How to configure an AKD Drive with Hall
Feedback as the Primary Feedback Device

By Steve Crockett

1.2 Target Group
This manual addressas parsonnal with the following qualifications:

» Transport: only by personnel with knowlaedge of handling electrostatically sensitive componants.

» Unpacking: only by electrically qualified personnel.

» Imstallation: only by alectricaly qualified persannel.

» Basic tests: anly by gualified parsonnel with extensive knowledge of elecircal engineering and drive tech-
nalogy

The qualified parsonnal must know and obsanve the following standards:

« 15012100, |IEC 603564 and |IEC 60654
» Mational accidant pravention regulations

During operation, hazards exist that can cause death, severe injury, or material dEInl-
age. To safely operate the AKD, you must follow all safety instructions in this man-

ual. The operator of systems using the AKD must require that all personnel who
work with the drive read and understand the manual before using the drive.

Purpose of the Content of this Document: This document explains how to configure the wiring to
the AKD for operation with typical Kollmorgen motors that “only” incorporates Hall feedback. It also

will cover the necessary work to be done in the Workbench setup software.

o AKD Systems wiring. Motor Power to X2.

e AKD Systems wiring. Hall wiring into x10.

e Description for motor phase / hall phase relationship when wiring into the AKD.

e Workbench setup, Motor selection: How to select the correct Kollmorgen motor to be
used.

e Workbench setup, Feedback selection and system test - torque mode.

e Workbench System Test “Torque Mode”

e Workbench setup, Velocity operation, Luenberger Observer settings for Halls Only
feedback.

e Workbench System Test “Velocity Mode”

e Comments for Hall system performance and low speed operation.



AKD Systems wiring. Motor Power to X2. From the AKD installation manual

Identify the motor phases UVW & PE, Note (ABC = UVW), connect the motor phases and PE to the
drive on connector X2. (See below).

AKD Installation |8 Electrical Installation

8.10.1 AKD-x003 to 024, power connector X2
p— 12-24A,

364

Pin Signal Description

1 | -BR |Motor holding brake (=» p. 116)
2 | +BR |Mator holding brake (= p. 116)
3 | PE |Protective earth (motor housing)
4 U |Motor phase U
5 vV |Motor phase
6 W | Motor phase W
X2
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8.10.2 AKD-x048, power connector X2

Cahle length maximurm 25 m.

Pin Signal Description
1 U |Motorphase U

2 YV |Motor phase V'
3| W |Motorphase W
4 | PE |Protective earth (motor housing)
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AKD Systems wiring. Hall wiring into x10. *** Basically the Motor HALL signals

are shifted 120 degrees “out of phase” with the Motor Power phases.

8.11.1 Feedback connector (X10)

KOLLMORGEN I
M
L " "

AKD KBM(S) TBM(S) VLM (H) IC, ICH, IL, ID
Pin Signal Color Name Color Name Color Name Color Pin Name
X2/3 PE added GND added GND Yel/Grn GND Yel/Grn Shell GND
X2 /4 P°3er Blue u Red A Blue U Red 1 A
X2 /5 P°\"/" er Brown v White B Brown v White 2 B
X2 /6 P°V"\‘;er Violet w Black C Violet w Black 3 c
SubD
X10 /2 Hall v Brown H1 Brown H-As Brown Hall v Green 9/2 S1
X10/3 | Hallw Orange | H2 Orange | H-Bc White | Hallw Yellow Sg /%D S2
X10 /1 Hall U Yellow H3 Yellow H-Ca Green Hall U Brown SS/ZD S3
. . Temp
X10/8 | Temp + Violet | Temp + (special) | Temp + Gray Temp + BLK/WHT | Molex 1 .
X10/9 Temp - Violet Temp - (special) | Temp - Violet Temp - BLK/WHT | Molex 2 | Temp -
SubD
X10/10 +5V Blue +5V Blue +5V Red +5V Gray 91 +5V
ov Green | OV Green | OV Black | OV white | SUBD | oy
X10/11 9/5

VLM motor “Labeling” of Hall channels do not reflect the relationship to the VLM
motor phases, Halls signals are actually 120 degrees shifted. This shift resolves

the AKD wiring requirement.




