INSTRUCTION MANUAL

A WESTAMP. A651  SERIES
REV. D

This is a general manual describing a whole series of amplifiers and may
be used in conjunction with drawings pertaining to various specific models,

CAUTION

The maintenance procedure described herein should be attempted only by
highly skilled technicians using proper test equipment,

Read your warranty
provisions before starting, to avoid voiding your warranty,
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FORWARD:

This manyal is a general purpose Tnanual, covering the theory and application of the A6511 Serles of

Pulse Width Moedulated Servo Amplifiers,

This manual does not necessariiy apply specifically 10 any individual amplifier. However, the information

is presented in & general way so that it may be applied to a speclfic amplifier ip conjunction with its

associaied drawings,

The A6511 Series of Pulse Width Modulated Amplifiers consists of a single chasgis which contains the

following:

1, A contro} amplifier board module which contains the control circuits, and ihe output transistors,

2, The chassis contains the bias power supply which is plus asd minus 15 volts, the main ouipul power

supply, the terminal block with the input and output connections for the power section, protective

fueee and a UL listed blower,

SPECIFICATIONS:

1. Peak Current

2, Peak Voliage (Typ)

3. Continuous Current

4, Continuous Voltage (Typ)
5. Horsepower Rating (Cont)
6. Form Factor

1. Switching Freqg, (Constant)
8.  Input Voltage

10,
11,

12,
13,

14,
15,
16.
7.
18,

19,

20,

Freq, Response
Dead Bangd
Gain {Adjustabie) (18 turn pots)
loput 1
Input 2
Input 3
Signal lnput Impedance '
Siymal Input Voltape
Typical
Max
Drift (Refer to Input)
Current Limit {18 turn pots)
Signal Balance (18 turn pois}
Ambient Temp (Operating
Auxiliary Inputs

Auxiliary Cutputs

Svstem Compensation

AB511-19-C AG511-10-E
+15HA 1224

#100 VDC 106 VDC
=104 4+ 10A

+ 92 VDO + 92 VIDC
1.1 HP 1,1 HP
1,001 1,005

16 Kc 5 Ke

10VAC to TOVAC

& (120 VAC RMS at 2 Amps)
50/60 Hz single phase

500 Hz Min,

Nooe

{ to 6000 AV
0 to 6000 A/V
0 to G000 A/V
20 K Min,

+10 Volts

+5¢ Volts

10 u Ve/C
Adjustable/Programmable
Adjustable

0 - BGVC

Gain reduciion

Limit switch overtravel
Remote on off {electronic)
Programmable current limit

Cutput current monitor {Note 8.}

115 VDC @ 50 MA
Adjustable & builf in

21,

22,
23,

‘24,

25,

26,

Protection

a) Shorts to ground either leg

b} Shorts across output

e} RMS overload protection (electronic)
d) Bias fault prolection

e) Owervoltage indication & shul down
) Overtemperature shut down

g} Curreot limit

h) lnput and bias fuses

Cooling Biower
Weignt 5 lbs *
Mounting Panel {Veri/Horiz)

Power .

transformer Separate, May be supplied
by customer, if desired,

Options Special compensation
Regulator

Unit without trassformer & inductor,

ROTES:

1.
2,

[ial

Max peak current is for 500 millisec,
Freq, response is typical of units with no
compensation, Servo coumpensation -
networks in practical applications usually
reduce the response,

Consult the faciory concerning applications
requiring continuous regeneration,

120 VAC is for blower power & hias power,
Output voltage max is from 70 VAC RMES
bus power,

Unit provides a range of output voltages,
deperding on input voltage,

1f motor has 2,6 mHy {5 K¢ model) or

1,3 mHy (16 Kc model) no exiernal inductor
is necessary,

Cutput current meniter is capable of
driving a zero center 100 micro ampere
meter,

If red light is on, this indicaies trip of
faull logic, Rernove power - wait 10 seconds-
reapply power, Unit will restart if fanlt has
cleared,




Sigaal

Tach

BLOCK DMdRAh( DESCRIPTION; .

