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Abstract: Iron loss and copper loss are basic losses that affect the efficiency of distribution transformers,
especially the occurrence of three-phase load unbalance can also bring additional losses. In order to
maximize the efficiency of distribution transformers, combined with the current unbalanced situations of
three-phase amplitude and power factors in low-voltage power supply and distribution systems,
theoretical analysis is conducted on the factors affecting the efficiency of distribution transformers
through mathematical modeling. The measurement formula for the relationship between three-phase load
unbalance and distribution transformer efficiency is established, and an algorithm based on joint
mechanism for maximizing distribution transformer efficiency is proposed. The proposed theory is
verified and analyzed through numerical examples and experimental methods, and the results show that
the efficiency of distribution transformers can be effectively improved by controlling the neutral line
current. Based on the experimental results, improvement measures have been proposed to maximize the
efficiency of distribution transformers

Key words: loss; mathematical modeling; efficiency of distribution transformers; unbalanced three-phase

load; joint mechanism

EEWH: WA AREReTFRARERIIH (2022D01B64),



30 v HEHE A

2024 4F

][l

0 3l

FORE 2 SR IE F AR TR B R (M G R 2% . G
FAE = AR S AP R A I, B T AR R 2
R K. X TR R AT S, =4
g7 AN 487 58 22 b R AR AE FH P EL g o P )
FH P AR £ N FL I (1 AN 5 P A 3 A — A 7 A
AP ) SRR 35

Hil, CEMEERFEKZ RHZ Dynll
AT Yyn0 B45 5 3001 10 kV B S B R 55 .
10kV B ESRSES . aRx88K, AT
PR R FRERE AR, IR 5 R AE = Mg A
P Rk, AFFURCH AR R A R RIS AT R, X
TR FBRRRA A o E .

VR TEAT A, AR 7R S b 4 AR AE LA
TBITLH: D AFT2 682 6L LB EEIE]
1E17, HEbrRIE 1 & 2) ARKEC RS
A IHRHE R EAE R, AR B R 2D,
3) o FE AR 98 2 3 h S N8 5 B S B e e 1R
BERML DAk S 5 SO L AR T 2R AR AR
K.

MEBEARIRFEA R, IR AEAC L RS 1
BATIRAS A AP AT . v T 385 =0 5 fr A
AT, KA E B R ME 4ERLRE ) (Q/GDW
1519—2014) FE, WAL IR 2% 1 67 far AN P47 2
FIFFE: YynO FEZ6AR IR 2% 64 AN P A KT
15%, FLLHA KT8 28 405E LI 25%;
Dynll 4247 E& M A PHEA KT 25%, F
2R R IR K T AR T A e PR 40% s FITLA,
PRI = AH 7407 A48T DR 3500 T LR T 4 2R 1Y
Fom, o Ak P B AT RE AR R R

SCHR[610 0T T A28 Y- A BRERAN Y-Y $Esk
Ff = K 97 A S P18 5 i FR AR T B PR R S R
(BN, T = AR 2l B A B A, AR A B F AR
JEA RS =M A AP EA SR, X
BR[7108T T AT 10 kv BE HLAR IR 283 AL 1
SN, 193 E AR I SR s g T IX A, IR H
BT AR PR AR I A B WL &5, (HRH
LR SRR R R SCHR[8]X A &
A S PRIs AT AR IEAT T HAR T, RBRA ST
SRR, SCRR[9) R B8 T By 4 A AN 1T (1) 2%

PH S 7 o SCRR[ 10152 5 b 7 B AL SR 1)
AR AR 7 ZERIG L = AR P17, B AR TT 551
AT P RO AT S R BB U . SCHER[11-13]42
KT T AME 7 ok P2 =8 R 88 2850%, (HEk = 5k
BoESr Mo SCER[LATA 70 1 2 T ok 1 A% S92
) T L PR BT 1) 7 71 S 0 = AR AS S AR Ak T 42
RR 2 1% 7 R AE SR TR IR S 2249 . SCHR[15,16]
2t 3 ) 98 A T O 1 EE A Th A e R SE B =
AH P18 38 17 B AR TR AR B A9, AR IR AR SEBR R
SHOT B VEEAR /N, B2 B ok HiAth
AL

YTk, ASEILRC AR SRR RN, A
SCUABC @A SIS Ay M kA, HR T AR T
AR R AR AR I — B B, A 25 AR DG VR B
M o BT R M I FELR R 28 RUOCR (PR A 5
DRI 25 70 Sl A ST AU e TR, A 4445 B FEL AR T
PR KA PTG o X S286 K A5 LA
FEIEE ., A TR, BRSO
R 5AC A R B BCR IR R FETECEILS],
&t S A AR R 28 80 B KA TR B AR

