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Topicl/ Designl

Designing inherently short-circuit-proof,
potted safety transformers 12V, 0.166A
in accordance with IEC 61558

Input parameters

Primary Voltage 120V +-10%, 60Hz, sine wave
Wire Cu, round, single insulated
Layer insulation No
Final insulation No

Secondary Nominal output voltage 12V
Nominal output current 0.15A @ 80 Ohm
Wire Cu, round, single insulated
Layer insulation No

Final insulation

Core Size El 25, stack %, no holes

Steel

M45, alternate stacking, not annealed

Bobbin Size For core El 25/(3/4)
Typ Double section
Case Size 17 x 0.75” x 1.25”, potted
Design Insulation class B, max. operating temperature 120C,
max. short-circuit temperature 175C
Ambient temperature 40C
Regulation 100%, for min short-circuit current and
max. output power
Induction 1.1T, to limit the no-load temperature

due to the high value of the regulation




0 DIAGNOSE Page 0

Name :1 X EI 25/(3/4) 1280-0
Steel -:M45 Gauge 24 , 0.0250"
Number of Sections -2

max.Cu-Fill Factor 7/:89.9

max. parallel UWires 1

Induction on Load T:1.274

Max. Induction T:1.628

Max.Cu-Temp.rise on load °K:49.
Max.Cu-Temp.rise no-load °K:30.4

Regulation 7:98.8
1" Inrush/I"nom-Factor *:4,
Input Current No-Load 72:91.7
R1 X1 R2 X2

— Hill—

. Xfe Rfe Rload U2 Fig. 5a

Low Freguency Scheme of a Transformer

R1 R2
—1] [ F—
U1 .
Xfe Rload U2 Fig.5b
Low Frequency, Low Power (<5VA)
Scheme of a Transformer

R1 X1 R2 X2

U1

Rload uz Fig. 5¢

Low Frequency, > 5VA Power, Low Induction (< 1T)
Scheme of a Double-Section Transformer

Fig. 5



07-26-2008,20:14:17/14 .43 Input and Circuit Page 1
PRIMARY Ul I1(A)|SECOND. 1-— 2-— 3— 4— 5-— 6— 7——— B—-
Circuit-:1 1. Circuit-:11
Ouervlt=:1.10 . Uolta. U:12.
Wire (0.0 Curre. A:.166
I’L. mil:O. Wire :0
IVE. mil:0O. . IL mil:0.0
Formfac.:1.11 . I’E mil:0.0
Fre.Hz:60
dI/Io 1100
Regulat. #:100.0|Steel -:17 Cooling %:1.00 |Bobbin -:2
Udiode U:0.8 Induction T:1.27 |Force ft/s:0.00 |P/S-Order -:1
dUdiode U:.1 Remanence *:0.35 |Bracket -:0 Rac/Rdc *:1.05
Ripple 7:5. W kg *:1.00 |Radiator -:0 Space *:0.90
Tmp. Amb.°C:40 UAr/kg *:1.00 |Chassis -:1.00 |Uertical -:1
Tmp.rise °K:75 Gap %:1.00 |Channel in:0.00 |Horizontal -:1
Time 1 Min:30.0 |Annealed -:0 Cu-Surfacex:1.00 |Impregnat. -:2
Load 1 *:1.0 Stacking %:1.00 |Rth-varni.»:1.00 |Spread 7:0
Time 2 Min:30.0 |Hole -:1 Rth-comp. *:2.00 |Selection -:2
Load 2 *:1.0 Assembly -:1 Case -:1 Criterion -:1
CIRCUIT: T
e &
| 12. U
I .166 A
s &
U
A
U
A
1 U A o—pg
|
I v
| A
|
|
I v
| A
|
g— |
U
A
U
A
u
A




07-26-2008,20:14:17 CORE ~» BOBBIN , STEEL , CASE Page 2
Name *1XEI 25/(3/4) 1280-0
Steel :M45 Gauge 24 - 0.0250" 725.59
FF+484+ a $B4+F{ |} D Weight Ib:.1
T Gap total in:0.000
E % G b A-Limb in:0.25
} B-Width in:0.25
C-Height in:0.50
c D-Stack in:0.75
E-Yoke 1 in:0.13
} F-Yoke 2 in:0.13
E b b G-Hole in:0.00
1 Radiator Fin :0
Radiator Chan. :0
al cm:0.33
T az cm:0.73
d1 cm 0.81
1p [<¥4 cm 1.24
+ 1 cm:
1s 1p cm:0.20
L Is cm:0.20
Margin cm:0.04
3 X 1 X- Length 1 in:1.03
T Y- Width 1 in:0.78
Z- Height 1 in:1.28
X x— Length 2 in:0.78
| y- Width 2 in:0.53
Y y z— Height 2 in:0.25
| w— Thickness in:0.01
Material :
Potted
1
Foox Fou
T T
z
1 wt
T
Typ |Windun|MTI| DN | DN |Par | Dr#é | B/ | W/L| L |I/L|I/E|Weight |RWH
mil mil mil|mil 1b 7/
11 1 |20.1 |[Co0|20.0]|20.0|1 32 32. 5 4.1 .015  |89.
2
3
4
5
6
e
8
1] 11 |481.6 [COO|33.5|33.5|1 6.7 |6.7 |25 |19. .015 |78.
2
3
4
5
6
e
8
TOTAL .029  89.
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NOMINAL OPERATION at Temperature °C 88.8 and Overvoltage 1.10
Output Power on Load W:2.42 Output Power of Transfor. W:2.42

Cu Losses W:2.55 Fe-Losses active W:.33
Short-Circuit-Uolt. cold #:41.52 Regulation 7:98.81
Instantaneous pow. .5/95& W:3. Efficiency of Transformer #:45.67

dT Fe average Surface °K:43.8 dT primary °K:49.
dT Case aver. Surface °K:40.5 dT secondary °K:48.7

0.0612 0.004R .8 U 0.057% 0.004% .6 uoe.sgs °
27.23%2 1.7 4 2.9 25.19~ 1.7 » 50.3 «
i 0.126 %
oy |
2 138997 0 1 0 i
862.8 21 =+ J412.5« ==
6.803 nF| . mH 0.126 R
4.886 A | 4.38 A
111.6 » 1.274T 160 x

DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overuoltage 1.10

dT Fe average Surface °K:43.9 dT primary °K:49.
dT Gehause auv. Surface  °K:40.6 dT secondary °K:48.7
NO LOAD OPERATION at Amb.Temperature °C 40. and Ouveruvoltage 1.10
Losses active W:1.66 Losses reactive UAr:4.64
Current factor 7:91.68 Induction T:1.628
dT Fe average Surface °K:27.6 dT primary °K:30.4
dT Gehause au. Surface °K:25.5 Rezonance frequency kHz:38.9

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40. and Ouvervoltage 1.10

Losses active W:12.89 Losses reactive UAr:1.16
Current factor cold 7:240.9 Induction T:.822
dT Fe average Surface °K:104.7 dT primary °K:121.3
dT Gehause au. Surface °K:95.5 dT secondary °K:121.
PRIMARY (Tap:1 ) 1-— 2—— 3 4 5 6-——— 7?———— 8—————

Uoltage Input/Output U:1.1
Out. Uoltage no load U:
Current Input-/Output A:4.886
Load on output R
Power factor of load

Current in segment A:4.886
Current density A/in"2:6099.
Icc-Current cold A:11.77

Io -Current A:4.479
Inrush Current peak "A:27.59
Inrush Current rms A:11.3
Cu-Losses W:1.5
Resistance cold 2:.0491
Reactance R

Eddy-Current Factor B

SECONDARY 1-— 2—-3 4 5 6 7-——— 8
Output Uoltage

Output Current

Out. Uoltage no load
Sec. Uoltage

Sec. Current

Current density A/in”
Sec. Uoltage cold
Load on output

Power factor of load :1.000

DcNDCccCcDC
©
P
Jos
@

Icc cold A:0.48
Cu-Losses warm UW:1.088
Resistance cold 2:25.99
Reactance :2.194

Eddy-Current Factor 1.
Capacitor mF:.

I




Topicl/ Design2

Designing inherently current limited,
potted safety transformers 10V, 5A
in accordance with UL 1585 Class 2

Input parameters

Primary Voltage 120V +-10%, 60Hz, sine wave
Wire Cu, round, single insulated
Layer insulation No
Final insulation No, due to the potting
Secondary Nominal and no-load output 10V on load, 15V no-load
rms voltage
Nominal and max. short-circuit | 5A @ 2 Ohm and <8A @ 0.03 Ohm
rms output current after 60 sec in short-circuit operation
mode
Wire Cu, round, single insulated
Layer insulation No
Final insulation No, due to the potting
Core Size EE 125/2 with 2 E parts from core EI
125
Steel M45, alternate stacking, not annealed
Bobbin Size 2 El 125/2 single section bobbins
Case Size This transformer is designed without
case. With the case the temperature rise
will be lower.
Design Insulation class B, max. operating temperature 120C,

max. short-circuit temperature 175C

Ambient temperature

40C

Regulation 50%, in order to limit the no-load
output voltage (<15Vrms)
Induction <0.3T, to limit the short-circuit current

(<8A) and losses with a very high
leaking reactance

Alr gap
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Name :1 X EIL 125/(2)-5/7
Steel -:M45 Gauge 24 , 0.0250"
Number of Sections -2

max.Cu-Fill Factor 7:84.1

max. parallel UWires 1

Induction on Load T7:0.243

Max. Induction 1:0.312

Max.Cu-Temp.rise on load °K:25.9
Max.Cu-Temp.rise no-load °K:3.8
Regulation 7#:52.7

1" Inrush/I"nom-Factor *:,
Input Current No-Load 7:2.6
R1 X1 R2 X2
U1 )
Xfe Rfe Rload uz Fig. 5a

Low Frequency Scheme of a Transformer

R1 R2

—_]

U1 .
Xfe Rload U2 Fig.5b
Low Frequency, Low Power (<5VA)
Scheme of a Transformer
R1 X1 R2 X2
U1

Rload u2 Fig. 5¢

Low Frequency, = 5VA Power, Low Induction (< 1T)
Scheme of a Double-Section Transformer

Fig. 5

€3¢



07-27-2008,12:36:33/14.43 Input and Circuit Page 1
PRIMARY ucvy 1cAd|SECOND. 1— 2— 3— 4— 5— 6— 7— 8—
Circuit-:1 120. Circuit-:11
Overult=:1.00 . Uolta. VU:10.
Wire :0.0 Curre. A:5.
I/L. mil:0. Uire 0
IVE. mil:0. . I/L mil:0.0
Formfac.:1.11 . I’E mil:0.0
Fre .Hz:60
dI/Io 1100
Regulat. #:50.0 |Steel -:17 Cooling =:1.00 |Bobbin 12
Udiode U:0.8 Induction T:0.24 |Force ft/s:0.00 |P/S-Order -:2
dUdiode V:.1 Remanence %:0.35 |Bracket -:0 Rac/Rdc *:1.05
Ripple Z:5. W/kg *:1.00 |Radiator -:0 Space %:2.00
Tmp. Amb.°C:25 UAr/kg %:1.00 |Chassis -:1.00 JUertical -1
Tmp.rise °K:20 Gap %:1.00 |Chanmnel in:0.00 |Horizontal -:1
Time 1 Min:1.0 |Anmealed -:0 Cu-Surface»*:1.00 |Impregnat. —:2
Load 1 *:1.0 |Stacking =:1.00 |Rth-varni.»:1.00 |Spread 7:0
Time 2 Min:999.0|Hole -:1 Rth-comp. %:2.00 |Selection -:2
Load 2 %*:1.0 |Assembly -:1 Case -:0 Criterion -:1
CIRCUIT:
6. V
5. A

U

A

U

A

120. V A

U

A

U

A

U

A

U

A

U




07-27-2008,12:36:33 CORE ~» BOBBIN , STEEL , CASE Page 2
Name :1XEIL 125/(2)-5/7
Steel :M45 Gauge 24 , 0.0250" 725.59
IF4B4+ A $B4F D Weight 1b:7.74
T Gap total in:0.000
E é G "] A-Limb in:1.25
1 B-Width in:0.63
C-Height in:3.75
C D-Stack in:2.01
E-Yoke 1 in:0.63
1 F-Yoke 2 in:0.63
E & [ G-Hole in:0.219
1 Radiator Fin :0
Radiator Chan. :0
al cm:1.39
T a2z cm:2.46
dl cm 2.24
Ip d2 cm 3.50
+ 1 cm:
Is 1p cm:1.45
i s cm:2.04
P at | F a1 Margin cm:0.08
X- Length 1 in:
Y- Width 1 in:
Z—- Height 1 in:
x— Length 2 in:
y- Width 2 in:
z—- Height 2 in:
w— Thickness in:
Material :
Potted
Typ |Windun|MTI| DN | DN |Par | D/#¢ | Bss | W/L] L |I/L|1/E|Weight |RUH
mil mil mil|mil 1b 7
1| 1 |910. C00|21.0)21.0(1 28.5 |28.5 |65 |13. 1.596 [82.
2
3
4
5
6
7
8
1| 11 |115.0 |CeO|13.5]13.5]1 67.9 |67.9 |19 |5.9]. 1.148 |84.
2
3
4
5
6
7
8
TOTAL 2.743 84.




07-27-2008,12:36:33 General Data Page 3
NOMINAL OPERATION at Temperature °C 50.1 and Overuoltage 1.00
Output Power on Load W:49.3 Output Power of Transfor. W:49.3
Cu Losses W:9.5 Fe-Losses active U:1.
Short-Circuit-Uolt. cold x:63.15 Regulation 7:52.72
Instantaneous pow. .5/95& W:28.6 Efficiency of Transformer %:82.44
dT Fe average Surface °K:21.4 dT primary °K:24.4
dT Case aver. Surface °K:. dT secondary °K:25.9

9.591% 68.41% 92.6 U 14.09% 48.682 78.6 U -38.3 °
5.13 » 36.6 # .2 7 7.54 ~ 26.052 65.48
1 125.2
186.9 1 ]
120. U 8575 f & 16954 2 § 7205 @ 0]
160 4587. « =+ 3854. « =T
.156 nF| . mH 125.2 %
.642 A | .627 A
102.3 243 T 100 «
DUTY CYCLE OPERATION at Amb.Temperature °C 25. and Overvoltage 1.00
dT Fe average Surface °K:21.4 dT primary °K:24.4
dT Gehause au. Surface °K:. dT secondary °K:25.9
NO LOAD OPERATION at Amb.Temperature °C 25. and Overuoltage 1.00
Losses active W:1.45 Losses reactive UAr:1.4
Current factor 7:2.62 Induction T:.312
dT Fe average Surface °K:4. dT primary °K:3.8
dT Gehause au. Surface °K:. Rezonance frequency kHz:2.9

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 25.

and Overvoltage 1.00

Losses active W:21.01 Losses reactive UAr:120.1
Current factor cold »#:158.4 Induction T:.132
dT Fe average Surface °K:44.2 dT primary °K:52.5
dT Gehause au. Surface °K:. dT secondary °K:56.3
PRIMARY (Tap:1 ) {-—— 2——- 3 4 5 6 —-—- 8
Uoltage Input/Output U:120.

Out. Uoltage no load U:

Current Input/Output A:0.642

Load on output

Power factor of load :

Current in segment :0.642

Current density A/in"2:1006.

Icc-Current cold :1.02

Io —Current A:0.017

Inrush Current peak "A:0.

Inrush Current rms A:0.

Cu-Losses U:4.

Resistance cold 2:8.502

Reactance 2:68.41

Eddy—Current Factor :1.01

SECONDARY - 2——- 3-—— 4—— 55— 6——— ?——— B——
Output Uoltage U:9.93

Output Current A:4.965

Out. Uoltage no load U:15.05

Sec. Uoltage U:9.93

Sec. Current A:4.965

Current density A/in"2:1371

Sec. Uoltage cold U:10.1

Load on output n:2.

Power factor of load :1.000

Icc cold A:7.91

Cu-Losses warm U:5.55

Resistance cold f:.1897

Reactance L7776

Eddy—Current Factor

Capacitor
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Topicl/ Design3

Designing inherently current limited
single phase transformer 24V, 100A
with integrated inductor

Genaral information

There are 2 constructions for creating a transformer with an integrated inductor:

RL xR X1 Rz X
4 HEER{
Unet U1 Xfe I Rfe Rload uz

Integrated inductor on the primary side

| | |

R1

U1=Unet

| |
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Normally the construction with the primary outside is used more often due to the fact that it
protects the transformer part from voltage spikes, harmonics and it limits the inrush current.
Note that the Rale Design Software doesn’t support the design of the transformer with the
integrated inductor full automatically. You have to design it in 2 steps; first the “transformer”
and then the “inductor”.
Assume the following operation mode:

e Unet =400V, 60Hz

e Short-circuit current has to be Icc = 2 x Inominal; Ucc% = 50%

e 9 minutes @ Inominal, 1 minute @ lIcc

For this operation mode the “transformer” input voltage is:
Ul = Unet x (1 - (Ucc%/100)"2) 70.5 =400 x (1 - 0.52)"0.5 = 346.4V

Unet x Ucc%/100

2
U1
Unet
“Transformer” Input parameters
Primary Voltage 346.4V -10% +24% (no-load at Unet
+10%), 60Hz, sine wave
Wire Cu, round, single insulated
Layer insulation 5 mil
Final insulation 5 mil
Secondary Nominal output rms voltage 24V on load
Nominal current 100A
Wire Cu, square, single insulated
Layer insulation No
Final insulation 12 mil
Core Size El 250/3
Steel M19, alternate stacking, not annealed
Tube Size 25x3x3.7
Design Insulation class F, max. operating temperature 155C @
1 minute 200A and 9 minutes 100A
Ambient temperature 40C
Induction <1.2T, max no-load induction 1.5T




“Transformer” output parameters

Max.Cu-Temp.rise on load °K:

Max.Cu-Temp.rise no-load °K:
Regulation z:
I" Inrush/I"nom-Factor *:

Input Current No-Load VA

111.
21.1
3.1

2.6

#%0 DIAGNOSE Page O
Name :1 X EI 250/(3)

Steel —-:M19 Gauge 26 ~ 0.0185"

Number of Sections -:3

max.Cu-Fill Factor 7:90.

max. parallel Wires 4

Induction on Load T:1.215

Max. Induction T:1.235

13



07-28-2008,19:27:04,14 .43 Input and Circuit Page 1

PRIMARY uw) 1(AJ|SECOND. 1— 2-— 3— 4— 5-— 6— 7——— B—-
Circuit-:1 346. Circuit-:11
Ouervlt=:1.00 . Uolta. U:24.
Wire 0.0 . Curre. A:100.
I,L. mil:5. . Wire :3
IVE. mil:0O. . IL mil:0.0
Formfac.:1.11 . I E mil:12.0
Fre.Hz:60
dI/Io 1100
Regulat. #:50.0 |Steel -:28 Cooling %:1.00 |Bobbin -:3
Udiode U:0.8 Induction T:1.21 |Force ft/s:0.00 |P/S-Order -:2
dUdiode U:.1 Remanence *:0.35 |Bracket -:1 Rac/Rdc *:1.10
Ripple 7:5. W kg *:1.00 |Radiator -:0 Space *:2.00
Tmp. Amb.°C:40 UAr/kg *:1.00 |Chassis -:1.00 |Uertical -:1
Tmp.rise °K:115 Gap %:1.00 |Channel in:0.00 |Horizontal -:1
Time 1 Min:1.0 Annealed -:0 Cu-Surfacex:1.00 |Impregnat. -:2
Load 1 *:2.0 Stacking %:1.00 |Rth-varni.»:1.00 |Spread 7:0
Time 2 Min:9.0 |Hole -:1 Rth-comp. *:2.00 |Selection -:1
Load 2 *:1.0 Assembly -:1 Case -:0 Criterion -:2
CIRCUIT: T
e &
| 24. U
I 100. A
s &
U
A
U
A
346. U A —pg
|
I v
| A
|
|
I v
| A
|
[ a—
U
A
U
A
U
A




07-28-2008,19:27:04 CORE ~» BOBBIN , STEEL , CASE Page 2
Name 11XET 250/(3)
Steel :M19 Gauge 26 -, 0.0185" 718.5
FF+484+ a $B4+F{ |} D Weight 1b:30.55
T Gap total in:0.000
E % G b A-Limb in:2.50
} B-Width in:1.25
C-Height in:3.75
c D-Stack in:3.00
E-Yoke 1 in:1.25
} F-Yoke 2 in:1.25
E b b G-Hole in:0.333
1 Radiator Fin :0
Radiator Chan. :0
3 a2 i1} dz al cm:2.75
T EEEE———— EE— a2 cm:4.93
di cm 3.25
1 - P|S - S [<¥4 cm 5.93
EENEEN [T 1 cm:3.48
L I —— 1p cm:
Foat A F a1 ls cm:
Margin cm:0.14
X- Length 1 in:
Y- Width 1 in:
Z- Height 1 in:
x— Length 2 in:
y- Width 2 in:
z— Height 2 in:
w— Thickness in:
Material :
Potted
Typ |Windun|MTI| DN | DN |Par | Dr#é | B/ | W/L| L |I/L|I/E|Weight |RWH
mil mil mil|mil Ib 7/
11 1 |224. Co0|12.5112.5]|1 76.3 |76.3 |42 |5.2]5. 5.362 |49.
2
3
4
5
6
e
8
1] 11 |16.0 |[C11]|5.0 |5.0 |2 182. |18z2. |17 |1.8]. 12.14.513 |40.
2
3
4
5
6
e
8
TOTAL 9.876 90.

15



07-28-2008,19:27:04 General Data Page 3
NOMINAL OPERATION at Temperature °C 118.8 and Overvoltage 1.00
Output Power on Load W:2396. Output Power of Transfor. W:2396.
Cu Losses W:73.07 Fe-Losses active W:32.42
Short-Circuit-Uolt. cold «#:2.77 Regulation 7:3.06
Instantaneous pow. .5/95& W:5789. Efficiency of Transformer /:95.78
dT Fe average Surface °K:58.3 dT primary °K:78.9
dT Case aver. Surface °K:. dT secondary °K:78.7

0.7812 0.438% 340.2V 0.632% 0.438¢ 335.7 U -1.02 °
1.63 7 0.92 « 98.3 1.32 7~ 0.92 » 97.03
- i
47.04 %
. R 1 |
346. U 3570 9§ 25614 2 j 2297 R 0
100 =« 7465. 21 = ] 4802. « ==
1.036 nF| . mH 47.04 R
7.235 A | 7.137 A
101.4 » 1.215T 100 x
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overuoltage 1.00
dT Fe average Surface °K:77.7 dT primary °K:111.
dT Gehause au. Surface  °K:. dT secondary °K:110.7
NO LOAD OPERATION at Amb.Temperature °C 40. and Oueruvoltage 1.00
Losses active W:33.56 Losses reactive UAr :56 .52
Current factor 7:2.63 Induction T:1.235
dT Fe average Surface °K:26. dT primary °K:21.1
dT Gehause au. Surface °K:. Rezonance frequency kHz:2.

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40. and Ouveruoltage 1.00

Losses active W:67795 Losses reactive UAr : 59834
Current factor cold 7:3612. Induction T:.584
dT Fe average Surface  °K:1477. dT primary °K:2128.
dT Gehause au. Surface  °K:. dT secondary °K:2690.
PRIMARY (Tap:1 ) 1--—2——3 4 5 6 7-——— 8

Uoltage Input/Output U:346.
Out. Uoltage no load U:
Current Input/Output A:7.235
Load on output Q:
Power factor of load

Current in segment A:7.235
Current density A/in"2:1582.
Icc-Current cold A:261.3
Io —Current

Inrush Current peak
Inrush Current rms

~

DROEDDD
P NN

-J

a1

D

Cu-Losses .
Resistance cold 5559
Reactance 4381

Eddy-Current Factor :1.01

SECONDARY 1-— 2—-3 4 5 6 7-——— 8
Output Uoltage
Output Current

Out. Uoltage no load
Sec. Uoltage

Sec. Current

Current density A/in
Sec. Uoltage cold
Load on output

Power factor of load :1.000

A

RCNDCCDC
. N

w

0

[e3]

Icc cold A:3657.
Cu-Losses warm UW:32.18
Resistance cold :.0022
Reactance f:.0022

Eddy-Current Factor :1.04
Capacitor mF:.

233
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“Inductor” Input parameters

17

After the “transformer” design we know the following “inductor” parameters:

e The nominal current 11n = 7.235A
e The number of turns and the wire size

e Max. peak value of the current through the “inductor”

1.41 x lcc = 1.41 x 2 x7.235 = 20.4A
e The core shape and steel
e Frequency f =60 Hz

The nominal inductance of the “inductor has to be:

L =Unetx Ucc%/100/11n/2/Pi/f=346.4 x 0.5/7.235/376 =0.06366H
L = 63.66mH linear up to = 20.4A

In the short-circuit mode of the “transformer” the “inductor” is set under the voltage of

346.4V. Using the formula:
U=4.44xfxWxB x Kfe x Afe

And:
e =60
e W =224 (turns of the primary winding)
e B=15T@20.4A"
e Afe the cross section of the “inductor” core

We calculate the stack of the “inductor” core 2.5”

Winding RMS Inductance 63.66mH @ 20.4A"&1,5T realized
with 224 turns , calculated with
“transformer” design
Wire Cu, round, single insulated AWG 12.5,

calculated with “transformer” design

Layer insulation

5 mil

Final insulation 5 mil

Nominal rms current 100Arms, 60Hz
Core Size El 250/2.5

Steel M19, alternate stacking, not annealed
Tube Size 25x3x3.7
Design Insulation class F, max. operating temperature 155C @

1 minute 200A and 9 minutes 100A

Ambient temperature

40C

Induction

<1.2T, max no-load induction 1.5/

“Inductor” output parameters

|tt*0 DIAGNOSIS

Seite O



mailto:1.5T@20.4A%5E

Name and Type of the Bobbin
Steel

Used Space of the Bobbin
Number of wires in parallel

Max. Current Imax
Inductance at Imax
Nominal Induction at Imax
Minimal Induction at Imax
Maximal Induction at Imax

Nominal Current Inom rms
Inductance at Inom
Induction at Inom peak

Max. dT
Max. dT at Inom
Q_Factor at Inom

3,1 X EI 250,/(2_5)

7/

=== ID

A:
mH:
T:

°K:
°K:

51.4

7.23

:M19 Gauge 26 , 0.0185"

at RacRdc : 1.028/0.

[cNoNoNoMN
[cNoNoN o

63.45 Bei Ith™A: 10.19

571

54.3
41.

144 .9

Bei Ith"A: 10.19

at Pcu W: 28.58 and Pfe W: 34.28
at Pcu W: 28.58

18



07-28-2008,23:28:57,14 .44 INPUT and OUTPUT Seite 1
L(mH) ICA) i-—-2-—- 3—— 4—-— 5-— 6— 7— B8—-
Schema :1. 61.6 20.4|Harmo. -:1
L-Type =:2. Curre. A:7.23
Wire -:0. Angle °:0.
In/L mil:5.
In/E mil:5.
Al/Cu —:1.
Fre .Hz:60
Ripple #:10.
Q-Factor :50 Steel -:28 Cooling *:1 Bobbin -:3
Cal.Freq.Hz:60 Induction T:1.41 |Uentil. m/s:0 Stomach *x:1
L@Freq. .Hz:60 Plate -1 Brackets -:1 Rac/Rdc *:1.05
0 W kg *:]1 Radiator -:0 Space Fac. =:.9
Amb . Temp . °C:40 UAr/kg *:]1 Chassis -:1 Force -:1
Tmp.rise °K:115 Gap posit.x=:1 Channel in:0. Windintech.-:1
Time 1 Min:1 Annealed -:1 Cu-Surfac.»:1 Impregnat. -:2
Load 1 *:2 Stack.Fac.=:1 Rth-Uarn. =:1 Full Layer -:0
Time 2 Min:9 Hole -:0 Rth-Comp. *:1 Selection -:1
Load 2 *:1 Core Asse.-:2 Case -:0 Criteriom -:2
Type of the Inductance L=UsIeff/f1
T T
.4280 £ 18.84 mH 4022.mH 44.97mH
|| [ | Bave T: 1.139
63.31 mH == nF || || I:I Bgap T: 1.015
Bmax T: 1.330
20,4 "A
Nominal operation mode at the temperature °C 81.03
Nominal current Inom rms A:7.23 Peak current of Inom “A:10.19

Al/Cu Losses/phase W:28.58 Steel Lossess/phaselactiu

) W:34.28

Addy current losses factor :1.028 Q-Factor 144 .87
dT Fe (average) °K:35.88 dT Winding (hot spot) "~°K:41.03
dT Case (average) °K:0.0 dT Windig C(average) °K:40.70
: T T 1
.5318 @ 18.78 mH 5034.mH 45.07mH 432.2%
|| [ | Bave T: 0.571
63.45 mH == nF || || Bgap T: 0.508
Bmax T: 0.666
10.19 “A Bx T: 0.033
& By T: 0.014
Harmonics 1. 0. 0. 0. 0. 0. 0. 0.
Current rms A:7.23 . . . .
Al/Cu Losses W:28.58 . . . 0.
Fe-Losses W:34.28
Duty cycle operation mode at the amboent temperature °C 94.30
dT Steel (average) °K:43.90 dT Winding C(hot spot) °K:54.30
dT Case (average) °K:0.0 dT Winding (average) °K:53.86
Inductance and induction at the impressed peak current
Current “Alz2.04 |20.4 30.6 |. 40.8 |.
Induction “T|.113 |1.14 1.691]. 2.243|.
L=U1-f1,11 mH
L=U1-/f1/1Ieff mH|62.75 |63.31 |O. 0. 0. 62.13]|0. 61.78|0.
L=sUxt/"1 mH
L=dursf1,dlI  mH
Leaking Ind. mH|19.17 |18.84 |O. 0. 0. 19.46]0. 19.66]0.
Gap-Induct. mH|44.51 |44.97 |O. 0. 0. 44.05|0. 43.76|0.
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07-28-2008,23:28:57 » BOBBIN ~» STEEL , CASE ~ WINDING Seite 2
Name $1XEI 250/(2_5)
Steel :M19 Gauge 26 , 0.0185" s18.5
FF+484+ a $B4+F{ |} D Weight 1b:25.46
T
E % G ] A-Limb(Dia.) in:2.50
1 o 1 6— B-Width in:1.25
C-Height in:3.75
C 5 —2— —5—] D-StacksDia. in:2.50
E-Yoke in:1.25
1 4 3 4 F-Rearyoke  in:1.25
E '] ] G-Hole in:0
1 Radiator Ribs :0
Radiator Chann.:0
3 a2 1 dz al cm:2.75
T - - az cn:4.93
di cm 2.75
1 dz2 cm 5.43
N R I cn:3.48
L N B Ip
al d1 Is cm:
Margin cm:0.14
X- Lenght 1 in:
Y- Width 1 in:
Z- Height 1 in:
x— Lenght 2 in:
y- Width 2 in:
z— Height 2 in:
w— Thicknes in:
SPK Material
Compound  in"3:
Chann./Wind. in:0.00
Chann.=>core in:0.00
Windng|T|AWG |AWG |Para| Ds/# | Brsg |Pitch| T/L| L |I/L|I/E|Weight|RWUH
mil mil mil mil|mil| 1b V4
1|224. 0]12.5|12.5]|1 76.3 |76.3 42.4|5.28] 5.1 5.14.129 |51.
2
3
4
Order
Layers
Turns
Position 1 2 3 4 5 6 7 8
Gap in] 0.11 0 0. 0 0.11 0. 0.
Uoltag.U| 34.22 | 345.3 | O. 0. 508.3 | O. 673.9
Curren.A| 1.446 14.46 | O. 0. 21.70 | 0. 28.93
Order Date :07-28-2008
Customer Time :23:28:57

Remarks

233
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Topic2/ Designl

Designing high voltage ,
potted transformers 10kV, 0.1A, 1500Hz

Input parameters

For this type of transformers the designer uses 2 legs C-core with good 4 mil grain oriented
steel. In order to avoid problems with high voltage between primary and secondary windings
they have to be wound on the different legs. The transformer has to be potted in a case.

The resonance frequency of the transformer capacity and no-load inductance has to be min. 3-
5 times higher than the nominal operation frequency. For this reason the designer has to use
air gaps in the core, thicker layer insulation and set the secondary winding in a double section
bobbin. If possible the core and the tap between 2 secondary sections should be connected to
the ground. Note that the resonance frequency can set 2-3 times lower than the operating

frequency using an additional secondary winding with capacitive load.

