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SECTION 1
INTRODUCTION AND SPECIFICATIONS
1.1 INTRODUCTION

This instruction manual contains informatjion on the installation,
operation, calibration, and maintenance of the California Instru-
ments Model 4500L~-M. The 4500L~-M will hereafter be referred to as
the AC Power Module. The Power Modules may be combined in AC Power
Systems up to 30,000VA, 3-phase or l-phase.

1.2 GENERAL DESCRIPTION

This instrument is a high efficiency power source that provides a
low distortion sine wave output with either a single or three-phase
configuration.

All power systems are constructed from a 4500L-M power source. The
following table lists the model number of each power system, the
output phase configuration, the number of 4500L’s in the system and
the output VA per phase. The table also shows that increased power
is available at a reduced operating temperature of 35°C.

MODEL PHASE #UNITS VA /PHASE
50°C 35°C

4500L-3M 3 1 1500 1667
4500L-1M 1 1 4500 5000
S000L-~3M 3 2 3000 3333
9060L-1M 1 2 9000 10000
1350QL~-3M 3 3 4500 5000
13500L-1M 1 3 13500 15000
27000L~3M 3 ] 9000 10000
27000L-1M 1 6 27000 30000

Full power is available from a standard 0 to 135 or 0 to 270 volt
range. Optional 67.5/135 volt, 156/312 and 200/400 volt ranges are
also available. Full power is available from 45 to 2.00 KHz for
all models except for those with a 200/400 voltage range (EHV)
option. The EHV option will operate up to 1000 Hz. The 4500L-3M
has full power available from 45 Hz to 5.00 KHz. The 4500L-M is
illustrated in Figure 1-1.

The output frequency can be programmed down to 17 Hz at a reduced
output voltage.

1.3 ACCESBSORY EQUIPMENT/RACK BLIDES
Zero Manufacturing Company Model CTN-1-20-E94 rack slides may be

attached to the sides of the power source using 8-32 X 3/8 flat
head screws.
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1.4 SPECIFICATIONS

Table 1-1 contains the operation specifications of the AC Power
System. All specifications are tested in accordance with standard
California Instruments test procedures. The following specifica-
tions apply for operation at 100% of full scale voltage, constant

line voltages and under no-load conditions unless specified
otherwise.

TABLE 1 -1
SPECIFICATIONS 4500L-M

ELECTRICAL

(All specifications apply using External Sense inputs, 25
t1°C, constant line and load conditions unless specified
otherwise after 15 minutes warmup.)

OUTPUT SPECIFICATIONS

POWER CURRENT PER PHASE
(At full output voltage) VOLTAGE RANGE
MODEL TOTAL PER PHASE 135 270
50°C 35°C 50°C 35¢C 50°C 35¢C 50°C 35°C
4500L-3 4500 | 5000 1500 ils67 11.12 12.34 5.56 6.17
4500L-1 4500 5000 4500 5000 33.34 37.04 16.67 18.52
S000L/2~3 . 9000 10000 3000 3333 22.24 24.68 11.12 12.34
9000L/2-1 9000 10000 | 9000 10000 66.66 74.08 33.33 37.04

13500L/3~3 13500 15000 4500 5000 33.34 37.04 16.67 18.52
13500L/3-1 13500 15000 13500 15000 100.0 111.2 50.0 55.6

27000L/6-3 27000 30000 9000 10000 66.66 74.08 33.33 37.04
27000L/6-1 27000 30000 27000 30000 200.0 222.2 100.0 111.1

For other Voltage Ranges: Current per phase =
(VA per Phase) /Voltage Range
Power Factor: 0 to unity at full rated output VA
Peak Repetitive Current: 2.5 times the maximum TRMS current at 50°C

Peak Non-repetitive (10ms)
Current: 2.7 times the maximum TRMS current at 50°C



.. OUTPUT SPECIFICATIONS (continued)

Voltage Range: 135 and 270 {Standard)
67.5 and 135 (LV Option)
156 and 312 (HV Option)

Total Distortion:
(Maximum for all harmonics and noise to 300 KHz at full output power
with linear load.)

45 Hz to 2 KHz: 1% THD

to 5 KHz: 2% THD
Line Regulation: +0.02% of range for *10% line change
Load Regulation: $0.05% of range from no load to full loac

Frequency Range

At Full-scale Voltage "4500L-3M 45*% Hz to 5000 H:
All other models 45% Hz to 2000 Hz
EHV Option 45* Hz to 1000 Hz

Accuracy t0.005% of programmed value

Resoclution: 0.1 Hz from 45.0 to 99.9 Hz

1 Hz from 100 to 999 Hz
0.01 KHz from 1.00 to 5.00 KHz

Phase Angle Accuracy (with the same load on each phase):

Phase B and C relative to phase A: t3 degrees

PROTECTION

Qutput Overload: Will operate at a constant current for
an overcurrent condition

Qutput Short Circuit: Immediate shutdown

Invalid Frequency: Immediate shutdown to 0 volts

Input Overvoltage: Causes a trip of the circuit breaker

Sense Line Fault: The output voltage increases 15%

OverTemperature: Shutdown to 0 volts with automatic re-
start

Loss of Input Phase: No output for 1loss of Phase B or C.

Normal operation at reduced power with
loss of Phase A.

MEASUREMENTS
Front panel analog voltmeter. Accuracy 5% of reading.
NOTE (#): Operatieon down to 17 Hz at reduced output voltage.

4



Voltage:

Current:

Frequency:
Efficiency:
Surge Current

{(turn-on,
Vi, = 252)

Full Current Range:

Cutput Voltage

SUPPLEMENTAL SPECIFICATIONS

LINE INPUT

(For each 4500L Power Source)

187 to 252 L-L three-~phase

(PF=.6, EFF=75%, V line=187, full locad ) 31

Amps

47 to 440 Hz

75% {(typical)

€7} AHAHHAD Lfadino
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b N
[
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N =
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5 58 75 188

OUTPUT VOLIAGE (2

Output noise voltage (20 KHz to 1 MHz at full load:

200 millivolts (typical)

Steady-State Qutput Impedance:

{(Voltage Range) * (0.0005)/(Full Current)

Voltage Temperature Coefficient: +0.02 volts per °C

Voltage Stability:
{24 hours, at constant value
line, load and temperature)

+0.015% of programmed

Frequency Tenmperature

Coefficient:

+5 ppm per °C

Frequency Stability: +15 ppm per year



SUPPLEMENTAL SPECIFICATIONS (continued)
Isolation Line Input to Output: 500 VRMS
Front Panel Controls:
Power on/off circuit breaker

Current Limit: 1 turn pot for 0 to 100% of rate output
current.

Frequency: 3 decade rotary switches. 3 position toggle
switch for Frequency Range.

Voltage Amplitude: Varied by 10 turn pot

Voltage Range: HI/LO set by toggle switch

Phase Angle: FIXED B =240, € = 120
Output Relay: Controlled by Remote On signal. Normally on.
Frequency

Range at less than Full Scale Voltage. Refer to graph below:
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17 45
OUTPUT FREQUENCY (HZ)

Default Frequency:: At the setting of the switches

Remote Shutdown: A logic Low input will program the voltage to
0 and open the Output Relays.

External Sense: Compensates for up to a 10% drop in the load
lines.

External Modulation: An input of 0 to 10 Vrms and DC to
output frequency generates 0 to 10%
amplitude modulation.

Indicators: Output Overload, Overtemperature, Power On, High
Voltage range, Frequency Fault.

]



SUPPLEMENTAL SPECIFICATIONS (continued)

Dimensions: 10.5 inches (26.7 cm) high, 23 inches (58.4 cm)
deep and 19 inches (48.3 cm) wide

Weight: 175 1bs. (79.2 Kg)

Material: Aluminum for front panel, rear panel and top cover.
Steel for chassis.

Finish: Front panel - painted gray 26440 per Federal Stan-
dard 595
Chassis - zinc plate Type 2 Class 2. Rear panel
and top cover - iridite

Air Intake/ Intake from both sides of chassis
Exhaust Exhaust from the rear
Modularity: Oscillator, all amplifiers, DC power supplies,

Current Limit Board assembly, Range/Relay Board,
all displays

Cennectors

Input Power: Kukla terminal block, 9-85-5 (TBl)

Output Power: Kukla terminal block, 9-85-4 (TB2)

External Sense: AMP connector, 1-480705-0 (J6)

System Interface: 3M connector, 3367-1000 (J7)

IEEE~488 connector: J5
Chassis slideé: Zero Manufacturing Company Model CTN-1-20-~ES4
Operating Temperature: 0°C to 50°C at 4500 VA per chassis
Storage Temperature: ~40°C to +85°C

Operating Altitude: 0 to 6000 Ft.



