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1 Product Safety Precautions

Read this section and Section 1 before using the ACE1000 series drive.

WARNING!

THIS PRODUCT USES HIGH VOLTAGE ELECTRICAL POWER.
IT POSES A SHOCK HAZARD TO THE USER.

To operate your control successfully, these minimum safety precautions MUST be followed to insure
proper performance without injury to the operator and damage to motor or control. FAILURE TO
OBSERVE THESE SAFETY PRECAUTIONS COULD RESULT IN SERIOUS BODILY
INJURY, INCLUDING DEATH IN EXTREME CASES.

1. DO NOT touch any of the output connector pins in connectors P1, P2, or P6 when power is
applied. The voltages at these connector pins are dangerous and can produce an electric shock.
Bare wires from adjacent connector pins must never be allowed to touch one another. P1, pin 1,
must be connected to an external earth ground. Follow wiring procedures carefully. Know and
understand which connectors are NOT electrically (galvanically) isolated from the AC/DC
voltages within the drive.

2. Always operate the control within the prescribed voltage limits.

3. Each model has dangerous voltages on the circuit boards and stores a high voltage charge after
being disconnected. DO NOT REMOVE THE COVER IF ONE IS IN PLACE. DO NOT
ATTEMPT TO SERVICE THIS PRODUCT IF A PROBLEM OCCURS.

4. Do not parallel multiple motors off of the same control.

5. Under no circumstances must a phase output from the control be connected to anything other
than a passive inductive/resistive motor load. See manual for minimum inductance
requirements. Short circuit protection for the drive is limited to momentary conditions only!
Repetitive short circuits on any of the output pins for P6 will likely cause permanent damage to
the ACE.

6. Excessive speed and current can destroy some DC brushless motors and possibly injure the user.
Check the motor manufacturer's specifications to ensure the maximum current and voltage
output for your control model does not exceed their limitations.

7. External methods are advisable to limit both the top speed and travel motion of the motor and its
load. Whenever the ACE drive is disabled for any reason, the motor is placed into a
free/spinning coast mode.

8. Do not remove the connectors on ports J5, J8, J9, P1, P2, or P6 from the control while the motor
is operating.

9. Read Automotion's Life Support Policy in Section 1.1 for application limitations.

10. To avoid a shock hazard always wait at least 5 minutes after disconnecting power from P1
before physically handling or touching any internal circuit boards. Use a voltmeter to be certain
that all high voltage capacitors inside the ACE are fully discharged before physically handling
or touching the internal circuit boards.

11. Follow precautionary guidelines in this manual with regard to proper installation of an external
shunt resistor. See Sections 1.0 and 4.1.6.
AUTOMOTION, INC. 6
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12. Do NOT operate the ACE in the vicinity of flammable or explosive materials. Do NOT use the
ACE in environments where it is likely to be exposed to strong and/or frequent static discharge.
See Section 1.0 for additional details.

/!A\ //;\ READ THIS ENTIRE SECTION BEFORE

ATTEMPTING TO USE THE ACE1000 SERVO DRIVE! GIVE
SPECIAL ATTENTION TO ALL BOLD PRINT ITEMS.

To operate the ACE1000 successfully, these safety precautions MUST be followed to reduce the risk of
injury to the operator and damage to motor or ACE1000 control.

Failure to observe all safety precautions could result in serious bodily injury, including death in
extreme cases.

1.1 LIFE SUPPORT POLICY

Automotion's products are not authorized for use as critical components in life support devices or
systems without the express written approval of the President of Automotion Incorporated.

As described herein:

Life support devices or systems are devices or systems which, (a) are intended for surgical
implant into the body, or (b) support or sustain life, and whose failure to perform, when properly used in
accordance with instructions for use provided in the User's Manual and in the labeling, can be reasonable
expected to result in a significant injury to the user.

A critical component is any component of a life support device or system whose failure to
perform can be reasonably expected to cause the failure of the life support device or system, or to affect
its safety or effectiveness.

1.2 Other safety issues

1.2.1  The ground on P1, pin 1, MUST always be connected to an appropriate external earth ground
during use of the ACE. There is also a chassis ground stud located on the lower end of the ACE. This
must be connected to a appropriate external earth ground.

1.2.2  Ifthe ACE does not seem to function correctly, first consult section titled " Troubleshooting." If
this fails to solve the problem, call AUTOMOTION.

1.2.3  Always operate the ACE within the prescribed voltage limits. Any attempt to operate outside
these bounds may result in damage to the ACE control.

1.2.4 DO NOT LOCATE ANY ACE IN A POSITION WHERE IT WOULD HAVE CONTACT
WITH LIQUIDS, WATER CONDENSATION, CORROSIVE CHEMICALS OR WHERE FOREIGN
MATERIALS WOULD BE ALLOWED TO FALL INTO AND COLLECT INSIDE THE ACE.

1.25 DO NOT MOUNT THE ACE DIRECTLY UPON OR NEAR FLAMMABLE MATERIALS.
1.2.6 DO NOT OPERATE THE ACE IN AN EXPLOSIVE ATMOSPHERE OR IN THE VICINITY
OF EXPLOSIVE MATERIALS. KEEP THE INSTALLATION VENTILATED SO THAT CLEAN
FRESH AIR CAN MOVE FREELY THROUGH AND AROUND THE ACE ENCLOSURE.

1.2.7  Avoid frequently plugging connector P1 into the control while live power is applied to the
connecting cables. Ignoring this precaution will cause electrical arcing at the connector pins which can
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cause permanent connector damage. AUTOMOTION recommends using a disconnect switch ahead of
P1 to minimize contact arcing if the ACE must be disconnected often.

1.2.8  Keep external shunt resistor far away from flammable materials. Read Sections 4.1.6 and 11
carefully for more shunt installation details.

WARNING!

HIGH VOLTAGE MAY BE PRESENT AT THIS CONNECTOR.

1.2.9  If the user adds supplemental external capacitance via terminal P2 provisions should be made by
the user to rapidly bleed this high voltage energy down to safe levels whenever the user's power source is
disconnected from the system. Bleeder resistors are frequently used for this purpose. It will be necessary
for the user to size this discharge method appropriately. The objective is to reduce the motor rail voltage
down to safe levels (generally below +40 Volts DC) within an acceptable time period after the user's
external power source is turned off or disconnected.

The remainder of this page is intentionally left blank.
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2 Unpacking and Repacking the ACE1000

When your package arrives, inspect the shipping box and the unit carefully, and save ALL packing
materials. Contact the carrier promptly if damage is discovered. Your ACE1000 has arrived carefully
packaged from Automotion in an antistatic bag. As you unseal this bag inspect the contents carefully.
There should not be any loose or damaged parts inside.

Compare the packing slip against all items included in the box. Any shortages or other inspection
problems should be reported to AUTOMOTION immediately.

Never attempt to operate or power-up the ACE1000 if there is any visible external damage or if it sounds
as though there are loose materials inside the chassis. While unpacking, if you discover any loose or
damaged parts, notify AUTOMOTION within two working days.

AUTOMOTION recommends that all packing materials be saved in case the ACE1000 ever needs to be
shipped again. Always place the ACE1000 in the same antistatic bag used in the original shipment.
Abundant anti-static filler material should always be placed around the ACE1000 bag so that it cannot
shift inside the box. Extreme care should be exercised when placing packing material around all external
connectors to prevent mechanical stress damage.

All material to be returned to AUTOMOTION must have a Return Material Authorization (RMA)
tracking number assigned before shipment. This may be obtained by contacting the AUTOMOTION
Service Dept. Any product returned without this number will be rejected by AUTOMOTION.

Always insure your shipment for the proper replacement value of its contents. AUTOMOTION will not
assume responsibility for any returned goods that have been damaged outside of our factory because of
improper packaging or handling. All goods shipped to AUTOMOTION must be shipped FREIGHT
PREPAID.

AUTOMOTION, INC. 9
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3 ACE1000 Introduction

3.1 Amplifier

The ACEZ1000 is fully digital servo amplifier that uses DSP technology to provide a powerful feature set
that is fully configurable by means of a RS232 serial port. The ACE1000 servo drive is configurable as a
Torque, Velocity, or Position mode servo amplifier. The ACE1000 is designed to operate a single 3
phase Brushless DC or AC, permanent magnet motor. The motor may have either a WYE or Delta
wound stator. The ACE1000 provides commutation using Hall sensors or encoder feedback.

Principal features of this product:

User configurable operation modes: Torque, Velocity, Position.

Selectable BLAC (sine wave, flux vector) or BLDC (Six step, trapezoidal) commutation.
4 Quadrant performance.

3 Phase output, PWM controlled output.

Full digital control of all loops

Variable servo rate from up to 10 kHz.

Loop tuning via serial interface (No pots!).

Drive setup & status information available serially via RS232 link.

60 — 264 VAC input power supply range.

Output current of 10 or 18 Amp continuous, 20 or 30 Amp peak, depending upon model selected.
Compact package size.

AutoMotionPLUS®© Graphical Windows Interface for Set-up, Configuration and Tuning.

The ACEZ1000 current, velocity or Position modes accept +/- 10 volt DC analog or digital PWM.

3.2 Theory of operation

The ACE1000 operates as a “mode configurable” digital servo amplifier. This product is typically
applied as a component within an end use industrial application. Within industry, application
requirements for servo amplifiers vary widely. For example, one application may require an amplifier
with an analog input reference for speed. Another application may require an amplifier that offers torque
control and Hall sensor commutation only. For this reason the ACE1000 offers a choice of many
different servo-operating modes. This flexibility is made possible because all of the control functions
within the ACE1000 are implemented in software. The ACE1000 physical I/O and closed loop
functionality are selected using the AutoMotionPLUS Windows Setup utility. See Section 4, Introduction
to the AutoMotionPLUS software, and the AutoMotionPLUS software User Manual for additional
information on using this software.

The internal firmware architecture of the ACE1000 is modular. ACE1000 software is built as a series of
components (or modules) that are linked together to form an ACE1000 servo-operating mode. ACE1000
software components are stored in ROM memory as a run time library. These components exist as
Reference input modules, Feedback modules, PI (D) control modules, commutation modules and
firmware extension modules. A detailed list of these components is found in Section 4 of this manual.

3.3 ACE1000 Architecture

An internal digital signal processor (ASIC) is used to read 1/0 signals, motor feedback signals and to
process serial communication messages. ROM memory inside the ACE1000 is used to store a library of
modular software components. RAM memory is used for data logging and graphical tuning of the
ACE1000. The serial EEPROM provides nonvolatile memory for retention of user-configured
parameters and operating mode. EEPROM memory is also used to extend the program functionality of
the ACE1000.

AUTOMOTION, INC. 10
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Drive specific 1/0 operates independent of the user selected operating mode. Dive specific 1/O signals
have fixed functionality. These signals are used to interface the ACE1000 to an outside control system.
They provide “hand shaking” signals for enabling, disabling, and monitoring the status of the ACE1000.
For physical reference to the ACE hardware see Figure 2 below.

Connector J5 — User 1/0 Control, DB25 Plug with metal shell

Pin 1/0 Description

1 Input + 5 volts DC Power. User supplied regulated +5VDC power.

2 COMMON Return

3 Input + 5 volts DC Power. User supplied regulated +5VDC power.

4 Input Unipolar Analog Signal Input. 0 - 10 volt signal amplitude. +24 Volt
max./ -0.5 Volt min.

5 Input Enable/Reset Control Signal Input. TTL compatible. +24 VDC maximum
signal amplitude. 0 Volts minimum. 10K Ohm input impedance. Positive
true logic. Forces a master hardware reset for entire drive on a falling
edge. Drive recovers beginning after rising edge. Drive remains disabled
while a logic “0” is applied to this input.

When Enabled (logic “1” applied), the active inrush current limit relay will
close after a 3 second delay. After this delay, the drive will be allowed to
enter Run Mode as commanded by the Run Command Signal Input on pin
6.

6 Input Run Command Signal Input. TTL compatible. +24 VDC maximum signal
amplitude. 0 Volts minimum. 10K Ohm input impedance. Positive true
logic. A logic “1” state will allow motor commutation once some level of
current is commanded. A logic “0” state places motor into a coast state.

7 Input Dynamic Brake Command Signal Input. TTL compatible. +24 VDC
maximum signal amplitude. 0 Volts minimum. 10K Ohm input
impedance. Positive true logic. A logic “1” state will suspend motor
commutation and current delivery from drive. It shorts all three motor
phases together to cause the motor’s BEMF to generate a dynamic braking
torque within the motor.

8 Input General Purpose Digital Input. TTL compatible. +24 VDC maximum
signal amplitude. 0 Volts minimum. 10K Ohm input impedance. This
input function is application specific.

Or
12C Clock Input. OV - +5V input signals

9 Input General Purpose Digital Input. TTL compatible. +24 VDC maximum
signal amplitude. 0 Volts minimum. 10K Ohm input impedance. This
input function is application specific.

Or
12C Data Input. 0V - +5V input signals
10 COMMON Return.

AUTOMOTION, INC.
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11

Input

Dual purpose Input. Software configured.

+ Differential Command Signal Analog Input. Zero to +10 Volt external
command signal input. The polarity of this signal controls the relative
applied direction of output motor torque, velocity, or position. Input is
protected to £24 Volt maximum.

Or

PWM Control Input. Zero to +5 Volt logic signal. TTL compatible. +24
VDC maximum signal amplitude. 0 Volts minimum. 10K Ohm input
impedance. Positive true logic. Weighting of PWM On-time Vs Off-time
controls the amount of commanded torque, velocity, or position. 0% PWM
= 0 current output. 100% PWM = Max. rated output.

NOTE: When using a single ended analog input signal to this input Pin
11 (rather than a differential analog signal) be certain to ground pin 12
to the Analog common, Pin 13.

12

Input

Dual purpose Input. Software configured.

- Differential Command Signal Analog Input. Zero to £10 Volt external
command signal input. The polarity of this signal controls the relative
applied direction of output motor torque, velocity, or position. Input is
protected to +24 Volt maximum.

Or

Direction Input. Zero to +5 Volt logic signal. TTL compatible. +24 VDC
maximum signal amplitude. 0 Volts minimum. 10K Ohm input
impedance. Selects relative direction of current flow into motor to control
direction of applied torque, velocity, or position.

13

Analog COMMON.

14

Output

Encoder “A” Signal Output. Zero to +5 Volt logic signal.