1 EREEFUERRARUEEET

1.1 = EEEREEESRAEHE
PR R AR R E sy A BRI AR AR
AR AR, Bk E R, M. A ER!.
S X A BAR A AR pOR7R s B2 )
AH IR S 8UE I LLAE, B
,B¢:I[—¢><100%, pela,b,el D

X 1, R ISR EIA A B 1 RS ER R
L VETE F AL o
SINEHA T R o FF2

I¢_Iav
ay == x100%, ¢ef{a,b,c} 2
N

:Et[:':‘: Iav %E*HEF:[:@EE?)ZE, ED ]av :(la +Ib +IC>/3 o

a,+a,+a, =0 (3)
X, R IEA P AR, I
%:%- (4)

N

s (D 3) @), AR (2, 7[5



% 8 3] P, F: FARCEEZSAERKUNEET EHL -
= ~—Fo> ’ba (5) 1
2k ?¢/f’bfi—ﬁﬂ0( fe{ij EIC} Feon :fKZ[NZZCU (15)
X 5 v I 3 , H ’?{F:
1.4 SHETTEEEETESR
lBa +/Bb +ﬂc =3ﬂ0 (6) *HT:FT TEEEE.XEﬁﬁ?J *%

XoF T AN Dy 2 DRSS AN P4 1) = AR AN T4
ARG, ZIEABPAHAEFIET] ERIRAN:

ﬂ¢:mx100%, pef{abe} (7)
X PON=HEHIZhE; cosp, NERIEARIIH
1.2 =T EE BT E R

AR E ™, =AY, 2558
BN

P.= i%BﬁG +I’R_+pllR,  (8)

b BONRIRSYA A AFEREG [
AR By SHESRIEIE: G BREFURE; LN
SRR, R WERE: 1, AR A RN
&8s u N L (PR RS ARG R,
N AR e R AT B A P B A AR R
1.3 =N FEEREEERRBR

PPN I8 = AHGRH B R KA
AR, 7., WASE RS [ fe
1 AR IR A R, Poyy =PI AR
A, Py WEAIASTTAR R340, AP, N
B n ] 452

=M, AR R SRR RN

Py =+ R+ 132, (9)

C
=AY, AR R SRR R A
CUY:%3[(13+1b+IC)/3]zZCU (10

P
D] DR = AR AP 4 7= A2 T B AR 452 A -
APCLJ:PCUN_PCUY (1)
PRNMFTAR, B,
APCU :%[(ﬂuz +ﬂb2 +ﬁc2)_31802 ]INZZCU (12)
E X =AM THE N K, H4
K, =p>+p’+p> yelU I, P} (13)
AH: U 1. P 5335 N =0 B faf A48 B2 1) H,
JE. HIRAIIRER.
£ (13) A (12), 71§
APy = (K, =320 (14)

TR () a3 A 9,

TE S AHASPi B A8 R B AR A AP, TT LUK
HA SRR SR, B
AP=P, +P.,, (16)
1 (8 (15) AKX (16), 7[15:

AP= /”L%B;G+Iij +ul’R,, +%KII§ZCU (17)

15 ZHRAFATFEESRBEEERYRLR
AR AR P B R AT A3

P, AP
=22 3100% =(1—
n 1>< 00% =( 2

K NBEBRAIRCR; Py NN
Ky Py NEEBRRATIE,

T (A7) RN (18) AT =FAS Pl i
BRI ERN:

e

Pz +PFe +KK;(INZZCU

M (19) ATLLE H = A A AP K, 5
WHEARZCR 1 KR PAILE AL AR
AR A
1.6 FLEETER[UAEREKRNK

w19 kS, H4 Yo, @

)x100%  (18)

x100% (19)

dK}(
L2z —9
K N cu —
B2 7, 0, RS B AR
B 100% (20)

T "R 4P,
AT, PR, A B AR
. AR BN A IR SRR B, Y
IR R

2 ERTERVEEANUSH

21 ECHREERYRFAUASLIER
TR 0: =ARSAT T4 .

/?\

a,=a,=a,=0 2D
110 (5 &) 2D AKX (13, "I5:
K,=3p7,ye{U,I,P} (22)



32 v HEHE A

2024 4F

A (22) A (17, A5 I A8 e 345
FEAP, .

