XI LANH LUC DIEN TU TRONG HE THONG TREO CHU DONG CUA 0 TO

Nguyén Pirc Ngoc, Deng Zhaoxiang
Truong Hoc Vién Ky Thudt Co Khi
Dai Hoc Trung Khanh - Trung Quoc.

Tém tit: Hé th(fng treo chu dong la mét trong cac bé phdn quan trong nhat ciia mét chiéc é 6
hién dai. Bai viét dwge dwa trén Viéc thiét Idp mé hinh tong thé mé phéng cdc hoat dong ciia hé
th(fng treo voi bay bdc tw do, si dung phdn mém Flux tinh todn t6i wu thiét ké xi lanh lic dién tir va
tir d6 thiét ké mé hinh diéu khién cho hé thong treo chii déng.

1. Pat van dé

Hé théng treo chu dong la mot trong cac bo
phian quan trong nhat ciia mot chiéc 6 to hién
dai. Bo phan chinh cta hé thong treo chi dong
nay 1a bo tu phat sinh luc chong lai cac phan luc
tir mat duong, nham muc dich dé thiét ké mot he
thdng treo hiéu qua va phi hop cho 6 t6 co cac
kha niang (1) Tu dong diéu chinh d6 cing va co
ché hoat dong cua h¢ théng treo dé thich ung
v6i do nghiéng cua khung gam xe khi quay
vong, hay di chuyén trén mat duong gb ghé; (2)
Giir thang bang khi phanh hoic khi ting toc dot
ngot; (3) Tu dong diéu chinh theo tai trong cia
xe; (4) Ty dong diéu chinh khoang sang gam xe

khi di chuyén trén duong gd ghé.
Nghién ciru nay duoc dua trén viée thiét 1ap
md hinh tong thé mod phong cac hoat dong cia
hé théng treo v6i bay bac tu do, vdi mo hinh
nay né phan anh toan by hé thdng rung dong
cua than xe va goc nghiéng cua than xe theo ba
phuong, thé hién tong thé rung dong cua than xe
nhu véi thyc té, dong thoi cho biét gia tri luc
tuong tac can thiét 18n gia treo, tir nhirng thong
s6 d6 ung dung phan mém Flux tinh toan téi wu

thiét ké xi lanh lyc dién tir va thiét ké xay dung
mo hinh diéu khién cho hé théng treo chu dong.

2. Xay dung md hinh rung ddng tong thé
hé théng treo 6 to

2.1 M6 hinh bay béc tw do ciia hé thong
treo bi dong va chi dong

Hé thong treo chii dong cuia 6 t6 1& mot hé thong
dong luc hoc rung dong phic tap, dé phan tich
nghién ctru no ta can don gian hoa mé hinh, md hinh
tong thé hé thng treo voi bay bac tu do (hinh2.1).

Theo tinh toan cac thong sé ki thuat co ban
dé xay dung md hinh rung dong xe 6 t6: Khoi
lirong than xe trén gia treo m=1374 kg; Khoi
lwong gid treo ciia mot banh truede my1=29.3 Kg;
Khoi lwong gid treo ciia mét banh sau my=26.2
kg; Md men quan tinh theo truc 7,=2350 kg.m’;
M6 men quéan tinh theo truc 1,=1100 kg.m?;
Khodng cach tir trong t&m toi truc banh trudc
Li= 1,35m; Khodng cdch tir trong tam toi truc
banh sau L,=1,04 m; Chiéu rong vét banh xe
w=1,405m; D¢ Cung gid treo truoc kg=25000N/m;
Do cung gia treo sau ks,=25000N/m; D¢ cing
cua 1op k=219000N/m; Hé s6 giam chin hé
thong treo bi dong Cs=30000 Ns/m.

