Transport and Communications Science Journal, Vol 72, Issue 9 (12/2021), 1118-1130

Transport and Communications Science Journal

DESIGN AND MANUFACTURING OF AXLE COUNTING
EQUIPMENT USING ELECTROMAGNETIC INDUCTION
METHOD

Nguyen Thanh Hai'", Dang Quang Thach?, Co Nhu Van!, Tran Van Khuyen!
University of Transport and Communications, No. 3 Cau Giay Street, Hanoi, Vietnam
?National Center for Technological Progress, 25 Le Thanh Tong, Hanoi, Vietnam

ARTICLE INFO

TYPE: Research Article
Received: 19/06/2021

Revised: 16/10/2021

Accepted: 14/12/2021

Published online: 15/12/2021
https://doi.org/10.47869/tcs].72.9.10

* Corresponding author

Email: nguyenthanhhai@utc.edu.vn; Tel: +84 913233209

Abstract. The axle counting equipment is one of the important devices in the railway signal
control system, which helps the system to operate safely and accurately. Currently, the axle
counting devices commonly used in the Vietnamese railway signaling system are mainly
imported. This article presents a solution for manufacturing axle counting equipment for
Vietnamese railways. The operation principle of the axle counting sensor is based on the
change of the magnetic flux through the receiving coil when the wheel passes the sensors. The
signal processing of the alxe counter based on the amplitude and phase of the voltage received
from the receiver coil will recognize the state of the wheel occupying the sensor space.
Sensors and processing circuits have been successfully fabricated and tested on several routes
in Vietnam railways. The results show that the signal threshold between passing train and no
train is clearly distinctive. The count value of axle is transmitted to the control center through
a highly reliable CAN communication network. The manufactured devices can be applied to
Automatic Warning System at level crossings, Automatic Block Signaling, Centralized
Traffic Control.
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Tém tat. Bo dém truc 13 mot thiét bi quan trong dé hé thong diéu khién tin hiéu duong sat
hoat dong an toan va chinh x4ac. Hién nay thiét bi dém truc nhap khau duoc dung phé bién
trong hé théng tin hiéu duong sat, bai bio nay dua ra giai phap ché tao thiét bi dém truc sir
dung cho dudng sit Viét nam. Nguyén ly cia cam bién dua vao su thay ddi tir théng qua cudn
thu khi banh tau di qua cam bién, mach xir Iy tin hiéu cin ctr vao bién d6 va pha dién ap tur
cudn thu nhan dang trang thai ciia banh tau chiém dung ving khong gian dat cam blen Cam
bién va mach xur 1y da duoc ché tao va thir nghiém trén mot sé tuyén thudc dudng sat Viét
nam, két qua cho thay ngudng gitra trang thai co tau va khong c6 tau dugc phan biét r6 rang.
Gia tri dém truc duoc truyen vé trung tim diéu khién qua mang truyén thong CAN do tin cay
cao. Ung dung cua thiét bi ché tao c6 thé duoc ding cho ga dién khi tip trung, hé théng tu
dong canh bao dudng ngang, hé théng dong duong ty dong.

Tir khéa: Dém truc, Xt 1y tin hiéu, Tach pha, Ga dién khi tip trung.
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1. PAT VAN DPE

Thiét bi ¢ém truc dung dé kiém tra sy hién dién cua banh tau trén mot khu doan duong
st, n6 co vai trd quan trong trong viéc danh gia su thanh thoat (khong chiém dung) caa mot
phan khu diéu khién. Nguyén tic hoat dong dwa trén sy cam nhan thay ddi tir théng caa cudn
day thu tin hiéu dat & mot bén ray khi cé mot banh tau chay qua.

Hién nay thiét bi dém truc duoc dung rong réi trong hé théng tin hiéu duong sit, né dan
dugc thay thé cho mach dién duong ray truyén théng [1]. O Viét nam thiét bi dém truc duoc
sir dung trong cac du an trang bj thiét bi dién khi tap trung lién khoa ro le 6502 trén cac tuyén
Ha Noi - Lao Cai, Ha Noi - Pong Pang cua ZTE, du &n trang bi thiét bi lién khoa SSI cua
Alstoms cho tuyén Ha Nbi - Vinh.