15

Output

Encoder “!A” Signal Output. Zero to +5 Volt logic signal.

16

Output

Encoder “B” Signal Output. Zero to +5 Volt logic signal.

17

Output

Encoder “!B” Signal Output. Zero to +5 Volt logic signal.

18

Output

Encoder “Z” Marker Signal Output. Zero to +5 Volt logic signal.

19

Output

Encoder “1Z” Marker Signal Output. Zero to +5 Volt logic signal.

20

COMMON Return.

21

Output

Tachometer Signal Output. 250 Ohm output impedance. Zero to +5 Volt
logic signal.

22

Output

Motor Overtemp Signal Output. 250 Ohm output impedance. Zero to +5
Volt logic signal. Positive true output signal. Logic “1” state indicates the
motor is in an overtemp condition.

23

Output

Fault Signal Output. 250 Ohm output impedance. Zero to +5 Volt logic
signal. Negative true output signal. Logic “1” state indicates drive is NOT
in a Fault mode.

24

No Connect

25

Frame Ground (OPTIONAL). Factory option to connect to servo drive
frame. Its configuration for this purpose may violate certain safety agency
requirements. Consult Automotion.

Shell

J1 Connector Frame. Connector shell is connected to servo frame ground.

AUTOMOTION, INC.
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Connector J9 — Motor Feedback Signals, DB15 receptacle type with metal shell

Pin 1/0 Description (for Hall based system)
1 Input | Hall signal Input S1.
2 Input | Hall Signal Input S2.
3 Input | Hall Signal Input S3.
4 +5 Volt DC Hall/Encoder supply voltage.
5 COMMON.
6 Input | A Encoder Signal Input.
7 1A Encoder Signal Input.
8 COMMON.
9 Input | B Encoder Signal Input.
10 Input | !B Encoder Signal Input.
11 Factory Optional Servo Frame Ground. Normally this pin is not connected.
12 Input | Z Encoder Signal Input.
13 Input | 1Z Encoder Signal Input.
14 PTC/thermal switch contact for motor temp sensing.
15 PTC/thermal switch contact for motor temp sensing.
Shell J2 Connector Frame. Connector shell is connected to servo frame ground.

WARNING!

THIS PRODUCT USES HIGH VOLTAGE ELECTRICAL POWER. IT POSES
A SHOCK HAZARD TO THE USER. A SHOCK FROM HIGH VOLTAGE
ELECTRICAL POWER MAY CAUSE SEVERE INJURY AND/OR DEATH IN
EXTREME CIRCUMSTANCES.

The connectors shown below have High Voltage power applied to several of the associated pins. Use
extreme care when making wire connections to them. All external electrical power should be OFF
whenever wiring to these connectors to avoid a shock hazard.

Connector P1 — AC/DC Power Input, Phoenix type plug-able connector,

Part #18 0492 0
Pin Description
1 Frame GROUND.
2 AC Input. 90 to 254 VAC, 50/60 Hz, 1 Phase AC or +£120 to 360 Volts DC.*
3 AC Input. 90 to 254 VAC, 50/60 Hz, 1 Phase AC or +£120 to 360 Volts DC.*
4 AC Input. 90 to 254 VAC, 50/60 Hz, 1 Phase AC or +£120 to 360 Volts DC.*

* These are UL operating voltage ranges at peak currents. Contact Automotion for application assistance
for operating outside these specified ranges.

AUTOMOTION, INC.
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Connector P6 — Motor Phase Output, Phoenix type plug-able connector,

Part #1804 92 0
Pin Description

1 Frame GROUND.

2 Motor Phase 1 Qutput. Peak voltage out of this terminal is dependant upon
the incoming crest voltage on connector P1. Peak amperage is model
dependant.

3 Motor Phase 2 Qutput. Peak voltage out of this terminal is dependant upon
the incoming crest voltage on connector P1. Peak amperage is model
dependant.

4 Motor Phase 3 QOutput. Peak voltage out of this terminal is dependant upon
the incoming crest voltage on connector P1. Peak amperage is model
dependant.

WARNING!

WHEN THIS PRODUCT USES AN INTERNAL OR EXTERNAL
SHUNT RESISTOR, PRECAUTIONS MUST BE FOLLOWED TO
PREVENT A POSSIBLE FIRE HAZARD.

The use of shunt resistor, either internal or external, requires careful placement to avoid a possible fire
hazard. Never place the shunt resistor in the vicinity of flammable or explosive materials. See this
manual for further precautionary details.

Connector P2 — External Shunt Resistor/External Supplemental Capacitors, Phoenix type
plug-able connector, Part #18 04 91 7

Pin Description

1 B+ Motor Rail. High Voltage DC positive rail for motor power. This
terminal is used for connecting external supplemental capacitance and/or an
external user supplied shunt resistor.

2 Shunt Resistor. Connection for external user supplied shunt resistor. The
other side of the external shunt resistor connects to terminal #1.

3 B- Motor Rail. High Voltage DC negative rail for motor power. This
terminal is used for connecting external supplemental capacitance supplied by
user.

AUTOMOTION, INC. 14
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PIN

FRAME GROUND 1

AC INPUT PHASE 1 2

AC INPUT PHASE 2 3

AC INPUT PHASE 3 (Optional) 4

J5 (DB-25M)
DRIVE INTERFACE

PIN

MOTOR DC SUPPLY B+/SHUNT+ 1
SHUNT- 2

MOTOR DC SUPPLY B- 3

[ STATUS LED (Yellow)
" +5V POWER ON LED - SELV (Green)

J8
}7COMMUNICATIONS
INTERFACE

CURRENT LIMIT LED (Red ﬂi
SHUNT ACTIVE LED  (Yellow)
+5V POWERON LED  (Green) —

=

] Pin1
Q /
u . ( \ AUTOMOTION INC.
\ ) s
Y o
° S Pr——-—-

Figure 1: Drive Connector Layout

)

PIN
FRAME GROUND 1
MOTORPHASE1 2
MOTOR PHASE 2 3
MOTOR PHASE 3 4

MOTOR
PHASE
OUTPUT

J9 (DB-15F)
MOTOR INTERFACE

ACE1000 Status LEDs

In normal operation, the ACE1000 is either in a “Ready” state or in and “Error” state, meaning that one,
or the other LED is on. If both LEDS are “ON”, this indicates that the ACE1000 has been powered or
reset with the Mode input floating. The Mode input is used to update ACE1000 program memory. See
section 4, “Introduction to the AutoMotionPLUS software”, and section 5, Working with the ACE1000-
Helpful Notes and Procedures” for additional information.

3.5.1 Ready LED (User side - Yellow)

FLASH | DESCRIPTION |POSSIBLE CAUSE RESULT RECOVERY METHOD
CODE
ACE1000isin|e User commanded RUN |e Clearall faultsand |e Toggle the DRIVE
ON | RUN mode. mode via user interface STATUS flags ENABLE signal
Steady e Enable three-phase
PWM
Processor is e Drive is in reset e ACE1000 will stay in | ¢  Disconnect power from
OFF | inoperable. e  Processor fault a DISABLED mode the ACE1000 for 1 min to
e Improper user supplied |e  Processor code reset the microprocessor.
+5Volts branches to dead-end Then re-apply power to
program loop in allow microprocessors to
order to prevent any operate
ACE1000 operation
1 Drive isin e  The user commanded e Thedriveisplacedin|e Command run mode
Standby mode standby mode from the standby mode
user interface
Power Module | ¢ Short circuit e Thedriveisplacedin|e Toggle the run line, see
2 | Fault e Over temp fault standby mode Note 1
e Improper power module
logic control voltage
Shunt over e Shuntis turned on e Thedriveisplacedin | e Toggle the run line, see
3 stressed continuously for more standby mode Note 1

AUTOMOTION, INC.
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B+ rail voltage
to high

than five seconds
The B+ rail greater than
fixed 450-Volt limit

B+ rail to low

B+ rail is less than the

The drive is placed in

e Toggle the run line, see

4 B+ rail low limit standby mode Note 1

User +5volt e  User supplied SELV e Thedriveisplaced in | e  Toggle the run line, see
5 Logic supply +5Volt out of spec. standby mode Note 1

fault (4.75-5.25 Volts) e  Check supply voltage

SPI e DSP Lost SPI e Thedriveisplacedin|e Toggle the DRIVE

communica- synchronization from the disabled mode. ENABLE signal.
6 tions timeout communication (hard fault)

detected processor

Locked rotor | e  Supplied current is e Thedriveisplacedin|e Toggle the run line, see
7 fault greater than user standby mode Note 1

specified time with no
hall transitions

Logic e Line side logic power e Thedriveisplacedin|e Toggle the run line, see

8 supply fault supplies out of spec standby mode Note 1
(+/-15V and +5V)

EEPROM e Theuser EEPROMhasa|e Thedrive is placed in [e  Toggle the run line, see

Fault checksum error standby mode Note 1
9

Check sum e DSP program memory |e Thedrive is placed in | e  Reprogram DSP,

fault error disabled mode (hard | » Warning: This will reset

fault) all drive parameters to
default state

10 |SPI e Communication e Thedriveisplacedin|e Toggle the RUN line, see

communicatio processor lost SPI standby mode Note 1

ns timeout communications from

detected the DSP

Note 1: To toggle the run command set the Run/! Standby signal logic '0" state for 100mS, then back to a logic '1'.

3.5.2 Power LED (User side - Green)

LED | Description Possible Cause Result Recovery Method
ON +5VDC e Onif userpowerison |e Requiredto Run e N/A
Power
Indicator
OFF +5VDC e No user supplied +5 e  Drive will not Run o Apply +5volts
Power volts
Indicator
3.5.3 Power LED (Line side - Green)
LED | Description Possible Cause Result Recovery Method
ON +5VDC e Logic power ison e Required to Run e NA
Power
Indicator
OFF +5VDC e Logic power is not on e Drive will not Run e Check AC power
Power
Indicator

AUTOMOTION, INC.
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3.5.4 Current limit status LED (Line side — Red)
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LED Description Possible Cause Result Recovery Method
ON Steady State Drive in Reset . e Toggle the DRIVE
ENABLE signal
ON | During Power Soft Charge (Relay ) e Allow 5 second power-
Up Opened) up delay to allow
internal capacitors to
charge.
OFF N/A e Soft Charge e NA
Complete (Relay
Closed)
DIM | Flickering - Currentissensedtobe | e e N/A
Drive current more than the calibrated
limit drive capacity
3.5.5 Shunt status LED (Line side -Yellow)
LED Description Possible Cause Result Recovery Method
ON B+ Rail is high above e The shunt resistor is
the Shunt turn on limit turned on
of 437V
OFF B+ Rail is below the e  The shunt resistor is

shunt turn off limit of
425V

turned off

AUTOMOTION, INC.
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4 Introduction to the AutoMotionPLUS @ software:

The AutoMotionPLUS software can be used to:

» ...Configure the Drive’s Operation Mode.

» ...Configure the Drive for operation of different motors.

» ... Tune the Position, Velocity and Current control loops.

» ...Save and Load parameter files to and from the drive.

« ...Graph application variables like Velocity, Position, Current and Motor Voltage.
» ...Update the Drive’s internal firmware.

The following sections are intended to familiarize the user with the basic operation of this software
only. A complete user manual for the Automotion Plus software is still under development at
Automotion.

About Parameters and Variables:

Drive parameters are used to configure the drive for different operating modes and to tune the

control structure that each operating mode presents. Variables are internal values that change while the
Drive is running. For example, “Position Proportional Gain” is a parameter and motor “Position” is a
variable. Parameters can be changed using the different parameter screens available in the Automotion
Plus program. Variables can NOT be changed. Variables can only be recorded using the Graph Window.
Variables are graphed to evaluate the effectiveness of set Parameters.

4.1 Getting started:
Connect the Comm Port Cable from your PC to the Drive. Locate the program file named
“AutomotionPlus.exe” that you extracted from the supplied zip file and saved on your PC. Double-click
on this file to run the program. The following screen will be displayed:

P AutoMotion Setup Utility

View Drive Communications Setup Optians  Help

AUTOMOTION

INFRANOR GROUP COMPANY

E-mail: sales@autometionine.com

AutohMotion Setup Utility 1.2 beta
Automation Incorporated

An Infianor Inter AR Group Compary
Voice: 734-662-7771

Faw: 7348623707

Emnail: sales@automatiorine. com
‘website: www. automotioning.com

"Ji_r'u 1:05 PM

Figure 2: AutoMotionPLUS™ Screen
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Select the Communications tab from the tool bar, then click on Comm Port Settings.

P AutoMotion Setu

i Visw Drive etup Options  Help

~a||  CommPart Settings ...
= [ + Echo Typed Characters

Save Terminal to File ...

AutomMotion Setup Litility w12 beta
Autometion Incorporated

an Infianor Inter A5 Group Compary
Waice: 734-662-7771

Fax: 7348823707

Email: : ales@automatiorine, com
‘website: www. automotioning.com

Comm Port: 1

74 start ¥4 Inbox - Outlook Ex 2l ACE Uiy & )i, 107 P10
Figure 3: Communications Tab Screen

Use the drop box to select an available Com Port on your PC. Typically Com Port 1 or 2 is selected.
Note that for the ACE1000 product line, the required communications Baud Rate is
38,400. If you select any other Baud Rate you will get a communications error message.

AUTOMOTION

N

E-mail: sales@automotienine.com

| BaudRate |
9500
sy € 19200
Autohotion Setup Utility w1 2 beta. - | & 38400
Automation Incorporated ] 55000
A Inir Inter AG G s
1 Infranor Inker roup Compary 115200

Voice: 734-662-7771
Fax: 734-6623707

Email: sales@automationine. com
‘i ehsite: v automationine.com

/4 start LR x 2 ACE1000 L & )4 1110PM

Figure 4: Communications Drop Down Box
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After establishing communications with the drive, you can now read the existing drive parameters stored
in the drive. Click on the “Read Parameters from Drive” icon button on the tool bar, or use the file menu
to select “Drive” and then “Retrieve Parameters from Drive” option.

ety February 8, 2005

0 0= s =T H G

AUTOMOTION

INFRANOR GROUP COMPANY

E-mail: sales@automotionine.com

Autabdotion Setup Utility 1.2 beta
Automation Incomorated

An Infranor Inter AG Group Company
Voice: 734-662-7771

Fan 734-662-3707

Email: sales@automationine. com
Website: v aLtomationing. com

’J start

® . 2:13PM

Figure 5: Read Parameters From Drive

Alternatively, you can load drive parameters from a file or disk, by clicking on the “Load Parameters
from Disk” icon on the tool bar or “File” “Open” from the menu.

