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SM6020
SWITCHED MODE LABORATORY POWER SUPPLY

* 600 Watts DC output o~
in 2 ranges, front panel switch selectable
0-30V 0-20A Ccv/CC v
0-60V 0-10A CV/CC oo ; [
*  New 40 kHz switching technique
’ —i.1
*  Weight only 9 kgs : % 0. 204
*  Input 95-132 V AC / 185-265 V AC, 50-60 Hz x
| 220-350 V DC cov sov
0
*  Insulation 2.5 kV RMS ’
1]
* Soft Sta_rt + choke input Efficiency as high
440 as 87% at 600W
*  Protected against all overload and short % *
circuit conditions o
% 10 Z0A

*  Natural -convection cooling, no blower
*  Built-in over voltage protector, range 6-65 V

*¥ V and I programmable by voltage (0-6 V)

a
o
Eu——,

W 10 mV/div
) - Bandwidth
* RFI suppression s Lo gg fm-lz
according to grade [T
K of VDE 0875 on [ PN
both input and % N = s o 2048 /div —
output. . 'ﬁ,,— - .
i Output ripple + noise
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F— M as low as 10 mV p-p



Cv-
Line regulation:
Input 185-265 V ' 5 mV

Load regulation:

Load 0-100% 5 mV

10 mV
5

Ripple: p-p
Temp. coeff. per °C: 5.100

Stability: X
During 8 hours after 30 min.

warm up, under constant . y
load and ambient conditions f.10

Recovery time:

For recovery to within 0.1 V
after a load step from 10 to
100%, measured at 30V 20A 0.5 mS

Ambient temperature:

-20°C to +50°C at ifull load
At -20°C recovery time is 1 mS
and CV ripple 30 mV p-p

Parallel, and series operation:

Up to 500 V combined output-

RFIl suppression:

According to grade K of VDE 0875,
both on input and output '

Voltage and current conirols:

By two 10-turn potentiometers

RF1
~ FILTER

cC

70 mA

70 mA

50 mA

5.0~

L10‘3

CV/CC regulation:

Cv ev

oo

CROSSOVER

cC

The SM 6020 can be used as a constant
voltage source or as a constant current
source. The change of mode occurs
sharply at the crossing of the voltage
and current settings

Remote sensing: = -

Separate amplifier terminals (S+ and S- on
the rear panel) enable the output voltage
to be regulated at a remote load point.
Voltage drop maximum 2 V per lead

Input _voltage:

185-265 V, 50-60 Hz or 220-350 V DC,
After changing an internal link also
95-132 V 50-60 Hz

Insulation:

2.5 kV RMS for 1 minute between input
and output and between input and case.
500 V DC between output and case.

Insulation resistance better than 50 MOhm
(measured at 500 V DC)

Soft start: To limit input peak current

Choke input: For low mains distortion
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SM 6020

INPUT

185-265 VAC_50-60Hz

The SM 6020 is normally delivered for input 185-265 VAC 50-60Hz to operate

on European line voltages. . :

In this case the black wire with faston receptacle from the centre tap of the

50Hz choke (L3) is connected to the faston tab at the bottom side of P.C.board P247.

220-350 VD

In the same configuration as above the SM 6020 can also work on 220-350 VDC.
The polarity does not matter because the input circuit has a bridge rectifier.

LY

25132 VAC 50-60Hz

For use on 95-132 VAC 50-60Hz the black wire with faston receptacle from the
centre tap of the 50Hz choke (L3) has to be connected with the faston tab on the
upper side of P 247, In this case the input circuit acts as a voltage doubler.

VOLTAGE AND. CURRENT CONTROL

Voltage control and current control are by 10 turn potentiometers “for " high
resolution.

10 turns corresponds with 60V respectively 20A.

If the output range selection switch is at 0-30V 20A only the first 5 turns of
the voltage control knob react. The same happens with the current control knob
at 0-60V 10A.

INTERNAL OR EXTERNAL SENSING

In most applications the power supply is used with internal sensing, which means
that the output voltage is kept constant at the output terminals on the front panel.
In this case the sense-switch, accessible through a hole of the rear panel, has

to be in the position "internal". .

If it is desirable to compensate the voltage drop over the leads to the load,
the point of stabilisation can be displaced from the output terminals to the load
terminals by using sense wires from S+ and S- (rear terminal block) to the load
and putting the sense switch in the position "External™.
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To prevent for undisirable interference or oscillations it is advisable to twist the
sense leads and to connect an electrolytic capacitor to the ioads terminals.

4, OVER VOLTAGE PROTECTOR
The buili-in over voltage protector can be adjusted between 6V and 65V with a
screwdriver through the front panel : ' '
When the output voltage reaches the setted trip level of the OVP the power supply
shuts down.
To reset the output voltage it is necessary to switch off the power supply and
switch on again.
The OVP is not of the crowbar type and therefore cannot absorb power from
external sources.

S REMOTE PROGRAMMING ) ‘ :

N Yoltage by voltage

CC O CV Ref S- S+

To program the output voltagé by

an external voltage, connect the |
driving voltage between CV and 0
at reagr terminal block. @@@@@@
A driving voltage of 0 to about 6V
programs the output from 0-60V.
Terminal 0 is internally connected
with S- of the output and an internal fuse in series is protecting the S-wire.
for burn out in case of a wrong connection.

