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Hién nay, céc ti nap &c quy tau dién mé déu str dung mach chinh lwu cé diéu khién, cé nhiéu
nhugc diém. Trong nhitng ndm gén day, céng nghé ngudn chuyén mach SMPS (Switch Mode
Power Supply) ra doi da khdc phuc hdu hét cac nhuoc diém cua bd nap chinh luu cé diéu khién.
Bai béo trinh bay két qué nghién ctru, thiét ké va ché tao bd nap &c quy dung cho céc tram nap
&c quy cla tau dién mé st dung céng nghé nguén chuyén mach SMPS. Két qua thuc nghiém cho
thay bé nap lam viéc én dinh trong cé dai diéu chinh dé rong xung ttr 2% dén 100%.

T khoa: tau dién mé hdm 16; b6 nap &c quy; céng nghé nguén chuyén mach SMPS

1. DAT VAN PE

Theo sb liéu khao sat nam 2022, cac md than
ham |6 thudc Tap doan Cong nghiép Than-Khoang
san Viét Nam (TKV) dang s&* dung hang tram
d4u tau dién dé van chuyén than va dat da vai ba
chdng loai: 5 tAn (46 cai), 8 tAn (340 cai) va 12
tAn (5 cai), phan 16n |a cac san phdm cla Trung
Quéc san xuat, mot sb 14 san phadm clia Nga, con
lai dwoc san xuét trong nwdc. Tau dién ac quy st
dung céac td hop ac quy cé dién ap 90/132/192 V,
dung lvgng 385/440/560 Ah, twong rng v&i cac
loai tau 5/8/12 t&n. Cac t& hop &c quy tau dién md
duwoc nap béng céc ti nap phong nd cé kiéu dang
nhw trong Hinh H.1.

H.1. Ta nap &c quy phong né

Hién nay, cac ti nap &c quy phong né duoc
nhap khau t» Nga va Trung Quéc, tat ca déu st
dung mach chinh lwu cé diéu khién (dung thyristor)
v&i dién ap va dong dién nap téi da 280V/90A. So
dd khéi clia mach nap dwoc mé ta trong Hinh H.2.
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H.2. S¢ dd khéi mach dién ti nap acquy phong nd

Mét trong nhitng wu diém ctia td nap &c quy tau
dién mé dang dung hién nay la cu tao don gian,
dé diéu chinh dién ap dau ra bang cach diéu chinh
g6c md “a” (xem Hinh H.3) phu hop véi tat ca cac
loai t6 hop &c quy hién co.
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H.3. Do thi dién apra U, phu thudc vao géc mé “a

Pién ap ra dwoc tinh theo biéu thic
Us 135U, cosa yrong g6 Yz 13 dien ap pha ther
cap hiéu dung. o ]

Tuy nhién do mach thiét ké dé nap dwgc ac quy
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tau 12 tan (192V) voi dong dién nap Ion nhat 100A
nhwng trong thuwc té san xuat tai cac méd Quang
Ninh chi yéu dung tau 8 tan véi dién ap ac quy
96V nén bd chinh Iwu lam viéc véi goc m@ Ion. Khi
mach chinh luu 1am viéc véi géc mé 1én (dé gidm
dién ap ra) sé tao ra ty I1é séng hai bac cao trén
bién &p 16n, l1am téng tdn hao coéng suét, dan dén
qua nhiét, 1am giam tudi tho may bién ap [5].

Mét khéac, trong diéu kién co khi va bui nd nén
toan bd mach chinh lwu phai dat trong vé phong nd
dan dén viéc tan nhiét cta cac linh kién trong mach
lwc rat kém, dan dén qua nhiét cho toan bdé mach
chinh lwu. Diéu d6 lam gidm tudi tho trung binh cla
t nap. Thuc té 1am viéc cho thay tudi tho cua tu
nap trung binh Ia 1 nam.

O trong nuwéc, da cé nhiéu nghién clru ché tao
cac bd nap ac quy trong cac nganh céng nghiép
nhw vién thong [1], tau thdy [2], hé théng nang
lvgng mat troi [3].

