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AE TECHRONe

Limited One-Year Warranty

SUMMARY OF WARRANTY

B AE TecHRON, of Elkhart, Indiana (Warrantor) warrants to you, the ORIGINAL COMMERCIAL PURCHASER

i ONLY of each NEW AE TecHron product, for a period of one (1) year from the date of purchase, by the

il original purchaser (warranty period) that the product is free of defects in materials or workmanship and will
meet or exceed all advertised specitications for such a product. This warranty does not extend to any

i subsequent purchaser or user, and automatically terminates upon your sale or other disposition of our

8§ product.

! ITEMS EXCLUDED FROM WARRANTY

We are not responsible for product failure caused by misuse, accident or heglect. This warranty does not

i extend to any product on which the serial number has been defaced, altered, or removed. It does not cover
. damage to loads or any other products or accessories resulting from AETEcHRON product failure. It does not
cover defects or damage caused by the use of unauthorized modifications, accessories, parts, or service.

! WHAT WE WILL DO
We will remedy, at our sole discretion, any defect in materials or workmanship by repair, replacement, or

k refund. If a refund is elected, you must make the defective or malfunctioning component available to us free

i and clear of all liens or other encumbrances. The refund will be equal to the actual purchase price, not
i including interest, insurance, closing costs, and other finance charges léss a reasonable depreciation on the
E product from the date of original purchase. Warranty work can only be performed at our authorized service

i centers or at our factory. Expenses in remedying the defect will be borme by AE TECHRON, including one-way

surface freight shipping costs within the United States. (Purchaser must bear the expense of shipping the
§ product between any foreign country and the port of entry in the United States and all taxes, duties, and
i other customs fees for such foreign shipments.) <

2 HOW TO OBTAIN WARRANTY SERVICE .

When you notify us of your need for warranty service, we will give you an authorization to return the product
& for service. All components must be'shipped in a factory pack or equivalent which, if needed, may be

| obtained from us for a nominal charge. Corrective actions will be taken within a reasonable time of the date
of receipt of the defective product by us. If the repairs made by us are not satisfactory, notify us immediately.

bISCLAlMER OF CONSEQUENTIAL AND INCIDENTAL DAMAGES
i You are not entiled to recover from us any consequential or incidental damages resulting from any defect in
g our product. This includes any damage to another product or products resulting from such a defect.

i WARRANTY ALTERATIONS

i No person has the authority to enlarge, amend, or modify this warranty The warranty is not extended by the
il length of time for which you are-deprived of the use of this product. Repairs and replacement parts provided
:‘,j under the terms of this warranty shall carry only the unexpired portion of this warranty.

DESIGN CHANGES
We reserve the right to change the desngn of any product from time to time without notice and with no
| obligation to make corresponding changes in products previously manufactured.

; LEGAL REMEDIES OF PURCHASER ‘

;. There is no warranty which extends beyond the terms hereof. This wntten warranty is given in lieu of any
{ oral or implied warranties not contained herein. We disclaim all implied warranties, including, without

¢ limitation, any warranties of merchantability or fitness for a particular purpose. No action to enforce this

l Warranty shall be commenced later than ninety (90) days after expiration of the warranty period.

AE TECHRON Customer Service Department
2507 Warren St. Elkhart IN 46516-0000 U.S.A.
(574) 295-9495

NNt
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Introducing the 7700 Series

The Techron 7700 Secries of amplifiers all share the same basic package
and circuitry. The uniqueness of each model begins with the model
number tag on the back panel designating the particular model. The basic
models in the series are the 7780 and 7790. The only difference between
these two models is one of operating voltage—the 7780s operate from 208
or 240 volt AC mains, and the 7790s operate from 380 or 415 volt AC
mains. Any customization of these basic models results in a model with a
new number—e.g. TEC7780RLY. Any model other than the basic models
will have a supplemental manual included with this manual.

Some of the features that make this series of amps outstanding are:

0O They have the capability to operate either in the Controlled Voltage
or Controlled Current mode.

O The very high output (2862 W into 2Q) over a wide bandwidth (DC
to 40 kHz) excedes most power applications.

Q Protection circuitry and strong physical construction of thick
aluminum stock dissipates heat and withstands unusual abuse!

Q Multiamp systems using electronic interlock cabling allows any
amplifier to function as a master or slave which provides power
solutions to many previously unsolved power problems.

© 1997 by Techron®
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Section 1—Preinstallation

This section describes safety conventions used within
this document and provides essential information about
the 7700 series amplifier. Review this material before
installing or operating the amplifier.
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1.1 Safety Conventions

The 7521/7541 amplifier is a highly sophisticated instrument. Accordingly,
this document provides full information on the amplifier including service
procedures. Safety should be your primary concern as you use this product
and follow these procedures.

Special hazard alert instructions appear throughout this manual. Note the
following examples:

A DANGER

DANGER represents the most severe
hazard alert. Extreme bodily harm or
death will occur if these guidelines are
not followed. Note the explanation of the
hazard and instructions for avoiding it.

A WARNING

WARNING alerts you to hazards which
could result in severe injury or death.
Note the explanation of the hazard and
the instructions for avoiding it.

/A CAUTION

CAUTION indicates hazards which could
result in potential personal injury or
equipment or property damage. Once
again, note the explanation of the hazard
and the instructions for avoiding it.

Note: A Note represents information which needs special
emphasis but does not represent a hazard.
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1.2 Product Description

1=CHION.

7700 SERIES

1.2.1 General Description

The TECHRON, amplifiers in the 7700 series are single channel industrial
amplifiers designed for use in the most demanding high power systems. They
provide precision amplification of frequencies from DC to 40 KHz, with low
harmonic and intermodulation distortion and low noise. The basic models in
the series are the 7780 and 7790. The 7780s operate from 208 or 240 volt AC
mains, and the 7790s operate from 380 or 415 volt AC mains.

The CROWN, developed full bridge circuit enables the high output levels of
the 7700. The output transistors operate in the AB+B mode, where all
quiescent current is carried by the driver transistors. The output section
uses 80 rugged 150 watt transistors, plus eight 150 watt driver transistors.
All these transistors are tested and graded to insure consistent operation.

Protection circuitry monitors output signal, temperature of output transistor
Jjunctions, and history of output signal, allowing full-powered output at any
time and for as long as output transistors are not in danger of destruction.
Both electronic and bimetal heat sensors are included in the output heat
sinks, for immediate protection and fast recovery in the event of overheating.

A sclf-contained, forced air cooling system includes four fans with air filters,
and enables the 7700 to be rack-mounted without extra space above and
below each unit. Air is taken in through side panels and exhausted via a
front panel grill.

The output section and main circuit board are constructed as modules. This
enables rapid and accurate servicing. Front panel indicators give you infor-
mation on Overload, Overvoltage, Overtemp, Standby, Ready, and Fault
conditions. Multiamp systems are easily constructed with an electronic
interlock system which allows any amplifier to function as a master or slave.
Simply set a switch and properly connect output and interlock cables.

All Techron amplifiers are tested at the factory to assure operation at full
efficiency upon delivery. Custom configurations are available, as well as full
system implementations.
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1.2.2 General Specifications

Power Requirements: (See back panel voltage tag for what voltage it is
wired) The 7780s have internal wiring options of 208 or 240 volts drawing as
much as 20A. The 7790s can operate from 380 or 415 volt, 10A ac mains.
Both models require a 3—phase, 47 to 69 Hz source.

A toggle switch circuit breaker opens all legs of the ac mains on excess
current demand. The rating is 20A for 208 and 240 volt units, and 10A for
380 and 415 volt units.

Power Supply: Each unit has high voltage (+146 VDC), and low voltage
(+15, +24, and +5 VDC) supplies.

Protection Mechanisms: High line voltage or over-heating results in the
shutdown of the high voltage transformer. Main transformer and output
heat sinks include thermal switches for protection against high temperature.
The amplifier automatically returns to normal operation after heat-related
shutdown. Controlled slewing rate protects against RF burnouts. High input
resistance protects against overloads at the input. Patented Self Analyzing
(SA) temperature sensing in the output stage limits current to prevent
transistor damage.

Cooling: Forced air cooling via four 100 ft*/min. fans. Air intake is at both
sides of the amplifier with discharge through the front grill. No space is
required between rack-mounted amplifiers. Air filters are removable from
the rear via one fastener per side and may be eliminated if cabinet filtration
is provided.

Heat Sinking: Four high efficiency H-section heat sinks enable even and
efficient cooling of the output section.

Displays: Six front panel LEDs indicate the amplifier's status.

¢ READY (green) » STANDBY (yellow)

¢ OVERVOLTAGE (amber) e OVERTEMP (amber)

e FAULT (red) e OVERLOAD (amber)
Connectors:

AC line: NEMA style twist-lock, three phase connector.

Input: 3-terminal barrier block (Twin BNC optional).

Output: 4-terminal barrier block, accepts up to #4 AWG wire.
System Interconnect (Interlock) and custom interface: 37—pin D-sub.

Construction: Aluminum chassis has stecl reinforcements to retain power
transformer. Internal modules are easily accessible with covers removed.
Finish is black except for 2-tone brown front panel (custom colors available).

Mounting: Standard 19-inch rack mounting is provided by the front panel.
Some means of supporting the weight at the back is strongly recommended.
Fully extendable, pivoting rack slides are available as an option.

Dimensions: Unit occupies six EIA 19 in. wide rack units, is 10.45 in.
(26.6cm) high, 20.3 in. (51.5 ¢cm) deep, and extends 2.5 in. (6.4cm) from the
front mounting surface.

Weight: 128 1b (58 Kg)
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1.2.3 Performance Specifications

(These specifications apply to Controlled Voltage mode only.)

A 7700 series amplifier may function as an individual amplifier or as a
module in a multiamplifier system. These specifications describe a stand-
alone amplifier. See Section—3 Applications regarding multiamp systems.

The amplifier is capable of operating in one of two modes: Controlled Voltage
or Controlled Current. Since the performance in Controlled Current mode is
dependent on application—and these applications are seldom identical—the
following specifications apply to Controlled Voltage mode only except where
noted otherwise.

Power at Clip Point: (with <0.1% THD)
e 1550 watts rms into 4 ohms
e 2862 watts rms into 2 ohms
¢ 5000 watts rms into 1 ohms.

Power Response:
e 214 volts P-P into 2 chms
¢ 75.6 volts rms into 2 ohms

e 107 amperes P-P into 2 ohms
¢ 37.8 amperes rms into 2 ohms.

Bandwidth: DC to over 40 kHz; in some applications, to over 200 kHz.
Amplifier Gain: 20 V/V in CV mode, 20 A/V in CC mode.

Input Impedance: 20 kQ, differential.

Input Sensitivity: 3.0 V input for 3800 W output into 1Q (adjustable).
Intermodulation Distortion: <0.05% from 1.55 to 1550 watts into 4 ohms.
Hum and Noise: (DC -100 kHz): <1 mV.

Slew Rate: 46 V/us.

Common Mode Rejection Range: +11 Vdc maximum.

Common Mode Rejection Ratio: 70 dB.

Output Load for Max Performance: 0.75Q to 2.2Q.

Voltage Monitor: 1 V/V from an unbalanced output terminal on the main
board isolated through 10 kQ..

Current Monitor: 20 A/V from a 1 kQ unbalanced output terminal on the
main board.
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1.2.4 Front Panel Functions

The following illustration has captioned call-outs providing a visual location
of the 7700 front panel functions.

A. Ready Indicator; B. Standby Indicator

Only one of these two LEDs should be on at onc time. The Ready green
LED shows that the 7700 is available and will amplify the input signal.
The Standby yellow LED shows that the amplifier is in Standby mode.

C. Ready/Standby Switch

This switch controls power to the output stage of the amplifier and any
slave amplifier connected to it in a multiamp, Master/Slave system.

D. Over Voltage Indicator

This amber LED indicates high voltage (>10% above normal) in the
3—-phase, AC mains. This condition always puts the 7700 into Standby.

E. Fault Indicator

If this red LED is on, an abnormal current condition exists in the output
stage. To clear the Fault condition, cycle the AC power. If the fault
condition remains, the 7700 has suffered some serious internal damage.

F. Over Temperature Indicator

This amber LED alerts you to an over-temperature condition in the main ..
power transformer or on the output stage heat sinks. The 7700 auto-
matically switches to Standby until the temperature returns to normal.

G. Overload Indicator

This amber LED is on when distortion exists. The overload circuitry
shows if the output of the amplifier does not follow the input signal.

H. Run/Reset Switch

This spring-loaded switch, normally in the RUN position, provides
momentary RESET. It clears the OVERLOAD indicator.
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1.2.5 Back Panel Functions

The following illustration has captioned call-outs providing a visual location
of the 7700 back panel functions.

Gl

I. Barrier Block Input (J2)

This standard input allows differential or single ended connection and
saves you a connector and is more perminate.

J. Optional Twin BNC (J1)

This input option is quicker to connect and disconnect and provides
differential input. Single ended BNC is also available.

K. Interlock Connector (J3)

Use this 37 pin D-sub connector for interlocking and combining functions
in a system of multiple amplifiers. The spare pins can be used in custom
interface applications. See Section—3 Applications for a complete pin-out
description and use of this connector.

L. AC Mains Switch/Circuit Breaker

The dual function power switch and circuit breaker opens all legs of the
ac mains. The rating is 20A for 208 and 240 volt units, and 10A for 380
and 415 volt units.

M. Output Terminal Block

Connect output lines from the load to this 4-terminal barrier block. It
accepts up to #4 AWG wire.. When operating in the Controlled Current
mode, use only the Output terminal and the Sampled Common
terminal for driving the load.

N. AC Power Connector

This is a NEMA style twist-lock, three phase connector. See the Power
Supply schematic in the back of the manual for terminal connections.
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1.2.6 Main Board Functions

The following illustration, showing the main board behind the front panel,
has captioned call-outs providing a visual location of main board functions.

7700 SERIES

0. Voltage Monitor (T104)

The output voltage of the amplifier may be observed by connecting an
oscilloscope and/or voltmeter from T104, amplifier output, to T105 (T),
ground. This test point reads voltage directly and is isolated by 10 kQ.

P. Master/Slave Switch (S100)

When the 7700 is used as a single amplifier or as a masterin a
multiamp system, input is through the 3-terminal barrier block J2,
then, the Master/Slave switch S100 is in the Master (up) position. When
the amplifier is used as a slave in a multiamp system, input is through
the interface connector J3, then, the Master/Slave switch S100 is in the
Slave (down) position. More information on master/slave operation is
contained in Section—3 Applications.

Q. CC/CV Jumper (B5)

This jumper goes left for CV (Controlled Voltage) mode and right for CC
&C AUTION (Controlled Current) mode. By placing the jumper on the left pair of
pins, the amplifier’s output voltage will be controlled by its input voltage
Do not operate signal. By placing B5 on the right pair of pins, the output current will be
Controlled Current controlled by the input voltage signal. See section 3.3.6.
mode without
taking the precau- R. Compensation Jumper (B6)
tions described in When the 7700 is used in the CC mode as a controlled current amplifier,
Section 3.3.8. the current control loop is optimized with an RC network. The main

board has provision for two of these networks. When B6 is on the left
pair of pins, the network R109, C104 and C105 is selected. When B6 is
on the right pair of pins, the alternate network R108 and C103 is se-
lected. See Section—3 Applications for compensation details.
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S. Sensitivity Control (R105)

The input sensitivity of the 7700 may be trimmed by the adjustment of
R105. That adjustment will trim the input sensitivity a few percent of
voltage gain. Replace fixed resistors to affect a greater change. See
section 3.3.4 for details.

T. Circuit Ground (T105)

This is the main circuit board ground which originates from the low
voltage power supply.

U. System Current Monitor (T101)

T101 is a monitoring point for system current when two or more amplifi-
ers are in parallel.

V. Current Monitor (T103)

The current monitor is an active buffered output that may be observed
with monitoring equipment. The scale factor is 20 amps per volt. Use
T105 (T), ground, with T103 to monitor amplifier output current.
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Section 2—Installation

This section provides general guidelines for installing
the 7700 series amplifier with special emphasis on
system installations.
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2.1 Unpacking

Every TECHRON amplifier is carefully inspected and tested prior to leaving
the factory. Besides the amplifier, you should find this manual, a “Getting
Started” pamphlet, a NEMA style AC mains connector, and a 37 pin D-sub
connector in the package.

A WARNING

Never attempt to lift the amplifier without
assistance. Crushing bodily injury can
result if care is not taken during installa-
tion. Cabinets may overturn if not secure.

Carefully unpack and inspect the unit for damage in shipment. If damage is
found notify the transportation company immediately. Save the shipping
carton and packing materials as evidence of damage for the shipper’s inspec-
tion. TECHRON will cooperate fully in the case of any shipping damage
investigation. In any event, save the packing materials for later use in
transporting or shipping the unit. Replacement packing materials are
available from TECHRON. Never ship this unit without proper packaging.

2.2 Mounting

The 7700 series mounts in a standard 19-inch rack. The illustration below
shows the mounting dimensions. Allow an additional two inches behind the
output connector box on the back panel for connecting cables.
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lllustration 2-1 Mounting Dimensions
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/A\ CAUTION

Do not operate the amplifier in a small
sealed chamber of any kind. Improper
operation and overheating will result.

Take these additional precautions during installation:

1. Add additional internal support at the back of the amplifier attached to
the rack such as angle iron to support the amplifier from beneath.

Note: The Model 7700 weighs over 130 pounds. Be sure
weight is properly supported.

2. When mounting the amplifier in a rack cabinet, the side walls of the
rack must be at least 2 inches away from the chassis as shown in the

illustration below.

3. Allow for hot air discharge through the amplifier's front grill (see illus-
tration below). If your cabinet has a front door, you must provide
adequate air flow through the door. Provide a source of cooling air for
fan intakes. If the rack is crowded or rack ventilation is poor, use a vent
tube to the outside of the rack. Cooling capacity required is 300 ft*/min.

total per amp.

4. When operating the 7700 in a dusty environment, use commercial
furnace filters or equivalent to prevent rapid clogging of the filters on

the amplifier.
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P
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-
AR
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(TOP VIEW) > FLow
AIH\N -—- DOOR
= FLO
AR l 2 / \
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1761 \_/ BLOWER
—w v
lllustration 2-2 Rack Cabinet Air Flow
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2.3 Making Connections

Before connecting the amplifier, please note the following:

0O Remove all power from the unit. Do not have the AC cord plugged in.

O Change the default settings on the main board behind the front panel if
your hookup is for Controlled Current and/or Slave operation (see
Section—1.2.6 Main Board Functions for location of these controls).

Use care in making connections, selecting signal sources, and controlling
output level. The Model 7700 protects itself thoroughly, but is capable of
causing serious damage through improper connections and inadequate loads.

During hookup take the following precautions:

1. Use only shielded cable on inputs. Do not short the input signal ground
to the ground lead of an output cable—oscillations may result. Keep
unbalanced input cables as short as possible—avoid lengths greater than
10 feet. Input connection can be either differential or single ended. See
the illustrations below for recommended connections.

Differential Input Single Ended Input
+ & + 1

{2

To Signal
Generator

To Signal
Generator

Preferred Alternate

lllustration 2-3 Input Connections

2. The output wire and connectors should be heavy enough to carry the
intended current to the load.

3. Do not run signal (input) cables together with high level wiring such as
load (output) wires or AC cords—this helps avoid most hum and noise.

4. Never directly parallel the output of the 7700 with the output of any
other amplifier. This connection may cause serious damage to the
amplifier and/or load and will not result in increased power output. If
output current boosting is needed, see Section—3 Applications.

5. Do not short the COMMON output terminal to the SAMPLED COM-
MON output terminal. Unreliable operation will result.

6. Never directly connect the output to a power supply output, battery, or
AC main. These connections will cause serious damage to the amplifier.

7. Always operate Model 7700 from proper ac mains. Depending upon the
wiring configuration of your particular unit (see the back panel), the 3-
phase, 47 - 63 Hz voltage must be either 208/240 Vac for 7780s, or 380/
415 Vac for 7790s, with no more than 10% tolerance above or below the
line voltage. The amplifier will not operate properly outside these
limits.
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A persistent problem in the application of power amplifiers is unintended
feedback of output signal into the input signal resulting in oscillations.
Oscillations will distort the intended signals and subject the output transis-
tors to additional stress. The cause begins with the power transformer.

To provide isolation between the dec supply and ac primary circuits, a Faraday
shield is placed in the power transformer between the primary and secondary
windings. This shield is attached to the chassis. The current which charges
the capacitance between the secondary and the Faraday shield must complete
a circuit somewhere. Ideally this circuit will be completed at the amplifier
and not through connection cables. The preferred location is at the back
panel between the Sampled Common or Common terminals and the chassis.

If intentional means are not provided for this returned current, it may return
to the amplifier through some path such as an input or control cable. In
applications where a direct connection of the Sampled Common or the Com-
mon terminal to chassis is not possible because of ground loop problems, a
low inductance type resistor valued between 1 to 5 ohms may be connected
from Common or Sampled Common to the chassis (see illustration below).

A WARNING

ELECTRIC SHOCK HAZARD. Output potentials
can be lethal. Make connections only with ac
power OFF and input signals removed.

To make connections to the output terminal block (shown below), remove the
protective cover. The purpose of this cover is not only to protect you and
others from accidentally touching the terminals during operation, but also, to
protect the fragile module to which it is connected. It is particularly impor-
tant when transporting or shipping the amplifier that this cover be in place.

27Q

lllustration 2-4 Output Connections
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2.3.1 Controlled Voltage Hookup

The amplifier comes from the factory in the Controlled Voltage (CV) mode.
See "Q" in Section 1.2.6 for position of mode change jumper (B5). The illus-
tration below shows the hookup to J2 as a differential input. See the previ-
ous section for single ended input options. In the CV mode the negative
terminal of the load can be connected to the COMMON or SAMPLED COM-
MON terminal, but not both. The load's positive terminal is connected to the
amplifier's OUTPUT terminal.

Note: The current monitor depends on the feedback from
the Sampled Common terminal, so it will not work if the
Common terminal is used.

e )

_J
® [ | IS

g SR e,
O

*OP
o o

+ L
INPUT SOURCE iﬁpﬂﬁls,\.'zs

lllustration 2-5 Controlled Voltage Hookup
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2.3.2 Controlled Current Hookup

In Controlled Current mode use the OUTPUT and SAMPLED COMMON
output block terminals only. Do not use the COMMON terminal in Con-

trolled Current (CC) mode. Place the main board mode jumper (B5) in the

Controlled Current mode position (see "Q" in Section 1.2.6 for position of
mode jumper (B5).

Note: Please read Section 3.3.6 Controlled Current Opera-
tion and Compensation before operating in CC mode!

T
o
© B
O
(@)
+ J__ -
INPUT SOURCE

vz'_Lx

3-PHASE
AC MAINS

lllustration 2-6 Controlled Current Hookup
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2.3.3 Connecting Power

A DANGER

The risk of lethal ELECTRIC SHOCK exists
when connecting ac mains! Disconnect
the source before connecting ac power
wires to the connector. »

Model 7700 includes a NEMA style locking ac connector (shown below) as
standard equipment. Connect the 7700 to the proper 3-phase ac mains with
this connector. Wiring to the ac connector requires only that the three line
wires go to connections X, Y, and Z plus the safety ground to the center
connection G. The illustration below shows the connector disassembled
exposing the screw-type terminals. The connector then plugs into the 7700.

llustration 2-7 AC Mains Connector
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Section 3—Applications

This section describes uses, capabilities, and sample
system configurations of the Techron 7700 series ampli-
fier. Review this material before attempting to change
the amplifier.
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3.1 Introduction

Typically, 7700 series amplifiers are manufactured and shipped in specific
configurations for a particular user requirement. This section is included for
customers who may subsequently need to reconfigure 7700 series amplifiers
for a new application. For these users, this section provides general theory
and guidance.

This section assumes significant competence on the part of the reader in
terms of amplifier systems, electronic components, and sound electronic
working practices. Readers are urged to contact Techron Application Engi-
neering for assistance with any of this information.

A WARNING

Except as recommended in this manual,
attempts to reconfigure or otherwise
change the circuitry of the amplifier could
invalidate the Techron product warranty.
In addition to possible damage to equip-
ment, users face a safety hazard in the
event such procedures are improperly
performed. Users should be extremely
cautious in making any cormponent or
circuitry changes from factory settings.

3.1.1 Types of Applications

This section covers two major types of modifications:

* Combinations of multiple amplifiers for increased current and/or in-
creased voltage. See Section 3.2

 Internal circuitry or component modifications to any units. See Section
3.3.

3. 1.2 Special Applications

This section must necessarily deal with the more common or typical modifica-
tions and applications. For users who require special reconfiguration not
listed, Table 3—1 lists spare pins that allow direct connection with main
board connectors.

Users are also encouraged to contact Techron Application Engineering for
assistance in modifying 7700 series amplifiers for new or special purposes.
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3.1.3 Applications Connector Table (J3)

Table 3—1 shows the pin numbering sequence of J3, the 37—pin D-Sub connec-
tor located on the back panel of the amplifier. This connector is referred to

throughout this section for interlocks, Master/Slave inputs/outputs, and
custom applications. Corresponding connections on main circuit board
connectors J100, J200, J250, and J300 are also shown.

FUNCTION J3 J100  J200  J250

J300

i Amplifier Output
. Sampled Common

Overload + Out
HQvertempi+ Out
Overvoltage + Out
i Ready +Out i
Supply, + 15 VDC

liInterlock Commoniii i
Interlock Common

um3(—)_:.:

Qverload = Out:
Overtemp — Out

#Bupply; = 16:VDC
Enable - In

i Current Sumil:(+):

Current Sum 2 (-)

(Spare)
A NFCY s
Input, +20

(N/C)

Table 3-1 J3, J100, J200, J250, and J300 Connections

Applications
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3.2 Multiple Amplifier Systems

3.2.1 Principles and Overview

The Techron 7700 Amplifier may be used with other Model 7700 amplifiers to
increase available current or voltage. This section explains the objectives of
such amplifier systems and provides general guidelines for their construc-
tion.

Construct systems of multiple 7700s according to the following principles:

* Use only the same model Techron 7700 series amplifiers to
construct multiple amplifier systems. Do not connect, for example,
a Techron 7780 with a 7782 or an amplifier made by another manufac-
turer. Such improper connections could damage the amplifiers.

* Never directly connect one amplifier’s Quiput terminal (on the
output terminal block) to another amplifier’s Quiput terminal.
The resulting circulating currents will waste power and may damage the
amplifiers. Depending on the configuration, the Output terminal of one
amplifier may only be directly connected to the next amplifier's Sampled
Common (or sometimes Common) terminal, to the load, or to a ballast
resistor.

* Potentially lethal voltages and currents are present within the
amplifiers. While the 7700 chassis is earth grounded, all internal
grounds are floating. Particularly in systems assembled for increased
voltage, all internal grounds of Slave amplifiers could carry lethal
voltage levels.

e Connect input signal to Master amplifier only. Review Section 2.6
for detailed input signal instructions.

* Wire specifications are important. Section 3.2.3 details the mini-
mum output wiring specifications of multi-amplifier systems. Make
sure the guidelines outlined in this section are followed carefully.

Because the internal circuitry of a 7700 amplifier is not connected to chassis
ground, the amplifier is well suited for use in series or paralle! with other
7700s. See Table 3-2 for examples of proven configurations. Configurations
with more amplifiers may be possible, depending on application (amplifiers
have an internal 2,000 V standoff potential limitation). In assembling such
systems, proper wiring connections are extremely important.

1 Series 2 Series 3 Series 4 Secries
1 Parallel X X X X
2 Parallel X X X
3 Parallel X X
4 Parallel X X
5 Parallel X
6 Parallel X

Table 3-2 Proven 7700 Amplifier System Configurations
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In Illustrations 3-2 through 3-13 of series systems, parallel systems, and
parallel-series systems the following interpretive rules apply:

¢ Connection points on the left side of the amplifier block diagram (15 V,
INT COM, INT, etc.) refer to pins on J3, the 37—pin D-Sub connector,
except for +20, —20, and GND that refer to the input terminals of J1/J2.

e Connection points on the right side of the amplifier block diagram (OUT,
COM, S COM) refer to the barrier block connectors on the output termi-
nal block. OUT refers to Output, COM refers to Common, and S COM
refers to Sampled Common.

* Chassis grounds—where shown—have a 2.7 Q resistor attached between
the ground and Sampled Common. Every amplifier chassis is (or should
be) grounded through the input power (ac mains) connector. Where the
2.7 Q resistor is not required, the ground symbol has been left off for
simplicity’s sake.

Note: Although typically not required, some success has
been found connecting the amplifiers’ chassis to a rack main
member using a wire-braid ground strap to reduce amplifier
noise. Such a connection properly made, while making
multiple connections to ground, lowers the overall impedance
path to earth ground from the amplifier chassis.

INustrations 3-2 through 3—13 are valid for both controlled voltage mode and
controlled current mode operation.

To choose between differential or single-ended output use the following
guidelines:

¢ Differential output is less expensive (because it needs fewer optical
couplers) and is easier to build than single-ended output.

* Single-ended output must be used if the load will ever be ground refer-
enced.

/\ CAUTION

To protect amplifiers in a series system from
damage, the interlock system for any unit above
ground must be protected with an optical isola-
tor, Techron's OPTOC-1 (part number OPTOC1).

3.2.2 Master/Slave Settings

In multiple Techron 7700 amplifier configurations, onc amplifier is desig-
nated as a “Master” amplifier and the one or more amplifiers connected to it
are designated as “Slaves.” In Slave amplifiers, the input signal, selection of
CV or CC operation, and (if applicable) CC compensation are controlled by
the Master amplifier. Amplifiers are factory-set as Masters. The Master
setting is also correct for single-amplifier operation.
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ustration 3-1 Output Terminal Block

Note: Before using a Master amplifier (either by itself or in a
system), install the 2.7 Q “circulating ground current bleed
resistor” included in the amplifier package. (See lllustration
3-1.) Attach this resistor between the Sampled Common
output connector and chassis ground. The purpose of the
2.7 Q resistor is to reduce noise caused by small circulation
ground currents. Use of the resistor in Slave amplifiers
depends on the circuit configuration. Whenever an OPTOC-1
is used (the Slave amplifier is not ground referenced), the
resistor is not used on that Slave amplifier. (If installed
whére it shouldn't be, the resistor may burn out.)