0-6V

t

3.2 Voltage by external potentiometer *  €C O CV Ref 8- S+ '
To set the output voliage with an |
external potentiometer connect a e
potentiometer of 5 kOhm to the @@@@l@@ f
terminals Ref, CV and 0 and turn’ : = ’
the potentiometer on the front panel - 1 ;

on maximum. : 5 kO,

5.3 Current by voltage i
s CC O CV Ref S- S+ i

To make this possible the internal

switch 54 on P250 has to be put

in the position "current prog'"

With about 0-6V between terminals CC

and 0 the output current varies between
0 and 20A if working in the current mode.

34  Programming Speed

The programming speed is very much limited by the electrolytic capacitors on the
output which will heat up at combined high repetition rate, high amplitude and
high programming speed. The maximum programming speed is about 600V/sec,
however the product of dv (in V/s) x amplitude (in V) x repetition frequency

dt

(in Hz} may not exceed 2.10°.
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VR 256
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PR 37
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MR 30
MR 30
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W RCL

MR 30
MR 30
MR 30
MR 30

MR 30

10 trns

63 = 1 k

64 = 68 k

65 = 4,7 k

66 = 3,9 k :

67 = 2,2 M VR 25
68 = 47 k

69 = 22 k

70 = 22 Kk

71 = 3,3k

72 = CR

73 = 12 k

74 = 2,7k

75 = 39 k

76 = 56 k MR 30
77 = 56 Kk MR 30
78 = 4,7 k

79 = 680 .

80 = 2,7k

81 = 5 k 10 trns
82 = i

83 = 560

84 = 4,7 k

85 = 1 k

86 = 10 k 10 trns
87 = 100

88 = CR

89 = 330

90 = 470 PR 37
81 = 27 PR 37
Q2 = 29 PR 37
g3 = 2,2 7 W

94 = 1,2 k 10 W

95 = 180

96 = 5,6 k .

97 = 0,01 1%

g8 = 22

g9 = 22

100 = 22

101 = 22

102 = 22

103 = 22

104 = 1

105 = 1 k trim
106 = 180

107 = 56 k

108 = 10 k trim
109 = 2,2 M VR 25
CR = calibration resistor
ww = wire wound
MR 25 = metal film 0,4 W 1%
MR 30 = metal film 0,5 W 1%
PR 37 = metal film 1,6 W 5%
VR 25 = metal film 0,25W 5% 1600 V-
All non specified resistors are of
type MR 25.
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58 = 10 nF 250 V
59 = 470 pF 500 V
60 = 15 pF i6 V
61 = 15 PF 16 V
62 = 470 pF 500 V
63 = 22 nF 250 V
* 64 = 47 nF 250 V
65 = 470 pF 500 V
66 = 15 FF 16V
67 = 15 pF 16 V
68 = 2,5 nF 250 V-~
69 = 2,5 nF 250 V=~
70 = 10 pF 100 V
71 = 10 pF 100 V
72 = 470 pF 100 V
T3 = 47 nF 250 V
74 = 470 pF 100 V
75 = 470 pF 100 V
76 = 470 FF 100 V
77 = 470 pF 100 V
78 = 470 pF 100 V
79 = 470 pF 100 V
80 = 47 FF 63 V

81.= 0,22 pF 250 V-~
82 = 15 PF 16 V
83 = 0,22 pF 63 V
84 = 0,22 pF 63 V
85 = 0,22 pF 63 V
86 = 0,22 PF 63 V‘
87 = 0,22 FF 63 V

88 = 0,22 PF 250 V-~
89 = 47 FF 63 V
80 = 15 PF 16 Vv
91 = 470 F 100 V
92 = 10 nF 1000 V
93 = 470 F 100 V
94 = 1 F 250 V
95 = 0,47 pF 250 V
96 = 10 nF 1000 V

97 = 0,15 pF 250 V-~
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BTW 41-G500
26 MB 60A
BY 218-800

BY 218-800

BY 218-800
BY 218-800
BY 218-800
BZV 15C 12
BY 218-800
BY 218-800
BY 218-800
ZPD 8,2
1N4148

ZPD 3,3
1N4148

BYX 55/600
BYX 55/600
BZV 15C 12
BYX 55/600
ZPD 8,2
ZPY 13
1N4148
1N4148
1N4148
1N4148

ZPY 51
1N4148

TIC 46

TIL 209 B
TIL 209 B
1N4148
1N4148
1N4148
1N4148

1N41438
1N4148
1N4148
1N4148
1N4148

Philips
IR
Sescosen
Sescosem
Sescosen
Sescosem
Sescosem
Philips
Sescosem
Sescosem
Séscosen
ITT

ITT

Motorola
Motorola
Philips
Motorola
ITT

ITT

ITT

TI
T1
T1

41
142
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

It

]

