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PREFACE

This Service and Installation Manual is a general document and is applicable to
the entire HPA product line. However, since these amplifiers are married to motors
of varying sizes with different operating characteristics such as internal resistance,
inductance, rotor inertia, etc. the complete model numbers of these amplifiers will
vary more or less with the motors to which they are married. Thus, after the ampli-
fier is mated with a particular motor, along with the inductor and a six-phase
secondary power transformer, to form a complete servo system, the model number ap-

plied to the amplifier nameplate is in reality the model number for the system.

The Test Limits and Modification Sheet (TL) is a specific document and is appli~
cable only to individual systems. The TL Sheet contains such information as peak
current limits, bias current setting, maximum operating speed and the motor control

compensation values which make a particular motor compatible with the amplifier.

The TL Sheet will be found in the inside pocket of the front cover of the
Manual shipped with each amplifier.

MODEL NUMBER SYSTEM

HPA ~ “"pvwegy o ngwepe _ npuapn
BPAQX - YATHURY oy Hpouupn _ npeupn

HPA . . . . . . .. e e e e Six-Phase Amplifier (without Option Card)

BPAOX . . . . . .. . . ... ... S5ix-Phase Aamplifier with Option Card

{X = 1 for OPT 1, etc.}

A - 158 . . - e .. Secondary Line to Neutral Voltage
B - 4G, 85, 100 . . . . . .. Continuous Current(Rating

C-5, 6 .. .. ... .. 50Hz or G60Hz Rating

-0 ... ... ... ... Standard Model Number

E - e e e e e e Motor and Winding

F - e e e e e e Compensation Number

vii






1.0 DESCRIPTION

1.1

The Inland Motor HPA series are six-phase, half-wave, four-quadrant, fully
regenerative SCR "Rate Loop" sefvo amplifiers.

Except for minor component changes on the Motor Control Card, the basic
modules of these amplifiers are interchangeable. (The Power Supply Card will
change from system to system depending on secondary line voltage from the three-
phase isolation power transformer (120 V.A.C. Line tc Neutral), (138 V.A.C. Line
to Neutral) or (158 V.A.C. Line to Neutral).

Due to the interchangeability of the modules, spare parts cost can be
minimized.

Modular construction and the liberal use of test points assure easy mainte-
hance and troubleshooting.

A unigue approach to phase control (Patent No. 3864612) and a full~-time
electronic current limiter assure excellent high speed commutation. Large life
shortening first-half-cycle current pulses are eliminated. The choice of six-
pPhase star instead of three-phase full-wave allows for the elimination of "“lock-
out" (deadband or transport lag at null). No vibration at null is produced as
the quiescent (bias) current circulates through the inductor and not the motox
armature circuit.

Other features are:

Fail-Safe Dynamic Braking (Patent No. 3786329)
Programmable Torgue

Overspeed Protection

Not Sensitive to Line Phasing
Horsepower-Based Current Limiting

"Drive-Up" Indication

Motor Current Monitor Output

Option Card - See Appendices

Amplifier Inputs and Modes of Operation (Refer to the Appropriate Sys. Wiring Dia.)

The Velocity Input Signal (not to exceed * 10 volts) is applied to the

amplifier at TBl-1 with respect to TB1-2. '
TB1-3, 10, 20, and 27 are all used to provide adequate points for Bignal
Grounds without overloading terminal block screws.

The Tach feedback voltage is connected to TB1-4 with respect to TBl-5,



The Torque Hold mode of operation can be utilized when the motor is required
to dwell against hard stops orx operate in a tension control system. Closing a
set of contacts between TB1-6 and 7 will convert the amplifier from a constant
velocity to a constant torgue system.

The Current Monitor waveform may be observed at TB1-8. There is a direct

relationship between this waveform and the actual motor current. & D.C. volt-
meter placed between TB1-8 and TB1-10 and calibrated in either current or 1b.ft
can sexve as a means by which the constant load levels placed on the motor may
be monitored.

The scale factor at TB1-8 is 12.5 amps/volt unless specified otherwise by
the TL Sheet for the system.

The External Current Limit Control may be utilized, when external control

of motor torque is desired, by closing a set of contacts from TB1-9 to TB1-10,
provided a simple modification is made to the MC 2 Motor Control Card. {Check
the TL Sheet for the system).

The "Drive-Up" contacts are provided at TB1-11 and 12, and when closed, is
an indication to the outside world (software, etc.} that the sexvo amplifier is
in its Drive-Up mode; or, when open is an indication that it is in its Inhibit
mode,

The Loop Cage Input provides a means by which the amplifier may be caged

(torque limited to zero) by closing a set of contacts between TB1-13 and TB1-19
(+¥15V) or if desired, a +15 volt level may be applied to TB1-13 from some op-
tional source (software, etc.).

The Motor Volts Input at TB1-15 is the connection point for the motor back

E.M.F., which is used in conjunction with the tach feedback to initiate an
optional overspeed shutdown function. This will automatically shut the system
down in the event the motor reaches an excessive speed due to loss of tach feed-
back, shorted tach feedback, reversed tach hook-up, or if an excessive speed is
commanded. The Tach Loss circuit is located on one of the option cards (see
Appendices) .

The %15 Volt Outputs (TB1-19, 28) may be used to provide an input control

signal for the amplifier. Drawing A-78758 in the back of this manual is one
method by which this may be achieved.
The Inhibit allows a means by which the amplifier may be disabled without

removing the main power. When a set of contacts is closed bhetween TB1-29 and



30, the amplifier will be put in the "Drive-Up" mode. Opening the contacts will
Inhibit the amplifier.

Simplified Theory of Operation (Refer to System Block Diagram A-78759)
This amplifier is a "Rate Leop" amplifier, A Rate Loop amplifier is a
device that maintains a speed proportional to a command input signal. The

amplifier consists of nine (9) basic modules as shown in the System Block

Diagram A-78759.

1. Motor Control (MC 2) Card 6. Option Card

2. Pulse Generator (PG 1) Card 7. Suppression Card

3. Ramp Generator (RG 1) Card 8. S5SCR Paks

4. Interlock & Brake (INTLK 2) 9. Mother Board (MB 1) HPA
Card Containing Items 1-6.

5. Power Supply (PS 2) Card

The Motor Control Card incorporates the necessary circuitry to provide the

Rate (Velocity) Loop function, the Current Loop function, the Motor Current
Monitor, and the Overspeed protection.

The Rate Loop compares the actual speed as indicated by the Tachometer to
the commanded speed and generates an error signal to the Current Loop. The Cur-
rent Loop then monitors the actual motor current, compares it with the error
signal from the Rate Loop, and commands more or less current into the motor to
cause it to run faster or slower as necessary to satisfy the Rate Loop.

Horsepower based current limiting is also performed by this card, allowing
maximum motor performance without encountering commutation problems.

The Motor Current Monitor issues a signal for external use which is in
direct relation to the actual motor current.

The Overspeed circuit monitors the speed of the motor and inhibits the
Rate Lcop when thig speed becomes excessive and indicates this condition by
illuminating an "Overspeed Fault" LED located on both the Motor Control and

Interlock cards.

The Pulse Generator Card accepts the output from the Motor Control Card

and produces a pulse train whose position, with respect to line zero crossover,
depends on the level of the Motor Control Card output. as the Motor Control

Card output increases, the pulse position advances, and current in the motor

increases.



2.0

2.1

The'gggp Generator Card produces a reference ramp signal based on line zero

crossover allowing the Pulse Generator Card to produce pulse trains to control
the SCR firing angles.

The Interlock & Brake Card monitors the line voltége and shuts off the

firing pulses upon loss of any line input phase, delays turn-on until transients
have settled at start-up, performs the "Inhibit" function, and provides a con-
tact opening for external indication that the HPA amplifier is in its Inhibit

or Drive-Up mode. This card also contains the Fail-Safe Dynamic Brake, which
in the event of the loss of prime power applies pulses to the SCRs, dynamically
braking the motor to an emergency stop.

The Power Supply Card supplies $15 volts (regulated) and +24 volts (unregu~

lated) DC voltage to the amplifier.
The Suppression Card outputs a signal to the Interlock & Brake Card for

use in phase-loss detection. This card also contains the SCR pulse transformers
and the circuitry for line transient suppression and SCR protection.

The SCR Paks, in conjunction with the suppression cards, form the power
stage. Each SCR pak contains two SCRS - one "forward" and one "reverse”.
Current is generated into the motor as each SCR is "gated" on by the Pulse
Generator Cards.

