CWIEME CHICAGO 2008

RALE WORKSHOP

This Rale workshop approaches the design of transformers for a Transformer
Manufacturer from the point of view of a buyer and/or user of transformers. To
demonstrate these applications, Rale selected about 20 design examples as follows:

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

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

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

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

Designing mixed operation mode transformer, 230V/115V, 10A in
autotransformer and 230V/115V, 10A galvanic separated connection
Designing three phase autotransformer, for 3x400V/3x380V, 10kVA output power
and 25% one phase unsymmetrical load

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

Designing rectifier transformer for battery charger 6Vvdc, 40dc

Designing rectifier transformer for welding with 26Vdc, 200Adc

Designing the audio transformer for loudspeaker 25W, 16_Ohm

Designing flyback transformer for capacitor charger 10kVdc, 0.1 puF, 50W
Designing a 500 kVA, 60Hz, K-Factor, three phase dry transformer with cooling
channels?

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

Designing a 12Vdc, 30kAdc Rectifier Transformer

Designing a 1600kVA/35kVA, 50Hz Distribution Oil Transformer

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

Power Factor Correction Chokes

Commutation Chokes

Smoothing Chokes

LC-Filter Chokes

Current Compensated Chokes

The concept is to assist the Transformer Manufacturers to incorporate transformer
designs as an integral part their business and also for the Transformer Manufacturers to
get a better overview about new applications that could be easily integrated in their
production using Rale's design software. For this reason Rale has included very
powerful design guidelines, for instance relating to water cooling, high voltage spacing,

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

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

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

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

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

Designing three phase autotransformer, for 3x400V/3x380V,
10kVA output power and 25% one phase unsymmetrical load

Designing three phase, low inrush current universal
autotransformer for 3x208Vv/120V, 50/60Hz, 9A

Designing rectifier transformer for battery charger 6VvVdc, 40dc
Designing rectifier transformer for welding with 26VVdc, 200Adc
Designing the audio transformer for loudspeaker 25W, 16_Ohm

Designing flyback transformer for capacitor charger 10kVdc, 0.1
pMF, 50W

Designing a 500 kVA, 60Hz, K-Factor, three phase dry
transformer with cooling channels?

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

Designing a 12Vdc, 30kAdc Rectifier Transformer

Designing a 1600kVA/35kVA, 50Hz Distribution Oil Transformer

Choke Designs located in the back pocket of the folder

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

Power Factor Correction Chokes

Commutation Chokes

Smoothing Chokes
LC-Filter Chokes

Current Compensated Chokes



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
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Name 1 X El 25/(3/4) 1280-0
Steel -:M45 Gauge 24 / 0.0250"

Number of Sections -:
max.Cu-Fill Factor %:89.9
max. parallel Wires b

Induction on Load T:1.274
Max. Induction T:1.628

Max.Cu-Temp.rise on load 9K:49.
Max.Cu-Temp.rise no-load ©9K:30.4
Regulation %:-98.8

I”Inrush/1”nom-Factor *:4.
Input Current No-Load %:91.7
AAAAAAAARAARAAAAAAAAAAAAAAAARAAAAAARAAAAARAAAAAAAAAAAAAAAAAAAARAARAAAAARAL
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R1 X1 R2 X2
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. Xfe Rfe Rload U2 Fig. 5a

Low Frequency Scheme of a Transformer

R1 R2

—1 I

Ut Xfe Rload U2 Fig.5b

Low Frequency, Low Power (<5VA)
Scheme of a Transformer

R1 X1 R2 X2

L1 Rload uz Fig. 5¢

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

Fig. 5
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307-26-2008/20:14:17/14 .43 Input and Circuit Page 1 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAARRAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAARRRAAA”
3PRIMARY U(v) I(A)3SECOND. 1--- 2--- 3--- 4--- 5--- 6--- 7--- 8---3
3Circuit-:1 1. 3Circuit-:11 3
30vervit*:1.10 . 3Volta. V:12. 3
3Wire :0.0 . 3Curre. A:.166 3
31/L. mil:0. - 3Wire :0 3
31/E. mil:0. B 31/L mil:0.0 3
3Formfac.:1.11 . 31/E mil:0.0 3
3Fre.Hz:60 . 3 3
3dI/lo  :100 . 3 3
AAAAAAAAAAAAAAAAAAAAAAAAARAARRAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARARRAAA”
3Regulat. %:100.03Steel -:17  3Cooling *:1.00 3Bobbin -:2 3
3Udiode V:0.8 3Induction T:1.27 3Force ft/s:0.00 3P/S-Order -:1 3
3dUdiode V:.1 3Remanence *:0.35 3Bracket -:0 3Rac/Rdc *:1.05 3
3Ripple %:5. 3W/kg *:1.00 3Radiator -:0 3Space *:0.90 3
3Tmp. Amb.gC:40  3VAr/kg *:1.00 3Chassis -:1.00 3Vertical -:1 3
3Tmp.rise gK:75  3Gap *:1.00 3Channel in:0.00 3Horizontal -:1 3
3Time 1 Min:30.0 3Annealed -:0 3Cu-Surface*:1.00 3Impregnat. -:2 3
3Load 1 *:1.0 3Stacking *:1.00 3Rth-varni.*:1.00 3Spread %:0 3
3Time 2 Min:30.0 3Hole - 3Rth-comp. *:2.00 3Selection -:2 3
3Load 2 *:1.0 3Assembly -: 3Case -:1 3Criterion -:1 3
AAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3CIRCUIT: A 3
3 SUAATAAAAAAARAAATAAAAARRAAAA,; 3
3 30 UA;, 12. Vv 3
3 3() 3 3 3
3 30 AAD  .166 A 3
3 3RAATAAAAAAAAAAA TAAAAAAAAAAAU 3
3 3 3
3 3 V 3
3 3 3
3 3 A 3
3 3 3
3 3 3
3 3 Vv 3
3 3 3
3 3 A 3
3 1.V A TAARAAUS 3
3 U3 3
3 0= Vv 3
3 0= 3
3 0= A 3
3 03 3
3 U3 3
3 0= Vv 3
3 0= 3
3 03 A 3
3 03 3
3 TAAAAARS 3
3 3 Vv 3
3 3 3
3 3 A 3
3 3 3
3 3 3
3 3 V 3
3 3 3
3 3 A 3
3 3 3
3 3 3
3 3 V 3
3 3 3
3 3 A 3
3 3 3

