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WARNING!

1. AC POWER-LINE VOLTAGE WILL BE PRESENT AT THE MODEL F31%
OUTPUT TERMINALS WHEN THE SURGE LINE BREAKER s ON.

2. WHEN THE SURGE IS GENERATED, TRANSIENT VOLTAGES TO 6KV
AND CURRENTS TO 10KA WILL BE PRESENT IN THE EQUIPMENT
UNDER TEST.

3. PROPER SAFETY PRECAUTIONS MUST BE TAKEN TO PREVENT IN~
JURY TO PERSONNEL AND DAMAGE TO ASSOCIATED EQUIPMENT .

4, SURGE AND POWERLINE VOLTAGES AND CURRENTS CAN BE LETHAL.

WARNING .

1IN PARTICULAR, DISCONNECT OR SURGE FILTER ALL OTHER LINES,
INCLUDING GROUND AND OTHER POWER, FROM/TCO THE EQUIPMENT
UNDER TEST.

WARNING.

SURGE TEST EQUIPMENT IS DESIGNED TO TEST DEVICES AND CIRCUITS
FOR PROTECTION AGAINST HIGH-VOLTAGE, HIGH-ENERGY ELECTRICAL
SURGES. SUCH SURGES OCCUR IN FIELD USE OF EQUIPMENT, AND RE-
SULT FROM NATURAL PHENOMENA SUCH AS LIGHINING DISCHARGES AND
POWER-LINE DISTURBANCES. THE ONLY SURE WAY TO TEST FOR WITH-
STAND AND SUSCEPTIBILITY PROTECTION AGAINST THESE PHENOMENA
1S TO SIMULATE SURGE WAVEFORMS KNOWN TO RESULT FROM THEM.

THE PULSES INVOLVED CAN INCLUDE VOLTAGE PEAKS OF OVER 6000
VOLTS AND CURRENT PEAKS TO THOUSANDS OF AMPERES; WITH ENERGY
DISCHARGES RANGING FROM TENS TOQ HUNDREDS OF JOULES.

SURGES AT THE ABOVE LEVELS ARE POTENTIALLY DANGEROUS AND EVEN
LETHAL . HENCE EVEN THOUGH ALL REASONABLE DESIGN PRECAUTIONS
HAVE BEEN TAKEN VIA INTERLOCKS, DUAL~SWITCH OPERATION AND SO

ON, SURGE TEST INSTRUMENTATION SHOULD BE USED ONLY BY OR UNDER
THE DIRECT SUPERVISION OF QUALIFIED PERSONNEL , AND ONLY AFTER
THOROUGH UNDERSTANDING, VIA THE OPERATING INSTRUCTIONS IN THE
MANUAL, OF THE RECOMMENDED CONNECTTIONS AND METHODS OF OPERATION.

TN ISOLATED SITUATIONS, COMPONENTS BEING SURGED MAY FRAGMENT IF
THEY ARE IMPROPERLY MANUFACTURED, OR ARE MISAPPLIED FOR THE
SURGE ENERGIES INVOLVED. FOR THIS REASON, COMPONENTS AND CIR-
CUITS BEING SURGE~TESTED SHOULD BE COVERED TO PREVENT PERSONNEL
HAZARD ,

*Or the F31-50, for units with 50A option.



WARN ING

SURGING CIRCUITS

THE SURGE TEST LOOP MUST BE ISOLATED FROM ALL
OTHER LINES, EQUIPMENT GRQUNDS, AND CIRCUITS.

MEASUREMENTS WITH AN OSCILLOSCOPE, OR OTHER
TEST EQUIPMENT, MUST BE MADE IN A DIFFERNTIAL
MODE WITH NO GROUND CONNECTIONS BETWEEN THE
TEST EQUIPMENT AND THE CIRCUIT UNDER TEST. DO
NOT "FLOAT" THE TEST EQUIPMENT BY REMOVING
CHASSIS GROUND.

INSUELATED HOUSING

OR SUFFICIENT DISTANCE:
DEHGNED FOR 2X PEAK
DELIVESIED SURGE VOLTS

NPT O . \ L
OHFPUT LINER ‘E £
=0 1o

| sumee ¥
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-3 NPUTS
,,A, l by 4 - B
SURGE ! l i
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I PEAK DETEGTOR
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OR DISCONNEST
ALL GTHER CONNECTIONS
Figurs 8.

MONITORING WITHIN SURGED EQUIPMENT

FIGURE 9. ABOVE, TAKEN FROM KEYTEK APPLICATION
NOTE AN106, SHOWS THE CORRECT METHOD FOR MONI-
TORING WITHTN SURGED EQUIPMENT. REFER TO AN106
(ENCLOSED) FOR FURTHER, DETAILED APPLICATION

INFORMATION.
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WARRANTY

KeyTek Instrument Corp. warrants each instrument manu-
factured by it to be free from defects in material and
workmanship for a period of one year from the date of
delivery to the original purchaser, provided the instru-
ment is used in accordance with the instructions in this
manual. KeyTek's obligation under this warranty is limited
to servicing or adjusting an instrument returned to the
factory, transportation charges prepaid, for that purpose.
This is the only warranty offered in connection with the
sale of this instrument, no other warranty is implied.
KeyTek is not liable for conseguential damages.

If a fault in operation occurs, the following steps should
be taken:

1. Notify KeyTek Instrument Corp., giving full details
of the faulty operation, the model number and
serial number of the instrument. On receipt of
this information, service data or shipping in-
structions will be provided,

2, On receipt of the shipping instructions, forward
the instrument prepaid and repairs will be made
at the factorv,

If it is necessary to return this instrument to the factory,
it should be shipped in the original packing carton. If it
is not available, use any suitable rigid container with
adequate packing to protect the unit during transit.

iid
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MCDEL 711 B/K

Installation and Initial Turn-On of the
711 B/X is as described in the following
pages for the 711 A/J, with one exception,
the ARU-151A, which takes the place of the
CPC-101, must be set for manual operation,
via the front panel push-button, during
initial turn-on.

NOTE:

The 711 B/K is shipped with an
ARU-151A keeper plug attached to
the rear of the 711 B/K. For
alternating polarity/operation,
this keeper must be removed and
the unit marked "Alternating-
Polarity Option for 711 Auto/
Remote Unit ARU-151A", connected
in its place.

vii



Transit Case TCZ1

The Model 711 A/J Transit Case is designed to provide a
rugged shipping container for the Model 711 A/J, its ac-
cessories, and cables. Additionally, it is constructed
to allow equipment operation with a minimum of unpacking
and setup.

By removing the front and rear covers of the transit case,
the main body of the case containing the Model 711 A/J can
be set on a workbench and the eguipment operated without
any further unpacking {see fig, viii-l).

If required by space limitations or operational considera-
tions, the Model 711 A/J can be further disassembled from
the transit case by removing the units individually, or by
removing the inner rack assembly (see fig. viii-2).

As shipped, the Model 711A is partially connected for opera-
tion with the Model ¥31. To operate the equipment, the fol-
lowing connections must be made:

1. Connect the Voltage Probe Body via its attached
cable, to the VIS connector on the rear panel of
the Model 711A. Connect the appropriate Probe
Head to the Probe Body (see Model 711 Operating
Instructions page 5-4). The Probe Body and Probe
Heads are shipped as accessories in the Accessory
Storage Area of the rear cover of the transit case
(see fig. viii-3).

2. Connect the two ac line cords (one from the Model
711, and one from the Model F31) to ac power (see
page 1-1 of Model 711 Operating Instructions).
These line cords are shipped connected to the rear
of the Models 711 and ¥31l.

3. Connect the AC Surge Line Input Cable to the rear
of the Model F31l. This cable is shipped inside the
rear cover of the transit case. (See page 4-2 of
Model 711 Operating Instructions.)

4. Check to insure the correct output terminal covers
are in place on the Model 711 Front Panel, and on
the Model F31 front panel. The unit is shipped with
a black Model 711 Front Output Cover, and a black
Model F31 Front Output Cover in place. The unit to
be surged can then be connected to the Front Output
Cover of the Model F31l.

5. Before attempting to operate the unit, review all
Model 711 Operating Instructions.

viii



711 A/J Transit Case

NOTE: Before removing covers,

stand unit up on rubber
feet.

Main frame

C@ptional
Strap Lifting
By Forklift
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Latches
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Unit is shipped
with casters down

S L
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S
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Rubkber
Feet

Unit is shipped
with front panels
facing upwards.

fig., viii-1

Mainframe only to

be lifted to bench
for operation. Re-
move front and rear
covers before placing
in position on bench.
See 711 A/J Operating
Instructions for
cabling and installa-
tion.



711 A/J Transgit Case
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The inner rack, including the Models 711
and F3l may be removed intact by sliding
it forward out of the foam inserts by

grasping front handles and pulling. The

transit case must be on a firm bench sur-
face. (Not recommended unless bench space
is limited.) The individual units may be
removed and set on the bench by removing
rear cables and front rack mounting screws.
Each unit can then be pulled forward out
of the inner rack.

fig., viii-2
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SECTION 1

1. Installation and Initial Turn-0On

NOTE: This procedure does not include
installation and turn-on of the
Model F31l. BRBefore connecting
the Model F31, installation and
initial turn-on should be accom-
plished in accordance with Section
1. Once the 711 mainframe has
been turned on, installation and
initial turn-on of the Model F3l
should be done in accordance with
the Model F31 Operating Instruc-
tions in Section 4. If the unit
does not function as described,
refer to Section 7, "Initial Trouble-
shooting",

1.1 Connections

1.

2.

Make sure the Model 711A power ON~OFF switch (Fig 1-1.)}
is in the OFF positiocn.

Insert the desired Surge Network into the Model 711aA
mainframe and make sure it is locked into place. (See
Section 3.1) Cover the Qutput Terminals of the surge
network with the plastic safety cover provided. HNote:
this plastic cover is interlocked to prevent surge
generator operation if it is removed. (See Section 3,1,
"To Change Surge Networks™,)

Connect the Model 711A Keeper Plug to the Rear Output
Connector located on the rear panel of the Model 711A.
Secure the two captive screws that hold it in place
with respect to the rear panel, (See Fig. 1-2.)

Connect the ac power line cord from the ac input con-
nector located on the 711A rear panel to an
appropriate ac source.*

*The Model 711A Mainframe is normally shipped to operate from 115
Vac (#10%), 60H=z {for units shipped to U.S. or Ccanadian locations)
or 220 vac (+10%) 50Hz (for units shipped overseas)., For opera-
tion at other ac line voltages, refer to Appendix A, "Operation
at Other AC Line Voltages".



1.2

Initial Turn On

1.

Turn the power ON-OFF switch to the ON position.
After a several second delay, the READY light
(located next to the CHARGE switch), and the
CHARGE/READY DELAY light (located on the Charge
Pulse Control =- CPCl0l) will both be ON, In
addition, one of the RANGE lights {6kv, 3kv, l.5kV,
or 150V -- determined by the Surge Network selec-
tion =~ 6kV for both Pl and P3) should be ON. The
Open Interlock light should be OFF. (If it is ON,
refer to Section 2, “"Interlocks".,)

Select L.OCAL control on the CPClOl. The LOCAL LED
indicator should be ON.

Select charge + or - operation by turning the bat-
handle lock mechanism counter-clockwise to loosen
the CHARGE SELECT PLUG from its socket (the OPEN
INTERLOCK light will turn ON as the plug is loosened.)
Grasp the outer ring of the CHARGE SELECT PLUG, pull
it towards you to allow-the tab on the plug to clear
the + or - indent, (The plug itself is captive and
spring loaded, and cannot be fully removed from its
socket.}) Turn the plug to select the desired polar-
ity and be sure the plug tab goes -into the proper
indent. Turn the bat-handle clockwise until the OPEN
INTERLOCK light goes out.

CAUTION: DO NOT OVERTIGHTEN. The
bat-handle provides a sig-
nificant amount of torgue
to the switch shaft. Over-
tightening the switch could
result in a broken switch
shaft.,

Remove any jumpers or cables from the Output Termi~-
nals of the Surge Network.

Turn the SET VOLTAGE knob fully counter-clockwise.

Depress the CHARGE switch. The CHARGE/READY and
CHARGE lights on the CPCl0l will turn ON. The CHARGE/
PULSE DELAY light on the CPClOl will turn ON slowly as
the 711A is charged. While holding the CHARGE switch



depressed, turn the SET VOLTAGE control clockwise.
The Analog charge meter will indicate the peak open-
circuit output voltage that will be delivered when
the Pulse Switch is subsequently depressed. (A range
light to the right of the analog meter annunciates
the voltage scale to be read.) If the CHARGE switch
is released, the charge voltage in the 711A as indi-
cated on the analog meter, will fall quickly to zero.

7. While holding the CHARGE switch depressed, set the
analog meter to the desired voltage. After a delay
of approximately 5 seconds if the Pl Surge Network
is being used, or 10 seconds for the P3, a green
pulse READY light (located next to the PULSE switch
on the VIs-102P)} and the PULSE light on the CPCl0l,
will come on. During charge, the SURGE light on the
Surge Network being used will turn on slowly.® The
unit can now be fired by depressing the PULSE switch.
Note: If the PULSE switch is depressed before the
pulse READY light turns ON, a pulse will be fired
simultaneously with the turning on of the READY light,
but not before. Since the READY light extinguishes as
soon as the pulse is fired, the READY light may only
flicker briefly as the pulse is fired, or may not be
visible at ail.

8. When the PULSE switch is depressed, a pulse will ap-
pear between the SURGE HIGH and SURGE LOW output termi-
nals located on the Surge Network. The SURGE light
in the Surge Network will go OFF, the analog charge
meter will drop to zero, and the digital voltage and
current monitors will display zeros or approximate
ZEros %%

*The surge lights on different networks may vary in brightness,
in addition, with higher ac line voltage versions of the F31

Coupler/Filter, such as 480V, the surge light may glow dimly
at all times, indicating the normal presence of high ac line
voltage in parts of the Surge Network.

**For some Surge Networks, internal shaping circuits may draw cur-

rents up to 10 or 20% of rated maximum, hence will show at this
time.



WARNING: If the SURGE light on
the Surge Network does
not go OFF X High Voltage
ig still present within
and possibly on the out-
put terminals of the Surge
Network. The unit is mal-
functioning:; it should be
turned off and the factory
contacted immediately.

1f the analog meter drops very slowly after pressing
the PULSE switch, a pulse did not occur and the high-
voltage safety circuitry is working. Contact factory.

This completes the initial installation and turn-on of the Model
711. For output connections, installation of Companion Units (such
as the Model F31 or F33 Coupler/Filter), and Option Modules ({such
as LSU-121 or VIS-102P), see the appropriate Operating Instruction
Section.

#For operation of the Model 711 itgself, and for normal, 120/208V
ac line operation with the Model ¥31. WwWith 480V versions of the
Model F31, there may be a continuing glow in the SURGE light with
the F31 surge-line breaker on. With the breaker off, the SURGE
light should be off in all situations except during CHARGE.



1.3 Remote Charge/Pulse Cable {Supplied Only On User Request)
1.3.1 wWithout Option Module ARU-151 oxr 151A

1f external charge and pulse control is desired for

the Model 711, depress the EXTERNAL push button on the
front panel of the Charge/Pulse Unit, CPC-101. At

this time, charge and pulse control will transfer

from the front panel switches of the Model 711, to

the Remote charge/pulse connector, located behind

the cover plate of the rear of the Model 711. Con-
nector JJ is as follows:

1. BSpare -Grey
2. Spare violet
3. Charge Switch Arm Red

4. charge External Normally Open White
5. Pulse External Normally Open Brown
6. Pulse Switch Arm Orange

7o charge, connect wire 3 to wire 4. With that

connection remaining in place, to pulse, connect
wire 5 to wire 6. After pulsing, open both 3-4

and 5-6

NOTE: These clrcuits operate
at a 48v dc level. Con-
nections should be made
via external relays or
switches rated at 48V dc.

An alternative mode of operation is to leave 5-6
permanently connected; in this mode, the unit will
pulse automatically when it is ready, after a suit-
able delay following the connection of 3-4 for
charging. This mode is not recommended, however,
since the time the pulse occurs is not under ex-
ternal control. This has negative implications for
both test control, and for safety Thus, it is
preferable to open 5-6 when 3-4 is opened, following
the pulse.

Tn any event, do not connect the 3-4 circuit to the
5~6 circuit; they must be independent.

1-5



1.3.2 With Option Module ARU-151 Without B/K (no alternating
polarity option}

Connections are as follows:

LG Grey
INH P IN Violet
SPARE Red
CR+ White
REM P IN Brown
SPARE Orange

To charge remotely and pulse automatically:
1. Connect REM P IN to LG to initiate charge cycle

2. Connect CR+ to LG to initiate each charge/
pulse cycle

To charge remotely and pulse on command:

1. Open connection REM P IN to LG

2. Connect INH P IN to LG

3. Connect CR+ to LG to initiate charge cycle

4, After appropriate charge delay (pulse ready
lite turns on in 5 to 30 seconds depending
on programmer network installed). Open

connection INH P IN to L& to initiate pulse

5. Repeat steps B2 to B4 for additional charge
pulse cycles.
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SECTION 2

2, Interlocks

Interlocks are provided in the 711A mainframe as a safety
measure, An open interlock condition will be annunciated
by the OPEN INTERLOCK light located just to the right of
the 711A POWER ON-OFF switch,., If this LED is ON, surge
generator operation will be inhibited, and the open inter-
lock in the system must be located and corrected before the
unit can be operated.

The following conditions will cause the OPEN INTERLOCK LED
to be on, and will prevent operation of the Model 711A:

1, Polarity Selector switch not fully seated.

2. Model 711 Keeper (on the rear of the Model 7113)
not fully seated and secured.

3., Surge Network not fully seated in its socket.

4, Surge Network Terminal Cover interlock, or External
Tnterlock in use but open.* (See Section 3C.)

5. Companion Unit or Option Module interlocks open.
{See appropriate Operating Instructions for the
Option Modules and Companion Units used.)

6. Probe cable disconnected at rear of unit (only with
Model F31 connected).

7. With probe head disconnected from probe body (lights
VIS “IL" light instead of main OPEN INTERLOCK light).

#The interlock circuit can be extended from the Surge Network EXT
IL socket, to a remote test fixture or enclosure., For interlock
plug information, see Section 3, "Surge Networks".
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SECTION 3

Surge Networks

The Model 711 requires a Surge Network, which defines voltage
and current waveshapes, peak open-circuit voltage, peak short-
circuit current, and surge generator source impedance. The
Surge Networks are actually plug-in modules for the 711A main-
frame, and can easily be changed when different waves are re-
gquired.

3.1. To Change Surge Networks

1. Remove the plastic, interlocked Terminal Array
Cover from the front of the Surge Network.

2. Pull back the spring plunger on the side of the
right handle, and lift the Surge Network ex-
tractor lever. (See Pig. 1-1.) This will dis-
engage the Surge Network from its rear connector,
and cause it to move forward out of the mainframe
by a few inches.

3., Slide the Surge Network forward out of the 71L
mainframe. Tt should slide quite easily. CAU-
TION: Some Surge Networks weigh as much as 20
1bs,

4, Place the rear of the Surge Network to be used,
in the plastic guide located in the center of the
Surge Networks opening. This is most easily ac-
complished by holding the front of the Surge Net-
work at a slight downward angle.

5., Once the Surge Network to be used is properly lo-
cated in its slide, the network can be inserted
straight into its opening until it is approximately
three quarters of the way in.

6., Raise the Surge Network extractor until the handle
is approximately at the center of the network.

7. 8lide the surge network into its opening until some
resistance is felt. Pull back on the side spring
plunger, lower the extractor handle to seat the
Surge Network in its socket, and then release the
side spring plunger.



3.2 output Connections

1., If Companion Units (such as the Model F31 or F33)
are used, the surge output is taken from a rear
connector to the Companion Unit. Output to the
equipment under test is then taken from the Com-
panion Unit and a plastic, interlocked, Terminal
Array Cover must be in place on the front of the
Surge Network. Refer to the appropriate Operating
Instruction for making connections to the equipment
under test. '

2, If Companion Units ({such as the Model F31 or F33)
are not used, the surge output is taken directly
from the front of the Surge Network on terminals
marked SURGE HIGH and SURGE LOW.

3. "WARNING.

Surge Networks are capable of
producing voltages in excess

of 6kv and currents to 10kA.

The energy levels involved can
be lethal to personnel and dam-
aging to equipment; therefore,
all necessary safety precautions
should be taken.

3.,3. Interlocks

Each Surge Network is provided with two interlock
jacks as follows:

1. XPR IL {Keeper Interlock)

A plug on each Terminal Cover fits into the KPR
TL, socket only when the Terminal Cover is in
place. This jack is not to be used to extend

an interlock condition to an external test fix-
ture or enclosure.

2. EXT IL

The External Interlock jack (EXT IL) is used when
it is desired to extend the Model 711A interlock
circuit to include an external test fixture or
enclosure. The ring and barrel terminals should
be wired to the interlock switch in the fixture
or enclosure, such that when the situation is
safe, ring is connected to barrel. When a 480V
version of the F31 is supplied, the EXT IL jack
is "repeated" on the front of the surge network
front adapter.
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If the EXT IL is in use, the interlock switch must
be closed in whatever auxiliary external equipment
is connected to it. Note that if the External Jack
is not in use, then internal terminals in the Jack
automatically short out this interlock, S0 that
normal operation of the instrument will not be in-
hibited. Only if the Jack is inter faced with an
external interlock system ~- such as a door on a
test chamber or fixture, can the Jack interrupt
operation.

The special Type 482 jack is used in order to guar-

antee that there is no intermediate position for

the plug, between fully removed and fully inserted,

that will allow the unit to drop back into the *plug
removed” situation. The Type 482 has a dead-contact
ring that holds the internal telephone jack connec-

tions open once they have been opened, unlike stan=-

dard plugs and jacks.

The Type 482 and its mating jack mounted on the Surge
Network front panel are both military-type, heavy-duty
units, with high mechanical stability and the connec-
tion advantages of gold-plating.

EXTERNAL
INTERLOCK
SWITCH

SLEEVE OR BARREL (NO CONNECTION)

RING _
TIP (NO CONNECTION }

PHONE PLUG
SWITCHCRAFT TYPE 482
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Tnstructions Pertinent to Specific Networks

1.

pl: Select desired mode: 200A or 500A, at standard
TEEE 587 Q, or enhanced . The bat-handle selector
switch operates like the Model 711 Surge Polarity
Switch, (See Fig. 3-l1.)

P3: For optimum waveform, operate with the Front
Output Adapter jumper in place when using the Model
711 without the Model F3l., With the Model F3l, oper-
ate witho?t the P3 Front Output Adapter jumper. (See
Fign 3"""’20

p7: Same as item (2) above for the P3.

Surge Networks supplied with KeyTek 711 Series eguip-
ment are modified for use with systems including Option
F31-05 to allow operation on 480V Surge Lines.

SURGE NETWORKS SUPPLIED WITH SYSTEMS INCLUDING OPTION
F31-05 CANNOT BE INTERCHANGED WITH OTHER SURGE NETWORKS,
AND SURGE NETWORKS SUPPLIED WITH SYSTEMS NOT INCLUDING
OPTION F31-05 CANNOT BE USED IN SYSTEMS THAT DO INCLUDE
OPTION F31-05,



Surge Network P9

Surge Network P9 is designed to produce all three surge
waveforms required by FCC Docket 19528 Part 68. The
three waves are:

1. 4 10 x » 160us, 1500V; 200A short-circuit
current {(telecom lines).

2. £ 10 x D>560us, 1500V: 100A short-circuit
current (telecom lines).

3. {7 x > 10us, 2500V; lkA short-circuit
current {(ac lines).

The desired surge wave is selected via a front panel
mode switch.

NOTE: The {2 x D>10us ac line test
can be used to surge live ac
lines only if an appropriate
Coupler/Filter is used, such
as the Model F3l1. The {10
x > 160us and £ 10 x > 560us
waves are not intended to be
used for testing ac line in-
put and cannot be filtered
with the Model F31 or similar
Coupler /Filter.

The output, when either of the two telecom waves are
selected, must be taken from the front panel of the
Surge Network itself. (NOTE: The 711 keeper plug
must be connected at the rear of the Surge Network,
and the clear plastic 711 front output fixture must
be in place.)
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3.6 Surge Network P21
3.6.1 Introduction

Surge Network P21 is designed to produce surge
waveforms as gpecified by CCITT, Rec X,17. The
three waveg are:

i. .5 x 700us open-circuit voltage, 0-6kV; max
peak short-circuit current is 400A (when
damping R of 0 ohms is selected).

2, 10 x 700us open~circuit voltage, 0-6kV; max
peak short~circuit current is 400A (when
damping R of 0 ohms is selected).

3. 100 x 700us open=-circuit voltage, 0-5kV; max
peak short-circuit current is 333A (when
damping R of 0 ohms is selected).

Note that the short~circuit currents under (1),

(2) and (3) above, are only applicable if the

short is applied before the surge is generated.
However, so-called "short-circuit" current can be
thousands of amperes for gas-tubes or other loads
that break down, flash over or crowbar after the
capacitor in the surge-generating network that
shapes the front of the surge wave is partially
charged. This is a function of the circuit defined
by CCITT, in which no resistance exists between the
shunt capacitor and the load for the O-ohm damping
resistor selection, and is a perfectly normal phe-
nomenon. To reduce this current, use a damping
resistor selection of 2,5 ohms or 25 ohms -~ which
is essentially in series between the front-shaping
capacitor and the load.

