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1.1 General precautions

Before using the product, please carefully read through this 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 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 manual.

Ensure the product is used with 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 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 drive, please refer to Chapter 9 and follow the instructions for troubleshooting.
After the error is eliminated, power on the drive again.

Do not repair the product by yourself when it malfunctions. The product can only be repaired by
qualified technician from HIWIN.

HIWIN offers 1-year warranty for the product. The warranty does not cover damage caused by improper

usage (Refer to the precautions and instructions stated in this manual.) or natural disaster.

/\ ATTENTION

* 606 S0

The maximum ambient temperature for the product is 55°C.

The drive can only be installed in the environment that the degree of contamination is below 2.

The rated input voltage of the product is 240V. The power supply voltage cannot exceed 240V, and the short-
circuit current cannot be over 5000A.

The drive provides neither motor over-temperature sensor, nor motor over-temperature protection.

The short-circuit protection of the drive cannot be used as a shunt-circuit protection. The shunt-circuit
protection should be selected based on US National Electrical Code (NEC) and local regulations.

Power off and wait at least five minutes before examining the drive. To avoid electric shock, please use a
multi-meter or a similar apparatus to check if the residual voltage between P and N terminals has dropped to
the safety level (50Vdc or lower).

To avoid accelerating the aging of internal electronic power components, do not switch the power on and off
frequently. If there is a need to continuously switch the power on and off, the time interval should be more
than 3 minutes.

HIWIN MIKROSYSTEM CORP.
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WARNING

¢ If the sequence of connection is not correctly followed when installing or replacing motor power cables, the

motor may run abnormally. It may cause serious damage to equipment or injury to people. Please use

correctly labelled wires.

¢ If you decide to use your self-made extension cord for motor encoder, please look up this User Manual in
detail or contact HIWIN Customer Service Department. Wrong connection may cause abnormal motion or

injury to people.

€ When applying the open type of optical feedback system (e.g. optical scale), please make sure the scale is
not stained or scratched. Otherwise, it may cause abnormal motion to the motor, damage to the motor or

equipment, or injury to people.

€ When applying the open type of magnetic feedback system (e.g. magnetic scale), please make sure the
strong magnetic object is not close to the scale. Otherwise, it may cause abnormal motion to the motor,

damage to the motor or equipment, or injury to people.

€ Each motor model has its own rated maximum payload. If exceeds, it may cause abnormal motion to the

motor, even damage to equipment or injury to people.

€ If you accidentally touch or move the encoder connector on the drive during the operation of motor, please
make sure the drive is undamaged. It is recommended to power cycle the drive, or it may cause damage to

equipment or injury to people.

€ During the usage of motor, please do not unplug the extension cord for motor encoder, move the motor and
plug it back when power on. It may cause abnormal motion to the motor, even damage to equipment or injury

to people.

HIWIN MIKROSYSTEM CORP. 1-3
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1.2 Safety precautions

B Carefully read through this 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 usage.

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

“Required”.
Signal Word Description
l& Wami 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 drive is correctly grounded. Use PE bar in the control cabinet as reference potential.
Perform low-ohmic grounding for safety reason.

€ Do not remove motor power cable from the drive when it is still power-on, or there is a risk of electric shock
or damage to the contact.

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

1-4 HIWIN MIKROSYSTEM CORP.
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®m  Operation

Do not touch the terminals and the 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 the cable

or put the cable 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.

To avoid accelerating the aging of internal electronic power components, do
not switch the power on and off frequently. If there is a need to continuously

switch the power on and off, the time interval should be more than 3 minutes.

m  Storage

O Prohibited

Do not store the product in location which is subject to water, water drop, direct

sunlight, harmful gas or liquid.

B Transportation

& Attention

Carefully move the product to avoid damage.
Do not apply excessive force to the product.

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 manual.
Use cooling fan if the ambient temperature is too high.

Do not install the product in location which is subject to direct sunlight.

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 when 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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H  |[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.
& Attention € Avoid strong shock to the product, or it may cause malfunction or injury.
€ When installing the product, take the product weight into consideration.
Improper installation may cause damage.
€ Install the product on noncombustible objects, such as metal to avoid fire.
H  Wiring
] € Ensure wiring is correctly performed, or it may cause malfunction or burn.
& Attention There is 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.
€ Set external wiring for emergency stop to stop the motor at any time.
®  Maintenance
€ Do not disassemble or modify the product.
® Praohibited € Do not repair the product by yourself when it malfunctions, please contact
HIWIN for help.

1-6
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2.1 Drive information

2.1.1 Safety certificates

The drive complies with the following safety standards.

Table 2.1.1.1

CE Compliance
EN 61800-3:2004 (Category C2)
EN 61000-3-2:2006 / A1:2009 / A2:2009
EN 61000-3-3:2008
IEC CISPR 11:2009 / A1:2010
IEC 61000-4-2:2008
IEC 61000-4-3:2006 / A1:2007 / A2:2010
IEC 61000-4-4:2004
IEC 61000-4-5:2005
IEC 61000-4-6:2008
IEC 61000-2-1:1990
IEC 61000-2-4:2003
IEC 60146-1-1:1993
IEC 61800-5-1:2007 (PD2, OVC )
EN 61800-5-1:2007 (PD2, OVC Ill)

EMC

Low Voltage Directives (LVD)

2.1.2 Nameplate information

Model No. D2T-0423-S-B5-0L
Input / Output voltage —|_
Ph 200-240VAC  240VAC max.
ase
_\— 1/30 30
Rated input / output current—— 4.1 Arms 2.5 Arms/3.7 Apk
N/A N/A
Input / Output frequency — ~_ 50/60Hz 0-333Hz
Figure 2.1.2.1

2-2 HIWIN MIKROSYSTEM CORP.



MD11UE01-2202

D2T-LM Series Servo Drive User Manual Specifications

2.1.3 Model explanation

Table 2.1.3.1
Code 112 ] 3 4 | 5|16 |7 8 9 |10 11 |12
Example b|2(17T|-10|4(2|3|]-|S|]-|B|5]-]10]L
1, 2, 3: D2T series servo drive | D2T
) 04 = 400W
4, 5: Rated output 10 = 1. OKW

6, 7: Input AC power

23 = Single/Three-phase, 220V

8: Control interface

Standard S = Voltage command and pulse
Fieldbus E = EtherCAT (CoE)
Fieldbus F = mega-ulink

9: Frame

B = Frame B (400W)
C = Frame C (1.0KW)

10: Encoder interface

5 = Digital TTL (AqB)

11, 12: Special code

OL = Only for linear motor

Note 1: The drive can only match with linear motor.

Note 2: Standard model contains pulse input interface and +/-10V input interface.

Note 3: The drive does not support Hall sensor signal and over-temperature signal (OT, PTC).

Note 4: The encoder only supports digital AgB format.
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2.2 Drive specifications

Main Frame
Single/Three-phase, 200~240Vac 50/60Hz
power B, C
220V
Input power Control Frame
Single-phase, 200~240Vac 50/60Hz
power B, C
Inrush Current of Main Power Frame B: 0.71Apk; Frame C: 21.7Apk
Wattage Frame B: 400W; Frame C: 1.0KW
Continuous current Frame B: 2.5Ams; Frame C: 5.1Ams
Output power Peak current Frame B: 7.5Ams; Frame C: 15.3Ams
Sustainable durartion of
Maximum 1 second
peak current
Operation temperature: 0~45°C (45~50°C is acceptable when
derated value is applied. Please refer to section 2.5. If it is over
Temperature
55°C, forced ventilation is needed.)
Storage temperature: -20~65°C
Environment
Humidity 0 to 90% RH (non-condensing)
w Below 1000 meters (1000~3000 meters is acceptable when
2 Altitude
(cn_f derated value is applied. Please refer to section 2.5.)
©
g Vibration 1G (10~500Hz)
S{ Standard | Frame B: 0.8kg; Frame C: 1.6kg
o Weight
@ Fieldbus | Frame B: 0.9kg; Frame C: 1.7kg
Installation pollution level Il
Control method IGBT PWM space vector modulation
Feedback resolution Digital TTL
5M pulse/sec (before Quadrature)
Encoder input Frequency
20M count/sec (after Quadrature)
Other Linear encoder should be digital AqB encoder.
Control Input 10 (general purpose)
signal Output 5 (general purpose)
Parallel 1/0 Analog Input 1 (12-bit A/D)
connector signal Output 1 (analog monitor)
Pulse Input 2 (low-speed channel, high-speed channel)
signal Output 4 (line driver: 3 outputs; open collector: 1 output)
Brake Control It can be used with brakes (1Adc max),
Output
connector signal and also be programmed with general-purpose output.
Dynamic brake There is no built-in dynamic brake.
2-4 HIWIN MIKROSYSTEM CORP.
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External relay and brake resistor are needed.

Communication function

usB

Connect with PC; 115,200bps

Front panel

LCD status display (dot matrix 8*2 characters with 4 buttons)

LED status indicator (green, red)

Control mode

Switchable control modes
(1) Position control (4) Position / Velocity control
(2) Velocity control (5) Position / Torque control

(3) Torque control (6) Velocity / Torque control

Control input

(1) Command pulse inhibit

(2) Axis enable

(3) Switch between primary and secondary CG
(4) Electronic gear selection

(5) Left limit switch

(6) Switch between primary and secondary mode
(7) Clear error

(8) Right limit switch, etc.

Control output

(1) Servoready (2) Errors (3) In-position
(4) Zero speed detected, etc.

[0J]UOD UONISOd

Pulse input

suoneoynads uonoun4

Maximum input pulse

frequency

Photo-coupler interface (single-ended input): 250kpps

Line driver interface (differential input): 4Mpps (16M cnt/s with AgB)

Signal format of

input pulse

(1) Pulse/direction (Pulse/Dir)
(2) Pulse up/pulse down (CW/CCW)
(3) Quadrature (AgB)

Electronic gear
(Division / Multiplication

of command pulse)

Gear ratio: pulses/counts

pulses: 1~2,147,483,647 ; counts : 1~2,147,483,647

Smoothing filter

Smooth factor: 1~500

Vibration suppression feature (VSF)

VSF can remove the vibration frequency that occurs during the
movement. It can also reduce the vibration caused by the system’s

structure to enhance productivity.

[0J]U0D AJID0I9A

Control input

(1) Zero speed clamp

(2) Axis enable

(3) Switch between primary and secondary CG
(4) Left limit switch

(5) Switch between primary and secondary mode
(6) Clear error

(7) Right limit switch, etc.

Control output

(1) Servoready (2) Errors (3) In-velocity

HIWIN MIKROSYSTEM CORP.
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(4) Zero speed detected, etc.

PWM input

Velocity command

input

Velocity commands can be provided by the duty cycle of PWM
input. Parameters are used to set the scale and the direction of the

command.

Analog input

Velocity command

input

Velocity commands can be provided by analog voltage.
Parameters are used to set the scale and the direction of the

command. (+/-10Vdc, 12-bits resolution)

Zero speed clamp

It is possible to input zero speed clamp.

Control input

(1) Axis enable

(2) Switch between primary and secondary CG
(3) Left limit switch

(4) Switch between primary and secondary mode
(5) Clear error

(6) Right limit switch, etc.

Control output

(1) Servoready (2) Errors (3) In-velocity

(4) Zero speed detected, etc.

|0Jju00 anbuo |

PWM input

Torque command

input

Torque commands can be provided by the duty cycle of PWM
input. Parameters are used to set the scale and the direction of the

command.

Analog output

Torque command

input

Torque commands can be provided by analog voltage.
Parameters are used to set the scale and the direction of the

command. (+/-10Vdc, 12-bits resolution)

Speed limit function

Parameters for speed limit can be set.

Auto tune

After the execution of the procedure, auto tune runs automatically

and confirms load inertia

Emulated encoder feedback output

Can be arbitrarily set

(The maximum frequency of Frame B and Frame C is 18M count/s)

uowwon

Protective function

(1) Motor short (over current) detected

(2) Over voltage detected (>390Vdct5%)

(3) Position error too big

(4) Encoder error

(5) Soft-thermal threshold reached

(6) Motor maybe disconnected

(7) Amplifier over temperature (IGBT>80°C+3°C)
(8) Under voltage detected

(9) 5V for encoder card fail

(10) Phase initialization error

(11) Serial encoder communication error

2-6
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Error log

Errors and warnings are saved in non-volatile memory.

Program Design Language (PDL)

Maximum code capacity: 32KBytes

Variable storage capacity: 800Bytes

Supporting variable types:

(1) Float type: 32 bits

(2) Integer type: 16 and 32 bits
(3) Array and pointer

Execution cycle: 66.67us

Four tasks can be executed simultaneously.

Support if, else, while loop, for loop, goto, till, and other commands

to control program flow.

Support arithmetic operators, logical operators, and comparison

operators.

Support lock and unlock commands to control the synchronization

of multi-tasks.

Maximum length of user-defined names:
(1) variable: 17 characters
(2) label: 24 characters

(3) proc: 24 characters

Method: Establish error map to compensate the encoder errors

by adopting linear interpolation.

Samples: Maximum 5,000 points

Regeneration

Error Mapping Storage location: Flash ROM; disc file
Unit: um; count
Enable method: after the internal index is reset;
activated by an external input signal
Resistor need external connection, no built-in regenerative resistor

Cut-in voltage

+HV > 370Vdc

Drop-out voltage

+HV < 360Vdc

DC link capacity

Frame B: 820uF; Frame C: 1,410uF

Others

Friction compensation

HIWIN MIKROSYSTEM CORP.
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2.3 Drive dimensions

The dimensions and locations of installation holes of D2T-LM series servo drives (Standard and Fieldbus)

are provided in the following figures. The dimensions are shown in millimeters (mm). The diameter of

installation hole is 4 mm.

52.8

180

60

(35)

= itjitores

159.5
152.5 +0.1
]
@)
| e—

3.5

46.8 2-94.2

Figure 2.3.1 Dimensions of D2T-LM Frame B (Standard)
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173.5
165.5 +0.1

®

66.2

227.4

159.5

HIWIN MIKROSYSTEM CORP.

Figure 2.3.3 Dimensions of D2T-LM Frame B (Fieldbus)
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L FII]
o V0% ;
e -

227.4

60 1

00000000
1 00000100

D2T-LM-DNN45A

—
| e}
[ c—
—
[ e

173.5
165.5 +0.1

Figure 2.3.4 Dimensions of D2T-LM Frame C (Fieldbus)
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2.4 Drive installation

If the servo drive is installed in a control box, ensure it is mounted with conductive screws. The insulating
materials on the contact surface of the control box, such as paint, must be removed for grounding the
servo drive through the control box. When the input power of the servo drive is 220V, the grounding
resistance must be lower than 50Q. The suction hole and vent hole of the servo drive must not be
obstructed. Install the servo drive according to the specified orientation; otherwise, it may malfunction.

Top

Bottom

Figure 2.4.1 Correct and incorrect mounting directions

For well cooling and circulation effect, there must be enough clearance between the servo drive and the
adjacent objects or baffle plates. While installing multiple servo drives, the clearance between two servo
drives must be at least 20mm. Install a fan in the control box to facilitate heat dissipation.

Min. 50 mm
-<+— Control box

ww 0§ "uInN I

ww 0§ "uIN

Figure 2.4.2 Installing multiple servo drives
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2.5 Derated value

When the drive is operated under condition of temperature 45~50°C or altitude 1000~3000M, please use

the drive according to the decrease rate of deration, which is displayed in below figures.

Input Rated Voltage

0% | 1

100%
| I
87%777i‘777:777
I
I
I

Altitude

100%
80% - — - — = - - - ==

Rated Torque

Om  1000m 2000m 3000m

I
I
1
1
1
0% !
50

Temperature

o 100% o 100%
Z amo z
g 0% °
o 0% | o 60% |
5 ! T 40% === 4N
14 1 o 1 1 0
1 | I
0% ! I X 0% ! L
Om 1000m 2000m 3000m Oom 1000m 2000m 3000m
0°C 45°C  50°C 50°C
Altitude Temperature and altitude
Figure 2.5.1

Note: When the altitude is 2000~3000M, the curve of deration must be limited to OVC |l based on the overvoltage

type of IEC/EN 61800-5-1.

2.6 Computer requirements

Table 2.6.1
CPU 1.0GHz or more
RAM 512MB or more

Available space on hard disk

50MB or more

Communication port

USB

Operating system

Windows 2000 / Windows XP / Windows 7

Screen resolution

1024 x 768 pixels or more

H
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3.1 Operation modes

Four operation modes can be used to implement the interface between a standard D2T-LM series drive
and the host controller.

Position mode
Velocity mode

Force / Torque mode
Stand-alone mode

Each mode is described as follows.

3.1.1 Position mode

The host controller sends pulses, corresponding to position commands, to the drive. When the drive
receives a pulse, it moves a specified distance accordingly. The host controller is responsible for path
planning. The frequency of the sending pulses becomes higher in acceleration phase, while it remains the
same in constant speed phase. In Figure 3.1.1.1, there are three types of pulse signal: pulse/direction
(pulse/dir), pulse up/pulse down (CW/CCW), and quadrature (AgB). Based on hardware wiring, pulse
signal can be classified into differential and single-end TTL logic signals.

The electronic gear can be set on position mode. Normally, one input pulse corresponds to one encoder
count. For example, the gear ratio is 2:3, that is, two input pulses correspond to three encoder counts.

Pulse input

Dir input

Forward Reverse

CCW input

Forward Reverse

:

A-phase input

sl N
B-phase input M

Forward Reverse

Figure 3.1.1.1
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3.1.2 Velocity mode

Through voltage, also known as V command, the drive can receive commands from the host controller.
The input voltage ranges from -10V to +10V. The drive converts received external voltage to the
corresponding velocity commands to drive the motor. Besides voltage, the host controller can also send
velocity commands via PWM signal, also called PWM command. It utilizes different duty cycles to
correspond to different velocity commands. There are two types of PWM command, single-line type (PWM
50%) and dual-line type (PWM 100%). The single-line type (PWM 50%) is based on duty cycle 50%. If the
duty cycle of PWM command is less than 50%, the motor performs reverse movement; if it is more than
50%, the motor performs forward movement. As for dual-line type (PWM 100%), one pin is for transmitting
PWM command, and another one is added for controlling the direction of the motor.

H Use voltage command
To control the speed of the motor movement, the drive converts analog voltage signal to velocity
command. The higher the voltage is, the faster the output speed is. The maximum output speed
should not exceed the maximum speed of the drive. The lower the voltage is, the slower the output
speed is. When the voltage value is negative, the output speed becomes negative for the motor to
move in a reverse direction. The drive can set speed command corresponding to the voltage per unit.

H Use PWM command
To control the speed of the motor movement, the drive converts PWM signal to velocity command.
The drive can set speed command corresponding to “Full PWM”.
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3.1.3 Force / Torque mode

On force / torque mode, the drive can receive V command and PWM command from the host controller,

which are the same as those on velocity mode. After receiving these two commands, the drive converts

them to the corresponding current to drive the motor.

Use voltage command

To control force and torque of the motor movement from the controlling output current of the drive,
the drive converts the analog voltage signal to current command. The higher the voltage is, the larger
the output current is. The maximum output current should not exceed the maximum current of the
drive. The lower the voltage is, the smaller the output current is. When the voltage value is negative,
the output current becomes negative for the motor to move in a reverse direction. The drive can set
current command corresponding to the voltage per unit.

Use PWM command

To control force and torque of the motor movement from the controlling output current of the drive,
the drive converts PWM signal to current command. The drive can set current command
corresponding to “Full PWM”.

3.1.4 Stand-alone mode

With the help of high speed DSP, D2T-LM series drive is capable of path planning. If users only need to

test alone the drive or execute the plan without any host controller (e.g. only the servo motor and the drive),

stand-alone mode can be selected to let the drive take care of all control loops.

3-4
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3.2 Encoder type

An encoder usually plays an important role in servo motor control. It provides the information of positions
or angles for the drive to control servo loop. There are two common types of encoder, digital type and
analog type. So far D2T-LM series drive only supports digital type.

A digital encoder, also known as an incremental encoder, generally outputs TTL RS422 differential signal.
Two digital pulses with 90°-phase difference is the main feature of this signal. The definition of the
resolution for this signal is shown in Figure 3.2.1.

1‘ ' |
Resolution

Figure 3.2.1
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3.3 Encoder signal output

The servo drive needs input signals of the encoder when performing servo control. The host controller also
has the requirement of receiving position signals when cooperating with the drive. Generally, the drive will
transmit position or angle signals received from the encoder to the host controller. D2T-LM series drive
provides the following two encoder output modes.

m  Buffered encoder output
When this mode is selected, the drive directly sends the received encoder signals to the host controller.
Users can also choose the “Invert” option to make the drive send the received encoder signals back.

®m  Emulated encoder output
When this mode is selected, the drive multiplies the information of the received encoder positions by
“Scaling” and sends it out to the host controller. In some cases, the ratio can be set to lower the
frequency of the encoder output. For example, the host controller cannot receive the encoder signal
with a too high frequency. In addition, the ratio can also be set to lower the resolution of the encoder
output when the multiplier factor of the analog encoder is set too high.

D2T-LM
Switchable
Buffered Encoder Output <« l
< Encoder
Emulated Encoder Output < Signa!
Processing
Figure 3.3.1
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3.4 Path planning

The main purpose of path planning is that the host controller calculates suitable motion commands based
on users’ actual requirement of distance, velocity, acceleration, and smooth factor. These commands
(pulse or V command) can be sent to the drive by the host controller, or calculated by the drive itself (stand-
alone mode). The configuration depends on the application.

.
1
Position (p) o :
- !
o 1
x
1
1
Velocity (v) :
— g |
e - - B e
1
1
Acceleration (a) '

Time (1)

Figure 3.4.1

H  Position
The encoder provides the position information of the motor to the drive, so the drive can analyze the
present position of the motor. For linear motion, common position units are um, mm, and m; for rotary
motion, common position unit is encoder count. For D2T-LM series drive, “Reference position” equals
position commands, calculated by the path generator based on the related parameters. On the other
side, “Target position” is the target position set by users or the host controller. To make the motor
move, it usually needs to go through the calculation of the path generator after being sent to the drive.

B Velocity
Velocity is defined as the displacement variation per unit of time. For linear motion, velocity units are
um/sec, mm/sec, and m/sec; for rotary motion, velocity units are count/sec, rps, and rpm.

B Acceleration
Acceleration is defined as the velocity variation per unit of time. For linear motion, acceleration units
are um/sec?, mm/sec?, and m/sec?; for rotary motion, acceleration unit is rps?.
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Smooth factor

When acceleration is rapidly increased or decreased in a short time, it indicates the force applying to
the moving object is suddenly increased or decreased. Sometimes, to reduce such influence,
implementing the technique of smooth motion in the motion control loop is helpful to enhance the
performance. D2T-LM series drive adopts the technique of Smooth factor to achieve the effect.
Through Smooth factor, the motion trajectory can be planned as S-type curve or T-type curve. The
value ranges from 1 to 500. If the value is larger, the trajectory is closer to S-type curve, which means
the influence is less. On the other hand, if the value is smaller, the trajectory is closer to T-type curve.
When the value is 1, there is no effect on smooth function. Increasing the value of Smooth factor
reduces the influence on motor force. In some cases, it enhances the settling performance during the
process of positioning. However, the Move time of path planning will unavoidably increase when the
motion becomes smoother. Users have to test on the machine to find the balance between them.

Emergency stop

D2T-LM series drive comes with emergency stop function. When the drive removes the signal of “Axis
Enable” on the pin I3, the function is activated. At this moment, the drive will immediately stop the
motor in any motion with emergency stop deceleration to guarantee safety.
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3.5 Servo loops and gains

m  Servo loops

To control the servo motor, D2T-LM series drive comes with three types of control loops, current loop,
velocity loop and position loop. The architecture of servo loops is shown in Figure 3.5.1. On position
mode, these three servo loops are connected in sequence to control the position of the motor. On
velocity mode, velocity loop drives the motor through current loop. On current mode, current loop only
controls the phase commutation mechanism of the motor. Its command is controlled by the voltage
command from the host controller. To simplify the gain parameters of the servo loops, D2T-LM series
drive only uses one common gain (CG) to set and adjust the overall control-loop architecture.

Reference
Velocity

Target
Position

Command
Current

Reference
Position

Common Position Velocity . Current . Motor &
Gain Loop g Loop ¥ Filter =¥ Loop ¥ Filter ¥ Ecoder
Feedback Position Feedback Velocity Actual Current

Figure 3.5.1

®  Servo gains
D2T-LM series drive uses one high-speed DSP to implement the motor control. Generally, it needs
to adjust lots of servo gains when the servo loops are controlled by digital method. However, to
significantly enhance convenience, the drive adopts an ingenious control design to simplify servo
gains as one common gain (CG).

Low < Response > High
Control rigidity

Figure 3.5.2
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3.6 Gain margin and phase margin

3.6.

1 Nyquist plot

Gain margin (GM) is the amount of the increasing loop gain calculated by decibel (dB) before the close-

loop system becomes unstable. On the other hand, Phase margin (PM) is the amount of the increasing

phase delay before the close-loop system becomes unstable.

3-10

Gain margin
G(jwp) is the relative distance from the intersection of the negative real axis for Nyquist plot to the
point (-1, jO), and w p is the frequency of the phase crossover. In Figure 3.6.1.1, ~G(jwp)=180". For

the transfer function G(s) in a loop system,

1 ,
gain margin =GM = 20log,) T——— = —20|0910‘G(J(0p )‘ dB.
G(j,

S

The following conclusions can be drawn from Figure 3.6.1.1 and the characteristics of Nyquist plot.

a. If G(jw) does not intersect with the negative real axis, |G(jw p)|=0 and GM=ccdB. When Nyquist
plot does not intersect with the negative real axis at any non-zero finite frequency, GM=cdB.

Theoretically, the loop gain can be increased to infinite before the system becomes unstable.

b. If G(jw) intersects with the negative real axis between 0 and -1, 0<|G(jwp)|<1 and GM>0dB.
When Nyquist plot intersects with the negative real axis between 0 and -1 at any frequency, the
loop gain is increased and the system is stable.

c. IfG(jw) is at the point (-1, j0), |G(jwp)|=1 and GM=0dB. When Nyquist plot G(jw) is at the point
(-1, jO), GM=0dB. This indicates the system reaches the unstable boundary and the loop gain
cannot be increased any more.

d. If G(jw) passes the point (-1, j0), |G(j @ p)|>1 and GM<0dB. When Nyquist plot G(j ) passes the
point (-1, j0), GM<0dB. At this moment, GM must be decreased to reach the steady state of the
loop gain.
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A

jimG

G (ja’)_ Plane

Phase crossover

v

0 Re G

GC@)

0«—w
Figure 3.6.1.1 Gain margin of Nyquist plot
B Phase margin

As Figure 3.6.1.2 shows, phase margin is the angle between the straight line passing through gain
crossover and the negative real axis of G(jw )-plane.

Phase margin = PM = 2/ G(jwg)—180°
A

JjimG
G (j®)— Plane

W & 00

N
v

, 0 Re G
Phase margin

Gain
crossover
=0,

0«—w

Figure 3.6.1.2 Phase margin of Nyquist plot
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3.6.2 Bode plot

Gain margin and phase margin of Bode plot are shown in Figure 3.6.2.1.

G(jw) (dB)
40 @, Gain crossover
20 \
0 y .
0k ¢ Gain margin o(rad/sec)
240 -
-60
£G(jo)(deg)
Phase margin
0
90 = I
-180 e~
970 T @ (rad/ec)
-360 @,, Phase crossover
Figure 3.6.2.1 Gain margin and phase margin of Bode plot
Bandwidth of Bode plot is defined as -3dB, shown in Figure 3.6.2.2.
Gain (dB)
A
0dB > f
-3dB |« >
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Bandwidth

Figure 3.6.2.2 Bandwidth of Bode plot
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3.7 Move and settling

The motor moves based on the path planned by the host controller. When it arrives at the target position,
it is able to locate the position accurately and stop moving. The process is called move and settling.

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

B Target radius
After the motor arrives at the target position, the difference between the feedback position and the
target position must be controlled and kept within a specific positive/negative tiny range, called target
radius.

B Total time of move and settling
As Figure 3.7.1 shows, after the motor arrives at the target position, the position error should be
smaller than the set target radius and keep for a period of time (debounce time). After that, the “In-
Position” signal is set, called in position. If the position error is continuously out of the radius, then it
is called not yet in position. Total time, the start of the motion to the achievement of the settling, is the
sum of move time and settling time.

Position A
Feedback position
+ target radius /\ 7 iti
i target radie NS Target Position
Reference position After entering the radius for a
~ period of time (debounce time),
T e— it will send out the “In-Position”
signal.
I » Time
Move time |Settling time

- -
- |

Total time

Figure 3.7.1
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3.8 Error compensation

Generally, the positioning accuracy of the drive is determined by the performance of the encoder. However,
sometimes the encoder cannot completely meet the requirement of the accuracy. In this case, apparatus
with higher level of accuracy (e.g. laser interferometer) can be applied to measure the error of the system.
D2T-LM series drive comes with a high-performance controlling method. It saves the measured error data
in error map of the drive (shown in Figure 3.8.1), and uses the data during the motion. To enhance the
positioning accuracy, it calculates the value of error compensation by adopting linear interpolation between

fixed distances.

Pulse command Motor cable
input

Motor

> D2T-LM
Drive T

Feedback position Error map Feedback position input

output from encoder

A

Host Controller

Figure 3.8.1

The mapping effective area is determined by the index signal. The area from index toward positive direction
is the mapping effective area, while the area from index toward negative direction is not. As Figure 3.8.2
shows, the mapping effective area for non-zero home offset is the same as that for zero home offset.

(1) Home offset=0

Mapping effective area
A

o 7’7h'1 It
o

index

Drive coordinate = 0
(2) Home offset = 100

Home offset = 100

Mapping effective area
A

.

index
Drive coordinate = -100 Drive coordinate = 0

Figure 3.8.2
3-14 HIWIN MIKROSYSTEM CORP.
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3.9 Velocity ripple

Generally, in motion control, it would be great if the motion in constant velocity phase is as steady as
possible. Motion stability can be estimated by the index of velocity ripple. Cogging force of the motor, cable
chain, air pipeline, and friction of the guideway are the main factors that cause the variation in constant
velocity phase. Scanning or detecting machines that require high stability in constant velocity phase
usually apply velocity ripple. The equation of velocity ripple is:

1V — Vini
Velocity Ripple = + - —x T % 100%
2 Vtarget
Vtarget is the target velocity, Vmax is the maximum velocity in constant velocity phase, and Vmin is the
minimum velocity in constant velocity phase. As Figure 3.9.1 shows, (a) (with larger velocity ripple) i less steady,

while (b) (with smaller velocity ripple) indicates better steadiness.

Constant
Velocity

Constant
Velocity

 —

Figure 3.9.1
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3.10 Enable

Enable is a necessary step before the drive starts to receive any motion command. Only at enable state,

the drive can receive pulse or voltage command from the host controller to do motion.

3-16

Step motion mode

Step motion (SM) mode is an open-loop architecture. On this mode, the behavior of the motor is
similar to the stepping motor, it does not adopt the signal of feedback position in the enable state.
This mode is used to ensure that the force direction of the motor is consistent with the direction of
encoder feedback. If it is not, it will cause the failure of phase initialization.

Phase initialization

For the drive with incremental encoder, it needs to find the electrical angle, also known as phase
initialization, on first power on. For HIWIN servo motors, after the drive is booted, it is able to find the
electrical angle almost without any movement in the first enable process. To achieve the same effect,
installing Hall sensor is the other common way of phase initialization. Generally, the host controller
sends an output signal (e.g. the input I3 of D2T-LM series drive) to the drive to complete phase
initialization and the enable process.

HIWIN MIKROSYSTEM CORP.
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3.1

Common physical quantities

No. Physical quantity Description
1 Feedback Position Feedback position
2 Reference Position Position command
3 Target Position Target position
4 Position Error Position error
10 Feedback Velocity Feedback velocity
11 Reference Velocity Velocity command
12 Velocity Error Velocity error
20 Reference Acceleration Acceleration command
30 Actual Current Actual current
31 Command Current Current command
32 Current effective value Effective value of current during calculation period
40 Analog Command Voltage command (from the host controller)
41 Bus Voltage Line voltage
42 Servo Voltage Percentage Servo voltage
45 PWM Command Torque / Force / Velocity command (from the host controller)
51 Soft-Thermal Accumulator Temperature estimation via software
52 2T Accumulator 12T estimation
53 Average load ratio Average load ratio during calculation period
54 Peak load ratio Peak load ratio during calculation period
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 10 Input 10
81 0) Output 1
82 02 Output 2
83 03 Output 3

HIWIN MIKROSYSTEM CORP.
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84 04 Output 4
86 05 Output 5
85 CN2/BRK Brake signal output

HIWIN MIKROSYSTEM CORP.
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4.1 System configuration and wiring

The system configuration of the drive and the function of each connector are described in this chapter.

4.1.1 System wiring diagram

The following figures show the name, function, and specification of each connector.

| —&— |
I
gLl —circuit Breaker(MiceB)
—Noise Filter
— (optional)
- —
1 SU RDY _ LCD Display
[ |!| 1 Twao lines Dat Matrix Indicates
—| —Magnetic Contactor messages and parameters
T (MC)
— Reactor(L) LED Status
(optional) Ready/Error quick guide

m (CoE type is STAT)

= Connection to PC

Lightening
For Drive

Regenerative Resistor FREE

{optional}

Please download from
www. hiwinmikro.tw

® Connection to

host controller
50 pin SCS| connector
(Standard accessory)

UVW Motor filter
[Far use with UVW Mator filter]

08 DC 24V for brake |
= "E (appiied by Cusiomer)

\ Connection to Encoder

Encoser cable (optional)

Mo an ws Use this cable when
> ~ X @ motar with brake

Figure 4.1.1.1
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CNB8-out
CN8-in
Fieldbus
Figure 4.1.1.2
Table 4.1.1.1
Item
Name Connector Description
No.
L1, L2: Single-phase 200~240Vac, 50/60Hz
1 | AC main power cable | Frame B, C: CN1
L1, L2, L3: Three-phase 200~240Vac, 50/60Hz
Frame B, C: CN1
2 | Motor power cable Connect to motor, three-phase motor power
(+,U,V, W)
Connect to regenerative resistor (optional equipped /
3 | Regenerative resistor | Frame B, C: CN1 (R-, R+)
installed according to actual application)
Drive control and 1/0O power
4 | Control power cable | Frame B, C: CN1 (L1C, L2C)
(L1C, L2C: Single-phase 200~240Vac, 50/60Hz)
Connect to brake (optional equipped / installed
5 | Brake Frame B, C: CN2 (B-, B+)
according to actual application)
Connect to PC (for parameter setting; please remove
it after the setting)
Mini USB
6 Frame B, C: CN3 By connecting mini USB to PC, monitoring the drive,
communication
doing operational tests, and writing parameters can
be done.
7 | Control signal Frame B, C: CN6 Connect to host controller
8 | Feedback signal Frame B, C: CN7 Connect to motor encoder
EtherCAT Connect to host controller through EtherCAT
9 Frame B, C: CN8
communication communication protocol
10 | Extension I/O signal | Frame B, C: CN13, CN14 Extension 1/0O module
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4.1.2 CN1 power

Single/Three-phase power input, motor power output (Frame B, C), regenerative resistor wiring and single-
phase control power input are included in the descriptions of CN1 power wiring.

4.1.2.1 Power wiring

Ensure that the drive is properly grounded before connecting it to the main circuit of the drive.
Connector model: Wago 721-112/026-000 (female)

-
-~
-
=
-
-
-
-
-
st

Figure 4.1.2.1.1 CN1 connector Figure 4.1.2.1.2 Installation and removal

Table 4.1.2.1.1 CN1 pin assignment

Pin Signal Function

1 L1

5 T AC main power, 220Vac (50/60 Hz) Single/Three-phase
3 L3 AC main power, 220Vac (50/60 Hz) Three-phase
4 @ AC main power ground input

5 + Motor ground input

6 U Motor U-phase input

7 Vv Motor V-phase input

8 w Motor W-phase input

9 REG- Negative terminal of regenerative resistor
10 REG+ Positive terminal of regenerative resistor
11 L1C
P o0 Control power, 220Vac (50/60 Hz) Single-phase

HIWIN MIKROSYSTEM CORP.



MD11UE01-2202
D2T-LM Series Servo Drive User Manual Wiring

4.1.2.2 Motor wiring

Correctly ground the drive and the motor.
The following motor wiring is only suitable for Frame B and C models.

mega-fabs
D2T-LM series drive

Motor

Figure 4.1.2.2.1

4.1.2.3 Regenerative resistor wiring

Regenerative resistor is optional. Install it according to actual application.

mega-fabs
D2T-LM series drive

CN1

Regenerative resistor case

Eg-n
c
(7]
]
Py
m
@

Figure 4.1.2.3.1
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/\ ATTENTION

L IR K IR JNR JER 2 L 2 *

L R 2

Wiring and the related inspections must be done by professional technicians.

