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FIVE YEAR WARRANTY

Y Lambda Americas, Inc. (405 Essex Road, Neptune, N.J. 07753), warrants that the unit is free from defects in material

or workmanship for a period of FIVE YEARS from the date of initial shipment. Lambda Americas will service and, at its
option, repair or replace parts which prove to be defective. This will be done free of charge during the stated warranty
period. This warranty excludes defects resulting from misuse, unauthorized modification, operation outside the
environmental or safety specifications of the power supply, or improper site preparation or maintenance. The
customer shall contact Lambda Americas, for warranty service or repair as described in the RETURNING
EQUIPMENT section. The customer shall prepay shipping charges. If the unit is covered under the foregoing
warranty, then Lambda Americas shall pay the return shipping charges.

The "WARRANTY", “CLAIM FOR DAMAGE IN SHIPMENT", and “RETURNING EQUIPMENT” information applies to
equipment purchased directly from Lambda Americas. End users receiving equipment from a third party should
consult the appropriate service organization for assistance with these issues.

THIS LIMITED WARRANTY IS IN LIEU OF, AND LAMBDA AMERICAS DISCLAIMS AND EXCLUDES, ALL
OTHER WARRANTIES, STATUTORY, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, OR OF CONFORMITY TO
MODELS OR SAMPLES.

CERTIFICATION

All test and measuring equipment used by Lambda Americas for Final Acceptance Testing are traceable to primary
standards certified by the National Institute of Standards and Technology. .

LETHAL VOLTAGES PRESENT!

All power supplies contain hazardous voltage and energy. The power supply must only be operated by qualified
personnel who have read this operator's manual and are familiar with the operation, hazards and application of the
power supply. Proper care and judgment must always be observed.

1. Before connecting input AC power, ensuré all covers are in place and securely fastened. Ensure the required
safety ground to chassis is installed and sufficient cooling is supplied.

2. Proper grounding from the input AC power is required to reduce the risk of electric shock, and to comply with
safety agency and code requirements.

3. Use extreme caution when connecting input AC power. Only apply the input voltage specified on the rating label.

4. Use extreme caution when connecting any high voltage cables. Never handle any output cables when the power
supply is operating.

5. After a power supply is switched OFF, its output section will retain a charge which may be lethal. Allow sufficient

time for self-discharge before handling anything connected to the output. The discharge time specified in the
Safety Notes does NOT include extra time required to discharge the energy stored in the user's load.

6. When user serviceable fuses are present, always replace fuses with the same type and Volt/Amp rating.
7. Never attempt to operate the power supply in any manner not described in this manual.

8. Never remove DANGER or WARNING labels from the power supply. Replace lost or damaged labels
immediately. Contact Lambda Americas Customer Service for replacement labels.

9. The power supply may be serviced only by Lambda Americas factory qualified service personnel. Breaking the
warranty seal will void the warranty. Prior to opening the power supply, contact Lambda Americas Customer
Service for a written Service Waiver and a replacement warranty seal.
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MANUFACTURER'S PRODUCT DECLARATION

INTENDED PURPOSE (USE)

The Power Supplies described by this manual are defined by Lambda Americas as a
component for use’in the composition of an apparatus as defined in Article 1 (1) of the
EMC Directive (89/336/EEC). These products, as individual components, do not perform
in themselves a direct function for the user of the end product. They are not intended to
be placed on the market with a direct function to a final user! As such, the products
described by this manual are not subject to the provisions of the EMC Directive

(89/336/EEC, with amendment 92/31/EEC).
The products described by this manual are intended for incorporation into a final product

by a professional assembler. It is the responsibility of the assembler to ensure that the
final apparatus or system incorporating our products complies with all relevant EMC

standards for that final product.

OPERATING ENVIRONMENT

The operating environment as defined by Lambda Americas, for the products described
by this manual is stated as follows:

The Power Supplies described by this manual are intended for use in a protected
industrial environment or in proximity to industrial power installations. -These locations are
often referred to as industrial locations containing establishments that are not connected

to the low voltage public mains network.
Industrial locations are characterized by the existence of one or more of the following
conditions:

1) industrial, scientific and medical (ISM) apparatus are present;

2) heavy inductive or capacitive loads are frequently switched;

3) currents and associated magnetic fields are high;

4) location supplied by their own transformer.
These components are not intended for connection to a public mains network, but are
intended to be connected to a power network supplied from a high or medium-voltage

transformer dedicated for the supply of an installation feeding manufacturing or similar
operations. They are suitable for use in all establishments other than domestic and those

directly connected to a low voltage power supply network which supplies buildings used
for domestic purposes.
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Description of symbols used in product labeling

SYMBOL PUBLICATION DESCRIPTION
' EC Council European Community.
Directive 93/68/EEC Conformity Assessment
Product Mark

IEC 348

Attention, consult
Accompanying doctiments

Dangerous voltage

IEC 60417-1-5019

Protective earth
(e.g. power line earth ground)

IEC 60417-1-5017

€
AN
/N

D

Functional earth
(e.g. chassis ground)

| IEC 60417-1-5134

Electrostatic Discharge
(ESD) Sensitive Device
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ELECTRICAL STANDARDS

All company primary standards are either certified or are traceable to certification by the
National Institute of Standards and Technology.

CLAIM FOR DAMAGE IN SHIPMENT

This instrument received comprehensive mechanical and electrical inspection before
shipment. Immediately upon receipt from the carrier, and before operation, this instrument
should be inspected visually for damage caused in shipment. If such inspection reveals
damage in any way, a claim should be filed with the carrier. A full report of damage should
be obtained by the claim agent and this report should be forwarded to us. We will then
provide a disposition of the equipment and arrange for repair or replacement.

When referring to this equipment, always include the model and serial numbers.

The “WARRANTY”, “CLAIM FOR DAMAGE IN SHIPMENT”, and “RETURNING
EQUIPMENT” information applies to equipment purchased directly from

LL,ambda EMI. End users receiving equipment from a third party should consuit the
appropriate service organization for assistance with these issues.

RETURNING EQUIPMENT

Before returning any equipment to the factory, the following steps shall be taken.

1. Notify Lambda Americas at 732-918-6888 or service@lambda.com. Give a full
description of the difficulty including the model and serial number of the unit in
question. Upon receipt of this information, we will assign a Return Material
Authorization (RMA) number and provide shipping instructions.

2. The customer shall prepay shipping charges. Equipment returned to us must be
packed in a manner to reach us without damage. The shipping container must be
marked with the RMA number in an area approximate to the shipping label with
numbers that are easy to read. All returned units that do not show the RMA number
on the outside of the container will be refused.

If the equipment is repaired within the warrantee agreement, than Lambda EMI shall
pay for the return shipping to the customer.

3.  For non-warranty repairs, we will submit a cost estimate for your approval prior to
proceeding. The customer shall pay return shipping charges.

MECHANICAL INSTALLATION

Most power supplies are heavy and, when rack mounted, they should be supported by
rails along the sides of the supply from front to rear. The rails must adequately support the
unit and not block airflow. Do not support the power supply from the front panel only.

Page: 83-000-011 Revd
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1.1

1.2

1 GENERAL INFORMATION

INTRODUCTION

This series of high frequency switching power supplies is designed to operate as a
source of constant current/constant voltage power with automatic crossover. The
ESS series exhibits excellent transient response, excellent regulation, high efficiency,
low ripple and low noise.

SAFETY PRECAUTIONS

All EMI power supplies are designed for safe operation. This instrument received
comprehensive mechanical and electrical inspection prior to shipment. Nevertheless,
certain safety precautions must be observed. Only technically competent personnel
familiar with the principles of electrical safety should operate this supply. To prevent
fire or shock hazard, the power supply should not be exposed to water or moisture.
Electrical safety should be maintained at all times. Lethal voltages develop within the
power supply's enclosure whenever it is energized. Therefore, the power supply must
always be unplugged prior to removing the cover. If the input to the power supply is
hard-wired, the circuit breaker must be secured and the line fuses removed. Of
course, dangers are inherent in high voltage equipment. However, a power supply
with a low voltage output is also potentially dangerous considering the amount of
energy (current) the supply is capable of delivering. In addition to the steady state
energy available, power supplies are typically terminated by very large
Capacitors, which can deliver huge surge currents capable of vaporizing
Metallic objects such as screwdrivers or jewelry. This could result in Molten
metal being sprayed. Proper care and judgement must Always be observed.

1) Ensure all covers are in place and securely fastened and the required grounding is
supplied before connecting input AC power.

2) Proper grounding from the input Ac power is required to reduce the risk of electric
shock.

3) Use extreme caution when connecting input AC power and never apply the
incorrect input power.

4) Use extreme caution when connecting the high voltage output cable including the
separate ground connecting the supply to the load.

5) Ensure all load capacitors are completely discharged prior to connection.
Never handle the output cable when the power supply is operating.

83-481-018 Rev D
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6)
7)

8)
9)

Always replace fuses with the same type and Volt/Amp ratings.

Never attempt to operate the power supply in any manner not described in this

manual.

Never remove DANGER or WARNING labels from the power supply, and replace

the lost or damaged labels immediately.
The power supply should only be serviced by EMI factory qualified personnel.
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SPECIFICATIONS

This series of high frequency switching power supplies is designed to operate as a
source of constant current/constant voltage power with automatic crossover.

AC Input
PHASE THREE 10KW NOMINAL INPUT CIRCUIT BREAKER
INPUT CURRENT
AC VOLTAGE
190-250 (220) 35 3 POLE, 40 Amps
342-418 (380) 20 4 POLE, 40 Amps
375-456 (415) 19 4 POLE, 40 Amps

Table 1.1: Nominal Input Current/ Circuit Breaker for the 10 KW series.

PHASE THREE INPUT | 15KW NOMINAL INPUT CIRCUIT BREAKER
AC VOLTAGE CURRENT ‘
190-250 (220) 52 3 POLE, 60 Amps
342-418 (380) 28 4 POLE, 40 Amps
375-456 (415) 27 4 POLE, 40 Amps
342-418 (380) 43 (15KW-20KW) 4 POLE, 50 Amps

Table 1.2: Nominal Input Current/Circuit Breaker for the 15 KW series.
GENERAL:
Power Factor:
0.9 Passive
Efficiency:
85-91%
Dielectric withstanding voltage:
Primary to Secondary: 2500 VDC
Primary to Case: 2500 VDC
Secondary to Case: 1500 VDC*

(Sensing removed)

83-481-018 Rev D
Page 3 of 37



Operating Temperature:

All ESS power supplies are capable of continuous duty performance within their
specifications in ambient temperature between 0 °C and 50 °C. Units may be safely
stored at temperatures of -55 °C to 85 °C.

Humidity:
95% non-condensing
TRANSIENT RESPONSE:

For a 30% load step below 20V, the transient response is 650 uS. For units above
20V, use Vmax/20 x 650pS for transient response.

Dimensions:

Rack mount standard - 19" (see Figure A)
Weight:

105 Lbs. (48kg)

STABILITY:

Maximum Deviation in either voltage or current mode for an eight (8) hour period is
up to 0.05% under conditions of constant line, load and temperature.

TEMPERATURE COEFFICIENT:

The output voltage temperature coefficient is 0.02% per 1°C of rated output voltage.
The output current temperature coefficient is 0.03% per 1°C of the rated output
current.

REGULATION:
Constant Voltage Mode :

An output current load change of 100% will cause an output voltage variation of
less than 0.1%.

Constant Current Mode :

An output voltage load change of 100% will cause an output current change variation
of less than 0.1%.

83-481-018 Rev D
Page 4 of 37



VOLTS AMPS LINE LOAD RIPPLE:» MODEL
160 62 0.1% 0.1% 75mV ESS 162-62
330 33 0.1% 0.1% 125mV ESS 330-33

Table 1.3: Regulation 10KW
160 93 0.1% 0.1% 75mV ESS 160-93
330 45 0.1% 0.1% 75 mV ESS 33045
400 37.5 0.1% 0.1% 300 mV ESS 400-37.5
424 37.5-50 0.1% 0.1% 300 mV ESS 424-37.5-50

ISOLATION (HI-POT):

The input line terminals must be shorted together when Hi-Pot potentials are applied.
This will eliminate the possibility of internal damage to the power supply. Also, the
output terminals should be shorted together. A short should be applied momentarily
between the terminals (input, output, and chassis ground), to discharge high potential
that may still exist after Hi-Pot test.

Table 1.4: Regulation 15KW-20KW

Input - Output

Input -Chassis

Output - Chassis

2500 Vdc

2500 Vdc

1500 Vdc

NOTE:

Table 1.5: Isolation Test

DC Sensing and output RFI caps removed

83-481-018 RevD
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1.4

DESCRIPTION
REMOTE START/STOP/INTERLOCK:

All ESS models are capable of being remotely started or stopped by means of an
external AC or DC voltage source. NOTE: When remote is OFF or interlock is open,
control failure LED will be ON, this is normal.

PROGRAMMING:

The ESS series of power supplies will respond either to the setting of the front panel
controls or to an external control signal. This control signal may be in the form of
either a resistance, a current, or a voltage. Full scale output is signaled by 5000
ohms, by 5 Vdc, or 1mA.

REMOTE SENSING:

Separate sense and power terminals are provided to enable specified regulation
directly at the terminals of the load. This feature provides automatic compensation for
the voltage drop in the power distribution system.

CONTROLS:

All ESS models are provided with a UL listed circuit breaker which combines primary
circuit protection with on/off control. Output voltage is adjusted by the 10 turn, front
panel mounted, control. Current adjustment is via a 10 turn potentiometer located on
the front panel. Simultaneous indication of output current and voltage is provided by
front panel meters. The voltmeter is connected across the sense terminals so that the
meter will read either the voltage at the load or the voltage at the power supply
terminals, depending on whether local or remote sense is selected.

OVERVOLTAGE:

Overvoltage protection, adjustable from the front panel is standard on all ESS models.
This circuit will power down the power supply output to protect the load when the
output voltage reaches the OVP set value. This protection is effective regardless of
the cause of the overvoltage. Events which will trigger the OVP include, but are not
limited to the OVP knob being turned inadvertently, broken remote sense lead,
voltage applied from external source, and servo failure in the power supply.

83-481-018 RevD
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1.5 INPUT VOLTAGE
The following chart explains the model number for the ESS power supply series.

ESS  XXX-XX- X-XXXXX
DC Output Volt.