AAARAAARAAAAAAAAAAAARAAAAAAAAAAAARAAARAAAAAAAARAAARAAARAAAAAAAAAAAARAAAAAD
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307-26-2008/20:14:17 CORE / BOBBIN / STEEL / CASE Page 2 3
AAAAAAAAAAAAAARAAAARAAAARAAAARAAAAAAAARAAAARAAAARAAAAAAAARAAAARAAAAAAAAAR~
3 Name T1XEl 25/(3/4) 1280-0 3
3 Steel :M45 Gauge 24 / 0.0250" /25.59 3
3 AFABA A ABAF~ A D -~ Weight 1b:.1 3
3 A UAAAAAAAAARAAAARAAAARA:;  00000- Gap total in:0.000 3
3 E 3716 i 3 oooooo A-Limb in:0.25 3
3 A 3 UAAAg UAAA; 3  oooooo B-Width in:0.25 =3
3 3 3 3 3 3 3 000000 C—Height in:o_so 3
3 C 3 3 3 3 3 3 000000 D—StaCk i n: o . 75 3
3 3 3 3 3 3 3 000000 E-Yoke 1 i n: 0 . 13 3
3 A 3 ARAAU AAAA0 3  ooooo00 F-Yoke 2 in:0.13 =3
3 E 31 i 000000 G-Hole in:0.00 =3
3 A AAAAAAAAAAAAAAAAAAAAAAU 0OPPPDY Radiator Fin 0 3
3 Radiator Chan. :0 3
3 A a2 - A d2 - al cm:0.33 3
3 N TT»0000000ETT NTT»U0U0UUETTN a2 cm:0.73 3
s °0000000° 2 °00000le 2 dl cn 0.81 2
3 Ip °0000000e 3 oQQQudge = d2 cm1.24 3
3 g 1110000000001 grir0000001 110 1 cm: 3
3 Is °0000000e 35 oQ00u0ge s3 Ip cm:0.20 3
3 T TTYRRRRRRRETT TTIYRRRRRRETTT Is cm:0.20 3
3 A a1 - A d1 - Margin cm:0.04 =3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3 A X X- Length 1 in:1.03 3
3 A UAAAAAAAAAAAAAAAAAAAAA(, Y- Width 1 in:0.78 =3
3 3 Z- Height 1 in:1.28 3
3 3 UAAAAAAXAAAAAA; 3 x- Length 2 in:0.78 3
3 3 3 3 3 y- Width 2 in:0.53 3
3 Y 3 vy 3 3 z- Height 2 in:0.25 3
3 3 3 3 3 w- Thickness in:0.01 3
3 3 AARAARAARAARAAL 3 Material : 3
3 3 3 Potted 3
3 A AAAAAAAAAAAARAAAAAAAAAU 3
3 A X - A - 3
3 AA UAAAAAAAAARAAA Eil’iil’iil’ii» 3
3 3 z 3 3 o 3
3 AUAAAU AAAA; w @ ETTIY E|’|’|’ 3
3 Z 3 3 o o 3
3 3 3 3 o o 3
3 A AAAAAAAAAAAARAAAAAAAAAU ETTRNTITIRTIINNInna 3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR”
3 3Typ 3W|ndun3MTI3 DN 3 DN 3Par 3 D/f 3 B/i 3 W/L3 L 3I/L3I/E3We|ght3RWH3
3 3 3 3 3 mil 3 mil 3 3 SmilSmil3 1b 3 % 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
313 1 320.1 3C00320.0320.031 332. 332. 35 34.13. 3. 3,015 389.3

323 3 3 3 3 3 3 3 3 3 3 3 3 3
333 3 3 3 3 3 3 3 3 3 3 3 3 3 3
343 3 3 3 3 3 3 3 3 3 3 3 3 3 3
353 3 3 3 3 3 3 3 3 3 3 3 3 3 3
363 3 3 3 3 3 3 3 3 3 3 3 3 3 3
373 3 3 3 3 3 3 3 3 3 3 3 3 3 3
383 3 3 3 3 3 3 3 3 3 3 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
313 11 3481.6 3C00333.5333.531 36.7 36.7 325 319 3. 3. 3,015 =378.3
323 3 3 3 3 3 3 3 3 3 3 3 3
333 3 3 3 3 3 3 3 3 3 3 3 3 3 3
343 3 3 3 3 3 3 3 3 3 3 3 3 3 3
353 3 3 3 3 3 3 3 3 3 3 3 3 3 3
363 3 3 3 3 3 3 3 3 3 3 3 3 3 3
373 3 3 3 3 3 3 3 3 3 3 3 3 3 3
383 3 3 3 3 3 3 3 3 3 3 3 3 3 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAARAAAAAAARAAAAAAAAA”
3TOTAL .029 89.3

AAARAAARAAAAAAAAAAAARAAARAAAAAAAARAAARAAAAAAAARAAARAAAARAAAAAAAAAAAARAAAAAD
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307-26-2008/20:14:17 General Data Page 3 3
AAAAAARAAAAAAAAAAAAAARAAAAAAARAAAAAARAAAAAAAAAAAAAARAAAAAARAAAAAAARAAAAAA
3 NOMINAL OPERATION at Temperature gC 88.8 and Overvoltage 1.10 3
3 Qutput Power on Load W:2.42 Output Power of Transfor. W:2.42 3
3 Cu Losses W:2.55 Fe-Losses active w:.33 3
3 Short-Circuit-Volt. cold %:41.52 Regulation %:98.81 3
3 Instantaneous pow. .5/95& W:3. Efficiency of Transformer %:45.67 3
3 dT Fe average Surface ¢K:43.8 dT primary pK:49. 3
3 dT Case aver. Surface ¢K:40.5 dT secondary oK:48.7 3
3 3
3 0.061é 0.004é .8 Vv 0.057é 0.004é .6 V 0.89 g3
3 27.23% 1.7 % 72.9 % 25.19% 1.7 % 50.3 % 3
3 |AAAiiiiAAAAUUUUAAAAAAAAAAAAAAAAAAAAiitiAAAAUUUUAAAAAAAAAAAAAAAAAO

