N1 ! i

1

I

EtherCAT PDOs y | derd

T 1
[ChNTRL ] ! [eNTRL |
]

-

| Timer 1 'I\fn_r!'m_! 1
|
I
|
|
|

Counter (PCOMCTRL.9-12) __.—‘—‘———'_‘_'

Timer 2
Timer 1

PCOM Qutput

#TR (PCOMCTRL.5-8)

(=R S 2R

Figure 6-31. Compare-Match Trigger Output — Timing Configuration

6.12 Analog Inputs

The CDHD?2 supports either one 16-bit analog input or two 14-bit analog inputs. Both types
of inputs are differential.

One of the digits in the CDHD2 part number indicates whether the drive supports one or

Note .
two analog inputs.

The analog input is used to send commands to the drive by means of analog voltage. The
analog commands can control the velocity of the motor or the current to the motor. Analog
commands can be used when the CDHD?2 is operating in Analog Velocity mode (OPMODE 1)
or Analog Current mode (OPMODE 3).

Use the ServoStudio 2 Analog Input 1 pane (and Analog Input 2 if available) in the Analog
IOs screen to set the analog input properties and to monitor the input value.

6.12.1 Analog Input 1

Analog Input 1 serves as the analog command for the Analog Velocity (OPMODE 1) and
Analog Current (OPMODE 3) operating modes. This functionality cannot be changed.

The following parameters are used to configure and monitor analog input 1.

VarCom Description

ANINTOFFSET The DC voltage offset on the analog input.

ANIN1DB The deadband range of analog input 1.

ANINTLPFHZ A low-pass filter applied to the analog input.

ANIN1 The voltage at the analog input. Read only.

ANIN1ZERO Causes the value of the analog input 1 signal to become 0 by

modifying the analog offset value.
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Note Analog Input 2 is not available on all drive models.

When a second analog input is available on the drive, Analog Input 2 can be used as an
analog current limit. In such a configuration, the parameter ANIN2SCALE is used to set the
scaling of the current limit, in units of amperes per volt.

The following parameters are used to configure and monitor analog input 2.

VarCom Description
ANIN2MODE Defines the functionality of the second input.
ANIN2LPFHZ This value is a low-pass filter applied to the analog input. This is useful

ANIN2OFFSET
ANIN2

ANIN2
ANIN2ZERO

for filtering high frequency noise from the input, or for limiting the rate
of change of that signal.

The DC voltage offset on the analog input.

The deadband range of analog input 2. This is useful for preventing the
drive from responding to voltage noise near the zero point of the
analog input.

The voltage at the analog input. Read only.

Causes the value of the analog input 2 signal to become 0 by
modifying the analog offset value.

6.12.3 Using Analog Inputs for Velocity Command and Current Limit

Procedure: Using Analog Inputs as Velocity Command and Current Limit

Use the following procedure in ServoStudio 2 to configure the CDHD2 to work with analog
input 1 as the velocity command and analog input 2 as the current limit.

1.  Define the Operation mode.

Activate the Motion screen, and select Operation mode: Analog Velocity (OPMODE 1).

When working in Analog Velocity mode, a signal is applied to analog input 1, and the
drive translates it into a velocity command.

2. Define Velocity Scaling.

Velocity command scaling is a user-defined ratio, which the drive uses to translate the
analog input into a velocity command.

In the example shown here, scaling is set to generate a velocity command of 100 rpm

per each volt.
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Operaticn Mode Analog Velocity -

Analog Offset Deadband Filter

» >
0.000 v 0.000 W 1000 Hz

Analeg Inputs Velocity Scaling Velocity Command

» »
0.011 v 100.000 pm/V 0.879 pm

Figure 6-32. Velocity Command Scaling

Figure 6-

Notes

6.13

178

3. Define the function of Analog Input 2.
Open Terminal.

Define analog input 2 as the current limiter by setting the value of parameter
ANIN2MODE to 2:

4. Define the scaling of the Analog Current command.

Set the scaling of the analog current command from input 2 by setting the value of
parameter ANIN2ISCALE.

In the example shown here, scaling is 0.5A per each volt. The drive will calculate the
current limit accordingly.

Terminal

—=ANINZMODE 2
—=ANINZISCALE 0.5

e

33. Analog Input 2 Parameter Settings

Since both drive parameter ILIM and analog input 2 define current limit, the drive
recognizes the lower value of the two as the current limit at any given time. To read the
actual limit, use ILIMACT.

Drive parameters ACC and DEC provide the limits for acceleration and deceleration,
respectively. If analog input 1 (when used for velocity commands) generates a rate greater
than ACC or DEC, the drive will not exceed the values of ACC and DEC.

Analog Output
The CDHD?2 also has an analog output that can be set to output a voltage equivalent to the
value of certain parameters.

Use the ServoStudio 2 Analog Output pane in the Analog I0s screen to set the analog output
properties and to monitor the output value.

The following parameters are used to configure and monitor the analog output.
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VarCom Description

ANOUTMODE Defines the function of the analog output.

ANOUT Displays the analog output value (in volts), as set by ANOUTMODE.
Read only.

ANOUTCMD The analog output command (in volts) set by user in ANOUTMODE 0.

ANOUTISCALE The scaling of the analog output voltage that represents the motor
current (I) or the current command (ICMD).

ANOUTLIM The analog output command voltage limit for all modes.

ANOUTVSCALE  The scaling of the analog output voltage that represents the actual
velocity (V) or the velocity error (VE)

OUTMODE Defines the condition that will activate the specified digital output.

6.14 Disable Mode

The disabling of the drive may be the result of an explicit command from the motion
controller or the drive’'s own response to a fault condition. When the drive becomes disabled,
the Disable Mode function can be used in certain cases to bring the motor to a fast stop
before power to the motor is shut off. This reduces the amount of motor coasting.

Use the ServoStudio 2 Emergency Stop screen to select the methods and parameters to be
used for stopping the motor when the drive becomes disabled.

The Disable mode function consists of two mechanisms:

® Active Disable brings the motor to a stop by means of a controlled deceleration to zero
velocity, and then disables the drive. Active Disable cannot be applied when the drive is
operating in a current control mode (OPMODE 2 or OPMODE 3).

®  Dynamic Brake holds the motor while the drive is disabled by applying only the motor’s
back-EMF to the stopping current; it can therefore be used even in the event of

feedback loss.

VarCom Description

DISMODE Defines how the drive will respond when it becomes disabled.
DISMODE 0 No active disabling; no dynamic braking.

DISMODE 1 No active disabling; dynamic braking on fault only.

DISMODE 2 No active disabling; dynamic braking on any disable.
DISMODE 3 Active disabling on fault*; no dynamic braking.

DISMODE 4 Active disabling on fault*; dynamic braking on fault only.
DISMODE 5 Active disabling on fault*; dynamic braking on any disable.

Note

Faults that require immediate disable (to prevent drive damage) and feedback faults that

might cause a commutation error (runaway motor condition) cannot issue Active Disabling.

Three parameters affect the behavior of the disabling and braking.
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VarCom Description

DISSPEED Defines the velocity threshold below which the motor is considered
stopped and the Active Disable timer starts the countdown to disable.
The motor velocity must remain below this threshold for at least 50 ms
for the motor to be considered stopped.

DISTIME Defines the continuous time the motor must remain below DISSPEED
before the drive is disabled. The DISTIME counter begins only after
motor velocity has been below DISSPEED for at least 50 ms.

DECSTOP Defines the deceleration rate of the ramp down.

6.14.1 Active Disable

Active Disable prevents motor coasting while the axis is disabled.
The Active Disable mechanism brings the motor to a stop by means of a controlled ramp
down to zero velocity, and then disables the drive.

Active Disable cannot be applied when the drive is in a current control mode (OPMODE 2

N . . .
ote or OPMODE 3); it works in all other operation modes.

Figure 6-35 shows how motor coasting occurs when Active Disable is not used. As soon as
the drive is disabled, the velocity command is set to zero. The actual velocity then decreases
as a function of the inertia and friction.

1250
— VCMD
10004———— v

750
500

250

0-

-250

0 250 500 750 1000 1250 1500

Milliseconds

Figure 6-34. Disabling Without Active Disable

Figure 6-36 illustrates what happens when Active Disable is in effect. As soon as the drive
receives the disable command, the velocity command is ramped down to zero, and only then
is the drive disabled.
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1250+
— VCMD

1000+ - v

750+ H\
500+ |
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0 250 500 750 1000 1250 1500
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Figure 6-35. Disabling With Active Disable

Figure 6-37 shows the effect of DISSPEED and DISTIME. In this example, DISSPEED is set to
1000, and DISTIME is set to 1 ms. After the motor speed remains below 1000 for 50 ms, and
the time defined by DISTIME elapses, the drive is disabled and the motor coasts to a stop.

In this example, approximately 110 ms elapse from the time the motor velocity goes below
1000 and the time the drive is disabled.

2500
— VCMD

2000 - _ v

w04

.

.,

1000 T .
500

0

-500 . . : . . .
0 500 1000 1500 2000 2500 3000

Milliseconds

Figure 6-36. Effect of DISSPEED and DISTIME on Active Disable

During the Active Disable ramp down, the drive ignores any new motion commands.

If an additional disable command (VarCom K) is issued during the ramp down, the ramp
down process is aborted and the drive is immediately disabled.

Figure 6-38 shows the effect of a second disable command. In this example, DISSPEED is set
to 1000, and a second disable command is issued before the motor speed has ramped down
to that level.
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Figure 6-37. Effect of Second Disable Command on Active Disable

The diagram in the ServoStudio 2 Emergency Stop screen illustrates the behavior of Active
Disable.

Welocity Active Disable start

Internal qualification
EEL»

DISSPEED

Internal Time out according 1oV and DECSTOP

Figure 6-38. Disable Stop

If one of the digital outputs is configured for brake control, then the brake will be engaged
as soon as the DISTIME timer begins counting.

Notes |f the internal timeout (which is calculated according to the actual velocity and DECSTOP)
expires, the ramp down mechanism will also abort, as indicated by 1 in the Disable Stop
diagram.

6.14.2 Dynamic Brake

Dynamic Brake is a mechanism that allows a disabled drive to hold the motor. Only the
motor's back-EMF is used to apply the stopping current.

The variable ISTOP is used to set the maximum current allowed during the dynamic braking
process.

Figure 6-40 illustrates motor coasting, that is, no Dynamic Brake (and no Active Disable). The
velocity command is set to 0 as soon as the drive is disabled. The actual velocity then
decreases as a function of the system inertia and friction.
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Figure 6-39. Motor Coasting, Without Dynamic Brake

Figure 6-41 shows what happens when Dynamic Brake is in effect. As in the figure above, the
velocity command is set to 0 as soon as the drive is disabled. However, the actual velocity
ramps down as the braking is applied.

Unlike Active Disable, the velocity does not ramp down according to a motion profile. The
ramp down rate is a function of the maximum current allowed (variable ISTOP) and the
system inertia and friction.

1250+
— VCMD

1000 — v

750+

500+

250+

04

-250

0 200 400 600 800
Millizeconds

Figure 6-40. Dynamic Brake

Figure 6-42 shows Dynamic Brake with a very low value of ISTOP. In this instance, it takes
longer to bring the motor to a stop.
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Figure 6-41. Dynamic Brake with Low ISTOP Value

In DISMODE 4 and DISMODE 5 both Active Disable and Dynamic Brake are supported. In
these cases, Active Disable is used to bring the motor to a stop, and Dynamic Brake is
activated after DISTIME.

6.15 Motor Brake Control via Relay

The CDHD?2 can control a motor brake via an external relay. The relay can be connected to
any digital output on the CDHD2 Machine I/F (C3) or Controller interface (C2). It is
recommended that you connect to digital output 7.

Refer to Motor Brake Wiring and to the procedure below.

The polarity of the digital output can be altered to make the drive electronics match those of
the motor control circuit.

The CDHD?2 disable time is programmable by means of the DISTIME parameter. When the
drive receives a Disable command, it first switches off the brake output and then waits for the
brake disengage time before actually becoming disabled.

The brake engage time is not programmable. When the drive receives an Enable command, it
simultaneously switches on the brake output and becomes enabled.

The drive needs a maximum of 1.5 milliseconds to become enabled, while a brake typically
takes tens of milliseconds to disengage.
Procedure: Configuring Digital Output to Control Brake
To configure the digital output, perform the following procedure in ServoStudio 2.
1.  Define the output.

Go to the Digital 1/Os screen, and set an output (e.g., Output 1) to mode 2-Brake
Release Signal.

Digital Outputs

State Mame Wiode

L Output 1 2 -Brake Release Signal -

Figure 6-42. Digital Output Settings for Motor Brake Control
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By default:
m  When CDHD?2 is enabled, the brake output is on.
m  When CDHD?2 is disabled, the brake output is off.

2. Go to the Emergency Stop screen, and set the Active Disable Time (DISTIME).
For example, set it to 30 ms.

DISTIME defines the period of time after the motor speed goes below the Active
Disable Speed Threshold (DISSPEED) until the drive is disabled by the Active Disable
function.

Brake on
Disable

Figure 6-43. Active Disable Time (DISTIME)

Whenever a Disable command is executed, the CDHD2 immediately changes the brake
output value, and waits the Active Disable Time (DISTIME) before disabling CDHD2 control.

Whenever a fault such as STO or Feedback Lost occurs, the drive immediately toggles the
brake output value and disables CDHD2 control.
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Motor Temperature Sensor

The CDHD?2 supports both thermostat (on/off) and thermistor (temperature sensitive
resistance) motor temperature sensors.

The following parameters are used to define the type of motor temperature sensor and the
drive response to an over-temperature condition.

VarCom Description

THERM Indicates whether a motor over-temperature fault exists.

THERMODE Defines how the drive responds to a motor over-temperature fault.
If the motor does not have a temperature sensor, or if the sensor is
not wired, set THERMODE=3, so that the drive will ignore this fault.

THERMTYPE Indicates whether the sensor is type PTC (positive temperature
coefficient) or NTC (negative temperature coefficient). When using a
thermostat (on/off motor temperature sensor), set THERMTYPE=0
to define type PTC.

THERMREADOUT Reads the resistance of the temperature sensor.

THERMTRIPLEVEL The motor over-temperature fault detection and clear mechanism is

THERMCLEARLEVEL subject to a hysteresis mechanism. The fault will trip when the

resistance passes a certain value, and can be cleared only when the
resistance drops below a different value.

e For a PTC thermistor, the motor over-temperature fault will trip
when the resistance is equal to or greater than the
THERMTRIPLEVEL. The fault can be cleared when the resistance
is equal to or less than the THERMCLEARLEVEL.

e For an NTC thermistor, the motor over-temperature fault will
trip when the resistance is equal to or less than the
THERMTRIPLEVEL. The fault can be cleared when the resistance
is equal to or greater than the THERMCLEARLEVEL.

e If the motor temperature sensor is a thermostat, the resistance
is zero in normal state and infinite in fault state.

When the drive detects a motor over-temperature condition, the motor over-temperature
fault is latched, and the digital display shows H | FH.
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Error Correction

Error Correction Overview

The CDHD?2 drive has an error correction function that serves to negate repeatable
positioning errors.

An external measurement device, such as a laser interferometer, is used to generate an error
mapping table. The error mapping is stored in the drive's non-volatile memory. The drive
retrieves correction values in realtime, based on the actual positions, and applies corrections
on-the-fly. Once the correction is implemented, the error becomes negligible. As a result, an
additional position feedback device is not needed.

Error Correction Table — Example

In this example, the position of the load on a linear axis is measured by a laser
interferometer. The axis travel distance is one meter. The drive software sends an instruction
to move the motor in intervals of 100 mm, so that the motor moves through a range of 10
positions. As the motor moves the load, the laser system measures the distance traveled by
the load, which is compared at each point to the motor encoder position. The difference
between the two values is the error correction value.

To ensure smooth motion, the drive performs linear interpolation between points of error
table. In this example, to move the stage to a point 275 millimeters from the origin, the
controller takes the nearest two data points from the error mapping table (200 and 300
millimeters) and calculates the correction value for the point at 275 millimeters.

Motor Encoder External Measured Correction
Position Position Value

0 0 0

100 99 1

200 202 -2

300 300

400 400

500 500 0

Figure 6-44. Laser Interferometer Measures Distance Traveled
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6.17.3 Error Correction Functionality in CDHD2

The CDHD?2 error correction function can be applied in various types of motion systems:

®  Direct drive linear stages

®  Direct drive rotary stages

® Linear stages driven by servo drive (motor is rotary, the error is linear)

®  Rotary stages driven by servo motor (motor is rotary, the load is rotary)

The error correction function can be used with all the absolute and incremental encoders
that are supported by the CDHD2.

Note Homing is required when using the error correction function in an incremental system.

Note

When the CDHD?2 error correction function is used in a dual control loop system, the
correction is performed on the secondary (load) encoder value.

When CDHD?2 error correction is used in a single control loop system, the correction is
performed on the primary (motor) encoder value.

6.17.4 Error Correction Parameters and Commands

188

The following parameters are used to configure and apply the error correction function.

VarCom Description

ERRCOREN Defines a user request to activate the error correction function.

ERRCORST Indicates the state of the error correction function after a user
request (ERRCOREN 1) has been issued.

ERRCORSTARTPOS  Defines the position corresponding to the first active entry of the
error correction table.

ERRCORACTIVENUM Defines the number of active entries in the error correction table.

ERRCORINTERVAL

ERRCORUNITS

ERRCORSTARTOFF
LMUNITSNUM

LMUNITSDEN
ERRCORRESET

ERRCORSETINDEX
ERRCORFAILINDEX

Up to 1000 entries can be defined (and active) in the error correction
table.

Defines the distance between the positions at which the errors are
measured and added to the correction table. Defined in LOAD units.

Defines the units of the error position data delivered by the error
correction table.

Defines the offset to the first active entry in the error correction table.

The denominator of the motor feedback to load feedback scaling
ratio.

The numerator of the motor feedback to load feedback scaling ratio.

Used to reset all error correction parameters and table entries to their
default values. Reset occurs when ERRCORRESET is set to 1.

Defines a correction value for a specific entry in the correction table.

Indicates the index of the error correction table entry that failed due
to an invalid error size. Error size must not exceed a maximum value
of 1 (degree for rotary units/ millimeters for linear units).
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VarCom Description

PFBRAW The position feedback value, excluding error correction and position
modulo. Used for debugging.

6.17.5 Error Correction Feedback Units

Motor to Load Ratio
When using a direct drive linear (DDL) stage or a direct drive rotary (DDR) stage, the
mechanical ratio of the motor to load is 1:1.

LMUNITSNUM _ 1

LMUNITSDEN ~ 1
° In this case, the value and units of PFB are the same for both the motor and the load.

When using a linear stage driven by a servo drive (motor is rotary, the load is linear),
the mechanical ratio is 1 motor revolution per n millimeters linear movement.

LMUNITSNUM 1
LMUNITSDEN  n

When using a rotary stage driven by a servo motor (motor is rotary, the load is rotary),
the mechanical ratio is 1 motor revolution per n load revolutions.

LMUNITSNUM 1
LMUNITSDEN  n

6.17.6 Error Correction Setup

The following diagram shows an example of the parameters used for error correction

mapping.
Direction of travel for error mapping >
Start Home
Position
-8000 0
L1 | Lt 1 1 1 11 | I I | | L1 1
< [ T 1T T 1 Tl L >
9000 |o e e >
Qverrun Error Correction Table Range

Position

Figure 6-45. Error Correction Mapping — Example

Procedure: Manually Configuring and Generating an Error Correction Table

Using ServoStudio 2 and Any Measuring Device

1. In the ServoStudio 2 Error Correcton screen, enter the settings and values that will
define the range of positions at which the error sampling and correction will be
performed.

m  Start position
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Figure 6-46.
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m  Number of points

CDHD2

m  Interval (distance between sampling points)

m  Correction units (if needed)

m  Load/motor mechanical ratio (if needed)

2. Bring the motor to a position that is at least several millimeters away from the position
that will be the first (start) position measured for the error correction table.

3. Send the motor to the start position, and then to a series of positions, corresponding to
the positions and intervals defined in ServoStudio 2

4. Using the measuring device, perform error correction measurements at each of the
specified positions, and generate a set of error correction values.

5. In the ServoStudio 2 Correction Table, the Index and Position values will be displayed
according to the values entered on the right side of the screen.

Manually enter the Correction values for each position, calculated as follows:

Encoder Value

Measurement Value Correction Values

X1 Y1 Y1 -X1 = ERR1
X2 Y2 Y2 - X2 = ERR2
X3 Y2 Y3 -X3 = ERR3
Error Correction
Correction Table Activate Error Correction
Show all lines Error Correction Status
Disabled ® Axis Homed
Position Corrections
Index {mrm) (mrm)
mm mm Start Position 100 mm m Number of Points 10
1 100 ]
2 200 05 . . .
3 200 02 Interval 00 mm Correction Units 0-mm -
4 400 0.8
5 500 02 See More ™
6 600 05 - )
7 700 0 Index Offset 0 Units Numerator Units Denominator
] 300 -0.2
o |
E
E£b
54
g
52
0
§
)
1 2 3 4 5 6 7 8 9 10

Index

Error Correction Table — Example

6. Save to File (SSV format)

Settings and all indexes in the error correction table are saved to a SSV file.
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Procedure: Configuring Error Correction Table for Use with Renishaw RTL File

Using ServoStudio 2 and Renishaw Laser Interferometer

This procedure is based on a Renishaw XL=80 laser interferometer and exported RTL file,
which is currently the only third-party system supported by the CDHD2 error correction
Notes function.

