Nghién ciru khoa hoc cong nghé

NGHIEN CUU THIET KE SAN DAO PONG 3 BAC TU' DO
CHO THIET BI MO PHONG LAI XE

Db Tién Lap, Ta Hiru Vinh"

Tém tit: Bai bdo trinh bay mét gidi  phdp thiét ké, ché tao hé thong san dao dong 3 bac
tie do, ¢ thé ung dung trong cac hé thong mé phong cho phép tai tao lai 3 chuyen dong
quan trong nhadt ciia vit thé trong khong gian. Hé thong sir dung cdc thanh phan pho bién
trong céng nghiép, cho phép lam viéc tin cdy nhung gidm dwoc gid thanh, dé dang trong
viée bdo tri sira chita. M6 hinh ndy ding cho tinh todn thiét ké co cdu van hanh, véi cong
cu mé phong dong liee hoc gitip lwa chon va kiém nghiém cdc thong sé két cau dé dang, tir
dé chon ra dong co va bé théng sé phix hop nhdt véi yéu cau bai todn. Cdc théng sé dau
vao cua hé théng duogc chon phu hop voi tiéu chudn ciia Bé Giao thong Van tdi cho thiét
bi mé phong ddo tao ldi xe. Két qua dat dwoc c6 thé vmg dung dé xdy dung cdc hé thong
mé phong chuyén déng ciia cabin tdp ldi cdc phwong tién giao thong.

Tur khéa: San dao dong; 3-DOF; M0 phong; Cabin tap lai xe.
1. PAT VAN DE

Trong nhitng nim gan day, cac hé théng mé phong ngdy cang duoc quan tam ap dung vao
phuc vu dao tao huan luyén trén thé gi¢i. Xuat hién nhiéu cong ty 16n chuyén vé mo phong nhu
Bosch Rexroth (M¥), Motion Systems (Ba Lan), LOM Praga (CH Séc),... chuyén cung cap cac
hé théng mé phong phuc vu hudn luyén chuyén nghiép co tich hop cic san dao dong tai trong
16n. Céc hé thong mé phong san dao dong dugc phan loai theo bac tu do (phd bién nhat 1 bac 2,
3, 6), theo murc tai trong (tir dudi 100 kg dén 30000 kg), hodc theo hé théng dan dong (dién co,
khi nén hoac thuy luc).

O Viét Nam, cac hé mo phong c6 san dao dong ciing c6 mét sé noi san xuat nhu Vién Cong
ngh¢ M6 phéng (HVKTQS), Trung tdm Cong nghé cao BQP, Tép doan Cong nghiép Viettel,...
Tuy nhién, ca cdc cong ty nuéc ngoai va don vi trong nude déu khong cong bd két qua nghién
ctru ma theo hudng ché tao san pham tmg dung theo don dat hang. Cac hé thong nay tng dung
trong cac cabin mo phong huén luyén xe quan sy dé phat huy tac dung tot, tuy nhién chung van
¢6 nhitng nhuoc diém: (1) H¢ thdng duoc dong goi theo san pham dan dén viéc bao tri sira chita
phu thu¢c vao don vi cung cip; (2) Hé théng diéu khién duoc ché tao riéng; (3) Chi phi dau tu va
van hanh déu rat cao. Do vay, viéc nghién ctru lam don gian hoa cong nghé ché tao va giam gia
thanh khai thac, bao dudng sira chira cac hé thong san dao dong co y nghia thiét thuc.