3 1 3 3 U0 0.126 & ==
3 .23 a 3 3 3 a0 3 3
3 1.1V 2 € +38997 6 0 1 é 0 és 3
3 100 % 862.8 % + 1ol U 412.5 % UA;, igi=
3 3 6.803 nF3 . mH 0.126 é3 3 33
3 4.886 A 3 3 4.38 A AAU 33
3 |AAAAAAA<AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA<AAAAAAAAAAAAAAAAAAAAAAAAU 3
3 111.6 % 1.274T 100 %

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3 DUTY CYCLE OPERATION at Amb.Temperature oC 40. and Overvoltage 1.10 3

3 dT Fe average Surface ¢K:43.9 dT primary 2K:49. 3
3 dT Geh,,use av. Surface @K:40.6 dT secondary oK:48.7 3
AAAAAARAAAAAAAAAAAAAARAAAAAAARAAAAAARAAAAAAAAAAAAAARAAAAAARAAAAAAARAAAAAA
3 NO LOAD OPERATION at Amb.Temperature gC 40. and Overvoltage 1.10 3
3 Losses active W:1.66 Losses reactive VAr:4.64 3
3 Current factor %:91.68 Induction T:1.628 3
3 dT Fe average Surface gK:27.6 dT primary 2K:30.4 3
3 dT Geh,,use av. Surface @K:25.5 Rezonance frequency kHz:38.9 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3 SHORT-CIRCUIT OPERATION at Amb.Temperature gC 40. and Overvoltage 1.103
3 Losses active W:12.89 Losses reactive VAr:1.16 =3
3 Current factor cold %:240.9 Induction T:.822 3
3 dT Fe average Surface @K:104.7 dT primary 2K:121.3 3
3 dT Geh,use av. Surface @K:95.5 dT secondary pK:121. 3
AAAAAAAAARAAAAAAAAARAAAAAAAAAARAAAAAAAAAARAAAAAAAAAARAAAAAAAAAARAAAAAAAAA”
3PRIMARY (Tap:1 ) 1--—-- 2---- 3--—- 4-—-- 5———= B--—= T--—- 8-————- 3
3Voltage Input/Output V:1.1 3
30ut. Voltage no load V: 3
3Current Input/Output A:4.886 3
3Load on output é: 3
3Power factor of load : 3
3Current in segment A:4.886 3
3Current density A/in”2:6099. 3
3lcc-Current cold A:11.77 3
3lo -Current Az4.479 3
3Inrush Current peak "A:27.59 3
3lnrush Current rms A:11.3 3
3Cu-Losses W:1.5 3
3Resistance cold é:.0491 3
3Reactance €:.0038 3
3Eddy-Current Factor :1. 3

AAARAAARAAAAAAAARAAARAAAAAAAAAAAARAAARAAAAAAAARAAAAAAAAAAAAAAAARAAARAAAAA~

3SECONDARY 1---- 2--—- 3--—- 4-——- 5-——- 6--—- 7--—- 8-————- 3
30utput Voltage V:13.24 3
30utput Current A:0.183 3
30ut. Voltage no load V:24.5 3
3Sec. Voltage V:13.24 3
3Sec. Current A:0.183 3
3Current density A/in”2:5192. 3
3Sec. Voltage cold V:14.7 3
3Load on output €:72.28 3
3power factor of load :1.000 3
3lcc cold A:0.48 3
3Cu-Losses warm W:1.088 3
3Resistance cold é:25.99 3
3Reactance €:2.194 3
3Eddy-Current Factor i1, 3
3Capacitor mF:. 3

AAAARAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAARAAAAAT
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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/
Steel -:M45 Gauge 24 / 0.0250"
Number of Sections -:

max.Cu-Fill Factor %:-84.1
max. parallel Wires b

Induction on Load T:0.243
Max. Induction T:0.312

Max.Cu-Temp.rise on load 9K:25.9
Max.Cu-Temp.rise no-load 9K:3.8
Regulation %:52.7

I”Inrush/1”nom-Factor *o.
Input Current No-Load %:=2.6
AAAAAAAARAARAAAAAAAAAAAAAAAARAAAAAARAAAAARAAAAAAAAAAAAAAAAAAAARAARAAAAARAL

R1 X1 R2 X2

F DWW 0w WE W W e WD
Wwwwowwweweewooweo

Al Xfe Rfe Rload U2 Fig. 5a

Low Frequency Scheme of a Transfarmer

R1 R2

—_]

U1 Xfe Rload U2 Fig.5b

Low Frequency, Low Power (<5VA)
Scheme of a Transformer

R1 X1 R2 X2

L Rload u2 Fig. 5¢

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

Fig. 5
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307 -27- 2008/12 36 33/14 43 ) Input and CerU|t e Page 1 3
3PRIMARY U(V) I(A)3SECOND. 1——— 2——— 3——— 4——— 5-—- 6--—- 7--—- 8———3
3Circuit-:1 120. 3Circuit-:11 3
30vervit*:1.00 . 3Volta. V:10. 3
3Wire :0.0 3Curre. A:5. 3
31/L. mil:0. 3Wire :0 3
31/E. mil:0. . 31/L mil:z0.0 3
3Formfac.:1.11 . 31/E mil:0.0 3
3Fre.Hz:60 3 3

AAAAAA

3Regulat. %:-50. 0 3Steel .17 3Coollng *: 1 00 2Bobbin -2

3
3Udiode V:0.8 =3Induction T:0.24 3Force Tt/s:0.00 3P/S-Order -:2 3
3dUdiode V:.1 3Remanence *:0.35 3Bracket -:0 3Rac/Rdc *:1.05 3
3Ripple %:5. S3SW/kg *:1.00 3Radiator 0 3Space *:2.00 3
3Tmp. Amb.gC:25 3VAr/kg *:1.00 3Chassis 1.00 3Vertical -:1 3
3Tmp.rise gK:20 3Gap *:1.00 3Channel in:0.00 3Horizontal -:1 3
3Time 1 Min:1.0 =3Annealed -:0 3Cu-Surface*:1.00 3Impregnat. -:2 3
3Load 1 *:1.0 S3Stacking *:1.00 3Rth-varni.*:1.00 3Spread %:0 3
3Time 2 Min:999.03Hole -1 3Rth-comp. *:2.00 3Selection -:2 3
3Load 2 *:1.0 3Assembly -:1 3Case -:0 3Criterion -:1 3
AARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SCIRCUIT: A
30AATAAAAAAAAAAATAAAAARAAARA,;
30 UAc 10. V

