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A Study on Coreless Electronic Transformer

Jae Hyun Seo

Department of Control and Instrumentation Engineering,
The Graduate School,
Pukyong National University

Abstract

A coreless electronic transformer is proposed. Conventional iron cored transformer is heavy and
bulky and it has substantial amount of no load loss. On the other hand, electronic transformer can
be made of negligible no load loss and is small size and lightweight. It's power stage consists of
rectifier and PWM inverter. Electronic transformer(ET) has four operational modes: when both switch
Q1 and Q4 are on, ET is the 1st mode-state and when Q1 is off and Q4 is on, the 2nd mode. 3rd
and 4th modes are happened and also alternated in another period of 60Hz. ET's 1st and 3rd modes
are flowing energy from source to load of ET, otherwise, 2nd mode and 4th mode is free-wheering
state of power. this is easily modeled to conventional Buck converter; therefore, output voltage is
controlled by duty ratio, D. ET's control board consists of power supply circuit, gate signal
generation circuits and PWM controller. Power supply circuit is operating when ET is loaded, but not
operating when no load. So ET’s power assumption is very small, that is 1 Watt below, in no load.
Therefore, ET's standby power is 1 watt below. This is matched with korea’s power strategy,
Standbykorea 2010 that home appliance’s standby power to be 1 watt below until 2010 year. Gate
signal generation circuit makes gate signal for inverter switch Q1~Q4, and it's mechanism is very
simple and consists of general logic gate chips can easily buy in market So it goes down ET’s
manufacturing cost. In this paper, a novel coreless transformer is proposed, then it's detailed analysis,
simulative and experimental results are presented. Simulation is performed using Orcad’s Pspice
program version 103 and it's results show matched with experimental results. In this paper, I
experimented ET’s operation by resistive load and DC motor, juice-maker about 250watts assumption
and showed experimental results of less heat loss of improved power stage using with additional
anti-parallel diode and total harmonic distortion, THD of ET’s output voltage compared with 220Volt
input line of ET. Proposed ET is thought to be suitable for applications where the operation duty is
low.
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SE¥ss S43A dten ddFHez do] 1T HAM YEEd. =3 H
duoz FE3 A7 HsRh

ey

w—

4.2.3 EMl(electromagnetic interference)

=AM ALE ETE ¢ 80kHze|l = AF3A-E 7IA PWMZIYE 9
g3nz A9AA 9 EMIS nest %S 4 o EMIE =& dv/dts} di/dt
o o YA Aoz FHA Ao oA FF}E Fo|7] I B2 AFE
o] WP=A}. dwrH oz Ajfoly HF/E Y o 293 FFAE Ae &%
E 29 A 7Y (soft switching)o] dv/dte} di/dt7} E]E7] wj&o &AZE 243
AWEE0] ®olZE HA WEde AoE LA U 2XE 29HH =
293 (hard switching)e ¥ad A5 F3d o Yo AS 2=E
293 27t $493 A5 S 2A0 28y e 29F JHERY AZE 29
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o] o ¥& EMIL /M2 75AE doen, 333 99E0MHzo M E &
A% Aol JetgARE AF g QB0MHzol)A e F 354 Aelzt 28] A
A @the A7/ yehya Qo). geMETE 729 Alojzh 2dstn ixe A
o) 2AZ olgsol St 2ZE 29 W o 88A % HEL Hx= 37
A3 PWM7IH S o] &3

E3 ETolAN AHE3 EMIAAE o] shte AU AL Aot 2uue
2939 #5 dv/dt} di/dtS $3A)717) Wl 2UHE AMEEA ok
¢ Wro EMIZ AXdEE Aoz g#A a9 B =FdM AEE 2ube
8 .9% Auyujelng dv/dtr}l AFHCH

ETolX A1&3 2 371x wie EWA2H ACE Ay foje=
(resistor-diode network)E F71ge 24 EWAAH FHAAFE At EWA
2E7F | - 2HE AZE AASEA = AFY di/dtE ATE Aojh of
t EWA2HY =3 AFY v AolEAYGY vy wWEo|th. ¥Adg
EWALEI} B - 2THE AL ACJEARI FolL =8 F3) F3] A A(sink)
Hoz Y gty EAA2EHY 9 - 29 d o RFeAR(di/d)E AT
24 EMIZ /A4 Fch o] WEe EMIE Zolx didl 243 &48 2937 #
ol A5&A 2 AoE AYS FE 5 gln F /A9 P& FFAG