Power off before wiring or inspections to avoid electric shock or other dangers.

Do not touch the terminals for power supply within 5 minutes after power off. The voltage in the drive remains
high.

Correctly conduct wiring, or it may cause uncontrolled motor operation, injury to people, machine malfunction,
or other unexpected accidents.

Do not connect U, V, or W terminal of the motor to power supply.

Fasten the connectors of the power supply and the motor, or it may cause fire.

Ensure that the drive and the motor are properly grounded.

Install the drive and the motor before wiring, or it may cause electric shock.

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

The drive may interfere with nearby electronic equipment. A noise filter could be used to reduce the effect of
electromagnetic interference.

Do not make any modification to the drive.

Do not put the main circuit cable, 1/0 signal cable, and encoder cable in the same duct, or tie them together.
The distance among them should be more than 30cm when wiring.

Please observe the following instructions when wiring main circuit terminals.

% Do not insert two wires or more in the same socket.

%  Check if there is a short circuit between the wire and its adjacent wires after inserting it.

% Use the specific power voltage, or it may cause fire or damage to drive.

If the drive is used in the condition of poor or significantly fluctuating power, ensure that the power is supplied
within the specified range of voltage fluctuation. Otherwise, it may cause damage to drive.

Install safety devices, such as breaker, to prevent the short circuit of external wiring from damaging the drive.
Adopt appropriate isolation and shielding measures when using the drive in the following environments.
Otherwise, it may cause poor operation of the drive.

% Environment with the interference generated by static electricity.

% Environment with a strong electric or magnetic field.

sk Environment with radiation emitting.

To avoid accelerating the aging of internal electronic power components, do not switch the power on and off
frequently. If there is a need to continuously switch the power on and off, the time interval should be more

than 3 minutes.

4-6
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4.1.3 CN2 brake power
CN2 is the brake connector for Frame B and C models. Check the pin assignment before usage. Instead
of sharing the same power source with others, the brake power is suggested to be independent.

Use the brake wiring with a relay to connect 24Vdc power supply of the drive and the brake.
Connector model: WAGO 734-104

WAGO
734-104
+24\V
B+
B_
RTN
Figure 4.1.3.1
DC24V b
mega-fabs
Relav nls D2T-LMseries
B+ %4, | !
=707 1 +oav &
F [ 2 |B+ [
3 IB- = ‘7
[ 4 RIN = e
m° -
]
Motor

Figure 4.1.3.2 CN2 brake wiring (with a relay)
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4.1.4 CN3 USB communication

By connecting mini USB to PC, monitoring the drive, doing operational tests, and writing parameters can
be done. Please refer to Chapter 5 for the corresponding operation.

Wiring diagrams for mini USB communication
Use HIWIN shielded network cable, “USB 2.0 Type A to mini-B 5PIN (1.8M)".

1800450
o -]
(e, /i
P1 \® @Black “@Black & P1
SIDE A SIDE B
Figure 4.1.4.1
mega-fabs
PC D2T-LM series drive
usSB
Serial CN3
port
N/C 4
USB_D+ 3 USB_D+ 3
GND 5 GND 5
USB_D- 2 USB_D- 2
+5V 1 USB_VBUS 1
Figure 4.1.4.2
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4.1.5 CNG6 control signal

For pulse command and PWM command, the high-level input voltage should be greater than 2V, and the

low-level input voltage should be less than 0.8V.

Pinl

Pin25

Pin26

Pin50

(a) SCSI 50PIN (female) (b) SCSI 50PIN (male)

Figure 4.1.5.1

Table 4.1.5.1 CNG6 pin assignment

HIWIN MIKROSYSTEM CORP.

Pin Signal Function
1 CWL
3 onL Low-speed (single-ended: 250Kpps; differential: 500Kpps) pulse command
+
Channel 1: Pulse, CW, A-phase
4 CWL-
2 CCwWL
Low-speed (single-ended: 250Kpps; differential: 500Kpps) pulse command
5 CCWL+
Channel 2: Dir, CCW, B-phase
6 CCWL-
13 SG Digital ground reference
21 A
22 1A
48 B Feedback pulse output (buffered encoder or emulated encoder)
49 /B RS422
23 Z
24 1z
25 SG Digital ground reference
19 Ccz Z-phase output (open collector)
14 ADCO+
Analog command input for velocity / torque (+/-10V)
15 ADCO-
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16 ADC1+
17 ADC1-
N/A
18 ADC2+
20 ADC2-
43 AO1 Analog voltage output (+/-10V) for monitoring motor torque
44 CWH+ High-speed (4Mpps) pulse command
45 CWH- Channel 1: Pulse, CW, A-phase
46 CCWH+ |High-speed (4Mpps) pulse command
47 CCWH- | Channel 2: Dir, CCW, B-phase
7 COM Common point for general-purpose input signal (Sink or Source)
33 I
30 12
29 13
27 14
28 15
General-purpose input signal (programmable function)
26 16
32 17
31 18
9 19
8 110
35 o1+
34 01-
37 02+
36 02-
39 03+
General-purpose output signal (programmable function)
38 03-
11 O4+
10 04-
40 05+
12 05-
41 AGND Analog ground reference
50 FG Frame ground reference

HIWIN MIKROSYSTEM CORP.



MD11UE01-2202
D2T-LM Series Servo Drive User Manual Wiring

4.1.6 CN7 encoder

Press and pull clamps on both sides to remove CN7 connector.

Press and pull these
clamps to remove CN7
connector.

Pin9 Pinl10

(a) SCR connector 10PIN (male) (b) SCR connector 10PIN (female)

Figure 4.1.6.1

Table 4.1.6.1 CN7 pin assignment

Pin Signal
Description
Encoder 13-bit p
type
1 +5Vdc Encoder +5Vdc power output
2 SG Digital ground and +5Vdc ground
3 N/A
N/A
4 N/A
5 A
6 /A
7 B digital incremental: TTL signal transmission
8 /B (A, /A, B, /B, Z,12)
9 4
10 1z
Shield FG Frame ground reference

HIWIN MIKROSYSTEM CORP. 4-11
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4.1.7 CN8 EtherCAT communication

Please select the connector with shield function for the network cable of EtherCAT module.

Figure 4.1.7.1 CN8 RJ45

Table 4.1.7.1 CN8 pin assignment

Pin Signal Function
1 TX+ Positive terminal of data transmit
2 TX- Negative terminal of data transmit
3 RX+ Positive terminal of data receive
4 EtherCAT Gnd
EtherCAT signal ground
5 EtherCAT Gnd
6 RX- Negative terminal of data receive
7 EtherCAT Gnd
EtherCAT signal ground
8 EtherCAT Gnd

HIWIN MIKROSYSTEM CORP.
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4.2 Drive accessories
H  Motor power cable
Part name Part No. Description
Motor power cable HVPS04AACICIMB | Suitable for 200W~1KW motor, without brake, flexible
LI denotes cable length. The corresponding table is as follows.
0o 03 05 07 10
Cable length (m) 3 5 7 10
B Encoder cable
Part name Part No. Description
Encoder cable LMACFOOK Suitable for digital encoder, flexible
LI denotes cable length. The corresponding table is as follows.
oo 02 03 05 07 10
Cable length (m) 2 3 5 7 10
B Signal cable
Part name Part No. Description
2m in length, connect to the host controller. The terminal of
Control signal cable LMACF02D the cable is free, which can be soldered based on the
connector of the host controller.
B Communication cable
Part name Part No. Description
USB communication 051700800366 USB 2.0 Type A to mini-B 5PIN, 1.8m in length.

cable

The terminal of the drive is mini-B connector.

HIWIN MIKROSYSTEM CORP.
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B Connector kit

D2T-LM series drive

Part No. Description Quantity
model
CN1: Connectors of AC power, motor power,
regenerative resistor, and drive control power. 1
12 pins, pitch 5 mm, Wago 721-112/026-000
CN2: Brake connector. 4 pins, pitch 3.5 mm 1
Frame B, C D2-CK3

CNG6: Control signal connector.
50 pins welded type, EUMAX XDR-10350AS

CN1 connector fixture tool: Wago 231-131 1
CN2 connector fixture tool: Wago 734-230 1
B EMC accessory kit
Part name Part No. Description Quantity
Single-phase filter: FN2090-6-06, for Frame B 1
D2-EMCA1 (Rated current: 6A, leakage current: 0.67mA)
D2T-LM EMI core KCF-130-B 2
EMC accessory kit for : -
single-phase Single-phase filter: FN2090-10-06, for Frame C 1
D2-EMC3 (Rated current: 10A, leakage current: 0.67mA)
EMI core KCF-130-B 2
D2T-LM Three-phase filter: FN3025HL-20-71 1
EMC accessory kit for D2-EMC2 (Rated current: 20A, leakage current: 0.4mA)
three-phase EMI core KCF-130-B 2

Note: EMI magnetic ring can reduce noise interference. It can be applied to main power cable, motor power cable,

encoder cable, or pulse control cable based on requirement.

B Regenerative resistor

Part name Part No. Resistance value Rated power / Peak power
RG1 68Q 100W / 500W
RG2 120Q 300w / 1500W

Regenerative resistor
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B Connector specifications
Connector Specification HIWIN part No. Wire diameter Remarks
AC main power cable
(CN1)
Motor power cable .
(CN1) EU 12-pin 5.0mm 051500400269 12~24AWG
- : pluggable female WAGO 2092-1112 Recommended: Note 1
Regenerative resistor connector GO 2092- 12AWG / 600V
(CN1)
Control power cable
(CN1)
50-pin, .050" Mini D
Control signal cable Ribbon (MDR), 051500400272 N
(CN6) standard solder | SCSI50PIN (male) | 24730AWG Note 1
connector
Encoder cable (CN7) HIWIN standard
encoder cable
EU 3-pin 2.5mm Note 1
Brake signal (CN2) pluggable female V%ngosggﬁ%g 20~28AWG Fixture tool:
connector 733-130
. USB 2.0 Type A to
Mini USB mini-B 5PIN (1.8 m) | 051700800366 Optional
communication (CN3) o
(Shielding)

Note 1: The accessory kit includes connectors of CN1, CN2, and CNG6 (with 733-130 fixture tool).

HIWIN P/N: 051800200070
Note 2: Turn off all power supply and use fixture tools to avoid electric shock when wiring.
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4.3 Main power wiring

/\ ATTENTION

L 2

high.

or other unexpected accidents.

€ Do not make any modification to the drive.

than 3 minutes.

Wiring and the related inspections must be done by professional technicians.

€ Power off before wiring or inspections to avoid electric shock or other dangers.

€ Do not touch the terminals for power supply within 5 minutes after power off. The voltage in the drive remains

€ Correctly conduct wiring, or it may cause uncontrolled motor operation, injury to people, machine malfunction,

€ To avoid accelerating the aging of internal electronic power components, do not switch the power on and off

frequently. If there is a need to continuously switch the power on and off, the time interval should be more

4.3.1 AC power wiring (single-phase)

It is recommended to use single-phase filter model of FN2090-6-06 for 50W~400W motor, FN2090-10-06

for 750W~1KW motor.

Emergency

Filter

NFB
=

1-phase ___ &

mega-fabs
D2T-LM series drive

CN1

KM
o

200 ~240VAC =

7o

50/60Hz

Earth i

®

Figure 4.3.1.1

Table 4.3.1.1

IL2C

L1
L2
L3

©)
L1C

FN2090-6-06 filter

Maximum continuous operation voltage

250Vac, 50/60Hz

Operation frequency

DC to 400Hz

HIWIN MIKROSYSTEM CORP.



MD11UE01-2202

D2T-LM Series Servo Drive User Manual Wiring
Rated current 1~30A @40°C
Surge pulse protection 2KV, IEC 61000-4-5
4.3.2 AC power wiring (three-phase)
It is recommended to use three-phase filter of FN3025HL-20-71.
E
O i F me;ggcy @
KM
' .
mega-fabs
D2T-LM series drive
NFB Filter KM cN1
3-phase & % o o L1
200~240VAC o~
5 0 L2
50/60Hz 017 : ‘o 0
Earth .
f1c
L2C
Figure 4.3.2.1
Table 4.3.2.1
FN3025HL-20-71 filter
Maximum continuous operation voltage 3 x 520/300Vac
Operation frequency DC to 60Hz
Rated current 10~50A @50°C
4-17
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4.4 Multiple drives connection

Caution:
Do not use the power connector on the drive to connect the power supply among drives in parallel.

Emergency
ON OFF Stop

S

mega-fabs
D2T-LM series drive

NFB Filter

3-phase 4OfR

200~240VAC fRO

50/60Hz Py
—0

(e

/3

*—

Earth

Terminal L2C

mega-fabs
D2T-LM series drive

Terminal L2

Terminal L2C

mega-fabs
D2T-LM series drive

Figure 4.4.1
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B Selection of no-fuse breakers (NFBs)

When NFB is used in the drive shunt, its rated capacity is generally 1.5~2.5 times the rated motor current
in principle. The selection method is described as follows.

One drive: Ig = Cxl,
Two or more drives not started at the same time: Iz = (ZIs - lamax)XK + Cuax*lnmax

Two or more drives started at the same time: Iz = C1Xlh1 + Coxl2+ ...... + CnXlnn

[ Note]
Is: Rated NFB current
l: Rated drive current
lawax: The maximum rated current among different drives
C: Multiple of rated current, generally 1.5~2.5, or 1.5 if it cannot be determined
Cwmax: Multiple of rated current for the maximum rated current among drives
K: Demand rate; 1 if it cannot be determined

Example:
If five D2T-0423-0-B[] and one D2T-1023-0-CL[1 drives are used (assuming that C and Cuax are 2)

Not started at the same time: lg = (4.1x5 + 7.5 - 7.5)x1 + 7.5x2 = 35.5 Aims
Started at the same time: I = 2x4.1 + 2x4.1 + 2x4.1 + 2x4.1 + 2x4.1 + 2x7.5 = 56 Ams

Table 4.4.1 Rated input current of D2T-LM series drive

Drive model Rated input current
D2T-0423-0-B 4.1Ams
D2T-1023-¢-C 7.5Ams

HIWIN MIKROSYSTEM CORP. 4-19
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4.5 1/O signal wiring

Users can configure the function of each 1/O through software. CN6 connector of D2T model provides 10
general-purpose inputs and 5 general-purpose outputs. The following figures only show part of the wiring.

4.5.1 Digital input wiring

General-purpose inputs of D2T-LM series drive adopt optical-coupler input interface suitable for voltage
system between 12Vdc and 24Vdc. D2T-LM model has 10 general-purpose inputs with one COM port,
suitable for both Sink and Source connection. The default function of I3 is “Axis Enable”; others can be set
by human-machine interface (HMI) based on users’ requirement.

4.5.1.1 Sink input wiring examples
B Sink input wiring example via switches or relays

Sink connecton

4.7K
7] com
Current }7 33 11

I———
T }—1&6

Figure 4.5.1.1.1

B Sink input wiring example via transistors

Sink connection

4.7K
Current CﬂM
- ENN
T 5 =kl

Figure 4.5.1.1.2
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4.5.1.2 Source input wiring examples
B Source input wiring example via switches or relays
Source connection
Current

Figure 4.5.1.2.1

B Source input wiring example via transistors
Source connection

Figure 4.5.1.2.2
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4.5.2 Digital output wiring

General-purpose outputs of D2T-LM series drive adopt optical-coupler Darlington output interface suitable
for voltage system less than 24Vdc. D2T-LM model has 5 general-purpose outputs. Each output has an
independent Darlington open-collector circuit. The maximum allowable current is 100mA. Users can

configure the function of each output through software.

- [ o1+ |35
Bl 35|
. 02+ |37
IER—
: 02- [36]
R CoEE
a 03-
Figure 4.5.2.1
B Output wiring example via relays
- +
1 o1+ |35 —
1= el |
q
- +
}§KE —h +24VDC
[ b f 02 36—t =
gy e i
| —f 03 [ss}——t
'ﬁq 04+ -
1 04- [10
Figure 4.5.2.2
B Output wiring example via optical couplers
01+ :35
5_}& ! C&]_M
.:ﬁq [ 02+ | .3? x{:g] vils 124D
T oz [se—— -

3
+

gl
-

B

O
I E=N
:I
—
[

Figure 4.5.2.3
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4.6 Wiring examples for control commands

The following figures only show part of the wiring.

4.6.1 System wiring diagram for pulse command

Position mode can accept three types of pulse command from the host controller.

Please refer to Section 3.1.1 for more information.

:SI0}sISal [BUIBIXS INOYIM
amod Az Buisn ‘dNd S! 18]104u0 1soy 8y} UBUAA ()

9 1 -
M
¥ e % ﬁ

:s10}sISal [euls)xa yum Jamod
AVZINZL BUISn ‘dNd S! J8]j04ju0D JS0Y BU} USUA (€)

L \Q Gtk ﬁ

e A
1
I

ocel % % ﬁ_
SJ0}SISal [BUIBIXS JNOYIM

32 V_N
amod Apg Buisn ‘NdN SI J8]|0Jjuod jsoy ay} uaypn ()

181081581 [BUIBIXO UM Jomod
APZIAZL BUISN ‘NN S! J8][03U09 3s0y 8U} Usum (1)

(AOL-/+) Indur aBeyoA H

Jied paysim]_ :

:

ndino eseyd-z
ndino eseyd-g

jndjno eseyd-y

(40309]j02 uado) yndjno 7

N
T

T\‘\‘\‘\‘\‘ J
[T TLEND ) |
94 0s |
L 95 sz L
£ 1 -HMOO| Lt
| +HAMOD 9
TA@N@ "HWD |Gy
oI +HMWO [P+t
9S g}
ﬁ-ooof@me - -¥0 [0l
pL+0D QY i +wm iana
-0 I8¢
+€0 e Lt
6L Z0 -Z0 log
+20 |16
-LO lpe
3 10 g [+
°
g I —
N ze——
o ez
9| 100 g . TR/ ——
G [+TMO0 T 5 I R/ p——
Z | Moo [ T p—
V| MO s ﬁ%ﬁ alolog
¢ +1WN0 Sz Ll ogg— —
L MO |y +NOD| £

Figure 4.6.1.1
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4.6.1.1 Differential interface

Wiring example for the host controller having differential interface:

High-speed pulse command General-purpose output

(4Mpps or less) mega-f.abs . User-defined
Host controller D2T-LM series drive
High speed pulse input | Signal output CN6 24V
- N6 RDY
. ~ N o1+ |35
PLS T / 44 | CWH+
A D 121 > 01- | 34 Photo-
cwia T < 45 | Cwh- ALM Coupler
1 [ ..
ot 02+ 37 wiring
e 46 | COWH+ W
R o / 121 > 02- E—-
CCW /B T N 47 | ccwh- INP — ~*
| L — ey e D
" 25| SG }?
Q | 03- 38 3 Relay
/J7 :l— _ + wiring
Signal input 04+ 11
CN6
24V 7 4‘/'\7\}( 04- 10
ov
Encoder output = i ‘Twisted pair)
CN6

’\
Al/oi A 21 ; A-phase
/A 22 T output

General-purpose input
User-defined

Ic=0.6A(Max.)

Vce=40V(Max.)
cz 9 Z output (open collector)
SG 25 — 0V
CN7

Figure 4.6.1.1.1
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4.6.1.2 Sink (NPN) interface with current-limit resistances

Wiring example for the host controller having NPN interface with current-limit resistances:

Low-speed pulse command mega-fabs General-purpose output
(250Kpps or less) D2T-LM series drive User-defined

Host controller 12~24VDC CN6 Low speed pulse input | Signal output CN6 RDY 24V
NPN type oK o1+ |35
R CWL+ i:" 01- 34 Photo-
CWL- ALM Coupler
02+ |37 wiring

2K
cowL+ m:‘v 02 |36}—¢
NP L =+
CCWL- Oar

39 4
, Rela
Signal input 03 E— v

wiring

CCw/B

Vd Resistor (R 4.7K
c esistor (R) 24VI 71 com | i 04- 10

12V | 1KQ, 0.5W
Encoder output = i “Twisted pair)
CN

24V | 2KQ, 0.5W
’\
OZ A 21 ] A-phase
/A 22 T output

General-purpose input
User-defined

Ic=0.6A(Max.)
Vce=40V(Max.)
E Z output (open collector)

25 0V

EIE

Figure 4.6.1.2.1
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4.6.1.3 Sink (NPN) interface without current-limit resistances

Wiring example for the host controller having NPN interface without current-limit resistances:

Low-speed pulse command

Host controller
NPN type

(250Kpps or less)

12~24VvDC

PLS
CW/A

DIR
CCw/B

24V

General-purpose input
User-defined

4-26

5 oDV [
——t L 5]
|5 5-MOD 5]

mega-fabs General-purpose output
D2T-LM series drive User-defined
CNe Low speed pulse input | Signal output CN6 24V
RDY
2K o1+ 35
CwWL 2K
O1- 34 Photo-
WL 220 ALM Coupler
oK 02+ 37 wiring
CCwL oK
220 INP —
CowL- 03+ | 39 $
. Rela
Signal input 03- _3_8_‘— wiriné
— +
O4+ 11
o
Encoder output = ( i :Twisted pair)
CN .
\
A 21 0 A-phase
AIX ATl X oot
1
AIX B 48 : B-phase
/B 49 : output
1
z 23 I Z-phase
74 24 T output
Ic=0.6A(Max.)
Vce=40V(Max.)
cz 19 Z output (open collector)
SG 25 -0V
CN1 CN7

Figure 4.6.1.3.1
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4.6.1.4 Source (PNP) interface with current-limit resistances
Wiring example for the host controller having PNP interface with current-limit resistances:

Low-speed pulse command
(250Kpps or less)

Host controller mega-fabs General-purpose output
PNP type D2T-LM series drive User-defined
12~24VDC
CN6 Low speed pulse input | Signal output CN6 24V
PLS RDY —_
oK o1+ 35
CW/A
3 CWL+ 01- 34 Photo-
4 | CWL- 220 ALM Coupler
DIR 02+ 37 wiring
2K
cowre 5 | cowiLs 02- |36} —¢
220 INP —~+
N 6 | CCWL- 03+ 39
Vdc | Resistor (R) /_J7
ov . . - 3 Rela
12V | 1KQ, 0.5W = Signal input 03 |38 |— . Wiriné
24V | 2KQ, 0.5W 04+ 1"
—0 o—HN 1353 10 . _
Encoder output = Twisted pair)
CN6

5 6—{30]
5 oS 5]
5 5O 7]
General-purpose input ——0O O—M@
User-defined
L I
5 o-MOD 5]
+—0 O—CE {31

\
AIX A |21 ; A-phase
/A 22 T output

Ic=0.6A(Max.)
Vce=40V(Max.)
cz 9 Z output (open collector)

SG 25 —ov

Figure 4.6.1.4.1
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4.6.1.5 Source (PNP) interface without current-limit resistances

Wiring example for the host controller having PNP interface without current-limit resistances:

Low-speed pulse command
(250Kpps or less)

Host controller
PNP type
PLS

CW/A

12~24VDC

DIR
CCw/B

General-purpose input
User-defined

4-28

mega-fabs General-purpose output
D2T-LM series drive User-defined
CN6 Low speed pulse input | Signal output CN6 24v
RDY
2K
CWL 2K o1+ 35
0O1- 34 Photo-
CWL- 220 ALM Coupler
2K O2+ |37 wiring
CCWL 2K
220 INP — ~+
CCWL- 03+ 39
Signal input 03- 38 r Sﬁ:ﬁy
R 9
04+ "
ov
Encoder output = %& ‘Twisted pair)
CN ;
\
AIX A |2 ] A-phase
IA 22 0 output
\

Z output (open collector)

0V

z 23
1z 24
Ic=0.6A(Max.)
Vce=40V(Max.)
cz 19
SG 25
CN1 CN7
V]
\Y
w

Figure 4.6.1.5.1
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4.6.1.6 5V TTL interface

Wiring example for the host controller having 5V TTL interface:

Low-speed pulse command ~ General-purpose output
(500Kpps or less) D2T Lm“‘zgsirfif;s srive User-defined
Host controller - "
5V TTL type CNe Low-speed pulse input | Signal output CN6 24v
K o1+ |35 RDY
3 | CWL+ 290 o1- 34 Photo-
4 CWL- ALM Cp_upler
02+ |37 wiring
2K
5 | cCCwWL+ e o2- |36}—¢
220 = —
6 | CCWL- k& (% f s 39 INP +
Signal input 0O3- E—' 3.?:%
= - ~*
B o4r | 1
CN6
47K
04- |10
T it o
Encoder output = i “Twisted pair)
CN6 ,
‘IX A |21 3 > A-phase
/A 22 T > output
/B 49 ; -~ output
~— z 23 T R
General-purpose input ¢—O O—E 15 Z-phase
N 1z 24 T > output
User-defined
_M 6 /_L
—0 o-MOD 5y 16=0.6A(Max.)
Vce=40V(Max.)
+—0O OLE 8 = 79 L Zoutput (open collector)
j + RL |:9 0 SG 25 -0V
_lov -
CN1 CN7

HIWIN MIKROSYSTEM CORP.
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The signal logic of pulse command accepted by D2T-LM series drive is shown as follows.

Table 4.6.1.6.1
— Positive logic Negative logic
command . ? °

Pulse B I R O B I @ B I @
Dir [ I

cw N I R
cow UL e B

A

; @ ©

If pulse command of the host controller is single-ended negative logic CW/CCW signal, it can be converted

to positive logic CW/CCW signal by executing the following wiring.

4-30

mega-fabs

Low speed mode pulse command

Controller
NPN type
24V
-
24V —f

ccWL+ | 5 /"‘

151
& 220 —
ﬁ)— CCWL- 6 = AL

ov
’E ccw
v

0

Figure 4.6.1.6.2 Wiring example for converting single-ended negative logic to positive logic CW/CCW signal
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4.6.2 System wiring diagram for voltage command

The drive can accept voltage command form the host controller on velocity and force/torque modes.

Please refer to Section 3.1.2 and Section 3.1.3 for more information.

- A-phase output

{ -~ B-phase output

Y ¥ Y

— Z-phase output

I L

Z output (open collector) @

% Voltage input (+/-10V)

[ :Twisted pair

7 [COM+ o
o E
] @‘Wu.?k
7#%3 :2 i W4.7k
T 7
B
— KD
3 A 24
318 Bl (el —7a 52
el e g B 48
A /B 49
35 O1+ . B Z @3
ey ot iz 24
37 02+ | SG 25
T 56 6o Lt cz 19
1 39 03+ .
58 03 o
1 04+ |, _~ADCO+
40 o4 =TT ADCO-15
13| SG
“—44] CWH+ :
L0 5 owne
——46/CCWH+p»—
L0 7 cowm-
25 SG
| 50 FG ‘
L] ——
Figure 4.6.2.1
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Wiring example for the host controller having the interface between -10V and +10V:

mega-fabs General-purpose output
—_— . . User-defined
Host controller D2T-LM series drive
Velocity mode input Signal output CN6 24v
RDY
O1+ 35
. O1- 34 Photo-
A ALM prpler
Vemd+ [ 02+ |37 wiring
L
Vemd- Y 02- E—

+ s -
Voltage range
-10V~+10V 03- E_. Relay

wiring

4.7K
24v | com | WA 04 [10

Encoder output = i ‘Twisted pair)
CN ;
)
—L}i A2 ' A-phase
/A 22 T output
i

General-purpose input
User-defined

1c=0.6A(Max.)
Vce=40V(Max.)

91 Z output (open collector)

[3:

ov

Figure 4.6.2.2
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4.6.3 System wiring diagram for PWM command

Besides analog voltage command, D2T-LM series drive can also accept PWM command on velocity and
force/torque modes. PWM command is classified into two types, single-line (PWM 50%) and dual-line
(PWM 100%). Please refer to Section 3.1.2 and Section 3.1.3 for more information.

4.6.3.1 NPN interface with PWM 50%

Wiring example for the host controller having NPN interface with PWM 50%:

mega-fabs General-purpose output
PWM 50% command D2T-LM series drive User-defined
Host controller |12~24vDC cNe Velocity / Torque mode | Signal output CN6 cDY 24v
NPN type N 1 CWL 2K oK o1+ 35
I 1
. o1- | 34 Photo-
‘! 4 | 220
4 CWL- Coupler
PwM /J7 ~ I: 2K 02+ |37 ALM wiring
2 | CCWL
ov 6 | cowL- | 229 e e MLl G NG
, Rel
Signal input 03- E— wieriﬁé
CN6
4.7K
Encoder output = (i:Twisted pair)
CN6

/\
AIX A 21 ; A-phase
IA 22 : output
1

General-purpose input
User-defined

Ic=0.6A(Max.)
Vce=40V(Max.)

cz 19
SG 25 —ov
CN7

Figure 4.6.3.1.1
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4.6.3.2 NPN interface with PWM 100%

Wiring example for the host controller having NPN interface with PWM 100%:

mega-fabs General-purpose output
PWM 100% command D2T-LM series drive User-defined
Host controller |12~2avbc cNe Velocity / Torque mode | Signal output CN6 RDY 24v
NPN type ’\‘ 1 CWL 2K oK O1+ 35
|
H
oy o |3 Photo-
L 4 | CcwL- 220 Coupler
PWM{ Lo ~ 02+ ALM wiring
.
—
b
1

37
2K
2 | cowL
| 220 & NP | — ~+
! 6 | cowL- o3 |39

DIR /_L N i
. Rel.
Signal input 03 E— cay

wiring

24V

Encoder output = i Twisted pair)

CN6

Z A 21 ] A-phase
/A 22 T output
\

General-purpose input
User-defined

Ic=0.6A(Max.)
Vce=40V(Max.)

91 Z output (open collector)
25

EIE

Jov

Figure 4.6.3.2.1
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4.6.3.3 5V TTL interface with PWM 50%

Wiring example for the host controller having 5V TTL interface with PWM 50%:

PWM 50% command

Host controller
5V TTL type

CN6

mega-fabs General-purpose output
D2T-LM series drive User-defined
Velocity / Torque mode | Signal output CN6 24v
o1 |3 Y
2K
i R Sdta or |«
CWL- ALM
02+ 37
2K
CCWL+ i"' 02- El—
CCWL- m B o T INPL o\t
Signal input O3 [38 1

General-purpose input
User-defined

Encoder output
CN6

A 22

lc=0.6A(Max.)
Vce=40V(Max.)

Photo-
Coupler
wiring

Relay
wiring

ECR! Z output (open collector)

25

Bk

HIWIN MIKROSYSTEM CORP.

Figure 4.6.3.3.1
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4.6.3.4 5V TTL interface with PWM 100%

Wiring example for the host controller having 5V TTL interface with PWM 100%:

mega-fabs General-purpose output
PWM 100% command D2T-LM series drive User-defined
Host controller 5VDC CNe Velocity / Torque mode | Signal output CN6 RDY 24v
5V TTL type oK o1+ |35
3 | CcwL+ o1- 34 Photo-
4 | CWL- 220 > ALM Cpppler
02+ |37 wiring
2K
5 | ccwL+ o2- |36 |—¢
220 a INP —
6 | COWL- o3+ | 39 B
. . _ > Relay
Signal input O3 |38 —H L wiring
ou 1 o @1
CN6
47K
Encoder output = (QETWiSted pair)
CN6

Z A 21 = A-phase
/A 22 T output
I

General-purpose input
User-defined

lc=0.6A(Max.)
Vce=40V(Max.)

(074 19
SG 25 0oV
CN7

Figure 4.6.3.4.1
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5.1 Installation and communication

The human-machine interface (HMI) for D2T-LM series drive is called Lightening. Through mini USB,
Lightening which connects PC and the drive can perform functions like initialization, configuration,
operation, test run, parameters saving, etc. This section is about how to install Lightening and set up the
communication with the drive.

Note: D2T-LM model is only suitable for the version Lightening 0.194B or above.

5.1.1 Setup files

Files in the Lightening setup folder are shown in Figure 5.1.1.1, including an auto execution file “setup.exe”
and a firmware folder “dce”.

™
R
i

cp210x dce autorun.inf dirlist.bet
o )2
- i
ot
driverlist.ixt firmupd.bat MYFONT.BMM myFont.bmm
-
aFi
myFontm.bmm setup.exe short.txt
Figure 5.1.1.1

Download the setup files from HIWIN official website after logging in, unzip the files and execute
“setup.exe”. The default installation path is “C:\HIWINVY". Do not change this path without authorization. The
installation window is given in Figure 5.1.1.2. Click the “Start” button to run the automated installation
procedure. When the procedure is completed, the message window will appear (as Figure 5.1.1.3 shows),
which indicates the software installation is ended successfully.

Install Software (4.26) (=]

HIWIN.

Motian Control and System Technology

Source:| D:NHIWIN_setup.exe_lightening_@.194B_official »

Destination:| ¢ : \HIWIN~

Start Exit |

Figure 5.1.1.2
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S

HIWIN software Installation ended successfuly

Figure 5.1.1.3

The execution shortcut of Lightening will appear on the PC desktop after the installation procedure is
completed, as Figure 5.1.1.4 shows. Its path 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 drive, USB communication, mega-ulink communication,
and CoE communication. The former two methods are introduced in this section. As for the last one, please
refer to “HIWIN CoE Drive User Guide”. (Users can download it from HIWIN official website after logging
in.) If mega-ulink or CoE communication is used to communicate with the drive, it is recommended to
adopt the network card of REALTEK.

B Use USB communication
Connect the drive via USB and turn on the control power before starting the program. Generally,
Lightening will automatically connect to the drive when it is opened. If not, click “Communication
setup...” in the “Tools” option to change the communication setup.

& Lightening, version 0.194E, com30, 115200 -
Conf/Tune | Tools La@uage About

é} @ |Communication setup... (Ctrl+N) |

Open plot view... (Ctrl+G)

[ Dirie _
: Data collection...
=5 n

________ Scope... (Ctrl+P)
Encoder test/tune..
PDL... [Ctrl+)

Loop constructor...

Reset amplifier

Upgrade/downgrade firmware...

Set amplifier to factory default

Figure 5.1.2.1
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5-4

The window for communication setup is shown in Figure 5.1.2.2. The “BPS” column shows the

transmission rate of the connection. Users do not need to change its default value (115,200 bps). The

“Port” column shows the communication port. It will display all the existing PC ports. Select the port

actually connected to the drive. Use the default values for the rest columns, and then Lightening will

successfully communicate with the drive.

BPS:

115288

1208
2408
4809

7608
19200
38400
56000
57680
15268 |
126800
256000
238400
460800
921600

Use mega-ulink communication

Figure

Apply Close

lightening Communication Setup
BPS " R3485
/‘ 115200 # RS232/USB
" CAN
Port:
COML " Ethernet
" Ethercat
Parity CANTrid
Even 00000120 I
Time out CAN Rcid
| 50 | | [[oooooieo |
Lock time ol
.
Try again Scan rate
E | | |Lo |
-
-
Protocol| TCE Net..

5.1.2.2

Download and install WinPcap for the first time usage of mega-ulink communication. When the

installation is done, open the “lightening Communication Setup” window described in the previous
subsection (as Figure 5.1.2.2 shows). Select the radio button of “EtherCAT” and click the
“EtherCAT...” button, as Figure 5.1.2.3 shows.

r|ig?’|‘tenir'|g Communication Setup

BPS:
115208

Port

COM24 __Eihsme
4 EtherCAl

Parity
Even

Time out

" R5485
" R82321USB
" CAN

CANTrid

CANRcid

El \

[ 00000160 |

Lock time

Try again

&
c
Scan rate

s \

B \

IP port| 10001
\ 4

-
[¥ Show message

Protocol | TCE

Figure

| EtherCAT... I
window

5123
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The “EtherCAT set up” window will appear to display all network cards in the computer, as Figure
5.1.2.4 shows. Select the network card connected to the drive. After that, close the “EtherCAT set up”

window and click the “Apply” button in the “lightening Communication Setup” window.

| 5| EtherCAT set up.

" Intel(R) 1210 Gigabit Network Connection
& Intel(R) 1210 Gigabit Network Connection
" Oracle I
" Intel(R) 1210 Gigabit Netwark Connection

Figure 5.1.2.4

When the setting is done, the window of Figure 5.1.2.5 will appear. Users can get the number of
connected slaves from the information in the window. After going back to HMI main window, the
connection is established, and “EtherCAT” is shown in the title (as Figure 5.1.2.6 shows).

{ Connect to 1 slave ]

Figure 5.1.2.5
& Lightening, version 0.1945 l =ROE X
Conf,/Tune Tools Language About
& @ oD W "F % ﬂ ;’I ‘EI I';‘ reset
B Drive Controller: d2(0), Axis: X Firmware version
=N n 0.d2 : a.\852
s Motor type:| Linear
"""" 7 X Model:| LMCBS
Axis is configured to:| Current (Force Torque? mode

Figure 5.1.2.6
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5.1.3 HMI main window

After successful connection, HMI main window will look like Figure 5.1.3.1. To modify the axis name, right

click the axis name and choose “Rename...”, or directly click the axis name.

