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Abstract

A field test method of the operating losses for high-power rectified system is proposed. This me-
thod is suitable for not only conventional rectified unit, but also new rectified unit which is com-
posed of the new rectified transformer, the inductive filter and the rectifier. The topology of the
new rectified system and its principle are described. On-site measurement method of operation
loss for each component is given. The method uses many high-precision & portable power quality
analyzer to synchronously measure the various components loss of the high-power rectified unit.
The overall efficiency of the unit and the efficiency of the various components can be calculated. A
detailed field test result for an industrial site engineering prototype is given to verify the correct-
ness of the test method.
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Figure 1. Topology of the new high-power rectified system
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Figure 2. Winding connection of the new rectified transformer

B2 HAERTERGEERAN

N, N, N

Usen _N_lUA—n = _N_z In-nZnos _N_z Lamem-nZ2n

Usen _E_zuamcmn = _::_z lamem-nZn23 _E_z InnZan

Upan —I:I—jUBn = —E—: lg nZon —E—z lomam-nZan "
Upaon E_zubmam—n = _l’:ll_z Iomam-nZn2s _E_zls-nzm

Ugpn _E_iUCn = _:\\:—i le_nZoz _E_z Lemom-nZ2n

Ugn _E_iucmbmn = _Il:ll_z emom-nZn2s _N_i le_nZan

[FIEE, RS ERE I, TS P 2 Bl R AR AR T 8% ) = A SR WL AT i R



$

K

B RGBT AR M 7 VE 0 7

N N
2 3
IA—n + N Iac n + N Iamcm—n 0
1 1
N
2 3 —
IB—n + N Iba—n + N Ibmalm—n 0 (2)
1 1
N
2 3 —
IC—n + ch—n + Icmbm—n 0
1 1

AR /R E KU HE(KCL), A5 BT Y S AL I 4 %% e AH A A T AR L A0 T

ac-n — Iba—n + Ia—n

= ch—n + Ib—n

cb-n = Iac—n + Ic—n

|
Iba—n
I
| =1 -1

amem-n bmam-n fa—n

©)

-1 fb-n

I bmam-n — | cmbm-n

I, +1

fc—n

=0

cmbm-n amem-n

+ ch—n

+1

ba-n

=0

Ia\mcm—n + Ibmam—n cmbm-n

AR /R R R B (KVL), T3 2T R AR AR T A B I SR 2H S O PRI B A R I T AR I T

(B). (A)ILFIZRAE 1 37 R AR AR I % A2 3 55 W 0 T R R A oy 4t

WP AR HC

u =-U +U

bmam-n am-g-n bm-g-n
Uamcm—n = _Ucm—g—n +Uam—g—n
Ucmbm—n = _me—g—n +Ucm—g—n (4)
Uam—g—n = Ifazfan
me—g—n = Iszfbn
Ucm—g—n = Ifczfcn

M, FET b, WEE—BHE

K@) @RAKXQ) T

N N
Uac—n =-—t IA—nZn21 _N_3 Iam(:m—nZZn
2 2
N N N
Uac—n =—— Iamcm—nzn23 - IA—nZZn +—2(1 fa—nzfan =1 fc—ancn
NZ NZ N3 ( )
N N
Uba—n — IB—nzn21 _N_3 Ibmam—nZZn
2 2
®)
N N N
Uba—n = _N_3 Ik:umam—nzn23 - IB—nZZn +N_2(_I fa—nzfan +1 fb—nszn)
2 2 3
N N
Ucb—n =-—t IC—nZn21 _N_3 Icmbm—nZZn
2 2
N N N
Ucb—n = _N_z Icmbm—nZn23 _N_z IC—nZZn +N—z(_l fb—nszn + Ifc—nzfcn)
X} b AT R A 15



KINZBEG R G ATHHREIIH I 7 20T 5L

N N N
N_l IA—n (ZnZl _ZZn)—f_N_3 Iamcm—n (ZZn - Zn23)+N_2( I fa—nzfan =1 fc—ancn ) =0
2 2 3
N N N
N_1 I B-n (ZnZl _ZZn)+N_3 Ibmelm—n (ZZn _Zn23)+N_2<_I fa—nzfan +1 fb—nszn ) =0 (6)
2 2 3
N N N
N_l IC—n (Zn21 - ZZn)—i_N_3 Icmbm—n (ZZn - Zn23)+N_2(_I fb—anbn +1 fc—nzfcn ) =0
2 2 3
e (), BRI 3 MBHOTH, WZy =2y =2y =2y, A ERITET A,
N N
N_j IA—nzln _N_z Iamcm—n (ZSn +32fn ) =0
N N
N_2 I B—nzln _N_2 Ibma\m—n (Z3n +3Z fn) =0 (7)
1 3
—= IC—nzln _& Icmbm—n (an +3an ) =0
Nl N3
L ENO AW NI WG F
N
NH%+£“
PRSP |
—n N N ac—n
N7321n +N71(Z3n +32fn)
1 3
N
N4%+u”
IB—n == N : N Iba—n (8)
r\T:Zl“ +N—:(z3n +3Z,,)
Eq%+ﬂ“
N, |
le, =—
-n N N cb-n
Rﬁ%ﬁﬁaA“ﬁLﬁ