NOTE: 2All of the CCITT surge
waves are intended for
testing eguipment con=
nected to telecommunica-
tions lines. They are
not intended to be used
for testing ac line inputs,
and cannot be filtered
with a Model F31 or simi-
lar Coupler/Filter,



3.6.2

Special Waveform Considerations

The P21 plug-in is designed to meet the CCITT
specified circuit. This circuit gives results
slightly different from the CCITT specs. In
particular,

1. The front time for the voltage wave in the
100 % 700 mode is about 70 us:

2. The short-circuit current waves overshoot
with even small circuit inductances: 10 to 15%
for the 25 ohm damping resistor, 30 to 40%
for the 2.5 ohm damping resistor, even higher
for the 0 ohm damping resistor.

3. The front time on short-circuit current on the
100 x 700 selection is on the order of 8 to
9 us,

4, The duration of the 100 x 700 selection is on
the order of 900 us.

These are the perfectly normal results of the CCITT-
specified circuit, which is used in the P21; and will
not in any way interfere with the effectiveness of
the tests run using this Surge-Forming Network.

Operation

1. The output must be taken from the front panel of
the Surge Network itself. The 711/ESU-221 cable
must be connected at the rear of the Surge Net-
work, and the clear plastic 711 front output
cover must be in place.

2. The desired surge wave, .5 x 700, 10 x 700 or
100 x 700, is selected via front panel mode
switches on the P21 Surge Network and the ESU-
221 Energy Storage Unit. Both switches must’
be set to select the same surge wave, otherwise
the waveforms will be incorrect. (These switches
operate in the ‘same manner as the 711 polarity
switch -- see gection 1.2, item 3., page 1-2.)

3. It is mandatory that a damping resistor selection
be made, or else no output will exist. Therefore,
plug in one dual banana jumper (supplied) into
the 0 ohms, 2.5 ohms or 25 ohms dual banana re-
ceptacles on the P2l front panel (under the out-
put cover).



3.7

Surge Network P41l

3.7.1 Introduction

Surge Network P4l is designed to simulate automotive
load dump and field decay transients in accordance

with SAE Jlll3a. The two waveforms are specified as
follows:

1.

Auto dump: O to +150V peak, exponential decay,
with time constant approximately 230ms; 502 max
current.

field decay: 0O to -100V peak, exponential de-

cay, with time constant approximately 8ms: 220A
max current,

NOTE: These wave are not
intended to be used
for testing ac line
inputs, and cannot
be filtered with a
Model F31 or similar
Coupler /Filter.

3.7.2 Operation

1.

The output of Surge Network P41 must be taken
from the front panel of the Surge Network it-
self. The clear plastic 711 front output
fixture must be in place.

The desired surge wave, (+) Load Dump or
(-) Field Decay, is selected via a front panel
push-button switch.

The selected wave is superimposed on an (externally-
supplied) l4-volt dc source. Terminals are pro-
vided inside the interlocked, front-panel cover

area for connection of +14 and +14 Return (i.e.,

the high and low ends of an external battery or
power supply, respectively).

The front panel 14V supply fuse, as shipped, is
208 MDL (slow=-blow). At this value it will blow
only for Load Dump, and not in Field Decay, as
the latter includes a 3/4 ohm series resistor
(as per the SAE specification), which limits the
current., An overheat thermostat will eventually



open at excessive currents, however, for either
wave; and then the l4-volt supply will disconnect,
and its front panel light will go out.

The fuse can be changed to a lower value, of
course, to protect either the supply or the cir-
cuits to be surged; but a value over 20A should
not be used.

The I Monitor coax allows oscilloscope monitoring
of delivered load current, including the surge.
This I monitor output has a scale factor, as in-
dicated, of -10mV per ampere. The minus sign
simply means that its polarity is opposite from
that of the output current.



SECTION 4

4. Model P31

CARUTION: The Model F31 is designed
to handle surge waves to
10kA with duratiocns to
50us: Surge Networks P1l, .
P3, P7, P9 {ac surge test).
Longer duration waves, such
as those produced by Surge
Networks P9 (telecom waves),
P21, and P41, CANNOT be used
with the Model F31.

The KeyTek Model F31l Surge Coupler/Filter permits coupling
high voltage, high current spike-surges from a compatible
external surge generator, to the ac or dc power line input
of a circuit or system under test. Coupling means are pro-
vided not only for normal mode or line~to-line, but also
for all three key common modes (line 1 to ground, line 2 to
ground, and lines 1 and 2 together to ground). In addi-
tion, the Model F3l provides surge back-filtering, to pre-
vent surging other equipment connected to the power source;
even when surges are applied to points within the test piece
other than the power line that drives it.

WARNING: High surge voltages and
currents, as well as ac
line wvoltage, will be

" present at the Model F3l
outpute.

4.1 Connections for Surging the AC or DC Power Line (refer
to Fig. 4-1 for connector locations).

1. Connect the F31 Surge Input Cable from the
711 Rear Output Connector, to the Model F31l Burge
Tnput Connector on the F3l rear panel.*

2, Connect the AC Interlock power cable from the
rear panel of the F31 to the ac power line.
(Notes normally set for 120 Vvac, 60Hz line for
units shipped within the U.S., and to 220 or 240
Vac 50Hz for units exported. To set for other
line voltages, use the procedure given in Appen-
dix A,)

- #pirst disconnect the Model 711 rear keeper plug if it is in place;
the F31 Surge Input Cable replaces it when the F31 is used.



3. Connect the AC or DC line to be surged to the Surge
Line Input Connector on the rear of the F31 {(up to
277 Vac, 120 vde).*

4, Power connections to the Equipment Under Test (EUT)
can now be made from the output ac socket adapter
that mounts to the Model F3l front panel output con-
nections, or directly to the three front panel Out-
put Connectors: Surged High (high for ac lines),
Surged Low {neutral for ac lines) ¥ and Surged Ground
("third wire® ground for ac lines).

4,2 connections for Surging a Signal Line While Using the F3l
to Surge-Filter the Power Line (refer to Fig. 4-1 for con-
nector locations).

Note: See Figure 4 of KeyTek
Preliminary Bulletin
F31/1 for the recom—
mended method for surge
testing a signal line.

1. Connect the F3l Keeper Cable from the rear surge
input connector on the Model F3l, to the Model 711A
Rear Output Connector. This keeper replaces the
Surge Input Cable used in A.l, above.

2. Connect the AC Interlock power cable from the rear
panel of the F31 to the ac power line. (Note: nor-
mally set for 120 Vac, 60Hz line for units shipped
within the U.8., and to 220 or 240 Vac, 50Hz for
units exported., To set for other line voltages, use
the procedure given in the Appendix A.)

3. Connect the AC or DC line that is to power the equip-
ment under test, to the Surge Line Input Connector on
the rear of the F31 (up to 277 Vvac, 120 vdc).*

4. Power connections to the Eguipment Under Test {EUT)
can now be made from the output ac socket adapter
that mounts to the Model F31 front panel output con-.
nections, or directly to the three front panel Out-
put Connectors: Surged High (High for ac lines),
Surged Low (neutral for ac lines) # and Surged Ground
("third wire" ground for ac lines). -

*Por the 480V version of the F31, connect this connector to the
rear of the F48, companion to the F31V used in this application.
WARNING: Keep the F48 horizontal when in operation, as the in-
terlock relays it contains are mercury operated.

Also note Surged Low is not neutral in a 480V system, but is
generally 277V above ground.



The surge output from the Model 711A/J front panel
can now be connected directly to the Equipment

Under Test {EUT} to a sighal line, or some other
point in the EUT. (NOTE: use suitable coupler(s).)?

4,3 Interlock Conditions

Any open interlock will inhibit both surge generator op-
eration and surge~line relay operation. For normal op-
eration all interlocks must be closed, The interlocks
are as follows for the Model F31:

1.

2-

7

AC Interlock Power must be ON,

A, For unit shipped to the U.S5. or Canada, if AC
interlock power to the F31 is reversed, or if
a low resistance path does not exist between
ac neutral and third wire ground, surge genera-
tor operation will be inhibited. This condition
can not be bypassed.

B. For unit shipped overseas, this interlock condi-
tion is permanently bypassed, since most overseas
power systems do not have a neutral which is at
the same potential as the third wire ground.

All High Voltage cables must be properly connected.
The Model F31 Output Terminal cover must be installed.

For an ac surge line, the Model F3l surge~line relay
is inhibited if surge line low is not at ground po-
tential. This can be bypassed by the operator* if
neither side of the surge line is at ground poten~
tial.** The fact that it has been bypassed will be
annunciated on the Model F31 front panel., (This
entire function is inoperative for dc surge lines
and the 480V unit,)

When using the Model F31 EXT IL connector, an exter-
nal interlock switch must be connected {(ring and
barrel), and closed at the EUT, (Note: wuse only a
phone plug Switchcecraft type 482 for the EXT IL jack.)

The Mode Selector switch must be fully engaged in the
selected coupling mode. '

+See AN105 and AN106.

USE WITHOUT COUPLER (S} CAN DAMAGE THE MODEL 711,

THE MODEL F31 AND/OR THE EUT.
*Front panel push-push switch. (Not with 480V unit.)

**Tt can also be bypassed if the ac surge line is reversed; however, this
ig NOT recommended since high and low are then reversed to the equip-

ment under test.

It is automatically bypassed in the 480V unit, as surge line low is
usually 277V from ground.
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4.4 Operation

Note: Before attempting to operate
the Model F31, review the
Model 711 Operating Instruc-
tions, and Application Notes
AN105 and 106,

1., To operate the Model F31l, the INTERLOCK POWER switch
must be on, Failure to turn this switch on will
prohibit surge generator operation and surge-line
relay operation.

2. Coupling -~ The mode of coupling to the ac surge
line is selected via the coupling mode selector
located on the Model F31 front panel. To select
the coupling mode, proceed as follows (see Fig. 4-1):

a. Turn the selector bat-handle counter-clockwise
until the selector plug is completely disengaged
from its socket. (Note: The selector plug is
captive and cannot be removed from the Model F31
front panel. In addition, the selector plug is
being held in position by a detent mechanism).

b. Grasp the outer edge of the selector plug, pull
the selector forward approximately 1/4" to free
it from the detent, and turn it to the desired
coupling mode.

¢. Under normal conditions, when all other inter-
lock conditions are satisfied, turn the selector
mode bat-handle clockwise to 1/8 turn past the
point where the interlock light goes out.

CAUTION: DO NOT OVERTIGHTEN !
If other interlock
conditiong are not
met, the interlock
light will not go
out,

3. Operating with surge-line low not at ground: for
an ac line where neither side of the ground is at
ground potential, it is necessary to bypass an inter-
lock condition which would normally prohibit opera-
tion., This bypass switch is located on the left side
of the Model ¥31 front panel. (Not with 480V unit.)



4, Applying surge-line power to the EUT: as long as
the surge-line circuit breaker is switched off, no
power is applied to the eguipment under test. To
apply power, simply switch on the breaker. (The
ac or dc line to be surged must be connected --
see Section A, 3. above,) (Note: any interlock
condition noted in Section C above, will prevent
the operator from turning the surge-line relays on. )
A red LED marked BREAKER ON, near the Model F31 output
rerminals will be ON when the surge line is live.*

4.5 Waveforms

Surge Networks used with the Model 711

have been calibrated to provide specified wave-
forms at the Surge Network Output Terminals,

When travelling these waves through the Model F31,
some minor waveform anomalies may be ocbserved due
to the effects of the coupling and filtering com-
ponents.,

Surge Networks used when a 50A F31 is supplied, are
optimized at the F3l output in a "balanced" way for
all four coupling modes. Waves at the Surge Network
front panels may, therefore, have deviations from
nominal values.

*It is strongly recommended that surging be first accomplished with
surge line power off,
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h.g

711 Model A/J Option G

Option ¢ 1s added to the 711 A/J in order to provide low
undershoot waveforms when using the filter outputs with
the P3 Surge Network wave. The addition of the Option G
significantly reduces both open circuit voltage and short
circult current waveform undershoots. The front panel
output of the P3G Surge Network is unchanged. The wave
shapes of all other Surge Networks are unaffected or
tmproved (P1G is unchanged, P7G has been improved).

WARNING

Option G provides low undershoot open-cilrcult
voltage and short-circuilt current waveforms in
HI to LOW, HI to GND and LOW to GND coupling
modes, when used with a Model 711 and P3G.
However, the HI and LOW fo GND coupling mode
provides waveforms similar to those obtained
when using a standard surge generator and
goupler/filter; i.e., undershoots are
essentially unchanged in this one mode.

The addition of Option G restricts surge line
voltage to 120VAC or less; thus the F31 with
Option G surge line input must not be connected
to a line whose voltage exceeds 120VAC.
Connecting the surge line input %o a source
greater than 120VAC may result in damage to the
unit.

DESCRIPTION AND BACKGROUND

Figs. 4-1.1 and #4-1.2 show typical open-circuit voltage
and short-circult current waveforms respectively, obtained
when using a standard 711 A/J, with a P3 Surge Network
surging the filter in the HI to LOW coupling mode. The
undershoot of the open-circult voltage wave is approxi-
mately 30%. The short-circult current wave undershoots
about 12%. Figs. 4-1.3 and 4-1.4 show the same waves as
Figs. b4-1.1 and 4-1.2 respectively, but using a 711 A/J
with Option G, including the P3G. Photo 3, with this new
configuration, shows an open-circult voltage undershoot of
only about 10%. The short-circuit current wave of Fig. i
for the same new configuration undershoots only approxi-
mately 3%. These represent significant reductions in both
voltage and current wave backswings.

47



In application to clamping protectors, the low-undershoot
waves yield dramatically improved results. For & standard
coupler/filter configuration with open circuit voltage of
6KV, Fig. L-1.5 shows the voltage across a clamplng
protector clamping at 460V, and Fig. U-1.6 shows the
resulting protector current wave. Both waves show that
the protector engages Iin the reverse dilirectleon during the
undershoot. Rilgs. 4-1.7 and 4-1.8 show analogous voltage
and current waveforms, respectively, with a 711 A/J with
Option G for the same clamping protector. It has not
engaged in the reverse direction. The small voltage
undershoot that takes place after the protector has been
driven in the forward direction is not large enough to
re-engage the protector. Thus for applications in which
undershoot sensitive devices are being tested, Option G
can provide slignificantly enhanced results.

The Option G mainframe, filter and surge networks are not
compatible with their non-optloned, standard counterparts
and therefore are not interchangeable. The Charge/Pulse
and Lilne Synech units are, however, fully compatible
between standard and Option G 7il's. The VIS102P from a
711G 1is backwards-compatible with standard 711 units.

The Option G 711 mainframe is identified by the presence
of the Auxiliary Switch Assembly on the rear panel, It
also includes an additional interlock condition to detect
the falliure of thls assembly. The Surge Networks are
deslgnated P1G, P3G, P7G etc. The VISI02P with Option G
1s identified by the presence of not one but two LED
interlock indicators in the botfom portion of its front
panel., The F31 Surge Coupler/Filter with Opftion G is
marked "Surge Coupler/Filter Option G" on the bottom left
corner of the front panel.

OPTICN G CPERATION

The operation of a 711 A/J with Option G 1is identlcal to
that of a standard 711 A/J but with the addition of two
important considerations:

1. The use of the Option G fillter surge line input
is restricted to 120VAC.*¥ Connecting the surge

line input to higher surge line voltages may
result in damage to the unilt.

*¥Additional modifications needed to restore 240VAC capability.
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2. The Option G Auxillary Switch Assembly, a
black box attached to the rear panel of the 711G,
must be in place and properly tightened down for
all surge testing. PFallure to correctly affix
the Auxiliary Switch Assembly will result 1n an
open interlock conditlon. The open interlock
will prevent charging or pulsing.

An additional interlock condition has been added to the
711G interlock system. The purpose of this Interlock
is to detect a fallure of the Option G Auxlllary Switch
Assembly which will in turn prevent further operation
by opening the interlock of bhoth the 711G and the F31G,
This condition is indicated by the illumination of both
interliock indicators in the bottom portion of the VIS
front panel, as well as the open interloeck LED's in the
7118 mainframe front panel and the F31G front panel.
(Normal interlock condltions are indicated by the 7114
mainframe, F31G front panel indicators and the VIS
front panel LED indicator number 1 in the usual way.)

A fallure of the Auxiliary Swltch Assembly is thus indi-
cated by the i1llumination of both indicators on the VIS
front panel, plus the indicators on the 711G mainframe and
the F31G front panel. In the event that this condition
occurs, 1t can only be reset by turning off both the Model
711G Surge Generator and Model ¥31G Filter. Turn off the
F31G surge line breaker if 1t was in the on position.

Turn off the F31G interlock AC power and turn off the 711G
power switech. Wait 10 seconds., Turn power back on and
surge again. If the Auxiliary Switch Assembly interlock
condition repeats, contact factory for service informa-
tion. Continued use with a failed Auxlliary Switch
Assembly can result 1n extensive damage to the unit.
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Fig. 4-1.1
Typical Open-Circuit
Voltage Wave When Using
Back Filter; approximately
1.2/5¢, 30% Undershoot
ocv 6kv

2kV/cm 100us//cm

Fig. 4-1.3

Open Circuit Voltage

Wave of Fig. 1 Using 711A/J

with Option G; Approx-
imately 1.2/50, 10%
Undershoot

oCcv 6kV

2kV/cm 100us/cm

Note: "OCV: = open-circuit voltage

Fig. 4-1.2

Short Circuit Current
Resulting from the Wave
of Fig. 4-1.1; 12% Under-
shoot

ikaA/cm 10us/cm

Fig. 4-1.4

Short Circuit Current
Resulting from the Wave
of Fig. 4-1.3; 5% Under-
shoot

ikAa/cm 10us/cm



Fig. 4~-1.5 Fig. 4-1.6

Voltage Wave Across a Current Wave into the
Clamping Protector Clamp- Protector of Fig. 4-1.5
ing at 460v, for the Open-

Circuit Voltage Waveshape 1ka/cm 100us/cm

of Fig. 4-1.1 and the
Short Circuit Current
Waveshape of Fig. 4-1.2.

400V/cm 400us,/cm

Fig. 4-1.7
Voltage Wave Across a Current Wave into the
Clamping Protector Clamp- Protector of Fig. 4-1.7
ing at 460V, for the Open-
Circuit Voltage Waveshape NOTE: USES OPTION G FILTER
of Fig. 4~1.3 and the Short
Circuit Current Waveshape of 1kA/cm 100us/cm
Fig., 4-1.4.

NOTE: USES OPTION G FILTER

400V /cm 100us/cm
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4.7 Option F31-05, 480V Surge Line Voltage
1. General

The Option F31-05 is designed to permit operation of
the Model F31 on ac power lines operating at voltages
to 480V rms. An external Surge Line Power Unit, the
Model F48, is provided. It contains a 480V surge
line breaker, power interlock relays and associated
cirecuitry.

WARNING

The Model F48 power interlock
relays use the mercury-plunger
design, to guarantee trouble-
free operation for tens of
millions of cycles. HOWEVER,
. as indicated on the Model F48
front panel, it is mandatory
that the F48 be kept essentially
horizontal at all times that
surge-line power is applied,
so these relays will provide
proper interlock operation.

2., Specifications

The specifications of the Model F31 with Option F31-05
are as follows:

AC (50/60Hz) 0~480V rms 1line to line
0-277V rms line to ground

DC 0-120V line to line
3., Operation

The 30A Surge Line Input Breaker on the Surge Line
Power Unit must be ON to provide power to the equip-
ment under test. (Note: the two center poles are
the only ones that are used in this application.}

If an interlock condition exists on the associated
Model 711A or Model F31*, the interlock relays in
the Surge Line Power Unit will open to prevent power
from being applied to the Model F31 Surge Coupler/
FPilter, and in turn, to the equipment under test.

*See pages 2~1, 3-2, and 4-3 for possible interlock conditions
in the Model 711 and F31.
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Surge Networks supplied with KeyTek 711 Series
equipment are modified for use with systems in-
cluding Option F31-05 to allow operation on 480V
Surge Lines,

SURGE NETWORKS SUPPLIED WITH SYSTEMS INCLUDING
OPTION F31-05 CANNOT BE INTERCHANGED WITH OTHER
SURGE NETWORKS, AND SURGE NETWCORKS SUPPLIED WITH
SYSTEMS NOT INCLUDING OPTION F31-05 CANNOT BE
USED IN SYSTEMS THAT DO INCLUDE OPTION F31-05.

4~11A



Surge~Line
Circuit Breaker

Circuit Breaker
ON

MODEL 711 A/J

(See Fig. 1-1)

MODEL F31Vv

MODEL F48
8 @12
j 13,14

@15,16

Interlock relay lights:

Tl Line 1 to ground
12 Line 2 to ground
I3,I4 Line 2 to line 1

L

0

Figure 4-2

Front, 480 Volt Unit:
711 A/J, F31lv, F48

4=12




O [](K6 Fl

Assvy)

i
ﬁ
i,

e

MODEL
711 A/T
MODEL .
F31lv
MODEL

F48

3t

To 480V m"’%

Surge~Line
Power

—

e

'@

Figure 4-3

Fl 37, MDX
F2 3A, MDX
F3 %A, MDL
¥4 1A, MDL

Fl %A, MDL
F2 %A, MDL
F3 LA, MDL

F1 1A, FNQ
F2 %A, MDL

N To 120V

AC Line

Reayr, 480 Volt Unit:

711 A/J, F3lv, F48




This page left blank intentionally.

414



This page left blank intentionally.



‘Model F33

Model F33 Surge Coupler/Filter is designed to allow
coupling to, and back filtering of, a three-phase,
five wire line powering equipment under test. The
surge can be coupled from any line to any other line
or combination of lines.

A surge-line input breaker is provided at the input
of the coupler/filter to provide a convenient means
of disconnecting the power. Interlock relays open
and disconnect input power from the eguipment under
test (BUT) if any of the interlock conditions in the
Model 711A or Model F33 are not met. (See pages 2-~1,
3-2 and 3-~3 of the 711 Operating Instructions, and
section 4.8.2 below).

The Model F33 consists of five separate units. The
F49 handles the breakering and interlock relays.

Model F4l allows selection of the surge generator LOW
connection. The Models F42 and F43 allows selection
of the surge generator HIGH connection{(s) -~ from one
to four of the five-wire input lines. Finally, Model
#81 Termination Assembly combines, on the front panels
of the three, the outputs from the F41, F42 and F43,
and makes them available to the Equipment Under Test.

4.8.1 Specifications

1. Surge-Line Voltage

AC 0~-277V rms line to line
0-277V rms . line to ground
De 0-120Vv de line to line

2. Surge-Line Current
20A continuous per phase, 30A intermittent.

4.8.2 Installation (refer to Fig. 4-4 for rear connector
locations)

The Model F33 is shipped as part of a total
system, including the Model 711A Surge Generator.
All rear cables, with the exception of the ac
surge-line input cable (to F49, J1), are in place
and are connected when the unit is shipped.

1. AC input power

211l units comprising the system that require
ac power for operation, are connected to an



outlet strip mounted on the Model Cl2
Instrument Carrier. A single ac line
cord is provided for connection to a

standard 120V ac {(15a) ocutlet.

2. Surge-Line Input Power (3-phase wye with
ground: 5 wires)

The ag surge-line input cable must be con-

nected at the rear of the Model F49. This

line will provide ac power to the Model F81
Output Termination assembly, and, in turn,

to the EUT.*

3., Connection to EUT

AC Power connections to the EUT are made

at the Model F81 Termination Assembly. A
heavy~duty box terminal is provided for each
of the five lines.

CAUTION: Extreme care must be taken
to insure the correct lines
are connected to the binding
posts as labled. Connecting
Line 2 to the terminal marked
Line 1, for example, will re-
sult in erroneous test infor-
mation. AND GROUND AND NEU=-
TRAL MUST BE CONNECTED TO
THEIR RESPECTIVE TERMINALS.

4,8.3 AC Surge-Line Interlocks
BAn interlock light will operate on the Model 711
Mainframe, and ac power to the equipment under
test will be removed, if any of the following
conditions exist.
A. Model F81 Termination Assembly Cover removed.

B. Model 711 Termination Assembly Cover removed.

C. High voltage Cable from Model 711 to Models
F42 and F43, or other cables, disconnected.

D. Coupling mode switch on the Model F4l, F42,
or F43 not sealed properly.

*Operation of the surge generator ig allowed without connecting
the ac surge line; however, no ac power will be applied to the
EOUT,
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4,8.4 Operation

To select the appropriate coupling mode, three
switches are provided -- one each, on the front

of the Model F41, F42 and F43. Coupling is allowed
from any line, to any other line or combination

of lines. The high output of the surge generator
is coupled via the Model P42 and F43, and the low
output of the surge generator is coupled via the
Model F41l.

As an example, to surge lines 1, 2, and 3 with
respect to neutral and ground, the switches must
be set as follows:

Model F43 L2 and L3
Model F42 L1l
Model F41 G and N*

There is a position on the switches for the Model
F43 and F42 that is marked "NO CONN". This posi-
tion is used when no connection is desired to any
of the lines associated with that switch. For
example, to surge only line 2 with respect to neu-
tral, the switches must be set as follows:

Model F43 1.2
Model F42 NO CONN
Model F41l N

There are eight basic surge modes for a 5-wire
wye. They are:

F4l 742 r43

Line 3 to Line 2 L2 NO CONN L3
Line 2 to Line 1 L1 NG CONN L2
Line 3 to Line 1 L1 NO CONN L3
Line 3 to Neutral N NO CONN L3
Line 2 to Neutral N NO CONMN L2
Line 1 to Neutral N L1 NO CONN
Lines 3, 2 and 1

to Neutral N Ll L2 and L3
Lines 3, 2, 1 and

Neutral to Ground G N and L1 L2 and L3

*Note: When coupling with respect to neutral and ground together,
neutral and ground are electrically shorted at the low end of the
surge generator output.
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F42

F4l
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Instrument
Carrier ______ M. ...