To operate the amplifier as a Slave, complete these steps:

1. With power to the amplifier turned off, loosen the four screws on the
front cover of the amplifier and remove the front cover.

2. Locate switch S100 on the main circuit board. See Illustration 2-8.

3. Slide the switch down to the SLAVE position.

3.2.3 Output Wiring Principles

This section outlines the minimum output wiring requirements in terms of
size, length, and rating for connecting multi-amplifier systems.

Wire size or gauge should be selected to exceed the expected current it will
carry. Table 3—-3 shows the minimum matching requirements of wire gauge
and continuous duty amperage limits.

Control the length of wire connecting each amplifier with care. Particularly
in parallel applications, the length of branches to each amplifier should
match within a tolerance of +1/4 inch. Similarly, in any Y-branching applica-
tion, both legs should be of the same length with a tolerance of +1/4 inch. See
Iustration 3-15.

Wires connecting the amplifier (output) commons or sampled commons together
should be as short as practically possible. (Leaving a few feet of extra length in
order to extend amplifiers mounted on chassis slides is permissible.)

Wire rating refers to the allowable voltage handled by the wire. In configur-
ing multi-amplifier systems for increased voltage, make sure that the wire

insulation is appropriate for the intended voltage.

To construct interconnect wiring, see Section 3.2.5.7, Step 5.
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Continuous American Diameter Diameter
Duty Current* Wire Gauge {mm) Mils
(Amperes) (Awg) (.001 in)
46 8 3.264 128.5
33 10 2.588 101.9
23 12 2.053 80.8
17 14 1.628 64.1
13 16 1.291 50.8
10 18 1.024 40.3

* Minimum value for insulated wire in free air (i.e. not bundled)

Table 3-3 Wire Current Carrying Capacity

3.2.4 Series Systems for Increased Voltage

Two 7700 amplifiers can be assembled in a series configuration to approxi-
mately double available voltage to a load. The following examples could be

used for either controlled current or controlled voltage mode.

To assemble a series system:

1. Identify one amplifier as the “Master” unit. Set S100 up to the MASTER

position.

2. Following instructions in Section 2.6, connect system input to the Master

amplifier.

3. On the “Slave” unit(s), set S100 down to the SLAVE position.
4. Build and connect interconnect cable between both amplifiers as shown
in the specific illustration and according to the instructions in Section

3.2.5.7, Step 5.

5. Connect the load to the amplifiers according to the illustration.

A DANGER

; High voltage is present in series-connected amplifier |
i systems. Do not touch internal parts of amplifier or
| the output terminals while the system has power. :

/\ CAUTION

To protect amplifiers in a series system from damage, the
interlock system for any unit above ground must be pro-
tected with an optical isolator, Techron's OPTOC-1 (Part
Number OPTOC1).

In any differential-output (push-pull) configuration, both sides
of the load are at high potential. Never attempt to ground
the load—either directly or through test equipment.

Applications
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3.2.4.1 Two-Series Differential-Output

Illustration 3—-2 shows the basic connections for a 7700 two-series differen-
tial-output (push-pull) system.

Note: In each of the lllustrations 3-2 through 3-13, the
resistor connected from “"Sampled Common” to chassis
ground of an amplifier is 2.7 ohms, 2 watts. Use of this
resistor is covered in Section 3.2.2.

Amplifier 2
15v

INT COM

29
INT

ouT

our
COM NC

21

+1
7 a-l S coM

+21 7700

-y1 Slave /

(/77 )

2.7Q

15v Amplifier 1 \

INT COM

LOAD

12
29

INT

01 OT
03 ouT

oM
coM NC
+20

S CoM
-20

GND

1 Master /

(A7)

2.7Q

lllustration 3-2 Two-Series Differential-Output System
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3.2.4.2 Three-Series Differential-Output

Note the use of the optical isolator (OPTOC-1) to protect the slave amplifier
above ground.

10| Amplifiexr 3
15v 15v
12
INT COM
29
INT INT
ouT UT
ouT
coM
21l COM —
= +l +1 S coM
22 -1 -1
7700
AR AR Slave
OoPTOC - 1 / LOAD
]
Amplifier 2
15v
INT COM
29
T == INT
‘ OUT
ouT
ICOM
CcoM —
21
[ +1 S COM
| 2|1
T 7700
+21 Slave
-¥1 /
2.7Q
A 10 E
” 15v Amplifier 1
L 4 INT COM
29
INT
01 UT
03 ouT
'CM
CcOoM
| +20 S COM
-20
b 7700
< 0
Qil Mastexr
-2

(/77 )

2.7Q

3-3 Three-Series Differential-Output System
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3.2.4.3 Four-Series Differential-Output

Note the use of the optical isolators to protect the slave amplifiers above
ground. Details of wiring in D-sub connector (DB-37) are also shown.

GPTOC - 1 AmpLifier
15v 15v
INT COM = INT COM
INT poed INT T
ouT —UT
s coM m B S
READY == READY s coM
+1 ey +1
-1 ot -1 slave /
a
§
-
oL O ST RN\
ouT
coM
INPUTS  —]-20 master
=1 GND
2.1
lllustration 3-4 Four-Series Differential-Output System
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3.2.4.4 Two-Series Single-Ended-Output

Illustration 3-5 shows the assembly of two 7700s in a two-series single-ended
(unbalanced) output configuration.

To protect each amplifier from damage, the interlock system for the unit

above ground must be protected with an optical isolator, Techron’s OPTOC-1
(part number OPTOC1).

Note: The resistor connected from “Sampled Common” to
chassis ground is 2.7 ohms, 2 watts. Use of this resistor is
covered in Section 3.2.2.

10 Amplifier 2 \
15v 15v
12
INT COM
29
INT INT
ouT UT
ouT
coM OM
21 CcoM —
1 1 +1 S CoM
22 a -1
7700
OPTOC - 1 Slave /
:
7\ 10 Amplifier 1
12 15v
@ TNT COM
29
INT
01
03 ouT
oM
COM —
+20 s coM
-20
aND 7700
31 Master
-Z1 /

(A7)

2.7

lllustration 3-5 Two-Series Single-Ended-Output System
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3.2.4.5 Three-Series Single-Ended-Output

Note the use of the optical isolators to protect the slave amplifiers above ground.

10 Amplifier 3
15v ™ 15v
[ 12
= INT COM
29
INT ={INT
OUT —{OUT
OUT
coM endCOM
o1 coM
| +l = +1 S coM
2 -1 {1
AR — A R 7700
Slave
QOPTOC
10 lifier 2
¢ 15v 11 5v Ampl1ifi \
% 12
el INT COM
29
¢ INT = INT
01
ouT ot OUT
] OUT
02 coM Ldcom
01 coM LOAD
I 1 = +1 S CoM
22| -1 -1
a
R = A R 7700
Slave
QOPTOC
10 Amplifier 1
15v
12
INT COM
29
INT
01 UT
oM
CcoM
+20 s coM
-20
GND 7700
+21 Master
1 /
2.7Q
lllustration 3-6 Three-Series Single-Ended-Output
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3.2.4.6 Four-Series Single-Ended-Output
Note the use of the optical isolators to protect the slave amplifiers above ground.

/\ 10 Amplifier 4
15v 15v
12
heed INT  COM
29
INT TNT
ouT p— T oUT
coM e COM
coM
21 +1 —
+1 S coM
22 1 ||
AR |l ar
7700
sl
oPTOC - 1 ave /
i0 ifi
15v e oo Amplifier 3 \
12
¢ —dTNT COM
29
INT INT
01 - L oor
02 ouT
coM et OM
” coM
+1
: —1+1 S coM
2 -1 — 1
A AR
R = 7700
Slave
OPTOC - 1 /
Load
10 Amplifier 2
¢ 15v =—115v
12
¢ beed INT COM
29
INT TNT
01 OUT Lur
02 ouT —
CoM pomnd COM
coM —
21 +1 =
+1 S coM
22 -1 ] 1
_\J AR
R
A = 7700
opTOC - 1 Slave /
; \ 10 L5y Amplifier 1 \
12
INT COM
29
INT
01
03 ouT
——lCOM com
+20 S coM
-20
GND 7700
+Zl Master
-1 /
2.7Q
llustration 3-7 Four-Series Single-Ended-Output System
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3.2.5 Parallel Systems For Increased Current

3.2.5.1 Introduction

Use this procedure to construct a parallel system of amplifiers.

Multiple 7700 Techron amplifiers, assembled in a parallel configuration,
increase the available output current to the load. Illustration 3-8 shows the
basic wiring configuration for two 7700s operated in parallel. The upward
arrows represent further connections for additional units in the parallel
system. This is the simplest controlled voltage form of the parallel system.

To additional slaves

A A
T 21
SLAVE
22 t} Ballast
L 22 INT Resistor
OUTPUT
COMMON
SAMP COM
2 LOAD
; MASTER j -
2ROINT OUTPUT
~O0UT = AW-O
Z5coM COMMON Ballast
SAMP COM

+20 Resistor
20
GND

lllustration 3-8 Basic Parallel System

In terms of the amplifier’s individual response, when an amplifier is config-
ured in parallel with another amplifier, it “sees” twice the total impedance of
the load. Similarly, if three amplifiers are configured in parallel, each will
“see” (or respond as if they were driving) three times the impedance of the
total load. Therefore, the correct compensation components (see Section
3.3.6) for a single amplifier driving a load will not be correct for the Master
amplifier of a parallel configuration of amplifiers driving the same load.

When multiple amplifiers are used in parallel as a current source (controlled
current mode), current summing (“X”) circuitry is needed. (Sece Section 3.3.6
for information on controlled current mode.) Summing of the current feed-
back information is through a precision, balanced input mixer in the Master
amplifier of a parallel system. Jumper block J200 (located on the right-hand
side of the main board) internally identifies the Master, Slave 1, Slave 2, and
Slave 3 amplifiers. All amplifiers in a system of paralleled amplifiers will
require a J200 jumper plug.

Illustration 3—-14 shows the current summing feedback circuit and the
correct configurations of J200 for the Master, Slave 1, Slave 2, and Slave 3.
If you use fewer than four amplifiers in parallel, install only the jumper
wires on J200 jumper plug (Master) corresponding to the amps used.
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The “Z” connection shown in Illustration 3-8 is detailed in Illustration 3—14.
Add these connections to the cable between amplifiers.

Current summing circuitry is not used in voltage mode operation. If J200
jumper plugs and interconnect wiring are not installed, however, the system
current monitor (T101, Master) will not function properly.

All amplifiers connected in parallel require “ballast” resistors. Since no two
amplifiers in parallel will put out exactly the same voltage, the amplifier with
the highest voltage would drive some voltage into the other amplifiers. The
ballast resistor (or “current sharing/isolating” resistor) absorbs this small
voltage difference and serves to isolate the amplifiers in a parallel circuit.
Typical value for the ballast resistors would be 0.050 ohms, 250 watts. Dale
RH250 (Crown Part Number C6892-1) is an appropriate resistor for this
application. Mounting holes on the back panel have been provided.

7700 series amplifiers have internal provisions for up to four paralleled
amplifiers (one Master and three Slaves). It is possible to parallel additional
amplifiers with external custom circuitry. Contact Techron Applications
Engineering for further assistance.

Iustrations 3-9 through 3-13 show sample configurations. Section 3.2.5.7
gives detailed information on how to construct a parallel system.

In systems with amplifiers that are only in parallel, such as in Illustrations
3-9 through 3-11, a “differential” output configuration does not apply. Only
in parallel-series systems, such as in [llustrations 3—12 and 3-13, are differ-
ential-output configurations distinguishable from single-ended-output con-
figurations.

/N CAUTION

In any differential-output configuration, baoth
sides of the load are at high potential.
Never attempt to ground the load—either
directly or through test equipment.
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3.2.5.2 Two-Parallel One-Series

Note: Review Section 3.2.5.7 before constructing!

15v
INT COM

+1

22| -1

33) 431
14 -31

Amplifier 2

(/77 )

10

12
29

01

02

33| +31
14] -1

Amplifier 1 ‘\\\i~79

Ballast
Resistor

0.05Q

AN

250w

t

Ballast
Resistor

0.05Q

A

250w

ouUT
3200 coM
s coM
7700
Master

/

(/77 )

2.7

lllustration 3-9 Two-Parallel One-Series System
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3.2.5.3 Three-Parallel One-Series

Note: Review Section 3.2.5.7 before constructing!

|

(/77 ) N\

2.7Q

15y Amplifier 3 \
/\ 29 INT COM Ballast
INT Resistor
I ‘ our 0.05Q
ouT AN
CQM oM NC 250w
21
+1 S coM
22|11
Mast
151+2.2 7700
341-22 Slave
15v Amplifler 2 \

‘ 7\ INT COM Ballast
29 Resistor
==1INT

’ ‘ ouT 0.05Q
outr NN 5
COM 250w
coM — | g
& 2-1"4‘1 J200 g com
22] -1
14] -3 Slave /
Amplifier 1 \
15v
12
INT COM Ballast
29 Resistor
INT
\ 0Ll 0.05Q
03 ouT NN/
OM 250w
J200 com
+20 S COM \
-20
GND
33 +31
14] -X1 7700
15] +32 Master
34| -22 /

lllustration 3-10 Three-Parallel One-Series System
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3.2.5.4 Four-Parallel One-Series

Note: Review Section 3.2.5.7 before constructing!

15v Amplifier 4
INT COM Ty Ballast
29 ) E, Resistor
INT
ouT P 0.05Q
:: ouT AN/
CoM { 2501
coM |—
21 1 [ ]
+
22| 1 J200 5 coM
35[+33 7700
16 |-X3 Slave /
(/77 ) 2.70 V
15v Amplifier 3 \
INT COM 4~ T T 4 Ballast
i \ 29 [ ] E Resistor
INT ¢ b
o ¢ & 0.05Q
D [ ouT AN
COM [ D . 250w
” ! ) coM
+1
J200
22| 1 S COM
15|+32 7700
39]-22 Slave /
(/77 ) 2.7Q > 3 k
15v Amplifier 2
J
INT COM :’ 4: Ballast
291NT s ® Resistor
¢ b 0.05Q
ouT ) $ oUT AN/
conm % 9 2500
¢ b coM |—
2l 1 J200 s com
%—1
33 4.21
1] -31 7700
Slave
10 270\
12 15v Amplifier 1
———INT COM — Ballast
29 [ ] [ Resistor
INT
01 0.050Q
oUT
23 om o p 250w
q coM
|20
- s C
e 3200 M t
33{+31
14 |-21
15|32
34 |-22 7700
16 |+33 Master
161-23
(A7) A
2.7Q
Nlustration 3-11 Four-Parallel One-Series System
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3.2.5.5 Two-Parallel Two-Series Single-Ended-Output

Note the optical isolators protecting the slave amplifiers above
ground. Also, review Section 3.2.5.7/ before constructing!

{\ 10 Amplifier 4
15v —1{15v
12
INT COM Ballast
29 - Resistor
INT INT
ouT el OUT' 0.05Q
ouT —
oM COM 2501
21 coM —
" =+l S coM
22 -1 -1
AR fd A R 7700
Slave
OPTOC - 1 -
? \ 10 Amplifier 3
12 15v [ L5v [
Qe et INT'  COM Ballast
'y 22 INT NT Resistor
i 0.05Q
ouT -
ouT out I
COM e COM 2504
21 COM
+ =11 s CoM
22. -1 -1
’7 pe—
AR —{ A R 7700
Slave
OPTOC - 1
Amplifier 2 |
15v 4 | —| b
INT COM ¢ [ Ballast
29 ¢ ® Resistor
T INT [ b Q
[ ] 0.05!
ouT [ ® our —
oM ] P con 2500
21 J200
® +l S coM
2? -1
33,3 7700
4] -3 Slave
Y 1 s
2.7Q
(/A7) L—’\
7\ 10 Amplifier 1
12 L5v [ = b
&—mr com ¢ ¢ Ballast
29 e ? Resistor
1 o ® (] 0.05Q
0 .05
UT [} ¢ I
03 our
oM 250w
J200 CoM
+20 S coM
-20
GND 7700
33 +X1 Master
\ 14] -1 /
2.7Q

lllustration 3-12 Two-Parallel Two-Series Single-Ended-Output System
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3.2.5.6 Two-Parallel Two-Series Differential-Output

Note: Review Section 3.2.5.7 before constructing!

Amplifier 4 Ballast
23 Resistor
TINT
0.05Q
OUT
ouT
(COM com 2500
21
+1 S CoM
22]-1 7700
Slave
2.7Q ®
[
29 amplifier 3 Ballast
T INT Resistor
0.05Q
jouT
ICOM
21
T . S coM
g 21 7700
Slave
2.70 E
A
/\ 2 Amplifier 2 \ Ballast
INT — Resistor
{ \ our s ¢ 0.05Q
s ¢ OUT —AA
COM & s 2504
coM —
21 ., ? 9
j_l b ‘; S com
[
33 +21 J200
14| -
i 7700
E / Slave
(/77 ) 2,70\ ¢
Amplifier 1
15v — r_
12 h ¢
/\ LNT COM :) Iy Ballast
2 INT [} [ Res(;'.s[::s;
2 UT [ [} ouT .
S con e 3 2504
coM —
+20 9200 5 com
-20
\ J fet)
33[ +21 7700
\ /] 14| -X1 Master /
2.7Q

lllustration 3-13 Two-Parallel Two-Series Differential-Output System

Applications

3-20



L

3.2.5.7 Procedure

In assembling paralleled amplifier systems, follow these guidelines:

1. Construct and install the proper J200 jumper blocks in all amplifiers.
Use DIP headers and caps (part numbers C6957-2 and C6958-0).

2. To help balance all amplifier output currents driving one load, use a
ballast resistor on each of the amplifier outputs. The typical value for
this resistor is 0.05 ochms, 250 watts (Dale RH250, Crown Part Number
C6892-1). Sccure the resistors using the provided mounting holes on
the amplifier back panels.

3. Select output wire size (gauge) to exceed the expected current it will
carry. When constructing an amplifier system that will function as a
current source, remember the smaller the output wire, the greater its
resistance. This resistance will add to the resistance of the load.

Note: In a system configuration of multiple amplifiers de-
signed for increased output voltage, ensure the wire insula-
tion is appropriate for the intended maximum voltage.

4. When wiring the amplifier outputs to the load in configurations that
include paralleled amplifiers, cable length is critical. The length of the
wire branches should match within a tolerance of 0.25 inches; and all
wire in any branch should be of like type. See Illustration 3-15.

. Construct the proper interconnect cabling for your amplifier system.
(For detailed interconnect wiring diagrams of most amplifier system
designs, contact Techron Applications Engineering.) When constructing
an interconnect/interlocking cable, follow the suggestions below:

a. An ideal interconnect cable would be constructed from the following
materials:

* atwisted pair used for “output” and “sampled common”

¢ atwisted pair used for “+1” and “-1”

* atwisted pair used for “+15 V” and “ground”

* atwisted, shielded pair for each pair of current summing

signals

* asingle wire for “interlock”
If this is not practical, use a group of twisted, shielded pairs with
an overall shield wire. This cable usually is available in two or
three twisted pairs (four or six wires) per cable. Using 22 AWG
wire is typical. Pay attention, however, to the voltage rating on the
wire’s insulation. Some wire insulation is only rated for 600 V.
You may, depending on the system configuration, be exceeding that
potential.

b. Shielding is recommended for the current summing signals. Con-
nect all cable shields to one point—the Master amplifier J3 connec-
tor pin 11 or 12. Do not terminate the shield to the DB-37 back
shell. Shields should not carry signals.

(7]

Note: An overall shield does occasionally cause oscillation
and/or noise problems. If, after constructing your intercon-
nect wiring, excessive noise or unexplained oscillations
occur, disconnect the shield from the Master amp (J3 pin
12] and from the interconnect wiring chain (such that at
every DB-37 connector the shield path is broken}. This may
reduce noise or eliminate oscillations.

Applications 3-21



U104
o3[ >——
! ]
: i3-33 J3-33
Slave 1 -
Amplifier 1 500 J3-14 J3-14
J3-11
or 12
ulodg —Q u1o4
U0z = I U103
T ] E [ b
] [33-15 J3-15 - :
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i . +43-34 v L '
Amplifier 2 .
P J200 43-34 3200 T Y
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J3-35] J3-35
n Master
o ( Amplifier
Slave 44316 13-16
Amplifier 3 o
J200

lllustration 3-14 Current Summing Feedback Circuit

c. It is typical to group the signals as listed in step 5-a. Please refer
to [llustration 3-16.

e In applications where noise or oscillations are problematic,
try routing the “output” and “sampled common” signals as
well as the “+1” and “~1” signals on their own twisted pairs
separately from the bundled pairs.

e It may also be helpful to route the current summing signals
(+, and ¥ signals) through shielded cables that are sepa-
rate from all other signals.

d. When connecting wires to the DB-37 connector, solder only one
wire per pin. Splice any additional wires for a given pin some
distance (approximately 0.25 inches) away from the pin. All splices
should be protected with heat shrink tubing. All pins used on the
DB-37 connector should be protected with heat shrink tubing
when possible.

e. Use OPTOCs (optical couplers) where needed in the interconnect
wiring of the amplifier system. A document entitled “Using
OPTOC-1” (Crown Part Number K80429-2) is available from
Techron.

f Use a “circulating ground current bleed” resistor of approximately
2.7 ohms (1 watt) between the output connections “sampled com-
mon” to “chassis ground” on all amplifiers that do not use an
OPTOC. (See Section 3.2.2.)

6. Zero the voltage offset (per amplifier) using the following procedure:

a. Remove power from all amplifier circuitry using the rear-mounted

circuit breaker.
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Qutput

Sampled
Common

7700 series
Techron Amplifier

Cutput

Sampled
Common

All wires of length "a" should be of the same length +/- 1/4 inch
7700 series All wires of length "b" should be of the same length +/- 1/4 inch
Techron Amplifier All wires of length "¢" should be of the same length +/- 1/4 inch
The length of wire "d" is not critical

The length of wire "e" is not critical

Wire lengths "a” and "b" may or may not be of the same length

lllustration 3-15 OQutput Wire Lengths

b. Disconnect load wires from each amplifier (sampled common and
output).

c. Disconnect all J3 interconnect cables.

d. Remove amplifier front covers. Make sure all amplifiers are in
Slave mode (S100).

e. Connect both an oscilloscope and a digital voltmeter (with a milli-
volt range) to “Amp Out” (T104) and “Gnd” (T105) test points (on
the main board) of the amplifier under test.

f. Turn on power to the amplifier under test and place in “ready”
mode.

g. Adjust R204 for a reading of 0 V.

h. Put amplifier in “standby” mode, or remove power.

. Repeat steps 6—e through 6-h for each amplifier.

—

Note: If your amplifier system only has amplifiers which
are directly in parallel with the Master amplifier go to
step-8 and ignore step-7.

7. With more than one group of amplifiers in parallel, that is, if you are
building a multiple parallel and multiple series system (such as Illus-
tration 3-18), install a trimming resistor network in location R203.
Install this network in all amplifiers that are used in the system (so any
amp can be used in any location). To modify the amplifier main boards,
the follow these steps:
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a. Mark the main board to ensure each amplifier retains its original
main board. Remove the main board from the amplificr.

b. Remove R203.

¢. Construct the “R203 network” as shown in Illustration 3-17, and
install it in the R203 location. Crown part numbers are shown in
the illustration.

d. Reinstall the main board on the amplifier.

e. Connect power to an oscilloscope (of at least two channels) through
an isolated ground power source. Ideally use a two channel
(probe) isolator (such as a Tektronix model A6902B). Using an
isolator allows safe floating voltage measurements.

Note: If you use a probe isolator, both ground wires of both
probes may be used (because each channel is isolated).

If the oscilloscope is operated through an isolated power
source but without a probe isolator, do not connect more
than one ground lead. If CH 1 probe and CH 1 ground are
connected to the circuit, do not connect CH 2 ground. This
is a good practice for two reasons:
 If the amplifier system has series configured amplifiers, their
individual grounds are at different potentials.
e Even when both amplifiers are in parallel, ground loops cre-
ated by scope probes can cause oscillations.

f. Adjust R203 to midrange on the Master amplifier and on all Slaves
in parallel with the Master. (This isn’t an exact adjustment; the
full range of the modified R203 on the Master amplifier is less than
+ 0.1% overall gain.)

g. Connect a low-level input signal to the Master amplifier. A 1.0 V P-
P, 1 kHz, trapezoidal signal works well. Adjust scope traces to
overlay with each other when the oscilloscope’s input is grounded.

h. Choose one of the amplifiers not in parallel with the Master ampli-

fier. (For example, in Illustration 3-18, any Slave amplifier except

1 could be chosen. In the following example, Slave 3 has been

picked.) Connect scope probe CH 1 to the main board current

monitor (T103) and ground of Slave 3.

Adjust R203 to about the middle of its range. (This isn’t an exact

adjustment.)

. Enable the amplifier system.

k. Connect CH 2 probe to T103 of the first Slave amplifier in parallel

with the Slave amplifier of step 7-h (Slave 2 in this example).

Adjust R203 on the main board of that amplifier to overlay the

signals.

Continue the procedure of step 7-k for all Slave amplifiers which

are in parallel with the first amplifier of step 7-h. (In the example

system drawing there are no more amps in parallel.)

m. Repeat steps 7-j and 7-k to verify that all amplifiers are “bal-
anced.” Make slight adjustments to any R203s if needed.

n. Repeat steps 7-h through 7-m for all other paralleled amplifier
groups in the system. (In the example, Slave 4 and Slave 5.)

o. Lock R203 potentiometers using a breakable/removable cement or
sealant (such as finger nail polish).
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Slave 5

Slave 4

Slave 3

Slave 2

Slave 1

Master

J6 connector backshell (DB 37)

Pi
0 NOT USED: red 2
10—red 6 black 2
12 [—black 6 shield 1
2 1|—white 6 sh!eld 3
22 |—green 6 shield 4

shield 5
29f—orange 6 shield 6
Cable 6 .
orange wire 6
10—red 5 4+ red 6 /
12 [=black 5 + black 6
2 1}—white 5 + white 6
22|—green 5 , green 6
29f—orange 5+0range 6 \
Cable 5 orange wire 5
1 |—white 5
2 |—green 5
10f—red 4 +7r1ed 5
12 k=black 4 4 black 5
2 1f—white 4
22—green 4
29|—orange 4 orange 5
orange wire 4
Cable 4
10l—red 3 +red 4
12 }—black 3 + black 4
21}—white 3 + white 4
22 |—green 3 + green 4
29}—orange 3+ orange 4
Cable 3
orange wire 3
14}—green 2 shield2 NO CONNECTION ‘//
21}—white 1+ white 3 .
22F—green 1+ green 3 black 1+ black 3 Note:
There is no
29 —orange 1+ orange 3 red 1+ red 3 orange wire 2
33 p—white 2
Cable 2
Cable 1
1 |—white 1 ;
» [—green 1 orange wire 1
10 —red 1
12 |—black 1, shield 2
14 |—green 2
29f—orange1
33—white 2

Cable used is: One twisted pair of 22 AWG red and black

One twisted pair of 22 AWG white and green

One overall shield, shields are not connected to each other at DB 37 connectors

Each cable (and orange wire) length is about 6 feet, so the cable can be tied down
to the cabinet but all amplifiers can still be extended on rack slides for service

lllustration 3-16 Interconnect Wiring in an Example
Two-Parallel, Three-Series, Single-Ended-Output Amplifier System
(to be used with System Wiring Diagram of lllustration 3-18)
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8. Balance the amplifier outputs following the procedure outlined below.
You may need to first install R254 on the main boards of all amplifiers
used in the system, so any amp can be used in any location. (Mark the
main boards and/or amplifiers so each amplifier will get the same main
board re-installed.)

e Toinstall R254 (100 ohm trimpot, Crown Part Number C
6173-6) complete step 8-a.

e If R254 location already has a potentiometer installed go to
step 8-b.

a. Remove the main board from the amplifier. Remove the jumper
across R254. Remove the 1.31 kQ 1% resistor from R201 location.
Install the trimpot in R254 location and a 1.27 kQ 1% resistor
(Crown Part Number A10265-12711) in R201 location. Install the
main board on the amplifier. Use R254 to balance the Slave
amplifier output.

b. After assembling the multiple amplifier system, connect power to
an oscilloscope (of at least two channels) through an isolated
ground power source. Ideally, use a two channel (probe)
isolator (such as a Tektronix model A6902B). Using an isolator
allows safe floating voltage measurements.

Note: If you use an probe isolator, both ground wires of both
probes may be used [because each channel is isolated).

If the oscilloscope is operated through an isolated power
source but without a probe isolator, do not connect more
than one ground lead. If CH 1 probe and CH 1 ground are
connected to the circuit, do not connect CH 2 ground. This
is a good practice for two reasons:
e If the amplifier system has series configured amplifiers, their
individual grounds are at different potentials.
e Even when both amplifiers are in parallel, ground loops
created by scope probes can cause oscillations.

¢. Connect a low level input signal to the Master amplifier. A1.0V
P-P, 1 kHz, trapezoid signal works well.

d. Adjust scope traces to overlay with each other when the
oscilloscope’s input is grounded. Connect CH 1 to MASTER
amplifier main board current monitor test point (T103) and ground
test point (T'105).

e. Adjust R254 on the Master amplifier to the middle of its range.

(This isn’t an exact adjustment.)

Enable the amplifier system.

g. Connect CH 2 probe to the current monitor (T103) of the first Slave
amplifier (in parallel with the Master). Adjust R254 on the Slave
amplifier main board to overlay the signals.

h. Repeat step 8—g until all Slave amplifiers (which are in parallel
with the Master amplifier) have been adjusted.

i. Repeat step 8—g and step 8-h to verify that all amplifiers are
“palanced.” Make slight adjustments to R254 if needed.

j. Lock R254 potentiometers using a breakable/removable cement or
sealant (such as finger nail polish).