AUTOMOTION

INFRANGE GROUP COMPANY

E-mail: sales@autometionine com

Lookin | (3 Parameter File

curvent mode bench params, PRI

| vel mode bench params From serial pert PRI

| e @ckE-

&

My Recent
Documents

Autahdotion Setup Utility v1.2 betal @

Automation Incomorated Desktop

An Infraner Inter AG Group Compary -

Voice: 734-862-7771 )

Fax: 734-662-2707 ’]

Email: sales@automationine. com My Documents

‘website; v, automoationine.com

My Network — Fle name: [
Places

Geen |
Cancel

[EINEN

Files of type: | Parameters [ PRM)

[ [ Comm Port: 1 | Baud Rate: 38400
7y start ¥ Inbox

Figure 6: Load Parameters from File
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In the above file open example, you can select from two pre-loaded parameter file sets that have been
established for use with this drive when using the Infranor Mavilor motors.

Once communications have been established and the drive parameters have been retrieved, they can be
displayed by clicking the “Parameters” icon on the tool bar, or selecting the “View” and then
“Parameters” selection from the menu.

The following table of drive parameters will then be displayed.

P AutoMotion Setup Utility: 50014002 ACS2 Nov. 11, 2004

Filz View Drive Communications Cptions  Help

= o, ==
O ==l »u/<n| 557 = ke
~Ch
Symbol | Description | Value | Low | High | Access|~
Configuration Parameters
CLPR  PwM Modulstion Period 133 1000 | %6 AW
CLOG  Configuration Word 256 0| 65 AW
OR  Posilion / Velocity Loop Rale 100 3 E
10 [Serial Delay 0 [ X6 AW
Protection Parameters
AC  Locked Rotor Cunert 1022 [ 1023 AW
AT Locked Rotor Time 3E7 0 | 2067 AW
TE  Motor Overtemp Control 0 0 2 AW
L5 Curent Contiol Masimum Command 1024 [} 0% AW
LC  Curent Contiol Limit 17 [ 0% AW
Commutation Parameters
CLEC  Encoder Counts per Rev 4000 100 | 6553/ AW
CLPL  Number of Motor Pales 4 2 4 AW
HP  Hal Advance 2 [ 5 AW
CLAF  Encoder Advance 0 3278 | 3E7 AW
Current Loop Parameters
CLKP  Propattional Giain 5000 32768 | 32767 AW
CLKI  Integral Gain 100 32788 | 32767 AW
CLSH (Gain Scaling 4 [ 7 AW
CLEX  Woltage Modulation Limit Plus 1000 32768 | 32767 AW
CLEN  Moltage Modulation Lirit Minus 1000 32768 | 32767 AW
Velocity Loop Parameters
YT Measured Velocity Filer 0 0 | 3mEr | RwW ¥

Comem Park: COM 1 Baud Rate: 38400 Echa
e — = . -
i4 start = . sta... | 2 DECO4.xls =

Figure 7: Drive Parameter Table

The parameter table lists all of the user accessible drive parameters, grouped by function type. The
current drive parameter value is displayed along with the range of acceptable values, Low to High, and
the parameter’s access level, i.e. R/W stands for Read/Write. For R/W access parameters the user can
both read the value as well as write a new value.

4.2 How to Save and Load Drive Parameter Files

Before you change any parameters, it is recommended that you first save the original parameters

to a file so that you can restore them if needed at a later time. Notice the menu bar located on the top of
the window. Either click the Diskette icon shown for “Save Parameters to Disk”, or click the File menu,
then “Save Parameters”. Either selection will bring up a Windows “Save as” dialog box. If a “Parameter
File” does not already exist on your PC, create one, and then name your file, i.e. “default.prm”, and save
it. The file will be saved on your PC.

To open this saved “default.prm” file from your PC, or any previously saved parameter files already on
your PC or on a separate diskette, click the File Folder (Load Parameters from Disk) icon from the top of
your Windows screen, or select the File menu, then “Open” and search for the desired parameter file on
your PC or diskette.
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Note: Opening a file will load the parameters from your PC or diskette to the
AutoMotionPLUS™Windows program only. It does not automatically change the parameter values
stored in the drive itself.

A pop-up dialog box will appear any time you open a new parameter file from your PC or diskette that
will ask if you wish to write the parameters to the drive. See example below.

If you are not certain that you want to replace the drive parameters with the new parameters just opened,
select No. The new parameters will be loaded into the Windows program where you can refer them and
change them if desired, but will not be uploaded to the drive.

When you are ready to upload the new parameters, you can then use the “write Parameters to Drive icon
on the Tool bar, or select “Drive”, “Write Parameters to Drive”, from the menu line.

- AutoNotion Setup Uily: 5 ACSA Houi14,2004, - = x|
] | | -, | r .
Q= sl T = 1=
~Ch
Symbal |Dm.ipninn ‘ Value‘ Low | High ‘Acc:::‘a
Configuration Parameters
CLPR  Pu/M Modulation Perind 1334 1000 2666 R
CLCG  Configuration Word 252 1] BBA35 R
OR Paosition # Velocity Loop Rate 100 3 255 R
10 Geral Delay 0 [} F
Protection Parameters
RC Locked Rotor Current 1023 o 1023 R
RT Locked Rotor Time 32767 o 32767 R
TE  Mator Dventemp Contral 0 [} H Fw/
Ls Current Contral Maimum Cammand o P h Disk 1024 o 4096 R
L Cument Control Limit pen Parameters, from Dis! N6 o 4056 R

1 Do you want ko write the parameters to the drive?
1Y

Commutation Parameters

CLEC  Encoder Counts per Fiev = o 400 100 | 6%F AW
CLPL  Mumber of Motor Poles 4 2 42 R
HP Hall Advance 2 o ) R
CLAP  Encoder Advance 0 ae0 | IeT | AW
Current Loop Parameters
CLKP  Propottional Gain 5000 32768 | 32767 R
CLEl  Integral Gain 100 -32768 | 32767 R
CLSH  BanScaing 4 [ 7AW
CLEX  Maltage Modulation Limit Plus 1000 32768 32767 R
CLEN  Woltage Modulation Limit Minus 1000 32768 | 32767 R
Velocity Loop Parameters

WT Measured Yeloci Fiter i} 0 32767 Rw/

o

74 start | wa mbox

Figure 8: Uploading New Drive Parameters

4.3 How to Change Individual Drive Parameters

Some Drive parameters can be changed while the Drive is running the motor. For example, Proportional,
Integral and Derivative Gain parameters in any control loop may be changed at any time, and will take
immediate effect.

However, some Drive parameters, if changed, will require you to reset the drive before proceeding. For
example, the “Position/Velocity Loop Rate” parameter on this page is used to set the processing
frequency for these control loops. The Drive must be placed into “Stop” using the Run/Stop! Switch
when changing this parameter. After this parameter is changed, the drive must be Reset to function

properly.

For example, to change the “Velocity Proportional Gain” parameter (VLKP) found under the “Velocity
Loop Parameters” section, move your mouse pointer over the displayed value box and then click on it.
This will bring up a pop-up dialog box as shown in the next frame.
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To change the value simply type in the new value and hit OK. When the OK key is pressed the new
parameter value will be uploaded to the drive immediately, so that the value shown on the Windows
Parameter table is always the same as it is in the drive.

O ==l »8 /<8 P71 5 ige| |
Symbol ‘Dascliplmn ‘ Value‘ Low | High |A|:t:ess‘/s
CLKP  Froportional Giain 5000 32768 | 32TET | AW
| CLK Integial Gain 100 3768 | 32T Rw
CLSH GainSealing 4 [ 7 R
CLEX  Valtage Modulation Limit Flus 1000 32788 | 327E7 | RwW
CLEN  Valtage Modulation Limit Minus 000 32768 | 32767 | AW
Velocity Loop Parameters
VT sasued Yelooity Filler 0 0| 3T RW
YLEP Proportional Gain [ —— AEE] 100 3768 | 32T | RwW
VLK Integid Gain — 100 32768 | 32767 | Rw

Proportional Gain 0 i

Parameter Symbot WLKP
Current Value: 100

VLIL  Integral Limit
| WLKD  Derivative Gain

3277 R
32768 | 32767 R

0
VLDF  Desivative Fiter e 78 0 0| 3277 | Aw
VLSH  Gain Scaling Upper Limit 3287 0 2% a0 R
VLM Max Dulput New Yalue: 0 q 023 | Aw
VFAC  Accelerstion o 0 0 | 27 | Aw
VR dark 4 0 0| 7 Rw
Position Loop Parameters
FLKP  Fioporional Gain 100 32768 | 3267 | Rw
FLK  Integial Gain 100 32768 | 32767 | AW
| PLIL Inegral Limit 0 0 | a7 | Aw
PLED  Derivalive Gain 0 388 | 37E7 | Rw
FLDF  Deivalive Fiter 0 0| T Rw
PLSH  Gain Scalng 0 30 R
PLMX  Max Output 0 0 | %27 | Aw
FLSC  Sleps per Fievoluion 4000 0| BB Rw

‘istart [@mn i s Flac futemotiorsstup [ 2 AcE1000UMRev.01... | B8 A

Figure 9: Changing Drive Parameter Values

Note: When parameters are stored or written to the Drive, they are automatically saved in nonvolatile
memory. If power is removed and re-applied, the Drive will retain any changed values. To restore the
default drive values, Open and load the “default.prm”. See 3.6.2 How to Save and Load Parameter files.

4.4 Drive Configuration

The ACEZ1000 drive can be configured in one of three operational servo modes, torque, velocity, or
position.

To determine the default configuration of the current drive select the “Configuration Word” CLCG value
from the Configuration Parameters section of the Parameter table. The Configure Dialog pop-up box will
appear. See Windows screen below.

You will use this Configure Dialog box to set up the drive for the desired operational mode, as well as to
define the motor feedback, analog feedback, and position and auxiliary command feedback.

The torque mode of servo operation is the most basis set-up for this servo and it is set as the default drive
mode. Torque mode is also required for operation of the other two servo modes, velocity and position
mode.

The commutation mode can be one of three choices. The first, Trapezoidal, uses Hall feedback only. The
other two, Sine, which operate the drive in Sinusoidal mode, offer operation with either “Sine with Halls
Synchronized” or “Sine with Encoder Synchronized”.

Sine commutation modes require “Halls and Encoder” commutation signals.

AUTOMOTION, INC. 23



[} AutoMgtion,Setup Utility: 5001 $003 ACSZ DERUG, , 2005
|| o <w| 55T = 1

o0

ACE1000 User Manual

G February. 8. 200

SEE

Symbol ‘ Description

Valuel Low ‘ High |A|:|:es#/~

Configuration Parameters
| CLPR PWM Modulation Period
CLCG  Configuration VWord
OR  Position /Velocity Loop Rate
L] Sertial Delay

Protection Parameters

RC  Locked Raotor Current
RT  Locked Rotor Time
TE  Mator Overternp Contral
LS Current Control Maximum Command
LT Current Control Limit
Commutation Parameters
| CLEC Encoder Counts perRev
CLPL Mumber of Motor Pales
HP  Hall Advance
CLAP  Encoder Advance
Current Loop Parameters
CLKP Propartional Gain
CLKI  Integral Gain
CLSH Gain Scaling
| CLEX Woltage Modulation Limit Plus
CLEN Moltage Modulation Limit Minus
Velocity Loop Parameters
VT hsmeirad Valncity Filtar

Comn Port:

¥4 Inbox - Outlod F

+5 Start

Configuration Word @

Commutation & Control Loops

Commudation Sensoifs]
& Halls Onip " Hall & Encoder

Paosition Command
1+ Analog, PWM, or Step/Dir

" Serial Command

Hall Commutation
(+ 120 degiee " E0degree
I~ Rewerse Hall Commtation

Command Input 1

Matar Phase Excitation £ PrasM [ACE1000 series Only)

# Tiapezoidal

% Analog

€ Sine with Halls Syrchiarize °

" Sine with Encoder Spnchronize e
& None

| Rewerse Encoder for Sine Elect. Angle
I~ Allow Over Modulated Sine Wave " Velocity Feedback
" Position Feedback

Control Loop(s] Setup " Torque Limit

o
I~ Velocity Loop

I~ Posiion Logp
FeedbackFadiofiraup

& Use Halls for Velooity Feedback

Cancel

" Use Encoder for Position & Velocity

[~ Reverse Fosition & Velocity Feedback

Baud Rate: 38400 Echo

Gl ACE1D00 LM Rev. 1.1,

1250 1000 2666 R
2343 0 EEG36 RW
4 3 255 R
0 0 256 R
1023 0 1023 | RW
32767 0 32767 R
0 0 2 R
1024 0 4088 R
1176 0 4096 RW
4000 100 BBB35 R
4 2 42 R
2 0 5 RW
150 -32768 | 32767 R
16000  -32768 32767 | RW
2000 | -32768 | 32767 | RW
1 0 7 P
1000 -32768 32787 R
-1000 -32768 32767 R
1nnn n =Y

Figure 10: Drive Configuration Set-up

P sl

4.4.1 Requirements for Torque Mode Operation

To properly set up the ACS1000 drive's operating mode, for all possible operating configurations, you
will use the "Configuration Word" (CL.CG) found under "Configuration Parameters" section of the main
"Parameter Page" of the Windows program.

If you click on the “Value” figure in the right hand column of this "Configuration Word" parameter, a
pop up "Configuration Dialog" box will appear on the screen, as explained under section 4.4, and shown

in Figure 10, above.

Note, for the drive to be configured properly with a new motor you will need to run the Auto-Phasing
tool found under "Motor Setup"”, described in section 5.2.