The A6511 Series of D,C, Serve Amplifiers ure transistorized pulse widih modulated unite, The foliowing
description and explanetion of the block disgram of this modal is presented, po that you may have a beter

uodersianding of the operstion of this uatt: See Fig No, 1

There are three loputs for this ualt,

1,  Auxiliary Ioput,

2. Signal Yoput,

3, Tachometer lopat,

Ench of the inputs has & potertiometer which fe yeed to aCjust the effective galn of ihat input, The three inpt
pignale are summed in the veloclty control amplifier which also cortains the necessary compensation for
achieviog servo stability, The output of the velockty contral amplifier ie direcled to the loput of the curreat
error amplifier, There ie also # curreol feadback inpn to the current error emplifier from the current sensor.
The currenl error amplifier amplifies the difference between the current command and current jecdback signals,
The output of the currem error amplifier i& fed to the modulator whare K s purmmed with {he output from the
triangle wavelorm generator, The modulator takes these two signals and cosverts them to & pulse width
modulated outpal, The output of the modulatar is {hen fed to the fault gate which parmite the modalator cutput

signal to proceed to the driver amplifier when there are no faults,

In the event of a fauli {such as low bias voltage, or a sbort from etther side of the output to pround, or a short
ecross the oufput, or 2n overvoltage on the output bus ) the fault gaie closes and shuts the amplifier off, The
outpart of the fanlt gate is connected to the driver amplifiers which drive the outpt bridge, The output of this

bridge is connecled directly to the motor,

A current sensiug resistor te in series with the output of the bridge which senses the output current, The currerd
Bensar generales au cutpul voltage proportional fo the cutput bridge current, This voltage signal is then fed to the
delaved current limit eircull and is also used ar & feedback signal for the curreat error amplifier, 1o the event
that fhe pulput curreul exceeds he rated R M, S, current of the unit, the delayed current limit eircult roduces

the output current to the safe operating level for this unit,

Oupoa

velociry Delayed :
Cootrol Cumrent : Qrmex
Amplifiar ’ Limjt ! Sersr

L 2

Error

Amplifier L
Cutput
Eridge
T
Faplt
~ Isdicarer
Tiisgle Modulatns Facht Drive:
Wave Form Gate
Gererator

¥ — & B
Fault
v Seoaor

[ BLOCK DIAGRAM  Fig No. 1




PROTECTIVE FEATURES:
The :.\6511 unit has the most edvanced safety features avaflable today In the marketplace,
These safety features help protect personnel, machinery and the amplifier from accldental darnage,
A) -Am.pllfler will shut off end turn on red feult light if:
1} Motor short of elther side of anmature to ground with or without use of external induetor,
2) Output of amplifier should be inadveriently short - - only before ioductor, or if oo external
ipductor is uged,
3) H power supply voltage exceeds safe level of amplifier due to regeneration of motor,
4} Overheating of unit,
B}  Amplifier will ot shut off, but is protected for the following:
1) Output of amplifier aboried after external inductor,
2) ) Low input bus  voltage down to ¢ volis,
3} ° Low input bias voltage down to 75% of 120 VAC,
4} Excessive R,M, 5, current under normal operation and osclllatory conditions, Amplifier wilj .
put out redvced power and return automatically to full power go as to keep unit within rating,
C} Aroplifier will shut off with no light indicatiqm
1) I bias power falle below 75% of 120 VAC,
2) If the sum of bias power is less than approximately 28 volts, The unii will remain off until

the sumn of the bias power + 15 Volis D, C, are within proper range,

ROTE;  Under all conditions where unit shuts off with light indication, it is necessary to remove bias

power, wait approximately 15 seconds, then re-apply powa:r,

OTHER FEATURES: Fig No. 3

Connector J-1

Pin1l - Signal lnput {Auxiliary)

Pin2z - Signal Joput (Standard)

Pin 3 - Sigoal Input (Tach)

Pin 4 - Signal Cornmon

Pin 5 - Decoupled Current Sense - The oulput current of the amplifier is decoupled thru a mod/demed circuit,