DC Output Current

AC INPUT VOLTS PANEL METERS FEATURES
2 220 Vac 50/60 Hz OMIT |ANALOG LB [LOCK BUSHING
3 PHASE +10% METERS
8 380 Vac 50/60 Hz D DIGITAL
3 PHASE +10% METERS
9 415 Vac 50/60 Hz TP |TEST POINTS
3 PHASE +10%
14 380-415Vac +10%
50/60 Hz 3 PHASE

Table 1.6: Model Number

The input Voltage for the ESS is determined by the option number. The options are:
' 2= 190-253 Vac Three Phase 4 Wires 50-60 Hz.

J 3= 190-253 Vac Three Phase 4 Wires 400 Hz.

J 8= 342-418 Vac Three Phase 5 Wires 50-60 Hz.

J 9= 373-456 Vac Three Phase 5 Wires 50-60 Hz.

' 4= 380-415 Vac Three Phase 5 Wires 50-60 Hz.

For nominal input voltages of 380 Vac and higher, a Wye connection of the input is
required in order to provide a neutral connection. Refer to the following diagram
below. EMI provides two auto transformers (28-004-890-2 set type or 28-004-952-1
set type) for delta to Wye conversion.

N PHASE B

'_-LLJl TO PHASE A

0 PHASE A TO PHASE B
=0
(@]
® 0 28-004—B90
l"'g — OR
5e \ 28-004—952
a5
£0 TO NEUTRAL

PHASE C TO PHASE C

FIGURE 1.1: Delta to Wye Conversion
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1.6

1.7

Phase rotation sequence need not be observed when connecting the power lines to
the input terminals of the power supply. A neutral connection (marked N) is required
for the 380, 415 and 480 VAC. For safety, the chassis ground terminal should be
connected to earth ground. The input wires must be of the proper gauge size to
minimize impedance. The wiring of the AC input connector is dependent upon the
rated input voltage of the power supply. Refer to the below table for the appropriate
connections.

195-253 Vac 342-418, 373-456 Vac
PIN CONNECTIONS CONNECTIONS
L1 PHASE A PHASE A
L2 PHASE B PHASE B
L3 PHASE C PHASE C
N SPARE NEUTRAL
G GROUND GROUND

Table 1.7: AC Input Configuration

Both POS and NEG output terminals are floating (not connected to ground). Either
may be grounded or operated at any voltage less than 600 VDC with respect to
chassis ground.

RETURNING EQUIPMENT
Before returning any equipment to the factory, the following steps should be taken.

1) Notify Electronic Measurements, Inc., at telephone number (908)-922-9300. Give
a full description of the difficulty, including the model and serial number of the
unit in question. Upon receipt of this information, EMI will assign a Return Material
Authorization number (RMA) and provide shipping instructions.

2) Equipment returned to EMI must be packed in such a manner as to arrive without
incurring any damage. The shipping container must be marked with the RMA
number in legible numbers near the shipping label. Any returned unit must have
its RMA number clearly displayed on the outside of the container in order to be
accepted.

3) For non-warranty repairs, EMI will submit a cost estimate for the customer's
approval prior to proceeding.

CLAIM FOR DAMAGE IN SHIPMENT

This instrument received comprehensive mechanical and electrical inspection before
shipment. Immediately upon receipt from the carrier, and prior to operation, this
instrument should be visually inspected for any damage that may have been incurred
during shipment.

If such inspection reveals internal or external damage in any way, a claim should be
filed with the carrier. A full report of the damage should be furnished to the claim
agent and forwarded to Electronic Measurement, Inc., noting the model and serial
number of the equipment. EMI will determine the proper course of action and arrange
for repair or replacement.

83-481-018 Rev D
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2.1

2.2

2.3

2.4

2.5

2 INSPECTION AND INSTALLATION

UNPACKING

Carefully open the top of the box and remove the packing material. The supply can
then be lifted from the box. This power supply is intended for rack mounting. The
blades of the forklift must extend fully under the base of the power supply. Both sides
must be supported. The power supply may be hoisted with a suitable sling, using the
specially provided side brackets for this purpose.

VISUAL INSPECTION

Immediately inspect the power supply for any shipping damage. Verify the following:
A) Check the operation (knobs should rotate smoothly) of the front panel controls.
B) Verify that the circuit breaker latches in the ON and OFF positions.

C) Confirm that there are no dents or scratches on the panei surfaces.

D) Check front panel meters and LEDs for any broken or cracked glass.

If any damage is found, follow the "Claim for Damage in Shipment" instructions in
Section 1.7.

LOCATION

Make sure that adjacent equipment does not block air intake or exhaust openings of
the power supply. Air enters at the front panel and is forced out of the rear panel.
This power supply is intended for rack mounting. A conventional 198-inch rack panel
can be used.

ELECTRICAL INSTALLATION

Except for test purposes, this power supply should not be operated with covers
removed. Please refer to safety precautions detailed in section 1.2. After the supply
has been installed in a location with sufficient space for ventilation, the appropriate AC
input can be applied. Refer to Section 1.5 (OPTION) for the required AC input voltage
and wiring configuration of the AC input connector.

ELECTRICAL INSPECTION

To ensure that no internal damage was incurred during shipment, a preliminary test
should be performed as follows:

83-481-018 Rev D
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A)
B)

C)
D)

E)

F)

G)

H)

J)

K)

Rotate Voltage and Current knobs completely counter clockwise.

Apply appropriate AC input power to the supply. With no load connected to the
output terminals, flip ON the circuit breaker of the supply. The internal fans should
start immediately. The power supply should turn on after an approximate ten
second delay. The status of the indicators is as follows:

POWER ON indicator is glowing.
PHASE LOSS indicator is off
CONTROL FAILURE indicator is on (Will turn off as control is achieved)
INVERTER FAILURE indicators are off
OVER VOLTAGE indicator is off
Rotate the current knob clockwise. The Current indicator should glow.

Rotate the voltage knob completely clockwise. The front panel's voltmeter should
display the maximum output voltage of the supply. The voltage indicator should
glow.

Rotate the current knob completely counter clockwise; the output voltage should
drop to zero.

Rotate the current knob clockwise. The output voltage should rise to its original
value. Rotate the OVP potentiometer counter clockwise. The output voltage
should drop to zero volts. Readjust OVP to original setting.

Since the OVP circuitry latches on itself, rotate the OVP potentiometer completely
clockwise. Flip the circuit breaker OFF and then ON to disable the OVP. The
voltmeter should display the output voltage.

Rotate the voltage knob completely counter clockwise and monitor the front panel
voltmeter. The output voltage should gradually decrease to zero. Rotate the
current knob completely counter clockwise. Flip OFF the circuit breaker of the

supply.

Apply a short wire that sustains full output current across the output terminals of
the supply. Make sure that the short can sustain the maximum output current of
the supply. NOTE: 15KW-20KW power supplies are checked out at full voltage
output. Avoid short circuit operation when in 20KW mode.

Flip ON the circuit breaker of the supply. Rotate the voltage knob clockwise.
Rotate the current knob completely clockwise. The front panel ammeter should
display the maximum output current of the supply. The current indicator should
glow.

Rotate Voltage knob completely counter clockwise. The output current should
drop to zero. Rotate current knob completely counter clockwise. Flip OFF circuit
breaker.

If any inconsistency from the above test procedure is noted, please do not hesitate
to call EMI for assistance.

83-481-018 Rev D
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3 OPERATING INSTRUCTIONS
3.1  CONTROLS, INDICATORS (LEDS) AND CONNECTORS

This section gives a brief description of the controls and indicators and also describes
the different operational methods of the ESS power supply. Refer to figures 3.1 and

3.2
REFERENCE
NUMBER |CONTROL/INDICATOR FUNCTION

1 POWER ON LED When glowing, indicates that the supply is on and
in the Normal Operation Mode.

2 Phase Loss LED When glowing, indicates that Low Line or Phase
Loss or both has occurred.

3 Inverter Failure LEDs Four LEDs corresponding to four inverters. The
number of the LED that glows indicates which
inverter has failed.

4 Current LED Indicates constant current mode.

5 Overvoltage LED Indicates supply has exceeded the voltage that
was set by the OVP Control.

6 Voltage LED Indicates that the supply is in the constant Voltage
mode.

7 Circuit Breaker Connects and disconnects AC input to supply.

8 Voltmeter Displays output voltage of power supply.

9 Ammeter Displays output current of power supply.

10 Control Failure LED Indicates system failure in the supply.

NOTE: will go out when supply has soft started
and is on when remote is turned off.

11 Voltage control Adjust the output voltage from zero to full scale.

12 Current Control Adjust the output current from zero to full scale.

Table 3.1: Front Panel Controls and LED’s
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FIGURE 3.1: Front Panel
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REFERENCE
NUMBER |CONTROL/INDICATOR FUNCTION

1 J1 Connector Programming Connector

2 TB1 Terminal Strip AC Input

3 J2 PSync Circuit Provides interfacing between the external
synchronization and the power supply

4 Ground Stud Allows the panel to be conveniently connected to
ground.

5 Output Terminals The load is connected to these 2 terminals. The
output terminals supply power to the load.

Table 3.2: Rear Panel Controls And Connections

REFERENCE
REFER TO TABLE 3.3 OUTPUT TABLE

%9@? u
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D e —
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Figure 3.2 Rear Panel
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3.2

GENERAL OPERATION

When shipped from the factory, each supply is configured for constant voltage,
constant current and local sensing operation. This is the default or typical operating
mode of the supply. All performance specifications, unless otherwise stated, are
defined in this configuration. The voltage and current controls set the boundary limits
for the load voltage and current respectively. The relationship between the control
settings and the load resistance determines whether the power supply operates in
constant voltage or constant current mode. Automatic crossover between modes
depends on the following:

»The load connected to the output terminals of the power supply R. .
»The front panel voltage control setting Vset.
»The front panel current control setting Iset .

Constant Voltage Mode: The power supply will operate in this mode whenever the
current demanded by the load is less than that defined by front panel current control.
In this mode, the output voltage of the power supply is set by the front panel voltage
control. The output current is determined by the load and the Vset.

Constant Current Mode: The power supply will operate in this mode whenever the
current demanded by the load is greater than that defined by front panel current
control. In this mode, the output current of the power supply is set by the front panel
current control. The output voltage is determined by the load and Iset.

Vmax- Open Circuit Load Pt.
Vset. l

R>R

Voltage Mode Line
~T$——— Crossover Point

ers  Rei*Rors [¢——— Current Model.ine
o e Short Circuit Load Pt.
§ /’_’,——’R—LZRcrs
- T i
Iset Imax. Rers= Vset Iset

FIGURE 3.3A : Operating Modes

The front panel provides all controls and indicators necessary to operate the power
supply.
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3.3

3.4

Open Circuit Load Pt.

Vet h/ *——Voltage Mode Line
{=.- ——— Crossover Point
[ S
XL Current Mode Line
b g o @
b e S / Short Circuit Load Pt.

WXL .
’I/f _‘—'
L "R
P Ry
1

I5KW 20KW

Rers= Vset / Iset

FIGURE 3.3B: Operating Modes 15KW-20KW

The front panel provides all controls and indicators necessary to operate power
supply.

OVERVOLTAGE PROTECTION

An adjustable internal overvoltage protection (OVP) circuit trips between 0% and
110% of output. When the circuit is tripped, the front panel Overvoltage LED will
glow, and the OVP circuitry will latch on. To reset the OVP circuit, rotate the OVP
potentiometer completely clockwise, and flip the circuit breaker to the OFF and then to
the ON position.

CONNECTING THE LOAD

Ensure that the power supply is off and disconnected from the input power and
that all load capacitors are discharged and shorted to ground before making
any connections. Never handle the HV cable during operation.

Each resistive load must be connected to the power supply output terminals using
separate pairs of connecting wires. Make sure that the connecting wires are of
suitable gauge to sustain maximum rated current. Separate pairs of wires minimize
mutual coupling effects between loads and maintain the low output impedance of the
power supply. Each pair of connecting wires must be as short as possible. If strong
AC or RF fields are present, the connecting wires should be twisted or shielded. If a
shield is used, connect the supply end of the shield to earth ground. Do not terminate
the shield at the load end.
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3.5

MODES OF OPERATION

A 25 Sub-D female Connector (J1) is used for configuring the operating mode of the
power supply. Depending on the configuration of the J1 programming connector, an
external resistance, voltage or current can be used to control the power supply in the
remote operation mode. Remote programming can be applied to either voltage
channel (voltage regulation circuit) or current channel (current regulation circuit). If
strong AC or RF fields are present, use a twisted pair or shielded cable to connect the
remote terminals of J1 to the programming source. The following table provides a
description of the J1 connector.

PIN PIN DESCRIPTION
1 +V
2 +V REMOTE
3 V PROGI
4 V AMP IN
5 V PROGR
6 V PROG RCOM
7 -V REMOTE
8 -V
9 1 PROG |
10 1 AMP IN
11 1 PROGR
12 -SHUNT
13 INV AMP IN
14 REMOTEV IN
15 REMOTE V SW
16 REMOTE V SW
17 OVP M/S IN
18 i PROG SLAVE
19 V MONITOR
20 | MONITOR OUT
21 -V OUT TO SLAVE
22 -V IN FROM MASTER
23 | MON IN FROM MASTER
24 OVP M/S OUT
25 + SHUNT

Table 3.3: Prgramming J1 Connector.
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3.5.1

3.5.2

NORMAL OPERATION MODE

In the Normal Operation mode, the power supply is controlled by the front panel
potentiometers. The supply is configured for constant voltage, constant current
and local sensing. When shipped from the factory, the supply is configured for
this mode. Figure 3.4 illustrates the configuration of J1 for the Normal Operating

mode.
Y PROGRAMMING CONNECTOR

11213(4|5|6|7|8]|9|10|11({12(13]|21({14{15(16]|20|22
i A I i ] | |

FIGURE 3.4: Normal Operation Mode

CAUTION: IF THE REMOTE PROGRAMMING RESISTOR OPENS, THE
LOAD VOLTAGE OR LOAD CURRENT CAN INCREASE TO THE MAXIMUM
RATING OF THE POWER SUPPLY. THEREFORE, USE
MAKE-BEFORE-BREAK SWITCH CONTACTS BETWEEN EXTERNAL
PROGRAMMING SOURCE AND THE PROGRAMMING J1 CONNECTOR.

