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FIVE-YEAR WARRANTY

Electronic Measurements. In¢ warrants this equipment manufactured

by us and sold by us or our authorized agents $o a manufatiurer ov
end user to be free from defects in material or workmanship (except
for fans, circuit breakevs, fuses: lamps and meters) Dur itiability
under this warranty is limited to servicing end repairv ov relacement
of parts when equipment is¢ returned to us with transportation charges
prepaid within & peviod of five years after griginal shipment and
when the equipment is shown by our inspeciion to be thus defective
normal wear and tear excepied.

This warranty does not apply to sgquipment subjected To abuse or an-
corvect installation or operation, ner to eguipment repairved or mod-
fied sutside of the Electronic Measursments, Ingc. factory unless
prior written approval to make such vrepairs or wodifications has
beeh received from $he factovry. The forsgoing warvanty is in leiu
of all other erpresz or implied wavranties except of citle.

ELECTRICAL STANDARDD

All company primavy standards ave either certified directly or are
traceable to certification by the Matlenal Bureau of Standards

CLAIM FOR DAMAGE IN GHIPHERNY

This instrument received comprehensive mechanical and electrical
inspections before shipment. Immediately uwpon veceipt from the car-
rier, and before operation, this instrument should be ingspected
visually for damage caused in shipment. i$# such inspection reveals
internal or external demage in any way, & claim shouvld be firled with
the carrier. A full report of the damage sheuld be obtained by the

claim agent and this report shoeuld be forwarded to we., We will then
advise you of the dispogition to be made of the gguipment and arrvange
arrange for vepair or veplacement. When referring to this eguipment.

always include the model and sevial nuembers.

RETURNING EQUIPHMENT

Before returning any equipment to the fackory., the following steps
should be taken:

i. Motify Electronic Measurements. Inc. Give 3 full description of
the difficulty and include the model and sevial numbers of the unit
On receipt of this information, we will give you servicg information
or shipping instructions.

2. Eauipmaent returned to us wmust be properly packed to veach us
without damasge.

3. For non-warranty repairs. we will submit & cost sstimate for your
approval before proceeding.
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CHAPTER I

GENERAL INFORMATION

i.1 DESCRIPTION

This manual contains aperation and maintenance instructions covering
the Electronic Measuvrements, Inc., series of Single Phase TCR control-
led power supplies. These supplies ave constant voltage/constant
current avtomatic crossover sources of regulated do power. They are
packaged in three different size vack enclosures
¥

1.2 SPECIFICATIONS
The following specification describe the opevational characteristics
off this sevies of power supplys. ALl units are shipped with ac bar-
rier strip located on the back of the unit
Available Rating Sizes: 600W, I1000W., 1800, 2600
AC Input: HO0W - 1195 plus or minusg 104 ~ 47-63 Hz

1GO0W — 115 plus ov minus 104 47-63 Hz

1800W - 115 plus or minus 10% 47-63 Hz

Note: All above units have an optional Z208/220 Vac plus or minus
10%, 47-63 Hz. .

DEOOW —~ 208/220 plus or minus 10% 47-63 Hz

REGULATION

Voltage Mode: For line voltage varitations angd load current vari-
ations within the rating of the supply. the output wvoltage will not
vary more the . 1% of marimum voltage rating.

Current Mode: For line voltage variations and load voltage varia
tions within the rating of the supply, the output current will not
vary more than . 289% of maximum curvent rating.

Ripple: Measured with either positive ov negative grounded and 100%
output veoltage #nd current inte a resistive load. {Gee Rating
Chart)

Stabiilitqf.The putput voltage or current will vemain with O, O5%
for B hours after warm—up, with constant external effects.

Transient Response: Upen instant application of loads wup ta 304 or
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the maximum vating of the supply. the output voltage will typically
recover to within 1. 0% of its final value within 30mS Instantaneous
line variations are corrected for within 205 of their oegurance

Temperature Coefficient: (Qutput wvoltage TC is O Q&% per degree C
of maximum rating. Qutput current T.C. is O G334 per degree of max-—
imum rating.

Uperating Temperature 0=-30 degrees € with no derating required
Consult factory for ocutput rating at higher temperatures
,-‘/ .
Storage Temperature: 40 to +80 degrses C
GENERAL
Resolution: The wvoltage control is a ten turn potentiomsier The

current contrel is a one turn cermet Ytype potentiometer,

Instrumentation: Volétmeter, ammeter and mode of opevation indicator
iights. The meters are available gither as analog ovr digital at no
additional cast.

Controls: Civreuié breaker on-off cantrol wvoltage and current caon—
traols.

Cooling: All wnits are fan covoled and thermostatically protected
Air enters at sides of unit and exits at the rear. Consquently,

no heat will be applied to other equipment above or below the power
unit.

Size: 600 and 1000W -~ 3 1/72% « 19" x 18" weighing 38 pounds
(8%mm x 483mm x 457mm weighing 38 Wg)

i BOGHW -~ 5 {/2" x 19% X i8¢ weicghing 83 pounds
{(133mm « 483mm x 437mm weighing 39 Kg)

26004 - 7% x 19" yx 18" weighing 130 pounds
(178mm x 483mm x 457mm weighing &6B. 2 Kg )

RATING AND ADDITIONAL SPECIFICATIONS

VOLTAGE ¢ CURRENT | CV-RMS | CC-RMS | LEFF P Al INPUT CUR
{ (AMPS) VRIPPLE | RIPPLE ({NOMINAL)IE@ NOM. AC INPUT
0-7. 5 { 70 1 BOmY ! &LA0mA & H 10
i 118 ¢ 75mV 1 1CGO0OmA 63 : 15
! 200 § BOmV  11920mA | &3 : 3G
: 30C ¢ 80mV I29F90CaA | &6 H 23
0-10 i 30 1 BOmV | 3Z0mA | &35 i 10
H 20 1 75mV 1 600mA &3 i 13
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CHAPTER II

INSTALLAT LON

2.1 INITIAL INSPECTION

Before shipment, this instrument was inspected and found to be free
of mechanical and electvrical defects. As soon as the unit is unpack-
ed, inspect for any damage that may have accured in transit Check
for broken knebs or connectors, that Ethe external surface is not
scratched or dented, meter faces are not damaged and that all con-
trols move freely. Any external damage may be an indication of in-
ternal problem.

2.2 MECHANICAL CHECK

1. Remove eight &-32 machine screws from the top cover
2. Cover can now be removed.
3. Inspect for loose hardware. damaged components or broken wires

4. Check operation of controls.

NOTE: If any damage is found, follow the “Claim for Damage in Ship-
ment" instruction in the warranty section of this manual

2.3 POWER REQUIREMENTS

A suitabls source of ac power is regquired for this supply The unit
will operate on 50 or &4&0H:z line frequency. The line impedance from
the power source should be fairly low since high peak currents are
drawn, The service rating and coennecting wire awg sire 18 in the
table shown below. Note that this rating 1s not the actual specified
line current, but a slightly higher service rating
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UMIT H 120 Voltgs HE 1 [C 220 YOLTS P AWG
! SBervice Rating # i Service Rating ; #
600 Watts | 20 Amps i1z H 10 Amps ¢ i&
800 Watts | : i i
1800 Wattés ! 30 Amps V10 ' 20 Amps H i4
2600 Watts | 30 Amps T R i 23 Amps ! 12

Load line power vuns should be made with conduchor size to match the
current ratings of the supply The following chavrt may be helpfull
in determining the proper size

CURRENT RECOMMENDED AWG #
200 AMPS 470
150 278
100 Q

80 3
70 4
S0 &
40 8
30 10
13 14
10 16
& 18

& =20
LESD 20

2. 4 COOLING

Each power supply enclosure is cooled by a syitable sized blower fan
exhausting warm air to the rear. Fresh air intaske is from each side
None of the surfaces of the supply radiates heat to adjacent equip-
ment. At least five inches of space should be allowed behind the
supply and one inch aleong each side in the viginity of the air inlet
holes for unimpedsd aiv flouw.

