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TOM TAT: Thiét ké thiét bi dién tit ndi chung va thiét ké mdy bién dp luc néi riéng
la Iinh vice chuyén mon sdu c6 lién quan dén nhiéu linh vuc va nganh khoa hoc kj thudt
khdc nhau nhu: khoa hoc vit liéu, nganh'ky thudt dién, c6ng nghé ché tao mdy,..Thdm chi
ngay nay sdn xudt mdy bién dp con doi hdi qud trinh thiét ké phdi dugc tw dong hod thi viéc
xudt hign ngay cang nhiéu cdc phdn mém vng dung nhdm vao cdc muc dich ké trén la diéu
hét sitc binh thuong. Tuy nhién nha sdn xudt khé cd thé chon cho minh nhitng phdn mém cé
sdn thich hop, bdi vi don gidn la khong tén tai cdc phdn mén da ndng, c6 thé phix hgp cho
moi déi tigng va yéu cau.Vi vy, muc tiéu chinh ciia bai bdo la xdy dung phdn mém Thiét
K¢& Téi Uu Mdy Bi€n Ap Lyc Mot Pha giiip cho cdc hoat déng sdn xudt va kinh doanh
mdt hang nay ciia mgt vai nha mdy sdn xudt mdy bién dp trén dia ban Tp. Hé Chi Minh tré
nén thudn lgi hon.

I. D6i nét vé van dé thiét k& may bi&n dp
Cong viéc thi€t k€ may bién 4p c6 thé dugc dugc chia lam 3 giai doan nhu sau:

1. Xdc dinh nhiém vu k§ thuat

Viéc xdc dinh nhiém vu thi€t k€ phu thudc vao cdc yéu cdu clia nha sin xuat dua ra,
vi dy nhu: cong sudt, dién dp dinh mic, ch€ d6 1am viéc, ch€ d6 phat néng,... ngoai ra con
phdi ddm bdo cdc yéu cdu trong tiéu chudn ( TCVN, IEC,...) vA con c6 thé 1a phdi ddm
bio gid thanh cla mdy bién dp sdn xudt ra 12 nhd nhit trong cdc sdn phdm ciing loai. RS
rang, véi cdc doi hdi cao nhuvdy, thi€t k& theo phuong phép kinh dién khé 1ong c6 thé dip
ttng dugc. & day, cdc téc gid da thinh 1ap bai todn thi€t k€ t8i wu dya trén cd s& dp dung
cdc phuong phédp trong phép quy hoach phi tuyé&n.

2. Thanh lap bai to4n thi€t k& téi vu

Phdi cuc ti€u hod (cuc dai hod) ham muc tiéu (trong trudng hdp nay 1a ham gid
thanh) sao cho ¢6 thé ddm bdo dugc cdc diéu kién rang budc (hiéu sudt, i5n hao, hé s6
cOng suat, ...) nam trong cdc pham vi quy dinh cda tiéu chudn may bién 4p tudng dng. Van
dé phic tap & day Ia tdp bi€n ciia haim muc tiéu va clia cdc ham ring budc phii cling la
mdt va dudc lya chon trén cd sd k&t cdu mdy bi€n 4p cho trude va ching phdi ddc lap
vdi nhau.

3. X4y dyng phin mém thiét k& t6i vu

b6 1a viéc gidi bai todn thi€t k€ t6i wu theo mdt trong cdc phudng phdp ciia quy
hoach phi tuyén bing viéc 4p dung mét trong cdc ngén ngit 14p trinh nhv Pascal, C*,
Matlab,....Viéc chon ng6n ngif 1dp trinh nao 13 wy thudc vio mifc db tién ich cda né dsi
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v6i muc dich thi€t k&€ nhu kha niing thinh 14p cdc giao dién nhip-xuat dit liéu, kha ning do
hoa, phén tich s6 liéu nhin dudc,....

I1. Ly thuyét cd sé vé t8i wu hod cdc thiét bi dién tir

Viéc dau tién ctia thiét k& t6i vu ( TKTU ) thiét bi dién ti¥ 13 lura chon him muc tiéu.
Ham nay c6 thé 1a mdt trong cdc chi tiéu kinh t€ cla thi€t bi dién nhu: Gid thanh, chi phi
sdn xudt, khau hao thiét bi, khd ning canh tranh thi trudng tiéu thu sdn pham,...hodc Ia
mot trong cdc théng s6 k§ thuit clia thi€t bi nhu: mdy c6 gid tri tir thong tdn nhd nhét, c6
kha ning chiu nhiét 6t nhat, c6 hiéu sudt 1am viéc cao nhét,...N6i chung, trong tdp hop
cdc chi tidu kinh t&€ va cdc thdng s& k§ thufit néu ra & trén c6 thé chon vé nguyén tic bt ctt
ham nio. Nhitng ham con lai déu c¢é thé xem 12 tip hgp cdc rang budc cho bai todn t5i
uu hod.

