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NOTICE
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CHANGED TO "M1460,320-V, M100.25-QYV AND MB0Q.Z20-QRV". WHEN
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CHAPTER 1: INTRODUCTION

This manual provides informatiaon on the
installation, set up and operation of the 160V, 1006V
and 80GY SERIES Servo Amplifiers used on the Three
Axis Base Plate.

Included in this manual is information on the
set-up and adjustments of the 160V, 1008V and 8oV
Servo Amplifier Module and Supervisaory Module, as well
as information on wiring the Three Axis Base Plate
into a system.

One 1line diagrams are also included on the
operational characteristics of each servo amplifier
module and supervisory module. More detailed
information, such as Theory of Operation, is included
in supplemental literature which is readily obtained
upon request (see section 5, Service and Repair).

A description of the general operational
characteristics of the servo and supervisory modules
is given in section 2, General Description. This

section includes module identification and electrical
specifications.

A detailed description for the installation and
set-up of these servo modules is given in section 3,
Installation and Start-up.

Infaormation on field troubleshgoting and general
repair is presented in section 4, Troubleshooting and
section S, Service and Repair, respectively.




CHAPTER 2

SECTION 2-1 GENERAL DESCRIPTION

The 160V, 1000V and 800V SERIES Servo Amplifier
Modules are very high gain transconductance amplifiers
intended primarily to drive a permanent magnet (FM) DC
motor. Typically., a servo module is used with a motaor
and a tachometer in a&a velocity 1loop configuration
{(refer to figure 2-1). Here a velocity input command,
a voltage between +10V, is summed with the tachometer
ocutput (negative—feedback-phased) to produce a net
voltage input to the servo amplifier module; the
module provides an output current to the motor,
proportional to the net input. For user convenience,
separate input terminals and individual scale (gaim)
controls are provided for both command and tachometer
vol tages. Summation takes place within the module
itself.
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MENVO

= oo

FIGURE 2-1: VELOCITY LOOP CONFIGURATION
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CHAFTER 2

The module obtains its high transconductance
(ie., voltage in gives current out) through a pre-
amplifier/post-amplifier arrangement, wherein the pre-
amplifier supplies a voltage gain of 2000 V/V and the
post—amplifier supplies a transconductance of § amps
per valt (A/V). The pre—amplifier is an operational-~
amplifier based gain block which provides customer
adjustable compensation. The post—amplifier is a
pul se—width—-modul ated voltage amplifier contained
within a current feedback loop configuration, internal
to the module. No customer adjustment of the post-
amplifier is required. For the 160V, 1008V and 880GV
SERIES Amplifier Modules, the overall transconductance
is 10,000 A/V.

Tao further explain the arrangement shown in
figure 2-1, any difference in magnitude between the
scaled input command and the scaled negative-feedback
tachometer output results in a proportional current
into the motor. This current accelerates or
decelerates the motor until the motor speed matches
the (scaled) input command, less a small amount due to

load friction. Since the module has a current output
propaortional to speed error, rather than a voltage
output, developed motor torque, and hence
acceleration, are likewise proportional to speed
errar, independent of back emf, resistance and
inductance within the motaor. This renders a higher

degree of accuracy to the user.

Tao protect the motor, maximum current to the
motor is controlled through self contained, isolated
current feedback clamp circuits. A current trip
(shutdown) circuit is activated if the motor current
instantaneously exceeds a safe operating level. These
current feedback clamp circuits are as follows:

1. The Current Limit Circuit clamps the command
signal, the output of the pre-amplifier, at
a certain level, either positive ar

negative. This clamping level is adjustable
through the Current Limit Fot, the
adjustment range varying for each of the
three servo modules.

Y
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CHAFTER 2

The Dynamic Current Limit Circuit monitors
the Tach Feedback Signal, and controls the
current limit ranges dynamically, that is,
as & function of motor speed.

The RMS Current Limit Circuit monitors the
current feedback signal. I+ the output
current should exceed the continuous cuwrrent
rating of the servo module for a given
length of time, the RMS Cwrent Limit
Circuit will clamp the output current to a
level of S04 of the continuous current
rating of the amplifier and will energize
the RMS Limit LED.

160V, 1000V and 80V SERIES Servo Amplifier
require a supervisory module for operation.

The supervisory module provides the following
functions:

1.

A circuit that senses high vol tage
conditions at the bus supply connections to
the servo module, activating the Shunt

Regulator if the voltage becomes excessively
high.

A circuit to provide a shutdown to the servo
module if the Shunt Regul ator becomes
overloaded (the shunt fuse opens). A + or -
12 VDC supply to provide power to the
control stages of the servo modules.

A means of distributing input/output logic
and analog control signals to the servo
module(s) from an external controller.

-3
1
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SECTION 2-2

Figure

MODULE IDENTIFICATION
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CHAPTER 2

SECTION 2-3 ELECTRICAL SPECIFICATIONS

Electrical specifications for the amplifiers and
supervisory module are shown in figure 2-3 and 2-4.
These specifications are broken up into two headings,

POWER and CONTROL.

ELECTRICAL SPECIFICATIONS FOR SERVO AMPLIFIER MODULE

POWER
160V 100QV 80QV
Power output current 30 25 20
{max., amps)
Continuous output cur. 15 12 10
(max., amps)

DC bus input voltages (volts)

Maximum 135 125 100
Minimum (for conduction) 10 10 5
Nominal 165 100 B0

Qutput power*
(max., watts)

Peak 4350 2250 1400
Continuonus 2200 1150 700

Load inductance* 4.5 2 2
(min., mH)

Switching frequency

{ncminal, KHz) 5 13 20
Operating temperature o

(C degrees) = —--m------ 0" to 50° -----------
Storage temperature

(C degrees) = —mmmmmm—-- -30°to 85° —----------

FIGURE 2-3: ELECTRICAL SPECIFICATIONS (SERVO AMPLIFIER MODULE)
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CHAFTER 2

FIGURE 2-3: CONTINUED
CONTROL

160V 100@Y gogV

4]

Current feedback (current S S
monitor) gain
(amp/volt)

Current command gain S S S
{(amp/volt)

Current limit adjustment QO to 30 0 to 25 0 to 20
range*#
(amps)

Dynamic current limit 0 to 30 Q0 to 25 Q0 to 20
foldback rangexs
(amps)

RMS current limit 13 12.95 10
initiation level**
(amps)

Short circuit current 43 37 25
trip level (manual reset)
(amps)

Power amplifier bandwidth 1.0 e
(nominal, KHz)

RATE LOOP (PRE-AMPLIFIER)

Voltage gain 100 -
(open loop. dB)

Tach feedback signalxxx 10
(nom., volts)

Speed command signal®¥** 10 e
(nom., volts)



CHAPTER 2

FIGURE 2-3: CONTINUED

160V 100GV goay
Tach feedback signal ~ 2.5 ——————————
input impedance
(min., Kohms)
Speed command signal - 6.5 -—-—————————
input impedance
(min., Kohms)
Speed command input signal, —--——————— 15 ——————————-
offset null adjustment
(max., + and - mV)
Pre—amplifier output drift 10 ————— e
(nominal, mV/C degrees)
Fre-amplifier bandwidth#*%%% ——————-————— 100 ———————m———
(nominal, Hz)
* Data relative to nominal (no load) DC bus input

voltage of 160VDC for the 160V Amplifier, 100VDC
for the 100QV Amplifier and 80VDC for the 800V
amplifier.

* % Current levels field adjustable through
"personality" modules.

* X% Tach and speed signal levels can be accepted up
to +60 volts with different "personality"”
modules.

* X X% Measurements taken with Aerotech Model 1410
motors.
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Low voltage

High wvoltag
shut—off (sh
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Shunt regula
regenerative
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and inhibit

* Adjusted
I+ shun
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160V, 1
supervis
vDC sh
applicab

FIGURE 2-4:

L SPECIFICATIONS FOR SUPERVISORY MODULE
POWER
160V 100QV goav
bus shut-off none
e bus#* 55-195 VDC S55-125 vVDC 55-100VDC
unt regu-
ment range)
tor 20 amps, *
energy - ———m———e— 2 secs. (max) -———————-
max) @ 20 second
duty cycle
CONTROL,
Activated if the
AC input line voltage
shutdown  -————- at base plate @  ——we—eee-

terminals 1TB2, 1
and 2, drops below
95 VAC

concurrently with DC shunt adjust pot.
t regulator is overloaded (shunt fuse
high DC bus wvoltage shutdown is activated.
QOEV  and 800V servo modules use the same
ory module. Full CW setting allows 195
unt level. This maximum setting is
le to only the 160V servo module.

ELECTRICAL SPECIFICATIONS OF SUPERVISORY MODULE
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SECTION 2-4  DESCRIPTION OF COMPONENTS (SERVO MODULES)

Locations of fuses, potentiometers, test points
and other components for the three types of servo
modules that are of concern to the user, are
identified in figure 2-5. Figure 2-é& illustrates a
one—line diagram of the circuitry contained in the
servo module. The locations of components illustrated
in figure 2-5 can be represented by their basic
functions ocutlined in figure 2-6.

General descriptions of the components
illustrated in figures 2-9 and 2~6 are provided in
figures 2-7, 2-8, 2-9 and 2-10.
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MOTOR FUSE F1
POWER CONNECTOR J1

CAPTIVE SCREW

RESET
PUSHBUTTON .

