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Positive Switching Regulators PSR - 5V, 12V, 15V, 24V, 36V
Negative Switching Regulators NSR 5V, =12V, -15V, -24 V, -36 V

No input to output isclation

Special Features

Exceptionally large input voltage range
Low input-to-output differential voltage
Direct replacement for linear regulators
High efficiency, 77...94 %, depending on
output voltage and case

oOutput ratings 15...288 W, depending on
output voltage and case

No 1nput capacitor required in battery
operating mode*

Metal case - self=cooling

Continuously open-c1rcu1t and short-circuit-
proof »
Can be wired in parallel conflguratlons
No derating

Adjustable output voltage with option P
or R

PSRs compatible with SMR switching regu=-
lators

Compact dimensions

150 kHz technology with power FETs

High reliability

Undervoltage cut-out

Various options available

o DoDpao
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Made in Switzerland
Int. patents pending
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Fig. 1‘_ o o . Fig. 2
Block diagram PSR = -~ . L ~ Block diagram NSR

* External input circuitry required only in
special cases:
- in rectifier mode or if the sum of the
tﬁngths of the two 1nput lines is greater
an
- 300 to 500 mm with case AQl. See page 10
2.1 Case AO1Y, '

- approx. 5 m with the other cases except Printed in Switzerland 3.83
pwered by ICmindi ectronic- L|braryﬂ&o@ﬁmﬂﬁ L. See page 12 "4.2 Mng Subject to change

Input Lines"., - © by Melcher 1
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Short-c1rcu1t behavmr

Output voltage U, vs. output o

current I

1) Appllcable to PSR 54, NSR 54, PSA 55 NSA 55, PSR 57, NSR 57, PSR §12 and NSR 512

z) Appllcable to PSR 53, NSR 53, PSR 55, NSR 55, PSR 510 and NSR 510

3) The minimum differential voltage AUio min between input and output voltage increases
46 °C and 71 °c (Tc = 70 °C and 95 °C)

N ¢ L
N
N

bered by ICminer.com Ele}iihive kel yerdbycdyrdnitios 1 V betwegn Tp =

DE
Electrical Data T- 58' //,3/
General cond1t10ns-
Ta = +25°C if 7o is not specified. ]
with optlons P and R, output voltage U, is set to U, at U; , and I, .
with option i, terminal i is open or connected w:l.th Go.
Parameter Condition "Value for devices with |U; j | Unit
5V 12V |15V |24V | 36V
min 4.97 11.92{ 14.91} 23.85} 35.78
Output voltage Uol .4 5.03 | 12.07| 15.09 24.14| 36.22 | V
. ) /) e I
Output ripple u, ¢yp i nf "o max 30 70 | 100 200 | 200 | mv
(approx. 150 kHz)
Static control deviation |U; pin--+Ui pax
AU, y versus 20 60 70 . 150 200
input voltage Iy pax
Static control deviation Io = 0...I° max
AUy 1 versus 10 30 40 100 100 mv
output current Ui
Dynamic control deviation Ui n +70 +140 +150 £180 +£200
Uo ((il typ . I, = 2/31 nax
Loa transient recovery 20 20 20 20 70 us
time £, typ AL, = ;1/310 max
Output current limitation |U; i, ++-U; p.x 1 ...1.3
response I, , Te min-**-Tc max
. . _ - 1
Minimum voltage differ I, Oy [ou 2 1) 3 . 5 6
- 8 2
ential AU, min= lJi Uo ) 3 4) v e
Undervoltage cut-out 6.31)
Ui o typ Tc min--+Tc max 7.32) 7.3 7.3 12 19
Idle input current I, =0
I . v v 30...9 mA
i 0 typ i min®*""i max
Isolation test voltage All inputs and
circuit to outputs inter- 500 V DC
case . connected :
UplUpn
12 ¥ *
g I Electrical Options
1.0 S I
. Option L: Input filter; available
" for cases B02, €03, and L0O4 -
0. Option L is recommended for the preven-
\ ’ tion of oscillations if input lines
0.6 exceeding approx. 5 m in length .(see
page 12 "4.2 Long Input Lines") are
! : used and to reduce superimposed inter-
04 p
’ ll ference voltages.
0.2 i The fundamental wave (approx. 150 kHz) of the reduced inter-
| e r e an Tt Vine Snauctance of & ppy. " maximun
1 LI, max ::923 mv€ with casng?ﬂ%A 4 mvmas with c;sis CO% igg %4 ab .t
. t z is ou’
0 02 04 .06 08 W0 12 14 1T i th case B03; 50 mh with cases C03 and LOd.
Flg. 3 . © With case B02, the insertion of a capac1tance of 1 yF (plastic

