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Power requirements of this product have been changed and the relevant sections of the Operation
Manual should be revised accordingly.
(Revision should be applied to items indicated by a check mark (&)

O Input voltage

The input voltage of this productis ________ VAC,

and the voltage range is to VAC. Use the product within this range only.
O Input fuse

The rating of this product's input fuse is A, VAC, and

mesoessssssssessmeen WARNING s

- To avoid electrical shock, always disconnect the AC
power cable or turn off the switch on the switchboard
before attempting to check or replace the fuse.

- Use a fuse element having a shape, rating, and
characteristics suitable for this product. The use of a fuse
with a different rating or one that short circuits the fuse
holder may result in fire, electric shock, or irreparable
damage.

O AC power cable

The product is porvided with AC power cables described below. If the cable has no power plug,
attach a power plug or crimp-style terminals to the cable in accordance with the wire colors
specified in the drawing.

messsssssesessssesms WARNING  ssssssssssssssssessssenrs

- The attachment of a power plug or crimp-style terminals
must be carried out by qualified personnel.

e - ) e - ™
(] Without a power plug (] without a power plug
Blue (NEUTRAL) White (NEUTRAL)
3
Brown (LIVE) Black (LIVE)

A 5 i v..v_
Greenv/Yellow (GND) ) L Green or Green/Yellow (GND)
r N e N
U] Plugs for USA (J Plugs for Europe
_J

( .
(] Provided by Kikusui agents

Kikusui agents can provide you with suitable AC power cable.
For further information, contact your Kikusui agent.
N Y,

[D Ancther Cable J
(© 1998 Kikusui Electronics Corporation  Kikusui Part No. 29-000-027 1B001681 |®J Kl KUSU'
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1. GENERAL

The PAK Series Regulated DC Power Supply is a constant-voltage constant-current
switching regulator with variable output. The PAK Series is compact and light-
its weight and sizes are only several tenths of those of a conventional phase-
controlled type of power supply. The ripple voltages are small and response to
transients are excellent. Other features of the PAK Series can be summarized as
follows:

(1) The high-speed large-capacity switching circuit is comprised of double
forward converters, thereby eliminating magnetic polarization of the
switching transformer which could be caused by aging and thereby providing
a stable output.

(2) A heat pipe type of radiation system is employed, thereby preventing degra-
dation of reliability or maintainability which could be caused by dust
collected when the power supply is operated for a long period time.

(3) A front air intake system is employed, thereby allowing high density
packing for rackmounting.

(4) A GP-IB board (option PAK-E2) is available. This board allows settings of
voltage and current and OVP, feedback of output, and monitoring of the
statuses of the power supply, thereby allowing you to use the power supply
as a component of a computer-controlled automatic systenm.

(5) A remote/local selector switch is provided. This switch allows you to
locally control the power supply with its front panel controls, to control
the power supply remotely via the rear terminal block, or to control the
power supply through the built-in GP-IB board (option PAK-E2).

The output voltage and current are finely adjustable with respective 10-turn
potentiometers. They can be fixed or semi-fixed with guard caps to protect
against inadvertent change or unauthorized change.

The PAK Series is incorporated with the various protective features such as
automatic C.V/C.C transfer, an overvoltage protector whose voltage can be set
from thefront panel, an input overvoltage protector, an overcurrent protector,

a rush current protector, an output overcurrent protector, an overheat protector
which trips by detecting the semiconductor heat sink temperature, and a thernmal
fuse on the subtransformer.
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A high-speed overvoltage protector is available as an optional feature (option
PAK-P). This feature is especially effective for such loads as semiconductors
whose allowable overvoltage is small and which can be damaged even with a slight
overvoltage (which can be caused also by inadvertent handling).

PRECAUTIONS: BE SURE TO READ THIS MANUAL BEFORE STARTING OPERATING THE POYER
SUPPLY.
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2.1

2.1.

0

2. OPERATION METHOD

General Precautions Befor Use

Installation

The allowable or inhibited mounting attitudes of the power supply are as
shown in Figure 2-1. Install it in the attitude of [A] or [B]. Don not
install it in the attitude that the handle is positioned lower than the
horizontal level. |

PRECAUTIONS: Note that, if the power supply is installed in the inhibited
attitude, its overheat protector may trip and the input
power switch may be cut out.

ol T

Allowable mounting attitude E Allowable mounting attitude

©)

(A)4

— Level
= (Horizontal)

Inhibited mounting attitude

Figure 2-1

Avoid installing the power supply in a metal-corrosive atmosphere or a
sulfuric acid mist atmosphere. ¥hen the power supply is used for a
plating shop or an electrolytic formation shop, install the power supply
at a location as apart as possible from the shop and remote-control the
output.

Do not block the air intake opening of the front panel. Clean the air
filter periodically.
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2.1.

2.1.

2.1.

Provide a clearance of 30 c¢cm (1 foot) or more from the fan air exhaust.
Note that the reliability of the power supply may be degraded and
troubles may be caused if it is used in a highly humid atmosphere or in

a dusty area.

The place of installation should be reasonably free from mechanical
vibration.

AC Line Power

The input AC power line must be 200 V £10% (180V to 220V) or 240 V =10
% (216V to 264V), 48 to 62Hz 3-phase. (See Section 2.2.)

The input power fuses must be as follows:

Main circuit: 20 A (15 ¢ X 50 L) ..... 3
Sub-circuit: 2A (.2 ¢ X 200L) ..... |

Rush Current

The rush current drawn by the power supply when its power switch is
turned on is approximately 30 amperes (peak) or less (with 200V AC).

Before turning on the power supply which has been shut down, allow a
period of one second or more.

AC Input Power Cord
The sectional area of the AC input power cord which accompanies the power
supply is 3.5 mm?. ¥hen using a cord other than the above, be sure to use

a cord of sectional area 3.5 mm? or more.

The green wire of the cord is a ground wire. Be sure to connect this
wire to a grounding line.
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2.1.%

0

o

o

0

A

F.G (Frame Ground) and GND

The F.G is connected to the chassis of the power supply. The GND is
connected to the ground line of the built-in line filter as shown in
Figure 2-2.

_____________________ -
I
U : !
: |
1 ]
Y ; !
' I
N . i
1. LINE !
- FILTER !
. |
i

F.G " Figure 2-2
L?r Power supply |

¥hen using a single unit of power supply as an independent unit, short
between the F.G and GND terminals.

¥hen a multiple number of units are connected in parallel, the leak
current from the built-in line filters increases by the number of units.
If the increased leak current is not allowable, make open between the F.G
and GND terminals and connect an extra line filter as shown in Figure 2-3.

| S 7 7
LINE o o o oy
FILTER S S & — W
| ! r—é !
)E—? CND >r<—9 CND a GND )r(—Q GND
> F.G r?F.c rc;:r.c rnj»F.c
r | ' | Figure 2-3

¥hen power supplies are connected, the leak current increased as above
may flow through the equipment frames thereby causing noise. To prevent
this, make open between the F.G and GND terminals and connect the indi-
vidual GND terminals to an earth with low inpeadance. (¥ith this setup,
the displacement current including a switching noise current can be
prevented from flowing through the FG terminals.) See Figure 2-4.

If it is necessary to make open between the F.G and GND terminals due to
the above reason, disconnect the jumper from these terminals at the input
terminal block of each power supply unit. (See Figure 2-44.)

Remarks: I it is nccessary to connect an F.G for each of the unmits, connect

it by means of the FRAME GND terminal (® in Figure 2-18) of the
output terminal block.
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Figure 2-4 Figure 2-4A Disconnect F.G and GND
2.1.6 Rear Terminal Jjumpers
o Confirm that the jumpers of the rear terminal block are connected as

shown in Figure 2-5 (when the power supply is operated in the regular
conditions).

REX-1«LOCRIN-2{C,V

Cm ]

21
>
o

c.v

L n;

| |
® 43

c...].

€2 W&
o] |
® ey
@ Figure 2-5
®
2 -4
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2.1.1

2.

1.

Ambient Temperature

o The ambient temperature range to meet the performance specifications of

the power supply is 0 to 40 "C (32 to 104 °F).

withi

Use the power supply
n this temperature range.

o If the power supply is operated in a high ambient temperature, the over-

heat

protector will trip and the power switch will be cut out. Yhen this

has occurred, lower the ambient temperature and cool off the power supply

and t

NOTE:

hen turn on the power switch again.

In general the lives of such electrical components as semi-
conductors, electrolytic capacitors and transformer insulators are
inversely and exponentially proportinal to ambient temperature.

It is essential to keep low the ambient temperature of the power
supply from the viewpoints of its operation reliability and
longevity.

o Do not use the power supply at any ambient temperatures lower than — 10°C

(14
stabl

8 Load

F). Note that the performance of the power supply may become un-
e at such temperatures.

Cables

o For connections to the load, use sufficiently large cables as shown in
Table 2-1. Note that, if small cables are used, the voltage at the load
end may become unstable due to voltage drop in the cables and they may
generate heat and become hot in extreme cases.