RPV:

2P

LK-M:
LK-8:
UP:

MODE:

AX:

OPTIONS

0 to +10 VDC input for 0 to full-scale output voltage.
This option is not available with External Modulation,

2-Phase Output; Phase C 90 degrees relative to Phase A,
Phase B is disabled.

Extra High Voltage (0 to 200 or 400) range.

High voltage (0 to 156 or 312) range.

Low Voltage (O to 67.5 or 135) range.

Master power source

Slave power source

Universal Input Power: 342 to 456 V,, three phase

Allows power system to be Programmed to a l-phase or a 3-
phase systemn.

Auxiliary outputs. Not available with Master or Slave
option .

PHASE D:

Voltage: 26.0 Vrms fixed

Accuracy: 2%

Current: 3.0 Amps (max)

Frequency: 369 to 440 (Tracks the
main outputs

Phase: Tracks Phase A.

Distortion: 1% THD maximum with linear
load

Line Regulation: $0.05% using external sense

Load Regulation: $0.05% using external sense



OPTIONS
PHASE E:
Voltage:
Accuracy:
Current:

Frequency:

Phase:

Distortion:

Line Regulation:

Load Regulation:

(continued)

5.0 Vrns fixed
+5%
3.0 Anmps (max)

360 to 440 Hz (Tracks the main
outputs)

Tracks the Phase D output
1% THD maximum with linear load
+%.1 for 10% line change

+10% from no-load to full load






CAUTION

Voltages up to 480 VAC are available in certain
sections of this power source. This equipment
generates potentially lethal voltages.

DEATH

on contact may result if personnel fail to observe
safety precautions. Do not touch electronic
circuits when power is applied.
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2.1 UNPACKING

Inspect the unit for any possible shipping damage immediately upon
receipt. If damage is evident, notify the carrier. DO NOT return
an instrument to the factory without prior approval. Do not
destroy the packing container until the unit has been inspected for
damage in shipment.

2.2 FPOWER REQUIREMENTS

The AC Power System has been designed to operate from a three-phase
AC line voltage. The input line voltage may be between 187 volts
and 252 volts line-to-line. The frequency may be between 47 Hz and
440 Hz. Select an AC input line and hookup wire to the AC Power
System that will deliver 30 amps per phase for each 4500L in the
system and still supply a minimum of 187 volts line-to-line.

2.3 MECHANICAL INSTALLATION

The power system has been designed for rack mounting in a standard
19 inch rack. The unit should be supported from the sides with
optional rack slides. See Accessory Equipment/Rack Slides in
paragraph 1-4, The cooling fan at the rear of the unit must be
free of any obstructions which would interfere with the flow of
air. A 2.5 inch clearance should be maintained between the rear of
the unit and the rear panel of the mounting cabinet. Also, the air
intake holes on the sides of the power source must not be obstruct-
ed. See Figure 1-1.

2.4 INPUT WIRING

The AC Power System must be operated from a three-wire three-phase
service with a fourth wire for common. The common wire is
connected to the chassis of the AC Power System. The mains source
must have a current rating greater than or equal to the AC Power
System circuit breaker, 20 amps. Refer to Figures 2-1 and 2-2 for
the input power connections.

19
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2.5 OUTPUT CONNECTIONS

The output terminal block, TB2, is located at the rear of the power
system. For a single power source power system, all load connec-
tions must be made at TB2. The external sense inputs allow the
power system output voltages to be monitored directly at the load
and must be connected. The external sense wires are connected at
J6 on the rear panel of the 4500L with oscillator/contreller.
Refer to Figure 2-2 for all connections.

The output power cables must be large encugh to prevent a voltage
difference greater than 2 VRMS between TBl and the voltage between
External Sense HI and LO input. Table 2~1 shows the maximum length
of the output wires. The table assumes the External Sense input is
connected at the load.

TABLE 2-1

MAXIMUM LENGTH OF OUTPUT WIRES

WIRE MAXIMUM LENGTH (FT) OF WIRE BETWEEN QUTPUT HI AND
GAGE (AWG) | LOAD
14 MAX LENGTH (ft) = 2/(MAX CURRENT PER PHASE X 0.0027)
i2 MAX LENGTH (ft) = 2/(MAX CURRENT PER PHASE X 0.0017)
10 MAX LENGTH (ft) = 2/(MAX CURRENT PER PHASE X 0.00111)
8 MAX LENGTH (ft) = 2/(MAX CURRENT PER PHASE X 0.00061)

For a l-phase power system the output power is available on TB1,,
pins 3 and 4.

2.6 EXTERNAL SENSE CONNECTIONS

The External Sense inputs must be connected or the power systen
will not meet its line or load regulation specifications. In
addition, the maximum output voltage will be about 15% higher than
the rated value. Refer to Figures 2-1 and 2-2.

2.7 OUTPUT VOLTAGE RANGES

The standard voltage ranges for this AC power system are 135 and
270. Selecting of the 270 volt range causes the front panel "HIGH
RANGE" lamp to illuminate. The range may be changed from the front
panel by a toggle switch. All voltages are programmed line-to-neu-
tral for 3-phase operation.

iz



TORGUE TO 3% IN LBS.

17 PLACES

AWG 10 STRANDED WIRE OR LARGER

ALL WIRES TD TB2 MUST BE

OF EQUAL LENGTH Y
L(S‘l'l'?-ﬂtﬁ‘lls 37/263

THE EXTERNAL SENSE INPUT MUST BE

CUNNECTED TO THE AC QUTPUT POWER
HI AND LD RESPECTIVELY AT

THE LDAD OR AT TBZ

THE PROGRAMMED CSUTPUT VELTAGE

IS THE VILTAGE ACROSS THE EXTERNAL SENSE POINT.

WHEN A PT OSCILLATOR IS INSTALLED, THE EXTERNAL

SENSE MUST BE TIED DIRECTLY TiI T2

L

J

FIGURE 2-2
SYSTEM INTERCONNECT
45001L~3, 9000L/2-3, 18000L/4-3

J 182 [TPIEEA] oem rves somcr
T AC PIVER OUT WITH DICILATIR
Efm T e T3
37 u:t“cjsqu AC POVER D¢
ITERACK oo BN
COMNETT T
ILE-49
CALL CINTRIELER
ALY T USEd FIR
AP T CONTROY.
¥
T2
WE FOWER Y mrr DSTULATIN
]
| xc P
q b J7 L et
DTERFME
782 SO
AL POWER DT WITHINT O3CIELATOR
T i I
AL MIVER N
i
INTERFACE
b,
A4
W OWER DT VITHIUT OSTRIATIR
] J TBL
{ AC PIVER D
] ( } J7 e vaom]
INTERFACE

AWG 10 STRANDED WIRE
OR LARGER TYP 12 PLACES
{STRANDS 37/263

CION
@@l

O
. — 9]
=
(== F f -t (=] =
<2 <> <=
ga @B AC NEUT GND
TB2A TBZB

AC OUTPUT o0

WER

/77

N

AWG 8 STRANDED WIRE

OR LARGER, TYP 3 PLACES <

(STRANDS 133729

friie iy et

[paf ]

¥e o]

AC POWER T

77

- TERMINAL BLUOCK

(FURNISHED BY
CUSTEIMERY

SYSTEM INTERCONNECT CABLE

HONE
40082311

4006-230—1

4500l MODELS USED
At
Al, A2, A3, A4

AY, A2

1. TB2A MARATHON PART NUMBER 1423570
TB2B MARATHON PART NUMBER 1422570
(SHIPPED WITH POWER SOURCE SYSTEM)

§000L/2—3
18000L /43

SYSTEM
460003



THE REWOTE SENST INPUT MUST BE

THE PROGRAMMET DUTPUT VDL TALE
13 THE VOLTAGE ACRUSE THE REMOTE SENSE POINT,

YHEN & PT OSCILLATOR IS INSTALLEDR THE REMOTE
ﬂggunuuﬁug«ﬂﬂqs. J

Eﬁru

+ ™ ]I} yoom. poveR spumee
o med " e o an DEEED i g
ﬂ " Hnmu.:o AC FOVER TN
INTERFACE o AR
A \ VY
\ s | e
F USED FIR
TORGUE TO 38 REMOTE CONTROL)
N LBS.
12 mACES \ \
ﬁ [/ Th 0oL _.mdnx SOURCE
‘llq** \ AC POVER DUT WITHOUT OSCILLATOR
) “\® ‘
@Y aC POWER DN
/;“.._-Ii'l Mln”u mﬂlluuiﬂmﬁﬁm____ TERMINAL BLOCK
—— CFURNISHED BY
L M h CUSTIMER)
/] /e .
SO 23
=y
| et
r
22
HI LO AWG 8 STRANDED VIRE
.:wm» CSTRANDS T3sEm
'AC OUTPUT PDWER
ww ]
: 100AMP
S000L/2-1 SYSTEM INTERCONNECT [Ba e | 5 pafGm)

AC POVER INPUT
b






THE EXTERNAL SENSE INPUT MUST BE
CONNECTED T THE AC_OUTPUT POWER
HI AND LO RESPECTIVELY AT

THE LUAD OR AT THZ,

THE PROGRAMMED DUTPUT VILTAGE
IS THE VULTAGE ACROSS THE EXTERNAL SENSE POINT.