foil capac:Ltor), for example, between Vi and Gi can achieve a
further reduction to approx. 4 mvV,.
. The harmonics are small in comparlSon with the fundamental wave,
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with option L, the maximum permlss:Lble add:.tmnally super:.mposed npple u of the input voltage (rectlfler mode) has 7
the following value:
For PSR 57, NSR §7, PSR 512 and NSR 512: u; pax = 12 Vpp at 100 Hz,

U pax = _120?__& Vpp at other frequencies f,
For the other switching regulators: U opax = 22 Vpp at 100 Hz,
’ _ 2200 Hz .

Y vax - F vpp at other frequencies f.

The rectifier circuits described on page 11 under "3. Rectifier Operation" fulfill the above requirements,

Option Q: Center-tap rect1f1er~ available with case L04 with nominal output voltage
|[Uonl =5V, 12V, or 15 V.

The switching regulator with the center-tap rectifier can be powered directly by
a center-tap transformer with two identical secondary w1nd1ngs. The ratings of the
windings should be in the following ranges (assumed mains tolerance -15/+10 %):

For PSR 512E and NSR 512E: 2x16 V, 5.4A...2 X 23V, 3.8A
For PSR 510E and NSR 510E: 2 x 28 V, 2,9 A...2 X 48 V, 1.6 A
For PSR 128E and NSR 128E: 2 x 37 V, 3.4 A...2x 48V, 2.5 A
For PSR 158E and NSR 158E: 2 x 42 V, 3.6 A...2 x 48V, 3.0 A

The ambient temperature Ta should not exceed 46 °C at maximum output power. The out-
put power must be derated linearly from 100 ¥ to 35 ¥ between Tp = 46 °C and 71 °C
(Tc = 70 °C and 95 °C). See also page 11 "3.1 Dimensioning of Transformer".

with option @, the terminals for DC power are accessible simultaneously. This
allows a battery back-up mode, etc.

with option Q, an input filter is a standard feature. Therefore, it is not necessary
to order option L also.

’ Iinh ]
Option i: Inhibit terminal *
The inhibit terminal i is used to i i U,
switch the regulator output voltage Vi
U, on and off with a control signal, . Vo
. Go
When the output is inhibited, the Gi
regulator input current |I; inhl is .
typically 8 ... 15 mA. Fig. 4 o
“When the inhibit terminal is open Characteristics
(Iinh = 0) the output voltage is
switched on.
. Case A01 Other cases .
Parameter Device min max min nax Unit
Inhibit input PSR : =10 +50 -50 +50 v
voltage Usinh NSR -50 +10 -50 +50
Ion [MA] : . ' Tion ImA]
5 S ES h 2
33
4 wliin 1
i) £ — Case |AO1
3 El & 0
Uslon 2= Uiorr , } |/l Cases [B02| CO3| 0%
2 v 4 . co '1 /l
1 ,/ : | B
Calses {B02|C03|D04 o 0F >1l> boN
0 - R - -3 3 fifo -
] : o~ (=1
- / Case A1 o - Rl
.2 =i V1 5 SIS v
.50.,,0.30.20,00102030,,050_:"'“"” o B E NI
‘ Fig. 5 : R . Fig. 6
E Inhibit current Iinh VS, - o - Inhibit current Iinn VS.

inhibit voltage Uj,, for PSR - '~ inhibit voltage Uinh for NSR

L i - oorT i . '[
pred by Ilener com Electronlc L|brary Se%e Copleght 20@3 B
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-The output voltage U, can be : Voltage adjustment with R_

bred by ICmine}.MWﬁmwm 2303 T B RERE
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Option P: Screwdriver-operable potentiometer T -58~11-31
The output voltage U, can be adjusted with a potentiometer in the range from
0.92...1.08 Uy . When this is done, the minimal differential AU;, between
input and output voltages specified on page 4 must be maintained.

