How should one design a three-phaserectifier/safety
transformer for 24Vdc, 80Adc supplywith RC load,
as per IEC 38 and IEC 61558 ?

Technical specification relevant only to design

Electrical data and diagram

Input voltage 3 x 230V per phase , +6%, -10%, sinusoidal

Frequency 50Hz
Min. output voltage  20.4Vdc, at -10% input voltage

Nominal output 24Vdc, at nominal input voltage
voltage

No-load voltage 28.8Vdc, at +6% input voltage
Nominal output 80Adc, RC load

current

Voltage ripple max 5%

Ambient and operating conditions:

Ambient temperature 40°C

Mode of operation Continuous operation

Test conditions Non-inherently short-circuit proof
Specification

o Safety transformer as per IEC 61558

e Insulation class E
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Design criteria

IEC 61558

A transformer with non-inherently short-circuit protection as per IEC 61558 is
equipped with a safety. Normally, we try to provide effective protection both for
the transformer and for the rectifier. Very often, we arrive at a combined
protection solution consisting of three fuses matched to the rectifier and a
thermal cutout. For these reasons, short-circuit and overload are not design
criteria. The design criterion for purposes of IEC61558 is only temperature 0
nominal

Insulation class A E B F H

Max. winding 200 215 225 240 260
temperature in test 6
max (° C)

Max. winding 100 115 120 140 165
temperature in
nominal operating
mode 6 nominal (° C)

Insulation class
Max. winding temperature in nominal operating mode = 115°C

Max. winding temperature in test mode = 215°C
Insulation class E is prescribed.

IEC 38

The above-prescribed limit values for voltages and for the ripple of a 24V dc
supply are laid down by IEC 38. A rectifier/transformer with RC load, for which
the minimum and maximum output voltages are prescribed, is designed in
accordance with the regulation criterion (Criterion = 1).

Note O:

Rectifier/transformers with RC load can be designed ONLY in accordance with
the regulation criterion. For that reason, we have to select a regulation
solution such that the prescribed limit values for output voltage and temperature
of the windings do not exceed 6 nominal.

Regulation (voltage increase)

For purposes of designing the transformer in accordance with the regulation
criterion (voltage increase), we have to input the value for the increase in the
secondary voltages. This is calculated as follows, on the basis of the DC
voltage information:

The transformer is calculated for an input voltage of 207Vac. In this context, the
output voltage under load - in the hot state - must not fall short of 20.4Vdc. The
maximum no-load voltage must not exceed the level of 28.8 at 243.8Vac input
voltage.

At the input voltage of 207Vac, the no-load voltage must be below the values of



28.8*207/243.8=24.59Vdc. This corresponds to a DC voltage increase of
100*(24.5-20.4)/20.4 = <20%. The secondary voltage increase should be <10%

in accordance with the following table.

Regulation of Regulation of the DC Regulation of the DC
secondary voltage voltage of a single- voltage of a triple-
phase shunt rectifier phase shunt rectifier
% with RC load with RC load
% %
1 8-12 5-6
25 12-14 7-8
5 14-17 9-10
10 20-25 18-22
15 30-33 24-26

Note 1:

The first design calculation was performed with 10% regulation. At that level,
the temperature of the windings was too high in operation at 243.8V. Only at
3.5% regulation who were satisfactory results obtained.

Output voltage ripple
Ripple= 100*(Udcmax-Udcmin)/(Udcmax+Udcmin)

The program calculates the magnitude of the required capacity on the part of
the smoothing condensers for the prescribed DC ripple.
5% ripple is prescribed in accordance with IEC 38

Bobbin unit

Our calculation was performed with a single-chamber bobbin unit. With a
double-chamber bobbin unit, the transformer is somewhat larger. For this
purpose, for however, we can use smoothing condensers of three to five times
smaller capacity, and thus achieve the same ripple. In order to find the optimum
solution, we have to perform one calculation with a single-chamber bobbin unit
and one calculation with a double-chamber bobbin unit.

Induction and Fe quality

The choice of induction is selected at a voltage below the input voltage of
minus 10% between 1.2 and 1.4.

The rectifier/transformer is very often installed together with the rectifier in a
case or in a cabinet. For that reason, the loss output of the transformer should
be sized low and the grain-related Fe quality should be used: M6X, ORSI
111,...

Connection of transformer windings
The primary winding is connected in a star circuit. The secondary is used in
"Delta", so that the current through the winding is less and the application of



parallel-connected flat wires can be avoided.

Procedure for design

1.

2.

If you are not yet acquainted with Rale design software, please read the
text "How should | design a small transformer?". Keep a copy of this
text within convenient reach whenever performing design work.

