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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 [M()

] Input voltage

The input voltage of this product is VAC,

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

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

WARNING

- 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.

] 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.

S s WARNING s
- The attachment of a power plug or crim
must be carried out by qualified personnel.

- ~ -
] Without a power plug [ Without a power plug
Blue (NEUTRAL)
;

Brown (LIVE)

White (NETRAL)
Black (LIVE)

Green/Yellow (GND) L Green or Green/Yellow (GND)
- /
= ™ / N
[ Plugs for USA 1 Plugs for Europe
o J

—
(] Provided by Kikusui agents

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

O:I Another Cable j

© 1998 Kikusui Electronics Corporation  Kikusui Part No. Z9-000-027 1B001681 |@ KIKUSU'



SECTION
1-1.
1-2.

.

*

SECTION
2-1.
2-2.

. 2=3.
2-4.

SECTION
3~1.
3-2.
3-3.

SECTION
4-1.
=2,
4-3,
b4,
4-5,
4-6.
4-7.
4~8,

SECTION
5-1.
5-2.

*

"TABLE 'OF 'CONTENTS

Block Diagram

1. GENERAL .eevvvvnnenennnna N e
DesSeriptiOn  ceeeeenceecersacecroerertsenaceneecansass
Specifications ............ e
Power Constmption Charts ....coeeoc.-. teveoreceesanea
Mechanical Outline Drawing ....-........... e oo

2. OPERATION ..cvvivnnvcenenns R
Precautions for Operation .....c..ciecnnenrenennennns
Inhibition of Modification for AC Line Voltage
Change .....ccccc-- Cessecsscecesncacanserenne cecaanecas
Description of Panel Items .....cececiveveccacccsas ..
Operating Procedures ....... ce et aneaen cesaes ceeemn

3. PROTECTORS ....cc...on.- Ceemecretran e ceerae-.
DescTiption .. cedererenecrensscecrencaocans ceseeseens
Description of Protective Circuits .........cocceenvn.
Operation Method of Overvoltage Protector ............

4., APPLICATIONS ...cov.cn.- cee v T
Remote SemSing ceeeececaceccecconscccasaccncnccannsnn
ON/OFF~contTol of OULPUL  .evrvrvrrieeenrneneecrasennoes
Remote Control of Output Voltage ............. REERTE
Remote Control of Output Current .......ccoiccveeennn
Series Operation and Parallel Operation .............
One—control Parallel Operation ...c.ioeicianeeanaccnns
Opne~control Series Operation .....cicceccnenccncannes
Constant—current Charge/Discharge Operation .........

5. MAINTENANCE .t errmcvmnnnnenansvoaecaanannnnsonns
IDSPECTION v veercneerasonencrsonerenecnasanencoosos
Meter Calibration and Adjustment .......ccccveecenen.

e s s e e P s e e e s s s ee s eee P rrere esrresnre

13
15
19

23
23
24
25

27

28
31
39
48
50

54

58
58
59
64



1-1.

SECTION 1. GENERAL

Description

The PAL Series Regulated DC Power Supplies are variable constant-
voltage constant-current power supplies. They are featured with a
switching regulator system for compaclness and a series regulator

systen for high performance.

As compared with the copventional types of power supplies which
employ large and heavy AC power transformers and choke coils, the
PAL Series Power Supplies are light (approximately a balf in weight;
as comﬁared with other types of power supplies of equivalent ratings
of own manufacture). Although they employ a switcbing system, their
outputs contain less ripples, their output impedances are low, and
they provide excellent temperature coefficients. Tbus, they can be

used as geperal-purpose power supplies for various applications.

oo

Features of PAL Series Power Supplies
1. Output switch:

The output cap be ON/OFF-controlled from the front panel, without

genmerating chattering noise (electronic switch).
2. Preset OVP (overvoltage protector):

The preset OVP voltage is indicated on the voltmeter‘without
pausing the protective function, facilitaring setting and
monitoring of the trip voltage. If the output voltage exceeds
the preset voltage, the power switch cuts off, the oscillation
stops instaneously and the series control tramsistor cuts off to-
protect the load.

3. Current/voltage limit switch:

The crossover point between the constant voltage (CV) mode and

the constant current (CC) mode is indicated by the meters. (The
voltmeter indicates the preset CV valve and the ammeter indicates
the preset CC value.) When the ovutput is off, the switch can be

used for presetting.



o The PAL Series Power Supplies are incorporated with the various
protective provisions, such as the preset OVP circuit, overbeat
protection circuit, internal voltage detector circuit, thermal fuse,-

input fuse, and Tush input current suppression circuit.

"o When the allowable voltage range of the load is narrow and the load
may be damaged even with a slight overvoltage (such 25 a semiconductor
load), a high-speéd OVP circuit can be incorporated. (The instrument
which is incorporated with this optional thyristor-type high-speed
OVP circuit is identified with a symbol "P" suffixzed at the end of

| the model number.)

o The instrument is housed in a bench-top type casing. It also can be

installed on an EIA Standard rack or an JIS Standard rack, by using

the mounting brackets.

Note: Before starting using the instrument, be sure to thoroughly
read this instruction manual. If you have any guestions
regarding the operation method of this instrument, please consult

your Kikusui agent.
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1-2. Specifications

Model

PAL 10-100P

Input

Input Supply

[J 120 V *10%,. 50/60 Hz AC, 1¢
[J 240 Vv *10%, 50760 Hz AC, 14

Power consumption (120 VAC, Approx. 2.6 kVA
rated load)
Output
Output voltage range (10 turns) 0-—10V
Voltage resolution (theoretical 3 mV
value) -
Qutput current range (1 turn). 0 - 100 A
Current resolution (theoretical . 250 mA®
value) '
Constant voltage characteristics
Regulation *1
Source effect (Line regulation)j 1 mV
(For +10% change of line
voltage)
Load effect (Load regulation) 2 mv
(For 0 to 100% change of
output current)
Ripple and noise *2
[rms] (5 Hz - 1 MHz) 1 mVrms
* [p-p] (DC - 10 MHz) (Typical) 10 mVp-p
Transient response *3 100
5 —~ 100% (typical) psec
Temperature coefficient o
{typical) 50 ppm/°C
Remote control, Approx.

voltage to output voltage raio

10 .V to 10 V

Remote control,
resistance to output voltage
ratio

Approx.
10 k@ to 10 V

Remote control,
current to output voltage ratio

Approx.
1 mA to 10V

(Notes)  *1: Measured using the sensing terminals.

*2: Measured with the positive or negative output grounded.

© *3: Recovery time to within 0.05% + .10 mV of the output

voltage.




Model PAL 10-100P
Conétant current characteristics

Regulation
Source effect (Line regulation) 20 mA
(For +10% change of line 4
voltage)
Load effect (Load regulation) | 20 mA
(For O to 100% change of
Output voltage)

Ripple and noise *2 100 mA-

rms {5 Hz - 1 MHz)
Remote control, Approx.

voltage to output current ratio

10 V to 100 A

Remote control,
resistance to output current
ratio

Approx.
1 k& to 100 A

Remote control,
current to output current ratio

Approx.
0.3 mA to 100 A

Operating amblent temperature
.range-

0° - 40° (32°F - 104°F)

Operating ambient humidity range

10% — 90% RH

Cooling method

Forced air cooling with fan

Polarity of output voltage

Positive or negative grounded

Isolation from ground

+250V DC

Protections

Overvoltage protection (OVP)

Voltage setting range *4

3-12V

Triggef pulse width *4

200 psec

Protective actions

Oscillation stops. Series control
transistor cuts off. Power switch
cuts off. Output is shorted with
thyristor.

Overheat protection (OHP)

Trip temperature of
thermal protector

85°C (185°F)

Protective actions

Series control

Oscillation stops.
Power switch

transistor cuts off.
cuts off.

Input fuse rating

For 120 VAC source

30 A

For 240 VAC source

20 A

Thermal fuse rating
(at sub-transformer)

135°¢c (275°F)

(Note) *4: Typical value
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Model PAL 10-100P
Meters (full scale)
DC voltmeter (2.5% of full scale)| 10 V F.S
DC ammeter (2.5% of full scale) 110 A F.S

Constant voltage mode indication

C.V: with green LED

Constant current mode indication

C.C: with red LED

Insulation resistances *5

Between chassis and line

500V DC more than 30MQ

Between chassis and output
terminal

500V DC more than 20M%

Dimensions

430 W x 149 H x 480 D mm
(16.93 W x 5.87 H x 18.90 D in.)

Maximum dimensions

440 W x 165 H x 565 D mm

(17.32 W x 6.50 H x 22.24 D in.)