Option R: Voltage adjustment terminals

adjusted with an external re~ = = = acccccicecccecsccmemse————Sn
sistance R.x or an external

reference voltage Ug.x. The ad- _ ex
justment range is 0...1.08 U, Uy =Uyp * 1-08 g—32630 0
for PSR and 0.65...1.08 U, , . ex
for NSR. ) N ’ Uo
' : R__ = 402 .
- The minimal differential voltage T ex 0a 1.08 Usn "~ U,
AUio between input and output vol- i J_[l]
tage as specified on page 4 must T Rex [kn,
be maintained. Options P and R can- - )
not be installed together. Case L04 03
does not support options R and i
simultaneously. :

Voltage adjustment with Uk

0.2 \
v =u_ K | 01 A

o ex . g \\
K = 1.08 Uon : ’ ] \ )
U : U o,
ref O 070 20 30 40 50 6 70 8 5 1 108 Ton'
U= 2.49 V x4 % (PSR Fig. 7
ref % ) Adjusting conductance 1/Rex vs. output
= = . voltage U
Upeg = ~2-49 V 24 % (NSR) ge U,
BSR ) - PSR
) 0= Uox < Uref ) 0= Rex < ® '
=0 s Uo s 1.08 U° n =0 g Uy £ 1.08 Us n
PSR PSR :
Uref Uret
wl . Ve . - e B e 1'A
N - o~ -
R > : R A
o -
(%lu“ [E > Rex [;I
1) S ' G}
(Go) C (Fo) .
Fig. 8 - . Fig. 9
NSR . ‘ ' NSR

LSV E Vg B Upe
20.657, 2 Uy % 1.087,,
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Option C: Thyristor crowbar; available with cases B02, C03, and LO04. i T-S58-//-3/

I1f voltage |U, g| at the regulator output is exceeded, a thyristor is fired to dis-
charge a continuous short-circuit current of 8 A (case B02) or 15 A (case C03 and
L04). The output voltage |U,| is less than 1 V. ,

The thyristor is thermally connected with a temperature sensor which inhibits the
regulator output if the temperature becomes too high.

I1f a defective switching transistor has caused the overvoltage, a fuse incorporated
in the regulator will respond to prevent excess current.

_-Option € is not available for |U; | = 36 V. .

Parameter nl =

for |y, Unit

S5V
5.8...6.58

12 v
13.5...15.2

15 v
16.9...19

24 V
27...31

Response voltage |U

o s
for IE min

C max

Option D: Input undervoltage monitor;
available with cases C03 and L04. 1kQ
Terminal D is connected with the drain of

an FET whose source is wired to Go. If the

input voltage is sufficient, it is highly
resistive (Rpg opp > 10 M2), if it is
insufficient, it gas low resistance

(Rps on < 200 Q). _

In the battery operating mode, for exam-

ple, this feature can be used to indicate

the status of the battery. In the recti-

fier operating mode (with a charging

capacitor of sufficiently large capacity),

this feature will guarantee a minimum hold *
time of the output voltage after the

transition to low resistance in the event

of a power failure (save data).

= 100pF

Fig. 12
Definitions

‘ The threshold voltage U, can be adjusted via a potentiometer using a screwdriver.

Pernmissible voltage Up:

0...+8 V (PSR); -8...0 V (NSR)
Permissible current Ip:

0...+5 mA (PSR); ~5...0 mA (NSR)

Option D1: Output undervoltage monitor; available for cases C03 and L04.

Same circuit principle as option D, but response to output undervoltage instead
of to input undervoltage. .

Options D and D1 cannot be implemented simultaneously.

Option A: Test socket; available with case L04

The device has a test socket accepting 2 mm diameter plugs on the front side for
measuring the output voltage U,.