Di theo hudng nang cao hiéu suat ctia bod bién
ddi, c6 mot sé nhiém vu da dwoc gidi quyét béng
cach str dung cong nghé chuyén mach tan sé cao
Switch Mode Power Supply (SMPS) [6].

T nam 1973, ky thuat ngudn chuyén mach
SMPS bét dau dwoc st dung trong cac bd &c quy
cong suét nhd. Ky thuat SMPS cho phép nang cao
hiéu suat ctia mach nap (gidm 34% ton hao trén
cac transistor cong suét, so v&i cac mach diéu
chinh lién tuc) [6].

2. NOI DUNG NGHIEN cUrU

2.1. Thiét ké so’ do khodi, phan cirng va phan
mém bd nap ac quy

660 VAC 85VAC

—

Nguén DC

220 vDC
Bién ap vao P Chinhluvu AC-DC f———»

So d6 khéi bd nap ac quy bao gébm cac khoi:
Khdi bién ap vao; Khdi chinh lwu AC-DC; Khbi
bién d6i DC-DC; Khbi mach tao xung; Khi mach
tao xung; Khéi mach hoi tiép; Khéi nguén phu
va khdi tai tieu thu, dwoc thé hién nhw Hinh H.4,
trong do:

v Khéi bién ap vao la bién ap ba pha cach ly
660V/150V (dién ap pha thi cép U, = 85V, cbng
suét 10kVA);

v Khéi chinh lvu AC-DC 14 cau chinh lwu 3 pha
(M50100TB600 - dong dién dinh mdc 100A, dién
ap ngwoc 600V), bién dién ap th&r cap clia bién ap
sang dién ap mot chiéu U, =2,34xU, = 200VDC

v Khdi bién d6i DC-DC véi linh kién chinh 14
van IGBT (MG150Q2YS40, dong dién dinh muirc
150A, dién ap ngwoc 1200V) cé nhiém vu bién dbi
dién ap moét chiéu sau chinh lwu thanh dién ap mot
chiéu phu hop dé nap cho té hop ac quy cua tau
dién mo;

v Khdi mach tao xung c6 nhiém vu tao chum
xung theo ky thuat PWM véi bién dé 3V. Xung diéu
khién dwoc dwa téi mach lai (Gate Driver) tao ra
cac mre dién ap +12VDC va -9VDC diéu khién
IGBT dan va khéa twong tng.

v Khéi héi tiép cé nhiém vu do va x ly tin hiéu
dong dién, dién &p dau ra cGa mach nap ac quy
trwde khi dwa vé vi x& ly nham 6n dinh cac gia tri
dong dién, dién &p nap va bao vé hé théng theo
yéu cau cong nghé nap ctia méi loai tb hop &c quy.

v'Khéi nguén DC tao ra ngudn cung cép cé cac
murc dién ap +5VDC, +12VDC, -9VDC phu hop véi
cac mach chirc nang.

0+200VDC
Bién d6i DC-DC > Tai

T

S Mach Driver

T Y

Mach héi tiép

Mach tao xung  |«&

A

H4. So do khéi mach nap ac quy
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Tw so @ khéi chirc ndng trén, cé thé dwa ra so d6 nguyén ly mach nhw Hinh H.5.

KHOI MACH SNUBBER

660 VAC 85VAC

Bién ap
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Gate Driver

Diéu khién

H.5. Se d6 nguyén ly mach dién td nap ac quy

Nguyén ly hoat déng ctia mach nap &c quy
str dung cdng nghé bam xung ap (SMPS) nhw
sau: Bo diéu khién (st dung vi diéu khién PIC
16F877A) tao xung diéu khién theo nguyén ly
diéu bién d6 rong (PWM) dwa téi mach lai. Mach
l&i c6 nhiém vu khuéch dai bién do xung PWM

Ton

Ur =TU2 = YU2,

thanh hai mc pht hop dé dan va ngat IGBT(dién
ap U, twong tng la +12V va -9V). bién ap mét
chiéu sau chinh lwu (U,) théng qua chuyén mach
C1-E1 cla IGBT dwoc diéu chinh gidm ap theo
nguyén ly PWM. Dién ap trung binh trén tai dwoc
xac dinh theo biéu thirc:

(1)

Trong 36 T = 640 us la chu ky chuyén mach; T, Ia thoi gian dan va ngat IGBT; y la hé s dién day

(d6 réng) xung diéu khién.
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H.6. So d6 nguyén ly mach ha ap DC-DC kiéu BUCK va dé thi dang xung

Dién ap sau bién déi duwoc loc bdi dién cadm
L1 = 100uH; Bi 6t D1 c6 tac dung khép kin mach
thoat nang Iwong tich trir trong dién cam khi van
IGBT ngét.
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Tin hiéu phan héi dién ap théng qua mach phan
ap R, R, tin hiéu phan hoéi dong dién théng qua
cam bién dong dién (dién ap ra 0 = 4V &ng Vvoi
dong dién vao 0 + 50A). C4c tin hiéu phan héi dwa
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t&i khéi didu khién, vi x& ly sé tinh toan dé tw diéu Khéi mach Snubber bao gébm R,, C, 6 tac dung
chinh d6 rong xung phu hop véi gia tri dién ap va  bao vé qua dién ap cho IGBT.
dong dién dat.

=0

THERMOMETER SWITCHES

H.7. So d6 nguyén ly mach tao xung

2.2. Thi» nghiém mé hinh va céc két +12VDC
qua thu dwoc =T
M6 hinh mach nap &c quy st dung
cong nghé SMPS duwgc thlr nghiém tai

Phong thi nghiém K¢ thuat dién - Dién t, 1 Ql
Trwong Dai hoc M6 - Dia chat véi tai dién |:| MJE13003G
tré» 220V/1200W. Nhom tac gia thir nghiém
Vi cac trworng hop d6 rong xung tdng dan i |
ahu sau: 2% (Hinh H.9), 50% (Hinh H10);, | RO VWV +—W G
100% (Hinh H.11). 27R 22R

Két qua thwc nghiém cho thdy mach
didu khién va mach lwc cia mo hinh ta 1 Q2
nap &c quy da lap dat hoat dong 6n dinh; WREI0E
do réong xung c6 thé diéu chinh tlr 0% dén &
100%. Tai thoi diém thwe nghiém, dién ap
thir cp U2 = 85V, khi d6 rong xung 100% B
dién ap ra trén taila 190,9V la phu hop véi E :
ly thuyét tinh toan. H.8. So’ d6 nguyén ly mach lai IGBT
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H.11. D6 thi dang xung ting véi d6 rong xung 100% va dién ap ra trén tai

3. KET LUAN

Bai bao da trinh bay néi dung co ban qua
trinh thiét ké va xay dwng mé hinh cho ti nap ac
quy md st dung cdng nghé ngudn chuyén mach
SMPS & quy mé phong thi nghiém. Td nay cé thé
ap dung trong thuc t& tai cac mé than ving mé
Quéng Ninh dé nang cao hiéu suét va kéo dai

<l CONG NGHIEP MO, SO 1 - 2024

tudi tho clia cac ti nap &c quy v&i dién ap tir 96V
dén 192V, dong dién 50A hoac Ién hon tuy theo
nhu cdu. Bén canh d6, viéc lam chd céng nghé
cling gop phan gidm chi phi nhap khau thiét b,
ddng thoi chu dong trong viéc bdo duéng, sira
chiva va thay thé, tlr d6 lam gidm thoi gian chét
cla thiét bj O
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RESEARCH, DESIGN AND MANUFACTURING OF MINE BATTERY CHARGERS
USING SWITCH MODE POWER TECHNOLOGY

Tong Ngoc Anh, Ha Thi Chuc, Cung Quang Khang
Hanoi University of Mining and Geology

ABSRACT

Currently, battery chargers for mine electric trains are using controlled rectifier circuits that have many
disadvantages.In recent years, Switch Mode Power Supply technology has appeared to overcome most
of the disadvantages of currently used rectifier chargers. The article presents some results of research,
design and manufacturing of battery chargers for battery charging stations using SMPS technology. The
experimental results show that the charger works stably in the pulse width adjustment range from 2% to
100%.
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