4 )

f. '\
i I
b A

\ >

-

Primary Voltage 120V +-10%, 1500Hz, rectangular
wave form
Wire Cu, round, single insulated
Layer insulation No
Final insulation No
Winding Alone per leg on tube potted in case
Secondary Nominal output voltage 10000V
Nominal output current 0.1A @ 100 kOhm
Wire Cu, round, single insulated
Layer insulation >5 mil, in order to limit the layer
capacitance for higher resonance
frequency
Final insulation NO
Winding 2 Alone per leg on tube, potted in case
Core Steel M2, 4 mil
Case SPotting Vacuum, no air in the windings
Design Insulation class B, max. operating temperature 120C




%0 DIAGNOSE Page 0
Name :2 X SU 60/20.6 gS M
Steel -:M2 0.007" => M68-0.18mm
Number of Sections -1
max.Cu-Fill Factor 7:87.8
max. parallel UWires 1
Induction on Load T1:0.783
Max. Induction T:0.814
Max.Cu-Temp.rise on load °K:?77.8
Max.Cu-Temp.rise no-load °K:48.1
Regulation z:11.7
1" Inrush/I"nom-Factor *:24.8
Input Current No-Load 7:32.2

22



07-29-2008,16:07:33/14.43  Input and Circuit Page 1

PRIMARY ucvy 1cpd|SECOND. 1— 2— 3— 4— 5— 6— 7— B8—
Circuit-:1 120. Circuit-:11
Overvlt=:1.00 . Uolta. U:9999
Wire :0.0 Curre. A:.1
I/L. mil:5. Wire Ho)
IVE. mil:0. . I/L mil:5.0
Formfac.:1.00 . I’E mil:10.0
Fre .Hz:1500
dI/Io 1100
Regulat. #:50.0 [Steel -:9 Cooling %:1.00 |Bobbin -:1
Udiode U:0.8 Induction T:0.78 |Force ft,/s:0.00 |P/S-Order -:3
dUdiode V:.1 Remanence *:0.35 |Bracket -:1 Rac/Rdc %:1.25
Ripple %:5. U/kg *:1.00 |Radiator -:0 Space %:0.70
Tmp. Amb.°C:40 UAr/kg %:1.00 |Chassis -:1.00 JUertical -1
Tmp.rise °K:70 Gap %:10.00 |Chanmel in:0.00 |Horizontal -:1
Time 1 Min:30.0 |Annealed -:1 Cu-Surface=:1.00 |Impregnat. -:2
Load 1 %:1.0 |Stacking #*:0.95 |Rth-varni.»:1.00 |Spread 7.0
Time 2 Min:30.0 |Hole -:1 Rth-comp. %:1.00 |Selection -:2
Load 2 %:1.0 |Assembly -:1 Case -:1 Criterion -:2
CIRCUIT:
9999 U
1 A
U
A
U
A
120. V A
U
A
U
A
U
A
U
A
U
A




07-29-2008,16:07:33 CORE ~» BOBBIN , STEEL , CASE Page 2
Name :2XSU 60,/20.6 gS M
Steel ‘M2 0.007" => M68-0.18mm ,7.09
Fa4B4aq [ D Veight 1b:1.34
T Gap total in:0.000
E é G "] A-Limb in:0.78
1 B-Width in:0.78
C-Height in:2.47
C D-Stack in:0.81
E-Yoke 1 in:0.78
1 F-Yoke 2 in:0.78
E & [ G-Hole in:0.00
1 Radiator Fin :0
with two bobbins Radiator Chan. :0
a2 d2 | al cm:0.91
T a2z cm:1.53
dl cm 0.92
S P11 S d2 cm 1.79
1 cm:2.22
i 1p cm:
| at F a1 1s cm:
Margin cm:0.13
X- Length 1 in:3.21
Y- Width 1 in:4.11
Z- Height 1 in:1.65
x— Length 2 in:0.00
y- Width 2 in:0.00
z- Height 2 in:0.00
w— Thickness in:0.04
Material :
Potted
Typ |Windun|MTI| DN | DN |Par | D/#¢ | Bss | W/L] L |I/L|1/E|Weight |RUH
mil mil mil|mil 1b 7
1| 1 |66.9 |CeO|12.5]12.5]|1 76.3 |76.3 |27 |2.5]5. .437 |85.
2
3
4
5
6
7
8
1| 11 |6140.2|C00|33.5|33.5]1 6.7 6.7 |293 |20.]5. |10.].311 |87.
2
3
4
5
6
7
8
TOTAL .748 87.
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07-29-2008,16:07:33

General Data Page 3

NOMINAL OPERATION
Output Power on Loa
Cu Losses

d

at Temperature °C 117.3 and Overuoltage
W:973.8 Output Power of Transfor. W:
W:15.53 Fe-Losses active u:

Short-Circuit-Uolt. cold x:30.97 Regulation 7

Instantaneous pow.
dT Fe average Surf
dT Case aver. Surf

0.0792 1.8
0.67 » 15

i
120 U 679
Z

10.19 A

S

5766 .

.5/
ace
ace

718

.89~

95& W:366.3 Efficiency of Transformer Z:
°K:78.4 dT primary °K:
°K:65.2 dT secondary °K:

109.6V 0.09 R 1.871% 107.4 V
91.3 « 0.76 » 15.89~2 89.54 «

1.00

-16.9 °

@
4

11.85

203 a2f30 ®
—+ 251.7
522.7 nF| . mH 11.85 @
| 9.063 A

f

| ®

112.5

783 T 106 «

DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overvoltage

dT Fe average Surf
dT Gehause av. Surf

ace
ace

°K:78.4 dT primary °K:
°K:65.2 dT secondary °K:

1.00
76.9
7.8

NO LOAD OPERATION
Losses active
Current factor

dT Fe average Surf
dT Gehause av. Surf

ace
ace

at Amb.Temperature °C 40. and Overuoltage
W:19.57 Losses reactive UAr:
7:32.22 Induction T:
°K:53. dT primary °K:
°K:42.9 Rezonance frequency kHz:

1.00
393.5
.814
48.1
3.9

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

Losses active

Current factor cold
dT Fe average Surf
dT Gehause av. Surf

ace

W:117.5 Losses reactive UAr:

#:322.9 Induction T:.

°K:6231. dT primary °K:

ace °K:5754. dT secondary °K:

and Overvoltage 1.00

3948.

PRIMARY (Tap:1 )
Uoltage Input/Output
Out. Uoltage no load
Current Input/Output
Load on output

Power factor of load
Current in segment
Current density A/in
Icc—Current cold
Io —Current

Inrush Current peak
Inrush Current rms
Cu-Losses
Resistance cold
Reactance
Eddy—Current Factor

uU:
U:
A:
Q:

A:
~2:
A:

A

PREDDD

1 2-—- 3 4 5

o
=]
1
I
1
1

Q

120.

10.19

10.19

SECONDARY

Output Uoltage
Output Current

Out. Uoltage no load
Sec. Uoltage

Sec. Current

Current density As/in”

Sec. Uoltage cold
Load on output
Power factor of load
Icc cold
Cu-Losses warm
Resistance cold
Reactance
Eddy—Current Factor
Capacitor

RPCNDCCDC

A:
W:
f:
f:

1— 2—- 3-—— 4——— 5—— 6——— ?7-——- B

mF: .

I

25
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About spacing within a high voltage “dry” transformer

In order to avoid corona and partial discharging within a transformer we have to follow some
very important rules about the value (VV/cm) and the form (V/cm”2) of the electrical field.

1. The electrical field between 2 parallel, naked wires with the radius R, in air with
temperature 25C and pressure 1 at, that will produce the corona effect can be
calculated with following formula:

Ec =33.7 x (1 +0.242/R"0.5) in kV/cm

2. The most critical form of the electrical field for corona has 2 parallel, naked wires.
Note that the same form has the configuration of one wire and one plate. All other
configurations of electrodes with the same radius an distances as 2 parallel, naked
wires have less critical form of electrical field.

The most critical configurations for corona within a transformer are shown in the following
picture.

a Ec= Uc /R /in(2d/R)
h Ge= Ug/RM2/In(2d/R)

Ec=1.12 Us{Rd"2)*(1/3)
Ge=1.12 Uc/3/R/Rd" 21/
3)

Example 1

Find the voltage between the wire and plate that will produce the corona the following
parameters of the configuration:

e R =40mil =0.1016cm

e D=1in=254cm

This is the electrical field that will produce the corona:
Ec =33.7 (1 +0.242/0.1016)"0.5) = 59.28 kV/cm

This is the voltage between the wire and the plate that will produce the electrical field 59.28
kV/cm and corona:

Uc = Ec R In(2d/R)) = 59.28 *0.1017 In(5.08/0.1016) = 23.56kV



27

Example 2

Find the voltage between the corner of the core and the winding that will produce the corona
the following parameters of the configuration:

e R =40mil =0.1016cm

e D=1in=254cm
Out of the first example we know Uc = 23.56kV and calculate the gradient of the magnetic
field for the configuration wire-plate.

Gc =Uc/R"2/In(2d/R) = 238 kV/cm”2
In order to get corona in the configuration core-winding the gradient of magnetic field has to
have the value of 238 kVV/cm”2 and the voltage between the winding and the core has to be:
1.12 Ucw-c /3R/(Rd"2)"(1/3) = 238
And
Ucw-c= 63 kV > 23.56 kV

Note that the radius of the core corner is smaller than 40 mil = 0.1016cm.

About spacing within a high voltage potted transformer

Normally all small power, high voltage transformers are potted in a case. The check in
procedure of spacing has more steps:

1. Selection of the best representative model of configuration and calculation of the max.
gradient of the electrical field

2. Calculation the dimensions of the high voltage screened cable with the same gradient
of the magnetic field as calculated in the step 1, using the formula :

Gc = Uo/Ri™2/In(2(Ro)/Ri)
3. Selection the resin with a high non-linear specific ohmic conductivity
Gama=AE"n

4. Calculation of the electrical field with the influence of the resin non-linearity of the
specific ohmic conductivity

E = kUo/(Ro"k+Ri"K)/Ri*k

where;

e Uo => voltage between the screen and inside round wire
e Ri =>radius of the inside round wire

e Ro =>inside radius of the screen

e A =>constant

e E =>electrical field

e n => factor of resin non-linearity :2 < n <4, k =n/(1+n)



Example 3
The distance between the inside corner of our secondary winding to the core is 75mil =
0.19cm.
The wire radius is (6.7/2 mil = 0.0085cm.
Uo = 10kV
1. For the configuration corner-plate the value of the gradient of the magnetic field is:

G = 1.12U0/3/R/(Rd*2)"0.333
G = 1.12 x 10 /3/0.0085/0.0085/0.19/2)"0.333 = 6494 kV/cm~2

2. Using:

Uo/Ri*2/In(2(Ro)/Ri) = 6494

and

Ro=Ri+d

follows: Ri = 0.023cm, Ro = 0.023 + 0.19 = 0.213cm
3. Select the resin with n = 2 or better (n>2); k = n/(1+n)=2/3 = 0.666
4. And finally the max. electrical field

E =0.666 10/ 0.023"0.666 /(0.213"0.666-0.023"0.66) = 300 kV/cm

If you get any problem with this result you need to increase the thickness of the tube and/or
the wire size

28
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Topic3/ Designl

Designing mixed operation mode transformer,
230V/115V, 10A in autotransformer and
230V/115V, 10A galvanic separated connection

Input parameters

Input Voltage 230V, +-10%, 50/60Hz, sine wave
Wire Cu, round, single insulated
Output Nominal output voltage 115V, in autotransformer connection
115V, galvanic separated connection
Nominal output current 10A, in autotransformer connection
10A, galvanic separated connection
Wire Cu, round, single insulated
Core Steel M19, alternate stacking, not annealed
Bobbin Type Single section
Design Insulation class B, max. operating temperature 120C,
Ambient temperature 40C

Modifying the wire size from thermal point of view

Due to the fact that the program supports only the full load operation mode we need to
compare the currents in both, full load and partial load operation mode (disconnected one of
both 10A loads) and modify the wire size by hand in the segment Uoat-0.

In the full load operation mode the current Ix has amount of 0.348A (view 3. design page). If
you disconnect the load of the galvanic separated winding the amount of the current Ix
changes to 4.188A and the temperature rise from 60K to 112K (view design page 4)
Changing the wire size in the segment Uoat-0 from AWG 26 to AWG 20.5 the temperature
rise can be set back to the amount of approx. 50K (view the last 2 design pages)

Ui Ui
v lin v lin
Uoat Uot Uoat Uot
loat | v v | lot loat | v
v 4
Ix Ix
, - ;




Design page 1

08-07-2008,18:07:31/14.43 Input and Circuit Page 1
PRIMARY ucv) 1C(AJ|SECOND. 1-— 2-——— 3—— 4—— 5—— 66— 7—— 8—-
Circuit-:1 115. 10. |Circuit-:11
Ouerult*:1.00 230. Uolta. U:115.
Wire 0.0 . Curre. A:10.
I/L. mil:0. . Wire 0
IVE. mil:5. . I/L mil:0.0
Formfac.:1.11 . I’E mil:0.0
Fre.Hz:50
di/lo :100
Regulat. #:50.0 [Steel -:22 Cooling %:1.00 |Bobbin -1
Udiode U:0.8 Induction T:1.30 |Force ft,/s:0.00 |P/S-Order -:1
dUdiode U:.1 Remanence *:0.35 |Bracket -:1 Rac/Rdc *:1.05
Ripple 7:5. W/kg %:1.00 |Radiator -:0 Space %:0.95
Tmp. Amb.°C:40 UAr/kg *:1.00 |Chassis -:1.00 |[Uertical -:1
Tmp.rise °K:60 Gap %:1.00 |Chanmel in: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-varni.»:1.00 |Spread 7:0
Time 2 Min:30.0 |Hole -:1 Rth-comp. %:1.00 |Selection -:0
Load 2 %x:1.0 |Assembly -:1 Case -:0 Criterion -:0
CIRCUIT:
115. UV
16. A

U

A

U

230. U A
A
115. U 10. A

U

A

U

A

U

A

U

A

U

A

I



Design page 2

08-07-2008,18:07:31 CORE ~ BOBBIN ~, STEEL , CASE Page 2
Name :1XEI 200-(2) R /EI 2HW/(2)
Steel :M19 Gauge 24 ~ 0.0250" 725.59
FF4B4+ A $B{F D Weight 1b:19.52
T Gap total in:0.000
E % G ] A-Limb in:2.00
1 B-Width in:1.50
C-Height in:3.74
C D-Stack in:2.02
E-Yoke 1 in:1.25
1 F-Yoke 2 in:1.25
E ] ] G-Hole in:0.31
i Radiator Fin :0
Radiator Chan. :0
F q al cnm:2.18
T az cm:4.94
di cm 2.18
1 S dz2 cm 4.94
1 cm:3.60
i 1p cm:
P at | F a1 1s cm:
Margin cm:0.07
X- Length 1 in:
Y- Width 1 in:
Z- Height 1 in:
x- Length 2 in:
y- Width 2 in:
z— Height 2 in:
w— Thickness in:
Material :
Potted
Typ |Windun|MTI| DN | DN |Par | D/#¢ | B/ | W/L] L |I/L|1/E|Weight |RWH
mil mil milmil 1b V4
1] 1 |154.8 |C00|26.0]|26.0|1 15.9 |15.9 |205 |.76]. 5. |.086 |1.3
2] 1 |308.1 |COP|12.5]|12.5|1 76.3 |76.3 |44 |3.5 5. |2.206 |24.
3
4
5
6
7
8
1| 11 |161.6 |COO|11.0|11.0]|1 90.7 |90.7 |37 |4.3]. 4.179 |36.
2
3
4
5
6
7
8
TOTAL 6.471 63.

I
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Design page 3

08-07-2008,18:07:31 General Data Page 3
NOMINAL OPERATION at Temperature °C 100.3 and Overuoltage 1.00
Output Power on Load W:2299. Output Power of Transfor. W:2299.
Cu Losses U:61.88 Fe-Losses active W:14.29
Short-Circuit-Uolt. cold x:2.03 Regulation 7:2.68
Instantaneous pow. .5,95& W:950. Efficiency of Transformer %:96.79
dT Fe average Surface °K:48. dT primary °K:60.9
dT Case aver. Surface °K:. dT secondary °K:59.8

0.505% 0.03 2 224 .8V 0.075 0.154% 224. UV -0.46 °
2.27 72 0.14 7 97.7 # 0.3 » 0.69 z 97.39 «
s—iiE—I
2 21.81 R
22.26 R ]
230. UV 3536 2 £ 33771 9 j 2447 R 0]
160 « 15882 « 10993 =+=
.943 nF| . mH 21.81 2
10.33 A | 10.26 A
F—<
100.6 1.3 T 100
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overuvoltage 1.00
dT Fe average Surface °K:48. dT primary °K:60.9
dT Gehause au. Surface °K:. dT secondary °K:59.8

NO LOAD OPERATION

at Amb.Temperature °C 40.

Losses active W:14.33
Current factor z2:1.13
dT Fe average Surface °K:13.2
dT Gehause au. Surface °K:.

and Overvoltage 1.00

Losses reactive UAr:22.78
Induction T:1.328
dT primary °K:11.7
Rezonance frequency kHz:1.9

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

and Ouvervoltage 1.00

Eddy—Current Factor

1.
Capacitor mF: .

Losses active W:10843 Losses reactive UAr :44587
Current factor cold 7:4933. Induction T:1.206
dT Fe average Surface °K:3264. dT primary °K:4278.
dT Gehause au. Surface °K:. dT secondary °K:3943.
PRIMARY (Tap:2 ) 1-— 2—— 3 4 5 6——— ?——— B————
Uoltage Input/Output U:115. 230.

Out. Uoltage no load VU:115.7

Current Input/Output A:10. 10.33

Load on output :11.5

Power factor of load :1.000

Current in segment A:0.348 10.33

Current density A/in"2:1752. 2259.

Icc—Current cold A:530.6 509.7

Io —Current A: 0.117

Inrush Current peak “A: 47.65

Inrush Current rms A: 18.71

Cu-Losses W: 33.2

Resistance cold 2:4.709 4.938

Reactance :.091 .0893

Eddy—-Current Factor 1. 1.

SECONDARY 1-— 2— 3 4 5 6 —- 8

Output Uoltage U:114.9

Output Current A:10.

Out. Uoltage no load VU:120.4

Sec. Uoltage U:114.9

Sec. Current A:10.

Current density A/in"2:1547.

Sec. Uoltage cold U:116.2

Load on output ?:11.5

Power factor of load :1.000

Icc cold A:463.7

Cu-Losses warm UW:28.71

Resistance cold f:.2168

Reactance :.0992
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Design page 4

08-07-2008-18:14:58

General Data Page 3

NOMINAL OPERATION
Output Power on Load
Cu Losses

at Temperature °C 147.4 and Overuoltage 1.00

Short-Circuit-Uolt. cold «:

dT Case aver.

Instantaneous pow. .5,95& W:1671.

W:884.6 Output Power of Transfor. W:884.6
W:133.3 Fe-Losses active W:16.28
0.88 Regulation 72:15.23
Efficiency of Transformer :85.53

dT primary °K:112.8

dT secondary °K:102.1

dT Fe average Surface °K:81.5
Surface °K:.

-6.268 -0.85% 258.5V 13.27f 1.053R% 199.6 VU -0.65 °
-12.272 -1.672 112.4% 26.02%2 2.06 » 86.78 «
2 45.03 R
51.01 9 1]
230. UV 4103 R { 33769 R 920 R R
100 8043. 1803. ==
.943 nF mH 45.03
4.509 A | 4.432 A
F—<
101.7 » 1.495T 100 x
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overuvoltage 1.00
dT Fe average Surface °K:81.5 dT primary °K:112.8
dT Gehause au. Surface °K:. dT secondary °K:102.1

NO LOAD OPERATION
Losses active
Current factor

dT Fe average Surface
dT Gehause av. Surface

at Amb.Temperature °C 40.

W:14.33

72:2.59
°K:13.2
°K:.

and Overvoltage 1.00

Losses reactive UAr:22.77
Induction T:1.328
dT primary °K:11.7
Rezonance frequency kHz:3.

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

and Ouvervoltage 1.00

Capacitor mF: .

Losses active W:10846 Losses reactive UAr :44602
Current factor cold 7:11309 Induction T:1.206
dT Fe average Surface °K:3266. dT primary °K:4280.
dT Gehause au. Surface °K:. dT secondary °K:3945.
PRIMARY (Tap:2 ) 1-— 2—— 3 4 5 6——— ?——— B————
Uoltage Input/Output U:99.8 230.

Out. Uoltage no load VU:115.7

Current Input/Output A:8.679 4.509

Load on output :11.5

Power factor of load :1.000

Current in segment A:4.188 4.509

Current density A/in"2:21077 986.2

Icc—Current cold A:530.7 509.9

Io —Current A: 0.117

Inrush Current peak “A: 49.01

Inrush Current rms A: 19.53

Cu-Losses W: 133.3

Resistance cold 2:4.710 4.939

Reactance f:.0911 .0893

Eddy—-Current Factor 1. 1

SECONDARY 1-— 2— 3 4 5 6 —- 8
Output Uoltage U:135.5

Output Current A:0.136

Out. Uoltage no load VU:120.4

Sec. Uoltage U:135.5

Sec. Current A:0.136

Current density A/in"2:20.99

Sec. Uoltage cold U:130.9

Load on output :999.

Power factor of load :1.000

Icc cold A:463.6

Cu-Losses warm U:.006

Resistance cold f:.2168

Reactance :.0992

Eddy—Current Factor 11
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Design page 5

e

08-07-2008-18:16:47 CORE ~» BOBBIN -, STEEL ~ CASE Page 2
Name :1XEI 200/(2) R /EI 2HW/(2)
Steel :M19 Gauge 24 » 0.0250" s725.59
FF4B4+ A $B4F{ |} D Weight 1b:19.52
T Gap total in:0.000
E % G ] A-Limb in:2.00
1 B-Width in:1.50
C-Height in:3.74
C D-Stack in:2.02
E-Yoke 1 in:1.25
1 F-Yoke 2 in:1.25
E ] ] G-Hole in:0.31
1 Radiator Fin :0
Radiator Chan. :0
F 1 al cm:2.18
T az cm:4.94
di cm 2.18
1 S dz cm 4.94
1 cm:3.60
i 1p cm:
F a1t { F a1 1s cm:
Margin cm:0.07
X- Length 1 in:
Y- Width 1 in:
Z—- Height 1 in:
x— Length 2 in:
y- Width 2 in:
z— Height 2 in:
w— Thickness in:
Material
Potted
Typ |Windun|MTI| DN | DN |Par | D/#¢ | Bss | W/L|] L |I/L|I/E|Weight |RUH
mil mil milmil 1b V4
1] 1 |154.8 |C00|20.5]20.5|1 30.2 |30.2 |111 |1.4]. 5. |.315 |4.8
2] 1 |368.1 |COP|12.5]|12.5|1 76.3 |76.3 |44 |3.5]. 5. |2.273 |24.
3
4
5
6
7
8
1| 11 |161.6 |COO|11.0]|11.0]|1 90.7 |90.7 |37 |4.3]. 4.104 |36.
2
3
4
5
6
7
8
TOTAL 6.693 60.

36
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Design page 6

08-07-2008/18:16:47

General Data

Page 3

NOMINAL OPERATION
Output Power on Load

at Temperature °C 88.4 and
¥:1083.

Overvoltage 1.00

Output Power of Transfor. W:1083.

Cu Losses W:44.65 Fe-Losses active W:14.22
Short-Circuit-Uolt. cold x:0.94 Regulation 7:4.15
Instantaneous pow. .5,/95& W:3466. Efficiency of Transformer #:94.85
dT Fe average Surface °K:40.3 dT primary °K:50.4
dT Case aver. Surface °K:. dT secondary °K:46.4
-1.299 -0.06%2 236.4V 3.179f 0.242% 220.8 V -0.25 °
-2.792 -0.15z 102 .8~ 6.87 » 0.52 z 96.01 «
2 44.99 R
46.28 R ]
230. UV 3932 2§ 42347 2 j 2152 2 0]
160 « 8496. 4650. » =+=
.752 nF| . mH 44.99 2
4.97 A | 4.908 A
F—<
101.3 1.367T 160 «
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overuvoltage 1.00
dT Fe average Surface °K:40.3 dT primary °K:50.4
dT Gehause au. Surface °K:. dT secondary °K:46.4

NO LOAD OPERATION
Losses active
Current factor

dT Fe average Surface
dT Gehause av. Surface

at Amb.Temperature °C 40.

and Overvoltage 1.00

W:14.28 Losses reactive UAr:22.45
72:2.33 Induction T:1.329
°K:13.2 dT primary °K:11.7
°K:. Rezonance frequency kHz:2.2

SHORT-CIRCUIT OPERATIO

N at Amb.Temperature °C 40.

and Ouvervoltage 1.00

Capacitor mF: .

Losses active W:11360 Losses reactive UAr:43744
Current factor cold 7.:10650 Induction T:1.111
dT Fe average Surface °K:3334. dT primary °K:4413.
dT Gehause au. Surface °K:. dT secondary °K:3987.
PRIMARY (Tap:2 ) 1-— 2—— 3 4 5 6——— ?——— B————
Uoltage Input/Output U:110.8 230.

Out. Uoltage no load VU:115.6

Current Input/Output A:9.639 4.97

Load on output :11.5

Power factor of load :1.000

Current in segment A:4.671 4.97

Current density A/in"2:6521. 1087.

Icc—Current cold A:599.5 529.3

Io —Current A: 0.116

Inrush Current peak “A: 88.87

Inrush Current rms A: 39.01

Cu-Losses W: 44.6

Resistance cold 2:1.329 1.565

Reactance f2:.0898 .0881

Eddy—-Current Factor 1. 1.

SECONDARY 1-— 2— 3 4 5 6 —- 8
Output Uoltage U:123.9

Output Current A:0.124

Out. Uoltage no load VU:120.5

Sec. Uoltage U:123.9

Sec. Current A:0.124

Current density A/in"2:19.2

Sec. Uoltage cold U:123.3

Load on output :999.

Power factor of load :1.000

Icc cold A:435.6

Cu-Losses warm U:.004

Resistance cold :.2129

Reactance :.0979

Eddy—Current Factor 11

36
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Designing three phase autotransformer,

for 3x400V/3x380V, 10kVA output power

and 25% one phase unsymmetrical load

Input parameters

Input Voltage 3 x 400V, +-10%, 50Hz, sine wave
Wire Cu, round, single insulated
Layer insulation No
Final insulation No
Output Nominal output voltage 3 x 380V, star connection with 3 x
220V between phases and neutral line
Nominal output current 3x15.15A and 1 x 3.78A
UNSYMMETRICAL load
Wire Cu, round, single insulated
Layer insulation No
Core Steel M45, alternate stacking, not annealed
Assembly Gaped with 10 mil between E and | for
limiting the magnetic flux of the
unsymmetrical current.
Bobbin Type Single section
Design Insulation class B, max. operating temperature 120C,

Ambient temperature

40C

Modifying the wire size from thermal point of view

Due to the fact that the program supports only the three phase symmetrical operation mode we
need to compare the currents in both symmetrical and unsymmetrical operation mode, and
modify the wire size by hand using the following pictures:

In the unsymmetrical operation mode the current between the neutral and Uo tap is
lun/3 = 3.78/3 = 1.26A. Between Ui and Uo taps the max current is 2lun/3 = 2.52A

In the symmetrical operation mode the current between the neutral and Uo tap is
(1-Uo/Ui)In= 0.635A (view the segment currents on the last page). Between Ui and Uo taps
the max current is li = 14.6A.

If we compare the currents between the neutral and the Uo tap then we have to follow this
procedure in order to design our autotransformer from thermal point of view properly:

1. Run the program in the symmetrical operation mode and select a bigger core in order

to get the build approx. 40%
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2. Increase the wire cross section of the winding between the neutral and the Uo tap
approx. by the factor (1.26/0.635)"2 = 3.93

Ui

¢2I un/3

2lun/3

A lun/3 A lun/3 A lun/3
4— lun

A lun/3 A lun/3

44— lun

,‘_

o4
0

0
24 +—
2/

Calculating the induction during the unsymmetrical operation mode

Finally we need to check the size of the inductions Bo and B of the magnetic fluxes Fo
and F.

1. The magnetic fluxes Fo are equal by size and phase. They flow through the legs
and close their loops outside the core. They are normally very small and can be
neglected.

2. Note that the ampere-turns of the no-load current Wi x 1o = 845 x 0.268 = 226
excites over one legs the main induction of 1.3T (set on the input screen).

3. The magnetic flux F is driven by ampere-turns (on the leg with the unsymmetrical
load) of the unsymmetrical current are:

(2/3) x (Wi-Wo) x lun = 0.666 x (845-812)x3.78 = 83

Due to the fact that the phase delay between the main flux (driven by input
voltage) and the flux F (driven by unsymmetrical current on the leg with the
unsymmetrical load) is 90 degrees the max. induction in the leg during the
unsymmetrical operation mode will be:

Bmax = 1.3 x (1+(83/226)*2)"0.5 =1.3 x 1.06 = 1.385T

4. In order to get a very low influence of the unsymmetrical current the core has
to be gaped by 10mil between the E and | part.



#x0 DIAGNOSE Page O
Name '3 X EI 3P120/(1_1/5)
Steel -:M45 Gauge 24 , 0.0250"

Number of Sections
max.Cu-Fill Factor
max. parallel Wires

Induction on Load
Max. Induction

Max.Cu-Temp.rise on load
Max .Cu-Temp.rise no-load
Regulation

1" Inrush/I"nom-Factor
Input Current No-Load
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08-06-2008,11:59:59,14.43

Input and Circuit

Page 1

PRIMARY ucvy 1cpd|SECOND. 1— 2— 3— 4— 5— 6— 7— B8—
Circuit-:1 220. 15.2|Circuit-:
Ouverult=:1.00 230 Uolta. U:
Wire :0.0 Curre. A:
I/L. mil:0. Wire :
IVE. mil:0. . I/L mil:
Formfac.:1.11 . I’E mil:
Fre .Hz:50
dI/Io 1100
Regulat. #:7.0 [Steel -:17 Cooling %:1.00 |Bobbin -:1
Udiode U:0.8 |Induction T:1.37 |Force ft/s:0.00 |P/S-Order -:2
dUdiode U:.1 Remanence »*:0.35 |Bracket -:1 Rac/Rdc *:1.05
Ripple Z:5. U/kg *:1.00 |Radiator -:0 Space %:2.00
Tmp. Amb.°C:40 UAr/kg %:1.00 |Chassis -:1.00 JUertical -1
Tmp.rise °K:60 Gap %:10.00 |Chanmel in: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-varni.»:1.00 |Spread 7.0
Time 2 Min:30.0 |Hole -:1 Rth-comp. %:1.00 |Selection -:2
Load 2 %:1.0 |Assembly -:2 Case -:0 Criterion -:2
CIRCUIT:
U
A
U
A
U
230. U A
A
220. U 15.2 A
U
A
U
A
U
A
U
A
U

36
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08-06-2008,11:59:59 CORE ~» BOBBIN , STEEL , CASE Page 2
Name :3XEI 3P120,/(1_1/5)
Steel :M45 Gauge 24 , 0.0250" 725.59
Ia4B4+ A4BEa I D Weight 1b:8.27
T Gap total in:0.000
E é G ] "] A-Limb in:1.20
1 B-Width in:1.20
C-Height in:3.00
C D-Stack in:1.20
E-Yoke 1 in:1.20
1 F-Yoke 2 in:1.20
E & [ [ G-Hole in:0.326
1 Radiator Fin :0
with three bobbins Radiator Chan. :0
a2 d2 1 al cm:1.36
T a2z cm:2.35
dl cm 1.36
1 P|S S|P d2 cm 2.35
1 cm:2.88
i 1p cm:
Fat F a1 1s cm:
Margin cm:0.06
X- Length 1 in:
Y- Width 1 in:
Z—- Height 1 in:
x— Length 2 in:
y- Width 2 in:
z—- Height 2 in:
w— Thickness in:
Material :
Potted
Typ |Windun|MTI| DN | DN |Par | D/#¢ | Bss | W/L] L |I/L|1/E|Weight |RUH
mil mil mil|mil 1b 7
1| 1 |812.4 |C00|20.0|20.0|1 32. 32. 83 |[9.7]. 1.351 |70.
2] 1 |845.6 |Co0|12.0]|12.0]|1 80.8 |80.8 |33 |1.0]. .444 |36.
3
4
5
6
7
8
1
2
3
4
5
6
7
8
TOTAL 5.387 88.

36
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08-06-2008,11:59:59

General Data

Page 3

NOMINAL OPERATION

at Temperature °C 90.4 and

Overvoltage 1.00

Output Power on Load W:10051 Output Power of Transfor. W:10051
Cu Losses W:12.41 Fe-Losses active W:5.96
Short-Circuit-Uolt. cold x:0.28 Regulation 72:.35
Instantaneous pow. .5,/95& W:80606 Efficiency of Transformer %:99.45
dT Fe average Surface °K:47.1 dT primary °K:50.9
dT Case aver. Surface °K:. dT secondary °K:
-0.15% -0.14% 232.4V 0.218f 0.153f 229.2 V -0.02 °
-1.02x2 -0.95z 101. # 1.39 » 0.98 » 99.65 «
2 15.67 2
15.7 ﬁ
230. U 9065 2§ 70773 2 § 856 @ ]
100 57737 # =+ 5449. =+
.45 nF| . mH 15.67 %
14.65 A | 14.61 A
100.2 1.374T 100
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overvoltage 1.00
dT Fe average Surface °K:47.1 dT primary °K:50.8
dT Gehause au. Surface °K:. dT secondary °K:

NO LOAD OPERATION
Losses active
Current factor

dT Fe average Surface
dT Gehause au. Surface

at
W:6.19
7:1.83
°K:20.4
°K:.

Amb . Temperature °C 40.

and Overuoltage 1.00

Losses reactive UAr:61.27
Induction T:1.357
dT primary °K:18.3
Rezonance frequency kHz:4.5

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

Losses active
Current factor cold

dT Fe average Surface
dT Gehause au. Surface

W:11903

7:35427
°K:7461.
°K:.

and Overvoltage 1.00
Losses reactive UAr:90161
Induction T:1.36

dT primary
dT secondary °K:

PRIMARY (Tap:2 )
Uoltage Input/Output U:
Out. Uoltage no load U:
Current Input/Output A:
Load on output 2
Power factor of load

Current in segment A
Current density A/in"2:
Icc—Current cold A
Io —Current fA:
Inrush Current peak “A:
Inrush Current rms A:
Cu-Losses U
Resistance cold ®
Reactance f
Eddy—Current Factor

1———m 2-—-
220.2 230.
221.