Environmental Conditions

Temperature

Ambient air operating temperature T, and switching regulator case operating tempera-
ture T, are specified on pages 2 and 3. The storage temperature range Tg is from ~40
to +100 °C for all types. - :

when a switching regulator is located in free, quasi-stationary air at a temperature
Ta of +71 °C and is operated at its nominal output power, the case temperature T¢
will be about 95 °C after the warmup phase (measured at the measuring point of case
temperature Tc, see page 8f "Mechanical Data'"). .

Under practical operating conditions the ambient temperature T, may exceed +71 °C
provided additional measures are taken to ensure that the case temperature Tb does
not exceed 95 °C. - . . T - :

N ered By |

Cminer.com Electronic-Library ServiceégpyRight 2003 -
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Vibration

Vibration (sinusoidal)
2 h 30 min. each.
Case A0l ) H

0.7 mm (10...60 Hz), 10 g, (60
Case B02, C03 and L04:

0.35 mm (10...60 Hz), 5 g (60

Mechanical Data

Tolerances * 0.3 mm unless otherwise

T-5%-/1-3/

The switching regulators have passed the following vibration test (type test):

++.2000 Hz)
...2000 Hz)

test Fc according to DIN 40 046 Part 8 and IEC 68-2-6, 3 axes,

Dimensions in mm. specified.
20.5 65
18.7 163 475** 875**
5 ] 12 I :._3 § a3 > ;rln §I:n
. | i g Yy 1 H
c$ & w1 T s 2 5 o T g
g Output e 52 £ | i3
2o [ S| EE ©S& L ©
T | @)0 ek &2 59 - 6
Dewnl o . g T ==
w0l R o 3
g £Ee LR .4
£ — 5+ o
G o —{— 2 q — Ye .
o 1 see data §§ Flgo 14
97402 Case A0l hole locations for
o circuit board mounting.
50.2° Viewed from component side.
~=== = gpace reserved for
min.5 switching regulator
n = a for manual soldering
%1 {RAAF % " = 3,0 dia
) n a for machlne or manual
soldering
Ju u——g—' = 3.0 x 0.7 slot or
28x0.5 i = 3.0 dia. through-plated
Fig. 13
Case A0l (Weight 100 g)
37,805 Potentiometer {Option B/D1)
LED output- Potentiometer
o vottage indicator ( Option P)
. o LT bl
n 0 "’.“ Input E\ v Output u’; 2
‘é "':Q “i vi Gi G va I ~N S
1 ] - 49T &
A i - - ""m 15:1‘—'1 Bl
E M2.5 3 “’ <
91.3" 09x056
Distance between M4 fixing screws
144
§
ul 00 M nn g
& A ) b 5105
14[ Ay | c Measuring point of PP
& . el Sl = E - case temperature g 2 o
21 4 27 © 2 k :n D
b H ——\ &
ol > 2] == Y
N N & 5
366 | [1016 508l 15.24 (386) o in
. e 3 o o - ’
Fig. 15 - - < A I _
. Melcher 1nput filtér (welght e : O
v 30 g) for switching’' regulator" _+
: in case A0l, see Fig. 22 o : 185 |13
o 1 = Vio LT T 125%] ps 275 _fisl 40 PSS wlgs
2 = vii o ' :
3 =0i Fig. 16
4 = Positioning p1ns g

LI

ered by Ié}niner.comge@keméﬁbra;y—swﬁeﬁﬁy%&gnoé - LT T e

. o D

Case C03 (weight 440 g)
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Gt T ATt s

TR T T e Y X ME ey

R, BQD 00051 D I
Potentiometer (Ophon DID1) ’
LED output- Potentiometer 7-58-1/=3/
o] Yoltage indicator (Ophon P) "
% p— S . LEQ output- Potentiometer
° M &)%\& P @f < w| voltage |nd|cafor (Opﬁon P)
i \Uo .- Go & oy o ‘g
3 o4 x X
N _—‘é\ m ﬂ‘! o Output Py 'é,‘
E\ - 9 Gl .Go Vo i [~ Y\l
. m_' Mlc-, ‘Smm deep | ‘= . - o
© 1511 “ o] " il
¥} -