Wowwwoe o

120. V A T

> O
W w

us

oL T T T ¢ O 1 O O VD 7 I ¢ I T ¢ I R
>: = 3 +
> 0 WoWWwWwwe 0w e W

>
CWwwonwowewonwoowowoewonwoowoewonwowowoewowwononoowowoewowoowoewonwoeowow

AAAAAA




UAAAARAARAARAARAARAAAAARAAAARAAARAARRARAARAAARAARAARAARAAARAAARAARAARARAA
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3 Name .1XE|L 125/(2)—5/7 3
3 Steel :M45 Gauge 24 / 0.0250" /25.59 3
3 AFABA A ABAF~ A D -~ Weight Ib:7.74 =
3 A UARAAAAAAARAAAAAAAAARR;  GO0O00- Gap total in:0.000 3
3 E 316G i3 000000 A-Limb inz1.25 3
3 A =3 ORARg UMAA;, @ oooooo B-Width in:0.63 3
3 3 3 3 3 3 3 000000 C-Height in:3.75 3
3 c s 3 3 3 3 3 000000 D-Stack in:2.01 s
3 3 3 3 3 3 3 000000 E-Yoke 1 in:0.63 3
3 A 3 ARAAD AAAAD 3 000000 F-Yoke 2 in:0.63 3
3 E 31 s 000000 G-Hole inz0.219 3
3 A AARAAAAAAAAAAARAAAAAAAD  ODPDBY% Radiator Fin :0 3
3 Radiator Chan. :0 3
3 A a2 - K d2 - al cm:1.39 3
3 N TT»0000000ETT NTT»U00CUDETTN a2 cm:2.46 3
3 ©Q000000° 2 o(Q00ge = di cm 2.24 3
3 Ip _0000000° 3 o(0oogge = d2 cm 3.50 3
s 1720000000171 @T120000001T10 I cm: s
3 Is oyuuuuuue 3p oyyuuuue p= Ip cm:1.45 3
3 T TTYRRRRARRETT TTTYRRRRRRETTY Is cm:2.04 3
3 A a1 - A dl ~ Margin ~ cm:0.08 =
AAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAA”

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 :

T WWW 0w WE 0w e W
Wwwwoweweoweweowo

\

2 3Typ 3W|ndun3MTI3 DN 3 DN 3Par 3 D/i 3 B/T 3 W/L3 L 31/L31/E3Weight3RWH3
33 3 3 3 3 3m|| 3m|| 3 3 3m||3m||3 Ib 3%3

31 596 382

3
3
3
3
3
3
3

(%]

3 3

3
3
3
3
3
3

4]

fw W0ww
0000

AAAAAA

313 11 3115 0 3COO313 5313 531 367 9 367 9 319 35.93.

s. 31148 984 3
323 3 3 3 3 3 3 3 3 3 3 3 3 3 3
333 3 3 3 3 3 3 3 3 3 3 3 3 3 3
343 3 3 3 3 3 3 3 3 3 3 3 3 3 3
353 3 3 3 3 3 3 3 3 3 3 3 3 3 3
363 3 3 3 3 3 3 3 3 3 3 3 3 3 3
373 3 3 3 3 3 3 3 3 3 3 3 3 3 3
383 3 3 3 3 3 3 3 3 3 3 3 3 3 3
AARAARAAAAAAAAAARAAAAAARAARAARAAAAARAAAAAAAAAAAAARAAAAS i AAA
3TOTAL 2 743 84 3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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NOMINAL OPERATION at Temperature zC 50.1 and Overvoltage 1.00

3 3
3 Qutput Power on Load W:49.3 Output Power of Transfor. W:49.3 =3
3 Cu Losses W:9.5 Fe-Losses active w:l. 3
3 Short-Circuit-Volt. cold %:63.15 Regulation %:52.72 3
3 Instantaneous pow. .5/95& W:28.6 Efficiency of Transformer %:82.44 3
2 dT Fe average Surface ¢K:21.4 dT primary oK:24.4 3
3 dT Case aver. Surface oK:. dT secondary gK:25.9 3
3 3
3 9.591& 68.41é 92.6 V 14.09é 48.68¢ 78.6 V -38.3 g3
3 5.13 % 36.6 % 77.2 % 7.54 % 26.05% 65.48 % 3
3 fAAAiiiiAAAAUUUUAAAAAAAAAAAAAAAAAAAA+iiiAAAAUUUUAAAAAAAAAAAAAAAAAO 3
3 1 3 3 L:J 125.2 & 3 3
3 186.9 é 3 3 3 éuv 33
3 120. V 8575 & + 16954 é U 7205 & U é3 3
32 100 % 4587. % + 0@l 0 3854. % UA; 1913
3 3 .156 nF3 . mH 125.2 &3 3 33
s 642 A S S S .67 A AK s s
3 TAAAAAAA<AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA<AAAAAAAAAAAAAAAAAAAAAAAAY 3
3 102.3 % 243 T 100 % 3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

DUTY CYCLE OPERATION at Amb.Temperature gC 25. and Overvoltage 1.00
dT Fe average Surface 9K:21.4 dT primary oK:=24.4
dT Geh"use av. Surface oK

»5w @ o
oW

AAAAAA

NO LOAD OPERATION at Amb Temperature aC 25 and Overvoltage 1. 00

3 3
3 Losses active W:1.45 Losses reactive VAr:1.4 =3
3 Current factor %:2.62 Induction T:.312 3
3 dT Fe average Surface oK:4. dT primary eK:3.8 3
3 dT Geh,use av. Surface oK:. Rezonance frequency kHz:2.9 =