424 23iHEo| w2 FXete| w3t
=5 AAY EJ2FrE 7|89 FJEJ2IE N o] JFEZ ALH

(open-loop system)o.2 AAEHUTH b AP Hge Z7I7F WEEHAY g2
2 Byl W o A4 Az @38l v A4 ao. 71E9
ER2AIvole W(Tap)2 HAsA 2HALE AT ALE A4 ERJ2NE
He 93 2o 2PAWE 2FF - Ade 7Isol ded 2L 33-AM AF
%ol /& (Duty ratio)s ZHste Hojth eyt A7]dqA LAE P2
FRE&E AN FHE FHENA ARE USRS e EHAAGY ¥
3} AL

BaE AYRed Hx AAS 2R3 500 JFoz duled A3 5009
A GAEE AAHT 1Y 202 AT g ALY WEE vehdn.
B =59 Eldx¥ves ALFFI29 54 AR AUAA A HA
HeXEY PHozHy AFHL FFLA XU dEd ERAIHE TN
4 QA Fh. Ao oJaa RaAFg o] oF 600Q9] HEHAAE EWLEH
9 & g9t ayug B =FdA AU Zogde WA EWR2IHE
tadstn Yo Rato] Sg3rinte 5 PIFE A 83 3ol H
gAsicty Badn.
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a9 20 REpEE e FHAG] W

425 &% nxu}l o (total harmonic distortion, THD)

AL ZoQe AAA ERxIne FHAYGL &5 FEAU} ol Uy
Bel agoz A3 ot HLGHES ZHA 2 Aok mebA JAWHY d%E 7t
F8 & e 27HA 84F Jked F 1x9 J(THD)E 33 Ryt &9
A9 HYE FYo Fdoz yehd gL 2o

vp = _122:3 Vopsinnwgt (22)

o7]4 Von nxt nzw &9 HIAAFEL veldo. S¥AG £3d 1=
e 7189E AP UnA BEE nxve g dAgelt oA #ad, 1=
o FES @A YAY dAag Voot 7[EFe HEHY Vol Aol2AM, &

g9 £ 1x3 93 (total harmonic distortion, THD)S 7|23 A& A<l
3 1z JE ¥E2 Jepdo
Va— V3
THD, = 4| —2—52 (23)
Vou
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49 93 49 B =89 2ojgle AR EA2Ere HAY F 2
z3} AT THD) 63%0.2 Uehdth 3, 71&50] 7FaM nz0e) g
o] 63% ¢ EBTh 2a} 74 BN FEHE TAEAY AAYIE 3
23} go]l TP gomz 20V At @ %THDE Z33tth & =F
o9 Folgle AAY EA2EHY Yoz ArbEE 20V ALY %THDE
36%2H AAAARE ol AP ulgel nEAs TR Ade AL T £
itk Wepd EdxEele] 2] %THDAA JPAYY TAE st
%THDE % go] £ =RolA Add Ed2Tulsl BYAIE nz2s 48] 8
o1 2 % Yok 282 4PYoE Tolge AR EBLTrie FYAL
%THDE 27%°|th. & 45 M FFae 20V 41%H Zolgle R4 &
B2EHY 2ALe] P $THDZS Uehdth 19 21 19 2% 20V 4
AT B = ALl G nE YRoTh.

¥ 4 %THD
%THD in 220V line voltage .
. %THD in the output of ET
: input of ET
3.6% ( 211V RMS ) 6.3% ( 101V RMS )
100
75
()
I
[
® 50
25
0 - m m
1 6 11 16 21 26

harmonic number

I8 21 20VEAR/MEILEHY JHAY) Y] nx9 HE
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100

75

%THC

25

0 - - Py - -

1 6 11 16 21 26
harmonic number

39 22 Folgle A EI2En Y FHARS] 29 HE

a9 238 32389 127 99 AolE 23N JYAYQRAVAOL A5
A R39) FHAUFY(Vepy)T UCBBELANA B ARFINEAR(V,. ) B
oZoh o] AGEe] vlmrle FH R d¥goz 7 Artdd Hwrle &Y
AL (Veomp) T 218 240 YehAT AALHAN e 2@l BRo] Be k0]
zA48o] XA & 2AEL xojzd BAR FAFHeE FFIAAY. °f
vlw7)e) FY AL JK/FFe] 2837t 51 Al 1/287]9 60Hze ¥
A3zt 4.