Ciing nhu cac thiét bi dic thu cho dudng sit khac, thiét bi dém truc cua cac hang san xuat
nudc ngoai duoc trang bi ddng bo véi hé théng diéu khién tin hiéu voi gia thanh rét cao. Viéc
tiép can cong nghé dé thay thé sira chira, van hanh gap nhiéu khé khan, hon nira trong nganh
duong st thiét bi ¢ém truc con cé thé sir dung ngoai khu gian nhu hé thdng tu dong canh bao
duong ngang, dong dudng ty dong, hé thong bao vé doan tau ATP ... Nhiéu hé théng can
dugc thiét ké va ché tao theo dic thi van hanh cua duong sit Viét Nam, do dé viéc san xuat
duoc thiét bi dém tryuc dam bao cac tinh ning an toan vai gia thanh thap ¢ nhu cau cép thiét.

Céc cong trinh cong b doi véi thiét bi dém truc nhu [2-4] the hign nguyén Iy hoat dong
ctiia cam bién phat va thu tin hiéu. Cong trinh [5] phan tich sy anh huéng cua goc toi bo phat
v6i do nhay va kha nang chdng nhiéu caa cam bién thu dya trén phuong phap bé mat phan
tng (RSM), két qua la dua ra gidi phap lya chon dugc goc dat bo phat phu hop so véi mét ray.
O c6ng trinh [6] dé xuit phuong phép phan tich tir thong véi dang cam bién nim & mot phia
ctia duong ray. Pay 1a co s& nén tang dé phan tich danh gia va thiét ké thiét bi cam bién, tuy
nhién trong bai bao chua di sdu vao phwong phap xir Iy tin hiéu, xtr ly nhidu va truyén di liéu
vé trung tam diéu khién. Tai liéu [7,8] 1a hudng dan sir dung va van hanh cua thiét bi dém
truc, trén co s& nay phuc vu viéc thiét ké va danh gia su hoat dong cua thiét bi dém truc ché
tao.

Cong trinh [9] dé xuat giai phap khac khi ding cam bién lu¢i quang dé xéc dinh sy bién
dang ray khi c6 tau di qua, phuong phap nay doi hoi thiét bi phuc tap ciing nhu kho khan
trong cdng tac van hanh.

Trén co s¢ phuong phép luén vé nguyén ly cam bién dém truc, bai bao nay dua ra giai
phap thiét ké ché tao cam bién va mach xir Iy tin hiéu dém truc voi muc tiéu tng dung cho
duong sat Viét Nam. Th[et bi dugc ché tao da dugc thir nghiém va danh gia thuc té tai ga
Giap bat — Ha Noi va ga Am Thuong — Phi Tho.

2. THIET KE CHE TAO THIET BI PEM TRUC

2.1. Cam bién dém truc.

Cam bién dém truc duoc ché tao trong noi dung bai bao nay gom c6 1 cuon cam phat va 1
cam cudn thu nhu hinh 1. D& phat hién c6 banh tau chin cam bién sé& can clr vao cuong do va
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pha ciia dién &p nhan dugc & cuon thu [1], co so Iy thuyét dé tinh todn mat d¢ tir thong qua
cuon day thu sir dung phuong phap phan tir géc vo han (IEE) [2].

Nguyeén Iy hoat dong cua cam bién nhu sau: khi cdp ngudn dao dong diéu hoa vao cuon
phét, phu thudc vao gbc hudng cudn phét s& tao ra dong tir thong di qua ray hudng dén cuon
thu. Dong tir thong nay s& tao ra dién &p xoay chiéu diéu hoa trong cudn thu dé dua vao mach
xu ly. Trong truong hop c6 banh tau chan giira cuon phat va cuon thu s& lam thay doi dong tur
thong, néu bd tri goc hudng cua cudn phét va thu pha hop dong tir thong nay s& dao chiéu trén
cudn thu nhu ¢ Hinh 1.

Banh xe

@ Nbi véi mach phat
@ Nobi v6i mach thu

Hinh 1. Nguyén 1y lam viéc ctia cam bién dém truc.