Rack mounting

JIS Std. (mm rack)

With BH 3M

EIA Std. (in. rack)

With BH 4A

Weight

Approx. 26 kg (57 1bs)

Accessories (in carton)

Instruction manual 1 copy
Input line fuses (spares)
For 120 VAC. 30 A or ‘ 1 ea.
.For 240 VAC 20 A
Guard caps 1 set

Voltage check chips

2 ea.

Input cord

3—-core cabtire cable with

a ground wire, approx. 3 m
(9.8 ft.) long, 35 mm

(Note) *5: With ambient humidity not higher than 70% RH.
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PAL 10-100P

14+

10+

Input
current

(4)

~Power consumption 50 Hz, 200 V

Output
current: 100 A

Output
current: 50 A

5 10

Output voltage (V)
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2-1.

SECTION 2. OPERATION
Precavtions for Operation (Installation)
Input power

o The input voltage range is 120 V +10% (108 V - 132 V) (*or 240V
+10% (216 V — 264 V)), 48 - 62 Hz single-phase AC:
(*: TFor the 240 VAC model)

0 The input power fuse rating is

30 A for 120 VAC model or

*20 A for 240 VAC model.
o For current consumption; see the ciurrent consumption charts.
Rush current

o The rush current which flows when the power is turned on is as
follows:

120 VAC model: Approx. 250 A peak or less, half-current

period approx. 3 msec

240 VAC model: Approx. 250 A peak or less, half-current

period approx. 3 msec
Power cord

© The input power cable which accompanies'the power supply is
a 3-core cabtire cable, wi#h the nominal sectional area of
each of the cores 3.5 mm2.' When using a cable other than
the accompanying one, it must be of an eguivalent type

(3-core cable, with core size 3.5 mm2 or larger).

CAUTION: 1In order to prevent electric¢ shock hazards, be sure
to connect the ground line of the input power cable

to an earth line.



4. Output

o Make sure that the jumpers of the terminal blocks on the rear
panel are securely connected as shown in Figure 2-1 (when im

the standard operatiom).

5 000000000000660 |

Figure 2-1

o Normally, conpect either one of the output terminals to the GND

terminal with the shorting bar.
5. Awmbient temperature

o0 The ambient temperature range for the power supply to satisfy
the specification performances is 0°C to 40°C (32°F to 104°F).

The power supply should be used within this range.

o If the power supply is operated at a high ambient temperature,
the internalvtemperature detector circuit trips and the input.
power switch is turned off. If this bas happened, cool it and
then turn on the power again. There is an exponential relation-
ship between ambient temperature and semiconductor life, electro-
lytic capacitor life and transformer insulation life. Note that
components are rapidly deteriorated at high temperatures. It
is important not to operate the power supply at an abnormally

high ambient temperature also from the viewpoint of its life.

o If the power supply is used at a temperature lower than -10°C
(14°F) its operation may become unstable. Do not use the power

supply at temperatures lower than this limit.



Place for use

o 7Place the power supply as apart as possible from the plating
shop or other electrolytic processing shop and control the

power supply. output in the remote control mode.

o Pay attention so that the ventilation ports (top, sides and

bottom) and the fan air outlet are mot blocked.

o Provide a clearance of 30 cm or over from the fan air outlet.

o Do not use the power supply in a highly humid or dusty atmosg-

pbere since such will cause operation failures and reliability

degradation.

o Install the power supply in a place where is reasomably free

from vibration.

o Do not use the power supply in a corrosive atmosphere, such as

in thick mist of sulfuric acid. .
Wires for output connections

o TFor comnecting the output to a load, use wires of a sufficient
current rating referring to Table 2-1. If wires of an insuffi-
cient current rating is used, the voltage at the load may be-
come unstable- -due to voltage drop in the wires, or the wires

may be overheated in an extreme case.

- 10 -



Table 2-1. Wire gauges and current ratings

Ta: 30°C (86°F)

Nominal cross Maximum current Maximom corrent designated by
section ~ recommended by Electrical Installation Technical
" Kikusui Ordinance (Article 29) JAPAN

2 mn? 10 A 27 A
5.5 m? 20 A 49 A
8§ mm2 30 A 61 A
14 mm2 50 A 88 A
22 mm? 80 A 115 A
38 mm2 100 & 162 A
80" mmZ 200 A 257 A
150 mm? 300- 4 395 a

Note for load

Note that the output may become unstable depending on the charac-

teristics of loads as.follows:

(a) Wnen the load curremnt has peaks or it is of a pulse waveform:

Since the ammeter is of an average-value indication type, even

when the meter reading is not higher than the preset value,

the peak values may exceed the preset value and the operation.

may be driven instantaneously into the constant-current domain

and the output voltage may fall. Observing carefully, it can

be

seen that the constant-current indicator lamp becomes dim.

Preset constant-current value

Ammeter reading (average value)

Figure 2-2. Load current with peaks

- 11 -




(b)

Preset constant—current value

Ammeter reading (average value)

Figure 2-3. Load current of pulse waveform

In the above cases, the preset current value should be raised

or the current rating should be increased.
When the load is regenerative:

Wheﬁ a regenerative load (such as inverter, converter, OT
transformer) is connected to the power supply, as it cannot
absorb the reverse current fed from the load, the output
voltage increases and becomes unstable. In such a case,
connect a bypass resistor as shown in Figure 2-4 to absorb

the reverse current. The resistance of the bypass resistor

can be calculated as follows:

Eo [V]

o S Tl

where, Rp: Dummy load (bypass resistor) to absor

reverse current
Eo: Output voltage

Maximum reverse current

Igp:
"——“————I o Tout - '——'——'—

' Eo! Rp i {LoAD|
4 4

O Y
Equivalent circuit

of sa;ies—controlled
power supply

Regenerative load

Figure 2-4

- 12 —
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9. Guard caps

With the guafd caps (accessories), the,voltage and current control
potentiometers can be fixed or semi-fixed as shown in Figure 2-4.
The guard caps may be used when installing the power supply as a
permanent component of a2 system equipment or when using it as a

fixed-output power supply.

Note: When the power supply is operated in the external voltage
control mode, the potentiometers on the front panel are
used as full-scale adjustment potentiometers. In this case,

be sure to protect them with the guard caps.

/Ei j},,

Break through K-mark
with a screwdriver.

Figure 2-6
2-2. Inhibition of Modification for AC Line Voltage Change

WARNING: DO NOT ATTEMPT TO MODIFY THE POWER SUPPLIES BETWEEN 120-vAC
TYPE AND 240-VAC TYPE.

The PAL Series Power Supplies are available as a 120-VAC type or a
240-VAC type. Modifications between them involves tasks which are

more than can be handled by the user for himself. They involves modifi-
cations of fan motors and new installation of surge absorbers. When

such modifications are needed, please order your Kikusui agent.

- 13 -
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2-3. Description of Panel Items
(1) POWER switch

For ON/QFF—control of the inpuf power. As you throw this-
. switch to the ON position (upper position), the input power

is turned on and the power indicator lamp lights.

Note: The power is automatically turned off when any one
of the protectors (overvoltage protector, voltage
detector, overcurrent protector, and overheat pro-
tector) has tripped. The power cannot be turned on
immediately after the above state hés occurred.
Eliminate the cause of the trip, allow a period of

appraximately 5 seconds, and then turn on fhevpower.
(:) Ammeter
Indicates the output current. Accuracy is 2.5% of FS.
(:) Zero adjustment of ammeter
For zero-point adjustment of ammeter.
Voltmeter
Indicates the output voltage. Accuracy is 2.5% of FS.
(:) Zero adjustment of voltméter
1 For zero-point adjustment of voltﬁeter
<§> Current setting knob

. To set the output current for constant-current mode of

operation. l~turn potentiometer.

(:) Voltage setting knob

To set the output voltage for constant-voltage mode of

f G operation. 1l0-turn potentiometer.