Theo [1] va [6], cac nghién ctru lién quan dén khong gian 1am viéc ciia cac bo diéu khién song
song 6 bac tu do (6-DOF) tap trung chu yéu cho mo hinh dong hoc ma it xét dén dong luc hoc
boi trong thuc t& dong luc hoc doi hoi nhiéu tinh toan rat phirc tap. Trong khi d6, khéi lwong va
gia téc cua san dao dong keém theo tai trong ctia nod la cabin tap lai khi tham gia céac chuyén dong
tinh tién va chuyén dong quay quanh céc truc toa do lai gay ra lyc quan tinh va 1a thanh phéan cha
yéu cua tai trong ddi v6i hé dan dong. Theo [4], nhom tac gia mod phong dong hoc cho h¢ 6 béac
tu do cia md hinh méay bay trong khong gian. Tac gia c6 khao sat gia toc ciia mo hinh 4o, khong
tinh todn cho san dao dong.

Theo [5], nhoém tac gia mo phong 3 chuyen dong cua san dao dong, trén do co dat than xe that
nham khéo st sy anh hudng cua cac chuyén dong ndy dén nguoi ngdi trén xe. Ho két ndi hé
thong diéu khién that ciia xe dén hé théng mo phong théng qua cac cam bién.

Theo [2], viéc md phong san dao dong DOF thuong duoc sit dung cho méd phong chuyén
ddéng va hoat dong dao tao cho phép giam bdt su phirc tap trong tinh toan dong luc hoc so vdi hé
thdng thyc. V6i sy phat trién manh mé ciia cong nghé, nhiéu ing dung thoi gian thyc tir nén tang
PC hoan toan c6 thé dap tmg trong cic md hinh nay [3].
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Cu thé, [7] da thiét ké, ché tao robot 4 bac tu do mo phong chuyen dong trén tau thuy nhim
mé phong cac chuyén dong thuc cua tau thuy trong khong gian 3 chiéu véi cac thdng sé chuyén
dong lghac nhau phuc vu chay thu th}f:t bi Tram thu di dong thong tin v€ tinh. St dung thuat toan
PID d¢ tinh toan vi tri cta cac co cau. Ung dung bd loc Kalman va Complementary (bd loc bu)
de doc tin hi¢u tir cdm bién chuyén dong.

So vai viée thiét ké va san xudt truyén thong, cac mo hinh mo phong giup giam chi phi trong
san xuat, tiét kiém thoi gian, ting do tin cdy va giam chi phi van hanh. Viéc diéu chinh thiét ké
cho md hinh trén may tinh cho phép thuc hién nhanh chong va chinh xac.

Tt nhitng phan tich trén, bai bao dua ra mot mo hinh tinh toan dé lya chon dong co va hop $0,
lya chon thong s6 hinh h(gc va dong h(,)vc phu hop V(')’i’ diéu kién :[huc té va yéu péu ky thuat. M6
hinh dong luc hoc giup dé dang thay doi cac thong so cua hé thong, khao sat bang m6 phong co
thé dung dé kiém nghiém thiét ke, xac dinh b thong so phu hop nhat trude khi ché tao.

2. GIAI QUYET BAI TOAN
2.1. Xay dung mo hinh dong lwc hoc

Thong thuong, mot vat thé tu do ¢ thé c0 6 chuyén dong trong khong gian bao gdm 3 chuyén
dong thang doc theo 3 truc toa do va 3 qhuyén dc}ng quay qugnh 3 tryc. Tuwong tu, md hinh xe 6
to trong hé toa d0 OXYZ (hinh 1) ¢6 thé ¢6 6 chuyén dong. O day, OZ 1a truc toa do vudng goc
véi san xe hudng 1én trén, OY trung véi hudng chuyén dong cua xe.

M6 hinh mé phong cang ¢ nhiéu chuyén dong (nhiéu bac tu do) thi cang chinh xac nhung lai
lam tang dg phue tap va chi phi. V61 muc dich huin luyén, hé mo phong cabin 6 t6 chi lya chon
mo phong 3 chuyén vi quan trong nhat gdm: dich chuyén tinh tién thang dung Z trén truc Oz,
goc xoay a quanh truc Ox, goc xoay B quanh truc Oy. Lua chon ndy gitip giam chi phi ché tao.