RMS LED
TRIP LED

f CURRENT MONITOR

. ]
PROGRAMMING E
JUMPER o
A 2
[
ool
______ m R————
' ol
ol
-
w
-
w
=
2
-
4
wl
S
RCN1 RCN2 2

_ PERSONALITY
FRONT VIEW MODULES

TOP VIEW

CAPTIVE SCREW CONTROL
CONNECTOR J2

FIGURE 2-5: TOP AND FRONT VIEW OF SERVO AMPLIFIER MODULE
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FIGURE 2-68: GENERAL FUNCTIONAL DIAGRAM OF THE SERVO
AMPLIFIER MODULE
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COMPONENT DESCRIPTION

(Items shown in figures 2-5 and 2-6)

RESET BUTTON Provides a means of manually
resetting a short circuit current
trip conditian. A successful

reset is verified by observing the
trip LED change from an energized
to de-energized state.

TRIP LED Trip LED indicator serves as an
indication of a short circuit
current trip. Current trip levels
vary from 42 to 25 amps, depending

on the type of servo madule. A
current trip condition is a
latched function requiring a
manual pushbutton reset. A

shutdown of the serva amplifier
with external fault indication is
alsoc included.

RMS LIMIT LED This LED indicates that the motor
is drawing excessive current (see
figure 2-8). As shown in figure
2-8, the RMS cuwrrent limit
circuitry will automatically limit
the motor current to a safe value,
if the product of motor current
multiplied by the time duration
exceeds a given value. Resetting
of this limit occurs automatical-
ly. i¥f the current command
signal (internal to the module)
is allowed to fall below the
clamp level of the circuit.

SIGNAL COMMON Signal common for control stage
circuitry and testpoints mentioned
below.

-12VDC SUFFLY Negative power supply testpoint

TESTFROINT for the control stage.

FIGURE 2-7: COMPONENT DESCRIPTION FOR SERVO AMPLIFIER MODULE
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FIGURE 2-7: CONTINUED

+12vVDC SUFFLY
TESTPOINT

CURRENT FEEDBACHK
TESTFOINT

CURRENT COMMAND
TESTFOINT

TACH FEEDBACK
TESTPOINT

INFUT (SFEED)
COMMAND TESTPOINT

CURRENT LIMIT POT

GAIN FOT

EALANCE FOT

Fositive power supply testpoint
for the control stage.

Provides a means of monitoring the
current feedback signal sent back
frrom the power stage. The gain of
this signal is 5 amp/volt.

Provides a means of monitoring the
cuwrrent command signal from the
pre—amplifier. The gain of this
signal 1is S amp/volt.

Frovides a means of monitoring the
motor’s tach feedback signal.
This signal is fed to the input of
the tach feedback pot.

Provides a means of monitoring the
speed command signal. This signal
is fed to the input command pot.

This pot provides a means of
adjusting the clamp levels of the
current command signal produced by
the output of the pre-amplifier.
The plus as well as the minus
current clamp levels are adjusted
concurrently with this
potentiometer. Turning this pot
CCW increases the clamp levels.

This pot provides the means of
adjusting the AC gain of the pre-
amplitfier. Twrning this pot CCW
increases gain.

The balance pot provides the means
of cancelling small DC offsets
that may be present on the input
(speed) command signal (and the
pre-amplifier circuit as well)
when the rate (or speed) loop is
closed on the pre—-amplifier.
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FIGURE 2-7: CONTINUED

DYNAMIC CURRENT
LIMIT FPOT

INPUT COMMAND POT

TACH FEEDBACK POT

SUPERVISORY MODULE
CONTROL
CONNECTION (J2)

MOTOR LOAD
FUSE (F1)

The dynamic current 1limit pot
provides the means of adjusting
the current clamp levels of the
current command signal
dynamically, as a function of
motor speed. Motor speed is
determined by the magnitude of the
vol tage on the incoming tach
feedback signal. The magnitude of
the clamping levels placed on the
current command signal is thus
dictated by both the current limit
pot and dynamic current limit pot.
Turning the dynamic current limit
pot CCW increases the clamp levels
(see figure 2-9).

This pot provides the means of
adjusting the DC gain of the input
command signal seen on the input
command testpoint, at the input of
the preamplifier. Turning this
pot CW increases gain.

The function of this pot is to
provide a means of adjusting the
DC gain of the tach feedback
signal seen on the tach feedback
testpoint, at the input of the
pre-amplifier. Turning this pot
CW increases gain.

Control connections from the
supervisory module are terminated
at this connector through a 10 pin
ribbon cable.

This fuse provides motor overload
protection and 1is sized in the
factory to the maximum continuous
output current of the amplifier.
I+ motors are used whose
continuous current ratings are
lower than that of the amplifier
driving them, fuse F1 must be
resized accordingly.
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FIGURE 2-7: CONTINUED

DC EBUS INPUT AND
MOTOR OUTFUT
FOWER CONNECTOR
(J1)

FERSONALITY MODULE
(RCN1)

FERSONALITY MODULE
(RCNZ)

CURRENT MONITOR
FROGRAMMING JUMPER

Connections to the DC bus power
supply and motor terminal block
(1TB4) of the three #is base
plate are made at this connector.
The mate to this connector is a
four circuit quick-connect plug
found on the base plate.

This plug-in module allows the
user to easily change the
compensation for the following
functions:

1. Input command and tach
feedback scale factor (ie.,
using tachometers with other
standard scales such as
6V/1000RFM, 20V/1000RFM, etc.
- see figure 2-10)

2. Foaldback and slope
characteristics for the
dynamic cwirent limit circuit
(see figure 2-9).

3. Initiation level for the RMS
current limit circuit (see
figure 2-8).

4, Maximum allowable adjustment
level for the cwrent 1limit
pot.

This plug—in module allows the
user to easily change the pre-
amplifier compensation (see figure
2-10) .

Allows the user to select a uni-
directional ‘or bi-directional
current monitaor output signal.
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“STATIC® CURRENT LINT MAXISUM
(CURRENT LINIT POT FULL CCW)

100V SEnS

“IITIATION® LEVELS FOR THE

180V, 1000V, AND 30QY SEAVO MODULES
SELECTED THROUGK COMPONENT

CONNECTION 7-10 OF PERSONALITY
1000V sanEs MODULE ACH1

»
1]
*
moToR 1.
cunneny - 100V CONTHIVOUS BATVS _ S e e e
(AuPS) '
{lowt) b -
.
--gﬁ%--..zz:,_--------l._---
:
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FIGURE 2-8: CHARACTERISTICS OF THE RMS CURRENT LIMIT CIRCUIT

The graph above shows the level of motor current
that can be sustained for a given time interval. This
graph shows separate curves for the 160V, 1008V and 80
vV since the peak and the continuous current rating
for each amplifier is different.

The dashed 1line showing the level of the
continuous current rating for each amplifier is
selected as the standard level for the "initiation"
point of this circuit. In other words, the standard
level, where the circuit begins to sense an overload
condition, is 15 amps for the 160V, 12.5 amps for the
1000V and 10 amps for the 80GV. These initiation (or
sense) levels can be lowered to better match a given
motor if desired, by changing a component value in the
"personality” module RCNL1. {Also see figure 2-11.)

2-16
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CURRENT LIMT POT
ccw

'uov
!

ENTRY POWT
SLOPE 18 ADJUSTABLE THROUGH COMPONENT
CONNECTION 8-12 OF PERSONALITY MODULE RCN1

100V SERIES MAXIMUM FOR 400 OZ-iN MOTOR

20 (AEROTECH'S 1076-01 MOTOR)

100QV AND 300V SERES MAXBAM FOR 78 OZ-IN MOTOR
(AEROTECH'S 1410-02 MOTORW)

TYPICAL ADJUSTMENT OF DYNAMIC
CURRENT LT USING THE DYNAMIC
CURRENT LT POT

FOLOSACK LEVEL ADNSTABLE
TION §-11
OF PERSONALITY MODULE RCH1

—
°
T 7 1 LIRS B R B ]
MODEL 141002 4000 2000 2000
woTon
1 ¥ ! L v ¥ T ) LI
WODEL 1078-01 ' | |
2000 4000 0000

CHARACTERISTICS OF THE DYNAMIC CURRENT LIMIT
CIRCUIT

graph above shows the effect of the dynamic

limit circuit on the allowable current to the
different speeds. Curves for 160V, 100GV and
amplifier modules are shown, relative to two
Aerotech motars.

that the dynamic current limit pot serves
an adjustment for the "entry" point in which
current limiting is to occur. The slope and
curves are not effected.
most motor commutation curves can
module by only
limit
foldback

to the given amplifier

desired, differing slopes and

levels can be obtained by changing component values in

"personal

ity" module RCM1 (also see figure 2-11).

e
a

2—17




CHAPTER 2

RCNZ RCH2
100K 100K o

Toen

CURRENT
COMMAND
(UNCLAMPED)

FIGURE 2-10: ELECTRICAL OUTLINE OF PRE-AMPLIFIER CIRCUIT WITH
OPEN LOOP GAIN CHARACTERISTICS

The <c¢ircuit and graphs above show the configura-
tion and gain characteristics of the pre-amplifier
circuit. Note that most of the passive components
making up the circuit are incorporated into the two
personality modules RCN1 and RCNZ2. RCNZ is dedicated
mainly to pre—amplifier compensation. RCN1, however,
has two functions. First, to select the initiation,
slape and foldback levels of the RMS current limit and
dynamic current limit circuits (see figures 2-8 and 2-
?). Secondly, to select the "front end" scale factors
for the input command and tach feedback connections
(also see figure 2-11).
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FIGURE 2-11: SPECIFICATIONS OF PERSONALITY MODULES
RCN1 AND RCN2 ‘

Three

both

standard configurations are available
RCN1 and RCNZ2.
the 160V,

100V or

These configurations,

gaooV servo

module,

for

used in

been

selected to optimize six standard Aerotech motors.

The

six motors
specifications for each motor are also listed so

are listed below.