Table 2-1
Ta = 30° F (86° F)

Nominal Section | Current Limit Current Limit Recommended by
Area Recommended by Electrical Installation
Kikusui Standard (Ordinance Article 29)

14 nmm? 50 A 88 A

22 mm? 80 A 115 A

38 mm? 100 A 162 A

80 mm? 200 A 257 A

150 mm? 300 A 395 A
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2.1.9 Particular Types of Loads

Note that the output may become unstable when the loads are particular types

as follows:

(a) Pulse Current Loads

Yhen the load current has speaks as shown in Figure 2-6 or it is of a
pulse wave as shown in Figure 2-7, the peak current exceeds the preset
current and the power supply is driven instantaneously to the constant-
current mode for the corresponding short periods and, even though the
meter reading may not be larger than the preset current limit, the out-

put voltage may drop.

current indicator lamp which may illuminate dimly.

Preset current
— limit -

== Meter reading
(Average value)

Figure 2-6 Load Current with Peaks

limit

Figure 2-7

This state may be indicated be the constant-

Preset current

“" Meter reading
(Average value)

Equivalent Circuit of

Pulse ¥Yaveform

In the above case, the setting of the output current should be raised
or larger current capacity should be provided.

(b) Regenerative Load

Since the power supply is unable to absorb power returned from a regene-
rative load (such as an inverter, converter, or transformer), the output

voltage may rise and become unstable.

X

P.._J

Iout

-

> +

1%l

1 EO

A

71

W

Rp (
Inpe

— -

)0
H Load F

|

BLquivalent circuit of series
controlled type of power supply

L.

Regenerative
load

Figure 2-8
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N

In the above case, connect a resistor (Ro) to bypass the reverse current
as shown in Figure 2-8. See Figure 2-9 for the reverse current and out-
put current waveform. The resistance of Rp can be calculated as follows:

Eo [V]
Bo [Q] = o
where, Rp : Dummy load to bypass reverse current
Eo : Output voltage
Irp : Maximum reverse current
+1Ipo
Output
current
waveform

Reverse current
_IO

2.1.10 Guard Caps

The guard caps which are supplied accompanying the power supply may be used
to make the potentiometer knobs into a fixed or a semi-fixed type in order
to provide guard against unauthorized or inadvertent handling.

Fixed Type Semi-fixed Type

Break through the “K” mark
portion with a screwdriver.

Figure 2-10

NOTE: Yhen the power supply is operated in the remote-control mode with a
voltage signal, the potentiometers on the front panel of the power
supply are used as full-scale adjustment resistors. 1In this case,
besure to install the guard caps.
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2.2 AC Line Yoltage Change

nn /R M [

D O.
oo

A-961 ////

Switch Board

Figure 2-11

£-361

200 <240

Figure 2-12 200V AC Line Input
Normally the AC line voltage of the power supply is set for 200 VAC and the

AC line voltage selector switches on the A-961 board (see Figure 2-11) are
sealed in the positions as shown in Figure 2-12.

2-8
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2.2.1 Change to 240 V AC Line Voltage

To change the power supply into the 240 V AC line voltage setting, proceed as
follows:

(1) Set the switches of the A-961 board as shown in Figure 2-13.

(2) Seal the switches of the A-961 board with the “AC 240V" seals.

(3) Post the “AC 240V" seal on the printed “AC 200V" mark at the rear input
terminal block.

(4) Change the name plate of input voltage.
(See Figures 2-13A and 2-18 @.)

A-961

Figure 2-13 For 240V AC line

Front Rear
o INPUT o o INPUT o
AC200V 3¢ AC240V 3¢
50/60Hz 50/60Hz
-/ \. i,

Figure 2-134 NKame Plate of Input Voltage

Note : The power supply can be modified for operation on a 220V*x10% AC line.
For this optional modification, please order your Kikusui agent.
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2.3 Panel Description
@ POYER Switch

o Main input power switch of power supply.

o The POYER switch is automatically cut out when a protector (output
overvoltage protector, input overvoltage protector, input over-
current protector, overheat protector, etc.) has tripped.

o Allow a period of 5 seconds or more before turing on the POYER
switch which has been cut out as above. Be sure to remedy the

cause of the protector trip before turning on the POYER switch.

o Allow a period of | second or more before turning on the POYER
switch after turning it off manually.

NOTE: VNote that the rush current suppression circuit may not

operate if the POYER switch is turned on again without
allowing a period of 1 second or more.

@ Anmmeter
o Digital ammeter with green LED. 3-1/2 digits.

@ Current Setting Potentiometer

o To set the constant-current output value. Effective only when in
the local mode.

o 10-turn helical potentiometer.

o The potentiometer knob can be modified into a fixed or semi-fixed
type by using the guard cap which accompanies the power supply.

@ REM-1 (Remote Current Control Mode ! Indicator)

0 Indicates that the power supply is in the remote current control
mode as selected by the rear terminal block.

2-10
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® REM-2 (Remote Current Control Mode 2 Indicator)

o Indicates that the power supply is in the remote current control
mode as selected by the optional internal board (option PAK-E2).

® Voltmeter

o Digital voltmeter with green LED, 3-1/2 digits

@ Voltage Setting Potentiometer

o To set the constant-voltage output value. Effective only when in
the local mode.

0 10-turn helical potentiometer.

o The potentiometer knob can be modified into a fixed or semi-fixed
type by using the gurd cap which accompanies the power supply.

® REM-1 (Remote Voltage Control Mode 1 Indicator)

o Indicates that the power supply is in the remote voltage control
mode as selected by the rear terminal block.

® REM-2 (Remote Voltage Control Mode 2 Indicator)

o Indicates that the power supply is in the remote voltage control
mode as selected by the optical internal board (option PAK-E2).

@ C.C (Constant Current) Mode Indicator

o Indicates that the power supply is in the constant-current mode.
Red LED.

@ C.vY (Constant Voltage) Mode Indicator

o Indicates that the power supply in in the constant-voltage mode.
Green LED.

211
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@ OUTPUT Switch
o Turns on or off the output.

o Automatic reset type of switch, which has been reset to the off
state whenever turning on the input POWER switch, thereby enhanc-
ing the operation safety.

0 An electronic switch which does not generate chattering or other
noise.

o This switch can be disabled by S¥5 (3rd element of DIP S¥) on the
rear panel. (Refer to Section 4.1 and 4.2)

PRECAUTIONS: The OUTPUT switch does not mechanically open the output
circuit even when the switch is set to the off state.
Note that the output circuit remains electrically
connected even when in the off state.

@ Output Indicator

o Illuminates when the OQUTPUT switch is in the on state.
Yellow LED.

@ LIMIT (Current/Voltage Limit Switch)

o As you press this switch, the voltmeter displays the preset

constant-voltage value and the ammeter the preset constant-current
value,

o By means of this switch, presetting of the constant-voltage value
or constant-current value can be made with the OUTPUT switch set
in the off state. Even when the OUTPUT switch is set in the on

state, the preset values can be confirmed without disturbing the
output.

NOTE: If you press this switch and ® OVP Preset Switch at the

same time, the latter has a priority and the voltmeter
displays the preset OVP voltage.

2 —12
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® OVP (Overvoltage Protector Trip VYoltage Preset Switch)

0 As you press the OYP switch, the voltmeter displays the preset
trip voltage of the overvoltage protector. Thus the switch allows

you to check the preset trip voltage without disturbing the output
even when it is being delivered.

When the OYP circuit has tripped, the oscillation stops and the
power switch is cut out.

NOTE: If you press the OVP switch and @ LIMIT Switch at the same
time, the OVP switch has a priority and the voltmeter
displays the preset trip voltage.

® OVP Setting Potentiometer

o Keeping the OVP switch pressed, you.can preset the trip voltage by
turning this potentiometer with a screwdriver. The preset voltage
is displayed on the voltmeter.

(Refer to Section 1.1 Specification. Overvoltage Protector;
Setting range)

@ CROYBAR Mode Indicator (Option PAK-P)

o This lamp indicates that the power supply is in the crowbar mode.
(Refer to Section 4.5.)

® ALARM Lanp

o This lamp is turned on when the overvoltage protector has tripped.
(Normally, however, the lamp does not illuminate as the POYER
switch is cut out.) Yhen an optional board (PAK-E2) is provided,
turning off of the POYER switch is disabled by means of S¥5 (4th
element of DIP SY) on the rear panel. In this case the lamp

illuminates to indicate the overvoltage trip status.

2—-13
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o

@ Service Panel

o The service panel has potentiometers for the following calibra-
tions and adjustments: ‘

AL.

VL.

AL.
VL.

Ammeter full scale calibration

Voltmeter full scale calibration

Output current offset adjustment when in
REM-1

Qutput voltage offset adjustment when in
REM-1

Ammeter full scale calibration when in limit
mode

Voltmeter full scale calibration when in
limit mode

Ammeter offset adjustment when in limit mode
Voltmeter offset adjustment when in limit
mode

@ VOLTAGE CHECK Terminals

o An output voltage can be checked through these terminals.

(between & and &)

@ Air Intake Louver

o To intake the cooling air. Clean the filter periodically.

@ GP-IB Control Status Indicators

GP-IB board is optional (option PAK-E2). The status indications are

as follows:

o GP-IB:

o LISTEN:

o TALK:

Indicates that the system is in the GP-IB
control mode.

Indicates that the GP-1B board is designated
as a listener on the GP-IB bus.

Indicates that the GP-IB board is designated
as the talker on the GP-IB bus.

2-14
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o SRQ: Indicates that a service request is being
sent on the GP-IB bus.

o OVP REM: Indicates that OVP is remote-controlled with
the GP-IB board.

