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NGHIEN C’U VA TRAO DOI

NGHIEN CUU THIET KE CHE TAO BO NAP AC QUY M0
DUNG CONG NGHE NGUON CHUYEN MACH

Téng Ngoc Anh, Ha Thi Chic, Cung Quang Khang

TOM TAT

Trwong Pai hoc M6 - Dia chét
Email:hathichuc@humg.edu.vn

Hién nay, céc tu nap ac quy tau dién mé déu st dung mach chinh lwu cé diéu khién, cé nhiéu
nhuoc diém. Trong nhitng ndm gén day, céng nghé ngudn chuyén mach SMPS (Switch Mode
Power Supply) ra doi da khac phuc hadu hét céc nhuoc diém cia bé nap chinh lwu cé didu khién.
Bai béo trinh bay két qua nghién ctru, thiét ké va ché tao bé nap dc quy dung cho céc tram nap
dc quy cda tau dién mé sir dung céng nghé ngudn chuyén mach SMPS. Két qua thuc nghiém cho
thay bo nap lam viéc én dinh trong ca dai diéu chinh do rong xung tir 2% dén 100%.

Tir khoa: tau dién mé hdm 16; bé nap &c quy; cong nghé nguén chuyén mach SMPS

1. DAT VAN PE

Theo sé lieu khao sat nam 2022, cac md than
ham 16 thudc Tap doan Cong nghiép Than-Khoang
san Viét Nam (TKV) dang st dung hang tram
dau tau dién dé van chuyén than va dat da véi ba
chlng loai: 5 tAn (46 cai), 8 tn (340 cai) va 12
tan (5 cai), phan 16n |a cac sa&n phdm cla Trung
Québc san xuat, mot sb 1a sdn pham cta Nga, con
lai dwoc s&n xuét trong nwéc. Tau dién &c quy st
dung céac t6 hop ac quy co dién ap 90/132/192 V,
dung lvgng 385/440/560 Ah, twong rng voi cac
loai tau 5/8/12 tAn. Céc t6 hop &c quy tau dién md
dwoc nap bang cac ti nap phong nd co kiéu dang
nhw trong Hinh H.1.

H.1.Ta nap ac quy phong nd

Hién nay, cac ti nap ac quy phong nd dwoc
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 ciia mach nap dwoc mé ta trong Hinh H.2.

K74l CONG NGHIEP MO, SO 1 - 2024

A _~~vd In_— La
u U ]’{ | | Id
I re—O¢
B ,_rYYY\_Q_ZZ_D‘t Mach
L1 didu
I . Uy |==
C c Ir; khién dl E
T; _|_

H.2. S¢ d6 khdi mach dién td nap &c quy phong né

M6t trong nhirng wu diém cla td nap ac quy tau
dién mé dang dung hién nay la cu tao don gian,
dé diéu chinh dién ap dau ra bang cach diéu chinh
géc mé “a” (xem Hinh H.3) phu hop véi tit ca cac
loai t6 hop ac quy hién cé.
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H.3. Do thi dién ap ra U, phu thudc vao géc mé “a”

Pién 4p ra dwoc tinh theo biéu thic
Us = 1,38Uz cosa | rong a6 Yz 13 dien ap pha the
cap hiéu dung. o ]

Tuy nhién do mach thiét k& dé nap dwoc &c quy
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tau 12 tan (192V) v&i dong dién nap 16n nhat 100A
nhwng trong thyc té san xuat tai cac mé Quang
Ninh chi yéu dung tau 8 tn voi dién ap ac quy
96V nén b6 chinh Iwu lam viéc v&i goc mé 1&n. Khi
mach chinh lwu lam viéc véi géc mé 1&n (dé gidm
dién ap ra) sé tao ra ty & song hai bac cao trén
bién ap I&n, lam tang tén hao cong suét, dan dén
qué nhiét, lam giam tudi tho may bién ap [5].