& Lightening, version 0.194, com25, 115200

Conf/Tune Tools Language About Advanced

(§> &) =i = Main toolbar
i : || S Drive Controller: d2(0), Axis: X Firmware version
Drive connection > o[ 0d2 ontraller: d2(0), Axs e
area v g Mator type:| Linear
L X
- WModel:
. ) Axis is configured to:| Stand—alone position mode
Right click -
i sae Status
Axis name | aX|S_ name M{Hardware enable input 21=T0 function active disolay area
1 to display M Software enabled ISplay
1 this menu. B servo ready
1
| Last error Error message
: display area
Last warning
Warning message
display area
Quick view
Position units . . .
count hd Qu:gk view signal
monitor area
2@ Reference acceleration ﬂ 0.000000 count/st2
1 Feedhack position ﬂ -21 count
48 Analog command ﬂ 0.000 mv
Connection status
f —_— ommunication o : cellightening.dce -= (= ce\d2\pi
dlsplay area —PC icat k CAHIWIN\dcelightening.d d2(0) , C\HIWIN\dce\d2\pdI0 0

Figure 5.1.3.1

Main toolbar

- A Open the window of PDL program
: Save current parameters in drive RAM to file (PRM file)
- & : Load parameters in the file (PRM file) to drive RAM
5

- : Save current parameters in drive RAM to Flash

reset

: Reset drive

Status display light

- : The light is off when the drive is at the disable state; it is green when the drive is at
the enable state.

- : The light is green when the drive hardware is enabled. If the hardware is not
enabled, the drive cannot enable the motor. Please refer to Section 5.4.1 and Chapter 10 for the

external input setting method of enabling the hardware.

- : The light is green when the drive software is enabled. The drive cannot enable
the motor unless both hardware and software are enabled. Click the “Enable” button in the

HIWIN MIKROSYSTEM CORP.



MD11UE01-2202
D2T-LM Series Servo Drive User Manual Drive Configuration

“Performance center” to enable the software. Click the “Disable” button to cancel the enabled software.
If there is no connection between PC and the drive, the status of the enabled software will change
according to the status of the enabled hardware. If there is a connection between PC and the drive,
close the window. After that, Lightening HMI will ask the users whether the software is enabled or not.

®  Drive property
Right click the axis name and choose “Properties...”, users can get the drive properties, as Figure
5.1.3.2 shows.

& Drive property (=] e

Axis name: X

Drive slave id: 0

Peak current: 22.54
Continuous current. 7.54
Feedback type: (0) Digital incremental encoder/ Less wiring
Firmware model: d2
Firmware version: 0.052
Interface: Pulse +voltage
Drive technology: TT

Close

Figure 5.1.3.2

Note: When Lightening 0.194A (included) or older version is used to connect with D2T-LM model, the window
of Figure 5.1.3.3 will appear. Since these HMI versions do not come with the firmware version for these drives,

Lightening cannot identify them. Please download the latest version of Lightening from HIWIN official website.

& Lightening, version 0.194B, com30, 115200 BN
Conf/Tune Tools Language About
[} e Drive Firmware version
B- [ 0.d2 0.054
& X
Communication ok CHIWINdcellightening. dee -= d2(0) , CHIWIN\dce\d2\pdI00

Figure 5.1.3.3 Wrong firmware version installation
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5.2 Configuration center

When using a new drive or a new motor, users need to reset the relevant parameters based on the actual

application through Configuration center. By clicking @ in the main toolbar (as Figure 5.2.1 shows), users

can open Configuration center.

Conf/Tune Tools

& Lightening, version 0.194, com25, 115200

Language About Advanced

reset

[+ Drive

B o0.d2
& X

Communication ok

Firmware version

Controller: d2(0), Axis: X
a.@858

Motor type:| Linear
Model

Axis is configured to:) Stand-alone position mode
Status
M{Hardware enable input
M Software enabled
B senvo ready
Last error

21570 function active

Lastwamning

Quick view
Position units
count N

20 Reference acceleration ﬂ 0.000000 countist2
1 Feedback position J =21 count
48 Analog command ﬂ 0.000 my

CAHIWIN\dcelightening.dce = d2(0) , C\HIWIN\dce\d2\pdID0

Figure 5.2.1

To help D2T-LM series drive successfully drive the motor, complete the following setting steps.
(1) Linear motor type: Set the linear motor type in use and the corresponding parameters.

(2) Encoder parameter: Set the encoder type in use and its resolution.

(3) Operation mode: Set the operation mode of the drive.

HIWIN MIKROSYSTEM CORP.
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5.2.1 Motor configuration

Motor configuration is on the first page of Configuration center. HIWIN Linear motor supported by D2T-LM
series drive can be found under E~Mete= — For Lightening 0.194B (included) or above, motor
configuration page is shown in Figure 5.2.1.1.

6 Configuration center = | B ||
Mator Encoder Mode
= = Motor type: linear
B¢ Linear Motor model name: | LMCB4 Manufacturer: | HIWIN
& Customized Linear
KL Moving mass: | 2 kg
- 138 LMC

= LMC-EFCLmot |_ Peak current

. % LMC-EFC2mot | g f_rns

I8 LMC-EFC3.mot Continuous current:

b [T LMC-EFC4.mot 2 A_pns

i % LMC-EFE1 mot
= LMC-EFE2.mot Force constant:
¥ LMC-EFE3.mot s
L s Resistance (Line-Line):

- % LMC-EFES.mot 9.1 Ohm

- 7 LMC-EFE6.mot

- 7 LMC-EFF1.mot Inductance (Line-Line):

[ LMC-EFF2 mot 206 el
B EMEEEES ot Magnetic pale pair pitch
¥ LMC-EFF4.mot 32 mm
~ LMC-EFF5.mot

b T LMC-EFF6.mot Motor peak time (sec):

- 7 LMC-EFF7 mot i

i 7 LMC-EFFB.mot

i ¢ LMC-EFF9.mot
7 LMC-EFFA mot
~ LMC-EFFB.mot
7 LMC-EFFCmot .

‘ Cancel |

Figure 5.2.1.1 Motor configuration page for Lightening 0.194B or above

H  Motor parameters
Directly click HIWIN linear motor type to set and display motor parameters. If it is not a HIWIN
standard linear motor, click any of the standard ones first, click “Customized Linear”, and key in
necessary parameters according to motor specification. After the setting is completed, the save
function can be used to establish motor parameters. Users can load the established file for motor
parameters (*.mot) at any time.

B Operation parameter
Moving mass: Set the load mass of the linear motor (including rotor and outer casing); unit: Kg.
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5.2.2 Encoder configuration

The drive generally receives a feedback signal from the position encoder to execute servo control. The

encoder configuration page is shown in Figure 5.2.2.1. Select or set the correct type and parameters of

the encoder on this page. To work with the host controller, D2T-LM series drive can not only receive but

also output encoder signals. It provides either buffered encoder output or emulated encoder output. When

it comes to emulated encoder output, the output resolution can be modified by setting “Scaling”. Please

refer to Section 5.2.2.3 for more information.

6 Configuration center

o D S|

Wotor Encoder

Mode

B Encoders
Bl # Linear
& Customized Linear
- Digital 0.lumenc
- Digital 0.5um.enc

7: Digital lum.enc

Maotor type: linear
Encoder type: digital

Enceder model name: | RGH22Y ~48Y Manufacturer:

Encoder resolution:
a.1 um

Power-on time

fcount 208.88

Encoder output

Output resolution: a.1 um/count

+ Use buffered encoder
I~ Invert

" Use emulated encoder

Scalling 10880

encoder count= | 100608

Emulated index radius: 18

oK

Renishaw

counts  Emulated index jitter filter:| 1

ms

emulated encoder output

counts

Cancel

5.2.2.1 HIWIN standard encoder

Figure 5.2.2.1 Encoder configuration page

The specifications for HIWIN standard encoder are digital 0.1um, digital 0.5um and digital Tum. The setting

window is shown as follows.

5-10
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¥ Configuration center

B

Motor Encoder Wode

(- Encoders
B # Linear
3T Customized Lines

Motor type: linear
Encoder type: digital

©: Digital 0.lum.enc

7 Digital 0.5um.enc

Encoder resolution:
a.1

©: Digital lum.enc m

Encoder output

Output resolution:  [@.1

¥ Use buffered encoder

™ Invert
" Use emulated encoder
Scalling: 10088

Emulated index radius: | 18

Encoder model name: | RGH22Y ~48Y

Icount

umicount

enceder count =

counts  Emulated index jitter filter. 1

106880

Manufacturer: | Renishaw

Power-on time:
208.808 ms

emulated encoder output

counts

OK | Cancel |

Figure 5.2.2.1.1 Encoder configuration page for standard encoder

5.2.2.2 Customized digital incremental encoder

Besides choosing encoder parameters with common resolution suitable for HIWIN linear motor, users can

also key in parameters for various encoder brands in the customized setting area. Choose “Customized

Linear”, users can key in the resolution parameter according to the specification. Enter motor resolution in

“Encoder resolution” column, and enter “Power-on time” according to the power-on delay time. After the

setting is completed, the save function can be used to establish encoder parameters. Users can load the

established file for encoder parameters (*.enc) at any time.

& Configuration center

B [

Motor Encoder Wode

- Encaders
B4 Linear
5T Customized Linear

f: Digital 0.1um.enc

Mator type: linear
Encoder type: digital

Encoder model name:

Fiy PElEnne= Encoder resalution:

f: Digital lum.enc un

Encoder selection area

Savefload * encfiles

Encoder output
Qutput resolution 1

¥ Use buffered encoder

I Invert
" Use emulated encoder
Scalling 100080

Emulated index radius: | 18

Dat:

Power-on time:

Icount

a from amplifier

Manufacturer.

200.90 ms

{ Resolution setting area ]

EI { Encoder save / load

umicount
encoder count= | 10888 emulated encoder output
counts  Emulated index jitter filter. 1 counts
OK | Cancel |

Figure 5.2.2.2.1 Encoder configuration page for customized encoder
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5.2.2.3 Encoder output setting

D2T-LM series drive sends out the encoder signal with AgB square wave via CN2. It can be connected to
the host controller if needed. Check “Use buffered encoder” or “Use emulated encoder” in the “Encoder
output” area (as Figure 5.2.2.3.1 shows), the value in “Output resolution” column will be updated according
to the selected output mode.

P Configuration center = | ) S
Wotor Encoder Wode
[ E‘n’(D.dE'S Motor type: linear
=t ¥ Linear Encoder type: digital
ST Cus
; e Encoder madel name:  RGH22Y.-48Y Manufacturer: | Renishaw
: Digital 0.1um.enc
o DEElOE e Encoder resolution Power-on time:
(= Digital lum.enc 0.1 um fcount 200.00 ms
Encoder output
Qutput resolution: 0.1 um/count
¥ Use buffered encoder
™ Invert
(" Use emulated encader
Scalling 188848 encoder count = | 188868 emulated encoder output
Emulated index radius: 18 counts  Emulated index jitter filter:| 1 counts
b . v
oK ‘ Cancel |

Figure 5.2.2.3.1 Encoder output setting

m  Buffered encoder output
When this option is selected, the drive directly sends the received encoder signals to the host
controller. Users can also choose the “Invert” option to make the drive send the received encoder
signals back. The resolution of the output signal is also displayed in the window for reference.

Encoder output

Cutput resolution: 8.1 umdcount

|l’°‘ Use buffered encoder |

[ Invert

Figure 5.2.2.3.2 Buffered encoder output
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B Emulated encoder output

When this option is selected, the drive multiplies the information of the received encoder positions by
“Scaling” and sends it out to the host controller. If the ratio is 1:1, the drive will directly output the
encoder signal based on the adopted encoder and the set resolution. In some cases, the host
controller cannot receive the encoder signal with a high frequency. A different ratio can be set to lower
the frequency of the encoder output, e.g. 5 encoder count = 1 emulated encoder output. If the
multiplier factor of analog encoder is set too high, “Scaling” might also be needed to reduce the
resolution of encoder output. By setting 1 encoder count = -1 emulated encoder output, the output
direction can be changed. Take the encoder resolution being 1 um/count as an example. If the scaling
for emulated encoder output is set as 5 encoder count = 1 emulated encoder output, the “Output
resolution” will be enlarged to be 5 um/count.

|f5“ Use emulated encuderl
Scalling: 188668 encoder count= | 18088 emulated encoder output

Emulated index radius: 18 counts  Emulated index jitter filter:| 1 counts

Figure 5.2.2.3.3 Emulated encoder output

Note: The function of emulated encoder output will be temporarily invalid when parameters are saved to Flash.

B Output emulated Z-phase signal to the host controller
Emulated Z-phase signal can be sent out to the host controller by setting the encoder output as “Use
emulated encoder”, as Figure 5.2.2.3.3 shows.

Besides the “Use emulated encoder” setting, the following two parameters should also be set.
a. Emulated index radius: the output range of emulated Z-phase signal (as Figure 5.2.2.3.4 shows)
b.  Emulated index jitter filter: reduce the bounce phenomenon of emulated Z-phase signal

Note: If the sampling speed of the host controller is too slow, or the speed of homing is too fast, the host
controller may not receive emulated Z-phase and make homing fail. When this happens, please modify

“Emulated index radius”.

Center of emulated Z-phase signal

signal range signal range
< > | <

< » | ¥ »

Figure 5.2.2.3.4

HIWIN MIKROSYSTEM CORP. 5-13



MD11UE01-2202

Drive Configuration D2T-LM Series Servo Drive User Manual

When the home offset function is used for homing, the emulated Z-phase signal will move to the home
position after home offset, as the following figure shows.

Center of emulated Z-phase signal

signal range signal range

< »

v

<
<

a n
< »

Encoder index Home offset Drive coordinate = 0

Figure 5.2.2.3.5

5.2.3 Operation mode configuration

The operation mode configuration page is shown in Figure 5.2.3.1. Setting the operation mode for the
drive is the last thing to do after the parameters of the previous two steps are done.

Mator Encoder Hode

Primary Operation Mode Electronic Gear I™ Invert Pulse Command
m:Inputpulses = n:Qutput counts Hardware interface

* Position Mode
DIV2DIV1| | & High Speed Pulse Input (CNG pin 44, 45, 48, 47)

" Velocity Mode
1 (00} " Low Speed Pulse Input (CN6 pin 1, 3, 4, 2, 5, 6)

" Force/Torque Mode

" Stand-Alone Mode 1 E 1)
A i oy | [ Conrlinput Parameters setting area

" Pulse and Direction

M d I t 1 " Pulse Up/Pulse Down r
ode seiection area an ¥ Quadrature (AqB) Increment Position on

&
o

Secondary Operation Mode
(ol
= Velocity Mode
~ Torgue Mode

¥ None

[ Parameters OK / Cancel button } - | e |

Figure 5.2.3.1 Operation mode configuration page
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B Position Mode

To work with the host controller only sending pulse commands, the position mode should be chosen

to receive the external pulse command for the motion. The closed-loop control is done by the drive.

D2T-LM series drive supports three types of pulse command, and the electronic gear ratio is allowed

to be set for high-speed application.

Note: The drive will not accept the pulse command sent by the host controller unless it is at servo ready state.

Primary Operation Mode
* Position Mode
" Velocity Mode
" Force/Torque Mode

" Stand-Alone Mode

B Velocity Mode

Electronic Gear

m:Input pulses = n:Output counts

1

1

DIvZ DIV1
oo

01
(10

1

Figure 5.2.3.2

I Invert Pulse Command

Hardware interface
f+ High Speed Pulse Input (CNE pin 44, 45, 46, 47)
" Low SpeedPulse Input (CNE pin 1, 3, 4, 2 5, 6)

Control Input
" Pulse and Direction

” Pulse Up/ Pulse Down I Invert 4
&+ Quadrature (4qB} Increment Position on:
o}
P

To work with the host controller sending analog commands or PWM commands, the velocity mode

can be selected. Users only need to set the ratio (“Scaling”) between the external command and

velocity, the unit is the corresponding relationship between 1V and mm/s or rpm, or between Full

PWM and the maximum speed. If the value of “Scaling” is negative, the motor will move in a reverse

direction.

Primary Operation Mode
(" Position Mode
(* Velocity Mode
" Force/Torque Mode

" Stand-Alone Mode

HIWIN MIKROSYSTEM CORP.

(* Analog
" PWM5
" PWM1

Command Types

0% Scaling: 1 nn/s -1y
00%
DeadBand: @ my
Dead band’s definition
A Output
Input

Dead band

Figure 5.2.3.3
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Force / Torque Mode

To work with the host controller sending analog commands or PWM commands, the force/torque
mode is another choice. Users only need to set the ratio (“Scaling”) between the external command
and current, the unit is the corresponding relationship between 1V and Ampere, or between Full PWM
and the maximum current. If the value of “Scaling” is negative, the motor will move in a reverse
direction.

Primary Operation Mode
Command Types

& Analog (+-10V)

" Position Mode

" Velocity Mode

" PWM 50% P _
& Forcaforque Mode Scaling: A.381838 A=1V
" PWM 100% i
" Stand-Alone Mode DeadBand: | @ mv
Figure 5.2.3.4

Stand-Alone Mode

If users only need to test alone the drive or execute the plan without any host controller (e.g. only the
servo motor and the drive), the stand-alone mode can be selected to let the drive take care of all
control loops.
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5.2.4 Completing configuration procedure

After completing motor, encoder, and operation mode configurations, click the “OK” button to show the
window of Figure 5.2.4.1, which gives the comparison of old and new parameters. After confirming
parameters, click the “Send to RAM” button to send parameters to drive. If users click the “Cancel” button,
it will go back to Configuration center.

Note: For a new drive without initialization, the “OK” button at the bottom of window is invalid and cannot be clicked.

After the parameter settings for motor, encoder, and operation mode are confirmed, the “OK” button becomes valid.

P Calculation results and present controller data = | E S|
Old parameters =
Iaotor
New value Presentvalue Units
Type: Linear Linear i
Maving mass: 2 2 Ko 3
Peak current 8 0 A_rms
Continuous current: 2 0 A_rms
Force constant: 454 424264 N/A_rms
Resistance: 9 5 Ohm
Inductance: 32 20 mH
Pole pair pitch: 32 10 mm
Model name: LMCB5
Manufacturer: HIWIN
Encoder
Newvalug Presentvalue Units
Type: Digital Digital
Resolution: 1 1 umicount
Model name: RGH41X
Manufacturer: Renishaw
Mode
New value Present value Units
Operational mode1 Stand-alone mode Stand-alone mode
Operational mode2 Stand-alone mode Stand-alone mode
Save parameters
Hall sensal tO driVe
Newvalug Presentvalue Units
Type: None None
Sendto RAM Cancel 44 Cancel button ]
L——-1 New parameters X
Figure 5.2.4.1

If users want to keep these parameters, click ® (“Save to Flash”) on HMI main window to save
parameters to Flash. Parameters in Flash will not disappear even if the drive is power off. If users want to
save parameters to a file on the disc of PC, click (“Save Parameters from Amplifier RAM to File”) to
save parameters to afile. The filename extension of the saved file is *.prm. If users want to load parameters
in the file to the drive, click (“Load parameters in the file to RAM”) to load parameters to the drive. After
loading parameters, remember to click ™ to save parameters to Flash.
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5.3 Auto phase center

5.3.1 Mode explanation

Click £ in the main toolbar of HMI main window to open auto phase center. D2T-LM series drive can

only match with linear motor; therefore, the step must be done to get the motor into closed-loop control.

SW method 1

It is one of the built-in methods for phase initialization in the drive. Without any hall sensors, the motor can

accomplish phase initialization via subtle displacement. Two parameters, st cg and st vpg, must be

adjusted before using the method. Please refer to the frequency analyzer for their settings and adjustments.

If the load of the system changes, the parameters must be adjusted again.

If the drive is not on stand-alone mode, the host controller is suggested to send out the external command

after receiving the “Ready” signal from the drive. If the host controller cannot receive the “Ready” signal,

wait for three seconds. If “check the accuracy offset” is checked, the program will check whether the found

electronical angle is correct first when executing “Start phase initialization”.

5-18

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 maotion
Feedback detect ok
Y ' o e A /.
L iy g
Phase error (Elec. deg)

3 Direction
If necessary, press D to toggle direction definition

4. Frequency analysis

Freq analyzer v Use simple version

5. 5W method 1
WMax pos. err during phase init Offset| 139.3 deg

Start SMCL 3523 count

6 Phase initialization

Start phase initialization ¥ Check the accuracy offset

Auto phase cents ﬂ‘é}
@ \uto phase nter -
View
MEnabled o
_Phase inffialized Phase initialization mode: $¥ method 1
B servo ready B sM mode B SMCL mode
Current(SM mode)| 2. 69 A_amp
Feedback position: 18016 count

SMCL tool

Figure 5.3.1.1 Auto phase center (SW method 1)

HIWIN MIKROSYSTEM CORP.



D2T-LM Series Servo Drive User Manual

MD11UE01-2202

Drive Configuration

5.3.2 Pre-operation

% Ensure that the connection to the motor is correct.

%k Ensure that the encoder signal is correct.

%% Ensure that the drive can receive “Hardware enable” signal. If there is no physical wiring, open “I/O

center” and check “Invert” in I3 Axis Enable to simulate hardware enable input.

% Ensure that the AC main power is turned on.

5.3.3 Setting procedure

The procedure of auto phase initialization for SW method 1 is described in this section.

Step Graphical (HMI) description Operation
Method setting for phase initialization:
T TR D2T-LM series drive only offers “SW method 1” as
M{Enabled
.Phasemll\ahzed Phase initialization mode:| $¥ method 1 e ey . .
1 Bomrenty Roumose  JsucLmade the method for phase initialization.
Current(SM mode); 2 .69 A_amp
Feedback position’ ~B81326 count
Enable the motor on step motion mode:
Press the “SM enable” button. At this time,
:E:::I:fnmahzed Phase initialization mode: 8W method 1 Enabled I|ghtS Up In green
B servo ready ol 5w mode _H SNCL mode
2 Current(sh mode) 1.21 A_amp <Notice> Enabling the motor on step motion mode, the
Feedback position: ~650 count . . . _—
e drive will continuously output the current set in “Current
Disable (SM mode)”. Therefore, the time should not be too long,
or it will make the motor overheat.
<Notice> The step must trigger the enable signal of the
host controller.
Motion direction test on step motion mode:
Hold the slider bar and drag it left and right, the
motor will start moving. The right side is for the
iy s . positive movement; the left side is for the negative
2 Drag the slider bar to move the motor in SM mode y 441 movement
The arrow in the watch had better remains within green range during motion 5
3 [occmeorcoaor ] 3 Under normal circumstances, the arrow of the
& + ¥, 47
0
& - - “Phase error (Elec deg)” should stay in the green
| slider bar I range (-30°~+30°). Release the slider bar after
dragging it left and right, if “Feedback detect ok”
appears, the step is done.
If the arrow rotates freely, let go the slider bar first,

HIWIN MIKROSYSTEM CORP.
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hold it again, and drag it left and right.

<Notice> If the arrow still rotates freely after users follow
the instructions above, please make sure the following
two things: (1) Motor cable and encoder feedback signal
cable are well connected. (2) Go to “Configuration
center” to check if there is something wrong on the
parameter setting for the encoder or the motor, such as
encoder resolution or number of motor pole pairs.

<Notice> The step must trigger the enable signal of the

host controller.

1. Enable axis in SM mode

Disable

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

Toggle Direction, ended successfully
-E ; 5 : -
2]

Phase error (Elec. deg)
3. Direction

If necessary, press i to toggle direction definition

Confirm the definition of motion direction:

If the motion direction in the previous step does not
meet the actual requirement, press the “TD” button
to toggle the definition of motion direction. After
“Toggle Direction, ended successfully” appears,
go back to step 3 to confirm the definition of motion

direction again.

4. Fregquency analysis
Freq analyzer W Use simple version

upg = 0.80192109
st_upy = 1.25287
MassC{Inertiad = 4.41160e-805

Auto tune function:

Check “Use simple version” and press the “Freq
analyzer” button to open the “Auto tune” window.
As users click “Run”, frequency response analysis
will be automatically performed and parameters
will be automatically calculated.

This function can be used to set the system loop
gains easily and quickly. However, if the stiffness
of the mechanism is too low, load mechanism
changes, or load inertia ratio exceeds 20 times,
the calculated values of the parameters may not

be applicable to the actual system.

<Notice> If the mechanism resonance occurs during the
execution, immediately stop the hardware enable
signal, or press the software shortcut key F12 in HMI.

<Notice> If this function cannot meet the requirement for
application, users can adjust the parameters “vpg” and

“st_vpg” in SMCL tool.
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Performance adjustment:

The advantage of the method is that the motor can

accomplish phase initialization via subtle

displacement. Its performance is tuned at the
previous step “Auto tune function”. To check the
result, follow the steps below.

(a) Press the “Start SMCL” button to execute
electrical angle test.

5.8 melnod T o W (b) Observe the values of “Offset” and “Max.

6 i : = St pos. err during phase init.”, which are
respectively the result of finding electrical
angle and the maximum displacement in the
process.

(c) Repeat step (a) and (b). Observe if the
difference among these “Offset” values is
within +/-15 deg.

(d) If the difference among these “Offset” values
is too big, press the “SMCL tool...” for

advanced tuning.

5, Phase inifializafion Execute phase initialization:

Start phase inifialization

Press the “Start phase initialization” button. When

7 * “Phase Initialized” lights up in green, phase
Enaiea U —— initialization is done, and the drive can drive the
_F'nase\nihalized ase initialization mode: mne Lil
A sevo ready 5N mode B SMCL mode

motor (get into close-loop control).

5.3.4 Troubleshooting

e
0

% Ensure that the motor power cable and the encoder feedback signal cable are well connected.

e
O

% Ensure that the parameter setting for the encoder or the motor is correct, such as encoder resolution
or number of motor pole pairs.

e
0

% Ensure that the grounding system is suitable.

e
O

% Ensure that the enable signal of the host controller in the drive is triggered.

O
0

% Ensure that the software enable signal in the drive is triggered.

% Ensure that there is no mechanical interference.

% Ensure that the motor resistance is normal.
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5.4 1/0O center

5.4.1 Digital input

Click % from the main toolbar in the main window to open I/O center. Click the dropdown button (ﬂ) on
the input function menu to select the digital input pin and its function (as Figure 5.4.2.1 shows). D2T-LM
model has 10 digital inputs.

Inputs CQutputs

State  Invert
11 | Start Homing

12 | Abort Motion

jz |FHot Configured

Home OK.start err. map

14 Reset Amplifier

Invert U Command

5 Switch to secondary vpg

Zero Speed Clamp

Inhibit Pulse Command

Switch HI-/LO Pulse Input
Electronic Gear Select <(DIV1>
17 Electronic Gear Select (DIUZ>

e[
EEEEEEEEE
i B A B e s B B

Figure 5.4.1.1 Input function menu

B State indicator light (State)
If the state indicator light is green, the corresponding input pin has been activated. If the light is off,
the corresponding input pin has not been activated.

B Logic inverse setting (Invert)
When the “Invert” option is checked, the trigger condition will be inverted.

Table 5.4.1.1
Hardware
No. Input function Description Trigger
Symbol
1 SVN Axis Enable Enable/Disable; the default is set at I3 Level Trigger
2 LL Left Limit Switch Left hardware limit; the default is set at 16 Level Trigger
3 RL Right Limit Switch Right hardware limit; the default is set at 19 Level Trigger
4 MAP Home OK, start err. map The homing completed command from the host Edge Trigger
controller
5 RST Reset amplifier Reset the drive Edge Trigger
6 DOG Near home sensor Near home sensor Level Trigger
7 CE Clear Error Clear error Edge Trigger
8 INVC  |Invert V Command Reverse the analog voltage command on velocity Level Trigger
or force / torque mode
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9 GNS | Switch to secondary CG Switch to secondary common gain Level Trigger

10 JSEL |Switch to secondary vpg Switch to secondary vpg gain Level Trigger
Zero speed clamp. On velocity mode, the motor

1 7sC Zero Speed Clamp will pe Iockgd gt a fixed position when thg drive Level Trigger
receives this signal and the motor speed is less
than the set value.

12 INH Inhibit Pulse Command Inhibit pulse command. Level Trigger

13 | PSEL |Switch HI/LO Pulse Input | SWitch between the high-speed and low-speed| | o o) Trigger
pulse input channels
Emergency stop. The drive will get into the

14 EMG |Abort Motion emergency stop procedure after receiving this| Level Trigger
signal during motor motion.

15 MOD | Switch to secondary mode Switch from the primary operation mode to the Level Trigger
secondary operation mode

16 HOM | Start Homing Start the built-in homing procedure of the drive Edge Trigger

17 DIV1 (Eéel\cjt;?mc Gear Select Select the electronic gear ratio on position mode | Level Trigger

Electronic Gear Select . . " .
18 DIV2 (DIV2) Select the electronic gear ratio on position mode | Level Trigger

Table 5.4.1.2 Input functions supported by each operation mode

Not CoE model CoE model
| ; Operation mode Position mode | Velocity mode Force / Torque | Stand-alone | Stand-alone
nput function mode mode mode
Axis Enable \Y \Y \Y \Y \

Left (-) Limit Switch \Y - -- \Y \Y
Right (+) Limit Switch \Y - -- \Y \
Home OK, start err. map \% \% \ V V
Reset amplifier \Y \ \ \% \%
Near home sensor V V \Y \Y \Y
Clear error \Y, \Y, \Y \Y -
Invert V. command -- V \Y -- --
Switch to secondary CG \Y \Y \ \% --
Switch to secondary vpg \Y \ \ \% --
Zero speed clamp - \ -- -- --
Inhibit pulse command \% -- -- -- --
Switch HI/LO pulse input \% -- -- -- --
Abort motion -- -- -- Vv --
Switch to secondary mode \% \Y% V Vv --
Start homing \% \% V Vv --
Select electronic gear (DIV1) \Y -- -- -- --
Select electronic gear (DIV2) \Y -- -- -- --
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Note:

“V” indicates that the input function can be used on the corresponding mode, and can be arbitrarily set at [1~110.

Table 5.4.1.3 Default input setting for D2T-LM series drive

Not CoE model CoE model
Pin | Signal Position mode | Velocity mode Force / Torque | Stand-alone Stand-alone Invert
y mode mode mode
Inhibit Pulse Zero Speed .
33 11 Command Clamp Start Homing No
30 12 Abort Motion No
29 13 Axis Enable Axis Enable Axis Enable Axis Enable Axis Enable No
27 14 Switch to Switch to Switch to Switch to Left (-) No
secondary CG | secondary CG | secondary CG | secondary CG Limit Switch
Electronic ;
28 15 Gear Select Ne;;ﬂ':gTe Liiligtlhs.tvs;z:h No
(DIV1)
26 6 Left (-) Left (-) Left (-) Left (-) Near Home No
Limit Switch Limit Switch Limit Switch Limit Switch Sensor
Switch to Switch to Switch to Switch to
32 17 secondary secondary secondary secondary No
mode mode mode mode
31 18 Clear Error Clear Error Clear Error Clear Error No
9 19 Right (+) Right (+) Right (+) Right (+) No
Limit Switch Limit Switch Limit Switch Limit Switch
8 110* No
*Only for D2T-LM model
Input function Abort Motion Operation mode Std

Symbol

EMG

Default input

12

Circuit

Refer to Section 4.5.1

Instruction:

Function description:

Performance center.

motor with emergency stop deceleration.

On stand-alone mode, when the input signal is triggered by the button, the drive makes the motor decelerate to

stop with emergency stop deceleration (Dec. kill). The value of emergency stop deceleration can be set in

Select “Abort Motion” in the “Inputs” tab of I/O center (default is 12). Utilize the external trigger signal to stop the
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The external signal is triggered to stop the
motor with emergency stop deceleration.

[ enable svw limit a
F1 Il P2
S R -
ih (1]
Disable(F12) Maotion Protection Frimary GG
Position Units Speed| 1606.600 countis 0360008
Zeto count il Acc. 108008 .8 countis”2
Dec.| 1006008 .8 countist2
[ Dec. kil 50000 .8 count='2 |
Smoath factor| 588

When the input state of “Abort Motion” is True (the state indicator light is green), the drive will make the motor

decelerate to stop with emergency stop deceleration (Dec. Kill).

Input function Invert V. Command Operation mode Vel Trq

Symbol INVC Default input None Circuit Refer to Section 4.5.1

Function description:

Invert voltage command sent by the host controller.

Instruction:

Assign input function to “Invert V Command” on velocity or force / torque mode. When the input state of “Invert V
Command” is False, the analog input voltage between 0 to +10 V that the drive receives makes the motor rotate
forward, and the voltage between -10 to 0 V makes it rotate reversely. On the other hand, when the input state of
“Invert V Command” is True, the voltage between 0 to +10 V makes the motor rotate reversely, and the voltage

between -10 to 0 V makes it rotate forward.

Analog Command 0~+10V { 0~-10V {0~+10V | 0~-10V

True

Invert V Command False

Foward | Reversely; Reversely; Foward
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Input function Switch to secondary mode Operation mode Pos Vel Trg Std
Symbol MOD Default input 17 Circuit Refer to Section 4.5.1

Function description:

Switch the operation mode via the 1/O signal from the host controller.

Instruction:

Set the operation mode in the “Mode” tab of Configuration center, as the following figure shows.

WMotor Encoder Hode

Primary Operalion Mode
" Position Mode
1 Velocity Mode
" ForcefTorque Mode

@ Stand-Alene Mode

Secondary Operation Mode Command Types

" Position Mode & Analog (+- 10V)
& Velocity Mode  PWM 50% Scaling: i e -
" Torque Mode  PWM 100%

Dead Band -
" Mone

oK I Cancel I

When the input state of “Switch to secondary mode” is False (the light is off), the operation mode set in “Primary

Operation Mode” is used. When the input state is True (the light is on), the operation mode set in “Secondary
Operation Mode” is used.
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Input function

Electronic Gear Select (DIV1, DIV2)

Operation mode

Pos

Symbol

DIV1, DIV2

Default Input

15 Circuit

Refer to Section 4.5.1

Function description:

Switch among the four sets of electronic gear ratio.

Instruction:

Motor Encoder Mode
Primary Operaton Node Elactronic Gear I Invert Pulse Commana
s m:inputpuises = n:Output counts iy i
e DV2DN1 | & High Speed Pulse Input (CNS pin 44, 45, 48, 47)
T
i = o) " Low Speed Pulse Input (CN6 pin 1, 3,4.2.5.6)
¢ ForceiTorque Wode
€ Stang-Alone Mode 1 - ©1)
: i Control inpat
G0 € puise and Direcion
i € Pulse Up/ Pulse Down r
il & Quadrature (Aq8) Increment Position on:
%
2

€ Velocity Mode
 Torgue Made

@ None

oK ‘ Cancel J

electronic gear ratio (Primary Operation Mode)

Operation mode” to set the four sets of electronic gear ratio (as the following figures show).

Go to the “Mode” tab of Configuration center, and select “Position Mode” in “Primary Operation Mode” or “Secondary

Position Mode

& Analog (+10V)
& Velocity Mode
" PWMS0% ‘Scaling 1
Force/Torque Mode i o
M 100%

~ Stand-lone Mode DeagBand |@ -

Invert Pulse Command
eration Mods

m:inputpuises = n: Qutpul counts s
Hont i OM2DNT | & igh Spead Pulse input (CNG pin 44, 45, 46, 47)

1 ©0) Low Speed Pulse Input (CNE pin 1.3, 4,2.5.8)
 Torque Mode

7 -1 @1
None =
i Cont '
40 |~ puse andDirecton
~ Puise Up Pulse Down r
1 an

& Quadrature (Aq8) Increment Position on:

oK I Cancel ‘

electronic gear ratio (Secondary Operation Mode)

users should set “Electronic Gear Select (DIV2)” to be True and “Electronic Gear Select (DIV1)” to be False.

Numerator

1st

2nd

3rd

DIv2 DIV1
0 0
0 1
1 0
1 1

4th

Users can select the required electronic gear ratio based on different combination of DIV1 and DIV2. The

corresponding combinations are shown in the following table. For example, to use the third electronic gear ratio,
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Input function Inhibit Pulse Command Operation mode Pos
Symbol INH Default input 11 Circuit Refer to Section 4.5.1

Function description:

Inhibit the drive from receiving the pulse command sent by the host controller.

Instruction:
Assign input function to “Inhibit Pulse Command” on position mode. If the input signal is True, the drive stops
receiving the pulse command from the host controller. If it is False, the drive receives the pulse command from the

host controller to make the motor move.

The external signal is triggered to stop

the motor.
Input function Start homing Operation mode Pos Vel Trq Std
Symbol HOM Default input 11 Circuit Refer to Section 4.5.1

Function description:

Execute the homing procedure.

Instruction:
When the state of “Start homing” is changed from False to True, the homing procedure will be executed based on

the homing method set in Application center.
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Input function

Switch HI/LO Pulse Input

Operation mode

Pos

Symbol

PSEL Default input

None

Circuit

Refer to Section 4.5.1

Instruction:

Function description:

pulse input channels.

and low-speed pulse input channels.