Figure 4-4

Model F33, Rear View
{(with Model 711)
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Model F33 with Option F33-02

Model F33 Surge Coupler/Filter is designed to allow
coupling to, and back filtering of, a three-phase,
five wire line powering eguipment under test. The
surge can be coupled from any line to any other line
or combination of lines,

A surge-line input breaker is provided at the input
of the coupler/filter to provide a convenient means
of disconnecting the power. Interlecck relays open
and disconnect input power from the equipment under
test (EUT) if any of the interlock conditions in the
Model 711A or Model F33 are not met. (See pages 2«1,
3-2 and 3-3 of the 711 Operating Instructions, and
section 4.2.2 below).

The Model F33 with Option F33-02 consists of eight
separate units mounted on a Mcdel ClZ2 Instrument Car-
rier. The individual units are;

{1) Model F49: Contains AC Surge Line Breaker
: and interlock relays

(2) Model F50: House the 50A filter chokes

(1} Model F41: Allows selection of surge

generator LOW connection

(1) Model F42 and

{1) Model F43: Together, these units allow .
selection of surge generator
HIGH connection(s)

(1) Model F8l: Termination Assembly that
combines the outputs from
the Models F41l, F42, and
F43.

(1) Model F83: Output Termination Assembly
connected between the two
Model F50's at the rear of
the unit to provide connec-
tion of the surge line. to
the Equipment Under Test
(EUT) .

4.9.1 Specifications

1. Surge-Line Voltage

AC 0~277V rms line to line
0277V rms line to ground
DC 0=-120V de line to line
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2. Surge-~Line Current
50A ac continuous per phase.

4.9.2 Installation (refer to Fig. 4-5 for rear connector
locations)

The Model F33 with Option F33-02 is shipped as part

of a total system, including the Model 711A Surge
Generator. All rear cables, with the exception of the
ac surge-line input cable {to F49, J1), are in place
and are connected when the unit is shipped.

1. AC input power

All units comprising the system that require
ac power for operation, are connected to an
outlet strip mounted on the Model Cl2 Instru-
ment Carrier. A single ac line cord is pro-
vided for connection to a standard 120V ac
(15A) outlet.

2. Surge-Line Input Power (3-phase wye with ground:
5 wires)

The ac surge-line input cable must be connected
at the rear of the Model F49. This line will
provide ac power to the Model ¥83 Output Termi-
nation assembly, and, in turn, to the EUT.*

3. Connection to EUT

AC Power connections to the EUT are made at the
Model F83 Output Termination Assembly, located
at the rear of the Model F50's., A heavy-duty
box terminal is provided for each of the five
lines.

CAUTION: Extreme care must be taken
to insure the correct lines
are connected to the binding
posts as labelled. Connecting
Line 2 to the terminal marked
Line 1, for example, will re-
sult in erroneocus test infor-
mation. AND GROUND AND NEU-
TRAIL, MUST BE CONNECTED TO
THEIR RESPECTIVE TERMINALS.

*Operation of the surge generator is allowed without gonnecting
the ac surge line; however, no ac power will be applied to the
EUT.
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4,9.3 AC Surge~Line Interlocks

An interlock light will operate on the Model 711
Mainframe, and ac power to the equipment under
test will be removed, if any of the following
conditions exist.

A, Model P81 Termination Assembly removed.

B. Model F83 Output Termination Assembly cover
removed.

C. Model 711 Front Output Keeper removed.

D. High Voltage Cable from Model 711 to Models
F42 and F43, or other cables, disconnected.

E. Coupling mode switch on the Model F41l, F42,
or F43 not seated properly.

4.9.4 Operation

To select the appropriate coupling mode, three

" switches are provided -- one each, on the front
of the Models F4l, F42 and F43., Coupling is
allowed from any line, to any other line or com-
bination of lines. The high output of the surge
generator is coupled via the Models F42 and F43,
and the low output of the surge generator is
coupled via the Model F41l.

As an example, to surge lines 1, 2, and 3 with
respect to neutral and ground, the switches must
be set as follows:

Model 743 L2 and L3
Model F42 .1
Model F41 G and N¥*

There is a position on the switches for the Model
F43 and F42 that is marked “NO CONN". This posi-
tion is used when no connection is desired to any
of the lines associated with that switch. For
example, to surge only line 2 with respect to neu-
tral, the switches must be set as follows:

Model F43 L2
Model F42 NG CONN
Model F41 N

*Note: When coupling with respect to neutral and ground together,
neutral and ground are electrically shorted at the low end of the
surge generator output.



There are eight basic surge modes for a 5-wire
They are:
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Figure 4-5

Model F33 with Option F33-02, Rear View
(with Model 711}
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SECTION 5

Voltage/Current Monitors: Option Module VIS-102P

The VIS-102P provides a digital display of the peak voltage,
via high voltage differential probe PV-2, and peak current
attained, at the Equipment Under Test (EUT). 1In addition,
replicas of the voltage and current surge waves are available
from front panel BNC connectors at an attenuated level.

5.1 Installation

1, Check to insure the VIS-102P module is completely
geated in the 711A Main Frame.

2. Connect the Differential Probe Module PV~2 to the
rear of the VIS~102P via the cable attached to the
Py~2, The locking ring on the cable connector should
detent.

3. Attach the appropriate Probe Head to the PV-2. (Note:
See Section 5.6 for Probe Head information.)

The PV~2 probe clips can now be placed at the EUT to moni-
tor the surge voltage peak at the point of interest (fre-
guently, this is also the point at which the surge is to
be injected -- the ac line input to the EUT, or a signal
line input).

5.2 Controls
1e MAX’ +, bl

For both voltage and current, the user can select to
read MAX {the highest peak, regardless of polarity),
+ (the positive peak), or - (the negative peak).
These selections can be made independently of the
polarity of the applied surge wave, and the orienta-
tion of the measurement probes, MAX is the recom=-
mended selection.

2. Current Range

Peak current ranges of 100A, 1lkA, or 10kA can bhe
selected via front panel push switches. Since the
VIS~102P has a useable overrange factor of 1.5, these
ranges are useable to 150A, 1.5kA, and 15kA respec—
tively.

3. Pulse
The PULSE switch and PULSE ready light, used to ini-
+iate the surge wave, are located on the front panel

of the VIS-102P. Operation of the PULSE switch is
described in Section 1.2.8,
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Indicators

la.

Voltage Range LEDs

The Voltage Range LEDs are located above the digital
voltage display and marked V (for volts), and kV
{for kilovolts). The V LED will be ON when using

a 1kV probe head, and the kV LED will be ON when

using a 10kV probe head.

Current Range LEDs

The current range LEDs are located above the current
display and are marked mA, A and kA. (See Section
5¢2¢2.)

Peak LEDs

Four LEDPs annunciate the measurement mode selected

by the MAX, +, and - switches for voltage and current.
These LEDs are located to the left of the volate and
current digital displays to which they refer. + LED
ON indicates + peak was selected, = LED ON indicates -
peak was selected, and both + and - LEDs ON indicates
MAX peak was selected.

IL LED

If the IL. LED on the VIS-102P is ON, an interlock
condition exists at the rear input of the VIS-102P
and the 711A becomes inoperative, The conditions
that causes this LED to be ON are:
A. When using Model F31

a. Probe head is disconnected

b. probe is not connected at rear of VIS-102P

c. incorrect probe used on a live line (see
section 5.6)

B. When using Model 711 front output
a., probe head is disconnected

b. 1incorrect probe used on a live line {see
section 5.6}
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5.4 Outputs

Two BNC connectors are provided to enable oscilloscope
monitoring of a replica of the voltage and current waves.
These BNC connectors are marked I Monitor (for current)
and V Monitor (for voltage).*

1. I Monitor

The output level of the I monitor is dependent on
the current range selected, with 5V full scale
always corresponding to the selected current range:
100Aa, 1kA, or 1l0kA, Scale factors and range LEDs

are:
Range Scale Factor Range LED**
100A 20A/V A
1ka 200A/V A
10kA 2%A /V kA

2. V Monitor

The V monitor output will always be 5V full scale,
with scale factors as follows:

Range Scale Factor
1kv 200V/v
10kv 2kv /v

5.5 Readouts

The 3% digit V and I displays annunciate OFL (overflow)

for readings beyond 1.5 x full scale on any range. Readings
somewhat in excess of 1.5:1 may be displayed, and when they
are, they are accurate, Readings over 1.7:1 should not be
displayed; if they are, the VIS-102 is not functioning
properly.

The first-position leading zero is suppressed, However,
if either V or I display is reading below 0.1 x full
range, one or more leading zeros will be displayed even
if they precede the decimal point. This is normal, and
merely indicates that if a lower range is available it
should be used to get optimum performance.

*For longer waves, duration of these replicas may be 10 to 30%
low.

**The mA range is provided for extra-low current options and is
not used with the standard Model 711 A/J or 711 B/K.
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5.6 Probe Heads

Four probe heads are available for use with the VIS~102P.
Two of these, the HOLC and HLOC, are supplied as standard
equipment with the 711 A/J and 711 B/K., The remaining two
probes are supplied only when Surge Networks with long
duration waves (>50us) are purchased,

The probes are as follows:
PROBE max V surge VIS-102P max line probe input
HEAD duration range voltage impedance

AC Coupled Probes

1. HOLC 50us 1kv#* 277V rms 1k ohm
DC~60Hz

2. HLOC 50us 10kv 277V rms 10k ohm
DC-60HZ

DC Coupled Probes
3. HOlT 1000us 1kv* 50V DC/AC 1k ohm

4, HIOT 1000us 10kv 120v AC/DC 10k ohm

The two DC coupled probes, the HOLT and HL10OT, contain
thermal switches which are designed to operate in the
event max line voltage ratings are inadvertently ex=
ceeded,

OVERHEATING OF THE DC COUPLED PROBE HEADS WILL CAUSE
A THERMAL SWITCH TO OPERATE OPENING AN INTERLOCK TO
PREVENT FURTHER OPERATION OF THE 711 SERIES EQUIPMENT,
AND WILL CAUSE THE SURGE LINE TO OPEN IN THE MODEL
¥F31, IF IT IS CONNECTED.

If overheating causes the thermal switch and interlocks
to open, disconnect the probe leads from the circuit
immediately. The thermal switch will reclose and allow
operation after 10 to 20 minutes,

*The 1lkV range is designed to be used to 1.5%V. If the actual
voltage is greater than As/1.6kV, OFL will be displayed on the
VIS=102P oxr VIS-102PR,



5.7 Voltage Current Monitors Option Module VIS-102PR¥*

The VIS-102PR is identical in operation and physical
appearance to the VIS-102p {described in Section 5 of
this manual}. In addition to the functions provided
with the VIS-102P, the VIS-l02PR provides voltage and
current information in BCD form at rear panel connector
J25. Table5.7-1 lists J25 connector pin information,
and provides a brief description of each line.

5.8 VIS~102P Extender

The VIS~102P Extender Module consists of a basic extender,
junction box, and cables. To use the extender:

1., Turn off the main power switches on the 711
Mainframe and Mcdel F31 (if used).

2. Remove the probe cable from the rear of the
711 Mainframe.

3. Remove the VIS~102P Option Module.**

4. 1Insert the VIS-102P Extender Module in place
of the VIsS-~-102P.

5. Connect the VIS-102P to the junction box. The
probe connector will fit into a large hole in
the junction box.

6. The junction box cover will snap open. DO NOT
remove any screws in the junction box to gain
entrance.

7. Connect the VIS probe through the appropriate
opening in the junction box, and connect it to
the VIS-102P probe connector.

8, Close the junction box cover.

At this point, the Model 711 can be turned on and operated
normally.

*With 711B mainframe only.

**See Appendix B, "Removing/Replacing Plug-in Units (CPC, ARU,
L8U, VIS, etc.)”



Pin #'s

1/2
3/4
5/6
7/8
9/10
11/12
13/14
15/16
17/18
19/20
21/22
23/24
25/26

27/28

29/30

31/32

33/34

35/36
37/38
39/40
41 /42

43/44
45/46
47 /48
49/50

PLUS

DATA RDY

SEE

LG

LG

SPARE
MINUS AR

TABLE 5,7-1

CONNECTCOR J25

Description

BCD output lines for voltages
and current. I.E., if VE is
held low, the voltage will ap-
pear in BCD form {(for 345 volts,
pins 19/20, 17/18, 13/14, 5/6,
and 1/2 will be low). If IE

is low, the current will appear
in BCD form.

Ten~range decimal point (1X.XX). .
Hundred-range decimal point (1XX.X).

Indicates a positive voltage or

current peak measured.

Data is ready to be output.

Tf held low, voltage will be output.
if held low, current will be output.
1f low, the voltage or current is
the maximum measured without regard
to polarity.

Logie Ground

Logic Ground

Spare Line

Indicates a negative charge wvoltage

in remote coperation,
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SECTION 6

6. Qption Modules

6.1 Line~-Synch Option Module LSU-121

The LSU-121 controls the placement of the surge wave, with
respect to the ac wvoltage phase,

.1l Controls and Indicators
1. 60Hz/50Hz switch

Allows the user to select, via a front panel switch,
line synch operation on 50Hz or 60Hz lines. Note:
If the switch is in the wrong position, surge place-
ment will not be as per the ANGLE SELECT slide.

2. LS5 LIGHT

Indicates that all conditions for LS operation have
been met:

a. Surge line AC is on in Model F31l.

b. Set/Random Switch on LSU~121 panel is in Set
{OUT) position.

NOTE: If LS light is not
on, check before
proceeding as surge
will not be synched
with the line,

3. LOCAL
a. SET (OUT position}
Activates the line synch function. The surge
will be placed at the phase angle as selected
by the ANGLE SELECT slide control.*

b. RAND (IN position}

Surge placement on the ac line will be random
with respect to the ac voltage phase,

*Detents or stops are provided at 0, 90, 180, 270 and 360 degrees,
but selection is continuous between thems



4, SBYNCH
a, =180 (OUT position)

The AC Line SYNCH output {(from the BNC connector
on the rear of the Model 711A Maln Frame -- see
Fig. 2, 711A Rear Panel) will occur 180 degrees
prior to the cycle where the surge will be placed.

b. PRE (IN position)

The AC line Synch output will occur ~r45 degrees
prior to the surge wave itself.

Outputs

The LSU~121 has two rear outputs which are available from
rear panel BNC connectors. Refer to Fig. 1-2, 711 A/J Rear
panel, for location (page 1-7).

1. AC LTINE SYNCH (towards left side of unit from rear)

Provides a floating (i.e., ungrounded) positive trig-
ger signal for an oscilloscope, which will occur either
at 180 degrees prior to the cycle where the surge is

to be placed, or ~ 45 degrees prior to the surge itself.
(See A,3.a. and b, of this section for SYNCH control
operation.}

2. AC LINE REPLICA (towards right side of unit from reax)

Provides a floating (i.e., ungrounded) replica of the
50Hz or 60Hz ac surge line voltage, at an attenuated
level (approximately 5V rms out for a surge line volt-
age of 120V; 10V out for a 240V surge line, etc.)



Line Synch Option Module LSU~122

Option Module LSU=122 provides the capability to place
a surge at the desired ac line phase angle. Placement
can be accomplished in 15° or 90C increments manually,
via front panel controls; remotely, via intputs to con-
nector J22 on the rear panel of the 711 B/K; or auto-~
matically advanced in 15° or 90° increments via front
panel controls.

6.2.1

Controls

l.

5a.

5b.

STEPS 900/150: If set to 90° position,
manual or automatic surge advance will
occur in 90° steps. If set for 159,
manual or automatic surge advance will
occur in 15° increments.

FWD/BACK: Determines whether surge ad-
vancement will be in the forward (FWD)
direction (from 0 to 360) or in the re-
verse (BACK) direction (from 360 toward
00) .

60Hz/50Hz: Must be set in the 60Hz posi-
tion for 60Hz ac surge lines, and in the
50Hz position for 50Hz ac surge lines.

MAN: First switches to MAN, then each time
this button is depressed, the surge phase
angle will be advanced in 900 or 159 steps,
as determined by the STEPS 90°/15° switch.

REM: When depressed, resets MAN or AUTO
£ to 0°,

REM: When depressed, surge phase placement
is controlled through inputs on connector

J22 on the rear panel of the 711 B/K. (Wote:
When the LSU~-122 is used with a Model 711A
mainframe, this button just resets MAN or
AUTO £ to 0°.)

AUTO: When depressed, surge phase angle

will advance automatically for each succes-

sive surge, as determined by the STEPS 159/900
switch, FWD/BACK switch, and SURGES EA £ switch.

SURGES FEAZ. : Determines the number of surges
to be made at each phase angle and can be set
for any number from § to 9. If set to 0, the
counter will automatically advance to 1 when
the AUTO switch is depressed.
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h.2.2

SYNCH -180/PRE: In the -180 position, a
synech for the ac line, will bhe generated
at minus 180° wilith respect to the specific
sine wave where the surge will appear. In
the PRE position, a synch 1s generated at

approximately -45° with respect to the
sine wave which will contain the surge.

Indicators

1. In the top right-hand corner of the Option

Module LSU-122, there 1s a small yellow
LED. This LED willl be on only when live
ac line voltage 1s present in the Model
¥31 or other coupler/filter.

N>
o

Surge phase LED's as in 1 above. Unless

ac line voltages present at the Model F31,
no LER's will be 11t. In a statlc state,

the LED which is 1it wlll indicafe the
next voltage phase where a surge will
oceur,

3. Surge each angle LED's -- the 1lluminated

LED wlll indicate the next surge for an
angle to be made.

Installation and Adjustment of L3U-122

When installing a Line Synch Unit, LSU-122
into a Model 711 Surge Generator for which
it has not been set up, an initlal zero
adjustment may be requlred for both 60 Hz
and 50 Hz. The 50/60 Hz selector switch on
the front panel must be set to the proper
posltion and the appropriate potentiometer
adjusted.

Pirst, switch to the 60 Hz position and
adjust R51, 50/60 zero potentiometer for an
average positioning of the surge at 0° when
the front panel selection is 0° and the ac
surge line input 1s 60 Hz. R51 1s the rear
pot on the LSU-122 and it 1s accessible
thru the top of the 711 when the 711 top
cover 1s removed.

[#2}
4
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If %0 Hz operation of the LSU-122 1is
required, switch to the 50 Hz position and
adjust R1028B, 50 Hz zero potentiometer for
an average positioning of the surge at 0°
when the front panel selectlon is 0° and
the ac surge line input 1s 50 Hz. This pot
affects 50 Hz zero only, and it should be
adjusted only after R51 has been properly
adjusted. R102B is the second pot from the
rear of the LSU-122, and 1t also is
accessible thru the top of the 711.

Note 1: An average of about 5 surges 1is
recommended to determine phase
position in view of the ~/ 15°
typical repeatability of phase
positioning.

Note 2: For an oscilloscope display of the
surge vs. the ac waveform refer to
Tables 6-1 and 6-2.

Note 3: For rackmount 711 installation
where the top of the 711 1is
inaccesslble, the LSU may be
removed from the 711 {with the
power off) to make small
adjustments at a time to achleve
the proper zero potentiometer
settings,
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6

.3

Oscilloscope Display of Line-~Synch Operatlion

For oscilloscope display, because of problems assoclated
with scope writing speed, it 1s ordinarlly difficult
simultaneously to show both the narrow surge and %the
comparatively long, ac power-line frequency sline wave on
which 1t 1s superimposed and to which it 1s synchronilzed
in phase. In addition to the difference in wrlting
speeds for the two waves, there is usually the problem
of grounds as well; the ac line is a dangerous and
uncertain place on which to connect the scope, and the
surge 1ltself may be ungrounded.

For the above reasons, the LSU Option Module provides a
scope synch output, {selectable to be at -180° on the ac
line, or "PRE"™, about U45° before the surge), and a
reduced ~- 5% of input -- phase-accurate version of the
ac line to which the output is synched. Both of these
avxiliary output signals are floating, so that when they
are grounded at the scope no ground loops will be intro-
duced., (The coax connectors on whilch they appear, on
the 711 rear panel, are insulated from the panel on
which they are mounted.)

Equally important, it is possible with many scopes to
intensify a small portion of a large wave, with the
intensified portion under posltion control of an exter-

nal synch signai. (If it 1s not, the intensification

Tocation can still be controlled via a delay adjust on
the scope, but with less precislon than a few micro-
seconds out of many milliseconds -~ desirable %to see a
narrow surge on an ac line wave.) NOTE: To take full
advantage of the external-synch feature for the intensi-
fied portion of the sweep, it 18 necessary to obtain a
pre-trigger from the Model 711 Surge Network front
panel.

Using intensification makes 1t possible to dlsplay the
surge -- actually plcked up for convenience on the 711,
VIS Monitor output -- and the ac line sine wave at the
same time, with reasonably good intensity balance for
both.

Settings are provided for several popular Tektronix
oscilloscopes configurations, which can easlily be trans-
posed for any other oscilloscope having equivalent
capablilities. Table 5-1 shows scope connectlons; Tables
-2, 6-3 and 6-4 descrlbe the scope control settings for
the Tektronix 7834, 7633 and U466 respectively. Scope
connections and settings are provided for the Tektronlx
7603 with 7020 Digitilger.
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Using the connections and settings from the tables, will
make possible displays similar %o those of Flg. 6-1.
Surges at 0, 90, 180, 270 and 360 degrees for Pigs, 6~1
(a) through (e) respectively are shown for a Surge
Network P1 Ring Wave, superimposed on a 60 Hz line,.

For the photos of Fig. 6-~1, the LSU scope synch output
was changed at the factory to occur at 0° for display
purposes. The only disadvantage of this for normal
operation is that normal phase angle tolerance can throw
some of the nominally 0° surges slightly below zero, and
a 0° synech wlll then not occur soon enough to enable the
surge to be viewed on the dlsplay.



Table 6-1

SCOPE CONNECTIONS FOR LS OPTION DISPLAY

(Tektronix 7823, 7633, U466 or equivalent)

From

Model VIS-102
YV Monitor

"5 /10V ACT
output coax
from T1l
(Replica)

Model 711

Syneh

711 AC Line
Synch Output

L.ocation

Model VIS~-102

front panel

Model 711
Rear Panel
Coax
(toward

right side of

unit from
rear)

711 Surge
Network
panel coax
(ungrounded)

Model 711
Rear Panel
Coax

(toward left
side of unit
from rear)

To

Scope CH1
input

Scope CH2
input

Scope
DLY'D
TRIG IN

Scope
MAIN
TRIG IN

6-6

Sigrnal

Scaled version of Model
711 output pulse: 5V
full range (l.e., 5V=
10kV for P1l, P3).

AC: 8scaled version of
line to which the L3 1is
synched (1.e., rear
auxiliary line input on
F31.)

NOTE: front panel F31
circult breaker must be
ON to obtaln this sig=-
nal.

Pre—~surge, quasi-square
wave trigger, lasting
bheyond 5 usec., +5 to
+8V amplitude,

Synch at ~180° with re-
spect to ac line to
which the LS Optlion 1s
synched (i.e., rear
auxiliary line Input on
31.) NOTE: front
panel F31 circult
breaker must be ON to
obtain thls signal.



10.

11.

12.

13.

Table 6~2

SCOPE SETTINGS FOR L8 DISPLAY
(Tektronix 783%& with 7A18 and 7BY92A or equlvalent)

CONTROL

MAIN TRIGGERING

MODE

A.

B. COUPLING
€. SOURCE
D. SLOPE

. LEVEL
TIME/DIV
Gray/black

"FULL FOR ALT" knaoh
TRACE SEP

Time base INTENSITY
DELAY TIME MULT
DELAY TRIGGERING
ST.OPE

COUPLING

SOURCE
LEVEL

DO wr

External Trigger Input
Termination

DISPLAY MODE
TRIGGER SOURCE
CHANNEL 1

A, VOLTS/DIV
B. COUPLING

CHANNEL 2

A. VOLTS/D1V
B. COUPLING

Storage mode

SETTTNG

SINGLE SWEEP

AC HF REJ

EXT

4

Approximately 1 o'clock position.
2 msec/dlv

pull out and set at 10 usee for P1,
.1 msec for P3.

Full CCW
Approxlimately 3 oteclock position.

0

..E...

DC

EXT

Approximately 1 o'clock position.

50
Add

MODE

1 Volt/div
DC

5 Volts/div
Do

VAR PERSIST
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Table 6-3

SCOPE SETTINGS FOR LS DISPLAY

(Tektronix 7633 with 7A18 and 7B53A or equlvalent)

CONTROL
MAIN TRIGGERING
A. MODE
B, AMPLIFIER SOURCE
C. SLOPE, LEVEL
D. LEVEL
TIME/DIV
DLY'D TRIG LEVEL
DLY TIME MULT

Gray/black
VARIABLE knob

Red CAL knob
DISPLAY MODE
TRIGGER SOURCE
CHANNEL 1

CHANNFEL 2

SETTING

SINGLE SWEEP

DC, EXT

+

Approximately 1 o'clock position.
2 msec/dlv

full CCW

Full CCW

Pull and set a 1 usec
for P1, 10 usec for P3

Pull
Add
MODE
1 Volt/div

5 Volts/div

6-TA



Table 6-4

SCOPE SETTINGS FOR LS DISPLAY
(Tektronix 466 or equlivalent)

CONTROL

MAIN TRIGGERING

A, MODE

B. COUPLING
C. SOURCE
D. SLOPE

E. LEVEL

DELAY TRIGGER

A. SOURCE
B. COUPLING
B. SLOPE

. LEVEL
DELAY TIME POSITION
MAIN SWEEP

DELAY SWEEP

HORIZONTAL DISPLAY MODE
VERTICAL DISPLAY MCDE
CHANNEL 1

CHANNEL 2

STORAGE MODE

SETTING

EXTERNAL

+

AC HF REJ
SINGLE SWEEP

Approximately 1 o'clock position.

EXTERNAL
+

HF REJECT

Approximately 1 o'clock position.