1N825
1N4148
1N4148
1N4148
1N4148
1N4148
1N4148
ZPD 5,1
ZPD 8,2
1N825

BYW 77/200
BYW 77/200
BYW 77/200
BYW 77/200

40 HF10/1N249C

40 HF10/1N249C

1N4148
ZPD 3,3
TL 431

40 HF10/1N249C

IR

ITT

ITT

IR
Sescosem
Sescosen
Sescosen
Sescosen
IR/RCA

IR/RCA
ITT

TI
IR/RCA

Title: Part list
SM 6020
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Q F
1 ="BUX 48 Sescocen 1= 10 A (220V), 15A (110V) slow blow
2 = BUX 48 Sescosem 2 =" 10 A (220V), 15A (110V) slow blow
3 BUX 48 Sescosen 3= 6,3 A silverwire
4 BUX 48 Sescosen 4 = 250 mA
5 = BUX 84 Philips 5 = 250 mA
6 2 N 2907 A Sescosem
7 2 N 2222 A Sescosém
8 2 N 2907 A Sescosem L
9 VN 66 AF ~ 8iliconix )
' ) 1= § 144 Delta
10 VN 66 AF Siliconix
2= § 145 Delta
11 VN 66 AF Siliconix .
3= § 133 Delta
12 VN 66 AF Siliconix ’
4 = § 146 Delta
13- VN 66 AF Siliconix )
5= 4,7 FJ-I Secre
14 2 N 2907 A Sescosen .
6 = § 147 Delta
15 2 N 2222 A Sescosem
- 7= S 148 Delta
16 2 N 2222 A Sescosem
17 2 N 2222 A Sescosen f
18 2 N 2907 A Sescosemn
19 2 N 2907 A Sescosen T
20 = BF 398 TI ' - ,
1= T 149 Delta
_ 2 = T 150 Delta
iC
— - 3= T 153 Delta
1 HEF 4049 B. Philips 4= T 154 Del_ta
2 HEF 4049 B Philips 5= T 156 ‘ Delta
3 HEF 4049 B Philips
4 SFC 2747 M Sescosem
5 SFC 2747 M Sescosen
Title: Part list
SM 6020 ‘
Date:” 1-'79 ‘
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SM 6020

serial no. 200 and up



P.O. BOX 27
4300 AA ZIERIKZEE

NETHERLANDS
TEL. (01110) 3656 TLX 55349

DELTA ELEKTRONIKA BV

SM 6020
SWITCHED MODE LABORATORY POWER SUPPLY

X 600 Watts DC output v

in 2 ranges, [ront panel switch selectable

0-30vVv 0-20A cv/cC
0-60V 0-10A CV/CC 30f R
0-375V/0-75V optional

* Weight only 9 kgs

* 87% cificiency (#0kHz switching technique} 0 10 20A

X World wide input voltage range

* Low inrush current

*  Very low output ripple { 10mVp-p)

* Protected against all overload and short cir-
cult conditions

# Natural convection cooling, no blower, no noise

X Built-in overvoltage protector, range 6-65V o ° 204

Efficiency versus load current
#  V and | programmable by voltage (0-5V) at 30V output



Ripple voltage

The ripple voltage at the output is less than
lOmV peak to peak and there are no high
frequency spikes on it due to a carefully
designed RFI filter in the output circuit.
The photo shows the 40kHz ripple at the
output seen on a scope with a bandwidth

Ripple
vollage
1om¥ fdiv.

of 50MHz. Horizontal scale is 20uS/div.
O._
AFI A0k Hz
~ FILTER I_L
O
LINK

gV

—

AFl
FILTER

Ll

Input voltage

185-265VAC 50-60Hz or 220-350VDC or
alter changing the interpal link 95-132 VAC
Input current

At 600 Watts output and 220V AC input the
input current is about #A rms.

Input choke

A 30Hz choke in the input circuit limits
sharp current peaks In order to keep the
distortion at the line voltage as low as pos-
sible.

Inrush current

During switch on the inrush current is
limited by a resistor of 7,5 Ohm which
is bridged by a triac during operation.

The output voltage comes up about 300mS$
after switch on.

Line voltage interruption

Photo shows that a line voltage interrup-
tion of 80mS (4 cycles) does not alfect
the output voltage. Load is 60V  3A,
At 60V 10A the maximum allowed line
voltage interruption is about 30msS.

RFI suppression

Practically no radio frequency interference
on input and outpui due to carefully desig-
ned filters.

RFl suppression is in accordance with
VDE 0875 grade K, both on input and out-
put.

CONTROL |
BOARD

AC input
current
4 AMdiv.

AC input
voltage
200v/div.

DC output
vollage
30mY fdiv.
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CV/CC regulation

The S5M 6020 can be used as a constant vol-
tage source with current llmiting or as
a constant current source with voltage limi-
ting. The change of mode occurs sharply at
the crossing of the voltage and current
settings.

Remote programming

Qutput voltage and current can be program-
med. A programming voltage of 0-5V cor-
responds with zero to [ull range ol output
voltage or current. The maximum program-
ming speed is 600V /sec. However the out-
put electrolytic capacitors might be over-
heated 1[ a high amplitude is combined
with a high repetition frequency. Voitage
and current can also be seited by external
SkOhm potentiomcters.

Remote sensing

Neormally the sense switch at the rear is
at "internal”. To keep the voltage constant
a1t the load terminals instead at the output
terminals the sense switch has to be put
at "external” and sense wircs have to be
connected from S+ and 5- to the lcad.
A maximum of 2V per lead can be compen-
sated.