It is assumed that the Renishaw system has been installed according to the manufacturer’s
instructions, and the user knows how to operate the hardware and software.
CDHD?2 - ServoStudio 2
1. Make sure the CDHD?2 is operating in serial communication mode (COMMODE 0).
Configure the motor and the motor feedback parameters.

If using an incremental system, execute homing (HOMECMD).

A woN

Open the Error Corrections screen.

On the right side of the screen, enter the settings and values that will define the range
of positions at which the error sampling and correction will be performed.

m  Start position

m  Number of points

m  Interval between sampled points
m  Correction units (if needed)

m  Index offset (if needed)

m  Load/motor mechanical ratio (if needed)
Note The CDHD2 and the laser system must have the same physical reference (zero) position.
Laser System

5. Use CARTO Capture — DEFINE tab to configure the error table.

Select Linear Definition.

Figure 6-47.

6. CARTO Capture — DEFINE tab > Targets menu.

a. Define the following settings. Use the same values as in the configuration defined
in ServoStudio 2:

e  First target (first point to be measured)
e Last target (last point to be measured)

e Interval (distance between measured points)
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e Targets per run (total number of points to be measured)

b. Define unidirectional travel: the Bidirectional option must be cleared.

7 CARTO - Capture

Runs Bidirectional

-#— X1-80 Sequence kind Linear

Detached
it First target (mm)  0.000

.." XC-80 Last target (mm)  400.000
Interval (mm) 20000
Targets perrun 21
No. of runs 1
Overrun (mm)

Edit targets

Averaging r Fast

Figure 6-48.

7. CARTO Capture — DEFINE tab > Trigger Parameters menu.

Use Position triggering. This mode automatically captures data by comparing the laser
measurement with the target position, and records the error measurement when the
machine is within the limits given for Tolerance, Stability Period and Stability Range.

§ CARTO - Capture

f

< Device monitor Type | Position

- XL-80

Detached

¥ XC-80

s Tolerance (mm)

Trigger
parameters

Stability peried (s) 2

Stability range (mm) 0.100

Figure 6-49.

8. CARTO Capture - CAPTURE tab
At the bottom of the screen, press Capture.

(The laser resets to 0 when Capture is activated; if it does not reset, use the DATUM
function.)

The laser system will now perform measurement samplings.
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Figure 6-50.
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60.316mm va

CDHD?2 - ServoStudio 2

9.

10.

1.

User Manual

Issue a command to move the axis to an overrun position.

The overrun position should be at least several millimeters from the start capture
position. The overrun position must be defined such that axis movement from the
overrun position towards the sampling range is in the direction of movement defined
for the laser.

Issue a command to move the axis from the overrun position to the first position to be
sampled.

Issue commands to send the axis to the same positions at which the laser system is
programmed to perform measurements.

A script can be used. See example below.

The program must include a DELAY command at every measuring point, with a duration
that is slightly longer than the one defined for the laser trigger. A recommended value
is 5 seconds.

#ClearOutput

#Var $start_position=-10
#Var $stop_position=401
#Var $interval=20

#Var $cmd=0

#Var $Vel=80

#Var $index=1

#Var $Corr

en
#Delay 5000

moveabs -10 60

#Delay 5000

moveabs $start_position $vel
#delay 5000

#while $cmd<$stop_position
moveabs $cmd $Vel

#Delay 5000
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#print pfb pfbraw

#Round $index 0

$corr = errcorsetindex $index
#print $corr

$index = $index + 1
$cmd=$cmd-+S$interval
#End_While

k

Laser System
12. CARTO Capture.
Once all sampling is completed, press the Save button to save the error correction data.
13. CARTO Explore.
Select File Open.

I

Figure 6-51.

14. From the list, select the data file to be used for the error correction, and
press Export Tests (first button) at the bottom of the screen.

Figure 6-52.

CDHD?2 - ServoStudio 2

15. In the Error Corrections screen, press Load from File, and load the data file saved in
CARTO. (*.RTL)

16. The data from the file will now be loaded, and the error correction table will be
imported and displayed.

17. Enable the option: Activate Error Correction.
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18. The yellow line indicates the position for which the error correction value is being
applied.

Ermr Cornection

Correction Table

Show all lines

Index

13

Positian
e
20000
40000
#0000
20000
ined
20000
& 140000
160000
80000
200000
220000
50000
H0000
280000

& &

00
20000
340000
000
350000
20000

HEER S5

Figure 6-53.
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19. Use the SAVE command (Save button in menu bar) to save the error correction table to
the drive’s non-volative memory.

20. Itis recommended that you repeat the measurement process using the laser system,
and confirm that the error has diminished.
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6.18 Gantry System

6.18.1 Gantry System Overview

A gantry system is one in which two parallel axes (Y1 and Y2) are used to control a single
linear axis, which is orthogonal (at a right angle) to the system'’s X-axis.

X-axis

Figure 6-54. Gantry Axes

In many gantry systems, the two parallel linear axes (Y1 and Y2) are controlled independently
of each other, which may result in mutual interference, manifested by vibrations, higher
current consumption, slower acceleration and speed, and reduced accuracy.

The CDHD?2 gantry system synchronizes the two Y axes through two CDHD2 drives working
in tandem and using high-speed communication to generate and control movement along
the Y axis.

Each of the two Y axes can be driven by either a linear or a rotary motor.

The two Y-axes must have the same type of feedback device with the same resolution.

6.18.2 Gantry Types

The CDHD?2 gantry system supports two types of gantry structures: rigid and flexible. The
different types indicate the orthogonality of the gantry axes and the amount of flexibility in
the coupling of the axes.

The gantry type parameter (GANTRYTYPE) must be defined to ensure proper homing, and to
properly compensate for skewing.

Rigid Gantry System

In a rigid gantry structure, the Y and X axes are strictly orthogonal (at right angles to each
other) without flexibility in their mechanical coupling to each other.

When one Y axis moves, the other Y axis follows without causing any skewing of the axes.
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Figure 6-55. Rigid Gantry Structure

Flexible Gantry System

Application Setup

In a flexible gantry structure, one or both of the Y axes has some flexibility in its mechanical
coupling to the X axis.

The differential motion of the two Y axes causes a certain amount of rotational motion about
the center of the gantry. This rotational motion (yaw) is considered the difference axis by the

CDHD2 system.

Therefore, flexible gantry systems requires control of the difference between Y1 and Y2 axis

positions.

Y1

Figure 6-56. Flexible Gantry Structure

Y2

Flexible Gantry Yaw Alignment

In a rigid gantry system, the yaw value is 0 and the X and Y axes are aligned orthogonally.

Therefore, no yaw alignment is needed.

However, in a flexible gantry system, skewing occurs. The parameter GANTRYOFFSET is used

to align the yaw.

The value of GANTRYOFFSET is the difference (in distance) between the Y1 and Y2 reference

points. Typically, the reference point is the motor index or home switch.
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Y1 Y2 v Y2

Alignment e ,

-

z1 Ll !

OFFSET

- -] - j—

Figure 6-57. Gantry Yaw Alignment

6.18.3
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If the motor manufacturer specifications provide the motor index position of Y1 and Y2, then
the value of GANTRYOFFSET can be easily calculated as the difference between index
position of Y1 and index position of Y2.

If the value of GANTRYOFFSET is not known, one of the following methods can be used to
determine its value:

®  Manual measurement using a measurement device (laser interferometer, for example)
of the offset distance. This is considered the most accurate method, and is
recommended.

® Automatic measurement using the parameter GANTRYFINDOFF. The status of the
measurement can be monitored using command GANTRYFINDOFFST, whose value
changes to 1 when the measurement is completed. Parameter GANTRYOFFSET indicates
the value of measurement. Perform this measurement procedure several times to
ensure its accuracy. To apply and maintain the GANTRYOFFSET value, set
GANTRYOFFSETST=1.

When completed, save the result to the drive memory.

GANTRYOFFSET needs to be defined only once for a system. Subsequently, the homing
command will use the correct GANTRYOFFSET value. In addition, at every power up, and
when switching from disabled to enabled state, the flexible gantry system will align
according to the GANTRYOFFSET value.

Gantry Control Modes

Control of the CDHD2 gantry system is performed by two drives that are paired together by
means of communication cable. These drives are called “partner” drives.

The drive for axis Y1 is the Master drive. The gantry Master drive receives a position
command from the motion controller and performs a position loop on a virtual Y-axis that is
calculated as the average of Y1 and Y2.

The drive for axis Y2 is the Difference drive. The gantry Difference drive handles the error
between the two axes (Y1 and Y2).

In a rigid gantry system, its function is to keep the error between Y1 and Y2 as close as
possible to 0.
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While it is possible to set the error to a non-zero value (to be defined by the controller),
gantry applications typically aim for an error of 0 between the Y1 and Y2 axes.

Y1
Position + HD Loop +7 O\ Current
Command Controller

Position Feedback

(Y14Y2)/2
* Y2
o+ +/ 0\ HD Loo N Current
\/ P +\/ Controller

Position Feedback
(Y1-Y2)

Figure 6-58. Gantry Control Module

Master and Difference controllers are both available for rigid and flexible types of gantry.

Note However, for a rigid gantry, the Difference controller it is not recommended, and the gain

6.18.4

6.18.5

parameters of the Difference controller should be set to 0.

In a flexible gantry system using fieldbus, the motion controller can send non-zero reference
commands to the gantry difference axis.

The parameter GANTRYCMDTYPE defines whether the difference command is accepted or
ignored (fixed to 0).

Gantry Operation Modes

The CDHD?2 gantry drive functions only in a position operation mode.

When COMMODE=0 (serial communication; without fieldbus), operation modes can be
either Gearing mode (OPMODE 4) or Serial Positioning mode (OPMODE 8)

When COMMODE=1 (EtherCAT/CANopen communication; with fieldbus), operation modes
can be Profile Position (opmode 1), Cyclic Synchronous Position (opmode 8), Homing
(opmode 6).

Reference commands can be generated by EtherCAT/CANopen, pulse train, or serial
communication devices.

Gantry Parameters and Commands

The following parameters are used to configure and monitor gantry applications.

Some parameters are applicable to both Master and Difference axes, while others are
applicable to only one of the gantry axes. For complete details, refer to the VarCom
documentation.
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VarCom Description

GANTRYMODE Defines whether the position loop is applied to the average value
or the difference in value of the two gantry motor positions

GANTRYCMDTYPE Defines how a gantry drive responds to reference commands.
Defines which position feedback value the drive will report through
EtherCAT/CANopen objects and encoder simulation.

GANTRYALIGNMODE  Defines the alignment method for a flexible gantry system

GANTRYTYPE Defines whether the gantry structure is rigid or flexible

GANTRYCOMMSTATE  Indicates whether the gantry drives are communicating

GANTRYINTERFACE

GANTRYMSTRPFB
GANTRYDIFFPFB
GANTRYMSTRVFB
GANTRYDIFFVFB

GANTRYMSTRICMD

GANTRYDIFFICMD

GANTRYALIGN
GANTRYALIGNED
GANTRYFINDOFF

GANTRYFINDOFFST
GANTRYOFFSET

GANTRYOFFSETST

GANTRYPRTNRMFB
GANTRYPRTNRICMD

GANTRYPRTNRVFB

Defines the controller interface used for connecting the
communication cable between gantry drives.

Gantry master position feedback value = (Y1+Y2)/2 (Read only)
Gantry difference position feedback value = (Y1-Y2) (Read only)
Gantry master velocity feedback value = (V1+V2)/2 (Read only)
Gantry difference velocity feedback value = (V1-V2) (Read only)

The current command generated by the gantry master controller.
(Read only)

The current command generated by the gantry difference
controller. (Read only)

Initiates the procedure for aligning the gantry Y axes.
Indicates whether the gantry Y axes are aligned. Read only)

Initiates the procedure for finding the value of the difference (in
distance) between the Y1 and Y2 reference points.

Indicates the status of the gantry offset finding procedure.

The difference in distance between the Y1 and Y2 reference points.
Value required for flexible gantry system.

Indicates whether the stored GANTRYOFFSET value is valid and can
be used for alignment procedure

The position of the second (partner) gantry motor. (Read only)

The current command of the second (partner) gantry axis. (Read
only)

The velocity of the second (partner) gantry motor. (Read only)

6.18.6 Gantry Setup
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To set up the CDHD2 gantry system, perform the following steps:

1.

If the gantry system contains limit switches, make sure they are installed as follows:

m  Positive limit switches on Y1 and Y2 must be parallel, with no more than 5 mm
difference in their alignment.

m  Negative limit switches on Y1 and Y2 must be parallel, with no more than 5 mm
difference in their alignment.
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2. Connect the motor of the first gantry axis to the first drive, and the second motor to the
second gantry drive.
Make sure each pair of power and feedback cables are connected to the appropriate
drive.

Y1 ¥ Y2

Daisy Chain

Feedback cable
Power cable

Data cable

Figure 6-59. Gantry Wiring and Communication

3. Connect the gantry drives to each other via both C3 and C8 interface.
The C3 connection is required for fast communication between the axes’ drives.
The C8 daisy chain cabling is required for parameter configuration and tuning.

4. Define an address for each drive. Use the HMI panel (MV models) or the rotary switch
(LV models). Refer to the section Drive Addressing. Power cycle the drive after setting
the address.

Set up and test each axis independently:

The ServoStudio 2 Motor Setup wizard cannot be used to configure the motors for the two
gantry Y-axes.

Note
5.  First gantry axis:

a. Configure the motor and feedback device parameters according to the
manufacturer’s specifications. Use the ServoStudio 2 Motor screen.

b. Check the current control loop of the first axis.
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Open the ServoStudio 2 Motor screen. Select Serial Current operation mode.
Select parameters 1Q (current Q axis) and ICMD (current command) for recording.
Enter a Current Command value. Start the recording.

If motor parameters ML (motor inductance) and MR (motor resistance) are set
correctly, the test result should be should be fine.

If acoustical noise occurs, increase the value of KCD (dead time compensation
minimal level) from 1 up to 10 to improve performance.

c. Test the motor movement.
Make sure the drive for the second gantry motor is disabled.
Open the ServoStudio 2 Operation Mode. Select Serial Current operation mode.

Enter a Current Command value that is less than 10% of MICONT (motor
continuous current).

While the motor moves, watch the changing values in the ServoStudio 2 status bar.
Make sure that a positive value generates a positive velocity.

If not, set MFBDIR to inverse the motor feedback direction, and adjust MPHASE
using the ZERO command.

6. Second gantry axis: Repeat step 5.
7. Test the two gantry axes together.
a. Open the ServoStudio 2 Gantry screen.

b. In the Configuration tab: set the drive ID for the Master Axis and the Difference
Axis.

c.  With both drives disabled, manually move the gantry stage, and watch the Position
and Speed values in the ServoStudio 2 for both the Master and the Difference axis.

Make sure Position value increments in the same direction for both axes.
Make sure the Speed value also reflects the same direction for both axes.
If directions do not match, modify DIR for one of the axes.

d. In the Configuration tab: Define Gantry Type as Rigid or Flexible.

8.  Perform homing of the gantry system. Refer to the section Homing a Gantry System.
If using a flexible system, you must first set a value for GANTRYOFFSET.

9. Perform tuning of the gantry Master and Difference controllers.
Refer to the section Gantry Tuning.
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Homing

The CDHD?2 provides numerous methods for homing the motor.

The parameter HOMETYPE defines when direction of motion is reversed during homing, the
homing trigger (e.g., switch, index), and other conditions.

Homing types 1-14, 17-30, and 33-35 are standard homing methods, as defined in CiA 402.
Additional homing types have been defined per customer requests.
Use the ServoStudio 2 Homing screen for defining and executing the homing procedure.

The following parameters are used to define and execute the homing procedure.

VarCom Description

AUTOHOME Defines whether automatic homing will be performed at power up.
HOMEACC The value of acceleration and deceleration during the homing process.
HOMECMD Starts the homing process.

HOMECMD 0 Stops the homing process.

HOMEOFFSET Sets an offset, in counts, for the Home position.

HOMESPEED1 The initial velocity used in the homing process during the search for
limit switches, home switches, and hard stops.

HOMESPEED2 The velocity used in the homing process during the search for the
homing trigger, which may be an index pulse, a limit switch transition,
a home switch transition, or another source (as defined by HOMETYPE).

HOMESTATE Displays the current state of system homing.
HOMETYPE Defines the type of homing process that will be performed.

Home at Index with Motor Resolver

Homing on index pulse can be used with resolver motor feedback.
Homing methods: HOMETYPE 1-14, 33, 34, -8, -12, -33, -34, -40, -44, -65, -66, -97, -98).

The location of the resolver index pulse is where the motor mechanical angle (MECHANGLE)
is 0.

To achieve greater accuracy of the homing procedure (i.e,, minimum PFB counts from
MECHANGLE 0), reduce the value of HOMESPEED?2.

Home at Index with Single/Multi-Turn Encoders

Homing on the index pulse can also be used with absolute multi-turn and absolute single-
turn feedback devices. The location of the index pulse for the purpose of homing is the zero
position of the single-turn data.

Homing methods: HOMETYPE 1-14, 33, 34, -9, -10, -13, -14, -34, -65, -66, -97, -98

In these methods, HOMESPEED1 is used until a limit switch, home switch, or hard stop is
detected.
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Once the appropriate sequence of events has occurred (such as direction reversal at limit
switch), the axis is moved at HOMESPEED? to detect the index pulse(or its equivalent on
absolute encoders).

6.19.3 Home at Positive Edge of Home Switch

Homing methods: HOMETYPE 24, 28

In some instances, the positive edge is reached at HOMESPEED1, which may be too fast,
resulting in a less accurate home location.

To improve the homing accuracy for methods 24 and 28, it is recommended to instead use
homing methods -24 and -28. These methods include a reversal of movement at
HOMESPEED?2 until the required event occurs.

6.19.4 Homing a Gantry System
The homing command (HOMECMD) must be sent to the CDHD2 gantry Master drive, which
initiates and controls homing for both gantry motors.

In an EtherCAT/CANopen system, each drive must be set to the Homing operation mode
(OPMODE 6), and then wait to receive the home command from the motion controller.
Homing will be performed first by the gantry Master drive, which will then initiate homing on
the gantry Difference drive.

Refer to the sections Gantry Setup and Gantry Tuning.

Homing a Rigid Gantry System
In a rigid CDHD2 gantry system, homing requirements and methods are as follows:
®  Any standard homing method (HOMETYPE) can be used.

® HOMETYPE is defined for the Y1 (master) motor, and is applied to the entire gantry
system. HOMETYPE of Y2 (difference) must be set to HOMETYPE=35 (which has no
effect on the axis).

® The homing reference (index pulse, home switch, limit switch) is considered only for the
Y1 motor; the homing reference for the Y2 motor is ignored.

® |f the homing type relies on a limit switch to reverse direction during the home search,
the first limit switch detected, either on Y1 or Y2, will cause the direction to change.

® |f the homing type relies on a hard stop to change direction during the home search,
the first hard stop detected, on either Y1 or Y2, will cause the direction to change.

Homing a Flexible Gantry System
In a flexible CDHD2 gantry system, the homing requirements and method are as follows:
® The two gantry motors must each have either an index or a home switch.
® The same homing type is applied to both Y axes, and can be any one of the following:

n HOMETYPE 1, 2 (homing on limit switch and index pulse)
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[ ] HOMETYPE 23, 24, 25, 26, 27, 28, 29 or 30 (homing on limit switch and home
switch)

m  HOMETYPE -33, -34 (homing on index pulse after hard stop)
m  HOMETYPE -56, -60 (homing on home switch after hard stop)

When a homing command is issued to the gantry Master, the following occurs:

1.

User Manual

Both axes perform a preliminary, rough alignment. They are closely but not perfectly
aligned with each other.

Both axes start to move simultaneously toward a limit switch or a hard stop.

Both axes simultaneously reverse direction and search for the home reference of
axis Y1. The axes move until the opposite limit switch/hard stop (on either axis Y1 or Y2)
is reached.

The axes simultaneously reverse direction, and search for the home reference of axis Y2.

Finally, to align the two axes orthogonally, the homing process moves the Difference
axis by the value of GANTRYOFFSET. The gantry is system is homed.
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7 Operation

7.1  Drive Enable
A Caution! Enabling the drive might cause the motor to move.

Three conditions are required for enabling the CDHD?2 drive:
e No faults.

®  Software Enable switch must be ON (SWEN=1)

® Remote Enable switch must be ON (REMOTE=1)

Use the ServoStudio 2 Enable & Faults screen to view and control the conditions required for
enabling the drive.

The following elements provide visual indications of the drive’s enabled or disabled status:

® The Enable|Disable button in the ServoStudio 2 toolbar indicates the state of the drive.

(') Disabled § (® Enabled

If lit, the drive is enabled (active). Power is being applied to the motor.

If not lit, the drive is disabled.

® Decimal point 1 on the drive’s digital display indicates the drive’s Enable/Disable state.

‘—
— ‘- o

If the point is lit when the operation mode is displayed, the drive is enabled, as shown
in the example here.

If not lit, the drive is disabled.