Full CCW
2 msec/div

Pull and set at 2 usec
for P1, 20 usec for P3

A INTENSIFY
ADD

.5 Volt/div DC
5 Volts/div DC

VARIABLE PERSIST.
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From

1. Model VI3-102
V¥ Monitor

2. "AR/10V ACM
output coax
from 711
(Replica)

2. 711 AC Line
Synech Output

Tab

le 6-5

SCOPE CONNECTIONS FOR LS DISPLAY
UTILIZING TEKTRONIX 7D20 DIGITIZER*

Location

Model VIS~102

front panel

Model T11
Rear Panel
Coax
(toward

right side of

unit from
rear)

Model 711
Rear Panel
Coax

(toward left
side of unit
from rear)

To

Scope CHI1
input

Seope CH2
input

Scope
MATN
TRIG IN

Signal

Scaled version of Model
711 output pulse: 5V
full range (i.e., 5V=
10kV for P1, P3).

AC: scaled version of
line to which the L3 1s
synched (1.e., rear
auxiliary line input on
F31.)

NOTE: front panel F31
¢circult breaker must be
ON to obtain this sig-
nal.

Syneh at -180° with re-
spect to ac line to
which the LS Option 1s
synched (l.e., rear
auxiliary line input on
F31.) NOTE: front
panel #31 circult
breaker must be ON to
obtain this signal.

#For P3 (1.2 x 50us voltage; 8 x 20us current) event capture only.
The 7D20 sample interval at 2ms/div 1is 20us.
100kHz cosine wave, resulting 1in too short an event for repeatable
and easily interpreted event capture at 20us/sample.

6-7C
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Table 6-6

SCOPE SETTINGS FOR LS DISPLAY#
(Tektronix 7603 and 7D20)

CONTROCL SETTING
1. MAIN TRIGGERING

A. MODE HOLD NEXT
B. COUPLING AC HF REJ
€. SOURCE EXT
D. SLOPE +
E, LEVEL Approximately 1 o'elock position.
F. TRIG POS 0
2. TIME/DIV 2 msec/dlv
2. AQR MODE ADD 1

L, CHANNEL 1

A. VOLTS/DIV 1 volt/div
B, COUPLING DC

5. CHANNEL 2

A. VOLTS/DIV 5 volts/div
B. COUPLING DC

¥For P3 event capture only. See note 1n Table 3.
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(b} 90°

(c) 1s80° (a) 270°

(a) 3s80°

Fig, 6-1

LS OPTION DISPLAYS: 0,90, 180, 270, 360°



6.4 Auto/Remote: Option Module ARU-151A%*

Auto Remote Unit ARU-151A provides for automatic or re-
mote operation of the 711 B/K.* Automatic repetitive
operation is initiated via front panel controls, and
remote operation is via control signals at connector
J22, located on the rear panel of the 711 B/K.

6.4.1 Controls

1. PRESET STOP -~ AUTO MODE: Allows setting
of a predetermined number of surges to be
made when operating in the AUTO mode. The
SURGE COUNT INDICATOR will advance as each
gsurge is made until the number on the SURGE
COUNT indicator equals the number set in
the PRESET STOP -~ AUTO MODE indicator.

2. MAN: When depressed the 711 B/K will op=-
erate in a manual mode only.

3. REM: When depressed the ARU~151A will ac-
cept control information via rear panel
connector J22.

4, AUTO: Must be depressed to allow automatic
operation of the 711 B/K via front panel
controls on the ARU-151A.,

5. ALT POL: When depressed, each successive
surge will be reversed in polarity. To
gelect ALT POL, the mechanical charge
polarity switch on the 711 B/K front panel
must be set to +. (Not with ARU-151.)

6. RUN: In the AUTO mode, depressing the RUN
button will initiate automatic operation of
the 711 B/K.

7. STOP: Depressing the STOP button will inhibit
automatic operation of the 711 B/K.

8., SECONDS/SURGE: There are five buttons label-
led 60, 30, 20, 10 and { 10, each with an LED
adjacent to it. Any button with a lighted
LED, can be selected to define the number of
seconds between surges. If the LED next to the
button labelled £ 10 is lighted, and that button
iz selected, operation will be at the fastest
rate allowed by the particular surge network
being used. '

*The ARU-151, with similar functions except for alternating
polarity, is supplied with both 711A and 711B mainframes.,
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9. AUTO-REMOTE Key Switch: In the ON position,
remote and automatic operation is allowed,
manual is not allowed. 1In the OFF position
avtomatic and remote operation are not allowed,
and manual is allowed,

1.  RESET SURGE COUNT: Reset the SURGE COUNT to
O.

11. EXT STOP BNC Connector: A ground applied to
the center conductor of this connector will
inhibit automatic charging &nd pulsing operation
of the 711 B/K.*
6.4.2 Indicators

1. SURGE COUNT: Digitally displays the number
of surges that have been completed.

2, CRD: If lighted, will allow charging in either
a positive or negative direction.

3. C=-: Indicates a charge 1is being made in the
negative direction, but only for REMOTE and
AUTO ALT POL modes (not for MANUAL, or AUTO/
NON ALT POL mcde).

4, C+: 1Indicates charge is being made in a
positive direction (REMOTE or AUTO/ALT POL
only). C+ indicates a negative charge in
AUTO/NON ALT POL if manual polarity switch
is set to -.

5. CPD: 1Indicates charge pulse delay has been
completed, and the unit can now be pulsed.

6. P: Lights when a pulse is fired.

7. ALT POL interlock LED: To accomplish al~
ternating polarity in an automatic or re-
mote mode, the mechanical Charge +/Charge -
gselector switch on the front panel of the
711 B/K must be in the + (plus) position.

If it is in the - (minus) position, and ALT

POL is selected or remote is selected, this

LED will light and surge generator operation
will be inhibited.

€. RUN: annunciates the fact that the 711 B/K
is running or "timing out" in an automatic
mode,

*If a surge has already been started it will be completed.
NOTE: Manual and Remote charging and pulsing are not affected
by the Stop input command.



9, STOP: Lights in the automatic mode when
the 711 B/K is not running or not "timing
out”.

10, SELECT LONGER: When lit, indicates that
the Surge Network in use reguires a longer
SECONDS/SURGE time selection.

6.4.3 Remote Operation

Remote Operation of the 711 B/K is accomplished
via rear panel connectors J22 and J25. Con-
nector J22 provides all control operations, and
connector J25 provides BCD readout information
for voltage and current, a data ready line, and
a control line to select either voltage or cur-
rent. Tables 5.7-1 and 6.4.3-1 describe all the
input and output lines for these connectors.

6.4.4 ARU-151A Extender
The ARU-151A Extender Module consists of a basic
extender unit, cable, and junction box. To use

the extender:

1., Turn off main power switches on the 711 Main-
" frame and Model F31 (if used).

2. Remove the ARU Option Module.®

3. Insert the ARU basic extender unit in place
of the ARU.

4. Connect the ARU-151A to the extender junction
box.

The 711 can now be turned on and operated normally.

*See Appendix B, "Removing/Replacing Plug~in Units (CPC, ARU,
LSy, VIS, etc.)"



©.4.5 Surge Network Allowed Duty Cycles (secs/surge)

segs/surge

Network with ARU
Pl - {10
P3 20
P3C 30
B7 30
P9 {10
P21 7 30
P4l .30



TABLE 6.4.3-1

CONNECTOR J22

Pin #'s Label Description
1/2
3/4 C~ - Causes 711B to charge in a negative

direction. A surge will be gener-
ated automatically after a time
delay. {(Only available with ARU-151A).

5/6 C+ Causes 711B to charge in a positive
direction. A surge will be gener-
ated automatically after a time
delav.

7/8 INH PIN Allows charge but prevents a surge
from being generated until a low
appears at REM PIN {(or the INH PIN
line is released.)

9/10 REM PIN Remote pulse in; causes a pulse to
be generated if INH PIN is low.

11/12 30R \ Set-up lines for LS;:; i.e. if pins

13/14 ‘ T5R ggiglw 11/12 (30R) is held low, the surge

15/16 120R able will occur at the 30 degree point;

17/18 GOR >‘£§§E if pins 11/12 (30R) and 13/14 (I5R)

19/20 OPTION 122. are both held low, the surge will

21/22 §ZE§-// be at 45 degrees, To surge a line
at 90 degrees, pins 11/12 (30R) and
17/18 {60R) must be low.

23/24 OPTION

25/26 QPTICN

27/28 SPARE

29/30 LG Logie Ground

31/32 PTR2 Printer 2. Relay closure used to
start a printer.

33/34 P+ Becomes low when printer relay is

activated.
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Pin #'s Label Description

35/36 PTR1 printer 1. Relay closure used to
initiate a print operation.

37/38 OPTION No connection.

39/40 SPARE

41/42 SPARE

43/44 LATCH LS Must be held low to allow remote
L5 set-up.

45/46 SPARE

- 47/48 OPTION

49/50 SPARE



7.2

SECTION 7

Troubleshooting

Initial Troubleshooting

If the 711A fails to operate, check the following
conditions before contacting KeyTek for assistance or

service:

1. OPEN INTERLOCK light ON

See Sectlon 2 "Interlocks®™, Section 3C, Surge
Network Interlocks, and Section 5C, Model F31
Interlocks.

2. CHARGE READY light is OFF

&

Modules

Check ac power line to see that it is con-
nected to an appropriate ac socket and
properly connected to the rear of the T11A.

Check ac power line fuse.

voltage indication on analog charge meter.

Set voltage control is fully counter-clock-
wise; therefore unlt 1s charging to zero
volts.

CHARGE/PULSE CONTROL must be in the LOCAL
position to allow manual charging (on CPC
101).

Check variac fuse (34 MDX) on T11lA rear
panel.

7.2.1 LSU the timing for the pulse after change cycle
is shown in Flgure 7-1.



SECTION 8

8., Schematics and Location Drawinhgs

8.1 Syvmbols and Notations

8.1.1 Units and Component Assumptions

Unless otherwilise indicated:

1. resistors are in ohms, inductors in microhenries
2, capacitors <1 are in mfd

3. capacitorsEil are in pf, except polarized units
{(marked with a + on one terminal} are in ufd

4, diodes are 1N©14

5, gquad gates are two-input Nand gates, 74L00: with
+5 connected to pin 14, and logic ground connected
to pin 7.

8.1.2 Trims and Test Points

1. * Signifies trim on test; except even though omitted
for power resistors, all power resistors in the Pro-
grammer Networks are in this category.

8.1.3 Terminals and Connections

(:) outgoing connection to another board

from another point on the same board, possible on
another sheet of the same schematic

to another point on the same board, again possibly
to another sheet of the same schematic

see specific schematic




see specific schematic
see specific schematic
analog signal ground
analog power ground

digital circuit ground, or logic ground

chassis

chassis ground

}%I}'w—Q—Ov

chassis

Drawings Supplied

In the case of optional equipment, as well as ancillary
instrumentation, schematics and location drawings are
supplied only for those items furnished as part of an
installation. Thus even though drawings may be mentioned
in the text and/or an index, they may not be included in
the section that follows.



001-8
SL=-8
0L-8 ©3 (9-8
9¢-g O3 8¥-8
L¥—8 03 S¥—8
2¢-8 03 0¢-8
9¢-8 'sZ-8
0Z-8
S1-8
11-8 ‘01-8
6—-8

HOYd

¢ puwe

¢ puwe

53099Ys

gyoays

syo9ys

gy ooUs

syo9ys

s3o9ys

00—-012-¥11-1L

0T-0T1~Z2T~1L
0T-0TT-Z 1T~ 1L

000-PZ1-TL

00-0TT~-TTITI~TL

00~0T0-0C1~TL

00~011-00T-TL
00-009-0TT~TL
00-0T9-01T1-1L
00-0TT-0T1-TL
¢0-011-001~1L

*ON ONIMVYAJ

sSUUO) A-TH/X04d/Dd

IgoIa

(suoTaddouuod adqoad) zQI~SIA

ZZT NS1 ‘3Tun Yyoudks SUTT

12T NS7T ‘2Tun yYsudAg 8uirg

aj0Way/03Nny

paroyg esind/ebarvyd

uoT3do A3Taeiod 9be3lToA TH

SOLLVWHHDOS 8

T1L obe3JoA TH
1T/. parog UTERW

abelToa~TH TTL

NOILITYOSHA

—-— Ipuexboig

C0T-8IA T2PONW

2C1—NsT1 T2pPOon

TZT—nST T9POH

1ST-NdY T2pPOW

TiL TSPOKW

"THAONW



061-8

081-8

GLT-8

1S1T-8 ‘061-8

SE1~8

OET-8

OTT~8

#O%d

00-000-821-TL

00-¥8T-0TE-€L

00~000~00T-1L

00-000-121~14

00-000-STT~TL

00-0TTI-STIT1-TL

00-000-%#11-TL

*ON ONIMTEd

1zZ ASH9 ‘3atun @brvaogs Abiasug

(uotadp) e1qed pue bnid
MooTa83ul Sjouey TeA/TTL

welsiAg ooTaszurl 1€A/TIL

yaomzeN ebing Tgd

yaomieN =2bang €d

*POW WTIY ‘asuwmerboad €d

OW wtal ‘aouwexboxd Td

NOITLAI¥OSHEA

*U0D SDILVWHHDS *8

1ZZ 053 1°2POW

1€3/T1L TOPOK

1Zd T9PONW

£d T2PONW

1d TepPONW

THAOKW



08¢-8

LLC~8

€LZ2—-8 O3 QLZ~8
£9Z-8 03 09¢-8
96¢z-8 ‘65Z-8
0sZ—-8

S{ye-8 O -8
BEZ-8 O3 GegZ€-8

1€2-8 ‘0€Z-8

£€1€-8 ©3 01Z-8

£€0Z—~8 03 00¢-8

H@DYd

v 01
¥ 03

z pue

¥ o3

y 03

¢ pue

v o3

¥ o3

s199ys
s1osys

s1o0Us

s} 00ls
s399Ys

g3a9ys

53 99USs

s19aUus

00-000-9%0-0T1
00-000-S¥70-0T
00-000-420~0T1
00-000-920~-01
00-000~520-01
00~-000-%T0-0T
00-000-£10-01
00-000-210-0T1

00~000-1T0-01

00-000~-8T0~01

000-0TE-£L

TON DNIMYHEd

duy 0S¢ ¢€ ‘€v3/0%4

duy 0§ ¢€ ‘Tra/064
JTNOITD TOIZUOD OS—E€hd
ATODITD TOIIUOD OG=ZF4d
AINDATD TOIIUOD OS-1F4d
S3TNOATD DY ® [OIIU0D 6%d
3IRDITY TOIFUOCD Cfd
JTINOATD TOARUOD Z2Fd

JTINSITD TOI3UOD 1Tihd

(3Tun A0Sy I03)
ATNOATD TOIFUCD A-Ted

3TNOATD [0IU0D TEd

NOTI LT ¥OSHA

*3Uu0d SDILYWAHOS °8

€€d TOPOW

1€d T9PONH

TIEJON

8-42



No.wy.oori QAOD SUNIWAAISN| XRUADN

FOYLTIOA-H 1L DILYWIHDS

T o T T
FLET & L,.wwo aﬁk,\.mb\, yg-¥-6 . NV
_ el NV a AN AN -
0L v | o & 8 ¢ . . 8 afF
AR YA N
3%N4 403N W 2 .
HINBOASNYEL A-IH N Gl O ol ' oot Av
o™ 535 O id et R TN 7
HOANYE Nid 81 D8= H
Mo [ ) | SNOHIBNNOD Womson - ﬂ
S i —
M O3S ~ A Om _ widva[ @™~ 1
(GAIMWYIDOOHS AH Q) 337290
o FAWNOL—
2T JO0N omsm.sﬁ Y
_ NIFvA u x
— e av. ° X SIHYA € 9 ¥adwne
pai-r.ilin vE QAAYOR
s IH U(.F&(}g AHHLIOW
DVIAYA A4 ? \r
aELoFIEe ﬁmmm
4='gz-0r AAVWNIXD AH HOOYIAVA |eal 23
Ld'Sd'y Mo ' Tyt
o o & CEadwne o F9  a%ir
Nvd M D
OL 88-12-98 N A0
AN :
e
2zear AT,
A7 0L & XA H AnaN Oy
E _Mvu HOLIMS 83AM0d
TRANYE ANOH
LOEN
ano
O )
(\o22) V5t IOYLGP
iiiiiiiiiiii N : Mo
I aon H T
- o
adAvOs NIV
NOT Gl

. . gl d.huq
ceacs{ |

SEBYINIG ATNAIQIGNVAL
HINO




PP0-OH~0.0 /4 ﬁ

WERAN Drimyul

SFOT fp Terirtrd Ent Y I AZY

T A LHE

PAL PO Ve o

Emﬁwkmmﬁ

W e

¥ Q%m\\\\mru\ ﬁ«W

&3 GiRSwadY TR

(zm) @
k.m.W
£8\Z2 p—0 /et
MZ b a6y m. m.m,c wxw
~at'y Wegdo Mg i AN >uM>nW
Vs o A L e
o \Z - b Mz Mz \\lwy
FENES cE9 cgs N2
v AAA Bowm
- X V¥4
()
(ove )
£
Ldl .wQMMﬁ
e, —
ACp
VA\HH M.rh\ oL
b A = @ 527
T)\ez Aon Eonm
%5 250 %
[~ 38 S0y PS5+
Fe2r
e?@ : S\o
M &
ﬂ hn\b b7 @ EtL '/
Py B+ \J2 7
sow 82
E&— -
F+\E2 M ow./x.n - Herre
Sod -
s
7Y :
ro [FA 7
fHLES T Y,
py FHISER
o/
Yer b go0° 7
jil..il.....ii..ll.il..i.lt TE!..AH 5 Lo
27 pme ™ L
9 ol X
SLTIL
@ N&A fams 1o 20
. SLE P =
F2S 04 / Va m. CLTLL
AH TIF P - e 3L LUK I
el
AAP it
I 20" 10

8-~10



PRV RN T4

B R ldeas]

D P St FELA Dy

Ay ST
L G e ey
T . BE Sl B
e S i _ & d B QAAOWEAE TTRWE
pient = alxl

AsL ASZ
i OPE OOF

L ora .Hm g2 .“”.1

£EVGT7 SET7-

®__

D

Ef I ST -

EETEL

]

7 -7

MUz
MHZ M,
LR
A
22,
s
&2
L Y
sre T b
s
25 vy

O _®O0.C

8-11



-00-00-011-L AT INTWONLSHI F7LATY
e FOHLER M T YWY

s b8 Jp)l | 3820

V‘ vd

VR

0961 SYRIIN 7 ) 1ho
EOTION r ® @ — ) — $@ll
“ |
D)
| “ Aw A !
.- ks 3
" __ © " s MY
A i
1 1
_ w -@ e
EY ” ._ 7K w5
N G) MR- WS WS
“ ey [y

S M ML oM M
b WO WO WO WO

ay o sn

Moo _ A-1H
ALY TOd

8=15

Low] Pen] Lon]
A-iC G92-IC -0
G Rmd {h 3IW)




m-%.av%-i

BARNAN DRinrH

Y0 ININTYISNG ALY

HOLLAD AETITTIOd TOVLTA 1

bali-¢ &1 _48-a0-y HW
3N A8 mewG & o fedaar TR

b-§ 71 9L T ¥FLTTN

7
710N

07 SATY )
LZ-ir

(i SATY-)
22"

/9

5t +)
LANIE

8-20



| apprroorrL . .
Al emr w72 T (e
R — 77 N«%MM\ , o e FFLOTVRG Com ) 204 VOIL DT ININOT : IV A
P R e gy AL e P ) iy
e e IR TA g, 3 Yo 1B

i B

ML IBUNOD, _
Ja bl 2LED T a4

HAUSHANOD NId 2'LS D

FE A

HOLIBNNGD 9 Nid ZL'2L = O

SR, g h 4

.'mhm mmmm‘moﬂwﬁ
| mewmu 2w

/ (FEST L) 7T BENIS SIS - T
- o = 02 Coasromd A7T P50 = O
g E- XA LFPM FETIS — I
N (st} A0 $¥D - FI¥

oz (0

o2+ E- XAl FPM BT - DO E
i /B TEA ¥ F/ &
7 @ HIdWNg Nid S RE STELEIRPD TIE Mwﬂ.wﬁ
ev it _JT}- povsns 50 W wwwu.ﬂ T
P I TP PRSVHEILE FEFTTNZ 7
SERLOp

“EHBN sw
oELN (Zh)
RELS =] ﬁ

s |

Wv_m‘mwﬁﬁ
T £

-
r%%\‘*

| : -
I
2 e
d\l “ 9420

8-25




o) BB il

LT DR

SIED ANPIARLEA FOL ALY

B yPE LTINS

Ve FFEEHA

@%\% FE T PIDEIT D/l Y TE

=]

p 4

-
A &
Y s & HTEL ATES AEE wam 3
. > Sopd gapCvay € oxd | 7Y

£ ot (4
(reex/pnr

u_- oo au.m

1

r &

- - @Vl i
AGL .m-xu& H_...w\. |._v

6L Por i gy .ﬁw .
5 S b0f a5y

P

yinz (1 HS)
2707 o

%

ey by

A7
>, iy

B o -V P (1 HS)

oFeS 0FES ogFS 7
w95t sea® oFt ez

AGL
o 00E
o v
A L $6°
u or kT e S &
U RES U 2z ZE 312D
"y
Zp
A EY ?iu.N‘\x..M o
m\\w ow L4
Ve o Boer
W..N..NW\ &
gt O 1
4
g o
Glerd

®

21/1x ¥

4

#Z

LA DOX

oy LT g\\.\\.hb\v\

GO/ PIPNIE
£ 17

F oyl 2

()
Oy o
X o

826



~OIO-021 i) . 1GI-0Y
I dgor  anIwnaispt HILK2H Q&P& Y o ALV B .%_ T

LECIIHS 310ma5[olmy - 151099 IUYWINIS | ——

A
N

|
| |
G IEEAA _ Bo-e Bl T 18 fe78 2 } g
A8 WA 2t QBADHGY K N
| | % GE Y
) M VoiZEN| 2/
| =1e)

WOLIDNNCD QEVOR Pd N LE 'GL = O
X09 ¥9'OL MY Nd 2 610 = O

2)

N .
19508 £ of
Tl

L1 HoxS W\,GM
GOl 5 _ HIOINR,
\fﬁ,vo. . »ﬂlh.”.lll

b ) (& He) M

8 - i ] .
——t g WP AsLiooebiD 2zd mm\
m% : “q\ix L e e : — (/o

LD

XLy AM Xip

&—0 Pl

¥ bt (L HS)

ooy
o+ LY
8

ﬁ\ﬁ il
1)

8-30




§-00-00-021-IL
WIS SR

IO? ANIWAINLSNI HILAIN
L2 4Ns _

2LOWIE OLOY~I51 NI “HLYHINIS

£ BEUE WO

qyd IT+ME QL N0 - 20/0 = O

o]

EZINRELE mm\ i

) H2LIMS
AN

_!!c||<<<r®Lu.m,m T@W -2
o -
& by a2 lm t HE

A00LB0°

nm.;l@ b

g9

m,m.ﬁm 2L0 %

Pooy

@ omm%.w&

A

039

19dLd

LT

gha MRWE

Lo

31



§-00-00- nﬂ-j
BEEerm Brirersl

LI ELNE

HHOP LNIWNONLEN! NILADY

SLOWI5[04 18 = IS1 DIY “IL¥WINIS

g ﬁ%&ﬁ_ $5 Wt | BlETE ol

g JIT+MS O M 07

WL =0 £=423 bI23
sstimﬂli
#S AN OLMET cs
L/ 2i8%%xq oo Ebetl
4 29 o
. ; w CdL o
. A
: _ : ser
AFH
mm\ Nl
L 4 5 & .vQNw. P
: ‘ | 1 1 o _ al
{zHS/ _ _ maAAdn pae T WYV LN R b@P,
774 | ~ ] e PR A
. g
ot Héod
el
7 a9 .
. 2 2 4 ] v._q ..w.w
93 ’ mmm_.u L Mwo“u,_,
a9 A

. L2l ’ N SO0 [[olt>-4
(07 . " i - - - P
’ Ih gww foea 202Q
[eler ] - WNM. .
% HOLE Nl :

[y
s+ oot 9

ged
75 M\ - T |
(FHS) @ 190" T
Ciny ] ¥S0I0
M_a. u >
u b
g T M
R ¢ 5+
ﬁl\ms_“s,//lis o ®
it 4 _ s »
) ° 3
S 2 o
&5 (

| PEdL
2g
(e .mwwxll(lit

8-32




9-00-00-0Z1"ILL yapr  LwImwrdLsn! HILAIH

HRERON DAY

LICDLHS 3 owas oLt - 151 08 ALy NS

n B JE7E B
o v Wy TP

mmww S
e-20IL 055 3y

D.QEQ‘SE W=

D20l
AL+

a0 Yooy
2y &G

Bm_m\ 9La

833




G.00-010- 0211

. MM D e
LEOSUHS o) oway QLW - 151038 THLYWIHIS
g E&%ﬁ pu--§ WO 18757% 5%

X0 ANAWAYLEN NILAIN

AE R0 A€ GRAOHIY P ]

AYWSGT O Nid 2

GoILo G-l ROEST 5
g
<mm.u..m+
1ed
i ]
ot oor
§ Jop &y Ly
f ogiy Fes
m.oﬂmf\ ee41
S20H Q
o
)
) yip
g o L
P g h—
850 g 7
/oL rAv] 53 .*._.r.__. Y 21D 5t
B2
= ¥
L ) £23 H ¥o!
+7
£ S~ AAA—-O
B B AMGE 5 by A+
2 W —
A5+ A+ X o 0.4\/)\((( 1 F £
(G DWW 2 2l gzeom £
X X X I AL Y7 €2 50’
I WA 3T
18EE TSN 7€ 2 51 9w
oWV M -
] £E=¥ y
FsaP297v

24




OG- G071 1.