2. % HMECHAMICAL
The supply is capable of being rack or bench mounted Horizontal
mounting is preferred. However mounting in any position is allowed

For rack mounting, additiosnal suppori other than that provided by

PaGE o



the front panel is required. except for short term stationary mount
ing. Angle iron slide in mounting support or ctross bean member sup
port are required for permanent mounting. The sides of each supply
are equipped with mounting holes for rack slide mounting

The type of rack mountings used for

Power supplys in the 600 and 1C00 watt range are manufactured by the

Chassis Trak Corp. model numbers C-300-8-18 (tilting). and
C=300~-D—-1iB ({11t lock?

Power supplygs in the 1800 and 2600 watt vange are manufactured by
the Encor Corp. model numbers (SXX~X8M/220300.

For bench mounting, four meounting feet are provided which are
adhesive mounted to the base surface of the supply.

NOTE: Do not operate the supply conbtinvously with the covers removed
since the air flow pattern within &the chassis is adversely effected
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CHAPTER III

OPERATING INSTRUCTIONS

A
] POWER {
& ti— 8

YOLT AGE

FIGURE |

3.1 TURN-ON CHECK OUT PROCEDURE

The front panel surface contains all the controls and indicators
necessary to operate the supply in its normal mode. The following
theckout procedure describes the use of the front panel control
and indicators (Figure i) and ensures that the supply is operation-
al. This preliminary check of the power supply is done without a
load connected.

Mfgfv Check the barrier jumper straps on the back of the unit, as
shown in Figure 2. for normal mode.

w%f Set all controls completely counterclockwise

Vﬁl Connect ac powey line o back of power supply. The connect-
ing terimals are marked to ensure propev connections.

Vﬁ. Turn the CIRCUIT BREAKER (1) on/off switch to “"on" The fans
will start immediately but there is a 10 to 15 secends delay before
voltage or current output will occcur. This is caused by the soft
start cireulit.

ng The UNIT DN INDICATOR (2) should be on.
f Advance CURRENT CONTROL (3) one—hal$ turn and slowly advence
VOLTAGE CONTROL (3). The DC VOLTMETER (4) will deflect from zero

to maximum rating of the supply as this control is advanced com-—
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pletely clockwise. The VOLTAGE INDICATOR (%) will be 1lit

ﬁﬁ. Return all conkrols completely ceounter—clockwise

ﬁ. Te check out constant current, first turn-off supply. Con~
nect a shorting bar across the plus and minus output ferminal at
the back of the unit.

_ i. Turn the circuit breaker—onsoff switch to “on®. Advance the
NVOLTAGE CONTROL (3) one turn clockwise and slowly advance the
CURRENT CONTROL (&), The DO AMMETER (73 will deflect smeothly from

" zero to the rated current of the supply as this control is advanced

‘clockwise. The CURRENT INDICATOR (8) will be lif,

4. Return all controls completely counter-clockwise and turn

uniit ofé. Disconnect gutput shovting bavr.
)

3,11, OVER VOLTAGE OUTPUT

I¢ supply is equipped with an overvoltage croubar, the front panel
will contain OVERVOLTAGE ADJUSTHMENT (7. This potentiomster may be
adjusted through an access hole in the front panel.

NOTE: All overvoltage circuitry has been properly adjusted to theair
respective unit before leaving the factory.

For tvip levels less than the maximum output volitage or fo check
the overvoltage circuitry simply a. set the potentiometer fully
clockwise, b. adjust the power supply ocutput voltage to the
desired €vip level, c. siowly adgust the potentiomeber counter-
clockwise until overveoltage is tripped.

Once fired. the SCRs remains on until its anode voltage is removed
{ decreased below its “on" level) or until anode current falls be-
low a minimum “hoelding® current. A power supply that has besen
thrown into “crowbar' must have its input power momentarily removed
to extinguish the "on® SCRs. Turning the unit off and then on
again will reset the OVP provided the output is not adjusted above
the trip point. The overvoltage range is from S04 to 110% of the
maximum output voltage of the unit.

If any of the above events does not occecur, the supply 1s defective
and must not be ovperated. Depending on c¢ircumstances egither war-
ranty service or troubleshooting as described glesewhere in this
manual is required.

3. 2 GENERAL OPERATION

The voltage and current controls (local and remote) set the bound-
ary limits for the oufput voltage and current respectively. The
relationship of load resistance to control settings determines

PAGE g s
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FIGURE 2. NORMAL OPERATION

Connecting Load

Each load must be connected to the powsr supply cutput terminals
using separate pairs of caonnecting wires., This will minimize ou-
tual coupling effscts between loads and will retain full advan-
vantage of the low cutput impedance of the power supply. Eath
pair of connecting wires must be as short as pogsible and twist-
ed or shielded if strong ac or RF fields are present to reduce
neise pickup. {1+ a shislded pair is used, connect one end of
the shield to ground at the power supply and leave the other end
disconnected,

3. 3.2 REMOTE SENSING (Figure 3}

In applications where the effect of the valtage drop (IR) of the dc
load wires would adversely affect the performance of fthe load it is
possible to sense the wvoltage at the load instead of the output

terminals of the power supply. Rempte sensing will Stherefore remove
the effect of changes in load current through the power distributian
system. The marimum availabie leoad voltage then equals the rated

power supply cutput voltage less the tatal of the IR drop

Connections for Remote Sensing

i. Remove jumpers bstween the following terminals:
TBi01l~1 and 2
TB101-7 and 8

2. Connect the positive point of lead to TBiO1-2

3. Connect the negative side of the load to TB1O1-7

4. I# the sense points are separated from each other by some
distance, it is sometimes necessary to connect a capacitor aCross
the load or between TBIG1-2 and TB101i-7 within the range of 9 to
S0uf.

Note: Since the voltmeter is internally connected to the sens-—

ing terminals, it will automatically indicate the wvoltage at the
ioad, not the power supply oubtput terminal valtage

PaGE 11




whether the power supply is operating in constant voltage or con-
stant current mode. Avtomatic crossover between modes oecurs at
the following load resistance value:

VYogltage Contraol Setting (volts)
Load resistance (Qhmglm e o s o i s e st o o e
Current Control Setting {(amperes!

At higher load rvesistance:. the power supply operates in the
constant—-voltage mode and at lower resistance in the constant-
current mode.

3.3 MODES OF OPERATION

This power supply is designed so thet its mode of operation is
selected by making strapping cennections between terminals on fter-
minal strip TBL10O1 which is bolted to the reavr panel of the power
supply. The terminal designations are silk screened on the reav
panel of the power supply. (Refer to the following chart)

TB1O0i~pin PIN DESCRIPTION
i + Voltage (V]
2 + Yoltage Remote (+V REM)}
3 Yoltage Programming Curvent (V PROG I
4 Voltage Amplifier (V AMP IN}
3 Yoltage Programming

Resistive (V PROG R

& VYoltage Programming
Registive Commen (V PROG R COM)

7 - Yoltage Remote (¥ REM)

g - Voltage {(~\)

@ Current Programming Curvent
{I PROG I

10 Current Amplifier (I AMP IN}

i1 Curvent Programming Resistive
{I PROG R}

12 ~Shuynt (-1}

13 Inverted Amplifier (IN A&MP IN]

i4 + Shunt (+I)

3.3 1 NORmMal, OPERATION (Figure 21

When shipped from the factory, each supply is confiqured for con-
stant/voltage, constant/current, local programming. local sensing.

single unit mode of opervation, This normal mode of operation is
usuwally uvsed in most applications. 4ll performance specifications
unless otherwise stated are defined in this configuration Ripple

programming speed., transient response and stablity are gptimized
with the supply so configured,
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FIGURE 3. REMOTE SENSING.
TWISTED PAIR

AVAVAVAV AV
LOAD

4

3.3, 3 REMOTE PROGRAMMING

This power supply may be ovperated in a remotely proagrammed mode
(externally controlled) by the use of an sxternal resisbance. The
wires connecting the programming tevminals of the supsly to the
remote programming device should be tyisted or if strong ac ov RE
£ields are present. shielded.

