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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 }-

D Power S-u-;;ply Voltage: 1 X< TP VAC
[} Line Fuse: . .. £O .t aean i A - L
D " Power Cable:'. ’ o to 3—cor¥e cable ( See Fig. T for the colors ) '

bluerr - L White

brown black

o or
green/jfzfloﬁ,,;(GND) . , _ green (GND)
f‘ig. 1

Piease be advised Leforehand that the above malter may cause some alleration

against explanation or circuit diagram in the instruction manual.’

R

o AC Plug r In case of thg__L_ine'_\_’_glt_gg_fe_'__]25V AC or more, AC Plug is in -

" principle taken off and delivered, in view of the sulety.” |
{ AC Plug on 3-core cable is taken off in regardless of -

input voltages. )

~_Before using the instrumrenrir, it is r_e_quéstec! to [ix a suitable plug for the. _

-vollage used.
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- "SECTION 1.  GENERAL

Description

and excellent electrical performance.. It 1s a universal-purpose
icdustrial power supply which can be gsed as a variable power
source for research and development, or as.a fixed power source
for long time aging test. Features of the PAD-L Power Supply can

be summarized as follows:

1. -Improved.power factér at low output voltage:

A'choke”input'system is used for the rectifier filter circuit,
chereby réducingmthe apparent input current and improving the
power factor. This led to & smaller power transformer and

consequently to a compact and light power supply.

2. less waveform distortion cacsed.to the AC input line:

As the choke iInput system is used, the input current waveform

is 1ess distorted with harmonics, thereby reducing waveform

distortio to the AC input line.— e ST o et LI

3. Excellent temperature coefficienf:'

Very low temperature drift characteristics of 50 ppm/°C -
is attained by using premium“quality parts, improved circuits
:_and forced air cooling Timeuelapse drift (aging drift)

- ~also is very low. . _ = T ) ”%;fiﬂf“'

4, Fast'transient response:

A wide—band error amplifier is used to. ensure stable frew o

quency - gain, phase characteristics.
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.. before operating the pqwe:isupgly, B

-% It is highiy recommended to .use the thyristor crowbar hlghm

5. Low ripple and noise voltages:

Ri#ple and noise voltages are low, both in rms and peak

values,

The output voltage is finely adjustable from 0 V to the rated

voltage wlth a lO—turn potentiometer.;

The power supply has a current/voltage limit switch to preset
a current/voltage value, The set value of constant-voltage/

constant-current operation can be checked when in operation.

The power éﬁﬁ#ly haéminté:nai protebtion such as voltage
detector, cutrent detector and temperature detector circuits.
An ovefvolﬁage_protector'(OVP), voltage adjustable from the
front panel, also is incorporated as a standard feature.

A high speéd 6vefvoltage protector {a thyristor crowbar

protection circuit) is available as an option.

The power supply is housed in a casing for bench top use. It

can be in§;g;}ed on a standard EIA {JIS) rack.

- The user.is requested to. .read .thoroughly this instfuction manual~

speed overvoltage-protector (OVP: option) for a load whose’

allowable voltage range 1s Vvery Harrow and which could be -

damaged when a slight ovérveltage is applied.

Bty T A T S e T e e s L
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SECTION 2. OPERATION

2-1. Precaution for Operation (Installation)

1. Input power

© The input voltage range is 216 - 264 V (108 - 132 V k), -
48 - 62 Hz single-phase AC. K

The input power fuse rating is

o]

* 504 for 120V {#60 A for PAD35-60L only)
30A for 240 V

o For current consumption, see the power consumption charts.
Z. Power cord
¢ The power cord supplied accompanying this instrument is for

240 V AC. Its conductor wire cross section area is 3.5 mm?.

© To operate on a 120 V AC line power, use a cabtire cable of
cross section area 8 mm? or over and connect its wires securely

with crimping terminals.

o The green wire supplied is for grounding. - Be sure .to connect
the GND terminal of the instrument to a good earth ground for

safety.

BLACK

o Make sure that the jumpers of the terminal blocks on the

rear panel are securely connected as shown in Figure 2-2.




B S - :

o The output power is available either at the front panel
(binding post terminals) or at the rear panel (terminal ~
blocks). : _ .

) ' -

. - ot T T L T T Ty 1 1
;_@@ @ooj (o) o (o)1
""""""""""""""""""""""""""""""" 1 t
) NS :

IR DI A .

3 -5 +S

Figure 2-2
_ 0 7Nofmally, connect either one of the output terminals to the
y . ' GND terminal with the shorting bar.

o For connecting the cutput to a load, use wires of a sufficient
current rating referring to Table 2-1. 1If wires of an insuffi-
‘cient current rating is used, the-voltage at the load may

become unstable due to voltage drop in the wires,or the wires

'ﬁé?'berbverheafed”in'sn extreme case.”
4. Ambient temperature

o . o The ambient temperature range for the power supply to satisfy
S " _the specification performances is 0°C to 40°C (32 F to 104°F).
The power supply should be used within this range. If it is
-operated at a high ambient temperature, the internal temper- S
‘ature detector circuit trips and the input power switch is
turped off. If this has happened, cool it and then turn on
the power again. There is an exponential relationship'be#"'
'tween ambient temperature and semiconductor life, electrolytic
capacitor 1ife and transformer insulation life. Note that
‘components are rapidly deteriorated at high temperatures.. It. .. '.T;_
' 113 important not to 0perate the power supply at an abnormally | |

high ambient temperature also from the viewpoint of its Iife.w‘l'

SR e
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6.

0. If the power supply is used at a temperature lower than -10°C, .

its operation may become unstable. If the power supply is to.

be used at low temperatures, specify so when ordering.

"Place for use

o Pay sttention so that the ventilatich ﬁorté (top and bottom). -

and the fan air outlet are not blocked.

o Hot air comes out of the fan air outlet. Do not place near

the outlet an object which is not heat resistant.

o Do not use the power supply in a highly humid or dusty;place

) as such can cause faiiures.
) Select a place where is reasonably free from vibration.

o Do not place a high sensitiﬁity {nstrument on or near the
power supply which produces a strong electric and magnetic

fields._f

Note for carryi;g

‘0 The center of gravity of the power supply is at a forward

position. Be careful when raising the power supply.

- Note for load : ' S .

Note that the output may become unstable depending on characteri-

stics of loads as follows:

{2} When the meter reading {average valge) is less than the
preset value, 1f the current ‘has peaks which exceed the
preset value, the operation is driven inte the constant
current domain for the short periods of time and the output =~
voltage falls. Observing carefully, it can be 5een that

the constant-current indicator lamp becomes dim.

- 10 -

T £t Page e

T -?%JLSF %ﬂiﬁm‘ww s




Preset constant-current value

oy )
. ——| —— Ammeter reading (average value}
. e Kt
2 ' ' Figure 2-3. Load current with peaks
- -In this case, raise the preset value or increase the current .
- 7 rating. o
o (b} -~ When a regenerative load (such as inverter, converter, Or o
" transformer) is connected to the power supply, as it cannot
absorb the reverse current fed from the load, the output
4 voltage increases and becomes unstable. In such a case,
oy g
connect a bypass resistor (R) in parallel with the load
and feed in this resistor a current larger than the maximum
e ~reverse current.- e e s
3
_______ B 10} [ (N A3 Sy o I
R Sl _ m1R? [A) . o
_ where, Ep: Output voltage
i - i T - .. Ipp: Maximum reverse current
¥




I - .- Table 2-1. Wire gauges and current ratings

Ta=30'C (86°F)

R o 'Nominglucrggs“ Maximum current | Maximum current designated by
section recogmend?d by Elegtrical Ins?allation Technical
- Kikusul : Ordinance {Article 29) JAPAN
2 wm? 10 A 27 A
5.5 mm?2 204 49 A
4 8  mmZ - 30 4 61 A
14 mm2 50 A 88 A
_ 227 wm2 | 7 TBOA 115 A
- - 30 mnl T - 139 A
> Sl 38 w2 ) 100A0 | 162 A
" 50 . mm? I | R 190 A
60  mm2 217 A
80 mmZ 200 A ‘ - 257 A
3 100 mm? 298 A
125 mm?2 344 A
comee| e 150 wmZ | - 300 A T i 395 Ao -
, 200  mm2 | 469 A
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) .. 2-2, AC Imput Requirements

By changing internal connections, this instrument can be operated

either on a 120 V +10% line or a 240 V +£10% line.

it

— - " 1. Change connections of the main power transformer as -shown in

Figure 2-3. _‘ 5

2. Change the input power fuse: For 120 V AC ..... 50 A*
' For 240 V AC .... 30 A
(* For PAD35-60L at 120 V AC

cees 60 A)

3 ' '_  3.7 Change the input voltage markplate. (See Figure 2-4.)