Mat khac, trong diéu kién co khi va bui nd nén
toan bd mach chinh lwu phai d&t trong vé phong nd
dan dén viéc tan nhiét ctia cac linh kién trong mach
lwc rat kém, dan dén qua nhiét cho toan bé mach
chinh lwu. Diéu d6 lam gidm tudi tho trung binh cla
ti nap. Thuc té 1am viéc cho thay tudi tho cla td
nap trung binh Ia 1 nam.

O trong nwéc, da co nhidu nghién ctru ché tao
cac bd nap ac quy trong cac nganh cong nghiép
nhw vién théng [1], tau thay [2], hé théng nang
lwong mat trovi [3].

Bi theo hwéng nang cao hiéu suét ctia bd bién
ddi, cé6 mot sb nhiém vu da dwoc gidi quyét bang
cach sr dung cong nghé chuyén mach tan sé cao
Switch Mode Power Supply (SMPS) [6].

T nam 1973, k§ thuat ngudn chuyén mach
SMPS bat dau dwoc st dung trong cac bd &c quy
cong suat nhé. Ky thuat SMPS cho phép nang cao
hiéu suat cia mach nap (gidm 34% tén hao trén
cac transistor cdng suét, so véi cac mach diéu
chinh lién tuc) [6].

2. NOI DUNG NGHIEN CcUU

2.1. Thiét ké so do khéi, phan cirng va phan
mém bé nap ac quy

660 VAC 85 VAC 220 vDC 0+200VDC
—> Biéndpvao | ——p» Chinh lwvu AC-DC ——p»| Bién d6i DC-DC [——— P> Tai
Ngudn DC  }----eeeeesees |  Mach Driver
! Y
»| Machtaoxung [@—————— o Mach hoitiép

So dd khdi bd nap ac quy bao gdm céc khébi:
Khéi bién ap vao; Khéi chinh lwu AC-DC; Khéi
bién d6i DC-DC; Khéi mach tao xung; Khdi mach
tao xung; Khdi mach héi tiép; Khdi ngudn phu
va khéi tai tiéu 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, cong
suét 10kVA);

v Khéi chinh lwu AC-DC la ciu chinh lvu 3 pha
(M50100TB600 - dong dién dinh mic 100A, dién
ap ngwoc 600V), bién dién ap thir cap cla bién ap
sang dién ap mét chiéu U, = 2,34xU, = 200VDC

v Khéi bién ddi DC-DC véi linh kién chinh Ia
van IGBT (MG150Q2YS40, dong dién dinh mwc
150A, dién ap nguoc 1200V) c6 nhiém vu bién dbi
dién ap mot chiéu sau chinh lwu thanh dién ap mot
chiéu phu hop dé nap cho té hop ac quy cla tau
dién mo;

v Khdi mach tao xung c6 nhiém vy tao chum
xung theo k§ thuat PWM voi bign d6 3V. Xung didu
khién dwoc dwa téi mach 1ai (Gate Driver) tao ra
cac murc dién ap +12VDC va -9VDC diéu khién
IGBT dan va khoéa twong trng.

v Khéi hdi tiép c6 nhiém vu do va x& ly tin hiéu
dong dién, dién ap dau ra cla mach nap ac quy
trwéc khi dwa vé vi x& ly nham 6n dinh cac gia tri
dong dién, dién 4p nap va bao vé hé théng theo
yéu ciu céng nghé nap ctia mdi loai td hop ac quy.

v Khéi ngudn DC tao ra ngudn cung cap c6 cac
murc dién ap +5VDC, +12VDC, -9VDC phu hop voi
cac mach chirc nang.

A

H.4. S¢ do khdi mach nap dc quy
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Tw so dd khdi chive néng trén, c6 thé dwa ra so d6 nguyén ly mach nhw Hinh H.5.