Cauvtion: If the remote programming function fails orv is inadvert-
ently adjusted so that the sutput voltage is programmed to levels
of greater than 15% above ratings, damage to the output filter
capacitors may ocoudrT. To protect against this, 1t is syggested
that the overvoltage protection option he vsed to lim:t the max-—
imum voltage excursion and safely shut the power supply down

5 3. 4 REMOTE PROGRAMMING by EXTERNAL RESISTANCE (Figure 4 % 51
Vaoltage Channeal

A rasistance of O to S000 OHMS programs the output from zero to
full rated voltage.

Prog (OHMS)= (Desired Voltage/Full Rated Output’ x 3000

| P4 3 4 5 & 7 g 9 to E 12 13 14
. -\ 1
e (2191919 219.9192.21%.

L | L e L]

. FIGURE 4 REMOTE PROGRAMMING BY EXTERNAL
RESISTANCE, VOLTAGE MODE.
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Current Channel

A resictance of O to 100 DHME programs the output from zere to
#full rated current.

Prog (OHMMS)= (Desired Voltage z 100}/Full Rated Dutput

1 Remove the jumper hetween terminals TEIOI-10 and 11
2. Connect the programming rTesistance Detuwesn terminals TBLOL~10
and 12

ot
w2
~

i

Q

-
LS
Gy
ey

& K
RR%,
ot

7
5
i

L& 100chms
L/\/o\’/ﬁim

FIGURE § REMOTE PROGRAMMING BY EXTERNAL
RESISTANCE , CURRENT MODE

Caution: An opening in the remote grogramming civcuit is gffect-
ively a high programming resistance and will cause an uncontrolled
voltage or current rise to the mavimum puput of the power supply
This may ceuse possible daemage to the pgower supply and/ar the load
For this reason: any programming vesistor switoh must have shorfing
contacts. This type of shoriing switch commects each sUCCessive
sosition before disconnecting the preceding one.

3.3 5 REMOTE PROGRAMMING by EXTERNAL VOLTAGE (Figures &6 % 7)

The front panel voltage or current control is disabled in this
cperating mode

Voltage Channel

& voltage of O to 5V programs the cutput from zero to full rated
voltage.

1. Remowve the jumpers betwesn terminals TRIOI-3, 4 and 3

2  Connect the programming voltage source between TB1G1-4
(pos? and TB1Oi-& (neg)l.

- - oct 31 83
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FIGURE & REMOTE PROGRAOMMING BY EXTERNAL
VOLT&G&,V’%,TKG& MODE
Current Channsl

& voltage of O to 100 Mv programs the sutput From rero to full
rated curvent,

Mote: A signal Freom e higher potential s0UTIe Mmay be attentuaied
to this i100mv level by & vesistor divider. For best performanta
the source inpedance of this divider must not sxcsed IGO0 OMME

1. Remove the jumpers between fterminals VHI1O0L-9. 10 and 11

2. Connect the preogramming valtage scurce hetwesn terminal TBIOI-10
(pons) and TB1G1I-i2 (negi.

& 7 B 9 10 i t2 43 i4
TBIO ?;%_ Eﬂ.@ @ % . %j
- Lx\‘ii\gzj -
0-100 MY

FIGURE 7 REMOTE PROGRAMMING By EXTERNAL VOLTAGE,
CURRENT MODE.

2 73 & REMOTE PROGRAMMING BY EXTERMAL CURRENT (Figures B9l

The front panel voltsge or current rontral is net dizabled in &his
programning mode. The front panel control must be teft in ths
clockwise position to maintein the programming constant ov gignal
to the output

A cturrent of O—-1Ma programs the oufput from zervo voltage to full
rated voltage or current.

Voltage
i Remove the Jumpers between tevminals THIQLI-3 and 4
. Connect the programming current sourcs belfween terminale TBIOI~4

(pos) and TB1Ol-& (neg)

Oct 31 83
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TBIOI

+
3~ 1haa
FIGURE 8 REMOTE OROGEAMMING By EXTERNAL CURRENT
VOLTACGE MODBE '
Current
1 Remove the jumper between terminals Teilldl-% and 10
2. Connect the programming current source beltween TEIDI~12 (ngg)

and THBL1G01-10%11 {posl.

2 3 4 5 6 7 8 5 [0 1 12 3 .ua]
o (glelelglglelglelele gleigly
s meﬂéme. ngl g%J .
A -
G- 1A

CIGURE G, REMOTE PROGRAMMING BY EXTERNAL CURRENT
CURRENT MODE.

3 2 7 PARALLEL OPERATION (Figure 107

Note: T¢ is not recommended to operate more than three TCR power
supplies in parallel without thnrough sveluation by the user with
counseling from the Engineering Depariment of Llsctronic Measure-
ments Inc. . This witl help avoid eny feiluves in the application
because of instability of the powser supplies

The simplest parallel counnection is that of atteching the positive
and negative terminals to their respeetive load points,
The procedure is as follows:

1 Turn on &ll wnits {(open tircuit? and adjust to appropriate
output voltage.

&, Turn supplies off and connect all positive sutput terminels to
the positive side of the load and ail regative output terminals %o
the negative side of the lovad

Oct 31 &3
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Note: Individual leads connecting unit to the load must be of
equal lengths and oversized to provide as low an 1mpedance as
practical for the high peak currents

3. Set the current controls clockwise

4. Turn units on one at a time, until the sum of the power supply
current capabilities exceed the load current drawn

S. Using the voltage controls balance each unit voltage for equai
putput current Balance the current of each unit for egquality

&, Set the current controls to limit just above running currvent
so that if a units output volbage drifts upward, it will become
current limited rather than carry an excessive share of load
current.

IMPORTANT: When the units contain the overvoltage option do not
connect them in parallel without consulting the Engi-
neering Staff of Electronic Measurements Irreparable
damage will occur if one of the paralleled units goes
into overvoltage without proper paralleding of the OVP
gption.

._...ﬂ..@ =2}

D |~

2]212]212]2l¢]2 %lwﬁwJ
L

FIGURE 10 PARALLEL OPERATION MASTER /7 SLAVE

3. 3.8 PARALLEL OPERATION-MASTER /SLAVE

In this configuration, the power supply designated the master 1s
used to control the valtage and current operation of all other
supplies, referred to as slaves.

1. Disconnect the fallowing Jjumpers of all slaves

THIOL-13 and 14
TBiO1~-9, 10 and 11

2. Connect a jumper between TB101-10 and 12 of all slaves

3. Connect a wire between the master supply TBIOI-12 and TB101-i3
of each slave.
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4 See Figure 11 for + and - voltage connection
3. Turn each slave on and then the master

& Adjust the master for requivred output voltage or current The
output leads from each power supply must be of egqual resistance to
a point of load near the supply to assuvre egual sharing

IMPORTANT: When the units contain the gvervoltage option do not
connect then in parallel withouwt consuliing the Engi-
neeving Stafd of Electronic Measurements Irreparabls
damage will occur if one of Ghe parvralleled units goes
into overvoltage without proper paralleling of the O VP
aeption

3. 3.9 SERIES OPERATION

Twoe TCR power supplies can be opevated in series simply by comnect-

ting the negative output terminal of one unit €o the positive output
terminal of the other. The adjustment of sach unit functions inde-

pendently and the total cutput voltage is the sum of each unit out-

put voltage.