However, before you run the "Motor Setup" routine, which determines the proper phasing for the
commutation and the encoder feedback relationship, you first should set up the "Configuration Word".
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4.4.1.1 Setting up for Torque Mode with Halls Only (no Encoder)

[ D Autobotion Setup Uity 50014003 ACS2 DEBUG February 8. - (o]
= »m s A
O Q== »aa B = ke
Symhnl‘Desl:riplinn ‘ Value | Low ‘ High |A|:|:es#'~
Configuration Parameters
CLPR P Modulation Period 1280 1000 2BEE RW
| CLCG Configuration Ward Configuration Word X 2048 0 65535 | AW
OR  Posiion/Velocity Loop Rate Commutation & Contiol Loops Command Inputs 4 3 555 E
0 Serial Delay Cammutation Sensorls} WCET1000 Series - i i 256 AW
& Haiis iy  Hall & Encoder
Pasition Cammand
Proteclion Parameters el e @ Analog, PWM, of Step/Di
| & 120 degree " 60 dearee
RC  Lacked Rotor Curent Lee Danend 1023 0 1023 | RW
FT  Locked Rator Time L[Erwecalisl Gl A it 32767 0 3767 R
TE  Motor Overernp Contral Motor Phase Excitation £ Pru/M (ACE1000 series Only) 0 0 2 R
LS CurrentControl Maximum Command| | © (" Analog 1024 0 4096 R
LC  CurentCantrol Limit : 1178 0 4036 R
Analog Input 2
Commutation Parameters r " None
" Velacity Feedback
CLEC Encoder Counts per Rev r = p:;:;:;;h:; 4000 100 65535 RW
CLPL  Mumber of Motor Poles Contral Loop(s) Setup £ Torque Limit ¢ 2 42 R
HP  Hall Advance = 2 0 5 R
CLAP Encoder Advance ™ Velacity Loop 150 -32768 32767 RW
r
Current Loop Parameters FeedbackR adioGioup
I &
CLKP  Proportional Gain 5 15000 32768 | 32767 | RW
CLKI  Integral Gain 2000 -32768 32767 R
CLSH Gain Sealing I Reverse Position & Velocity Feedback Cancel | i 2 =
CLEX MWoltage Modulation Limit Plus 1000 -32768 | 32767 R
| CLEN Woltage Modulation Limit Minus -1000 -32768 32787 R
Velocity Loop Parameters
VT hdsmsirad Valnrit Filtar N i WIRT | R ¥

o Port: 1
['¥A mbox

iy Start

Baud Rate: 38400 Echo

il ACE1000 LM Rev.1. 1,

Figure 11: Set-up for Torque Mode with Halls

In this Torque Mode only configuration example (Figure 11), the motor does not have an encoder, so the
“Halls Only” box is checked. Hall Commutation is set for 120 degree.

Reverse Hall Commutation is unchecked. After the Motor Phasing is run this box may be checked
automatically if the direction of rotation of the motor needs to be changed.

Motor Phase Excitation is set for Trapezoidal, as the drive can only run in trapezoidal mode with Halls

only for feedback.

Control Loop(s) Setup is set for Torque Loop (always enabled).

The Velocity Loop option is unchecked, as we are planning to run in Torque Mode only.

Feedback is selected for “Use Halls for Velocity Feedback” since we are only running Halls at this time.
“Command Inputs” have been selected for the ACS1000 drive product.

The Position Command is defaulted to Analog Input.

Command Input #1 is set for Analog. Other alternate is PWM command input.

Analog Input #2 is selected for “None” as we are not planning to use this auxiliary analog input. An
example of where we could use this additional analog input is as a master/slave application.
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[ - Autooton Setup Uity 50014003 ACS2 DEBUG Fobruary 3, BEE
=, | | (o [ r
D Q= =l 58 =] = e
Symbol| Description | value | Low | High |Accesqa
Caonfiguration Parameters
CLPR  P¥M Modulation Period 1250 1000 2666 | RW
CLCG  Configuration VWord Configuration Word 3 2048 0 65535 | R
OR. Posilion/ Velogiy Loop Pite Commutation & Control Loops Command Inputs 4 3 255 B
0 Serial Delay Sy oLE0 Satiss | 0 [ 256 | RW
& Halls Oniy  Hall & Encoder
Position Command
Protection Paramatars Hall Commutatiar @ Analog, FWH, o Step/Dir
# 120deges (" BDdegres
RC  Lacked Rotor Curant L e L 1023 0 1023 | RW
| AT Lacked Rotor Time L e ab st 32787 i 387 P
Motor Phase Excitation Senadingtl
TE  Motor Overternp Contral o (~ PyfM [ACE1000 series Orly] i 0 2 P
LS CurentCantrol Maximum Command & Analog 1024 i 4095 | RW
L CurrentControl Limit - 1176 0 4096 RW
E Analog Input 2
Commutation Parameters r ! @ None
| " Velocity Feedback
CLEC Encoder Counts per Rev = S 4000 100 68535 | RW
" Pasition Feedback.
CLPL Mumber of Motor Poles Control Loop(s) Setup Tt 4 2 42 RW
HP  Hall Advance ~ 2 0 5 R
| CLAP Encoder Advance I Helocity Loopt 150 -32768 | 32767 R
r
Current Loop Parameters FeedbackRadioGroup:
o i
CLKP Propattional Gain ~ 15000  -32768 32767 R
CLKI  Integral Gain 2000 -32768 | 32767 P
CLSH Goin Scaling I~ Reverse Position & Velocity Feedback Cancel | 3 = =y
CLEX Voltage Modulstion Limit Plus 1000 32768 32767 | RW
CLEN Moltage Modulation Limit Minus -1000  -32768 | 32767 R
Velocity Loop Parameters
T hMeaanred VWalnrib: Filler nnn n IIRT =TT

Comm Port: 1 Echo

;.' start [ @ ACE1000 LM Ltiiy R’;ﬁ, 2144 PM

Figure 12: Set-up for Sine Velocity Mode with Halls

4.4.2 Requirements for Velocity Mode Operation

4.4.2.1 Velocity Mode Operation Using Halls Only

In this example we desire to run the drive in a closed loop Velocity mode using the Halls as our velocity
feedback device. See Figure 12.

The “Halls Only” box is still checked. Hall Commutation is still set for 120 degree.

Reverse Hall Commutation is unchecked. After the Motor Phasing is run this box may be checked
automatically if the direction of rotation of the motor needs to be changed.

Motor Phase Excitation is set for Trapezoidal and grayed out, as the drive can only run in trapezoidal
mode with Halls only for feedback.

Control Loop(s) Setup is set for Torque Loop (always enabled).
The Velocity Loop option is now checked, as we are planning to run in Velocity Mode.

Feedback is selected for “Use Halls for Velocity Feedback” and grayed out since we are only running
Halls at this time.

“Command Inputs” have been selected for the ACS1000 drive product.
The Position Command is defaulted to Analog Input.
Command Input #1 is set for Analog. Other alternate is PWM command input.

Analog Input #2 is selected for “None” as we are not planning to use this auxiliary analog input. An
example of where we could use this additional analog input is as a master/slave application.
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4.4.2.2 Sine Wave Velocity Mode Operation Using Encoder Feedback

[ D hutoloton Setup Utlty: 50014003 ACS2 DEBUG February 5, 2 BEIE
= o | (o (= r
O Q= »5a =T =
Symbol| Description | value | Low | High |Accesqa
Configuration Parameters
CLPR P Modulation Period 1250 1000 | 2666 | RW
CLCG  Configuration VWord Configuration Word 3 2048 0 65535 | R
OR. Posilion/ Velogiy Loop Pite ComrmLtation & Contiol Loops Command Inputs 4 3 255 B
0 Serial Delay ] o CE 1000 Soro = a 0 256 P
© Halls Only " Hall & Encoder
Paosition Command
Protection Paramatars Hall Commutatiar @ Analog, FWH, o Step/Dir
(120 degree " B0 degree
RC  Lacked Rotor Current L MR 1023 0 1023 | AW
RT  Locked Rotor Time L i o 32767 0 32767 | RW
Cammand Input 1
TE  Motor Overtemnp Control T_ﬂtm Phase Excitation £ M [ACE1000 series O] 0 0 2 R
LS CumentContral Meximum Command] | ¢ Trapezoidsl X @ Andog 1024 0 409 | RW
LC  CurentControl Limit O i 1178 i 0% | P
" Sine with Encoder Synchranizs A
nalog Input 2
Commutation Parameters I~ Reverse Encader for Sine Elect. Angle + None
F " Velocity Feedback.
CLEC [Encoder Counts per Rev B e 4000 100 65535 | RW
" Pesition Feedback.
CLPL Mumber of Motor Poles Control Loop(s) Setup ~ 4 2 42 RW
Tarque Limit
HP  Hall Advance ~ 2 0 5 R
CLAP  Encoder Advance [ Velogity Loop 150 -32768 | 32767 =
I~ Pastion Locp
Current Loop Parameters FeedbackRadioGroup:
m © Use Halls for Velocity Feedback
CLKP Propattional Gain & Use Encoder for Pasiton & Velachy 15000  -32768 32767 R
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Figure 13: Set-up for Sine Velocity Mode with Encoder

In this Velocity Mode with Encoder Feedback example (Figure 13), the motor is equipped with an
encoder, so the “Halls & Encoder” box is checked. Hall Commutation is still set for 120 degree.

Reverse Hall Commutation is unchecked. After the Motor Phasing is run this box may be checked
automatically if the direction of rotation of the motor needs to be changed.

Motor Phase Excitation is set for “Sine with Halls Synchronized” so that we can run in sine wave
commutation. As an alternate, if desired, we could also run the Velocity Loop closure using encoder
feedback in a Trapezoidal excitation mode only.

Control Loop(s) Setup is set for Torque Loop (always enabled).

The Velocity Loop option is checked, as we are planning to run in Velocity Mode.

Feedback is now selected for “Use Encoder for Position & Velocity”.

“Command Inputs” have been selected for the ACS1000 drive product.

The Position Command is defaulted to Analog Input.

Command Input #1 is set for Analog. Other alternate is PWM command input.

Analog Input #2 is selected for “None” as we are not planning to use this auxiliary analog input. An
example of where we could use this additional analog input is as a master/slave application.
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4.4.3 Requirements for Position Mode Operation
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Figure 14: Set-up for Position Mode with Encoder

In this final example (Figure 14), we are setting the drive up for Position Mode with Step & Direction

input.

For this mode the motor must have an encoder for position feedback. “Halls & Encoder” box is checked.
Hall Commutation is still set for 120 degree.

Reverse Hall Commutation is unchecked. After the Motor Phasing is run this box may be checked
automatically if the direction of rotation of the motor needs to be changed.

Motor Phase Excitation is set for “Sine with Halls Synchronized” so that we can run in sine wave
commutation. As an alternate, if desired, we could also run the Position Loop using encoder feedback in

a Trapezoidal excitation mode on

ly.

Control Loop(s) Setup is set for Torque Loop (always enabled), and the Velocity Loop option is checked.

In additon, the Position Loop is now checked and enabled.

Feedback is selected for “Use Encoder for Position & Velocity”.

“Command Inputs” have been selected for the ACS1000 drive product.

The Position Command is set up for Analog, PWM, or Step & Direction Input.

Command Input #1 is set for Analog. Other alternate is PWM command input.

Analog Input #2 is selected for “None” as we are not planning to use this auxiliary analog input. An
example of where we could use this additional analog input is as a master/slave application.
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4.5 How to Graph Drive Variables
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All of the variables discussed in the preceding section can be captured and displayed graphically

using the Graph screen. In this way, control loop tuning can be evaluated.

4.5.1 Initial Graph Channel Set-up

Select “View->Graph” from the AutomotionPlus menu bar. The following screen will be displayed:

P AutoMotion Setup Utility: 50014002 ACS2 Nov 11, 2004 AEE
File View Drive Communications Options  Help
~ o =
Q{5 on/<n| =[] B e [
B } Tinehase | Tisee

. Mariable | Commanded Cuent = | | 1
n [y Drfsetr samhi T
(] vaiabe T .
On[~ Offset|o G a1 |
Variable -] |

On[~ Offset[0 Gain[1 0
Variable [ o] DA
On[~  Offset[0 Gain[1 @84 boooeesessasscsssssssssssasaaasses
Warisble: o2
Onf~ Offset|o Gan[T |84

Varisble -
On[  Offset|0 Gain [1 01

0
@ Aqire Graph Data »

Comm Part; COM 1 Baud Rate: 35400 Echo

Figure 15: Graph Channel Set-up
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Use the drop down list box in the upper left corner of this screen to select a variable to be
graphed. For example select the variable named “Position Error” by scrolling down with your

W= AutoMotion Setup Utility: 50014002 ACS2 Nov.11, 2004

File iew Drive  Communications Options  Help:

O == > =7 = 2

Channels I Timebase 1 Trigger o Dsta = Mo Data

B veiste [PosionErer <] 1
[

OnfF  Offset [0 ain[1

B v

Onjv  Offset |0 Gain |1

Vaisle [ |

O~ Ofiset[0 Gain[1

) veiwe =

On[~  Ofiset [0 Gain|1

Vatiable =
O~ Offset[D Gain[1

Varizble ~ 1
On[~  Offiset [0 Gain 1 01

I& Aquite Giaph Data

Figure 16: Selecting Variables to Graph

mouse and then clicking on it. You can then click on the second drop down box to select a second
variable to graph, such as “Velocity”. Additional variables of interest can be selected in a similar fashion.

Note that a check mark appears in the “On” box located just below both selected variables. This means
that both variables are enabled for data collection. You can disable a variable by clicking on this box.

You can also enter a number in the “Offset” box adjacent to each variable, to scale each variable as
desired. This feature is useful for displaying variables in user units, or to display variables of different
numerical ranges on a single graph.

If we leave the Offset for these two variables set at 1, the collected Velocity data will be displayed in
units if rpm and the collected Position Error data will be displayed in units of encoder counts.

You can also change the color of the Data being displayed on the graph by clicking on the color box
associated with each variable for easier viewing.

Click in the Graph window and drag a box from the upper left, to the lower right. A zoomed view of the
graph will appear. To zoom out, click and drag a box from the lower right, to the upper left. Click and
hold the right mouse button to PAN the graph. Additional view functions are also available by right
clicking on the graph.
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4.5.2 Graph Timebase Set-up
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P AutoMotion Setup Uil 14002 ACS2 Nov 11, 2004
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o H 1

= No Data = No Data

Sample Frequency
Humber of | Frequency
Loops/3ampl [T =1 143300 M2
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I& Aduire Graph Data

/5 Start

Figure 17: Graph Timebase Set-up

After selecting the initial variables to include in your graph, you will need to select the timebase for your
data collection.

Within the Timebase set-up you first must select your Sample Location, either from within the
Speed/Position Loop, or from within the Current Loop.

Next you determine your Sample Frequency. This is influenced by your Sample Location selection
above, and is determined by both the number of loops per sample used, as well as the number of sample
points desired.

