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Tém tit. Ngay nay, v6i su ra doi cia dong co da pha (s6 pha cao hon 3 pha), truyén dong dién da pha c6
nhidu wu diém d3 duoc dé xuat va chip nhin nhiéu noi trén thé giéi. Tuy nhién, hé thong truyén dong da
pha can nguén dién da pha va thiét bi phat dién da pha hau nhu chua duoc thuong mai hoa trén thi truong.
Véi ky vong cac du an nghién ctru, thiét ké truyén tai dién va truyén dong dién sau pha s& dugc trién khai
tai Khoa Cong ngh¢ Dién, Truong Dai hoc Cong nghiép Tp.HCM, Viét Nam, ching toi e xuét mot giai
phép che tao may bién 4p tao nguon dién 6 pha voi cong suat 3 kVA. May blen ap str dung nguon dién 3
pha c6 san dé phat ra dién xoay chiéu 6 pha. May bién ap c6 mach tir va day quan duoc thiét ké dé phat ra
ngudn dién 6 pha it song hai. Nguon dién khong c6 song hai rat can thiét dé kiém nghiém céc thiét ké ché
tao dong co, hé théng truyén dong dién va truyén tai dién 6 pha.

Tir khéa. May bién ap 6 pha, hé thong dién 6 pha, nhiéu pha, may bién ap, 3 pha dén 6 pha.

1  GIOI THIEU

Tinh wu viét cua hé thong dién nhiéu pha so voi hé théng dién ba pha da dugc ching minh thong qua
viéc phat dién, truyén tai, phan phéi va st dung dién. Téng quat, hai k¥ thuat, cu thé 1a bo chuyén ddi cong
sudt va may blen ap thuong dugc s dung dé phat dién bang cach str dung hé thdng nhiéu pha tir hé thong
dién ba pha co san. Viéc tao ra nguon dién nhiéu pha ¢ tan sd ¢ dinh bang cach sir dung may ap co6 nhirng
wu diém nhét dinh so véi cac bd chuyen ddi cong suét nhu do tin cdy, hiéu qua chi phi, hi¢u suét va do méo
song hai tong thip hon, kha ning chiu 15i tot hon va séng hai thzip va giam dinh mirc cong tac nguon [1-2].

Dit biét hé théng dién 6 pha da dugc nghién ciru cho hé théng truyen tai dién [3-8]. Cong trinh nghlen
ctru cua [3] la phan tich 16i chung, thém nira phén tich 101 khong dbi xtng [4], cting nhu udc lugng sai s6
trong phan tich 18i sir dung chuyén vi mé hinh [5], dé xuit phuong phap phén tich 16i méi [6] va bao vé [7-
8].

Vi nhitng nd luc cai tién k¥ thuat, chuyén doi hé théng dién 3 thanh 5 pha ciing dugc quan tam [9-
12]. Trong [9] dé xuat su d6i méi sir dung ndi ddy may bién 4p dat biét, ndi day Scott [10], phan tich so
sanh cac dang nbi day khac nhau [11], thiét k& va mé hinh [12].

Chuyén dbi h¢ thong dién 3 thanh 7 pha cing dugc nghién clru [13-15]. Nghién ctru may bién 4p 3
pha thanh 7 pha [13], mt huéng nghién ciru vé m6 hinh héa va mé phong may bién ap 3 pha thanh 7 pha
sir dung t6i uu hoa bay dan va thuat toan di truyen dé kiém tra sai s6 dién ap cua tung pha [14], m6 hinh va
nghién ctru thuc nghiém ciia phan bd cong suit trong may bién ap 7 pha dudi diéu kién 15i [15].

Thém nita, sy chuyén doi hé théng dién 3 qua thanh 6 pha ciing dwoc nghién ciru [16-18]. Tbi thiéu
dién ap ché d6 chung (common-mode voltage) [16], ting kha ning truyén tai cong suét [17], may bién ap
3 pha thanh 6 pha duoc tiép cdn mo phong thoi gian thuc [18].