Voltage and current controls

S5mi

Cy¥ I-_ -_-I

Cv 1
Sm¥
¥
cc SHaRP
CRAOSS5OVER
— 1

cc

Progr.
vollape
2¥{div,

Quipul
voltuge
20y idiv.

10Gm5fdiv.

CC 0 CVRef 5- 5+

[deldeie)|
[BlSl(loll[]

0-5V
¥+

Voltage and current controls are by 10-turn potentiometers for reliable high resolution.

- 427
o
| I
? |
:_- o L - 1
ke = 0w0 |
. ~ ~ o ¢
m
| -l @ ® o0 |.
257 _ 136 483 mm |




Cv CcC

Line regulation Input 185-265VAC S mV 70 mA
Load regulation Load 0-100% 5my 70 mA
Ripple + noise p-p 10 my 50 mA
. o -3 -4
Temperature coefficient per °C 5.10 5.10
Stability
During 8 hours, after one hour warm up, g -3
under constant load and ambient conditions 3-10 1.10

QOutput impedance
Up to 100 kHz, less than 0,1 Ohm -

Recovery time

0,5 mS for recovery to within 0,1 V alter a load step of 10-100%, measured at 30V 20A.

Elficiency
879%. Total losses are only 90Watts at 600Watts output.

Ambient temperature

-20 to +50°C at full load. At -20°C the recovery time increases io about | mS and the
ripple to 30mVp-p.

Thermal protection

In case of insufficient cooling a thermoswitch shuts down the output voltage.

Overvoltage protection

Built-in overvoltage protection is adjustable from 6 to 65V with a screwdriver through a
hole in the front panel. When the output reaches the setted irip level of the OVP the
power supply shuts down. To reset the output it is necessary to switch off the power
supply and switch it on again. The OVP is not of the crowbar type and therefore cannot
absorb power Irom external sources. An external voltage exceeding 73V can damage the
OVP circuit and the output capacitors.

Parallel and series operation Up to 500V combined output.

Insulation

2,5kVACrms (Il min.} between input and case and between input and output. 500VDC
between output and case. Insulation resistance is better than 50MOhm (measured at
500V DC). Safety is in accordance with with IEC 348.

Option 75V

The SM6020 is also available with extended output voltage ranges 0-37,5V/0-75V
instead 0-30V/0-60V. At 75V this unit can still supply the full 10A (750W) but at
a derated maximum ambient temperature of 35°C instead 50°C. Another limitatlon is
the minimum required AC input voltage which is:

210VAC at 75V 10A (37,5V 20A)
198VAC at 75V 8A (37,5V 16A)
I85VAC at 65V 10A (32,5V 20A)



S5M 6020
1. INPUT
LI.1 185-265VAC 50-60Hz

1.2

1.3

1.4

The SM6020 is normally delivered for input 185-265VAC 50-60Hz to operate on
European line voltages 220V and 240V AC.

In this mode the black wire with faston receptacle from the centre tap of the
50Hz choke (L3) is connected to the faston tab at the bottom side of the PC-board
P247.

Input fuse: 10A slow blow 6 x 32 mm.

220-350vDC

In the same configuration as above the SM6020 can-also work on 220-350VDC.
The polarity does not matter, because the input circuit has a bridge rectifier.

-

95-132v AC 50-60Hz

For use on 95-132VAC 50-60Hz, the black wire with faston receptacle from the
centre tap of the 50Hz choke (L3) has to be connected to the faston tab on the
upper side of P247. In this mode the input circuit acts as a voltage doubler.

Input fuse: 15A slow blow 6 x 32 mm.

Input current

AC input current wave-form
(at 600W load)

Horizontal: 2 mS/div.
Vertical : 4 A/div.

The AC-input current waveform is greatly improved by the low frequency choke
in series with the input (This improvement usually lacks in designs of other manu-
facturers). :

Additionally a soft start circuit keeps the peak input current low during switch-on.
This circuit consists of a power resistor which is shunted by a triac as soon as
the input capacitors are charged.

At 220V AC and full load the input current is abhout #A RMS.



1.5 DERATING OF OUTPUT AT INPUT LOWER THAN 185VAC

The SM#6020 still functions normal at very low AC input voltages, but with reduced
output voltage and current.

- \ \ ‘&VAC
s \\ \\ \ \\\

o \\ N |
5 Sﬂife“ﬁt \\ \\

I 160VAC

. -;ojtpur volragsi

23 24 25 26 27 28 29 30 31 32 33V

DVAC

/
3/ -'4'/

DV AC

Maximum output current as function of output voltage with AC-line input as
a parameter. -

1.6 SM&6020 USED AS A DC-DC CONVERTER

The SM 6020 can also be used as a DC-DC converter at 220VDC input.

10

20VvDC

wm | | N\ \“

1 N N

N NN
2

I 130{:00 1slnvnc
- o.rtpur vo agi

23 24 25 26 27 28 29 30 31 32 33V

DC

00 vDC

Maximum output current as a function of output voltage with DC-line input as
a parameter.



u.

