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1.1 General precautions

Before using our product, please carefully read through this user manual. HIWIN Mikrosystem (HIWIN) is

not responsible for any damage, accident or injury caused by failure in following the installation

instructions and operating instructions stated in this user manual.

Do not disassemble or modify the product. The design of the product has been verified by structural
calculation, computer simulation and actual testing. HIWIN is not responsible for any damage,

accident or injury caused by disassembly or modification done by users.

Before installing or using the product, ensure there is no damage on its appearance. If any damage

is found after inspection, please contact HIWIN or local distributors.

Carefully read through the specification noted on product label or technical document. Install the

product according to its specification and installation instructions stated in this user manual.

Ensure the product is used with the power supply specified on product label or in product
requirement. HIWIN is not responsible for any damage, accident or injury caused by incorrect power
supply.

Ensure the product is used with its rated load. HIWIN is not responsible for any damage, accident or

injury caused by improper usage.

Do not subject the product to shock. HIWIN is not responsible for any damage, accident or injury

caused by improper usage.

If an error occurs in the servo drive, please refer to section 9.4 and follow the instructions for

troubleshooting. After the error is cleared, power on the servo drive again.

Do not repair the product by yourselves when it malfunctions. The product can only be repaired by

qualified technician from HIWIN.

HIWIN offers 1 year warranty for the product. Warranty starts on the shipping date of the product. The

warranty does not cover damage caused by improper usage (Refer to the notices and instructions stated

in this user manual.) or natural disaster.

1-2

HIWIN MIKROSYSTEM Corp.



HIWIN.

MD17UE01-1906

D1-N Series Servo Drive User Manual About This User Manual

1.1.1 Risk identification

A\ Warning A\ Warning

When installing or replacing motor power cable, wiring
must be correctly performed. Incorrect wiring may lead

to abnormal operation of motor, serious injury or

Each motor has its maximum rated load. If the motor is
overloaded, it may lead to abnormal operation of

motor, machine damage or injury.

machine damage. Connect motor power cable
according to the noted symbols on the cable.
A\ Warning A\ Warning

If users are using a self-made extension cable for motor
encoder, please carefully read through our manuals or
contact customer service department. Incorrect
connection may lead to abnormal operation of motor or

injury.

If encoder extension cable is accidently disconnected
when power on, reconnect it to the servo drive after
power off. If not, it may lead to abnormal operation of

motor, machine damage or injury.

A\ Warning

When using open-type optical feedback system (such
as optical scale), if there is stain or scratch on the
scale, it may lead to abnormal operation of motor,

motor damage, machine damage or injury.

A\ Warning

If encoder connector is subject to any impact during
operation, check if the servo drive is damaged. It is
suggested to power on the servo drive again.
Otherwise it may lead to abnormal operation of motor,

machine damage or injury.

/N Warning

When using open-type magnetic feedback system
(such as magnetic scale), prevent strong magnetic
objects from getting close to the scale. Otherwise, it
may lead to abnormal operation of motor, motor

damage, machine damage or injury.

N Warning

Do not disconnect encoder extension cable and
reconnect it to the servo drive when power on, or it
may lead to abnormal operation of motor, machine

damage or injury.

/N Warning

When using linear motor with Hall sensor, ensure the
selected Hall sensor is applicable to your linear motor.
If not, it may lead to motor burn-out, abnormal

operation of motor or injury.

A\ Warning

If users are using a self-made signal extension cable
of Hall sensor, please carefully read through our
manuals or contact customer service department.
Incorrect connection may lead to abnormal operation

of motor or injury.

HIWIN MIKROSYSTEM Corp.
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1.2 Safety precautions

B Carefully read through this user manual before installation, transportation, maintenance and

examination. Ensure the product is correctly used.

B Carefully read through electromagnetic (EM) information, safety information and related precautions

before operation.

B Safety precautions in this user manual are classified into Warning, Attention, Prohibited and

Required.
Signal Word Description
lé Warni It indicates if the precaution is not observed, it is likely to cause property
aming loss, serious injury or death.
& Attention It indicates the precaution must be observed.
@ Prohibited It indicates prohibited activity.
'o Required It indicates mandatory activity.

DANGER

€ Ensure the servo drive is correctly grounded. Use PE bar in the control cabinet as reference potential.

Perform low-ohmic grounding for safety reason.

€ Do not touch motor power connectors even when the motor is not moving. Do not remove motor power cable

from the servo drive when it is still power-on, or there is a risk of electric shock or damage to the contact.

€ Do not touch live part (contact or bolt) or connector within 5 minutes after disconnecting the servo drive from
power supply. For safety reason, we suggest measuring the voltage in the intermediate circuit and wait until it
falls to 40 Vdc.

1-4 HIWIN MIKROSYSTEM Corp.
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B Operation

& Warning

Do not touch the terminals and internal part of the product when power on, or it

may cause electric shock.

Do not touch the terminals and internal part of the product within 10 minutes

after power off, or the residual voltage may cause electric shock.
Do not modify wiring when power on, or it may cause electric shock.

Do not damage, apply excessive force to, place any heavy object on cables or

put cables between two objects, or it may cause electric shock or fire.

.
& Attention

Do not use the product in location which is subject to humidity, corrosive

materials, flammable gas or flammable materials.

m  Storage
€ Do not store the product in location which is subject to water, water drop, direct
® Prohibited sunlight, harmful gas or liquid.
B Transportation
€  Carefully move the product to avoid damage.
: D t I ive f to th t.
& Attention 4 o not apply excessive force to the produc
€ Do not stack the products to avoid collapse.
B |[nstallation site
€ Do not install the product in location with high ambient temperature and high
humidity or location which is subject to dust, iron powder or cutting powder.
€ Install the product in location with ambient temperature stated in the user
manual. Use cooling fan when the ambient temperature is too high.
€ Do notinstall the product in location which is subject to direct sunlight.
l o Required € The product is not drip-proof or waterproof, so do not install or operate the
product outdoor or in location which is subject to water or liquid.
€ Install the product in location with less vibration.
€ Motor generates heat while running for a period of time. Use cooling fan or

disable the motor when it is not in use, so the ambient temperature will not

exceed product specification.

HIWIN MIKROSYSTEM Corp.
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B |nstallation
€ Do not place heavy object on the product, or it may cause injury.
€ Prevent any foreign matter from entering the product, or it may cause fire.
€ Install the product in the specified orientation, or it may cause fire.
void strong shock to the product, or it may cause malfunction or injury.
& Attention ®  Avoid strong shock to the product, or it Ifunction or inj
€ While installing the product, please consider the product weight. Improper
installation may cause damage.
€ Install the product on noncombustible object, such as metal to avoid fire.
B Wiring
€ Ensure wiring is correctly performed. Otherwise, it may lead to malfunction or
& Attention motor burn-out, causing a risk of injury or fire.
B Operation and transportation
€ Use power supply specified in product specification, or it may cause injury or
fire.
& Attention € The product may suddenly start to operate after power supply recovers.
Please do not get too close to the product.
l o Required €  Set external wiring for emergency stop to stop the motor at any time.
B Maintenance
€ Do not disassemble or modify the product.
® Prohibited € Do not repair the product by yourselves, please contact HIWIN for repair.
1-6 HIWIN MIKROSYSTEM Corp.
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Specifications

2.1 Safety certificates and model explanations

2.1.1 Safety certificates

D1-N servo drive complies with the following safety standards.

Table 2.1.1.1

Certification

Standards

CE
Certification

EMC

EN 61800-3: 2004/A1: 2012 (Category C3)

Emission Standards

CISPR 11: 2015/AMD1: 2016 (Conduction & Radiation)

EN 61000-3-2: 2014 (Harmonics)

EN 61000-3-3: 2013 (Flicker)

Immunity Standards

IEC 61000-4-2: 2008 (ESD)

IEC 61000-4-3: 2006/A1: 2007/A2: 2010 (RS)

IEC 61000-4-4: 2012 (EFT)

IEC 61000-4-5: 2014 (Surge)

IEC 61000-4-6: 2013 (CS)

IEC 61000-4-11: 2004 (Dips)

IEC 61000-4-13: 2009

IEC 61000-2-1: 1990

IEC 61000-2-4: 2003

IEC 60146-1-1: 2009

LVD

EN 61800-5-1: 2007

Safe Torque

Off

(STO) Certification

IEC 61508: 2010; SIL 3

ISO 13849-1: 2006; PL e (Cat.3)

IEC 62061: 2005; SlLcl 3

UL Certification

UL 61800-5-1: Edition 1

CSA Certification

CSA C22.2 No. 274-17: Secondary edition

2-2
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2.1.2 Nameplate information
HIWIN HIWIN MIKROSYSTEM CORP.
XL Ve MADE IN TAIWAN
Model No: D1-N-36-E2-2-1-00 (1) ®
P/N : FDODOMD62001 @ L c E
SIN : 1U31201010008_R11 (3)
CT WA () ® g;
INPUT QUTPUT
Voltage  220-240VAC 0-240VAC (5)
Phase 1130 3D
Rated.C 12Arms 8.5 Arms/12 Apk
Max.C NA 25.5 Arms/36 Apk
Freq. 50-60Hz 0-333Hz
WARNING
» HAZARDOUS VOLTAGE
* DO NOT TOUCH DRIVE UNIT AND WIRING YWITHIN 18MIN AFTER POWER OFF. ISCHARGE TIME IS APPROX. 15MIN.
* [T 15 NOT SUFFICIENT TO USE ONLY RESIDUAL CURRENT DEVICE AS THE PROTECTION AGAMST ELECTRIC SHOCHK
ALWAYS CONNECT PROTECTIVE EARTH(PE] TERMINAL FOR PROTECTION AGAINST ELECTRIC SHOCK.
* DRIVES HAVE ND PROVISION FOR MOTOR OVER TEMPERATURE PROTECTION. MOTOR OVER TEMPERATURE
Cﬁl}ﬁgﬁﬂlﬁ NOT PROVIDED BY THE DRIVE )
o e SR L N e
# SUITABLE FOR USE 1N A CIRCUIT CAPABLE OF DELIVERING NOT MORE THAM 5 KA RMS
Figure 2.1.2.1
Table 2.1.2.1
Number Description
® Model number
©) HIWIN part number
® Serial number
@ Barcode
® Voltage, phase, rated current, maximum current and frequency
® CE compliant
@ Compliance functional safety STO
QR code
HIWIN MIKROSYSTEM Corp. 2-3
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2.1.3 Model explanation

Code 1 2|3 11

13114 | 15

(N
wn|(©
N

1
N

Example

Product Name

Communication Interface
Standard (without communication interface).......... =S
EtherCAT (CoE)
EtherCAT (mega-ulink)..........ccooeiiiiiiiiiineeeee,

Encoder Type
Standard (digital/analog)..........cccoooiiiiiiiiiiii =2
RESOIVET . ...,
Multiencoder...... ..o,

Voltage Range
10/3® 230 Vac (for 09/18/36A D1-N servo drive)......................
3® 230/400 Vac (for 90A D1-N servo drive).........cccceeviuiunenenen.

Heat Sink Type

Without heat SiNK. ... e

High profile

Mark

HIWIN MarK.. ...
mega-fabs Mark. ...

Note:
(1) D1-N-OJO-9 supports dual loop control.
e Supported linear encoder: Digital AqB encoder

e Supported rotary encoder: BiSS encoder or T-code

(2) When D1-N-90 servo drive is used with 400 Vac, the rated current is 20 Aamp and the instantaneous current is
60 Aamp.

(3) D1-N-JO-09 supports the following encoder types: EnDat2.1/2.2, BiSS, digital, analog, T-code, Hiperface,
Hiperface DSL, Nikon and SSI.
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2.2 Servo drive specification
2.2.1 Basic specification
D1-N D1-N-09 | D1-N-18 | D1-N-36 D1-N-90
230 Vac
Main Power Voltage 230 Vac (-20%/+15%) (-20%/+15%)
?/oltaoee 400 Vac (+10%)
Inbut Power 9 Frequency | 50/60 Hz + 5%
put Fowe Phase 1Q0or3Q 30
Main Power Current 3Ams | 6Ams | 12 Arms 30 Ams
Control Voltage +24 Vdc + 10%
Control Current Minimum 1 A
e 230 Vac
12 Aamn 30 Aamp [21 Ams]
[8.5 Ams] | ¢ 400 Vac
Continuous Current 3 Aamp 6 Aamp (Note: with 20 Aamp [14 Arms]
[2.1 Ams] | [4.2 Ams] (Note: The case of
external e
; D1-N-90 is different
heat sink)
from the one of
D1-N-36.)
e 230 Vac
Output Power 90 Aamp [63.6
9 Aamp 18 Aamp 36 Aamp Arms]
Instantaneous Current | 154 A 1 | 112.7 Ame] | [25.5 Ams] | » 400 Vac
60 Aamp [42.3
Arms]
Peak Time of .
Maximum 1 second
Instantaneous Current
Maximum Supported
Power for Motor 0.2 KW 0.5 KW 1 KW 5.5 KW

State Indication

Servo Drive State

LCD matrix (2x8)

Dual color LED

e Red: Error

e Green: Servo ready

Main Circuit Control

IGBT SVPWM control

Control Motor Type

AC servo motor
Linear motor

[ ]

[ ]

e Torque motor
e Pulse/Direction
[ ]

Pulse Command Format cw/cCcw
o AqgB
Differential | 4 M line/sec, 5 V 16 M count/sec (Cable length <2 m)
Maximum signal (CW+/CW-, CCW+/CCW-input)
Input Pulse Single-
Frequency ended 12V ~ 24V, 500 KHz (CWL, CCWL input)
signal

Command Source

Pulses from controller

Electronic Gear

Electronic gear ratio: pulses/counts

Pulse: 1 ~2,147,483,647; Count: 1 ~ 2,147,483,647

Position
Mode
Control
Mode
Velocity
Mode

Analog Voltage +10 Vde
Input Range B
Command | Resolution | 12 bits

Command Source

Voltage from controller

HIWIN MIKROSYSTEM Corp.
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Analog Voltage
Force/ |nput Range +10 Vdc
t"\)ﬂrc‘):‘;: Command | Resolution | 12 bits
Command Source Voltage from controller

Type Analog or digital differential input, serial input and resolver
Operating Voltage +5 Vdc (500 mA)
N INPUt | pyirerential signal (A, /A, B, /B, Z and /2)
Digital Signal
Encoder Input Barnd;/::ltdth 5 MHz line frequency, x4 frequency: 20 M counts/s
Amplitude Differential signal (Sin/cos 1 Vpp) Z and /Z signals are digital.
Analog Bandwidth | 1 MHz maximum line (Cycle) frequency
Resolution | Maximum 65,528 counts/cycle
Resolver Differential signal (Sin/cos), reference 3 KHz, 6 Vpp, 100 mA

Encoder Counting Range

-2,147,483,648 ~ 2,147,483,647 (32 bits)

Digital Encoder

Buffered Encoder
Output

e Without being processed by the servo drive, A/B phase
signals are directly sent to the controller. (Maximum 18 M
counts/s, digital AgB output, differential signal output)

e Without being processed by the servo drive, Z phase
signals are directly sent to the controller. (Differential
signal)

e Open collector output (CZ): Outputs with Z phase signal.
Signal width can be adjusted via software.

e The delay time between the time the servo drive receives
encoder signal from the encoder and the time the servo
drive outputs signal from X6 connector is in nanosecond
(ns).

Analog Encoder

e Maximum 18 M counts/s, digital AqB output, differential
signal output

e The resolution is the grating period of analog encoder/4.
(If grating period = 40 um, the resolution of buffered
encoder output = 10 um/count)

e The delay time between the time the servo drive receives
encoder signal from the encoder and the time the servo
drive outputs signal from X6 connector is in nanosecond
(ns).

Emulated Encoder Output

e Maximum 18 M counts/s, digital AqB output, differential
signal output
e The ratio of encoder input to emulated encoder output
can be adjusted. The width of emulated index signal
output can be adjusted.
e Open collector output (CZ): Outputs with Z phase signal.
Signal width can be adjusted via software.
e Linear motor:
(1) Outputs one index (Z phase) signal per travel
distance.
Rotary motor:
(1) Outputs one index (Z phase) signal per travel distance
(2) Outputs one index (Z phase) signal per motor
revolution
e The maximum delay time between the time the servo
drive receives encoder signal from the encoder and the
time the servo drive outputs signal from X6 connector is
66.67 us.

Digital Hall Sensor

Digital single-ended signal with 120 degrees phase
difference

HIWIN MIKROSYSTEM Corp.
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Set servo drive parameters and monitor servo drive status
via computer.

11 ~ 110 input functions can be user-defined. (Optical coupler,
Input general-purpose input)

Digital Input Input pin: 5 V/1 mA, 24 V/5 mA

Two sets of safety inputs. The voltage for STO safety
function is 24 V. Signal interrupts > 6 ms

01 ~ O3 output functions can be user-defined. (Optical

Communication Standard USB 2.0

Safety input

Output coupler, general-purpose output)
Output pin: 24 V/0.1 A
Brake Output +24 Vdc, 1 Adc max
e PT+ and PT- signals are 3.3 V differential outputs.
Digital Output ¢ When the set position is reached, PT output is ON.

e Response time of digital encoder is below 0.1 us.

PT Output e Only supports digital AgB encoder
e PT pulse width: 25 ns ~ 100 us
e PT position accuracy: +1 count (Up to 5,000,000

counts/sec)
Monitoring Monitoring STO status.
Maximum Storage
for Codes 32 Kbytes
Storage for Variables 800 bytes
: Float: 32 bits
=Umpeneel VETEDD T2 Integer: 16 and 32 bits (Array and pointer are supported.)
Execution Cycle 66.67 us
Multitasking Four tasks can be run at the same time.
PDL Editor Control Commands for Supports commands such as “if”, “else”, “while loop”, “for
Program Flow loop”, “goto”, “ill", etc.
Operator Includes arithmetic operators, logic operators and

comparison operators.

Supports lock and unlock commands to perform task
synchronization.

Variable: 17 characters

Label: 24 characters

Proc: 24 characters

Task Synchronization

Length Limit for
User-defined Name

Internal regenerative resistor 50 External
Resi Q/150 W (Note: When regenerative regenerative resistor
esistance . . . .
energy is above 150 W, please install | is required.
regenerative resistor.)
e +HV > 390 Vdc
(Input power: 230
Voltage Threshold for +HV > 390 Vdc Vac)
Activation (Input power: 230 Vac) e +HV > 735 Vdc
Regenerative (Input power: 400
Resistor Vac)
e +HV < 380 Vdc
(Input power: 230
Voltage Threshold for +HV < 380 Vdc Vac)
Deactivation (Input power: 230 Vac) e +HV < 695 Vdc
(Input power: 400
Vac)
Tolerance + 5%
DC Link Capacity 940 uF | 940uF | 1,880UuF 940 uF
Overvoltage +HV > 404 Vdc +HV > 800 Vdc
: e +HV <184 Vdc
PFrS;ict:itcl)%n Undervoltage +HV <184 Vdc (Input power: 230
(Input power: 230 Vac) Vac)
¢ +HV <320 Vdc

HIWIN MIKROSYSTEM Corp. 2-7
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(Input power: 400
Vac)

Over Temperature

IGBT >80°C + 3°C

Short Circuit

e Short circuit between UVW wires
e Short circuit between UVW cable and ground (PE)
e Internal PWM bridge short circuit

Software Over
Temperature Protection

Starts to estimate temperature rise as continuous current is
exceeded.

Encoder Feedback Error

The input voltage is 85% lower than normal voltage 5 V.
Phase error (A/B phase)

The signal of analog encoder is too weak.

Serial encoder error

Safety Function STO (Safe Torque Off)

Two safety inputs are used to suspend motor current.
STO status can be monitored via digital output.

To disable safety function, X6-pin 20 and X6-pin 40
should be short-circuited.

e To enable safety function, the servo drive must be turned
off first. Connect safety inputs. X6-pin 20 and X6-pin 40
should not be short-circuited. After that, turn on the servo
drive again.

Applicable Motor

e Linear motor
e AC servo motor
e Torque motor

Compensation Method
Error

Creates error map to compensate encoder error by means of
linear interpolation.

Compensation Storage Point

Maximum 5,000 points

Storage Location

Flash ROM

Unit

um, count, mm and rev

Enabling Method

e Enabled after internal homing completes.
e Enabled by external input signal.

Connect to two RJ-45 connectors of X13.

c icati SRR Supports EtherCAT function (CoE or mega-ulink)
omnTol:jnL:T: 'on Connect to two RJ-11 connectors of X13.
Modbus (RS485) e Supports serial communication with other servo drives.

e Supports Modbus RTU and ASCII protocols (Half duplex)

Frequency Suppression Range for Vibration
Suppression Filter (VSF)

0.1 Hz ~ 200 Hz

Operating Temperature

0 ~ 50°C (If temperature is above 55 °C, forced ventilation
will be required.)

Storage Temperature

-20°C ~65°C

Environment Humidity 0 to 90% RH (No condensation)
Altitude Altitude 1000 M or lower
Vibration 1G (10 ~ 500 Hz)
IP Rating IP20
. o 2.05 2.2 3 6
Weight (Accessory kit included) (kg) (Approx.) (Approx.) (Approx.) (Approx.)

Dimensions (Length x Width x Height)

249 mmx | 249 mm x | 249 mm x
75 mm x 75 mm x 101 mm x
182 mm 182 mm 182 mm

272 mm x 119 mm x
254 mm

Case

Complies with CE U.L. Spec 94 V-0 Flammability Rating

2-8
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2.2.2 Dimensions

The dimensions and mounting holes of D1-N servo drives are shown in figure 2.2.2.1 to 2.2.2.3. The unit

is mm. The diameter of the mounting hole is 4 mm.

246

° 24 25 0.1
= I - M
. 65 10 i
ﬁ HHHEEHE ﬂ]]: /ﬁ! ‘
a2
O g -
(=)
I 3
KA
N%)
g2
] Ao g A
ﬁ““ ™
wn
S
= (49)

Figure 2.2.2.1 D1-N-09 and D1-N-18 servo drives
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Figure 2.2.2.2 D1-N-36 servo drive
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Figure 2.2.2.3 D1-N-90 servo drive
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2.3 Installation

When the servo drive is installed in an electric box, ensure the servo drive is mounted with conductive
screws. The insulating materials, such as paint, on the contact surface of the electric box must be
removed for grounding the servo drive through the electric box. For further information about grounding,
please refer to chapter 15. The suction hole and vent hole of the servo drive must not be obstructed.
Install the servo drive according to the specified orientation. Otherwise the servo drive may malfunction.
To ensure well cooling and circulation effect, there must be enough clearance space between the servo
drive and the adjacent objects or baffles. While installing multiple servo drives, if the servo drives are
without heat sinks, the clearance space between two servo drives must be at least 10 mm. If the servo
drives are with heat sinks, the clearance space between two servo drives must be at least 40 mm. Install

a fan in the electric box to facilitate heat dissipation.

Bottom

Figure 2.3.1

min. 10mrm without heatsink
min. somm N 40mm with heatsink

min. 120 mm

Figure 2.3.2
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2.4 System requirements

2-12

Table 2.4.1
CPU 1.0 GHz or higher
RAM 512 MB or more

Hard Disk Space

50 MB or more

Communication Port

USB communication port

Operating System

Win 2000, Win XP or Win 7

Display

1024*768 pixel or higher

HIWIN MIKROSYSTEM Corp.
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3.1 Operation mode

D1-N servo drive supports the following operation modes.

Position mode

)
(2) Velocity mode
(3) Forceltorque mode
(4) Stand-alone mode

Each operation mode will be described in the following sections.

3.1.1 Position mode

In position mode, controller sends pulses to the servo drive. These pulses are position commands. When
a pulse is received, the servo drive commands the motor to run a corresponding distance. Path planning
is done by the controller. At what speed the motor runs is decided by the sending frequency of pulses.
The motor runs at faster speed as pulses are sent at faster speed; the motor runs at constant speed as
pulses are sent at fixed speed. As figure 3.1.1.1, three pulse formats are supported: Pulse/Direction
(Pulse/Dir), Pulse up/Pulse down (CW/CCW) and A/B phase (AgB). By different wirings, pulse signals
can be classified into TTL differential signals and single-ended signals. Users can set electronic gear ratio
in position mode. Normally one pulse is equivalent to one encoder count. For instance, when the

electronic gear ratio is set to 2:3, it means two pulses is equivalent to three encoder counts.

Pulse Input /|_|_|—U_|_|—|—|_|_|—|_|_U_|—

Dirlnput  ceee———— e e e e et d it dd s ssccss e
Forward Reverse

CCW Input I_LH_H_H_

Forward Reverse
A-phase Input ‘ ‘
B-phase Input ‘
Forward Reverse
Figure 3.1.1.1
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3.1.2 Velocity mode

In velocity mode, the servo drive receives analog commands (or V commands) from controller. The input
voltage range is from -10 V to +10 V. The input voltage is transformed into corresponding velocity
command to drive the motor. The higher the voltage is, the faster the motor runs. (Note: The maximum
speed still depends on the specification of the motor.) The lower the voltage is, the slower the motor runs.
If the voltage value is negative, the motor runs in reverse direction. The corresponding velocity command

of input voltage can be set in the servo drive.

3.1.3 Force/torque mode

In force/torque mode, the servo drive receives analog commands (or V commands) from controller. The
input voltage is transformed into corresponding current command. The force or torque of the motor is
controlled by the output current from the servo drive. The higher the voltage is, the larger the current is.
(Note: The maximum current still depends on the specification of the motor.) The lower the voltage is, the
smaller the current is. If the voltage value is negative, the output current is negative. When the output
current is negative, the motor runs in reverse direction. The corresponding current command of input

voltage can be set in the servo drive.

3.1.4 Stand-alone mode

The servo drive has one high-speed digital signal processor (DSP), so the servo drive is able to do path
planning. Select stand-alone mode when users would like the servo drive to be tested alone or operate

without controller. In stand-alone mode, servo loop is handled by the servo drive.

3.2 Encoder types

Encoder plays an essential role in controlling servo motor. With position and angle information provided
by encoder, the servo drive is able to control servo loop. The commonly-used encoders are optical scale
and magnetic scale which obtain current position by means of optics and variation of magnetic field. The
position signal obtained by the optical scale or magnetic scale is transformed into digital signal or analog

signal. Normally optical scale or magnetic scale may support either digital signal or analog signal output.

HIWIN MIKROSYSTEM Corp. 3-3
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(1) Digital type
Digital encoder (or incremental encoder) normally outputs TTL RS422 differential signals. TTL
RS422 differential signal includes two digital pulses with 90 degrees phase difference. Its resolution

definition is shown in figure 3.2.1. The resolution of linear optical scale is usually 1 um.

1 | 1
| | |
A } I }
| I |
| | |
—_ ] | l | ___
| | | | | |
| |
B | |
| |
: | }
Resolution

Figure 3.2.1

(2) Analog type
Analog encoder outputs signals with two phases, sin and cos. The output signals are usually 1 Vpp
differential signals. 1 Vpp differential signal consists of two sinusoidal signals with 90 degrees phase
difference. The specification of analog encoder is usually displayed by grating period. For instance,
the grating period of commonly-used linear analog optical scale is 40 um. The grating period can be

finer by adjusting multiplier factor in D1-N servo drive to have better resolution than nanometer.

1 Vpp

NS
S VN

(

i

Grating period

Figure 3.2.2
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3.3 Encoder signal output

The input signals from encoder are used by the servo drive to perform servo control. When the servo
drive is used with controller, the servo drive transmits position or angle signal received from the encoder

to the controller. D1-N servo drive provides two types of encoder signal outputs.

(1) Buffered encoder output
When buffered encoder output is selected, signals received from encoder are directly sent to
controller. Invert function is provided in D1-N servo drive. When invert function is selected, the

signals received from encoder will be reversed before being sent to controller.

(2) Emulated encoder output
When emulated encoder output is selected, the position information received from encoder will be
multiplied by a scale factor before being sent to controller. In some occasions, if the controller cannot
receive encoder signals sent at high frequency, a scale factor can be set to lower the frequency. In
addition, if the multiplier factor of an analog encoder is set to be too high, a scale factor can also be

set to lower the resolution of encoder output.

D1-N
Buffered encoder <
< Encoder
Emulated encoder < Signal -
h processing
Figure 3.3.1
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3.4 Path planning

Path planning is usually done by controller. The controller calculates suitable motion commands
according to the required distance, velocity, acceleration and smooth factor. These commands (Pulse
commands or V commands) will be sent from the controller to the servo drive or calculated by the servo

drive (Stand-alone mode).

Position (p)

Velocity (v)

Acceleration (a) ——

Time (t)
Figure 3.4.1

(1) Position
Encoder provides the servo drive with current position of motor. Units used for different motion types
are as below. In D1-N servo drive, reference position means position command. Reference position
is calculated from the related parameters by the path generator. Target position is the desired
position set by users or controller. After target position is set, it is calculated by the path generator

before the servo drive commands the motor to move.

Table 3.4.1

Motion Unit

Linear Motion um, mm and m

Rotary Motion Encoder count

(2) Velocity

Velocity is the displacement per unit. Units used for different motion types are as below.

Table 3.4.2

Motion Unit

Linear Motion um/sec, mm/sec and m/sec

Rotary Motion count/sec, rps and rpm
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(3) Acceleration
Acceleration is the change in velocity per unit time. Units used for different motion types are as
below.

Table 3.4.3

Motion Unit

Linear Motion um/sec?, mm/sec? and m/sec?

Rotary Motion rps?

(4) Smooth factor

When acceleration or deceleration is dramatically increased or decreased in a short time, the force
applied to the motor and load will be increased or decreased accordingly. Smooth factor is used to
create S-curve or T-curve velocity profile to moderate the impact from such change. The setting
range of smooth factor is from 0 to 500. Increase the value of smooth factor to have S-curve velocity
profile and smaller impact. Decrease the value of smooth factor to have T-curve velocity profile. Set
smooth factor to 1 to disable smoothing function. In some occasions, settling performance can be
enhanced by increasing smooth factor since the impact from the motor force is reduced. However,
smoother motion may have longer move time. Find suitable value for smooth factor by executing test
run and tuning on your machine. When smooth factor is set to 0, the motion protection of the servo
drive is disabled.

(5) Emergency stop
D1-N servo drive has emergency stop function. When |1 signal (Axis enable) is OFF, the emergency
stop function is activated. The servo drive commands the motor to decelerate at the speed set for
Dec. Kill to a stop.

HIWIN MIKROSYSTEM Corp. 3-7
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3.5 Servo loops and servo gains

Servo loops

D1-N servo drive includes three servo loops, current loop, velocity loop and position loop, to control
motor. The servo loops of D1-N servo drive are shown in figure 3.5.1. In position mode, all loops are
handled by the servo drive. In velocity mode, velocity loop and current loop are handled by the servo
drive. In torque/force mode, only current loop is handled by the servo drive. Current loop receives
voltage command from controller and controls motor commutation. For easy operation, the servo

loops of D1-N servo drive can be set and adjusted by one common gain (CG).

Target Reference Reference Command
Position Position Velocity Current
Common Position Velocity Filter Current Filter Motor &
Gain > Loop > Loop > Loop > »| Encoder
N A A
Feedback Position Feedback Velocity Actual Current

3-8

Servo gains

D1-N servo drive uses one high-speed digital signal processor (DSP) to control motor. Normally if
servo loops are controlled via digital method, users need to adjust several servo gains. But for easy

operation, D1-N servo drive provides one common gain (CG) for users to adjust all servo gains at the

same time.

Figure 3.5.1

0. vreerrmrrmnnraeaneaaenieaieeaeanan, .5 erenranraneaieaieaaeneieaieaeanan, 1
Low Response » High
Stiffness
Figure 3.5.2
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3.6 Gain margin and phase margin

3.6.1 Nyquist plot

Gain margin (GM) (Unit: db) is the allowable loop gain which can be increased before closed-loop system
becomes unstable. Phase margin (PM) is the allowable phase delay which can be increased before

closed-loop system becomes unstable.

(1) Gain margin

Glje,) is the relative distance from where the Nyquist plot intersects with the negative real axis to

/G(jm,) = 180°

(-1, jO). “ s the phase crossover frequency. In figure 3.6.1.1, . For the transfer

function G(s) in a loop system, its gain margin =

20log,, ‘G(j;a)) = _20|0910‘G(.jwp )‘

GM = P ‘ dB.

From figure 3.6.1.1 and the Nyquist plot, the following conclusion is known.

A If G(jo) does not intersect with the negative real axis, ‘G(jw")‘:o and GM:OOdB.

When the Nyquist plot does not intersect with the negative real axis at any non-zero finite

frequency, GM = dB . Theoretically, loop gain can be infinite before instability occurs.

0<|G(jm,) <1

B. If GU®) intersects with the negative real axis between 0 and -1, and

GM >0 dB. When the Nyquist plot intersects with the negative real axis between 0 and -1 at

any frequency, the system is stable as loop gain increases.

c. 1f GU®) is on (-1, j0), Gl@,) =1 g GM=00B \ypen GU®) is on -1, j0),

GM=0dB means the system has reached the boundary of instability. Loop gain must not

be increased anymore.

D. If Glje) passes (-1, j0), ‘G(Iw”)‘>l and GM <0dB \yhen Gljw) passes (-1, j0)

GM <0dB Loop gain must be decreased to have stable system.

HIWIN MIKROSYSTEM Corp. 3-9



HIWIN.,

MD17UE01-1906

D1-N Series Servo Drive User Manual Operation Principles

jimG]
G(ja))— Plane

Phase crossover

P () — 0O

0 ReG

v

G(j@p)|

0« w

Figure 3.6.1.1 Gain margin
(2) Phase margin
As figure 3.6.1.2, phase margin is the angle between the straight line passing through gain crossover

and the negative real axis of G(j®) piane.

Phase margin = PM = <G(jo,)~180

A
JjImG
G(/' a))— Plane

-
v

Re G
Phase margin

Gain
crossover
0 =0,

O«—ow

Figure 3.6.1.2 Phase margin

3-10 HIWIN MIKROSYSTEM Corp.



HIWIN.

MD17UE01-1906
D1-N Series Servo Drive User Manual Operation Principles

3.6.2 Bode plot

|G(jw)| (dB) 40 L @, Gain crossover

20l :: Gain margin w(rad/sec)

ZG(jw) (deg) Phase

-90 marain

\

-180
-270

-360 |_

I

w(rad/sec)

w
PPhase crossover

Figure 3.6.2.1 Gain margin and phase margin in Bode plot

As figure 3.6.2.2, the bandwidth of Bode plot is at -3 dB.

Gain (dB)

A

0dB >

-3dB ¢ N
Bandwidth

Figure 3.6.2.2 Bandwidth of Bode plot
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3.7

Move and settling

Motor moves according to the path planned by controller. When motor arrives at target position, it is able

to accurately position and stop. This is called move and settling.

(1)

(2)

3)

3-12

Position error
In a servo system, there is certain difference between target position and encoder feedback position.

This difference is called position error.

Target radius
After motor arrives at target position, the difference between encoder feedback position and target

position must be controlled in a specific range. This range is called target radius.

Total time of move and settling

As figure 3.7.1, after the motor arrives at target position and position error is within target radius for a
period of time (Debounce time), in-position signal is ON. Then the motor is regarded as in-position. If
position error is not within target radius, the motor will not be regarded as in-position. Total time
(Total time is the time when the motor starts to move to the time settling completes.) is the sum of

move time and settling time.

Feedback position

Position
+ target radius // Target
- target radius A position

In-position signal is
ON, after position

Reference error is in target radius
position for a period of time
] (Debounce time).

_

\J

-

Move time | Settling time Time
Total time
Figure 3.7.1
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3.8 Error compensation

Normally the positioning accuracy of a servo drive is decided by encoder. When an encoder cannot meet
users’ requirement for accuracy, users may use equipment with higher accuracy level (such as laser
interferometer) to measure system error. Then, as figure 3.7.1, D1-N servo drive is able to store system
error in its error map and calculate error compensation value by means of linear interpolation between

fixed distances to enhance positioning accuracy.

Pulse Command Input D1-N

Servo Motor Power
Drive

Controller

\4

— Motor

A

< [

Feedback Position Output Error Map ‘ Encoder Feedback Position Input

Figure 3.8.1

The effective range of error compensation is determined by index signal. Error compensation is effective
only in the forward direction of index signal. If home offset is applied, the effective range of error

compensation is still the same.

(1) When home offset is set to 0

Effective range of error compensation
A

+ Position

[
»

7

index
Servo drive coordinate = 0

Figure 3.8.2
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(2) When home offset is set to 100

Home offset ) .
=100 Effective range of error compensation

[e—» A~

.

index
Servo drive coordinate = -100 Servo drive coordinate = 0

N

+ Position

v

Figure 3.8.3

3.9 Velocity ripple

In motion control, it is preferable to have smoother motion in constant speed phase. Velocity ripple is used
to check if the motion is stable or not. In constant speed phase, velocity may vary due to cogging force
from motor, cable chain, air pipeline and guideway friction, etc. Velocity ripple is normally used when
equipment requires high stability while operating at constant speed, such as scanning machine or

inspection machine. The formula of velocity ripple is:

1 Vmax B Vm'n

Velocity Ripple = +— x 100%

- Vta:get

Viarget is target velocity. Vmax is the maximum velocity in constant speed phase. Vmin is the minimum
velocity in constant speed phase. As figure 3.9.1, velocity ripple in figure (a) is larger, which means the

motion is less stable; velocity ripple in (b) is smaller, which means the motion is more stable.

Constant — <«—— Constant———
Speed Speed

|

Figure 3.9.1
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3.10 Enabling

Enabling must be completed before motor receives any motion command. After enabling, the servo drive

is able to receive pulse commands or voltage commands from controller to perform motion control.

(1) Step motion mode (SM mode)
Step motion mode (SM mode) is an open loop architecture. In this mode, the movement of motor is
similar to step motor. Feedback position signal is not adopted when enabling. This mode can be
used to check if force direction is consistent with encoder feedback direction. If force direction and

encoder feedback direction are different, phase initialization could fail.

(2) Phase initialization
If the servo drive works with incremental encoder, when its power is turned on for the first time, the
procedure of finding electrical angle or phase initialization must be done. For HIWIN linear servo
motor, electrical angle can be successfully found without moving the motor. Another commonly-used
method for phase initialization is by Hall sensor. Normally phase initialization and enabling can be

completed via an output signal from controller (such as |1 input of D1-N servo drive).

HIWIN MIKROSYSTEM Corp. 3-15
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3.11 Basic physical quantities

Table 3.11.1
Number Name Description
1 Feedback position Feedback position
2 Reference position Position command
3 Target position Target position
4 Position error Position error
Feedback position of single-turn absolute encoder (Only
5 Single turn feedback position | for servo drive which supports single-turn absolute
encoder)
o | Dualtoop fesaback postion | [k posion o e oo corte (Only o s
10 Feedback velocity Feedback velocity
1 Reference velocity Velocity command
12 Velocity error Velocity error
20 Reference acceleration Acceleration command
30 Actual current Actual current
31 Command current Current command
40 Analog command Voltage command (From controller)
41 Bus voltage Line voltage
42 Servo voltage percentage Servo voltage
43 SIN-analog encoder Sine signal of analog encoder
44 COS-analog encoder Cosine signal of analog encoder
46 Digital hall bits Signal of digital Hall sensor
50 Amplifier temperature Servo drive temperature
51 Soft-thermal accumulator Temperature estimation by software
52 12T accumulator I2T estimation
61 11 Input 1
62 12 Input 2
63 13 Input 3
64 14 Input 4
65 15 Input 5
66 16 Input 6
71 17 Input 7
72 18 Input 8
67 19 Input 9
68 110 Input 10
81 o1 Output 1
82 02 Output 2
83 03 Output 3
84 0O4/BRK Output 4 (For brake signal)
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4.1 System configuration and wiring

The system configuration and wiring of the servo drive are described in this section.

4.1.1 System connection

The names, functions and specifications of terminals on D1-N servo drive are described in the following

figures.

Regenerative Resistor & DC Link (&)

EtherCAT/Modbus ®
Communication

Reactor %

Magnetic Contactor

Filter

Circuit Breaker

Control @
Signal

LCD Display

Connect to PC @

Please download from
www.hiwinmikro. tw

Safety
Function @

Over Temperature
Detection

Digital Encoder
Analog/Serial Encoder @
Resolver (@

@ Motor Power

® 24v
® Brake

Figure 4.1.1.2
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Table 4.1.1.1
Item Name Description
e 09/18/36A model (L1, L2, L3): Single-phase/Three-phase
©) . 230 Vac, 50/60 Hz
AC main power (X1) e 90A model (L1, L2, L3): Three-phase 230/380 Vac, 50/60
Hz
@ Motor power (X3) Connect to motor. Three-phase power for motor (+, U, V, W)
® 24V control power (X4) Power for servo drive control and IO (+24 V, RTN)
©) . . . Connect to regenerative resistor. (Optional) (Install according
Regenerative resistor and DC link (X2) to actual application.) (RG+/RG-)
©) Connect to brake. (Optional) (Install according to actual
Brake (X4) application.) (BRK+/BRK-)
Connect to PC for parameter setting. Disconnect after setting.
® USB communication (X5) Use mini USB cable to connect to PC for monitoring, test run
and parameter setting, etc.
@ Control signal (X6) Connect to controller.
Signal of digital encoder/Hall sensor (X10) | Connect to digital encoder and Hall sensor.
® Signal of analog/serial encoder (X11) Connect to analog encoder, EnDat encoder or BiSS encoder.
@ Motor over temperature detection (X9) Connect to device for motor temperature detection.
@ Safety function (X7, X8) Connect to signals of safety function.
@ Signal of resolver (X12) Connect to resolver.
® Connect to controller via EtherCAT/Modbus.

EtherCAT/Modbus communication (X13)

HIWIN MIKROSYSTEM Corp.
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/\ CAUTION

) Wiring and examination must be performed by professional technician.

o Turn off the power before wiring or examination to avoid electric shock.

o Do not touch power terminals within five minutes after power off. There could be residual voltage
in power terminals.

) Ensure wiring is correctly performed, or it may cause motor malfunction, injury or machine
malfunction.

o Do not connect U, V, W terminals to power supply.
3 Ensure motor power cable is firmly connected, or it may cause fire.
. Ensure the servo drive and motor are properly grounded.

. Wiring must be performed after the servo drive and motor are properly installed, or it may cause
electric shock.

. Do not damage, pull or squeeze cables, or it may cause electric shock.

. The servo drive could have interference on adjacent electronic equipment. Use noise filter to
reduce electromagnetic interference.

. Do not modify the servo drive.

. Do not put main circuit cable, output/input signal cable and encoder cable in the same tube or tie
them together. They should be at least 30 cm apart.

. While wiring for terminals of main circuit, please pay attention to the following.
»  Insert one wire per terminal only.
»  After wires are inserted, ensure no short circuit occurs between wires.
»  Use specified voltage, or it may cause fire or servo drive malfunction.

. Use power supply specified in product specification, or it may cause damage to the servo drive.
. Use circuit breaker to prevent short circuit of external wiring from damaging the servo drive.

