BO CONG THUONG

TRUONG PAI HQC CONG NGHIEP HA NOI

DAI HOC CONG NGHIEP HA NOI

Haul
J

PHAM PUC QUAN

NGHIEN CUU NANG CAO TINH

EM DIU CHO NGUOI LAI TREN XE DU LICH

Chuyén nganh: K¥ thuat Co khi Pong luc

Ma nganh: 8520116

DE AN TOT NGHIEP THAC ST KY THUAT
CO KHI PONG LUC

NGUOI HUONG DAN

1. TS. NGUYEN ANH NGOC

Ha Noi — 2025




LOI CAM DOAN

T6i xin cam doan rang toan bd ndi dung ctia dé an t6t nghiép Thac si voi
dé tai: "Nghién ctru nang cao tinh ém dju cho nguoi 14i trén xe du lich" 1a két
qua nghién ctru cua riéng t6i, duoc thuc hién dudi sy hudng dan cua gidng vién
hudng dan TS. Nguyén Anh Ngoc va dua trén céc tai liéu, s6 liéu duoc trich

dan ro rang trong dé an.

T6i hoan toan chiu trach nhiém vé tinh trung thuc, khach quan va khoa
hoc ctia ndi dung dé an. Nhiing két qua, phan tich va danh gia trong dé 4n khong
sao chép tir bat ky cong trinh nao khac ma khong dugce trich dan rd rang.

Néu co bat ky sai pham nao lién quan dén ban quyén, sao chép khong
ding quy dinh hodc gian 1an hoc thuat, t61 xin hoan toan chiu trach nhi¢m truée

Ho1 dong cham dé an, Truong va cac co quan c¢6 tham quyén.

Tac gid dé an

Pham Buc Quan
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LOINOI PAU

Ngay nay vi¢c dam bdo su thodi mai va stcc khde cho nguoi 1ai ngay cang
tré nén quan trong ddi véi viée di chuyén dudng dai. Hé thdng treo chinh trén
6 t0 c6 nhiém vy hap thu rung dong tir mat duong, gop phan giam thiéu mét
moi va nang cao trai nghiém 14ai xe. Cac khao sat cho thiy viéc tiép xuc lau dai
v6i rung dong c6 thé dan dén mét moi, dau lung, ton thuong cot sdng anh hudng
tuan hoan mau. Tiéu chuin ISO 2631 quy dinh rang mic do rung dong vuot
qua 0.3 m/s? & tan s6 1-20 Hz c6 thé gy anh hudng tiéu cuc dén stc khoe néu
tiép xuc trong thoi gian dai.

Ngoai hé théng treo chinh cua 6 t6, hé thong treo ghé 1i ciing cé tac
dung hap thu va giam cac rung dong nay, dong thdi duy tri sy 6n dinh va thoai
mai cho ngudi 1ai trong subt hanh trinh. Tuy nhién, viéc t6i vu hoa hé théng
treo ghé l4i van 13 mot thach thirc doi hoi sy cai tién khong ngimg. Mot sd
nghién ctru dd cho thdy hé thng treo chu dong sir dung giam chén tir trudng
MR (Magnetor-heological) dé c6 thé dap tat nhanh dao dong. Thuat toan diéu
khién PID gitip giam rung dong hiéu qua va mang lai su thoai mai vuot troi so
vo1 hé théng treo co khi. Do 1a viéc tao ra mot luc chéng lai tic nhan gay ra su
rung dong, nham giam thiéu d6 dich chuyén va gia téc ghé, nang cao sy thoai
mai cho nguoi lai.

Nghién ctru tng dung phan mém Matlab — Simulink dé mé phong, khao
sat hé thong treo ghé 14i trén xe du lich sir dung mo hinh treo toan phan c6 ghé
v6i bo diéu khién PID.

Em xin chan thanh cam on thay TS. Nguyén Anh Ngoc d3 tan tinh huéng

dan em trong sudt qua trinh thuc hién dd an tot nghiép.
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DANH MUC CAC KY HIEU VA CHU VIET TAT

Ky hiéu Pon vi Giai thich
Matlab - Phan mém tinh toan va xu Iy ma tran (Matrix
laboratory)
Simulink - Phan mém mé phong hé théng (Simulation —
Link)
MR - Dung dich tir trrong (Magnetor-heological)
PID - Bo diéu khién ty 18 — Tich phan — Vi phan
(Proportional-Integral-Derivative)
a,b m Khoang cach tir cau trude va sau dén trong tim
than xe
c,d m Khoang cach tir vi tri tam ghé dén tam truc doc
va ngang than xe
di, d> m Khoang cach tir hé thong treo cau trudc va sau
dén truc doc than xe
dp1, dp2 m Khoéng céach tir banh xe trudc va sau dén truc
doc than xe
Kee N/m Do cing 10 xo ghé 1ai
Cse N.s/m | P06 can nhét giam chan ghé lai
Kq1, ke N/m Do cing 10 xo0 hé thdng treo chinh trudc va sau




viil

Cs1, Cs2 N.s/m | B§ can nhdt giam chin hé théng treo chinh
trudc va sau
ki1, kio N/m Do cimg 10 xo 10p xe trudc va sau
Ctl, Ci2 N.s/m | D6 can nhét giam chan 16p xe trudc va sau
Ly Kg.m? | Mo men xoan cua khdi lugng dugce treo theo
truc y
Lok Kg.m? | Mo men xodn cua khdi lugng dugce treo theo
truc x
| I Kg.m?> | M6 men x04n clia cau sau bi dong theo truc x
My, My Kg Khéi luong khong dugce treo trude va sau
My Kg | Khdi luong ghé lai (bao gdm ca nguoi 14i)
Mq Kg Khoi luong duoc treo
Z, ,ZS ,ZS m, m/s, Chuyén vi, van toc, gia tbc théng ding cua than
m/s? | X€
Psx Psx » rad, rad/s, Chuyén vi, van toc, gia tbc gbc cua khoi luong
Psx rad/s’> | duoc treo M quanh truc Ox
(Psya(bsy» rad, rad/s, Chuyén vi, van toc, gia tdc gbc cua khoi luong
Psy rad/s*> | dugc treo M quanh truc Oy
0,0, |1ad, radss, Chuyén vi, gia toc goc ctia khdi lugng khong
Pu2 rad/s? | dugc treo ciu sau quanh truc Ox




1X

ZyiL» Zu ILs m, m/s, Chuyén vi, van toc, gia tdc th:fmg dtmg theo truc
Zy1L m/s> Z cua khéi luong khong duoc treo my
Z iR > Zu Rs | M m/s, Chuyén V1, van téc, gia tdc théng dimg theo truc
Z,1r m/s> Z cua khéi luong khong dugc treo my
Zy Zuza m, m/s, Chuyén vi, van toc, gia tdc th:fmg dtmg theo truc
Zy m/s> Z cta khoi luong khong duoc treo cau sau
Zeor Zge m Chuyén vi thang dimg theo truc Z ctia ghé 1ai
ZSC
Za1,ZAL, m, m/s, | Chuyén vi, vin tbc, gia tbc diém tiép xtic hé
ZaL m/s? thdng treo cau trudc bén trai 1én khdi lugng
duoc treo
ZaRr>ZAR > m, m/s, | Chuyén vi, vin tbc, gia tbc diém tiép xtic hé
Zar m/s? thdng treo cau trudc bén phai 1én khdi luong
duoc treo
Zor. Zpr, m, m/s, | Chuyén vi, vin tdc, gia tbc diém tiép xtic banh
ZpL m/s? xe voi khdi lugng khong duoc treo cau sau bén
trai
ZpRr > ZDR » m, m/s, | Chuyén vi, van tdc, gia tbc diém tiép xtc banh
ZpRr m/s> xe voi khdi lugng khong duoc treo ciu sau bén

phai




Zgr ZEL , m, m/s, Chuyén vi, van toc, gia tdc diém tiép xuc hé
ZgL m/s> thong treo cau sau voi khdi lugng khong duoc
treo cau sau bén trai
ZeR s ZER, m, m/s, Chuyén vi, van toc, gia tdc diém tiép xuc hé
ZgRr m/s> thong treo cau sau voi khdi lugng khong duoc
treo cau sau bén phai
ZgL» ZBL, m, m/s, Chuyén vi, van toc, gia tdc cua diém tiép xuc hé
Zgy m/s2 thng treo cau sau voi khoi luong duoge treo bén
trai
ZgR > ZBR, m, m/s, Chuyén vi, van toc, gia tdc cua diém tiép xuc hé
Zgr m/s2 théng treo cau sau voi khoi luong duoge treo bén
phai
Zc, ZC, m, m/s, Chuyén vi, van toc, gia tdc cua diém tiép xuc hé
Zc m/st | thong treo ghé 14i voi khdi lugng dugc treo
a1 QiLs m, m/s, Chuyén vi, van toc, gia tdc théng dimg theo truc
diL m/s> Z cua mit dudng bén cau trude bén trai
dir > QIR > m, m/s, | Chuyén vi, van toc, gia toc thang dimg theo truc
dir m/s? Z ciia mit duong bén ciu trudc bén phai
dor.» dor. m, m/s, Chuyén vi, vn toc, gia tdc théng dimg theo truc
dor m/s?> | Z cia mit dudng bén cau sau bén trai
7R > Q2R > m, m/s, Chuyén vi, van toc, gia tdc théng dimg theo truc
q2r m/s?> | Z clia mat dudng bén cau sau bén phai




X1

Fuii N Luc quan tinh khéi luong khong dugc treo cu
trudce
Far , Fsir N Luc tac dung cua hé théng treo 1én khéi luong
khong dugc treo cau trudc bén trai va bén phai
Fur, Fur N Luyc tac dung cua banh xe 1én khdi lugng khong
duoc treo cau trude bén trai va bén phai
Fuoi N Luc quan tinh khéi luong khong dugc treo cau
sau
For , For N Luc tac dung cua hé théng treo 1én khéi luong
khong dugc treo cau sau
For, For N Luc tac dung cta banh xe 1én khéi lugng khong
dugc treo cau sau
Foe N Luc quan tinh khbi luong ghé lai
Fse N Luc tac dung cta hé théng treo 18n ghé
Fs; N Luc quan tinh khoi luong duogc treo
F. N Luc cta bd diéu khién
A% m/s Van tdc cla xe
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PHAN MO DAU

1.1. LY DO CHON PE TAI

Dong xe du lich 1a phuong tién van tai dong vai tro hét strc quan trong
d6i v6i nén kinh té thuong mai, dich vy, giai tri, vi né c¢6 nhitng vu diém dic
biét hon han cac loai phuong tién van tai khéac: thong dung, c6 tinh co dong
cao...d4p tng nhiéu dia hinh phtic tap. Trudc su phét trién manh mé ctia khoa
hoc cong nghé, ciling nhu yéu ciu ngay cang khat khe, doi hoi su 6n dinh, ém
ai khi di chuyén bang phuong tién nay. Vay nén, viéc thiét ké cac hé thong, cac
cum chi tiét trén dong xe 0 t0 du lich, cling nhu danh gia chat luong lam viée

cua chung ngay cang dugc quan tam nghién ctru nham nang cao chat luong xe.

Ngoai h¢ théng treo chinh cua 6 t0, ghé lai cling 1a mot vi tri quan trong,
1a noi ma nguoi lai str dung trong thoi gian dai, dan dén viéc dau moi ving
hong, ton thuong cot sdng khi di qua nhiing dia hinh gd ghé, map mo.

Nghién clru nang cao tinh ém diu cho nguoi 1ai cling chinh 1a nghién curu,
di sau tim hiéu, phan tich hé thong treo chinh ctia 6 to, hé thong treo ghé 14i,...
Nhu vy s& c¢6 nhiéu hudng nghién ctru hon, ndi dung tai liéu da dang hon,

phong phu hon.

Chinh vi nhing 1y do trén, toi di lya chon dé tai: “nghién ctru nng cao
tinh ém diu cho nguoi lai trén xe du lich”. Trong d6, hudng di nghién ctru hé¢
thng treo ghé 1ai dé ning cao tinh ém diu cho ngudi 1ai c¢6 tinh mdi, co kha
nang cai thién thuc té cac dong xe du lich hién hanh.

1.2. TINH CAP THIET CUA DE TAI

Tinh hinh nghién ctru tai Viét Nam hién nay véi xu thé nganh cong

nghiép san xuat 6 to phat trién ngay cang 16n. Hon thé nita nén kinh té nudc ta

chiém t6i 30% phat trién ¢ nhom dich vu, véi dudng bo bién dai, nhitng day



nui bao la tring diép, ching ta c6 nhiéu thanh phd du lich bién, nhiéu thi tran,
thanh phé trén may, nhiéu khu nghi dudng cao cip trai dai khip ca nude. Dan
dén viec phat trién thuong mai dich vu du lich bﬁng 0 to cang phé)n thinh. Nén

viéc nang cao chat luong xe du lich, ngay cang dugc quan tAm hon.

O trong nudc ta da c6 maot s6 dé tai khoa hoc dugc str dung vao viéc nang
cao do 6n dinh, sy ém dju van hanh nho vao viéc diéu khién hé théng treo chu
dong. Cu thé nhu nghién ciru trong nude ta ¢6 bai nghién ciru cia TS. Nguyén
Tuin Anh thuc hién mo phong dao dong cua hé théng treo chu dong cé xét dén
su anh huong cta co cdu chip hanh thay lyc [1], hay TS. Pang Viét Ha da so
sanh d§ ém diu cua 0 t6 khach sir dung hé théng treo khi nén va 6 to khach su
dung nhip [2], TS. Pham Xuan Mai thuc hién mo6 phong 4o €ém diu cua xe khach

giwdong nam [3].