Hinh 2 th¢ hién céc vi tri dé thu thap di¥ liéu tr md hinh 3D trong méi trudng 4o gui dén san
dao dong, 3 diém A, B va C tao thanh mét tam gidc deu véi tam la diém O. Vi tri khong gian clia
cabin xe 14 tp chuyén vi (Z,0,B) dugc thay bang tép ba s6 thyc 14 chiéu cao ba diém A, B vaC
tir mat duong trong khong gian mé phong ao. Phdn mém mo phong s& gm tap dir liéu nay vé va

san dao dong sé tai tao lai do cao cua 3 diém nay, chinh 1a tdp chuyén vi (Z,0,) nhu trong mo
hinh 4o 3D.

a) b)

Hinh 2: @) M6 hinh cabin tdp [4i xe ¢ san dao dong 3 bdc tw do va b) véi cdc kich thude.
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Hinh 2a thé hién mé hinh cua thiét bi mé phong c6 gin san dao dong 3 bac tu do. Co ciu
chap hanh cua san dao dong gom 3 ddng co dién tao ra dich chuyén thang ding twong tng voi 3
vi tri A, B, C ctia san xe nhu trong hinh 1b. Cac kich thudc co ban thé hién trong hinh 2b.

Néu b6 qua céc luc can ¢ cac khop ndi va bién dang thi phuong trinh can bang lyc va mé men
cua hé voi cac truc Ox, Oy, Oz c6 dang nhu sau:

Z IEZ _ iFZinert _ Fzgrav + anir n Fzspr n Fzmotor -0

DM, =M EMIV EMITEMP MO =0 M
v inert grav air spr motor __

ZMy_iMy iMy i'\/Iy iI\/Iy +My —0

Trong d6: Fz — Thanh phan hinh chiéu véc to luc trén truc Oz; Finert — Luc quan tinh cta vét
thé. Dau “+” phuy thudc vao chiéu cua véc to luc; Fgrav — Luc trong truong cua vat thé. Véc to
cta lyc trong trudng luén nguoc vdi tryc Oz; Fspr — Lyc 16 xo dat trung véi trong tdm hudng
nguoc chiéu va co gia tri 16n nhit bang trong lugng cabin; Fmotor — Luc tao ra boi dong co; Mx
va My — M6 men lyc trén cac truc Ox va Oy; DAu “+” phu thudc vao chiéu cua véc to luc. Mo
men ¢ dau “+” néu nod 1am vt thé quay nguoc chiéu kim dong ho.

Luc can khong khi tic dong vao hé theo hudng nguoc chiéu chuyén dong va ty 1& véi binh
phuong vén tdc twong dbi, gia tri hop luc twong dwong dugce tinh nhu sau:

s H2 H2
F air :J.EPC v2ds = lec B(La))zsz J‘lpc Bw?L2dL 2
277 27 27"
0 H1 H1

Vi tri hop luc twong dwong dit tai trong tAm gian dd phan bd luc (khoang cach tir tim quay
dén diém dit véc to hop luc twong dwong), dugc tinh nhu sau:
_ H2 4 H2 4
I =24 v6i &, = [~ pC,Bw?LdL; a,= [ - pCyBo’LidL 3)
& 12 12
Trong d6: F?" - Lyc can khong khi sinh ra do chuyén dong quay cta hé; p - Mat do khong khi
(p = 1.22 kg/m3); v - Tbc do dich chuyén tuong ddi cua dong khi voi vat thé (m/s); Cd - H¢ )
can khong khi (Cd= 0.5); IFa'r Khoang cach tir tim quay dén véc to hop luc twong duong cia
luc can khong khi; © - Van tbc goc chuyen dong quay cua hé¢; S=Hx B - Tiét dién can gio tbi
da cua vat thé (mz) Kich thuéc lung ghé ngdi = H x B = 0.8 x 0.46 m; Kich thudc man hinh
H x B = 0.37 x 1.2 m; Kich thugc thing cabin H x B = 0.78 x 0.8 m; Kich thuoc ghé ngdi H x B
=0.95x 0.44 m; KIChthuoc sancablnHXB 1.4x0.8m.
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Hinh 3. &) M6 hinh cdn bang liec véi truc quay tai A va b) véi truc quay ddt tai C.
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Hinh 3a thé hién ma hinh h¢ thdng dugc khao sat trong mit phang toa do ZOY Véi tam quay
dat tai A va B, chuyén dong bang dong co tai C. H]nh 3bla khi'tém quay dat tai C, chuyén dong
bang dong co tai A va B (2 dong co quay cung chi€u va cung toc do, hop luc Fmort 13 tong hinh
chicu véc to luc cia 2 ddng co tai A va B 1én mat phang ZOY).