Bai bao phat trién tir [18] ¢6 nhiing diéu méi nhu sau:

(1) Pé xuét mach dién tuong dwong cua may bién ap 6 pha dwa vao toan hoc va ly thuyét ndi ddy may
bién ap;

(ii) Ché tao mdy bién 4p tir 3 pha sang 6 pha c6 cong suat 3 kVA, 220 V;

(i) Bai bao da dé xuit mot giai phap don gian tao ngudn dién 6 pha chat luong cao v6i do méo dang hai
téng dat cac tiéu chuan IEC61000-3-2, EN50160 va IEEE519.

2 PIEN 6 PHA

(o]
Goia, b, ¢, d, e, vaflacac pha cua nguén dién 6 pha, cac pha lan luot s& 1€ch nhau mot géc 0 =60°.
Chon pha a lam gdc
Phuong trinh dién ap cta pha a nhu sau:
u, =U,, sin(wt—0°) )
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Phuong trinh dién ap cta pha b:

u, =U,, sin(et—60°) @)
Phuong trinh dién ap cta pha c:

u, =U,,sin(et-120°) 3)
Phuong trinh dién ap cua pha d:

Uy =U,, sin(wt—180°) @)
Phuong trinh dién ap cia pha e:

U, =U,, sin( ot —240°) (5)
Phuong trinh dién ap cta pha f:

u; =U, sin(at—300°) (6)

Trong d6 U 1a bién do dién ap

lh‘ kL%

u ‘u,

C
Hinh 1. Gian d§ pha dién 4p 6 pha cén bang 5
Dua vao (1)-(6), 6 vector dién ap pha ciia moi pha dugc xay dung trén Hinh 1 ma moi vector nay 1éch
mot goc pha 60° va ciing dwa vao Hinh 1, trong tam giac déu abn c6 phwong trinh nhu sau:

. U ab = U an — U bn
Vay dién ap day bang dién ap pha:
U,=U, (7)
Va dong dién day bang dong dién pha:
Ia = Ian

Suy ra dong dién dy |, bang dong dién pha | :

=1, (8)
Cong suét biéu kién cua may bién ap duoc tinh nhu sau:
Sep =6U, 1, =6U,l, 9)

3 MO HINH MAY BIEN AP
Str dung 161 thép kiéu tru v6i 3 tru 1a A, C, B. Dong dién ba pha trong ba cudn day so ca‘ip tao ra 3 tur
thong @, , @, va O trén ba try A, C, B 1éch nhau 120° nhu Hinh 2 [19-20]:

D, D, D,

v v v

Hinh 2. Tt thong trong mach tir [19-20]
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Tu (1), (3), (5), ba cudn day th cap N,,, N, . N, s& duogc bé tri trén ba tru A, C, B dé céc tir thong

au '’ cw !

®,, O.va Oy taoradiénap U,, U, va U, [21-22]:

— dq)A

a au dt
uc = "New d(DC

dt

u, =—N,, 40,

dt

Tir (4) c6:
Uy =U,, sin(wt-180°) =-u, (10)

Cudn day thtr cdp N, duoc dit trén tru A dé tao ra dién dp U, nguoc pha dién ap U,
Tu (6) co:
u; =U,, sin (et —300°)
=U_sin {(a)t -120°)—180°} (11)
= _uC
Cudn day thu cép NfZ duoc dat trén tru C dé tao ra dién ap U; nguoc pha voi dién ap U, .
Tir (2) c6:
u, =U,, sin(at-60°)
=U,, sin{(et-60°)-360°
=U,,sin{(et —240°)-180°)}

=-u

(12)

e

Cudn day thtr cép N,, dugc dat trén try B dé tao ra dién ap U, nguoc pha voi dig¢n ap U, .

Dua vao ching minh trén, mé hinh may bién ap dugc xac nhu Hinh 3. Trong d6 so cip cip nbi A va thir
capnoi Y.