INTERNAL OR EXTERNAL SENSING
CC 0 CV Ref 5~ S+ SENSE

EXT:INT

If it is desirable to compensate the voltage drop over the leads to the load, the
points of stabilisation can be displaced from the output terminals to the load
terminals by using sense wires from S+ and S- (rear terminal block) to the load
and putting the sense switch in the position "External”.

I

S+ zph \
1000|.IF E—
100V
5M 6020

To prevent for undesirable interference or oscillation it is advisable to twist
the sense leads and to connect an electrolytic capacitor to the load termilnals.

In most applications the power supply is used
with internal sensing, which means that the
output voltage is kept constant at the output
terminals on the front panel. In this case the
sense switch, accessible through a hole of the
rear panel, has to be in the position "Internal®.

k1 +

T0A5

OVER VOLTAGE PROTECTOR

The built-in over voltage protector can be adjusted between 6V and 65V with
a screwdriver through the front panel.

When the output reaches the setted trip level of the OVP the power supply shuts
down. To reset the output voltage it is necessary to switch off the power supply
and switch on again.

The OVP is not of the crowbar type and therefore cannot absorb power from
external sources. An external voltage exceeding 100V can damage the internal
OVP circuit and the output capacitors.

YOLTAGE AND CURRENT CONTROL BY FRONT PANEL POTENTIOMETERS

Connect a link between CV and Ref at the CC O CV Ref S- S+ SENSE

rear terminal block. Take care that the EXT INT

sense-switch is on INTERNAL. @
The internal current prog switch S& on P 266

has to be in the position "Front panel current @@@@@@

control™{As on delivery of the SM6020).

Voltage and current controls are by 10-turn potentiometers for reliable high resolu-
tion.

[0 turns of the veltage contol corresponds with 0 to 60V.
10 turns of the current control corresponds with 0-20A.




5.1

5.2

3.3

5.4

When the output range selector switch is at 0-30Y 20A, only the first 5 turns
of the voltage control knob react. This means that the output voltage will not
rise to the double value when the selector switch is switched to 60V by error.
The same happens with the current control knob when the selector switch is at

60V 10A.

REMOTE PROGRAMMING
VOLTAGE BY VOLTAGE

To program the output voltage by an external
voltage, connect the driving voltage between
CV and 0 at the rear terminal block.

A driving voltage of 0 to about 5V programs
the output from 0 to 60V.

Terminal 0 is internally connected to S- of the
output and an internal fuse in series is protec-
ting the sense wire for burn out in case of a
wrong connection.

-

VOLTAGE BY EXTERNAL POTENTIOMETER

To set the output voltage with an external
potentiometer, connect a potentiometer of
5 kOhm to the terminals Ref, CV and 0
and turn the potentiometer at the front pa-
nel on maximum.

VOLTAGE BY CURRENT

For max. output voltage applies:
3
I prog

For example: With R = 3500 Ohm a current
of 0-10mA will program the output 0-60V

R =

CC 0 CV Ref 5~ S+

dl@liglolo]o]

CC O CV Ref S- S+

[O] [Ol[Qllo

Front panel current control
r Curramt prog.

CURRENT BY VOLTAGE
P266

To make this possible the internal switch 5S4
on P266 has to be put in the position "cur-
rent prog". '

With about 0-5V between the terminals CC
and 0 the output current varies between 0
and 20A if working in the current mode.

=

CC 0 CV Ref 5- 5+

2ele)2@@




2.5

5.6

CURRENT BY EXTERNAL POTENTIOMETER

CC o Ccv RefS- S+

Internal switch S# on P 266 at "current prog'".
If no external 5V source is available the CV
reference has to be used to power the exter-
nal current control potentiometer. This is pos-
sible if the voltage control potentiometer at o 5K0
the front panel is turned on maximum.

CURRENT BY CURRENT

Internal switch 5% on P266 at "current prog". ' CC 0 CV Flef S- S+
For maximum output current applies:

3

" Iprog

For example with R = 500 Ohm a current of
0-10 mA can program the output 0-20A.

PROGRAMMING SPEED

The programming speed is very much limited by the electrolytic capacitors on the
output, which will heat up at a combined high repetition rate, high amplitude and
high programming speed. The maximum programming speed is about 600V /sec.,
however the product of dv/dt (in V/s} x amplitude (in V) x repetition frequency
{(in Hz) may not exceed 2.10".

Upper diagram:
Programming voltage.
Vertical scale 2V/div.

Lower diagram:
Output voltage.
Vertical scale 20V/div.

Horizontal scale 100mS/div.

OUTPUT ON/OFF BY AN EXTERNAL CONTACT T o

The output can be switched on and off by shor-
ting terminal CV to terminal 0 by a switch or
a reed relais contact.

Instead of a link a resistor of lkOhm has to be
connected between Ref and CV.

PARALLEL OPERATION



8.1

8.2

9.1

9.2

PARALLEL OPERATION IN CV MCDE

Several units SM6020 can he connected in parallel to obtain a higher current.
Before putting in parallel first adjust all outputs to the same voltage. Use leads

" of equal lenght from each output to the summing point. When the outputs are

unequal the power supply with the highest output starts to supply all the current
till it goes in constant current. Then the output drops to the next highest setted
voltage etc.

No provision is made for master and slave parallel operation.

PARALLEL OPERATION IN CC MODE
In the CC mode the total current is the sum of the setted individual currents.