Theo nguyén 1y nay nhom nghién ctru di ché tao cam bién dém truc ¢ cac tham sb ky
thuat nhu Bang 1.

Béng 1 Tham s k¥ thudt cta cam bién.

TT | Loaicam bién | Tiétdién | Chiéu Dj twcdm | Dién tré
16i dai cudn day thuan

1 Cam bién phat | 3cmx3cm | 4,5cm 380pH 480mQ
2 Cam bién thu | 4cmxdcm 6cm 1,6mH 2,40
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Hinh 2. Cam bién ¢ hién trudng (a) va cam bién ¢ bo mo phong banh tau (b).

Tin hieu phat

. N\ N
\ / \ / /

N\

Tin hieu Thu khi khong co tau

° N\ AN

Tin hieu Thu khi co tau chinh pha

Tin hieu Thu khi co Tau lech pha

LN ™ il
7
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Hinh 3. Bién d6 va pha cta tin hiéu Thu khi c6 tau va khéng co tau.
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Khi cép dién ap diéu hoa vai gia tri hi€u dung 15V vao cudn phat, do dugc di¢n ap cudn
thu khi khéng ¢6 tau va c6 tau ¢ Hinh 3.

Phu thudc vao vi tri cua banh tau trong vung khong gian gitra cuon phat va thu, bién do
va pha cua tin hi¢u thu thay doi. Khi banh tau nam chinh gitta chan hoan toan, pha cua tin
hiéu nguoc 180° so véi tin hiéu phat va c6 bién d6 nguoc pha Ién nhat.

Mgch céng P Mach
suat va phoi :
= hon trs € tao dao
o don,
khang g
Tach phatin | JUL
hi¢u phat @

%
g

A4

@ @ Sosanh | T Biendd | Tinh gi @
pha "1 Xae dinh tri higu
N phé: . %’ A dai ‘PU’ ; , bién do va dung tin £
Phoi hop tré Khuech dai Téch phatin | JUL Py U hicy thu > —— Cotau
1 knang | tinhigu ? hiu th q dau cta tin : So sénh
higu thu ) ngudng N
Diu L3 Khéng
¢6 tau
® (2
Co tau —| @
Dém sb Truyén Giao tiép CAN bus Thiét bi xtt
A truc qua [« » thong > vitly |« » Iy trung
Khong cam bién CAN CAN am
co tau

[ | » 24V DC
| — 12vDC

L Khi .| Knéi
Nguon cap _I_> chéng sét ngudn o ——> 6vDC
| Khdi nguon (——— 5V DC
| > ——>33VDC

Hinh 4. So d6 khdi cam bién dém tryc.
2.1. Mach xir ly tin hiéu:

Nhu da phén tich ¢ trén, pha va bién do cua tin hi¢u thu s& gilp viéc nhan dang co banh
tau vao vung lam viéc ctia cam bién hay khdéng. Viéc thiét ké mach dién xur ly tin hiéu dya vao
so do khoi trinh bay ¢ Hinh 4.

Cam bién phat.

Cam bién thu.
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Mach cong suat va phéi hop tro khang: khuéch dai cong suat tin higu diéu hoa, dua dign
ap hiéu dung 15V ra cudn phat. Mach phoi hop tré khang dam béo tré khang ra caa mach phu
hop véi tré khang cua cudn day.

1. Téch pha tin hiéu phat: xac dinh tin hiéu qua diém khéng & chu ky dwong va chu
ky am.

2. Tach pha tin hiéu thu.
3. Mach so sanh pha: xac dinh d6 dich pha gitra hai tin hiéu.

4, Xac dinh bién do va déu, cua tin hiéu thu: xac dinh gia tri dién ap tur cuon thu trong
chu ky cua tin hiéu phat, xac dinh dau cua tin hi¢u thu.

5. Tinh gié tri hiéu dung cua tin hiéu thu.

6. So sanh véi gia tri dién ap ngudng dé phan biét trang thai co tau hay khong ¢ tau.
7. DPém s truc: dém s6 truc banh tau di qua cam bién, x4c dinh hudng di chuyén cua
doan tau.