@ Terminal Block
o This terminal block has terminals for remote sensing, terminals fo
r remote control with voltage or resistance signal, terminals for
on/off control of output, and terminals for master-slave parallel
operation. (Refer to Section 4.)
@ C.Y REMOTE/LOCAL Selector Switch (S¥1)
o See the description of the next item.

@ C.C REMOTE/LOCAL Selector Switch (S¥2)

o The above C.V and this C.C selector switches independently select
the following statuses:

REM-1 (Remote 1): Remote control via terminal block
2]

REM-2 (Remote 2): Remote control by means of GP-IB
board (Option PAK-E2)

LOCAL (Local): Manual control at front panel

@ C.V Remote Control Selector Switch (S¥3)
o See the description of the next item.
@ C.C Remote Control Selector Switch (S¥4)

o The above C.V and this C.C switches select the remote control mode
for C.V or C.C. (Refer to Section 4.)

@ Blank Panel

o A panel for space for GP-IB board (option PAK-E2)

2 —-15
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Serial Number
o An identification number of the power supply.
Air Vent Openings

o Hot air comes out of these openings. Provide a clearance of 30 cm
(1 ft) or more from these openings.

OUTPUT Terminals
o These terminals (M8) delivers the output of the power supply.
GND Terminal

o To ground the output, either for positive ground or negative
ground.

DIN Terminal

o Connects the contact signals for the C.V mode, C.C mode, and OVP
trip status, and connects the voltage signal for output current
monitoring.

Input Power Cable Bracket
o The bracket is to fix the input power cable. The input terminal
block is accessible when this bracket is removed.
(For the connection method, see Section 2.4.)
S¥5 (DIP SY)

o Switch to select the various functions as described in Section 4.

Indicatation Plate of Input Voltage
o (Refer to Section 2.2.)

2 —18
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2. 4

2. 4.

1

L.

Operation Method

Connection Method of Input Power Cord
Remove the input power cord bracket.

To remove the input power
cord bracket, remove these
two screws.

Figure 2-19

2. Cut away the unnecessary one of the clamps of the cord stopper, to suit
the diameter of the input power cord which is supplied accompanying the
power supply. (The clamp can be easily cut away by using a knife or

other tool. See Figure 2-20.)

Pass the input power cord through the bracket from its back side and
tighten slightly the cord-clamping screw. (See Figure 2-21.)

Cut away the unnecessary
one of the cable clamps.

Figure 2-20 Figure 2-21

Connect the four core wires (with crimped
terminals) of the cord to the input terminals
(M4 screw terminals, for U, V, ¥ phases and
GND) of the terminal block (see Figure2-25).
Fix the bracket to the mainframe with the

two screws. Adjust the cord to a slack state
and, in this state, fully tighten the cord-
clamping screw,

(The phases are free. Any phase lines of

the power cord can be connected to any

phase terminals (U, V, ¥) of the terminal
block.)

2-13
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2.4.2 Constant-voltage Operation

Confirm the mode switches and terminal jumpers of the rear panel to
standard states as shown in Figure 2-23.

Turn off the OUTPUT switch.
Turn on the POYER switch.

Keeping depressed the current/voltage LIMIT switch, set the output
voltage at the required value with the voltage setting knob. Keeping
the switch depressed yet, set the output current limit value with the
current setting knob.

(By the above procedure, the output voltage and current ranges of the
power supply are defined. For any load, the power supply does not
deliver a voltage or a current exceeding the ranges. ¥hen the load
resistance is large, the output voltage is at the set value and no large
output current flows. ¥hen the load resistance is gradually reduced,
the output current gradually increases up to the value preset by the
current setting knob, and when the resistance is reduced further, the
output current remains at the preset limit value and the output voltage
decreases. .The output current does not exceed the preset limit value
even when the load resistance is reduced to zero or the output of the
power supply is shorted. Thus, the power supply protects the load by
automatically transferring itself from the constant-voltage mode to the
constant-current mode of operation.)

Connect the load and turn on the OUTPUT switch. The C.V lamp will illu-
minate, indicating that the power supply is operating in the constant-
voltage mode.

NOTES: (1) ¥hen the impedance of the load is unpredictable or when the
load is of a nature that its resistance sharply changes as
a function of the voltage applied to it, set at first the
output voltage at zero volts before turning on the OUTPUT
switch, and then gradually increase the output voltage.

2-19
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(2) The output voltage of the power supply does not overshoot
even when the POYER switch or the OUTPUT switch is turned
on or off or when any other regular operation is done.

(3) In general the OVP (overvoltage protector)should be set at
a voltage of approximately 110% of the output voltage.
The OVP trip voltage can be preset with the OVP setting
potentiometer while keeping depressed the OVP preset switch
so that you can read the trip voltage on the voltmeter.
(For details, see Section 3.3.)

(4) ¥hen the wiring from the power supply to the load is long,
the constant-voltage characteristics at the load terminals
may be degraded due to resistance and inductance of the
wiring. To cancel out the inductance, connect an electro-
lytic capacitor of 1,000 to 10,000 microfarads of good high-
frequency characteristics at the shortest distance across
the load terminals. To cancel out the voltage drop caused
by the wiring resistance, the remote sensing provision may
be employed (see Section 4.6).

2.4.3 Constant-current Operation

Confirm the mode switches and terminal jumpers of the rear panel to
standard states as shown in Figure 2-23.

Turn off the OUTPUT switch.

Turn on the POY¥ER switch.

Keeping depressed the current/voltage LIMIT switch, set the output
current at the required value with the current setting knob. Keeping
the switch depressed vet, set with the voltage setting knob the maximum
voltage allowed to be applied to the load.

Connect the load and turn on the OUTPUT switch. The C.C lamp (red)

will illuminate, indicating that the power supply is operating in the
constant-current mode.

2-20
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The power supply is of an automatic constant-voltage/ constant-current

transfer type. As the load resistance increases, the output voltage
increases at a rate of [Eo (output voltage)=RL (load resistance) X lo
(output current)] up to the voltage preset with the voltage setting knob.
¥Yhen the load resistance is increased further, the power supply automat-
ically transfers itself into the constant-voltage mode in order that no
voltages higher than the preset voltage is applied to the load.

NOTES:

(1) Yhen the load is of a nature that its impedance largely

2

changes due to own heat generation or of a similar nature,
set the constant-voltage range with sufficient allowance
within the allowable voltage range of the load.

Since the power supply has a capacitor connected between
the output terminals, note that, if the load is of a nature
that it causes the output voltage to change rapidly, the
charge/discharge current of the capacitor may be superim-
posed on the load current.

€D

A
) A\
e -
g R - TOutput
£ g puirs] s Load ' voltage
3 3 2 N 1o
o " |
Qutput
current

Figure 2-22

To on/off-control the output when in the constant-current
mode, control it by means of the rear terminals as de-
scribed in Section 4.2. Note that, if the output current
is on/off-controlled with the switch, a current larger than
the preset value may flow due to the above-mentioned
capacitor.

2 -1
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2.5 Contact Signals

The DIN terminal (@9 in Figure 2-18) connects the contact signals represent-
ing the C.V mode, C.C mode and OVP trip status, and connects the voltage
signal for output current monitoring. (See Figure 2-24.)

SH5 N BEH
1‘0—-—:'

INC NO! eed--s

E ' ! NC |

K3 “——‘O’:C ? E

L __INOIK 4

C.C MONITOR
AMP
0 ~10V

Figure 2-26

(1) Contact Signals to Represent Constant-voltage Mode and Constant-current
Mode

These signals are shown in Table 2-2.

Table 2-2
@-© ®@-@
C.Y CLOSE OPEN
C.C OPEN CLOSE
Power off OPEN OPEN
Qutput off
2 —23
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(2) Protective Circuit Operation Indicating Contact Signals

The contact signals which represent the operating statuses of the protect
ive circuits are as shown in Table 2-3.

Table 2-3
Operating Status Type of Reray Contact Signal 6th element
K3 K4 O-® | ®-® | of S¥6
Yhen in normal operation NC NO CLOSED OPEN
o Y¥hen POYER switch is
turned off.

o Yhen overheat protector
has tripped.

o Yhen input overvoltage
protector has tripped.

o Yhen input overcurrent
protector has tripped. NC NC OPEN CLOSED ON

o Y¥hen missing-phase
protector has tripped.

o Yhen OVP has tripped.

Mode to turn off
POYER switch: 4th
element of S¥5 is ON.
(See Section 4.4.)

o Y¥hen OVP has tripped.

Mode not to turn off NO NO CLOSED CLOSED
POWER switch: 4th
element of S¥b is OFF.
(See Section 4.4.)

o Yhen OVP has tripped.

NO CLOSED
Mode to turn off ! XC OPEN ! OFF
POYER switch: 4th - XC | OPEN
element of S¥5 is ON.
(See Section 4.4.)
2 —24
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1. The 6th element of S¥5 (DIP S¥) is set in the ON state on the rear
panel.

2. If the 6th element of S¥5 is set in the OFF state with the power

supply set in the mode (4th of S¥5, ON. Refer to Section 4.4.) that

the POYER switch is turned off when the overvoltage protector has
tripped, the contact which connects pins 5 and 6 is made for a very

short period as the overvoltage protector trips, and then the contactis
broken. By means of this contact signal, two or more units of

power supplies which are incorporated with high speed OVP (option PAK-P)
can be operated in parallel. (See Section 4.10.2.)

