NGHIEN CU’U - TRAO BOI

NGHIEN Cc(rU GIAlI PHAP CHONG DAP NHAM
CHAN GA - CHAN PHANH

A STUDY ON SOLUTION OF PREVENTING MISTAKEN PEDAL

Nguyén Dong, Vii Hai Ding, Ngé Xuin Pat, Pham Minh Ding Khoa,
Pham Anh Pire, Trwong Van Thuan*
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Bai bdo nay trinh bay két qua nghién ciru vé gidi phdp phong ngira tai nan do 16i dap nham
chan ga-chdn phanh. Mot cau hinh thiét bi diea trén nguyén Iy thiyy lyc dwoc dé xudt cé xét téi hanh
vi théng thuong ciia ngueoi ldi xe. Cum thiét bi bao gom xy lanh, van phdn phéi, van tiét heu dworc tich
hop theo so d6 va két cau hop 1y dé cé thé dé dang bé tri ldp dat thém trén cdc phwong tién hién hanh.
Qud trinh tinh todn, thiét ké, mé phong sé va thuwe nghiém dwoc thwe hién dya trén nén tang co sé ly
thuyét co hoc rdn va long. Cac dac tinh dong lyc nhu luc, ap sudt lam viéc, van toc, va luu luwong dau
dd dwoc tinh todn nham dam béo hé théng hoat dong on dinh trong cdc diéu kién van hanh khac nhau.
Két qud mé phong va thuee nghiém ban dau cho thdy, hé thong ndy c6 kha nang ddp iing dwoc cdc yéu
cau k thudt va an toan da ddt ra. Tinh on dinh, bén bi, va tin cdy cia gidi phap nay cé thé mang lai
hiéu qua cao trong viéc ngan chdn hanh vi dap nham chin ga-chdn phanh. Nghién ciru nay khéng
nhitng dong gop mot manh ghép hitu ich trong linh vuee cong nghé an toan trén phuong tién giao thong
ma con la co s6 cho cdc nghién civu tiép theo vé hé thong ho tro ldi xe.

T khoa: Pap nham chdn ga-chdn phanh, Thiét bi thity lwe; M6 phong so.
ABSTRACT

This paper presents the results of a study on preventing accidents caused by mistaken pedal
(accelerator and brake). A hydraulic-based device configuration, considering common driver
behavior is proposed. The device consisting of a cylinder, distribution valve, and throttle valve,
were incorporated into a logical design for convenient installation on existing vehicles. Calculation
process, design, numerical simulations and experiment were performed based on the theoretical
foundation of solid and fluid mechanics. Dynamic characteristics such as force, working pressure,
velocity, and oil flow rate were calculated to ensure the system's stable operation under various
operating conditions. Initial simulation and experimental results show that the system can meet the
specified technical and safety requirements. The stability, durability, and reliability of this solution
can be highly effective in preventing mistaken pedal. This research offers a valuable contribution
to the field of vehicle safety technology and serves as a foundation for future research on advanced
driver assistance systems.

Keywords: Mistaken pedal; Hydraulic device; Numerical simulation.
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1. GIOI THIEU

Tai nan giao thong do dap nham chan
ga 1a mot van d¢ dang bao dong va la mot 16
c6 tinh pho bién trén toan thé gisi, dic biét &
cac qubc gia co mat do phuong tién giao thong
cao. Hanh vi nay thuong xay ra dot ngdt khién
mat kiém soét, din dén nhitng hau qua nghiém
trong. Day 1a mdt trong nhiing nguyén nhéan
hang dau giy ra tai nan giao thong va co thé
xay dén & moi ddi twong va lira tudi ciing nhu
gidi tinh nguoi 1ai xe. Hinh 1 dudi day thé hién
su lién quan cua tudi tac, bang lai ti sb vu tai
nan do nhAm ban dap tai My trong cac nam tur
2000 dén 2010.
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Hinh 1. S6 liéu thong ké ciia Co quan ATGT
Puong cao toc tai My [1]

Theo do, cot mau do 1a ty 1€ tai nan do
nham ban dap gy ra boi cac nhom tudi, cot
mau xanh 13 ty 18 bang 1ai trong cac nhom tudi
khac nhau. Nhitng ngudi ¢6 tudi dudi 20 chi
chiém khoang chua dén 5% lugng bang lai
duoc cap tai My (gan 200 triéu bang 14i), nhung
gdy ra toi gan 12% s6 vu tai nan do nham ban
dap, gap 2,38 lan ty 1é bang 1ai. Dic biét, nguoi
c6 d6 tudi trén 65 thi twong quan giira hai ty 18
nay cang chénh 1éch. O phia nguoc lai, nhiing
ngudi nam trong do tudi 35-39 chiém t6i 10%
luong bang li & My, nhung chi gay ra khoang
2% s6 vu tai nan do dap nham chan ga va phanh.