Hinh 2.1: M6 hinh téng thé hé thong gid treo rung déng ciia é té
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2.2 Phuong trinh vi phan chuyén ddng ciia  phan nhu sau:

hé thong treo Phuong trinh vi phan cua trong tdm than xe
Theo phan tich dong luc hoc rung dong ciia theo phuong thing dimg:

md hinh ta thiét 1ap duoc cac phwong trinh vi

1=Cy (2 —2) + Ky (2 —2) +Cop (2 =24, ) + Ky (20, — 2,
+Co (2 =2y Ky (2 =Zp) + C (2 =255 ) + K (2 — 2 ) (2.1)
+U,+Ug+U+U,
Phuong trinh vi phan chuyén dong cua cac goc nghiéng than xe:
I yé = _[Csll (2o —24) + Koy (240 =24)) +Coy, (24 =24 ) + Ky, (24, — 2, ) +Up + UB]L

o (2.2)
+[CSZI (Zu2I _Zs2l )+ I<52I (Zu2I le) +Cszr(zu2r Zs2r) + KsZr(ZUZr Zs2r) + U + UD]L
Ix¢ = [Csll (Zull _Zsll) + Ksll (Zull _Zsll) _Cslr (Zulr _Zslr) - Kslr (Zulr slr) + U +U ] 2 (23)
. . . . w
+ [Cszl (Zuzl —Zy )+ Kszl (Zuzl - Zszl) - CsZr (Zu2r _ZSZI') - KsZr (Zu2r - ZsZr) - UC - UD]E
Trong d6:Ua, Us, Uc va Up la luc tuong tac  cha dong.
can thiét Ién gia treo trudc bén trai, bén phai, Phuong trinh vi phan chuyén dong thing
banh sau bén trai va bén phai cia hé théng treo  dimg ctia bn gia treo banh xe:
My zull = Ktll (Z ril ull) + Ksll (Zsll - Zull) + Csll (zsu - Zull) - UA (2-4)
Mg zulr = Ktlr (Zrlr - ulr) + Kslr (Zslr - Zulr) + Cslr (zslr - zulr) -U B (25)
McZyy = Kt2| (Zrzl - u2|) + KsZI (Zszl - Zu2|) + CsZI (ZSZI - zu2|) - Uc (2.6)
Mp zuzr = Kt2r (Zr2r - Zuzr) + KsZr (ZSZr - Zuzr) + CsZr (z52r - zu2r) -U D (27)
Dé thiét ké hé théng diéu khién dua trén co  lwong. Céc tham so:
so tiéu chuan tich phén toi wu tuyeén tinh, CaC  z,7,7,,,, 2,1, Zus» Zuss Zuots Zuots Zuge» Zuos + 62 6, @, @

tham sb cua khau diéu khién duoc chon xuét
phét tir nd lyc tim cyc tiéu cho mot ham chat
= Tacd: Vector X = [zzz 22 Zor 2oy Zoots Zooys Z 99(p(p]T (2.8)

* Sull Sull Sulrr Sulrr Su2lr Fu2l Su2r u2r'

X = [Z’ z’ zull’zull ' zulr’ zulr’ Zu2| ' zu2| ' zu2r’ Zqu’ 0’ 0’ (p’ (p] (29)

Vector diéu khién:
U=[U, Uz U U, T (2.10)
Tin hléu nhiéu mét dUMg: W = [Z rx Zry Zr1I Zr1r Zr2| Zr2r ' (211)

Dit gia tbc dao dong cua gia treo, hanh trinh dong cua gia treo, do bién dang cua 16p 1a cac gia
tri bién doi, ta co:

Y = [2191¢1 Zair = ZynrZar —Zyarr Lot — Zuais Lspr — Zyars

(2.12)
Loy —Zes Zyay — Logea Lyor — Leon Lypr — Zr2r]T
Tir d6 thiét lap dwoc md hinh phuong trinh trang thai:
X = AX + BU+EW (2.13)
Y =CX + DU +FW (2.14)
3. Thiét ké mé hinh diéu khién t6i wu h¢ dudng nhu thé ndo, dé phl hop véi diéu kién
thong treo chii dong o to: giao thoéng thuc té ta xdy dung md phong tin