7.2 Drive Operation Modes
The CDHD2 can perform in various operation modes. Each operation mode has a primary
control loop (current/torque, velocity or position) and a particular type of command input.
When using VarCom instructions, the operation modes are set by the value of OPMODE:
0 = Velocity control, using serial commands
1 = Velocity control, using analog input

= Current control, using serial commands

Current control, using analog input

2
3
4 = Position control, using pulse/gearing input
8 = Position control, using serial commands
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7.3

7.3.1

7.3.2

7.3.3

Note

Operation

When using CANopen or CANopen over EtherCAT (CoE) communication, the operation
modes are set by object 6060h, and reported by object 6061h.

1 = Profile Position

3 = Profile Velocity

4 = Profile Torque

6 = Homing

7 = Interpolated Position

8 = Cyclic Synchronous Position
9 = Cyclic Synchronous Velocity
10 = Cyclic Synchronous Torque

For details, refer to the CDHD2 EtherCAT and CANopen manual.

Current Operation

Serial Current Operation
In Serial Current mode (OPMODE 2), only the current loop is active, and the drive responds
to instructions received via the USB or RS232 ports.

Other than tuning the current loop, no drive variables need to be set in order to operate the
drive in this mode.

In the ServoStudio 2 Motion screen, select Operation Mode — Serial Current to modify and
test parameters.

Analog Current Operation

When operating in Analog Current mode (OPMODE 3), only the current loop is active, and
the drive responds to analog commands from the primary analog input, connected at pins 8
and 26 of the Controller I/F (C2).

In the ServoStudio 2 Motion screen, select Operation Mode — Analog Current to modify and
test parameters.

Current Control

There is no need to manipulate values in the Current Loop screen, unless instructed to do
so by Technical Support.

Current control loop tuning is derived from the motor properties and the bus voltage. The
ServoStudio 2 Motor Setup wizard tunes the current control loop.
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7.4

7.4.1

7.4.2

7.4.3

CDHD2

Velocity Operation

Serial Velocity Operation

In serial velocity mode (OPMODE 0), the drive's current and velocity loops are active, and the
drive responds to instructions received via the USB or RS232 ports. The commanded velocity
is subject to programmable acceleration and deceleration limits.

In the ServoStudio 2 Motion screen, select Operation Mode — Serial Velocity to modify and
test parameters.

Analog Velocity Operation

When operating in Analog Velocity mode (OPMODE 1), the drive's current and velocity loops
are active, and the drive responds to analog commands from the primary analog input,
connected at pins 8 and 26 of the Controller interface (C2).

The commanded velocity is subject to a limit on the acceleration, defined by the variable
ACC.

Velocity Control

Refer to VarCom VELCONTROLMODE.

® Pl controller (uses KVP and KVI)

° PDFF controller(uses KVP, KVI, KVFR)

® Standard pole placement controller (uses MJ, MKT, BW, LMJR, TF)
® HD velocity loop with integrator (uses KNLD, KNLP)

HD Velocity Control with Integrator (Recommended)

208

Refer to VarCom VELCONTROLMODE 7.

Before using the HD velocity controller, first execute the ServoStudio 2 Autotuning wizard,
and then manually adjust the tuning, if necessary.

You can then proceed to use the HD velocity controller.

VELCONTROLMODE 7 provides the advantages of the HD nonlinear controller for velocity
control.
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Velocity Loop
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Figure 7-1.

Position Feedback

Velocity Control Loop — HD Velocity Control with Integrator

Proportional and Integral (Pl) Controller

Refer to VarCom VELCONTROLMODE 0.

The following figure shows a Pl controller.

Velocity Loop

Velocity Controller Method

Velocity
Command
IN

0 -Pl Controller v

|

Acceleration Limit

40000.000 | rpm/s

Integral Gain
>3 )—»
Deceleration Limit N 0.000

40000.000

rpm/s

Figure 7-2.

Cutput Filter

2 -Two low pass filter +

Proportional Gain Parameter 1

»
0010 1000 Hz

Alrps

Parameter 2

2000 Hz

Input Filter

1 -First order filter

Velocity Control Loop - PI Controller

Current Feedforward

— 3y ) —>
Current

Command

out

Velocity
Feedback

The PI controller is a unity feedback system with no pre-filter. The proportional gain (KVP)
stabilizes the system. The integral gain (KVI) compensates for the steady state error.

The controller parameters KVP and KVI and KVFR are tuned by trial and error.
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Pseudo Derivative Feedback and Feedforward (PDFF) Controller
Refer to VarCom VELCONTROLMODE 1.

The following figure shows a PDFF controller. Like the Pl controller, it has an integral gain
(KVI) and a proportional gain (KVP), with the addition of a feedforward, KVFR.

Velocity Loop

Velocity Controller Method 1 -PDFF Controller

Current Feedforward

Velocity
Command

IN

l Feedforward Ratic
0.000 Output Filter

Acceleration Limit 2 -Two low pass filter >
40000.000  rpmis
Integral Gain Proportienal Gain Parameter 1 SN
z — (i) —>
imi t1)» Py ) > | 1000 He &y
Deceleration Limit - 0.000 Hz - 0.010 Afrps - ¢
Curren
PP— Command
40000.000  rpm/s Parameter 2 ouTt
2000 Hz
Input Filter
y N <
1 -First order filter = Velocity
Feedback

Figure 7-3.  Velocity Control Loop — PDFF Controller

When an application requires maximum responsiveness, less integral gain is required, and
KVFR can be set to a higher value. When an application requires maximum low-frequency
stiffness, KVFR is set to a lower value, which allows much higher integral gain without
inducing overshoot. This will also cause the system to be slower in responding to the
command. A mid-range KVFR value is usually suitable for motion control applications.

PDFF is a generalized controller. The controller parameters KVP, KVI and KVFR are tuned by
trial and error.

Standard Pole Placement (PP) Controller
Refer to VarCom VELCONTROLMODE 2.

For PP controller tuning, only two parameters are needed: load inertia ratio (LMJR) and
closed-loop system bandwidth (BW).

210 User Manual



CDHD2

Figure 7-4.

Operation
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Velocity Control Loop — Standard PP Controller

For the controller design, it is not necessary to know the load inertia. The parameter can be
easily tuned, as described in the following procedure.

Use the following procedure to manually tune the PP Velocity Controller.

Procedure:

Manual Tuning of the PP Velocity Controller

Manual tuning includes the initial steps of load inertia estimation, and the subsequent steps
to design the optimum controller.

In ServoStudio 2, go to the Terminal screen or a Terminal tab, and execute the steps using
standard ASCII protocol.

Alternately, use the ServoStudio 2 Scope screen to execute and record motion, and evaluate
and adjust the parameters.

1.

A W

User Manual

Set the operation mode to serial velocity: OPMODE 0.
Set the velocity compensator to standard pole-placement: VELCONTROMODE 2.
Enable the drive: EN.

Set the desired bandwidth. It is recommended to begin with a low value (10 Hz), and
gradually increase it.

Set the load inertia ratio to zero: LMJR 0.
The load inertia value LMJR is expressed as a percentage of the rotor inertia.

The range for LMJR is O to 10,000. It represents a range of load: rotor inertia ratios
ranging from 0:1 to 100:1. For example, to set a 10:1 ratio between the load inertia and
the motor inertia, use the command LMJR 1000. At this point the step response should
have the maximum overshoot, but the control loop should be stable (low gains).

Activate the recording mechanism to record the velocity command, the current
command, and the actual (feedback) velocity:
RECORD 1 1024 “VCMD ICMD V

Jog the motor at a constant low speed: J [value1]
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For example, start with the command J 150
8. Activate the recording trigger: RECTRIG VCMD [value2] 20 1.

value2 should be greater than value1 in the previous step; for example: RECTRIG VCMD
200 20 1.

9. Jog the motor at a value higher than specified in the RECTRIG command. This is actually
the step command. The higher the step, the better the results. The step should not be
less than 300 (rpm). For example: J 500.

10. The recording takes about half a second. After this period, reduce the motor speed.
1. Verify that the recording process is terminated: RECDONE

12. Display the recorded data by dumping to the serial port: GET

13.  Analyze the results.

If the current command is saturated (gets absolute values of ILIM) during the process,
reduce the step or reduce the bandwidth, and return to Step 6.

14. Inspect the feedback velocity:

m  If there is an undershoot or oscillations, reduce LMJR to the mean value of the
present LMJR and the last LMJR which had an overshoot, and return to step 6.

m  If there is an overshoot, increase LMJR by 100, and return to Step 6.

m  Repeat the process until the overshoot is reduced to a minimum
(The estimated load inertia may be queried by LMJR))

7.5 Position Operation

7.5.1 Serial Position Operation

The CDHD?2 has a dedicated mode of operation (OPMODE 8) for simple positioning
applications over the serial port. Serial commands are transmitted from a host computer
through the serial port. The command specifies the target position and the cruise velocity,
while additional motion profile information (such as acceleration, deceleration and profile
type) is set up using explicit variables.

In the ServoStudio 2 Motion screen, select Operation Mode — Serial Position to modify and
test parameters.

VarCom Description

ACC Defines the acceleration.

DEC Defines the deceleration.

PE Position error (also called following error). PE is the absolute calculated
difference between the values of PCMD and PFB. Read only.

PCMD The position reference command. Read only.

PFB The actual position according to the motor feedback. Read only.
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Incremental (Relative) Motion

Incremental, or relative, motion moves the motor relative to the current position. Relative
motion is always in reference to the current position of the load (and motor shaft), and is
useful in indexing applications, such as cut-to-length feeders and rotary tables.

The reference point is the parameter PFB, which is the actual position according to the motor
feedback.

Movement can be in either direction, depending on the sign of the position value. For
example, if the target position is one revolution, the motor will turn one revolution from the
starting point.

VarCom Description

MOVEINC Command to execute an incremental position movement according to the
acceleration settings in effect.

The value of PFB can be modified, or offset, using the parameter PFBOFFSET. This is useful for
manual homing, or simply for testing incremental motion.
Procedure: Setting the Current Position to 0
1. Disable the drive. (PFBOFFSET can be set only when the drive is disabled.)
2. Set PFBOFFSET to O (zero).
3. Read PFB
4. Set PFBOFFSET to the negative value of PFB

When using counts as the position units, PFBOFFSET can be set to an integer value only, even
though the actual position, PFB, is displayed as a real number, with fractions of a count (as a
result of internal interpolation being executed on the encoder signal).

Absolute Motion
Absolute motion is always relative to an absolute reference point.

The reference point is the point at which PFB=0.

VarCom Description

MOVEABS Command to execute an absolute position movement according to the
acceleration settings in effect.

End of Motion

The following parameters are used to define and indicate the state of the motor at the end of

motion.

VarCom Description

PEMAX The maximum position error allowed without producing a fault, in counts.
PEINPOS The window of tolerance for declaring an “in position” state.

The motor is considered to be in position when the value of PE (position
error) is less than the value of PEINPOS (position-error tolerance).

The motor is considered settled when PE (position error) has remained
below PEINPOS for the time defined by PEINPOSTIME.
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VarCom Description

INPOS Indicates Motor In Position state. Read only.

When the motor is in position, INPOS=1, regardless of the state of the
motion profile.

As long as the motor is not in position, INPOS=0.

STOPPED Indicates Motor Settled state. Read only.
STOPPED=-1. Motion was interrupted.
STOPPED=0. Motion profile in progress.
STOPPED=1. Profile completed.
STOPPED=2. Profile completed and INPOS=1.

7.5.2 Position Control

The CDHD?2 has two position control loop options — HD (nonlinear) and linear.

HD (Nonlinear) Position Controller

The HD position controller is a proprietary algorithm that is designed to minimize position
error during motion and to minimize settling time at the end of motion. This is the
recommended controller. Refer to Tuning.

Position Loop

Pasition Contraller Method 5 - HD Controller

Anti-Vib 2 Anti-Vib 3
Show Show

Integral

—»
10.000 Hz
Derivative Integral

—r

Position Position = e 0000 Hz v Current
5 = =
Command — Error 1 Hohatts s Current Filter Command
»-3 ) > ) > —h { |—————» |
E g 0.500 E-’ Show
'y Fy Proportional 4+ 4

—»

30.000 Hz
Flexibility
Compensaticn
Show L

Deerivative

—
80.000 Hz

-
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Figure 7-5.  Position Control Loop — HD Controller
Linear Position Controller

The Linear position controller is a PID controller with feedforward, and with the option to
limit the integral saturation (anti-windup).
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Figure 7-6.

7.6
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Position Control Loop — Linear

Gearing/Pulse Train Operation

In Gearing/Pulse Train operation mode, the drive’s current, velocity and position loops are
active, and the drive drive is synchronized to a master input command signal in the form of a
pulse train. The CDHD2 can be configured to read this input signal as an encoder follower, an
up/down counter, or a pulse/direction counter.

In the ServoStudio 2 Motion screen, select Operation Mode — Gearing/Pulse Train to modify
and monitor parameters.

The various methods of gearing are defined by the parameter GEARMODE.

VarCom

Description

GEARMODE 0

GEARMODE 1

GEARMODE 2

GEARMODE 3

GEARMODE 4

Encoder following, signaling through the Controller interface (C2).
Signals are received on the Controller interface at

pins 28 and 11 (Quadrature A), and pins 9 and 27 (Quadrature B).
Pulse and Direction, signaling through the Controller interface (C2).
Signals are received on the Controller interface at

pins 28 and 11 (Pulse), and pins 9 and 27 (Direction).

CW/CCW (Up/Down) signaling through the Controller interface (C2).
Signals are received on the Controller interface at

pins 28 and 11 (CW) and pins 9 and 27 (CCW).

Encoder following (secondary encoder), signaling through the Machine
interface (C3).

Signals are received on the Machine interface at

pins 1 and 11 (Quadrature A) and pins 2 an 12 (Quadrature B).

Pulse and direction (secondary encoder), signaling through the Machine
interface (C3).

Signals are received on the Machine interface at

pins 1 and 11 (Pulse), and pins 2 and 12 (Direction).
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Notes

CDHD2

GEARMODE 0:

The Controller interface (C2) cannot supply voltage to the handwheel or the machine
master encoder. Only the Machine interface (C3) can supply this voltage.

GEARMODEQO, 1, 2:

If inputs 5 and 6 are set, respectively, to INMODE 17 and 18, signals are received instead
from fast inputs 5 and 6 on the Controller interface (C2) at pins 32 and 15.

Regardless of the gearing mode used, the input signal is subject to gearing calculations that
allow you to set the ratio of input pulses to encoder counts. Gearing sets up a relationship
between the number of input pulses (HWPEXT counts) and the position increments of the
motor shaft. The rate at which position increments of the motor shaft (motor speed) occur is
determined by the gearing relationship and the line frequency of the pulse train. The gearing
relationship is as follows:

GEARIN 1

GEAROUT % XENCRES

In addition to tuning the current, velocity and position loops, the following are some of the
parameters used to configure and monitor the gearing.

VarCom Description
GEAR Activates the gearing function.
GEARIN Numerator of the gearing ratio.
The sign of the GEARIN value determines the direction of rotation.
GEAROUT Denominator of the gearing ratio.
XENCRES Resolution of the external pulse source.
HWPEXT The position measured by an external feedback device.

7.6.1 Pulse and Direction

In Pulse and Direction position control, the drive is synchronized to a master input command

signal in the form of a pulse train.
Servo Drive

Pulse and

Direction PCMD ICMD

Position Position Current

Command Command + PE Command o
HD Control Current Load

PLC > % a{?—» o ( Lrrent O-—QUP=
rl—] Gear Block Feedback

PFB

Figure 7-7.  Pulse and Direction Position Control
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The drive accepts an input pulse train in which the rising edge of each pulse increments (or
decrements, depending on the direction) the external input position counter (HWPEXT) of
the drive by one position count. This counter value is passed through a gearing block and
becomes the position command for the motor.
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The position command is compared to the motor position (PFB) to determine the position
error (PE). The drive corrects the position error by incrementing the motor to the
commanded position.

In Pulse and Direction mode, if the absolute value of GEARIN is equal to GEAROUT, and if
XENCRES is equal to 4xMENCRES (that is, the motor encoder resolution after quadrature),
then one pulse on the input is equivalent to one count of the motor feedback.

For example, assume that the motor encoder has a resolution of 2500 lines per revolution.
Setting GEARIN=1, GEAROUT=1 and XENCRES=10000 will result in the motor making one
revolution for every 10000 pulses (assuming the direction is fixed during this time).

Note The drive's homing capabilities remain available in this configuration.

Pulse and Direction Operation

For Pulse and Direction operation, the Pulse signal must be defined on digital input 5
(INMODE 5 17) and the Direction signal must be defined on digital input 6 INMODE 6 18).

Operation Mode Q

Operation Mode Gearing/Pulse Train -
External Input Fatio Pasition Command
-16 counts P| Actiate ° W] et 2 * 11 > -1702640.000 counts
Pulse Train | Ratio Filters
Pulse Train Source Pulse Train Type

h

2 D €2 - Controller I/F RS422 @® 4
Dir
Clockwise Counterclockwise
4

L
I i
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:.L,",f
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=i

= i) fawme
3_;::' -
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-
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Encoder Follower

) €3 - Machine I/F R§422

8

Figure 7-8.  Settings for Pulse & Direction Commands Using Opto-Isolated Inputs

Step 1 — Setup and Tuning

1. Run the ServoStudio 2 Motor Setup Wizard, and make sure motor setup is successfully
completed.

2.  Run the ServoStudio 2 Autotuning Wizard, and make sure autotuning is successfully
completed.
Step 2 - Select Pulse and Direction

1. In ServoStudio 2, go to the Operation Mode screen, and select Operation Mode-
Gearing/Pulse Train (OPMODE 4)

2. In the Pulse Train tab, select the Pulse Train Source and Pulse Train Type:
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m  [f using Differential:
Select the option Controller I/F RS422 and Pulse & Direction (P&D).

m  If using Opto-Isolated:
Select the option Controller I/F Opto-Isolated and Pulse & Direction (P&D).
This automatically sets the definitions for digital inputs 5 and 6.

Step 3 - Digital Inputs 5 and 6 Settings (Opto-Isolated inputs only)

1.
2.
3.

Figure 7-9.

Go to Drive Configuration > Digital IOs screen.
Make sure digital input 5 is set to 17-Pulse signal.

Make sure digital input 6 is set to 18-Direction signal.

nput 5 17 -Pulse Signal -

nput & 18 -Direction Signa -

Digital Inputs for Pulse and Direction Signals

Step 4 - Set Pulse and Direction Parameters

Operation Mode Gearing/Pulse Train -

External Input Ratio Pasition Command

-16

Figure 7-10.
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counts P| Activate 2 P | Filter $ > 11 > -1702640.000 counts

Pulse and Direction Operation Parameters

Make sure Gearing mode is enabled (GEAR=1).
In the Ratio tab, set the Input Resolution and Gearing Ratio.

The relationship between the number of incoming pulses and the motor shaft
movement is determined by the external encoder resolution (HWPEXT), and the gearing
ratio (GEARIN/GEAROUT).

For example: A PLC controller is programmed to provide 1024 line pulses as an input
command to a CDHD2 system in order to make the motor rotate two revolutions. The
settings are therefore:

External Encoder Resolution = 1024
Gear Ratio Multiplier = 2
Gear Ratio Divider = 1

In the Filters tab, set adjust the values of the gearing filters and command smoothing
filters, as needed.

Command Smoothing Filter

m  Smoothing Filter MOVESMOOTHMODE. Select option to activate the filter.
m  Stiff/Soft (MOVESMOOTHAVG). Drag slider to adjust value.

Gear Command Smoothing Filter

m  Gear Noise Filter (GEARFILTMODE). Select option to activate the filter.

m  Stiff/Soft (GEARFILTDEPTH). Drag slider to adjust value.
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7.6.2

7.6.3

Operation

CW/CCW (Up/Down) Counting

In CW/CCW (or Up/Down) system, pulses on one signal increment the motor position while
pulses on the other signal decrement the motor position. The signals must be connected to
the Controller interface (C2).

When the pulse signal is applied to the A channel, the external position counter (PEXT)
increments and rotates the motor in a positive direction.

The pulse signal applied to the B channel decrements the external position counter (PEXT)
and rotates the motor in a negative direction.

The line frequency and the gearing relationship determine the speed and amount of the
shaft movement.

® Set GEARMODE to 2 to indicate to the drive that the signals are received on the Pulse
and Direction inputs on the Controller interface (C2).

Encoder Follower (Master/Slave)

In Encoder Follower mode, the drive follows a quadrature encoder signal generated by a
master device. The direction of motion is governed by the phase of the quadrature signals
(A-lead-B or B-lead-A).

The master device can be, for example, a handwheel, a machine master encoder that is
connected to the main camshaft, or the equivalent encoder output of another servo drive.

If the master device is a handwheel or a master encoder, then setting XENCRES equal to the
resolution of the encoder (before quadrature) and setting the gear ratio to 1 will result in the
motor making one revolution for each revolution on the input.

As an example, assume the handwheel resolution is 120 lines per revolution (that is, 480
counts after quadrature). Setting GEARIN=1, GEAROUT=1 and XENCRES=120 will result in
one motor revolution for each turn of the handwheel.

The quadrature signals can be connected to either the Controller interface (C2) or to the
Machine interface (C3). The GEARMODE parameter indicates to the drive where the signals
are connected to.

® Set GEARMODE to 0 to indicate to the drive that the signals are received on the Pulse
and Direction inputs on the Controller interface (C2).
Note that the Controller interface (C2) cannot supply voltage to the handwheel or the
machine master encoder.

® Set GEARMODE to 3 to indicate to the drive that the signals are received on the
Secondary Encoder inputs on the Machine interface (C3).
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8 Tuning

8.1 CDHD2 HD Controller

The CDHD?2 has two user-selectable position control loops — linear and HD (nonlinear).