NOTE: The wvoltage at any output terminal must never erceed 400V
with respect to chassis ground. Consult Electronic Measurements,
Inc. Engineevring Departments for ¢eries operation of more than two
supplies,

3. 3. 10 REMOTE METERS

& remote voltmeter may be cvonnected between fterminals TOLO01-2(pos)
and TBI1C1-7 (negil. I+ remaote sensing is also being used., the remote
voltmeter will indicate the voltage at the load To indicste the
voltage at the power supply cutput termingls connect the remote
voltmeter between terminals TBIOL-1 (pos) and TBIOI-8 {neg)

A remote millivolémetber, calibrated in ampeves, may be connected
between terminals TRIOI-1Z2(neg} and TB1O1-13(pos). A voltage of O
to 100mVY acvross these terminals indicatss ocutput current from zero
to full rating unless otherwise specified (see main schematic) To
compensate for voltage drops in long remote ammeter leads a meter
movement having a full-scale sensitivity of the less than 100mV 1is
vwsed in series with 2 calibrating resistor

The leads to the remote meters should be twisted and LFf stroang ac
or RF fields ave present, the leads should be shielded One end of
the shield should be grounded to terminal TBIOI-14 and other end
left floating.
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CHAPTER IV
PRINCIPLES OF OPERATION

4.1 GENERAL

411 the TCR single phase power supplys have SCR phase control which

regulates the input ac voltage to the power transformer. This is
accomplished by controlling the firing angle of the SCRs with a
feedback loop sampling the output voltage and current The voltage

output of the power transformer is rectified and filtered fo produce
a stable dc power source which is user adjustable

This section discusses the basic theory of the power and signal flow
of the TCR single phase power supplys. I¥ usad as a supplement to
the maintenance date provided in Section [V, it will aid in isola-
tion of unit faults. Refer to Figure 12, which is the block diagram
of power and signal flow plus schematics #01-470-001 while reading
this section. '

4.2 POWER FLOW

A two phase half wave controlled SCR circult is employed to regulate
the ac input voltage to the primary of transformer T1 Two pulse
transformers isolate the gating signal of the two SCRs so they are
not tvrigger at the same fime. The angular position of the partial
sinusoidal wave produced by the "firing" of each SCR controls the
energy available to by the power transformer T1. The means of deter-
mining the position and width of the sinuscidal wave corresponds ramp
closely to the commutation of the SCRs and the proportional control
system. ( This means, as the sine wave is delayed, the energy avairl-
able in the resultant wave form is reduced and when it is advanced
{toward a full sine wave) maximum energy 1is available )

Transformer Tl converts the line voltage to the appropriate ac com-
ponent of the load voltage and current. B.C rectification af the
sutput of transformer T1 is esither full wave (CR1 and CRZI) or full
wave bridge center tapped (CR1-8}), depending on model The producted
dc is filtered by L1 and C1, C2, CB and C%

At lopad currents that allow LI to remain “critical" (continuous
turrent flowl the filter averages the voltage waveform at the 1nput
of the Ffilter. At very low load currents, the inductance is some-
what ineffective and the capacitor peak charges to provide filter-
ing. The phase delay of the inpuf waveform must be greater then F0
degrees and cvapable of approaching 180 degrees at low output voltage
and current.

R4 and C4 form a snubber network across the BCRs to prevent false
triggering due to dv/dt effects. RI1C and C7 minimize the effects of
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diode commutation by absorbing high fregquency enevgy Resistors R3OA
through D act as a preload to assure stibility of the loep and to
improve the %transient response when a toad is suddenly disconnected
from the supply.

4 3 SliGMal FLOW

The bias transformer (Ti01} provides the two voltages (+30 and +20
volts ac}? for the operation of the control circuitry The +30 volts
from T101~% and 7 with respect to the center tap pin & provide
ocpposite polarifties for line freguency referencing in SCR firing
circuit,

¥

Terminals 8 and 10 produce 20 volts RMS with respect to terminal ©
This woltage after full wave rectification produces plus and minus
voltages on capaciters G106 and €107 The contral circuitry of the
supply uses the +15Vdc bias level. Plus 15V load is about 150m& and

minus 19V is 30mA. GIO3 is used as an emititer-follower driven from
the voltage level on zener dicde CR108. to regulate the positive 13
volts., Resistor Riii and zener diode CRIOP regulate the negative
supply.

Signals necessary for control over the SCR firving circuif 15 derived
from amplified sampling of the output voltage and current compared
ts set reference point levels. These levels arve from the adjustiment
controls which are proportional to a constant reference current mul-
tiplied by the value of the resistance of the adjustment control 1n
the circuit at any time.

Identical constant current sources circuits are tied to the valtage
and current channel controls which provided the constant current
source for local programming. This current is adjustahle fto 1 mé by
potentiometers RI143 and RI45. These current sources are referenced
by the voltage across CRIZL, a 6.2V temperature compensated Zlener
Diode. '

The reference current level for 4the voltage channel flows from ter—
minal 3 of TBL. With jumpers on terminals 3. 4 and S the voltage
level produced when this current flows through R& (the voltage ad-
justment potentiometer) is applied to pin 13 (a unity gain buffer
amplifiery and then to pin 1 of IC101. The signal on the othey amp-
lifier input of IC101 pin 2 is derived from the output vaoltage level
by the voltage division of RIGZ7 (% RI138 and R139) Maximum voltage
sutput of the supply produces 3 volts de at pin 2 of ICLOL Full
clockwise rotation of Ré& produces 5 volts dc at pin 1 of ICIO1
Through the action of the feedback loop, as resistor R& {(the voltb-
age adjustment pot) 1is increased in value, the voltage at pin L of
ICI1CL 1ncreases The error signal developed at the output of ICI0L.
pin 3 causes a proportional change in output wvoltage which produces
a voltage an pin 2 of ICI01 equal ta that appliied to pin 1
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The action of the current channel is i1dential to the voltage channel
with the exception that the controlled guantity is the current that
¢lows through shunt RI1L. The veltage level that this current pro-
duces flowing through R11 is applied to one input of ICL10L. pin 5
while the current adjustment pot R7 develops the reference potential
applied to pin 6 of ICLICL1. The level of the signal applied %o pins O
and & of IC101l is O to 100Mv

The outputs of the voltage channel comparator/amplifier IC101 and
the current channel comparator/amplifier are "ored" ftogether in
diodes CR113 and CR114. Whichever channel output is pesitive over
rides the effect of the other and represents that channel control-
ling the dc output. A positive going signal at the cathode of diodes
CR113 and CR114 reduces the oautput of the supply by retarding ov
delaying the conduction of the primary G5CRs.

The mode indicater lights are also driven from the outputs of IC101
Whichever cutput (pin 3 or 4) is negative illuminates the opposite
light emitting diode indicator

Transistor Q104 amplifies the level shifts the control signal from
CR113 and CR114. The normal operating voltage at the collector of
Q104 is 6.5V and a swing of % to 7.9 volts will range the supply
from no ouktput to Ffull output. The lower the collector voltage on
@104 the lower the output of the supply.

There are some other functions alsc accomplished in the Q104 stage
R117 and Ci13 form a “soft start” network which reduces the turn on
surge and allows bias levels %to build up before output current is
permitted. Ri30, C123, G105, CR122, CR123 resets the soft start
circuitry. The voltage signal developed across R11B is a source of
fesdback through C115, R120C, Ci14 and R11? to stabilize the current
and voltage channels respectively. '

CR112 functions as a peak conduction angle limiter for the SCR's by
limiting the maximum positive voltage on Q104 The 5CR firing pulses
are developed by properly timed conduction of G101 and Q102 This
i accomplished by the combination of the phase velated ac signals
from terminals 35, & and 7 and the variable dc level from Qi04

Thermostat TS1 is placed across Cl13, and when an over—temperature
condition exists, the output voltage is inhibited by closure of the
thermostat.

4.4 SCR FIRING CIRCUIT

The SCR firing civcuwit is located between the input ac source and
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the power transformer T1 They act as wvoltage controllers ta wvary
the alternating voltage aspplied to the load civcuit for a chasen
portion of each cycle of the source voltage A closed-loop cantrel
system in which the angle of retard at which the GCHs conduct 1s
varied in response to an ervor signal

Examining the firing circuit for one BCR only., R10B and CR1I13 pro-
ducing a 12V sguave wave at line freguency with axis crossings at O
and 180 degrees. R106& and Cl04 integrate the sgquare wave into rrs-
ing and falling ramp voltages with frans:tion in voltage divection
occurring at O and 180 degrees due to the RC networks

When a positive dc level from Q1C4 is supevimposed on the ramp volt-
age across C104, the base of QI01 will be driven into conduction
sometime during the pasitive travel of the Tamp. The conduyction
causes a rapid flow of collector current in QI0L and a pulse of gate
trigger current in SCR G2. Operation of the opposite driving civeourt
is identical except for 1B0 degree pulse displacemsnt which fires
Gl when its anode is positive. Cl101 and €102 store the HCR gate
pulse energy and G103 serves as an gnergy reservolr to prevent pulse
loading of the +15V supply. Resistor R147 functions as & balance
control to equalize SCR firing angles. Additional loop compensation
is provided by RI3! and Ci19 wvoltage channel. CRIOB and R134 in
current channel.