REMOTE PROGRAMMING BY EXTERNAL RESISTANCE

Voltage Channel
A 5000 ohm potentiometer programs the supply output voltage from zero to full
rated voltage. Front panel Voltage control is disabled. Front panel Current
control remains active.

Desired Output Voltage

~ Full Rate = d Output Voltage

x 5000 ohms

w PROGRAMMING CONNECTOR

112|3|4|5(6|7]|8[9(10(11[12|13(21|14]|15]|16]20|22
| [} ] | L A

5K
WV

-

FIGURE 3.5: Remote Programming By External Resistance For Constant
Voltage
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Current Channel

A 5000 ohm potentionmeter programs the supply output current from zero to full
rated current.Front Panel Current control is disabled. Front panel Voltage control

remains active.

__ Desired Output Current
~ Full Rated OutputCurrent

ﬂ PROGRAMMING CONNECTOR

x 5000 ohms

11213|4|5|6|7|8]|9]|10]{11|12{13|21]|14|15]16/20|22
L R ] ) A

5K
AW

|

FIGURE 3.6: Remote Programming By External Resistance For Constant Current.
3.5.3 REMOTE PROGRAMMING BY EXTERNAL VOLTAGE

Voltage Channel

A 0 to 5 Vdc variable power supply programs the supply output from zero to full
rated voltage. Front panel Voltage control is disabled. Front panel Current

control remains active.

ﬂ PROGRAMMING CONNECTOR

11234567 |8]|9|10[11|12|13(21[14|15]|16|20|22
| ! [ - | | A ] ]
|

0-5v=
O-FS
VOLTAGE

FIGURE 3.7: Remote Programming By External Voltage For Constant Voltage
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3.5.4

Current Channel

A 0 to 5 Vdc variable power supply programs the supply output from zero to full
rated current. Front panel CURRENT control is disabled. Front panel Voltage
control remains active.

ﬂ PROGRAMMING CONNECTOR

112(3|4|5(6|7(8]|9]|10(11|12(13]|21|14|15(16|20|22

| J | ! [ . [} 1 ) ]

o]

0-5v=
0-FS
CURRENT

FIGURE 3.8: Remote Programming By External Voltage For Constant Current.
REMOTE PROGRAMMING BY EXTERNAL CURRENT
Voltage Channel

A 0 to 1 mA Variable Current Source programs the supply output from zero to full
rated voltage. The curent source is placed in parrallel with a 5000 ohm variable
resistor. Front panel Voltage control is disabled. Front panel Current control
remains active.

\M PROGRAMMING CONNECTOR

1(2(3]|4|5]|6|7|8|9(10[(11]|12|13|21|14]|15]|16(20|22
]

T

5K
WV

| 4

+Q)=
Y
0—1mA

FIGURE 3.9: Remote Programming By External Current For Constant Voltage.
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3.6

Current Channel

A 0 to 1 mA variable current source programs the supply output from zero to full
rated current. The current source is placed in parallel with a 5000 ohm variable
resistor.  Front panel current control is disabled. Front panel Voltage control
remains active.

ﬂ PROGRAMMING CONNECTOR

11213(4|5|6|7]|8 9 110(11]12|13|21 14115[16(20(22
| | | A
5K

ANV
L
—'—{+ : }———i._ 4

0—1mA

FIGURE 3.10: Remote Programming By External Current For Constant Current.
REMOTE SENSING

In applications where the voltage drop across the wires connecting the load cannot be
ignored, the output voltage can be sensed directly across the load. The front panel
voltmeter indicates the voltage directly at the power supply. Remote sensing
minimizes the effect of the power distribution system on the load voltage and current.
With remote sensing, the maximum output voltage of the power supplys equals the
rated output voltage, minus the total voltage drop across the connecting wires. Figure
3.11illustrates the strapping and connections required for remote sensing. Note that
the sensing wires are polarized. For voltages greater then 150 Vdc, connect an
external resistance (1K Q per volt for each volt above 150) between the + sense line
and pin 2. Refer to the A100 board schematic.

ﬂ PROGRAMMING CONNECTOR

11213|4|5|6|7]|8]|9]|10]{11[12]13]21 14(15|16|20|22
. 4 )

+ LIjoooooor: TERMINALS

NOTE POLARITY TWISTED PAIR POWER SUPPLY

+

LOAD

FIGURE 3.11: Remote Sensing
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3.7

PARALLEL OPERATION

NOTE: Electronic Measurements does not recommend connecting more than
two ESS power supplies in parallel. Contact the factory before connecting three
or more supplies in paraliel.

1) The J1 Programming Connector should be configured for the Normal
Operation mode before connecting the two power supplies in parallel.
Refer to Figure 3.4 for the Normal Operation mode configuration.
Caution: Verify that step 1 is done properly before proceeding.

2) Advance the Current control of each supply one half turn clockwise.
3) Use the Voltage control on each unit to set the required output voltage.

4) Turn off both power supplies and rotate each Current control to its
maximum counterclockwise position.

5) Connect each positive load terminal to the positive side of the load.
Connect each negative load terminal to the negative side of the load.

NOTE: Individual leads between the power supply and load must be
equal in length and of sufficient gauge to provide a low impedance.

6) Turn both power supplies on.
7) Advance each Current control to maximum clockwise position.

8) Use the Voltage controls to ensure that each power supply delivers
approximately the same load current.

9) Slowly adjust each Current control to limit supply output current just above
the value required by the load.

COMMON POINTS AT THE LOAD-
NOT POWER SUPPLY

+
ESS

POWER
SUPPLY

LOAD

+
ESS

POWER
SUPPLY

FIGURE 3.12: Parallel Operation
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371 PARALLEL OPERATION IN MASTER/ SLAVE CONFIGURATION

A)

B)

Maintain the same connections used for parallel operation (Figure 3.12).
Adijust the strapping of each (master and slave supply) J1 programming
connector as shown in Figure 3.13. The power supply designated master
controls the voltage and current output of the slave supply.

Figure 3.14 for Master/Slave with OVP Master/Slave. In this configuration
both Master and Slave will shut down with an OVP Function.

Advance the Voltage and Current controls of the slave supply to maximum
clockwise position. Use the Voltage and Current controls of the master
supply to set load voltage and current.

J1 PROGRAMMING CONNECTOR
MASTER \

11213|4|5|6]|7]|8]|9[10{11[12]13|21 14|15]|16|20|22
| | L | | | ] ] | ]

1121314|5|6|7|8]|9|10[11]12]13]18]14[15|16|22)|23

FIGURE 3.13: Parallel Operations in Masters/Slave Configuration.

NOTE: The Slave power supply should be set at 1% to 5% higher in the
voltage channel than the master, (otherwise the master will lose control of the
slave and the slave will seek the voltage setting of the front panel setting).
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J1 PROGRAMMING CONNECTOR
MASTER \

3

4

5

6(7(8|9]10|11|21

14|15

16|20(22(24|17

]

)

| I ] ]

14|15

16(22)|123(17|24

FIGURE 3.14: Paralled Operation in Master/Slave Configuration with OVP

WIRE RUN LIST
Master Slave
1 1
23] 2
3¢ 3
4 < 4
5« 5 5.36k
6 < 6 NC 1AW 1
7 < 7
8. 8
9 < 9
10 10
11« 11
12 12
13 13
4< >14
1 15
1$ 16
17 17
18 18«
19 19
2 20
21 21
22 22
23 23
24 24
25 25

Master/Slave.

+ 1uF

— 1ov

FIGURE 3.15: Master/Slave Alternate Hookup For 424-37-8-0895-1(Typical

15KW-20KW Sets)
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3.8

3.9

SERIES OPERATION

NOTE: Electronic Measurements, Inc. does not recommend more than two ESS
power supplies connected in series. Contact the factory before connecting
three or more supplies in series.

Two ESS supplies are connected in series by connecting the negative output terminal
of one supply directly to the positive output terminal of the second supply. Voltage and
Current controls of each supply are adjusted independently. Total output or load
voltage equals the sum of the individual supply outputs. Although the supply output
terminals are floating, the maximum voltage at any one terminal must not exceed 600
volts with respect to chassis ground.

NOTE: Individual leads between the power supply and load must be equal in
length and of sufficient gauge to provide a low impedance. The leads between
output terminals of the supply must be of equal gauge.

+
ESS

POWER
SUPPLY

+

? LOAD

“+
ESS

POWER
SUPPLY

FIGURE 3.16: Series Operation
REMOTE METERS

If strong AC or RF fields are present, remote meter leads should be shielded. Connect
the supply end of the shield to J1-25. Do not terminate the load side of the shield.

A remote voltmeter is connected between J1-2 (positive) and J1-7 (negative). The
voltmeter reads the voltage at the load in conjunction with remote sensing. To read
voltage at the supply output terminals, connect the voltmeter across J1-1 (positive)
and J1-8 (negative).
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Figure 3.17 illustrates a remote voltmeter that indicates voltage across the output

terminals of the power supply. Remote sensing is not used. Figure 3.17 illustrates a
remote voltmeter that indicates voltage across the load.

ﬂ PROGRAMMING CONNECTOR

112|3|4|5|6(7|8]|9([10|11]12(13|21(14]|15]|16(20|22
] ] ! - |

LN
) 11
p POWER SUPPLY
§ 102D TERMINALS
11

FIGURE 3.17 : Remote Meters Across Output.

w PROGRAMMING CONNECTOR

112]|3|4|5|6|7|8|9|10(11[12(13]|21]|14]|15|16|20(22
] S | ] ]

REM W POWER SUPPLY
—0000— LOAD
TWISTED TERMINALS
PAIR
. 11

FIGURE 3.18 Remote Meter Across Load.
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A) To measure load current, use a remote millivolt meter (100 mV full scale
sensitivity), calibrated in amperes. Connect the meter across J1-12 (negative) and
J1-13 (positive). The power supply generates 100 mV across J1 pins 12 and 25 at
full rated output current. See Figure 3.19.

B) Connect 0-5 Vdc meter from J1-20(+) to J1-8 (-V). A full rate current, will
generate 5 Vdc. See Figure 3.19.

* PROGRAMMING CONNECTOR

11213l4|5|86|7]|8]|9|10[11[12[{13]|21]14[15]16)20)25
[ ] ! ] ! ]

_./1:\*.
W
REM WM
0—100mV = 0-FS

FIGURE 3.19: Remote Across Shunts

Use a higher sensitivity meter movement with a series calibration resistor to
compensate for IR drops generated across long remote leads.

310 VOLTAGE AND CURRENT MONITOR, 0-5VDC OUTPUT
Y PROGRAMMING CONNECTOR

11213l4|5]|6|7|8|9[10[11]12[13|21 14|15(16119|20
1 A 1 1 ]

REMOT!
0-5v =

V MONITOR
—FS VOLTAGE

+

om

@

REMOTE | MONITOR
0-5V = 0—FS CURRENT

FIGURE 3.20: Voltage and Current Monitor.
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3.10.1

\\H PROGRAMMING CONNECTOR

REMOTE PROGRAMMING BOTH VOLTAGE AND CURRENT

112(314[|5|16(7]|8|9|10(11|112(13]|21|14|15(16/20|22
T 1 ) 1
5K 5K
ANNN— M\
4 L9
FIGURE 3.21:

Remote Programming By External Resistance For Constant Current
and Constant Voltage.

Y PROGRAMMING CONNECTOR
11213415 678910111213211415162022
[ | 1\ | [} t ] ’ ]
0—5V= 0-5V=
0-FS 0—FS
VOLTAGE ~ CURRENT
FIGURE 3.22:

Remote Programming By External Voltage For Constant Current
and Constant Voltage.

83-481-018 Rev D
Page 27 of 37




101

O O

OLOUO
onono

O C-)O-O-OC_)O
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L3 N GN
L4y Lz L3 N OND 1om/151<w 380—-400,
10KW/15KW 380—415V 415-440-480V
OUTPUT

uln

< 60 AMPS > 400VDC
0 TO 400 AMPS < 500VDC 400 AMPS TO 1000 AMPS
[} o o Q o o >} o o o ] o]
| 1 = 1

FIGURE 3.23: Rear Panel Reference.
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4.1

4.2

4.3

4 THEORY OF OPERATION
REFERENCE

01-481-XXX Main schematic 220, 380, 415 Vac input (XXX depends on model).
01-000-360 A200 Inverter Board. All models.

01-000-635 A100 Board Schematic 220, 380, 415 VAC.

01-000-701 A100 Board Schematic 220, 380, 415 VAC.

The 220 Vac version works with 3 phase four wire systems. The Input AC is rectified
by CR1. A raw DC bus is created with a parallel combination of C1 and C2. Refer to
main schematic. The power is processed by four high frequency transformers
coupled with full bridge buck converters. The raw DC bus is connected to the input of
a full bridge inverter. The output from the bridge is controlled by the duty cycle of the
PWM. For 220 Vac input, all four modules are connected to the parallel combination
of C1 and C2.

POWER FLOW

The AC power enters through TB1 on the rear of the unit and passes through the
A300 line filter board. The load side of the line filter is connected to a circuit breaker.
The raw DC bus is created by the series or parallel combination of C1 and C2. L1
controls the peak charging current which is inherent in capacitive input filters.
Additionally, L1 also increases the conduction angle, thereby improving the power
factor of the system.

The inverter board consists of four full bridge inverters. The output of the inverter is a
33 Khz PWM square wave, which is fed to the primary of transformers T1A to T1D.
The secondary of the transformers is connected to a full wave rectifier and an LC
averaging filter. Each module is connected to the output bus bar. The output has
preload resistors mounted on the heatsink assembly. The output filter consists of
L2A-2D, L3, C7, C8, C9, and C10. An RC snubber is used to minimize the voltage
spike across the diodes.

INVERTER MODULE

The full bridge inverter consists of four IGBTs. T1 is designed such that Q1 and Q4
are turned on simultaneously while Q2 and Q3 are turned off. T2 senses the
switching of the IGBTs and the switching of the HF power transformer's primary
current. CR9, CR10, CR11, and CR12 rectify the signal from T2 and generate a
voltage across the burden resistor R14. The signal across R14 is connected to the
A100 card for control purposes. C5 snubs the spikes generated by the primary
leakage inductance of the HF power transformer. CR2, CR4, CR6 and CR8 are the
anti-parallel diodes across the switches. The RC snubber across the device limits the
dv/dt so that latching of the IGBTs is prevented. L1, C13 and C14 form a bypass
circuit which delivers the entire pulse current of the inverter, thereby reducing the area
of high frequency pulse current. The signal from TS1 shuts the PWM down in case of
over heating. The A100 board controls steady state volt-second balance across the
high frequency power transformer to prevent saturation of T1.