KHOI MACH SNUBBER

660 VAC 85VAC

Bién ap

R3 ||C3
Dl
—  —¢
L, =100uH
IGBT . ij] -
c1 E1

Gate Driver

Didukhién |

KHGI MACH DIEU KHIEN

H.5. S¢ dd nguyén ly mach dién td nap c quy

Nguyén ly hoat ddng cla mach nap &c quy
str dung cong 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 do6 rong (PWM) dwa téi mach lai. Mach
lai c6 nhiém vu khuéch dai bién dd xung PWM

Ton

UT:? 2=YU2,

thanh hai mec pht hop dé& dan va ngat IGBT(dién
ap Ug,, twong &rng la +12V va -9V). Dién ap mot
chiéu sau chinh Iwu (U,) théng qua chuyén mach
C1-E1 cua IGBT duwoc diéu chinh giam ap theo
nguyén ly PWM. Dién ap trung binh trén tai dwgc
xac dinh theo biéu thtrc:

(1)

Trong d6 T = 640 s 1a chu ky chuyén mach; T, a thoi gian dén va ngat IGBT; v 1a hé sb dién day

(d6 réng) xung diéu khién.

1
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H.6. So’ d6 nguyén ly mach ha ap DC-DC kiéu BUCK va dd thj dang xung

Dién ap sau bién ddi dwoc loc béi dién cam
L1 = 100uH; bi 6t D1 c6 tac dung khép kin mach
thoat nang lwong tich trir trong dién cdm khi van
IGBT ngét.
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Tin hiéu phan hoi dién &p théng qua mach phan
ap R, R,; tin hiéu phan hdi dong dién thdng qua
cdm bién dong dién (dién ap ra 0 + 4V (rng VO
dong dién vao 0 + 50A). Cac tin hiéu phan hoi dwa
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t&i khéi didu khién, vi x(r ly sé tinh toan dé ty diéu Khéi mach Snubber bao gém R,, C, c6 tac dung
chinh d6 rong xung phu hgp véi gia tri dién ap va  bao vé qua dién ap cho IGBT.
dong dién dat.

> T
csp THERMUOMETER RESET SWITCHES

(=)
bt

H.7. S¢ d6 nguyén Iy mach tao xung

?.2. Thda nghiém mé hinh va cdc két +12VDC
qua thu dwoc

M6 hinh mach nap &c quy st dung
cong nghé SMPS duoc thlr nghiém tai
Phong thi nghiém Ky thuat dién - Bién td, | 1”0l
Trwdng Dai hoc Mé - Dia chat vai tai dién MJE13003G
tré 220V/1200W. Nhém tac gia thir nghiém
v&i cac trung hop d6 rong xung tang dan
nhw sau: 2% (Hinh H.9); 50% (Hinh H.10); RP0 VW —r1
100% (Hinh H.11).

Két quad thuc nghiém cho thdy mach
diéu khién va mach lyc ctia mé hinh td I
nap ac quy da lap d&t hoat déng 6n dinh;

dd rdng xung co thé diéu chinh tr 0% dén &

100%. Tai thdi diém thwc nghiém, dién ap

thir cAp U2 = 85V, khi d6 rong xung 100% |

dién ap ra trén tai 12 190,9V 1a phi hop v6i -9VDC

ly thuyét tinh toan. H.8. So d6 nguyén ly mach lai IGBT

L]

]

td
~1
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2.2

R

Q2
MJE15033G
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H.11. Do 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 k& va xay dwng mé hinh cho ti nap &c
quy md st dung céng nghé ngudn chuyén mach
SMPS & quy md phong thi nghiém. Tt nay c6 thé
ap dung trong thuc té tai cac mé than ving md
Quang Ninh dé nang cao hiéu suét va kéo dai

Kl CONG NGHIEP MO, SO 1 - 2024

tudi tho ctia cac ti nap &c quy v&i dién ap tir 96V
dén 192V, dong dién 50A hoac I&n hon tuy theo
nhu ciu. Bén canh d6, viéc lam chl céng nghé
ciing goép phan gidm chi phi nhap khau thiét bi,
dbng th&i cha dong trong viéc bao dwdng, stra
chira va thay thé, tlr d6 lam gidm thoi gian chét
cla thiét bj O
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Noi dung bai bdo dwoc hé tro kinh phi tlr dé tai nghién ciru khoa hoc cap Trudng, ma sbé T23-03

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%.

Keywords: Underground mine train, Battery charger, Switch Mode Power Supply technology (SMPS)
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