- 15 -



Powér indicator lamp
Indicates that the input power of the power supply is on.
C.C. (constant-current operation indicator lamp)

Indicates that the power supply 1s operating in the con-.

stant current‘mode.
C.V. {constant-voltage operation indicator lamp)

Indiecates that the power supply is operating in the con-

stant voltage mode.
(:) OUTPUT ON/OFF switch

For ON/OFF-control of the output power. An electronic switch
of excellent longevity, without generating chattering or

cther noises.

Note: The switch is not for mechanical turning on or off of
the output circuit. Note that the output circuit is

electrically comnnected even when the switch is OFF.
@ CUR/VOLT LIMIT (current/voltage limit switch)

When this switch is pressed, the voltmeter indicates the
preset constant-voltage value and the ammeter indicates the

preset constant-current value.

When the OUTPUT switch is set in the OFF state, presetting
of the constant-voltage or constant-current value can be

done by using this switch.
(:) OVP preset switch (OVP: Overvoltage protector)

As you press this button, the voltmeter indicates the preset OVP
voltage. By pressing this button, the preset OVP voltage can be
checked .without.causing any effect on the output or without

affecting the protective features.

- 16 -
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OVP potentiometer

Keeping depressed the OVP preset switch, the OVP voltage can

be. set by turning the thentiometér with a plain screw-driver.

The set voltage is indicatéd on the voltmeter.

The setting ranges.of the OVP voltage are as follows:
PAL 10-100P: 3 - 12 V

@ VOLTAGE CHECK terminals*

To check the output voltage from the instrument front panel.

Can be set to the output voltage using the chips (supplied).
A fuse (0.1 ampere) is incorporated.

*: Provided for PA 16-60 only.

Service panel

A.0S: Offset adjustment control for output current

V.0S: Offset adjustment control for output voltage

VMO: Voltage calibration control for preset OVP

VML: Voltage calibration-control for voltage limit switch
VMA: Full-scale calibration control for voltmeter

AMA: TFull-scale calibration control for ammeter

AML: Current calibration control for current limit switch

(For'adjustment’and calibration; see Section "MAINTENANCE.")

Rubber stud

Fan exhaust area

Air exit of the cooling package. As hot air comes out of
this outlet, do not place near it any objects which are
not resistant against heat. The outlet muét be positioned

30 cm or more apart from the wall.

- 17 -



Input terminal block
Terminal block for input power terminals (M3).
Rear-panel output terminal block
' Terminal block for output’ terminals on the rear ?anel.
Terminal block

Terminal block for remote control terminals with voltage or
resistance, output ON/CFF—control terminals, and one-control
series/parallel operation terminals. (See Section 4 "APPLI-

CATIONS.")
Serial No.

DPO mounting hole

- 18 -



O
Y

[

€

2-4, Operating Procedures

(4)
(1)

(@

(3)

(&)

(5)

Constant~voltage Operation

Turn off the OUTPUT switch.

Turn on the POWER switch. The POWER indicator lamp will turn

on.

Keeping depressed the current/voltage limit switch, set the
output voltage to the required value with the voltage setting
knob. Also keeping depressed the current/voltage limit switch,
set the output current limit value allowable to the load using

the current setting knob.

(By the above procedure, the output voltage domain and output
current domain of the instrument are set. When these settings
have been dome, mo output voltage or current larger than the
set values is fed to the load. For example, if the resistance
of the load is large, the output voltage remains at the set
voltage and the output current is suppressed within 2z corres-
pondingly swall value. If the load resistance is gradually
reduced, the output current gradually increases. When the
output current has reached the preset liﬁit, however, the
output current does not increase any longer and the output
voltage starts falling instead. Even if the load resistance
is reduced further and finally the output terminals are shorted,
no output current largér than the preset limit flows. Thus,
the operation modes are automatically switched between the

constant-voltage mode and the constant-current mode to protect

the load.)
Connect the load and turn on the OUTPUT switch.

The CV lamp (green) will turn on and the instrument will

start operating in the constant—voltage mode.

- 19 -



Notes: o Wben the load impedance is unpredictable or when the
load is of such a nature that its resistance largely
varies depending on the applied voltage and abrupt
application of power is undesirable, set at first
the output voltage at zero and then gradually increase

the output voltage.

o The instrument produces no overshoots even when its input

or output switch is turned on or off.

o Normally, the OVP voltage should be set at approximately
110Z of the required output voltage. To set the OVP
voltage, keeping depressed the OVP preset switch,
adjust the OVP potentiometer so that the voltmeter
indicates the required trip voltage. (For details,

refer to Sectiom 3-3.)

o If the output connection cables to the load zre long,
the constant-voltage characteristics at the load end
may be degraded due to the inductance and resistance
of the cables. To compensate for the inductance,
connect an electrolytic capacitor of 1000 pF to
10,000 pF of good high-frequency characteristics to
the load end with the minimum distance. To compensate

,for the resistance, use the remote sensing mode of

operation as explazined in Sectiom 4-1.

(B) Constant—current Operation
(1) Turn off the OUTPUT switch.

(2) Turn on the POWER switch. The POWER indicator lamp will

turn on.

- 20 -



(3) Keepine depressed the current/voltage limit switch, set the

output current to the required value with the current setting
knob. Also keeping depressed the current/voltage limit switch,
set the output voltage limit value allowable to the load using

‘the voltage setting knob.

(4) Connect the load and turn on the OUTPUT switch.

(5) The CC lamp (red) will turn on and the instrument will start

"operating in the constant-current mode.

The instrument is of an automatic constant-voltage/constant-
current switchover type. When the instrument is operating in

the constant—current mode, if the load resistance increases, the
output voltage increases as it is determined by Eo = Ry X Io, .
where Eo is output voltage, Ry is load resistance, and Io is
output current. When the outéut voltage has risen to the preset
output voltage, the instrument operation is automatically switched
over to the constant-voltage mode and the output current does not

increase any longer, to protect the load.

Notes: o When the load is of such nature that its impedance
largely varies by self-heating, set a constant-voltage
domain with a sufficient allowance within the allowable

voltage range of the load.

o The instrument bas a capacitor connected in parallel
in the output circuit. When the load is of such
nature that it causes the output voltage to change
rapidly, the charge/discharge current is superimposed

on the load current.

o)
&
ot [ oo —
£ W ') R Output
5% wme. l+2 0 2 it
4w = v
w = o ow I o ow o oltage
€ N m M o u 3
c 5 = 3 = 3
oo DU a o
NG - lo
e | TQutput
current

Figure 2-8
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For on/off-control of the output when in the
constant—current mode; control it by means of the
terminal block on the rear panel (refer to Section
452.) If the output is directly on/off-controlled
with a regular switch, an output current larger than
the preset value may flow due to the charge/discharge
current of the capacitor connected in the output

circuit.

- 29 —
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3-1.

. SECTION 3. PROTECTORS

Description

" Regulated DC'power supplies are used, as their name indicates, to

supply regulated powers to loads of various types of electronic
equipment. Demands for regulated DC power supplies have rapidly
increased in recent years. As is the case for other types of ele-
ctronic equipment, these instruments are required to include features
of high accuracy, fast response, high reliability, high efficiency,
high power factor, compactness, light weight, and economical prices.

Various types of power supplies are available on the market today.

When selecting regulated DC power supplies, in additién to satisfy-
ing the required performances, specilal attention must be paid to

some particular requirements which are substantially different from
those required by other types of electronic equipment which handle

electronic signals.

The above difference comes from the fact that regulated DC power
supplies handle "powers." Malfunctioning or erroneous operation
of the power supply leads to shut down of the overall system,
damage to the power supply equipment or expensive load equip=
ment, or to a fire in an extreme case. As the power supply
provides the base for the entire electric and electronic cir-
cuits of the system to which it supplies the power, its relia-
bility is very important. Protective features, which prevent
serious damage‘when the power supply should fail, are important

factors to be taken into consideration when selecting a power

supply.

The PAL Regulated Power Supplies are incorporated with the

various protective features as explained in this section.

- 23 -



3—-2. Description of Protective Circuits

(1) High-speed overvoltage protector (crowbar protection circuit)

eeses Option

o When the output voltage has exceeded the breset limit voltage
for 200 psec or over, the output circult is shorted with a

’ ; thyristor to suppress the output voltage, the power switch

is shut off, the series control transistor is cut off, and

I ) the switching regulator stops oscillating.