83-481-018 Rev D
Page 29 of 37



4.4

4.5

4.6

4.7

SIGNAL FLOW

A100 BOARD: This board generates + 15 volts and +5 volts for "Housekeeping"
purposes. Other functions of the A100 control board:

1) Reference Generation
2) CC/CV Control
3) Control of PWM
4) Supervisory Functions
5) Over current protection

REFERENCE GENERATION

Separate constant current references are provided for voltage and current channels.
The collector current of Q1 drives the voltage channel. The collector current of Q2
drives the current channel. The current sources are referenced by U6, a highly stable
voltage source. The current through the sources is adjustable by R6 and R8. The
current sources are factory adjusted to 1 mA, and terminate at J1-3 and J1-9 on rear
panel programming connector.

ERROR AMPLIFIERS

Constant voltage control and error amplification are implemented by U7. The
reference (0-5 Volts) is connected to the non-inverting terminal of U7. An attenuated
version of the output voltage is connected to the inverting terminal of U7. A voltage of
0 to 5 volts across R136 is the equivalent of 0 to 100% of the output voltage. The
output of the voltage channel amplifier can be measured at A1. It should be -0.7 volts
for the shutdown condition and 6 volts for maximum duty cycle. The offset null is
adjusted by R15. Constant current is implemented by U8 and US. The references are
connected to the non inverting inputs of U9.

The output current is sensed by shunt R12 mounted in the power supply. The output
of the current channel can be measured at B1. It should be -0.7 volts shutdown or 6
volts voltage and current channels are "ORed" via diodes CR41 and CR31, and thus
provides automatic crossover from current to voltage control and vice versa.

PULSE WIDTH MODULATOR

The "core" of the A100 board is the four UC 3825 controllers. U15, U16, U17 and
U18 are synchronized by the clock consisting of U4, U20, U21, U22, U23, and output
drivers U22A-B, which comprise the sync needed to control the point at which the
oscillator ramp begins.

All error amplifiers of U15, U16, U17 and U18 have a unity gain. Their inputs are
tied together and receive their signal from U7 and U9. Q4, Q6, Q8, and Q10 isolate
the clock signal from the oscillators to provide slope compensation for U15, U16, U17,
and U18.

Signals are fed through diodes CR62, CR70, CR 63 and CR71to pin 7. Atpin 7, the
clock signal and the current signal are combined. C54, C64, C74 and C84 block DC
from Q4, Q6, Q8 and Q10 from appearing on pin 7 of each PWM. The duty cycle of
the PWM is controlled by comparing the output of the error amplifiers (U15, u1e, u17
and U18) to the ramp of the oscillator and the current sense signal of the high
frequency transformers.
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4.8

4.9

4.10

4.11

4.12

4.13

Q5, Q9, Q7 and Q11 make up the soft start. When their bases are pulled low or their
emitters are pulled low, the PWM shuts down. When the bases or the emitters are
released, the PWMS will slowly widen pulse width and then are controlled by error
amps.

SUPERVISORY FUNCTIONS

U14, U11, and U12 and the associated components form the supervisory circuit.
These functions include: undervoltage lockout, phase loss detection, overvoltage
protection, control failure, inrush current suppression, mode detect and over
temperature lockout. Inrush current limitation and mode detection are implemented
by U12. The other functions are implemented by the power supply's supervisor chip
U14 (UC3544).

REMOTE TURN ON CIRCUIT

This feature allows the user to control the power supply from a remote location with a
12-24 Vdc, 24-115 Vac or a dry contact closure. U4 provides isolation from the
power supply ground. When using a dry contact closure, the power is supplied by the
bias transformer, rectified on the A100 board, and then routed to J14, J16 and R47.

INRUSH CURRENT LIMITING CIRCUIT

The soft start is controlled by the A100 board and works in conjunction with the K1
that is on the input rectifier assembly. When power is applied to the supply, the
output of U12 is low. The input bus capacitors are charged via K1 with a resistor to
limit the inrush current. After the elapsed time, which is determined by R47, R49 and
C42, the output of U12 switches to high closing both relays (K1). The soft start pins of
U15, U16, U17, and U18 go high enabling the PWMs.

MODE DETECT

The output of the voltage channel and current channel are compared by the second
op-amp of U12. The output of the comparator switches between plus and minus 15
volts depending on the magnitude of its input signal. If the output is positive, the
voltage LED on the front panel lights; if it is negative the current LED lights.

THERMAL SHUTDOWN

The heatsinks' temperature is sensed by individual thermostats wired in parallel. The
thermostats are normally open but they close when the temperature exceeds 70
degree Celsius. A closed thermostat will pull the soft start pins of U15, U16, U17, and
U18 low, disabling the PWMs.

PHASE LOSS CIRCUIT

The phase loss circuit is the same for all the models, except that the 220 Vac model
does not detect a neutral loss.

4.13.1 PHASE LOSS CIRCUIT For the 220 Vac

The incoming AC line is rectified (on the PCB AB00 assembly) and optically
coupled to the control section. The output of the opto-coupler is controlled by
R1, R2, R3 and R7. The output of the opto-coupler is connected to pin 9 of U14
(on the A100 board) and is compared to the 2.5 volts reference on pin 8. For
normal operation, pin 11 is high (15 volts). When a phase loss or a low line
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occurs, pin 11 switches to low causing the soft start pins of U15, U16, U17, and
U18 to go low, thus disabling the PWMs and turning the phase loss LED on.

4.13.2 PHASE LOSS CIRCUIT 380, 415 and 480 Vac

4.14

4.15

4.16

The incoming AC line is rectified (on the PCB AB00 assembly) and optically
coupled to the control section. The output of the opto-coupler, U2, is controlled
by R4, R5 and R6. The output of the opto-coupler is connected to pin 9 of u14
(on the A100 board) and is compared to the 2.5 volts reference on pin 8. For
normal operation, pin 11 is high (15 volts). When a phase loss or a low line
occurs, pin 11 switches to low causing the soft start pins of U15, U16, U17, and
U18 to go low, thus disabling the PWMs and turning the phase loss LED on.
The neutral loss circuit is comprised of R1, R2, R3, R8, R9, R10, R11, CR7,
CR4, CR5, C1 and U1. If the neutral line is disconnected, a voltage will develop
across R11 causing U1 to disable U2. Therefore, the soft start pins of U15, U16,
U17, and U18 will go low disabling the PWMs.

OVERVOLTAGE PROTECTION

This feature allows the user to control the power supply's overvoltage trip point. The
overvoltage control (R16) located on the front panel controls an adjustable 2.5 volt
reference which is fed to the U14 on the A100 board. An attenuator on the A100
board also couples the DC signal to U14. When the signal of the attenuator is higher
than the adjustable 2.5 volt reference, U14, drives a DC signal to the A900 board.
UB01(SCR optocoupler) drives Q601 which crowbars the output of the power supply.
At the same time U14 pulls the (SS line) low which shuts off the PWM.

PSYNC OPERATION (DEPENDS ON MODEL)

The incoming P Sync signal is optically coupled by U2 and divide by 3 by U3 and U4B.
It is divided by 2 for 1 MHz Sync Modules. Then the signal is coupled by C6 to U5
which the phase lock loop IC which synchronizes the incoming signal to U6, U7, and
U4 which divides it by 20 for 81 KHz models or buffers it for 1 MHz modules for the
A100 board.

ENABLE ASSY A700 (DEPENDS ON MODEL)

\V program is connected to S1 which is connected to U702. U702 selects whether
voltage program is adjusted to 100 - 107VDC or to full output voltage by external user
program optically coupled by U703 and U704. S1 overrides this function when
switched to Local.

When overtemp occurs in INV #1 or INV #4 Q701 conducts sending a closure signal
to J703, 4, 5. At the same time it lowers | max program to 37.5 Amps from 50 Amps.
When high temp has been removed 20KW mode is reactivated.
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5 MAINTENANCE

5.1 INTRODUCTION

This section provides a troubleshooting guide, module replacement procedures and a
calibration procedure. The troubleshooting guide addresses the most common
symptoms and their causes. The replacement procedure outlines the removal and
replacement of the Field Replaceable Units (FRUs). The calibration procedure
outlines the adjustment of the A100 board. Whenever any troubleshooting,
replacement or calibration is done, the schematics and components listed in section
6.10 should be used for reference. Prior to removing the cover, refer to Section 1.2

Page 1 for safety warnings.

5.2 TROUBLESHOOTING GUIDE

SYMPTOMS

POSSIBLE CAUSE

No Output. Control Failure LED is on.

Phase Loss LED is on

Supply working, but power on LED
is not glowing.

Supply not working and Power On
LED not glowing

Inverter LED is glowing

Circuit Breaker trips

Unit output goes too high. Voltage and current
are unadjustable.

OVP trips when unit Turned on

Cannot reach full output
High ripple

Overheating

Remote on/off is disconnected.

A100 board failure, inverter failure or neutral
disconnected on 380, 414, 480 Vac input models, or
OVP fired.

NOTE: When remote is OFF, control failure will be ON.
This is a normal condition.

AC Line low or phase/ neutral is disconnected.

Faulty Power On LED.

F1 fuse blown. Bias supply failure or fan(s) failure.

Inverter failed (replace inverter), check diodes on output
assembly.

Input rectifier failed or inverter failed.

Wires to voltage or cument pots are disconnected.
Voltage or current pot is broken.

OVP pot broken or wires disconnect. OVP tripping
because output is too high or adjusted too low.

One or two inverters have failed.
One of the output caps has failed

One of the fans have failed or an inverter is overheating.

Table 5.1 Troubleshooting Guide
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5.3 FIELD REPLACEABLE UNITS (FRUS)

This supply is comprised of several modules (assemblies). If a module fails, simply
replace it with an identical one. A front panel LED will glow to indicate which module

(assembly) has failed. FRUs (

Modules) are replaced by removing the screws on the

top cover which allows access to the modules. When ordering a FRU, please refer to
its EMI number and the model number of the power supply. The table below provides
a list of the modules and their EMI part numbers.

Table 5.4 Copley FRU
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FRU AC Input Voltage Of Supply EMI Part Number

A200 Inverter Board10 kw|220-480 23-227-001

15 Kw 23-227-000

A100 Control Board 220, 380415, 480 20-760-7XX, 20-928-XXX

20-760-8XX
A900 OVP Board 220-480 20-460-1XX When Installed
Main Rectifier Assembly  |220, 15KW 26-330-004
ggg 10KW 26-330-002
S
Fan Assembly All Models 12-481-003
Table 5.2 FRUs
DESCRIPTION ENI P/N COPLEY PIN FRU NO.
ESS Supply 00-481-040 88-0026 4522-150-11231
A500 Sync Bd 12-481-014 05-0427 4522-150-11281
-002 A200 inverter 12-481-015 05-0425 4522-150-11241
-003 A200 Inverter 12-481-016 05-0441 4522-150-14591
A100 Control Bd 12-481-017 05-0426 4522-150-11251
AC Fan Assy 12-481-003 65-0014 4522-150-10321
Input Rect. Assy 12-481-013 05-0424 4522-150-11261
AB00 Phase Loss Bd 12-481-044 02-0650 4522-150-11312
A700 Enable -Bd 12-481-018 05-0442 4522-150-14521
Table 5.3 Copley FRUs

DESCRIPTION EMI P/N COPLEY PIN FRU NO.
ESS Supply 00-481-327 88-0009 4522-150-10282
A500 Sync Bd 12-481-004 02-0278 4522-150-10241
-000 A200 Inverter 12-481-042 02-0239 4522-150-10291
A100 Control Bd 12-481-041 02-0443 4522-150-10301
AC Fan Assy 12-481-003 65-0014 4522-150-10321
Input Rect. Assy 12-481-043 05-0164 4522-150-10311
A600 Phase Loss Bd 12-481-044 02-0650 4522-150-11312

S



5.4

5.5

5.6

5.7

Caution: Proper ESDS (ElectroStatic Discharge Sensitivity) procedures should be
adhered to whenever replacing a module or troubleshooting the power supply.

Prior to removing the top cover of the power supply, Refer to Safety Precautions
section 1.2 of page 1. Simply loosen the screws that attach the cover to the chassis
and remove the cover.

INVERTER A200

There are four inverter board assemblies in the power supply. Inverter failures are
indicated on the front panel by their LEDs. To remove a module, loosen the five
captive screws on the plate between inverters 1 and 2 (or inverters 3 and 4), then
remove the plate. Unplug the multi-pin cable near the top and remove the screws
holding the red and black wires. Lift out the module and unplug the red two pin
connector. Install the new module in the reverse order. All four inverter modules are
removed and installed in the same manner.

54.1 INVERTER A200 TEST

After the module has been replaced, the following test procedure should be
done:

A) With no load connected to the output terminals of the power supply, adjust
the front panel's Voltage and Current controls fully counter clockwise.

B) Apply power. Turn on the front panel CB (supply starts after a ten second
delay). Turn up the current and voltage controls until the output is about 15%
of Max. voltage, then adjust the load for about 20% of Max. current.

A100 CONTROL BOARD

All of the plugs (12 total) on the A100 board should be disconnected before removing
the board. Unscrew and remove the six screws which hold the board to the chassis.
Remove J1 which is located on the rear panel. The board should now be free of any
connections and can be simply removed. Replace in the reverse order and be sure
the connectors are correctly plugged back into the PCB. If unsure, mark the
connectors before unplugging.

A) Rotate the front panel controls fully counter clockwise.

B) Apply AC power. Turn on the front panel CB and slowly advance the current
contro! 1/4 turn. Slowly advance the voltage control. The output should gradually
increase as the Voltage control is rotated.

FAN ASSEMBLY

The procedure for removing the fans is as follows. Unscrew the captive screws (two
for each) that attach each fan to the chassis. After the base screws are loose,
remove the two screws near the top which screw into the flat chassis plate where the
A100 PCB is mounted. After unsoldering the wires to the AC terminal, the fan
assembly can be removed. To install, follow the reverse order.

MAIN RECTIFIER ASSEMBLY

To remove the rectifier assembly, face the front panel. The chassis left side cover
has to be removed. This side cover is fastened with seven screws to the chassis.
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5.8

5.9

After this side is removed the rectifier assembly can be accessed. The two bottom flat
head screws, hold the bracket to the chassis.