The Mother Board serves as a receptacle for all plug~in cards, providing

interconnections between cards and holds the signal-level input and output

terminal blocks.
INSTALLATTION

The amplifier is not position sensitive but it should be mounted to allow

vertical circulation of air through the SCR heatsink if possible.

Wiring (Refer to the Appropriate System Wiring Diagram)
NOTE: Improper wiring will result in fuse blowing or possible
damage. Observe the following precauticns:

(1) Twist all A.C. leads to minimize electro-
magnetic emission and pickup.

(2) Avoid running signal leads in close proximity
to power leads, armature leads, or other
sources of electromagnetic noise.

(3) Minimize lead lengths as much as practical.

(4) Double-check all wiring. Carefully inspect
21l connections.



CAUTION: When using a contactor to switch the primary line,
assurance must be made that if the contactor is
dropped out while the motor is running {can happen
if emergency stop is required), a mandatory delay
occurs before the contactor is pulled back in to
allow the motor time to stop. 1In a normal appli-
cation the motor should stop within 0.200 to 0.300
seconds. Under no circumstances should the con-
tactor be allowed to chatter, especially while the
motor is running, or Dynamic Brake circuitry may
cause fuse or circuit breaker operation.

3.0 PRELIMINARY CHECKS (Refer to the Appropriate System Wiring Diagram)

Once the Inland HPA system has been installed, the initial start-up should
be made with the motor load and control command disconnected. The following
equipment will be required:

(1) Adjustable signal source 0 - 110VDC @ 10ma
(£15VDC is available from TB1-19 and 28
on the amplifier.

(2) Volt-Ohmmeter (Simpson or Triplett, etc.)

{3} Dual Trace Oscilloscope.

3.1 T%he Six-Phase Power Transformer Hook-Up
Before applying power do the following:

(1) oOpen the power circuit of the six-phase isolation
transformer secondary by removing the fuses or
opening the circuit breaker.

(2} Check the model number on the nameplate of the
amplifier to determine what the input line voltage
(RMS) should be:

Model No. Line to Neutral Line to Line Line to Line | Line to Line
A-N,B-N,C-N,A-N,B-N,C-N A-B-C A-B-C A-A,B-B,C~C
HPA-158 158v 275 275 317
HPA-138 138v 240 240 277
HPA-120 1z20v 208 208 240

Apply power and check the secondary line voltage in accordance
with the above table. After it has been determined the line
voltage is correct remove the primary power and replace the

fuses or reset the circuit breaker in the transformer secondary.



3.2

The Motor and Tachometer Hook-Up

Important: To avoid runaway the Motor and Tach must be phased properly.

Before applying power to the amplifier make the following servo polarity
check. With a voltmeter on a sensitive VDC scale (3 volts or so), place the
positive lead of the voltmeter on the motor armature lead at the center tap of
the inductor. Place the common lead of the voltmeter at POl-Common., Have an
assistant rotate the motor shaft and note the direction of meter needle deflec-
tion. Place the positive voltmeter lead on terminal TBl-4, leaving the common
lead of the meter at POl-Common. Have the assistant rotate the motor shaft
again in the same direction. The meter should now deflect in the opposite di-

rection from the previous step. If not, reverse the tach leads at TB1l-4 and 5.

POWER APPLICATION

Before applying power to the amplifier, it is advisable to have the load
disconnected from the motor shaft and the command input wires to TBl-1 and 2
removed. Connect the D.C. signal source from TBl-l with respect to TBL-2.

(If the external #15VDC at TB1-19% and 28 is used as the signal source, a circuit
similar to the one shown in drawing A-78758 in the back of this manual may be
necessary. Also, temporarily disable the Position Loop Control to prevent auto-
matic shutdown.

Place one channel of a dual-trace oscilloscope to TPl0é of the MC 2 Card to
monitor the tach feedback voltage. Place the second channel of the oscilloscope
on TP75 of the same card to monitor the motor current. (Refer to Figure 12 for
typical waveforms and the TL Sheet for peak current magnitudes, etc.). Apply
the main power. Close the connection to the "Inhibit" terminals at TBl1-29 and
30, being ready to switch off the main power if runaway occurs. If the motor
sits still and the results to this point are satisfactory, proceed.

Using the D.C. signal source, and starting with a small signal, apply a
command to the input of the amplifier at TBl-1l and 2. Run the motor in both
directions while observing the waveforms on the oscilloscope. Also, have an
assistant observe the operation of the motor if possible: The motor should
accelerate and decelerate with a quick crisp response and run with constant

speed for any given signal level. Do not run the motor in excess of the maxi-

mum speed specified by the TL Sheet for the gystem. Remove power.




4.1 Connecting the N/C or C/N/C

4.2

Remove the D.C. signal source. Remove any jumper at TB1-2 and 3 if
installed as in drawing A-78758.

Connect the load to the motor shaft.

CAUTION: Incorrect servo to position leop phasing can cause large

excursion oscillations or runaways. Appropriate pre-
cautions should be taken to stop the machine if necessary.
Slides should be moved a reasonable distance away from
hard stops before applying power. As an added precaution
a 47K ohm resistor may be connected in r.ries with the
N/C or C/N/C output and TBl-1.

Apply power and observe the action of the machine. In most cases, if the
phasing is incorrect the motor may either oscillate and produce large excursions
or appear to runaway. The 47K ohm resistor will insure that if a runaway
occurg the speed will not reach dangerous levels.

If it is determined that the direction of rotation of the Inland motor
must be reversed, you must reverse both the tach leads and the motor leads.

After the phasing of the system is determined to be correct, the 47K re-
sistor may be removed and the N/C or C/N/C connected directly to TBl-1l.

For adjustment of the Speed Scale Factor refer to Section 5.1.

Connecting a Manually Operated Machine

Should the system be used on a manually operated machine, (not in position
loop) some form of D.C. input signal will be required. Drawing A-78758 in the
back of this manual illustrates one method of doing this.

The +15VDC supply in the Inland amplifier can be utilized to supply 15VDC
to the external command circuitry provided its load impedance is not less than
10K ohms. If this impedance is less than 10K ohms, the required top speed may
not be obtained.

An external power supply may be utilized provided its output does not
exceed 15VDC and its common is connected to one of the shield common points on
TBl of the amplifier. The input circuit should appear similar to that shown
in A-78758. The connections made to the right side of the DIR relay contacts
should go to the *15VDC external poweyr supply rather than to the internal
supply.

z



This system will operate as follows: BApply power and energize the RUN
relay to close "Inhibit". If FEED #l1 relay is energized, the system will run
at a rate set by the FEED #l Speed Potentiometer, in a direction determined by
the DIR relay, until the FEED #1 relay is de-energized. FEED #2 operates in
a similar manner. Rapid traverse speed is selected by energizing the TRAV relay,
and is set by the TRAV Speed Potentiometer.

For adjustment of the Speed Scale Factor pot on the MC 2 Card refer to

Section 5.2.

ADJUSTMENTS (Refer to Figures 1, 6, 8, and 10)

With exception of the Speed Scale Factor adjustment (SPEED) all adjustments
are factory set and sealed and should never require adjustment. The following
procedures are given only in the event of component or card replacement or in

the event the seals are unintentionally broken. Reseal all pots after adjusiment.
Speed Scale Factor Adjustment, Position Loop Machines (Refer to Figures 1 or 6)

Monitor TBl-1 with respect to TB1-2 with a.digital voltmeter. Command
maximum traverse speed from the N/C or C/N/C. Adjust the SPEED pot on the MC 2
card to cobtain the voltage level which the control normally delivers at maxi-~
mum traverse speed. (Consult N/C or C/N/C manufacturer for output delivered at
maximum traverse speed).

If the following error is displayed by way of readout, adjust the SPEED pot
on the MC 2 card for the proper amount of following error. (Consult N/C or
C/N/C manufacturer),

Speed Scale Factor Adjustment, Manually Controlled Machines, (Refer to
Figureg 1 or 6)

Monitor TBl-1 with respect to TBI-2 with a digital voltmeter. Apply com-
mand signal of proper voltage level (4 to 10 welts) which represents maximum
traverse speed. Adjust the SPEED pot on MC 2 card for maximum traverse speed.

If it is desired that some input;voltage level (4 to 10 volis} represent
a maximum speed of the motor in RPM {not tu exceed its maximum speed) do the
following:

(1) Compute the necessary tachometer voltage at the desired
speed as follows:



5.3

Volts
RPM

Desired Tach Voltage = (Desired Speed in RPM) (Tach Sensitivity, } , where

Tach Sensitivity = Speed Scale Pactor of Tach. (Check nameplate of motor).

Example:
R Volts
Desired Tach Voltage = (2000 RPM) (0.0189 -EEE—J = 38 Volts.