Nhirng nghién ctru nudc ngoai cé bai ctia tac gia Tamburrano, P va cong
su voi bai bao nghién ciru co tiéu dé 1a: “A Review of Electro-Hydraulic
Servovalve Research and Development™[4], hay tidc gid Huang, Y va cOng su
da thuc hién nghién ctu v61 ndi1 dung la: “Approximation-Free Control for

Vehicle Active Suspensions With Hydraulic Actuator”[5].
1.3. TONG QUAN NGHIEN CUU

Hé théng treo trén 0 t0, bao gém ca xe du lich va xe tai, 1a mét to hop
lién két dan hoi c6 nhiém vu két ndi gitra cac cau xe (g0m cau chi dong va cau
bi dong) v4i phan khung va than xe. Hé thong nay dong vai trd quan trong trong
viéc hip thu chin dong tir mat duong, duy tri su tiép xuc giita banh xe va mit
duong, déng thoi nang cao do on dinh va ém diu cho qua trinh chuyén dong
cua xe [6]. Theo tai li€u [6], hé théng treo thong thuong dugce chia thanh ba bd
phan chinh, d6 1a co cau dan hdi, co ciu dan huéng va dinh hudng cho banh xe

, O cau giam chan. Trong do, co cau dan hoi 1a cac phan tir nhu 10 xo 14, 16 x0



xo0dn, dém cao su hodc khi nén, ¢6 nhiém vu chiu luc va giam chan ban dau
giita cau xe va khung vo. Co cau dan huéng va truyén luc bao gdm cac thanh
lién két, chét, truc va dam cau, gilr vai tro truyén luc va dinh huéng cho banh
xe, giup xe van hanh 6n dinh khi di chuyén & toc do cao. Vé co ciu giam chén,
thuong 1a giam chin thuy luc, c6 nhi¢m vu triét ti€u cac dao dong du thura cua
banh xe va than xe, dic biét khi xe di chuyén qua dia hinh gb ghé.

Hé thdng treo cé vai trd quan trong trong viée duy tri d6 ém diu can thiét
khi xe van hanh & toc d6 cao, dong thoi dam bao cac banh xe ludn tiép xuc on
dinh voi mit dudng, dic biét 1a hai banh dan hudng & cau truge. Dua trén
nguyén 1y hoat dong, hé thong treo dugc chia thanh hai loai chinh: hé théng
treo doc 1ap va h¢ théng treo phu thudc.

1.4. MUC TIEU CUA PE TAI

Nghién ctru nang cao tinh ém diu cho nguoi lai trén xe du lich 1a mot
nhiém vu can thiét dé nang cao su an toan va dam bao sy thoai mai cho ngudi
1ai trong thoi gian di chuyén dai.

Phan tich dir 1i€u thu thap duoc dé tim ra cac yéu t6 anh hudng to1 cam
giac ém diu cua nguoi lai xe.

Nghién ctru, dua ra giai phap cai thién cc yéu to anh hudng t6i cam giac
ém diu cua nguoi lai xe.

1.5. NOI DUNG NGHIEN CUU

Nghién ctru tong quan vé hé thong treo xe 6 t0 va tinh ém diu chuyén

dong cua xe.

Xay dung md hinh dao dong hé thong treo toan xe, hé thong treo ghé lai

c6 sur dung bd diéu khién.

St dung phan mém Matlab Simulink dé mé phong va tinh toan.



Phén tich va danh gia két qua dat duoc, dong thoi dua ra cac két luén,

khuyén nghi cho van dé gip phai.
1.6. PHUONG PHAP LUAN VA PHUONG PHAP NGHIEN CUU

Hién nay, nhd vao sy phat trién vugt bac cta cong nghé may tinh, cong
nghé phan mém khién cho viéc nghién ctru 4p dung mé hinh toan hoc dé mod
phong lai qua trinh dao dong cua xe 6 t6 dang ngay cang dé dang, chinh xAc,
pho bién hon. Hon thé nita, nho nguon tai nguyén ngay cang phong phi, ma
cac nha nghién ctru khoa hoc ¢6 thé dé dang phdi két hop dé nghién ctru, mang

lai nhitng két qua c6 tinh méi hon, toi wu hon.

Pé tai xdy dung chuong trinh cho phép tinh toan dao dong 6 to trén may
vi tinh bang phan mém MatLab Simulink. Diéu nay lam giam thoi gian va ting
tdc do tinh toan va do chinh x4c khi tinh toan thiét ké ciing nhu khi kiém nghiém
dao ddng ctia 6 t0. Qua d6 xac dinh duogc cac thong sd anh hudng téi d6 ém diu

0 to.



CHUONG 1: TONG QUAN HE THONG TREO VA PAC TiNH EM
DIU CHUYEN PONG CUA O TO

1.1. TONG QUAN VE HE THONG TREO TREN XE O TO DU LICH

Hé théng treo trén 0 t0, bao gém ca xe du lich va xe tai, 1a mét to hop
cac bo phan dan hoi lién két cac cau xe (gdm cau chi dong va cau bi dong) véi
khung va than xe. Hé thdng nay thudng dugc ciu tao tir ba thanh phan chinh:
co cau lién két dan hoi gitta khung vo xe va cac cau xe nham dam bao cac cau
xe khong va cham voi khung khi xe di chuyén; co cau truyén luc gdm cac chot,
truc, thanh don va dam cau c6 nhiém vu truyén luc déy tur banh xe va luc phan
hoi tir mat duong 1én khung vo, gitip xe ¢6 thé van hanh on dinh & téc do cao
ma khong 1am bién dang khung vo; cudi cling 1a co cau giam chan, co tac dung

giam thiéu dao dong banh xe dic biét khi xe di chuyén trén dia hinh gb ghé [6].

H¢ théng treo con dam bao d6 ém dju can thiét khi xe van hanh & tdc do
cao, df’)ng thot gilr cho cac banh xe luén tiép xuc lién tuc vo1 mat duong, dac
biét 1a hai banh dan hudng cia cau trude. Dya trén nguyén 1y nay, hé thong treo
dugc phan thanh hai loai chinh: hé théng treo doc 1ap va hé théng treo phu

thudc.
1.1.1. Nhiém vu, yéu cau va phan loai.
1.1.1.1 Nhiém vu

Hé thdng treo 12 hé thong lién két mém giita banh xe va khung xe hoic
vo xe. Mdi lién két treo cua xe 1a mdi lién két dan hoi co cac chirc nang chinh
sau day:

. Gitp cho banh xe thyc hién chuyén dong twong ddi theo phuong thang

dung ddi voi khung xe hodc vo xe theo yéu cau dao dong “ém diu”,

han ché toi muc ¢ thé chip nhan duoc nhiing chuyén dong khong



mong mudn cua banh xe nhu lic ngang, lic doc.

. Tiang kha ning truyén luc, ting tinh 6n dinh giita banh xe va khung xe
khi truyén luc theo phuong thing ding, luc phwong doc va luc phuong
bén.

. Hép thu nang luong dao dong cua than xe, vo xe va banh xe, trén co

s& bién co nang thanh nhiét ning.
1.1.1.2 Yéu cau

Pé dam bao cho xe hoat dong 6n dinh, hé théng treo can dat cic yéu cau

sau.:

. Banh xe c6 thé dich chuyén trong pham vi gi¢i han cho phép.

. Céac quan h¢ dong hoc cuia banh xe can duoc thiét ké hop ly nham dam
bao hé thdng treo thyc hién chirc ning giam chan theo phuong thang
dtng, dong thoi khong lam anh huong tiéu cuc dén cac dic tinh dong
hoc va dong luc hoc cua banh xe khi chuyén dong.

. Hé thong khong duoc tao ra cac luc 16n tai cac diém két ndi v6i khung
hoac than xe.

. DPam bao 06 t6 co tinh nang ém diu khi chay trén duong.

. Dap tat nhanh cic dao dong ciia thung xe va vo xe.

. C6 dd tin cdy 16n, d6 bén cao va khong gip hu hong bat thudng.

. Gifr tinh 6n dinh, tang tinh diéu khién ctia nguoi l4i t6i sy chuyén dong
ctia 6 t0 & tée do cao.

. Cb dinh chic chin vao bao vé cac hé théng tham gia vao hoat dong xe

nhu hé théng danh lira, hé thong dién than xe, hé théng diéu hoa, ..
1.1.1.3 Phén logi

C6 rat nhiéu cach phan loai hé théng treo trén 6 to. Duwa vao gido trinh

hé théng treo 6 t6 [7] va nhiing can cir khac nhau ta c6 thé phan loai hé thong



treo trén 0 t6 thanh cac loai co ban sau:

Theo bd phan dan huéng:

. Hé théng treo phu thudc voi cau lién (loai riéng va loai thing bang).

. Loai ddc lap (mot don, hai don,...).

Theo bo phan dan hoi, ta c¢6 thé chia ra:

. B0 phan dan hoi bang kim loai: nhip 14, 16 xo, thanh xoan.

. B0 phan dan hoi bﬁng khi nén: loai boc béng cao su soi, mang hoac
loai 6ng.

. B0 phan dan hoi bang thay luc: loai éng.

. B0 phan dan hoi bang cao su.

Theo phuong phap dap tat dao dong (giam chan), ta chia ra:

. Giam chan thay luc: ¢ loai tic dong mot chiéu va hai chiéu.

. Giam chin ma séat co: co thé 1a ma sat trong b0 phan dan hoi hodc
trong bd phan dan huéng.

Theo phuong phap diéu khién, ta ¢ thé chia ra:

. Hé thdng treo bi dong (passive suspension) hay 1 hé thong khong c6
diéu khién.

. Hé thong treo chil dong (active suspension) 1a hé thong c6 kha ning
diéu khién duoc.

. Hé thong treo ban chu dong (semi active suspension) 1a su két hop cta
2 loai trén)

1.1.2. Cac bd phén chinh ciia hé thong treo.

1.1.2.1 Bj phign dan hoi

B6 phan dan hoi 1a by phan noi lién két mém gitra banh xe va thung xe.



Qua d6 bién doi tan sé dao dong cua xe (bao gdm dao dong tir mit dudng hay
ndi tai ctia xe), sao cho pht hop vé6i co thé con ngudi (60 - 80 1an/ph). Dbi voi
bd phan dan hoi ndy, ta c¢6 thé bd tri cac két ciu khac nhau trén xe nhung phai
dam bao n6 cho phép banh xe c6 thé dich chuyén theo phuong thiang dimg. Bo
phan dan hdi duoc chia ra theo ciu trac nhu 1a béng kim loai, phi kim loai va

dang lién hop.
Bo phan dan héi c6 cac phan tir dan hoi thuong gip la:
a) Bo phan dan hoi Nhip 14

“Bo nhip 14 dugc ciu tao bdi céc 14 nhip det tiét dién hinh chit nhat, c6
d6 dai va ban kinh cong khac nhau, xép chong 1én nhau. Tiét dién ctia bd nhip,
theo phuong chiu tai, pht hop véi tiét dién caa dam chju udn, do vy chiéu day
bd nhip & gitra 16n hon hai dau. Cac 14 nhip dugc bat chit v6i nhau va chéng
x6 doc bang bu 16ng tim nhip, chong x6 ngang bang cac quang nhip phu. Bo
nhip duogc lién két voi khung xe qua chét quay, gia dd. Pac tinh 1am viée cua
nhip 12 khi tai trong tac dung 1én nhip ting thi bién dang cua nhip ciling ting
theo quy luat tuyén tinh. Qua d6 lam ém diu su dich chuyén 1én xuéng, giam
tac dong tir mat duong truyén 1én thung xe” (Ngudn: Gido trinh Két cau 6 10,

NXB Bach Khoa Ha No1) [8].

Hinh 1. 1 B6 phan dan hoi nhip 14 (Nguon: https://www.suspensionlifts.com)



Uu diém cua kiéu treo nay 1a khong can thanh 6n dinh, don gian ré tién.
Nhuoc diém 1a trong luong 16n, céng kénh. Ngoai ra, thung xe duoc thiét ké &
phan bén trén khung xe nén chiéu cao trong tdm xe s& 16n va c6 kha ning anh

huong dén toc do va su on dinh khi xe chuyén dong.
b) B phan dan hoi thanh xoin

Bo phan dan hoi thanh xoan thuong 1a 1 thanh bang thép 10 xo c6 tiét
dién don tron hodc 1 thanh thép duoc ghép badi nhiéu thanh thép vai tiét dién
ghép hinh luc ling [8]. Tan dung tinh dan hoi xoan cua thanh thép dé can lai su

xoan.

Mot dau thanh xoan dugc c6 dinh vao khung xe hay 1 dam nao do trén
xe, dau con lai gan c6 dinh vao két cau chiu tai xoan cua h¢ thong treo.

1. Khung xe

2. Bon ngang HTT

3. ¢ digu chinh chigu
cao than xe

4. Thanh xodn

5. Cor cu phanh
banh xe

a) Cac dang thanh xoan: don va ghep b) Bé tri thanh xodn trén & td

Hinh 1. 4 B6 phan dan hdi thanh xoén [8]

“pé tang kha nang chiu tai hodc thu nhé kich thudc, thanh xoan dugc
ché tao v6i g suat du khi nhiét luyén. Ung suat du duoc hinh thanh theo
nguoc chiéu chiu tai. Trén dau thanh xodn, & bén phai cta 6 t6 thuong co chir
"R", con bén trai c6 chir "L", nhdm tranh nham 14n khi lap rap.Cac bo phan dan
hoi bﬁng kim loai c6 dic tinh bién dang (quan h¢ luc P va bién dang f) dugc coi

1a tuyén tinh” (Ngudn: Gido trinh Két cau 6 t6, NXB Bach Khoa Ha Noi) [8].
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Str dung bg phan dan hoi thanh xodn ¢ vu diém 1a két cdu trong luong
nho, chiém it khong gian nén c6 dé dang b tri trong khong gian dudi san xe.
C6 thé bd tri diéu chinh chiéu cao than xe. C6 két ciu don gian, gia thanh ré va
dé ché tao. Tuy nhién tinh tng dung khong cao, hon nita do khong c6 ndi ma

sat nén thudng phai lap kém giam chin dé dép tit dao dong.
¢) Bo phan dan hdi 10 xo xoin

Lo xo0 xo0an 1a bd phan dan hoéi st dung pho bién trén 6 t6 con. Co cac

hinh dang chu yé€u 1a 16 xo xoan 6c¢, 10 xo con va 10 xo tru.

Hinh 1. 7 B6 phan dan hi 10 xo tru (Ngudn: https://www.carid.com)

Lo xo tru véi hinh dang c6 dudong kinh vong ngoai khong thay doi nén
bién dang ctia no s& thay doi ty 16 thuan voi luc tac dung.

Lo xo0 con hay 10 xo xodn 6c¢ thi khi tai nhe dau 16 xo s& bi nén lai va hép
thu nang lugng va dap, con phan giita 1o xo ¢6 d6 cimg 16n hon sé& du ctng dé
chiu tai lon.