~ o As the output terminals are shorted, if the load is a battery
" or a large capacitor, a diode should be connected in series

to the load.

(2) Voltage detector circuit

o The voltage across the internal electrolytic filter capacitor

ed the preset

is monitored and at the instant it has exceed
value, the protective actions the same with those of the

overvoltage protector take place. (See 3-2 (1)).
. (3) Overcurrent protector

o When the external signal which controls the output current of
the power supply has exceed the level for approximately 110%
of the rated current of the power supply, the protective
actions the same with those of the overvoltage protector

take place. (See 3-2 (1)).
(4) Overheat Protector

o Temperature of the heat sink of the semiconductor is
monitored. When temperature of the heat sink has become
higher than approximately 85°C {(185°F), the protective
‘actions the same with those of the overvoltage prétector

takes place. (See 3-2 (1)).
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(5)

(6)

(7)

3-3.

(¢]

Thermal fuse

o The thermal fuse is provided in the winding of the subtrans-
former. it blows out to cut off the input power when
temperature of the winding has become higher than approxi-

mately 135°C (275°F).
Inrush current suppression circuit

o To suppress the inrush current which flows when the input

‘power is turned on.
Input fuse

0 To break the input circuit when the input current has become

abnormally large.

Operation Method of Overvoltage Protector . (OVP)
Setting Procudure

0 Press the OVP preset button so that the voltmeter indicates
the OVP voltage (trip voltage). Adjust the OVP potentio-
meter so that the voltmeter indicates the required OVP voltage,

using a plain screwdriver.

Note: Before starting operating the instrument for the
actual load, raise the output voltage to confirm
that the OVP action takes place at the preset OVP
voltage. '

o The preset OVP voltage can be checked without causing any
effect on the output even when the instrument is in opera-—
tion. The protective functions remain effective even during

the period the OVP preset button is kept depressed.
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Selecting the OVP voltage

The OVP voltage (trip voltage) should be selected with respect
to the voltage rating or the allowable maximum voltage of the
load. If it is selected too close to the output voltage,
unnecessary trips may be caused by transiential spikes or

noise superimposed on the output voltage.

The problem which occurs often with power supplies incorporated
with an overvoltage protection function is '"how to cope with
noise which causes no trouble to the load but which causes
ﬁnneceSsary trips of the overvoltage protection circuit.”

For the PAL Power Supplies, the OVP protector is designed

so that it responds to a pulse of 200 psec or over.

In general, the OVP voltage should be set at approximately
110% of the output voltage. '

" Note: When the OVP protector has detected an overvoltage,

it shuts down the power switch, cuts off the power
transistor and stops oscillation of the switching
regulator. However, it does not have any function

of actively reducing the overvoltage which has appeared
in the output circuit. Therefore, for such types of
loads that even only several volts of overvolitage with
approximately 100 msec of periods are not tolerable,
the thyristor-type high-speed OVP protector function

is needed.
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SECTION 4. APPLICATIONS

Remote Semnsing

Voltage drop caused by the load connection wire resistance and

contact resistance can be compensated for.

w

(2)

3

(4)

Turn off the input power switch.

Disconnect the jumper wires from between 6:) and (:) terminals

~and between é:) and <:>'terminals on the instrument rear panel.

Connect the 6:) and é:) wires to tbhe point where the output
voltage drop is required to be compensated for. (Use a shielded
cable in order to prévent inducing of ripple voltage. Connect

the external shielding wire to the (:) line of the output.)

Connect to the sénsing point (the point where the 6;) and é:)
wires are comnected) an electrolytic capacitor (Cl) of several
hundreds to several thousands microfarads and of good high-

frequency characteristics, with the minimum connecting distance.

3|
e e e e e e e e e (o] LOAD

Figure 4-1

Notes: 1. By this remote sensing feature, up to approximately

1.2 V of voltage drop per one—way of connection wire
can be compensated for. Note that, if the voltage

drop is larger than 300 wV, the maximum rated voltage
is reduced by the corresponding amount. (For example,
if 1-volt compensation per one-way is méde; the maximum
rated voltage becomes 35 -~ 2 = 33 V. Do not use it

for voltage higher than 33 V.)
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If the load connection cable wires are long, phase

shift caused by inductance and capacitance of the

cable wires becomes substantial and the circuit may

oscillate. Be sure to connect an electrolytic capa-

citor (Cl) to the load.

If the load is of such mature that it draws the current

periodically, the stability

of the output voltage at

the load end may be badly degraded due to the above

capacitor (Cl) and due to the inductance (L) of the

load connection cable wires
drop of [L%%J. To minimize
cable wires of a large wire

tance as short as possible,

which causes a voltage
the voltage stability, use
gauge, make the wiring dis-

and strand the wires to

reduce inductance.
4-2. ON/OFF-control of Output

ON/OFF operation with an

Fh
Q
H

The output can be remote—controlled
external contact signal, for either one of the following two types

of turping off:
4-2-1. To turn off the output voltage accurately to zero volts

4-2-2. To turn off the output voltage to a certain voltage

preset by the voltage limit switch
4-2-1. To Turn Off the Output Voltage Accurately to Zero Volts
(1) Turn off the input POWER switch.

(2) Conpect a remote control contact (switch S1) between terminals
(:) and <:> of the termipmal block on the rear panel. Turn on

the OUTPUT switch on the front panel.

(3) Turn on the input POWER switch and close the remote control

contact.
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(4) Adjust the output voltage to zero volts with the Vos potentio-

meter on the service panel.

Contact ratings: ..

10 VDC, 100 mA

Table 4-1
Contact (S1) Open Closed
Output ON OFF

© 0

POOE® OO

"7
e ] o ._I}BI% I
T T II ¢ “'119/ l
S1 I
(Note 3) Connect to - output S1 (Note 2)

Figure 4-2

Notes: 1. When the output is off, the voltage limit switch of

the fromt panel remains idle.

2. The circuit between terminals (:) and (:) is the input

circuit of the error am?lifierl Therefore, in order to
prevent erroneous trips caused by noise, use a small DC
relay and extend. the relay coil wires when the instru-
ment is used in an environment with noise or the remote

control distance is long.

3. Use a shielded cable for conmnection from the terminals

to the external contact (S1). Commect the shielding

wire to the (:) output terminal.

4. When the rewote programming operation (control of the

output with calibrated external voltage or resistance)

is used in parallel, Vos is used by the remote program-

ming operation and is not available for this purpose.

In such case, connect a potentiometer of approximately
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100 ohms in series to the contact (S1) and adjust the
potentiometer so that the output voltage becomes zero

volts when the contact is closed.

5. The relationships between the contact (S1) and the
OUTPUT switch on the front panel is such that the OFF

state has the priority.

4-2~2. To Turn Off the Output Voltage To a Certain Voltage Preset

By the Voltage Limit Switch
(1) Turn off the input-POWER switch.

(2) Connect a remote control contact (switch S2) between terminals

(:) and (:) of the terminal block on the rear panel.

Table 4-2

Contact ratings: 10 VDC,
100 m4

Contact (S2) Open | Closed

Output ON OFF

bbood

(Note 3) Connect to
Figure 4-3

Notes: 1. When the output is off, the current limit switch of

the front panel remains idle.

2. The circuit between terminal (:) and (:) is the input
circuit of the error awplifier. Therefore, in order to
prevent erroneous trips caused by noise, use a small

relay and extend the relay coil wires when the instrument
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is used in an environment with noise or the remote

control distance is long.

3. Use a shielded cable for connection from the terminals
to the extermal contact (S2). Connect the shielding

wire to the (:) output terminal.

L. The relationships between the contact (82) and the
OUTPUT switch on the front panel is such that the OFF

state has the priority.

5. When the output is off, the output voltage is appraxi-

mately -100 mV.

4~3., Remote Control of Output Voltage

When in the constant-voltage mode of opetation, the output voltage

can be controlled in the following types of remote control operation.

4-3-1. Control of output voltage with an external voltage
4-3-2. Control of output voltage with an extermal current

4~3-3. Linear control of output voltage with an extermnal

resistance

4-3-4. Fail-safe-type control of output voltage with extermal

resistance

4-3-1. Control of Output Voitage With an External Voltage

o The output voltage can be controlled with a voltage signal of

0 to 410 V with reference to é:).
(1) Turn off the input POWER switch.