9. Zero the offset of the amplifier system using the following procedure:

a. With amplifiers in Standby mode, short the signal input terminals
of the Master amplifier by connecting +, —, and Gnd to each other.

]
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C6482-1
24.9 kQ 0.5%

o AN O

R203 as originally constructed

C6482-1 C 3668-8
249 kQ 0.5% 500Q

A10266-2451
2.4 MQ 5%

R203 modified resistor network

24.9 kQ

24 MQ

Bottom view of resistor network

-

Installed top view of resistor network

lllustration 3-17 R203 Network
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b. Using CH 1 of an isolated oscilloscope, observe AMP OUT to GND
test points of the Master amplifier. For a more sensitive measure-
ment, connect CH 1 probe and ground as well as a digital voltmeter
to the load (this connection can be made at the system output fuse

block if your system is so equipped).

. Turn on power to amplifiers and place all amplifiers in Ready mode.

c
d. Adjust R117 on the Master amplifier main board for 0 V.

e. Remove power from all amplifiers. Disconnect test equipment.
Reassemble amplifiers.
10. If the amplifier system is to be used as a current source (controlled
current output), select and install the proper compensation components
on the Master amplifier main board. For instruction on compensation

component selection, see Section 3.3.6.

11. Check overall system gain to verify it is still correct. When setting the
compensation values there may be a slight cffect on system gain. When
testing the system gain conduct the test in the mode in which the system
will be used. Current mode system gain may vary slightly from voltage
mode system gain. Adjust system gain on the Master amplifier using
R105 and selectable components, R100 and R101.

"Slave 4" "Slave 5"
Balance with d X
Slave 5. Use _ N\ / o
500 ohm pot in g oupulr o ame{oupt &
R209 network. 8 z
@ Samplod Sompled 3
= Common, » Common S
7700 series 7700 series
Techron Amplifier Techron Amplifier
LOAD
"Slave 3" "Slave 2"
Balance with i N / .
Slave 2. Use £ Outputfiy @ A Ouput S
500 ohm pot in g San 7
o mpled & Sampled 3
R209 network. é ; Common, Cominon §
3 &
7700 series 7700 series
Techron Amplifier Techron Amplifier
"Master" “Slave 1"
INPUT
No Balance ¥ oupmlan A &
Adjustment. E PN Wl Ot
&  Sampled Sampled
£ Commol ’ Corminoi
L4 274 274 \ 2
( ,’7) 1w 1w ( ”‘7)

7700 series
Techron Amplifier

7700 series
Techron Amplifier

lllustration 3-18 System Wiring of an Example

Balance with
Slave 4. Use
500 ohm pot in
R209 network.

Balance with
Slave 3. Use
500 ohm pot in
R209 network.

Balance with
Master. Use
R254.

Two-Parallel, Three-Series, Single-Ended-Output Amplifier System
(to be used with Wiring Harness Diagram of Hlustration 3-16)
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3.2.5.8 Troubleshooting a Paralleled System

General Tips

If you have specific problems with your amplifier system, some of the follow-
ing tips may be helpful:

¢ Verify that the interconnect interlock (pin 29) wiring is correct and
that the connectors are in place on J6 connector.

¢ Verify that either “common” (voltage mode operation only) or
“sampled common” is used consistently (not mixed) on all interconnect
cable construction.

¢ Verify all Slave amplifiers are switched (S100) into Slave mode, and
that the Master amplifier (S100) is in Master mode.

e Verify that the load is connected to the amplifier for current mode
operation. If the load is not connected, system output will oscillate.

¢ If a problem exists in current mode, try changing the Master ampli-
fier to voltage mode to help isolate the problem.

Specific Problems

¢ Tor excessive noise with no or little input signal, which clears up
when the system is given a significant input signal, check the bias on the
rear output wells of the amplifier. This procedure can be found in
Section 7-8, “Adjust Qutput Stage Bias.” That section specifies R853 be
adjusted for 0.400 VDC. In some system situations it is helpful to raise
this bias only to no more than 0.550 VDC on all amplifiers in the system.

¢ For gain fluctuation problems, where the gain seems to change or
drift over time, try soldering selectable resistors, R100 and R101. Al-
though these component locations were designed for easy replacement, a
few systems have shown noise and/or drift susceptibility to the electrical
connections (when not soldered in place).
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3.3 Internal Madifications

Previous sections have described applications that combine 7700 amplifiers.
For such systems, the user must often modify circuitry or components to
achieve specific application objectives. This section deals with some of the
more common modifications.

3.3.1 Status Indicators and Signals

The front panel of the amplifier contains six LED status indicators. In
addition to the LEDs providing visual indication on the front panel, U502
through U506 provide external status signals for remote operations.

Illustration 3-19 shows the “standard” configuration of the applicable
sections of the main circuit board. This matches the printed circuit layout
(unlike Schematic 9-6 that is electrically correct but the jumper blocks are
not oriented as the user would see them).

Note the jumper positions Z500, Z501, and Z502. If U506 is not populated,
you must jumper Z503.

5 F—, F—OBs
_}
¥, Master
2 L6 3-24
Us02 J"Jm
Overoad | et | 1 5
.......... ] :: Overload
= 6
2500 2 L8 ousos
U503 157
Overtemp | gpeetii] _1. 5 o
.......... vertemp
1 B - .
2501 2 L5 o3
V04 J3-8
Overvoltage | gueul _1. 5
.......... o ¥, Overvoltage
7502 2 16 o397
U505 139
AR
Readim__q—G!-_: Ready
2 Le _
Z503 U506 L———0J3-28

lllustration 3-19 Status Indicators (Standard Configuration)

Jumpers Z500, Z501, and Z502 may be changed to achieve various results.

/\ CAUTION

If Jumper 2500 is changed, the reporting function of
J3 pins 5 and 24 may change, resulting in incorrect
information passing to the amplifier control monitor.
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Ilustration 3-20 shows how to modify Z500, Z501, or Z502 as the jumpers

would be seen on the main board. They may be changed independently of one
another. For example, in Illustration 3-22 Z502 is set in position “C” and the
other two are set in position “D.”

[o] [8]

A. No LED Indicator
No External Reporting
(NOT RECOMMENDED)

C. External Reporting
No Master Error

3] [0]
4] [o]

[o] [§]

El

B. No External Reporting

D. External Reporting
Master Error Reporting

llustration 3-20 2500, 2501, & Z502 Jumper Options

3.3.1.1 External Status Reporting

In the application example shown in Illustration 3-21, the jumper positions
are changed at Z500, Z501 and Z502 so that there is no Master error report-

ing to J3.

This configuration will report the various amplifier status conditions at the
rear panel connector J3 pins as shown in the diagram. For applications in
which the amplifier status is used in any automatic function, the direct
connection at J3 should be used.

15 'S )
+ 1 5 O J3-5
—)
Glz > Master
2 6 3-24
us02 O‘JJ3 6
Overload ] 5 )
= I Overload
........... o )
7500 2 L& oy3.25
Us03 3.7
Overtemp L 5
Slall
........... Overtemp
6
7501 2 L2 0y3-26
Us04 3-8
Overvoltage L 5
a 2 Overvolt
........... _@_L 4 vervoltage
7502 2 L8 oy327
U505 J3-9
& 1 5
Ready :: Ready
7503 2 o L& o308

lllustration 3-21 Opto-Isolator Example #1
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3.3.1.2 Master Error Reporting

Tlustration 3—-22 shows a second custom application using optical-isolated
status indicators. In this example, Jumpers at Z500 and Z501 connect the
top two pins.

This configuration would continue to provide direct J3 reporting of OVER-
LOAD, OVERTEMP, and OVERVOLTAGE. But because of the Z500 and
7501 jumper positions, an OVERLOAD or OVERTEMP condition will also
produce a Master error condition that could be read at J3 pins 5 and 24.

3.3.1.3 Optical Isolator Types

In addition to the wide range of custom applications that can be achieved
through modifications to Z500-Z503 and U502-U506, selection of different
models of optical isolators offers additional versatility.

Motorola Model MOC 8021 is the standard model optical isolator supplied by
Techron. MOC 8021 is appropriate for DC signals. General Electric GE
H1102 is an example of a pin-compatible model that can be substituted for ac
signal applications.

415 1 3 J3-5
3
(! - Master
2 |16 ~I3-24
us02
1 J3-6
5
Overload el
........... o o : Overload
7500 2 503 5 0u3-25
1 \J3'7
Overtemp | guegli] 5
........... 0 o Overtemp
2501 2 18 o436
U504
Overvoltage
........... _@_9_1 Overvoltage
7502 2 18 5307
U505
1 \J3'g
a 5
Ready Ready
2 |8 )
2503 U506 L———J3-28

lllustration 3-22 Opto-lsolator Example #2
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3.3.2 Remote Start

The 7700 amplifier can be enabled and disabled from a remote point by a
computer or other type of industrial controller. The following sections
describe several methods of grounding pin 29 for remote STANDBY.

3.3.2.1 Relay Control

A relay is the simplest form of remote start. Use the appropriate set of
contacts to cause the amplifier to go into STANDBY when the relay is ener-
gized. See Illustration 3-23 for appropriate connections to J3.

<

lllustration 3-23 Relay Control

3.3.2.2 AC Control with Optical Isolation

To ENABLE the 7700 with a 120 Vac source, a suitable form of isolation
should be used instead of the relay described above. An optical isolator may
be employed. Illustration 3—24 shows a suitable system.

100K
e 1
J3-107
12K
1N4004 2w
— NN

1.6K

1/2W 10
(3
150¥

4N37| _2N3904

k!

lllustration 3-24 AC Control with Optical Isolation
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3.3.3 Turn-On Delay

Depending upon the specific 7700 application, the user may wish to change
the delay period between STANDBY and READY. For example, in applica-
tions subjected to frequent OVERTEMP shutoffs, an extended turn on delay
would prevent excessive switching of amplifier on and off. Model 7700
contains a provision for extending the turn on delay by changing two compo-
nents on main board. The delay will cause the Model 7700 to stay in
STANDBY condition for about seven seconds after a problem condition has
disabled the amplifier (i.e., the amplifier will remain in STANDBY for about
seven seconds before attempting to reset itself).

As configured in factory production, there is essentially no delay as the unit
attempts to reset within microseconds after shutoff.

To convert Model 7700 to a delayed turn-on, make the following main board
component changes:

Component Factory New
Value Value

C504 3.3 uf 10 pf
R526 240 kQ 601 kQ

Table 3-4 Time-Delay Components

3.3.4 Input Sensitivity

Voltage gain and input sensitivity parameters of Model 7700 are controlled
by the gain of three op-amp stages and the power amplifier. Ilustration 3—
25 is a schematic of this amplification chain.

The first stage of U100, U102, and the power amp section have fixed gains.
The power amplifier section has a fixed gain of 20. U102 and the first stage
of U100 have fixed gains of 1. The second stage of U100 normally has a fixed
gain of 1 but can be adjusted. Three main board components that influence
second stage gain of U100 are R100, R101, and R104.

R101
AA

Ao
AAA

R100 IR1 05
W

U100 U100

U102 Power
Amp

lllustration 3-25 Gain Control
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3.3.4.1 Maximum Gain

The three resistors can be altered to change the gain. Gain is represented by
the fraction:

R101

R104

The factory value for R101 is 10.2 kQ and that of R104 is 10.0 kQ. One or
both components may be changed to produce the desired value of the R101/
R104 fraction.

In addition to component replacement, R105 can be adjusted to change the
gain by #2%. For maximum gain, turn R105 fully clockwise.

3.3.4.2 Minimum Gain

For minimum gain, turn R105 fully counterclockwise.

Minimum gain is represented by the following fraction:

(R100) x (R101)

(R100) + (R101)

R104

3.3.4.3 Fixed Gain

Fix the input sensitivity of Model 7700 by removing R100 and R105. The
resistor locations are shown in Illustration 3-26. The sensitivity is then set
by the value of R101/R104.

R101  R100
R104\ / R105
a \‘: l’ i
il | ]
@ e E@ I]:m[:j@
o =] L = o =, °
b =

lllustration 3-26 Gain Control Resistors
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3.3.5 Overload Indication

3.3.5.1 Standard Overload Indicator

Techron 7700 amplificrs have a standard feature of overload indication that is
generated from a window comparator circuit. The overload indication is
directed to a front panel LED (see Illustration 3-27) and optically coupled to
the J3 connector (pins 6 and 25) on the back of the amplifier.

:
@ || § 158 |
= © 2O
a — r.:l =
Y o
o m n = E
nu [:j @ r:] — % .
C::.l a [ R— *
R | r_—l@ 2}
o
5 8 ren ey ren
0 0 o i
\ Y — \y
Z505 C507 Overload Manual
Indicator Reset
Switch

lllustration 3-27 Overload Indicator Component Locations

3.3.5.2 Installing an Overload Latch

The amplifier’s main board jumper Z505 (see Illustrations 3—27and 3-28),
when installed, enables an overload latch. The latch, once enabled, holds the
amplifier in “standby” mode. To return the amplifier to “ready” mode, the
Manual Reset Switch must be momentarily pressed down to the reset posi-
tion. If the overload condition still exists the amplifier will revert to

“standby.”

The Z505 shunt (jumper plug), Part Number C6419-3, is available from

Techron Service Parts.

Pin Or None

[ ]
I

> Jumper Across
Two Pins

[Cosos ]

&

{Jumper Disabled)

(Jumper Installed/Enabled)

Illustration 3-28 2505 Location and Configuration
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3.3.5.3 Reducing Latching Sensitivity

The recognition speed of the overload detection circuit can be reduced by
installing a capacitor in main board location C507. See Illustration 3—-27.

Table 3-5 lists a few capacitor values and the resulting overload circuit
sensitivity. The recorded “minimum pulse width” is the minimum duration
of an overload that would typically trigger the detection circuit. The values
recorded here are not guaranteed; they are only the test results from a
sample of one amplifier.

Standard 7700 amplifiers are manufactured without installation of the Z505
jumper or C507.

C507 Minimum pulse Installation of
installed width to indicate 2505 jumper
value overload recommended?
None (default) 0.74 us No (default)
0.015 uF 0.10 ms Yes
0.15 pF 0.75 ms Yes

Table 3-5 C507 Values

3.3.5.4 Why Install 25057?

Some Techron customers protect their load by using a fuse in the output
wiring of the amplifier. If the 7700 amplifier is operating in current mode
when an open load condition is experienced, the amplifier will oscillate.
Oscillations that are detrimental to the amplifier may cause an overload
indication. However, if the Z505 jumper is installed in such a situation, the
overload latch will protect the amplifier from damage by placing the ampli-
fier in “standby” mode.

If you have two amplifiers connected in series with a load, depending on your
configuration, you may need to install Z505. If you have three or more
amplifiers connected in series you must install Z505. (Z505 may not be in
7780s earlier than revision C—the rev. number is on the serial number plate
located on the lower right rear of the amplifier.)

3.3.5.5 Why Install €5077?

The input signal to the window comparator experiences a short “glitch” when
the amplifier is switched from “standby” to “ready.” If the overload circuit
detection time is not modified, the amplifier must have the reset switch
depressed while changing from “standby” to “ready” modes. For “normal
operation” with Z505 installed, the minimum recommended value for C507 is
0.015 uF.
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3.3.6 Controlled Current Operation and Compen-

sation

A CAUTION

Potential equipment
damage!

Follow these guidelines
- carefully before
B ﬂ operating this amplifier

in current mode.

3.3.6.1 CV Versus CC Operation

Techron 7700 series amplifiers are capable of operating as Controlled Voltage
(CV) or Controlled Current (CC) sources. The amplifiers are factory set to
the CV mode.

In controlled voltage (formerly called “constant voltage”) mode, the output
signal is an amplified voltage representation of the input voltage signal. If
the load’s impedance changes, the amplifier seeks to maintain the desired
output voltage by changing the output current. Use this mode if you want
the output voltage waveform to be like the input waveform.

In controlled current (formerly called “constant current”) mode, the output
signal is an amplified current representation of the input voltage signal. If
the load’s impedance changes, the amplifier seeks to maintain the desired
output current by changing the output voltage. Use this mode if you want
the output current waveform to be like the input waveform.

/A\ CAUTION

Because the load in CC mode is part of the amplifier circuit, the
relationship of the load to the amplifier is critical. For proper
and safe current-mode operation, you must observe the following
guidelines:

O You must properly attach a load before operating the ampli-
fier. Use only the Output and Sampled Common terminals.
Do not use the Common terminal. (The Common terminal is
only for CV operation when use of the current monitor is not
desired.)

Q The load must have a DC path. Do not use a blocking capacitor.

Q Never leave the load open. If you feel the load must be fused,
which could lead to a potential open circuit, consult with
Techron Application Engineering.

Q Ideally, the load should have some inductive component.
Q You must appropriately compensate for the load. .
Q Ifoscillation occurs, turn off the amplifier immediately.

If you do not carefully follow these guidelines, you may damage
the amplifier or the load!
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3.3.6.2 The Importance of Loads in CC Mode

Techron discourages the use of purely resistive loads in controlled current
mode. Each load should have some inductive component. Amplifiers are
most easily compensated to a resistive load that has an inductive component.
If an amplifier is not compensated properly, it will not deliver an accurate
output current.

Remember, in CC operation the load is a critical circuit component and
must always be connected to the amplifier! If no load is attached, no
current can flow. The amplifier, however, seeks to maintain a current
specified by a combination of the input signal (if any) and control circuitry.
The amplifier will vainly seek the impossible current requirement by raising
the voltage as high as possible. The amplifier may then operate in an un-
stable manner with possibly damaging oscillations.

3.3.6.3 Selecting Controlled Current {CC) Mode

The amplifier is factory-set to CV mode. To set the amplifier to CC mode,
complete these steps:

1. Place the Master amplifier of the system in standby or turn off power to
the unit.

2. Loosen the four screws on the front cover of the amplifier and remove
the cover.

3. Locate the jumper at B5 on the main circuit board. See Illustration 2-8.

4. Place the jumper over pins 2 and 3 (right-most pins).

3.3.6.4 Compensating the Load for CC Operation

Preset Compensation

Controlled Voltage (CV) mode does not require compensation. However,
Controlled Current (CC) mode requires compensation because the load is a
critical part of the CC circuit.

A typical compensation circuit is shown in Illustration 3—-29.

The amplifier has two preset compensations for CC operation, selected by
Jumper B6 on the main board. See Table 3-6.

Resistor Capacitor

Parallel Capacitor

lllustration 3-29 Typical Compensation Circuit
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Pins Load Load Compens. Compens. Parallel
Jumped | Induct. Resist. Resistor Capacitor Capacitor
1& 2% 1mH 200 mQ R108 C103 C105%*

(270 k) (0.0587 uF) (47 pF)
2&3* 0250mH| 50mQ R109 C104 C105%*
(68.1 k) (0.234 pF) (47 pB)

* Note: For Jumper BB, the pin position 1 and 2 is labeled
“parallel’ on the circuit board and position 2 and 3 is labeled
“series.” This silkscreen labeling on the board pertains to the
original application for which the 7700 series was designed.
This “parallel/series” labeling has nothing to do with present
customer applications and should be ignored.

**Note: The parallel capacitor C105, if installed, is part of
the circuit regardless of the position of Jumper BE.

Table 3-6 Default Compensation Values

Many application loads, however, will have inductive and resistive values
different than those for which the preset values were designed. Table 3-7
gives two examples of other loads and their corresponding user-installed

components.
Load Load Compens. Compens. Parallel
Induct. Resist. Resistor Capacitor Capacitor
0.4 mH 15Q 200 kQ 0.001 pF Not
Installed
0.5 mH 0.5Q 137 kQ 0.0073 uF Not
Installed

Table 3-7 Sample User-Installed Compensation Values

The remainder of Section 3.3.6 forms a guideline for changing the compensa-
tion of the amplifier in controlled current mode. For this procedure, use
C104 and R109. Jumper B6 is in the left position. (Alternately, with Jumper
B6 in the right position, C103 and R108 could be substituted.)
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A WARNING

Never enable an amplifier in controlled current maode
without a load attached. Doing so may damage the
amplifier.

When servicing an amplifier or connecting a load to
it, aiways disconnect power. Potentially lethal volt-
ages are present inside an amplifier and at its output.

Approximating the Compensation Values

Approximate values of C104 and R109 may be calculated mathmatically.
Calculate the approximate value of R109 using the following formula:

Rc=20,000x3.14 x Lx BW
* Rcis compensation resistance in ohms.
* Lis load inductance in henries.
* BW is bandwidth in hertz.

Calculate the approximate value of C104 using the following formula:

L

Cec=
R xRe

Cc is compensation capacitance farads.
* L is load inductance in henries.

* R is resistance of load in ohms.

* Rc is compensation resistance in ohms.

Optimizing the Compensation Values

Find the optimum values of R109 and C104 by using an RC decade box and
an oscilloscope using the following procedure.

1. Ensure power to the amplifier is off.

2. Connect the load between the “output” and “sampled common” termi-
nals.

3. Connect an oscilloscope to the current monitor (or use a current probe).
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10.

Note: The correct way to monitor output current is at the
current monitor using an oscilloscope. VWhen measuring
and comparing input voltage, output voltage, and output
current, remember to use only one ground connection to
your oscilloscope. Operate your oscilloscope through an
isolated ground, such as is accomplished with an isolation
transformer, or by using only differential inputs. Floating the
third wire ground of the oscilloscope may accomplish the
same result, but it is not recommended.

Short all the terminals, (+) (Gnd) (-), together on the amplifier’s input.
Select current mode operation with B5 (pins 2 and 3) and the compensa-
tion values of C104 and R109 with B6 (pins 2 and 3).

Apply power to the amplifier and place it in “ready” mode.

Verify the amplifier is stable with the input shorted. (If compensation
for an attached load is far from what is needed, the amplifier may start
oscillating even without a signal. If oscillation occurs, reduce resistance
in the compensation circuit until the oscillation stops.)

/\ CAUTION

If the amplifier starts oscillating,
immediately switch the amplifier
to “standby”’ mode.

Connect a signal source or generator to the input. If your amplifier has
balanced signal input capabilities, consult your manual to verify proper
input connections.

Input a square wave or squared pulse at a low level (typically 0.25-1.0
V). A limited rise time, repetitive pulse of low duty cycle is preferred.
Observe the output current through use of the current monitor (or
current probe). Look for clean transition edges. Ringing or rounding on
the transition edges indicate compensation problems (see Illustration 3-
30). Some adjustment of factory-set compensation will probably be
necessary for optimum amplifier performance (unless special ordered).
Connect a resistance-capacitance decade box (via soldered wires) as close
to the actual component location (R109 and C104) as possible.

E ted Wavef
Ringing (Underdamped) __ xpected Waveform

Rounding (Overdamped)

Amplitude =—

Output Current

TIME e

lllustration 3-30 Compensation Effects on Waveform
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11. If a change in compensation is necessary, the resistor component of the
compensation circuit is the most likely candidate to change first.

{—l_——

Optimum
Compensation

11a. If the output current waveform is ringing, the circuit is
underdamped. You have too much gain and should lower the
resistance. ]

J

11b. If the output current waveform is rounded, the circuit is over-
damped. You have too little gain, and you should increase the
resistance.

Decrease R

Increase R

11c. If the top of the square wave is not level, increase the capacitor

value.
....... L

Increase C

11d. Use about 10% increments in resistance changes, but capacitor
value changes are usually best made by a factor of 2 or 3.

11e. Due to slight differences between the inductance and capacitance
of the decade box and discrete components, the values of the
discrete components may have to be adjusted slightly. If possible,
use 1% metal film resistors. Techron discourages installation of
potentiometers in the resistor location of the compensation circuit
(because of lower stability and possible added inductance).

12. The optional parallel capacitor (see Illustration 3-29) serves to increase
stability. The parallel capacitor, if used, will usually decrease the value
of resistance needed. The value of a parallel capacitor is usually be-
tween 47 and 150 pF or it usually isn’t used at all.

13. Contact Techron Application Engineering department for additional
assistance in modifying amplifier compensation.

Note: In multiple amplifier systems, expect to decrease the
value of R109 in series systems (by 1 /2 for 2 units), and
increase the value (double for 2 units) in parallel systems.
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3.3.7 Alternative Supply Voltage

Model 7780s and 7790s are factory wired for a specific supply voltage. For
new applications, users can make limited modifications to allow operation
under different voltages.

The following subsections describe two types of conversions.

1. For U.S. domestic users to convert 208 Vac to 240 Vac and vice versa

(see Section 3.3.7.1).
2. For international users to make conversions between 380 Vac and 415

Vac (see Section 3.3.7.2).

To access the transformer perform the following steps AFTER removing
power to the amplifier.

DANGER

Disconnect the amplifier from the ac
mains to avoid potentially lethal electric
shock before making the wiring changes
described below. Review Section 6.2.1.

1. Place the amplifier on its side.
2. Remove the rear screw holding the bottom panel and slide the bottom
panel out toward the rear.

3.3.7.1 208/240 Volts Conversion {Model 7780 Only)

llustrations 3—-31 and 3-32 show transformer wiring for the 208 Vac and 240
Vac configurations. The views are from the bottom of the amplifier. Conver-
sion between the two voltages requires changing the wiring connections to
match the wiring diagrams in the illustrations. The following steps will be
helpful in interpreting the diagrams:

r\__r

P
)
Three—phase )
Transformer, W
Bottom View N
1

™
: W

lllustration 3-31 208 Vac Transformer Wiring
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Main Transformer:

1. Lugs 2-8 are marked on the X, Y, and Z coils of the main transformer.
2. Both voltage levels require the coil connections listed in Table 3-8.

Leg1 Leg 2

AC Voltage (black) (black & white)
208 5and 8 2and 4
240 6 and 7 3and 4

Table 3-8 Transformer Coil Connections (Domestic)

Control Transformer:

3. The terminals on the right side of Illustrations 3-31 and 3—-32 show the
main circuit breaker at the back of the amplifier. Do not remove the big
black wire from the circuit breaker terminal. The Control Transformer
Wire attaches with it to the circuit breaker terminal. From the control
transformer wire bundle, select the Control Transformer Wire for the
desired voltage according to Table 3-9.

AC Voltage Control Wire
208 Brown/Black Stripe
240 Black (small)

Table 3-9 Control Transformer Wire Connections (Domestic)

Three—phase
Transformer,
Bottom View

|

lllustration 3-32 240 Vac Transformer Wiring
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A DANGER

Disconnect the amplifier from the ac
mains to avoid potentially lethal electric
shock before making the wiring changes
described below. Review Section 6.2.1.

PR e T L S 22

3.3.7.2 380/415 Volts Conversion {(Model 7790 only)

Ilustrations 3-33 and 3-34 show transformer wiring for the 380 Vac and 415
Vac configurations. Conversion between the two voltages requires changing
the wiring connections to match the wiring diagrams in the illustrations. The
following steps will be helpful in interpreting the diagrams:

Main Transformer:

1. Lugs 1-8 are marked on the X, Y, and Z coils of the main transformer.
2. Both voltage levels require the coil connections listed in Table 3-10.

LEG1 LEG LEG 3

(Black/ (Black/

AC Voltage Yellow) (Black) White)
380 1and 8 2 and 4 5and 7

415 1and 9 3 and 4 6and 7

Table 3-10 Transformer Coil Connections (International)

Black w/=—=—
Vs »

r White
Stripe

Three—phase Brown w/
Transformer,

Bottom View

/ il
622 )\ 9sr ) szl

_{E

lllustration 3-33 380 Vac Transformer Wiring
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Control Transformer:

3. The terminals on the right side of Illustrations 3-33 and 3-34 show the
main circuit breaker at the back of the amplifier. Do not remove the big
black wire from the circuit breaker terminal. The Control Transformer
Wire attaches with it to the circuit breaker terminal. From the control
transformer wire bundle, select the Control Transformer Wire for the
desired voltage according to Table 3—11.

AC Voltage Control Wire
380 Brown/Black Stripe
415 Black/White Stripe

Table 3-11 Control Transformer Wire Connections (International)
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lllustration 3-34 415 Vac Transformer Wiring
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3.4 Amplifier Accessories List

Descriptions and part numbers of items used in customizing amplifiers and
constructing amplifier systems are listed below.

50 mQ) 250 W Resistor, Part Number C6892-1, A10089-10808 (screws),
A10094-6 (washers). Used as a ballast resistor in parallel configurations of
amplifiers. Mounts to the rear of each amplifier in the system.

OPTOC-1 Optical Coupler/Isolator, Part Number OPTOC1. Optically
couples the interlock signals between 7700 amplifiers configured in series
with a shared load. Isolates the interlock systems of all amplifiers above
ground potential. '

J200 DIP Header/Cap, Part Number C6957-2 (Header), C6958—0 (Cap).
Used in parallel configurations of amplifiers. Mounts to J200 on the Main
Circuit Board.

Shunt/Jumper Plug, Part Number C6419-3. Connects two pins on circuit
board. Used for Z505 overload latch and other applications.

2.4 MQ Resistor, Part Number A10266-2451. Used in trimming resistor
network to modify R203 (in multiple series and parallel systems).

24.9 kQ Resistor, Part Number C6482-1. Used in trimming resistor
network to modify R203 (in multiple series and parallel systems).

500 Q Potentiometer, Part Number C3668-8. Used in trimming resistor
network to modify R203 (in multiple series and parallel systems).

100 Q) Potentiometer, Part Number C6173-6. R254 used for balancing
amplifier outputs in a parallel system.

1.27 kQ Resistor, Part Number A10265-12711. Used with R254 for balanc-
ing amplifier outputs in a parallel system.

3-Phase AC Plug, female, 20A, Part Number C 7060-4. Used to connect
power to the system.

37-Pin D-sub connector, male, Part Number C 6968-9, C 6969-7 (cover),
C 7051-3 (screw kit). Used with custom input system.
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Section 4—Principles of
Operation

This section descusses the principles upon which a
Techron 7700 Series amplifier functions.
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4.1 Principles of Bridge Amplifiers

The fundamental objective of a power amplifier is to transfer energy from an
available supply to a load in a prescribed, controlled manner. Voltages in
excess of +120 peak volts or +160 amperes are available (load and duty cycle
dependent). The load current may be the programmed output variable and
not the voltage. This controlled current mode is useful in areas where the
field produced by a coil needs to be proportional to coil current and not
voltage.

