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Abstract. In this paper, a study of 12-pulse rectifier unit used on the traction power supply
system for urban rail train is presented. The 12-pulse rectifier unit was designed based on
analyzing the difference of electrical potentials between line voltages of wiring types in the
transformer and combining of the connection of uncontrolled three-phase rectifiers. By this
way, the smoother rectified voltage will be archieved. In the 12-pulse rectifier unit, using the
3-phase 3-winding transformer can reduce the space usage. In addition, the balance reactors
used in the rectifiers tomake sure that the rectifiers can runindependently even if they are
combined, therefore, the level of capacity utilization of rectifiersis increased. Its effectiveness
and feasibility are demonstrated by both theoretical analysis and experimental results.
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Tom tat. Bai bao nghién ctiu to hop chinh Tuu 12-xung trong hé thong cép dién kéo cho doan
tau duong sit do thi. Bang viéc phan tich do léch pha gitra cac dién ap day cua céc kiéu dau
day quéan trong may bién ap két hop véi cach dau ghép cac chinh luu cau ba pha khong diéu
khién dé hinh thanh t6 hop chinh luu 12-xung, nhu vay dién ap chinh luu phang hon. Trong t6
hop chinh luu d6, st dung may bién &p ba pha ba cudn day nén giam duoc khdng gian lap dit,
ngoai ra muc do loi dung dung luogng cua cac chinh luu dugc nang cao do khi ghép ndi vén
lam viéc doc 1ap nho st dung cudn khang can bang. Phan tich Iy thuyét va két qua mé phong
d3 kiém nghiém duoc tinh chinh xé4c va hiéu qua ciia phuong phap ghép ndi.

Tur khoa: md phong, t6 hop chinh luu 12-xung, hé thong cép dién kéo, doan tau duong sit do
thi, may bién &p, chinh luu, dién khang can bang.

© 2020 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Theo Quy hoach phét trién giao thdng van tai, trong twong lai Ha Noi & s& ¢6 10 tuyén
va TP. H6 Chi Minh s& ¢6 11 tuyén duong sit d6 thi, dén nay & hai thanh phé nay da co mot
s6 du an dang duoc trién khai vai cac mirc @6 khac nhau. Méi day, ddu nim 2019 trong Dy an
“Hb trg ki thuat vé phat trién, quy hoach, van hanh va quan ly hé théng duong st do thi cho
thanh phé Pa Nang” dugc Chinh pha Han Qudc vién trg di duoc tu van dua ra dé& xuat mang
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ludi céc tuyén duong sat d6 thi thanh phd Da Néng gébm 2 tuyén tau dién ngam va 8 tuyén xe
dién mat dat.

Trong hé théng cung cip dién cho giao thong dudng st do thi, tram dién kéo c6 vai trd
dac biét quan trong, véi chirc nang chinh 1a tiép nhan dién xoay chiéu (AC) trung &p roi dugc
ha ap thdng qua may bién ap, sau do thong qua bg chinh luu dé bién doi tir dién AC thanh
dién mot chiéu (DC) cung cép cho toa xe dong luc trong doan tau dién, ¢ day may bién ap
khong chi c6 vai trd ha 4p ma con cd chirc ning bién ddi dién AC tir 3 pha thanh nhiéu pha dé
cung cap cho chinh luu, vi vdy may bién &p va chinh luu thuong duoc goi véi tén chung 1a to
hop chinh luu.

Hé thong giao théng duong sit do thi & cac nudc tién tién trén thé gisi phét trién tuong
d6i som, céng nghé vé tram dién kéo cho loai hinh giao théng nay toi nay da twong ddi hoan
thién, trong khi d6 day lai 1a van d& con mai & nudc ta. Mot sé ¢ong trinh nghién ctu chuyén
sau vé linh vuc nay & ngoai nudc di dugc cong bd nhu xay dung mé hinh may bién ap nhiéu
pha [1], nghién cttu tng dung chinh luu diéu khién [2-4].