Contact Ratings

Maximum Operable Voltage : 24 V DC
Maximum Operable Current : 0.5 A
Maximum Allowable ON/OFF Current : 0.4 A
Maximum Contact ¥attage : 10 ¥ (DC)

(3) Output Voltage Monitor Signal

The VOLTAGE CHECK- Coutput current check) terminal on the front panel del
ivers a voltage signal which repersents the output voltage (voltage betw
een sensing terminals € and @). The voltage relationship between the

actual output voltage and the monitor signal voltage is 1V:1V. (Refer t
o figure 2-17 @).

(4) OQutput Current Monitor Signal

Connector J1 (@) in Figure 2-18) delivers a voltage signal which represe
nts the output current. The signal is delivered through pins @ and ®
of the conector (see Figure 2-24). The signal voltage to otuput current
relationship is 10V:Imax (with an accuracy of *1% of full scale). In
this case, terminal @ is used for the common € line.

(Note) Imax: Maximum rated current

2 —-125
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3. PROTECTIVE CIRCUITS
3.1 Background

Keeping pace with the rapid advancement of electronics in these years, power
supplies also have greatly advanced. They have become to render much higher
accuracies, power factors, efficiencies, reliabilities, and much faster
responses, and yet they are more compact, light, and economical. Today a
wide variety of power supplies claiming these features are available on the
market.

¥hen choosing a power supply, attention should be paid not only to the point
of satisfying the required performance but also to some points which are
different for those which are paid when choosing an electronic equipment
which handles signals. The differences come from the fact that the power
supply plays a cardinal role of providing the “source power” for the entire
electric or electronic system, Failure of the power supply can result in shut
down of the entire system, 1in damage to the load equipment, and even fire
hazards in an extreme case. Therefore, reliability not to fail is vitally
important for the power supply. For protection in case of failure, the power
supply should be incorporated with the various protective features. The PAK
Series is incorporated with the various protective features as briefly
described in this section.

3.2 Protective Circuits
(1) Overvoltage Protector (QVP)

o Yhen the output voltage has exceeded the preset voltage, the OVP turns
off the POYER switch and stops oscillation of the switching regulator.

o The response pulse width is 200 xsec.

o Allow a period of approximately 5 secohds or more before turning on the
POXER switch after the OVP has tripped. Be sure to eliminate the cause
of the trip before turning on the POYER switch.

o Yhen the load is very weak against overvoltage (such as a semiconductor
device), use of the high speed overvoltage protector described in the
next item (2) is recommended.
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o Such mode of operation also can be selected for GP-IB control that
oscillation of the switching regulator is stopped but the POYER switch
is not turned off even when the OVP has tripped. (See Section 4.4.)

(2) High Speed Overvoltage Protector (Crowbar) ... (Option PAK-P)

o Yhen the output voltage has exceeded the preset voltage for a period
of 200 usec or more, the thyristor connected in the output circuit
conducts to suppress the output voltage and at the same time the POYER
switch is turned off and oscillation of the switching regulator is
stopped. |

o Since the output terminals are shorted by the thyristor, if the load
is a battery or a large capacitor, a check diode must be connected in
series to the load. (See Section 4.12.)
Note: ¥hen in the crowbar mode (option PAK-P), the presettable voltage
is 3 volts or more. '

(3) Input Overvoltage Protector

o V¥hen the voltage of the filter capacitor of the power supply has
exceeded the preset voltage, the POYER switch is turned off and oscil-
lation of the switching regulator is stopped.

(4) Overcurrent Protector

o The output current does not exceed 110% of the rated output current
even when erroneous remote control operation is done.
(See Section 3.2 (1).)

(5) Overheat Protector

o Y¥hen the temperature of the semiconductor heat sink has become higher
than approximately 85° C(185° F) due to ambient temperature rise or
fan motor failure, the POYER switch is turned off and oscillation of
the switching regulator is stopped.

(8) Thermal Fuse
o Yhen the temperature of the sub-power-trahsformer has become higher

3-2
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than apporximately 135° C(275° F), the fuse blows out to cut out the
input circuit. '

(1) Rush Current Suppressor

o To suppress the rush current when the POWER switch is turned on.
(8) Input Fuse

o To limit the input current.

3.3 Operation Method of OVP (Overvoltage Protector)

o To set the OVP trip voltage, proceed as follows: Press the OVP preset
button, and the voltmeter will indicate the OYP preset voltage. Adjust
the voltage with a screwdriver. (After setting the trip voltage, increa
se the output voltage to test that the OVP trips at the preset voltage.)

o The OVP trip voltage can be checked by pressing the OVP preset button
without affecting the power supply operation icluding the protective
functions.

o As the OVP detects an overvoltage, it turns off the POWERwswitch and
stops oscillation of the switching regulator. lowever, it does not
actively reduce the voltage which appears at the output terminal.
Therefore, for a load which is weak against overvoltage and unable to
tolerate even small overvoltages of a level of several volts and 100
msec, use of the high speed OVP Crowbar (optionPAK-P) which instanta-
neously reduces the voltage which appears at the output terminal is
recommended.

o By means of S¥5 (DIP S¥), such mode of operation also is possible that,
when the OVP has tripped, the POYER switch is not turned off although
oscillation of the switching regulator is stopped. This mode is neces-
sary for keeping alive the supply power for the GP-IB card which may
be incorporated in the power supply. To reset the power supply when not
in the GP-1B mode, turn off the POYER switch once and allow a period of
5 seconds or more before turning on the POYER switch again. (¥hen in t
he GP-1B mode, the power supply can be reset also with a reset signal.)
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4. APPLICATIONS

The PAK Series has a DIP switch (S¥5) on the rear panel. The various modes of
operation are selectable with S¥5 as described in this section.

(Set the switches and terminals not indicated in Figure 4-1 as required by
respective control modes.) Figure 4-2 shows S¥5.

. -
\SWS(DIP SW)

Figure 4-1

(=
-
-

-
~E OFF<=—ON
]
~A
g .
=1
~CH
=1

Figure 4-2 S¥5 (DIP SY)
4.1 To Disable the QUTPUT Switch

¥ith the FOD (front output switch disable) function setting as follows, the
output can be delivered irrespective of setting of the OUTPUT switch.

(1) Turn off the POYER switch.
(2) Set the 3rd element of S¥5 to the ON state.

Notes: 1. If the 3rd element is set in this state, the output voltage
starts rising when the POXER switch is turned on and the
soft start operation is over. Therefore, be sure to set
the voltage setting knob to the fully counterclockwise
position.
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2. The relationship between the 3rd element of S¥5 and the FOD
switch of the GP-1B board (option PAK-E2) is with priority
for ON. Therefore, when either one or both of them are ON,
the QUTPUT switch of the front panel is disabled.

4.2 ON/OFF Control of Qutput

The output can be ON/OFF-controlled with an external contact signal.
For this operation, proceed as follows:

(1) Turn off the POYER switch.
(2) Set the 3rd element of S¥5 to the ON state.

(3) Connect a remote-control contact signal (switch Sa) between terminals
® and @ of the rear terminal block. '

(4) Set the Ist element of S¥5 depending on the required mode as shown in

Table 4-1.
Table 4-1
st El
S ement ON OFF
of S¥5
Contact Sa | OPEN | CLOSE | OPEN | CLOSE
Output OFF ON oN OFF

NOTES: 1. Y¥hen environmental noise is large or the distance from the power
supply to the control signal source is long, install a small DC
relay near the power supply and extend the wiring of the relay
coil to the control signal source.

2. For wiring to the contact (Sa), use a shielded cable and connect
the shielding wire of the cable to the € output terminal of the
power supply.
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4.3 Remote Control of PO¥ER Switch

The POYER switch can be remote-controlled with an external contact signal.

For

(D

(2)

(3)

this operation, proceed s follows:
Turn off the POYER switch.

Connect a remote-control contact signal (Sb) between terminals © and ®
of the rear terminal block.

Set the 2nd element of S¥5 depending on the required mode as shown in
Table 4-2.

Table 4-2
2nd Element
ON . OFF
of S¥5
Contact Sb OPEN CLOSE | OPEN CLOSE
POYER Switch | OFF - - OFF

NOTES: 1. V¥hen environmental noise is large or the distance from the power

supply to the control signal source is long, install a small DC
relay near the power supply and extend the wiring of the relay
coil to the control signal source.

2. For wiring to the contact (Sb), use a pair of stranded wires or
a cable. Connect the shielding wire of the cable to the &
terminal.
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4.4

To Select OVP Mode

There are two OVP modes: one is to turn off the POVER switch when the OVP
has tripped and the other is not to turn off the switch. ¥hen the latter mode
is selected, an alarm lamp on the front panel illuminates. The latter mode

is used primarily when the power supply is operated through its GP-IB board
(option PAK-E2). To select an OVP mode, proéeed as follows:

(1) Turn off the POYER switch.

(2) Set the 4th element of S¥5 to the required position referring to Table

4-3.
Table 4-3
4th El nt of
ene ON OFF

S¥5
Operation of POYER Turned off Not turned off.
switch when OVP Oscillation stops.
has tripped (See Note 1.)

NOTES: 1. Y¥hen the OVP has tripped with the 4th element of S¥5 set in the
OFF state, the OUTPUT switch remains in the ON state although the
switching regulator stops oscillating and no output is delivered.
To reset the power supply, turn off the POYER switch and , after
allowing a period of 5 seconds or more, turn on the POYER switch.
If the GP-IB board (option PAK-E2) is incorporated, the power
supply can be reset with the reset signal.