15.21 14.65

10.631 14.65

787.1 2856.

:5401. 5190.

0.268
19.56
9.02
12.4

:4.563 4.600
1.9902 .0017
1. 1.

w

4 [~
1 9

o
=]
1
I
1
1

Q

SECONDARY

Output Uoltage
Output Current

Out. Uoltage no load
Sec. Uoltage

Sec. Current

Current density Azin
Sec. Uoltage cold
Load on output

Power factor of load
Icc cold A:
Cu-Losses warm U:
Resistance cold f:
Reactance :
Eddy—Current Factor
Capacitor mF:

A

RPCNDCCDC

1— 2——- 3-—— 4——— 5—— 6—— ?-—— B——o

I
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Topic: Inrush Current / Designl

Designing three phase, low inrush current
universal autotransformer for 3x208V/120V, 50/60Hz, 9A

Input parameters

Input Voltage 3 x 380/400/480/690V, +-6%, star
connection, 50/60HzHz, sine wave
Wire Cu, round, single insulated
Layer insulation No
Final insulation Yes
Output Nominal output voltage 3 x 208, star connection with 3 x 120V
between phases and neutral line
Nominal output current 3xX9A
Wire Cu, round, single insulated
Layer insulation No
Core Steel M45, not annealed
Assembly Gaped with 5mil between E and | for
limiting the remanence in the core.
Bobbin Type Single section
Design Insulation class B, max. operating temperature 120C,

Ambient temperature

40C

About “low” inrush current

Note th

at you can not prescribe the value of the inrush current. But using the following rules

you can easy limit it under the value you need:

1.
2.
3.

If you use cold rolled or grain oriented steel set the induction between 0.9 and 1.3.
Use high temperature rise to increase the resistance of windings.

Unfortunately the remanence cannot be calculated in an alternated stacked core and
vary between 20% and 70% of the operating induction. If you want to get a small and
enough accurate amount of the calculated inrush current then use the gaped core
assembly to reduce the remanence. Normally 3-5mil gap is big enough to reduce the
remanence less than 5% of the operating induction and increase the accuracy of the
inrush current calculation. The control parameter of the gap size is the amount of the
no-load current. A good no-load current is smaller than 25% of the nominal primary
current.

If you design a transformer set the primary outside. Reduce the primary wire cross
section and increase the secondary wire cross section so that the temperature rise and
the output voltage stay under the value you need. Due to the fact that the primary
resistance is higher the inrush current will be smaller.



44

If you use cold rolled or grain oriented steel and you set the nominal operating induction at
0.8-0.9T then the inrush current will be very small and can be neglected. Normally, in order to
save the material costs the used operating induction is 1.1-1.3T

If the relationship between the peak value of the inrush current and the peak value of the
nominal current of an inverter is less than 8 then the transformer can be connected to the
inverter and the inrush current is low enough.

If the relationship between the rms value of the inrush current within the first period and
nominal value of a slow fuse current is less than 15 then the slow fuse can be used on the
primary side of transformers. If you don’t want to use the slow fuse you can use the calculated
rms inrush current (view the last design page) during the first period and calculate I%. With
the calculated 1% you can select any fuse from catalogue.

#x0 DIAGNOSE Page 0
Name :3 X EI 3P180/(2.0)

Steel -:M45 Gauge 24 -/ 0.0250"

Number of Sections -:1

max.Cu-Fill Factor 7:87.9

max. parallel Wires 1

Induction on Load T:1.272

Max. Induction T:1.285

Max.Cu-Temp.rise on load °K:74.5
Max.Cu-Temp.rise no-load °K:24.2

Regulation 72:3.5
1" Inrush/I"nom-Factor *:6.9
Input Current No-Load 7:6.5

I



08-08-2008,14:50:56,14.43 Input and Circuit Page 1

PRIMARY ucvy 1cpd|SECOND. 1— 2— 3— 4— 5— 6— 7— B8—
Circuit-:1 120. 9. Circuit-:
Ouverult=:1.06 220. Uolta. U:
Wire :0.0  230. Curre. A:
I/L. mil:@. 277. Wire :
I’E. mil:0. 400. I/L mil:
Formfac.:1.11 . I’E mil:
Fre .Hz:50
dI/Io 1100
Regulat. #:50.0 [Steel -:17 Cooling %:1.00 |Bobbin -:1
Udiode U:0.8 |Induction T:1.27 |Force ft/s:0.00 |P/S-Order -:2
dUdiode U:.1 Remanence »*:0.05 |Bracket -:1 Rac/Rdc %*:1.05
Ripple %:5. U/kg *:1.00 |Radiator -:0 Space %:0.95
Tmp. Amb.°C:40 UAr/kg %:1.00 |Chassis -:1.00 JUertical -1
Tmp.rise °K:75 Gap %:5.00 |Chanmel in: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-varni.»:1.00 |Spread 7.0
Time 2 Min:30.0 |Hole -:1 Rth-comp. %:1.50 |Selection -:2
Load 2 %:1.0 |Assembly -:2 Case -:0 Criterion -:0
CIRCUIT:
U
A
400. U A U
277. VU A A
230. U A
U
220. U A
A
120. U9. A
U
A
U
A
U
A
U
A
U
A
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08-08-2008,14:50:56 CORE ~» BOBBIN , STEEL , CASE Page 2
Name :3XEI 3P180/(2.0)
Steel :M45 Gauge 24 , 0.0250" 725.59
Ia4B4+ A4BEa I D Weight 1b:30.97
T Gap total in:0.000
E é G ] "] A-Limb in:1.80
1 B-Width in:1.80
C-Height in:4.50
C D-Stack in:2.00
E-Yoke 1 in:1.80
1 F-Yoke 2 in:1.80
E & [ [ G-Hole in:0.49
1 Radiator Fin :0
with three bobbins Radiator Chan. :0
a2 d2 1 al cm:2.03
T a2z cm:3.53
dl cm 2.20
1 P|S S|P d2 cm 3.76
1 cm:4.25
i 1p cm:
Fat F a1 1s cm:
Margin cm:0.13
I X 1 X- Length 1 in:
T Y- Width 1 in:
Z—- Height 1 in:
x— Length 2 in:
y- Width 2 in:
L4 z—- Height 2 in:
w— Thickness in:
Material :
1 Potted
I a
T
Typ |Windun|MTI| DN | DN |Par | D/#¢ | Bss | W/L] L |I/L|1/E|Weight |RUH
mil mil mil|mil 1b 7
1| 1 |204.7 |CeO|13.0]13.0]|1 72. 2. 5 |3.7]. 2.505 |42.
2] 1 |364.6 |COO|16.0]|16.0]|1 50.8 |50.8 |78 |2.0]. 1.128 |22.
3] 1 |[377.7 |COO|16.0]|16.0]|1 50.8 |50.8 |78 A7) . .098 |7.5
4| 1 |456.8 |CO0|16.0]|16.0]|1 50.8 |50.8 |78 |1.0]. .592 |15.
5] 1 |660.2 |COO|16.0]|16.0|1 50.8 |50.8 |78 |2.6]. 1.578 |22.
6
7
8
1
2
3
4
5
6
7
8
TOTAL 17.70 87.

36
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08-08-2008,14:50:56

Genera

1 Data Page 3

NOMINAL OPERATION

at Temperature °C 113.5 and

Overvoltage 1.06

Output Power on Load W:3634. Output Power of Transfor. W:3634.
Cu Losses W:41.64 Fe-Losses active U:18.67
Short-Circuit-Uolt. cold x:2.46 Regulation 7:3.48
Instantaneous pow. .5/95& W:4336. Efficiency of Transformer %:95.26
dT Fe average Surface °K:65.6 dT primary °K:74.5
dT Case aver. Surface °K:. dT secondary °K:
1.5080 -0.12% 419.5V 3.301f 0.753% 409.7 VU -0.21 °
1.07 » -0.09« 98.9 # 2.3 72 0.53 7 96.63 «
5 138.5 ¢
140.9 ]
424. U 9425 f § 26199 9 § 2235 @ 0]
160 6686. « 1586. # =T
12.15 nF mH 138.5 %
3.008 A | 2.957 A
101.7 1.272T 100 «

DUTY CYCLE OPERATION at Amb.Temperature °C 40.

and Overvoltage 1.06

dT Fe average Surface °K:65.6 dT primary K:74.5
dT Gehause au. Surface °K:. dT secondary °K:

NO LOAD OPERATION at Amb.Temperature °C 40. and Overuoltage 1.06
Losses active W:20.06 Losses reactive UAr :80.56
Current factor 7:6.51 Induction T:1.285
dT Fe average Surface °K:29.3 dT primary °K:24.2
dT Gehause au. Surface °K:. Rezonance frequency kHz: .5

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

and Overvoltage 1.06

Losses active ¥:50944 Losses reactive UAr:9319.
Current factor cold 7:4060 . Induction T:.897
dT Fe average Surface °K:1320. dT primary °K:1923
dT Gehause au. Surface °K:. dT secondary °K:
PRIMARY (Tap:5 ) {-—— 2——- 3 4 5 6 7-——- 8

Uoltage Input/Output U:127.1
Out. Uoltage no load VU:131.4
Current Input/Output A:9.533
Load on output 2
Power factor of load

233.2

243.8 293.6 424.

3.008

Current in segment A:6.536 3.005 3.006 3.007 3.008
Current density A/in"2:1606. 1482. 1483. 1483. 1484.
Icc-Current cold A:393.6 122.1
Io —Current A: 0.196
Inrush Current peak “A: 29.26
Inrush Current rms A: 12.29
Cu-Losses !} 41.6
Resistance cold R:.328 .9236 .9751 1.287 2.120
Reactance f:.0929 .0563 .0004 .0141 .0916
Eddy—Current Factor 11, 1. 1. 1. 1.
SECONDARY - 2——- 3-—— 4—— 55— 6——— ?——— B——
Output Uoltage U:

Output Current A:

Out. Uoltage no load U:

Sec. Uoltage uU:

Sec. Current A:

Current density Asin"2:

Sec. Uoltage cold uU:

Load on output fQ:

Power factor of load :

Icc cold A:

Cu-Losses warm U:

Resistance cold f:

Reactance q:

Eddy—Current Factor
Capacitor mF:

I
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Topic Battery Charger/ Designl

Designing rectifier transformer
for battery charger 6VvVdc, 40dc

Input parameters

Input Voltage 120V, +-10%, 60Hz, sine wave
Wire Al, round, single insulated
Output Nominal DC output voltage 6.3Vdc, via central tap, one phase
rectifier with 2 diodes
Nominal DC output current 40Adc, via central tap, one phase
rectifier with 2 diodes
Wire Al, round, single insulated, wound
bifilar
Core Steel M19, alternate stacking, not annealed
Bobbin Type Single section
Design Insulation class B, max. operating temperature 120C
Criterion of design 16.6% regulation of the DC output
voltage for battery charging between
2.45V/cell and 2.1V/cell
Ambient temperature 40C

General rules

1. The cell voltage of an empty battery has amount of 2.1Vdc. If it is full then the voltage
is between 2.35Vdc and 2.45Vdc per cell. The criterion of design has to be
Regulation:

Regulation = 100 x (2.45-2.1)/2.2 = 16.6%
2. Due to the fact that the allowed regulation is relatively low we have to use only single

section bobbin.

3. The transformers with Al wires are bigger, cooler but cheaper.

#20 DIAGNOSE Page 0
Name :1 X EI 150/(3_1/2) 8535-0

Steel -:M19 Gauge 24 , 0.0250"

Number of Sections -1

max.Cu-Fill Factor 7:83.1

max. parallel UWires 12

Induction on Load
Max. Induction

Max.Cu-Temp.rise on load K:58.3
Max.Cu-Temp.rise no-load °K:18.6
Regulation 75

1" Inrush/I"nom-Factor *:28.4
Input Current No-Load 7:20.

I




08-10-2008,15:02:42/14.43 Input and Circuit Page 1

PRIMARY uc) I1CAJ|SECOND. 1— 2-—— 3—— 4—— 5—— b——— 7?—— B—-
Circuit-:1 120. Circuit-:23
Overult=:1.00 . Uolta. VU:6.3
Wire :-0.0 . Curre. A:40.
I/L. mil:0. . Wire -0
I\E. mil:10. . I/L mil:0.0
Formfac.:1.11 . I’E mil:0.0
Fre .Hz:60
di/lo :100
Regulat. #:-16.6|Steel -:22 Cooling =:1.00 |Bobbin 11
Udiode U:1.2 Induction T:1.35 |Force ft/s:0.00 |P/S-Order -:1
dUdiode VU:.05 |Remanence *:0.35 |Bracket -:1 Rac/Rdc *:1.05
Ripple Z:5. W/kg *:1.00 |Radiator -:0 Space %:0.90
Tmp. Amb.°C:40 UAr/kg %:1.00 |Chassis -:1.00 JUertical -1
Tmp.rise °K:75 Gap %:1.00 |Chanmnel in: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-varni.»:1.00 |Spread 7:0
Time 2 Min:30.0 |Hole -:1 Rth-comp. %:1.00 |Selection -:0
Load 2 %*:1.0 |Assembly -:1 Case -:0 Criterion -:0
CIRCUIT:
>
6.3 U
| 40. A
>
Central tap rectifier U
A
U
A
120. V A
U
A
U
A
U
A
U
A
U
A

e




08-10-2008,15:02:42 CORE ~ BOBBIN ~, STEEL ~, CASE Page 2
Name :1XEI 150,(3_1,2) 8535-0
Steel :M19 Gauge 24 - 0.0250" s725.59
IF4B4+ A $B4F{ }F D Veight 1b:12.81
T Gap total in:0.000
E % G ] A-Limb in:1.50
1 B-Width in:0.75
C-Height in:2.25
C D-Stack in:3.50
E-Yoke 1 in:0.75
1 F-Yoke 2 in:0.75
E ] ] G-Hole in:0.233
1 Radiator Fin :0
Radiator Chan. :0
F a2 1t d2 1 al cm:1.64
T a2z cm:2.96
d1i cm 3.63
1 S|P P|S dz cm 5.49
1 cm:2.12
i 1p cm:
F a1t { F a1 1s cm:
Margin cm:0.07
X- Length 1 in:
Y- Width 1 in:
Z—- Height 1 in:
x— Length 2 in:
y- Width 2 in:
z—- Height 2 in:
w— Thickness in:
Material :
Potted
Typ |Windun|MTI| DN | DN |Par | D/#¢ | Bss | W/L] L |I/L|1/E|Weight |RUH
mil mil mil|mil 1b 3
1] 1 |99. ABO|15.5]|15.5](1 53.9 |53.9 |36 |2.7]. 10.].241 |27.
2
3
4
5
6
7
8
1| 23 |5.0 ABO|6.5 |6.5 |2 153. |153. |12 |1.6]. .456 |54.
2 bifilar
3
4
5
6
7
8
TOTAL .698 83.

36
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08-10-2008,15:02:42

General Data

Page 3

NOMINAL OPERATION

at Temperature

°C 98.1 and Overuoltage 1.00

Output Power on Load W:252.5 Output Power of Transfor. W:440.9
Cu Losses W:26.63 Fe-Losses active W:13.49
Short-Circuit-Uolt. cold x:6.02 Regulation 7:5.92
Instantaneous pow. .5,95& W:1201. Efficiency of Transformer :86.29
dT Fe average Surface °K:47.9 dT primary °K:57.9
dT Case aver. Surface °K:. dT secondary °K:58.4
0.6962 0.056% 117.2V 0.996f 0.056% 113.3 VU 0.02 °
2.36 » 0.19 97.6 # 3.3« 0.19 2 94.41 «
1 29.10 R

29.149 ]

120. U 1018 @ { 14522 @ ] 167 @ @
160 3451. » 565.2 # =1

1.827 nF mH 29.10 2
4.07 A | 3.892 A
104.6 1.354T 100

DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overvoltage 1.00
dT Fe average Surface °K:47.9 dT primary °K:57.9
dT Gehause au. Surface °K:. dT secondary °K:58.3
NO LOAD OPERATION at Amb.Temperature °C 40. and Overuoltage 1.00
Losses active W:13.05 Losses reactive UAr:96.77
Current factor 7:20. Induction T:1.386
dT Fe average Surface °K:19.7 dT primary °K:18.6
dT Gehause au. Surface °K:. Rezonance frequency kHz:5.6

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

and Overvoltage 1.00

Losses active W:8096. Losses reactive UAr:519.5
Current factor cold 7:1661. Induction T:.956
dT Fe average Surface °K:1110. dT primary °K:1527
dT Gehause au. Surface °K:. dT secondary °K:1543
PRIMARY (Tap:1 ) {-—— 2——- 3 4 5 6 —-—- 8
Uoltage Input/Output U:120.

Out. Uoltage no load U:

Current Input/Output A:4.07

Load on output 2

Power factor of load :

Current in segment A:4.07

Current density A/in"2:1783.

Icc-Current cold A:67.61

Io —Current A:0.814

Inrush Current peak “A:163.0

Inrush Current rms A:70.63

Cu-Losses ¥:11.5

Resistance cold :.5306

Reactance f:.0561

Eddy—Current Factor 11,

SECONDARY - 2——- 3-—— 4—— 55— 6——— ?——— B——
Output Uoltage U:6.28

Output Current A:40.23

Out. Uoltage no load U:7.34

Sec. Uoltage U:5.72

Sec. Current A:77.06

Current density A/in"2:2090

Sec. Uoltage cold U:5.8

Load on output f:.073

Power factor of load :1.000

Icc cold A:1335.

Cu-Losses warm U:15.09

Resistance cold 2:.0019

Reactance f:.0001

Eddy—Current Factor 1.01

Capacitor mF:349.2

I
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Topic Welding/ Designl

Designing rectifier transformer
for welding with 26Vvdc, 200Adc

Input parameters

Input Voltage 120V and 208V+-10%, 60Hz, sine
wave
Wire Al, round, single insulated, wound
outside
Output Nominal DC output voltage 26Vdc, via one phase rectifier bridge

and smoothing choke

Nominal DC output current 200Adc during 1.5 minutes and 8.5
minutes pause

Wire Al, rectangular wire, wound inside
Core Steel M45, alternate stacking, not annealed
Bobbin Type Single section tube for EE 200/3” or
El long 150/75
Design Insulation class H, max. nominal g temperature 165°C

at ambient temperature 40°C, ventilated
with 3 ft/s airflow

Criterion of design Low price , high temperature rise

General rules

=

The welding transformers are normally forced cooled with airflow Over 3 ft/s
2. The welding transformers work in duty cycle operation mode and the winding losses

are much higher than core losses. Due to this fact you can use cheap steel quality and
relative high induction.
3. The welding transformers with Al wires are bigger, cooler but cheaper.

4. The welding transformers are always protected by a thermal fuse

#20 DIAGNOSE Page 0
Name :1 X EIL 200/(3)

Steel -:M45 Gauge 24 , 0.0250"

Number of Sections -:1

max.Cu-Fill Factor Z:71.5

max. parallel Uires 11

Induction on Load T:1.456

Max. Induction T:1.566

Max.Cu-Temp.rise on load °K:118.3
Max.Cu-Temp.rise no-load °K:40.8
Regulation 7:15.2

I”Inrush/I"nomn-Factor
Input Current No-Load

N X
-1 @
N =




08-18-2008,23:24:34/14 .43 Input and Circuit Page 1
PRIMARY uw) 1CAl)|SECOND. 1— 2—— 3—— 4—— 5-—— 6—— 7?—— B—-
Circuit-:1 120. Circuit-:32
Overvlt=:1.00 208. Uolta. VU:26.
Wire 0.0 . Curre. A:200.
I/L. mil:1. . Wire -4
IVE. mil:1. . I’L mil:0.0
Formfac.:1.11 . I’E mil:10.0
Fre.Hz:60
dl/lo 1100
Regulat. #:50.0 |Steel -:17 Cooling *:1.00 |Bobbin -:1
Udiode U:1.5 Induction T:1.46 |Force ft,/s:3.00 |P/S-Order -:2
dUdiode U:.1 Remanence %*:0.35 |Bracket -:1 Rac/Rdc %*:1.10
Ripple 7.5 WU/kg *:1.00 |Radiator -:0 Space *:2.00
Tmp. Amb.°C:40 UAr/kg %:1.00 |Chassis -:1.00 |Uertical -:1
Tmp.rise °K:125 |Gap %:1.00 |Channel in:0.00 |Horizontal -:1
Time 1 Min:1.5 |Annealed -:0 Cu-Surface»*:1.00 |Impregnat. -:2
Load 1 %:1.0 |Stacking »*:1.00 |Rth-varni.*:1.00 |Spread 7.0
Time 2 Min:8.5 |[Hole -:1 Rth-comp. *:1.00 |Selection -:1
Load 2 *:.0 Assembly -:1 Case -:0 Criterion -:2
CIRCUIT:
>HH» 26. VU
)tI{) 200. A

U

A

U

208. U A
A
120. U A

U

A

U

A

U

A

U

A

U

A

I



08-18-2008,23:24:34 CORE ~ BOBBIN , STEEL , CASE Page 2
Name :1XEIL 200/(3)
Steel :M45 Gauge 24 , 0.0250" s25.59
FF4B84+ A $B4F{ }F D Weight 1b:29.52
T Gap total in:0.000
E % G ] A-Limb in:2.00
+ B-Width in:1.00
C-Height in:6.00
C D-Stack in:3.00
E-Yoke 1 in:1.00
+ F-Yoke 2 in:1.00
E ] ] G-Hole in:0.31
1 Radiator Fin :0
Radiator Chan. :0
I a2 1t d2 al cm:2.18
T a2z cm:3.94
d1i cm 3.16
P[S S|P daz cm 5.64
1 cm:5.78
1 1p cm:
F a1t { F a1 1s cn:
Margin cm:0.11
X- Length 1 in:
Y- Width 1 in:
Z—- Height 1 in:
x— Length 2 in:
y- Width 2 in:
z—- Height 2 in:
w— Thickness in:
Material :
Potted
Typ |Windun|MTI| DN | DN |Par | D/#¢ | Bs# | W/L] L |I/L|I/E|Weight |RWH
mil mil mil|mil 1b 3
1] 1 |76.5 |AoO|8.0 |8.0 |1 128. |128. |42 |1.8]1. |1. |1.254 |33.
2] 1 |132.5 |AOO|12.0]12.0|1 80.8 |80.8 |67 .83]1. |1. |.398 |10.
3
4
5
6
7
8
1] 32 |24 A11]110.0|97.0|1 102. |410. |13 |1.8]. 10.]1.097 |27.
2
3
4
5
6
7
8
TOTAL 2.749 71.

I
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08-18-2008,23:24:34 General Data Page 3
NOMINAL OPERATION at Temperature °C 158.2 and Overuoltage 1.00
Output Power on Load W:5275. Output Power of Transfor. W:6526.
Cu Losses W:994.6 Fe-Losses active W:88.79
Short-Circuit-Uolt. cold #:9.15 Regulation 72:15.17
Instantaneous pow. .5,95& W:11762 Efficiency of Transformer :82.96
dT Fe average Surface °K:210.9 dT primary °K:337.4
dT Case aver. Surface °K:. dT secondary °K:339.3

0.134% 0.016% 111.4V 0.1162 0.016f 104.2 VU -0.85 °
7.09 2 0.87 z 92.9 » 6.13 » 0.87 » 86.83 «
1 1.663 ¢
1.89 ]
120. U 1496 @ § 52505 ¢ g 52 0] 0]
160 7397. « 2733. =+
.505 nF| . mH 1.663 %
63.49 A | 62.63 A
101.4 » 1.456T 100 =«
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overvoltage 1.00
dT Fe average Surface °K:61.9 dT primary °K:118.1
dT Gehause auv. Surface °K:. dT secondary °K:118.3
NO LOAD OPERATION at Amb.Temperature °C 40. and Overuoltage 1.00
Losses active W:101.1 Losses reactive UAr:540.7
Current factor 7:7.22 Induction T:1.566
dT Fe average Surface °K:49.1 dT primary °K:40.8
dT Gehause au. Surface °K:. Rezonance frequency kHz:19.1

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40. and Overvoltage 1.00

Uoltage Input/Output U:120. 208.
Out. Uoltage no load U:

Current Input/Output A:63.49
Load on output :

Power factor of load

Current in segment A:63.49 0.
Current density A/in"2:4898. 0.
Icc—Current cold A:693.7

Io —Current

Inrush Current peak

A

A:

A:
Inrush Current rms A:366.1
Cu-Losses W:540.1
Resistance cold :.0854 .2583
Reactance :.0164 .0088

Eddy—Current Factor 1.01 1.

Losses active W:81731 Losses reactive UAr:15799
Current factor cold 7/:1092. Induction T:.771
dT Fe average Surface °K:1968. dT primary °K:2638.
dT Gehdause au. Surface °K:. dT secondary °K:2696.
PRIMARY (Tap:1 ) {-— 2—— 3 4 5 6 ?-——- 8

SECONDARY - 2-— 33— 44— 5— 6——— 7—— 8
Output Uoltage
Output Current

Out. Uoltage no load
Sec. Uoltage

Sec. Current

Current density Azin
Sec. Uoltage cold
Load on output .
Power factor of load :1.000

>
PCNDCCDC
N
(=]
jurg
w

Icc cold A:2228
Cu-Losses warm UY:454.5
Resistance cold f:.0072
Reactance 2:.0016

Eddy—Current Factor :1.01
Capacitor

3
]

I
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Topic Audio/ Designl

Designing the audio transformer
for loudspeaker 25W, 16_Ohm

Input parameters

Input Voltage 100V, 50-17000Hz, sine wave
Wire Cu, double insulated for small winding
capacitance, wound outside
Output Nominal output voltage 20V @ 50Hz, min 14.1V @ 17000Hz
(-3dB)
Nominal output current 1.25A @ 50Hz on 16 Ohm
Wire Cu, double insulated round wire for
small winding capacitance, wound
inside
Core Steel M6, annealed
Assembly Gaped EI core with 5 mil between E
and I, for blocking amplifier DC bias
current and the fine tuning of the
resonance frequency
Bobbin Type Single section bobbin
Design Criterion of design <10% regulation

General rules

1.

In order to keep the leaking reactance low normally you’ll use a single section bobbin.
If the resonance frequency is lower than the maxim operating frequency (in this design
17000Hz) then you can reduce the capacitance (and increase the resonance frequency)
using a double section bobbin. In that case 50% of the primary and 50% of the
secondary are wound in each section.£

D ng II

%
b v |
[©2]

Zsoutce=0

gap=552 Rload=342 U150Hz=27mV

-70dB

amA
150Hz

Current source
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2. For a low amount of the winding capacitance you’ll use a double or heavy insulated
round wire. In some cases you’ll also need to use the layer insulation.

3. Typical core assembly of a loudspeaker audio transformer is gaped EI or C cores with
annealed grain oriented steel. In order to avoid the output voltage distortion through
the current harmonics of the magnetizing current the maximal induction should not
exceed 1.3T in an annealed El core or 1.7T in a C core. In that case the third harmonic
of the magnetizing current (no load current) will not exceed 10%-15% (in our design
approx. 3mA, view “Results at 50Hz without gap”)

With a gaped core assembly you can manipulate the resonance frequency changing the
value of the no-load inductance. Additionally the gap will block the influence of the
amplifier DC bias current.

4. At 17000Hz the output voltage is 15.85V (14.1V) and the phase delay 28.1°. If you
would like to improve this operation mode then you need to reduce the eddy current
losses (using litz wire) and the leaking reactance (using a long EI core with bigger Fe
cross section). Note that the best results can be achieved using a toroidal core with

minimum 8 sectors and one layer windings within each sector.

Results at 50Hz with gap

#x0 DIAGNOSE Page 0
Name :1 X EI 75,(2) 1126-0

Steel -:M111-0.35mm =>M6 0.014"

Number of Sections -:1

max.Cu-Fill Factor 7:73.4

max. parallel Wires 1

Induction on Load T:1.301

Max. Induction T:1.333

Max.Cu-Temp.rise on load °K:34.
Max.Cu-Temp.rise no-load °K:22.7
Regulation 7:9.8

1" Inrush/I"nom-Factor *:14.1
Input Current No-Load 7:91.1
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08-22-2008,09:37:02/14.43 Input and Circuit Page 1
PRIMARY ucvy 1cpd|SECOND. 1— 2— 3— 4— 5— 6— 7— B8—
Circuit-:1 100. Circuit-:11
Overvlt=:1.00 . Uolta. VU:20.
Wire 2.0 . Curre. A:1.25
I’L. mil:0. . Wire 12
IVE. mil:10. . I/L mil:0.0
Formfac.:1.11 . I’E mil:5.0
Fre .Hz:50
dI/Io 1100
Regulat. #:8.0 [Steel -:1 Cooling %:1.00 |Bobbin -:1
Udiode U:1.5 Induction T:1.30 |Force ft,/s:0.00 |P/S-Order -:2
dUdiode V:.1 Remanence *:0.35 |Bracket -:1 Rac/Rdc %:1.05
Ripple %:5. U/kg *:1.00 |Radiator -:0 Space %:0.90
Tmp. Amb.°C:40 UAr/kg %:1.00 |Chassis -:1.00 |Uertical -:1
Tmp.rise °K:20 Gap %:5.00 |Chanmel in:0.00 |Horizontal -:1
Time 1 Min:30.0 |Annealed -:1 Cu-Surface=:1.00 |Impregnat. -:3
Load 1 %:1.0 |Stacking =*:1.00 |Rth-varni.»:1.00 |Spread 7.0
Time 2 Min:30.0 |Hole -:1 Rth-comp. %:1.00 |Selection -:2
Load 2 %:1.0 |Assembly -:2 Case -:0 Criterion -:1
CIRCUIT:
20. U
1.25 A

U

A

U

A

100. V A

U

A

U

A

U

A

U

A

U
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08-22-2008,09:37:02 CORE ~ BOBBIN , STEEL , CASE Page 2
Name :1XEI 75/(2) 1126-0
Steel :M111-0.35mm =>M6 0.014" s713.78
IF4B4+ A $B4F{ }F D Weight 1b:1.82
T Gap total in:0.000
E % G [ A-Limb in:0.75
1 B-Width in:0.38
C-Height in:1.13
c D-Stack in:2.03
E-Yoke 1 in:0.38
1 F-Yoke 2 in:0.38
E @ & G-Hole in:0.00
1 Radiator Fin :0
Radiator Chan. :0
F a2 1t dz 1 al cm:0.84
a2z cm:1.49
d1i cm 2.10
1 P|S S|P dz cm 2.73
1 cm:1.03
i 1p cm:
F a1t { F a1 1s cm:
Margin cm:0.05
I X 1 X- Length 1 in:
T Y- WYidth 1 in:
Z- Height 1 in:
x— Length 2 in:
y- Yidth 2 in:
v z— Height 2 in:
w— Thickness in:
Material
1 Potted

e N e

Typ |Windun|MTI| DN | DN |Par | D/#¢ | B/ | W/L] L |I/L|1/E|Weight |RWH

mil mil mil|mil 1b 7

1| 1 |356. C02|25.5|25.5](1 16.9 |16.9 |49 |7.2]. 10.].172 |52.
2
3
4
5
6
2
8

1| 11 |77.0 |C02|23.5]23.5]|1 21.3 |21.3 |40 |1.9]. 5. |.053 |1i7.
2
3
4
5
6
2
8

TOTAL .225 73.
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08-22-2008,09:37:02 General Data Page 3
NOMINAL OPERATION at Temperature °C 72.2 and Overuoltage 1.00
Output Power on Load W:24.26 Output Power of Transfor. W:24.26
Cu Losses W:4.86 Fe-Losses active W:.73
Short-Circuit-Uolt. cold x:15.85 Regulation 7:9.79
Instantaneous pow. .5,95& W:57.9 Efficiency of Transformer %:81.29
dT Fe average Surface °K:24.6 dT primary °K:34.
dT Case aver. Surface °K:. dT secondary °K:30.4

9. £ 0.322% 97.3 UV 23.16f2 0.322% 91.1 U 2.64 °
5.38. 2z 0.19 z 97.3 # 13.84~ 0.19 » 91.09
1 342.0 R
167.2 ]
160. U 13016 @ § 22012 @ § 183 @ 0]
160 x 7780. « 109.5 ==
.145 nF| . mH 342.0
.598 A | .266 A
224.5 7 1.301T 100 «
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overvoltage 1.00
dT Fe average Surface °K:24.5 dT primary °K:34.
dT Gehause auv. Surface °K:. dT secondary °K:30.4
NO LOAD OPERATION at Amb.Temperature °C 40. and Overuoltage 1.00
Losses active W:3.4 Losses reactive UAr:54.36
Current factor z2:91.11 Induction T:1.333
dT Fe average Surface °K:16.2 dT primary °K:22.7
dT Gehause au. Surface °K:. Rezonance frequency kHz:17.3

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40. and Overvoltage 1.00

Losses active W:375.2 Losses reactive UAr:37.41
Current factor cold /:630.9 Induction T:.972
dT Fe average Surface °K:267.2 dT primary °K:410.2
dT Gehause av. Surface °K:. dT secondary °K:448.3
PRIMARY (Tap:1 ) {-—— 2—- 3 4 5 6 7-——- 8

Uoltage Input/Output U:100.
Out. Uoltage no load U:
Current Input/Output A:0.598
Load on output 2

Power factor of load :
Current in segment A:0.598
Current density A/in"2:2665.
Icc—Current cold A:3.77

Io —Current A:0.545
Inrush Current peak “A:11.89
Inrush Current rms A:4.82
Cu-Losses ¥:3.2

Resistance cold R:7.406
Reactance f:.3221

Eddy—Current Factor 11,

SECONDARY - 2——- 3-—— 4—— 55— 6——— 7——— B——
Output Uoltage U:19.7

Output Current A:1.231

Out. Uoltage no load U:21.55

Sec. Uoltage U:19.7

Sec. Current A:1.231

Current density A/in"2:3455.