(2) Disconnect the jumper from between terminals (:) and (:)

of the rear terminal block.

(3) Apply an external control input voltage (El) to between

terminals é:) and (:), with the positive line to termimal
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(4) Remove the knob of the voltage setting potentiometer and

install the guard cap, to semi-fix the potentiometer.
(5) Turn on the input POWER switch. (Turn om the OUTPUT switch.)

(6) Adjust the offset (zero volts) with the Vos control of the
service panel and adjust the full-scale voltage with the

voltage setting potentiometer.

* Be sure to check the electrical connections and settings of
controls before turning on the power, lest damage should be

caused to the instrument and load.

;X%D'@- OOOE®O 6

(Note 3)

# £1

N

Figure 4-4 -

o The relationships between the output voltage (Eo) and the input

voltage (El) can be expressed as follows:

Eo = -Fmax.El-a [V]

0
0

A ]+

a <1 [1/V]
El < 10 [Vv]

A

Emax: Maximum rated voltage [V]

o Term g is a factor (0 to 1) which depends on the voltage setting
potentiometer. When the ﬁotentiometer is at the counterclockwise
extreme position, o is 0; when it is at the clockwise extreme
position, o is 1. Note that, therefore, if an input voltage (E1)
of 10 V is applied with the potentiometer set at the clockwise
extreme position, the output voltage will become 110% of the rated

voltage.

Notes: 1. Make sure that the output voltage is within the rated

voltage.
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2. The resistanée between terminals é:) and (:) is approxi-
mately 9 k2.

3. The noise component of the input voltage (El) is amplified
and conveved to the output qircuit. Use a voltage signal
which.conﬁains less noise'component. For the input vol-
tage signal connectiom, use a shielded cable (or 2 stranaed
pair of wires) and comnect the shielding wire to the (:)
output. When wiring a long distance, pay full attention

to noise.

4. Offset control potentiometer: So adjust that the output

voltage becomes zero volts when the ipput is zero volts.

Full-scale control potentiometer: This potentiometer is
used to set the ratio of the output voltage with respect
to the imput voltage. Normally, this potentiometer is

set for the maximum voltage.

4-3-2. Control of Output Voltage With an External Current

o The output voltage can be controlled with a current signal of

0 to +1 mA with reference to é:).

(1)

(2)

(3)

(4)

(5)

(6)

Turn off the input POWER switch.

Disconnect the jumper from between terminals (:> and (:) of

the Tear termimnal block.

Apply an external control imput current (I1) to between

terminals é:) and (:), with the positive line to terminal

®).

Remove the knob of the voltage setting potentiometer and

install the guard cap, to semi-fix the potentiometer.

Connect between terminals <:> and (:) a protective Zener

diode (D1) (V2 = 12 V, 250 mV).

Turn on the input POWER switch. (Turn on the OUTPUT switch.)
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(7) Adjust the offset (zero volts) with the Vos control of the
service panel and adjust the full-scale voltage with the
voltage setting potentiometer. (See Note 4 of Section

4-3-1.)

* Be sure to check that the electrical connections are correct
before turning on the power, lest the instrument should be

damaged by wrong connections.

oXe 5%@@@5—89‘

> D1 (Note 2)

(Note 3) T ' :
11 T

(Note 1)
Figure 4-5

o The relationships between the output voltage (Eo) and the input

current (I1) can be expressed as follows:

Eo = Emax-I1-0 [V]

0<a <l [1/ma]
0 <1121 [mA]

Emax: Maximum rated voltage [V]

o Term o is a factor (0 to 1) which depends on the voltage setting
potentiometer. When the potentiometer is set at the counterclock-
wise extreme positiom, ¢ is 0; when it is at the clockwise extreme

position, o is 1.

Notes: 1. o -Make sure that the oﬁtput voltage is within the rated

voltage.

o The open voltage of the input current source should

be approximately 1 V.
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4-3-3.

(1)

(2)

(3)

(4)

(5)

(6)

o Note that the ripple component of the input current

is conveyed to the output circuit.

o Impedance of terminal (:) is 0 Q.

.2. o TFor the zener diode (D1), use one which has less leak
current. Leak current will cause degradation of

linearity of Eo-I11 characteristics.

3. o Use a shielded cable or a stranded pair of wires.

Conpect the shielding wire to the (:) terminal, if

required.

o Note that, if the instruwent is operated in an environ-
ment with noise, the operation may become unstable and
erropeous operations may result due to noise super-

imposed on the ipnput current signal.

Linear Control of Output Voltage With an External Resistance
Turn off the input POWER switch.

Disconnect the jumper from between terminals (:) and (:).

Connect a potentiometer (variable resistor) (R1) between terminals
® =i @

Remove the knob of the voltage setting potentiometer and install

the guard cap, to semi-fix the potentiometer.
Turn on the input POWER switch. (Turn on the OUPUT switch.)

Adjust the offset (zero volts) with the Vos control of the service

panel. (See Note 4 of Section 4-3-1.)

Before turning on the power, check once more that the electrical

connections has been correctly done as wrong connections may

cause damage to the instrument. (Note that the output voltage

becomes the uncontrolled state if the Rl circuit becomes open.)
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(Note 3) o R1
(Note 2)

Figure 4-6

o The relationships between the output voltage (Eo) and the input

resistance (R1) can be expressed as follows:

Eo =

1

E -R1*Emax [V]

0 < RL < 10 [kQ]

Emax: Maximum rated voltage [V]

No;es: 1.

A

™

Potentiometer Rl is imnserted in the feedback loop of the
operational amplifier. If the potentiometer circﬁit is
made open, an overvoltage may be caused in the output
voltage circuit. When using such device as a switch to
change the output voltage, use a short-circuit-type of
device so that the circuit is not made open. In the case
that this feature is undesirable from the viewpoint of
degradation of reliability or safety, use the method

explained in Section 4-3-4.

A comstant current (1 mA) flows in the potentiometer (R1).
In order to prevent drift which could be caused by over-
heating of the potentiometer itself, use a potentiometer
of 1/2-watt or more of power rating, and of good tempera-
ture coefficient, aging, and noise characteristics, such

as a metzl film potentiometer.

For comnections to the potentiometer (R1l), use a shielded
cable (or a pair of stranded wires) and connect the
shielding wire to the <:> output. When the wiring dis-

tance is long

g, pay full attention against induction noise

and ripples.
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4. Pay attention to the resistance of the cable wires, since

the resistance will cause an offset voltage.

5. Pay attention so that the output voltage does mnot exceed

the rated voltage.

h=3-4. Fail—safe-fype Control of Output Voltage With an External

Resistance

This mode of operation is used to safeguard against overshoots to

the output voltage when the control circuit (resistance circuit) .is
‘made open. When in this mode, if the resistance circuit is made open,
the output voltage is reduced.. Therefore, a regular switch or a
-relay can be used to change the resistance without causing overshoots

of output voltage.

On the other hand, this mode of operation has a disadvantage
that tbe relationships between the control resistance and the output
voltage is mot linear. Especially at the low power, the resistance

becomes impracticably large.
(1) Turn off the input POWER switch.

(2) Disconpect the jumper from between terminals (:) and (:) of the

rear terminal block.

(3) Connect a potentiometer (variable resistor) (R2) between terminals
® w ©.

(4) Rewove the cap of the voltage setting potentiometer and install

the guard cap, to make the potentiometer semi—fixed.

1 6 6b0bdboedd

(Note 2) R2

Figure 4-7
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o The output voltage (Eo) and imput resistance (R2) are inversely

proportional as given by the following formula:

9
= e———— . - 7
Eo VI Emax-c [V]

0 < R2 < = [k
0

A

¢ <1 |

Emax: Maximum rated voltage [V]

o ‘Factor which depends omn voltage setting potentiometer.
The clockwise extreme position is for 1 and the

counterclockwise extreme position is for 0.

Output
voltage
7 a

Method of 4-3-2.

a=1 E max =

Can be set

with voltage EOQT'
setting
potentiometer

Input resistance (R2) o

Figure 4-8

Notes: 1. o The maximum voltage applied to potentiometer RZ is

approximately 10 V and the maximum current is 1 mA.

o Use a potentiometer which has good temperature

coefficient, aging, and noise characteristics.

o Note that, when the resistance of R2 is approximately
100 kQ or over, the output characteristics may be

degraded due to induction noise.