Khi xay dung md hinh can phai xac dinh  hiéu mat duong véi diéu kién mat duong co hé
dugc xe dang hoat dong trén moi truong mit so khong bang phang Gq(no):256X10'6m3, van
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tbc xe V=20m/s, tir 46 tao hiéu mat dudng tac
dong 1én bdn banh xe, duoc thé hién trén
(Hinh3.1). Ung dung phan mém MATLAB thiét
ké xay dung mé hinh diéu khién t6i wu hé thong
treo chii dong ciia 6 t6 so @6 (Hinh 3.2). Tir md
hinh diéu khién tién hanh van hanh md phong
van hanh hé thong diéu khién cho ta két qua thé
hién trén (hinh 3.3+3.6).

Véi hé thdng treo chu dong chi can tac dong
mot luc 16n nhat 1750N véi gia treo banh trudc
va 570N véi gia treo banh sau, dd lam cho gia
tbc dao dong cua than xe giam xudng chi con
thay dbi trong pham vi tir 0,046-0,576m/s%,
dong thoi cac két qua vé gia tdc goc nghiéng,
bién dang 16p ctia hé thong treo chu dong ciing
nhé hon nhiéu so voi hé thong treo bi dong.

4. Thiét ké xi lanh luc dién tir

4.1 Muc tiéu thiét ké:

Tir két qua mo phong cho biét Iuc tac dong
can thiét, hanh trinh, van téc va gia téc dao dong
Cla timg gia treo, tir d6 1a co so dé thiét ké ché
tao hé théng treo chu dong co thiét bi sinh luc 1a
xi lanh Iyc dién tir, voi muc dich thay thé thiét bi
giam chén trong gia treo bj dong, nham dem lai
su an toan va thoai mai cho nguoi ngdi trén xe.
Do d6 viéc thiét ké xi lanh luc dién tir phai dam
bao thoa man c4c théng sb cua gia treo chii dong,
bao gom: luc dy dién tir, hanh trinh dao dong,
kich thudc két cau va phuong phap lap dat.

Luc day cta xi lanh lyc dién tir: Cin clr vao
hinh 3.5+3.6 0 thé thiy luc day can thiét cho hé
thong gia treo trudc 16n hon nhicu so véi gia
treo sau, no co gia tri trong pham vi 1750N, nén

The C lewl road spectrum

Roadspectum(m)

Hinh 3.1: Tin hiéu mat dwong tac déong Ién
bon banh xe
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dé dam bao yéu cau 1am viéc cho hé thong treo
chu dong ta xay dung muc tiéu lyc day 16n nhat
cho xi lanh luc dién tir 1a 2000N.

Hanh trinh dao dong: Cin ctr theo két qua
dao dong cua gia treo trude hinh 3.4, ta thay gia
treo dao dong trong pham vi (-80-50mm), nén
dé dam bao yéu cau van hanh cua gia treo ta xay
dung muc tiéu hanh trinh dao dong cua xi lanh
luc dién tur la 150mm.

Kich thuéc két cau: Xi lanh luc dién tir duoc
lap trén gia treo c6 khong gian bi han ché cia 6
t6, nén khi thiét ké phai xem xét cac yéu té caa
xe. Trong nghién ciru nay dé thoa mén cac thong
sb cua xe, kich thudc cta xi lanh can thoa man:
duong kinh ngoai D< 140mm, va chiéu dai tong
thé ngan nhat cua xi lanh L<680mm.