After the flat head screws are removed, the five large wires and eleven small wires
must be removed before the assembly is ready for removal. Because of the large
number of wires, mark each wire as it is being removed so that it can be replaced
correctly. The reassembling is the reverse sequence of that used to remove the
module.

A) Adjust the front panel controls fully counter clockwise.

B) Apply AC power and turn the front panel CB on.

C) Advance the current control fully counter clockwise and slowly adjust the voltage
control until system output voltage is achieved.

D) Apply full load current and the output voltage deviation should be less than 0.1%
of maximum output. The unit can now be returned to service.

A900 OVP BOARD (IF INSTALLED)
A) After the board has been replaced, the operation of the board should be checked.
B) Apply AC power and turn on the CB.

C) Adjust front panel OVP control fully clockwise, as the voltage of the set increases
to the front panel setting of the voltage pot on front panel, turn the OVP control pot
counterclockwise until the OVP activates. After the OVP has been activated turn
CB off and return OVP setting to the desired point. Tumn CB back to verify that set
is functioning properly.

CALIBRATION

Calibration of the A100 Board (for all models) is necessary whenever replacing the
A100 Board, the voltage control, or the current control. The following is the calibration
procedure for the A100 Board. Refer to schematic #01-000-478.

1) Remove cover.

2) Rotate voltage and ammeter potentiometers counter clockwise.

3) Turn power supply on.

4) Partially rotate voltage potentiometer clockwise.

5) Connect negative lead of DVM to pin 2 of U24.

6) Connect positive lead of DVM to cathode of CR31.

7) Digital meter should display 6 Vdc.

8) Rotate voltage potentiometer counter clockwise.

9) Adjust R15 until DVM displays -0.6 volts.

10) Partially rotate current potentiometer clockwise.

11) Connect positive pin of DVM to cathode of CR41 (keep negative lead of DVM at
pin 2 of U24).

12) DVM should display 6 volts.

13) Rotate current potentiometer fully counter clockwise.

14) Adjust R21 until DVM displays -0.6 volts.

15) Connect positive pin of DVM to collector of Q1 (keep negative lead of DVM at pin
2 of U24).

16) Connect another DVM across output of power supply (no load is connected to
output).

17) Rotate voltage potentiometer fully clockwise.
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18) Voltage of collector Q1 should be 5 £ 0.01 Vdc, if not adjust R6.

19) Adjust R148 until output of power supply is equal to Voumax + 0.1 Vdc.

20) Disconnect DVMs. Turn off circuit breaker. Connect Rias < (Mmaximum output
voltage+maximum output current) to output terminals of power supply.

21) Connect a DVM to pins 1 & 2 of J2(shunt R12). Refer to the A100 board
schematic (use R25 and R26 for convenience).

22) Connect positive lead of another DVM to collector of Q2. Connect negative lead to
pin 2 of U24.

23) Turn on circuit breaker. Rotate current potentiometer fully clockwise. Verify that
the supply is in the current mode; the current LED should glow.

24) Voltage of collector Q2 should be 5 + 0.01 Vdc, if not adjust R8.

25) Adjust R34 until voltage across shunt (pins 1 & 2 of internal J2) is 100 £ .01%.

510 SYNC BOARD A500

A) After the board has been replaced the operation of the board should be
checked.

B) Apply AC power and turn ON the CB.Connect the oscilloscope probe
common to TP1 and the other to TP5.

C) Sync the scope to channel 1 (TP1) and the trace should show the two
wave forms to be in Sync.

Note the position of R6, and adjust 1/2 turn CW and 1/2 turn CCW. The
two traces should still show synchronization. Return R6 to it's original
position. This completes the test.

511 ENABLE BOARD A700 ASSEMBLY

A) After the board has been replaced the operation of the board should be
checked with a full load.

B) Apply AC power and turn on the CB and turn the front panel controls CW.

C) Connect meter to external shunt of 100MV at 50 amps. Attach jumper
from junction of R704 and R703, to collector of Q70, U701 output should
go low.

D) Set external shunt for 74 MV. program external unable and set should go
to max V set by front panel pot. Remove programming and set should work
in local.

5.12 SCHEMATICS AND COMPONENTS

The following pages contain component charts and schematics to be used as
references for any troubleshooting, replacement or calibration.
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RBG (Ri122
R73 ~ ,R107
R124 ,R70Q
‘Rizag =~
R103
R76 sR11Q
R¥3 1 RL27
R79 1 R193
Riza ™~
R151 ,R132
R&1
B e 1=
R&0
R135 ~
1T
J11
CHECK ™~




BiLL W oR28004

REV: B us/m: E

S8Y PCB AlOO CONTROL ESS 330-45-8-0856 W/TL

SEQ PART NUMBER
00CO0 130ZE00%

00Q0 "18036015

0000 18038020
0000 "20928000
0000 47085000
0000 54026001
0000 54154001

Q000 S4154004

0000 54154005 7 :
0000 54194007

~7 0000 54134009
0000 54134012

0000 341354013

00G0 54154014

0000 45041008
T 0060 47001001
OOOO &Mooﬁhnu
00Q0 &7Q01044

00Q0 47001048

A DRAWI! IR

DRAWING REY: C

REV DE3SCRIPTION U/M QUANTITY-PER LATEST ECO  REF-DSGN
J JUMPER WIRE INSL .200 CTRS .2%0 LEG 22 AWG £A 1. 000 NEW R139
J JUMPPER WIRE INSL .4C0 CTRS .250 LEG 22 AWE EA 11, 000 NEW T JP7 +JP10
R158 ,R49
R31 s RS0
h = R153 7CR71 =
CR62 ,CR&3
CR70
J JUMPER WIRE INSL . 900 CTRS .250 LEG 20 AWG EA 1. 000 NEW R143
B ASSY PCB AL00 CONTROL ESS 10/15KW COPLEY BASIC EA 1. 000 NEW B3 ¥ o]+ ]
JUMHER LINK 100 CTNHS L EA 2. 000 NEW . JP13A ,UP138
R CAF ELEC 22MF 25Y RADIAL EA 1.000 ECO 16000 REV B €93
c CTAP DECOURLIMG ™™ " 0. 1MF S0V AXIAL EA 1000 NEW =~ 7T Ti11T T
C CAP DECOUPLING 0. OIMF 50V AXIAL . EA &. 000 NEW caa . C29
) B o - 7/ SN o
(of%} , CB4
c " CAP DECOUPLING 0. Q0IMF 50V AXIAL EA &.000 NEW T esT T, ct0
cso ;1 C72
_ Cez  ,caE2
c CAP DECOUPLING  Z220PF 100V AXIAL EA 1. 000 NEW €35
c “CAP TDECOUPL ING "33PF 200V AXIAL EA 1.000 NEW 7777 "TTTTTTE{eT 7T
C CAP DECOUPLING 4700PF 50V AXIAL Ea4 2. 000 NEW ) €30 €18
C CAP DECOUPLING 0.047MF SOV AXIAL EA 3. 000 NEW c9 1 Co
. e e i, R g
c CAP DECOUPLING 100PF 200V AXIAL EA 4. 000 NEW Cas5 1 C73
- LU L .
H RELAY 0. 5A 100vVDC 1 FORM A DIP 14 PCH 1200 OHM EA 1. 000 NEW = K1
=3 RES CF 10 L/74W 7 u% EA 2. 000 NEW 7T TR1347T,R148 T
E RES CF 1M 1/4W 5% EA 1. 000 NEW R1&
E RES CF 2K 174V o9% EA 1. 000 NEW R22
£ RES CF 220 1/44 5% £A 2. 000 NEW "R111 L R11& :

59

=]

w




LU FRUNLL PMASUREPMENTS INC,

14:22: 87 21 NOV 12997 # % # SINGLE LEVEL BILL OF MATERIAL LISTING ¥ o H# REPORT: E00S5& PAGE: 2
BILL NO: 20928004 REV: B U/M: EA DRAWING NO: # DRAWING REV: €
ASSY PCB A100 CONTROL ES3 330-45-8-0856 W/TL

SEG PART NUMEER REV DESCRIPTION U/M  QUANTITY-PER  LATEST ECO  REF-DSGN §
o000 s7001067 e RES CF  daok LsaW 5% T £A 1. 000 NEW TRt

0QCO 47001076 E RES CF 47K 1/8W 5% £a 1.000 NEW ~ ~ R14&

0000 567001090 E RES CF & . 8K L/44W 9% EA 4.000 NEW ~ _R71_ ,R105

. o7o01Y : : Hag™ " | Rig2
0000 47001095 E RES GF 8 2K L/aU 5% EA 4.000 MEW i . R73 _ .RLO7

RiZ4 ", R90

_ 2060 47002044 b _ RES CF__ 470 1/2W 54 EA 1,000 NEW _ _ R103

0000 47002120 D RES CF 43 1/2M  S% EA 4. 000 NEW R7&6 /R110

R . e . ...REQ_RI27
0000 47005149 E RES MF 8.25K i/8W 1% EA 2. 000 NEW R6O  (R1S55
0000 47006053 _ T F RES MF 4.99K 1/74W ~ 1% E EA 1. 000 NEW® o TTTTTRigTT T T
0000 47005071 F RES #F 130K 1/4W 1% EA 2. 000 NEW R133 ,R157
0000 47004141 F RES MF 200K 1/4W 1% EA 2. 000 NEW R151 ,R152
00C0 47007014 ¢ RES MF 150K 172w 1L EA 2.000 NEW T 7 777 T TR&1TT JR99
0000 47007102 C  RES MF 187K 1/2W 1% EA 2,000 NEW  _R136 ,RI137
0G00 47015079 M RES WW 120 3w 5% £A 2. 000 NEW R3 + R140
0C0772049001 A HEADER PC MALE 24 CKT KEYED DUAL INLINE . 100 CTRS EA 1,000 NEW ~ 777 TTTTTTTULL T T
00RO ZCNOOOCO E/M E.C. 0. HISTORY . ) EA REF . NEW .. L GHECK -
REV A INITIAL RELEAGE DMH B/7/9& '

REV O ECO 15000 DMH 11/712/96

u

2

%

€3



SEQ
jalelele}

ooco

[s]elele}

0cco

0000

e]alele]

GQo
0000
0000

QQQQ

0000
‘0000

00QC0

Q0C0

Q0C0

BILL !/

PART MUMBER

18C3Z800%

180Z80135

18038020
20928000
47083000
mhoshomw
34026001
34154001
M#Hu¢oom

34154004

54134005

54154007
S4154012

34154013
54154014

63041008
&£7001001

47001014

REYV: B UsM: Ea DRAW! ‘0:

ASSY PCB Al00 CNTL ESS 1&0— 62~ 2- A/D- 09&2

DRAWING REWV:

REV DESCRIPTION U/M  QUANTITY-PER LATEST ECO REF-DSEN
J JUMPER WIRE INSL . 200 CTRS . 250 LEG 22 AWG EA 1. 000 NEW R13% 5 4
J JUMPER WIRE INSL .400 CTRS .250 LEG 22 AWG EA 13. 000 NEW JR7 ,uP10 T
R47? ,R50 LB
R51  ,R15&
! TR138 T, R15Y T
R1%7 ,CR71 =3
CR&2 , CR&3
) CR70O TR TR
J JUMFER WIRE INSL . 500 CTRS . 250 LEG 20 AWG EA 1,000 NEW ~ Rt43
B ASSY PCB ALOO CONTROL ESS 10/15KW COPLEY BaASIC EA 1. 000 NEW A100
"JUMPER LINK 100 CTRS EA 2. 000 NEW 3 T TUPLAN ', uP138
J CAP MICA .0022MF 500V RADIAL EA 1.000 NEW - )
R CAP ELEC 22MF 25V RADIAL £A 1. 000 ECO 14000 REV B (93 e
o CAP DECOUPLING 0. 1MF 50V AXIAL EA 1. 000 NEW - ciiy
¢ CAP DECOUPLING  330PF 200V AXIAL EA 1. 000 NEW .. c2e v
c CAP DECOUPLING 0.01MF  50Y AXIAL EA 5. 000 NEW cz8 ,C54 iy
ce4  ,C74
cgs T T T
[ CAP DECQUPLING 0. O01MF SOV AXIAL EA 3. 000 NEW c3 :C10 N
TTmo o - = - Y o ¥ - A ok £ R
csa » C&2
- . - c72 .hmm
C CAP DECOURLING 220PF 100V AXIAL EA 1. 000 MNEW C35
c CAP DECOUPLING 4700PF ™~ 50V AXIAL EA 1.000 NEW © "TTTTTTeae” C T T
c CAP DECOUPILLING 0.047MF S50V AXIAL EA 3. 000 NEW C& . C9
: 93 a3 = -
c CAP DECOUPLING  100RF 200V AXIAL EA 4. 000 NEW C&5 €35 :
’ ’ N - T c4a TTyg7e T
H RELAY 0. 54 100VDC 1 FORM A DIP 14 RCB 1200 OHM EA 1. 000 NEW K1 -
E RES CF 10 174w 9% EA 2. 000 NEW R134 ,R148 k
= RES CF 1M 1/4W &% A 1. 000 NEW Ri6 -




ELECTROMIC MEZASUREMENTS INC.

