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INSTRUCTION MANUAL CORRECTION

Please note the following corractions to the Manual Material as indicated:

1. CHANGE:

TO:

2. CHANGE:

TO:

" 3, CHANGE:
TO:

BHK2000-0,1{M}/3-1373/r6
BHK2000--0.1(M)/1-1178/r7

R8
R8

201
C201

C209
C209

Parts List end Schematic Diagram:

Rasistor, Variable, Wirewound
Resistor, Variable, Wirewound

Capacitor, Paper, Can
Capacitor, Poly/Paper, Can

Capacitor, Paper, Can
Capacitor, Poly/Paper, Can

3070
3833

1K ohm, 1/2W, 10%
1K ohm, W, 5%

0.26uF, 2ZKv
0.25uF, 3Kv

0.25uF, 3Kv
0.25uF, 3Kv

Kepco No
Kepco No

Kepco No
Kepco No

Kepco No
Kepso No

. 1156-0738
. 116.2343

. 1170756
1170018

. 117-0665
1170815
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1-5

BHK/38-F0

SECTION | — INTRODUCTION

SCOPE OF MANUAL

This instruction manual contains information for the installation, operation, and maintenance of the Kepco
Series BHK High Vottage Gperational Power Supplies,

GENERAL DESCRIPTION

The Kepco BHK Design Group consists of high voltage, precision reguiated power supplies with automatic
crossover betwsen their voitage and current regulation modes. The BMK power supplies are squipped with
high resclution, 10-turn voltage and current controls, mode indicator lamps, and output veltage and current
meters, located on the front panel. A-C power line and d-c cn/off switching, monitored by indicator lamps, a-¢
and d-¢ fusing, as well as safety ocutput binding posts, compleie the front panel eguipment.

Rear barrier-strips provide the necessary terminals for programming in the voltage or current mode of
operation as well as output and error-sensing terminals.

Internat jumper connections are provided to convert the BHK power supply from standard to high sossd
operation,

The BHK power supply is of hybrid design, making use of vacuum tubes as the serfes control element thus
forming, with the solid-state reference and amplifiers, an exceptionally reliable high voltage power supply.

The power supply chassis and cover are constructed of etched aluminum, The front panel is heavy gauge
aluminum finished in light gray {if not otherwise specified} and equipped with chrome-plated carrying
handiles.

The major part of the circuitry is located on printed circuit boards of the plug-in type 1o simpiify disassembly,

SPECIFICATIONS, GENERAL

a) INPUT REQUIREMENTS: 105V ac 1o 128V a-c or 210V a-c to 250V a-¢ {selectable}, 50 1o 65 Hz,
single phase. Input current, see TABLE -1,

b} AMBIENT OPERATING TEMPERATURE RANGE: ~20° to +B5°C,

¢ STORAGE TEMPERATURE RANGE: -40°C to +85°C.

d) ISOLATION VOLTAGE: 1000V d-¢ (or p-p) plus maximum rated output voltage between chassis and
either output terminal.

SPECIFICATIONS, PERFORMANCE

D-C QUTPUT QUTPUT IMPEDANCE A-C ENPUT

MODEL RANGE Ohms + Microhenries CURRENT

VOLTS AMPS D-C—100 Hzi0.2~1 kiHz | 1—100 kHz | at 125V A-C
BHK 5BOO—0.4M § 0--500 0-0.4 0.13 0.1 G.2+05 4.0A
BHIK 1000-0.2M | 0—1000 0--0.2 05 0.1 02+05 3.6A
BHIK 2000--01.M | 0—2000 0-0.1 2.0 0.2 G.5+2.0 3.7A

TABLE 1-1 QUTPUT SPECIFICATIONS AND A-C INPUT CURRENTS, BHK SERIES.

-1
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MOTE: With the introduction of the 1970 Catalog (B-703), Kepco has adopted new technical terms recommended
by the international Electrotechnical Commission {1EC), These terms replace or supplement praviously used
expressions, mainly 10 avoid difficulties in translation and prevent erronecus interpretations at home and

abwroad,

As a beginning, Kepco will discontinue the use of the specifications entitled "'Line Regulation” and ""Load
Regulation’ because of the long standing (and misleading) connotation that a power supply regulates the
ling or the load. Instead, Kepco will follow the recommendation of the IEC and speak of the "Output
Effects, caused by changes in the Influsnce Cuaniities.” The "Qutput Effacts” are specified as before, either
as a percentage change referred to the maximum specified ouiput voltage (g} or current {ig) or as an
absolute change {AEq, Ala} directly in millivolis or milliamperes or both, The “influence Quantities” are
the “Source Variations” {formerty n-o line wariations), the changes in load, temperature or time &8
previousty spacified, The illustration batow will clarify the use of the new terminology.

A3 WRBLIT SORIRCE
{Formerdy A0 LINE}

&

IRFLUBMECE QUANTITIES

1 SOURTE VARIATIONS

2} LOAD VARIATHOING

I TEMPERATURE YARIATIONS
A4 TIME WARIATIONS

POWER SUPPLY

LOAD

UNDER TEST §

EqOR T,

A

,

21 DUE TO LOAD VARIATIORS

QUTPUT EFFECTS: (A, Aly)
1} DUE TO SOURCE VARIATIONS (Formerly LINE REGULATION!

3} DUE TO TEMPERATURE
4) RUE FC TIME

N

(Formerty LOAD REGSULATION

[COEFFICIENT, MO CHANGE)
(Formerly STABILITY)

QLITEJT EFFECTS SUTPUT EFFECTS | VOLTAGE AMPLIFIER VOLTAGE
SRECIFICATION VOLTAGE CURRENT MODE GFFSETSY* REFERENCE
MODE (Internal Sensing} Asgy, FATION {indernaip s

GUTPUT RANGE: G—180% E5 max. 0.2%—100% Ly mryax, Fixed 6.2V 15%
SOURCE: 105-128/210-280V a-c! <{0.005% or 1 my* | <100 un <t mv <10 nA 0.0001%
LOAL: No load — full foad <D1% oF T mv® 300 A <1 mv <10 nA it
TIME: 8 hours {grifi} <OM%or 20 myvT | <C001% or 20 pAY | <BO UV < B0 nA 0.005%
TEMPERATURE: Per °C <001% HLOB% OF T max, | 1000V 1 <BGnA 0.005%
RIPPLE: frms) E Y <100 UA

*Whichever is greater.

®*0afer to Section 11 for detinitions and evaluation of tha offset specifications.

LX X"

Specifications valid for 1

TaBLE 1-2 OUTPUT EFFECTS, OFF

mA E10% control current,

www.valuetronics.com
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112 SPECIFICATIONS, FAST SLEWING MODE

al

gl

GENERAL. The Kepco BHK Power Supply can be converted from the standard speed d-c power source
1o & high speed cperational device by means of provided internal jumper connections, The conversion
procedure is described elsewhere in this manual, (Refer to Section Hi, par, 3-32.) To accurately describe
the high speed performance of the BHK power supply, additional specifications are presented below,
Performance data given in paragraph 1-11 is still valid if not superseded by these complimentary
specifications,
SLEWING RATE: >0.0V/ussc. measured as the chord 1o the first time constant on the exponential
response to a8 square-wave program,
OPEN-LOOP GAIN (at d-c): >0.5 X 16° volts per voit,
RIPPLE: Ungrounded: <0.001% Eg max.

One side of output grounded: <0,001% Eg max.
TRANSIENT RESPONSE:
1) Veltage Mode: For a load current step, recovery is an exponential with a B0 usec. time constant.
2} Current Mode: For a lead voltage step, recovery ks at the rate of 0.5V per usec.
IMPEDANCE: aAbove 1000 Hz the reactive impedance of 500 pH must be added 1o the vaiues
presented in TABLE 1-1.
SINUSOIDAL FULL POWER FREQUENCY RESPONSE:

500,000 )
fax, = e (Bryy 08 the peak-to-peak output voltage excursion. )
T

Epp

113 SPECIFICATIONS, PHYSICAL

BHW/38-70

FRONT PANEL METERS (MODELS WITH SUFFIX “M” ONLY}: 2 1/2 inch rectanguiar volt and
ampere meter, 2% full scale accuracy.

TERMINALS AND CONTROLS: Refer to "Mechanica! Outline Drawing” {FIG. 1-3}) and Section |}
{par. 2-3).
DIMENSIONS AND FINISH: Refer to ""Mechanical Outline Drawing’’ {FIG. 1-3).

1-3
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BR/38-70

SECTION H — INSTALLATION

UNPACKING ANMD INSPECTION

This power supply has been completely tested and inspected at the factory prior to packing and is ready for
instaliation and operation. No special precautions are nscessary Tor unpacking of the unit. inspect the
instrument for obvious shipping damage before atlempting to operate it. Perform an operational check as
described in paragraph 2-13, 1 there is any indication of damage, fite a clalm immediately with the responsihie
transport service.

TERMINALS AND CONTROLS

For the location of all terminations and condrols, refer to FIGS. 2-2 and 2-3 a5 well as TABLES 2-1 and 2-2,
The nomenclature used will be followed throughout this manual.

AL INPUT REQUIREMENTS

This power supply is normally supplied for operation on a single phase, nominat 118V a-¢ line. For corversion
1o 230V a-c line operation, refer to FIG, 2-1, For a-c input current reguiremeants, see TABLE 1-1.

GROUNDING

a SAFETY GROUND. The power supply is equipped with a 3-wire safety line cord and polarized plug.
The third {green} wire in the line cord s connected to the chassis and the case of the unit. If a
Z-tarminal receptlacle in combination with an adapter is used, it is imperative that the chassis of the
power supply be returmed 10 a-¢c ground with a separate lead,

b} SIGNAL GROUND, The d-c output is isolated from the a-c power ling and from any direct connection
to chassis or ground. The negative side of the output is connected to chassis through a capacitor in
series with a resistor.® Tha maximum voltage that can be supported between either cutput terminal and
ground or chassis is 1000V d-¢ plus the maximum oulput voltage of the power supply, Either side of
the output may be grounded, Convenient grounding terminals are provided at the front panel binding
post or at the rear barrier-strip. (Refer 1o FIG, 1-3.)

*This connection is opened during high speed programming (see par. 3-32}) and grounding of the (+)
positive output terminal is recommended.
LOAD COMMECTION

The ioad may be connected to the front panel binding posts or at the rear terminals. The output affect
specifications as given in Section | are valid for rear terminal connections only, H optimum regulation directly
at the foad is essential, remote error sensing as described in paragraph 3-13 must be applied.

COOLING

This equipment is convection cooied, Side-panel openings and the top of the case must be kepi clear from
obstructions 1o insure proper circuistion.

I¥ the supply must be racl-mounted or installed into confined space, care must be taken that the ambient
temperature does not rise above the limit specified in Section | of this manual.

uetronics.com
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FiG, 22 TERMINATIONS, FRONT.

BNOYL TERMINATION OR CONTROL FUNCTION
1 LINE SWITCH CONNECTS UNIT TO AND FROM A-C POWER 1 INE
2 D-C SWiTCH SWITCHES HY D-C VOLTAGE ON/OFF
3 VOLTMETER {NDICATES QUTPUT VOLTAGE
4 AMPERE METER INDICATES OUTPUT CURRENT
3 RANGE SWITCH COARSE QUTPUT VOLTAGE sWITCHING, 10 POS.
5] OUTPUT TERMINAL {+) PLUS TERMINAL, 3-C OUTPUT, FRONT
7 GUTEUT TEBMINAL (GND} CHASSIS CONNECTHON MUST RETURN TO A-C GROUND
b3 QUTPUT TERMINAL {~) MINUS TERMINAL, D-C QUTPUT, FRONT
9 CURRENT CONTROL 10-TURN CONTROL, SETS OUTPUT CURRENT
10 VOLTAGE CONTROL 10-TURN CONTROL, SETS OUTFUT VOLTAGE
11 VIX INDICATOR DASPLAYS CURRENT OPERATING MODE
12 VIX INDICATOR DISPLAYS VOLTAGE OPERATING MODE
13 FUSE PROTECTS HEFERENCE TRANSFORMER
14 PILOT LIGHT HNEBICATES A-C LINE POWER "ON"
15 FUSE PROTECTS MAIN TRANSFORMER
TABLE 2-1 TERMINATIONS, FRONT.