General

that

a cross between different motor manufacturers can be

made.
AEROTECH RATED KT kB TAcH
MOTOR CONT INUQUS 0Z.IN/AMP  VOLTS/KREM QUTPUT
VOLTS/KRPM
1960-02-01 260 80 g9 5
1580-02-01 580 &S 48.1 3
1410-02-01 410 70 52.2 3
1210-01-0O1 210 35 25.9 =
1135-01-01 135 25 18.15 %
1075-01-01 75 14 10.37 =
The three standard sets of personality modules

RCN1 and RCN2, that are selected as matches for the
six motors listed above, are as follows:

19260-02-01
1580-02-01 RCN1i-1 and RCNZ-1
1410-02-01
1210-01-01 RCN1-2 and RNC2-2
1135-01-01
1075-01-01 RCN1-3 and RCN2-3
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FIGURE 2-11: CONTINUED

It should be noted that the 160V is shipped with
personality modules RCN1-1 and RCN2-1, +the 100QV is
shipped with personality modules RCN1-2 and RCN2-2 and
the 80QV is shipped with personality modules RCN1-3
and RCN2-3. Even though these modules may not have
been optimized for other types of motors the user has
selected, with proper servo tuning (via adjustment
pots) these modules can be used for practically any
motor.

If desired, the user can fabricate his own
personality modules by specifying RCN1-4 and RCN2-4
(see section 5-4). The header and cover would be
supplied without the components installed. The user
would only need an assortment of 1/4 watt carbon-film
resistors and small signal ceramic capacitors to make
his own modules.

The standard values incorporated in RCN2-1 are as
follows: (refer to figures 2-9 and 2-10).

t 2 3 4 85 6 7 &

ACNE | ACH2 | ACNZ | ACN2 | RCN2 | RCNZ2 | ACN2 | ACN2
OEICRIPTION
-10 2-18 ] 3-14 | 4~13 | 8~12 | &-11 | 7-10 -9
o E 3 m s10x | 100K | 3902 100K
oaASw Q4TeF
174W J v/4W | 1/4W | 1/4W | 174w | 1/4K 174W

[Dynamic Current Limit Entry with '
Dynamic Current Limit Pot set full CW

(Figure 2-9)
Entry point (Krpm) = [.6°RCN1(5-12)])/[Tach constante(1.5+10/RCN2(3-14))]
Where:

RCN1(5-12) and RCN2(3-14) is in Kohms
Tach constant is volt/Krpm
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FIGURE 2-11: CONTINUED

The standard values incorporated in RCN1-1 are as
follows:

ACHT | ACN1T | RCHT | ACNYT | ACNY | RCNT | RCNT | ACNT
oESCHMIPTION
1-16 2-18 | 3-14 ] 4-13 | $-92 | @-11 7-10 8-9
1. . ox 2K 4.38 | 47K
DASM 1 BY 4 BN 4
174w 174w 174w § t/4W | t/aw | 1/4W

Pre-amplifier input
scale factor (fig. 2-10)—

| Dynamic current limit slope (fig. 2-9)I

Slope (amp/Krpm) =

Tach constant ¢ 100/RCN(5-12)
Where:

"Tach Constant” is in volt/Krpm
"RCN1(5-12)" is in Kohms

Dynamic current limit foldback (fig. 2-9)

I(foldback) in amps = 600/RCN1(6-11)
Where:

"RCN1(6-11)" is in Kohms

|RMS current limit initiation (fig.Z*é}] lStatic current limit (fig.2—8)'

I (initiation) in amps = 66/RCN1(7-10) I(max) in amps =

Where: 300/(RCN1(8-9) + 5)
"RCN1(7-10)" is in Mohms Where:

"RCN1(8-9) is in Kohms
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SECTION 2-5 DESCRIPTION OF COMPONENTS (SUPERVISORY MODULE)

Location of fuses, potentiometers, test points,
and other components for the two types of supervisory
modules are identified in figure 2-12. Figure 2-13
illustrates a one-line diagram of the circuitry
contained in the supervisory module. The locations of
components illustrated in Ffigure 2-12 can be

represented by their basic functions outlined in
figure 2—-13.

General descriptians for the components
illustrated in figures 2-12 and figure 2-13 are
provided in figure 2-14.

k)
|
r
r



PROGRAMMING JUMPER

FAULT

CHAPTER 2

POWER CONNECTOR J2

CAPTIVE SHUNT
SCREW FUSE F1 SHUNT ADJUST POT

CONNECTION(S) TO
J2 OF SERVO MODULE
(131,241,341)

FAULT

CONNECTION(S) TO
TERMINAL BOARD

(1J3,243,343)

CONTROL FUSE CONNECTORS TO
CAPTIVE F2 TERMINAL BOARD
SCREW (J4,45)

FIGURE 2-12: TOP AND FRONT VIEW OF SUPERVISORY MODULE
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FIGURE 2-13: SIMPLIFIED ELECTRICAL DIAGRAM OF THE SUPERVISORY

MODULE
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FIGURE 2-14: COMPONENT DESCRIPTION (SUPERVISORY MODULE)
(THE FOLLOWING ITEMS ARE SHOWN IN FIGURE 2-12 AND 2-13)

SHUNT ADJUST POT

SHUNT LED

FAULT LED

BUS INHIBIT
TESTFOINT

—-12VDC TESTPOINT

+12VDC TESTFOINT

SIGNAL COMMON
TESTFPOINT

CONNECTOR J2

FUSE F1

a means of adjusting the
activation level of the Shunt
Regulator Circuit. As shown in
figure 2-3, Electrical Specifica-
tions recommended adjustment range
is 55 (full CCW) to 193VDC (full
CW) for the 160V SERIES, 355 (full
CCW) to 125 VDC for the 1000V
SERIES, and 55 (full CCW) to 100
vDC for the 80BV SERIES.

Frovides

Gives indication that shunt
regulator circuit is activated.

Gives indication of a high bus
valtage condition (shunt failure).
Also gives indication of a low +12
VDC or a low —-12VDC power supply
condition.

When this testpoint registers zero
voltage with respect to signal
common, a fault shut-off condition
exists on the supervisory module.

Negative power supply testpoint
for the control stage.

Positive power supply testpoint
for the control stage.

Signal common for the three test
points (Bus Inhibit, -12 VDC, and
+12vDC) .

Connector which accommodates the
large resistor leading to the

Shunt Regulator circuit, the 118
VAC supply needed to generate the
+12vDC, and the DC bus voltage
connections necessary for the
detection of high voltage.

Provides overload protection for

the Shunt Regulator circuit and
resistor.
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FIGURE 2-14: CONTINUED

FUSE F2

CONNECTORS 1J1,
2J1, AND =J1

CONNECTORS 1J3,
2J3 AND ZJ3

CONNECTORS J4

AND J5

FAULT AND FAULT
FROGRAMMING JUMPER

Provides overload protection for
the transformer which supplies
powetr- to the +12 VDC regulators.

Connects supervisory module,
through ribbon cables, to
connector J2 of each servo module.
Each J1 connector is able to serve
one servo module. The supervisaory
module 1is therefore capable of
servicing up to three servo
modules. The first digit, ie., 1,
2 or 3, specifies the axis
intended.

Connects supervisory modul e,
through ribbon cables, to J2, J3
and J4 of the terminal board on
the base plate. Each J3 connector
is responsible for one axis and,
as in the case of the Ji1
connectors, the first digit, ie.,
1, 2 or 3, specifies the axis
intended.

Frovides the +12 VDC connection to
TBS and TB&6 of the terminal board
on the base plate. NOTE: Maximum
current draw on either +12 VDC
connection is 3 mA.

Allows the user to select a
"mormally low" or "normally high"
activation of the open collector
fault output driver transistor.
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FIGURE 2-14: CONTINUED

(THE FOLLOWING ITEMS ARE SHOWN IN FIGURE 2Z-13F ONLY)

SHUNT REGULATOR
FOT

HIGH DC BUS DETECT

CONTROL
TRANSFORMER

CONTROL VOLTAGE
RECTIFIER AND
FILTER CIRCUIT

+12VDC AND ~-12VDC
REGULATOR CIRCUITS

+12VDC LOW LEVEL
DETECT CIRCUIT

Frovides a means of adjusting the
activation level of the Shunt
Regulator Circuit (minimum shunt
is full CCW, maximum shunt is full
CwW).

Alarms a high voltage condition on
the DC bus, when the DC shunt fuse
is opened.

CONTROL
Supplies power to +12vDC
regul ators. The transformer 1is

energized by a 113VAC supply.,.
which connects through connector
JEI

Supplies +30VDC (unregulated) to

the +12VDC regulators. It is
energized by the control
transformer.

Supply +12 voltage (requlated) \to
the control stage of the servo
module(s) and also to the external
+12 VDC supplies on the terminal
board. Both regulator circuits
are energized by the control
voltage and rectifier circuit.

Detects low level voltages of
contral power supply, and signals
user of condition by energizing
Fault LED of the fault time—-out
circuit.
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FIGURE 2-14: CONTINUED

FAULT TIME-QUT Signals servo modules and fault

CIRCUIT driver output circuit of a fault
condition at either the high DC
bus detect circuit or the +12VDC
low 1level detect circuit. This
circuit activates an immediate
shut down signal to all servo
modules which remains in effect
for at least 2 seconds. After
that time period, if condition(s)
no longer exist, normal operation
resumes automatically.

FAULT DRIVER Signals from the current trip

OQUTPUT CIRCUIT connections (pin 2) of 1J1, 2J1 or
3J1, or from the fault time—out
circuit, are fed to this circuit,
causing an open collector
transistor to saturate (turn on)
or cut-off (turn off), depending
on the position of the FAULT -
/FAULT (typical) programming
jumper. The user can select in
which state the open collector
transistor is to announce a fault
connection. Placing the jumper in
the /FAULT position turns “on"
the transistor during a fault
condition. Placing the jumper in
the FAULT position turns “off"
the transistor during a fault
condition. The open collector
transistor can sink up to 30 mA
and block 35 volts DC.