4.1.1 Output Stage Topology

Ilustrations 4-1 and 4-2 are block diagrams of the topologies commonly used
for direct-coupled amplifiers. The totem-pole is the most common and makes
available a peak voltage to the load of 1/2 of the total supply voltage (Vcc)
while exposing the output stage devices to stress from the total supply
voltage (2 Vee). Only one half of the supply is used at a time, reducing the
supply operating efficiency as well. The full bridge output stage as shown
makes full use of the available supply voltage as the peak output to the load
is 2 Vce.

The peak-to-peak output voltage of the full bridge is actually twice the
available supply voltage (4 Vcc). The maximum voltage stress to the output
stage devices is the same as in the totem-pole topology (2 Vec). The supply
use is now total.

4.1.2. Output Stage Synchrony

Operation of the full bridge to produce a positive output current requires that
the output stages one and three be increased in conductance in synchrony
and output stages two and four be decreased in synchrony, decreasing as one
and three are increasing.

In class AB operation, the conductance of two and four would diminish to zero
and stages one and three would increase to the level required to carry the
desired positive peak output current. For a negative output current the roles
of the pairs one and three and two and four are interchanged with two and
four ultimately carrying the negative peak output current.

Interbase
Bias
Voltage

Input Voltage

Load

lllustration 4-1 Totem-Pole Topology
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4.1.3. Output Stage Terminology

The names one, two, three and four are not the names that are preferred for
describing the output stages. Since the output stages are constructed with
bipolar transistor devices, the preferred and more descriptive terminology is
to name an output stage in terms of whether the stage acts as a giant NPN or
PNP stage and whether it is on the high (output) side of the load or low
(ground) side of the load. Thus stage one is generally referred to as the high
side NPN stage and stage three is referred to as the low side PNP stage.

1
Hi NPN Lo NPN

Interbase Interbase

Eln Bias Load Bias
Voltage + '!' Voltage
* @ N
Hi PNP 5 3 Lo PNP

lllustration 4-2 Full Bridge Topology

4.1.4. Transistor Topologies

There are four basic composite transistor topologies (Illustration 4-3) which
may be used in any configuration which can be derived by recursive applica-
tion of the forms. Other three terminal devices such as FETSs could be
substituted for the bipolar transistors without loss of generality. In the
application of the Model 7700 all of the devices of the output stages are
bipolar. The principal output devices are NPNs paralleled 20 times. They
are driven in two groups of ten from a pair of NPN driver transistors
(Darlington form). NPN stages use an NPN predriver (Darlington form)
driving the drivers. PNP stages use a PNP predriver (Complementary form)
driving the drivers.

B

C C
Bvﬁ
E E
C

C

BO—
B

E E

lllustration 4-3 Composite Transistor Topologies
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4.1.5. Output Stages

The Model 7700 is built around a voltage amplifier which first drives the high
side of the bridge. The low side of the bridge is in turn driven from the high
side such that one half of the voltage of the output signal is imposed on the
supply rails. This condition constitutes the proper synchrony of the stages of
the bridge. Note that the amplifier dissipation is distributed evenly over 40
output devices for a single polarity of output current. Negative feedback is
used liberally to acquire the control of the bridge balance and insure the
required overall linearity. Therefore, high-gain, wide bandwidth IC op-amps
are used.

4.1.6. Protection Circuitry

As with all things, there is a breaking point in amplifiers. Protection cir-
cuitry is used to prevent electrical stimulus from reaching the breaking point.
When continuing a high level of output current would cause the output
semiconductors to overheat, the current must be reduced to limit the junction
temperature. A fundamental problem of protecting output semiconductors is
that they do not have an output terminal which indicates the junction tem-
perature. The critical parameter is sealed inside opaque metal cases.

This has led to the use of simulation methods to predict the junction tempera-
ture. An electronic analog of the heating process is created which can be
monitored for excessive equivalent temperature. An electronic multiplier is
used to compute instantaneous power by computing the product of the
semiconductor voltage and current. Its output is applied to an electrical
impedance which is designed to have the same time characteristics as the
junction. The ambient temperature is added to the output. The result is an
electrical analog signal proportional to the absolute temperature in degrees
Kelvin of the output semiconductor junctions. This temperature information
is then compared to the maximum allowed junction temperature of 200 °C
and the current drive to the output devices is reduced to prevent the tem-
perature from becoming excessive.

Electronic power supply interlocking is used to allow multiple amplifiers to
power a common load. Should any one unit of a system not be able to oper-
ate, it is imperative that none of the units be active. The amplifiers must
enter the ready state in unison. A disabled amplifier could be damaged by
large output signals from its companion units.

The heat sink materials are protected from cxcessive temperatures (over
150°C) by thermal limit switches. Exceeding the instantaneous current limits
of the output transistors is prevented by electronic current limiters.

The power transformer is protected against overtemperature conditions by
internal limit switches which are coupled to the interlock and power control
circuitry. Fault conditions in the power supply are protected with circuit
breakers. A fault in the output stages is electronically detected and the main
supplies are disabled until the control circuitry is down-powered and repow-
ered.
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4.2. Input Signal Processing and
Current Control

See ISA Front End schematic for the discussion of the Input and Current
Control stages.

The analog input to the amplifier is connected through the rear panel barrier
block labeled INPUTS. One half of U100 forms an active differential input.
The common mode rejection of the analog input is tuned for optimum rejec-
tion at low frequencies by adjusting the trimmer of resistance network N100.
The high frequency common mode of U100 is adjusted by tuning C101 which
is tuned to set C100 + C101 equal to C110.

R104, R100, R101, R105 and the other half of U100 form an adjustable gain
stage that can be set up in a number of ways. C102 and R106 provide proper
source impedance for minimum offset drift.

4.2.1. Current Sensing

The load current of the amplifier is sensed by six parallel resistors (R758-763)
in the output current control loop. U104 forms a differential amplifier with
an adjustable gain control in the resistor network N103. Resistors R118 and
R119 along with C107 and C108 compensate the sense resistors for their
series inductance. The output of U104 is calibrated for 20 amperes per volt of
monitor output. The offset voltage of U104 is eliminated by adjustment of
R121 via R120. Z100 and Z101 are used to change the scale of the current
monitor from 20 amps/volt to 10 amps/volt. U103, R123 and R124 invert the
output of U104 so that the output of U103 and U104 provide a differential
output. This differential output is used if the amplifier is used in a paralleled
system. R125 and R127 isolate the op-amps from any capacitive load.

N101, U101, N102 and one half of U102 form a high impedance differential
input mixer-averager.

The mixer stage sums current information from all paralleled amplifiers in a
system. By summing the current of all amplifiers in a parallel system,
current flowing between chassis due to gain mismatch of amplifiers does not
affect the current of the load. The voltage at T101 is proportional to the true
current in the load.
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4.2.2. Controlled Current Compensation

C105 and the B6 selectable network of R108 and C103 or R109 and C104
comprise the principal compensation networks which serve to control the
open loop gain of the closed-loop controlled current system. The network
selected by B6 is taken from the output of the main amplifier to reduce the
amount of charge stored in the compensation capacitor should an overload of
the control amplifier be allowed. In the controlled voltage mode of operation
these compensation parts are not used.

4.2.3. Current Control Amplifier

The controlled current mode works by U102 comparing the current output of
the amplifier with the desired current at the output of U100, pin 7. The
current control amplifier, U102 whose output is pin 6, is offset zeroed by
R117 via R116. R103 and C106 provide the proper impedance to U102 for
minimum offset drift.

4.2.4. Input Clipper

The input clipper allows the amplifier to be operated with controlled output
voltage limits that are not subject to minor line voltage fluctuations if so
desired.

D100, D101, Q100 and Q101 form a bridge with Q100 and Q101 performing
as high quality diodes. This bridge clamps the output of U102 at pin 7 if it
exceeds 10.3 volts. The output level of the controlled current stage is ad-
justed by the value of R113, R115 and the setting of R114.

4.3. Gain Stages

See ISA Gain Stage schematic for the discussion of the gain stages.

The full bridge output stage is controlled by first driving the high side of the
bridge. The low side of the bridge is driven such that half of the output
voltage is impressed on the Vcc supplies. The gain stages control the drive
and balance of the bridge.

4.3.1. Error Amplifier

Amplifier U202 is a high performance monolithic FET input op-amp. Local
degeneracy is provided by C202. The main feedback loop around the power
amplifier forms a non-inverting gain of 20 using R208, R251, C204 and R207.
The -1 input used with slave operation is provided by R203, R250 and C216.
U202’s offset voltage is compensated by R204 through R205.
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R202 and C200 function as a filter for RF input suppression. R200, R201,
R253 and C215 form a non-inverting input of +1 gain for use with the slave
mode of operation. R254 provides precision gain adjustment when the +1 and
-1 inputs are used for amplifiers in parallel. R253 and C215 are used to
provide phase compensation for the input to output transfer function. Like-
wise R250 and C216 compensate the -1 input phase response. S100 is used to
switch between the master and slave modes of operation. In the master
mode, the signal input to the power amplifier is derived from R110 via the
upper half of S100. The -1 input is then grounded by the lower half of S100.

4.3.2. Last Voltage Amplifier

Drive to the high side of the output stage comes from the last voltage ampli-
fier. Q212 and Q215 form this amplifier. The last voltage amplifier is
current limited by D202-D204 and D205-D207. This provides a slew limit in
that the load to the stage is dominated by capacitance in the output stage.
Q212 and Q215 are emitter degenerated by R243-R244 and R262-R263. A
partial pole removal is performed by bypassing R243 and R244 with C209.
C219 likewise bypasses R262 and R263. Q209 and Q216 form emitter fol-
lower stages that drive the relatively high input capacitance of Q212 and
Q215.

4.3.3. Current Limiting

Current limiting of the output stages is provided by D200 and D201 and
transistors Q213 and Q214, which limit the output drive of the last voltage
amplifiers. R256, R271 and R257 adjust the positive current limit and R258,
R272 and R259 adjust the negative. R267 and C223, along with R268 and
C224, by joining the output signals and supplies respectively, reduce the
inductance of these lines by paralleling.

C211 and C212 provide high frequency feedback from the output to the input
of the last voltage amplifiers. Input signals to the amplifiers are currents
input to the bases of Q209 & Q216 and R206 & R241.

Currents to the input of the last voltage amplifiers are provided by the
grounded base stages of Q203 and Q204. Voltage dividers R246, R247, R248
and R249 provide operating states for Q204 and Q203 which prevent the
forward biasing of the base collector junctions even when the output flyback
diodes are forward biased and the Vee supplies swing slightly beyond ground.

Complementary differential amplifiers drive Q204 and Q203. Q205 and Q202
amplify the difference between the feedback signal from the output and the
input signal from U202. The feedback signal is attenuated by R265, C221,
R216, R213, R215, R223, and R218. The input signal is coupled through
R242, R214, C205, R219, R217 and C220. The operating state of Q202 and
Q205 is such that collector operating voltage is insured no matter what signal
conditions prevail. Emitter degeneracy with partial pole removal is provided
by R211-212 and R220-221 and C217 and C208.
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Current sources which bias Q202 and Q205 make it possible to interrupt the
drive to the amplifier. The protection circuitry controls these bias currents.
Q205 is biased by U200, a monolithic current mirror. Biasing Q202 is Q200
and Q201 which form a mirror and function well due to emitter degeneracy
using R209 and R210 in the absence of being monolithic. Controlled currents
are provided by signals +LH and -LH from the protection circuits. R222
causes the input characteristic of U200 to be identical to the input character-
istic of the mirror of Q200 and Q201.

4.3.4. Bridge Balance Amp

The bridge is balanced by U203 which drives the two low sides of the bridge
output stages through R226 & C206 and Q206 & Q207. If sufficient current
is developed in the output of U203, the voltage across R225 or R227 will
cause Q206 or Q207 to conduct and aid the output drive demand. C206
provides some phase lead to improve the stability margin of the bridge
balance loop. Current to drive the NPN low side output stage is provided by
a current mirror composed of Q210, Q211, R229 and R230. This current
source may be disabled by the protection circuitry removing current from line
+LL. In a similar manner, the current drive to the PNP low side output stage
is provided by U201, a monolithic current mirror. U201 is driven from the
protection circuit control line -LL. R231 is used to degenerate the input
characteristics to mimic the NPN side mirror.

U203 drives the low side output stages such that the feedback signal through
R232, C214 and R233 produces the same current that is produced by the
input signal through R240 from the high side output. A dc current is flowing
in R232 and R233 which is incidental to the process of monitoring the Vec
supplies. Offset errors caused by mismatch of R232 and R233 are compen-
sated with the static balance control, R234 through R235. Signal balancing
of the bridge is accomplished by using the dynamic balance control of R236
and R237 which shunt the feedback divider resistors, R238 and R239.

The static balance is adjusted by setting +Vcc equal in magnitude to -Vce.
Adjustment of the dynamic balance is accomplished by loading the amplifier
for full current when driven by clip level low frequency signals. U203 should
saturate just before U202.

Local degeneracy of U203 is provided by R264. R252 is used to reduce the
interaction of the dynamic balance control and the amount of output current
being drawn from the amplifier. The voltage on the output of U203 1s deter-
mined by the degeneracy of the output stage and the current sampling
resistors in the output assembly, R758-R763.

Capacitors C201, C203, C207 and C218 bypass the 15 volt supplies to the op-
amps. High frequency types such as used for U202 and U203 require local
bypassing for stability.
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4.4. Output Stages

Each output stage or quadrant is built on a separate, electrically isolated,
forced-air heat sink. Twenty NPN bipolar output transistors are directly
mounted to each sink. By allowing each heat sink to be electrically isolated
from the chassis and the other output stages, the devices are able to be
connected without insulating mounting hardware directly to the heat sink.
Lower junction temperature for the output transistors is provided by this
mode of operation.

The twenty output devices are driven by two NPN bipolar devices, each
driving ten of the outputs. The output devices are divided with ten to one
side of the heat sink and ten to the other side. The driving transistors are
located on the opposing sides of the heat sink. This cross-coupled orientation
is used to provide thermal degeneracy on a side-to-side basis.

Wiring of the emitter and base circuits of the output devices and drivers is
provided by two printed circuit boards which are placed at the bottom of the
upper channel of the "H". The output device emitter wiring circuit board is
below the output device base wiring circuit board. The circuit board material
is a high- temperature material to allow operation to a temperature limit of
150°C.

The entire output sink may be disconnected and removed from the amplifier
by removing six fasteners and the connecting small signal wiring which
passes over the top of the heat sinks. Two of the fasteners at the middle of
the heat sink are used to connect the high-current signals to the sink. The
remaining four fasteners at the ends of the sinks are provided for mechanical
support.

4.4.1. Output Stage Predrivers

Both drivers are driven by Q650 through a compensation network composed
of 1650, C650, and R650, all of which are located on the predriver circuit
board mounted above the hat sink. Driver base current removal can be
expedited by Q651 in the case of rapidly switching currents. This device will
not see much action in normal use. A system would need to become unstable
for this device to come into use. This topology is shared by the low side NPN
stage but is different than the PNP stages.

4.4.2 Output Stage Drivers

The drivers are Q610 and Q611 respectively. Half of the output transistors
on each end of the heat sink are driven by one of these two devices. Base
emitter resistors, R612 and R613, are used to set the quiescent current point
of the predriver devices and remove current from the bases of the drivers.
This structure is common to all four of the output stages.
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4.4.3. Output Transistors

Referring to the schematic of the output stages, it may be seen that the high
side NPN output devices are labeled Q600-609 and Q612-621. Emitter
current is used to provide the needed degeneracy for paralleling by using the
resistors R601-610 and R615-R624. Base current is removed from the output
devices by the resistors R611 and R625 and R614 and R626. A high-fre-
quency load is provided for this stage by using a series RC formed by R600
and C600. This structure is common to all four of the output stages.

4.4.4. Output Stage Bias

The quiescent bias current of the high side of the bridge is controlled by Q652
which is connected as a Vbe multiplier. Q652 is thermally joined to the heat
sink and compensates for the base-emitter voltage temperature coefficient of
the drivers and output devices. The base-emitter coefficient of the predriver
is compensated by D650. R651 in series with R652 is used to adjust the bias.
With no load current and 25 degrees Celsius heat sinks, the bias may be
adjusted by setting the voltage across either R611 or R614 to 0.400 VDC.
R654 is used to reduce any sensitivity of the quiescent bias point to the
current flowing through the bias circuitry from the last voltage amplifiers of
the gain stages. C652 prevents instability in the bias servo.

The NPN low side output stage has the same construction and biasing
procedures.

C654 and R655 join to the input of the high side PNP output stage. The
result is reduced inductance in the input lead of each stage which improves
stability in the predriver stages. C653 and C651 compensate the entire
output stage and provide a capacitive load to the current limited last voltage
amplifiers to form a slew rate limit mechanism.

D600 and D601 sample the stage and drive the fault detector of the high side
of the bridge. Should an output device fail with a collector to emitter short,
the base of the output devices will be powered by the breakdown of the base
emitter junction of the failed device.

The PNP output stages are similar to each other in structure. The high side

PNP stage has an identical output configuration to the NPN stage. Collector
current is sampled by resistors R701-710 and R724-733. The predrivers are

the major difference between NPN and PNP stages. Q750 is the predriver to
the drivers, Q710 and Q711 of the high side PNP stage.

Compensation is provided by the emitter network composed of R750, L750,
and C750. C701, C751 and C752 are also used for stage compensation. D750
is used to temperature compensate the base-emitter junction voltage coeffi-
cient of Q750.

Additional high frequency compensation is incorporated in the low side of
bridge output stages by using RL networks in the emitter leads of the drivers.
The inductors are constructed with ferrite beads. Using the low side NPN
stages as an example, R857 and R858 are in parallel with the beads.
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4.4.5. Temperature Sensors

IC temperature sensors U800 and U900 are used on the low side of the bridge
stages to provide information to the protection circuitry. The output of each
of these sensors is a current proportional to the absolute temperature. The
signals +TEMP and -TEMP are scaled as 10 millivolts per degree Kelvin.
Since the bridge is balanced in actual operation, the temperature of the NPN
high side of the bridge should be essentially the same as the low side PNP
output stage.

Overtemperature in the output heat sinks is prevented by bimetal switches
(TS1 and TS2) mounted on the high side of output stage heat sinks.

4.4.6. Output Termination

The output stages drive the load through an output terminator network
composed of 1.90, C90, R91, C91, R92 and C92. This network is used to
provide isolation from the load and a consistent high frequency load for the
amplifier in R90 and R92.

R90 is a resistor with a positive temperature coefficient. Rapidly rising
output current will cause R90 to increase in resistance. This forces more
current through 190, protecting R90 from burn out.

4.4.7. Flyback Diodes

Flyback pulses from inductive loads are prevented from reverse biasing the
output stages by D607, a high current bridge rectifier mounted beneath the
output shelf and next to the bus bar assembly. The bus bar assembly is used
to provide a very low inductance/high current interconnect system to the
output stages.

4.4.8 Output Current Sample

Output current may be sampled by attaching the load to the terminal labeled
SAMPLED COMMON. R758-R763 are used to produce a voltage for the
current control circuitry of the input stages. Use of the output terminal
labeled COMMON bypasses the current sampling. The amplifier uses
SAMPLED COMMON as its reference.
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4.5. Protection Circuitry

See 7700 Series Protection schematic for the discussion of the protection
circuitry. The protection circuitry furnishes the following two forms of
protection to the amplifier:

¢ Protection from overheating of the output semiconductors.

e Protection from subsequent destruction as a consequence of
output device failure.

Output peak current limiting was provided and discussed in the section on
the gain stages. The heat sinks are protected against materials damage due
to overtemperature by switches discussed in the section on the output stages.
The main power transformer is protected against excessive coil heat by
switches discussed in the section on power supplies.

4.5.1. Output Transistor Temperature

The output semiconductors are protected by simulation methods. An analog
of a worst case junction temperature is computed by taking the product of the
output semiconductor current and voltage and applying this stimulus to a
thermal impedance analog of a worst case output device.

The heat sink actual temperature is added to result in an absolute tempera-
ture model of the junction temperature.

The low side of the bridge is observed to compute the device temperatures.
This is based on simplicity and convenience since the low side of the bridge is
common to ground. The high side of the bridge is constrained by the bridge
balance amplifier to have the same dissipation as the low side. The low side
PNP output stage conducts simultaneously with the high side NPN stage to
produce a positive output current.

Q301 functions as a two quadrant multiplier to compute the product of
current and voltage in the low side PNP output stage. Voltage is converted to
a current by R322 which is connected to -Vce. The current is sensed between
the lines of -ICL and -ICOM. R321, N301(7-8), R323 and R332 provide a
differential input to Q301. The differential output of Q301 is converted to
single-ended by an op-amp current mirror built with U300-C, N301(1-2) and
N301(2-3). The output current at N301(3), a virtual ground, is combined with
currents from the heat sink temperature sensor, U900, and a fixed tempera-
ture offset current through N301(3-5).

The network composed of N302 (8,9,10), C306, and C307 is used to simulate
the thermal impedance of a worst case transistor. At 25°C, the output of
U300-D (T'301) should be +12 Vdc. At 200° C, the T301 will be -9 Vdc. With
a 25° C heat sink and no excitation, the offset balance of Q301, R334 is
adjusted for +12 Vdc at T301. The voltage at T303 (-TEMP) should be +2.98
Vdc +0.06 volts. The conversion factor of temperature to voltage is 10 milli-
volts per degrees Celsius. T302 of the low side NPN sensing protection
circuitry should read the same voltage at 25° C.
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The output T301 is input to two amplifiers which are saturated in normal
operation. U301-C and U301-D are saturated at their positive output limits
in normal operation. A current from R325 + R326 through R324 defines the
temperature threshold at which U301-D will begin a controlled gain (R329
and R330) transition from the saturated state. As the output of U301-D goes
negative, the available drive current to Q205 which drives the high side NPN
output stage is being removed and eventually extinguished.

If T301 becomes — 9.5 VDC, then U301-C will follow suit becoming negative
and removing the drive current to U201 which drives the low side PNP
output stage. This threshold is defined by a current from R325 through R326
+ R324. Since this must always coincide with a higher temperature than the
temperature which disabled the high side of the bridge, it is never possible
for the bridge to become unbalanced due to operation of the protection circuit.

If the low side of the bridge were to be protected before the high side of the
bridge, the resulting imbalance of the bridge would cause the power dissipa-
tion to not be equal in the high and low sides of the bridge. The gain of
U301-C is controlled by R329 and R328. The operating current of the mir-
rors, U200 and U201 is determined by R331 and R327.

4.5.2. Amplifier Disable

The protection circuitry is used to disable the amplifier on command. Line
DA (from the interlock circuit) when driven negative drives all of the sections
of U301 to disable the current mirrors that they power and thus disables all
of the four output stages. The signal through D303 disables positive output
currents and the signal through D302 disables negative output currents.
D305 is used to reduce the common mode input voltage to U301-A and
U301-B which would create an inverted output if allowed to exceed the
amplifiers common mode input range. In the case of U301-C and U301-D the
output invoked by exceeding the common mode input range is identical to the
desired output, and thus no problem. The outputs of the simulation signals
are available for external analysis at T300 and T301.

4.5.3. Output Stage Fault

Should a failure occur that causes the output stages to conduct a large
common mode current for more than a few microseconds, the amplifier will be
disabled by the fault detection circuitry. The high side of the bridge is
sampled by Q302 and Q303 to sense common mode currents. If the high side
NPN stage is on, Q303 will be on. If the high side PNP stage is also on, Q302
will be on. When both Q303 and Q302 are on, a current will charge C300
across R302 and drive the opto-emitter of U302. This will trigger the SCR of
U302 and latch the FAULT bar line low.

The low side of the bridge is sampled for common mode current by Q305 and
Q306. The charging of C309 across R336 turns on Q304 which triggers U302
via the electrical gate input of the SCR. Whichever input triggers U302, the
result is the same in that the control power supply which powers the SCR of
U302 must be unpowered to unlatch U302 before operation of the main
amplifier can be reattempted.

FAULT bar low places the amplifier in the standby state which removes
power from the Ve supply and thus eliminates all potentially destructive
current from the apparently failed amplifier.
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4.6. Status and Interlock

See ISA Status and Interlock schematic for the discussion of status and
interlock circuits.

4.6.1. Systems Interlock

When multiple amplifiers are combined to form a larger amplifier, it is
necessary to interlock the power controls of the units so that all of the units
are powered simultancously. Should one unit of a group not be enabled, it
may be damaged by currents output from the other units. The basic interlock
system of the Model 7700 requires that the INTERLOCK line be released
from ground. The natural unpowered state of this line is conducting to
ground through a depletion mode N-channel FET Q500. The gate of Q500
must be biased negative to open the drain to source channel.

The drains of all interlocked units will be pulled high by all of the R533s
when all of the Q500s are off. The threshold for the enabling of the amplifi-
ers is set to 10 volts and each input is low-pass filtered by R527 and C503.
D503 and D502 protect the inputs against transients and dissimilar AC
potentials on the grounds of the interlocked units.

When INTERLOCK goes high, the output of U501C goes low producing a
current which lights the READY indicator E503 and enables the solid-state
relays K1 and K2 (signals +SS1 and -SS2) which switch the three phase
power to produce the Vec supplies. R524 provides hysteresis of U501’s switch
point to insure a good trigger of the relays. Current limiting resistors R520
and R521 are in both legs of the circuit going to the relays for safety should
an internal fault occur in the relays.

The gate voltage for Q500 is provided by U501D. When the output of U501D
indicates that a chassis is ready, a current may be taken through R530 at
INTERLOCK from INT COM. This would allow units that are not electri-
cally common to ground to be interlocked with other units that are, by using
an optically isolated interlock.

4.6.2. Turn-0On Delay

U501 (input pins 10 and 11) are driven from a timing network. When the
unit is first powered, C504 is discharged and must be charged by current
through R526. When the potential on C504 exceeds the ground potential on
the hysteresis feedback divider of R528 and R529, the output of U501D will
go low.

C504 may be discharged by four other detectors in the system.
e High AC Mains
e Fault in the output stage
e Overtemperature

e Overload
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4.6.3. High AC Mains Cutoff

U501B detects high line voltage as evidenced on the unregulated negative
supply of the control supply. If this supply is too negative, as determined by
the setting of R516 used with R514 and R517, output pin 2 of U501 will be
held low and discharge C504 through D501. R515 and R518 provide hyster-
esis for the overvoltage detection process. The high voltage detector is set to
disable the supplies at ten percent high line voltage. C501 prevents ripple on
the unregulated supply from toggling U501B’s output state.

4.6.4 Fault Detection

The FAULT line may also discharge C504 through D504. E505 and current
supply resistor R523 indicate on the front panel if this state has been en-
tered.

4.6.5. Overtemperature Shut Down

C504 may be discharged by the overtemperature protection signal which
comes from U500D or U509C through D500.

If any one of the three coils of the three-phase main transformer or one of the
two high side heat sinks exceeds its allowed temperature limits, a thermal
switch will open and J400-19 will be disconnected from ground. R511 will
pull this line to -15 volts and the signal through low pass filter R510 and
C501 will overcome the current from the +15 supply through R508 and the
output of U500D will go low. E501, the high temperature front panel indica-
tor will also light. Since removing the power to the main supply does not
defeat the cooling fans, the unit will cool down and the overheated switch will
cool enough to close and power will be restored.

U509D monitors thermal protection activity signals -LH (U301, pin 1) and
+LH (U301, pin 14). Under normal conditions, when thermal protection has
not been invoked, the output of U509D is positive. If -LH goes positive or
+LH goes negative then pin 13 of U509D will go low.

Until -LH or +LH change state, U509D holds input pin 9 of U509B high with
R540 holding the input at +15 volts. The inverting input, pin 8 of U509B, is
connected to ground through R512. When the output of U509D goes low, the
current from R539 overcomes the current from R540 pulling pin 7 negative.
When this happens, the hysteresis provided by D506 is so large as to latch
the output of U509C low. In order to release U509 pin 14 from this state it is
necessary to enable S500 used to reduce the recognition speed of the latch.

U509B prevents U509D from latching when the amplifier is disabled. When
the amplifier is enabled, pin 5, the non-inverting input, is held negative and
the output, pin 2, is held negative. When the amplifier is disabled the cur-
rent from the output of U509B overcomes any current from R536 and holds
the input of U509D low.

The output of U509C is wired "OR" with the output of U500D so that either
comparator will disable the amplifier and illuminate E501. If Z504 is re-
moved this circuit has no affect on amplifier operation.
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4.6.6. Ready and Standby

Any time that the unit is not in the ready state (but powered), the standby
state will be occupied and indicated by E504. U501A’s output drives E504
and is controlled by the ready signal on the output of U501 pin 14. The
junction between E504 and its current limiting source resistor R522 is the
DA line which is used to signal the protection circuitry to disable the ampli-
fier. Therefore any time that the amplifier is in STANDBY, it is also disabled
in all power stages and the main supply although some charge might momen-
tarily remain on the Vcc supplies.

4.6.7. Overload Indicator

Should the amplifier be overdriven at any time, a large error signal will be
produced at the output of U202 (signal Al). If this signal is greater than 10
volts in magnitude, it may be assumed that some form of overload is in
process. U500A and U500B form a window detector to detect such a condi-
tion.

The reference potentials for detection are supplied by R500, R501 and R502.
If signal Al is outside of this voltage window, the output of U500 at pins 1
and 2 will be low. U509 is used to disable signals from reaching the overload
latch while the amplifier is in standby.

Normally the input at pin 9 of U500C from the window detector (via U509A)
is high with R504 holding the input at +15 volts. The inverting input, pin 8
of U500, is connected to ground through R512. When the window detector
drives the voltage at the junction of R503 and R504 negative with respect to
the collector of Q501, the hysteresis of D507 is so large as to latch the output
of U500 low. E500 will then be lit with the current flowing through R506. In
order to release U500 pin 14 from this state it is necessary to enable S500
(Reset/Run switch) overcoming the hysteresis on U500. If latching is not
desired Z505 should be open. C507 is used to reduce the recognition speed of
the detector. Standard 7700s will have latching defeated.