The HD control loop is a proprietary algorithm that is designed to minimize position error
during motion and to minimize settling time at the end of motion.

Variable Gain Control Adaptive Feedforward

HDC
Parameters Integral
Adaptive
Feed-Forward

Position
Error

Position
Command

Smoothing
Filters

Velocity
Error

Current
Filters

Current
Controller

Current
Command

Encoder

Position Feedback

Figure 8-1.  CDHD2 HD Controller

The HD algorithm uses a parallel configuration in which all branches are on the same level
and executed during the same sampling period. On each branch a variable gain is introduced
and automatically optimized for high gain and stability.

The HD controller also includes an adaptive feedforward function that is applied at the end
of movement in order to achieve a zero or minimum settling time.

Furthermore, the HD controller provides low pass, notch and other filters to handle flexible
and resonant systems.

The ServoStudio 2 Position Control Loop screen provides access to the HD control loop
parameters that can be modified by users.
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Position Loop
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Figure 8-2.  CDHD2 HD Control Loop
8.2 CDHD2 HD Controller Autotuning
Caution! Tuning is potentially dangerous. Before starting any tuning routines, make sure no
one is within the motion envelope, and the emergency button is within your reach.
Autotuning is performed on the CDHDZ2's HD control loop. There is no autotuning procedure
for the linear control loop.
The HD control loop parameters are initially set using the Autotuning wizard. Drive tuning
performed by the wizards is usually sufficient. However, you may need to tune the control
parameters manually to optimize them for particular applications. The parameters can be
viewed and modified in the ServoStudio 2 Position Loop - HD Controller screen.
Automatic and manual tuning use similar methods. During autotuning, the quality of the
movement is measured and evaluated by the drive or the software. During manual tuning,
the quality of movement is evaluated by the user. In both cases, the servo control parameters
are modified progressively and the value that achieves the best performance is selected.
The Autotuning wizard can also be used to optimize drive parameters to produce the most
effective motion for a particular task or application.
The setting and optimization of parameters by the Autotuning wizard may be either drive-
based on PC-based:
® If an electronic motor nameplate (e.g., PRO2 and PRDH2 motors with sensAR magnetic
encoder) is detected at power-up, or if the software is operating offline,
ServoStudio 2 will activate the drive-based autotuning wizard.
® If an electronic motor nameplate is not detected at power up, ServoStudio 2 will
activate the PC-based autotuning wizard.
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Drive-Based Autotuning

ServoStudio 2 activates the wizard for Drive-based Autotuning if an electronic motor
nameplate with a servo parameter bundle (e.g., PRO2 and PRHD2 motors with sensAR
magnetic encoder) is detected at power-up. This wizard is also activated if the software is
operating offline.

Drive-based autotuning has four possible routines: Express/Internal, Express/External,
Advanced/Internal and Advanced/External.

®  Express autotuning requires no user input except to activate each step.
® Advanced autotuning requires user input.
® Internal Reference — the motion command used for tuning is generated by the drive.

®  External Reference — the motion command used for tuning is generated by an external
controller, such as a PLC.

Autotuning Wizard

L)

l

Mode Start Test Save

Results

acceptable? End

NO

Mode Inertia  {Movement; Options Start Test Save

Results
acceptable?

Advanced End

NO

Manual Tuning P End

Figure 8-3.  Autotuning Wizard for Drive for Motor with Load

8.3.1

222

Drive-Based Autotuning — Express

The Express autotuning procedure requires no user input except to activate each step.
Express Autotuning consists of the following steps:

1. Select either Express/Internal or Express/External.

2.  Start Autotuning.

3. Test the result.

4. Save the parameters.

For details on each of the steps, refer to Drive-Based Autotuning — Advanced.
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Table 8-1. Steps in Drive-Based Autotuning Process

Express Advanced
Mode X X
Inertia X
Movement X
Options X
Start X X
Test X X
Save X X

8.3.2 Drive-Based Autotuning — Advanced

The Advanced autotuning procedure consists of the following steps:
1. Select either Advanced/Internal or Advanced/External.

Optional: Manually move the axis to the start position (available when the drive
generates the motion). Use the Positive and Negative buttons if needed to bring the
load to a position at which the motor can safely make three rotations in each direction.

Load/motor inertia ratio estimation.
Set motion profile.

Set options for parameter optimization.
Run autotuning.

Test the result.

N o owv s woN

Save the parameters.

Press Next to advance to the next screen during the procedure.
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Step - Tuning Mode

Autotuning > Mode Selection Q

=@

Advanced Mode

Intemnal Reference

Press and hold to move motor

Speed (rpm) 5 I ——

Figure 8-4.  Autotuning - Tuning Mode

1.  Select Advanced/External (or Advanced/Internal).

2.  Motion testing normally starts at the midpoint of the movement stroke. If a different
start position is required by the application, use Manual Move.

Use the Negative and Positive buttons to bring the load to a position at which the
motor can safely make three rotations in each direction. Press and hold the buttons for
continuous motion.

3.  Press Next to continue.

Step — Load/Motor Inertia Ratio

Autotuning * Run Inertia Estimation Q
Selected Options Tuning Status

Maximum motion for load inertia estimation Status:
Motor will move back and forth .
Distance 3.000 [rev] Running

Velocity 500.000 [rpm] Cycle Info:
Acceleration 62500.000 [rpm/s]
Start From Default Gains
Cycles: 0
General:
LMIR Est

7%
L
Start [ Stop |

Figure 8-5.  Autotuning - Inertia Ratio Estimation
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Normally, you should allow the servo drive to estimate the load/motor inertia ratio (LMJR).

You may need to set the moment of inertia manually (Step 4 — Options: LMJR Values) to
achieve better performance, in instances such as:

® |f the load/motor ratio is very big.
® If you know the exact value of the inertia of the load connected to the motor.
® [|f the inertia of the load varies.

®  |f using a multi-axis robot.
Step - Movement

Note Movement step is available only when the drive (internal) is the motion generator.

Autotuning > Movement Q

Maoving Distance 1.000 rev 2000
Velocity 2000.000 pm
1500
Acceleration 62500.000 rpmys
Set Defaults Uni-direction i.'.
£ 1000
Motion profile is not a trapezoid 3

500

20 40 60 80 100
Time ms
Figure 8-6.  Autotuning — Motion Profile. Not Suitable

Autotuning > Movement 9w
Moving Distance 1.000 rev 500
Velocity 500,000 rprm

400
Acceleration 62500,000 rpmys

Set Defaults Uni-direction

100

20 40 60 80 100 120 140 160 180

Time ms

Figure 8-7.  Autotuning — Motion Profile. Suitable
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Autotuning must be performed using a motion profile that replicates the actual mechanical
characteristics of the movement to be performed in the application.

Press Set Defaults to set values that produce a good trapezoidal profile on the graph
The software will indicate whether or not the profile is suitable for the autotuning procedure.
® Highlighted orange: profile is possible, but not recommended

® Highlighted red: profile cannot be used.
Step — Autotuning Options

Autotuning > Options Q

oV Vibration Suppression

500
¢ 400
<300
2 200
= 100

? Vertical Application

PV Acceleration Feedforward

20 40 60 80 100 120 140 160
Time ms
7
T Use the Estimated Load to Motor Inertia Ratio Lo Smoothing Filter
Load to Motor Inertia Ratio
Stiff Soft

Figure 8-8.  Autotuning — Options

Options: Vibration Suppression

Select Vibration Suppression for automatic tuning of the vibration suppression parameter
sets (Antivibration2 and Antivibration3).

Clear this option if you want to set vibration suppression parameters manually,
or if the application does not require vibration suppression.

Enhanced anti-vibration will have the following effect on performance:
®  Will damp oscillations, thereby improving settling time.
®  May allow a higher gain of the HD loop.
®  May increase the position error of the motor, but reduce the position
error and oscillation of the end effector.
Options: Vertical Application

Select this option for gravity compensation when axis motion is vertical. If selected, the
autotuning sets the value of parameter IGRAV.

Clear this option if axis motion is balanced (non-vertical) in both directions.

Options: Acceleration Feedforward

Select this option to reduce tracking error during motion. If selected, the autotuning sets the
value of parameter KNLAFRC.

Clear this option if overshoot is too large.
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Options: Smoothing

Select this option for automatic tuning of the input profile command. If selected, the
autotuning tunes the Profile Smoothing parameters.

Clear this option if the application is multi-axis and smoothing needs to be the same for all
axes.

If cleared, MOVESMOOTHAVG is used, and a value between 1-15 ms is recommended.

Options: LMJR Values

Typically the autotuning can use the LMJR value calculated in Autotuning step — Inertia Ratio
Estimation.

Use this option if you need to change the LMIJR value detected by the drive. Enter a value for
Load to Motor Inertia Ratio.

Refer to Step — Load/Motor Inertia Ratio.

Step - Start

Press Start to run the autotuning process.

& Start enables the drive and moves the motor repeatedly!

Autotuning > Run Autotuning Q

User-defined motion for autotuning: Status:
Motor will move back and forth -

Distance: 1.000 rev Running
Velocity: 500.000 rpm Cycle Infos
Acceleration: 62500.000 rpmis

Start From Default Gains
'Selected Options: Cycles: B
Tune vibration suppression
Mot a vertical application
Tune acceleration feed forward
Tune smoothing filter
Use LMJR estimated by drive 5170

Modified Parameters

Start I Stop ‘

Figure 8-9.  Autotuning - Start
The motor moves back and forth continuously while testing values at intervals throughout

the range for each of the control loop parameters.

When the autotuning is completed, press Modified Parameters to view the new settings.
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Parameters Changed by Autotuning

9 Parameters Changed by Autotuning x

Mame Before After Description

KMLAFRC 0 66 HD Acceleration Feedforward

KNLD 80.000 105969 HD Derivative Gain

KMLI 10.000 39.626 HD Integral Gain

KMLIY 40.000 51.597 HD Derivative-Integral Gain

KNLP 30.000 66.045 HD Proportional Gain

KNLUSERGAIN 0.500 1.000 HD Global Gain

KMNLUSERVCMDGAIN 1.000 0.000 HD Adaptive VCMD Gain

NLAFFLPFHZ 7000 5000 HD Spring Filter

NLANTIVIBSHARP2 0.500 0.050 HD AV 2 Filter Sharpness

NLANTIVIESHARP3 0.200 0.035 HD AV 3 Filter Sharpness

MNLFILTDAMPING 60 25 HD Current Filter Damping

NLFILTT1 3.000 0.929 HD Current Filt Low Pass Rise Time

NLNOTCHEW 0 300 HD Current Filter Notch Bandwidth
Figure 8-10. Autotuning — Modified Parameters

Step - Test

Figure 8-11.

Autotuning > Test

CDHD2

v Alterating

Target Position

Cruise Velocity

Acceleration

Show Traces W

Settling Time : 0 ms

500.000

rev

Position error window: 0.1 deg { 1165 counts )

Soft
01

Move and Plot

1.000

Autotuning — Test

Stiff
1.3

gOEEe
&

Icme

i —

100 200 300

-001

-002

PE

DONE

Press Move and Plot to send a current command to the drive and plot the response.

& Move and Plot enables the drive and moves the motor!

228

The resulting graph shows the position command profile in velocity units (PFTPVCMD).
Options also enable the display of motor velocity measured by the feedback device (V)
and the current command (ICMD). A second graph shows the position error (PE).

The wizard also displays the Settling Time and the Position Error Window values
calculated by the system.
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The toolbar buttons allows you to examine the graph more closely, and to export
results to a spreadsheet. These functions are also available in the ServoStudio 2 Scope
screen.

5. Optionally, modify the motion settings and/or the gain setting, and repeat the test
under different conditions:

m  Target Position
m  Cruise Velocity
m  Acceleration (and Deceleration)

m  HD Global Gain (KNLUSERGAIN); this is the global gain parameter for the
HD control loop. A higher gain value results in stiffer control, and a lower value
results in softer control.

6. Press Save to save the parameters set by the autotuning.

Step - Save

Save your work by selecting one of the options, and click SAVE

Save to Drive

Save to Non-Volatile Drive
Memary

Maodified Parameters CANCEL

Figure 8-12.  Autotuning — Save

To complete the autotuning process, do all of the following:

®  Press Save to Drive to save the parameters in drive RAM to the drive’s non-volatile
memory.

®  Press Save to PC to save the parameters in drive RAM to a backup file on the computer.
The parameters are saved in a text file with either TXT or SSV extension. The text file can
be edited using Notepad or any other text editor.

®  Press Generate Report to create a record of system settings that can be used for future
reference and/or sent to Technical Support should the need arise.

It is recommended that you create a report whenever you complete configuration of
your application, even when the system is functioning properly.
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8.4 PC-Based Autotuning

ServoStudio 2 activates the wizard for PC-based autotuning if an electronic motor nameplate
is not detected at power-up.

The PC-based Autotuning wizard overrides the user’s unit settings and works in the
following units:
Note e Position: counts
e Velocity: rpm/s for rotary motors, and mm/s for linear motors
e Acceleration/deceleration: rpom/s2 for rotary motors, mm/s2 for linear motors

Step - LMJR Estimation

Inertia Gain Test

Autatuning

Step 1: Load to Motor Inertia Ratio Estimation
1. Do either of the following:
- Let the drive estimate Ipad inertia
- Enter a specific value for load inertia.
2. Optionally, modify the motion distance to be used for the estimation
3. Click Start Load Estimation
Caution: Start enables the drive and moves the motor!

Estimation Mode
(*} Mave and estimate load inertia

() Use known load inertia (0.0 kg-m"2710+-3

Mation Distance (0.1 - 3) 0.25 rev

Stop Load Estimation

First move: Getting data...

Figure 8-13. PC-Based Autotuning Wizard — LMJR Estimation

1. For automatic estimation, select Move and estimate load inertia.
or
If you know the inertia of the load connected to the motor, select Use known load
inertia, and enter the value.

2. Optionally, modify the number of motor revolutions to be used as the motion distance
during the load estimation.

3. Press Start Load Estimation.
& Start enables the drive and moves the motor repeatedly!

ServoStudio 2 estimates the load currently on the motor, and displays the results.
4. Press OK to send the calculated parameters to the drive.

5. Press Next to continue.
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Step — Gain Optimization

o—oO

Inertia Gain Test

Autotuning

Step 2: Gain Optimization
1. Use Negative and Positive to bring the load to a position from which it can move in both directions.
2. Click Start Tuning
3. If necessary, adjust Move Command settings
Caution: Start Tuning enables the drive and moves the motor repeatediy!

Manual Move
Parameters

Speed (rpm)
5 M Initial | Limit Selected
ame Value  Value  Value
Move Command HD Global Gain 0500 3000 1181
X HD Current Filter Damping 30000 90.000 &5
Distance (encoder count) 4194300 HD Current Filt Low Pass Rise Time D820 0200 068
Speed (rpm) 500 HD Proportianal Gain 44,040 |106.400
Acceleration (rpm/s) 25700 HD Derivative-Integral Gain 22020 106400
HD Integral Gain 25730 106.400
HD Global Gain 0.000 0000
Stop Tuning
u
I

Figure 8-14. PC-Based Autotuning Wizard — Gain Optimization

1. The displayed Move Command values are recommended values; they have been
determined according to the motor you defined in the setup. Use the Negative and
Positive buttons to bring the load to a position at which the motor can safely make a
full rotation in each direction.

2. If necessary, adjust the Manual Move Speed setting.

3.  Press Start.

& Start enables the drive and moves the motor repeatedly!

The motor moves back and forth continuously, while ServoStudio 2 tests values at
intervals throughout the range for each of the control loop parameters. Once it achieves
the best result, it displays the optimal value in the parameter table.

The top bar shows the progress of the parameter currently being tested.
The lower bar shows the progress of the entire process.

4. If necessary, adjust the Move Command settings, and press Start to repeat the test.
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Step - Test Quality of Motion

Inertia Gain Test
Autatuning
v Alternating ——
BOmEE e
Target Position -4194300 counts
1 R i s g
[ ‘{ provemp | 00
cMD
S S ~ \ 1 VD 400
Cruise Velocity 500.00 pm 3 | -1 v
& \ 300
= \ =
Acceleration 25700.00 pm/s = '\ 200
s f 1 100
' \
Show Traces o ICMD o v q J -
Settling Time: 0 ms 4000
AR ST 1168 s I f=———]
Pasition error window: 0.1 deg { 1165 counts ) L 2000
A
Y
™™ g
Tl |
Soft stiff | | 2000
1.000 v
01
o 15 -4000
100 200 300 400 500

Figure 8-15. PC-Based Autotuning Wizard — Test Quality of Motion

1. Press Move and Plot to send a current command to the drive and plot the response.

A Move and Plot enables the drive and moves the motor!

2. A plot appears. The plot shows the velocity command generated by the point-to-point
position profile (PTPVCMD), and the position error (PE).

The wizard also displays the Settling Time and the Position Error Window values
calculated by the system.

The toolbar buttons allows you to examine the graph more closely, and to export

results to a spreadsheet. These functions are also available in the ServoStudio 2 Scope
screen.

3. Optionally, modify the motion settings and/or the gain setting, and repeat the test
under different conditions:

m  Target Position
m  Cruise Velocity
m  Acceleration (and Deceleration)

m  HD Global Gain (KNLUSERGAIN); this is the global gain parameter for the

HD control loop. A higher gain value results in stiffer control, and a lower value
results in softer control.
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Step - Save

To complete the autotuning process, do all of the following:

Tuning

®  Press Save to Drive to save the parameters in drive RAM to the drive’'s non-volatile

memory.

®  Press Save to PC to save the parameters in drive RAM to a backup file on the computer.
The parameters are saved in a text file with either TXT or SSV extension. The text file can
be edited using Notepad or any other text editor.

®  Press Generate Report to create a record of system settings that can be used for future
reference and/or sent to Technical Support should the need arise.

It is recommended that you create a report whenever you complete configuration of
your application, even when the system is functioning properly.

8.5 Autotuning Parameters Summary

The following table lists the parameters that may be optimized and set during the

Autotuning procedure.

Not all parameters are modified during the process. The final values of the parameters are
determined by the specific options selected by user in the autotuning wizard.

v Autotuning optimizes the parameter value
Y/N Autotuning sets the parameter, or user can set the value manually
Table 8-2. Parameters Set During the Autotuning Process
Function Description Parameter Express Adv.

Gearing Filters

Move
Smoothing
Filter

HD Control
Loop

Automatically optimized during GEARFILTMODE

the Autotuning process.

Applicable for Position Gearing
operation mode. The gearing
filter interpolates the pulse and

direction command.

Use Autotuning to optimize
parameters for smoothing the

input profile command.

Do not use Autotuning if the
application is multi-axis and
smoothing must be the same

for all axes. Instead, use

MOVESMOOTHAVG with a

value between 1-15 ms.

Automatically optimized during

the Autotuning process.

GEARFILTT1
GEARFILTT2
GEARFILTVELFF
GEARFILTAFF
MOVESMOOTHSRC
MOVESMOOTHMODE
MOVESMOOTHLPFHZ
MOVESMOOTHAVG

NLPEAFF
NLAFFLPFHZ
KNLD

KNLI

KNLIV

KNLP

< L L L L L

L S S S N

v

< L L <L

Y/N
Y/N
Y/N
Y/N

<L L L L L&
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Function Description Parameter Express Adv.
Current Control HD control loop parameters. NLNOTCHBW v v
Notch Filters NLNOTCHCENTER v v
NLNOTCH2BW v Vv
NLNOTCH2CENTER v Vv

Current Control HD control loop parameters. NLFILTT1 v v
Low Pass Filter NLFILTDAMPING v v
Acceleration HD control loop parameter. KNLAFRC v Y/N
Feedforward  Use Autotuning to optimize

parameters for achieving

minimal tracking error during

motion.

Do not use Autotuning if

overshoot is too large.
Global Gain HD control loop parameter. KNLUSERGAIN Y/N Y/N

Can be modified at Test stage

of Autotuning process.
Anti-Vibration Use Autotuning to optimize NLANTIVIBGAINZ2 Y/N
Filters parameters for suppressing NLANTIVIBSHARP2 Y/N

vibration. NLANTIVIBHZ2 Y/N

Do not use Autotuning if /

you want to set vibration NLANTIVIBGAIN3 Y/N

suppression parameters NLANTIVIBSHARP3 Y/N

manually, or |f'the.appl'|cat|on NLANTIVIBHZ3 Y/N

does not require vibration

suppression. NLANTIVIBQ3 Y/N
Moment of Use Autotuning to determine  LMJR v Y/N
Inertia the load's moment of inertia.

Do not use Autotuning if the

moment of inertia of the load

varies (e.g., a multi-axis robot),

or if you know the exact inertia.

You can enter a value for either

Load Inertia or Load Inertia

Ratio; the software sets the

other parameter accordingly.
Vertical Use Autotuning to compensate IGRAV Y/N
Application for the effect of gravity when

axis motion is vertical.

Do not use Autotuning if axis

motion is balanced (non-

vertical) in both directions.
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8.6 Recording and Evaluating Performance

8.6.1 Diagnostics

After autotuning has been completed, the system may display behavior that is less than

optimal, such as:
®  Servo motor is audibly noisy.
®  Servo motor is very hot.

° Performance is not consistent.

Tuning

® Foldback occurs; that is, the motor demands a level of current that drive cannot handle

continuously.
® Jerkin system.

®  Jerky movements.