4. Change the power cord.
.712OHV'AC: Use a cabtire cable of nominal cross section

3 . area 8 mmZ or over.

240 V AC: Use the power cord which accompanies the

instrument. (3.5 mm? cabtire cable) ' o

3 ' o 120 V AC : 240V AC

}120\;‘. 0120V -0 " o 120:; 0"‘7‘120'\(..—..70 .
i C2 o3¢} 5) R AL O O O O
. RS 1 7799
i i
© Actzov  © % Acz240v ©
N ' Figure 2-4
,,ngi- A S Front
i lonp AC120V | ~|gNDp AC240V
—
- Figure 2-5




Front and Rea;;?anel

- 14 -

Figure 2-6.
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~2-3. Explanation of Front and Rear
Nomenclature and descriptlon of panel items

3 1. POWER switch: Serves as AC power switch. When this switch is

thrown to the upper position, the instrument

power is turned on add the power indicator 1am§

lights.

Note: When any one of the internal protectors
§9y§rvoltage protector, letage detector,
current detector, and temperature detector)
3 e e LT e . has tripped, -this switch is automatically
el Utyrpned off.  Once-it has beéen turned off,

it cannot be immediately turned on. Wait

" about 60 minutes before turning on the

3 switch again. Be sure to eliminate the
cause of switch trip before turning on

the switch again.

- 2. POWER indicator lamp: Indicates that the instrument power is
Lo on. S
E 'IZ.‘.‘..‘.':'_'.”.:":'.‘.“_.'.j_".“._‘:_‘_%":.‘":('-:'“' T".;' S Color: mber.-“-Type : OL—*39£} (12 V, REETEEY ; e
40 mA) | |
| | 3. CURRENT/VOLTAGE LIMIT switch: Push to set crossover point of C.C/C.V.

The ammeter indicates the set constant-current

value and the voltmeter indlicates the set constant-

voltage value.

4. Ammeter:- ' Monitors output current. JIS Class 2.5
5. Voltmeter: - - Monitors output voltage.- JIS Class 2.5 e
b I 6. Voltage setéing'knoﬁ: Adjusts output voltage for constant-
o5 7 voltage operation. 10-turn potenti~-
ANV o ométer. (See Figure 2~7.)
N o | I
& - 15 -




b
7.
3
WS
o
3
9.
3 |
10.
3 11.

Current setting knob: Adjusts output current for constant--

current operation. l-turn potentiometer.:
{The PAD16-100L and PAD20-80L have dual
knobs: —-outer one fo:.coarse adjustment
~ ‘and innér one for fine adjustment.)
e O S '
C.V (constant-voltage mode indicator lamp): Energizes in
constant-voltage mode, Color: green.

Type: 0L-394 (12 V, 40 mA)

C.C {constant—current mode indicator lamp): Energizes in

constant~current mode.  Color: red.

-, Type: OL-394 (12 V, 40 mA)

Voltmeter‘éaiibration'(RIOE): For periodic calibration of

voltmeter. {(See the section for maintenance.)

Ammeter calibration (R102): TFor periodic calibration of ammeter.

(See the section for maintenance.)

12, Voltage check terminal: To check _the output voltage on the

g s et

T ppod

T

'front'panel{ May be used to set accurately the _
.output voltage, using the tip connector supplied.

A O.l-ampere fuse is incorporated.

(Note)é When a guard cap (accessory) used, the potentiometer

is fixed or semi-fixed as shown under.

Break through K-mark
with a screwdriver......... .. .
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(13,

14.

15.
16.

17.

18.

19.

20.

Fan exhaust area: The air outlet of the cooling package.

OVPi(overvoltage protector): & 7
Setting the overvoltage protection voltage. At
the instant the output voltage has exceeded this
voltage due to erroneous operation, instrument
fallure or any other cause, the power switch is
cut offmin order to'arotect the load. (Refer to

the overvoltage'protection function of section

3-3.)

Voltmeter zero-adjustment : For zero-adjustment of voltmeter.

voltmeter.

Ammeter zero-adjustment : For zero-adjustment of ammeter.

)

Casters: -  For moving the instrument

Stopper: . For fixing the instrument. Turn the belt,
slightly raise the front caster, and fix the

stopper.

Hot air comasnput_of this hole. Do not obstruct.
Lest the air flow should be impeded, keep the

hele apart from the wall by 30 cm or more. -

Terminal block: Terminals for remote control, parallel

operation, etc. (Refer to the section for

applications.)

Output terminal: Provides the output. Terminal section M1O.

-7 -
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21. Sensing terminal:

o When operated in the constant—voltage mode,
this terminal provides the signal for regulat-

ing the output.

o Wnen operated in-the remote sensing mode,
disconnect the jupper from between output
terminal and sensing terminal, and connect
the sensing signal wires to :he‘load point
vhere the Qoltage is to be regulated. (Refer

to the section for applications.)

© Do not connect any locad to the sensing

- 22. . GWD terminal: ‘Be sure to connect this terminal to a good

eartn ground.

§ 23. Input voltage markplate: Indicates the input voltage require-

ments.

24, Input termlnal board: - For 1nput pover connection. -For 240 V AC.
1 power,.use the power cord supplled accompanylng
 the instrument. For 120 v AC use a cabtire

cable the conductox wire size of whlch is czoss_

section area 8 mmZ or over.

R

R 25. Output voltage offset control (V.0s):

For adjustment of output voltage when the voltzge setting
knob is turned to the counterclockwise extreme position
or for ad;ustment ef input offset voltage when in remote

0
0
control with voltage 51gnal
) .
TN

26. Output current offsetjconcrol (I.os): o e

For adjustment of output current when the current sertting

b

knob is turned to the counterclockwise extreme position
or for adjustment of input offset voltage when in remote

control with voltage signal.

- 18 ~




2~4. Constant-voltage Operation

Check first that the AC line voltage is 240 V (120 V) +10% AC.

Then, proceed as follows:

—

(1) Turn the current setting knob to the extremely counterclock~" "

wise position. - 3

(2) Turn on the input power switch. The C.C. lamp (red LED)

- will light indicating that the instrument power is on.

(3) Keeping,dapressed the current/voltage limit switch, set
- tHe‘ou:put voltage at the required value with the voltage

! setting;knob By thzs procedure setting of the output
o ' " ’_.:Yvoltage is complete (At this stage, the output power is

‘not delivered to the output terminals yet.)

o T e (4) " Gradually turn clockwise the current setting knob to the
point where the C.V. lamp (green) lights and the output

power is dellvered to the output terminals.
Setting of current limit

(5)‘!%;é9iﬁéjdépf§sséd the_qur:eé&{yoicége-limit switch, set - -
o e - -~ the reguired constant currenf.value.with the current setring ... .-
knob. Once this setting is dome, no ocutput current larger
. than the set value flows even when the load is rapidly
“ "EEQQEEEM‘ (The load is protecteé—%;mautomatlcally changing L
the instrument operation from the constant-vwoltage mode

to the constant-current mode. This function is called

crossover .)