Description for Motor Phase / Hall “relationship” for wiring into the
AKD.

1*. Identify each Motor Phase and it’s associated Hall by their positive
transistion. The transistion occurs when the Motor Phase BEMF is crossing zero
and moving positive (+) and it’s associated Hall is also transisitioning positive (+)
at that “same” point. The table below shows this relationship for Motor Phases
and Halls by the sequence U, V, W for a positive direction. The identification of
labels for Motor Phase and Halls can vary based on the motor mfg. standards.
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2", The following table is used to wire motor power and
feedback to the AKD.

*(AKD 3-24amp vs. AKD 48 amp) - reference page 2 in this document for the
correct pinout of X2 power wiring.

Motor Power Motor Feedback “Hall only”
AKD/¥2 — Motor Phase AKD/¥10 Motor Halls
u - U -- Pin1l - Hw - Hall
v -V -- Pin2 - Hu - Hall
w - W - Pin3 - Hv - Hall
PE - GHND -- Pinl0 - +5v - Hall
Pin11 - Ov - Hall

The AKD has a requirement for Hall phasing “120 deg shift” see example below.

AKD expected Hall phasing for POSTIVE direction with motor phase sequence
direction, where phase: Uleads V by 120° & phase: V leads W by 120°, etc.;
Hall alignment, Kollmorgen (AKD).
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Workbench setup, Motor selection: How to select the correct Kollmorgen motor to be
used.

Select Motor @

MOtOr & Leam mors about this topic

Select the motor that is attached to the drive.

To attach a mator, first select Motor family and then Motor series.

Mator Family:
[VLM Series -]
Frame/Winding: Shaft/Mount: Connectors: Brake: Feedback: Options:

VLM3I1E | - x - 4 - M - - Fed -

To create new or edit existing custom motors:

Custom Mators...

’ 0K ] [ Close

Workbench setup, Custom Motor “create a motor file” itis used for Kollmorgen brand
motors not found in the Workbench motor data base or it can be used for 3" party motors file
creation. * F1 for HELP- * Definitions for the parameters used in motor setup can be found in the
help section (F1) of the Workbench. “MOTOR”.

@ custom Motors @
Select the custom motor you wish to modify from the list and edit its individual properties on the rght. e Leam more about this topic
Custom Motars:

MName Mame: VLM3IS =l
VLM315 Type: Rotary, Permanent Magnet v]
Inertia 1.700 a8
Maxdmum Speed: 6000.000 El L
Themal Time Constant: 6.000 E;I
Torque Constant 0170 El
Inductance {quad. H): 0630 |mH - El
Inductance (direct, H): - |mH - El B
Inductance Saturation: 284000 Ams
Continuous Cument: 10500 A
Peak Cument: 42000 A
Pole Pairs: 3
Maximurn Voltage: 160 Vims
Coil Thermal Constant: 2932 mHz i
Mew. .. ] [ Duplicate ] ’ Delete ] [ Import... ] ’ Export... ] ’ Apply ] ’ QK




Workbench setup, Feedback selection: Selection for the Feedback - Halls Only

Once the selection for Halls only is made, a test can be performed to verify the hall signals with

reference to the direction of motor rotation.

Feedback 1 (X10)

The primary pasition feedback fitted to your matar.

Feedback Selection: [12 - Halls Only -

If you rotate the mator shaft
you should see the dial

move. 20.000°

FB1.SELECT

General Information
Type NV Parameter

Description Sets user entered type or identified type (-1).

Units N/A

Range -1, 1, 10, 11,12, 20, 21, 30, 31, 32, 33, 34, 40, 41, 42, 43, 45, 46, 50

Default Value -1

Data Type Integer

Start Version M_01-00-00-000

Input Value Description
Manually sets the type to Halls Only feedback (added 01-13-08-000).
12 This feedback type only supports operating in Torque mode and Velocity mode.

Due to heavy quantization, large current spikes occur at hall transition points, it is advisable to tune the
observer to a low frequency (like 10Hz) and set the observer gain appropriately to achieve the best
operating results




Workbench setup, Feedback selection and system test in the drive Torque mode.

Drive / motor wiring complete.

