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PHAN TiCH TAO CAM GIAC LAI TREN MO HINH STEER-BY-WIRE
ANALYSIS FOR STEERING FEEL ON STEER-BY-WIRE MODEL
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TOM TAT
H¢ thong lai khong truc ldi hay ldi dién (Steer- By— Wire) dwoc tap trung nghién cueu nhirng
nam gan ddy. Diéu khién tdi tao cam gzac ldi hé théng Steer- By— Wire la mot trong nhu"ng cong
viéc quan trong khi thiét ké b diéu khién. Do nguoi diéu khién khong khong truec tiép tiép nhdn
phan hoi tac dong tir mat dwong nén viéc tdi tao cam gzac lai cho nguoi ldi dwoc phan tich va
tinh toan ki luong dam béo cam gidc ldai phu hop nhat. Bai bado trinh bay co so Iy ludn, céch
tao ra cam giac lai va ket qua nhan dwoc cam giac lai khi thi nghiém trén mé hinh hé thong
Steer-By-Wire.

ABSTRACT

In recent year, Steer by Wire is a focus interest of automotive researchers. To Because of the
separation, there are some problems which must be solved. The first, it must ensure that the
motions of upper part (hand-wheel) and lower part have the same speed. The second, it must
ensure that Steer by wire has to produce realistic steering feel. The paper focus on how to pro-

duce steering feel and testing on Steer by Wire model.

I. PAT VAN DPE

Trén hé thong 1ai 6 t6 truyén thong, cam
giac 1ai chinh tao ra do ma sat, do quéan tinh
va do mémen cin quay cic banh xe din
huéng quanh try ding. Trén hé thong Steer-
By-Wire (hinh 1), do khong c6 lién két cing
giita phan chu dong va bi dong nén s& khong
c6 cam giac lai ty nhién ma ching ta phai tu
tai tao cam gic lai.
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Hinh 1. Hé th()ng l1ai dién

1-Vanh lai; 2-Mé to tao cam giac,3-Cam
bién vin téc; 4-Bo phan diéu khién; 5-Cam
bién mémen va tdc d6 truc 14i;6-Mo to diéu
khién quay vong;7-Co céu lai; 8-Thudc 1ai;
9-banh xe chu dong.

1. NQOI DUNG

1. Cam giac lai tw nhién

Moi truong lai xe (nhiét do, anh sang, am
thanh..) cung voi tic dong phan hdi tir mat
duong khi 6 t6 quay vong (cam giac tao ra boi
ma sat, quan tinh, mémen cén quay cac banh
xe dan huéng quanh tru dirg) phan anh 1én
vanh tay lai tao thanh cam giac lai ty nhién.
Trén hé thong Steer-By-Wire do khong co
lién két co khi giita phan chi dong (vanh 1ai)
va phan bi dong (co cdu 14i) nén s& khong co
cam giac lai tg nhién. Do vay, viéc tai tao
lai cam giéc lai x4c thuc phan anh tinh trang
quay vong 1a mot phan chinh trong viéc thiét
ké bo diéu khién hé thdng Steer-By-Wire.
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a. Pong luc hoc quay vong o6 to Kh,i goc quay banh xe dan hué’ng||<40°yé

Trong nghién clru nay tac gia sit dung mo Vvan toc danh lai khong qua nhanh (van toc
hinh hai vét dé thé hién chuyén dong quay Vvanh tay lai giéi han 2.7m/s), gilta van toc
vong 6 to. danh lai 6 va goc quay vong banh xe dan
huéng ludn c6 mot do tre nhat dinh T(s). Moi
lién hé nay duoc xac dinh bang biéu thirc:

6(s) = .0 (5)(3)

T(s )+1

b. Cam giac 14i phan hdi tac dong tir
mat duwong.