Bai todn dudc phdt bi€u nhu sau:

Cuc ti€u hod (cuc dai hod) ham muc tiéu F( X1, X2, X3, ...., Xn ) véi Xl, X2,
X3,..., Xn 12 s8 lugng cdc bién s& doc l4p, thod min cdc diéu kién rang budc dang Yi (X1,
X2, X3, ..., Xn) <hoic >Bivéii <n, Bila cdc gid tri hiing.

C6 thé 4p dung cdc phudng phap quy hoach phi tuy&n sau diy dé gidi bai todn trén:
cdc phuong phap tim ki€m thu dong ( phuong phdp quét ), cic phudng phdp tim ki€m theo
thif tu, cdc phuong phédp gradient bao gdm phuong phdp vdi budc tién ¢ dinh, phudng phdp
dudng doc nhat....

I11. Bai todn t8i uu hod mdy bi€n 4p mét pha

1. So @6 16i thép va day quin ciia MBA 1 pha véi cdc kich thude ctia né

EI /_nlﬂani.
= E
e E
=l E L

Hinh 1: So dé 15i thép.
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Ciéc thong sd kich thudc: "

e h: Chiéu cao cdc cudn diy.

7

e a; Bé rong tru thép chinh giita. po %
A 7
o b B& day 16i thép. %%
e a;:Bé&day cudnha. éé
e a, Bé day cudn cao. gfé
e hp: Cach dién gilta cudn day vdéi gbng. ?é
R B oA 7

e ag: Cdch dién giita cudn ha véi tru.

e aj: Cdch dién cao - ha.

i

A A 2 2
e Bé rdng cua s6:

C=2(ao+a|+a12)+a2. - i
e Chiéu cao cita s8: H = h +2hq. -t“i—- -

Hink 2: So dé mdt cdt ddy qudn.

EE

2. Xy dung ham muc tiéu
Sau khi xdc dinh cdc thdng s8 clia mdy, ta ti€n hanh xiy dung ham muc tiéu:
- Chon cdc bi€n ddc 1dp cla bai todn 12 ay, ay, h, a,, b,
- Thoéng thudng, d6i véi mot mdy bi€n 4p thi bé day 15i thép b, 12 mét théng s& khong
ddi. Tt c¢d s nay cho phép 1dp cdc bién khong thif nguyén nhu sau:

x=4,y=%, 7% .yt (3.1)
bl' ba b: b‘
Thanh 14p ham muc ti€u 12 ham gid thanh vit liéu tich cuc:
G = Gu.C; + Ga.Cq : (3.2)

Véi:
G., Ga—I4n lugt 12 kh6i Iugng thép KTD va khi lugng ddy ddng, (Kg).
C,, C4 — lan lugt 12 don gid thép KTP va don gid cla diy ddng, (ddng

VN/Kg).

t = keye Vi (3.3)
Gq = 74Va. (3.4)
Trong dé:

+ k,—H& s6 ép chiit 15i thép.

+ ¥, — Kh6i lugng riéng clia thép KTD, (= 7650Kg/m>).
+ V,—Thé tich 15i thép m4y bi€n 4p, (m?).

+ 74— Khdi lugng riéng clia ddng, (= 8900K g/m?).

+ V4 Thé tich clia cdc cudn day, (m).

2.1. Thanh 1ap ham thé tich 16i thép
Tt hinh v& sd dd 16i thép mdy bi€n 4p, thé tich mach tir dugc x4c dinh nhu sau:
Vi=S*b, (3.9
Trong dé6: ‘
S - tiét dién mach tit (m?).
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S, = 2*[a*(H + C) + ”_‘:_1 (3.6)
b, - bé diy mach tir (m).
2
Vay: V,=2*a*H+ C) + "Zf J¥b,. (m’) (3.7)
2
= 2*[a;*(h + 2ho + 220 + 2a; + 2a52 + a3) + % T#be. (m*) (3.8)

2.2. Thanh l4p ham thé tich ctia diy déng
Thé tich cia cdc cudn diy cao 4p va ha 4p dudc xdc dinh nhu sau:
Va=h(1;*2%a; + LLhas) ' . (3.9)
Véi:
V4 — Thé tich day ddng (m?).
1, — Chiéu dai trung binh cia cudn ha (m).
1, — Chiéu dai trung binh cia cudn cao (m).

Tir hinh 2, ¢6 nhin xét 1a chiéu dai trung binh clia cudn ha ciing bing chiéu dai trung
binh clia cudn cao, vi viy:

l|=lz=2(a,+b[)+2*7r% (3.10)
= 2[(a, +b,)+7(a, +ay, +a +“?2)] (3.11)
Vay: * Vg =2*%h*(2a; + a2)*[(a, +b,) + 7(ap +ay, +a, +"?2)1 : (3.12)

Pitag+a;; = A =const.