4.6.8. Status Output

U502 through U506 provide optical isolation to report the status of the
amplifier. Z500, Z501, Z502 and Z503 provide a means to combine and report
status on one line or as individual status lines. U508 provides optical isola-
tion to reset the overload indicator. The 7700 is placed in an ENABLED
condition by an input to U507 which overcomes the enabling of Q501 from the
current in R531. If Q501 is on, C504 will not charge and the unit will remain
in STANDBY. Z504 can be used to permanently enable the unit in systems
where the control of U507 is not needed.
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4.7. Power Supplies

The Model 7700 gradient amplifier has two classes of power supplies, Control
and Vce. The Control Power Supply provides low voltage to small signal,
standby and interlock circuits of the amplifier. The Vcc power supply drives
only the output stages. See 7700 Series Power Supply schematic for the
discussion of the Power Supplies.

4.7.1. Control Power Supply

AC mains for control power originates at CB1. Control transformer T2 is a
single phase transformer, whose primary is protected by F1. The primary of
T2 is used as an auto-former to power the four, 120 volt fans. The secondar-
ies of T2 are Faraday shielded and connect to full-wave rectifiers.

Unregulated supplies are produced by a full-wave center tapped winding
using D400, D401, D405, D406, C402 and C404. From these supplies, U400
and U401 produce regulated +15 and -15 volt dc supplies. The grounds of
these supplies is considered to be an analog ground. Both of the regulated
supplies have reverse polarity protection diodes D401 and D403. C403 and
C405 are bypass capacitors for low impedance at high frequencies. The
unregulated negative supply is used by the overvoltage detector of the status
and interlock circuitry.

A second low voltage winding is used to drive a full wave bridge to produce
the unregulated supply for a +5 volt IC regulator U402. Rectifiers D407-410
and C406 provide the necessary unregulated voltage. D404 provides reverse
polarity protection. The ground of the +5 volt supply is kept separate from
the analog ground and is considered to be a digital ground for auxiliary
functions.

4.7.2. Vec Power Supply

Upon entering the chassis, the three-phase power passes through a three-
pole, high in-rush current circuit breaker CB1. This breaker is mounted on
the rear of the unit and can break all three legs of the ac mains.

Solid state relays K1 and K2, controlled from signals +SS1 to -SS2, provide
primary power to T1’s delta primary windings. Control signals +SS1 to -SS2
are internally optically isolated from the ac mains.

T1 has a "Y" secondary which drives full-wave rectifiers D411, D412, and
D413. C400 and C407 are the major filter capacitors with C409- C414 provid-
ing high frequency bypass on the AC side of D411, D412, and D413.

R400 is a bleeder to discharge C400 and C407 after power is removed. C408
provides local high frequency bypass for the output stage.

A normally closed thermal sensor is embedded in each of the three coils in T1.
These switches are wired in series and returned to the thermal protection
section of the status and interlock circuitry. Like T2, T1 has a Faraday
shield to prevent signals from V1 and V2 capacitively coupling to the ac
mains.
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Section 5—Troubleshooting

“Troubleshooting” refers to procedures you can follow
to track down potential amplifier problems. Use this
section in conjuction with other service information
contained in this manual.
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5.1 Introduction to Troubleshooting

This section is not intended to provide complete troubleshooting specifications
for all possible Techron 7700 series amplifier malfunctions. Rather, it is an
informal set of shortcuts that are designed to aid in getting an inoperative
amplifier back in service as quickly as possible.

The procedures outlined in this section are limited to the identification and
isolation of the more typical problems. Further, this section will only be of
value in the handling of gross component failures as distinct from intermit-
tent malfunctions.

The procedures outlined in this section are directed to an experienced elec-
tronic technician. There is no attempt made to cover all of the many details
involved in setting up and conducting typical electronic repair and test
procedures. If components need replacing, refer to Section 5.12.1 for instruc-
tions on replacements and required adjustments.

5.2 Repair Precautions

Techron 7700 series amplifiers undergo frequent engineering updates. As a
result, modules and electronic assemblies may not be fully interchangeable
between units. Particularly, the main circuit board undergoes periodic
engineering modifications which may make an interchange of two main
circuit boards between 7700s from different production lots impossible.

The safest field repair procedure is replacement of an individual component,

and this section is designed to aid the repair technician in isolating common
problems down to the component level.

5.3 Preparation

A DANGER

These procedures are performed with unit
under power and with protective paneis
removed. Test steps must be followed
precisely, and the technician must exercise
extreme caution to- avoid accidental touch-
ing of improper terminals or components.
Powerful and potentially lethal electric
shocks can occur as a result of accidental
contact with capacitors, terminals, heat
sinks and other interior components.
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5.3.1 Equipment Requirements

In addition to standard hand tools and electronic test equipment, the follow-
ing specialized equipment is recommended to perform the tests in this
Section. Using the equipment listed in Table 5-1 will help insure that the
amplifier is tested and adjusted to factory specifications. Any compromises in
equipment could result in a compromise in performance or calibration.

Hewlett Packard HP 400F Voltmeter

Tektronix 2215 Oscilloscope to observe waveforms

Fluke 8060A DVM to measure voltage

Wavetek Signal Generator 193 as signal source
Intermodulation Analyzer to measure distortion
Nonmetallic screwdriver for adjustments, GC 8276 or 8277

Current Shunt (Typical .005 ohms)

Table 5-1 Recommended Equipment

5.3.2 Make a Thorough Visual Inspection

Here is a check list of areas requiring a thorough physical inspection after
powering down the unit for testing:

A WARNING

Electric shock hazard! Review Section
6.2.1 Disconnecting Power Supply and
Discharging Capacitors before proceeding.

[y

Remove the top, front, side and bottom panels from unit.

2. Thoroughly inspect all modules for charring, breaks, deformation or
other signs of physical damage.

3. Look for foreign objects that may be lodged inside the unit.

4. Inspect entire length of wires and ribbon cables to look for breaks or
other indications of physical damage.

5. Inspect power supply capacitors, particularly for tightness of terminal
screws.

6. If the above visual inspection shows any physical damage, replace the

defective parts before proceeding to the following troubleshooting proce-

dures.
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5.3.3 Output Continuity Test

1.

Place the black (-) lead of an cohmmeter on the heat sink (collector) and
the red (+) lead on the foil (base) of the first output well. See Illustra-
tion 5-1.

The reading should not indicate a short.

. Test all four output wells in similar locations obtaining very similar

readings.
If meter reading on one well is lower than the others, that well contains
a defective output transistor. Repair before continuing.

Collector Collector
Base

=l E

—
N

(TGN

ULTUUULU UL

il

lllustration 5-1 Output Well Test Points

5.3.4 Preparation for Testing Under Power

Several of the troubleshooting tests are made with unit powered and with a
load attached.

1.
2.

3.

Connect proper ac mains to amplifier.

Testing is done with the amplifier in constant voltage mode, with
jumpers B5 and B6 in the full left position. See Illustration 5-2.
Check power supplies under No-Load:

e +15 Vdc on R234 with chassis ground.

* +Vcc test point with circuit ground (T105).

e —Vcc test point with circuit ground (T'105).

When required, use a 0.5 Q resistor in series with a 0.5 mH coil as a 2
kW load connected to the output terminal block at “Output” and
“Sampled Common” points.
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lllustration 5-2 Main Board Test Points

5.4 Troubleshooting Guide

The Troubleshooting Guide found in Table 5-2 assumes a single amplifier

configuration.

Symptoms and Conditions

See Section

Circuit Breaker CB1 trips

Fuse F1 blows

Fault LED illuminated

No Front Panel LEDs illuminated
Fan(s) inoperative

Will not disengage from Standby
OverTemperature

OverVoltage

No Output

OverLoad

Distorted Output

Reduced Output

5.3.2,5.3.3,5.3.4
5.3.2
5.3.2,5.3.3,5.3.4,5.11
5.6,5.3.2
5.6,5.3.2

5.8

5.10

5.7

5.9

5.3.4,5.9
5.3.4,5.9

5.3.4,59

Table 5-2 Troubleshooting Guide
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5.5 Identify Problem with LED Indicators

The six front panel LEDs (Ready, Standby, OverTemp, Fault, OverVoltage,
OverLoad) can help identify problem areas. Refer to Table 5-3 for LED
patterns and possible malfunctions.

Nluminated LEDs See
R S OT F OV OL | Symptoms and Conditions Section
No LEDs illuminated 5.6
o No output signal 5.9.1
) Remains in standby 5.8
. . AC mains too high 5.7
o | o Amplifier is too hot 5.10
o o Shorted transistor in output stagé 5.11
. ¢ | Amp couldn’t reproduce input signal | 5.9

Table 5-3 LED Troubleshooting Guide

5.6 No LEDs are llluminated

If none of the LEDs on the display panel are illuminated and/or the fans are
inoperative, check the following:

1 The ac mains are not connected or not on.
A Rear circuit breaker CB1 is not in the up position or disconnected.
3 Fuse Flisopen. To inspect fuse:

1. Turn off and disconnect ac mains. See Section 6.2.1 for shut down
procedures.

A DANGER

|
N
Uninsulated terminals with ac mains E

potential are exposed when the panel is
removed. Do not proceed until ac mains
have been disconnected.

2. Remove left fan cover.

3. Inspect fuse F1. See Illustration 5-3. If needed, replace the fuse. To
find the correct fuse type for your power input voltage, see Section 8-
10.
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Mustration 5-3 Fuse F1

5.7 OverVoltage LED llluminated

The amplifier will protect itself from ac mains voltage that is 10% above the
voltage stamped on the back panel, near the serial number label (assuming
the transformer has not been rewired for a different voltage as described in
Section 3.3.7). If the ac mains voltage is more than 10% above the operating
voltage, reduce the ac mains voltage to the proper level.

5.8 Standby Remains llluminated

This test verifies that unit goes into and out of Standby through operation of
switch S501.

1.

2.
3.

Disable the amplifier. Move the Ready/Standby switch (S501) on the
front panel down to Standby position.

The yellow Standby LED will illuminate (no others should illuminate).
If Standby does not illuminate, there is a problem in the Standby circuit.
Check U501 or Q500.

Switch S501 up to enable the amplifier.

Verify that the green Ready LED is illuminated and that the Standby
LED is not. Ifthis is not the case, check U501 or Q500.

Note: 7700 series amplifiers are normally shipped from the
factory without the overload latch enabled. After the over-
load latch is enabled by the jumper Z505 on the main board,
an overload condition will latch the amplifier in Standby
condition. The Manual Reset Switch {(S500]) on the front
panel must then be momentarily pressed down to the reset
position. If the overload condition still exists, the amplifier will
revert to Standby. For more information about the overload
latch, see Section 3.3.5, "Overload Indication.”
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5.9 Missing or Distorted Signals

The following tests will aid in narrowing down missing or distorted signals.

1. Set up for main board tests as follows:
¢ Power: Appropriate 3—-phase.
e Load: 0.5Q, 0.5 mH (see 5.3.4).
2. Switch S100 up to Master.
3. Apply a 300 Hz toneburst, 5% duty cycle signal to input (J2). Connect
an oscilloscope to T104 with ground at T105. See Illustration 5-2.
4. Switch S501 up to Ready.
5. There are several possible signal results from this test. Proceed to
subsequent tests based upon Table 5-4.
Scope Results Indication
Straight Line Do test in Section 5.9.1
Positive or negative clipping Indicates problem is probably in output
section. Do test in Section 5.9.2
Oscillations or other Could result from a various causes.
erratic wave forms Do test in Section 5.9.2

Table 5-4 T104 Test Results

5.9.1 Missing Signal

Missing output signal may be caused by one of the following:

Master/Slave switch is down in Slave position, unless the amplifier is a
Slave amplifier in a system, then, set the switch up in Master position.
Signal not connected to J1 or J2 on back panel.

Continue with this test if signal is connected properly and the procedure in
Section 5.9 produced a straight line at T104.

1.

The test setup is:

Power: Appropriate 3—phase (same as previous).
Load: 0.5 Q, 0.5 mH (same as previous).

Switch S100 down to Slave.

. Apply a 300 Hz toneburst, 5% duty cycle to input (J3 when in Slave).

Connect scope to ground and T100. See [llustration 5-2.

If no signal is produced at T100, the problem is likely within the Main
Board input section. Try replacing U100. Check out associated resistors
and capacitors in the input section. Also, double check ribbon cable
leading to the input section for a physical defect that may have been
overlooked previously.
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4. If testing at T100 shows an appropriate sine wave, then the Main Board
problem can probably be isolated to the gain stage. To verify a gain
stage malfunction:

a. Switch S100 up to Master. Defective waveform should reappear.

b. Replace U202 and recheck. Then replace U203 and recheck. If
neither U202 nor U203 are the cause of the problem, check all tran-
sistors in the gain stage (see the Gain Stage Schematic in Section—8).

c. Check for missing Z102 jumper if a Filter Board option is installed.

5.9.2 Distorted Signal

This test is indicated if test from Section 5.9 resulted in either positive or
negative clipping of the sine wave. The most likely cause of clipping from a
T104 test point is a problem in the Main Board gain stage (components that
are numbered between 200 and 299 on the schematics). Check for a shorted
semiconductor within section 200 of the Main Board.

1. Attach a scope probe to T201.

2. Inject a 300 Hz tone burst, 20% duty cycle, at J1 and slowly raise the
input voltage until an error signal is seen on T201.

3. Look for spurious responses up to clipping.

4. Capacitors and resistors marked as selectable on the output stage
schematic may be selected within limits to keep T201 clean up to the clip
point.

If there is no obvious defect within section 200 of Main Board, a clipped wave
could also result from a defective output section component. Continue testing
at Section 5.11.1.

5. 10 Amplifier Overheats

5.10.1 Check for Excessive Power Requirements

An amplifier will naturally overheat if the required power exceeds the
amplifier’s capacity. High duty cycles and low-impedance loads are especially
prone to cause overheating.

* Check that your application’s power requirements fall within the
specifications of the amplifier.
¢ Check for faulty (especially shorted) output connections and load.

If the amplifier chronically overheats with suitable power/load conditions,
then the amplifier may be malfunctioning. Proceed to the following steps.
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5.10.2 Check for Inadequate Air Flow

=

Check air filters.

Clean any filter clogged with dirt. Clean periodically to ensure cooling
efficiency.

With power on, visually inspect fans for correct operation.

Replace any fan not operating, operating at reduced speed, or running
backwards. (Air flow must go inward at fans, and outward from front
panel grille. If a replacement fan is defective, it might run backwards.)

5.10.3 Check for Defective Thermal Switch or
Thermal Switch Wiring

To check for a defective thermal switch or associated wiring flaws, consult
wiring diagram and perform a continuity test through the normally-closed
thermal switch wiring path and/or perform the test in Section 7.25.

Note: An Overtemp condition places the amplifier in Standby.
If the Overtemp pulse is extremely short, as it would be in the
case of defective wiring or switches, the Overtemp pulse may
be too brief to see. And since the return to Ready is auto-
matic after any Overtemp condition is over, the Ready light
will return. Thus, Standby alternating with Ready, for no
apparent reason, could indicate a possible defect in thermal
switches or their wiring.

5.10.4 Check for Overheating of an Output Well

G o

DANGER

| Do not touch output wells! Heat sinks
\ carry electrical current and may be hot.
| Serious burns or efectric shock may result.

Turn power on.

Allow output well to heat up.

Disconnect power.

Place hand near (do not touch) output wells one at a time.

Test any output well which is substantially hotter than others. See
Section 5.11 for instructions on identifying faulty output components.
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5.11 Fault LED HHluminated

A 7700 series amplifier contains protection circuitry to disable the amplifier
if the output stages are behaving abnormally. Usually this indicates an
output transistor has shorted.

To clear the Fault condition, turn off the signal source, turn off the ac mains
power, and then turn the ac mains power on again. If the Fault LED does
not illuminate again, turn the signal source back on. If the Fault condition
does not clear, proceed with tests in Section 5.11.1 and Section 5.11.2.

/A CAUTION

Shut off the signal source before reset-
ting the amplifier. Try resetting the
Fault condition only once. [If the Fault
condition does not clear after one reset,
repair the defective component before
continuing. Repeated resetting can
damage the amplifier.

5.11.1 Identify Defective Output Section

A WARNING

Electric shock hazard! Review Section
6.2.1 Disconnecting Power Supply and
Discharging Capacitors before proceeding.

This test will help identify the output section that has a defective output
transistor.

1.

2.

w

Turn off and disconnect ac mains. See Section 6.2.1 for shut down
procedures.

Remove the top cover.

Place the black (-) lead of an ohmmeter on the heat sink. See Illustra-
tion 5-1.

The reading should not indicate a short.

Test all four output wells in similar locations. You should obtain very
similar readings in comparable locations.

If meter reading on one well is lower than the others, that well contains
a defective output transistor. Repair before continuing.

If meter readings on all four wells are similar, proceed to the following series
of tests which presume that the problem is in the circuit board.
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5.11.2 Output Stage Transistor Test

Section 5.11.1 covered procedures for identifying heat sinks with defective
components. This section describes more detailed checks on other output
section components.

1. Test output transistors at collector and emitter terminals. See Illustra-
tion 5—4 for locations of the terminals.

lllustration 5-4 Transistor Test Points

2. Replace any transistor measuring <0.66 Q less resistance than others.
3. When testing an output transistor, test its emitter resistor also.
4. Test driver transistors. See Illustration 5-5 for test points.

r2A 7 =
= |||— Q j =
= | 7 =
= o =
=| Emitter Emitter —
= J =
= :
= E
— :
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=
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=

lllustration 5-5 Driver Transistor Test Points

5. Test predriver transistors, TO-220 devices, located on predriver boards.
See Illustration 5-6 for pin identification.

6. When testing predrivers, apply leads of ohm meter as follows:
a. On wells 1 and 4 (NPN): Red (+) on collector; black (-) on emitter.
b. On wells 2 and 3 (PNP): Black (-) on collector; red (+) on emitter.

7. Resistance readings should show high resistance, otherwise, replace.
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8. If Bias Servo transistors (T0-92 devices) on wells 1 & 4 (see Illustration
6-15) are disturbed, test them as in steps 6a & 7. See Illustration 5-6.

TO-220 TO-92
7N
EBC
C .
”“ ] Emitter~—| | |>Collector
/| ~ . |
Base | [ Emitter Base
Collector

lllustration 5-6 Transistor Lead Identification

3.12 Final Troubleshooting Procedures

5.12.1

Comprehensive Test and Adjustment

If any of the preceding tests resulted in component replacement, a proper
servicing cffort would be to complete all tests and adjustments in Section-7.
If it is not practical to do that, do the tests and adjustments related to the
specific repair as listed in Table 7-1.

Sometimes, only a single adjustment is needed when its associated part has
been replaced. As a shortcut temporary measure, use Table 5-5 to determine
the corresponding adjustment.

Part Adjustment Part Adjustment Part Adjustment
C100 C101 R109 Selected to Load R517 R516
C110 C101 R120 R121 R651 Adjust Same
C101 Adjust Same R121 Adjust Same R652 R651
C103 Selected to Load R204 Adjust Same R654 R651
C104 Selected to Load R205 R204 R761-763 N102
C105 Selected to Load R232-233 R236 R812 Selected with
D650 R651 R234 Adjust Same U800
N100 Adjust Same R235 R234 R853 Adjust Same
N300 R305 R236 Adjust Same R854-856 R853
N301 R334 R237-240 R236 R923 Selected with
Q300 R305 R304 R305 U900
Q301 R334 R305 Adjust Same T2 R516
Q610-611 R651 R306 R305 U120 R121
Q650 R651 R323 R334 U202 R204
Q652 R651 R334 Adjust Same U203 R234
Q810-811 R853 R335-348 NA U300 R305, R334
Q850 R853 R500-510 NA U400 R148, R516
Q852 R853 R514 R516 U800 R812
R108 Selected to Load R516 Adjust Same U900 R923
Table 5-5 Component Interaction
Troubleshooting 5-13



_l___———

5.12.2 Continuity Check

If the amplifier is not functioning properly and all of the previous tests have
failed to isolate the problem, you must now make a complete continuity test
based upon the schematics and wiring diagram.

As an alternative to a complete continuity test, or if the problem cannot be
determined, the unit may be returned to Techron for factory repair and
testing. See the following section 5.13 for packing and shipping instructions.

5.13 Packing & Shipping Instructions

In order to return a 7700 amplifier for factory repair without damage during
shipment, care must be taken in packing the amplifier.

/A CAUTION

The output connector cover must be in
place to protect the output terminal
during shipment. Techron will nat be
responsible for damage due to missing
covers.

The most secure way to ship an amplifier is to use the materials the ampli-
fier was originally shipped in. If these materials were discarded, order
replacements using the part numbers in Illustration 5-7.

To pack the amplifier using those materials, begin by placing the amplifier in
the plastic bag. It may be necessary to remove chassis slides from the
amplifier. Assemble materials in the order shown, starting from the bottom.

Shipment will be made by UPS or best method unless a preferred method is
specified. Shipments are made F.O.B. Elkhart, Indiana, only.

Shipments to Techron should be made as described below:

Techron
Customer Service Department
57620 C.R. 105
Elkhart, Indiana 46517
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Q Cardboard Pad D7035-5
Q‘/‘ Polystyrene Foam Packing D7025-6

Plastic Bag C6390-6

/ Polystyrene Foam Packing D7025-6

/ I
Cardboard Box Liner D7152-8

</ Cardboard Pad D7035-5

@ ) o

Iustration 5-7 Packing Materials for Shipping 7700 Amplifiers
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Section 6—Component
Removals/Replacements

Failed components may need to be removed, serviced,
and reinstalled or replaced. Use this information for
removing and reinstalling such components.
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6.1 Introduction

From a mechanical stand point, servicing of Model 7700 is straight forward.
Illustration 8-1, is the master exploded-view assembly drawing that shows
the relationship of modules and assemblies.

This section has two purposes:

* To review important safety information for the protection of both equip-
ment an and servicing personnel.

¢ To identify several assembly and disassembly procedures that might not
be apparent from a study of Illustration 8-1.

/A CAUTION

7700 amplifiers include many stock
electrical and electronic parts, which are
available from electronic supply houses.
However, some electronic parts that
appear to be standard are actually spe-
cial. Order parts from Techron to assure
acceptable replacement and reliable
operation. Structural items, covers, and
panels are available from Techron only.

6.2 Important Safety Information

Model 7700 operates from three-phase AC mains. In addition to physical
hazards to servicing personnel, certain electrical conditions could cause
damage to component parts.

A DANGER

A 7700 amplifier carries potentially lethal
voltages even after the main power
supply has been disconnected. After
power shutoff, and before any service
procedure, wait at least two minutes for
automatic capacitor discharge. Verify
the discharge by testing the capacitor
terminals or rectifier blocks.
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6.2.1 Disconnecting Power Supply and Discharg-
ing Capacitors

Before attempting any servicing of the amplifier, shut down the outside
power supply by:

1. Turning off the power at CB1 (circuit breaker on the back panel).
2. Disconnecting the AC mains plug from the rear of the unit.

Note: CB1 may be used to temporarily shut down the power
unit. However, disconnecting the AC supply provides an
extra measure of safety to the service technician.

3. Wait two minutes for capacitors to discharge before touching any part of
the amplifier.

4. Remove the bottom cover (Item 24 on Illustration 8-1) to expose the
power supply capacitors.

5. Verify the capacitor discharge by connecting a voltmeter across the “+”

and “-” terminals of the power supply capacitors. See Illustration 6-1.

The voltmeter should give a reading of less than 50 volts.

If voltage is above 50 V, discharge capacitor by placinga 10 Q, 10 W

resistor across the positive and negative terminals of the capacitor for at

least five seconds.

= o

llustration 6-1 Power Supply Capacitors

6.2.2 Floating Ground

The internal electrical components of the amplifier are not grounded to the
chassis. Because of this floating ground feature, test equipment used in
servicing Model 7700 should not be earth-grounded. There is a possibility of
erroneous readings occurring from the use of grounded test equipment. Use
an isolation transformer to float the test equipment from an earth ground.
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6.3 Front Panel Removal

Loosen four screws until cover can be removed. Be sure retaining washers do
not fall off.

/A CAUTION

Ribbon cables and other connections will
be damaged if they are pinched when
replacing the front panel. Position all
cables away from the edges of the front
panel before securing the front panel.

6.4 Removal of Rear, Top, Bottom,
and Side Panels

The top panel (Item 66 in Hlustration 8-1), bottom panel (Item 24), and two
side fan covers (Item 46) can be removed individually. To remove any one or
all of these panels, do the following:

1. Remove the small phillips screw holding the panel to the rear cover.

2. Slide the panel out to the rear.

To remove the rear panel, do the following:

1. Remove (or at least slide partially out) the top panel, bottom panel, and
two side fan covers.

2. Remove the eight large phillips screws along the two side edges of the
rear panel.

3. Pull off the rear panel.

A DANGER

After panels are removed, make sure :
capacitors are allowed to discharge before |
proceeding with any further service. |

T I
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6.5 Service of the Output Shelf

The output shelf (Item 67 in [llustration 8-1) is a frame that holds the four
output wells. Removal of the output shelf is not needed to service the output
wells. Remove the output shelf to service components mounted underneath
the shelf.

To remove the output shelf:

1.

2.
3.

&)

Disable the amplifier by performing the shutdown procedures covered in
Section 6.2.1.

Remove front, top, and bottom panels. See Section 6.4.

Unscrew the socket cap screw (Item 3, Illustration 8—4) from the positive
capacitor terminal and remove the single red wire that leads to the
output shelf. Reattach the double red wires coming from the bridge
rectifiers to the capacitor terminal and finger-tighten the screw. See
Illustration 6-5. Follow the same procedure with the blue single and
double wires on the negative terminal.

Disconnect the in-line connections in the two gray wires. These wires
are interchangeable and can be reconnected to either connector.
Disconnect the three-conductor connection.

Disconnect the output interconnect board from the Main Circuit Board at
J400. See Illustration 6-2.

. Remove the back panel. See Section 6.4.

Interconnect

lllustration 6-2 Interconnect Board

/A\ CAUTION

Be prepared to place the output shelf
on blocks before removing it from the
amplifier. See lllustration 6-3.
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8. Remove the output shelf assembly from the rear of the unit. Carefully
feed loose wires past back panel as shelf assembly is removed. Place the
shelf on blocks (see Illustration 6-3) to prevent damage to the compo-
nents. Go to the appropriate section for individual component service.

==
s

llustration 6-3 Output Shelf on Blocks

To install the output shelf assembly:

1. Slide the output shelf assembly into the lower of two slots in the chassis
(see Illustration 6-4). Make sure that the interconnect board is not
damaged as the shelf and front panel come together.

Replace the back panel.

Reconnect the interconnect board to J400 on the Main Circuit Board.
Reconnect the two gray wires. They are interchangeable.

Reconnect the three-conductor connection.

Reconnect the red and blue wires to the terminals on the capacitors.
Connect red on red, and blue on blue. See Illustration 6-5.

7. Tighten the capacitor screws with the appropriate tool.

S AN

Caution: |.oose capacitor screws is a common cause of an
overheated power supply.

N

lllustration 6-4 Shelf Mounting Slots lllustration 6-5 Capacitor Assembly
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6.5.1 Flyback Diode Block, D607

(See Item 19 on Illustration 8-2; also see Illustration 6-6.)

To Remove Flyback Diode:

1. Note and mark the wiring connections on the Flyback Diode Block. (See
Illustration 6-6.)

Unplug the brown and black wires.

Unsolder the red and blue wires.

Remove the mounting nut and washer from the captive mounting stud.
Remove Flyback Diode Block.

Gl W

lllustration 6-6 Flyback Diode Detail

To Install Flyback Diode:

1. Apply heat sink compound (see the end of Section 8.6) completely and
lightly to the Flyback Diode Block mounting surface.

2. Install and tighten the washer and mounting nut.

3. Connect the brown and black wires.

4. Solder the red and blue wires.

6.5.2 Current Sampling Resistor Assembly

The Current Sampling Resistor Assembly consists of upper and lower plates
that hold three parallel resistors. See Items 22 and 23 on Illustration 8-2.
The individual resistors are not replaceable. If one resistor is found to be
defective, you must replace the complete group.

To remove the current sampling resistor assembly as a unit:

1. Remove the two large phillips screws on the base plate.
2. Unsolder the orange and black wires from the bus bars.

To install:

1. Install a new current sampling resistor assembly.

2. Orange and black wires pass through holes in the bus bar and are
secured with heavy solder. Duplicate this soldering method when
replacing these wires.
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6.5.3 Servicing Bus Bar Assembly

The bus bar assembly includes four copper bus bars with insulation material
between them. The individual bus bar assembly components are replaceable
when removed from the output shelf. See Illustration 8-3 for details on the
bus bar assembly. Should the insulation between individual bus bars require
replacement, use only the original equipment insulating material.

A WARNING

Substituting insulating material other
than the original specification may result
in unsafe or unstable operation of the
amplifier. Order replacement insulation
from Techron. See Section 8.

6.5.4 Heat Sink Shelf Insulation

The insulation (Item 6 on Illustration 8-2) between the heat sinks and
output shelf serves as a gasket for cooling air as well as electrical isolation.
A gasket which is damaged or removed during a service procedure must be
replaced. Order replacement gasket material from TECHRON only.

6.6 Servicing Fans

Model 7700 includes four fans (Illustration 8-1, Item 43) that provide a flow
of outside air through the heat sinks. Internal heat protection will shut down
the amplifier if the cooling from the fans is insufficient to dissipate heat. The
fans are interchangeable with each other, but not repairable. Defective or
inoperative fans must be replaced. The following instructions describe
replacing a fan on one side only. The procedure is identical for all four fans.

DANGER

Verify capacitor discharge (see Section
6.2.1) before servicing fans. Terminals
near fans could carry lethal voltages.

To remove the fans:

1. Disable the amplifier by performing shut down procedures as covered in
Section 6.2.1.

2. Remove the single screw (Item 52) on the rear panel to loosen the fan

side panel (Item 46).