O O

SERIES REGULATOR, (PASS} TURBES

FIG. 2.3

TERMINATION, REAR.*

NO. TERMINATION
QR CONTROL

FUNCTION

i TBAGH PROGRAMMING TERMINALS
2 TB302 QUTPUT AND PROGR AMMING TERMINALS
3 TB303 VEX CONNECTIONS, A-C INPUT

TABLE 2-2 TERMINATION, REAR,

*REFER TO MAIN SCHEMATIC FOR INDIVIDUAL TERMINAL IDENTIFICATION,

BHK/38-70
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SECTION [l — OPERATION

31  GENERAL

32 This section containg directions for the operation of BHK Series Power Supplies. The output controt modes
possibie with the BHK power supply range from focal valtage or current control at the front panel aver simple
remote resistance control of the output to sophisticated high speed smiplifier duty, With the versatility of
these power suppiies, only a few of the many possible circuit configurations can be shown, For a more
exiensive view on power supply applications, please consult the “Kepoo Power Supply Handbook,” available
from your Kepco sales engineer or write directly 10: Kepco, Inc., 131-38 Sanford Avenue, Fiushing, New
York 11352,

33 THEORY OF OPERATION

34 in order to familiarize the user of this equipment with the terminciogy used in this manual and with the
various modes of operations described in this section, the Kepso comparison circuits will be described, the
operating equations derived, and the analogy between power supplies and operational amplifiers will be
shown,

35 fn the BHK power supply, separate comparison or controf circuits and amplifiers with automatic crossover
from voitage to current mode of operation {or vice versa) are provided. (Refer to FIG, 3-3)) The connections
1o the control circuitry and the ampiifiers are accessible at the rear barrier-sirip. (See FI1G, 4-2.} The internal
control circuits will be discussed below,
al CURRENT MODE CONTROL CIRCUIT, (Refer to FIG. 3-3) In the current mode of operation, the

voltage drop across the current sensing resistor (Rg) is compared with ihe voltage drop across the
current control resistor (Ryp, front panel “current control”). At halance, Vg= Vo and Epg’ = 0, and
equations {1}, (2}, and (3} are found to be valid. Any unbalance caused by either a change in the setting
of the front panef control (Rye), a variation in a-c fine voltage or a change in load resistance will
produca a signal at the differential input (B, B of the current mode comparison amplifier. This
amplifier in combination with the driver circuit will bias the series ragulator in such a way as to restore
the previcus balanced conditions. For example, for an increase in Ry {meaning a decrease in lg), the
voltage across Rg drops and results in a negative input signal at the input to the amplifier and & positive
signat at the grid of the series regulator producing in turn a reduction of the plate-cathode impedance
and effecting an increase in compliance voltage Eq, thus keeping {5 constant,

b) VOLTAGE MCDE CONTROL CIRCUIT, (Refer to FIG. 3-3) The comparison circuit in the voltage
mode of operation consists of a bridge circult normally connected directly to the output terminals (via
the error-sensing links), When remote error sensing is used, the comparison circuit is removed from the
output terminals and connected directly 10 the remote load,

At balance:

Eaar = 0 and equations (4}, (B}, and {8} are found to be valid, Any unbaiance, due 1o sither a variation
in a-c line, output load or changs in setiing of the front pane! control (Rygd, will produce an input
signal at the voltage comparison amplifier, The ampiifier, in combination with the driver stage and the
series requlator, will tend 1o restore the previous balanced position. A rise in output voltage (Eg) or a
change in the value of Ryg will cause a change in input voliage at the null junction of the amplifier {A),
The resuiting grid signal at the series reguiator will vary the voltage drop Ep in such & way as to correct
Ep until the previous balance is restored,

o] POWER SUPPLY/AMPLIFIER ANALOGY
t Without changing the physicat layout of any component in FIG. 33, the voltage comparison

amplifier and control circuitry can be redrawn 1o iflustrate a vseful analogy betwsen a power
supply and a d-¢ feedback “operational” amplifier. (See FIG. 3-1.)

BHI/38-TO 31
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FiG, 31 VOLTAGE CONTROL CIRCUNT, OPERATIONAL NOTATION,

-

Substituiing the Tamiliar operational amplifier terminclogy for the elements sround the power
supply, @ model of an inverting, unipolar amplifier results, Hs output voltage, By is derived from
relationship: Eq=-E) R§/Ry {7}, {from Eq. 4] whers R¢/R; Is defined a8 the closed-loop or
operational gain, (See FIG, 3-2.)

-

i’ AVAVAY
Ry
R; R
. N R
- \\ Eﬂ _Er.ﬁ_g.-
\ \‘“\ -
—h O
SYMBOL MCOLUDES  AMPLIFIER
GD AND PASS ELEMENT.
EB
O

FIG, 3-2 OPERATIONAL AMPLIFIER, INVERTING CONMFIGURATION,

2} A power supply containg, in addition o s high gain d-c argp%%fier, an nverting high power
"booster” {the pass elemenis}, main and auxiliary d-c supplies, and shunt regulated reference
sources. By comparison with low power operational amplifiers, the frequency response of the
powaer supply is limited dus mainly 1o s large output capacitor needed for high current delivery
at low outputl impedance. For high speed operation, however, the filter casscitors in the BHK
Power Supplies may be disconnected, resulting in aexcellent performance at high frequencies,

36 D-CSPECIFICATIONS FOR wwmm‘mmm POWER SUPPLIES

37 i the power suppi\'?55 is used as an amplifier, #s output effects which were formerly specifiad in terms of the
output variations {AEs) must now be respecified for the amplifier input. The reason for this Is that the
varigtions with a-c source, output load, temperaturs and time become a function of the selected feedback
components and closed-loop gain, Their effect on the output will therefore vary with the value of these
components and may be calcutated for each casa.

38  indeveloping the amplifier model, we tacitly assumed the null junction voltage and current to be zero, causing
the “ideal” equation {7} to be valid. In reality, howsver, nonidealities do exist at the null junction or input of
of an offset voltage {Es) and an offset current {ljg). Although their inftia/ values may be cancelled or zeroed,
either by externai maans or by provisions made internally (as in the case of the BHIK power supplies), their
variations with a-c input source, load, mmperature and time appear &t the input and are specified as AE|q and
TAUH

32
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BHK GROUP, VOLTAGE AMPLIFIER QOFFS5ETS
SPECIFICATION: JAL=T Ao
A-CINPUT SQURCE: {105—128V a-c} <1 my <10 RA
LOAD: (Mo toad/Full toad) <4 mv <10 nA
TIME: (8 hours) <BY UV < B0 nA,
TEMPERATURE: Per °C <100 uv <50 nA

39  Considering both offset variations, the modified expression for the output voltage {with the initial or fixed
parts of Ejg and 1 nulled) becomes:

y Rt Ry
Eg = Ef—+ AEgO — 4+ H+ A|g0 Rf {Ea. 8)
Rj Ri
%, A 1 ~ A
isal Pare™ Cutput Effects

As seen from equation (8), the offset voltage variations (AEq) are multiplied by unity plus the gain ratic
R¢/Ri to obtain their contribution to the output voltage change while the offset current variations are
multiplied by the value of the feedback resistor (Ry}. The separation of the specifications for AEjg and Aljg
not only aliows an analysis of the contributions from each offset variation but also permits component
selection such as to minimize the effects of either offset or find an acceptable compromise.

310 A practicat example will illustrate the usefulness of the concept.

a For an application requiring & gein of 10, an operational programming circuit is to be set up with a
model BHK power supply.

From the Table of Specifications, the output effect due to a-¢ input source variations is found to be:
AEjy = 1TmV |, Aljg = 10nA
*MNOTE: A second order effect, neglected in this analysis, is contributed by the variations in the input or reference
source. |f this effect is known and its magnitude is comparabie 10 the output effects due to the offsets, the

term "EAE] (RE/R))" must be sdded to eguation (8],

H owe jet Ry = 100 K ohms, then for R+/Rj = 10, wa need R = 1 megohm, The expected output effects
due to a-c input source variations are {from Eq. 8):

&EO = AE;Q

——Hf 1 + Alig R
+ Alig Rt
Ri 10

TmV {10+ 1)+ 10 nA {10°% chms)

il

PTmy + 10mY
AEgdue to AEjg  AEg due to Alig

The contribution of Aljg is seen 1o be almost as much as that of AEj,, due of course, to the choice of a
relatively farge feedback resistor. Generally, in low gain applications, it is wise 1o select lower values for
the feedback and input resistors if the loading on the input source will permit it. If, for
exampie: Bj= 10K and Rs= 100 K {retaining the previous gain ratio of R¢/Rj = 10}, the total change
in output voltage AFEg would only be 11 mV + 1T mV=12mV, showing clearly the advaniage of
selecting lower values of feedback resistors, thereby reducing the contribution due 1o Alje.
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b} Using the same amplifier in an application with a required operational gain of 100, we select R; to be
1 K ohm and R = 100 K, thus establishing the desired gain ratio (R¢/Rj = 100}, For this chaice of input
and Tesdback elements, we find the output effects due 10 a-¢ Input source variations 1o be:

ABg = 1TmV {100+ 1) + 100nA {1 X 10° ohms)

it

101 mY +  TmV
AEgdue 0 AEjn  AEg dus to Al

in these cases of large gain ratios, the contribution from AR is dominant, {ts effect can only be

“reduced by externally fimiting wide variations of the a-¢ input source. Similar calcutations to the above
exampies may be made to predict the effects of inad changes, lermnperature variations or stability
{changes In output voltage with timel. It must be realized, of course, that the examples shown represent
“worst case” analysis. As a rule, total output effects are much smailer, due to canceling effects and
“"better than specifiad” performance of the BHK,

311 STANDARD POWER SUPPLY OPERATION, LOCAL COMNTROL

312 GENERAL. The BMK power supply is shipped from the factory with 8 removable jumper-links in place'ét the
rear harrier-strips TB301 and TB30Z. Al links must be in place and secured tightly for standard local

oparation,
NOTE EITHER () OR (=)
g“'ii’g[ [():sw BE REMOVE AC INPUT SOURCE FROM
ROUNGE POWER SUPPLY BEFORE MAKING
GORNECTIONS TO THE REAR
BARRIER STRIP TERMINALS
TR0 TRO)

o SHELDED

K s

]
e i
P SINAL L

* cpound  F
- \_ REMOVE LK

L—REMOVE LINK /'“TW!STED AND

e

FIG, 3-4 LCAD CONNECTION WITH AND WITHOUY ERROR SENBING,

313 LOAD CONNECTICN, The load may be connected to the front or the rear ouiput terminals as shown,
Specified d-c performance is measured &t the error-sensing terminals {4}—{8}. Front terminai connection and
remote load operation reguires, therefore, the use of error sensing as shown in FIG. 3-4. A twisted, shielded
pair of sensing wires is connected to the rear sensing terminals and terminated directly at the load. Tha
shielded error-sensing leads must be insulated to the shield for (at least) the maximum output voltage of the
power supply. Specifled d-¢ performance is now available directly at the load.

314 TURN-ON. A-C power ling turn-on is indicated by illumination of the red signal lamp at the front panel, The
BHK power supply is now in standby condition. A& waiting period of approximately 30 seconds should be
alfowed to let the fifaments of the series regulator tubes reach their operating ternperature. After the d-c
switch is turned on, output is available at the output terminals. The “d-c—on” condition is indicated by the
Hlumination of one of the white VIX® lights on the front panel. D-C output may alse be switched on
remotely by removing the jumper-links between rear terminals (18)—{19) on TB303 and inserting a single pole
switch between those terminals. The BHK power supply may be switched “on’ or “off" with its front panel
controls in any position.

215 SETTING QUTPUT VOLTAGE AND CURRENT. The cutput voltage of the BHK power supply is adjustable
from zero to the maximum output voltage by a 'coarse” and “fine” voltage control-located at the front panel.
The “coarse” control consists of a step switch dividing the output range into 10 equal voltage ranges. The
"fine™ control is & 10-turn pracision rheostat which adjusts the output to any point within the individual
range so that continuous control with exceptional resolution is provided throughout the full output voltage
range. The output current of the BHK power supply is adjustable from zero to the maximum output current
by a 13-1urn precision rheostat on the front panel,
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316 AUTOMATIC CROSSOVER. The cperating mode of the BHK power supply will be determined by the setting
of the front panel voltage and current controis and the load resistance. For any given setting of the ocutput
controls, a sharp crossover point exists where the load resistance (R ) is equal o the output voltage (Eo) zet
by the front panel control, divided by the output current (I5). Front panet signal lights (VIX® indicator)
indicate whether the power supply is operating in the voltage or current mode of operation. {Refer to

FIG. 35}
&F RANGE OF ABJUSTABLE
R — CURRENT LIMIT—mm—mm ot
B e
N TIITT
CROSSOVER ‘
¥ FOINT l%
Eo [ [VOLTAGE TREGULATED | | W@ 2
| e o
I z =35
[E=A
& s &
7 o o
. e s
=
& 4 0
4 " |
0 : ! & T
TYPICAL CHARACTERISTIC I, Tuiax

FiG. 35 AUTOMATIC VOLTAGE/CURRENT CROSSOVER.