Distance between M& fixing screws Distance between

1“_ . ) M3 fixing screws
.
o I'IﬂIIIIIIIIlI||IlIHIIl|II|IHIIIIII'II'Iﬂ_. uas | I 5105
- g Measutring po*int of g — & Mea?unfng 3
in 1 emperature : ) oint of case R
= o case T. pera = ?; @ :t:l‘: : lgemperafure 4 S
v | H : D 1 H= € A e B 1H=-
R 53% 1 5] & a "
% g - o :3 :E ; o~
el 2. A g H % =
= . 2 - m
w13 T 11 | p— —
n T e T 47| [og) Ju7 ] a
%34 35 22,2 198]155(17.5 |13.7 |(14) 1257 35 20 |10 10 H135) - o
Fig. 17 Fig. 18 . [
e Case C03 with option M (weight 450 g) Case B02 (weight 230 g) rZ\
0
Test socket Mounting plane of 0
(Option A) connector HI "
'-_?:-%W ‘163.5”5 Front panel mounting plane g
voltage 114 1092 1594 Male connector Hi1
;‘dt"a:_"" ~ e - @ 127 according to DIN 41612 ?
otentiometer
(Option P) T P —EER= R ) 4
Jee=—111 | VTl / “Be iR — o
W\IW_S_Z_ = M3; & mm deep 1o D - o
3l g J o3 |¥ for fixing screws @ - 2 o
& ! 8| \ o Ho. 3
—1 3|5 b=4 H —@ + _ o
| ¥ \ i -@ - =
Q0 -l g a
= ! a =
Rf_‘ i ‘@ +~) B [am}
= min5 e« tn
Potentiometer A M 1 @ + (protruding) (=
{Option D/D1)_~ 4_{5 — L E= 1 *rtT tn
g - 11 go1) [n| |6t
‘ § o L nar® Measurin —p:inf of
Coding st = easuring
(Opfliongn K) P = | case temperature T
Tn 1]
b I
} Option Q
Fig. 19 o ' .

Case L04 (weight 550 g) -

Accessorles for Case L04 Designation

STV-N=-311

Coding strip F

Front panel G08~L04*
_Front panel F08-L04*

0 Female connector (mates with bu11t—1n male connector H1l)

0 Coding strip (mates with codlng strip for option K)

O Front panel Schroff system, width 8 units (40.3), height 128.4
o Front panel Intermas system, w1dth C08 (40.3), height 128. 4

Mechan1ca1 Optlons

Screw terminals instead of Faston connectors for Vi, Gi, Vo and Go;

Option M:
available for case C03. See Flg. 17.
Option K:

Codlng strip to prevent insertion of wrong device; available for case L04.

~See Fig. 19, .-

* If device 1ncorporates option(s) P and/or D or D1 and/or A, add hyphen to product
designation and add corresponding designation(s) as suffix. Example: G08-L04-PA

- The front panel is supplled w1th handle 03 and f1x1ng screvs. ¢
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Application Notes

1. Basic Requirement

The following basic reguirements must be complied with to ensure correct operation of a PSR/NSR switching regulator: ‘
The input voltage range specified on page 2 or page 3 must be strictly adhered to.

For options R and P, the minimum difference AlU;, between input and output voltage specified on page 4 must be maintained. ‘
The extreme values of any superimposed AC voltages must also be taken into consideration
{(e.g. line ripple, ripple caused by reactive currents).

The alternating voltage component developed by the swltchlng regulator without option L, without external 1nput capacitor and
with a line inductance value I;, of at least 2 yH has a maximum value of 0.8 Vpp for Ui min and I, pax (measuring bandwidth
20 MHz). In the case of a short circuit, it must not exceed 2 Vpp at approx. 10 to 100 kHz.