WHEN A PT aSCILLATOR iS5 INSTALLED, THE EXTERNAL
SENSE MUST BE TIED DIRECTLY YO TB2

rEx
222

aN
gy

FIGURE 2--2

{ - J
4 A T
(OTeTaT+T Al T Ad
emsar e - cnam e o e CEDEY o e momex
0 son Eiomas o wex
J7 uﬁs w;r"%}-*ﬂ Ny »mu
e ol peTE A
coest TS St CHASTLS Y L =
PART OF ] *aRT TF
gt Fae | L T T o -+ S
= e+ | ————" T V1 e -
TR2 A2 TRE AS
e MR DT st Pvea et A MR T T
" TBL ™
i AL PR N M POWVIR M
% J7 J7
z INTEW ACE WD MY
&
‘&‘” hme— i CHASELE GNB SE——
4 4] % e I -
)-a—ié e K W IR ——
2. o A P R
a wH g
r:ljaq Q,:
3“*—&& T2 A3 THZ Ab
EFalz0 nc roveR out 400, POVER TCRMCE e rove out O, FTVER EURCT
T EER Tl el o s
© K TB1 TBL
ﬁjﬁ&‘ Ac POVIR B AT POVIR W
gmmgi— J7 g B
TSewy oW AL HTOwACE.
I.__ —_— L = CMAITIY GO [
~ et B ¥ 15
- BB
N E——- g ==
A ge
—
g >
§&§ iy
3’"'\ g
Foy™ -
g S
a% 3
l.:J"g 5
255 g
/ weE ez %
TERMINAL BLDCK wowom od
. . (FURNISHED BY CUSTOMER)
i / \-mmuz: 10 35 IN. LBS. y %
13 PLACES AWG 6 STRANDED WIRE a
OR LARGER TYP 3 PLACES &
(STRANDS 133729 Q
TB2A 3
NEUT GND CBl '8’
TB2B e - ]
! A
e OUTPUT POWER /77
[T T o

A POVER MUY

SYSTEM

SYSTEM INTERCONNECT

ran
7y

40092301
40092311

A1, A, A3
Al, AZ, A}, A4, A5, AB

TB2B MARATHON PART NI 1432355,

13500L/3-3

27000L /63
1. TB2A MARATHON PART NO. 1423570,



THE EXTERNAL SENSE INPUT MUST BE

CONNECTED 10 THE AC OUTPUT POWER

HI AND LD RESPECTIVELY AT

THE, tOAD OR AT TB2

THE PROGRAMMED OUTPUT VOLTAGE

1$ THE VOLTAGE ACROSS THE EXTERNAL SENSE POINT.

WHEN A PT USCILLATDR IS INSTALLED, THE EXTERNAL

SYSTEM INTERCONNECT CABE

NONE

{SWSE MUST BE TIED BIRECTLY TO T32 D
AWG 10 STRANDED WIRE DR LARGER KT g
ALl WIRES TO TB2 MUST BE
Al
OF EQUAL LENGTH *I TBZ GIzlTel yaom, sowen soumes
(STRANDS 37/26) ) e PUVER DUT G VETH DSCH LATIR
TEB1
r J7 n:}:g.in Ll
NTERFACE, a1
ML T g
-zt FOR 2.y} 4
Ly ¥ s AR >
TORGUE 7O 33 (s 2L FIR REWITE CONTAOL o g
IN. LBS. E7OON /4 8 - o
12 PLACES = 2
& . =
A2 a
782 4300 FUVER a8 3
AC_POVER OLT ORCULLATIR th o 2
ok gZH 2
AL POWER I ool L\'J o
J7
ACE,
{ /
e
ry b3
i E
Bl
HI LU Tag A3
TRZ AL POVER DT 0L
c A \ THL
AC DUTPUT POWER e o
= E } g7 Eppchadha
INTERFACE
A
TB2 A4
AC POVER OUT 43000
Einja
™81
AC POWVER N
q b J7 =
DHTERF M.
(%]
Lal
Q
W€
22
>
o
(=1 23
[
£ N
T82 55 EAE
AL POWER DUT h o p2 ™
b
1L wEZ
AL POVER DN > _Jé
g p J7 s ol
v INTERFACE < 0w
4 _
TB2 AS
AC POWER DJT Aoy
S T
TBL n
A POVIR DN C [F
(-( b 47
WTIRFACY,
ETSE R S ]
AWG 10 STRANDED WIRE AC POVER INPUT
OR L ARGER TYP 12 PLACES
(STRANDS 37/262

4009 ~2.30~¢
4008-231-1

40082301

A1, A2
Af, AZ, A3
Al, AZ, AL, A4, A5, AB

Al

450001
21

13500L/3-1

270001 /61

$000

3. FOR 9000L/2-1 & 13500L/3-1 USE 100 AMP CBi. NO CBl FOR 43500L-%

T NUMBER 1432355,

1) MARATHDN PART NUMBER 1422370
(SHIPPED WITH PDWER SOURCE SYSTEM) KO TB: FOR 43500L -

TB2 (27000L/6-1) MARATHIN PAR

. TH2 (9000L/2-1 & 13500L/3

3

i

S5YS:

7004

i

- ONNE,

L. EM L

L



TORQUE 1D 35 I[N LBS.

17 PLACES

g4 @B HAC
TB2A

THE EXTERNAL SCNSE INPUT MUST BE
CONNECTED 7O THE AC OUTPUT POWER
HI AND L0 RESPECTIVELY AT

THE LOCAD OR AT TB2

THE PROGRAMMED OUTPUT VOLTAGE

IS THE VILTAGE ACR{OSS THE EXTLRNAL SENSE POINT.

WHEN A PT OSCILLATOR IS
£ TIED DiRE

o of Vot

ST B

kul..u\.m_ fa IR RN I

CTLY T TR2
b ba L =148

INSTALLED, THE EXTERNAL

J

AW 18 STRANDED WIRE OR LARGER
ALL WIRES TO TB2 MUST BE

DF EQUAL LENGTH 3
¢STRANDS 37/26)

T 5 BC NEUT

H
J T82 [ERESEILE! gy m::ll sTUREY
e POVER DUY WITH GSCRLATIR
T BB o7 e
| ] 5 THl
J7 Crioaee  AC POVER i
INTERFACE WD
Z cmET T
IEEx 483
! CABRLE CINTROLLTR
! ASEY T used roR
B AN -~ G e OO RO
i
TBe e mﬁfy
AT POVER DU W DSTILLATOR
e
] j TR
AC PUVER D
(f b g7 BAnpEEe
( O AL
A
TB2 astoL o SRt
AL PHVER DUT VITHIY QIGHLATOR

CE b J7
INTERFACE

NEUT GND

TBEEB

gC CUTPUT PU\\/ER1

THE QUTPUT [S AVAILABLE FROM 84 AND NEUT
WHEN THE POWER SYSTEM [S PROGRAMMED FIIR |~PHASE

AWG 10 STRANDED WIRE
OR LARGER T¢® 12 PLACES
(STRANDS 37/26)

AWG 8 STRANDED WIRE
DR LARGER, TYP 3 PLACES

(STRANDS 133729}

\\

77

¥ j\
‘nte TERMINAL  BLOCK
{CURNISHED BY
CUSTOMER)
o
&
a
o
j&3
U
A
P
Q
[%]
BoiaT
£ BRnm
NN
él,l il
;'xmgg
— T Hi28EE
") g
wr
o
K-S
g 24
Cym w3 DR PP,
AC PUWER DePUT 8 —
FTTIER
o
1
P
TS
212228
Eggnc
L2522
174 oh = -

FIGURE 2-2
SYSTEM INTERCONNECT FOR MODE OPTION
4500L-3, 9000L/2-3, 13500L/3-3, 1B0O0OL/4-3

i. TB2A MARATHON PART NUMBER 1423571,
TB2B MARATHON PART NUMBER 1422370.
(SHIPPED WITh POWER SOURCE SYSTEM)



NOTE

A special hookup is required for all multiple power source
power systems with the MODE option. Refer to Figure 2-2 for
the connections. The l-phase output is always taken from the
power output barrier strip terminals Phase A and Neutral
terminals.