317 VOLTAGE MODE OPERATION, 1f constant voltage operation is desired, the CURRENT ADJUST control
may be set to its maximum clockwise position. The supply will then operate as a voltage regulator and deliver
any desired current up to its maximum output rating, Overload protection is provided at this setting at the
maxiraum output current of the power supply. Any other setting of the CURRENT ADJUST control will
provide overload cutoff at the adjusted output current level. The BHK power supply will deliver constant
veltage and the output current will vary with Joad changes. If the output current reaches the preadjusted level,
it wilt aytomatically switch into the current mode,

3-18 CURRENT MODE OF OPERATION, ¥ the constant current operation is desired, the CURRENT ADJUST
control at the front panel is set to the desired output current level, and the VOLTAGE SELECTOR and
VOLTAGE ADJUST controls o the desired “‘complianga voltags,”” [At constant current output, the power
supply changes its outout voltase in “compiiance” to the demand of the load while holding the current
constant. This changing output voltage under constant current operation is termed the “compliance voltage
range.”’)

318 INTRODUCTICN TO REMOTE PROGRAMMING

320 GENERAL, Aswith all high voltage equipment, basic safety rules must be obssrved at all times,

aj Use extreme caution when connecting or disconnecting the load or other external components to the
power supply, This is a high voltage device with very low impedance and must be operated carefully.
Remove the line cord completely before touching the rear barrier-strips or compenents inside the case,

b} 1f shielded cable is required, connect the shield to the case of the unit. A grounding screw is provided
near the rear barrier-sirip for that purpose. The cable must be insulated for the maximum output
vohtage of the supiply,

cl tf nossible, return one side of the output to ground. (Either side may be grounded.} I this is not
possible, use extre care and ground at least the case 1o a good a-c ground. {Since the power supply is
"floating,” alt excternal programming sources must be insulated for the maximum output voltage to be
programmad, )

d) Al external connections must be tight, espacially the screw connactions to the rear barrier strips,

e} External programming or reference sources must have specifications equal or better than the BHK
power supply 1o be programmed,
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i Programming resistors should be high quatlity wirewound units with temperature coefficients of 20 parts
per million or better. Their wattage rating must be at least 10 times the actual power dissipated,
Although the control current through these resistors is only 1 maA, an error current exists when
programming large voltage excursions, The magnitude of this error current equals the change in output
voltage divided by the final resistance of the programming resistor, {If, for example, the voitage step is
from BOOvelts to zero, AEg =500V and the final resistance of the programming resistor is
ARye = 2 ohms, lpeak = 2B0A.} The duration of the peak error current depends upon the size of the
output capacitor. lpeak decays exponentially as the output voitage assumes the final value. {In the
"high speed” mode of operation, the outpui capacitor is disconnected, and the duration of the error
current is sharply reduced.}

I step switch devices are usad in resistance programming, they must be of the “make before break” variety 1o
avold programming infinity, Programming resistors must have a volfage rating at least equal 10 the maximum
output vottage of the power supply.

221 QUTPUT VOLTAGE PROGRAMMING WITH EXTERNAL RESISTANCE

322 The output voltage of the BHK power supply may be contrelled remotely by an external resistance, replacing
the built-in voitage control resistance which is disconnected at the rear barriersirip. If the standard
programming ratio is retained, 1000 ohms of external controt resistance is needed for every volt of output
desired. The external control resistance can take the form of another rheostat or it can be a fixed resistor or a
group of resistors which are step-switch er relay controlled. {Refer to par. 3-19f for selection of suitable
programming resistors.}

EXTERNAL Ry [ SHELD
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FIG. 3-6 SETUP FOR RESISTANCE PROGRAMMING (VOLTAGE MODE]

323 PROCEDURE (Refer 1o FIG. 3-8,)

a) Remaove tinks between terminals (1)—{2)—(3} at the rear barrier-strip. (The deoubie link is used for
insulation since the full output voltage may appear across terminals (1) and {3),

b} Using a shielded, twisted-wire pair {the voltage rating of the cabie must be at least equal to the
maximum ouiput voliage of the BHK power supply}, connect the external resistance to the rear
barrier-strip as shown. Programming may commence after turn-on and warm-up peried.

c) if high accuracy and linearity are required, the programming ratio of 1000 chms per volt may be
precision calibrated as directed in paragraph 3-28,

d) Voltage mode resistance programiming may be performed at standard speed or the power supply may be
converted to the high speed operating mode as described in paragraph 3-32,

BHK/38-70
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324 OQUTPUT CURRENT PROGRAMMING WITH EXTERNAL RESISTANCE

325 The output current of the BHK power supply may be controlied remaotely by disconnecting the internal
CURRENT ADJUST potentiometer and substituting an external controf rasistor, All necessary connections
can be made at the barrfer-strips. If the standard programming ratio is retained, 1000 ohms of control
resistance will produce the full output current. The ratio of ohms/milliampere is thefefore:
1000 ohmis/ig max .. The programming resistors may take the form of another rheostat or it can be a fixed
resistor or a group of resistors which are step-switch or relay controfled. Criteria for the sslection of
programming resisiors have been established in paragraph 3-18. | extreme linearity is. required, the
programming ratio may be precision calibrated as described in paragraph 3-28. Current mode resistance
programming may be performed at standard speed, or the power supply can be converted to the high speed
operating mode as describad in paragraph 3-32.

326 in the high speed mode, full advantage can be taken of the fast slewing speed of the BHK group, The BHK
power supply comes very close to the properties of an ideal current source, 1ts output impedance is very high
because of high-toop gain and the absence of an output capacitor. Due to s high bandwidth, its amplifier wiil
respond quickly to changes in load resistance and foad current transients will be short, (Refer also to

par, 3-28.)
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CORRENT GONTROL o e
| E
wil| ot |
. )

W {/—REMGVE LINK il (D
| o Eq E
""“‘:ié |
= | Pass- j
§ ELEMENT [
| ! \ i
i@ APA i
| Th |
| l
i

NOTE | ENCIRCLED NUMERALS ARE TERMINAL No's. AT THE REAR BARRIER STRIP.

FIG, 3-7 QUTPUT CURRENT PROGRAMMING WiTH EXTERNAL REBISTANCE.

327 PROCEDURE {Refer to FIG, 3-7.)

a) Remove link betwaen terminals {8) and (1D} at the rear barrier strip,

bl Using a shielded, twisted-wire pair, connect the external resistor (1000 ohms, wirswound, single or
muttiturng to the rear barrier-sirip as shown, The external contrel resistor is now in series with the
internal Ree which is turned to zerc (completely counterclockwise). M1 is a d-c ammeter with a range
including the maximum output current of the BHK power supply.

o} After wrn-on, turn the external current control clockwise to Its maximum position, Locate R12 isee
FIG. &1} and adjust to exactly maximum rated output current. Programming can commence after
turn-on and warm-un,

di If the finearity or accuracy is not sufficient for the application at hand, a precision programming ratio
may be established as shown in paragraph 3-28,

328 INITIAL ADJUSTMENTSE FOR PRECISION PROGRAMMING

329 1In the BHK Power Supply Series, the control currents for tha veitage and current comparison circuits (i and
In’) are adiusted to a nominal 1 milliampere vaiue 1o provide maximum rated outpuf in the respective
operating modes, The T mA contrel current establishes a controt ratio of 1000 chms per volt in the voltage
mode of operation and 1000 ohms per volt of sensing in the current mode, Sinee ane volt of sensing is used at
maximum output current, the ohm/milliamperes ratio for the BHK Series is:

10 chms per milliampere (BHK 2000—0. 1M}
B ohms per milliampere {(BHK 1000—0.2M)
2.5 ohws per mitliampere {BHK 500~0.4M}
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Internal trim resistors are provided for the adjustment of the control.currenits {and with i, the programming
ratios) £5% sround their nominal vaiues. Adjustment is not required if the power supply is used in the local
control mode, aexcept perhaps after replacement of components directly associated with the control circuit.
Precision calibration may, however, be readily performed for external programming with precision decades or
other highty accurate components. The procedures are described below,

330 PROGRAMMING RATIO ADJUSTMENT, VOLTAGE MODE {Refer to FIGS. 3-8 and 3-9.)

al Equipment required:

i} Precision digital or differential voltmetear {M1)}.

2} Precision resistor, accuracy equal 1o or better than M1, The value is not important but must be
known, For every 1000 ohms, 1 voit will appear acress M1, The resistor will be externally
connected and functions as the voltage contrel resistance, Ryg.

3) SPST switch {51},

b} With the line power removed from the power supply, disconnect tinks on the rear barrier-strip TB301
between terminals {1)—-(2)—{3). (The double link is used for insulating purposas since the voltage across

(1} and (3} may egual the maximum output voliage.)

c} Connect external components as shown in FIG, 3-89, Turn line power “on.” With S1 open and Ry, for
example, 100 K ohms, approximately 100 volts output voltage will be read on M1,
d} Locate R8IV MAX) and R28 {OFFSET VOLTAGE ADJ.) by referring to location drawing FIG, 5-1.

Close 51 and adiust R28 to precisely zero volts on M1, Open St and adjust R8 for exact 100V on M1,

This concludes the programming ratio adjustment in the voitage mode, Careful adjustment will yisid

excellent linearity.

T {CONTROL CURRENT)
ADJUSTMENT RANGE ( WITH

100K \\ Rel
2
8
t - CORRECTLY ADJSTED
L 000 /9 RATIC
fo'4
g Fo—s (VOLTS 0oV
7ERO VOLTS o= {VOLIS)
ADJ. RANGE
(WTH
ReBH

FIG3. 3-8 ESTABLISHING PROGRAMMING LINEARITY.
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331 PROGRAMMING RATIO ADJUSTMENT, CURRENT MCDE (Refer to FIGS. 3-10, 311

a)

Bii/38-70

Equipment required:
1) Precision differential of digital voltmeter,

2} Precision d-c ammeter, range according to maximum output current.
3} Trim resistor, 100 ohms, 10-turn,
4} External current control resistor. An adjustable resistor in the range from 01000 ohms will

control the full output current range.

With line power removed from the power supply, connect the d-c ammeter directly across the output
terminals. Turn front panel CURRENT ADJUST completely counterelockwise,

Turn dine power “on” and twrmn CURRENT ADJUST siowly clockwise to its end stop. Read the
maximum output current on the precision ammeter and adiust {by turning lo max, control R12) until
the rated value is reached.

No internal zerc adjustment is provided in the current mode amplifier; a negative offset in the mitlivoit
range is present. For precision external programming in the current mode of operation, this offset may
be zeroed by the insertion of a small trimming resistor in serigs with the CURRENT ADJUST control.
The internal CURRENT ADJUST on the front panel now functions {with the additional external trim
resistor) as a zero control. A setup is illustrated with this additional resistor {10082} in place (see
FIG, 3-11} and an external current control connected, While the internal R and the trim rhecstat RT
set the zero point of lg, the external Roe sets the maximum point of la. This concludes the
programming ratic adjustmant in the current mode. Careful adjustrment will yield excellent finearity,
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332 HIGH SPEED PROGHAMMING

333 Modern voltage and current regulated power supplies represent a compromise between the opposing
characteristics of an ideal voltage source and an ideal current source.

A good voffage requiator shouid have such properties as low cutput ripple, fow output impedance, and good
stability in the presence of loads with capacitive or inductive content. For this reason a voitage regulator relies
heavily upon the gualities of a large cuiput capacitor with its fow terminal impedance (which decreases with
increasing frequency), its good energy storage capability, its resistance 1o instantaneous voliage changes, and
ils large phase lag.

On the other hand, a good current regulator should have a very high output kmpedance and Hs terminal
voitage should be capable of rapidiy assuming any value {within the rated ouiput range} as may be needed 1o
keep the outpul current constant while the load is changing.

The BHK power supply is designed to perform a dual function as a voltage reguiator and as & ourrent reguiator
source {as well as being an “operational’” amplifier using the voitage mode amplifier]. For voliage regulator
duty, heavy ouiput and feedback capacitors are used, and excellent stability with low ripple is achieved, For
current reguistor duty or for figh spesd programming in the voltage mode, the BHK power supply may be
convertad to high sosed operation by disconnecting the output and feedback capaciiors Trom the circuit.
Removable jumper-links are provided on a printed circuit board (PCB-5, Ab}, accessible from the top after the
cover has been removed. {Refer 10 FIG, 3-12.)