®  Excessive overshoot results in hitting application mechanical limits.

The following diagram outlines the procedures for diagnosing system behavior and applying

filters to improve performance.

Autotuning

Acoustical Noise

PTPVCMD

is not smooth Yes
Gearing Mode

Record
PTPVCMD

No
PTPVCMD
is smooth
Oscillation at
fixed frequency
at different speeds Yes
ICR'\;algorgE Above 300H/Z
No

Figure 8-16. Performance Diagnostics

Apply Low Pass Filter

Smooths the discrete input command
(e.g., P&D command)

Apply Gearing Filters
Adjust Low Pass Filter, if necessary

Reduces jerk when system is jerky
or input command produces jerk

Apply Move Smoothing Filter

Apply Notch Filters

Apply Anti-Vibration Filters

End

End

End

End

End

The CDHD?2 recording function is used for performance verification, tuning and debugging.

ServoStudio 2 provides a full-featured graphic interface for recording, plotting and

measuring data. Refer to the ServoStudio 2 Reference Manual for details.
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To improve or change performance of the CDHD2 system, refer to the Performance
Diagnostics diagram, and manually modify and evaluate the parameters.

Procedure: Modifying and Testing a Parameter
After each modification of a parameter, do the following:

1. Make sure Operation Mode is set to Serial Position.
Execute a back/forth motion, and record PE, ICMD and PTPVCMD

Use the ServoStudio 2 Scope screen to plot and evaluate the recorded values.

> woN

Check the settling time of PE.

8.6.2 Recording Data in ServoStudio 2

Procedure: Recording Data in ServoStudio 2 - Example
1. In the ServoStudio 2 Scope screen, select the Motion tab.
m  Make sure Operation Mode is set to Serial Position.
m  Set the value of the Target Position 3 revolutions.

m  Set the values of the motion parameters to produce a movement at 50% of the
motor’'s maximum speed, and 75% of the maximum acceleration required by the
application. Thus, in this example:

e Maximum speed (Cruise Velocity) is set to 1000
e Acceleration (and Deceleration) is set to 50000
m  If you need a back and forth motion, select the option Alternating.

The aim is to achieve a motion profile that has substantial durations for the
acceleration, plateau, and deceleration phases.

2. Inthe Recorder Setup panel, select the following Record Variables:
n PTPVCMD (Position command velocity)
n ICMD (Current command)
] PE (Position error).
3. Inthe Recorder Setup panel, enter the sampling values and trigger variable:
m  Samples: 1000
m  Time Interval: 16
m  Trigger: IMM

4. Make sure the drive is enabled, and then press the Move Record and Plot button in the
Scope toolbar.

Note that the trace of the Position Error variable shown here is scaled by a factor of 50.
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Scope
= P NN (=
CRAORE
2 002 1 1000
0015 PTPVCMD
1 001 i 800
0005 M o
o 600 S
= w 3
> = 0003 o0 B
1 -001 =
-0015 200
2 -002
-0025
100 200 300 400 500
Motion Terminal Parameter Table Data Table Measure Seript
Cperation Mode Serial Position -
Mation Command Target Positicn Cruise Velocity
() Absolute Alternating 3 rev 1000 rpm
() Incremental Acceleration  50000.000 rpm/s Copy Acc to Dec
Deceleration  50000.000 rpm/s
Figure 8-17. Motion Obtained with Default Parameter Values
5.  Select the Parameter Table tab.
Motion Terminal Parameter Table Data Table Measure Script
Parameter Value Unit
HD Global Gain 1.000
HD Derivative Gain 139.691 Hz
HD Propartional Gain 88.593 Hz
HD Derivative-Integral Gain 69.213 Hz
HD Integral Gain 35436 Hz
HD Flexibility Compensation 5000.000 Hz
HD Spring Filter 5000 Hz
HD Maximum Adaptive Gain 1.600
HD Current Filter Damping 83 %
HD Current Filt Low Pass Rise Time | 0.547 ms
HD Current Filter Notch Center 1333 Hz

Figure 8-18.

Parameters — Example

Samples
# Samples 1000
Time Interval 16

x31.25ps = 500.0000 ms
Trigger Setup
Name IMM hd
Direction

Level

Pre-Points b

Record Variables

Select MName

PCMD
PTPVCMD
PE

ICMD

o]

VCMD

W

PFB

NSNS

Ccooooooao |
[ I I R

Parameter KNLUSERGAIN (HD Global Gain) is set to 1.000 during autotuning. For

additional, manual tuning, you can often begin with this setting. If the gain is too high —
as evidenced by vibrations and noise — decreasing the value of KNLUSERGAIN can help
achieve a smoother movement.

6. View position error and settling time

Right-click in the recording chart pane, and select Show Settling Time.
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9 Setttling Time x

Command PTPVCMD v
Response PE -
Acceptable Range 37
Settling Time : 64

Show

Figure 8-19. Position Error (counts) and Setting Time (ms)

The acceptable range of the response (position error) is the movement (in counts) at the
endpoint.

2 x 1 x length
Acceptable range: —————9"_
resolution x gear

Example:
Mechanical dimension (joint length) = 0.5 m
Motor resolution: 1 rev = 17 bit = 131072 counts

Gear ratio = 1:100

2xmx05

Acceptable range: 131072 % 100

If motor moves 100 counts, movement at endpoint is 0.2 x 10-6 meter. Acceptable
range: 50-100.

8.6.3 Recording Data in Terminal

Procedure: Recording Data (Terminal)

1. Use the command RECORD to define the variables to be recorded, the recording
interval, and the number of points to record.

The syntax for the recording instruction is:
RECORD {sample time} {num points} {var1} [var2] [var3]

For example: RECORD 32 100 "VCMD "V "ICMD
Records 100 points for VCMD, V, and ICMD every 1 milliseconds
Note that variables must be preceded by a quotation mark ().

2. Use the command RECTRIG to define the variable and conditions that triggers the
recording.

The syntax for the recording trigger instruction is:
RECTRIG {var} [level] [pre-trig] [above|below]
If the specified number of pre-trigger points is greater than the number of points actually

Note recorded prior to the trigger, the pre-trigger segment of the recording will include the
value of the variable before motion began.

238 User Manual



CDHD2

8.6.4

Note Not fully updated for ServoStudio 2.

Note

Tuning

For example, record a Jog (J) that goes to 1000 rpm starting from zero with an
acceleration of 10000 rps/s; specify the record level at 1 rpm, the direction as Up,
128 pre-trigger points and a time interval of 1. Since there will not be 128 points of
pre-trigger motion, the record data will be packed with zeros (zero velocity
command before the motion).

3. Use the variable RECDONE (recording finished) and/or RECING (recording in progress)
to determine whether recorded data is available.

4. Set variable GETMODE to 0. Then use the command GET to retrieve the recorded data
in a comma-separated variable (CSV) ASCIl format.

Function VarCom Description
Recording RECORD Defines the variables to be recorded and the
Activation recording time span and sample time.
Commands RECTRIG Defines the triggering condition for starting a
recording, and also pre-trigger duration.
RECOFF Turns active recording off.
Recording RECLIST Lists all the variables that can be recorded by the
Utility record function.
Information RECTRIGLIST Lists all the options for triggering the recording.
Status Flags RECRDY Indicates that a recording is armed and ready.
RECING Indicates that a trigger condition has occurred and
that a recording is active.
RECDONE Indicates that the recording is completed
Data Retrieval GETMODE Defines the format for the recorded data
(binary/ASClI)
GET Retrieves the recorded data

Evaluating PTPVCMD

Parameter PTPVCMD (position command generator velocity) reports the derivative of the
position command profile in velocity units. PTPVCMD is useful for recording and viewing the
actual velocity and the velocity command, which is available only as a derivative of the

position profile.

PTPVCMD is the trajectory velocity command applicable to all position loops.

VCMD is the output velocity command of the linear controller.
VCMD is not used in HD (nonlinear) control.

The following figure shows an example of a PTPVCMD recording that indicates poor

performance.
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‘“”/\ /\ Hf V\’/ W/\“\J“

Milliseconds

Figure 8-20. PTPVCMD Poor Result

8.6.5 Evaluating ICMD and/or PE Oscillations
Note Not fully updated for ServoStudio 2.

The following figure shows an example of oscillations in ICMD (current command) and PE
(position error) that indicate poor performance.

— x PTRVCMD
— FE
— IcMD

Millisecends

Figure 8-21. ICMD and PE Poor Result

To determine whether the oscillations are greater than 300 Hz, use the ServoStudio 2 FFT
function on the PE or ICMD recording:

Trigger 5¢
N N
WA )
% Clear Chart Dire T
100 Chart Properties 3 126 —EeE
MIll] Show Al Hidden Traces Pref LJJ
Reference/ Previous Set 3 1 | | 1
| Data Table | o Bechidlig o
Sel Nan
Set Trace Offsets O
Hide Trace ] [PCN
IO Trace Properties 3 PTH
'9 10000
Add Manipulated Trace 3 Add Derivative Trace
lion 62500.000
FFT Trace
b 62500.000 i
fer 2 ' FFT Between Cursors
Show Settling Time Frequency Detection
TTTPF
Show Rise Time I_ﬁ_l_‘i
l Show Cwvershoot

Figure 8-22. FFT Trace Evaluation
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8.7

Tuning

Low Pass Filter on Current Command

Note Not fully updated for ServoStudio 2.

The output of the HD control loop is a current command. This current command is low pass
filtered before it is transferred to the current controller.

The Autotuning procedure sets the optimal values for the low pass filter parameters during
the Load Estimation routine.

®  NLFILTDAMPING (HD Current Filter Damping), defined as a percentage, maintains the
bandwidth of the filter up to the cutoff frequency.

®  NLFILTT1 (HD Current Filter Low Pass Rise Time), defined in milliseconds, defines the
inverse of the cutoff frequency.

If acoustical noise occurs, it may be necessary to fine-tune the low pass filter.
Increase NLFILTT1 in incremental steps of 10% until the acoustical noise reaches an
acceptable level.

If the system becomes unstable, it may be necessary to reduce global gain (KNLUSERGAIN).

After KNLD is tuned, NLFILTDAMPING and/or NLFILTT1 can undergo further tuning. Refer to
KNLD - Derivative Gain.

To achieve the fastest response time of the HD control loop, the low pass filter can be
adjusted manually. The goal is to use the maximum value for NLFILTDAMPING and the
minimum value for NLFILTT1.

1. Increase NLFILTDAMPING until noise and/or oscillations of ICMD are observed, then
reduce by 10%.

2. Decrease NLFILTT1 until noise and/or oscillations of ICMD are observed, then increase
by 20% and at least 0.05 ms.

If the plant to be controlled has resonances at relatively high frequencies, NLFILTT1 can be
applied on the current output. NLFILTT1 efficiently reduces acoustical noise, but also reduces
control bandwidth and the potential stiffness of the system.

NLFILTDAMPING minimizes the negative effects of the low pass. NLFILTDAMPING may be set
independently of NLFILTT1 to provide an overshoot response. Combined with the low pass
characteristic of the mechanical system, it helps in achieving a higher bandwidth of the
control.

T . l T T ] ' T ! ' NLFILTDAMPING
™\ at 0% 40% 80%

% MNIFiltDamping=0
“NIFilttDamping=40%

T

Current Response

o2k 1 il I | L L
E] ] (] 0

s
B

] ]
Time (millisecond)
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3000 NLFITT1
— FTPVCMD value too low
2000+ — xFE
— xICMD
1000+
D_
-1000
-2000 -
-3000 . : . ; !
0 100 200 300 400 500
Milliseconds
2000 NLFITT1
— PTPVCMD selected value
— xPE
10004 — x ICMD
04 M ok o s
-1000
-2000 . : ; ; ]
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Milliseconds

Figure 8-23. Low Pass Filters

8.8 Gearing Filters

Note Not fully updated for ServoStudio 2.

Gearing filters may be useful if the system displays characteristics such as:

Pulse and direction command has a low resolution
Coupling between motor and load is not stiff
Movement is too short

Motor is noisy after tuning

Current is very choppy during settling

Motor temperature is unusually high

Before applying gearing filters, make sure GEARINMODE = 1

When a system has multiple axes, gearing filter values must be the same for all axes.

242
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Servo Drive

Pulse and
Direction
Position Position Current

PE
Command Command + Command +

N Gearing HD Control Current
PLC I_LI = Block _@ Loop l_? i Loop T
Gearing Filters T

Tl GEARFILTT1 Gearing filter depth
T2 GEARFILTT2 Gearing filter velocity and acceleration depth
ATHRSH GEARACCTHRESH*  Gearing acceleration threshold
VELFF GEARFILTVELFF* Gearing filter velocity feedforward
AFF GEARFILTAFF* Gearing filter acceleration feedforward
* Use default values. Contact Technical Support if necessary.
Figure 8-24. Gearing Filters

Feedback

Gearing Filter — Example 1

Increasing GEARFILTT1 smooths the input
command PTPVCMD, but adds a delay.

L Recommended values:
g GEARFILTT1 = ~2 x input step width
GEARFILTT2 = 2 x GEARFILTT1

} Gearing Filter — Example 2

T Increasing GEARFILTT2 and VELFF compensates
for the delay, but adds overshoots.

If GEARFILTVELFF = GEARFILTT2, there is no
delay.

Figure 8-25. Tuning Gearing Filters

8.9 Move Smoothing Filter
Note Not fully updated for ServoStudio 2.

HD control provides three options for smoothing the position command, as defined by the
parameter MOVESMOOTHMODE.

e / ; MOVESMOOTH 0:
= / \x__ No smoothing of the position command profile.
B0{
| / N
:..;_n": l-\\_
.Es-l'. 10 1 3 40

Wl seoonss
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g T MOVESMOOTH 1:
= ;,-"' \\_ Low pass smoothing of profile (in hertz) based
W \\ on MOVESMOOTHLPFHZ.
: / 1\ - The lower the value, the greater the smoothing.
.EBE 1o 0 0 40
b == MOVESMOOTH 2:
i / S-curve by averaging (in ms) based on
250 MOVESMOOTHAVG.
of = Time extends the average.
- P e e Binary values (2, 4, 8, 32, 64, 128, 256)

Mikbapcah

Figure 8-26. Smoothing Filters

8.10

Note

8.11

To apply a smoothing filter to an external reference command, such as a pulse train or
EtherCAT/CANopen, certain bits in MOVESMOOTHSRC must first be set.

Notch Filters
Not fully updated for ServoStudio 2.

Notch filters can be used to eliminate high frequency oscillations that may occur in systems
having a flexible link between motor and load, such as:

®  Ball screw linear slide with coupling
®  Beltdrive
®  Harmonic drive

Oscillations usually occur during the first steps in tuning (feedback gain). Tuning is done by
checking the frequency of the oscillation, and setting the notch accordingly. Once notch
parameters are set, the tuning procedure can continue.

HD control notch filters are used at any time during tuning to damp oscillations at a fixed
frequency greater than 300 Hz:

® NLNOTCHCENTER (HD Current Filter — Notch Filter Center)
® NLNOTCHBW (HD Current Filter — Notch Filter Bandwidth)

A second set of HD control notch filters NOTCH2CENTER and NLNOTCH2BW) is available
through Terminal, but does not appear in the ServoStudio 2 control loop screen.

Anti-Vibration Filters

Note Not fully updated for ServoStudio 2.

Anti-Vibration Overview

244

The HD control anti-vibration function is based on proprietary control algorithms and serves
to suppress vibrations at constant frequencies.

User Manual



CDHD?2 Tuning

The vibration suppression function runs in a closed loop, detecting oscillations as they occur,
and damping them immediately. Actively damping load oscillations significantly reduces the
time it takes for a heavy load or an end effector to settle at the target position. Although the
position error at the encoder level may be higher, the overall performance of the system, as
evaluated at load position, is significantly improved.

A typical example is a load fixed to a servo controlled motor by means of a shaft that has a
certain amount of flexibility. If the servo control of the motor is set for near-zero position
error during movement, then the load will oscillate strongly. Every change in the acceleration
(jerk) will apply a perturbation, resulting in oscillations of the load. While the stiff HD control
loop will overcome these oscillations at motor position level, the load will still oscillate
strongly.

The anti-vibration function can handle systems with an oscillation frequency of up to 100 Hz.

The following diagram shows the four phases of the vibration suppression process.

Position Current
Command PE Command
‘@ . | HD Control 3
4 = Loop
Anti-Vibration Algorithms Corrected
Control Coqtrol
Variables Detect Narrow Band | . | Corrective . | Perturbations Vanalﬂes
Perturbation ”| Pass Filter | Outputs ” |Damping Gain =

Center Frequency - NLANTIVIBHZn
Sharpness - NLANTIVIBSHARPN

parameters Gain - NLANTIVIBGAINN

Figure 8-27. Anti-Vibration Filters

Phase 1: The perturbations induced to the system are detected using various control
variables, such as position error and current, as input. A perturbation value is calculated for
use in the next phase.

Phase 2: The perturbation value is passed through a narrow band pass filter in order to select
the perturbations that are induced by the system oscillations. The center frequency and the
width of the band pass filter are set, respectively, by the parameters NLANTIVIBHZn and
NLANTIVIBSHARPn.

Phase 3: Corrective outputs to be added to the control variables are calculated.

Phase 4: Corrective outputs are added to control variables using a damping gain (parameter
NLANTIVIBGAINN).

Anti-Vibration Tuning Procedure
After autotuning, more anti-vibration tuning may be required.

If an additional vibration frequency needs to be suppressed, the turning process can be
repeated using the second set of anti-vibration filters.

The following table shows the parameters whose values are modified by the tuning
procedures.
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HD Anti-Vibration Filter Parameter Default Range
Center Frequency 2 NLANTIVIBHZ?2 100 5 to 800 [Hz]
Center Frequency 3 NLANTIVIBHZ3 400 5 to 800 [Hz]
Sharpness 2 NLANTIVIBSHARP2 0.5 0.01to 10
Sharpness 3 NLANTIVIBSHARP3 0.2 0.01to 10
Damping Gain 2 NLANTIVIBGAIN2 0 0to 99
Damping Gain 3 NLANTIVIBGAIN3 0 Oto6

Although parameters NLANTIVBHZ, NLANTIVIBSHARP and NLANTIVIBGAIN are still

available, they are not recommended for use.

Step 1 - Setting the Narrow Band Filter (NBF)

1. Set the narrow band center frequency.

m  Execute a movement and measure the resonance (oscillation frequency) of the

current command (ICMD):

e Inthe Scope screen, right-click on the ICMD plot.

e Select FFT and Derivative.

e Select FFT Trace.

The FFT trace will look like this, for example:

& FrTPE

EE
&l

25000

20000

15000+

265

Hz

- FFT PE

Figure 8-28. FFT Trace

246

m  Set the value of parameter NLANTIVIBHZn to the peak, or dominant, resonance, in
Hertz. In the example shown here, the value is 14 Hz.

2.  Set the narrow band center sharpness (width).

m  Set the value of parameter NLANTIVIBSHARPN according to the resonance

sharpness (width) of the narrow band filter.
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The following diagram shows the narrow band filter frequency response.

Vibration Suppression Response

NLANTIVIBHZR

NLANTIVIBSHARP»
0.1

20 S 5 40

Frequency (Hertz)

Figure 8-29. Frequency response as a function of NLANTIVIBSHARPn
for 20 Hz center frequency

Step 2 - Tuning the Damping Gain

Increase parameter NLANTIVIBGAINn until optimal damping is achieved.

® At each increment, record the current command (ICMD) and check the oscillation
damping.

Optimal damping of the system is obtained for the best damped current oscillations.

Note

If, while increasing this parameter, a high frequency vibration appears, slightly reduce the

adaptive global gain (KNLUSERGAIN).

Anti-Vibration Tuning — Example

Note Plots of some variables are scaled (indicated by

Without the vibration suppression tuning, position error and current oscillate, and settling

n,m

x").

time is very long.

150
100
50

-50:
-100
-150

SN\ -
T T
"/

— x FTRVCMD
— PE
— xICMD

AR

-200—
0

100 200 300 400

Milliseconds

Figure 8-30. Without vibration suppression, oscillation of position error and current
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Estimate the width by visually comparing the graph in the FF Trace dialog box to
the graph below, which shows the frequency response of the NBF as a function of
the value of NLANTIVIBSHARPn. Typical setting values range from 0.1 to 1.0.
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-200—
o 250 500 750 1000 1250 1500 1750
Milliseconds

Figure 8-31. Without vibration suppression, long settling time

#) setttling Time x

Command PTPVCMD -

Response PE -

Acceptable Range 10 Suggested

Settling Time : 1868

Figure 8-32. Settling time — no anti-vibration tuning

To damp the oscillations and reduce settling time, the following parameters are set:
® NLANTIVIBHZ2 = 14 Hz, frequency of the measured resonance.

®  NLANTIVIBSHARP2 = 0.5, width estimated according to the sharpness displayed in the
FFT trace.

® NLANTIVIBGAIN2 = 8, determined by manually increasing the value from 0, until best
settling time is achieved.

— xFTPVCMD
— Pl

— xICMD

100 200 300 400
Milliseconds

Figure 8-33. Tuning for vibration suppression, less oscillation of position error and current

— x PTPVCMD
[

— xICMD

500 750 1000 1250 1500 1750

Milliseconds

Figure 8-34. Tuning for vibration suppression, faster settling time
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Command PTPVCMD -

Response PE -

Acceptable Range 10 Suggested

Settling Time: 172

Figure 8-35. Settling time — with anti-vibration tuning

8.12 Gains - Manual Tuning

Note Not fully updated for ServoStudio 2.