NAND LOGIC The outputs of these circuits are
fed to the inhibit inputs of the
servo module(s). These circuits

are activated by either pulling
the shut down (SD) input from the
terminal board, or the output of
the fault time-out circuit, to
signal common.
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SECTION 2-6 COMPONENT DESCRIPTION, 3-AXIS BASEPLATE

Included in this section are diagrams and a
schematic for the three axis base plate.

The three axis base plate provides the site For

internal connections to be made between the
supervisory module, servo modules, DC bus power supply
and the terminal board. It also provides for the
external connections of AC input power and control
connections to the supervisory module and servo
modul es. Functional descriptions of the base plate

and the terminal board are given in the following
paragraphs.

Figure 2-15 illustrates the schematic of the
internal wiring on the base plate. Figure 2-16 (A and
B) shows a pictorial view of the base plate.
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SUPERVISORY MODULE

SERVO MODULES

AXIS 1
AXIS 2

AXIS 3

CAPACITORS

€1 TERMINAL BOARD

c2 \
|

WIRING HARNESS

FIGURE 2-16: (A) SIDE VIEW, THREE AXIS BASE PLATE
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INPUT FUSE

AXIS 2 AXIS 3

AXIS 1

SERVO
CONTROLLER

AEROTECH®

(B) TOP VIEW

i CONTINUED.

FIGURE 2-16
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SECTION 2-7 TERMINAL BOARD

The 160V, 100GV and BOGRY Three Axis Base Flates
utilize the Terminal Board as a mechanism for
interfacing control connections from an external
controller to the supervisory module. Figure 22-17
shows the schematic of the terminal board. Locations
of connections to the terminal board from an external
controller is shown in figure 2-18.

Referring +to figuwe 2~17 and 2-18, it is noted
that TE1, TR2, TBEZ and TB4 are '"screw type"
connectors, allowing the user to wire to the terminal

board with discrete connections. If desired, mass
termination of the control connections can be
accomplished by utilizing the (optional) 30 pin
connector, Jl. All connections shown for TB1, TRZ2Z,
TEZ and TE4 are available on connector Ji. Using
connector J1l for control interfacing instead of TB1,
TB2. TBZ and TE4 allows an additional advantage of

providing mass termination. With connector J1l, 4 axes
interfacing with a single connector is possible, when
a single axis base plate is "mated" with the three
aris base plate, as shown om figure 2-19.

The destinations for control wiring from TEBE1,
TE2, TEZ, TB4 and J1 of the terminal board, to the
control modules for axis 1, is 2 and axis I servo
amplifiers are shown in figure 2-20. In this figure,
control wiring from the terminal board to axis 1 is
given as an example. The wiring for axis 2 and axis 3
(TB2 and TBY respectively) is similar.
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TERMINAL STRIPS
TB1 TB2 TBSI“TBQ

S e e e e e

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

CONNECTOR J1

(OPTIONAL) REMOVABLE TERMINAL STRIPS

FIGURE 2-18: END VIEW OF THREE AXIS BASE PLATE SHOWING LOCATIONS
OF CONTROL CONNECTIONS
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1
i UG )t

oo L
"..?§FKJ - o~ \NIN;‘“%t' X

R i

At 1 Aus 2 Ans 3
f § 1 1 e ! S SERVO

o % §z70. 3 §z2.. 2
ZO 233 204 3353529 CONTROLLER
§3igasa2gigesiafilaesity,. O

REGLEPOLLBESBESGOseese

CONNECTOR 3J3
(BACK SIDE OF (BELOW 3J1)
TERMINAL BOARD) :

CONNECTOR J35

FIGURE 2-19: 3-AXIS BASE PLATE "MATED" WITH A SINGLE AXIS
) BASE PLATE TO CREATE A 4-AXIS SYSTEM

With JS5 of terminal board connected to 1J3 of
supervisory module on the single axis base plate
(shown above), J1 (50 pin connector) can be used to
control all four axes.
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FIGURE 2-21: CONTROL CONNECTIONS DESCRIPTIONS FOR TERMINAL BOARD

TB1 (TB2 AND TB3 ARE SIMILAR)

PIN 1, INPUT (=) Speed command input signal to
servo module. Nominal signal is
usually between +10 volts. This

signal is referenced to signal
common (Pin 4, Sig. Com.)

PIN 2, INPUT (+) Not wused on 160V, 100GV or 800GV
amplifier modules (no connection).
FPIN 3, TACH (-) Tach feedback input signal to
servo module. Nominal signal is
usually between +10 volts.

However, signal range can be as
high as +460 volts.

PIN 4, SIG. COM. Reference point for input and
output signals.

PIN S, S.D. Shut down input for servo module.
By pulling this input to signal
common {(1mA sinking through

internal pull-up resistor to +12
VDC), the operation of the power

stage of the servo module is
inhibited.
CURRENT MONITOR Connection for monitoring current

feedback signal of servo module.
The volt/amp ratio is 5 amp/volt
for the 160V, 100GV or 80GV.

PIN 7, I LIMIT #* Directional current 1limit for

2-1 servo module. By pulling this
input to signal common (contact
closure only) power flow to motor
from 1TB4 point 2 to point 1 is
limited to near zero.



FIGURE 2-21:

FPIN 8, I LIMIT *

1-2

TB4

FIN 1, FAULT

*

See figqure 3-7

CHAFPTER 2

CONTINUED

Directional current limit for
servo module. By pulling this
input to signal common (contact
closure only), power flow to motor
from 1TB4 point 1 to point 2 is
limited to near zero.

Output signal far alarming
abnormal condition on servo
module. This output is capable of
pulling a load connected at +35
VDC maximum to signal common (30
mA maximum sinking).
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SECTION 3-1 INSTALLATION AND START-UP

CAUTION: HIGH VOLTAGES EXIST ON ALL TRANSISTOR CASES

ASSOCIATED WITH THE POWER STAGE

Refore attempting to install or remove any of the
servo amplifier modules or the supervisory module from
the three axis base plate, make sure the following
steps are taken:

1. All input power to the base plate is TURNED

OFF.
2. Allow at least two minutes to elapse (from
the time power is turned off) EBEFORE

REMOVING THE DUST COVER FROM THE BASE FLATE.

3. Disconnect "white" power connectors (J1 and
J2) firrom ALL servo modules and the
supervisory module.

(See figure 3-1 for additional information.)

WARNING: Damage to a servo amplifier module or
supervisory module due to improper handling
during installation or removal nullifies
warranty.

Mounting dimensions far the three axis base plate
are shown in figure 3-2. Mounting is accomplished
with four #10-32 bolts.

Mounting of the servo modules and the supervisory
module to the three axis base plate is accomplished
with two captive screws located at the bottom of
modul es. These captive screws insert into the holes
located on the mounting surface of the three axnis base
plate as shown in figure I-7. '
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HIGH VOLTAGE
(TYPICAL)

HIGH VOLTAGE
(TYPICAL)

POWER CONNECTOR J1 POWER CONNECTOR J2

FIGURE 3-1: LOCATIONS OF HIGH VOLTAGE ON SUPERVISORY AND SERVO
MODULES DURING OPERATION

3-2
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OVERALL DIMENSIONS:

WIDTH - 11 X/4"
LENGTH - 14"

HEIGHT - 7 1/2"

xl
-

10.50"

SHUNT RESISTOR R1 BRIDGE RECTIFIER BR1i

FIGURE 3-2: BACK VIEW OF THREE AXIS BASE PLATE SHOWING MOUNTING
HOLE LOCATIONS

l’.i-l
el
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CONNECTORS J1

T

CAPTIVE SCREW
MOUNTING HOLES
(FOR MOUNTING
SUPERVISORY MODULE%_

AXIS 1 AXIS 2 AXiS 3 .
§ LR | 17 1 SERVO
. 3 §7q . 32 §¢q . 3 8- 3 AEROTECH®
& - ~ o -
325505323350a2335585523335 N/ CONTROLLER
$23203358852235588290232532>

NARNRNREE N

s
|

CAPTIVE SCREW
MOUNTING HOLES

{ FOR MOUNTING

SERVO MODULE
(TYPICAL FOR
ALL THREE

MODULES)

FIGURE 3—-3: LOCATION OF HOLES FOR MOUNTING MODULES TO BASE PLATE
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Control connections between the servo modules,
the supervisory module and the terminal board, are
made with ribbon cables as shown in figures 2—-16 (A
and B). . The location and destination of each ribbon
cable can be determined by referring to these figures.

Input power connections to the three axis base
plate are made at terminal blocks 1TBl, 1TB2 and 1TEBZ
as shown in figure 2-14 A. The 1460V SERIES, 1000V
SERIES and 800V SERIES Amplifier and Supervisory
Module require a different set of input power
connections +to 1TBl and 1TR3, due to their different
DC bus voltage reguirements. Figwes 3-4, 3-5 and I3-é&
show the input power arrangements for the 160V, 1006V
and 808V SERIES Three Axnis Base Plate, respectively.
IMPORTANT: Earth ground (designated "GND") in figures
-4, 3I-5 and 3—é6 must be connected as shown. Also
note that power supply configurations C and D of
figures 3-4, 3-5 and 3-6 must be ungrounded.

The locations for the motor power connections to
the base plates are shown in figure 3I-7. The
technique for properly connecting the polarity of the
motor power connections and motor tach connections to
the 160V, 1006V and BOAV SERIES Base Plate is
described below:

1. Spin motor shatt CW (looking into flange).
Note the polarities of the motor power leads
and tach leads.

2. A minus (=) signal on Input {(-) connections
to the terminal board will cause the motor
to spin CW (looking into flange) if:

a.* The "+" lead of the motor is connected
to 1TE4 point 2, with the "-" lead
connected to point 1.