O Viét Nam, trong nhitng ndm vira qua da c6 mot s6 cong trinh nghién ciu lién quan toi
Ky thuat cdp dién kéo cho giao thdng duong sat nhu nghién ctu lya chon cdng nghé dién khi
hoa duong sat va dién giao thong thanh phé [5], nghién ciru cdng nghé cung cap dién cho giao
thong duong sat cao toc va do thi [6], nghién cru phan tich va lua chon hinh thuc tiép dién
trong cung Cap dién giao thong dién duong sat [7], hay quy hoach vi tri tram dién kéo trong hé
théng cung cap dién duong sat do6 thi [8]. Cac cong trinh nghién ciru nay c6 dé cap toi ky
thuat cap dién kéo cho toa xe dong luc & cac mirc d6 khac nhau nhu nghién ctu tong quan hay
nghién ctu lya chon ma chua dua ra co so ly thuyét, hay phan tich chuyén sau vé ky thuat to
hop chinh luu trong tram dién kéo. Tai liéu [9] da dé cap t6i ky thuat chinh luu 12-xung (hay
con goi 1a 12 dap mach), tuy nhién noi dung con mang tinh khai quat va két luan. Cac tai liéu
[10, 11] d4 tién hanh mo phong hé théng cung cap dién kéo duong sat do thi, trong d6 tram
dién kéo c6 ung dung bo chinh luu 12-xung dé tién hanh danh gia thanh phan song hai va
phan tich anh huong cia hé thong nay t6i song hai ludi dién, tuy nhién cac nghién cau nay
chua ¢ ndi dung vé t6 hop chinh Ivu 12-xung sir dung cudn khang can bang.

Tir thuc té néu trén, nghién ctru nay dua ra co s ly thuyét to hop chinh luu 12-xung trong
hé théng cip dién kéo cho doan tau dudng sit do thi, tir d6 lam co so cho viéc nghién cuau,
nghién ctiu cai tao, danh gia, va tién toi thiét ké ché tao thiét bi nay trong nudc. Ban dau chinh
luu trong tram dién kéo 1 loai chinh luu 6 dap mach, sau d6 cac chinh lwu nhiéu dap mach
hon dugc hinh thanh trén co s¢ cua chinh luu nay, vi vay bai bao trugc tién trinh bay khai
quét vé loai chinh lIuu 6 dap mach, trén co s& d6 di phan tich nguyén 1y cu thanh t6 hop
chinh luu 12-xung khéng va c6 sir dung cudn khang can bang trong tram dién kéo. Cudi ciing
tién hanh md phong dé kiém nghiém nhitng phan tich ly thuyét do.

2. TO HQP CHINH LUU 12 PAP MACH TRONG TRAM PIEN KEO

2.1. Nguyén Iy t6 hop chinh luvu 6 dap mach

Mach dién chinh luu ciu ba pha khong diéu khicn thé hién nhu hinh 1. Vi gia thiét dién
ap cua cac pha nguon cap xoay chiéu nhu cong thirc (1), (2) va (3).

Uy, =J2Usinat (1)
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=/2U sin(at - 27/3) )
=~/2U sin(et — 47 13) (3)
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Hinh 1. So dd mach dién chinh lwu ciu ba pha khong diéu khién

Tur cong thace (1), (2) va (3) tinh duoc cac dién ap day nhu cong thac (4), (5) va (6). Cac
dién 4p day con lai 12 Upa, Uch VA Uca 1an Tot 16ch pha Vi Ugp, Use VA Uae Mot goc 180°, tir d6 co
dugc do thi véc to ctia cac dién 4p day nhu hinh 2, ¢6 thé thdy cac dién ap day c6 cung bién
d, cuing tan sb va léch pha nhau theo tht tw mot goc 60°. Khi d6 do thi dién &p mét chiéu ug
nhan dugc trén tai Z thé hién nhu hinh 3.