4.2 Két cau xi lanh lye dién tir:

CAu tao tong thé cua xi lanh hrc dién tir thé
hién trén hinh 4.1. Tt hinh trén c6 thé thay xi
lanh luc dién tir bao gém ba bo phan chinh: Bo
phan ¢ dinh Stator; Bo phan di dong céan pit
tong va Bo phan vo bao vé. Bo phan cb dinh
stator, bao gém céac cudon day quan trong long
ndi sat tir tao thanh. Bo phan di dong pittdng,
bao gdom can pitténg bang vat liéu khéng nhiém
tir, c4&c vong nam cham vinh cau cling chiéu,
cac vong dém céch li bang vat liéu khong nhiém
tir va dai 6¢ khéng ché hanh trinh lap ghép lai
v6i nhau tao thanh. Bo phan vo bao vé bao gom
nap mit bich trén va dudi, trén mat bich ¢ bac
dan hudng dé pittdng c6 thé di dong, than vo la
mot hinh tru cé cac canh tan nhiét, nhim bao vé
xi lanh va toa nhiét.

Hinh 3.2: M6 hinh diéu khién t6i wu hé thong
treo chu dong ciia 6 to
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Hinh 3.3: Gia téc dao ddng thing dirng ciia
than xe

Hinh 3.5: Luc tdc dong Ien hai gié treo banh
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Hinh 3.6: Luc tdc dong I€n hai gia treo banh sau
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Hinh 4.1: Cdu tgo xi lanh lyc dién tir

1. Néip chdn ngoai; 2. Bu 16ng;3. Mdt bich trén xi lanh;4. V6 ngoai xi lanh; 5. Than try Stator
bang thép tir; 6. Vich ngan Stator bang thép tir; 7. Cudn ddy cua Stator; 8. Vong dém IBi Cia
cudn ddy; 9. Bu léng ndp duwéi;10. Giodng chong tham; 11. Mdt bich dwéi xi lanh;12. Vong
gdng;13. Phot chan mé; 14. Bu 1ong ndp bau loc khéng khi;15. Nap bé loc khdng khi; 16. Lai loc
khong khi;17. Lé thodt khi; 18. Pai éc khéng ché hanh trinh; 19. Than tru cdn Piston;20. Nam
cham vinh ciru; 21. Vong dém céch li nam cham;22. Bac dan hudng duwéi;23. Pau ddu ddy din
dién; 24. Bu long ndp trén; 25. Phét chong tham; 26.Bac dan hudng trén; 27. Phét chan mé; 28.

Phét chdn bui.

4.3 T6i wu héa thiét ké xi lanh lye di¢n tir

Cin ctr vao muc tiéu thiét ké xi lanh luc dién
tir, tng dung phan mém Flux tién hanh téi wu
hoa thiét ké va phan tich két cau. Tir cac yéu cau

vé két ciu, luc phat sinh cua xi lanh luc dién tir,
s dung phan mém Flux xay dung két cau xi
lanh luc dién tir dugc thé hién trén hinh 4.2 va
cac thdng s6 két cu xi lanh trén hinh 4.3. Sau

85



khi xay dung mo6 hinh thyc hién tinh toan phan

tich t6i wu héa cho ta két qua trén bang 4.1.

Thuc hién thi nghiém phat sinh luc cta xi lanh

Hxnh 4.2: M« hxnh xi lanh luc tradn Flux

trén may chuyén dung, thé hién trén hinh 4.4,
két qua do dugc trén hinh 4.5

o= !

VS SR SN

(NS SN S
JATEEEIT =

Hinh 4.3: Kich thuoc két cdu xi lanh luc

Bang 4.1: Két qua xi lanh liec dién tir sau khi tinh toan toi wu

STT Théng s6 xi lanh Don vi Chi sb
1 buong kinh ngoai Stator D mm 110

2 buong kinh trong stator D, mm 40.4
3 Chiéu dai Stator L mm 392

4 Chiéu dai cuc H mm 16

5 S6 cuon day n, N=211vong Cudn 24

6 buong kinh pitténg d mm 40

7 Chiéu dai nam cham t mm 12.6

8 Chiéu day nam cham B mm 10

U=V
[P 220 4110

U=50v

ac Al

\\I\|I\II‘I\II|\III‘
o4 o3 o4+

190.389E3

Hinh 4.4 Thi nghiém diéu khién xi lanh luc dién tir - Hinh 4.4: D6 thi sinh lec cia xi lanh dién tie