{2} Apply command signal of desired voltage level, which
represents maximum speed, to TBl-1 and 2. Adjust
SPEED pot on MC 2 card for desired tach feedback as
monitored at TP106 on MC 2 card. In the example
above the tach feedback should be 38 volts when the
motor runs at the speed of 2000 RPM.

Zero Adjustment (Refer to Fiqures 1 or &)

Remove power. Remove the command input lead at TBl-1. Jumper TBl-1 to 2.
Connect a voltmeter on a sensitive volts D.C. scale from TP75 on the MC 2 card
to TP "Common". Apply power, close "Inhibit” and adjust ZERO pot on the MC 2
card for O VDC on the voltmeter. Remove power, remove jumper from TBl1-1 to

2, reconnect command input lead to TBl-1.
Bias Adjustment (Refer to Figures 1 or 8)

The Bias Adjustment is made via 3 phase ramp trim pots in component
locations 8, 34, and 60 on the Ramp Generator Card (RG l).

Remove power. Inhibit amplifier by placing a jumper from TB1-13 to TB1-19.
Place a clip-on RMS ammeter around one of the outside Inductor leads {not the
motor armature lead).

Place a jumper from TP7 to TP8. Place a jumper from TP13 to TP14. Thesé
test points are located on the uppéer edge of the Ramp Generator Card (RG 1l).

Apply power. (lose the "Inhibit" contacts. Adjust the pot in component
location 8 until 2 amps are read on the clip-on RMS ammeter. Remove power.
Remove jumper from TP7 to TPS.

Place jumper from TPl to TP2. Apply power. Adjust the center pot in
component location 34 until 2 amps are read on the clip-on ammeter. Remove
power. Remove jumper from TP13 to T§14.

Place jumper from TP7 to TP8. Apply power. Adjust the pot in component
location 60 until 2 amps are read on the clip-on ammeter. Remove power.

Remove all jumpers from Ramp Generator Card. Apply power and note that a
reading of 3-4 amperes bias current is indicated on the clip-on ammeter.

Remove power. Remove clip-on ammeter and jumper at TBl-13 to TB1-19.



5.5

5.6

6.0

Overspeed Adjustment (Refer to Figures 1 or &)

Turn the Overspeed Adjustment pot OVSPD on the MC 2 card fully CW. Command
maximum speed. Turn the OVSPD pot CCW until the system just shuts down or until
the Overspeed fault LED's on the MC 2 and INTLK 2 cards just come on. Turn the
OVSPD pot back 1/2 turn CW.

Remove and reapply the main power to reset the Overspeed circuit.
Power Supply Adjustments (Refer to Figures 1 or 10}

With a digital D.C. voltmeter monitor TP33 (+15V) on the Power Supply (PS5 2)
Card with respect to TP-GND. Adjust the POS ADJ pot in positioﬁ 29 for +15 volts
0.1 volt.

Monitor TP20 (-15V). Adjust the NEG ADJ pot in position 22 for -15 volts
0.1 volt.

NOTE: THIS ADJUSTMENT MAY AFFECT OTHER ADJUSTMENT SETTINGS.

External Current Limit adjustment {Refer to Figures 1 or 6)

When the optional External Current Limit Control circuit is utilized (by
closing contacts between terminals TB1-9 and -10) the pot in component location
42 on the MC 2 card may be adjusted to give a desired continuous torque limit.

Monitor TP75 on the MC 2 card with an oscilloscope. Close the external
current limit contacts. Accelerate and decelerate the motor to some medium
speed level. BAdjust the pot in position 42 on the MC 2 card for current peaks
specified on the TL Sheet for the system for External Current Limit.

The scale factor at TP75 is 100 amps/volt.

TROUBLESHOOTING
A. Waveforms

Typical waveforms of a properly operating system are shown in the

back of this manual for reference and troubleshooting purposes.

B. Card Component Location

The card components are identified by position on the individual
cards rather than by nomenclature. This method of identifying the
components by position helps to quickly locate the component on the
card. The component locations are numbered from left to right starting

from the pin out edge of the card.

10



C.

Special Equipment

An EM6-01 card extender may be helpful in troubleshooting the
individual cards. The card extender can be ordered directly from
Inland. It will be necessary to remove the key from the card recept-~
acle before the extender can be inserted. After troubleshooting the
card, be sure to replace the key.

Since in-line component packages are used extensively on the
Printed circuit cards, it will be necessary to keep on hand a small
DIP clip device to aid in monitoring points on the in-line component

packages. These devices can be obtained from local electronics
distributors.

Troubleshooting Charts

In using the Troubleshooting Charts, keep in mind the following:

I. There are three (3) distinct areas given in the
charts where a fault may occur. They are:

(1} External Interface, amplifier Vitals (Chart #1)
(2) Power Stage (Chart #2)
(3) Control Section Card Level {Chart #3)

II. There are two (2) basic fault characteristics given
in the charts. They are:

(1) Amplifier Inoperative

(2) Erratic or Improper Operation of Amplifier

‘III. The recommended procedure for using the flow charts is
as follows:

(1} Please use caution when troubleshooting this
servo system.

(2) Begin with the "START" block of Chart #1 (External
Interface) and proceed as instructed until the
fault is located.

(3) If directed to Chart #¥3 (Control Section), begin
with Chart 32a and troubleshoot the PS 2 (Power
Supply) Card first. Proceed then to Chart 3b
and troubleshoot the INTLK 2 (Interlock & Brake)
Card. These two cards contain the "circuit vitals"
for the drive-up mode. Next, go to Charts 3¢ and
3d and check motor current and operation of the

PG 1 (Pulse Generator) and RG 1 (Ramp Generator)
Cards.

11



These two cards produce the waveforms for phase-
angle control. Lastly, proceed to Charts 3e
and 3f to troubleshoot the MC 2 {Motor Control)
Card, which contains the circuits for speed and
current control.

{4) If a component is replaced, return to the "START"
block of the chart being used, and begin the trouble-
shooting procedure again to insure that multiple
problems do not exist in the circuitry.

7.0 OPTION CARDS

The Option Cards, when used, are inserted inte the MBl HPA(0OX} mother
board at the card receptacle marked "Option Card". Normally this card recept-

acle will be absent from the standard amplifier.

Option Cards consist of separate and independent circuits which provide
additional functions for diverse applications and are brought into existence
as the need for them arises.

These cards and their functions are described in the Appendices' section of

this manual.
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8.0 RECOMMENDED SPARE PARTS LIST

NOTE: Please provide complete amplifier model number when ordering spare parts.

QTY. USED PER: QTY. RECOMM.
HPA FOR SPARE DESCRIPTION
PC_CARDS
1 1* Motor Control MC 2
2 1 Pulse Generator PG 1
1 1 Ramp Generator RG 1
1l 1 Interlock INTLK 2
1 1% Power Supply ps 2
2 1 Suppression SUP 2 or SUP 3
1 1 Mother Board {MB 1) HPA{OX)
When Used 1 If Used  ]*** Option Card (See Test Limit
Sheet for
Model No).
MAIN ASSEMBLY
6 10 Fuses (See Test Limit Sheet for
Proper Fuse Size).
6 3 SCR Paks a-78490
1 1 Overload Relay with Heater. (See
Test Limit Sheet for Proper Value
of Overload Relay & Heater).
1 1 Current Sensing Resistor:
A-78297 .01 ohm, 5%, 100 Watt
2 1 Cable Garry P14D36, Samtec
CP~14-H-367T

*Motor Control Cards vary with motor types. Recommend stocking one spare of
each type.