Theo Gillespie [6], mOmen can quay vong
Hinh 2. Mo hinh hai vét do goc kingpin tao ra din hudng dugc xéc

dinh bang biéu thirc:
Theo dong luc hoc md hinh ta co:

T, = Ty + T; + T4(6)
7, mémen giit hiong chay thing
T;: momen tao bot luc bén
Ty: mémen tao bot lurc doc

ay,=7v+ vy (h
ay: gla toc theo phiong ngang tai toa dé trong tim

. m
v vdn toc truot ngang (—)
s

o i rad
y:vdn tdc goc quay than xe (T)

Trong do:
Trong truong hop gia téc theo phuong Ty = —F.d.sinA siné(7)
ngang nho hon | a [< 0.3 g, lyc tic dung theo 7, = F,.1p.tanv (8)
phuong ngang ty le thuan véi bién dang 16p: Ty = ;. B, cosy A2 + 2 (9)
Fr= Cra (2) Luc ddy doc truc ciua thuée ldi dwoe xdc
Cr,Cr2do cung l6p truoc, sau dinh:
a: goc léch bén E. = Tk (10)
, r
Goc léch bén dugc xac dinh thong qua biéu {Lo-cos(By=8)+1o cos(By +6)}
thuc:
=96 —.T (3) Moémen can quay vong tong cong tai banh
§: goc danh ldi(rad) xe dan hudng:
, m
u: vdn toc doc thdn xe (?) Te = F.np(11)
Mo hinh chuyén dong ctia xe dugc mo ta Momen can téng_céng bo phén chap hanh:
theo bi€u thuc: T = Tp + 74(20)
r —2(cr+cy) l(a.Cr—b.Cy) Trong do:
. _— -y - — .
v _ m.u mau 7= F Sqn(Q)(Zl)
| = X I o8 ,
[}’] 2(alrbG)  —2(a?Cpb2Gr) Fr:hé 50 ma sit.
szz.li‘. Izz.U
v ?": Moémen can ndy truyén dong truc tiép 1én
[},] + cr | X § vanh tay lai tao thanh cam gidc trén vanh tay
2. 14i.
(4)

I;;: mémen quan tinh than xe
a, b, l: kich thiedc co so xe
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2. Pong luc hoc hé thong Steer-By-Wire

e

Tl c:_"' -=I::

T4 Fy ; Ty
d b

Hinh 3. M6 hinh phén tich dong lyc hé thong
Steer-By-Wire

Phan tich luc tdc dong Ién vanh tay lai ta c6
thé viét phuong trinh chuyén dong vanh tay
lai qua phuong trinh:

J.6 =1y, —1,(22)
J: mémen qudn tinh bé phdn chdp hanh

Trong d6 7,; mémen mo to dién
Ty = K;.1,(23)
K,:Hé sé tir dong co
Lq: cuwong do dong dién

D6i v6i hé thong 1ai tro lyc dién, cong
thirc 22 duoc thé hién nhu sau:

JO=1,+ 14— 1,(23)
T mdmen tro luc lai
ty : momen danh lai
T, = K, 0% —sign(0)K,.u  (24)
K, K, Hé sé phu thudc vao ddc tinh tro liec,
ddc tinh tir méto
Ta c6 thé thay ¢ 22 va 23 momen do mé to
sinh bang vo1 mémen trg lyc va mdémen danh
lai:
Phuong trinh thé hién dong luc hoc vanh
tay lai:
(25)

Jsw-8a = Ta1 — Treeaback

C6 thé thiy qua cac phan tich trén, cam
giac danh 1ai & hé thong 1ai dién chinh bang
momen quéan tinh hé théng va lyc phan hoi tai
md to tao cam giac T, = J,.0d +1 . bé
cam giac lai phan h01 tren Vanh tay laitrén hé
thong Steer-By-Wire gidng véi hé thong lai
thong thuong thi T, =t,. .