3. The "+" lead of the tach is connected
to tach (=), axis 1 of the terminal
board, with the "-" lead connected to

signal common (sig. com.).

#* The connections described above are similar for
axis 2 and 3. (See figure 3I-7.)

&
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. (A) 0 TO 208 VAC, 3-PHASE, 4-WIRE 1
' ]
' JMPORTANT
JUMPER REMOVED QIO S
i
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CENTER TAP ?
GND WIRE 118 vac GND WIRE
(RECOMMENDED) FAN AND CONTROL POWER

1€

AL

0 TO 230 VAC

PRODUCING 0 TO 180 VDC
BUS WHERE :

Vbus z INPUT VAC ,Vz—

FIGURE 3-4: INPUT POWER CONFIGURATION FOR THE 1460V SERIES

AX1S BASE PLATE
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(C) O TO 115 VAC, 3-PHASE, FULL WAVE
1
]
]
QIO IS
JUMPER BETWEEN 1TB1, 1 AND 2 i
prea v 2 3 4 5 s | [1ra|1!z ] [rre2 v 2} -
EREENERNERNE NN ENEE O
Inaa 1 2 3 l ?
118 VAC FAN GND WIRE
AND CONTROL POWER
T JE\| memsemaia e
Vbus - INBUT VAC -A[Z
0 TO 118 VAC
(UNGROUNDED)
1
1
(D) © TO 118 VAC, SINGLE-PHASE '
: .
1 ]

JUMPER SETWEEN 1TB1, 1 AND 2
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]
(A) 0 TO 120 VAC, 3-PHASE, 4-WIRE :
]
IMPORTANT (W)
JUMPER REMOVED
Pres + 2 3 4 s 6 ] prev o} 2} pre2 v 2 ] j
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1
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1
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[irse v 2 3 & s e ] (XN EE | [irs2 v 2 )| j @ B
NEENNENE] Q
[111: 1 2 3 ] ?
and Imu 118 VAC FAN GND WIRE
(RECOMMENDED) AND CONTROL POWER \M‘J“J PRODUCING 0 TG 100 VDC

INPUT VAC
070 140 vac  Vbus = 2 Va2

FIGURE 3-5: INPUT POWER CONFIGURATIONS FOR THE 100QV SERIES THREE
AXIS BASE PLATE
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{C) 0 TO 70 VAC, 3-PHASE, FULL WAVE

[ ]
! JUNPER BETWEEN 1TR1, 1 AND 2 RS S
/ i
[ivee v 2 3 4 s 6 1 prev + J2 ] pre2 1 2 | -
SioIo]  [SIOSE SHES
[n'n: 1 2 3 j ?
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(n:::::::n) ANO CONTROL POWER PRODUCING 0 TO 100
VOC BUS WHERE:
/ \ Vbus = INPUT VAC -V 2
0 70 70 vac
(UNGROUNDED)
I
1
' (D} O TO 70 VAC, SINGLE-PHASE 1
’ 1
1

JUMPER BETWEEN 1TB1, 1 AND 2
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preer 2 3 o« s & J prsrv 1 2 1 frrea v 2 ] @

OIOIOIS[COO0] [CSKE [COBE

:

Il Te3 | 1 2

]

|
— 9

115 VAC FAN GND WIRE
AND CONTROL POWER

(RECOMMENDED)

3

PRODUCING 0 TO 100
VDC BUS WHERE:

Vbus = INPUT VAC - Vl

0 TO 70 VAC
(UNGROUNDED)

FIGURE 3-5: CONTINUED
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1
]
(A) O TO 97 VAC, 3-PHASE, 4-WIRE ]
' '
! IMPORTANT
! JUMPER REMOVED SRS S
/ i
ita 1 2 3 &4 s & 1 [rree v /2 i [rre2 v 2 | -
NSNS NNRN) [S[O]S[O] /® S Q
o 1= 3 ] ?
(nc::::n:::o) n;u:::: L e ” PRODUCING O TO 80
/ \ Vous = L——-“;/‘;VAC /Vz_
0 TO 97 vAC .
1
(8) 0 TO 112 VAC, SINGLE-PHASE CENTER TAPPED ]
! 1
! IMPORTANT
1 JUMPER REMOVED
WV RN
[iree v 2 3 4 5 e 1 B @ @
NNNNNENS WEEVEEYE
[n’aa 1 2 3 l ?
{ 118 vAC GND WIRE
(“:::.‘::::“) FAN AND CONTROL POWER PRODUCING © TO 80

FIGURE 3-6:
AXIS BASE PLATE

I-10

AASULS

0 TO 112 VAC

VDC BUS WHERE:

Vbus = INPUT VAC v—z—
2

INPUT POWER CONFIGUTATIONS FOR THE 80GQV SERIES

THREE
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(C) 0 TO 56 VAC, 3-PHASE, FULL WAVE

JUMPER BETWEEN 1TB1, 1 AND 2

[fee v 2 3 4 s o 1 [ores s /2 ]

SIS

o
hm2y 2 ] @
N

o6l LS

[ I

T
[1 ™3 2

s ]

T

GND WIRE
(RECOMMENDED)

(D)} 0 TO 58 VAC, SINGLE-PHASE

JUMPER BETWEEN 1T81, 1 AND 2

115 VAC
FAN AND CONTROL POWER

N

A

0 TO 56 VAC
(UNGROUNDED)

GND WIRE

PRODUCING O TO 80
VDC BUS WHERE:

Vbus = INPUT VAC -

WRENREN
hvsa v 2 3 4 s e i presy ] [rre2y 2 ] B@@
NSNS SN NN Q10

[n-n t 2 3 ]
|
115 VAC GND WIRE
FAN AND CONTROL POWER
L PRODUCING O TO 80
(“2::':'!'::“) e VDC BUS WHERE:
(ONGROUNDED) Vbus = INPUT vaC - /2

FIGURE 3-6: CONTINUED
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[ ]
[ ]
[ ]
' [ ]
| §
[ ]
O[]
[ivee v 2 3 4 s 6 ] frrav 2 1 o2 2 ] @@@
O[OS [CORE R NSRS
POINTS (1)/(2)] (1)} (2)] ¢\ (2)
/ \\ o s = ]
I L1

ARIS T MOTOR POWER AXIS 3
CONNECTIONS
AXIS 2

FIGURE 3-7: LOCATIONS FOR MOTOR POWER CONNECTIONS FOR AXES 1, 2
AND 3
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When the supervisory and amplifier modules have
been installed on the base plate, and the control and
power wiring to the base plate has been completed, the
servo module and supervisory module are ready to be
adjusted for operation within the system.

Note in figure 2-5 the locations of the six
contrrol pots and seven testpoints on the servo module.
Set the pots to the following positions:

1. Current Limit (Cur. Lim.) pot to be adjusted
to midway position.

2. Gain (Gain) pot to be turned completely
Cuw.

3. Input (Input) pot to be turned completely
Cl.

4, Tach (Tach) pot to be turned completely CW.

Se Dynamic Current Limit (Dyn. Cur. Limit) pot
to be turned completely CCW.

6. Balance (Bal.) pot to be adjusted to midway
position.

Referring to figure 2-12, turn the Shunt pot
completely CW on the supervisory module.

NOTE: Make certain that motor shaft is mechanically
decoupled from drive system, therefore avoiding
possible damage to system.

If the servo module(s) is being used in a
position loop.,. temporarily disconnect the input
signal. This will allow the servo module to work only
in the rate loop.

Apply power to the base plate. If the motor(s)
races, disconnect power and reverse the tach
connections to the given motor at the terminal board
of the base plate.

3-13




CHAPTER 3

With power again applied, adjust the balance pot
until the motor(s) comes to a complete stop.

Disconnect power, reconnect the input signal and
recouple the motor shaft to the drive system. Be sure
the input signal is at zero volts (ie., make sure the
position loop controller is in "home" position).

Now reapply power. If the position controller
indicates that the system is ocut of "zero" (or "home")

position, readjust the balance pot of the given servo
module.

NOTE: The balance pot is capable of cancelling oanly
small offsets (+15 mV) in the pre—-amplifier or
on the input signal. If adjusting the balance
pot fails to bring the system to zero position,
then the input signal is exhibiting too much
offset voltage.

Position commands can now be applied to the
system. Program the position controller so that the
motor accelerates and decelerates to some position,
stops, and then returns to “"home" position. Make the
cycle time in which this event occurs approximately 2
seconds. With an oscilloscope, monitor the tach
testpoint with respect to signal common <(refer to
figure 2-9).

SECTION 3-2 ADJUSTING INPUT AND TACH POTS FOR
POSITION LOOP STABILITY

Motor overshoot, when present in a closed
position loop system, can be very detrimental to
position loop accuracy. Care must be taken in the

fine tuning adjustments of the tach, input, and gain
pots, to prevent the problem from occurring.

Fhotograph A (following page) of figure 3-8 shows
a typical deceleration interval for a motor (in this
case, the 1410-02 motor used with the 160V servo
module), being commanded to decelerate to zero speed

Al

-14
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- ¢ 2000

+ 6.0 -~
* 4.0 - :
Vttb f o -- + 1000 MOTOR
* . - .
TACH . - SPEED
VOLTAGE 0 -- -0
(RPM)
SIGNAL | - 2.0 --"
| -- - 1000
- 6.0 == == = 2000
TIME Rl
20mSEC/DIV
—_—
(A)
¢ 6.0 -- — ¢+ 2000
Vit ¢ 4.0 -~ A
boAT T + 1000 | MOTOR
TACH * 2.0 -- | SPEED
VOLTAGE 0 -- == 0 (RPM)
- 2.0 --
SIGNAL - 1000
(VOLTS) - 4.0 --
- 6.0 -- - 2000
TIME o I
—_— 20mSEC/DIV
(B)

FIGURE 3-8: ADJUSTING INPUT AND TACH POTS FOR POSITION LOOP
STABILITY
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by a position controller. Note that the motor’s speed
(or tach voltage), ramps smoothly to zero speed,
without ever crossing zero. This photaograph shows
optimum motor response during deceleration.