**Power Supply Cards vary with 3¢ power transformer secondaxy voltage.

**%Option Cards may vary from system to system.
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W} F0sd% aEvid

Terminals 1-15

TB 1
Terminals 16-30 Motor Control Card
MC 2 " ‘Speed’ (MG 2)
Card *Zero'
Adjustment™] “External Current Limit’
Pots "‘Overspeed’ Option Card

Used With HPA(OX) Only
{See Appendices)

Pulse Generator Cards
(PG 1)

Phase Phase "C”
Tri?naggts_ Ilz:ase E:; Ramp Generator Card
ase
il Interlock And Brake Card
| Overspeed (INTLK 2)
LED's Inhibit
Power Up= Power Supply Card
o

(PS 2]

Motor Overload Relay

Power Output
Terminal Biock s

POI Power
Fuse
Block No. 1
Power
Fuse
Block No. 2

Phase "A

Phase ‘B’-

Phase *C’

Phase “A’

Phase B"

Phase C’

FIGURE 1
HPA(OX) AMPLIFIER
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Phase ‘C"
SCR =
Paks Phase B

B Gate Leads
Phase "A’

SCR "Strapping Bars
Snubber
Caps (047 mtd)

Pulse
Transformers

Suppression &
Cards
(SuUP 2)

Phase “C”
Phase ‘B”=
Phase ‘A"

SCR
Paks

FIGURE 2
HPA (OX) AMPLIFIER (OPEN, SHOWING POWER SECTION)
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Terminals 1-156
TB 1 =

Terniinals 16-30

Motor Conirol Card

‘8%‘2?_2: (MC 2)
*External Currenti Limit® .
. » - Option Card
-\Ov?:speed (OPT 1)
MC 2
Card
Adjusiment
Pois
Pulse Generator Cards
PG 1)
Geiae:rzﬁor Phase "C-
Trim | Fhase B Ramp Generator Card
Pots Phase “A RG 1)
— nterlock And Brake Card
Overspeed —
° (INTLK 2)
LED's —1 Inhibit (RGSO)

Power Supply Card
{PS 2)

Power Up

Power Outpui
Terminai Block
PO}

FIGURE 3
HPAO1-(X 12, X13) AMPLIFIER
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Phase “C"
Gate Lead
Snubber © Leads
Caps
£.047 mid) L 4
Axis No. 2
Phase ‘B’
Gate Leads
Phase “A”
Gaie Leads
Pulse
Transformers

FIGURE 4

HPAO1—(X12, X13) AMPLIFIER
(Open, Showing Power Section)
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Phase G

Phase ‘B* }— SCR Paks

Phase *A

Suppression Card Sup 3
Suppression Card Sup 3

Phase *C’

Phase "B" =~ SCR Paks

Phase “A”



Power Fuses

Terminals 1-15

TB1V
Terminals 16-30

Motor Control GCard

Option Card
(Used with
HPA ox) oniy)

Pulse Generators

Power Output
Terminal Block
PO

Ramp Generator
Interlock -

Power Supply
(See Fig. 1)

Motor Overioad Relay Motor Fuse

FIGURE &
HPA OX/100 AMPLIFIER
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“Overspeed"

“Zero" TP39 TP74 TP886 {“Overspeed”

LED. TP106

"Speed” | TP26 | TP43. | TP75 TP107

i

External
Current
Limit Adjust

TP77
TP40

TP18

- TP36A
TP100A

TP13

TP34A

TP786

FIGURE 6
MOTOR CONTROL CARD (MC 2)

19



TP 4

TP 3
TP 2 TP 6

TP 5
TP 1

FIGURE 7
PULSE GENERATOR CARD (PG 1)
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Component 17

Component 16

Component 15

Component 35

Component 9

TP 6

Phase A" Ramp Trim Pot

TP 1
TP 2

Phase ‘B” Ramp Trim Pot

TP 7 TP 13

TP 8

TP 3 TP 9

FIGURE 8
RAMP GENERATOR (RG 1)
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TP 14

Phase ‘C" Ramp Trim Pot

Component 43
Component 69
Component 42

Component 68

-Component 41

Component 67

Component 61

TP 18
TP 12



JR1 (Brake Out) TP3 TP4

TPG
Overspeed L.ED.

Inhibit L.E.D.

TP7

TP2

TP1

TP5

‘Drive Up™ Relay

FIGURE 9

INTERLOCK AND BRAKE CARD
(INTLK 2)
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Power up
L.ED -24TP +24TP

-15TP | GNDTP +15TP

Positive
Negative Adj.
Adj.

Power Supply
Fuse

FIGURE 10
POWER SUPPLY CARD (PS 2)
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£rey GO
aee ok

s
BN T

Qi L0

Al BhAAILE P
A

“Forward” | Phase “C" —aciii38 REY. 1
Gate 4Phase “B" :
Plugs |Phase“A"

TP 60 TP &3
TP 50 it TP 61
TP 62 -— e — TP 63

e TP 69

Phase "A" Phase “B" Phase "C"
\ |
1
- . . ‘"Reverse” Gate Plugs
FIGURE 11

SUPPRESSION CARD (SUP 2)
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TP 6.

(AR]

Line Monitor
TP 49

Forward
Gates

Reverse
Gates

FIGURE i2

0ar MED
1000 VDC

e A

B VW PFIon-as

A MR
1000 VDC

.
TR

G_CU'J Yol

[e5d] +10% P

wpl-’if)SA?’

: \TI P Piusa7
047 MeD

SUPPRESSION CARD SUP 3
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Systemn GND From
Sample Resistor
Ref. C-78783

Power Supply GND Test Point

(PS 2) Line Power \ -

048 S
a3

PS 2 Card

INTLK 2 Card

RG 1 Card
Cable No. 2
Receptacle
PG 1 Card
GND Fusze Links
Cable No. 1
Receptacle
Option Card
HPA (OX) Units Only
Jumper No. 5

{Removed When

Option Card Used) MC 2 Card

GND Test Point

Terminals 16-30

= 181

Yl AR Terminals 1-15

- HREARD gnﬁtag e &

FIGURE 13
MOTHER BOARD MB1-HPA(OX)
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20 Volt Peak to Peak 1 Hz. squarewave
from signal generator-applied at
terminals 1 & 2 of TB1 terminal strip.
(10V/Div., 0.2 Sec/Div.)

Output at TP26 and TP36A of MC 2 Card.
(10V/Div., 0.2 Sec/Div)

Output at TP18 and TP34A of MC 2 Card.
(10V/Div. 0.2 Sec/Div.)

Cutput at TP43 of MC 2 Card.
(5V/Div,, 0.2 Sec/Div.)

Output at TP40 of MC 2 Card.
(5V/Div., 0.2 Sec/Div)

Output at TP76 of MC 2 Card.,
(6V/Div., 0.2 Sec/Div)

FIGURE 14
MOTOR CONTROL CARD (MC 2)
(REF. CHART #3(e) FOR TEST CONDITIONS)
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Reference Phase
Line Phase “A", “B", or “C" at
Fuse Block No. 1.

(100V/Div., Time base adjusted to give
45°/Div.)

Line Phase reduced and shifted 15°.
Seen at TP2, TP8, or TP14 of RG 1 Card.
{(10V/Div., 45°/Div.}

Waveform seen at component location:

16-8 for “A" phase

42-8 for "B" phase

68-8 for "C” phase {RG 1 Card)
{1¥/Div.. 45°/Div.) + 1.4V

Waveform seen at component location:
17-14 for “A" phase

43-14 for "B" phase (RG 1 Card)
69-14 for "C" phase 0 (e}
{10V/Div., 45°/Div.) + 15V

waveform seen at component location:
15-7 for phase “A"

41-7 for phase "B” {(RG 1 Card)
67-7 for phase "G~ 01to
(10V/Div., 45°/Div.) - 15V

Waveform seen at component location:
9-7 for phase "A"

35-7 for phase "B”

61-7 for phase "C” (RG 1 Card)
{10V/Div., 45°/Div.) + 15V

FIGURE 15
RAMP GENERATOR CARD (RG 1)
(REF. CHART #3(d) FOR TEST CONDITIONS)
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Waveform seen at component location:
9-1 for phase "A"

35-1 for phase "“B”

61-1 for phase “C" (RG 1 Card)}
(10V/Div., 45°/Div.) + 15V

Waveform seen at component location:
16-6 for phase "A"

42-6 for phase "B

68-6 for phase "“C”" (RG 1 Card)
(10V/Div., 45°/Div.) - 15V

Forward Ramp seenat TP6, TP120r TP18
(10V/Div., 45°/Div.) (RG t Card)

Reverse Ramp seen at TP3, TPY, or TP15
{10Y/Div.. 45°/Div.) (RG 1 Card)

Typical Forward Firing Pulses Seen at
TP 59, 60, 81 of Suppression Card, and
TP 6. 4, 2 of PG 1 Card.

{10V/Div., 45°/Div.)

Typical Reverse Firing Pulses Seen at
TP 62, 63, 69 of Suppression Card, and
TP 5, 3, 1 of PG 1 Card.

{10V/Div., 45°%/Div.)

FIGURE 15
RAMP GENERATOR CARD (RG 1) AND PULSE GENERATOR CARD (PG 1)
(REF. CHART #3(c), 3(d) FOR TEST CONDITIONS)
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Typical Current Profile seen at TP75 of MG 2
Card for systems having horsepower-based
current limits. Ref. enclosed TL sheet for
specific peak current levels,

Typical tach feedback voltage profile seen at
TP106 of MC 2 for above current limits.

Typical current profile enlarged from a.

Horsepower - based current command to
current loop Op-Amp from output of velocity
loop as seen at TP18 of MC 2 card.