DAY THES
3] el

LI0TLHS g1omay/otm =151 XY DLV WIHIS

~ X0 ANIFWRYLSN NFULLIY

X
a 73 E‘{* - JEfE /g 1w Sl
(T vm.“\xaia ! bt :.?Mbm:m_.! e s waalv
Ey
MS 191 oL BOLZANNCG? NMd oz ol W
N2 g neZ
giw s0°] $0') oy s0y  W9|%
(=37) 1774 to.”.w_ﬁ.wma.?ﬁ.h
m s L2
(005) 1.
Vo3 M. > “v p Aww gl ele ool k] m‘h
HOS)PZS Wl ] W = ! ] -
M“ var Fr 9N M“ 1
; ?/ 5 ) [
1 E= I3 w  o/f 23 12
é Ji {z) 2 /
i 7] (+) 3 i
3@. s P95 nm\' B
- = o 57
h\\ m.._UHN:u.H:GHO:M *\ o
) )
ey BT A5
AGZ
W Wm " H.MM {4
_Y_ T sl H Z (@
! i P~ D5t b
Ed £r (8) i £
2 A= ¥] W o i3 2
& L [ g /
Azl Ag2 Y of (1} L £
s0| @y v 60 NEG mml o
.&A&%ﬁﬁmﬁ%ﬁwu Y — 7
Y] A s NW\ LePeD iz
(rovs) | Td T 6 .\.F\ IBRY AS+
L3 ! Lasz
I U U (- B T 2 (%
(rosyzes w1 # AL S o Y} (s &
I R bl al &3 2 N
g %6 P! AAA (e M ora (8) it i 5N
- X $ vu i 1] AL / 2 I 7] 2 f\.w
Z .Jme g _ & L ¢ (2) 5 / mur
PN 4 {ovVe L i of 0] i 77 /q
(HIY)  opp s \.mw.i 057 % A
P as7 o %/ 7 \
As+

8-35



15-00-010-021-1}.

HEGNOH SHMYEY

| o00r unswnaisw H3LK3H

LICLLIS o 10mas]oLny - IS n¥Y "I LUWINIS
AT bt JE 1
N Mo gy .m.wl 1
po0p
ook
2141 b BV
ool
o
o q..
|
| 82
I ¥l @ _ AAS e
w Joow & oo
7
LE0E S§Q _ UL
* o/ mq }N !
| esy ¥ m
A
L vo0r
g2g

Pyt ¥ L2a 004 | op
- 920 WGeqg %

7L Ab2

a2a I gy

8-36



Fo0-07-111~1L

HPHRAN DMIMYEG

| 5500 INIWDYLSNI HTLATX

& 70/ 133

157 G INn HONAS INIT JLLVWIHOS | #oM ——

-1~ I JE-Ly-5 MW
bo b MDh -

HOI NN

it

iooe |
vidw,
w7 |70

slonofloly o

(22 £,

oEY

9

41 f1.)
256z
Mot
AN
ETY

ES

cHs)a¥d 9

%L AI°E9

1

Ayr AOZ
8y $a

$2/.L°
(A5 ~) X¥O7 NIy al OF

I

8~45



W-00-011-111-1L _ HH07 INIWIYLSNT §7LATH

WHIPION DMIRYIL

TEELIING
121 §TLINR HONAS INIT QTLYWIHIS

Qw.hna sl“s *m._m|V5§§oﬂu§T E
EIENT i
HO —A e
Uye S0 oY Aol ...t!i_ Tx..!z
WOz SON LOd e
O G
i@
ia
boONI
L, al
. bobiN
153Gk« gra

o7

xbo -

1 (D—y

.%uwww /e
Of)——tb
L@

) Lo%

2IVSITBLNT Ww

Ty ;ow

NOLLJO
87 FioW3

#

HoLpT
THL OO

(A wom)
ELESTH,

#3

L wviony L

EHF

Y

ETIL

P
XYool
EEY

3
i
e~
DA NG A B
>
= O
x4+
=
b
o




[F00-01 32] 5907 LNIWRGLSNT NILATN i N 7
[ EL] e ——— — i S———_ — . i ot i e
TETST LI HONAS FNTT JLLVWIHIS | #1641 —H— v so e B NoILGO :
AL ESELE] be-irp by T 1816 2= oo T wosdson 1od % $7 ILOWIY |

veoly¥

AAAA— .Wo_,ﬂ

Efw

1111111 = n.\._y\ i 54 V6
NTE TINVS) | : Tk \
AV I M 66Y © &5 Hw_a.m

1o 040~ y

= Hit® v a

T @sw) § ok
Yoy st lm

e *gsm

z o1 9 Q¥

8og¢
’ ova 409

oot %!
VLY 3@ bE e
/0% 8Ly sLY
, vH
o oro Se . _
| YA A A" ze “uy %! o RCMTTE
L2¥ ‘ rmy [0¥3208]
4ES
v
(Hs) + Y AT
z S
5/
mw 2 & \ﬁ
. 1 HBH'E HOH'E _
Y5878 1.9 ¥ 3wa 0
ZH09  zHOS | HOMAS X
Yans
72 % wowrs”

%l g HO0/

o1 ~705] I © 91+

Nozz

SOHT

agly S




000-vel-le JHOF INFHWNHISNI No1hay
&0 T I33A%

22 NS T LYW IHIS
&%mmg \M\* {&eﬁﬁ'N..% E-M.

&

ATy

fogzlracz) oy Yor Lol of
g0 |z EESZN 188 OEY

1 o0 %
g+4T &M&
MNIS
osoe
My or
AN
&

3z Wi
125 02y

A AAN
aGIO  FOIY
Ly
£Zb
9]
(@
ONY & 651y
S+
%ol
YOS e 20 mmwﬁ
Y
] bl
2l
5+
% MiT89
e O/ +
¢ ¢ DL
H Xz2
UH e 5 Au\{.:v
- T w2z A03 Tr &t
8y sa

(A5~ XVOD &Yy OL DF

#2oldL M e

mMeSor MziHol

8-48



..mm.k\

M Tw

EY S0
S40 %

DL

‘,\
Cx:

000-¢21-1¢ | JY00 INIWNMISNI Yorkey ot &QRM
40 ¢ IF3HS
° 221 NS DILYWIHDS oW@ e . oie
...wwqmmmmxx_ *.Jmmuw.mbﬁ.mml 128
N dervad »E GIROEEY NN. \.\
8e0 > \
e Tl Po T oot | PR
- /
: 0 Hal¥r?
X Ol —AAN— S H H» # o ?J.\e ane L
e son 0w 490~k LED S L0
WOk SOM L0 10 [} b
)
& & 90 0z+( £ sl ?L!lqw A
@ f &a M a3y ASI+ M L0 .
@ ‘ e @ £dt 2ot YOb2 Y iy
Fhd-2
#0 £q
CLETHL
o
= za
00PN/ S 20
80/7 |
"%a _so a9 2a'9fE
m\P LMN/\ tﬂw \W\
I =
vy Y50 IS! Jaus
e QHEE w3y EY]

Run O



o0 el-ie d¥0D LNIWNYLSNI 2143y STYNIWYFL NOHIL g Ky
[ I W EETT] )
22 NST OILyWIHOS &m.\% U¥YO8 50 HY3Y, z
; BH-o2-§ ve —AAAGe—
_HHESSIAM'Y o Tiu..wl!._lsw A00f — WOH3 SON LOd
L0 WJ\V
(+£a) m

AQl~ /-
) NM\ b R Cod
¥5°28 % 2HD M 664 M}m\wﬂv@%
’ f
. TOA ay
IETRREC R TS e v e EE TN M T Cor
T T F——dgwoD b
- o oyt
T AU - Iy fel0rz
‘“' %&%\, Bet)
$99  eviglw ¢
oT
G0 L LZJ ovg MQMAWQ A
680 . iy
% HSZ'E 3 oy
84E  yyny s w9z T
ey of ik L6 mv‘ﬂ@
Y m,| \{mm.uNQ».% &bt = 0N Z %I?%Q.wu\x\iu
o Tl o9/es
MEz
ZLY
{09
ona ¥
Licht
(2 Hs)
m.siLm. Hozz
§0%Y _
A Clad _ GINOL o/ WO a@d@mm& S
YSOY = ¥EN b 3N 00! SOHI e

(215) (zHs) @ 1) %ﬁu\&}w&m«

oy T T T T T T PR 15i®

R=50




000-¥21-I]  oy0D LNIWNELSNI Heikey
6 0 F133HS
22 NS DILYWIH DS
Hovesan eIz g
LLs
e i i
¥ =
s qvo?
Mluw T mmovw (Zod) av
{0F :
7
(£-59) Ob{ze~ 1a a» l o0
ol g0
3
3 5 1oke =190 CLERN)
__uﬁm& 4 8 i N .q o " =
e o WAt U obL o vEd g0 YZCEY 2\ 53
o QN9 o NG O0p| 6 A soeal |C7
hﬁ»ﬁ'm.ﬁl‘ o 0% 7%
2 i .wzl.l.* T&.&fg ‘.m\/m.w M%mv 2
75 v8 —(( 8o QK_L EANG 7, &3
£d &7 (299) M &3 s T @ 99) &
0el gl va & A i — I 2 )
N j v
09 +—15a 19 ySGi 5 {va >0 o H N
‘ S LG o #(an >0 62 ol
0F @1 g d = s 1
BlOF ¢y z 09 Py avol B ,@w
& o0} S+ g1 1T qa . 23 T o Lo
P2 ) R a0 g3 o Mrﬁ\ NH‘\ L
® .
I3 ¥ & gl 7190 Shi @w\ 4 ww 001
go bl T o0 oey
I0EY 1vo L
0 avo @ - it
hw.\ 8 & bigY o
O 5+ ds

31l
. H]
LW LY gopp”




R3N, J0CK

: il ﬁ e
0308 ee—ib—b £3/0 ¢ }
SEE SH 2 AN 2o~y 860 ﬂzmz;;ﬂs'”
gy 2 o1 D o - G ED T
FHI o E74c373 45 a 00K 2.3 § R308 — PR b
LATCH 4 BRE 300 LA 55 5 L7
+5 ‘ poves .yéag&.ﬁ@zz s
(3“5“75 LC%9 ook "‘”*E
RENSTEP E5 £33 £30 R3i3, (00K
{v 90) ' I 4

& R3r7 ES / w————————/@(eﬁ)
M STEP- ® L : _ _mz&_,
(M $g ML g % g >——i[:j ) /c 25 Sue
cso?}j’_ D30k | ¢ = £
RS- £45 G .__@_"5‘;,,,
o R319 g RersteR T gpp 2
R318
NG

UV‘

3|09

'f”’:
FWD 1_ C3i5 3
(Morﬁ)\—ﬁ R3z¢ f;._

S
BACK
26 D30
(MorB) ¢ /L.}
© |5 eyt
R32 +

fO'T" =

SR« | { R327 ) -

BN
Erol =
u D3
P oa?

= RESET
SHé g
R3z@ - 2 »
E46 £4b 9 SH
J3-5 R329 10
" 1 g9 g

[ — 7T He o B REM SELECT

R e C318]: Tpar £330
i R33!

Ot Wy

R332 90 c3/9f|; ¥ n3yl3

& R333 y. oA ri

[k SN O REM STEP

3 x=
¢ Zi};_._nam
REMOTEY | s
'_/;7 R334 :
R335 oAl . APRROVED §Y CRAmy BY
MEN £ ———— T gaty 5"29‘93“—% K WEISSOACH
37 SCHEMATIC LSL 122
/7—{_}___ ’ SHEET S 0F Q
KeyTek INSTRUMENT CORP 154 000




20 PN

(0 v) —— £59 4§ UTRONIX R8G 1000
z 2 i0
o SIREF our /0 il " 435
@ i . up
% R340 SIK 1% cos 7
/333 ? p 4
R341 S 218, i% P 4
g LM3914 #
R342 S 1.47 K 1% N = 1 _“j
T (8 PIN) fo “ 345
R343 4 7 “ 330
P il 2 # " 315
/
Ky ¢ % 300
| o324 20 /
__\ N 47MET
= ot o5 EGD
. 434
(o L7 V07 REF OUT 2 10 oK o7, 1§K3?|§, i » 10 |ogs
R345 1K 1% i i 270
R344§ p ¢ »
R340 S 2151 ol Maoi4 o . (N?T)
N ] it 210
' T
R347 S 147K, (18 PIN) " .
R34 2 1z H 180
2 8
K %
i E; 5 LN i —4150
\ 3 — 1 032, 20
1 +I5 47 ?FT
) o RISt ors £
(3.33V) e Gurwope 1 0.|/0%1% P Ty 04155
505 kg, O’ L L " 120
R3 P E57 g 2 i
. !
R3 49?* R351S 215,i% 7 i » 90
8| REFADS (A 4 N
1 Y i o0
R352 % 147K, i% LM39% 5 ,(a
353 slpo N g “ s
ow ' {1g PIN) 3 i
K™ £ 2| v- 2 8 4 RSB
NXT Y ~ SloenaL  LEDT L K 10K
ANGLE] i =Tve 20
s I
NG R359
+5L_5 IK
£325 SHe
- RD
+%>’ 47 MET =
{ MAN SWITCH}
40K
L.8uF 94
e ——
+
LL\ oK 8BV e T
7 SCHEMATIC, LSU 122
SH:’E’T? Of.g.
Keylek INSTRUMENT CORP 71-184-000




000-b2i-1L 0T LNTWNEISNI 3214wy

AR D sl

SHS
P L ET SHS W by
22t nsT DLW IHOS
- m TH-6I-5
i T_Um..mm.lwm_%, ﬁﬁ.\.{a A8 TRADUAIY ” Tivok

063
+ (0iny ‘Aqd OnY )

2z
nR A m@ _ o Pl
et yost x_

6+3 ob3
“f . X
-698¥ ¥ Mn 153
NOLE 42 ¥00S | 153 /04
g
1.3 £ £ 1o
s+ T wm..m!_ Gt g% g7 61£d mem
54
WY Woo -O-—tanncte i (8
| (88 @
j 5 13
| w0¢ YT
9 | | 580bL 5 z
| 6 :
QMA“mvl;\(/? & 7 ;
i _ 7 o y
O AN 7 oly Y
L2 R LA W N L7 263 s o715 1844/
SHS \3t -89y g lo]s _ bS3 7 e
0Lt X5
ey 8250
£IY ¢ ooor=0gy  MXT Y9y
XINOYLIT ? K ¥2INNOD 10HS | [
A— 92 de0) N 857 (8 gt La-y 7 Ao L
x N\.r Q N\ N. QG QQQIH : wam
o 1
N 2 o g 5|90 - m i
B p & NEPSTIL gty =190 oL _ BPE]
5
> B TR ) 7| o0 O
k -]
M q 2 e o
, 5 % (s 8 of
" N - i1 +
o 1 e N ey aWIF! F °F
293 : 4282




000-+2i-1L H

w1 DT

JHOD INFWNYLSNI K2Ry

CEENEERS

22! ns7 OIlWW3IHDS

_HOLHSSIZM X

Aava

TR

E8-62-
AS JIAOMESY

&th ozl 0@l
J gy WTEIETIT S
. i 89 LLiEY
ge| e wmmu %83 14| NEATY
’ S 16 Iu &) oy NO
ano FHLTOA St w ze) u% s A
, 0HLNOD 5+ ved o
ﬂl Y¥IDNHL SIOHS & LopeD
L GlaTIOHSIIHLY oy < 10 p— N1 ; Wy
£0 4 e g #EEd
Il osia 555 ¥ LH)\/?.. ot
£Led
O0A  UNdIng_L3SIY | €83 wam%\ +
Ay <+ o4 #2 ¥ Y
6EED / ATED BE YA Pt
ABS Tes 522y, ymr oley SEED
+
v Za)
NOULEYTSO ’
2ISY  go TS
555
e S3A ¥1o Nafan I77
b i 8 Lig-
NMOT AND
792 Bl NI'0ey gega g idzms [F e
..Dl ¢ 2/ mwm.\ 7 iy} T
20 %5 0 et N-983 umJl'Nvl' et 3
SHS Nmmm €7 2€3 +2 2 2
+ + 0i-953 i )¢ £6! Dbl
o 111
p— eIV e EEED
Py t PETIRIAE ° 54

B
Lad

5 HS




000-#2i-1L | gy0D INIWNYLSNI dre1fay
6 #06 13IHE }
22l NST I LHWIHOS
(8:p)X 5%
g x 06

Sodo4

AT

8Xd06 |
—(2
z | +06 \_
.
623 P NJE
263
8-v 8 ¥ g
9 QL m@q‘ﬂ
b zb3 S€3
b 2.1
el 25T :
o] 2 Yare
5 - H 0|
AN TENEE | .., amm_
%63 623 823
_ gl
£l 2] & }
oI R EI TERANY (L
X.N Xoom N,~ w..—..Omv ¢ mmu
853 2v3
se7
(Ol - e
1 2 5
>
G ovs L U0 QW\\
mmm m.WV.N
b
. b5 >
(ZxDxogp LTI 4 ZX1 * AN S
R 703 583
823
{ O : %\wm o m\t}\ .
TNy < A 2re FQ(QWJ_E
623 253 823 823 °

é}
in)
'y

o51

R-KA



b-0r-018-210-1L

WIACH D)

d¥OD  INTWNALIN NILAIN

b =0/ dMe .
ar (SYOLDINOT FR0X] 204 SIA T I ILFWIHIS

128

!P..ﬁx%i JIx g-g-p R EE AS
LE NYRd
i M OBAGTAIY e B ST X7 \,m‘
AQG! NS no
AC Yl Al
1257
FHOTNYLS NOTSZL = B Do | 2 | 22D
ACO LpGr = lﬁT BEESN/
- Fia
ot = Vi
(y-2r) vooomt
NOTEXYOT
DIOUDBVOS FEOFS =
O AN oG
Nid TavONYIS =
F4T I
o7
o2z ,
: FYXESIVOT
. giry T
TFINES o % A5+ O
FOLINON
H \¥j
. Az -
M . . HC OuS
P 470 b a LOKS SONVIK,
ﬁ.I_J \I, Yoot <€
A L 220 0s1d 2
EL2 .
120 % MRS 1
15 220779\ xor
I Yor 1 V'
20 '.I A oV ev¥
{aows, iv‘ BviY ]
o) 278z | o~
ASHIE FIZ N 17 4 P
J  zsa
HEEPS
1y ©

8-60



m‘a\-%.%&w

MR BMi AT

SHOD INIWNYLSNI Y3/ Fay

-4

aos

6A0L LIFHS
QS&%&&QE%@JQ@SEE%@ AdPPYY.
HOVESSIIM Y 18-5%-
ot L MO 19 GIAOULIY F) oo
T ZLO0 RLOU m
ﬂ WWYJ.W AN WH\MQ\H. N _ m.tm.hmk
EL ] ¥-30LL
w«w@ vvm.é
4 boB NI
NOTVE £
@ " 45 — HOoO—0—
e b Bmv soosm 2 SEIT EXia BB/ STIq "$008M1 el .ﬁ
LHS oL = L1 L A A S beIa 8195 Al] 008N
(SR - A e gxia’ gresm ¥ rea i
2 .ﬁ. Z1A01 ‘B OEIT LI 8185 NI Ty BIBS N " ® _
, s b - Mot
_%u 6'6# 6645 666 S 8Lz W 664 665 _
Livy Sizy by § ErTY | T nes
Mo
1o 665 M 5°6F < &6+ W BLT &6F 665 W _
oD sty 0/xy | 60%Y 1 B0%Y 400y WY m
’ 2LIAOI S glQ giasnl & SN0Q  MNQ'9BSK & | TI+  Tl- .
btloSs < 006N % BliA HESH 4 BT ONQ'8I8SNI 25
vy S s00sm & LIG 8BSl & ENG  60IIGIeSN o | AEO0M [HO0BN! _
3400 : $o005Nr & 211Q glasns & TG 8OKT b0 & | 201X LOIT &
ALyl - - ’
@ TV 255 _,5% _ “
v A m_ A g A |
LS QL @ qs5s
4 U\ mwo0 aves 272
LT ANTYE " _
| pon ! !
P S N S PRI v )
¥oS | 6°6b 2 665 oor
zoaHA&v LN 100y J00zY PO Fp0oenT 4 _ 5-1L
7 £01a | xoia w |28
1 SN
A ®
ST v0TY P | 9-u
N/ & M5 0L

8-61



i abe s

€ O-0l- «?j SHOD INTHY.L SHT «ﬁhu*

AOVE LIINS

¥ 13205 335) CNIWIND)TH SIA U LYWIHOS

;%«mmmmk.ﬁ

hp g g

AR FAADGANY E}E

AFOAMYLS MondAl- B

S o

(ENS) (EHS)
ISl T S
¢ -9 PIENT
ﬁ.' —r L ¥ OO/ » ¥sIq w.&_..k\ Tt Tl
- HEN | B/ BI6NI
g9s h maL_ #a L s
\GT.\,.__ : AN
+0 ) qmm“ v2s | .wmmw
7
r P %mm.
995 gss < |9 .
0 Y
e/3a oot 4f3 M m LO9HNT
29/ H Sy
L4 L4 o 1 Ew
e =
& HEE
e P
| A 1)
408 | 407
¥obiy .‘wﬂr 9T #0]
o/
25/-0 < vy Ae T
T+ Ei-
Mg SOOI | FOOR,
i 57Tg7
4
X A e il 1 a0 XE'E
85 | SEY I 0o/ A - B
# ] i + Ty f
waa §9Q Lo%M
i3 ‘v £ AN ? S -
——————
& < oo! 00/
o 1+ o 57 4 Lvd Ty
re
gry

ASI+

8-62



P01~ G~ 1L HUOT ANIAOFLENT NILRIY

Wi GRS
6 SO F u#s ‘.
P 207 SfA "2tLVIEIS
ad 770H W 2.0 22 m
4§.5>|-:t|1§* \?nm/% £ QBADIa a.ad %..“
- &eq

L7
G sr-Blo2em7

preivt =

Acortipor = ={i-

||._l|
5 nﬁ b
LoD

S
489
| eey

pry

o

SFHIL %&. q&ew\ -

1o il
s 2ovst 79ty = “r v T
z-Loi0 ¥ ¢ At~ A+ O w « h
| VatTr 4

(z 1) i- Q;h o ?NQ -~ "

‘e vy C -

° N
o o7 E s e 3]
. Peb [ AOKE zre 4 = ﬂ.
e Sy
PA-T " AR H
| @q
Ay Sl — H — Q}@
T sHg comt= & -
A SONIW &
- G-eoir {21)
@.\ Vs § 9-es
.. X2z 820
2i4 % oL et A.V}.n
\h..x I He = \mﬁx.ﬂ
f -
R S RUL
2 C— ags
S-golL T
. L o (ret) 8-t
~foLr =y -t ¥ mn ;
ASATS = = &NV «5
ASrt PogoLE

8-63



<01 - 01 ms.k_ SHOT  INIWOHISN NILATY
W eI Dt e
Mnmo ns 207 SIA DLUMHIHIS
G 37emm JR 1888 T
TN L M arind AU QBACHd AL Hos
Ay LEOT =
Biong =

OFE
#,
& M .b. I3 2% _ £ Lﬂul
g-onr OFE $idd .&.hwf_

]

gh
-onr 29 P

. s oL
B NG B ot 26d

(om) I7§
Tt
(Gus) AIS
i3
Bidd

%
MELIosT yozs x4

£;

£ s
LS ST

(sov 02)
rizzase
Db
wrw\ . e 19 iP, 4
o ; Fuor
522 2% P27 7

%/
i
MNItBY

G s )

LEHINGD Gtk

8-64



< -0f- Q_‘.Q_ri dy03  ANIWONLSNE NILAZY

L e idodin i

6 505 iXS
S

R _ -G -
WS »...i..n«L .\Swfm. 1o Bty STy

(AT A) 201 SIA TILYWIHIS

L /ﬂw\!@
& EB7
_ +ip (1 445}
5 200 O YRR A
£
q _ )
(e rs)
“ >B+4£%%
s NT;V«.W\. g & of
SRR %
- §3¥83L N 3¢ e x\w
N) eI T TS
2% o 058 oy oot
= oL o W
nn o S2RBRTYYI &R i
gI[ 22T Tzl wepeey g 2 oo e e 4 o, I |
g o
s Wi -
M
F [2::2 o/
8 oo
022 oy
opa | Jeeo
&
i) ¢
)d\ ﬂ ﬂ
17 2118 plz 1Tl ig
ol
fory
.* &7 057
% ] £y ls o m, £} B o
£ = el 1y 829 |0 g |, A0le BNE A
I
m,“ AT BN T ST daL i D P
e ST X Xt X T X
e M AN DS -
A& ® F7 7 7 Avxﬁo‘wx

& £
ne * EX A G w2 £ ~ 5z
e ® - AN 4¥ 4 @rs) T/ CLHS
. 7 7 2 4 )
V\,a & oy 1\/\/\/.?%&@4 s 7 T4
259 A ”
oz'er ASH
A+

8-65




e i)

£-0/- e?%.a_ IO ANTIAIALENT NPLKIN

a9 LHS

v i A1) (WAT XD 20750 DILHISIHIS

1‘. Qn.m..ﬂb\.m&b\w\ - L_‘m\%sv‘!um
- [N 4 e zk-:z* &trm A c.!.u‘-* e T
Ly
N
ACG 1500 & = HU\
| e Yoor
052 YV
¥ e L2y
q (6#9) b 45 e
; 120 4\ 24
y — The 2L T T 1T
] sl e e ls io ¢ e |6 o j7 t/ | (¢
By TN [ o =
R
> AR k.
[lo. = Wae/ 4 e ) o
L83 9 ¢ oo FE W ow 228 zs:w
= o Y
SRR L i 2
p2] 72 5 52| #2[ £4 2| 12) 04) 61| B\ s 7 15 ¥t +/
3 % oo et N
¥y 21 wo!
! 2y ozt
¢ b
T2z £ Py Mos
LpZ 10
WP LHS
Qinc
v ADEL TP
plriz als |y slrle g |#
Mof
iy FL :
g PEF ££7
Ty E FEEEIG
@O O 5/
£p=Y 227 |y 237 o 2Ig s 0 |¢ SN A
& #5)
Fle
17¢
-
Pl
UNA
9r¢ &
PF g il
ga ST

t$5§$
27 (e iHshors)
BHE o oetbr w0

Vo L HS
tH 3034 T

8~66



€-0f-Ol-x1i-14)