The demodulator output is applied to this pin and is capable of driving a zero center 100 micro amp
meter, Proper scaling of this output current is done by installing appropriate resistors in séries with
the amp meter, Pin 4 or % can be used as Teturn,

Pin6 &7 -~ Limit Swilch Overtravel - These clircuits are used to prevent the amplifier from producing more than
12% of rated current when grounded to Pin No, 9 usvally used in conjunction with machine limit switches.
Pin 6 Clamps the negative output,
Pin 7 Clamps the positive output,

Outputs are with respect to signal commands,




Ping -~ Electronie shut down and .trip indication -
The bridgs drive is disabled by groundleg the Interiock line, Pin 8. However, if a fault occurs,
the line will fall from + 15 volie to O volts { 50K ohm maximum external load ),
The point can be used both a8 an electronic ghut down and frip indicetion, provided proper logic
technigues are used,
Ping -~ Common for Pins 6, 7, and §,
Pin 10 - + 15 VDG bias power
50 MA is available for external use,
Pin 1} - Commouo-biae power
Pin 12 - « 16 VDC bias power

50 MA is available for external use,

NOTE: Pins 10, 11, 12 - - - H more than 50 MA is taken from these ping the bias power will sag and

the arnplifier may fturn off, Reference Paragraphs B and C under Protective Features,

Connector J-2
Pin 1 and Pin 2 may be connecied iogether to reduce gain around velocity control amplifier
when jumper installed gain of amplifier becomes 0 to 8 A/V. -
Pin 1 and Pin 3 are used for an external programmable current limit by installing an appropriate
resistor for the desired current,

Connector J-3
Pin 1 + 15 VDC bias power

Pin 2 commoa bias power

Pin 3 - 15 VDC bias power

Connector J5
Pin 1 and Pin 2 current cutput for amp meter,
Scaled at 1,5 volts for peak curreat output,
Coonector 46

Pin 1 and Pin 2 outputs of thermostat contacts are normally open,

Power Supply Regulator { Shunt Regulator}

.During the slowing down or stopping of 2 DC motor, the motor regenerates. This eoergy is put
back into the system, The system absorbs this io the form of pumping up ihe supply voltapge
capacitor, .

1f the supply voltage exceeds the set trip level of the over voltage sensor, the fault sensor trips
the unil off and the red light comes on,

In order to keep the voltage on the capacitor within a safe level it may be necessary to insiall &
regulator,

The regulator is protecied against excessive dissipation by means of a fuse,




.

INSTALLATION:
Each amplifier io the A8511 Sertes comes with an individual instaliation drawing showing v.'her.e to make the various
connectiona for power {oput, algnal input, tachometer foput, fan and bias power input and output to the motor, While
this mamal may show in a general way how to make connectlons o ampllfiers, it {5 imperative that the specific
instructions applicable to your amplifier are followed, Always be certain to apply the correct input power voltage
and frequency, The input power transformer for all the amplifiers io the A8511 Series nre separately mounted, It
is possible to use one power transformer for seversl amplifier units if that transformer is sized properly, These
transformers may have dual voltage primaries aod, in such cases, make certain that the jumpers are on the correct
traneformer terminals for your input AC power source, On the amplifier the motor output {s taken from separste
terminale mounted on TB-301,
CAUTION: DO NOT USE GROUNDED TEST EQUIPMENT ON THE OUTPUT CmCUITS AND DO ROT CONNECT
EITHER OF THE OUTPUTS TO GROUND,
The signal input is usually applied directly to Pin 2 of J-1 and the sigwal common is usually applied to Pin 4 of J-1,
The tachometer signal te usually applied to Pin 3 of J-1 and the tachometer Teturn is connected to Pin 4 of J~1, The
auxiliary eignal is applied to Pin 1 and the auxiliary signal return is applied to Pin 4 of J-1, Uge shielded wires for
signal and tachometer inputs to prevent stray pickup and noise being introduced into the amplifier, The amplifier
may have abandwi;jth anywhere from 1000 Hz { no compensation) to & rnuch lower frequency, depending upon the
setting of the TC { time constant) potentiomeier and the cornponents in the servo compensation network, Fipure 2
shows a typical installation drawing that could be ugsed to test an ampli.ﬁ;ar—motor combination,
1o many cases, a reactor ie connected to series with the output of the amplifier and the motor, ‘This reactor is
required if the inductance of f:he motor is below recommended value - - See Note 7 on specification sheet, The
amplifiers In this series require up to 2 amperes of 115 volts for the fah and power bias which are Terminals 1 .
and 2 of TB-301, In addition, tbe output voliage from the eecondary of the transformer maj- be anywhere from
10 volt RMS to 72 volt RMS in aceordance with the maximurm output voltage required, The cutput of the secondary
of the power transiormer {s connected to Terminals 5 and 6 of TB-301, Please be sure thal 211 the connections are