5 1/0 center | E
Inputs Outputs Analog Outputs
State  Invert
11 [Inhibit pulse command ] o
12 [Not configured ﬂ ‘ r
12 [Axis enable ﬂ ‘ -
14 [Switch to secondary GG ﬂ )| r
15 |Electronic gear select (DIULY ] o
16 |Left (> limit switch hd o
17 [Switch to secondary mode hd r
I 18 |Suitch HI/LO pulse input > rl
18 [Right (+> linit switch F o r
110 Not configured ﬂ ‘ 'l

When the external signal is not triggered,
high-speed pulse channel is used.

Set not configured

Note: ane of the input ports is setto "Switch HILO pulse”, HW interface for pulse depends on input state. I

Primary Operstion Mode
@ Postion Mode
 velocty Mode
 ForcefTorque Mode
 Stand-Alone Moge

MWotar Encoder Mode

oS ulse Command
- Inputpulses = n:Oufpul counis s
DIVZOV1 | & pigh Spesd Puise Input (CN pin 44, 45, 48, 47)
i o  Low Spesd Pulse Input (CNG pin 1,3,4,2.5.8)
e on
T i ol
@9 | puse and Direction
€ Pulse Up /Pulse Down —— [~
L a1

 Quadrature (A8} Increment Posion on
[

econdary Operation Mod
 Velacity Mode
" Torque Mode

@ Nane

The option of “Switch HI/LO Pulse
Input” is not selected. The high-
speed and low-speed pulse input

channel can be set in
Configuration center.
oK | Cancel

On position mode, trigger the input signal through the host controller to switch between high-speed and low-speed

Select “Switch HI/LO Pulse Input” in the “Inputs” tab of I/O center, as the following figures show. 1 to 110 are

selectable. (The following figures take 18 for example.) Use an external trigger signal to switch between high-speed

T /O center

Inputs

Outputs

Analog Cutputs

Inhibit pulse command
Not configured

fAxis enahle

Switch to secondary GG
Electronic gear select <DIVL>
Left <-> limit switch

Switch to secondary mode

State  Invert

.

N m e

i Y i i i B B A

Switch HI/LO pulse input

i

19 |Right <+> limit suitch

110 Not configured

[l [ 1 19 [« e

| ¥
a1

When the external signal is triggered,
low-speed pulse channel is used.

Motor Encoger

@ Posdlion Mods
 Velooty Mode
 ForcerTarque Mooe
 Stang-tlone Mode

dary Oparation Hodk
-

 Velogity Mode:

" Torque Mode

@ None

Set not configured

Note: one of the input ports is setto "Switch HULO pulse”, HW interface for pulse depends on input state.

When the input state of “Switch HI/LO Pulse Input” is False (the light is off), high-speed pulse input channel is used.

When the input state is True (the light is on), low-speed pulse input channel is used.

Note: When users select the input (11~110) to be “Switch HI/LO Pulse Input”, high-speed and low-speed pulse input

channels cannot be set in the “Position Mode” of the “Mode” tab in Configuration center.

Mode.

mInput pulses = Output eouns s
Div2 DR €
g o0 r
Hote: One of e inpul ports s stto “Switch HILO Pulss”,
i _ It o1 W pulse input gepends on aigal INpUl state.
o MR
d 40 | [ By amd Orvchon
€ Pulse Up/ Puise Down ——
1 “an

& Quadrature (AaB) Increment Position on
3

r

The option of “Switch HI/LO Pulse
Input” is selected. The high-speed
and low-speed pulse input channel
cannot be set in Configuration
center.

oK Cancel J

HIWIN MIKROSYSTEM CORP.

5-29



MD11UE01-2202

Drive Configuration D2T-LM Series Servo Drive User Manual
Input function Switch to secondary vpg Operation mode Pos Vel Trq Std
Symbol JSEL Default input None Circuit Refer to Section 4.5.1

Function description:

Switch between velocity loop gains.

Instruction:

Different velocity loop gains can be set in the “Schedule Gains + vpg” tab of “Advanced gains” window, as the

following figure shows.

[ ]

When the input state of “Switch to secondary vpg” is True (the light is on), “Secondary vpg” is used. When it is False

(the light is off), “Primary vpg” is used.

Input function Zero Speed Clamp Operation mode Vel

Symbol ZSC Default input 1 Circuit Refer to Section 4.5.1

Function description:

This input function is only suitable for velocity mode, and it is level triggered. When the input state of “Zero Speed
Clamp” is True, if the motor speed corresponding to the analog input voltage command is equal to or less than the
brake start speed, the operation mode will automatically be switched to stand-alone mode. At the same time, the motor
will be locked at the current position. Until the motor speed corresponding to the analog input voltage command is
larger than the brake start speed, the operation mode will automatically switch to velocity mode to make the motor

keep moving, as the following figure shows.
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Motor speed Brake start speed (vel_stop) is not
A related to the moving direction of the
motor. It is applicable to both forward
Forward direction and reverse directions.
vel stop === === === ==
» Analog input voltage
Dead
-vel_stop = = = pf = = = = = = —
I
l[Reverse direction I
| I
Velocity mode Stand-alone mode I Velocity mode

Instruction:
In the case where operation mode is set to velocity mode, go to the 1/0O center and set input function as “Zero Speed

Clamp”. The following figure takes |1 as an example.

Inputs Outputs

State  Invert

I 11 [Zero Speed Clamp ﬂ - rI
12 Abort Motion =] | B
13 [Axis Enable ﬂ . a8
14 [Switch to secondary CG ﬂ . u
15 [Near Home Sensor hd W
16 Left <-> Limit Switch hd l B
I7 [Switch to secondary mode ﬂ ‘ o
18 Clear Error ﬂ . B
19 [Right (+> Limit Switch o r

After that, go to Protection center and set the brake start speed (vel_stop) as a suitable value (the default value is

500count/s). Refer to the following figure.

The function of “Zero Speed Clamp” is activated when the input state of 11 is True.
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Input function Clear Error Operation mode Pos Vel Trq Std
Symbol CE Default input 18 Circuit Refer to Section 4.5.1

Function description:

Clear error message.

Instruction:

When the input state of “Clear Error” is changed from False to True, the error message will be cleared.

Input function Switch to secondary CG Operation mode Pos Vel Trg Std

Symbol GNS Default input None Circuit Refer to Section 4.5.1

Function description:

Switch between common gains.

Instruction:
“Secondary CG” can be set in the “Schedule Gains + vpg” tab of “Advanced gains” window, as the following figure

shows.

When the input state of “Switch to secondary CG” is True (the light is on), “Secondary CG” is used. When it is False
(the light is off), “Primary CG” is used.
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5.4.2 Digital output

D2T-LM model provides six sets of programmable digital output. Five sets (O1~05) are general-purpose
outputs located on CN6 connector. The sixth set (CN2 BRK) is specially designed as brake output, and it
can also be used as general-purpose output.

55 /O center E‘E

Inputs Outputs Analog Outputs

Log\calvaluel | Output state |

Servo ready FALSE OFEN

Invert output state | Configure 01 u

P Invert state

D|Sp|ay Column Errors FALSE OPEN

Configure 02 02

[~ Invert state

In—position FALSE OPEN

Configuration button P> Cenfigure 03 03

[~ Invert state

Zero speed detected FALSE OFEN

Configure 04

[~ Invert state

04

Brake TRUE OPEN

Configure CN2 BRK CN2 BRK

[w Invertstate

PDL usage{General purpose FALSE OPEN

Configure 05 05

r

Figure 5.4.2.1 Digital output

B Logical value
The logical value of each output signal is displayed here. The display value is TRUE or FALSE.

B Display column
When any item in Configuration function menu (as Figure 5.4.2.2 shows) is checked, the item name
is shown in the display column. If two or more items are checked, it shows “Customized”. If all error
items are checked, it shows “Errors”. If no item is checked, it shows “PDL usage (General Purpose)”
for the usage of general-purpose output. This indicates that the output function is controlled by PDL
program language.

B Output state
The current state of the drive’s output pin is displayed here to be CLOSE or OPEN (the transistor is
conducted or not conducted). This helps users know the state of the hardware signal on the drive
output to assist wiring debugging.
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Invert state
Based on the requirement, this option can be checked to invert the polarity of the output state to
match the host controller.

Note: The internal logic of the drive is not affected by this “Invert state” setting at all.

B Configuration button
Each output pin has one corresponding configuration button. Take O1 as an example, click the
“Configure O1” button to open Configuration function menu. This menu can be divided into three
categories, “Statuses”, “Errors”, and “Warnings” (as Figure 5.4.2.2 shows). If two or more items are
selected in the same menu, the output function works when one of these items is triggered. To cancel
all checked options, click the “Not Configured” button. After selecting the desired functions, click the
“‘Apply” button to complete the setting, or click the “Cancel” button to discard the setting. In the “Errors”
category, there is a “Set all errors” button. It is recommended to click this button to select all errors in
the “Errors” category for faster setting up.
Figure 5.4.2.2 Configuration function menu
Table 5.4.2.1
Iltem | Symbol Output function Description
Statuses

1| BRK |Brake cot other satuses, erors, o warmingsy

2 RDY |Servo Ready Servo at the enable state

3 DIS |Axis Disable Servo at the disable state

4 INP In-Position In-Position signal

5 MOV | Moving Moving

6 HOMD |Homed Homing completed

7 EMI Emulated Index Emulated Z-phase index signal
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8 ZSPD |Zero Speed Detected Zero speed detected signal
Errors
Generally, all errors are checked (by clicking the “Set all
1 ALM |Errors error” button). Users can change the combination of errors
to meet the requirement.
Warnings
1 LS Left Software Limit Left software limit is triggered.
2 RS Right Software Limit Right software limit is triggered.
3 LH Left Hardware Limit Left hardware limit is triggered.
4 RH Right Hardware Limit Right hardware limit is triggered.
5 SVB | Servo Voltage Big PWM command is greater than the set warning value.
6 PEW | Position Error Warning Position error is greater than the set warning value.
7 VEW | Velocity Error Warning Velocity error is greater than the set warning value.
8 CcUL |current Limited Current. is saturated. The specification of motor peak
current is reached.
9 ACL | Acceleration Limited When thg motor is moving, the protection setting for
acceleration is reached.
10 VL Velocity Limited Whelj the motor is moving, the protection setting for
velocity is reached.
11 BOHL |Both HW limits are active Both left and right hardware limits are triggered.
12 HOMF | Homing fails The homing process fails.
13 PCHC |Pulse command and homing conflict On p05|t_|on mode, pulse c_ommand and homing command
are received at the same time.
14 AEBW | Absolute encoder battery warning The encoder battery is dead. Replace the battery.
15 WAP  |Wrong absolute position The absolutg 9ncoder gives a wrong fggdback of an error
absolute position. Reset the home position.
Table 5.4.2.2 Default output setting for D2T-LM series drive
Not CoE model CoE model
Pin Signal o : Force / Torque | Stand-alone Stand-alone Invert
Position mode | Velocity mode
mode mode mode
34, 35 0) Servo Ready | Servo Ready | Servo Ready | Servo Ready | Servo Ready No
36, 37 02 Errors Errors Errors Errors Errors No
38, 39 03 In-Position In-Position In-Position No
10 11 04 Zero Speed Zero Speed Zero Speed Zero Speed Zero Speed No
’ Detected Detected Detected Detected Detected
40, 12 05* No
2 CN2 BRK* Brake Brake Brake Brake Brake No
*Only for D2T model
#Only for Frame B and C
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Table 5.4.2.3 Output functions supported by each operation mode

Not CoE model CoE model

o : Operation mode Position mode | Velocity mode Force / Torque | Stand-alone Stand-alone
utput function mode mode mode
Brake Vv Vv Vv \% V
Servo ready \% \% \% \% \%
Axis disable \ \ \ \Y \
In-position \% -- -- \Y \
Moving \% -- -- \% \
Homed \Y \Y \Y V V
Emulated index \Y \Y \Y V --
Zero speed detected \% \% \% \% -
Note: “V” indicates that the output function can be used on the corresponding mode.

Output function Zero Speed Detected Operation mode Pos Vel Trg Std

Symbol

ZSPD

Default output

04 Circuit

Refer to Section 4.5.2

Function description:

Instruction:

to Section 8.3 for parameter “vel_stop”.

Speed 4

vel_stop

The drive outputs this signal when the motor speed is close to zero.

The so-called “speed closed to zero” means that the motor speed is less than the threshold set by the parameter

“vel_stop”. This feature also has the hysteresis of 20 mm/s to avoid the bounce of ZSPD output signal. Please refer

ZSPD

ON

\j

5-36

HIWIN MIKROSYSTEM CORP.



D2T-LM Series Servo Drive User Manual

MD11UE01-2202

Drive Configuration

Output function

Errors Operation mode Pos Vel Trq Std

Symbol

ALM Default output 02 Circuit

Refer to Section 4.5.2

Function description:

Output the error status.

Instruction:

“Errors” can be set in the “Outputs” tab of 1/0O center (The default is O2).

Inputs Outputs ‘

Logical Value Output State

Servo Ready FALSE CLOSE

Configure0t | T o1

= RInvaIl C laty e 1

Errors TRUE OPEN

Comfigure02 | T o7 I —

| Invert State |

Click the “Configure O2” button to get the “Configuration of O2” window. Click the “Set all errors” button to check all
options in the “Errors” category, as the green box in the following figure shows. At this time, the output in use displays

“Errors”. However, if users select several errors instead of all errors, the output in use displays “Customized”.

HIWIN MIKROSYSTEM CORP.
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5.4.3 Analog output

D2T-LM model comes with one analog output located on CN6 connector, which can be used to monitor
motor torque (pin 43). The output voltage ranges from -10V to 10V, and the output resolution is 16 bits.
The configuration page for analog output is shown in Figure 5.4.3.1.

i /O center |£|E|ﬂ

Inputs Outputs Analog Ouiputs

Analog Maonitor Qutput

AO1 Scale:  Ratedtorque X [117-.64 »o5=10y
Dffset: a mv

402 Scale:  Ratedspeed X | ~1.-#IN » 5=y
Offset: a mv

*1. Ratedtorque 065 MNm
*2. Ratedspeed 0 pm

Figure 5.4.3.1 Analog output configuration page

m  AO1 Rated torque
Set the motor torque (Rated torque x [1%) at the maximum output voltage of pin 43 on CN6 being
10V, where “Rated torque” = “motor continuous current” x “motor torque constant”. The value of [J is
up to users (the input ranges from 1 to 300; the default value is 100). “Offset” is the offset of output
voltage (the input ranges from -10,000mV to 10,000mV; the default value is 0).

B AO2 Rated speed
D2T-LM model does not support AO2 Rated speed.

Note: D2T-LM model can only match with linear motor. Thus, motor torque (Rated torque) can be viewed as motor

force (Rated force).
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5.5 In-position signal setting

In the servo system, there is a certain following error between the target position and the encoder feedback
position. When the motor moves to the target position, there is a short period of time for settling, called the
settling time. After that, the motor enters the target radius. D2T-LM series drive provides the functional
interface of in-position. By setting “Target radius” and “Debounce time”, users can observe whether the
motor has got to the target position or not. This function is supported only when the drive is operated on
position mode or stand-alone mode. The “In-Position” status can be sent to the host controller via digital
output signal.

Function setting

Click =+ to open Performance center. The “In-Position” configuration page is displayed in the “Position”
tab. Click the “Set scope...” button to open the “Scope” window if users need to capture the waveform.
The default of “In-Position” signal is set at O2. Please refer to Section 5.4.2 for setting digital output.

B Scope. Controllertamuz(0), Axie. X oo

= Performance center

SeBOEAT T
Position Velocity

Ripple
Target radius:| 8. 082 mm Set scope
Debounce time:| 18.8 msec

Move time:| 161.1 msec
Settling time:| 11 .9 msec
Total time:| 172.9 msec

Figure 5.5.1

Table 5.5.1

Parameter Description

Target radius for the position error. After the position error gets into “Target radius”
Target radius and continues “Debounce time”, “In-Position” is valid. The default value is 100 times
the encoder resolution.

Debounce time. After the position error gets into “Target radius” of “In-Position”, it

Debounce time needs to last a while to make In-Position valid.

Move time Path planning time

Settling time Settling time

Total time Total time (move time + settling time)
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Debounce time setting

When it comes to motor positioning, there might be the overshoot phenomenon, which makes the “In-
Position” signal instable before the motor gets to the target position. This can be resolved by setting
“Debounce time”. The “In-Position” signal will not be sent until the position error enters “Target radius” and
continues for a period of “Debounce time”. The larger “Debounce time” is, the more stable the “In-Position”
signal will be, and the larger the time delay will be. Through observing the “In-Position” signal on the
oscilloscope, “Debounce time” can be appropriately set.

(1) After fixing “Target radius” and setting “Debounce time” as Oms, make the motor move a distance and
observe the “In-Position” signal on the scope, as Figure 5.5.2 shows. When “In-Position” is valid, it is
a high-level signal; when it is invalid, it is a low-level signal. From Figure 5.5.2, it is easy to observe
that six protruding pulses appear (the latter two are shorter) when the motor moves close to the target
position. As for the high-level duration of each protruding pulse, the first one is about 1.5ms, the
second one is about 1.4ms, the third one is about 1.4ms, the fourth one is about 1.3ms, and the fifth
and the sixth one are about 1ms.

M Pos: 121.6ms

% A — T T
4-Mar—04 1

I:ZH1+E.I£I[I'-.-' . . . i o

4-Mar-04 14:37 =10Hz

Figure 5.5.2 In-Position signal (“Debounce time” being Oms) Figure 5.5.3 In-Position signal (“Debounce time” being 3ms)

(2) The widest protruding pulse in Figure 5.5.2 is 1.5ms. Users can set “Debounce time” to be a bit larger
than this value. Considering about the safety factor, set “Debounce time” as 3ms. Make the motor
move a distance, and the new “In-Position” signal is shown in Figure 5.5.3. As you can see, the
instability of “In-Position” signal is improved.
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5.6 Homing configuration

Click # to open Application center. The first tab is the configuration page of “Homing”, as Figure 5.6.1
shows.

Figure 5.6.1 Homing configuration page

There are five basic parameters for homing configuration, as the following table shows.

Table 5.6.1
Parameter Description
Slower Speed Slower homing speed
Faster Speed Faster homing speed
Smooth factor The homing-specific smooth factor parameter; the setting range is from 1 to 500
Time out The maximum searching time for homing procedure
Home offset Home offset

There are three modes for homing configuration.

(1) Go left and right for homing: refer to Section 5.6.1

(2) Use near home sensor / index for homing: refer to Section 5.6.2
(3) Use homing methods in CiA 402 protocol: refer to Section 5.6.3

Homing mode (1) and (2) are suitable for motor with incremental encoder; homing mode (3) is for CoE
model.
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After setting homing mode, click the “Home” button at the bottom of Performance center to start the homing

procedure. The “Homed” status light in Performance center window continues flashing green during the

process. When the homing is done, the “Homed” status light remains green (Homed ) to show its success.

When “Time out” time is up but the home position is not found, the “Homed” status light remains red
(MHomed) to show its failure.

Home offset

5-42

Homing method for incremental encoder

This method is only applicable to homing mode (1) and (2) described above. When “Home offset” is
set as a non-zero value, the home position found in the original condition is offset by a distance. This
new position is taken as the origin of coordinates, and the motor will move to this new home position,
as Figure 5.6.2 shows. If the left and the right conditions are not “None”, the drive will take the position,
the home position found in the original condition offset by a distance, as the new home position. If
“‘Home offset” is positive, the origin of coordinates is on the right side of the home position found in
the original condition. If “Home offset” is negative, the origin of coordinates is on the left side of the
home position found in the original condition.

Home offset
A U:L ‘
A Home position A
Left limit Home position found in Right limit
the original condition Motor
Figure 5.6.2

Homing method for CiA 402

This method is only applicable to homing mode (3) described above. When “Home offset” is set as a
non-zero value, the drive sets the home position found in the original condition as the value of “Home
offset”, as Figure 5.6.3 shows. If “Home offset” is positive, the origin of coordinates is on the left side
of the home position found in the original condition. If “Home offset” is negative, the origin of
coordinates is on the right side of the home position found in the original condition.

Home offset
A o A
Home position Home position found in
Left limit the original condition Right limit
Motor
Figure 5.6.3
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5.6.1 Go left and right for homing

This function is a kind of multi-function homing mode built-in D2T-LM series drive. By searching the left
and the right conditions, the home position can be determined. The main method is to find the midpoint of
the two boundaries as the home position. For the left and the right conditions, users can choose either the
left and the right limit switches or End Stop, the way of searching the left and the right conditions by the
current generated as the motor touches the mechanical stop. To make the index found in the stroke
become the home position, users can click the “Search index signal” option.

Homing procedure:

The motor moves with the slower homing speed based on the set initial movement direction (parameter
™). Take “Left” as an example, the motor moves to the left side first to search the left side condition, and
then moves to the right side to search the right side condition. After that, the motor stops at the middle of
both sides and takes this position as the home position. If users click the “Search index signal” option, the
index found in the process is taken as the home position. Searching conditions for the left side and the
right side are determined based on the setting (parameter @, ).

* Go Left and Right for Homing

This mode will use the Slower speed to let motorgoto | Left side then oppsite
side, and then stop atthe middle where it is defined as home. i Parameter @ I

Ifyou selectto use =Search index signal=, the home point wiil be at index position.

Left side condition Right side condition
[ Parameter ) Left Limit Switch [~ Searchindexsignal | Right Limit Switch{ Parameter 3 ]
Search end stop current : | 888 Aamp Time:[®8.@ msec
Parameter & Parameter (5
Figure 5.6.1.1
Table 5.6.1.1
No. Parameter Option Description
@ Direction of initial movement mal Search the left side first
Right Search the right side first
None Do not use the left side condition
@ Left side condition End Stop Search the left end stop
Left Limit Switch Search the left limit switch
None Do not use the right side condition
® Right side condition End Stop Search the right end stop
Right Limit Switch Search the right limit switch
@ Current for searching End Stop
® Time for searching End Stop
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Select one of following items for the left or the right side condition.
(1) None: Not searching

(2) End Stop: Search end stop

(3) Limit Switch: Search limit switch

Searching end stop should be carried out with parameter 4 and . Parameter @ is used to set the force
for searching end stop, and parameter (® is used to set the duration of the force. If the time is too short,
the drive may make a misjudgment before end stop is found. If the time is too long, the force on the end
stop will increase, or the warning message of “I2T warning” will occur. The current for searching end stop
can be set by the following steps.

Step 1. Open the “Scope” window to set the physical quantity of observing “Actual Current’, as Figure
5.6.1.2 shows.

Step 2. Use the “Slower Speed” setting to move in the entire stroke.

Step 3. Observe the change of “Actual Current”, and record the maximum value. As Figure 5.6.1.2 shows,
the maximum value of “Actual Current” is about 0.2A. Therefore, users can set “Search end stop
current” a little bit more than 0.2A. In this case, it can be set as 0.23A.

Note: To avoid the error of “Position error too big” during searching end stop, the slower speed and time for searching

end stop should meet the following condition: “Slower Speed” x “Time” < “maximum pos error”

- e 1
Scope: Axis: ¥_ |£|E‘£_hj

T

38 Actual Current A_amp

=
)

S e b

1

IEEE_ IEES
el - T )

A om0 | R OB (@

[l —
& B 1D

11 Reference Uelocity count/s

Time(s) 28

Figure 5.6.1.2

Exceptions:

(1) As Figure 5.6.1.3 shows, “Left side condition” is set as “None”, “Right side condition” is set as “End
Stop” or “Right Limit Switch”, and the direction of initial movement (parameter (D) is set as “Left”.

When the homing is executed, the homing procedure is judged to be a failure, and the status light of
“Homed” remains red, vice versa. (This case is an unreasonable setting, so the homing fails.)
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+ Go Left and Right for Homing

This mode will use the Slower speedto let motor goto | Left side then oppsite
side, and then stop at the middle where itis defined as home.

If you selectto use <Search index signal=, the home point wiil be atindex position.

Left side condition Right side condition
Mone ™ Search index signal Right Limit Switch
Search end stop current: | @.88 A_amp Time:| 8.8 msec
Figure 5.6.1.3

(2) Ifusers click the “Search Index Signal” option but find out that there are multiple indexes in the stroke,
the drive will take the closest index to “End Stop” or “Right Limit Switch” as the home position.

Homing example:

According to the setting of Figure 5.6.1.4, when starting the homing procedure, the motor moves along the
negative direction with the slower homing speed to search the left limit switch. After the left limit switch is
found, the motor searches the first index signal with the slower homing speed along the positive direction.
The action process is shown in Figure 5.6.1.5.

* Go Left and Right for Homing

This mode will use the Slower speedto let motorgoto | Left side then opposite
side, and then stop at the middle where it is defined as home.

Ifyou selectto use =Search index signal=, the home point wiil be atindex position.

Left side condition Right side condition
Left Limit Switch [+ Searchindex signal Mone
Search end stop current : | 8.88 A_amp Time: | 8.8 msec
Figure 5.6.1.4
! 1 —————— = —
! | mmmm Faster speed
1
P I I — Slower speed ,
: : i
! !
1
[

v v v
Motor M

Negative limit switch —rl
Near home sensor n

n_

Positive limit switch

Index signal L | I | 1 N |

Figure 5.6.1.5
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5.6.2 Use near home sensor / index for homing

Searching “Near Home Sensor” or encoder index signal to determine the home position is another homing
mode. “Near Home Sensor” is set by a digital input in /0 center, and it is triggered via an external switch.
After finding out “Near Home Sensor”, search the encoder index signal on the left or the right side for the
home position to get better accuracy.

Homing procedure:

Use the setting of initial movement direction (parameter ®) and initial movement speed (parameter @) to

search “Near Home Sensor” or index signal.

A Parameter 7 ]
Parameter (®
| Parameter I

Figure 5.6.2.1
Table 5.6.2.1
No. Parameter Option Description
Initial movement | Left Search the left side first
®© directi i i ide fi
ection Right Search the right side first
Search with the slower homing speed; set the
Slower speed speed in the “Slower Speed” column given in
® Initial movement Figure 5.6.1
speed Search with the faster homing speed; set the
Faster speed speed in the “Faster Speed” column given in
Figure 5.6.1
Index signal only Search encoder index signal only
Near Home Sensor only Search near home sensor only
) Near Home Sensor then change | After finding out the near home sensor, change to
Searching home | {5 |ower speed, move left, search | search the encoder index signal with the slower
position method | jngex homing speed on the left side.
Near Home Sensor then change | After finding out the near home sensor, change to
to lower speed, move right, | search the encoder index signal with the slower
search index homing speed on the right side.

When “Near Home Sensor” is used for homing, the photoelectric switch or mechanical switch can be
connected to the digital input of the drive. Here takes |12 as an example, setting 12 as “Near Home Sensor”
in the I/O center (as Figure 5.6.2.2 shows).
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Figure 5.6.2.2

Homing example:

According to the setting of Figure 5.6.2.3, when starting the homing procedure, the motor moves along the
negative direction with the faster homing speed to search “Near Home sensor”. After “Near Home sensor”
is found, the motor searches the first index signal with the slower homing speed along the negative
direction. The action process is shown in Figure 5.6.2.4.

& Use MNear Home Sensor / Index for Homing

1. Go| Left firstly. Use| Faster speed

2 Search| Mear Home Sensor then change to lower speed, move left, search index

Figure 5.6.2.3

- [aster speed
I \ Slower speed

Negative limit switch —|-|

I
Near home sensor : l_l
Positive limit switch ! [
Index signal ﬂ I | | | | N l
Figure 5.6.2.4
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5.6.3 Use homing methods in CiA 402 protocol

For CoE model, the software version of Lightening 0.185 or above supports this homing mode. The
configuration page is shown in Figure 5.6.3.1, where the green line represents the faster homing speed,
and the orange line represents the slower homing speed. Homing methods for this mode are summarized
in Table 5.6.3.1.

A Application center SERER
View
Homing Backlash Error map
Position units
count hd
13188 countis J
Faster speed | 65536 count/s
Smooth factor: | 188
Home offset: | 8 count
-

Homing method

Use (methed-1 |¥| § a
y
(|
End stop current :
B.308 A_amp 3 |
Time : |
58.8 msec
Index pulse —‘—
Figure 5.6.3.1
Table 5.6.3.1
No. Description Explanation

Use [methedl ¥

Homing on negative limit switch and
index pulse:

The motor searches the negative limit switch E—'_|
1 | along the negative direction with the faster P

speed. After finding it, the motor searches

the index along the positive direction with the Index pulse | *

slower speed.

Megative limit switch |

Use [method2 ||

Homing on positive limit switch and
index pulse:

The motor searches the positive limit switch |_'—)

2 | along the positive direction with the faster L
speed. After finding it, the motor searches ;
the index along the negative direction with Index pulse _*_._I_

the slower speed.

Positive limit switch I
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No. Description

Explanation

Homing on home switch and index pulse
— positive initial motion, left edge of home
switch, left-side index:

(1) Outside home switch: The motor
searches the left edge of home switch
along the positive direction with the
faster speed. After finding it, the motor
searches the left-side index of this signal
along the negative direction with the
slower speed.

(2) Inside home switch: The motor searches
the left edge of home switch along the
negative direction with the faster speed.
After finding it, the motor searches the
left-side index of this signal in the
negative direction with the slower speed.

Use [method? | ¥|

Index pulse

MNear home sensar

Homing on home switch and index pulse
— positive initial motion, left edge of home
switch, right-side index:

(1) Outside home switch: The motor
searches the left edge of home switch
along the positive direction with the
faster speed. After finding it, the motor
searches the right-side index of this
signal along the positive direction with
the slower speed.

(2) Inside home switch: The motor searches
the left edge of home switch along the
negative direction with the faster speed.
After finding it, the motor searches the
right-side index of this signal along the
positive direction with the slower speed.

Use [method8 ¥

Index pulse

Mear home sensor

Homing on home switch and index pulse
— positive initial motion, right edge of
home switch, left-side index:

The motor searches the right edge of home
9 | switch along the positive direction with the
faster speed. After finding it, the motor
searches the left-side index of this signal
along the negative direction with the slower
speed.

Use [methods ||

Index pulse

Mear home sensor

Homing on home switch and index pulse
— positive initial motion, right edge of
home switch, right-side index:

The motor searches the right edge of home
10 | switch along the positive direction with the
faster speed. After finding it, the motor
searches the right-side index of this signal
along the positive direction with the slower
speed.

Use [methodiB ¥ |

Index pulse

|

MNear home sensor

i
1
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No.

Description

Explanation

11

Homing on home switch and index pulse
— negative initial motion, right edge of
home switch, right-side index:

(1) Outside home switch: The motor
searches the right edge of home switch
along the negative direction with the
faster speed. After finding it, the motor
searches the right-side index of this
signal along the positive direction with
the slower speed.

(2) Inside home switch: The motor searches
the right edge of home switch along the
positive direction with the faster speed.
After finding it, the motor searches the
right-side index of this signal along the
positive direction with the slower speed.

Use [methodii ¥|

’_I

—

|
Index pulse | | | i
| "

Mear home sensor | | \

12

Homing on home switch and index pulse
— negative initial motion, right edge of
home switch, left-side index:

(1) Outside home switch: The motor
searches the right edge of home switch
along the negative direction with the
faster speed. After finding it, the motor
searches the left-side index of this signal
along the negative direction with the
slower speed.

(2) Inside home switch: The motor searches
the right edge of home switch along the
positive direction with the faster speed.
After finding it, the motor searches the
left-side index of this signal along the
negative direction with the slower speed.

Use [methodl2 ¥

Index pulse | |

Mear home sensor

13

Homing on home switch and index pulse
— negative initial motion, left edge of
home switch, right-side index:

The motor searches the left edge of home
switch along the negative direction with the
faster speed. After finding it, the motor
searches the right-side index of this signal
along the positive direction with the slower
speed.

Use [methodi3 ||

Index pulse |

Mear home sensar

14

Homing on home switch and index pulse
— negative initial motion, left edge of
home switch, left-side index:

The motor searches the left edge of home
switch along the negative direction with the
faster speed. After finding it, the motor
searches the left-side index of this signal
along the negative direction with the slower
speed.

Use [methodid ¥|

|
T
|
III
—

Index pulse |

Mear home sensor
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No. Description Explanation

Use [method33 ¥|

Homing on index pulse — negative initial : T l :
33 motion: .

The motor searches the index pulse along !

the negative direction with the slower speed. |

Index pulse —L
Use [method3d |
Homing on index pulse — positive initial : l :
motion:

|
34 i
|

The motor searches the index pulse along
the positive direction with the slower speed.
Index pulse —L

Use [method3? |v|

Homing on current position:
37 Take the current position of the motor as the Home position = Actual position
home position.

Use [method—1 ¥| §
Homing on hard stop and index pulse — i | ]

negative initial motion:

The motor searches the hard stop along the :
negative direction with the faster speed. ; |
End stop current : I
P
.

-1 | After finding it, the motor searches the index 8.80 A_amp
pulse along the positive direction with the
slower speed. Time
(For the setting of searching the hard stop, 8.9 msec

please refer to Section 5.6.1.) A I

Use |method—2 ﬂ k
Homing on hard stop and index pulse — | T F

positive initial motion:

The motor searches the hard stop along the :

positive direction with the faster speed. After l ;
:. : End stop current
| :
I

-2 | finding it, the motor searches the index pulse B.080 T
along the negative direction with the slower
speed.

(For the setting of searching the hard stop,
please refer to Section 5.6.1.)

Time
8.8 msec

i Index pulse
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No. Description Explanation

Use [method-3 ¥
Homing on absolute encoder:

This method is only available for the motor

with the absolute encoder (the 9th bit of the Actual position:JE s
-3 | motor model name being 4). Take the

current position of the motor as the absolute Adjust machine position:| @ count

target position. The motor does not move in

this method. Set absolute position

Homing on hard stop and home offset —
positive initial motion:

The motor searches the hard stop along the
-4 | positive direction with the faster speed. After
finding it, the motor moves to the home offset
(End stop offset) along the negative direction
with the slower speed. (o)

Homing on hard stop and home offset —
negative initial motion:

The motor searches the hard stop along the
-5 | negative direction with the faster speed.
After finding it, the motor moves to the home
offset (End stop offset) along the positive
direction with the slower speed. (No®©®)

Note: Homing method -4 and -5 do not support the function of “Set home offset as zero position”. That is, whether
this option is checked or not, after the homing procedure is completed, the motor stops at the position of “Home

offset” and this position is set as zero.
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5.7 Save parameters to Flash & Recover to factory default

5.7.1 Save parameters to Flash

Click ™ (“Save parameters from amplifier RAM to Flash”) in HMI main window to save the current
parameters to the memory. Parameters will not disappear even if the drive is power off. However, users

should pay attention to the following two items.

(1) The emulated encoder output will be temporarily disabled during saving. Therefore, if the host
controller is connected to the emulated encoder output signal, the received position information may
be lost.

(2) Compensation values of “Error map” will not be saved via this function. Users need to perform the
“Save” procedure in the “Error map” window to save compensation values.

5.7.2 Recover to factory default

Select “Set amplifier to factory default” on the “Tools” menu of HMI main window. The window of Figure
5.7.2.1 will appear and ask if users want to set the amplifier to factory default. Lightening will not only
restore drive parameters to factory settings but also close other windows except the main window. To
simultaneously clear the error table, check the “Clear error table in flash and reset drive” option. To
simultaneously clear the contents of “user.pdl”, check the “Clear user PDL” option. If users check the “Clear
user PDL” option, the “Notice” window of Figure 5.7.2.2 will appear to inform users that “user.pdl” will be
cleared. If users click the “Yes (Y)” button, the program executes the chosen function in the “Set amplifier
to factory default” window. However, if users click the “No (N)” button, it will go back to the “Set amplifier
to factory default” window for users to reselect the functions needed to be executed. After parameters are
restored to factory settings, the drive will automatically execute the reset function.

Set amplifier to factory default I.&J
- MNotice
-
= _ I
) ) f | The user PDL will be cleared.
[ Clear error table in flash and reset drive WY Do you want continue?
v Clearuser PDL
Yes Mo 2 =(N)
Figure 5.7.2.1 Figure 5.7.2.2
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5.8 Parameter setting examples via HMI

5.8.1 Position mode

On position mode, the drive moves a specified distance based on the pulse command it receives. Please
refer to Section 3.1.1 for more information.

The position mode configuration includes mode selection, pulse format selection, electronic gear ratio
setting, and smooth factor setting. After all parameters are set, refer to Section 5.7.1 for saving parameters
to Flash.