2.8 FUNCTION TEST

Refer to Figure 2-3 for the test setup. For the single phase load,
the three loads used for the three-phase test may be used in
parallel. The loads are from Table 4-1. The locad values are for
full-lcad on the low voltage range. For other ranges, use the
formula: Load (ohms) = (Voltage Range)?/VA rating.

2.8.1 RANGE SWITCHING

1) Apply the AC line power and turn on the front panel
circuit breaker. No loads should be connected to the
output terminal block.

2) Verify that the POWER ON lamp is 1lit.

3) Position the front panel VOLTAGE RANGE switch to the HI
position for the standard 135/270 volt range power
source. This position will select the 270 volt range.

4) Verify the HIGH RANGE lamp is 1lit.

5) Adjust the output to 270 volts with the front panel
VOLTAGE AMPLITUDE CONTROL.

6) Verify that the front panel voltmeter indicates approx-
imately 270 volts for all three phases or for phase A for
a l-phase systen.

7) Set the Voltage Range switch to the L0 position to select
the 135 volt range.

8) Verify that the front panel voltmeter indicates 135 volts
for all phases.

2.9 LOAD REGULATION TEST

1) Observe each of the outputs with the AC voltmeter.

2) Apply full loads to each phase. Verify that the voltage
of each phase remains within (0.0005 x Voltage Range)
volts of the no-~load voltage.

3.) If the output voltage does not remain within the specifi-
cation 1limits volts from no-locad to full-locad, verify

that the front panel Current Limit control is set at the
extreme clockwise positions.
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SECTION 3

OPERATION
3.} GENERAL

The AC Power System is controlled from the front panel. Control of
the output voltage range, output relay, frequency and current limit
is provided from the front panel of the 4500L Power Source with the
Oscillator/Controller Module (see Figure 3-1).

3.2 FRONT PANEL CONTROLS
A1l front panel controls are shown in Figure 3-1.

METER SELECT SWITCH: A voltmeter selector switch is located at the
right side of the front panel voltmeter. The three-position switch
changes the signal applied to the voltmeter from the three output
rhases.

CIRCUIT BREAKER: A three-pole circuit breaker is on the left side
of the front panel. The circuit breaker is used to switch power to
the unit. When the circuit breaker is switched ON, the amber
indicator lamp above the circuit breaker illuminates.

OSCILLATOR/CONTROLLER PANEL

The front panel has a subpanel attached to the front of the power
source. The following controls are located on this subpanel.

CONTROLLER PANEL

FREQUENCY SELECT DIALS: These three dials set the output frequency
within the range set by frequency Range Select switch. When in the
45.0 to 99.9 Hz range, an LED decimal point is 1lit between the
second and third dials to give 0.1 Hz resolution. When in the 100
to 999 range an LED decimal point is lit after the third dial to
indicate 1 Hz resolution. When in the 1.00 to 5.00 KHz range, an
LED decimal point is lit between the first and second dials to give
0.01 KHz resolution. '

FREQUENCY RANGE SELECT: This three-position switch selects which of
the three ranges the frequency select dials will use. The lower
position selects the 45.0 to 99.9 Hz range. The middle position
selects the 100 to 999 Hz range. The upper position selects the
1.00 to 5,00 KHz range.

VOLTAGE AMPLITUDE Knob: This knob simultaneously sets the amplitude

of all three phases between zero and full scale of the selected
voltage range.
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VOLTAGE RANGE.Switch: This range select switch sets the output
voltage to the low range when in the lower position and to the high

. e
range when in the upper positicn.

CURRENT LIMIT Knob: This knob sets the programmable current limit
to all phases simultaneously. Turning the knob fully counterclock-
wise sets the current limit to zero amps; fully clockwise sets the
current limit to the maximum capability of the selected voltage
range. The knob sets the limit linearly between the two extremes.

1g/30 SWITCH: This switch is on the front panel when the MODE
option is installed. The switch programs the power system to
either a l1-phase or 3-phase output. In the l-phase position, the
power output is taken from the power output barrier strip from the
Phase A and Neutral terminals. Refer to Figure 2-2.

LIMIT Lamp: The red LED is 1lit when the controller is limiting its
oscillator drive signals. This occurs for a very short time when
power is initially applied or when its voltage range is changed.
The LED stays on indefinitely if the output frequency is set above
or below the capabilities of the power source or while the REMOTE
ON line is held low.

3.3 FRONT PANEL INDICATORE
POWER ON LAMP

This lamp is located just above the input circuit breaker. it
illuminates when power is applied and the circuit breaker is on.

ANALOG VOLTMETER

This is an average responding voltmeter that indicates from 0 to
300 volts and shows the actual voltage of the phase A, B and C
outputs. The phase is determined by a three position toggle switch
at the right side of the meter.

OVERLOAD

This lamp illuminates when the output current exceeds the set
current limit value. The output voltage waveform will be clipped
while the power system is operating in the current limit mode.

OVERTEMP
This lamp illuminates when the temperature of the power amplifier -
heatsinks has surpassed a maximum set level. When the fault is
detected, the ocutputs are disabled and must be reprogrammed after
the overtemperature condition has been eliminated.

HIGH RANGE

This lamp illuminates when the power source has switched to its
high voltage range setting.
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3.4 REAR PANEL CONNECTIONS

Refer to Figure 3-2 for an illustration of the 4500L rear panel.
3.4.1 POWER INPUT

TBl is the terminal block for the 3-phase input veltage. Terminals
1, 2 and 3 connect to each leg of the 3-phase input. Terminal 5 is

the chassis connection which should be connected to the input mains
ground.

3.4.2 POWER OUTPUT

TB2 is the power output terminal block. Refer to Table 3-1 for
identification of the TB2 terminals. Terminals 1 and ? are only
used for 4500L-3M, 9000L/2-3M and all power systems with the MODE
option. Refer to Figure 2-2 for the output.

TB2 DESCRIPTION

Phase C Output HI
Phase B Output HI
Phase A Qutput HI
output Neutral

R

TABLE 3-1
3.4.3 EXTERNAL SENSE

J6 is the external sense input connector. The external sense input
of the master 4500L must be connected to the respective AC Power
System output. If the inputs are not connected, the power system
will not meet line or load regulation specifications. In addition,
the output will be approximately 15% higher than the voltage range
at maximum output. Table 3-2 identifies the pins of connector J6.

Jeé DESCRIPTION CONNECT TO:

1 Phase A Sense HI Phase A Output HI
2 Phase B Sense HI Phase B Output HI
3 Phase C Sense HI Phase C Cutput HI
4 Neutral Sense Neutral Output

5 Phase D Sense HI Phase D Output HI
6 Phase D Sense LO Phase D Output LO

TABLE 3-2

J5 is not used.
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3.4.5 BSYSTEM INTERFACE

J7 is the System Interface connector. Table 3«3 identifies the
pins of the System Interface connector.

J7-1

J7-2

J7 Description
1 Analog Common
2 MR B, Phase B amplifier input signal
3 Analog Common
4 CS B, Phase B current sum
5 CT Common, Current Transformer Common
6 0S8 B, Oscillator Phase B output
7 Analog Common
8 CL B, Phase B DC current limit
g RPV
10 OVR TEMP, Overtemperature indication
11 TNF, output relay
12 Not used
13 Not used
14 Not used
15 Not used
16 No connection
17 No connection
18 No connection
19 MR €, Phase C amplifier input signal
20 MR A, Phase A amplifier input signal
21 CS8 (C, Phase C current sum
22 CS A, Phase A current sum
23 0S8 C, Oscillator Phase C output
24 0S A, Oscillator Phase A output
25 CL. C, Phase C DC current limit
26 CL A, Phase A DC current limit
27 D COM, Digital Common
28 RNGHI, High Voltage range
30 Not used
31 Not used
32 Not used
36 REMOTE SHUTDOWN
TABLE 3-3

SYSTEM INTERFACE CONNECTOR (J7)

ANALOG COMMON: This is the common for all analog
signals on the connector.

MR B: This is the input signal to the phase B amplifier

from the internal oscillator drive signal. Make no con-
nection to this pin except for troubleshooting.
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F7 =7

J7-8

J7-9

J7-10

J7-11

J7-12
J7-13
J7-14
J7-15
J7-16
J7-17
J7-18

J7-19

ANALOG COMMON: See J7-1.

CS B: Current sum for the phase B output. Make no con-
nections to the pin.

CT COMMON:

0S B: This is the output from the internal phase B
oscillator. Use this pin as an input if an oscillator is
not installed. A 5.0 VRMS signal will generate a full-
scale output voltage.

ANAILOG CCMMON: See J7-1.

CL B: A DC level from the oscillator used to set the
current limit for phase B. Make no connection to the
pin.