7S 8 80

~Notes: 1. Pay a;tentiqn_uhgn setting the 0.V.P, voltage:.

At the instant the 0.V.P. circuit operates,

the input power switch is cut off. Set the
0.V.P. voltage with an allowance of approximately
10%.
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2-5,

(1)

(2)

_ turn'dnuih&{cating”that'the_power supply is in the operating

(4)

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

Note: 2. When the load resistance is unpredictable or
it is predicted to vary largely or when it has
a large inductance and rapid voltage application
is undesirable, gradually increase the output
current by increasing the output voltage or
by gradually turning the current setting knob
from the counterclochbwise position in the

clockwise direction.

Constant-current Operation

Make sure that the AC line voltage is 240 V (120 V) +10%.

Then, connect the input power. . Lo

Turn ot thé input power switch. The C.V. or C.C. lamp will

state.

current”at thé Tequired value with theé constant-current knob
and, at the same time, set the voltage limit value with the
_constant-voltage knob. Once this setting is done, the load

1s protected agaihst.overvoltaga.

Tufﬁ'ﬁff_ihé”input'pouer'éwiiﬁhfifCBh%é§§ thé load_tb the

output terminals of the power supply and, then, turn on the

_input power switch.

Notes: 1. If the load has a large inductance and it is undesirable

. ....to.apply rapidly a large. current, set theigurreﬁt
~ "setting knob in the extremely counterclockwise position
~—om—andy--then, turn on-the power-switch and gradually I

increase the current.

% 2. 1If the cﬁrrentlvoltagellimiﬁ switch is depressed when

" in the constant~current mode, the output current is
reduced by approximatery 2 mA from the preset value.

Pay attention if the load is of such nature that this

2 mh change is critical.
- 20 -
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 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

~electronic equipment, these instruments are required to include

features of fast response, high reliability, high efficiency,
high power factor, compactmess, light weight, and economical
price. Various types of power supplies are available on the

market today.» When selecting }eéulated DC power supplies, in

- -addition ﬁo.satisfying the required performances, special atten-

tion must be paid to some particular requirements which are
slightly different from those required by other types of elec-

tronic equipment which handle electronic signals.

_The;éﬁévé 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,

1;damage'to the power supply -equipment and expensive load equipment,

hi'of"tojé fire in an extreme case. As. the power supply provides

therbése for ﬁhe“entire electric and electronic circuits ofrthé"

system to which it supplies the power, its reliability is very

~i{mportant, - Protective features, which prevent serious damage N

then the power supplysheuld fail, are important factors to be

taken into consideration when selecting a power supply.

-1 Yhe PAD L Regulated Power Supplies have been designed fully taklng

the above matters into consideratiun, as instruments of very high

'jkreliayility. They employ premium quality components, with suffi—

~ cient derating. They are incorporated with protector which

lead them to "the safer side" should they fail. Individual

protectors are explained in this section.
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é;ﬁl:-txgleﬁatieh of Protective Circuits

(1 Overvoltage protector‘

’ . A limiting voltage can be set from the instrument front
panel. If the output voltage exceeGS'chezpreset voltage,
the input power switch is cut off. The operation time is

approximately 50 msec.

{2} Voltage detection cilrcuit:

When the rated voltage of the electrolytic filter capacitor
- 1s exceeded due to such erroneous operation as disconnected
jumper of the terminal block on the rear panel or due to a
failure of the rectifier circuit the input power switch is
instantaneously cut off.
). Currep;“detection circuit:
Whefiin spch'erroneous operationras.that the jumper of the
tefmieal block of the rear panel is inadvertently left dis- '~
connected or when the currene limiting circuit has failled,
) “'the ‘control transistors are cut off and at the same time
B “the -input power switch is cut off or the current is limited
":T?L"'f ' at approximately 120% of the rated current..

(4) Temperature detection circuit:

Detects temperature-of-the—cooling -package (semiconductor . .. .. ... .

cooling unit). When temperature of the cooling fins have
e - —become -higher than-approximately.100°C due to ambient .. .. .. . _ .

_temperature rise or cooling fan failure, the input power  —

ernairam e e et e eamiy v e "SWitCh iS cut Off- : . ) ] ‘ e , . .. o

(5) High—speed overvoitage protector (option) ’ l-< .mT¢,..w¢iﬁ

'When the output voltage has exceeded the preset voltage

due to erroneous Operation or an external pulse voltage,

- 22 -
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cut off.

a thyristor circuit connected between the output términals
instantaneously conducts to short-circuit the output and, -
~at ‘the same time, the input'power switch is instantaneously
The operation time is selectable from a range of

several wmicroseconds to'severalwhundreds microseconds.

Model PAD- 16~100L } 20-80L | 35~50L 35-60L
OVP type ove ove ove ove
16-100LN | 35-100LN} 35-60LN | 35-60LN
Model PAD-| 55-35L| 110-20L 250-8L
QOVP type ovp OvVP QVP
B 55-35LN 110-20LNK 250-8LN
- Tsble 3-1

G

o

(6) . Power fuse: -

Limits the input current.
(77 Output fuse:
-~ Limits the output current - —
Both fuses are current limiting type of fuses meeting the
requirements of JIS and model-approved by the Electrical
Appliance Control Ordinance. The fuses employ a ceramic

insulation tube"aﬁéﬁﬁilica?sand'arc killer, and are free

of flawe when blown out. _
“3X3.7 Operation Method of Overvoltage Protector (OVP) -
.. .Setting procedure ..
Turn the OVP potentiometer to the extreme glcckwisemposicionw--un

o

with a screwdriver.

T7U(2)  Set the output voltage at the réquired operating point-of the

L OVP.

.23 -
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_f3j Cré&uélly turn counterclockwise the OVP ﬁotentiémeter to the -

- point where the input power switch is cut off.

. (4) Lower the output voltage and turn on the input power again

3 S o "~ and check’énce more the oﬁé%étiﬁg:ﬁbint'of'thé OVP circuit

before using the power supply for its load. (Once the OVP .- .. ... ..
circuit has tripped;wihe"input powertswitch can not be turmed

on again until & period of sereral seconds elapses.)

% mﬁ%‘”& A W
ER SN $ 54 :




s

4-1.

SECTION 4. APPLICATIONS

Remote Sensing

Voltage-drop'causedjby the load connection wire resistance and

"~ ‘contact resistance can be compensated for.

L}
1. Turn off the input power switch.

2. Disconnect the jumper wires from between +§ and (:kerminals-'

and between -§ and C)terminals on the instrument rear panel.

3. Connect the 4§ and -S wires to the point where the output
- voltage drop is required to be compensated for. . (Use a .
 shielded cable in order to prevent induction of ripple
voltage. Connect the external shielding wire to the (:) line

of the outpﬁtﬁ}'r

LoaD| ‘=%

Cl, C2: 100pF, 16W

Figure 4-1

~ Notes: 1. By this reémote 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 0.3 V, the maximum rated voltage
is reduced by the corresponding amount. o




v " 2. If the load connectlon cable is longer than 3 - 5

o mmeters, phase shift Caused by inductance and capaci-
tance of the cable wires becomes noticeable and

the circuit may oscillate. 1In such a case, connect
oL T ‘ _w_capacitors Cl and C2 and connect an electrolytic
T o capacitor of several hundred microfarads in parallel

with the load as 'shown iniFigure 4-1.

5
3 i
4-2. OQutput Voltage Control with an External Voltage or Resistance
g, "0 Contrel with-an external resistance - I
R 1. Turn off'tﬁe input poweé switch. {(Be sure to.turn_off the

input power switch whenever connecting or disconnecting
3y . LT wires of the réar terminals.)
3 . L .