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAARAAAAAAAAAAAAAAA

3 SHORT-CIRCUIT OPERATION at Amb.Temperature ¢C 25. and Overvoltage 1.003
3 Losses active W:21.01 Losses reactive VAr:120.1 3
2 Current factor cold %:158.4 Induction T:.132 =3
2 dT Fe average Surface 9¢K:44.2 dT primary pK=52.5 3
3 dT Geh,,use av. Surface oK:. dT secondary 2K:56.3 3

\

AAAAAAAAAAAAAAAAAAAAAAAAAAAARAAARAAAARAARAAAAAAAAAAAAARAAAAAARAAAAAAAAARAAAA

3PRIMARY (Tap:1 ) 1---- 2-——- 3———- 4—---5 6 7---- 8 3
3Voltage Input/Output V:120. 3
30ut. Voltage no load V: 3
3Current Input/Output A:0.642 3
3Load on output é: 3
3Power factor of load : 3
3Current in segment A:0.642 3
3Current density A/in~2:1006. 3
3lcc-Current cold A:1.02 3
3lo -Current A:0.017 3
3Inrush Current peak "A:0. 3
3Inrush Current rms A:0. 3
3Cu-Losses w:4. 3
3Resistance cold é:8.502 3
3Reactance €:68.41 3

3

3Eddy-Current Factor ~ :1.01
AARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3SECONDARY 1---- 2-——- 3-——- 4-——- 5 6 7---- 8
30utput Voltage Vv:9.93
3Qutput Current A:4.965
3Qut. Voltage no load V:15.05
3Sec. Voltage :9.93
3Sec. Current 14.965
3Current density A/in"2:1371.
3Sec. Voltage cold V:10.1
é

\

v > <

3Load on output 2.

3power factor of load :1.000
3lcc cold A:7.91
3Cu-Losses warm W:5.55
3Resistance cold é:.1897
3Reactance é:.7776
3Eddy—Current Factor :1.06

éiwwwwwwwwwwwmwwww




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

| |




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

UARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAARAAAAAAAAAAAARAA,,

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3 Name :1 X El 250/(3) 3
3 Steel -:M19 Gauge 26 / 0.0185" 3
3 3
3 Number of Sections -:3 3
3 max.Cu-Fill Factor %:90. 3
3 max. parallel Wires 2 3
3 3
3 Induction on Load T:1.215 3
3 Max. Induction T:1.235 3
3 3
3 Max.Cu-Temp.rise on load gK:111. 3
3 Max.Cu-Temp.rise no-load @K:21.1 3
3 Regulation %:3.1 3
3 3
3 I™Inrush/1”nom-Factor *:10.1 3
2 Input Current No-Load %:2.6 3

AAAAAAAARAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAT



UARAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAARAAAAAAAARAAAAAAAAAAAAAAAARAAARAA,,

307-28-2008/19:27:04/14 .43 Input and Circuit Page 1 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAARRAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAARRRAAA”
3PRIMARY U(v) I(A)3SECOND. 1--- 2--- 3--- 4--- 5--- 6--- 7--- 8---3
3Circuit-:1 346. 3Circuit-:11 3
30vervit*:1.00 . 3Volta. V:24. 3
3Wire :0.0 . 3Curre. A:100. 3
31/L. mil:5. B 3Wire :3 3
31/E. mil:0. - 31/L mil:0.0 3
3Formfac.:1.11 . 31/E mil:12.0 3
3Fre.Hz:60 B 3 3
3di/lo  :100 . 3 3
AAAAAAAAAAAAAAAAAAAAAAAAARAARRAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAARARRAAA”
3Regulat. %:50.0 3Steel -:28 3Cooling *:1.00 3Bobbin -:3 3
3Udiode V:0.8 3Induction T:1.21 3Force ft/s:0.00 3P/S-Order -:2 3
3dUdiode V:.1 3Remanence *:0.35 3Bracket -:1 3Rac/Rdc *:1.10 3
3Ripple %:5. 3W/kg *:1.00 3Radiator -:0 3Space *:2.00 3
3Tmp. Amb.gC:40  3VAr/kg *:1.00 3Chassis -:1.00 3Vertical -:1 3
3Tmp.rise gK:115 3Gap *:1.00 3Channel in:0.00 3Horizontal -:1 3
3Time 1 Min:1.0 3Annealed -:0 3Cu-Surface*:1.00 3Impregnat. -:2 3
3lLoad 1 *:2.0 3Stacking *:1.00 3Rth-varni.*:1.00 3Spread %:0 3
3Time 2 Min:9.0 S3Hole - 3Rth-comp. *:2.00 3Selection -:1 3
3Load 2 *:1.0 3Assembly -: 3Case -:0 3Criterion -:2 3
AAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3CIRCUIT: A 3
3 SUAATAAAAAAARRAATAAAAARRAAAA,; 3
3 30 UA; 24. vV 3
3 3() 3 3 3
3 30 AAD  100. A 3
3 3RAATAAAAAAAAAAA TAAAAAAAAAAAU 3
3 3 3
3 3 V 3
3 3 3
3 3 A 3
3 3 3
3 3 3
3 3 Vv 3
3 3 3
3 3 A 3
s 346. V A TARAAAUS s
3 U3 3
3 0= Vv 3
3 0= 3
3 0= A 3
3 03 3
3 U3 3
3 0= Vv 3
3 0= 3
3 03 A 3
3 03 3
3 TAAAAARS 3
3 3 Vv 3
3 3 3
3 3 A 3
3 3 3
3 3 3
3 3 V 3
3 3 3
3 3 A 3
3 3 3
3 3 3
3 3 V 3
3 3 3
3 3 A 3
3 3 3