RPV: External Modulation/Remote Programming Voltage.
This input is used in power sources with manual control-
lers only. The pin normally serves as an external
modulation input; a 0.0 to +10.0 volt DC input provides
0% to +10% amplitude modulation. The pin may optionally
be configured as a Remote Programming Voltage input. In
this case a 0.0 to 10.0 volt DC input provides 0 to 100%
of full scale output voltage with the amplitude control
potentiometer set fully clockwise.

OVRTEMP: A logic low output to indicate an overtempera-
ture condition.

THRF: Output relay control indication. This is an output
logic line that indicates the state of the output relay.

A logic low indicates the output relay is open. Make no
connection to the pin.

Not used

Not used

No connection.

No connection.

No connection.

MR C: This is the input signal to the phase C amplifier

from the internal oscillator drive signal. Do not make
any connection to this pin except for troubleshooting.
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J7-20

J7-21

J7-22

J7-23

J7w24

J7-25

J7-26

J7-27

J7-28

J7-30
J7-31
J7-32

J7-36

MR A: This is the input signal to the phase A amplifier
from the internal oscillator drive signal. Do not make
any connection to this pin except for troubleshooting.

CS C: Current sum for the phase C output. Make no con-
nection to this pin.

CS A: Current sum for the phase A output. Make no con-
nection to this pin.

0S C: This is the output from the internal phase C
oscillator. Use this pin as an input if an oscillator is
not installed. 5.0 VRMS on this pin will generate a
full-scale output voltage.

0S A: This is the output from the internal phase A
oscillator. Use this pin as an input if an oscillator is
not installed. 5.0 VRMS on this pin will generate a
full-scale output voltage.

CL C: A DC level from the oscillator used to set the
current limit for phase C. Make no connection to the
pin.

CL A: A DC level from the oscillator used to set the
current limit for phase A. Make no connection to the
pin.

D COM: Digital common.

RNG HI: A logic output from the internal oscillator to
control the ramp relays. A logic low on this pin indi-
cates the high voltage range. If the power system is
used without an oscillator, this pin is a logic input.

Not used.
Not used.
Not used.

REMOTE SHUTDOWN: This is a logic input that can be used
to remove the programmed output voltage. A logic low on
this pin will cause the output voltages to be programmed
to 0. 0 volts and the output relays to open. A logic
high will cause the programmed output voltage to be
restored at the output terminals. A contact closure
between this pin and J7-27 (D COM) will simulate a logic
low state.
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3.4.6 CLOCX

J1 is the CLOCK input for the optional CLK & LK feature. This
signal is used by California Instruments oscillator/controllers
to synchronize oscillators in multiple power  source systems.,
The connector is installed as an option in the power source with
the oscillator/contreller,

3.4.7 LOCK

J2 is the LOCK input for the optional CLK & LK feature. This
signal is used by California Instruments oscillator/controllers
to synchronize oscillators in multiple power source systems.
The connector is installed as an option in the power source with
the oscillator/controller.

3.4.8 DFI

This connector, J3, is not available with the manual oscillator
systems.

3.4.9 8D and 6E POWER OUTPUT

TB3 is the terminal block for the optional 26 VAC and 5 VAC
output.
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CAUTION

Voltages up to 480 VAC are available in certain
sections of this power source. This equipment
generates potentially lethal voltages.

DEATH

on contact may result if personnel fail to observe
safety precautions. Do not touch electronic
circuits when power is applied.






SECTION 4

CALIBRATION PROCEDURE

4.1 GENERAL

A routine calibration of the 4500L-M Power Systems is not normally

required. The Calibration Adjustment listed below is only required
if the indicated assembly is repaired or replaced.

CALIBRATION ADJUSTMENT ASSEMBLY PARAGRAPH
OPEN SENSE CURRENT LIMIT (4009-728) 4.3
GAIN BALANCE AMPLIFIER {(4009-423) 4.4
CURRENT TRANSFORMER RANGE RELAY (4009-733) 4.5
LOAD BALANCE AMPLIFIER (4009-423) 4.6
CURRENT LIMIT CURRENT LIMIT (4009-728) 4.7

4.2 TEST EQUIPMENT REQUIRED

Equipment

AC Digital Voltmeter, Fluke 8840a

100 Amp Current Transformer, Pearson 3468

AC Digital Voltmeter, Fluke 8840A

Resistor Load, Refer to Table 4-1 for values
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MODEL WATTAGE
4500L-3M 1667
9000L/2-3M 3334

4500L/1-1M ] 5000
13500L/3~3M

9000L/2=1M } 10000
27000L/6-3M

13500L/3-1M 15000

27000L/6-1M 30000

4.3 CPEN SENSE ADJUETMENT

For the following adjustments, remove all loads from the output.

LOAD PER PHASE
{ohms)

135 RANGE: 10.9
156 RANGE: 14.59
67.5 RANGE: 2.73
200 RANGE: 24

135 RANGE: 5.46
156 RANGE: 7.3
67.5 RANGE: 1.36

200 RANGE: 12

135 RANGE: 1.64
156 RANGE: 4.86
67.5 RANGE: 0.91
200 RANGE: 8

135 RANGE: 1.82
156 RANGE: 2.43
67.5 RANGE: 0.455
200 RANGE: 4

135 RANGE: 1.21
156 RANGE: l.62
200 RANGE: 2.66

135 RANGE: 0.607
156 RANGE: 0.811
200 RANGE: 1.33

LOAD PER PHASE

TABLE 4-1

The External Sense inputs must be connected.

Disconnect the External Sense inputs.

All gain adjustments are located on the Current Limit board (A9) in
the master power socurce (the one with the oscillator/controller).

1. Connect the AC DVM to the ¢gA of the power system.

R109 for an output of 115 *0.1 Vrms.

For all l-phase Power Systems do not perform steps 2 and 3.

2. Connect the AC DVM to the B output of the power systen.

Adjust R110 for 115 *0.1 Vrms.
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3. Connect the AC DVM to the oC output of the power systen.
Adjust R111 for 115 #0.1 Vrms.

4. Reconnect the External Sense inputs.
4.4 GAIN BALANCE ADJUSTMENT

The following adjustment is for all power system models except the
4500L-3M. The 4500L-3M does not require a gain balance adjustment.
Before performing the adjustment, the top cover of each 4500L must
be removed. Remove the Current Limit Board and temporarily remove
jumper WwW2.

If the output of any 4500L is connected to the output of any other
4500L (ex. 9000L/2-1, 9000L/2-3, 13500L/3-1, 27000L/6-3, 27000L/6-
1), remove the connection.

The External Sense input to the master 4500L must remain connected.
Refer to Figure 2-2 and 2-3 for the proper External Sense connec-
tions.

The following steps will verify that the amplifiers to be paral-
leled have been adjusted to the same gains. In order to perform
this, the AC DVM input LO will be connected to the first amplifier
output of a given phase. This output is referred to as ALO, BLO or
CLO for the respective phase A, B or C output. The AC DVM HI will
be connected to each amplifier’s output. The amplifier’s output is
referred to as AHI, BHI or CHI on the AMPLIFIER GAIN BALANCE table.

1. Use the AMPLIFIER GAIN BALANCE table to check all of the
amplifiers for the system being tested.

Between the output of each amplifier of a given phase,
the AC DVM should display less that 0.3 VAC while the
DVM is on the 200 VAC range.

2. If any measurement from the GAIN BALANCE check is out of
specification, the gain of the amplifier with the AC Dvm
input LO test lead connected must first be checked.

To check the gain of the amplifier, connect the AC DVM
between the Output Neutral and Output High of the
corresponding output. Connect an additional AC DVM HI
input test point of the Current Limit Board indicated
below. Connect the LO input to TPl1.

ouTPUT TEST POINT ADJUSTMENT
A TP4 R105 PHASE A AMP
B TP5 R105 PHASE B AMP
C TPé R105 PHASE C AMP
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Program the output to 135.0 or the maximum voltage
allowed on the corresponding Voltage Range.

Wwith exactly 135.0 volts, or the maximum voltage allowed
on the range, the Current Limit test point must be 5.000
+1lmv.,

Adijust R105 so that the voltage at the test point is
5.000 volts or = Vout(5/Vmax) if Vmax is not 135 volts.

Repeat step 1) and adjust R105 of the amplifier for the
respective output so that the output balance voltage 1is
at a minimum.

Remove the input power and reinstall jumper W2 on the
current Limit Board in all 4500Ls.