Tir d6 thi sinh lyc ta thay, véi mdi do 16n cua
dién 4p thong qua xi lanh, chi can thoi gian
khoang 0,15 giay xi lanh luc da sinh luc dat gia
tri 16n nhat. Do 16n cua lyc twong tac phu thudc
vao do lon cua dién ap thong qua xi lanh, vai thi
nghiém cho dién ap U=10V d& phéat sinh mot
luc 1a 1361N, U=50V luc phat sinh 1a 2799N.
Nhu vay c6 thé thay rang véi mot luc yéu cau
trong khoang 2000N thi dién ap can thiét cung
cap chi can trong khoang 24V, nén viéc str dung
binh dién dé str dung cho thiét bi ndy 1a hoan
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toan c6 thé dap tmg tot.

5. Hé théng diéu khién gia treo chii dong o to

Can cir theo md hinh diéu khién téi vu cua hé
thng treo cha dong, ciu tao nguyén ly lam viéc
caa xi lanh lyc dién tur st dung dién ap mot
chiéu va phuong phap diéu khién dién ap mot
chiéu dé xay dung hé thong diéu khién xi lanh
lyc dién tir trén gia treo chu dong 6 to, duoc thé
hién trén hinh 5.1

Trén hé théng diéu khién xi lanh lyc dién tir
Cua gia treo chu dong, khi nhan tin hiéu yéu cau



cung cap luc, nd s& tinh toan chuyén do6i thanh
tin higu diéu khién PWM dé diéu khién hé théng
diéu khién dién ap mot chidu duoc cung cép tir
bo luu dién (hinh 5.2), cung cap cho xi lanh lyc
dién tir, xi lanh luc dién tir phat sinh luc dé diéu
khién hé thong gia treo chi dong, lyc sinh ra
dugc phan hoi lai hé thong diéu khién bang cam
bién luc hodc cam bién vi tri dé diéu khién
chinh xac luc can thiét cho gia treo.

6. Két luan:

Két qua tng dung phuong phép diéu khién
t6i wu hé thong treo chu dong trén cho biét Iuc
tac dong can thiét trén ting gia treo, hanh trinh,
van téc va gia téc dao dong cua gia treo chu
dong. Tur d6 1a co s& dé tién hanh nghién ciu
thiét ké hé théng gia treo chu dong c6 bd phat
sinh lyc dang xi lanh luc dién tur, sit dung dién
4p mot chiéu. Hé théng gia treo chu dong xi
lanh lyc dién tir 1am cho hé thong treo chi dong
6n dinh hon, dem lai sy an todn va thoai mai
cho nguoi ngdi trén xe.

Vé6i tng dung MATLAB trong viéc diéu
khién t6i wu, day 1a mot phuong phap diéu
khién duoc tng dung rong réi trong cac linh virc
diéu khién ty dong, dong thoi Gmg dung phan
mém FLUX trong thiét ké t6i wu xi lanh dién
cho ta mot két qua kha quan. Thiét nghi véi két
qua nghién ctru ban dau nay, duoc van dung va
phét trién trong viéc nghién ctru cac van dé lién
quan dé c6 nhirng két qua khoa hoc t6t hon, s&
dem lai nhitng 191 ich to l6n cho cdng cudc phat
trién dat nudc.

PMDC
Linear motor

Hxnh 5.1 M« hxnh ®i0u khiOn xi lanh Iuc ®i0n t&
tran gi, treo chf ®éng

e

Hxnh 5.3: ThY nghiOm ®iOu khiOn ®iOn _p
mét chiOu

Abstract
Permanent magnetdirect current linear motor in the
active suspension system of automobile

The active suspension system is one of the most important parts of a modern car. The study is
based on setting up an overall model to simulate operations of a seven-degree-of-freedom
suspension system, using the Flux software to compute an optimal design of the Permanent magnet
direct current linear motor and to design a control model to the active suspension system.
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