KNLD - Derivative Gain
1. Set KNLP to half the value that was set by default.
2. Set KNLI and KNLIV to zero.
3. Increase KNLD until oscillations of ICMD are observed.

The acceptable level of ICMD ripple depends on the system, primarily the load. It can often
be judged by the acoustical noise.

Light loads (LMJR < 2): 5% of rated current may be normal.
Higher loads (LMJR > 2): 10% of rated current may result in acceptable ripple.

2000+ KNLD value too high

= DT P M
”.]
I

Milliseconds

2000+ KNLD selected value
— PTPVCMD
e

10004 = x ICMD

ol L AR
-1000 4
-2000
0 100 200 300 400 500

Milliseconds

Figure 8-36. Derivative Gain Tuning
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KNLIV - Derivative-Integral Gain
Increase KNLIV until position error (PE) begins to oscillate.

Increasing KNLIV reduces the position error, reduces sensitivity to external perturbations, and
reduces the steady state position error at stop (if exists).

Best tuning: Position error decreases as fast as possible after each movement phase
transition (jerk), without oscillations during transition between phases; no overshoot of
position error; oscillations at stop are acceptable (+1 encoder count).

Best settling time: If possible, increase KNLIV until position error returns to 0 before the end
of the deceleration phase.

KNLIV value is too high; vibrations at
e stop are too strong; overshoot of
el Ul position error

-30
0 100 200 300 400 500
Milliseconds
204 KNLIV selected value;
— x PTPVCMD H .
204 e good settling time
— CMD
10+ \
\\
0 P A A A e A R i
_‘|D_
_20_
-30
0 100 200 300 400 500
Milliseconds

Figure 8-37. Derivative-Integral Gain Tuning

KNLP - Proportional Gain
Increase KNLP until position error (PE) begins to oscillate.

As the value of KNLP increases, the shape of the position error become square, reflecting the
constant values during acceleration and deceleration.

As the KNLP proportional gain gets higher, the position error reaches a steady value during
each phase of the movement (acceleration, plateau, deceleration).

Best tuning: Graph is as square as possible, indicating the position error is constant during
each phase of movement, and there are no oscillations during the transition between phases
(acceleration to plateau, plateau to deceleration, deceleration to stop).
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PE gets flatter during acceleration and

2000
o deceleration
P—R
10004 — xICMD
0_
-1000+
-2000
100 200 300 400 500
Milliseconds
2000 KNLP value too high; vibrations at stop
— PFTPVCMD
— xPE
10004 1/ — % ICMD
1
04 WML L L AL
10001 i‘
2000 ﬂ
-3000 ; : : ; !
0 100 200 300 400 500
Milliseconds
300+ KNLP selected value
— x PTPVCMD
e o
— x ICMD

0 100 200 300 400 500

Milliseconds
Figure 8-38. Proportional Gain Tuning

KNLI - Integral Gain
KNLI is used to reduce the position error during movement and at stop.
Best tuning: Maximum value that does not create overshoot or oscillations.

Best settling time: If possible, increase KNLI until position error returns to 0 before the end of
the deceleration phase.

Result: Position error is slightly reduced; oscillations at stop are acceptable (+1 encoder
count); no overshoot of position error at end of deceleration phase (stopping point).
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Figure 8-39. KNLI Tuning
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30
— x PTPVCMD
204 — e
— EMD
104
04
-104
-20
30 T T T T !
0 100 200 300 400 500
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304
= x PTPVCMD
204 =P
— MDD
104
0 P R Y Y Y
104
=204
30
0 100 200 300 400 500
Milliseconds

CDHD2

KNLI value too high; position error
oscillations at stop; overshoot of

position error

KNLI selected value
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8.13 Flexibility Compensation Tuning

Note Not fully updated for ServoStudio 2.

The flexibility compensation parameters reduce the vibrations induced to the load by abrupt
changes in acceleration (jerk), and reduce tracking error. They also serve to minimize
overshoot and settling time.

NLPEAFF (HD Flexibility Compensation), defined in Hertz, is set according to the rigidity
of the system. Rigid systems require a high value. Systems with high load inertia and
flexible couplings require lower values; the normal range is 400 to30 Hz). If not used, set
to 5000 Hz.

NLAFFLPFHZ (HD Spring Filter), defined in Hertz, applies a low pass filter on the
acceleration of the command position used to perform the compensation. This
acceleration is calculated from the input command position, and may be noisy if the
input command position has a relatively low resolution, as for example a pulse train
input. Application of the low pass filter NLAFFLPFHZ smooths the calculated
acceleration of the command position, and should be used whenever noisy operation is
observed while applying the parameter NLPEAFF.

Best tuning: Typically, the highest frequency is 400 Hz. Thus, for heavily loaded and flexible
systems, typical range for NLPEAFF is 400 to 30 Hz.

During
Acceleration

Figure 8-40.

Procedure:
1.
2.

User Manual

At Stop =

Load Motor

Aeceleration
(2.m.NLPEAFF)?

Plant Flexibility

Flexibility Compensation Tuning
Set NLAFFLPFHZ = 3xKNLD

Start with highest value of NLPEAFF, and reduce until the best result for the application
is achieved. Criteria may be either settling time or position error.
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Dual Feedback Position Control Loop Tuning
Not fully updated for ServoStudio 2.

When secondary feedback is enabled and used for the control loop (SFBMODE 1), the
variable PFB represents the feedback used to control positioning.

The position controller in the dual feedback control system is a dedicated P-gain controller
with velocity feedforward and acceleration feedforward. The velocity loop can be either Pl or
PDFF, and controls the motor using the motor feedback. The current loop also controls the
motor using the motor feedback.

The dual feedback position controller includes three gain parameters:
® KNLDUALLOOPKP: Position loop proportional gain.

® KNLDUALLOOPVFF: Position loop velocity feedforward.

® KNLDUALLOOPAFF: Position loop acceleration feedforward.

Trajectory

Control gains: Control gains: Control gains:
KNLDUALLOOPKP KVP KCP
KNLDUALLOOPVFF Kvl KCl
KNLDUALLOOPAFF KVFR KCFF
Axis movement
«—>»
+ +
Position Controller Velocity Controller Current Controller /////ﬂ//////////
- oe
= b e Linear scale
d /1
dt
Pl Motor Feedback
Bl ¢ SFB Load Feedback

Figure 8-41. Dual Feedback Position Control Loop

Procedure: Tuning the Dual Feedback Position Control Loop

254

1. Make sure the drive is operating in serial communication mode (COMMODE 0).
2. Configure the motor and the motor feedback parameters.

3. Set the motor to load inertia ratio (LMJR) value.
If unknown, use the ServoStudio 2 Autotuning to estimate the value.

4. Configure the secondary feedback device parameters.
Refer to Secondary Feedback.

5.  Make sure the direction of motor feedback and secondary feedback are the same.
If not, use SFBDIR to invert the direction.

6. Enable secondary feedback and activate the dual loop mode (SFBMODE 1).
7. Tune the velocity controller:
a.  Switch to Serial Velocity operation mode (OPMODE 0).
b. Define PDFF velocity controller (VELCONTROLMODE 1).
c.  Select variables for recording: VCMD, MVEL, ICMD
d. Using these variables, tune the velocity loop for the motor:
e Tune the velocity proportional gain (KVP).

e Tune the velocity integral gain (KVI).
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e Tune the velocity feedforward (KVFR).

125—
= x ICMD
100 e

75—

50—

25

?l.‘ ) - -
A UUID s S S S N .

o 200 400 600 800
Milliseconds
dotion
Operation Mode | 8 -Paosition

Motion Command Target Position Cruise Velocity
*) Absolute [F] Atternating |1 rev 100 rpm
o

i) Acceleration | 5000000 | rpm/s Copy Acc To Dec

Deceleration 5000.000 rpmy/s

Figure 8-42. Dual Feedback — Tuning Velocity Controller — Example

8. Tune the dual-feedback position controller:
a.  Switch to Serial Position operation mode (OPMODE 8).
b. Select variables for recording: PTPVCMD, V, PE, ICMD.
c.  Using these variables, tune the dual-feedback position loop:
e Tune the proportional gain (KNLDUALLOOPKP)
e Tune the velocity feedforward (KNLDUALLOOPVFF)

Best tuning: Gradually increase KNLDUALLOOPKP until oscillation occurs on ICMD, or
acoustical noise is heard. Then decrease KNLDUALLOOPKP by 10%.

-— — PTPVCMD —
125 e — e
-3 x ICMD

e

e el

0 200 400 600 800

Milliseconds

Figure 8-43. Dual Feedback — Tuning Position Controller ((NLDUALLOOPKP) — Example

d. Set the velocity feedforward to 100% (KNLDUALLOOPVFF):
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Figure 8-44.

CDHD2

— PTRVCMD

1717 B OSSR G Eey ; —
[ V N xICMD
=F

=

Milliseconds

Dual Feedback — Tuning Position Controller (KNLDUALLOOPVFF) — Example

8.15 Gantry Tuning

The tuning procedure (motion/recording) for the gantry system is performed by the gantry
Master drive.

Notes

All motion commands to the gantry system must be issued by the gantry Master drive.
The gantry Difference drive will reject motion commands.

Procedure: Tuning the Gantry System

1.

Make sure you have completed the gantry system setup described in the section Gantry
Setup.

Open the ServoStudio 2 Operation Mode screen.
For each drive, select Serial Position (OPMODE 8, COMMODE 0) operation mode.

Open the ServoStudio 2 Control>Position Loop screen.
For each drive, select Position Controller method 5-HD Controller.
(POSCONTROLMODE 5)

Open the ServoStudio 2 Control>Scope screen.
Make sure the selected drive is the gantry Master.

m  Define the parameters to be recorded.

PTPVCMD
PE

\

1CMD

m  Define a serial position motion command, execute and record. View the resulting
plot.

Note ServoStudio 2 will record PE and ICMD of both drives.

5.

256

Gradually increase KNLD (HD derivative gain) until the system generates audible noises.
The goal is to maintain the highest KNLD with the least amount of filtering.

Adjust the gains of the gantry Master drive, as described in the following steps, while
continuously testing the system.
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Scope
BRDEN B BOEE
1500 = PTPVCMD drvl |
PE_drvl
e TCMD: dirvl
1000 ] — vl
—PE V2
ICMD: drv2 |
500 |
100 200 300 400 500

Figure 8-45. KNLD=1

Scope
I I - II!I L]
— PTPVCMD drvl |

ol m— PE_drvl
300 ICMD_drvl
200 V.drvl

PE_drv2
100 ——— ICMD_dr2
-100
-200

100 200 300 400 500

Figure 8-46. KNLD=20

Scope
BaREnD - IEI &
500 —
\ ——— PTPVCMD. drvl

400 if L PE_drvl

i \ ICMD._drv
300 14 i — V.drl

f /\{L\_ PE_dr2
200 i P ICMD._drv2 i
100 I 8

17 '8
100 200 300 400 500

Figure 8-47. KNLD=50

6. Gradually increase KNLP (HD proportional gain) until the position error diminishes.

Scope
ORDEN EanEE
500 - —ng !
¥ il ——— PIPVEMD. drvi

400 i i PE_drvi

[ —— ICMD_dnl
300 i ]\)’;d;\'lg

I'I‘ E_arv.
200 il “. ——— ICMD.dn2
100

j 5%
-
100 200 300 a0 500

Figure 8-48. KNLD=20
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Scope
BEERENmEanRm s
500 [P Aty - PTBVCMD_drvl
| 1 |12
400 1 s TCMID dirvl
300 \ — ;J;i
-~ {f \ ——— ICMD_drv?
————1
100 200 300 400 500
Figure 8-49. KNLD=50
7. Increase KNLI (HD integral gain) to reduce the standstill error.
. KNLP
The maximum value of KNLI should always be less than 2
Scope
BERREN R RO o
s00 e PTPVCMD_drel
/ -\.‘ s PE_drvl
400 il s [CMD:dirvl
3 \ e
_ |III — [CMD drv2
100 J \
—+ s T — *‘*“—“ft—
100 200 300 400 500

Figure 8-50. KNLD=20

8. If needed, reduce setting time by increasing KNLIV (HD derivative-integral gain).

If there are vibrations at the end of the movement, reduce KNLIV.

9. Switch the active axis to the gantry Difference drive.

10. For a rigid gantry system set the Difference drive HD control loop gain parameter to 0.
For a flexible gantry system, adjust the Difference drive gain parameters as described in

the preceeding steps.

Most likely KNLI and KNIV need to be set to 0 to prevent current rise during standstill.

1.  To test performance, switch the active axis to the gantry Master drive, and execute

motion/record.

Scope

BRREN R B0RE @

500 e e e e ey
400

300

200

100

100 200 300 400

500

Figure 8-51. Both Axes are Tuned
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Using Terminal for Tuning - Example

8.16

\1

K

#Delay 100
CLEARFAULTS
KNLUSERGAIN 1
NLTFDESIGNMODE 1
NLTFBW 400
KNLD 32

KNLP 16

KNLI O

KNLIV O
KNLVFF 1

\2

KNLUSERGAIN 1
NLTFDESIGNMODE 1
NLTFBW 400

KNLD 32

KNLP 8

KNLT O

KNLIV O

KNLVFF 1

\1

RECOFF

RECORD 32 2000 “PTPVCMD “PE ““GANTRYMSTRVFB “I1CMD
RECTRIG “PTPVCMD 10 100 1

ACC 100

DEC 100

MOVEABS 1400000 500

#PLOT

#Delay 4000

MOVEABS 0 250

Tuning Issues - Q&A

When should a notch filter be used?

If your plant has a high frequency vibrations, and produces shrieking or honking sounds
when you raise the gain.

Although system performance is good, the system produces a lot of acoustical noise at low
speeds. What should be done?

Tune the system at a high speed, reduce global gain KNLUSERGAIN, increase low pass
filter rise time NLFILTT1, and then increase NLMAXGAIN.

The system has flexibility, and overshoots at the end of the movement. How can overshoot
be eliminated?

Use a low value of acceleration filter NLAFFLPFHZ and decrease NLPEAFF. This will
create an undershoot before the stop and eliminate the overshoot.
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9 Operator Panel (HMI)

The CDHD?2 operator panel is an HMI (human-machine interface) that allows you to monitor
and edit parameter values, execute commands, and perform drive diagnostics and
troubleshooting.

While COMMODE 0 is in effect, the drive can be fully controlled (enabled, motor movement,
parameter modification) by both the operator panel and ServoStudio 2. Neither the operator
panel nor ServoStudio 2 takes precedence.

Functions performed in the operator panel and in ServoStudio 2 are recognized by each
other, but modifications to certain values, states and mode are not automatically displayed in
the other. Changes made from the panel might not appear in a ServoStudio 2 screen until
the screen in refreshed (exited and reopened).

When COMMODE 1 is in effect, the drive cannot be enabled and the motor cannot be moved
through the operator panel or ServoStudio 2. The operator panel can only be used to
manipulate parameters that do not interfere with fieldbus operation. If you attempt to set a
parameter that interferes with fieldbus operation, the drive will issue an error code in the
operator panel and/or an error message in ServoStudio 2.

The operator panel has a 5-digit 7-segment LED display, and four control keys.

Digit5 DP5 Digit4 DP4 Digit3 DP3 Digit2 DP2 Digitl DP1
Figure 9-1. Five digit 7-segment display and keypad

Table 9-2. Operator Panel Control Keys

Key Name Function
o Mode e Switches to next panel display mode (Status >
Parameter > Command > Monitor > Fault > Status).

e While editing, cancels the edited value and returns
to mode menu.
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Key Name Function

o Shift | Enter e Moves the cursor one digit to the left.
e Press short: Shows the value of the currently
selected parameter, and enables editing and setting
of the parameter value.

e Press long: Applies parameter number or value

o Up Parameter:
e Press once: Navigates up to next parameter.

e Press continuously: Quickly scrolls through
ascending parameter indexes. Speed of scrolling
increases the longer the key is pressed.

Value:
e Increases value by one increment

o Down Parameter:

e Press once: Navigates down to next parameter.

e Press continuously: Quickly scrolls through
descending parameter indexes. Speed of scrolling
increases the longer the key is pressed.

Value:
e Decreases value by one increment

o Mode e Scrolls to next panel display mode.

e While editing, cancels the edited value and moves
to next panel mode.

o o Shift + Mode Long press (>0.5 second)

Applies parameter value and executes CONFIG.
>> done

O o Shift + Mode Very long press (>2 seconds)

Executes CONFIG after one second, then executes SAVE
after two seconds.

>> done

9.1 Operator Panel Modes

Use the Mode © button to scroll through the five digital display modes.

The operator panel has five modes:
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9.2

Status (S) S Mode for displaying drive status, operating mode, warnings and
motor movement.

Refer to Operator Panel — Status Mode and
Digital Display — Warning Codes.
Parameters P Mode for reading and writing values of drive parameters.
Refer to the VarCom Reference Manual.
Command C Mode for executing drive commands.
Refer to Operator Panel — Command Mode.

Monitoring d Mode for displaying drive and system variables, such as actual
speed, position, input and output states.

Refer to Operator Panel — Monitoring Mode.

Faults & Info F Mode for displaying fault codes and system information.
Refer to Operator Panel — Faults & Info Mode.

The drive remembers the last selected setting or value in each mode.

If one or more faults occurs while in Status, Commands or Monitoring mode, the digital
display automatically switches to Faults mode, and the most recent fault number is displayed.
To resume working, a different display mode must be selected.

While in Parameters mode, an incorrect value will cause an error code to be displayed, but
the digital display will not switch modes.

Operator Panel - Status Mode

The Status mode is indicated by the character S in digit 5.

In Status mode, the digital display indicates the state of the drive, the drive operating mode,
drive enabled/disabled status, warnings, and motor movement.

The drive always powers up in Status mode, and indicating the operating mode in effect.

While the operating mode is displayed, DP1 is lit if the drive is enabled; DP1 is off if the drive
is disabled.

L
(N

HMI Status Codes
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Status codes are shown in the table below.
In addition, refer to Digital Display — Warning Codes.
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Digital Display Status Codes

Digit or DP Display = Description
DP 1 Drive enabled
Drive disabled
Digits 1 and 2 Operating mode, depending on COMMODE.
If COMMODE 0: Analog/P&D/Serial (OPMODE)
00 0 = Velocity control, using serial commands
01 1 = Velocity control, using analog input
02 2 = Current control, using serial commands
03 3 = Current control, using analog input
04 4 = Position control, using gearing input
08 8 = Position control, using serial commands
If COMMODE 1: (Object 6061)
PP 1 = Profile Position mode
PS 3 = Profile Velocity mode
Pt 4 = Profile Torque mode
HH 6 = Homing mode
SP 8 = Cyclic Synchronous Position mode
SS 9 = Cyclic Synchronous Velocity mode
St 10 = Cyclic Synchronous Torque mode
DP 2 EtherCAT/CANopen OP mode active
EtherCAT/CANopen INIT mode
Digit 3 r Motor is moving
Motor is not moving
Digit 4 # First character of a warning code.
No faults or warnings
Digit 5 S Status mode.
Displays the codes shown in this table.
P Parameter mode.
Refer to Operator Panel — Parameter Mode
and to the VarCom Reference Manual.
C Command mode.
Refer to Operator Panel — Command Mode.
d Monitoring mode.
Refer to Operator Panel — Monitoring Mode.
F Faults & Information mode

Refer to Operator Panel — Faults & Info Mode.
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HMI Special Status Codes

Power Up
During power up, the digital display shows 5 dashes.

This code is also displayed when the Ember switch is activated, which sets the drive to serial
communication Boot-Up mode.

Ember Mode

During the firmware update process, the digital display shows:

9.3 Operator Panel - Parameter Mode

The Parameter mode is indicated by the character P in digit 5.

In Parameter mode, the digital display shows the value of drive parameters, and the panel is
used to edit the values of drive parameters.

done indicates that a parameter has been set.

In Parameter mode, DP5 is lit to indicate the parameter is read only; for example, the value of
Analog Output (P4219):

When editing in Parameter mode, an invalid value will cause an error message code to be
displayed. (The panel does not switch to Fault mode.)

Error messages resulting from parameter manipulation are indicated by E followed by a two
or three digit error code. Refer to Error Messages.

If CONFIG is required after a parameter value is entered, the display will flash.

CONFIG can be issued by a long press on Shift + Mode keys, or by command C0005, or
through the ServoStudio 2 interface.
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Setting a Parameter - Example

Operator Panel (HMI)

Code P0O018

Parameter Motor Direction

VarCom DIR

Sequence Press:
Select:
Display:
Select:
Press:
Display:
Select:
Display:
Press:

or Press:
Done:

Mode

(up/down) Parameter mode

P000O

(up/down) P0018

Shift

00000, flashing digit

(up/down) parameter value; for example: 3
00003, flashing 3

Long Shift + Mode (0.5 second) to apply value and execute
CONFIG.

Very Long Shift + Mode (2 seconds) for CONFIG and SAVE.
done

HMI Parameter Value Manipulation

The digital display can present parameter values up to +9,223,372,036,854,775,807.000

The first string is displayed by default. To view the second, third and fourth strings, press the
Shift key @ repeatedly, until the display shows the next string.