" 7Tw7 .- 2.. Disconnect the jumper from between terminal () and (:){_
3. Connect a 100-ohm 1 potentiometer and another potentiometer (R1)

between terminals. (:) and (:) L
¥
P © . 4. Set Rl at zero and so adjust the 100-ohm potentiometer that C

the output voltage becomes zero. :
L
y N -

vody




Output voltage Eo g_m§£§%;g;m (V]
Where, 10;3 R1 [k]
Emax: Rated output voltage [V]

*Note 1: Use a 2-core éhieldedm;éble or a pair of stranded
wires. . Comnect the shidld wire to the "+" output

terminal.

o Application

0 By using a fixed resistor and a potentiometer, the voltage .. .. .
can be varied by plus or minus several percent of the set
voltages '

0 Resolution of ;he 6ﬁfput voltage depends on resistor RI.
Therefore, required resolution can be obtained by using an

- appropriate.value of potentiometer for R1. _ . . S

o A programmed voltage can be obtained by varying the resistance
 with switch.setting. ”(For this purpose,muse switches of a.
closed circuit type or continuous type which do not cause

momentary open circuit.)

o Control with an external resistance - 11

(This method is a fail-safe method free from overshoots even

when resistors are switched.)

1. Turn off ﬁﬁé;iﬁput power switch.

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

‘3. Connect the resistor (potentiometer R2) between terminals - L

| ) and ().,




-
S I [
“ Figure 4-3 *Note 1 R2
3 - LT o b ; .
3 e ~ Eo T r S Eref [V]
Eo: Qutput voltage i
) 7 - Eref: Reference voltage, 0 to 10V
% R2: 0 < R2 < = (infinitive)
3 ' .
o a, b: Constants (depend on model)
: The output voltage:{Eo)%ié_inversely proportional to the
3 resistance (RZ) as-shown below. - Therefore, when the circuit
3 has becoée open due to switching of resistors or a failure,
'the resistance becomes infinity and the output 1s reduced
to zero. s
B : -
3 PAD - 16-100L 20-80L 35-50L 35-60L
a (k] 3.3 3.0 3.4 3.4
b (kO] 5.2 6.0 12 12
¥
3 PAD - 55~35L 110-20L 250-8L
- a [k ] - 5.5 G.8 9.9
" b {kQ] 30 108 248
by,
X o Tableddd
'
(Eo) A -
- Ee max
_ _ ~ Output
} . i voltage T
%CL: e mie e At e et s o+ v e EO %_‘ P T
'5.: N e e L TITET e e o Se t by
g w7 panel knob -
;L“ . 0N {R2) Resistance —p
™

Figure 4-4




D S o- Output voltage Eo can be calculated from R2 and Eref, using the

above equation. Eref cén be-sec by means of the voltage setting

knob on the front panel. (When the knob on the front panel is

By - to be-made ineffective, d;sconnect the shorting bar from between

2 = - ~terminals (:) and (:)'Qnd connect & 10-kD resistor of good tem-
perature coefficient between terminals g)'and (:) &5 when in

"control with resistance - I1.")

The primary objective of this mode of operation is to attainm

3 o

such a fail-gsafe feature that the output voltage drops when the
_ output circuit is inadvertently made open. A disadvantage of
- ﬁhis mode of -operaticdn- is that a high resistor is required
3 .. when programmiyg for operation at low voltages. In general, . o
" — a botentiometef;oﬁ 0 = 200 k) or thereabout is used.

(Wheniusing a higﬁ resistor, pay attention to ité temperature
coefficient and noise property.)

3 = L - :

¢ Contrel with an-external voltage e - e

1. Turn “off the input power switch.

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

3. Apply an external control voltage between terminals (:) and
. . €3§ (Pay attention to the polarity.)
_ The terminal for the common line of the control voltage
4 e signal-is () .- -The external control. voltage signal
must be of an iso!ated type. Note that the power supply
may pg”damageq;iﬁupbe concrbl vo}taggms}gnai is not of an .

jsolated type. When the output is controlled for both

g“gg'" T constant—current- and constant-voltage-simultaneously, the R T—
5 . respective control voltage .signals must be of an isolated

e - type because the common lines of the two-control circuits e
.§l\_ a?e nqﬁ';dhnected'ip'¢ommoﬁ;

b , :

* The instrument may be damaged if there is a wrong connection
or an abnormally large voltage is applied. Check for them

once more before turning on the instrument power.

- 29 -



B A o o | .
‘ . @--@(52)6.5)( ONONONT
3 P ——— R b :
) Bi ; *Note 2

o ‘“Figurg hes

3
Output voltage Eo = _EE%%LEE_ vl
- o 77 VWhere, 0 SEi <11V
3 o Eo: Qutput voltage [V]
cwowee S0 Ei:. Input control voltage [V]
. Emax: Maximum rated voltage [V]
_ © . @ Notes: “1. ‘Make sure that the output veltage does
B .
- : e e ~ - not exceed the maximum rated voltage.
T 'Before this Operation, set the OVP circuit-
T : T . in -order to guard against overvoltage.- e
3 - - _ 3. Keep the input control voltage within a
range of 0Vito 11 V,
4, The input fésiéiahce‘between ierminalsl(:)”
. . and +5 is 3 to. 10 Kk
5. Noise included in ‘the input control voltage

is amplified and reflected on the output
SR voltage. Sufficiently reduce the moise " 7777 "

component of the input control voltage.

) , T S e . U
*Note 2:  Use g 2-core shieldedwcabie or a pair of stranded

wires. Connect the-shield wire to the‘"+"-outﬁdtfﬂﬂ:mfh

. " terminal.
) -
=Y
D
o
A
. - 30 -
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o There is an offset voltage between the input control voltage and

- - the output voltage as shown below.
.uv,} : T R
) f
. _% Offser )
£ | svoltage
¢/
‘ 4 - - -
% u
3 Z
L
=
[}
0
/// Input control —

T ' voltage

The input offset voltage can be adjusted with the ocutput voltage

offser control.

T e

TR

¥ &85
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i 4=-3, On-off Control of Output - -
A. For voltage preset with voltage limit switch vhen output is off
N 1. Turn off the‘inpuﬁ power switch.
2. Connect an external switch between xerminals-(:)fand (:).
3. Turn on the input power suitch If the external switeh is
3 turned on, the output becomes almost zero. If it is turned

off, the output power is delivered.

s ®® 0

)

T Note 1| { EXTERNAL SWITCH

3
- - . Figure 4-6
“ Note: Wher the output is in the'rff”ﬁt&tel”thé“bufabt'voﬁtage
}.. of less than 0.6 V In the reverse polarity may be produced
) 'and a current of approximateiy 10 mA may flou dependlng '_m;“:f
on the- type of the power: supply.——lf such remalnlng voltage
is not allowable, use method B exp111ned in the subsequent
y - paragraph.. When the output is off tpgmpurrent limit
switch cannot be used. o
B. To make the-outpuf voltage accurately zero-velts:
1. Turn“offﬁthempgwﬁtﬁswitcht‘MAM e
2. Comnect an external switeh and a 100~ohm potent}cmeter.
berween terminals @ and- @ T T
3 1. Turn on the input power swltch. Next. turn on the external

switch.