= /6U sin(at + 7/6) 4)
=/6U sin(at — 7 /2) ®)
—/6U cos(at — 77/6) (6)

Tir hinh 3 cho thiy, trong mét chu ky cua di¢n ap xoay chiéu, dién ap chinh luu ug s& hinh
thanh tir sau doan dién ap day ctia ngudn xoay chiéu theo thir tw Ugp- Uap- Uac- Upc- Uba- Uca- Ucp,
va nhu vay c6 s6 ¢ap mach bang 6. Bién ap trung binh nhan duoc trén tai nhu cong thic (7).
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Uy =— [/6U sin otd (et) = 2,34U @
T
— %
3 6

256



Transport and Communications Science Journal, Vol 71, Issue 3 (04/2020), 253-262

2.2. Nguyén 1y t6 hop chinh lwu 12-xung

Chinh luu 12-xung dugc hinh thanh trén co s¢ cua chinh luu cau ba pha khong diéu khién
phol hop véi may bién ap ba pha co kiéu ddu day qUan khac nhau. Tur phan tich & muc 2 cho
thiy, néu lya chon hé thong gom hai t6 hop, mdi té hop gdm mot may bién &p ba pha va mot
chinh luu ciu ba pha khong diéu khién, sao cho dién 4p day phia thir cip cta hai may bién ap
nay léch pha nhau 30°, nhu vdy cac dap mach cua dién &p mot chiéu dau ra cua hai t6 hop
maéy bién ap chinh luu nay ciing s& léch pha nhau 30°. Néu diu ghép song song hoic ndi tiép
hai t& hop may bién ap chinh luu trén thi s& dat dugc muc dich chinh luu tir dién &p xoay
chiéu ba pha thanh dién 4p mét chiéu 12-xung.

Trong hé thong cép dién kéo mot chiéu cho doan tau dudng st do thi, dé giam nho dién
tich lap dat va chi phi, hai may bién ap ba pha duoc thay thé bang mot may bién &p chuyén
dung ba hoic bon cudn day, cé cac kiéu ddu day quan nhu Y/A-Y, A/A-Y, Y- YIA-Y, A-YIA-A,
loi dung d¢ léch pha gitra cac dién ap ddy twong ung la 30° caa kiéu dau day quéan hinh sao so
véi kiéu dau day quan hinh tam giac dé cau thanh t6 hop may bién &p chinh Iuu 12 dap mach.
L4y cach dau day quin A/A-Y 1am vi du, khi d6 so do mach dién cua t6 hop may bién é&p
chinh Ivu 12-xung thé hién nhu hinh 4, d6 thi véc to ctia cac dién ap day phia so cap va thir
cAp caa may bién ap nhu hinh 5.

Uq
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R

Hinh 4. So @5 mach dién t6 hop chinh lwu 12-xung khdng c6 cudn khang can bang
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U
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Hinh 5. D5 thi véc to dién ap day phia so cap va thir cip ciia may bién ap
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Tur hinh 4 va hinh 5 ciing cho thay, néu chon lya chon hop Iy ti s6 vong day giita hai
cudn day phia thir cip ciia may bién &p thi nhan dugc cac dién 4p day c6 cung bién do, ciing
tan sb va léch pha nhau theo thir tw mot goc 30°, khi két hop véi céc chinh luu cau ba pha
khong diéu khién rdi ghép ndi song song véi nhau s& nhan dugc dién ap ra cua chinh luu ug c6
dang 12-xung. Khi do6 dién ap ra trung binh cua chinh luu dugc tinh nhu cong thirc sau:

T

12
U, = % [ /68U sin etd (et) = 2,420 (8)

6 12
Tur hinh 4 va 5 ciing cho thay, néu chi don thuan ghép néi song song hai t6 hop may bién
ap chinh luu véi nhau, do dién &p tirc thoi cua hai chinh luu khac nhau, nén chiing khong lam
viéc dong thoi ma thay nhau 1am viéc, trong d6 tai mot thoi diém nao d6 chinh luu nao ¢
dién ap day dau vao 16n hon s& lam viéc. Nhu vay, cach ddu ghép nay chi c6 y nghia giam
duogc song hai, 1am cho dién 4p chinh luu phang hon so véi khi khong ghép, song murc do loi
dung dung luong cua cac chinh luu thap (chi twong dwong véi khi khéng ghép). Dé giai quyét
van dé nay, khi ghép song song cac mach chinh luu véi nhau can thyc hién sao cho cac chinh
lwu 1am viée doc 1ap. Trong hé thdng cap dién kéo mot chiéu cho doan tau duong sat do thi,
dé cho cac chinh luu lam viéc doc 1ap cd thé sir dung hai cach, mot 1a sir dung dién cam céch
ly cac mach chinh luu, goi 1a cuon khang can bang, hai 1a thiét ké may bién ap co dién cam
tan twong ddi I6n dé thay thé tac dung caa cudn khang can bang nhu & cach mét. Sau day, s&
tién hanh phan tich nguyén ly caa té hop may bién &p chinh luu 12-xung mach trong hé théng

cap dién kéo mot chiéu cho doan tau duong sat do thi sir dung cudn khang can bang.