proper before applying power to the unit,
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ADJUSTMENTS:
Figure 3 shows the location of verisus edjustments on the circuit board, These adfustments are as follows:
Aux Gaip - Potentiometer R-2 adjusts the auxiliary gzln in the event that this input 18 uped, I this input

ts not used, the auxiliary potentiometer R-2 ghould be turned to the fully “ccw! position,

Stg Gain - The signal gain potentiometer R-5 18 used to set the signal galn of the sysiern, Turning R-5 in

8 "ow" direction increases the gigoal gain,

Tach Gain  The tach gain should be adjusted to set the stability of the tachometer loop, and to edjust the
amourd of tach feedbarck in the closed loop system, R-12 is the tach potentiometer, Turning R-12 in & "ew"

direction increases the tachometer gain,

Balance -~ Potentiometier R-23 is the balance control, 1t may be pecessary fo zdjust the balance for zero

output when zero input is applied, This ghould be done after the tach and signal gains have been adjusted,

TC - The TC ( time constant} potentiometer is R-15, The TC poteatiometer is used to belp stabilize

the elosed loop svstem, "CW™ rotation increases the bandwidth,

Cur Lim The current limit poteatiometer is R-28, If the current limit potentiometer is at the maximum
"ew" position then the unit puts out its maximum raied peak current, I it is desired to decrease the peak
output current of the amplifier, turn the Cur Lim poientiometer in a Yeow™ direction to reduce the peak output

current,

The proper procedure to be followed in setting up this unit in vour servo systern will be explained in &

Short Form Set Up Procedure which follows:

Aux Slg Tach TC Current Light
,fl.unit Ba / .

o rr! oﬂ/

of JZ . -@f N
o N ‘Q o 43 JSE o g
by AN[IS DY(ANIS

o

o

o

o

o| Jf

0

0

ol

— Al Output

cRt
OcoM

FIG #3
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SERVO SYSTEM COM%’ENSATION:

It 1s possible to compensste 8 servo system empiric-:a]ly without any theoretical evaluation of the syetem, provided
that the specifications are not too stringent, For most applications, the procedure rs outlined in the Short Form
"Set Up Procedure" will result In adequate mervo performance, The A652 Series of servo amplifiere were designed
to operate with "state of the art" cheracteristies in modern performance orlented systems, Therelore, matehing
arnplifter-motor~-techometer cornhinations are recommended, However, the A652 Series Amplifiers will provide
good performance with many D, C, motor-tach combinatlons, rccomplished by merelj: adjusting the TC gnd the tach

gain potentiometers,

SHORT FORM SET UP PROCEDURE
(All PWM Amplifiers)

1, Coooect in accordance with proper lnstallation Drewlng,
2, Check input voltage mnd proper travsformer connectlons,
5. HNote: All sdjustment pois are 18 turas nominal,

4, Before turning power on, adjust all pots &s follows:

a, Current limit pot - cew ali the way out,
b. "TC" pot - mid-range 8 turns from elther end,
-9 Tach pot ~ turn fully "ecw' then turn "cw™ 5 turns,

d, Eignal galo pot - turn approximately mid-range, 9 turns from eiiber end,
5. Apply power bu!g_o_Lot&p;;ly ao foput sigaal,
G, To check phasing of the tachometer nod motor: turn current lmit pot cw very slowly, If motor starts to run
away, remove power and correct phasing of the motor-tech combinations, -
1. Turn power back on apd repeat liem 6, ( Do not consider drift} Turn current Ihmit pot to desired current,