Note that as the “Number of loops per sample” figure is adjusted, both the frequency as well as the total
time for the samples to be collected will change. When just the “Number of Samples” is adjusted after
setting the number of loops per sample, just the “Total Time” required to collect the sample data will
change.

In the Graph Display Properties box you can select the thickness of the graph display lines, and also
determine if you will retain the last graph data to be overlaid by the next graph run using the “Persistence
On” feature. This feature is useful when wishing to compare two consecutive data runs results on the
same graph.

Finally, the “Graph Performance” box allows the user to adjusted the maximum data packet size from 20

to 500 for best upload performance, while the Auto Update Enable allows incoming data to be displayed
as it is received, rather than waiting until all data is collected. This can be turned off when desirable.
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4.5.3 Graph Trigger Set-up

The AuotMotionPLUS™ graphing utility is supplied with an additional data trigger feature to allow the
user to more easily capture specific events of interest.

While data can be captured any time that the drive is in Run mode, by clicking on the “Acquire Graph
Data” button at the bottom left of any graph screen, this special trigger feature allows the user to start
data capture upon a particular event or action.

P AutoMotion Setup Utility FEX
File View Drive Communications Options  Help
= ol | (o = _ -
O = »alca ] = e
Chomels | Timcbase  Tioosr

Trigger Setupr

Trigger Delay |0
Trigger Select  |Both1and2 |

Trigger 1
Waiisble | Conmal

Style
O e T

HiFreq
Fiter (%) |0 j

Trigge 2
Vatistle |Commanded Curent v
Style | € Less Than -
0 [~ Absolte
Level i

HiFreq =
Filter (%) |0 j

I& Aguite Graph Data

Comm Port: COM 1 Baud Rate: 38400 Echa

-: start |4 Inbox- vess | & Automotion, Inc.s .. | O§ ACEIO0DUMR=vOL.. | 2 Adcke AcobstStand.. P Automotionsehy

Figure 18: Graph Trigger Set-up

The first step in using the graph trigger function is to turn on the trigger function by selecting one of the
five options in the drop down box. In the example above, Both 1 and 2 trigger functions has been
selected, activating the Trigger 1 and Trigger 2 set-up boxes.

At the same time the “Trigger Delay” function can be selected to better capture the exact moment of the
event you are looking for. The figures inserted into this box are in “number of samples”, not time. This
figure can be either positive or negative. A negative number would be used in the case where it was
desirable to capture some data ahead of the event you are looking for. S an example, if 500 samples had
been selected in the Timebase set-up (see section 4.2 Graph Timebase Set-up) and you chose to collect
100 samples prior to your trigger event, you would insert a minus 100 (-100) into the Trigger Delay box.
In this case the total of 500 samples would be spread over the selected tripper event with 100 samples
displayed before the event took place, and 400 samples displayed after the trigger event occurred. The
actual amount of time that elapses over the 100-sample size will be dependent upon the sample location
and the number of loops per sample as explained in section 4.2.

AUTOMOTION, INC. 32



ACE1000 User Manual

In each Trigger box a desired Variable to trigger the graph on can be selected from among the 27

variables offered in the drop down display box.
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Figure 19: Selecting Trigger Variable to Graph
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5 Working with the ACE1000 — Helpful Notes and Procedures

5.1 Recommended hookup

SHIELD DIGITAL I/0 SEPARATELY.
TERMINATE SHIELD AT ACE DIGITAL GROUND.
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Figure 20: Drive Motor Set-up
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5.2 First time operation

5.2.1 Phasing the Motor
Automotion has determined the correct motor phasing for all Mavilor motors sold by Infranor Inter AG.
If your drive was ordered with a Mavilor motor specified, the correct parameter set for the mating
Mavilor motor in your system was loaded into your drive at the factory prior to shipment.

Alternate Mavilor motor parameters can be selected from the motor selection file on the software disk
supplied with your drive, or you can contact Automotion for these files.

In addition, Automotion has established the correct motor phasing relationships for many other popular

US and foreign motor manufacturers. A listing of these additional motor manufacturers may be obtained
from Automotion upon request.

5.2.2 Using AutoMotionPLUS™ Auto-Phasing Tool

Please refer to the AutoMotionPLUS™ Windows Motor Set-up screen, figure 21 below. To establish the
correct motor phasing for a new or unknown motor Automotion has provided a new feature called Auto-
Phasing. To make use of this feature proceed as follows:

1. Connect all phase and hall wires to the drive.

2. Place drive into standby

3. Connect power and establish communications (38400 baud rate required)

4. Load a starting parameter set (select from Automotion motor tables, use default already in drive,
or contact Automotion for assistance)

5. On the AutoMotionPLUS™ Windows menu, select "Setup" -> "Motor setup"

6. Select "Start Auto Config" button in lower right corner of "Motor Setup" window.
7. When the “Auto Config” is complete, place drive in standby

8. Select "close" button in lower right corner of "Motor Setup” window

9. The motor should now be properly phased for the ACE1000. You can now proceed with drive
loop tuning.
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Figure 21: Motor Set-up Screen

5.2.3 Scaling the Analog Inputs

To properly adjust the analog inputs to match the desired input analog command voltage range with the
desired output (i.e. Current, Velocity, etc.) you must first calculate the proper analog gain and offset
values for entry into the drive’s parameter page, under “I/O Configuration”.

To assist you in this conversion Automotion has developed an Excel spread sheet which will
automatically convert your calculated or measured analog input values to the required analog gain and
offset values to achieve the desired ranges.

5.2.3.1 Analog Input for Current Mode Operation — Primary Analog Input

For ACE +/- Analog In for Current Mode operation, using the Primary Analog Input, first detemine your
actual High and Low analog values that will be used for the Analog input reading.

Note — to read the +/- Analog Input voltages (High & Low) from you’re an input device, such as a pot,
you can use the Windows terminal program. With the drive in standby, go to the Terminal window and
after setting the Analog input at its minimum value, read this value by typing in the terminal command
VF.VA.

Then set the Analog input at its maximum value, and again read the value by typing in the VF.VA
command.

Note that to measure VF.VA via the Terminal window you must first have the Analog gain value VF.GN
on the drive’s Parameter page set to some value other than zero (0).

Place these High and Low Analog Input values into the spreadsheet.
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Enter the desired output current range (Maximum and Minimum) that correspond to the High and Low
Analog inputs you just measured.

The Spreadsheet will then calculate the required 1/0 Command Gain (VF.GN) and Command Offset
(VF.OF) required to achieve the span of Analog control desired.

Enter these values into the drive’s Parameter page, under the 1/0 Configuration” section.
Reset drive. Now initiate RUN command to control current from your Analog Input source.
5.2.3.2 Analog Input for Current Mode Operation — Auxiliary Analog Input

To set up and scale the Aux Analog Input for the ACS200 follow the same procedures as outlined above
for the Primary Analog Input.

5.2.4 Scaling the Primary Velocity Input

5.2.4.1 Hall Based Velocity Control
Using the Automotion Excel spreadsheet section for Hall Based Velocity Control, enter your calculated
or measured High and Low analog input values. See previous section 5.2.3 for instructions on
determining these values using the VF.VVA command in the Terminal window.

Then enter the desired corresponding High and Low RPM speed range you wish these Analog inputs to
represent.

The spreadsheet will calculate the Velocity Gain (VF.GN) and Offset (VF.OF) values. Enter these values

into the drive’s Parameter page, under the I/O Configuration” section.

5.2.4.2 Encoder Based Velocity Control

Contact Automotion for assistance in setting up the Analog Input for encoder based velocity control.

5.3 Initial Parameter Calculations

If your drive was supplied with a Mavilor motor initial parameters for that motor may already be loaded
in the ACS1000 drive, or a set of factory default parameters may be loaded.

From assistance in determining an initial set of drive parameters to begin your evaluation please contact
Automotion applications support.

5.4 Manually Tune the Current Loop
To tune the current loop, apply square-wave excitation from a function generator to the current loop and
adjust current loop proportional gain (CL.KP) and current loop integral gain (CL.KI) to obtain desired
wave form.

You can use the scope function contained within the Graphing window of the AutoMotionPLUS™ set-up
and utility software to perform this task.

Set the excitation of the function generator to Square Wave. Set the frequency to 100 Hz.
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Set the amplitude of the applied current to no more than 10% of the drives continuous current rating.
Verify that the amplitude of the applied current is not excessive for the motor.

On the parameter screen adjust the current loop proportional gain (CL.KP) found under the Current Loop
Parameters section of the Parameters page by first:

a) setting the current loop integral gain (CL.KI) to zero.

b) Increase or decrease the proportional gain (CL.KP) until the desired step response is obtained.
Typically, the desired result is little or no overshoot with a 100 Hz, low-current square wave applied.

c) If the proportional gain (CL.KP) is too large, ringing may occur. If the proportional gain is set too low,
the response bandwidth will suffer, i.e. decrease.

Next, adjust the current loop integral gain (CL.KI) from zero until the desired settling time is obtained.

Once the desired current step response is obtained for the selected motor, save the values of CL.KI and
CL.KP before proceeding to the next step, velocity loop tuning. If the amplifier is to be used in current
mode only, you can skip the velocity and position loop manual tuning steps, sections 5.5 and 5.6.

5.4.1 Function Generator Overview
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5.4.1.1 Enabling the function generator

Place the ACE/ACS unit into standby. Select “Setup> Function generator” from the main menu bar to
enable the function generator. The function generator floats in a separate window that can be positioned
away from the Automotion Plus window for convenience. The function generator is used to output a
user configured reference signal to either the current, velocity or position control loops. To stimulate the
Velocity or Position control loops using the function generator, these loops must first be enabled in the
Configuration word. (Hint: The drive must be reset for any changes to the configuration word to take
effect)

When the “Start” button is pressed in the function generator window, the drive’s Command input signal
(as determined by the configuration word) is replaced with the function generator signal, the drive is
enabled in software and graphing begins automatically. (Hint: Before pressing the start button, loop
variables and other recording options should first be selected in the graph window.)
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5.4.1.2 Configuring the Graph window:

In the example below, Commanded Current, Current and Commanded Voltage are recorded in the
current loop. The variable “Command current” has been replaced with the function generator.
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5.4.1.3 Configuring the Function Generator
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a ; L SRO and SR3 function as a
Sets the number of function cycles 0 100 200 \_an Run/Standby switch.
to generate before the drive is
disabled. (Hint: to cycle
continuously, set value to “0” and - - - .
use the Acquire Graph Data button Preview wmdo_w Is used to Inspect
in the graph window.) waveform offline.
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5.4.2 Adjusting Current loop gains:
Proportional and Integral gains operate on the variable Current Error. Proportional and Integral gain are

integer values between 0 and +32767, representing 0 to 100% gain. (Note: gains can be set to negative
values but this practice is not recommended)

’Aulohlolion Setup Utility _|Of x|
File Edit “iew Drive Communications Setup Options  Help
— D [ [T] A
T Q= =] oncn) P = e
Symbol | Description | Yalue | Low | High |Acc:ess%;|
Current Loop Parameters
CLEF PFropotional Gain ] -32768 32767 R
CLEI  Integral Gain 0 -32768 | 32767 Ry =
CL.SH Gain Scaling 0 0 7 Ry
CLEx “oltage Modulation Limit Plus 0 -32768 | 32767 R
CLEM “Woltage Modulation Limit bMinus 0 -32768 | 32767 R =
[ [ Coram Part: 1 [ Baud Rate: 38400 | Echo | 4

The gain scaling parameter, CL.SH, is a binary multiplier applied to both the Proportional (KP) and
Integral (KI) gain values. For example, If CL.SH=1 then KP & KI range of 0 to 32767 represents 0 to
200% gain. If CL.SH=2 then the KP & KI range of 0 to 32767 represents 0 to 400% gain, etc.

When adjusting current loop gain values, Automotion recommends using the lowest possible value for
CL.SH. For example, use KP=10000, Ki=2000 and SH=0, rather than KP=5000, Ki=1000 and SH=1.
The variable commanded voltage is the output signal of the current control loop. This signal is compared
to an internal modulator to produce applied motor PWM (i.e. voltage). CL.EX and CL.EN can be used to
limit the maximum PWM (i.e. voltage) applied to the motor.

Automotion recommends initially setting CL.EX and CL.EN to +32767 and —32767 respectively.
Internal firmware will then automatically limit the maximum and minimum values to the numerical limit
of the internal modulating signal. This internal limit can then be determined by typing “CL.MX<enter>"
at the terminal window. The returned value can then be used to scale CL.EX and CL.EN parameters.
For example, if CL.MX<enter> returns a value of “642” then scaling is calculated as follows:

CL.EX =[(Desired +Limit) / (Supply Voltage)] * 642.
CL.EN = [(Desired -Limit) / (Supply Voltage)] * 642.

One the CL.MX value is determined, the variable Commanded voltage can also be displayed in the graph
window in units of volts. For example, if CL.MX returns a value of 642, then the “variable gain” in
graph window is calculated as follows:

Commanded voltage Gain (ocated in graph window) = (SUPpPly Voltage ) / 642

Note: Gain and Offset values in the Graph window are not stored in the drive. These values are only
used in the windows interface to manipulate displayed data.
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5.5 Manually Tune the Velocity Loop

To tune the velocity loop, apply square-wave excitation from a function generator to the velocity loop
and adjust the velocity loop proportional gain (VL.KP) and the velocity loop integral gain (VL.KI) to
obtain the desired waveform.

You can use the scope function contained within the Graphing window of the AutoMotionPLUS™ set-up
and utility software to perform this task.

Set the excitation of the function generator to Square Wave. Set the frequency to 5 Hz.

Set the amplitude of the applied voltage command to no more than 10% of the drives maximum velocity
value. Verify that the amplitude of the applied velocity value is not excessive for the motor.

On the parameter screen adjust the velocity loop proportional gain (VL.KP) found under the Velocity
Loop Parameters section of the Parameters page by first:

a) setting the velocity loop integral gain (VL.KI) to zero.

b) Increase or decrease the velocity loop proportional gain (VL.KP) until the desired step response is
obtained. Typically, the desired result is little or no overshoot with a 5 Hz, slow-speed square wave
applied.

Next, adjust the velocity loop integral gain (VL.KI) from zero until the desired settling time is obtained.