Lo xo0 ¢6 uu diém va nhuoc diém sau:

. Uu diém 1a dé dang ché tao, 10 xo0 dang tru duoc st dung nhiéu. Céc
loai 16 xo0 hinh ¢6n va hinh tréng duogc st dung cho céac hé thong treo

bb tri trong khong gian hep, khi bi nén 16 xo c6 thé xép chong phang.
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Lo xo0 xoan ¢6 luc ndi ma sat nho, it phai bao dudng, cham soc trong
qua trinh str dung [8].

. Nhuoc diém 1a bo phan dan hoi loai 10 xo chi cho phép truyén tai
trong thang dtmg. Viéc truyén céc lyc doc va ngang nhd cac bo phan
dan hudéng riéng biét. Ngoai ra, khi 16 xo lam viéc thi & gitta cac vong
10 xo khong c6 ndi ma sat nhu nhip nén thudng phai bd tri thém giam
chén kém theo dé dap tit nhanh dao dong, diéu nay khién cho két ciu
st dung 10 xo tré nén phuc tap hon [8].

d) Bo phan dan hdi loai khi

B6 phan dan hoi khi nén hoat dong dua trén kha ndng dan hoi tu nhién
ctia khong khi khi bi nén. Thé tich khi thay d6i gitip hp thu dao dong tir mat
duong. Hé théng treo khi duoc Gmg dung rong rii cho cac xe c6 tai trong bién
thién manh nhu xe ch¢ khach, xe tai va xe trong doan xe do kha nang tu diéu
chinh d¢ ctng va chiéu cao gdm xe, gitip xe ludn on dinh va ém ai trong nhiéu

tinh hudng van hanh.

Hinh 1. 10 Hé thong treo khi nén (Ngudn: https://sadote.org)
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Trong hé théng treo st dung dém khi, d0 cung co thé duoc diéu chinh tyu
dong thong qua viéce thay d6i 4p suat khong khi bén trong phan tir dan hoi. Viéc
giam 4p suat dan dén giam do cimg cua hé thdng treo, qua d6 cai thién dang ké
do ém diu cua chuyén dong, dac biét trong diéu kién mat duong khong b:?mg

phéng.

So véi cac hé thong treo truyén thong, hé théng treo khi ¢ wu diém nodi
bat 1a khong tao ra ma sat trong phan ttr dan hoi, déng thoi co trong luong nhe
hon. Nho d6, hé théng gitip giam thiéu ddng ké dao dong va tiéng 6n truyén tir
banh xe 1én khoang hanh khach va budng lai, gép phan nang cao mirc do thoai
mai cho nguoi stir dung. Tuy nhién, do yéu cau tich hgp thém cac bd phan nhu
thiét bi cung cap khi, hé théng dan hudng riéng va bd diéu chinh ap sut, két
cau cta hé théng treo khi tré nén phtic tap hon. Diéu nay dong thoi lam ting

chi phi san xuét va bao tri so v&i cac hé thong treo co khi thong thuong.
1.1.2.2 Bj phén din hwong

Theo tai liéu [8], bd phan dan hudng c6 chirc ning dam bao chuyén vi
t6i uu, déng thoi dam bao kha nang tiép nhan luyc doc, ngang gitta banh xe va
thing xe, bd phin dan hudng duoc xem xét nhu co cdu dap ung sd bac tuw do

hop 1y ctia banh xe trong hé thng treo.

Khi xem xét danh gia chat luong cta bo phan dan huéng can quan tim

dén cac yéu cau:

. DPam bao banh xe dich chuyén thang dting trong gii han hanh trinh
can thiét ciia banh xe ma khong gay nén cac chuyén vi theo phuong
khac anh hudng toi sy 1an ctia banh xe trén duong: chiéu rong co s,
chiéu dai co s& ctia xe, anh hudng t6i hé thong 1ai, goc nghiéng thung

xe nho, hé théng truyén luc...,
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. bam bao truyén duoc céac luc doc, luc ngang va mé men tur banh xe
1én than xe.

. Trong luong két cAu nho, dap tng do bén 1am viéc.

Quan hé ctia banh xe véi khung xe khi thay doi vi tri theo phuong thang
dimg duogc goi la quan hé dong hoc. Kha nang truyén luc & mdi vi tri duoc goi

la quan h¢ dong luc hoc cua hé treo.
1.1.2.3 Bj phin giim chin

Trong hé théng treo 6 t0, néu chi ¢6 10 xo thi sau khi tiép nhan tac dong
tir mat duong, than xe s& tiép tuc dao dong trong mot khoang thoi gian trude
khi dimg lai. Pé giam nhanh cac dao dong khong mong mudn nay, can mot co
cdu c6 chirc ning tiéu tan ning lwong co hoc ma 10 xo hp thy. Giam chan chinh
14 bd phan dugc thiét ké nham thyc hién chirc ning do, gop phan on dinh chuyén

dong va nang cao dd ém diu cho xe trong qua trinh van hanh.
Chtrc nang giam chan:

. Giam thiéu cac chan dong tac dong tir mat dudng 1én khung xe khi
banh xe di chuyén trén bé mit gd ghé, tir d6 bao vé cac chi tiét dan
hoi va cai thién sy thoai mai cho nguoi ngéi trén xe.

. Duy tri 46 dao dong cta phan khong treo & muc thap, giup banh xe
tiép xtic tot hon v&i mat duong, ddm bao d§ bam va sy 6n dinh khi
van hanh.

. Gop phan nang cao dic tinh dong hoc cia xe, bao gom kha ning ting
tdc, d6 6n dinh khi 1ai va mirc d6 an toan khi chuyén huéng hoic
phanh.

Qua viéc bién d6i co niang thanh nhiét ning nhd ma sat giita chat 1ong va
cac van tiét luu, giam chan s& dép tat cac dao dong cua xe khi di chuyén qua

cac cung duong go ghé, map mo.



1.1.2.4 Phén logi gidm chin
a) Giam chan hai 16p vo

Theo tai li€u [8], ta c6 hinh
1.5 12 mit cit va so dd ciu tao cla
giam chén 6ng hai 16p v6 (6ng 16ng).
V6 trong 7 1a mét xi lanh thay luc cé
d6 bong cao dé pit tong 8 co thé di
chuyén, ¢ dudi cua xi lanh thuy luc
c6 mot cum van bu (van trd 12, van
nén 13). Bao ngoai vé trong la mdt
16p vo ngoai 6. Khong gian gitra hai
16p vo 12 budng bu thé tich chat long
C. V6 ngoai ghép cling vo1 vo trong
va 6 tai bit dudi véi banh xe. Truc
giam chan 2 lién két véi pit tong 8
va duoc ndi v6i than xe qua tai bat
trén. Pit tong giam chan chia xi lanh
ra hai buong A va B va di chuyén
trong xi lanh. Pit tong hoat dong
trong chit long (dau). Dau luu thong

giita hai budng A, B nho van tiét luu

trong pit tong (van trd 11, van nén 10).

14

Tai bat gidm chén
Tryc giam chén
Giodng lam kin
Mép co ran
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15. Nap trong

A. Budng trén

BE. Buéng durdn
C. Bubng bl

12, 13. Cum van bd
10, 13. Van nén
11,12, Van trd

14. Bac dan hwdng

Hinh 1. 13 Giam chén hai 16p vo [8]

O phia nap ctia giam chan c6 cac vong bao kin va ong dan hudng truc giam

chan. Cau tao ti€t dién cac 16 nho va c6 van dady mot chiéu.

Nguyén 1y lam viéc cta giam chan nhu sau: “Trong trang théi tinh (pit

tong dung yén), cac van luén mé tao dicu kién cho chat long luu théng qua
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ngay tir khi méi 1am viéc. Khi pit tong chuyén dong, chat 10ng bi nén chay tir
budng nay sang budng kia qua cac van tiét luu trong pit tong giam chan. Ung
v6i hanh trinh nén, tra c6 céac 10 tiét luu nén, tra thay doi tiét dién dé dau luu
thong. O hanh trinh nén pit tong 8 di sau vao xi lanh, khoang trén (khoang A)
thé tich tang, ap sudt giam, khoang giita (khoang B) thé tich giam, 4p suét ting.
Trong trudng hop nén tuy thudc vao van toe pittdng co thé chia 1am hai giai
doan: nén nhe va nén manh. Khi nén nhe (van tdc cla pit tong v < 0,3 m/s), dau
tr khoang B qua cic 16 cua van nén (¢ hang ngoai trén pit tong 8) chay vao
khoang A. Tryuc giam chén di sdu vao trong xi lanh chiém mot phén thé tich cia
khoang A. Mot phan dau thira ra chay vao khoang dudi (khoang bu C) qua day
16 van nén phu va dau di vao khoang giita vo ngoai 6 va xi lanh 7 ctia giam
chan. Khi bi nén manh (v > 0,3 m/s), dau chay theo chiéu tir B vao A, nhung
do ap suat ting cao, dau s& day van nén 10 khi thang lyc 10 xo van, 1am cho tiét
dién 13 luu thong mé 16n, do d6 hé s6 can ctia giam chan s& giam. Trong truong
hop tra, pit tong 8 di 1én, khoang A giam thé tich, ap suat ting, khoang B thé
tich ting, ap suat giam. Khi tra nhe, dau chay tir khoang A qua 15 van trong trén
pit tong 8 vao khoang B, ddng thoi dau s& chay tir khoang bu C qua day 16 van
tra phy va di vao khoang B. Khi bi tra manh, dau van di theo chiéu tir A vao B,
nhung do do chénh 4p suat ting 1én, dau tir khoang C s& ddy van tra 11, khi
théng luc 10 xo van, tiét dién 10 van 16n ra, lyc can tra cia giam chan giam di.
Mot sb cau triic khac cé bd tri sdn mot van giam tai. Khi dau chay qua céc 16
tiét luu nho, diu ma sat v4i thanh 18, voi cac 16p dau véi nhau, gitra dau, pit
tong va thanh xi lanh, tao luc can cho giam chan. Ning lugng do ma sat hap
thu bién thanh nhiét nang, nung néng dau va truyén ra ngoai moéi trudng khong
khi. Nhu vay co nang da chuyén thanh nhiét nang, thuc hién hép thu dao dong
ctia than xe va banh xe”. (Nguon: Giao trinh Két cau 6 t6, NXB Bach Khoa Ha
Noi) [8].
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Uu diém: Loai giam chan nay c6 tudi tho str dung cao, chi phi san xut
thép va hoat dong on dinh & ca hai chiéu chuyén dong. Ngoai ra, thiét ké nhe

gitip giam téng trong luong cua hé thdng treo.

Nhuoc diém: O tan s6 dao dong cao, giam chan co thé gip tinh trang khi
lot vao dau, dan dén hién tuong tao bot, lam suy giam kha nang hép thu dao

dong va hiéu qua lam viéc tong thé.

b) Giam chan loai c6 mét 16p vo

Theo tai lidu [8], hinh 1.6 14 so 10—k
dd va ciu tao giam chan éng mot 16 VALY vk
. g g g Op ;;?"-/{f}'_f .
vO, thuong duoc sir dung trén 0 t0 H 7z
A , A A . — _n
con. Cau tric bao gobm: mot xi lanh o
déng thoi 1a vo giam chan 2, truc 5 1
giam chan 9 gan lién véi pit tong 6, @é
cum bao kin 8, cac dau bt giita banh 2~ ||
\ ~ A . A ”\ 14 14 A_‘—u
xe va than xe. Trén pit tong bo tri cac 7]
cum van nén 7 va van tra 1. Pit tong 6
1
6 ngan cach xi lanh thanh khoang A
va B ¢6 chuta chat 1ong. Khoang bu B
dau C duogc thyc hién nho pittong 4. 1. vantra 4—
. 2.Vé giam chén =
Trong khoang C dugc nap khi 3. Buéng chira khi —
_ _ , 4. Pit tong tw do C
Nitrogen v&i ap suat cao (20 bar +25 5. Budng chat ldng
i 6. Pit tdng v& van 10—
bar), do do chat long cling lam viéc 7. Vannén AR
, 8. Cym bao kin | ]
v6i ap suét cua khi nén. Ngan cach 9. Truc gidm chan R

10. O d& cao su
gitra chat long va chat khi bang pit
tong di dong 4. Cum bao kin 8 dam "~ Khoang trén, B — Khoang gira, C — Khoang khi

nhén chirc ning dan huéng tryc gidm Hinh 1. 16 Giam chén mét 16p vo
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chan va bao kin ¢ ap suat 16n.

O hanh trinh nén dau chay tir khoang B qua van 7 1én khoang A. O hanh
trinh tra dau chay tir khoang A qua van 1 t&i khoang B. Phan thé tich do can pit
tong chiém chd s& duoc bu bai khoang C chira khi. Két cdu cho phép toa nhiét

nhanh, do nhay cao. Tuy nhién kha nang bao kin kho khan.

So voi gidm chan hai 16p vo, gidm chan mot 16p vo cd cac uu nhugce

diém sau :

. Vé uu diém: Véi cing duong kinh ngoai, c¢6 thé ting dudng kinh
piston nham giam sy dao dong twong d6i cia ap suat chat 1ong. Diéu
kién tda nhi¢t dugc cai thién. B gidm chan co piston ngan cach cé
thé hoat dong 6n dinh & moi goc nghiéng.

. Vé nhuoc diém: C6 d6 tin cdy van hanh khong cao, d& xay ra hién
tuong ket trong qua trinh nén hodc khi hoi vé nhanh. Kho gia cong
ché tao, kha nang lam kin chua hi¢u qua. Phét nhanh hong, do mai
mon giita piston v6i 6ng dan hudng 16n.

¢) Giam chan loai 2 6ng din khi ap luc

. G X L6 ¢6 dinh Gng nhiin
ong bao vé¢

Truc Piston

Piston vdi Van 2 chiéu

Hoi -Dau
Piston cach ly

Hai ap luc

Hinh 1. 19 Giam chén 2 6ng dan khi ap luc (Nguon: https://phutungahv.com)
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Theo tai li¢u [9], Loai nay la su két hop cua hai loai trén va goi 1a loai
giam chan Dau — Khi két hop. Tuy nhién, loai giam chan nay c6 diém dic biét
13 & trang thai xe dtng yén, khoang duédi khong dugce d6 day dau ma chi chira
khoang 2/3 thé tich, phan con lai 1 khi nén véi ap suét tir 6 dén 7 bar. Nho sy
két hop cac wu diém cua hai loai giam chan trudc d6, thiét bi nay co hiéu qua

cao trong vi€c triét ti€u dao dong.