Depending on the type of unit and the nature of the power supply source, various
consequences result herefrom:

2. External Input Circuitry

2.1 Case A0l

A switching regulator in case A0l can be operated with .
an input line length a + b of up 500 mm (sum of positive
and negative input lines, see Fig. 20) without addition-

al external circuitry. However the two input lines must Fig. 20
be twisted if they are longer than 300 mm. Switching regulator without
If the input line length exceeds 500 mm, an external external input circuitry

(electrolytlc) input capacitor Ce with a

capacitance value of at least 100 uF must

be connected across the switching regulator

input terminals Vi and Gi (Fig. 21). How- (>
ever, the connection line lengths a + b
together must not exceed 500 mm twisted

or 300 mm untwisted. Fig. 21 )
9 Switching regulator with external
An alternating current thereby input capacitor ¢,

passes through the capacitor.
With a maximum length a + b = 150 mm, this current i e Can be up to 2.7 Ay
with a frequency of at least 10 kHz; with 500 mm (twisted) it is 3.2 A, ..

The current loading is 2.7 Aypg * V0 if the inputs of n switching regulators are connected in parallel. The data sheets of
capacitor manufacturers state the maximum permissible rms ripple currents versus ambient temperature and frequency. ‘

As shown in Fig. 22, a Melcher
input filter can be wired into

the input lines in place of ca- Vii

pa01tor Ce in Fig. 21,

Dimensions Fig. 15 . d) G

Filter FP 38 is suitable for PSR 54 -

and PSA 55; filter FP 80 is suitaple Fig. 22

riligpls fef nen £ o B 2o i Sritehing requiator in case A0L o

ter FN 80 :|.s sultable for all other y °
NSRs. -

The shortest possible connection between filter and switching requlator is recommended if the intention is to use the filter
to reduce interference voltages and currents at the same time. Longer connection lines up to about 2 m will not affect the
operation of the switching regulator. The filter increases the source impedance of the regulator interference voltage to about
25 Q. In normal cases, this value is large compared to the impedance Zs of the supply source and thus determines the interfer-
ence current that flows. This current has a maximum value of 10 mwA.;.. The frequency of the fundamental wave is about 150 kHz.
The rema:.m.ng interference voltage uje at the supply source is calculated as uy;3 = 10 mA + Z;. The addition of a capacitor Ce
reduces the interference voltage still further.

1f the J{Iputs of a number of switching mode regulators are connected in parallel, each one must be provided with its own
Melcher input filter, whereby the individual lines between Vio and Vi must not be interconnected.

A capacitor is required for rectifier operation in all cases. See "3.2 Dimensioning Capacitor [T AN

2.2 Cases B02, C03 and L04

Sw1tch1ng regulator in these cases can be operated with 1nput line lengths a + b
(Fig. 20) of about 5 m (or with connecting line induction values of less than about
5 uH) without the need for additional circuitry. Option L is recommended 1n the case
of longer 1nput llnes. See page 12 4.2 Long Input Lines'. .

However, if sw1tch1ng regulators are to be used without option L, an external capacitor Ce may be necessary (Flg 21). See
page 12 "4.2 Long Input Lines". If a capacitor is connected directly across :mput terminals Vi and Gi, a maximum current of
2.6 Arpg (about 150 kHz) will flow; in the case of an 1nput llne length a + b = 400 mm 1.5 Ay at the most. The capacitor
nust be capable of handling tlus Current. -
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3. Rectifier Operation

-

when operating in the rectifier mode, there . —F'SV"|'3\
must be no underride of the input voltage ’

specified for the switching regulator at

full load and at lowest line voltage nor an 220V~ l

override in the no-load condition at the
_highest line voltage.

This requires an external charging capacitor N
Cy, in all cases without option Q. Fig. 23

Figs. 23 and 24 show two examples of power Power supply system with bridge-type
supply systems with rectifier circuits. rectifier circuit
O i
220V~ B o
lc 0k 17 ©
~o—1SW 2 & L o
2 10V~ l
b Bt
e '[Q
~O S —0-
210 kQ
+o {1
Fig. 24

Bipolar power supply system with dual center tap, level shift feature for inhibit
and an SW 2 voltage selector at the input. )

Systems with up to three switching regulators in case A0l including rectifier and
charging capacitors or Melcher filters are available from us on standard Eurocards.