4.4 METERING AND AUXILTARY FUNCTIONS

Voltage monitoring is achieved by connection of & self contained dc
voltmeter to the sensing terminals of the supply. Butput current is
measured using a shunt related d¢ ammeter connected acovrss the shunt
R1i1. Calibration of thie meter is made by adjustment or RE. The
unit is cooled using fan Bl and is powered upon clesure of Che civr-
cuit breaker. On 3 1/2% units cperated on 220¥ac, a series vesist-
or is inserted in series with the fan. The circuit breaker is eguip-
ped with an avxiliary trip coil that operates in conguncition with
the optional over voltage probtection module. it can also remotely
shut the supply down whenever 5 amps of d¢ flows through tevminals
Ci and C2 of the breaker.
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CHARPTER V

MAINTENANCE AND TROURLE SHOOTING

5 1 GENERAL

A regular scheduled preventive maintenance program is recommended
for the TCR single phase power supply. &5 a minimum, maintenance
should consist of a thorough cleaning of interior and & visual in-

spection of components on printed circuit boards. Even a relabively
clean location requires at least one’ inspection every six months

5 2 INSPECTION AND CLEANING

Caution: Always unplug power supply from ac line before removing
cover.

1. Remove eight &~32 machine screws from top cover.
2. Cover can now be removed.

3. Check for loose wires, burn marks. etc.

4. AL00 Control Board unplugs so it may be checked.

5 Remove dust from in and rTound parts with small long bristled
brush or compressed air.

Fquipment Reguired for Calibration or Maintenance

1., Ocilloscope — dual trace — 20KHz bandwidth -~ isclated #rom ground
(Tektronix 2213 with 10z voltage probe)

2 RMS Multimeter - 100 volts dc — 1000 volts ac (Hewlett Packard
HP-346354)

3., VOM (Simpson 28601

4. Load — equal to the output capability of unit

5 3 CALIBRATION

This procedure applies to the adjustment and calibration of a prop—
erly functianing unit enly, Any malfunctions must be corrected be-
fore proceeding with calibration. It is only necessary to remaove top
cover to make these calibrations. (See 5 2)
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5 9 1 VOLTAGE AND CURRENT SOURCE ADJUSTMENTS

The voltage calibration is done without a lcad connected

i Connect a voltmeter across TBIOL pin 1 (positive) and TBILOL
pin B (negativel.

5 Turn both voltage and current controls on front panel completely
counter—clockwise.

3. Turn unit on.
4. Rotate Réo(voltage control) completely claockwise and R7{current
control} half & turn. Adjust R143 until the reference voltmeter

indicates the full rated output voltage of the power supply., or just
slightliy above.

The front panel voltmeter reading should agree 2% within 1ts scale
range. I# the front panel does nof zerao ad just replace it

5 Turn the power supply off and connect a reference ammeter (with
an external shunt when applicable) in series with a lcad ar short
acrose the output terminals. Turn both voltage and current controls
caompletely counter~clockwise.

& Turn power supply on.

7 Calibrate the powser supply ammeter by adjusting potentiometer
R8.

8 Rotate R&(voltage cantrol) a full turn clockuwise and turn the

current contral(R7) until the reference ammeter indicates the full
rated oubtput current. Adjust R145 to achieve this ocutput

5. 3.2 FIRING BALANCE

i, Connect a load to the power supply. tA variable load would
be helpful in this test )

2 Connect ocilloscope probe (x10) on TBIC! pin 1 and ground on
TB1O1 pin 8.

3. Turn unit on. Ad just R147 to achieve the lowest vipple output

If a variable load is not available make this adustment at highest
current and voltage rating of the unit.

5.4 TROUBLESHOGTING

The power supply is divided into two basic circuit areas. power flow
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and signal centrol The power flow circurtry consists of circuit
breaker, SCRs power transformer, rectifiers, choke and capacitors

as well as the cabling intevrconnecting them. The signal control
civrcuitry is contained on the removable printed circuit card Most
unit malfunctions will criginate on the circuit card. Reviewing the

Theory of Operation is recommended before starting to froubieshoot
the supply

WARNING: When servicing supply. dangevous voltage levels exist Be
especially careful aof persan and equipment when measuring primary
circuitry since this 1s at line potential

5 4. 1 OVERaLL TROUBLESHOOTING PROCEDURE

{1 Check for obvious trouble such as input power failure, lpese or
incorrect strapping on rear fterminals or defective meter

Z It is common for the trouble te be caused by the dc bais or
reference voltages, thus it is a good practice to check voltages on
on the AI100 control board before proceeding Yo the next step The
A10C board may be disconnected from SCRs by connecting a clip lead
between R113 and R112 and ground or negative side of C1iZ

Some voltages to check are:¥ TIiOl pins 7(pos) and &{centertap) -
50Vac rms

S(pos) and &l{centertap) -
50Vac vms

B(pos) and Flcentertap) -
- 20Vac rms
10{pos) and ®lcentertap) -

Z0Vac rms

A1l the following positive voltages measure are made with the neg-
ative lead of the digitel meter connected to the negative ocutput

Cathode of CRIOB

Emitter of G103

Cathodes of CR103
CR10&= 12 wvolts ac

20 volts dc
1% volts dc

i

i}

ICi0Y outputs 3 % 4 = 10 volts de
#4111 voltages are approximations
3 The supply should be disconnected from its load before proceed
1ng

4 Troubleshooting is more effective if the unit is nperated 1n the
normal mods {(MNarmal Programming Sectien 3.3 1),

5. Before turning on the supply turn both current and voltage chan-
nel controls campletely off (counter—~clockwisel.
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S5 4 2 TROUBLESHOOTING CHART

START

PROBLEM

TURN SUPPLY ON

QUTPUT GOES HIGH - FULL SCALE
OR ABOVE, IF UNIT CONTAINS
OvP OPTION - CIRCUIT BREAKER
TRIPS

i1, TURN SET OFF i
i H
i12. DISCONNECT A100 BOARD FROM
! POWER SECTIUGM BY DISCON- H
H NING P/J103. i
i3, TURN SET ON i
PROBLEM i REMEDY

SET STILL OUT OF CONTROL

SHORTED SCR

SET NO LONGER OUT OF CONTROL

CHECK R& AND R7 — COULD BE OPEN

L]
1
i
¥
E
]
i
i
[
i
i
]
i
+
i
H
£
L
H
H
i
i
E
i
]
1
3
I
(]
i
1
X
1
(1
1
[
i
i
i
t
4
1
i
i
i
1
4
1
H
b

Turn power supply off

Conmect a clip lead between R113 and
R112 and ground or negative side of

ci1iz.
Recannect P/J105.
Turn power supply an.

CHECK R& 1. Connect digitalmeter
between TBIOI-5 (pos) and TB10Ol-6
{neg).

2 As Ré& 1s rotated
theough its ranges. the voltage
across it will vary from rero to
3-5 volts.

CHECK R7 1. Connect digitalmeter
positive lead to TB10O1-9,

2. As R7 is rotated
through its range the voltage ac-
cross it will wvary froem 0-50 or
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0~100mv depending on the unit

contro}l board, could be apen

Check transistor Q104 on the AlOQ

UNIT ON BUT NO QUTPUT

Check ac input veltage.

on A1D00 Control Boarvd.
+

Chack output of bias transformer
T101 between pins:#

5 & & — 30Vac
7 &% & — S50Vac
8 & 9 — 20Vac
10 & 2 — 20Vac

and without a load on supply.