Sec. Uoltage cold U:19.7

Load on output f:16.

Power factor of load :1.000

Icc cold A:17.28
Cu-Losses warm UY:1.643
Resistance cold f:.9024
Reactance f2:.0151

Eddy—-Current Factor :1.
Capacitor mF:.




Results at 17000Hz

1
08-22-2008,09:38:43

General

Data Page 3

NOMINAL OPERATION

at Temperatur

e °C 59.9 and Overvoltage 1.00

Output Power on Load W:15.71 Output Power of Transfor. W:15.71
Cu Losses W:3.11 Fe-Losses active U:.14
Short-Circuit-Uolt. cold x:47.66 Regulation 7:36.43
Instantaneous pow. .5/95& W:9.2 Efficiency of Transformer :82.88
dT Fe average Surface °K:15.8 dT primary °K:19.5
dT Case aver. Surface °K:. dT secondary °K:20.3
15.772 109.5% 87.5U 51.459@ 109.59¢ 73.3 U -28.1 °
3.42 » 23.772 87.5 z 11.172 23.77~2 73.3 =z
1 342.0 R
460.7 ]
1060. U 55624 2 £ 64743 2 ] 15114 ¢ 0]
100 x« 12073 =+ 3280. » =+
.145 nF| . mH 342.0 2
.217 A | .214 A
101.3 .003 T 100 ~«

DUTY CYCLE OPERATION

at Amb.Temper:

ature °C 40. and Overvoltage 1.00

dT Fe average Surface °K:15.8 dT primary K:19.5
dT Gehause au. Surface °K:. dT secondary °K:20.3
NO LOAD OPERATION at Amb.Temperature °C 40. and Overuoltage 1.00
Losses active W:.18 Losses reactive UAr: .44
Current factor z:2.21 Induction T:.004
dT Fe average Surface °K:1.3 dT primary °K:1.2
dT Gehause au. Surface °K:. Rezonance frequency kHz:35.2

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

and Overvoltage 1.00

Capacitor mF:.

Losses active W:5.5 Losses reactive UAr:45.21
Current factor cold 7:209.8 Induction T:.002
dT Fe average Surface °K:29.2 dT primary °R:37.7
dT Gehause av. Surface °K:. dT secondary °K:38.8
PRIMARY (Tap:1 ) 1-—— 2——— 3 4 5 6——— ?——— B————
Uoltage Input/Output U:100.

Out. Uoltage no load U:

Current Input/Output A:0.217

Load on output 2

Power factor of load :

Current in segment A:0.217

Current density A/in"2:967.7

Icc-Current cold A:0.46

Io —Current A:0.005

Inrush Current peak "A:0.

Inrush Current rms A:0.

Cu-Losses W:.?7

Resistance cold :7.406

Reactance ?2:109.5

Eddy—Current Factor :1.84

SECONDARY 1-— 2— 3 4 5 6 —- 8
Output Uoltage U:15.85

Output Current A:0.991

Out. Uoltage no load VU:21.52

Sec. Uoltage U:15.85

Sec. Current A:0.991

Current density A/in"2:2780

Sec. Uoltage cold U:15.9

Load on output :16.

Power factor of load :1.000

Icc cold A:2.08

Cu-Losses warm W:2.363

Resistance cold :.9024

Reactance ?:5.123

Eddy—Current Factor 2.3
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Results at 50Hz withot gap

08-22-2008,09:40:39 General Data

Page 3

NOMINAL OPERATION at Temperature °C 57.7 and

Overvoltage 1.00

Output Power on Load W:24.58 Output Power of Transfor. W:24.58
Cu Losses W:2.25 Fe-Losses active W:.74

Short-Circuit-Uolt. cold x:7.36 Regulation 7:9.06
Instantaneous pow. .5/95& W:60.6 Efficiency of Transformer %:89.16
dT Fe average Surface °K:14.9 dT primary °K:17.4

dT Case aver. Surface °K:. dT secondary
8.51592 0.322% 97.6 U 22.21% 0.322% 91.7 U -0.03 °
2.35 2 0.09 z 97.6 # 6.13 » 0.09 z 91.69 «
—i—i
1 342.0 R
362.1 ]
1060. U 12820 @ [ 22012 @ j] 6416 % 0]
100 x« 3540. » 1771. =+
.145 nF| . mH 342.0 2
.27 A | .268 A
103. =« 1.307T 100 «

dT Fe average Surface °K:14.9
dT Gehause av. Surface °K:.

dT primary
dT secondary

DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overuvoltage 1.00

°K:17.4
°K:18.

NO LOAD OPERATION

dT Gehause au. Surface °K:.

Rezonance frequency

at Amb.Temperature °C 40. and Overuoltage 1.00

Losses active W:.85 Losses reactive UAr:1.59
Current factor 7/:6.52 Induction T:1.337
|- dT Fe average Surface °K:5.1 dT primary °K:4.7

kHz:2.9

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

and Overvoltage 1.00

Losses active W:374.8 Losses reactive UAr:9.59
Current factor cold #:1357. Induction T:.975
dT Fe average Surface °K:266.1 dT primary °K:403.7
dT Gehause av. Surface °K:. dT secondary °K:447

PRIMARY (Tap:1 ) 1-—— 2——— 3 4 5
Uoltage Input/Output U:100.

Out. Uoltage no load U:

Current Input/Output A:0.276

Load on output 2

Power factor of load

Current in segment A:0.276
Current density As/in"2:1231.
Icc-Current cold A:3.75
Io —Current A:0.018
Inrush Current peak “A:11.89
Inrush Current rms A:4.82
Cu-Losses ¥:.6

Resistance cold R:7.406
Reactance f2:.3221

Eddy—Current Factor 11,

SECONDARY 1-— 2— 3 4 5
Output Uoltage U:19.83

Output Current A:1.24

Out. Uoltage no load VU:21.61

Sec. Uoltage U:19.83

Sec. Current A:1.24

Current density A/in"2:3478.

Sec. Uoltage cold U:19.8

Load on output :16.

Power factor of load :1.000
Icc cold A:17.31

Cu-Losses warm U:1.597
Resistance cold f:.9024
Reactance :.0151

Eddy—Current Factor :1.
Capacitor mF:.
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Topic Capacitor Charger / Designl

Designing flyback transformer
for capacitor charger 10kVvdc, 0.1 pF, 50W

In order to design a flyback C-charger transformer with the Rale Design Software you
need the following inputs:

e Min. input voltage and the duty cycle (ton&toff) at this voltage

e DC-output voltages and DC-output currents

e The ripple of the ampere-turns (induction)

e Frequency

There are 2 typical operation modes:
e Continuous mode ts>toff
e Discontinuous mode ts<=toff (typical for C-charging)

The charging & discharging of a capacitor is a dynamic procedure (view the next
Figure). Due to the fact that there is no constant output voltage & current you need to
determine by hand (from thermal point of view) the equivalent output voltage and the
equivalent output current

Note that a flyback transformer is very suitable for charging a capacitor with constant
power. In this operating mode the electronic has to control the constant frequency,
the constant ton time and the maximal capacitor output voltage Uc.

During the charging period Tp the capacitor C is empty (Uc = 0 ) and the secondary
current will drop down with the formula:

i2=Im cos([t)
Where:
0 = (L2C) ©°

Fori2= 0, [tort= 11/2, toff = ts = 900Us, ton = 100 Ys, TL = 0.1s, Ucmax = 10000V and P
= 50W we can calculate (without losses):

e The inductance of the secondary winding for the resonance frequency 1/4toff
L2 = (2toft/1)? /C = (2 0.0009/3.14) 2 /0.0000001= 3.37H
e The average value of the source current (without losses)
l1av = P/U1 = 50/150 = 0.333A
e The peak value of the source current
[1peak = 2l1avTp/ton =2 0.333 1000/100 = 6.66A
e The inductance of the primary winding
L1 = U1 ton/ [Mpeak = 2.25mH
e The turns ration of the primary & secondary windings
W1/W2 = (L1/L2) °° = (0.00225/3.37) °> = 0.0258
e The RMS value of the output current during the charging time TL
lo.th = (P C In(TL/Tp)/2/TL) ®° = (50 0.0000001 In(0.1/0.001)/2/0.1) ®° = 34mA
e The output voltage at the output current 34mA
Uco.th = P/lo.th = 50/0.034 = 1470V
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ton toff

<
+

W”/Iﬂv/ lﬁlg M\\

\J

Tp=ton + tor
Tp=ton+toff
2K 4
® %
. - f
Input parameters
Input Voltage 150V, 1000Hz, ton =100us, toff = 900
Us
Wire Cu, round, single insulated
Output Nominal DC output voltage Nominal1470V, max. 10000V
Nominal DC output current Nominal 34mA, min. 5mA
Wire Cu, round, double insulated, wound
outside
Core Steel Ferrite N27
Bobbin Type Single section, potted
Design Insulation class E, max. operating temperature 120C
Criterion of design Temperature rise
Ambient temperature 40C
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General rules

1.

Before you start designing of the flybyck transformer with the above specified
input parameters you have to set the Form Factor and the dl/lo :

Form Factor = Tp/2/ton

dl/lo = 100 tofi/ts

These 2 input parameters can be calculated if you set q =ton/Tp & s =ts/Tp
or L1 & W1/W2 in the following input mask:

L!;}__Flyback Input Form ]
= Min.input volatage u: 150
- o . Outputuoltage U: [1470
Output power W: 49.98
' Frequency Hz: 1000
i
, q = Ton/(Ton+Toff) 105
‘I s = Ts/(Ton+Toff) : 0.415 |
Primary inductance mH: s
Turns ratio Wprim/Wsec ‘9 .0258
Form factor = 0.5/q 4 .77
dlosI = 100%(1-qlrss z:  EASES
dio/l (%) = 100*Toff/Ts
Formfactor= (1+Toff/Ton)/2
q=Ton/(Ton+Toff) OK annc‘ﬂ

Note that discharging time ts varies during the time TL from 900 s to 71ps.
Due to this fact the operating flyback frequency can not be selected very high.
If the output voltage is over the bobbin testing voltage and the transformer has
to be potted then the flyback operating frequency has to be selected less than 2-
3kHz.

If the commutating losses in the primary leaking inductance are too high then
you need to increase ton time.

Design at nominal operation mode 1470V @ 34mA

#x0 DIAGNOSE Page 0
Name :1 X ETD 59 B66397

Steel -:N27 <SIEMENS 200k

Number of Sections -:1

max.Cu-Fill Factor 7:85.3

max. parallel Wires 1

Induction on Load T1:0.126

Max. Induction T:0.267

Max.Cu-Temp.rise on load °K:50.5
Max.Cu-Temp.rise no-load °K:.
Regulation .

1" Inrush/I"nom-Factor *:,
Input Current No-Load vz
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08-29-2008,20:12:28/14.43 Input and Circuit Page 1

PRIMARY ucvy 1cpd|SECOND. 1— 2— 3— 4— 5— 6— 7— B8—
Circuit-:1 150. Circuit-:35
Overvlt=:1.00 . Uolta. U:1470
Wire 0.0 . Curre. A:.034
I’L. mil:0. . Wire 11
IVE. mil:10. . I/L mil:2.0
Formfac.:4.76 . I’E mil:2.0
Fre .Hz:1000
dI/Io 1213
Regulat. #:50.0 [Steel -:3 Cooling %:1.00 |Bobbin -:1
Udiode U:0.8 Induction T:0.27 |Force ft,/s:0.00 |P/S-Order -:1
dUdiode V:.1 Remanence *:0.00 |Bracket -:1 Rac/Rdc %:1.25
Ripple Z:5. U/kg *:1.00 |Radiator -:0 Space %:0.90
Tmp. Amb.°C:40 UAr/kg %:1.00 |Chassis -:1.00 JUertical -:0
Tmp.rise °K:50 Gap %:0.00 |Chanmel in:0.00 |Horizontal -:1
Time 1 Min:30.0 |Annealed -:1 Cu-Surface=:1.00 |Impregnat. -:4
Load 1 %:1.0 |Stacking =*:1.00 |Rth-varni.»:1.00 |Spread 7.0
Time 2 Min:30.0 |Hole -:1 Rth-comp. %:1.00 |Selection -:2
Load 2 %:1.0 |Assembly -:2 Case -:0 Criterion -:2
CIRCUIT:
< &
1470 U
.034 A
U
A
U
A
150. V A
U
A
U
A
U
A
U
A
U
A

36




08-29-2008,20:12:28 CORE ~» BOBBIN , STEEL , CASE Page 2
Name :1XETD 59 B66397
Steel :N27? <SIEMENS 200k r739.37
FF4B4+ A $B$F{ } D= Weight 1b: .61
T Gap total in:0.211
E A-Limb in:0.87
1 B-Width in:0.42
C-Height in:1.73
C ] D-Stack in:0.87
E-Yoke 1 in:0.36
1 F-Yoke 2 in:0.34
E G-Hole in:0.00
1 Radiator Fin :0
Radiator Chan. :0
F a2 1t d2=a2 | al cm:0.9?7
T a2z cm:1.67
dl cm 0.97
1 S|P P|S dz cm 1.67
1 cm:1.61
i 1p cm:
F a1t { | di=a1] 1s cm:
Margin cm:0.06
X- Length 1 in:
Y- Width 1 in:
Z—- Height 1 in:
x— Length 2 in:
y- Width 2 in:
z—- Height 2 in:
w— Thickness in:
Material :
Potted
Typ |Windun|MTI| DN | DN |Par | D/#¢ | Bss | W/L] L |I/L|1/E|Weight |RUH
mil mil mil|mil 1b 7
1] 1 |154.1 |C00|19.5]|19.5]1 33.9 |33.9 |44 |3.5]. 10.].153 |36.
2
3
4
5
6
7
8
1| 35 |7045.1|C01|37.5|37.5]|1 4.2 4.2 |303 |23.]|2. |2. |.137 |46.
2
3
4
5
6
7
8
TOTAL .29 85.

36
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08-29-2008,20:12:28 General Data Page 3
NOMINAL OPERATION at Temperature °C 90.1 and Overuoltage 1.00
Output Power on Load W:58.31 Output Power of Transfor. W:74.99
Cu Losses W:8.49 Fe-Losses active U:.04
Short-Circuit-Uolt. cold «: Regulation 3
Instantaneous pow. .5/95& W:. Efficiency of Transformer %:82.85
dT Fe average Surface °K:46.3 dT primary °K:49.7
dT Case aver. Surface °K:. dT secondary °K:50.5

0.614% 0.482% 29.7 VU 0.952f 0.482% 27.1 U -4.87 °
54 2 4.24 » 94.3 # 8.37 » 4.24 » 85.88 «
1 9.767 R
11.37 ]
315 U 21085 f & O S go 0] 0]
160 18548 =+ . 7 =T
151.1 nF| 2.127 mH 9.767
2.772 A | 2.771 A
100. =« 126 T 100 «
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Overvoltage 1.00
dT Fe average Surface °K:46.3 dT primary °K:49.7
dT Case aver. Surface °K:. dT secondary °K:50.5
156. U Frequency Hz:1000.
Rezonance frequency kHz:8.9
Input voltage U:150.
Relative turn on time 2:10.5
Relative turn off time £:89.5
27 T 7.407A Rel.duty cycle s.current 7:42.
Ripple (input current) #:100.
.02 T 0. A Min. Induction/Current T-A:.02 /0.
Max. Induction/Current T-A:.27 /7.407
No-load inductance mH:2.127
16.5 » 89.5 « Ripple (output uvoltage) «:5.

PRIMARY (Tap:1 ) {-—— 2——- 3 4 5 6 7-—- 8

Input voltage U:150.

Input current rms. A:1.386

Current in segment A:1.386
Current dencity A/in"2:

A

Min. input current “A:0.
Max. input current ~A:7.407
Cu-Losses ¥:1.2
Resistance cold 1:.4069
Leaking reactance f:.4816

Eddy—Current Factor :1.18

SECONDARY {t——2-—-—3--—4——5—6—- ?——= B8———
Output Uoltage U:1713.
Output current dc A:0.034

Secondary curr. rms /:0.061

Current dencity Asin"2:
Secondary curr. min "A:0.
Secondary curr. max “A:0.162

Cu-losses warm U:7.307
Resistance cold 2:1550.
Leaking reactance 2:1006.
Eddy—current factor 11,
Capacitor mF:.
Capacitor curr. rms A:.05

¢

70



Design at maximal output voltage 10000V @ 5mA

08-29-2008,18:15:50

Gene

ral Data Page 3

NOMINAL OPERATION

at Tempera

ture °C 54.6 and Overuoltage 1.00

Output Power on Load W:55.56 Output Power of Transfor. W:32.59
Cu Losses W:1.96 Fe-Losses active U:.05
Short-Circuit-Uolt. cold «: Regulation 7
Instantaneous pow. .5/95& W:. Efficiency of Transformer Z: 97 03
dT Fe average Surface °K:13.7 dT primary °K:14.6
dT Case aver. Surface °K: dT secondary °K:14.5
0.547¢ 0.481% 30.9 V 0.847f 0.481f 30. U -1.91 °
1.89 » 1.66 « 98.1 # 2.93 7 1.66 » 95.14 «
1 27.56 R
28.93 ]
315 U 17r 8RO S go 0] 0]
160 61462 =+ . 7 =T
151.3 nF| 2.124 mH 27.56
1.089 A | 1.087 A
100.2 7 A31 T 100 «

dT Fe average Surface
dT Case aver. Surface

DUTY CYCLE OPERATION at Amb.Temperature °C 40.

°K:13.7
°K:.

and Overvoltage 1.00
°K:14.6
°K:14.5

dT primary
dT secondary

150. U

7.416A

16.5 » 89.5 «

Frequency

Rezonance frequency
Input voltage

Relative turn on time 3
Relative turn off time V4
Rel.duty cycle s.current x:
Ripple (input current) =«
Min. Induction/Current T-A: /0.
Max. Induction/Current T-A: 27 /7.416
No-load inductance mH:2.124
Ripple (output voltage) :5.

PRIMARY (Tap:1 )
Input voltage uU:

Input current rms. A:

Current in segment A:
Current dencity A/in"2:

A

Min. input current
Max. input current
Cu-Losses
Resistance cold
Leaking reactance
Eddy—Current Factor

A

PREDD

1 2——-
150.

1.322

1.322

17.416

. 4066
4808
:1.18

4 5 6 7—- 8

SECONDARY
Output Uoltage U:
Output current dc A:

Secondary curr. rms %

Current dencity Asin"2:
Secondary curr. min A
Secondary curr. max A

Cu-losses warm U:
Resistance cold %:
Leaking reactance :
Eddy—current factor
Capacitor mF:.
Capacitor curr. rms A:

1— 2—-
10111

:0.005

10.024

:0.
:0.154

1.001
1550.
1006 .

i1,

.023

- 3—— 4-—— §——— 6-——— 7-—— B——
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Designing a 500 kVA, 60Hz, K-Factor, three phase dry
transformer with cooling channels?

General Information

Technical Specification

Input voltage

3 x 480V, delta

Output voltage

3 x 2087120V, star

Output power

500kVA, K-Factor=20, continuous
operating mode

Frequency

60HZz

Ambient temperature

40°C, in a cabinet

Temperature rise

Max. 120°K, insulation class H

°Short-circuit voltage

4-5%

Steel&core

M6, not annealed, strips for
alternated stacking (90°)

Creating Input

There are 4 input screens to set the input parameters for the designing of a transformer:

« Core

Environment

Other parameters

Winding parameters per limb

and 3 screens for selection and set up of material :

e Wires

e steels

e CoOres.
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Windings parameters per limb

Primary Secondary
120V, 13924

Za 240V

J GIEA

Primary

The primary is created with 2 windings connected in series . The sine wave input voltage is 480V
(240V per winding).

There is no duty cycle operation mode and there are no sectors.

Note that a 500kVA transformer for K-factor=20 and the short-circuit voltage 5% can be optimal
designed and manufactured only with litz wire. The round wires within the litz are not insulated
but in transposition.

The first winding has the thermal contact with the center leg of the core within the core window
via 0.1" tube thickness and 0.1" air gap (stomach). All other surfaces of the primary are cooled
via the cooling channels of 0.6" (inside of the core window) and 0.8" (outside of the core
window). The space between the yoke and the primary windings is 1.2" With the eddy current
losses factor (RacRdc) 1.1 and 1.25 shell be limited the number of the round wires per litz.



75

i LARGE TRANSFORMERS,INPUT i =10] x| d
Input - Material Run Output Edit Options  Help

1 Coue 1 Erwiroment 1 Db,
: 1 £ z
| 5 4l 41
1 & r -
1] PRSI o R1ZD a PR EL 0 L
- - \r
I . B o 1%a0 o 3
=5 o bl 427 S 7 427 = ¥

& o+ o4 1 o4
=

[ 1) 3] I
1 1 1 L
o 1] 60
@ - L =
| 1 & £ L
L 1 3 ]
i o 0 0 )
1 1 L 1
1 1 1
o o 0
e Tiem s ¥ 1 s TiE. s
SRS  CALA.F . o Rk SR E
D1l SEEN.l = 25 DONNE] GRS, L
1.2 f3 1.2
. d 1.28 1.t8 1.1 j.
[ LTCLEL 3L 1.USR [EI3P 600412725415 | STEEL1.DAT 11140.35mm =>MB 0.0 | 1 ] i | i

Secondary

The secondary is created with 2 windings connected in parallel . The sine wave output voltage is
120V.

The rms current per winding is 696Arms. Normally there is no explicit information about the
current harmonics in a K-factor transformers. The designer has to create a combination of the
first current harmonic and 7. current harmonic in order to satisfy the following conditions:

1172 + 1772 = Irms"2
1IM*I1M2 + 772*1 772 = K-factor® Irms™2

For Irms = 696Arms and K-factor = 20 the calculated current harmonics 11 and 17 are:

11= 540Arms

17 =437Arms

Also there is no duty cycle operation mode on the secondary side.

In order to avoid the circulating current between 2 parallel connected secondary windings each
of them is created with 2 cross connected sectors.

Once again, a 500kVA transformer for K-factor = 20 and the short-circuit voltage 5% can be
optimal designed and manufactured only with litz wire. With the eddy current losses factor
(RacRdc) 1.1 and 1.25 the number of the round wires per litz shall be limited. Note that at this
point of design you can not prescribe the wire size. You can select only the wire family which
the program has to use in order to select the suitable wires for your application.

The first secondary winding is cooled via the cooling channels of 0.6" (inside of the core
window) and 0.8" (outside of the core window). The second secondary winding has only two
0.8" cooling channels outside of the core window. It is better cooled than the first secondary
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winding and therefore it is in a good thermal connection within the core window with the first
secondary winding.

The space between the yoke and the secondary windings is 1.2"

Core

On this input screen you can :

select and manipulate the selected steel M6, 14mil

set the operating induction (1.65T) and the frequency (60Hz)

select the core assembly

and prescribe the core selection.

iluL.lI: !.nﬁsrlr.mt.':.-'npur " i g il g “,,-In' |§|
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" Welded BI/UI

™ g-Cores

" Modul Cores ~Haoles in Core
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" 45» Strips i~ Ho
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[LTCLEL3 L 1USR |EI3P600/1.2/251.5 | STEELIDAT  111-0.35mm =»ME 0.01 | 10 | 10000 &

The core was created by program and by the designer in order to satisfy the following conditions:
e Ucc=5%

e Optimal price and weight
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Name EfL.E
H=Wideh 25.4 StapE 1 4 3 4 -1 & 7 a

¥-Haight 2l.6 h-Lag &
d-Hola 0.546 JI-Toke 6.6
h=Channel 0.2 R-Raarycke O
| L-Lenghth & g-Srack 3
[LTCLEL 3 L1USR [EI3P600A.27251.5 |  STEELLDAT  111-0.35mm=»M5 0.01 | i ] 0 v

Normally for this application you use M6, 14mil, non annealed after stamping, grain oriented
strips.

Environment

The cooling medium is air with the ambient temperature 40°C. The cooling factors for the

convection and the emission are set to 80% because the transformer will be placed in a cabinet.

The cooling surface of the core is increased by using 4 L-brackets on the core.
The impregnation is practically "dry" because there is only 10% varnish (90% air) in the
windings and in all the gaps between the insulations and the layers of the windings
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The selected criterion of the design is the temperature rise of 120°K for insulation class H. The
oval space between the first winding and the tube (stomach), all gaps between the insulation, the
windings and the varnish fill factor of the windings play very important roll from the thermal
point of view.

Output

The first step is the presentation of the output screen DIAGNOSIS: it is the summery of the most
important calculated parameters of your transformer.

T e

_3L_1USR [EIPE00/1 272505 | STEELIDAT 103w -ME00 | 001

Note that the program uses the numerical calculation of the magnetic fields and the temperature
rises. Due to this technology the calculations of the eddy current losses, the steel losses, the
short-circuit voltage, the circulating current and the transposition are very powerful.

In the following picture are presented the magnetic field outside of the core window.




Finally here are 4 printed pages with all the results of the design
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Input

=1 1-2005-12:14: 37, 114 .13 IHFUT
Windings 1 F4 3 1 5 b
Grospe | | 2 i
Cirouite 5 5 41 41
Cotrect lon | 1 2 z
Hioltagh|l 240 8 |1 240 @ |1 12 8 (I 1 @
lurrend| . S HEa o Weoe
" . L R (A (A
d [ 1]
Tinel min. | 68 B ] B
Losd] =] | 1 1 1
TireZ min.| 8 o =] 2]
LoadZ =] B ] 1 1
Sectors ] 1 z 2z
Ser.Para.| | 1 3 k|
ire file | 8 [ L] i
CuAl i I 1 1
Inehay mil] | ] 1 1
Trasspen. | 0 ] ] ]
TapelAL dnl3 8.0 08 2 8.0 0.8 |2 81 83 [2 8.0 0.8
TypelC in]l B0 85 |2 8.0 06 (2 81 85 |1 88146
Typeled Gnfl 8.1 0.1 §1 8.0 0.1 I 0580 |1 83501
Margin in| 1.2 1.2 1.2 1.2
Pacide 1.1 1.5 1.3 1.1
Frequenty Hz: & Selecle Cooling medien thir
SLIIEI L. [Amb. temperature °C: 88
Criteriom i ] © B3 bsl.2  |Cormection outaide «: 0.8
Regu lation # ] S MW" MSteips  |Comectiom fmalde = 0.8
Loz wltage F-1 ‘Mo Enigslon = 0.8
Tesperal. rlse 5 128 Al lowocteide  Ttes: 0
KT e leny LR S STEELL.BAT  |Airflow iesife ftea: @
Ho=load Factor ¥ 10 : FLIL-0. ¥ [Chassis =1 Usgd
il non 15 : 1ES erticel i Uartica
1 irenss Inonrns 15 EH H Hor izantal = L-T48
: 1.5 f
B Channe] FE1] Tactor 0 B2
=1 varnish 18 windings i« 19
HY | Varniah l= gage ;18
Mo Fi-uarnish w1
nd w1
- ineualtion w1
Cail Lrsalation im: BB
Bauch im: B2
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Core
11-11-2085-12:14:37 CORE Page £
Core file name : LTCI_ET_3_L_1.USR Fe=File name : STEEL1.DAT
Core name : EI3F 6B0s1.242.5/1.5 |Fe-NHame ¢ H111=-0.35mm =>H6 0.014
Core type : 3EI Frequency Hz: &0
Type of windings 1 oualsrectangular Remanence-Factor »: 0.35
Humber of legs : 3 Ws1b-Factor #: 1.15
Core assenbly i 90% &Strips Uar/ lb-Factor = 1.25
Leg-Diameter in: B Gap-Factor “: 4
Window width in: B.7 fsfn-Factor ®: 1
Window height in: 15 Fillfactor = 1
Stack in: 9 Annealed -: Mo
Cross section in"2: 52.10
Weight total Ib: 1648.
With holes = Yes Chassis =
Brackets -: L-T&B Vertical Horizontal-:

Stufen i 2 3 4 5 ;] 7 8
-UWidth in: 25.408
¥-Height in: 21.6 |A-Leg in:g o o o a a a g
d_Hole in: 0.546 [J-Yoke in:é.6 @ 0] 8 8 a i} 1]
h-Distance in: B.2 R-Rearyoke  in:@ o o a a Q a a
L-Laenght in: B 5-Stack in:9 a o a 2] a [£] a

Humber lamin.

Ueight lb:

‘ |
¥ A
d J
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Windings

11-11-2005-12:14:37 WINDINGS Page 3
Windings 1 Z 3 4 5 & 7 B
Groups-Circuits 1-b 1-D 2=Yn 2=Ym
Connection SEr. SET. par. par.
Turns 16.0 i6.0 8.0 8.8
Build #| 13.64 42 .20 70.77 | 81.73
Weight Ib| 33.8 40.5 39.3 44 .8
WIRE
Type round round round | round
Thicknes mnil| 22 .68 22 .60 ZZ2.68 | 22.68
Uidth mil| 22.60 £2.60 22.60 | Z2.68
Wa-thicknes 23 23 23 23
UG-width 23 23 23 £3
AlsCu Cu Cu Cu Cu
STRANTALITZ T
Thickne insula. mil| 357.00 | 357.08 | 357.08) 357.00
Width insulata. mil| 714.0 7i4.8 1196.8)| 1i96.0
Parallel vires 450 450 758 758
side by side 30 30 =14 50
one upon the other| 15 15 15 15
Transposition a ] ] @
Cross section mil™2| 1B0S98.| 180598.| 300997, 300997,
SECTOR

Humber i 1 Z 2

SeriesParallel SEr. SEr. mixed mixed

Turns 16 16 q q

Turns-Layer 16.01 16.01 4.002 | 4.002

Layers 6.998 0.993 8.999 | 0.999

Insul ./Layer mil| 1.8 1.8 1.8 1.8

Transposition a o 1 1

Thicknes in| @.357 8,357 8.357 | 8.357

Width in| 1Z.48 12 .48 6.875 | 6.875

DistancesSector in| 9.1 8.1 a.25 a.25

SPACES/CHANNELS . INS .

Dutside in|] WICW uCw W WCW
Insulation in| 8.1 8.1 a.1 8.1
Channe 1 in] 9.8 0.8 a. 0.8

Inside in| WIiW ucw ucw uiw
Insulation in| 8.1 0.1 8.1 0.01
Channel in|] 8.6 0.6 0.6 8.6

Between sectors in| WIW wiw WIW viw
Distance in] 8.1 8.1 0.25 8.25
TopsBottom in| B.1 8.1 8.1 6.1

Distance to yoke in| 1.3 1.3 1.3 1.3

Coil imsulation im: O.
Dii Die: 11.35 12.87
D21 D2e: 13.67 14.38
D3irsD3e: 15.98 16.7
Mi DMe: 18.3- 19.01

DSisDSe: s
D& i Dbe: /
D?isD?e: s
Dai1/D8e: /

()




Nominal operating mode

11-11-2085-12: 14:37 IN OPERATION MODE Page 4
Frequency Hz: &8 Uentilation outsi. ftrs: @ Fillfactorschannels : 88
Ambient temperature C: 40 Ventilation(chann. ftes: O Uarnish in windings «: 18
Conuection outside =: 0.8 Rth-Insulation wi 1 Uarnish in gaps #: 18
Convectionschannels =: 0.8 Rth=Uarnish = 1 Stomack in: @.28
Emission =: 0.8 Rth-Epoxy w: 1 Gap in: ©.05
Output power kUA: 488.3 |Input power kUA: 499.8 | Core power 1 P.@
Fe-Losses Ua: 21062 |Fe-active losses W: 2489, |Fe-reactive losses UAr: 20914
|Ho=1oad curren 1 4.4 Mo load curr. active #: B.5 Mo load curr. react, =: 4.4
1*ins1*nom-Factor : 18.46 |linrmssInomrms-Factor @ 7.86 |[Mo load induction T: 1.674
I"in kA: 8.87 |lin rms kA: 4.72
Ice cold kA: 7.56 leer active cold kA: 1.54 Icex reactive cold kA: 7.40
Ucc cold #: 4.59 |Uccr active cold #:0.94 |Uccx inductive cold x: 4.49
Cufil-losses W: 447 .0|Eff iciency ®r 98,001
Max. dT CurAl *K: 121.2 |Hax. 4T Fe *K: 164 .8 |Induction T: 1.666
Wind ings 1 2 3 k| 5 [ T 8
Groups-Circuits 1-D 1-D 2=Yn 2-Yn
Connection sET . ser. par. par.
Timel 60.0 60.8 60.0 60 .0
Loadl 1.60 1.00 1.68@ 1.00
TimeZ 8.8 a.a 60.8 60.0
Load2 0.00 6.0 1.00 1.00
Uoltage rms Ul 239.8 240.1 118.5 118.5
U-Fhasen delay *| 0.356 -6.35 -1.78 -2.22
Ho-load uvoltage Ul 239.9 240.0 12a.8 1z@.8
Regulat ion #| 8.0 0.0 1.2 1.3
Current rms Al 346.53 | 346.53 | 685.37 | 6E87.37
E-Factor 28 .08 20 .00 260 .88 20 .08
Fower kUa) B3.11 83.22 81.28 81.48
I-Phase delay *| -5.4 -4.7 =0.5 8.5
FResistance cold mOhm| 2.245 Z.688 8.939 1.873
Logses  wars Ul 419.5 529.7 ™M4.3 790 .6
RacRdc (total) 1.02 1.07 1.608 1.82
lee.all cold kRA| 7.56 7.56 15.85 15.18
Icc .group cold ka| ©.80 0.00 15.085 15.18
Circ. losses W| 0.60 0.00 6.00 .84
Cur.density A-sin"2| 1915.7 | 1915.7 | 2276.6 | 2276.6
SECTORS
i RacRdc 1.82 1.87 1.7 1.82

Current Al 346.5 346.5 685.3 BET .3

dr “K| 114.5 113 .4 126.9 114.2
Z RacRdc 1.08 1.82

Current ] 6B87.37 | 685.37

dT K 121.2 113.9
3 RacRdc

Current A

daT K
4 RacRdc

Current L]

dT *K
5 RacRdc

Current A

dT K
& RacRdc

Current A

dT “K
7 RacRdc

Current A

dT “K
B RacRdc

Current A

dT K
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Test Mode

85

If you are not satisfied with the solution made by the program you can switch into the Test Mode
and change your transformer manually:

Turns

Wire size

Material (Cu or Al)

Number parallel connected wires and their order in strand
Cooling channels and insulations

Margin

Steel

Technology parameter (impregnation, gaps,...)

and then you can set it under an operation mode changing:

Note that the program could not create full layer windings at the prescribed temperature rise of
120°K. In order to get the full layer windings you have to select the wire size in the litz and the

Input voltage

Frequency

Loads and their K-factors
Duty cycle of each winding
Ambient temperature

Air flow

number in parallel connected wires manually.