Reconnect the outputs as shown in Figures 2-2 and 2-3.
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SYSTEM MASTER SLAVE #1 SLAVE #2

A B c A B C A B C
4500L-1 ALO AHI AHI
9000L/2~1 ALO AHI AHIT AHI AHI AHI
9000L/2-3 ALO BLO CLO AHI BHI CHI
13500L/3-1 ALO AHI AHI AHT AHI AHT AHY AHI AHI
27000L/6-1 Additional slaves same as Slave #1
13500L/3~3 ALC AHI AHI AHI AHI AHT AHI AHI AHI

Additional A Slaves same as Master except A output
measured as AHT
27000L/6-3 Additional B Slaves same as Master except A output
: measured as BHI
Additional C Slaves same as Master except A output
measured as CHI

AMPLIFIER GAIN BALANCE TABLE
4.5 CURRENT TRANSFORMER ADJUSTMENT

Before making this adjustment all amplifiers in the power system
must be disconnected from the parallel mode of operation. Amplifi-
ers operate in the parallel mode of operation for all power systems
except the 4500L-3M.

For all power systems except the 4500L-3M, remove jumper W2 on the
Current Limit Board (See Figure 4-1) and all connections to the
power output terminal block of each 4500L in the power system.
Refer to Figure 4-1 for the location of all adjustments.

1. Apply a 10.9 ohm load to the @A output of the master
4500L. For the EHV option voltage range (200/400), apply
a 22 ohm load. Monitor the output current with a current
transformer connected to the AC DVM.

2. Set the output to the lowest voltage range that will
deliver 135 volts and 60 Hz. Adijust the output voltage
for an ocutput current of 10.0 amps. Adjust the output to
7.0 amps for the EHV option.

3. Connect an AC DVM between TPl and TP10 on the Current
Limit Board. Adjust R4 on the Range/Relay Board for 1.00
Vrms or 0.700 for the EHV option. 1 VAC should indicate
a load current of 10 anmps.

4, Repeat steps 1 through 3 for all amplifier channels in
the AC power system., Refer to Figure 4-1 for the adjust-
ment and meter location test points. All test points and
adjustments are on the Range/Relay Board and Current
Limit Board in the power source that has the load
applied. Table 4-2 lists the adjustment and respective
test points.
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5. Turn off the input circuit breaker. Reinstall jumper W2
if one was previously removed. Reconnect all connections
to the power output terminal block of each 4500L.

LOAD CONNECT AC DVM ADJUSTMENT ON
OUTPUT TP1 IS GND RANGE/RELAY BOARD
(on Current Limit Board)
A TP1O R4
B TP2 R10
C TP3 R16
TABLE 4-2

4.5 LOAD BALANCE ADJUSTMENT

The following adjustment procedure is for all power systems
except the 4500L-3M. The power system must be connected as shown
in Figure 2-2. A load resistor, see LOAD PER PHASE in Table 4~-1,
must be connected to the phase A, B or C output of the power
system. '

For the following adjustments, two external AC Dvms must be used.
The DVMs must be connected to test points on the Current Linmit
Board, A9. The input LO for the DVM is TPl of the respective
Current Limit Board. For all test points and adjustments, refer to
Table 4-3 for the respective power system.

1. Set the output to the low voltage range and 80% of the
maximum voltage. Set the freguency to 200 Hz and the
maximum Current Limit. Apply the LOAD PER PHASE identi-
fied in Table 4-1 for the respective power system. Check
the voltages listed in Table 4-3. Check that the voltage
at the respective test points are within #0.1 volts of
the reference test point.

2. Set the output to 100% of the range voltage and recheck
the Table 4-2 test points. If they differ by more than
0.2 volts from the reference, readjust the adjustments
at this full load current.

CAUTION

The Load Balance Adjustment should not be made
unless an amplifier assembly has been re-
paired. Each amplifier has been adjusted at
the factory for an output regulation of -1.48%
with a 1500 watt load.
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4.7

CURRENT LIMIT ADJUSTMENT

1.

Set the front panel Current Limit adjustment to its
maximum clockwise position. Set the output voltage
AMPLITUDE control to the maximum counterclockwise posi-
tion.

Monitor the BA'output current with the external current
transformer and AC DVM. Connect an oscilloscope to the
output.

Adjust the output to the low voltage range and the
frequency to 60 Hz.

Apply the CURRENT LIMIT LOAD value from Table 4-4 to the
power system oA output only.

Increase the output amplitude slowly until the external
AC current transformer indicates SET VALUE from Table 4-
4. Slowly turn A9-R17 on the Current Limit Assembly in
a counterclockwise direction until the output just starts
to clip.

Slowly readjust R17 in a clockwise direction just to a
point that the clipping disappears. Repeat this step for
all ADJUSTMENTS listed in Table 4-5 for gA.

Renove the load for @A and repeat steps 2 through 5 for
phase B and C. Adjust the controls specified in Table 45
for phase B and C. Be sure to move the scope to the
respective phase.

Adjust the front panel Current Limit adjustment to 1/2
value. Verify the output voltage is clipped and the
output current is approximately 1/2 of the Set value when
any phase has the CURRENT LIMIT LOAD value.
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EYBTEM PHABE LOADED ADJUSTMENT POWER SOURCE
4500L-3 R17 MASTER
R46 "
R72 "

4500L-1,
9000L/2-1,13500L/3~1,
27000L/6=1

R17 MASTER & SLAVES
R46 " "
R72 " "
9000L/2-3 R17 MASTER & SLAVES
R46 n 1
R72 ] 1t

13500L/3-3,
27000L/6~3

R17 MASTER
R46 MASTER
R72 MASTER

R17 ALL SILAVES FOR 0B
R4 6 " "
R-’ 2 " L1}

WEw @ OowWr X QwEy

R17 AlI. SLAVES FOR pC
R4 6 n L]
RrR72 " "

ann

TABLE 4-5
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SECTION 5
THEORY OF OPERATION
5.1 GENERAL

An explanation of the circuits within the AC Power System is given
in this section. Refer to Figure 5-1 for a block diagram of the AC
Power System.

5.2 OVERALL DESCRIPTION

Input power from the rear panel is routed through the circuit
breaker to the Input Power Supply (AS). DC voltages from the Input
Power Supply are routed to the Power Mother Board (A4) , the
Control Mother Board (A8) and the Auxiliary Power Supply (A7).

The oscillator assembly (All) generates the 3-phase sine wave. 1In
addition it has the frequency control and current limit control
limit. The ocoscillator assembly is connected to the rest of the
power source through the Control Mother Board, Al0.

The three amplifier modules are Al, A2 and A3. They take their DC
supply voltages and input signal from the Power Mother Board, A4.
They produce the high power outputs for the primary of the output
transformers,, Tl, T2 and T3. The outputs are routed through the
Power Mother Board to the output transformers.

The Range Relay Board is identified as A6. This board assembly
configures the secondaries of the output transformers for the
correct output voltage range. The ocutputs from the AC Power System
are taken from the Range Relay Board. This board also has relays
that switches the output to the l-phase mode and opens the outputs.
There 1is also a circuit on the board that senses for incorrect
sense line connections.

The board assemblies are described in more detail in the following
paragraphs.

5.3 INPUT POWER BUPPLY

This assembly is identified as A5. It generates the high power
+300 VDC supply. This supply voltage is connected to the filter
capacitor, Cl, and to the Power Mother Board. Cl is mounted on the
bottom cover of the AC Power System.

The Input Power Supply also has circuits that generate the DC
voltages identified as 118V, *15VSW, +8VSW and +8V.

The 118V supplies are used for the Oscillator Module and the
Current Limit Board. The +8V supply is used for the oscillator
Module. The #+15VSW supplies are used for the three Amplifier
Modules.
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5.4 AUXILIARY POWER SUPPLY

The Auxiliary Power Supply receives the +300 supply voltage fron
the Input Power Supply. The +300 supply voltage is then changed to
the +50 VDC supply voltage for operating the fans and relays. 1In
addition to the +50 VDC supply, +15VSW1l is also generated. This
supply voltage is used for the gate drive signal in the Amplifier
Modules.

5.5 CURRENT LIMIT BOARD

The Current Limit Board receives the oscillator signals identified
as 0SC A, B and C from the Oscillator Module. Analog switches on
this board direct the oscillator signals to the respective
amplifier module. The analog switches switch the 0SC A signal to
the three amplifier inputs during l1-phase operation. For 3-phase
operation, O0SC A, B and C are switched to the amplifiers A, B and
¢ inputs respectively. Gain adjustments are located on this board
to match the gains of the 3 Amplifier Modules.

The current limit circuits are also located on the Current Limit

Board. These circuits receive a DC signal from the Oscillator
Module, CLA, B and C, that is proportional to the current limit
value. This DC signal is compared to the output current. The

output current signal is identified as TA, TB and TC. This signal
is routed to the Current Limit Board from current transformers on
the Range Relay Board. If the output current exceeds the pro-
grammed value, an attenuator will limit the output voltage to a
value that will cause the AC Power System to operate at a constant
current. If the output current limits the output voltage to 10% of
the programmed voltage amplitude value, the output will default and
an AMP FAULT error message will be displayed. The error message
will also be reported through the IEEE-488 (GPIB) interface.