Check ac signal at J113-1.3 and 4

TS
T™TMS
Tms
T™MS

% All voltages are approximate and

Contral Board, could be shorted

Check transistor (104 on the ALQO

Check transistors QLO% and Q103
on the AIOD Control Bagavrd. could
shorted.

be

TURN VOLTAGE AND CURRENT
CHANNELS UP SLOWLY

CIRCUIT BREAKER SNAPS OFF

{ne of the high power dicdes

diode replacement.

located on the heatsink could be
sharted. Refer ta Section 3 5 for

EXCESSIVE RIPPLE

Ci1,2,7 or 8 could he defective

Check output filtering capacitors
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One of the main SCRs (Gl or G2}
ctould be open

Inductor coil L1 could be shorted

Isolation circuit for the SCRs could
have faulty conponent.

1. Check for a &0OH2z sguare
wave of 12 volts peal to peak across
the anode of CRIOZ and CR10HL anc
ground.

2. Also check for a 3 volis
peak to peak ramp voltage at junc-
tion of C104 and R1OC4 and the junc-
tion of Ci0% and R105,

UNIT IS OSCILLATING

Check C109 and C117. could be
defective.

CURRENT OR VOLTAGE CHANNEL
DDES NOT REGULATE

Check ICIO1 and G104, could be
defactive.

5 4 3 OVERVOLTAGE TROUBLESHOOTING

Most overvoltage faults fall into two general categories

1

The circuit overveltage fires at all times even when the trip
point is adjusted to maximum.

Check SCRs Q201 and Q202 They could he
shorted.

10201 could be defective
The overvoltage is completely inoperative at any trip point
setting. ’ '

Check SCRs Q201 and Q202 They could be
gpen.

I1C201 could be defective.
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5 5 PRIMARY DIODE REPLACEMENT

{ Remove B &-32 screws from top cover of power sSupply

2 Now the top cover may be lifted off

3. The diode heatsink is located behind the power transformer
4. Remove the heatsink

5. After vremoving diodes, wipe heatsink clean gf 2ll compound

6 Put a fine coating of compound (low thermal contact resistance)
on surface of diode that meets heatsink. '

7 Mount diodes to heatsink.

If the diodes are stud mounted the following chart can be used

DIODE THREAD SIZE i TORQUE PRESSURE

i
H
1/4 - 28 threaded device } 30 inch pound — max torque
3/8 ~ 24 threaded device ! 120 inch pound — max torque
1/2 - 20 threaded device ! 130 inch pound - max torgque
3/4 - 1& threaded device ; 30 foot pound — max torque
Note: Use new nut when a new diode is installed
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PARTE LIST

MODEL DICTIONARY CHART

TCR XX 8 XXX - XX — XX

DC VOLTAGE

DC CURRENT

{
i
i E [
¢ $ ]

AC INPUT VOLTS i PANEL METER ! FEATURES

1 1115 VAC S0_&0HZ 'omit! ANALOG AM/VM 10OV 10OVP ADD 0N

2 1220V SOHZ_60H:z ¢ Dt DIGITAL AM/VM (LB (LOCKBUSHING

107110 TURN

3 1100V 50Hz :
i i PCURRENT CONMTROL

1

4 1200V S0Mz i

9

—

o~

EXAMPLES

TCR 7. 38300-1

TCR 60052-D

TCR 1058%90-4-0V

TCR 2085%0~-1-D~-0V~LB
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&6 1 GENERAL

&. 1 This section containg a list of
af the

seriegs power supply and names
parts.

&2 LIST OF MANMUFACTURES

replacement parts for the TCR
typircal manufactures of such

19

The following list contains the key te the abbreviations in the
parts list. company name and address
ARV COMPANY NaME COMPAaNY ADDREZS
i
AL AL EN-BRADLEY PL2GT South Znd Béreet
j iMilweubkes, WY 53204
AP P AIRPAY idorth American Philips
i i Control Corp
4 Foambridge Divigion
: i Cambridoe, Mavryland 214613
B# i BECKMAN PESO0 Mavbor BDoule
: Fullerton:, GA 924634
B i BOURNS iTrimpots Products Division
: P130G0 Columbia Avenue
; tRiverside, (A 92507
BU BUSSHANK MFG DIVISION MoGraw-Edison Company
: tUniversity at Jefferson
: 5t lLowis. MO &3I07
Co TCORNELL DUBILIER ELEC. CO. PLEO Avenueg LY
H iMamark, NoJ OFI0E
D& IDALE ELECTRONMIC ING. Rar 78BS
: iColumbus, NE &HB&OL
EDI CELECTRONIC DEVICES, INC 2t Gray Dak Avenus
: t¥onkevrs, MNOY  107iI0G
ETI IELECTRO TECHNIGUES INC. (215 Via Del MNorte
: iceanside, CA BE0E4
FC IFAIRCHILD 313 Fairchild Drive
H tMountain View, CA 94042
GE FEENERAL. ELECTRIC 1 Plastic Avenue
; Pittsfield, Ma 01210
HE IHEINEMARNN ELEC. C0O i Trenton. N J. 0OB&S0
KE THEMET, UNION CARBIDE INC. iF.0. Boyx 5924
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INTERNAT IONAL COMPONENTS CO.

LITTLE FUSE

MALLORY DISTRIBUTION PRODUCTS

MEPCO/ELECTRA

MOTOROLA INC

ROEDERSTEIN

SIEMENMS CORPORATION

INTERNATIMONAL INC.

SEMIKRON

TEXAS INSTRUMENT INC.