JK/FFo] M& 9} 1@ 259 PWMAE7} AND gate ICo) FsiAM ztzte] 29
219] AolE AF7} Aot 29X AVIHE AllE A3 E 18 260] YERIA
o} 29A Q29F Q40 AVIEE AlClE AEE 1Y 269 94T W Alo]F A4
HAS ¥ Y3t ad 278 48AM 0)F EFHN v,)E HERdT. o7]e)
A E8A%te] YEAE UL LCHEI AAAEH o]l 7] wolch. AA
AP E T/FES 058 4 2/ S o EPHYgo] dPALe] AP
7} Hodoh ol A9 XAxte} "W QAGE o3 F HMYAEI Dot
ffolel wddc 19 282 EWA2E 2 -3 FAA =g-kx AY
(vp)@ YE ) JHYH AF(7/)9 E&S vehdoh 29 794 Bxo] 133
9l ¥ (Buck)AWE ot 13 29 29X7} | - 29 w9 =g I FFH(ip)
¢} =@Ql-22 Mg vehdth =8 93 AR(i)E tole=e IBAFE
A 29Kd #d8E ARl =HA-22AM v )T E A2 AR(H)
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TEFEY WAl &9 &4H(switching loss)o] Hu =9xje] gHoZ F=2
24 ddEnh B =FA4 A IZogle EAAXnE I8 2904 B0
Z4zke] 29jA7F =29 (hard switvhing)3tr] wlZo] 293 £4& 37
g 294F Fo4E 734 29 71 ok geb 250 2938 88 o
T 293 &48 29 F U= &ZE 29 (soft switching) 7]&& o] &3lofo}
& Aojth 1Y 302 AU AYH HAF HPojch

a9 31E 2R #YAR(i)Y Aotk 1Y N AFRHI FHW
F'd thA7)(chopper)E 23Z A& wo] - 2HHY 4B L Yeldo & AF
7V 328 EEHY 544 gl dIFHo Jeldt RERAP dojA
2E AAF7E 33 B4l =g7] dEe] £9ALY S HYELe 18 9FL
FA ¥%3 REHE FAAHos T AL ¢ £ YA

Y 332 AYFFIRY TN FHHNV)S AN V) E UHEH RO
Z ETY) %371 7193 @€ mole IXE Frizez % - 9o Xy
7 37 deld RE2EJAHOZRE HYE FFHed 31ddA dFASE
o] ALFFIEZ= UM Ayt 5F AY7A FAE QAR Aoz A
Y& TIFHA & A7} FE3 FIAY 5 Jde ALY @ BAE AAF
t 493%9 H9 FEF 22 98 F3A3. 1 BoA ETe < 1.82F7|=2
ol FHE AHESG AT 3t A7HE W Aois| 2ol Veco] Aol FF
H1 ETe B4 FF43HA dd9. 19 34e FR3A9 ETe &3AY4Y HFolu.
% 35% Zolgle AR ER2E w9 AAE] AA ALzolth AlFoA )

£ REES AHEEIY AAEFS S4397) dE oA E EAATH 7]
wo] Buv =717 A Jdebgd 28y AH3E F8) PCB s} ddd 2
arzle 43%F £9 5 oz #Addd

23 deolA 7|E9 7IFE Zold ERAFr(1 kW)t Agd AN E
P2Ere] 7|38 SH3AT Zold ER2I 9 gi7)AgL ¢ 15 WH
Toli, ALA ETE o 05 W2 FAHAH F0j3 ENR2Frvd b3 ET9 o
7N1AEE 1/32 #428A0. 391y ERLE ] L] A4S tgrjdge) F
7HHe 1EEY, 718y A8% IOy EWIXAInEZ 1 Woldle tirdzg e ¢
717} &ol3tA] &S & 5 o
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EPETUPIPYE IR ST SRR BT IV S P
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5. 248 ¥ &

B =EAME Zojglel 71¥e ER2XH 98-S ¥ £ e AR EWd2IA
& At geA 7€ 738 60Hz ERAEvr 2tw Q| 713 & 9@ F
U Root FFe] FAE HAY F Aok 53] TR ALY EILIvie
7)Aol 1Welsle]7] wj&o) 7|&9] EXAT N Yeidd FFFe F731 o
UA &4¢ M8 5 Aok mex JY Al HE Fotdl sl & =89
EW2THE FFE ojFel Utk BEF AFAA €A 78 & Ue 71E2FHA veA
2ZAEE AHEERY MAUSS ofF 1ds] RN T2 desty B8 ¥
F9 F7 A7l dEe] ARAEEE Y & Joh 2T FREE 2AFe2HA A
&Y A% A7t s

Fojgle AA] ER2Eno] AYGL tole= F{V|G F B AWHE F
AH1 F7HH o2 7€ BuckZHE S o). mehA Atd EJAXH Y A
42 BuckAHEHZ AT = Jor F/EL AFoIHN FYHLE Aojgn.
£ =8dAE 293A Y EWRA2EHY 22§ ol EMIE fd3t= da 35 A
&8 ZAA77] 98 ALE IdHE A 2 E ALAG. VIS dHE =
o AXE A 29 5d 2= FUHFH HIANBRARE 49 L F3o Hm A
AR o).