. In the following locations, ensure the servo drive is properly isolated or shielded, or it may cause
operation failure.
»  Location which is subject to electrostatic interference
»  Location which is subject to strong electric field or magnetic field
»  Location which is subject to emitted radiation
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4.1.2 Connector specifications
m  D1-N-09/18/36
Table 4.1.2.1
Connector Specification Manufacturer W"s CElGE Note
ange
Connector for AC | European standard 4-pin 7.62 mm PHOENIX 2212 AW_G
main power cable | pluggable connector (Female) Part number: 1777859 Suggested: 12
' AWG, 600 V
Connector for European standard 4-pin 7.62 mm PHOENIX 22-12 AW_G
motor power pluggable connector (Female) Part number: 1778191 Suggested: 12
cable ' AWG, 600 V
connector for | g, ynean standard 4-pin 5,08 mm | PHOENIX 22-14 ANG
regenerative pluggable connector (Male) Part number: 1825336 Suggested: 14
resistor ' AWG, 600 V
Connector for European standard 4-pin 5 mm PHOENIX 852-1;{:\(/1\/'?8
control power pluggable connector (Female) Part number: 1786857 g?AWG '
Connector for European standard 40-pin 3.5 mm PHOENIX 24-30 AWG
control signals pluggable connector (Female) Part number: 1790470
D-Sub 15-pin standard solder
connector (Male
Connector' for ( ) 24-30 ANG
feedback signal | p_syp 15-pin standard solder
connector (Female)
Connector for
motor over European standard 2-pin 5 mm PHOENIX 20-28 AWG
temperature pluggable connector (Female) Part number: 1786831
signal
Connector for European standard 6-pin 3.5 mm PHOENIX 24-30 AWG
safety function pluggable connector (Female) Part number: 1790302
Connector for HIWIN
mini USB zﬁ‘?_é'g_t{ﬁezféom (Shielding) Part number: Optional
communication pin (1 9 051700800366
Note:
Use wiring tools to avoid electric shock when wiring.
HIWIN MIKROSYSTEM Corp. 4-5




HIWIN.

MD17UE01-1906

D1-N Series Servo Drive User Manual Wiring
®  D1-N-90
Table 4.1.2.2
Connector Specification Manufacturer ng CELEE Note
ange
Connector for AC | European standard 4-pin 10.16 mm | PHOENIX 20-11 AWG
main power cable | pluggable connector (Female) Part number: 1967472 Suggested: 11
' AWG, 600 V
Connector for European standard 4-pin 10.16 mm PHOENIX 20-11 AW_G
motor power pluggable connector (Female) Part number: 1970359 Suggested: 11
cable ' AWG, 600 V
Connector. for European standard 4-pin 10.16 mm PHOENIX 20-11 AW_G
regenerative pluggable connector (Male) Part number: 1967472 Suggested: 11
resistor ' AWG, 600 V
Connector for European standard 4-pin 5 mm PHOENIX 22-14 AW_G
. Suggested: 18
control power pluggable connector (Female) Part number: 1786857 ANG
Connector for European standard 40-pin 3.5 mm PHOENIX 24-30 ANG
control signals pluggable connector (Female) Part number: 1790470
D-Sub 15-pin standard solder
connector (Male
Connector_ for ( ) 24-30 AWG
feedback signal | p-sub 15-pin standard solder
connector (Female)
Connector for
motor over European standard 2-pin 5 mm PHOENIX 20-28 AWG
temperature pluggable connector (Female) Part number: 1786831
signal
Connector for European standard 6-pin 3.5 mm PHOENIX 24-30 AWG
safety function pluggable connector (Female) Part number: 1790302
Connector for HIWIN
mini USB ;qul?égt;:ﬁe(f\;ow (Shielding) Part number: Optional
communication pin ¢ 9 051700800366

Note:

Use wiring tools to avoid electric shock when wiring.

4-6
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4.2 Main power (X1)

Ensure the servo drive is properly grounded before connecting to its main circuit. If the power for the
servo drive is turned off during operation, the motor will not be disabled immediately, since there is

residual power in capacitors. It is suggested to use STO safety function for emergency stop.

(1) Connector
A. D1-N-09/18/36

Figure 4.2.1 Connector: PC 5/4-STF1-7, 62 (1777859)

Table 4.2.1
Pin Signal
1 L3
2 PE
3 L2 (N)
4 L1

B. D1-N-90

Figure 4.2.2 Connector: PC 16/4-STF-10.16 (1967472)

Table 4.2.2

Pin Signal
L1
PE

L2 (N)
L3

AlW|IN|~
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(2) Wiring example
A. Wiring for single-phase filter for D1-N-09/18/36 servo drive
For selecting single-phase filter for D1-N-09/18/36 servo drive, B84113H filter (Part number:
B84113H0000G120) from TDK (EPCOS) is suggested.

LINE momTTTTT T 77 LoaD
L & : ] l [ ] I : o L
| |

I 1JTT
| I

N o—j = = L o

E ________ ﬁ___________! SSB2204-1

Figure 4.2.3 Wiring diagram for single-phase filter (Part number: B84113H0000G120) (Reference: Datasheet of B84113H filter)

Table 4.2.3
Filter (Part number: B84113H0000G120)
Rated Voltage 250 Vac, 50/60 Hz
Rated Current 20 Aat40°C
Leakage Current 1.73 mA (250 Vac, 50 Hz)
Approval IEC 60939, UL 1283, CSA C22.2 No.8

B. Wiring for three-phase filter for D1-N-09/18/36 servo drive
For selecting three-phase filter for D1-N-09/18/36 servo drive, B84143A filter (Part number:
B84143A0020R106) from TDK (EPCOS) is suggested.

S8B2326-3

Figure 4.2.4 Wiring diagram for three-phase filter (Part number: B84143A0020R106) (Reference: Datasheet of B84143A filter)
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Table 4.2.4
Filter (Part number: B84143A0020R106)
Rated Voltage 520/300 Vac, 50/60 Hz
Rated Current 20 A at 50°C
Leakage Current 3.1 mA (520/300 Vac, 50 Hz)
Approval IEC 60939, UL 1283, CSA C22.2 No.8

C. Wiring for three-phase filter for D1-N-90 servo drive
For selecting three-phase filter for D1-N-90 servo drive, B84143A filter (Part number:
B84143A0035R166) from TDK (EPCOS) is suggested.

55B2484-1

Figure 4.2.5 Wiring diagram for three-phase filter (Part number: B84143A0035R166) (Reference: Datasheet of B84 14 3A filter)

Table 4.2.5
Filter (Part number: B84143A0035R166)
Rated Voltage 520/300 Vac, 50/60 Hz
Rated Current 35A @ 50°C
Leakage Current 5.0 mA (520/300 Vac, 50 Hz)
Approval IEC 60939, UL 1283, CSA C22.2 No.8

B How to select no-fuse breaker (NFB)
While using no-fuse breaker for current shunt, its rated capacity should be 1.5 to 2.5 times of the

rated current of the servo drive.

While using one servo drive: Ig = Cxlj,
While using two or more servo drives, but do not power on at the same time: Iz = (Zln-lnmax) XK+ Cmax

[nmax

While using two or more servo drives, and power on at the same time: Iz = C1xly+ C2xl,2

+ ¢ ¢+« +CNxlpy

Note:
Is: Rated current of no-fuse breaker

In: Rated current of servo drive
HIWIN MIKROSYSTEM Corp. 4-9
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Invax: The largest rated current while using servo drives of different specifications

C: Multiple of rated current (Note: The multiple is usually 1.5 to 2.5. If users are not sure about the multiple,
please use 1.5.)

Cwmax: Multiple of the largest rated current of servo drive

K: Demand rate (Note: If users are not sure about the demand rate, please use 1.)

Example:

If three D1-N-18 and one D1-N-36 servo drives are used:

We assume C and Cuax are 2.

Do not power on at the same time: Iz = (3x6+12-12)x1 + 12%2 = 42 Aims

Power on at the same time: Ig = 2x6+2x6+2%x6 + 2x12 = 60 Ams

Table 4.2.6 Rated current of D1-N servo drive

Model Rated Current
D1-N-09 3 Ams
D1-N-18 6 Ams
D1-N-36 12 Ams
D1-N-90 30 Ams

4.3 Regenerative resistor and DC link (X2)

When motor decelerates, it generates energy. The energy returns to the capacitors of the servo drive.
When the returned energy exceeds the capacity of the capacitors, regenerative resistor must be installed
to protect the servo drive by absorbing the returned energy. D1-N-09, 18 and 36 servo drives have one
internal regenerative resistor (50 Q/150 W), but D1-N-90 servo drive does not have internal regenerative
resistor. For fast movement (Regenerative energy is larger than 150 W.), external regenerative resistor

must be installed since the internal regenerative resistor cannot absorb all the returned energy.

(1) Connector
A. D1-N-09/18/36

Figure 4.3.1 Connector: IC 2, 5/4-STF-5, 08 (1825336)
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Table 4.3.1

Pin Signal
DC+
RGP
RGS
DC-

AlW|IN|—~

B. D1-N-90

Figure 4.3.2 Connector: PC 16/4-STF-10.16 (1967472)

Table 4.3.2

Pin Signal
DC+
RG+
RG-
DC-

AlW|IN|—~

(2) Wiring example
A. D1-N-09/18/36 servo drive
a. Only the internal regenerative resistor (50 Q/150 W) is used.

Figure 4.3.3

b. Both the internal regenerative resistor and external regenerative resistor are used.

(Parallel connection)

Figure 4.3.4
HIWIN MIKROSYSTEM Corp. 4-11




HIWIN.

MD17UE01-1906

D1-N Series Servo Drive User Manual Wiring

c. Both the internal regenerative resistor and external regenerative resistor are used. (Serial

connection)

A,
Yy

\& 2
i

Figure 4.3.5

d. Only the external regenerative resistor is used.

Figure 4.3.6
B. D1-N-90 servo drive
f'"""": D1-N-80
 External 1
. Resistori
: ; RG+ | 2
: : RG- | 3
Figure 4.3.7
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4.4 Motor power (X3)

The servo drive and motor must be properly grounded.

(1) Connector
A. D1-N-09/18/36 servo drive

Figure 4.4.1 Connector: PC 5/4-STF-SH1-7, 62 (1778191)

Table 4.4.1
Pin Signal
1 u
2 \Y
3 w
4 PE

B. D1-N-90 servo drive

Figure 4.4.2 Connector: PC16/4-STF-SH-10.16 (1970359)

The pin definition is the same as table 4.4.1.

HIWIN MIKROSYSTEM Corp. 4-13
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(2) Wiring example

HIWIN

z|<|C
Cad | | =2

B 4

Frame Ground

D1-N-90 Servo Drive
[ Motor

Ground

Figure 4.4.3

4.5 Control power and brake (X4)

For connecting 24 Vdc control power and brake, please refer to figure 4.1.1.2. When no brake is used,
+24 V should be connected to pin +24 V (Pin 1) and 0 V should be connected to pin RTN (Pin 4). When
brake is used, pins BRK+ and BRK- should be connected to relay. After brake signal is output, dynamic
brake or electromagnetic brake will be activated. Pins BRK+ and BRK- are open-drain output pins. (Max.
voltage: 40 V; Max. current: 1 A) The default output for brake signal is O4. For setting output function,

please refer to section 5.4.2.

Note:
If brake is connected and “boot mode” or “COM error” occurs after motor is enabled, it means the +24 V input current

could be insufficient for control circuit to be normally operated. Ensure input current is sufficient.

(1) Connector

12 34
Figure 4.5.1 Connector: MSTB 2, 5/X-STF

Table 4.5.1

Pin Signal
+24V
BRK+
BRK-
RTN

AlWIN|—~
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(2) Wiring example

| Brake
System _‘
S~
+24V
Relay
T BRK+
pZ:\V A p—
o BRK-
RTN
Figure 4.5.2

4.6 USB communication (X5)

Connect to PC by mini USB cable (HIWIN USB 2.0 type A to mini-B 5-pin (1.8 M) cable is suggested.) for

monitoring, test run, parameter writing, etc. For servo drive operation, please refer to chapter 5.

1800450
P4 P5
o o
N s
P1 \@) @Black \‘@Black 3 P1
SIDE A SIDE B
Figure 4.6.1
PC D1-N Servo Drive
X5
usB
Serial Port N/C 4
USB_D+ | 3 usB_D+| 3
GND 5 GND 5
USB_D- 2 USB_D- 2
5V 1 5V 1
Figure 4.6.2

4.7 Control signals (X6)

The high-level input voltage and low-level input voltage for pulse command must be greater than 2 V and

lower than 0.8 V.

HIWIN MIKROSYSTEM Corp.
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Table 4.7.1 Pin definition of connector for control signals

Pin | Signal Function Note

CWL

COWL DC 12V ~ DC 24 V must be provided. -

CW+ | Differential signal input (4 MHz)

CW- | Channel 1: Pulse, CW, A phase

CCW+ | Differential signal input (4 MHz)

CCW- | Channel 2: Dir, CCW, B phase

Axis enable

e N
T|alo|o|N|o|a|~w|N| -
=

Programmable

12 16 General input signals
13 17
14 18
15 19
16 110
For NPN type: 12 V ~ 24 V must be
17 | COM | Common point for general input signals (11 ~ 110) provided. .
For PNP type: Connect to ground
(GND).
18 | REF+ | Analog command input (Positive) Default velocity/torque analog command
19 | REF- | Analog command input (Negative) (+/-10V)
20 | DSF+ | Disable safety function (Positive) -
21 FG Frame ground -
22 GND | Ground reference for input and output signals -
23 o1+
24 01-
22 (())2; General output signals Programmable
27 03+
28 03-
29 PT+ Output for position trigger -
30 PT-
31 N/A
32 | NA | )
33 A
34 IA
35 B Feedback pulse output (Buffered encoder or emulated i
36 /B encoder)
37 V4
38 1Z

39 cz Z phase open-collector output -

40 | DSF- | Disable safety function (Negative) -
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X6
CWL @ ® FG
CCWL @ @ GND
Cw+ @@ O1+
CW- e® O1-
CCw+ e @ 02+
CCWw- e ® 02—
11 ® ® O3+
12 ®® O3-
I3 ®® PT+
14 ®® PT-
15 ® ® PCP+
16 ® ® PCP-
17 ®o® A
18 ®® /A
19 e® B
110 ® ® /B
COM e ® Z
REF+ @ @ /Z
REF- @ ® CZ
DSF+ @ ® DSF-

Figure 4.7.1 Connector: R-DFMC 1.5/20-STF-3.5 (1790470)

4.7.1 Digital command

Optical coupler: HCPL-060L, 5mA <InN<15mA, 1.4V <Vg<1.75V

A. Differential input

X6 pulsefdirection input

5

ﬂit

Figure 4.7.1.1

B. Single-ended input (With external resistor)

X6 pulse/direction input

12:2_4\!00 Xﬁ

PLC ) 205K FG
336 : GND

PLS s / o1+
CW/A Cw- @@ 01~
K Biccw+ e e 02+

R ;:E Elccw- e e 02-

DIR W 03+
CcCw/B 03-

VDC |resistance (R}
12V | 1K, 0.5W
24V | 2K, 0.5W

Figure 4.7.1.2
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C. Single-ended input (Without external resistor)

12~24VDC

X6 puls/direction input

pLc 205K CWL ® ® FG
:G;: A CCWL @ @ GND

PLS CW+ @ ® O1+
CW/A CW- @ ® O1-

Figure 4.7.1.3

4.7.2 Programmable 1/0

A. PNP type: COM is connected to ground (GND).

X6 Digital inputs

Figure 4.7.2.1

4-18

o0 02+
®oe® 02-
® & 03+
2 90 03-
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B. NPN type: COM is connected to 24 V.

X6 Digital inputs

Figure 4.7.2.2

HIWIN MIKROSYSTEM Corp. 4-19
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4.7.3 Encoder output

The encoder output is 5 V differential output.

A. Optical coupler

B.

4-20

Differential type

X6-Encoder Outputﬂ
A 33 = e
_IX 1A 34}( __‘J/ : 'l
B |35 F~ L
>
z 37 —
_»—IZ 17 38>< / '\ ,:
Ij FG
cz 39 Adjustable Z output (open collector)
? GND |22
Figure 4.7.3.1
X6 Encoder output
PLC
A |33 #~ L
4[»2 1A 34:>< -.4/ II' l|
B 35 ~ —
> e
z |37 —_
_‘F—E fra 33>< / '. ,l
d FG
CZ |39
? GND |22
Figure 4.7.3.2
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4.7.4 PT signal output

Wiring

PT signal output is 3.3 V (20 mA) differential output.

X6 PT Output

PLC

LY

[

PT+ |29 '
P R 1 S A

Figure 4.7.4 1

4.7.5 Analog command

Analog command is -10 Vdc ~ +10 Vdc differential signal. The resolution is 12 bits.

PLC
N ’ \" P
Vemd+ '

B
Vemd-) v

+-10VDC N I
~

X6 Analogue input

DSF+ @ @ DSF-
Figure 4.7.5.1

HIWIN MIKROSYSTEM Corp.
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4.8 Safety function (X7, X8)

D1-N servo drive supports STO (Safe-Torque-Off) safety function which complies with IEC61800-5-2.
Connectors for STO safety function are X7 and X8. When STO safety function is activated by SF1 and
SF2 signals, the servo drive stops outputting current to motor. At this time, error messages may occur.

The motor will not generate torque or force and will coast to a stop.

If STO safety function has been activated, it must be reset if the motor needs to be enabled again. Follow

the steps below to reset STO safety function.

Step 1: SF1 and SF2 signals must be set to “High”.

Step 2: DSF+ and DSF- on connector X6 must be connected for at least one second to reset STO safety
function.

(1) Connector

X7. |
SF1- @ ® SF1i+ §
SF2- @ @ SF2+
MO- @ @ MO+

SF2- @ @ SF2+
MO- ® @ MO+

Figure 4.8.1 Connector: R-DFMC1.5/3-STF-3.5 (1790302)

Table 4.8.1
Pin Signal Function
1 SF1- Safety input 1
4 SF1+ These inputs disable motor.
2 SF2+ Safety input 2
5 SF2- These inputs disable motor.
3 MO-
6 MO+ STO status feedback
Table 4.8.2
ltem Range
Low status -3~+3 Vdc
High status +10 ~ +30 Vdc
Max. mpu’g currer_1t 5mA
for safety input pins
Debounce time >=1ms
Time requirement of
activating safety 1s
inputs SF1 and SF2

4-22 HIWIN MIKROSYSTEM Corp.



D1-N Series Servo Drive User Manual

HIWIN.

MD17UE01-1906
Wiring

Wiring example
A. STO safety function check

Below is the wiring diagram when checking STO safety function.

+24v 9 Oc\p

DC power supply

Figure 4.8.2

/\ CAUTION

Testing the wiring of STO safety function
Step 1: Apply 24 Vdc to SF1 and SF2. Enable motor via I1 on connector X6.
= The motor is enabled.
Step 2: Deactivate SF1.
=>Error message “E18 STO activated” appears. The motor is disabled.
Step 3: Activate SF1 again. Connect DSF+ and DSF- on connector X6 for at least one second.
= The motor is enabled.
Step 4: Deactivate SF2.
= Error message “E18 STO activated” appears. The motor is disabled.
Step 5: Activate SF2 again. Connect DSF+ and DSF- on connector X6 for at least one second.
= The motor is enabled.
Step 6: Deactivate SF1 and SF2 at the same time.
=>Error message “E06 motor may be disconnected” appears. The motor is disabled.
Step 7: Activate SF1 and SF2. Connect DSF+ and DSF- on connector X6 for at least one second.
=>»The motor is enabled.

It is suggested to use the power supply below to test safety inputs SF1 and SF2 with 24 Vdc.

Power Supply Input Specification | Output Specification Protection
88 to 264 Vac Overload
“Rﬂgggl_\é\fl'l' 47 to 63 Hz $45\fr?1ax Overvoltage
Eff. = 88% ) 32.4 Vmax

If the desired function (such as motor disabling) cannot be performed after safety inputs are disabled, or STO
safety function does not successfully restart after connecting DSF+ and DSF-, please contact HIWIN.

HIWIN MIKROSYSTEM Corp.
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B. Wiring for emergency stop (Motor is not controlled after emergency stop is activated.)
Additional safety module is not required for the wiring in figure 4.8.3. When emergency switch is

activated, STO safety function is enabled. Then, the servo drive stops outputting current to the
motor and the motor will coast to a stop.

24v¥DC

5
CEa

Emergency stop

GND sF2. ) | < E}:< IT:b

DSF+ ] i

E lifi
Reset STO H : amplitier
DSF- : = .

Status feedback contact
of STO function

D1-N drive

...............................

controller

Figure 4.8.3

C. Wiring for emergency stop (Motor is controlled after emergency stop is activated.)
A safety module with safety time delay function is required when wiring for emergency stop. The
safety module used in figure 4.8.4 is UE410-MU3T5 from SICK. The enabling signal of D1-N
servo drive becomes OFF via Q1 of the safety module. Dec. kill and smooth factor are used in
decelerating the motor. After the safety time delay elapses, Q3 and Q4 of the safety module

send out signals to activate STO safety function. D1-N servo drive stops outputting current to

the motor.
+24VDC
ov
Reset STO P e —
—\W HE H
Reset SF1+ | | < H H
sick|* Emergencystop || i sl = ¥ ¥ = i
|t | ey || E B g
4 2 2 4 s ] ffv}; U ::>_ i
s i T X [ | W | i
oses | | ‘ar‘nuliﬂer
oer |+ e
Mot | },{ |
Mo A >l ¥ ;
controller T D1-N drive
L TMmmennble ]
Al A2 S2 S1 S3

SICK UE410-MU3TS 1

PLC l
X1 X2 - input
Output

%\npmmnn-r (20ms} T

Figure 4.8.4
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The formulas of time delay and the required maximum deceleration are as below:
(1) Time Delay (T) = (Smooth Factor X 8)/Sampling Rate

(2) Maximum Deceleration (Max. dec.) = Speed/T

Example:

Sampling rate is 16 KHz. Motor speed is 400 mm/s. Smooth factor is 100.
Time Delay (T) = (100X8)/16,000 = 0.05 s
Maximum Deceleration (Max. dec.) = 400/0.05 = 8,000 mm/s?

D. Wiring for multiple servo drives

X7

SF1+

SF2+ { Wiring as single module ]
MO+

D1N#1

D1N#2

D1N#3

(3) Timing of activating STO safety function

STO safety function is activated by SF1 and SF2 inputs. The relationship between the logic states of
SF1 and SF2 inputs and STO safety function are described in table 4.8.3.

HIWIN MIKROSYSTEM Corp. 4-25
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Table 4.8.3
Function Pin Logic States
SF1 High High Low Low
Safety Input
alely fnpd SF2 | High | Low | High | Low
Status of STO Safety Function - Off On On On
Feedback Contact of STO Safety Function MO Closed Open

The time between activation of SF1 and SF2 inputs and activation of STO safety function is called

response time. The response time is 6 ms to 10 ms. To prevent STO safety function from being

activated unexpectedly, signal interrupts less than 6 ms will be ignored. STO safety function will only

be activated when safety input signals are OFF for at least 6 ms.

Signal at safety input

\ Erd — — —
, .
<bms >6ms
State STO function STO active
Figure 4.8.6
A. Timing diagram of activating STO safety function
Operation state
D1-N ON | OFF
SF1 & SF2 - i
High ! Low
STO function ____OFF | . ON
— ] Dlrllh' > Reaction time > 6ms
Mot ;
otor Enabled | [ Disabled
Feedback contact i
STOfunctionMo ~ Close | Open
Motor brake Open Close

—#——— 14— 500ms (default) or adjustable with Lightening

»Servo ready” ON
message OFF
Error message OFF ON

Motor velocity

Figure 4.8.7
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B. Timing diagram of deactivating STO safety function
Operation state OFF ON
D1-N
SF18& SF2 Low i
STO function ON OFF
Wcitse Disabled Enabled
Feedback contact Open Close
STO function MO
Motor brake
Close Open
Reset function
DSF+ & DSF- OFF o
>1s l—

nServoready” OFE ON
message
Error message ON OFE

Figure 4.8.8

(4) Maintenance plan

According to IEC 61508 (High demand mode), the minimum maintenance interval of STO safety

function is one year. Table 4.8.4 is provided for your maintenance plan and safety calculation.

Table 4.8.4
Item Unit Value
Lifetime of STO Safety Function (IEC 61508) Years | 20
Safe Failure Fraction, SFF (IEC 61508) % 99.7
Hardware Fault Tolerance, HFT (IEC 61508) Type A Subsystem 1
Safety Integrity Level, SIL SIL3
IEC 61508: 2010 SiLal3
IEC 62061: 2010
Performance Level, PL
(ISO 1384: 2008) e (Category 3)
1606 (After further
Mean Time to Dangerous Failure, MTTFD (ISO 13849-1) Years | Calculation, the maximum
value is limited to 100
years)
Diagnostic Coverage, DC (ISO 13849-1) % 99
Probability of Dangerous Failure per Hour, PFHq (IEC 62061) 1/h | 1.6 X 1009

HIWIN MIKROSYSTEM Corp.
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4.9 Motor temperature detection (X9)

D1-N servo drive is able to monitor motor temperature via PTC resistor or NTC resistor.

Figure 4.9.1 Connector: R-MSTB2.5/2-STF (1786831)

Table 4.9.1
Pin Signal
1 T+
2 T-

4.10 Encoder (X10, X11, X12)

D1-N servo drive provides D-Sub high density connectors (15 pins) for encoder feedback.

Figure 4.10.1

oo boos)
i nooooo oooc:o ©
Clebesd |
L | 1 \
Female Male
Figure 4.10.2
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Note:
(1)
2)

©)
(4)

HIW

Table 4.10.1
X10 X11 X12
Connector Type Female Female Male
Description Digital/Hall Sensor Analog/Serial Resolver
Pin Signal Signal Signal
1 A+ SIN+ SIN1+
2 B+ COS+ COS1+
3 Z+ Index+ SIN2+
4 FLT +9 Vdc AGND
5 +5 Vdc +5 Vdc +5 Vdc
6 A- SIN- SIN1-
7 B- COs- COs1-
8 Z- Index- SIN2-
9 Hall A n.c. COS2+
10 Hall B n.c. COS2-
11 Hall C DX+ (Data) REF+
12 n.c. DX- (Data) REF-
13 DSL+(Note 4) CLK+ (Clock) Index+
14 DSL-(Note 4) CLK- (Clock) Index-
15 GND GND GND
Table 4.10.2
Encoder TypeNete4) | EnDat2.1 En/D;tSZéZ//SI\gII(on H'%agf ce Hiperface T-code
+5 Vdc +5 Vdc DSL+ +9 Vdc +5 Vdc
GND GND DSL- GND GND
DX+ DX+ DX+ DX+
Signal DX- DX- DX- DX-
SIN+ CLK+ SIN+
SIN- CLK- SIN-
COS+ COS+
COS- COS-
Connector X11 X11 X10 X11 X11

If analog/serial encoder and digital Hall sensor are used, connectors X10 and X11 must both be connected.

To avoid EMC malfunction, encoder cable must be shielded. The shield of the encoder cable must contact the

shell of the connector.

FLT signal on connector X10 can only be used with encoder which supports encoder fault signal.

Available on D1-N--[9.

IN MIKROSYSTEM Corp.
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4.11 EtherCAT/Modbus communication (X13)

(1) EtherCAT communication

Figure 4.11.1
Table 4.11.1
Pin Signal Function
TX+ Data transmission (Positive)
TX- Data transmission (Negative)
RX+ Data reception (Positive)

EtherCAT Gnd | EtherCAT signal ground
EtherCAT Gnd | EtherCAT signal ground
RX- Data reception (Negative)
EtherCAT Gnd | EtherCAT signal ground
EtherCAT Gnd | EtherCAT signal ground

OIN|O|O | WIN|[=

(2) Modbus communication

Figure 4.11.2
D1-N Servo Drive PC
X13 RS485
N/C Serial Port
DATA- 2 DATA-

N/C l— 5 SG
sSG 3 DATA+
DATA+ A

N/C

=N wlisjon|oe

Figure 4.11.3
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4.12 Accessories of D1-N servo drive

(1)

Motor power cable

A. Linear motor

Table 4.12.1

Product Name

Model

Description

LMACSOIOU

Applicable linear motor: LMS, LMSA, LMC-EFE and LMC-EFF
Supports over temperature signal.

D-type connector

220 Vac

LMACSOOV

Applicable linear motor: LMSA
Supports over temperature signal.
D-type connector

380 Vac

LMACTOOG

Applicable linear motor: LMSA
Supports over temperature signal.
Round metal connector

220 Vac

LMACTOOF

Applicable linear motor: LMSA
Supports over temperature signal.
Round metal connector

380 Vac

LMACSOICIM

Applicable linear motor: LMCA, LMCB, LMCC, LMCD, LMCE,
LMC-EFC, LMTA, LMTB, LMTC and LMTD
Supports over temperature signal.

LMACSOICIN

Applicable linear motor: LMCF
Supports over temperature signal.

Motor Power Cable

LMACSOIOS

Applicable linear motor: LMF
Supports over temperature signal.
Round metal connector

Wire diameter: 4.0 mm?

LMACSOOZ

Applicable linear motor: LMFAOUIC], LMFA1, LMFA2((,
LMFA31, LMFA31L, LMFA32, LMFA32L, LMFA41, LMFA41L,
LMFA42, LMFA42L, LMFA52, LMFA52L and LMFA62
Supports over temperature signal.

Round metal connector

Wire diameter: 1.5 mm?2

LMACTOOA

Applicable linear motor: LMFA33, LMFA33L, LMFA34, LMFAA43,
LMFA43L, LMFA44, LMFA53, LMFA53L, LMFA54, LMFAG2L,
LMFA63 and LMFAG4

Supports over temperature signal.

Round metal connector

Wire diameter: 2.5 mm?2

LMACTOOB

Applicable linear motor: LMFA34L, LMFA44L, LMFA54L and
LMFAG3L

Supports over temperature signal.

Round metal connector

Wire diameter: 4.0 mm?

LMACTOOC

Applicable linear motor: LMFAG4L
Supports over temperature signal.
Round metal connector
Wire diameter: 6.0 mm?2

LMACTOOD

Applicable linear motor: LMTE
Supports over temperature signal.

HIWIN MIKROSYSTEM Corp.

4-31



HIWIN.,

MD17UE01-1906

D1-N Series Servo Drive User Manual Wiring
IO stands for cable length. (Unit: m) The conversion table is as below.
Table 4.12.2
(| 03|04 |05|06 |07 |08 |09 |10 |11 |12 |13 |14 |15 |16 |17 | 18 | 19 | 20
Cable Length | 3 4 5 6 7 8 9 |10 |11 |12 |13 |14 | 15|16 |17 | 18 | 19 | 20
B. Torque motor
Table 4.12.3
Product Name Model Description
Motor Power Cable LMACSOIOR Applicable for torqug motlor: TMS, TMN and TMX
Over temperature signal is not supported.
IO stands for cable length. (Unit: m) The conversion table is as below.
Table 4.12.4
o 03|04 |05 |06 |07 |08|09 |10 |11 |12 |13 |14 |15 | 16 | 25
Cable Length 4 | 5|67 |89 (1011|1213 |14 |15 |16 |25
C. AC servo motor
Table 4.12.5
Product Name Model Description
Applicable for 50 W ~ 750 W AC servo motor
HVPS04AACICIMB Brake signal is not supported.
Highly-bendable
Applicable for 1 KW ~ 2 KW AC servo motor
HVPMO4BACICIMB Brak_e signal is not supported.
Straight connector
Highly-bendable
Applicable for 1 KW ~ 2 KW AC servo motor
HVPMO4CACICIMB Brake signal is not supported.
L-type connector
Highly-bendable
Motor Power Cable Applicable for 50 W ~ 750 W AC servo motor
HVPSO6AACICIMB Supports brake signal.
Highly-bendable
Applicable for 1 KW ~ 2 KW AC servo motor
HVPMO6BACICIMB Supports brake signal.
Straight connector
Highly-bendable
Applicable for 1 KW ~ 2 KW AC servo motor
HVPMOB6CACICIMB Supports brake signal.
L-type connector
Highly-bendable

[0 stands for cable length. (Unit: m) The conversion table is as below.

4-32

Table 4.12.6
0o 03 | 05 | 07 | 10
Cable Length 3 5 7 10
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(2) Feedback signal cable

A. Linear motor

Table 4.12.7

Product Name

Model

Description

Feedback Signal Cable

LMACFOOIC

D-type connector for motor
For digital reader

Signal of Hall sensor is not supported.

LMACFOOD

D-type connector for motor
For digital reader
Supports signal of Hall sensor.

LMACFOOA

D-type connector for motor
For analog reader

Signal of Hall sensor is not supported.

LMACFOOH

D-type connector for motor
For analog reader
Supports signal of Hall sensor.

LMACFOOI

Round metal connector for motor
For digital reader

Signal of Hall sensor is not supported.

LMACFOOIB

Round metal connector for motor
For digital reader
Supports signal of Hall sensor.

LMACELILIAZ

Round metal connector for motor
For analog reader

Signal of Hall sensor is not supported.

LMACFOOM

Round metal connector for motor
For analog reader
Supports signal of Hall sensor.

Note:

The cables listed in table 4.12.7 are all standard. The connector for encoder is D-type.

(11 stands for cable length. (Unit: m) The conversion table is as below.

Table 4.12.8

oo

03

04

05|06 |07 |08 |09 |10

Cable Length

4

516 |7]|8 ]9 |10

HIWIN MIKROSYSTEM Corp.
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B. Torque motor

Table 4.12.9

Product Name

Model

Description

Feedback Signal
Cable

LMACFOOL

For JENA encoder
Applicable torque motor: TMS and TMNOLCIE
Supports over temperature signal.

LMACFOOG

For JENA encoder
Applicable torque motor: TMNCICIEH

Supports over temperature signal and signal of Hall sensor.

LMACFOOE

For single resolver
Applicable torque motor: TMN
Supports over temperature signal.

LMACFOOJ

For dual resolver
Applicable torque motor: TMY and TMNOICJA
Supports over temperature signal.

LMACFOOF

For EnDat 2.2 encoder

11 stands for cable length. (Unit:

m) The conversion table is as below.

Table 4.12.10
oo 0203|004 05|06 |07|08 |09 |10 |11 |12]|13 |14 |15
CableLength | 2 | 3 | 4 6|7 8|9 1011|1213 |14 |15

C. AC servo motor

Table 4.12.11
Product Name Model Description
For 13-bit encoder
HVE13IADCICIMB | Applicable for 50 W ~ 750 W AC servo motor

Feedback Signal
Cable

Highly-bendable

HVE131BDOICIMB

For 13-bit encoder

Applicable for 1 KW ~ 2 KW AC servo motor
Straight connector

Highly-bendable

HVE13ICDOCOMB

For 13-bit encoder

Applicable for 1 KW ~ 2 KW AC servo motor
L-type connector

Highly-bendable

HVE17IADOCOMB

For 17-bit encoder
Applicable for 50 W ~ 750 W AC servo motor
Highly-bendable

HVE171BDOCIMB

For 17-bit encoder

Applicable for 1 KW ~ 2 KW AC servo motor
Straight connector

Highly-bendable

HVE17ICDOOMB

For 17-bit encoder

Applicable for 1 KW ~ 2 KW AC servo motor
L-type connector

Highly-bendable

11 stands for cable length. (Unit:

m) The conversion table is as below.
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Table 4.12.12

(| 03 | 05|07 |10
Cable Length 3|15 |7 ]10

(3) Control signal cable

Table 4.12.13
Product Name Model Description
Control Signal Signal cable for connecting to controller
Cable LMACKLILIF With bare wires at both ends which can be soldered by users

[0 stands for cable length. (Unit: m) The conversion table is as below.

Table 4.12.14

ad 02 | 04
Cable Length | 2 | 4

(4) Communication cable

Table 4.12.15

Product Name Part Number Description

USB 2.0 type A to mini-B 5-pin
USB Communication Cable 051700800366 | Cable length: 1.8 m

Mini-B connector for servo drive

(5) Connector kit and EMC kit

A. Connector kit

Table 4.12.16

Product Name Model Description Part Number Qty.

Hose clamp
R-10 mm (Min.) - 16 mm (Max.) 060502600003 | 1

Connector for AC main power cable

4 pin, pitch 7.62 mm 051500400303 !

Connector for motor power cable

4 pin, pitch 7.62 mm 051500400304 1

Connector for regenerative resistor

4 pin, pitch 5.08 mm 051500400332 | 1

Connector for control power

DINCK4 | 4pin pitoh 5.00 mm 051500400301 1

D1-N CK

accessory kit

(For D1-N-09/ (Part number: Connector for control signals:

051800200097) | 40 pin, pitch 3.50 mm 051500400316 !

18/36) Connector for motor over temperature signal

2 pin, pitch 5.00 mm 051500400306 1

Connector for safety function

6 pin, pitch 3.50 mm 051500400315 2

Connector for feedback signal

D-Sub 15 pin standard solder connector (Male) 051500100045 2

Connector for feedback signal
D-Sub 15 pin standard solder connector (Female) 051500100147 !

D-Sub connector housing 051500600153 2

HIWIN MIKROSYSTEM Corp. 4-35
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Product Name Model Description Part Number Qty.
Hose clamp
R-25 mm (Min.) - 40 mm (Max.) 060502600002 | 1
Hose clamp
R-10 mm (Min.) - 16 mm (Max.) 060502600003 | 1
Connector for AC main power cable
4 pin, pitch 10.16 mm 051500400342 | 1
Connector for motor power cable
4 pin, pitch 10.16 mm 051500400385 | 1
Connector for regenerative resistor
4 pin, pitch 10.16 mm 051500400342 | 1
D1-N CK D1-N CK5 Connector for control power
L 051500400301 1
accessory kit (Part number: | 4 pin, pitch 5.00 mm
(For D1-N-90) | 051800200101) | Connector for control signals 051500400316 1
40 pin, pitch 3.50 mm
Cor_mec_tor for motor over temperature signal 051500400306 1
2 pin, pitch 5.00 mm
Connector for safety function
6 pin, pitch 3.50 mm 051500400315 | 2
Connector for feedback signal
D-Sub 15 pin standard solder connector (Male) 051500100045 2
Connector for feedback signal
D-Sub 15 pin standard solder connector (Female) 051500100147 !
D-Sub connector housing 051500600153 2
B. EMC kit
Table 4.12.17
Product Name Model Included Parts Part No. Qty.
Three-phase filter B84143A0020R106
D1-N EMC accessory | D1-NEMC1 | paieq current: 20 A, Leakage current: 051800200133 1
kit (Three-phase) (Part No.: 3.1 mA)
(For D1-N-09/18/36) | 051800200104) Reactor B86305L0016R000 (16 A, 2 mH) 051800200103 1
D1-N EMC accessory D1-N EMC2 Single-phase filter B84113H0000G120
kit N (Rated current: 20 A, Leakage current: 051800200132 1
. (Part No.:
(Single-phase) 051800200107) 1.73 mA
(For D1-N-09/18/36) Reactor TS10C-16A (2 mH) 051800200106 1
D1-N EMC accessory D1-N-90 EMC1 Three-phase filter B84143A0035R166
kit o (Rated current: 35 A, Leakage current: 051800200093 1
(Part No.:
(Three-phase) 051800200094) 5.0 mA)
(For D1-N-90) EMI core KCF-130-B 050300400026 2
D1-N EMC accessory D1-N EMC3 Single-phase filter B84113H0000G120
kit N (Rated current: 20 A, Leakage current: 051800200132 1
. (Part No.:
(Single-phase) 051800200135) [=->-MA)
(For D1-N-09/18/36) EMI core KCF-130-B 050300400026 2
D1-N EMC accessory D1-N EMC4 Three-phase filter B84143A0020R106
kit N (Rated current: 20 A, Leakage current: 051800200133 1
(Part No.:
(Three-phase) 051800200136) |2
(For D1-N-09/18/36) EMI core KCF-130-B 050300400026 2

Note:

Depending on users’ need, EMI core can be used on main power cable, motor power cable, encoder cable or

pulse control cable to reduce interference.
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(6) Regenerative resistor
Table 4.12.18
Product Name Part Number Description
68 Q
050100700001 | Rated power: 100 W
Instantaneous power: 500 W
120 Q
050100700009 | Rated power: 300 W
. . Instantaneous power: 1,500 W
Regenerative Resistor 50 O
050100700008 | Rated power: 150 W
Instantaneous power: 750 W
50 Q
050100700019 | Rated power: 600 W
Instantaneous power: 3,000 W
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5.1 Installation and communication

Lightening is the human machine interface of D1-N servo drives. Connect PC and D1-N servo drive by
mini USB cable for servo drive initialization, setting, operation, test run and parameter writing via

Lightening. This chapter describes how to install Lightening and connect to the servo drive.

5.1.1 Installing Lightening
The files in the setup folder of Lightening are shown in figure 5.1.1.1, including setup file (setup.exe) and

firmware folder (dce).

N\ C
’

t -
cp210x dee autorun.inf dirlist.bet
3 )4
-
h
driverlisttxt firmupd.bat MYFONT.BMM myFontl.bmm
-
g
myFontm.bmm setup.exe shorttxt
Figure 5.1.1.1

If users are using installation CD to install Lightening, the setup program will run automatically. The setup

folder can also be downloaded from our website, please go to https://www.hiwinmikro.tw/en/download.

After the setup folder is downloaded, click on setup file (setup.exe) to install Lightening. The default

installation path is “C:\HIWIN\", please do not change the path. The installation window is as figure

5.1.1.2. Click on Start button to start installation. When installation finishes, a message dialog will appear

as figure 5.1.1.3. Click on ##ZE (OK) button to complete installation.
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HIWIN.

Motion Control and System Technology

Source:| D=SHIWIN_install_i84A%

Destination:| ¢ =NHIWINS_

Start Stop Exit

Figure 5.1.1.2

HIVWIM software Installation ended successfuly

Figure 5.1.1.3

A shortcut of Lightening will be created on the desktop which is shown as figure 5.1.1.4. The path of the

shortcut is “C:\HIWIN\dce\toolswin\winkmi\lightening.exe”.
Lightening
Figure 5.1.1.4

5.1.2 Communication setup

There are three ways to communicate with the servo drive:

® USB communication
® mega-ulink communication

® CoE communication

Section 5.1.2 will introduce how to set up USB communication and mega-ulink communication. For CoE
communication, please refer to HIWIN CoE Drive User Guide. While using USB communication and CoE
communication, it is suggested to use supported network controllers of Beckhoff. (Refer to:
https://infosys.beckhoff.com/english.php?content=../content/1033/tcsystemmanager/reference/ethercat/h

tml/ethercat_supnetworkcontroller.ntm&id=)
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Note:
If the hardware versions of D1-N mega-ulink and CoE models are A7, please use firmware versions D1N MDP 0.809
and DINCOE MDP 0.514 or later version.

(1) USB communication
Connect to the servo drive via mini USB cable and turn on the control power before opening
Lightening. Normally the servo drive will be automatically connected after Lightening is opened. To

modify communication setting, please click on Tools and select Communication setup....

g Lightening, version 0.1854, com53, 115200 : ' ‘

. e — —
I Conf,/Tune - Language About Advanced

é) Communication setup...  (Ctrl+N)
R — Open plotview... (Ctrl+G)
[} Drivi

E| i Data collection...

Crl+U)

Loop constructor...

Reset amplifier

Upgrade/downgrade firmware...