Vf - 4. Adjust the output voltage to zerc volts with the potentiometer.
- 5. 1f the external switch is turned om, the output voltage
becomes zero; if it is turned off, the output power is
. - . delivered.. '
3 .
& & © 4 5
| e
wwwwwww | b
! _ { EXTERNAL SWITCH
i - ‘1000
3 : . -
,3 BT . . e e e L - e B -
R R e Figure 4-7

Note: When the output is off, the voltage limit switch cannot

LT e uged L

44, OdgﬁﬁE'Current Control with an External Voltage or Resistance

o) Control with an external resistance

b
; S L B :
. 1. _Turn off the input power switch." (Be sure to turn off the
N - power switch whenever connecting or - disconnecting wires of .  f‘“m Qi,f
_ - the rear terminals.) o I
b e e - : . e ‘ .
oo i s o Qe--Disconnect the jumper-frOmmbetueen terminals (:) and (:) - "
3. Connect R2 and R3 potentiometers between terminals (:) and C)
. 2 Ad;ust the 10-chm potentiometer so'that the output current = .. C

becomes Zero. when R2 is zero,_“m“ﬁA_w"mw‘w_
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*Note 1 R3
R2

RZ-lomax [A) %

Output current lo n

*Note 2

Where, R2 < A ]f]
Rated output current [A]

Figure 4-8

Jomax:
R3 : Aprrox. 10 - 301
Model PAD~ 16=-100L | 20-80L 35-50L 35~-60L
A 550 550 1000 1000
Model PAD-) 55-35L 110-20L 250-8L
A 1000 1000 1000
e = Table 4-2
e *Note 1 Use a 2?-core shielded cable. Connect-the shield wire -
| to the 4 bu:put~£ rminal '
“*Note"2¢~—L1nearityubetveéh”RZ-and'Ibiis approximately 5%, - - -

o Control with an external voltage

RS T Turn off the pouer SWltCh

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

o 3:V Throw sultch SW1l on PCE A- 200 board to the upper pos1t1on,”,

“Figure 6-1.

-—as- shown in- Figure 4-10+-For leocation of the PCB, see—

““Connect electrolytic capacitor between terminals (:) and (:).'“"'"

5. Apply the external control voltage between terminals (:) and (:).

The potential of control common terminal (:) is alomost identical

with that of output terminal (:).

signal must be of an 1solated type.

The external control voltage




C @éxwéééé@@

P 7':_.'{1:1:: C2> 10 pF
_ .
- - - - ‘i.
Figure 4-9
b _
Iout = Ein [a)
R
- Where, Ein [V] £ Einmax
3 " ... lout: Output current
Ein: Input current
R: Detecting resistor

Einmax: Maximum input voltage

3 -
Hodel PAD- 16-100L 20-8CL 35-50L 35-60L
R [Q)-~ | 0.003 0.003 0.01 0.0083
Einmax [mV] 330 265 550 550
b N - = BT R "
: Hodel PAD- 55-35L | - o 110-20L 250-8L |-
CRO(R)- 0:033 - |- 0.05 0.1 E
o e e { EBinmax-mv]) |- 1270 - - - 1100 ' 880.. ‘
Y Table 4-3
~ Notes: 1. Make éufem;hafufﬁéug;£§ﬁé current does mot
exceed the maximum rated current.
2. The inéhf ﬁéléaéémtgkférnél control voltage) must
- e oo be within a range of O V to the maximum input |
A,: . ' e 1 e e o 4 8 e = e ah1e 1 ren Vol tage . ..M £ e S LA e i < e
t K B e v a s ae P N . . S et e b -- Lo
,;:.'m e EESILES S i s b 3, Noise -ineluded in -the’ input voltage is amplified
:f? ' . and reflected on the output voltage. Sufficiently
s reduce the noise component of the input signal.
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L. Be sure to throw switch SWl to the original state

N . X
3 " 7 (lower position) after the operation in the remote

control mode is over.
} .. e e _.u,ﬂ, L - S“’l— e

i fpm—y o o Y
= —
b :
3 .
Figure 4-10

3 ; . o There 15 an offset voltage between the input control voltage

and the cutput current as shown below.

_ "2’ : B ..o IFor pa:z."tic_?l_ar applications which
} - E 3 < . do not tolerate this offset
5. voltage, adjust it with the
:%. . “output current offset c_qntr}c‘}‘]:.
»
; 2 e - e
% .0 o Input control ' S T
. — \L- voltage - - Wit S e e e
. _ Offset vol‘cage‘,_j__j,;.mw_mW,h,_‘,_j_‘f_,__ . ) . .
3 . _4-7-5.7 One control Parallel d];;r_;ation “_
3 ) One master unit anid an)rr-nuﬁﬁ.)er:{')f slave units can be operated
3 ;beoieow . in parallel to increase the current capacity, con;ro}_led by‘
;Q - one unit (master unit) for operation. )
:3\ w1 Turn of f_the input pover switeh., - e e £ e
i ‘Dlsconnect the Jumper from between terminals (0) and (D of i
) 'each slave wnit. . |
|

3. Connect terminal @ of the master unit to terminals @ of

all slave umnits.

4. Connect parallel the output terninals of al'l units, for

each polarity.-

LA TTFYC
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 L1=L2=L3
C1f L1>2m,
LOS2m

51@5%;1@0@0

)@ @.@.

@56@5%63@0@0

5
@}
ﬁ.\——-’

Master
unltr

Slave
unit 1

LOAD

Slave
unit 2

—O O

GND

L1

— Nagative ground

T e ~ +-+ Positive ground

_Set the constantwvolCage setting knobs of all slave

units fo maximum position. U Of the-master unit,
the green lamp lights to indicate the constant-
voltage mode' of ‘the slave units, the red 1amps

Jlight to indicate the constant current mode.

'Figuré 4“11

5. For one«control parallel_opgrgpiqn,ﬁcopnegt the GNP terminals

as shown in Figure b 11. o I

‘6. For one contr01 parallel operation with remote sensing, discon-
nect the,jumpenhwires;from between +5 and + terminals and -5
and - terminals of the master unit, and make required connec-

tions for the master-unit as explained.in . 4-1 'remote sensign'.

Note: Set the constantwvoltage setting knobs of the slave units

to the maximum position., For the wire gauges for the

required currents, see Table 2-1.,
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A

One-control Series Oﬁération

One master unit and any number of slave units can be operated
in series to obtain a higher output voltage (up to 250 V),
controlled by_ongwuniﬁ_(mastér unit) for operation. .. ) .
1. Turn off the ‘input power switch’ A -
2. Disconnect the jﬁﬁper from between terminals (:)'and (:)
of each slave unit,
3. Conﬁect externél resistors as shown in Figure 4-12.
: 4. Connectithe3fearl$utput terminal as shown in Figure 4-13.
S.H‘Set the current settlng knobs of all slave unit to
maximum positxon.'
Haster'
mt@gg@é%eo@o@o e
: . ”_-.. . vw
-Blave
'uml@@é—&)é OO 6. :
N : , .._-_—“::{Jv 7 ,:;,"

sig QO @ &5 <5 @@ 00

Figure 4-12.  Rear terminal connections




oy

.3 -
MASTER UNIT !
~ -
B T . -
<o . " SLAVE UNIT 1 ' G\DO “ #%E2 ¢ ] roap
i
W i | O -
S ) -
3 T
i - e e |
SLAVE UNIT 2 © "7 GND <--> Positive ground
_} «—3» Negative ground
Figure 4-13.  Output terminal connections
e T e R S s
;
Resistance Calculation fﬁrrﬁxtefhal“Résiétor Rl'(RZ)
s = : x
} R o <,
where, R1 > 0[k0] - - - S
) l'IV}ifWHaster instrument output voltage
H

Output voltage of slave instrument 1 when master ..

