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Tom tat

Trong qué trinh & td chuyén déng trén duwong
ngoai tac dong cua tdi trong tinh banh xe con chiu
tac dong cua cac tdi trong dong. Cac tdi trong
déng phat sinh cé thé do dao d@éng khi 6 td chuyén
déng trén dwong khong bang phang, do luc ly tam
khi quay vong, do phanh hodc ting toc gay ra,...
Khi Xdc dinh tdi trong déng tac dung 1én banh xe
thwong xét cdc trwong hop chuyén dong don lé.
Tuy nhién, chuyén dong cia 6 t6 trén dwong
thuong la phuc tap. Bai b&o trinh bay mét phwong
phap xdc dinh tai trong déng tac dung Ién banh xe
bang thuec nghiém. Véi phuwong phép nay cho phép
xde dinh tdi trong dgng tac dung 1én banh xe ¢ bt
ky trang thai chuyén déng ndo. Két qua thuc
nghiém c6 thé tham khao hizu ich cho cac nha thiét
ké, khai thac si dung, mod phong dong lirc hoc 6 to
va thiét ké dwong giao thong.

T khoa: Tai trong dong, ban kinh déng luc hoc,
dao dong 6 10.

Abstract

During the car's motion on the road, in addition
to the impact of static loads, the wheels are also
affected by dynamic loads. Dynamic loads can be
caused by vibration when the vehicle is moving on
uneven roads, by centrifugal force during
rotation, by braking or by accelerated process...
When determining the dynamic load acting on the
wheel, usually single motion cases are considered.
However, the movement of cars on the road is
often complicated. This paper presents a method
to determine the dynamic load acting on the wheel
by experiment. With this method it is possible to
determine the dynamic load acting on the wheel in
any state of motion. Experimental results can be
useful references for automotive designers,
operators, car dynamics simulation and road
designers.

Keywords: Dynamic load, dynamic radius, car
vibration.

1. Pat van dé

Nghién ctru dong luc hoc cac qué trinh chuyén
dong cua 6 t6 chinh 1a xay dung mdi quan hé gitra cac
tham sé dau vao bao gdbm: Cac théng s6 vé duong (hé
s6 bam, hé sé can lan, chiéu cao mdp mod mat
duwong,...), thong sé két cau cua 6 td (cong sudt, md
men, cac théng so hé thang,...), thong sé diéu khién
ctia nguoi lai (chan ga, phanh, vanh tay lai va tay so
truyen) vai cac thong sb dau ra theo yéu cau cua tirng
bai toan nham kiém soat van téc va huong chuyén
dong cua 6 t. Van toc va hudng chuyén dong cia 6
t6 chi c6 thé kiém soat dwoc khi ton tai méi quan hé
dong hoc, dong luc hoc giira banh xe ma cu thé 1a 16p
xe v&i mat duong. Méi quan hé dong luc hoc cua banh
xe voi mat duong duoc thé hién trén Hinh 1. Cac
thanh phan luc (Fy, Fy, F;) va md men (M, My, M,) tac
dung trén c4c truc tuwong trng X, y va z, truc Oy la truc
quay cua banh xe. Méi quan hé giita cac thanh phan
luc va mo men la kha phirc tap, né phu thugc vao trang
thai mat duong va trang thai chuyén dong cua banh xe.
Gid tri cuc dai cua céc luc theo phuong x, y déu phu
thudc vao gia tri cua luc theo phuong z (). Nghia la:

Fxmax = Fz.gx va Fymax =F 2. ¢y (€D)]

Trong d6: ¢« Va gy 1a cac hé s6 bam doc va bam

ngang cua I6p xe véi mat dudng.