AAARAAARAAAAAAAAAAAARAAARAAAAAAAARAAARAAAAAAAARAAARAAAARAAAAAAAAAAAARAAAAAD
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307-28-2008/19:27:04 CORE / BOBBIN / STEEL / CASE Page 2 3
AAAAAAAAAAAARAAAAAAAAARAAAAAAAAAARRAAAAAAAAARAAAAAAAAAAARAAAAAAAAARAAAAAA”
3 Name S1XEl 250/(3) 3
3 Steel :M19 Gauge 26 / 0.0185" /18.5 3
3 AFABA A ABAF~ A D -~ Weight 1b:30.55 3
3 A UAAAAAAAAARAAAARAAAARA:;  00000- Gap total in:0.000 3
3 E 316G i 3 ©ooocoo A-Limb in:2.50 3
3 A = UAAAg UAAA, 3  ©oocoo00 B-Width in:1.25 3
3 3 3 3 3 3 3 000000 C_Height in:3_75 3
3 C 3 3 3 3 3 3 000000 D_Stack i n: 3 . 00 3
3 3 3 3 3 3 3 000000 E_Yoke 1 in:1_25 3
3 A = ARAAD AAAA) 3  oooooo F-Yoke 2 in:1.25 3
3 E 31 i 3 ©ooocoo G-Hole in:0.333 3
3 A AARAAAAAAAAAAAAAAAAAAAU  OPDDDY% Radiator Fin :0 3
3 Radiator Chan. :0 3
3 A a2 - A d2 i al cm:2.75 =
3 N TT»0000000ETT  NINT»UUUUOUETNIN a2 cm:4.93 3
s °Q0U000de 3 3 °00000de S S di on'3.25 3
3 | °eyuuuyuye 3p3goeyyuuuyessp3 d2 cm 5.93 3
3 200000009 3 3 o(Jggu0ge = = 1 cm:3.48 3
3 T TTVRRRRRARRETT  TITI%RRRRRREITIT Ip cm: 3
3 A a1 - A d1 - Is cm: 3
3 Margin cm:0.14 S
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR”
3 X- Length 1 in:

3 Y- Width 1 in:

3 Z- Height 1 in:

3 x- Length 2 in:

3 y- Width 2 in:

3 z- Height 2 in:

3 w- Thickness in:

3 Material

3 Potted

3

3

3

3

3

3

3

3

W W wwwowowowowowowwowowowowow

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR”
3 3Typ 3W|ndun3MTI3 DN 3 DN 3Par 3 D/f 3 B/i 3 W/L3 L 3I/L3I/E3We|ght3RWH3
3 3 3 3 3 mil 3 mil 3 3 SmilSmil3 1b 3 % 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
313 1 3224. 3C00312.5312.531 376.3 376.3 342 35.235. 3. 35362 349.3

323 3 3 3 3 3 3 3 3 3 3 3 3 3 3
333 3 3 3 3 3 3 3 3 3 3 3 3 3 3
343 3 3 3 3 3 3 3 3 3 3 3 3 3 3
353 3 3 3 3 3 3 3 3 3 3 3 3 3 3
363 3 3 3 3 3 3 3 3 3 3 3 3 3 3
373 3 3 3 3 3 3 3 3 3 3 3 3 3 3
383 3 3 3 3 3 3 3 3 3 3 3 3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
313 11 316.0 3C1135.0 35.0 32 3182. 3182. 317 31.83. 312.34.513 340.3
323 3 3 3 3 3 3 3
333
343
353
363
373
383 3 3 3 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAARAAAAAAARAAAAAAAAA”
3TOTAL 9.876 90.3
ARAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAARAAAAAAAAAAARARAAD

W
(]
W
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UARAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAARAAAAAAAARAAAAAAAAAAAAAAAARAAARAA,,

307-28-2008/19:27:04 General Data Page 3 3
AAAAAAAAAAAARAAAAAAAAARAAAAAAAAAARRAAAAAAAAARAAAAAAAAAAARAAAAAAAAARAAAAAA”
3 NOMINAL OPERATION at Temperature gC 118.8 and Overvoltage 1.00 3
3 Qutput Power on Load W:2396. Output Power of Transfor. W:2396. 3
3 Cu Losses W:73.07 Fe-Losses active W:32.42 3
3 Short-Circuit-Volt. cold %:2.77 Regulation %:-3.06 3
3 Instantaneous pow. .5/95& W:5789. Efficiency of Transformer %:95.78 3
3 dT Fe average Surface @K:58.3 dT primary oK:78.9 3
3 dT Case aver. Surface gK:. dT secondary oK:78.7 3
3 3
3 0.781é 0.438é 340.2v 0.632é 0.438é 335.7 V -1.02 @3
3 1.63 % 0.92 % 98.3 % 1.32 % 0.92 % 97.03 % 3
3 |AAAttttAAAAUUUUAAAAAAAAAAAAAAAAAAAAttttAAAAUUUUAAAAAAAAAAAAAAAAAc 3
3 1 3 3 U 47.04 & 33
3 47_82 é 3 3 3 é 3 3
3 346, V 3570 & + 25614 & U 2297 & U és 3
3 100 % 7465. % + 011 U 4802. % UA¢, 191
3 3 1.036 nF3 . mH 47.04 &3 3 33
3 7.235 A 3 3 3 7.137 A AAU 33
E TARAAAAA<AAARAAAAAAAAAAAAAAAAAAAAAARAAAA<AAAAARAAAAAAAAAARAAAAAAAD =
s 101.4 % 1.215T 100 % 3

ARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

3 DUTY CYCLE OPERATION at Amb.Temperature ¢C 40. and Overvoltage 1.00 3
3 dT Fe average Surface gK:77.7 dT primary pK:111. 3
3 dT Geh,use av. Surface oK:. dT secondary 2K:110.7 3
AAAAAAAAAAARRAAAAAAAAARAAAAAAAAAARRAAAAAAAAARAAAAAAAAAARRAAAAAAAAARAAAAAA”
3 NO LOAD OPERATION at Amb.Temperature gC 40. and Overvoltage 1.00 3
3 Losses active W:33.56 Losses reactive VAr:56.52 3
3 Current factor %:2.63 Induction T:1.235 3
2 dT Fe average Surface 9K:26. dT primary gK:21.1 S
3 dT Geh,,use av. Surface oK:. Rezonance frequency kHz:2. 3
AAAAAAAAAAAAAAAAAAAAARAAAAAAARAAAAAARAAAAAAAAAAAAAARAAAAAARAAAAAAARAAAAAA
3 SHORT-CIRCUIT OPERATION at Amb.Temperature gC 40. and Overvoltage 1.003
3 Losses active W:67795 Losses reactive VAr:59834 3
3 Current factor cold %:3612. Induction T:.584 =3
3 dT Fe average Surface @K:1477. dT primary 2K:2128. 3
3 dT Geh,,use av. Surface @K:. dT secondary 2K:2690. 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3PRIMARY (Tap:1 ) 1---- 2---- 3-=—= 4-—-= 5—=—= 6---= T--—= 8-———-- 3