Bang 1, Bang 2 duéi day thong ké cac

nguyén nhan va s0 vu tai nan gay ra boi cac
van dé lién quan dén ban dap nhu truot chan,
sai ban dap [2].

Bdng 1. Tai nan é 16 khi ding do

Nguyén nhin S6 lwong
Truot chan 126
Sai ban dap 153

Bdng 2. Tai nan é 16 khi dang di chuyén

Nguyén nhan S6 lwong
Truot chan 2640
Sai ban dap 821

S liéu chi ra rang trong 4240 vu tai nan
giao thong gay ra khi 6 t6 dang di chuyén va
khi dirng d6. S6 luong tai nan giao théng khi 6
t6 dang di chuyén c6 s lugng 16n hon nhiéu so
véi khi 6 t6 dang dimng d6 (3461 so v&i 279).

Hién nay da c6 nhiing nghién clru
duoc dua ra nham giai quyét cac van dé nham
1an chan ga — chan phanh. D3 c6 y tuéng clia
Rickard Nilsson vé viéc két hop ban dap ga va
phanh két hop véi nhau [3], hé thong cac bod
phan co khi két hop véi vi mach dién tur cua
Nguyén Uy Long [4]. Trong mdt cong bd gan
day cua nhom sinh vién dén tir Pai hoc Bach
khoa Ha Noi vé giai phap chong dap nham chan
ga — chan phanh sir dung cong nghé co dién tr
dugc dé xuat. Tuy nhién, hé théng nay can thu
thap va xt 1y luong dit liéu 16n dé co thé hoat
dong chinh xac [5].

Trude tinh hinh nghién cou khi ma
chua c6 cong nghé hay giai phap nao dugc dua
vao su dung rong rai, nghién ctru nay xay dung
mot cau hinh thiét b chdng dap nhdm chan ga
— chan phanh hoat dong trén co so thudn co khi.
Giai phap nay c¢6 uu diém nhoé gon, bén bi, tin
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cdy, d& sir dung va khong 1am thay doi két cAu
ban dau cua xe, hon nita gan nhu khong lam
thay d6i hanh vi ctia nguoi 14i. Chi tiét vé qua
trinh nghién ctru, tinh toan, mé phong va thu
nghiém dugc trinh bay ¢ nhitng phan tiép theo.

2. CAU HINH HE THONG PE XUAT

Nhu da duge dé cap O trén, tai nan do
16i dap nhdm chan ga — chan phanh c6 thé xay
ra véi moi ddi twong va qua trinh nay thuong
1a bi dong. Do d6, cac thong sé dong luc dic
tinh cta qua trinh dap ga ddi véi hanh vi chu
dong va bi dong 1a khac biét. Hai thong sb dién
hinh 1a thoi gian tac dong va lyc dap cua lai xe
trong cac trudng hop nay duoc thé hién ¢ Bang
3 dudi day [6].

Bang 3. Thoi gian va lyc dap

Trwong hop Thoi gian Luc dap
Co chu dich 0.7s (20-50) N
Binh thuong 1,2s (20+50) N
Khan cép 1,55 (500+700) N

Dit liéu trén qua phan tich cho thay c6 thé
xir Iy bang hudng tiép can thity Iyc. Hinh 2, Hinh
3 mo ta mot cAu hinh thiét bj dé xuat bao gom:
ban dap ga (1); xy lanh (2); khép ndi (3); bé dau
(4); van tiét Iuu (5); van phan phdi 2/2 (6).
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Hinh 2. Mach thity lyc ciia hé thong

Heé thdng nay hoat dong theo nguyén Iy
sau: xy lanh (2) duoc ndi voi chan ga thong qua
khop. Trong truong hop dap c6 chu dich, dau
duogc luan chuyen 1an luot tir khoang khong can
qua van phan phéi 2/2 (6), qua van tiét luu (5)
vé bé dau (4), luc nay khoang c6 can hut dau tir
bé dau vao trong khoang lam cho can xy lanh
chuyén dong nhip nhang. Nguoc lai, ¢ truong
hop dap khan cip, luc dap dot ngot tao ra ap
sut cao do qua trinh dot thu qua van tiét luu.
Van phan phdi 2/2 (6) s& duogc kich hoat 1am
hé théng bi khoa ctrng. Lic nay, can xy lanh
khong thé di xubng.