@ LARGE TRANSFORMERS TEST

Cptiori:  Help

Input Materlal Run Output Ecff

1 E rrvitcment i Dither..
1
J.«-l.'l'l'h T aﬁs.‘
114.5 113.6 12i.8 117.2 .
| LTOLEL3 L_TUSR |EI3PE00V1.2/25/15 |  STEELT.DAT  §11-0.35mm=>ME00 | 12 93806

Let us now change some technology parameters of this transformer:

Impregnation

86

In the following table you can compare the temperature rise of our "dry" transformer and the full
impregnated (no air in the windings, the gaps and the stomach) version.

Core Primaryl | Primary2 Secondaryl Secondary?
oK oK oK OK OK
Current version:
10% varnish 105 114 113 121 117
New version:
100% varnish 105 109 109 113 109




Core assembly

If you want to use 45°core assembly with the annealed M6 strips then:

i

N Ny
Core Primaryl | Primary2 |Secondaryl Secondary?2
°K °K °K °K °K

Current version:

90° core assembly,non 105 114 113 121 117
annealed strips

New version:

45° core assembly, 90 107 109 120 116
annealed strips

Impregnation

87

In the following table you can compare the temperature rise of our "dry" transformer and the full

impregnated (no air in the windings, the gaps and the stomach) version.

Core Primaryl | Primary2 |Secondaryl Secondary?2
oK °K °K oK oK
Current version: 105 114 113 121 117
in the cabinet
New version: 96 104 104 109 103

no cabinet



88



89

Designing a 3 phase, 50/60Hz rectifier transformer (YYD
to supress 5. and 7. harmonics)
with 2 parallel connected bridge rectifiers,
for Udc =400V and Idc = 1000A

General Information

Technical Specification

Input voltage 3 x 3 x 400, star
Transformer output voltage 3 x 314/182V, star
for Udc = 400vdc 3 x 314V, delta
Line output current per 11 = 388Arms
secondary: I5 = 77.5Arms
(lal,Ibl,Icl,1a2,1b2,I1c2) 17 = 55_.5Arms
111 = 35Arms
113 = 30Arms
continuous operating mode
Frequency 50Hz
Ambient temperature 40°C
Temperature rise Max. 120°K, insulation
class H
°Short-circuit voltage Ucc = 3-4%

Ucc_sl-s2/Ucc >= 2 for use
with Ld1&Ld2 chokes

Steel & Core M6, annealed, strips for
alternated stacking (45°),
Oval cross section

Creating Input

4 input screens are used to set the input parameters for the designing of a transformer:

Winding parameters per limb
Core

Environment

Other parameters
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and 3 screens for selection and set up of material :

e wires
e steels
e  cores.

Windings parameters per limb

The following rectifier circuit is often used to compensate the 5. and 7. current harmonics on the
primary side. The parallel connection of the rectifiers is normally used if the output current Id is over
500-1000Adc. For a good current distribution between 2 parallel connected rectifiers (with the chockes
Ld1 and Ld2) the relationship Ucc_s1-s2/Ucc has to be bigger than 2; Ucc_sl-s2 is the short-circuit
voltage between the secondary 1 and the secondary 2; Ucc is the short-circuit voltage of the
transformer. For this condition the primary will be "sandwiched" between both secondaries.

Sac.1 Primaiy Secd

For equal current distribution between 2 parallel connected rectifiers (without the chockes Ld1 and
Ld2) the relationship Ucc_s1-s2/Ucc has to be bigger or equal 4. For this condition you should use the
following order of the windings:
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Primary

Sec.1
I Sec.2
| —

Note that the short-circuit voltage of a rectifier transformer is a complex issue reflecting:

o the rectifier protection in a short circuit operation mode of all secondary winding, a group of
windings or of only one winding.

e the commutation operation mode of a group of windings

o the voltage drop of the dc-output voltage

o the current distribution between the parallel connected rectifiers

It has to be prescribed by the user of the transformer

! Ia ! I8 i I
Ua Ue c

Ua1 Ub1 Ue1 Ucz Ub2 Ua2
iat b1 i1 | R 4 b2 1 a2
L Ld2
= =
Idl Ld f f f

P S S

Primary

The primary is created with 2 parallel connected windings with 2 cross connected sectors. The sine
wave input voltage (Ua,Us,Uc)is 230V (230V per winding).
There is no duty cycle operation mode.
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The primary sectors will be manufactured with Cu-foil with a layer insulation of 0.050mm. Note that
there no big difference from an electrical or magnetic point of view (if the distance between the
sectors is small) between the winding made by foil with one sector and the winding made by foil
with more (2-8) parallel connected sectors. The first and the last sector will be overloaded by a
higher eddy & circulated current losses and due to the thermal insulation to the other sectors
they wil normally be hotter .

i — e —
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e ]

| — ] | — ]
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The primary lies between the secondary windings. All the surfaces of the primary are cooled via the
cooling channels of 15mm (inside the core window) and 20mm (outside the core window). The space
between the yoke and the primary windings is 20mm. With the eddy current losses factor (RacRdc)
1.15 shall be limited the number of the parallel connected foils per sector.
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Secondary

The first secondary is connected in delta. It is created with 2 in series connected windings. Each
winding has 2 in series connected sectors.
The sine wave output voltage is 314V = 166V + 148V.
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The rms current through each winding (secondary) is 234Arms. The set current harmonics are
calculated for the worst case: Ucc= 0 and Ld = oo:

$ A l s + lc
Ua é:l
‘ oo

it

la

U=1.05x(0.741 x Ud + 3)/1.73

Harmonic ind Angle
1 0.777 0
5 0.155 180
7 0.111 0
11 0.070 180
13 0.060 0

Also, there is no duty cycle operation mode on the secondary.

With the eddy current losses factor (RacRdc) 1.1 and 1.15 the use of parallel connected foils per sector
shall be avoided . Note that at this point of the design you cannot prescribe the wire or foil size. You
can select only the wire or family or foil which the program has to use in order to select the suitable
wires or foils for your application.

The first secondary winding is cooled via the 20mm cooling channels (outside the core window) and
via 2mm insulation to the core (inside the core window). The second secondary winding has only two
20mm cooling channels outside the core window. It is better cooled than the first secondary winding
and therefore it is in a good thermal connection within the core window with the first secondary
winding.

The space between the yoke and the secondary windings is 20mm

The second secondary is connected in star. It is created with 2 parallel connected windings. In order

to avoid the circulating current between 2 parallel connected secondary windings, each of them is
created with 2 cross connected sectors.
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The sine wave output voltage is 182V.

The rms current through each parallel connected winding should be 205Aac (total output rms curren is
410Aac). The set current harmonics are calculated for the worst case: Ucc= 0 and Ld = co.

Also, there is no duty cycle operation mode on this secondary.

With the eddy current losses factor (RacRdc) 1.1 and 1.15 the use of the parallel connected foils per
sector shall be avoided.

The first secondary winding is cooled via the 20mm cooling channels (outside the core window) and
20mm (inside the core window). The second secondary winding has only two 20mm cooling channels
outside the core window. It is better cooled than the first secondary winding and therefore it is in a
good thermal connection within the core window with the first secondary winding.

The space between the yoke and the secondary windings is 20mm

Core
On this input screen you can :

e select and manipulate the selected steel M111, 035mm (M6, 14mil)
e set the operating induction (1.55T) and the frequency (50Hz)

e select the core assembly

e and prescribe the core selection.
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The oval core cross section was prescribed by the designer easier winding of the high current foil
windings:
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Normally you use for this application M111, 0.35mm (M6, 14mil), not annealed after stamping, grain
oriented strips.

Environment

The cooling medium is air with the ambient temperature 40°C. The cooling factors for the convection.
The cooling surface of the core is increased by using 4 L-brackets on the core.

The impregnation is practically "dry" because there is only 10% varnish (90% air) in the windings and
in all the gaps between the insulations and the layers of the windings

& LARGE TRANSFORMERS INPUT

IS L 1 ar I I
Input  Material Run Oufput Edit Options  Help
Wwindings: 1 Core ] Enviroment L Dinverse
~Cooling ~Brackets I
T Hon- " L-Bottom H
" U-Bottom 4
* L=Bottop+Top L
" U-BottomtTop
—Cabinet
F [m :::\-lml_[:ﬂhl-ml-
C potted  gill cleft
" floaed " Ventilation

1000
- Impregnation 1l

£oo
1

1

I-z
1]
1]
~Chassis————  ~Monlage
* Wood * Yertical
7 Hetal  Horizontal |.
[TCM_EI_3 L TovalUUS 30/130/330/180/50/2 | STEELLDAT  171-0.35mm =>ME 00T | -100 | 120 “h

Other...



96

¥ LARGE TRANSFORMERS INPUT

T T r : ~
~iVater Comfing-

rhimits

TCM_EI_3_L_lovalUS BO/130/350/180/50/2, | STEELIDAT  111-035mm=>ME0.01 | 0 I 250 o

The selected criterion of the design is the temperature rise of 120°K for insulation class H. The oval
space between the first winding and the tube (stomach), all gaps between the insulation, the windings
and the varnish fill factor of them, play a very important roll from the thermal point of view.

Output

The first step is the presentation of the output screen DIAGNOSIS: it is the summary of the most
important calculated parameters of your transformer.
L] -‘\‘G! l.'IF!‘J f.- -F
Run Output =it O
T .

R T T T L b e am | mwrria mew 0 Bas mme Caamomoma | Cmma Ly e
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Note that the program uses the numerical calculation of the magnetic fields and the temperature rises.
Due to this technology the calculations of the eddy current losses, the steel losses, the short-circuit
voltage, the circulating current and the transposition are very powerful.

The following picture shows the magnetic field outside the core window.
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Finally here are 4 printed pages showing the design results

Input

12=17-2000- 1511 -0 14 1% It Pagm 1
el ] i Z E 4 ] -] T L}
i E 2 Ll 1 ] 1
|cireuits 5 5 4 Tl 1 4
Comnect |om ] L 2 £ 2 E
Helaltag-a)i ish & (i 48 0 |i b |4 2 o0 i LEE O |4 iBE a
fH-Currend| L I oa |1 ¥ oa |. I I B |1 1™ &
5 HEen |5 Tea | I | s =| 1=
7 3 g I i80]. T F I m oo
11 W™zZoe |11 @DmzZa |. it I8 B |11 18 @
B 1wale |13 waae |. BB o8 |13 15 o0
Timel min, | &2 E =] (2] &0 [=1]
Loadl =1 1 1 1 I 1
Timad min, | 02 ] @ L) i L2
=0 1 i a o i 1
Sertors 2 z z 2 2 z
Ser . sPara. | L 1 3 k] 3 3
Wire File | & & & b B B
Cu-AE 1 1 1 I 1 1
Inelayer #| S0 S ] L] 50 L]
B i a a L) o 1] a
pelComaly 20 20 |3 01 200 2 0. 3 0.0 = (X2 o M |3 00 20
Bypr b mm|i 2 g8 |1 #.1 15 |2 &1 5 i 6§ i5 x f.i iS5 i @.1 i5
Typsiel mml &1 8.1 |1 @1 8.1 J1 &1 &1 JI &0 &1 1 #1 8.1 J1 8.1 8.1
Farging ma| 20 o] et
I | 1.15 1.15 1.15 i.15 1.1
Frequercy Hz! 50 Lere select. = Ssclectic Conling med un Alr
[oes Tile ¢ LECH_EF_ 3 L_ |ésb. temperature "0 40
Criterion - | Corn nang ¢ ELR 13130 |Conspction outeide =2 0.8
Pegn bak ion 2il [ore asacmblyp=-: 457 Shirips Coniscctlon ikside = 0.8
Uics- v 1 tage w5 With hale =i Mg Emiwwion = 1
Tesperat. rise “Ki 128 Mirf low oateide  mewi O
Lig gIEr-T] EE Steel Tile + STEELL.DRT ARFT e iveide nowt 0
Mo-loed Festor «: B0 Steel nans I MERL =0 T =T T =1 sadl
1™ ne " mom : 05 Imsduct iom T: 1.585 Uertical -: Uertica
B hrervs | i I el = 1,15 Hor lageia | =1 L=T4%E
g 1.25 d
A irge 4 Crannel Fi11 Factor %! BO
r+Tn-Factor 1 arniak In windings »: 10
Fill Factor 1 Marndleh in gaps #: 18
frrera |ed =t Yem kth=uarmish =
R b el =1 1
Rth— ey Lok lon =: 1
Coill imaulation =i 0,01
Bauih A 2
i L N B

el Frwig Eazd




Core

12-17-2005-15:11:44 CORE Page 2
Core file name : LTCH_EI_3_L_loual .USR |Fe-File name : STEELL.DAT
Core name i EI3F 138-130-398-1B0-5 |Fe-Nare * H111-0.35mm =316 ©.014
Core type 1 3EI Frequency Hz: 58
Type of windings ! owalsrectangular Remanence-Factor =: 0,35
Mumber of legs £ 3 W kg-Factor w! 115
Core assenbly : 45* S8trips UAr<kg-Factor = 1.25
Legs/Diameter cm: 13 Gap-Factor w: 4
Window width cn: 13 fsIm-Factor w: 1
Window height cm: 39 Fillfactor w: |
Stack ca: 24 Annea led = Yes
Cross section  in"2: 272 .1
Weight total kg: 515.3
With holes =: ¥Yes Chassis t
EBrackets -: L-TA4RB UerticalsHorizontal-:

Stufen 1 2 3 4 5 3] T 8
H=Width ch: 52
Y-Height cm: 52 fi=Leg cm:l3 8 @ 2] L1 a o a
d_Hole em: 1.1 J-Yoke cm:l3 B a a a @ L] ]
h-Distance cm: 0.8 R-Rearycke cm:0 a o 4] a 2] o a
L-Laenght cm: 13 S-Stack ch:18 3 a &) L} a 8 a

Humber lamin. :

Weight kg:

* |
¥ f
5 il J i J
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Windings

12-17-2005-15- 11 :44 WINDINGS Page 3
Windings 1 2 k| 4 5 [ a8
Groups-Circuits 2-D 2-D 1-% 1-¥ 3=y 3=-¥
Connect ion BET. SEr. par. par. par. par.
Turns 18.8 16.8 24.8 24.8 20.8 20.8
Build x| 7.238 11.11 48.61 | 63.19 | 99.84 95.57
Weight kg| 5.1 5.3 8.1 32.7 8.2 11.2
WIRE
Type Foil Foil Foil Foil Foil Foil
Thicknes mm| 0.225 0.225 B.225 | 0.225 | 0,225 8. ZE5
Width mn| 174.85 | 174.85 | 174.85]| 174.85| 174.85 | 174 .85
Wi-thicknes g ] a a ] ]
WG-width ] a 1] 4] ] a
AilCu Cu Cu Cut Cu Cu Cu
STRAMDALITZ
Thickne insula. mm| 8.23 8.23 068 0.68 8.23 8.23
Width insulata, mm| 174.9 174.9 1749 | 174.9 | 1.9 174.9
Parallel wires 1 1 3 3 1 1
Gide by side 1 1 1 1 1 1
one upon the other| 1 i 3 3 i 1
Transpogsition ] a o ] a a
Cross section en™2| 39.3413]| 39.3413| 118,023 116,023 39.3413| 39.3413
SECTOR
Hurber 2 2 2 F4 2 2
SerjesParal lel SET. ser. mixed | mined | mined mixed
Turns 9 ] 12 12 19 10
Turns-Layer 1 1 1 1 1 1
Layers 9 B 12 12 1 10
Insul . sLayer Hr| S0.0 50.8 50.0 50.0 50.8 6.0
Transposition a a 1 i 1 1
Thicknes mn| 2.70 2.492% 9.375 | 9.37% | 2.975 2.975
Width mn| 174.85 | 174.85 | 1™ .85] 174.85| 174.85 | 174.85
DistancesSector mn| 0.1 @.1 0.1 0.1 a.1 a.1
SPACES-CHANNELS - IHS
Duteide mn| WICW Wicw ucw WICW uCcy Wicy
Insulation mn| 2.0 8.1 0.1 g1 8.1 0.1
Chanme | mn| 20.8 20.0 a. 20.0 20.8 20.8
Inside mn | WIW wiy ucw Wi WCW (T]{"]
Insulation ma| 2.0 0.1 a.1 B.1 a.1 B.1
Chanme | mn| 0.6 15.8 15.8 15.08 15.8 15.08
EBetueen sectors ma| WIW Wiu Ui Wiy Wiw yiv
Distance mn| 0.1 8.1 6.1 B.1 .1 8.1
Top-Bottoa ma| B.1 6.1 8.1 0.1 @.1 B.1
Distance to yoke mm| 208.1 281 268.1 28.1 20.1 20.1
Coil insulation msm: 8.
Dii-Die: 259.3 264.7
DZirDEe: 304.9 389.8
D3isD3e: 349.8 368.5
DiirDMe: 408.7 427.5
D5i-D5e: 467.5 473.4
Dei DBe: 513.6 519.6

O7i-D7e: -
DB i/ DBe : -

100
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Nominal operating mode

12-17-2085-15: 11 144 IH OPERATION MODE Page 4

Uentilation outsi. mrs:
Uentilation(chann, mrs:
Rth=Insulation LE
Rth-Uarnish "
Rth-Epaxy

Fillfactor<channels «: BO
Uarnish in windings «: 10
Varnish gapssstomack : 10
Stomack mm: 208
Gap mm: 0.50

Frequenty Hz:
Arbient temperature C:
Conuection puteide =
Conuectioncharnels =
Enigsion -

“FFSQ
e @ E

g

Core power ;0.8
Fe-reactive losses UAr: 928.7
Mo load curr. react. «: 8.2
Mo load induction T: 1.585

Dutput power kui: 452.6 |Input power
Fe-Losses L] . |Fe-active losses B

[, ]

1
Ho-load curren %: 8.3 Mo load curr. active
1" ine I nom-Factor 2 1.45 | Iineess Inoncre-Factor
1"in ki: 1.35 |lin rms

lce cold kA: 19.91 |lccr active cold

Uce cold #: 3.30 |Ueer active cold
Cufl-losses : 12763 .6EfT iciency

Hax. dT Curhl : 119.2 |Max. dT Fe

=
i e
wa g

RE-e=-23d6

Icex reactive cold kA: 16.64
Ueccx inductive cold «: 2.76

i lgﬂ

[ ]
® T

Induction T: 1.570
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Timel
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TimeZ
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Test Mode

If you are not satisfied with the solution made by the program you can switch into the Test Mode and
change your transformer by hand:

e Turns
e  Wire size
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e Material (Cu or Al)

e Number parallel connected wires and their order in strand
e Cooling channels and insulations

e Margin

e Steel

e Technology parameter (impregnation, gaps,...)

and then you can set it under an operation mode changing:

e Input voltage

o Frequency

e Loads and their K-factors

e Duty cycle of each winding
e Ambient temperature

e Air flow

Note that the program will calculate (not select from a data base) the thickness of the foil for the
prescribed temperature rise of 120°K. In order to get an available foil you have to set the thickness of
the foil by hand. Note that all the windings of this transformer will be manufactured with the same foil
175mm x 0.225mm

"~ [ . EE —; - ' - - . - - 1 ~ P T Wi Y o [y

| iy L 3 g

{ o 2 2 2

I ‘1.00  L.o0 1.00  L1.000

: ‘1.00 00  1.00  L.00
‘£0.0  E0.0 S0.0  60.0
L. 00 166 1.00 1.00
0.0 0.0 60,0 60.O0
0,00 o000 1.00 L.00
2.98 298  a.59 4.69
24,00 24,00 20,00 20,00
& g s 6
o 0 i ]

'I?_I_ii B50° 174.850 174,850 174,850 174.850

LE25 0,225 QOZEENNN0.225 (0238
: iy 1 L
1 I i1 i
3 5 1 1
2 Z 2 2
. o ] o
3 's0.0 BDLDC 50.0 500
i T o
0.1 0.1 pEEn. 1 0.1
20.0 z0.0 20.0  20.0  20.0
fir= 2 i B i
g1 0.1 qs; 0.1 0.1
isi00  15.0  is.0  15.0 15.0
200 20.0 200 20.0  20.0
8.000 -:lz".-nnn '12.000 10.000 10,000
149.4 229.9 230.1 :35: 185.6
205.15 20

234.77 329.1 327.9 i _
1.002 1.024 1.017 1. pq; C1.001
8.3 119.2 114.5 107.4 98.7 0.0

(TCM_EI3 L _TovallS 30/120/290/180/50/2,  STEELIDAT  111-0.3%mm =:ME 0.01 | 0m
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Designing a 12Vdc, 30kAdc Rectifier Transformer

General Information

Technical Specification

Input voltage 3 x 3 x 400/230, star

Transformer output voltages [ 3 x 10.9Vac, star
for Udc = 12Vdc 3 x 10.9vVac, star

Line output current per 11 = 5850Arms
secondary: 10 = 4980Arms (dc-comp.)
(lal,1bl,Icl,la2,I1b2,1c2) 12 = 2880Arms
114 = 1590Arms
115 = 1170Arms
continuous operating mode
Frequency 50Hz
Ambient temperature 40°C
Temperature rise Max. 120°K, insulation
class H
°Short-circuit voltage Ucc sl1-s2/Ucc >= 2..4 for use

with drainage choke

Steel & Core M6, annealed, strips for
alternated stacking (45°),
"round" cross section

Creating Input

4 input screens are used to set the input parameters for the designing of a transformer:

Winding parameters per limb
Core

Environment

Other parameters

and 3 screens for selection and set up of material :

e  wires
e steels
e  cores.

Windings parameters per limb

The following rectifier circuit is often used for low voltage&high current output. For a good current
distribution between 2 parallel connected rectifiers (with the drainage choke) the relationship Ucc_s1-
s2/Ucc has to be bigger than 2; Ucc_s1-s2 is the short-circuit voltage between the secondary 1 and the
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secondary 2; Ucc is the short-circuit voltage of the transformer. For this condition the primary will be
"sandwiched" between both secondary.

The core cross section and the induction have to be set so that each secondary has only one turn. The
form of the legs cross section have to be "round"

I ‘e ! e
Us Us Uc
’ - - I La
Uat Lib U " Ua2 - Ub2 Ucz
a1 b1 it | iaz iz ier |

U=1.05x{0.855xUd+ 1.5)

Harmonic i1fd Angle 12/1d Angle
1 0.195 0 0.195 0
] D166 0 0.166 0
2 0.096 0 0.096 180
4 0.053 180 0.053 0
5 0.039 0 0.039 0
Legend:
u = rms value of the secondary veoltages Uat, Ub1, Uc1, Ua2, Ub2 and UcZ
i1.2 = rms value of the secondary currents ia1, ie1, ie1, laz, bz and i
Ud = dc voltage
Id = dc current
Maote:
The laeking inductance of the transformer Ls = 0 (worst case)
0 Harmonic = DC current
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Note that the short-circuit voltage of a rectifier transformer is a complex issue reflecting:

o the rectifier protection in a short circuit operation mode of all secondary winding, a group of
windings or of only one winding.

e the commutation operation mode of a group of windings

o the voltage drop of the dc-output voltage

o the current distribution between the parallel connected rectifiers

It has to be prescribed by the user of the transformer

Primary

The primary is created in star connection. The sine wave input voltage (Ua,Us,Uc)is 230V (230V per
winding).

There is no duty cycle operation mode.

The primary will be manufactured with Cu-foil with a layer insulation of 0.100mm. Note that there
no big difference from an electrical or magnetic point of view (if the distance between the sectors
is small) between the winding made by foil with one sector and the winding made by foil with
more (2-8) parallel connected sectors. The first and the last sector will be overloaded by a higher
eddy & circulated current losses and due to the thermal insulation to the other sectors they will
normally be hotter .

. ———
— — — =TT
| e — ]
e I
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e [ — B—
| ——]
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| e — ]
[ — ]
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e . ER—
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= - e R

The primary lies between the secondary windings and the core. In order to avoid using very large foil
with it is created with 2 in series connected sectors All the surfaces of the primary are cooled via the
cooling channels of 20mm . The space between the yoke and the primary windings is 20mm. With

the eddy current losses factor (RacRdc) 1.15 shall be limited the number of the parallel connected foils

per sector.
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Windings 1 Cone i Ervercenent T Diveise
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LTCM_EI0 3 L_1.USR I3P 220/150/680/61/|  STEELL.DAT 11140 35mm =>ME 0.01 | 1 | 81 o

Secondary

The both secondary windings are created with 2 in series connected ONE ROUND TURN, BAR
WOUND SECTORS.

Primary Secondary

Saclor!
Tear
rechifier 1
Sectar2
| —)

for
rechifier 2

The sine wave output voltage per sector is 10.9V.
The rms current through each sector (secondary) is 8774Arms. The set current harmonics are
calculated for the worst case: Ucc= 0 and Ld = c:

Also, there is no duty cycle operation mode on the secondary.

With the eddy current losses factor (RacRdc) 1.1 and 1.25 the use of parallel connected bars per sector
shall be avoided . Note that at this point of the design you cannot prescribe the wire or foil (bar) size.
You can select only the wire or family or foil (bar) which the program has to use in order to select the
suitable wires or foils (bar) for your application.
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The secondary winding has only 20mm cooling channels.
The space between the yoke and the secondary windings is 20mm

Core

On this input screen you can :

e select and manipulate the selected steel M111, 035mm (M6, 14mil)
e set the operating induction (1.55T) and the frequency (50Hz)

o select the core assembly
e and prescribe the core selection.

L::c_:
-

B LARGE TRANSFORMERS, TNPLIT

Clnput Material Run Output Edit Options  Help
- Windings if Cote N
1| - Core Selection

=i 2 |

W - - W3 - W - W = - W o~ an T

P —
* gelected
" gtart Core
™ created
ClopEirrdes
Clopt etk

r- vadl ol Sl ol e

 Rrotrve

~ Core Assembhy
 Interlesved EI/UI
" Welded EI/UI
" c=Cores
¢ Modul Cores
' 90s Strips , __k 1
" 45s Strips

LARLE TRANSHORTRS, BT

H
»

S

{LTCM_EI0_3 L_1.USR I3P 220/150/880¢8/1/|  STEELLL

H-MLa  Emas P B T e e 2

T-Hal e A-Lep HE L AT iz MR

a-Hate P-Toliw LD {i7m ] S
¥ 3 po

E=langheh E-Stack 1] ﬁ; 5 u

—

The "round" core cross section was prescribed by the designer for easier winding of the high current
foil (bar) windings: The value of the cross section and the induction were set in order to get only one
turn per sector

The window height was optimized for the low eddy current losses with a Cu-bar thickness between
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Smm and 6mm.
Normally you use for this application M111, 0.35mm (M6, 14mil), not annealed after stamping, grain
oriented strips.

Environment

The cooling medium is air with the ambient temperature 40°C. The cooling surface of the core is
increased by using 4 L-brackets on the core.

The impregnation is practically "dry" because there is only 10% varnish (90% air) in the windings and
in all the gaps between the insulations and the layers of the windings

R - o - - e o I TR vawr i e

@ LARGE TRANSFORMERS/INPUT =10] x|
Input Materlal Fun Oufput Edit Options  Help
Windings T Coie If Enviroment T Diverse
~Cooling - Brackets
" Hon " L-Boktom
" U-Bottom

 L-Boktog+Top
" U-Boktom+Top

- Embied
= Hon ~ B LLASCLL Y X Sl L LA,
r potted  gill cleft 2
" ¢losed " Ventilation

.

1000

-

1000
200

~Impregnation

1
1
2

ClE=g-1

e,
1} ]
1
0 )
~Chassis————— Montage e
& wood & Yertical y
CiMetel CiHordzontal o
b
LTCM_EI0_3.L_1.USR |3P 220/150/880/8/1/]  STEELT.OAT  111-0.35ewn =sM50.01 | 100 [ 120 v

Other...
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W LARGE TRANSFORMERS INPLIT

L TE TN T

T M

LTCM_Ei0_3_L_1.USR i3 2201150/880/871/ | STEELI.DAT  111-0.35mm =MB0.01 | 10 I =0 2k

The selected criterion of the design is the temperature rise of 120°K for insulation class H. The oval
space between the first winding and the tube (stomach), all gaps between the insulation, the windings
and the varnish fill factor of them, play a very important roll from the thermal point of view.

Output

The first step is the presentation of the output screen DIAGNOSIS: it is the summary of the most
important calculated parameters of your transformer.

e

Bl i LARGE TRANSFOR
T Input Material Run Output ot Optio: Help : . :
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Note that the program uses the numerical calculation of the magnetic fields and the temperature rises.
Due to this technology the calculations of the eddy current losses, the steel losses, the short-circuit
voltage, the circulating current and the transposition are very powerful.

The following picture shows the magnetic field outside the core window.

The ampere-turns of 1., 5., 7... current harmonics in the primary and in the secondary are compensated.
They produce axial leakage magnetic field

The ampere-turns of the 0.(dc-current), 2., 4. ... current harmonics do not exist in the primary. They
exist only in the sectors of the secondary, are compensated too and produce radial leakage magnetic
field.

L]

Induction without Eddy-Currents

1200 +

1100 +
1050
1000 ¢
850

Yertical in mm

850

i i i
-300 -200 -100 ]
Horizontal in mm

Finally here are 4 printed pages showing the design results



Input

f12-04- 20061224 88, U114 17 IHFUT
Wind ingu 1 z 3 5 )
i ]
Clreulte 5 11
Connect ion i |
HioltagAll 23 8 |1 2180
WAurrens|, . 1 5850 0
i ; 0 4980
i ; & 2680 188
4 158908
: FRR R
Timel nin.| &0 B
Loadl = 1 1
Time? min.| 8 &0
Load? = @ 1
Sactora Fi 2
Ger . Pare.| | 1
Wire file | & )
CuAl 1 1
Inlayer p| 100 1
Tranapos, | @ ]
ltmiz 1 20 21 2
hpeltmlz 1 20 21 2
Tl lmnll 10 i+ |
Margine ma| 20 20
|HI¢'HL‘. 1.15 1.8
Frequency Hz: 50 Core sclect. - Selecte Coal Ui mad fun : flr
Core Tile ¢ LICH El0 3 L |mb, temperature  °C: 40
Criterion i dT Core name ¢ EISP 2204150 |Convection outeide = 8.8
Regqulat lon 1 Core assenbly-: %° #5trips  [Conuection inside = 8.8
Uec-upltage i 5 With hale =i Ba Emiseion = |
Temperat, riee *K: 120 Al low cutside mea: @
Eff | eney A Steel file  © STEELLDAT  [Adrflow insdde  mes- 0
Ho=load factor 2 10 Steel name  : Hl11=0.35em  |Chassis =2 Uaed
1"ine] "nom N |1 Induction T: 1.5 Uert ical =: Uertica
lintmeslnorme @ 05 Wl # 1.15 Hor izontal =: L=TiE
Ly = 1.5 :
Airgap = Charnel Fil] Tactas @ BD
frAnFactor = | Uarnish In windirge #: 10
Fill Facter 1 larnigh in gape 4 10
Pninga led = Mo Ath-varnich EHS
Ath-compaund I

Rth=1mu lat jon # ]
Cofl insglation mei @
Baich mai ]
Gap ra: 0.1
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Core

02-04-2006.-12 124 :08 CORE Page Z
Core file name : LTCH_EI®_3_L_1.USR Fe-File name : STEEL1.DAT
Core name : EI3F Z220-150-880-8/1.-0|Fe-Hame : H111-0,35mm =2HE 0.014
Core type : 3E1 Frequency Hz: 508
Type of windings ¢ oround Remanence-Factor =: 8,35
Humber of legs ] U~skg-Factor =: 1.15
Core assembly : 98° &Strips UAr kg-Factor . 1.25
LegsDiameter cm: 21.98 Gap-Factor = 2
Vindow width cm: 1S5.5 foI'n-Factor = 1
Window height cm: B87.99 Fillfactor L |
Stack cm: 20.6 Annea led -: Mo
Cross section in"2: 3M0.6
Weight total kg: 1157.
With holes =i Yes Chassis -
Brackets -: L-T&R Vertical-Horizontal-:

Stufen 1 2 3 4 5 & 7 8
H-Width cm: T4
Y¥-He ight cm: 185 A-Leg cm:21.5 19.5 17.% 15.5 13.5 12 ig.5 7.9
d_Hole ca: 2 J=Yoke cm:17 17 17 17 17 17 17 17
h-Distance ca: 2 R-Rearuoke com:0 a a 8 a a o o}
L-Laenght cm: 17 S-5tack chit.6 2.8 1.5 1.2 @9 85 0.4 6.7

Humber lamim. :

Weight kg:

¥
|
y A
1 4 N
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Windings

02-04-2006-12 : 24 :08 WINDINGS Page 3
Windings i 2 3 a
Groups-Circuits 1-D Z-Yn
Connect ion ser. ser.
Turns 20.0 2.8
Build “1 32.77 T4 .06
Weight kg| 23.5 42 .8
WIRE
Type Foil Foil
Thicknes mm| ©.40 6.008
Width mm| 480 .00 490 .00
Ui-thicknes =] 4]
UG-width [£] a
Al-Cu Cu Cu
STRAND-LITE
Thickne insula. mm| 0.40 & .00
Width insulata. mm| 400.0 408 .0
Parallel wires 1 1
side by side 1 i
one upon the other| 1 1
Transposition @ ]
Cross section mm™2| 160.0 2400 .0
SECTOR

Humber 2 2z

SeriesParallel ser. ser

Turns ia 1

Turns-Layer 1 1

Layers i@ 1

Insul . sLayer Hm| 100.8 i.8

Transposition Le] o

Thicknes mm| 5.40 12 .@01

Width mm| 400.80 400 .08

DistancesSector em| 1.8 4.8

SPACES-CHANNELS~ IN5 .