Motor disconnected from the load, (motor shaft only, remove or secure any loose keys)

Workbench setup - Limit the speed of the system to a safe value by lowering the velocity parameter,
VL.THRESH

77 Kolmargen WorkBench.
File Edit View Tools Help
0 © © |3 Ensble | Stop | 0-Service = | 0- Torque Mode = | Disable & Clear Faults | Save To Device | Disconnect | i) Panic

Device Topology - X
4 @ et Page o »I Limits
4 ) no_name (Orlne)” Thes page shows ol the deive imis in ane place
o ';ﬁmﬁc Ciarrent Liris -
P Foser Peative Flaak Curent 2000 Ams
A Fagen Hegatnve Pask Curent 5000 Ams
bhotoe
Feadback 1 Dyrismic Braak Pk Cumend: 1000 Ams
-»..FF » .2 Vieloity Limit.
EB’W Positive Speed Limi: 3000000 mm At e,
7= Units Negatve Speed Lime 3,000000 mm A bt used,
Mok
e
i Home
(1) Cursent Loop ) Min rom user, motor mechanical and back EMF mits
Sarace Moton
Encodar Emulstion (X3 Cig) e
W Ansiog Input Mesimum Postion Eror 655,350.000 Conmial6B2
V- daalog Ousput Postion Limk 0 | 0000 CountsTEBe
qﬂwlﬂ
© Frogeammabie Limit Switches Position Limt 1 | 1.040.576.000 Counts TEBR
& Compare Engres 5
(@) ErsbiaDissble Acceleration Lmits
&) Posticn Capture Accelersion: 10000170 mmis
- Motion Profile Table Dcalamtion 10000170 mmie
& Performance Servo Tunar
£ Shder Tuning Molor Limts -
& Motion Tasks Mator rits avm st theugh the Motor Foldback Screen Giolo Foideaek:

Drive setup should be completed.



“Torqgue Mode” selected and command source “Service Motion” selected.

The AKD system can be enabled. Using a current command "continuous" at a low value should
overcome the motor friction and rotate. Complete rotation and the direction of rotation should be
noted. (Based on motor configuration) a positive command should generate a positive direction of
rotation and positive velocity.

@ Kollmorgen WorkBench
File  Edit View Tools Help

9 0 Disable | Stop B 0 - Service = | 0 - Torque Mode - | @isable & Clear Faults | Save To Device | Disconnect .Panic
Jevice Topology I

@ Start Page Ny Service Motion

4 a SRC_halls (Online)” Service motion allows you to start and stop some test motions.
4 g Settings ] ) _
@ Communication Service Motion Mode: (0 Pulse ) Reversing @ Continuous
> Power Group:
My Regen

@ Motor _
8 Feedback 1 Curent 1. -

Feedback 2 0.250] feme
= Foldback ’
) Brake
w2 Units
Modulo
B Limits 0
& Home
[/} Current Loop
Y Service Motion
(=) Encoder Emulation (X3 C
v Analog Input
- Analog Output
;:g Digital /0
© Programmable Limit Swit

.J Compare Engines

(2) Enable/Disable

Group 1 -

start and stop button

@ Paosition Capture Position Feedback: 141,441,251 556 Counts16Bit
- Motion Profile Table 4
Parfarmance Servo Tunar Velocity Feedback: 4014 mm

£, Slider Tuning Cument Fesdback: 0014 Ams

B Motion Tasks

'Di'v Drrive Motion Status
g Faults and Wamings
E Scope

I Parameter Load/Save
B Parameters

2. Terminal



Workbench setup, Velocity operation, Luenberger Observer settings for Halls
Only feedback.

Velocity Loop

The parameters for controlling the velocity of the motor.
Acceleration Feed Forward

V:!E{i? Friction Compensation
& e R
i : Observer
Viscous Damping Compensation Berdwidth
[ ’
Veloci - . Cument
Commaﬁnyd Ramp Limiter  Velocity Clanlp AR AR Pl Cortraller | Command
: 2 Obseljrver (Observer Cument Command
Mode Control ““_O

AR 4 AR 3 -
Velocity Feedback W Urfittered Velocity Feedback
Fitered Velocity Feedback

Ramp Limiter I Velocity Clamp I AR Filter I Pl Corrtrollerl Observer tource I Status

Cbserver Mode: [1 - Luenberger v]

Observer Gain: 0.256 (rmd/s"2)/A Velocity Loop setup for operation
with "Halls Only" feedback.