W DREAYRD

G0 LNINNYLSN A2 K3Y

6 40 v9 I3RS

OIS 33S) S YD QVOTNIAC SIA "DUENIHDS

k&%ﬁ%ﬁ e
WL AR mevus o2 NG —
156
185a¥y Ol
wor)
= i+
Sory ..W.
Q ..w..aQ = Q\Q\ o
A .N..v N5z yiv 490 T
il AnEEEL =
pism ory iy
Ny §5TCa 459
7 ¥ 192 x.w.\w THS
VI NO
v ey NNt ’ EIY oty e 39654 1,
40 NL LY uza  eiewt ~ly
EsTa rsed 0/
K8H'E
oa9rY ot
B5eY u.%..
airAo - oy} % ep
= : 0
¢A) A s
t.m NP 5/~ tSTY oas
&y 3
i 5Ty NS A
[ ‘soy no
oy Xex 4 —AAN
# \ /38085 A.
#0701 Y mwmmW PR — DAy
70 NE zHIT 16 M = .
Ista  o05zq L$0" o4
ST it yesE
450 05ty

867



C-op-on-Z- 11| HH03  ININWOXLSNE MFIKIN

wiuwcn Dusiaven |

6 0L 1HS .
ar Cormmys} 20/ 5i0 "DiLbm NI
LT I3eADIN 3 ig-5-p "
T i waked \Hj L.y A% ORACWSIE \\_&\; R ﬁﬁ He)
cax
£
&7

AOC! \b.v.n.. -
PleN =

pa s { :
o > o, bl mnuH oor mﬁ: A e oo
Yo

o
42772957 2d les o




Né?%-m\\.i HYOI LNIWONLENT NFLAZN
YARPOH DHIMYHA o i/ oL 13 }rﬂu
. mm ws%.%h./\\%hn% EOOHRY 3 207 SIA T3 LEWI HIS Yor ol .
T 5 (6#5) 201 S ASE sy =
E AQ MMVHO % Ov AH QIACHDSY ..“m«.i..« W
/ 4,
FEass k ola
%
£
H
7
7] Ly e ; g 14
e7] po S LY k2
= ~ANA- & i £ k4
frntrs . 4
Acor 0 = At I /5
oeow = o] 267 27 o ol 122 m\ nst
£ 4 y
a8 WYW S hoEd &0 = O 2 & e7 ? ¢ 2
9 HE WOMd SOME = () B E & W&”\_imu
) . 3
S He WOEsE PO = O ? ' L4
& } 7 5 ®
@& 7 77 ri ! ®
® L 7 o 7 7
E 7 % %
@ I Z £ 174
152
o2 } W_m‘
oled 157 _m\ €57 ol gl or _mw A5+
1
857
E : 7
7 \m\, </ & W.@,m
e ) rs/e : /6 v ®
5 ! £
& = e 257 e Z @
L 4 7 7 i 7 @
@ Iz ¥ & £
B 7 7 £
= 7 7 4
ASZ
AGr &
A REE w6l 622 mm\ AsH
) 4
2/ &
& k4
® - st e
Py - : i-4 7
2) @ - / 7 & i /
o u K& £/ 0/ o 17
Eﬂ@ ¢ ® &2 £ & ° 4 i
A % N o Z £ &l

sour 60D




z éé..?m?k_ HYOP ANTHOIILSNI HILATH

HIGHNN DNIMYHO
& 50 6 IHS
sr
& FIEHI

(ouao 100GvaY ) 20/ SI COILEWIHIS

M 18-G- 1 3YS
\Mswd., A4 03A0Ndev | AL FPOE

rogr CipoT = -
TF Niviv GiA WOdd &OIE = O
G IHT. WO BOIL = O

S LHS WO PO - O

SNOLLIBNNGD MIFEND S - B = O

Eﬁ\» Qe 57

g1

AG S -—— AG
= 2t

L. PE——et St
g

A= -—— AGl -
EA

A4 e Qe 15
2 ET

GOIL

SOLT

(22)

AGUTY B180

L

oy b
21-601L ,Hm >_u_>v

pel) E

i~ &OHL ot




L-6/-Gir-22ig dI0D ININNYLSNI NFLKIY

WG BIRAYED

s .

thor 1y FEONS " IS
q 2EH I Bedep BT
d AL, B Rl AT ORAOMAY P R

—

N tvanvle = D
HAOONWLG MR =

on Mg = () pmm
e comen = (@]

».w..uu.\,

HOOEN o if—
HAWE HLIM [YELS WXL ~ H
SNANT? LOd OFKIS - I
(087 ZTH ANLLOHSE )
pIREF Yo BlasM - (1]

"5ILON

ane gre i
ane VSO A oo/
NI ane A/

T ¢

27
L ooy
HYLS  &60%
S P

' INEID VIH0 A/
IV

¥
g

m,&_q
MO H o
A

(&)

S




G002l 0D LNSWORLISNI HDLADH -
SANOD A =i 0] Yd BRWAYEESSd DIINHEHDS e
e N 7 R | . - .
e waoue [T T YOUIINNOI A-H N 6 2L = _
TNE L
2003002 X Mgy 990 =) "
201270 % Md8 VL= [_ | —
IO LaBoUS YOLIFANGD X Nd LS = O {HBI) _ BNy
SLNIzd ¥d SV E AT on
: 3 AXF H e
" YOLITANGD A Wi L = A_ (z o> Way) Lot
Y ANV {71
= A WIHTS @ ON D wad TONI
(R d -an =l $3ATIA Harni AV N
. A . a ! Iumij ﬂqit.'.llu tETTTT T
iro ks oY -
sin o o & P '3 moadn 3t 9/ sin 9iE axea
&1 imo o . . £
. ) {(z%
e oXo

©0®00 0606

UV — ~O-@-—--@-O-O-O-@-@-O- -~

g (mEmoT

oI [=]
L et L .G

oN ..“
Mo AE
wieen N

§iL m
(o

AISOnAaHL |

> ;

[AMS T -

Id =

gt

o .ﬁ+_lml_

L=

Q00O @~~~ ©-G

+ dv7 - ev- cuar DO ono

8~100




t

=

S y-2 L R T e RS AT W

38 24

AMOTET
S Rl D BDEF ABE oy B
z O ANYERTES Connberat 7o
AL NESE  Tén
BEAPIIE FI PN
PR &S il
TS AR T TREE Lt

ljge @i

N, AusLes
} Cooae}

gosan - rpveTmD ST
gara <A EBES

SCHEMATIC, Pl FROGRAMMER. | TRIM MOD.

LR tRAMGER
Aoy Fad BTG ENT ol Ti-H4-00000-8

8-110



2
8

I

NOTEF

S RLl D OBET ABE i PO

2 O SN R TES SonmEeral Ty
—— RO AR T

o APEAPIIE T X

(——— O At ESE Ta A

[ORL L
TG A
L] 754

age 2
(L

O%a 7 KA S OLTREE P,

-’20
23 )
3 6
4 ) 7,
| W R}

o i

SCHEMATIC, P PROSRAMIMER | TRIDM MOD.

pury LA LLES

Ay fal 5 PR EST SR

FI-15-100-00

8-130



+0Q- Q0 -GH- 1L RO LNIWOULEN AR ADD

uewN SHtaved

HHOMLIN 3TN €d DILYWEHDS

26-@2-G uv)

DA

¢
NZHB

mz'ne

sehoy L3 o9w

100 WYaE

8-135



Boo-o0-I -1k

WA T y0

480D LNIwnyLIsN| 3arhey

TA01 dMs

HHOMULEN 298NS 134’ DLWEHOS

HOUESSI3M H _
AN NAYDO

b8-1-¢ Wbt

Al GEAOMSY

SISSHHD LNgLNO INOHS mif_f.
HdOl b &M 144

07 undzn0 inoys | 3R
IH LOcLNO LNONS @ b

AIH SO0 O
gar ()

w39 <
vr [

HOLIMS Ho10373S 124

oozxool  {(9y+—-0

2 St
002 X 01 @ai.,m_o o hm\
00exs’ @ 6l st

004 X 001
i s )
00ZX O HSL IS
o 14 3
004 XG" Q) )
6
004 X 001

004 X0l

HONAS

2L

010-€37

i2gl

SIAWONA 01100 o
SIA 0L O A0 S
. o £ o t
oo J=200 | 200" H H o
xg : Q
| 2LA081 i

200" | 200"
os 0
58Y R I
0%t

H8Y

4
¢

o2t
£gyd

02t
284

HSL

229G

ns3|

-~ 005
£88sy
Sl

8-150



|
oA
G

|

f?{./X.fM

cne ' | OVERHEAT
H i
+48

DLy
che
O

‘ fmm I_ Banetl
@c‘/l I c‘z_?;
k7152

i d
XE PRy

VARIAC

SELECTOR SWITCH

Rr 7K 2w .‘
_ | PAILS |

2

E Vitri ok
R3 10k /% )

0.5 X700

ANOTES.
/o KL DIODES ARE INFOOR
2 O/A/avmras CONNECTIR T

P PARD NMEBR G
FEA REMOTE T0LX
L1 &4, PRD MERR TGA

TONGH VOLTREE CONK.

(res

/9 s
. # o | v
»——Ig rg--mv——--—-—-—-o 100 X 700

(] #v swrew SCHEMATIC, P21 PROGRAMMER, TRIM MOD.
- SHT Z0F %
TRemRsd BARERR
Kcy_lr’c’_}( BSTRUMENT CORP |- 12400000

LEPECAED B ot BY
s 923 T8 1t-g-82 [7\'_ WETSSEACH

Q.1



%980 OOl HHOD LNIWOHLSN) A AT

Srink BremTRg

HALSAS SO0EAIN 1E4/1L ' DILYWEHDS GRS (—) HOd NOILFENNGD

£6-/1-01 it 28-2-2f e

1t ApACEY s CHTYOR

C¥EM BROnd QL wmommfmm?G

F2308d 0L Sih'dS0 W G

FNNOD AR OO €290 =

TBLON BSINIZHIO SSAIN 2L = O

|
}
_
|
“
“
|
|
m
_

& = ot g4
@Nuwn =t

OGO 1ed
21 @RI8 oNe
Y Sy g4

(NO Y3IA0D 1L
e3HLIZ NIHM
KT NNOD

(Mo prisis Ly : \ - | - : L %
SivL o8 TIav> o
mz_w&llm

Id
] NOLLDANNOS wiW B
O DL B Mo¥E 11
Vil 30 i0di0o A0 4
. b
Arodid 0 W ANOYS VIA

~ > 4
) PNOD o MNOILDBNMNOD Gl
0 Tt S TEvD | 2AvH BV

N BdH HIL.

awen MEDILY

8~-175



-4 Bl-01E-EL GUOD LNSWOALSNT WD AT

) {(MoTIg0Y FTHH Ty &g
RUOTATUNT Mapm B0 DI L WBHTS

Z 3] v
e I e

01 =
3TUQ O3 PIPUNOIAD JON !
n\ﬂ .
TUo pPIaTYS . 2TqRD PapPIOTYS

/ /[ Sre
Yo3TMs wWwOII II 2Q 8%+ yoeld A\ w

] 7/ p

yo3img 03 IT DA 8¢+ 3 TYM

J2WMECIDH UTUL

deam
DATM

FUM
|oJdeg ﬂ

114

8-~180




8-00-000-921-1)

HRENR DIAYNG

HH0D INIWNUISN o hay

122 NS 3 LINA 3994015 A9YINITDILIWIHDS

xummmm_m_)}.J
A TG

V645 Wi

AE ORACwY

3 R
E3z.]

IS 124 QU AH T2 O

SISSYHD

M2

zm_w
2y

a2l
20

me
WSH
3=}

H2LIMS ¥OLD3TS NS

0064 x 00l o

ooLx 0l $3°

004X G" Il

9y

]

HY Ol
£

HY ggz
e

HTBEZ
1

o7 J¥7J
FIOWIH

TH dv)
ALOWIY

2190



Y-O00-0lg ~E4. HEOD LNBNRELSNG W] A ﬁmodzzﬁxw 2

YK DG Lt (FAIMS ...ﬂ...v ¥ 1HHAG e
[ aums D

(aanvaza) ¢
£%

PO RS  LINDMID TOBLNOD 18- DiLvWIHIG

TR 7T A Ml
IuauﬂﬂiL pui-b Uy RS
WEEV.OJH MNIHM DL M

1 3G MowanNeD

SOOYN| = i
(d=i OL 08 &d)
HOLIANNOD Nid D 210 =
(Sav> M3 AL 4T A1)
B worTRnNGT N9 L =
{52y ro NARLOL 09 )
M OHOLTHNNOD Mid @1 igin =

{(>o8 0L OB AvIIY)
HOLIANNOD MNid 21 'O

H

WOLIBNMNOD Nid Bl HL

it

{indino YvIk}
HOLD INNOD Mid bl ‘e 7d

it

TIYNIWE T MO ey

V
0
(ds 0L 99 o) O
O
Q
®

220

QIAOWIE 38V SiL ONY
LI 1-AOW HIIM L 31ON %

qyd ANS

10X

ﬂi

AMEACERF]

(52w ~o 20305 |

0&.(0&0&
BNV ANOYA

12

el

Q0NN



-000-01g -8

HEPPRON Dol FAWSE

HHOD LNBWORUSNL D] A9

f
202 NS LINSRD IONLNOT 184 SI1vHaNTS UOLDENNID Md 6 624 = O HOLIBNNOD Nid '8l = O

fﬁﬂﬂmﬂm v?:&;%& S5 1A Wi TNIREL NOISV = O HOLIBNNOT Mid NSIWL = D

WOLSINNOD Nid B 020 = @ waLH3NNOD Mid & L = O
any

B~ 141
e T

{

}

m | (ouvos Tanvd 1roxd)
N

8-201



-000-Oe-EL HA0D LNBHNZBISN HB|ADY

W DR

HOLISNNGS M 2 BIL = Av

3 HOLDBNNOY Mg B'LIL =
¥ EQUITINMNCD Mid 81 'QIC =

TALITNNOD Mid 21'91L <

HOLDENNGD Nid 81 'hD =

ACOHIEEO" ~ M HON = AN

BOLIBNNGD NId 61'82d = O

3 0T LhS LIN23to OV 184 v INEHDS
%ﬂ&* be-tr- V.:m\.%m.wﬁ £,

NE-17

NI3E9-9
3LTHM N
HoYIa-H

e onlgee. R CR RV 13M 092

m,.l|7§<8 K22 Y LYY

i .

AN

zel

g

8-202



dEOD INBHWNRLSNT IDIATY

AINDMIS B5wne Ed IDILYWaHS

_ -ii- o ~Gimw WW
ol UL et V,%uﬂi @mll... kg

WOLDRINMNOD Nig 6 g2

H

5
O

i

BOLDENNGD MNg 2 '6ls

anNo IY 3Rt

Q1 oY Soe0e

H DY =t

Fm= 77 o LS
pe —
oo @
A Oy N PIn Ot
4 L aNmfon ! &
vllm_lo o.._.etA f . y—y .. O—b
- P B
A.F_O AYMIL%\E o1f I g _— | bS] (et
= 1 %9 7 (roums =aow)
Lo =
30 O S YET ﬂ
QENOE D SDOTRELNT)
_I!.wm:o Oﬂ. onNo/faTiim
o O—& aBfm O o
k4 2 ‘ FoHng
L g/ |
E— O..w._i NBf 1 a6
22
} o 1L 2 -
z0 ST o1/ M NA H __
NZ Mz
WO HOO!
o Oy ANB/T74 1 va =
I ¥
=0 O InvBfon
650 OM.L, ane/ i Ad'6
™

N2
1A= p-loall
z

. )
o 3 g
OO o . d = 6 ) zoyne
HOLIMG
3TOW

M2
ples
k=]

8203



F-00-000-810-0!

HITH DI RYHG

G400 INIWGYISM HILATH

YRS v 0MINDT MIES T ILIYWIRE

8-i-p I -y
‘l%'kanqﬂ.ﬂ“ ¥ .N-&ﬂm.o\eo& 7. CHER

$OOFNE =
AOLIINKD) N7 LT =

3 JOLIINNGD N8l LD

H

"3k WOLYANNOD Wid 9 il
W TINNTT Nid 219D

[}

AOLIINNQD NI &1 NI

1]

HOLIINNGD NId 61 *22d
TNIWHIL NOISYA
B4 UL Nid LE°520

(1]

13

]

o
Q
O (AT
Q
@
\Y

qQIA0WTE WY QI
Gy (10 1-00W HIIA S34CN 3

MIQT AR
55,

QIST7 NMHY
(HLIMS 11}

NLOLYD
A4 NOATH

QEVOd M

TN LNQYS

AOTIINT
WNY IS
L
|
_
BAANS >
71 o2 |
I
[ B
N7'7 !
- 92Y i
1 5 |
I |
_
;
'
!
_, 10 & I
NO¥NG 304 Gb+ |
|
6 |
(ST ND T} | |
+ ¥1 i
® |
I
|
|
_
_
|

8-210



§-00-000-810-0f Y00 INFWMILISM M3

AN HRUNDD A1 "IN IHOS

$407 IHS
o i

_ [ 5:2 78 Irg
EX Ll »-&nﬁ%oﬁ.s A EDR

anes

TN W3

¥QLIFNNQY Nid €1 '2d uO

oy woswe = [ o0z wd 21t = )
YOLJINNGD Nid 21 020 HO JOLIINNGD NId 91 = O

NIV

¢4 p2|

[

b
(@VOR )d NIvW) OiNT
I A

Ln

8211



mm.oo,ooo.m_o.omﬁ 40D LNBWNAISNI %3] AR

HIOROM DNGAYEO

PHOELNS oo oy AR IDILVIWIHDS

xgmww_m._s.x— FH-I-f A1 EB- 12~ Q) T
T VED >Wmmﬂa¢ :

VAT Mz 00101y

¥ WOLDANNOD Nid 8I'LL =

HOLJINNOI NId bl ‘224 = O
erd 0L Nid Le 's2¢ = <

QIAOWIRY FHY a0
QNY LIC QoW HUIMN S3L0N %

® oL£'s5E'pD
VA4 M2 006
¥ 0L8°SE'ED
| ocefse 90
0 Mz HooIe
AND MZ THO01 1Y _E,,. T T T l“
iz 0LE'SE GO _ G .m _
MZ M2 | m
MO0l XOU —_— e e
YOPYI0Z bA 30 - A
P T
o AOPH T SE &)
£ ang
2z
1z
é A 2er
YA 103
N N
ZH8A
r ! X

R-217



@RSS&éi

MESPHIN DRMYED

AP INTANAISN

XILA

¥
kevb.\ﬂ,b

YT NS "A-15d* HAVYWIHOT

AWML

bow s Jn B850

(LNdLO0 BUaY)
YOUIINNDD Mid 61 'C2d = O

yoraam) we 26t = )

anNsg v Fwns

071 v IR

H ¥ 39y

=

.

6 L
Ot
O— ND/TT 4 14 L 8l
gl f Z] ] C—s
O—d / s ANy [ |
Gt I awori (1) (8) aa (L) O O—¢
. P @y a4
O O~ GNT/ IH a1/ ”g hpp—{ G ) Oyt Y
gl [ W o =
TSI (OLMS IIOW)
Lo _ ic
Z T
(0909 2 MD0THIIND)
Oy AND/QTSHH
2 ]
b GN9/01
7 O O.ML (i 4
e’ O—e WIN
. 5 I g6
D .
e OB § 11 Z) 0
S ] 91/ H ‘ JouAS
MM
MO0 !
o OND/ 0T it 12
g b
$5,0 5 aN9/07
| el aN9/ i
N_. 9 ﬂu\ >vmw.m
e Ot ] iy
2 7 g @ ERHIEN
M
/s Mo Mg
P 14

8~213



#-00-000-110-01 20D LNBHOZLEN W) AT

LITPHNIN_ DR

201 1IHS

LIOTAID 0RINOD 17 ' S1UWHARNDS

b WS

X0
o

REFELN
VOLIANNOD M4 L%'1E = O Y £ ony
kmtw_
41 ==

WOLIFNIVOD Mid &t "HE ® D MC

! Yex

g-86H
13y e
B+ ~IAN(B
z
2 ¥
) o g £ o
4 H
b ,_.mw 1 D3
Aw_ Y gL
+
8k O-5,%% b+

Byt 134 Qb+

¢

TISSYHT FUYAS o
ver G vs

v40 238 msz

ok

8-230




HIOMAN DNIMYUG

3-00-000-110-0f HYoD LNIWNEISN ML ATH

TH0T RS

LIOYsD 300G W i DivNIHDS

bg-1- M
—— Ul

eH-p-| Biv
s FOR

——0 O
IlQ'\‘O O.M|u
oO ON i
mo O.ml..lii
% On
O O
7O O
28] O
3®) G5
w0 O..
1 3 ] ot G ”«
P} ) N & FA [X]
13
NEIL
ral
S¥ISWRE TWAHIFINT
_ruz mm
mumf_ a O~ e1=-0
N8 0—71-0
1o 2 oO—n—0
g m O =0
M 2 Olt.onilo
§ 1 O~ Wo-O

=231



[po-000-Z0-01 gy INIWONISNT N3 A3

PRLIE 11w 10480 204 HLYWIHS

m LRIy
AR OBAOBLIY

{I30TT NAAR)
(KA TD
BUTAS J00W IS

. 9 SOTT NI 11 N
NOMTH 7350w Mol 1J3MNO)

WIOTHIINT
yOOpM = —l—

@4 01 09 49} - Av LTOEEIORROIO:

HOLIINND NId 77 UF

S.aquxmbchamazwmvn q
X JOL7TNNDD Hid 8l LiL

L
“ :
SO &
CSINONIDLOLOF AT P | A— —4
¥ JOLIINNOTNIG 98I0 = A4 | MIED A00ZY M
(X0d 01 09 AV13¥) _ | s SOl 18 Ly
¥OUDINNQI Nid 21" L = A v 0¥ vin
(df 0L Q38 dd) _ O ! _ o
HOIIINNOD Nid @1 WT ! o ¢
G vy . () | 73 Wio
YO1DINNOT Nid 617524 | 75y
Wy Norsvi = L J ! @w
FOL2I0T Wd 18520 = [ W 1533
QAW AV BIC W MZ ¢
NV LI01-QOW HUM 310N % ! mmw _

*

YYe (N9
R LE]

[l
)

<5
-
A
(e od
[

A THvod 3
TINV4 LNOYS

21

(N340 1)

8-235




B3NN DHIWTEL

b- 0000~ 210 -0f d¥07  INIWIYISHI

YALINS pngun 104UN07 b3 NLYWINE

FUIFE A T
g Ly 1 vy 2

Tanvd Yv 3

(NN BYIH) (X9 019 AYTIY)
YOLTINNOT NId & .m&uo YCLTINNGD Wid 21°91L =

VOLTIRNOD Mid 18°SIC = |}

e

oo T Ty
LW
B
M7
qu 5§ ~
Jﬁ\omx.m&‘ P
I

1104 IR IR b
FivdS
oy

8-236



T.S.QQ?EQ.QA

LAGHHIN DHIMVHY

HAQT  ANTHNYISNT Y31 ATA

bAUY Y

1N DY W DUYWIHIS

)

&g NAm Yl I Rl
AT 3RO — ror

AQOb °

HOLIINNOY Nig 8 'LIT =
HOLTINNDY N 2 ‘[ =
HOLTINHO) N8I ND =
Y0LTINNG) Nd
MOLTINNOY NId 6 '§2d =

G807 = MUY = AN

gy =

Coo0d

9

=
%éss
[ A
-1 o

9

a

24 ~

qid

B 0/0'SE
F D

A z7

N7

SIS Vi)

M5
A0GL
144
MO
AN
¥a

NI REU

¥vy N
uils al

AOLSHIYA O

]
|

SISSYHD
3RV N

HL|._ -

8-237



$00-000-20-O1

HISRH DHIMYWT

‘d¥0D INIWRAIONT MILATN

108 [
LR 3905 Ted DVWIHR
_ LR WA g-20-7 e
T A8 DFACRAAY HrsE

{SHG0iT Nyl 8101 5
gios s
6017

SYIIWAT TYNYTINT

Q@ MEIIZ]

_—y

(L0100 YYD A0LVINNG) Nid 6l " §2d = P

v,
O Ot
g0 0%
:O O bl
t779 O
T o
P L
5 O Oy
+© O
"o Oyt
7 . . § ]
e}t
/ g

]

i

AA86

2)
I

=

1
|

fasp]

+|io|~o
0000

MT 00 A7 00
L2 Y

>th 6
|

O— N—Q
O 11YN-O
O~ 1710
O 11/90
oo —0
O~ IN-O

-

—pn gy

MZHQ00 T HO0I

]

]

8~238



-00-000-£15-0f dY¥0) [NIWOHISNI  HILAIM

G507 NRIs)

PRI 11013917 BAINGD S “NINWIHIS L

— 5815 @%ﬂ& $H-L0- .vu_-:a iy -
> SEERO

2 G

YOOPN = —id—
(A L T o)
¥0LIINNO) NId )AL Av

(Sdv) Y3174 0L 3 AYTN)
* YOLIINNGI NI 8t 'UT

STy M0 NyL Of 09 AVT3Y)
€ WOLIINNOD KL 990

(XOH Of (T¥V0d Av138)
YOLITNNGD Kid & “NE

{d QI dWVed 447
YULIINNG) N 8 HE

CLLK ¥Y3
YU TINRUD Kid 6 "8l

Y03l |90 Ov] dd

e | indine

1"

4
4

<

[
L

M AN
IS R YA
024

B

I

WAIWYIL NOLSYS

#

1

JOLTINNQT M4 L7520

it

Nao000

FOLITAND AN 9 SIDTHID

M
b+ @

GINWIY 8IT b

ONY LI [-00W HIIRC S FIGN 3¢ 7
i

i

I

I

|

H

J&

(53117 Mg 399%)

eI

L

INE
%Y

Lei—{s1)
“ Vg M
(o¥4od M Nvw) : A:ﬁ%m%&v
- e e e e e — - —(s
ST b mu

8-242




0000051 0-0f

HIANON DHIMVHG

YT ANIHIILSKT WAL AT (INd1NT I¥IH)

#4070 LHS

LI TIUINOY CFd “NIVWIHIS

s UG T

Imz& Wy

FOLSINNQD Nid 81 "Cld =

4
a9 St
£
0

¢
s
Lé]

(13Nvd 310
x%&mu S uﬂq S SNV
vor Y e ()

*mg »IH—

(xXod 01 g9 AI3d

JOLIINND Nid Ul =

YOLIINNGD Nid 1§ 520

c .7 AN



FIGANH DRIMYST

q.a,aa-ma-g_

dH0)  INFWIYISNL H3LAGH

L& NNYLY

LYY Y G4 THIYWIHR

g

BN Lfph [ 8-c0-% 2w

AR OFACHY e TWaE

(Sq¥7 ¥4 QL T8 AYTTY)

01T W 9 UL = N/
OT 0L g0 AT

WLIINNTI NId 21 L = O

(44 01 09 d4)
volfiio % e = O

(539 NO NARLOL OF AV TN
Y01 3NN Mg 81 g = [ ]
YOLIINKD) Nid 6f "S2d = O

WOLOINNDD Nid 25520 [T
AUV SST" -MT WOl = —Haaa—

! ae

f Yoy

a2y
MOS'S
) AOCT S
ary 8
Ly rllcllwu/o
AW Yy 6 53
4D,

(09 AVTIY)

Qw3 et 01 J

e
W
&

SIRSYHY
TNV Y3 m

- _ G et

244



BT DY

_w.ccécc-ﬂqé_

"0 INIWTULSNT YILATY
VIV LIS 9w 29305 e OILYWIHIS

_ be-1-2 £ -0
Falol A9 G3A e, TN

(104100 Y¥IH
FOLIINGD Ndei < = O

SOOI
i

1%
o]
2 =¥

. O
le:iail%hu W&

O-W—0

oo ow
TR
& O : z %t
o ot ANB6TD
8 ! it
-_mo“ o“_q AR
] ] _12<<r¢$L
M7 ¥Q01 M2 X0t
Y Y
g0 W
dU 5 EO 04
6 0L -9 O Mg 61
WO TONYIIN : _ ©
W EIL * e o ﬂ 1 5 ®)
st )
13 Y
T gl 21 MINOG M2 HOC!
szﬂw& m“ 15 W
\»
aaaa%:.w%w? Mw
:,., 2 mm
1
oo
71 d
ﬂﬁ m
AN o510
L] 0-¢1—0
zﬁuuoz w =110
!