8. Mach truyén théng CAN BUS [10]: truyén dir liéu vé trung tdm diéu khién. Sur
dung tiéu chuan 1SO 11898 dam bao do tin cay duong truyen Loi thé cia CAN so Véi céc
kénh truyén thong khac & chd: tdc do truyén thong cao dén 2Mbps, giao thirc hd trg truyen tir
8 dén 64 byte dir liéu, tu dong truyén lai khung 18i, kha ning khang nhiéu duong truyén tét,
giao thirc truyén thdng hd trg nhiéu phuong phap phat hién 15i (15i bit, 16i hoi dap, 15i dinh
dang, 15i CRC, 13i nhdi bit).

9. Giao tiép vat ly CAN [11]: bo chuyén ddi tin hiéu c6 khoang cach két néi dén 3,0
km.

10.  Trung tam diéu khién: tiép nhan dir li¢u, diéu khién tin hiéu, lién khoa ...

11.  Ngudn cip: Pam bao cap ngudn cho khdi thu phat, bo khuéch dai, bo xu ly tin
hiéu, chéng sét ngudn va chdng sét dudng tin hiéu. Cac dién &p cap ngudn géom 24VDC cap
cho bo phét tin hiéu; 12VDC va 6VDC cap cho bo khuéch dai tin hiéu; 5VDC cap cho khoi
truyén thong CAN va 3,3VDC cho khéi vi xir Iy.

2.3 Thuit toan xac dinh s6 truc qua cam bién.

Tin hiéu thu nhan duoc xt ly thdng qua cac mach twong tu va mach s6 dua ra 2 tin hiéu
logic tach biét:

Tin hiéu bao thanh thoat (A):
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iy @ By B 5

Hinh 5. Mach xur 1y (a) va cam bién lap dat tai hién truong (b).

+ Muc logic tich cuc khi khong c6 banh tau dé vao vung tac dong cia cam bién, ldc nay
dién &p cudn thu cung pha véi dién &p cudn phat va c¢6 bién do 16n nhat (dién &p chinh pha).

+ Muc logic khéng tich cuc khi dién ap cudn thu 1éch pha vai cuén phat hoac c6 bién do
chua du 16n. Truong hop ndy xay ra khi c6 banh tau chan hoan toan hoic chwa hoan toan cam
bién hoac 1a mot vat thé kim loai khdng phai banh tau chan giira cuon phat va cudn thu. Nhu
vy & trang thai nay chua chac chin c¢6 mot banh tau di qua cam bién (trang thai chua chéc
chan).

Tin hiéu bao chiém dung (B):

+ Muc logic tich cuc khi c6 banh tau chan hoan toan gitra cuon phét va cudn thu, Iic nay
dién &p cudn thu ngugc pha vai dién &p cudn phat va c¢6 bién do 16n nhat (dién ap nguoc pha).

+ Muc logic khong tich cuc khi khong c6 banh tau giira cugn phat va cuon thu hogc banh
tau mai tien gan cam bién hoac vat thé kim loai khong phai banh tau chan gitra cuon phat va
thu.

Nhu vay mét truc banh tau khi di qua cam bién duoc xac nhan khi c6 mét suon 1én caa
tin hiéu b&o chiém dung dong thoi sau d6 ¢c6 mot suwon 1én cua tin hiéu bao thanh thoat. Co
ché xac dinh so truc di qua cam bién trinh bay ¢ Hinh 6.

Céc thuat toan ndy duoc thuc hién trong khdi 13 cua hinh 4 st dung vi xir 1y toc do cao
STM32F103C8T6 [12] va duoc thuc hién theo luu d6 ¢ Hinh 7.

