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Unified Design Methed for Toreoidal Transformer
and its Optimal Algorithm
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Abstract

This study proposes a unified method to disign toroidal transformer and its optimal design algorithm.
This unified design method was derived from the fundamental equation of power on the basis of elec-
tromagnetic energy of a core and the definition of three parameters(K,, Kz, K.) that influence the
form of a core and the ratio of a core and coil. Accordingly this design method condenses the whole
data for design of toroidal transformer to a standard variable which is the inner diameter of a core.

The minimal cost, weight and volume values of the transformer were computed by means of the al-
gorithm to search the optimal values of the parameters. Furthermore, through the CAD, the efficiency

of this unified design method and optimal algorithm proposed in this paper was confirmed.
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Fig. 1. The energy conversion of transformer.
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Fig. 2. the cross section of toroidal transformer.

80 (302)

i» Hm Da(FEE Do)t Ac8] 4740tk G714 4
(2—12)9} o] wiAAF K, Ko, KuE A3
A 99 479 Wy FEERYC] Ielnz
EY¥ise ME BHEET ded o =9
HWTE AAS 7EFdF23E WUl RE
AQe o FlEMsdl st —Fmoz A
gk

ki =Dp/D; weerererrereernnneaneienannd (2—12)

kzsz/Dm

K.=A./A.

aga A(2-12)0A =otet IUF] #H
RREE S HEa8E Kie 39 TRFRK
(fill factor)o)] FHE 3o} A.x= ZHEE(window
area) 02 FolAfAlo] miEel™, Acav o}
of 7 ZAdY AR L Hmfiolth ol| =
do] MR Eo] BrEfE Acas AAHQ] #ERe
it Acol, ERMES TH I3 @S
BE LAkE Kol 9 sty

An=/Ac K vorerrrmeorarennianinn.. (2—13)
7t ok KR K. EZol= oAt
LES AFZA TIERe] HIR ostad 0.5
TvE 0758 = Alojol A g& Heh
o714

Di: 3o} A D, : Zo} A%

H. : 2o} Fo] To: 249 7 574
D, : 2o} EmEi& 18

Al 7YY B

25 HEHA

AR A Kotk K, 233 K8 8
&, Hote] AV FHE AAA:= HEB
#HES ol &3t HABRES 1949 2o

o7ldE Zote] A DiE 7IZEFE Wsl

EtE Adso. 29 244 Holo
it

mJ7¢] Date (ZEAESER. B &
% 4 % 8 —DD,D.H.A. (— Tl FH
(K,Kz,K,) hoE—

O3 3. Hatr|e dA 23
Fig. 3. the design process of transformer.

HREA - BR ARG



ER0|S8 wepy|o| YMAE MAYR 1 AHS dU2F

An=Dn Hn
=K 2 Ky DZereerrerereeraerenn. (2—14)
o2 FolAH, 2-7TRF (2-14)R A
D2=P/(y 21 Kn Ki# Ky N 1{Bp +-(2—15)
o2 ARTY. oju oAl Zd7el AHEARAGK
=2 497 938ld X(2—11)E NI wiste] A
gsn R@2—-12)% A(2-13)E UYstd =
Wk il
NI=A.(J/2)
=(K. K. Ky J:)/2
o8 Fojxoh E Foto] FAUFH A.e

Ay=(7 DP)/4 coererererermmmmmaniannnnnens (2—17)
olEE T/
NI=(K, K 1 D? J;) /8 rrreeesenennenes (2—18)

o} "t} watx (2—15)R T (2—18) KA
Di4=(4\/—2— P)/(Km K12 Kz Kw Kc 7’.'2) (f Bm JI)

%cﬂ{ﬂ 9 4o F:ole WIE DiE 7
st Wt7)e) AgH olduE A
AW FE, bgty] dAld ded &
Z3Eo vy mEA Do) 242

*ﬂwu AAE drstnz, 948 o
B Ezol=yg Wiy dAYMeR A%

»Er&ku
a_-g%m

ﬂllﬂ

;-;oadsrﬁﬂlo

g%
s

2.6 mMorst MAHYO| <& CAD

HE1% 2L A%e e BREM ER=R

Wet7l g A oA HARKE EE
9] Z+ K,=04, K,=2, K,=0.759} o] £z}
o A2-19)2 Agd HAHE JEHes
st 1849 2e CADNEsEEC 2siA
Wyl S #EtstAth 2 HRERE k29 2o
M AdfY HAAEE AgFoEN w7 A
d B Fols} A9 dojelE HA €& F

AN A7 CADEEZ"%% CEEE FX
]_:l

s FER S fidEal 4 o}
— Function
specification
of trans
data( )
parameter =
inner dia- i
calculation clel( )
meter D;
Dg,De,Hen .
calculation
T, Wy,cost
print
\_)CH.K

L out( )

24 BERo| M MSSERT
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Table 2. The calculated results depending on the
specification of table 1.
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Table 1. The specification of transformer. N,=1479.40 =7 T[mm]=6.15
Alvolt] V=100 V,=400.00 d[mm]=1.16 2A4 W,[gr]=831.31
Current[ A] [ =5.26 L,=1.25 do[mm ] =0.56 By Vem?]=95.55
Power[W] P,=526.32 P,=500.00 % J.[A/m?]4.99 7+ A [2]1=2493.92
Frequency[ Hz] f =60.00 Net A[mm®]=741.04
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Fig. 5. The optimized signal flow-chart.
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Table 3. The calculated values depending on the
weight functions.

W, W, W, 1,0,0(1,1,2|1,1,0| 0,1, 0
BAELY] 3599.36 | 3613.69 | 3613.69 | 3889.11
2Al[gram] | 1975.34 | 1916.06 | 1916.70 | 1835.78
29 [em?] 248.55 | 240.06 | 240.07 | 225.97
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Table 4. The performance indices depending on K|,

KaKy (& Wi=1, W=1, W,=0)
itrt jperformance index| K, K. K.
1 | 17424411.1834 | 0.4167 | 1.7500 | 0.6583
2 | 17038493.9881 | 0.5611 | 1.4722 | 0.7194
3 | 16797313.1786 | 0.5130 | 1.5648 | 0.7398
4 16753808.9408 | 0.5130 | 1.5957 | 0.7466
5 | 16739764.4508 | 0.5130 | 1.6060 | 0.7489
6 | 16734843.8597 | 0.5147 | 1.6094 | 0.7496
7 | 16733276.8757 | 0.5153 | 1.6105 | 0.7499
8 16732762.4667 | 0.5155 | 1.6109 | 0.7500
9 | 16732592.7314 | 0.5155 | 1.6110 | 0.7500
10 | 16732537.6414 | 0.5155 | 1.6111 | 0.7500
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Table 5. The optimized values of transformer de-
pending on the specification of the table
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Table 6. The comparison between table 2 and table
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