2.2. Cac thong sb va sb liéu tinh toan

Tir didu kién lam viéc cua thiét bi mo phong va yéu cau trong quy chuan cta co quan quan 1y
[8] x4c dinh duogc cac tham sd yéu cAu dbi voi san dao dong nhu sau:

- Khéi lugng: M 14 tong khéi lwgng cua thiét bi mé phong va ngudi tip (M=250kg);

- Chuyén vi: z 1a chuyén dong doc theo truc Z (z = £0.14m), a 1a géc quay quanh tryc X (o=
+15 d9), B 1a goéc quay quanh truc Y (p ==+15 d9);

- Téc d6 dich chuyén: z'———02/ d—“—ls/ ,B—d—ﬂ—15/

. dZ . da s dp
- = =2m/ 5= = ———120
Giatoc: Z = " =2 A = o =1200 2, B /

Céc thong s6 két cAu cua hé théng nhu sau (cac thong s6 kich thudc duge hiéu chinh va lya
chon trong qua trinh thyc hién mé phong, sao cho phu hop véi thyc té):

lig=70 mm; lx= 290 mm; Kix= 9.8 N/mm; lix= 140 mm; M, =165 kg; M, =85 kg;
a=200 mm; b=390 mm; ¢ =455 mm; d =440 mm; e =343 mm; f =517 mm; (4)
| = /e? +(C—a)2 =427 mm; m=,/f?+(d +a)2 =822 mm
Co ciu chap hanh c6 dang tay quay-thanh truyén véi chiéu dai tay quay lig, chidu dai thanh
truyén 1tt-
Khéi lugng phan thing trude My, va nguoi tip ngdi phia sau (tinh ca ghé ngdi) Ma:
Lo xo c6 d6 cting Kix, hanh trinh lam viéc tdi da lix.
Luc trong truong F va luc quéan tinh F"" tinh theo cong thirc:
Fgrav lg + Mzg, Flnert M |2 2, innert — Mzmzdz (5)
V6i md hinh ¢ hinh 3a, théng s6 két cdu nhu cong thirc (4), hé phuong trinh (1) s& la:
D F, =M,I%G? c0s54.6° - M,m’i” cos39° + K" c0s57.3° + F;*" cos 74°
—F; " c0s42.6° + K"btana — F"" — (M, + M, ) g + 2F™ sin& + F,"* sin&, =0;
D My =-MPE* - M,m%a* - F Ly - R, — B L — B0, + Mg (c-a)
~M,g(d +a)+K"abtane + F," (a+b)sin(z - &,)=0; (6)

tq
tana =

sinw,t
a+b
tq tq
sing, = |TC°5¢2 = I—ncosa)zt;

V6i mo hinh ¢ hinh 3b, thong s6 két cau nhu cong thirc (4) c6 sy diéu chinh thay d6i nhu sau:

| =,[e? +(c+b)2 =911mm; m=/f?+(d —b)2 =519mm (7
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Khi do, hé phuong trinh (1) s€ trd thanh:

> F,=-MI%#* c0s22.1° + M,m?¢’ cos84.4° — K" c0s35.6° — F;"" c0s51.3°

+F;" c0s65.2° + K*atana — (M, + M, ) g + 2F™ sin& + F,"" sin &, =0;