Aetd A EW2I 09 AlolE IAIHZE JEAHA =fiAZ FA40| 75
A stgem dxe viol38 PEEHE LA Fol FA AFHELE ¥E 5 3
A AASAY ALIFH2E F37E A7HEE AR DS FFI}R TR
Aol AEg FFEA ¢47] WEo) 23 EF2I v TR e FIAE A @

A Hx AA A" drjdFES 194E032 Y 7t Ao

A 2o HAZE AN}AL AFFsG FoMolAE Rz A HF
€ 73U FFE AP S T3 AA 4P AFS AU

29302 A3 BHeE FHALY FEL AQGFAIYHE FAA o= A=
744 HEE A F7F AR/AT G- 2 EL AR AL ERxF A B
&ol] xojzz g 5 Yvin /AP PN e SHAYA g 2x29 J&
& 333 AAAer F nzxv JFE(THD)S 4FALGH Hlmde Jedd
. 22y AF7e FAZ A AA xolzrt BAHE 29 Fiy Yo W
1x3 AEol EFHA A% dFHoE kolzd NP FHE WF2E e
A49E FHHoR &a ko= FAC A MHFE Fopok & Hol FHAAE
A H3 Ao

agln RYE HisEA 29302 Jdi #wAsHe d@@(thermal
management) FA 9 FAL FAE AHE A4 JHx N Fol Bl §
o] BEsh} ol gEate] tig Fule) BE FX7 Frisolol dn IA=wAAE F
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qA MeaFel 4 AHdMx IAE HAUAA 28 F4E + dv dAAY
Fol e7dt A= A2YF A} 7] AAGAdAME J= o] A2"g
T2 A, g8 7HA] xojlzz UM /) FZ Al2"(open-loop system)o.
2 3EE uE Sy AT

Faddd #dsd A EW2EnZA FAEH7] YEiNe tFd Fe) o
% d9ol oFojAHk st=Hl & =EAAE AFFee DCEH Fato] Ui 43
gko] o]Folzth TQEAol & FIHAAZA FFAoY FEA R gol T
F&tol dish d3ol ojoF & ez wddArh
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wArel 2

w07 AL FRIIAT I Aol ZAHYE AVE dAE 1Y F sy
g7 o] =& RE JFE =o| E=HUH

Nuri projectE HI£3] 3w AR FHES 934 o8 7HAZE vtwyl 7He)
NE =28 AxEFAD FaFA d 714 a5dd o] A% asdd J4de
2 Ao B2 =PYUY. a3 BES AE AEH 3R ALFAL
nasy] AL 2484 A3 vr) B s by A9 wFE FotFA
3 QALY Qe MulEAN, 25024 AHE HFA Axzusold H v
37 2SRt Zo] Ao @& =yuch oy Y-S EAA 9HA F 3
=& i FA XE u5EA A 25 =dHUG.

A7be FAYE gy 2 27 AP4A AYE g% 2EWes e F
AEE ToF o 57 7 Y F HZ F9dA agte & A3 &2
T AEL Aol FFF AEJIEC] HIIE VIEFEUD. AAY TI 2 A9
Agg thetdl DSP A3 A9 wj A Auidd 7 5, A EF FHSAdAE 3AL
o] &g AFPYch

agln ddoe] AZE B9 F& AFAdAN FaFEgd = dd, & A, 9
g3, 28x 9 AR, AgARA ] AFH FulEdAE et Ay a8l o
T8 EFY

2 AFAE 719N Agez AYFA AMFske oWuA dAY AL
G2 A o] =8-S =¥UT oy AgH ez 23¢9 ofEo] 3l
S F syt ¥ E38% AFEUY, oH Yt

2 Idz 549, 283 d2ade tug, e ¥4 F5d, 29 1730
A= ZHA} AME Ao

vfxmte 2 AAY g3 At HAm, HEA, EEF UFEA IZAFH
Age g FdAEFE U Al AYA o] =&& =HYT
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