B C A

b e (f In lc Id a

Hinh 3. M6 hinh may bién ap 6 pha
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4 TINHTOAN
May bién ap c6 cong suét Se, =3 kKVAvadignap U, =220 V
Tiét dién tinh toan cta 13i thép [21]:
1

3>

A =1,423K,,.

m

/1.3000
~1423.0,85. 43 (13)

=31,87~32 (cm?)
Trong do:
K,y =0,85 1a hé s6 hinh dang 15i thép va B, =1,2 T Ia tir cam cuc dai

S6 vong/von N, [21]:

1

n=—-—

Y 4,44.fB A
= ! - (14)

4,4450.1,2.32.10
~1,17 (vong/von)
S6 vong day quéan so cap N;:

Nax =Ngy =Ng; =N, (15)

Trong d6 N,y , Ngy va N, 14 s6 vong day quan so cép ciia pha A, B va C tuong tmg.
Va

N, =U,,.n,=380.1,17 = 444,6 ~ 444 (vOng)  (16)
Dién ap thir cap lac khong tai U,

Uaio =Upo =V =Ugxo =Ueo =Uge =Uy a7

Trong do U a0 U V0 UCW0 LU 40+ deo valU £, 12 dién ap thr cép khéng tai cua pha a, b, ¢, d, e va f tuong tng.
Va

U,, =U,,.C, =220.1,05= 231 (V) (18)
Trong d6 C, =5 % 1a hé sb giam ap
S6 vong day quéan thir cap N, :

Nau = Nbv = Ncw = Ndx = Ney = Nfz = Nz (19)
Trong do Nau . N by » N dx N ey va Nfz 1a sb vong day quén thar cép cua pha a, b, ¢, d, e va f twrong ung.
Va

N, =U_,.n, =231.1,17 = 270,27 ~ 270 (vong)
Dong dién thir cip 1,:
Iau:Ibvzlcwzldleeyzlfzzlz (20)

Trong d6 | Iy, | I, 1oy va N, 1 dong dién qua day quan tht cap clia pha a, b, ¢, d, e va f tuong tng.

au !’ cw !

Tir (8) va (9):

Yy
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S
|, =% _ 3000 _5 97423 (A) (21)
6U,, 6220
Tiét dién day quén tha cap S,:
I, 2,3
S, :72:?=0,46 (mm?) (22)
Puong kinh diy quan thir cap d,:
4.5 4.0,46
d, = 2 = ~ — ~0,76 (mm 23
2 \/ . \/ 314 (mm) (23)
is Z
o 2 i, Z
+ —> — |'OJ, > + Uéx
UAX Zo Uz-;u
1
- - +

Hinh 4. Mach dién twong dwong ciia may bién ap 6 pha dé xuét

Tu Hinh 4:
LJAx - I‘AXZ_A = I’(;U Z_all +U;u (24)
UAX - I~AxZ_A = I‘(;XZ_(; _U(;x (25)
I‘a:u Z_a’1 +Ua’1u = It;xz_t; _U(;x (26)
U;u +Ur;x = I(;XZ_C,J - I.alluz_a, (27)

Trong d6 U 5y, |ax va Z, 12 vector dién ap, vector dong dién va tong tro diy quan so cap ctia pha A tuong (ng;

U ;u , |;u va Z; 1a vector dién ap, vector dong dién va tong tré diy quan thir cAp quy doi vé phia so cdp cia pha a
tuong tng; U éx , |(;x va Z' 1a vector dién ap, vector dong dién va tong tré day quéan thir cp quy dbi vé phia so cép

cua pha d twong ung.

Twr (10) suy ra:

Z, (I = 13,) =0 (28)
Va

o =14 (29)
Néu b6 qua lo rat bé thi

Tax = 1o + I.(;x

I.AX ~ ZI.;U

Suy ra

I, 2,3

| =2 N, =2.m=2,8 (A)

N, 270

Vay dong dién so cap:

lax =lgy =1z =1, =28 (A)

Tiét dién day quén so cap S
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I, 2,8 )
s, =—+="-=0,56 (MM
=75 (mm?)
Puong kinh day quan thir cap di:

d1= 4_81: Mzo’Ss (mm)
\} T \l 3,14
5 KET QUA

Dé chirmg minh may bién ap dé xuat, hai kiém chimg s& duoc thuc hién nhu phia dudi [23-25].