Set parameters to factory default

Figure 5.1.2.1

lightening Communication Setup window appears as figure 5.1.2.2. BPS field shows transmission
rate. The default setting of transmission rate is 115,200 and should not be changed. Port field shows
communication port. All the communication ports of the PC will be listed. Select the communication
port in use. Normally Lightening can successfully communicate with the servo drive without changing
the values in other fields.
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bl

BPS: lightening Communication Setup

115208 —

1208 _ BPS: " RS485

Zana h 115208 & RS232/USB

26808 " C CAN

19200 -

38480 COM1 o=

56000 " Ethercat

Fay CAN Tr id

128000 | ven 00000120 I

256000 _

23846808 :| Time out CAM Rcid

168500 z

0 | 50 | | |]oooooiso |

- Lock time &

Try again Scan rate
6 [0

IP address |

IP port{ 10001

Local port| 0

-
-

Protocol | TCE

Apply Close

Figure 5.1.2.2

(2) mega-ulink communication
While using mega-ulink communication for the first time, please download and install WinPcap. After
the installation of WinPcap completes, click on Tools and select Communication setup... to open

lightening Communication Setup window. Then select Ethercat and click on EtherCat... button.
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lightening Communicatio n-&:.-etup
. e —

BPS:. i~ RS485
1152088 " RS232/USB
r
Port - gy
COM15
Ethercat
Parity CAN Trid
Feen [00000120 | ]
Time out CAM Rcid
| 50 | | [[vooootso | |
Locktime ol |
-
Try again Scan rate
E | | |Lo I
IP addressl |
IP port| 10001 |
Local portl 0 %
— EtherCat
I erCat...
¥ Show message window |
Protocol| TCF Net..
I Apply I Close ‘ =

Figure 5:1.2.3

EtherCat set up window appears as figure 5.1.2.3. All the network cards of the PC will be shown in
the window. Select the network card in use and close EtherCat set up window. Then click on Apply

button in lightening Communication Setup window.

] EtherCat set up S — ]

* Realtek PCle GBE Family Controller

Figure 5.1.2.4

After setting completes, a window appears as figure 5.1.2.4. The connected slaves will be shown in
the window. Return to the main window of Lightening. The connection is established and Ethercat

will appear in the title of the window, as figure 5.1.2.5.

.| Etercat ver 1.07 - t. - . - l

»

.1.8.2801>,. based on libpcap version 1.8 branch 1_8_relBh (20091088 >

evice name selected:
Realtek PCle GBE Family Controller

ip net=A0PBAAAA. mask=-D0BBBBE £

Found 1 slaves. try=8, expectedMumSend=2

One slave is connected.

bl

Figure 5.1.2.5
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B l
& Lightening, version 0.1834A, Ethercat @Eﬂ
Advanced :

Conf/Tune Tools Language About
S AT A BEE
e S Controller: DIN(D), Axis: X Famiare version
B ' ifﬂ)'(N Mator type:| Linear =
----- - Model:|
I Axis is cofigured to:| Stand—alone position mode I
Figure 5.1.2.6

5.1.3 Main window

After connection is established, the main window of Lightening is shown as figure 5.1.3.1. Right click on

the axis and select Rename to change axis name, or directly click on the axis to change axis hame.

Conf/Tune Tools Language About Advanced
P AT 3] £ < e, TOOIDAN
& Drive Controller: DIN(D), Axs: X AL R
=M ’ ) . a.818
= 'i/D)l(N Motor type:| Linear
AXxis name r’ Model: LMCES
Axis is cofigured to:| Stand—alone position mode I
[ Stau Status display area
o _MHardware enable input M sTO function activg
il Asoftware enabled
Rename... (F2) _ISer\rU ready
Set to default name | ast error <- )
Set all to default names Error message dISplay
area
’*Lastwaruiug H
: —Quick view
Connection area r Position units Signal monitoring area
count ﬂ
M |23 Reference acceleration ﬂ | B.00000Q0 count/s2
. | 1 Feedback position ﬂ | o] count
Connection status
| 6 Mechanism position ﬂ | 0] count

Figure 5.1.3.1

(1) Toolbar

: Open operation window for PDL program.

&l: save the parameters in the servo drive RAM as file (PRM file).

HIWIN MIKROSYSTEM Corp. 5-7



HIWIN.

MD17UE01-1906

D1-N Series Servo Drive User Manual Servo Drive Configuration

(2)

©)

5-8

#l: Load parameters from file (PRM file) to the servo drive RAM. If dual loop function is set,
phase initialization must be performed again after parameters are loaded.

- Save parameters from the servo drive RAM to Flash.

reset ,

: Reset the servo drive.

Status indicator

Msenoready - The indicator is off when the servo drive is in disabling state. When the servo drive is in

enabling state the indicator will be green.

M{Hardware Enable Input : The indicator is green for hardware enabling. If hardware enabling is not
activated first, the motor cannot be successfully enabled. For the setting method of hardware

enabling by external input, please refer to section 5.4.1 and chapter 11.

M Software Enabled : The indicator is green for software enabling. Only when hardware and software
enablings are both activated, the motor can be successfully enabled. In Performance center, click on
Enable button to activate software enabling. Click on Disable button to deactivate software
enabling. When PC and the servo drive are not connected, the status of software enabling varies
with the status of hardware enabling. If PC and the servo drive are connected, while closing the
window, a message dialog will appear asking whether the software enabling should be activated or

not.

~AsTofunction active : The indicator is green when STO safety function is activated. Ensure dangerous
situation has been cleared before supplying 24 V for STO safety function. Connect DSF+ and DSF-

on X6 connector for one second to reset STO safety function.

Drive property

Right click on axis name and select Properties, the properties of the servo drive will be displayed as
figure 5.1.3.2.

[ & Drive property = - El_lﬂ_hj

a
Axis name: X

Drive slave id: 0

Peak current. 36A
Continuous current. 12A
Feedback type: (0) Analog / Digial incremental encoder
Firmware model: D1N
Firmware version: 0.810

| Interface. Pulse +voltage |
N
Close ]
- g
Figure 5.1.3.2
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5.2 Configuration center

When using a new servo drive, motor or hardware component such as optical scale, related parameters
must be set in Configuration center based on actual application. Click on & on the toolbar or select

Configuration center from Conf./Tune to open Configuration center.

| Cont/Tune | Tools Language

I Configuration center

Auto tune center
Auto phase center

Performance center

Advanced gains
Application center
Protection center
/O center

Errors and warnings log

[ P Configurstion center -:-Ehg‘
Motor Encoder Hall sensor Mode | Drive | Sett"‘]g menu

[E]-me WMotors
i AC servo
&;” Linear
----_;, Torque

oK Cancel

Figure 5.2.1

The following settings must be completed to drive the motor by D1-N servo drive.

(1) Motor: Set motor type and related parameters.

(2) Encoder: Set encoder type and encoder resolution.

(3) Hall sensor: Set Hall sensor type.
(4) Mode: Set operation mode.
(5) Drive: Set input voltage for the servo drive.
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Note:

(1) If HIWIN torque motor is used, encoder parameters of the torque motor will be automatically set after the

model is selected. If HIWIN linear motor is used, linear digital 1 um encoder will be automatically selected.

(2) If a servo drive has not been initialized before, OK button in Configuration center will be grayed out first. After

motor parameters, encoder parameters and operation mode are set, OK button becomes clickable.

5.2.1 Setting parameters of motor

D1-N servo drive supports AC servo motor, linear motor and torque motor. The first page in Configuration

center is for setting motor parameters. The supported motors are listed by groups and can be found under

B~ Moters _ |n each groups, users are able to select HIWIN motors, such as LMC, LMS, TMS, etc.

(1) AC servo motor

A. Motor parameters

Select the model of HIWIN AC servo motor to display and set motor parameters.

Note: If motor with serial encoder is used, use motor parameters of the same specification. For instance,

when using motor with HIWIN 17 incremental encoder (FRLS402X6), please use motor parameters of
motor with 13-bit incremental encoder (FRLS402X5).

B. Operation parameters

5-10

Screw moment of inertia

Moment of inertia of screw (Unit: Kg*m?)

Load mass

Load mass (Unit: Kg)

Screw pitch

Screw pitch of ball screw (Note: Linear movement per revolution) (Unit: mm)

Gear ratio

The ratio of gear teeth number at load end to the one at drive end
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e

Hotor Encoder Hall sensor

- Motors Motor type: AC semvo

g ’M; S Motor model name: | FRLS4B215 Manufacturer: ‘ HIWIN
7 FRLSO5XX5.mot

e Screw moment of inertia” | 2e—5 Kg*(m*2)
FRLS202X5.mot

FRLS402X5.mot Peak current:
FRMM1K2X5.mot | 75 [Adrms Load mass:

. 2 Kg
FRMM2K2X5.mot

— Continuous current:

¥ FRMS052X5.mot [2.5 [A Screw pitch:
FRMS102X5.mat 1

* FRMS202X5.mot Torque constant
FRMS402X5.mot |8.529999  |Ne/A_rms Gear ratio:

1
FRMS4B2X5.mot /\ N

o e ——— Resistance (Line-Line}:
LMo .

. 3-8 o Operation parameter

f- () Torque Inductance (Line-Line): Setting area

b-& Linear
13 mH

Pole number:
18

g Peeme e ﬁ Motor parameter

setting area

Moment of inertia:
2.7e-5

Cancel

Figure 5.2.1.1

(2) Linear motor
A. Motor parameters

Select the model of HIWIN linear motor to display and set motor parameters.

B. Operation parameter

Moving mass: Set the load mass of motor, including forcer and its housing. (Unit: Kg)
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Motor Encoder Hall sensor

. g2 o
& Linear Motor type: linear

- R
b s U Motor model name: [ LMEA13 Manufacturer: [HIWIN
73 LMC

E
B LMF ) 0 Operation parameter
&
B

50 LMFA _
H- 3 LMS Peak current Settlng area

- 53 LMSA |19 |HJ-ms
— e Continuous current:

I LMsAllLm (6.3 [A_ens
7 LMSA12.me
I LMSA12Lm Force constant
7 LMSA13.me [ezE

— AR Resistance (Line-Line):
7 LMSAZLmc 2.8 omm
I LMsA21Lm
= LMSA22.m¢ Inductance (Line-Line):

= LMsAZ2Lm 134 [

— LMSA23.me ) o
= Magnetic pole pair pitch:
T LMSA23Lm) ,733 e

7 LMSA3Lme

—+ LMSA31L. Mator peak time (sec):
o g o P ﬁ Motor parameter

' LMSA32.me )
T LMsSA32Lm setting area

7 LMSA33me
= LMSA33Lm ~

< i 3

| NAA_rms

Figure 5.2.1.2

Note:
If the peak current of the selected motor exceeds the peak current of the servo drive, a warning dialog will appear to

inform users that the motor may have a weaker performance.

lightening 2l

@ Capability of the selected motor exceeds that of the drive. Using it
WY may not get 100% performance of the motor.

Figure 5.2.1.3

(3) Torque motor
A. Motor parameters

Select the model of HIWIN torque motor to display and set motor parameters.

B. Operation parameters
® Total moment of inertia
Moment of inertia of torque motor (rotor included)(Unit: Kg*m?)
® Belt feed constant

Linear movement per motor revolution (Unit: mm/rev)
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(4)

(0]:4 Cancel

7 rmeren R . e
Hotor Encoder Hall sensor Mode | Drive |
= b d Iorq”e . i Motor type: torque
| - 1]
]| s T Motor model name: | THS12 Manufacturer: | HIWIN
[0 TMN =
J TMR Total moment of inertia:| 2e—5 kg*(m*2) Operation parameter
B L TMS tt
..... :- THS03. mot Peak current: se Ing area
----- % TMSD3Lmc = ==
""" — TR L Continuous current: Belt feed constant
7 TMSO7H.me [4 [A_rns ’17 mmirev
----- = TMS12.mot
..... j TWS12H.me Torque constant:
----- F TMS14.mot 122 oAl
""" ¥ TMS14H mo Resistance (Line-Line)
----- 7 TMS16.mot] 2.6 Ohm
----- T TMS16H.me
..... = TMS18.mot Inductance (Line-Line):
% TMS18H.m Lz
""" == Tokaal Pole number:
----- 7 TMS32H.me 22
----- LT TMS34.mot Motor parameter
..... — TMS34H.me Motor peak time (sec) .
_____ D E setting area
""" 2, TR Moment of inertia:
----- — TMS38.mot P.006
— TMS38H.m¢ ~
4 1L 3

Customized motor

Figure 5.2.1.4

Input motor parameters of motors other than HIWIN standard models. For linear motor, click on

Linear in figure 5.2.1.5 and click on Customized Linear. Input necessary parameters according to

the motor specification. After parameters are set, parameter settings can be saved as file (*.mot) and

be loaded anytime.

A

Basic parameters of motor specification

. Peak current

The maximum instantaneous current that the motor can withstand (Unit: A_amp and

A_rms)

. Continuous Current

The maximum continuous current that the motor can withstand (Unit: A_amp and A_rms)

HIWIN MIKROSYSTEM Corp.
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5-14

e  Torque Constant

Force or torque per unit current (Unit: N/A_amp, N/A_rms, Nm/A_amp and Nm/A_rms)

e Resistance (Line-Line)

Resistance among coils (Unit: Ohm)

¢ Inductance (Line-Line)

Inductance among coils (Unit: mH)

e  Magnetic pole pair pitch

The distance between a pair of magnets (including one north pole and one south pole)

o Motor peak time

The maximum allowable time that the motor can withstand peak current (Unit: sec)

Operation parameters

e  Moving mass

Set the load mass of motor, including forcer and its housing. (Unit: Kg)

£ Configuration cente

|Encoder

Hall sensaor

Mode

Drive |

o o e |

| Lo FRMST52X5.mc
Li] & Linear

- X Customized Line
- 2 LMC

- LMF

- 8 LMFA

5 LMs

e 7 LMS17.mot
LMS23.mot
LMS27 mat

L[

!

LMS27L.mo
LMS37 mot
MS37L.mo
LMS47.mot

Area for selecting
motor model

14

b1

[0 BB L

LMS47L.ma
LMS57. mat

L LMS67.mot
~ LMSE7Lma
o [ LMSC7IWG]
e 7 LMSCT.mot
T LMSCTLOA
7 LMSCTLmc
-2l LMSA
- LMT
[H- -;. Torque

|

] . »

LMS57Lma|

me| &

e ¥ LMS13.mot

Wator type: linear

Data from last selected file

Motor model name: |

Peak current:

Maoving mass: | 2 kg

1683.4

1@

Resistance (Line-Line):
8.9

Magnetic pole pair pitch:
32

Motor peak time (sec).

| 11.8 ‘ A_rms
Continuous current:

| 3.9 ‘ A_rms
Force constant

|136 ‘ N/A_rms

Operation parameter
setting area

Ohm

Inductance (Line-Line).

mH

Area for setting basic
parameters of motor
specification

mm

SavelLoad *.motfiles

ey

Save or load
motor parameters

Confirm or
cancel settings

QK | Cancel |

Figure 5.2.1.5
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5.2.2 Setting parameters of encoder

Servo drive receives feedback signals from encoder to perform servo control. The setting page is shown
as figure 5.2.2.1. In this page, users are able to set encoder types and parameters. The parameters of the
encoders of HIWIN motors are already listed. Users can also input parameters of other encoders. For
instance, while using analog optical scale, click on Linear and select Customized Linear Analog. Input
parameters according to the encoder specification. After parameters are set, parameter settings can be

saved as file (*.enc) and be loaded anytime.

D1-N servo drive is able to detect encoder signal error. The default delay time is set to 200 ms. If some
encoders require longer power on time, set delay time in Power-on time field to avoid “Encoder error”.
D1-N servo drive supports both digital and analog encoders, such as optical scale, magnetic scale, rotary

encoder, etc. EnDat 2.1/2.2, BiSS-C and Nikon serial encoders are supported as well.

The supported encoders can be categorized into the following six types:

Linear-digital encoder

)
2) Linear-analog encoder
3) Rotary-digital encoder
4) Rotary-analog encoder

5) Linear-serial encoder

6) Rotary-serial encoder

For commonly-used encoders of HIWIN, please refer to section 5.2.2.1. For user-defined encoder setting,
please refer to section 5.2.2.2. To work with controller, D1-N servo drive provides buffered encoder output
and emulated encoder output to output encoder signals. When emulated encoder output is selected, the
output resolution can be changed by adjusting scaling. For more information, please refer to section
5.2.2.3.
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r .
9 Configuration center E@g
Mator Encoder Hall sensor Mode Drive |
Sl = N Motor type: linear Dtat from last Selected file
Bl ¥ Linear Encoder type: analog
X |
I Elomeedineagtnal Encoder model name',W Manufacturer: |HII.JIN
-2 Customized Linear Digit]
_ Analog Imm - lum.enc T T e 7
(= Analog 20um - 0.lum.ei |1BBB |um ’2337 - )
Analog 20um - 0.5um.ei Resolution
L = Multiplier factor: Interpolated resolution: Settlng area
Analog 40um - 0.1um.e| ’W ﬂ yliumrcoum
Analog 40um - 0.5um.e| I
-1z Analog 40um - lum.enc — Savelload * encfiles
Tz Analog 5mm - lum.enc .
T Analog Hall Sensor LMA »q Save or load encoder
-1z Analog Hall Sensor LMA I parameters
BiSS-C.enc
- Digital 0.1um.enc
| 0.5um.enc
Area for selecting Jdemere Encoder output  |—
encoder models : e setting area
ized Rotary Anal )
Outputresolution: | 258 umicount
& Customized Rotary Digi w
-z Analog 2048 periods 0.: @ Use buffered encoder
-1 Analog 3600 periods 0. I~ Invert
-z Analog 5026 periods 0.: " Use emulated encoder
Tz Analog 5400 periods 0.5 ~ N scallin 1 encoder count= |1 emulated encoder output
4 1 | + 2 i
Confirm or ok | —

cancel settings 7=

Figure 5.2.2.1 Interface for setting encoder

5.2.2.1 HIWIN standard encoder

(1) Linear-digital encoder
For instance, the resolution of the digital magnetic scale PM-B-XX-XD-S-XX from HIWIN or the
digital optical scale RGH41X series from Renishaw is 1 um. If one of them is used, select Linear and
Digital 1Tum in the area shown in figure 5.2.2.1. If the desired resolution setting cannot be found,
users are allowed to input encoder information by themselves. For user-defined encoder setting,
please refer to section 5.2.2.2.

(2) Linear-analog encoder
For instance, the grating period of RGH41B analog optical scale from Renishaw is 40 um and
interpolated resolution is 1 um. In the area shown in figure 5.2.2.1, select Linear and Analog 40um -
1um. If other multiplier factor or resolution is required, users are allowed to input encoder information
by themselves or select other selection. For user-defined encoder setting, please refer to section
5.2.2.2.
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3)

(4)

(%)

Rotary-digital encoder

If the resolution of rotary digital encoder is 10,000 counts/rev, select Rotary and Digital 10000 cnt in
the area shown in figure 5.2.2.1. If the desired resolution setting cannot be found, users are allowed
to input encoder information by themselves. For user-defined encoder setting, please refer to section
5.2.2.2.

Rotary-analog encoder

For instance, HIWIN TMS32 torque motor uses rotary analog encoder. The rotary analog encoder
has 3,600 sine waves per revolution which interpolates to 0.3 arc sec. In the area shown in figure
5.2.2.1, select Rotary and Analog 3600 periods 0.3 arc sec. The specifications of rotary analog
encoders used by HIWIN TMS series are shown in table 5.2.2.1.1. If other multiplier factor or
resolution is required, users are allowed to input encoder information by themselves or select other

selection. For user-defined encoder setting, please refer to section 5.2.2.2.

Table 5.2.2.1.1
No. TMS Series Grating Period/Rev
1 | TMS03, TMSO03L, TMS07, TMSO07H 2,048
TMS12, TMS14, TMS16, TMS18, TMS32,
2 | TMS32H, TMS34, TMS34H, TMS38, 3,600

TMS38H, TMS3C, TMS3CL, TMS3CH
TMS74, TMS74L, TMS76, TMS7C,
TMS7CH

5,400

Linear-serial encoder
D1-N servo drive supports EnDat linear serial encoder. When serial encoder is connected, the servo
drive automatically reads the parameters of the encoder. Figure 5.2.2.1.1 shows the setting page for

EnDat serial encoder.

Note: D1-N servo drive does not support BiSS linear serial encoder.
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—amem Encoders Motor type: linear

Encoder type: Serial EnDat
Encoder model:| Absolute linear encoder Manufacturer: | HEIDENHATHN

Encoder resolution: Power-on time:

a.@81 um 1088 ms

Figure 5.2.2.1.1

D1-N servo drive supports dual loop control. The supported linear and rotary encoders are listed in
table 5.2.2.1.2. In the setting page shown in figure 5.2.2.1.2, digital AqB encoder is used.

Table 5.2.2.1.2
Linear Encoder Rotary Encoder
EnDat encoder Digital AgB or analog encoder

Digital AgB encoder | BiSS encoder

Note:

If dual loop control is selected, phase initialization must be performed again after PRM file is loaded.

Motor type: AC servo
Encoder type: Serial EnDat

Encoder model:| Absolute linear encoder Manufacturer. | HEIDEMHATIN
Encoder resolution: FPower-on time:
a.e1 um 1888 ms
-
¥ Dual loop control
Linear encoder to position loop Rotary encoder to velocity loop
Encodertype: |Digital -
Encoder type: | Serial ﬂ Rl g J
Resolution: 1868688 countsirev

Resolution: a.81 um

-

Figure 5.2.2.1.2

(6) Rotary-serial encoder
D1-N servo drive supports rotary serial encoder, such as BiSS, EnDat and Nikon. The setting pages
are shown as figures 5.2.2.1.3 to 5.2.2.1.5. When serial encoder is connected, the servo drive
automatically reads the parameters of the encoder. When BiSS or Nikon encoder is used, the

resolution (Unit: bit) of the encoder must be input by users. The resolution per revolution (Unit:
counts/rev) will be automatically calculated.
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amem Encoders

Motor type: AC servo
Encoder type: Serial BiSS

Encoder model:| BiSS

Manufacturer: | iC—Haus
Encoder resolution: Fower-on time:
1? bit 18686 ms
131872 countsirev

Figure 5.2.2.1.3

- Encaders
B {,“i Rotary

{z EnDat2.2 25bitenc

Motor type: torque
Encoder type: Serial EnDat

Encoder model: | Singleturn rotarysangle encoder Wanufacturer: | HEIDENHATH

Encoder resolution: Power-on time:

33554432 countirev 1888 ms
-
-
Figure 5.2.2.1.4
Motor type: AC servo
Encoder type: Serial BiSS
Encoder model: | Nikon Manufacturer: | iC—Haus

Encoder resolution:
28

Power-on time:
bit 1880 ms

1848576 countsirev

Figure 5.2.2.1.5

When EnDat 2.1 encoder is used, users are able to decide whether to use sin/cos signal to increase
resolution. The setting page is shown as figure 5.2.2.1.6.

B} Encoders
E,;i Rotary
: EnDat2.2 13bitenc

HIWIN MIKROSYSTEM Corp.

Motor type: torque
Encoder type: Serial EnDat

Encoder model: | 8ingleturn rotarysangle encoder Manufacturer: | 1813.ECN1113/ECN1313

-

Encoder resolution:
8192

Fower-on time:

countirev 1888

¥ Use sinfcos signal
-

Grating period: | 2848
Multiplier factor: 8008 =
Feedback Res: | 1-6384e+?7  countirev

Figure 5.2.2.1.6
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5.2.2.2 User-defined encoder setting

(1) Linear-digital encoder

Set encoder resolution in Encoder resolution field. The unit can be um/count or nm/count.

EI----"“:"" Eifﬂde"S Wotor type: linear Data from amplifier
B~ # Linear Encoder type: digital
] i -
H AT Customized Linear Analog Encodormadetpame: P
- 5T Customized Linear Digital
{2 Analog Imm - lum.enc Encoder resolution: Power-on time
-z Analog 20um - 0.lum.enc [1 um Jeount 200868 ms
= Analog 20um - 0.5um.enc

Figure 5.2.2.2.1

(2) Linear-analog encoder
Set the grating period of the analog encoder signal and multiplier factor. The setting value of
multiplier factor must be integer multiple of eight. The maximum setting value is 60,000. After
multiplier factor is set, the interpolated resolution (Unit: um/count) will be automatically calculated

and displayed.

B Encoders

o Motor type: linear Data from amplifier
E| g Linear Encoder type: analog
e T i )
S tiomecd et ol Encader model name: | Manufacturer:
AT Customized Linear Digital
b= ina:ag o lnum'enc SELUTTAGE Power-on time:
--Tz Analog 20um - 0.lum.enc a8 i own. 88 fis
-z Analog 20um - 0.5um.enc
& fne o ki b Multiplier factor: Interpolated resolution:
Tz Analog 40um - 0.1um.enc h -
: Analog 40um - 0.5um.enc 8 28960 i j = et
: R 60060
8
16
32
64
128
256
1824
2848 E
4896
8192
16384
Z

Figure 5.2.2.2.2

(3) Rotary-digital encoder
Set the resolution per revolution (Unit: counts/rev). D1-N servo drive calculates the linear resolution

(Unit: um/count) of the motor according to the screw pitch and encoder resolution set by users.

E}-ome Encoders

Pl Motor type: torque Data from amplifier
*”" Linear Encoder type: digital
E‘"'Ei R_c‘tm-’f Encoder model name: Manufacturer:

: ° ) Encoder resolution: Power-on time:
2 Analog 2048 periods 0.3 arc 1960808 counts/rev 200.008 ms
= Analog 3600 periods 0.3 arc

Figure 5.2.2.2.3
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(4) Rotary-analog encoder
Set the resolution per revolution (Unit: grating period/rev). The setting value of multiplier factor must
be integer multiple of eight. The maximum setting value is 60,000. After multiplier factor is set, the
interpolated resolution (Unit: counts/rev) will be automatically calculated and displayed. D1-N servo

drive also calculates the linear resolution of the motor according to the interpolated resolution and

screw pitch.
= I":“ ETD#' Motor type: torque Ditat from last Selected file
/’ Linear Encoder type: analog
B ;i Botas Encoder model name: Manufacturer.

- 3T Customized Rotary Analog
3T Customized Rotary Digital

= Analog 2048 periods 0.3 art W O AN,

5 [ 3600 Grating periad / rev 200.08 ms
= Analog 3600 periods 0.3 arc
“is Aha_lo‘g si”:pe”ods“'g 1 Wuttiplier factor: Interpolated resolution:
= Fhajts = 0000 entianc 1280 ﬂ 4.32e+6 counts/rev
- = EnDat2.2 13bit.enc

Figure 5.2.2.2.4

5.2.2.3 Setting encoder output

D1-N servo drive outputs AgB signals via connector X6. If needed, connect to controller via connector X6.
In the encoder output setting area (figure 5.2.2.3.1), users are able to select Use buffered encoder or

Use emulated encoder. The value in Output Resolution field will be updated as different selection is

set.
Encoder output Encoder output
Output Resolution: | 1 umiCount Setting area
| ©* Use buffered encoder 1 \ /
I~ Invert
| © Useemulated encoder || ™ Emulated Index Output in every revolution.
Scalling: 1 encoder count= |1 emulated encoder output
Emulated index radius: | 18 counts  Emulated index jitter filter: 1 counts
Figure 5.2.2.3.1
Note:

If AC servo motor with 17-bit encoder is used, use emulated encoder to output Z-phase signal to the controller.

(1) Buffered encoder output
When buffered encoder output is selected, the signals received from the encoder will be directly
output to the controller. If needed, select Invert to invert the received signals before the signals are

output to the controller. The resolution of output signal will be shown in the same page.
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(2) Emulated encoder output
When emulated encoder output is selected, the signals received from the encoder will be scaled
before the signals are output to the controller. If the scaling is set to 1:1, the signals will be directly
output to the controller according to the adopted encoder and resolution setting. In some cases, such
as when the controller cannot receive encoder signals sent at high frequency, the scaling can be set
to 5:1 to let five encoder counts equal one emulated encoder output. When the multiplier factor of
analog encoder is set to a high value, scaling can also be used to lower the output resolution. If the
scaling is set to 1 encoder count = -1 emulated encoder output, the direction will be reversed. For
instance, in figure 5.2.2.3.2, the grating period of analog encoder is 20 um and the interpolated
resolution after setting the multiplier factor to 200 is 0.1 um/count. If the scaling is set to 10 encoder

counts = 1 emulated encoder output, the output resolution becomes 1 um/count.

Note:

Emulated encoder output is not available when saving parameters to Flash.

Motor type: LINEAR
Encoder type: ANALOG

Encoder Model Name:| RGH22h . B Manufacturer. | Renishaw

Grating period: Power-on Time:

26 um 2808 ms
Multiplier factor: Interpolated Resolution:
200 ﬂ a.1 umiCount

Encoder output

I Output Resolution: |1 uerountI
™ Use buffered encoder
B
* Use emulated encoder [~ Emulated Index Output in every revolution.
IScaIIing: 18 encoder count= |1 emulated encoder output I
Emulated index radius: | 18 counts  Emulated index jitter filter:| 1 counts

Figure 5.2.2.3.2
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(3) Output emulated Z-phase signal to controller

When the bandwidth of the controller is unable to receive Z-phase signal, Emulated index radius
and Emulated index jitter filter can be set to enlarge the output range of Z-phase signal to prevent

the controller from missing Z-phase signal. The setting page is as figure 5.2.2.3.3.

— Encoder output -

| Output Resolution: |1  umiCount

| T Use buffered encoder

I + Use emulated encoderl [ Emulated Index Output in every revolution.
[ Scalling: 18 encoder count= |1 ' emulated encoder output
I Emulated index radius: [ 18 counts  Emulated index jitter filter:| 1 countsl

Figure 5.2.2.3.3

Select Use emulated encoder and set Emulated index radius and Emulated index jitter filter.

a. Emulated index radius: Output range of emulated Z-phase signal, as figure 5.2.2.3.4.

b. Emulated index jitter filter: Suppress the bounce phenomenon of emulated Z-phase signal.

Emulated Z-phase signal

Output range | Output range

Figure 5.2.2.3.4

When home offset is used in homing, the emulated Z-phase signal will move to the home position
after home offset, as figure 5.2.2.3.5.

Emulated Z-phase signal

Output range Output range

»

>

\ 4

Coordinates of servo drive = 0 Home offset Encoder index

Figure 5.2.2.3.5
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Output of emulated Z-phase signal
This function can only be used with AC servor motor or direct drive motor.
»  When Emulated Index Output in every revolution is not selected
The servo drive outputs emulated Z-phase signal when the index position is reached in the

first revolution.

»  When Emulated Index Output in every revolution is selected
The servo drive outputs emulated Z-phase signal every time when the index position is
reached.

For linear motor, Emulated Index Output in every revolution has no function.

Note:

(1) For firmware version before D1N MDP 0.818 and D1INCOE MDP 0.522, if emulated encoder output
function is enabled when digital encoder is used, emulated Z-phase signal will be output when the index
position is reached in the first revolution. The signal width will be twice the set emulated index radius. For
firmware version after D1N MDP 0.818 and D1NCOE MDP 0.522, emulated Z-phase signal is output
every time when the index position is reached. The signal width is the set emulated index radius.

(2) For linear motor, to output multiple index signals, reference marks must be set in the digital linear

encoder in use. Normally linear analog encoder does not support multiple index signal output.

5.2.3 Setting Hall sensor

Since D1-N servo drive is able to complete phase initialization without Hall sensor, None is selected in the
setting page shown in figure 5.2.3.1. Only when Hall sensor is used, the setting of Hall sensor is required.
D1-N servo drive supports both digital Hall sensor and analog Hall sensor. The setting of Hall sensor must
be in accordance with the real application. If Digital hall sensor or Analog hall sensor is selected when
no Hall sensor is used, it may cause abnormal operation of the servo drive or motor. If analog Hall sensor

is used, the servo drive will regard it as encoder, so users do not need to install another encoder.

B Hall phase check function
This function is only available when digital Hall sensor is used. If Enable hall phase check is
selected, after phase initialization completes, the program will inspect if the commutation is correct or
if there is abnormal disconnection. The error message “Hall phase check error” appears if an error

OCcCurs.

Note:
(1) When using Hall phase check function, ensure the digital Hall sensor is not affected by electromagnetic
interference, since electromagnetic interference may result in wrong inspection of the program.
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(2) Itis not suggested to use Hall phase check function for application of short travel distance (within two

pole pitches).

Encoder

Hall sensors
& Mone

4 Selecting Hall sensor type

" Digital hall sensor

¢ Analog hall sensor

[T Enatble hall phase check

Figure 5.2.3.1

5.2.4 Setting operation mode

The setting page for operation mode is shown as figure 5.2.4.1. The operation mode of the servo drive
should be set after the parameters of motor, encoder and Hall sensor are set.
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¥ Configuration center (=68 ® |
Watar Encoder Hall sensor Hode Drive
Primary operation mode Electronic gear [™ Invert pulse command
I — m:inputpulses = n:output counts Hardware interface
DIVZ DIV1 & Di
£ Velociy mode 1 -1 + Differential signals
00} " Single ended signals
" Forceftorque mode
" Stand-alone mode 1 1)

Control input

i
A 5 " Pulse and direction

1  Pulse up / pulse down
Settlng Operation mode y ' Quadrature (AgB) Increment position on
Ol
A -

Parameter setting area

Secondary operation mode

(“
" Velocity mode
" Torque mode

* None

0K Cancel

Figure 5.2.4.1
(1) Position mode

For controller which only sends pulse commands, select position mode to receive pulse commands
from the controller. The closed-loop control is handled by the servo drive. D1-N servo drive supports
three pulse types and two signal types. Electronic gear ratio is provided for application which

requires fast movement.

Note:

(1) Pulse commands from the controller can only be accepted in servo ready state.

(2) Dual loop control is only available in position mode and stand-alone mode.

(3) When Invert pulse command is selected, the direction of pulse command will be reversed.

Primary operation mode Electronic gear I Invert pulse command
& Position mode m:input pulses = n:outputcounts Hardware interface
DIV2 DIV1 = Di il et
¢ Velocity mode 1 = 1 Differential signals
00) " Single ended signals
" Forceftorgue mode
(" Stand-alone mode 1 (01)
Control input
1
ao " Pulse and direction
i " Pulse up/ pulse down
Ly + Quadrature (AgB) Increment position on:
o
~
Figure 5.2.4.2

(2) Velocity mode
For controller which sends analog commands, select velocity mode to receive analog commands

from the controller. The ratio (scaling) between analog command and velocity can be set in the
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setting page in figure 5.2.4.3. Set 1 V equals what velocity in mm/s (linear motor) or rpm (rotary

motor). If a negative value is set for Scaling, the motor moves in reverse direction.

Primary operation mode
" Position mode
* Velocity mode
" Forceftorque mode

" Stand-alone mode

(3) Forceltorque mode

Command types
* Analog (+i- 10V) Scaling: 1 mmn/s =1V

I Dead band: a my I

Definition of dead band

V
4 Output

n

/ Inp'ut

-
l

[
-

Dead band

Figure 5.2.4.3

Another operation mode which can be used with controller sending analog commands is

force/torque mode. The ratio (scaling) between analog command and current can be set in the

setting page in figure 5.2.4.4. Set 1 V equals what current in ampere (A). If a negative value is set for

Scaling, the motor moves in reverse direction.

Primary operation mode
" Position mode
" Velocity mode
{* Forceftorque mode

(" Stand-alone mode

(4) Stand-alone mode

Command types
* Analog (+-10V) Scaling: 1.86866 A=1V
Dead band: a mv
Figure 5.2.4.4

If users would like the servo drive to be tested alone or operated without controller, please select

stand-alone mode. In this mode, all loops are controlled by the servo drive.

5.2.5 Setting servo drive

The setting page for setting the servo drive is shown in figure 5.2.5.1. After the settings described in

sections 5.2.1 to 5.2.4 are completed, the last step is to set the input power of the servo drive. Select main

power value according to the actual input voltage.

HIWIN MIKROSYSTEM Corp.
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&P Configuration center =& =
P freq:[T6Kdz ¥
Main power: [ 238 UAC v‘
Figure 5.2.5.1
Table 5.2.5.1
ltem Specification
Main Power 24 Vdc 48 Vdc 110 Vac 230 Vac 400 Vac
Frequency 0 Hz 50/60Hz
Phase NA 10/130 30
Voltage Th.reshold. of Activating 50 Vdc 90 Vdc 390 Vdc 735 Vdc
Regenerative Resistor
Voltage Thlresholdl of Deactivating 40 Vde 80 Vdc 380 Vdc 695 Vdc
Regenerative Resistor
Threshold of Overvoltage Warning 60 Vdc 100 Vdc 404 Vdc 404 Vdc 800 Vdc
Threshold of Undervoltage Warning 19 Vdc 30 Vdc 60 Vdc 184 Vdc 320 Vdc

D1-N-0JO-00-4-01-0001 supports voltage inputs 24 Vdc, 48 Vdc, 110 Vac, 230 Vac and 400 Vac.

D1-N-90 supports voltage inputs 110 Vac, 230 Vac and 400 Vac.

D1-N-09, D1-N-18 and D1-N-36 support voltage inputs 110 Vac and 230 Vac.
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5.2.6 Modbus communication setting

The setting page for Modbus communication is shown in figure 5.2.6.1. The setting page only shows

when the connected servo drive supports Modbus module.

(1)

(2)

3)

(4)

Motor Encoder Hall sensor Mode Modbus Drive

Mode: & RTU © ASCH

Modbus Slave address (1-247);  [1 é Format |8 data. Even parity. 1 stop ﬂ
8 data, 0dd parity, 1 stop
. 8 data, N ity, 2 st
Mode: @RIV (" Ascl Baud rate |
Format: 8 data. Even parity. 1 stop lh—
Baudrate: | 9680 = Mode: ¢ RTU & ASCH
¢ % Format |7 data, Ewen parity, 1 stop ﬂ
Baudrate: | 9688 i VJ data,. Odd parity. 1 sto
7 data. Mone parity. 2 stop

Baudrate: |9 qata, Even parity, 1 stop

oK Cancel

Figure 5.2.6.1

Modbus slave address
Set the slave address for Modbus communication. The setting range is from 1 to 247. Different servo

drives must have different slave addresses.

Mode

Set the mode for Modbus communication. The default mode is RTU (Remote Terminal Unit)

Format
Set data format for the selected mode. The submenu of Format includes data length, parity and stop
bits. The data lengths in RTU mode and ASCIl mode are 7 bits and 8 bits. For odd parity and even

parity, one stop bit is used. For none parity, two stop bits are used.

Baud rate
Set the data transmission rate of Modbus communication. The setting value can be 2,400, 4,800,
9,600, 14,400, 19,200 and 38,400 bps. The default setting is 9,600 bps.
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5.2.7 Saving configuration

After the settings described in sections 5.2.1 to 5.2.5 are completed, click on OK button. Then the page in
figure 5.2.7.1 will appear and display the parameters of previous setting and current setting. Ensure the
parameters are correct and click on Send to RAM button to save these parameters to the servo drive

RAM. Click on Cancel button to return to Configuration center.

B Calclation Reclic and Do E=rLE
<ent Controller Data ) ) il
Current setting Previous setting x
Iotor
\mw Value Present Value Units
Type Linear Linear
Moving Mass 2 2 Kg
Peak Current 21 21 A_rms |2
Continuous Current: 39 34 A_rms
Force Constant 61 61 NIA_rms
Resistance: 46 4.6 Ohm
Inductance: 454 484 mH
Paole Pair Pitch: 32 32 mm
Model Name: LIMS23 LM523
Manufacturer: HIWIN HIWIN
Encoder
New Value Fresent Value Units
Type Analog Analog
Interpol. Resolution: 01 01 umiCount
Multiplier Factor: 200 200
Grating Period: 20 20 urm
Model Name: RGH224B RGH22AB
Manufacturer: Renishaw Renishaw
Mode
New Value Present Value Units
Operational Mode FORCETORQUE MODE FORCETORQUE MODE
PWI Mode: AMALOG_MODE AMALOG_MODE
Scaling: 01 0.1 A=1V
Dead Bend: 0 0 my
Send to RAM Cancel

Figure 5.2.7.1

If users would like to save the setting to Flash, click on i (Save parameters from Amplifier RAM to
Flash) on the toolbar. The setting will still be accessible after the 24 V power for the servo drive is turned

off. If users would like to save the setting as file, click on & on the toolbar (Save Parameter from

Amplifier RAM to File). The file extension of that file is *.prm. Click on El on the toolbar (Load

parameters in the file to RAM) to load parameters. After the parameters are loaded, click on o to save

the setting to Flash.
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5.3 Auto phase center

Click on £2 on the toolbar or select Auto phase center from Conf./Tune to open Auto phase center.

Note: When performing phase initialization, the motor speed must be lower than 1/6 * (pole pair pitch)/s.

(1) Phase initialization mode: Use digital Hall sensor
This mode is selected when digital Hall sensor is used. Digital Hall sensor must be set in
Configuration center, please refer to section 5.2.3. Since Hall test/run is not required when HIWIN

standard torque motor with Hall sensor is used, step 5 Hall will not appear in Auto phase center.

{7} Auto phase centar‘ . [E=REENs
Wiew
MEnabled o G TR el .
B Phase Initialized Phase initialization mode:| Use digital ha sensor
B seno ready _B{sM made _B{swCL mode
Current(SM mode)| 5. 24 A_amp
Feedback position:| 150 count

1. Enable axis in 8M mode

SM enable

2. Drag the slider bar to move the maotor in SM mode
The arrow in the watch had better remains within green range during motion

e

5
Ju | -
Phase error (Elec. deg)

3 Direction

If necessary, press ™ to toggle direction definition

4. Frequency analysis

Freq analyzer v Use simple version

5 Hall

Hall testfune

6. Phase initialization

Start phase initialization

Figure 5.3.1 Phase initialization mode: Use digital Hall sensor
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(2) Phase initialization mode: SW method 1
When SW method 1 is used, Hall sensor is not needed and the motor only needs to move for a small
distance to complete phase initialization. Two parameters, st cg and st _vpg, must be adjusted
before using SW method 1, please refer to chapter 10. If the load is changed, these parameters
need to be adjusted again. When using operation mode other than stand-alone mode, external
command is suggested to be sent after the controller receives servo ready signal from the servo
drive. If servo ready signal cannot be received by the controller, wait at least three seconds before

sending external commands (For Lightening 0.181 or later version).

Note:

For Lightening 0.180 or previous version, wait at least two seconds before sending external commands.

= s
(%) Auto phase center S X
View
WEnabled o
B Phase Initialized Phase initialization mode:| 84 method 1
B servo ready B sM mode msMCL mode
Current(SM mode)| 5. 24 A_amp
Feedback position:| 15Q count
1. Enable axis in SM mode
SM enable ‘
2. Drag the slider bar to move the motor in SM mode
The arrow in the watch had better remains within green range during motion
y +
|

o
Phase emor (Elec. deg)
3. Direction

IFnecessary, press D to toggle direction definition

4. Freguency analysis

Freq analyzer W Use simple version

5. 5W method 1

Max.pos. err during phase init. Offset 8.8 deg
Start SMCL 7] it
SMCL tool

6. Phase initialization

Start phase initialization

Figure 5.3.2 Phase initialization mode: SW method 1 (without Hall sensor)

(3) Phase initialization mode: STABS

Absolute encoders, such as EnDat, BiSS and Nikon are used to perform phase initialization.
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[

W ki oo CE®
Fiew
WEnabled
B{Fhase initialized Phase initialization mode:| STABS
B Servo ready st mode B SWCL mode
Gurrent(SM modey| 5. 11 A_amp
Fesdback position| =1050 count

1. Enghle axis in 5M mode

SM enahle

2 Drag the slider bar to move the motar in SM mode
The arrow in the watch had better remains within green range during mation

4
B "
Phase errar (Elec. degy
3 Direction

Ifnecessary, press o to toggle direction definition

4. Frequency analysis

Freqg analyzer W Use simple version

5 STABS testtune-

Tune

6. Phase initialization

Start phase initialization

Figure 5.3.3 Phase initialization mode: STABS

(4) Phase initialization mode: LSWIR

This mode is for less-wire incremental encoder with built-in Hall sensor (The ninth code of motor

model is 5, such as FRLS4020506A.). Phase initialization can be completed without tuning and

additional wiring. No jitter occurs during phase initialization.

%) Auto phase center =& = |
View Details
M Enabled

W Phase Initialized
B Servo ready

Phase initialization mede:| LSWIR

1. Auto gain tuning

Execute

Figure 5.3.4 Phase initialization mode: LSWIR

5.3.1 Inspection before auto phase initialization

Check the following items before auto phase initialization.