2. The POWER switch is turned off when the overheat protector, input
overvoltage protector or input overcurrent protector has tripped.
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4.5 To Select Crowbar (High Speed Thyristor OVP) Mode

If your power supply is incorporated with the high speed OVP thyristor
(option PAK-P), you can select either the regular OVP mode or the high speed
OYP mode (thyristor crowbar mode). Y¥hen you have selected the latter mode,
the CROYBAR indication is made on the front panel. To select a mode, proceed
as follows:

(1) Turn off the POYER switch.

(2) Set the 5th element of S¥5 to the required mode referring to Table 4-4.

Table 4-4
5nd El '
n ement of OFF
of S¥5
ovP Crowbar Regular

Notes: 1. Be sure to refer to Sections 3.2 and 3.3 before employing the
crowbar mode.
2. Y¥hen the 5th element of S¥X5 is set to the ON state, the CRO¥BAR
indication on the front panel is made even when the power supply
is not incorporated with the high speed OVP thyristor.
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4.6 Remote Sensing

The remote sensing setup is employed to compensate for voltage drop caused
by wiring from the power supply to the load and for degradation of voltage

stability at the load end due to contact resistances. For this setup, proceed

as follows:

(1) Turn off the POYER switch.

(2) Disconnect the jumper strips from between terminals €@ and @ and
between terminals € and ©.

(3) To the points where the voltage is to be sensed for stabilization,
connect the € and & terminals employing a shielded cable and observing
the correct polarity. (Employ a shielded cable in order to prevent
induction noise. Connect the shielding wire of the cable to the ©
terminal of the power supply.)

(4) Connect an electrolytic capacitor (C1) of 1,000 to 10,000 microfarads
with good high-frequency characteristics to the sensing points (the
points to which the @ and € are connected) in the shortest distance.

—@

4
e e S T e P PP P P Load

Figure 4-3

Notes: 1. Yhen the above setup, voltage drop of up to 1.0V per one way of

wiring can be compensated for. The avilable output voltage is
reduced by the amount of voltage drops caused in the wiring.
(For example, when the voltage drop per one way is 1V, the maxi-
mum available output voltage is reduced by 2V from the maximum
rated output voltage (10VY) and becomes as 10V—2Y=8Y. Do not
attempt to deliver an output voltage high than 8V.)
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¥Yhen the wiring distance is long, the output impedance at the

load end may become high due to the inductance of the wiring cabl
eand the stability of the voltage at the load end may be degraded.
Also, a substantial phase shift may be caused and oscillation may

result. Be sure to connect an electrolytic capacitor (C1) at the
load end.

¥Yhen the load is of a nature that it draws an intermittent or
pulsewise current, the voltage stability at the load end may be
badly degraded due to the capacitor(Cl)and the wiring cable
inductance (L) which causes a voltage of L%%.

To prevent this, use large wires for wiring, make the wiring
distance as short as possible, and strand the wires to reduce
inductance.
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4.7 Remote Control of Qutput Voltage

The output voltage can be remote-controlled in three modes, namely, control

of the output voltage with an external voltage signal, linear control of the

output voltage with an external resistance signal, and fail-safe control of

the output voltage with an external resistance signal. This section describes

these remote control modes of operation.

4.7.1

Control of Output Voltage with External Voltage Signal

The output voltage can be remote-controlled with an external voltage of 0 to

+ 10V with reference to the @ terminal. For this setup, proceed as follows:

€Y

(2

(3)
(4)

(8

(6)
(M

(8)

Turn off the POYER switch.

Disconnect the jumper from between terminals @ and @ of the rear
terminal block.

Throw the S¥1 switch on the rear panel to REM-1.
Throw the S¥3 switch on the rear panel to El.

Connect the remote control voltage signal (E1) to between terminals &
and @, with terminal @ for the positive polarity line.

Turn on the POXER switch. (Turn on the OUTPUT switch.)
Adjust offset(at zero volts)with the V.os control of the service panel.

Regarding the switches for which no settings are specified in Figure 4
-4, set them to the standard states as shown in Figure 2-23 (See Section
2.4.) or to appropriate states for respective modes (See Sections 4.1
thorugh 4.11.).
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PRECAUTIONS:

Notes:

REN-1<—LOC—+REN-2(T.V
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ju

Figure 4-4

¥rong wiring or other erroneous setup or application of over-
voltage can result in damage to the equipment. Make sure that
the setup has been correctly made before turning on the POYER
switch.

Never attempt to deliver an output voltage higher than the rated
output voltage of the power supply.

The input resistance between terminals @ and @ is approximately
10 kQ.

The control voltage signal (E1) must be with less noise (less
ripples) since the noise is amplified and appears at the output
terminal. For signal wiring, use a shielded cable (or a pair of
stranded wires) and connect the shielding wire of the cable to
the @ OUTPUT terminal. Pay attention to noise especially when
the wiring distance is long.

Offset Adjustment: Adjust so that the output voltage becomes
zero volts when the control voltage signal is zero volts.

4-9
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4.7.2 Linear Control of Output Yoltage with External Resistance Signal

The output voltage can be remote-controlled with an external resistance
signal. For this setup, proceed as follows:

(1) Turn off the POYER switch.
(2) Throw the S¥1 switch of the rear panel to REM-1.
(3) Throw the S¥3 switch of the rear panel to RIl.

(4) Disconnect the jumper from between terminals @ and @ of the rear
terminal block.

(5) Connect a control resistor (R1) between terminals @O and @.
(8) Turn on the POYER switch. (Turn on the OUTPUT switch.)

(7) Adjust offset (at zero volts) with the V.os control of the service panel.
Rl = 0 (Q) (See Section 4.7.1, Note 4.) '

(8) Regarding the switches for which no settings are specified in Figure 4-
5, set them to the standard states as shown in Figure 2-23 (See Section
2.4.) or to appropriate states for respective modes (See Sections 4.1
thorugh 4.11.).

PRECAUTIONS: Note that the equipment may be damaged unless the setup is made
correctly. (Note that the output can run away if Rl is made
open.) Before turning on the PO¥ER switch, make sure that the
setup has been correctly done.

4 -10
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Notes:

1.

REM- I‘—lOC—»R(H 2fc.V

-0
.
3 <

[—-
_______ ] : X 1
;/Rl nT.—'
@ sw)
g] c.C
[u&
0<rRI<10 (kQ)

® |

@

Figure 4-5

o The relationship between the output voltage (Eo) and control

resistance (R1) is as follows:

- RL [kQ]
Eo [V] TS X Emax [V)

where, Emax: Maximum rated output voltage

Never attempt to deliver an output voltage higher than the rated
output voltage of the power supply.

The control resistor (R1) is connected in the feedback loop of
the operational amplifier. If this resistor is made open, an
overvoltage will appear in the output circuit of the power supply.
Yhen controlling the output voltage employing a switch for
example, use a make-before-break type of switch to prevent

opening of the control resistance circuit. (¥hen this output
unstability due to open-circuiting is not tolerable from the
viewpoint of reliability or safety, use the method described

in Section 4.7.3.)

4 —11



GGSYLS

The current which flows in the control resistor (R1) is constant
at ImA. For the resistor, use a quality resistor of 1/2 watt or
more, with good temperature coefficient, aging and noise charac-
teristics (such as a metallic film resistor.)

For wiring to the control resistor (R1), use a shielded cable
and connect its shielding wire to the © terminal of the power
supply.  Y¥hen the wiring distance is long, pay attention to
ripple and other induction noise.

Pay attention to the voltage drop caused by the wiring since it
will cause an offset voltage.

4 —12
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4.7.3 Fail-safe Control of Oﬁtput Yoltage with External Resistance Signal

This fail-safe feature is such that, should the control resistance signal
circuit is made open, the output voltage is reduced. ¥ith this feature,
control resistors can be safely switched with a switch or a relay, without
overshoots of the output voltage. A disadvantage of this setup is that the
output voltage is not directly proportional to the control resistance.
Especially for low voltages, large resistances are needed. For this setup,
proceed as follows:

€Y

(2)

(3

(4

)

(6)

Turn off the POYER switch.
Throw the S¥1 switch on the rear panel to REM-I.
Throw the S¥3 switch on the rear panel to R2.

Disconnect the jumper from between terminals @ and @ of the rear
terminal block.

Connect a control resistor (R2) between terminals @ and @.

Regarding the switches for which no settings are specified in Figure 4-
6, set them to the standard states as shown in Figure 2-23 (See Section
2.4.) or to appropriate states for respective modes (See Sections 4.1
thorugh 4.11.). '

o The relationship between the output voltage (Eo) and control
resistance (R2) is as follows:

_ 10 [kQ1]
E = X E
o [V] 0+ R [KO ] max [V]
where, Emax: Maximum rated voltage

0 £ RZ £ o0

4 -13
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Figure 4-6

A

Figure 4-7

00 — R2 . ©

The maximum voltage applied to the control resistor (R2) is
approximately 10V and the maximum current fed to the resistor
is 1 mA.

Use quality resistors with good temperaure coefficient, and
good aging and noise characteristics.

Note that, when the resistance of R2 is several hundreds killo-
ohms or more, the output characteristics may be degraded due

to induction noise.