WEST INGHOUSE

PAGE

{Greenville:, 8C 29404
{105 Maxess Road
iMelville, N.J

1
1

1800 E. North Highway

11746

iDesPlaines, IL &0332
iBox 1284
indianpolis, IN 4&204

3. Bax 740

ineral Wells, TX 746067

X0

ndustrial Drive

iviera HBesach., Fla 33403

o+ I

12100 West Front Streat
IGtateville, NC 288677
iCnlorade Components Division
{800 Hoyt Street,

‘Broomfield, Colovade BOORO
111 Executive Drive,
Box 83

N.H. 03051

P o
tHudson,
tHO00 Denton Drive

P 0. Box 5012, M/B8366
iDallas, TX 753222
{Gpmiconductar Divisian
Younagwood, Pa 15&97
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& 3 PARTS LIST
NOTE WW stands for wire-wound
RESISTORS
CIRCUIT DESCRIPTION EM PARTS WO MER P&ailTS NO HMFR
REF COBE
R2. R3 1470 1/2W FETCOROT4 TEBZETIS AR
R8 ; 2 2W PBT 104 ;é?022048 ZC%IO—5QO gﬁﬁ
Ré& ; K 107 POT 10% E&?GE%O? ;aﬁemsm ;ETI
R7 %100 1T POT LOW ;é?GE@Qﬁi ;Bﬁﬁgémlﬁ ;BG
A100 Board
RiO1 127 2W 54 Carbon VETO04004 W CWa-~27 ‘DA
rR1GZ, 103 ;510 1/2W 5% ;é?DQQG?? ;Eﬁﬁiiﬁ ;AE
RIO4.105»; ; ; ;
155 EQ.QK 1/2W 5% Eé?GOQOQW EEEQQQE EAB
RiG&, 107 ;15K 1/2w 1% ;&YDO?GLE ;WN&S ;AB
rR1C8, 109 ;4.7K i 5% ;&?0030?5 §£B®?95 ;AE
R110O ;&EO 1726 3% ;é?QOQQQQ gﬁﬁéQXS ;AB
Riit ;330 2W 5% | ;é?OO@Gé& ;CNQMBSQ ;ﬁ&
R114.,141 ;1.5K 1/2w 5% ;&?@OEQQ? 2531525 EAB
R117 ;33K 1/2w 5% Eé?@@é@&é §E§333$ ;AE
RI18 ;120 1/2w 3% é&?OGQQE& ;EBIQK% ;AB
R121r125.; ; g ;
135, 1364, : : i
140, 142 11K 1/2W 5% F&TO0E01T IEBLO2S 1AB
R126 ;18K 1/2W 5% ;é?GQQGiﬁ ;E%EGSS ZAB
Ri27 ;4A7M t/2 5% 2&?092678 ;834?55 ;AB
Ri128 ; 56K 1/2W 5% ;&7062985 ;EBS&BE ;BK
R129 ;iASM 1/72W 5% 26?602032 ;EBESﬁE ;AB
R130 ;150K 1/2w 3% ;é7002031 ;Eﬁiﬁﬁﬁ ;éB
R132. 133 ;4.?K 1/2 w 5% gé?GQEQYS 5534?35 ;Aﬁ
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R13% t4 99K 1/2w 14 film 1467007033 IRN&S (AB
rRig4 1500 1/2w 10% POT 167060010 19 1ARB00 P BK
R186 150K 1/2w 5% 67002031 {EB1545 | AB
R18% i1 Sm 1/2w 9% 167002032 IEB1555 Y]
R194 1390 1/2w 5% F&T700206% ER3915 (AR
] [} 1 3
R320, 321 | i ; !
322 ilm 2watt D54 1&700401 4 HBETE5Y P AB
Capacitors
C101 Vo22 100v disc 154002004 1 330C224MIVYICA TKE
‘ ; i ]
cia, 7, H i ! i
128, 1151 i o :
20,147 {iuf L00v film { 54006001 IKT1B83241001 TERD
3 4 ] ¥
ci108 11000u+s Llév Elac {54033001 IB4A1010~1000/15!
i i i/8212 =31
Ci09-114 (Buf B50v Elec 154032001 X ILWE-50 iICD
£ 1 ] '
Clz2i, 122, i { ; ;
128 1. 22uf 200v film { 5400464004 LYM2200100 1ICC
1 ¥ ¥ i
€129, 130 {100uf 25v ELEC 154029005 i TDIGOm23 t1ICC
: ! ! :
€131, 132 {. 01 100v disk § 54003001 {CORIDIOLFI0Bm 18P
C133 1. 01 1000v disa 1 54003002 P 9HK-G10 18P
t 4 ] 1
C137, 148 1. 47 100v film { 54006004 fYMATO0100 FICC
t 1 [l . '
C140. 146 |. 005 1000v disc 154003002 | GHK-D50 ‘GP
[} § t
ci149 110 25v Elec 1 34003002 ITL25T10 LEL
i : g '
C304-4 12200p¢ 400v 154068002 FRKOGG0 IRO
DIODES
CRi~-8 iRectifiers 160008002 PINL1IB94 MO
i 854200V 160014002 183720 258 i8I
{FWB 40A—-200V 160028001 PW&O 4 BL IEDI
H 154~-600V 160010001 ISKDDR0O/&/641601 8K
H B54-200V 160014002 18432078 1 5E
CR7 iBlocking Diode 1 6GO0B002 1INL1B9A MO
; LA~-200V (60013003 {MR752 i M0
€108 % & iZener 12v 160001004 PINA74A2A MO
CR108 & 21 ! : !
PAGE 3 PL



10 iZener 10v 1HQ001018 P INAT7LOA 'm0
CRiZ21 ;Ziener & 2v ;&600300& ;INSEBA ;MG
All other diodes on ALQQ Board are IN4OO3.

iDiode 200w FEO006006E FIN40OO3 M0
Transistors
G161, 2, H i : !
104 tDarlingtan 1620030061 F2NS308 i MO
G103 EPawer Pac Transistor;éEOO&OQQ ;QNSQ?& ;Mﬂ
GlOﬁ—lOa,gTraﬁsistar ;égeozoaz ;2N§?O7A ;MB
1069 i ! ! !
SCRYs
PacC1-2 {5CR DAUL PK 634 i ! !
H 1060w féiOllOﬁz fCD4310400m1 EME
;SCR 35 aAMP &00v ;&1061065 ;C35M 23581 ;MO
INTERGRATED CIRCUITS AND VOLTAGE REGULATORS
; : ' :
ic1 gﬁper&ticnal Amp L. ;64903001 ;Uﬁéiﬁépc G
i ; i !
CIRCUIT BREAKERS
Description EM Part No. MFD Part No MFD Code
20 AaMP 250V 2 POLE(203) ;55005004 ;2@3w22*2~751m11 ;ﬁP
30 AMP 250V 2 POLE(UPGH) ;5&00?001 ;UPGH6684&9~BOBAP ;AP
10 AMP 230V 3 POLE(203) ;5&008061 ;203"222m2249“11 ;AP
20 AMP 250V 3 POLE(UPGH) 556002065 QJASTBYBVSMA ;HE
A0 AMP 230V 3 POLE(UPGH) ;56062004 ;UPGH6646?~303AP ;AP

RESISTOR Rii

{all rTesistor values are
and are all 25 watts)

PAGE

in ohms have a 54 tolerance.,

& PL



If more than one resistor is used they are gither in series or par_
allel Refering chart 01 470 001 page 2, which is part of the main
schematic, mounting configuration is designated by either Slseries)
or Plparallel) when multi resistors are utilized

Example: S{amount of resistor) x Si{resistor value)

25W(wattsy P (resistor are in parallel)

ValLUE OF RESISTOR EM PART NUMBER MFD PART NUMBER SEEE
! : !

3 557023005 iHL“ZS“OQI EDA

o] %67023009 ;HL—EB*OEZ ;DA

13 5&7623013 ;HL"25~O2Z ;DA
25 ;&7023017 ;HLWZS—OZZ ;DA
50 ;6?023024 ;HL~25~OEZ ;DA
75 267023025 1HL—25~022 ;DA
100 ;67023026 ;HL*ZS—OZZ ;DA
150 ;67023631 ;HL~25-022 ;DA
250 ;é7023040 ;HLWQS—OEZ ;DA
400 ;67023045 ;HL“25~022 ;DA
560 ;é7023048 ;HL—25~022 ;DA
1K ;67023027 ?HL~25"022 ;DA

1. 25K ;6?0230 ;HLﬂ25“022 ;DA

2K ;&?023037 ;HL*QS—OEZ ;BA

SK ;é7023049 ;HL—25m022 ;DA

7. 5K ;&7023053 ;HL—25~022 ;DA

PAGE 7 FL
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-k e S s b mm e

VARIABLE COMPONENTS FOR A1CO CONTROL BUOARD

RESISTORS

Circuit Ref. Description EM Part# MFD Parté MFD CD
i " 0 V

R112 é 68 1/2W 54 Carbon 267002009 ;586805 ;AB

' ; '

%100 i/72W 5% Carbon §67002012 EEBIOIS ;AE
% 47 1/2W 5% Carbon ;&7002006 2884705 ;AB
E 22 1/2W 5% Carbon ;6?002003 ;EBEQOS EQB
E 33 1/2W 5% Carbon %67002005 ;E83305 ;AB

R113 E 15 1/2W 5% Carbon ;éYOOQOOQ ;EBISOS ;AB
%150 1/2w 5% Carbon ;6?002028 ;EB1515 ;AB
;S&G 1/72W 5% Carbon 267002005 ;E85é15 ;AB
i i i é

R119 f 330 1/2W 5% Carbon 1467002064 1EB3315 ' AB
% 1. 5K 1/2W 3% Carbon ;67002029 ;E81§25 ;AB
; 2. 2K 1/2W 5% Carbon ;b7002049 5582225 ;AE
; 3.3k 1/2W 5% Carbon ;67002075 ;EBSBQS ;AB
; 4 7KW 1/2W 5% Carbom ;670020¢0 ;EB4725 ;AB
; 4, 8K 1/2W 5% Carbon ;67002095 ;58&825 ;AB
; 390 1/2W 54 Carbon ;670020&9 ;E83915 ;AB
; 560 1/2W 3% Carbon ;é7002084 ;EBSbiﬁ ;AE

R120 ; & BK 1/2W 5% Carbon ;67002090 2886825 EAB
; 10K 1/2W 3% Carbon ;67002014 ;E81035 ;AB
; 22k 1/2W S% Carvbon 257002050 ;E32235 ;AB
% 33K 1/2W 5% Carbon ;é70020&6 2553335 ;AB
; 4 7K 1/2W 5% Carbon ;57002075 ;EB4725 ;AB
‘ : : }