Once the desired velocity step response is obtained for the selected motor, save the values of VL.KI and
VL.KP before proceeding to the next step, position loop tuning. If the amplifier is to be used in velocity
mode only, you can skip the position loop manual tuning step 5.6.

5.6 Manually Tune the Position Loop

To tune the position loop, minimize the following error and any oscillations by running profiles and
adjusting the position proportional gain (PL.KP), position integral gain (PL.KI), and position derivative
gain (PL.KD), and other settings to obtain the desired performance.

5.6.1 You can use the scope function contained within the Graphing window of the AutoMotionPLUS™
set-up and utility software to perform this task.

5.6.2 Set up your profile generator to perform a relative trapezoidal move within an appropriate distance.
Set up a trapezoidal profile by setting the trajectory limits and distance.
Note- the profile may not reach constant velocity during a short move.

5.6.3 Set values for Maximum Velocity, Maximum Acceleration, and Maximum Deceleration that are
typical of those that you expect to use in the application.

5.6.4 Set the move distance to produce a complete trajectory profile.
Caution — make certain that the selected distance does not exceed any mechanical limitations of the
system.

5.6.5 Adjust the position proportional gain (PL.KP) to minimize position following error by first:

a) Setting the position integral gain (PL.KI) and position Derivative gain (PL.KD) to zero.

b) Adjust the position loop proportional gain (PL.KP) and repeat move to obtain best results. Caution —
too much proportional gain (PL.KP) can cause instability and oscillation.
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5.6.6 Adjust velocity feed forward (VL.FF) to reduce the following error in the constant velocity portion
of the move profile. Typically a velocity feed forward (VL.FF) value of 100% or 1023 will provide a
good starting point. Repeat moves after each adjustment to obtain best results.

5.6.7 Adjust the Position Feed Forward (PL.FF) to reduce following error in the acceleration and
deceleration portions of the move profile. Repeat moves after each adjustment to obtain best results.

If upon completing the position loop tuning the motor makes an audible noise while enabled but not
moving, you may have the velocity proportional and integral loop gains set too high. You can lower these
to see if it reduces or eliminates the noise, but be aware that if these gains are set too low, the
responsiveness of your system will be reduced in many cases.

For best performance you must repeat the above procedure for all move profiles that are expected to be
executed in your final application.
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6 ACE1000 Hardware Reference

6.1 ACEZ1000 electrical ratings

Ratings at Tamb = 0...50°C, (unless otherwise noted)

ACE1000 User Manual

Parameter | Conditions 20A |  30A | Units

Supply

Supply voltage Nominal operating 100 to 240 VAC

Supply current, surge Inrush pulse duration <=100mS A

Supply current, idle No load condition. mA

Supply current, operating A

Over Voltage protection Internal peak supply limited. VAC

Reversed polarity withstand Continuous; supply current A
externally limited to:

+5VDC User Supplied - Encoder Inputs, Hall Inputs and 47510 5.25 \Y

regulation Digital 1/0

+5VDC User Supplied - current Encoder Inputs, Hall Inputs and 250 minimum mA

required Digital 1/0

Motor Outputs — P6

Output current, continuous No additional heatsink 10 18 Arms

Output current, peak 20 30 A

Short circuit withstand Phase-to-phase, phase-to- +/- +/- Amp
ground, phase to- supply
threshold.

Short circuit protection delay to us

On state voltage drop Phase current = +/-5Amp to mV

Off-state leakage current Phase Voltage = +/-48V. to uA

PWM frequency Programmable, PWMPER 30 kHz

Digital 1/0 Maximum Ratings — J5

Input voltage All inputs (opto-isolated); to \Y
referenced to +COM

Input current All inputs (opto-isolated); to mA
referenced to +COM

Output voltage All outputs to \Y

Output current All outputs mA

Digital Inputs — J5

On state voltage threshold Referenced to +com to \

Off state voltage threshold Referenced to +com to \

On state current Input = -5V to mA

On state pulse width Off voltage = OV, On voltage = us
-3V

Off state pulse width On voltage = -5V , Off voltage = us
Y

Digital Outputs) — J5

On state current Referenced to +com to mA

On state voltage drop On state current =15 mA to \

Off state voltage Sustained to \Y

Off state leakage current Off state = 5.5V to UA

Analog Inputs — J5

Input voltage Common-mode Referenced to AGND to \

Input voltage differential Nominal operating to V

Input impedance Differential K Ohm

Input impedance Common mode, referenced to K Ohm
AGND

Analog ground current Maximum AGND to GND to mA
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Encoder Inputs — J9

Input voltage, Max. Common-mode, referenced to GND -25to +25 Vv

Input voltage, Max. Differential peak Ato A,BtoB,Zto Z -30 to +30 \Y

Input voltage, differential RS422 receiver, Ato A,BtoB,ZtoZ -5to +5 Vv
operating.

Halls — J9

Input voltage range Transient peak -0.3t0 +5.3 \

Low level voltage Operating 0to 1.8 \Y

Low level input current Internal 1 K pull up to +5V 4105 mA

Input hysteresis 0.2t0 0.5 V

Other

Thermal resistance Case to ambient °CIW

Frame isolation voltage GND to Frame. \Y

withstand

Operating temperature powered 0 to +50 °C

Storage temperature Not powered -20 to +85 °C

Humidity Non-condensing 0to 90 %RH

Weight 5.98/2.71 Lb./Kg

6.2 ACE1000 Package Outline
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060000900

5959690
080803030
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]
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Figure 22: ACE1000 Package Outline
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6.3 List of ACE1000 mating connectors
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Ref. Connector name Manufacturer P/N

J1 PWR PHOENIX CONTACT MC 1.5/3-ST-3.81

J3 MOTOR PHOENIX CONTACT MC 1.5/4-ST-3.81

J4 RS-232 (Generic) 9 Pin D-Sub, Male

J5 RS-485 MOLEX

J6 ADDR (Generic)

J7 ENC. HARTING SEK18-0918-510-6803
J8 HALLS MOLEX KK-2,54-22012065

J9 DIGITAL & ANALOG 1/0 |[HARTING SEK18-0918-526-6803
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+5V INPUT
GROUND

+5V INPUT

SPARE ANALOG INPUT
ENABLE / RESET!

RUN / STANDBY!
DYNAMIC BRAKE

ALMIT
-LMIT

DIGITAL GROUND
+DIFF / PWM

“DIFF / DIR
ANALOG GROUND
ENC "A"

DIGITAL GROUND
TACH

DIGITAL OUT

FACTORY SELECT

6.4 Interface circuitry

6.41 J5-

Digital & Analog 1/0

ACE1000 User Manual

+5VDC
N
6.2v
10uF
33K
DEND 74HCT1aAN
FTZ5.6E
s
1 J2
2 ==
100, ghm . 1 10
4 | el
+LIMIT e g3
| } scL
: | soa
E 7amCT14AN
£ i J R o
9 1R0NRm 1 T 12 3.3K
B 2t T 7aHCT14AN
1 hd
12 .
m 10k Nie VA NI FTZ5.6E 74HCT14AN|
14 ENC SIG A
L ENC SIG Al |
16 ENC SIG B
1L ENC SIG B!|
18 ENC SIG Z N/C—T N/C
19 ENC SIG 2!
21 DGND
22
e DGND
0.001uF
BAV70
DB25M
v > canD A
68K, 1%  6.8K,1%
O oIFFIDIR AR
DGND 2.1K, 1% B
= A ANALOG CMD
BAV70
% K,1%
FRAME VY NS R R TLE2142CD 0.001uF
11
"
]K 9.53K,1%
+4.0VREF 26.6K,2%
+4.0VREE
wonwse 10K, 1%
16.9K,1% -
cenp B
CGND TLE2142CD
cenD
63.4K.1%
SPARE ANALOG IN 4.99K,1%
Jaricas 26.1K,1%
7ancas —
HALL 52! conp
100 Ohm
74HCT14AN
o<]—< iGITAL OUT!
Nie——AAAA—nie
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6.4.2 J9— Motor Interface

74HCT14AN
v/ HALLS1!
+5 VDC ooy
2.2K I
e AW e 0.001uF 74HCT14AN
7 HALL s2!
5.6V
L ’
1K
I
0.001uF
74HCT14AN {>0 HALL S31
Nie——A\/NNA N/C sev
L »
+5VDC I
pEALRS 10K 0.001uF
Q ;6
J9 DGND
HALL S1 1
HALL S2 2
HALL S3 3
+5 VDC OUT 4 0.1uF eree
DIGITAL GND 5 } }—1 1 2y
ENCODER A 6 ENC SIG A I TBD o
ENCODER Al ENC SIG Al | ‘
DIGITAL GND * 24
ENCODER B ] ENCSIGE ] .
ENCODER B! 10 ENC SIG Bl TBD +5 VDC
FACTORY SELECT 1L ‘ s
ENCODER Z 12 ENCSIGZ
ENCODER 2! 1 ENC SIG 7! -
MOTOR O/T PLUS 14 TBD
MOTOR O/T MINUS =
DB15F * DS26C32
l»—ﬂ— O 35 N
6.2V Ju2 >
NC| —
10K .
T E3.4
FRAME
N/C AVAVAVS: N/C
DGND
D, DGND
DGND +5 VDC
9.53K,1%
BAV70
+4.0VREF 10K, 1%
@ ——> MOTOR ANALOG
CoND TLE2142CD
+
63.4K,1%
9
26.1K.1% 4.99K,1%
CGND

Figure 24: ACE1000 J9 Motor Interface Circuitry
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6.4.3 J8 Communications Interface Requirements

LT1081/MAX232 0.1uF
DGND 0.1uF 16 lvee ci+ L
ci-
»—{ }72\,,, 0.1uF +5V
ca+ |2 69
I — e
0.1uF 14 |TR1 OUT O<} TR1IN| 11 N
DRIVE-TXD 2
DB9 MALE ‘ DRIVE-RXD 3
1 7 |TR2 OUT TR2IN| 10 DRIVE-CTS 4
2 XD O<} [ DRIVE-RTS 5
3 RXD 13|REC1 IN {>ORE01 ouT 15 | .
: :
5
6 8 |rREC2IN {>ORECZOUT o
7 cTs % @
8 RTS
9 15/cnp DGND

To PC Comm. Port

DGND
DGND

Figure 25: ACE1000 J8 Communications Interface Circuitry
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6.5 Recommended Cabling and Installation

SHIELD DIGITAL I/0 SEPARATELY.

TERMINATE SHIELD AT ACE DIGITAL GROUND.
DO NOT CONNECT SHIELD AT OTHER END.

ACE1000 User Manual

ACE1000-xxxx
REQUIRED
RS-232 ADAPTER Js
e
COhl"NMTlég::(jQTéON 2o TERMINATE SHIELD TO DIGITAL GROUND AS SHOWN.
RTS DO NOT CONNECT SHIELD TO FRAME.
= DIGITAL GND DO NOT CONNECT SHIELD AT MOTOR END.
OPTIONAL
QUICK START PCB 135
+5VDC INPUT ENCODER /
[9 G
SEVDCINBUT HALLS moTor | ]
ENABLE |RESET ENABCE,
RUN / STANDBY RUN /
BRAKE
+LIMIT
- LIMIT I
DGND DIGITAL GROUND i [t
+DIFF [ PWM HALL S1 T i
- DIFF | DIRECTION HALL S2 Y T
ANALOG GROUND HALL 3 T T
ENCODEI +5VDC OUT T 1
ENCODER 'A DIGITAL GND 1 T
ENCODE! "ODE 1 T
SR —
+ DIFF | PWM I I
5
SHIELD MOTOR OVERTEMP ICODER 7 I i —
AGND [l 2 i H
21 FRAME
PL SHIELD
SHIELD ANALOG 1
1/0 SEPARATELY. z
TERMINATE SHIELD i
AT ACE ANALOG
GROUND. DO NOT PONER
CONNECT SHIELD Pl SSS
AT OTHER END. 1234

[
KEEP FRAME GROUND WIRES '
AS SHORT AS POSSIBLE

FRAME

POWER CABLE

[l
|anlan]sn]an]]

USER [

SUPPLY [l

SHIELD

MOTOR CABLE

TERMINATE SHIELDS FOR MOTOR AND POWER CABLE TO FRAME GROUND.
DO NOT CONNECT SHIELD AT OTHER END.
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6.6 Use & Selection Of The External Shunt Resistor

CAUTION! SHOCK HAZARD!
FIRE HAZARD!

WHEN THIS PRODUCT USES AN INTERNAL OR EXTERNAL
SHUNT RESISTOR, PRECAUTIONS MUST BE FOLLOWED TO
PREVENT A POSSIBLE FIRE HAZARD.

Shunt resistors may function using high voltage electrical power. Avoid physical contact with
them whenever the ACE is powered. Shunt resistors can also become extremely hot. Follow the
precautions stated below to help prevent a fire hazard.

In some applications when heavy dynamic braking and/or regenerative braking is involved, the ACE will
require a shunt resistor. AUTOMOTION can provide, as one option, an internal shunt resistor up to
certain practical limits based upon physical space available and the expected heat generation.

If the application requirements exceed the capability of this optional internal shunt, or the customer
wishes to use his own shunt, an external shunt resistor may be added.

If an external shunt resistor is used, this is wired to connector P2. The minimum permissible ohmic
value for the external shunt resistor is 50 Ohms. If a lower resistance is needed for any reason, consult
AUTOMOTION.

External shunt resistor connections to connector P2 must be made across P2 pin terminals 1 and 2.

e DO NOT CONNECT THE EXTERNAL SHUNT RESISTOR ACROSS PIN TERMINALS 1 AND
3.

e DO NOT SHORT PIN TERMINALS 1, 2 OR 3 TO FRAME GROUND.

e DO NOT USE A SHUNT RESISTOR WITH A VALUE LOWER THAN 50 OHMS AND RATED
FOR HIGH MOMENTARY OVERLOADS.

It is important that this external shunt resistor be adequately sized to be reliable. It is also essential that
this shunt resistor be located where it cannot cause a fire hazard should it ever overheat.
AUTOMOTION recommends that the shunt resistor be placed in a well ventilated location and be kept
far away from flammable materials.

The shunt operates in conjunction with a transistor switch that places it across the motor high voltage
rail. Should the transistor ever fail in the ON condition the resistor would remain powered continuously.
This could result in the shunt resistor becoming very hot. A user-supplied heat shield may be required to
limit a possible fire hazard.

CAUTION! FIRE HAZARD!