2. o Tor electrical connections to the potentiometer (R2),
use a shielded cable and connect the shielding wire
to the (:) ovtput. When the wiring distance is long,

pay attention to induction noise.

9!
RS

[

-
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4-4. Remote Control of Output Current

When in the constant—current mode of operation, the output current

can be controlled in the following types of remote control operation.
4—4-1. Control of output current with an external voltage
4L-4-2. Control of output current with an external current
4-4-3. Linear control of output current with an external resistance

4—h-l. TFail-safe-type control of output current with an external

Tesistance

4-4-1. Control of Output Current With an External Voltage

o The output current can be controlled with an external voltage
signal of 0 to 410 V with reference to (:) output (*¥). (*: To
put it more accurately, with reference to terminal Q:) of the

rear terminal block.)
(1) Turn off the input POWER switch.

(2) Disconnpect the jumper from between terminals @:) and Q:)

of the rear terminal block.

(3) Apply an external control voltage (E2) between terminals

@ and @ , with the positive line to terminal @ .

(4) Remove the knob of the current setting potentiometer and

install the guard cap, to make the potentiometer semi-fixed.
(5) Conpect an ammeter (shunt resistor) in the output circuit.
(6) Turn on the input POWER switch. (Turn on the OUTPUT switch.)

(7) Adjust the offset (zero amperes) with the Aos control of the
service panel and adjust the full-scale current with the

current setting potentiometer.

* Before turning on the POWER switch, check that the electrical
connections and settings of controls have been correctly done,

lest damage should be caused to the instrument or the load.
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Figure 4-9

The relationships between the output current (Io) and the input

control voltage (E2) can be expressed as follows:

Jo = *Imax-E2-8 [A]

9
0<B<1[1/V]
0 <E2<10 [v]

A

Tmax: Maximum rated current [A]

Term B is a factor (0 to 1) which depends on the current setting
potentiometer. The counterclockwise extreme position of the
potentiometer is for B = 0 and the clockwise extreme.position is
for B= 1. Note, therefore, that, if the potentiometer is turned
to the clockwise extreme position and a control voltage (E2) of
10 V is applied, the output current becomes 110% of the rated

current.

Notes: 1. Pay attention so that the output current does not exceed

the rated current.

2. Tbe input resistance between terminals é:) and (:) is
20 k2 to 30 k.

3. The noise component of the input signal voltage (E2) is
amplified and appears in the output circuit. DUse a control

signal voltage which contains less ripple noise cowponent.

4. TFor input signal connection, use a shielded cable (or a

pair of stranded wires). Connect the shielding wire to
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the (:) output. When the wiring distance is long, pay

full attention to extermal induction noise.

5. Offset control potentiometer: To adjust the output
current at zero amperes when the input control voltage

is zero volts.

Full-scale control potentiometer: To adjust the ratio
between the input control voltage and the output current.

It should be adjusted to the maximm current.
4-4~2, Control of Cutput'Current With an External Current

o The output current can be controlled with an extermal control
current of 0 to several milliamperes, with reférence to the (:)
output. (Since this control operation employs a current for
control, the reference point é:) can be used in common with the
case of the output voltage control. Thus, both output voltage

and current can be comtrolled with the same common-line system.)
(1) Turn off the input POWER switch.

(2) Disconnect the jumper from between terminals (:) and Q:)

of the rear terminal block.

(3) Apply the control input current (I2) between terminals @;)
and (:), with terminzal (:) for the positive line.

(4) Remove the knob of the current setting potentiometer and

install the guard cap, to make the potentiometer semi-fixed.

(5) Conpect a protecting zener diode (D2) (Vz = 12 V, 250 mW) to
between terminals (:) and (:).

(6) Connect an ammeter (shunt resistor) in the output circuit.

(7) Turn on the input POWER switch. (Torn on the OUTPUT switch.)

(8) Adjust the offset (zero amperes) with the Aos control of the
service panel and adjust the full-scale current with the

current setting potentiometer. (See Note 5 of Section 4—4-1.)
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* Terminal (:) is of the input circuit of the operational amplifier,
Pay attention so that the instrument is not damaged by wrong
wiring or excessive input voltage. Check these items once more

before turning on the POWER switch.

' 0000000000 0E

! ﬁ > D2
(Note 4)

12
T ~jgﬁiél_ (Mme{ﬁ

(Nore 2 S Rt

| Figure 4-10

o The relationships between the output current (Io) and the input

current (I2) can be expressed as follows:
Io =

0
5 | 0

B <1 [1/ma]
12 < Al [mA]

Ian 1A

j Imax: Maximum rated current [A]

The values of Al are as shown in Table 4-3.

Table 4-3 | Model | 10"31Gop
Al 0.3

o Term B is a factor (0 to 1) which depends on the current setting
potentiometer. - The counterclockwise extreme position of the
potentiometer is for B = 0 and the clockwise extreme position is

for B = 1.

Notes: 1. o Pay attention so that the output current does not

exceed the rated current.

: 2. o The impedance of terminal (:) is zero ohms.
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Note that the ripple cdmponent of the input signal
current is -conveyed to the output circuit as an

output ripple current.

The common line of the input signal current can be
changed from terminal @:} to terminal €:>:( the
reference point when in the output voltage control
mode of operation). In this case, a compliance vol-
tage (follow-up range) of approximately -2 V is
needed for the input current signal source. (Since
the potential of terminal @:) varies for a range

of approximately 0 to -2 V when in the remote-sensing
mode of operation, a current sigmal source which can
provide a current signal without being'affécted‘by

this range of voltage variatiom is needed.)

For the zener diode (D2), use a one the leak current
of which is smzll. Note that the leak current cauvses
degradation of linearity between the output current

(Io) and the comtrol input current (I2).

For signal connection, use a shielded cable (or a
pair of stranded wires). Connect the shielding wire

to the (:) output, as required.

Note that, if the instrument is operated in an
environment with large moise, the operation may
become unstable and erroneous operation may result
due to spikes and otber mnoise induced in the input

sigpal line.

4-4-3, Lipear Control of Output Current With an External Resistance

o This mode
operation

the input

(1) Turn

of operation is ideal for programmed remote control
as the output (current) is directly proportional to

(resistance).

off the input POWER switch.
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(2) Discomnect the jumper from between terminals @ and ‘

of the rear terminal block.

(3) Connect a potentiometer .(variable resistor) (R3) between

terminals (:) and <:).

(4) Remove the knob of the current setting potentiometer and

install the guard cap, to make the potentiometer a semi-fixed

type.

(5) Connect an ammeter (shunt resistor) in the output circuit.
(6) Turn on the input POWER switch. (Turn on the OUTPUT switch.)

(7) Adjust the offset (zero amperes) with the Aos control of the

service panel. (See Note 5 of Section 4-4-1.)

* Make it double sure that the electriczl connections have been
correctly done. If the R3 circuit is made open, the output

falls into zn uncontrolled state. Check them once more before

turning on the power.

5b06b0ddoods

Fvai~9; d

Sp
S~ L (Note 3)

“© . =

e R3

1‘ (Note 2)

: - Figure 4-11

o The relationships between the output current (Io) and the input

signal resistance (R3) can be expressed as follows:

Jo = Imax-R3 [A]

0 <R3 <1 [kl

g, Imax: Maximuw rated current [A]
t |

3
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Notes: 1. o

2. o
3. o
[o]
o
4, o

Since potentiometer R3 is connected in the feedback
loop of the operational amplifier, an overcurrent

will be caused if the R3 circuit is made open.
Therefore, in such case that the output current is
chénged by selecting resistors using a selector switch,
use a short-type of switch so that the circuit is not
made open at any instant. When this feature is

undesirable;'use the method explained in Sectiom 4-4-4.

The maximum voltage applied to R3 is 10 V and the
maximum current is 0.5 mA. Use a resistor (a metal
film type, for example) of 1/4-watt or over, and of
good temperature coefficient, aging and noise charac-

teristics.

For wiring to R3, use a shielded cable (or a pair of

stranded wires) and connect the shielding wire to the
@ output.’

Note that the resistance of the wiring wires will

cause an offset current.