Slide the fan side panel out.

4. Remove the four socket cap screws (Item 42) that secure each fan.

w
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5. Remove the wire connectors for the appropriate fan. Illustration 6-7
shows the relationship between the fans and the connectors. The front
pair of connectors power the front fan. The rear pair of connectors power
the rear fan.

To install a new fan:

1. Connect the wire terminals as shown in Illustration 6-7.

9. Make sure that the air flow directional arrow on the fan case points into
the center of the unit.

3. With the fan in position, insert and tighten the screws.

4. Slide in the fan side panel. Fasten the cover with a single screw
through the rear panel.

lllustration 6-7 Fan Connectors and Rectifiers

6.7 Power Supply Rectifier Blocks

See Item 39, Illustration 8-1; also see Illustration 6-7.

To remove:

1. Disable the amplifier by performing procedures of Section 6.2.1
2. Remove right side panel by removing one screw from rear cover.
3. Remove the wires.

4. Remove the phillips mounting screw. The nut is captive.

To install:

1. Solder two 0.1 puF capacitors in place on the new rectifier (refer to C409
through C414 on the Power Supply Schematic).

2. Apply heat sink compound (see the end of Section 8.6) to the block
mounting surface.

3. Install the mounting screw.

4. Reattach the wires as shown in Illustration 6-7. Each block has two
interchangeable wires of the same color along with a red (+) and
blue (-).

5. Slide right side fan panel in place and secure with one screw in rear
cover.
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6.8 Solid State Relays

See Illustration 6-8; also see Item 3 [llustration 8—1.

To remove:

1.
2.

3.
4.

Disable the amplifier by performing procedures of Section 6.2.1.
Remove left side fan panel (Item 46) by removing one screw (Item 52)
from rear cover.

Disconnect the wiring and capacitors at the screw terminals.

Remove the two mounting bolts from the solid state relay. The nuts
inside are captive.

To install:

1.

b

Apply heat sink compound (see end of Section 8-6) lightly and com-
pletely to the mounting surface of the solid state relay.

Mount the relays in place on the side panel.

Reattach the wires and capacitors.

Slide left side fan panel in place and secure with one screw in rear cover.

lllustration 6-8 Solid State Relays

6.9 Ribbon Cables Serving J3

Before removing the ribbon cables, note their routing. Reinstall the ribbon
cables according to the original routing.

To remove:

1.

2.

3.

For proper access to ribbon cables, you must remove front, top, bottom,
and rear panels. See Sections 6.3 and 6.4.

Slide output shelf back about 4 inches to allow cables to route over
transformer.

Detach cables from main circuit board.

To install:

1.

Route cables in same manner as original placement.

2. Reassemble output shelf and exterior panels.

Component Removals/Replacement
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6.10 Servicing Main Circuit Board

Removal of the Main Circuit Board (Item 13 on Illustration 8—1) requires
disconnection of the ribbon cables and output board connector, disconnection
of the main power supply, and removal of the four circuit board mounting
screws.

Service the Main Board components in accord with standard PC board
procedures. Use an IC extractor to avoid damaging these components.

/A CAUTION

Once the ribbon cables, output board connector, and
power supplies are disconnected, the Main Circuit
Board is no longer protected against static electricity.
Service the Main Circuit Board in a static-free environ-
ment. Wear wrist static straps.

To remove:

1. Disable the amplifier by performing procedures of Section 6.2.1.

2. Remove the front panel. (See Section 6.4 for precautions on front panel
removal and replacement.)

3. Using ejector latches, disconnect the ribbon cable from J300, and discon-
nect the output connector from J400. See Illustration 6-9.

4. Disconnect the power supply connector from terminal J500 on the right
side of circuit board.

5. After power supply is removed, inspect the pins of J500 and straighten

any that may have become bent.

Remove the four mounting screws from the Main Board.

The Main Circuit Board and gray insulating panel (Item 14 in Illustra-

tion 8-1) can now be lifted off.

Noe

J400
AN

o Mounting

SIS . Screw

S T J300

Mounting |

Screws J500
Mounting

i - Screw

e

lllustration 6-9 Main Circuit Board Connections
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/A CAUTION

Use good solder removal methods to avoid dam-
age to the plate-through holes in the circuit board.

To install the main circuit board:

1. Place the gray insulator panel (Item 14) over the mounting holes.

9. Place the Main Circuit Board (Item 13) in position and attach it with
four mounting screws.

3. Connect the power supply cables at J500 taking care to protect the
connecting pins.

4 Connect the ribbon cable to J300 and the output connector to J400. Note
that the ribbon cable makes a “U-turn” over the connector. Further,
note that the connections will only fit in the correct location and only in
the correct orientation. Only slight force should be needed to connect
each of these connections. See Illustration 6-9.

5. If used, reattach the nylon washers on one or more mounting screws.

6. Refer to Section 7, Testing and Adjustment, for the procedures to follow
after the replacement of the Main Circuit Board.

6.11 Servicing the Power Supply

Note: All “ltem” references are from lllustration 8-4.

The power supply components include: two capacitors (Item 17), a low
voltage control transformer (Item 5), and a power transformer (Item 13).

A DANGER

Shock Hazard! Disconnect the power by
removing the incoming power line. It is
essential that the capacitors be allowed to |
discharge before service. See Section 6.2.1 "‘

To service the power supply components:

1. Shut down the amplifier by performing the procedures in Section 6.2.1.

2. Remove the top and the bottom panels. See Section 6.4.

3. Remove the output shelf assembly to provide access to the power supply
components. See Section 6.5.

6.11.1 Removing Control Transformer & Caps

1. Remove the mounting bracket (Item 8), which is held in position by
three 1/4-20 x 2-1/2 cap screws (Item 10).

Note: In removing the cap screws, take care to retain the
shoulder washers that insulate the mounting bolts from the
bracket. There are six shoulder washers (item 9], three on
each side of the mounting bracket.

2. With the cap screws removed, the entire bracket with capacitors and
transformer attached can be removed through the bottom of the unit.

Component Removals/Replacement B6-12



#

6.11.2 Servicing the Capacitors

Each capacitor (Item 17) is attached to the mounting bracket (Item 8) with a
capacitor mounting bracket (Item 4). A bleeder resistor (Item 1) bridges the
positive and negative terminals of the left capacitor.

To remove the capacitors:

1. Verify the discharge by connecting the capacitor terminals to a voltme-
ter. The voltmeter should show a zero reading.

9. Remove the screws (Item 3).

3. Remove the wires, noting the mounting location for proper connection
of the replacement capacitors.

4. Remove the bleeder resistor and bus bars.

5 Loosen the bolts on the capacitor mounting brackets (Item 4).

6. Carefully slide the capacitor out of the capacitor bracket.

To install the capacitors:

1. Carefully slide the capacitor (Item 17) into the capacitor mounting
bracket (Item 4), taking care not to scratch the surface of the capacitor.
2. Tighten the capacitor mounting bracket.

/A CAUTION

Observe the polarity of the capacitors.
Damage will occur if hooked up wrong.
Align both cap's terminals the same.

3. Attach the bus bars (Item 2) across the terminals.

4. Attach bleeder resistor (Item 1) on terminals farthest from the control
transformer (Item 5).

5. Attach the blue wire set to the negative (=) terminal and the red wire set
to the positive (+) terminal.

6. Finger-tighten the terminal screws. (Single red and blue wires from the
output shelf will need to be reattached before the final tightening of the
terminal screws.)

6.11.3 Servicing the Control Transformer

To remove the control transformer:

1. Loosen the two nuts (Item 6) holding the control transformer to the
studs on the large mounting bracket (Item 8).

2. Trace the wires from the transformer to their terminations. Note and
mark the connections to ensure proper installation of the replacement
transformer. Disconnect the wires at the termination points, unbundle,
and remove the low voltage control transformer.

To install the control transformer:

1. Fasten the transformer (Item 5) to the main mounting bracket (Item 8).

2. To reassemble inside unit, insert the mounting bracket (Item 8), with
the capacitors and transformer attached, through the bottom of the unit.

3. Insert cap screws (Item 10) from the bottom with shoulder washers
(Item 9) on both ends. Fasten the washers and screws with 1/4-20 nuts
and lockwashers. Tighten sccurely.

4. Connect the wires at the termination points.
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6.11.4 Servicing the Power Transformer

To remove the power transformer:

1. Note the wire locations and mark them as necessary. Particularly note
the three Faraday shield wires from the transformer coils that are
chassis-grounded behind the front panel. Except for those Faraday
shield wires, disconnect all wires at the termination points.

2. Separate the mounting bracket (Item 8) from the power transformer

(Item 13).

. Remove the Main Circuit Board as described in Section 6.10.

4. Loosen, but do not remove, the six cap screws (Item 15) from the power
transformer brackets.

@

A DANGER

|

The power transformer weighs over 40
pounds and could cause injury or damage §
if allowed to fall. Support the transformer §
before removing the cap screws. E

5. Remove the transformer shim (Item 14).

6. After ensuring that the transformer is securely supported, complete the
removal of the six cap screws (Item 15). The detached transformer can
be removed from the bottom of the main unit.

To install the power transformer:

1. After ensuring that the transformer is securely supported and in place,
finger-tighten the six cap screws a few turns into the transformer
mounting brackets.

2. Slip the transformer shim in place.

3. Attach the mounting bracket (Item 8) that holds the capacitors and
control transformer. Be sure to use shoulder washers at both the top
and bottom.

4. Insert the stripped ends of the Faraday shield wires in between the

chassis front panel and the aluminum shim. Tighten all six cap screws

(Item 15) securely.

Connect the wires at the termination points.

6. Replace the output shelf as instructed in Section 6.5.

o

6.12 Servicing the Output Wells

Model 7700 contains four different output wells that are located on the
output shelf assembly (Illustration 8-1, Item 67). While the four wells
appear similar, each is different and must be placed in a specific position.
Illustration 6-10 shows the four output wells and their positions. Any well
can be individually removed and installed without removing the output shelf.

Note: Insulation between the heat sinks and output shelf
serves as a gasket for cooling air as well as electrical isolation.
A damaged gasket must be replaced. See Section 6.5.4.
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A DANGER

1 The output wells hold live current and are
¥ not earth-grounded. A shock hazard exists
| even with the AC mains disconnected. See
| safety procedures in Section 6.2.1.

6.12.1 Removing and Installing Output Wells

Refer to Illustration 8-2 for aid in changing the output wells.

To remove any individual output well:

1. Shut down the amplifier by performing procedures in Section 6.2.1.

2. Remove the top panel by removing one screw from the back cover.

3. Disconnect the output interconnect board from the Main Circuit Board
at J400.

4. Remove RTV Silicone Adhesive from the output interconnect board
connectors to each predriver board.

5. Remove the four corner screws on the output well.

6. Remove two center mounting screws. One of the two center screws is
recessed on wells 2 and 3.

7. Remove well by pulling it straight up.

To install the output wells:

1. Insert the center conducting screws. Note that one of the center screws
in each of the middle output wells is recessed below the surface. Torque
to 25 inch-pounds (+2 in-1b).

Insert four corner mounting screws. Torque to 6 inch-pounds (£1 in-1b).
Reconnect the output interconnect board to the predriver boards and
Main Circuit Board.

4. Glue connections to predriver boards with RTV Silicone Adhesive.

bl

Well #1 Well #2 Well #3 Well #4

HINPN HIPNP  LOPNP LONPN

lllustration 6-10 Output Wells Top View
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6.12.2 Replacing Output Transistors

To replace a transistor:

1. Disable the amplifier as explained in Section 6.2.1

2. Remove the well with the defective component.

3. Work from the bottom of the well.

4. For PNP wells (wells 2 and 3) only: each output transistor is connected
to a central bus bar via a collector resistor. See Illustration 6—11.
Unsolder the collector resistor of the faulty transistor from the bus bar.

5. Remove the transistor mounting screws. On PNP wells: the resistor
solder lug on one screw serves as the star lockwasher.

Turn the output well over to work.

Unsolder the leads of the faulty transistor from the center portion of the
gold-colored base PC board and from the emitter resistor lead.

Loosen the leads. Then remove the faulty transistor.

Replace the transistor with one having the same part and grade number.

N

© oo

Note: The transistors in each output well are matched to
each other. Stable amplifier operation cannot be assured
unless the part number and grade number are matched on
all transistors in the same output well.

10. Apply heat sink compound (see end of Section 8.6) to the surface of the
replacement transistor. Apply the compound completely and lightly so
that only a small amount will be squeezed out when the transistor
screws are tightened.

11. Install the mounting screws and star lockwashers (solder lug for PNP
wells). Tighten the mounting screws before resoldering the leads.
Torque to 11 inch-pounds (+ 2 in-1b).

/A CAUTION

Tightening the transistor mounting
screws after the leads are soldered
will break the internal transistor
connections. Solder the transistor
leads only after the screws are tight.

12. Clinch the emitter resistor lead securely around the emitter lead of the
transistor.

Note: To maintain the highest degree of dependability, the
lead from the emitter resistor must be clinched around the
lead of the transistor emitter.

13. Solder the leads in place.

14. For PNP wells only: resolder the collector resistor lead back onto the
bus bar (using 175-200 watt soldering iron) before replacement. For
examples, see the other collector resistors on the same bus bar assembly.

15. See Section—7 Adjustments and Tests for the necessary adjustment
procedures. ‘
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(1 ol 20} Resistor Bus Bar

Driver
Transistor

Illustration 6-11 Transistor Location

6.12.3 Replacing Driver Transistors

See Illustration 6-11 for the location of the driver transistors.

1.
2.
3.

&

Disable the amplifier as explained in Section 6.2.1.

Remove the well with the defective component.

Position the output well on its side to allow access to both the top and
bottom.

Remove center screws from predriver board. On wells 1 and 4, the RTV
Silicone Adhesive must be cut between the bias servo and heat sink. Lift
the predriver board carefully, allowing the wiring to act as a hinge.
Remove the mounting bolts from the driver transistors.

/\ CAUTION

To protect the solder connections of the
predriver board, do not move the board
more than necessary.

Unsolder the leads of the faulty driver transistor.

. Apply heat sink compound (see the end of Section 8.6) to the mounting

surface of the replacement transistor. Apply the compound completely
and lightly so that only a smali amount will be squeezed out when the
transistor mounting screws are tightened.

Bolt the new driver transistor in place. The torque range is 11 inch-
pounds (2 in-1b).

Solder the leads of the new transistor in place.

. Screw the predriver board onto the well. If this is well 1 or 4, glue bias

servo to heat sink using RTV Silicone Adhesive.

. See Section—7 Adjustments and Tests for the necessary adjustment and

calibration procedures.
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6.12.4 Replacing Emitter Resistors

Note: All 0.33-ohm, 5-watt emitter resistors used in the
output wells are identical. Their characteristics are designed
into the amplifier. Stable operation cannot be assured
unless replacements are ordered from Techron.

Disable the amplifier as outlined in Section 6.2.1.

Unsolder the resistor leads.

Remove the emitter resistor from the emitter lead of the transistor.
Install the replacement emitter resistor observing the “S” shape bends
in the leads. See Illustration 6-12.

Ll s

Bend in Leads

Vd ~

[\ Resistor. . ’\
{actual size) :

lllustration 6-12 Emitter Resistor Leads

/A\ CAUTION

The emitter resistor leads are extra long
and are bent in an "S" shape to improve
heat dissipation. Failure to make this
bend may cause the solder to melt.

5. Clinch the emitter resistor lead tightly around the transistor emitter
lead.

Note: To insure the highest level of dependability in opera-
tion, the emitter lead from the transistor must be clinched
around the emitter resistor lead.

Solder the emitter resistor lead to the emitter lead of the transistor.
See Section—7 Adjustments and Tests for tests required after repair.

~No

6.12.5 Electronic Thermal Sensors, Wells 3 & 4

To remove:

1. Disable the amplifier as outlined in Section 6.2.1.
2. Unsolder the leads and pull the sensor up and out of the recess. See
Illustration 6-13.

To install:

1. Prepare the replacement scnsor as follows:
a. Install 3/8—inch Teflon®insulating tube over each of the sensor leads.
b. Bend the leads 90 degrees at the bottom of the tubing.
¢. Trim the excess lead to 0.150 inches.
d. Fold the leads down against the flat side of the transistor body.
2. Insert the sensor in the heat sink.
3. Solder the leads.
4. Apply heat sink compound to the top of the sensor.
5. See Section—7 Adjustments and Tests for tests required after repair.
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lllustration 6=13 Electronic Thermal Sensor

6.12.6 Thermal Switch, Wells 1 & 2

To remove:

1. Disable the amplifier as outlined in Section 6.2.1.

2. Remove the well with the defective component.

3. Disconnect the leads from the thermal switch by pulling up on the
plastic covered terminals. See Illustration 6-14.

4. Turn the thermal switch counterclockwise to remove it from the mount-
ing position. The nut below is not captive.

To install:

1. Apply heat sink compound (see end of section 8.6) to the thermal switch.

2. Install the new thermal switch. Fasten the nut on the threaded shaft of
the thermal switch.

3. Reconnect the black wires. The black wires are interchangeable.
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Illustration 6-14 Thermal Switch Location
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6.12.7 Bias Servo Transistor, Wells 1 & 4

Bias servo transistors can be replaced without removing the well from the
amplifier. See [llustration 6-15 for the location.

To remove:

1. Disable the amplifier by performing Section 6.2.1 procedures.

2. Disconnect the output interconnect board from the Main Circuit Board
and the four predriver boards.

3. Remove the bias servo transistor from its position on the side of the
heat sink.

4. Remove the center screw from the predriver board. Lift the predriver
board carefully, allowing the wiring to act as a “hinge.”

5. Remove the old silicon glue from the heat sink.

6. Unsolder the bias servo transistor leads.

To install:

1. Solder the leads of the new transistor in place.

2. Screw predriver board back into well.

3. Glue the new bias servo transistor in place with silicon glue. Use the
other bias servo as a model of the proper gluing procedure. Ensure that
the flat of the bias servo is contacting the heat sink.

4. Connect the output interconnect board and use RTV Silicone Adhesive to
glue connections to the predriver boards.

<7 1 ,

lllustration 6-15 Bias Servo
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Section 7—Adjustments
and Tests

This section describes the tests and adjustments you
may need to perform following other service activities
such as parts replacements.
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7.1 Preparation for Testing

A WARNING

An ELECTRIC SHOCK hazard exists within
the enclosure. Observe safety polices as
outlined in Sections 5.3 and 6.2.1.

Allow only qualified Technicians to perform
repairs, tests, and adjustments.

7.1.1 When to Perform Tests

The procedures outlined in this section must be performed following service
to the Model 7700 amplifier. The procedures in this section are NOT re-
quired following the replacement of fans. Table 7-1 lists the tests required
after replacement of specified parts or modules.

Parts Replaced Tests Performed

L1, N100, U100, or associated parts 7.9,7.12

R758-R763, N101, U101, U102, U103, 7.2,7.10,7.11,7.12, 7.17

U104 or associated parts

U102 or associated parts 7.3,7.17

Schematic parts numbered 200-299 7.3,77,7.13,7.15

Schematic parts numbered 300-399 7.5,7.23

Schematic parts numbered 400-499, T1, 7.14

and T2

Schematic parts 500-599 7.6,7.14,7.16, 721, 7.22,
7.23,7.24,7.26

Schematic parts 600-699, 700-799, 7.8,7.15,7.16, 7.22, 7.23

(except R758-R763)

Schematic parts 800-899, 900-999 7.5,7.8,7.15,7.16, 7.17,
7.22,7.23

Table 7-1 Tests Performed After Repair
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7.1.2 Equipment Requirements

In addition to standard hand tools and electronic test equipment, the follow-
ing specialized equipment is required to perform the tests in this section.
Using the equipment listed will help you test and adjust the ampifier to
factory specifications. Any compromises in equipment could result in unsat-
isfactory performance or calibration.

Equipment Needed Recommendation

1. Oscilloscope Tektronix 2245A
Dual Channel Hewlett-Packard 1740A
Vert. Sensitivity - 2mV/div Phillips PM3207
Vert. Frequency DC-15 MHz

2. Audio Signal Generator Wavetek 193
Sine/Square Khrohn-Hite 1000, 1200
Output-3 Volts RMS into
600 ohm load, 1%THD

3. AC Voltmeter Hewlett-Packard 400F
20Hz-4Mhz Amber 3501
Sensitivity-100uV FS Sound Technology 170B/1710A
+1% Accuracy 20-20kHz

4. Digital Voltmeter Data Precision 248/1350,1351
AC/DC Volts-1mV-100v Fluke 8020B
AC/DC Amps-10mAmps-10 Amps Fluke 8060 series
Ohms-.1 chm-10Mohms

5. Intermodulation Distortion Amber 3501
Analyzer Sound Technology 17701A
IM capable of .003% 60Hz/7kHz Hewlett-Packard 339A
THD capable of .01% 20Hz-20kHz

6. Bandpass Filter Sound Technology 170
20-20kHz, 18dB/Octave rolloff or equivalent.

7. Resistive Loads Construct from Dale NH-250
8 ohms-1kW series, 1% resistors.
4 ohms-2kW '
2 ohms-500 W

8. Non metallic screwdriver GC 8276 or 8277

9. Precision Current Shunt 1% resistor

10. Current limited DC Lambda LQD 423

Power Supply 60 volts series
at 1.0 amperes.

Table 7-2 Recommended Test Equipment
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7.1.3 Pretest Procedure

A WARNING

These tests and adjustments are performed with AC power ON
and with protective panels removed. Test steps must be followed
and caution taken to avoid accidental touching of “live” terminals,
heat sinks, or components. Potentially lethal ELECTRIC SHOCK
can occur if you make accidental contact with these components.

This section warns and cautions you about the testing environment and
where to begin testing. Begin tests by following these procedures:

1. Remove front, top and side panels (see section 6.4).

2. Inspect wires, cables, connections, terminals and other visible compo-
nents to check for breaks or broken parts. Generally check to see if unit
appears to be in proper mechanical condition.

3. Begin test procedures with jumpers and switches (see illustration below)
in the following positions:

S$501 Enable/Disable switch--------- Down (Disabled)
S$100 Master/Slave switch------------ Up (Master)

B5 CV/CC Mode jumper-------==---=- Left (CV)

B6 Compensation jumper------------ Right (R108, C103)

4. Use T105 or T305 ground terminals, unless specified otherwise, for the
connection of the common probe of test equipment for all amplifier tests.

T1305 S1 ?0 B5

I

%HUHUUUUDD R

lllustration 7-1 Main Board Settings and Test Points
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7.1.4 Power Supply Pretest

A DANGER

Do not proceed until the Model 7700 has
been disconnected from the AC mains.
Dangerous voltage points are exposed in
the next steps. Failure to disconnect AC
could result in injury or death.

1. Remove input signal, loads, and AC power connection.

2. Connect a signal generator to the amplifier input. Set for 1kHz continu-
ous sine wave.

3. Connect a temporary control transformer, Crown Part # M20643-9, to
J500 on the main board. Use the following diagram and list to connect
the transformer leads to the connector J500 pins.

F

S
i =

F (Blk/Red) --- 208 Vac
G (Blk/Brn) --- 208 Vac Neutral

A (Orange) --- J500-5
B (Orange) --- J500-4
C (Red) ------- J500-3
D (Yellow) ---- J500-2
E (Red) ------- J500-1

moo @ »

4. Remove the internal Vec connections and connect current limited power

supplies by following these sub-steps:

(1.) Remove the right side fan panel

(2.) Disconnect the Vee supply wires from the (+) and (-) terminals on
the rectifier block nearest the front.

(3.) Connect the Vcc wires to voltage and current limited DC supplies
observing the same polarity. Set the supplies to limit at 60 volts
and 0.3 amperes.

IMustration 7-2 Vcec Connection Points
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5. Connect a two channel oscilloscope, one chl. to -Vece and the other to

+Vce. Do not use scope ground leads. Set Channel 2 for Invert and Add.

- AT—140VDC

10.

11.
12.

LR

Turn on the temporary control transformer and the DC supplies.

Increase the input signal and observe the oscilloscope for wave form A.

Set S100 down to SLAVE.

Connect Channel 1 scope probe to +Vcc and Channel 2 probe to T201.

Connect the ground lead to T105.
Disable the INVERT and ADD setting on the scope.

A CAUTION

Be prepared to switch 5100 back down if
the amplifier behaves abnormally in step 11.

Set S100 up to MASTER.
Observe the scope. Wave form should be similar to (B) and (C).

— B — VDC

13. Turn off AC power to the DC supplies and the temporary transformer.

Restore the original wiring to J500 and the Vcc supplies.

14. Replace the fan cover.
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7.2 General Amplifier Test

This is a general check-out of the 7700 before proceeding to specific circuitry
and component tests,

1.
2. Disable the amplifier by placing switch S501 down to STANDBY.

3. Indicator LEDs STANDBY and OVERLOAD could both be illuminated.
4,

5. Enable amplifier by switching S501 up to READY.

Connect AC power to the appropriate AC mains (see back panel tag).
Verify that input clipper adjustment R114 is turned fully clockwise.

T20] R114 T105
N\ l___/

N\ AY

S$501 S$500

Push momentary RESET switch S500 down to clear any OVERLOAD
indication that may have ocurred.

The READY indicator LED should be the only one illuminated. If not,
there is a failure in the circuitry.

Disable amplifier by switching S501 down to STANDBY.

Connect a 0.5 ohm, 0.5mH load to the amplifier output terminal block.
Connect a 300Hz sinewave, 20% duty cycle tone burst, 10 volt signal to
the input terminal block.

SAMPLED CHASSIS
OUTPUT  COMMON COMMON GROUND

300Hz Burst

nHCTHCO

11.
12.
13.

LOAD
Connect oscilloscope (+) probe to T201 and ground to T105.
Enable amplifier by switching S501 up to READY.

Waveform on oscilloscope should show a clean sinewave burst with no
spurious oscillations.
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7.3 Adjust Current Monitor Zero

Set S501 down to STANDBY.

Remove loads and input signal.

Connect positive voltmeter lead to T103; negative lead to T105.
Adjust R121 to obtain 0.00 VDC (.02 VDC) reading.

N

7.4 Adjust Output Offset Voltage

Connect positive voltmeter to T104; negative lead to T105.
Set S100 down to SLAVE.

Set S501 up to READY.

Adjust R204 for 0.000 Vdc (+.001 Vdc).

Set S100 up to MASTER.

Sl S

R204 S100 R114 T105
N\ |-
oY e

(NN

AN
S501

. Short the input by connecting all three input screw terminals together.
. Adjust R117 for 0.000 VDC (+.001 Vdc).

. Set S501 down to STANDBY.

. Adjust R114 fully clockwise to set Clip Level.

[{elis SRR N )]
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7.5 Adjust Multiplier Zero

This adjustment is influenced by the internal temperature of the unit at the
time of the test. If the unit has recently been operating under load, allow ten
minutes of cool-down time (with fans operating) to obtain readings consistent
with the ambient temperature.

1. Disconnect loads and input signal.
2. Set switch S100 down to SLAVE.
3. Connect voltmeter positive lead to T302; negative lead to T305.
4. Find the value you get at T302 in the third column of Table 7-3 and
mark the corresponding value in the fourth column.
Note: This reading reflects the internal temperature of the
amplifier according to the formula "K/100.

T303 R305 R334 $100
AN 4 \

[(HEEEN]

5. Move positive voltmeter lead to T300.

6. Adjust R305 to the value marked in step 4 in the fourth column of table.

7. Move positive voltmeter lead to T303. The value should be as in step 4.

8. Move positive lead to T301.

9. Adjust R334 to the value marked in the fourth column of Table 7-3.

T302 T300 T302 T300 T302 T300

°C ‘K T303 T301 °C ‘K T303 T301 °C ‘K T303 T301
17 290 290 1296 29 302 3.02 11.52 40 313 3.13 10.20
18 291 291 1284 30 303 3.03 1140 41 314 3.14 10.08
19 292 292 1272 31 304 3.04 1128 42 315 3.15 9.96
20 293 293 12.60 32 305 3.05 11.16 43 316 3.16 9.84
21 204 294 1248 33 306 3.06 11.04 44 317  3.17 9.72
22 295 2.95 12.36 34 307 3.07 10.92 45 318 3.18 9.60
23 296 296 1224 35 308 3.08 10.80 46 319 3.19 9.48
24 297 297 12.12 36 309 3.09 10.68 47 320 3.20 9.36
25 208 298 12.00 37 310 3.10 10.56 48 321 321 9.24
26 209 299 11.88 38 311 311 1044 49 322 3.22 9.12
27 300 3.00 11.74 39 312 3.12 10.32 50 323  3.23 9.00
28 301 3.01 11.64

Table 7-3 Temperature Table
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7.6 Adjust High Voltage Cutoff

This test requires control of AC mains voltage and usually cannot be per-
formed in the ficld. Perform this test only if AC mains control is available.

1. Disconnect loads and input signal.

2. Set S501 up to READY.

3. Connect positive voltmeter lead to middle lead or mounting screw of
U401; negative lead to T105.

Adjust AC mains for DVM reading of 26.8 volts.

Observe OVERVOLTAGE light on front of unit.

Adjust R516 to the point at which OVERVOLTAGE light comes on.
Return AC mains back to normal level (meter reads 24.4 volts DC).
STANDBY should go out, READY light should come on.

8. Set S501 down to STANDBY.

N oo

T105
/

:f:'.. U
@]@ E o l] I' . o JH“ ®

/U4m

R516—-

[EEEEN

S501—

o . Overvoltage ..~ = '«

7.7 Adjust Static Balance

Disconnect loads.

Short the input by connecting all three terminals of the input connector.
Connect voltmeter to matched (0.25%) 51 k< resistors (see illustration).
Connect resistor (A) to -Vce, (B) to +Vee and voltmeter GND to T105.
Set switch S501 up to READY.

Adjust R234 to 0. 0 VDC £ 0.2 VDC).

Set switch S501 down to STANDBY.

N o LN

51 k2 0.25%
resistors

HEEEN
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7.8 Adjust Output Stage Bias

This procedure tests each output well with voltmeter and adjusts for correct
reading. Wells are to be tested in pairs (front two, then rear two); adjust-
ments are for each pair in tandem.