(1)
(2)
3)
(4)
)

Check if the motor power cable is correctly connected.

Check if the encoder signal is normal.

Check if the servo drive receives hardware enable signal, please refer to chapter 11.

Check if over temperature cable is connected.

Check if AC main power is turned on.
HIWIN MIKROSYSTEM Corp.
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(6)

Set and confirm the current setting for enabling. Set the required current (Unit: ampere (A)) for test

run in SM mode in Current (SM mode) field. The setting value should be just enough for motor to

move and does not exceed the default setting value which is 95% of the continuous current of the

motor.

5.3.2 Operating procedures for auto phase initialization

The operating procedure of phase initialization mode SW method 1 is as below.

Step

Figure

Description

AEnabled
B Phase Initialized
M servoready A=W mode B swuCL mode

Phase initialization mode:| 8% method 1

Current(SM mode) 1.21 A_amp

Feedback position:| ~6S0 count
1. Enable axis in SM mode

Disable

Enabling the motor in SM mode:
Click on SM enable button and Enabled indicator
becomes green.

Note:

(1) Enable the motor in SM mode. The servo drive
outputs current according to the value set in
Current (SM mode) field. To avoid overheating, the
motor cannot be enabled for a long time in SM
mode.

(2) Enabling signal must be input from the controller.

1. Enable axis in W mode

Disable

2. Drag the slider bar to move the motor in SM mode

nge during motion

Feedback detect ok

Test moving direction in SM mode:

Drag the slider bar leftward and rightward to move
the motor. The motor moves in forward direction
when dragging the slider bar rightward. The motor
moves in reverse direction when dragging the
slider bar leftward.

Normally the pointer of Phase error (Elec deg)
indicator should be between -30 degrees to +30
degrees (the range colored in green). After moving
the motor by the slider bar, the message
“Feedback detect ok” appears. Then users can
proceed to next step. If the pointer moves
randomly, release the slider bar and drag the slider
bar to move the motor again.

Note:

(1) If the pointer still moves randomly after moving the
motor by the slider bar again, please check the
following items:

* The motor power cable and the encoder cable
are correctly connected.

* The setting of encoder or motor, such as
encoder resolution or pole pair number could be
incorrect. Go to Configuration center and check
again.

(2) Enabling signal must be input from the controller.
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Step Figure

Description

1. Enable axis in M mode

Disable

2 Drag the slider bar to move the motor in SM mode
The arrow in the watch had better remains within green range during metion
3 Toggle Direction, ended successfully
. B o o S
L

Phase error
3 Direction

Ifnecessary, press 1D | totoggle direction definition

(Elec. deq)

Check the definition of motion direction:

If the moving direction is inconsistent with what the
users have defined as forward or reverse direction,
click on TD button to reverse the definition of
motion direction. After the message “Toggle
Direction, ended successfully” appears, return to
step 2 and proceed again.

4. Freguency analysis

Freq analyzer ¥ Use simple version

i

v

g - 0.98192188
“upg = 1.25287
SsCinertia> - 4.41168e-865

VD!
st

Auto tuning:

Select Use simple version and click on Freq
analyzer button to show Auto tune window. Click
on Run button to analyze frequency response and
calculate parameters.

This function can be used to easily set system loop
gain. But in the following cases, the calculated
parameter values may not be appropriate for the
system.

(1) The stiffness of the mechanism is too low.

(2) The backlash of the mechanism is too large.
(3) The load has been changed.

(4) The load inertia ratio is over 20.

Note:

(1) If mechanical resonance occurs during execution,
stop inputting Hardware enable signal or press
F12 function key (Refer to section 6.1.3).

(2) Users are allowed to tune manually, please refer to
section 10.3. For description of parameters vpg
and st _vpg, please refer to sections 6.6.3 and
10.3.

5. SW method 1

Max.pos. err during phase init Offset| 8.8

Start SMCL a count

deg

SMCL tool

Adjusting phase initialization:

By using SW method 1, the motor only needs to
move for a small distance to complete phase
initialization. After tuning completes in step 4,
confirm the tuning result by the following steps.

Step 1: Click on Start SMCL button to find
electrical angle.

Observe the values in the fields of Offset
and Max. pos. err during phase init..
Offset shows the result of finding
electrical angle and Max. pos. err during
phase init. shows the largest movement
during the process.

Repeat step 1 and 2 to observe if the
offset is within +/- 15 degrees.

If offset is too large, click on SMCL tool...
button for advanced tuning.

Step 2:

Step 3:

Step 4:

6. Phase initialization

Start phase initialization

Enabled
| _IPhase Initialized

Servo ready

Phase initialization mode:| $W method 1

B SW mode M sSMCL mode

Execute phase initialization:

Click on Start phase initialization button. After
Phase Initialized indicator becomes green, it
means phase initialization completes. The servo
drive is able to control the motor to perform
closed-loop control.

HIWIN MIKROSYSTEM Corp.
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B The operating procedure of phase initialization mode LSWIR is as below.

Step Figure Description
(%) Auto phase center (=] |
View Details
Boreremmne Prase niazaton moce LSUIR L] Setting phase initialization mode:
1 B When the ninth code of the motor model is
1. Auto gain uning 5, phase initialization mode is automatically
Ereats set to LSWIR.
l
) Auto phase center [STEe=
View  Detail Phase initialization and auto tuning:
B=nadled s ] Click on Execute button and start phase
e initialization.  After phase initialization
- completes, Auto tune window appears.
E Click on 4 and B in Auto tune window
to continuously move the motor. Ensure the
motor moves away from the hard stop. Then
click on Proceed button to start auto tuning.
T~ After tuning completes, click on Close
Phase Infiaized button to clos'elAu'to 'tune window. Then
5 L senoready auto phase initialization completes and
users can start test run.
= Auto tune \?HE|@-‘ Note: o L
(1) Observe Phase Initialized indicator and
Now motor is already enabled. Servo ready indicator to check if phase
To avoid incorrect gain tuning, please check if motor s far from hard stop initialization succeeds and the servo drive
is able to perform closed-loop control.
I () Gain is tuned idcator Keeps feshig
when auto tuning is being executed. The
indicator stops flashing as auto tuning
‘M Gain is tuned completes. The indicator becomes red
— | f— ‘ when auto tuning fails. At this time, close
Auto tune window and repeat step 2.
{2 Auto phase center e ]
A —— Confirm the definition of motion direction:
thIITff"fd | I p—— | If the moving direction is inconsistent with
M seno ready s moge B suct mode what the users have defined as forward or
reverse direction, close Auto tune window
l and open Auto tune-toggle direction
3 | 4 Auto tune - toggle direction e e | window. Click on Toggle button to reverse
_ the setting. After that, repeat step 2.
Itis aboutto disable motor.
For Z axis application of AC servo motor, if no brake Note:
BELEnEE T ONe s B M B When motion direction is toggled, the motor will
be disabled. If the motor is used in vertical axis
Toggle ‘ cancel | and no mechanical brake is applied, the motor
may drop.

B Phase initialization when digital Hall sensor is used

Click on Hall test/tune button in figure 5.3.1 to open the page for Hall sensor test and tuning. Click

on Start Hall tune button. The servo drive starts to output current to drive the motor. Rotor angle

(Elec. deg) indicator shows electrical angle and Hall sensor information (0 to 5). After the motor

stops, a message will appear to indicate the tuning has completed. Then, phase initialization can be

started.
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€2 Hall test/tune

o ==

BEnabled

B sh mode

Current(SM mode)| 4 . 03

. ._,'""9

Start Hall tune

B Phase initialization mode: STABS

B Phase Initialized

A_amp

Digital Hall

I ﬂ Rotor angle (Elec. deg)

.Halltune

Figure 5.3.2.1

Click on Tune button in 5. STABS test/tune to open STABS test/tune window and click on Start

button. The servo drive starts to output current to drive the motor. After the motor stops, a message

will appear to indicate the tuning has completed. Then, phase initialization can be started.

) STABS test/tune

(ol =)

_MEnabied

Start

Llsmmode

Current(SM mode)| 2 . 68

_HPhase Initialized _

A_amp

Red pointer: Feedback electrical angle
Black pointer: Command electrical angle

i Rotor angle (Elec. deg)

The value of electrical angle
(Unit: Elec. degree)

HIWIN MIKROSYSTEM Corp.
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5.3.3 Precautions for auto phase initialization

(1) The current for enabling

Pay attention to the following when setting the value in Current (SM mode) field of Auto phase

center.

The current must be less than 95% of the continuous current of the motor. If users are not sure
about the load, please start with small current first.

If the friction increases, larger current is required to move the load.

If the static friction is large, larger current is required.

The motor may jog when static friction changes to dynamic friction as the motor starts to move

or when dynamic friction changes to static friction as the motor stops.

(2) The moving direction of the motor

Pay attention to the following when feedback detection fails in Auto phase center.

Check the power for the encoder and encoder signal.
Check if differential encoder is used.
Check if the grounding is appropriate.

Check if the motor brake is released.

(3) Moving the motor

Pay attention to the following when the motor cannot move.

Check if the motor is disabled.

Check if there is any mechanical interference.

Check if the mechanism can move smoothly and the mechanical resistance is low.
Check if the motor power cable is correctly connected.

Check if the resistance of the motor is appropriate.

(4) Hall sensor signal

5-38

Confirm the cable for Hall sensor is correctly connected.
Confirm the power for Hall sensor and Hall sensor signal.
Check if the mechanism can move smoothly and the mechanical resistance is low.

Check if the grounding is appropriate.
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5.4 1/0 setting

5.4.1 Digital inputs

Click on ‘% on the toolbar to open |/O center. The servo drive supports 11 digital inputs (11 to 110 and
OT). Digital inputs 11 to 110 locate on connector X6. OT locates on connector X9 for motor over

temperature.

% 1/O center

[ outputs Logic setting ||

K6-
State Invert

2 |Left ¢(-> limit switch

<

I3 [Right <+> limit switch

LU

l |4 |Near home sensor

15 |Hot configured

<l

I6 |Hot configured

T i ~
Selection for input function

<l

<l
m

<l

e [« [«
EEEEEEEEEE
<l

<

110 Not configured

Indicator I
Xa-

oT| conf e d m @ nc copie

Set default

Figure 5.4.1.1

(1) Indicator
If the indicator becomes green, it means the set function is activated. If not, it means the function is

not activated.

(2) Logic setting
If Invert is selected, the trigger condition is inverted.

(3) Selection for input function

Click on =/, the drop-down list shown in figure 5.4.1.2 will appear.

HIWIN MIKROSYSTEM Corp. 5-39



HIWIN.

MD17UE01-1906

D1-N Series Servo Drive User Manual

Servo Drive Configuration

LGl

State Invert
1" m v
12 [Left (-3 linmit switch hd| o ¥
I3 [Right (+> limit switch | o ¥
14 Mear home sensopr ﬂ ‘ v
15 |Hot configured ﬂ ‘ v
16 P:zzoiogiiguzggperature ﬂ ‘ I
Wl e X o F
13 ?r];z_::te:l.rg:mmand ﬂ - I
Blll Thhitie e comnend ¥ W~
1o g:‘;:zhmzziggcondar mode ﬂ - v
Start homing -
Electronic gear select <(DIU1D>
Electronic gear select (DIUZ)>
Figure 5.4.1.2
Table 5.4.1.1 Input functions
No. | Abbr. Input Function Description Trigger Method
: Enable or disable axis. .
1 | SW Axis enable Digital input 11 (Cannot be changed) Level triggered
. . Left hardware limit .
2 LL Left limit switch Digital input 12 (Default) Level triggered
: . . Right hardware limit .
3 RL Right limit switch Digital input I3 (Default) Level triggered
Motor over temperature detection .
4 MOT Motor over temperature Digital input OT (Cannot be changed) Level triggered
5 MAP Home ok, start err. map Homing completion command from controller | Edge triggered
6 RST Reset amplifier Reset the servo drive. Edge triggered
7 DOG Near home sensor Near home sensor Level triggered
8 CE Clear error Clear error. Edge triggered
9 INVC Invert V command Invert analog command in velocity mode or Level triggered
force/torque mode.
10 GNS Switch to secondary CG Switch to second servo gain. Level triggered
11 INH Inhibit pulse command Inhibit pulse command Level triggered
Emergency stop
12 EMG Abort motion When this signal is received, the motor stops | Level triggered
according to the emergency stop procedure.
13 MOD Switch to secondary mode SW'tCh. from first operation mode to second Level triggered
operation mode.
14 HOM Start homing Actlvate.the built-in homing procedure in the Edge triggered
servo drive.
15 DIvV1 Electronic gear select (DIV1) Egggemc gear ratio selection for position Level triggered
16 DIv2 Electronic gear select (DIV2) Egggemc gear ratio selection for position Level triggered
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Table 5.4.1.2 Supported input functions in each operation mode

Not CoE Model CoE Model

Stand-alone
Mode

Stand-alone
Mode

Position
Mode

Operation Mode Force/torque

Mode

Velocity

Input Function Mode

Axis enable O O O O A

Left limit switch

Right limit switch

Motor over temperature

Home ok, start err. map

Reset amplifier

ol<|<|O0|0O|O

Near home sensor

<|<|<|<|o|<|<
<|<|<|<|o|<|<

Clear error

Invert V command -

<

Switch to secondary CG

<<

Inhibit pulse command

Abort motion - - -

Switch to secondary mode

<|<|<

Start homing

Electronic gear select (DIV1)

<I<|I<|I<

Electronic gear select (DIV2)

Note:
(1) 'V means the input function is supported in the operation mode and can be assigned to 12 to 110.
(2) O means the input function is supported in the operation mode, but cannot be assigned by users.

(3) A means for D1-N CoE model, its digital input 11 can only be set for “Axis enable” or “Not configured”.

Table 5.4.1.3 Default input functions of digital inputs

Not CoE Model CoE Model
Pin | Signal Position Velocity Force/torque Stand-alone Stand-alone Invert
Mode Mode Mode Mode Mode
7 1 Axis enable Axis enable Axis enable Axis enable Yes
8 | 12 Left () Left () Left () Left () Left () Yes
limit switch limit switch limit switch limit switch limit switch
9 13 .Ri_ght (_+) .Ri_ght (_+) .Ri_ght (_+) _Ri.ght (+) _Ri.ght (+) Yes
limit switch limit switch limit switch limit switch limit switch
10 14 Near home Near home Near home Near home Near home Yes
sensor sensor sensor sensor sensor
11 15 Yes
12 16 Yes
13 17 Yes
14 18 Yes
15 19 Yes
16 110 Yes
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Input Function | Clear Error Applicable Operation Mode Pos | Vel | Trq | Std
Abbr. CE Default Input | None Wiring Diagram Refer to section 4.7.2.
€  Function

Clear error.
¢ Description

When the input set for clearing error is from OFF to ON, error will be cleared.

After error is cleared, Software Enabled will be ON.

Input Function | Start Homing Applicable Operation Mode Pos | Vel | Trq | Std
Abbr. HOM Default Input | None Wiring Diagram Refer to section 4.7.2.
€  Function

Homing
¢ Description

When the input set for starting homing is from OFF to ON, homing will be

method set in Application center.

started according to the

Input Function | Abort Motion Applicable Operation Mode Std
Abbr. EMG Default Input | None Wiring Diagram Refer to section 4.7.2.
¢ Function

In stand-alone mode, when the input set for aborting motion is ON, the motor will decelerate at the

speed set in Dec. kill to a stop. Dec. kill can be set in Performance center.

€ Description
Set one input for aborting motion in 1/0O center. Use external signal to decelerate the motor at the speed
set in Dec. kill to a stop. In the figure below, 15 is set for aborting motion.
X6
State Invert
1 o v
12 [Left ¢(-> limit switch | o ~
13 [Right <+> limit switch | | =
14 [Near home sensop hd . I~
I 15 | Abort motion - - I~ I
After external signal is input, the motor decelerates at the speed set in Dec. kill to a stop.
X6
State Invert
il ‘ W
12 [Left ¢-» limit switch hd| o
13 [Right ¢+> limit switch ﬂ | ]
14 |Mear home sensor hd . I~
|| 15 [Abort motion - . = |l
When State indicator becomes green, the servo drive decelerates the motor at the speed set in Dec.
kill to a stop.
[~ Enable SW limit
P1 I P2
(7] B e L, |see
i '
Disable(F12) Motion parameters Primary CG
Position units Speed 5080880 countis 9.300008
Zero count ﬂ Acc|11715552 count/s*2
Il 11215009 |m1\0
Stop motion Dec. kill| 23431185 countis*2
Smooth factor| 186
HIWIN MIKROSYSTEM Corp.
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€ Description

Motor

Encoder

Hall sensor

Input Function | Switch To Secondary Mode | Applicable Operation Mode Pos | Vel | Trq | Std
Abbr. MOD Default Input | None | Wiring Diagram Refer to section 4.7.2.
€  Function

Use I/O signal from the controller to switch to secondary operation mode.

Set primary operation mode and secondary operation mode in Mode tab of Configuration center.

Hode

Drive |

Primary operation mode
& Position mode

 Velocity mode

" Stand-alone mode

" Forceftorque made

—Electronic gear

m:inputpulses =

™ Invert pulse command
n: output counts

— Hardware interface
DIVZ DIV4

1 =

|1 * Differential signals

00} " Single ended signals

(1)

— Control input
" Pulse and direction

 Pulse up/pulse down
£+ Quadrature (AqB)

o

11

18 1)

Increment position on:

& Falling edoe

" Rising edge

O Position mode
& Velocity mode
" Torgue mode

 None

Secondary operation mode

— Command types
& Analog (+-10V)

Scaling

1 mm/s =1y
Dead band: 8 mv

Set one input for switching to secondary mode in 1/O center. In the figure below, 15 is set for switching
to secondary mode. When the input signal is OFF, the mode set in Primary operation mode is used.
When the input signal is ON, the mode set in Secondary operation mode is used. If None is selected
in Secondary operation mode, stand-alone mode is used.

X6

State Invert
M| . v
12 [Left <> limit switch | o ~
I3 [Right (+> limit switch > ® ~
I4 |Near home sensor ﬂ . iIra
15 ISuitch to secondary mode ﬂ . I I

HIWIN MIKROSYSTEM Corp.
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. Electronic Gear Select . .
Input Function Applicable Operation Mode Pos
P (DIV1, DIV2) P P
Abbr. DIV1, DIV2 | Default Input | None Wiring Diagram Refer to section 4.7.2.
€  Function
This input function is used to switch among four sets of electronic gear ratios.
¢ Description
Select Position mode in Mode tab of Configuration center. Four sets of electronic gear ratios can be
set, please refer to below.
d Configuration center I I E@g
Motor Encoder Hall sensor Mode Drive
Primary operation mode Electronic gear ™ Invert pulse command
& Position mode m'\nputpulses = n'outpulcounts Hardware interface
_ DIv2 DIv1 & Differential signals
1 = |1
® B0 (©0) " Single ended signals
" Forceftorque mode
" Stand-alone mode 2 @1
Control input
5 1o " Pulse and direction
ia " Pulse up/ pulse down
B * Quadrature (AqB) Increment position on
cy
i
Secondary operation mode Command types
@) + Analog (+- 10V) Scaling: i mms/s —1v
& Velocity mode Dead band | @ mv
 Torque mode
" None
OK | Cancel |
Set two inputs for “Electronic gear select (DIV1)” and “Electronic gear select (DIV2)”, as 15 and 16 in the
figure below.
X6
State Invert
11 | F
12 [Left <-> limit switch hd o ¥
I2 [Right ¢+> limit switch hd o ¥
14 |Mear home sensor ﬂ ‘ v
15 |Electronic gear select ¢(DIV2) ﬂ . v
I6 |Electronic gear select <DIV1)> ﬂ . v
Use different combinations of the states of DIV1 and DIV2 to select desired electronic gear ratio. The
corresponding electronic gear ratios are shown in the table below. For instance, to use the second
electronic gear ratio, “Electronic gear select (DIV2)” must be OFF, and “Electronic gear select (DIV1)”
must be ON.
DIV2 DIV1 Numerator
0 0 1st
0 1 2nd
1 0 3rd
1 1 4th
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Input Function

Invert V Command

Applicable Operation Mode

Vel

Trq

Abbr. INVC Default Input | None Wiring Diagram Refer to section 4.7.2.
4 Function

Invert analog command sent from the controller.
€ Description

In velocity or force/torque mode, select Invert V Command for one input. When the input is OFF, the
motor moves in forward direction as 0 ~ +10 V analog command is received. The motor moves in
reverse direction as 0 ~ -10 V analog command is received. When the input is ON, the motor moves in
reverse direction as 0 ~ +10 V analog command is received. The motor moves in forward direction as 0
~-10 V analog command is received.

True
InvertVCommand False
Forward Reverse Reverse Forward
Input Function | Inhibit Pulse Command Applicable Operation Mode Pos

Abbr. INH Default Input | None Wiring Diagram Refer to section 4.7.2.
¢ Function

Users are allowed to inhibit receiving pulse command from the controller.
¢ Description

Select Inhibit pulse command for one input. If the input is ON, pulse command sent from the
controller will be inhibited. If the input is OFF, pulse command sent from the controller can be received
to drive the motor.

X6
State

12 |Left (-> limit switch
12 | Right (+) limit switch

|14 | Near home sensor

[le [« [«
Bn m mm
<l

I5| Inhibit pulse command

State

After external signal is
input, the motor stops | 12
moving. I3

Left (- limit switch
Right <+> limit switch

14 | Near home sensor

Kl [KREREN
jmmmm
<l

15 I Inhibit pulse command

HIWIN MIKROSYSTEM Corp.
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Input Function | Switch To Secondary CG Applicable Operation Mode Pos | Vel | Trqg | Std
Abbr. GNS Default Input | None | Wiring Diagram Refer to section 4.7.2.

€4 Function
Users are allowed to switch between two common gains (CG).
¢ Description
Set secondary CG in Schedule Gains + vpg tab of Advanced gains window, as the figure below.

|=, Advanced gains ‘ - E@g
Filter Acc Schedule Analog Current VSF Friction
feedforward  gains +vpg input loop CoOmpens’
Schedule gains vpg...
Velocity Velocity loop gain (primary vpa)

B.008885917

Freq analyzer

Time
sg_run sg_stop sg_idle
1.808 1.888 1.888
Maoving Settling In position

Scheduled gains according to 1/0

Secondary CG Secondary vpg
8.5600008 Copy from primary CG Copy from primary vpg

When the input is ON, secondary CG is used. When the input is OFF, primary CG is used.
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5.4.2 Digital outputs

The servo drive provides four sets of programmable digital outputs. Three outputs (O1 to O3) are

general-purpose outputs which locate on connector X6. One output (O4) which locates on connector X4

is for brake and can also be used as general-purpose output.

T o carer T 2 ]|
Inputs Outputs -
Logical value
Errors FALSE Loy 4 Output voltage
Configure 01 .
7 iiwert siate - |
In—position FALSE LOW
ure 02 02
Invert output voltage it |
PDL usage{General purposel FALSE LOW E
M 03
Status field = f—————
Brake TRUE LOY
Configure 04 04
v Invert state R R, |
Output function setting |
|
|
Set default

Figure 5.4.2.1

(1) Output function setting

Each output has its corresponding setting button. For instance, the setting button of O1 is Configure
O1 button. Click on Configure O1 button to show the setting window as figure 5.4.2.2. Output
functions in figure 5.4.2.2 can be categorized into Statuses, Errors and Warnings. If two or more
output functions are selected for one output, the output will be ON as either one of the selected
output functions is triggered. Click on Not Configured button to cancel the selection. Click on Apply
button to finish the setting or click on Cancel button to cancel the setting. If Set all errors button is

clicked on, all the listed errors will be selected.

Status field

When a function is set for an output, the name of that function will be displayed in the status field. If
two or more functions are set for one output, the status field will display “Customized”. If all the listed
errors are selected, the status field will display “Errors” as figure 5.4.2.1. If no function is set, the
status field will display “PDL usage (General purpose)” which means the output can be used for PDL

program.
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(3) Logical value
The logical value of each output is displayed. The displayed value can be TRUE or FALSE.

(4) Invert output voltage
If needed, select Invert state to invert the polarity of output voltage. Please be noted the internal
logic value of the servo drive will not be affected.
(5) Output voltage
The voltage level of the output pin will be displayed for users to check if the signal received by the
controller is correct.
The output signal represent (Logic OR of selected states below)
Statuses Errors Warnings
[~ Brake ¥ Motor short Set all [ Left SW limit
[~ Servo ready ¥ Owervoltage m [ Right SW limit
[~ Axis disable ¥ Position error too big [ Left HW limit
[~ In-position Iv Encoder error [ Right HW limit
[~ Moving v Softthermal threshold reached [~ Semvovoltage big
[~ Homed v Motor maybe disconnect [~ Position error warning
[~ Emulated index v Amplifier over temperature [~ Velocity error warning
[~ Zero speed detected v Motor over temperature [~ Current limited
u Iv Undervoltage I~ Acceleration limited
v 5V for encoder card fail [~ Velocity limited
¥ Phase init. error [~ Both HW limits are active
v Serial encoder communication error [ 12T waming
¥ Hall sensor error [~ Homing fail
Iv Hall phase check error r
Iv Current control error r
r r
¥ Auto phase center not complete yet
-
v Hybrid deviation too big
v DC bus voltage abnormal
-
-
v STO error
Apply Cancel Mot configured
Figure 5.4.2.2
Table 5.4.2.1
ltem Abbr. Output Function Description
Statuses
Brake signal
1 BRK Brak ? :
axe If Brake is selected, other output functions cannot be set.
2 RDY Servo ready The motor is enabled.
3 DIS Axis disable The motor is disabled.
4 INP In-position In-position signal
5 MOV | Moving The motor is moving.
6 HOMD | Homed Homing completed.
7 EMI Emulated index Emulated Z-phase signal
8 ZSPD | Zero speed detected Zero speed detection signal

Errors
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ltem Abbr. Output Function Description
1| A | o
Warnings
1 LS Left SW limit Left software limit is triggered.
2 RS Right SW limit Right software limit is triggered.
3 LH Left HW limit Left hardware limit is triggered.
4 RH Right HW limit Right hardware limit is triggered.
5 SVB Servo voltage big PWM command exceeds the setting value for warning.
6 PEW | Position error warning Position error is greater than the setting value for warning.
7 VEW | Velocity error warning Velocity error is greater than the setting value for warning.
8 CUL Current limited The motor peak current is reached.
9 ACL | Acceleration limited Protection setting for acceleration is reached.
10 VL Velocity limited Protection setting for velocity is reached.
11 BOHL | Both HW limits are active Both left and right hardware limits are triggered
12 12T 12T warning ;r(wgzser;c:ccji. of software over temperature protection has been
13 HOMF | Homing fails Homing failed.
14 | PCHC | Puise and home confiit In position mode, both pulse command and homing command
Table 5.4.2.2 Default output settings of D1-N servo drive
Output Not CoE Model CoE Model —_—
Trigger Condition Trigger Condition

0) Errors Errors No

02 In-position In-position No

03 PDL usage (General purpose) PDL usage (General purpose) No

04 Brake Brake Yes

Table 5.4.2.3 Supported output functions in each mode
Not CoE Model CoE Model
Operation Mode Position Velocity Force/torque Stand-alone Stand-alone
Output Function Mode Mode Mode Mode Mode

Brake \% Vv \% V V
Servo ready \% Vv \% \% \%
Axis disable V Vv \% \Y \Y
In-position \% - - Vv \%
Moving \% - - V V
Homed \% Vv \% V V
Emulated index \% Vv \% V -
Zero speed detected - - - - -
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Note:
“V” means the output function is supported.

Pos | Vel | Trq | Std
Refer to section 4.7.2.

Applicable Operation Mode
Default Output | O1

Errors
ALM

Output Function

Abbr.
¢ Function
Users are allowed to output error statuses.

¢ Description
Users can select Errors (Default output: O1) for one output in Outputs tab of I/O center.

| Wiring Diagram

Inputs Outputs |
Logical value Cutput state
Errors FALSE LOW
Configure 01 | 01
F Invert state !

Click on Configure O1 button to show Configuration of O1 window. Click on Set all errors button to
select all the listed errors. The status field will display “Errors”. If not all the listed errors are selected,

the status field will display “Customized”.

& Configuration of 01 _— .=-.
The output signal represent (Logic OR of selected states below)
Statuse Error: —Warning
[~ Brake Motor short Set all ermrsl [~ Left SW limit
I~ Servoready Over voltage [~ Right SW limit
[~ Axis disable Position error too big I~ Left HW limit
I~ In-position Encoder error I~ Right HW limit
[~ Moving Softthermal threshold reached [~ Servovoltage big
[~ Homed Motor maybe disconnect [~ Paosition error warning

[~ Velocity error warning

[~ Current limited

I~ Acceleration limited

I~ Velocity limited

[~ Both HW limits are active
[~ 12T warning

I~ Homing fail

Amplifier over temperature

Motor over temperature
Undervoltage

5V for encoder card fail

Phase init. error

Serial encoder communication errar
Hall sensor error

[~ Emulated index
[~ Zero speed detected
I~ Inwelocity (notin use)

Hall phase check error

Current control error

HFLT inconsistent error (not in use)
Auto phase center not complete yet
Incompatible motor model for drive {r
Hybrid deviation too big

|¥ DC bus voltage abnormal

I~ EtherCAT un-detected (notin use)

™ Fan fault error (not in use)

¥ STO error

RO AAI A

<

™ Fulse and horme conflict (notin use)
™ Absolute encoder batteny warning (nao
I~ Wwirong absolute gosition (notin use)

Apply Cancel

Not configured
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5.5 Setting in-position signal

In a servo system, position error exists between target position and encoder feedback position. The
settling period as the motor arrives at the target position is called settling time. After that, the motor goes
into target radius. D1-N servo drive supports in-position settings for users to set target radius and
debounce time to observe if the motor has reached the target position. In-position settings are only
available in position mode and stand-alone mode. Users can set one output for in-position signal to notify

the controller that the motor has arrived at the target position.

B Function setting

Click on =™ to go to Performance center. Click on Position tab to set in-position settings. If users
would like to observe the waveforms, click on Set scope... button. The default output of in-position

signal is O2. For setting digital outputs, please refer to section 5.4.2.

+~ Performance center = | B ||
(e T
“DEEE T
Posilion Velocity
Ripple
Target radius:| @.8682 mm
Debounce time: 18.8 msec
Move time: 161 .1 msec
Settling time: 11.9 msec
Total time:| 172 .9 msec
BE scope Controllertsmuz(D), Axis: X SRICEL X

1 Feedback Position
DSP rate=15000Hz, Rate=241 6Hz

Figure 5.5.1
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Table 5.5.1

Parameter Description

The motor will be regarded as in-position after position
error is within the target radius for a specific time
(Deboucne time). The default value is 100 times of encoder
resolution.

The position error needs to be within the target radius for
Debounce time | the set debounce time for the motor to be regarded as
in-position.

Move time Path planning time

Target radius

Settling time Settling time

Total time Sum of move time and settling time

Debounce time setting

In-position signal could be unstable as the motor may overshoot during positioning. In this case,
users can set debounce time to have stable in-position signal. In-position signal will only be sent
after position error is within the target radius for the set debounce time. The larger the debounce time
is, the more stable the in-position signal is. But setting larger debounce time could have longer time
delay. Users can set appropriate debounce time by observing in-position signal in oscilloscope. For

finding appropriate debounce time, please refer to below.

(1) Set Target radius and set Debounce time to 0 ms. Let the motor move for a period of time and
observe in-position signal from oscilloscope, as figure 5.5.2. When the motor is in-position,
in-position signal is at high level. In figure 5.5.2, there are six protruding pulses as the motor

moves close to the target position. Observe the time duration of protruding pulse.

Table 5.5.2
Protruding Pulse Time Duration
1st 1.5 ms
2nd 1.4 ms
3rd 1.4 ms
4th 1.3 ms
5th 1ms
th 1ms
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M Pas: 121.6ms

CH1+2, I:-I 0 .

Figure 5.5.2 In-position signal when debounce time is set to 0 ms.

(2) From figure 5.5.2, the longest time duration is 1.5 ms. Set debounce time to a value which is
slightly larger than 1.5 ms. Considering safety factor, set debounce time to 3 ms. Let the motor

move for a period of time. In-position signal becomes stable as figure 5.5.3.

A -1 T
d-Mar-04 1438
Figure 5.5.3 In-position signal when debounce time is set to 3 ms.
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5.6 Homing

Click on # to go to Application center. The setting page for homing is in Homing tab, as figure 5.6.1.

View

F N

[~ Set home offset position as zero position

| Homing | Backlash | Error map |
|
Slowerspeed: |58 counts
Fasterspeed: (1888  countls
Smooth factor: liﬁﬁi
Home offset: | @ count

—Homing method

Use [methodi | ¥|

Index pulse —I—:—‘_

Megative limit switch |

Position units

Er—

Figure 5.6.1 Homing setting

There are four basic parameters for homing.

Table 5.6.1

Parameter

Description

Slower Speed

Homing at slower speed.

Faster Speed

Homing at faster speed.

Smooth Factor

Smooth factor for homing (Setting range: 1 to 500)

Home Offset

Home offset

The supported homing methods of D1-N servo drive are listed in table 5.6.2. Green line means homing at

faster speed; orange line means homing at slower speed. After homing method is set, click on Home

button in Performance center. During homing, Homed indicator will keep flashing. If homing succeeds,

Homed indicator becomes green (<lHomed ) |f homing fails, Homed indicator becomes red (| #MHomed ),
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B Home offset
(1) Set home offset position as zero position is not selected.
If Set home offset position as zero position is not selected, the position of index pulse is
regarded as home position. The motor stops at this position, as figure 5.6.2. If home offset is
positive, zero position will be on the left of the home position. If home offset is negative, zero
position will be on the right of the home position.

(2) Set home offset position as zero position is selected.
If Set home offset position as zero position is selected, the position of index pulse with home
offset will be regarded as home position and zero position. The motor moves to that position. If
home offset is positive, zero position will be on the right of index pulse. If home offset is

negative, zero position will be on the left of index pulse.

[~ Sethome offset position as zero position

Zero Home
position position
L Home offset |
| | -
Ll
1 ‘ Index

‘é?@' Motor

[v Sethome offset position as zero position

Home position
Zero position

[
>

‘ Index '%’ch Motor

Figure 5.6.2

‘ Home offset

v
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Table 5.6.2

Homing

Method Description

Figure

Homing with negative limit switch
and index pulse, starting in
negative direction.

Search for negative limit switch at
1 faster speed in negative direction.
After the negative limit switch is
found, search for index pulse at
slower speed in positive direction.

Use [methodl ¥

|
b l 1
(5 |
Index pulse —I—L

Megative limit switch |

Homing with positive limit switch
and index pulse, starting in
positive direction.

Search for positive limit switch at
2 faster speed in positive direction.
After the positive limit switch is
found, search for index pulse at
slower speed in negative direction.

Use [method2 ¥

I | :
Lo )
Index pulse —LI—

Positive limit switch '

Homing with the rising edge of
near home sensor signal and left
index pulse, starting in positive
direction.

Outside near home sensor:
Search for the rising edge of near
home sensor signal at faster speed
in positive direction. After it is found,
search for left index pulse at slower
speed in negative direction.

Inside near home sensor:

Search for the falling edge of near
home sensor signal at faster speed
in negative direction. After it is
found, search for left index pulse at
slower speed in negative direction.

Use [methed?  ¥|

—
B

Index pulse

B

] ] ]
b

Mear home sensor | | |

Homing with the rising edge of
near home sensor signal and
right index pulse, starting in
positive direction.

Outside near home sensor:
Search for the rising edge of near
home sensor signal at faster speed
in positive direction. After it is found,
search for right index pulse at
slower speed in positive direction.

Inside near home sensor:

Search for the falling edge of near
home sensor signal at faster speed
in negative direction. After it is
found, search for right index pulse
at slower speed in positive direction.

Use [metheds | ¥|

Index pulse |

Mear home sensor
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Homing with the falling edge of
near home sensor signal and left
index pulse, starting in positive
direction.

Search for the falling edge of near
9 home sensor signal at faster speed
in positive direction. After it is found,
search for left index pulse at slower
speed in negative direction.

Use [methed?  ¥|

Index pulse |

Mear home sensor

Homing with the falling edge of
near home sensor signal and
right index pulse, starting in
positive direction.

Search for the falling edge of near
10 home sensor signal at faster speed
in positive direction. After it is found,
search for right index pulse at
slower speed in positive direction.

Use [methodiB ¥|

Index pulse | |

MNear home sensor | | |

Homing with the rising edge of
near home sensor signal and
right index pulse, starting in
negative direction.

Outside near home sensor:

Search for the rising edge of near
home sensor signal at faster speed
in negative direction. After it is
found, search for right index pulse
at slower speed in positive direction.

11

Inside near home sensor:

Search for the falling edge of near
home sensor signal at faster speed
in positive direction. After it is found,
search for right index pulse at
slower speed in positive direction.

Use [methodil [¥|

Index pulse | | | i

Mear home sensor I I |

Homing with the rising edge of
near home sensor signal and left
index pulse, starting in negative
direction.

Outside near home sensor:
Search for the rising edge of near
home sensor signal at faster speed
in negative direction. After it is
found, search for left index pulse at
slower speed in negative direction.

12

Inside near home sensor:
Search for the falling edge of near
home sensor signal at faster speed
in positive direction. After it is found,
search for left index pulse at slower
speed in negative direction.

Use [methodiz ¥

Index pulse

i
| | |
P
Mear home sensor | |

HIWIN MIKROSYSTEM Corp.
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13

Homing with the falling edge of
near home sensor signal and
right index pulse, starting in
negative direction.

Search for the falling edge of near
home senor signal at faster speed in
negative direction. After it is found,
search for right index pulse at
slower speed in positive direction.

Use [methodi3 ¥|

Index pulse

MNear home sensor

14

Homing with the falling edge of
near home sensor signal and left
index pulse, starting in negative
direction.

Search for the falling edge of near
home sensor signal at faster speed
in negative direction. After it is
found, search for left index pulse at
slower speed in negative direction.

Use [methodid ¥ |

Index pulse

r'
|
|
|

Mear home sensor

!
i

33

Homing with index pulse, starting
in negative direction.

Search for index pulse at slower
speed in negative direction.

Use [method33 ¥|

Index pulse —L

34

Homing with index pulse, starting
in positive direction.

Search for index pulse at slower
speed in positive direction.

Use [method3d ¥

Index pulse

37

Set current as home

position.

position

Use [method3? ¥

Home position = Actual position
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Homing with hard stop and right
index pulse, starting in negative
direction.

Search for left hard stop at faster
i speed in negative direction. After it
is found, search for index pulse at
slower speed in positive direction.

Use [method—1 ¥|

Frr 7

Index pulse |—I—

End stop current

.88 A_amp
Time
8.8 msec

Homing with hard stop and left
index pulse, starting in positive
direction.

Search for right hard stop at faster
) speed in positive direction. After it is
found, search for index pulse at
slower speed in negative direction.

Use method-2 ﬂ

23R

—

End stop current
@.68 A_amp

Time
8.8 msec

Index pulse

Homing with absolute position.

This homing method is only
available for motor with multiturn
absolute encoder. (The ninth code
of motor model is 4.) Set current
position as absolute target position.
The motor does not need to move.

Use [method—3 ¥

Actual position; 1 count

Adjust machine position: @ count

Set absolute position ‘

Search for hard stop in positive
direction and move for end stop
offset in negative direction.

Search for right hard stop at faster
speed in positive direction. After it is
4 found, move for end stop offset at
slower speed in negative direction.

Use [method-4 ¥ g k
| f

=

End stop current

6.60 A_amp
Time
a.a msec

End stop offset

a count

Search for hard stop in negative
direction and move for end stop
offset in positive direction.

Search for left hard stop at faster
speed in negative direction. After it
is found, move for end stop offset at
slower speed in positive direction.

Use [methed-5 ¥

prrrr7i

End stop current i !

8.88 A_amp i
Time |
8.8 msec |

|

End stop offset

a count
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Note:
The function of setting home offset as zero position has no function when homing method -4 or -5 is set.

In both homing procedures, the motor will stop at the position with home offset and set that position to zero.

B Searching for hard stop
When searching for hard stop, two parameters will be used: End stop current and Time. End stop
current is the strength of the force when searching for hard stop. Time is the duration of the force. If
Time is set to be too small, the servo drive may not correctly identify the hard stop. If Time is set to
be too large, error “Soft-thermal threshold reached” could occur. To find proper value for End stop

current, please refer to the following.

Step 1:  Open Scope, as figure 5.6.3. Set to observe the value of Actual Current.

Step 2: Let the motor move at slow homing speed (Slower speed) for the total travel distance.

Step 3: Observe the value of Actual Current and record the maximum value, as figure 5.6.3. The
maximum value is about 0.2 A. End stop current can be slightly larger than 0.2 A. In this

case, End stop current can be set to 0.23 A.

Note:
To avoid error “Position error too big” when searching for hard stop, the setting values of Slower speed and Time

must satisfy the following formula.

Slower Speed X Time < Maximum Pos Error

e - 3
Scope: Axis: X_ ‘E‘EI&J

| i

[

Jd- W 0 BE OB [E

38 Actual Current A_amp

[~ —C

& B 1 L3

11 Reference Uelocity count/s

Time(s) 28

Figure 5.6.3
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5.7 Position trigger function

D1-N servo drive provides position trigger (PT) function. (Note: CoE model does not support position
trigger function.) When the motor moves to the set position, the servo drive outputs a synchronous pulse
signal, as figure 5.7.1. PT function cannot be set via Lightening. The related parameters of PT function
must be set by Message Window, PDL or MPI. PT function is mainly used for equipment which requires
synchronous in-position signal for high-speed and high-accuracy processing, such as laser equipment,

line scan camera and aligner.

Note:
(1) PT function is supported in D1N firmware version 0.809 or later version.

(2) PT function is still effective after the motor is disabled.

Start position End position

Motor position

PT pulse signal output 4—’” ﬂ H Pit/Width of pulse

Interval of pulse

Figure 5.7.1
W Specification

Table 5.7.1

D1-N (Note: CoE model does not support position trigger
function.)

Applicable Encoder Digital AgB encoder

Applicable Model

Position Update Frequency 16 KHz

PT+ and PT- (Note: The pins for PT+ and PT- are fixed. The
pins for PT+ and PT- are pins 29 and 30 on X6 connector.)

Output Voltage 3.3V

2.5 us (Default value)
The pulse width can be adjusted by PT.PulseWidth.

Max. Moving Speed Interval of PT signal output*16,000 count/s

Output Pin

Output Pulse Width

Delay Time for Outputting PT | Normal temperature (25°C): <100 ns
Signal High temperature (85°C): < 120 ns
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B Parameters

Table 5.7.2
PT Parameter Definition DEEU Unit WP || AT
Value Value Value
PT.StartPosition | Start position of PT signal 0 count 231 -1 - 231
PT.EndPosition | End position of PT signal 0 count 231 -1 - 231
PT.Interval Interval of PT signal output 0 count 231 -1 1
PT.PulseWidth | Width of PT output pulse 100 25ns 4,000 1
Polarity of PT signal
PT.Polarity 0: Normal low 1 - 1 0
1: Normal high
Status of PT function
PT.Status 0: Disable PT function 0 - 1 0
1: Enable PT function

B Conditions for enabling and disabling PT function
(1) Conditions for enabling PT function (The following conditions must be satisfied.)
o  With digital encoder (AgB)
o Homing completes.
e Enable PT function (Set PT.Status to 1.).

(2) Conditions for disabling PT function (Either of the following conditions must be satisfied.)
. When PT.EndPosition is reached, PT function is disabled automatically.
e Disable PT function (Set PT.Status to 0.).