1nstrument output voltage is El

“Constants of sléve 1nstrument 1. (See Table 4~3.)

condition of range for EZ

ey

operates as the master instrument and slave instrument 2 operates

as slave instrument 1.




o’

e

16-100L 20-80L | 35-50L 15-60L
5.2 6 12 12

B[kQ] - oo 3.3 3 3.4 3.4
PAD 55~35L 110-201 250-8L

ALK] 30 1 108 7 248
B[ k] - 5.5 9.8 9.9

— - - :
Table 4~4

Notes: o Make the maximum voltage when in series operation not

greater than the allowable voltage of the instruments

with respect to the ground.

o Set to maximum the constant-current setting knob of
" the slave instruments.
o For external resistor Rl (R2}, use one with a sufficient

wattage allowance. Use a resistor of good temperature

"coefficient and aging characteristics.

o The actual value of Rl may be slightly different from

.~ of Rl (R2).
Applicationsflf ~ ) " 7
"*- 1.  For one-control series operation with remote sensing, - --

~ disconnect the jumper wires from the "+5™*~ -" terminals =

““of the master inétruméntréhéjthE'"—S’f4;+"_terminﬁls of <

- slave instrument 2 (the last-instrument), and connect the- -
sensing;wirés te these terminals. ~ (Refer to the sections-- 7

for remote sensing.} : S e

"2." One-conttol series operatidn with other models of this series - -
of instruments also can be donme...In siuch case,.the outpqé_mmf'
current -is limited by the model of the smallesh.current‘.w
rating énd, tﬁerefore,'it is recommended ﬁo use as the
master instrument the one the current rating of which is

the smallest.
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4-7. Constant-current Charge/Discharge of Battery or Capacitor

o Charge (constant current) ST e

. .. .. POWER ml“ -

SUPPLY. T

DIODE
o”o— Py e = = -
- — + - '*
oL - "ot CAPACITOR
e
i

BATTERY Figure 4-14"

1. Keeping depreéséd'fhe current/voltage limit switch, set the

charge end voltage with the constant voltage setting knob

and the charge current with the constant-current setting knob.

~2.,'Close switdh S so that. the-charging operation starts. When

the charge end voltage s reached the charging operation

stops automatlcally. (The power supply employs a poten:iometer

burn pt@;ec;%pq_ci;guit.)

Notes:

”3.

Connect the baitery in the same polarity with the

power supply. (If 1t is connected in the reverse

_polarity, the power supply may be damaged.)

If the output voltagéléf ﬁower supply is lower than

““the battery voltage of if the power. switch is off,

a current of aeveral‘huhdredstmilliamﬁeres flows

from the battery into the power supply. If this
current is not allowable, connect a diode in series

with the battery as shown in Figure 4-14.

When the PAD16~ lOOL or 20 80L is connected to

a battery, the.current.may.flow . into the instrument. .. .. _. .. .

" in the-reverse direction. "Thisg, however, is only ™~

for a very short perisd and causes no problems.
{This current does not flow if the instrument is
set at a voltage the same with the battery voltage

and then the instrument is connected to the battery.)

- 40 -




3, . o )DischargeTﬂgonstant_cprren;) 7 -
. N
ogo—(&)
»{ ’ _POWER_ _i*
o C e oSUPRLY Tae - -
i i
) - AV
.. R
} Figure 4-15
- Resistaﬁée of R: R ;.’E[V]
1[A}
}' - A S SRR
' Power consumption by R: P = IZR [W].

where, "E: Terminal voltage of battery or capacitor when

e starting discharge
R: Discharge resistor
I Diéchééée'current {constant curreni)

D: Reverse current blocking dicde

~- - 1.- Set the output voltage-of--the powerméupplyﬁwith the constant- f:i ff““f

-

_voltage setting knob tb"a_voltage higher by several volts than.

“the terminal vdltagefof thembattery-or capacitor which is to oo

_Mbe;aiséhafged. {Once this setting-is done, constant-current - - - -

"w?dischéfée'is d6he‘ﬁnfilfthe voltage of the battery or capacitor

urrent/voltage limit switch, set the

the constant-current setting knob,




}
= 4. Close switch S. Constant~current discharge operation will
" start, ' T
Notes: 1. To stop discharge, open switch 5. (Even when the
N - - ' N input power switch of the power supply is cut ofF,
- T _,m the discharge” current flows through the diode which-
. is connected in parallel with the output circuit of
the power supply.)
) _ ) 2. Be sure to connect the discharge load resistor (R).

(If the battery or capacitor is directly connected,

the power supply may. be damaged.)

3. Be sure to connect the reverse current blocklng diode.

48, Reﬁxote Turning Off of The Power Switch

o '{‘o _turn off the power sw:Ltc:h short circuit between teminals @

and . on the rear terminal board . S

Note: As terminals @ and . are at the potential of the "+"

» terminal’ af the filter capacitor, a floated (isolated)
DT omITTmaaT o oemn e external contact szgnal is required for the remote control
- - 51gnal - '
i - . - . . - -

e '@«--~-é>---- b0 006 @

Loo
EXTERNAL CONTACT

.'%i“gare. 4-16




SECTION 5. THEORY OF OPERATION

§5-1. Description of Pre-regulation Circuit

Yy . - Before describing the operating principles of individual circuits
‘of the power suppiy, histofy of variable regulated DC power
supplies are very briefly introduced ih the following.

Figure 5~1 shows a series control
circuit. This circuit, as com-

ared with other types of control :
P P [‘- Vcs-"l -I-E»

B circuits, has a higher control —0
g l

H

- . accuracy and provides an output : :

of higher quality. The output KVtc -

voltage 1s yariable for a wide B ' : °
range. Therefore, this circuic
is widely used for varlable DC Figure 51
power supplies. This circuit, Series-controled power supply”
however, has a disadvantage
that, when the output power is
_ supplied to a load at a2 low
- _ | voltage, VcE increases and
' éonéedﬁehtly collector loss

Pe (P = VegXx Ig) 1ncr¢gséé

T”f:"k - and, therefore; rectifier wvol----

_ tage Vc is required to be varied:

‘with respect to*the'pﬁtput

ariz 1éiregﬁiaﬁéd;DC.power

_supp y %itEui#;Qitﬁ rélay

switching.




~output _variation. The PAC
‘Series Power“Suppiiés”emplofé
this system. This system pro- i

vides excellent power supplies

up . to approxlmately 200 watts,

[ Yy VCE —»

“For larger power supplies, ‘how--

ever, this relay system has such

disadvantages that mechanical

contacts have limited life and

require maintenance, a number
of relays are required to reduce Figure 5-3
7. the COllector’loés; and &0“534 Variable regulated DC power
' " quently the.relfability falls - - supply with SCRs L
" and the coSt‘riseé. “To solve . | - |
the problem, solid- state :

switching circuit has becoﬁe"”

?. SLTSIT 0 most eommona ST ST T V e - S -

Figure 5*375ﬁoﬁs_;herSCR system. K;P;

employed by'the.PAD;Sefiég Power

e’
Supplies. ThisJéyéﬁéﬁfprbvides : . EE .

a fast response and Vcp can be.

maiqtained‘almGSE.tonstant'by' T
phase control and, therefore, - ‘ Figure 5-4 I
Principle of PAD-L Series

it enables high—accuracy large~

rating variable power supplies.- Power: Supplies

Thus, a 1arge number of this type e

of power supplies have been manu-
factured by Kikusui. However, problems have risen regarding

” increase ofmripple current of the electrolytic capacitor as the . _ . . .

'tui“fis a capacitor input type, the surge current of = = - -

.SCRs and overheating due to copper loss of the transformer when L T

:the power factor has hecome ‘poor.



i

I o - The PAD-L Serjes Power Supplies have solved the above problems
: by using a choke-input type filter circuit,and are the most

reliable variable regulated DC power supplies available.

b o 5-2. 'coﬁt"m-iled;Re‘étifie_r'"Ci}cuig_‘an'd. ﬁlr:"er ,Ciw;_t__:urit, . e
v
T ' b= Vee -+
.
ST TR s LTI o ' “fT :'w‘ rectifier circuit
_N e e Figu el

o This,circﬁit rectifies the current with pﬁase»coﬁtrolled SCRs

and the collector—emitcer voltage of ‘the series control- tranbistor e

maintained constant to reduce the collector loss.

o'“Tﬁ%rfiltéfﬁéircu;t is a single-stage inversed—L'choRéfinput

'f -he -acci ier circuit is inductive iﬁ order to

It-also

1§Er}ti:cuit.




solves the problems of rlpple current of electrolytic filter

R capacitor ‘and overheating of the transformer,'and reduces the"
- rectified output ripples. The PAD-L Series Power Supplies also
employ a bridge rectifier circuit.
P77 .-5-30 Phasé Control Circuit -

!
i
}
|
!