The string can be recognized by the DPs that are lit:

®  DP1: first string (integer value)

® DP1 + DP4: first string (value with 3 decimal places)

® DP1 + DP2: second string

e DP1 + DP2+ DP3: third string

® DP1 + DP2+ DP3 + DP4: fourth string

First string Second string Third string Fourth string

integers up to 99999 numerals in values up to numerals in values up to numerals in values up to
9,999,999.xxx 999,999,999,999.xxx 99,999,999,999,999,999.xxx

oMo onnn

O O e O e e,

or values up to 99.999

Note that the first string might show 00.000. while the value of the parameter is shown and
set in the second string; for example, if acceleration parameter (ACC/P0014) =

40000.000 [rpm/s]:

®  First string:

User Manual
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Table 9-4.

Table 9-5.

CDHD2

0o n

I I I I I I
®  Shift to second string:

o ugnn

(I T R I %

HMI Parameter Codes
Parameter Groups
Parameter Group Description
Basic - most frequently used Starting at index 0000
Gains and Filters Starting at index 1000
Shaping Filters Starting at index 1100
Linear Loop Gains Starting at index 1200
Current Loop Gains Starting at index 1300
Feedback Starting at index 2000
Secondary Feedback Starting at index 2100
Motor Starting at index 3000
Digital 1/0s Starting at index 4000
Analog 1/Os Starting at index 4100
Limits Starting at index 5000
Communication/Fieldbus Starting at index 6000
Drive Parameters and Foldback Starting at index 7000
Emergency stop Starting at index 7100
Homing Starting at index 7200
Faults Modes and Thresholds Starting at index 7300
Parameter Codes
Parameter Description Code
Basic - most frequently used  Starting at index 0000
COMMODE Communication Mode P00O0O
OPMODE Drive Operation Mode P00O01
GEARMODE Gearing Operation Mode P0002
ADDR Drive Communication Address P0003
XENCRES External Encoder Resolution P0004
GEARIN Gear Ratio Numerator P00O0O5
GEAROUT Gear Ratio Divider P0006
ENCOUTRES Encoder Simulation Line Resolution P0007
User Manual
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Parameter Description Code
ENCOUTMODE Encoder Simulation Mode P0008
ANINTVSCALE Analog Input 1 Velocity Scaling P0009
ANINTISCALE Analog Input 1 Current Scaling P0010
ILIM User Current Limit P0OO0O11
VLIM User Velocity Limit P0012
VBUS Bus Voltage (DC) P0013
ACC Acceleration P0014
DEC Deceleration P0015
DISMODE Disable Mode P0016
DECSTOP Active Disable Deceleration P0017
DIR Motor Direction P0018
MFBDIR Motor and Feedback Direction P0019
MPHASE Commutation Offset P0020
PFBOFFSET Position Offset P0021
UNITSROTPOS Units Rotary Position P0022
UNITSROTACC Units Rotary Acc/Dec P0023
UNITSROTVEL Units Rotary Velocity P0024
UNITSLINPOS Units Linear Position P0025
UNITSLINACC Units Linear Acc/Dec P0026
UNITSLINVEL Units Linear Velocity P0027
Gains and Filters Starting at index 1000

POSCONTROLMODE Position Loop Controller Mode P1000
VELCONTROLMODE Velocity Loop Controller P1001
KNLUSERGAIN HD Global Gain P1002
KNLD HD Derivative Gain P1003
KNLP HD Proportional Gain P1004
KNLIV HD Derivative-Integral Gain P1005
KNLI HD Integral Gain P1006
KNLAFRC HD Acceleration Feedforward P1007
NLPEAFF HD Flexibility Compensation P1008
NLAFFLPFHZ HD Spring Filter P1009
NLFILTT1 HD Current Filter Low Pass Rise Time P1010
NLFILTDAMPING HD Current Filter Damping P1011
NLMAXGAIN HD Maximum Adaptive Gain P1012
NLNOTCHCENTER HD Current Filter Notch Center P1013
NLNOTCHBW HD Current Filter Notch Bandwidth P1014
NLNOTCH2CENTER HD Current Filter 2nd Notch Center P1015
NLANTIVIBSHARP HD AV 1 Filter Sharpness P1016
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Parameter Description Code
NLANTIVIBGAIN2 HD Anti-Vibration 2 Filter ? Gain P1017
NLANTIVIBHZ2 HD AV 2 Filter Center Frequency P1018
NLANTIVIBSHARP2 HD AV 2 Filter Sharpness P1019
NLANTIVIBGAIN3 HD Anti-Vibration 3 Filter ? Gain P1020
NLANTIVIBHZ3 HD AV 3 Filter Center Frequency P1021
NLANTIVIBSHARP3 HD AV 3 Filter Sharpness P1022
Shaping Filters Starting at index 1100

MOVESMOOTHMODE Position Command Smoothing Mode P1100
MOVESMOOTHSRC Position Command Smoothing Source P1101
MOVESMOOTHAVG Position Command Moving Avg Filter P1102
MOVESMOOTHLPFHZ Position Command Move Low Pass Filter P1103
GEARFILTMODE Gearing Filter Mode P1104
GEARFILTT1 Gearing Filter Depth P1105
GEARFILTT2 Gearing Filter Vel and Acc Depth P1106
GEARACCTHRESH Gearing Acceleration Threshold P1107
GEARFILTVELFF Gearing Filter Velocity Feedforward P1108
GEARFILTAFF Gearing Filter Acceleration FF P1109
Linear Loop Gains Starting at index 1200

KVP Velocity Proportional Gain P1200
KVI Velocity Integral Gain P1201
KVFR Velocity Feedforward Ratio P1202
FILTMODE Velocity Loop Output Filter Mode P1203
FILTHZ1 Velocity Loop Output Filter Param 1 P1204
FILTHZ2 Velocity Loop Output Filter Param 2 P1205
VELFILTMODE Velocity Filter Mode P1206
KPP Position Proportional Gain P1207
KPI Position Integral Gain P1208
KPISATIN Position Integral Saturation Input P1209
KPISATOUT Position Integral Saturation Output P1210
KPD Position Derivative Gain P1211
KPE Position Adaptive Proportional Gain P1212
KPVFR Position Velocity Feedforward P1213
KPAFRC Position Acc FF to Current Loop P1214
KPAFRV Position Acceleration Feedforward P1215
Current Loop Gains Starting at index 1300

KCP Current KP Gain P1300
KCl Current KI Gain P1301
KCD Dead Time Compensation Min Level P1302
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Parameter Description Code
KCFF Current KFF Gain P1303
KCBEMF Current BEMF Compensation Gain P1304
KCMODE Current Loop Compatibility Mode P1305
MLGAINP Adaptive Gain at Peak Motor Current P1307
MLGAINC Adapt Gain at Continuous Motor Current P1308
MTANGLC Torque Angle at Motor Continuous Current P1308
MTANGLP Torque Angle at Motor Peak Current P1309
FRICINEG Friction Compens Negative Current P1310
FRICIPOS Friction Compens Positive Current P1311
FRICNVHYST Friction Compens Neg Vel Hysteresis P1312
FRICPVHYST Friction Compens Neg Vel Hysteresis P1313
I Motor Current P1314
ICMD Current Command P1315
ID Current D Axis P1316
IFFLPFHZ Current Feedforward Low Pass Filter P1317
IGRAV Gravity Compensation P1318
IMAX Drive Current Limit P1319
1Q Current Q Axis P1320
U Phase U Actual Current P1321
I[UOFFSET Phase U Current Offset P1322
v Phase V Actual Current P1323
IVOFFSET Phase V Current Offset P1324
Feedback Starting at index 2000

FEEDBACKTYPE Feedback Type P2000
MENCRES Motor Encoder Resolution P2001
MENCTYPE Motor Encoder Type P2002
MSININT Motor Sine Interpolation P2003
BISSCFIELDS (argument 1) Multi-turn Data (bits) P2004
BISSCFIELDS (argument 2) Effective Multi-turn Data (bits) P2005
BISSCFIELDS (argument 3) Single Turn Data (bits) P2006
BISSCFIELDS (argument 4) Effective Single Turn Data (bits) P2007
RESBW Resolver Conversion Bandwidth P2008
HALLSINV Hall Signals Inversion P2009
HALLSTYPE Hall Signals Type P2010
PHASEFINDMODE Phase Find Mode P2011
PHASEFINDI Phase Find Current P2012
PHASEFINDTIME Phase Find Duration P2013
PHASEFINDGAIN Phase Find Gain P2014
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HALLSCOMMTHRESH Halls-Only Commutation Source Switch P2015
HALLSONLYCOMM Halls-Only Commutation Source P2016
HALLSFILTAFF Halls-Only MSQ Filter Acc FF P2017
HALLSFILTT1 Halls-Only MSQ Filter Depth P2018
HALLSFILTT2 Halls-Only MSQ Filter Vel and Acc P2019
HALLSFILTVELFF Halls-Only MSQ Filter Velocity FF P2020
HWPOS Hardware Position P2021
MECHANGLE Motor Angle P2023
MENCAQBFILT Motor Encoder A/B Quadrature Filter P2024
MENCZPOS Motor Encoder Index Position P2025
MFBMODE Motor Feedback Mode P2026
MRESPOLES Motor Resolver Poles P2027
RESAMPLRANGE Resolver Amplitude Range P2028
SININITMODE Sine/Cosine Calibration Mode P2029
TMTEMP Tamagawa Temperature P2030
INDEXDURATE Simulated Encoder Index Pulse Duration P2032
Secondary Feedback Starting at index 2100
HWPEXT Hardware Position External P2100
HWPEXTCNTRLR Hardware Position External (FPGA) P2101
HWPEXTMACHN Hardware Position External (DSP) P2102
SFB Secondary Feedback P2103
SFBMODE Secondary Feedback Mode P2107
SFBOFFSET Secondary Feedback Offset P2108
SFBTYPE Secondary Feedback Type P2113
LMUNITSDEN Motor to Load Scaling Denominator P2114
LMUNITSNUM Motor to Load Scaling Numerator P2115
Motor Starting at index 3000
MOTORNAME Motor Name P3000
MOTORTYPE Motor Type P3001
MICONT Motor Continuous Current P3002
MIPEAK Motor Peak Current P3003
MSPEED Motor Maximum Speed P3004
MPOLES Motor Poles P3005
MPITCH Motor Pitch P3006
MKT Torque Constant P3007
MKF Torque Constant for Linear Motor P3008
ML Motor Inductance P3009
MR Motor Resistance P3010
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Parameter Description Code
MOTORCOMMTYPE Motor Commutation Type P3011
MFOLD Motor Foldback Status P3012
MFOLDD Motor Foldback Delay Time P3013
MFOLDDIS Motor Foldback Disable P3014
MFOLDF Motor Foldback Factor P3015
MFOLDR Motor Foldback Recovery Time P3016
MFOLDT Motor Foldback Time Constant P3017
MIFOLD Motor Foldback Current P3018
MIFOLDFTHRESH Motor Foldback Fault Threshold P3019
MTPMODE Electronic Motor Nameplate Mode P3020
Digital I/Os Starting at index 4000

INMODE 1 Input Mode (input 1) P4000
INMODE 2 Input Mode (input 2) P4001
INMODE 3 Input Mode (input 3) P4002
INMODE 4 Input Mode (input 4) P4003
INMODE 5 Input Mode (input 5) P4004
INMODE 6 Input Mode (input 6) P4005
INMODE 7 Input Mode (input 7) P4006
INMODE 8 Input Mode (input 8) P4007
INMODE 9 Input Mode (input 9) P4008
INMODE 10 Input Mode (input 10) P4009
INMODE 11 Input Mode (input 11) P4010
ININV 1 Input Inversion (input 1) P4011
ININV 2 Input Inversion (input 2) P4012
ININV 3 Input Inversion (input 3) P4013
ININV 4 Input Inversion (input 4) P4014
ININV 5 Input Inversion (input 5) P4015
ININV 6 Input Inversion (input 6) P4016
ININV 7 Input Inversion (input 7) P4017
ININV 8 Input Inversion (input 8) P4018
ININV 9 Input Inversion (input 9) P4019
ININV 10 Input Inversion (input 10) P4020
ININV 11 Input Inversion (input 11) P4021
OUTMODE 1 Output Mode (output 1) P4022
OUTMODE 2 Output Mode (output 2) P4023
OUTMODE 3 Output Mode (output 3) P4024
OUTMODE 4 Output Mode (output 4) P4025
OUTMODE 5 Output Mode (output 5) P4026

User Manual 271



Operator Panel (HMI)

272

CDHD?2

Parameter Description Code
OUTMODE 6 Output Mode (output 6) P4027
OUTMODE 7 Output Mode (output 7) P4028
OUTINV 1 Output Inversion (output 1) P4029
OUTINV 2 Output Inversion (output 2) P4030
OUTINV 3 Output Inversion (output 3) P4031
OUTINV 4 Output Inversion (output 4) P4032
OUTINV 5 Output Inversion (output 5) P4033
OUTINV 6 Output Inversion (output 6) P4034
OUTINV 7 Output Inversion (output 7) P4035
ENCOUTZPOS Encoder Simulation Index Position P4036
IN320OPMODES Operation Mode Change Input Level P4037
IN32SWITCH Operation Mode Change Resume Motion P4038
JOGSPD1 Jog Speed 1 Triggered by Input P4039
JOGSPD2 Jog Speed 2 Triggered by Input P4040
OUTBRAKE Manual Brake by Output P4041
OUTBRAKEINV Manual Brake by Output Inverse P4042
OUTBRAKEMODE Manual Brake by Output Mode P4043
OUTFLTLVL Force Digital Output State on Fault P4044
OUTILVLT Current 1 Digital Output Definition P4045
OUTILVL2 Current 2 Digital Output Definition P4046
OUTINV Position 1 Digital Output Definition P4047
OUTPLVL2 Position 2 Digital Output Definition P4048
OUTVLVL1 Velocity 1 Digital Output Definition P4049
OUTVLVL2 Velocity 2 Digital Output Definition P4050
RELAY Fault Relay Status P4051
RELAYMODE Fault Relay Mode P4052
Analog 1/Os Starting at index 4200

ANIN1DB Analog Input 1 Deadband P4200
ANIN1TFILTAFF Analog Input 1 MSQ 2nd Deriv FF P4201
ANINTFILTIN Analog Input 1 Before MSQ Filter P4202
ANINTFILTMODE Analog Input 1 MSQ Filter P4203
ANINTFILTT1 Analog Input 1 MSQ Filter Depth P4204
ANINTFILTT2 Analog Input 1 MSQ 1st 2nd Deriv P4205
ANINTFILTVELFF Analog Input 1 MSQ 1st Deriv FF P4206
ANINTLPFHZ Analog Input 1 Filter P4207
ANINTOFFSET Analog Input 1 Offset P4208
ANIN2DB Analog Input 2 Deadband P4209
ANIN2ISCALE Analog Input 2 Current Scaling P4210
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Parameter Description Code
ANIN2LPFHZ Analog Input 2 Filter P4211
ANIN2MODE Analog Input 2 Mode P4212
ANIN2OFFSET Analog Input 2 Offset P4213
ANIN2USER Analog Input 2 Voltage User Units P4214
ANIN2USERDEN ANIN2USER Conversion Denominator P4215
ANIN2USERNUM ANIN2USER Conversion Numerator P4216
ANIN2USEROFFSET ANIN2USER Conversion Offset P4217
ANIN2ZERO Analog Input 2 Zero Command P4218
ANOUT Analog Output Value P4219
ANOUTCMD Analog Output Command P4220
ANOUTISCALE Analog Output Current Scaling P4221
ANOUTLIM Analog Output Voltage Limit P4222
ANOUTMODE Analog Output Mode P4223
ANOUTVSCALE Analog Output Velocity Scaling P4224
Limits Starting at index 5000

LIMSWITCHNEG Limit Switch Negative Status P5000
LIMSWITCHPOS Limit Switch Positive Status P5001
GEARLIMITSMODE Electronic Gearing Mode P5002
POSLIMHYST SW Position LS Hysteresis Value P5003
POSLIMMODE Position Limiting Mode P5004
POSLIMNEG Minimum Software Position Limit P5005
POSLIMPOS Maximum Software Position Limit P5006
ILIMACT Drive Actual Current Limit P5007
Communication/Fieldbus Starting at index 6000

BAUDRATE Serial Baud Rate P6000
CANBITRATE CAN Bus Bit Rate P6001
CHECKSUM Checksum P6002
ECHO Serial Communication Character Echo P6003
PNUM Feed Constant Scaling Numerator P6004
FBGDS Fieldbus Gear Driving Shaft Scaling P6006
FBGMS Fieldbus Gear Motor Shaft Scaling P6007
FBITIDX Fieldbus Interpolation Time Index P6008
FBITPRD Fieldbus Interpolation Time P6009
FBPLIGNORE Fieldbus Ignore Packet Loss Fault P6010
FBSCALE Fieldbus Unit Scaling P6011
MSGPROMPT Drive Messages and Prompts P6012
Drive Parameters and Foldback Starting at index 7000

DICONT Drive Continuous Current P7000
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Parameter Description Code
DIPEAK Drive Peak Current P7001
FOLD Drive Foldback Status P7002
IFOLD Drive Foldback Current Limit P7003
IFOLDFTHRESH Drive Foldback Fault Threshold P7004
IFOLDWTHRESH Drive Foldback Warning Threshold P7005
IZERO Zero Procedure Current P7006
Emergency Stop Starting at index 7100

DECSTOPTIME Active Disable Deceleration Time P7102
DISSPEED Active Disable Speed Threshold P7103
DISTIME Active Disable Time P7104
ESTOPILIM Current Limit During Emergency P7105
HOLD Hold Position Command P7106
ISTOP Dynamic Braking Current P7107
COMMERRMAXCNT Commutation Error Counter P7108
COMMERRTTHRESH Commutation Error Threshold P7109
COMMERRVTHRESH Commutation Velocity Deviation P7110
STALLTIME Stall Time P7111
STALLVEL Stall Velocity P7112
Homing Starting at index 7200

HOMETYPE Homing Type P7200
HOMECMDST Homing Process Status P7202
HOMEIHARDSTOP Current for Homing on Hard Stop P7203
HOMEOFFSET Home Offset P7204
HOMEOFSTMOVE Home Offset Move P7205
HOMESPEED1 Homing Speed 1 - Switch Search P7206
HOMESPEED?2 Homing Speed 2 - Index Search P7207
HOMESTATE Homing Status P7208
Faults Modes and Thresholds  Starting at index 7300

UVMODE Under-Voltage Mode P7300
UVRECOVER Under-Voltage Recovery Mode P7301
UVTHRESH Under-Voltage Threshold P7302
UVTIME Under-Voltage Time P7303
IGNOREBRKFLT Ignore Power Brake Fault P7304
LINELOSSMODE Bus AC Supply Line Disconnect Mode P7305
LINELOSSRECOVER Bus AC Disconnect Recovery Mode P7306
LINELOSSTYPE Bus AC Supply Line Disconnect Type P7307
OVTHRESH Over-Voltage Threshold P7308
PWMFRQ PWM Frequency P7309
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Parameter Description Code

REGENFLTMODE Regeneration Resistor Fault Mode P7310
REGENMAXONTIME Regeneration Resistor Max On Time P7311
REGENMAXPOW Regeneration Resistor Maximum Power P7312
REGENPOW Regeneration Resistor Power P7313
REGENRES Regeneration Resistor Resistance P7314

9.4 Operator Panel - Command Mode

The Command mode is indicated by the character  in digit 5.

In Command mode, the panel is used to issue commands to the drive.

If an invalid command argument is entered, an error message code will be displayed.
Error messages resulting from parameter manipulation are indicated by Er followed by a
two or three digit error code.

For the full list of error message codes, refer to Error Messages.

HMI Command Codes
Command codes are shown in the table below.
The sequences for entering the commands are presented in the sections that follow.

When selecting/entering a command, 0 often flashes once in digit 1. This is standard
behavior of the panel, indicating a value can be entered.

Table 9-6. Command Codes

Command - VarCom Description Code

HDTUNE Initiate Drive-based Autotuning coo000
MOTORSETUP Motor Setup Command cooo1
CLEARFAULTS Clear Faults Cc0002
EN /K Enable/Disable c0003
J Jog Command co0004
CONFIG Configure Drive C0005
SAVE Save Parameters co0006
MTTURNRESET Encoder Multi-Turn Reset coo0o07
FACTORYRESTORE Restore Factory Settings cooos
ANIN1ZERO Analog Input 1 Zero Command co0009
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MOVEABS Move Absolute Command coo010
MOVEINC Move Incremental Command coo11
HOMECMD Homing Command co0012
PHASEFIND Phase Find Command co0013
SININIT Sine/Cosine Calibration Command co014

Autotuning
Code coo000
Command Initiate Drive-based Autotuning
VarCom  HDTUNE
Sequence Make sure the drive is disabled, and has no faults

Select: ~ C0000
Press: Shift
Display: Atune
[ _
B I N N I I
Press: Shift
Display: Flashing 0. in digit 1
Insert a value that represents the autotuning options:
0 Internal Motion Generator — Express, drive-based
1 Internal Motion Generator — Advanced, drive-based
2 Internal Motion Generator — Advanced, for vertical applications, drive-based

10  External Motion Generator — Express, controller-based

11 External Motion Generator — Advanced, controller-based

12 External Motion Generator — Advanced, for vertical application, controller-
based

13 External Motion Generator — Advanced, with command smoothing,

controller-based

14 External Motion Generator — Advanced, with command smoothing for vertical
application, controller-based

Press: Long Shift
Display: Autotuning progress in % number (DP1 is lit)
Done: done
(or an error code)
Note During autotuning:

A warning will be displayed as S#

A fault will be displayed as F# flashing
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Motor Setup

Code coo0o01
Command Motor Setup
VarCom  MOTORSETUP

Sequence Make sure the drive is disabled, and has no faults

Select:  C0001
Press: Shift
Display: nnset

Press: Long Shift
Display: Motor setup progress in % number
Done: done

(or an error code)

Clear Faults OK

Code Cc0002
Command Clear Faults
VarCom  CLEARFAULTS
Sequence Select:  C0002

Press: Shift
Display: 00000.
Press: Shift

Display: Flashing 0. in digit 1
Press: Long Shift
Display: 00000.
or will continue to show the fault code
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Enable / Disable

Code c0003
Command Enable/Disable (Toggle)
VarCom EN /K
Sequence Select: C0003
Press: Shift
Display:  00.000.
Press: Long Shift
Done: 00.000.