SERIES OPERATION

SERIES OPERATION IN CV MODE

Power supplies SM6020 may be connected in series to a maximum total voltage

of 500V (max. 8 units), by simply connecting the plus of the one with the minus

of the next. The voltage control potentiometers can be set individually at different
values, but the CC potentiometers have to be set at an about equal maximum
current which is safe for the load.

MASTER AND SLAVE SERIES OPERATION IN CV AND CC MODE

If it is required to control the

voltage or current of the series P ok
connection by controlling one e ;1 47k
unit (the master), some extra - k—Ret Bké ESM 833 (Thomuan?
circuitry is necessary. MASTER .- - MPS US0 (Motoaa)
With this circuit the total vol- xr
tage can continuously be varied
from zero to full by the voltage . 100k
control potentiometer of the : Lcc "
master, or by programming the 0 — F—
master as described under 6.1 . v D MEE
Rat
to 6.3, . e csmess A
Also the current of the series SLAVE 1 s+ 2N 5415 g
-

connection is only determined

by the current setting or pro-
gramming of the master. ' '
The current control knobs of the - :_J
‘ ce +
slaves have to be put on maxi- o —
mum in this case. cv b 47k
A disadvantage of this circuit Aot ESM 693
is that the programming speed s- MPS US5
- . 2N 5416
is much lower than with one SLAVE 2 [s+
untt. 4k?
LCC +
o -
cv O
Hai
- s-
SLAVE 3 S+

MASTER AND SLAVE SERIES CONNECTION



9.3

10.

11,

12,

13.

SERIES OPERATION IN CC MODE

If in the CC mode the output voltage of one unit is not sufficient a second unit
(in CV mode) can be put in series. The current setting of the first unit will then
still determine the constant current as long as the voltage variation caused by
the load is less than the max. voltage of one unit (60V).

When the voltage variation exceeds the max. voltage of the first unit, the constant
current will in one step change to the setted current of the second one. To keep
this step change small the CC setting of both units can be put at the same value

before connecting in series.
The additional circuit of 9.2 overcomes these difficulties.

LOAD RIPPLE AND PEAK CURRENTS

Ripple currents caused by the load at frequencies below 1 kHz are compensated
by the voltage regulation.

However high load ripple currents which exceed the current limit or which have
strong components above 1 kHz can overheat the output electrolytic capacitors.
Also repetitive high peak currents, like taken by thyristor DC-AC inverters can
have this effect. In such a case an electrolytic capacitor of 10.000 uF parallel
to the load is recommended.

OUTPUT IMPEDANCE

4001
300+

| 2ol

200

5 J\/

1 10 10 10° 10" 10° 10* Hz

Output impedance as function of load frequency

THERMAL PROTECTION

A thermal shut down circuit protects the power supply agamst overheating in
case of insufficient cooling.

SM6020 USED AS A BATTERY CHARGER

CV/CC regulated power supplies are ideal battery chargers. However sometimes
the internal wiring is burned out by connecting the polarity of the battery wrong
by error.

The 5M 6020 has a heavy diode in reverse polarity parallel to the output terminals,
directly behind the front panel. However this diode cannot withstand the hundreds
of amperes supplied by a wrong connected battery. So it is recommended to use
always a fuse in series with the battery.
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14,  SUPPRESSION OF HIGH ENERGY, HIGH VOLTAGE INTERFERENCE

14,1 SYMMETRICAL HV INTERFERENCE (LINE TO LINE)

High energy
| at :
pu’se generator {Umax a 1000V)
—7™\t|  (Imax=1004a) [SME020 +| AL
O— -
~ '~ - 1
220V 220V _[ | \\
| 1:1 probe
O L + | :ﬁ !
= L L |
|
i -— 1—/ l
— ]
’ C - do not connect !
1
i
- f
A b !
1:100 probe .E I
- '
]
]

Zin=2pF//20Mmn

da

) G0

Battery
powaering

Input voltage (line to line}
500V /division
Probe | : 100 with

Z;nput = 2PF // 20MOhm

DC output voltage
10mV/division
Probe 1:1

Horizontal scale 5mS/div.

-f

The input of the SM6020 is protected against short duration, high voltage pulses
by means of a varistor, which clips these pulses at about 700V peak.

At above scope photo is shown how a 1000V, 300uS pulse on the AC input is
clipped at about 700V above zero level by the varistor.

The lower diagram shows that this high energy pulse causes only a very small
spike of about 20mV peak to peak at the regulated DC output voltage, which
is almost negligible.
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14,2 ASYMMETRICAL HV INTERFERENCE (LINE TO EARTH)

C - RL
+

220V 220V~ ’ |

! \1 H | b

L I !l probe
O i - 1,\, I
i |
1 Ee )
High energy $ |
pulse generator !
do not connect :
+ : Oi )
{1000V) I
{ 100A) |
|
ie ! !

)

Battery
powering

>

S

........ - )I

Voltage between input l,{)

and case, 500V/division '

Probe: 1:100 with

Zinput = ZPF // ZOMOhm

>

3

DC output voltage =

100mV/division 1}

Probe ]1:1 )3

1]

Horizontal scale 5mS/div. =5

Above scope photo shows that a 1000V, 200uS pulse between line and earth causes
only a 20mV peak to peak disturbance on the regulated DC output voltage.
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OPTION "0-75V"
The SM6020 is also available with option "0-75V¥", which means extended dutput
voltage ranges 0-37,5V/0-75V instead of 0-30V/0-60V.