Trén co s¢ mach thiy khi va nguyén ly
hoat dong trén, cAu hinh 3D cua thiét bi duoc
xdy dung. So d6 bd tri mat trude va sau cua
thiét bi 1an lugt thé hién ¢ Hinh 3a va Hinh 3b.

Hinh 3a. Mat truoc cua hé tho”'ng

Hinh 3b. Mdt sau ciia hé thong

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024  [PAIk]
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Nhu viy, v6i thiét ké nay, cum chong
dap nham chan ga — chan phanh c6 thé tich
hop dé dang trén cac phuong tién hién hanh ma
khong lam anh hudng dén két cau cua xe, cam
giac thoai mai cia nguoi lai.

3. PONG LUC HQC VA MO HINH HOA
HE THONG

Trén co s& mach nguyén ly da duoc
xdy dung ¢ phan trudc, phan nay tién hanh mo
phong xay dung cac phuong trinh toan hoc dé
md ta lyc dap va van tde dap. Van tde dap dugc
tinh boi cong thie (1):

h
V=—
t (1)

Trong d6: v 1a van toc dap (cm/s); h 1a
hanh trinh dap (cm), t 1a thoi gian phan Gng (s).

Phuong trinh luu lugng qua van tiét luu
duoc thé hién & phuong trinh (2).

2(]31 — pz) (2)
p
Trong do, q,1a luu luO’ng qua van tiét
luu; C, la tr¢ luc thuy luc; S 1a tlet di¢n van; p,
la ap suat dau vao van; p2 la ap sudt dau ra van;
p 14 khoi lugng riéng cua chat 1ong.

Qq =C4-Sq-

Phuong trinh khoang khong can duoc
thé hién & phuong trinh (3).

a, =8 - % ®

V=(h-x)S+V,

Trong do S 1a di¢n tich khoang khong
can; K lah¢ sO dan hoi ciia chat long, h 1a hanh
trinh Xy | lanh; v, 1 thé tich 6ng dan véi khoang
khong can.

Phuong trinh can bang luc dugc thé
hién ¢ phuong trinh (4).

Fga:K-erpa-S ()]

Trong d6, K 13 hé s6 dan hoi cua 1o X0;
F, , 1a luc dap ga; x 1a do dich chuyén cua can
xy lanh p, laap sut ciia khoang khong can.

Trén co s& cac phuong trinh toan hoc
da duogc xay dung, mot mach thuy luc duoc
thiét ké bang phan mém Automation Studio dé
mo phong luc dap va van tdc dap ciia nguoi 1ai
dugc thé hién ¢ Hinh 4.
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Hinh 4. Mach thuy luc mo phong luc va
van t6c dap

He¢ théng bao gdm: tram ngudn thuy luc
(1) cung cip luu luong va ap sudt vao khoang
¢ can cua xy lanh; van an toan thuy luc (2)
dung dé cai dit luc dap bang cach tinh toan ap
suit m& tuong ng ciia van an toan; xy lanh
thity Iye (3) hoi vé bang 10 xo; van phan phdi
thuy luc 2/2 (4) dung dé khoa cting hé théng
khi xay ra truong hop dap khan cap.

Dua vao cac phuong trinh toan hoc da
dugc xay dung ¢ trén, mot so do tong quat mo
phong d6 dich chuyén cia can xy lanh trong

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
I TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

truong hop dap khan cip dugc thuc hién bang
phan mém Matlab/Simulink nhu trén Hinh 5a.
Trong so d6 nay, khéi mo phong chi tiét duogc
lam rd nhu trén Hinh 5b.

TVehd L1

e
Leb—

Hinh 5a. So' do mé phong tong qudat

Hinh 5b. Khoi mé phong chi tiét &g dich chuyén
cua can xy lanh

Véi mo hinh trinh tinh toan dugc xay
dung trong cac phian mém cong nghiép trén,
thong s6 do dich chuyén cua can xy lanh, ap
suat thiy lyc trong hai truong hop dap khan cip
va dap binh thuong s& duoc khao sat bang tinh
toan sb. Két qua mo phong sé dugc trinh bay &
phan tiép theo.