Loai giam chan nay dic biét pht hop véi cac phuong tién van hanh trén
dia hinh g gh¢, thudng xuyén chiu rung lic manh, bat ngd va co tan s cao.
Tuy nhién, do yéu cau ché tao doi hoi do chinh xac rit cao va can dugc kiém
tra, bao dudng dinh ky nghiém ngit nén loai ndy khong duoc tng dung phd

bién trong thyc té.

d) Giam chin Vario

Tai nhe , giam chdn mdc thap  Tdindng , giam chin ting cudng

Hinh 1. 22 Giam chan Vario (Ngudn: https://phutungahv.com)
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Giam chan Vario c6 két ciu twong tu nhu loai giam chan hai ong. “Loai
giam chin Vario c6 mot dic diém noi bat do 1a c6 kha nang thich nghi duoc
vé6i diéu kién dudng co rung x6c thay ddi. Khi xe chay véi tai trong nhe, piston
s& nam & phan trén ctia dng dau (nhu thé hién trong hinh 1.8), noi thiét ké c6
nhiéu khe nho dé dau dé dang di chuyén xudng vung dudi. Vi véy, ap luc 1én
piston thap hon dan dén luc giam chan ciing giam theo. Nguoc lai, voi tai trong
ning, piston bi ddy xudng gan ddy 6ng, khu vuc nay khong c6 rinh nén dau tir
khoang trén khé chay xudng phia dudi. Do d6, dau phai di qua van tiét luu trén
piston, 1am tang ap luc 1én than piston va nang cao hiéu qua dap tit dao dong.
Phan dau du 4p suét cao s& duoc din qua van ¢ day dé bu thém vao khoang
dau”(Ngudn: https://phutungahv.com) [9].

Giam chan vairo ¢6 uu diém 1a t6i uu héa hanh trinh ém 4i va 6n dinh.
Tang kha nang thich nghi véi nhiéu diéu kién duong va tai trong. Ngoai ra, con
c6 thé tich hop diéu khién dién tu.

¢) Giam chan hoi

Ong khi nén

Vo Lo xo Khi

Truc Ong nhin véi
Van Tiét lvu Diu
Diu

Hinh 1. 25 Giam chan hoi (Nguon: https://phutungahv.com)
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Day 1a sy két hop vé ciu tao va hoat dong ctia 10 xo khi nén (nhu da trinh
bay & trén) va bo giam chan kép vé6i hoi ap luc.

Theo tai liéu [9], hé théng giam chin nay bao gdm hai phan ciu tao: phan
duéi gia cong theo cau tric kép va chira ap luc khi nén thong thuong, phan trén
la mot 6ng kin diéu khién ap suét khi. Khi dong co hoat dong, khi nén duogc cép
vao bd phan phia trén, tir d6 hé thdng c6 thé chi dong diéu chinh hanh trinh
1am viéc va tdi vu hoa hiéu qua giam chan.

Tuy nhién, khi tat may, hé théng mat ap luc khi nén khong con hoat dong,
diéu nay can duoc luu y trong thuc té sir dung. Néu xe dau & vi tri ¢6 g0 cao
ma giam chan da bi x4 khi, thi gdm xe c6 thé ha xuéng nhanh va giy va cham

hozc hu hong cho bo phan gam.

f) Giam chan khi — thuy luc

ong nhiin Khi -Thiy luc

Hinh 1. 28 Giam chan khi - thuy luc (Ngudn: https:/phutungahv.com)
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Pay 1a tong hop ciia 10 xo dan hdi ¢ giam chin cung véi 16 xo khi thity luc.

Theo tai liéu [9], Hé thong nay 1a su két hop giira 10 xo co hoc ¢6 giam

chan va bo giam x6c khi nén kiéu bong hoi thiy luc.

Trong cau tric nay, piston cta phan dan hoi va truc chuyén dong dong
thoi dong vai tro 1a tryc ctia bo giam chn, gitip hé thdng hoat dong dong bo va
hiéu qua hon. Bong hoi dugc dat bén trong mdt khoang hinh cau, duoc boc bai
16p mang cao su chuyén dung, c6 gia cudng thém bang céac 16p 15i thép va soi
du dé tang kha ning chiu ap lyc. Bong hoi nay dugc két ndi véi binh tich ap
chtra khi nén thong qua mot 6ng dan (thuong duoc thé hién bang mau xanh

trong hinh minh hoa).

Khi xe chiu lyc tac dong tir mat duong (vi du khi di qua chudng ngai
vat), ca 10 xo va giam chan bi nén xudng, khién dau thiry luc di chuyén qua 6ng
dan sang buéng khi nén. Du61 ap luc cao, khi trong boéng hoi bi nén lai, lam
tang do cing ctia bong va tao ra mot lyc dan hoi tong hop tac dong trd lai khung
xe. Nho d6, hé théng c6 kha ning thay d6i dic tinh dan hoi phu hop véi muc

tai trong thuc té.

Pé diéu chinh linh hoat hon, trén duong éng dan gitta binh dau va bong
hoi con dugc trang bi thém cac van diéu khién, cho phép thay d6i mirc d6 anh
hudng cuia khi va dau 1én tai khi. Diéu nay gitip diéu chinh d6 cing tong thé
ctia hé théng treo mot cach chii dong.Ciing nho nguyén 1y tu diéu chinh nay,
khoang cach giira truc banh va khung xe dugc duy tri 6n dinh du xe c6 tai hay
khong.

Khi tai trong 16n, 4p luc dau tang 1én lam tai khi cing hon dé nang xe;
khi tai nhe, ap luc giam di khién hé thong tré nén mém hon, giup giam lyc tac

dong 1én khung xe va mang lai cam giac €ém ai hon cho hanh khach.
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1.1.3. Ciu tao chung ciia ghé li

Head Rest

Seat-Back Structure
Back Rest

Arm Rest

Climatic Fabrics
Suspension mat

Cushion Seat-side Bolster
Padding/ PUR foam In-seat Cushion

Seat Structure

Hinh 1. 31 C4u tao ctia ghé 1ai (Ngudn https://www.researchgate.net)
Theo tai liéu [10], C4u tao ctia ghé 1ai chu yéu gém 3 phan chinh 1a dém,
tua lung va do dau. Trong d6 bd phan nhan nhiém vu hép thu dao dong la két

ciu khung sit dudi dém ghé va phan dém ghé.
1.2. TONG QUAN VE CAC NGHIEN CUU DAO PONG
1.2.1. Tinh hinh nghién ctru & trong nudc

Nganh cong nghiép 6 t6 Viét Nam dang trong qua trinh hinh thanh va
phat trién dan tro thanh nganh cong nghiép mii nhon hang dau cua dat nudc.
Nhitng ndm vira qua, nganh 6 t6 Viét Nam da va dang khong ngimg phat trién,
khong ngung vuon 1én va da dat duoc nhiéu thanh tyu mé&i dé c6 thé hoi nhap
v6i khu vuc va thé gidi.

O trong nudc ta da co mot sb dé tai khoa hoc duoc st dung vao vi¢c nang
cao do 6n dinh, sy ém dju van hanh nho vao viéc diéu khién hé théng treo chu

dong. Cu thé nhu nghién ciru trong nude ta ¢6 bai nghién ciru ctia TS. Nguyén
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Tuén Anh “Mb phong dao dong ctia hé théng treo chii dong co xét dén su anh
hudng cta co ciu ché\p hanh thuy luc”’[1], TS. Bang Viét Ha “So sanh dd ém
diu ctia 6 t6 khéach str dung hé théng treo khi nén va 6 t6 khéach str dung nhip”[2],

TS. Pham Xuén Mai “mé phong do ém diu ctia xe khach giwdng nam’[3].

Ngoai ra, con rat nhi€u gido trinh viét vé linh vuc dao dong cua 6 td6 nhu:
“Dao dong 6 t6” cuia Vii Puc Lap, “Ly thuyét dao dong” ctia Tran Van Binh,
Vii Cong Ham,...

1.2.2. Tinh hinh nghién ctru & ngoai nudc

Nhirng nghién ctru nude ngoai ¢o bai cua tac gia Tamburrano, P., et al.,
“A Review of Electro-Hydraulic Servovalve Research and Development”[4],
tac gia Huang, Y., et al., “Approximation-Free Control for Vehicle Active

Suspensions With Hydraulic Actuator”[5], tac gid Nong Zhang, “Semi-active

control of an integrated full-car suspension with seat suspension and driver

body model using ER dampers”[11].
1.3. PAC TINH EM DIU CHUYEN PONG CUA XE
1.3.1. Khai niém vé tinh ém diu chuyén dong

Tinh ém diu trong chuyén dong cua 6 t6 1a kha ning ctua phuong tién
trong viéc hap thy va triét tiéu cac luyc va dap cling nhu rung dong phat sinh khi
xe di chuyén qua cic chudng ngai vat hoic mit duong khong bang phang. Day
1a mot trong nhiing yéu t quan trong anh hudng dén su thoai mai va sirc khoe
cua nguoi lai cling nhu hanh khach, déng thoi tac dong dén d6 bén ky thuat cua
xe, hiéu suit van hanh va chat luong thuc hién nhiém vu.

Mtrc d0 ém diu cua chuyén dong phu thudc vao nhiéu yéu td nhu dic
tinh va cuong dd cua cac luc kich thich tr mat duong, dac diém két ciu cua

phuong tién (trong d6 hé thdng treo gitr vai tro chii dao), va trinh do diéu khién
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cuia nguoi 1ai. Vige toi uu hoa tinh €ém diu khong chi cai thi¢n trai nghiém van
hanh ma con gop phan nang cao dd bén, hi€u qua st dung va tinh an toan cua

0 to trong diéu kién khai thac thuc té.

Céc luc kich thich gdy ra dao dong trong 6 t6 c6 thé duoc phan loai thanh

hai nhom chinh dya trén ngudn gdc phat sinh.

. Luc kich thich bén trong thudng bat ngudn tir ban than hé théng dong
luc, bao gom cac rung dong do mat can bang dong co, chuyén dong
khéng dong déu cia cac bd phan quay hoic do dao dong 4p suat trong
qua trinh nap — xa. Cac luc nay thuong cé tan sé cao, 16n hon 150 Hz, va
do dic diém truyén dan rung dong han ché ¢ dai tan nay, chung it gy
anh huong dang ké dén nguoi diéu khién va hanh khach; do do, trong
nhiéu nghién ctru dao dong, chiing c6 thé duoc gian lugec.

. Luc kich thich bén ngoai bao gém cac tac dong co hoc tir mit dudng,
nhu lyc va dap khi banh xe gdp chudng ngai vat hodc luc quén tinh sinh
ra khi xe chuyén dong trén bé mat khong bang phang. Pay 1a cac nguén
dao dong c6 tan s6 thap va cd anh hudng 16 rét dén cam giac ém diu va
su thoai mai cia nguoi ngdi trén xe.

1.3.2. Cac chi tiéu danh gia d§ ém diu chuyén dong

Co thé con ngudi c6 kha ning cam nhan dugc cac dao dong co hoc khi
chung xuat hién trong mot khoang tan sé va bién d6 nhat dinh. Tuy theo tinh
chat ctia dao dong, phan mg sinh 1y cta con ngudi c6 thé dao dong tir trang
thai binh thuong dén cam giac kho chiu, mat tap trung, rdi loan than kinh, hodc
trong mot sd truong hop cé thé dan dén tinh trang mét moi va suy giam stc

khoe.

Céac dao dong tac dong 1én co thé thudng dugce dic trung boi cac dai

lugng co ban nhu tan so, bién dd, van tdéc dao dong, gia toc va tdc dd bién thién
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ctia gia tdc. Mtrc d6 anh hudng cua cac thong sd nay dén con ngudi phy thude
dang ké vao dai tan sb dao dong: tai tan sb khoang 5 Hz, cam giac chil yéu bi
chi phéi bai gia tdc; trong khoang tir 5 dén 40 Hz, van tdc dao dong dong vai
tro chinh; trong khi do, vai céac tan s vuot qué 40 Hz, anh hudng sinh 1y chu

yéu xuét phat tir bién do dao dong [12].

Pé danh gia mirc 46 ém dju trong chuyén dong cua 6 to, cac thong sd
dic trung thuong duoc st dung bao gém: tan sd dao dong phu hop, gia tri gia
toc tac dong va thoi gian tac dong ciia gia toc 1én co thé nguoi. Trong qua trinh
véan hanh, 6 to thuong chiu anh huéng cua nhiéu yéu t phurc tap tir diéu kién
mit dudng, két cau hé thong treo dén trang thai tai trong, dan dén viéc xuat hién
mot dai dao dong rat rong, bao gém ca tan s6 thap va tan s cao. Céac dic trung
dao dong nay, & nhitng mirc d§ khéac nhau, déu c6 kha nang tac dong dén nguoi

diéu khién va hanh khach trén xe.

Dic biét, theo nhiéu nghién ctru thyc nghiém, vung tan s6 dao dong tu 4
dén 8 Hz duoc xac dinh 1 gay anh huong manh nhat dén cam giac thoai mai
ctia co thé nguoi [12]. Pay 1a dai tin ma co thé con ngudi nhay cam nhat véi
dao dong toan than, do d6 déng vai trd quan trong trong viéc thiét ké va danh
gia hiéu qua hé thong giam xoc va treo trén 6 to.

a. Chi tiéu vé tan sb

“Pi la1” 1a hoat dong thuong xuyén cua con nguoi. Khi con nguoi di lai
tuong duong véi hé thuc hién dao dong, tuy thudc vao hinh dang, trong luong
riéng, thoi quen tirng ngudi ma s 1an bude trong mot phit thuong trong khoang
60-90 budc, tuong ting vai tan sé dao dong khoang 1-1,5Hz.

Vay nén tir thoi quen do, co thé con ngudi da thich nghi véi dao dong
hop 1y trong khoang tan s vira néu trén. Hay chi can dao dong trong khoang

tan s6 dao dong 1-1,5Hz thi khong anh huong téi co thé nguoi.
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Trong qué trinh phan tich 6 ém diu cua 6 t6, dac biét khi xét dén anh
huong ctia mit dudng va ciu tric xe, tan sd dao dong thich hop nén nim trong
ngudng 1-1,5 Hz dé dam bao sy thoai mai cho ngudi ngdi trong xe.