o
3.1 Dimensioning of Transformer (Single Phase)

when a transformer is operated with a rectifier and a charging capacitor, it does not have to supply current during the
(long) non-conducting phase of the rectifier but is then exposed to a correspondingly larger load during the conducting
phase. The root mean square value of this pulsating current is nearly twice as high as the average value. The rated

ower of the transformer must be at least twice the input rating of the regulator if a mains voltage tolerance of -15 %/
+10 ¥ is assumed. The input power of the regulator can be calculated from the output power and from the operating effi=-
ciency value 7 specified on page 2 or 3. Example PSR 512-7: Output power = 5 V - 12 A = 60 VW, efficiency = 82 ¥%. Thus,
the input power is 60 / 82 « 100 = 73 W and the transformer power 2 +« 73 plus a reserve = 180 VA, for instance.
The power ratings of transformers are usually valid for a maximum ambient temperature of 40 °C. If higher temperatures are
expected, thermal considerations must be taken into account when calculating the rating (consult transformer manufacturer).
Assuming a power supply line tolerance of -15 %/+10 %, a 22 Vrps nominal transformer secondary voltage is recommended for
P/NSR 54, P/NSR 57 and P/NSR 512; for P/NSA 55: 20 Vypgs and for all other switching regulators Ugy o yps = 42 10 48 Vypg.

3.2 Dimensioning Capacitor Cp,

In the cases of bridge or ceﬁter-tapped circuits, a mains voltage tolerance of -15 %/+10 %, a mains frequency of 50 or 60 Hz
and the above-recommended transformer voltage, the capacity C; and the current load ic; of the capacitor under the charging
current can be calculated by the following rules of thumb:

For P/NSR 54, P/NSA 55, P/NSR 57 and P/NSR 512: CL & Py + 35 pF/W (nominal voltage U, = 40V) (1)

) “dep rms 2 Cp ¢ 3 mA/F (at 100/120 Hz) (2)

For the other switching mode regulators: (4% = Po » 200 pF/A (nominal voltage U, = 100 V) (3)
- Utr s - Uo

icn rms & Cp (Uer s = Uo) ° 3'3."‘3 (at 100/120 Hz) (4)

where P, is the output power U, + I, of the regulator.

Example PSR 512-7: Pg = 60 W, Cp, % 60 W + 35 uF/W = 2100 pF.
Nominal value = 2200 pF, 40 V. Igy ypg ¥ 2200 pF + 3 mA/uF = 6600 mA = 6.6 A.

when the inputs of a number of switching regulators are connected in parallel, the sum of the output powers of these
gwitching regulators must be used for P, to calculate C; with formulas (1) or (3) and the highest of the output voltages must
e used for U,. : -

In the case of devices without option L and without external input filter, an additional current will flow through the capa-
citor (see Y2, External Input Circuitry"). This current must be taken into account when the capacitor rating is determined.
In general, it is sufficient to rate the capacitor for the larger of the two currents.

1f for case AOLl the connection lines Cy to Vi and ¢ to Gi cannot be made shorter than 500 mm (twisted) or 300 mm (un-
twisted), a second capacitor C. must be connected with shorter lines or the Melcher input filter used.

For the other cases with option L, the critical line length lies in region above 5 meters. (See "4.2 Long Input Lines"). Line
length is irrelevant for devices with option L. However, it must be ascertained that the maximum input voltage ripple quoted

cndp?g§ 5 above is not exceeded. This requirement is fulfilled by the capacity values calculated according to formulas (1)
an 3). - - T

3.3 Rectifier Rating

In bri@ge or center-tapped circuits, each diode conducts a pulsating direct current whose peak value corresponds to about
four times that of the capacitor current igy. In the above example then, 4 - 6.6 A = 26.4 A.

The mean current flowing though each diode is about one half the current value obtained when the regulator input power is
divided by the rated voltage of the transformer.

In the example, this is 73 W/22 V/2 2 1.6 A (bridge circuit).