3. Phuwong phap tao cam giac lai trén mo
hinh thi nghiém

17

Tai tao cam giac 1ai da duoc nhiéu nha
nghién ctru tién hanh. C6 thé ké dén phuong
phap tao cam lai phuong phap sir dung Biéu
dd0 moément, cam bién mémen, phu’(rng
phap tao cim gidc théng qua cim bién
dong. Trong nghién nay, tac gid gidi thi¢u
phuong phép tao cam gidc lai thong qua cam
bién dong ciia Ba-Hai Nguyen, Jee Hwan Ryu
[4]. Khi dong co diéu khién xoay co cau lai,
mot tin hi¢u dién tuong ung ciing xuét hién
bén trong dong co. Dong dién nay ty 18 tuyén
tinh voi momen sinh ra ctia dong co va mdi
lién hé nay duoc biéu dién qua cong thirc:

Tmotor = 1 K¢. (26)

Trong d6 i, va K lan lu’o“[ 1a dong dién phan
g cua dong co, hang s6 mémen dong co va
hiéu suat ciia dong co. C6 thé thdy trong cong
thirc trén, gia tri cua tin hi¢u dong di¢n phu
thudc vao momen cua truc dong co. Mdémen
nay lai phu thudc truc tiép Vvao cac yéu td mat
duong, géc dat banh xe nhu da néu trén. Do
do, tir cong thic trén ta co thé tim duoc i dé
su dung cho vi¢c tao cam giac 1ai. Du¢i day 1a
so @6 mé ta cach dau ndi cam bién dong dé do
duoc tin hiéu dién.

From positian contrallar

Matar driver

Currant
Sansor

Ta HW DG mator

- RW

DC MOTOR

Hinh 4. So d6 dau ndi cam bién dong dién

Momen nay duoc xac dinh dé phan hoi 1én
vanh tay lai.

Treedback = Greelr (Kt a — Ta) + Tt 27

Trong do: G,
cam giac lai.

13 hé s6 cho phép hiéu chinh

» i : 1a dong dién trong dong co xoay co cau
ai.

T,.: la mémen lai tu do (free control).
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Momen nay phu thudc vao goc quay cta vo
lang va hé s6 hiéu chinh:
e = K. 8,hw (28)

Trong hé thong 14i théng thuong, do c6 cac
lién két co khi nén khi dat toi vi tri nay tay
ngudi 14i s& ¢6 cam giac giat nhe. O hé thong
14i dién do cac lién két co khi dd bi loai bé nén
nguoi diéu khién xe s& khong cam nhan duoc
gidi han nay, dan dén lai xe thiéu chinh xac.
Dé giai quyét van dé nay, mot birc tuong do
duogc tao ra tai vi tri gidi han. Blrc tuong nay
s€ tao ra mot d§ nang lon béng cach tang mo-
men cua dong co tao cam giac lai khi volang
gan toi vi tri gidi han.

Tl =
{ KiockABhw, if Oy > 0 v Opyy > Orighe
—KiockAOhw, if Opw < 0 va Opy < Olef
(29)

4. Thi nghiém trén mé hinh

Dé khao sat dic tinh tai tao cam giac 1ai tac
gia cung nhom nghién ctru ché tao moé hinh
thuc nghiém dong thoi tién hanh thi nghiém
v6i cac ché do khac nhau. Do quén tinh ciia
cac bd phan banh xe, co cAu 14i, két cAu co khi

LabVIEW

Hinh 5. Nguyén Iy m6 hinh 14i khong truc
lai.

1-Vanh lai; 2- Bong co dién vanh lai; 3-Mo to
diéu khién co cau ldi; 4-Co cau ldi; 5-Bdanh xe
ddn hiémg; 6-May tinh; 7-Card giao tiép may
tinh; 8-Driver diéu khién dong co; 9-Cdam
bién mémen, téc do co cau ldi; 10-Driver diéu
khién dong co; 11-Cam bién xdc dinh toc dé
quay vanh lai.