Sequence Select:  C0003

Press: Shift
Display: 00.000.
Press: Shift

Display: Flashing 0. in digit 1
Press: Long Shift
Done: 00.000.

Note The ServoStudio 2 toolbar/status bar might not accurately reflect change in
Enable/Disable state. Use the ST command in Terminal to verify.
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Jog
Code coo004
Command Jog
VarCom J
Note Jog speed range: 1 rpm to VLIM
The jog command from the panel functions in both 0 and 8 modes
Sequence Make sure drive is in appropriate operating mode.
Make sure drive is Enabled.
Select:  C0004
Press: Shift
Display: joG
|\ _
(I
Press: Shift
Display: 00.000.
Press: Shift
Display: flashing 0. in digit 1
For example, set a speed of 300 rpm
First string = values up to 99.999. Nothing to set.
O oo mnn
(I T T I
Press: Shift until you reach the first digit in the second string.
Second string = values up to 9999,9nn.nnn.
Press: Up to reach 3
O oan
oo, .
Press: Long Shift
Display: joG8S (jog motion stopped)
N _ C
(N | )
Press and hold Up key move motor at defined speed in positive direction.
Press and hold Down key to move motor at defined speed in negative
direction.
Display: jog8r (rotating, during motion)
[ )
(I |
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Config

Code C0005
Command Configure Drive
VarCom  CONFIG

Sequence Select:  C0005
Show: confg

Press: Shift

Display: Flashing 0. in digit 1

Press: Long Shift

Done: done (momentarily), and then00000.
(or an error code)

Save Parameters

Code Cc0006
Command Save Parameters
VarCom SAVE

Sequence Select:  C0006
Press: Shift
Display: done
(or an error code)

Encoder Multi-Turn Reset

Code co0007
Command Encoder Multi-turn Reset
VarCom  MTTURNRESET

Sequence Select:  C0007
Press: Shift.
Display: done
(or an error code)
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Restore Factory Settings

Code coo008
Command Restore Factory Settings
VarCom  FACTORYRESTORE

Sequence Make sure drive is Disabled.
Select: ~ C0008
Display: frstr
C C

Press: Shift

Display: Flashing 0. in digit 1

Press: Up (>1) for digits 1 to 4

Display: 0 1 1 1 1.

Press: Long Shift

Display: done (momentarily), then flashes, and stops.

Analog Input 1 Zero

Code c0009
Command Analog Input 1 Zero Command
VarCom  ANIN1ZERO

Sequence Make sure drive is Disabled.
Select: ~ C0008
Press: Shift
Display: Flashing 0. in digit 1
Press: Long Shift
Display: done
(or an error code)
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CDHD2

Move Absolute - Distance

Code
Command

VarCom

Sequence

co010
Move Absolute - distance

MOVEABS {distance} {velocity}
Sets the distance argument. Command uses velocity value set by JOGSPD1.

Make sure drive is Enabled.
Select: C0010
Display: absnn

Press: Long Shift
Display: Flashing 0. in digit 1
Press: (for example) Set a value of 15 (revolutions)
Press: Long Shift

(motor rotates)
Display: abSnn (during motor movement)
Display: done

(or an error code)

Move Incremental - Distance

Code
Command

VarCom

Sequence

Cco0011
Move Incremental - distance

MOVEINC {distance} {velocity}
Sets the distance argument. Command uses velocity value set by JOGSPD1.

Select: ~ CO011
Display: incnn

Press: Long Shift
Display: flashing 0
Press: (for example) Set a value of 2 (revolutions)
Press: Long Shift
Display: incnn (during movement)
Display: done
(or an error code)
Note value of movement = revolution, counts, degrees
Sets distance for movement. Speed is set according JOGSPD1
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Home
Code c0012
Command Home
VarCom  HOMECMD
Sequence Select: C0012
Display: honne
I I
N T O T I I
Press: Shift
Display: Flashing 0. in digit 1
Press: Set the value of a homing type
Press: Long Shift
Press: Long Shift
Display: (indicates homing progress in a % number)
Display: done
(or an error code)
Phase Find

Code co0013
Command Phase Find
VarCom  PHASEFIND

Sequence Select: C0013
Press: Shift.
Display: PhaSe

(]
(I
-

Press: Shift
Display: Flashing 0. in digit 1
Press: Long Shift
Display: done
(or an error code)
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Sine/Cosine Calibration

CDHD2

Code Cc0014

Command Sine/Cosine Calibration

VarCom  SININIT

Sequence Select:
Display:

Press:
Display:
Press:
Display:

C0014

sinin

Shift

Flashing 0. in digit 1
Long Shift

done

(or an error code)

9.5 Operator Panel - Monitoring Mode

The Monitoring mode is indicated by the character d in digit 5.

In Monitoring mode, the panel is used to read drive variables, such as speed, position, and
current, inputs and outputs.

HMI Monitor Codes

Table 9-7. Monitor Codes
Command - VarCom  Description Code
vV Actual speed, in rpm doooo
PFB Actual position, in degrees dooo1
PFB Actual position, in revolutions d0002
I Current, in amperes dooo3
IN Digital inputs 1 through 10 d00o04
IN Digital input 11 d0oo05
ouT Digital outputs 1 through 7 d0006
Not Applicable CAN statusword dooo?7
Not Applicable CAN controlword dooo0s8
ANIN1 Analog input 1 d0009
ANIN2 Analog input 2 doo10
HWPEXT Hardware position-external doo11
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Code
Command

Description

VarCom

Sequence

Examples

d0000
Velocity

Shows the actual speed of the motor, as measured by the primary
feedback, in rpm.

Speed is shown in digits 4 3 2 1

If motion is in a negative direction, DP5 is lit.

Vv
Select: d0000
Press: Shift

Display: 00000
Press: Shift (repeatedly), until only DP1 is lit.
Start motion.

0 0 25 0. = positive motion 250 rpm
0 0 02 0. =positive motion 20 rpm

0.0 2 5 0. = negative motion 250 rpm

0.0 0 2 0. = negative motion 20 rpm

Actual Position (degrees)

Code dooo1

Command  Actual Position, in degrees

Description  Shows the actual position of the motor, as measured by the primary
feedback, in degrees.
If the position is a negative value, DP5 is lit.

VarCom PFB

Sequence Select:  d0001
Press: Shift (repeatedly) until only DP2 and DP1 are lit.
Start motion.
Press the Shift key to view the next string.

Examples Examples of display:
0025.0. during motion
0036.0. (move absolute 36,000 degrees position: 100 revs.)
0360.0. (move absolute 360,000 degrees position: 1000 revs.)
1800.0. (move absolute 1,080,000 degrees position: 3000 revs.)
0.003.6. (move absolute -3,600 degree position: -10)
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Actual Position (rev)
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CDHD2

Code
Command

Description

VarCom

Sequence

Examples

d0002
Actual Position, in revolutions

Shows the actual position of the motor, as measured by the primary
feedback, in revolutions.

If the position is a negative value, DP5 is lit.

PFB
Select: d0002
Press: Shift

Start motion.
If number of revolutions = 1000 — 9999:
digits 4 3 2 1 = integer value
If number of revolutions <1000:
digits 4 3 2 = integer value,
digit 1 = decimal value
DP1 is lit

If number of revolutions <100
digits 4 3 = integer value
digits 2 1 = decimal value
DP2 and DP1 are lit

If number of revolutions <10
digit 4 = integer value
digit 3 2 1 = decimal value
DP3, DP2 and DP1 are lit

If number of revolutions > 10,000, press Shift to view the next string.

Examples of display:

If position = 00.000 to 99.999:
String 1:

78.123. 78.123 revolutions
97.345 97.345 revolutions

If position = 100.000 to 999.999:
String 1:

01.789. =101.789 revolutions
04.367. = 104.367 revolutions

Press Shift
String 2:
0000.1. =101.789
0000.1. =104.367
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Actual Current

Operator Panel (HMI)

Code
Command

Description

VarCom

Sequence

Examples

dooo3

Motor Current

Shows the motor current, in amperes.

If the current is a negative value, DP5 is lit.
I

Select:  d0003

Press: Shift

Display: 0 0. # # #.

During motion, values change continuously.

00.178.
00.188.
00.192.
00.204.
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Digital Inputs 1 through 10

288

CDHD2

Code
Command

Description

VarCom

Sequence

Examples

dooo4

Digital Inputs State

Indicates the state of digital inputs 1 through 10.
Double height line = on

Single height line = off

Read from left to right.

IN
Select: d0004
Press: Shift

Digital input 1 on. Digital inputs 2 through 10 off.

Digital input 2 on. Digital inputs 1, 3 through 10 off.

Digital 1 though 10 are all on.

Digital inputs 1 though 10 are all off.
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Code
Command

Description

VarCom

Sequence

Examples

d0005
Digital Input 11 Status

Indicates the state of digital input 11.
Double height line = on
Single height line = off

IN
Press: d0005
Press: Shift

Digital input 11 is on.

Digital input 11 is off.

Digital Outputs 1 through 7

Code d0006
Command  Digital Outputs State
Description  Indicates the state of digital outputs 1 through 7.
Double height line = on
Single height line = off
Read from left to right.
VarCom ouT
Sequence Press: d0006
Press: Shift
Examples Digital outputs 1 though 7 are all on.
(I O
R I I B |
Digital outputs 1 though 7 are all off.
Lt
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Returns CAN Statusword

CDHD2

Code
Command
Description
VarCom

Sequence

dooo7

Returns Statusword
Object 6041h

Not Applicable

Press: d0007
Press: Shift
Display: h4250 (for example)

Returns CAN Controlword

Code
Command
Description
VarCom

Sequence

d0ooo8

Returns Controlword
Object 6040h

Not Applicable

Press: d0008
Press: Shift
Display: h0000 (for example)

Analog Input 1 Value

Code
Command
Description
VarCom

Sequence

d00o09

Analog Input 1 Value

Shows the value of analog input 1, in millivolts
ANIN1

Press: d0009
Press: Shift
Display: 02.286. (for example)

Analog Input 2 Value

290

Code
Command
Description
VarCom

Sequence

doo10

Analog Input 2 Value

Shows the value of analog input 2, in millivolts
ANIN2

Press: doo10
Press: Shift
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Hardware Position External (counts)

Code doo11
Command Hardware Position External

Description  Shows the position as measured by an external feedback device, in counts

VarCom HWPEXT
Sequence Press: doo11
Press: Shift
Display: 00032. (for example)
Examples -16 counts
0.0016.

9.6 Operator Panel - Faults & Info Mode

The Faults & Info mode is indicated by the character F in digit 5.

HMI Fault Codes

If one or more faults occurs while the digital display is in Status, Commands or Monitoring
mode, the Faults mode “hijacks” the display, and the code of the most recent fault is
displayed.

When faults occur simultaneously, the display shows the code of the fault with the highest
priority.

To resume work, after clearing the fault/s, you must select a different display mode.

When the digital display is in Fault mode, the fault codes are displayed as a string, in
digits 4, 3, 2 and 1 as needed, and do not flash.

If a fault remains in effect, and a different display mode is selected, the fault code characters
will be displayed sequentially in digit 4, with flashing.

For the full list of Fault codes, refer to Digital Display — Fault Codes.

HMI Info Codes

The Faults & Info mode is also used to display faults history, warning history, and drive
information.

Info codes are shown in the table below.

The sequences for entering codes and viewing information are presented in the sections that
follow.
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Table 9-8.

Faults History
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CDHD?2
Info Codes

Command - VarCom Description Code
FLTHIST Faults History FOO0O01
VER Firmware Version F0002
VER FPGA Version F0003
Not Applicable Warnings History FO004
Code FO0O1
Command Faults History
VarCom  FLTHIST
Example Fe123:TP Read Failure

Fr20: Feedback Communication Error

F e: Parameter Memory Checksum Failure

Fr25: Pulse and Direction Input Line Break
Sequence Select:  F0001

Press: Shift

Display: Fr123

Press: Up

Display: Fr2

Press: Up

Display: Fe
Note Since the same fault may have been triggered multiple times, you may need

to press the Up or Down key a number of times before the code changes.
Alternately, press and hold the Up or Down key. The longer you press the
key, the faster the scrolling.
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Code
Command
VarCom
Example

Sequence

F0002

Firmware Version

VER

Firmware version: 2.0.0a0.0.48

Select:
Press:

Display:

Press:

Display:

Press:

Display:

Press:

Display:

Press:

FO002
Shift

Shift

Shift
00000

Shift (display returns to 2 .0 .0)
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FPGA Version
Code F0002
Command Firmware Version
VarCom VER
Example FPGA Version: 4.08 March 16 2017
Sequence Select:  F0002
Press: Shift
Display:
(M M o
[ .
Press: Shift
Display:
- a O O O
i, N I
Press: Shift
Display:
[ -
D C
Press: Shift
Display:
o nn
[ O O I I
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Code
Command
VarCom

Example

Sequence

Notes

FO004
Warnings History
Not Applicable

F: Foldback Warning
n: STO Warning
L 6: Software Limit Switches are Tripped

Select: FO001

Press: Shift
Display: F
Press: Up
Display: n
Press: Up
Display: L6

When displayed in Status mode, multi-character warning codes are displayed
in sequence, in digit 4 only. When displayed in Faults & Info mode, multi-
character codes are displayed as strings.

Since the same warning may have been triggered multiple times, you may
need to press the Up or Down key a number of times before the code
changes. Alternately, press and hold the Up or Down key. The longer you
press the key, the faster the scrolling.
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10.1

Note

/N

10.2

296

Functional Safety

Safe Torque Off (STO) Overview

Functional safety in the CDHD2 servo drive is implemented by means of the safe torque off
(STO) function. Activation of the Safe Torque Off (STO) function causes the drive to stop
providing power which controls the motor movement. STO ensures that no torque-
generating energy can continue to act upon a motor, and prevents unintentional starting or
motor rotation while the drive remains connected to a power supply.

The advantage of the integrated STO safety function over standard safety technology using
electromechanical switchgear is the elimination of separate components and the effort
required to wire and service them.

In addition, the function has a shorter switching time than the electromechanical

components in conventional safety solutions.

When the STO function is active, power to the STO circuit is removed, and power to the
motor is inhibited.

The STO function is defined in standard EN/IEC 61800-5-2, and relates to an uncontrolled
stop as per stop category 0 of IEC 60204-1.

Standard EN/IEC 61800-5-2, defines the functional safety requirements for adjustable speed
electrical power drive systems. According to this standard, when the STO function is active,
power that can cause motion is not applied to the motor.

The STO function may be used where power removal is required to prevent an unexpected

startup.

Warning: Drives with a suspended load must have an additional mechanical safety block
(such as a motor-holding brake) since the drive cannot hold the load when STO is in effect.
Serious injury could result if the load is not properly safeguarded.

The STO function in the CDHD2 removes power from the gate drivers of the power module,
effectively inhibiting PWM pulses from driving the IGBTs, as shown in the following figure.

STO Modules in CDHD2 Servo Drives

Several types of STO modules are currently in use in the various CDHD2 servo drives:
® STO_A3, STO_A4 and STO_AS generate only positive supply voltages to the gate drivers.

® STO_B generates both positive and negative supply voltages to the gate drivers.

Product Size Input Voltage Nominal Output STO STO
Family Current Circuit Compliance
CDHD2 2A 120/240 VAC 1.5A, 3A STO_A3 Yes*
CDHD2 2B 120/240 VAC 4.5A, 6A STO_A3 Yes*
CDHD2 2C 120/240 VAC 8A, 10A, 13A STO_A3 Yes*
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Product Size Input Voltage Nominal Output STO STO
Family Current Circuit Compliance
CDHD2 2D 120/240 VAC 20A, 24A STO_B Yes*
CDHD2 2E 120/240 VAC 55A STO_AS Yes*
CDHD2 1D 20/90 VDC 3A, 6A, 12A, 15A STO_A4 Yes*

* Certification pending

10.3 STO Functional Safety Specifications
Note STO certification is currently pending for all CDHD2 models.

Table 10-1.  STO/Functional Safety Specifications — All CDHD2 Models

Feature Specification

Performance Level Compliant with Category 4 PL e (ISO 13849-1)

Safety Integrity Level Compliant with SIL 3 (IEC 61508 / IEC 62061 / 61800-5-2)

SFF MTTFd PFH* PFDAVG** PL Cat.
98.9% 66757.5 1.71E-9 1.5E-4 e 4

* Probability of failure per hour
** Probability of failure on demand, calculated as one demand per year

Reliability Data

STO Voltage ¥ High Voltage
] ' Positive rail ]
5 Phase U Phase V Phase W
24V STO o
RS = | e
[ = | é I
3 % !
i Mo
e L
| = l‘ > >
L 3 T
[ole]s1ed '
o+ Ensblel pim Control [t To Motor
| | ' t §
| 24VSTOMn i r[%—ﬁ —>[>—ﬁ ﬁ
",'_L'_;'_'_L'.L;;;'_L'_ DR Negative rail |
1 i 1
: a[
. STO Status :
: 3
i YW from control board }nl
i ami

Logic Voltage

Figure 10-1.  STO Circuit Wiring
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10.4

STO System Requirements

STO Power Supply

Note

To avoid a high voltage level at the STO input, a low voltage must be used for safety related
parts.

A voltage supply unit of 24 volts must be used. This voltage supply unit must comply with
PELV/SELV, as per EN 60204-1 (Safety of Machinery - Electrical Equipment of Machines —
Part 1: General Requirements).

The CDHD?2 internal 24 VDC supply is not approved for use in safety applications, and is
thus prohibited for use as the STO power supply.

STO Cable

10.5

The STO cable must be less than 30 meters in length to conform to EN 61326-3-1.

Shielded and double insulated cables must be used. Double insulation refers to the need for
a cable jacket on the wire that supplies the power.

The cable shield must be connected to the ground of the power supply.

The ideal gauge for the cable wire is 22 AWG (0.34 mm?). Since current drain by the STO
circuit is less than 0.25A, 24 AWG (0.25 mm?) is also suitable.

The STO cable must be spatially separated from any sources of environmental stress, be it
mechanical, electrical, thermal or chemical.

Using STO

STO Behavior

298

The STO function serves exclusively to provide a safe stop of the motion system according to
the STO specification in IEC 61800-5-2. Triggering the STO function results in power being
removed from the motor control circuits, and, as a result the motor is without control. When
STO is triggered while the motor is in motion, the motor shaft and its linked mechanical
elements coast until brought to a stop by their own friction.

The immediate effect of STO is that the drive cannot supply any torque-generating energy.
STO can be used in applications where the motor is expected to reach a standstill within a
sufficiently short time based on the load and friction, and when coasting down of the motor
will not have any impact on safety.

The following figure illustrates what happens to the motor when the STO function is in effect.
The graph depicts a motor being driven in constant velocity mode, and the coasting of the
motor to a stop when the power to the STO circuit is removed.

The graph shows motor speed as a function of time. It compares the behavior of the motor
when brought to a controlled stop (STO function not in effect - VCMD and V traces) and
when coasting to a stop (STO function in effect — Ref traces).
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Figure 10-2.

Motor Coasting to Stop when STO Function in Effect

STO Indicators

STO status and diagnostic information is available in the following ways.

Digital Display

If the drive is disabled and STO is in effect (STO power is removed), a warning condition

occurs, indicated by a steadily lit n when the panel is in Status mode. (08 indicates the
operation mode in this example.)

If the drive is enabled and STO is in effect (STO power is removed), a fault condition occurs,
and the digital display automatically switches to Fault mode.

If the panel mode is switched back to Status mode while the fault condition still exists, the
display shows S n with a flashing n (in accordance with panel mode behavior).

Serial Communication

Using serial communications (terminal), the query ST returns a list of status reports. The
status varies slightly when the STO is in effect (STO power is removed), depending on
whether the drive is enabled or disabled at time STO power was removed.

If the drive is disabled and the STO is in effect (STO power is removed), a Warning condition
occurs, and the status report shows the warning:
Drive Inactive
Drive not ready:
No SW enable
Warnings Exist:

WRN 1 STO Signal Not Connected

If the drive is enabled and the STO power is removed, this is a fault condition, and the status
report indicates a fault.
Drive Inactive
Drive not ready:
No SW enable
Fault exists
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Fault exists:
FLT 4 STO Fault

Since the drive was enabled and a fault occurred, the Fault Recovery procedure must be
performed.

CANopen and EtherCAT

If the drive is enabled and the STO power is removed, a fault condition occurs.
Object 603Fh sub-index 0 provides the error code for the current errors.

The STO fault code is 12673 (decimal).

Recovery from an STO Event

If the drive is disabled while the STO function is in effect, no recovery procedure is required.
Once the STO