Current Waveform seen at TP75 of
MC 2 Card, indicating stight Velocity
Loop ofiset in Forward Direction (seen

at Zero Speed). Adjust Pot in Position
. 25 for near-zero peaks,

Current Waveform seen at TP75 of
MC 2 Card, indicating slight Velocity
Loop offset in Reverse Direction {seen

at Zero Speed). Adjust Pot in Position
25 for near-zero peaks.

FIGURE 16
CURRENT WAVEFORMS FOR MC 2
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g. Typical Current profile seen at TP75 of MC 2
Card for systems having standard horsepower-
based current limits for acceleration, and,
using “Hi-Decel” circuit, increased horsepower-
based current limits for deceleration.

h. Typical Tach feedback voltage profile seen at
TP106 of MC 2 Card for above current limits.

i. Typical current step profile enlarged from a.
or g. {(Same profile as shown in ¢}.

] "Current Monitor” output as seen at Terminal
8 of the TB1 terminal strip with the
current profile shown ini. or c.

k. Typical motor current waveform seen at TP75
of MC 2 Card while motor is running.

m. Typical tach ripple voltage as seen at TP106 of
MC 2 Card while motor is running.

FIGURE t6
CURRENT WAVEFORMS FOR MC 2
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NOTES
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*

External
Interface

Start

Axis Totally
Inoperative

Check That All
Cards Are Fulliy
Insexrted Inte
Their Sockets.

Axis

Properly
Plugged
in

Plug All Cards
Firmly Into
Their Proper
Sockets.

'Note Green "Power"
L.E.D. Indicator on
Power Supply Card.

Erratic
or Improper
Operation of

Makes Large?
Osgillactory
Excursions or
o RUNS

Away
?

System
Jccasionally
Shuts Down
During Rapid
HMode
?

YES

Leads,

Check Phasing of Tach
Ref.
3.2 in Manual.

Stction

Readjust the Pot in
the Overspeed Sec-—
tion of the MC Card
per 5.5 of Manual.

Correct
Tach
Phasing

NO

Check Position Looo
Phasing. Reference
Pogition Loop Manual.

Fault

Failure
Mode has Been
Tdentified

Corrected

Go to
Chart #3{c)

Check for x15 Volts
at Test Points of
Power Supply Card.

+15 volts
Present
?

Note Red "Overspeedﬁ
L.E.D. on MC2 Card.

Check for

Voltage at Amplifier
Side of Each Input
Fuse or Circuwit Breaker.

Proper Line

cn Power Supply
Card.

Note Red
"Overspeed"
L.E.D. on
INTLK 2 Card.

'‘Replace Faulty L

JE.D

Note Green "Inhibit™
L.E.D, Indicator on
the Interlock Card.

Option Card
Used in this

Note 3 L.E.D.
Lamps on
OPT 1 Card,

Overspeed Condition

Indicated.

Check the Following:

(1) Input Speed Command

{2) Tach Phasing. Refer
toe 3.2 of Manual,

(3) Overspeed Txrip Point

Set too Low. Refer

to Appropriate Test
Limits Sheet for °
Overspeed Trip Point.
Refer to Section 5.5

of Manual for Adjuskt-
ment Procedure. Remove
and Reapply Main Power
to Reset Overspeed
Circuit,

"Inhihs,

Check External

Refer to Apprapriate
System Wiring Diagram.

t¥ Circuit.

Enabled.

Card and

At This Time the

Indieation is the
Axis Drive is up

and Enablied.
"Drive-~Up" Circuit
Between Terminals

11 and 12.
Closed, is an Indica-
tion to Scftware That
the Servo Drive is

C-78771-1 for Interlock

System Wiring Diagram.

Check

When

YES

Refer to

Appropriate

Fault
Corrected .

Check for +15 Volts
Applied at Loop Cage
Input, Terminal 13.

Does
Voltage
Exist

Green
Inhibit L.E.D.
Illuminated

"Inhibit"
Circuit Closed
?

MO

Go to Chart #3(b)
Check Interlack
Caxd.

Clese External
"Iphibit"
Circuit,

Check

Hold"
and 7,

Retween the "Torque

for Continuity

Terminals 6

Refer to Page 10 for
"Instructions for Using
Flow Charts".

+15v.
13,

Amplificr is "Caged"
{Torque Limited).

Correct by Removing
from Terminal
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Check for the Following:

(1) Unsuppressed Transient

’ Producing Coils Wearby.

7 P (3)  Incorrect Ground Circuit,
Reference Appropriate
System Wiring Diagram.

{3} Check all Wiring for
Loose Connections,
Especially at the Large
Power Transformer.

{4) Large Main Contactorx
Chatter.

{5} Gear Chatter Causing
High Current Oscillation
in Current Loop.

{6} Monitor "Inhibit" Closure]
for Erratic Contacts.

{7} Monitcr Command Input
for Erratic Signals.

(8) Command Moderate Feed
Rate Speed. Monitor

System
Continues
to Blow.Fuses

or Trip Circuit
Breakers
2

Fuses are Blown or Tachometer Feedback
Circuit Breakers are Voltage for Intermit—
Tripped. Replace - tent Signal. (Ref.
Blowvm Fuses or Fiovre léem), If so

. Reset Circuit replace tach.
Breakers. i

YES Check for
D Check for.Voltage \ Check for Voltage Vbltage
oes No at Line Side of Does N0  |at sec. Terminals boes y Jat Primary
Voltage amplifier Input Voltage of Power Isolation Voltage W Terminals -
Exist Fuses or Circuit Exist Transformer. Refer Exist of Power
Breaker, to 3.1 of Manual. ? Isolation
Transformer.

Go to Chart #3(a) -
Check Power Supply. gpin Clr;;lili¥1sts
Card etween plifier
and Seccndary of
Power Transformex.
Check Wiring.

Any of the YES | Remove and # "Tach Loss", YES
— Red L.E.D. Lamps Reapply Main "Commutation Limit' | Coxrect
Illuminated Power Lo Reset or "Overload Fault Fault
. ? Fault Circuit. ) Exist
Sy o o
NO Check for Faulty
Wiring or Incoxrect|
Hook-Up or Replace
Check "Tach Loss or Transformer.
Commutation Limit"
Circuit at TB1-21 & 22
and "Overload" Circuit
at TR1-25 & 26. System Power not
Being Applied to
Isolation
Transformex
Troubleshoot
Main Power Feed.
These Y
Contacts are NO Repair or
Closed with - Replace EXTERNAL INTERFACE
‘TB1-29 & 30 OPT 1 Caxd. AMPLIFIER VITALS
CHART #1

Check for Input Check Resistance i : Go to

Continuity Command Voltage T . o of Armature Circuit Less Chart
nput COmman . X

at Terminals 1 Exisk Circuit (Should be than 10 ohms, #3tc}

and 2. Iess than 10 ohms).

?

Axis Torque Limited Check far Faulty Correct Fault in
by Closure of Input Command Armature Circuit.
"Torque Hold" Permi—| Circuitry. Replace Motor if
nals. Open "Torque Necessary.

If?ld" Contacts.
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* Replace Blown

Start’ Fuses, or
Power Stage Reset Circuit
Breakers.

Resume Oqﬁration.

NOTE:

For Component Locations.
Ref: Figure 2

Refer to Page 10 for

"Instructions. for Using
Flow Charts*.

“Fuses"
Blow or
Circui? Breakars
Trip
?

NO

Resume
Operaticn

Is
Syatem
Erratic

Check all Tran-
sient Producing
Magnetic Devices
for befective or
Missing Suppression

Components.

60

YES

By Inspection and
Using Ohmmeter Check
Interwiring for

Poor Connections to
Suppression Card

and Power Stayce.

Go to
Chart #3({c)




{1) Remove Both Leads to the 9 stng an Dhmmeter Measure
Inductor. (Ref. Appro~ the Resistance Between
priate System Wiring Texminal 2 of the POl
e ————— Diagram) Terminal Block and Each
N fme——— .
(2) Remove the Power Fuses of the Screws on the Ampli-
on the HPA. fier Side of Fuse Mounting
{3] Remove the Power Supply Block.
Card. Next: Heasure Resistance
Between 3 of the POl Termi-

nal Block and Each of the
Screws on the Amplifier

Side of the Fuse Mounting
Block

Remove the Screws and Leads
Necessary to Remove the Two

Strapping Bars from the S.C.R.
Paks. Using an Ohmmeter

Check the Resistance of Each
S.C.R. Pak from the Remaining
Large Screw to Each of the Two
Screw Holes on the Pak.