2.3. T6 hop chinh luu 12-xung sir dung cudn khang cin bing

Hinh 6 1a so dd mach dién cua té hop may bién 4p chinh luu 12-xung sir dung cudn
khéng can bang, mach dién nay duoc hinh thanh tir mach dién nhu & hinh 4 va b xung cudn
khang can bang L, mac ndi tiép véi dau ra dwong cua hai chinh luu, tai Z mot dau dugc mac
Vv6i dau ra &m cua hai chinh luu va dau con lai mac vai chinh gitra cia cuon khang can bang
Les, dién p ra cia té hop may bién ap chinh luu ug chinh 13 dién ap dat vao tai Z.

A X Z|S Z|S JANR | l t
" V4 L

B Y < cb

c z Ug l uz

S
-
&

dy [
Y2 b, Ugo
Zp C)

I

Hinh 6. T6 hop chinh luu 12-xung sir dung cudn khang can bang
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Mac du dién ap tac thoi cua hai chinh Iuu ug; va ug, khac nhau, nhung nho tac dung can
ba{mg cua dién khang cér] bang L¢y nén su chénh I(;%ch dién the gitra N1 va N2 duoc dét‘ 1én hai
dau cudn khang nay, dieu nay khien cho céc di ot twong wéng trong hai chinh luu déu phan
cuc thuén nhu khi lam vi¢c riéng lé nén deu dan, tuc la cung thoi diém ludn c6 tong cong 4 di
ot (moi cau chinh Iuu ¢6 2 di 6t) lam viéc dong thoi.

Tir so &6 mach dién nhu hinh 6 rdt ra cac cong thic sau:

Uy = U, +U, ©)
Uy, = Uy —U, (10)

trong do, Ud1, Udz lan luot 1a dién ap dau ra cua hai mach Chinh luu cau ba pha khong diéu
khién; uy, Uz lan luot la sut ap trén moi nira cudn khang can bang, do d6 u;= u,.

Tur céng thic (9) va (10) duoc tinh duoc:
udl + ud2

2

Tir cdng thac (11) cho thdy, khi biét dugc Ug VA Uge s& xac dinh duoc ug. Dién &p ra cia
chinh luu ciing €6 s€ c612-xung nhu truong hop khong méc di¢n khang can bang. Tuy nhién
gia tri trung binh nhan dugc van chi bang dién ap chinh Iuu cau ba pha khong diéu khién va
dugc tinh nhu biéu thac (7), vi hai mach mac song song.

Uy = (11)

Vé dong dién, véi truong hop khdng mac dién khang can bang thi tai mot thoi diém nao
d6 chinh luu nao c6 dién ap day dau vao lén hon sé& lam viéc, ciing tirc 1 chi ¢6 2 di 6t mac
ndi tiép trén mot cau 1am viéc, nén dong dién chay qua hai di ot nay chinh bang dong dién
chay qua tai ig. Véi truong hop c6 mic dién khang can bang, do hai cau chinh luu mac song
song lam viéc doc 1ap, nén tai mot thoi dlem nao d6 ludn co hai di 5t mac nbi tiép cua cau
chinh Iuu nay ndi song voi hai di 6t mac ndi tiép cua cau chinh luu con lai, vi vay dong dién
chay qua hai di 6t ndy chi bang 1/2ig4, nhu vay dung luong ctiia mdi cau chinh luu ciing chi
bang mot nira so véi trudng hop khdng mac dién khang can bang.

3. KET QUA MO PHONG

Trén co so so dd khdi nhu hinh 6, xay dung dwgc md hinh md phong t6 hop chinh luu
12-xung sir dung cudn khang can bang trén phan mém Matlab/simulink nhu hinh 7.