FPhotograph "B" of figure 3-8 shows a deceleration
interval where the tach gain is set too low (or the
input gain is set too high). Note that the tach
vaoltage crosses zero. In this case, the motor “over-
shoots" its designated "home" position, but eventually
settles into position.

A good rule of thumb +for adjusting motor
deceleration response is to initially set the input
and tach pots full CW. Then slowly turn the tach pot
CCW until minimum motor deceleration time is achieved
without over-—-shooting.

SECTION 3-3 LIMITING MAXIMUM ALLOWABLE MOTOR CURRENT
WITH RESPECT TO MOTOR SPEED

All DC PM motors have a limitation on the
magnitude of peak current that can be tolerated at
high speeds. This limitation becomes noticeable when
a motor is matched to a servo module whose peak
current rating is four (or more) times that of the
continuous current rating of the motor. A good
example of this is the 160V servo amplifier module
being matched with the Aerotech 1410-02 motor (400 Oz~
In continuous).

With the wuse of the dynamic curvrent limit
circuit, high current can be delivered to a motor at
low speeds while contouring (or limiting) this maximum
current at higher speeds. Figure 2-9 shows
graphically the effect of this circuit on all four
quadrants of motor operation.
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Photograph "A" of figure 3-9 (following page)
shows a typical acceleration current pulse (seen on
the current feedback testpoint) with the dynamic

current limit pot in the full CCW position {(completely
disabled).

Photograph "B" of figure 3-9 (following page)
shows a typical acceleration current pulse with the
dynamic current 1limit pot in the full CW positiaon.
Note that the "contouring" clamp on a deceleration
current pulse would be similar, but would instead be
on the left side of the pulse.
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6.0
4.0 Vtib
MOTOR 2.0 CURRENT
CURRENT FEEDBACK
(AMPS) 2.0 SIGNAL
4.0 (VOLTS)
°.°
TIME
— i 20mSEC/DIV
(A)
+ 30 --+ 6.0
+ 20 ' == % 4.0
MOTOR Vttb
*» 10 - % 2.0
CURRENT | 0 CURRENT
o FEEDBACK
(AMPS) - 10 --=-2.0
' SIGNAL
- 20 - = 4.0
(VOLTS)
-~ = 8.0

TIME —-’I “ |<_

E——— 20mSEC/DIV

(B)

FIGURE 3-9: LIMITING MAXIMUM ALLOWABLE MOTOR CURRENT WITH
RESPRECT TO MOTOR SPEED
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SECTION 3-4 MINIMIZING RIPPLE CURRENT

The magnitude of ripple current present on the
current feedback testpoint of a given servo module,
when the motor is running at a constant speed, is
basically the product of two characteristics of that
motor. They are:

1. The motor®s armature inductance, which
contributes to the servo amplifier switching
ripple current on the current feedback
signal.

2. The tach feedback ripple voltage (produced
by the commutator of the tach), which 1is

amplified by the pre-amplifier circuit,
contributes to ripple on the current command
signal.

It is the ripple from the tach signal on the
current command signal that usually contributes to
most of the excess I2R heating in the motor.

Fhotograph "A" of figure 2-10 (following page)
shows an optimum level of peak to peak ripple current
faor the 1410-02 Aerotech SERIES motor running
urloaded, at constant speed. (This RMS ripple should
be no more than 10-20 % of the continuous current
rating of the motor.)

Photograph "B" of +figure 3-10 {(following page)
shows an excessive level of ripple current, due to
excessive gain in the pre—amplifier, for the motors
running under the same conditions as in photograph
”AII.
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+ 6.0 -- B
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FIGURE 3-10: ADJUSTING GAIN POT TO MINIMIZE
RIPPLE CURRENT IN MOTOR
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Finally, with the motor(s) slewing back and
forth, slowly turn the shunt adjust pot on the
supervisory module CCW until the shunt LED begins to
"blink". Then, turn back the pot about 1/10 turn, CW.

NOTE: Fluctuation in input line voltage may energize
the shunt circuit. Be sure to adjust this pot
to make allowance for this potential situation.

With these adjustments complete, the three axis
base plate is ready for full operation within the
system.
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SECTION 4-1

Unless otherwise noted,

WARNING:

SYMPTOM
Fan does not
operate when
input power
is applied

DC bus voltages
are not at levels
dictated by test
procedure stated
in “"Installation
and Start-up"”

Input power fuse
Fi, F2 and/or

F3 on 1TB3 of the
base plate open
when power is
applied

Fault LED on
supervisory
module energizes
briefly, during
acceleration
intervals of the
servo motors

BEFORE ANY ACTION
OTHERWISE SPECIFIED,

POSSIBLE CAUSE

Improper power
connections on
1TB2 of base
plate

Improper power
connections on
1TBS of base
plate

Jumper connection

on 1TB2 terminal 1

and 2 may not
have been re-—
moved as dictated
by figures 3-4 A

and B, 3Z-% A and B,

and 2-6 A and B

Bridge rectifier,
BR1, on the base
plate, may be
shorted

When using center
tapped or 4-wire
input power con-
figurations such
as those shown in
figures 3-4, 3-5
and -4, A and E,

IS TAKEN,

TROUBLESHOOTING (THREE AX1S8 BASE PLATE)

refer to figuwre 2-16 A and E

AND UNLESS

Check for 112 VAC
between 1THE2 terminals
1 and 2 (see figures
3-4, 3-5 and 3-6)

Refer to figuwres 3—4,
3-S5 and Z-46 for input
power connection
arrangements to the
base plate. With a
voltmeter, verify that
these voltages exist

Refer to figures
mentioned if applicable.
Also, make sure that
the jumper is removed,
if applicable

Refer to figures 2—-195
and 2-16 and check for
shorted diodes in

bridge rectifer, BR1

(BR1 is under base plate)

Check the continuity
of input fuses F1, F2
and F3Z on 1TBZ of the
base plate. Also, re-
check the AC voltages
at 1TRZ
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SYyMPTOM

POSSIBLE CAUSE

SOLUTION

———— e s s e e

proper DC bus levels (Above)
can be generated at
no load with just a

single phase operating

SECTION 4-2

Unless otherwise noted,

WARNING:

SYMPTOM

Nc power to
motor

Motor is racing

TROUBLESHOOTING

BEFORE ANY ACTION IS TAKEN,
OTHERWISE SPECIFIED,

POSSIBLE CAUSE
Input fuses on
base plate are
open

Motor fuse (F1)
is open

Input shutdown
(SD), located
on terminal
board of base
plate pulled to
signal common

Supervisory module
inhibiting servo
module{(s) due to
high or low Vbus
or control under
voltage conditions

Tach polarities
are reversed

(SERVO AMPLIFIER MODULES)
refer to figure 2-5.

AND UNLESS
TJURN OFF POWER.

See section 4-1

Remove fuse and check
for continuity

Temporarily remove
connection to restore
power

See section 4-3

Reverse polarities of
tach connections on
terminal board of
base plate
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SYMPTOM POSSIBLE CAUSE
No tach connec-
tion

Current trip Short circuit
LED remains exists on motor
energized terminals

(unable to

reset through

reset pushbutton).
Current trip shut-
down circuit activated

RMS 1limit LED Motor armature
is energized, is frozen

but motor is still

receiving power

from servo module.

RMS current limit

circuit activated

SOLUTION
Checlk tach testpoint
with respect to signal
common. With motor
racing, tach voltage
signal should be present
at this testpoint. If no
signal is present, check
for continuity on tach
connection of the ribbon
cable between the servo
module and the superviso-
ry module, and also for
continuity on tach
connection of the ribbon
cable between the
supervisory module and
the terminal board (see
figure 2-6, 2-13 and 2-
17

Disconnect motor leads

on the base plate.
Reapply power and de-
press reset button. If
LED stays energized, the
servo module is defec-—
tive. Return to Aerotech
for repair (see section
S-1)

Temporarily decouple
motor armature from
drive system. If
LED de-energizes,
problem is with

the motar




SYMPTOM
Motor is
sluggish in
response to
speed command
input

Motor will not
lock system in
"home" position
(position loop
control)

Motor over-
shoots when
coming to rest
(position loop
control)

Motor runs
very hot

CHAFPTER 4

I limit 1-2 or

I limit 2-1

inputs (located

on terminal hboard
of base plate)
activated by limit
switches

Current limit

(Cur. Lim.) pot
set to clamp at
too low a value

Excessive DC off-—-
set on input
signal to servo
module

Gain not set
properly

Gain set too
high in servo
module, causing
excessive ripple
current in motor

SOLUTION
Temporarily remove
connections to
restore power

Turn current
limit pot CCW,
to increase the
current clamp
level

Adjust Balance

(Bal.) pot to bring
system into "home"
positiaon. I+ system
does not respond to
this solution, then
excessive offset

exists on the speed
caommand signal of

the position controller

See section 3-2 for
for information

on gain control
adjustment in a
position loop

See section 3-4 for
information on gain
adjustment
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SECTION 4-3

Unless otherwise noted,

WARNING: BEFORE ANY ACTION IS TAKEN,
OTHERWISE SPECIFIED, TURN OFF
SYMPTOM POSSIBLE CAUSE

Fault LED does
not energize for
2 seconds and
then de-energizes
when power is
first applied to

mounting base

Fuse F2 is open

Input fuses on
mounting base
are open

Connector J2 is
faulty

+12 VDC control
valtage regulators
shorted

TROUBLESHOOTING (SUPERVISORY MODULE)
refer to figure 2-12.