Tiéu chuan dé danh gia dao dong cua 6 t6 nhu sau:

- Truong hop xe con hay xe du lich thi n = 60:90 (dd/ph)

- Truong hgp xe van tai thi n = 100:120 (dd/ph).

b. Chi tiéu vé gia toc dao dong

Trong qua trinh van hanh, cdc dao dong phat sinh tor mat duong dugc
truyén qua hé thong treo dén ghé ngdi va dén vi tri nguoi diéu khién. Su tac
dong lién tuc cta dao dong co hoc 1én co thé ngudi 1ai trong thoi gian dai c¢6
thé gy ra tinh trang mét moi, giam murc do tap trung va 1am suy giam hiéu qua
lam viéc. V& 1au dai, viéc tiép xuc thuong xuyén vai rung dong con c6 kha ning
anh huong tiéu cyc dén strc khoe va thé trang chung ctia nguoi lai xe.

Theo tiéu chuan ISO/DIS 2631[12], gia tc toan than tac dong 1én co thé
nguoi duge danh gia thong qua dai luong gia toc hiéu dung sai phuong, ky hiéu

1a a.

Cong thire tinh sai phuong gia toc a duoc biéu dién dudi dang:
1 5.2
a= /ngs dt (1.1)

. ala sai phuong gia toc (m/s?).

Trong do:

. Z.a gia toc theo phuong thang dimg cua khéi lugng duoc treo
(m/s?).
. T lathoi gian do dao dong (s).
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Céc gia tri cho phép cua sai phuong gia tbc nhu sau:

Bang 1. 1 Bang danh gia chu quan d¢ ém diu 6 t6 theo ISO 2631

Cép ém diu Panh gi4 tic dong dén con nguoi
<0.315 m/s? Thoai mai
0.315 m/s? - 0.63 m/s? Mot chut kho chiu
0.5 m/s*> — 1.0 m/s? Khé kho chiu
0.8 m/s* — 1.6 m/s? Khong thoai mai
1.25 m/s? - 2.5 m/s? Kho chiu
2.0 m/s? - 4.0 m/s? Rat kho chiu
> 2.0 m/s? Cuec ky kho chiu

1.4. KET LUAN CHUONG 1

Qua chuong nay, céu tao co ban cta hé théng treo trén 6 t6 da dugc mo
ta rd rang, chi tiét. La nhitng bo phan quan trong khong thé thiéu d6i véi 6 6.
Gitip cho 6 to van hanh ém diu qua cac cung duong gap génh, soi da.

Cho dén nay, co cau ghé 1ai chua duoc cai tién nhiéu. Thuong tap trung
phat trién cac tinh nang tich hgp nhu suoi, co cau x0ay,... Vi¢c nang cao hé
thong treo ghé 1ai chua duoc quan tim lim. Hé thong treo ghé 14i van 1a nhiing

két cau don so.

Céc chi tiéu vé d§ ém diu cling dugc dé cap, khai quat chung mirc do

danh gid ém diu cho hé thng treo trén 6 0.
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CHUONG 2: COSOLY THUYET, MO HINH HOA DAO PONG HE
THONG TREO TOAN PHAN, HE THONG TREO GHE LAI SU DUNG

BOQ PIEU KHIEN

2.1. XAY DUNG MO HINH DAO PONG KHONG GIAN HE THONG
TREO TOAN PHAN, HE THONG TREO GHE LAI SU DUNG BO
PIEU KHIEN.

2.1.1. Céc gia thiét khi xAy dung mo hinh mé phéng

Pé xay dung mo hinh mo phong vat 1y, ta can dua ra cac gia thiét nham

lam cho qué trinh nghién ciru tinh todn don gian nhung van dam bao tinh tong

quat va do chinh xac can thiét.

Nhiing gia thiét co ban khi xay dyng md hinh nhu sau:

Nghién ctru d§ €m diu cua xe nén s€ chi xét trong hé khong gian vaoi
mit phang doc va ngang than xe, b qua yéu té6 mat phang dung (chi
yéu lién quan dén dong luc hoc dao dong hé thong 1ai).

Gia dinh 6 to di xtrng qua mat phang doc gitra tim xe.

Phan khéi lugng khong duoc treo coi nhu 1a cing tuyét doi, cd khoi
luong twong ng & cau thir i 14 my; (voi i =1, 2), mé mem quan tinh
ddi vai truc doc di qua trong tam la Jy,Jy,Jw.

Bo qua nhimg ngudn kich thich dao dong trén xe, coi map mo mat
duong 13 ngudn kich thich dao dong duy nhit.

Mit dudng duge coi nhu cling tuyét doi.

Banh xe tiép xuc voi mat duong 1a tiép xtc diém, trong cac mo hinh
phi tuyén cho phép banh xe tach khoi mit duong.

Ghé 14i lién két v6i san xe tuyét ddi ctimg, 1a tiép xac diém.

Coi co thé ngudi 1a mot tong thé, mot khdi lugng nhat dinh
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2.1.2. M6 hinh héa dao dong khong gian cho hé thong treo toan phan, hé

thong treo ghé l4i sir dung b diéu khién

Front

G

v

Hinh 2. 1 M6 hinh tuong duong hé théng treo xe cau sau phu thudc, trude doc 1ap

Thong s6 chii yéu ciia hé thong:

K1, ke : d0 cling cia phan tir dan hoi h¢ thong treo ¢ truc trudce va sau.

e Cq, Cs : hé O can ctia giam chan hé thng treo & truc trude va sau.
e Cu, Co : hé s can cua lép trudc va sau.

o ku, ke : d0 ctng cta 16p trudce va sau.

o kg dd cung ctua phén tir dan hoi hé théng treo ghé lai.

e Cq: hé s6 can cia thong treo ghé 14i.

e My, My, Ms: khoi lugng clia cau trudc, cau sau va gheé lai.

a: khoang canh tur truc trudc tdi trong tam.

b: khoang cach tur truc sau t41 trong tam.

« c: khoang cach tir diém dat ghé t6i t6i trong tdm theo chiéu trudc sau.

d: khoang cach tir diém dit ghé toi t6i trong tdm theo bén trai xe.
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« d;: khoang cach giita phan tir dan hdi ciu trude tng vé6i 2 bén trai phai
Vo1 trong tam xe.

« d, : khoang cach giita phan tir dan hdi cu sau tng voi 2 bén trai phai
véi trong tam xe..

o dp : khoang cach gifra tam vét 16p trude bén trai va bén phai so voi
trong tam xe.

o dy : khoang cach gitra tam vét 16p sau bén trai va bén phai so véi trong
tam xe.

« F.: Luc gia tuong cta bo diéu khién
Chon hé truc toa do:

« Hé truc toa do cd dinh:

« Goc toa dd trung véi hinh chiéu cua trong tam khdi luong duoc treo
xuéng nén duong, cac truc toa do x doc theo than xe, truc y ngang than
xe va truc z vudng goc voi nén dudng.

o Hg¢ toa dd suy rong.

o He¢ toa do co gbc tai trong tam cua cac khoi luong trong hé.

2.2. THIET LAP HE PHUONG TRINH VI PHAN MO TA MO HiNH
DAO PONG KHONG GIAN

2.2.1. Phuwong phap phin tich cac lwc trén hé thong treo toan phan c6
ghé lai
Pé co thé xac dinh dugc cac thong sd dao dong ciia xe ta can phai tir mo
hinh co hoc thiét 1ap dugc cac phwong trinh vi phan mé ta chuyén dong dao
dong ctia hé. Co rat nhidu phuong phap dé c6 thé thiét 1ap phuong trinh vi phan
chuyén dong cua co hé nhu: phuong trinh Lagrange loai II hoic theo nguyén
Iy D’Alambe. Dau tién 1a thiét 1ap hé phuong trinh can bang cho timg vét cua

co h¢ sau do lién két chiing lai véi nhau bang quan h¢ luc va momen.
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Theo nguyén Iy D’ Alambe:
F+F, =0 (2.1)

Trong do:
F:la téng cac ngoai lyc tac dung 1én vat.
Fyu:la téng cac luc quan tinh tic dung 1én vat.

Pé thuan tién cho viée 1ap so d6 khdi simulink sau ndy, ta xdy dung mo
hinh 1a mot co hé gém 6 vat: than xe, khdi lugng khong duogc treo trude trai-

phai, khdi luong khong duoc treo sau, mit dudng va ghé 14i.
Mo hinh xay dyng gdm 5 vat:

Vat 1: Than xe (phan khéi lugng dugc treo) coi nhu 1 vat ¢6 khéi luong
M; dat tai trong tdm S va cac momen quan tinh Iy , I . Chuyén dong cua than

xe 14 hop cua ba chuyén dong:

+ Chuyén dong tinh tién theo phwong z (mg voi toa do suy rong Zs.

+ Chuyén dong quay quanh truc y tuong ng toa do suy rong Qsy-

+ Chuyén dong quay quanh truc x tuong Gmg toa do suy rong Qs.

Vit 2.3: Cac khdi luong khong dugc treo cau trudc phia trude bén trai,
phai.

+ Khéi luong khong duoc treo trude coi nhu 13 hai vat c6 cung khoi

luong bén trai va bén phai 1a my;, chuyén dong tinh tién theo phuwong Z tuong

ung toa do suy rong Zyir, Zuir.
Vat 4: Khoi luong khong treo cau sau- cau xe, nhip va banh xe.

+ Khoi lugng khong duge treo sau coi nhu 1a mot vat co khoi luong my,,
chuyén dong tinh tién theo phuwong Z tuwong ung toa do suy rong Z,,, chuyén

dong quay quanh truc x vo1 toa do suy rong Q..
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Vit 5: Mat dudng — 1a ngudn kich thich 6 t6 dao dong va 1a mét tap hop

cac map mo ngau nhién trén toan bo chiéu dai cua né. Kich dong mit duong co
thé & dang tuyén tinh hodc ngiu nhién.
Vit 6: Khoi lugng ghé 14i (bao gom khdi lugng nguoi 14i)

+ Khéi luong ghé 1ai va ngudi 14i coi nhur 1 mét vat c6 khdi luong me,
chuyén dong tinh tién theo phuong Z twong tmg toa do suy rong Z.

+ Ung voi hé thdng treo ghé 14i, st dung mét luc diéu khién gia tudng
F, dé diéu khién d6 cting cia giam chan ghé 14i.

2.2.2. Mb hinh phan b céc luc tac 1én hé thong treo toan phan c6 ghé lai

Fur

Hinh 2. 2 M6 hinh vat 1y h¢ théng treo xe cau sau phu thudc, trudc doc 1ap
Khéi luong duoc treo bao gdm:
« Z,: Chuyén vi thang dung cta than xe.

o Osx: Chuyén Vi goc cua khoi luong dugc treo M quanh tryc Ox.



33

« Qs Chuyén vi goc cta khéi lugng duge treo M quanh truc Oy.
« M;: Khdi lugng dugc treo

o I,I;: M6 men xo4n theo phuwong x va phuong y cua than xe.
Khéi lugng khong dugc treo cau trude bén tréi:

e Zur : Chuyén vi thang dimg theo truc Z cua khéi lugng khong duoc
treo my;.
« qu : Chuyén vi thang dimg theo truc Z ctia mit duong bén cau trudc
bén tréi.
Khéi lwong khong duogc treo cau trude phai:

e Zur : Chuyén vi thang dung theo truc Z ctia khdi luong khong duoc
treo my;.
« qr : Chuyén vi thang dtng theo truc Z ctia mat duong bén cau trudc
bén phai.
Khéi lugng khong dugc treo ciu sau:

e Zu : Chuyén vi thang dimg theo truc Z cta khéi luong khong duoc
treo cau sau.

« @u : Chuyén vi goc cta khdi lwong khong duoc treo ciu sau quanh
truc Ox.

« Iy M6 men xodn theo phuong x ciia cau sau phu thudc.

e QoL qr : Chuyén vi thiang dimg theo truc Z ctia mit duong bén cau
sau bén trai va bén phai.

Khéi luong ghé:

« mg: Khbi lugng ghé 1ai.
« Z: Chuyén vi thing dimg theo truc Z ctia ghé 1ai.

« F.: Luc gia tuong dé diéu khién giam chan cua ghé (sir dung PID)
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2.2.3. Khoi lwong khong dworc treo ciu truée

Phuong trinh dao déng cia khoi lirong khéng dwoc treo cdu trude bén trdi:

B

r S FS].L

T Z,o

O

Fuli l
Ft].L

Hinh 2. 3 So d6 phan tich lyc ctia khéi lugng duoc treo cau trude bén trai

Céc luc tac dung lén khdi luong khong dugc treo cau truée gém co:
+ Luc quéan tinh khéi luong khong dugc treo:

I3

uli :mul ‘ZulL (22)
+ Luc tac dung cta hé thdng treo 1én khéi lugng khong duoc treo
Ei =k, (Zy _ZulL)+Csl(ZAL 'ZulL) (2.3)

+ Luc tac dung cta banh xe 1én khéi luong khéng dugc treo :

By =Ky (Zy - ey (Lo - i) (2:4)
Trong do:
+ Zar 12 chuyén vi diém tiép xuc hé thdng treo cau trudc bén trai 1én khi
lugng duoc treo.

Phuong trinh can bang luc theo phuong Z cia khéi lwong khong duoc treo

trudc trat:



35

E, -EL tE,.=0
< m,, ‘ZulL = ksl (ZAL 'ZulL )+Csl (ZAL 'ZulL )'ktl (ZulL L )'Ctl (ZulL 'qlL) (2'5)

. 1 . .
SZ, = m_ kg (Zy-Zg ey (Zy -2y ) Ky (Zoy -q0 )€ (Zy10-4,)

ul

Phuong trinh dao déng cia khoi lirong khéong dwoc treo cdu trude bén phdi:

ZARI_ AR? \

. Fis

Z,r I

l Fuli
Fth

Hinh 2. 4 So d4 phan tich luc cua khéi luong dugc treo cau trude bén phai

Cac lyc tac dung 1én khéi luong khong duge treo cau trude gom co:
+ Luc quan tinh khéi luong khong dugc treo:

F

uli

=m,,.Z, (2.6)
+ Luc tac dung cta hé thdng treo 1én khéi lugng khong duoc treo
Fin =K Zaw Zuw Ve g L) 2.7
+ Lyc tac dung cua banh xe 1én khéi luong khong dugc treo :
Fir =Ky (Zyg - Qi ey (Zygr = Gie) (2.8)
Trong do:

+ Zar 12 chuyén vi diém tiép xuc hé thdng treo cau trude bén phai lén

khéi luong dugc treo.