D Mg =M P + M,m*@® + R, + B2, + B + Mg (c+b) - M,g(d -b)
K™btana + 2F™" (a+b)sin& =0; 8)

tq
fana ~
a+b

sinayt

. 4 Itq
sing, = T —-C0S¢ =—cosawt

3. MO PHONG PONG LUC HQC - TINH TOAN LUA CHON PONG CO
3.1. S6 liéu dau vao
Thong s6 két cAu va dong luc hoc nhu ¢ muc 2.2.
Theo muc 2.2, v6i yéu cau téc do dich chuyén théng dung trung binh dat 0.2 m/s, dé dich
chuyen hét hanh trinh 0.14 m (tay quay d1 chuyen tir diém thap nhét 1én diém cao nhat) can thoi

gian 0.7 s, twong ung voi van tdc goc tay quay trung binh cidn dat dugc 1a
@, =(0.5/0.7)x60=42.85 (r / min).

Trong khoang hanh trinh d6, g6c nghiéng san cabin dat « = arctan(ZItq /(a+ b)) =13.5°) ung
v6i van tde goc trung binh ¢ =193.3 %/s, 16n hon rit nhiéu so v6i yéu cau.

Lua chon téc do quay cua tay quay 48 r/min. Lo xo ¢6 d6 ctirg 16 kN/m, hanh trinh 1am viéc
140 mm.
3.2. Phwong phap, cong cu mé phong

Mo phong hoat dong hé théng béng phan mém mé phong dong luc hoc, tinh dén cac luc can
cta khong khi, bo qua ma sat ¢ cac 6 truc. H¢ duoc khao sat khi ¢d 10 xo va khong co 10 xo. Cac
thong s6 kich thudc theo mo ta trong muc 2.2.
3.3. Két qua mé phong va binh luin

Hinh 4. @) M6 phong khi truc quay dat tai A&B va b) voi truc quay dat tai C .

Truong hop 1: Khdo sat mo hinh nhu trong hinh 3a, hé quay quanh truc di qua diém A&B
dudi tac dungq ctua dong co dat tai diém C (qkhéo sét, riéng dong co tai C khi A & B dung yén).
Trong mat phang ZOY, diém B trung véi diem A. Két qua mo phong nhan dugc:

- Khi c6 16 xo: M™ =475 Nm - Khi khong c6 16 xo: M{™ =71.3 Nm
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Truong hop 2: M6 phong tuong ty cho m6 hinh 3b dé nhan duoc cac gia tri ciia mo men cia
dong co tai vi tri A & B. K&t qua md phong nhéan duoc:

- Khi ¢6 10 xo: MJ® =51.6 Nm - Khi khong c6 10 xo0: MJ® =96.8 Nm
So sanh két qué ctia 2 truong hop, chon gia tri 16n nhat khi khong c¢6 10 xo. Cong suét dong
co can lya chon ti thiéu phai dat duge P =MJ™ x @, =96.8x 48x 3—’; =486 (W). V&i hiéu suat

bo giam tbe dat 60% (b giam tdc truc vit banh vit) va hé sb an toan 1.5 nén cong suit dong co
can chon dat ti thiéu 1215 W ~ 1.2 kW. Ket qua lya chon dugc bo dong co 3 pha c6 cong suét
1.5 kW,’toc d6 vong quay 1450 v/ph, hop sO ¢ ty sb truyén i = 30. Ney ¢6 str dung 10 xo véi Cac
thong s6 duoc diéu chinh phu hop co thé giam duge 1/3+1/2 cong suat dong co, giam dugc chi
phi dau tu, van hanh cho h¢ thong.