Outside mm | WCW ucw
Insulation mm| 1.0 1.0
Channel mm| 20.0 20.0 a.

Inside mm| WCW WCW
Insulation mm| 1.0 1.8
Channel mm| 20.0 28.0

Betueen sectors mm| WIW Wi
Distance mm| 1.0 4.8
TopsBottom mm| 1.0 1.0

Distance to yoke mm| 39.5 38.0
Cail insulation mm: @.

DiisDle: 259.8 270.6

DZisDde: 310.6 334.

D3irD3e: r

D%isDie: s

DSirsDoe: -

D6 isDbe: v

D7ir DVe: Fd

D8irDBe: s

113
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Nominal operating mode

AZ-04-2006-12 : 24 :08 IN OPERATION MODE Page 4
Frequency Hz: S50 Uentilation cutsi. msz: O Fillfactorschannels »: BO
Ambient temperature C: 40 Uentilation(chann. mss: 0 Uarnish in windings »x: 10
Conuvection outside «: 0.8 Ath-Insulation w: 1 Varnishsgaps-stomack »: 18
Conuvectionschannels «: 0.8 Rth-Uarnish w: 1 Stomack mm: 1.80
Emission =: 1 Rth-Epoxy CH | Gap mm: @108
Dutput powver kUA: 596.7 |Input power kUfa: 438.4 | Core power : 0.8
Fe-Losses UA: 10865 |Fe-actiuve losses W: 2186. |Fe-reactive losses Ufir: 9842.
Ho-load curren “: 2.5 Ho load curr. active 3 : 0.5 Mo load curr. react. «: 2.4
17in/ " noem-Factor 1 20,99 |Tinrmss Inonres—Factor @ 15.94 |Mo load induction T: 1.519
1%in kA: 32.81 |Iin rms kfA: 17.24
Icc cold kA: 41 .42 |lecr active cold kA 24.62 |lecx reactive cold kA: 33.32
Uce cold #“: 1.51 Uccr active cold #i 0.89 Ucex inductiwve cold #: 1.21
Cufil-losses W: 9391.7Eff iciency #: 98.189
Max. dT CusAl *K: 119.5 |Max. dT Fe *K: BB.7 Induct ion T: 1.588
Windings 1 2 3 4 5 & 7 8
Groups-Circuits 1-D 2-¥n
Connection ser. ser.
Timel 60.0 &0.0
Loadl 1.08 1.088
TimeZ @.a &0 .8
Load2 0.00 1.88
Uoltage ras ul Z38 22 .66
U=Fhasen delay *1 o -0.B6
Ho-load wostage ul 23a 22.99
Regulation %] 8.8 1.5
Current rms Al B23.74 BY?.5
K-Factor 1.92 1.99
Fower kU] 143 .4 198 .8
I-FPhase delay 1 =2.8 8.
Resistance cold mlhm| 1.822 B8.015
Losses warm Ul 1135. 1994 .
RacRde (total) 1.00 1.14
Iec.all cold k| 41.42 414 .2
lec.group cold kA| B.08 414 .2
Circ. losses Ul B6E.76 20.79
Cur.density Asmm™Z| 3.89 3.65
SECTORS
1 RacRdc 1.00 1.13

Current Al 6B23.7 aivva.

dT “K] 119.5 114 .8
2 RacRdc i.00 i.14

Current A| 623.74 B774.5

dT “K| 119.4 115.4
3 RacRdc

Current A

dT K
4 RacRdc

Current a

dT K
5 BRacRdc

Current [

dT “K
6 RacRdc

Current A

dT K
T RacRdc

Current A

dT K
B8 RacRdec

Current ]

dT K

Test Mode

If you are not satisfied with the solution made by the program you can switch into the Test Mode and
change your transformer by hand:

e Turns
e  Wire size
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e  Material (Cu or Al)

e Number parallel connected wires and their order in strand
e Cooling channels and insulations

e Margin

e Steel

e Technology parameter (impregnation, gaps,...)

and then you can set it under an operation mode changing:

e Input voltage

o Frequency

e Loads and their K-factors

e Duty cycle of each winding
e Ambient temperature

e Air flow

Note that the program will calculate (not select from a data base) the thickness of the foil (bar) for the
prescribed temperature rise of 120°K. In order to get an available foil (bar) you have to set the
thickness of the foil by hand.

JE— — — [ — - — — - R — e i
M LARGE TRANSFORMERS, TEST -

Input Material Run Output Edit Opticrs I'Hl:l
1 Core T EfwouAE 1

. =

8B8=E-85z22

08 4 89 e D e Oy O O 0k 2
ok ;
&

=0 OnR =N

LTCM_EI0_3_L_1.USR [13P 22050v8e0/a1/|  STEELT.DAT 1170 3%enm =>ME 001 | oo [ 1eEn3 -

NOTE

If you would like to modify this transformer in order to use it for 12\VVdc, 15kAdc then you need
only to change the foil&bar width (200mm instead 400mm) and reduce the height of the core
window for 400mm.
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Designing a autotransformer
for 400VvVdc, 1000Adc
with 2 parallel connected rectifiers
in 12-pulse operating mode

General Information

Technical Specification

Input voltage

3 x 400/230V

Autotransformer output
voltage for Udc = 400Vdc

3 x 314/182v, +15°
3 x 314/182v, -15°

Line output current per 11 = 388Arms
secondary: I5 = 77_.5Arms
(lal,Ibl,Icl,1a2,1b2,I1c2) 17 = 55_.5Arms

111 = 35Arms

113 = 30Arms

continuous operating mode
Frequency 50Hz
Ambient temperature 40°C

Temperature rise

Max. 120°K, insulation
class H

--Steel & Core

M6, annealed, strips for
alternated stacking (45°),
Oval cross section

Creating Input

Winding parameters per limb

Environment
Other parameters

and 3 screens for selection and set up of material :

steels
cores.

4 input screens are used to set the input parameters for the designing of a transformer:
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Windings parameters per phase 118

The following 3 phase autotransformer circuit is often used to drive 2 parallel connected 6 pulse bridge
rectifiers in order to compensate the 5. and 7. current harmonics on the input voltage side of the

autotransformer. The parallel connection of the rectifiers is normally used if the output current Id is over
500-1000Adc.

For equal current distribution between 2 parallel connected rectifiers (without the chokes Ld1 and Ld2)
the ratio Ucc_outl-out2/Ucc_in-out has to be bigger or equal 4 and Ucc_in-out > 4%. Normally this
condition can be not realized by using the autotransformer and you need to consider using of Ld1&Ld2
chokes and/or 2 3-phase commutating chokes at the AC side between the rectifier and the
autotransformer. Using of 2 3-phase commutating chokes is very effective for suppressing all current
harmonics.

Note that the short-circuit voltage of a rectifier autotransformer is a complex issue reflecting:

o the rectifier protection in a short circuit operation mode of all secondary winding, a group of
windings or of only one winding.

o the commutation operation mode of a group of windings

o the voltage drop of the dc-output voltage

o the current distribution between the parallel connected rectifiers

It has to be prescribed by the user of the transformer
The following 50Hz vector diagram of the autotransformer was created as follows:

o Input voltage per phase is 230V

e The output voltage per phase for 400Vdc rectifier voltage is 182V

e The first current harmonic is 388A (for rectifier DC current 500Adc)
e The zag voltage is 182 x sin(45°)/sin(120°) = 148.6V

e The zig voltage is 182 x sin(15°)/sin(120°) = 54.4V

e The voltage on the W1 winding is 230-148.6 = 81.4V

e The input current is 2 x 388 x 182/230 = 614A



The zig current is 2 x 388 x cos(15°) - 614 = 135A 119

230V

182V

/@
Ay
~
148.6v \ 81.4V

Wazig

233 P

Wzagz

W?:—_g!

Windings parameters per leg

The Large Transformers Program supports the input per leg. You have to follow the following rules

1.

2.

You need to declare min. one winding for primary. In this case it is zig winding with the input
voltage 148.6V

Wzagl is the first secondary winding with 54.4V and 388 A(first harmonic). Note that the current
angle is 135° to the primary zig-winding (view the diagram). Through this winding flow all
current harmonics.

. Wzag? is the second secondary winding with 54.4V and 388A(first harmonic). Note that the

current angle is 225° to the primary zig-winding (view the diagram). Through this winding flow
all current harmonics. Note that the 5. and 7. harmonics flow in opposite direction to the 5. and
7. harmonics of the first zig winding (angle 180°)

W1 is the 3. secondary winding with 81.4V and 614A(first harmonic). Note that the 5. and 7.
current harmonics do not exist in this winding. 11. and 13. harmonics are 2 x cos(15°) bigger
than in the zag winding

For check in of your input you need to calculate “ampere-turns” of all winding per leg (without
the primary no-load current)

54.4 x 388 x sin(135°) + 54.4 x 388 x sin(225°) =0

81.4x 614 -148.6 x 135 + 54.4x388 x (cos(135°) + c0s(225°)) =0

The set current harmonics are calculated for the worst case: Ucc= 0 and Ld = o using the
following table:



U =1.05x (0.741 x Ud + 3)/1.73

Harmonic ild Angle
1 0.777 0
2 0.155 180
7 0.111 0
11 0.070 180
13 0.060 0

120

In order to get equal short-circuit voltage for both outputs and a good current distribution between 2

parallel connected rectifiers it is recommended to use the following winding configuration per leg

54.4V
40.7V
148.6V
40.7V

=
=
<t
0

° . . °
®
[ I




Output
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06-22-2009,15:33:03/ U:14 .66 INPUT Page 1
Windings 1 2 3 4 5 6 8
Groups 2 3 1 3 4
Circuits 4 4 5 4 4
Connection 1 1 1 1 1
H/Voltag/A|1 54.40 |1 40.7 0 |1 148.6053|1 40.7 0 |1 54.4 0
H/Curren/A|1 388 135(1 614 0 1 614 0 |1 388 225
5 74 0 |5 0 0 5 0 0 |5 74 180
e 55.4 0 |7 0 0 . 7 0 0 |7 55.4 180
11 35 0 |11 55.4 180|. 11 55.4 180|11 35 O
13 30 0 |13 47.4 180|. 13 47.4 180|13 30 O
Timel min.| 60 60 60 60 60
Load1l x| 1 1 1 1 1
Time2 min.| 60 60 0 60 60
Load2 > 1 1 0 1 1
Sectors 1 1 1 1 1
Ser./Para.| 1 1 1 1 1
Wire file | 6 6 3 6 6
CusAl 1 1 1 1 1
InsLayer p| 100 100 100 100 100
Typ/Trans.| 10 10 10 10 10
Typ/I/C mm|3 3 10 3 1 10 3 0.1 10 3 0.1 15 3 1 10
Typ/I1/C mm|1 3 10 11 10 1 0.1 10 1 0.1 15 11 10
Typ/I/1 mmf1 1 1 11 1 11 1 1 1 1 11 1
Margin mm| 15 15 15 15 15
RacRdc 1.2 1.05 1.2 1.05 1.2
Frequency Hz: 50 Core select. -: Selecte Cooling medium © Air
Core file : LTCM_EI_3_L_ Amb. temperature °C: 40
Criterion :dT Core name : EI3P 500,200 |Convection outside x=: 0.8
Ucc-voltage act. #: 1 Core assembly-: (8) 6x45°+2x9 |Conuection inside x=: 0.8
Ucc-voltage tot. #: 5 With hole -: No Emission *x: 1
Temperat. rise °K: 125 Airflow outside m/s: O
Max. Fe losses x: 0.2 Steel file : STEEL1.DAT Airflow inside mss: 0
No-load factor x: 1.3 Steel name : M111-0.35mm Chassis —-: Wood
I"in/I"nom : 10 Induction T: 1.55 Uertical -: Uertica
Irms on/Irms nom : 10 U/kg *: 1 Horizontal -: L-T&B
UAr/kg *: 1 :
Losses at temp.°C: 115 Airgap *: 1 Channel fill factor x: 70
HU-Test volta. kU: 4 f/fn-Factor x: 1 Uarnish in windings »: 10
LU-Test volta. kU: Fill factor 1 Uarnish in gaps 7z 10
HU-Nom.uvoltage kU: 0.4 Annealed -: No Rth-varnish *x: 1
LU-Testuoltage kU: Rth—compound *x: 1
Cu Price per kg 2 Rth-insulation *x: 1
Al Price per kg 2 Coil insulation mm: O
Fe Price per kg 1 Bauch mm: 1
Bauch mm: 1
Min.distance U-W4 mm: O
Flange mm: O




06-22-2009,15:33:03 CORE Page 2
Core file name : LTCM_EI_3_L_1.USR Fe-File name : STEEL1.DAT
Core name : EI3P 500,200 Fe-Name : M111-0.35mm =>M6 0.014
Core type : 3EI Frequency Hz: 50
Type of windings : oval/rectangular Remanence-Factor =: 0.35
Number of legs : 3 Wskg-Factor *: 1
Core assembly : (8) 6x45°+2x9 UAr/kg-Factor *: 1
Leg/Diameter cm: 10 Gap-Factor *: 1
Window width cm: 10 f/fn-Factor *x: 1
Window height cm: 30 Fillfactor *: 1
Stack cm: 20 Annealed -: No
Cross section in"2: 193.0
Weight total kg: 280.5
With holes -: Yes Chassis -
Brackets -: L-T&B Uertical/Horizontal-:

Stufen 1 2 3 4 5 6 7 8
X-Width cm: 40
Y-Height cm: 40 A-Leg cm:10 0 0 0 0 0 [0] [0]
d_Hole cm: 1.5 J-Yoke cm:10 0 0 0 0 0 0 0
h-Distance cm: 0.5 R-Rearyoke cm:0 0 0 0 0 [0] 0 0
L-Laenght cm: 8 S-Stack cm:20 0 0 0 0 0 [0] 0
Z-Width cm: O Number lamin. :

Weight kg:

|
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06-22-2009,15:33:03 WINDINGS Page 3
Windings 1 2 3 4 5 6 7 8
Groups-Circuits 2-Y 3-Y 1-D 3-v 4-Y
Connection ser. ser. ser. ser. ser.
Turns 8.0 6.0 22.0 6.0 8.0
Build 7| 14.8 32 47.8 63.2 74
Weight kg| 5.3 11.4 14.3 15.1 8.8
WIRE
Type Foil Foil flat Foil Foil
Thicknes mm| 0.40 1.00 1.80 1.00 0.40
Width mm| 270.00 | 270.00 | 11.20 | 270.00| 270.00
WG-thicknes 0 0 68 0 0
WG-width 0 0 1 0 0
Al/Cu Cu Cu Cu Cu Cu
STRAND/LITZ 7
Thickne insula. mm| 0.40 1.00 7.80 1.00 0.40
Width insulata. mm| 270.0 270.0 11.4 270.0 | 270.0
Parallel wires 1 1 4 1 1
side by side 1 1 1 1 1
one upon the other| 1 1 4 1 1
Transposition Cyl Cyl Cyl Cyl Cyl
Cross section mm"2| 108.0 270.0 80.64 270.0 108.0
SECTOR
Number 1 1 1 1 1
SeriesParallel ser. ser. ser. ser. ser.
Turns 8 6 22 6 8
Turns/Layer 1 1 22.21 1 1
Layers 8 6 0.990 6 8
Insul./Layer pm| 100.0 100.0 100.0 | 100.0 | 100.0
Transposition None None None None None
Thicknes mm| 4.40 7.60 7.80 7.60 4.40
Height mm| 270.00 | 270.00 | 270.00| 270.00| 270.00
Heights Wind/Sect | 8 6 0.990 | 6 8
SPACES/CHANNELS/INS .
Cs/1 Outside WICW WICW WICW WICW WICW
Insulation mm| 3.0 1.0 0.1 0.1 1.0
Channel mm| 10.0 10.0 15.0 10.0
Cs/1 Inside WIW WIW WIW WIw WIW
Insulation mm| 3.0 1.0 0.1 0.1 1.0
Channel mm| 10.0 10.0 10.0 15.0 10.0
Cs/1 Horizontal II II II II II
Sector-Sector mm| 1.0 1.0 1.0 1.0 1.0
Turn-Turn mm| 1.0 1.0 1.0 1.0 1.0
Distance to yoke mm| 15.0 15.0 15.0 15.0 15.0
Coil insulation mm: 0.00 Diatancw coil to coil 26.00
D1isDle: 217.0 225.8
D2isD2e: 247.8 263.0
D3isD3e: 283.2 298.8
D4isD4e: 329.0 344.2
D5i/D5e: 366.2 375.0
D6i/Dbe: /
D?7i,/D7e: /
D8i,D8e: /
N
06-22-2009,15:33:03 IN OPERATION MODE Page 4
Frequency Hz: 50 Uentilation outsi. mss: O Fillfactor/channels x: 70
Ambient temperature C: 40 Uentilation(chann. m/s: 0 UVarnish in windings Z: 10
Convection outside x: 0.8 Rth-Insulation *x: 1 Uarnish/gaps/stomack #: 10
Convectionschannels x: 0.8 Rth-Uarnish *: 1 Stomack mm: 1.00
Emission *x: 1 Rth-Epoxy x: 1 Gap mm: 0.10
Output power kUA: 275.0 |Input power kUA: 59.0 Core power : 0.0
Fe-Losses UA: 1038. |Fe-active losses W: 372.6 |Fe-reactive losses UAr: 969.5
No-load curren z: 1.8 No load curr. active x: 0.6 No load curr. react. #: 1.7
I"in/I"nom-Factor : 17.67 |Iinrms/Inomrms-Factor : 13.24 |No load induction T: 1.575
I"in kA: 5.72 |Iin rms kA: 3.04
Icc cold kA: 20.25 |Iccr active cold kA: 17.10 |Iccx reactive cold kA: 10.84
Ucc cold z: 0.65 Uccr active at 115°C #: 1.819 |Uccx inductive cold «: 0.35
CuAl-losses W: 3399.4|Efficiency 71 98.433
Max. dT CurAl °K: 111.5 |Max. dT Fe °K: 87.8 Induction T: 1.565
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Windings 1 2 3 4 5 6 7 8
Groups-Circuits 2-Y 3-v 1-D 3-v 4-Y
Connection ser. ser. ser. ser. ser.
Timel 60.0 60.0 60.0 60.0 60.0
Load1 1.00 1.00 1.00 1.00 1.00
Time2 60.0 60.0 0.0 60.0 60.0
Load2 1.00 1.00 0.00 1.00 1.00
Uoltage rms Ul 54.58 40.17 148.6 39.63 53.71
U-Phasen delay °| -0.28 -0.11 0 -0.16 0.722
No-load vo+tage Ul 54.02 40.52 148.6 40.52 54.03
Regulation 7zl -1.0 0.9 0.0 2.3 0.6
Current rms A| 402.91 | 606.21 132.37 | 606.21 | 396.48
K-Factor 4.58 2.95 1.29 2.95 4.58
Power kUAa| 21.99 24.35 19.67 24.02 21.29
I-Phase delay °l -45.1 0.0 -0.8 0.0 44.9
Resistance cold mOhm| 0.902 0.312 4.364 0.411 1.509
Losses warm W| 226.0 187.1 130.4 232.7 356.7
RacRdc (total) 1.01 1.04 1.10 1.01 1.00
Icc.all cold kA| 9.99 27.97 20.25 27.97 8.00
Radial tension N/mmZ2| 35.66 64.86 193.2 81.61 28.38
dTcc after 1.0 s °K| 19518 2891. 770.0 2891. 15907
Icc.group cold kA| 22.29 35.84 0.00 35.84 18.41
Circ.losses W| 17.03 17.12 2.45 2.02 0.34
Cur.density A/mm"2| 3.73 2.25 1.64 2.25 3.67
SECTORS
1 RacRdc 1.01 1.04 1.10 1.01 1.00

Current Al 402.9 606.2 132.3 606 .2 396.4

daT °K| 107.4 111.4 111.5 110.9 105.3
2 RacRdc

Current A

daT °K
3 RacRdc

Current A

dT °K
4 RacRdc

Current A

daT °K
5 RacRdc

Current A

dT °K
6 RacRdc

Current A

daT °K
7 RacRdc

Current A

daT °K
8 RacRdc

Current A

daT °K

Once again, the Large Transformers Program does not support full automatically design of
autotransformers. In order to design an autotransformer you need to transform the autotransformer
operation mode into the transformer operation mode. Due to this fact there is some calculated
information on the page 4 for the transformer operation mode which is not valid for the autotransformer
operation mode:

The input and output power

The no-load current (It is smaller for the factor 148.6/230)

The short-circuit operation mode

The inrush current (It is smaller approx. for the factor 148.6/230)

Due to the fact that the used transformer nominal operation mode simulates EXACT the
autotransformer nominal operation mode (by equal losses, winding currents, form of magnetic
fields, temperature rise, ... ) there is no problem to manufacture and use this autotransformer.
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Designing a 1600kVA/35kVA, 50Hz Distribution Oil
Transformer

General Information

Technical Specification

Input voltage

3 x 35000/20230V, star
sine wave

Transformer output voltage

3 X 6907400V, star

Line output current

3 x 1340A,
continuous operating mode

Frequency 50Hz
Average oil temperature 55°C
Max. temperature rise 25°K

and/or
max. Cu-winding losses
at 75°C

18000W => 1.125%

Short-circuit voltage

6.5%

°Short-circuit voltage

6.5%

Max. core losses

3200W => 0.2%

Max. no-load current

1.3%

Test Voltage at 50Hz, 1
minute

Primary 85kV, outside
Secondary 4kV, inside

Steel & Core Assembly

M5, annealed, strips for
alternated stacking
(4x45°+3x90° per shape),
"round" cross section with
8 steps

Core Size

Optimized for minimal
material price for:
Cu_Price/Fe Price = 2
with Cu-winding




126

Creating Input

4 input screens are used to set the input parameters for designing a transformer:

Winding parameters per limb
e Core

Environment

Other

and 3 screens for selection and set up of material :

e wires
e steels
e  cores.

Criteria and Parameters of Design

The design of a distribution transformer is always framed by 5 criteria which have to be put into effect
simultaneously:

e Short-circuit voltage

e Winding losses at 75 °C

« Winding temperature rise
e Core losses

e No-load output current

Under this condition the first step is the optimizing the core size to match the above mentioned
prescribed design criteria for the optimal material price using some additional parameters such as:

e Cooling media

e Testing voltages

e Steel quality and core assembly

e Winding type and wire type & material

e Cu/Al and Fe price relationship
Normally the user of this software will create an optimized core family for a typical design criteria and
parameters and select a desired core per click. In order to demonstrate the procedure for core
optimization, note that the following parameters of optimization are a summery of 5-6 versions:

e Max. winding losses at 75 °C = 18000W

e« Inductive short-circuit voltage = 6.4 %
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e Max. temperature rise 25 °K
For 18000W @ 25 °K you need a very big cooling surface using
the vertical and horizontal cooling channels in both windings.
The optimal windings construction is presented in the next
picture. Note that the secondary winding can be realized by
using foil with 4 cooling channels within the winding and
approx. 40% more Cu material for the outside primary winding.

Secondary

e Max. core losses = 3200 W

e Max, no-load current = 1.3%
These 2 criteria of design can be easy realized with annealed

strips of M111 (M6) grain oriented steel at the induction 1.6T
with the following shape and 8 steps "round' cross-section:

e For 85kV, 50Hz, 1 minute and the power 1600kV A test voltage the following min.
spacing is recommended:
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A01=17mm; A12=27mm ;A22=30mm

001=012=5mm (tubes)

022=3mm ; Ow=2mm ( 2 x overlaped to increase the creaping distance to the yoke)
lo1=l02=75mm

lu1=lu2=50mm (tube width over the windings))

Note that the creeping distances between the windings and the HV-winding and the core have to be
bigger than 125mm.

Windings parameters per limb
Primary

The primary is created in star connection. The sine wave input voltage is 20230V .

There are no voltage harmonics and there is no duty cycle operation mode.

The primary will be manufactured with Cu-flat wire in disc winding technology (view picture above)
with the horizontal cooling channel of h=5mm. The advantage of the disc windings is low voltage per
turn without any partial discharging problems. In order to suppress the high line voltage discharge the
turns of the first and last disc can easily add stronger insulation.

The following picture describes the manufacturing of a continuous disc winding:
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Secondary

The secondary winding is set inside. It is wound with 2 parallel connected "bifilar screw" strands
(view picture above). Between each turn there are horizontal cooling channels. h=5mm. In order to
avoid the circulating currents in parallel connected wires per strand you have to use the transposition
through the rotation of the wire position in the strand in accordance with some rules:

g
1 2 3 4 5 [ Strand 1
Channel
12 1 10 9 8 7 Strand 2
Channel
r 5 '8 ~
12 1 2 3 4 5 Strand 1
- L.
After 1. transposition Channel
1 10 9 8 7 6 Strand 2
\,
Channel
r ~
7 8 9 10 1 12 Strand 1
o N o\ - o N >
After 8. transposition Channel

6 5 4 3 2 1 Strand 2

Channel
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The sine wave output voltage is 399V.

The rms output current is 1336Arms. There are no current harmonics:

Also, there is no duty cycle operation mode on the secondary.

With the eddy current losses factor (RacRdc) 1.4 the number of parallel connected flat wires per strand
will be limited . Note that at this point of the design you cannot prescribe the wire size . You can
select only the wire or family which the program must use in order to select the suitable wires for your
application.

i LARGE TRANSFORMERS /INPUT _Inlﬁl
T Coe | Erwiromerd 1 Other,..
4
1
o LiogoT o
1]
&0
i1
o]
1]
.
Bl
b
1
o
:211
& [ .3 11
E & & 11
5 z X 5
75
| 1.1
JCM_Rundkemel USF| Created | STEEL1.DAT  111-0.35mm=>ME0.01 1 [ 7 o

Core
On this input screen you can :

o select and manipulate the selected steel M97, 030mm (M51)

e set the operating induction (1.6T) and the frequency (50Hz)

o select the core assembly

« and prescribe the core selection out of an input file. This option will not be used because the core
size has to be optimized .
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¥ LARGE TRANSFORMERS/INPUIT

Input Material Run Output Edit Options Help
\Windings | Core

- Core selaction out of the input file -

6
%

|

\II?-«IE

 Automatic
" gelected
" Created
& gptimized

pury
(=21

=

.
e
[4,]

~Core Assembly
" [1) Interleaved EI/UI
{2) Welded EI/UI

{3) C-Cores

(4) Modul Cores

(5) 90 Strips

{6) 45# Strips

{7) 4x45s+3x00s Strips
{8) 6x45e+Zx00e Strips

""jl-ll-ll-ll-II
5

¥ Yes

o e e

5

Environment

The cooling medium is oil with the average temperature 55°C. The cooling surface of the core is
increased by using 4 L-brackets on the core. The minimum distance between the primary windings of 2
phases is 30mm. There is no flange but both windings have to be fixed in order to suppress the axial
forces during the short circuit operation mode.

There is no air in the transformer!

B LARGE TRAMSFORMERS,/ INPLIT
Input Material Run Output Edit Options Help
Windngs 1 Core f Enviroment T Dther...

g

~Cooling

~Impregnation

" Hon C L-Bottom
" U-Bottom
¥ L-Bottog+Top
" U-Bottom+Top
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W LARGE TRANSFORMERS,/ INPUT
Input Material Run Cutput Edit Options Help
Wirdings 1 Core 1 Erwiroment A Dither...

~Crtenon

(TCM_Rundkems1 USF | Created | STEEL1DAT  [97-0.30mm =» M5 0.01. (] [ 100 4

The selected criteria of the design and core optimization are the winding losses (18000W => 1.125%))
at 75 °C and the inductive short-circuit voltage 6.4%. If you prescribe also the temperature rise then
the program has to use the criterion which is more critical: either the winding losses or the temperature
rise with the prescribed short circuit voltage.

The core losses and the no-load input current can be manipulated only with steel quality, core
assembly and induction

Core optimization

After you have set all input screens you need to select a core family and a core as template: 3 phase
core family with 8 steps "round" cross section
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Input Material Run Cutput Edit Options Help

Hanufacturer
0K
LTCH=®.USR
Metric LTCH=.DIN
Imperial LTCI®.USA Save
Coxe Files Print
LTCM EI_3 L 1 110 400.USR ]
LTCM EI 3 L loval.USR List
LTCM ETI0 1 L_1.USR
LTCHM EIO 3 L 1.USR
Core

LTCM UL 1 L 1.USR
LTCM UL 1 L loval.USR
Selected Core File:LTCM Rundkernel.UsR

15 EI3F 170/131.25/420/6/1/0
16 EI3F 180/135/450/6/1/0 Lieate
17 EI3F 190/142.5/475/7/1/0

18 EI3F Z200/150/500/7/170

19 EIZP 200/200/500/7/1/0 Cancel
20 EI3F 210/157.5/525/7/1/0
2 220/165/550,8/1,/0

22 EI3P 230/172.5/575/8/1/0 J

& s

D plimize

x|

23 EIZP 240/180/600/8/1/0

24 EI3ZF 240/360/600/8/1/0

25 THLE00/35-0.26/6/8

26wy

27 %00 |

[TCM_Rundkemel LISF| Created | STEEL1.DAT  97-0.30mm => M5 0.00;] 10 [ 20000 e

Click Core to open the input screen for reading the parameters of the selected core

=Tk
Input Material Run Output Edit Options Help
X I oK
Save
Print
X A Lizt
| | Coe
=i d 1;
L. ﬂﬂilﬁt!
O ———. Lreate
L 1 T 1 ] —_—
——— Cancel
Nams 1
X-Widch 770  Steps 1 z 3 4 5 & 7 8
Y-Height 720 A-Leg 215 195 Q95 155 1385 120 10§75
d-Hole 20 J-Yoke 170 170 130 170 196 170 IF@ 170
h-Channel 20 R=Rearyoke 0 ] 1] 0 1] 0 o 0
L-Lenghth 170 5-Stack 40z 15z 8 5 1 7

[ TCM_Rundkeme1.USk| Created [ STEEL1.DAT  [97-0.30mm => M5 0.00;| i} ' 0 g
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Click Optimize to optimize the core.

Input Material Run Output Edit Options Help

e e e R | 1365 | 1.5 | z.63 o
s whoreeteewe votsee SRR | 1025 | 1.5 | .25 3

— AVE
[ s e e A | 64 | 64 | 64
[T s s | 26, | om0 | 39S -
[Eieetvn core Bommem W[ S0 | 1oves | 2as
[ st e R | 1726 | 1401 | iL90 L
s T R
[FoE W e | 15998 | 173.04 | 195a Core
i e e I -
e (e e e
S | 1179 | o, | eoz6 =
| O N
S| 378 | 21 | 255 Cancel
[ Round up the core dimmeter in ma

Round up the stacks in mm 1.00

LTCM_Rundkeinel USE | Created | STEEL1.DAT  97-0.30mm = MS0.00; | 2378 | 2655 o

The yellow output fields are optimal results. Both other columns have a higher material price for 2%.

Here you can round off the core diameter (260mm instead 261.1) and click Create. This is the
optimized core after the setting X =Y = 1050 (in order to use only 3 strip sizes per shape).

Input Material Run Cutput Edit Options  Help
X | oK
Save
Print
¥ A List
| Core
1 4 J
- Dptimize
Cieate
Cancel
Hame
¥-Widch 1050  Steps 1 2 3 4 5 & 7 8
¥-Height 1050  A-Leg 255 230 @205 i85 Q60 1an 125 90
d-Hole 25.5  J-Yoke 2580 230 208 Uiss D60 140  [BS ao
h-Channel 25.5  R-Rearyoke ' .
L-Lenghth 255  5-Stack - e TEE 4 g
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Output

The first step of the presentation of the output screen is DIAGNOSIS: it is the summary of the most
important calculated parameters of your transformer.

T w0

Note that the program uses the numerical calculation of the magnetic fields and the temperature rises.
Due to this technology the calculations of the eddy current losses, the steel losses, the short-circuit
voltage, the circulating current and the transposition are very powerful.