Note: Allow output well heat sinks to cool to ambient tem-
perature before performing this test.

1. Set switch S100 down to slave.
2. Set switch S501 up to READY.
For front pair of output wells:
3. Connect voltmeter across 12 ohm resistor as shown in Illustration 7-3.
4. Adjust R651 on predriver board #1 for reading of .40 VDC (+.01 VDC).
For rear pair of output wells:
5. Connect voltmeter across 12 ohm resistor as shown in Illustration 7-3.
6. Adjust R853 on predriver board #4 for a reading of .40 VDC (+ .01 VDC).

Note: Repeat tests on both pairs to make sure readings are
.40 VDC (+ .01 VvDC).

P — — .
= = B
(fr g—: g % B
B =l= /
| B =z
== =
resi—_ A H[ _~R853

Al E
] =
| =
» =
N
=

—

lllustration 7-3 Output Wells/Amplifier Top View
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7.9 Adjust CMRR on Input Amplifier

1. Disconnect loads.
2. Connect a 10 kHz continuous triangle + 4
wave signal to the input as shown on
the right and adjust it for 10 volt INPUT ®

peak to peak, but below clip level.
/\/ 10 kHz

3. Connect a scope (+) probe to T104
and the ground lead to T105.

4. Adjust N100 to eliminate angles
on the wave form. ™ 0\4 C1Q1 N1'00 T}05

Note: Use a
non-metallic
screwdriver for
the following
adjustment.

5. Adjust C101 to make
the wave form into a
straight line.

6. Repeat 4 and 5 until
there is minimum
interaction.

7.10 Adjust CMRR on Current Amp

Remove loads and input signal.
2. Connect signal generator to pins 2 and 7 of J200 with the ground to
T105. Adjust for 1kHz continious triangle 10 volt output.

ik

3. Connect scope probe to T101 and ground lead to T105.
4. Adjust N102 to make wave into a straight line.
5. Set S501 down to STANDBY.
KH T1l°5
z
g e ©
N o] (o)
—
—

oooooooo
0ooooooo

B5\

H|
o]
—
Boooobo
/
Coocoooa

T101 N102 J200
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7.11 Adjust Current Monitor

1. Connect a 300 Hz continuous sinewave from a generator to the input.

2. Connect a 0.5 ohm, 1.0 mH load and shunt (typical value .005 ohm) to
the amplifier output.

3. Connect voltmeter leads across shunt.

Set switch S501 to READY, with power on.

5. Adjust input signal for 100 mV.

b

SAMPLED CHASSIS
OuTPUT COMMOi\l COMMON  GROUND

300Hz

mnwHCUoU-HCO

1.0 mH

0.5 ohm

6. Connect voltmeter positive lead to T103, and negative lead to T105.
7. Adjust N103 for 1V.
8. Set switch S501 down to STANDBY.

Lttty
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7.12 Adjust Voltage Gain

1. Connect a 1 kHz continuous sinewave from a generator to an unbal-
anced input (see illustration below).
2. Connect a 4 ohm, 2kW load to amplifier output terminal block.

SAMPLED CHASSIS

OUTPliT COMMOil COIMMON GROUND

nw—-EHCUT-HCO

T

Jumper B5 still on left two pins.

Connect voltmeter positive lead to J250, pin 3: negative lead to T105.
Set switch S501 up to READY.

Adjust input signal for 1.0 volt at J250 pin 3.

Move positive probe to T104.

Adjust R105 until the meter displays 20 volts.

@O w

LLIT 1]

S501—

HEEEE]
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7.13 Adjust Dynamic Balance

1. Connect a 1 kHz continuous sinewave from a generator to the input.
2. Connect a 4 ohm, 2kW load to amplifier output terminal block.

SAMPLED CHASSIS
OuUTPUT COMM%\I COMMON GROUND

w-HCTUOv-HCO

/\/ 1 kHz

i

3. Connect channel 1 of a dual trace scope to T201. Set scope to 5 volts/
division.

Connect channel 2 to T200. Set scope at 5 volts/division.

Connect scope ground to T105

Set switch S501 up to READY.

Increase input signal until channel 1 resembles wave form "A".
Adjust R236 until channel 2 resembles wave form "B".

© N3G

Note: Proper adjustment is so that the low side of the
amplifier (T200) clips just slightly before the high side
(T201).

9. Set S501 down to STANDBY.

1200
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7.

1

2.
3.
4.

w0

14 Verify Overload Latch

Connect a 1 kHz continuous sinewave from a generator to the input.
Short pins of Z505 together.

Set switch S501 up to READY.

Increase the input until the OVERLOAD LED comes on. The amplifier
should go into STANDBY.

STANDBY/lJ

$501 OVERLOAD S500

Push S500 down to RESET. Observe that the amplifier returns to
READY.

Set S501 down to STANDBY.

Remove the short at Z505.

15 Adjust Current Limit

Connect a 1 kHz sine wave burst, less than 5% duty cycle, to the input.
Connect a 0.5 Q (or less) load to the output terminals.

SAMPLED CHASSIS

OUTPHT COMMOiI COiAMON GROUND

INPUT

wH4Ccov-HCO

1 kHz Burst

Connect scope probe to T103 with ground lead to T105.

Increase the input signal until the amplifier is in current limit and the
wave form on the scope resembles the one below.

Adjust R271 to bring the positive peak to be between +9V & +10V Peak.
Adjust R272 to bring the negative peak to be between -9V & -10V Peak.
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7.16 Spurious Response

This procedure verifies the stability of the amplifier. If oscillations are
observed while performing these tests, capacitors and resistors marked
“selectable” on the Output Stages Schematic may need to be changed.

1. Connect signal generator to amplifier input. Adjust for 300Hz, 20% duty
cycle tone burst.
2. Connect a 1.0 mH load to the amplifier output terminals.

SAMPLED CHASSIS
ouTPUT COMMOiJ COMMON  GRQUND

0]
Lo U T
+ 4 T S
INPUTé i E
1 T =
S

300 Hz Burst

q LOAD ﬂ

Connect scope probe to T201; ground lead to T105.

Set switch S100 up (MASTER).

Set switch S501 up to READY.

Gradually increase input signal until distortion is seen at T201.

Look for oscillations.

Adjust the input level and frequency to 50Hz and watch for oscillations.
Set switch S501 down to STANDBY.

©®NO G w
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7.17 Verify Controlled Current Mode

1. Connect signal generator to amplifier input. Adjust for 300Hz, 20% duty
cycle tone burst.
2. Connect a 1.0 mH load to the amplifier output terminals.

SAMPLED  CHASSIS

OUTPHT COMM%\I COIMMON GROUND

+ L -
A0

INPUT %ﬂﬂ

v v v v

W—-CT-HCO

300 Hz Burst

LOAD
I8s!
Jumper B5 to the right two pins.

Connect scope probes to T200 and T201, ground leads at T105.
Set S501 up to READY.
Increase input signal level until wave forms distort. Observe for oscilla-
tions and spikes.
Adjust generator for 100Hz square wave with level at 0.5 V or below.
Connect scope probe to T103. The wave form should be clean and square
without overshoot.

9. Set S501 down to STANDBY.
10. Connect a .25mH load to the output of the amplifier.
11. Jumper B6 to the left two pins.

oo w

® =~

Note: The load and compensation network values are for a
standard factory unit, otherwise, use your custom values.

12. Set S501 up to READY.

13. The wave form at T103 should be clean and square without overshoot.
14. Set S501 down to standby. '

15. Jumper B5 to the left two pins.

16. Jumper B6 to the right two pins.

T200 T201 B5 T105
N— A\ N —
WY m

Y

(am}
T n

1 -T03

r*-l 1
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7.18 Measure IMD

1. Use the distortion test setup shown in your IM analyzer manual.

2. Calibrate the distortion analyzer and set the IM analyzer output signal
for 60 Hz and 7 kHz, 4/1 ratio.

3. Connect a 4 ohm load to the output of the amplifier.

7700 : Anzll'l\gzer
-+
@

Amplifier e cusan
mw«hmvu‘it B‘i’uoﬂ &‘U"E

[‘Lﬂlllolllm al %{
11 ]
p— 4 ohm

»N=ECVU-HCO

o)
®)

Set S501 up to READY.

Measure the IM distortion at 5 dB intervals from 1550 watts output
down to 35 dB below 1550 watts.

Maximum distortion allowed is .03% IMD.

Set S501 down to STANDBY.

oo

N o

7.19 Measure Output Voltage Noise

Short the input.

=

2. Connect a 4 ohm load to output.
3. Connect AC voltmeter to rear output terminals: positive to positive
output; negative lead of voltmeter to sampled common terminal.
Amplifier SAUPLER Crtastis gcvg
()Cl’"hm“ﬂil L'Cillll)'lﬁul:} — +
¥
¢ lololplo J LOAD
s (e
4 ohm

oo

L&

Set S501 up to READY.

. Typical value is 0.4 mV. Acceptable range is 0.2 mV to 0.8 mV. (Band-
width of 20 Hz to 20 kHz).

6. Set S501 down to STANDBY.

G
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7.20 Measure Current Monitor Noise

1. Short all the terminals of the input connector block.

2. Connect a 4 ohm load to the output.

3. Connect voltmeter positive lead to T103, and negative lead to T105.

4. Typical value is .02 mV. Acceptable range is .01 mV to .04 mV (Band-
width of 20 Hz to 20 kHz).

7.21 Verify Fault Circuit Operation

1. Short all the terminals of the input connector block.
2. Remove all loads.
3. Set switch S501 up to READY.

A WARNING

A Burn Hazard exists if a resistor smaller
than 5 watts is used in the next step. Do
not leave the resistor in place longer than
necessary.

=

. Connect a 560 Q, 5 W resistor, with leads bent as needed, to heat sink of
PNP well #2 (A), and to collector mounting screw of PNP predriver (B).

. The amplifier should instantly enter STANDBY with FAULT LED on.

. Remove the resistor and turn the amplifier power OFF and back ON.

. Repeat steps 4, 5, and 6, but instead, test PNP well #3, points C and D.

. Again, the amplifier should enter STANDBY with FAULT LED on.

. After fault has been cleared, set switch S501 down to STANDBY.
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lllustration 7-4 Output Heat Sink Wells Top View
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7.22 Verify Thermal Switch Operation

Potentially lethal ELECTRIC SHOCK can

occur if you make accidental contact with
Heat sinks under full power. Do not
touch more than one heat sink at a time.

Remove all loads and input signals.

Set switch S501 up to READY.

Disconnect front thermal switch S600 (see Illustration 7—4).

Observe the LEDs—STANDBY, and OVERTEMP LEDs should light.
Reconnect S600. LEDs should go out after pressing RESET (S500).
Repeat steps 1-5 to test S700.

Set switch S501 down to STANDBY.

7.23 Verify Die Thermal Protection

1. Connect a 2.5 volts DC input to J2, and a 1.0 mH load to the output.

N O N

SAMPLED CHASSIS

OUTPHT COMM%% COIMMON GRQUND

mw-HCTvHCO

ISes!

Connect a DC voltmeter, or scope, (+) to T103, and (-) to T105.

Set switch S501 up to READY.

The voltage should cycle from 3.75 to 0 volts over a period of 1 minute.
Set switch S501 down to STANDRBY.

Reverse the polarity of the DC input and repeat steps 3-5.

Short the pins of Z504.

Enable amplifier and see it go into standby when it reaches OVERTEMP.
Set switch S501 down to STANDBY.

Reverse the polarity of the DC input and repeat steps 8 and 9.

CLPNID Ok LN

[

HEEEN]
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7.24 Verify Interlock

1. Set switch S501 to READY.
2. Connect a shorting wire to J3 pin 23 and J3 pin 29. (Locate this connec-
tor on the back panel.)

0000000000000000006
gOOOOOOO, OOOOO.\OOO

29 23

3. Amplifier should go into STANDBY.
4. Remove shorting wire.

5. STANDBY lights should go out.

6. Set switch S501 down to STANDBY.

7.25 Check MASTER/SLAVE Mode

1. Set MASTER/SLAVE switch S100 to SLAVE mode.
2. Connect a 1kHz signal to J3 pin 21 with ground to pin 20.

0000000000000000006
gOOOOOOOOOOOOOOQj.

//
/\/ 1 kHz

21 20
3. Set switch S501 up to READY.
4. The output wave form should be equal in amplitude to the input signal.

SAMPLED CHASSIS

OUTPHT OOMM(HI COIMMON GRQUND -
e " ‘ : I

5. Move input to J3 pin 22.
6. Observe an inverted output wave form, otherwise, unchanged.
7. Set switch S501 down to STANDBY.

wHCv-HCO

SAMPLED CHASSIS

OUTPH OOMNCiJ COlMMON GROQUND
1 ! !

w-HCcoHCO
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7.26 Verify Remote Ready Status

1. Connect a resistor, an LED and a battery in series to J3-9 and J3-28.

2. Set switch S501 up to READY.
3. The LED in the test circuit should come on.

0000000000000 000O0O
900000000 80N0000000O

28 9

4. Set switch S501 down to STANDRBY.
5. The LED in the test circuit should go off.

7.27 Final Procedure

1. Use standard enamel paint to seal all adjustment points to guard
against vibration or accidental movement.

2. Set appropriate switches for master or slave operation.
3. Install jumpers where desired.
4. Replace all covers and front panel.
Paint Paint
N

770\

M\

:. i IZJ\D

/A CAUTION

Do not leave the amplifier in Current Mode
unintentionally (BS right). Damage to ampli-
fier loads could occur during turn-on.
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Section 8—Parts and
Schematics

This section provides a complete graphic summary of
parts used in a 7700 Series amplifier including board
layouts and exploded views to aid in service procedures.

Parts and Schematics 8-1



—

8.1 General Parts Information

This section includes illustrations, schematics, and parts lists for the 7700
Power Supply Amplifiers. This information should be used with the service,
repair and adjustment procedures in Sections 5, 6 and 7.

Mechanical and structural parts are illustrated and indexed on exploded view
drawings. Electrical and electronic parts are listed and indexed in both the
exploded view drawings and the schematic parts lists.

8.2 Standard and Special Parts

Many electrical and electronic parts used in a 7700 amplifier are standard
items stocked by and available from electronic supply houses. However, some
electronic parts that appear to be standard are actually special. Order parts
from TECHRON to be sure of a workable replacement. Structural items,
covers and panels are available only from TECHRON.

8.3 Ordering Parts

TECHRON, a division of Crown International, supplies parts through the
Crown International Parts Department. Replacement parts are obtained
from the following address:

Crown International
Parts Department
P.O. Box 1000
Elkhart, Indiana 46515

Phone: (219) 294-8210
FAX: (219) 294-8301

When ordering parts, be sure to give the model and serial number and
include the part description and Crown Part Number (CPN) from the parts
list. Price quotes are available upon request.
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8.4 Shipment

See Section 5.13 Packing and Shipping Instructions to prepare the amplifier
for shipment. Shipment will be made by UPS or best method unless a pre-
ferred method is specified. Shipments are made F.O.B. Elkhart, Indiana,
only.

Shipments to Techron should be made as described below:

Techron
Customer Service Department
57620 C.R. 105
Elkhart, Indiana 46517

85 Terms

Normal terms are C.0.D., Master Card, or Visa, unless the order is prepaid.
If prepaying, please add an amount for the freight charge. Established
accounts will have large orders shipped freight prepaid and billed net 30 days.
All others, shipped freight collect.

Parts prices are subject to change without notice. New parts returned for
credit are subject to a 10% restocking charge.

You must receive authorization from the Crown Parts Department before
returning parts for credit. Please state reason for returning.
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8.6 Chassis Exploded View

ITEM # PART #
1 C7377-2
2 D 7227J7
3 D 8063-6
4 C 2226-6
5 A10290-3
6 A10161-3
7 A10296-4
8 Al11139-G4
9 A10234-2
10 A10089-70806
11 A10173-2
12 A10101-5
13 e
14 D 6146-1
15 A10954-G5
16 F10869K6
17 B 5564-8
18 A10192-1
19 D 4137-2
20 A10096-3
21 M20677J6
22 A10094-4
23 A10290-4
24 F10762J6
25 A10089-70806
26 M20676J8
27 A10086-10608
28 A10102-16
29 A10095-2
30 A10091-11008
31 D 7228J5
32 A10087-11008
33 A10094-8
34 M20339-4
35 C 3776-9
C 7956-3
36 A10285-11
A10285-9

DESCRIPTION

.68UF 250V RFI CAP

Panel, Left side

Relay, Solid State (low noise)

8-32 X .375 Slotted Round Head Screw
Handle, Left

5/16-18 X 7/8 Hex Cap Screw

Handwell, tan

Panel, 7700 Front

Bezel, Plastic tan

8-32X.375 Pan Head Phillips Machine Screw

8/32 U Clip

.5X.136 X .02 Nylon Washer
Main board

Insulator, 11 X7.5X.031

Skin, subfront

Panel, Subfront

.1875 X .1875 Continuous Grommet
.500 Snap Bushing

Nylon Thumbscrew Washer

.312 Split Ring Lockwasher

Bracket, Top Right

#6 Internal Star Washer

Handle, Right

Cover, Bottom

8-32X.375 Pan Head Phillips Machine Screw

Bracket, Top Left

6-32 X .50 Rd Hd Phillips Machine Screw
5/16-18 Hex Nut

#8 External Star Lockwasher

10-32 X .5 Flat Head Phillips Machine Screw

Panel, Right Side

10-32 X .50 Truss Head Machine Screw
#10 Internal Star Lockwasher

Bracket, Bottom Side

Fuse block (208/240 Vac)

Fuse block (380/416 Vac)

Fuse, 3AG, 1 Amp Slow blow (208/240 Vac)
Fuse, 0.5 Amp (380/415 Vac)

Parts and Schematics
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ITEM # PART # DESCRIPTION

37 C 7060-4 3-Phase Twist-Lock Conn., Female (208 Vac)
C 7028-1 3-Phase Twist-Lock Conn., Female (240 Vac)
C 7143-8 3-Phase Twt-Lk Conn., Female (380/415 Vac)

38 A10086-10604 6-32 X .25 Rd Hd Phillips Machine Screw

39 C 9368-9 Bridge Rectifier, 35 Amp

40 A10086-10814 8-32 X .87 Rd Hd Phillips Machine Screw

41 A10224-7 Grommet 2.0 0D x 1.5 1D

42 A10092-10610 6-32 X .625 Socket cap Machine Screw

43 C 7858-1 Fan, 4.7" Ball Bearing

44 C 5297-4 8-32 X .37 #7 Truss Head Phillips Screw

45 C 7898-7 #8 Ring Terminal

46 F10761J8 Panel, Side Fan

47 F12262-6 Slide, Fan Panel

48 D 6309-5 6-32 X .235 Hex Head Trilobe Screw

49 C 6596-8 Fan Cover

50 D 5459A7 Filter, Fan

51 F10639J6 Mesh, Fan Filter

52 A10086-70606 6-32X .375 Round Head Phillips

53 A10095-2 #8 External Star Lockwasher

54 M20794J9 Panel, Back connector

55 D 2934-4 Solder Lug, .218 Hole

56 C 7408-5 Breaker, 3 Pole, 20 amp (208/240 Vac)
C 7641-1 Breaker, 3 pole, 10 amp (380/415 Vac)

57 C 6011-8 Panel Mount BNC Connector (optional)

57 C 6877-2 Panel Mount Twinax Connector (optional)

58 A10086-70604 6-32 X .25 Round Head Machine Screw

59 C 7074-5 Mounting Kit, .312 THD

60 C 6549-7 3-Phase twist-lock connector, Male (208 Vac)
C 7030-7 3-Phase twist-lock connector, Male (240 Vac)
C 7142-0 3-Phase twist-lock conn., Male (380/415 Vac)

61 C 3842-9 3 terminal barrier block

62 F11729J4 Cover, Output

63 M21321J0 Panel, Back

64 C 8497-7 10-24X.625 Truss Head Phillips

65 A10102-5 6 X 32 Hex Nut
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ITEM # PART ¥# DESCRIPTION
66 F11735J1 Cover, Top
67 e Output Shelf Assembly
68 e Power Supply Assembly
69 Al10102-6 8 X 32 Hex Nut
() Fan Terminator Assembly
71 S 5723-2 Tape, Foam 1/8 X 1/2X 19
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IHustration 8-1 Chassis Exploded View
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8.7 Output Heat Sink Mounting

ITEM # PART # DESCRIPTIGN
1 D 7760-8 Washer, .375 X .171 X .297 Shoulder
2 A10096-1 #8 Split Ring Lockwasher
3 A10092-10812 8-32X .75 Socket Head Cap Screw
4 A10094-6 #8 Internal Star Washer
5 A10089-10808 8-32 X .5 Pan Head Phillips Machine Screw
6 A10098-7 #6 Bellville Washer
7 A10086-10605 6-32 X .3125 Rd Head Phillips Machine Screw

lllustration 8-2 Heat Sink Mounting Exploded View
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8.8 Heat Sink Shelf

llustration 8-3 Heat Sink Shelf Exploded View
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PART #

F10526-6
C 1811-6
C 1812-4
A10101-19
D 6159-4
M20401-2

C 7965-4
D 6162-8
M20402-0
D 6161-0
M20531-6

D 6160-2
M20532-4
A10094-4
A10102-5
A10087-10806

D 4289-1
A10095-2
B 4782-7
D 2934-4
A10086-10810

A10094-6
A10102-6
F10527-4
A10101-8
C 2544-2

A10086-10414
A10094-2
F10532J3
A10111-10810
M21395-5

C 6299-9
C 6977-0
A10094-5

D 6418-4
F10912-8

DESCRIPTION

Block, +VCC

4" Cable Tie

2" Cable Tie

5000D X 195ID Fiber Washer
Insulator, +VCC

Bus Bar, +VCC

8-32X.37 Uundercut Flat Head Screw
Insulator, -VCC Bus Bar

Bus Bar, ISA -VCC WELD

Insulator, Output Common

Bus Bar, Ooutput Common

Insulator, Output

Bus Bar, Output

#6 Internal Star Washer ZINC

6 X 32 Hex Nut

8-32 X .37 Truss Head Phillips Screw

0.47UF 200V 2.5 Polycarb Cab

#8 External Star Lockwasher

.250 Shrink Tube

Solder Lug .218 Hole

8-32 X .62 Round Head Phillips Screw

#8 Internal Star Lockwasher
8 X 32 Hex Nut

Bus Bar, current sense

141 X 250 X 125 Nylon Spacer
8 X.25 expansion nut

4-40 X .87 Rd Head PHillips Machine Screw
#4 Internal Star Lockwasher

Heatsink, Current Sense

8 X .62 Pan Head Phillips Self-Tapping Screw
Heat Sink Assembly, with Resistors

0.1 Ohm 50 Watt Wire Wound Resistor
6-32 X 1.5 Round Head Phillips Breass Screw
#6 Internal Star Washer

Washer, Plastic .125
Coil, Output

Parts and Schematics
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ITEM #

36
37
38
32
39

40
41
42
43
44

45
46
47
49
48

49
50

PART #

F10899-7
M20751J9
A10111-10810
A10094-3
A10224-3

C 7867-2
C 7866-4
C 9432-3
C 9433-1
C 7865-6

A10102-8
A10094-8
C 9368-9
M20918-5
D 7541-2

A10099-9
A10086-11008

DESCRIPTION

Coil Mount

Bracket, Output Connector

8 X .62 Pan Head Phillips Self Tapping Screw
#6 Internal Star Washer

Grommet

Terminal Block, End Section
Terminal Block, 2-6 AWG
Terminal Block, 22-10 AWG Grey
Terminal Block, 22-10 AWG Green
Terminal Block, End Stop

10/32 Hex nut

#10 Internal Star Lockwasher
Bridge Rectifier

Shelf

Insulator, Nomex

Shoulder Washer .25ID X.5 HD .375L
10-32 X .50 Rd Head Phillips Machine Screw

Parts and Schematics
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8.9 Power Supply

ITEM # PART ¥

1 C 6598-4

2 F10795-7

3 A10087-11008

4 C 6477-1

5 D 6951-4

A 11448-G1

6 A10102-5

7 A10094-4

8 M20441A6

9 A10099-9
10 Al10161-1
11 A10096-2
12 A10102-10
13 D 6807-8
14 F11019-1
15 A10161-2
16 A10102-16
17 D 6091-9
18 A10087-10804
19 A10094-6
20 A10094-8

DESCRIPTION

5.0 KOHM 10W Wire Wound

Bus Bar, Filter Cap

10-32 X .50 Truss Head Machine Screw
Bracket, Cap Mounting

Transformer, 208/240 Control
Transformer, 380/415 Control

6 X 32 Hex Nut

#6 Internal Star Washer

Bracket, Transformer and Capacitor
Shoulder Washer .25IDX.5HD .375L
1/4-20X3.25 Hex Head Cap Screw

.25 Split Ring Lockwasher
1/4-20 Hex Nut

Transformer, 7700 208/240
Transformer, 7790CE 380/415
Shim, Transformer

5/16-18 X 7/8 Hex Cap Screw

5/16-18 Hex Nut

5000UF 200VDC Electrolytic Capacitor
8-32 X .25 Truss Head Machine Screw
#8 Internal Star Washer

#10 Internal Star Washer

Parts and Schematics
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8.10 Schematic Parts List

LOCATION # PART # DESCRIPTION
Bl C 7858-1 FAN, 4.7" BALL BEARING 4715-FS
B2 C 7858-1 FAN, 4.7" BALL BEARING 4715-FS
B3 C 7858-1 FAN, 4.7" BALL BEARING 4715-FS
B4 C 7858-1 FAN, 4.7" BALL BEARING 4715-FS
B800 C 6513-3 LOSSY BEAD
B801 C 6513-3 LOSSY BEAD
B900 C6513-3 LOSSY BEAD
B901 C 6513-3 LOSSY BEAD
C90 A10434-223KD .022UF 250VDC 10% MET POLY T/R
CI1 A10434-473JD .047UF 250VDC 5% MET POLY T/R
C92 A10434-473JD .047UF 250VDC 5% MET POLY T/R
C100 C 3410-5 100PF 500V 5% MICA
C101 C 5058-0 30PF PC MNT TRIMMER CAP
C102 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C103 D 4292-5 .0587UF 200V 2.5% CARB
C104 D 4290-9 0.234UF 200V 2.5% CARB
C105 C 3409-7 47PF 500V 5% MICA
C106 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C107 C 9030-5 0.068UF 400V 10% FILM
C108 C 9030-5 0.068UF 400V 10% FILM
C109 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C110 C 3290-1 120PF 500V 5% MICA
C200 C 3410-5 100PF 500V 5% MICA
C201 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C202 C 6227-0 20PF 500V 5% MICA
C203 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C204 C 3409-7 47PF 500V 5% MICA
C205 OPEN OPEN
C206 C 8548-7 .0039UF 200V 10% POLYESTER
C207 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C208 OPEN OPEN
C209 OPEN OPEN
C210 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
c211 C 2342-1 27PF 500V 5% MICA
C212 C 2342-1 27PF 500V 5% MICA
C213 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C214 C 2820-6 5.0PF 500V +/.5PF MICA
C215 D 4448-3 56PF 160V 2.5% STYR
C216 C 3409-7 47PF 500V 5% MICA
C217 OPEN OPEN
C218 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R