Hinh 1. Céc luc, md men tac dung tgi vi tri tiép xtc
gizza banh xe véi mdt duong

Dbi vai loai duong xac dinh cac hé s bam ¢y va
@ thuong bién thién lién tyc va nam trong gidi han
(0;1). Nhu vay kha ning tiép nhan va truyén cac lyc
theo phwong doc, ngang phu thugc rat nhiéu vao tai
trong F..
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C6 kha nhiéu cac cong trinh nghién ctru dong luc
hoc banh xe, nhung phan 1n 1a cac nghién ctu & céc
trang thai chuyén dong don 1¢ nhu khi tang tdc, phanh,
quay vong hodc dao dong. Trong cdng trinh nghién
ctru ctia minh Pacejka d4 phat trién mé hinh I6p Magic
Fomula (MF Tyre) [4] bang xay dyng cac ham quan
hé luc doc, lyc ngang va thing ding théng qua céc hé
s6 bién dang, do cimg, do cong,... cho két qua kha
quan khi nghién cttu dong luc hoc banh xe. M hinh
16p TMeasy [5] 1a md hinh béan thuc nghiém dua trén
su truot va vét tiép xuc cua banh xe. M6 hinh 16p
TreadSim [5] 1a md hinh mé phong 16p dugc phat trién
trén co s& md hinh Pacejka. Do chinh xac cua cac két
qua & cac md hinh trén phu thudc rat nhidu vao céac hé
s6 dugc lya chon trong cac biéu thirc tinh toan. Mot
cach tiép can khac khi nghién ctru dong luc hoc banh
xe chinh 1a nghién ciru bang thuc nghiém ma noi dung
bai bao dé cap toi. Trong khudn khé bai bao chi tap
trung vao xac dinh tai trong dong, nghia la tai trong
phét sinh trong qua trinh chuyén dong cua o to trén
duong theo phwong z (phuong vudng goc véi mat
duong).

2. Co'sé ly thuyét va ngi dung nghién cieu thuc
nghiém

2.1. Co sé' ly thuyét xdc dinh tdi trong déng tac
dung 1én banh xe bang thuc nghiém

Khi 6 t& chuyén dong trén duong ludn ¢ sy phan
bé lai tai trong tac dung 1&n cac banh xe, cac tai trong
nay phu thudc vao trang thai chuyén dong (ting toc,
phanh, quay vong, dao d¢ng,..). C&c trang thai
chuyén dong khong chi xay ra & cac trang thai don 1é
ma trong truong hop téng quét 1a phirc hop. Tai trong
tac dung I&n banh xe gdbm c6 2 thanh phan chinh 1a tai
trong tinh Fx Va tai trong dong F.a [1] dwoc thé hién
trong biéu thic (2).

F;=Fx+ Fuy hay Fu=F;-Fx (2)

Néu gia thiét rang do cing cua 16p 1a hang sé thi
tai trong F, duoc xac dinh bang biéu thuc (3).

F,=4z.C, (3)

Trong d6: Az la bién dang huéng kinh cua 16p [m];

Cv 1a d6 cang cua 16p [N/m].

Két hop biéu thuc (2) va (3) nhan dugc:

Fu=Az. CL-Fy 4)

Do cling cia phan tr dan hoi néi chung, cua 16p
ndi riéng ¢ trang thai tang tai, giam tai 1a khac nhau
[2]. O trang thai tang tai 16p c6 d6 cing CL = Ciiva &
trang théi giam tai 16p co do cing C. = Cig. Nhu vay,
van dé dat ra ¢ day la trong qua trinh chuyén dong tai
mot thoi diém bat ky 16p & trang thai tang tai hay giam
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tai. Mubn xéac dinh dugc trang thai ting hay giam tai
ctia 16p tai mot thoi diém bat ky can thiét phai xét gia
tri bién dang tai thoi diém ngay trude d6. Chang han:
Coi thoi diém xét bat ky 1 t, 16p c6 bién dang Az,
& thoi diém ngay trude d6 1a .1 16p c6 bién dang 1a
Azya. Nhu vay:
+ Néu Az, - Azq.1 > 0 thi 16p & trang théi tang tai;
+ Néu Az, - Azq.1 < 0 thi 16p & trang thai giam tai;
+ Néu Az - Azn1 = 0 thi 16p & trang thai nhu trang
thai tai thoi diém ngay trude d6 1a to.1.
2.2. Ngi dung nghién czru thac nghiém.

Bdng 1. Hinh dnh va thong sé kj thugt ciia can tdi
trong CAS RW-10L

Thong sb k§ thuat
Nudéc SX: Han Quéc;
Nam SX: 2019;
Pham vi do: 0+10.000 kg;
Do phén giai: + 5kg;
Ngudn nudi: 220V AC.

Hinh anh

Bdng 2. Hinh dnh va thong sé ky thudt ciia
cdm bién HF-750C

Hinh anh Thong sb ky thuat
~ Nuoc SX: buc;
KISTLER Héng SX: Kistler;
Nim SX: 2019;

Pham vi do: 150+900 mm;
Do phan giai: + 0,3 mm;
Sai s6 tuyén tinh: 0,2%;
Ngudn nudi: 9+18V DC.

| -

Bdng 3. Hinh dnh va thong sé ky thugt ciza may tinh
DEWETRON 3020

Hinh anh Théng s6 ki thuat
s—; Nuéc SX: Ao;
: Hang SX: DEWETRON:
Nim SX: 2015;

S6 kénh do: 8+8 kénh m& rong;
Ngudn nubi: 95+260V AC.