5.6 INDICATOR BOARD

The Indicator Board has the reference designator, Al2. This board
has LED indicators for.the HI RANGE, OVERTEMP and OVERLOAD condi-
tions.

A front panel selector switch is mounted on the Indicator Board.
This switch is used to connect the front panel analog meter, Ml, to
either the phase A, B or C output.

5.7 RANGE RELAY BOARD
The Range Relay Board has all of the AC Power System relays. These
Relays are operated from +50 VDC. The output relay is opened by a

logic low on the CNF control line. The range relay is switched to
the high voltage range by a logic low on the RRG HI control line.
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The output is in the l1-phase mode when the PARALLEL control line is
driven to approximately +10 VDC,

There are three current transformers on the Range Relay board.
These transformers generate an AC voltage that is proportional to
the output current. The voltages are identified as TA, TB and TC.
A 10 amp load current is represented by a 1.00 VAC signal in the
3~phase mode.

5.8 BAMPLIFIER MODULES

The AC Power System has three Amplifier Modules. In the 3-phase
mode, one amplifier is used for each of the three outputs. In the
l-phase mode, the three outputs are paralleled at the secondaries
of the ocutput transformers.

The Amplifier Modules operate in a switch mode to obtain high
efficiency. These switch mode amplifiers operate at 200 KHz.

Each Amplifier Module obtains its input signal from the Current
Limit Board. These three input signals are identified as OA SIG,
OB SIG and OC SIG. A 5.000 Vrms input signal will generate a full
scale output voltage at the output of the AC Power System and 100
Vrms on the primary of the output transformer.

Each Amplifier Module requires +300 DC, +15 VSW and the +15 VSWI
supplies. The +300 VDC supply comes from the Input Power Supply
through a 15 amp fuse on the Power Mother Board.

The Amplifier Module has a thermoswitch mounted on its heatsink.
If the heatsink temperature reaches 100°C, a control signal is sent
to the Oscillator Module. A logic low on the TVERTEMP control line
will cause the error message TEMP FAULT to be generated.

5.9 OSCILLATOR/CONTROLLER MODULE

The Oscillator Module is identified with the reference designator,
All. The module consists of two printed circuit assemblies. A
block diagram for the power controller is given in Figure 5-2. A
power controller generates the oscillator waveforms for each of the
three phases, sets the frequency, amplitude and current limit
level, and senses the output voltage to control amplitude.

The controller module is made of two printed circuit assemblies

that are interconnected by a ribbon cable. The Control Board
attaches to the front panel.
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5.9.1 CQntfol Beoard

The Control Board is mounted to a small panel. This small panel is
mounted on the front panel of the power source. The small panel
holds the Frequency Select dials and Frequency Range switch, the
Voltage Amplitude potentiometer, the Voltage Range switch and the
programmable Current Limit potentiometer.

A block diagram of the Control Board is shown in the lower portion
of Figure 5-2. A fixed frequency reference clock drives the bit
rate multiplier to control the output fregquency of the power
source.

The three-position Freguency Range switch signals the Waveform
Board to divide the bit rate multiplier output freguency by 1, 10
or 100 depending on the desired fregquency range.

The Voltage Range switch directly controls the voltage range relays
and also sends a short pulse to the Waveform Board to signal that
the voltage range has changed. The Waveform Generator Board uses
this pulse to shut off the output voltage while the range relays
change state. This is to minimize relay contact wear.

5.9.2 Waveform Generator Board

A block diagram of the Waveform Generator Board is shown in the
upper portion of Figure 5-2.

The clock divider divides the bit rate multiplier frequency by 1,
10 or 100 depending on frequency range switch setting. Outputs of
the clock divider drive the gA and ¢C sine wave generators. The
outputs from the @A and oC generators are summed to form the oB
oscillator output.

The Over Frequency/Under Frequency/Range detector monitors the
clock output and switches off the oscillator output if the
frequency is outside the specified range of the unit. The detector
also momentarily activates the switches when the voltage range
switch position is changed.

The output of each phase of the power system is applied to a
differential sense amplifier, converted to an rms-DC equivalent
voltage and compared to a DC reference by a servo amplifier. The
servo amplifier drives a variable gain amplifier that modulates the
oscillator signal. This closed loop system maintains each output
at a constant rms voltage.

47



5.1¢0 AX OPTION (Auxiliary outputs)

The AX option provides two additional ocutputs to the master 4500L:
26~volt, 3-amp Phase D output, and a 5-volt, S-amp Phase E output.
The option consists of two P.C. boards as well as a cable.

The 26-volt output is generated from a switching amplifier similar
to the A, B and C amplifier. see paragraph 5.8.

An oscillator, for the 26 volt output, is contained in the aX
option. This oscillator receives a Clock signal from the Oscilla-
tor/Controller Module. This clock signal controls the output
frequency of the AX option. A Lock signal from the Oscillator/Con-
troller Module locks the output phase of the AX option to the phase
A output of the power system.

A External Sense circuit in the module regulates the 26 volt output
to precise 26 volts at the External Sense input.
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CAUTION

Voltages up to 480 VAC are available in certain
sections of this power scurce. This equipment
generates potentially lethal voltages.

DEATH

on contact may result if personnel fail to observe
safety precautions. Do not touch electronic
circuits when power is applied.






SECTION 6
MAINTENANCE AND TROUBLESHOOTIM
6.1 GENERAL

This section describes the suggested maintenance and troubleshoot-
ing procedures. Table 6-1 listrs.the paragraph titles and page
numbers for the Troubleshooting section. If the AC Power Systen
does not appear to function normally, use this section to isolate
the problemn. If the problem cannot be found using these steps,
consult the factory.

TABLE 6-1
PARAGRAPH PROBLEM PAGE
6.2 Excessive Output Voltage 46
6.3 Poor Output Voltage Regulation 46
6.4 Overtemperature Lamp On 47
6.5 Overload Lamp On 47
6.6 Distorted Output - 48
6.7 No Output 48

6.2 EXCEBBIVE OUTPUT VOLTAGE

If the power system has an output voltage more than 3% above the
output veoltage range, the following item may be at fault:

1. The External Sense Input is not connected.

SOLUTION: Connect the External Sense input to the Master
Power Source, the one with the oscillator/control-
ler module.

6.3 POOR OUTPUT VOLTAGE REGULATION

If the AC Power System exhibits poor voltage regulation the
following item may be at fault:

1. The External Sense lines are not connected at the same point
monitored by the external voltmeter used for load regulation
check.

SOLUTION: Connect AC voltmeter to External Sense lines.
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2. The External Sense Lines are not connected.

SOLUTION: Connect the External Sense lines to the master power
source.

6.4 OVERTEMPERATURE LAMP ON

If the power source OVERTEMP lémp is on, the following may be at
fault:

1. Ambient temperature is too high.

SOLUTION: Operate power source between 0 and 35 degrees C.

2. Fan or ventilation holes are blocked.

SOLUTION: Remove obstructions.

3. Fan not working.

SOLUTION: Replace fan. Consult factory.

6.5 OVERLOAD LAMP ON

The OVERLOAD lamp comes on when the output load current has
exceeded the set current limit value. With multichassis power
systems, the OVERLOAD lamp will illuminate if one of the 4500Ls in
the system has the circuit breaker off. If the AC Power System
OVERLOAD lamp is on, the following items may be at fault:

1. The output is overloaded.

SOLUTION: Remove the overload.

2. The set current limit level is set too low for the load being
driven.
SOLUTION: Set the front panel Current Limit adjustment to the

maxinmum clockwise position.
3. The set current limit is incorrectly calibrated.
SOLUTION: Perform the calibration in paragraph 4.4.5.
4. One or more 4500Ls powered-down in power system.

SOLUTION: Turn on circuit breaker.
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6.6 DISTORTED OUTPUT

The AC Power System output may have a distorted sine wave from the
following causes:

1. The power source output is overloaded.
SCLUTION: Remove the overload or set the current 1limit
to a higher value. Observe power source capabili~
ties. See Section 1.
2. The crest factor of the load current exceeds 2.5. With this
condition the distortion will be much higher at fregquencies
above 100 Hz.

SOLUTION: Reduce the load or set the current limit to a
higher value.

6.7 NO OUTPUT

If the AC Power System has no output at the rear panel terminal
block, TB2, the following items may be at fault:

1. Wrong fregquency set. Indicated by front panel LIMIT indicator
illuminated.

SOLUTION: Set frequency to value between 45 Hz and 2 KHz.

2. REMOTE SHUTDOWN logic line at J7 pin 36 shorted to D COM or A
COM.

SOLUTION: Remove connection to J7, pin 36.