PAGE 11 PL



R131

R134

R137

R138

- m s e e

e mE re mm mE M Ee e ey e sees b b G e e ey

wm i e M ke WdE i Mr AL e e e s e mm ke fmem e v temr wwe e

15K

iBK

334

3. 3K

220

&, 8K

1K

120K

33K

&, Bk

10K

15K

4. F9K

15K

221K

2. 49K

54. 9K

249K

143K

15K

- 20K

110K

3CIK

1/72W

1720

1/72W

1/72W

1/2W

1/72W

1726

1/72H

1/2W

1724

1/2W

1/72u

1724

1724

1724

172K

1/72W

1/724W

1/72W

172K

3/4W

1784

1/72H

3744

1724

1/72HW

1/72W

1/74W

1/724W

5%

S%

5%

YA

3%

5%

S%

5%

5%

YA

5%

o%

5%

5%

i%

14

1%

i%

1%

1%

1%

Carbon

Carboan

Carbaon

Carbon

Carbon

Carbon

Carbon

Carbon

Carbon

Cavrbon

Carbon

Carbon

Carbon

Carbon

Carbon

. Carbon

% Carbon

¢t Carbon

Metal

Metal

Metal

Metal

Matal

Metal

Metal

Metal

Metal

Metsl

Metal

PAGE
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&£7002049
67002013
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&7007013
&£7008032
67005035
&7007C1 4
&7008034
&7007001
A7007013
&7007020
&7008082

L7007042

12 PL
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V422K 1/72W 1Y Metal {&700803C |RNGSD tAB
%549K 1/74W 1% Metal ;6700ﬁ05& ;RN&OD éAB
;69 BK 3/74W 14 Metal ;67008063 ;RN7OB EAB
; 75K 1/72W 1% Metal ;67007065 ;RNéSD ;AB
; 150k 3/4W 1% Metal ;6?008014 ;RN7OD ;AB
¢ H H i
; 221K 3/74W 1% Metal §é7008032 ;RN7OD {AB
; 249K 3/4W 1% Metal ;6?00803é ;RN7OD ;AB
: ' ; i
CAPACITORS
Circuit M£d
Ref Degcription EM Part # MPfd Parit # Code
H i { i
€108 i . 0tlud LKV 154013003 FYMO1001000 VICC
% L 22uf LKV 55400?001 EYMQQOO&OOO EICC
E . 47uf 100 V01t5;54006006 ;VM4700100 ;lCC
E .047ud 1KV 254013005 ;YHD471000 ;ICC
Ci12 ; 47uf 20v Elsc ;54029004 ;T125t47 ;EL
E 100u¢ 25v Elec ;54029005 ;TﬁﬁloomFESV ;ICC
C113 ; 23uf 23v Elec ;54026001 ;RLQSVEQ Type & ;EL
; 100uf 25v Elec ;54026003 ;DQAioouFZSV ;ICC
; 47uf Z5v Elec ;5402é002 ;RL25V4? Type A ;EL
Ci11i4 ; 10uf 35v Tant;54015001 ;T110C10&M835A5 ;KE
; 29%5uf 25v Elec;54029603 ;TDDEQmFQBV ;ICC
; 47uf  25v El@c;54029004 ;T47T25 ;EL
; 100ué 35v Tant;54015001 ;TDBIOMFES ;ECC
C1i3 ; 10u$ 35v TANT ;54015001 ;T110C106M635AS ;KE
; Z25uf 23V Elec ;54029003 ;TDBZQMFZSV ;ICC
ciil® ; . 47ud 100v Film;5400&00é ;YM4700100 ;ICC
PAGE 13 PL



& 2 Q ' c
[§13 [ ] [ 0 o o
K — bt bl 8] L} [EH
n
<<
Q
N
Q < I3 Q
x Q Qo o I~ 0N uf
Ty 0 o} O e i |
I~ 0 - O N P~ 3y
xF Q o ] ~ P vt
e & S UG S <t ¢
O N ¥ N~ ! ~
v o Q < = i~ P~
v x = x a. r~ P~
[ vt v
i n Iy ™M - i —i
o O o Q o Q .
O o Q o 0 Q O
o ~ o O ) ~0 t~
- Q vt - iy 0 0
Q o QD Q Q Q O
< <t 4 <t < <t g
'y} iy in [l9] Ty} i3 i
E E = € &
42 -l vl i e E ot
© el 4 - - gt ] g n el
T VU TR T T S e # ja  owm
b [ 4 ot BT
> > > > [ [ > e >
> () -4 Q Q oD b g - o L Q
'3 O — < O | o o] = m
Ly ] al} ~0 -8 o 3 ™M <
- — o] 0 > >
e <@ =} b G g} [ Y= je] <&
=2 o ™~ 2 ] } 4] 153 {0 =]
™~ d <F M~ ™~ o i~ M 4] < 0d
. s o -3 <t (o] i3 - o
o2 . . . Q 4 . . .
oo
P
=P
o0
MM
DO

i DMMADP 22K

i 54063001

poly.

matal,

-

14 PL

PAGE



FECOMMENDED SPARE PARTSE LLIST

v

v ; e
Pieis list covers are racommended spsve pavrts for TORNIE units manpus
cactyred by Electroric Megsurements Ierr LEDAL 1T TS C1 oand O

cireult breakers and fuses vary accoarding to the suteoarn of the
iy

PESTISTORS

R 1O 1T POT 10%

CIRCUIT DESCRIPTION EM PARTS NO MFR PARTS NO MFR

REF _ COnE

= CSK 10T POT O 10% F&TOB5G7 FEBG-SH ETI
&T7004G01 :

A1C0 Board

L DES
Ay ‘Blarking Diéde | 60012003 MR 7532 MO
C1DS -4 Tener 132v 1 &C001004 PINS TS %
CRI1OT FWE 1. 54 60023001 02t LGE
CRE1R Zener 140001018 CITNATA0H ‘MO
CR121 {Zener & 2v 66003004 CINBED MO
CRi-8 'Main Diodes ' 6GO0B002 VINLIESA MO
: 854-200V { 5C014002 L GR720 259 'S
‘FWB 40A-200Y 60028001 ' PWAD 4 SL (EDT
; 1BA-L00V 60010001 ' SKDDZ0/ b/ 64140 SK
854-200V | 60014002 18422075 ' GE

A.1 other diodes on ALQOG Beard are I[NAGO3.

‘Diocde 200v 60006061 FPINZOGT yinl

Transistors

QL1 -2. : : i :
1G4 iDarlington 162003001 P NSE0E 10
G108, 109 Transistor 162001001 FENZGOT A M0
SCR s
G1-2 {8CR DAUL PK &34 ; ; :

H 100Gwv 161011001 CD4310400m1 TWE



B1 (FAN Smaill 115V ‘51001001
i Small 220V FE51001002
X Large 1156V 51002001
: Large =220V 151002002
Mi ‘Meter Volt 1&E002XXX
M2 iMatar Amp FALQOTIXXX

INTERGRATED CIRCUITS AND VOLTAGE REGULATORS

IC1CG1 ‘Operational Ampl. 164003001
CIRCUIT BREAKERS

Degcription FM Part No.
20 aMP 250V 2 POLE ' 86005004
30 AMP 250V 2 POLE 156007601
10 aMP 250v 3 POLE 1 56008001
20 aMP 250V 3 POLE 56002005
30 AMP 230V 3 POLE F560020G064
Capacitors

Circuit Description EM Part
Code Ref

cL.2.8,9 'Elec. CapacitorsiVarious

Page 2 SP

b .‘l‘wi ::‘ fa "3 H
FBUZAS '
MEZATD i
HESAS ;
grinus/See PLI
IVariaus/ /See Pl
AL 1 SARPC {FC

MFD Parvt No. MER Code

1203-20-2-751-11 L AP

i :

CUPGHALBA69-303AP AP

| oon-2Re-2249-11 VAP

P UAZTETEVE-A i HE

PP GHALGLET~303AF P AP

i i

Mfd Part # MFR
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