Vg =2*%h*(2a; + 22)*[(a, +b,)+ 7(A+a, +%)] (3.13)

Nhén xét
Ham gid thanh vat liéu tich cuc ciia mdy bi€n 4p phu thudc vao cdc thdng s6 sau:

+ Pdn gid thép KTD va don gid diy ddng.
+ Khdi lugng riéng cla thép va khdi lugng riéng clia dong.
+ Thé tich cilia toan bd 13i thép va clia cdc bd diy quén.

Trong cdc tham s& trén thi don gid cla thép, clia ddng, khdi lugng riéng clia thép va
ddng c6 thé dugc xem nhir I cdc hiing s8. Vi vy gid thanh chi c¢6 thé dat gid tri thip nhilt
khi thé tich cia thép va déng 12 nhé nhat.

T6ém lai hAm muc tiéu 12 ham thé tich clia 15i thép va thé tich ddy quan.

=4 L V’ - * Vd
bit: 4 =E va vy =E
Viy:
ira2
: 2%[a, *(h+2hy +24+2a, +a,)+ 4‘ 1*b,
) € (3.14)
= 2*[Z(W + 2y + 2b—A +2X +Y) +0,78577] (3.15)

I ¢

Trang 66




TAP CHi PHAT TRIEN KH-CN, TAP 8, S& 8-2005

2*h*(2a) +a;)*[(a, +b, )+ 7 (A +a, 4%")]

V= 3.16
p 5 (3.16)
= 2W2X + Y)*[(Z + 1) + zr(bi+X+~g—)] (3.17)
Ti€p theo, ta dit: —Z—— > E’{: A, ldc d6 ta c6:
i (]

V=V, +Vys (3.18)

V'=2[Z(W +2Ag + 2A; +2X + Y) + 0,7857%] +
+2W(2X + Y)(Z + 1 +3,14A, + 3,14X +1,57Y) (3.19)
Vay: V'(X, Y, Z, W) = 4(Ag + ADZ + 4XZ + 2YZ + 2ZW + 1,57Z% + 4(1 + 3,14A )XW
+2(1 +3,14A)YW + 12,56XYW + 4XZW + 2YZW + 12, saxzw +3,14Y’W (3.20)

DPdng thdi, cdc rang budc nhu: Tén hao ngdn mach (Py), i6n hao khong tdi (Po), dong
di¢n khéng tdi (Io), hé 56 cong sudt (Cos@), hiéu sudt () cling phii theo tiéu chudn.
IV. Gidi thuat, giao dién va k&t qua tinh todn

1. Chuyén déi bién

Sau khi dd ¢6 dugc ham muc tiéu thi viéc lua chon phuong phép gidi cung nhu phan
mém d& hd trg thyc hién 12 kh4 quan trong. Ching t6i da c6 thif qua mét s6 phuong phdp
vi quyét dinh sit dung phuong phdp quy hoach phi tuyé&n, cu thé 14 sit dung phuong phédp
tim ki€m thu dong ( phuong phdp quét ) dé gidi bai todn da bién dang (3.20) trén cd s4 sit
dung phin mém hd trd MATLAB.

Ta bi€t ring cdc bién X, Y, Z va W déu c6 mét pham vi bi&n thién xdc dinh tuwong
ing v4i khodng bi€n thién clia cdc kich thudc thuc:

a.<X<a,,b\Y<bj,cd1<2<c,,d<W<d (4.1)

Tiép theo ta thyc hién viéc chuyén d8i tit ca cdc bién X, Y, Z va W vé dang céc
bi€n gid tri twong ddi (khéng thif nguyén) va bi€n thién trong cling mot khodng xdc dinh:
0<5Z;<1.V6i(i=1,2,3,4).

Cong thitc chuyén dc“;i bi€n nhu sau:

o G TRl £ N W -d,

Zl_aj—a- e b, —b, 5= ¢, ~c’ = 43

I

Bay gio ham muyc tiéu cé dang:

V.(Zl, Zz, Za, Z4) = 4(A0 + A1)Z3 + 42123 + 222Z3 + ZZ3Z4 + 1,57Z32 + 4(1 + 3,14A1)Z1Z4
+ 21 + 3,14A10) 2,74 + 12,562,227y + 42,2324 + 27,7574 + 12,567,°Z4 + 3,142, Z,. (4.3)

2. Giai thuét diéu khié€n trong Matlab

Gidi thuat dugc dp dung cho cdc mdy bién ap mot pha c6 cic gar cOng suit tiy
10 KVA dén 1000 KVA, trong thdi diém hién tai cdc két qud nhan dugc 13 dua trén
co s& don gid vit liéu tich cuc nhu sau:

+Don gid vit li¢u thép K¥ thuat dién: Ct = 66000 ( VNP VKg
+Don gid vat liéu ddy ddng: Cd = 70000 ( VND )/Kg
Céc thong s6 khac dudc chon theo tiéu chuin ky thuit ctia Viét Nam (TCVN).
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Hinh 3: Giao dién nhdp két qud tinh todn cho mdy cd dung lugng 37, 5KVA.
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V. K&t quid khdo sit phin bd tif trudng trong mdy bi€n dp mot pha bing

phin mém Ansoft

Sau khi da c6 k&t qua tinh todn sd db 16i thép va diy quan vdi ddy dd cdc kich thudc,
¢6 thé st dung phan mém Ansoft d€ mdé phdng phan bd ti¥ trudng ché do tdi dinh mifc

clia mdy.

Vi du d6i v6i mdy cé dung lugng 37,5kVA; Uy/U, = 12,7KV/0,23KV, chon

Bt = 1,5(T). Ta c6:
- Dong dién sd cap:
5
Foilo e g
i - 187
- Dong dién thit cip:

S 230 e,

t, 023
- S0 vong day sd cap:
OsTE

'~ 444.1.B a,b,

- S6 vong day thi cap:

N, =Uay 023

TR T

- Stic tir ddng sd cap:

F; =1,.N; = 3x2203 = 6609(A.vong)

- Sifc tit dong thit cap:

Fz w2 Ig.Nz = 163x40 = 6520 (A.vbng).

2

=2203(Vong). [iinilan

2203=40(Vong) |

Hinh 4: Chia ludi mach tix MBA 1 pha, dung lugng
37,5KVA.thanh 1677 phdn nt tam gidc.

Snesery T thong tai cdc gée c6
dang cung trdon va khoéng
thdy xudt hién tr tdn tai
cdc géc. Biéu nay sé 1a cd
s dé ta thyc hién thay
ddi k&t ciu 16i thép bing
cich si dung mach tir
dang cudn nhu hinh 1 thay
cho mach tr dang hinh
chif nhat nhu hinh 5.

Bt e at
LoabeNs i & |

Hinh 5: Phdn bd' tix truong trong MBA I vha, dung lugng 37,5KVA.

ché dé tdi dinh mitc
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VL K&t luin

1. Viéc TKTU MBA mo6t pha théng qua x4y dung hAm muc tiéu ddi véi mdy c6 15i
thép dang cudn nhu hinh I s& gitp cdt gidm mdt phin ddng k€ khdi lugng thép k§ thuit
dién, qua d6 s& gép phin 1am gidm bt gid thanh sdn phdm ma vAn khdng dnh hudng dén
céc thong s6 k¥ thuit rang budc khic. DAy 14 cd s cho sy canh tranh ngdy cang gay gt
nhat 12 trong giai doan nhu hién nay.

Phan khdi lugng thép c6 thé ti€t kiém dudc dugc tinh nhu sau:

M, = [8%%’-—2n-‘i—’%]b,y, =0,43a%y, (Kg)

Vi du d6i véi mdy c6 dung lugng 37,5KVA thi chi phi ¢6 thé ti€t gidm dugc 1a:
M, =0,43.(0,081)°.0,203.7650=4,4  (Kg)

Chi phi cdt gidm = Muyp cir giam™Gid thanh thép KTD = 4,4%66000 = 290400VND.

2. Mit khdc, cling v6i dang 16i thép nay thi tif trudng phin b6 qua 15 thép kha ddng
déu, nhu khio sat trong trudng hdp tdi dinh mifc véi k&€t qué md phdng phan bd tiY trudng &
hinh 5. Ta c6 thé thdy 1a phin tif tdn 12 kh4 it.

3. Coéng cu mo phdéng phin bd tir trudng bing phin mém Ansoft rat hitu dung cho ta
khio sit & nhiéu ch& d6 lam viéc khdc nhau ciia mdy nhu ch€ dé khéng tdi, ch€ d6 ngin
mach va ¥ng vdi bit k§ mdt mifc tdi ndo dé.

OPTIMAL DESIGN OF SINGLE PHASE TRANSFORMERS

Nguyen Chu Hung, Pham Dang Manh Quynh
University of Technology — Vietnam National University — Ho Chi Minh City

ABSTRACT: The design of the electromagnetic devices is a deep specialized area, it
includes different fiels of techical science, such as: science of materials, electrical
engineering,technology cf machine manufacturing,..Nowadays the process of design is
demanded to be automatized by different softwares, but with the existing technical
documentation in the world wide market, the manufactory can not easy to choose the
comfortable for it’s satisfactory. The purpose of this paper is to present to manufactories of
transformers the software named “ Optimal design of the single phase iransformers “. The
authers hope that the product can help them perfectly in theire manufactoring and business
of this kind of transformer.
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