16:22:05 21 NOV 1997 # % % SINGLE LEVEL BILL OF MATERIAL LISTING # = # RERORT: EQ0S& PAGE: 2
BILL NO: 20928005 REV: B U/M: EA DRAWING NO: DRAWING REY:
ASSY PCB A100 CNTL ESS 160~ &2- 2- A/D- 0962
SEQ PART NUMBER REV DESCRIPTION U/M  QUANTITY-PER  LATEST ECO REF-DSEN
0000 67001039 & RES cF LBK lsaW 5% T ) EA 1.0G0 NEW. R22
00CO 67001045 E  RES CF 20Kk 1/4W 5% EA 1. 000 NEW R126
00CO 67001048 E  RES CF 220 1/4W_ 5% EA 2.000 NEW  Ri11 ,R11&6
0000 67001067 E  RES CF 330K L/4W 5% EA 1. 000 NEW R31
0CC0 47001074 E RES CF = 47K 1/4W ~ 5% EA 1. 000 NEW T R146
0000 67001090 E RES CF  6.BK 1/4W 5% _ EA 4.000 NEW ... R7L _.RE8
meseSSmmiy DmSUnie @ s K105~ /Rizz
0000 67001095 _E RES CF  8.2K 1/4W 5% EA 4.000 NEW _R73 _,R90 _
T R107 ~,R124
SEDS ERU=CtE IORL T 5 1= - - | - Ea U o O S — 1 L -
e = : R116 "V H127
0000 67002074 D  RES CF 470 1/2W 5% . EA 1.000 NEW o
0000 67006003 F RES MF 100K 1/4W 1% EA 2. 000 NEW R?9  ,R153
0000 7003014 F RES MF IS0k 1/4W ~ 1% 7 ' EA S1,000 NEW T TR T T T
0000 47006039 F RES MF 27.4K 1/4W 1% EA 1.000 NEW _~  _ R&O
0000 47006041 F RES MF 30. 1K 1/4W 1% EA 3. 000 NEW mwwH /R152
00G0 67006053 F RES MF 4.99K 1/4W 1% EA 1. 000 NEW R19
0030 "57006111 F™7"RES MF 1S4K 1/4W 7 1% T - . EA” 1.000 NEW ~° T TR155 T
9000 SO0 Rz spe ey M SRR 120 o AW BE e ; = 2. 000 MEH. . v s S
0000 72049001 A HEADER PC MALE 26 CKT KEYED DUAL INLINE . 100 CTRS EA 1. 000 NEW Ji1
©00C0 ZCNOOOCO T E/ME.C.O. HISTORY ™ ~7° ° EA REF MEW T TUTTCHECK T
REV A INITIAL RELEASE DMH 8/7/%& E

REV B ECO 15000 S DMH 11/12/964

L

<D

?



BILL M

SEG PART NUMBER

i b e me mamts e 8 S it = Gk ke | A SR

Q0G0 18038007

0000 18038013

0000 18038020

Q000 20928000

‘0000 47085000
00Q0 F4003003

0000 54024001

Q000 54134001

TTO0Q0 54134004 7 7T

0000 34134002
T 0000 54134008
0000 34134012

0000 54154013

0000 54154014

QQQ0 34134016

00Q0 45041008

Shem b s [T TS

CT2BQ0S REY: B U/M: EA DRAWI! )i 207807%X DRAWING REY: C
ASSY PCB A100 ESS 424-37-8-0985-1 N
REV DESCRIPTION U/M  QUANTITY-PER LATEST ECO REF~DSGN _ ~
A TEST PROCEDURE COPLEY A100 SUB ASSY EA REF NEW TSTSHT
J JUMFER WIRE INSL .200 CTRS .250 I.EG 22 AWG EA 1. 000 TG REV 2 " R139
J JUMPER WIRE INSL .400 CTRS .250 LEG 22 AWG EA 2. 000 NEW ... . MP7 L JPIO
: = BRSO ] I = 2 Y oy
R30 , CR&2
3 CR&3 , CR70
"~ CR71 '
.. YUMPER WIRE INSL .500 CTRS .250 LEG 20 AWE EA 1.000 T¢ REY 2 .. Ri43
B ASSY PCB A10Q CONTROL ESS 10/15KW COPLEY BASIC EA 1.000 TG REV 2 BASIC
JYUMRER LINK 1007 CTHS 7 o ) EA 2.000 NEW~ T TTTTTTTORI3A TUP1aB
M .. GAP DISC _ .02MF 1000V RADIAL EA 1.000 NEW 7 ..
R CAP ELEC 22MF 23V RADIAL EA 1. 000 ECO 16000 REV B €123
c CAP DECOUPLING ~ O. IMF~ 50V AXIAL EA 3. 000 NEW ) ciLl ', ces
c20
e " CAPTDECOUPLING 07 O1MF 50V AXIAL EA 5. 000 NEW TTTTTca2e TyCse
c74 1 Cod
= caa
c CAP DECOUPLING Q. Q01MF 50V AXIAL EA 2. 000 NEW cs ,C10
C 7 CAP 'DECOUPLING ~2200PF “100V AXIAL™ EA 1,000 NEW =~~~ T TRy T
. G __ CAP DECOUPLING 4700PF 50V AXIAL EA 1. 000 NEW . ci8
c CAP DECOUPLING 0. 047MF 50V AXIAL EA 3. 000 NEW ce 1 C&
- & e e — S m m— - - -—— - - nmu S
c CAP DECOUPLING 100PF 200V AXIAL EA 5. 000 ENG CHG SS c19 1 C44
c33 : C&S
. et e e m gy e e
c CAP DECOUPLING 470PF 100V AXIAL EA 5. 000 NEW . csa , C62
it B R it
cizo
H RELAY 0. 5A 100VDC 1 FORM A DIP 14 PCB 1200 OHM EA 1. 000 NEW Kt~
E RE3 CF 10 1744 57 EA 1. 000 NEW _R148

Q000 67001001

£

ii



14:23: 14 21
2ILL NO:
SEQ PART NUM
D000 67031014
Q0G0 &700101°9
0000 &70C01048
0000 A7001047
Q000 &7001074
Q000 &7001077
03320 67001090
000 57001095
Q0000 &700Z074
Q0C0 &7002120
Q000 &7C060264
0000 67006033
Q0CG0 67006091
0QCO &700&141

0000 &70C&1464

© 00CO &7C0O70C3
2000 S70GTIC3
0000 4708070

0CG0 47019079

QOCO0 721

2005

m

ZCNQQOCO

EL.ECTRONIC

MEASUREMENTS INC.

NOV 1997 * % % SINGLE LEVEL BILL OF MATERIAL LISTING # # REPORT: E005& PAGE: 2
20928006 REV: B u/M: EA DRAWING NO: 207807XX DRAWING REV: €
ASSY PCB ALTO E3S 424-37-8-0985-1
BER REY DESCRIPTION U/M  QUANTITY-PER  LATEST ECO  REF-DSGN
= RES CF 10K 1744 XA EA 1. 000 NEW R134
E RES CF 1.2 1/74U WN EA 1. 000 NEW B " Rii8
E  RES CF 220 1/4W 5% EA 2.000 TE REV 2 R111 ,R116
E  RES CF 330K 1/4W 5% EA 1. 000 NEW R3L
E  RES CF 47K 1/4W 5% EA 1. 000 NEW T R146&
E  RES CF 470K 1/4W 5% EA 1. 000 NEW . R16 o
E  RES CF  &.8K 1/4W 5% EA 5. 000 NEW R22  ,R71
R105 , R88
s =S : 3 2o xS =t BB
E  RES CF  8.2K 1/4W 5% EA 4,000 NEW R73  /R107
i O, 2N 14 0t 209 NEW.. = e s g T R
D  RES CF 470 L/2W 5% - EA 1. 000 NEW R103
D RES CF 43 t1/2W &% EA 4.000 NEW R76 . R110
B o s
F RES MF 20K l/4Ww 1% EA 1. 000 NEW R155
F  RES MF 4.99K 1/4W 1% EA 1.000 NEW TR19 T
F RES MF 130K 1/4W 1% EA 1.000 NEW R133
F RES MF 200K L/4W 1% EA 4.000 NEW R151 ,R152
R156 1R157
F RES MF 82 9K 1740 1% EA 1. 000 NEW R159
C  RES MF 100K 1/2W 1% EATTTT 1. 000 NEW =" UTR1SATT T
C  RES MF 191K 1/2W 1% EA 2. 000 NEW R61  +R99
NR RES MF 2004 3/4W 1% EA 1. 000 NEW . R158
M RES WW' 120  3W O EA 2. 000 NEW TTTR2TTUURI40 T
O HEADER PC MALE & CKT W/LOCK . 100"CTRS NYLON 94v2 EA 1.000 NEW J14
E/M E.C. 0. HISTORY EA REF MEW CHECK
REV | IMITIAL RELEASE JFE 42796
EV 2 CHEG 207450100 TDO 20728000 AND JF 4/25/9& R i

¥

Lo

]

&

€3

N
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oooC 18028069

00CO 1803BQ1S5

00Q0 18038020

‘0GGOT 20928000

0000 47085000
0000 34026001

Q000 S4154004

CCC0 941540087
0000 54134007
0000 "34154009
OG0 S4154012

00G0 94154013

0C00 S4154014
000 &5041008
3QC0” 87001001
QQC0 67001044
QCC0 &7001048

00CD &670010351

DRAW

20

NO:

AWG

PCEB 1200 OHM

7 REV: ¢ U/M: EA
B ALOD CONTROL ESS 330-45-14-085¢ W/TL
REV DESCRIPTION
J JUMPER WIRE Hzmm-.moo oamm 250 mmm-ar
J JUMPER WIRE INSL . 400 CTRS .250 LEG
J JUMPER WIRE INSL .S500 CTRS .250 LEG
B” AESY PCH A100 CONTROLTESS 1071SKW COPLEY BASIC
JUMPER LIMK 100 €TRS
R CAFP EZLEC 22MF 25V RADIAL
C CAP DECOURLING ™ "OU'tMF = "50V AXIAL
c CAP DECOUPLING 0. O1MF 50V AXIAL
o CAP DECOUPLING 0.001MF sov AXIAL
c CAP DECOUFLING  220PF 100V AXIAL
c "CAP DECQUPLING ~~ 7' B3FF ~ 200V AXIAL™™ ~
c CAP DECOUPLING 4700PF 50V AXIAL
(v CAP DECOUPLING 0Q.047MF 30V AXIAL
c CAP DECOUPLING  100PF 200V AXIAL
H RELAY 0. 5A 16OVDC 1 FORM A DIP 14
E~ RES CF 10 174w " Ton
E RES CF 2K 1744 5%
E RES CF 220 1/4W 5%
£ RES CF 220K L74W ~ 5%

DRAWIMG REV:

Us/M  QUANTITY-PER LATEST ECQ REF-DSGN_
EA 1. OGO NEW R139
EA 11. 000 NEW JP7 sJP10
R158 ,R4%
_. _Rs1 ,Rms0
T TTR1537T JCR71T
CR&62 , CR&3
. R0
EA 1. 000 NEW R143
EA 1. 000 NEW T TTTTATO0 T T
EA 2. 000 NEW o __.JP13A , UP13B
EA 1. 000 ECO 14000 REV B €93
EA 1.go0 NEW T 7 T TTE{TLT T
EA &. 000 NEW ) cas , C29
T €sa ,c74
can . C84
EA 4. 000 ECO 16138 REV C ¢S5~ 7 T¢10
cs2 ;072
___ cCaz ) CE2
EA 1. 0G0 NEW cas
EA 1. 000 ECD 16128 REV'C "C19 ~ "
EA 2.000 ECO 16128 REV ¢ €30 .c1a
EA 3. 000 NEW (o] y G4
8B5S -
EA 4, 000 NEW co3 »C55
o €44 1 C79
EA 1. 000 NEW * K1
EA 2.000°NEW = T 77777 C R134 °,Ri4e
EA 1. 000 NEW R22
EA 2. 000 NEW R111 ,Ri16
EA 1. 000 ECO 16128 REV'C  R1& 7~

G

e

-

€3

Lo

i



CLECTRONIC MEASUREMENTS INC.

1997 % # # SINMGLE LEVEL BILL OF MATERIAL LISTIMG # # # REPORT: EQOS6 PAGE: 2
BILL NG 20928007 REV: € U/M: EA DRAWING MO: DRAWING REV:
AS3Y PCB A100 COMTROL ES3 330-45-14-08%& W/TL
3EG  PART NUMBER REY DESCRTIPTION U/M  QUANTITY-PER LATEST ECO  REF-DSGN
QOG0 ATRO1047 = RES CF 330K L/4W 5% EA 1. 000 NEW R31
00GO &TOQ1076 E RES CF 47K 1/4W 5% EA 1. 000 NEY R14&
00G0 47001090 E RES CF  &.8K 1/4W 5% EA 4. 000 NEW R71 «R103
: Rl = ) o it e - Qg e g o
QGO0 ATOOL09S E RES CF  B.2K 1/4W % EdA 4, 000 NEW 2 R73 ,R107
- " TU"R124 RS0
0000 467002074 D RES CF 470 L/2W S% EA 1, 000 NEW I 1
0000 &70C2120 D RES CF 43 1/2W 5% EA 4. 000 NEW R7& /R110
. R93 . Ri27

0000 47005189 E RES MF 8. 25K 1/8W % EA 1. 000 NEW R155
o0c0 57005041 F- RES MF " 30. 1K 1/4W ~ iz~ -~ "~ 77 EA T 1. 000" NEW i - Yo T
0000 47004037 F RES MF 4. 79K 1/44W 1% EA 1. 000 NEW _R17 B
0000 &TQ0&071 F RES MF 130K 1/4W % EA 2. 000 NEW R133 ,R157
o000 &7G06141 F REB"MF ~ 200K 1/4W 1% [ " EA 2. 000 NEW CUTTTTRISTT G RIS2TT T
oCCO &7007014 c RES MF 150K 1/24W 1% EA 2. 000 NEW R&1 , R99
QCcQo &7007102 c RES MF 187K 1724 1% EA 2. 000 NEW R15& ,R159
0CGO 57019079 M° TTRES WW 120 - "3y 5% ’ = EA 2. 000 NEW Tt TTTTT UURETT OUTTRIZOT T T
Q000 Ta047001 A HEADER PC MALE 26 CKT KEYED DUAL INLINE . 100 CTRS EA 1. 000 NEW L : ¢ TR, )
0000 ZCMNOQOCO E/M E. C. 0. HISTORY EA REF NEW CHECK