REMOVE LINE POWER FIRSTY

f-:’)\iw@ \

i EGR HIGH SPEED CONVERSION
Remove jumpers between terminals:
Commen + TPBR03
Tesp2 Common + TPSG7
TPEGT + TP5G2

FOR ADDITIONAL FEEDBACK CAPACITANCE

ERterite

- Ygﬁ Connect jumpers between terminals:
O Common + TPB0S = 680 pF
) Comman + TP506 = 400 pF
WM Oy L Common + TPBOY = 1006 nF
# e

Common + TPEEOH = 39040 pF
or & combination thereof

FiG, 312 CONVERSION T30 HIGH SPEED OPERATION,

334 The output capacitor, and 1o a lesser exient the feedback capacitor of a power supply, control the
programming speed and the current mode recovery time. The removal of these capacitors resulis in greatly
tmproved performance of the power supply In these areas. The power supply's a-c stability, however, Is greatly
reduced, making i sensitive to the load phase angle, For this reason the load should be a3 nearly a pure
rasistance as possible. The programming speed of the BHK powar supply with tha capacitors disconnected is in
axcess of 5 ¥ 10% volts per second, and the current recovery time, a direct function of the programming
speed, is therefore betier than 0.5 volts per microsscond, When these capacitors are removed, there will be a
small cresse in the ripple and noise (mainly high frequencies and pickup), therefore shielding and good
grounding practices are aspeciaily important in the high speed mode, Builtin, adjustable lag networks and a
group of selectable feedback capacitors in the BHIK power supply serve to stabitize the ampiifier for a small
range of load phase angles when operating in the high speed mode, With the large output and feedback
capacitors removed and the circuitry stabilized by means of the lag networks, the power supply assumes the
characteristics of a wide-band amplifier. The output impadance will be high, especislly at high freguencies,

and the response 1o step voltage programs is greatly improved, For exampls, the conventional speed BHK will

respond 1o a BOvolt step in Q.1 seconds {connectad as a normal power supply). In the high speed operating

miade, it will respond 1o the same step in 0.1 milliseconds; an improvement of 1000: 1 *
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335 LAG NETWORK ADJUSTMENTS

336 The built-in lag networks in the BHK power supply have been adjusted with the instrument in the high speed
operating mode working into a resistor load while voitage programmed with a square wave. The factory
alignment procedure is readily duplicated and described below, The lag networks must be readjusted by the
user to stabilize the power supply wheit operating into other than purefy resistive loads. in addition 1o the lag
networks, smatl fesdback capacitors are provided which may be selected across the voltage control resistor.
{Refer 10 FIG. 3-12.) As all high gain feedback amplifiers, the BHK power supply may become unstable for
capacttive loads, Paragraph 3-44 describes a possible selution to this problem.
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FiG, 3-13 SETUP FOR LAG NETWORK ADJUSTMENTS.

337 PROCEDURE

aj Equipment required:
13 Oscitioscope, Tektronix Mode! 545 or equivalent.
2} Square-wave generator, HP Model 211A or equivalent.

b) Connect test setup as shown in FIG, 3-13.

c Select a unity gain ratio by adjusting the feedback resistor Ry to the same value as the input resistor R;
(ratio 1:1). Locate the lag networks by referring to F1G, b4,

d} Turn instruments on and observe input and output waveforms, Adjust the ilag networks to provide the
desired amount of damping.

338 OUTPUT VOLTAGE PROGRAMMING WiTH EXTERNAL CONTROL VOLTAGE

339 The control of the cutput voitage by means of another exiernal voltage source is termed “voltage
programming.”” in this mode of operation, the internal reference source is disconnectad, and the control
current is supplied by the external programming source. Voltage programming can be mathematically
expressed by referring to the balancing equation of the voltage comparison cirouit:

B Eo )
L=t g a),
Rr Bve
solving for Eq:
R R
B = ~Er % or Eg = ~Ej b,
Ry R

using the operational terminology, where [j Is now the input voliage, Rt and Ry the feedback and input
resistors respectively=+The last expression is the equation for an inverting operational amplifier. The power
supply bacomes in effect a unipolar amplifier with very high powser gain (and considerable bandwidth if first
converted for high speed operation; refer to par. 3-32 for conversion procedure.} 1f the closed-ioop gain R¢/R;
is held constant, Eg becomes a lingar function of £

3-13
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FiG, 3-14 BHK POWER SUPPLY SINE WAVE PROGRAMMED,

340 Before programiming, the amplifier offsets should be rulled by following the proceduses described in
paregraph 3-28. 1t must be remembered that the BHK power supply is a wrdpolar device. Since its output can
vary in one direction only, the input source must also be uninoiar {positive going only} or the cutput fevel
must be set by d-¢ biasing the input in such a way that it can accommodate the ampiified signat if the input is
hipolar. Two examples illustrating compaonent selection and d-c biasing will be given below:

Example |1 A BHK 1000-0.2M is to be sine wave programmed from a source having a bipolar cutput of 20V

peak-to-peak into 600 ohms. The maximum output swing possibie for the BHIKC power supply is equal to its

maximum output voitage or 1000 volts peak-to-peak. In order to achieve this output from a bipolar NN, the

d-c output level must be preset to BOOV d-c {midpoint) so that our amplified sine wave Signal can swing

around the 500V blag axis. {Refer to FIG. 3-14.) Applying the operational equatitis to both required e-c and

d-¢ conditions, we can calculate the necessary circuit components as foiiows:

a) D-C. The 800V d-c bias may be achisved two ways. We can either retain the standard 1 mA control
current and change the feedback resistor to 500 K ofwms, or we can retain the internal voltage control as
the feedback resistor {1 M chm at the fully clockwise position} and aiter the control current 1o 0.5 mA.,
I¥ we choose to do the latter, the links between rear barrler-strip terminals (7} and {14} must be opened
and an additional trim resistor inserted 10 reduce I, Its value is calcuiated by the known d-¢ conditions
and equation (B}

EG - ;b va, EO = 500V
RVC = T Mohm

BOOV
1 X 10° ohm

= 0.5 mA

Since Ip = E¢/Ryf and Ey is known to be 8.2V (nominal)

6.2V

B 05 ma

= 124 K ohm.

Since approximately 6.2 K are already in the circuit, an additional 6.2 K ohm resistor is nesdsd.
Choosing a 10 K ohm wirewound frim rheostat will allow us to precision adjust the control current to
0.5 mA.

b} A-C. Eq required = 1000V p-p.
Ej= 20V p-p {available drive signal},

The gain required therefore equals G = Eg/E| = R{/Rj=080and R; = T meg = 20 K ohms.
50

The complete programming setup is now connected to the rear barrier-strips as shown in FIG. 3-16
below, and operation can commence, From the frequency response chart (FIG. 1-4), it is seen that the
BHK in the high speed configuration {specified slewing rate = 5 X 10° V/sec.} has a sine wave frequency
response of approximately 200 Hz urder full toad before slope distortion sets in.

314
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FiG, 315 SETUP FOR VOLTAGE PROGRAMMING WITH 4 BIPOLAR SINE WAVE,

Exampie {t. The ouiput of a Model BHK 500-0.4MM is to be programmed with a triangular wave from zero 1o
the maximum output veltage. The programming scurce s a (rlangular-wave generator with a maximum
positive output of 20 volts and which can deliver T mA of control current. Ry is thereby given:

Ri = Ei/lp = 20 K ohms,

The internal voltage control resistance will be retained and used as Ry by turning both front pane! controls
{VOLTAGE SELECTOR and VOLTAGE ADJUST} to their maximum clockwise position. {In this position
R¢ =500 K ohms) The internal reference scurce will be disconnected since our input source is unipolar
{positive) and will deliver the control current. {No d-¢ bias is needed.}

The programming setup is now connected to the rear barrier-strips as shown in FIG. 3-16, and operation can
commence. FI1G. 3-16 also shows the resulting waveform,
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FiG. 316 SETUP FOR VOLTAGE PROGRAMMING WITH A POSITIVE SAWTOOTH WAVE,

OUTPUT CURRENT PROGRAMMING WITH EXTERMAL VOLTAGE

The output current of the BHK power supply may be controlled by an external programming voltage (E;}.
The internal current generator is disconnected from the current mode amplifier and replaced by a variable
{0—1 volt} source. The output current will be controfled in accordance with the equation tg = Ej/Rg, where Rg
is the internal current sensing resistor. Since the product I {max.) Reequals atways 1 volt in all BHK Powar
Supplies, varying E; from O to 1 volt will vary the output current from zero 1o its maximum value. E; must be
extramaly stable and free of noise and ripple since any change in B (AEjH will be reproduced as part of the
output current in the ratio: Alg = AE{/Rg,
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FIG, 317 CUTPUT CURRENT PROGRAMMING WITH EXTERNAL VOLTAGE,

3-43 PROCEDURE {Refer to FIG. 3-17.)

aj Remove link between terminals {8), (1B}, and (16}, This disconnects the internal current generator |y
and the internal CURRBRENT ADJUST conirol.

b} Cannect external programming source Ej as shown. Varying Ej from zero to 1 volt will vary the output
current from zero 1o its maximum rated value.

344 CAPACITIVE LOADING

345 The Kepco BHK Group of power supplies can drive reactive loads at reduced slewing rates with appropriate

adjustments of the lag networks. (See par. 3-3b, “'Lag Network Adjustment”.)

if leads with a larger capacitive content must be driven, several technigues can be used, including the use of

additional capacitance across the feedback terminals {see FIG. 3-12), alteration of the fixed internal lag

networks or use of isolation resistance in series with the load. The latter method may be used in two

variations.

a} SERIES RESISTOR EXTERNAL TO FEEDBACK LOOP. The advantage of this method is that the
network equations are not affected. The disadvantage of this methaod is the rise in output impedance,
evidenced by degraded load reguiation. {Refer to FIG, 3-18.}

COMMON

1 BHK
NOTE ENCRCLED No's RE TERMINAL Nos ON THE REAR BARRIER STRIPS =

FIG. 3-18 SERIES RESISTOR EXTERNAL FEEDBACK LOOP,

b} SERIES RESISTOR INSIDE THE FEEDBACK LOQP. The advantege of this method is that the
isolation resistance (£} wili not affect the output impedance {foad regulation). The disadvantage of this
method is that r' must be considered part of the feedback resistance Ry and will enter the operationat
amplifier eguation:

Retr

Rj

Ep = -E

Also, the voliage drop across is, of course, tost and must be subtracted from the maximum output
voitage of the model BHK power supply, When using this method, C302 and CR302 must be
disconnectgd from the printed circuit board assembly A3, {See FIG. b-3 for location.)
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FiG, 310 SERIES RESISTOR PART OF FEEDRACK LOGH,

346 The method best suited for a particular foad must, of course, be chasen in view of the desired advantages, as
described abova, The best fechnigue for the assurance of maximum stability consists of minimizing load
capacitence as much as possible since any compensating messure has the disadvaniage of narrowing the
amplifier's bandwidth and slowing down the slewing rate of the davice.

347 SERIES OPERATION

348 General, Kepco BHK power supplies can be series-connected for increased voltage output, provided the
necessary precautions are taken,

aj DO NOT DXCEED THE SPECIFIED ISOLATION VOLTAGE LIMIT OF 1000 VOLTS. Up to
1000 volts may be connected in series with any BHK model, | two Maodels BHK 2000—0, 1M ara 1o be
series-connected, the output of one must be restricted to 1000 volis,

b} WHEN SERIES CONNECTED, EACH SUPPLY SHOULD BE PROTECTED BY MEANS OF A
SEMICONDUCTOR DIODE ACRGCSS ITS QUTPUT TERMINALS as shown in FIG, 3-20. The peak
inverse voltage of these diodes must be greater than the output voltage of the supply to which they are
connected. The continuous current rating of the dicdes should be greater than the largest short circuit
current of the series-connected supplies.

c) THE USER 15 AGAIN BEMINDED OF THE DANGER INVOLVED WHEN HANDLING HIGH
VOLTAGE, LOW IMPEDANCE EQUIPMENT, Please review the precautionary notes presanted earlier
in thissection. {Refer to par, 3-18.}

d) USE THE RECOMMENDED GROUND CONMECTION if at all possible. Instead of grounding the
positive output as shown (see FIG. 3-20}, the negative output of the series combination may alternatety
be grounded it necessary, but special precautions are required when using exiernal programming sources
and a negative ground. Since the “common” lead is now "floating’” with a high voltage above ground,
the programming source must de isolaied for the sum of the voltages of the series connected power
supplies. Since this is ordinarily not the case with signal generators or other input sources, isolation
transformers may have 1o be used in such applications.

) (Refer to FIG. 3-20.} f ervor sensing is not required, the jumperdinks {shown removed in FIG, 3.20)
may be reconnected, and the errorsensing leads may be deleted. All external feads connected to the
supply tas well as the icad itself} must be insulated for the maximum ouiput voltage produced by the
series combination,

349 Two basic series connection methods are generaily used, the "automatic series connection” as described
before and as shawn in FI1G, 3-20 and the "magter-slave” connection shown in FIG. 3-27 and discussed below,
The basic difference between the two alternate connactions is that in the automatic” connection the outputs
of both supplies may be controliad or programmed individually, while in the “master-slave” connection only
the "master” supply is contralled, while the “stave” follows the command of the master in a ratio which may
be predetermined by the user. This method of series connection is therefore often termed "automatic
tracking.”