Never mount the external shunt resistor where it can make contact with flammable materials, flammable
liquid and/or flammable chemicals. If the ACE contains an optional shunt resistor mounted internal to the
chassis, it too must be kept far away from flammable materials, flammable liquid and/or flammable
chemicals. Never use the ACE, either with or without a shunt resistor of any type, in an explosive
atmosphere. Never place the shunt resistor in the proximity of flammable materials that could melt or drop
upon the shunt resistor body or the ACE drive.

The electrical terminals of this resistor are also a shock hazard. High voltage electricity is present on
these terminals whenever the ACE is powered. A safety cover or shield is recommended to avoid a
shock hazard.

AUTOMOTION, INC. 51



ACE1000 User Manual

The selected wattage rating for the shunt resistor is application dependent. Usually a heavy-duty wire
wound resistor will work best. However, not all wire wound resistors are suitable for shunt service.

Through years of experience, AUTOMOTION has found the Ohmite type 250 series works reliably in
many shunt applications.

If the user is supplying their own shunt resistor contact AUTOMOTION for further application advice.
Ask for Field Application Bulletin #101-0195.
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6.7 Model Identification
ACE
I
Model Designator

I~
S
X
I
|><
[><
[><
I
[><
<
IN
[><

Base Power Platform
1=0.5to 5Hp.

Power Specifications
20, 30

Drive Customization Code
0 = Standard

1 = Factory Special

2 = Factory Special, 3 Phase

Drive Mounting
0 = Open Frame
1 = Panel Mount
2 = Coldplate

Safety Cover
0 = None

1 = Standard

2 = Special

Supplemental Cooling
0 = None

1 = Heatsink

2 = Heatsink with Fan

3 = Water Cooled Heatsink

Drive Parameters / Configuration
0 = Default

1 = Factory Configured

2 = Factory Configured, On Board RAM

Shunt Regeneration
0 = P2 (Customer External or none)
1= 55 Watt Shunt (Internal)

2= 110 Watt Shunt (Internal)

3= Chassis Mount (External)

Supplemental Capacitance

0 = P2 (Customer External or none)
1 = Factory Installed (2 Caps)

2 = Factory Installed (3 Caps)

Feedback Configuration

0 = Hall
1 = Encoder
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7 Description of ACE1000 parameters and variables

General: Each command entry is headed by the ASCII command followed by its descriptive label. The
allowable value range follows. That is followed by the applications that can make use of this parameter
or variable. Finally, the scaling and use of the variable follows.

In any formula, the value entered is denoted by ‘X’. The parameters are not typically changed once the
user has tuned the drive to a specific application.

To read the value: From the terminal page type the ASCII command followed by a return.

To write a new value: Type the ASCII command followed by the new value (X) and a return.

Backspace allows you to start over in case a mistake is made.

7.1 The Parameter Page

7.1.1 Configuration Parameters

CL.PR PWM (Current) Modulation Period
Range: 1000 (1334 for the ACE1000) to 2666
Applications: All
Use: The current loop and PWM rates in hertz are 2*107 / X
CL.CG Configuration Word
Range: 0 to 65535
Application: All DSP based drives.
Use: This command is used to specify what servo loops are running and to
control other features of the drive. When this field is clicked in the user
interface, a popup appears to allow the user to set this configuration word.
Bits Usage
0 On if the position loop is to be used. The position loop will not be
used if the velocity feedback is analog.
1 On if the velocity loop is to be used
2 On if velocity feedback is to be computed from halls edges or off if
velocity is to be computed from encoder edges. On the ACE-1000,
this must only be changed if a hardware change is also made. This
bit is overridden by analog velocity feedback.
3,12,13 If these bits are 8 hex (3 on, 12, 13 off), velocity feedback is from
analog input (AN2).
If these bits are 1000 hex (3 off, 12 on, 13 off), position feedback is
from analog input (AN2).
If these bits are 1008 hex (3,12 on, 13 off), the torque limit is from
analog input. This is not used for a current mode drive.
4 On if position command is to be supplied from the serial port.
5 On if sine commutation is to be used synchronized from a halls edge.

AUTOMOTION, INC.

54



Bits

8and 9

10
11

ACE1000 User Manual
Usage

On if sine commutation is to be used synchronized from the encoder
index. Bits 4 and 5 cannot both be on. Note that sine mode is
available on the ACE1000 only if a hardware change is made.

On to allow sine mode over modulation.

Halls table to use. These bits can be overridden by the Hall Table
command CL.HT.

If these bits are 0, use the standard 120 degree table.

If these bits are 100 hex, use the 120 degree table with hall S1 and S3
swapped.

If these bits are 200 hex, use the standard 60 degree table.

If these bits are 300 hex, use the 60 degree table with hall S1 and S3
swapped.

On if encoder direction is reversed.

ACE1000 only. On if command input is analog (AN1). Off for
PWM command input.

OR Position/Velocity Loop Rate
Range: 3 to 255
Application: Encoder based, velocity mode, or position mode drives.
Use: The velocity loop rate is ‘current loop rate’ / X.

10 Serial Delay

Range: 0 to 256
Application: All
Use: For most late model host machines this is typically set to “0”. However,

for slower host processors this value inserts a delay in the characters to avoid
overflowing the host buffer.

7.1.2 Protection Parameters

RC Locked Rotor Current
Range: 0 to 1023
Applications: All
Use: Used in conjunction with ‘Locked Rotor Time’ to check for locked rotor.
If X is zero, the locked rotor check is not performed. Otherwise, the current is
checked at every current loop. If the current level is greater or equal to the
current level specified for the amount of time specified by locked rotor current
without a halls change, a locked rotor fault occurs. The current level is ‘Rated
output’ * X /1024,

RT Locked Rotor Time

AUTOMOTION, INC.

Range: 0 to 32767
Applications: All

Use: Used in conjunction with ‘Locked Rotor Current’ to check for locked
rotor. If the current level is greater or equal to the current level specified for
the amount of time specified by locked rotor current without a halls change, a
locked rotor fault occurs. X is the time in milliseconds.
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TE

Motor Temp Control
Range: 0 to 2

Use: All.

Application: This is used to configure and enable the motor over temperature
fault.

0 Motor temperature not used

1 PTC motor temperature sensor

2 NTC motor temperature sensor

LC

Current Control Limit
Range: 0 to 4096

Use: All drives

Application: If the current feedback (DI) greater than or equal to LC, then
the current control filter multiplies the current error (current command —
current feedback) by 4. This gives the effect of increasing the current loop
gain by 4 when the current is greater than LC.

7.1.3 Commutation Parameters

CL.EC Encoder Counts per Rev

Range: 0 to 65535

Applications: All applications using an encoder.

Use: Used for sine wave modulation. Also used by the PC front end to

convert internal velocity to RPM. X is the number of encoder counts per

mechanical revolution of the motor. (four times the number of encoder lines)
CL.PL Number of Motor Poles

Range: 2 to 42 (must be even)

Applications: All applications using an encoder.

Use: Used for sine wave modulation. X is the number of motor poles.
HP Halls Advance

Range:0to 5

Applications: All drives.

Use: Advances the 6 step modulation by X states.
CL.AP Encoder Advance
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Range —32768 to 32767
Applications: Sine mode

Use: Advances the electrical angle by X encoder counts. Used to correctly
phase the sine wave output to the motor angle.
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7.1.4 Current Loop Parameters

Note that current is expressed as units of full scale / 1024. However, if the current is commanded
through the analog input, the result is divided by 16 before moving it to the current.

CL.KP

Current Proportional Gain
Range: 0 to 32767

Use: All drives.

Application: This is performed every current loop. The Proportional portion
of the Voltage Modulation output value is set to KP*‘Current error.

CL.KI

Current Integral Gain
Range: 0 to 32767

Use: All drives.
Application: This is performed every current loop. ‘Current error’ * KI/32 is

added to ‘working current integral’.
Note: changing the KI value will not change the ‘working current integral’.

CL.KP

Current Proportional Gain
Range: 0 to 32767

Use: All drives.
Application: This is performed every current loop.

The Proportional portion of the Voltage Modulation output value is set to
KP**Current error.

CL.SH

Current Gain Scaling
Range: 0to 7

Use: All drives.

Application: This is performed every current loop. The Voltage Modulation
output value is multiplied by 25"

CL.EX

Voltage Modulation Limit Plus
Range: -32768 to 32767

Use: All drives.

Application: This is an additional restraint to the Voltage Modulation output.
CL.DO<=CL.EX <= CL.MX

CL.EN
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Voltage Modulation Limit Minus
Range: -32768 to 32767

Use: All drives.

Application: This is an additional restraint to the Voltage Modulation output.
CL.DO>=CL.EN>=CL.EX
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7.1.5 Velocity Loop Parameters

Hall based velocity: The velocity is computed using the 1/T method along with a filter to even out the
irregularities in the timing of the halls signals. Internal velocity for halls based is in RPM. Acceleration
in RPM per second is ‘internal acceleration” * “velocity loop rate’ / 8. Jerk in RPM per second per
second is “Jerk’ * “velocity loop rate’? / 2048.

Encoder based velocity: The velocity is computed using the 1/T method or counting the number of
counts in a velocity loop. The method is changed dynamically when it is deemed advantageous. The
internal velocity is in units of ‘counts per velocity loop’ * 256. Therefore, velocity in RPM is ‘internal
velocity’ * “velocity loop rate’ * (60 / 256) / ‘Encoder Counts per Rev’. Acceleration in RPM per second
is

‘internal acceleration’ * “velocity loop rate’? * (60 / 32,768) / ‘Encoder Counts per Rev’. Jerk in RPM
per second per second is ‘Jerk’ * “velocity loop rate’® * (60 / 2%) / ‘Encoder Counts per Rev’.

Analog based velocity: The velocity is supplied by an analog value which will be filtered and have a
gain and offset applied. This value may represent velocity or some other physical value such as pressure.

A serial command, an analog signal, or the output of the position loop can supply ‘velocity command’. If
there is no position loop and the command gain is zero, then the velocity command is from a serial
command. The velocity loop is also used to control the drive based on an external analog feedback
signal.

The “velocity error’ is “velocity command’ — “velocity’.
The “velocity integral’ is the sum of the “velocity errors’. This value is limited by the
‘Velocity Integral Limit” * 256. The “velocity limit’ is not summed if the current or velocity loops are

saturated.

The “velocity derivative’ is (‘old velocity derivative’ * “Velocity Derivative Filter’ + (32768 — ‘Velocity
Derivative Filter) * (“velocity error’ — “old velocity error”)) / 32768.

The output of the velocity loop goes to the current command.

VT Measured Velocity Filter
Range: 0 to 32767

Use: Halls velocity drives.

Application: Every time a new hall based velocity is computed, the result is
filtered. The computed velocity is (‘old computed velocity * X + ‘new
velocity” * (32768 — X)) / 32768.

This is also used to filter the velocity command if the position and velocity
feedbacks are both encoder, the position command is from step and direction,
and both position and velocity loops are active. In this case, the computed
velocity command is (‘old velocity command’ * X + ‘new velocity command’
* (32768 — X)) / 32768.

VL.KP Velocity Proportional Gain
Range: -32768 to 32767

Use: Velocity mode or position mode drives.

Application: This is performed every velocity loop.
‘Working current correction’ is set to ‘velocity error’ * X.
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VL.KI

Velocity Integral Gain
Range: -32768 to 32767

Use: Velocity mode or position mode drives.

Application: This is performed every velocity loop.
“Velocity integral’ * X / 256 is added to ‘working current correction’.

VL.IL

Velocity Integral Limit
Range: 0 to 32767

Use: Velocity mode or position mode drives.

Application: This is performed every velocity loop. The absolute value of
‘velocity integral’ is limited to 256 * X.

VL.KD

Velocity Derivative Gain
Range: -32768 to 32767

Use: Velocity mode or position mode drives.

Application: This is performed every velocity loop. ‘Velocity Derivative’ *
X is added to “‘working current correction’.

VL.DF

Velocity Derivative Filter
Range: 0 to 32767

Use: Velocity mode or position mode drives.
Application: This is performed every velocity loop. The ‘velocity derivative

is set to (“‘old velocity derivative’ * X + (“velocity error’ — “old velocity error”)
* (32768 — X)) / 32768.

VL.SH

Velocity Gain Scaling
Range: -26 to 30

Use: Velocity mode or position mode drives.

Application: This is performed every velocity loop. ‘“Working current
correction’ is multiplied by 2%,

VL.MX

Velocity Max Output
Range: 0 to 1023

Use: Velocity mode or position mode drives.
Application: This is performed every velocity loop. The absolute value of

‘working current correction’ is limited to X and placed in ‘commanded
current’.

VF.AC
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Acceleration
Range: 0 to 32767

Application: All applications for which an analog from AN1 (or PWM for
the ACE1000) is used for the command.
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Use: This command is used every velocity loop unless it is a current mode
drive in which case it is used every current loop. If X is zero, then the
velocity command is the output of the analog command (if ‘Command Gain’
is nonzero) or the serial command. Otherwise, if ‘Command Gain’ is not
zero, X/128 is the maximum amount that the absolute value of the velocity
command can change in an update cycle. If X is nonzero, ‘Command Gain’ is
zero, and “Jerk’ is zero, X/128 represents the absolute value of the change in
command every velocity loop. If X is nonzero, ‘Command Gain’ is zero, and
‘Jerk’ is nonzero, X represents the maximum absolute value the internal
acceleration can attain. In that case, the internal acceleration divided by 128
represents the change of the velocity command.

VFE.JK
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Jerk
Range: 0 to 32767

Application: Velocity mode drives.

Use: This command is used every velocity loop unless it is a current mode
drive in which case it is unused. This command is not used unless ‘Command
Gain’ is zero and ‘Acceleration’ and “‘Jerk’ are nonzero. The jerk is used to
generate an s-curve velocity command profile. The amount that the absolute
value of the internal acceleration changes is X/256.
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7.1.6 Position Loop Parameters

The position feedback will be from the encoder if the drive is not configured for analog position
feedback. The position measurement will then be the number of encoder counts. Otherwise, the position
feedback will be from analog.

For the ACE1000 position command may come from a step and direction signal, an analog signal, or a
serial command. The command is from step and direction if the drive is not configured for a serial
position command and command gain is zero.

The “position error’ is ‘position command’ — “position’.