8=-245



Q0-000-%10-01

HETHON DRimveG

oD LNSHOMLSNL 9D AS

SLINDNID DY FUI0ALNOD Gt (D1 IviNa HIS

bg-1-& * E@h-l W
"o TRA oy P AT

WOSIAGUZ ™ MOS'ANOCZ

08 62y B2

a 2 MZOILE  mzhily mzDiy
3z \m.miw AR, AAA Ml
N lzy oA 24
€ @
m bl
MOS  MOS HN ]
ADOZ  ANOGE v - \
2zq 120 gy

ONS

SR T e
St QL 6bd ‘NI L2 %D = D
ANBLN'O ~ M2/, 'BD ] fAAA~
POOPN! ——fil—
LLs
@ AP AP\t A A e
: MIE  MTDIL MY
1 ey 26y lex
MOSNGTZ.  NMOSADDZ
Dz TN S2a N A
c/yw.ﬁ NZDILE  MEDILE MZONLP

(Loa> o)

Pix /(_

{
. N
8
bNGS BMOG PNOS ZAO
$.5 3o SheSINE i
% S92H Teiy g2y § 12 [}
{ M1
& B . B Iﬂ
AOS | A0S AOLE N
& oS o
oLs b I o 4 ¢3S BB O A o5 MO%
L
ae I ."M.wu > “_ o k' &
Tk 5 _ Six Pix
MZ 00T ME N0 {
55 _,wﬂ
L
psoa_
AOLE 208
4 SE i 2
MOLE MZ a2 b;oe_
e HOO! 2]
R o (
é o

%

2=}

. MZOEE MZOEE o o

e e e e o o o e e

&

B 0 ixm__o

i

¥
8

[¢]

& ®—f
\
d r o \_\ou. .,W—M_\GJA m_p.ﬁm.l_,
£1a
B2 _ __ f “ _ Lo ]
a_ohm.\ L |2 >l m
2bd S [ ] . § 1=
¥ L ¥ L L L v+
Il BHG 80&2%T+. - forS A rex b N
113] | v~ A
o Ed . €5 S22 7 KL
~ - ~LAN AN “iAM tba
e 4 £bat Rbd Ibd 13486+

Qibad
8+

8-250



P00 d¥m) ININGHISNT YILADY

HFREH DNIRYHT

200 IS LT TOULNOD T5-tbd “ UWWIHTS

Yo123/m07 Mid 2515 = )
2710 vy wa s1-s4= O

12Ny w7y

-2

ey

XNy
INIY
¥

REY-EE) H nz_x
v 2H
ik
q:m\mu\

-
| =
i
i
i
Lﬂ
i

AOH

8-255



HINHOH DHIMAIO

— " - i
L AR e 8 @M .wv ».w:%&h,w&t«

andio vy md o154 =)

.

o1 OWE
7O Oz7—¢
70 O
570 Oz
‘..O Oh
e Oz
SO O
— _ 70 O3
@ @ | OO 1 o O
: , : FXAS ]
7 5 G@ u‘ €7 27 1
<
§047
$104 1
SYTAAIr TUNEFINT
F9¢!
&
o O~ <=0
w§ O—-21=-0
Mm 9 o0
g w O—n—0
¢ { O—5—0
M, 2 O~ NH~0O

8-256



00-000-920-0I 40D LIATUSHT NI

YR DREMYED

PAOLLINS JID¥T TOXINGD O5-Thd " HAVWIHDE

ARl LT w

poort o —f— 9|

BALIINND Mg % ‘g =

3 WALIINNGD W4 B TLig

3

000000 Ca<<

% woLaNNO? Nid @l@in

1l

i

HOLIIMNGD Nig Biigte
WOLIENND MId BIFNL =
woLIINKGE Nid 2ifoze =
BWOLIINND riid 61 7g2d -
WOLTINNOY pid 21 lelr =

T HAL NOsYd =

WOLIINNOD ~Nid lg G2l =

YO QN
EAEAAYLE]

TINOWTH Ty
QIS+ 1-00W HITR 310N %

WXTIIAT |

8~260



COOBTOT q40)  INIWDIISHT ALY | (a0 wvaw) (0% O 09 Av1)
¢ = WO L3NNGy Nid Zlfer =
eya———— AL O, = O

- N $5-9/-% v , e
I BETL UL [T FoLINNDY Mg Le'S20 = ||

PR o T
g 7
z
0

Rw261



00-000-920-0)

HHRRNN DMiBYHO

dE0?  ANIWALIINT HILATH

BAOCANS DA W B-2bd T WIVHINDS

..nk.a AR Zliam %miavvb,wmuvxoﬂt&q

YL ITNNOY Nid LE°SEL =

(54V2 3347 Of qF TR
F01IINNOI M 81" LIL

YOLIFNNOI M 81 'SIT "®I[ =

(Xog Q109 AVII¥) -
FOLIFNNGDY Nid 2 "N T

(df Of Q40T d4)

JOUTINNDT Md 81 HLT

(YOLSISTY N7 Kot 0F GF AVI3Y) =
FOLIINNCT Hid S 8IT

(L3100 F¥IH) .

FOUITHNG) Hd of "2 ~

AOOF "SI0 - BOA T = - AAA~ é

YOLIINNTT W L 220 =

vV
L
Q
O
@

O

c

g ane TINYE 2 ]
WL O ]
xa»mwhg

R=2R7



09200 4307 INTWONISNT X3LAT

PIELE jimwd  39ws 05-2d  itvwns

G ~ v |
%.ﬂﬂm o-O UL

REbIE
et RTVOR

(LTI YY) YOLIINNGT Nid §1 'S4 = O

(53000 WHD 90l 5
QIaLE

69L7

SYIJWE AYIIRL

® Gw

|

(RN
e O
LE Ory 4
e, O
=] QO O .y

S 9 20 N

% m& /
g 7

o A e R St

o Cod o s e

— =<2 Oy .
—F 0 Or
+—0 O
] O Omlflv
—= 0O Ot ANB'S
&TﬂOoleO.w..!i. 22
o 11 i
Loweine]
Tm.i.mOu ww|u awwm.o_ BMMGQ
A Oz ¢ :
W.O O.{ AN .@
e O5—* ,w
00 ﬁ il n_
18 BT MO M o
7 1
o N—O
O 1n =0
O— -0
O nif9-0
O g =
O- M -0O

R=PR3



00-000L20-01  gy07  INFWIILSNI ¥3LA3Y

WIERON DM

PRI ayyn) 0¥I003 OS-Ehd NYHATE

|JHQ§* b3-974

POOTNI =

(44 OL 9 d4)
BOLIINNOT Nig 2 2L =

(Sdvo ¥aund oL dg A1)
. HOLP3INNOY pid Bl flag =

(534 No v 0L ga TR

P 3 VOLIFNNGD to g att L =
(x0% . a¥vos AN

HOLYBINNOD Nid zl'9ls =

(44 oL a¥vog dd ),
HoLoaNMOY Nid B UL =

(Q¥vod 1)
UOLIBNNGT pud 2 'OZL =

{40400 ,mtwwu

of
wod
TwLEH

aiwﬂw NI I M
30YW NOLLITRNGD

H@F(NSKWS

WOLIFRNOD Nid & Cad

{gwwos 11}
HOLIBNNOGT Md Z!

e W
oy

‘pif =

TN FL NOLSYd o

HOLIBNNGS Mid L& w2l =

OLITHNOD NI D1 GEHIL =
e azwlli@lt 132
ONI LY o+

B+ |

(satnno 3IDYNS)

"AFADWIY IUV BIC ONY
L0 T-a0w HLIM 310N ¥

A Tueod  Dd

“HEMNV .rZQ.ﬂuv

8-270



00-000-L20-01 a0 INIWOUISNT  N3LAIN

HEROH D YYD

LRI

LH3E) TN N0 O5-Skd DIYWIHS

4hai:|.iéa._ vw&ﬁﬁ%” [

cd-e

et

YOIYNNO) Mid §1 524 = ) AOLIINNOI Wi 20 *onp=
¥o173mn03 ma 25521 =[O

(104 100 W) {XQR 0L Q4 AVI13Y) O

grt  ab+

Hva ||H

t3rtws o3 arib

A..wzév
' w1l w3
e s

2L

a bi

(axvoq 2d rivu)

MLV

FUVdG
wG"
e

WG
24

8~-271



0G-000-L20-01F  gy0D  [NTWAZISNT Y31 ATN

WHENN BRIV

05N LI N OO5-Tkd JUNWIMDS

I
i aad.

Yoso7rw07 Md £ 220= [}

YOI ITNNID Aid B8 = 4
YCOUTTNNOI Kid BISIOPIL = D

QQ%SS»S&EH O
FOLITNNED Mid 8 HT

ot @an . ()
ARy

S - O

yarawod w52 = ()

Y0197 Md 157520 = [TJ]
AQ0b "E50° -k "NO/ =~ KA

EESTE

wa any

e 128 oL ﬂllﬁ

GISGYHD

TN My

BITA O ]

HOLSIH YA
oL

sl

8-272



QG- Q0L 20-01

HERWR DMIREYW

ddU?  ANTWNYIRT AILAT

Al LHS

LN FTROS 05-5kd " IIVWIHTE

Sicr A8 z!qso_

b8-9- a0
g

(INdIN0  ¥YIY)
¥0123N0 Nd & 524 = O

O Y
P9%a
e
pooy N
rA.) = or
< b 87
B Op—= ™
?Ocii.l.ﬂo.f
5 O j AMBG'ZD
#C O P mw 1
& mwO?nl....wonml
& ’ s
PRE SO0 A2 oo
b 1=%]
4, ©
0L N 7O O
s o oF
SYIWIC  TYNYIINI _ M 5O O & 3 11 5
b €
my 77 75 R e
{-52d 1
NNGT N 9
(3q010 W¥HL) 1176524 SI
1524 H
1) ¢
ﬁ _
pRl
ik
116
$1 8@
759 O~erfa1-O
By 0-€1-0
HRTTON m O—11—0
Ww Y O—on—O

Q=27



00-000-540-0

JY07  ANIWNYISKT HFLATY

JWY0S fT " 267/ 054

£0-924

A O

e oL DNINIS NI T-$L = ..

HOLITHNTY Mid LTSI = @

MEET  MOSC  F2EL ezaL

]
L£E0-000-6t
PA
MOS'S MOSS ez _IEL
T
.|

8277




[00-000950 0T pygy . aWawmyiHT Y3143
dwros  gs “sb//054

1||||.* L9226 dedd Iy
T 7

cax oL INMYIS Nid §-SL: O

E A
FALIINNOD MId L0-ST = .
M OC
ATOZ
0 A
MDY oy
AQO2 WX

£q

Mos's M gel  emL

LR0-0Q0-6f
1

386 MOSS  STBL  9ZBL

. ..mnﬁveOQme_
11

8-280

NO FvLT0A HOIH _Htlm._




SECTION 9

Appendix A: Operation at Other AC Line Voltages

The Model 711A may be operated from an ac power source of 100,

120, 220

or 240 volts (+10%), 50~60 Hertz. The selection of

the desired voltage is made prior to connecting the instrument
to the power source in the following way:

L,

2.

Figs 9""‘}-

Make sure line cord is removed from rear panel.

Slide clear plastic protector cover from right to
left,* covering the line receptacle and uncovering

"the fuse,

Pull fuse ejector out and all the way to the left,
ejecting the fuse and providing access to the volt-
age selector board.

Using a pair of pliers, remove the voltage selector
board, replacing it in one of the four possible posi-
tions with desired voltage designation showing after
it is re-installed.

Install the covered fuse: 3A Slow-Blow for 100 and
120V operation, 2A slow-blow for 220 and 240V
operation.

Push fuse ejector to the right and all the way back
'in, slide the clear plastic protector plate back in
place over the fuse, and install the line cord in the
now-~uncovered receptacle.

gives additional details.

Power dissipation is approximately 50 watts average, 200 watts

Maximuim,

During the capacitor charge, peak line current reaches

15 for about 0.l second, in 120V AC operation; 7-8A for the
same duration in 220-240V operation.

*yiewed from the rear

91 , i



A three-conductor power cable is provided; when it 1s connected
t0o a standard three-wire outlet, the instrument chassis is con-
nected to power system ground. This prevents the instrument
case from assuming voltages hazardous to pergonnel In the
event an adapter is used to connect the three wire cable to to a

two-wire outlet the green adapter terminhal should be connected
Lo the power system yground.

Operating voltsgs is shown in moduls window. SELECTION OF OPERATING VOLTAGE

3. Open oover door snd cotate fusepuit to left,

2. Select opavating voltags by orienting PC bosrdl
0 poartion deursd volisgs on 1op-tefl sde.
Pundy bosrd fiernly inte module slog.

3. Flotete fuwe-pull back into normsl position
gred revinaert tuse 1n holders, using caution to
sntest coerect {use value.

Fige 9"“"1
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SECTION 10

Appendix B: Removing/Replacing Plug-in Units
{cPC, ARU, LSU, VIS, etc.)

To remove plug in unit such as the Charge/Pulse (CPC},
ARU, LSU, VIS, etc. {not including the Surge Network --
for that, see section 3-1):

1. Shut off all Model 711 power.

9. TFor the VIS, at the rear of the 711 unit, remove the
PV-2 Probe to VIS~102 cable connector.

3. Remove the plug-in unit from the 711. This is not
easy as removing a Surge Network, since it is done
infrequently. The procedure is:

A. Rotate the rectangular knob at the bottom of
the plug~in panel, 90 degrees clockwise.

B. While bracing yourself with one hand against
the upper left of the Model 711, pull very
hard on the rotated knob,

C. ©Only if the plug-in unit won't become free
from its rear connector with a great deal of
force, then:

* Remove 711 top cover, by removing the
two screws that secure it in back of
the top rear. Slide cover to rear at
least 12 to 15 cm.

* Use a screwdriver at the top front of
the plug-in unit,~pushing forward
against the inner frame of the plug-in
unit to assist: while also continuing
to pull on the 90 ~-rotated front knob.

10-1
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Application Note 106

Conductive Surge Testing
- of Circuits and Systems

KeyTek Instrument Corp.
Burlington, Massachusetts
617-272-5170

as presented at the

FAA-NASA Symposium
on lLightning Technology

Florida Institute of Technology
Aprii 22-24, 1980

SUMMARY

Techniques are given for conductive surge testing of powered electronic equip-
ment. Dealt with fifst are the correct definitions of common and normal mode.

Testing requires not only spike-surge generators with a suitable range of open-
circuit voltage and short-circuit current waveshapes, but also appropriate means -
termed couplers — for connecting test surges to the equipment under test. Key -
among coupler design considerations is minimization of “fail positives” resulting
from reduction in delivered surge energy due to the coupler.

Also included is some mention of back-fiiters and the lines on which they are
necessary; plus ground-fault and ground potential rise considerations, as well as a
method for monitoring delivered and resulting surge waves.

INTRODUCTION
Years of effort by a number of organizations have resulted
in several  generally-accepted, standard spike-surge test
waves. Different waves have been specified for several of the
most important application areas. These include waves for

simulating typical ac power line spike transients (refs. Tand 2},

and for testing telecommunications lines and protectors both
in the U.S. {refs. 3 and 4) and internationally (ref. 5). While
specialized areas may require variations in these waves or

even totally different ones (refs. 6 and 7), the mainstream ~
most electronic equipment — can generally be addressed by
one or more of the new standards.

Some of the newer waves (refs. 1 and 7} are designed to test
not just for susceptibility {upset or malfunction), but also for
vulnerability {damage). For this reason they are relatively long
impulses, implying the need for coupling and filtering effec-
tiveness at levels well beyond what has been necessary
heretofore.

© 1980 KeyTek instrument Corp.



SYMBOLS

C capacitor (used for wave coupling), xF

et} general expression for a time-variant voltage, volts

epndt) input signal, volts

eqnur(t)  output signal, volts
peak of surge wave, volts

.y general expression for a time-variant current, am-

peres

(s} Laplace transform of i{t)

L inductance, Henries

Q quality of a resonant circuit, non-dimensional

R load resistance, ohms

t time, independent variable, secs

t, time of first zero-axis crossing of a capacitor-
coupled impulse wave, secs

t, time of intersection of a wave with a fixed voltag
level V, secs -

ts i time for decay to 50% of peak for a netwosk input

impulse, secs

time for decay to 50% of peak for a network output

impulse, secs

3 the Laplace operator

T exponential decay wave time-constant, secs

A% fixed clamping voltage, volts

Wo energy, total deliverable by a surge wave to a load

resistance R, joules .

W energy, total actually delivered’by a circuir to a load
resistance R, ioules

W+ energy, total actually delivered by the positive por-
tion of a wave to a load resistor R, joules
W— energy, total actually delivered by the negative por

tion of a2 wave to a load resistor R, joules

COMMON AND NORMAL MODES

Except in the unlikely event that ground is used as a return
path, equipment inputs and outputs are usually ungrounded
two-terminal-ports. Elsewhere in the systermn, one line of each
such pair may be connected to ground. However, in view of
line inductance, for spike surges it is safest to treat this distant
ground connection as the high impedance it usually is.

Thus in most surge test situations, at feast two essentially
ungrounded lines are involved, with the one that may be con-
nected via line impedance to a remote ground referred to as
"low.” in addition, there exists the local ground, connected
via some other line or conduit impedance to a perhaps differ-
ent but equally remote ground. The situation is shown, highly-
simplified, in Figure 1.

One of the major sources of upset ar damage due to surge
is the circuit invelving equipment local ground, or common,
and one or both of the input lines. Surge currents seeking
earth can usually pass with least resistance and inductance via
the ground; thereby causing significant ground potential rise.
The effect can produce extreme potentials between local
ground — or common — and either or both lines of the pair.
This is in fact the original, and now only the alternative, defi-
nition (ref. 8) of “common-mode”; t.e., signals applied not to
both sides’of the input pair in common, but rather from any
one or more teads to common, or ground.

The reason for stressing this correct definition of common
mode, is that experience has shown that the terminal pair at
which surges can be most damaging is often the one com-
posed of input or output low, and ground. This is one of the
three common modes for a typical “two-terminal-port.” The
remaining ones are from high to ground {or common), and
finally from high and low simultaneously — perhaps less am-
biguous usage than “in common” — to ground.

SURGE TEST WAVES:
IMPULSIVE AND OSCILLATORY

Figure 2 shows an oscillatory wave and Figure 3 an impulse,
in each case accompanied by conventional definitions (refs. 11
and 12).

Oscillatary surge waves, with effective Qs ranging from 2 or
3 to 20 or 30, are often found in measurements in actual
equipment. Some test waves are therefore specified as oscil-
latory (refs. 1, 2 and 6). However, impulse waves have also
been measured {refs. ¢ and 10} and generally can convey
higher energy content per surge. In addition, in view of flash-

- over-imposed peak voltage limitations in low voltage sys-

tems, frequencies on the order of one or just a few kHz must
be postulated for oscillatory waves with enough energy to
simulate, in the laboratory, damage that has actually oc-
curred; at which point the distinction between impulsive and
oscillatory becomes academic. This blurring is particularly
true in light of the low (s, typically 2 to 4, of many measured
“oscillatory” waves. Their first overshoot is often no more
than 30 to 40% of first peak amplitude. This can be not too
dissimiiar from the overshoot obtained by capacitance coup-
ting a unidirectional impulse wave for test purposes.

Impulses have also historically been chosen to test surge
protectors (refs. 4 and 11), and hence find application in vul-
nerability, or damage testing, when energy in the tens or even
hundreds of joules must be delivered to simulate field situa-
tions in which protectors may be involved.

“GROUNDED" CASE
GRCABMET T

‘,im___ L

HIGH

INPUT OR INPLUT OR
THUT
v QUTPUT PAIR

QRERATING
EQUIPMENT

Zegya

—{ ZGROUND

I\ LOCAL GROUND,

QR COMMON

Yoeoid
REMOTE
GROUND !
Figure 1.
TYPICAL INPUT OR QUTPUT LINE PAIR
TOFROM OPERATING EQUIPMENT
Vek
0.9V

et T = 108 {f = 100KHZ} ———B

0.1V mmmi

0.5us el joih——

80% OF Vox

Figure 2.

SPECIFICATICN FOR STANDARDIZED
100 KHz "RING"” WAVE FROM REFERENCE 1
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COUPLING THE TEST SURGE WAVIES

Wave-coupling requirements are minimal for some of the
standard surge waves, particutasly for fractional or low-joule
oscillatory surges like the IEEE/UL, 100 kMHz damped cosine
(refs. 1 and 2), or the IEEE power sub-station 1 MHz damped
cosine (ref. 6). The low energy tevels and oscillatory nature of
such waves, make them most suitable for upset rather than
damage evaluations. These characteristics also imply small
coupling capacitors, typically in the range below one, or at
most just a few microfarads, to couple the test surge; even for
rather heavy loads. This stili holds true, for example, for loads
drawing 15 to 30 amperes from a 115 V ac power line, with
implications of only a few ohms load impedance. The 1.2 x 50
impulses of the newest IEEE ac power line guide {ref. 1), the
10 x 700 impulses now standard in international telecommu-
nications {ref. 5), and the 10 x 1000 impulses of U.S. telecom-
munications {refs. 9 and 10), all require more compiex and
sophisticated approaches both to coupling and to filtering the
surge test waves. And so, surely, will the 4 x 200 (or longer)
waves implied for power lines by a recent EPRI study (ref. 7).
The 4 x 200, i it eventuates, will be even more difficult to
couple than the still longer telecommunications waves, since
ac load impedances are likely to be lower than telecom loads
— just a few ohms for heavy equipment. The combination of
low load impedance with relatively long waves implies that
coupling capacitors will be huge; and ac lines are seldom as
suitable as candidates for gas-tube surge coupling as are tele-
com lines and others,

All of the long impulse waves carry tens or hundreds of
joules. it is therefore important to use these waves with
couplers that don't reduce their energy appreciably.

Figure 4 shows a variety of multi-line surge couplers.