Qua phén tich & trén ndi dung nghién ciu thuc
nghiém can phai thuc hién la:

+ Xéc dinh dic tinh dan hoi cua 16p khi tang, giam tai;

+ X4c dinh bién dang cua 16p va tai trong dong tac
dung Ién 15p trong qué trinh 6 t6 chuyén dong.

Pé thuc hién duoc céc noi dung trén nhém thyc
nghiém lya chon cac cam bién, thiét bi thir nghiém [1,
3] cua phong thi nghiém Béng luc hoc cac phuong
tién co gidi, Khoa Bong luc, Hoc vién Ky thuat Quéan
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su. Cu thé la:

- Cén tai trong CAS RW-10L.

- Cam bién do khoang cach bang quang hoc HF-
750C.

- May tinh chuyén ding DEWETRON 3020.

Trong khuén khé cua bai bao nhom tac gia khong
trinh bay ky cac quy trinh thir nghiém thyc té ma chi
néu tom tat noi dung thir nghiém, xi 1y sb liéu va cac
két qua dat duoc.

2.2.1. Xac dinh ddc tinh dan hoi cualop khi tang, giam
tai

Khi xac dinh dic tinh dan hdi nhém thir nghiém
cho 6 t6 ding tai chd, khdng ndé may, st dung can tai
trong CAS RW-10L, cam bién HF-750C dugc lap tai
tAm truc banh xe, may tinh DEWETRON 3020 da cai
dat phan mém DasyLab [6] va thiét bi gia tai.

Két qua ther nghiém duoc thé hién trén Hinh 2.
Trén co s& cac s6 lidu thir nghiém vé tai trong tac dung
1&n 16p F, bién dang cua 16p Az tai diém do thi i ¢6
thé xac dinh dugc do cing cua Ip tai ting thoi diém
theo biéu thic (5).

CiLi = F;i lAzi 5)

Gié tri d6 cting cua 16p khi ting hodc giam tai dugc
xac dinh bang cach Iy gi4 tri trung binh cua toan bo
qué trinh do theo biéu thic (6). Chi s t, g trong biéu
tharc twong rng Vi trang thai tang, giam tai.

10
CLt,g =WZCLt,gi (6)
1

2.2.2. Xdac dinh bién dang cua 16p va tdi trong dong
tac dung lén lop trong qué trinh & td chuyén dong

Tai vi tri xuit phat 6 t6 khdng né may, sau khi hoan
tat viéc lap dat cam bién HF-750C tai cau xe diéu
chinh vi tri cam bién theo diing yéu cau ky thuat va
quy dan bang hinh hoc vé vj tri tam truc banh xe. Tiép
theo x4c dinh ban kinh tinh r; cia banh xe bang cam
bién HF-750C va tai trong tinh Fy bang can CAS RW-
10L. Nhu vay, bién dang tai vi tri ban dau dwoc xéac
dinh theo biéu thirc (7).

Az =ro- 1t @)

Trong d6: ro 1a ban kinh tu do cua I16p [m].

Sau khi x4c dinh duoc bién dang tinh va tai trong
tinh tac dung I&n 15p, bo can tai trong ra khoi banh xe
va cho 6 td chuyén dong dé do bién dang I5p bang cam
bién HF-750C két hop voi phan mém DasyLab da
duoc cai dat trong may tinh DEWETRON 3020. Gia
tri ma cam bién do dugc tai thoi diém thir i 1a ri va
dugc thay thé vao biéu thirc (7) dé x4c dinh bién dang
tai diém do d6, ddng thi sir dung biéu thire (4) dé xac
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dinh tai trong dong. Trong d6 gia tri d6 ciing dugc lya
chon theo cac 1ap luan & trén.

Luu ¥ rang: Lua chon ché d¢ chuyén dong cua 6
t6, loai duong thir dé xac dinh tai trong dong phu
thudc vao yéu ciu clia van dé nghién ciru.

Trong khuon khé ciia bai bao chi mang tinh chét
kiém chtng qui trinh nén nhoém thtr nghiém lwa chon
ché do 6 t6 chuyén dong thang déu trén doan duong
dat ctimg ving trung du Tam Dao tinh Vinh Phuc. Day
1a loai dwong lién huyén, dat ddi ndi, khong bang
phing, kho réo.