Trong trudng hop b tri cap cam bién dém tryc nhu & Hinh 2 cach nhau khoang cach ¢6
dinh biét trudc, ¢ thé xac dinh dugce hudng di chuyén cia doan tau qua cam bién (théng qua
viéc xac dinh banh tau di qua cam bién nao trudc). Pdng thoi xac dinh dugc te do cua doan
tau di qua cap cam bién nho viéc xac dinh khoang thoi gian banh tau di tir cam bién trudc dén
cam bién sau khi biét truéc khoang céch gitta chung. Pay 1a cac tham sé quan trong cung cap
thdng tin cho bo diéu khién tin hiéu.
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I I
: Pém tang :
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I I
I I

Huéng tau ' . ' ,
Phéat I Phat I Phat
II‘ : . : .
—— (———
Banh tau O] : [ : O]
Thu | Thu | Thu
I N I
N . Vung N .
I I
Vung Chinh pha | Ngugcpha | Vung Chinh pha

Hinh 6. Co ché xac dinh s0 truc qua cam bién.

@/ Doc tin hiéu A, B/

¥

Xuly nga‘it khi c6 suon 1én cua tin hi¢u A, B

v
Xac dinh
suon 1én dau tién cua tin hiéu B
v
Xac dinh
sudn 1én dau tién cva tin hiu A

@ ©®@ ® ©®

Kiém tra da diéu kién 4, 5

dung
v

Q

Pém tang s truc

Hinh 7. Luu d6 thuat toan dém s truc qua cam bién.
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Cac yéu to dam bao do tin cay va an toan cua thiét bj ché tao gom:

- Nguyén Iy hoat dong caa cam bién sir dung cudn cam c6 dic tinh co hoc tét, cac
tham so6 khong bién doi phu thuc vao moi truong (nhiét do, do am).

- Ngudng phan biét truong hop c6 tau va khong co tau chic chin nho sy thay doi
chiéu cua tir thdng qua cudn thu vai bién do du lon.

- Thuat toan dém truc duoc thiét ké dwa trén swon lam viéc cua 2 tin hiéu Logic, loai
trir cac truong hop khdng chac chan cua ting tin hiéu.

3. KET QUA THU NGHIEM

Viéc thir nghiém thiét bi dém truc duoc thyc hién 3 giai doan: thir nghiém céc tham so
tinh trong phong thi nghiém, thir nghiém dong trén thiét bi mé phong banh tau va thir nghiém
hién truong tai ga Giap bat va Am thuong.

-Thir nghiém tinh tai phong thi nghiém:

Hinh 8 (a) thé hién dién 4p chinh pha va Hinh 8 (b) dién &p nguoc pha cua tin hiéu dau ra
khdi xir Iy 10 (xac dinh bién bo va dau cua tinh hiéu thu) & hinh 4. Trong Hinh 8 dién é&p
chinh pha va nguogc pha c6 mau xanh va dang hinh sin sau khi chinh luu, tin hiéu xung vuéng
mau vang 13 xung ddng b triing pha véi tin hiéu phat.

Bo xur Iy xac dinh gi4 tri hiéu dung va dau cua dién p tir cudn thu, dua vao bd so sanh
ngudng va thuc hién thuat toan dém truc. Két qua cho thay c6 su phéan biét rd rang gitra
truong hop c6 banh tau va khong c6 banh tau di qua cam bien.

Hinh 8. Bién ap chinh pha =+263mv (a) va dién ap ngugc pha =-299mv (b).
- Thir nghiém déng:

B6 md phong banh tau & Hinh 2 (b) 1a thiét bi dugc ché tao dé danh gia két qua dém truc
trong thoi gian dai. Thiét bi ndy gom mét co cau chuyén dong lién tuc kéo tim chan co dic
tinh vat 1y tuong tu banh tau chay qua cam bién voi toc d6 thay doi tir Skm/h dén 60km/h.
Ngoai ra thiét bi con c6 mach xt ly, mach truyén théng, thiét bi hién thi, cong tic hanh trinh 2
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phia. Gia tri dém truc (sir dung cam bién dém truc) s& duoc so sénh véi gia tri dém khi co cau
chuyén dong cham vao cong tic hanh trinh (dém s6 lan cham céng tic hanh trinh). Két qua
thir nghiém trong 2 tuan chay lién tuc (twong @ng voi khoang 100.000 xung) thay 2 gié tri
dém bang nhau cho thay tinh 6n dinh va tin cay cua thiét bi dém truc.