Fill in the design input mask as follows. If you need any help, press
function key F1. There is extensive description for each input field.
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PRIMARY UCW)_T(AI_ SECONDARY

Circuit -: 207 Circuit 163

Overvolt.*:1.18

Wire -:0 Woltage W:Z1

Ins/L T Current A:E0

Ins/E 2500

Formfactor:1.11 Wire HE

Freque.Hz:50 Ins/L e

dI/To %1100 Ins/E T

MASE

Regulation %:3.5 Steel -:1 Cooling 1 Bobbin -:1
Udiode W Induction T:1.35 Force mss 0 P/S-0Order -:1
dlUdiode Wil Remanence *:0.35 Bracket -:2 Rac/Rdc *:1.25
Ripple %:5 Wikg 1 Radiator —:0 Space *:.8
Temp . Amb C 0 War kg 1 Hul Wertical -:1
Temp.rise K20 Gap 1 Channel cm:id Horizontal -:1
Time 1 Min:30 Annealed —:0 Cu-Surface *:1 Impregnation-:2
Load 1 1 Stacking 1 Eth-warnish *:1 Spread F:0
Time 2 Min:30 Hole -:1 Eth-compoun. *:1 selection -0
Load 2 ol Assembly -:1 Case —:0 Criterion -:1

STEELL.DA

o gk

The output voltage of 21Vdc at 80Adc is ensured at the under-voltage
for the 207V input voltage. Temperature is designed simultaneous with
the over-value of 243.8V for input voltage of 207V.

Regulation = 3-5% <10% was selected such that the maximum
temperature of the windings does not exceed the value of 6 nominal and
the output voltage is within the limits prescribed by IEC 38.

Rac/Rdc = 1.25 was increased such that the program uses no parallel-
connected flat wires.

Winding space = 0.8 should be used for automatic selection of the core
(Selection=0) with thick wires.

The Selection input field is set at 0. This means that the program should
search on-line for a suitable core for this application, from your selected
triple-phase core family.

Save your input data file. In this specimen design calculation, we saved
the input data in input data file CALOOO6E.TK1. This input data file was
supplied together with this document. Copy it into the directory in which
your Rale demo program is installed.

Connect up to the Rale design server.

Load up your input data file.

Now select the three-phase core family from which a suitable core is to
be searched for your application. Ensure that the marked core is AUTO.



INPUT

Input
Core/Eobbin Families
UT -30..... 240 MICHAEL DUTI1.MCH oD Sch ALK oK
UI -30..... e, MICHAEL DUIZ.MCH 195 g5esol
UT -30..... 39 MICHAEL DUT3.MCH 105e-51 1
24 MICHAEL D3IUT1.MC i Eeset
UI-30..... e MICHAEL D3UT2.MC Qs /gse ol
AUI-30..... 39 MICHAEL D3IUI3 . MC 105e-51 1
EE -10..... 3z MICHAEL DEE.MCH :o0,/g5e Copy
SE = MICHAEL DSE.MCH
selected Family:D3UI1.MC List
1 UI 3G!1G.5 ol 13.4!13.4 43GG1.1!43GG2.2 /B
2 UI 30/10.5L ol 13.4,/13.4 44003.5,/44004 .6 —
3 UI 30/16.5 ol 13.4713.4 43005.5/43006.6
4 UI 30716.5L ol 13.4,/13.4 44007.9,/44008.0 Case
5 UI 39/13.8 ol 17.8/1F7.8 43009.9/43010.2
6 UI 39/13.8L ol 17.8/17.8 44011.5/44012.6 1
7 Ul 39/20.8 ol 17.8/1F7.8 43013.5/43014.6 Frimnt
7. Click on OK.

8. Start your design work. In the system for automatic selection of the core
from your prescribed three-phase core family, the program will offer you
an adequately sized core for your application. Click on OK in order to

accept the core.

Input
PRIMARY
Circuit
Owervolt. 21,18
Wire —-:0

|

selected Core
selected Limb
Calculated Limb

U{W)_T
207

INPUT

(A SECONDARY
Circuit 153

Yoltage Wizl

Eun Time M

I_

UT 12066
cm: 4
cm: 3.899

ol 56.2/56.2 43074.4/43075.5

Cance]l 1

1
2
&

¥l
Min:3o
¥l

St
Ho
As

Eth-warnish *:1
Eth-compoun. *:1 selection
Case -0 Criterion

ORS1111

acking
Te

Spread

On completion of the design work, the following design data will be available
and can be printed on three pages:



Input Materia Eun OQutput Help

#*0 DIAGHOSE Page O
Name 1 3 X UL 120766 ol 56. 245
Steel -:0RS5I111
Humber of Sections -:1
max.Cu-Fill Factor %: B2.9
max. parallel Wires i1
Induction on Load T:1.593
Max. Induction T:1.623
Max. Cu-Temp. Under Load 66,9
Max. Cu-Temp No Load 18,3
Fegulation %:3.7
IAInrush/TAnom-Factor *:31.8
Input Current Ho-Load %:11.4

i
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PRIMARY UCW) TCAY|SECOMD. 1--= 2——= 3= do== Geo—= fo-= Fo-= F--—

Circuit-:d 207 . Circuit-:53

Overvlt®:1.18 . Yolta. W:iz2l.