For wiring to R2, use a shielded cable and connect its shield-
ing wirc to the @ OUTPUT terminal of the power supply.

4 -14
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4.8 Remote Control of Output Current

The output current can be remote-controlled in three modes, namely, control
of the output current with an external voltage signal, linear control of the
output current with an external resistance signal, and fail-fase control of
the output current with an external resistance signal. This section describes
these remote control modes of operation.

4.8.1 Control of Output Current with External Voltage Signal

The output current can be remote-controlled with an external voltage of 0 to
10V with reference to the © OUTPUT terminal. For this setup, proceed as
follows:

(1) Turn off the PO¥ER switch.
(2) Throw the S¥2 switch of the rear panel to REM-1.
(3) Throw the S¥4 switch of the rear panel to E2.

(4) Disconnect the jumper from between terminals @ and ® of the rear
terminal block.

(5) Connect the remote control voltage (E2) to between terminals ® and @,
with terminal @ for the positive polarity line.

(6) Connect an ammeter (a shunt resistor) between the OUTPUT terminal.
(7) Turn on the POYER switch. (Turn on the OUTPUT switch.)

(8) Adjust offset (at zero amperes) with the l.os control of the service
panel.

(9) Regarding the switches for which no settings are specified in Figure 4
-8, set them to the standard states as shown in Figure 2-23 (See Section
2.4.) or to appropriate states for respective modes (See Sections 4.1
thorugh 4.11.).

PRECAUTIONS: ¥rong wiring or other erroneous setup or application of over-
voltage can result in damage to the equipment. Make sure that
setup has been correctly made before turning on the POWER
switch.

4 —-15
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Figure 4-8

o The relationship between the output voltage (lo) and control
voltage (E2) is as follows:

_ _E2 [v]
lo [A) —TE_EVT_ X Imax

where, Imax: Maximum rated current
0 = E2 = 10 [V]

Notes: 1. Never attempt to deliver an output current larger than the rated
output current of the power supply.

2. The input resistance between terminals € and @ is 20 to 30 kQ.

3. The control voltage signal (E2) must be with less noise (less
ripples) since the noise is amplified and appears at the output

terminal.

4. For signal wiring, use a shielded cable and connect the shield-
ing wire of the cable to the © OUTPUT terminal. Pay attention
to noise especially when the wiring distance is long.

5. Offset Adjustment: Adjust so that the output current becomes zero
amperes when the control voltage signal is zero volts.

JGNY LS
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4.8.2 VLinear Control of Output Current with External Resistance Signal

The output current can be remote-controlled with an external resistance

signal in a linearly proportional mode. As the output current is linearly

proportional to the control resistance, this setup is optimal for programmed
remote control. For this setup, proceed as follows:

¢Y)

(2

(3

4

(5

(6)

<P,

®

€))

Turn off the PO¥ER switch.
Throw the S¥2 switch of the rear panel to REM-1.
Throw the S¥4 switch of the rear panel to R3.

Disconnect the jumper from between terminals @ and ® of the rear
terminal block.

Connect a control resistor (R3) to between terminals @ and ®.
Connect an ammeter (a shunt resistor) between the OUTPUT terminals.
Turn on the PO¥ER switch. (Turn on the OUTPUT switch.)

Adjust offset (at zero amperes) with the 1.os control of the service
panel. R3 = 0 (Q) (See Section 4.8.1, Note 5.)

Regarding the switches for which no settings are specified in Figure 4
-9, set them to the standard states as shown in Figure 2-23 (See Section
2.4.) or to appropriate states for respective modes (See Sections 4.1

thorugh 4.11.).

PRECAUTIONS: ©Note that the equipment may be damaged unless the setup is made

correctly. (Note that the output can run away if R3 is made
open.) Before turning on the POYER switch, make sure that the
setup has been correctly done.

4 - 17
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Notes:
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Figure 4-9

Relationship between output current (lo) and control resistance (R3)
is as follows:

1.

o [4] = RBLKQD

I
10 (k%] nax

where, Imax: Maximum rated current
0 <RI = 10 [KQ]

Never attempt to deliver an output current larger than the rated
current of the power supply.

The control resistor (R3) is connected in the feedback loop of
the operational amplifier. If this resistor is made open, an
over-current will be caused. Y¥hen controlling the output current
employing a switch for example, use a short-circuit type of
switch to prevent opening of the control resistance circuit.
(Yhen this output unstability due to open-circuiting is not
tolerable from the viewpoint of reliability or safety, use the
method described in Section 4.8.3.)

The current fed to R3 is ImA constant. For R3, use a quality
resistor of 1/4 watt or more, with good temperature coefficient,
aging and nolsc charactoristics.

(such as a metallic film resistor)

4—-18
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For wiring to the control resistor (R3), use a shielded cable
and connect the shielding wire to the ® OUTPUT terminal of the
power supply.

¥hen the wiring distance is long, pay attention to ripple and
other induction noise. This is especially important when

environmental noise is large.

Note that the resistance of the wiring cable causes an offset
current.

4 —19
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4.8.3 Fail-safe Control of Output Current with External Resistance Signal

This fail-safe feature is such that, should the control resistance signal
circuit is made open, the output current is reduced. ¥ith this feature,
control resistors can be safely switched with a regular switch or a relay,
without overshoots of the output current. A disadvantage of this setup is
that the output current is not directly proportional to the control
resistance. BEspecially for low currents, large resistances are needed.
For this setup, proceed as follows:

(1) Turn off the POWER switch.
(2) Throw the S¥2 switch of the rear panel to REM-1.
(3) Throw the S¥4 switch of the rear panel to R4.

(4) Disconnect the jumper from between terminals @ and ® of the rear
terminal block.

(5) Connect a control resistor R4 between terminals @ and ®.

(6) Regarding the switches for which no settings are specified in Figure 4-
10, set them to the standard states as shown in Figure 2-23 (See Section
2.4.) or to appropriate states for respective modes (See Sections 4.1

thorugh 4.11.).
utu-n—loc——au-zr_]c,v
Sw1
c.C
SW2

|

i

/gﬁ R 4 © Jjﬂ
©0)

Figure 4-10

4 —20
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Relationship between output current Jo and .control resistance R4 is
as follows:

lo 4] = —10 Lk

(10+R4) [kQ]
wvhere, Imax: Maximum rated current
0 £ R4 £ o

Imax [A]

Output
current

Imax -

Figure 4-11

ov

0Q Control resistance R4 o

Notes: 1. The maximum voltage and current applied or fed to R4 is 10V and
ImA. For R3, use a quality resistor(s) of good temperature
coefficient, aging and noise characteristics.

Yhen the resistance of R4 is 100kQ or more, the output charac-.
teristics may be degraded due to induction noise.

2. For wiring to the control resistor (R4), use a shielded cable and
connect its shielding wire to the © OUTPUT terminal of the power
supply.

Yhen the wiring distance is long, pay attention to ripple and
other induction noise.

4 —21



cEYH LS

4.9 Series or Parallel Operation

4,9.1 Series Operation

Two or more PAK Series power supplies can be connected in series as shown in
Figure 4-12 to deliver a higher output voltage.

Notes:

L.

o - o)
PAK —3 E1 Eo = E1 + E2

m——{=)

GND

__8 %EZ
O

PAK

Figure 4-12

The number of power supplies which can be connected in series is
limited by the allowable voltage (250V) with respect to the
ground. (For example, when the output voltage of each unit of
power supplies is set at 10V, up to 25 units can be connected in
series as 250+10=25.)

In order to eliminate the potential differences of the units,
connect together the GND terminals of all units to a line of the

potential you may require.

Be sure to operate all units in the state that their POYER
switches are turned on.

4 —122
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4.9.2 Parallel Operation

Two or more PAK Series power supplies can be connected in parallel as shown
in Figure 4-13 to deliver a larger output current.

Io=11+ 12
N OQutput voltage
o - )
P AK — tE;
e o _____ 1
GND Eg |——————-
— I2
O
PAK —3 tE:
0 I } s > Qutput
| o< ) current
Figure 4-13

Notes: 1. Pay attention so that no voltages higher than the rated voltage
is applied to the output circuit.

2. Yhen operating the units in the constant-voltage mode, make
uniform the output voltages of the units. At first the output
current is delivered by the unit whose output voltage is the
highest among those of the units connected in parallel. VYhen the
output current has increased and the first unit is transferred
into the constant-current mode and its output voltage is reduced,
the next unit starts delivering its output current. Thus, one
of the units connected in parallel operates in the constant-
voltage mode. Differences of the output voltages of the units
connected in parallel are refllected onto the regulation degrada-
tion of the supply voltage for the load.

¥Yhen operated in the constant-current mode, the C.C mode lamps of
all units illuminate.

4 -123
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4.10 Master-slave Parallel Operation

4.10.1

Master-slave Parallel Operation (¥ithout Crowbar)

Two or three units of power supplies connected in parallel can be operated
in a master-slave mode, operating one unit as a master and other units (up

to units) as slaves.

PRECAUTIONS: This mode of operation can be made only with the same model of

For

(D

(2)

3

(4)

(5

(8)

(n

(8)

power supplies.
this mode of operation, proceed as follows:
Turn off the POYER switches,

Connect terminal ® of the rear terminal block of the master unit to
terminal @ of the rear terminal block of each slave unit. (Disconnect
the jumper from between terminals @ and ® of each slave unit.)

