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On Power Supply Source, it is requested to replace the related places in the

instruction manual with the following items.
(Please apply the item of mark. )

[] Power Supply Voltage: to _ _ _ _ _V AC
[ ] Line Fuse: to _ _ _ _ _ A
[:] Power Cable: t6 3-core cable (See Fig. 1 for the colors.)

Blue (NEUTRAL)
White (NEUTRAL)

Brown
(LIVE) or Black >
Green/Yellow (GND) (LIVE)

Green (GND)
Fig. 1

Please be advised beforehand that the above matter may cause some alteration
against explanation or circuit diagram in the instruction manual.

% AC Plug: In case of Line Voltage 125V AC or more, AC Plug is in principle
taken off and delivered, in view of the safety.
(AC Plug on 3-core cable is taken off in regardless of input

voltages.) »
TO connect the AC plug to the AC power cord, connect the respective

pins of the AC plug to the respective core-wires (LIVE, NEUTRAL, and
GND) of the AC power cord by referring to the color codes shown in

Fig. 1.

Before using.the instrument, it is requested to. fix: a suitable plug for the

voltage used,
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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 compactness and a series regulator

system for high performance.

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

used as general-purpose power supplies for various applications.

Features of PAL Series Power Supplies
1. Output switch:

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

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

The preset OVP voltage is indicated on the voltmeter without
pausing the protective function, facilitating 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 transistor cuts off tc

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 value and the ammeter indicates
the preset CC value.) When the output is off, the switch can be

used for presetting.



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

input fuse, and rush input current suppression circuit.

When the allowable voltage range of the load is narrow and the load
may be damaged even with a slight overvoltage (soch as a semiconductor
load), a high-speed 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" suffiied at the end of

the model number.)

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 questions
regarding the operation method of this instrument, please consult

your Kikusui agent.
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Specifications

Model

PAL 16-60

PAL 35-30

Input

Input Supply

[J 120 v *10%, 50/60 Hz AC, 1¢
O 240 Vv *10%, 50/60 Hz AC, 14

voltage to output voltage raio

10 V to 16 V

Power consumption (120 VAC, Approx. 2.2 kVA Approx. 2.2 kVA
rated load)
Output
Output voltage range (10 turns) 0-16V 0- 35V
Voltage resolution (theoretical 3 mV 6 mV
value)
Output current range (1 turn) 0O - 60 A 0 - 30 A
Current resolution (theoretical 150 mA 75 mA
value)
Constant voltage characteristics
Regulation *1
Source effect (Line regulation)| 1 mV 1mV
(For +10% change of line
voltage)
Load effect (Load regulation) 2 mv 2 mv
(For 0 to 100% change of
output current)
Ripple and noise *2
[rms] (5 Hz - 1 MHz) 1 mVrms 1 mVrms
[p-p] (DC — 10 MHz) (Typical) 10 mVp-p 10 mVp-p
Transient response *3 50
5 - 100% (typical) psec
Temperature coefficient 50 /°¢c
(typical) ppm
Remote control, Approx. Approx.

10 V to 35 V

Remote control,
resistance to output voltage
ratio

Approx.
10 kQ to 16 V

Approx.
10 k@ to 35 V

Remote control,
current to output voltage ratio

Approx.
1 mA to 16 V

Approx.
1 mA to 35V

(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 16-60 PAL 35-30
Constant current characteristics

Regulation

Source effect (Line regulation)] 5 mA 3 mA

(For +10% change of line

voltage)

Load effect (Load regulation) | 10 mA 5 mA

(For 0 to 100% change of

Output voltage)
Ripple and noise *2 20 mA 5 mA

rms (5 Hz - 1 MHz)

Remote control, Approx. Approx.
voltage to output current ratio 10 V to 60 A 10 V to 30 A
Remote control, Approx. Approx.
resistance to output current 1 kQ to 60 A 1 k& to 30 A
ratio
Remote control, Approx. Approx.

current to output current ratio

0.4 mA to 60 A

0.7 mA to 30 A

Operating ambient temperature OoC — 20°C (32°F _ 104°F)
range
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 3-181V 3-38YV
Trigger pulse width *4 50 msec 50 msec
Protective actions Oscillation stops. Series control
transistor cuts off. Power switch
cuts off.
Overheat protection (OHP)

Trip temperature of
thermal protector

85°C (185°F)

Protective actions

Oscillation stops.
transistor cuts off.