B Mode selection

Step Graphical (HMI) description Operation

After executing Lightening, click the
“Configuration center” icon in HMI main

1 é) toolbar (as the left figure shows), or select
the “Configuration center” option in
“Conf/Tune”.
5 [ Select the “Mode” tab in Configuration
Hotor Encoder Woda center.
Motar Encoder HMode
Primary Operation Mode Electronic Gear
m:Inputpulses = n:Qutput counts
" Velocity Mode 1 D‘\EE E;W . ) )
3 @ TR Select the “Position Mode” option in the
" Stand-Alone Mode 1 _1 1 “Mode” tab.
1 (10)

1 an

B Pulse format selection
D2T-LM series drive supports three types of pulse signal, please refer to Section 3.1.1.

Step Graphical (HMI) description Operation

Electronic Gear ™ Invert Pulse Command
m:Input pulses = n:OQutput counts Hardware interface

DIv2 DIV4 & High Speed Pulse Input (CNG pin 44, 45, 46, 47)

1 o " Low Speed Pulse Input (CNG pin 1, 3, 4, 2, 5, 6) . “ ”
L o Select pulse format in the “Control Input
1 . - e area of the “Mode” tab based on the
= (10 " Pulse and Direction requirement
" Pulse Up/Pulse Down I

; 1t Hardiva 0
i & Quadrature (AaB) Increment Position on.

& Faliing
~
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Select the trigger method of pulse
command in the “Increment Position On”
area based on the requirement.

Note: This setting is only for choosing “Pulse
and Direction” or “Pulse Up/Pulse Down”.

B Electronic gear ratio setting

D2T-LM series drive supports four sets of electronic gear ratio, please refer to Section 5.4.1.

Step

Graphical (HMI) description

Operation

Motar Encoder Wode

(b)

Primary Operation Made —— (g ) [FEecronic Gear
& Position Mode m:lInputpulses = n:Output counts
DIV2 DIVY
 Velocity Mode i e
 ForcelTorque Mode
 Stand-Alone Mode i _ 1 o1
2 i (10y
x an

I Invert Pulse Command

[ETOWETE IENAcE

 High Speed Pulse Input (CNG pin 44, 45, 46, 47)
 Low Speed Pulse Input (CN6 pin 1, 3, 4, 2. 5, 6)

Conirol Input
 Pulse and Direction
 Pulse Up/Pulse Down

" Quadrature (AqB)

1] ardiva
Increment Position on:
@ Falling Edge
 Rising Edge

Secondary Operation Mode
&

3 € Velocity Mode

" Torque Mode

© None

(d)

Cancel

Set electronic gear ratio in the “Electronic
Gear” area based on the requirement, as
(a) in the left figure shows.

Make the pulse command invert in the
“Invert Pulse Command” area based on
the requirement, as (b) in the left figure
shows.

Set high-speed/low-speed pulse command
input in the “Hardware Interface” area
based on the requirement, as (c) in the left
figure shows.

Click the “OK” button after all settings are
completed, as (d) in the left figure shows.

P Calculation results and present controller data

o

Motor
New value Presentvalug
Type Linear Linear
Moving mass 2 2
Peak current. 8 0
Continuous current: 2 0
Force constant XS 424264
Resistance: 7.1 5
Inductance 25 20
Pole pair pitch 32 10
Model name: LMCB4
Manufacturer. HIWIN
Encoder
5 New value Presentvalue
Type Digital Digital
Resolution 1 1
Model name RGH41X
Manufacturer. Renishaw
Mode
New value Presentvalug
Operational mode1 Position mode Stand-alone mode
Pulse mode Quadrature(AqB)
Input pulses: 10000
Output counts: 10000
Pulse direction Positive
Operational mode2: Stand-alone mode Stand-alone mode

Units

Kg
A_rms
A_rms
NIA_rms
ohm
mH

mm

Units

umicount

Units

| Send to RAM | Cancel

I

Click the “Send to RAM” button to save
parameters to drive RAM after the window
of parameters confirmation appears.
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B Smooth factor setting

D2T-LM series drive provides the function of “Smooth factor”, please refer to Section 3.4.

Step Graphical (HMI) description Operation
Click the “Performance center” icon in HMI
1 main toolbar (as the left figure shows), or
" " “ 9 H H
select the “Performance center” option in
“Conf/Tune”.
[ enable swlimit
P1 I P2
[ e e e e e e e e e e e ey [EEe .
» X Set “Smooth factor” in Performance center
S T E CG .
2 Postonnis Spes 5@AAGA.  counts 0. 300000 based on the requirement, as the green
count a Acc| 6.94495e+6 count/st2 . .
Doc 6 7249506 counyar box in the left figure shows.

Dec. kil 1-3889%e+? count/s"2
| smootn factor| 168

5.8.2 Velocity mode

D2T-LM series drive can transfer voltage command and PWM command to velocity command. Please
refer to Section 3.1.2 for more information.

The velocity mode configuration includes mode selection and input command format setting. After all
parameters are set, refer to Section 5.7.1 for saving parameters to Flash.

B Mode selection

Step Graphical (HMI) description Operation
After executing Lightening, click the
“Configuration center” icon in HMI main
1 é) toolbar (as the left figure shows), or select
the “Configuration center” option in
“Conf/Tune”.
5 [ —— Select the “Mode” tab in the Configuration
Hotor Encader Mode center.
Mator Encoder Hode
Primary Operation Mode
¢ Position lode commend fiees Select the “Velocity Mode” option in the
3  ples 11100 “Mode” tab
" PWM 50% "
" ForceiTorque Mode
" PWM 100%
" Stand-Alone Mode
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B Input command format setting

Step

Graphical (HMI) description

Operation

Primary Operation Mode

" Position Mode

Command Types
o+ Analog (+- 10V)

Select input command format in the

(a)
(b) |

PWM command

1  Yelodt Mo o P s0% o “Command Types” area of the “Mode” tab
Scaling: 1 nn/s
" ForceiTorque Mode =1V .
& Pom100% _ based on the requirement.
" Stand-Alone Mode DeadBand: | @ my
rimany Operaton od Set the ratio (Scaling) of external
y Operation Mode
£ Posiion Mode T command to speed based on the
5 & Velociy Hode © mae V command requirement. The unit is that 1V equals
£ ForcerToraue Mode Lo (@) [ecang % »>_=w| |how many mm/s or rpm, or Full PWM
i Sma oaiea (b)]| peadBans: | m | equals the maximum speed, as (a) in the

left figure shows.

Set “Dead Band” for velocity command, as
(b) in the left figure shows. Please refer to
Figure 5.2.3.3 for the definition of “Dead
Band”.

|57 Configuration cente

Wotar Encoder

Primary Operation Mode
 Position Made
& Velocity Mode
 Force/Torque Mode

 Stand-Alone Mode

Command Types
& Analog (+- 10V)
 PWM 50%
© PWM 100%

Scaling

DeadBand: |8

1 s gy

my.

Secondary Operation Mode
 Position Made
-
 Torque Mode

& None

corce

Click the “OK” button after all settings are
completed, as the left figure shows.

& Calculstion results and present controller data
Motor
New value Presentvalue
Type: Linear Linear
Moving mass: 2 2
Peak current g 0
Continuous current 2 0
Force constant 363 42.4264
Resistance 7.1 5
Inductance: 26 20
Pole pair pitch 2 10
Model name LMCB4
Manufacturer. HIWIN
Encoder
5 New value Presentvalue
Type: Digital Digital
Resolution: 1 1
Model name: RGH41X
Manufacturer: Renishaw
Mode
New value Presentvalue
Operational mode 1. Velocity mode Stand-alone mode
PWNM mode Analog mode
Scaling: 1
Dead band o
Operational mode2:  Stand-alone mode Stand-alone mode
Hall sensor

Send to RAM Cancel

Units.

Kg
Arms
A_rms
N/A_rms
onm
mH

mm

Units

umJcount

Units.

mm/fs = 1V

I

Click the “Send to RAM” button to save
parameters to drive RAM after the window
of parameters confirmation appears.
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5.8.3 Force / Torque mode

D2T-LM series drive can transfer voltage command and PWM command to current command. Please refer
to Section 3.1.3 for more information.

The force / torque mode configuration includes mode selection and input command format setting. After
all parameters are set, refer to Section 5.7.1 for saving parameters to Flash.

B Mode selection

Step Graphical (HMI) description Operation

After executing Lightening, click the
“Configuration center” icon in HMI main

1 é) toolbar (as the left figure shows), or select
the “Configuration center” option in
“Conf/Tune”.
5 [ —— Select the “Mode” tab in Configuration
Hotor Encoder Moda center.
Wator Encoder Mode

Primary Operation Mode
Command Types
" Position Wode v

Select the “Force / Torque Mode” option in

3 " Velocity Mode S 08T the “MOde" tab
7 PWN 50% Scaling B.381838 A=V .
" Stand-Alone Mode LM 100% Dead Band: mv
®  Input command format setting
Step Graphical (HMI) description Operation
Primary operation mode
oo o Command types i . .
& Analog (+- 10V) Select input command format in the
L i “* ” “ ”
1 c :erucj:tyorr:iemode Yl Scaling a.9 A=V Command Types area Of the MOde tab
S 8 peatirne |5 . based on the requirement.
T Set the ratio (Scaling) of external
Command types
£ it oot f e V command a4 command to curre'nt' based on the
" Velocity made i - requirement. The unit is that 1V equals
2 e PWM 50% (a) | scaiing: 8.9 a=1v |
q o s ] how many amperes, or Full PWM equals
e ead ban 9 . .
Steng-slone meds m” the maximum ampere, as (a) in the left
figure shows.
Primary operation mode
i ~ Command types PWM Command « 5
e s " Analog (+-10V) Set “Dead Band” for current command, as
3 « Forceftorque mode : Zx:“: jz:’% (a)| Scaling (8.9 A=1full PWI I (b) in the |eft figure ShOWS. Please refer to
© stand-alone mode (1) RN ssewn | Figure 5.2.3.3 for the definition of “Dead
Band”.
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Wotor Encoder

Primary Operation Mode
 Position Mode
€ Velocity Made
& ForcefTorque Mode
€ Stand-Alane Mode

Secondary Operation Mode
€ Position Mode
€ Velocity Made
-

@ None

Command Types

" PWH 50%
" PWH 100%

@ Analog (+- 10V)

Scaling 0.381838 A=

DeadBand: @ v

w

Cancel

Click the “OK” button after all settings are
completed, as the left figure shows.

@ Calculation results and present controller data

Type:
Hoving mass

Peak current
Continuous current
Force constant
Resistance
Inductance:

Pole pair pitch:
Wodel name
Manufacturer:

Type:
Resolution:
Model name:
Manutacturer:

Operational mode1
PWH mode:
Scaling

Dead band:
Operational mode2

Motar
New value
Linear
2
8
2
363
71
26
32
LMCB4
HIWIN

Encoder

New value
Digital

1
RGH41X
Renishaw

Hode
New value
Forceftorque mode
Analog mode
113137

0
Stand-alone mode

Hall sensor

Presentvalug Units
Linear
Kg
0 A_rms
0 A_rms
424264 NiA_rms
5 ohm
20 mH
10 mm
Presentvalue Units
Digital
1 um/count
Presentvalug Units
Stand-alone mode
A=V
mv

Stand-alone mode

| Sendto RAM | Cancel

I

Click the “Send to RAM” button to save
parameters to drive RAM after the window
of parameters confirmation appears.

5.8.4 Stand-alone mode

On stand-alone mode, the drive will execute the internal path planning to drive the motor. Please refer to

Section 3.1.4 for more information.

The stand-alone mode configuration includes the mode selection. After all parameters are set, refer to

Section 5.7.1 for saving parameters to Flash.
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B Mode selection

Step

Graphical (HMI) description

Operation

&

After executing Lightening, click the
“Configuration center” icon in HMI main
toolbar (as the left figure shows), or select
the “Configuration center” option in
“Conf/Tune”.

Q’ Configuration center

Select the “Mode” tab in Configuration

Sendto RAM Cancel

Hotor Encoder Made center.
B Configuration center e =] , . .
odo Select the “Stand-Alone Mode” option in
3 the “Mode” tab, as (a) in the left figure
 Position Wode ShOWS.
C Velocity Mode
 Forceorque Mode
[Fememe] (o)
Secondary Operation Mode
 Position Mode . " .
4 —" Click the “OK” button after all settings are
| T completed, as (b) in the left figure shows.
(b)
& Calculation results and present controller data = | = )
Motor =
cEwEns Presentvalue Units
Type: Linear Linear
Moving mass: 2 Kg =
Peak current g 0 A_ms
Continuous current 2 0 A_rms
Force constant: 454 424264 NIA_rms
Resistance: 9 5 ohm
Inductance 32 20 mH
Pole pair pitch 12 10 mm
Model name: LMCBS
Manufacturer: HIWIN
S Click the “Send to RAM” button to save
5 [ Frmtiam Units parameters to drive RAM after the window
Type: Digital Digital . .
L i i e of parameters confirmation appears.
Model name: RGH41X
Manufacturer. Renishaw
Mode
New value - Presentvalue Units
Operational mode: Stand-alone mode Stand-alone mode
Operational mode2: Stand-alone mode Stand-alone mode
Hall sensor
s Presentvalue Units
Type: None None
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6.1 Status display & Quick view

In Lightening HMI, “Status display” and “Quick view” are two indispensable auxiliary tools in the tuning
process. They not only help users keep track of the drive’s status but also present many important
parameter values in motion control.

6.1.1 Status display

There are two status display tools, as Figure 6.1.1.1 shows. The left one shows the “Status” area in HMI
main window, while the right one shows the “Status” area in Performance center. Status display provides
the status and error / warning message for users to keep track of the system status.

B Status
- Hardware Enable Input: It indicates whether the hardware enable signal is activated or not.
- Software Enabled: It indicates whether the software enable is activated or not.
- Servo ready: It indicates whether the motor is enabled or not.
- Phase Initialized: It indicates whether the motor completes phase initialization or not.
- Moving: It indicates whether the motor is in motion or not.
- Homed: It indicates whether the motor completes the homing procedure or not.
- SM mode: It indicates that the motor is enabled on SM mode.

B Errors and warnings
- Last error: It displays the latest error message.
- Last warning: It displays the latest warning message.
Refer to Chapter 9 for more information.

- Performance center . 9 " [E=SE |
1 e
= FHOEAD T
Posiion Velodity
Ripple
Target radius:| 188 count Setscope.
Debounce ime:| 1088 mse
Hove time:| 8.8 mse
Sefting ime: 8.8 mse
Total time:| .8 mse
r lim
enaDie swimt o 00
o P1 P2
e Ll i n s ndab b A AGn o s e e
i o
Hotion Protection S
Position Units e countis @.360600
Zero count = Acc. 186068 countish2
Dec. 1060088 count's*2
Dec kill 50000.0 countis*2
Smooth factor 188
@ MHardware Enable Input
o D‘r‘ ‘Re"w gLe et Tia| ' Sofware Enabled
Iwell time:
1008 msec P2/18988 GOMPZ M Servoready
o tion active
C Relatve move  Distance o - mPhase Inibalized
— | > MMoving
" Joy og current !
* 1 A_amp MHomed
-~ i sMmode
. Hare AiEme |

Figure 6.1.1.1 Status display
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6.1.2 Quick view

The “Quick view” area is at the bottom of HMI main screen, and it is used to help users know more about
the details of the drive’s current status. The interface provides the display of three physical quantities.
Users are free to select the physical quantity needed to be observed. These three physical quantities
update their display values at any time for users to observe and analyze the system status, as Figure
6.1.2.1 shows. Refer to Section 3.11 for selectable physical quantities.

& Lightening, version 0.1048, com30, 115200 = = & Lightening, version 0.1948, com30, 115200 = =
Conf/Tune Tools Language About Advanced Conf/Tune Tools Language About Advanced
A | A YT A 2] £ = = P AT HE 2] £] =4 =
e Drive Contraller: 62(0), Ads' X Firmware version e Drive Controller: d2(0), Ads: X Firmwars version
2§ 0z . 08.852 = XF g @8.852
Motor type! Linear Y P Motor type:| Linear
g X Vodel, THEHS 4 Model| LHGBS
1 Feedback position A
2 Reference position = position mode suis is configured to; Stand-alone position mode
3 Target position
4 Position error Status
10 Feedback velocity STO function active STO function aciive
i R LisTO function active M Hardware enable input 2sTO function act
12 Uelocity error B software enabled
70 Reference acceleration |
38 Actual current 3 )l
31 Command current Last error

32 Current effecitve value
48 Analoy comman:
41 Bus voltage
42 Servo voltage percentage o
45 PUM conmand Last warning
52 I2T accunulator
53 fAverage load ratio
54 Peak load ratio

61 I1 Quick view
62 12 Posiion s
64 [4 -
30 Actual current > 0.000000 A_amp rrent ~| 0.000008 A_amp
1 Feedback position =[-4 count vosition =l -4 count
18 Feedback velocity >|/1.52619 count’s . velocity ~|1.52619 countis
il
c ok C dce -> d2(0), C: 00\ C ok C 1ing.dee = d2(0), C:\t
Figure 6.1.2.1 Physical quantity menu in “Quick view” Figure 6.1.2.2 Unit setting menu

Position Units:
For each display of physical quantity, if it is related to distance, users can select the preferred unit to display
(or set) the relevant physical quantity (position, velocity, etc.), as Figure 6.1.2.2 shows.

6.1.3 Software shortcuts

There are two function shortcuts, F6 and F12, in HMI for D2T-LM series drive. They are only available
when Lightening HMI is active for Windows operation system.

F6: Move the Lightening main window to the top level.
F12: This function is an emergency stop action. For example, if users click F12 during the motion, it will
perform the emergency stop action (refer to Section 3.4). The motor will be disabled after the action.
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6.2 Performance center

Most of the tuning procedures are around the operation of Performance center. After users complete the
setting in Section 5.3 Auto phase center , the motor is ready for test run. Through Performance center,
users can do motion testing and tuning, and observe the motion performance with the help of auxiliary
tools. It provides three modes of motion, point-to-point (“P2P”) motion, relative motion (“Relative move”),
and continuous motion (“Jog”). Parameters related to these motions, such as speed, acceleration,
deceleration, emergency stop deceleration and smooth factor, are also set in this interface.

s Performance center = | B |
[~ ) [ I S |
a~ ¢ B @R T
Position Welocity
ripple
Target radius: B.180 mm Setscope
Debounce time:) 108.8 msec
Move time:| 3135.5 msec
Settling time:| 99.9 msec
Total time: 3235.3 msec
[ Enable SW limit
a.008
P1 I P2
8.8608 D ) 0 o o o o o o o o 0 g 14.808
h [
Disable(F12) Waotion parameters Brimary GG
Position units Epesd 108000 LS 9.300000
Zero nm | 8 mmist2
C mmis2
Stop mation Dec. kill| 40008.8 mmish2

Smooth factor| 188
Status

_MHardware enable input

= p2pP B Repeat P1/B.080 GOdhP1 L Software enabled

Dwell time

P68 msec P2/ 16.800 GOMP2 ) [

B STO function active
" Relative move Dj'_S‘SHCE mm _APhase initialized
M

" Jog Jog current ﬂM Hioving

1 A_amp ®Homed

= = SM mode

© Home Hnme| |

Figure 6.2.1 Performance center

Take point-to-point (P2P) motion as an operational example.
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Step Graphical (HM) description Operation
1 = —=m=| Click e to enable the motor.
e SN T N
2 xiﬁnn ﬁ BVE\GDW SeleCt {. P2P .
ripple
Dot e 1008 e _ s | Set the positions of P1 and P2. (If software
3 _llom 26955 mssc limits are used, set the positions between
ctting ime - i g T
1 Totaltime: 32353 mssc “Lower SW limit” and “Upper SW limit”.)
\, I~ Enable SW limit 9000 | | ] .
(5-e00 “‘ — 4 = ! SR Set speed, acceleration, deceleration, and
DisableF12) Wolion parameters V—‘ Primany G5 smooth factor based on the requirement
4 F’nsmnn units Speed 186000 mmis #.380688 . . .
= - hcc 260068 mmise2 refer to Section 3.4). If there is no special
J i . .
e —— requirement, simply use default values.
Smooth factor| 188
Status
e :::;:::iz:?;:‘““ Click [Go#ie1] to move toward P1 and click
Dwell time: Heenorea
i i uﬂ"” 570 mcnsohe GoliPz| to move toward P2. To perform a
¢ Relalive move  Defance _APhase initialized . . .
5 — e Hitiovng point-to-point back-and-forth motion, select
L Aamp sl the “Repeat” option and enter the break time
 Home “ H ” H
i | | (“Dwell time”). Then, click the button of

Golel| or [Gole2| to perform it.

Performance center comes with the function of measuring the settling time. The target radius of position
error and debounce time for settling time can be set via “Target radius” (refer to Section 5.5 In-position
signal setting). During motion, the servo gain (“Primary CG”) can be tuned to meet the requirement of
settling time. The higher the servo gain is, the faster the response is, and the shorter the settling time is.

The required time from moving to in-position can be observed via “Move time”, “Settling time”, and “Total
time” (refer to Section 3.7). Click “Set scope...” button to make the graphical oscilloscope (“Scope”) appear.

This tool can be used to observe the motion waveform related to the settling time.

Performance center also comes with the function of measuring the velocity ripple. The performance of the
velocity ripple can be observed via point-to-point motion. At the constant speed phase, “V max”, “V min”,
“V avg”, and “Velocity ripple” are respectively the maximum velocity, minimum velocity, average velocity,
and velocity ripple. Click the “Set scope...” button to make the graphical oscilloscope (“Scope”) appear.
This tool can be used to observe the motion waveform related to the velocity ripple.

s Performance center

o@@"_ T

ripple
a VY max | 11.9315 mmis Setscope..
Vmin: | 8.11824

Vavg: | 18.80836
Velocity radius:| 8 . 888888

Velocity ripple: +-[19.8993 « % =|(Vmax-vmin)/(2*Vavg) | *100%

Figure 6.2.2 Performance center — “Velocity Ripple” tab
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@™V max: the maximum of velocity ripple
V min: the minimum of velocity ripple
V avg: the average of velocity ripple
@ Velocity ripple: velocity ripple

Besides P2P function, relative motion (“Relative move”) can be set to move a distance, while continuous
motion (“Jog”) can keep moving along the positive or negative direction by clicking the button of o o

Pl The speed, acceleration, deceleration, and smooth factor in the “Motion parameters” area are also
used as the function of motion protection. Therefore, if users forget to set these values as the value of

motion protection after test run, it may not reach the expected speed or acceleration when receiving the
motion command sent from the host controller. Please pay more attention to this.

£ Performance center = | B
= il e
& e HOEAT T
Position Velocity
ripple
Target radius: @.16008 mm Setscope
Debounce time:| 188.8 msec
Move time:| 3135.5 msec
Settling time: 29.9 msec
Total time:| 3235.3 msec
: N\, Enable SW limit
a.888
N P1 \ P2
@ 8.000 o g [
[} [
Disable(F12) Motion parameters Primary CG
Position units SDEED 10.6600 e 0.388080
@ Zero nm hd Acc| 200880 mmis+2 2
Dec| 20080.0 mmist2
’( Stop motion Dec. kill| 48688.08 mmis*2 @
V7 Smooth factor| 188
@ Status
_AHardware enable input
I &
= D"—”F“ea‘ P1 8.-008 GOMP1 @ ASoftware enabled
well time:
1800 msec P2 10.008 Gofp2 ) KETDEES)
@ B STO function active
“»-{ Relative move Dlwstan:g_ " _{Phase inftizlized <
q‘ Ihu ‘mMoving ~
 Jog Jog current
’V 1 A_amp mHomed
_msm mode
O ] | @)

Figure 6.2.3 Performance center — “Position” tab

Enable: Enable the motor.

Disable: Disable the motor.

Zero: Set the current position as the zero position.
Stop motion: Stop the motor.

Q@GO

Position units: Unit setting; set the preferred unit. This is the same as the unit setting in “Quick View”

of the main window.

C]

Motion parameters: Protection parameters for motor motion, including speed, acceleration,
deceleration, emergency stop deceleration, and smooth factor in test run. Users can plan the path
trajectory as S-type curve or T-type curve via smooth factor. The adjustment ranges from 1 to 500.
The larger the value, the closer to the S-type curve; the smaller the value, the closer to the T-type
curve. Refer to Section 3.4 for more information.
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©® P2P: Execute point-to-point motion.

Relative move: Execute relative motion.

@ Jog: Execute continuous movement. Set the current value for the continuous movement with the
constant current.

@ Home: Execute homing procedure.

@ Primary CG: Servo gain. The greater the gain, the greater the servo stiffness. Users can adjust the
servo stiffness via this parameter. If the servo stiffness is too big, it will make the system become
instable, and cause the vibration and electrical noise. At this time, users should decrease the value.

Status: Display the status.

@ Enable SW limit: Start the software limit protection, which restricts the travel of the motor.
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6.3 Scope

D2T-LM series drive provides a “Scope” graphic oscilloscope, which help users observe all significant

physical quantities during the tuning process to judge the tuning result. This feature can also be used to

find the error clue when the drive cannot be operated. Click B or the “Set scope...” button in

Performance center to open “Scope”. Click the “Set scope...” button in the “Position” tab and “Velocity

Ripple” tab to display their respective physical quantities. As Figure 6.3.1 shows, users can observe the

real-time waveform of the selected physical quantity after selecting parameters.

Note: The data shown in “Scope” is not fully real-time physical quantities. To observe more subtle physical changes,

use tools other than “Scope”, such as an oscilloscope or a data collection (refer to Section 6.4).

-
E Scope. Controllertamuz(D), Axis: X

—200888

3e+6
2e+h
le+6

4 Position Error

» 4 Position Error

1 Feedback Position
2 Reference Position
3 Target Position

18 Feedback Uelocity
11 Reference Velocity
12 Velocity Error
28 Reference Acceleration
38 Actual Current

Command Current
40 Analog Command
41 Bus voltage
42 Servo Uoltage Percentage
43 SIN-finalog Encoder
44 COS-Analog Encoder
PUM command
Digital hall hits
58 Amplifier Temperature
Soft—thermal Accumulator
I2T Accumulator

1 Feedback Position
DSP rate=15000Hz, Rate=241.6Hz

I1
12

Figure 6.3.1 Scope

(™ Physical quantity: Select the physical quantity needed to be observed. Refer to Section 3.11 Common

physical quantities.

® @0

6-8

Unit: Select the unit of physical quantity.

Number of channel: Select the number of channels to be displayed simultaneously (1~8).
Time range of “Scope”: Set the time length for one screen on the horizontal axis. Unit: second
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Table 6.3.1

Symbol Name Description

— The switch of “Scope”. When users turn the switch off
= Scope On/Off (Page Down)
and turn it on again, the scope will re-capture the data.

Change the mode (“Normal” and “Paper”) of the display

B View in paper mode (Ctrl + T)
waveform.
. Display all selected physical quantities on one single
= Toggle scopes window (Page Up)
screen. Switch a physical quantity by each click.
= Fit graph to window Adjust all physical quantities to the appropriate scale.
Dynamically adjust all physical quantities to the
= Fit graph to window dynamically

appropriate scale.

) . . ) Same as above, the range of the vertical axis will
& Fit graph to window dynamically + clip
increase but never decrease.

Pl Show last data with plot view tool Use the “Plot view” tool to draw the data of “Scope”.

Reset scope “Scope” will re-capture the data.

. _ All physical quantities are drawn in the same screen and
] Show all plots in same window ' '
share one vertical axis.

Connect current physical quantities set by “Scope” to the
2] Open record window
“Data collection” function.
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6.4 Data collection

Besides observing physical quantities of each drive via “Scope”, there is a tool that provides not only more
setting options for data capture, but also more advanced graphical display and processing functions. The
“Data collection” function allows users to set the sampling time, as well as conditional triggers to start and
stop the data capture.

6.4.1 Function description

Opened by the “Scope” function of “Open record window” shown in Figure 6.3.1, the program will
automatically set the selected physical quantity for the follow-up data capture. The main functions are as

follows.
& Session: 0, slave=0.tamuz, Data collection ver 2.100 EI_'Iéj
File Tools Slaves Sessions
I~ Start event i Samples | 58008 [ Circular
v Updvars
@ <! Rate 1
N | W =0y == Fr=15008/rate= 15808 Hz ®
dt=1/Fr= B.0666667 msec
| samples=dt= 3.33333 szec
icomi, 115288
@ "o Variables to be recorded (up to 8): l
R o X_pos_err 1 X_vel fhf £
H_wref_pos 1 ¥_enc_pos 1
( ] Stari(F5) |
] 1

Graph |
8 words~ssample ¢ 16 hytes >

Figure 6.4.1.1 Data collection

(™ Sampling frequency (“Rate”) and the number of samples (“Samples”):
- Samples: The number of samples.
- Rate: Determine the sampling frequency. If “Rate” is set as 1, the sampling frequency is 15,000 Hz;
when it is set as 2, the sampling frequency is 7,500 Hz. The sampling frequency can only be up to
15,000 Hz. If users collect too much data, the data collection may be completed earlier due to the
limit of communication bandwidth. To solve the problem, decrease the number of the collected
physical quantities.
- dt: Sampling time.
- Samples*dt: Total time of data collection. If users want to increase total time of data collection, simply
increase “Samples”.
@ ltis the internal variable name of the physical quantity of collected data.

6-10 HIWIN MIKROSYSTEM CORP.



MD11UE01-2202

D2T-LM Series Servo Drive User Manual Drive Tuning

(® Manual collection button. Click the “Start” button to start the collection and click the “Stop” button to
stop the collection. Click the “Graph” button to draw the collected data via “Plot view”.

@® Conditional auto collection. Set the start event and the stop event for data collection.

(® The auto collection option is triggered instantaneously. Refer to Section 6.4.2.

Example 1: To capture the graph of one motion cycle
Check “Start event” and set it as “X_run”. Also, check “Stop event” and set it as “X_stop”. After the setting
is done, click the “Start” button. Now, “Data collection” is put on standby. When the motor moves, it starts
to collect the data; when the motor stops, it stops collecting the data. After the data collection is done, click
the “Graph” button to draw the graph of one motion cycle.

Example 2: To capture the graph of one speed period

Check “Start event” and set it as “X_vel_fb>0". Also, check “Stop event” and set it as “X_vel fb<0”. After
the setting is done, click the “Start” button. Now, “Data collection” is put on standby. When the motor speed
is greater than 0, it starts to collect the data; when the motor speed is less than 0, it stops collecting the
data. After the data collection is done, click the “Graph” button to draw the graph of one speed period.

Example 3: To capture the graph from enabled drive to disabled drive

Check “Start event” and set it as “I3”. Also, check “Stop event” and set it as “~I3”. After the setting is done,
click the “Start” button. Now, this function will recognize the status of 13. When the drive is enabled (I3 =
1), it starts to collect the data; when the drive is disabled (I3 = 0), it stops collecting the data.

Note: When “Upd vars” in @ is unchecked, the Lightening HMI stops updating variables, which can improve
the bandwidth of data collection. However, if “Start event” is triggered by 13 (as Example 3 shows), the I/O pin

of hardware is triggered via the external signal.
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6.4.2 Data collection via PDL

To improve the accuracy of data collection, “Sync” (trigger the auto collection instantaneously) in Figure

6.4.1.1 ® provides more flexible and more real-time data capture than the conditional auto collection.

Users can add the program fragment with the title labeled “ RecordSync” to PDL program, and set the

start event of data collection. Once this event is triggered, “Data collection” starts to collect the data.

Operational steps are given as follows.

Step 1.  An empty task is required to execute “ RecordSync”.
Step 2.  Add the following content in PDL program:
_RecordSync:
till( ); /I Add an event or a status waiting to be triggered.
rtrs_act=1; // Start to record.
ret; /[ If this line is not added, data collection cannot be repeatedly triggered.
Step 3. Add the interrupted condition or status in the parentheses of “ill( )* on the “ RecordSync”
function. For example, it could be [9 (default for the right limit state) in I/O center.
Step 4. Check “Sync” in Figure 6.4.1.1 ®.
Step 5. Click the “Start” button in (3. The program starts to execute the “ RecordSync” function and
waits for the trigger event being established. For example, when the status of 19 is changed from
False to True, the data collection starts to capture the data. If |19 is repeatedly triggered, it collects
the record data of last trigger.
[ Example]
#task/1;
_RecordSync:
till(19); /[ Wait for the status of 19 changing from False to True.
rirs_act=1; // Start to record.
ret;
6-12 HIWIN MIKROSYSTEM CORP.
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6.5 Plot view

The “Plot view” function is built on the “Data collection” function. It draws the data collected by “Data

collection” into graphs. “Plot view” has a powerful analysis function, which provides measurement and

calculation. It is divided into five areas, function menu area, main toolbar area, physical quantity display

area, graph display area, and timeline scroll bar area (as Figure 6.5.1 shows).

[ % MEGA-FABS Motion Systems, Plot view, Ver 8.52 SRR
Fle Wiew JTools Plots
FEEEEE B8 mREE e r 2 F ST Eonction menu area ]
¥ pos_emr
200 n/ A A gﬂ
0f i \n ﬂf 1
) 4\ Y 1 Main toolbar area
QR _Croph display ares I 4
o 2
-200000i U U
¥ ref_acc
S e ——
0 3
: I L
¥ enc_pos 10000] g
5000 Y
. . . o
[ Physical quantity display area ] 0 1 2 3 4
‘ Time (sec) Timeline scroll bar area

Figure 6.5.1 Plot view

6.5.1 Graph display mode

HIWIN MIKROSYSTEM CORP.

Number of display channels

Graphic display area mainly displays the graph of physical quantity. When the graph of physical
quantity is captured from “Scope” or “Data collection”, “Plot view” will display all physical quantities
selected by “Scope”. “Plot view” can also change the number of channels shown in graph display
area, but the maximum limit is eight. The related icons in main toolbar area are described as follows.
- B : Set the maximum number of display channels.

- : Display a single channel.

To observe the graph of two physical quantities, click E and select “Only graph 2” to change the
number of channels into two. To observe the graph of one physical quantity, click and select “Only
graph 1” to change the number of channels into one. Figure 6.5.1.1 gives an example that “Scope”

or “Data collection” only collects two physical quantities.
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File View Tools Plots
|IBEEE+ =[S | b=tz & B[ R @iz o r 5[5
All grpahs
v | Onlygraph1 250|
Only graph 2
Only graph 3 by
Only graph 4 150
Only graph 5
Only graph & 100j
Only graph 7
y graph 7 -
Only graph 8 h
0 S —— il
-50| r l

-100)

-150)

-200

-250

21/Mari2014 02:59:34 0 1 2 3 4 5

Time (sec)

Figure 6.5.1.1

B Show or hide physical quantities
If the physical quantity is unchecked, graph display area will hide the graph of this physical quantity.
Figure 6.5.1.2 is the example of two physical quantities being unchecked. Users can uncheck all
physical quantities by clicking the following related icon in main toolbar area.
- : Uncheck all physical quantities (or press the “Delete” key).

57 MEGA-FABS Motion Systems, Plot view, Ver s,sz— [E=R R

File Wiew Tools Plots

IEE8E~v S | Hztz g [ER | mEEER & n]=-o = s
I pos_emrr 1
0.5

0f
-0.5

-1
¥ vel_fbof 200000J ﬂ ﬂ

D U U
-200000)

™ ref_acc .
0.5

0f
05

°
W enc_pos 1000
5000 \
o
1 2 3 4 5

21Mariz014 03:54:49 0

= i

s (IR

w ElsE

[l

Time (sec)

[Save to: D\08-EEEF M\Figure 5-1\Fig 5-10.gpp

A
\

Figure 6.5.1.2
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B Zoom in/out
To observe a more subtle change in a certain interval, select it by the solid-line and dotted-line cursors.
“Plot vies” provides the function of zoom in/out on the X and Y axes. The related icons and operational
methods in main toolbar area are described as follows.
- : Zoom in on the graph between the blue solid-line and dotted-line cursors on the X axis.
- : Undo zoom.
- = :Redo zoom.
- : Cancel all zoom-in displays.
- & : Zoom in on the graph between the red solid-line and dotted-line cursors on the Y axis.
- @ : cancel the zoom-in action on the Y axis.
B Zoom in/out on the X axis

To zoom in on the graph of physical quantities ranging from 2 to 4 seconds and frame this interval,
move the blue solid-line cursor by the left mouse button, or move the dotted-line cursor by the right
mouse button (as Figure 6.5.1.3 shows). Then, click to zoom in on this interval, as Figure 6.5.1.4
shows. To zoom in on a more subtle interval, such as 2 to 3 seconds, simply repeat steps above. To
go back to the zoom-in interval between 2 and 4 seconds, click . If # is clicked, the zoom-in

interval between 2 and 3 seconds will be displayed again. No matter how many times users zoom in,

click to get the original graph, as Figure 6.5.1.3 shows.
i/ MEGA-FABS Maln.:n Systemsﬁ\ul:ew‘ Ver 852 ‘ ‘ [Py i/ MEGA-FABS Mcmur! Systemsj’\ul:ew, Ver 852 ‘ ‘ [P
Ele View Iools Plots Ele View Iools Plots
igggmu izt EET = EE & i |mw oD F OB W igggmu i zt | IFEY EEEE & i Ew oD 7 B W
7 pos_em N'A}u\ H tr L i n g 3 pos e 200 3
d ! E i
== - Sl p—
v ies‘irmi:iﬂ 200000} ; | E v ‘fs‘irmﬂn 200000} E
Pt | *7] I HEE B ;
B i 2 VT 2
[ 200000 b l i I{ -2000004 U
¥ rel_acc - ¥ rel_acc il
RO e e | L —
= / \ §
5000 4

|U enc_pos 10000
=y J
5000
21/Mar2014 03:54:49 0 =

=i

Time (sec
1/dt=0.495688Hz

21/Mari2014 03.54:49

Time (sec

de=-2.0174 dSanp: -30,261

Save to: DA\08-EE BT\ Figure 5-1\Fig 5-10.9pp

Save to: D\08-EEHTH\Figure 5-1\Fig 5-10.9pp
i

Figure 6.5.1.3
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Zoom in/out on the Y axis

To zoom in on the Y axis and frame a suitable interval, move the red solid-line cursor by pressing and
holding the “Ctrl” button and the left mouse button, or move the dotted-line cursor by pressing and
holding the “Ctrl” button and the right mouse button (as Figure 6.5.1.5 shows). Then, click Al atthe
top-right corner of the screen to zoom in on the graph within the selected interval, as Figure 6.5.1.6
shows. At this time, the Y-axis value of the graph is locked and shown in red. Dragging the horizontal
scroll bar will not dynamically adjust the vertical display range, as Figure 6.5.1.7 shows. Finally, users

can click £ to get the original graph of Y axis, as Figure 6.5.1.5 shows.
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m dt, 1/dt, dSamp
When the interval is framed by the blue solid-line and dotted-line cursors, values of “dt”, “1/dt”, and
“‘dSamp” will appear at the bottom of graph display area. “dt” is the time in the interval, and “dSamp”
is the sampling number in the interval, as Figure 6.5.1.3 shows.