3 - - . L
n g
3 Figure 5-6
-___Ww ”,W . This circuit is a. pulse phase modulator. which operates in S
synchronization with the AC line frequency “When the collector-
Fo

emitter voltage (Vpp) is large, the generated pulse signal is
for a wider conduction angle and, when the voltage is lower the

“signal 1is for a marrower conduction angle’ and;” thus, the circuit

'so controls SCRs that VCE becomes constant, -~ - - .0 : e




™ S
5~4. Constant-voltage Circuit
. O
} 2 N . S  J- 1 [ PSP
. prisg
5
O
Eref 1: Reference voltage 1
3 = -
e ' " Eref 2: Reference voltage 2
Ri: Input resistance
Rf: Feedback resistance
y o
. R - Figure 5-7
o ——— Output voltage-Eout can be expressed as follows (Al is an .. e
ideal amplif;er} .

Ri




ﬁw,;;fnLyi?;-'.d ©:+ . -.characteristics. . The resistors are.metal-film resistors and
. .. wound-wire resistors of excellent temperature coefficient and
aging characteriscics. Aﬁplifiers Al and A2 ewploy monolythic
- _ ICs which gnsure"high gain, wide band and 1ow drifr.

The major factors caused by Iine voltage variation are variation

of the operating point of. the error aﬁpllfier and variation of
the reference voltage due to dynamic resistance of the reference
3 o diode. To guard against these variations, a stabilized internal
auxiliary voltage source is used. Load variation (3Vo/3Io:
':%gmj . _output variation caused by output current variation) is affected
by output impedance (1nternal resistance} Zo. (See Figure 5~ 8 )

3 L _.=__' - '  3t¥4

Eo = E - loZo

) 1 LoaD-|-.
y ‘ '-IoZo =’ Load variation
' . “{* = component
I i , _i' - ]M_ - ”” g
Figure 5-8

SIS Denot1ng by A the open loop gain attalned by error amplifler A2

and power . transcor Q, output impedance Zo can be expressed as

e ” follows: . _ ..

_ RY . I
" Rf + Ri

B =

Ro: Output impedance of the circuit when CTIm
no error amplifier is connected
Thé-above‘equatioh'indicates that the output impcedance is

improved to 1/(1+AB)'by connecting amplifier A2 and effecting

a feedback circuit. -




5.5, Constant-current Circuit

5 . T 7
fd
I
.i /-.
wd /s
Eref ™5 ’
Jfout s
P
3 .
P
rd
/
4
R2 '
) _
] _ Figure 5-10
Figure 5-9
Eref:- Reference voltage for constant current
3_4 _ . - R2: . mOutput currént control potentlometer
R3:  Output current detection resistor
Aoﬁtpuﬁ current Tout can béﬂéipfgssgﬁ as follows (AlféSshmes
y .. an ideal amplifier): i
R2
lout = w5y + Ry - - Eref

”:This equation indicates that the output current depends on
‘E:ef“ Rl RZ and 3.

Of this power_supply, the ocutput current

moient_temperature change aging, and load

Error amplifieruﬁl must be a- high galn wide-band



O0f the constant-current circuit, the larger the output impedance - .
(Zout), the smaller is the load variation (3I0/3Ve: output
current variation caused b& output voltage variation). (See

Figure 5-11).

N ; -':”i R , k
CONSTANTTI ‘ ! t " '

CURRENT | If@ 3Z0 | Eo LOAD

CIRCUIT | Iy o

v o T where, Il =,£9{Zo“§ Load current varlation component

Figure.ﬁ—ll

Denoting by gm the mutual conductance attained by erro amplifier

A2 and ﬁoﬁér transistor Q,naﬁtﬁut impedandé 2o can be written as

- : -rfollows: m;':-.__m - .- N - . . .,w_.u.:_,, 7.—7.:‘— o ~ -— .._?.._._...:,..: ) Rl TR P p— -.-lw—------—

st Zo = (14 gmR3) Ro - o : o

In“phisuéQQatioh; Ro is the output impedance of the circuit '

- before-connecting the error amplifier. This equation indicates . .. .

“ that the output impedance Is improved by (1 + gm R3) times by

.connecting amplifier A2 and providing negative feedback.




Ny T i“ - 5-6A. ~Differences. from Ideal -Constant-voltage Supply .
D E: Ideal constant-voltage
L - i} — ™ 1 ° _ supply
}ﬂ  ﬁ.:'ﬂ  "; 4 ”' "   E'}é' 'ii a ' r:cfﬁ;i ~'D:’ Ideal diode .
B 1 B: Internal bleeder circuit
C: Capacitor

Figure 5-12. Equivalent circuit of series-controlled

constant-voltage DC power Supply

3 . o Cannot sink?éﬁrrent:

Figure 5-12 shows an equivalent circuit of a series-controlled
qpnstaht—voltage power supply of the type used for this and |
other power supplies..An ideal diode is ~connected in series.

This type of power supply is for a load of such type that it
simply drains the current.and does_not send back the current. o ';
“For such load as a'battgry‘which“sends'back a current, however -

this power supply cannot sink such current.

This problem can be solved by using a parallel-controlled -

Poio...power supply or one which'hasﬂamhiupolarity output. Such power;

supplies, however, will~ provide less- efficiency and high cost

?!. R  for ‘the same pover.

when the reverse current.is

than the maximum reverse current.y

to reduce the reverse current.




b Tad

5-

6B.

iDifferen;g_from Ideal_Constant—current Power Sﬁﬁgiy_

- log

Gdtput
impedance _
Figure 5-13

Frequency vs output

e =3 [ Hz ] © iImpedance characteristics _

Output impedance is not infinity, with certain frequency charac-

teristics:

" Figure 5-13 shows that the cutput impedance (internal resistance)

of this power supply increases as the frequency increases. This

Tk

iis because the gain-of the loop including the error ampllfier

decreases. Better freguency characteristics, as well as DC
output impedance characteristics such as for lead variation,

are  a ‘desirable feature for the power supply.

This feature hust be such that not only the high gain region of

the error amplifier is extended toa ‘higher frequency range but

also the phase characteristics are correct.

A shorter transient response time means better frequency charac-

' teristics of Output impedance. Transient response ‘time is an '

index for evaluation at the time range and output--impedance is

that at the frequency range.

Figure 5-14




A

- Fipure 5-14 shows an equivalent circuit of this power supply
. S operating as a constant-current source. A& capacitor is connected

in parallel with an ideal power supply.

o e '“"“There;ithijrbbieM“ﬁhengthé“load isuresistive.j However, 1f the

load 1is of such naturé'tﬁéfﬂi£ vafi§é répidly, pay attention to
‘the fact that the output voltage also varies rapidly and the
- - s charge/discharge‘current of the capacitor is superimposed on the

3 cutput current.
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SECTION 6. MAINTENANCE

6-1. Inspection and Adjustment

o : Periodically inspect and adjust the power supply so that it

-

P " ¥a%9mainta1ns its initial performance for a long time. . . 'A.‘-__M;};;rﬂwqé
6-1-1.  Removing Dust and Dirt v

6~1-2. Inspecting the Power Cord and Plug

¥ ; .
J 6-1-3. Calibrating the Voltmeter
. _ 6-1-4. Calibrating the Ammeter
; 6-1-5.. Calibrating the Current/Voltage Limit Switch
¥ " ' -
6-1-6. Adjusting the Maximum Variable Constant~voltage Range
6-1-7. Adjusting the Maximum Variable Constant-current Range
% 6~1~1. - Removing Dust and Dirt
_ When the instrument panel has become dirty, lightly wipe it with
--a~cloth-moistened with diluted-neutral-soapsuds or alcohol.....-
¥ and, then, wipe it with a dry cloth. Do not use benzine or’ - R
} ' : . ;
' -thlnner. -Blow away dust collected inside the instrument . ... .. oo
“and 'in the ventilation holes of the casing, using a compressed
air or a vacuum cleaner.
L 6—1—2.- Inspecting the Power Cord and Plug o - S

et

quibra;ipg?thé?VQiﬂméfetf




b \ <~ . - with R101 at the right-hand section on the front panel.