AR AU SR L S SRR I OC JR, xh BB, WA A O A R R A 3 B Y R U AR
JE 25 P SR AL AR 1 I8 R i A% 3 Bl ik K

N
IA—n N—Z(Z3n +3Z fn ) 1 Iac—n
len [=— 3 X —— |, 9)
_ plj-l20 ba-n
| &Zln+m(z3n+3zfn) 1 ¢
C-n Nl N3 cb-n

SR(O)FRALE 7 7 M0 X U S 5 0 LU 15— VRO PR 6 R e 4 3 B
LGS T R, BN Z, >0, Z, >0, WAL Z, > 2, +32Z, , MRS
JrAF, WA L BMRIZE U, KRN T TG4 o R0 1 PR
2.2. BRAG WP

T RE R — W 5 P A P b TR ), R TE M R e 7 s A (X 0. 3 T R
ORI L HLBG IR T TR 7 1 7N OB UUS B2 T 5 T P L S R R st T — R PR A e
FE. KGR, AR R AR, SR 1 PR RN R & 10— TR % 2 1 T4t

O,



KIFRBR R GIBATHHREIIAN AT 0T T

R BRSO S B AR R, AR IS E R R AT . Bk, ERERGE
MERARST, —BRRHASAHRREBR B, RSN ESFH %,
K 3(a) N =AM B S ANEI[8], B VT, . VT, VT, JEBAMES:, VT, VT, VT, PR 4LE

K 3(b) AR TE . AT, Min/6<aot<m/21F, LU, fm, VT, MIVT, K32 0E A FER
Si8; Y n/2 <ot <5n/6, LR, HE, HE VT, FIVT, K IE F R $98; 24 51/6 < ot < 7n/6
i, 2R U B, AR VT, FIVT, AR A2 DE ) o 1 0

M Tr/6 < ot < 3n/2 W, ZeHIR U, S, AR VT, FIVT, K52 1E A UK 308 24 3n/2 < ot <11n/6
I, L U, Bemr, TAE VT IV, RS IE R BT S8 2411n/6 < ot <13n/6 I, 4R uy, B
TR VT, MV A& SZ IE 7 HUE T 508

2.3. BARERARSENE

JS2FH B R R T 3R B R S AL s s o R AR R 2, R AE SRR AR IR 48 e it Sl 1k
SEPEBE o BEMIPE B A K% O A I AR FEARIE B Se 4 [ S BV B LT, ELAE W Bl A 14T 1 08
i 5T T D Ze M, RORER i A R4 R I F SEBLTRE9]-[11] AR PR B, SEHUAE FR S 3T 1R
222 S B B, 815 5. 7. 11, 13 SF IR AL SR st 400 1 6 1 00 i B A b ARSI 1 2
4.

I G INAR IR AR ISR AL, KB B AR AR IS AR RN, 15 S BRI RHR 2> 5.7
11, 13 KB AR 51 R D8 I S M DB AL BRDE I ST, T R K A R I R s B 42, HLE Y
SCER B M SR I BE R PTN 2, BRILIE R R B3

P 4(a) A IENIIE B AR R I, 1] 4(b) BT T T REEL I (A R S R A SE I

3. MEHESZEHAR

PAFE BN R T 2B R G, N B I & S 5077 [12] [13]. MERGER &R 12 ik
B, [FEHS R S5, IR N AR AR HE S R AR
3.1 BERVENE
TE TV I 00 8 A8 e 43 8GR, @ R A R I s S R I A A, e i SR A2 ) A% 1]
M B, THE AR RS AR,
A 4G N AR, WD RN+ 1 SRR E TR .
FEMIM 228 i e . HLUR B, PRI A RE BB G, IS AN D2 AT B =X (10) 155
ch :Uwcxkuxlwcxki (10)
R0, U, WEMEE, Kk NBE LR, |, ARG, kA R AL,
DB B (0 Th AR, R R R P LRI L, R e g R A 2 R B LS, IR0 AR T
Rl (A5
Pra =U e x T xKige (11)
KQAYF, U, NEREHERE, 1, R8HERR, K, A2 R R AR,
EH T IR0 4 N AR E, DU I 4 B D 2 n] o (12)
Pfc =Nx Pfcl (12)

O,



RINFIER RS IBAT BRI MR TTEW T

VT, VT, VT,
N

VT, VT, VT,

() =HAMF RN

(b) BRBIE

Figure 3. Schematic diagram of the three phase bridge circuits
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Figure 4. The connection diagram of the inductive
filter and the prototype photo
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Figure 5. The prototype of the large-power
rectified system
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Table 1. The efficiency of the transformer (including the filter)
1 MATER(FIEKER)GENEER

A 3198.92
B #H 3252.93
N D% (kW)
CHH 3264.89
MBI 9716.74
R 1 2542.50
TR 2 2380.49
i ThE (kW) TR 3 2397.86
TR 4 2268.86
it 9589.71
FFE(KW) 127.03
B (%) 98.7
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Table 2. The efficiency of the rectifier
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