Pol setting produces currents ag shown in example,
Example: 3turnscw =  33% Peak Current
66% Pesk Current

Lif

6 turns cw
9 turns ew = 85%.Peak Current
13 tutoe cw =  96% Peak Current
g, If motor rotates stowly or drifts, adjust signal balance pot efther way untit motor stops moviog,
9, StHl with oo input signal, turp "TC" pot "ew" until motor starts to oscliate bigh frequency, then back off cow
until this oscillation stops,
10, IMPORTANT-IF TC IS FULLY CCW & SYSTEM 1S STILL OSCILLATING AT HIGH FREQ, SEE NOTES ON PAGE g,
11,  Apply a emall signal snd observe molor shafi,
12, Incrense or decrease tach gain pot for desired results,
A} Increastng tach { turn pot ew) provides gquicker seftling time { higher bandwidth),
B) Decrease tach { turn pot cow) provides slower setfling time { lower bandwidth},
Note;
Settling time is not to be confused with mecel or decel time but is the time just before stopping,
13, After you are satisfied with tach respense do not change the tach pot anymore,
14, If motor drifis, i ray be vecessary to re-adjust aignal balance pot,
15-. Run the motor at some higher speed and watch and listen to 1t, ¥ it Tuns smoothly, the system is OK,
A rough sound means either TC is stfll too far cw or tach is too far cw,
16. Set the appropriate speed of the systemn by turaing signal gain pot, CW will make gysiem go faster for same
vollage loto unit,

17, No further sdjustments are necegsary, (STOP)



MORE DETAILED SET UP PROCEDURE
U your aystem requires more mecurate tach sdjustment, -
1 Go thru Steps 1 ~ 10;
2) Theo apply & small algoai until motor rotates apd wateb tech signal oo ap escllioscope,
Note:  Refer to Helpful Hints Section,
3} If tach loop 18 overdamped, turo tach pot cw untll one overshoot appeare, The system ie now eet up for
rnaximmm beodwidth io tach loop,
4) i you don't want an overshoot {o your tach loop, turn tach pot cow until the overshoot diseppesrs,
HNote:  Oae oversbool {n tach loop does oot pecessarily meen the position toop will overshoot,
5) IF THE SYSTEM 1S NOT PERFORMING PROPERLY YET AKD IS MECHANICALLY SOUND, SEE NOTES
ON PAGE 8,
&) Also, if motor drifts, 1t mar be necessary 1o re-edjust signal balance pot vatll motor swope,
T) After you bave made the ehove sdjuswments, you will have to re-callbrate signal gato pot to ohtain proper
cutput voltage to {oput signal,
8} Al other edjustmesnts are faciory get and do pot require anv further zdjusting,
CAUTION: MAKE SURE POWER 1S OFF WHEN SOLDERING ON CIRCUIT BOARDE,
NOTES: 1) Check system for backlash, wind up Jost motion, misalignment, bad coupling or any other rpechanicel
problems,
AFTER YOU MAKE ANY OF THE CHANGES BELOW, REPEAT SET UP PROCEDURE - ETART WITH
STEP 4 ONPAGE 17,
2) High frequency oeclllation even though TC pot fully cow (high {req, oselllatice probehly motor resopance},
Increase C7 to approximately , 033 mfd and add C3 = 2 mfd &nd C& = , 022 mfd,
3y I aystem requiree more DC gain
8} Increese CE 10 approximately , 1 mid aod decreane R11 to approximately 2K, You might have
. o inerease C7 10 spproximately , 033 mfd - Referepce Note 2 above,
OB ) Reduce value of R16 - However, balance adjust will become more sensitive,
4} If the system 1k highly inertfal, or & highly foertlal motor & used, it may be necesssry (o change Cﬁiand
K11 - Reference Note 3 shave,
HELPFUL HINTS:
1. T echometer should be observed oo &a vscllioecope
where sweep apeed is set a1 |1 seconds/centimeter
eod adjust the vertical attemustor to provide a

conventenl dizplacement In reeponse to the signal
tugmit,

2. Small gtep Input commande msy be provided with
1 DC pimulator { battery box) while cheerving the
tach response on the oncllescope,