B Display a physical quantity on different channels
To move a physical quantity to another channel for display, click the physical quantity to present a
dotted-line box, and drag it to another channel.

B Display the value of physical quantity
When the blue solid-line cursor is moved to a specific time point, the value of physical quantity at this
time will be displayed at the bottom of this physical quantity. The value is displayed in decimal or
hexadecimal, as Figure 6.5.1.3 shows. The related icons in main toolbar area are described as follows.
- : Display the value in hexadecimal.

- B : Display the value in decimal.

6.5.2 Save / open file

In “Plot view”, there are three saved-file types, text file (.txt), picture file (.bmp), and “Plot view” special file
(.gpp). The .txt file is for saving the value of each physical quantity within the collection time. The .bmp file
is for saving the graph of all physical quantities as a figure. The .gpp file is the only one allowed to be
opened in “Plot view”. Therefore, if users need to re-open the file via “Plot view” someday, remember to
save it as a .gpp file. The related icons in main toolbar area are described as follows.

- [ : save the value of physical quantities as a .txt text file.
- & :savethe graph of physical quantities as a .bmp figure file.

The .gpp file of “Plot view” is read or opened via the “Save” or “Open” option on the function menu of “File”,
as Figure 6.5.2.1 shows.

HIWIN MIKROSYSTEM CORP. 6-17



MD11UE01-2202

Drive Tuning

Series Servo Drive User Manual
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Figure 6.5.2.1 Save as a .gpp file

6.5.3 Mathematical operation

“Plot view” also provides some math formulas for the operation of physical quantities, such as integration,

differentiation, addition, multiplication, etc. Users can directly calculate and observe the result after

calculation in “Plot view”. In addition, it also provides the maximum, minimum, ripple calculation, and

spectrum analysis of each physical quantity.

B Statistics table

Click ¥ to display the table of Figure 6.5.3.1, which shows the maximum, minimum, average, root

mean square (Rms), Rip, and RipA of each physical quantity within the interval selected by cursors.

Rip = standard deviation/average, and RipA = (maximum - minimum) /average. The related icon in

main toolbar area is described as follows.

- E£ : the maximum, minimum, root mean square (Rms), and ripple calculation of physical quantity

:)f Plot statistics

il

Plot Maximum Minimum

pos_err 276 =274 A D

Long(32 bit) samp: 2,682 samp: 19,126 Rip: 15588.8%
Rms: 422477
RipA: 202942%

vel_fbf 212750 -205755 A 1918.87

Float(32 bit) samp: 68,641 samp: 19,310 Rip: 2038.56%
Rms: 39117.4
RipA: 21809.9%

ref_acc 8.25180e+6 -8.68242e+6 A -3433.88

Float(32 bit) samp: 2,682 samp: 69,199 Rip:  -41396.7%
Rms: 1.42151e+6
RipA: -493153%

Eenc_pos 10,077 -38 Awr. 5445

Long(32 bit) samp: 36,510 samp: 52,910 Rip: 89.725%
Rms: 4885.93
RipA: 185.752%

Range: 0..78866, delta=7T8867, total 78867 Ts=6.66667e-5

—— S —— E— |
Figure 6.5.3.1
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Operational method

described as follows.

" : mathematical operation

IMath operation @
Flot1 Plot2
% i pos_err vel fhi
o Fpos_err
vel fhi
¢~ Deri| ref_acc
o~ Integ enc_pos
{+ Linear i =ploti+ |1 =*plot2
" Multiply
-
" Shift
" Scale+offs
| " Bestfit
" LPF
" HPF
" Square root
New plotname:| 1in_1 SetColor ..
Create Close | |
AAA
Figure 6.5.3.2
5 MEGA-FABS Motion Systems, Plot view, Ver 8.52 ‘ ‘ [P
File View Tools Plots
EEExw L i zt R FEE T @M |Ex 0 £ 0|3
™ pos_emr 200000}
22
v lin_1 J n ﬂ
-155721 o .
-200000 l U
—155883 J n n
0 U 2
-200000 \4
Iv ref_acc
4.95125e +6 Se+f A
4 3
-5e+6) V
:
1,757
EDDDJ 4
. 0
21iMari2014 03:54:49 0 1 2 3 4 5

HIWIN MIKROSYSTEM CORP.

t=1.317
Save to: DA\0B-ESNE S fH\Figure 5-1\Fig 5-10.gpp

Time (sec)

Figure 6.5.3.3

Samp: 19,755

Select “Math operation” of “Tools” on the function menu, or click * to open the window of Figure
6.5.3.2 for a suitable mathematical operation. Take the addition as an operational example. After
clicking the “Linear” option, choose “pos_err” and “vel_fbf’ via the drop-down menu. Then, name new
physical quantity in the “New plot name” column and set its color. Finally, click the “Create” button to
generate the physical quantity (“lin_1") of “pos_err” plus “vel_fbf’, as Figure 6.5.3.3 shows. Other
mathematical operations are the same as that of addition. The related icon in main toolbar area is
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B Fast Fourier transform (FFT)
Click £ in main toolbar area to open the window of Figure 6.5.3.4, and choose the required physical
quantity to do fast Fourier transform (here takes “pos_err” as an example). Then, click the “Run FFT”
button to generate the transformed graph, as Figure 6.5.3.5 shows. To cancel the result of fast Fourier
transform, click ®™  The related icons in main toolbar area are described as follows.
- ¥ . Do fast Fourier transform for physical quantity.

- ® - cancel fast Fourier transform.

-
B FFTver 10 ‘ l Elilﬂ—hJ
Samples: 78867
POS_EIT j Neer Power 2: 131,872
" Extend to Power2, 2228224 steps
" Extend to Power2 by zeros,. 2228224 steps
" Extend to Power2 cycly. 2228224 steps
* Direct FFT, 12145518 =steps
‘i Run FFT Cancel
|
H
steps: @ 573
— —
Figure 6.5.3.4
4 MEGA-FABS Motion Systems, Plot view, Ver 852 ‘ ‘ | B S|
Fle View Tools Plots
%E%x—vl& B & zf Kﬁﬁﬁ € | Ew D T 0|

v Amp 16
[ Arg 14

[y

[v DB 2

-120
AR08 48 1000 2000 3000 4000 5000 6000 7000
FFT pos_err Frequency (Hz)

Save to: D:\02-EZ)EF M\Figure 5-1\Fig 5-10.gpp

Figure 6.5.3.5

H  Natural logarithm
The natural logarithm function is to express the X axis as the logarithmic form. It is only available after
fast Fourier transform is completed. The related icon in main toolbar area is described as follows.
- : Express the X axis as the logarithmic form. It is only available after fast Fourier transform is
completed.
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6.6 Advanced gains

There are several important tasks for a servo drive to achieve, such as the performance of move and

settling (refer to Section 3.7), whether the position error is very small during motion, and whether the

velocity is smooth during motion. The performance can be improved by tuning gains and parameters.

Tuning common gain (“Primary CG”) is the easiest way for D2T-LM series drive to adjust the performance

of motor motion. The greater the common gain is, the greater the servo stiffness is. However, the servo

stiffness cannot be too big, or it may cause system vibration or electrical noise. These phenomena change

based on the status of the mechanism.

' '
-
+ Performance center Advanced gaInS = | B ||
cmr T
o gAff
Velocity
ripple
Target radius:| 8.188 mm Set scope
Debounce time: 1888 msec
Move time:| 3135.5 msec
Setlling time:| 99.9 msec
Total time:| 3235.3 msec
[~ Enable SW limit
nable mt o aee
P1 I P2
a.00a L ) 0 v 0 o v 0 o v o ' ' o 0 0 0 1 16.000
i [
Disable(F12) Motion parameters . Primary GG
Position units Epesd 108880 e 9.300000
Zero mm ﬂ Acc.| 200088.0 mmis*2 =
Dec.| 20800 .0 mmish2
Stop motion Dec. kil 48880 .0 mmish2 Common gain
Smooth factor 188
Status
_MHardware enable input
o AP0
9 Fa= B Repeat P1| 0. 008 GOdiP1 M Software enabled
Dwell time
16008 msec P2/18.008 GofhP2 A Servo ready
B STO function active
" Relative move Dlwstance mm _APhase initialized
Movi
" Jog Jog current ﬂM Muing
1 A_amp HHomed
— = SM mode
" Home Hnme| |
Figure 6.6.1

When the common gain cannot fulfill the required performance, this system also provides “Advanced

gains”, including functions of “Filter”, “Acc feedforward”, “Schedule Gains + vpg”, “Analog input

loop”, and so on.
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6.6.1 Filter

The filter is located on the servo control loop inside the drive. It is used to eliminate the control problem
caused by the high-frequency vibration of the system, and to deal with the inappropriate resonant
frequency of overall mechanical system. The performance of system control can be enhanced via the filter.
D2T-LM series drive provides two filters that can be used simultaneously, and the form can be set as low
pass filter or notch filter. When it comes to designing a filter, the frequency analyzer is often used to analyze
the characteristic of the system. By clicking the “Bode...” button given in Figure 6.6.1.1, the simulative
interface of “Bode plot” will appear for the filter design. Two common settings are described as follows.

|=, Advanced gains 1 k =1fo8 X |
=
Filter Acc Schedule Analog current VSF Friction .
feedforward | Gains +vpg | input laop Compens’
Bode...
Filter 1 Filter 2
f1.fr 208 . 688 f2.fr B.808B08
1| B.787187 2.5 @.787088
f1.k1 B.008800 f2 k1 8.9908080
f1.k2 B.080088 f2 k2 B.888800
@ Low passfiter  cut-off frequncy 208 @ Lowpassfiter  cutofffrequncy| 208
¢~ Motch filter Motch frequncy 288 " Motch filter Motch frequncy, 26868
" Disable filter " Disable filter

Generate filter Generate filter
I¥ Activate f3

Figure 6.6.1.1 Filter

B Low pass filter
The setting of a typical low pass filter is given as follows.
(@ fr: The cutoff frequency of the filter. (Unit: Hz) For general applications, it can achieve a good effect
at the setting of 500Hz. For other cases, it can be considered to decrease the value. However, the
control performance will be reduced if the cutoff frequency is too small.
@ xi: The damping ratio of the filter. Its value ranges from O to 1.
®k1:0
® k2:0
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* Gain(db) o * Gain(db) ARSI H )
" Phase -“ﬁ““‘.\ " Phase '-”’\\ /'
" Phase(deg) H " Phase(deg) i)
" Nyquist \ " Nyquist \ f
" Phase _Gain % [1] " Phase _Gain 10
" Nichols | " Nichols \ j
" 15
W Points AL Iv Points \ !
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(" Radisec =20  Radisec l f
\ 125
=25
Full screen \ Full screen 1 I 0
\ = H 35
\.;‘5 | . ]J 40 I
o 100 1000 10 100 1000
1 Hertz 7588 1 Hertz 7508
Step | @.85 Slep @.85%
Filter coffiecents Filter cofiiecents
First Second First Second
ir| 588 ra fr| 208 fr 288
1| B. 707187 i 8.707 SRAERLY 1i[@.5 W 8.5 FRiEE
k1@ ] Disable filter k1@ ki@ Disable filter
k28 k28 Help... k2[1 k21 Help..

Figure 6.6.1.2 Low pass filter Figure 6.6.1.3 Notch filter

H  Notch Filter
When the system has an inappropriate resonance frequency (for example, between 10 and 250 Hz)
that cannot be eliminated by mechanism correction or design enhancement, notch filter can be used
to improve this problem. Generally, notch filter should be set according to the result of frequency
analysis. Refer to Section 6.7.3 for more information.

The setting of a typical notch filter is given as follows.

@ fr: The cutoff frequency of the filter. (Unit: Hz)

(2 xi: The damping ratio of the filter. Its value ranges from 0 to 1. The closer to 0 the value is, the
narrower the filtering frequency band is. The closer to 1 the value is, the wider the filtering frequency
band is.

®k1:0

® k2: 1

B Automatic resonance suppression filter
Automatic resonance suppression filter (f3) will be set and started automatically after auto tune is
done by pressing the “Freq analyzer” button during phase initialization. However, if the system cannot
effectively suppress the vibration via f3 filter when users drive the motor, cancel the check of “Activate
f3” in the “Filter” tab of “Advanced gains” window (as the green box in Figure 6.6.1.1 shows). Then,
modify “Filter 1” and “Filter 2” by manual operation to achieve an effective vibration suppression.
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6.6.2 Acceleration feedforward

The position error of servo control is usually larger in acceleration or deceleration phase, especially for the

application with a larger moving mass or moment of inertial. By setting the parameter of acceleration

feedforward, the position error can be effectively reduced.

To adjust the acceleration feedforward, follow the following steps.

Step 1. Click the “Set scope...” button to display the “Scope” window.
Step 2. Set “Acc feedforward gain” in Figure 6.6.2.1 as 0.

Step 3.  Set the pre-planned maximum acceleration, and make the motor do point-to-point motion.

Acc feedforward gain
- ABBAAA

Tune acc feedforward gain

1. Press Set scope...

2. SetAcc feedforward gain to 0.
3. Let motor move at the 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.

. Calculate max. Command / max Reference Acceleration
7. Putthe resultinto Acc feedforward gain.

8. See the position error reduced

Ivances amns k&
= Ad d gai =Taen x|
Filter Acc Schedule Analog current VSF Friction

feedforward | Gains +wpg | input loop Compens’

Figure 6.6.2.1 Acceleration feedforward

Step 4. Observe and record the maximum value of “Command Current” in acceleration phase. In Figure

6.6.2.2, the value is 16. When the motor starts moving, “Scope” is like Figure 6.6.2.2. Click the

“Toggle scopes windows (Page UP)” button to change the graph into a single physical quantity.

Repeatedly click this button can sequentially switch to the graph of “Command Current”,

“‘Reference Acceleration”, and “Position Error” to facilitate observing the value of the graph.
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~= Scope: Axis: X_
“Command Current” is 16.

Toggle scope window
(Page UP)

A e

31 Command Current —4_B6865 B.1% peak

“Reference Acceleration” is
950,000 count/s2.

=
&

28 Reference Accelerat » 8| count/s"2

“Position Error” is 90 counts.

4 Position Error -1 |count

DSP rate=15000Hz, Rate=211.6Hz Time(s) 18

Figure 6.6.2.2 Trajectory result of motor movement

Step 5. Observe and record the maximum value of “Reference Acceleration” in acceleration phase. In
Figure 6.6.2.2, the value is 950,000 count/s?.

Step 6. The value obtained in Step 4 is divided by the value obtained in Step 5. Acc feedforward gain =
Command Current/Reference Acceleration = 16/950,000 =1.68421e-5.

Step 7.  Enter the result obtained in Step 6 to the “Acc feedforward gain” column, as Figure 6.6.2.3 shows.

|= Advanced gains = | B i
Filter Acc Schedule Analog current WSF Friction .
feedforward | Gains +wpg | input loop Compens' L

Acc feedforward gain
1.68421e-5

Figure 6.6.2.3 Acceleration feedforward gain

Step 8. Observe whether “Position Error” is reduced. As Figure 6.6.2.4 shows, the position error in
acceleration phase is decreased from 90 counts in Figure 6.6.2.2 to 65 counts.
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6.6.

6-26

:_j Scope: Axis: X

8| countss2

“Position Error” is 65 counts. I

3

..J"wf_l,, \h‘ Ifm-mtm,k r.qhh rmﬂ'wqm»f ‘I"irr""_"_' K"'L ‘nmmm\ FJ "‘ rd L

\ﬂ

4 Position Error -1 | count

DSP rate=15000Hz, Rate=202.8Hz Time(s) 18

Figure 6.6.2.4 Result of adding acceleration feedforward

3 Schedule gains & Velocity loop gain

Schedule gains

A complete motion can be roughly divided into three phases (refer to Section 3.7).
a. Move: From the start to the end of path planning.

b. Settling: From the end of path planning to in-position phase.

c. In-position: Output an in-position signal.

The main purpose of “Schedule gains” is to adjust the output servo stiffness of each motion phase
(“Move”, “Settling”, “In-position”) by changing the servo gain. The adjustment of the gain in each
phase is implemented in a proportional manner. When it is set as 1, the original servo gain is used.
When itis less than 1, the gain in this phase is reduced. The corresponding parameters of each phase
are given as follows.

a. Move: sg_run

b. Settling: sg_stop

c. In-position: sg_idle

If “CG” = 0.5 and “sg_run” = 1.2, it means that the actual servo gain in “Move” phase is changed into
0.5 x 1.2 = 0.6. Through “Schedule gains”, “Settling” and “In-position” phases adopt the same setting
method to change the originally fixed servo gain into the gain which meets the different requirement
in each motion phase.
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Figure 6.6.3.1 Schedule gains

B Velocity loop gain (vpg)
Velocity loop gain (vpg) is an internal control parameter of D2T-LM series drive. Generally, the initial

value is calculated by parameters set in Configuration center. There is no need to modify the value

under normal circumstances. However, users still can re-adjust it via “Freq analyzer”.

Step 1.
Step 2.

Click the “Freq analyzer” button to display the window of Figure 6.6.3.2.

Click the “Enable” button.

File Modes View

" Funser

Cirinf

HIWIN MIKROSYSTEM CORP.

|| Fr.[7588

Amplitute[18. 6866
Signal offs 8
Signal ¥ _disturh
Input| K_command
Output| ¥_vel _fh

StepJdcol  Dedl
plant plant

Close loop dcbl gain
veg:

Load:

‘ Current

Loop -
construclor

Set default
freq. range

Enable

SM enable BInne

_ oese |

M Enabled

A Pnhase Initialized
M SM mode

sm_ampl(0.1%)
33.5876

100

7500

Figure 6.6.3.2
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Step 3. Click the “Run” button to start the frequency analyzer. The motor starts from low-frequency
vibrations and gradually produces high-frequency sounds. After it is done, a frequency
response will be drawn on the screen, as Figure 6.6.3.3 shows.
EFraqana\yzeuumml,lﬁ,st:o_‘ ‘ ‘ [P
File Modes View —
" Gain Fr.[7508 I Step.dcol  Debl Current
&+ Gain(db) plant plant
¢ Phase Amplitute {10 6066 Close loop debl gain
" ph{deg) || Signal ofis| @ voa:
" Nyquist Signal[R_disturh
o | o e
¥ Points Run ‘ ﬁ:;dggzg
o _
I Qdb cut
, : :::‘j-ssc = = S a0
|_Fusa | Q //\ d
AEnabled \\\ a
_APnase Initialize
‘;:Imo;e‘ e \ 50
cirinf S;__ESE;EIW%) \\ 50
delete
delete all \\\ L
0
Idle time \_\ 20
8.1 V
Daafaltime ha
Min cycles
1 0
Step
a.1 0 100 1000
5 Hertz 7508
Figure 6.6.3.3
Step 4. Left click the frequency response graph to display the cursor line of -20dB. Drag the cursor
line by pressing the left mouse button to make it get closer to the frequency response line,
as Figure 6.6.3.4 shows. During the process, the gain will be re-calculated and the vpg
value will be displayed. When the cursor line is dragged downward, the gain increases.
When the cursor line is dragged upward, the gain decreases.
Step 5. Click the “Send” button to send velocity loop gain to the drive. To keep the setting, do not
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6.6.4 Analog input

N ||| o
S
Idle time I . i \\/ZU
9:L Frequency response line
Datatime 10
6.1
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1 L0
Step
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5 Hertz 7568
Figure 6.6.3.4

When voltage mode is used, the voltage command sent by the host controller may contain the DC bias

due to various factors, which distorts the command and affects the performance. In this case, analog input

can be used to compensate and correct the voltage. As long as users click the “Set Offset” button in Figure

6.6.4.1, the measurement and the offset correction will be executed automatically.

|=. Advanced gains S | G S
Filter Acc Schedule Analog current VSF Friction .
feedforward | Gains +vpg  input loop Compens’

DSP rate=15000Hz, Rate=438.9Hz
Offset

Analog input offset| @ . POO

48 fAnalog Command

-18.212 | ml
Time(s) 18

mV

Set Offset

Figure 6.6.4.1 Analog input
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6.6.5 Current loop

Gain values of current loop, “Ki” and “Kp”, are basically calculated based on the motor parameters in
Configuration center when the motor model is chosen. Generally, there is no need to adjust them. However,
if motor parameters are not correctly set, users can adjust the values with this function.

Figure 6.6.5.1 Current loop

6.6.6 Vibration suppression feature

Vibration suppression feature (VSF) is for suppressing the vibration generated by the motor during the
movement. Especially when the load of the mechanism is cantilever, the vibration is particularly evident.
Through the “VSF” tab in the “Advanced gains” window, the effect of vibration suppression can be achieved
by setting “Frequency” and “VSF factor”, and checking the “enable VSF” option. The setting range of
“Frequency” is from 0.1 to 200Hz, and the range of “VSF factor” is from 0.7 to 1.5. Generally, it is
recommended to set the value of “VSF factor” as 1.0, which is same as the default value. When the motor
is moving, users cannot check or uncheck the “enable VSF” option. Otherwise, the motor will generate an
unexpected vibration and error.
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( |=. Advanced gains o o=
Filter Acc Schedule Analog current VSF Friction .
feedforward | Gains +vpg | input loop Compens’

[~ enable VSF
Frequency @.000080 Hz (0.1~ 200)
VSF factor | 1.08800 (0.7 ~15)

WSF{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. Set \VSF factor to the range recommended above. a value of 1 will be good in most cases.

Figure 6.6.6.1 Vibration suppression feature (VSF)

The operational method for finding vibration frequency and starting vibration suppression feature is shown

as follows.

Step 1. Set the pre-planned acceleration, deceleration, speed, and travel. Then, make the motor do
point-to-point motion.

Step 2.  Open “Scope” to observe “Position Error” and “Reference Velocity”, as Figure 6.6.6.2 shows.

Step 3. Click (“Plot view”) on the right side of the “Scope” window to analyze the captured graphs.

i

1|'

w

il ' i T 11 e
‘ ‘\ LHHP'\P}“NLHML’} i\r‘lm'ﬁn m |ﬂ|J|nlﬁ'||L"ﬂ‘J ! \‘"\|||"|,|",|"WJ |~

e

& Bz

2 Reference Position count
Time(s) 18

Figure 6.6.6.2
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Step 4. Enlarge the graph of “Position Error” at the end of the motion command. Select the range in the

window (as Figure 6.6.6.3 shows), and click “ o enlarge the set range. Refer to Section 6.5
for related operations.

I ile View Tools

= IEE3E

. |17 pos_err
8

v ref_vel
a

In the window, press the
right mouse button and
drag the line to cover the
vibration range.

In the window, press the
left mouse button and
drag the line to the end
of the motion command.

1:26:3
19,72,2011 6

Time (sec>
1sdt=1.11757H=

Figure 6.6.6.3

Step 5. Click & at the toolbar of “Plot view” window to open the operational window for fast Fourier
transform (FFT). Execute FFT to pos_err, as Figure 6.6.6.4 shows.

,— Samples: 9,638
lposer - Neer Power 2: 16,384

" Extend to PowerZ. 229,376 steps

" Extend to Power2 by zewros, 229,376 steps

" Extend to Power2 cycly. 229,376 steps

* Direct FFT. 1,187,458 steps

Run FFT | Stop Cancel
Press this button to . o
steps:

execute FFT.

Figure 6.6.6.4

Step 6. After FFT is completed, the window of Figure 6.6.6.5 appears.
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v Amp
B.0174486

™ Arg
-166.534

—35.1688

1:26:3
1972811 2988 4888

FFT pos_err Frequency (Hz>

dF=2@83.3823H=

Figure 6.6.6.5
Step 7.  Enlarge the low-frequency region and observe the maximum amplitude of vibration frequency,
as Figure 6.6.6.6 shows.
gigl IMEGA-FABS Motion Systems, Plot view, Ver 8.3
Fle View Tools
EEIEES =N
| [|v Amp . .
2 (e button to drag the solid line to the
| 248 2100 maximum amplitude.
v DB
8.5679
Low-frequency
1:26:3 vibration frequency
12-7-2811 188
R Frequency (Hz>»
F=6.784%H=
v g ’:|
Figure 6.6.6.6
Step 8.

Enter the value of low-frequency vibration frequency (6.7Hz in this example) to the “Frequency”
column in the “VSF” tab of “Advanced gains” window.
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Step 9. Check the “enable VSF” option to enable vibration suppression feature, as Figure 6.6.6.7 shows.

Note: Do not check or uncheck the “enable VSF” option during motor motion.

¥ enable VSF

Frequency | 6 .788688 Hz (0.1 ~ 200)
VSF factor | 1 .800860 (0. ~ 1.5)

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. SetVSF factor to the range recommended above. a value of 1 will be good in most cases

|E. Advanced gains = | B |
Filter Acc Schedule Analog current VSF Friction X
feedforward | Gains +vpg | input loop Compens’

I

Figure 6.6.6.7

Step 10. After vibration suppression feature is enabled, it is found from the “Scope” that “Position Error”

has become smaller when the motor stops moving (as Figure 6.6.6.8 shows).

= Scope: Axis: X_

Pt

Position Error

Jﬂ
B

_ﬂ ﬂ Jﬂ . J\'
[T

11 Reference Uelocity countss

|
|

2 Reference Position 1
4mm_, =)

Disable VSF ' Enable VSF

Figure 6.6.6.8
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6.6.7 Friction compensation

When operating the drive component, there is always a mechanical friction which affects the efficiency and

the function of movement. D2T-LM series drive provides a friction compensation method which reduces

the effect of friction, as Figure 6.6.7.1 shows.

|=, Advanced gains b ) =TEenl X |
Filter Acc Schedule Analog current VSF Friction .
feadforward | Gains +vpg | input loop Compens’
friction compensation| 8. 800688 0.1% drive peak cur

Tune friction compensation

1. Press Setscope..

2. SetFriction Compensation value to 0.

3. Put Dwell ime to 500ms

4. Let motor move back and forth atthe desired velocity.

5. Observe the command during constant speed motion, and calculate average value.

6. Putthe average value into Friction Compensation values.

7. See the position error at the start of motion reduce.

Figure 6.6.7.1

After users complete a convenient set of steps provided by Lightening HMI, friction compensation can be

successfully added.

Step 1.
Step 2.
Step 3.
Step 4.

Step 5.

Step 6.
Step 7.

Click the “Set scope” button to display the “Scope” window.

Set “friction compensation” in Figure 6.6.7.1 as 0.

Set “Dwell time” as 500ms.

Set the pre-planned speed and make the motor do point-to-point motion. By observing “Position
Error” in “Scope”, users can determine whether it is necessary to add friction compensation or
not. If the motor has a large position error when it starts, as the left side of Figure 6.6.7.2 shows,
friction compensation can be added to improve position error.

Observe “Command Current” at the constant speed, and calculate the average value. In Figure
6.6.7.2, the average value of “Command Current” is 20.

Enter the average value obtained from Step 5 to the “friction compensation” column.

Observe whether “Position Error” is reduced when the motor starts moving. As the right side of
Figure 6.6.7.2 shows, friction compensation does reduce position error.
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6.7 Loop constructor

“Loop constructor” allows users to confirm the stability of the control system. “Loop constructor” comes
with spectrum analysis tools, such as Nyquist, Nichols, and Bode. It also provides users the way to adjust
filters and gain values (vpg, vig, ppg, and CG). Through this function, users can directly adjust parameters
to observe the frequency response of the control system. Click the “Loop constructor” option on the “Tools”
menu of Lightening, as Figure 6.7.1 shows. The “Loop constructor” window is given in Figure 6.7.2.

~
& Lightening, version 0.194B, com30, 115200 E‘ilg
—— - f T T W . el g T W W
Conf/Tune [Tools| Language About
(ol Communication setup. (Ctrl+M) i i ot
P e
- Open plotview... (Ctrl+G)
[ Diriv Data collecti Firmware version
& I ata collection B.952
Scope.. (Ctrl+P)
Encoder test/tune...
PDL... [Cul+U)  Current (ForcesTorque? node
l Loop constructor.. l
STO function active

Reset amplifier e .

Upgrade/downgrade firmware.

Set amplifier to factory default
"Lastwaruiug

Quick view
Pasition units
mm N
‘ 20 Reference acceleration j | 0.000000 mmish2
[ 1 Feedback position ﬂ|a_gea mm
| 6 Dual loop feedback positi »ﬂ|a_geg e
| [communication ok G \HIWINdcallightening dce == 62(0) , GHIWINMdce\d2ipdi0ok Y
- e —

Figure 6.7.1 Open “Loop constructor” from “Tools”

Control loop Gain margin & Phase margin m

s Loop construcior 0.21

File View
Grapm serecan ELLLTTS Pos 1o0p
™ vpg tools - A" Welcontroller 47 Pos controller P margin: --- P margin: -
Galn tunlng vpg T o 3 margin:— G margin: —
vig 8 = ar- bandwidth: --- bandidth: ---
Fitter | Filtar | ~ Gain Gaingdp) 10
U 2  Gain{db)
1.1t " Fhase
. B " phidegy 5
1 R 1 .
Filter ~ Hyauist Spectrum analysis
.kt
= ph+gain
ﬁ'I‘Ql a " Michals 0
*[™ Showfilter 1
ppg| B || -5
Gain tunlng s1c] * Hertz Window adjustment
" Radisec 10
Full scr 1 10 100 1000
10 FPhasefden)
a
0
&4
Step =10
8.1 1 10 100 1000
1 Hertz 20088

Figure 6.7.2 Loop constructor
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6.7.1 Load / save file

Before analyzing the control system via “Loop constructor”, users must load the control system and gain
parameters by selecting the “Load” option on the “File” menu of “Loop constructor” window. There are
three methods of loading file, “Load plant+gains from file...”, “Load plant from file...”, and “Load gains from
file...”, as Figure 6.7.1.1 shows.

(1) “Load plant+gains from file...” : Load the .lop file, which contains the control system and gain
parameters.

(2) “Load plant from file...” : Load the .fgr file, which contains the control system.

(3) “Load gains from file...” : Load the .gns file, which contains the gain parameters.

= Loop constructor 0.21 g@l&l
WIEN Tiew
Lo plants gadns from file Welloop Fos loop
Save A7 Pog cantraller P margin: — e
Load plant from file o G margin - G margin:-—
2ot gains from controllerdrive Load gains from file... o handwidth: --- bandwicth: ---
Bet gains to default
Seni gins o contollerilcis | g:::(dh) Gain(db) 10
i 8 " FPhase
ixi @ " phiten) 5
© Myquist
.kl 8 & phegain
k2 @ " Michals 0
*[ Showfilter 1 ¥ Points
8 v 2win
R I~ odb cut =
CG B8 + Herz
" Radisec 10
Full ser 1 10 100 1000
10 Phazelde)
i}
0
3l
Step -10
8.1 1 10 100 1000
1 Hertz 2088

Figure 6.7.1.1 Loop constructor — load data from file

After analyzing the control system via “Loop constructor”, users can select the “Save” option on the “File”
menu of “Loop constructor” window if it is needed to save the control system and gain parameters. There
are three methods of saving file, “Save plant+gains to file...”, “Save plant to file...”, and “Save gains to
file...”, as Figure 6.7.1.2 shows.

(1) “Save plant+gains to file...” : Save the control system and gain parameters as the .lop file.
(2) “Save plant tofile...” : Save the control system as the .fgr file.
(3) “Save gains to file...” : Save the gain parameters as the .gns file.
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Figure 6.7.1.2 Loop constructor — save data to file

6.7.2 Tool

Spectrum analysis tools of “Loop constructor” can analyze and simulate the Nyquist, Bode, and Nichols
plots of control system. By this function, the frequency response of control system can be obtained.

6.7.2.1 Frequency response function

The frequency response can be expressed by the transfer function of dynamic system, which indicates
the relative relationship between the input signal and the output signal of dynamic system. The control

architecture of the drive is given in Figure 6.7.2.1.1.
________________________ Drive ..
|+ + + Y(s)
ue) — > P V(s) C(s) PL(s)
Plant

Current feedback

Velocity feedback

d/dt

Position feedback

Figure 6.7.2.1.1 Control architecture of the drive
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- U (s): system input; the drive command

- Y (s): system output; the feedback position of the encoder

- Plant: PL(s) is the relationship between the drive command and the feedback position. The plant includes
the mechanical platform, motor, and the feedback system.

- Controller: P(s) is the position loop controller. V(s) is the velocity loop controller. C(s) is the current loop
controller.

- Open loop: The transfer function of the open loop system is “G(s) = P(s) x V(s) x C(s) x PL(s)”, that is,
ignoring all feedback signals.

- Close loop: The transfer function of the close loop system is shown as below.

T(s) = P(s) X V(s) X C(s) X PL(s)

<(%) X P(s) X V(s) x C(s) x PL(s)) + P(s) x V(s) x C(s) x PL(s)

6.7.2.2 Nyquist

The “Nyquist” option of “Loop constructor” can analyze and simulate frequency responses of “Vel open
loop” and “Pos open loop” of control system. Users can select either of them, or both of them at the same
time. The Nyquist plot of “Pos open loop” is given in Figure 6.7.2.2.1. Move the mouse cursor to the curve
on the Nyquist plot to display the value of the frequency response.

(1) Vel open loop: the frequency response of the velocity open loop of control system
(2) Pos open loop: the frequency response of the position open loop of control system

Ht Loop constructor 021

File  Tiew

Granh selection Vel Toop Pos loop
I~ vpatools o O ar P margin: 69.6 (49, 4Hz) P margin: 97.5 (5.1Hz)
wpg 8.68215158 *[ Welopen lnop < Pos open loop G margin: 25.5 (690.1Hz) G margin: 34 .8 (196 4Hz)
vig 314 - o banduwidth: 180.3Hz bandwidth: 8 6Hz
Filter | Fitter r Gal T e
; i ain Myt |0 R
¢ Gain(db) (|1
fiir @ " Phase g
1130 8787 " phidea
o Myguist (|08
ikl 8
¢ phrgain ||, -
Mkl e " Nichaols
06
o ¥ Points
v ns
ppo| 314
I Odbeut |1y,
CG 8.3 @+ Herkz
" Radisec 03
Fulser |02
o1
0
-0.1
-0.2
-0.3
0.4
-0.5
-0.6
-0.7
-0.8
-0.9
-1
Step
9.1 -1 08 -0 04 030 0z 04 06 08 1
5 6294.63

Figure 6.7.2.2.1 Nyquist plot of Pos open loop
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6.7.2.3 Bode

The “ph+gain” option of “Loop constructor’ can analyze and simulate frequency responses of “Vel
controller”, “Vel open loop”, “Vel close loop”, “Pos controller’, “Pos open loop”, and “Pos close loop” of
control system. Users can select either velocity loop or position loop, or six loops at the same time. Bode
plots of “Vel close loop” and “Pos close loop” are given in Figure 6.7.2.3.1. Move the mouse cursor to the
curve on the Bode plot to display the value of the frequency response.