REV A INITIAL RELEASE DMH B/7/%& o o e

A i REV B° " TECO 14000 77 TR 7T DMH 11/712/96° oo CromTes = .
REV C ECO 16129 DMH 1/22/97

i

[



BILL 20928002

& REY: A
ASSY PCB A100 ESGS

404-37. 9~-14-12&2

usre Ea DRAWI 0: 207407XX DRAWING REV: C

SE@ PART NUMBER REY DESCRIPTION U/M  QUANTITY-PER LATEST ECO REF-DSEN
00C0 1BO3BO0S ] JUMMER WIRE INSL . 200 CTRE .250 LEG 22 aWe EA 1. 000 NEW R139
0000 18038015 3] "JUMPER WIRE INSL .400 CTRS . 250 LEGC 22 AWG EA 2, 000 REV 2 T UP7 F JF1O
RS0 » CR&2
__CR71_,RS51
B e - - T T 7T CRe3T JCR70TTT
Go00 18038020 J JUMPER WIRE INSL .3500 CTRS .250 LZG 20 AWG EA 1. 000 NEW . Ri1a3
0000 20928000 B ASSY PCB A100 CONTROL ESS 10/15KW COPLEY BASIC EA 1. 000 NEW BASIC
T 0G00 47685000 T ""UUMPER LINK 100°CTRS =7 T 7 EA " 2. 000 NEW TTTTTTT T UPIBA T IR 13
0000 34024001 (R CAR ELEC  22MF  25Y RADIAL EA 1.000REV2  __ _.G123
0000 54154001 c CAP DECQUPLING  O. IMF 50V AXIAL EA 1. 000 NEW cas
70000 S3is4002 7 €T CAPTDECOUPLING '~ 3J0PF 200V AXIAL EA 1. 000 NEW Y oFc |
00G0 54154004 c CAP DECOUPLING 0. O1MF S0V AXNIAL EA 8. 000 NEW c& , C25
T R e ' ’ €27 77, C70
€31  Co4
- o ; el Y 1 €84,
00CO 541340093 c CAP DECOUPLING O. OO1MF 50V AXIAL EA 4, 000 REV 2 Cs ) C10
; che €120 , €125
00C0 54154007 c CAP DECOUPLING  220PF 100V AXIAL EA 1. 000 REV 2 cig
00G0 "54154008 c CAP DECOUPLLING "2200PF {00V AXIAL’ EA 1.000 REV B R vh
0000 34154012 c CAP DECOUPLING 4700FF S0V AXIAL EA 2. 000 NEW __C30 .,ci8
0000 54154013 c CAP DECOUPLING 0. 047MF S0V AXIAL EA 1. 000 NEW ce
felelolo -7 5 2. To ) £ AN C" TTTCAFTDECOUPLING™ ~10GPF 20OV AXIAL EA 4. 000 NEW Y o ¥ B 11 B
Ccas 1 C75
“Q000 54154016 c CAP  DECOUPLING 470PF 100V AXIAL EA 4, 000 NEW TTTUes2 , Co2
5 c72 ,c82
i}
g000 B5041008 H~ RELAY 0:5A 7~ fUOVDC 1 FORM A DIP 14 PCB 1200 OHM EA 1. 000 NEW S T RIMES R
0000 &7001013 E RES CF 1K 1/4W 5% A 1. 060 NEW R147
0000 &7001030 [ RES CF 15K 1/4W 5% EA 1. 000 NEW R134
00c0 87001031 E RES CF 150K 1740 " '5%° EA 1. Q00 NEYW TR31 -

t

24



ELECIRONIC MEASUREMENTS INC.

16:23: 2% 21 NOV 1997 # % % SINMGLE LEVEL BILL OF MATERIAL LISTING # # % REPORT: EQ0S6 PACE: 2
2ILL NO: 20928009 REV: A uU/M: EA DRAWING NO: 207407XX DRAWIMG REY: C
SEY PCB ALOO ESS 404-37.5-14-1362
SEY PaRT NUMBER REY DESCRIPTION Us/M  QUANTITY-PER LATEST ECO  REF-DSGN -
COGO 47001048 E RES CF 220 1/4W 9% EA 2. 000 NEW R111 ,R114
0000 AT001051 g RES CF 220K 1/4W 5% EA 1. 000 NEW ’ R1&
0000 &7001076 £ RES CF 47K L/4W 5% EA 1. 000 NEW e e 148 i
Q0C0 57001090 E RES CF  6.8K L/aW 5% Ea S. 000 REY 2 R19 . RE8
C _R71  ,Riz2
: ] "Rios B
0000 47001079 £ RES CF  8.2K 1/4W 5% _ EA 4. 000 NEW ) __R73  ,R107
e BV RPIT AL 9 s ST Lo B I . . b e e i NTEa T R90
0000 47002120 D RES CF 43 1724 B% EA 4. 000 NEW R7&4 1 R93 -
B T : = S T S - & Ve RN : -
0000 67006002 F RES MF 10K 1/4W 1% - EA ) 1,000 NEW  R22
0000 67006043 F RES MF &9. 8K 1/4W 1% EA 1. 000 REY 2 R&O £
00Q0 467004074 F RES MF 4.02K '1/4W = 1% EA 1. 000 NEW "R155 =
_00CO 67006140 F RES MF 140K 1/4W 1% i EA 1. 000 NEW . ... Ri3z e
0000 47006141 s RES MF 200K L/4W 1% Ea 3. 000 NEW R151 ,R137
R152
0000 47007003 c RES MF 100K 1/2W 1% EA 2. 000 NEW R159 ,R133
0000 TA70070L4 T c RES MF 150K L/72W° "1% : ST EA T 3. 000 NEW ° ¢ TTTTRIZE T RS9
Ra1
" 00C0 67007103 C ~ RES MF 191K f/aw~ 1%° : EA 1. 000 NEW - CCUR1BETT
0CCO 67019079 M RES WW 120 3 5% EA 2.000 NEW ~  RZ  ,R140
0000 72122005 D HEADER PC MALE & CKT W/LOCK . 1GO"CTRS MYLON 24V2 EA 1. 000 NEW Ji4 ’
0Ca0 ZCNCO000O © 7 'E/M E.CI0. HISTCRY 7 EA REF NEW 7T TCHECK
REV 99 PRELIM RELEASE JF 12/11/96 p
L REV 1 INITIAL RELEASE JF 12/20/%6 . . o
WESTETT REV 2 PRODUCTION TG CHANGE Wl 01724797

REY & TOLI.GATE RELEASE WJW 01/24/97



BILL 20728009 REV: A U/M: EA DRAW] 0: 2075607XX DRAWING REV: ¢
ASEY PCD ALOC CONTROL ESS 330-30-7 A/D-U =
SES PART NUMBER AEY DESCRIPTION UM QUANTITY-PER  LATEST ECO  REF-DSGN
oC00 13038009 J JUMPER WIRE INSL .2C0 CTRS . 250 LEG 22 AWG EA 1. 000 NEW R139
000D 18038015 cd JUMPER WIRE INSL . 400 CTRS .250 LEC 22 AWG EA 12. 000 NEW JP7 T, UP10
R47 RSl
R17 ,R153
: : TRBOTTTTRISY T T
CR71 ,CRé&2
LR&3 . CR7O
00C0 18038020 J JUMPER WIRE INSL . 500 CTRS .250 LEG 20 AWG £A 1. 000 NEW R143
CCQ0 209280G0 B~ ASSY PCB A100 CONTROL ESS 10715KW COPLEY BASIC EA 1.000 MEW T UTTTTTT A{goTTC C C
0000 47085000 JUMPER LINK 100 CTRS EA 2. 000 NEW . . MP13A L JP13RE
0000 540260G1 R CAP ELEC 2MF 259 RADIAL EA 1. 000 NEW c93
GOC0" 34154001 c CAP DECOUPLING ~O.7{MF "~ SOV AXIAL EA "7 7 1.000°NEW ~ CTTTUTTIOyygtT oo e
0000 54154002 C CAP DECOUPLING  330PF. 200V AXIAL EA 1. 000 NEW €18 o
0000 54154004 c CAP DECQUPLING 0.O1MF SO0V AXIAL EA 2. 000 NEW ca , €29
cas ,cae
2= . : . o . T T T TR0 T /54
cat . C74
.8
Q000 54134009 < CAF DECOUFLING 0. 00IMF 50V AXIAL €4 7. 000 NEW c5 1 C19
35 ,C32
- . ) _ e — ) — e Gim ~ baog:
cex
0CCC 54154012 € " CAP DECOUPLING 4700FF ~ SOV AXIAL ‘EA 0T T 1,000 NEWT T T Tt ggo—
00G0 54154013 c CAP DECOUPLING 0. 047MF SOV AXIAL EA 1.000 NEW ~  ¢?
0000 54154014 c CAP DECOUPLING 100FPF 200V AXIAL EA 4. 000 MEW c65 ,C58
) c44  ,C75
0000 45041008 H RELAY 0. SA 100VDC | FORM A DIP 14 PCE 1200 OHM EA 1. 000 NEW -, K1
2000 STCO1601 E " RES CF WO L1/4u TS _ £A L7000 NEW ™ "YU T Riag T
SOC0 $7001013 E RES CF 1K 1/4W 5% EA 1. 000 NEW R147
OnE0 87001630 E RES CF 15K 1/74W  S% EA 1. 000 NEW R134
OC20 A7C010321 = RES CF 130K 1/74W"7 &% EA 1. 000 NEW . tRmy



16:23: 30 21 NOV 1797 o+ # SIMGLE LEVEL BILL OF MATERIAL LISTING # %
BiLL NO: 20928009 REY: A UsM: EA DRAWING ND: 2075607XX
AESY PCB AlOO CONTROL ESS 330-30-7 A/D-U

SE2  PART NUMBER REV DESCRIPTION U/M QUANTITY-
paco srocioss  E mes cF =20 iraw sz T ea e
G000 47001076 £ RES CF 47K 1/74W % EA 1
Q0G0 _47GQ1090 E RES CF  6.8K 1/4W 5% EA 4
0000 27001072 E RES CF_ 480K 1/4W 9% EA 1.
0000 &70010%5 E RES CF 8.2K L/4W 9% EA 4
0000 &7002008 D RES CF 54 1/2W % EA 4
Q0G0 47002074 D RES CF 470 1/2W 5% EA 1.
0000 £7006026 F 7 RES MF 7 20K 174w Tin T ) i i EA o 1.
Q00D 700501 F RES MF 130K 1/4W 1% EA 2.
0000 &7006124 F RES MF 8.25K 1/4W 1% EA 2
OG0 &7006141° T RES MF ~~200K™1/4W A E EA 2
0000 47007014 C RES MF  1Z0K 1/2W 1% EA ) 2.
0CaC 47007102 ‘¢ RES MF 187K 1/2W 1% EA 2
oocl 47019079 T T 7T M 7T RESTWW 120 3u T 5% o EA 2
0000 72047001 A HEADER PC MALE 26 CKT KEYED DUAL INLINE . 100 CTRS Ea 1.
0000 ZCNQOQOO E/M E.C. 0. HISTORY EA REF

o ) REV 1t INITIAL RELEASE PER S§ JF 773797

REYV A "T@ RELEASE REV 1 ='REV A CMT B8/21/97

CLECTRONIC

MIZA

SUREMENTS INMC.

REPORT: EQ056 PAGE: 2
DRAWING REY: C

PER  LATEST ECO REF-DSGN
mmo NEW o R111 .MMMM|||
000 NEW R14&6°°
. Q00 NEW R7L ,RB8

Ri05 T Rl22
000 NEW R1G
. 000 NEW R73 ,R90O

S - ) Y o -
. 000 NEW R7&  ,R93
e ewee wem RL10 G R127
000 NEW R10R
000 NEW' T 77T TTTTRaaTT T
000 NEW ) R133 ,R157
. 000 NEW R&O  ,R159
. 000 NEW TTTRYSLUUR1ER2
. 000 NEY  _Ral +Ree
. 000 NEW R158 ,R135&
. 000 NEW TTUTTTTTTTRITT U R4 T
000 NEW I T T i
NEW CHECK

€3

i3

S

5

8

[at



BILL

SEG  PART NUMBER

GO0 18038009

0020 18038CG15

0QC0 18038020

Q000 20938000
00C0 47085000
0GC0O S413540C1

CoCo 34154002

o000 94154004 ~

QCQ0 54134005
00C0 34134007
boaﬁ 34134009
002Q S4154012

"0000 54154013

"7 00C0 54154014

Q000 54154018

“TTo0c0 5041008

2CCC 47601001
0000 &7001039

QOO0 57001045

Pl e 8 e PR &

REV: A UsM: EaA DRAW: 10: 207&07XX DRAWING REV: D
Y PCB AL1CO CNTL ESE 140-93-2-5/D-U ’ ' )
REV DESCRIPTION U/M  QUANTITY-PER  LATEST ECO _ REF-DSGN
J JUMPER WIRE INSL , 200 CTRS .230 LEG 22 AWG EA 1. 000 NEW R13% 2
J JUMPER "WIRE INSL , 400 CTRS .250 LEG 22 aWG ZA 13. 000 NEW v JP77 T UPLO
R4?  ,R30 ®
= e _.R91_ WR1S&
== MR SRR WASEREmIL R1i58 ,Ris%
R157 ,CR&Z -5
CR&3  ,GR71
T g CR7O =~ ~
v _.. JUMPER WIRE INSL .500 CTRS .250 LEG 20 AWE EA 1.000 NEW .. _Ri43 T
g ASSY PCB AL100 CONTROL ESS 10/15KW COPLEY BASIC EA 1. 000 NEW BASIC
" UUMRERTLIMK 100 TR T - EA 2,000 NEW T T T TTTUP{ZATTUPIRET T T
..C._.  GAP DECOUPLING _ O.1MF _ SOV AXIAL _ EA Lol o S ;L
C CAP DECOUPLING  330PF 200V AXIAL EA 1. 000 NEW ca9 B
c ‘CAP DECQUPLING ~ 0. Q1MF™~ S0V AXIAL EA 5.000 NEW ~ 7777 "cas T, CSg
Ce4q y G748 =
: e s
c CAP DECCUPLING 0,O001MF SOV AXIAL EA 2. 000 NEW cs ,C10 x
C ~ CAP DECOUPLING ™ " 22CPF ~10OV AXIAL EA 1. 000 NEW YT T eas T .
€ CAP DECOUPLING  33PF 200V AXIAL Ea 1.000 NEW . C1? S N
c CAFP DECOUPLING 4700PF 50V AXIAL EA 2. 000 NEW €30 - ,ci8
C T CAP DECOUPLING Q. 047MF™" " '30V AXIAL ~ EA 3. 000 NEW T T Ce T, e9 TEOE T
cas .
¢ TTTTAPTDECQUPLING T T100PF TSUOV AXIAL EA 4,000 NEW ~ T TTTTTTTTTCa4 T s T
cas 1 C79 )
C " CAP DECOUPLING "470PF 100V AXIAL EA 4.000 NEW ~ 77777 U UTospT Cygaz -
* c72 , CB2 —
H RELAY 0.3A '~ 100YDC 1" FORM A DIP 14 PCB 1200 OHM EA 1.000 NEW =~ " T T TRy
E RES CF 10 1/4W  s% A 2. 000 NEW . R134 ,R148 -
E RES CF 1.8K 174K 5% EA 1. 000 NEW R22 o
E ~ RE3 CF 20K 1/74WT 5% Ed 1. GOO™ NEW R - § V= - B