Parts and Schematics 8-14



LOCATION # PART # DESCRIPTION
c219 OPEN OPEN
C220 OPEN OPEN
C221 C 2342-1 27PF 500V 5% MICA
C222 C 3411-3 200PF 500V 5% MICA
C223 C 17514 0.01UF 500V .3" LEADS DISC
C224 C 1751-4 0.01UF 500V .3" LEADS DISC
C225 C 2820-6 5.0PF 500V +/.5PF MICA
C226 C 3411-3 200PF 500V 5% MICA
C227 C 3411-3 200PF 500V 5% MICA
C300 C 8576-8 100UF 35V 10% ALUM ELECT T/A
C301 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C302 C 5053-1 18UF, 50V, NP, VERTICAL
C303 C8511-5 0.047UF, 250, 5%,FILM
C304 C 5084-6 1.5UF, 63V, 5%, FILM
C305 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C306 C 5053-1 18UF, 50V, NP, VERTICAL
C307 C 8511-5 0.047UF, 250, 5%,FILM
C308 C 5084-6 1.5UF, 63V, 5%, FILM
C309 C 8576-8 100UF 35V 10% ALUM ELECT T/A
C400 D 6091-9 5000UF 200VDC ELECTROLYTIC
C401 C 9465-3 10UF 50V 20% VERT ELECT T/A
C402 C 6888-9 470UF 35V 4X 1.2 CAPACITOR
C403 C 9465-3 10UF 50V 20% VERT ELECT T/A
C404 C 6888-9 470UF 35V .4 X 1.2 CAPACITOR
C405 C 8576-8 100UF 35V 10% ALUM ELECT T/A
C406 C 6674-3 3300UF 16V AXIAL CAP
C407 D 6091-9 5000UF 200VDC ELECTROLYTIC
C408 D 4289-1 0.47UF 200V 2.5 POLYCARB
C409 C 8426-6 .1UF 250V 10% MET POLY RADIAL
C410 C 8426-6 .1UF 250V 10% MET POLY RADIAL
C411 C 8426-6 1UF 250V 10% MET POLY RADIAL
C412 C 8426-6 .1UF 250V 10% MET POLY RADIAL
C413 C 8426-6 .1UF 250V 10% MET POLY RADIAL
C414 C 8426-6 .1UF 250V 10% MET POLY RADIAL
C500 OPEN OPEN
C501 C 1751-4 0.01UF 500V .3" LEADS DISC
C502 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C503 C 7432-5 .01UF 250V 5% MET POLY CAP
C504 C 6096-9 3.3UF 50V LOW LEAK T/A
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LOCATION # PART # DESCRIPTION
C505 C 8897-8 .1UF 100V 20% Z5U RAD CER T/R
C506 C 17514 0.01UF 500V .3" LEADS DISC
C507 OPEN OPEN
C600 C 8511-5 0.047UF 250V 5% FILM
C650 C 8550-3 .0082UF 100V 10% POLYESTER
Cé51 C 5825-2 470PF 500V 5% MICA
C652 C 8545-3 .001UF 200V 10% POLYESTER
C653 C 3410-5 100PF 500V 5% MICA
C654 C 8545-3 .001UF 200V 10% POLYESTER
C655 Open Open
C700 C 8511-5 0.047UF 250V 5% FILM
C750 C 8546-1 .0022UF 100V 10% POLYESTER
C751 C 5825-2 470PF 500V 5% MICA
C752 C 3410-5 100PF 500V 5% MICA
C753 C 8547-9 .0027UF 200V 10% POLYESTER
C754 C1751-4 0.01UF 500V .3" LEADS DISC
C800 C 8512-3 0.022UF 250V 5% FILM
C850 C 8545-3 .001UF 200V 10% POLYESTER
C851 C 3411-3 200PF 500V 5% MICA
C852 C 8545-3 .001UF 200V 10% POLYESTER
C853 C 5825-2 470PF 500V 5% MICA
C900 C 8512-3 0.022UF 250V 5% FILM
C950 C 8545-3 .001UF 200V 10% POLYESTER
C952 C1751-4 0.01UF 500V .3" LEADS DISC
C953 C 5825-2 470PF 500V 5% MICA
C954 C 3411-3 200PF 500V 5% MICA\
CB1 C 7408-5 BREAKER, 3 POLE, 20 AMP (208/240 V)
C 7641-1 BREAKER, 3 POLE, 10 AMP (380/415 V)
D100 C 3181-2 DIODE, 1N4148 T/R
D101 C 3181-2 DIODE, 1N4148 T/R
D102 C 5900-3 DIODE, 1IN960B ZENER 9.1V T/R
D103 C 2851-2 RECTIFIER, 1N4004 SILICON T/R
D104 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D200 C 3181-2 DIODE, 1N4148 T/R
D201 C 3181-2 DIODE, 1N4148 T/R
D202 C 3181-2 DIODE, 1N4148 T/R
D203 C 3181-2 DIODE, 1N4148 T/R
D204 C 3181-2 DIODE, 1N4148 T/R
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LOCATION #  PART # DESCRIPTION
D205 C 3181-2 DIODE, 1N4148 T/R
D206 C 3181-2 DIODE, 1N4148 T/R
D207 C 3181-2 DIODE, 1N4148 T/R
D300 C 3181-2 DIODE, 1N4148 T/R
D302 C 3181-2 DIODE, 1N4148 T/R
D303 C 3181-2 DIODE, 1N4148 T/R
D304 C 3181-2 DIODE, 1N4148 T/R
D305 C 3181-2 DIODE, 1N4148 T/R
D400 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D401 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D402 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D403 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D404 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D405 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D406 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D407 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D408 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D409 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D410 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D411 C 9368-9 BRIDGE RECT, 35A 200V EDI ONLY
D412 C 9368-9 BRIDGE RECT, 35A 200V EDI ONLY
D413 C 9368-9 BRIDGE RECT, 35A 200V EDI ONLY
D500 C 3181-2 DIODE, 1N4148 T/R
D501 C 3181-2 DIODE, 1N4148 T/R
D502 C 3181-2 DIODE, 1N4148 T/R
D503 C 3181-2 DIODE, 1N4148 T/R
D504 C 3181-2 DIODE, 1N4148 T/R
D505 C 3181-2 DIODE, 1N4148 T/R
D506 C 3181-2 DIODE, 1N4148 T/R
D507 C 3181-2 DIODE, 1N4148 T/R
D508 C 3181-2 DIODE, 1N4148 T/R
D600 C 3181-2 DIODE, 1N4148 T/R 0000
D601 C 3181-2 DIODE, 1N4148 T/R 0000
D607 C 9368-9 BRIDGE RECT, 35A 200V EDI ONLY
D650 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D750 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D751 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D800 C 3181-2 DIODE, 1N4148 T/R
D801 C 3181-2 DIODE, 1N4148 T/R
D850 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
D950 C 2851-1 RECTIFIER, 1N4004 SILICON T/R
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LOCATION # PART # DESCRIPTION
E500 C 4342-9 LED, AMBER, GI #MV5153
E501 C 4342-9 LED, AMBER, GI #MV5153
E502 C 4342-9 LED, AMBER, GI #MV5153
E503 C 7863-1 LED, T 1.75 GREEN TLHG6405
E504 C 4431-0 LED, T 1.75 YELLOW
E505 C 4341-1 LED, T 1.75, RED
F1 A10285-11 FUSE, 3AG, 1 AMP (208/240 VAC)
A10285-9 FUSE, 0.5 AMP (380/415 VAC)
J2 C 3842-9 3 POS BARRIER BLOCK
J3 C 7124-8 37PIN D-SUB PC MT RECEP
J100 C 4508-5 IC SKT, 16PIN DIP 2-640358-3
J150 C 6851-7 5POS .1" CTR R ANGLE MTA HDR
J200 C 3450-1 IC SOCKET, 14PIN DIP
J250 OPEN OPEN
J300 C 6884-8 40 POS VERT EJECT HEADER
J400 C 6463-1 STRAIT EJECT 26P HDR
J500 C 6481-3 8 PIN SGL ROW VERT TIN HDR
J600 C 6564-6 10P DBLROW UNSHRD HDR 87230-5
J700 C 6564-6 10P DBLROW UNSHRD HDR 87230-5
J800 C 6564-6 10P DBLROW UNSHRD HDR 87230-5
J900 C 6564-6 10P DBLROW UNSHRD HDR 87230-5
K1 D 8063-6 RELAY, SOLID STATE (LOW NOISE)
K2 D 8063-6 RELAY, SOLID STATE (LOW NOISE)
L1 D 6844-1 CHOKE, B-L COMMON MODE, FC1
L650 C 3510-2 CHOKE, 10% AXIAL 470 UH TR
L750 C 3510-2 CHOKE, 10% AXIAL 470 UH TR
L850 C 3510-2 CHOKE, 10% AXIAL 470 UH TR
L900 C 3510-2 CHOKE, 10% AXIAL 470 UH TR
N100 D 4669-4 D-75 BAL INPUT RES TRIM
N101 D 6234-5 RESISTOR NETWORK #20
N102 D 6213-9 RESISTOR/TRIMER NETWORK #4
N103 D 6214-7 RES TRMR NET #3 SERIES 380
N300 D 4922-7 RESISTOR NETWORK #16 SIP
N301 D 4922-7 RESISTOR NETWORK #16 SIP
N302 D 4920-1 RESISTOR NETWORK #14 SIP
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LOCATION # PART # DESCRIPTION

Q100 C 5135-6 2N5770 NPN

Q101 C5135-6 2N5770 NPN

Q200 C 3625-8 2N4125 30V PNP T/R

Q201 C 3625-8 2N4125 30V PNP T/R

Q202 C6911-9 UPA75HA/UPA77HA DUAL XSISTOR

Q203 C 3578-9 MPSA93 200V PNP T/R

Q204 C 3810-6 MPSA42 300V NPN T/R

Q205 C 6910-1 UPA74HA/UPA76HA NPN XSISTOR

Q206 C 3954-2 MPSA56 80V PNP T/R

Q207 C 3528-4 MPSA06 80V NPN T/R

Q209 C 3528-4 MPSA06 80V NPN T/R

Q210 C 3625-8 2N4125 30V PNP T/R

Q211 C 3625-8 2N4125 30V PNP T/R

Q212 C 5453A1 2SA1006BR TO-220 PNP

Q213 D 2962-5 MPSA18 45V NPN T/R

Q214 C 3786-8 MPS4250A 40V PNP T/R

Q215 C 6436-7 25C2336BR TO-220 NPN

Q216 C 3954-2 MPSA56 80V PNP T/R

Q300 C6911-9 UPA75HA/UPA77HA DUAL XSISTOR

Q301 C 6910-1 UPA74HA/UPA76HA NPN XSISTOR

Q302 D 2961-7 SPS8010 60V NPN T/R

Q303 C 3625-8 2N4125 30V PNP T/R

Q304 C 3625-8 2N4125 30V PNP T/R

Q305 D 2961-7 SPS8010 60V NPN T/R

Q306 C 3625-8 2N4125 30V PNP T/R

Q500 C 6049-8 J310 25V N-CHANNEL T/R

Q501 D 2961-7 SPS8010 60V NPN T/R
Q600-609 C 7614-8 MOTOROLA DUAL DIE 200V NPN

Q610 D 8274-10 XSISTOR, NPN DRIVER #2

Q611 D 8274-9 XSISTOR, NPN DRIVER #2
Q612-622 C 7614-9 MOTOROLA DUAL DIE 200V NPN

Q650 C 6436-7 28C2336BR TO-220 NPN

Q651 C 3625-8 2N4125 30V PNP T/R

Q652 D 2961-7 SPS8010 60V NPN T/R
Q700-Q709 C7614-8 MOTOROLA DUAL DIE 200V NPN
Q712-Q721 C 7614-8 MOTOROLA DUAL DIE 200V NPN

Q750 C 5453A1 25A1006BR TO-220 PNP
Q800-Q809 C 7614-8 MOTOROLA DUAL DIE 200V NPN
Q812-Q821 C 7614-9 MOTOROLA DUAL DIE 200V NPN

Q850 C 6436-7 25C2336BR TO-220 NPN

Q851 C 3625-8 2N4125 30V PNP T/R

Q852 D 2961-7 SPS8010 60V NPN T/R
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LOCATION # PART # DESCRIPTION
Q900-Q910 C 7614-8 MOTOROLA DUAL DIE 200V NPN
Q912-Q921 C 7614-9 MOTOROLA DUAL DIE 200V NPN
Q950 C 5453A1 25A1006BR TO-220 PNP
R90 C 7102-4 4.7 OHM 140VPTH POSISTOR MURA
R91 C 6625-5 5.6 OHM 5W 5% METAL OXIDE
R92 C 6625-5 5.6 OHM 5W 5% METAL OXIDE
R100 A10265-18231 182.KOHM .25W 1% MF T/R
R101 A10265-10221 10.2KOHM .25W 1 MF T/R
R102 A10265-1 10. KOHM .25W 1 MF T/R
R103 A10266-5 5.1 KOHM .25W 5 CF T/R
R104 A10265-1 10. KOHM 25W 1 MF T/R
R105 C 6886-3 10KOHM 20-TURN CERMET TRIMPOT
R106 A10266-2 2.4 KOHM 25W 5 CF T/R
R107 A10265-1 10. KOHM 25W 1 MF T/R
R108 A10266-2 270. KOHM .25W 5% CF25 T/R
R109 A10265-6 68.1KOHM .25W 1% MF T/R
R110 A10265-1 10. KOHM .25W 1 MF T/R
R111 A10266-2 20. KOHM .25W 5 CF T/R
R112 A10266-2 20. KOHM .25W 5 CF T/R
R113 A10266-9 910. OHM .25W 5 CF T/R
R114 C 3672-0 2KOHM HELIPOT TRIM
R115 A10266-1 1.5 KOHM .25W 5% CF T/R
R116 A10266-7 7.5 MOHM .25W 5 CF T/R
R117 C 4843-6 100KOHM CERMET TRIMPOT
R118 A10266-1 10.0 OHM .25W 5% CF T/R
R119 A10266-1 10.0 OHM .25W 5% CF T/R
R120 C 6878-0 47 MOHM .25 5% THICKFILM T/R
R121 C 4843-6 100KOHM CERMET TRIMPOT
R122 A10266-5 5.1 KOHM 25W 5 CF T/R
R123 A10265-1 10. KOHM 25W 1 MF T/R
R124 A10265-1 10. KOHM .25W 1 MF T/R
R125 A10265-4 49.9 OHM .25W 1 MF T/R
R126 A10266-1 1.0 KOHM .25W 5% CF T/R
R127 A10265-4 499 OHM 25W 1 MF T/R
R144 A10265-1 10. KOHM .25W 1 MF T/R
R145 A10266-5R62 5.6 OHM 5W5 CFT/R
R146 A10266-5R61 5.6 OHM .25W 5% CF T/R
R200 C 6482-1 24.9 KOHM 1W .5% MF T/R
R201 A10265-1 1.27 KOHM .25W 1% MF T/R
R202 A10266-1 1.0 KOHM .25W 5% CF T/R
R203 C 6482-1 24.9 KOHM 1W .5% MF T/R
R204 C 5062-2 100KOHM LINEAR TRIMPOT
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LOCATION # PART # DESCRIPTION
R205 A10266-2 2.2 MOHM 25W 5 CF T/R
R206 A10266-5 560. OHM .25W 5% T/R
R207 C 6399-7 1.38KOHM .25W .5% MF T/R
R208 C 6482-1 24.9 KOHM 1W .5% MF T/R
R209 A10266-2 200. OHM .25W 5 CF T/R
R210 A10266-2 200. OHM .25W 5 CF T/R
R211 A10265-2 2320HM .25W 1% MF T/R
R212 A10265-2 2320HM .25W 1% MF T/R
R213 A10265-2 2.49KOHM .25W 1 MF T/R
R214 A10265-4 4.99KOHM 25W 1 MF T/R
R215 A10265-4 4.99KOHM .25W 1 MF T/R
R216 A10266-1 1.0 KOHM .25W 5% CF T/R
R217 A10265-4 4.99KOHM .25W 1 MF T/R
R218 A10265-4 4.99KOHM .25W 1 MF T/R
R219 A10265-2 2.49KOHM 25W 1 MF T/R
R220 A10265-2 2320HM .25W 1% MF T/R
R221 A10265-2 2320HM .25W 1% MF T/R
R222 A10266-1 100. OHM .25W 5% CF T/R
R223 A10265-2 2.49KOHM .25W 1 MF T/R
R224 A10266-2 22.0 OHM .25W 5 CF T/R
R225 A10266-1 100. OHM .25W 5% CF T/R
R226 A10266-3 330. OHM .25W 5 CF T/R
R227 A10266-1 100. OHM .25W 5% CF T/R
R228 A10266-2 22.0 OHM 25W 5 CFT/R
R229 A10266-1 100. OHM .25W 5% CF T/R
R230 A10266-1 100. OHM .25W 5% CF T/R
R231 A10266-5 51.0 OHM .25W 5% CF T/R
R232 A10266-5 51.KOHM 2W 5% CF T/R
R233 A10266-5 51.KOHM 2W 5% CF T/R
R234 C 5062-2 100KOHM LINEAR TRIMPOT
R235 A10266-9 91. KOHM .25W 5 CF T/R
R236 C 3093-9 10KOHM HELITRIM CERMET TRIM
R237 A10266-1 1.0 KOHM .25W 5% CF T/R
R238 A10265-1 100. OHM .25W 1 MF T/R
R239 A10266-9 91.0 OHM .25W 5% CF T/R
R240 A10266-5 51. KOHM 2W 5% CF T/R
R241 A10266-5 560. OHM .25W 5% T/R
R242 A10265-2 2.49KOHM .25W 1 MF T/R
R243 A10266-1 18.0 OHM .25W 5% CF T/R
R244 A10266-1 18.0 OHM .25W 5% CF T/R
R245 A10266-1 100. OHM .25W 5% CF T/R
R246 A10266-1 1.5 KOHM .25W 5% CF T/R
R247 A10266-1 1.5 KOHM .25W 5% CF T/R
R248 A10266-6 6.2 KOHM .25W 5 CF T/R

R249 A10266-6 6.2 KOHM 25W 5 CF T/R
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LOCATION # PART # DESCRIPTION
R250 A10266-3 3.9 KOHM .25W 5% CF T/R
R251 A10266-3 3.9 KOHM .25W 5% CF T/R
R252 A10266-3 33. KOHM .25W 5% CF T/R
R253 A10266-2 2.0 KOHM 25W 5 CF T/R
R254 C6173-6 100 OHM CERMET TRIM
R255 A10266-3 33. KOHM 2W 5% CF T/R
R256 A10266-9 910. OHM .25W 5 CF T/R
R257 A10266-1 150. OHM .25W 5 CF T/R
R258 A10266-2 270. OHM .25W 5% CF T/R
R259 A10266-7 750. OHM .25W 5 CF T/R
R261 A10266-1 100. OHM .25W 5% CF T/R
R262 A10266-1 18.0 OHM .25W 5% CF T/R
R263 A10266-1 18.0 OHM .25W 5% CF T/R
R264 A10266-4 47. KOHM 25W 5% CF25 T/R
R265 C 6482-1 24.9 KOHM 1W .5% MF T/R
R266 A10266-2 2.4 KOHM 25W 5 CF T/R
R267 A10266-5 5.6 OHM .25W 5% CF T/R
R268 A10266-5 5.6 OHM .25W 5% CF T/R
R271 C 3683-7 200 OHM HELIPOT TRIM
R272 C 3683-7 200 OHM HELIPOT TRIM
R273 A10266-1 10.0 OHM .25W 5% CF T/R
R274 A10266-2 24 KOHM 2W 5% CF T/R
R275 A10266-2 24 KOHM 2W 5% CF T/R
R300 A10266-4 470. OHM .25W 5% CF T/R
R301 A10266-4 470. OHM .25W 5% CF T/R
R302 A10266-4 470. OHM .25W 5% CF T/R
R303 A10265-6 68.1KOHM .5W 1 MF T/R
R304 A10266-2 270. KOHM .25W 5% CF25 T/R
R305 C 5062-2 100KOHM LINEAR TRIMPOT
R306 A10265-1 100. OHM .25W 1 MF T/R
R307 A10265-1 10. KOHM .25W 1 MF T/R
R308 A10266-1 110. OHM .25W 5 CFT/R
R309 A10266-4 4.7 KOHM .25W 5% CF T/R
R310 A10266-4 470. KOHM .25W 5% CF T/R
R311 A10266-4 470. KOHM .25W 5% CF T/R
R312 A10266-5 5.6 KOHM .25W 5% CF T/R
R313 A10265-1 16.2 KOHM .25W 1 MF T/R
R321 A10265-1 100. OHM .25W 1 MF T/R
R322 A10265-6 68.1KOHM .5W 1 MF T/R
R323 A10265-1 100. OHM .25W 1 MFT/R
R324 A10265-1 10. KOHM 25W 1 MF T/R
R325 A10265-1 16.2 KOHM .25W 1 MF T/R
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LOCATION # PART # DESCRIPTION
R326 A10266-1 110. OHM .25W 5 CF T/R
R327 A10266-5 5.6 KOHM .25W 5% CF T/R
R328 A10266-4 470. KOHM .25W 5% CF T/R
R329 A10266-1 10. KOHM .25W 5% CF T/R
R330 A10266-4 470. KOHM .25W 5% CF T/R
R331 A10266-4 4.7 KOHM .25W 5% CF T/R
R332 C 6406-0 8.15KOHM .25W 1% MF T/R
R333 A10266-2 270. KOHM .25W 5% CF25 T/R
R334 C 5062-2 100KOHM LINEAR TRIMPOT
R335 A10266-2 27. KOHM 25W 5 CF T/R
R336 A10266-4 470. OHM .25W 5% CF T/R
R337 A10266-4 470. OHM .25W 5% CF T/R
R338 A10266-4 470. OHM .25W 5% CF T/R
R346 A10266-2 27. KOHM 25W 5 CF T/R
R347 A10265-1 100. OHM .25W 1 MF T/R
R348 A10266-1 10. KOHM .25W 5% CF T/R
R400 C 6598-4 5.0 KOHM 10W WIREWOUND T/R
R500 A10266-1 10. KOHM .25W 5% CF T/R
R501 A10266-3 39. KOHM .25W 5% CF T/R
R502 A10266-1 10. KOHM .25W 5% CF T/R
R503 A10266-1 10. KOHM .25W 5% CF T/R
R504 A10266-2 220. KOHM .25W 5% CF T/R
R506 A10266-2 2.7KOHM .25W 5 CF T/R
R507 A10266-4 470. OHM .25W 5% CF T/R
R508 A10266-2 2.2 MOHM .25W 5 CF T/R
R509 A10266-4 470. KOHM .25W 5% CF T/R
R510 A10266-1 100. KOHM .25W 5% CF25 T/R
R511 A10266-1 15. KOHM .25W 5% CF T/R
R512 A10266-1 100. KOHM .25W 5% CF25 T/R
R513 A10266-2 2.7 KOHM .25W 5 CF T/R
R514 A10266-2 20. KOHM .25W 5 CF T/R
R515 A10266-2 27. KOHM 25W 5 CF T/R
R516 C 3093-9 10KOHM HELITRIM CERMET TRIM
R517 A10266-5 51. KOHM .25W 5 CF25 T/R
R518 C 4661-2 15.0 MOHM.25W 5%THICK FILM T/R
R519 A10266-2 2.7KOHM 25W5 CF T/R
R520 A10266-1 1.0 KOHM .25W 5% CF T/R
R521 A10266-1 1.0 KOHM .25W 5% CF T/R
R522 A10266-2 2.7 KOHM .25W 5 CF T/R
R523 A10266-2 2.7KOHM .25W 5 CF T/R
R524 A10266-1 1.8 MOHM .25W 5% CF T/R
R525 A10266-1 100. KOHM .25W 5% CF25 T/R
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LOCATION #

R526
R527
R528
R529
R530

R531
R532
R533
R534
R535

R536
R537
R538
R539
R540

R541
R542
R543

R600
R601-R610
R611
R612
R613

R614
R615-R624
R625
R626
R650

R651
R652
R653
R654
R655

R656

R700
R701-R710
R711-R720

R721

R722

R723

R724-R733
R734

R735-R744
R745

PART #

A10266-2
A10266-2
A10266-1
A10266-1
A10266-2

A10266-1
A10266-4
A10266-1
A10266-2
A10266-6

A10266-3
A10266-3
A10266-6
A10266-4
A10266-1

A10266-1
A10266-1
A10266-1

C 6625-5
C 3583-9
A10266-1204
A10266-1011
A10266-1012

A10266-1205
C 3583-9

A10266-1206
A10266-1207
A10266-4701

C 3672-0

A10266-7511
A10266-1021
A10266-2401
A10266-1001

Open

C 6625-5
C 3583-9
C 3583-9
A10266-1206
A10266-1011
A10266-1012

C 3583-9
A10266-1204
C 3583-9
A10266-1207

DESCRIPTION

240. KOHM .25W 5% CF T/R
220. KOHM .25W 5% CF T/R
100. OHM .25W 5% CF T/R
15. KOHM .25W 5% CF T/R
2.7 KOHM .25W 5 CF T/R

150. KOHM .25W 5% CF T/R
470. OHM .25W 5% CF T/R

100. KOHM .25W 5% CF25 T/R
200. KOHM .25W 5 CF T/R
62. KOHM .25W 5% CF T/R

39. KOHM .25W 5% CF T/R
39. KOHM .25W 5% CF T/R
62. KOHM .25W 5% CF T/R
4.7 KOHM .25W 5% CF T/R
15. KOHM .25W 5% CF T/R

100. KOHM .25W 5% CF25 T/R
100. KOHM .25W 5% CF25 T/R
10. KOHM .25W 5% CF T/R

5.6 OHM 5W 5% METAL OXIDE
0.33 OHM 5W 5% WIRE

12.0 OHM 2W 5% CF T/R

100. OHM .25W 5% CF T/R

100. OHM .25W 5% CF T/R

12.0 OHM
0.33 OHM

2W 5% CF T/R
5W 5% WIRE

12.0 OHM 2W 5% CF T/R
12.0 OHM 2W 5% CF T/R
47.0 OHM .25W 5 CF T/R

2KOHM HELIPOT TRIM
750. OHM 25W 5 CF T/R
1.0 KOHM .25W 5% CF T/R
24.0 OHM .25W 5% CF T/R
10.0 OHM .25W 5% CF T/R

Open

5.6 OHM 5W 5% METAL OXIDE
0.33 OHM 5W 5% WIRE

0.33 OHM 5W 5% WIRE

12.0 OHM 2W 5% CF T/R

100. OHM .25W 5% CF T/R

100. OHM .25W 5% CF T/R

0.33 OHM
12.0 OHM
0.33 OHM
12.0 OHM

5W 5% WIRE
2W 5% CF T/R
5W 5% WIRE
2W 5% CF T/R
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LOCATION #
R746

R750
R751
R752

R761
R762
R763

R800
R801-R810

R811

R812

R813
R814
R815
R816
R817-R827

R828
R829
R833
R850

R851
R852
R853
R854

R855
R856

R900
R901-R910
R911-R920

R922

R922

R923
R923
R923
R924
R924

R925-R934

R9336-R945
R950
R951
R952

PART #
A10266-1205

A10266-4701
A10266-5R61
A10266-3901

C 6299-9
C 6299-9
C 6299-9

A10266-1208
C 3583-9
A10266-1205
C 5342-8
C 5343-6
C 53444

A10266-1011
A10266-1011
A10266-1204
A10265-16221
C 3583-9

A10266-1207
A10266-1206
A10265-16221
A10266-2721

A10266-4701
A10266-2721
C 3672-0

A10266-7511

A10266-1021
A10266-2401

A10266-1204
C 3583-9

C 3583-10
A10266-1011
A10266-1204

C 5342-8
C 5343-6
C 53444
A10266-1011
A10266-1204

C 3583-9
C 3583-9
A10266-2721
A10266-1011
A10266-2721

DESCRIPTION

12.0 OHM

2W 5% CF T/R

47.0 0OHM .25W 5 CF T/R
5.6 OHM .25W 5% CF T/R

39.0 OHM .

0.1 OHM 5
0.1 OHM 5
0.1 OHM 5

12.0 OHM
0.33 OHM
12.0 OHM
236. OHM .
227. OHM .
218. OHM .

25W 5 CFT/R

0W 1% WIRE
0W 1% WIRE
0W 1% WIRE

2W 5% CF T/R

5W 5% WIRE

2W 5% CF T/R

5W 1% MF (Blue dot U800)
5W 1% MF (Green dot US00)
5 W 1% MF (Yellow dot U800)

100. OHM .25W 5% CF T/R
100. OHM .25W 5% CF T/R
12.0 OHM 2W 5% CF T/R
16.2 KOHM .25W 1 MF T/R
0.33 OHM 5W 5% WIRE

12.0 OHM 2W 5% CF T/R
12.0 OHM 2W 5% CF T/R
16.2 KOHM .25W 1 MF T/R
2.7 KOHM .25W 5 CF T/R

47.0 OHM .25W 5 CF T/R
2.7KOHM 25W 5 CF T/R
2KOHM HELIPOT TRIM
750. OHM .25W 5 CF T/R

1.0 KOHM .25W 5% CF T/R
24.0 OHM .25W 5% CF T/R
12.0 OHM 2W 5% CF T/R
0.33 OHM b5W 5% WIRE

0.330OHM 5W 5% WIRE

100. OHM .25W 5% CF T/R
12.0 OHM 2W 5% CF T/R
236. OHM .5W 1% MF T/R
227. OHM .5W 1% MF T/R
218. OHM .5W 1% MF T/R
100. OHM .25W 5% CF T/R
12.0 OHM 2W 5% CF T/R

0.33 OHM 5W 5% WIRE
0.33 OHM 5W 5% WIRE
2.7 KOHM .25W 5 CF T/R
100. OHM .25W 5% CF T/R
2.7KOHM .25W 5 CF T/R
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LOCATION # PART # DESCRIPTION
R953 A10266-3901  39.0 OHM .25W 5 CF T/R
R954 A10266-1204  12.0 OHM 2W 5% CF T/R
R955 A10266-1204 12.0 OHM 2W 5% CF T/R
S100 C 7363-2 DPDT GOLD CONTACT PC SLIDE SW
S500 D 6470-5 DPDT MOMENTARY SWITCH
S501 D 5016-7 DPDT 11/16 PC MOUNT SWITCH
S600 C6737-8 SPSTNC THERMSW 150C 6/32 .5 ST
S700 C6737-8 SPSTNC THERMSW 150C 6/32 .5 ST
T1 D 6807-8 TRANSFORMER, 7700 208/240
D 6996-9 TRANSFORMER, 7790CE 380/415
T2 D 6951-4 TRANSFORMER, 208/240 CONTROL
A 11448-G1 TRANSFORMER, 380/415 CONTROL
U100 C 5881-5 NE5532N DUAL OP AMP
U101 C 5881-5 NE5532N DUAL OP AMP
U102 C 5881-5 NE5532N DUAL OP AMP
U103 C 7075-2 0P27GP LOW NOISE PREC OP AMP
U104 C 7075-2 0P27GP LOW NOISE PREC OP AMP
U200 C 6421-9 TI TLO11CLP CURRENT SOURCE
U201 C 6421-9 TI TLO11CLP CURRENT SOURCE
U202 C 7621-3 LF357 OP AMP MOTOROLA
U203 C 7621-3 LF357 OP AMP MOTOROLA
U300 C 4696-8 TL074CN QUAD OP AMP
U301 C 4160-5 4741 QUAD OP AMP
U302 C 6411-0 H11C2 OPTO SCR
U400 C 5095-2 MC7815CT +15V. REG
U401 C 5096-0 MC7915CT -15V. REG
U402 C 5094-5 MC7805CT +5V. REG
Us00 C 4345-2 LM339N VOLT COMPARATOR
U501 C 4345-2 LM339N VOLT COMPARATOR
U502 C 6901-0 MOC8021 OPTO-ISOLATOR
U503 C 6901-0 MOC8021 OPTO-ISOLATOR
U504 C 6901-0 MOC8021 OPTO-ISOLATOR
U505 C 6901-0 MOC8021 OPTO-ISOLATOR
U506 C 6901-0 MOC8021 OPTO-ISOLATOR
U507 C 6901-0 MOC8021 OPTO-ISOLATOR
U508 C 6901-0 MOC8021 OPTO-ISOLATOR
U509 C 4345-2 LM339N VOLT COMPARATOR
U900 C 5826-0 LM234Z-6 THERMAL SENSE
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8.11 Printed Circuit Boards
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lllustration 8-5
HI NPN Predriver Circuit Board

lllustration 8-6
HI PNP Predriver Circuit Board
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LO NPN Predriver Circuit Board LO PNP Predriver Circuit Board
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lllustration 8-9

Input Connection Circuit Board
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