¥Yhen the wiring distance to the load is longer than 2 meters, make the
wiring dispance between two units as short as possible (should be less
than 2 meters).

Connect the output terminals of all units to the load using cables of
the same gauge and same length. (Note that, of the PAK Series Power
Supplies, if the gauges or lengths of the cables used for wiring of the
© OUTPUT terminals differ (or more accurately, if the differential
potentials of the @ OUTPUT terminals with respect to the potential of
the © terminal of the load differ), the currents delivered by indivi-
dual units will become ununiform. L1=L2=L3)

Set the S¥2 switch of the rear panel of each slave unit to REM-1.
Set the S¥4 switch of the rear panel of each slave unit to R3.

Set the 7th element of S¥5 on the rear panel of each slave unit to the
OFF state. (See Figure 4-2.)

Connect in parallel the DIN connecter (J1) pins 5 of all units as shown
in Figure 4-15.
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(9

(10)

an

(12)

(13)

(14)

(15)

(16)

an

Connect in parallel the DIN connector (J1) pins 6 of all units as shown
in Figure 4-15. /

Connect in parallel the terminals @ of the rear terminal blocks of all
units as shown in Figure 4-15.

Connect in parallel the © terminals of the rear terminal blocks of all
units as shown in Figure 4-15.

Connect the DIN connector (J1) pin 5 of the master unit to the @
terminal of the rear terminal block. '

Connect the DIN connector (J1) pin 6 of the master unit to terminal @
of the rear terminal block.

Turn fully counterclockwise the voltage setting knob of each slave unit,

For the remote sensing mode or the remote control mode of operation,
control the master unit alone.

For the remote sensing mode of operation, connect the jumper wires
between terminals @ and @ and between © and © terminals of each
slave units.

Regarding the switches for which no settings are specified in Figure 4-
15, set them to the standard states as shown in Figure 2-23 (See Section
2.4.) or to appropriate states for respective modes (See Sections 4.1
thorugh 4.11.). '

Notes: 1. The output mode is indicated by the C.V and C.C lamps of the

master unit. Of each slave unit, the C.C lamp illuminates
constantly.

2. For the cables for wiring to the load, refer to Table 2-1 of
Section 2.1.8.

3. Connect the GND terminal to the @ or © terminal unless there
is any particular reason for connecting otherwise.

4. Yhen the OVP feature is to be employed, OVP trip voltage setting
must be done for all of the individual units.

5. For connect the ® terminal of master unit to the @ terminal of
all slave units, use a shielded cable and connect the shielding

wire to the @ terminal of the power supply.

8. W¥hen the power switch of the master or slave unit is turned off,
the outputs of all units are turned off.
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4.10.2

Master-slave Parallel Operation (with Crowbar)

Two or more units of the same model of power supplies of the PAK Series
connected in parallel can be operated in a master-slave mode, with their
high speed thyristor crowbar OVP function set in the abled state.

(Yhen operating different models of power supplies connected in parallel,
disable the crowbar OVP function.)

For this mode of operation, proceed as follows:

ey,
(2)

(3

(4)
()
(8)

m

(8

€))

(10)

an

(12)

Turn off the POYER switches.

Connect terminal ® of the rear terminal block of the master unit to
terminal @ of the slave unit.

Connect the output terminals of all units to the load using cables of
the same gauge and same length. (Note that, of the PAK Series Power
Supplies, if the gauges or lengths of the cables used for wiring of

the © OUTPUT terminals differ (or more accurately, if the differential
potentials of the © OUTPUT terminals with respect to the potential of
the © terminal of the load differ), the currents delivered by individ-
ual units will become ununiform.)

Set the S¥2 switch of the rear panel of each slave unit to REM-1.
Set the S¥4 switch of each slave unit to E2 « R4.

Set the Tth element of S¥5 o the rear panel of each slave unit to the
OFF state. (See Figure 4-2.)

Set the 2nd element of S¥5 of the rear panels of all units to the OFF
state. (See Figure 4-2. Refer to Section 4.3.)

Set the 4th element of S¥5 on the rear panels of all units to the ON
state. (See figure 4-2. Refer to Section 4.4.)

Set the 5nd element of S¥5 of the rear panels of all units to the ON
state. (See Figure 4-2. Refer to Section 4.5.)

Set the 6th element of S¥5 on the rear panels of all units to the OFF
state. (See figure 4-2. Refer to Section 2.5.)

Connect in parallel the DIN connector (J1) pins 5 of all units as shown
in Figure 4-15.

Connect in parallel the DIN connector (J1) pins 6 of all units as shown
in Figure 4-15.
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(13)
s
(15)
(16)

an
(18)

19

(20)

Notes:

Connect in parallel the terminals ® of the rear terminal blocks of all
units as shown in Figure 4-15.

Connect in parallel the € terminals of the rear terminal blocks of all
units as shown in Figure 4-15.

Connect the DIN connector (J1) pin 5 of the master unit to the &
terminal of the rear terminal block.

Connect the DIN connector (J1) pin 6 of the master unit to terminal ®
of the rear terminal block.

Turn fully clockwise the voltage getting knob of each slave unit.
For the remote control mode of operation, control the master unit alone.

For the remote sensing mode of operation, connect in parallel the € and
@®terminals of units and disconnect their jumper wires from between
terminals € and @ and between & and © terminals.

Regarding the switches for which no settings are specified in Figure 4-
15, set them to the standard states as shown in Figure 2-23 (See Section
2.4.) or to appropriate states for respective modes (See Sections 4.1
thorugh 4.11.).

1. Be sure to turn on the PO¥ER switches of all units when in this
mode of operation.

2. Set the OVP trip voltage on of the master unit alone.

3. The output mode is indicated by the C.Y and C.C lamps of the
masterunit.

4. Of the slave units, the CC lamps illuminate constantly.

For the cables for wiring to the load, refer to Table 2-1 of
Section 2.8.1.

(34}

6. Connect the GND terminal to the @ or © terminal unless there
is any particular reason for connecting otherwise.

7. For connect the ® terminal of master unit to the @ terminal of

all slave units, use a shielded cable and connect the shielding
wire to the © terminal of the power supply.
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4.11 Master-slave Series Operation
Two or more units of power supplies connected in series can be operated in a
master-slave mode, operating one unit as a master and other units as slaves,
to attain a higher output voltage. For this setup, proceed as follows:

(1) Turn off the POYER switches.

(2) Referring to Figure 4-5, the bottom unit is the master and all upper
units are slaves.

(3) Connect resistor R5 (R6) between terminal 1 of the rear terminal block
of each slave unit and the & terminal of that of the unit below the
above unit as shown in Figure 4-5.

(4) Connect in series the outputs of all units.

(5) Connect together the GND terminals of all units, and connect it to a
line of the voltage you may require.

(6) Turn fully clockwise the current setting knob of each slave unit.

(7) Throw the S¥1 switch of the rear panel of each slave unit to the REM-1
position.

(8) Throw the S¥3 switch of the rear panel of each slave unit to the Rl
position.

(9) Set the 8th element of S¥5 of the rear panel to the OFF state.
(10) Regarding the switches for which no settings are specified in Figure 4-
16, set them to the standard states as shown in Figure 2-23 (See Section

2.4.) or to appropriate states for respective modes (See Sections 4.1
thorugh 4.11.).
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To determine the resistance of external resistor R5 (R6), use the following

formula:

= (-EL -
RS = (=% &) ~ B [kQ]

where, El: Output voltage of master unit [V]
E2: Output voltage of slave unit 1 [V]
RS [kQ] = 0

A
E2 = (—-El
B . )

= (£ _
RE = (=X A) — B [ka]

where, E2: Output voltage of slave unit 1 (vl
E3: Output voltage of slave unit 2 [V]
R6 [kQ] = ¢

B3 < (%—-Ez)

For resistor R5 and R6, use a quality resistor of 1/2 watt or more and with
a good temperature coefficient and good aging and noise characteristics.

The values of A and B are as shown in Table 4-5.

Table 4-5
Model PAK10-300T | PAK35-100T
SN .
d% A [kQ] 25 87.95
; B [kQ] 25 25
D
\
N -
J
~N
.\‘)\\ ) v 4 _ 3 1
\\'\‘\ .
‘{'J\ .
~.
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4.12 Constant-current Charge/Discharge

4.12.1

Constant-current Charge

The power supply can be used to charge a battery or a capacitor with a
constant current. For this type of use, refer to Figure 4-17 and proceed

as below.\
e L
) T-
+0
PAK 28
o~0  Fuse
Diode
Figure 4-17
(1) For select the regular OVP mode, set the 5th element of S¥5 to the ON

(2)

€))

state. (Refer to Section 4.5.)

By pressing the current/voltage limit switch, set the charging current
with the current setting knob and the charge-end voltage with the
voltage setting knob.

Connect the power supply output terminals to the battery terminals in
the correct polarity.

PRECAUTIONS: Note that the reverse connection protector diode built in
the power supply may be damaged if they are connected in
the wrong polarity. (Although the diode protects the
power supply itself, the load may remain shorted and this
is dangerous. It is most recommendable to connect exter-
nally a series diode or a fuse in order to protect the
equipment against reverse polarity connection.)
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(4) Turn on the OUTPUT switch. The power supply will start charging the
load with the constant current and, when the load is charged up to the
charge end voltage, the power supply will automatically transfer itselfl
into the constant-voltage mode to stop charging the load.