4. MO PHONG SO VA KET QUA

Trong phan truéc, md hinh tinh toan
da duoc phat trién va xay dung trén phan mém
Automation Studio va Matlab/Simulink. Phan
nay s& dua ra két qua mo phong sb ap suit cia

khoang khéng can khi dap binh thudng va dap
khén cép; do dich chuyén clia can xy lanh khi
dap khan cap véi timg d6 mo ctia van tiét luu.
Thong s6 md phong ciia hé thong duoc chi ra
tai Bang 4.

Bdng 4. Théng so cua hé thong

Théng sb Gia tri
Puong kinh ngoai 16 (mm)
Puong kinh can 8 (mm)
Hanh trinh 35 (mm)
Luc dap khan cap 600 (N)
Luc dap binh thuong 35(N)

Gia tri 4p suat 1on nhéat cua khoang
khong can khi dap khan cap tng voi tung do
mo cda van tiét luu duge thé hién nhu Bang 5.

Bdng 5. Ap sudt ciia khoang khong can khi dap
khan cdp theo dg mé van tiét luu

D) mé van tiét luu Ap suit 16n nhit
(“0) (bar)
0 11.7
10 10.8
20 10
30 8.9
40 8.1
50 6.7
60 53
70 4.3
80 3.5
90 2.9
100 2.4
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Ap suat khoang khong can tng voi gia
tri d0 mo van tiét luu tir 50% dén 100% ndm
trong dai ap suat hoat dong ctia van phan phdi
2/21a 1.5 + 8 (bar).

Do dich chuyén ctia can xy lanh khi dap
khan cap tmg véi tung do md van tiét luu dugce
thé hién ¢ Hinh 6.

5 ey wmn S e

Hinh 6. D¢ dich chuyén ciia can xy lanh

Ung voi timg gia tri d6 md cua van tiét
luu tir 0% + 100%, d6 dich chuyén cua can xy
lanh ting dan tir 0 = 0.034 (m). Dé dap tng
yéu cau cua hé thong 1a 4p suit nam trong dai
ap suat hoat dong ctia van phan phdi 2/2 va do
dich chuyén ciia can xy lanh 1a tdi thiéu nhat.
Can ctr vao sb liéu ciia Bang 5 va Hinh 6, lya
chon khao sat hé thong ¢ gia tri d0 mo cua van
tiét uu 12 50%.

Hinh 7a, Hinh 7b lan luot 1a ap sudt
khoang khéng can khi dap thuong va khi dap
khan cap véi do mo tiét luu 1a 50%.

Hinh 7a. Ap sudt khoang khéng can khi dap binh thuong

Khi dap véi luc dap binh thuong, ap
suat khoang khong can tang tir tir dén ap suit on
dinh. Khi khong tac dung luc dap, nho vao luc
dan hoi cua 10 xo & xy lanh va ban dap ga, su
thay doi thé tich do6 tao ra ap suat chan khong.

bar

f |-

Hinh 7b. Ap sudt khoang khong can khi dap khén cdp

Khi tac dung luc dap dot ngdt, xung ap
suét tang vot lam kich van phan phéi 2/2. Liic
nay can xy lanh bi khéa cting. Do dich chuyén
clia can xy lanh duogc thé hién & Hinh 8.

Hinh 8. D¢ dich chuyén ciia can xy lanh khi dap
khan cap

Sau khi tién hanh mé phong s6, mot mo
hinh thir nghiém da dugc ché tao dé danh gia
hiéu qua va tinh kha thi cta hé théng. Hinh 9a
va Hinh 9b dudi day 1a hinh anh mé hinh thu
nghiém cua hé théng.
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Hinh 9b. Mat sau mé hinh thir nghiém

Két qua thyc nghiém cho théy hé théng
d3 hoat dong dung nguyén 1y mong mudn va
két qua mo6 phong. Hé thong hoat dong 6n dinh
va tin cdy gitp cho nguoi 1ai nhan thic duoc
da dap nham va nhanh chéng chuyén sang ban
phanh.

5. KET LUAN VA HUONG PHAT TRIEN

Nghién ctru da phat trién thanh cong
mot hé théng chong dap nham chan ga-chan
phanh. Cum thiét bj voi két cau don gian c6
thé 1ap 1én moi loai xe. Giai phap nay sir dung
nguyén 1y thudn co khi, dam bao sy don gian
va tinh bén bi trong qua trinh st dung. Thiét ké

nhé gon giup giai phap nay dé dang duoc tich
hop vao céac phuong tién hién hanh ma khong
lam thay d6i hanh vi cta nguoi lai. Két qua
nghién ctru 1a co s¢ cho nhiing nghién ctru va
thir nghiém sau hon hudng té1 dua gidi phap
vao ung dung rong rai.
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