The “position integral’ is the sum of the ‘position errors’. This value is limited by the ‘Position Integral
Limit’ * 256. The “position limit” is not summed if the current loop or the position loop are saturated.

The “position derivative’ is (‘old position derivative’ * ‘Position Derivative Filter’ + (32768 — ‘Position
Derivative Filter) * (‘position error’ — “old position error’)) / 32768.

The output of the position loop goes to the velocity command if there is a velocity loop. Otherwise, it is
divided by 16 and put in the current command.

PL.KP Position Proportional Gain
Range: 0 to 32767

Use: Position mode drives.

Application: This is performed every velocity loop. ‘Working velocity
correction’ is set to “‘velocity error’ * X.

PL.KI Position Integral Gain
Range: 0 to 32767

Use: Position mode drives.

Application: This is performed every velocity loop. ‘Position integral’ * X /
256 is added to ‘working velocity correction’.

PL.IL Position Integral Limit
Range: 0 to 32767

Use: Position mode drives.

Application: This is performed every velocity loop. The absolute value of
‘position integral’ is limited to 256 * X.

PL.KD Position Derivative Gain
Range: 0 to 32767

Use: Position mode drives.

Application: This is performed every velocity loop. ‘Position derivative’ * X
is added to ‘working current correction’.

AUTOMOTION, INC. 61



ACE1000 User Manual

PL.DF

Position Derivative Filter
Range: 0 to 32767

Use: Position mode drives.
Application: This is performed every velocity loop. ‘Position derivative is set

to (“old position derivative’ * X + (‘position error’ — “old position error’) *
(32768 — X)) / 32768.

PL.SH

Position Gain Scaling
Range: -30 to 30

Use: Position mode drives.

Application: This is performed every velocity loop. ‘Working velocity
correction’ is multiplied by 2*.

PL.MX

Position Max Output
Range: 0 to 32767

Use: Position mode drives.

Application: This is performed every velocity loop. The absolute value of
‘working velocity correction’ is limited to X * 16. ‘Commanded velocity’ is
set to (‘position command’ — “old position command’) * 256 + ‘working
velocity correction’

PL.SC
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Steps per Revolution

Use: Position mode drives. Command Gain (VF.GN) must be zero and the
Configuration word must not be set for serial position command.

Application: This is performed every velocity loop. Every step pulse while
the drive is in run, the desired position is incremented or decremented
(depending on the direction signal) by Encoder Counts per Rev (CL.EC) /
Steps per Revolution. The calculation is accurate to within one encoder count
both within one revolution and long term. This will try to position the motor
as if it were a stepper motor with the correct number of steps for one
revolution. Unfortunately, because of an error in the DSP silicon, the first
step is always lost. If position feedback is encoder and velocity command is
step and direction, the velocity command is incremented by 256 * encoder
count difference in addition to the velocity command from the position PID
loop.
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7.1.7 1/O Configuration

VF.FL

Command Filter
Range: 0 to 32767

Application: All applications for which an analog from AN1 is used for the
command.

Use: This is used every velocity loop unless the drive is in current mode only
in which case it is used every current loop. This is used for the first operation
in converting the analog command to an actual command. The output of this
command is used as the input to the ‘Command Offset’. This command may
represent position, current, velocity, or a value represented by the analog
feedback signal. The output of the filter is (‘Old Value’ * X + ‘New Value’ *
(32768 — X)) / 32768. For the ACE200 the input range is 0 to 8191.

VF.OF

Command Offset
Range: -32768 to 32767

Application: All applications for which an analog from ANL1 is used for the
command.

Use: This command is used every velocity loop unless it is a current mode
drive in which case it is used every current loop. Used as the second
operation in converting the analog command to an actual command. The
output of this command is used as the input to the ‘Command Gain’. X is
added to the input to get the output.

VF.GN

Command Gain
Range: -32768 to 32767

Application: All applications for which an analog from AN1 is used for the
command.

Use: This command is used every velocity loop unless it is a current mode
drive in which case it is used every current loop. Used as the third operation
in converting the analog command to an actual command for the outer loop
used. If the gain is zero, then there is no analog command and the command
must be provided serially or by step and direction for position mode. Note
that step and direction is not available on the ACE1000. The output is ‘input’
* X /4096 for current command or ‘input’ * X / 256 for velocity or position
command. The output is the command in internal units.

CF.FL

Aux Analog Filter
Range: 0 to 32767

Application: All.

Use: This is used every velocity loop unless the drive is in current mode only
in which case it is used every current loop. This is used for the first operation
in converting the analog feedback to an actual feedback. The output of this
command is used as the input to the ‘Aux Analog Offset’. This feedback may
represent position, velocity, or a current limit. The output of the filter is (‘Old
Value’ * X + “New Value’ * (32768 — X)) / 32768. The input range is 0 to
8191.

AUTOMOTION, INC.
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CF.OF

Aux Analog Offset
Range: -32768 to 32767

Application: All.

Use: This is used every velocity loop unless it is a current mode drive in
which case it is used every current loop. Used as the second operation in
converting the analog feedback to an actual feedback. The output of this
command is used as the input to the ‘Command Gain’. X is added to the input
to get the output.

CF.GN
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Aux Analog Gain
Range: -32768 to 32767

Application: All applications for which an analog from AN1 (or PWM for
the ACE1000) is used for the command.

Use: This is used every velocity loop unless it is a current mode drive in
which case it is used every current loop. Used as the third operation in
converting the analog feedback to an actual feedback. The output is ‘input’ *
X [/ 256. The output is the feedback in internal units.
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7.2  Graphing Variables

General: The following are operational variables are used for data gathering and graphing. Any
parameter or variable that can be read can be graphed. These are the variables used by the Windows

interface.

CL.CC

Commanded Current

The commanded current can have values from —1024 to 1023. Units are full
scale current / 1024. Commanded current can only be written if there is no
position or velocity loop and command gain is zero.

PL.CM
PL.CH

Commanded Position (PL.CM low order, PL.CH high order)

The commanded position can have a value from —2147483648 to
2147483647. PL.CM when not used as a data gathering variable returns the
value of both words together. Both PL.CM and PL.CH need to be used while
setting up data gathering to get both words. Units are encoder counts if serial
position command is off and command gain is zero, filtered analog with gain
and offset if serial position command is off and command gain is not zero, or
a serial command. Commanded position may be written only if there is a
position loop and the serial position bit of the configuration is set.

VL.CM
VL.CH

Commanded Velocity (VL.CM low order,VL.CH high order)

The commanded velocity can have a value from —2147483648 to
2147483647. VL.CM when not used as a data gathering variable returns the
value of both words together. Both VL.CM and VL.CH need to be used
while setting up data gathering to get both words. Units are:

1 RPM for halls based velocity

2 Encoder counts per position servo cycle * 256 for halls based
velocity.

3 Filtered analog with gain and offset for if there is no position loop, a
velocity loop and analog velocity is set in the configuration word.
Commanded velocity may be written only if there is no position loop,
a velocity loop and the command gain is zero.

CL.DO

Commanded Voltage

DI

Current

CL.ER

Current Error

This variable is read only. Current error is commanded current — current.

CL.IN
CL.IH

Current Integral (CL.IN low order, CL.IH high order)

This variable is read only. The current integral is the sum of the current
errors. The integral is not summed if the current loop is saturated. The
current integral can have a value between —2147483648 to 2147483647.. IN
or CL.IN when not used as a data gathering variable returns the value of both
words together. Both IN or CL.IN and IH or CL.IH need to be used while
setting up data gathering to get both words.
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VF.VD
VF.VA

Filtered Command (VF.VD low order, VF.VA high order)

This variable is read only. See command filter (VF.FL) for details about how
the filter operates. When not used as a data gathering variable, VF.VA returns
the integer part of the filtered command and VVF.VD returns both the integer
and fractional parts * 65536.

CF.vVD
CF.VA

Filtered Feedback (CF.VD low order, CF.VA high order)

This variable is read only. See aux. analog filter (CF.FL) for details about
how the filter operates. When not used as a data gathering variable, CF.VA
returns the integer part of the filtered feedback and CF.VD returns both the
integer and fractional parts * 65536.

PL.DD
PL.DE

Filtered Position Derivative (PL.DD low, PL.DE high order)

This variable is read only. See position loop description and position
derivative filter (PL.DF) for descriptions of the position derivative. When not
used as a data gathering variable, PL.DE returns the integer part of the
position derivative and PL.DD returns both the integral and fractional parts *
65536.

VL.DD
VL.DE

Filtered Velocity Derivative (VL.DD low, VL.DE high order)

This variable is read only. See velocity loop description and velocity
derivative filter (VL.DF) for descriptions of the velocity derivative. When not
used as a data gathering variable, VL.DE returns the integer part of the
velocity derivative and VL.DD returns both the integral and fractional parts *
65536.

CL.ID

Flux Current

Sine mode only. This variable is read only. The DSP program calculates this
value. It is the amount of current that is flowing in the drive that is
perpendicular to the torque producing current. Because this current causes the
motor to generate heat, the ideal value should be zero.

CL.DV

Flux Voltage

Sine mode only. This variable is read only. The DSP program calculates this
value. It is the leading (+) or lagging (-) voltage that the drive is applying to
the motor to reduce the flux current.

CH

Halls

This value is read only. The three hall signals are displayed as 0 or 1 in the
order of $3,52 & s1 and is the actual value of the three halls signals as read at
the DSP.

MP

Motor Phase

This value is read only. Value is from 0 to 5 and is the motor phase derived
from the halls.
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DU Phase U Current
This value is read only. Value is from —32768 to 32767 and is proportional the
phase U current. To calculate the actual current multiply by (IR)* (drive rating
in amps)/2017152.

DV Phase V Current
This value is read only. Value is from —32768 to 32767 and is proportional the
phase V current. To calculate the actual current multiply by (IR)* (drive rating
in amps)/2017152.

DW Phase W Current
This value is read only. Value is from —32768 to 32767 and is proportional the
phase W current. To calculate the actual current multiply by (IR)* (drive
rating in amps)/2017152.

PL.AC Position (PL.AC low order PL.AH high order)

PL.AH
This variable is read only. Position can have a value from —2147483648 to
2147483647. PL.AC when not used as a data gathering variable returns the
value of both words together. Both PL.AC and PL.AH need to be used while
setting up data gathering to get both words. Units are encoder counts if
analog position feedback command is off or filtered analog with gain and
offset if analog position feedback command is off.

PL.ER Position Error
This variable is read only. Position error can have a value of —32768 to
32767. It is commanded position — position.

PL.IN Position Integral (PL.IN low order PL.IH high order)

PL.IH
This variable is read only. Position integral is the sum of the position errors.
It is not accumulated if the position loop or current loop is saturated. The
position integral can have a value between —8388352 to 8388352. PL.IN
when not used as a data gathering variable returns the value of both words
together. Both PL.IN and PL.IH need to be used while setting up data
gathering to get both words.

CL.DS Scaled Current Integral

VL.AC Velocity (VL.AC low order VL.AH high order)

VL.AH

This variable is read only. Velocity can have a value from —2147483648 to
2147483647. VL.AC when not used as a data gathering variable returns the
value of both words together. Both VL.AC and VL.AC need to be used while
setting up data gathering to get both words. Units are:

1 RPM for halls based velocity

2 Encoder counts per position servo cycle * 256 for halls based
velocity.

3 Filtered analog with gain and offset for if analog velocity is set in the

configuration word.
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VL.ER

Velocity Error

This variable is read only. Velocity error can have a value of —32768 to
32767. It is commanded velocity — velocity.

VL.IN
VL.IH

Velocity Integral (VL.IN low order VL.IH high order)

This variable is read only. Velocity integral is the sum of the velocity errors.
It is not accumulated if the velocity loop or current loop is saturated. The
velocity integral can have a value between —8388352 to 8388352. VL.IN
when not used as a data gathering variable returns the value of both words
together. Both VL.IN and VL.IH need to be used while setting up data
gathering to get both words.

CL.EA

Electrical Angle

Sine mode only. The electrical angle is a value between 0 and 1535 with
1536 representing 360 degrees. The electrical angle may be set to a value and
that value will be held regardless of the position until it is changed by writing
a new value or released by writing a negative number to the electrical angle.
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7.3 Data Gathering Variables
7.3.1 Setting up Triggering:

7.3.1.1 No Trigger:

If there is no trigger, a sample is collected every sample period after a delay of a specified number of
sample periods. A sample is a snapshot of the variables specified during the data gathering setup. A
sample period is a specified number of current or velocity loops. There are 32768 words available to
store the samples. The space required to store all the samples is # of variables * (number of samples +
1). Note that double precision variables such as commanded velocity require two words to store. To set
up data gathering, set the start up delay and the sample rate as desired followed by a data specification
start, then list the variables in order that you want, then the data specification end.

7.3.1.2 Using Trigger:

If triggering is desired, then a negative sample delay is the number of samples before the trigger event to
be displayed and a positive sample delay is the number of samples after the trigger event to delay. No
data will be sent until the trigger event occurs.

DG.TC Clear trigger table

This must be the first command before setting up the trigger table if there is to
be one. This command clears both the trigger table and the data gathering
table.

DG.TR Set the trigger control word

This sets the trigger control word. The trigger control word cannot be read.
This command must be directly followed by a command which is the
command to read the data variable. The data variable must be followed by a
DG.CN command.

Control information format:

Bits Description
15 Must be set to zero.

13-14  Comparison type which takes one of these four values:
o 0: Variable < constant
1: Variable > constant
2: Falling edge, Variable was greater or equal to constant, now is less
3: Rising edge, Variable was less or equal to constant, now is greater

11-12 Relationship type which takes one of these four values:

. 0: Last entry in table

. 1:Both this comparison and the next one must be true

. 2: Either this comparison or the next must be true

. 3: This comparison must become true and then the next one must

become true

9-10  Variable type which takes one of the following three values:
. 0: Variable and constant are unsigned
e 2:Variable is signed, constant is unsigned and comparison is
absolute value
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. 3: Variable and constant are signed
8 On for double precision variable and constant
0-7 Filter

Filter operation:

Let FO be the old filtered value (with fraction), FN be the new filtered value, F be the filter and V be the
actual variable value. Then: FN = (V * F + (256 — F) * FO) / 256.

DG.CN Set the trigger constant

This sets the trigger constant. The constant is signed or unsigned and single
or double precision depending on the value of the DG.TR command. The
trigger constant cannot be read. This command must be directly preceded by
a command that specifies the data variable desired.
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