BHK/38-70 317
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350 ALL PRECAUTIONARY NOTES AND GENERAL INFORMATION AS GIVEN IN PARAGRAPH 3-48 ARE
EQUALLY VALID FOR THIS METHGD. Please refer to these previcus paragraphs. The principle of
cperation of the series connection is as follows, As seen from FIG. 3-21, the reference voltage of the slave”
supply is disconnected and its input is connectad to the output of the "master”™ supoly thus making the
“slave” supply completely dependent upon the output voliage of the "master.”” -

) vCS - ” o
Eas = Eom oy where Egm= Output voltage "master
t Eqs = Output voitage “slave”
By = Tracking resistor

]

Ryos = Voltage control resisior, “siave’’

As seen from the above, i the tracking resistor value is made equal to the value of the “slave” voltage controi,
a "tracking” ratio of 1:1 is achieved, and the output of the “slava” wiil equal that of the "master.”" I a single
load is connectad to the series combination, twice the master cutput is applied to it; if separate loads are
connected {shown in dashed lines in FIG. 3-21}, identical voltages are applisd 1o the individual loads.

351 The ratio Epg/Enm can be readity changed, if the application so requires, by simply altering either Ryqq or Ry
If required, error sensing may be used, the cannection mathad being equivalent to that shown in FIG, 3-20,

362 PARALLEL OPERATION

353 GENERAL. Kepco BHK Power Supplies can be parallel connected for increased load current outout. Asin the
previously described series connections, an “automatic” or & “master-slave’” connection method can be
chosen, For applications requiring up to 3 units in parallel, the “"master-slave” method is recommended since
it overcomes some of the disadvantages of the "automatic” parallel connection, For more than 3 units, the
“automatic’” method should be used. Details on each method are presented in the following paragraphs. For
gither method, some general rules apply which shouid be observed in paralleling nower supplies.
aj Frror sensing {from either supply) may be used as shown in the diagram. Close links if this is not

desired,

b} Load wires should be as short as practicable. Select the wire gauge as heavy as possible and twist tightly.
Approximately equal lengths of wire should be used,

354 AUTOMATIC PARALLEL OPERATION, BHK power supplies may be connscied-in paraliel as indicated in
FIG. 3-22. Although only two supplies are shown, the method may readily be expanded to include more than
wo units. Once the outputs are paralleled as shown, each supply is adjusted to approximately the same
ouiput voltage. After turn-on, one of the supplies (#1 in FIG. 3-22) will be at a slightly higher voltage than all
others. Conseguently, this supply will deliver alt the load current up o the setting of its current controt and
will then transfer into the current mode (indicated at the front panell, As the load current increases, supply
#2 {or the supply with the next bigher output valtage) will take over and deliver the additionat current up to
its current control setting and so on, The current control setting of the supply which is NOT in the "current
mode’ should now be reduced until ail supplies share the load current equally as indicated on their front
panel maetar. FIG, 3-23 shows in form of a diagram how two supplies operate in paraliel with their respective
current controls set so that both operafe In the “voltage mode."” 1t will be chvious from tho diagram that the
areas of load regulation are within the ocutput current bands of the individual supplies only, Therefore, load
regulation cannot be measured from zero to twice the load current, for example, but onby within the
individual load current bands. :

MOTE: When paralleling power supplies, care should be exercised to aveid turning the voltage control of enly ane
supply cloge to zero. This precaution is necessary to prevent possibly damaging currents in the voltage
control resistor as its Hmiting resistance is lowered.

355 MASTER-SLAVE PARALLEL CONNECTION, Two BHIK power supplies are shown in this configuration in
FIG. 3-24 although up to 3units can be connected this way: two “slaves” and one "master” unit. The
ampiifier of the "slave’” unit is disconnected from its own pass elements which are now driven from the
“master” amplifier. A shielded lead, connected from the “master’ amplifier 1o the pass elements of the
“siave’’ unit is connected as shown. Error sensing from the “master’” unit may be used,
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SECTION IV — THEORY OF OPERATION

GEMNERAL

This section dascribes the major Teatures in the circuitry of the power supplies in the Kepco BHK Design
Group. 11 does not attempt to present a complete circuit analysis but rather o provide the user with a
functional understanding of the instrument, thereby forming @ basis for successtul operation and maintenance.

The connecting diagram (FIG, 4-1} shows the mechanical interconnection of the individual plug-in assemblies
of the unit, while the simptified pressntation {FIG. 4-2} shows the functional slectrical connections, n
conjunciion with the main schematic (FIG.6-8 ) these drawings are intended o illustrate The texi of this
saction,

CIRCUIT DESCRIPTION

A-C INPUT CIRCIUHT. A-C power is introduced through a heavy duty, G-wire safety line cord equipped with
3-orong plug. Continuing via P201/J203 and J203/P303, the 3-line cord wires are terminatad on vear
harrier-strip TR303 and go from there back over P303/J203 to the input circuit, TB303 may be used for
direct a-¢ input power connection, and the lina cord may be disconnected. When 5101 is closed, input power
is applisd to T202, via F101, F102. TZ02 supplies the filament current for the series regulator (pass) tubes
and the primary voliage for T401. Since T202 is high voltage insulated, it aiso provides high voltage insulation
for T401 and its associated circuitry. The a-c piiot light DS101 is now energized. Once the d-c switch {S102) is
turned “on,’" a-c power is transferred to main transformer T201 and auxiliary transformer 7203, D-C output
is now available, and the voltage "VIX®' light is energized., Terminals {18} and (19} on TB303 may be
openad, and a ramote switching arrangement can be attached to the unit, It dasired,

MAIN D-£ SUPPLY. The main d-c power is derived from the secondary winding on T201, A conventional
bridge rectifier circuit in conjunction with a capacitor-input filter arrangement delivers the raw d-c voltage
into the series regulators,

PASS FLEMENT CIRCUITRY, The pass elements {series reguiator tubss) are connected in series with the
positive output lead so that the unreguiated voltage from the rectifier circuit is divided between these power
nentodes and the d-c outpul terminals of the supply. By properly “driving” these series regulators, their
equivalent resistance changes and therefore the voltage drop across them is made to change in such a way as 10
maintain the d-¢ output voltage constant. The grid drive necessary for this action is supplied by driver Gb
which gets its drive from the output of either the voltage or the current comparison ampiifier, Screen grid,
control grid, and bleed supplies are derived from T203 and their respective rectifier/filter circuits,

CONTROL SECTION. Most of the controt circuitry of the Kepco BHK Power Supplies is located on PCB#1,

A1, This assembliy is in the form of a printad circuit board whose connectors P1 and P2 mate with 4301 and

J207 respectively, thus interconnacting the control ampitfiers to the pass tube assermbly and the main chassis.

{Refer to FIG. 4-1.) Electrically, the control circuiiry consists of severs! interrelated sections which are

describad below.

aj Control Circuit Power Supply. This highly regutated supply delivers the operating voltages for both
voltage and current mode amplifiers, the reference voltage for the voltage comparison bridge, the
external reference voltage, and the constant current requiator Tor the current comparison circuit. The
contral circuit voltage s derived from a center ltepped winding on T401. A conventional fuli-wave
ractifler is used, the raw d-c being filtered by C402. A series current regulator stage {Q8) feeds the zener
regulators CR1 through CR4 from which all operating voltagss are derived.
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SECTION IV — THEORY OF OPERATION

GENERAL

This section describes the major features in the circuitry of the power supplies in the Kepco BHK Design
Group, It does not attempt o present a complete circuit analysis but rather to provide the user with a
functional understanding of the instrument, thereby forming a basis for successful operation and maintenanse.

The connacting diagram (FIG. 4-1} shows the mechanicat interconnection of the individual plug-in assemblies
of the unit, while the simplified presentation {FI1G, 4-2} shows the functional electrical connections. In
conjunction with the main schematic (FIG.8-8 ) these drawings are intended to illustrate the text of this
section.

CIRCUIT DESCRIPTION

A-C INPUT CIRCUIT. A-C power is introduced through a heavy duty, 3-wire safety line cord equipped with
3-prong plug. Continuing via P201/J203 and J203/P303, the 3-line cord wires are terminated on rear
barrier-strip TB303 and go from there back over P303/J203 to the input circuit, TB30U3 may be used Tor
direct a-¢ input powsr connaction, and the line cord may be disconnected. When $101 is closed, nput power
is applied to T202, via F101, F102. T202 supplies the fitament current for the series regulator {pass) tubes
and the primary voitage for T401, Since T202 is high voltage insulated, it also providaes high voliage insulation
for T401 and its associated circuitry. The a-¢ pHot light DS101 is now energized, Once the d-¢ switch {S102) is
turned “on,”" a-c power is transferred 1o main transformer T201 and auxiliary transformer T203, D-C cutput
is now available, and the voitage "VIX®" light is energized. Terminals (18} and {19) on TB303 may he
opened, end a remote swiching arrangement can be attached to the unit, if desired,

MAIN D-C SUPPLY. The main d-c power is derived from the secondary winding on T201. A conventional
bridge rectifier circuit in conjunction with & capacitor-input filter arrangernent delivers the raw d-c voltage
into the series requlators.

PASS ELEMENT CIRCUITRY. The pass elements (series regulator tubes) are connected in series with the
positive output lead so that the unregulated vohiage from the rectifier circuit is divided between these power
pentodes and the d-¢ output terminals of the supply. By properly “driving’’ these serias regulators, their
eguivalent resistance changes and therefore the voitage drop across them is made to change in such a way as 1o
maintain the d-¢ output voltage constant, The grid drive necessary for this action is supplied by driver Qb
which gets its drive from the output of either the voltage or the current comparison amplifier. Screen grid,
control grid, and blesd supplies are derived from T203 and their respective rectifier/filter circuits.

CONTROL SECTION, Most of the contral circuitry of the Kepco BHK Power Supptlies is locatad on PCB#1,

AT, This assembly is in the form of a printed circuit board whose connectors P11 and P2 mate with J307 and

J207 respectively, thus interconnecting the control amplifiers to the pass tube assembly and the main chassis.

{(Refer to FIG. 4-1.) Electrically, the controi circuitry consists of several inferrelated sections which are

described below,

al Control Circuit Power Supply. This highly regulated supply delivers the operating voltages for both
voitage and current mode amplifiers, the reference voltage Tor the voltage comperison bridge, the
external reference voltags, and the constant current regulator for the current comparison circuit, The
controb circuit voltage is derived from a center tapped winding on T401, A conventional full-wave
reciifier is used, the raw d-c being filtered by C402. A series current regulator stage (08) feeds the zener
regulators CR1 throuch CR4 from which all operating voltages are derived.
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Comparison Circuit {Voltage Mode). The voliage maode comparison bridge senses the output voliage
directly al rear output terminals except when “remote error sensing” is used (see Section |11} because
then the bridge senses directly at the load, The bridge "arms’ consist of CR 5, reference resistors B8 and
R8, control resistor R1071, and step switch 5103, The fourth “arm” is formed by the output voltage.
Comparison Circuit {Current Mode), The current mode comparison circuit consists of a differential
amplifier, comparing the voltage drop across the current sensing resistor R33 with the drop across the
current control resistor R102 which is constant for a given resistance vaiue since it is connected to a
constant current regulator stage (Q2},

Error Amplifier and Gate. Any unbalance in either the voltage bridge or the current comparison circuit
resubts in an error signal, which, amplified by either Q8 and Q7 in the current mode of oparation or by
(13 and Q4 in voitage mode, witl be transferred to the "OR’ gate consisting of CR12 and CR13. Since
both current and voltage amplifier terminate here, the more positive signal at the gate at any given time
will determine the operating mode of the supply.

Relay Amplifier and Mode Indicators. The mode of operation of the supply is indicated at the front
panet by a pair of VIX® pilot fights. These lamps are driven by a reed-relay which in turn is powered by
relay amplifier Q1. Q1 gets its drive from the current amplifier stage O8,

Crossover operation is initiated by an unbalance in one of the comparison circuits as discussed above,
The operating mode of the power supply is therefore mutually dependent upon the load resistance and
the setting of the voltage and current controls. The “crossover point” is defined by the ratio of the
vattage and current setting which equals the load resistance. |f, for example, the load current due to a
specific load resistance is larger than the current control setiing of the supply, the current mods
comparison bridge will produce the larger error signal, and the power supply will automatically switch
to current rmode operation as described above, At any load resistance value causing an output current
smaller than the set value at the current control, the power supply will operats in voltage mode,
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SECTION V — MAINTENANCE

GENERAL

This section contains information for the maintenance, internat adjustments, and test measurements of the
power supplies in the Kepco BHK Design Group.

PRECAUTIONS
No part replacements or adjustments other than described in this section should be made on the instrument.

Replacements or adjustments made without understanding the effects may cause serious damage to the power
supply.