A B
B
a2'—|

A Y
b2p c - .
. % ok UaLeb
B alp

L]
J U

I"—@-’M—(WE p Chinh lru 6 xung
Three-Phase Source c g Tai 1
- A 1/2Lcb E
May bién ap T
B
. C
Discrete
te-05s. Chinh luu 6 xung

Hinh 7. M& hinh mé phong t6 hop chinh Iuu 12-xung sir dung cudn khang can bang
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Céc tham s6 duge ding dé mo phong nhu sau [12]: nguon trung p xoay chiéu ba pha doi
xung c6 dién ap day dinh muc Uag=33 kV, tan so f=50 Hz, dién ap day dinh mc thar cap may
bien 4p Ua1p1=Uan2=1180 V, dién ap mot chieu khéng tai Ugp=1593 V.

Dé kiém nghiém nhitng phan tich ly thuyét & muc 2, trong diéu kién nhu nhau, tién hanh
mod phong véi ca 3 t6 hop chinh luu. Sau day st dung CL6 biéu thi to hop chinh luu 6-xung,
CL12_KCB hiéu thj t6 hop chinh lvu 12-xung khdng st dung cudn khéng can bing, va
CL12_CB biéu thi t6 hop chinh luu 12-xung c6 st dung cudn khang can bang.

ISOONV\\/W\ 15007, // /!>\,'\ T\/,\ \\ ;\\ //: // \\ \\\ /,
1000t 1000 p 7N N NN A
I\ e N\ J ENIEAN //ﬂ /N EAN SN
<) 500 / N / \\ /'/ 1 ) 500 ! ;)< // \\ X // 1
2 o N % 2 o Y T
/ A\ s N S5 / /NN A / 7N/
= 500 SN L 500 | D O
-1000 | p AN N 0 A A A R A A
1500k ol i -1500F st e
0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02
t(s) t(s)
a) b)

Hinh 8. Dién &p chinh luu khong tai: a) CL6; b) CL12_KCB vaCL12 _CB

Hinh 8 1a két qua mo phong dién ap ra & ché do khong tai, trong d6 hinh (a) tng voi CL6
c6 6 xung, va hinh (b) tng véi CL12_KCB va CL12_CB c6 12 xung. O ché do khong tai,
cudn khang can bang khéng c6 tac dung, nén dién ap chinh luu cia CL12_KCB va CL12_CB
hoan toan nhu nhau. Két qua mé phong cho thiy véi CL6 thi gia tri va pham vi bién d6i dién
&p trung binh Uy trong trang thai 6n dinh lan luot 12 1594 (V) va 14451669 (V), trong khi
v6i CL12 luot 12 1650 (V) va 1612+1669 (V). Két qua nay cho thay so voi CL6 thi CL12 ¢6
dién &p chinh luu cao hon va phang hon. Ngoai ra voi cac tham s6 md phong dugc cho, thay
vao cbng thirc (7) va (8) nhan duoc két qua lan luot 13 1593 va 1649,64, nhu vay két qua md
phong tuong ddi phii hop véi tinh toan ly thuyét.

1500 7 " < ST oxT o T Tx 1 1500 4 )
V2NN N e N N s . \ /
10007 S S o 1o00f , < |
7 \\ /‘7: /)(1 \\ \\ ) ; , udl ud ud2 X
<) 500 \\\ ;)< // 2\ \\ )(\ A S\ 200 |
/N \ /N
< o , X o X R -
> -500 F // \/\/ \\ /'/ \>~/ \\ 4 > -500
/ / /N \ / VAN
, L) YO N (Y x ) £ \\ ) | [
_1000 ’\\ // // \\\ \\ \k\ \y\/ // \Kf - 000
S1500F o~ S T e 21500
0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02
t(s) t(s)
a) b)

Hinh 9. Dién ap chinh Iuvu ¢6 tai: a) CL12_KCB; b) va CL12 CB
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Hinh 9 1a két qua md phong dién 4p ra ¢ ché d6 c6 tai, trong d6 hinh (a) Gtng Véi
CL12_KCB, va hinh (b) tng véi CL12_CB. O ché d6 c6 tai, do tac dung cua cudn khang can
bang nén hai chinh luu 6 dap mach trong CL12 CB ddng thoi 1am viéc, vi vay dién &p chinh
lwu nhan duoc 12 trung binh caa hai thanh phan nay va ciing ¢6 dang 12 xung. Trong khi d6
hai chinh luu 6-xung trong CL12_KCB luan phién lam viéc, vi vay dién ap chinh luu nhan
duoc hoan toan c6 dang nhu hinh 8(b) khi khong tai.