-Thtr nghiém tai hién truong:

Sau khi thtr nghiém tinh va dong trong phong thi nghiém, céc thiét bi duoc lip dit tai
hién trudng & 2 budc. Budc 1 thir nghiém mét thiét bi dém truc don 1é chwa c6 truyén thong
V¢ trung tdm diéu hanh tai Ga Giap bat. O budc nay kiém tra d¢ viing trac vé co khi, kiém tra,
dang tin hiéu. Budc 2 thir nghiém 12 thiét bi trong hé thdng ga dién khi tap trung tai Ga Am
thuong trén tuyén Ha Noi-Lao Cai nhu ¢ Hinh 9.

Thiét bi X Iy
Trung tdm
Mang truyén thong CAN Bus
=1 5= =1 el _la L= T g B = =1 =
olo N

[ t]

oo olo oo olo =0

oo olo

&0 Cam bién ldp trén ray

Mach xit 1y tin hidu va truyén thong dit canh duong ray

i3

Hinh 9. Vi tri hé théng dém truc duoc 1ép dat thir nghiém tai ga Am Thuong.

Két qua do cac tham sb cua cac thiét bi dém truc ngay 06 thang 06 nim 2021 thé hién ¢
trong Bang 2.

Béng 2 Tham s6 dién 4p chinh pha va nguoc pha cua céac thiét bi lip & ga Am thuong.

Vi tri,cém Dién 4p chinh Dién 4p nguoc Dién 4p
bien pha (mv) pha (mv) chénh Iéch
(mv)
1 346 -152 498
2 250 -128 378
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3 180 -157 337
4 284 -171 455
5 230 -110 340
6 188 71 259
7 233 -345 578
8 120 -66 186
9 216 -200 416

10 230 -133 363

11 313 -75 388

12 293 -110 403

Két qua thir nghiém cho thay véi do chénh léch dién ap giita chinh pha va nguoc pha lén
hon 150mv ddng thoi st dung thuét todn & muc 2.3 s& cho phép dém chinh xac sé truc béanh
tau chay qua cam bién. Gi4 tri dién 4p chinh pha va nguoc pha phu thudc vao mai trudong caa
vi tri l4p dat (loai ray, ta vet sir dung, goc huéng va vi tri cua cudn phat so voi ray).

Vi vige lap dat mang CAN ¢ Hinh 9, gid tri dém truc ¢ timg diém dugc truyén vé trung
tdm theo thoi gian thyc. Thiét bi lién khoa cua ga dién khi tap trung sé nhan di liéu dém truc
va dieu khién tin hiéu dén va cac co cau chap hanh khéc.

4. KET LUAN

Vi viéc thiét ké ché tao cam bién va mach xa ly tin hiéu dua theo nguyén Iy cam ung
dién tir sir dung k¥ thuat tach pha va thuat toan phan biét ngudng. Céc két qua thir nghiém tai
phong thi nghiém va hién truong cho thay gia tri ¢ém truc khdng cé su sai khac so vai thuc té,
dam bao diéu kién st dung cho duong sat Viét nam.

Nho 1am chu céng nghé, tit ca cac thanh phan cua thiét bi nhu cam bién, mach xu Iy tin
hiéu, truyén thdng, nhan tin hiéu, ghép ndi véi thiét bi lién khoa déu dugc nodi dia hoa. Diéu
nay cho phép giam gia thanh cho cac thiét bi quan trong ciia nganh duong sit, dong thoi mé ra
co hoi 4p dung cho cac hé théng diéu khién tin hiéu nhu canh bao ty dong dudng ngang, ga
dién khi tap trung, hé thdng tu dong phong vé doan tau, dong dudng ty dong trén khu gian...

LOI CAM ON
Nghién ctru nay duoc tai trg boi Vién Ung dung Cong nghé - Bo Khoa hoc va Cong nghé
trong dé tai KHCN cap Nha nudc ma so DPTPL.CN-12/17. T4c gia xin chan thanh cam on

Trung tam Khoa hoc Cbng nghé Giao thong van tai - Truong Pai hoc Giao thong van tai da
ho tro trong qua trinh thyc hién thuc nghiém.
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