Note:
User can execute “call _PT_OUTPUT;” to let the servo drive output one PT signal for 1 ms for function testing.

B Example
Homing must be completed before using PT function. The encoder resolution is 1 count =1 um. The
start position of the first PT pulse output is 25 mm. Then one PT pulse will be output every 1 mm.
The polarity of pulse is normal low. The width of pulse is 2.5 us. The end position of the last PT pulse

output is 100 mm. The program codes are as below.

_SetPT:
PT.StartPosition =25000;
PT.EndPosition = 100000;
PT.Polarity = 0;
PT.PulseWidth = 100;
PT.Interval = 1000;
PT.Status = 1;

ret;
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Note:

(1) The first pulse will be output at the position set by PT.StartPosition. Set PT.StartPosition = 25,000.

(2) Pulse may not be output at the position set by PT.EndPosition. Pulse will only be output as start position

+ intervals = end position.
(3) The direction of PT function depends on the settings of PT.StartPosition and PT.EndPosition. If
PT.EndPosition > PT.StartPosition, one PT pulse will be output every 1 mm in forward direction. If

PT.StartPosition > PT. EndPosition, one PT pulse will be output every 1 mm in reverse direction.

(4) There is a limitation between the moving speed of the motor and output interval. In the example above,

the update frequency of D1-N (09/18/36 model) servo drive is 16 KHz. The required output interval is 1

mm, so the moving speed of the motor must not exceed 16,000 (mm/s). The calculation is as below.

The maximum moving speed of the motor < PT.Interval x PT position update frequency
=1 (mm)x 16 K (1/s) = 16,000 (mm/s)

The limitation between the moving speed of the motor and output interval is defined by position

update frequency. The time that the motor moves to the output position must be larger than position

update frequency. The smaller the output interval is, the stricter the speed limit is. The speed limits of
different output intervals of D1-N (09/18/36 model) servo drive are listed in table 5.7.3.

Table 5.7.3 The speed limits of different output intervals of D1-N (09/18/36 model) servo drive

Output Interval (mm)

Maximum Speed (mm/s)

100 1,600,000
10 160,000
1 16,000
0.1 1,600

0.01 160

HIWIN MIKROSYSTEM Corp.
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5.8 Save parameters to Flash and set to factory default

5.8.1 Save parameters to Flash

Click on ™ (Save parameters from amplifier RAM to Flash) to save current parameters to Flash. The

parameters will still be accessible after the servo drive is turned off. Please pay attention to the following.

(1) Emulated encoder output is temporarily not available when saving parameters to Flash. Position

information during this time could be incorrect.

(2) Values for error map function will not be saved to Flash. Go to Error map setting page in Application

center to save error map settings to Flash.

5.8.2 Set parameters to factory default

Click on Tools on the menu bar and select Set parameters to factory default to set parameters to
factory default, as figure 5.8.2.1. Set drive to factory default window appears as figure 5.8.2.2
(Lightening version 0.180 to 0.185A). If users would like to clear the error map table at the same time,
please select Clear error table in flash then reset drive and click on Yes button. When Clear error
table in flash then reset drive is selected, a message dialog shown in figure 5.8.2.3 will appear
informing users that before clearing error map table, the default settings will be saved to the servo drive
and the servo drive will be reset. Click on Yes button and the system will proceed accordingly. Click on
No button to return to Set drive to factory default window. After the parameters are set to factory
default, the servo drive will be automatically reset.

@ Lightening, version 0.185A, com53, 115200 WIS  © B0 & SRR 0 G (e ]
. . . o

Conf/Tune [Tools La;gu;ge “About —

(2) Communication setup (Ctrl+M) [w reset

Open plotview.  (Ctrl+G)

[ Driv Firmware version
' Data collection... B.81@

& i

D

Scope.. (Ctrl+P)
Encoder testftune... £
PDL. (Ctl+)  Btand-alone position mode
Loop constructor...

B STO function active
Reset amplifier

Upgrade/downgrade firmware.

| Set parameters to factory default ||

Figure 5.8.2.1
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Set drive to factory default &J

Clear erortable in flash then reset drive

Yes MNo

Figure 5.8.2.2

MNotice

B Eefore clear error table, the defualt settings will be saved to flash
W' then reset the drive.
Do you want continue?

Yes button P zm | =m No button

Figure 5.8.2.3

If users are using Lightening version 0.186 or later version, click on Tools and select Set amplifier to
factory default from the submenu. Set ampilifier to factory default window appears as figure 5.8.2.4.
Lightening will set parameters to factory default and windows other than the main window will be closed.
Select Clear error table in flash and reset drive to clear error map table at the same time. Select Clear
user PDL to clear user.pdl at the same time. A notice window will appear informing the users that user.pd|
will be cleared, as figure 5.8.2.5. Click on Yes button and the system will proceed accordingly. Click on
No button to return to Set drive to factory default window. After the parameters are set to factory

default, the servo drive will be automatically reset.

Set amplifier to factory default ﬁ
- - —

-
-

I~ Clear error table in flash and reset drive
v Clearuser PDL

Yes Mo

Figure 5.8.2.4

MNotice

v "\-.I The user PDL will be cleared.
"9 Do you want continue?

Yes button ) 0 No button

Figure 5.8.2.5
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5.9 Setting operation mode via Lightening

5.9.1 Position mode

In position mode, when pulse command is received from the controller, the drive will move the motor for a
corresponding distance. For further information of position mode, please refer to section 3.1.1. The

setting of position mode should include mode selection, pulse type selection, electronic gear ratio setting

and smooth factor setting.

(1) Mode selection

For mode selection, please refer to below.

Table 5.9.1.1
Step Figure Description
After Lightening is opened, click on
the icon of Configuration center on
1 é) the toolbar. Or click on Conf./Tune
on the menu bar and select
Configuration center.
, A l l Il\rnwog:?:guratlon center, click on
Mator Encoder Hall sensor Mode
In the setting page of Mode, select
Primary operation mode Electronic gear Position mode.
m:inputpulses = n:output counts
DIvz DIV
™ Velocity mode 1 = (1 .
3 " Forceftorque mode
™ Stand-alone mode 2 (1)
5 (10)
i8 {11)
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(2) Pulse type selection

D1-N servo drive supports three pulse types. For more information, please refer to section 3.1.1.

For pulse type selection, please refer to below.

Table 5.9.1.2
Step Figure Description
™ Ivert pulse command In the setting page of Mode, select
Hardware interface H H
e pulse typ_)e in the setting area of
" Single ended signals COI’]tI‘Ol |nput
1 Control input
" Pulse and direction
" Pulse up i pulse down
' Quadrature (AqB) Increment position on
o
e
P - In the setting page of Mode, select
Hrdare nlerface trigger method in the setting area
+ Differential signals wgw
" Single ended signals Of Increment pOSItlon On
2 Note: This setting is required when
Conrol input Pulse and direction or Pulse
¥ Pulse and direction H
A up/pulse down is selected.
" Quadrature (AqB) Increment position on
% Falling edge
" Rising edge

(3) Electronic gear ratio setting

D1-N servo drive supports four sets of electronic gear ratios. For more information, please refer to

section 5.4.1. For setting electronic gear ratio, please refer to below.

Table 5.9.1.3
Step Figure Description

In the setting page of Mode, set
1 electronic gear ratio in the setting
(b) area of Electronic gear which is

Electronic gear T indicated by (a) in the left figure.
nl S ni Sy S, ia;,;j;n‘t‘,‘;:fm (c) In the setting page of Mode, set to
©0) || ¢ singls endedsignals invert pulse command in the
2 2 o1 setting area of Invert pulse
(@) e command which is indicated by

: o) * Pulse and direction (b) in the Ieft ﬁgure.
" Pulse up/pulse down

18 i o O.uadrat?]rep(AqB) Increment position on: In the Setting page Of Mode, Se|eCt
:::I‘n”gg:jj: Differential signals or Single
3 ended signals according to your
wiring in the setting area of
Hardware interface which is

indicated by (c) in the left figure.
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After setting electronic gear ratio, go to the setting page of Drive to set the input power of the servo
drive, please refer to section 5.2.5. Click on OK button to save the setting to the servo drive RAM.

After setting all the parameters, save the settings to Flash by referring to section 5.8.1.

(4) Smooth factor setting
D1-N servo drive allows users to set smooth factor. For more information, please refer to section 3.4.

For smooth factor setting, please refer to below.

Table 5.9.1.4
Step Figure Description
Click on the icon of Performance
1 center on the toolbar. Or click on
Conf./Tune on the menu bar and
select Performance center.
™ Enavle SWimit Set smooth factor in Performance
e i} e center.
Mo gy
Motion parameters Primary CG
2 Position unite Speed| 580008 countis ©.300000
count | Aco| 11715552 countis*2
Dec| 11715552 count/s*2
Dec. k\_ll 23431185 count/s*2
I Smaoaoth factor 188 I

5.9.2 Velocity mode

D1-N servo drive is able to transform voltage command into velocity command. For more information,
please refer to section 3.1.2. The setting of velocity mode should include mode selection and format

setting of command input.
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(1) Mode selection

For mode selection, please refer to below.

Table 5.9.2.1

Step Figure Description

After Lightening is opened, click on
the icon of Configuration center on
1 é> the toolbar. Or click on Conf./Tune
on the menu bar and select
Configuration center.

, T — I I In Configuration center, click on
2 . Mode tab.
Motor Encoder Hall sensor Hode
Primary operation mode In the setting page of Mode, select
¢ Position mode FUMETHIEE Velocity mode.
" Analog (+- 10V)
5

" Forceftorque mode

" Stand-alone mode

(2) Format setting of command input.

For format setting of command input, please refer to below.

Table 5.9.2.2

Step Figure Description

TS In the setting page of Mode, set
& Analog (+-10V) Scaling: 1 nnss gy command type in the setting area
of Command types.

1 Deadband: | @

my

In the setting page of Mode, set
the ratio (scaling) between external
command and velocity. Set 1 V
equals what velocity in mm/s or
rpm.

Set dead band in the setting page
of Mode. For the definition of dead
band, please refer to figure 5.2.4.3.

2 Command types
& Analog (+-10V) Scaling: I 1 nnAs =

@

Dead band I a

my I (b)

After setting, go to the setting page of Drive to set the input power of the servo drive, please refer to
section 5.2.5. Click on OK button to save the setting to the servo drive RAM. After setting all the

parameters, save the settings to Flash by referring to section 5.8.1.
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5.9.3 Force/torque mode

D1-N servo drive is able to transform voltage command into current command. For more information,
please refer to section 3.1.3. The setting of force/torque mode should include mode selection and format

setting of command input.

(1) Mode selection

For mode selection, please refer to below.

Table 5.9.3.1

Step Figure Description

After Lightening is opened, click on
the icon of Configuration center on
1 é> the toolbar. Or click on Conf./Tune
on the menu bar and select
Configuration center.

In Configuration center, click on
Configuration center I !
5 i Confie i Mode tab.
Mator Encoder Hall sensar Hode
i In the setting page of Mode, select
¢ Pasition made o _ | Forceltorque mode.
& Analog (+-10V)
3 " Velocity mode e ; s
C PWM 100%
£ Stand-alone mode Dead band: mv

(2) Format setting of command input.

For format setting of command input, please refer to below.

Table 5.9.3.2
Step Figure Description
e e In the setting page of Mode, set
¢ Position moce S command type in the setting area
" Analog (+/- 10V)
1 C Velocity mode of Command types.

* Forceftorque mode

" Stand-alone mode
In the setting page of Mode, set
5 Command types the ratio (scaling) between external
& Analog (+/-10V) Scaling: (a) command and current. Set 1 V
Dead band: (b) equals what current in ampere (A).
Set dead band in the setting page
3 of Mode. For the definition of dead
band, please refer to figure 5.2.4.3.

After setting, go to the setting page of Drive to set the input power of the servo drive, please refer to
section 5.2.5. Click on OK button to save the setting to the servo drive RAM. After setting all the
parameters, save the settings to Flash by referring to section 5.8.1.
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5.9.4 Stand-alone mode

In stand-alone mode, the servo drive will drive the motor by using internal path planning. For more

information, please refer to section 3.1.4. The setting of stand-alone mode should include mode selection.

(1) Mode selection

For mode selection, please refer to below.

Table 5.9.4.1

Step Figure Description

After Lightening is opened, click on
the icon of Configuration center on
1 é) the toolbar. Or click on Conf./Tune
on the menu bar and select
Configuration center.

, (O —— l ' IMnOS:r::g.urann center, click on

Mator Encoder Hall sensor Hede

In the setting page of Mode, select
Stand-alone mode.

Wotor Encoder Hall sensor Hode Drive

Primary operation mode
3 " Position mode
™ Velocity mode

" Forceftorque mode

{+ Stand-alone mode

After setting, go to the setting page of Drive to set the input power of the servo drive, please refer to
section 5.2.5. Click on OK button to save the setting to the servo drive RAM. After setting all the

parameters, save the settings to Flash by referring to section 5.8.1.
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6.1 Status display and Quick view

In Lightening, status display and Quick view are two essential tools which allow users to know the status

of the servo drive and physical quantities for motion control.

6.1.1 Status display

There are two status display areas in Lightening. One is in the main window and the other one is in
Performance center, please refer to figure 6.1.1.1. These status display areas show the status and

error/warning message of the servo drive.

(1) Status
e Hardware Enable Input: Indicates if hardware enable signal is input.
o Software Enabled: Indicates if software enable is activated.
¢ Servo ready: Indicates if the motor is enabled.
e STO safety function active: Indicates if STO safety function is activated.
¢ Phase Initialized: Indicates if phase initialization has completed.
¢ Moving: Indicates if the motor is moving.
e Homed: Indicates if homing has completed.

¢ SM mode: Indicates if the motor is enabled in SM mode.

(2) Error and warning messages
o Last error: Display the latest error message.
o Last warning: Display the latest warning message.

For more information, please refer to chapter 9.

& Lightening, version 0.185A, com53, 115200 l=lo = [ performance ‘ SSREERE X
i/ B A LY
Conf/Tune Tools Language About =+ B T
é) @ L W |“| = ﬂ _lq ‘E .;‘ reset Position Velogity
ripple
E.-W:n Drive Contraller: DAN(D), Axis: X Firmware version Target radius:| 180 count Setscope.
B § 0.DIN 08.818 Debounce time:[ 1868 msec 4
LB Motor type:| AC servo
’ Wodel:| FRLS462X5 tove time:[ 8.8 msec
Setting time: 8.8 msec
Ais is cofigured to:| Stand—alone position mode I Total time:[ 8.8 msec
\.! EiiE] . [~ Enable SW limit 2
B Hardware enable input _B{STO function active P1 n P2
Enable
a J 500
:Snnwareenahled | W
Senvo read otic etel
Iy Motion parameters —
Last error Position units Speed 586008 count's 0.308000
Zero count | Acc 11718562 countis2
fl Dec[ 11715552 count/s®2
— | Dec kill[ 23431105 count/s*2
. g [ Smooth factor! 1@
i
= M Hardware enable input
ELHE!Z view I Se? ‘r T P18 GOMPT M Software enabled
Dwell time:
Pasition units: I 1980 msec P2 580 GOMPZ M Senvo ready
count (ST function active
 Relative move  Distance
20 Reference acceleration | 0.600060 countis*2 1 count m{Phase initialized
— © Jog Jog current ﬂM HMuoung
1 Feedhack position =2 count (| = AED m{Homed
SM mode
6 Mechanism position =2 count © Home @ LG L
E ion ok [ dee > DIN(0), G-t \D1Nipdi00l [
.
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6.1.2 Quick view

In the main window, there is an area called Quick view as figure 6.1.2.1. Quick view can display three
user-defined physical quantities. The values of these physical quantities will be updated for users to

observe and analyze the system. For supported physical quantities, please refer to section 3.11.

& Lightening, version 0.185A, coms53, 115200 |= 2 |

Cont/Tune Tools Language About

PO AT H 5] & 2

(S} Drive:

Controller: D1N(0), Axis: X Firmware version

0.D1N 8.818
2 i Motor type:| AC servo

1 Feedback position
2 Reference position =
3 Target position
4 Position error
6 Mechanism position
108 Feedback velocity
11 Reference velocity
12 Uelocity error
28 Reference acceleration
38 Actual current
31 Command current
48 Analog command
41 Bus voltage
42 Servo voltage percentage | |
43 8IN-analog encoder
44 COS-analog encoder
46 Digital hall hits
CO Amplifier temperature
51 Soft—thermal accumulator
52 I2T accumulator
61 I1
62 12

28 Reference acceleration ~| ©.000800 countis'2
1 Peedback position ﬂ 2z count

position mode

B STO function active

m

6 Mechanism position ﬂ 2 count

Communication ok CHIWIN\dcellightening. dce -= D1N(0) , C\HIWIN\dce\D 1N\pdI00\

Figure 6.1.2.1 Selection of physical quantities
B Unit setting

For physical quantities related to distance, users are allowed to display physical quantities (such as
position or velocity) in their desired units.

Conf/Tune Tools Language About
Phen A YT A &l £ =0 =
e D”"E pom Controller: D1N(0), Axis: X F;ms"‘fge version
Eeiffe = Motortype:| AC servo E
- Model:| FRLS482%5
Axis is cofigured to:| 8tand—alone position mode
Status
M Hardware enable input W STO function active
W Software enabled
i senvo ready
Last error
Lastwarning I
Quick view
Position units
count 'J
count | 5
B acceleration  |v||9.000000 S
wm
mm osition ﬂ 2 count
cm
m position j 2 count
inch
i1 -
Communication ok :;d COHMWINdcelightening.dce = D1M(D) , COAHIWIMNdCe\D 1 M\pdI0oL
milrad m— S
deg
rev

Figure 6.1.2.2 Unit setting
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6.1.3 Function keys

Function keys F6 and F12 can be used when Lightening is in operation.

® F6: Move the main window of Lightening to the top.
® F12: F12 function key is for emergency stop. Press F12 key to stop motion (Refer to section 3.4.)

After the motion stops, the motor will be disabled.

6.2 Performance center

Tuning can be performed in Performance center. As phase initialization completes, users can proceed to
perform test run. Performance center supports test run, tuning and tools for observing motion
performance. Three motion types are provided for test run: (1) Point-to-point (P2P) motion (2) Relative
move and (3) Jog. Motion parameters such as speed, acceleration, deceleration, Dec. kill and smooth

factor can be set in Performance center.

-
[} LB
e HOIEIX T
|
Position Welocity
ripple
Target radius:| 188 count Set scope
Debounce time:| 188.8 msec
Move time:| @.8 msec
n Settling time:| @.8 msec
I Total time: 8.8 msec
[ Enable SW limit
| P1 Il | P2
T B e T TNEY T S
[
Disable(F12) | Mation parameter. — Primary GG
Position units Speed 580080 countis 0.300000
Zero | count | Acc. 11715552 countis*2
Dec| 11715552 countis*2
Stop motion | Dec. kil 23431185 countis*2
Smooth factor 188
—Siatu:
M Hardware enable input
(o .
e I Repeat P18 GOMP1 B Software enabled
Dwell time:
1088 msec P2/508 GOMNEZ M senvoready
B STO function active
" Relative move Dj'-SIE‘”CE e M Phase initialized
Mavin
¢ Jog Jog current ﬁM L e
1 A_amp M Homed
— mSM mode
" Home Hume| Set.. |
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Figure 6.2.1 Performance center
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Below is the example of performing test run by point-to-point (P2P) motion.

Step Figure

Description

1 == Performance center

=)

Enable

Click on to enable the motor.

SeBEO@AET T
2 Position Velocity

ripple

Target radius: 108
Debounce fime: 188.8

count

Set scope

meec
Move time:| 8.8

Settling time:[ 8.8

10 Totaltime: 8.8

msec
msec
msec

i I™ Enable SW limit a
P1 it

P2

-

count's
count/s*2

Enable a v

Speed| 500880
Acc 11715552
Dec, 11715552
Dec kil 23431185
Smooth factor 168

Position units
count

@

count/s'2
count/s*2

™ Repeat
Dwell time:
1988

pi@

GOMPRL
GOMPRZ

£

msec P2 508

]
=

¢ Relative move Dl\slance

count

Jog current

1
Home

£ Jog

 Home

500

Primary CG
8.300088

Status

mHardware enable input
‘m Software enabled
mServo ready

®STO function aclive
m{Phase initialized

W Moving

‘m{Homed

= sM mode

Select = P2F |

Set P1 and P2. (If software limits are
used, ensure P1 and P2 are within Lower
SW limit and Upper SW limit.

Set desired speed, acceleration,
deceleration and smooth factor (Refer to
section 3.4.) in the setting area for motion
parameters. If users have no special
requirement, test run can be performed by
using the default values.

Click on _GOMP1]| the motor moves to P1.
Click on M, the motor moves to P2.
If repeated point-to-point (P2P) motion is
required, select Repeat and set dwell
time. Then click on _GOMPI| o [Gomee|

perform point-to-point (P2P) motion.

Settling time can be measured in Performance center. Target radius and debounce time can also be set

in Performance center, please refer to section 5.5. During motion, primary CG can be adjusted to meet

the requirement of settling time. Higher servo gain can have faster response and shorter settling time.

Users can observe the required time for entering target radius by move time, settling time and total time.

(Refer to section 3.7.) Click on Set scope... button to show Scope to observe waveforms related to

settling time. Velocity ripple can be measured in Performance center. Users can observe velocity ripple by

point-to-point (P2P) motion. V max, V min, V avg and Velocity Ripple show the maximum speed,

minimum speed, average speed and velocity ripple of a constant speed phase. Click on Set scope...

button to show Scope to observe the waveforms related to velocity ripple.

= Performance center “

EeENEAD

Velocity
Ripple

Fosition

-B.726948
—1.84135
—B.881944

W max:
V min:
WV avg:

Q) m—

revis

Velocity radius:

| ®\V
elocity Ripple: +-/17.8243 =

i W N
e

Setscope...

% =| (Vmax-Vmin)/ (2*Vavg) | *100%

Figure 6.2.2 Performance center-Velocity Ripple page
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:

V max: The maximum value of velocity ripple

V min: The minimum value of velocity value

V avg: The average value of velocity value

®:
Velocity Ripple: Velocity ripple (Refer to section 3.9.)

For Relative move, users can set desired travel distance. For Jog, press o or B 1o continuously jog
the motor in forward or reverse direction. The motion parameters used for test run are also used for
motion protection. After test run, please reset the parameters. Otherwise, the motor may not reach the

desired speed or acceleration when motion command is sent from the controller.

[~ performance center B e
= BHEAT] T
Position Velocity

ripple
Target radius; 188 count SaEE
Debounce time:| 186.8 msec
Move time: 8.8 msec
Setiling time: 8.8

@ Total time:| 8.8
Enable SW limit

2
P1 | P2
Enable a | A
P S PN

i Primary CG

Position units Speed 508088 countis ©.3006000
count hd Acc| 11715552 countis"2
Dec| 11715552 countis"2

Dec. kill| 23431185 countish2

@ Smooth factor 188
Status

i Hardware enable input
™ Repeat P1 @ GOME] M Software enabled

Dwell time
1008 msec P2 500 GOfE2 mServa ready
= STO function active

Distance
1|5 ance count mPhase initialized

Jog current ﬂM )|
1

A_amp mHomed
Home: ‘

OB © @ ®e

‘ = SW mode

Figure 6.2.3 Performance center-Position page

@ Enable: Enable the motor.

@ Disable (F12): Disable the motor.

® Zero: Set current position as zero position.

® Stop motion: Stop the motor.

@ Position units: Users are allowed to set desired unit. The function is the same as the unit setting in

Quick view.

@ Motion parameters: Parameters for test run and motion protection, including speed, acceleration,

deceleration, Dec. kill and smooth factor. Users can use smooth factor to create S-curve velocity

profile or T-curve velocity profile. The setting range is from 1 to 500. Increase the value of smooth
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factor to have S-curve velocity profile and decrease the value of smooth factor to have T-curve velocity
profile. (Refer to section 3.4.)

© P2P: Point-to-point motion

10 Relative move: Relative motion

3 Jog: Perform continuous motion. In current mode, it is to set current value for continuous motion of

constant current.

(2 Home: Homing

(3 Primary CG: Servo gain
The higher the gain is, the greater the servo stiffness is. Users can use primary CG to adjust servo
stiffness. If the servo stiffness is too strong, the system becomes unstable, causing vibration and
electrical noise. At this time, this value must be decreased.

14 Status: Display status.

15 Enable SW limit: Enable software limit. This function can limit the travel distance of the motor.

6.3 Scope

D1-N servo drive provides Scope for users to observe essential physical quantities during tuning. Users
can also use Scope to find out the cause when the motor cannot be operated. Click on = in
Performance center or Set scope... button to open Scope. Click on Set scope... button in Position page
and Velocity Ripple page to show related physical quantities in Scope. As figure 6.3.1, after the desired

parameter is selected, the waveform of the selected physical quantity can be observed.

Note:
The contents displayed in Scope are not fully real time. To observe detailed information of physical quantity, please

use oscilloscope or Data collection function. (Refer to section 6.4.)
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E Scope. Controllertamuz(0), Axis: X =
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—200

<:> 2008608

1500688
180068
580688
a
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—150088
—2088688

4 Position Error

1 Feedback Position
2 Reference Position
3 Target Poszition

» 4 Position Error

B
10 Feedback Uelocity ﬂq—@
11 @

Reference Uelocity

Uelocity Error
28 Reference Acceleration

Actual Current
Command Current

48 Analog Command

e 41 Bus voltage

2e+b
1e+6 43

—1le+b
—2e+b

PUM command

42 Servo Uoltage Percentage
8IN-finaleg Encoder
a 44 C0S-fAnalog Encoder

Digital hall hits

—3e+b

I2T Accunulator

5B Amplifier Temperature
Soft—thermal Accunulator

26806808 i
12

15008

10808

50800

1 Feedhack Position
D3P rate=15000Hz, Rate=241.6Hz

Fig

Time(s) 5

ure 6.3.1 Scope

@ Physical quantity: Select desired physical quantity to be observed. (Refer to section 3.11.)

@ Unit: Select unit for the selected physical quantity.

@ Channel: Select to display how many channels at the same time.(1 to 8)

@ Time range: Set the time length of horizontal axis. (Unit: second)

Table 6.3.1
Icon Name Description
Open/Close Scope. When Scope is closed and opened
[E@ |Scope On/Off (PageDown) again, Scope will recapture data.
S Change display mode. The supported modes are Normal
gz |View in paper mode (Ctrl+T) modegand PF;pt)alr mode. PP
. Display all the selected physical quantities in one screen.
H
== |Toggle scopes window (PageUp) Click to switch among physical quantities.
= |Fit graph to window Adjust all physical quantities to appropriate scales.
m  |Fit graph to window dynamically /;Srjwﬁici::y physical quantities to appropriate scales

g

Fit graph to window dynamically + clip

The function is the same as above, but the range of vertical
axis will be extended.

Show last data with plot view tool

Display the data of Scope with Plot view tools.

|

Reset scope

Scope recaptures data.

Show all plots in same window

Display all the selected physical quantities in one screen
and they share the same vertical axis.

& K

Open recorder window

Set the physical quantities in Scope for Data collection.
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6.4 Data collection

In addition to observing physical quantities in Scope, users can also use Data collection which provides
more options for data capture, advanced graph display and processing function to observe physical
quantities. Data collection allows users to set sampling time and event trigger to start or stop Data
collection.

6.4.1 Function description

Click on # in figure 6.3.1. The physical quantities selected in Scope will be automatically set for Data
collection.

& Session: 0, slave=0tamuz, Data collection ver 2.100 C=AEET X
File Tools Slaves Sessions
[~ Start event .l samples 50088 ™ Circular
Rate| 1 v Updvars
» ate
) [ stop event Fr-1500@/rate= 15088 Hz ¢ @
dt=1-Fr= B.8666667 msec
sanples*dt= 3.33333 sec
coml, 1152608
@ ariables to be recorded (up to 8)
¥_pos_err 1 % vel fhf £
B_ref_pos 1 ®_enc_pos 1
Start(Fs) 4_@

Graph
8 words-/sample ¢ 16 hytes )

Figure 6.4.1.1 Data collection window

@ Rate and Samples
-Samples: The number of samples
-Rate: Users can set sampling frequency in Rate. For instance, if Rate is set to 1, the sampling rate is
15,000 Hz. If Rate is set to 2, the sampling rate is 7,500 Hz. The maximum sampling rate is 15,000 Hz.
If users set to collect too much data, it is possible that not all the requested data can be successfully
collected due to the limit of communication bandwidth. At this time, users can decrease the number of
physical quantities.
- Dt: Sampling time
- Samples*dt: The total time of Data collection
To increase the total time of Data collection, users can simply increase the value in Samples.

@ The internal variable name of the selected physical quantity

HIWIN MIKROSYSTEM Corp. 6-9
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@ Click on Start button to start Data collection. Click on Stop button to stop Data collection. Click on

Graph button and the collected data will be plotted as graph in Plot view.

@ Set start event and stop event to start Data collection and stop Data collection.

® For more information of Sync function, please refer to section 6.4.2.

>

Note:

Example 1: To capture the graph of one motion cycle

Check the checkbox of Start event and set “X_run” in the field. Check the checkbox of Stop event
and set “X_stop”. After setting, click on Start button and Data collection will be on standby. Data
collection starts as the motor starts to move and stops as the motor stops moving. When Data

collection completes, click on Graph button to obtain the graph.

Example 2: To capture the graph of one speed period

Check the checkbox of Start event and set “X_vel fb>0" in the field. Check the checkbox of Stop
event and set “X_vel fb<0” in the field. After setting, click on Start button and Data collection will be
on standby. Data collection starts as motor speed is greater than 0 and stops as motor speed is less

than 0. When Data collection completes, click on Graph button to obtain the graph.

Example 3: To capture the graph from the time of enabling to the time of disabling
Check the checkbox of Start event and set “I1” in the field. Check the checkbox of Stop event and
set “~I1” in the field. After setting, click on Start button. When enabling (11 = 1), Data collection

starts. When disabling (11 = 0), Data collection stops.

When the checkbox of Upd vars is not checked, Lightening stops updating variables. This can improve the

bandwidth for Data collection. If Start event is triggered by I1 (such as example 3), it should be triggered by

hardware 1/O.

6-10

HIWIN MIKROSYSTEM Corp.



TWI

MD17UE01-1906

D1-N Series Servo Drive User Manual Tuning

6.4.2 Data collection via PDL program

To be more precise on Data collection, users can use Sync function in figure 6.4.1.1 to have more flexible

and real-time Data collection then event trigger. Users need to add a program fragment with title label

“_RecordSync” and set trigger condition or status. Data collection starts as trigger condition or status is

satisfied. The setting instructions are as below.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

An empty task is required for executing _RecordSync. Check if any task is available among task
0 totask 3.

Add the contents below into PDL program.
_RecordSync:

till( ); /I Add trigger condition or status.
rtrs_act=1; // Start to record.
ret; /I Add this line to repeat Data collection each time when trigger condition or status

OCcCurs.

In the parentheses of till(), add trigger condition or status. For instance, input 13 in the

parentheses. The default setting of I3 is right software limit.
Check the checkbox of Sync.

Click on Start button, the program will start to execute function _RecordSync and wait for the
trigger condition or status. For instance, when I3 is ON, Data collection starts. If I3 is ON for

more than once, only the last data will be collected.

Example:

#task/1;

_RecordSync:

till(13); //'13 is ON.
rtrs_act=1; // Start to record.
ret;
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6.5 Plot view

Data collected in Data collection window can be plotted as graph. Plot view window provides

measurement and calculation functions for analysis. There are five areas in Plot view window: menu bar,

toolbar, physical quantity display area, graph display area and timeline scrollbar, please refer to figure

6.5.1.

27 MEGA-FABS Motion Systems, Plot view, Ver 8.52

Menu bar l*Elle View Tools Plots

EEgEw v

£ o B

Toolbar

v pos_err

v vel_fof

200000

Physical quantity display area r

v ref_acc
|

o

- — —

I7 enc_pos

21Mar/2014 02:59:34

10000]
5000)
o

Tl Timeline scrollbar

f '

6.5.1 Display mode

B Number of display channels

Figure 6.5.1 Plot view window

The graphs of physical quantities will be displayed in graph display area. Plot view window displays

the graphs of physical quantities captured in Scope or by Data collection. Users can modify the

number of display channels. The maximum number of display channels is eight. Icons in Plot view

window are described as below.

-8 Set the number of display channels.

-E: Display one channel only.

If users would like to view two graphs at the same time, click on B and select 2 graphs. If users

{ |

would like to view only one graph, click on = and select the desired graph to be displayed, as

figure 6.5.1.1. In figure 6.5.1.1, two physical quantities are captured in Scope or by Data collection.
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File View Tools Plots
|IBEEE =~ |S | | H=tz = [E R QR[] & L= o« 58
All grpahs
¥ | Onlygraph 1 250 g
Only graph 2
Only graph 3 e
Only graph 4 150
Only graph 3
Only graph 6 100
Cnl h7
nly graph 7 =
Only graph 8 k
i il Ty "1k
-50|

-100

-150

-200

-250

21Mari2014 02:59:34 0 1 2 3 7 5

Time (sec)

Figure 6.5.1.1

B Show or hide physical quantities
Uncheck the checkbox of physical quantity to hide the graph of that physical quantity. For instance,
in figure 6.5.1.2, the checkboxes of pos_err and ref_acc are unchecked. Icon in Plot view window

is described as below.

- Click on this icon or press Delete key to hide all physical quantities.

" MEGA-FABS Motion Systems, Plot view, Ver 8.52— [E=RrEN

File View Tools Plots

[EEE-E (S| Fet= 2 [E R R @ L= = [

i

1
0.5
0
-0.5

-1
v vel_fbf 2uuuuu—n ﬂ ﬂ

U V U
-200000)

™ ref_acc 1
0.5

0

= [ExIE

~ EIRIE

w [EIXIE

0.5
=
IR
5000 2
: 0
21/MMari2014 03:54.49 ) q 2 3 4 5

Time (sec)

|Save to: D:\08-FE N E FfH\Figure 5-1\Fig 5-10.gpp

TN

Figure 6.5.1.2
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B Zoom in and zoom out functions
Plot view window allows users to zoom in and zoom out on X axis and Y axis. If users would like to
observe a certain segment of a graph, they can use reference lines to select the desired segment.
Icons on toolbar are described as below.
-I=1: Zoom in on the segment selected by reference lines on X axis.
- *": Undo zoom in function.
- #': Redo zoom in function.
- % : Cancel zoom in function.
-&l: Zoom in on the segment selected by reference lines on Y axis.

L& cancel zoom in function on Y axis.

B Zoom in or zoom out on X axis
As figure 6.5.1.3, if users would like to zoom in on the segment between 2 seconds and 4 seconds,
users can left click and right click on the graph to show two reference lines (blue line and blue dotted
line) to select this segment. Click on I~ to zoom in, as figure 6.5.1.4. Repeat the above steps to see
more closely on the segment between 2 seconds and 3 seconds. Click on *" to go back to the
segment between 2 seconds and 4 seconds. Click on “* to return to the segment between 2

seconds and 3 seconds. Click on * to return to the original graph, as figure 6.5.1.3.

"/ MEGA-FABS Motion Systems, Plot view, Ver 8.52 ‘ ‘ el EhE]

Fle View Tools Plots

EED] i E = & [l Ee D F DY B

—H—t

| ]

¢
I |
|

E8EwE E -

v
Eus_err s

~EIRIE

0f

-200}

I vel_fof 200000
—52.438

~EHIE

0f

w[EIRIE

(=1

-Se+f

|

L1

1 2 3 4
Time (sec
dt=—2_08174 1,dt=0.495688H= dSamp: -38,261
Save to: D:\08-8E) E 5 \Figure 5-1\Fig 5-10.gpp

I enc_pos 10000)
ek

5000}

ol

» EIHIE

21Mar/2014 03:54:49

Figure 6.5.1.3
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i MEGA-FABS Motion Systems, Plot view, Ver 8.52 PSR
Fle View Iook Plots

EE R A = E T

i~ imsferr s /\[\j¥
0)
I -200)

|[W vel_fof 200000
I —53.438

0f

-200000/

IV ref_acc
a Be+B

0

-5e+f

[¥ enc_pos 10000] g
=il

5000 4
0
21/Mani2014 03:54:49 2 25 3 a5 4
Time (sec)
[Save to: D\08-8=12 F fM\Figure 5-1\Fig 5-10.gpp A
4 s s 3

Figure 6.5.1.4

B Zoom in or zoom out on Y axis
If users would like to zoom in on Y axis, users need to press Ctrl key and left click or press Ctrl key
and right click at the same time to show two reference lines (red line and red dotted line) to select a
segment, as figure 6.5.1.5. Click on & to zoom in on the selected segment, as figure 6.5.1.6. At this
time, the values on Y axis are locked and displayed in red. When scrolling the timeline scrollbar, the
locked values on Y axis will not be updated, as figure 6.5.1.7. Click on & to return to the original
graph, as figure 6.5.1.5.

o ]

5/ MEGA-FABS Motion Systems, Plot view, Ver 8.52

Ele View Tools Plots

IBEEE»w (B | b=t & [ @R @M= 2|

9 1
h -200)

| |[¥ vel_mor 200000
I 52.438

0

-200000!

e : I
| /

0f

-Be+f

¥ enc_pos 10000
=1
5000) F)
0
21Mari2014 0354:49 5 o 5 o >
Time (sec)
[Save to: D\0B-E#EF\Figure 5-1\Fig 5-10.gpp A
« I I v

Figure 6.5.1.5
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Fle View Tools Blots
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Figure 6.5.1.6
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[Save to: D08-B&E)FEF B \Figure 5-1\Fig 5-10.gpp
[

Figure 6.5.1.7

m dt, 1/dt and dSamp
When the segment is selected by reference lines, three values (dt, 1/dt and dSamp) will be shown
below the graph as figure 6.5.1.3.
dt: The time of selected segment
dSamp: The number of samples in the selected segment
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B Display a graph in different channel
To display a physical quantity in a different channel, click and hold on the physical quantity until a

dotted line box appears. Then drag the physical quantity to the desired channel.

B Display of physical quantity
To inspect the physical quantity of a specific point in the graph, move reference line (blue line) to that
point. Its value will be shown in the bottom of the window. The value can be displayed in decimal or

hexadecimal format.
_HE'H .

: Display the value in hexadecimal format.

- B : Display the value in decimal format.

6.5.2 Save and open file

In Plot view window, the data can be saved as .txt file, .bmp file or .gpp file. .txt file saves the values of
physical quantities. .bmp file saves the graphs of physical quantities. .gpp file is the only file type which

can be opened in Plot view window. For saving data as .txt file or .bomp file, please refer to below.

-E: save the values of physical quantities as .txt file.

-k&l: Save the graphs of physical quantities as .bmp file.

To save or open .gpp file, please click on File on the menu bar and select Save or Open.

% MEGA-FABS Motion Systems, Plot view, Ver 8.52 l ‘ [wem|oE

File] View Tools Plots

Open EEL Eﬂﬁ# & | M = b F Dy | HE
Save

Open single plot
Save to TXT file H/ }L
Save to TXT file (with Time) ‘ “

Save to BMP file

==Kz

Reset plots V U 2
-ZUUUUJ
W ref acc
a Se-+6j ,[
0 3
-5e+6
o
=1
5000 4
0
21/Mar/2014 03:54:49 0 1 9 x 4 5

Time (sec)

Save to: D\0B-EEZIEF ff\Figure 5-1\Fig 5-10.gpp

Figure 6.5.2.1 Save data as .gpp file
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6.5.3 Calculation functions

Plot view window provides some calculation functions, such as integration, differentiation, addition and
multiplication, etc. Users can directly calculate in Plot view window. Besides, Plot view window also
provides the maximum value, the minimum value, ripple calculation and spectrum analysis of physical

quantity.

B Plot statistics window
Click on ¥ to show Plot statistics window. The window will show the maximum value, the
minimum value, average value, root mean square (Rms), Rip (standard deviation/average value)

and RipA (maximum value-minimum value/average value) of the physical quantity in the selected

segment.
34 Plot statistics ‘ lil_léj
Plot Maximum Winimum
pos_ermr 276 =274 A 0
Long(32 bit) samp: 2,682 samp: 19,126 Rip: 15588.8%
Rms: 422477
RipA  202942%
vel_fbf 212750 -205755 Avr: 1918.87
Float(32 bit) samp: 68,641 samp: 19,310 Rip: 2038.56%
Rms: 39117.4
RipA: 21809.9%
ref_acc 8.25180e+G -8.68242e+6 A -3433.88
Float(32 bit) samp: 2,682 samp: 69,199 Rip: -41396.7%
Rms: 1.42151e+6 |
RipA  -493153% [ |
\ enc_pos 10,077 38 AV 5,445 |
Long(32 bit) samp: 36,510 samp: 52,910 Rip: 89.725%
Rms: 4885.93
RipA. 185.752%
Range: 0.. 78866, delta=78867, total 73867 Ts=6.86667e-5
I—

B Calculation function

Click on Tools on menu bar and select Math operation or click on

Figure 6.5.3.1 Plot statistics window

* to open Math operation

window, as figure 6.5.3.2. Take adding two physical quantities as an example here. Select Linear

and select pos_err and vel_fbf from the drop-down list. Set name and color in New plot name field.

After that, click on Create button to create a new graph, as figure 6.5.3.3.

6-18

Math operation

=]

jﬁ Plot1
0s_Eerr
| "
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~
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Figure 6.5.3.2
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7 MEGA-FABS Motion Systems, Plot view, v«s,sz_ =
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Figure 6.5.3.3

B Fast Fourier transform (FFT)
Click on ¥ to show FFT window as figure 6.5.3.4. Select physical quantity to do fast Fourier
transform. Take pos_err as an example here. Click on Run FFT button to generate the graph as

figure 6.5.3.5. To cancel fast Fourier transform, please click on %

TET . W
l—_l Samples: 78,867
pas. G i Heer Power 2: 131872
 Extend to PouwerZ, 2,228,224 steps
" Extend to Power2 hy zeros. 2,228,224 steps

" Extend to Pouer2 cycly, 2,228,224 steps
& Direct FFT, 12145518 steps

Run FFT Stop Cancel

steps: B

Figure 6.5.3.4
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Figure 6.5.3.5
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B Natural logarithm
Click on to display the values of X axis in logarithmic form. The function is only available after

fast Fourier transform completes.

6.6 Advanced gain tuning

Reduced time of move and settling, small position error and smooth velocity are often preferred when
performing servo control via servo drive. The performance can be improved by gain and parameter
tunings. For D1-N servo drive, the simplest way to enhance the performance of the motor is to adjust
common gain (Primary CG). The greater the common gain is, the stronger the servo stiffness is.
However, if servo stiffness is too strong, system vibration or electrical noise may occur. These

phenomena may vary with mechanism.