Check Resistance in Both

Jsing Ohmmeter Check
Each of the Six Large
0.047 MFD. Capacitors
on the Suppression
Cards, Replace all
Defective Capacitors.

Resistance
Less than
100K Ohms

Less than
100K ohm:

Directions. I
Replace Power Fuses, Replace all De-
Reinsert Power Supply fective S.C.R. Replace Wiring
Card. Do not Connect Paks. Mark to 5.¢.R. Paks.
Inductor Leads. Re- Wiring to Fa- Replace Power Fuses.
move the Appropriate cilitate Reinsert Power
{Numbered} Flat- Reconnecting. Supply Card. Re-
Cable Connector Plug connect Inductor
From the Suppression Leads.
Card. Apply Power.

I Suppression Card Component
or an 5.C.R. is Failing Under
Voltage. Replace Capacitors
First then S.C.R. Paks teo
Locate the Failure. After
Which Replace the Flatcable
Connector Plug at the Sup-
pression Card and Reconnect
the Inductor Leads.

Replace All Cables
and Leads
Previously
Disconnected.

Go to Chart #3(b).

POWER STAGE
CHRRT #2
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*

3{a) Start
PS 2

Power Supply
Card (PS_2}
Check-~cut
Procedure Ref.
to C~78530-1,
Fig.l0.

'Replace
‘Fuse .

Leave PS Card in Place.
Remove all Other Cards.
Disconnect the External.
Wiring to the "115 valt
out" at the amplifier
Terminal Strip.

—

Check for 15 volts
at PS Card Teut
Points.

Points.

Check for £24 Volts
at PS Card Test

Remove Power.

Check Continuity From
Pin Z of PS Card Re-
ceptacle Back ‘Through

Check Tor Proper Line
to Neutral Voltage From
PS_Card Fuse Clip to
Ghd. (See System Wiring

Level).

Diagram for Voltage

Replace Defective
Regulator Unit
Ref. C-78530-1._

‘Replace any Defective

Check the {(4) 1nNdo02
Diodes, the (2) 400mfd
Capacitors and the

T Transformer.

Components.

Molex Connector With
Red Lead on Mother
Boaxd to "Phase A"
of Large Fuse Block
#1. (Ref. Fig. 1).
Check Continuity from
PIN T to Terminal
Block POl Grounding
JScrew on Amplifier
Panel. Correct any
Loss in Continuity.

After Repairing or Re-
placing PS Card Insert
the Other Cards One at
a Time (Removing Power
Each Time) and Monitor
the *15 Volts for Over-
load Condition After
Each Card Is Inserted.
If +15 Volts Beccmes
Loaded Down Quickly
Remove Power and Re-—
place or Repair Faulty
Card.

Overload

on Power Supply
?

Replace or
Repair Faulty
Card.

NG

Reconnect the External
Wiring to the %15 Volt
"Out” at the Amplifier
Terminal Strip. Watch
for Loading of *15v
Supply. If *15v Be-
comes Overloaded
Quickly Remove Power
and Correct Overioad
in Cutside Circuit,

Pot in Small Signal Com-
mand First in One Direc-
tion then the Other.
Monitor Motor Current

Current Pulses are Mis-—
sing, Aslo Note, if
Forward (Positive} or
Reverse (Negative).
Ref. Fig. lée and £,

With Osgilloscope at TP75
of MC 2 Card. Mote if any]

Are A1l
Current
Pulses

Present

Remove Command Input from
Inland Drive at Terminals
1 and 2. Remove any Leads
from Terminals Marked
"Cage™ "Torque Hold" and
"BExt. C.L." on Mother
Board. Jumper Terminals
Marked "Inhibit"., apply
Power, Apply +10VDC Input
Command to Terminals 1
and 2, from Battery Box,
Power Supply, or Derived
from *15V. Terminals on
Amplifiex.

Effect.

one at a Time, Re-
turning Each Time
to its Original

Position.
the Three Pots on
the Uppex Edge of
the RG Card Until
You Can Determine
Which Pot Has no

Suppression

‘With the Oscilloscope (Depending
Upon Which Pot Had no Effect) Check
for Presence of Firing Pulses at

Card #1 and Suppression

Card #2 Test Points with Respect

Adjust to TP-Gnd on the Maother Board.

Ref. C-78354-1, Figq. 8, 11.
oot 8 card #1  card #2

TP59 " "E" Phase For
TP62 upn "E"  Phase Rev
Pot 34
TPGO ngm "B"  Phase For
TE63 ng" “B"  Phase Rev
Pot 60
TPEL ner W Phase For
TE6Y ner " Phase Revw
Ref. Fig. 15k and m for Typical

Waveforms for Each Phase,

Firing
Pulses
Present

YES

Go to Chart
#3{d)

Remove Gate Plug of }
Defective Phase From
Suppression Caxd.
With Oscilloscope,
| Monitor Male Pins at
Suppression Card.

Gate (Hi} with Respect
to the Other Pin.
Do NHot Cneck
for Firing Pulses at
Gates of S.C.R.'s,

Caution:

Check Pulse
Transformer
Circuit or
Replace Sup-
pression
Card.

Replace
S.C.R.

Pak.

*

Refer to Page 10 for
"Instructions for Using
Flow Charts®.

Command Step Input Signal
and Monitor Motor Current
During Accel/Decel.

Restricted Remove Load
From Motor Shaft.

Ref.

Curren

Fig. l6a and c. Wave form #3(e) Check
Caution: If Movement Is MC Card.
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0.K. 4

t Go to Chart

Failure Mode Probably
Caused by Position Loop
or Command Source Refer
to Machine or N.C. Manual.




¥

I{b) Starty,
INTLE 2

Brake

INTLK

Saection:

Card.

Interlock Card {INTLE2)
Check—-out Procedure
Ref. to C-78771-1, Pig.%

With Oscilloscope Moni-
tor JR1 (Jumper) on the
Apply Power
and Watch for Presence
of Pulses.**

Asg Power Is

Pulses
Appear

applied

With Power Applied
Remove Power and
Watch for Presence
of Pulses.

?

2

Remove JRI to
Disable Brake
Circuit Until
Card is Replaced
or Repaired.

Pulses
Appear
As Power Is
Removed

YES

the Following

INTEK Card:
TP2 =
TP6 =
TP7? =

Interlock Section:
Close "Inhibit" Contacts.
Apply Power. Check for

+3V.
-15v,
+24v.

on the

**Dynamic Brake Circuitry may
not be Included on Some

INTLK Cards.

¢ircuit Breakers
Tripped. Replace
Blown Fuses Or

| Reset Circuit
Breakers.

Fuses are Blown or

are

3(d) start
PG 1 & RG 1

Does
Voltage
Exist

Preceding
Voltages Were
Present

?

Check for +15v
on the INTLK
Card at TPl.

GO to Chart #3{c)
Verify Motor
yrrent,

Check for Proper Line
Voltage at Amplifier
side of each Input

Fuse or Circuit Breaker,

Replace or Réﬁair
Suppression Card.

Fig. 15'is

stant in Time,
at TP2, 4,

Pulses at TP1,

PG Card Check-out Pro-
cedure, Ref. C-78169,
[Fig. 7,15k,m. Each
Waveform appearing in

Referenced to its Respec-
tive Line Phase and
Starts at the Same In-

Obgserve

3,

Forward Firing Pulses
and 6,
serve Reverse Firing

Ob~

and 5.

Do
Waveforms
Appear as in
‘Figura 15k,m

Replace Pulse
Transformer or
oY DAl701 Dicde
on Suppression
Card or Replace
the Card.

63

+15V.
Was Present
at TPL
?

NO

YES

Replace or]
Repair the
INTLK Card,

Check for +15
Volts at TP53
on the Suppres-
sion Cards.
Ref. C-7B354-1,

Fig. 11.

Cerrect Open Circuit
in Cable Connecting

Suppression Card to

Mother Board.

RG Card Check-out
Procedure Ref.
C-78181, Fig.B,
15a-j.

Observe Forward
Ramps at TP6&, 12,
and 18, Observe
Reverse Ramps at
TP3, 9, and 15.

Do
Waveforms
Appear as in
Figure 15i,3

- —

Troubleshoot Using
the Other Waveforms
-in Fig. 15 as aids
or Replace the RG
Card.

Troubleshoot
and Repair ox
Replace the
PG Card.

CONTROL SECTION
CHART #3
SHEET 1 OF 2



wWith an Oscilloscope Trouble-—

shoot the MC 2 Card in Con- Monitor output - The
3{e) Start junction with Fig. 14. af "Inverter #2" aveform. NO
MC 2 TEST CONDITIONS : at TP76 of MC2 Appears as in
(1) Ada 33K from TP13 to TP18 card. Flgure 14f

and 120K from TP39 to TP43.
{2) Remove Both Inductor Leads
from Amplifier.