AND UNLESS
TURN OFF POWER.

Remove FZ and check
for continuity

See section 4-1

Remove J2 connection
from supervisory module
and check for 115 VAC
between "Black" wire and
"White" wire of JZ. If
voltage is not present,
re-check input wiring on
base plate

Temporarily disconnect
ribbon cable connection
on 1J1, 2J1 and ZJ1.
With J2 connected and
input power applied,
monitor +12 VDC test-
points with respect to
signal common. If +12
vDC is not present,
replace supervisory
modul e




SYMFPTOM

Fault LED stays
energized after
power up

CHAPTER 4

POSSIBLE CAUSE

Shunt fuse F1
is open

+12 VDC control
voltages not in
ranges specified
in figure 2-2

SOLUTION
If 12 VDC is present,
re-connect 1J1i, 2J1 and
2J1 connectors, one at a
time

If +12 VDC disappears
when 1J1, 2J1 and 3J1
connectors are reapplied,
a short may exist on one
of the servo modules,
respectively

Disconnect J2 and
measure Vbus voltage
between "Red" wire (+)
and "Blue" wire (~-). If
voltage is higher than
specifications, re-check
input wiring on the
mounting base

Monitor bus inhibit
testpoint with respect to
signal common and turn
shunt adjust pot full CW.
If zero volts is read,
and Vbus is within
specifications, replace
supervisory module.
(Normal reading should be
+12 VDC.)

NOTE: The value of Vbus
can easily be determined
by removing connector J2
of the supervisory maodule
and measuring the DC
voltage between the "Red"
wire (+) and the "RBlue"
wire (=)

Monitor +12 VDC and ~i2
VDC testpoint with
respect to signal common.
If voltages are below
ranges specified, dis-
connect 1J1, 2J1, 3J1



sSympTOM

Shunt LED
energizes aftter
power up

CHAFTER 4

Shunt adjust pot
set to energize
at too low a
Vbus level

SOLUTION
J4 and J5 connectors
to supervisory module.
I+ voltages are still
low, replace supervisory
modul e. I+ voltages
assume the normal +12
valt levels, check for
shorts on the terminal
board or the control
stage of the servo
module

For a rough check on
shorts to the control
stage of the servo
modules, use an analog
VOM set at X100 scale

FPlace (+) lead on +12 VDC
and (=) lead on Sig. Com.
testpoints of servo
module. FReading should
be approximately ZkKohms

Flace (+) lead on Sig.
Com. and (-) lead on —12
VDC testpoints of servo
module. Reading should
be approximately Skohms.

Turn the shunt pot CW to
increase shunt range
(NOTE: THE SHUNT ADJUST
FOT IS FACTORY SET FOR
SHUNT REGULATION AT A
VBUS LEVEL OF 185 VDC FOR
THE 1460V SERIES, 115 VDC
FOR THE 1000V SERIES AND
100 VDC FOR THE 8oV
SERIES SERVO MODULE)

Turning this pot CW
allows the circuit to
activate at a higher
level of Vbus




SYMPTOM

Shunt resistor
fuse, F1, opens
periodically
during motor
regeneration

CHAPTER 4

Shunt regulator
regenerative
capacity is
being exceeded

SOLUTION
If after turning this
pat full CW, the shunt
LED still remains
energized, replace the
supervisory module.
(Remember, if the shunt
fuse Fl opens, the fault
light on the supervisory
module will energize when
the shunt circuit tries
to energize)

Reduce regeneration
cycle (do not increase
current rating of fuse
F1)
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SECTION 5-1 SERVICE AND REPAIR

General repair of equipment consists entirely of
solutions listed in sections 4-1, 4-2 and 4-3 on
Troubleshooting, or the removal and replacement of a
serva module or supervisory module, should the need
arise. IF UNDER WARRANTY, REFAIR OF DEFECTIVE
ELECTRICAL COMPONENTS OF THE BASE FLATE SHOULD NOT BE
ATTEMPTED, SINCE TO DO SO WOULD VOID THE ENTIRE
WARRANTY .

If necessary, any on-site service should be
performed by an experienced electronic technician,
preferably trained by Aerotech, Inc. It is
recommended that the user NOT attempt repair of the
servo modules or supervisory module, (except for those
items associated with changing fuses) whether these
units are under warranty or not.

SECTION 35-2 SHIPMENT

The procedure for shipping equipment back to
Aerotech for repair is shown below. This procedure
pertains to warranty as well as non-warranty repairs
of equipment.

1. Before shipping any equipment back to Aerotech,
Inc., the person making the retwn should call
ahead for a "Return Authorization Number®.

2. The equipment being returned must be encased in a
proper cushioning material and enclosed in a
cardboard box.

3. Equipment should be sent to:

Aerotech, Inc.

101 Zeta Drive
Pittsburgh, FPA 15238
Fhone: (412) Q463-7470
c/o Customer Service

WARNING: DAMAGE DUE TO IMPROPER PACKAGING VOIDS
WARRANTY.




SECTION 5-3 PARTS LIST (BASE PLATE)

For the 160V,

Base Plate:

DESCRIPTION
Fuses F1, F2,
F3

Ribbon Cables:
(set of three)
1, 2, 3J1 to
J2, J2, J2
(supervisory
module to
servo modules)

1, 2, 333 to
J2, J3, J4
{supervisory
module to
terminal board)

Bridge Rectifier
(BR 1)

Shunt Resistor
(R1)

Filter Capacitor
(C1, C2)

CHAPTER S

1000V and 80QV SERIES Three Axis

PART NUMBER

&30D1262
Assy. F

&30D12462
Assy. G

ECD?03

ECR119

ECC115

Bussman

Aerotech

Aerotech

Aerotech

Aerotech

Aerotech
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SECTION 54 PARTS LIST (SERVO MODULES)

DESCRIPTION PART NUMBER MANUFACTURER
Fuse (F1) for
servo module:
160V MDA-15 Bussman
1000V MDA—~10 "
soQv MDA~-10 "
Servo modules:
160V EFA441 Aerotech
100GV EFA443 "
goavy EFA446 "
Fersonality
modules (see
figure 2-11):
RCN1i-1 &30B1270~-1 Aerotech
RCN1-2 &30B1270-2 '
RCN1-3 630B1270-3 "
RCN1-4 * 630B1270-4 "
RCN2-1 630B1271-1 Aerotech
RCN2-2 630B1271-2 "
RCN2-3 630R1271-3 "
RCN2-4 * 6&30B1271~4 "

* Shipped only with "header”" and "cover";
1/4 watt resistors and capacitors not included.
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SECTION 3-5 PARTS LIST (SUPERVISORY MODULE)

DESCRIPTION PART NUMBER MANUFACTURER
Fuse F1 313003 Littlefuse
Fuse F2 313001 Littlefuse
Supervisory EFA908 Aerotech

module (for

use with the

160V, 1000V or
80OLV servo module)
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World Headquarters
AEROTECH, INC.

101 Zeta Drive
Pittsburgh, PA 15238

Phone (412) 963-7470
FAX (412) 963-7459
TWX (710) 795-3125

AEROTECH NORTHEAST
Executive Suite 120

270 Farmington Avenue
Farmington, CT 06032
Phone (203) 673-3330

or (203) 673-2503

FAX (203) 674-1536
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NY
AEROTECH CENTRAL-WEST

26791 Lake Vue Drive #8
Perrysburg, OH 43551
Phone (419) 874-3990
FAX (419) 874-4280

M, IN, KY, western OH

AEROTECH MIDWEST
PO Box 625

Dundee, IL 60118
Phone (312) 428-5440
FAX (312) 428-5471

IL, MO, KS, WI, MN, ND, SD, IA,

NE

AEROTECH, CENTRAL-
EAST

856 Cottonwood Drive
Monroeville, PA 15146

Phone (412) 373-4160
FAX (412) 373-4163

WV, western PA, western NY,
eastern OH

AEROTECH SOUTHWEST
6001 Village Glen Drive
#3101

Dallas, TX 75206

Phone (214) 987-4556

FAX (214) 987-4706

TX, OK, LA, AR, CO, UT,MT,
WY, ID, NM

AEROTECH NORTHWEST

444 Castro Street

Suite 400

Mountain View, CA 94041
Phone (415) 967-4996
FAX (415) 967-4998
northern CA, OR, WA, NV

AEROTECH WEST

Suite 217

7002 Moody Street

La Palma, CA 90623
Phone (213) 860-7470
FAX (213) 860-4639
AZ, southern CA

AEROTECH MID-ATLANTIC
521 Kingwood Road
King of Prussia, PA 19406

Phone (215) 265-6446
FAX (215) 265-3566

MD, DC, DE, NJ, northern
VA, eastern PA

AEROTECH SOUTH
ATLANTIC

8804 Lomas Court

Raleigh, NC 27615

Phone (919) 848-1965

FAX (919) 848-3393

NC, TN, southern VA, AL, FL,
GA, SC, MS




INTERNATIONAL SALES OFFICES

AEROTECH LTD.

3 Jupiter House, Calleva Park
Aldermaston

Berkshire RG7 4QW England
Phone (07356) 77274

TLX 847228

FAX (07356) 5022

AEROTECH GMBH
Neumeyerstrasse 90
8500 Nuermnberg 10
West Germany
Phone (0911) 521031
TLX 622474

FAX (0911) 521235

AEROTECH AUSTRALASIA
224 Carr Street

Suite 7

Leederville 6007

Western Australia

Phone (619) 328-2540

FAX (619) 227-6670

INTERNATIONAL REPRESENTATIVES

BRASITEC

Rue Americo Brasiliense, 2069
Chacara Santo Antonio

Cep 04715 - Sao Paulo - SP
Brazil

Phone (5511) 523 4044

TLX 1130691 BRTC

OPTIKON CORPORATION LTD.