Két qua md phong nhu hinh 9 ciing cho thay véi CL12_KCB thi gia tri va pham vi bién
d6i dién &p trung binh Uy trong trang thai on dinh lan luot 12 1642 (V) va 1607+1663 (V),
trong khi véi CL12_CB luot 1a 1590 (V) va 1560+1608 (V), cac két qua nay lan luot twong
d6i phi hop voi CL12 va CL6 nhu trén, tuy nhién do tén hao nén cac gia tri nay c6 nho hon
so véi khi khong c6 tai. Didu nay chimg minh két qua méd phong phu hop véi phan tich ly
thuyét & muc 2.

4. KET LUAN

Heé thdng giao thong dudng sit d6 thi ¢ cac thanh phd 16n cua Viét Nam dang trong qua
trinh xay dung, vi vdy viéc nghién ciru cac k¥ thuat lién quan t6i linh vuc nay 1a hét sirc can
thiét.

Tram dién kéo trong hé thong cung cip dién cho giao thong dudng st d6 thi c¢6 vai tro
dic biét quan trong, véi chirc nang chinh 14 tiép nhan dién AC trung ap rdi duoc ha ap thong
qua may bién ap, sau d6 thong qua bd chinh luu dé bién doi tir dién AC thanh dién DC cung
cép cho toa xe dong luc trong doan tau dién. Bai bao da di nghién ctru co s& 1y thuyét té hop
chinh Iuu 12-xung -thiét bi chinh trong tram dién kéo. Trong nghién ctu nay, trude tién da
khéi quat vé nguyén ly chinh Iuu 6 dap mach-chinh Iuu cau ba pha khong diéu khién. Trén co
s& d6, da tap chung trinh bay vé so ¢6 mach dién va nguyén ly lam viéc cua té hop chinh luu
12-xung, trong t6 hop nay, dé giam nho dién tich lap dit va chi phi da st dung mot may bién
&p ba pha chuyén dung ba cudn day cé cach diu day quan A/A-Y dé tao ra 12 véc to dién &p
day vai do léch pha lan luot 12 30°, sau d6 ghép ndi véi hai chinh luu cau ba pha khong diéu
khién méc song song dé nhan dugc dién ap chinh luu bang phang 12 xung, khi ghép hai chinh
Iwu véi nhau da sir dung dién cam céch ly cac mach chinh Ivu- cudn khang can bang nham dat
dugc cac chinh luu lam viéc doc lap, tir d6 lam tang mac d6 loi dung dung lugng cua cac
chinh lwu. Cubi cing di xay dung md hinh mé phong trén phan mém Matlab/Simulink, két
qua md phong cho ca hai truong hop khdng tai va c6 tai da thé hién tinh chinh xéac va kha thi
cuia c&c to hop chinh lwu duge dé cap.

T hop chinh luu 12-xung nay c6 dic diém 1a dién &p chinh luu phang, chiu dugc dong
phu tai 16n do st dung cach gép song song cac chinh luu, nén khong chi phu hop khi ung
dung vao linh vuc cung cap dién kéo cho hé thong giao thong dudng sit d6 thi, ma con con co
thé &p dung cho cac linh vuc cdng nghiép khac co yéu cau twong tu nhu dién phan hay ma
dién.... Ngoai ra, dé ning cao hon nita chat luong dién &p chinh luu, trén co so cua chinh luu
12-xung ¢ thé tao ra cac chinh luu c6 s6 dap mach nhiéu hon, nhu chinh luu 24-xung......

LOI CAM ON

Nghién ctru nay duoc tai trg boi Truong dai hoc Giao thong Van tai trong dé tai ma sb T2020-
CK-013.
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