AR w e f R bl e G LN

2 23144 21 NOY 1997 # % % SIMELE LEVEL BILL OF MATERIAL LISTING # % # REPORT: E0054 FAGE. 2
BILL MO: 20923010 AEY: A UM EA DRAWING NO: 207507%% ORAWING REV: D
ASSY PCE A100 CNTL ESS 160-93-2-A/D-U
SEG  PART NUMBER REV DESCRIPTION U/M  QUANTITY-PER LATEST ECO  REF-DSGN _
soao srcoioas £  mes ¢F =20 isaw s e 2z oo Nem RILL .R116
£CCO 67001031 E RES CF ~ ZZOK 1/4W = 5% ' EA 1. 000 NEW R1&
0000 &7001047 £ RES CF 330K 1/44 5% EA 1.000 NEW s | e
0000 &F0OL0TH E RES CF 7K 1/4W  S% EA 1. 000 NEW R1d6
0000 47001070 E RES CF  &6.8K 1/4W° 5% EA 4. 000 NEW R71" iRE8
R10S ,R122
T 0000 47001095 E —— RES CF  8.2K 1/4y ~~5% ° CoEA 4,000 NEW ™" 77 " TTTRIZ TR0
R107 ,RIZ4
0000 47002005 D  CRES CF - 33 1/2W ~ 5% EA 4,000 NEW ™ 777" TTRH7STTLRE3T
R110 ,R1Z7
~0QC0 ‘ETGCE0TA D RE3 CF° 470 "L/2W " °'5%° e EA © O LI0QOTNEWTTTTTTT T TTTTRro@ T T T
0000 47006003 F RES MF 100K 1/44 1% . EA 2. 000 NEW R9?  R153
0000 67006014 F RES MF 150K 1/4W 1% Ea 2. 000 NEW R133 ,R153
© 0000 "37006039 F RES MF 27.4K"17aW " 1% ° - Ea : 1.000 NEW TTTTREOTT
0000 &7005041 F RES MF 30. 1K 1/4W 1% EA 2. 000 NEW R&1 L R1S1
- - S . R152
A O EE F RESRNPI R, 1N, L2 EA 1.000 NEW. .. mecsas: BAT cnmpeen
Q000 &47019G79 M RES WW 120 aw 5% EA 2. 000 NEW R3 +R140
0000 72645001 : A "HEADER PC MALE 26 CKT KEYED DUAL INLINE . 100 CTRS EA 1. 000 NEW ©oT oot
0000 ZCNOOOGO E/M E.C.D. HISTORY EA REF NEW . GHECK
T NS REV A RELEASE TOMFe ~~ ~ e JF B/1797 T ¥ 7w

i
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. 2349 21 1757

FILL M2 -0SZ28011

AZSY PCB AlOQ CNTL ESS 400-27. 3-7 A/D-VU

SEZ PART NUMBER
GOTl 1R03IRG0R

Q0 18033015

0000 18028020
0000 20928000
00G0 47083000
0G00" 54154001
0909,33434002

OCCO 54134004

QCQs S4134005

00C0 54154013
Q0C0O 54134014
QCC0 34134016

0CC0 &5041008
onC0 670061013
Oﬁﬁo.&Nﬂomomo
Q000 270010321
00CC £7001048

00C0 %HOOHOMﬂ

REY

o

J

[}

(g

(2]

min

in

# » # SIMCLE LEVEL BILL OF MATERIA'
REY: B Usm: EA DRAWING
DESCRIPTION
JUMPER WIRE INSL .200 CTRES .250 LEF 22 AWE
JUMPER WIRE INSL ., 400 CTRE . 250 LEG 22 AWG

JUMPER "WIRE INSL . 3500 CTRS .230 LEG 20 AWG

ASSY PCD A100 CONTROL ESS 10/13KW COPLEY BASIC

JUMPER LINK 100 CTRI

CAP DECOUPLING 0. 1MF

CAP DECOUPLING

CAP DECOQUPLING O. OLMF

*' CAP DECOUPLING 0.001F

nbﬂ.UﬂnDCWrm2h1.mﬂoonﬂ
CAP DECQUPLING Q. 047MF

CAP 'DECOUPLIING

SOV

33crF 200V

S0V

50V

S0V

Sav

100PF 200V

TAXIAL
AXIAL

AXIAL

AXIAL
AXIAL
AXIAL

ARIAL

CAP DECOUFLIMNG 470PF 100V AXIAL

RELAY Q. 5A

RES CF 1K 1/744W o%
RES CF 15K 174V Y%
RES CF 120K 1/44W S%

RES CF 220 1/4u A

RES CF 220K 1/4W 5%

100¥YDC 1 FGRM A DIP 14 PCB 1200 OHM

LIZiiNG

07607X

us/m

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

QUANTITY-FPER

R Wiy i

e R LT

DRAWING REY: D

LATEST ECO REF-DSGN
1. 0G0 NEW R139
9. 000 NEW JP7 1 JP1O
R1? RSO
R153 ,CR&2
TTUT T UTCR&3 T CER7L )
CR7O
1. 000 MEW R143
1. 000 NEW _____ _Basic .
2. 000 NEW JP13A ,JP13B
2.°000 NEW Y oF 1 & R of=1-}
1.000 NEW . c3s ) .
8. 000 NEW cé , C25
c2? €90
(3-7 N T )
c74 ,C84
2. 000 NEW [ oF - M o No B
2.000 ECO 16714 REV 8 €30 ,C18
1. 000 NEW ce
5. 000 ECO 14914 REVB ~C434 777 CSS T
ces 4 C75
R .| S
4, 000 NEW cs2 ., ca2
———_ G722 _.c82
1. 0Q0 NEW K1
1. 000 NEW Tt T RTa7T T
1. 0Q0 NEW _R134
1. 000 NEW R31
2. 000 NEW Rriii ,R1lé6
1. 000 NEW Ri&

9

(£

L]

4



ELECTRONIC MEASUREMENTS IMC.

is 33 51 21 MOV 1997 + # # GINMGLE LEVEL BILL OF MATERIAL LISTIFG # & 3 REFORT: EO003& PAGE: 2
3ILL NO; 209230L1 REY: B UM EA DRAWING NO: 207&607x¥ DRAWING REV: D
ASEY PCB AlOO CNTL ESS 400-37.5-7 A/D-U 7
SE3  PART NUMBER REY DESCRIPTIOAON U/M  QUANTITY-PER LATEST ECO _ REF-DSGN
IO ATOOL0TA E RES CF 47K L/74W 9% EA 1. 000 NEW Rida B
Qo0 47061050 E RES CF 6. 8K 1744 5% EA 4,000 NEW 7 " "R88 R71 o
R122 ,R10S =
0030 470010957 _ "E T TRESTCF T 8.2K [74W T 9% _ En 4. 000 NEW TTTTTTR73T UL Ri07 O _
R124 ,R90 R
Q0G0 "470C200S 0 ‘RES CF 33 1/2W V% EA 4. 000 NEW ©TTTTTTR76T R93 i
R110 ,R127
To000 B7C00s003 TE T RESTMF TToKTL7aWTTTuE T T T T T ’ T EA 1. 000 MEW TRz Tt ¢
00RO 47005053 F RES MF 4. 99K 1/4W 1% B EA 2.000 NEW .. _.R49__ .R53L_ . N
0000 &7004074 F RES MF 4. 02K 1/4W 1% EA 1. 000 NEW R159
TTO0GD TE7008101TTT T F T RES MF T UBRKTL74W T L T o £4 ) 1.000 NEW "~ T 7T T RGODTTT T T
0020 47006140 F RES MF 140K 1/4W 1% .+ EA 1. 000 NEW . _Ri3s 5
00C0 47006141 F RES MF 200K 1/4W 1% ES 3. 000 NEW R151 ,R157 7
. RS2
0000 &70CTR03 c RES MF 100K 1/2W 1% EA 1. Q00 NEW R159
‘0000 &7007014 ¢ RES MF 150K i/2W ™ 1%’ o EA 3. 000 NEW TTUUR15B TYR99T
R&1 o
TTOGGO TE700716037 C T RES MF 191K I7CW 1A ; EA e 1.000 NEW ~ 77T T T TR1s5& T T T
0000 47019079 M RES WW 120 aW 5% EA 2.000 NEW _~R3 ~ ,R140 S
0CCO 72047001 A HEADER PC MALE 2& CKT KEYED DUAL INLINE .100 CTRS EA 1. 000 NEW Jit
TTTOCC0 "IeNoO0C0 T T T T T T EYM ELC. QU THISTORY T T T EA REF 77 T NEWTT 77T TTTCHECK T T -
REY A RELEASE TO MFG JF 8/1/97 =R
REY B ECO 14914 . CMT 10/25/%7 g e
i
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BILL 20923012 REV: A UM EA DRAW: 0: 207407XX DRAWING REY: D i
AS3Y PCB A100 CNTL £55 140-&2-8 A/D~U '~ )
S8E% PART NUMBER REY DESCRIPTIOM U/M  QUANTITY-PER  LATEST ECO __REF-DSEN
gco0 18038009 J JUMPER WIRE INSL .200 CTRS . 250 LEG 22 AWG EA 1. 000 NEW R139
0CCO 12038015 J JUMPER WIRE INSL . 400 CTRS . 250 LEG 22 AWe EA 13. 000 NEW "JP7 T, UP9
R47 RS0
N _RS51  ,R15&
= T TTR1587 His9
R157 ,CR&2
CR63 , CR7O
i S TAS
0000 13038020 J JUMPER WIRE INSL . 500 CTRS .250 LEG 20 AWG EA 1. 000 NEW L CR143
000 20928000 B ASSY PCB AL100 CONTROL ESS 10/15KW COPLEY BASIC EA 1. 000 NEW BASIC
0QG0 470850C0 JUMMER LIMK 100°CTRS o EA’ ‘2. 000 NEW T T UP13ATTUPISB
0000 54007009 E CAP FILM .O002MF 200V AXIAL EA 1. 000 NEW &
0000 $4154001 ¢ CAR DECOUPLING 0. 1MF S0V AXIAL EA 1. 000 NEW c111
00GO 54134002 c CAR DECOUPLING 3J30PF 200V AXIAL EA 1. 000 NEW ; “ca9
0000 34154004 c CAP DECOUPLING O.O01MF SOV AXIAL EA S. 000 NEW c28 .cs54
e TR e e Seo R SNG - DU S g
caa
" 0000 $4154005 - c CAP DECOUPLING 0. 0OLMF 50V AXTAL EA 4. 000 NEW TTTes T C10
c18 ., c19
T GOC0 54154007 c CAP DECOUPLING *~ "220PF ' 100V AXIAL EA 1.000 NEW ~777 7T TTTTTTTeRgsTTTTTT T
Q000 34154008 C CAP DECOUPLING 2200PF 1GOV AXIAL EA 4. 000 NEW €52 . ca2
Al R AR : ; : P NE ) S i
0000 54154012 c CAP DECOUPLING 4700FF 50V AXIAL EA 1.000NEW €30
0000 54154013 c CAP DECOUPLING 0.047MF 50V AXIAL EA 3. 000 NEW Ca , CF
c29
0000 54154014 C CAP DECOUPLING 100PF 200V AXIAL EA 4. 000 NEW % c44  ,CS55
e .G85 aCT7S
0000 45041008 H RELAY 0. 5A 100VDC 1 FORM A DIP 14 PCB 1200 OHM EA 1. 000 NEW Ki
0000 &7001031 E RES CF 10 "1/4W T S% EA 2. 000 NEW R134 ,R148
0000 &7001016 E RES CF 1M 1780 S% £A 1. 000 NEW

™
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ELECTROMIC MEASUREHENTS [NC.
14:23:38 21 NOY 1997 % # * GINGLE LEVEL BILL OF MATERIAL LISTING i 3 % REPORT: EQO0S6& PAGE: 2
BILL NI 20328012 REV: A UsM: EA DRAWING MO: =207607XX DRAWING REV: D
ASSY PCE A100 CNTL ESS L&0-62-8 A/D-U
SEG PaRT NUMBER REVY D E 5 CRI PTION usm :OC}ZAHH<Inmm r>4mmﬂ ECO mmﬂlmmhz
mmnmd.._a\m;.mmm:: B m|| RES CF 12K 1744 YA T T -:n-l.m._wn 1. 000 NEW Ra2
0000 &7001048 = RES CF 230 1/4W 9% EA 2. 000 NEW "R111 T, Ri16
0000 47001067 E RES GF 330K 1/4W 5% EA 1. 000 NEW S 1< V——
Q0CO 4701074 E RES CF 47K 1734 S% EA 1,000 NEW R14&
QGC0 47001070 E RES CF ~ &. 8K 1/74W 5% EA 4, 000 NEW “'R71 yR105
rRes ..Riz22
© 00007 670010595 E TTCRES CF T B2K L/4lW 9% TEA 4,000 NEW 777 TUTTTTR73 T VRIO7
: R90  .Riz24
0000747002045 D' RES CF = ~ 20K {/2077 7 5% EA D 1. 000 NEW T T TTRiaa i
429000, 67002074 D _RES CF 470 1/2W 5% JE s 1,000 NEW . RI0F_
000 47002120 D RES CF 43 1/2W 9% EA 4. 000 NEW R76 R93
) ] R110 ,R137
0000 47006003 F RES MF 100K 1/4W 1% EA 2. 000 NEW R$9  R153
CoC0 67006014 : F RES MF ~150K L[74W~ ~ 1% h EA 1. 000 NEW . TTTTTRIBITTT
0000 67006041 F RES MF 30. 1K 1/4W 1% EA 3.000 NEW ) mwwu ,R152
..0000 47004033 F___RES MF 4.99K 1/4W 17 = . EA 1.000 NEW R ..
0000 47006106 F RES MF 24. 9K 1/4W 1% EA 1. 000 NEW R&0
T00GQ0" 47006111 F UTRES MF 154K 1/4W T 17 T 0T EA 1. 000 NEW~ T R155 777
=200 CHETCOM) M _RES WW 120 aW_ 5% . .. EA 2. 000 NEW o eniesaaliPicant 3140,
0000 72045001 A HEADER PC MALE 2& CKT KEYED DUAL INLINE .100 CTRS EA 1. 000 NEW Jit
“0000 ICNOOQOO ’ E/M EC.O. HISTORY ~ — EA REF NEW™ T T
REV A RELEASE TO MFG JF B/1/97 -