{3) Remove the Hi Lead from ¥ YES
TB1-4 Texminal. -

{4) Turn "Speed” Pot in Posi- Remove 33K at TP13 and

tion 24, 6 Turns C.W. TP18. Also the 120K at

{5) Apply 20VP-P Square Wave TP39 and TP43. Open

Input at TBl-1 & 2. If no "Inhibit" Circuit at

Generator is Awailable, use TB1-29 & 30,

Toggle Switch or Battery Box.

1

eplace Monitor Out- ?
§N§640 in £ of "Gai Waveform NO |Monitor Out- Waveform HO
bosition 49 E;anger #:i‘n Ap;;‘e:ars as in put of "Current Appears as in
- . ot TPAD Jigure lde Loop"” at TP43, Figure 144
Monitor Output of Replace Op-Amp Pak Replace Op-Amp Pak
vyelocity Loop" at in Position 36. in Position 36 “Gain
TP18. "Inverter #2", Changer #2" or Diode
Pak in Position 38,
: NO YReplace +
Remains at IN3823 in " Tha
0 volt Position 17 i Waveform
M;ntior e Appears as in Monitor Qutput of Wave form No
o nverter #1¢[- Fiqure 1dc “Gain Changer #1" Appears as in
at TP34A. at TPIGA. Fiqure 1l4b
Close "Inhibit™ Cireuit. YES y
Add Jumper from TB1-4 —
(Tach Hi} to TP +24V of Replace Op-amp Pak in
PS Card. TP18 should go Position 48 "Current Loop™ llieplac? Op-Amp Pak
to 0 Volts as Overspeed Clamping Diodes 50 and 51 Jo Position 36
n "
Pot in Position BS is or 2N5640 in Position 49, Inverter #1%.

Turned fully CCW. Turn
Pot fully CW. Remove and
Reapply Power to Reset
Overspeed Circuit. Remove
Jumpeyr End at TP +24V and

Monitor Qutput
of "Velocity

Monitor Qut-
put of "Velocity

Waveform
Appears as in

. YES
Appears as in

Comnect to TP -24v. TPi8 | |Loop" at TPR1s. Fiqure idc Input" Op-Amp Figure 1db
should go to 0 Volts as at TPI6. 3
Pot is Turned fully CCW. YES
Turn Pot fully CW. Remove -
and Reapply Power to Reset Replace Op-Amp PaX Replace Op-Amp in
Overspeed Circuit. pdjust Gver- in Positicn 36, "Gain Position 5 "Velocity

specd Pot per Changer #1", Dicde - Input" amplifier.

.5 of Manual | Pak in Position 30.

f

0 Volts as Pot - Turn "Overspeed" Pot in ~ .
is Turmed Fully Monitor Position 85 Fully CW to Sutput N
2352:;2; Ensure that the Overspeed A i? o
Detector" Shut Down Point is not Set pprfzégately
at TPLOOA too Low. Remove and Reapply
: Main Power to Reset Overspeed
Monitor Output of "Qverspeed Cireuit,
Detectoxr" at TP1O0A, -
Taest the Oi;erspeed Circuit Replace Op-Amp in Adjust Overspeed
as before hy Putting +24 intoc Position 16, "Velocity Pot per 5.5 of
Tach Hi Input, each Time Loop", or 283823 in Manual.
Turning Pot Fully CCW.-TP100A Position 17.
should go to +15V as Pot-is
Purned CCW.
Honitor
of “ABS ggiﬁst Remains at ?EPlac§ Op-Amp Pa§
Goes to +15 ¥ES ]Replace Amplifier" at Approximatel b 1in P051t3_or-1 J-'OD.-. ABS
as Pot is Turne Diode in TP1O7. o~ Vatue Amplifier".
Position 81.

= MC2Z2 CARD
Replace Op-Amp Pak -
Replace Op-Amp Pak in Position 100 Signal Path o
in Position 100 "Overspeed Detector". . Dve:_:s[_:eed-Shu%.‘.down Circuit
"ARS Value Amplifiex”. Inhibit Circuit
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With Power off, use
Ohmmeter and Check the
Following biodes: All
Diodes in Diode Paks in
Position 30, 38, 81, and
83. Also Check Zeners in
Position 50, 51, 62, 64,

66, 69, 91 and 92.

Approx.
Reverse Approx.

Diode
Forward
Resistance is

8-10 Ohms.

Replace Defective

Place Jumper Around
Zener Diode in Position,
69. Remove Lead from
TB1-9. (External Cur-
rent Limits, if used).
Remove the 20V Peak to
Pezk Signal Source.
Remcove Tach Hi at

TB1-4.

Diode, or Diode Pak.

)

Jumper +24 then
~24 Volts into
TB1-4, Momitor

OCutput at Tp74.
Cutput Should
go to Approx.

0.6 Volt in

Positive with 224

Volts in at
Terminal 4

Goes to (.6V

Monitor Qutput at
TP86. The Scope

Negative

Only

Replace Cp=-Amp

should Display
0.6V Negative Oui-

0.6V is Seen at
P86 with 24V in
at TBl-4

Pak in Position
100. "Current

put cnly.

Limit Inverter".

Both Cases.

Repiace Op;Amﬁ Pék
in Position 84,

2N3904 Pak
Installed
at Position
102

Add Jumper Around Zeners
91 and 92. Monitor TP77.
With Jumper ﬁut +15 and
then ~15 into TBl-1 in
Accordance with the Fol-
lowing Table.

l

TB1-4 TR1-1 TP77

TP77
#15V High | 415V High | +6.0V High Conforms Replace 2ZN3904
-15V Lo | -15¥ Lo | +6.0V High to Truth Table Pak in Position
4157 High | 15V Lo | 1055 Than 1oz,
-15V Lo +15V High | 6 volts.

Remove all Jumpers

End

MC2 CARD

Current Limit Cirecuit

*

refer to Page 10 for
rInstructions for Using
Flow Charts”.

CONTROL SECTION
CHART #3
SHEET 2 OF 2
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APPENDIX A

OPTION CARD OPT 1
USED WITH MODEI, HPAD1

1.0 DESCRIPTION

The OPT 1 (Option Card) when used is inserted into the MB1-HPA {OX} Mothex
Board at the card receptacle marked "OPPION CARD". This card consists of four
separate and independent circuits to provide a ramp input and three types of
protection in addition to that normally available in the HPA émplifiei. The
four circuits contained on the OPT 1 card are: '

(1) Ramp Generator
(2) fTach Loss

(3) Commutation Limit
{4) Thermal Limit

2.0 SIMPLIFIED THEORY OF OPERATION (REF. C=78547-1, C-78533-1, FIG. 1 & THE APPROPRIATE

SYS. WIRING DIA.)
2.1 Ramp Generator Circuit

The Ramp Generator circuit may be utilized to change a step input, from a
command signal source, into a ramp command to accelerate or decelerate the motor
at a preselected rate.

When the input signal (a step input not to exceed £10 volts) is applied to
the amplifier at TB1-16 (pin out A) with respect to TB1-17 (pin out B) an adjust-
able ramp of approximately the same magnitude will appear at TBl-18 (pin out C).
The ramp output may then be used as a gormmand source to accelerate ar decelerate
the motor at a preselected rate when connected to the input of the amplifier at
TB1-1 (TB1-2 must be connected to TB1-3).

The slope of the acceleration and deceleration ramps may be adjusted by
pot 26 (Rawp A) or pot 25 (Ramp B). The rate of acceleration or deceleration
may be selected by changing the ramp select line logic input at TBl-24 (pin out
U). A logic level "1" (above 5 volts) into TB1-24 will select the ramp under
the influence of adjustment pot 25 {(Ramp B). Otherwise a logic level "0" (below
0.8 volt) into TB1-24 will select the ramp under the influence of adjustment pot
26 (Ramp A). Thus, if desired the motor does not necessarily have to be accel=-
erated and decelerated at the same rate.
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2.2 Tach loss Circuit

The Tach Loss circuit provides protection against damage to the servo sys-
tem or the machine due to a runaway condition and acts to shut the system down
in the event the tach feedback is lost, shorted, or hooked up backwards.

The back e.m.f. of the motor {which is proportional to motor speed) is
brought (internally) to TB1-15 (pin out S) where it is monitored and compared,
through proper scaling, with the Tach Feedback signal (also proportional to
motor speed) being monitored at TBl-4 (pin out F). The motor current level is
also monitored (direét from theVCurrent Sample resistor at pin out E) and is
used to compensate for the IR drop in the motor at high current levels thereby
making the motor terminal voltage a more accurate indication of the true motor
back e.m.f.