The following picture shows the magnetic field outside&inside the core window.
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Note that the criterion of design is the winding losses. With this criterion, the program optimizes the
relationship of the primary and secondary losses. Due to the higher eddy current losses in the
secondary winding and better cooling of the primary winding the temperature rise of the secondary is
higher than the temperature rise of the primary winding.

A very important detail is the max. oil temperature in the cooling channel (points 2 ,5, 7 and 10)
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Core, windings, channels und insulations

Finally here are 4 printed pages showing the design results



Input

03-11-2008-15: 28 :55~ U: 14 .5 IMPUT Page 1

Wind ings 1 2 3 4 5 & B

Groups = i

Clrcuits 41 4

Connection 1 1

Helboltag|l I 20207052

|Heturrens| 1 1339 8

Timel min.| &8 -]

Loadl = 1 1

TimeZ min. | &0 1]

Load2 =1 @

Seclars 1 1

Ser.-Para.| 1 1

Wire file | 3 3

JCuhil 1 1

In-Layer p| 208 200

Typ<Trans. | 43 20

Typer 1AL lnIE 5 & & 5 11

TypslAC ma| 5 & Is s 11

TypsIsl mmj2 1 5 z 1 5

Margin mm| 75 il

RacRac 1.4 1.1

Frequency Hz: 58 Core select. - Created Cool ing mediun : Oil

Core Tile : LTCH_Rurdker |Amb. temperature *C: 55

Criterion : leeca Core name ¢ JEI_260-265- |Comuection outside =: 0.8

Uec-woltage act. x: 1.125 Core assembly-: (7} 4cf5"+3x9 |Convection inside =: 0.8

Ucc-uoltage tot. xt 6.4 With hale =: Mo Emission =1

Temperat. rise "K: 25 Airf low cutside nse: O

Max. Fe losses x: 0.2 Steel file : STEEL1.DAT AlrS low inaide Ase: @

Mo-load Tacter 20 1.3 Steel name : M37-0.30mm = |Chassis =: Wood

1™ ine1"nos ;18 Irduction  T: 1.6 Uertical -: Uertica

Irme onelrms nom © 18 kg = 1 Horizontal =: L=TAB

UAr-kg = 1 E

Losses at temp."C: 75 ALrgap -1 Channel £ill factor : BO

HU-Test wolta. kU: BS FAn-Factor =: | Varnieh in windings >: 100

LU-Test wolta. kU: Fill factar : 1 Uarnieh in gape #1108

Hu-Hom voltage kU: 35 nmea led =: Yes Rth-varnish i |

Li-Teatuoltags kV: Rth-compound LI ]

Cu Frice per kg : 2 Rth-irsulation w1

Al Price per kg @ Z Cail insulation w0

Fe Price per kg : 1 Bauch [ |
Bauwch [ A
Hin.distance -4 mm: 30
Flange ma: 0
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03-11-2008-15:28:55 CORE Page 2

Core [ile name i LTCH_Rundkernel .USH Fe-File name : STEEL1.DAT

Core name 1 3EI_260-265-790.8 Fe-Hame ! M97-0.30mm => M5 0.01Z

Core type : JEI Frequency Hz: 50

Tupe of windings : round Remanence=Factor #=: 0.35

Number of legs i Urkg-Factor = 1

Core assembly 7] w457 4349 UAr-kg-Factor w: 1

LegsDiameter cm: 26.00 Gap-Factor LH |

Window width cm: 27 T sfn=-Factor w1

Window height cm: 79.49 Fillfactor w: 1

Stack cm: 24.3 Annealed =: Yes

Cross section  in™2: 472.8

Veight total  kg: 1818.

Hith holes =i Yec Chassis =1

Brackets -: L-T&E Uertical Horizontal-:
Stufen 1 2 3 4 5 21 7 B

¥-Width cm: 185

¥-Height cm: 105 fA-Leg cm:25.5 23 20.5 18.5 16 14 12.5 9

d_Hole cm: 2.55 |J-Yoke cm:Z5.5 23 20.5 1B.5 16 14 125 9

h-Distance cm: 2.55 |R-Rearyoke cm:0 o ] i) it B o e

L-Laenght cm: 25.5 |5-5tack em:5.1 3.5 19 1.2 1.1 6.7 0.4 8.8
Mumber lamin.
We ight kg:

"
¥ A
d J
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Windings

The secondary winding (2 x Scr) is wound with 2 parallel strands. Each strand has 6 parallel flat wires.
The transposition (rotation) of the wires in these 2 strands has to be done after 1., 3.,5.,7.,9., 11, 13,
15.,17.,19., 21. and 23. turn. The horizontal cooling channel between these 2 strands is Smm

The calculated number of the discs of the primary winding is 64 discs. In order to set the -5.0%, -2.5%,
+2.5% and +5.0% taps for voltage regulation, the primary winding is normally cut in the middle. At
this point there should be a horizontal cooling channel 12-15 mm instead Smm.

A

.ﬁ;tt_ o i

PR

<

A

Ag =

Ay —0
X

ABAL=AAA2=A3AG=ABAT = 2 discs

Due to high voltage line discharge each turn in the 2 first and the 2 last discs have to be additionally
insulated with approx 0.75 - 1.00mm one-side insulation. For these two reasons, the number of the

discs should be set to 62, wound as follows:

e Discs 1&2 &61&62 => 10
o 28&29&30&31&32&33&34&35 => 15 turns
e Other =>20&21 turns
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03-11-2008/15:28:55 VINDINGS Page 3

Vindings 1 Z 3 4 5 B 7 8
Groups-Circuits Z2-Yni 1-¥
Connection ser. ser.
Turns 24.0 1195.8
Build #| 34.14 82.85
Veight kg| 86.8 124.9
VIRE
Type flat flat
Thicknes nn| 4.50 1.70
Width mn| 7.50 5.00
UG=thicknes B84 BT
UG-width 93 B
AlsCu Cu Cu
STRAND-LITZ i
Thickne insula. mm] 27.90 1.85
Width insulata. mm] 15.3 5.2
Parallel wires 12 1

side by side 2 1

one upon the other| & 1

Transposition Z2=3cr Disc

Cross section mm"Z2| 405.12 | 8.5
SECTOR

Hunber 1 1

SeriesParallel BET. BET.

Turns 21 1195

Turns-Layer 24.88 64

Layers 0.964 18.67

Insul .sLayer pm| Z00.0 200.0

Transposition Rotat Hone

Thicknes mn| 29.10 3B.75

Width mn| 645.00 | 645.00

DistancesSector ma| 0.964 8.993

SPACES ~CHANNELS./ INS.

Crs1 Dutside uCicy UCicy
Insulation mn| 5.0 5.0
Channe | nn| 6.0 11.0 0.

Csl Inside ucicy WCICY
Insulation mm] 5.0 5.8
Channel ma| 6.0 11.0

Cs] Horizontal cC cC
Sector-Sector ma| 1.0 1.8
Turn=Turn mm| S.0 5.8

Distance to yoke mm| 75.0 75.0
Coil insulation mm: O.

Dii-Die: 294.0 352.2

D2l D2e: 406.2 483.7

D3i-D3e: Py

MisDde: #

D5isD5e: ’

DEisDbe: s

D7 i DVe: ’

DBirDBe: r




Nominal operating mode

03-12-ZoeB-11:00:08 IH OPERATION HODE Page 4
Frequency Hz: S0 Uentilation outsi. mss: © Fillfactorschannels x: 80
Ambient temperature C: 55 Uentilation(chanm. mss: O Uarnigh in windings #: 100
Convection outside =: B.8 Rth-Insulation w: 1 Uarnishsgaps-stomack »: 160
Convectionschannels = 0.8 Eth-Uarnish =: 1 Stomack mm: 1.00
Emission w1 Rth=-Epoxy CHE | Gap mm: @.10
Output power kua: 1610.9] Input power kuA: 1638.5| Core power : 8.8
Fe-Losses Ua: 17589 |[Fe-active losses W: 2947, |Fe-reactive losses UAr: 17341
Ho-load curren #i 1.2 Mo load curr. active ¥: 8.2 Mo load curr. react. x: 1.2
I™in1"nom-Factor H s | linrmss Inomrms-Facter @ 9.63 |[Mo load induction T: 1.689
I"in kf: 8.29 |lin rms kA: 0.15
lcc cold kA: 8.41 |lcor active cold kA: 0.085 Ieex reactive cold kA: 0,41
Uce cold ¥ 6.54 |Ucer active at 75 °C ¥: 8.99 |Uccx inductive cold 2 B.49
Cufl-losses W: 18910 .7Eff iciency #i 98.650
Max, dT Cushl “K: 24.8 iMa:n: dT Fe *K: 11.3 Induct ion T: 1.600
Windings | 2 3 9 N 6 7 8
Groups-Circuits Z2=%n 1-¥
Connection SEr. BB,
Timel 60.0 60.0
Loadl 1.00 1.80
Time2 60.0 0.9
Load2 i.60 0.00
Uoltage rms Ul 400.0 20287
U-Fhasen delay *l -3.71 ]
No-load uo+tage Uj| 485.5 Zozav
Regulation #] 1.4 9.0
Current rms Al 1342.3 | 27.828
K-Factor 1.00 1.80
Fower ka| 536.9 Gi6.1
1-Phase delay *l 8.8 =4 .3
Resistance cold mOhm| 1.0852 3437.7
Losses  warm W] 3257. 3046 .
RacRdc (totall 1.39 i.81
Icc.all  cold kf| 20.58 8.41
Radial tension Nemm2Z| 18.22 18.67
dTcc after 4.0 s “K| 59.99 S54.85
lee.group cold kfA| 20.58 6.84a
Circ. losses Wl o.88 0.00
Cur.density Asmm™2| 3.31 3.18
SECTOR3
1 RacRdc 1.39 1.01
Current Al 1342. 27.82
dT “K| 24.8 13.8
2 FRacRdc
Current A
dT *K
3 RacRdc
Current A
dT *K
4 RacRdc
Current A
dT *K
5 RacRdc
Current A
dT ¥
& RacRdc
Current A
dT K
7 RacRdc
Current A
dT R
8 RacRdc
Current A
dT K
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On this page you can check the prescribed parameter:

winding losses at 75 °C -0.99%<1.125%

short voltage:6.49% (instead of 6.4%)

core losses:2920W < 3200W

No-load current : 1.2% < 1.3%

Max temperature rise :24.8 °K <25 °K

Max.radial tension in short-circuit: 18.22N/mm”2 < 60 N/mm~"2
e Max temp. rises during 4s in short-circuit:59.99°K

Test Mode

If you are not satisfied with the solution made by the program you can switch into the Test Mode and
change your transformer by hand:

e Turns 24.8

e Wire size

e Material (Cu or Al)

e Number parallel connected wires and their order in strand
e Cooling channels and insulations

e Margin

o Steel

e Technology parameter (impregnation, gaps,...)

and then you can set it under an operation mode changing:

e Input voltage

o Frequency

e Loads and their K-factors

e Duty cycle of each winding
e Ambient temperature

e Air flow
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asoot 1 [ 20

In order to optimize the material costs you need to reduce the very high eddy current losses. From a
material costs point of view, here is a better version with secondary 2 x 12 flat wires 8mm x 2mm and
primary wires Imm x 8mm in only 48 discs.

e
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Designing Water Cooled Inverter Filter
Choke,
0.5mH, 600Arms, 60Hz

General about inverter filter choke

Fig.1 illustrates the main circuit diagram of a three-phase inverter. The 3-phase mains Uin
supplies the controlled rectifier R through the 3-phase commutation choke CC. The DC voltage
Udc is regulated by the rectifier and smoothed with the capacitor C. The 3-phase AC voltage
Uout is produced at the inverter outputs. The amplitude, frequency and form of this 3-phase AC
voltage are regulated with the inverter and rectifier.

Udc lout
Uout
—»
— - — e e
= N R RN
| Cl— — — I
cC MFC TTTF
R |
FC
Fig. 1

The typical form of the inverter output voltage per phase is illustrated in Fig.2.

N=10

v

unipolar

Fig. 2
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At an inverter modulation frequency N*f, the output voltage Uout essentially consists of three
components:

e Fundamental frequency U with the frequency f (50Hz or 60Hz)
o First harmonic U1=0.45*U with the frequency (N-1)*f.
e Second harmonic U2=0.45*U with the frequency (N+1)*f

Accordingly, the current through the inverter filter choke lout essentially comprises of 3
components:

o Fundamental frequency I with the frequency f. This current is "impressed" and its
amplitude depends on the inverter power.

e First harmonic 11 with the frequency (N-1) * f. The amplitude of this current depends on
the voltage U1, the modulation frequency N*f and the inductance L of the inverter filter
choke:

M=U1/(2* *f*(N-1)*L).

e Second harmonic 12 with the frequency (N+1) * f. The amplitude of this current depends

on the voltage U2, the modulation frequency N*f and the inductance L of the inverter filter

choke:
12=U2/(2* *f*(N+1)*L)

About input parameters

Inductance at 1000Hz and
900Apeak

Inverter frequency
Modulation frequency (N=18)
RMS current at main frequency

RMS currents at 1020Hz and
1140Hz

Maximal total losses (warm)
Insulation clas

Indirect water cooling

Test voltage winding-cooler,
winding-core

0.5mH

60Hz
1080Hz
600Arms at 60Hz

30Arms

10kW
H

20°C incoming

55°C, maximal outcoming
1.5at max. pressure drop
1.5 m/s, max. speed

4kV, 1minute, 60Hz
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About indirect water cooling

The indirect water cooling of the three phase inverter filter choke will be ralized with accordance
to the construction in the Fig.3.

winding

pipe

cooler

insulation

Fig.3

Note that the Small Chokes Program does not support water cooling. | selected this design
example in order to transfer the know-how for water cooling design to my users.

Power per cooler in W and kcal/s

1. Pc = K*Ptot/Nc
2. Qc = Kd*Ptot/4180/Nc

Kd => Factor of the losses distribution between cooler and air (0.8-0.9)
Ptot => Choke total losses in W

Nc => Number of coolers

Pc => Power per cooler in W

Qc => Power per cooler in kcal/s

Amount of water in I/s
q = Qc/dTw
e Qc => Power per cooler in kcal/s

e dTw => maximal temperature rise of water in °K
e q=>Amount of water in I/s



Water speed in m/s

v =10qg/Apcs

e q=>Amount of water in I/s
« Apcs => Cross section of pipe in cm?
o v =>Water speed in m/s (It must not be higher tan 1.5 m/s)

Equivalent pipe diameter
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If the pipe cross section is rectangular then the equivalent pipe diameter can be calculated

Dk = 2ab/(a+b)

e a, b => Sides of the rectangular pipe
o Dk => Equivalent pipe diameter

Factor of the convection between water and pipe in W/°K/cm”2
a = 0.313v*¥ Dk "
e V =>Water speed in m/s

e Dk => pipe diameter in m
« Al => Factor of the convection in W/°K/cm?

Temperature drop between cooler and water in °K
dTcw = Pc/a/Apw
Pc = 1000Ptot/Nc => Losses per cooler in W

[ )
« a => Factor of convection in W/°K/cm?

« Apw => Contact surface cooler-water in cm?
[ )

dTcw => Temperature drop between the cooler and water in the pipe in °K

Temperature drop between the pipe and the cooler surface in °K

dTcc =2 Pc Lcp/(Ac+Apw)/Ac

Pc = => Losses per cooler in W

Lcp => Equivalent distance cooler surface-pipe in cm
Apw => Contact surface cooler-water in cm?

Ac => Surface between the cooler and winding in cm?

dTcc = Temperature drop between the pipe and cooler surface in °K

Ac=> Thermal conductivity of cooler material (normally Al) 1.8 W/°K/cm



Temperature drop within the cooler insualtion in °K
dTci = Pc Lci/Ac/Aci

Pc => Losses per cooler in W

Lci => Thickness of the cooler insulation cm

Ac => Surface between the cooler and winding in cm?

Aci => Thermal conductivity of cooler insulation in W/°K/cm
dTci = Temperature drop within the cooler insulation in °K

Temperature drop within the wire insualtion in °K
dTwi = Pc Lwi/Ac/Awi

Pc => Losses per cooler in W

Lwi => Thickness of the wire insulation cm

Ac => Surface between the cooler and winding in cm?

Awi => Thermal conductivity of wire insulation in W/°K/cm
dTwi = Temperature drop within the wire insulation in °K

Temperature drop within the winding in °K
dTw = Pc Lw/Aw/Aw/16
Pc = => Losses per cooler in W

Lw => Average turn length in cm
Aw => Winding cross section (all turns) in cm?

dTw = Temperature drop within the winding in °K

Water pressure drop in the pipe in at
dp = 0.01 K v? Lt/Dk

e Lp=>Pipe length in cm
e Dk => Pipe diameter in cm
« K=>Factor

Dk (m) |0.0.004 0.006 |0.006 |0.007 |0.008 0.009 0.010 |0.011 |0.012
K 0.094 0.087 |0.083 |0.080 |0.075 |0.073 |0.070 |0.068 |0.066

Provisional ""core selection"

Aw=> Thermal conductivity of winding material (normally Cu) 3.5 W/°K/cm
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Before you start coke design you need approximately to know how big has to be the cooler. Due
to the fact that the cooler fits tightly over the leg along the window height its cooling surface to

the winding is approximately equal with the leg surface along the window height.

Pc = Kd Ptot/Nc = 0.9x10000/6 = 1500 W
Qc = Pc/4180 = 0.358 kcal

dTw = 3.58°K
g = Qc/dTw = 0.358/3.58 = 0.1 I/s
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Dk =0.4"=0.1.016 cm
Apcs = mDk%/4 = 3.14x1.016%/4 = 0.81cm?
v = 10g/Apcs = 10x0.1/0.81 = 1.23 m/s

a=3.13v"¥ Dk %" =0.313x1.23%%x1.016%"3 = 0.374 W/°K/ cm?

Lp = 12in = 30.48 cm
Apw = TDKLp = 3.14x1.016x30.48 = 97.23 cm?
dTcw = Pc/a/Apw = 1500/0.374/97.23 = 41 °K

dp = 0.01 K v Lp/Dk = 0.01x0.070x1.23°x30.48/1.016 = 0.03at per cooler

Lcp=0.75"=1.9cm

Ac = 12"x3" = 1.06x 232 = 246 cm’( Leg Width x Height), Factor 1.06 due to the oval form
Ac=1.8 W/°K/cm

dTcc =2 Pc Lcp/(Ac+Apw)/Ac =2 x 1500 x 1.9 /(97+ 246)/1.8 = 9.2°K

Aci = 0.015 W/°K/cm (Huntsman XB 2710+XB 271, 20kV/mm, Tmax=120°C)
Lci = 0.1cm (Insulation thicknes of the coated coole))
dTci = Pc Lci/Ac/Aci = 1500x0.1/0.015/246 = 40°K

Awi = 0.004 W/°K/cm
Lwi =0.01 cm
dTwi = Pc Lwi/Ac/Awi = 1500x0.01/0.004/246 = 15°K

Lw=13"=33cm

Aw= 40 x 0.46" x 0.182 = 3.34 in? = 21.5 cm?

Aw = 3.5 W/°K/cm

dTw = Pc Lw/Aw/Aw/16 = 1500 x 33/ 21.5/3.5/16 = 42°K

Winding teperature rise will be 2+41+40+15 +9.2 + 42 =149.2°K. Due to the fact that the
winding losses are lower than 3000W (view the design results) the temperature rise will
be approx. 20% lower ( 125°K instead 149°K)

This provisional thermal design of the cooler shows that the core with the leg sizes 3" x 12" is,
from thermal point of view, big enough.

General design rules

e The cooler size is H=12", W=3" T=1.2". In order to avoid any gaps between the cooler
and the winding the contact form has to be oval (see the Fig3). The cooler has to be
coated with 1.5mm resin from Huntsman XB 2710+XB2711. This resign has very high
thermal conductivity (0.015W/°K/cm) and relative high break down voltage (>20kV/mm).

e Due to the fact that the water cooled are small the amperturns are very high and the gap
size very big. For a "good" gap of approx <0.1" the choke has to be made by more than
10 gaps per leg and with the high induction

« The criterion of the design is Q-factor:at the max. temperature 165°C:

Qf = Lw/Irms?/Ptot/Kd/(Nc/2) = 0.0005x376/600%10000/3/0.9 >24 =2

e The insulation in the gaps and around the gaps has to be class H.

« From thermal point of view the optimal construction is one layer winding with Cu
rectangular wire
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Design page 1

10-06-200B-15:17: 16,14 .44 INPUT and OUTPUT Seite 1
LimH) ICAR) 1-- 2-—— 3— 4— 5— B-— 7—— B——
Schema :1. 0.5 900.|Harmo. -:1 iT 19
L-Type =:4, Curre. A:600 30 30
Wire -:4. Angle °:0. 6. 189.
InL mil:0,
In“E mil:0.
AlACu -:1.
Fre .Hz 60
Ripple »:10.
Q-Factor  :26 Steel =:1 Cooling =:7 Eobbin -:3
Cal .Freq.Hz:60 Induction T:1.44 |Uentil. mss:0 Stomach w:l
LGFreq. .Hz:10B8 |Plate =:@ Brackets -:1 Rac~Rdc #:1.2
45} U kg w1 Radiator -:0 Space Fac. =:2
Amb . Temp . °C: 20 UAr~kg w1 Chassis 11 Force =:1
Tmp.rise "K:145 |Gap posit.=:B Channel in a. Windintech.-:1
Time 1 Min:30 Annealed =-:1 Cu-Surfac.=:1 Impregnat. -:1
Load 1 i1 Stack.Fac.=:.96 |Rth-Uarn. =:2 Full Layer -:0
Time 2 Min:30 Hole -:0 Rth-Comp. =:1 Selection =-:1
Load 2 il Core Asse.-:4 Case -:0 Criteriom -:1
Type of the Inductance L=dUrsdI/fil
—
0842 f 0. 117 mH 33 67mH B 330mH
Bave T: 1.296
0.504 mH == nF Bgap T: 1.513
Bmax T: 1.414
908.0 "A
= {
Mominal operation mode at the temperature °C 116.1
Mominal current Inom rms A:601.4 Peak current of Inom "A:930.1
AlsCu Lossessphase W:2477. dteel Lossessphaselactiv) W:1070.
fiddy current losses factor :1.213 Q-Factor :33.68
dT Fe (average) °K:36.98 dT Winding Chot spot) “°K:90.15
dT Case (average) "K:0.0 dT Windig Caverage) °K:83.51
#_
BBE& ft ©.117 mH 33 60mH B 33 mH ? 1574
Bave T: 1.337
0.503 mH == nF Bgap T: 1.561
Bmax T: 1.460
930.1 "A Bx T: ©.055
- £ By T: 0.078
Harmonics 1. 17. 19. 0. a. 0. 0. 0.
Current rms A:G00, 30, 3e. . .
AlsCu Losses W:2365. 52.80 58.90 . a.
Fe-Losses U:762.0 141.2 167.0
Duty cycle operation mode at the amboent temperature °C 110.1
dT Steel (average) “K:36.98 dT Winding Chot spot) “K:90.15
dT Case (averagel  °K:0.0 dT Winding (average) “K:83.51
Inductance and induction at the impressed peak current
Current “Ajoo. sen. |. ; . i3se.]. 1800,
Induction “T].13 1.297 |. . ; 507 |. .614
L=Ui-911-11 mH
L=Uirf11/Ieff mH
L=zUst "1 mH
L=du-f1,dl mH|0.506 |0.504 |O. o} a. 0.20410. 0.187|0.
Leaking Ind. mH|0.118 |0.117 |O. o} 0. 0.168|0. 0.158)0.
Gap-Induct. mH|®.393 |0.391 |O. a o. 9.114|0. 0.101|0.




Design page 2

10-06-2008-15:17:16 ~ BOBBIN ~ STEEL ~ CASE ~ WINDING

Seite 2

Name
Stee

ot O =

:3XEI 3P 3x3-1.5x12
1 :M111-0.35mm =>H6 ©.014"

Fo

A tBt atsta

# G & -
—1 i
-2 ——3 -2 ——3
-4-—5 -4 -5
Ho——7- Ho—7

L= ] A [=]
o T 1 =]

& & &

With 3 bobbins

b ez 4}

M
.

#13.78
Weight 1b:138.26
A-Limb(Dia.) in:
B-Width
C-Height
D-StacksDia. in:
E-Yoke in:
F-Rearyocke in:
G-Hole in:
Radiator Ribs
Radiator Chanm.:
al cm
az cm
dil cm
dz2 cm
1 cm:
P cm:
1s cm
Margin em:0.21

.24
.44
.24

~AaWAWOOOWWW

1.58

H- Lenght 1 in:
Y- Width 1 in:
&- Height 1 in:
»— Lenght 2 in:
y- Width 2 in:
z- Height 2 in:
w— Thicknes in:
SPK Material

Compound  in"3:

Chann./Wind. in:0.00
Chann.=>core in:0.00

Windng

T|AWG |AWG Do

mil

Para

Bso
mil

Pitch

mil

T-/L

L |I-L
mil

I/E|Ueight | RWH
mil| 1b “

10

WL [ s

188.

560.

Z1.2

1.83| 0.| 0.117.231(82.

Order

Layers
Turns

Position
Gap in

0.161

=

B 7 a
0.161 | 0.161 | ©.161

Uoltag.U
Curren.A

1Z2.21
63.82

2o [

171.4 | 0.
957.4 | 0.

224.5
1276.

Order
Customer
Remarks

Date
Time

:10-86-2008
:15:17:16
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Power Factor Correction Chokes

Title | One-Step Power Factor Correction Choke, connected before rectifier bridge
with switching transistor, diode and RC-Load
— ~
~ | —
[ ]
Input Set inductance at peak current (View the peak value on the current diagram)

Select the AC inductance : L-Type = 2

Select Cu round wire: Wire =0

The frequency of the first harmonic is 50Hz

Set the rms values of harmonics of the thermal current:

Set the temperature rise

Select grain oriented steel. Note that the induction will be optimized by
program in order to get optimal relationship between core losses and winding
losses

e Set Gap =1 and Core Assembly = 2 or better

e Select suitable core family

Curesnt A:
L a

Stesl 1 : Cooling Fac.*: Bobbin
Induction : . Air Flow m/ia: F8-COrder
Bracksts - Bac/Rde

Wikg S - Radiator : Zpace Fa<.

VAT kg £ Chassis = Trac.Force
Gap FPosit. o Channsl <ms Windingtech.
Annealed £ Cu=-8Surface *: Impregnati.
Stack.Pac. i : Rth-Varnish *: Layez/Trans.
Hole 1 Rth-Comp. - Zslaction

[ = R I — B

Core Assem. =: Case = Criteciom

Output | ¢  Control the value of induction, gap and connected wires in parallel
Test e Round the number of turns
Note e In order to calibrate the choke, connect it on the calculated calibration AC-

voltage (rms value) with the calibration frequency (normally 50Hz or 60Hz)
and then vary the gap until you get the calculated calibration AC-current
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Title | One-Step Power Factor Correction Choke, connected between rectifier
bridge and switching transistor with diode and RC-Load

— ~ / — R >

Input Set inductance at peak current (View the peak value on the current diagram)
Select the differential inductance : L-Type =4

Select Cu round wire: Wire =0

The frequency of the first harmonic is 60Hz

Set the rms values of harmonics of the thermal current:

Set the temperature rise

Select grain oriented steel. Note that the induction will be optimized by
program in order to get optimal relationship between core losses and winding
losses

Set Gap =1 and Core Assembly = 2 or better

e  Select suitable core family

B SMALL CHOEES (BN

Hatmonis =
Current A:
Angle

Steal : : Cooling Fac.*: EBobbin
Induction : . Air Flow m/s: F8=Order
Bracksts - Ras/Rde

Wikyg S Radiastor =1 Space Fac.

VAT kg : Chasais - Trac.Force

Gap Posit. : Channsl S Windingtesh,
Annealed £ Cu=8urface *: Impregnati.
Stack.Pac. i Rth-Vaenish *: Layec/Trans.

Hole 2 Rth-Comp. o SBalaction

2 e 8 N e e D e e e

Core Assem, =: - Criteciom

Output e Control the value of induction, gap and wires connected in

parallel
Test e Round the number of turns
Note e In order to calibrate the choke, connect it on the calculated

calibration AC-voltage (rms value) with the calibration
frequency (normally 50Hz or 60Hz) and then vary the gap
until you get the calculated calibration AC-current (rms
value).
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Title | 5-Step Power Factor Correction Choke, connected before
rectifier bridge with switching transistor, diode and RC-Load

— ™~

Input

Set inductance at peak current (View the peak value on the
current diagram)

Select the AC inductance : L-Type = 2

Select Cu round wire: Wire =0

The frequency of the first harmonic is 50Hz

Set the rms values of harmonics of the thermal current:
Set the temperature rise

Select grain oriented steel. Note that the induction will be
optimized by program in order to get optimal relationship
between core losses and winding losses

e Set Gap =1 and Core Assembly = 2 or better

Select suitable core family

- SMMALL CHOKES /TNPUT

Harmonic =:
Curresnt A:

°-|

Angle

Steel : . Cooling Fac.*; Bobbin

Induction

Wikg
Vae kg

Gap Posit.
Annesaled
Stack.Facs.
Hole

Core A=sem.

Air Plow m/Ss:
Brackets =
Radiator -4
Chamsis =
Channel o
cu-3urface *:
Rth-Varnish *:
Rth=Comp. e
Came =3

PA-oOrder

Rac/Rdc L9
Space FPac. *i
Teacs,.Force =:
Windingtech.-:
Impregnati. =:
Layer/Trans.-:
Belection -1

Criteriom =1

value).

Output | ¢  Control the value of induction, gap and connected wires in
parallel

Test e Round the number of turns

Note e In order to calibrate the choke, connect it on the calculated

calibration AC-voltage (rms value) with the calibration
frequency (normally 50Hz or 60Hz) and then vary the gap
until you get the calculated calibration AC-current (rms
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Title | 5-Step Power Factor Correction Choke, connected between rectifier
bridge and switching transistor with diode and RC-Load

— ~ /R >

Input | ¢  Set inductance at peak current (View the peak value on the current
diagram)

Select the differential inductance : L-Type = 4

Select Cu round wire: Wire =0

The frequency of the first harmonic is 50Hz

Set the rms values of harmonics of the thermal current:

Set the temperature rise

Select grain oriented steel. Note that the induction will be optimized
by program in order to get optimal relationship between core losses
and winding losses

Set Gap =1 and Core Assembly = 2 or better

e Select suitable core family

ETAnY At
Harmonic =: 1 n 3 1 5
Current A: 6.66 11 .G G.66 G.66

*: 270 o

Btasl B ; Coolintg Fac.*:
Air Flow m/fa:
Brackets -
Wikg SR . Radiator -
VAT kg

Gap Posit,
Annealed Cu=8urface
Stack.Pac. Rth=Varnish *:
Holwe 0 Rth-Comp. e

Induction

Chassis -
Channesl ame

Core Asaem, 1 Case

EBobbin
Fa-Order
Rac/Rde
Z2pace Fac.
Trac.Force
Windirngeesh.
Impregnati.
Layer/Trans.
Sealaction

Criteciom

value).

Output | ¢  Control the value of induction, gap and connected wires in
parallel

Test e Round the number of turns

Note e |n order to calibrate the choke, connect it on the calculated

calibration AC-voltage (rms value) with the calibration
frequency (normally 50Hz or 60Hz) and then vary the gap
until you get the calculated calibration AC-current (rms




Commutation Chokes
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Title | Three-Phase Commutation Choke, connected before rectifier bridge with smoothing choke
] &~ -
—
~ —ia -
Input Set inductance at peak current (View the peak value on the current diagram)

Select the AC inductance : L-Type = 2
Select Cu round wire: Wire =0
The frequency of the first harmonic is 50Hz

Set the rms values of harmonics of the thermal current: typical values In=11/n, without 3% and 9"
harmonic

Set the temperature rise

Select grain oriented steel. Note that the induction will be optimized by program in order to get

optimal relationship between core losses and winding losses
Set Gap = 1 and Core Assembly = 2 or better
Select suitable 3 phase core family

Input Material Pun Output Edit Options Heb

) T LA _H':uul.:l.'.:.' (A EmS

Harmonic -:

Current

Angle

Btesl
Industion

Wikg
VAT kg
Gap Posit.

Annealed
Stack, Fac.
Hole

Core Asaem

Cooling Fas.*:

Air Flow m/is;

Brackets
Radiator
chasais
Channel

Cu=Surface

Rth-Varnish *:

Rth-Comp.

Case

ama

EBobbin
F8-Qrdex
Pac/Rde
Space Fac.
Trac.Forge
Windingtech.
Impregnati.
Layec/Trans.
Selection

Criteciom

e R
un

2 e O N e e D e e e

Output Control the value of induction, gap and connected wires in parallel
Test Round the number of turns
Note In order to calibrate the choke, connect it on the calculated calibration 3

phase AC-voltages (rms value) with the calibration frequency (normally
50Hz or 60Hz) and then vary the gap until you get the calculated
calibration 3 phase AC-currents (rms value).




Title | One-Phase Commutation Choke, connected before rectifier bridge with 158
smoothing choke

—- ~ /|-

Input Set inductance at peak current (View the peak value on the current diagram)
Select the AC inductance : L-Type = 2

Select Cu round wire: Wire =0

The frequency of the first harmonic is 60Hz

Set the rms values of harmonics of the thermal current: typical values In=I1/n
Set the temperature rise

Select grain oriented steel. Note that the induction will be optimized by program
in order to get optimal relationship between core losses and winding losses

Set Gap =1 and Core Assembly = 2 or better

Select suitable one phase core family

B SMALL CHOKES/ INPLIT
Input Material Pun  Output Edit Optiors  Help

Harmonic =-: 1 7 o 11 13
currsnt A: 25 1.5 2.66 2.3 1.9
Angle 100

gtesl - . Cooling Fac.*: Bokbin
Induction £ Air Plow mfa: Fa-Order
Bracket= =4 Rac/Bde
Wikg i Radiator - Space Fac.
VAr/kg £ Chassis -3 Trac.Force

Gap Po=it, : Channel o Windingtech.