Series control
Power switch

cuts off.
Input fuse rating
For 120 VAC source 30 A 30 A
For 240 VAC source 20 A 20 A

Thermal fuse rating
(at sub—transformer)

135°¢ (275°F)

(Note) *4: Typical value







PAL 35-30 Power consumption 50 Hz, 100 V

20+
4
Output
current: 30 A
15 -
Input
current
(a) i
lot Output
current: 15 A
5
{ N N i L 4 $ —
T ' T T T T 1 —r L
0 10 20 30 35
Output voltage (V)
PAL 16-60 Power consumption 50 Hz, 100 V
20 +
T Output
T current: 60 A
15 4
Input T
current
(A)

Output
current: 30 A

Output voltage (V)




075 S =— XVW 0%
[
! m
1 L
< XV
WA ot
{4 W
.\.!E J [ ]
J
||
b0
o
o
2
3]
~
a
13 O :
= i
~
o 5
M o
~ —
o S
] = O :
- (3]
Kol
(@]
[
=
. M i
_J/uu
44




SECTION 2. OPERATION
2-1. Precautions for Operation (Installation)

1. Input power

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

o The input power fuse rating is

30 A for 120 VAC model or

*20 A for 240 VAC model.
o TFor current consumption, see the current consumption charts.

2. Rush current

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

follows:

120 VAC model: Approx. 100 A peak or less, half-current

period approx. 3 msec

240 VAC model: Approx. 110 A peak or less, half-current

period approx. 3 msec
3. Power cord

© The input power cable which accompanies the power supply is
a 3-core cabtire cable, with the nominal sectional area of
-each of the cores 3.5 mmz. When using a cable other than
the accompanying one, it must be of an equivalent type

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

CAUTION: In 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 in

the standard operation).

Figure 2-1

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

terminal with the shorting bar.
Ambient temperature

o 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 internal temperature detector circuit trips and the input
power switch is turned off. If this has 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 Place 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 not 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 bumid or dusty atmos-
phere since such will cause operation failures and reliability

degradation.

o Install the power supply in a place where is reasonably 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 For connecting 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 -
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Table 2-1. Wire gauges and current ratings

Ta: 30°C (86°F)

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

2 mm? 10 A 27 A
5.5 mm? 20 A 49 A
8 mm2 30 A 61 A

14  mm2 50 A 88 A

22 mm? 80 A 115 A

38 mm?2 100 A 162 A

80 mm2 200 A 257 A

150 mm? 300 A 395 a

Note for load

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

teristics of loads as follows:

(a) When the load current 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 -




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.
(b) When the load is regenerative:

When a regenerative load (such as inverter, converter, oOr
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]

Rp Q] ;————IRP ™

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

reverse current
Eo: Output voltage

Igp: Maximum reverse current

1 et ., [T
BSH—O- O—
71 I
1
1

' Eo! LOAD

B
] L.

Equivalent circuit
of series—controlled
power supply

Regenerative load

Figure 2-4

- 12 -



Output current

wavelform

Reverse current

-Ioc

Figure 2-5

9. Guard caps

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

fixed-output power supplv.

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.

fixed ;
: 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 vour Kikusui agent.

- 13 -



Figure 2-7

- 14 -



2-3.

®

Description of Panel Items
POWER switch

For ON/OFF-control of the input 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 has occurred.
Eliminate the cause of the trip, allow a period of

approximately 5 seconds, and then turn on the power.

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 voltmeter

For zero—point adjustment of voltmeter
Current setting knob

To set the output current for constant-current mode of

operation. 1l-turn potentiometer.
Voltage setting knob

To set the output voltage for constant-voltage mode of

operation. 10-turn potentiometer.