TEST EQUIPMENT REQUIRED

The fellowing is a listing of the test squipmant required 10 measure some important parameters and make alt

nacessary adjustments on the Kepco BHK High Volage Operaticnal Power Supply.

a2} Step device or variable transformer capable of adiusting the a-¢ power source from 108V 1o 125V a-¢
and rated 1o deliver the maximum input current for the instrument under test.

b) Resistor load, adjustable to load the power supply to 10%, b0%, and 100% in both voltage and current
operating modes and equippad with a shorting switch,

¢ Veltage menitor, Differential or digital volimeter with a resolution of at least T mV and a range
covering the maximum output voltage of the power supply under test.

) RMS reading voltmetar for ripple monitoring, Ballantine Modei 320A or its equivalent,

e} Oscitloscope for output ripple observance, Tektronix Mode! BOZB or eguivalent. (Optional)

1) Multimeter for measuring pass element voltage and generak trouble shooting measurements.
20 K ohm/V, Weston Anabyzer Modet 880 or its equivalent.

Q) Precision d-c ampere meter with a range covering the maximum cutput current of the model under test,

{Weston Model 931 or equivalent.}

WARNING

The voltage present in this eguipment can kifft! Exitreme caution is necessery in servicing this unit, especially
whan working with removed cover, Al connections to and from the unit should be made with the unit
disconnecied from the power line. Afier the unit has been disconnscted, a waiting period of at least one
minute is advisable to let all high voltage capacitors discharge over their bleeders. Use only insulated alignment
tools. Stand on rubber mat at all times. Do not work alone on high voltage equipment. Kesp a good ground
connection on the chassis and nreferably on the positive (common} ocutput terminal at all times.

DISASSEMBLY (Refer to Mechanigal Outline Drawing, FI1G. 1-3.)

Feedback capacitor selection or other maintenance tasks on the powser supplies in the BHK Group may
require removal of the perforated cover. This is readily accomplished by following the steps given below.
Proceed in reverse order for reassembly.

a) Remove (4} 8/32 machine screws on the front panel,
b} Ramave {4) 8/32 machine screws from each side of the unit,
) Remove {2} 8/32 machine screws from the top (rear) of the unit. Remove cover,

5-1



58 INTERNAL ADJUSTMENTS (Disassembly not requived, all controls acesssible through cover, Fefer fo
FiG. 5-1.)

5-10 AN internal adjustable components are located on assembly A1 on the right hand side of the instrument when
viewed from the front, A tabulation of these trimmers is shown in TABLE 5.1 below. The three adjustments
required for high speed programming have been described previously in Section 111, The adjustment of the lag
networks (R17, R37} has been described in paragraph 3-39. Control current adjustments (V may, | max.)
have been covered hera for the built-in control ratio of 100G ohmsfvolt but may readily be altered to other
ratios. {Refer to Section |11} Tha current compensation adjustments have been precision factory aligned, and
readjustment should only be required i related circuit components have been changed. Location of all
adjustable components is shown in FIG. 5-4,

REFERENCE SCHEMATIC MAME FUNCTION
DESIGNATION

A8 V MAX. ADJUSTS MAX. QUTPUT VOLTAGE

Rt2Z I MAX. ADJUSTS MAX, OUTPUT CURRENT

R13 I TRIM LEAKAGE COMPENSATION ADSJUSTMENT (| OFFSET)
R17 LAG ADJ. LAG NETWORK ALIGNMENT, REFER TO PAR, 3-39

R28 ZERO VOLTS PRECISION ZERCING OF AMPLIFIER {(V OFFSET)

gg? : ggmi EE)N,fRSE CURRENT REGULATION COMPENSATION ADJUSTMENT

R37 LAG ADJ. LAG NETWORK ALIGNMENT, REFER TC PAR. 3-39

TABLE 51 INTERNAL ADIUSTMENTS.

511 PROCEDURE, V pax Control.
aj With the internal reference and the voltage controi connecied (power supply mode}, connect a precision
voltmeter of suitable range to the output terminals of the model BHK power supply. Turn both coarse
and Tine voltage controls fully clockwise,
) Connect unit to power line and turm line power “on.” Locate R8 and adjust output voltage to its
maximum rated value plus 2%.
ol Disconnect unit from power line and replace cover.

5-12 PROCEDURE, I pigy, Control,
aj With the internal reference and the voltage control connected {power supply mode) and all front pangl
controls turned fully clockwise, connect ammeter of suitable range across the rear output terminals of
the model BHK power supply.

I3 Connect unit to power line and turn power “on.” Locate R12 and adjust output current to its
maximum rated value plus 2%,

¢l Disconnect unit from power fine and replace cover.
613 PROCEDURE, CURRENT REGULATION COMPENSATOR ADJUSTMENT

514 Potentiometers R30 and R31 in series with R36 compensate for the internal foading of the voltmeater and the
voltage bridge circult when the power supply is operating in the constant current mode, These controls are
optimized at the factory at the 100% point of the cuiput voltage compliance and will thus provide specified
current mguiaﬂm over the full range of the output current. The controls require adjustmerit only if they or
their associated components must be replaced,
al Equipment required’ Refer to paragraph 5-5.
bt Connect unit as shown in the fest measurement setun, FIG, B3
cl With the power supply in its current regulation mode and drawing 100% of its maximum foad current,

measture the voltage drop across Re.
d) Close 51 and note delta V' (AV), the difference betwsen the readings with S71 open and with it closed,
Adiust R30 and 371, the compensation adjustment for smatlest possible delta V,

5.9 BHIK/38-70
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5-15 TROUBLE SHOOTING

518 Modern, high performance power supplies have reached a state of sophistication that requires thorough
understanding of the problems involved in repairing complex solid-state circuitry. Servicing beyond simple
parts replacements should consequently be attempted only by personnel thoroughly familiar with solid-state
component technigues and with experience in closed-loop circuitry,

517 Trouble shooting charts showing resistance and voltage readings are of very limited usafulness with feedback
amplifiers and are not included here. Instead, a detailed cireuit description (Section IV}, parts iocation
diagrams, simplified functional schematics, and a main schematic with all significant voltage readings are
presented,

B-18 The following basic steps in a case of power supply malfunctioning may alse be found useful.

al Hopower supply does not function at all: Check all power line connections and fuses and make certain
power supply is connectaed to the correct Hine voltage. (11 is normally delivered for 115V 2.¢ operation.)

I3 1T supply is used as an operational amplifier with externat feedback components, disconnect 1l external
components and reconnect internal referenca and the voitage contral, The following paragr: ohs refer to
the instrument as a power supply rather than an amplifier in order to simglify test setups.and
measuremanis,

c} It the power supply is basically Tunctioning, but poor performance is evident, inspect the test setup to
make certain the source of the trouble Is not external.

d) Poor requlation in any of the regulating modes is usually traceable o incorrectly connected loads or
faulty measurement technigues, Perform measurements are dascribed in paragraph 5-20 and follow the
connecting diagrams.

[

Oscitlation of the output voltage or culpul current is often due to a load with a large inductive
component, Twisted foad wires of sufficient diameter and held as short as practical are often the
sclution to the prablem. Try 1o stabifize unit by adjusting the lag networks, Refer 1o paragraph 3-39.

5-19 Kepco Field Engineering Offices or the Kepco Regair Department will be available for consuttation or direct
help in difficult service ar applications problems.

5-20 POWER SUPPLY MEASUREMENTS

B-21 Measurement of the significant parameters of & power supply is a requirement for incoming inspection,
periodic maintenance, or after common replacement. Since some of the measurements require spacial
technigues to insure correct results, suggestions for their performance are given below,
al fnstrurmentation. Refer to paragrach 5-5 for the necessary test equipment.

b} The proper location of the instrument leads when measuring output effects in response 1o a-c input
source changes of load variations is of the utmost importance. Improperly placed leads may measure
voltage drop due to contact resistance and load current flow and thus lsad to incorrect resulis.
FIGS, B-1 1o B-3 show clearly how to employ "4-terminal network technigues’ when measuring output
etfects. The principle is very simple but Impoertant. Do not measure voltage drops due to toad current,

) Quiput effects due 1o source or toad variations n the voltage mode of operation are defined as the
amaunt of output voltage change resulting from a specified change in a-c input source voltage or fram a
change in load resistance. These output effects can be axpressed as an absolute change (AEy) or as a
percentage In reference to the total output voltage Eq:

£
o,

Al
% Qutput Effect = - 100%;}

Eo

d} Output effects due to source or load varlations In the current mode of coeration are defined as the
amount of output currant change resulting from a specified change in a-¢ input source voltage or from a
change in load resistance. The output effects can be expressed as an absolute change (Alg) or as a
percentage in reference 1o the 1otal output current lg:

Alg
% Output Effect =" (100%)
9]
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) Ripple. An oscilloscope of suitable sensitivity or 8 true rms indicating meter may be used to measure
the ripple at the output of the power supply. Adequate d-¢ biocking must be provided externally if the
test instrument s not equipped with a suitable input. A 0.1 mfd capacitor of sufficient working voltage
is generally adequate. |T an osciiloscope is used only, the p-p/rms ratio, which far a pure sine wave is
close 1o 2.83:1, can be approximated for the broken waveform of a series regulator type power supply
as 3:1.

CAUTION: Due 0 the low signal levels, ripple pickup problems are especially acute when measuring ripple in the
current mode. The use of completely shielded sensing resistors and load cables may be necessary tc get
valid readings.

The cbserved ripple current will depend, 1o saome extent, upon the compliance {load) seen by the power
supply when measurement is made, Specifically, the cbserved current ripple wili show a slight increase
when the load impedance is made so small as to approach the filter capacitor's reactive impedance.*
Under such circumstances, the fitters are ineffective because they are ''shortad” by the load.

This effect will have little influence upon normal operation of the power supply because the impedance
of the load-connecting wires is usually sufficierit to prevent the “'shorting effect.”” (It will probably be
noticed only when extremely small “crowbar” short-circult Joads are employed, as in testing.) For
specification purposes, the minimum compliance voltage for ripple measurements is set at 0.5V d-c.

*NOTE: The output capacitor is disconnected in high speed operation and ripple readings are correspondingly
higher. {See Section {, ""Specifications, Operational Notation.”")
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SECTION Vi — ELECTRICAL PARTS LIST AND DIAGRAMS

GENERAL

This section contains the main schematic, the parts location diagrams, and a list of all replaceable electricat
parts. All components are listed in aipha-numerical order of their reference designations. Consult your Kepco
Representative for replacement of parts not listed here.

ORDERING INFORMATION

To order & replacement part or to inquire about parts not listed in the parts list, address order or inguiry
either to your authorized Kepco Sales Representative or 10!

KEPCG, INC.
131—38 Sanford Avenue
Flushing, N.Y. 11352

Specify the following information for each part;

aj Model and complete serial number of instrument,
b} Kepco part number.
cl Circuit reference designator.

d) Description.

To order a part not listed in the parts list, give a complete description and include its funciion and location.

NOTE: KEPCO DOES NOT STOCK OR SELL COMPLETE POWER SUPPLY SUBASSEMEBLIES AS
DESCRIBED MERE AND ELSEWHMERE IN THIS INSTRUCTION MANUAL, SOME OQF
THE REASONS ARE LISTED BELOW:

1} Replacement of a complete subassembly is a comparatively rare necessity.

2

Kepco's subassembl ias are readily serviceable, since most of them are of the “plug-in’ type.

€2

Al active components are socket mounted, making repiacement extremely easy,

4} The nature of a closed-loop power supply system reguires that subassembly replacement is
folowed by careful measurement of the total power supply performance. n addition, depending
on the function of the subassembly, extensive alignment may be required 10 restore power supply
performance 0 specified values.

iF REPAIRS INVOLVING SUBASSEMBLY REPLACEMENTS ARE RECGUIRED, PLEASE
CONSULT YOUR LOCAL KEPCO REPRESENTATIVE OR THE KEPCO SALES ENGINEERING
DEPARTMENT IN FLUSMING, NEW YORK, MY,

6-1/6-2
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ABBREVIATIONS USED IN KEPCO PARTS LISTS

A) Reference Designators:

T A R I

o

Assembly
Blower (Fan)
Capacitor
Circuit Breaker
Diode

Davice, Signaling {Lamp)

Fuse

Fuse Hoider
tntegrated Circuit
Jack

Relay

B) Description Abbreviations

A

AC
AMP
AX
CAP.
CER
CT
G
FXD
Ge

H

Hz
iIC

K

m

M
MFR
MET.