Annealed i Cu-furface *: Impregnati.
Stack.Pac. 1 Reh=-Vapnish *: Layer/Trans.

Hole : Rth-Comp. "o Sslection

Core Assem. =i Case - Ceiteriam

Output | ¢  Control the value of induction, gap and connected wires in parallel
Test e Round the number of turns

Note e In order to calibrate the choke, connect it on the calculated calibration
AC-voltage (rms value) with the calibration frequency (normally 50Hz
or 60Hz) and then vary the gap until you get the calculated calibration
AC-current (rms value).




Smoothing Chokes

Title | Swinging Smoothing Choke for 3 Phase Rectifier Bridge
et -
S
—
——
a
Input | ¢  Settwo LI-points: 2 inductance at 2 peak currents. Note that the induction

corresponds to the first current

Select the differential inductance : L-Type = 4

Select Cu flat wire: Wire = 4

The frequency of the first harmonic is 300Hz

Set the harmonics of the thermal current: the rms-values of the first

harmonic and of the DC-current

Set the temperature rise

e  Select cheap steel. Note that the induction will be optimized by program in
order to get 2 prescribed inductance at 2 prescribed currents

e SetGap =1 and Core Assembly = 2

e  Select suitable core family

Harmonic =:

Current A:
“a

Angle

Seaal : Coaling Fae.*: EBobbin
Induction - Air Flow m/a=: F8-Order
EBrackets = Rac/Rde
Wikg S . Radiator S Space Fac.
VAT kg £ Chassis - Trac.Force

Gap Posit. - Channel = Windingtech.

Annealed £ Cu=Surface 3 Impregnati.
Btack.Fac. f Rth-Varnish *;: Layec/Trans.
Hole 2 Rth-Comp. ) Smslaction

Core Assem. =: Case % Criteriom

159

Output Press Ctrl+L in order see the diagram Inductance vs. Current

Test Round the number of turns
Change the peak value of the second LI-point in order to increase the current
range of the diagram Inductance vs. Current

Note In order to calibrate the choke, connect it on the calculated calibration AC-

voltage (rms value) with the calibration frequency (normally 50Hz or 60Hz) and
then vary the gap until you get the calculated calibration AC-current (rms value).




Title

Smoothing Choke for 1 Phase Rectifier Bridge

~ -

Input

Set the LI-point of the inductance, the induction at the peak current.

Select the differential inductance : L-Type =4

Select Cu flat wire: Wire =4

The frequency of the first harmonic is 100Hz

Set the harmonics of the thermal current: the rms-values of the first harmonic and
of the DC-current

Set the temperature rise

Select cheap steel.

Set Gap =1 and Core Assembly = 2

Select suitable core family

i SMALL CHOKES/ INPUT

Input Material Run Output Edit Options Help

Harmonis -
Current A:

Angle

8teel 1 Cooling Fac.™: Bobbin
Induction 5 . Alr Flow m/s: F3-Order
Brackets B Rac/Rdc
Wiky Eo . Radiator - Zpace Fas.
VAE/ kg : Cha=aia - Teac.Force

Gap Posit. £ Channel om Windingtech.

Annealed £ Cu-Surface *: ImpEsynati.
Stack.Pac. : Rth=Varnish *: Layer/Trans.
Hale 1 Rth-Ceomp. *y Zelectian

Core Assem. -: Cane : Criteriom

Output | ¢  Press Ctrl+L in order see the diagram Inductance vs.

Current

Test ¢ Round the number of turns

e Change the peak value in order to increase the current
range of the diagram Inductance vs. Current

Note e In order to calibrate the choke, connect it on the calculated

calibration AC-voltage (rms value) with the calibration

frequency (normally 50Hz or 60Hz) and then vary the gap

until you get the calculated calibration AC-current (rms

value).

160
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Title High Frequency Smoothing Choke for 1 Phase Rectifier Bridge
~ -
—
——
a
Input Set the LI-point of the inductance, the induction at the peak current.

Select the differential inductance : L-Type =4

Select Cu flat wire: Wire =0

Select core material: ferrite or powder

The frequency of the first harmonic is 50000Hz

Set the harmonics of the thermal current: the rms-values of the first harmonic and of the
DC-current

Set the temperature rise

Select suitable core family and the gap position

i SMALL CHOKES /INPLIT

Input Material Run Output Edit Options  Help

13.3 Harmonic -:

Current A:

g

Steel i Cooling Pag.*: Bobban

Induction SR Air Flow m/ia; P3-Order
SO000 | Brackets -2 Rac/Rdc
o Wiky T . Radistor =i Space Fac.
40 Var/kg - Chaszsia ~ Trac.Force
60 Gap Posit. i Channel cm: Windingtech.
30 Annealed 2 Ccu-surface *: Impregnati.
i 8tack.Fac: - Rth-Varnizh *: Layer/Trans.
0 Hole 1 Rth-Comp. 3 Belection

1 Core Assem. =i S Criteciom

Output Press Ctrl+L in order see the diagram Inductance vs. Current

Test Round the number of turns
Change the peak value in order to increase the current range of the diagram Inductance
vs. Current

Note In order to calibrate the choke, connect it on the calculated calibration AC-voltage (rms

value) with the calibration frequency (normally 50Hz or 60Hz) and then vary the gap until

you get the calculated calibration AC-current (rms value).




L C-Filter Chokes
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Title | Three-Phase LC-Resonance Filter Choke, connected in series with capacitor

N

A

B

C l

TTT %%j’ TT
a b c

Input [ e  Setinductance at peak current (View the peak value on the current diagram). The

resonance frequency is 189Hz for Ul/Uc=7%

Select the AC inductance : L-Type =1

Select Cu round wire: Wire =0

The frequency of the first harmonic is 50Hz

Set the rms values of harmonics of the thermal current. These harmonics have to be

prescribed by your customer!

Set the temperature rise
e Select grain oriented steel. Note that the induction will be optimized by program in order to

get optimal relationship between core losses and winding losses
e Set Gap =1 and Core Assembly = 2 or better

e Select suitable 3 phase core family. If there are 3. and 9. harmonics (circuit c) then you

need to use 3 one phase cores.

-181%)
Input Material Pun Cutput Edit Options  Help

Harmonic =-: 1

currsnt A: 25
Angle *r 0

EBobbin
Fa=0Order
Pac/Rde

Stesl - . Cooling Fac.*:
Induction £ Air Plow m/fs:

Bracket= =4
W/ kg 2 Radiator —i
VAr/ kg I Chassis -
Gap Po=it. : Channel o

Bpace Fac.
Trac.Force
Windingtech.-:

Annealed : Cu-8urface *:

Brack.Fac. 1 Rth-Varnish *:

Impregnati.
Layer/Trans.-:
Hole : Rth-Comp. * Selection

Core A=séem. H Casa e

0 e R e D = D e D e

Criteriom

Output | ¢  Control the value of induction, gap and connected wires in parallel
Test e Round the number of turns
Note e In order to calibrate the choke, connect it on the calculated calibration 3

phase AC-voltages (rms value) with the calibration frequency (normally
50Hz or 60Hz) and then vary the gap until you get the calculated
calibration 3 phase AC-current (rms value).
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Current Compensated Chokes

Title One Phase Common Mode Choke in a 50Hz net for suppressing 50kHz
current harmonic
o« —> | — lload
— . —=Zlc
e SV P
! 1L T Ie2
Input [ e Set inductance of both in series connected windings at the peak value of

the current Ic (Ic = (Ic1 - Ic2)/2 ~ (0.01-0.05) x lload
e Setthe compensated harmonics of the thermal current .Note that the sign
"+" marks the compensated current harmonics.
e Set the other harmonics of the thermal current which are not compensated
without the sign "+".
Select the differential inductance : L-Type = 4
Select Cu round wire: Wire =0
The frequency of the first harmonic is 50Hz
Set the Q-factor in order to limit the resistive voltage drop of the
compensated current, the temperature rise and the criterion = 0
Select ferrite with a good reverse permeability.
Select suitable core family and the gap positions

Input Material Pun Culput Edit Options Help

Current A: +10
Angle 100

150 Steesl - . Cooling Fac.*: Bobbin
50 Induction N . Air Plow mfa: Fa-Order
S0000

] W/kg

40 UAES lr.g

60 Gap FPo=it.

Brackets - Rac/Rde
Radiator — Space Pac.
Chassis - Trac.FPorce
Channel om: Windingtech.-:
Annealed Cu~8urfecs *: Impregnati.
Stack.Pac. Reh-Varnish *: Layer/Trans.-:
Hole

Core A=séem.

Rth-Comp. b Selection

L I L

Case -3 Criteriom

Output

Control the value of inductance
Manufacture 2 insulated, full layer windings, each with 50% of the calculated turns. Do not

use double section bobbin

Test

Check the core construction with Gap=0
Set the current in the LI-point higher and Press Ctrl+L to see the diagram Inductance vs.

Current

Note

e

In order to calibrate the choke, connect both windings in series on the calculated calibration

AC-voltage (rms value) with the calibration frequency (normally 50Hz or 60Hz) and then vary
the gap until you get the calculated calibration AC-current (rms value).




(Ico ~ (0.01-0.05) x lload
Set the compensated harmonics of the thermal current .Note that the sign "+" marks the
compensated current harmonics.

Select the differential inductance : L-Type =4

The frequency of the first harmonic is 50Hz

Set the Q-factor in order to limit the resistive voltage drop of the compensated current, the
temperature rise and the criterion = 0

Select grain oriented steel.

e Select suitable one phase core family and the gap positions

Title | Three Phase Common Mode Choke with a one phase core in a 50Hz symmetrical net for 164
suppressing 5000Hz unsymmetrical current harmonics
o —+ _lload
aeEnHe  d950Hz  3xleo
AxB050Hz  BOO0Hz
—~ I trt
— lco el
Input [ ¢  Set inductance of three in series connected windings at the peak value of the current 2 x Ico

Set the other harmonics of the thermal current which are not compensated without the sign "+".

Input Material Pun Output Edit Options  Help

Harmonic =:

curresnt Al
e,

Angle

Stesl Cooling Fac.*:
Air Plow m/fa: Pa8-Order

Brackets = Rac/Rds

-
(5]

Calib.Preq.Mz: Induction
L (mH) §Fceqg. Hz:
W/ kg
VArikg

Radiator — Space Pac.
Cha=ssis - Trac,. Force

Gap FPo=it. Channel oms: Windingtech.

*

Annealed Cu~furface *: Impregnati.
Stack.Pac.
Hole

Core Assem.

Rth-Varnish *: Layer/Trans.
Rth-Comp. - Selection

L e I I i
= — T — T R N — R

Case 5 Criteriom

Output | ¢  Control the value of inductance

e Manufacture 3 insulated, full layer windings, each with 1/3 of the calculated turns.
Test e  Check the core construction with Gap=0

e Set the current in the LI-point higher and Press Ctrl+L to see the diagram Inductance vs. Current
Note e In order to calibrate the choke, connect all windings in series on the calculated calibration AC-

voltage (rms value) with the calibration frequency (normally 50Hz or 60Hz) and then vary the gap
until you get the calculated calibration AC-current (rms value).
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Title | Drainage Choke between 2 rectifiers
J la } e l e
Us Us U
el Ld
Wat LIkt [0 U LlaZ| Un2 U2
ia1 i1 1|r ict J, iaz L bz it 1|r

Input [ e  Set inductance of both windings in series at approx. 5-10% of the nominal current 1d/2

e Select the differential inductance : L-Type =4

e Select Cu flat wire or foil with layer insulation: Wire = 3 or 6

e The frequency of the first harmonic is 150Hz

e Set the rms values of the harmonics of the thermal current: Note that the sign "+" marks

the compensated current harmonics.

e Set the temperature rise

e Select cold rolled steel.

e Set Gap =1 and Core Assembly = 2 or better

e  Select suitable core family (Ul)

Input Material Fun Output Edit Options  Hslp

Harmonic =-: 1

Currant A: 25
Angle “r 0

Stesl : . Cooling Fac.*:
Induction £ . Air Plow m/fa:

Brackets -
Wi kg £ Radiator —
VAr/kg ] Cha=ssis -
Gap Fo=it. : Channel orm:
Annealed i Cu-fSurface *:
Atack. Fac. 1 Rth-Varnish *:
Hole £ Rth-Comp. =

Core Asseéem. H Casas

0 e R e D = O - D

EBobbin
Fa-Order
Pac/Rds
Bpace Fac.
Trac.Force
Windingtech.
Impregnati.
Layer/Trans.
Selection

Criteriom

= — T — T R N — R
.

Output | ¢  Control the value of inductance
Test e Set the current in the LI-point higher and Press Ctrl+L to see the diagram Inductance vs. Current
Note e In order to calibrate the choke, connect both in series windings on the calculated calibration AC-

voltage (rms value) with the calibration frequency (normally 50Hz or 60Hz) and then vary the gap
until you get the calculated calibration AC-current (rms value).




Title

Drainage Choke between 2 phases of inverters

Inverter 1 | Inverter 2

lout

Input

Set inductance of both windings in series at approx. 5-10% of the nominal current lout/2
Select the differential inductance : L-Type = 4

Select Cu flat wire or foil with layer insulation: Wire =3 or 6

The frequency of the first harmonic is 50Hz

Set the rms values of the harmonics of the thermal current: Note that the sign "+" marks
the compensated current harmonics.

Set the temperature rise

Select cold rolled steel.

Set Gap =1 and Core Assembly = 2 or better

Select suitable core family (Ul)

B SMALL CHOKES INPUT

Input Material Pun Output Edit Optiors  Help

Harmonic

Currsnt Ai
b "

Angle

Steel Cooling Fac.*: Bobbin
Air Plow m/fs: Pa-Order

Bracksts = Rac/Rde

-
@

Induction

Wikg
VAr/kg
Gap Po=it,

Radiator = Space Fas.
Chassis -t Trac.Force

Channel <Th: Windingtech.

Annealed Cu-Surface £ Impregnati.

Stack.Pac. Rth-Varnish *: Layer/Trans.
Hole

Core Asssem:

Rth-Comp. i Selection
Case -3 Criteriom

L e N e

Output | ¢  Control the value of inductance

Test e Set the current in the LI-point higher and Press Ctrl+L to see
the diagram Inductance vs. Current
Note e In order to calibrate the choke, connect both in series

windings on the calculated calibration AC-voltage (rms value)
with the calibration frequency (normally 50Hz or 60Hz) and
then vary the gap until you get the calculated calibration AC-
current (rms value).
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How do we design a “current transformer”
for 100A/0.1A, 10V, class1%?

Technical specification relevant only to design

Electrical data

Nominal input Current 100A, sine wave, impressed

Frequency 50Hz

Nominal output voltage 10V

Nominal output current 0.1A@100A input current

Current class 1% @ 100A, 40°C max. +-2%@200A,40°C

+-0.8%@40°C+-40C°, 100A

Angle class NO CRITERION OF DESIGN

Environment and operating conditions:

Ambient temperature 0°-70°C, class E
Primary turns 1, NOT wound
Core & Bobbin Gaped 2 legs C core with double section bobbin

General rules

Note that the Small Transformers Program does not support the classic current transformer
design where you can prescribe the impressed input & output current, the current & angle
accuracy, power, ... But if you need an impressed output voltage (not impressed output current)
proportional to an impressed input current and the angle accuracy is no criterion of design then
you can use the Small Transformers Program to design a “current transformers” as a magnetic
shunt with galvanic isolation (Fig.2). For this operation mode you need to use a gaped core with
constant permeability in the wide range of the induction. Additionally for using one-turn primary
it is optimal to design this “current transformer” with a 2 legs core and double section bobbin.


mailto:0.1A@100A
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R1L1 R2L2

11 ‘ ‘ 12
L1 ‘ ‘ uz

Design criteria
Input voltage and Gap

Once again you can not set the nominal primary current 100A as parameter of the design. You
have to set the primary voltage. It is recommended to set

U1 = U2*(1+Regulation/100) = 1.1*U2 = 11V

If the ampere-turns of the calculated primary winding are 100 then you can use the primary with
one turn at 100A.

W1*11 =87 x 1.149A = 100

In order to reach this condition you need to manipulate the size of the 2 gaps in the 2 legs C-
core.

Total gap size = 2*4.6mil = 9.2mil = 0.233mm

Ambient temperature and Regulation
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For the impressed primary current the no-load output voltage and its linearity & accuracy
depends only on the inductance L, better said, on the steel permeability.

U20 = (W2/W1)*I1*L

Using air gaps in the core you can limit sufficiently the non linear influence of the steel
permeability. The output voltage can be calculated:

U2 = U20*R/((X2"2+(R+r2)"2)"0.5
For X2<<R :
U2 = U20*R/(R+r2) and dU2/U2 = dr2/(R+r2)

If the nominal ambient temperature is 40°C and the winding temperature varies between 10°C
and 80°C then the resistance r2 will vary max 16%. Now you can calculate the regulation:

Regulation = 100*(r1+r2)/R=100*2*r2/R =100*2*0.008/0.16 = 10%

Due to the fact that the regulation has to be limited you have to use the regulation as the criterion
of design

Criterion =1

Core, Steel and Induction

For current accuracy around 1% acceptable results can be achieved with 2 legs C-core and M5
steel. Using 2 double sections bobbin without the primary you will get the free space in the core
window to realize one-turn primary “winding” with an insulated cable.

In order to stay in the “linear” part of the magnetizing curve at 200A the nominal operating
induction at 100A is set at 0.75T

Design procedure

1. Normally you do not know the gap size that you need to get the prescribed ampere-turns
of the primary winding. Due to this fact you have to start with a value between 5 and 10
(5-10mil=0.125-0.25mm per gap)

2. Run the program. Note that the secondary bobbin section will be “empty”.
3. Switch to the Test Mode. Round up the primary turns

4. Increase the cross section of the secondary winding to get the build 80%-90%. The output
voltage & current will increase

5. Reduce the turns of the secondary winding to get the nominal voltage & current
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6. Check the primary ampere-turns and then press F2 to switch to the input screen

7. Set Criterion = 3 (the wire size and the turns will be not be changed after you run the
program again)

8. Change the gap and press F4 to run the program

9. Repeat 6 and 8 until you get the primary ampere-turns 100

Test procedure

1 In order to check the current accuracy switch to the Test Mode and vary the input voltage
from 10% to 200% of the nominal value.

2 Inorder to check the influence of the ambient temperature open the Test Mode and vary
the ambient temperature from 0°c to 70°C

Output

Calibration

In the following table you can see that the current accuracy is better than 1% for the input current
range 10A to 200A

Input Ampere Turns Output Voltage Error to 100A
A V %
10.78 1.02 0.78
100 10.2 0
201.75 20.4 0.75

For optimal calibration of the “current transformer” you have to use the following procedure:
1 Connect to the secondary high precision resistance of 100 Ohm
2 Supply the one-turn primary winding with impressed current of 99.7A.
3 Change the gaps in order to get the output voltage 10V

Note that such a calibrated “current transformer” will be good enough for the current accuracy +-
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0.5%

Nominal operation mode

#x0 DIAGNOSE Page 0
Name 12 X SU 48,2x25.5 M
Steel -:M97-0.30mm => M5 0.012"
Number of Sections -2
max.Cu-Fill Factor 7/:75.9
max. parallel Wires 11
Induction on Load T:0.756
Max. Induction T:0.758
Max. Cu-Temp.rise on load °K:2.5
Max. Cu-Temp.rise no-load °K:2.5
Regulation z:1.6
I” Inrush/I"nom-Factor *:,
Input Current No-Load 7:99.7
KN
07-03-2009,11:25:49,14.59 Input and Circuit Page 1
PRIMARY Uy ICA)|SECOND. 1-— 2— 3 4 5 6 - 8—
Circuit-:1 11. Circuit-:11
Ouvervlt=:1.00 . Uolta. U:10.
Wire 0.0 . Curre. A:.1
I/L. p:0. . Vire :0
I/E. p:300. . I/L p:0.0
Formfac.:1.11 . I,E p:0.0
Fre .Hz:50 .
di/lo »:100 . 1 1 1 1 1 1
Regulat. #:10.0 |Steel -2 Cooling *:1.00 |Bobbin -:2
Udiode Uu:0.8 Induction T:0.76 |Force m/s:0.00 |P/S-Order -:1
dUdiode U:.1 Remanence *:0.35 |Bracket -:1 Rac/Rdc *:1.25
Ripple 7:5. U/kg %:1.00 |Radiator -:0 Space *:0.90
Tmp. Amb.°C:40 UAr/kg %:1.00 |Chassis -:1.00 |Uertical -:1
Tmp.rise °K:75 Gap *:4.60 |Chanmmel cm:0.00 |Horizontal -:1
Time 1 Min:30.0 |Annealed -:1 Cu—Surfacex=:1.00 |Impregnat. -:2
Load 1 *:1.0 |Stacking %*:0.95 |Rth-varni.»:1.00 |Spread 7:0
Time 2 Min:30.0 |Hole -:1 Rth-comp. *:1.50 |Selection -:2
Load 2 *:1.0 |Assembly -:1 Case -:0 Criterion -:3
CIRCUIT:
" = &b
| 10. U
i
[ | 1 A
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07-03-2009,11:25:49 CORE ~, BOBBIN , STEEL , CASE Page 2
Name :2XSU 48,2x25.5 M
Steel :M97-0.30mm => M5 0.012" 7.3
} A + B + A 1 } D { Weight gr:1041.5
T Gap total cm:0.000
A A-Limb cm:1.60
+ B-Width cm:1.60
C-Height cm:5.06
C D-Stack cm:5.09
E-Yoke 1 cm:1.60
} F-Yoke 2 cm:0.00
E G-Hole cm:0.00
1 Radiator Fin :0
with two bobbins Radiator Chan. :0
} a2 { } d2 1 al cm:1.87
T — E—— az cm:3.03
N P (. d1 cm 5.34
Ip 1] EEENE az cm 7.10
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T I - !
Is N s [(nnmmmml s 1p cm:2.21
4 I E | L ls cm:2.21
F a1 F at Margin cm:0.26
X- Length 1 cm:
Y- WYidth 1 cm:
Z2- Height 1 cm:
x— Length 2 cm:
y- Width 2 cm:
z— Height 2 cm:
w— Thickness cm:
Material
Potted
Typ |Windun|MTI| DN | DN |Par | Dr# | B/ | W/L| L |I/L|I/E|Weight |RWH
mm mm P y gr /
11 1 |87. Coo|86.0|86.0(1 1.25 11.25 |15 |2.8]. 300|147 .46|71.
2
3
4
5
6
7
8
1] 11 |82.0 |CoO|86.0(86.0|1 1.25 11.25 |15 |2.6]. 138.98|71.
2
3
4
5
6
7
8
TOTAL 286.4 5.
XX
07-03-2009-,11:25:49 General Data Seite 3
NOMINAL OPERATION at Temperature °C 42.4 and QOvueruoltage 1.00
Output Power on Load U:1.04 Output Power of Transfor. W:1.04
Cu Losses U:.29 Fe-Losses active U:.23
Short-Circuit-Uolt. cold #:4.79 Regulation z:1.62
Instantaneous pow. .5/95& W:14.3 Efficiency of Transformer /:66.7
dT Fe average Surface °K:2.4 dT primary °K:2.5
dT Gehduse au. Surface  °K:. dT secondary °K:2.3
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0.216%2 0.11 @ 10.8 U 0.229% 0.11 % 10.8 U 1.16 °
2.25 2 1.15 z 98.6 2.39 ~ 1.15 72 98.41 »
i il
i 112.5
ol |
11. U 506 @i 21788 2 9 R [ | 2
100 » 5283. 7 | f99.1 ~ ==
.146 nF| . mH 112.5
1.149 A | .096 A
1195. « .756 T 100 «
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Ouveruvoltage 1.00
dT Fe average Surface °K:2.4 dT primary °K:2.5
dT Gehause au. Surface  °K:. dT secondary °K:2.3
NO LOAD OPERATION at Amb.Temperature °C 40. and Ouveruoltage 1.00
Losses active W:.52 Losses reactive UAr:12.59
Current factor 7:99.67 Induction T:.758
dT Fe average Surface °K:2.4 dT primary °K:2.5
dT Gehause au. Surface °K: Rezonance frequency kHz:75.8

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

and Overvoltage 1.00

Losses active W:230.5 Losses reactive UAr:128.0
Current factor cold 7:2086. Induction T:.392
dT Fe average Surface °K:210.5 dT primary °K:247.8
dT Case aver. Surface  °K:. dT secondary °K:249.2
PRIMARY (Tap:1 ) 1 2 3 4 5 6 7 8
Uoltage Input/Output U:11.

Out. Uoltage no load U:

Current Input-/Output A:1.149

Load on output fR:
Power factor of load
Current in segment A:

1.149

Current dencity A/mm”~2:0.94

Icc-Current cold A:23.98
Io —Current A:1.145
Inrush Current peak ~A:0.
Inrush Current rms A:0.
Cu-Losses W:.3
Resistance cold ®:.197
Reactance f:.1098
Eddy—Current Factor 11,
SECONDARY 1 2 3 4 5 6 7 8
Output Uoltage u:10.2
Output Current A:0.102
Out. Uoltage no load VU:10.24
Sec. Uoltage u:10.2
Sec. Current A:0.102
Current dencity A/mm~2:0.08
Sec. Uoltage cold u:10.2
Load on output :100.
Power factor of load :1.000
Icc cold A:25.13
Cu-Losses warm UW:.002

Resistance

cold f:.1857
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Reactance f:.0976
Eddy-Current Factor :1.
Capacitor mF: .

200% operation mode

I

07-03-2009,11:28:47

General Data

Seite 3

NOMINAL OPERATION

at Temperature °C 48.7

and Ouervoltage 2.00

Output Power on Load W:4.16 Output Power of Transfor. W:4.16
Cu Losses W:1.2 Fe-Losses active W:.96
Short-Circuit-Uolt. cold »:4.84 Regulation 7:1.64
Instantaneous pow. .5/95& W:56.7 Efficiency of Transformer »:65.89
dT Fe average Surface °K:8.7 dT primary °K:9.1
dT Gehause au. Surface  °K:. dT secondary °K:8.3
0.2212 0.11 9 21.7 UV 0.2349 0.11 % 21.6 U 1.20 °
2.33 » 1.16 ~» 98.6 « 2.46 » 1.16 » 98.38 z
i il
i 112.5
| y
22. U 491 @ 21788 2 | 9 e i
100 « 5178. 7z | fo99.1 ~ i
.146 nF mH 112.5
2.319 A | 192 A
1206. » 1.513T 100 =«
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Oueruvoltage 2.00
dT Fe average Surface  °K:8.7 dT primary °K:9.1
dT Gehause au. Surface  °K:. dT secondary °K:8.3
NO LOAD OPERATION at Amb.Temperature °C 40. and Oueruoltage 2.00
Losses active U:2.14 Losses reactive UAr:50.81
Current factor #:99.69 Induction T:1.515
dT Fe average Surface  °K:8.7 dT primary °K:9.1
dT Gehause au. Surface °K:. Rezonance frequency kHz:76.1

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

and Overuvoltage 2.00

1
Uoltage Input-/Output U:22.
Out. Uoltage no load U:
Current Input-/Output A:2.319
Load on output R
Power factor of load

Current in segment A:2.319

Losses active W:922.2 Losses reactive UAr:512.1
Current factor cold 7:2067. Induction T:.784
dT Fe average Surface °K:552.6 dT primary °K:644.1
dT Case aver. Surface  °K:. dT secondary °K:647.2
PRIMARY (Tap:1 ) 2 3 4 5 6 7 8

175



Current dencity A/mm~2:1.9
Icc—Current cold A:47.95
Io —Current A:2.312
Inrush Current peak "~A:101.8
Inrush Current rms A:43.
Cu-Losses W:1.2
Resistance cold f:.197
Reactance f:.1098
Eddy-Current Factor :1.
SECONDARY 1 2 3 4 5 6 7 8
Output Uoltage U:20.4
Output Current A:0.204
Out. Uoltage no load U:20.48
Sec. Uoltage U:20.4
Sec. Current A:0.204
Current dencity A/mm~2:0.17
Sec. Uoltage cold U:20.4
Load on output $:100.
Power factor of load :1.000
Icc cold A:50.26
Cu-Losses warm UW:.009
Resistance cold %:.1857
Reactance f:.0976
Eddy-Current Factor 11,
Capacitor mF: .
;A
10% operation mode
07-03-2009,11:36:34 General Data Seite 3
NOMINAL OPERATION at Temperature °C 40. and Ouvervoltage 0.10
Output Power on Load U:.01 Output Power of Transfor. W:.01
Cu Losses W:. Fe-Losses active W:.
Short-Circuit-Uolt. cold #:5.16 Regulation z:1.74
Instantaneous pow. .5/95& U:.1 Efficiency of Transformer »:59.68
dT Fe average Surface °K:. dT primary °K:.
dT Gehause au. Surface °K: dT secondary °K
R 1.1 U 0.227¢ 0.11 9 1.1 U1.24 °
/ 98.5 25572 1.23 »~ 98.29 «
il
i 112.5
8.88 % i1 |
1.1 U i 21788 2 | 9 R f
100 » 3555. 7z o fj oo / ==
.146 nF mH 112.5
124 A | .01 A
1289. « .076 T 100  «
DUTY CYCLE OPERATION at Amb.Temperature °C 40. and Oueruvoltage 0.10
dT Fe average Surface  °K:. dT primary °K:.
dT Gehause au. Surface  °K:. dT secondary °K:.
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NO LOAD OPERATION
Losses active
Current factor

dT Fe average Surface
dT Gehause au. Surface

at Amb.Temperature °C 40.
U:.01
7:99.64

°K:.
°K:

Losses reactive
Induction

dT primary

Rezonance frequency

and Overuvoltage 0.10

UAr: .14
T:.076
°K:.

kHz:78.7

SHORT-CIRCUIT OPERATION at Amb.Temperature °C 40.

and Overvoltage 0.10

Losses active W:2.31 Losses reactive UAr:1.29
Current factor cold 7#:1938. Induction T:.039
dT Fe average Surface °K:8.4 dT primary °K:9.1
dT Case aver. Surface °K:. dT secondary °K:9.1
PRIMARY (Tap:1 ) 1 3 4 5 6 8
Uoltage Input/Output U:1.1

Out. Uoltage no load U:

Current Input/Output A:0.124

Load on output fR:

Power factor of load :

Current in segment A:0.124

Current dencity A/mm”2:0.1

Icc—Current cold A:2.4

Io —Current A:0.123

Inrush Current peak ~A:0.

Inrush Current rms A:0.

Cu-Losses U:.

Resistance cold f:.197

Reactance f:.1098

Eddy-Current Factor 11,

SECONDARY 1 3 4 5 6 8
Output Uoltage u:1.02

Output Current A:0.01

Out. Uoltage no load VU:1.02

Sec. Uoltage U:1.02

Sec. Current A:0.01

Current dencity A/mm”2:0.01

Sec. Uoltage cold u:1.

Load on output :100.

Power factor of load :1.000

Icc cold A:2.51

Cu-Losses warm W:.

Resistance cold ®:.1857

Reactance f:.0976

Eddy—Current Factor 11,

Capacitor mF:.

HHKH
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	The second secondary is connected in star. It is created with 2 parallel connected windings. In order to avoid the circulating current between 2 parallel connected secondary windings, each of them is created with 2 cross connected sectors. The sine wave output voltage is 182V. The rms current through each parallel connected winding  should be 205Aac (total output rms curren is 410Aac).  The set current harmonics are calculated for the worst case: Ucc= 0 and Ld = ∞. Also, there is no duty cycle operation mode on this secondary. With the eddy current losses factor (RacRdc) 1.1 and 1.15 the use of the parallel connected foils per sector shall be avoided. The first secondary winding is cooled via the 20mm cooling channels  (outside the core window) and 20mm (inside the core window). The second secondary winding has only two 20mm cooling channels outside the core window. It is better cooled than the first secondary winding and therefore it is in a good thermal connection within the core window with the first secondary winding. The space between the yoke and the secondary windings is 20mm
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	The both secondary windings are created with 2 in series connected ONE ROUND TURN, BAR WOUND SECTORS. 
	 
	The sine wave output voltage per sector is 10.9V. The rms current through each sector (secondary) is 8774Arms.  The set current harmonics are calculated for the worst case: Ucc= 0 and Ld = ∞:
	Also, there is no duty cycle operation mode on the secondary. With the eddy current losses factor (RacRdc) 1.1 and 1.25 the use of parallel connected bars per sector shall be avoided . Note that at this point of the design you cannot prescribe the wire or foil (bar) size. You can select only the wire or family or foil (bar) which the program has to use in order to select the suitable wires or foils (bar) for your application. The secondary winding has only 20mm cooling channels. The space between the yoke and the secondary windings is 20mm
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	The sine wave output voltage is 399V. The rms output current  is 1336Arms.  There are no current harmonics: Also, there is no duty cycle operation mode on the secondary. With the eddy current losses factor (RacRdc) 1.4 the number of parallel connected flat wires per strand will be limited . Note that at this point of the design you cannot prescribe the wire size  . You can select only the wire or family which the program must use in order to select the suitable wires for your application.  
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