AP, =P, +%3ﬁ021NZZCU (23)

A ASTA I, SER AT R DAL RAR 3
Pl g B2,

TR 1. —HAME. —HAKER. F=MH
BCF 58

BR: a MHfAME, b AR, o HHRsH
TR, &

a,=—a (24)
o, =0
£ ) A 24), A

ﬂa :a+ﬂ0
B, =—a+p, (25)

B.=0+5
10 (25 RAAX (13), 7I15:
Kl:3ﬂ02+2a2,;(e{U,I,P} (26)
R (26) RN (17D, M HLA AR 2545 4
AR H:
AP =P, +%(3ﬂ02 +20) 327, Q2T

IR 2 —MHARE. FHEATKR.
,TE/%VX_L a*ﬁﬁﬁiy b*ﬁﬁﬁ%, C*Hﬁﬁ%y é'\
a, =a

1
G =75 (28)

1
a,=——a
2

R 5 AR (28), AT
B.=a+p

1
By=—za+/ (29)

1
ﬂc :_Ea-‘rIBO

1 (29 KRN (13D, wIf5:
KZ:3ﬂ02+%a2,;(e{U,1,P} (30D

L (30) AR (17), T A8 R 284 4
AP, Ny

AP2:PFe+%(3ﬁ02+%a2)INzZCU (3D

FR 3 —HHARR. FEATE.
Bek: a fHSMTEE, b AHAATE, o AHSAME, £
a, =2a
a,=a (32)
a.=a
T (5) AN (32), ArfFARH
B, ="2a+
Bo=a+p, (33)
;Bc =a+ﬂo
150 (33) AKX (13), "I15:
K, =3B} +6a’,y e{U,I1,P} (34)
1 34 AN (17D, W28 IR 38
AP, 9:
AP, =P, +%(3ﬂ02+6a2)1N22CU (35)

Fbigat (23) (27) (31) (35) Al%n, HMTh
R—EM, ARG AP R RN -
AP, > AP, > AP, > AP, (36)
2 (36) AN (18), LM el &, L
b 4 PS5 AR B AT FEAR AR AR MR B &
e 73, Jial, Ji2, g0,
2.2 B TERIUEZAULHRES
FIFH STM32 5 v AL 44 da 45 i 452 e 3 ok A2
HesQMpL L — b @R, PT DUAS 2T F AR e 38 2K
R RIS E, HEMIEWR 1 PR,

TS B RARH e—] | TR T

A

A

o RFEREER

e | PWM

A

B RE AT T —> TR

A

1

A HL AR

Bl REYTEELFERKMEALEER
Fig. 1  Structure of the device for maximizing efficiency of

distribution transformers

P 1 R 3 T SR I SR A5 8 A0 A1 1 P R R AR
G I ZHWRIERNIEHR R G ] R GURAE T
3 A S M A e VR SR, SRR SR AR (K
ISR IS8 FFT 224, 45 RN R GRS



% 8 M Weth, &

KB E TR B RER KWL T RN 33

¥ . RGURYE A/D KAFEAEEAT =AU AT
FEITHER, IR = G AN T S A8 R A 00
Ak DN R HE TSR R, U 90 A SR
ST A ARSI EAE TSR T L, T
ARELAGIN P LR R, ORI 2 A AR TR A
TAHMHL . A e BEEEE, WAL
REFHACIRS I A0, WARSGAK M IZEHIE S
L TCIAMERLY, i T DM i) Ty Atk — 25 B
(105 SR 2V K bl i e <

KESLIIEAREY, KRB LIHM2
AT BN 7 RAAMEE RN = AT T D AMe 2%
AT = AHEAMMOIA 7 5, AT DA R FR A e 1k
LRI, TR i F AR HE B8 0 . 1%
PEH RIS 2 FroR .

‘H#I'
[ mewnzs |—  FTen |
l 1

ADFEBOF IR TSI S 6] .
SHRFATHIEK, RGBT HE

FlHiK S5 AT

T AE Y 2

oA

H.
s

He TR SEAT B S A B 5

S RS S b 28 e S
N SRS 2 R AL

SR =R ST
B,

iy}

TR
FHA TG

CPUR HHZE G S T HMERR, B
HI P B AL EAT A M 2 W it ] ) ) S
SEMEVEE, AT S IUAL AR T 4 48 R Bk

B2 ATHEOAH ZINEELEZHERKIMT E
Fig. 2 Algorithm for maximizing the efficiency of

distribution transformers based on joint mechanism
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