The algebraic sum of the motor back e.m.f. and the Tach Feedback signal
is fed by way of an Absolute Value circuit, to the input of a Level Detector and
Latch circuit where it is compared to a reference level. If the output of the
Absolute Value circuit exceeds that of the reference level the output of the
Level Detector will switch from a negative to a positive state and exit the
OPT 1 card at pin out H. This positive voltage level will enter the MC 2 card
at pin out W where it ﬁill turn on the "caging" F.E.T. in position 17, clamp
the velocity loop op-amp in position 16, and torque limit the motor to zero,
putting the amplifier into an inhibit mode. The output from the Level Detector
also enters pin out U of the INTLK 2 card where it will turn on a red OVERSPEED
FAULT LED and drop out the closed "DRIVE UP" contacts at TBl-11 and 12 (an indi-
cation that the amplifier is inhibited).

The positive voltage level from the output of the Level Detector will also
turn on a red Tach Loss LED and drop out the closed "Tach Loss oOr Commutation
Limit" contacts (at TB1-21 and 22) in its output circuit which will indicate
to the outside world (software, etc.) that the servo amplifier is in the Tach
Logs fault mode.

When the jumper 79 is installed this set of contacts is shared by the
Commutation Limit circuit and may alsec (when open with the Commutation Limit
LED turned on) indicate a Commutation Limit fault.

The main power to the amplifier must be removed and {after a time delay of

60 sec.) reapplied to reset the latch circuit in either case.
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Commutation Limit Circuit

The Commutation Limit Circuit provides protection against damage to the
servo motor due to excessively high current levels at high speeds which would
ordinarily cause flash over or ring firé at the brushes and commutator. The
common motor overload relays for example simply cannot react fast enough to
pProtect D.C. servo motors against flash over caused by an increase in load at
high speed. The Commutation Limit Circuit however, can recognize this type of
short term overload condition and reacts guickly to shut the system down.

The Commutation Limit Circuit moniters the output of the Velocity Loop
op-~amp at pin out D (from MC 2 card pin out F) and compares it with the Positive
Current Limit level being monitored at pin out V {from MC 2 card pin out J). If
the Velocity Leop output is sustained in saturation (current limit) for a period
of time (selected by the value of resistor 93) capacitor 67 will charge up and be
compared to a reference level. When the charge on capacitor 67 becomes greater,
the output of the Level Detector will switch from a negative to a éositive state
and  exit the OPT 1 card (by way of jumper 79) at pin out H. This positive
voltage level will enter the MC 2 card at pin out W where it will turn on the
"caging" F.E.T. in position 17, clamp the Velocity Loop op-amp in position 16,
and torque limit the motor to zero putting the amplifier into an inhibit mode.
The output from the Level Detector also enters pin out U of the INTLK 2 card
whexe it will turn on a red OVERSPEED FAULT LED and drop out the closed "DRIVE
UP" contacts at TBl-11 and 12 (an indication that the amplifier is inhibited).
The positive voltage level from the output of the Level Detector will also turn
on a red Commutation Limit LED and drép out the closed "Tach Loss or Commutation
Limit" contactsr(at TB1-21 and 22) in its output circuit which will indicate to
the outside world (software, etc.) that the servo amplifier is in the Commuta-
tion Limit fault mode. This set of contacts is shared by the Tach Loss Circuit
and may also (when open with the Tach Loss LED turned on) indicate a Tach
Loss fault.

The main power to the amplifier must be removed and (after a time delay of

60 sec.) reapplied to reset the latch circuit in either case.
Thermal Limit Circuit

The Thermal Limit Circuit is an inverse time/current monitor and provides
pProtection against damage to the serve motor in the event the current level in

the motor exceeds the motor's continuocus current rating for a certain time
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period. This circuit is also much faster than the normal motor overload relay,
especially in the very high current region and acts quickly to shut the system
down.

The Thermal Limit circuit monitors the motor current level (direct from the
Current Sample resistor at pin out E) through an Absolute Value and scaling cir=-
cuit. The gain of the circuit is such that +10.0 volts at TP167 indicates maxi-
mum motor current under acceleration and deceleration conditions. TP168 when
at -0.25 volts represents.the nominal continuous load current and is set by pot
135, The outputs at TP168 and TP103 drive the integrator op-amp 162 via diodes
156 and 157. When the capacitor 161 charges up to -8.4 volts the output of the
Level Detector (136) will switch from a negative to a positive state, turn on
the red OVERLOAD LED and drop out the closed "OVERLOAD" contacts at TB1-25
(pin out T and TB1-26 (pin out W) in its output circuit which will indicate to
the outside world (software, etc.) that the amplifier is in the OVERLOAD fault

mode.

To reset the Overload circuit remove the main power, wait 60 sec., and re-

applf power; then push the Overload Reset switch on the OPT 1 card.
ADJUSTMENRTS (REF. C~78547-1 & FIGURE lA)

NOTE: Before making adjustments to the OPT 1 card check to determine

if all the optional circuits are used.

With exception to the slope adjustments (P25 and P26) in the Ramp Generator
circuit all adjustments are factory set and sealed and should never require
adjustment. The following procedures are given only in the event of component
or card replacement or in the event the sealg are unintentionally broken.

Reseal all pots aftef adjustment.
Ramp Generator Offset Adjustment

Remove Power. Remove the command input leads at TBl-16 and 17. Place a
jumper from TB1-16 to 17. Turn Pots 25 and 26 fully CCW. Connect a voltmeter
on a sensitive volts DC scale from TP29 with respect to TP "Common" of the
Mother Board. Apply power. Adjust Zero Offset pot (9) for zero volts DC on
the voltmeter. Remove power, remcve jumper from TBl-16 to 17, reconnect the

command input leads to TB1-16 and 17.

70



3.2

3.3

3.4

3.5

3.6

Ramp Generator Slope Adjustments

Place a jumper from TB1l-24 to TP "Common" of the Mother Board. Monitor
TP29 with an oscilloscope or chart recording. Apply a step input command at
TBl-16 and 17. Adjust P26 for desired ramp time.

Remove jumper from TB1-24 to TP "Common". Place a jumper from TBl-24 to
TBL-19. Adjust P25 for desired ramp time. Remove jumper from TBl~24 to TBl-19.

With a step input command of *10VDC the slope of the ramps are adjustable
from approximately 53V/sec. to, less than 1.7 V/sec.

Tach Loss Offset Adjustment

Remove power. Open the inhibit circuit at TB1-29 and 30. Turn P66 full
CCW. Connect a voltmeter on a sensitive volts DC scale from TP3l with respect
to TP "Common" of the Mother Board. Apply power. Adjust P85 for O VDC on the
voltmeter. Remove power. Close the inhibit circuit at TB1-29 and 30.

Tach Loss Trip Adjustment

Remove power. Plaée a jumper from TPl02 to TP "Common". Turn P66 fully CW.
Apply power. While running at BOO—AOOVRPM turn P66 CCW until the red Tach
Loss LED just turns on and the system shuts down; Turn P66 1/2 turn CW. Remove
power. Remove the jumper-from TP102 to TP “Commoﬁ“.'

Thermal Limit Offset Adjustment

Remove power. Open the inhibit circuit at TB1~29 and 30. Connect a vblt—
meter on a sensitive volts DC scale from TP167 to TP "Common", Apply power.
Adjust P149 for 0 VDC on the voltmeter, Jumper TP103 and 168 to TP "Common".
Connect a voltmeter on a sensitive volts DC scale from TP166 to TP "Common" .

Adjust P163 for O VDC on the voltmeter. Remove the jumpers and meter. Close
the inhibit circuit at TB1-29 and 30.

Thermal Limit Trip Adjustment

Remove power. Open the inhibit circuit at TB1-29 and 30. Place a jumper
from TP167 to TP "Common". Connect a voltmeter on a sensitive volts DC scale

from TP168 to TP “Common”. Apply power. Adjust P135 for the amount of voltage
specified on the Test Limits sheet (TL) for the system.
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‘Fult Load Current’

‘Ramp A’ “Tach Loss’ "Commutation ‘Overload’
‘Ramp B’ “Tach Loss" Limit” L.E.D. Reset
. L.E.D. ‘Overload’

TP103 LED. .

TP168
TP32
P31 TP167
TP30- TP166
TP29
‘Commutation
Limit"
Zero Offset
‘Overioad”
Zero
TP84 Offsets
‘Ramp”
Zero
Offset
TP102

S o . FIGURE 1-A
' OPTION CARD (OPT 1)
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