36

Phuong trinh can bang luc theo phuong Z cua khéi lwong khong duoc treo
trudc phai:

T T

S my.Zg =K (ZgZ ) (ZagZyx) Ky (Zyr-qi)€o(Zyr-qr)  (2.9)

. 1 . .
SZg = m_ Ky (Zpg Lo )T (Z g -2z ) Ky (Z g -1 )€ (Zr Ao

ul

2.2.4. Khoi hrong khong dwogrc treo ciu sau

Phuwong trinh dao déng ciia khéi lrong khéng dwoc treo phu thude cau sau

Zpr L BR : BL _I Zp;

For | I F
2R Z'uZ k s2L
+ dz - dz >
ZDRL DR FR. U2 Y EL DL _IZDL
ZERI O: ? /__’__{\ el Pu2 ? O: T ZEL
d d
thR -+ p2 ==F p2 FtZL
p * u2i

Hinh 2. 5 So dd phan tich luc cua khoi lugng khong dugc treo phu thudc cau sau

Céc luc tac dung 1én khéi luong khong dugce treo cau sau gdm co:

+ Lyc quan tinh khéi lwong khong dugc treo:
Ep=m,,.Z, (2.10)
+ Luc tac dung cua hé thong treo 1én khéi lugng khong duoc treo cau sau :
For =K (Zon Zy V0 (Lo Zix) (2.11)
Fou =Ko (Ziy Ziy yH00 (Ziy Ly ) (2.12)

+ Luc tac dung cua banh xe 1én khéi luong khong duogc treo ciu sau :



37

For =k, (Zpr - Qo )He, (ZDR - Qar) (2.13)

E, =Ko (Zp - qy ), (ZDL -qa) (2.14)

Trong d6: + Zpg 12 chuyén vi cta diém tiép xtc banh xe voi khdi lugng khong
duogc treo cau sau bén phai.

+ Zpe 1a chuyén vi cua diém tiép xtac banh xe v6i khéi luong khong duoc treo
cdu sau bén trai.

+ Zgg 14 chuyén vi cta diém tiép xtGc hé thong treo cau sau véi khoi luong
khong dugc treo cau sau bén phai.

+ Zgr 13 chuyén vi ctia diém tiép xtic hé théng treo ciu sau v6i khoi luong
khéng duoc treo cau sau bén trai.

+Zgr la chuyén vi cua diém tiép xuc hé théng treo cau sau véi khoi luong duogc
treo bén phai.

+Zg la chuyén vi ctia diém tiép xuc hé théng treo cau sau véi khoi luong duogc

treo bén trai.
Zpr=Zyp— dp.Qu ZpL=Zy + dp.@uw
Zir=Zyp— dr.0p2 Ziy =72y + do.@u2

Phuong trinh can bang luc theo phuongZ cua khi lugng khong duoc treo cau

Sau:

F, +F, +F,, -F. . -F

2R Tl TR T T 0
< —m,, ‘Zu2 = kt2 (ZDR - (r )+Ct2 (ZDR - qu ) + kt2 (ZDL -, )+Ct2 (ZDL - qu)
Ko (Zpg Zg )€ (Zog Zig ) Ko (L -Zgy )€, (g L) (2.15)
=Z,= Tm |:kt2 (Zog - Qop e (Zpg = Qor ) + K (Ziy - Gy )T (Ziy - 1)

u2

_ksz (ZBR 'ZER )'Csz (ZBR 'ZER )'ksz (ZBL 'ZEL )'Csz (ZBL 'ZEL ):|
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Phuong trinh can bang lyc mdé men xoan cua khéi lugng khong dugce treo cau
sau:
[,.0,= Ft2R’dp2 -F t2L’dp2 +E,; .d)-Foe d,

. 1
= 0= I_ ’ (FtZR -dpz - FtZL -dpz +FszL 'dz 'Fs2R -dz)

u2

Lo ] S T
= 0= I_ ' |:|:kt2 (ZDR - Qor )+Ct2 (ZDR - Qor ):| ‘dp2 B |:kt2 (ZDL “Qo )+Ct2 (ZDL “do ):|

u2

(2.16)

dp2 + |:k52 (ZBL 'ZEL )+C52 (ZBL 'ZEL )} -dz B |:ksz (ZBR 'ZER )+Csz (ZBR 'ZER ):| -dz :|
2.2.5. Khoi lwong ghé nguwoi 1ai

Phuwong trinh dao déng ciia ghé 1di

| ZSB

Fsei l_
Ta co: Z¢ 1a chuyén vi diém
tiép xtic ctia hé thong treo ghé F. Il F,

14i t&i khéi luong duogc treo

{ Z
/OC (?AL _I .

Fle
Hinh 2. 6 So dd phan tich luc caa ghé lai
Céc luc tac dung 1én khéi luong ghé 14i:

+ Luc quéan tinh khoi luong ghé 14i:

E

sei

-m_.Z,, (2.17)

+ Coi dém ghé la mot hé théng 16 x0 giam chén, ta 6 luc tac dung cua hé théng

treo 1én ghé:

F =k _(Z . -Z. )y (Z. -Z.) (2.18)

SS€
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+ Luc F, 13 luc dai dién cho ngoai luc tac dong, diéu khién giam chén.

Phwong trinh cdn bang luc theo phwong Z cia ghé 1di:

Fsse sei +F 0
—=m_.Z =F_-F (2.19)
. -F -F . .
= Zse == 1 ) (kse (Zse -ZC )+Cse (Zse -ZC )+Fa )
mse mse

2.2.6. Khdéi lwong dwoe treo

Cdc phwong trinh cén bang lwc tac dong 1én khoi lwong dwoc treo theo
3 phuong Z,x,y

Zg

F.iry t Far w2

d; d

Zar

Za

111

Hinh 2. 7 So d6 phan tich lyc ctua khdi luong duogc treo

Phuong trinh cdn bang lyc theo phwong Z ciia khoi lwong dwoc treo:

K +F : tE, +F: tE, -E_-F, =0

sIR s1L s2R 2L " sse

= Mg Z Fsse F Fis Fle FszR FSZL (220)
- E _+E-E :-F, -F:-F
= ZS = SR L R L = ( is le SZR +FS2L sse F )

myg
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= Lg=-—:" |:ksl (Zyg~Zyx) Mo (Zyg - Zyp YK G(Zy - Zy )T (Zy - 21 )

S

+k52 (ZBR - ZER ) +Csz (ZBL - ZEL )_kse (Zse - Zc )_Cse (Zse - Zc )-Fa ]

Phuong trinh cdn bang mé men xodn theo phirong x ciia khoi wong dieoc treo:

st-ipsx:Fis-dl 'Fle'dl +FS2R'd2-Fs2L‘d2+F -d+Fa'd

SS¢€

. 1 2.21
N (psx:I_ ‘(Fr.d, -F, .d, +E,;.d,-F, .d,+E  .d+F .d) ( )

SX

= (bsx - IL ) |:|:ksl (ZAR 'ZulR )+Csl (ZAR 'ZulR ):| -d1 - |:ksl (ZAL 'ZulL )+C51 (ZAL 'ZulL )] .

SX

dl + |:ksz (ZBR Zir )+052 (ZBR 'ZER ):| -dz - |:k52 (ZBL Ly )+Csz (ZBL 'ZEL ):| -dz +
|:kse (Zse -ZC )+Cse (Zse -ZC )] 'd+Fa d:|

Phuwong trinh cdn bang mé men xodn theo phwong y ciia khéi lwong diroc treo:

SS€

I,.0,=FatF, a-F;bkF, bFE .cF.c

. 1 2.22
=0, =—- (Fz.at+F, .a-F,.b-F, b-FE_.c-F.c) ( )

sy

. 1 . . . .
= 0y~ I_ ' |:|:ksl ZyrZyx ey (ZgZir )] a+t |:ksl Ly Ly )reyZy Ly, ):| .

sy

a- |:k52 (ZBR 'ZER )+Cs2 (ZBR 'ZER )] .b- [ksz (ZBL 'ZEL )+Cs2 (ZBL 'ZEL )] .b-

(K@ Zerbe (2 Ze) | oF, |

Ta co:
ZAR: ZS_ dl-(Psx_ a—-(l)sy ZAL: ZS + dl-(Psx - a-(psy
ZBR: ZS_ dZ-(Psx+ b-(l)sy ZBL: ZS + d2-(Psx+ b-(Psy

Zc=7Zs+d.9x - C.Qg
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Ttr cac phuong trinh d3 thiét 1ap trén, ta tong hop lai:

H¢ phurong trinh hé thong treo toan phdan cé gan ghé ldi nhuw sau:

o 1

Ly = o |:ksl(ZAL ZulL)+Csl(ZAL ZulL) ko (Z,.-q,)- Ctl(ZulL qlL):|
ul

. 1

ZulR m_ |:ksl(ZAR ZulR)+Csl (ZAR ZulR) kn (ZulR qu) Ctl(ZuIR qu):|
ul

.. -1

Z,= m_ |:kt2 (Zpg - Qir )ty (ZDR qu)+kt2 (Zp - q)He, (ZDL )
u2

_ksz (ZBR Zr )'Csz (ZBR 'ZER )'ksz (ZBL Ly )'Csz (ZBL 'ZEL ):|

. 1 ' : / :
Pu™ 1. H:ktz (Zpr - Air)TC0 (Zpg - Aix )} dy, - |:kt2 (Zop- Qo (Zp - Qu )]

u2
d p2 + |:k52 (ZBL 'ZEL )+C52 (ZBL 'ZEL ):| 'dz - |:k52 (ZBR 'ZER )+Cs2 (ZBR 'ZER )] °d2 ]
. -F F .
Zse_ - =- ! ’ (kse (Zse -ZC )—I_Cse (Zse _ZC )+Fa)
mse mse
. -1 . . . .
Zs - m_ ) |:ksl (ZAR B ZulR )+Cs2 (ZAR B ZulR )+ksl (ZAL B ZulL )+Csz (ZAL - ZulL)
S

+k52 (ZBR - ZER ) +Cs2 (ZBL - ZEL )-kse (Zse - Zc )-Cse (Zse - Zc )-Fa :|

. 1 7 /. -7
Pox = 1 |:|:ks1 (Zsg L) ey (Zag-Zoix ):| d, - |:ks1 Ly -2y e (Zy 2y ):| '

dl + |:k52 (ZBR 'ZER )+Csz (ZBR 'ZER ):| -dz - |:k52 (ZBL 'ZEL )+C52 (ZBL ‘ZEL ):' -dz +
[kse (Zse -ZC )+Cse (Zse _ZC ):| ‘d+Fa d:|

. 1 . . . .

Py = I_ ' |:|:ksl (ZAR _ZulR )+Csl (ZAR 'ZulR )] at |:ks1 (ZAL _ZulL )+Csl (ZAL 'ZulL ):| .

sy
a- |:k52 (ZBR Zix )+Cs2 (ZBR 'ZER ):' .b- ':k52 (ZBL Ly )+C52 (ZBL 'ZEL ):|-b'
(ko (ZZo)re (2 Zo) | F, .c]




Trong do:

Zar=Zs— di.9x— 2.0y
Zgr=Zs— dr.@sx + b.@gy
Zc=7Zs+d.9x - C.Og
Zpr=Zy— dp2.Qu2

Zir=Zyp— d2.0p2
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IaL=72Zs+ dl-(Psx - d.Qsy

ZpL="72Zs+ d2-(|)sx+ b-(Psy

Zpr=Zyp + dp.@uw

Ziyr =Zyp + da.02

2.3. LY THUYET VA THUAT TOAN PIEU KHIEN PID

nhimng cau trac diéu khién phan héi pho bién va dugc ing dung rong rai trong

ca nghién ctru 14n cong nghiép [13]. Cau triic nay bao gdm ba thanh phan co

Bo diéu khién PID (Proportional-Integral-Derivative) 1a mot trong

ban: ti I¢ (P), tich phan (I) va vi phan (D), theo hinh 2.8a.

chinh nhanh theo tin hiéu diéu khién.

- Thanh phén P tao phan tng ti 1¢ véi sai s6 hién tai, gitp hé théng diéu

- Thanh phan I ¢6 chtic nang tich lily sai s6 theo thoi gian, tir d6 loai bo

sai 1&ch tinh kéo dai.

- Thanh phan D phan tng dua trén tdc do thay doi cia sai sb, giup giam

thiéu hién tuong quéa diéu chinh va ting d6 6n dinh ciia hé thng.

a)

Up

€ 1
— ',"p —.—a-——x':r\—r
Tys | uy
L TDH
”‘D

b)

w

e U | Péituong

T L PIP 7 digu kniéhn

Hinh 2. 8 So d6 bd diéu khién PID [8]
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Theo tai liéu [13], B diéu khién PID duoc 4p dung rong rii trong diéu
khién hé thong mot dau vao, mot dau ra sir dung nguyén Iy hoi tiép (hinh 2.8b),
nhd dic tinh don gian vé céu trac 13n nguyén 1y van hanh. Muc tiéu cta bo PID
1a giam sai s6 diéu khién e(t) vé 0 va dam bao qua trinh qua d6 dat cac tiéu chi

vé chat luong hé théng.

Cu thé, thanh phan ti 18 (P) khuéch dai sai sb hién tai, gitip tao ra phan
ung diéu chinh ti 18 véi d6 1éch — tire sai s6 cang 16n, tin hiéu diéu khién cang
manh. Thanh phan tich phan (I) c6 nhiém vu tich lily sai s6 theo thoi gian, gitp
loai bo sai s6 tinh ton dong. Trong khi d6, thanh phan vi phan (D) phan tng véi
tbc do thay doi cua sai sd, tir d6 cai thién kha nang phan hoi nhanh va giam dao

dong cua hé thong.

Su két hop hop 1y cua ba thanh phan nay tao nén mét cau trac diéu khién
vira 6n dinh, vira linh hoat, dap tng t6t trong nhiéu tinh hung diéu khién thuc
té, bao gém ca trong linh vuc k¥ thuat 6 t6 nhu diéu khién tdc do dong co, ga

tu dong va hé thong phanh ABS,...
Bo diéu khién PID dugc mé ta bﬁng mo hinh vao-ra:

t
u(t) =K, e(t)+ije(r)d2'+TD
T; 0

de(t)

(2.23)

Trong d6 e(t) 14 tin hiéu dau vao, u(t) 14 tin hiéu dau ra, k,, Ty, Tp. Mubn
hé thong c6 duoc chat lugng nhu mong mudn thi phai phan tich ddi tuong roi

trén co s& d6 chon cac tham sb d6 cho phu hop.