R

A

P e

Hinh 6. M6 hinh thi nghiém

Hinh 7. Vanh tay lai thi nghiém

Bing 1.Théng s6 md hinh

Tén thiét bi Pién | Ngo | Ngé
STT . :
ap vao ra
M0 to tao cam giac | 12V | 0-54
2 |Moétochiphanh |12V |0-304
3 | Cam bién dong 5V |0-304|0-5V
4 |Cam biéntocdo |5V 120
xung
5 Card giao tiép 5V 0-5V
Bing 2. Thong so cai dit thi nghiém
STT | Tén goi Ki hiéu | Gia tri
1 Van tdc chay xe A% 30km/h
2 Hé s6 hiéu chinh cam 1
giac
3 Heé s6 dap ung PID 34

a. Thi nghiém quan sat mémen quay vong
co ciu lai trén md hinh hé thong.

Thi nghi¢m 01: Quan sat momen tra vanh
tay lai vé vi tri trung hoa(Free control
torque)

Moémen quay vong co cdu lai duoc tinh
theo cong thirc 20.Ta ¢ thé thiymomen quay
vong ndy phu thuéc vao nhiéu thanh phan
nhu: van tdc, thong s6 hinh hoc, hé s6 ma sat
hé thong, bién dang 16p v.v... Do mé hinh thi
nghiém 12 mé hinh tinh nén cac thong sb chay
xe duogc cai dat cho mo hinh. Trén cac hé théng
lai truyén thong, banh xe dan hudng luén co
xu huéng 6n dinh chay thang hay néi cac khac
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la vanh tay 1ai luén c6 xu hudng tra vé vi tri vung tde do ta co cac duong dac tinh trg luc
trung hoa khi quay vong. khac nhau.
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Hinh 8. P thi momen l4i tra vanh tay 14i vé
vi tri trung hoa Hinh 11. D6 thi mémen luc tao cam giac 1ai

Thi nghiém 02: Quan sdt thay déi dic tinh v6i & van toc chay xe 45 km/h.

mémen gidi han vanh tay lii Nhu vay sau khi hiéu 10 dugc chirc nang

clia ting thanh phan moémen ta c6 thé danh
gia dya trén cac dac tinh trg luc cua h¢ théng
14i két hop voi tinh toan dua ra Iya chon phu
hop cho cac hé¢ sb, ta téng hop lai duoc dd thi
nhu sau:
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Hinh 9. Momen lyc sinh ra tai vi tri giéi han

.....

b. Téng hop xay dung dic tinh tao cam giac 0 )

Téng hop céc dd thi trén ta duoc dd thi

cho mémen luc cua hé théng c6 dang nhu sau: Hinh 12. B thi mémen lyc tao cam gidc lai

v6i hé s6 phu hop.

Tir biéu d6 luc tong hop trén ta co thé xdy

dung dugc dd thi phan hdi cam giac lai trén

vanh tay lai ing vé6i ting ché do téc do.(hinh
14)

Plat 0

Hinh 10. Dé{ thi momen lyc tao cam giac lai
tong hop v=30 km/h.

Khi thong sd chay xe thay dbi, dic tich can
quay vong thay doi theo. Trong cac hé thong

Steering Feel (Duty Circle Related Factor)

' ' ' ' '
-200,0  -100.0 0.0 100.0 200,0

lai truyen thong, khi toc d6 chay xe cang tang o Steering Angle (PLise)
cao, momen danh lai cang giam. Ung vdi cac

Hinh 13. Luyc tac dung 1én vanh tay lai v=
30 km/h
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II. KET LUAN thi nghiém trén tap trung chinh vao thi nghiém

Cam giac 14i 14 mot trong nhing yéu t& xay dung didc tinh cam giac 1ai theo toc do
quan trong nhat trong thiét ké bo diéu khién  goc, danh 1ai trén mo hinh tinh. Pay 1a mot
hé thong 14i. Cam giac 14i phu thudc vao nhiéu  trong nhitng budc nghién ctru dé tién hanh thir
yéu t6 khac nhau trong d6 van toc va goc danh nghiém xay dung bd diéu khién tao cam giac
1ai 12 yéu t6 anh huong nhiéu nhat. Trong phan  ty nhién trén xe that.
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