CAPACITIVE SURGE COUPLING
The simplest coupler, conceptually, is probably a capacitor.
It is suitabie for cases in which surged lines can operate nor-
mally with the capacitor in place, when the surge isnt
present. :

CONDITIONS COUPLER APPLICATION NQTES
1 LOW-Z LINES i} LINE 1 SURGE
(POWER, ETC) REF —t il UNE2 ( VOC) C=WAVE
e Toc DURST
T UNE N URATION
{UNLESS LINE Z 1S KNOWN)
SURGERATED CAPACITORS
2. HiZ LINES WiTH -
STANDING V< 10 TQ 15V | pep INE 2
AND NO SIGNIFICANT E.INE/ LS APPLIED SURGE EDGES
GURRENT CAPABILITY LINE N MAY BE STEEP DUE
COMMON TO GASTUBE TURNON
ELECTRODE
MULTIELECTRODE GAS QAP

3. HZ LINES WITH
STANDING V=10 TO 15V

e LINE 1

(REPEATERS, ETC)

REF e UNE2 | AvALANGHE v
R S CIAGUIT STANDING
e UNEN VOLTAGE
s
SILICON AVALANCHE
DEVICES
4 SAME AS (3) _mw LINE 1
REF /—@—» LINE 2 VARISTOR CLAMP V>
LNE o “’{1}" CIRGUIT STANDING
‘ VOLT,
{Q},@ e LTAGE
s
VARISTORS
Figure 4.

MULTHLINE SURGE COUPLERS

The circuit of Figure 5 shows a series capacitor, C, coupling
the exponentially-decaying impulse, £ exp (-t/T), to a shunt
load R. From the surge standpoint, of greatest interest for
even this extremely simple circuit are the energy implications.

The input wave is:

eft)=E et/ : {1}
The Lapiace circuit equation is: .
IsHR + 1/Cs) = Els + 1/T) (2)
from which the output may be soived for as:
= (—RC (et _ TgtRC
eourlt) = Ef zo =) (e¥T ~ TetR() o)

The axis crossing, t,, is found by setting equation (3) equal to
zero and solving for t. it is:
RC

R -ron:

}In (RC/T) (4)

{in the fimit, for RC =T, ¢, is also equal to T)
The energy the input wave would deliver to R with C
shorted is:

wo = | T (1R)exdt (5)
which, when soived, yieids:
Wo = ET/2R 6)

Total energy delivered to R by the actual output wave of
equation (3} is

W= |7 (1R)eqy; (0dt | (7)
which yields
W= (ET/2R) (- CRi ) (6)

Finally, the fraction of Wo delivered, from equations (6) and
{8), is:
W/Wo = RC/RC + T) (9)
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Figure 5.
CAPACITOR-COUPLED iMPULSE

Similar calculations for the energy W+ delivered by the (+) i

portion of the e, 7 wave — Le., integrating from 0 to t, — and
the energy W- delivered by the {-) portion, give results in-
cluded in the numeric summary that follows.

Conclusions are summarized in Tabie [ for this circuit. Specif-
ically, if the RC time constant is equal to the decay time con-
stant, then W/Wo — the ratio of total energy delivered to R,
to what would be delivered if C were either infinite or a short
circuit — is ¥. Thus half the total available wave energy will be
undelivered for this case. Further, the energy W+ contained
in the positive-going portion of the delivered wave, will be
only .43 times the total available energy.

Increasing the value of the coupling capaciter improves the
situation, but a dramatic increase — by perhaps 10 to 1 — is
necessary before, as shown in Table [, even 85% of the avail-
able energy can be fumished to R during the positive-going
portion of the delivered wave. Also note the results of under-
sizing C. #f RC is reduced only by half, to .57, then just 29% of
the available wave energy will be delivered on the positive
neak.

Other characteristics of the energy transfer from the impulse
wave through the capacitor are also shown in Table I. The
axis-crossing, t,, is given (it is equal to T if RC equals T.) The
time to 50% of peak, usually taken as & crucial duration mea-
surement for an impulse, is given in ratio form as t 5 ¢/t 5 .
The table shows that this duration ratio tracks, very nearly,
the ratio W/Wo of delivered to available wave energy. Finally,
the energy in the overshoot, W—, is related to Wo in the ratio
W—/Wo,

The implications of the figures of Table | are clear. To couple
a typical 50 uS duration impulse to a power system will re-
quire on the order of a 100 to 150 xS time constant to deliver
a credible portion of the available wave energy. If the system
being surged consumes 15 A at 115V, say, its impedance will
be 115/15 or about 8 ohms, ignoring inductance. Obtaining a
150 uS time constant under these circumstances will require
about a 20 uF capacitor, presumably at six to eight kV, to de-
liver a typical 6 kV surge (ref. 1), Such capacitors imply large
filter inductors and capacitors for the L-C filter that will keep
the surges from reaching unsurged power lines. As a result, it
- may be difficult even to turn the circuit breaker on to activate
such a power line, in view of the heavy capacitance loads
such filters imply. Electronic or thermal time delays, or vari-
able transformers, may be required to turn on line power.

The simple capacitor can do a fine job of surge coupling;
provided- it is large enough, and provided that the

implications of its large value on the surge-decoupling filter
are taken into account. Cenerally, the capacitor value C
should be of such a size that RC, the {load) x {capacitance}
time constant, is in nc event less than T, the impulse wave
decay time constant; and preferably 2T. It should also go
without saying that the capacitor must have a voltage rating
equal to the largest peak expected for the test surge, plus the
maximum opposite-polarity voltage that can exist on the
driven line at the time of the surge. Any lower rating will risk
capacitor failure in the event the driven load breaks down,
and the impudse source is stiff encugh to charge the capacitor
te almost the full impulise peak.

RCIT ta/T {.50UT; WIWeo WoiWo | W/ W
tsiNy
1 3 1 09 09 03]
5 7 3 33 .29 .04
1 1 B 5 43 o7
2 1.4 .6 67 .58 .08
10 2.6 9 91 .B5 .05
Table 1.

EFFECT OF CAPACITOR COUPLING
ON IMPULSE PARAMETERS

GAS-TUBE SURGE COUPLING
More complex couplers use gas tubes, alone or in combi-
nation with clamping surge protectors, to surge higher-
impedance lines which can’t operate normally when shunted
with large capacitors.

While the gas tube couplers of Figure 4 have the advantage
of connecting the surge source only when the surge exists,
they have various disadvantages as well. Foremost among
them is the fact that a gently-sloping surge front, as may be
specified for a particular simulation, will be turned into a
super-steep, nanosecond edge when the gas tube conducts.
This severe waveform alteration is shown in Figure 6.

Clamping protectors are often used in series with gas tubes
as shown in Figure 4, to allow disconnect after the surge even
if there is voltage above the gas-tube arc potential “standing”
regularly on the line being surged. The series clamping pro-

RELATIVELY

GENTLE STARTUP # __
OMITTED ); v\ _
~a TUBE CONDUGTS HERE

§

Figure 6.
GAS-TUBE COUPLER MODIFICATION
TC LEADING EDGE OF CLASSIC 10 X 1000 WAVE
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Figure 7.
LOW-END “CHOP" DUE TO USE OF
VARISTOR OR SILICON SUPPRESSOR IN SURGE COUPLER

tectors, however, will have the effect of reducing energy ap-
plied to the test piece since they remove the lowest, heavy
energy-bearing portion of the decaying exponential. This is
true as well if the clamping protector is used alone, without
the gas tube, to couple the surge. Figure 7 shows the clipping
effect.

For the wave £ exp (—t/T) shown in the figure, clipped off
below V, the delivered energy to a lbad R is reduced to 68%
of availabie for V/E = .1 “Available” energy, Wo, is taken to be
the energy of the unclipped wave delivered to a load R, again
given by equation 7, as Wo = E?T/2R. Actual energy delivered
may be found in a manner simifar to that used to solve for the
capacitor-coupled case, and the ratio likewise can be deter-
mined to be:

WiWo = T — 4(V/E) + (V/E)F(3 + 2 In (E/V)) (10)

#f V/E = .2, less than haif of the available energy is delivered
— 45% to be exact. A value for VIE of .1, is a typical situation
for a 300 to 350 V varistor coupling a 5 to 6 kV wave; at full
current, the varistor will require on the order of 600 to 700 V,
At lower surge peaks, such as the 3 kV recommended for
some surging by IEEE (ref. 1), the same varistor will constitute
20% of peak voltage, i.e. VIE = .2, and over half the available
energy will be undelivered. It is particularly worth noting that
even if the surge peak is readjusted to deliver the original
desired peak voltage to the load, clipping off the lower “tail”
of the exponential will still leave energy errors about equal to
half the errors cited above.

ISOLATING AND SURGING THE EQUIPMENT UNDER TEST

Figure 8 shows the basics for a system to apply normal-
maode surges to an Equipment Under Test (EUT). The situation
depicts application of test waves to the ac lines powering the
EUT, but it could as easily be to any other input or output line
pair, so long as surge filters are interposed between the EUT
and the iines’ destination.

Common-mode surging, between any line{s) and ground, is
accomplished in analogous manner, by connecting the surge
generator Lo to ground, and employing a multi-line coupler if
more than one line is to be surged in common mode.

As shown in Figure 8, the ac line to be surged is first applied
to an isolation transformer, to provide ground fault isolation.

This transformer in no way assists in filtering the surge from
the input, it merely makes possible use of the large filter
capacitors necessary to reduce the surge at the input, while
still retaining the possibility of using a ground fault circuit in-
terrupter (GFCI) in the power line. If a GFClis not in place or is
not required, the transfarmer may be omitted.

{it should be noted that during the surge test, ac power to
the ELUT cannot be monitored by a GFCl; so suitable precau-
tions should be taken to operate without one. Even if a GFCl
is in place at the input, and an isolation transformer is used as
shown, unbalance current in the transformer secondary won't
he measured as such by the primary GFCL}

The ac is then connected to a surge back-filter, consisting in
its simplest form of two series chokes — one in each fine of
the pair ~ and a total of three capacitors between them and
to ground, as shown.

The surge is applied at this point, with no connection man-
datory between points A and B in the figure tying the surge
generator low to the ground of the EUT, although at least a
clamping protector between them is an excellent precaution.
The most important point is that continuing grounds from the
EUT to other equipment must be disconnected as shown,
along with the local EUT ground; in effect, the EUT must be-
come the end of the line for ground. This implies that the case
or cabinet of the EUT may rise to a high surge potential during
the test. Suitable precautions must be taken, as indicated later
on in connection with Figure 9. '

The connection between points A and B may be made
directly, although an ungrounded-output surge generator as
such is still far preferable, so that it may be grounded at this
point only, if at all. Of course for common-mode surging, the
connection must be omitted between A and B, as must be the
protector.

Note that alf ground and low lines in the figure are shown as
series impedances. This is done to emphasize the fact that if a
surge travels via one of them, it will generate a large resulting
ground potential rise — possibly as great or even greater than
the applied peak surge voltage.
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NORMAL-MODE SURGE TESTING

MONITORING WITHIN SURGED EQUIPMENT

There may be excellent reasons for monitoring the results
of the applied surge, deep within the EUT, to find the peak
voltage reached across a particular component or circuit for
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MONITORING WITHIN SURGED EQUIPMENT

example, or its specific breakdown mode. Figure 9 shows a

recommended monitoring scheme, which further itluminates
some of the considerations touched on in the preceding sec-
tion in regard to ground and isolation of other signals to and
from the EUT.

The most important point to be made in connection with
Figure 9 is the requirement for a barrier surrounding the EUT,
to provide safety and a guarantee against.flashover to any
other object. This barrier may be simply sufficient separation
- including from the floor, which must be presumed to con-
tain conduit or other metal. Alternatively, the entire barrier
can be physical insulation. In either case, it should be com-
plete, except where penetrated for insertion of input or out-
put lines, and measurement probes; and it shouid be safe for
a peak voltage equal to at least twice the peak of the incident
test surge. (Circuits in breakdown can oscillate at high «f fre-
quencies, and can thereby increase applied peaks by a factor
approaching two.)

All other lines must be removed from the EUT; or if it is not
possible to do so, then they must be surge-back-filtered like
the lines actually being surged; since if flashover occurs within
the EUT, it may be conducted to any port.

Monitoring is accomplished, as indicated, most readily on a
differential basis. This enables use of safely grounded oscillo-
scope or peak detectors, with high voltage probes that have
no ground leads attached. “Ground” within the EUT may not
be ground at all, and the scope {or peak detectors) should not
generally be connected to it.

Prabes with safe peak-voltage margin for at least twice the
applied surge peak should be employed. Ordinary low-
voltage scope probes are unsafe, even if the resufting circuit
peak voltages are thought to be just a few hundred volts;
since under fault conditions an internal EUT flashover or other
malfunction may apply enough voltage to destroy the probe,
the monitor device input circuits, and possibly even other
equipment, if it can once enter the laboratory ground system
via this route.

Of course, elimination of other input and-output fines, or
even altering their impedance and so on with filters, may give
a less than totally realistic result for surge response. However,
nothing short of surging with actual lightning or the other
physical phenomena being simulated can eliminate this con-
ceptual limitation. Untif generation of such naturai phenom-
ena becomes both necessary and practical, the suggested
methodologies stand as a reasonable and generally successful
approach.

As a final point, oscilloscope (or other monitor) commor-
mode and noise rejection should be carefully checked. This is
best accomplished with both inputs first monitoring the total
input surge, and then EUT ground; to insure that oscilloscope
readings aren’t unduly limited by noise.

CONCLUDING REMARKS

Spike-surge testing of powered electronic equipment has
become practical, with the advent of guantitative specifica-
tions on standard waves for a variety of different situations.
Led by this quantitative approach, it is now possible to couple
without undue losses, to calculate, and even to measure the
energy levels invoived in test surges. Results inciude in-
creased understandings of failure modes pertinent to specific
equipments, waves and so on.

Methods for applying the surges have been developed for
normal and all forms of common-mode, along with coordi-
nated filtering to prevent them from reaching unsurged lines.
Equally important has been evolution of a simple, safe ap-
proach to monitoring surge results deep within the equip-
ment under test, for diagnostic purposes, without jeopardiz-
ing the overall system or laboratory ground system.
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ABSTRACT

Historically, spike-surge testing required prior knowledge of test piece impedance
— high for insulation, low for arresters — to allow operator selection of a voltage or
a current surge. When a modern electronic system connected to the ac power line
is the test piece, however, it can be both a high and a low impedance during the
same surge, as a result of flashover, or of arrester performance — clamping or crow-
bar action. Making separate voltage and current surge tests may not detect all
potential equipment faifures.

New, single-outpul surge generators, deslgned spenf;ca!.‘y to test modern elec
tronics, respond immediately fo the input impedance of the circuit or system under
test, by supplying either the 1.2 x 50 classic voltage wave or the 8 x 20 traditional
current wave, as instantaneously required by the load.

© 1983, Reprintad by (EEE Permission.



INTRODUCTION
Surge testing evolved in the high-voltage laboratory as a
method of testing either insulation or surge arresters.

Figure 1,
TYPICAL 1.2 x 50 ps OPEN-CIRCUIT
VOLTAGE SURGE WAVEFORM
(1 kVISMALL DIV, 10 ps/SMALL DIV

1

For insulation, a 1.2 x 50 ps high voltage wave {Fig. 1} was
applied to the test piece (1), Only milliamperes were available
from the surge generator, but that was sufficient: either the
insulation flashed over or it didn't.

On the other hand, for a power transmission or distribution
arrester, tests were designed in such away asto force an 8 x 20 us
current wave (Fig. 2} through the device under test, using
thousands, or even tens of thousands of amperes (1). The
resulting voltage developed across the device was then
measured.*

With modern electronic circuits and systems, however,
these traditional surge test impedance concepts can be mis-
applied; to understand this, it s necessary to review the
power-line surge environment, as well as surge input charac-
teristics of typical electronic systems.

Figure 2.
TYPICAL 8 x 20 us SHORT-CIRCUIT
CURRENT SURGE WAVEFORM
(500 A/SMALL DIV, 5 psiSMALL DIV)

*This is the origin of the 1.2 x 50 ps surge waveshape. When the thyrite ma-
terial then used for arresters was driven from an & x 20 us current sourge, it
developed a voltage in the form of the 1.2 x 50 gs wave.

SURGE ENVIRONMENT VERSUS SURGE INPUT IMPEDANCE
FOR MODERN ELECTRONIC EQUIPMENT

Power-Line Surge Environment

[EEE 5td 587-1980 characterizes the surge environment at
various locations on the ac power line (2}, Two primasy loca-
tions are identified. Category A represents long-branch cir-
cuits, L.e. the typical wali socket. Category Bis the designation
for short-branch circuits, i.e., for higher-power systems, either
located at short wiring distances from the breaker box or dis-
tribution panel, or driven directly from them via heavy runs.
Examples include large computers, industrial lighting systems
and so on.

For each Category, open-circuit voltage and short-circuit
current waves are specified in IEEE 587, Both Categories A and
B require the open-circuit “ring” wave of Fig. 3, a 100 kHz co-
sine, with 0.5 ps rise time and Q of approximately 3. The max-
imurm peak voltage required for worst-case locations is 6 kV.
Category A calls for a corresponding worst-case short-circuit
current of 200 A, while Category B specifies 500 A,

Figure 3.
TYPICAL 100 kiHz COSINE “RBING” WAVE
{1 kKVISMALL DIV, 5 ps/SMALL DIV}

In addition,Category B — the one of greatest significance for
large electronic systems — requires the classic 1.2 x 50 us
open-circuit voitage wave of Fig. 1, with peak voltage for
worst-case locations again equal to 6 kV.** The correspond-
ing short-circuit current is the traditional 8 x 20 us wave of
Fig. 2, with a worst-case peak of 3 kA.**

Thus, the Categoery B surge environment is taken to be a 1.2
x 50 ps voltage wave as high as 6 kV, capable of instantaneous
switchover, as may be required by the characteristics of the
load driven by the surge, to an 8 x 20 ps current wave as high
as 3 kA, \

For both Categories, the environment applies a voltage
surge due to lightning and/or switching transients, with mod-
erate to high energy levels. The power line surge current isn't
lirmited to just a few milliamperes. And the central issue is that
this powerline surge current is available instantanecusly,
when the electronic system it supplies switches from high to
low.impedance during a surge.

This combination voltage/current wave is referred to here-
after as a Bi-Waye'™,

**For background on the various quantities involved, as well as other testing
implications, see Refs. {2}, (3) and {4},



Factors Affecting Input Impedance and
The Importance of Surge Characteristics

The inputimpedance to virtuaily all circuits and systems can
be expected to change, during an applied surge, This change
will occur for one of two reasons:

1. Operation of a surge protector within the equipment,

invoiving clamping and/or crowbar action;

2. Insulatien flashover or component breakdown.

if a protector causes the impedance change, the current
available after.clamping, or crowbar action will materially in-
fluence the size and character of the surge “remnant” or resid-
ual surge passed along to the internal circuits being protected.
This is also true, of course, in the event of flashover or break-
down. Both the energy and the waveform of the remnant will
be marked functions of available surge characteristics.

Surge characteristics may also affect the protectors themr-
selves, either directly or indirectly. As a result, there may be
impaortant yet subtle differences between different surge test
techniques.

Finally, in the event of flashover or component breakdown,
the ability of power follow?* to cause further damage can be
affected by the surge current itself; so it must be instantane-
ously available during the test surge, at a realistically high
enough fevel,

BILWAVE™ TESTING VERSUS SEPARATE VOLTAGE
AND CURRENT TESTS FOR TYPICAL PROTECTORS
There are undoubtedly circumstances in which a combina-
tion voltage/current surge wave — or Bi-Wave™ — may give
the same test results as separate voltage and current surges.
However there are also conditions in which test results may
be quite different. This section includes three examples of
such situations.

1. Surge Remnant Leit by a Gas-Tube Surge Protector

When a gas tube is used for surge protection on a 115 or
230 volt ac power tine, it is accompanied by a current-limiting
series resistor.** Depending on the application, the resistor
value will range from a few hundredths to some tenths of an
ohm. For a 15A or 20A ac line application, a figure of 0.3 ohm
is fairly typical. Fig. 4 shows the circuit.

LINE
~
GAS-TUBE | EQUIPMENT
SURGE | BEING
PROTECTOR | PROTECTED
L. 3
NEUTRAL D> ]

Figure 4.
TYPICAL GAS-TUBE PROTECTOR CIRCUIT
FOR 15 A OR 20 A AC POWER-LINE APPLICATION

*Power follow is the power-line current that flows via the ionized or tracking
path established by the flashover or breakdown initiated by the surge. it can
cause far more damage than the surge itself.

Fig. 5A shows the voltage across the gap-resistor combina-
tion, for an applied Bi-Wave™ — i.e. for the 1.2 x 50 us, 6 kV
open-circuit voltage, 8 x 20 ps, 3 kA short-circuit current surge
described by IEEE Std 587-1980 (2). Because of the steepness
of the leading edge of the voitage wave, the gas tube doesn't
break over until 1500 volts. Thereafter, the 3 kA, 8 x 20 us
surge current flowing instantaneously after breakover devel-
ops a 900 volt surge across the .3 ohm resistor. {The gas tube
arc voltage drop is a mere 20-30 veits)} The resulting voltage
surge remnant passed on to the Equipment Being Protected
has a high peak voltage and is capable of delivering significant
energy, on the order of 10 to 15 joules.

Figure 5A.

VOLTAGE ACBOSS A GAS GAPL3 OHM
RESISTOR COMBINATICON FOR AN
APPLIED BI-WAVE™™ SURGE
(200 VISMALL DIV, & ps/SMALL DIV)

Figure 5B.

VOLTAGE ACROSS A GAS GAP/.3 OHM
RESISTOR COMBINATION FOR A
TYPICAL APPLIED VOLTAGE SURGE
(200 VISMALL DIV, 5 us/SMALL BIV)

**To insure turnoff, particularly for loads with power factor different from
unity. In some designs, a clamping device such as a varistor is used instead of
the resistor,



Figure 5C,

VOLTAGE ACROSS A GAS GAPL3 OHM
RESISTOR COMBINATION FOR A
TYPICAL APPLIED CURRENT SURGE
{200 VISMALL DIV, 5 as/SMALL DIV)

By contrast, if instead of using the Bi-Wave surge, tests are
made with separate, typical voltage and current surges, re-
sults will be as shown in Figs. 5B and 5C respectively.” For a
typical separate voltage surge test with a 1.2 x 50 ps shape but
ondy 10 A current capability, for example, Fig. 5B shows the
resulting remnant,

Fig. 5C shows the remnant for a typical separate current
surge test with 3 kA, B x 20 ps {short-circuit) current wave-
shape, but only 2.4 kV open-circuit voltage compliance. (The
compliance of other, separate current surge testers can be
even lower.)

For the voltage surge case of Fig. 5B, the peak value of the
remnant passed on by the protector is the same as for the Bi-
Wave remnant of Fig. 5A. However the energy is compara-
tively small, since current available after breakover is only 10 A
for the voltage test, compared with 3 kA for the Bi-Wave.

For the current surge case of Fig, 3C, the 3 kA surge current,
equal to that of the Bi-Wave, insures the same surge remnant

energy. But the slower leading voltage edge {a 1.2 x 50 us

wave has a slower front when its peak is 2.4 kV than when it is
6 kV), causes a lower gas-tube breakdown level.** The 800 V
gas-tube breakdown in the example shown in Fig. 5C means
that the highest voltage passed on to the Equipment Being
Protected during the current test is 3 kA x .3 ohms, or about
900 V, versus 1500 V for the exemplary result of Bi-Wave
application to the same protector, shown in Fig. 5A.The Bi-
Wave remniant has both the high but narrow 1500 V peak,
plus the high-energy, 900 V peak wave that follows it.

Thus an Equipment that includes a gas-tube protector may
pass separate voltage and current surge tests, while possibly
failing the real-world simulation of the combination voltage-
current surge, or Bi-Wave. It seems clear that uniess the com-
hination wave is used to simulate reality, in some circum-
stances there exists the passibility of field failures that were
not predicted by laboratory testing.

2. Current and Energy Stresses Applied
to an MOV Surge Protector
Testing an MOV (Metal-Oxide Varistor) with separate volt-
age and current surges versus using the combiration or Bi-

“For the same gas tube used in the example of Fig. 5A. Of course, different
tubes may fire at different points; but the general conclusions will still usually
apply. ’

Wave, may lead to results that alsc differ quite dramatically,
specifically in regard to stress applied to the protector itself.
The key point is that the MOV clamps at many hundreds of
volts. An MOV designed to protect equipment connected to
a 115 voit ac line will clamp at 400 to 500 V, and an MOV
used on a 220 V line clamps at 200 to 1000 V.

Separate voltage testing is not a major issue. But separate
"current” surge testing can be extremely misleading. A so-
called “current” surge-test source with compliance of E volts
is an E-volt source, with a series resistor designed to produce
the desired current into a short circuit. Fig. 6A shows the com-
bination or Bi-Wave source preferred by IEEE Std 587-1980 for
Category B. It is a voltage source of 6 kV peak, with 2 ohm
output resistor designed to deliver 3 kA into a short-circuit, By
contrast, Fig. 6B shows a typical current-source generator
with only 2.4 kV compliance, or open-circuit voltage. To ob-
tain a 3 kA short-circuit current, it must therefore inciude a
sertes output resistor of .8 ohms, as shown. (As already men-
tioned, other separate current-source test generators may
have even lower voltage compliance, hence can potentially
lead to even more erronecus results.)

29
A AA el
3 kA
Q‘\ 6 kY SHORT —CIRCUIT
CURRENT
Figure BA,

COMBINATION OR BI-WAVETM
SURGE TEST GENERATOR
WITH 3 kA SHORT-CIRCUIT CURRENT

0840

AN -
@ 24 kY

kA
SHORT - CIRCUIT
CURRENT

) Figure 6B.
TYPICAL CURRENT-SOURCE )
SURGE TEST GENERATOR
WITH 3 kA SHORT-CIRCUIT CURRENT

Whaen the circuit of Fig. 6A drives a protector that clamps at
500V, say, 5.5 kV is still availabie across the 2 ohm resistor to
deliver a peak of 2750 A into the protector. For the circuit of
Fig. 6B, however, only 1900 V divided by 0.8 chms, or a peak
of 2375 A, will be delivered into the protector.

**A 1.2 x 50 ub shape is still assumed for the open-cireuit voltage wave, If the
voltage wave itself also has an 8 x 20 us shape, gas-tube breakover will occur
at an even lower potential.