Khi co lap 10 xo, tai trong tac dong 1én co cu truyén dong giam, dén’dé’n giam cong sut cé}n
thict cua dong co. Luc tic dong cua 10 xo 1én cabin thay d6i gan nhu tuyén tinh theo dich chuyén
(d6 dai khoang bién dang cta 10 x0), dan dén tai trong ’téc dong 1én co cau truyén dong s& thay
do1 twong tmg. Viéce dicu chinh 10 xo thuc hién qua 2 y€u t6: lwa chon d6 cing 16 xo va thay doi
diém dat ban dau (diéu chinh dg cao diém c6 dinh ciia 10 x0). Khao sat h¢ mod phong cho phép
lya chon dugc cac thong so phu hop, sao cho tai trong tac dong 1én co cau truyén luc can bang
trong hanh trinh 1én va xuéng cua tay quay. Piéu d6 con nhan duge mot loi ich nira 14 can bang
thoi gian ciia hanh trinh 1én/xudéng do giam chénh léch tai trong giita 2 hanh trinh, giam d6 chénh
léch thoi gian ting toc va giam toc ctia dong co trong ca 2 hanh trinh.

Khi khong ¢6 10 xo, trong hanh trinh di 1€n, thoi gian tang tde lon gap 2 1an thoi gian glam
toc. Trong hanh trinh di xudng thi nguoc lai, thoi gian giam toc 1on gép 2 lan thoi gian ting toc.
Diéu ndy dan dén giam gia tri gia tdc cuia cabin.

O diéu kién lam viéc thuc té cam bién kiém soat hanh trinh chi cho phép tay quay quay trong
pham vi £90° so v6i phuong ngang. Tuy nhién, khi khdo st bang md phong thi tay quay dugc
quay toan vong (360°), dieu nay khong lam thay doi gid tri min/max cia cac lyc va md men,
khong lam thay doi két qua khao sat, nhung né giiip dam bao an toan cho hé thong khi cam bién
kiém soat hanh trinh ¢6 16i.

4. KET LUAN

Bz‘li‘béo da xay dung duoc mo hiqh toan co tinh dén yé'uﬂ td luc can }(hi dﬁm& khéo’sét mo
hinh bang phuong phap moé phong, két qua nhan dugc co6 thé st dung dé thiét ké h¢ thong san
dao dong 3 bac ty do cho cabin mo phong lai xe 6 t6 va cac phuong tién tuong ty. M6 hinh cho
phép khao sat énh‘ hudng gﬁa cac théng sO to1 dong luc hoc cia hé, tir d6 lua chon bd thong s6
phu hop voi yéu cau va diéu kién thyc te.

Khéo sat m6 hinh khi c6 va khong c6 10 xo tro lyc, két qua cho thay khi c6 16 xo nhan duoc
nhiéu loi ich:

- Cho phép lua chon dong co cong suét nho hon, giam chi phi dau tu, van hanh;

- Can bang tai trong tac dong 1én hé dén dong trong cac chu ky nang va ha;

- Can bang thoi gian tang giam toc do dong co, gitp tang hidu qua 1am viée, giam thoi gian tré.

Hé théng sir dung dong co, hop giam tde va bo diéu’khién PLC thong dung trén thi truong
Viét Nam, hoat dong on dinh, d¢ dang tim ki‘ém thay the. Tuy nhién, do diéu kién gidi han cua
bai b4o nén khéng trinh bay cu thé ndi dung vé b dieu khién & day.
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ABSTRACT

DEVELOPMENT OF A LOW-COST 3-DOF MOTION BASE FOR VEHICLE SIMULATORS

This paper presents development and an application of low cost 3-DOFs motion base,
which can be applied in simulation systems to recreate the three most important
movements of an object in space. The system uses common industrial components,
allowing the system to work reliably but reduce costs, easy in maintenance and repair.
This mathematical model is used to calculate the operating structure design, using
dynamic simulation tools to help selection and testing structural parameters. The results
can be applied to build the motion simulation system of driving cabin of vehicles.

Keywords: 3-DOF Motion Base; Vehicle Simulation; Mechanical Oscillation.
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