-
+~ Performance center i ‘ lglﬁlg
= - Advanced gains
s ¢ EO)
Position Welocity
ripple
Target radius: Too count Set scope
Debounce time:| 168.8 msec
Move time:| 8.8 msec
Settling time:| B.A0

Total time:| 8.0

™ Enable SW limit

P1 | P2
] B (bR
[

Motion parameters T
Position units Speed 500060 count's 0.300000
count hd Acc[ 11715552 countis2
Dec|11715552 countist2
Dec. kil 23431185 count/s"2

Smooth factor| 188

Common gain

St
B Hardware enable input

M~ Repeat P18 GOMNET m{ Software enabled

Dwell time:
1060 msec PZ/508 GOMP2 M seno ready
B STO function active

M Phase initialized

Distance
1

count
Jog current ﬂM HNloing

A_amp MHomed
| = 3M mode

i
Hume|

Figure 6.6.1 Performance center

If the desired performance cannot be achieved by simply adjusting common gain, D1-N servo drive also
provides advanced gains for advanced tuning, including filter, acceleration feedforward (Acc
feedforward), schedule gains and velocity loop gain (Schedule Gains + vpg), analog input and current

loop.
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6.6.1 Filter

Two filters are provided in the servo drive. They can be set as low-pass filters or notch filters to eliminate
high-frequency vibration and deal with resonance frequency to enhance controlling performance.
Frequency analyzer is commonly used to analyze system characteristics when configuring a filter. Click
on Bode... button in figure 6.6.1.1 to open simulation interface for Bode plot.

|® Advanced gains ‘ ‘ E@Iﬂ—hj
Filter Acc Schedule Analog current VSF Friction
feedforward | Gains +vpg input loop Compens’
Bode...
Filter 1 Filter 2
1.fr| 208 . 808 f2.fr| . a0088A
x| B.787187 f2.xi| B.787008
I f1.k1 B.888808 f2 k1| 8. BBBBBA
| f1.k2 B.8888600 f2 k2| 8. BBBBBA
(¢ Low pass filter  cut-off frequncy| 288 + Lowpassfiter  cut-offfrequncy 200
™ Motch filter Motch frequncy| 208 " Maotch filter Motch frequncy| 2688
" Disable filter " Disable filter

Generate filter Generate filter
IV Activate f3

Figure 6.6.1.1 Filter

B Low-pass filter

For how to set a low-pass filter, please refer to below.

(1) fr: fr is the cutoff frequency (Unit: Hz). For normal application, user can set cutoff frequency to
500 Hz. For other application, user can consider decreasing the value of cutoff frequency. If the
cutoff frequency is set to be too low, it may affect the controlling performance.

(2) xi: Damping ratio (Setting range: 0 to 1)

(3) k1:0

4) k2:0
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B Notch filter

|2 PID filter

 Gain

& Gain(db)
" Phase
-

 Nyquist
 Phase Gain

" Nichols

v Points

@ Hertz.
" Radisec

Full screen

1
Siep [@.05

Filter coffiecents

First
fr 988

¥ 08.707107
Kl
k2

fra

¥ 8.787 Set default

ki@ Disable filter
. Help

Second

Figure 6.6.1.2 Low-pass filter

When resonance frequency (For instance, resonance frequency between 10 to 250 Hz.) occurs and

cannot be fixed by modification of mechanism or improvement of design, users can consider using

notch filter. The setting of notch filter is usually based on the result of frequency analysis, please

refer to chapter 10. For how to set a notch filter, please refer to below.

(1) fr: Cutoff frequency (Unit: Hz)
(2) xi: Damping ratio (Setting range: 0 to 1)

When the value is closer to 0, the filtering frequency band is narrower. When the value is closer

to 1, the filtering frequency band is wider.

(3) k1:0
4) k2: 1

6-22

¢ eain dainfdo
& Gain(db)
¢ Phase ""“\‘\ /y’"
o 5
 Nyquist \ J
" Phase Gain 10
 Nichols \ j
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Full screen l I i
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| U 40 l
10 100 1000
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Figure 6.6.1.3 Notch filter

HIWIN MIKROSYSTEM Corp.



HIWIN.

MD17UE01-1906
D1-N Series Servo Drive User Manual Tuning

m  Automatic resonance suppression filter
Automatic resonance suppression filter (f3) will be automatically set and activated as auto gain
tuning completes. If resonance cannot be suppressed by automatic resonance suppression filter (f3)
after auto gain tuning, go to Advanced gains window and uncheck the checkbox of Activate f3, as

figure 6.6.1.1. Manually adjust Filter 1 and Filter 2 to suppress resonance.

6.6.2 Acceleration feedforward

Position error is usually greater during acceleration or deceleration. In application with large moving mass
or moment of inertia, this problem is more likely to occur. Users can set acceleration feedforward
parameter to effectively decrease position error during acceleration or deceleration. For how to adjust

acceleration feedforward, please refer to below.

Step 1: Press Set scope... button to show Scope window.
Step 2:  Set the value of Acc feedforward gain to 0.

Step 3:  Perform point-to-point (P2P) motion at the desired maximum acceleration.

|=. Advanced gains 1 L = | B |
Filter Acc Schedule Analog current VSF Friction X
feedforward | Gains +wpg | input loop Compens’

Acc feedforward gain
8. 88088

Tune acc feedforward gain

1. Press Setscope...

2. Set Acc feedforward gain to 0.
3. Let motor move atthe desired high acceleration.
4. Write down the maximum Command Current during acceleration from the scope.

5. Write down the according maximum Reference Acceleration from the scope.

6. Calculate max. Command / max.Reference Acceleration.
7. Putthe resultinto Acc feedforward gain.

8. See the position error reduced.

Figure 6.6.2.1 Acceleration feedforward
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Step 4: Record the maximum command current during acceleration. In figure 6.6.2.2, the maximum
command current is 16. When the motor starts to move, Scope will be as figure 6.6.2.2. Use the
icon indicated in figure 6.6.2.2 to show one physical quantity only. Repeatedly click on the icon

to display the graph of command current, reference acceleration or position error.

—= Scope: Axis: X_

Toggle scopes
windows (Page Up)

3|

Reference acceleration is
950,000 count/s"2.

@ Ei

~||

a m.-u‘l‘..# r,J‘Mw.--.JlM‘ ‘-\1‘,‘-‘-.-“.-:.1{”\ ‘-\-A-JLWM *"1..._
-58 i |
4 Position Error -1 |count
DSP rate=15000Hz, Rate=211.6Hz Time(s) 18

Figure 6.6.2.2 The motion trajectory of the motor

Step 5: Record the maximum reference acceleration during acceleration. In figure 6.6.2.2, the
maximum reference acceleration is 950,000 count/s*2.

Step 6: Divide command current by reference acceleration.

Acc feedforward gain = command current/reference acceleration = 16/950,000 = 1.68421e-5

Step 7: Input the result of step 6 into the field of Acc feedforward gain, as figure 6.6.2.3.

|® Advanced gains O | B S

Filter Acc Schedule Analog current WSF Friction .
feedforward | Gains +vpg | input loop Compens’ J

Accfeedforward gain
1.68421e-5

Figure 6.6.2.3 Acceleration feedforward gain

Step 8: Observe if the position error has decreased, as figure 6.6.2.4. The position error has decreased
from 90 counts to 65 counts.
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Figure 6.6.2.4 After adding acceleration feedforward gain

6.6.3 Schedule gains and velocity loop gain

B Schedule gains

A complete motion can be divided into three phases. (Refer to section 3.7)

(1) Move: From the start to the end of path planning
(2) Settling: From the end of path planning to in-position

(3) In-position: In-position signal is sent.

Schedule gains are used to adjust the gains of different phases (Move, Settling and In-position).
Gains will be adjusted in proportion to common gain (CG). When the setting is 1, it means the original
common gain (CG) will be used. When the setting is less than 1, it means the gain is decreased. The

corresponding parameter of each phase is listed below.

(1) Moving: X_sg_run

(2) Settling: X_sg_stop

(3) In position: X_sg_idle

If common gain (CG) is set to 0.5 and X_sg_run is set to 1.2, the gain will be changed to 0.5%1.2 =

0.6, when motor is moving. Schedule gain can help to change gain to fit different phase.
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s L T e

| Fitter Acc Schedule Analog Current Friction . |
feedforward  Qains +vpg input loop compens’

—Schedule gain vpg...

Veloci Velocity loop gain (primary vpa)

B.0008586713

Freq analyzer

sg_run sg_stop sg_idle
[1.088 [1.080 (1008

Moving Settling In position

—Scheduled gains according to /O

Secondary CG Secondary vpg
A.300000 Copy from primary CG Copy from primary vpg |

Figure 6.6.3.1

B Velocity loop gain (vpg)
Velocity loop gain (vpg) is an internal control parameter of D1-N servo drive. The initial value of
velocity loop gain is automatically calculated from the parameters set in Configuration center.
Normally users do not need to modify the value. If needed, users can use Freq analyzer to adjust the

value again, please refer to below.

Step 1: Click on Freq analyzer button to show Freq analyzer window, as figure 6.6.3.2.
Step 2:  Click on Enable button.

- T T
F Freq analyzer junior 1.16, s1=0 o o [
[Fle Modes View ]
" Gain Fr.[7588 Step fdcol Dcbl Current
& {Gain(db) plant plant
 Phase Amplitute| 18. 6666 Close loop dcbl gain
" ph(deg) | Signal offs| @ vpg:
 Nyquist Signal[Rdistwrd |
e e Input (REEBRRSRANI | | Load e
" Nichols Output[X_vel_£b

Set defaut
W

o™ Paints Run Send | freq. range
7 2Win

I odb cut

I & Hertz Enable Gain(db

[© Radisec

| SM enable

Full scr |
E Disable
o
_ZPhase Initialized
= Sh mode
sm_ampl(0.1%;
cirinf_ | 33, ss?its :
delete
delete 3l
stap
Idle time =
0.1
Data time £
8.1
Min cycles
R |
-10
Step
a.1 10 100 1000
5 Herz 2560
- -—— — =

Figure 6.6.3.2
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Step 3: Click on Run button to start frequency analysis. The motor will firstly vibrate at low

frequency and then generate a high-frequency sound. A frequency response graph will

appear as figure 6.6.3.3 after completion.

e B B Y
File Modes Wiew
" Gain Fr.[7568 | Step./dcbl Dcdl Current
= Gain(db) plant plant
" Phase Amplitute | 16. 6066 Close loop dcbl gain
¢ phi{deg) || Signal offs & wpg:
" Nyquist Signal| B_disturh
+gain npu comman Load: Loop -=
; EJTD“QO‘S o:ngui ::uel_fhd M
_||F Paints Run fSr:;dre;:ﬁ:!
&
[v Odb cut
' i ;:Zfzseg - Gain(db) L
Full scr gsna ¢
4 Disable //\ 4
Enabled \ d
_MPhase Initialized
s made \\ g
orint || e \ L
delete
delete all \ A4
N
Idle time \_\ éD
a.1 V
Daafalt\me ho
Min cycles
1 1]
Step
a.1 10 100 7000
5 Herz 7500
Figure 6.6.3.3
Step 4: Left click on the graph to show a reference line (-20dB). Move the reference line to the
frequency response line, as figure 6.6.3.4. The gain will be recalculated and updated in the
field of vpg. The gain is increased when the reference line is moved downward. The gain is
decreased when the reference line is moved upward.
Step 5: Click on Send button to send velocity loop gain to the servo drive. If users would like the

gain to be accessible after power off, please save it to the servo drive Flash.
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Figure 6.6.3.4

6.6.4 Offset correction for analog input

When using voltage mode, the voltage command sent from the controller could have DC bias. This could
distort command and affect performance. D1-N servo drive provides offset correction for analog input.

Click on Set Offset button to automatically measure offset and proceed offset correction.

|=. Advanced gains % = | B ||
Filter ACC Schedule Analog current VSF Friction )
feedforward | Gains +vpg  input loop Compens’
=l
]
]

48 Analog Command —18.212 nU
DSP rate=15000Hz, Rate=438.9Hz Time(s) 18
Offset
Analog input offset| O . 00O mv

Set Offset

Figure 6.6.4.1 Analog voltage input
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6.6.5 Current loop

The gains (Ki and Kp) of current loop are calculated according to the motor parameters and do not need
to be adjusted again. However, if the motor parameters are not correctly set, users can use these gains
for adjustment. The current filter is a low-pass filter which can be set according to the result of frequency
response. If current loop gains are set to be too large, noise may occur. At this time, please decrease the

frequency of low-pass filter. For instance, set the value to 500 HZ.

|®. Advanced gains = | B [
Filter Acc Schedule Analog Current VSF Friction )
feedforward | gains +vpg input loop compens’
Pl parameters
Ki| 269.231
Kp| 956 .898
Currentfilter
Frequency B .8800688 Hz
Default
Damping factor(xi)| 8. 7876088

Freq analyzer

O —— e e e e

Figure 6.6.5.1 Current loop

6.6.6 Vibration suppression filter

Vibration suppression filter (VSF) is used to suppress vibration during motion. For instance, when the
motor is used with robotic arm with end effector, the vibration could be greater during motion. Users can
set Frequency and VSF factor in VSF tab of Advanced gains window. Check the checkbox of enable
VSF to suppress vibration. The setting range of Frequency is from 0.1 to 200 Hz. The setting range of
VSF factor is from 0.7 to 1.5. Normally it is suggested to set VSF factor to 1.0, as the default value.
Please be noted that do not check or uncheck the checkbox of enable VSF when the motor is moving.
Otherwise, unexpected vibration or error may occur. Below are the instructions of finding vibration

frequency and enabling vibration suppression filter (VSF).
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Step 1:  Set desired acceleration, deceleration and travel distance. Perform point-to-point (P2P) motion.
Step 2:  Open Scope and observe position error and reference velocity, as figure 6.6.6.2.

Step 3: Click on (Plot view) in Scope window for analyzing waveforms.

|=. Advanced gains = | B i
Filter Acc Schedule Analog current VSF Friction .
feedforward | Gains +vpg input loop Compens’
™ enable VSF
Frequency | @.000888 Hz (0.1 ~200)
VSF factor | 1.00088 (0.7 ~ 1.5)

VEF(Vibration Suppression Function) is feature which may help to eliminate low frequency
vibration during motion.

1. Use scope or data collection tool to review the frequency of vibration during motion.
2. 5et WSF factor to the range recommended above. a value of 1 will be good in most cases.

Figure 6.6.6.1 Vibration suppression filter

W"i I\Ih"'\ m i H ||rlll Hw |r\ |}'\"”‘ M i

5 |‘

i

2 Reference Position count
Time(s) 18

Figure 6.6.6.2

Step 4: As motion command completes, enlarge the graph of position error. Select the desired

segment, as figure 6.6.6.3. Click on to zoom in on the segment. For related operation,
please refer to section 6.5.
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Figure 6.6.6.3

Step 5: Clickon £ in Plot view window to do fast Fourier transform of pos_err, as figure 6.6.6.4.

Samples: 2638
Heer Pouwer 2: 16,384

" Extend to PouerZ, 229,376 steps
" Extend to Power2 by zeros, 229,376 steps

" Extend to PowerZ cycly, 229,376 steps
s Direct FFI, 1,187,458 steps

Cancel

Click to run FFT.

Figure 6.6.6.4

Step 6:  After fast Fourier transform completes, the graph will be shown as figure 6.6.6.5.

| - MEGA-FABS Motion Systems, Plo

Fle View Tools

EE R EHE R - == A R

W Amp
8.0174486

Ir Arg
-188.534

[# DB
-35.1688

1:26:3
19.72,2011 2908 4068

FFT pos_err Frequency {Hz>
dF=283 .3823H=

Figure 6.6.6.5
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Step 7:  Zoom in on the segment of low frequency and record the maximum amplitude of vibration
frequency, as figure 6.6.6.6.

Step 8: Input the frequency of low-frequency vibration into the Frequency field in VSF tab of Advanced
gains window. In figure 6.6.6.6, the frequency of low-frequency vibration is 6.7 Hz.

— [————
“zf MEGA-FABS Motion Systems, Plot view, Ver 8.37 E

File !ie_w Toaols
ELEEREINEEEREEE = FEIRE R
v Amp
2.68161
I 09 2189 : Move to the maximum amplitude g

8
[ DB
8.5679 P g
2

Frequency of

1:26:3 low-frequency vibration
19.-2-2811 a 188 158
Frequency (Hz=>»
FFT
R F=Mz Samp:
A
< [l G

Figure 6.6.6.6
Step 9: Check the checkbox of enable VSF to enable vibration suppression filter (VSF), as figure
6.6.6.7. Please be noted that do not check or uncheck the checkbox of enable VSF when the
motor is moving.

Acc Schedule Analog current Friction |
feedforward | Gains +vpg | input loop Compens’

¥ enable VSF

Frequency | b . 70008 Hz (0.1 ~ 200)

VSF factor | 1 - 00000 (0.7 ~15)

VSF(Vibration Suppression Function) is feature which may help to eliminate low frequency
vibration during motion.

1. Use scope or data collection tool to review the frequency of vibration during motion.

2. 3etVSF factor to the range recommended above. a value of 1 will be good in most cases.

Figure 6.6.6.7
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Step 10: After vibration suppression filter (VSF) is enabled, the position error has decreased as the

motor stops.

e Scope: Axis: X_

4k m

.|E
g
|
3

=
&

11 Reference Uelocity count/s

2 Reference Position count
Time(s) 38

Vibration suppression filter (VSF) is disabled. ! Vibration suppression filter (VSF) is enabled.
1

Figure 6.6.6.8

6.6.7 Friction compensation

The efficiency and function of motion could be affected by the mechanical friction from transmission

component. D1-N servo drive provides friction compensation to reduce the effect of friction.

|=, Advanced gains | S
Filter Acc Schedule Analog current VSF Friction
feedforward | Gains +vpg | input loop Compens”
friction compensation B - BAABAA 0.1% drive peak cur

Tune friction compensation

1. Press Setscope

2. Set Friction Compensation value to 0.

3. Put Dwell time to 500ms

4. Let motor move back and forth at the desired velocity.

5. Observe the command during constant speed motion, and calculate average value

6. Put the average value into Friction Compensation values

7. See the position error at the start of motion reduce

Figure 6.6.7.1
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For how to apply friction compensation, please refer to the instructions below.
Step 1:  Click on Set scope... button to show Scope window.

Step 2:  Set friction compensation in figure 6.6.7.1 to 0.

Step 3: Set Dwell time to 500 ms.

Step 4: Set desired speed and perform point-to-point (P2P) motion. Observe position error in Scope
window. It is suggested to apply friction compensation if the positon error is greater when the
motor starts to move, as the left part of figure 6.6.7.2.

Step 5: Observe command current when the motor is moving at constant speed and calculate its
average value. As figure 6.6.7.2, the average value of command current is 20.

Step 6: Input the average value from step 5 into the field of friction compensation.

Step 7:  Observe if the position error when the motor starts to move has decreased, as the right part of
figure 6.6.7.2. The position error has decreased after friction compensation is applied.

[E7 MEGA-FABS Motion - TVer L= )
B

"EEEREI BV IR | 5 e A | @ L e m r B[ 5 |

= [=lxiE

Position error is greater
as the motor starts to
move.

g

58888

R
:
» EIxiE «Elxiz

20|

—28|
8)
ic

Constant speed motion

=iz

6:56:36
25-18-2011 . . . . 28
Friction compensation is not applied. | <gu—"

Samp: 361,388l

25 38

- i
—
I

[ =y Friction compensation is applied.

Figure 6.6.7.2 Friction compensation

6.7 Loop constructor

In Loop constructor, users are able to check the stability of control system. Loop constructor supports
spectrum analysis tools, such as Nyquist plot, Nichols plot and Bode plot and allows users to adjust filters
and gains (vpg, vig, ppg and CG). Users can directly observe the frequency response of control system
and adjust parameters in Loop constructor. To open Loop constructor window, click on Tools on the
menu bar and select Loop constructor from the submenu, as figure 6.7.1. The interface of Loop

constructor is shown in figure 6.7.2.
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6.7.1 Load/save file

Figure 6.7.2

When using Loop constructor to analyze control system, the control system and gains must be loaded

first. Click on File on the menu bar and select Load from the submenu. The three loading methods are

described as below.

(1) Load plant + gains from file...: Load .lop file. Control system and gains will be loaded.

(@)
3)

HIWIN MIKROSYSTEM Corp.

Load plant from file...: Load .fgr file. Control system will be loaded.
Load gains from file...: Load .gns file. Control gains will be loaded.
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Figure 6.7.1.1

After analyzing control system in Loop constructor, users can save the control system and gains. Click on

File on the menu bar and select Save from the submenu. The three saving methods are described as

below.

(1)
(2)
3)

§i Loop constrmctor 0.21

Save plant + gains to file...: Save as .lop file. Control system and gains will be saved.
Save plant to file...: Save as .fgr file. Control system will be saved.
Save gains tofile...: Save as .gns file. Control gains will be saved.

Fil: [t

» fanh selection

Fosloop

Load el laop
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6.7.2 Tool

®

The spectrum analysis tools of Loop constructor can simulate and analyze the Nyquist plot, Bode plot and
Nichols plot of control system. The frequency response of control system can be obtained by using

spectrum analysis tools.

6.7.2.1 Frequency response function

Frequency response can be expressed in the transfer functions of dynamic system which show the
relationship between input signals and output signals. The control architecture of the servo drive is shown
in figure 6.7.2.1.1.

Y(s)

Current feedback

Velocity feedback

d/dt

Position feedback

Figure 6.7.2.1.1 The control architecture of servo drive

(1) U(s): System input (Servo drive command)

(2) Y(s): System output (Position feedback of encoder)

(3) Plant: PL(s) is the relationship between servo drive command and feedback position. Plant includes
mechanical platform, motor and feedback system.

(4) Controller: P(s) is the position loop controller. V(s) is the velocity loop controller. C(s) is the current

loop controller.

(5) Open loop: The transfer function of open loop system is G(s) = P(s)*V(s)*C(s)*PL(s). All feedback
signals are ignored.

(6) Closed loop: The transfer function of closed-loop system is T(s)= P(s)*V(s)*C(s)*PL(s)/((d/dt*
P(s)*V(s)*C(s)*PL)+ P(s)*V(s)*C(s)*PL).
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6.7.2.2 Nyquist

Select Nyquist in Loop constructor window to simulate and analyze the frequency responses of velocity
open loop (Vel open loop) and position open loop (Pos open loop) of control system. Check the checkbox
of Vel open loop or Pos open loop to simulate and analyze its Nyquist plot. The checkboxes of Vel
open loop and Pos open loop can be checked at the same time. The Nyquist plot of position open loop
is shown in figure 6.7.2.2.1.

Click on the curve to display frequency response value to analyze control system.

(1) Vel open loop: Show the frequency response of velocity open loop.

(2) Pos open loop: Show the frequency response of position open loop.

R — 9 EE3
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vy 314 Ul o handwidth: 190.3Hz bandwidth: 9.6Hz
Fitter | Filtsr o Gain = Myt v
EE ! z ~[0[T
o Gain{dh) (|1
1.1 " Phase 1q
flxi 8.787 e
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flkz @ " MNichals
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L) I odoedt ||,
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Figure 6.7.2.2.1 Nyquist plot of position open loop

6.7.2.3 Bode

Select ph+gain in Loop constructor window to simulate and analyze the frequency responses of
velocity controller (Vel controller), velocity open loop (Vel open loop), velocity closed loop (Vel close loop),
position controller (Pos controller), position open loop (Pos open loop) and position closed loop (Pos
close loop). Check the checkbox of the desired item to simulate and analyze its Bode plot. The above six
items can be simulated and analyzed at the same time. Click on the curve to display frequency response
value to analyze control system.
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(1) Vel controller (Velocity controller): Frequency response of velocity controller

(2) Vel open loop (Velocity open loop): Frequency response of velocity open loop
(3) Vel close loop (Velocity close loop): Frequency response of velocity closed loop
(4) Pos controller (Position controller): Frequency response of position controller
(5) Pos open loop (Position open loop): Frequency response of position open loop

(6) Pos close loop (Position close loop): Frequency response of position closed loop
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File  View
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Figure 6.7.2.3.1 Bode plots of velocity closed loop and position closed loop

6.7.2.4 Nichols

Select Nichols in Loop constructor window to simulate and analyze the frequency responses of velocity
open loop (Vel open loop) and position open loop (Pos open loop). Check the checkbox of Vel open loop
or Pos open loop to simulate and analyze its Nichols plot. The checkboxes of Vel open loop and Pos
open loop can be checked at the same time, as figure 6.7.2.4.1. Click on the curve to display frequency

response value to analyze control system.

(1) Vel open loop (Velocity open loop): Frequency response of velocity open loop

(2) Pos open loop (Position open loop): Frequency response of position open loop
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Figure 6.7.2.4.1 Nichols plots of velocity open loop and position open loop

6.7.3 Filter

Two filters are provided for the control loop of the servo drive to deal with high-frequency noise, machine
vibration or insufficient structural stiffness.

6.7.3.1 Low-pass filter

Low-pass filter in control loop is used to suppress high-frequency noise or machine vibration. Figure
6.7.3.1.1 shows the Bode plot of low-pass filter. Modify the parameters of filter (fr and xi) to simulate how

the filter affects the frequency response of the control system.

(1) fr: fris the cutoff frequency (Unit: Hz). For normal applications, users can set cutoff frequency to 500
Hz. For other applications, users can consider decreasing the value of cutoff frequency. If the cutoff
frequency is set to be too low, it may affect the controlling performance.

(2) xi: Damping ratio (Setting range: 0 to 1)

(3) k1: Low-pass filter =0

(4) k2: Low-pass filter = 0
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#i Loop constructor 0.21
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Figure 6.7.3.1.1 Low-pass filter

6.7.3.2 Notch filter

When resonance frequency occurs and cannot be fixed by modification of mechanism or improvement of
design, users can consider using notch filter. Figure 6.7.3.2.1 shows the Bode plot of notch filter. Modify
the parameters of filter (fr and xi) to simulate how the filter affects the frequency response of the control
system.

(1) fr: Cutoff frequency (Unit: Hz)

(2) xi: Damping ratio (Setting range: 0 to 1)
When the value is close to 0, the filtering frequency band will be narrower; when the value is close to
1, the filtering frequency band will be wider.

(3) k1: Notch filter=0

(4) k2: Notch filter = 1
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B Loop constructor 0.21
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Figure 6.7.3.2.1

6.7.4 Gain tuning

Loop constructor allows users to adjust velocity loop gains (vpg and vig), position loop gain (ppg) and
common gain (CG) to simulate the stability of the control system after gain tuning.

E Loop constructor 0.21
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Figure 6.7.4.1 Gain tuning in Loop constructor
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®  Velocity loop

The gains of velocity loop are vpg and vig. vpg is the proportional gain of velocity loop. vig is the

integral gain of velocity loop.

(1)

(2)

vpg: Adjusting vpg will affect the transient response of velocity loop and increase the bandwidth

of velocity loop.

vig: Adjusting vig will affect the steady-state error of velocity loop. The system may become

unstable if vig is set to be too high.

B Position loop

The gain of position loop is ppg. ppg is the proportional gain of position loop.

(1)

Adjusting ppg will affect the transient response of position loop and increase the bandwidth of

position loop.

6.7.5 Spectrum analysis

The gain margins, phase margins and bandwidth of velocity loop and position loop are provided in Loop

constructor window for users to adjust gains to simulate the stability of the control system after gain

tuning. In Loop constructor window, P margin means phase margin and G margin means gain margin.

For further information of gain margin and phase margin, please refer to section 3.6.
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Figure 6.7.5.1 P margins and G margins in Loop constructor
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6.8 Checking encoder signal

Encoder provides the servo drive with information such as position and angle to complete servo loop

control. Users can check if the encoder signal is normal or not via Lightening.

B Checking encoder signal

Click on == in Performance center window or select Encoder test/tune from the submenu of

Tools to open the window for checking the encoder signal. The windows for digital encoder and
analog encoder are different.

View

. Encoder type: Digital
e

I Position 26 .878 mmI

Figure 6.8.1 Digital encoder

=loi x|

Wiew

X Encoder type: Analog
]

I Position) —1843593 cnuntl

Lissajous offsetiscales
enc_cos_g 1.6000008
enc_sin_g 1 .00888
enc_c_ofs B.000008
enc_s_ofs B.880088

m.

Figure 6.8.2 Analog encoder

B Checking encoder value
Digital encoder signal and analog encoder signal are digital pulse and sine wave signal with 90
degrees phase difference. Manually move the motor for a known distance and check if the value in

Position field is the same. When using analog encoder, use Lissajous figure to check if the signal is
normal.
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B Checking index signal
Use Index indicator in figure 6.8.1 or 6.8.2 to check if the Z-phase signal of the encoder is normal.

Index indicator becomes green as the servo drive receives Z-phase signal.

B Lissajous figure
When using analog encoder, use Lissajous figure to check if the signal is normal. Normally the
Lissajous figure of analog encoder signal must be a circle. The radius of that circle should be 977.4
to 1,954.8. If the radius is not within this range, it means the signal is too strong or too weak and the
encoder must be readjusted. To obtain Lissajous figure, the motor must move to let the encoder
output signals, as figure 6.8.2. If the motor does not move, there will be no circle, but only a dot in the

display area.

Besides, if the Lissajous figure is not ideal due to different amplitudes of analog encoder signals or
the center of the circle is not in the center of the display area due to zero level offset, click on Tune
button for adjustment. To use this function, the motor must move slowly and let the encoder outputs

signals for at least 10 grating periods.

6.9 Error map function

The positioning accuracy is determined by the linear encoder installed on the positioning platform.
Normally the positioning accuracy of the positioning platform can be measured and corrected by laser
interferometer. With laser interferometer, the errors can be obtained. D1-N servo drive provides a function
called Error map function, which allows users to input the errors. With the information, the servo drive is
able to calculate compensation value between fixed distances by linear interpolation to improve
positioning accuracy. In Error map window, users need to set Interval and Total points before inputting

the errors.

Note:

1.  The home position is the start position for Error map function to compensate in forward direction. Please
perform homing before using Error map function.

2. If controller would like to receive feedback pulses from the servo drive and enable Error map function at the

same time, select Use emulated encoder in Encoder tab.

6.9.1 Setting error map function

To use Error map function, please refer to the instructions below.

Step 1:  Open Application center and select Error Map tab.
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Step

Note:
1.

6-46

Load Error map table from Flash
Save Error map table to Flash
Compare Error map table in Flash

|F\|e Flash View
A

"\ ———
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Figure 6.9.1.1 Error map page

2: Set Interval and Total points. Input the errors into the fields of Error. Users are allowed to use

different units. In figure 6.9.1.1, the compensation range is from 0 to 1,000 mm. Interval is set

to 100 mm. Total points is set to 11. The errors in the fields of Error are obtained by laser

interferometer. Each value represents the positioning error at each target position. For

instance, for target position 100 mm, the actual position measured by laser interferometer is

100.002 mm.

—Map atiributes

Imerval: 188 i i
Total points [T Reminding users that the

MR modified compensation value
* Data different from flas has not been saved to the
servo drive Flash.

Index Position

mm mm
0. 0 [@
7 100 (o8
2 200 [
a 300 [,
4. 400 | [—&
5 w00 omia
6. 600 [
4 700 [@
. 500 [@-8
. o00| [o-baE
10. 1000 [

Figure 6.9.1.2 Setting Error map function

After inputting errors into the fields of Error, the input values will be rounded to integer multiples of encoder

resolution. For instance, if the encoder resolution is 2 um, input value 1 ym will be converted to 2 ym. If input

value is 0.5 pym, it will be converted to 0 um.
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2. The smallest digit of displayed accuracy is in third decimal place. Please select appropriate units for Position

and Error.

When using Error map function with torque motor, no matter how many revolutions the torque motor has run
for, as long as the position is the same, the compensation value is the same. Set the compensation points for
one revolution in the field of Total points. At this time, Interval cannot be set.

Step 3: Check the checkbox of ™ Emormapenable

Step 4: Click on Flash on the menu bar and select Send table to Flash. If other parameters
(parameters not related to Error map function) have been modified but have not been saved to

the servo drive Flash, the window shown in figure 6.9.1.3 will appear. If not, please go to step 6.

Compare parameters RAM to FLASHA‘ ﬁ

51 parameters are detectedto be changed in RAM from Flash

Send error map will reset controller and parameter new values will be lost.
Consider to do save parameters to flash before you do send error map table to flash.

Press 'Continue’ to send error map table to flash anyway
Press 'Cancel' to cancel

Clicking on Continue button to save
Error map table to the servo drive
Flash will reset the servo drive, so it is
suggested to save the modified

parameters to the servo drive Flash
first.

Figure 6.9.1.3

Step 5:  Click on Cancel button to return to the main window. Save parameters to the servo drive Flash.
Then go to step 4 again.

Step 6: Click on Yes button to save Error map table to the servo drive Flash. After that, the servo drive
will be automatically reset.

confirm M

| Load error map table to flash?

Yes button e Cancel button

Figure 6.9.1.4
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6.9.2 Enabling error map function

After Error map table is set in the servo drive, the servo drive is able to compensate the errors after

homing. D1-N servo drive provides two ways of homing, please refer to below.

(1) Homing with controller
Set input function Home OK, start err. map. (Refer to section 5.4.) We assume the digital input of
this input function is 15, as figure 6.9.2.1. The controller sends pulse command or analog command
to the servo drive to let the motor move to the home position. After that, the controller input signal via

I5 to the servo drive to enable Error map function.

-

Inputs Outputs

X6
State  Invert

<

12 |Left {-> limit switch

<

I3 |Right (+» limit switch

<

14 |Near home sensop

<

m

IIS Home OK.start err. map

16 |Not configured

<

I7 |Hot configured

<]

I8 Mot configured

<

19 |Hot configured

<

10| Not configured

<

KIEEIRENE (K K IRE
EEsssnnsEn
<|

Figure 6.9.2.1

(2) Homing in stand-alone mode

Open Performance center, click on M (Refer to section 6.2.)

®  How to check if Error map function is enabled
If users would like to check if Error map function is enabled or not, go to Error map tab and check
Error map active indicator. If Error map active indicator becomes green, it means Error map

function is enabled.
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6.9.3 Saving and opening error map table

The error compensation values set in Error map window can be saved as file and that file can be opened

in Error map window again, as figure 6.9.3.1. As described in section 6.9.1, select Send table to flash
from the submenu of Flash to save Error map table to the servo drive Flash. Please be noted ™ (Refer

to section 5.8.1.) in the main window cannot save Error map table to the servo drive Flash.
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Figure 6.9.3.1

6.9.4 Changing the start position of error map function

To change the start point of Error map function, click on View on the menu bar and select Advanced from
the submenu. The setting page shown in figure 6.9.4.1 will appear. Input the desired start position into the
field of Start position. Click on Next button and the motor will move for one interval in forward direction.
Click on Previous button and the motor will move for one interval in reverse direction. The value of Error
in Status area will be updated to the corresponding error compensation value. The red dot on error
compensation curve represents the value of Encoder. The value of Feedback pos equals the sum of

Encoder and Error values.
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Figure 6.9.4.1

Note:

To compensate the errors in negative direction, input the stop point in Start position field and set the interval in
Interval field. For instance, input -1000 in Start position field, 100 in Interval field and 11 in Total points field.
Then the compensation positions will be -1000, -900, -800, ..., -100, 0, starting from index 0. At index 0, the error
must be 0.

(1) When home offset = 0 and start position = 0
When home offset and start position are both zero, the effective range of Error map function is
defined by index. Error map function is applied for operation in forward direction, starting from index.

For operation in reverse direction, Error map function is not applied.

Table 6.9.4.1

Home Start

Offset | Position iz Lenge

Effective range
A

+ Position

v

mm mm Z%

index
Servo drive coordinates = 0

(2) When home offset # 0 and start position = 0
When home offset is not zero and start position is zero, the effective range of Error map function is

the same as the one when home offset and start position are both zero.

6-50 HIWIN MIKROSYSTEM Corp.



TWIi

MD17UE01-1906
Tuning

D1-N Series Servo Drive User Manual

3)

Table 6.9.4.2
Home | Start .
Offset | Position Effective Range
Home offset
=100 Effective range
< > A
—
100 0 + Position
mm mm Z% >
index . .
Servo drive coordinates = -100 | Servo drive coordinates = 0
Home offset = -100 Effective range
e N
+ Position
-100 0 >
mm mm Z%
Servo drive ]
coordinates index
=0 Servo drive coordinates = 100

When home offset = 0 and start position # 0
When home offset is zero and start position is not zero, index will be regarded as reference and the

effective range of Error map function varies with start position.

Table 6.9.4.3
Home | Start .
Offset | Position iz Lenge
Start position Effective range
=100 NG
< a N
0 100 >
mm mm ZX
index + Position
Servo drive coordinates = 0
Start position
=-100 Effective range
b N
0 -100 + Position
mm mm >
.
index
Servo drive coordinates = 0
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When home offset # 0 and start position # 0

When home offset and start position are both not zero, the effective range of Error map function

varies with start position. It does not vary with home offset.

Table 6.9.4.4
Home | Start .
Offset | Position Effective Range
Start position
=100
Home offset > Effective range
=30 A
50 100 < >
mm mm ~
index + Position
Servo drive coordinates = -50 [ Servo drive coordinates = 0
Home offset
=100
Start position Effective range
=50 NG
100 50
mm mm R
index + Position
Servo drive coordinates = -100 Servo drive coordinates = 0
Start position Home offset
=-100 =50
Effective range
50 -100 -
mm mm + Position
index
Servo drive coordinates = -501Servo drive coordinates = 0
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Home | Start .
Offset | Position SR RENgE
Start position Home offset =
=-50 100
Effective range
100 -50 B
mm mm + Position R
|
index ] ]
Servo drive coordinates = -100 | Servo drive coordinates = 0
Home offset  Start position
=-50 =100 Effective range
< > ¢ » AL
- —~
-50 100
mm mm >
Servo drive Zx
dinat .
spronaes index + Position
Servo drive coordinates = 50
Home offset Start position
=-100 =50 Effective range
< > < > A
/ Y
-100 50
mm mm >
Servo drive Ax
coordinates index + Position
=0 Servo drive coordinates = 100
Start position
=-100
Home offset
= '504 Effective range
A
-50 -100
mm mm + Position
Servo drive index
coordinates Servo drive coordinates = 50
=0
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Home | Start .
Offset | Position EfECivelRange
Home offset
=-100
Start position
=-50
> Effective range
-100 -50 —"—
mm mm + Position
Servo drive index
coordinates  Servo drive coordinates = 100
=0
Home offset
= Start position Effective range
=100 A
100 100
mm mm Z >
index . . + Position
Servo drive coordinates = -100 Servo drive coordinates = 0
Home offset
= Start position
=-100 Effective range
A
N\
-100 -100 + Position
mm mm >
Servo drive index
coordinates = Servo drive coordinates = 100
0

6.10 Compensation function for resolver signal

The absolute accuracy of a resolver could be influenced by the quality of its signal. If its signal is properly
compensated, the absolute accuracy can be enhanced. The compensation table for resolver signal is set

for users and only needs to be reset when the servo drive or motor is changed.

Note:
The signal compensation function is only available in servo drive which supports resolver signal.
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6.10.1 Operational description

To enable signal compensation function for resolver signal, please refer to below.

Step 1:  Open Application center. Select Advanced from the submenu of View on the menu bar.

Resolver tab appears as figure 6.10.1.1.

==
Al Application center - ‘ ‘ k C=AECT X
File Flash |View ]
Homing v | Advanced I Errar Map I Resolver IAbsqute Resolver
File: M1-equip.emr Time: 04 /Mar /2014 14:12:01 Position Units
deg %
Homming.. .
i Learning. ..
Sector Offset(sin) Offzet(cos) Gain = Z
Start learning
0.|| 8. 988888 8. a8eBna 1.8686888 =
1|/ 9. 600800 . 0000n0 1.60000 Num seciors G
2. || 8. a88888 1 515515515 1.886888
3.|[ 9. 600000 9. 80008 1.09008 sector 90 |
4 || B.PPBBER CRCELLEL 1.86880 St |
5.|| 8.80068008 4.0800060 1.88000 ™ Resolver compensation enable
6. | ISR D[RR A EREE B{Resolver compensation active  _|Homed
7.|| 8. 988888 8. A8eBna 1.886888 ¢ 3
5.|| 8. 600800 ©.800008 1.69008 EeAnmaysioaty)
9 .88808 degls

9./ 8. 988888 8. a8eBna 1.886888

10, B. 088088 1 515515515 1.886888 e

11.|| 0008000 . 0000an 1.00000 SRS

12, B.088088 1 5155151515 1.8686888

13, B.088088 8. A8eBna 1.886888

14,/ B. 088088 8. A8eBna 1.886888

15, B. 088088 8. A8eBEa 1.886888 iy

Figure 6.10.1.1

Step 2:  Set learning velocity. The default setting is 9 deg/s. The suggested setting range is from 9 deg/s
to 18 deg/s.

Step 3:  Click on Start learning button to create signal compensation table. The motor starts homing,
and then the signal compensation table will be created. After the signal compensation table is
created, the motor moves to the home position again. This may take around two to four

minutes. After homing completes, message “go back home ok.” appears, as figure 6.10.1.2.
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Al Application center 1 ‘ = | B |-

File Flash View

Homing Backlash Errar Map Resolver Absolute Resolver
File: M1-equip.emr Time: 04 /Mar /2014 14:12:01 Position Units
deg %
Homming. ..
[ Learning...
i i fully. Go bhack to home position...
qo0 ac ome oK.
Sect Dffset(sin) Dffset(cos) i o :
Sector fiset(sin) fiset(cos) Gain Start learning
0./ —18%.845% 42 9183 B.98881% =
1.|[-99.4688 40_4497 8.974091 Nurn s sciors I
2./ -98.9851 23.5173 8.9798%76
3. -78.8245 -1.97821 8.977155
4|[-63.9613 -26.3912 8.980029 St
5./ ==9.9985 —32.4292 8.983355 ™ Resolver compensation enable
| L —EH DA B{Resolver compensation active  _|Homed
7.|[-52.1584 —22.5116 B.983433 ¢ 3
5.|[-34.9192 -11.91@5 8.983977 '-:ag“'a’;“a‘g'“'w v
9.|[-8.46997 1.54346 9.986261 : S0
10,/ 15.6281 17.5668 B.982857 Variable Tuni
11.|[22.9288 21.8575 9.981800 el
12.//15.6815 21 .8498 B.985574
13| ?.63228 29.2246 B.986751
14.|| -5.74288 49 2985 B8.996498 * Modified *
15, —20.8862 77 .7064 B.923515 ~ *Data different from flash *

Figure 6.10.1.2

Step 4 Check the checkbox of ™ Resalver compensation enable

Step 5: Save the signal compensation table to Flash, please refer to step 4 to step 6 of setting Error

map function in section 6.9.1.

Step 6: Click on Variable Tuning button in Resolver tab of Application center. The servo drive will
drive the motor to find proper parameters. The velocity stability can be improved. This may take

around two minutes.

Step 7:  Go to the main window of Lightening and click on * to save parameters to Flash.

6.10.2 Enabling signal compensation function

The method of enabling signal compensation function is the same as the one of enabling Error map

function. Please refer to section 6.9.2.

6.10.3 Saving and opening signal compensation table

The methods of saving and opening signal compensation table are the same as the ones of saving and
opening Error map table. Please refer to section 6.9.3. The file extension of signal compensation table

is .emr.
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6.11 Compensation function for absolute resolver signal

The compensation table for absolute resolver signal is set for users and needs to be reset only when the
servo drive or motor is changed. Before resetting the compensation table for absolute resolver signal,
please initialize the absolute resolver first. After that, start to perform compensation function on absolute

resolver signal.

Note:
(1) This function is only available in servo drive which supports absolute resolver signal.
(2) Before performing this function, please completes homing first.

6.11.1 Operational description

To enable compensation function for absolute resolver signal, please refer to below.

Step 1:  Open Auto phase center and complete phase initialization.
Step 2: Enable the motor and move the motor to home position.

Step 3: Open Homing tab in Application center. Ensure Home offset is set to 0 count.

Step 4: Select Advanced from the submenu of View on the menu bar. Absolute Resolver tab appears

as figure 6.11.1.1.

Step 5: Click on Start Initialization button in figure 6.11.1.1. The information and message

automatically shows after completion.

[H i
| Homing ¥ | Advanced | Error map Resohar Absolule Resolver !