NC
NG

PC
POT
P¥Y
p-p
ppm
PWR

L | T T VI | | {1 [ [

L T T 1 1 T O I

Ampere
Alternating Current
Amplifier

Axiat

Capacitor
Ceramic
Center-Tap
Degree Centfigrade
Fixed

Germanium

Henry

Hertz

integrated Circuit
Kito (10%
MU0

Mega
Manufacturer
Metal

Nano (109
Normaliy Closed
Normally Open
Pico (107'%
Printed Circuit
Potentiometer
Peak Inverse Voltage
Peak to Peak
Parts Per Million
Power

www.valuetronics.com

PR Sda

> -t (3
o

beC
PPDT
DPST

FILM
FLAM
°F
RAD
RECT
REG
RECY
AES
AMS
3i
S-End
SPDT
SPST
TAN
TETR

u
VAR

W.w,

L T T I T A I

I I

[ 1 [ A L I O

(200 O | O I [

Inductor
Light-Coupled Device
Meter

Plug
Transistor
Resistor
Switeh
Transformer
Terminal Block
Vacuum Tube
Socket

Direci Current

Double Pole, Double Throw
Double Pole, Single Throw
Electrotytic

Farad

Polyester Film

Flammable

Degree Farenheit

Radial

Rectifier

Reguiated

Recovery

Resistor

Root Mean Saguare
Silicone

Single Ended

Single Pole, Double Throw
Single Pole, Single Throw
Tantalum

Transistor

Micro (1) (1079

Variable

Voit

Watt

Wire Wound
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REPLACEMENT PARTS LIST

Y - ®
AMPLIFIER BOARD, ASSEMBLY (A1}, MODEL BHK 2000-0.1(M} Code 11-2070
”"“ : MFRS. NAME & PART NO. KEPCO
SCHE#(;‘HC ary. DESCRIPTION (SEE NOTE) PART NO.
Ct i Capacitor Mylar Pigtail Wesco 117-0395
1 uF, 200V, 10% Type 33MM
C2 1 Capacitor Mylar Pigtail Sprague 117-0188
0.1 pF, 200V, 10% 19210402
3 1 Capacitor Mylar Pigtail Sprague 117-0347
C.033 ufF, 200V, 10% 192P33382 :
C4a 1 Capacitor Mylar Pigtail TRW 117-0256
: 0.16 uF, 200V, 10% XBB3F
CcH 1 Capacitor,Ceramic,Disc. Radio Materials 1170104
0,02 uF, 1400V, 20% Type Z5U
CR1,2,3, 7 Zener Diode,Pigtail Motorola 1210041
456,16 1NB21
CR7 1 Rectifier Siticon,Pigtait Semicon, Inc. 124-0178
124-0178
CRB 1 Rectifier Siticon,Pigtail General Instrument 124-0163
KG 100G
CRS,12, 4 Rectifier,Silicon,Pigtail Samtech Corp. 124-0133
13,14 ’ SE-3
CR10,11 2 Rectifier Silicon,Pigtail Semtech Corp. 124-0028
SE-4
\ Q12 2z Transistor,Siticon, PNP Fairchild 119-0076
2N4355
Q39 2 Transistor,Silicon, PNP M.S. Transistor 119-00656
119-00585
Q46,7 3 Transistor,Silicon, NPN M.S. Transistor 119-0056
‘ 119-0056
Qb 1 Transistor Silicon, PNP Fairchiid 119-0103
2N4356
Qs 1 Transistor,Silicon, NPN RCA 119-0068
2N3053
R1.2 2 Resistor,F ixed,Precision M.F. IRC 115-2060
392 ohm, T W, 1% CES Type
R3,18 2 Resistor,Fixad Molded Allen Bradiey 116-0647
1 K ohm, 1/2W, 10% EB1021
R4,7 2 Fiesistor,Fixed Pracision M,F, IRC 116-1937
1,21 K ohm, T W, 1% CES Type
Rb,6,24 3 Resistor, Fixed Precision M.F. IRC 115-1838
48.6 ohm, TW, 1% CES Type
R8 1 Resistor, Variable WW Bourns 1150739
1 K ohm, 1/2W, 10% 3067P-1-102
R9 1 Resistor,Fixed Precision WW Tepro 115-1301
% 57 Kohm, TW, 1% TS 1W
‘ R10 1 Resistor,Fixed Precision,M.F. IRC 116-2088
2.49 Kohm, 1 W, 1% CES Type
|
P NOTE:

REPLACEMENT PARTS MAY BE ORMDERED FROM KEPCQ, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH {TEM ON REPLACEMENT PARTS LISTS, REPRESENTS
AT LEAST ONE SOURCE FOR THAT {TEM AND IS LISTED SOLELY FOR THE CONVENIENCE CF KEPCO EQUIPMENT OWNERS IN O8TAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SQURCES, KEPCO, INC,

| S
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MHEPLACEMENTY PARTS LIST

- e

AMPLIFIER BOARD, ASSEMBLY (A1}, MODEL BHK 2000--0.1(M) Code 11-2070
! SCHEMATIC oty | DESCRIPTION MF RS, NAME & PART NO. KEPCO.
NO. I (RUE NOTEY PART NO.
H11 i Eh.lf:i?ll(‘)r,["'i)«‘E‘(iJWW.‘&HJH,M.5“. il V1822
P ohm, TW,1E CLS Typn
R12,13 2 Resistor, V wichy e, Cermet Faerns, M 1152032
2K ohm, BATWL 20T SOLaY
114 i Rosistor, Fixed Molded Adten Bradloy 1150174
' PR chin, 2W, 5% B G285
15 i Bosistor Fixed Precision Mo EEE 115-1844
200K chm, TW, T LS Type
R16 1 Prosictor Fixed Procision PRt 11519545
AQ0 K obun, W, 10 CRE Type
R17,37 J Fresiston, Var i:-ihli‘,(.ﬁf‘! et Prosrns, b, 1152043
GO oben, 1200 S20H
19 1 Hosistor, b ixed, Procision Mo HiC 115- 1857
A9 K obm, 1 \"u’, 11‘n CES Tynpe
R21,25 2 Frosistor Fixed Procision MUF. tC 1151809
T3 K ohm, TW, 1% CES Tyt
RZ22 1 Tesiston, Fbeed Molded Adlen Bradley 1150245
2A0 K ohm, 1/2 W, B L32d4h
R23 1 Resistor, Fixed, Procision, M F ERI 115-1804
T Kot TW, 1% CUS Typo
R26 1 Hesistor, Fixed Moldod Alien Bradioy 115-1709
11 K ok, T2 W, B% AN
R27 1 Resistor, Fived Moldoed MAdlen Bradioy 11650718
Y 47 ohm, 1/2'W, 10% LATO1
R28 1 Prosistor Variahle, Cormet Borns, Inc. 1151979
100 obm, 3/4W, 20% SORGY
R29 1 Fesistor, Fixed Molded Allen Bradiey 15-0809
100 ¥ ohm, Y2 W, 10% Lol
R30 1 Resistor, Variable Cormet Barns, Ine. 1151087
VK ahm, 1/2 W, 20% EICWALIS:
R i Fresistor, Variable, Cermet Baonrns, no 115.2063
' YOG ahrry, 12 W, 30% EXVA !
33 1 Rosistor, F boed, Power, Aodal [epiro 1150421
Y ohim, 3W, 5% T30
R34 1 Nesistor Fixed Procision, MLUF. THO 152068
2721 ohm, TW, 1% CES Type
135 1 Basistor, Fixed, Moldod 2 lben Bradioy 15.0782
1.6 K ohm, 1/2W, 5% Eidteeh
136 1 Resistor Fixed Procision 5o 1161958
10 megolun, 2W, 1% rAN K
138 1 RHenptor, Fivod, Preasion, M i 1151803
IS obim, TW, 1% CLS Type
R34 1 Brosistor b ixer), -’\f'|f'E<lMJ Adten Bradley 11502584
70 ohmn, YW, L% b 327450
- NOTE:

REPLAGEMENT PARTS MAY RE ORDERED FROM KEPCO, INC, ORDERS SHOULD INCLUDE KEPCO PART NUMBEAR ANO DESCRIPTION.

(PLEAGE NOTE: THE MANUFACTUREI'S NAME AND PART NUMBER LISTED FOR EALH ITEM ON REFLACEMENT PARTS LISTS, REFRESH

AT LEAST ONE SOURCE FOR THAT ITEM AND (S LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE BIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SQURCES.

KEPCO, INC.

www.valuetronics.com
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73-1187A Series 1600

kepco: REPLACEMENT PARTS LIST
MAIN CHASSIS, ASSEMBLY (A2), MODEL BHK 2000-0.1 (W} Code 11-2070
SCHEMATIC QTY. DESCRIPTION MFRS. NAME & PART NO. KEPCD
NO. (SEE NOTE) PART NO.
FRONT PANEL ASSEMBLY INCLUDES:
C101,102 2 Capacitor,Ceramic,Disc. Centralab 1170671
200 pF, 1KV, 10% CRLDD201 '
DS101 1 Pilot Light Assermbly, Red Industrial Devices 152-0070
: 1VB
DS102,103 2 Pilot Light Assembly, Clear industriat Devices 152-0072
1040816
F101 1 Fuse,Slo Blo Bussman 141-0042
bBA MO X-5
F102 i Fuse,Slo Blo Bussman 141-0047
1A MDL-1
*M10T 1 Meter, Volt General Electric 1356-0338
02000V d-¢ DWo1
*M102 1 Meter Amp. General Electric 135-0337
0100 mA, d-c DWO91
R101 1 Resistor, Variable WW IRC 115-20581
250 K ohrn, BW, 3% HD 150
R102 1 Resistor, Variable, WW IRC 116-1991
1 K ohm, BW, 3% HD 150
8103 1 Resistor, Fixed,Power Axial WW Tepro 115-2050
160 K ohm, 10W, 3% TS-10W
R 104,105, 8 Resistor Fixed, Power Axial, WW Tepro 1152048
106,107,108, 200 K ohm, 10W, 3% TS-10W
109,110,111
R112,113 2 Resistor,Fixed,Precision M. F, IRC 1152067
1 megohm, 2W, 0.5% Type DCH
5101,102 2 Switch,SPST Carling 127-0107
AAZBZ2-63XKEP2
$103 1 Switch Stackpole Carbon 127-G220

*NMetered models only,

NOTE:
REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION,

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMSBER LISTED FOR EACH |TEM ON REPLACEMENT PARTS LISTS, REPRESENTS
AT LEAST ONE SQOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REFLAGEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE ECUIVALENT ITEMS FROM ALTERNATE SCURCES. KEPCO, INC,

67/6-8
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REPLACEMENT PARTS LIST

A i -
MAIN CHASSIS, ASSEMBLY (A2), MODEL BHK 2000-0.1(M} Code 11-2070
MFRS. NAME & PART NO. KEPCO
SCHEQﬁOéTlC ary. DESCRIPTION {SEE NOTE) PART NO.
€201 1 Capacitor,Paper Can General Electric 1170576
0.25ufF, 2KV Type 23F
c202 1 Capacitor Paper Can General Elsctric 117-0666
4uF, 3KV, 10% 23F
Cz07 1 Capacitor Paper,Can General Electric 1170034
2pF, 3KV, 10% 23F
C209 1 Capacitor,Paper,Can General Electric 117-0665
0.25uF, 3KV, 10% 23F
CRZ201,202, 4 Rectifier Silicon,Pigtail Semicon, inc. 124-0137
203,204 124-0137
T201 1 Transformer Kepco Magnetics 100-1738
100-1739
T202 1 Transformer Kepco Magnetics 100-1738
100-1738
T203 1 Transformer Kepco Magnetics 100-1747
100-1747
NOTE:

REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM OR REPLACEMENT PARTS LISTS, REPRESENTS
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCD EQUIPMENT QWNERS IN OBTAINING

KEPCO, INC.

REPLACEMENT PARTS LOCALLY, WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES,

www.valuetronics.com
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PASS TUBE ASSEMBLY (A3}, MODEL BHK 2000-0.71 (M}

-
Y

REPLACEMENT PARTS LIST

Code 11-2070

M . NAME & PART NO. KEPCO
SCHESI?({‘T;C ary. DESCRIPTION Frs (SEE NOTE) PART NO.
C301,302 2 Capacitor,Electrolytic,Pigtail General Electric 117-0524
47 uF, 3V, 20% 76F

CR301 1 Rectifier,Silicon, Pigtail Semtech Corp. 124-0133
SE-1

CR302,304 2 Rectifier Silicon,Pigtaif Semicon, inc, 124-0178
124-0178

CR303 1 Rectifier Silicon Semicon, Inc. 124-0137
124-0137 -

R301,302, 8 Resistor,Fixed, Molded Allen Bradiey 1151170

303,304,314, 3% ohm, TW, 10% GB3901

315,316,317

R3C5,306, 8 Resistor, Fixed, Molded  Allen Bradley 115-0626

307,308,318, 100 ohm, 1/2' W, 10% EB1011

319,320,321

R308,310, 8 Resistor,Fixed Molded Allen Bradley 115-0451

311,312,322, B60 ohm, 1/2W, 10% EBBB11

323,324,325 .