3. Typical pictures you wili see oo oscllicscope of
tach profiles,

TC too far CW
[
Tach ipo far CCW

Tach too far CCW

FC oo far CW
L
Tach too far CW

TC too far CCW

Optimum for some
A et oA e e epplicetions

TC too far CW
Perject

Tach Plctures




TROUBLE SHOOTING AIDS: Ref, Fig No, 3 and lnstaliation Drawing Fig No, 2

In the event that the unit sbould fail to operate, it ir advisable to follow the foliowing procedure:

1)

2)

bH)

2)

3}

4)

5)

6)

7

8)

8)

10)

Examine the unlt visually for lcose connections, broken wires, and damaged components,
Look and see If fault indicator red light in on, Read over Prolective Featires & Other Features sections,
Then do some checking to find out reason for {rip Indication, Don't merely turn power off - walt 15 seconds

and re-apply power, There was some reason for fault indicator fo be oa,

OTHER TYPICAL REASONS:

Bhorts to ground may cccur,

A} Conrnutators arcing to the {frame of a motor during high speed reversals,

B)  Motor armatures shorting to case,

C)  Leads to motor becoming pinched and frayed in the wiring trough and touching ground,

D) Faulty wiring of connections,

E) Eventually, during the running of aoy DC motor, brush dust can build I.l.p in a motor causing an
electrical path from the brushes to the motor case,

Check shunt regulator fuee ( if unit has one}, Fuse could blow due to -

‘A) Excessive regeneration time, { Customer may have chanped duty cycle),

B) Blown power transistor (s) in shunt regulator, {(Discussed in Other Features section)
Cieck the wiring to the motor tachdmeter. B

Check the incoming bias voltage, as well as the main buss power voliage coming from the power
transformer,

Check input power fuse F-302 and control power fuse F-301,

Coonect a DC volt meter between Pin 2 of J-3 with the positive lead on Pin_ 1 of 3-3 and check for plus

plus 15 volts,

Connect the negative lead of the voll meter to Pin 3 of J-3 and check for minus 15 volts,

Conbect the volt meter across the two terminals on the large capacitor on the chassis to read the bus

power supply voltage, 1f the secondary of the transformer is 48 volts, you should read about 65 5 volts DC,
If the AC output voliage of the transformer is around 70 volts, you should read about 100 +5 volts DC across
thip capacitor,

H all the fuses and voltages are proper, it is then advisable to determine if an input signal exists, This can

be done by looking at J2-2, with respect to signal common,

CAUTION: DO NOT USE GROUNDED TEST EQUIPMENT { FLOAT SCOPE)

I there is a signal voltage at I 2-2 check the ouiput of the velocity cooirol amplifier which can be seen at

'

cathode of diede CR-1,

If till not functioning, 1t is advigable to return thia unit to the factory for repair, since sophisticated test
equipment, which is usually not avallable in fhe ficld, is required to determine the cause of failure, 1t is
very easy to rernove the control drive module, sinply remove Plugs, =and loosen the t‘wo screws which

told the module to the chassis, These screws should not be completely removed for ease of installation of

a pew mudule,
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TROUBLE SHOOTING

MULTI AXES DRIVE SECTION ONLY
A6512, 3, 4

These units may show trip indication if any one axis is shorted to ground,

In order to isolate the faulty axis, remove bias power and systematically unplug the + 15 Volt supply to that
axis in question, ( Plug J3)

Don't get excitP;d if a couple trip off during this procedure, When you have found the axis that is causing the

problem and disconnected its Plug J3, all others will function normally,

Go thru the standard trouble shooting section to isolate the fault,

NOTE: If one axis is over temperature or excessive current flowed, that axis and only that one shonld show
trip indication,
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