3. There is no input to the power amplifiers from the oscillator.
Check the oscillator signals at the system interface connec-
tor:

7-24 Oscillator Phase A

J7~6 Oscillator Phase B

7-23 Oscillator Phase C

J7-7 Oscillator common/return

Set the front panel AMPLITUDE control to the maximum clockwise
position on the 135 volt or 156 volt range. The three signals
should be 5.75 #0.5 VAC when there is no output from the
respective phase.

SOLUTION: If there is no signal at the Systems Interface
connector replace the oscillator. Refer to para-
graph 6.8.
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SOLUTION: If the signal at the System Interface connector is
greater than 5. 0 VAC, it may be necessary to re-
place the respective amplifier. Refer to paragraph
6.10.

4. One of the internal fuses, Fl, F2 or F3 has failed.

SOLUTION: Replace the fuse. Remove the input power and
discharge capacitor Cl before replacing the fuse.
Refer to paragraph 6.10.

6.8 MODULE REMOVAL

Figure 6-1 shows the location of the internal modules and assem-
blies. The figure shows the Amplifier Modules, Al, A2 and A3, with
the insulator removed.

6.9 OSCILLATOR MODULE REMOVAL/REPLACEMENT

If a fault is found that requires the replacement of the oscillator
Module (assembly 4007-407) follow the following steps and refer to
Figure 6-1 for the module locations:

1. Turn off the front panel circuit breaker.

2. Remove the power system’s top cover.

3. Remove the front panel Control assembly by loosening the two
captive screws on its front panel.

4. Unplug the ribbon cable from the assembly.

5. Remove the Oscillator Module, All, by pulling up the Waveform
Board with the finger holes provided at the end of the board.

6 . The module is now removed. To replace the module follow these
steps in reverse order.

6.10 AMPLIFIER REMOVAL/REPLACEMENT

If a fault has been found that indicates the failure of an
amplifier module (assembly 4009-416), check the condition of the
+300 VDC fuses before replacing the amplifier. Refer to Figure 6-1
for the location of the fuses., Fuse Fl is for phase A, F2 for
phase B and F3 is for phase C.

CAUTION
Capacitor Cl may have up to +350 VDC after the input
circuit breaker has been turned off. Before inspecting

fuses Fl1, F2 and F3, discharge Cl. Cl may be discharged
through a 5 ohm power resistor.
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If it is determined that an amplifier module must be replaced
perform the following procedure:

1.

Turn off the input circuit breaker.
Remove the AC Power System top cover.

Remove the four #6 screws that hold the insulator that covers
the amplifier module, Al, A2 and A3.

Remove any of the three amplifiers by sliding it up and over
the guide posts.

The amplifier may be replaced by following this procedure in
reverse order.

Check the amplifiers associated 10 amp fuse and replace it if
necessary. Refer to Figure 6-~1 for the location of the fuse.
Fl, F2 and F3 are for the phase A, B and C amplifiers respec-
tively.

After an amplifier has been replaced, readjust its gain and
the l-phase adjustment. Refer to Section 4.

53



vy
f

MODULE LOCATIDN

1 @ | o o o o o b
! { ! I 22 | !
[ B1 i ] o i
O O Ol .
A
Q o o
‘o) ) e}
T2 & T3
. (UNDER A6)
0 o o )
]
Al AZ a3
PHASE A| | PHASE B| | PHASE C [
AMPLIFIER] |AMPLIFIER] |AMPLIFIER
MODULE MODULE MODULE PS5 I
Q ) . S P
e e T
?) -E
Nh\@_‘ © < a:)
(o]
o T :
— T i
| 1l
| R Q Q o o l @ “@’-
E\'? - W @ “ ) ﬁi
A4 W '
A7l R E)
© |,
A9
= i | B
ALl
o ; |
ja L ®
Al B
3 CB1 } im a2
w— H
:&" Lt -
J (=7 pu i \ 7 3 L
OSCILLATOR
MODULE
FIGURE 6&-1



SECTION 7
REPLACEABLE PARTS
7.1 GENERAL
This section contains ordering information and a complete list of
replaceable parts. The parts are listed by their major assembly in
alpha-numeric order by their reference designators. The list
includes the parts description, manufacturers’ identification (see
Appendix A for list of manufacturers), and California Instruments’
part numbers.
7.2 ORDERING INFORMATION
In order to ensure prompt, accurate service, please provide the
following information, when applicable, for each replacement part
ordered.

a. Model number and serial number of the instrument.

b. California Instruments part number for the subassembly
where component is located (PARENT ITEM NO.).

c. Component reference designator (SEQ NO.).
d. Component description (DESCRIPTION TRUNCATED).
e. Component manufacturer’s FSCM number (VENDOR).

f. California Instruments part number (COMPONENT ITEM NO.).
All replacement part orders should be addressed to:
California Instruments
Attention: Parts Department

9G25 Balboa Avenue
San Diego, California 92123-1509
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SEQ
RO.

Al
A2
A3
A4
AS
A6
a7
A8
A9
All
Al2
Bl
B2
Cl1
Fl
F2
F3

COMPONENT
ITEM NO.

4009-423-~1
4009-423~1
4009-423~1
4009-724-1
4009-706~1
4009~733-1
4009~735-1
4008-732-1
4009-728-1
4007-407-1
4009~707~1
241178
241175
611295
270167
270167
270167

TOP ASSEMBLY REPLACEABLE PARTS
FOR 4500L-3M
TOP ASSEMBLY NO: 4009-422-}

DESCRIPTION

HEATSING ASSY, SW AMP
HEATSINK ASSY, SW AMP
HEATSINK ASSY, SW AMP
PC ASSY, MOTHER

PC ASSY, POWER SUPPLY
PC ASSY, RANGE

PC ASSY, AUX POWER SUPPLY
PC ASSY, MOTHER, CTRL
PC ASSY, CURRENT LIMIT
MODULE ASSY, OSC

PC ASSY, INDICATOR
FAN, 6", 48VDC, .45A
FAN, 4", 48VDC,

CAP, AL, 3900uF, 400V
FUSE, 154,250V

FUSE, 154,250V

FUSE, 15,250V
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VENDOR

16067
16067
16667
16067
16067
16067
16067
16067
16067
16067
16067
63227
60399
80031
71400
71400
71400

QTY
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ERRATA
4500L-M

The silkscreen on the rear panel has been revised. TB1 is now the output, TB3 is the input line
and TB2 is the optional Phase D and E output. All references in the 4500L-M manual should
be revised to agree. Refer to Figure 2-1 of the 4500L-M Instruction Manuai.
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ONE YEAR WARRANTY

CALIFORNIA INSTRUMENTS CORPORATION warrants each instrument
manufactured by them to be free from defects in material and
workmanship for a period of one year from the date of shipment to
the original purchaser. Excepted from this warranty are tubes,
fuses, and batteries which carry the warranty of their original
manufacturer where applicable. CALIFORNIA INSTRUMENTS will
service, replace, or adjust any defective part or parts, free of
charge, when the instrument is returned freight prepaid, and when
examination reveals that the fault has not occurred because of
misuse, abnormal conditions of operation, user modification, or
attempted user repair. Equipment repaired beyond the effective
date of warranty or when abnormal usage has occurred will be
charged at applicable rates. CALIFORNIA INSTRUMENTS will submit
an estimate for such charges before commencing repair, if so
requested.

PROCEDURE FOR SERVICE

If a fault develops, notify CALIFORNIA INSTRUMENTS or its local
representative, giving full details of the difficulty, including
the model number and serial number. On receipt of this informa-
tion, service information or a Return Material Authorization
(RMA) number will be given. Add RMA No. to shipping label. Pack
instrument carefully to prevent transportation damage, affix
label to shipping container, and ship freight prepaid to the
factory. CALIFORNIA INSTRUMENTS shall not be responsible for
repair of damage due to improper handling or packing. Instru-
ments returned without RMA No., or freight collect will be re-
fused. Instruments repaired under Warranty will be returned by
prepaid surface freight. Instruments repaired outside the War-
ranty period will be returned freight collect, F.0.B. CALIFORNIA
INSTRUMENTS, San Diego, CA. If requested, an estimate of repair
charges will be made before work begins on repairs not covered by
the Warranty.

DAMAGE IN TRANSIT

The instrument should be tested as soon as it is received. If it
fails to operate properly, or is damaged in any way, a claim
should be filed immediately with the carrier. A full report of
the damage should be obtained by the c¢laim agent, and a copy of
this report should be forwarded to us. CALIFORNIA INSTRUMENTS
will prepare an estimate of repair cost and repair the instrument
when authorized by the claim agent. Please include model number
and serial number when referring to the instrument.