- 15 -



Power 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 is operating in the con-

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

Indicates 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

other noise.

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

electrically connected 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 -



OVP potentiometer

Keeping depressed the OVP preset switch, the OVP voltage can
be set by turning the potentiometer with a plain screw-—driver.
The set voltage is indicated on the voltmeter.
The setting ranges of the OVP voltage are as follows:

PAL 16-60: 3 - 18 V

PAL 35-30: 3 - 38 V

Output terminal ("+" terminal)

Red binding post terminal. (Diameter of crimping terminal

for connection: 8 mm). PAL 16-60 does not have this terminal.

GND terminal
Ground terminal. PAL 16-60 does not have this terminal.
Output terminal ("-" terminal)

White binding post terminal. (Diameter of crimping terminal

for connectiin: 8 mm)
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: Full-scale calibration control for ammeter

AML: Current calibration control for current limit switch

(For adjustment and calibration, see Section "MAINTENANCE.")

- 17 -



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 must be positioned

30 cm or more apart from the wall.

Input terminal block

Terminal block for input power terminals (M3).

Rear-panel output terminal block

Terminal block for output terminals on the rear panel.

Terminal block

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

CATIONS.™)

Serial No.

DPO mounting hole

_ 18 -



2-4. Operating Procedures
(A) Constant-voltage Operation
(1) Turn off the OUTPUT switch.

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

on.

(3) 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, no 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 a corres-
pondingly small value. If the load resistance is gradually
reduced, the output current gradually increases. When the
output current has reached the preset limit, 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 ou}put current larger 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.)
(4) Connect the load and turn on the OUTPUT switch.

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

start operating in the constant-voltage mode.

- 19 -



Notes: o When the load impedance is unpredictable or when the
Joad 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
110% of the required output voltage. To set the ovp
voltage, keeping depressed the OVF preset switch,
adjust the OVP potentiometer so that the voltmeter
indicates the required trip voltage. (For details,

refer to Section 3-3.)

o If the output connection cables to the load are 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 explained in Section 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) Keeping 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 output 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 has 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.

A
&7
(V W /: o
o ab PRSS—
c oo o [ SRS Output
S5 igrss |2 ¥
s
ARV YRRV /ST 3 voltage
[oln ) © W [ I —
03 £ 3 — D
O v U U o o
N To
A Y
O- TOutput
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
4-2.) 1If 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 connmected in the output

circuit.

- 22 -



SECTION 3. PROTECTORS
3-1. 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 addition to satisfy-
ing the required performances, special 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.
3-2. Description of Protective Circuits
(1) Overvoltage protector (Preset OVP)

o When the output voltage has exceeded +the preset limit value,
the power switch is shut off, the series control transistor is

cut off and the switching regulator stops oscillating.

_ 23 _



(2)

(4)

o The operation pulse width is 50 msec.

o To resume operation, turn off the POWER switch, wait in this

state for about 5 seconds, and then turn on the POWER switch.

o For such load as semiconductor which is not highly resistant
against overvoltage and is apt to be damaged even with a
slight overvoltage, use the thyristor-type high-speed OVP

which is explained in the next item.

High-speed overvoltage protector (crowbar protection circuit)

..... Option

o When the output voltage has exceeded the preset limit voltage
for 200 psec or over, the output circuit is shorted with a
thyristor to suppress the output voltage, the power switch
is shut off, the series control transistor is cut off, and

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.

Voltage detector circuit

o The voltage across the internal electrolytic filter capacitor
is monitored and at the instant it has exceeded the preset
value, the protective actions the same with those of the

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

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)).



(6)

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 protector

takes place. (See 3-2 (1)).
Thermal fuse

0 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

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

abnormally large.
Operation Method of Overvoltage Protector (OVP)

Setting Procudure

o 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.

- 25 —
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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
unnecessary trips of the overvoltage protection circuit."

For the PAL Power Supplies, the OVP protector is designed

so that it responds to a pulse of 50 msec 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 overvoltage 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

4-1. Remote Sensing

Voltage drop caused by the load connection wire resistance and

contact resistance can be compensated for.
(1) Turn off the input power switch.