Hién c6 kha nhiéu cac phuong phap xac dinh cac tham sb kp, T1, Tp cho

b0 diéu khién PID, nhu 1a:
- Phuong phap Ziegler-Nichols

- Phuong phap Chien-Hrones-Reswick
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- Phuong phap tong T ctaa Kuhn
- Phuong phap t6i wu d6 16n va phuong phap t6i wu dbi xing
- Phuong phap téi uu theo sai léch bam

Trong bai d6 an tot nghiép nay, ta s& diéu chinh 3 thong sb trén trong
phan “TUNE” thudc khdi diéu khién PID trong ng dung Simulink dwa trén do
thi dang tat dan nhu hinh duéi.

& h‘. {f}

L

Hinh 2. 9 D6 thi dao dong tat dan [13]

2.4. KET LUAN CHUONG 2

Viéc xay dung co s& 1y thuyét, phuong trinh toan hoc cting mé hinh vat
ly, mo hinh phan tich lyc d3 néu rd 8 phuong trinh ctia hé thdng treo toan phan
c6 ghé lai.

Ly thuyét diéu khién PID ciing dugc néu ra. Noi dung chon thong sé PID

cu thé s€ dugc néu ra ¢ chuong 3.
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CHUONG 3: MO PHONG HE THONG TREO CO PIEU KHIEN

3.1. TONG QUAN VE PHAN MEM MATLAB SIMULINK
3.1.1. Matlab

Matlab (viét tat ciia “Matrix Laboratory”) bat ngudn tir nd lyc tich hop
cac thu vién Linpack va Eispack, day la hai bo dung trong xur 1y ma tran dudi
dang ma Fortran dé hd tro cong viéc tinh todn mot cach hi¢u qua. Qua nhiéu
nam phét trién, Matlab da tro thanh mot cong cy manh mé, pho bién rong rai
tai cac truong dai hoc trén thé gio1 (dac biét & My, Bi, Canada), va dugc st
dung trong chuong trinh giang day tir co ban dén ning cao trong céc linh vuc
toan hoc, khoa hoc va ky thuat. Trong nganh cong nghiép, Matlab thuong duoc
ap dung cho céc hoat dong nghién ctru nham nang cao hiéu suit san xuat, phan

tich va danh gia hé thong [14].

Str dung Matlab cho cac bai todn tinh toan, phan tich, xur ly s6 liéu hay
ké ca viéc thiét ké va mo phong trd nén thuin tién hon, khoa hoc hon. Piéu d6

duoc tmg dung trong nhiéu linh vuc chuyén nganh.
Céac dic diém uu viét co thé ké dén ciia Matlab nhu:

- Matlab 1a mdt cong cu tinh toan ky thuat manh mé, c6 giao dién than
thién, d& sir dung va thuan tién cho viéc mé rong hoic phat trién thém cac chirc
nang. Phan mém nay hd tro tich hop voi nhiéu méi truong 1ap trinh khac nhau
nhu C++, Visual C, Fortran, Java. .., tao diéu kién thuan loi cho viéc két ndi va
xtr 1y lién nén tang.

- Matlab con ndi bat v6i kha nang xir Iy dd hoa manh trong ca khong
gian 2D va 3D, gitp truc quan héa dit liéu va mo hinh hiéu qua. Hé thong cac
Toolbox da dang va chuyén sau dugc cung cép sén trong Matlab 1a nhimng cong

cy hitu ich cho qua trinh nghién ciru, phan tich va thiét ké trong nhiéu linh vuc
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k¥ thuat chuyén nganh. Nhu 1a diéu khién ty dong, ki thuat dién, dién ti, truyén
thong, xir Iy anh, xir Iy’ tin hiéu sé, t6i vu hoa, mé phong cac qua trinh dién bién
thuc té.

Ngoai ra, Matlab c6 kién tric mo, cho phép ngudi ding dé dang xay
dung cac md dun tinh toan ky thuat dap ing céc tiéu chuan cong nghiép va yéu

cau truyén thong hién dai.

Matlab ciing c¢6 thé chay trén cac may tinh khac nhau, véi cac hé diéu
hanh khac nhau nhu: MS Windows, X Windows (Unix/Linux) va Macintosh

ma van gilr nguyén cac chuong trinh va dir li¢u, khong can mot sy bién doi nao.
3.1.2. Simulink

Simulink (viét tit cua “Simulation — Link”) 1a mot phan mo rong tich
hop trong moéi truong Matlab, duoc sir dung dé mo hinh héa, moé phong va phan
tich cac hé théng dong. Giao dién d6 hoa truc quan cta Simulink cho phép
ngudi diung xay dung hé théng dudi dang so dd khdi, sir dung cac biéu tuong

va khoi chure nang quen thudc dé mo ta dong tin hi¢u.

Phan mém nay cung cip thu vién phong phti v4i nhicu khdi chirc ning
duogc thiét ké sin, dap tng ca cac hé théng tuyén tinh, phi tuyén va hé gian
doan. Pic biét, ngudi dung ciing ¢ thé ty xay dung va ty chinh cac khéi chirc

nang riéng d€ phu hop vadi yéu cau mo phong cu thé cua minh.

Phan mém Matlab-Simulink phién ban R2023b duogc sir dung dé mo
phong, phan tich va danh gia hé thong treo toan phan c6 ghé 14i sir dung bo diéu
khién PID. Tir mé hinh vat 1y ctia hé théng treo toan phan c6 ghé 14i st dung
bo diéu khién PID, ta sir dung Simulink dé xay dung khong gian trang thai hay
1a viéc don gian cac phuong trinh toan hoc thanh cac khdi chirc nang dé truc
quan hon, tir 46 phan tich va d& dang danh gia cac yéu t6 dao dong anh hudng

té1 nguoi lai.
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3.2. MO PHONG HE THONG TREO BANG SIMULINK

3.2.1. So d6 khdi chirc niing tong thé

Trén co s& 8 phuong trinh vi phan da xay dung ¢ chuong 2, ta moé phong

bang cac khdi chtrc ning trong Simulink, ta ¢ so dd tong thé nhu hinh sau:

~Jra

o

I phimy_ad| BAR
— o

BAL

=18

I
e N
Joloml | & ° L4 g Mess
t S, _ 4
J @ 2 = = &
rig il g il g i
r - ; Fi
,.r..-i Inu: H i'r"": | |r.a..-:| U
R I . i
_ # ® K @
Driver's Selal - £ |Front Right = Front Left = - Rear
Suspension| = x & |Suspension _, = |Suspension o P . o Suspension
3 Nl |5 3 i 8 4 8 =
D p B = ’—<ﬂ-z| |—<.:m| |_<E| —<|-'h1|
s B ] [ = [id =
A g 3] n = Rear
L - Front Left Axle | » o - Unsprung
] = o o ] o Mass
™ SI r?j L Y w w [
Driver'Seat| ™ ‘ l ‘
i s c g = [ &
= = 5
 |Front Right Tire Front Left Tire © |Rear *  |Rear
r = Left Tire Right Tire
- - =2 S| r E
Eo— [w] T ERS % N
|_/ 2R ] - <
@ ||IIIU-'| PT-"‘|

Hinh 3. 1 So d cac khéi chic nang hé dao dong toan phan c6 ghé lai

c6 diéu khién PID

So dd khéi chirc nang tong thé duoc ciu thanh tir nhitng khéi chirc nang

don vi chinh nhu khdi banh xe (trudc sau trai phai), khoi cau xe (trude trai phai

va sau), khoi treo (trudce trai phai va sau), khoi dugce treo (san xe), khoi ghé 1ai,

khdi treo 14i.

3.2.2. So d6 cac khoi chirc ning

3.2.2.1 Khéi chirc ning bdnh xe

a. DPau vao khdi 1a kich dong tir mit duong
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Pau vao hé 1a dang mat duong c6 thé 1a Step (dang bac), dang Sinewave

(dang song) hay dang mat duong tiéu chuan CD (ngau nhién).
- V&1 dang Step (dang bac)
Ta gia thiét sau 1s banh xe gap bac cao 0.1m. Do thi bac nhu hinh duéi:

Thiét dinh: Step time 14 “1” va Final value 13 “0.1”, thoi gian 10s

[E3

Feady Sample based |T=10.000

Hinh 3. 2 D6 thi dang Step

- V61 dang Sinewave (dang song)

Kich dong mit duong duoc mo ta boi khdi “Sinewave”. Str dung khoi

“Transport Delay” dé mo ta van toc chuyén dong cua xe, thong qua do tré tac
dung cua mit duong 1én cau trude va cau sau. Thoi gian tré 14 (a+b)/V.
Phuong trinh (3.1), m6 ta chiéu cao map md cua bé mat dudng.

. (27
q—Hsm(TVj (3.1)
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Trong do, H 1a d¢ cao mép mo, L 1a budc song, V 1a van tde di chuyén
cua 0 to0.

Ta thiét dinh cho khdi Sinewave c6 do cao bac 13 0.05m va van tdc g0c
1a 6.28 rad/s (twong duong véi tan sb ctia ngudi di bo 1a 1Hz), thoi gian 1 10s.

Thiét dinh: Amplitude 13 “0.05” va Frequency 1a “6.28”, thoi gian 10s

Ready Sample based |T=10.000

Hinh 3. 3 P4 thi hinh song SineWave

- Voi dang mit dudng tiéu chuin CD

Trén thuc té xe s& di chuyén trén cac loai dudng chinh nhu duong noi
thanh, ngoai thanh, duong cao tdc,... Cac loai duong nay dugc phan loai theo
tiéu chi chuan ISO 8608:1995 véi cac loai duong AB (duong rat tét), BC
(duong tot), CD (dudng trung binh). Trong nghién ctru nay sir dung mat duong
CD lam duodng ung dung boi vi mip mo trén duong CD 1a 16n nhét so véi
duong AB va BC. Str dung phan mén Matlab-Simulink dé mé phong kich thich
tor mat duong CD.
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Khéi “Signal Builder” duoc st dung dé xay dung bién d6 mit duong CD.

0.03
0.02
0.01

t duwdong (m)

0 ma
[=]
S

-

Bién d
=
=1
B

0 1 2 3 4 ] 7

Thai gian (s)

]
L=

10

Hinh 3. 4 Bién d0 mat duong CD trong tho1 gian 10s

b. Khdi chirc ning banh xe trudc bén trai

Ta c6 phuong trinh (2.2), luc tac dung ctia banh xe 1én khéi lugng khong

duoc treo:

E =k (Z, - qu)tey (ZulL -q,.)

Ttr phuong trinh vi phan (2.2), ta mo phong khéi chic ning nhu sau:

D,
gL 4%

@D— ‘
Zuil Ft1L

L) A |
Tl At

Hinh 3. 5 So dd khéi chirc ning banh xe trudc bén trai

h 4
[

Y

'

v

h 4

h 4
+
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c. Khéi chirc nang banh xe trudc bén phai
Ta c6 phuong trinh (2.8), luc tac dung cta banh xe 16n khéi luong khong
duoc treo :

Fir=k,(Zr- qr)Hey (ZulR -qir)

Ttr phuong trinh vi phan (2.8), ta md phong khéi chic nang nhu sau:

1 > -
qlR -

_' : + » n

ZulR Ft1R
i Au |
Tl Ar

Hinh 3. 6 So d6 khéi chirc nang banh xe trudc bén phai

d. Khdi chtic ning banh xe sau bén trai
Ta c6 phuong trinh (2.14), luc tac dung cta banh xe 1én khdi luong khong
duoc treo cau sau :
Fo =Kk (Zp - qy ) ey (ZDL -dy1)
Ttr phuong trinh vi phan (2.14), ta mo phong khéi chirc ning nhu sau:

e. Khoi chirc nang banh xe sau bén phai

1) >
g2l —»

20— —(1)
ZDL * Ft2L

h

¥

Y
Tl Ar

h

Hinh 3. 7 So db khéi chtrc ning banh xe sau bén trai
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Ta c¢6 phuong trinh (2.13), luc tac dung cta banh xe 1én khdi luong khong
duoc treo ciu sau :
For =Ko (Zpg - Q) te, (ZDR - Qor)

Tt phuong trinh vi phan (2.13), ta mo phong khéi chirc ning nhu sau:

o > E
g2R >
— (1D

ZDR * Ft2R

h

¥
+

h

.| Aun
T At

|-

Hinh 3. 8 So d6 khéi chuc ning banh xe sau bén phai

3.2.2.2 Khéi chirc ning cdu trwée chii dong
a. Khéi chtc nang cau trudc bén trai
Ta c6 phuong trinh (2.5), can bang lyc theo phuong Z cta khbi lugng khong
duoc treo trude bén trai (cau trude bén trai):
Foi -FiotF, =0

. .. 1
<sm,.Z, =E,-F, &7, = m_ ) (Fle_ FtlL)
ul

Ttr phuong trinh vi phan (2.5), ta mo phong khéi chic ning nhu sau:

(2
Fs1L
T 1 1
— = ¥ — (1)
> ¥ § Zull
D
Ft1L

Hinh 3. 9 So d4 khéi chirc ning cau trudc bén trai
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b. Khbi chirc ning cau trudc bén phai
Ta c6 phuong trinh (2.9), can bang lyc theo phuwong Z cua khdi lwgng khong
dugc treo trude bén phai (cau trude bén phai):
Foi -ErtFEr=0

. . 1
< my, ‘ZulR = Fs]R - Fth = ZulR = m ’ (Fis - Ft]R)
ul

Ttr phuong trinh vi phan (2.9), ta mo phong khéi nhu sau:

Z
Fs1R
-+ 1 1
. — - - D
g h S s ZuiR
d—
Ft1R

Hinh 3. 10 So d6 khéi chirc ning cau trudc bén phai
3.2.2.3 Khéi chirc ning cdu sau bi dong
Phuong trinh (2.15), can bang luc theo phuong Z cta khéi luong khong duoc
treo cau sau:

Foi TFor tEy -For -Eop = 0

t2R

< —my, ‘Zu2 = FtZR +Ft2L 'FszR 'FszL

. 1
- Zuz - m_ ) (F R +Ft2L 'Fszk 'FszL )
u2

Phuong trinh (2.16), can bang lyc md men xodn cia khéi lugng khong duoc
treo cAu sau:
[,-0,=Fu 'de - FtZL‘dp2 tF, .d,-Fye d,