5.1 Panh gia chét lwong ngudn dién 6 pha

Muc dich cua thuc nghiém nay 1a dé kiém ching goc 1éch pha cua cac vector dién ap tha cap va d6 méo
song hai téng (THD) cua d1en ap day thu cap duoc ch1 ra tai Hinh 7. Dé thyc hién thyuc nghlem nay, may
blen ap c6 day quin so cip ndi A duoc cap dién tir ngudn dién ludi 3 pha va trong khi d6 day quén thir cap
nbi Y. Do gidi han cua thiét bi do chi c6 4 kénh nén dién 4p cua diy quéin thtr cap s& dugc do 2 1an nhu
Hinh 6a ma chi ra 4 tin hiéu dién ap ctia cac pha a, b, ¢ va d va Hinh 6b chi ra 4 tin hiéu dién ap a, d, e va
f. Duya vao Hinh 6, tong hop lai, cac tin hiéu dién ap tirc thoi ciia 6 pha thir cdp 1éch goc 60° di ndi trong
Phan 2.

Hinh 5. Thi nghiém khong tai
D50 20044, MYSEI01656: Twe May 07 1300316 2024
1007 2 100 100%F 4 100w/ 20403 5.000%¢ Buta

A,
S0aR

: )\"—E 1-\ h‘s{ ,'/; 1\
f /\\1 Na j/\ \
ARNVA'A'ARN

= NN N \

(a) Dién 4p thir cAp ctia pha a, b, ¢ va d.
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DE0 0144, MYSEI01656: Twe hMay 07 1305:43 2024
1oovs 2 100w 100VF 4 100w/ 200403

U, U U, Uy

a \ A

Asiva

(b) Dién 4p thir cip cia pha a, d, evaf
Hinh 6. Tin hi€u di¢n ap tha cap

(a) THD cia Upg, Ugeva Uy (b) THD ctia U, , U, va Ug, (c) THD ctia Uy, , Uy va Uy

Hinh 7. THD cua dién ap day so cép va thir cél,)
Bang 1 THD ctia dién ap day so cap va thi cap
So cap THD (%)  Thacip  THD (%)

Uy 1,2520 u, 1,2541
Uge 1,3165 ™ 1,1838
Uga 1,2074 u, 1,2325
u, 1,2907
u,, 1,1966
U, 1,1754

Trung binh 1,2587 Trung binh 1,2222

5.2 Kiém tra cong suit ngudn dién 6 pha

May bién ap duoc cp dién tir ngudn dién ludi 3 pha va thir cip két ndi véi tai 6 pha ma mdi pha véi 2 bong
dén (500 W cua cong ty Long Life va 60 W ciia cong ty Dién Quang) ndi song song nhu Hinh 8. May bién
ap van hanh lién tyc trong 4 gio v6i hé sb mang tai 1,1. Dién 4p va dong dién hiéu dung ctia mdi pha duoc
do boi Hioki CM4371-50, két qua dugc liét ké trong Bang 2 véi sai s dién p dugc tinh theo cong thirc &
phu Iyc B. Két qua thuc nghiém x4c dinh cong suat ngudn dién 6 pha do dugc 3030,60 W.
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e
L f Z,“/,/ ) zq@,

FELAAT DL BT

!I\,{(.l‘.l(,!_i\'ﬁ. M / o

g

|-

Hinh 8. May bién ap vai tai
Béng 2 Dién ap va dong dién hi¢u dung do lwong ctia moi pha

Pha Pha a Pha b Pha c Pha d Pha e Pha f
bién 4p hiéu dung pha 209,3V 2130V 209,8V 209,0V 2134V 208,2V
Sai sb dién ap 4,86 % 3,18 % 4,63 % 5,00 % 3,00 % 5,36 %
Dong dién hiéu dung pha 243 A 2,34 A 2,40 A 241 A 2,47 A 2,35 A
Cong suét pha 508,60 W 49842W 50352W 503,69W 527,10 W 489,27 W
Cong suit 6 pha 3030,60 W

6 KETLUAN

Thay vi thiét ké Inverter (thi céng phan ctng chinh luu DC rdi nghich luu thanh 6 pha, viét phdn mém)

can nhiéu thoi gian va kinh phi dé tao ngudn dién 6 pha; Bai bio da dé xuit mot giai phap don gian, ché
tao dugc May bién ap ndi truc tiép dong co 6 pha vao ngudn dié€n xoay chieu.