3Voltage Input/Output V:346. 3
30ut. Voltage no load V: 3
3Current Input/Output A:7.235 3
3Load on output é: 3
3power factor of load : 3
3Current in segment A:7.235 3
3Current density A/in"2:1582. 3
3lcc-Current cold A:261.3 3
3lo -Current A:0.19 3
3Inrush Current peak "MA:102.9 3
3Inrush Current rms Az47.54 3
3Cu-Losses W:40.9 3
3Resistance cold é:.5559 3
3Reactance 6:.4381 3

3

SEddy-Current Factor = :1.OL . o
AAAAAAAAAAAARAAAAAAAAAAAAARAAAAAAAAAAAARRAAAAAAAAAAAAARAAAAAAAAAAAARRRAAA

3SECONDARY 1---- 2--—- 3--—- 4-——- 5-——- 6--—= 7--—- 8-————- 3
30utput Voltage V:23.98 3
3Qutput Current Az99.91 3
30ut. Voltage no load V:24.7 3
3Sec. Voltage V:23.98 3
3Sec. Current Az99.91 3
3Current density A/in”2:1508. 3
3Sec. Voltage cold V:24.2 3
3Load on output é:.24 3
3power factor of load :1.000 3
3lcc cold A:3657. 3
3Cu-Losses warm W:32.18 3
3Resistance cold é:.0022 3
3Reactance €:.0022 3
3Eddy-Current Factor :1.04 3
SCapacitor mF:. 3

ARRAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAARAAAAAAAAAAAAAAAAAAAAAAU
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“Inductor” Input parameters

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

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

UARAAAAAAAAAAAARAAARAAARAAAAAAAAAAAAAAAARAAAAAAAARAAARAAARAAAARAAARAAARAA,,

3#*0 DIAGNOSIS

Seite 0 3
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Name and Type of the
Steel

Used Space of the Bobbin %: 51.4

Number of wires in parallel :1

Max. Current

Inductance at
Nominal Induction at
Minimal Induction at
Maximal Induction at

Nominal Current Inom
Inductance at Inom
Induction at Inom

Max. dT
Max. dT at Inom
Q_Factor at Inom

Bobbin :3 /1 X El 250/(2_5)
-:M19 Gauge 26 / 0.0185"
at RacRdc : 1.028/0.
Imax A:2.04 20.4 . . . 30.6 . 40.8
Imax mH:62.7 63.3 0. 0. 0. 62.1 0. 61.7
Imax T:0.11 1.14 O. 0. 0. 1.69 0. 2.24
Imax T:0.1 1.02 0. 0. 0. 1.49 0. 1.98
Imax T:0.13 1.33 0. 0. 0. 1.95 0. 2.02
rms A: 7.23
mH: 63.45 Bei Ith™A: 10.19
peak T: .571 Bei Ith”™A: 10.19
oK:54._3
oK:41. at Pcu W: 28.58 and Pfe W: 34.28
449 at Pcu W: 28.58

W W wwwowowwowowowwowowowwowow
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307-28-2008/23:28:57/14 .44 INPUT and OUTPUT Seite 1 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
L(mH) 1(A)3 1--- 2--= 3--= 4-—— 5-—— 6-—= 7--- 8---3

3Schema i1, 61.6 20.43Harmo. -:1 3
3SL-Type *:2. 3Curre. A:7.23 3
3Wire -:0. 3Angle o:0. 3
3In/L mil:5. 3 3
3In/E mil:5. 3 3
3A1/Cu -:1. 3 3
3Fre.Hz:60 3 3
3 3

3Ripple %:10.
AAAAAAAAAAAAARAAAAAAAAAAAAAARAAAAAAAAAAAAAARAAAAAAAAAAAAAARAAAAAAAAAAAAAA”

3Q-Factor :50 3Steel -:28 3Cooling *:1 3Bobbin -:3 3
3Cal.Freq.Hz:60 3Induction T:1.41 3Ventil. m/s:0 3Stomach *:1 3
3L@Freq. -Hz:60 S3Plate -1 3Brackets i1 3Rac/Rdc *:1.05 3
3 :0 3W/kg *:1 3Radiator 0 3Space Fac. *:.9 3
3Amb.Temp.gC:40  3VAr/kg *:1 3Chassis -:1 3Force -:1 3
3Tmp.rise gK:115 3Gap posit.*:1 3Channel in:0. 3Windintech.-:1 3
3Time 1 Min:1 3Annealed -:1 3Cu-Surfac.*:1 SImpregnat. -:2 3
3lLoad 1 *:2 3Stack.Fac.*:1 3Rth-Varn. *:1 3Full Layer -:0 3
3Time 2 Min:9 3Hole :0 3Rth-Comp. *:1 3Selection -:1 3
3Load 2 *:1 3Core Asse.-:2 3Case -:0 3Criteriom -:2 3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

3 Type of the Inductance L=U/leff/él 3
3 3
3 TARAAAAAA++++ AAAAUOO0AAARAAAAAAAAAAARAAAAA 3
3 3 .4280 & 18.84 mH 4022.mH 44.97mH 3 3
3 3 pOY pOY UA,  Bave T: 1.139 =
3 63.31 mH 101 nF pOY pOY 33  PBgap T: 1.015 3
3 3 pUY pUY AAU Bmax T: 1.330 3
3 3 20_4 /\A 3 3 3 3
3 TAAAAAAAA<AAAAAAAAAAAAAARAAAAAAAAAARAAAAAAU 3

SAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAARAAAAAAARAAAAAAARAAAAAARAAAAAAARAAAAA

2 Nominal operation mode at the temperature gC 81.03 3
2 Nominal current Inom rms A:z7.23 Peak current of Inom ~A:10.19 3
3 Al/Cu Losses/phase W:28.58 Steel Losses/phase(activ) W:34.28 3
3 Addy current losses factor :1.028 Q-Factor 144.87 3
3 dT Fe (average) 2K:35.88 dT Winding (hot spot) “"gK:41.03 3
3 dT Case (average) 2K:0.0 dT Windig (average) 2K:40.70 3
3 3
3 TAAAAAAAA++++AAAADUO0AAAAAAARAAAARAAARAAAR, 3
3 3 .5318 & 18.78 mH 5034.mH 45.07mH 432.2é 3
3 3 pOY pOY UA; Bave T: 0.571 3
3 63.45 mH Ial nF pOy pay 33 Bgap T: 0.508 3
3 3 pOY pOY AAU  Bmax T: 0.666 3
3 3 10.19 MA 3 3 3 Bx T: 0.033 3
3 TAAAARAAA<AAAAAAAAAARAAAAAAARAAAAAARAAAAAAU By T: 0.014 3
3 3
2 Harmonics :1. 0. 0. 0. 0. 0. 0. 0. 3
3 Current rms A:7.23 . - - - - - 3
3 Al/Cu Losses W:28.58 . . - 0. . - 3
3 Fe-Losses W:34.28 . 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAA
3 Duty cycle operation mode at the amboent temperature gC 94.30 3
3 dT Steel (average) 2K:43.90 dT Winding (hot spot) 9K:54.30 3
3 dT Case (average) 2K:0.0 dT Winding (average) 7K:53.86 3
AAAAAAAAAAAAAARAAAAAAARAAAAAARAAAAAAARAAAAAAARAAAAAARAAAAAAARAAAAAAARAAAA
3 Inductance and induction at the |mpressed peak current 3
3 Current ~A32.04 320.4 3. 3. - 330.6 3. 340.8 3. 3
3 Induction AT3.113 31.14 3. 3. 3. 31.6913. 32.2433. 3
3 L:Ul/él/ll mH3 3 3 3 3 3 3 3 3 3
3 L=Ul1/é1/leff mH362.75 363.31 30. 30. 30. 362.1330. 361.7830. 3
3 L:aU*t//\l mH3 3 3 3 3 3 3 3 3 3
3 L:dU/él/dl mH3 3 3 3 3 3 3 3 3 3
3 Leaking Ind. mH319.17 318.84 30. 30. 30. 319.4630. 319.6630. =3
3 3

Gap-Induct. mH344.51 344.97 30. 30. =30. 344.0530.  343.7630.
ARRRARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAARAAAAAAAAAAAAAAAAAAAAAAU
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307-28-2008/23:28:57 / BOBBIN / STEEL / CASE / WINDING Seite 2 3
AAAAAAAAAAAARAAAAAAAAARAAAAAAAAAARRAAAAAAAAARAAAAAAAAAAARAAAAAAAAARAAAAAA”
Name :1XEl 250/(2_5) 3
Steel :M19 Gauge 26 / 0.0185" /18.5 3
AFABA A ABAF~ A D -~ Weight 10:25.46 3

A UAAAAAAAAAAAAAAAAAAAAAC 00000 - 3
E 316 i 3 ©ooocoo A-Limb(Dia.) in:2.50 3
A AA6AAAAAAAATAAAAAAAABA~  oooooo B-Width in1.25 3
3 3 3 3 3 3 000000 C_Height in:3_75 3

C AAsA”~  ARA2AA~  AABA~  oooooo D-Stack/Dia. in:2.50 3
3 3 3 3 3 3 000000 E-Yoke i n: 1 . 25 3

A AA4AAAAAAAA3AAAAAAAA4A coooco F-Rearyoke in:1.25 3
E i i 3 ©ooocco G-Hole in:0 3
A AAAAAAAAAAAAAAAAAAAAAAU 0OPPPDY Radiator Ribs :0 3
Radiator Chann.:0 3

A a2 - d2 - al cm:2.75 3

A UAAATOO00UOCAAA;,  UAAATOO000UCAAA,, a2 cm:4.93 3
= e000000° S = e000000° S d1 cn 2.75 2

| 3 oQQoodge = = oQ00000e = d2 cm 5.43 3
3 oQpgodle =3 =3 oQ00000e = 1 cm:3.48 3

A AAAATOO0000UCAAAU  AAAAUOOOO0CAAAU Ip cm: 3
A a1 ~ A di1 - Is cm: 3

Margin cm:0.14 S

\AAAAAAAARRAAAAAAAAAARRAAAAAAAAARRAAAAAAAAARAAAAAAAAAAARAAAAAAAAARRRAAAA~
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

rwwwwwwwwwwwwwwwww;wwwwwwwwwwwwwwwwwwwww
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR”
3 3W|ndng3T3AWG 3AWG 3Para3 D/T 2 B/i 3Pitch3 T/L3 L 31/L31/E3Weight3RWH3

3 S mil 3 mil 3 mil 3 3 SmilSmil3 1b 39 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA’
313224. 30312.5312.531 376.3 376.3 3 342.435.283 5.3 5.34.129 351.3

323 3 3 3 3 3 3 3 3 3 3 3 3 3 3
333 3 3 3 3 3 3 3 3 3 3 3 3 3 3
343 3 3 3 3 3 3 3 3 3 3 3 3 3 3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

30rder 3 3
3 3 3 3 3 3 3 3 3 3
3Layer3 3 3 3 3 3 3 3 3 3
3Turns 3 3 3 3 3 3 3 3 3

RAAAAAAAAAAAAAAAAAAAAARAARAAAAAAARAAAAAAAAAARAAAAAAAAAAARAAAAAAAAARAAAAAA”
3Position3 1 3 2 3 3
3Gap in3 0.11 3 0. 3 0.

AAAAAAAAARAAAAAAAAARAAAAAAAAAARAA

3Voltag.V3 34.22 3 345.3 3 0. 3 508.3 3 0.
3Curren.A3 1.446 3 14.46 3 0. 3 21.70 3 0. 3 28.93 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

30rder : Date :07-28-2008 3
3Customer : Time :23:28:57 3
3Remarks : 3
3 3

AAAAAAAARAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAD
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