When the wiring distance is long, pay attention to
induction noise and ripples, especially when the-

environment is with full of noise.

Pay attention so that the output currenf does not

exceed the rated current.

bbb, TFail-safe-type Control of Output Current With an External

Resistance

o This mode of operation has an advantage that, when the control

resistance circuit is made open, the output current is reduced

for a fail-safe feature. Therefore, a regular switch or a

relay can be used to select resistors for output current control,

without causing overshoots of the output current.
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On'tﬁe other hand, this modé of operation has a disadvéntage
that the output current is not linearly proportional to the
control input resistancé. Especially when the controlled
outpﬁt current'is'small; an impracticably large resistance is

needed.
(1) Turn off the input POWER switch.
(2) Disconnect the jumper from between terminals (:) and’ Q:).

. (3) Conpect a potentiometer (variable resistor) (R4) between
terminals @ and @ .

(4)  Remove the knob of the current setting potentiometer and -

install the guard cap, making the potentiometer a semi-fixed

. type.

GS—Q’DC@@@G!BX

(Note 2)

+ (Note 1) R4

Figure 4-12

o The output current (Io) is imversely proportional to the control
input resistance (R4) =as éxpressed with the following formula:

A2

To =5

-Imax-B [A]

0<B<1 ,
0 < R4 < = [kQ]

Imax: Maximum rated current

o Term B is a factor (0 to 1) which depends on the current setting
potentiometer. The counterclockwise extreme position of the
potentiometer is for B = 0 and the clockwise extreme position is

for B = 1.
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o The value of A2 differs by the model as shown/in'fable 4-4,

A PAL
Table 4-4 Model 10-100P
A2 [k§] 30
, , ‘

f=1 —— I rms - Method of 4-4-3
Ad justable
“with current'lp'i-
setting
potensiometer

£=o0

Notes:

1. o
[
o
2. o
(o]

o9 Input resistance (R4) s

Figure 4-13

The maximum voltage applied to resistor R4 is 10 V

and the current is 1 mA.

Use a potentiometer (variable resistor) of good
temperature coefficient, aging and noise characteri-

stics.

Note that the output characteristics may be degraded
due to induction noise when the resistance of R4

is approximately 100 k{2 or over.

For wiring to R4, use a shielded cable and connect

the shieldiﬁg wire to the (:) output.

When the wiring distance is long, pay full attention

to induction moise and other disturbances.
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4-5. Series Operation and Parallel Operaﬁion
4-5-1. Series Operation

o Two or more PAL Power Supplies can be operated being connected

in series to obtain a higher voltage.

" PAL o 1€
31 4E1 - T Eo = E1 + E2
GND :.
. .
PAL 8T es

Figure 4-14

Notes: 1. The number of units which can be copnected in series
is limited by the withstanding voltage (250 V) of the
units with respect to the ground. (For example, when
the uwnits are operated with 35 V, up to 7 units can be

35=7

o

operated being connected in series as 250

(remainder 5).

2. To make equal the chassis potentials of all umnits,
conmect the GND terminals of all units to a common

potential.

3. Make sure that the POWER switches of all units are

turned on when in series operation.
4=5-2. Parallel Operation

o Two or more PAL Power Supplies can be operated being comnected

in parallel to obtain a larger current capacity.
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1 1o =11+ 12 Output
— 11 voltage (Eo)
PAL g T ]
. El
I e R
E2-r—mm - -
PAL o — 1
o] tE2
= : 0 }
t I1 i 12
Figure 4-15
Notes: 1. Pay attentiom so that no higher voltage than the rated
voltage is applied to the output circuit.
2. When-éperating the units in the constant—voltage mode,

make their output voltages uniform. The operatiom in
this case is as follows: At first, the current is fed
ffom the unit of the highest output voltage and, when
this unit has entered the constant—current domain and
its output voltage bas fallen, the next unit starts
feeding the current. Thus, one of the units operates
in the constant-voltage mode, always. The differences
of the output voltages of the units are reflected as

output voltage variationm for the load.

(When the units are operated in the constant-current

mode, the constant—current wode indicator lamps of all

upits are omn.)

- 49 -
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4~6. One-control Parallel Operation

One master unit and any number of ~slave units can be operated in

parallel to increase the current capacity, controlled by one unit

(master unit) fof'operation.

Note: The units of the same model alone can be used in this mode.

(1)

(2)

(3)

(4)

(5)

(6)

Turn off the input POWER switch.

Disconnect the jumpers from berween terminals <:> and (:) of
the rear terminal blocks of the slave units, and connect a
jumper between terminals and @ of the rear terminal

block of each of the lave unit.

Connect terminal (:) of the master unit to terminals (:) of the

slave units. .

Connect the output terminals of all units to the load, using

wires of the same gauge and same length.

Note: Note that, of the PAL Series Power Supplies, unless the
gauges and lengths of the <:> output wires are uniform’
(to put it more accurately, unless the potential differences
between the (:) output terminals and the (:) terminal of
the load) current distributions among the units will become

ununiform.

Turn the voltage setting potentiometers of the slave units to

the clockwise extreme positiom.

When remote sensing and/or remote control are needed, remote

control the master unit.

Notes: 1. o To indicate the output operation mode, the CV or

CC indicator lamp of the master unit turns on.
o Of the slave units, the CC lamps are comnstantly on.

2. o For the wires for comnection to the load, see Table

2-1 of Sectiomn 2.
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Slave

Slave

unit

4-7.

wobdedbde deodd

OO ® %@ ' 6

) GND ‘EB ‘=’
: . : L;__GB___J
(Note 3) ) @) 7%

L2

Figure 4-16 LOAD

Ll = L2 = L3
(A): Positive ground
(B): Negative ground

3. o Connect the GND to the (:) or (:) line, unless
there is .any due reason they should not be

connected.

4. o 1If OVP function is needed, OVP setting should be

made for all of the master and slave units.

One~-control Series Operation

One master unit and one or more slave units can be operated in

series to obtain a higher output voltage (up to 250 V), cont-

rolled by one unit (master unit) for operation;

1)

(2)

Turn off the input POWER switches of the units.

Referring to Figure 4-17, the unit at the bottom is the

master unit and the other units are slave units.

" Disconnect the jumpers from between terminals (:) and (:)

and between terminals (:) and (:) of the rear terminal
block of each of the slave units, and comnect a jumper

between terminals <:) and (:).
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486 LV 68

(3)

(4)

(5)

(6)

Slave
unit 2
E3

Slave
unit 1
E2

Master
unit
El

Conmnect a resistor R5 (R6) between terminal (:) of the
slave unit and terminal €:> of the unit below it as shown

in Figure 4-17.
Connect in series the output terminals of all units.

Connect in common the GND terminals of all units to the

required potential.

Turn the current setting potentiometers of all slave units

-5%$§§ ééf‘é@
dbodd Gdodde

R5 (Note 2)
5606d 0doevoo
‘(Note 3)
" LOAD -

Eo = E1 + E2 + E3

Figure 4-17

o To select the resistance of the external resistor R5 (R6), use

the following formula:

RS

& x 8) - B [ka)

R5 [kQ] >0, (E2 <

o[>

*El)

El: Output voltage of master unit [V])
E2: Output voltage of slave unit 1 [V]

E3: Output voltage of slave unit 2 [V]
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o TFor the external resistor R5 [kf2), use a resistor of good

temperature coefficient, aging and noise characteristics, with

a wattage of 1/2-watt or over. For the values of A and B, see

Table 4-5.

Table 4-5

PAL
Model | 414 100p
A [kQ] 5.5
B [xQ] 5

o To select the resistance for R6 using the above formula, use

E2 for El, E3 for E2, and R6 for R5.

Notes:

1;

The number of units which can be connected in series
depends on the withstanding voltage of the units

with respect to the ground. (For example, if the

“units are operated with output voltage 35 V, the

maximum number of units which can be connected in
series is calculated to be .seven as 250 + 35 = 7

(remainder 5).

Install resistor R5 (R6) as close to terminal (:)
as possible. The reference voltage is applied
between termimals (:) and E:). To prevent ripples
of the output caused by induction, use 2 shielded

cable as required.

3

To keep the chassis potentials of all units uniform,
be sure to connect togetber the GND terminals of all

units to a certain same potential required.

When operating in the series mode, be sure to turn

on the POWER switches of all units.