3. Két qua va ban luan
3.1. Két qud xdc dinh dic tinh dan hoi cia lop
khi tang, giam tdi

Pbi twong thir nghiém 1a 6 t6 HYUNDAI
COUNTY 16 chd c6 tai trong phan bé 1én cau truéc &
trang théi khi thir nghiém la 23.000 (N), sir dung 16p
BridgeStone 1a loai 16p radial c6 ky hiéu 7.00R16 LT
Vvé6i ap suat 16p khi thir nghiém 1a 30.500 (N/m?). Két
qua thuc nghiém duoc thé hién trén Hinh 2. Dang diéu
dic tinh 12 phu hop véi dic tinh caa 16p, sir dung biéu
thirc (6) xac dinh dwoc d6 cing trung binh cuaa 16p khi
tang, giam tai a: Cu = 50.080 (N/m) va Ciq = 44.083
(N/m).

Diic tinh dan hdi ciia 16p thue nghi¢m khi ting, gidm tai
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Hinh 2. Béc tinh dan héi ciia 16p thgee nghigm khi
tang, giam tdi

3.2. Két qud xdc dinh bién dang cia lop va tdi
trong dgng tac dung lén 1ép trong qué trinh 6 to
chuyén déng

Két qua thir nghiém & ché do tai trong tinh di voi
16p bén trai 6 td6 HYUNDAI COUNTY 16 ché (nhin
ter phia truoc xe) la Fx = 11.500 (N); ro = 0,400 (m);
re = 0,376 (m). Thay cé4c gia tri trén vao biéu thirc (7)
xéac dinh dwoc Az = 0,024 (m). Ché d6 6 t6 chuyén
dong déu & van téc Vo = 50 (km/h) trén duong cip
phéi, lién huyén, dat cang, kho réo cho két qua thuc
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nghiém bién dang cua I6p trén Hinh 3 va tai trong
dong tac dung 1én 16p Hinh 4. Trén d6 thi Hinh 3 cho
thdy trong qua trinh thuc nghiém 6 td chuyén dong
chua x4y ra hién tugng tach banh.

Bién dang cua 16p

N RN RN
N YA \\]/

0.000

g [m]

Bién dan,

) 2 4 6 8 10 12 14 16 18 20
Didm do (X1000)

Hinh 3. Bién dgng csa ldp

Trén Hinh 4 gia tri dwong cua tai trong dong thé
hién 16p tang tai va nguoc lai gia tri &m 1a giam tai.
Trén doan duong thir 1 loai dudng kha xau, c6 2 diém
tai trong dong Ion hon tai trong tinh (12.050 va 11.980
(N)) nghia 13 16p phai chiu tai gap doi.

Tai trong dong tac dung Ién 16p

A A\

RN |

1500
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Hinh 4. Gié tri cuc dai cua tai trong dong Famax = 11.994
(N) va gia tri nho nhat 12 Fagmin = - 9.300 (N).

Vé6i phuong phap thuc nghiém nay c6 thé p dung
htru hiéu cho céac nghién ciru dong luc hoc cac qua
trinh chuyén dong caa 6 t6. Qua d6 c6 thé phat trién,
hoan thién theo hudng tdi wu hoa cac két cau chi tiét,
co cau, cum va hé thong trén 6 6, dong thoi hudng toi
kiém soat cac qua trinh chuyén dong mot cach thdng
minh va tu dong hda.
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Hinh 4. Tdi trong dgng tac dung lén lép

4. Két luan

Bai bao da trinh bay co s ly luan va dat dugc muc
tiéu dat ra 1a xac dinh dic tinh dan hoi cua 16p khi ting
va giam tai va xac dinh tai trong dong tac dung Ién
banh xe biang thuc nghiém theo phuong phap twong
dbi don gian vai céc trang thiét bi hién c6 tai phong
thi nghiém, it ton kém. Cu thé la:

+ Pic tinh dan hdi cua 16p thuc nghiém khi ting,
giam tai cua 6 t6 HYUNDAI COUNTY 16 chd (0 t6
va lop da qua sir dung) thé hién trén Hinh 2 véi do
cung trung binh C.; = 50.080 (N/m), C g = 44.083
(N/m).

+ Két qua xac dinh tai trong dong tac dung Ién 16p
trong qua trinh 6 t6 chuyén dong déu véi van téc Vo =
50 (km/h) trén duong thuc nghiém dugc thé hign trén
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