Nhom tac gia di kiém nghiém may bién ap dat cong suat 3 kVA. Thuc nghiém do d6 méo hai tai thi cip

clia May bién ap dat d6 méo song hai tong 1,22 % tai thoi diém ngudn dién cung cap cho My bién ap c6
d6 méo song hai tong 1,26; May bién ap da dat d6 méo song hai tong vuot xa cac tiéu chuan IEC61000-3-
2; EN50160 va IEEE519. Kiém tra dién ap thir cAp May bién ap co dién ap day tai 209 V va sai s6 dién ap
5 % dat tiéu chuan TCVN5770-1993.

Nhom nghién ctru chua diéu chinh dat t6i wu cac tham s, hé sb udc tinh b day quan 6 pha khi tham

Bing Al Dong dién do luong khong téi clia so cip
Pha A B C
Dong diénpha O0,1A O01A O01A

Bing A2 Di¢n ap diy do lwong khong tai cia thi cip
Piém do ab bc cd de ef fa
Diénapday 236V 237V 238V 237V 236V 237V

Dong dién khong tai phin trim duoc tinh boi phuong trinh:

1,% = I—"100 = L100 =2%

NEXR J3.2,8

Trong d6 |, = 2,8 A; I, 1a dong dién pha do luong va x = A, B,C

(A1)

khao dir liéu cua cac Cty san suat may bién ap 3 pha dé sal sO dién ap cua May biél:l ap dat tiéu chuan cao
hon. Méc du dong dién khong tai phan trdm 2 % cho thay 16i thép c6 chat luong tot nhung Nhom nghién
ctru chua chon duoc 161 thép ¢6 hinh dang 1y tudng dé dién ap 6 pha can bang hon.

PHULUC A
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PHULUCB
Sai s6 dién 4p duogc tinh bai phuong trinh:

AU, % = %100 = %20209100 =5% (B.1)

r

Trong d6 U, =220V;U, la dién 4p pha hiéu dung do luong va x =a,b,c,d,e, f
LOI CAM ON

Chung t6i ciing xin cam on cac nha khoa hoc di phan bién, gop ¥ dé ching t6i hoan thién hon bai viét cua
minh. Nhom tac gia cam on Truong Pai hoc Cong nghi¢p Tp.HCM da ho tro tai chinh véi ma so
23.1CNDQO3.
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MANUFACTURING OF A TRANSFORMER FOR CONVERTING 3-PHASE TO 6-
PHASE ELECTRIC POWER SOURCE

PHAM Al QUOC, PHAM CONG DUY*
Faculty of Electrical Engineering Technology, Industrial University of Ho Chi Minh City
Corresponding author: dph@iuh.edu.vn
Abstract. Nowadays, due to its advantages such as better fault-tolerant performance, improved system
reliability, better efficiency, lower power per phase, lower torque oscillation with better torque density,
multiphase AC machine (with the phase-number is higher than 3) has been widely accepted and adopted
for electric drive applications. However, multi-phase machine applications required to be powered from
multiphase power source or drive system. Unfortunately, multi-phase power supply or drive system still
has not been offered in commercial market. Thus, a 3-kVA transformer with a novel winding arrangement
to have the ability to convert conventional 3-phase power supply input to 6-phase power source output for
multiphase machine application has been investigated and manufactured at the Faculty of Electrical
Engineering Technology, IUH, Vietnam. Testing on the transformer shows that it could supply a 6-phase
output power with low high-order harmonics. Therefore, the multiphase transformer prototype is essential
for testing multiphase machine application.
Keywords. 6-phase transformer, 3-phase, multiphase, transformer, 3-phase to 6-phase.
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