File: tastemd Tirme: 034 Jul /2012 17:05:35

Map affributes
Inercal 208
Tolal painls | 4681

* Please make sure comad procedures befora you modify paramatars in this page. *

Index Posftion Errar

count count Sadior Odfse(sin} Offsed{cos) Gain
ML A 114 [<6.96882  14.5753 | D.395966

0 Imkad 115 |-7.55353 11.8379 A.997558 "

00 | a3y
230 ‘Check Resolver Data

00 | Pday
800 | Te5E
1.000 | | YERE

P
@ on
=]

-
-
ha
=
=
L
o

1400 | 271
1600 [474

2000 |@Es
2200 (18

250w
-
2
H
-
3

Figure 6.11.1.1
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Step 6: Click on Check Resolver Data button in figure 6.11.1.2. If the check is OK, Data check window
appears as figure 6.11.1.3. If not, Error window appears as figure 6.11.1.4 and please repeat

step 5. If the check fails for three times, go to Resolver tab and decrease the value of Learning
velocity. Then repeat step 5.

¥ Advanced I |Er|'urMaD Resohar

File: tastamd Tirme: 031 JulF 2012 17:05:35

Map atiributes

* Please make sung comadt procedures befone you modily paramaters in this page. *

Intenal | 288
Tolal paints 4681

Index ~

Sector  Offzet(sin)  Offseticos) Gan
114 [-6.96602  14.5753 | 0.995966
115 [-7.55353 [11.B379 [B.79755@

Stan Indlialization

I Check Resolver Data I

Figure 6.11.1.2

Data check u

|| Data check OK!

Figure 6.11.1.3

Sector Offset(sin)  Offset{cos) Gain
114 [ -6.96P82 |14.5753 | @.995%66
115 [ -7.55353 [11.8379 |©.997550

Start Initialization

Check Resolver Data

Il

*Please make sure Index < 14 = & < 15> data. *

.
P
(@ Please do initialization again!

BE |

Figure 6.11.1.4
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Step 7:  Go to the main window of Lightening and click on M to save parameters to Flash.

Step 8: Save the signal compensation table to Flash, please refer to step 4 to step 6 of setting Error

map function in section 6.9.1.
Step 9:  Open Auto phase center and perform phase initialization again.

Step 10: For creating signal compensation table, please refer to section 6.10.1.

6.11.2 Enabling signal compensation function

The method of enabling signal compensation function is the same as the one of enabling Error map

function. Please refer to section 6.9.2.

6.11.3 Saving and opening signal compensation table

The methods of saving and opening signal compensation table are the same as the ones of saving and
opening Error map table. Please refer to section 6.9.3. The file extension of signal compensation table

is .emr.
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7.1 LCD panel

Axis name Display

EtherCAT- T

A v 4

Figure 7.1.1 LCD panel

Table 7.1.1 Function description

Name Function
. Displays servo drive status, error or warning message and axis
Display
name.
Axis name Displays axis name and error or warning message. Axis hame can
be modified in Lightening, please refer to section 5.1.3.
Keys Includes F key, Up key, Down key and Enter key.

The keys on D1-N servo drive have no function.

7.2 LCD display description

When power is applied to the servo drive, the LCD display shows the enabling status of the connected
motor. If the servo drive has not been configured before, the LCD display shows “NOT CNFG” in the first
line of the LCD display.

Table 7.2.1 Enabling status

Displayed Symbol Description
AXIS RDY The motor is enabled
AXIS DSB The motor is disabled.

If an error or a warning occurs, the error message or warning message will be shown in the second line,
as figure 7.2.1. For the description of error message or warning message, please refer to table 7.2.2 and
7.2.3. For D1-N firmware version 0.808, D1-N CoE firmware version 0.513 and previous version, the LCD
display shows the abbreviation of error message or warning message. For D1-N firmware version 0.809,

D1-N CoE firmware version 0.514 and later version, the LCD display shows error code or warning code.
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X X

X
AXTS DSB AXIS RDY

l Warning occurs.
WO1SWLL

AXIS DSB AXIS 1210) 4

Error occurs. Error occurs. Warnmg occurs.

EO1SHOR

WRN W01
a) Abbreviations of error message and warning message ) Error code and warning code
Figure 7.2.1
Table 7.2.2
No. ébbreviation el Error Code Error message in Lightening
rror Message
1 EO0O1SHORT ERR EO1 Motor short (over current) detected
2 | EO2OVERV ERR E02 Over voltage detected
3 | EO3PEBIG ERR EO03 Position error too big
4 | EOAENCOD ERR E04 Encoder error
5 | EOSSWHOT ERR EO05 Soft-thermal threshold reached
6 | EOBUVWCN ERR E06 Motor maybe disconnected
7 | EO7TD.HOT ERR EOQ7 Amplifier over temperature
8 | EOBM.HOT ERR E08 Motor over temperature sensor activated
9 | EO9UND.V ERR E09 Under voltage detected
10 | E10V5ERR ERR E10 5V for encoder card fail
11 | E11PHINI ERR E11 Phase initialization error
12 | E12SER.E ERR E12 Serial encoder communication error
13 | E13HAL.E ERR E13 Hall sensor error
14 | E14PHERR ERR E14 Hall phase check error
15 | E15CURER ERR E15 Current control error
17 | E17THYBDV ERR E17 Hybrid deviation too big
18 | E18STO ERR E18 STO active
19 | E19HFLT ERR E19 HFLT inconsistent error
20 | E20ATOPH ERR E20 Auto phase center not completed error
22 | E22BUS.E ERR E22 DC bus voltage abnormal
23 | E23NOET ERR E23 EtherCAT interface is not detected
24 | E24HOM.E ERR E24 CiA-402 homing error

Note:

(1) For D1-N firmware version 0.808, D1-N CoE firmware version 0.513 and previous version, the LCD display
shows the abbreviations of error message and warning message.

(2) For D1-N firmware version 0.809, D1-N CoE firmware version 0.514 and later version, the LCD display shows

error code and warning code.
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Table 7.2.3
No. W'A:r)rt])irr?g;”:/ltleosr;:;e Warning Code Warning message in Lightening
1 WO1SWLL WRN W01 Left SW limit
2 WO02SWRL WRN W02 Right SW limit
3 WO3HWLL WRN W03 Left HW limit
4 WO04HWRL WRN W04 Right HW limit
5 WO05SVBIG WRN W05 Servo voltage big
6 WO6PE WRN W06 Position error warning
7 WO7VE WRN W07 Velocity error warning
8 WO08CUR.L WRN W08 Current limited
9 WO09ACC.L WRN W09 Acceleration limited
10 W10VEL.L WRN W10 Velocity limited
11 W11BOTH WRN W11 Both HW limits are active
12 W1212T WRN W12 I2T warning
13 W13HOM.E WRN W13 Homing fail
14 W14HOM.C WRN W14 Pulse command and homing conflict
15 WRN W15 Absolute encoder battery warning
16 WRN W16 Wrong absolute position
17 WRN W17 MECHATROLINK communication warning
18 WRN W18 Absolute encoder position overflow
19 WRN W19 Serial encoder communication warning

Note:

(1) For D1-N firmware version 0.808, D1-N CoE firmware version 0.513 and previous version, the LCD display
shows the abbreviations of error message and warning message.

(2) For D1-N firmware version 0.809, D1-N CoE firmware version 0.514 and later version, the LCD display shows

error code and warning code.
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8.1 Motion protection

Motion protection limits or specifies the maximum speed, maximum acceleration, maximum deceleration
and deceleration of emergency stop of motor. When the requested speed or acceleration is too high,
motion protection will be activated to constrain motion by values set for motion protection. Motion

protection varies in different operation mode, please refer to table 8.1.1.

Table 8.1.1
Limited Parameter Deceleration of
Speed Acceleration Deceleration Emergency Stop
Operation Mode (Dec. kill)
Position Mode (0] O O O
Velocity Mode (0] O @) O
Force/torque mode (0] X X X
Stand-alone mode (0] O O O

Note:
“O” means the parameter supports motion protection function. “X” means the parameter does not support motion

protection function.

(1) Set speed, acceleration and deceleration limits
Click on == to go to Performance center. The setting page for motion parameters is indicated in

figure 8.1.1.

[~ Enable SW limit

P1 l P2
Enable 7] L see
[ dh
Motion parameters Primary CG
Position units Speed SBAAAA count's A.388888
Zero count ﬂ Acc. 11715552 count/s*2
Dec.|11715552 count/s"2
Dec. killl 23431185 count/s"2
Smooth factor 188
Figure 8.1.1
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Table 8.1.2
Parameter Description Default Setting
Set the maximum speed of motor during | Linear motor: 100 mm/s
Speed . .
motion. Torque motor: Rated speed
AcC Set the maximum acceleration of motor | Linear motor: 1/10 x (Ks x I, / Moving Mass)"
' during motion. Torque motor: 1/2 x (K¢ % Ip / (10 x Jm))™
Dec Set the maximum deceleration of motor | Linear motor: 1/10 * (Ks x I, / Moving Mass)"
: during motion. Torque motor: 1/2 x (Kt x o / (10 x Jm))™2
. . Linear motor: 10 x Acc.
Dec. kill The deceleration of emergency stop Torque motor: 2 x Acc.
Smooth Smooth factor Linear motor: 100
factor Torque motor: 100
Note:

(1) The maximum default setting of Acc. and Dec. of linear motor is 2 G.

(2) "2Jmis the moment of inertia obtained from inertia estimation.

As figure 8.1.1, the maximum speed, maximum acceleration and maximum deceleration of motion
can be set in the setting area of Motion parameters. Users can select preferred unit from the

drop-down list of Position units. These settings are used for test run.

il

Click on 4

and Dec. kill can be set in the setting area of Motion protection in Protection tab. When the setting

to go to Protection center. Motion protection parameters, including Speed, Acc., Dec.

values in Motion parameters exceed the setting values in Motion protection, the setting values in
Motion parameters will be automatically replaced by the ones in Motion protection during
operation. In position mode or velocity mode, multiply the setting values of Acc. and Dec. by 10 so
the performance will not be limited by motion protection function. If not, the performance could be

limited.

Protection HW limit Brake .
protection
) Paosition units
Error T count ﬂ
WMaximum pos error, 2008 count

Warning windows
Position error| 1008 count
Velocity error| 1 . AAABAe +8 count's

Limits
™ Enable SW limit

Mation protection
Speed| 5PABBA count/s
Acc. 117715552 countist2
Dec.| 11715552 count/s*2
Dec. kil 23431185 count/s*2
Smooth factor 188

Error type setting
| |v Latch amplifier over temperature error

Figure 8.1.2
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(2)

3)

(4)

8-4

Cancel speed, acceleration and deceleration limits
In position mode, when smooth factor is set to 0, it means speed, acceleration and deceleration
limits are cancelled. At this time, the motor moves exactly according to the path planned by the

controller. Users can decide whether to cancel the limit function of the servo drive.

Applicable timing of deceleration of emergency stop (Dec. kill)

In the following occasions, deceleration of emergency stop will be used.

A. In position mode or velocity mode, the motor is disabled and emergency stop is activated.

B. When performing P2P or Relative move in Performance center, Stop motion button is clicked
on.

C. The deceleration after home position is found

D. The deceleration when jog stops.

Deceleration of emergency stop (Dec. kill) is used when high deceleration is required. It is suggested
to use the maximum allowable value of motor to calculate deceleration of emergency stop (Dec. kill).

The formula is as below.
Instantaneous current = min (Instantaneous current of motor, instantaneous current of servo drive)

e Linear motion: Dec. kill = (Instantaneous current x Force constant)/Total mass of object to be
moved

e Rotary motion: Dec. kill = (Instantaneous current x Torque constant)/Load inertia

Smooth motion
Set smooth factor to reduce the impact of motor force to load during acceleration and deceleration.
This parameter is designed by the number of samples in moving average filter, as shown is figure

8.1.3. The relationship between filter time constant and smooth factor is described as below.

e Models which do not support CoE communication: Filter time constant = Smooth factor x
0.5333 ms

¢  Models which support CoE communication: Filter time constant = Smooth factor x 0.5 ms

The setting range of smooth factor is from 0 to 500. Higher value means smaller impact. Set smooth
factor to 1 to disable smooth function. Since the impact caused by motor force is decreased as
smooth factor is increased, in some occasions, settling performance can be enhanced. However,
smoother motion may have longer move time, please refer to section 3.7. Find suitable value for
smooth factor by executing test run and tuning on your machine. When smooth factor is set to 0, the

motion protection of the servo drive is disabled. In stand-alone mode, smooth factor cannot be 0.
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Reference velocity [100% ---4---

Before filter \»/ﬁ After filter
I f
1

ERRREEEETEE o

Time

A

Acceleration time Filter time constant Deceleration time

Figure 8.1.3

8.2 Position and velocity error protection

8.2.1 Position error limit

In servo control, position error inevitably exists. Position error increases as motor moves, or due to other
reasons such as friction from bearings or linear guideways, tight winding or cable tray, intrusion of foreign
matter, reach of hard stop, abnormal encoder, interference, etc. To avoid excessive position error, D1-N
servo drive allows users to set error window. When position error exceeds the setting value of error
window, error “Position error too big” occurs. Emergency stop will be activated. Brake signal will be output

and motor will be disabled. The setting area for error windows is shown in figure 8.2.1.1.

¥ Protection center ‘ ‘ : =X

Protection HW limit Brake :
protection
e Position Units
Error windows = ﬂ
maximum pos error| 5 . 888 mm
Warning windows
Position error 2.588 mm
Velocity error| 200008 . mmis
Figure 8.2.1.1
Table 8.2.1.1
Parameter Description

Maximum pos error | Position error limit

Position error Warning value of position error

Velocity error Warning value of velocity error
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When using models which support dual loop control, users are allowed to set hybrid deviation error in
Protection tab of Protection center to prevent excessive error from causing unstable velocity loop or
position loop. When error exceeds the setting value of hybrid deviation error, error “Hybrid deviation too
big” occurs. If dual loop control is not used, the field of Hybrid deviation error is greyed out and cannot

be set.

Protection HW limit Brake :
protection
Error windows Position units ﬂ
mm
maximum pos error| 4.888 mrm
Hybrid deviation error 16.00808 mm
Warning windows
Position error| 2 .00@ mm
Velocity error, 188888 . mmis
Figure 8.2.1.2

8.2.2 Position error warning and velocity error warning

In addition to the position error limit described in section 8.2.1, D1-N servo drive also provides warning
function. When position error or velocity error exceeds the setting in Warning windows, a warning

message will appear in the main window of Lightening to inform users.

8.3 Brake protection

D1-N servo drive supports brake signal output to enable electromagnetic brake to protect motor and
mechanism. This is often used for motor of Z axis. The timing of enabling brake is essential in such
application. When motor moves in Z direction at high speed and the servo drive receives disabling
command and commands the brake to engage directly, a huge vibration may occur and cause damage to
the mechanism. If the motor is disabled too early, the motor and mechanism may possibly slip. Therefore,

D1-N servo drive provides brake parameters to avoid the above situations.

Click on ¥ to go to Protection center. Click on Brake tab to open the setting page for timing diagram of
brake engagement. Click on Set... button to open the setting window of I/O center to set the output pin of

brake signal. The default setting is O4. For setting method of digital output, please refer to section 5.4.2.

When the servo drive receives the disabling command from hardware or software, it will start the following

procedures.
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Step 1:  When the servo drive receives disabling command, the brake engages after the delay time set
in deIMaxEnToBrk. If the velocity of the motor is less than the value set in vel_stop, the brake

also engages.

Step 2: Then after the time set in delBrkToDis, the motor is disabled.

¥ Protection center 1 1 ==

Protection HW limit Brake
protection

Position Units
delMaxEnToBrk mm B

Enable input
L88.8 msec

Dec. kill
Velocity 3824 .49 mmist2
vel_stop
B.8588888 mmis

Brake output I~ Dynamic Brake

delRelsBrk

Drive enable

delBrkToDis
L8.8 msec

Brake iz configured to 04 Set

Figure 8.3.1
Table 8.3.1
Parameter Description
Delay Time for Brake Engagement | Maximum time from the time when disabling command is
(deIMaxEnToBrk) received to the time when brake engages.
Deceleration of Emergency Stop Deceleration of motor brake when emergency stop is
(Dec. kill) activated. Refer to section 8.1.
Velocity for Brake Engagement After disabling command is received, the motor needs to
(vel_stop) reach this velocity for brake to engage.
Brake Engagement Time Delay time from the time when brake engages to the time
(delBrkToDis) post-stage circuit is shut down.
Dynamic Brake Relay Delay Time The delay time to the completion of dynamic brake relay
(delRelsBrk) switching after brake disengages.

If the servo drive is connected to dynamic brake, in disabling state, the motor connects to brake resistor
for braking. In enabling state, the motor needs to connect to the servo drive for enabling. The switch
between the above two operation is done by relay. Therefore, the servo drive needs to wait for the motor
to switch from the brake resistor to the servo drive before enabling. If the servo drive tries to enable the
motor before it connects to the servo drive, error “Motor maybe disconnected” may occur. To avoid this
problem, when dynamic brake is connected, check the checkbox of Dynamic Brake and set proper delay

time for relay.
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8.4 Limit protection

8.4.1 Hardware limit protection

D1-N servo drive supports hardware limit protection. Hardware limit usually means the photoelectric
switch or micro switch installed on positioning platform to specify travel distance. Hardware limit switch is
usually a normally-closed sensor. When hardware limit switch is triggered, the servo drive decelerates the
motor by the value set for emergency stop (Dec. Kkill). At this time, the servo drive only accepts motion

command for moving the motor towards the opposite direction.

Click on ¥ to go to Protection center. Select HW limit protection tab to open the setting page for
hardware limit. Check the checkbox of Enable HW limit to enable hardware limit protection. Click on
Set... button to open the setting window of 1/O center to set the input pin of hardware limit signal. For

setting method of digital input, please refer to section 5.4.1.

¥ Protection center -_- ]EIE x |—

Protection HW limit Brake . [
protection
Position units

count ﬂ

¥ Enable HW limit

HW left<(-> limit is configured to 12

HW right¢+> limit is configured to I3 Bl

Figure 8.4.1.1

8.4.2 Software limit protection

In addition to hardware limit protection, D1-N servo drive also supports software limit protection. When
motor reaches the position of software limit, the servo drive only accepts motion command for moving the

motor towards the opposite direction.

8-8 HIWIN MIKROSYSTEM Corp.



HIWIN.

MD17UE01-1906

D1-N Series Servo Drive User Manual Protection Function

Click on ¥ to go to Protection center and select Protection tab. Software limits can be set in the setting
area of Limits. Check the checkbox of Enable SW limit to set software limits. Software limit protection

can be enabled by checking the checkbox of Enable SW limit in Performance center.

% Protection center

Proteclion HW limit

protection

Brake

Position units

or windoy
Error windows count 7
Maximum pes error 2008 count

Warning windows
| Position error 1086
Velocity error| 1 . 00880e +8

count
count/s

Limits
[¥ Enable SW limit
Lower SW limit| —18888
Upper SW limit| 18008

Limits
[~ Enable SW limit
count

count

Motion protection
Speed 500080
Acc| 11715552
| Dec/ 11715552
I Dec kil 23431185
Smoath factor 188

count's

count/s"2
count/s*2
count/s*2

Error type setting
I [v Latch amplifier over temperature error

Figure 8.4.2.1
Table 8.4.2.1
Parameter Description
Enable SW limit | Set to enable or disable software limit protection.
Lower SW limit Set the position of negative software limit.
Upper SW limit Set the position of positive software limit.

8.5 Over temperature protection

8.5.1 Motor over temperature protection

Normally temperature switch will be installed inside motor to detect if temperature is too high. Over
temperature signal can be connected to the servo drive to protect motor. The connector for motor over
temperature protection is X9. Temperature switch is usually normally-closed. When temperature is within
normal range, temperature switch is closed. When temperature is too high, temperature switch is open.
As temperature switch is activated, error message “Motor over temperature sensor activated” appears.
Then the servo drive executes emergency stop procedure and disables the motor.
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8.5.2 Software over temperature protection

In addition to motor over temperature protection, D1-N servo drive also provides software over
temperature protection for AC servo motor. The estimated temperature is obtained by evaluating the
current output from the servo drive. If the estimated temperature reaches the threshold of the servo drive,
error message “Soft-thermal threshold reached” appears. Then the servo drive executes emergency stop
procedure and disables the motor. Select Soft-thermal accumulator in Quick view to check the current

estimated temperature.

8.5.3 Servo drive over temperature protection

D1-N servo drive is able to detect servo drive over temperature. When the temperature of the servo drive
reaches 80 °C, error message “Amplifier over temperature” appears and the motor is stopped. Select

Amplifier temperature in Quick view to check the current temperature of the servo drive.

8.6 Overvoltage protection

When motor decelerates, it generates energy. The energy returns to the capacitors of the servo drive.
When the returned energy exceeds the capacity of the capacitors, regenerative resistor must be installed
to protect the servo drive by absorbing the returned energy. For D1-N-09/18/36 servo drive, the voltage
threshold for activating regenerative resistor is 390 Vdc; the voltage threshold for deactivating
regenerative resistor is 380 Vdc. For D1-N-90 servo drive, the voltage threshold for activating
regenerative resistor is 735 Vdc; the voltage threshold for deactivating regenerative resistor is 695 Vdc.
Regenerative resistors used in HIWIN standard products are listed in table 8.6.1. Connect them parallelly

or serially according to your need.

Table 8.6.1
Regene:\ag\éeelResistor HIWIN Part Number Resistance | Rated Power/Peak Power
RG1 050100700001 68 Q 100 W/500 W
RG2 050100700009 120 Q 300 W/1,500 W
RG3 050100700008 50 Q 150 W/750 W
RG4 050100700019 50 Q 600 W/3,000 W
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Table 8.6.2
Regenerative
Resistor L1 L2 W W1 H
Model
RG1 165+ 2 mm 150+2mm | 40£0.5mm | 53+£0.5mm | 20+ 0.5 mm
RG2 215+ 2 mm 200 £ 2 mm 60 £ 1 mm 531 mm 30+ 1 mm
RG3 190 £ 2 mm 175+ 2 mm 40+ 1 mm 52+1mm 20+ 1 mm
RG4 390+ 2mm | 360 +2 mm 60 £ 1 mm 9+ 1 mm 28 £ 1mm
- L1 -
. L2 -
i 1
w 2 : . w1
- 7]
L
! ..
Cable length (L): 500 mm
Figure 8.6.1
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9.1 Error messages and warning messages

If an error occurs, D1-N servo drive will activate protection function and display error message in the area

of Last error. If a warning occurs, warning message will be displayed in the area of Last warning.

& Lightening, version 0.1854, com53, 115200 |¢|
Conf/Tune Tools Language About
D= A YTTH =] £] =8 =
iz Controller: DIN(Q), Axis: X F“B’ms"‘fge version
= i 0.DIN Motor type:| AC servo =
"""" P X Model: FRLS482X5
Axis is cofigured to:| Stand—alone position mode
Status
M Hardware enable input B STO function active
B Software enabled
b B servo ready
Last error
Lastwarning
Quick view
Position units
count ﬂ
28 Reference acceleration ﬂ 0.000000 count/st2
1 Feedback position ﬂ 2 count
6 Mechanism position ﬂ 2 count
Communication ok CAHIWINdcellightening.dce -= DAN{D) , CHIWIN\dce\D 1 MpdI00L
L8 -

Figure 9.1.1
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The errors of D1-N servo drive and their corrective actions are listed in table 9.1.1.

Table 9.1.1
No. Error HED B Corrective Action
Code
Three-phase motor power is short-circuited.
(1) Turn off the power of the servo drive and remove the connector of
the UVW cable from the servo drive. Measure if there is short
Motor short E01 SHORT circuit between the UVW wires and ground. If short circuit is
1 (over current) or found, the motor could be burned out.
(2) Measure if the line-to-line resistance between the UVW wires is
detected ERR EO1 : o : .
close to the required specification. If the resistance is lower than
the required specification, the motor could be burned out.
(3) Remove the motor power cable from the motor, use multimeter to
check if the motor power cable is short-circuited.
E02 OVERV DC bus voltage exc§eds t'he limit. .
2 Over voltage or If the motor is running with heavy load at high speed, the back EMF
detected ERR E02 could exceed the voltage limit. Check if regenerative resistor is needed.
Select regenerative resistor according to load and application.
Position error is greater than the setting value of Maximum pos error
for motion protection.
(1) Check if the gain tuning is appropriate.
(2) Check if the value of Maximum pos error is properly set in
s EO3 PEBIG Protection tab of Application center.
Position error
3 t00 big or (3) Check if the motor is obstructed during motion.
ERR EO3 (4) Check if the load is too heavy.
(5) Check if the guideway has not been maintained for a long time.
(6) Check if the cable tray is too tight.
(7) If warning “W05 SVBIG” continuously occurs before error EO03,
please change the power supply from 110 V to 220 V.
Abnormal encoder signal or alarm pin reports an error.
E04 ENCOD (1) Check ?f all the_ f—:‘ncoder connector_s are firmly connected.
4 | Encoder error or (2) Check if the wiring of the encoder is correct.

ERR E04 (3) If digital encoder is used, the error could be caused by external
interference. Check if the encoder cable is made of
anti-interference braided wires and shield. Or add on core.

Motor overload (Software detects motor over temperature.)
(1) Check if the continuous current and instantaneous current of the
motor is within its specification during operation.
Soft-thermal E05 SWHOT | (2) Check if the motor is obstructed during motion.
5 | threshold or (3) Reset the servo drive and enable the motor again to clear this
reached ERR EO05 error. But if over current is caused by load or motion parameters, it
could happen again.
(4) Decrease speed, acceleration and deceleration.
(5) Check if the motor model or motor current is correctly set.
Motor mavbe E06 UVYWCN | Motor power cable and servo drive are not firmly connected.
6 disconnec%ed or (1) Check if the connector of the UVW cable is firmly connected.
ERR E06 (2) Check if the motor model is correctly set.
Servo drive over temperature
_ EO07 D.HOT (1) Check if the servo drive is installed in well-ventilated location.
7 | Amplifier over or (2) Check if the ambient temperature is too high.
temperature ERR EO7 (3; Wait till the servo drive cools down.

If the servo drive has been used with heavy load or for a long
operating time, check if heat sink is needed.

HIWIN MIKROSYSTEM Corp.
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No. Error Lo = Corrective Action
Code
Motor over E08 M.HOT Motor over tgmperature slensor is activated.
8 | temperature or (1) Check if the sensor is correctly connected and set.
sensor activated ERR EO8 (2) Check if all the cables are properly grounded. Improper grounding
could cause false operation of the sensor.
E09 UND.V DC bus. is too small. _ _ '
g | Undervoltage or Check if the servo drive is connected to the specified AC main power
detected ERR E09 via X1 connector. Use multimeter to check if AC main power is
supplied.
5 V voltage supplied to encoder interface card is abnormal.
5V for encoder E10 VSERR | (1) Turn off the power of the servo drive. Check if encoder cable is
10| card fail or abnormal.
ERR E10 (2) Connect the connector of the encoder cable to the servo drive
again.
Motor phase initialization fails.
(1) Check if the UVW cable is connected.
(2) Check if the encoder is abnormal or the motor parameters are
E11 PHINI
11 Phase or correctly set.
initialization error (3) Check if the following situation occurs:
ERR E11 .
e The load is too heavy.
e The motor friction is too high.
e The motor is obstructed during motion.
Serial Encoder E12SER.E Serial encodler commumcanoln error
12 | Communication or (1) Check if encoder cable is connected.
Error ERR E12 (2) Check if the specifications of the encoder extension cable and
motor are correct.
Abnormal Hall sensor (torque motor or linear motor) or less-wire
Hall sensor E13 HAL.E encoder (AC servo motor)
13 erarorse S0 or (1) Check if the cable of the Hall sensor or encoder is correctly
ERR E13 connected.
(2) Check if the model of the encoder extension cable is correct.
14 Hall phase check E14POHrERR Error occurs when executing phase check by digital Hall sensor.
error ERR E14 Check the connection of Hall sensor cable.
Abnormal current control
E15CURER | (1) Check if the model of the motor is correctly set.
Current control
15 1 error or (2) Check if the current loop gain (Kp) and common gain (CG) are
ERR E15 properly set.
(3) Check if the encoder extension cable is correctly connected.
In dual loop control, the value set for Hybrid deviation error is
exceeded.
(1) Check if the parameters of the linear encoder are correctly set.
E17HYBDV (2) Check if the directions of the linear encoder and rotary encoder
Hybrid deviation are the same or the linear encoder has the problem of signal
17 . or .
too big ERR E17 interference.
(3) Check if the following situation occurs:
e The coupling is loose.
e The gear does not closely engage.
e The pitch tolerance or backlash of the screw is too large.
STO safety function is triggered.
E18STO - - ,
18 | STO active or Reconnect 24 V for STO safety function after the cause of triggering
ERR E18 STO safety function is cleared. Connect DSF+ and DSF- for one
second to reset.
19 | HFLT inconsistent E19HFLT Hardware signal conflict of servo drive
9-4 HIWIN MIKROSYSTEM Corp.
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No. Error Lo = Corrective Action
Code
error or :
ERR E19 Check if all the cables are properly grounded.
20 Auto phase center E20ATOPH | Phase initialization is not completed yet.
or
not complete error ERR E20 Execute all the procedures in Auto phase center again.
5o | DC bus voltage E22BUS.E DC bus voltage is abnormal.
or
abnormal ERR E22 Check the input voltage.
Servo drive does not detect EtherCAT interface or servo drive has no
EtherCAT interface.
EtherCAT E23NOET erCAT interface : :
23 | interface is not or (1)  Turn off the power of the servo drive. Power on the servo drive to
detected ERR E23 detect EtherCAT interface again.
(2) The servo drive does not support EtherCAT. Check if the servo
drive supports EtherCAT.
An error occurs when performing CiA-402 homing and causes homing
: . E24HOM.E | failure.
CiA-402 h
24 erlror oming or (1) Check if left limit, right limit, near home sensor and index signal
ERR E24 are normal.

(2) Check if the selected homing method is appropriate.

The warnings of D1-N servo drive and their corrective actions are listed in table 9.1.2.

Table 9.1.2
No. Error LED T Corrective Action
Code
Left SW limit WRN W01 The left software limit is reached. The motor cannot move leftward.
2 | Right SW limit WRN W02 The right software limit is reached. The motor cannot move rightward.
Left hardware limit is triggered. The motor cannot move leftward.
(1) If no hardware limit exists, please disable the function of hardware
3 | Left HW limit WRN W03 limit.
(2) |If it is a false trigger, please check if the wiring or logic setting is
correct.
Right hardware limit is triggered. The motor cannot move rightward.
(1) If no hardware limit exists, please disable the function of hardware
4 | Right HW limit WRN W04 limit.
(2) |If it is a false trigger, please check if the wiring or logic setting is
correct.
The PWM output switch is greater than the limit value. The current
| output cannot be increased anymore. If this warning continuously
5 Siervo voltage WRN W05 | occurs in position control, error “E03 PEBIG” may occur.
g (1) Change power supply from 110 V to 220 V.
(2) Decrease speed, acceleration or deceleration.
Position error is greater than the value set for warning.
Position error (1) Check if the servo gain is properly set.
6 warning WRNWO06 | (2) Check if the warning threshold is set to be too small.
(3) Check if the mechanism has been maintained regularly or the
mechanism is lack of lubrication.
Velocity error is greater than the value set for warning.
Velocity error (1) Check if the servo gain is properly set.
7 WRN W07 | (2) Check if the warning threshold is set to be too small.

warning

(3) Check if the mechanism has been maintained regularly or the
mechanism is lack of lubrication.
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No. Error LoD Corrective Action
Code
Current reaches the maximum instantaneous current of motor
specification. Error “E05 SWHOT” may occur if this is not solved.
8 | Current Limited WRN W08 Then motor will be disabled.
(1) Decrease speed, acceleration or deceleration.
(2) Reduce the load.
In position mode or velocity mode, the value set for acceleration
9 A_ccglerahon WRN W09 prot.ect|on is reached. . . _ _
Limited To increase acceleration, increase the value set for motion protection
first.
In velocity mode or force/torque mode, the value set for speed
10 | Velocity Limited WRN W10 | protection is reached.
To increase speed, increase the value set for motion protection first.
Both left and right hardware limits are triggered.
Both HW (1) If no hardware limit exists, please disable the function of hardware
" limits active WRN W11 limit.
(2) If itis a false trigger, please check if the wiring or logic setting is
correct.
The force of linear motor or torque motor exceeds the threshold of
software over temperature protection. The servo drive forcibly
t output t i t heating.
12 | 12T warning WRN W12 decreases CllJrren ou p'u o avoid motor overheating
(1) Check if the load is too heavy.
(2) Check if the motor is obstructed during motion.
(3) Check if the motor model is correcily set.
Homing fails.
(1) Check if left limit, right limit, near home sensor and index signal
13 Homing fail WRN W13 are normal.
(2) Check if the values of Time out and Search end stop current are
properly set.
Pulse command In position mode, pulse command and homing command are both
14 | and homing WRN W14 received.
conflict Do not send pulse command and execute homing at the same time.
15 Absolute engoder WRN W15 The battery of the encoder has no power.
battery warning Replace the battery.
16 qupg absolute WRN W16 The absolute P9sition r.eceived from the absolute encoder is incorrect.
position Set home position again.
MECHATROLINK MECHATROLINK communication warning
17 | Communication WRN W17 . . .
Warnin Check if the communication cable is correctly connected.
g
18 Abs'o'lute encoder WRN W18 Absolute encoder fe.edback posit.ion ?verflow
position overflow Let the motor move in the opposite direction.
Serial encoder Serial encoder communication warning
19 | communication WRM W19 . i ]
warnin Check if the connection of the encoder cable is poor.
9
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9.2 Error and warning log

When D1-N servo drive detects error or warning, the error or warning will be displayed in the main window
of Lightening and will be saved in Errors and Warnings Log, as figure 9.2.1. To prevent users from
missing the errors or warnings reported by the servo drive, the errors or warnings occur after power on
(24 Vdc) are saved in Errors and Warnings Log. In Time log tab of Errors and Warnings Log window,
errors and warnings occur after power on are recorded in time sequence. The time when each error or

warning occurs will also be recorded.

P Errors and Wamings Log ‘ l E@ﬁ

Time Log Statistics

MOTE: The time shown below is calculated from the beginning of a reset or 24Vdc turning on of the amplifier.

Type of error/warning |Time (seconds) |
E03 Position error too big 201
W06 Position error warning 168
W06 Position error warning 167
W06 Position error warning 166

Double-Clicking at the error or warning message
will show help text for trouble shooting

ReFresh ‘ Clear History ‘ Save to bd-file ‘

Figure 9.2.1

The frequencies of occurring errors and warnings are saved in Statistics tab of Errors and Warnings

Log window. Users can know which error or warning frequently occurs.
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ﬂ Errors and Warnings Leg

Time Log Stalistics

Errors

==

Type of error

Frequency

EO01 Motor short

E02 Over voltage

EO03 Position error too big

E04 Encoder Error

EO05 Soft thermal threshold reached
EO06 Motor may be disconnect

EO7 Amplifier over temperature
EO08 Motor over temperature

E09 Under voltage

E10 5V for encoder card fail

E11 Phase init error

E12 Serial encoder communication error

DoO0000 o0 0=00

Type of warning

Frequency

W01 Left SW limit

W02 Right SW limit

W03 Left HW limit

W04 Right HW limit

W05 Servo voltage big
W06 Position error warning
WOT Velocity error warning
W08 Current Limited

W09 Acceleration Limited
W10 Velocity Limited

W11 Both HW limits are active
W12 12T Warning

Double-Clicking at the error or warning message
will show help text for trouble shooting

Clear History

0

cCoocoocowoooo

m

Save to ted-file

Figure 9.2.2

Besides, users can double click on the error or warning in Statistics tab to show Help tips window which

provides the cause and corrective action of the selected error or warning. For instance, in figure 9.2.3, the

cause and corrective action of error “E03 Position error too big” is shown in Help tips window.
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P Errors and Warnings Log

NEIEE

Time Log Statistics

r— Errors

Type of error

| Frequency |

E01 Motor short

E03 Position error too big

04 rror

E09 Under voltage

E11 Phase init error

EO05 Soft thermal threshold reached
E06 Motor may be disconnect

EO7 Amplifier over temperature
EO08 Motor over temperature

E10 5V for encoder card fail

cCoocooooo =00

E12 Serial enco

E03 Position error too.big --- Help tips

el

Type of warnin
WO1 Left SW lin| |
|| W02 Right SW I}
"l | W03 Left HW linf)|
'l || W04 Right HW Il}
W05 Servo vo I
W06 Position
WOT Velocity el
W08 Current Li
W09 Acceleration Limited
W10 Velocity Limited

.
k. * 4

W12 12T Warning

W11 Both HW limits are active

Double-Clicking at the error or warning message
will show help text for trouble shooting

Position error exceeds the set maximum position error window.
Please check whether comman gain is properly set ar the errar
window is set too small.

cooo

Clear History Save to bd-file

»

m

HIWIN MIKROSYSTEM Corp.
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9.3 Automatic error handling

D1-N servo drive is able to report error and warning in Lightening. Normally when an error occurs, users
need to perform troubleshooting and then clear the error in Lightening. For convenience and efficiency,
Lightening provides an automatic error handling function. Users can choose whether to enable this

function on error “Amplifier over temperature”.

Click on Protection tab in Protection center. Enable or disable this function in the setting area of Error
type setting, as figure 9.3.1. Check the checkbox of Latch amplifier over temperature error to disable
automatic error handling function. If the checkbox is not checked, automatic error handling function will be

enabled.

Example:
When error “Amplifier over temperature” occurs, it means the servo drive is overheating. If you would like
the motor to be enabled automatically after the cause of the error is cleared, such as the servo drive cools

down naturally, uncheck the checkbox of Latch amplifier over temperature error.

Protection HW limit Brake .
protection

Fosition units
count -

Error windows
Maximum pos error, 2888 count

Warning windows
Position error| 1008 count
Velocity error| 1 .. 80BB8e +8 count's

Limits
[~ Enable SW limit

Motion protection
Speed S08880 countls
Acc| 11715552 countis"2
Dec.| 11715552 count/s*2
| Dec. kill| 23431185 count/s*2

Smooth factor| 188

| Error type setting
| ¥ Latch amplifier over temperature error

Figure 9.3.1

Setting:
Click on ¥ to go to Protection center window. Click on Protection tab. In the setting area of Error type
setting, uncheck the checkbox of Latch amplifier over temperature error to enable automatic error

handling function.
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9.4 Troubleshooting

9.4.1 Status indicator

The status indicator of D1-N servo drive is indicated in figure 9.4.1.1.

EthetCAT. ™
[P AN )
X8 = Status indicator
- [
Ly |
(%
iy,
(x,
(%!
[y |
Ly,
(..
§ 4%
(s .
(y .
(%
Ly
(.
(x|
(.
[y .
(3
'] Of
Figure 9.4.1.1
Table 9.4.1.1
Indicator Servo Drive Status
No status +24 Vdc power is not supplied.
Blinking red and green The servo drive is powering on.
Blinking green No power has been supplied to the motor.
Solid green Power is being supplied to the motor.
Blinking green and solid red | No power has been supplied to the motor and an error occurs.

Note:

When the indicator turns red and green at the same time, the color looks like orange.
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Table 9.4.1.2 EtherCAT model

Indicator Servo Drive Status
No status Initialization (Int)
Blinking green (200 ms interval) Pre-Operational (Pre-OP)
Blinking green (1000 ms interval) Safe-Operational (Safe-OP)
Solid green Operational (OP)
Blinking red (200 ms and 1000 intervals) Watchdog Timer (WDT) Timeout
Blinking red (1000 ms interval) Synchronization Error
Blinking red (200 ms interval) Communication Setting Error
" 200 ms| ‘200 ms _L
200 ms interval i
" 200 ms 1000 ms
1000 ms interval o]

on

200 ms | 200 ms| 200 ms 1000 ms
200 ms and 1000 ms intervals .
" off

Figure9.4.1.2
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9.4.2 Error description and corrective action

Table 9.4.2.1
No. Description Error Message Corrective Action
(1) Speed or acceleration is Check if the speed, acceleration and deceleration
limited when sending set for motion protection in Protection center are too
pulse command or small.
voltage command. Velocity limited
1 | (2) The controller already /Acceleration
finishes sending pulse limited
command, but the motor
is still moving to the
target position slowly.
The moving direction of the Redo auto phase initialization setting by referring to
> motor is opposite to the ) section 5.3. Use TD function to reset the moving
user-defined direction. direction of the motor. Check the checkbox of Invert
to invert command.
Error map function is not Go to Error map page in Application center and
enabled. check the following:
(1) Check if the checkbox of Error map enable is
3 - checked. Refer to section 6.9.

(2) Check if homing is completed or signals
related to homing have been set in digital
inputs.

The motor moves without (1) Use Quick view or Scope to check if any pulse
receiving any command after it signal is received for Target Position.
is enabled. (2) Check if the pulse signal cable is connected
properly.
4 ) (3) Check if signal 0 V is connected to the shield
or ground.

(4) Check if the servo drive and machine are
grounded.

(5) Check if core should be added onto the pulse
signal cable for filtering.

The motor does not move after (1) Check if the command unit is correct.
command is sent from the (2) Check if the speed or acceleration is 0 or not.
controller. (3) Check if software limit is enabled. Or check if
5 - the value set for Upper SW limit or Lower SW
limit is correct.

(4) Disable the motor and move it (forcer)

manually to see if it runs smoothly.
The motor does not move after (1) Use Quick view or Scope to check if any pulse
pulse command is sent from signal is received for Target Position.
5 the controller. ) (2) Check if the pulse signal cable is connected
properly.

(3) Check if the electronic gear ratio is set to be

too small.
The motor does not move after (1) Use Quick view or Scope to check if analog
4 analog voltage command (V voltage command is received.
command) is sent from the i (2) Set Analog input offset in Analog input tab
controller. of Advanced gains window.
The motor moves with a loud (1) Decrease the common gain (CG).
8 | noise. - (2) Set filters in Filter tab of Advanced gains

window.

HIWIN MIKROSYSTEM Corp.
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No. Description Error Message Corrective Action
The servo drive is overheating. (1) Check if the servo drive is installed in

well-ventilated location.

Amplifier over (2) Check if the ambient temperature is too high.
temperature (3) Wait till the servo drive cools down.

(4) If the servo drive has been used for a long

period of time, check if heat sink is needed.
The signal of position feedback (1) When wusing Renishaw optical position
sensor (reader) is abnormal. feedback system, check if the LED on the
reader lights up. Normally, the LED should be
green. If the LED does not light up, check if 5V
power is supplied or the signal cable is
properly connected and is not short-circuited.
If the LED is red, adjust the gap between the
reader and scale and check if the scale is
clean.

(2) When using HIWIN magnetic scale, ensure the
gap between the reader and scale is between
0.1 to 0.2 mm. Check if the signal cable is

10 Encoder error properly connected and is not short-circuited.

Keep the scale away from strong magnet.

(3) Check the reader is digital type or analog type.
Ensure its model and resolution are correctly
set.

(4) Check if the phase sequence (A/B phase) of
digital reader is incorrect.

(5) When the analog reader is not moving, check
if the sine wave signal of analog reader is too
small.

(6) Check if the servo drive and machine are
grounded, and the shield is grounded.

The motor (forcer) is (1) Check if the over temperature cable is
overheating. connected.
(2) Check if the temperature of the motor is too
Motor over high
11 temperature '

(3) Check if the continuous current and
instantaneous current of the motor are within
its specification.

(4) Check if the duty cycle of the motor is too high.

DC bus voltage is too small. (1) Check if the servo drive is connected to AC

Under voltage main power 240 Vac.

detected (2) Use multimeter to check if AC main power 240

Vac is supplied.