If the remote-sensing operation is meeded, use the

'éz> terminal of the uppermost unit and the €:>

terminal of the master unit.
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o If the remote—control operation is needed, remote

control the master unit.

6. o- If OVP function is needed, set each of the master

and slave units for the OVP operation.

4-8. Comstant—current Charge/Discharge Operation

4-8~1. Constant-—current Charge Operation

o By using the power supply, a hattery or an electrolytic capacitor

can be charged with a constant current.

+ +
o g
' +0 -
PAL *32
-G
o~o Fuse
0—<—0Diode Figure 4-18
(1) Xeeping depressed the current/voltage limit switch, set

(2)

the charge current with the current setting knob and the

charge end voltage with the voltage setting knob.

Carefully observing the polarity, comnect the battery to

the power supply (comnect the "+" line of the power supply

1"

to that of the battery and connect the "-" line of the

power supply to that of the battery). If they are connected
in the wrong polafity, the reverse current check diode which
is connected between the output terminals in the power supply
may be damaged. (Although the power supply itself is pro-
tected by diode, the load is shorted and it may be damaged.
Be sure to connect the wires in thg correct polarity.‘ It

is most recommendable to connect a fuse and/or diode in

series to the load to protect it against inadvertent wrong-

.polarity connection.)
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(3) Turn on the OUTPUT switch. Charging of the battery with

a constant current will start. When the charge end voltage

is reached, the power supply is automatically switched into

the comnstant-voltage mode, indicating that the charge opera-

tion is -over.

Notes:

1.

The power supply is incorporated with a potentiometer
burn out protection circuit. Therefore, no problems
occur'eveﬁ when the voltage setting potentiometer is
set at 2 voltage lower than that of the load battery

or electrolytic capacitor.

At the instant the battery is connected to the power
supply, a spark may be generated. This is because

the caﬁacitor of tbe output circuit of the power
supply is charged by the current which flows from

the battery and the spark is not an abnormal indica-
tion. No spark will be genperated if the battery is
comnected to the power supply after making its voltage

the same with that of the battery.

If the POWER switch of the power supply is turned off
with the load battery or capacitor connected to the
power supply, a discharge current of several hundreds
milliamperes will flow from the load through the
discharge circuit formed in the power supply. If
this discharge current is undesirable, comnect a

switch or a diode in series to the load.
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4-8-2. Constant-current Discharge Operation

o By using the power supply, a battery or an electrolytic capacitor

can be discharged with a constant current.

_PAL +O O/O m

1<
~
jw}

R7
—AA—

Figure 4-19

E: Battery terminal voltage at the start of discharge [V]

I: Discharge current (constant current) [A]

v Iv]
T [a]

R7: Load resistor for discharge [] R7 [Q] =
D: Reverse current check diode

Power dissipation by R7: P = IZ-R [W]

(1) Set the output voltage of the power supply with the voltage
setting potentiometer at a voltage higher by several bolts
than the battery terminal voltage. (With this setup, the

battery can be discharged to zero volts.)

(2) - Calcula;e(the valoe of the load resistor R. Select it with

a sufficient allowance of wattage.

(3) Keeping depressed the current/voltage limit switch, set the

discharge current with the current setting knob.

(4)  Turn on the OUTPUT switch and close the switch S so that

the battery starts discharging with a constant current.

(5) To stop discharging, open the switch S. Dischargihg cannot
Ne0) be stopped by turning off the input POWER switch or the
Oy OUT?UT switch of the power supply gecause the discharge
current goes on flowing through the diode which is connected
Q& in parallel to the output circuit of the power supply.
AN
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Notes:

1.

Be sure to conmnect the load resistor R when using
the power supply to discharge a battery. Note that
the power supply is damaged if the battery is directly
connected to it.

Be sure to commect the reverse current check diode.
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5-1.

SECTION 5. MAINTENANCE

Inspection

Periodically inspect and service the power supply so that it main-

tains its initial performance for a long time.

5-1-1.

o]

[o]

5=1-2.

o]

(o]

o}

Removing Dust and Dirt

When the instrument panels have become dirty, lightly wipe them
with a cloth moistened with diluted neutral soapsuds

and, then, wipe it with a dry cloth.
Do not use benzine or thinner.
Cleaning of Imside

To remove the cover, see Figure 5-1.

M3—-6L (Two)

Figure 5-1

M4—6L (Four)

M4~10L (Four)

Be sure to discommect the input power cord from the AC power

outlet for the sake of safety.

Blow away dust collected inside the instrument and in the
ventilation holes of the casing, using a compressed air or a

vacuum cleaner.

Notes: o Do not open the shield case inside the instrument. (The

inside of the shield case is mot to be serviced by the

vser for himself.)

o Reep your hands off the internal switches.
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5-1-3. Checking the Input Power Cord

o Check the vinyl sheath for damage, the plug for burning, and the

terminal block screws and crimping terminals for loosening.
5-2. Meter Calibration and Adjustment

5-2-1. Calibration of Voltmeter

Conpect an extermal voltmeter of an accuracy of 0.5% or better to
the output terminzls, set the. output voltage at the value indicated
in Table 5-1, and calibrate the instrument voltmeter to the same

value with the VML control on the service panel.
5-2-2. Calibration of Voltage Limit Switch

The output voltage is shown in Table 5-1. Press the current/voltage

limit switch and adjust the VML control on the service panel so that

the voltmeter inaicates the value shown in Table 5-1.
5-2-3. Calibration of Preset OVP Voltage

Set the output voltage at the value shown in Table 5-1. Gradually
lower the OVP voltage (slowly turn counterclockwise the OVP potentio-
‘meter using a plain screwdriver) to the point where the OVP circuit

trips. Check that the OVP voltage is set at the value shown in Table
5-1.

Adjust the VMO control of the service panel so that the voltmeter

indicates the OVP veltage when the OVP preset button is pressed.

5-2-4. Adjustment of Maximum Variable Comstant-voltage Range

Connect to the output terminals an external voltmeter of am accuracy

of 0.5% or better, set the constant-voltage setting knob in the maximum
position (clockwise extreme position), and adjust R257 of PCB A-480

so that the instrument volrmeter reads the value shown in Table 5-1.
(See Figure 5-2.)
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5-2-5. Calibration of Ammeter

Connect an external ammeter of an accuracy of 0.5%7 or better to the
output circuit, set the output current at the value shown in Table
5-1, and calibrate the instrument ammeter with the AMA control of

the service panel.
5-2-6. Calibration of Current Limit Switch

Keeping depressed the current/voltage limit switch, adjust the AML
control of the service panel so that the ammeter reads the current

limit switch calibration current shown in Table 5-1.
5-2-7. Adjustwent of Maximum Variable Constant-current Range

Connect in the output circuit an external ammeter of an accuracy of
0.5%Z or better, set the constant—current setting knob to the clock-
wise extreme position, and adjust R211 df PCB A-480 so that the

instrument ammeter reads the value shown in Table 5-1. (See Figure

5-2.)
5-2-8. Adjustment of Vpg of Series Control Transistor

(1) Set the input voltage at the rated voltage of the power supply

(120 V or 240 V).
(2) Conmnect a load and feed the rated curremt (full load current).

(3) Connect a meén—value—indicating voltmeter between the collector .
and emitter of the power tramsistor. Adjust R264 of PCB A-480,
R8 and R17 of PCB A-584 so that the voltmeter.reads the value
shown in Table 5-1. '
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Table 5-1

. MODEL PAL10-100P

.variable constant—Voltage

Calibration of wvoltmeter 1oV
Calibration of voltage limit ' 10V
switch

Calibration of preset OVP 10 V
Adjustment of maximum 10.3 V

range (R257)

Calibration of ammeter 100 A
Calibration of current limit | 100 A
switch )

Adjustment of maximum >105 A

variable constant—current
range (R211)

Adjustment'of VCE of series 2.2V
control tramnsistor (R264,R8,R17)

Repair Service

When the power supply has failed, please contact your Kikusui
agent. As a general rule, the power supply should be repaired
by a service organization authorized by Kikusui. The circuits
in the shield case wmust not be subjected to maintenance oT
repair by the uvser for himself. (Note that Kikusui may refuse
to accept the repair order if the internal circuits have been

adjusted or modified by the user for himself.)
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