R313328 2 Resistor, Fixed,;Compaosition IRC 11562262

4,99 megohm, 2W, 1% DCH-HD

V301,302, 8 Vacuum Tube General Flectric 126-0096

303,304,305, ) 8068

306,307,308

NOTE:

REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, iNC. OR_{}.EQS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION,

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER Li
AT LEAST ONE SOURCE FOR THAT ITEM AND IS LISTED SOLELY FQ
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT 7O USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES,

STED FOR EACH ITEM ON REPLACEMENT PARTS LiSTS, REPRESENTS
R THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING

KEPCO, iNC,

‘www.valuetronics.com
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AUXILIARY ASSEMBLY (A4}, MODEL BHK 2000-0.1 (M}

REPLACEMENT PAR

T8 LIST

Code 12-8070

EMATIC MFRS. NAME & PART NO. KEPCO
SCH ey QTY. DESCRIPTION e PART NG,
C401,402 2 Capacitor,Electrolytic,Pigtail General Electric 1170222
100 uF, 200V 43F
C403 1 Capacitor Mytar Pigtail Sprague 117-0565
0.C1 uF, 600V, 20% 192P10306
C404 1 Capacitor Electrolytic,Pigtail General Electric 117-0468
10 uF, 126V, 20% 76F
C405 1 Capacitor, Efectrolyiic,Pigtail General Electric 117-0511
88 uF, b0V, 20% 76F
C406 1 Capacitor, Electrobytic,Pigtail General Electric 117-0526
82 uF, 40V 76F
CR401,402, 4 Rectifier Silicon Pigtail Semicon, Inc, 124-0137
403,404 : 124-0137
CR405,406 2 Rectifier,Silicon,Bridge,Pigtait Varo 124-0346
ERBR-W102
CR407,408,409 3 Rectifier, Siticon Pigtail Semtech Corp. 124-0028
: SE-4
CR410,411,412 3 Rectifier, Silicon,Pigtail Semtech Corp. 124-0133
_ SE-1 ‘
K401 1 Relay Dormeyer 14G-0066
DR-1C1-24
R401,402,403, i0 Resistor, Fixed, Molded Allen Bradley 115-0097
404 405,408, 62 K ohm, 2W, 5% HB6235
407 408,402,410
R411,412 2 Resistor,Fixed, Moided Allen Bradley 115-0209
_ 47 K ohm, 1 W, 5% GB4735
T401 1 Transformer Kepco Magnetics 100-1685
: 100-1685 -
HOTE:

REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION.

PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR EACH ITEM ON REPLACEMENT PARTS LISTS, REPRESENTS
AT LEASY ONE SCURCE FOR THAT JTEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY, WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES. KEPCO, INC.

G-13/6-14
www.valuetronics.com
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kepco; REPLACEMENT PARTS LIST
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AUXILIARY ASSEMBLY {AS5), MODEL BHK 2000-0.1(M} Code 11-2070
MFRS. NAME & PART NO. KEPCO
SCHE;‘V‘CQT’C ary. DESCRIPTION Pl PART NG,
C501 1 Capacitor, Mylar Pigtail Electro Cube 117-0638
O.TuF, 3KV, 20% 520R11.104
Ch0O2 . H Capacitor,Ceramic,Disc. Centralab 1170587
680 pF, 3KV, 20% ' DD30-681
Cho3 | S Capacitor,Ceramic,Disc. Centralab 117.0883
TKoF, 3K V,20% - DD30-102 .
504 1 Capacitor,Ceramic,Disc. Centralab 117-0885
- 39 KpF, 3KV, 20% DO30-302
CH05 1 Capacitor,Ceramic,Disc. Centralab 117-0586
. ' 400 pF, 3K V, 20% DD30-401 :
R&01 1 Resistor,Fixed Molded Allen Bradley 115-0502
L 10 ohm, 1/2 W, 10% EB10O1
REOZ - 1 Resistor, Fixed,Compaosition IRC . 115-1228

20 megohm, 2 W, 20% MV X-2

AUXILIARY ASSEMBLY (A6) CONTAINS:

‘RE01,602, -8 Resistor, Fixed, Molded Allen Bradley ' 115-0197
603,604,605, 100 K ohm, 2W, 10% HB1041 o
606,607,608

 NOTE:

REPLACEMENT PARTS MAY BE ORDERED FROM KEPCO, INC. ORDERS SHOULD INCLUDE KEPCO PART NUMBER AND DESCRIPTION,

"1 PLEASE NOTE: THE MANUFACTURER'S NAME AND PART NUMBER LISTED FOR FACH ITEM ON REPLACEMENT PARTS LESTS, REPRESENTS
AT LEAST ONE SGURCE FOR THAT ITEM AND IS LISTED SOLELY FOR THE CONVENIENCE OF KEPCO EQUIPMENT OWNERS IN OBTAINING
REPLACEMENT PARTS LOCALLY. WE RESERVE THE RIGHT TO USE EQUIVALENT ITEMS FROM ALTERNATE SOURCES, KEPCO, INC,

6-15/6-16
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www.valuetronics.com



(P?:gfﬁl N\

V306
18301
SEE BACK VIEW FOR
TuBE LOCATION
CR203 A3IPCE-3)
CR204
-~ CRRO
~CR2Z02 R“CZO?
: 7| :
[F \ il
lL@E 1
!

l—.e.swcea'a
1202 .
Er~ P C 209
i ——
— | |
1203 — [ a2
b—ar
= {PCB-1}

@) I,

“ 5

gzl \-Lae (RE 201
- REDI THROUGH RG0S
Y’C'O* pSI02
—DSIoH
- DSI03
e FAGR MIGH
. / /-
L J '
L { o
SiI08 SiDZ LRHE e LMLO2 RI03
Ri04 THRU RIN
FIG. 6-1 COMPONENT LOCATION, MAIN CHASSIS [MODEL 8HK 2000-0.1(a) 1.
BHK 2000/38-70 6-17/6-18

www.valuetronics.com



www.valuetronics.com



(P-2}

@

|l

RIZ

3323

MOTE: 1. C2 NOT USED IN MODEL BHK 500—0.4{M]).
2. CRE AND CRS NOT USED IM MODEL S8HK 500-—0.4(M).

FIG. 82 COMPONENT LOCATION, ASSEMBLY A1,

22

P30n
o
i [3:4 i
; o i
- :

TBIZ

TB30%

BHK 2600/38-70

www.valuetronics.com

FIG. 6-3 COMPOMENT LOCATION, ASSEMBLY A3,

P302)

o

619

(R

#303)



(PaQ3}

(#404)
—

et G | 3
E
CRADS CRE0E o | crRacd]]
| O .
+ - |2
. &
+
8]
g &
: ° ° |
o]
o G = s | Tl el el ]
{Gan fb—  —{CRA08[}— 8 Iz & I I O - I
—— A
—-{ cans o+ }A~ d R 1
........ - | 3 ]
m--l 406 ¥ ~1 ]
M“W“} ol 18] 18] i5 §
| g L? CAREA I
ﬂ L )
i =
i Paoy ‘o . ©Pa0R)
FiG. 64 COMPONENT LOCATION, ASSEMBLY Ad.
e e
i ]
] Lo
B C508 o
// ; i

e R502 —

R50O1

EZZ!

(PSONG

FIG, 6-5 COMPONENT LOCATION, ASSEMBLY ASG,

6-20
www.valuetronics.com

BHK 2000/38-70



TZ202

1LI_|_ CINE CORD ASYY, Y %
Frog LTI T ——
s (AMPL. COM}
3
i s o i e L
i
Cosa | 3 -
BRRE | e g —————— | it "R e T T T T
, $i0+ e FRONT PANEL
e Lo 5 TERMINALS ot
jomssis g 3 ar
h:E-r
W FIGt
sa3.8
T
* 5302 a3 PART OF:
100 a7 fyReT
R3E8 RB22 THRY I @ T comp, tine Ik
THRU R385 iy
mum.m 360 Rao 1 . " CHASS!S cane
00 R326 *® £ A CRIGS .28 \M,
i AA— o @ T coma soarse sroun R | wd
sk v PART DF. X RS0|
it OF ©-2000v ! ti < o
78307 | § cHAssIS Dw i
D m. 12 B ALY i H TPsOy
PaqT R /3 : ;
304 22 P30 N : :
vz09 Jaot :
s Mic2z TRSOE
\)J o
RACQI THRU R4i0 @ ;
(16T 625 18 SEMES onoz! 1208 b isoma _‘ w2 |
0 TREGE L L |
{SEE NOTE 7) LRI S ! .
T203 PEOE
G210 P44 Dm
FriEcyl R Rv
3 2] o
a - 200K
2 e s FOS : 0- 20OV
® R 110~ 200K @
Dbt e =] POS 2 200-400%
8 RICS-200K | &
4 + PGS 3 400-800V
CRS ReDB ~E0GK
A 205 4 500-BOS
] Rig et s
e e - o se8 5 g00-my
RIOG-zooN 3
G5 Q o PGS B IK-E2K
cre ¥ - RIDS- 200K | 4
R f N ! L] 08 7 LBH-L AR
332 Logerd FE04 200K ¥
J208 P4DB )
I T BART OF ot TR @ oS ®
frimreet: s H [T z RID3- 180K
RS RIS R2t RZ3 R26 Pos &
& cRi LK M ¥on? R 49.9K 13% chin i i ¢P
% < ; az LRIZ e FOS. (@ LEX-2X
; H 4. G5 A4 b Py
»a01 | szoa _— .02 x a4 ] T
9 80 RS R 0t o M M
4.2 o 5% i 7 REY R27 3103
Tas e 240 P m_oc i f03 soe 47 COAASE VOLTAGE CONTROL SWiTEw
i RI6 Ri? ~an
CRAQY ks @ 495K ! ag M 500 AR ] DETAL AT
cRa0? K caz RE Eio rIz b ;
o s s pall 2 ¥ crio & or Lca 3
m @ o G o 6033 n_. CRia
:
c405 Ieoman
b3 { Ras ~ ) PASS TLEMENT
mw R3S R " a9 amenisien outeuT (o717 - omin @ AC GROUND
o404 r6K i cR3 Hers Lok Ri3
= 2 2 . .
o @ Tienal R N s OROI ®
! CURRENT
22 CONTROL AC byt
R25 CURRENT “ .w
240K
CRAOS rz 13k CONTROL ORO BY YOLTAGE @
P b caa M by —e.2v)~ B BESISTANCE -y N
b m AEF, VOLTS + 6.2 ¥ — - REF RESISTOR &l
m osg) @)
EiE¥ v P . \ﬁ Vir SIBTAL
" » ; !
_ nat2 - N ) erwon sexnsme (4 (S I0E) (0 ovesur @
i aQl w ] 430F
CRAID i O]
PART oF TR302 {9 L+ ta TR302-6 O,
P . 3
a8 . OxC) M REMATE
cioz . T8 301 5 GH-OFF
it 3 ca08 NOTES: - saron seasing (1 1(EITHY 1o outeaT O
It it i w40t — dwd 1 ALL GESISTOR VALUES ABE i OMMS, Kr 1000 ALl GAPAGITOR VALUES I MIGHOFARADS, K000 HULL JuncTEON nd
200 PF WOFF sz 2 VOLTAGE READINGS Ik RECTANGLES (L) ART TYPICAL VALUES FOR VOLTAGE MOUE OPERATION WITH AC LINE AT 115V,
cRat OF UTPUT VOLTAGE SEY 10 MAXIMUM, ANG AT N3 LCAD MEASUREMENTS REFERRED 70t OUTRUT TEAMINALS W — Tazoe TERO0S
3 VOLTAGE READINGS IN (S} SIDES SYMBOLS { "I} ARE TYPIIAL VALUES TR CURRENT MODE DPERATION AT MAXINGM i firlrlrl,:l,l 7
DEIGE aswz PART OF . DUTPUT YOLTAGE AND CURRENT. MEASUREMENTS REFERRED TC {+1 OUTFUT TERMINALS REAR BARRIER STRIP DETAIL
@ m 3 4264 P40t A MI01, MIOZ ARE GEED I METERED BNITS ONLY. ————
7 & VOLTAGE AEAINGS WHIGH APPLY TO NOTLS {2) Atell (3] ARE TYPISAL AND SUBJECT TO CORPONENT TOLERANCES [PRT—
g . 6  ORDER REPLACTMENT PARTS BY KEPCO PANT NO, SEE PASTS LIST "
{:3em08] (¥ 5igE) T TPSOI THADUGH TPEOI ARE INTERNAL TURRETS TERMINALS Wils WIRE JUMPERS, WHICH ARE TO BE "
HEWOVFD FOR HiH SPEED PROGRAMMING. TP 80X THROUGH TRSIO ARE FECOBACH CAPAGITORS
TEAMIMALS 70 BE SELECTIVELY CONNECTED 10 1PSOE {REFE 10 FI, 3-11)
FIG, 868 MAIN SCHEMATIC, MODEL BHK 2000—0.1(M).
i
-
EMOT079/11-2070 £-21/6-22

www.valuetronics.com