At 75V this unit can still supply the full I0A (750W) but at a derated maximum
ambient temperature of 35°C instead of 50°C.

Another limitation is the lowest AC input voltage, which is:

210VAC (250VYDC) at 75V 10A {37,5V 20A)
198VAC (235VDC) at 75V 8A (37,5V 16A)
185VAC (220VDC) at 65V 10A (32,5V 20A)

When connected for 110V AC these values are
108V, 102V and 95V respectively.

All other specifications are unchanged.

TROUBLE SHOOTING
No output: In case of no output after switch on first check:

#* If link between CV and Ref (on rear panel) is made.
‘ * If sense switch is on "internal".
* If CV and CC control potentiometers are not on zero.

* If perhabs the OVP has tripped (Turn up OVP potmeter
and switch unit off and on again).

* [If perhabs the internal switch 54 on P266 is at "Front
panel current control” (see 5.4, page 6).

Warning :

Before opening the cover first disconnect the line cord and wait a few minutes
till all capacitors are discharged.

Internal fuse:

When the internal fuse F3 is found blown, do not replace it, because it means
that the power switching transistor Q! on P262 is defective. Replacing que F3
in such a case will cause wire wound resistor R3 on P268 to burn out.

Fault finding
Check diodes D51,52,53,54 of output circuit with an Ohmmeter. If defective Ql
at P262 will also be defective. Replace defective diodes and exchange P262

Mcdular construction:

The SM 6020 is built up modular and all modules are fully exchangeable.

It is recommended not to try to repair modules but to send them to Delta for
repair and inspection. :

Repair of P262

Disconnect all terminals of P262. Disconnect Ql (BUV98). Check diodes D3,4,9
with Ohmmeter. D5 has to be disconnected to check. Replace defective parts.

When répairing old models leave D3 out and replace D& (BY 218-800) by BYT 12P800
(Sescosem} and D5 (BY 218-800) by BYV 96D (Philips).

Check R3 on P268 and replace defective fuse F3 (8 A type F).
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W1 MW

2 e
PR o

1]

13 =

14
15
16
117
'18
119
20
121
122
i23
124
125
26
127
28
'29
30
'31
132
133
|34

|57
| 58

I'se,

1 60

L | | | | | | | | | | (I (I (O (| (T (O ([ (| N N T T 1 R 1 B 1

i

fe1 =

| 62

Ohm
Z 21 L 471

2,2
15
120
47
47
100
100

10
100
470

68
CR

68

1,2
390
CR
390
100
100
100
100
270
330
100

=
ch
=]

b oo ba

NN NDND R N
FERREFRFEFEREFERERFEFRFREFRERKR

0 o =
oo D O
= Lo oo

M

B R K

R RRR
BRAR

W RRE

Ly

10 trms

63 = 1 k 100 = 22
64 = 56 k 101 = 22
65 = 4,7 k 102 = 22
66 = 3,9k 103 = 22
67 = 2,2 M VR 25 104 = 1
68 = 10 k 105 = 1 k trim
69 = 22 k 106 = 180
70 = 22 k 107 = 56 k
71 = 3,3 k 108 = 10 k trim
72 = CR 109 = 2,2 M VR 25
73 = i2 k 110 = 10 k
74 = 2,7 k 111 = 10 k
75 = 39 k 112 = 10 k
76 = 56 Ik ME 3 113 = 10 k
77 = 56 k MK 3 114 = 2,2 k
78 = 4,7k 115 = 3,3 k
79 = G680 116 = Z 7L 821
80 = 2,7 k 117 = 22 k
81 = 5 k 10 trns 118 = 15 10W ww
B2 = -
83 = 560 '
84 = 4,7 k
83 = 1 k
88 = 10 k 10 trms
87 = 680
88 = 470 b
89 = 270 ;
90 = 330 PR 37 '
91 = 27 PR 37
82 = 27 PR 37
93 = 2,2 7 W 1
94 = 1,2k 10 W ;
95 = 120
96 = 3,3 k
97 = 0,01 1% 50 W
88 = 22
98 = 22
CR = calibration resistor
W = wire wound
MRS 25 = metal film 0,4 W 1%
MK 3 = metal film 0,5 W 1%
PR 37 = metal film 1,6 W 5%
VR 25 = metal film O0,25W 5% 1600 V-
All non specified resistors are of
type MRS 25
| Title: Part list
: . SM6020
] Ry = 4702 78| W | Date: 1-"79
Modifications Date|App.| delta elektronika bv