Wire 0.0 Curre. A:g0.

I/L. ped. Wire 13

I/E. Mes00. I/L P00

Formfac. :1.11 . I/E pd.0

Fre.Hz :50

dI/Io  %:100

Fegulat. #*:3.5 Steel -:1 Cooling *:1.00 |Bobbin -:1

Udijode Wil 8 Induction T:1.59 |(Force m/s:0.00 [P/5-Order -:1

didiode  W:.1 Eemanence *:0.35 [Bracket -2 Rac,/Rdc *:1.

Eipple %:5. Welkg *:1.00 [Radiator -:0 Space 0.

Tmp. Amb, “C 4l War fg *:1.00 0,00 [Wertical -:1

Tmp.rise “K:80 Gap *:1.00 |Channel com:0.00 [Horizontal -:1

Time 1 Min:30.0 [Annealed -:0 Cu-surface*:1.00 [Impregnat. -:2

Load 1 *:1.0 Stacking *:1.00 [Rth-warni.®:1.00 |Spread %:0

Tims 2 Min:30.0 |Hole b1 -:1 Rth-comp. *:1.00 |Selection Hal
e - -
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N ame : 3xUI 12066
Steel OR5I111 S.35
bat+B4 AfBE+a4 F D A
t [as @ @
.I_
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.I_
E | ¢ b b
L
with two bobbins
Foaz ! dz 1
_
1 5P PlS
) bal | bodi 4

oD 56.2/56.2 43074.4/43075.5

Weight
Gap total
A-Limb
B-wi dth
Z-Height
D-5tack
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qr
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Typ |Turns |T| Wa | W5 [Par| Wip | HAp | TAL L I/L|I/E|wWeight|RwWH
i 1l i 1l ] ] gr %
1 4 265.9 [O)28.0|88.0|1 1.4 1.4 7f4.41(3.57 |. SO0 (E93.F71|38.
2
3
4
5
&
7
g
1 53 [22.2 1(77.0(95.0(1 3. 2.5 11.96(1. 26 1409, 241, |::
5 =
3
4
5
&
7
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HOMIMAL OPERATION at Amb. Temperature *C 40. and Owverwvoltage 1.18
Output Power on Load WiZadd ., Output Power of Transfor. W:3z19.
Cu Losses Wi3ig. 73 Fe-Losses actiwve W:ll.53
Short-Circuit-volt. cold %:2.63 Fegulation %:3.68
Instantaneous pow. .5/95& W:F369. Efficiency of Transformer #:95.44
dT Fe awverage Surface KiBD. & dT primary “KiEGE. 9
dT Gehause awv. Surface K. dT secondary K165, 3
1.017°0 0.07°750 239.5V 0.8670 0.1030
1.93 % 0.14 % 98.1 % 1.0 & 0.2 %
¢—dks— - S -
L2.82 0
24,3 W S176. 0 s 5F9.9 0 235.68 W 51.71 00
100 % 9800. % & 1097. % 95.45 % 97.9 %
mH 5.4 *
4,624 A 4,555 4
i < <
101.5 % 1.593T 100 *

4,624 f | | 4,555

. |

I3
101.5 %

=4

1.593T 100

&

DUTY C¥CLE QPERATION at Amb.Temperature *C 40. and Owerwvoltage 1.18

dT Fe awverage Surface Kiad. g8 dT primary KiBE. 9

dT Gehause av. surface K. dT secondary K65, 3

WO LOAD OPERATION at fmb. Temperature *C 40. and Owvervoltage 1.18

Losses actiwve Wilz. 34 Losses reactive VAR I125. 6
Current factor %:11.39 Induction T:1.623
dT Fe awverage Ssurface Kiz2l.F dT primary “Kilg.3

dT Gehiuse av. Surface K.

SHORT-CIRCUIT OPERATION at Amb.Temperature “C 40,

Losses actiwve Wi2585. Losses reactiwve War:115. 7
Current factor Fi1229.2 Inductian T:.7d1
dT Fe awverage Ssurface “K 3506, dT primary “Ki:3991.
dT Gehause av. surface K. dT secondary “K 3809,

and Owervoltage 1.18

Input Materia Eun QOutput Help
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‘ 4.624 A || 4.555 A
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dT Gehause av. surface K.