(1) Vel controller: the frequency response of velocity controller

(2) Vel open loop: the frequency response of the velocity open loop of control system

(4
(5) Pos open loop: the frequency response of the position open loop of control system

)
)
(3) Vel close loop: the frequency response of the velocity close loop of control system
) Pos controller: the frequency response of position controller

)

)

(6) Pos close loop: the frequency response of the position close loop of control system
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I vpg tools *Iv ‘el Flant 4T Welcontraller &7 Pos controller P margin: 90.0 {49.8Hz) P margin: 97.5 (5.1Hz)
wpo 8.88215158 * weloperloop <) Pos open loop G margin: 25.1 (680 1Hz) G margin: 34 8 (196.THz)
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e £ Phase ||| g W
x| 8787 * N
£ Nyouist \\
ikl @ (= phegain N‘\\\‘_z‘
Kz @ e e
I showfitter 1 ¥ Points :

¥ 2win
ppa/ 314 M --""I-....__ 240
I~ odbout PO T
06/ 8.3 @ Hertz -28.51 db ¥
-163.7 deg
 Rafsec Pos close loop lan
Full scr ’Lw

T o Tooo
il Phase(dba)

Step
0.83 10 100 1000
5 Hertz 629463

Figure 6.7.2.3.1 Bode plots of Vel close loop and Pos close loop

6.7.2.4 Nichols

The “Nichols” option of “Loop constructor” can analyze and simulate frequency responses of “Vel open
loop” and “Pos open loop” of control system. Users can select either of them, or both of them at the same
time. Nichols plots of “Vel open loop” and “Pos open loop” are given in Figure 6.7.2.4.1. Move the mouse
cursor to the curve on the Nichols plot to display the value of the frequency response.
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(1) Vel open loop: the frequency response of the velocity open loop of control system
(2) Pos open loop: the frequency response of the position open loop of control system
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Figure 6.7.2.4.1 Nichols plots of Vel open loop and Pos open loop

6.7.3 Filter

The control loop of the drive provides two filters, which can be used at the same time. They are designed
to suppress the high-frequency noise, machine vibration, insufficient structure stiffness, and so on.

6.7.3.1 Low pass filter

Low pass filter in control system can suppress the high-frequency noise or machine vibration. The Bode
plot of low pass filter is given in Figure 6.7.3.1.1. Modifying the filter parameters (fr, xi) will affect the
frequency response of various control loop analysis.

(1) fr: The cutoff frequency of the filter. (Unit: Hz) For general applications, it can achieve a good effect
at the setting of 500Hz. For other cases, it can be considered to decrease the value. However, the
control performance will be reduced if the cutoff frequency is too small.

(2) xi: The damping ratio of the filter. Its value ranges from 0 to 1.

(3) k1: Low pass filter =0

(4) k2: Low pass filter =0
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6.7.3.2 Notch filter

Figure 6.7.3.1.1 Low pass filter

When the system has an inappropriate resonance frequency that cannot be eliminated by mechanism

correction or design enhancement, notch filter can be used to improve this problem. The Bode plot of notch

filter is given in Figure 6.7.3.2.1. Modifying the filter parameters (fr, xi) will affect the frequency response

of various control loop analysis.

(1)
(2)

fr: The cutoff frequency of the filter. (Unit: Hz)

xi: The damping ratio of the filter. Its value ranges from 0 to 1. The closer to 0 the value is, the narrower

the filtering frequency band is. The closer to 1 the value is, the wider the filtering frequency band is.

Notch filter = 0
Notch filter = 1

©)
(4)
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6.7.4 Gain tuning

Figure 6.7.3.2.1 Notch filter

“Loop constructor” provides not only gain values of velocity loop (vpg, vig) and position loop (ppg) but also

common gains (CG, refer to Section 6.6), as Figure 6.7.4.1 shows. Gain tuning can be performed by these

parameters to simulate the stability of control system.
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Figure 6.7.4.1 Loop constructor — gains
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Velocity loop

Gains of velocity loop includes vpg and vig. The proportional gain of velocity loop is vpg, and the
integral gain of velocity loop is vig.

- vpg: Tuning vpg affects the transient response of velocity loop and increases the bandwidth of
velocity loop.

- vig: Tuning vig affects the steady-state error of velocity loop, but the excessive adjustment may
cause instability of the system.

Position loop

The proportional gain value of position loop is ppg.

- ppg: Tuning ppg affects the transient response of position loop and increases the bandwidth of
position loop.

6.7.5 Spectrum analysis

“Loop constructor” provides phase margin (P margin), gain margin (G margin), and the bandwidth of

velocity loop and position loop, as Figure 6.7.5.1 shows. This function can be performed to simulate the

stability of control system. Refer to Section 3.6 for more information.
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6.8 Encoder signal confirmation

An encoder usually plays an important role in servo motor control. It provides the information of positions

or angles for the drive to control servo loop. For D2T-LM series drive, the encoder output signal can be

ensured via HMI.

6-46

Encoder signal confirmation function

Click @/ in the window of Performance center, or select the “Encoder test/tune” option on the
function menu of “Tools”. The function window will appear for users to observe whether encoder value
or signal is normal, as Figure 6.8.1 shows.

Encoder type: Digital

i findex | WEror

I Position| 26 . 878 mm I

Figure 6.8.1 Digital encoder

Encoder value confirmation

Digital encoder signal is mainly comprised of two digital pulses with 90°-phase difference. For D2T-
LM series drive, users can check whether the encoder value is correct through this function. For
example, move the motor with a known distance in manual operation to check whether the read
“Position” is the same as the moved distance.

Index signal confirmation

Through the “Index” light in Figure 6.8.1, the Z-phase signal of the encoder can be used to ensure
whether the signal is normally received. When the drive gets a Z-phase signal, the “Index” light in the
window flashes green.
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6.9 Error map function

Generally, the accuracy of the motor is determined by the linear encoder used on the positioning platform.
The positioning accuracy is usually measured and corrected by the laser interferometer to get the error
table. D2T-LM series drive comes with an error map function, which inputs and saves the error table to the
drive via HMI. To enhance the positioning accuracy, the drive calculates the value of error compensation
by adopting linear interpolation between fixed distances.

After measuring the positioning accuracy and obtaining the error table, set compensation interval
(“Interval”) and total compensation points (“Total points”) first, and then enter the error compensation
values to the table one by one.

Note 1: “Error map” takes the home position as the start position, and compensates the position toward the positive
direction. Therefore, complete the homing procedure before enabling the error map function.
Note 2: When the host controller needs to receive the feedback pulse outputted from the drive, and enable the error

map function, set “Encoder output” in the “Encoder” tab as “Use emulated encoder”.

6.9.1 Set error map

The steps of enabling the error map function are described as follows.

Step 1. Go to Application center and select the “Error Map” tab to open the window of error map function,
as Figure 6.9.1.1 shows.
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e 800/ [EMAT s LN SR S O N S O
a. 900 | [@.0086 :
10. 1000 | [©.882 i i : j i ; ! i ! : :
N 0 100 200 300 400 500 600 700 800 900 1000 1100
! Error compensation value EsEouet
= = . TT—e . —
for each position )
Figure 6.9.1.1 Error map window
Step 2. Set compensation interval (“Interval”’) and total compensation points (“Total points”), and enter

the error compensation values to the “Error” column. Click the unit column to set the preferred

unit. Take Figure 6.9.1.2 as an example, the compensation range is from 0 to 1,000 mm, the

compensation interval is 100 mm, and the total compensation points are 11 points. The values

in the “Error” column are obtained from the error measurement of the laser interferometer. For

example, when the target position is 100 mm, the laser measurement reports 100.002 mm.

6-48

—Map aftributes
Interval [ 168 mm
Total points [ 11 :
It is the reminder which informs the —
modified compensation value has —» s
. * Data different from flash *
not been saved to the drive’s Flash.
Index | Position Error
mm mm
0. 0| @
1. 100 | [@.@082
2. 200 | [@.81
3 300 | [@.084
4. 400 | [-B.886
5 500| [-@_@14
5. 500| [-B.084
i 700| [@
3. 200 | [B-084
0. 200 | [B.006
10. 1000 | [@.0882

Figure 6.9.1.2 Parameter setting of error map

HIWIN MIKROSYSTEM CORP.



MD11UE01-2202
D2T-LM Series Servo Drive User Manual Drive Tuning

Note 1: After users enter the error compensation value to the table, the entered value is rounded to an
integer multiple of the encoder resolution. For example, if the encoder resolution is 2 um and the entered
compensation value is 1 um, the program will forcibly convert it to 2 um. If the input value is 0.5 um, it will

be converted to 0 um.

Note 2: Select appropriate unit for “Position” and “Error” because the displayed accuracy is only to the

third decimal place.

Step 3.  Check the “Error map enable” option (¥ Erormap enable ).
Step 4. Choose the “Send table to flash” option of “Flash” on the function menu. If other parameters

(except error map parameters) still need to be modified and saved to Flash, the following window
will appear. If all parameters are saved except for error map parameters, go to Step 6.

,
Compare parameters RAM to FLASH ‘ lg

51 parameters are detected to 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

Continue Cancel Details

Current parameters except error map parameters are different from those in the
drive’s Flash. If users click the “Continue” button to save error map parameters to
Flash. servo parameters will be lost due to the forced “Reset” action of the drive.

Figure 6.9.1.3

Step 5.  Click the “Cancel” button and go to HMI main window to save servo parameters to Flash. After
servo parameters are saved, redo Step 4.
Step 6.  When the “confirm” window appears, click the “Confirm” button to save error map parameters to

Flash. The drive will automatically execute the “Reset” action after error map parameters are
saved.

confirm @

|0I Load error map table to flash?

oE

Figure 6.9.1.4
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6.9.2 Enable error map

After setting the related error map parameters described above, the drive can do error compensation. As
soon as the motor completes homing procedure, the drive will start the error map. There are two ways for
D2T-LM series drive to complete the homing procedure, users can choose either of them for the operation.

B Homing with the host controller
First, set the input function of “Home Ok, start err. map” in the 1/O center (refer to Section 5.4). As
Figure 6.9.2.1 shows, assume that the function is set at 12. To make the motor move to the home
position, the host controller sends the motion command to the drive via pulse command or voltage
command. After the motor moves to the home position, the host controller stops sending the motion
command and sends a signal to 12 through its digital control output. If the drive receives this signal, it
is considered that the homing procedure is completed. Then, the drive starts the error map function.

o /O center = | B S

Inputs Outputs Analog Qutputs i

State Invert

11 | Start homing

12 ' Home OK.start err. map

I3 |Axis enable

14 | Switch to secondary CG
15 | Mear home sensor

16 Left ¢-> limit switch

I7 |Switch to secondary mode

18 Clear error

m

19 Right <¢+> limit switch

[ 1« [« [ [« [ e [ele e
EEEEEEEE N

110 Mot configured

Figure 6.9.2.1

®  Stand-alone homing

Go to Performance center and click the “Home” button (ﬂ) to execute homing procedure (refer
to Section 6.2).

How to ensure whether the error map function is enabled

At any time, if users want to ensure whether the error map function is already in use, go to the “Status”
area in the “Error map” window, and observe whether “Error map active” lights up in green. The green light
indicates that the error map function is enabled.
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6.9.3 Save / open error map

The established error compensation values can be directly saved to the disk, and can also be directly read
from the disk. As the following figure shows, click “File” on the function menu for the operation. As Section
6.9.1 mentions, the “Send table to flash” option of “Files” on the function menu can save the error map
table to the drive’s Flash. Note that the “Save to Flash” button (*) in the main window cannot automatically
save the error map table to the drive’s Flash (refer to Section 5.7.1).

Al Application center

* | File Flash Wiew
@ Homing Backlash
Save
| File: C\mega_fabs\d1_2_pitchd.emp|
\ 4
= = —
PE ™~ . =) e a N ==
B D: [ ) mesa tubs - o B BEWED [ | mega fobs | il
2 : BUEE ; I= & : L EEE: :
el Hr = f T =
iR ,cp2l0x 2014/3/19 T4 05:26 EiERE cp210x 2014/3/19 T 05:26 1
. dee 2014/3/19 T4 0526 | dece 2014/3/19 T4 05:26 |
! |_]d1_2 pitch4.emp 2014/3/24 L5 0835 | ! | ]d1_2 pitch4.emp 2014/3/24 £E%08:35 |
AT AT
I
e =
RE HRIE
&l &l
N R
w w
ey “ M r e < [ r
wEaEW: | | R EELEW: | - [ mEEEg
TEIEAD) [Error map files (* emp) =] AUH B [Eroor map files (Femp) | AUH
Figure 6.9.3.1

6.9.4 Change start position

To change the start position of error map, select the “Advanced” option of “View” on the function menu to
display the window of Figure 6.9.4.1. Enter the required start position of compensation in the “Start position”
column. If users press the “Next” button on the right side of the window, the motor will move forward the
distance of one “Interval’. If users press the “Previous” button, the motor will move backward the distance
of one “Interval’. The “Error” value in the “Status” area is updated as the error compensation value
corresponding to the current position. The red dot on the “Error Map” graph is the “Encoder” value, and
the “Feedback position” value equals the “Encoder” value plus the “Error” value.
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Al Application center IM
File Flash View
Homing Backlash Emor map Resolver Absolute resolver |
File: untitied.emp Time: 16/ Jul /2015 10:46:02
Map attributes Status—
|Start position | @ mm| ¥ Enr nat
interval (TR o M Error map active AHomed
Total points | 11 Encoder| 99 .998 mm Next
Error| B .. 802 mm
Feedback pos| 188. 880 mm
=encoder+error
Index Position Error ~ |Error { mm )
| mm mn 007 =
0. o| [@
g 1 100 | | @.882 0.005:
2. 200| [B.81 :
2 300 a.984 y
4 400| |-B.086 bt
5. 500 | [-@.914 :
B 500 | [—-B.@84 DR e e
i 00 (| [h : ' ' : ' ' '
8 800 6.604 e I
9. 900 | | @.886 H
10. 1000 | [@.082 ,
0 100 200 300 400 500 600 700 200 900 1000 1100
> Encoder (mm )
Figure 6.9.4.1

“Home offset” = 0 and “Start position” = 0

For the setting of both “Home offset” and “ Start position” being zero, the effective range of error map

takes the index as the boundary. The area from index toward positive direction is the mapping

effective area, while the area from index toward negative direction is not.

Start
position

Home
offset

Mapping effective area

Mapping effective area
_ N

o7’ =

+ position

mm mm

[ —

.

v

index

Drive coordinate = 0

“Home offset” # 0 and “Start position” = 0

For the setting of “Home offset” being non-zero and “Start position” being zero, the mapping effective
area is the same as that for the setting of both “Home offset” and “ Start position” being zero.
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Home Start

offset | position Mapping effective area

Il-|ome offset =100 14 pp ng effective area

100 | 0 7/////////////////////// + position
e .

[

index

Drive coordinate = -100 Drive coordinate = 0
Home offset = -100 Mapping effective area
~A—

|, ) W + position
oy

index
Drive coordinate = 100

B “Home offset” = 0 and “Start position” # 0
For the setting of “Home offset” being zero and “Start position” being non-zero, the mapping effective
area takes the index as the reference and moves corresponding to “Start position”.

Mapping effective area

Start position = 100 Mapping effective area
A

) .

index + position
Drive coordinate = 0

Start position = -100
» Ma pp ng effectiv

sy ////////////////// + positon
////ﬂ%////////

Driv dtO
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B “Home offset” # 0 and “Start position” # 0
For the setting of both “Home offset” and “ Start position” being non-zero, the mapping effective

area does not change with “Home offset”, but moves with “Start position”.

| =
IS,

w | @ ///////////////////////////4 ;
/// -
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Home Start

offset | position Mapping effective area
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7.1 Panel description

LCD panel mainly displays the status of servo ready, error or warning message, and axis name.

Note: D2T-LM model does not support parameter editing function.

Page number

Displa
Axis name pray
Up key . . . .: Enter key
Down key = == Function key
Figure 7.1.1 LCD panel
Table 7.1.1 Description of panel function

Name Function
Display Display the change of parameter value, status, parameter, action, etc.

Page number | LCD display is divided into four pages. The current page number is shown at the top-left corner.

The axis name is displayed on the first page (home page) and can be modified in HMI main

Axis name window. (Refer to Section 5.1.3.) Messages will also be displayed if there are errors or warnings.

Up key Unavailable in D2T-LM model.

Down key Unavailable in D2T-LM model.

Function key

(F key) Unavailable in D2T-LM model.

Enter key Unavailable in D2T-LM model.
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7.2 Display description

When the drive is power-on, display will show the status of servo ready first. The LCD display symbols are
given in the following table.

Table 7.2.1 LCD display symbol of the status of servo ready

LCD display symbol Description
SV RDY Servo is ready.
SVNRDY Servo is not ready.

When the drive detects the occurrence of error or warning, its message will be displayed on the second
line of the screen, as Figure 7.2.1 shows. The LCD display symbols of error and warning message are
respectively described in Table 7.2.2 and Table 7.2.3.

1:X 1:X
SVNRDY SV RDY

1:SVNRDY 1:SV RDY

ERR EO1 WRN W01

Error occurs Warning occurs
Figure 7.2.1

Table 7.2.2 LCD display symbol of error message

No. LCD display symbol Error message displayed on Lightening
1 ERR EO1 Motor short (over current) detected
2 ERR E02 Over voltage detected
3 ERR EO03 Position error too big
4 ERR E04 Encoder error
6 ERR EO06 Motor maybe disconnected
7 ERR EOQ7 Amplifier over temperature
9 ERR E09 Under voltage detected
10 ERR E10 5V for encoder card fail
11 ERR E11 Phase initialization error
12 ERR E12 Serial encoder communication error
13 ERR E13 Hall Sensor Error
15 ERR E15 Current Control Error
17 ERR E17 Hybrid deviation too big
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18 ERR E18 STO active
19 ERR E19 HFLT inconsistent error
21 ERR E21 Incompatible motor model and drive
22 ERR E22 DC bus voltage abnormal
23 ERR E23 EtherCAT interface is not detected
24 ERR E24 CiA-402 homing error
25 ERR E25 Fan fault error
26 ERR E26 Drive overload error
Table 7.2.3 LCD display symbol of warning message
No. LCD display symbol Warning message displayed on Lightening
1 WRN W01 Left SW limit
2 WRN W02 Right SW limit
3 WRN W03 Left HW limit
4 WRN W04 Right HW limit
5 WRN W05 Servo voltage big
6 WRN W06 Position error warning
7 WRN W07 Velocity error warning
8 WRN W08 Current Limited
9 WRN W09 Acceleration Limited
10 WRN W10 Velocity Limited
11 WRN W11 Both HW limits are active
12 WRN W12 I2T Warning
13 WRN W13 Homing Fail
14 WRN W14 Pulse command and homing conflict
15 WRN W15 Absolute encoder battery warning
16 WRN W16 Wrong absolute position
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8.1 Motion protection

The main function of motion protection is to limit or specify maximum speed, maximum acceleration,

maximum deceleration, and emergency stop deceleration of motor output during motor movement. When

the speed and the acceleration corresponding to pulse command or voltage command sent from the host

controller are too high, the protection function is activated, and the motion characteristic is limited to the

set value. Different protection functions are for different operation modes. Applicable parameters for each

operation mode are shown as follows.

Table 8.1.1
Operation mo dl(;imit ElE Velocity Acceleration Deceleration Ergggge?;rzig;w
Position mode O (0] O O
Velocity mode 0] (0] O O
Force / Torque mode 0] X X X
Stand-alone mode O (0] O @)

Note: “O” indicates active, while “X” indicates inactive.

B Speed, acceleration, and deceleration limits
Click

to enter Performance center to display motion protection configuration page, as Figure

8.1.1 shows. To observe the same setting of motion protection, click ¥ to enter Performance center
and get it from the “Motion parameters” area in the “Protection” tab. However, this area cannot be

modified, it can only be displayed.

i
[~ Enable SW limit OL.GEE
P1 |

P2

Enable A.088

Motion parameters

Position units
mm

|

Zero

i dh

Speed| 188.888
Acc.| 28888.8
Dec| 266866.8

18.80808

Primary CG

mmis 0.300008

mmist2
mmist2

i

Dec. kill| 46888.08
Smooth factor| 188

mmist2

Figure 8.1.1
Table 8.1.2
Parameter Description Default value
Speed Set maximum velocity of the motor during motion 100 mm/s
Acc. Set maximum acceleration of the motor during motion | 20,000 mm/s?
Dec. Set maximum deceleration of the motor during motion | 20,000 mm/s?
Dec. kill Set deceleration of the motor for emergency stop 2* Acc
Smooth factor | Smooth factor 100
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As Figure 8.1.1 shows, the “Motion parameters” area displays maximum speed, maximum
acceleration, and maximum deceleration of movement. Users can set the preferred unit by clicking
“Position units”. These settings are not only for motion protection, but they also can be the parameters
for test run. Therefore, when the motion function (“P2P”, “Relative move”, or “Jog”) in Performance
center is used, it is important for users to check whether the data in the “Motion parameters” area is
the users’ motion protection setting (as Figure 8.1.2 shows). On the position mode or velocity mode,
make sure to multiply the required value of “Acc.” and “Dec.” by 10 times to avoid being limited by the
motion protection function. If this action is ignored, the desired speed or acceleration / deceleration

may not be achieved when the motion command is sent from the host controller.

¥ Protection center = | B |t
Protection HW limit Brake .
protection
Error windows Fosition units ﬂ
mm
Maximum pos error| 32 . 888 mm
Warning windows Mator
Position error| 16 . 888 mm Currentlimit| 399.339 %%({Continuous Current)
Velocity error| 188606 . mmis
Limits

™ Enable SW limit

Motion parameters

Speed 1868 .8688 mmis

Acc | 26806808 .8 mmish2

Dec,| 288668 mmis*2 Display only (cannot be modified)
Dec. kill| 460688 .8 mmis"2

Smaooth factor| 188

Error type setting
Iv Latch amplifier over temperature error
¥ Latch under voltage error

Figure 8.1.2

B Cancel speed, acceleration, and deceleration limits
On the position mode, when “Smooth factor” is set as 0, it indicates that the drive’s limit functions of
speed, acceleration and deceleration are cancelled. The motor movement completely follows the path
planning based on the pulse commend sent from the host controller. Users can decide whether to
cancel the drive’s limit function based on the requirement.

B Applicable scope of emergency stop deceleration
The emergency stop deceleration (“Dec. kill”) will be activated in the following cases.
A. On the position and velocity modes, it is the deceleration when the motor in motion is disabled
to the emergency stop condition.
B. When executing “P2P” or “Relative move” in Performance center, it is the deceleration after the
“Stop motion” button is pressed.
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C. When executing the homing procedure, it is the deceleration after the home position is found.
D. Under “Jog” mode, it is the deceleration when the “Jog” motion is stopped.

“Dec. kill” is used for the case which requires a high deceleration. Thus, it is recommended to set
“Dec. kill” based on the maximum capacity of the motor. The formulas are described as follows.
Peak current = min (motor peak current, drive peak current)
Dec. kill = (peak current x torque constant)/load inertia

Smooth motion

The function of smooth motion is to reduce the impact of motor force to the load in the acceleration /
deceleration phase of the motion process. This purpose is achieved by setting “Smooth factor”, a
parameter designed according to the number of samples in the moving average filter (as Figure 8.1.3
shows). The relationship between filter time constant and “Smooth factor” is described as follows.

Not CoE model filter time constant = “Smooth factor” x 0.5333 ms
CoE model filter time constant = “Smooth factor” x 0.5 ms

Reference velocity |100%

-« After filter

1
1
1
1
Before filter !
T
i
1
1

?_’:‘?: :4_?: Time

Acceleration time Filter time constant Deceleration time

Figure 8.1.3

The value of “Smooth factor” ranges from 1 to 500. The higher the value is, the smaller the impact is.
When the value is 1, there is no effect on smooth function. Increasing the value of “Smooth factor”
reduces the influence on motor force. In some cases, it enhances the settling performance during the
process of positioning. However, the Move time of path planning will unavoidably increase when the
motion becomes smoother (refer to Section 3.7). Users have to test on the machine to find the balance
between them.
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8.2 Position and velocity error protection

8.2.1 Position error limit

The position error exists in servo control. It usually becomes bigger when the motor moves. Some external
factors may also make the position error becomes abnormally big. For example, bearings or linear
guideways on the mechanism have a high friction due to the lack of lubrication, the winding or cable tray
is too tight, foreign objects invades the motor travel, the motor hits the foreign object or the hard stop, and
the position encoder is abnormal or interfered, etc. To avoid all kinds of abnormalities causing the position
error being too big, D2T-LM series drive comes with an “Error windows”. When the position error exceeds
this “Error windows”, the drive will generate an error message of “Position error too big”. Then, it will start
the emergency stop procedure, send the brake signal, and disable the motor. Refer to “maximum pos error”
in Figure 8.2.1.1 for the setting.

¥ Protection center =TAE0 X
Protection HW limit Brake -
protection
: Position Units
Error windows i 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 Maximum limit value of position error
Position error Warning value of position error
Velocity error Warning value of velocity error

8.2.2 Position error and velocity error warnings

Besides the setting of position error limit described above, D2T-LM series drive also provides an early
warning function. When the position error or velocity error exceeds the set value in “Warning windows”,
the warning message will be displayed in the “Status” area of the main window. Users are warned in
advance that an abnormality has occurred.
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8.3 Brake output

To protect the motor and the system structure, D2T-LM series drive provides a brake signal output for
actuating an external electromagnetic brake, which is often used for motor actuation in the Z direction. In
this application, there are some issues of timing motion. For example, when the motor moves in the Z
direction and the drive receives a disable command, if the brake is directly activated at the high speed, the
great shock will be generated to damage the mechanism. In addition, if the motor is disabled too early, the
mechanism and the motor may slide down. D2T-LM series drive comes with proprietary brake parameters
to reduce these risks.

Click ‘¥ to enter Protection center, and select the “Brake” tab to open the brake timing configuration page.
The output pin of the brake can be set by clicking the “Set...” button on this page. The default pin is
CN2_BRK. Click the “Set...” button to display the configuration page of I/O center. Refer to Section 5.4.2
for the setting method.

Brake configuration page
The brake configuration page is shown in Figure 8.3.1. After the drive receives the hardware input signal
or the software disable operation, the following actions begin.

Step 1. When the drive receives the disable command, the brake will be started after the delay time of
starting brake (“delIMaxEnToBrk”). However, if the motor speed is reduced to the brake start
speed (“vel_stop”), the brake will be started first.

Step 2. Counting from the drive starting the brake, the post-stage power will be turned off after the set
brake action time (“delBrkToDis”). Its main purpose is to completely and exactly execute the brake
action.

Figure 8.3.1
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Table 8.3.1

Parameter name

Description

Delay time of starting brake
(“delMaxEnToBrk”)

Maximum time from receiving the disable command to starting the brake.

Emergency stop deceleration
(“Dec. kill”)

Deceleration of motor brake during emergency stop. Refer to Section 8.1.

Brake start speed (“vel_stop”)

The speed for starting the brake after receiving the disable command.

Brake action time (“deBrkToDis”)

The delay time from starting the brake to shutting down the post-stage current.

Delay time for dynamic brake relay
(“delRelsBrk”)

The delay time from closing the brake to completing the switchover of dynamic
brake relay. (Frame B and C models do not support this function. Hence, this

column cannot be set.)
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8.4 Limit protection

8.4.1 Hardware limit protection

D2T-LM series drive comes with hardware limit protection. The hardware limit is usually a photoelectric
switch or a micro switch installed on the positioning platform. It is used to identify the stroke of the
mechanical movement. When the motor hits the hardware limit, emergency brake protection will be
activated. Generally, the hardware limit switch is a normally closed sensor. When the hardware limit switch
is touched, the drive stops the motor by emergency stop deceleration (“Dec. kill”). At this moment, the
drive can only accept the motion command in the opposite direction.

After clicking ‘¥ to enter Protection center, select the “HW limit protection” tab to open the hardware limits
configuration page. To enable the hardware limit protection, the “enable HW limit” option ([ enable HW limit )
must be checked. The digital input pin of the hardware limit can be set by clicking the “Set...” button on
this page. Click the “Set...” button to display the configuration page of I/O center. Refer to Section 5.4.1
for the setting method.

- - —
¥ Protection center . ="

Protection HW limit Brake .
proteclion

Position Units
mm ¥

¥ enable HW limit

HW left{—» limit is configured to I6

HY pight(+> limit iz configured to I4

—

Figure 8.4.1.1

8.4.2 Software limit protection

Besides hardware limit protection, D2T-LM series drive also comes with software limit protection. When
the motor reaches the coordinate position of the software limit, the drive can only accept the motion
command in the opposite direction.
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Click ‘¥ to enter Protection center, and select the “Protection” tab. The “Limits” area is the configuration
page of software limits. After checking the “enable sw limit” option, the upper and lower software limits can
be set. Software limit protection can also be activated by checking the “enable sw limit” option in

Performance center.

! Protection center ‘ ‘ ==
- e

Protection HW limit Brake
protection

; Position Units
Error windows —
mm

maximum pos error| 5 . 080 mm

Warning windows

Position error| 2 .508 mm
Velocity error| 2888808 . mmis
Limits Limits
[~ enable sw limit ¥ enable swlimit
Lower SW limit| —186 . 088 mm
Upper SW limit 180 . 080 mm
Motion Protection
Speed 58.8888 mmis
Acc|1912.25 mmis2
Dec.|1912.25 mmis2
Dec. kill| 3824.49 mmis2
Smoaoth factor 108
Error type setting
Iv¥ Latch Amplifier over temperature error
™ Latch Under voltage error
Figure 8.4.2.1
Table 8.4.2.1
Parameter name Description
enable sw limit Check it to activate the software limit protection.
Lower SW limit Negative software limit position
Upper SW limit Positive software limit position
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8.5 Over temperature protection

8.5.1 Soft-thermal protection

D2T-LM series drive can estimate the motor temperature through software. D2T-LM series drive estimates
the motor power by current output first, and then it estimates the motor temperature. If the motor current
exceeds peak current for a long time and the linear motor’s output has exceeded the software over-
temperature protection limit threshold, the drive will issue a warning message of “I2T warning” and limit
the motor current to continuous current to protect the motor. Select “I2T accumulator” in “Quick view” to

observe the current estimation of the motor temperature.

8.5.2 Drive over temperature protection

D2T-LM series drive comes with the protection of drive over temperature. When the drive temperature
reaches 80°C, the error message of “Amplifier over temperature” is displayed, and the motor is stopped.
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8.6 Over voltage protection

When the motor is decelerating, the kinetic energy is converted into the thermal energy for the consumption,
and the remaining energy charges the drive’s capacitor. However, when the energy exceeds the capacity
of the drive’s capacitor, the energy must be consumed on the regenerative resistor in the regenerative
circuit to protect the drive. The cut-in voltage of D2T-LM series drive’s regenerative resistor is 370Vdc, and
the drop-out voltage of that is 360Vdc.

HIWIN standard regenerative resistor models are given in Table 8.6.1. Users can use them in series or in
parallel based on the requirement. The appearances and sizes are given in Table 8.6.2 and Figure 8.6.1.

Table 8.6.1
Regenerative resistor model HIWIN Part No. Resistance value Rated power / Peak power
RG1 050100700001 68Q 100W / 500W
RG2 050100700009 120Q 300W / 1500W
RG3 050100700008 50Q 150W / 750W
RG4 050100700019 50Q 600W / 3000W
Table 8.6.2
Regenerative resistor model L1 L2 w W1 H
RG1 165 + 2 mm 150+2mm | 40x0.5mm | 5.3+£0.5mm | 20+ 0.5 mm
RG2 215+ 2 mm 200 £ 2 mm 60+ 1 mm 53+1mm 301 mm
RG3 190 + 2 mm 175+ 2 mm 40+ 1 mm 52+1mm 20+ 1 mm
RG4 390 £ 2 mm 360 + 2 mm 60+ 1 mm 9+1 mm 28 £ 1mm
- L1 -
— L2 —_
i : |
; il 1
W [ . W
1 i |
- L -
L: 500mm
" -
|
Figure 8.6.1
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9.1 Drive’s status indicator

The LED on the front panel of the drive is the drive’s status indicator, which shows the current status of
the drive. The statuses are described in the following table.

MOTF
LsEaSx~]

o
£

LB — 1 Status indicator

v i | 3

L2 (T | N

- &1 8

Sl @ 1 N

+ TN i

4 g } N Status indicator Drive’s status

v I | The light is off. The drive has no control power.
L | :
21 Green and red lights flash simultaneously. | The drive is booting.

: g } Green light flashes. The motor has no power.

Green light remains. The motor has power.

Green light flashes, and red light remains. | The motor has no power, and an error occurs.

Note:
Status indicator will look like orange when red and green lights are activated at the same time.

Figure 9.1.1
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9.2 Drive’s errors and warnings

9.2.1 Status display area in Lightening HMI main window

When D2T-LM series drive detects an error, it not only starts the protection mechanism but also displays
the last error message in the error message display area (“Last error”), as Figure 9.2.1.1 shows. Users
can judge the error condition of the drive based on the message. On the other hand, when the event
needed to be warned occurs during the operation, the warning message will be shown in the warning
message display area (“Last warning”).

Conf/Tune Tools Language About
—_—
AT T

Controller: d2(0), Axis: X Firmware version
B.834
Motor type:| AC servo
Model: FRLSB52H6

Axis is cofigured to; $tand-alone position mode

Status
M{Hardware enable input
M Software enabled
W servo ready

Last error

Lastwaming

Quick view
Position units

count :I

38 Actual current :‘ 0.000000 A_amp
1 Feedback position | 127800 count
18 Feedback velocity ﬂ 1.48284 count/s

Communication ok C:\HIWIN\dcellightening.dce -= d2(0) , C:\HIWIN\dce\d2\pdIO0\

Figure 9.2.1.1 Status display area

9.2.2 Errors and warnings log

When an error or a warning event is detected by D2T-LM series drive, it is not only shown in the error
message display area or the warning message display area (as Figure 9.2.1.1 shows) but also recorded
in “Errors and warnings log”. The method to open “Errors and warnings log” is given in Figure 9.2.2.1.
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Conf/Tune | Tools L;E;Jege About

Configuration center
Auto tune center
Auto phase center
Performance center
Advanced gains
Application center
Protection center
I/O center

Errors and warnings log

4 ,ﬂg‘;‘ reset

Communication ok

Position units

count

[ 1 Feedback position >l o count
T T T ~lla count

|18 Feedback velocity

Firmware version

Controller: d2(0), Axis: X
a.a3s

Motor type:| AC servo
Model: FRLS1BXRS

Axis is cofigured to: Stand—-alone position mode
Status
LiHardware enable input
B Software enabled
W Servo ready
Last emor

Last warning

Quick view

~|| -0.898659 countls

CIHIWIN\dcellightening. dee = d2(0), C:\HIWIN\dce\d2\pdi00l

Figure 9.2.2.1 Open “Errors and warnings log”

To prevent users from losing the error and warning messages reported by the drive, Lightening provides

this function. The occurred error and warning messages, also the number of times, are recorded in “Errors

and warnings log” after the drive is powered on. Refer to Figure 9.2.2.2 for the “Time log” tab in “Errors

and warnings log”. All the occurred error and warning messages are chronologically recorded in the “Type

of error/warning” column, and the occurrence time is recorded in the “Time (seconds)” column.

Figure 9.2.2.2 Time Log in “Errors and warnings log”
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Refer to Figure 9.2.2.3 for the “Statistics” tab in “Errors and warnings log”. The number of times that errors
or warnings occurring in the drive (“Frequency”) is recorded in this window. Users can realize which event
occurs most frequently and find a way to debug it.

Figure 9.2.2.3 Statistics in “Errors and warnings log”

To know more about the content of errors and warnings, double click the name of the error or warning
event to display the “Help tips” window. For example, as Figure 9.2.2.4 shows, if the error event of “E04
Encoder error” is clicked, the possible cause and solution can be obtained from this window.

Figure 9.2.2.4 “Help tips” window in “Errors and warnings log”
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9.2.3 Error at loading PRM file

To ensure the compatibility between the loaded PRM parameter file and the drive’s firmware, Lightening
will check if the PRM file is suitable for the current firmware version. When the error message in the
following figure appears, it means that the PRM file is unsuitable. Users need to reset the parameters or
get another appropriate firmware version. The number in the brackets indicates the PRM error situation.
Refer to Table 9.2.3.1 for details.

Figure 9.2.3.1
Table 9.2.3.1
Number Description of PRM error situation
0 The MDP version of the loaded PRM file is greater than the drive’s MDP version.
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9.3 Error codes and troubleshooting

disconnected

No Error LCD Description /
' error code Troubleshooting
A three-phase short circuit of the motor is detected.
(1) After power off, unplug the UVW-phase connector at the drive-
side. Measure the resistance between each phase of UVW and
Ground to check if there is a short circuit. If there is, the motor
1 Motor short (over ERR EO1 may be burned down.
current) detected (2) Measure the line-to-line resistance between UVW phases of
the motor to check if it is close to the specification. If it is lower
than the specification a lot, the motor may be burned down.
(3) Separate the motor from the motor power cable. Use a
multimeter to check if the motor power cable is short.
The DC bus voltage in the drive exceeds the limit.
Over voltage When the motor has a heavy load and is operated at high speed,

2 detected ERR EO2 the back EMF exceeding the voltage limit will cause this error.