Notes:

1.

The power supply has a potentiometer burn protect circuit and
the voltage setting potentiometer can be safely set at a voltage
lower than the voltage of the load (battery or capacitor).

At the instant you connect the power supply to the load (battery
or capacitor), sparks may be produced. These are not abnormal

sings. They are caused as the load charges the output capacitor
of the power supply. They can be eliminated by setting the power

supply output voltage at a level close to the voltage of the load
before connection.

If you leave the load (battery or capacitor) connected to the
power supply, a current of several handreds milli-amperes will be
drawn by the discharge circuit of the power supply from the load.
¥hen this discharge current is not tolerable, connect a switch or
a diode in the output circuit.

Keep the crowbar switch in the OFF state. (To operate the power

supply with its crowbar switch set in the ON state, connect a
check diode in series to the power supply.)
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4.12.2

Constant-current Discharge

The power supply can be used to discharge a battery with a constant current.

For this type of use, refer to Figure 4-18 and proceed as below.

I
L d
+0 o (A Figure 4-18
PAK -3 S =/
ElL?;' Yo
R7
et A A
E: Battery terminal voltage [V] before starting discharge
1: Constant discharge current [A]
R7:“ Discharge load resistor RT [Q] = ? %X%
D: Reverse charge current check diode
Power consumption by R7: P = [?+R [¥]
(1) Set the output voltage at a level higher by several volts than that of

(2)

(3

(4)

the battery voltage. (¥ith this setting, the battery can be discharged
with a constant current until it becomes zero volts.)

Calculate the resistance and wattage of the discharge load resistor (R7).
Use a load resistor which has a sufficient wattage allowance.

Press the current/voltage limit switch. Set the discharge current with
the current setting knob of the power supply.

Turn on the QUTPUT switch of the power supply and the external limit
switch (8). The constant-current discharge will start.
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(5) To stop discharging, open the external limit switch(S). (Even when the
POYER switch or OUTPUT switch of the power supply is turned off, the
discharge current wil continue flowing through the diode connected in
parallel to the output circuit of the power supply.)

PRECAUTIONS: 1. Be sure to use an external load resistor (R7) when dis-
charging the load. Note that the power supply may be
damaged if the load (battery) is directly connected to the
power supply.

2. Be sure to provide a reverse charge current check diode (D).
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5. MAINTENANCE

5.1 Inspection

Inspect and clean the power supply for any signs of abnormality, periodically
at appropriate intervals.

5.1.1 Cleaning of Outside

¥hen the external surfaces of the power supply have become dirty, clean them

using a cloth moistened with neutral soap or alcohol and then wipe them with
a dry cloth.

5.1.2 Cleaning of Air Intake Filter
The air intake filter is located inside of the air intake louver (see Figure

2-17). Clean the filter periodically-once at every 2 months or thereabout.

Yhen environments are dusty, clean it more often. Use neutral soap when the
filter is heavily stained.

5.1.3 Cleaning of Inside

Clean periodically the inside of the power supply after removing its covers.
To remove the covers, remove the screws shown in Figure 5-1.

M3 x 6 Four

":::2255 M4 X 8 Four

D000 0000

ﬂiﬂﬂ_:?[ . S? e m|f

AiT intake louver M3 X 6 Four

M4 x 8 Four

Figure 5-1
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Notes: 1. Be sure to disconnect the input power cord from the line recep-
tacle for the sake of safety.

2. To clean the equipment inside, blow it with a dry and clean
compressed air.

YARNINGS: 1. Do not attempt to open the shielding case inside the equipment.
The components protected in the shielding cases must be

serviced only by the agents authorized by Kikusui.

2. Do not disturb the setting of the switches which are not
referred to in this manual.

5.1.4 Inspection of Power Cord

Inspect the power cord for loose screws, loose terminals, and any signs of
overheat or damage.

5.2 Adjustment and Calibration

5.2.1 Calibration of Maximum Variable Range of Qutput Voltage

5.2.1.1 Calibration for Yoltage Setting Knob of Front Panel (See Figure 2-3.)
Connect to the output a voltmeter of an accuracy of 0.5% or better. Adjust
VR4 of PCB A-700 so that the correct output voltage as shown in Table 5-1 is
delivered when the voltage setting knob is turned to the clockwise extreme
position,

5.2.1.2 Calibration for Remote Control Signal

Disconnect the jumper from between terminals @ and @ of the rear terminal
block. Short between terminals (O and & of the rear panel, throw the S¥1
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of the rear panel to the REM-1 position (see Section 2.3) and the S¥3 switch
to the El position. Turn on the POYER switch and adjust the V.os control of
the service panel so that the potential of TP16 of PCB A-700 becomes zero
volts with respect to that of T.P A.COM when the POYER switch is turned on.
Turn off the POYER switch and set the S¥! switch to the LOC position.
Connect to the output circuit a voltmeter of an accuracy of 0.5% or better.
Turn on the POYER switch and adjust RV3 of PCB A-700 so that the potential
of TP18 of PCB A-700 becomes + 10 volts with respect to that of the &
terminal. Next, adjust RY4 of PCB A-700 so that the output voltage as
shown in Table 5-1 is delivered when a remote control voltage signal of 10

volts (see Section 4.7.1) or a remote control resistance signal of 10 kQ
(see Section 4.7.2) is applied.

5.2.2 Calibration of Voltage Limit Switch

Set the output voltage at zero volts. Adjust the VL.os control of the
service panel so that the voltmeter reads zero volts when the current/voltage
limit switch is pressed. Set the output at the value shown in Table 5-1 and
adjust the VL.Fs control of the service panel so that the same value is read
when the current/voltage limit switch is pressed.

5.2.3 Calibration of Voltmeter

Connect to the output circuit a voltmeter of an accuracy of 0.5% or better.
Set the output voltage at the value shown in Table 5-1 and adjust the V.Fs
control of the service panel so that the panel voltmeter reads the same value.

5.2.4 Calibration of OVP Trip Voltage

Set the output voltage at the value shown in Table 5-1. Gradually turn coun-
terclockwise the OVP setting control of the front panel with a screwdriver

to the point where the OVP circuit trips. Set the output voltage at a value
slightly higher than the voltage at which the OVP circuit has tripped. Turn
on the POWER switch and adjust RV13 of PCB A-700 so that the value indicated
when the OVP switch is pressed becomes the value shown in Table 5-1.
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5.2.5 Calibration of Maximum Variable Range of Output Current
5.2.5.1 Calibration for Current Setting Knob of Front Panel (See Section 2.2)

Connect in the output circuit an ammeter of accuracy 0.5% or better. Turn
the current setting knob to the clockwise extreme position and adjust RV7 of
PCB A-700 so that the output current as shown in Table 5-1 is delivered.

5.2.5.2 Calibration for Remote Control Signal

"Disconnect the jumper from between terminals @ and ® of the rear terminal
block. Short between terminals @ and €& of the rear panel, throw the S¥2
of the rear panel to the REM-1 position (see Section 2.3) and the S¥4 switch
'to the E2 position. Turn on the POYER switch and adjust the I.os control of
the service panel so that the potential of TP17 of PCB A-700 becomes zero
volts with respect to that of T.P A.COM when the POYER switch is turned on.
Turn off the POYER switch and set the SY2 switch to the LOC position.
Connect to the output circuit an ammeter of an accuracy of 0.5% or better.
Turn on the POYER switch and adjust RY3 of PCB A-700 so that the potential
of TP18 of PCB A-700 becomes + 10 volts with respect to that of the &
terminal.  Next, adjust RV6 of PCB A-700 so that the output current as
shown in Table 5-1 is delivered when a remote control voltage signal of 10
volts (see Section 4.8.1) or a remote control resistance signal of 10 kQ
(see Section 4.8.2) is applied.

5.2.6 Calibration of Current Limit Switch

Set the output current at zero amperes. Adjust the AL.os control of the
service panel so that the ammeter reads zero amperes when the current/voltage
limit switch is pressed. Next, set the output current at the value shown in
Table 5-1. Adjust the AL.rs control of the service panel so that the output
current becomes the value shown in Table 5-1 when the current/voltage limit
switch is pressed.
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5.2.7 Calibration of Ammeter

Connect in the output circuit an ammeter of accuracy 0.5% or better.
Set the output current at the value shown in Table 5-1 and adjust the A.Fs

control of the service panel so that the panel ammeter also reads the value
shown in Table 5-1.

Table 5-1
Model PAK10-300T | PAK35-100T
Rated output voltage 10.0 ¥ 35.0 ¥
Maximum variable range of 10.5 ¥ 36.8 Y
constant-voltage output
Calibration of voltage limit 10.0 VY 35.0V
switch
Calibration of voltmeter 10.0 Y 35.0 ¥
Calibration of OVP trip voltage 10.0°Y 35.0V
Rated output current 300 A 100 A
Maximum variable range of 315 A 105 A
constant-current output
Calibration of current limit 300 A 100 A
switch
Calibration of ammeter 300 A 100 A

REPAIR OF THE POYER SUPPLY

Yhen the power supply has failed, order your Kikusui agent for repair. As a
general rule, the power supply should be serviced by the agents authorized
by Kikusui.

Never attempt to open to shielding cases of the internal components of the
power supply, these components are attempted to be repaired or otherwise
disturbed, Kikusui may not accept repair order of such power supply.
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