< <
101.5 % 1.593T 100 %

DUTY C¥CLE QPERATION at Amb.Temperature *C 40. and Owerwvoltage 1.18

dT Fe awverage Ssurface KiBD. & dT primary K166, 3

dT Gehause av. surface K. dT secondary K65, 3

WO LOAD OPERATION at fmb. Temperature *C 40. and Owvervoltage 1.18

Losses actiwve Wilz. 34 Losses reactive VAR I125. 6
Current factor %:11.39 Induction T:1.623
dT Fe awverage Ssurface Kiz2l.F dT primary “Kilg.3

Losses actiwve Wiz2h2a. Losses reactiwve W
Current factor Fi1229.2 Inductian T:
dT Fe awverage Ssurface “K 3506, dT primary K
dT Gehause av. surface K. dT secondary K

SHORT-CIRCUIT QOPERATION at Amb.Temperature *C 40. and Owverwvoltage 1.13

115.7
Ll

3991.
3909,

Input Materia Run Output Help

dT Gehiuse av. Surface K.

SHORT-CIRCUIT QFERATION at Amb. Temperature *C 40. and Owvervoltage 1.18

Inrush Current peak Af:20F.2
Inrush Current rms AcO6. 38

Cu-Losses L
Fesistance cold n:.7592
Eeactance 0:.0748

Eddy-Current Factor 11

Losses actiwve Wi2585. Losses reactiwve Yar:115.7
Current factor %1229, 2 Induction T:.741
dT Fe awverage Surface “K 3506, dT primary “K:3991.
dT Gehiuse av. Surface K. dT secondary “K 3909,
PRIMARY (Tap:l floces Pooos Poooo demms Jocos Gooos Pocoo focoos

Yoltage Wizgdd . 3

Current Ard,a2d

Icc-Current Warm A1, 6

Io -Current An527

I
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Eesistance cold 0Q:.7532 f
Reactance N:.0748 i
Eddy-Current Factor 1.

SECONDAREY l1--—-- 2-——- 3--——= g---= §——-- f———= F-———- B-——--
Output Voltage WizG.1

Output Current A:105.5

out. voltage no Toad wWi:27.1

Sec. Woltage Wil9. 7

Sec. Current LU Y

Sec. voltage cold Wild. 8

Sec. Load n:,358

Icc warm A:lZ26. 6

Cu-Losses warm W:ils. 38

Resistance cold [:.0045

Eeactance 0:.0007

Eddy-Current Factor :1.01

Capacitor mF 234,14

oy

9.

This
Uin

This is followed by checking of the design data.

Firstly, we check the DC output voltages in no-load mode for input
voltage of 244.3Vac: 27.1Vdc < 28.8Vdc

We then check the winding data and the filling factor (82.0<100%).

The maximum temperature of the windings is 40°C+66.9°K = 106.9°C <
115°C.

is followed by checking of the output voltage for an input voltage of 207V:
=1.

On the third page of the winding datasheet we should check the output
voltages for an input voltage of 207V: 21Vdc > 20.4Vdc.



o

# Rtkeng M=l

Input Materia Fun Output Help

PRIMARY (Tap:1 ) il==== Z==== J==== de=== H==== Foo== fo=== fi===== {
Yoltage WizO7F. i
Current A3 907

Icc—-Current warm A:10.56

Io —Current Ac1Z1

Inrush Curremt peak A%:151.5

Inrush Current rms ALB7. 24

Cu-Losses wWild.r

Fesistance cold :.7592

Eeactance ¥

t.0748
Eddy-Current Factor 1.

SECONDARY flem== Te=== Jo=== dle=== G=—== === F==—= B

output YWoltage Wizl

Output Current A5, 90 :
out. voltage no load W:i:22.8 |
sec. Woltage Vile. 7 H
Sec. Current Acdi, 32

sec. Woltage cold Vile. 8

g

10.1f the design data is not satisfactory, then there are two ways by which
we can implement the desired correction:

e You can return to the input mask (function key F2), correct the input data
and redesign the transformer.

e Oryou can access the test program (function key F5), modify the
designed transformer manually and redesign the transformer by that
means.

11.0n completion of the design work, you can print out the design data on-
line, or save it on your local PC and print it out off-line. The output data
file from this design example, CALOOO6E.TK2, is supplied together with
this document. Copy it into the directory in which your Rale demo
program is installed.

Tips & Tricks
Temperature in nominal operating mode is too high
e Reduce your regulation and increase your induction.
o Employ a better iron quality
e Increase your cooling surface area. In the case of 3Ul cores, the base
angles are very effective for this purpose. You can reduce the windings'
temperature rise by approximately 10%-15%.

Smoothing condenser

For the prescribed DC ripple of 5%, the program has calculated the value of
33000uF+-20%.

For the same output voltage ripple, a 2-chamber transformer requires only
6700uF!



Regulation

We selected regulation = 3.5%, so that the overtemperature would not be too
high. In the case of a double-chamber transformer which has a higher scatter
inductance, a higher degree of regulation is permissible. In our case,
regulation = 5% is perfectly suitable.

Home
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