DC bus voltage is too large. (1) Check if the velocity, acceleration and load are

within the specifications of the servo drive and

motor.

(2) If the motor needs to move at high speed,
consider installing regenerative resistor. Select
regenerative resistor according to your load
and motion conditions.

(3) Check if the load is too heavy.
(4) Check if the speed is too high.

sensor activated

12

Over voltage

13 detected
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No. Description Error Message Corrective Action
The position error is greater (1) Check if the common gain (CG) is too small.
than the value set for (2) Open Protection tab in Application center and
maximum pos error. check if the value set in the field of maximum

pos error is too small.
Position error too | (3) Check if the motor is obstructed during motion.

14 big (4) Check if the reader is normal.

(5) Check if the optical scale is clean.
(6) Check if the load is too heavy.
(7) Check if the guideway has not been
maintained for a long period of time.
(8) Check if the cable tray is too tight.
There is short circuit among (1) Ensure there is no short circuit among the U, V
the U, V and W wires. and W wires and the wiring is ideal.
M (2) Ensure there is no short circuit among the U, V
15 otor short (over and W wires and ground.
current) detected a9 .
(3) Ensure the resistances of U, V and W wires
are the same.
(4) Check if the motor power cable is too old.
The equivalent current that the (1) Check if the continuous current and
drive outputs exceeds the instantaneous current for the motor is within its
maximum continuous current specification.
of the motor. (2) Check if the required current for the
16 Soft-thermal acceleration command of path planning is
threshold reached greater than the rated current of the motor.
(3) Check if the motor is obstructed during motion.
(4) Reset the drive and enable the motor again.
(5) Check if the motor model and its current
parameter is correctly set.

17 PC cannot communicate with ) Check if transmission rate (BPS) and
the drive. communication port (Port) are correctly set.
Controller receives incorrect When saving parameters (™) to drive Flash, the

18 position information  when ) emulated encoder function is not available.
using ~ emulated  encoder Therefore, the position information sent to the
function. controller during this time could be incorrect.

Fail to enable or disable digital Check if the digital output is set to “PDL usage” in

19 | output (O1 to O4) in PDL - I/O center.
program.

Error “Hall sensor error” occurs (1) Open Quick view or Scope in Lightening to
when using digital Hall sensor. observe physical quantity “46 digital hall bits”.
Move the motor manually to see if the value of
this physical quantity changes.
(2) If the value does not change, check if the
encoder cable is correctly connected.
20 Hall sensor error | (3) If the encoder cable is correctly connected,
please replace it with another encoder cable.
(4) If the above method does not work, please
replace the servo drive.
(5) If the above methods cannot clear this error,
the digital Hall sensor could be broken, please
replace the digital Hall sensor.
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10.1 Advanced frequency analysis

Frequency analyzer is used for advanced frequency analysis when the values of vpg and st vpg
calculated by the auto tuning function in section 5.3.2 cannot meet the requirement. Frequency analyzer
measures the actual frequency response of the system and calculates the values of vpg and st _vpg
according to the application. With frequency response figure, users are allowed to design filter to improve
system performance. To do advanced frequency analysis, do not check the checkbox of Use simple
version and click on Freq analyzer button to open frequency analyzer.

View
B{Enabled .
m{Phase Initialized Phase initialization mode:) 8% method 1
B Servo ready B SM mode B sMCL mode
Current(SM modek| 5. 24 A_amp
Feedback position:| 150 count

1. Enable axis in SM mode

SM enable

2. Drag the slider bar to move the motor in SM mode
The arrow in the watch had better remains within green range during motion

oy

3
4|

Phase error (Elec. deg)
3. Direction

If necessary, press i to toggle direction definition

4. Frequency analysis

Freq analyzer [T Use simple version

5. 8W method 1

Max.pos. err during phase init. Offset| 8.8 deg
Start SMCL o e
SMCL tool ...

6. Phase initialization

Start phase initialization

Figure 10.1.1
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10.2 Frequency analyzer

When frequency analyzer is opened, its default mode is “Stepper/Dcbl plant’. Click on Run button to
measure frequency. It is normal to have sound or vibration when measuring frequency. After the
measurement completes, the result will be shown in the display area. Right click in the display area to
open slope measurement tool. Select slope -20 dB/dec and move the cursor to the segment of the same

slope. The program will automatically calculate the appropriate vpg and st_vpg. Click on Send button to

send these parameters to the servo drive. To save the parameters to the drive Flash, click on 4 in the

main window of Lightening.

5
Freq analyzer junior 1.16 , sl=0 Elélg
File Modes View I
© Gain 17508 | \ Stepsacol | peol e 4 Mode selection
@+ Gain(db) ] plant plant
" Phase Amplitute I Close loop deblistep. gains ]
" ph(deg) | Signal offs| @ vpg: 0.000185729 .
© Nyquist Signal| ¥_ref_pos_ext stvpg: 0.121076 Calculation result
¢ phgain Input[B_wef_pos_ext Load: 2.1317e-6 Korm'2 TN
" Nichols Qutput[X_uel_£h op
¥ Poi i
[ ok Run Start frequency analysis.
¥ 24in
| v Odb cut

| @ Herlz Enable Gamtdn)
~ Radisec L,
SM enable

| .
. i : ' | ,< Display area
Full scr
Disable | \H\ e

g

LEnabled \\\
B Phase Initialized
H SM mode [ AGiknes | Tl
-140 dB/dec 20 dB/d
sm_ampl{0.1%) - ec cursor
Cir inf | 39 53‘.}?6 - -120 dB/dec |
f [33- -100 dB/dec \
-80 dB/dec | \ A
Slope measurement tool 60 dBdec _
-40 dB/dec | | /g H
Stop | v | -20dB/dec N
0 dB/dec l
Idle time 20 de/dec b l
2L 40 dB/dec |
Data time - | I |
— 80 dB/dac |
Min cycles '
1 Make tip visible
Clear all tips l
Step '
T —m O I e |1
2 Hertz T7560
Figure10.2.1
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When there are several -20 dB/dec segments in the curve, move the -20 dB/dec cursor to the segment

which is closest to the top.

[ Freq analyzer junior 116, sl=0 ‘ ‘ ‘ E@&J

File Modes \iew

" Gain Fr.[2088 [ Stepfdcbl | Dchy Current
¥ Gain{dh) _ plant plant
 Phase Amplitute EHIRE Close loop deblistep. gains
" phi{deg) || Signal offs| @ wpg: 0.001096122
" Myguist Signal| ¥_ref_pos_ext st_vpa: 1.27852
" ph+gain Input R Pef _pos_ext Load: 0.0010774 Kg*m"2 Loop-=
¢ Michols caonstructor
Output| ¥ _wel fh ™ show also stepper hode
f Setdefault
W Points
IR | Send | freq. range
=
I W Odbcut |Send: ¥_st_vpg = 0.0542358, ¥_vpy = 8.31967e-005
N[ & Herz GafinCdb>
" Ratisec 68
SM enahle
Full scr 55
Disahls / \
58
i AEnabled / \_\
APhase Initialized P 45
[ B 5M mode / \\ /’/ N\/\ i
) arn_ampl(d.1%) /" T \
Clrinf 279 9998 15
CCEN M
delete all \
25
28
ldle time \J
8.1 1
Data time 18
a.1
Min eycles 5
1
a
=5
Step
a.1 18 188 186868__
| 2 Hertz 2088

Figure10.2.2

10.3 SMCL tools

When SW method 1 is selected for phase initialization mode, use SMCL tools to adjust st_cg to minimize
the movement when performing phase initialization. Click on SMCL tool button in figure 10.1.1 to open
SMCL tools, as figure 10.3.1. Increase st _cg to decrease the movement during phase initialization. If
st_cg is set to be too large, it may cause vibration and unstable system. Click on Start SMCL button to
check the movement during phase initialization and if there is vibration. Adjust st_cg and execute SMCL

test repeatedly and check position error until the movement during phase initialization is acceptable.

Note:

Do not modify the value in e_pointer field.
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% SHCL tools [E)E)E] § % srcr wois [=11E3]

Execute SMCL test.

&_pointer| 53364
stvpg| B.120516 st vpy @.120516

st_cg| 6. 360000 Filters sl cy 1.30000

e_pointer| 53836

]
&

n 4 unn
LI 3 B

1615.82 [B.1% peak
DSP rate=15000Hz, Rate=77.BHz Time(s)l 3 DSP rate=15000Hz, Rate=85 GHz Tima(s) 3

31 Command Curren 16@82.95 | @.1% peak

St_cg=0.3, movement 4500 count St_cg=1.3, movement 450 count

Figure10.3.1

®  SMCL parameters

(1)

(2)

st cg

st_cg is the proportional gain of control loop in SMCL mode. Normally st_cg must be as large as
possible, but it is on the premise of not affecting the stability of the system. If st_cg is set to be
too large, it may cause vibration and unstable system. At this time, st_cg must be decreased.
st_cg is usually set to 0.2 to 1.5. But if the system is stable enough, st_cg could be more than
1.5.

st_vpg

An initial value is calculated by using the physical parameters set in Motor page in
Configuration center, such as load mass, screw moment of inertia, gear ratio and motor type,
etc. If improper initial value of st_vpg is set, you may use frequency analyzer (Freq analyzer
junior) to do frequency response test to obtain the appropriate value. Normally the st_vpg

obtained from the frequency response test does not need to be adjusted again.

HIWIN MIKROSYSTEM Corp. 10-5



HIWIN.

MD17UE01-1906

D1-N Series Servo Drive User Manual Advanced Frequency Analysis

m  Filters
There are filters in SMCL tools. Users may use the filters according to their requirements. For how to

set filters, please refer to section 6.6.1.

10-6

(%) PID fitter for SMCL =
|| cain @dinfab)
|| & Gain(d) s,
= Phase '\.\q
" Phase(deq)
 Nyquist {l
" Phase Gain E
 Nichols \\.
¥ Paints 5
|| Herz \ -‘J Display area
l i~ Radfsec L N
| \
Full screen | \
| * 301
| p!
i
"
1 Hertz 7588
[ Step | @.85
Filter cofiecents Update from Cont
Ze HERT Send to Cont
fr| 588 frl@
¥ | @.7a? yil@a.787 | Set default
Ki[@ ke Disable fiter Buttons
= A & o Help...
—_ |

Setting parameters of filters

Figure10.3.2
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11.1 Enabling method

11-2

Enable motor by controller
Normally motor is enabled by the command sent from controller via input port. Input function Axis

enable is set in digital input |1 (section 5.4.1), as figure 11.1.1.

‘CUn".,fTune Tools Language About

\@'_.. Z =M 5] €] =i

- (W

Inputs | outputs

gL
State Invert

<
—

12 |Left <-> limit switch

< <

13 |Right (+> limit switch

14 |Near home sensor

<l

15 |Hot configured

<l

I6 |Mot configured

I7 |Mot configured

<

18 |Mot configured

<
m

19 |Mot configured

<l

KEFENEEFFH
EEEEEEEEEE
<

110 | Mot configured

<l

X9

ot ] m e CPC

Set default

Figure11.1.1

Enable motor without controller

Without controller, hardware enable signal cannot be input into the servo drive. To simulate a
hardware enable signal, click on % to open I/O center, as figure 11.1.1. Normally 11 is for hardware
enable signal. Check the checkbox of Invert to invert the logic. At this time, since the logic is
inverted, 11 becomes ON when no signal is input. The state indicator becomes green which means

hardware enable signal is received.
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11.2 Checking enabling state from Lightening

When Hardware enable input indicator in Lightening becomes green, it means

received from controller, as figure 11.2.1.

enabling signal is

& Lightening, version 0.1854, com53, 115200 = ®
Conf/Tune Tools Language About Advanced
P . AT=E 2] &1
S Se Controller: DAN(D), Axis: X Firmware version
B § 0.DIN _ 8.818
] Motor type: AC serwvo
b :')(

Model:| FRLE48285

Axis is cofiguredto:| Stand—alone position mode
Status
_MHardware enable input B STO function active
M Software enabled
B Semvo ready

Figure11.2.1

Normally motor is enabled by axis enable signal from controller. Pay attention to the following:

(1) When Lightening is an active window, pressing F12 key can disable the motor. This is usually used

for emergency.

(2) Click on Disable button in Performance center of Lightening to disable the motor. To enable the

motor again, click on Enable button (Note: Hardware enable input indicator must still be green.).
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12.1 Comparing the parameters in RAM and Flash

When motor parameters are modified but have not been saved to the Flash, Compare parameters RAM
to FLASH window appears as users are closing Lightening or saving error map parameters to the Flash
(Refer to section 6.9.1.), as figure 12.1.1. This window is to remind users that parameters are modified but

have not been saved to the Flash.

Cormnpare parameters RAM to FLASH “ Lﬁ

56 parameters are detected to be changed in RAM from Flash

Press "Exit' to exit.
Press 'Cancel to stay,
Consider to do 'save parameters to flash’

Exit Cancel ‘ Details ‘ !

-

Figure 12.1.1Compare parameters RAM to FLASH window

Click on Details button to do further comparison. Users are allowed to check which parameter has
different settings in RAM and Flash. If the settings in RAM and Flash are not identical, the parameter and

its value will be shown in blue.

The following two symbols may also appear in the Flash value column.

(1) =: The value saved in the Flash is the same as the one in the RAM.

(2) = x: Users undid the parameter before. The value in the RAM is changed to the one saved in the

Flash.
Compare RAM to flash (ver 0.45) (D) \ / &) @
@ > I Refresh I | I Save " Close I Up ¢ @
Siave: @ Cramuz) o[ e ] @
Comprae paramters RAM to FLASH
56 modified. 3 undo. 221 variahles ., @ errors
Parameter name Type RAM value Flash value £
#_StIdhome s 21 =
H_StldmotTOur s 84 =
B _Ucf.fr £ a =
B _Ucf.xi £ a.787? =
Fia X _Upi. ki £ 92 .8245 1888
4 X_Upi. kp £ 369.137 3
B Upi.lim f 2588 =
#_UseEncoderfilarm s a =
#_Use_DynamicBrk s a =
4 X_UOF._FB_Switch 1 a 1
4 X_UOF.J_div £ a.5 2208358 E
B _Ucf.fr f a =
B _ Ucf.xi f a.787 =
4 X _Upi. ki £ 92 .8245 1888
4 X _Upi. kp f 1288.2 369.137
B Upi.lim £ 2588 =
H_ZT_loadLl s 3 =
4 ¥_acc f ?.6be+? 1.91225e+7
H_affg f a =
#_backlash 1 a =

Figure 12.1.2Compare RAM to flash window
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The buttons in Compare RAM to flash window are described as below:

D Save: Save parameter to the drive Flash

@ Close: Close the window.

@ Up: Go to the previous parameter which has different settings in the RAM and Flash.

@ Down: Go to the next parameter which has different settings in the RAM and Flash.

® Undo: Change the value of the selected parameter. Its value in the RAM is changed to the one saved

in the Flash.
® Refresh: Compare the parameters in the RAM and Flash again.

@ Redo: Cancel Undo of the selected parameter.

HIWIN MIKROSYSTEM Corp.

Figure 12.1.3Compare RAM to flash window

Compare RAM to flash (ver 0.45) @
Refresh | Save | Close | Up ‘
Slave:| @ {tamuz> [~ hex I Redo I Down ‘
Comprae paramters RAM to FLASH
%6 modified. 4 undo. 221 variables . A errors\®
Parameter name Type RAM value Flash value -

#_StIdhome s 21 =
A_StIdmotTOvr ] 84 =
B _Ucf . fr f a =
B_Ucf . xi f a.7a7 =
®_Upi.ki f 1888 o
®_Upi.kp f 369.137 b
B _Upi.lim f 2588 =
#_UseEncoderflarm s a =
Z_Use_DynamicBrk 3 a =

_UOF_FB_Suwitch 1 a 1
R_UOF.J_div f a.5 228358 E
B _Vcf. fr f a =
B _Ucf._xi f a.7a7 =
B _Upi.ki f 22.8245 1088
®_Upi.kp f 1288.2 369.137
B _Upi.lim f 2508 =
4_ZT_loadLVU s =
®_acc f 2.66e+? 1.9122%e+7
H_affg ¥ a =
#_backlazh 1 a =
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Updating Firmware And Loading PDL

13.1 Updating servo drive firmware

To update the firmware of the servo drive, click on Tools in the main window of Lightening. Select

Upgrade/downgrade firmware from the submenu, as figure 13.1.1. Then window in figure 13.1.2

appears.
& Lightening, version 0.1854, com33, 115200 E=A0E X
Conf,/Tune ITo-os Language About
[ Communication setup...  (Ctrl+N) o
o AN &l §l =
- Open plotview...  (Ctrl+G)
(] Dirie el Firmware version
=8 ' ata collection... B.818
i Scope.. (Ctrl+P)
Encoder test/tune... El
PDL... Ctrl+)  Btand-alone position mode
Loop constructor...
STO function active
Reset amplifier -
| Upgrade/downgrade firmware...
Set parameters to factory default
Figure13.1.1
lau pgrade/downgrade firmwsa
Fle]

Update selected firmware to amplifier | | Date : Time | Comment
Add working directory firmware to Archive 2013109\04 - 09:07:30
2013109106 - 08:18:48
Refresh 2013109118 - 10:36:01
0804 CHWIN'dce'db_firm\DTRWer_0_804 2013111122 - 06:08:51
0.805 CHWIN\dce\db_firm\D1MNwer_0_805 20140129 - 03:41:30
0.806 CHWIN\dce\db_firm\D1MNwer_0_B806 201404111 - 02:10:09
0.807 CHWIN\dcevdb_firm\D1Mwer_0_807 201501116 - 00:00-:01
0.808 CHWIN\dece\db_firm\D1MNwer_0_808 2015\02106 - 05:05:56
0.809 CHWIN\dce\db_firm\D1Nwer_0_809 2015\09102 - 09:40-21 Amplifier
[0.810 | 2015V10M9 - 05:40:22

CAHIWI \D1Nwer_0_810
Step 1

|Workjng Dir: Amplifier: Ver. 0.810 CAHIMIN\decehD1IN 2015410419 - 05:40:22

13-2

Figure13.1.2 Upgrade/downgrade firmware window

HIWIN MIKROSYSTEM Corp.



HIWIN.

MD17UE01-1906
D1-N Series Servo Drive User Manual Updating Firmware And Loading PDL

In Upgrade/downgrade firmware window, follow the steps below to update firmware.

Step 1:  Left click on the firmware version to be updated. The selected firmware version will be shown in
white text on a blue background.

Step 2: Click on File and select Update selected firmware to amplifier. A message dialog shown as
figure 13.1.3 appears.

Update new firmware to amplifier Y

Do You want to update the amplifier
l % by firmware version in:

CAHMINY dcetdb_firm\D1M\wer_0_8104

In Warking Directory firmw "

Step 3 P

Figure13.1.3

Yes button

B H Cancel button

Step 3:  Click on Yes button and Auto load programs window appears. The firmware is loaded to the

servo drive automatically.

| Auto load programs = 8 EE_'
D1H: Test if PDL need complilation 7 ]
NHo need PDL compilation I Compile PDL
B: DiN
Go to boot mode
Start loading MDP ...
¥ load MDP
] > W load PDL
4 1n 3 -
v
£1 ia A DiN DELFINO335
File | C:SHIWIN~dce“~DiN~D1iN.edh
Clear page: Page 5 . start address: 3288088
Addrsses: BA328000, Urite 25861 words Sto
Addrsses: BA32e586. Write 2685 words P
Addrsses: BA32ef84, Urite 48 words
Addrsses: BBA333f00,. Urite 15613 words
Figure13.1.4

Step 4: After the firmware is updated, a window shown as figure 13.1.5 appears. Click on Yes button.
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. From CAHIWIN\dcet\db_firm D1 Mywer_0_S10%
LIA Firmware was changed succesfully!

Figure13.1.5

Note:
If power failure or communication interruption occurs during firmware update, Lightening stays in “Boot mode” and
cannot be changed after power is supplied again or communication cable is reconnected, as figure 13.1.6. If this

occurs, please contact local distributor.

% Lightening, version 0.1854

Conf/Tune Tools Language About
& o AT 2] €

[5J-mmme Drive Controller: D1N(0), Axis: <boot mode= E T TR IEETRT

Boot mod
B i 0 DIN Motor type:| Boot mode ook made
L--# <hoot mode>

Model| Boot mode

Axis is cofigured to: Boot mode

—Statu
lHardware enable input
I software enabled
Aserno ready

—Last error

—Lastwarning

—Quick view
Position units

oot 5

|2B Reference acceleration ﬂ | Boot mode count/st2

| 1 Feedback position ﬂ | Boot mode count

| 6 Mechanism position ﬂ | Boot mode count

Figure13.1.6
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13.2 Loading PDL program

Follow the steps provided below to load PDL program to the servo drive. To clear the PDL program in the

servo drive, please delete the program codes in user.pdl.

Step 1: To open PDL window, click on the icon (H) indicated in figure 13.2.1.

@ Lightening, version 01854, com53, 115200 o (=1 =R
Conf/Tune Tools Language About Advanced
P AT TB gl £l 5
= s Controller: DN{D), Axis: X Fgms"‘fge version
- § 0.DIN :
= ' = Mator type: AC servo
| * Model:| FRLS482K5

Figure13.2.1

Step 2:  Click on Edit button to open the interface for editing PDL program.

T R e
Compile | I Edit I Boot |

Compile no zip | Verify Mormal |
eri |

File |
Load Compare code only |

[~ Compare mode Compare | Close |

State Mormal mode CFORT A> ‘

81 id @ DiN DELFINO335
File | C:NHIWINdcesD1N~pd 188 \mainB.pdl J
Figure13.2.2

File Edit View Options Macro Help

N o s @ D ABS S| O 8T8 N | By &bl b
DEEE|-a8A[B@|=EE|

L L e

E|-- FILES user.pdl
“E] userpdl

/7 USER may write his PDL code here

Figure13.2.3
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Step 3:  After PDL program is loaded or editing program codes is completed, click on &4 (Compile) to
show PDL compiler window.

Z user,;E PDL debug ver 3.59 T — = | = q

File Edit View Options Macro Help

“ oo s | @A RSt | O e e B | @ | shEdéb
DEEE|.4A|Bw =2
L N

SR Y = ]

E.T user.pdl -
z /7 USER may write his PDL code here Tl
i userpdl

#tasks1;
Main input file: C:\HIWIN~dcesD1Nspd1@@ maind._pdl

PDL working dir: G :~HIWIN~dce~DiN~pd 108 F
Configuration file: C:S\HIWINSdceslightening.dce 8lave: DiH{@>

Preprocessing ended uk

PDL interpreter ver:

Total=2684. C: \HININ\dce\DIN\pdlBB\malnB pdl: 21 line compiled

m

?-Zip 9.28 Copyright <c)> 1799-2018 Igor Pavleou 2018-11-18

Scanning

Creating archive pdlsource.?z

Compressing pdlB@._fst

Compressing init.pdl

Compressing mainB.pdl

Compressing sys.pdl

Compressing user.pdl

Everything is Ok

code = 2.423 2ip source=1793%. total=38368. nmaximum=65824, spare left=26664
Ccoocgoooo LE: C:NHIWINsdceNDiNssys.pdl

== Prul:er.lure hall_tune_TD

warning: no reference to variable ’EncDir’

warning: no reference to variable "MotDir’

—— Procedure: hall_tune

warning: no reference to labhel ’sm_mode_current_too_hig’ o

4 [0 | ol

Figure13.2.4

Step 4: Click on % (Send to slave) after compilation finishes. Click on Yes button when the dialog
shown in figure 13.2.5 appears. Then a window with progress bar appears and closes as PDL
program is loaded, as figure 13.2.6.

File Edit View Options Macro Help
oo s @ADL ST sz | O e By | &bl db|
MEMBM|[sa a8 Al@ ==

FE(e aF
e X EEN=|EEER| D | E|
E‘--Eusserpdl :jeségglmay write his PDL code here E
#tasks1;
_Test: =
confirm |i|

—
@ Send to DIN(0), paged, PDL
©w

Yes button Cancel button
B’E fivk]

Figure13.2.5
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5 ] PDL

Compile |

oo

Edit |

Compile no zip |

Load |

Werify |

Compare code only |

[~ Compare mode

Compare |

Boot |
Mormal |
File |
Close |

State

£1 id @ DiN

DELFINO335

File | C:nHIUINwdce DI1N-pd18@ main@.pdl

Clear page: paged .,

start address: 329888
Addrsses: BA320000, \rite 19180 words

Figure13.2.6

13.3 Updating motor parameters

Follow the steps below to update the motor parameters used in Lightening.

Step 1:

Download parameter patch from our download center.

x [
HIWIN. MIKROSYSTEM

Logout ‘

& Contact Us

About Product News
Home Downioad
File Type File Name Product Type Format Date Download
Al EtherCAT ESI File ) 2018-07-
Confroller & Drive I f<a)
Catalog 20160711 B 20 =
Drawing
Manual 2019-D2-
Lightening 0.195 & Confroller & Drive ZIP . [<a)
W Software 1
Certificate
MECHATROLINK 2019-02-
_ Controller & Drive 2P B fca)
Category Lightening 1.09 25
Linear Motor rameter patch 4.6 2018-07-
pe pe Controller & Drive BIN f<a)
Torgue Motor a 20
Direct Drive Motor
AC senvo Motor parRMEer paCN 465 onorer & Dive PDF e 52
bl & P TEE @ 20 =
B Confroller & Drive
Stage
Release Notes for
Positioning Measurement System 2019-02-
Lightening 0 195(EN) Controller & Drive PDF ) £
Serve Actuator a8 1
Linear Acfuator
Renewable Power Inverter Release Notes for Jores
Lightening 0. 195(TW) Controller & Drive PDF . f<a)
Subcategory a8 1
HIMC
Drive E1
Drive D1
W Drive D1-N
Figure13.3.1

HIWIN MIKROSYSTEM Corp.

13-7



HIWIN.

MD17UE01-1906
D1-N Series Servo Drive User Manual Updating Firmware And Loading PDL

Step 2: Extract the parameter patch.

|| parameter_patch_4.6.7z =1 bF0. TIEE 72KB
)]
7-Zip > Open archive
W TortoiseGit » Birsg it
Extract Here
& WinMerge

Extract to "parameter_patch_4.6\"

EEEHMW Test archive
BEIMN 2 Add to archive...
=Fm i:;ﬂpreﬁs and email... oo

to" £ it B.7z7z"
=500 o "parameter_patch_4.67=7z

Compress to "parameter_patch_4.6.7z7z" and email

BIEE(ES) Add to "parameter_patch 4.6.7zzip"
RIER(D)

Compress to "parameter_patch_4.6.7z.zip" and email
Errecnn

Figure13.3.2

Step 3: Execute parameter_patch.exe. Then HIWIN .mot generator window appears. Click on (Y)

button. The update completes after all the execution windows disappear.

HIWWIM .meot generator .

| Do you want to install the .mot file patch?

=) Z(MN)

Figure13.3.3

Note:
If Lightening is not installed, a warning window appears as figure 13.3.4. To see if Lightening has been installed,

check if Lightening.exe exists in path C:\HIWIN\dce\toolswin\winkmil\.

Warning S

Lightening does not exist

S

fill

Figure13.3.4
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14.1 Modbus communication specification

The Modbus communication specification of D1-N servo drives is listed in table 14.1.1.

Table14.1.1
Interface RS-485 2W-cabling
Communication Cycle Asynchronous (Half-duplex)
2,400, 4,800, 9,600 (default), 14,400,
Baud Rate 19,200, 38,400 bps
Communication Protocol | RTU (default), ASCII
Data Length (Note') 8 bits (default), 7 bits
Communication Parameters Parity Even (default), odd, none

Start bit 1 bit
Stop bit (Note 2) 1 bit (default), 2 bits
Station Number 1~247

Note:

(1) The data length of RTU communication protocol is 8 bits. The data length of ASCIl communication protocol is 7

bits.

(2) The stop bits for odd parity and even parity must be 1 bit. The stop bit for none parity must be 2 bits.

14.2 Function codes

D1-N series drives provide three types of Modbus function codes.

Table14.2.1
: Message Length (bytes)

Function _— "

Code Definition Command Response
Max. Min. Max. Min.

03h Read holding registers. 8 8 255 7

04h Read input registers. 8 8 255 7

10h Write multiple registers. 255 11 8 8

Note:

The message length of exception response is 5 bytes.

(1) Read holding registers (03h)
This function is used to read the contents of the contiguous blocks of holding registers. The content
of each register is divided into 8 high bits and 8 low bits. 125 registers at most can be read at the

same time.
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Table14.2.2

Request Data Length Value
Function Code 1 Byte 03h
Starting Address 2 Bytes 0x0000~0xFFFF
Register Number 2 Bytes 1~125

Response Data Length Value
Function Code 1 Byte 03h
Byte Count 1 Byte 2xN
Register Value 2 x N Bytes

Error Data Length Value
Error Code 1 Byte 83h
Exception Code 1 Byte 01h, 02h, 03h, 04h
Note:

N is the number of registers.

Table14.2.3
Exception Code Definition Description
01h lllegal function The function code is not supported.
02h lllegal data address | Try to read an illegal register.
03h lllegal data value The number of registers is over 125.
The request contains incomplete data.
04h Servo device failure | For instance, the controller only
requests 16 bits of a 32-bit parameter.

Table 14.2.4 is an example of reading registers 0x006B ~ 0x006D. The content of register 0x006B is
2 bytes. Its value is 02 2Bh. The content of 0x006C is 2 bytes. Its value is 00 00h. The content of
0x006D is 2 bytes. Its value is 00 64h.

Table14.2.4
Command Response Error
Slave address 01h Slave address 01h Slave address 01h
Function code 03h Function code 03h Error code 83h
Starting Hi 00h | Byte count 06h | Exception code | 02h
address Lo 6Bh . Hi 02h Lo | COh
Register Hi | oon | Redister 0x006B = —op — CRC Hi | F1h
number Lo 03h , Hi 00h
cre o Zan Register 0x006C Lo 0oh
Hi 17h ) Hi 00h
Register 0x006D Lo 64h
Lo 05h
CRC Hi 7Ah
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(2) Read input registers (04h)
This function is used to read the contents of the contiguous blocks of input registers. The content of

each register is divided into 8 high bits and 8 low bits. 125 registers at most can be read at the same

time.
Table14.2.5
Request Data Length Value
Function code 1 Byte 04h
Starting address 2 Bytes 0x0000~0xFFFF
Register number 2 Bytes 1~125
Response Data Length Value
Function code 1 Byte 04h
Byte count 1 Byte 2xN
Register value 2 x N Bytes
Error Data Length Value
Error code 1 Byte 84h
Exception code 1 Byte 01h, 02h, 03h, 04h
Note:
N is the number of registers.
Table14.2.6
Exception Code Definition Description
01h lllegal function The function code is not supported.
02h lllegal data address Try to read an illegal register.
03h lllegal data value The number of registers is over 125.
The request contains incomplete data.
04h Servo device failure | For instance, the controller only
requests 16 bits of a 32-bit parameter.
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Table14.2.7 is the example of reading register 0x0008. The content of register 0x0008 is 2 bytes. Its
value is 00 OAh.

Table14.2.7
Command Response Error

Slave address 01h Slave address 01h Slave address 01h
Function code 04h Function code 04h Error code 84h
Starting Hi 00h | Byte count 02h | Exception code | 02h
address Lo 08h , Hi 00h Lo C2h
Register Hi 0oh Register 0x0008 Lo 0Ah CRC Hi cin
number

Lo 01h CRC Lq 35h
CRC Lo BOh Hi 37h

Hi 08h

(3) Writing multiple registers (10h)
This function is used to write data to the contiguous blocks of registers. 123 registers at most can be
written at the same time.

Table14.2.8
Request Data Length Value Range
Function code 1 Byte 10h
Starting address 2 Bytes 0x0000~0xFFFF
Register number 2 Bytes 1~123
Byte count 1 Byte 2xN
Register value 2 x N Bytes
Response Data Length Value Range
Function code 1 Byte 10h
Starting address 2 Bytes 0x0000~0xFFFF
Register number 2 Bytes 1~123
Error Data Length Value Range
Error code 1 Byte 90h
Exception code 1 Byte 01h, 02h, 03h, 04h

Note:

N is the number of registers.

HIWIN MIKROSYSTEM Corp.
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Table14.2.9
Exception Code Definition Description
01h lllegal function The function code is not supported.
02h lllegal data address Try to read an illegal register.
03h lllegal data value The number of registers is over 123.
The request contains incomplete data.
04h Servo device failure | For instance, the controller only
requests 16 bits of a 32-bit parameter.

Table 14.2.10 is the example of writing two registers. The starting address is 0x0001. The values are
00 OAh and 01 02h.

Table14.2.10
Command Response Error
Slave address 01h | Slave address 01h | Slave address 01h
Function code 10h | Function code 10h | Function code 90h
Starting Hi | 00h | Starting Hi | 00h | Exception code | 02h
address Lo 01h | address Lo 01h CRC Lo CDh
Register Hi 00h | Register Hi 00h Hi C1h
number Lo 02h | number Lo 02h
Byte count 04h Lo 10h
Register Hi 00h CRC Hi 08h
0x0001 Lo O0Ah
Register Hi 01h
0x0002 Lo 02h
Lo 92h
CRC Hi 30h
14.3 Modbus object
The data types of Modbus objects are listed in table 14.3.1.
Table14.3.1
Code Data Type Data Range
INT16 Signed 16 bit -32,768~+32,767
INT32 Signed 32 bit -2,147,483,648~+2,147,483,647
UINT16 Unsigned 16 bit 0~65,535
UINT32 Unsigned 32 bit 0~4,294,967,295
REAL32 Float 32 bit -
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14.3.1 Input register

The data length of readable input register is 32 bits.

Table14.3.1.1
Object | Register Address Description Type Unit
1 8§888? Feedback position l:%’;ii ?j:\tt:\ INT32 counts

2 8?8882 Reference position ;?;V:]irr ?jzt; INT32 counts

4 gigggg Position error ;%V:]er ?;ttz INT32 counts

10 8?8812 Feedback velocity II-_I(i)gv;lwzrr ?j:]ttz REAL32 count/s

11 8§8812 Reference velocity }I__”c;]v;/;rr (:i:ltt:\ REAL32 count/s

12 8?8813 Velocity error ;?;V:]irr ?jzt; REAL32 count/s

30 gigggg Actual current h‘m‘; ((j;t; REAL32 | Aamp

31 8?8828 Command current }I-_I(i)gv;lwzrr ?;2 REAL32 Aamp

40 8;‘(8ng Analog command }:B’;’g szttz REAL32 mvV

41 8?8823 Bus voltage ;T;V\r/]eerr ‘(’;t; REAL32 v

51 gigggg Soft-thermal accumulator hj;";’]‘zrr ?;t; REAL32 %

61 8?88;8 Status 5 }:%";’gr szttz UINT32 -

81 8§88ﬁ? Status 4 }:B’;’g szttz UINT32 -

90 e Status 6 ;T;V\r/]eerr 28 UINT32 .

91 gigggg Status 0 hj;";’]‘zrr ?;t; UINT32 -
2001 8§8Eﬁ? Mode of operation display l:%";’g szttz INT32 ;
2002 8§8E2§ Drive error events 1 }I__”c;]v;/;rr (:i:ltt:\ UINT32 -
2003 8§8Eﬁ‘5‘ Drive error events 2 ;?;V:]irr ?jzt; UINT32 -
2004 gigiﬁg Status 1 h‘m‘; ?;t; UINT32 -
2005 SXTAS Status 2 l:%";’g 28 UINT32 i
2006 SERe Status 3 l:;";’weerr 28 UINT32 i
2008 8);8';':'5 Feedback position of second encoder ;?;V:]irr ?jzt; INT32 count
2009 gigig? Hybrid deviation error h‘m‘; ?;t; REAL32 | count
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(1) Object 61 - Status 5

Table14.3.1.2
Bit Definition
0 1
1 12
2 ]
3 14
4 15
5 16
6 17
7 18
8 19
9 110
10~15 | -
(2) Object 81 - Status 4
Table14.3.1.3
Bit Definition
0~3 -
4 (o)
5 02
6 03
7 04
8 05
9~11 -
12 CW/CCW input
13 Buffer encoder invert
14 Buffer/emulated encoder output
15 -
(3) Object 90 - Status 6
Table14.3.1.4
Bit Definition
0 -
1 Index
2~15 -
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(4) Object 91 - Status 0

Table14.3.1.5
Bit Definition
0 Moving
1 Encoder error
2 -
3 In position
4 Right hardware limit
5 Left hardware limit
6 Position error too big
7 Soft thermal threshold reached
8 Axis disable
9 -
10 Homed
11 -
12 Both hardware limits are active
13 Serial encoder communication error
14 Motor over temperature
15 Amplifier over temperature

(5) Object 2002 - Drive error events 1

Table14.3.1.6
Bit Definition
0 -
1 Encoder error
2~5 -
6 Position error too big
7 Soft-thermal threshold reached
8~12 -
13 Serial encoder communication error
14 Motor over temperature sensor activated
15 Amplifier over temperature
16~17 | -
18 Motor short (over current) detected
19 Over voltage detected
20 Under voltage detected
21 Motor maybe disconnected
22~30 | -
31 5 V for encoder card fail
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(6) Object 2003 - Drive error events 2

Table14.3.1.7
Bit Definition
0 -
1 Phase initialization error
2~4 -
5 Hall sensor error
6 Hall phase check error
7~15 -
16 Current control error
17 HFLT inconsistent error
18 Auto phase center not complete error
19 -
20 Hybrid deviation too big
21~22 | -
23 DC bus voltage abnormal
24~29 | -
30 EtherCAT interface disconnected
31 CiA-402 home failed
(7) Object 2004 - Status 1
Table14.3.1.8
Bit Definition
0~1 -
2 Motor short
3 Over voltage
4 Under voltage
5 Motor may be disconnect
6 Left software limit
7 Right software limit
8 Current limited
9 Acceleration limited
10 Velocity limited
11 Servo ready
12 Servo voltage big
13 Position error warning
14 Velocity error warning
15 5 V for encoder card fail

14-10
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(8) Object 2005 - Status 2

Table14.3.1.9
Bit Definition
0 Emulated index
1 Phase initialization error
2~4 -
5 Hall sensor error
6 Hall phase check error
7~8 -
9 Zero speed detected
10~13 | -
14 I2T warning
15 Pulse command and home conflict

(9) Object 2006 - Status 3

Table14.3.1.10

Bit Definition
0 Current control error
1 HFLT inconsistent error
2~4 -
5 Homing fail
6 Absolute encoder battery warning
7 DC bus voltage abnormal
8 Wrong absolute position
9~15 | -
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14.3.2 Holding register

The data length of readable/writable holding register is 32 bits.

Table14.3.2.1
Object | Register Address Description Type Unit
0x0000 Lower data
0 Maximum acceleration REAL32 count/s?
0x0001 Higher data
0x0002 Lower data
1 Maximum deceleration REAL32 count/s?
0x0003 Higher data
0x0004 Lower data
2 Kill deceleration REAL32 count/s?
0x0005 Higher data
0x0006 Lower data
3 Maximum velocity REAL32 count/s
0x0007 Higher data
0x004E i Lower data
39 Home velocity INT32 count/s
0x004F (Index search speed) Higher data
0x0050 Lower data
40 Homing time out INT32 1s/15,000
0x0051 Higher data
0x0064 Lower data
50 Maximum following error REAL32 Aamp
0x0065 Higher data
0x009E Lower data
79 AC servo gear ratio REAL32 -
0x009F Higher data
81 0x00A2 Numerator of output electronic gear Lower data INT32 )
0x00A3 ratio Higher data
0x00A4 D inat f outout electroni Lower data
82 enominator of output electronic gear INT32 )
0x00A5 ratio Higher data
0x00A6 Lower data
83 Velocity scale for external command REAL32 count/s = 1V
0x00A7 Higher data
0x00AA Lower data (Aampx1,000)/
85 Current scale for external command : REAL32 | (curr_drv_peak)
0x00AB Higher data =1V
0x00E6 Lower data
115 Smooth factor UINT32 -
Ox00E7 Higher data
0x0102 Lower data
129 Pulse mode INT32 -
0x0103 Higher data
0x0104 Lower data
130 Pulse command inversion UINT32 -
0x0105 Higher data
0x01A8 Lower data
212 Operation mode UINT32 -
0x01A9 Higher data
216 0x01B0 Encoder output setting Lower data INT32 -
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Object | Register Address Description Type Unit

0x01B1 Higher data
0x01B6 Lower data

219 CW/CCW logic UINT32 -
0x01B7 Higher data
0x01E2 Lower data

241 Input signal logic INT32 -
0x01E3 Higher data
0x0230 Lower data

280 Output signal logic UINT32 -
0x0231 Higher data
0x02C6 Lower data

355 Output emulated index per revolution INT32 -
0x02C7 Higher data
O0xOFAO Lower data

2000 Target position INT32 count
OxOFA1 Higher data
Ox0FA2 Lower data

2001 Target Velocity INT32 count/s
Ox0FA3 Higher data
OxO0FA4 Lower data

2002 Target current INT32 0.1%A
OxOFA5 Higher data
OxOFA6 Lower data

2003 Stop motion UINT32 --
OxOFA7 Higher data
OxOFAE Lower data

2007 Jog velocity REAL32 count/s
OxOFAF Higher data
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15.1 Motor power cable shielding

Noise could affect the servo drive via conduction and radiation while motor is operating. If unshielded
motor power cable is used, noise could be transmitted to the ground via stray capacitance and form
common-mode signal voltage. The common-mode noise on the motor power cable couples with other

signals by stray capacitance. To avoid interference, the motor power cable must be shielded.

(1) Puta 1.5 cm heat shrink outside of the cable. Cut the plastic sheath of the cable for 4.5 to 5.5 cm and
expose the shield and wires inside.

Figure15.1.1

(2) Put copper foil tape (10 cm) on the plastic sheath. Spread the shield and fold it back. Wind the shield
around the plastic sheath. Put copper foil tape (10 cm) on the plastic sheath and shield.

Figure15.1.2

(3) Cut the insulation (1 cm) and expose the copper core.

Figure15.1.3
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(4) Puta 2 cm heat shrink to fix copper foil tape and wires.

Figure15.1.4

(5) Fix the wires with the terminal block by referring to the symbols indicated on the servo drive X3

connector. Ensure the shield plate is in contact with the exposed copper foil tape.

Figure15.1.5

(6) Use the clamp provided in the accessory kit to tighten the shield plate and the cable by the part

covered by copper foil tape. Ensure they are securely tightened.

Figure15.1.6

(7) Move the heat shrink in step 1 to the part covered by copper foil tape and fix it. Ensure the copper foil
tape does not loosen.
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Figure15.1.7

15.2 Grounding

To avoid noise, the servo drive must be correctly grounded.

(1) Before connecting to the servo drive, the ground wire (green and yellow wire, 15 AWG) must be
crimped with M4 ring terminal (with insulating tube) to prevent contact with adjacent terminal. Refer
to figure 15.2.1.

+—— Crimping terminal
+——— Insulating tube

+«— Cable

Figure15.2.1

(2) To avoid electric shock, the ground (PE) (symbol @‘)) terminal of the servo drive must be connected

to the ground (PE) terminal of the electric box.

(3) In normal application, it is prohibited to connect two ground wires to the same ground terminal, as
figure 15.2.2 and 15.2.3.

Figure15.2.2 Prohibited wiring method of D1-N-90
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-

Figure15.2.3 Prohibited wiring method of D1-N-09/18/36

(4) Ifitis necessary to connect two ground wires, please connect them to the separate ground terminals,
as figure 15.2.4 and 15.2.5.

Figure15.2.5 Grounding of D1-N-09/18/36
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