Observer Bandwidth: 10.000 Hz

Due to heavy quantization, large current spikes occur at hall transition points, it
is advisable to tune the observer to a low frequency (like 10Hz) and set the
observer gain appropriately to achieve the best operating results.
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Workbench System Test “Velocity Mode”

Operation test in the torque mode successfully.

Motor disconnected from the load, (motor shaft only), Workbench - Increase the velocity
limit VL. THRESH, back to a normal value.

“Velocity Mode” selected and command source “Service Motion” selected.

Luenberger Observer - enabled and values set. The AKD system can now be
enabled. Using a velocity command "continuous” at a higher velocity approximately 500
to 1000rpm should be issued and system operation noted. The direction of rotation
should be following the command. (Based on motor configuration) a positive command
should generate a positive direction of rotation and positive velocity. Following stability
and control of the motor in the unloaded condition, velocity tuning will need to be
optimized for the system once the application load is attached.

*Note when using AKD systems with Halls only feedback - Workbench - Performance
Tuner is not operational due to the low resolution of the Hall feedback !

Workbench tuning options for these systems are the “Slider Tuner’ or the manual
method of tuning. The Workbench O’scope sections provide a quick access to the
tuning variables you will need and the scope is fully functional to verify system
performance.
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i Kollmorgen WorkBench
File Edit View Tools Help

9 ) O Disable | Stop § 0 - Service ~ | 1 - Velocity Mode - QDisable & Clear Faults = Save To Device | Disconnect .Panic
Jevice Topology | -
Service Motion

Start Page

@ SRC_halls (Online) Service motion allows you to start and stop some test motions.

4 \J Settings _
@ Communication Service Motion Mode: Pulse Reversing @ Continuous
= Fower Group:
M Regen
° S:;;Ladﬂ Velooty 1: -
8 Feedhack 2 1.000.000 rpm
= Foldback
&) Brake
w2 Units

Group 1

g Modula

Limits 0 —
@& Home

:J‘ Current Loop

'u,‘ Velocity Loop

MY Service Motion

e Encoder Emulation (X3 Cig)

start and stop button

Goto Limits

h Acceleration: 0.000 Accel. Limit: 10.000.170 mpm/s
-I Analog Input

li Analog Output Deceleration: 0. Decel. Limit: 10,000.170 mpm/s

=4 Digital 1O

=a' Programmable Limit Switches

J Compare Engines

©) Enable/Disable Position Feedback: 162,904,291.556 Counts16Bit
@ Paosition Capture
/7 Motion Profile Table Velocity Feedback: 1.016.340 mm

Performance Servo Tuner
£_ Slider Tuning
E3 Motion Tasks
?}. Drive Motion Status
Q Faults and Wamings
ﬂ Scope
H Parameter Load/Save
E Parameters
& Terminal

Comments for Hall system performance at zero rpm and low speed operation.

1. Stability at zero rpm can oscillate if velocity gains are set high and loads have low friction.

Low speed operation can be difficult based on the motor size and pole count.

The following is a description of motor speed vs. frequencies for estimating the minimum system
velocity’s when using HALL feedback and AKD drives.
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With the AKD and using the observer you should be able to duplicate that performance metric easily.

We just need the Hall edge rate to be about 5 times the filter frequencies we use.

Example for the AKD we will use 25 Hz implying a 125 Hz edge rate needed. 125 Hz edge rate with 10
pole (AKM 4) is only (125/6/5*60) = 250 RPM.

Really only good for applications with the Hall frequency above 15 Hz. This sets a lower mechanical
usability speed of (15*P/2*60) in RPM. For Kollmorgen AKM motors this gives:

AKM1, 2 6 Pole > 500 RPM
AKM3 8 pole > 350 RPM
AKM4-8 10 pole > 250 RPM

We have rounded the number in the above. The usable speed goes even lower with the relatively
speaking higher pole counts of the part set motors. (KBM(S), TBM(S).
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