A transient peak current occurs when the system is switched on. This peak current can be about seven times the pulsating peak
current in the case of a center-tapped circuit and up to 15 times this value in a bridge circuit. Thus, for a bridge circuit
the maximum transient peak current in the example is 15 : 26.4 A = 396 A. The blocking voltage of the diodes must be at least
twice the nominal transformer secondary winding voltage for bridge circuits and four times for center-tapped circuits. In the
example therefore, 2 *+ 22 V = 44 V (bridge circuit). Lo St
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4, Negative Internal Resistance ri:

The efficiency n of a switching regulator is almost constant over the entire
input voltage range Uj;. This results in a larger input current I; for a low
input voltage than for a high input voltage. This corresponds dynamically
(in terms of alternating current) to a negative internal resistance rj.

4.1 Operation with Current Limiting Device in the Input Circuit
{(1aboratory power supply unit, fuses)

Example: A PSR 55-7 switching regulator (5 V, 5 A, efficiency 5 = 79 %) is to be operated with an input voltage
Ui = 48 V. The result of the calculation indicates that an input current I; of about 650 mA will be required.
When the input voltage rises from zero (power on transient or continuous voltage increase), the voltage will pass
level U; = 8 V at which the switching regulator (if it is not inhibited with option i, and if its output is fully

loaded) requires an input current of 4 A. Eﬁ
1f the current limitation value of the source is lower than 4 A, this will prevent the voltage from rising to the ~
required value. It is possible to inhibit the switching regulator via terminal i (option i) and to reenable it m
after the required input voltage has been attained. Also, the load cannot be connected until after the source has T
been switched on.
m
Tbi§ 9perating characteristic is not a problem when battery or rectifier operation is involved, since no current A
limiting takes place under normal circumstances. However, this characteristic must be taken into account when fuse
ratings are being calculated. L
" =
4.2 Long Input Lines )
If the input lines between the switching regulator and the supply source or the nearest capacitor (with a capa- G
citance of at least 100 yF) are longer than about 5 meters, special measures may be necessary for devices in cases 1]
B02, €03 and L04 without option L. (When long input lines are involved, the switching regulators in case A0l
always redquire an external capacitor or an external filter. See 2.1. "Case AO1".)
. o2 U
The negative internal resistance r; of the switching regulator together with the inductance I of its connecting m
lines and with the capacitor ¢; (built into the switching regulator), naturally forms a parallel resonant circuit _
{Fig. 25). If the resonant frequency of this circuit is significantly lower than the switching frequency of the _
regulator (this is so in the case of a large Lp), the circuit may be excited by ri. This can cause the input
voltage of the switching regulator to leave the specified range. A resonant condition must be therefore be avoided tn
by the adoption of suitable measures. : :ﬂ
n
(Uy m.i.n)2 '
Now - . h o
ry = Po max 100 (s) LL RL
where . i {1
Ui min = minimum regulator input voltage
occurring during normal operation. .
Po max = maximum output power occurring
during normal operation,
n = Percentage efficiency of switching re-
gulator (specified on page 2 or page 3). Fig. 25

Switching regulator without option L with long input lines
The circuit does not oscillate if

q 0 h500000 29

Ly "
7y < =C3 * ry B . . . (6)
where
L;, = inductance of input lines (a + b in accordance with Fig. 20) to the nearest voltage source.
An inductance of about 1 nH/mm of input line length may be assumed for calculation purposes. A capacitor
* larger than about 100 pF may be treated as a voltage source.
4 R;, = Total resistance of input lines and source or input lines and series resistance of the capacitor.

€3 = 13.6 pF (case B02), 27.2 yF (cases CO3 and L04).

If the calculation shows that ineguality (6) is not satisfied, it will be necessary to adopt one of the measures .
listed below. - . .
-~ Use devices with option.L (built-in input filter, available in cases B02, C03 and L04).
- Reduce input line inductance L {(twisting the two lines reduces the inductance to about 70%)
- - Introduce an external capacitor C., between Vi and Gi (Fig. 21) with a capacitance value of
e .. . z . .
L

Cem1n=-mf-ci 5

" Also observe the contents of section "2, External input circuitry" when determining the characteristics of
the capacitor. - e :

- Increase resistance kL in the input lines (smaller cross section). This step is usually not desirable be-
Rl , cause of the associated additional losses involved.

: . . A
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