(See the panel illustration on page 14.)

6-1-4. Calibrating the Ammeter

" _Connect an external ammeter of an accuracy of 0.5% or'’
-better in the output circuit, set the output current.at
the value indicated on Table 6-1, and calibrate the instru-

ment ammeter with R102 at the right-hand section on the

front panel. (See the panel illustration on page 14.)
- 6-1-5. " Calibrating the Current/Voltage Limit Switch
%_” o ' m¢;m-;“:§ Calib¥ation of limit current -

Set the Qﬁiput current at the value indicated on
Table 6-1. Press the current/voltage limit switch

and so adjust R253 that the ammeter indicates the set

s W

" current value.

o Calibration of i"imi:"'{r'o'itaigéf'_:;:_j_f_,

o i

.“Set the output voltage at the value indicating on Table.. ...~ .. "I .
- 6-1. Press the Currentfvoltage limit switch and so L

.adjust R209 that the voltmeter reads the set voltage

 va1ue. (See Table 6 1 ) R

]

6~1-6, Adjustment of Maximum Variable Constant-voltage Range .. . . .. ..
Connect to the output terminals an-external voltmeter of
an accuracy of 0.5 or better, set the constant-voltage

' S 'setcing knob in the maximum.stition (extremely clockwise -

- : ) position), and so adjust R220-on PCB A-200 that the instru-

ment voltmeter reads the value indxcated on Table 6-1




- 6-1-7. Adjustment of Maximum Variable Constant-current Range

Connect in the output circuit an external ammeter of an
accuracy of 0.5% or better, set the constant-current setting

- knob in the maximum position (extremely clockwise position),

gt o

'landﬁso adjust R249 on PCB A-200_that thé“instrumen; ammeter e

reads the value indicated on Table 6-1. (See Figure 6-1.)

6-1~8. Adjustment of VCE of Series Transistor

e

Set the input voltage constant at 200 V AC (160 V AC); Connect
the load and feed the rated voltage and rated current. Connect
a mean—value*indicating voltmeter between collector énd emitter

of the series tran51s£or and so ad;ust k326 that the voltmeter

reads the value shown,ln,?able\éml. ‘For the PAD110- 201, so .adjust.ii.
that the voltagé between TPl and TP3 begomes'12 V. In this case,
make it sure that the voltage difference between TPZ and TP3 is

less than 2 V, (See Figure 6-1.)

P

Fer the PAD250-8L, s0 ad just that the volcace between TPI and TP6
) becomes 30 *1 V In thls case, make sure that the ‘voltape differ~
) ence bekween TPi ?PZ , TP3, TPA TP5 and TP6H are. the same value of,”
Table 6-2.

S

i




" W S o

PAD250-8L Vg - Ad justment

w0 PAD 16-100L | 206-80L | 35-50L 35-60L
Voltmeter adj 1 r101 TR 20V 35 v 35 v
Ammeter adj R102 100 A 80 A 50 A 60 A
| Current limit adj R253 100 A 80 & 50 A 60 A
" Voltage limit- adj “R209 S § T 200V - 135 W 357N
Maximum voltage adj | R220 16.5 W 20.5 V 35.6 V 35.6 Vv
Maximum current adj | R249 105 A B5 A 51 A 61 A
VeE adi - R326 3.0 V 3.75V | 5.0V 5.0V
] PAD . ° | 55-35L 110-20L 250-8L
.| Voltmeter adj .| R101{. 55V 116 250 V
“{ Ammeter adj . I RI02] 35 A 206 A '
Current Timit adj R253] 35 A~ 20 A & a
Voltage limit adj R209 | 55 V 110 v 250 V
Maximum. voltage adj | R220{ 56 V 112 v 260V .
Maximum current adj | R249|- 36 4 20.5 A §.2 A
Veg adj -7 7 | R326| 6.0V 12 v £ 30 V

A= ~JF {te1 - te2 | TP2 - T3 | ¥P3 - TP4 | TP4 - TRS | TPS - TPE |
Ve V] 9+1 IoS5at o 8e 1 5 +01707 6+ 1.7

CBA
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Troubleshooting

The most probable causes of troubles are shown in the following

table. When a failure of the power supply is found, contact

Kikusui agent in your area.

Symptoﬁ

Check item

Probable cause

Power switch
cannot be

turned off

Has the overvoltage

protector tripped?

o Set voltage too low

“{or turns off

Shorting bar

o Disconnected or loose

_?Qfé?-“" _____ - h_disconnected?_uh : shorting-bar
13, 1Is fan stalled? o Trip of overheat protector
e - (Replace fan.)
4. Other than the above o Trip of protector due to
a failure of rectifier
circuit
No 6utpucxj~ -+ 11:; -Is the input power: ;\: o In@df.line“voltage
(No output is ' { -~ fuse blown? “too high -
produced at all S (Replace fuse.)
lor only a.slight‘ o Failure of rectifire ™ 7
output Is circuit |
produced.)” . —
- 2. Is lamp lighted? If not lighted,
' o Open-circuiting of
power cord
s 3. Are the lamps o Too narrow constant—

,altérnétely lighting;
. indicating rapid tran-

sitions of operating

domains

" voltage and constant-

current setting ranges- -




—

e

st el

St

S

-

LD DU

Symptom

Check item

Probable cause

4. Are the shorting-bars

correctly connected?

o Wrong connectio

shorting~bar(s)

n of

5. Is the output power

-,.fuée blown out? -

o Output current
exceeding the r

value

flowed
ated

¢ Power transistor

failure

6. Is the circuit
oscillating?

o Fhasgse inversion
by remote sensi

circuit

caused

ng

(Connect an electrolytic

" capacitor at the load

'end.)
Refer to 4.1.
o {Re-adjust)

: ":45despite-no load? -

»,J,;Is,a~currentuﬁlowin31T~~

If flowing,

,_diodé connected

1lel with the o
{This diode may
" 1f such-load as

-~ is connected in

“| o polarity.)

lo Failure of the protective

in pafa%
utﬁﬁt -
be -damaged
;battefy

the fevetsg‘

”“8. Other than the above

o Circuit failure

Abnormaliy high

cutput

_1. Is the shorting-bar

disconnected?

(Between 3 and4 .)

o Disconnected or

shorting~bar

loose

o Malfunctioning OVP

circuit
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Check item

Symptom Probable cause
. 2. Output voltage (current) {o Power transistor
cannot he reduced failure
o Bleeder circuit
failure
Unstable: 1. Is the shorting-bar(s) o Incorrect connection
o H
cutput loose? of the shorting-bar(s)
2. Is the AC line voltage o AC line voltage not
correct? within the specified
range
3. Special type of load o See 2-4,

;.ﬁ. When matter of drift o Allow approximately
is ¢critical 30 minutes of stabili-
zation time.
5. Other than the above o Circuit failure
Large ripple“lm4,

voltage - -

. correct? -

Is. the AC line voltage

o .Input voltage too low-

- Are the sensing terminals
‘securely connected to the

output terminals? . PR I

0 Securely connect the . .- .

" sensing terminals’ " T

_ of magnetic oruglgctricmA

- field present mear ‘the:

~power supply?- - ttouble. Strand the
(Is there no nearby T uires.) S
auto-transformer, power | .

Is 2 strong source.. ...

-|e-Electromagnetic. . .:

_.induction

" transformer, or am oscil-} -t

lating source?) -

(Especially when in the .

constant-current mode)

(Move the sourceof Y

Other than the above

o Circuit failure

o {Re-adjust)