. I
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150
0,22

15

15

22
15
470

10
220

470
100
15
470
470
47

.15

15
15
470
470
10

100
470

EREREEREEEEREERERAE

nF

pF
pF
pF

nF
n¥
pF
pF

250

250

. 2560

160
250
200
200
200
200
200
200
400
100
63
1000

160

250

83
250
160
500

16
160
150

16
630
630

16

16
500
500

1000
630
500
500

P
-«

"
< =
tt

t

K K

=
e e L R E L

=

e T IR R B

eI R e

58 = 10 nF 250 V
59 = 470 pF 500 Vv
860 = 15 pF 16 Vv
61 = 15 pF 16 Vv
862 = .470 pF 500 V
63 = 22 nF 250 V
64 = 47 nF ‘250 V
65 = 470 pF 500 V
66 = 15 pF 16 V
67 = 15 pWF 16 V
68 = 2,5 nF 250 V~
69 = 2,5 nF 250 V~
70 = 10 pF 100 Vv
71 = 10 pF 100 V
72 = 470 pF 100 Vv
73 = 220 noF 63 V
74 = 470 pF 100 V
75 = 470 pF 100 V
76 = 470 pF 100 V
77 = 470 pF 100 V '
78 = 470 pF 100 V
79 = 470 pF 100 V
80 = 47 pF 63 V
81 = 0,22 pF 250 V-~
82 = 15 pF 16 V¥
83 = 0,22 pf 63 V
84 = 0,22 pyf 63 V
85 = 0,22 yf 63 V
86 = 0,22 yF 63 V
87 = 0,22 pF 63 V
88 = 0,22 yF 250 V~
B9 = 47 pF 63 V
90 = 15 KF 16 v
81 = 470 pF 100 vV
92 = 10 nF 1000 V
93 = 470 pF 100 V
94 = 1 pF 250 V
95 = 470 nF 250 V
96 = 10 nF 1000 V
97 = 0,15 pF 250 V-~
98 = 5 nF 250 V-~
Title: Part list
: SM 6020
| Serial 0200 ond up [lis1| \} | Date: 1-'79
Modifications Date|(App| delta elektronike bv
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1l

"

Ll

1

T 2513 NK
SEB 25/06
BYT 12 P 800

BYV 26 D
BY 2138-800

BZV 15C 12
BY 218-800
BY 218-800
BY 218-800
ZPD 8,2
1N4148
ZPD 3,3
1N4148

BYV 26 D
BYV 26 D
BZV 15C 12
BYV 26 D
ZPD 8,2
ZPY 13
1N4148
1N4148
1N4148
1N4148

ZPY 51

ZPP 3,3
PO 102 BA
CQY 54-3
CQY 54-3
1N4148
1N4148
1N4148
1N4148
ZPD 8,2
1N4148
1N4148
1N4148
1N4148
1N4148

TAG -
Semicron

Sescosem

Philips
Sescosem

Philipsa
Seacosen
Segcogen
Segcosem
ITT

ITT

Philips
Philips
Philips
Philips
ITT
ITT

ITT
ITT

TI
Philips
Philips

ITT

41 = 1N825 IR
42 = 1N4148
43 = 1N4148
44 = 1N4148
45 = 1N4148
46 = 1N4148
47 = 1N4148
48 = ZPD 5,1 ITT
49 = ZPD 8,2 ITT
50 = 1NB25 TI
51 = BYW 77/200 Sescosem
52 = BYW 77/200 Sescogem
53 = BYW 77/200 Sepcogem
54 = BYW 77/200 Sescosem
55 = 40 HF10/1N249C IR/RCA
56 = 1N4148 ;
57 = 40 HF10/1N249C 1IR/RCA
58 = 1N4148
59 = 1N4148
60 = TL 431 TI
61 = 40 HF10/1N249C IR/RCA
62 = ZPD B,2 ITT
63 = ZPD 10 ITT
64 = 1N4148
iDs,lg,\‘.].lq.'!B i0:86{ Uh. [ Titte: Part list
iD3,4.5,16,17,1g in.8y) br. SM6020
|5l 0200 andup |it81| Uy | Date: 179
i Modifications Date|App| deilta elektronika bv
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F
BUV 98 A Sescosen 1= 10 A (220V), 15A (110V) slow blow
- 2= 10 A (220V), 15A (110V) slow blow
— 3= 8 A FAST
- 4 = 315 mA FAST
BUX 84 Philips 5 = 315 mA FAST
2 N 2907 A Sescosgen
2 N 2222 A Sescosen
BS 250 . ITT L
BD 522 T 1= 8§ 144 Delta
BD 522 ITT 2 = 8 144 Delta
BD 522 ITT 3= § 133 Delta '.
BQ 522 ITT 4 = 8§ 146 Deita
BD 522 ITT 5= 4,7 pH Secre
2 N 2907 A Sescosen 6 = S 147 Delta
2 N 2907 A Sescosem 7 = S 148 Delta
2 N 2222 A Sescosem 8= 2,2 PH Seere
2 N 2222 A Sescosem
2 N 2907 A Segcosem
2 N 2907 A Sescosem
2 N 2907 A Sescosen z
2 N 2222 A Sescosem 1= T 148 Delta
2 = T 150 Delta
HEF 4049 B Philips 3 = AT 4043/47 Philips
HEF 4069 UB Philips 4 = -
HEF 4069 UB Philips 5= T 156 Delta
SFC 2747 M Sescosem
SFC 2747 M | Sescosen

Title: Part list
SM6020

[Seriel 0200 ondup [11.8:] Vr | Date:' 1.°79

Modifications Date|App| delta slektronika bv
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