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

and between G:) and (:) terminals on the instrument rear panel.

(3) Connect the 6;) and €:> wires to the point where the output

voltage drop is required to be compensated for. (Use a shielded
cable in order to prevent inducing of ripple voltage. Connect

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

(4) Connect to the sensing point (the point where the 6:) and €:>
wires are connected) an electrolytic capacitor (Cl) of several
hundreds to several thousands microfarads and of good high-

frequency characteristics, with the minimum connecting distance.

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 mV, the maximum rated voltage
is reduced by the corresponding amount. (For example,
if 1-volt compensation per one-way is made, the maximum
rated voltage becomes 35 - 2 = 33 V. Do not use it

for voltage higher tham 33 V.)
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4-2.

2. 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.

3. If the load is of such nature 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 which causes a voltage
drop of [L%%J. To minimize the voltage stability, use
cable wires of a large wire gauge, make the wiring dis-
tance as short as possible, and strand the wires to

reduce inductance.

ON/OFF-control of Output

The output can be remote—controlled for ON/OFF operation with an

external contact signal, for either one of the following two types

of

4-2-1.

(1)

(2)

(3)

turning 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
To Turn Off the Output Voltage Accurately to Zero Volts
Turn off the input POWER switch.

Connect a remote control contact (switch Sl1) between terminals
(:) and <:> of the terminal block on the rear panel. Turn on

the OUTPUT switch on the front panel.

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.

Table 4-1
Contact ratings:
Contact (S1) Open | Closed 10 VDC, 100 mA
Output ON OFF

0960

© o

-~
| I Jb__]!é!!
il 11 g 5// |
S1 N
(Note 3) Connect to - output S1 (Note 2)
Figure 4-2

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

the front panel remains idle.

2. The circuit between terminals <:> and <:> is the input
circuit of the error amplifier. 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 extermal contact (S1). Connect the shielding

wire to the (:) butput terminal.

4. When the remote 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.

iy In such case, connect a potentiometer of approximately
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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 external contact (S2). Connect the shielding

wire to the (:) output terminal.

4. The relationships between the contact (S2) 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 approxi-

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

4-3-3. Linear control of output voltage with an external

resistance

4-3-4. TFail-safe-type control of output voltage with external

resistance

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

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

0 to +10 V with reference to @ .
(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 €:> and (:), with the positive line to terminal
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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 on 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.

(Note 3) — — ———————————

1

Figure 4-4

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

voltage (El) can be expressed as follows:

Eo = -Emax.El-a [V]

fA W+

0
0

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

A

Emax: Maximum rated voltage [V]

o Term g is a factor (0 to 1) which depends on the voltage setting
potentiometer. When the potentiometer is at the counterclockwise
extreme position, a is O; 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 resistance between terminals é:) and (:) is approxi-
mately 9 kf.

3. The noise component of the input voltage (El) is amplified
and conveyed to the output circuit. Use a voltage signal
which contains less noise component. For the input vol-
tage signal connection, use a shielded cable (or a stranded
pair of wires) and connect 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 input is zero volts.

Full-scale control potentiometer: This potentiometer is
used to set the ratio of the output voltage with respect
to the input 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) 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 current (I1) to between

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

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

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

(5) Connect between terminals (:> and (:) a protective Zener
diode (D1) (V2 = 12 VvV, 250 nV).

(6) 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.

Cg—(]@ ‘ @@

I— D1 (Note 2)
(Note 3)
I1 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-Ii-a [V]

0

Lo <1 [1/ma]
0<1

151 [ma]

Emax: Maximum rated voltage [V]

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

position, a is 1.

Notes: 1. o Make sure that the output 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)
N
~ (3)
N
N
(4)
>0
o
N
N (5)
(6)
*
E's)

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 For the zener diode (Dl), use one which has less leak
current. Leak current will cause degradation of

linearity of Eo-I1 characteristics.

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

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

required.

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

imposed on the input 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) (R1l) between terminals
® mi ®.

Remove the knob of the voltage setting potentiometer and i