Consider installing a regenerative resistor which is selected

according to the load and the motion specification.

The position error is greater than “maximum pos error” set in the

“Motion Protection” area.

(1) Check if the gain tuning is improper.

(2) Ensure that the maximum position error is properly set.

. . (“Application center” - “Protection” - “maximum pos error”).

3 |Position error too big ERREO3  |(3) Check if the motor movement is obstructed.

(4) Check if the load is too heavy.

(5) Check if the guideway is out of maintenance for a long time.

(6) Check if the cable tray is installed too tight.

(7) “WRN WO05” continues occurring before “E03”. Use 220V

power.

The encoder signal is incorrect or the alarm pin reports an error.

(1) Ensure that all encoder connectors are firmly connected.

(2) Ensure that the encoder wiring is correct.

4 Encoder error ERR E04 (3) Ifitis a digital-type encoder, the cause of the error may be the
external interference. Ensure that there is an anti-interference
twisted wire and shield on the encoder cable, or the encoder
cable is equipped with an iron core.

Motor overload. (It is not supported by D2T-LM series drive.)
(1) Ensure that the continuous current and the peak current during
motor movement meet the motor’s specifications.
(2) Check if the motor movement is obstructed.
Soft-thermal (3) The error can be eliminated by resetting and re-enabling the

S threshold reached ERR E05 drive. However, if the current exceeds the motor's
specifications due to the load and the motor parameters, it may
occur again.

(4) Reduce the speed, acceleration, and deceleration.
(5) Check if the motor model name or the motor current parameter
is incorrectly set.
The motor power cable is not physically connected to the drive.
6 Motor maybe ERR E06

(1) Check if the connector of UVW cable is loose.
(2) Check if the motor model name is incorrectly set.

HIWIN MIKROSYSTEM CORP.
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No Error LCD Description /
' error code Troubleshooting
The drive is over temperature.
» (1) Ensure that the drive is placed in a well-ventilated location.
7 Amplifier over ERR EO7 (2) Check if the ambient temperature is too high.

temperature (3) Wait for the internal temperature of the drive to decrease.

(4) Todrive alarge load or operate at a high duty cycle, install the
heat sink if needed.

The DC bus in the drive is too small.

Under voltage

9 detectedg ERR E09 Ensure that L1 and L2 of the drive are connected to 220Vac power
source. Use a multimeter to check whether the input is 220 Vac.
The 5V power supply of encoder interface is abnormal.

(1) Unplug CN6, CN7, and motor power cable of D2T-LM series

10 5V for encoder ERR E10 drive to check whether there is still the error “ERR E10”. If yes,

card fail contact the manufacturer for maintenance. Otherwise, check if
there is a short circuit and then modify the wiring.
(2) Do not hot plug CN6 and CN7 of D2T-LM series drive.
Phase initialization of the motor fails.
Phase initialization (1) Check if the encoder is abnormal and if the motor parameters

11 error ERR E11 are incorrectly set.

(2) Check if the load is too high, if the friction is abnormally high,
and if there is any obstacle in the stroke.
Serial Encoder There is an error in serial encoder communication.

12 Communication ERR E12 (1) Check if the encoder cable is connected to the drive.

Error (2) Check if the encoder cable meets the motor’s specifications.
The less-wire encoder detects a hall signal error.

13 Hall sensor error ERR E13 : - -
Check if the encoder cable is correctly connected to the drive.
There is an error in the current control.
(1) Ensure that the motor model name is correctly set.

15 | Current control error ERR E15 (2) Ensure that the current-loop gain (“Kp”) and the servo gain

(CG) are properly set.
(3) Ensure that the encoder cable is correctly connected.
Under the dual-loop control architecture, the hybrid control deviation
exceeds the allowable maximum of hybrid control deviation. (Linear
motor does not use dual-loop.)
Hybrid deviation ERR E1 (1) Ensure that the linear encoder parameters are correctly set.
17 too big 7 (2) Check if the direction of the linear encoder is consistent with
that of the rotary encoder, or if there is a signal interference in
the linear encoder.
(8) Check if the coupling is loose, if the gear is not tightly engaged,
or if the pitch tolerance or the backlash of screw is too large.
The STO safety function is triggered.

18 STO active ERR E18 Reconnect STO to 24V after the risk has been removed, and then
contact “DSF+” and “DSF-" for one second to release the error
condition.

i i Drive hardware’s signals conflict abnormally.

19 | HFLT inconsistent ERR E19 9 y

error Check the grounding of each cable.
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No Error LCD Description /
' error code Troubleshooting
i The motor model name is not compatible with the drive.
21 Incompatible motor ERR E21 P
model and drive Ensure that the motor model name is correct.

The DC bus voltage is abnormal.

22 DC bus voltage ERR E22 g

abnormal Ensure that the input voltage is correct.
EtherCAT interface is not detected by the drive, or there is no
EtherCAT interf EtherCAT interface.
er interface

23 is not detected ERR E23 (1) Power cycle the drive to re-detect it.

(2) The drive does not support EtherCAT. Ensure that the drive
model is correct.
An error occurs while performing CiA-402 homing. This causes the
CiA402 homi failure of homing.
iA- omin
24 error g ERR E24 (1) Ensure that the left and right limits, near home sensor, and
index signals are normal.

(2) Ensure that the homing method in use is appropriate.
The fan system is abnormal.

25 Fan fault error ERR E25
Check if the foreign objects are stuck in the fan.
The motor operates over the rated current longer than the
sustainable duration.

26 | Drive overload error ERR E26

Ensure that the motion condition is appropriate and the load is not
too heavy.

Supplement for E03 error correction

(1)
()

HIWIN MIKROSYSTEM CORP.
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Modify the maximum position error through the steps described in Figure 9.3.1.
It is not recommended to set the position error higher than the default value. If “ERR E03” appears at
the default value, adjust servo stiffness.

¥ Protection center

Proteciion HW limit
protection

Brake

Error windows

maximum pos error| 20088 count

Paosition Units
count

Limits

Motion Protection

Error type setting

Warning windows
Position error| 1250 count
Velacity error| 1 . 00008e +8 count/s

I™ enable sw limit

Speed 50008 . countls
Acc.| ?.05345e+6 count/s*2
Dec|7.05345e+6 count/s*2
Dec. kill| 1-4186%e+7 count/s"2
Smooth factor| 188

Iv Latch Amplifier over temperature error
™ Latch Under voltage error

Figure 9.3.1
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9.4 Warning codes and troubleshooting

No Warnin LCD Description /
' 9 warning code Troubleshooting
1 Left SW limit WRN W01 The set left software limit has been reached. The motor can no longer
move to the left.
5 Right SW limit WRN W02 The set right softwa_lre limit has been reached. The motor can no
longer move to the right.
The hardware limit switch on the left side has been detected. The
motor can no longer move to the left.
3 Left HW limit WRN W03 |(1) If the hardware limit is not connected to the drive but is falsely
triggered, cancel the enabling of the hardware limit.
(2) If it is confirmed that the limit switch is not actually triggered,
make sure that the wiring or actuation logic is correct.
The hardware limit switch on the right side has been detected. The
motor can no longer move to the right.
4 Right HW limit WRN W04 |(1) If the hardware limit is not connected to the drive but is falsely
triggered, cancel the enabling of the hardware limit.
(2) If it is confirmed that the limit switch is not actually triggered,
make sure that the wiring or actuation logic is correct.
The drive’s PWM output switch is greater than the limit value, and the
current output cannot be increased. If this warning continues
5 Servo voltage big WRN W05 |occurring in the position control, the error “ERR E03” will happen.
(1) Change the power source to 220V.
(2) Reduce the speed, acceleration, or deceleration.
The position error exceeds the set warning window for position error.
» (1) Ensure that the servo gain is properly tuned.
6 Position error WRN W06 [(2) Check if the warning threshold is set too small.
warning (3) Sometimes, this phenomenon may occur since the
maintenance period is over but the lubrication is not
implemented.
The velocity error exceeds the set warning window for velocity error.
. (1) Ensure that the servo gain is properly tuned.
7 Velocity error WRN W07 [(2) Check if the warning threshold is set too small.
warning (3) Sometimes, this phenomenon may occur since the
maintenance period is over but the lubrication is not
implemented.
The current reaches the specification of the motor peak current. If
this warning keeps occurring, the error of “ERR E05” may happen
8 Current Limited WRN W08 |and the motor may be disabled.
(1) Reduce the speed, acceleration, or deceleration.
(2) Decrease the load.
In the position mode or the velocity mode, the acceleration protection
. o setting is reached when the motor is moving.
9 | Acceleration Limited WRN W09 - — - —
To increase the acceleration, increase the acceleration setting in the
motion protection.
10 Velocity Limited WRN W10 In the yelomty mode or the torqge mer, the velocity protection
setting is reached when the motor is moving.
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No.

Warning

LCD
warning code

Description /
Troubleshooting

To increase the velocity, increase the velocity setting in the motion
protection.

Both left and right hardware limits have been triggered.

(1) If the hardware limit is not connected to the drive but is falsely

position

11 |Both HW limits active| ~ WRN W11 triggered, cancel the enabling of the hardware limit.
(2) If it is confirmed that the limit switch is not actually triggered,
make sure that the wiring or actuation logic is correct.
The output of linear motor or torque motor has exceeded the software
12 12T warning WRN W12 |over-temperature protection limit threshold.
Lower the motion conditions or reduce the load of the motor.
The homing procedure fails.
. . (1) Ensure that left and right limits, near home sensor, and index
(2) Ensure that “Time out” and “Search end stop current’ are
properly set.
In the position mode, the conflict situation of simultaneously receiving
the pulse command and the homing command occurs.
14 Pulse command and WRN W14 P 9
homing conflict Do not send the pulse command and perform the built-in homing
function at the same time.
The encoder battery has no power.
15 Absolute encoder WRN W15 ry P
battery warning Replace the battery.
The absolute encoder sends the wrong absolute position back.
16 Wrong absolute WRN W16 g p

Reset the home position.

Supplement for W03 and W04 warning correction

If the hardware limit is not connected to the drive and is falsely triggered, inactivate the hardware limit

function.

[

¥ Protection center

I enable HW limit

Protection HW limit Brake .
protection

HY left<-> limit is not configured

HY pright<{+> limit is configured to 1%

Position Units
count
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Supplement for W09 and W10 warning correction
When the acceleration and deceleration (“Acc.” and “Dec.”) in the performance test is set to be less than
the command, the warning message “WRN WO09” will appear and the acceleration will be limited. To solve

this problem, increase the acceleration and deceleration. It is recommended to set “Acc.” and “Dec.” ten
times the current “Speed”.

&7 Performance center = | B |
N
=+ HEaE T
Position Velocity
Ripple
Target radius:| 8-818 mm Setscope
Debounce time: 1868 msec
Wove time:[ 8.8 msec
Seftling time:[ 8.8 msec
Total time:[ 8.8 msec
I enatleswimt
P1 | P2
EED 6.008 ‘)““‘.‘..“.“““"B-BS
L) [
Motion Protection . Primary GG
TreTET S Speed 168.008 mmis @.906006
Zero Acc. 588345 mmis2
Dec[568.345 mmyst2
Dec. kil 1418.69 mmish2
Smooth factor 168
Status
“HHaraware Enable Input
@ P2P M~ Repeat P1/0.888 GOMP] M Software Enabled
Dwell ime:
1600 msec P2/0.858 EOMP? M Seno ready
_APhase Initialized
r Distance
Relative move o Hoving
Homed
® Jog current ﬂM HHome
1 A_amp msM mode
" Home @ Home.

Figure 9.4.2

When the speed (“Speed”) in the performance test is set to be less than the command, the warning
message “WRN W10” will appear and the speed will be limited. To solve this problem, increase the speed.
For example, if the required speed is 500 mm/s and “Speed” is set as 100 mm/s, “WRN W10” will appear.

“Speed” can be changed to a value larger than the target value, e.g. 600 mm/s.

[

=% Performance center = | B S|
= A e
SEeEO@IEE T
Position Velocity
Ripple
Targstradius:| @610 mm —
Debounce fime; 168.8 msec
Move time: 8.8 msec
Sefting time: 8.8 msec
Totaltime:| 8.8 msec
r bl limit
enavleswiimit oo
P 1 P2
B a.800 ‘)‘ LI T S S T S S S S SR R | @a.858
0 o
Fosition Units Eheed 100008 mms 0.900000
Zero n = Acc| 508_345 mm/sh2
Dec|508.345 mmis'2
Dec kill 141869 mmis*2
Smooth factor| 168
Status
HlHaraware Enable Input
& P2P I Repeat P1/0.800 GOMPL M Software Enabled
Dwell time.
1660 msec P2/0.858 (elo) 222 =l Servo ready
_dPhase Initialized
(ol Distance:
Relaliva move X . Fhoving
o Tt ]| Hromed
1 A_amp i sM mode
© Home @ Home

Figure 9.4.3
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9.5 Troubleshooting for common issues

No.

Issue

LCD code

Troubleshooting

The speed or acceleration is limited
when the motion command is sent
through pulse or voltage command. Or,
the host controller has sent out all pulse
commands for movement, but the
motor still slowly moves toward the
target position.

WRN W10

WRN W09

Check if the speed, acceleration, and deceleration
in the “Motion Protection” area of Performance
center are set too small.

The motor moving direction is opposite
to the user-defined direction.

None

(1)

(2)

On the “Details” menu of Auto phase center,
select “Toggle direction” to reset the motor
moving direction.

Check the “Invert” option in the mode
configuration page to invert the command.

“Error map” is not activated.

None

Open the “Error Map” tab in Application center to
confirm the following items.

(1)
(2)

Ensure that the “Error map enable” option is
checked. Refer to Section 6.9.2.

Ensure that the homing process is done, or
the related homing signals are set in the
“Input” tab.

After it is enabled, the motor moves
without getting any commands.

None

(1)

()
©)
(4)
(®)

Use “Quick View” or “Scope” to check if
“Target Position” has received the input
pulse signal.

Check if the pulse signal
disconnected or poor contact.
Ensure that the signal of 0V is connected to
the shield or the ground.

Ensure that the drive and the machine are
grounded.

Add a core to the pulse cable for filtering if
needed.

cable is

After it is enabled, the motor does not
move when the command is sent out.

None

(1)
()

©)

(4)

Ensure that the command unit is correct.
Check if the speed or acceleration is set as
0.

Check if the “Enable SW Limit” option has
been enabled. If yes, check if the value of
“Upper limit” or “Lower limit” is correctly set.
After it is disabled, turn the motor’s spindle
to ensure that the rotation is smooth.

The pulse command has been sent out,
but the motor does not move.

None

(1)

()
©)

Use “Quick View” or “Scope” to check if
“Target Position” has received the input
pulse signal.

Check if the pulse signal
disconnected or poor contact.
Check if the electronic gear ratio is set to
small.

cable is

The analog voltage command (V
Command) has been sent out, but the
motor does not move.

None

(1)

(2)

Use “Quick View” or “Scope” to check if
“Analog Command” has received the input
voltage.

Set the voltage offset in the “Analog input”
tab of the “Advanced gains” window.

HIWIN MIKROSYSTEM CORP.
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No. Issue LCD code Troubleshooting
(1) Decrease the value of the servo gain
. . . : (common gain).
8 | The motor is moving with a loud noise. None (2) Set the filter in the “Filter’ tab of the
“Advanced gains” window.
(1) Ensure that the drive is placed in a well-
9 | The drive’s temperature is too high. ERR EO7 ventilated location.
(2) Check if the ambient temperature is too high.
The position feedback sensor (reader) Ensure that the drive, the machine and the shield
10 . ) ERR EO4
sends an incorrect signal. are grounded.
(1) Check whether the drive’'s main power is
. connected to 220Vac, or disconnected.
11| The DC bus voltage is too small. ERR E09 (2) Use a multimeter to check that there is a
220Vac power supply.

(1) Ensure that the speed, acceleration, and
load meet the specifications.

(2) When the motor is operated at high speed,

. . consider installing a regenerative resistor
12| The DC bus voltage is too big. ERR E02 which is selected according to the load and
the motion specification.

(3) Check if the load is too heavy.

(4) Check if the speed is too high.

(1) Check if the servo gain (common gain) is too

The position error exceeds the set small and the maximum position error
13 maxinpw)um osition error ERR E03 (“maximum pos error”) is set too small.
P ' (2) Check if the motor movement is obstructed.

(3) Check if the load is too heavy.

(1) Solve the short circuit between UVW phases
of the motor and the wiring.

(2) Solve the short circuit between UVW phases

14 There is a short circuit in UVW phases ERR EO1 of the motor and Ground.
of the motor. (3) Measure the line-to-line resistance between
UVW phases of the motor and ensure that
the resistances are the same.

(4) Check if the motor cable is too old.

(1) Ensure that the continuous current and the
peak current during motor movement meet
the motor’s specifications.

: . (2) Check if the acceleration command in the
The equivalent current of the drive ath planning is higher than the motor rated

15 | output exceeds the limit of the motor | ERR E05 gccel‘;raﬁong 9
continuous current. (3) Check if the motor movement is obstructed.

(4) Reset and re-enable the drive.

(5) Check if the motor model name or the motor
current parameter is incorrectly set.

The computer cannot communicate Ensure that the transmission rate (“BPS”) and the
16 . . None o p ”
with the drive. communication port (“Port”) are correctly set.
When “Use emulated encoder” is set, the motor
The host controller receives an moves due to various factors during the operation
17 |incorrect position when using the None of “Save to flash” (=8 ) on the main window. The
emulated encoder function. emulated output function has no effect when
“Save to flash” is performing.
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10.1 Start enable method

10-2

Enable via host controller

To control the motor enable, the host controller usually sends a command to the drive. The process
is done through the drive’s input pin. Generally, the “Axis Enable” function is set at the digital input 13
(refer to Section 5.4.1), as Figure 10.1.1 shows.

E\ = pr— [

N Inputs Qutputs

State  Invert
r
r

1 | Start Homing

12 |Ahort Motion

| 13 [Axis Enable

<l

14 |8witch to secondary CG
I5 |Mear Home Sensor

16 |Left (—> Limit Switch

I7 |8witch to secondary mode

18 |Clear Error

ERCEN KRR K KK
(T TS G YN Y |

I Il I (i B

19 |Right ¢+> Limit Switch

Set Default
L

Figure 10.1.1

Temporarily provide hardware enable

If there is no host controller sending the hardware enable signal to the drive, the following method
can be used to temporarily provide hardware enable. First, click % in the main toolbar to open the
I/O center, as Figure 10.1.1 shows. Ensure that the status light of “Axis Enable” is green. Generally,
I3 is set for the input of hardware enable signal. Since there is an “Invert” function for each input pin,
the signal logic can be reversed via this “Invert” option to temporarily provide a simulated hardware
enable signal according to the test requirement. When the status light in the “State” column lights up
in green, it indicates that the drive has received a hardware enable signal.
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10.2 Confirm enable status via HMI

When “Hardware enable input” in the HMI main window lights up in green, it indicates that the drive has
received a hardware enable signal from the host controller, as Figure 10.2.1 shows.

Figure 10.2.1

Generally, the motor enable is controlled by the “Axis Enable” signal sent from the host controller to the
drive’s input pin. When HMI is on, pay attention to the following items.

(1)  When Lightening is a valid window on the computer, press F12 to disable the motor at any time. It is
always useful in the emergency.

(2) When opening Performance center in Lightening, users can press the “Disable” button (same as F12)
to disable the motor. When the “Hardware enable input” light is still green, click the “Enable” button
on the window to enable the motor again.
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1.1 Compare parameters in RAM and Flash ............ooooiiiiiiii e
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11.1 Compare parameters in RAM and Flash

When users modify motor parameters during the operation of Lightening and do not save them in the
drive’s Flash, the prompt window of “Compare parameters RAM to Flash” appears (as Figure 11.1.1 shows)
in the situation of closing Lightening or saving error map parameters to Flash (refer to Section 6.9.1). This
window mainly reminds users that parameters have been modified but not yet saved to Flash.

Compare parameters RAM to FLASH &J

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’

Cancel Details

Figure 11.1.1

Click the “Details” option in the window to open the advanced comparison window. Users can further
observe which parameters are set differently in RAM and Flash, as Figure 11.1.2 shows. If the data in
RAM and Flash are not the same, the parameter’s name and value will be listed in blue. In addition, the
“Flash value” column will display one of the following two states.

(1) =:The parameter in Flash is the same as that in RAM.
(2) **: The parameter has performed the “Undo” action and the value in RAM has been changed to that
in Flash, as Figure 11.1.3 shows.

@ J &

Figure 11.1.2
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The function of the main buttons are described as follows.

(1 Save: Save parameters to Flash.

@ Close: Close the window.

® Up: Go to the previous parameter different in RAM and Flash.

@ Down: Go to the next parameter different in RAM and Flash.

(® Undo: Restore the selected parameter saved in RAM to that saved in Flash.
(® Refresh: Re-compare parameters saved in RAM and Flash.

(@ Redo: Cancel the previous “Undo” action for the selected parameter.

Figure 11.1.3
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12.1 Update drive’s firmware

To update the drive’s firmware, click the “Tools” option in the main window and select “Upgrade/downgrade
firmware...”, as Figure 12.1.1 shows. By doing so, the window of Figure 12.1.2 will appear.

& Lightening, version 0.194B, com28, 115200 [E=N
Conf,/Tune [Tools| Language About Advanced
é) Communication setup...  (Ctrl+M) E r;‘ =
—— Open plotview... (Curl+G)
(e Driv ot sl Firmware version
=N ata collection B.852
" | scope. culep
Encoder test/tune..
PDL... (Ctrl+U) Btand—alone position mode

Loop constructor.

2570 function active
Reset amplifier

Upgrade/downgrade firmware... |

Set amplifier to factory default

Lastwarning

Quick view-
Position units
o =
1 Feedback position ﬂ a count
18 Feedback velocity x|/ -1.52734 countls
4 Position error ﬂ @ count
Communication ok CAHIWIN\dcellightening.dee -= d2(0), C:\HIWIN\dceld2ypdI00y
Figure 12.1.1
&% Upgrade/downgrade firmware = | 1
Eile
Version | Path | Date : Time | Comment
0.050 CAHWINdceldb_firm\d2wer_0_050 2018\11109 - 03:02:13
0.052 CAHWINdce\db_firm\d2ver_0_052 2018112118 - 09:03:39 Amplifier

\Working Dir: Amplifier: Ver. 0.052 CA\HIWIN\dce\d2 2018,12\18 - 09:03:39

Figure 12.1.2
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In the “Upgrade/downgrade firmware” window, follow the following steps to complete the update.

Step 1. Left click the firmware version to be updated. Make it become white letters on a blue background.

& Upgrade/downgrade firmware

Working Dir: Amplifier: Ver. 0.052 CAHIWIN\dce\d2 2018\12\18 - 09:03:39

= = e |
File
Version ‘ Path Date : Time Comment
0.050 CHIWIN'dceldb_firmid2iver_0_050 2018111109 - 03:02:13
0.052 CHWIN'dceldb_firmid2iver_0_052 2018112118 - 09:03:39 Amplifier

Figure 12.1.3

Step 2. Click the “File” option at the top-left corner of window and select “Update selected firmware to

amplifier”. Then, the dialog window of Figure 12.1.5 will show up. If users want to save current
parameters as a file, click the “(Y)” button; otherwise, click the “(N)” button.

@ Upgrade/downgrade firmuware

[E]

=

= [ |

| Update selected firmware ta amplifier |

|
‘Add working directory firmware ta Archive

Date : Time

Refresh

'Working Dir: Amplifier: Ver. 0.052 CAHIWIN\dce\d2 2018\12418 - 09:03:39

201811109 - 03:02:13
2018112118 - 09:03:39

Comment

Amplifier

Figure 12.1.4
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Backup parameters ——

Please save current parameters as a file for backup.

=(Y) E(N)

Figure 12.1.5

Step 3. After that, the dialog window of Figure 12.1.6 will show up.

Update new firmware to amplifier e Lo

Do You want to update the amplifier

l % by firmware version in:
CAHMIN dee\db_firmtd2ywer_0_0324
In\Working Directory firmware version = 0.052

| BE I HE

Figure 12.1.6

Step 4. Click the “Confirm” button to display the “Auto load programs” window. The firmware will be
automatically loaded to the drive, as Figure 12.1.7 shows.

1 Auto load programs (=] |-l
-
d2: Test if PDL need complilation .
Mo need PDL compilation W Compile POL
B: d2

-Go to hoot mode
8tart loading PDL ...

v load MOP
= W load PDL
< I N r -
-
81 id @ a2 DELFINO335

File | C:SHIWINsdcesd25\pd1B@smain@._pdl

Clear page: paged ., start address: 320888
Addrsses: BB320000. \rite 29842 words

Figure 12.1.7

Step 5. After the update is completed, the message window of Figure 12.1.8 will appear. Click the
“Conform” button.
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QK!

S|

Al

From CAHIWIN'Ydea\db_firm\d2ywer_0_052Y
Firmware was changed succesfully!

Figure 12.1.8

Note: If a power failure or a communication error occurs during the update, Lightening may be stuck at

“Boot mode”. It cannot be changed after the power is restored or the communication cable is connected

again, as Figure 12.1.9 shows. When this happens, please contact the dealer for assistance.

& Lightening, version 0.194B, com28, 115200

= o) |

Conf,/Tune Tools Language About Advanced

&

1 =il

rezet

[=]-amee Dirive
= 0.d2

b ¢ <boot mode>

Status

lHardw
Last error
Lastwarning

Quick view
Position units
count

Controller: d2(0), Axis: =boot mode=
Motor type:| Boot mode
Model:| Boot mode

e enable input

_Asoftware enabled
Aseno ready

|

1 Feedback position
18 Feedback velocity

4 Position error

Axis is configured to:;| Boot mode

Firmware version
Boot mode

=l STO function active

¥||Boot mode count
| Boot mode count's
count

| Boot mode
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12.2 Load PDL program to drive

To load PDL program to drive, follow the following steps. To clear PDL program in drive, delete the code
in “user.pdl” and follow the same steps to load the codeless “user.pdl” to drive.

Step 1. Click the icon (F) shown in Figure 12.2.1 to open the “PDL” window.

& Lightening, version 0.194B, com30, 115200 = S
Conf/Tune Tools Language About Advanced
K o AT 2] &
[ Drive Controller: d2(0), Axis: X Firmware version
=@ e.d2 = 8.852
e X Motor type:| Linear
¥ Model: LMCBS
Figure 12.2.1

Step 2. Click the “Edit” button to display the PDL edit interface.

Figure 12.2.2

Figure 12.2.3
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Step 3. After pasting or writing the PDL program, click the “Compile” icon ( ) to display the “Compile”
window, as Figure 12.2.4 shows.

Figure 12.2.4

Step 4. When “Compile” is completed, click the “Send to slave” icon (). Then, click the “Confirm” button
in the dialog window of Figure 12.2.5 to display the execution window of Figure 12.2.6. After the
PDL program loading is done, this window will close automatically.

L]

Figure12.2.5 Figure 12.2.6
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13.1 Common mode motor filter

A common mode motor filter can be considered when the following situations occur.
(1) The encoder feedback is disturbed and the error “E04 Encoder error” occurs when the drive is enabled.
(2) Reduce the common mode noise at the drive’s output.

MF-CM-S is the part number of HIWIN self-made common mode motor filter. It is suitable for D2T-LM
series drive with the power less than 2KW (included). Its specification is given in Table 13.1.1. When a
common mode motor filter connects to the drive and the motor, the effects of the common mode inductor
should be considered to improve the performance of motor control.

Table 13.1.1
ltem Specification
Maximum voltage 373 Vdc
Input
Maximum current 11 Ams
Maximum voltage 373 Vdc
Output
Maximum current 11 Ams

Peak current* / Maximum duration of peak current 33 Ams / 1 second

Ambient operating temperature’ 0~50°C

Common mode inductor (line) 1,100uH (nominal)

*The maximum input/output peak current can last 1 second after startup.

*If the drive is operated below the maximum temperature, there is no need to use a cooling fan.
However, if the ambient temperature exceeds 50°C, an external fan should be used for cooling.
The flow rate of the fan should be at least 110 cubic feet (CFM).

Figure 13.1.1
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The dimensions of MF-CM-S are shown as follows.

39

1e2
130

Figure 13.1.2

Figure 13.1.3 is the wiring diagram of the common mode motor filter, the drive and the motor.

Figure 13.1.3

Instruction:
(1) Insert the terminals of common mode motor filter into the drive’s CN1 in sequence based on the labels

on the lines.
(2) Insert the motor cables into the connectors of common mode motor filter based on the labels on the

connectors.
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B Filter to drive

Table 13.1.2 Filter-to-drive cable specification

Description E191346 AWM 2586 2mm 2x4C 105°C 600V
Cable size 14 AWG

Table 13.1.3 Filter-to-drive cable pin assignment

Pin (color) Name Function
Red U Connect to the drive’s U-phase (input)
White \Y, Connect to the drive’s V-phase (input)
Black w Connect to the drive’s W-phase (input)
Green PE Case grounding and cable shielding

m  Filter (J1) to motor

Table 13.1.4 Filter J1 specification

Description 4 position, 7.5mm pluggable female terminal block
Manufacturer PN Wago 721-864/001-000

Cable size 28~12 AWG

Recommended wire 14 AWG, 600V

Wire insertion / extraction tool 475604 (SUPU) 4PIN, Female, pitch 7.5mm

Table 13.1.5 Connector definition

Pin Name Function
1 U Connect to the motor’s U-phase (output)
2 \Y Connect to the motor’s V-phase (output)
3 w Connect to the motor's W-phase (output)
4 PE Case grounding and cable shielding

DANGER

€ The cables and J1 connector are high-voltage circuits, and they are connected to the main power. Be careful

when installing it, or it may cause damage to equipment or injury to people.
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13.2 Motor power cable with magnetic rings

When the motor is at the enable state, consider installing magnetic rings on the motor power cable if the
control signals are interfered by the noise.

B Cable with plug-in magnetic rings

Table 13.2.1
Part No. Specification Quantity Description
HEO0831RB200 Plug-in CM choke filter 1 Motor filter
Table 13.2.2
Item Specification
Maximum voltage 240 Vac
Maximum current 7.5 Ams

Peak current/ Maximum duration of peak current | 15 Ams/ 1 second

Ambient operating temperature 0~40°C

| 210£10

Figure 13.2.1

HIWIN MIKROSYSTEM CORP. 13-5



MD11UE01-2202
EMC Solution D2T-LM Series Servo Drive User Manual

(This page is intentionally left blank.)

13-6 HIWIN MIKROSYSTEM CORP.



	Table of Contents
	1. About this User Manual
	1.1 General precautions
	1.2 Safety precautions

	2. Specifications
	2.1 Drive information
	2.1.1 Safety certificates
	2.1.2 Nameplate information
	2.1.3 Model explanation

	2.2 Drive specifications
	2.3 Drive dimensions
	2.4 Drive installation
	2.5 Derated value
	2.6 Computer requirements

	3. Operation Principles
	3.1 Operation modes
	3.1.1 Position mode
	3.1.2 Velocity mode
	3.1.3 Force / Torque mode
	3.1.4 Stand-alone mode

	3.2 Encoder type
	3.3 Encoder signal output
	3.4 Path planning
	3.5 Servo loops and gains
	3.6 Gain margin and phase margin
	3.6.1 Nyquist plot
	3.6.2 Bode plot

	3.7 Move and settling
	3.8 Error compensation
	3.9 Velocity ripple
	3.10 Enable
	3.11 Common physical quantities

	4. Wiring
	4.1 System configuration and wiring
	4.1.1 System wiring diagram
	4.1.2 CN1 power
	4.1.2.1 Power wiring
	4.1.2.2 Motor wiring
	4.1.2.3 Regenerative resistor wiring

	4.1.3 CN2 brake power
	4.1.4 CN3 USB communication
	4.1.5 CN6 control signal
	4.1.6 CN7 encoder
	4.1.7 CN8 EtherCAT communication

	4.2 Drive accessories
	4.3 Main power wiring
	4.3.1 AC power wiring (single-phase)
	4.3.2 AC power wiring (three-phase)

	4.4 Multiple drives connection
	4.5 I/O signal wiring
	4.5.1 Digital input wiring
	4.5.1.1 Sink input wiring examples
	4.5.1.2 Source input wiring examples

	4.5.2 Digital output wiring

	4.6 Wiring examples for control commands
	4.6.1 System wiring diagram for pulse command
	4.6.1.1 Differential interface
	4.6.1.2 Sink (NPN) interface with current-limit resistances
	4.6.1.3 Sink (NPN) interface without current-limit resistances
	4.6.1.4 Source (PNP) interface with current-limit resistances
	4.6.1.5 Source (PNP) interface without current-limit resistances
	4.6.1.6 5V TTL interface

	4.6.2 System wiring diagram for voltage command
	4.6.3 System wiring diagram for PWM command
	4.6.3.1 NPN interface with PWM 50%
	4.6.3.2 NPN interface with PWM 100%
	4.6.3.3 5V TTL interface with PWM 50%
	4.6.3.4 5V TTL interface with PWM 100%



	5. Drive Configuration
	5.1 Installation and communication
	5.1.1 Setup files
	5.1.2 Communication setup
	5.1.3 HMI main window

	5.2 Configuration center
	5.2.1 Motor configuration
	5.2.2 Encoder configuration
	5.2.2.1 HIWIN standard encoder
	5.2.2.2 Customized digital incremental encoder
	5.2.2.3 Encoder output setting

	5.2.3 Operation mode configuration
	5.2.4 Completing configuration procedure

	5.3 Auto phase center
	5.3.1 Mode explanation
	5.3.2 Pre-operation
	5.3.3 Setting procedure
	5.3.4 Troubleshooting

	5.4 I/O center
	5.4.1 Digital input
	5.4.2 Digital output
	5.4.3 Analog output

	5.5 In-position signal setting
	5.6 Homing configuration
	5.6.1 Go left and right for homing
	5.6.2 Use near home sensor / index for homing
	5.6.3 Use homing methods in CiA 402 protocol

	5.7 Save parameters to Flash & Recover to factory default
	5.7.1 Save parameters to Flash
	5.7.2 Recover to factory default

	5.8 Parameter setting examples via HMI
	5.8.1 Position mode
	5.8.2 Velocity mode
	5.8.3 Force / Torque mode
	5.8.4 Stand-alone mode


	6. Drive Tuning
	6.1 Status display & Quick view
	6.1.1 Status display
	6.1.2 Quick view
	6.1.3 Software shortcuts

	6.2 Performance center
	6.3 Scope
	6.4 Data collection
	6.4.1 Function description
	6.4.2 Data collection via PDL

	6.5 Plot view
	6.5.1 Graph display mode
	6.5.2 Save / open file
	6.5.3 Mathematical operation

	6.6 Advanced gains
	6.6.1 Filter
	6.6.2 Acceleration feedforward
	6.6.3 Schedule gains & Velocity loop gain
	6.6.4 Analog input
	6.6.5 Current loop
	6.6.6 Vibration suppression feature
	6.6.7 Friction compensation

	6.7 Loop constructor
	6.7.1 Load / save file
	6.7.2 Tool
	6.7.2.1 Frequency response function
	6.7.2.2 Nyquist
	6.7.2.3 Bode
	6.7.2.4 Nichols

	6.7.3 Filter
	6.7.3.1 Low pass filter
	6.7.3.2 Notch filter

	6.7.4 Gain tuning
	6.7.5 Spectrum analysis

	6.8 Encoder signal confirmation
	6.9 Error map function
	6.9.1 Set error map
	6.9.2 Enable error map
	6.9.3 Save / open error map
	6.9.4 Change start position


	7. LCD
	7.1 Panel description
	7.2 Display description

	8. Protection Function
	8.1 Motion protection
	8.2 Position and velocity error protection
	8.2.1 Position error limit
	8.2.2 Position error and velocity error warnings

	8.3 Brake output
	8.4 Limit protection
	8.4.1 Hardware limit protection
	8.4.2 Software limit protection

	8.5 Over temperature protection
	8.5.1 Soft-thermal protection
	8.5.2 Drive over temperature protection

	8.6 Over voltage protection

	9. Troubleshooting
	9.1 Drive’s status indicator
	9.2 Drive’s errors and warnings
	9.2.1 Status display area in Lightening HMI main window
	9.2.2 Errors and warnings log
	9.2.3 Error at loading PRM file

	9.3 Error codes and troubleshooting
	9.4 Warning codes and troubleshooting
	9.5 Troubleshooting for common issues

	10. Axis Enable Setting
	10.1 Start enable method
	10.2 Confirm enable status via HMI

	11. Parameter Comparison
	11.1 Compare parameters in RAM and Flash

	12. Update Firmware & Load PDL
	12.1 Update drive’s firmware
	12.2 Load PDL program to drive

	13. EMC Solution
	13.1 Common mode motor filter
	13.2 Motor power cable with magnetic rings