410 Conestogo Road
Waterloo, Ontario
Canada, N2l 4E2
Phone 519-885-2551
FAX 519-885-4712

HISCO (MALAYSIA) SDN.BHD.
1 Lorong SS13/6A

Subang Jaya Indust. Estate
47500 Petaling Jaya

Selanger, Malaysia

Phone (603) 733-4236

FAX (603) 733-6281

TLX 36226 HISCO MA

Y. BEN MOSHE

PO Box 18125

Tel Aviv 61181

israel

Phone (9723) 7515007
or (9723) 7513268
TLX 342436 BMS IL
FAX (9723) 727319

DONG DO TRADING CO.
LTD.

Rm 903, Kwang Sung Bldg.

831-47 Youksamdong
Kangnam-Ku, Seoul, Korea
Phone (822) 556-2292
FAX (822) 556-2902

TLX 29734 DONG DO

SIMCO

208, First Fioor

Ajmeri Gate

New Delhi 110 006 India
Phone 652986

TLX 031-62176 HARS IN
FAX (9111) 510697

TOKYO INSTRUMENTS INC.

Asahi-Seimei Bldg.
6-8-10 Nishikasai
Edogawa-Ku

Tokyo 134 Japan
Phone (813) 686-4711
FAX (813) 686 0831



INDEX
A
Adjustment, 3-13, 3-14
Adjustments, 3-14
Analog control signals, 2-3

B

Balance pot, 2-13

Base plate parts list, S-2
Bus inhibit testpoint, 2-235

c
Captive screws, 3-1
Compensation, 2-2
Component description
servo modules, 2-9, 2-12, 2-13, 2-14, 2-15
supervisory module, 2-25
supervisory modules, 2-22, 2-26, 2-27, 2-28
three axis base plate, 2-29
Connections, 3-95
Connector J2, 2-25
Connectors 1J1
2J1 and 3J1, 2-26
Connectors 1J3
203 and 3J3F, 2-26
Connectors J4 and J5, 2-26
Control transformer, 2-27
Control voltage rectifier, 2-27
Cuwrrent command testpoint, 2-13
Current feedback clamp circuits, 2-2
Current feedback testpoint, 2-13
Current limit circuit, 2-2
Current limit pot, 2-13
Current monitor, 2-38
Current monitor programming jumper, 2-13

D

DC bus input connector (J1), 2-195

DC motor, 2-1

Dynamic current limit circuit, 2-3, 2-17
Dynamic cuwrrent limit pot, 2-14

E
Electrical specifications, 2-5, 2-6, 2-7, 2-8

F

Fault, 2-26, 2-39

Fault driver output circuit, 2-28
Fault LED, 2-25

Fault praogramming jumper, 2-26
Fault time-out circuit, 2-28
Filter circuit, 2-27

Fuse F1, 2-25

Fuse F2, 2-26




INDEX

G

Gain, 2-2

Gain pot, 2-13, 3-19

General description, 2-1, 2-2

H
High DC bus detect circuit, 2-27

I

I limit, 2-38, 2-39

Input, 2-38

Input (speed) command testpoint, 2-13

Input command pot, 2-14

Input pot, 3-14

Input power, 3-6, 3-7, 3-8, 3-9, 3-10, 3-11
Input/output logic, 2-3

Installation and start—-up, 3-1, 3-5
Introduction, 1-i

L
Low level detect circuit, 2-27

M

Module identification, 2-4

Motor current, 3—-16

Motor load fuse (F1), 2-14

Motor output connector (J1), 2-15
Motor power connections, 3-12
Motor speed, 3—-16

Mounting holes, 3-3, 3—4

N
Nand logic circuits, 2-28
Negative feedback, 2-2

0
Operator’s manual, 1-1

P
Parts list, 5-2, 5-3, 5-4
Fersonality module
RCN1, 2-15
RCNZ2, 2-15
Personality modules specifications, 2-19, 2-20, 2-21
Fosition loop, 3-13, 3-14
Position loop stability, 3-14
Fots, 3-13
Pre-amplifier circuit, 2-18

R

Regulator circuits, 2-27

Repair, 5-1

Reset button, 2-12

Ripple current, 3-19, 3-20, 3-21

RMS current limit circuit, 2-3, 2-16

r



INDEX

RMS limit LED, 2-12

S

Service, S5-1

Servo module parts list, 5~3
Shipment, S$-1

Shunt adjust pot, 2-25

Shunt LED, 2-25

Shunt regulator, 2-3

Shunt regulator circuit, 2-27

Shut down, 2-38 ,

Signal common, 2-12, 2-38

Signal common testpoint, 2-25
Speed ervror, 2-2

Supervisory module, 2-3
Supervisory module control connection (J2), 2-14
Supervisory module parts list, 5-4

T
Tach, 2-38

Tach feedback pot, 2-14

Tach feedback signal, 2-3

Tach feedback testpaoint, 2-13

Tach pot, 3-14

Tachometer, 2-1

Terminal board, 2-33

Transconductance, 2-2

Trip LED, 2-12

Troubleshooting, 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7, 4-8

v

VDC supply, 2-12
vDC testpoint, 2-25
Velocity loop, 2-1




Warranty and Field Service Policy

Acerotech, Inc. warrants its products to be free from defects
caused by faulty materials or poor workmanship for a minimum
period of one year from date of shipment from Aerotech.
Aerotech’s liability is limited to replacing, repairing or issuing
credit, at its option, for any products which are returned by the
original purchaser during the warranty period. Aerotech makes
no warranty that its products are fit for the use or purpose to which
they may be put by the buyer, whether or not such use or purpose
has been disclosed to Aerotech in specifications or drawings
previously or subsequently provided, or whether or not
Aecrotech’s products are specifically designed and/or manufac-
tured for buyer’s use or purpose. Aerotech’s liability on any
claim for loss or damage arising out of the sale, resale or use of
any of its products shall in no event exceed the selling price of
the unit.

Laser Product Warranty

Acrotech, Inc. warrants its laser products to the original
prurchaser for a minimum period of one year from date of ship-
ment. This warranty covers defects in workmanship and material
and is voided for all laser power supplies, plasma tubes and laser
systems subject to electrical or physical abuse, tampering (such
as opening the housing or removal of the serial tag) or improper
operation as determined by Aerotech. This warranty is also
voided for failure to comply with Aerotech’s return procedures.

Return Products Procedure

Claims for shipment damage (evident or concealed) must be
filed with the carrier by the buyer. Aerotech must be notified
within (30) days of shipment of incorrect materials. No product
may be returned, whether in warranty or out of warranty, without
first obtaining approval from Aerotech. No credit will be given
nor repairs made for products returned without such approval.
Any returned product(s) must be accompanied by a return
authorization number. The return authorization number may be
obtained by calling an Aerotech service center. Products must
be returned, prepaid, to an Aerotech service center (no C.0.D. or
Collect Freight accepted). The status of any product returned
later than (30) days after the issuance of a retum authorization
number will be subject to review.

Returned Product Warranty Determination

After Aerotech’s examination, warranty or out-of-warranty
status will be determined. If upon Aerotech’s examination a
warrantied defect exists, then the product(s) will be repaired at
no charge and shipped, prepaid, back to the buyer. If the buyer
desires an air freightreturn, the product(s) will be shipped collect.
Warranty repairs do not extend the original warranty period.

Returmed Product Non-Warranty Determination

After Aerotech’s examination, the buyer shall be notified of
the repair cost. At such time the buyer must issue a valid purchase
order to cover the cost of the repair and freight, or authorize the
product(s) to be shipped back as is, at the buyer’s expense.
Failure to obtain a purchase order number or approval within (30)
days of notification will result in the product(s) being returned as
is, at the buyer’s expense. Repair work is warranted for (90) days
from date of shipment. Replacement components are warranted
for one year from date of shipment.

Rush Service

At times, the buyer may desire to expedite a repair. Regard-
less of warranty or out-of-warranty status, the buyer must issue
a valid purchase order to cover the added rush service cost. Rush
service is subject to Aerotech’s approval. :

On-Site Warranty Repalir

If an Aerotech product cannot be made functional by
telephone assistance or by sending and having the customer
install replacement parts, and cannot be returned to the Aerotech
service center for repair, and if Aerotech determines the problem
could be warranty- related, then the following policy applies.

Acrotech will provide an on-site field service representative
in areasonable amount of time, provided that the customer issues
avalid purchase order to Aerotech covering all transportation and
subsistence costs. For warranty field repairs, the customer will
not be charged for the cost of labor and material. If service is
rendered at times other than normal work periods, then special
service rates apply.

If during the on-site repair it is determined the problem is not
warranty related, then the terms and conditions stated in the
following "On-Site Non-Warranty Repair” section apply.

On-Site Non-Warranty Repair

If an Aerotech product cannot be made functional by
telephone assistance or purchased replacement parts, and cannot
be returned to the Aerotech service center for repair, then the
following field service policy applies.

Aerotech will provide an on-site field service representative
in areasonable amount of time, provided that the customer issues
avalid purchase order to Aerotech covering all transportation and
subsistence costs and the prevailing labor cost, including travel
time, necessary to complete the repair.

AEROTECH, Inc., 101 Zeta Drive, Pittsburgh, Pennsylvania 15238
Phone (412) 963-7470 @ TWX 710-795-3125 e FAX (412) 963-7459