. 1
== (FtZR'de - FtZL'dp2 tEy -dy-For -dy)

u2
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Ttr 2 phuong trinh vi phan (2.15)(2.16), ta md phong khéi chtrc nang nhu sau:

_n
wﬂg
M

-
%)
B
A

B

oy
Fa
-

B

Ll
i)
a

#  dp2

L =

4

5

dp2

3.2.2.4 Khoi chirc nang ciia hé thong treo ciu trudc

d2

Ty

=

La | =

Hinh 3. 11 So d6 khéi chtrc ning cu sau bi dong

a) Khoi chtrc nang cua h¢ thong treo cau trude bén trai

Ta c6 phuong trinh (2.3), luc tac dung cua hé thong treo 1én cau trude bén trai:

E 7K, (Zy Zy ) ey (ZAL 'ZulL )

Ttr phuong trinh vi phan (2.3), ta mo phong khéi chic ning nhu sau:

;

Zull

¥

Ks1

r l ¥

¥

A
At

+

—(C1)
FsiL

Hinh 3. 12 So d6 khéi chirc nang cta hé théng treo cau trudc bén trai

|—'
Zu2 - 2
| ZDR
-
| ZDL
dp2
-
ZER
1
| -_ ¥ d2
5 L s
ZEL



b) Khéi chic nang cta hé thong treo cu trude bén phai
Ta c6 phuong trinh (2.7), luc tac dung cta hé théng treo 1én cau trude bén phai:
Eir =K (Zr-Zyr)tey (ZAR 'ZulR )

Ttr phuong trinh vi phan (2.7), ta md phong khéi chic nang nhu sau:
D of
ZAR i —*

ZO—
ZuiR

Y

—CD
Fs1R

+

¥

|
l

At

¥

Hinh 3. 13 So d6 khéi chirc ning cta hé thong treo cu trudc bén phai
3.2.2.5 Khéi chirc ning ciia hé théng treo cdu sau

Ta c6 2 phuong trinh (2.11), (2.12), luc tac dung ctia hé thong treo 1én cau sau:

For =Ko (Zgg ~Zgp ) teg, (ZBR 'ZER )
FSZL :ksz (ZBL 'ZEL )+Csz (ZBL 'ZEL)

Ttr 2 phuong trinh vi phan (2.11)(2.12), ta md phong khéi chtic nang:

D -+
ZBR _ P KsZ .
r
P+ * Fs2R
@+ | A W
ZER - At
3D »+
ZBL B »  Ks?Z N
.
>+ | Au Fs2L
«» - As

ZEL

Hinh 3. 14 So d6 khéi chirc ning cua hé thong treo cu sau
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3.2.2.6 So do khéi chikc ning cia khoi lwong diwoc treo

Ta c6 phuong trinh (2.20), cin bang lyc theo phwong Z cua khéi lugng duge

treo:
FSi +Fis +Fle +F82R +F82L _Fsse _Fa :O
. 1
= ZS - (Fis +Fle +F82R +F52L -Fsse -Fa )
my

Phuong trinh (2.21), cdn bang md men xoan theo phuong x ctia khdi luong
duogc treo:
st ‘(T)sx - Fis ‘dl - Fle'dl +F52R'd2 'FszL'dz +Fsse‘d+Fa'd

. 1
N (Psx:I_'(Fis'dl -E, .d, T, .d,-E, .d,+E .d+E .d)

sse
SX

Phuong trinh (2.22), cdn bang md men xoan theo phuong y ctia khdi luong

duogc treo:

I,.0,=Fat+F,.a-F;bFE, bFE cF.c

SS€

. 1
i (psy:I_ -(Er.atFE, .a-E,;.b-E, bE_.cEFE.)

sy

Tir 3 phuong trinh vi phan (2.20)(2.21)(2.22), ta md phong khdi chirc ning
bang phan mém Matlab-Simulink, ta duoc so do khbi nhu hinh 3.15.
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Hinh 3. 15 So dd khéi chirc ning cua khéi luong duge treo
3.2.2.7 Khéi chirc ning ciia ghé ldi
Ta c6 phuong trinh (2.19), can bang luc theo phuong Z cua ghé lai:
Fsse +Fsei +Fa =0 = Zse - M
mSC
T phuong trinh vi El
phan trén, ta mo phong ) _'{Z;ﬁ
khdi nhur hinh bén: ok 1 1
Fsse 1/Mze o = » =

Hinh 3. 16 So dd khéi chirc ning cua ghé lai
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3.2.2.8 Khéi chirc ning ciia hé théng treo ghé ldi
Ta c6 phuong trinh (2.18), luc tic dung ctia hé thong treo 1én ghé 14i:
Fsse :kse (Zse _ZC )+Cse (Zse _ZC)

Tt phuong trinh vi phan (2.18), ta mo phong khéi chirc ning nhu sau:

D gl

Zse >

S L ’

* Fsse
2 r—
ZC ) Au
| At

Hinh 3. 17 So d6 khéi chirc ning cua hé thong treo ghé lai

h 4

3.2.2.9 Khéi chirc ning ciia bé diéu khién PID

Khéi chie ning bd diéu khién PID dugc thiét 1ap san trong phan mém
Simulink c6 tén 1a “PID Controller” voi gia tri dau vao 13 van téc ghé 1ai theo
phuong Z (Zse_d) va gia tri can dat duoc 1a “0”. Tir d6, bo diéu khién sé tu sinh

ra 1 luc Fa chéng lai lyc tac dong.

Pé diéu chinh thong sd PID bang cong cu Tune, ta diéu chinh vi tri hai

thanh Response Time va Transient Behavior.

Response Time 1a dé diéu khién toc do phan hoi ctia hé thong. Di chuyén
thanh truot sang phai s& rit ngan thoi gian phan hdi va nguoc lai, dan dén cac
phan g hé théng nhanh hon nhung c¢6 kha nang 1am ting do vot 19.

Transient Behavior 12 dé kiém soat su danh d6i gitra do vot 16 va tinh 6n
dinh. Di chuyén thanh truot sang phai s& giam d6 vot 16 va cai thién tinh 6n

dinh ctia hé théng va nguoc lai, nhung co thé 1am cham phan hoi téng thé.
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3.3. PHAN TiCH PANH GIA KET QUA MO PHONG

3.3.1. Thong s6 diu vao cia hé dao dong

Bang 3. 1 Bang thong sé dau vao cta hé dao dong toan phan c6 ghé lai

Tén goi Ky hicu |  Gid tri DV"i'“
)I((ehoang cach tr cau trudc va sau dén trong tam than ah 1.011:1.803 m
Khoang cAaCh tur vi tri tdm ghé dén tam tryc doc va eod 0.3:0.25 m
ngang than xe
Khoang caE:h tir h¢ thong treo cau trude va sau dén dd> 0.761: 0.7110 m
truc doc than xe
KIAloang cach tir banh xe trudc va sau dén truc doc dor- dy: 0.761: 0.761 m
than xe
Do cling 10 xo ghé lai kse 31000 N/m
Do can nhét giam chan ghé lai Cse 830 N.s/m
Do cimg 16 xo hé théng treo chinh trudc va sau ks1; k2 19960; 17500 | N/m
1;(31 can nhét gidm chan hé thong treo chinh trude va Coricen 1290: 1620 | N.s/m
Do cimg 10 xo 16p xe trudc va sau kii; k2 175500 N/m
Do can nhét giam chan 16p xe trude va sau Ci1;Ci2 20 N.s/m
Mb men xodn cua khdi lugng dugc treo theo truc y Ly 2460 Kg.m?
M6 men xoan cua khéi lugng dugc treo theo truc x I 460 Kg.m?
M6 men xodn ctia cau sau bi dong theo truc x L2 250 Kg.m?
Khéi lugng khong duoc treo trudc va sau My1; My2 40,85 Kg
Khdi lwong ghé 14i (bao gdm ca nguoi 1ai) Mse 35+70 Kg
Khéi luong duoc treo M 1460 Kg
Van toc cia xe A% 16.6667 m/s
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Luc cua b diéu khién F, - N

3.3.2. Két qua md phong dao dong khi khong c6 va cé hé théng treo tich

cuc
Ta sé& tién hanh kiém tra két qua hé dao dong toan phan c6 ghé 1ai khi
chua str dung, khi sir dung bd diéu khién PID véi 3 dang kich thich mat duong.
3.3.2.1 Kich thich mat dwong dang Step

Thiét dinh thong sé dau vao cho khoi Step, Step time 13 “1” va Final
value 1a “0.1”(10 cm).

Thiét dinh thong s6 dau vao cho khdi PID, P 14 “-492.8”, 1 1a “-360.3”
va D 1a “0”.

Thiét dinh thoi gian dao dong la 10s, ta dugc dd thi dao dong cua h¢ dao
dong toan phan c6 ghé 1ai bi dong (Passive) va khi sir dung bo diéu khién PID.

Passive
Step 8.8

-------------------------------------------
-

Gia toc ghé 14i (m/s2)
Y

0 1 2 3 4 5 6 7 8 9 10
Hinh 3. 18 D thi hé dao dong toan phan c6 ghé 14i bi dong va
khi str dung bo khién PID tai dang mat duong Step
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Nhin vao két qua d6 thi cho thay, khi xe gip gd cao 10cm sau 1s, thi &
giai doan dau gia toc ghé ting dén gia tri 8.8 m/s? (Passive) va 7.3 m/s? (PID).
O giai doan tiép theo, ghé nén do quéan tinh gia téc ghé dat gia tri -7.6 m/s>
(Passive) va -4.6m/s? (Passive). Nhu vay, ¢ giai doan dau nho c6 bd diéu khién
PID, gia tri dao dong da giam duoc 17.0% va giai doan tiép giam duoc 39.5%
3.3.2.2 Kich thich mat duwong dang SineWave

Thiét dinh thong s6 dau vao cho khdi Sine Wave, Amplitude 13 “0.05”
va Frequency 1a “6.28”.

Thiét dinh thong s6 dau vao cho khéi PID, P 14 “-784.5”, 114 “-1112.8”
va D la “0”.

Thiét dinh thoi gian dao dong la 10s, ta dugc dd thi dao dong cua h¢ dao
dong toan phan co ghé 1ai bi dong (Passive) va khi sir dung bo diéu khién PID.

Sine wave —— Passitive

===
at Y
N

S N A~ O

Gia toc ghé lai (m/s"2)

Thoti gian (s)

Hinh 3. 19 D6 thi hé dao dong toan phan c6 ghé 1ai bi dong

va khi str dung bo khién PID tai dang mit duong Sinewave



62

DPdi voi mit duong dang SineWave, két qua cho théy tai thoi diém 3.98s,
khi xe dat trang thai on dinh, nhd c6 b didu khién PID d3 giam gia toc ghé lai
khoang 21.4% so voi khi khong str dung bo diéu khién hay bi dong (giam tir
7.0m/s? xubng con 5.5m/s?).

3.3.2.3 Kich thich mat dwong dang CD Road Surface

CD Road Surface —— Passive

S 14s 2.66

 I—

0.97 1.9

o

Gia toc ghé 1ai (m/s"2)

0 1 2 3 4 5 6 7 8 9 10
Thoti gian (s)
Hinh 3. 20 D6 thi hé dao dong toan phan c6 ghé 1ai bi dong
va khi str dung bo khién PID tai dang mat duong CD

Péi véi mat duong CD: O thoi diém 0,32 gidy, khi xe gip go cao -0,03
m, bo diéu khién PID giam gia tc ctiia ghé di 33,1%. O thoi diém 6,3 gidy, khi
xe gip go cao -0,026 m, gia téc giam 28,5%. Duya trén cong thirc gia téc can
bac hai trung binh c6 trong s tir tiéu chuan ISO 2631-1:1997, a,=0,6 m/s? v&i
bo diéu khién PID gy khé chiu nhe cho ngudi 14i, trong khi a,=0,71 m/s?*khong
c¢6 bo diéu khién PID giy kho chiu dang ké. Do loi PID dugc dit thanh P = -
1257,1,1=-3277,7 va D = -6,95.
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3.4. KET LUAN CHUONG 3

Két qua chimg minh tinh hiéu qua ctia hé théng treo ghé chu dong vai
bo diéu khién PID trong viéc giam thiéu rung dong do mit dudng gy ra cho
nguoi 1ai. So véi hé théng treo ghé thu dong, bo diéu khién PID lam giam dang
ké gia toc ghé 14i trong nhiéu diéu kién dudng khac nhau. Trén mit dudng bac
thang, bd diéu khién PID dat mirc giam tdi da 39,5%, giam thiéu tac dong cua
nhirng thay ddi d6 cao dot ngdt. Trén mat dudng cd song sinwave, bo diéu
khién PID lam giam hiéu qua kha nang tang tdc toi 21,4%, dam bao sy thoai
mai khi 14i xe ém 4i hon. Trén mit duong CD, hé thong lam giam kha ning
tang toc ti 33,1% va giam muc do khé chiu tir nghiém trong xuéng nhe, cai

thién chat lugng 1ai xe tong thé cho nguoi 14i.
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KET LUAN

Nghién ctru mé phong dao dong cé sir dung hé thdng treo tich cuc trén
ghé 14i dam bao tinh 6n dinh, ém diu cho ngudi 141 xe trong sudt quing dudng
di chuyén dai.

Cac no1 dung dé tai da dat duge nhu sau:

- Nghién ctru tong quan vé hé thong treo trén 6 t6, cu thé 1a cac bo phan
chinh nhu bo phan dan hoi, bd phan dan hudng, bo phan giam chan. Ngoai ra

con co cau tao chung cua ghé lai.

- Xay dung mo6 hinh dao dong cua toan xe c6 ghé lai st di€u khién hé

thong treo tich cuc.
- Str dung phan mém MatLab Simulink dé tinh todn mo phong dao dong

- Theo két qua tinh toan dugc thi PID thuc sy ¢6 hi€u qua trong viéc
lam giam gia toc tir mat dudng truyén dén nguoi 1ai. T d6 ting tinh on dinh,

ém diu cho ngudi 14i khi di chuyén qua mat dudng gd ghé.

Do kién thirc con thi€u x6t cling nhu phuong phap ti€p can con nhiéu
han ché nén trong bai luan vian con cé gi thiéu s6t mong thay c6 huéng dan
chi bao tan tinh dé hoc vién di sau nhu ching t61 c6 thé bo sung kién thirc,

hoan thanh tot hon vé sau nay.
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