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UNG DUNG MO PHONG PONG HOC TRONG THIET KE MAY

Nguyén Hitu Léc, L& Viin Sy, Lé Anh Vii
Khea Co Khi, Trudng Pai hoc Bach Khoa — Pai hoc Qudc gia Tp. HCM
(Bai nhdn ngay 09 thdng 06 ndm 2005, hoan chinh sita chita ngay 11 thdng 08 ndm 2005)

TOM TAT: Mé hinh hod hinh hoc va mé phdng dong hoc dong vai tro quan trong
trong qud trinh thiét k& mdy. Bai bdo trinh bay téng quan vé co sé va phuong phdp mé
phdng dong hoc, trinh t mé phdng dong hoc va xdy dung thi vién mé phdng djng hoc cdc
co cdu, by truyén phuc vy cho phong thi nghié¢m do, tao y tudng thiét k& va tinh todn thiét
ké mady.

1. Gi6i Thiéu

Kh4i niém mo hinh hod va mé phdng mdy tinh dugc nghién cifu va \ng dung trong
hau hét cdc 1anh vuc khoa hoc k§j thuit: co khi, x4y dung, dién - dién tf¥, y hoc, sinh hoc,
khoa hoc quin sy... Chiing da trd thanh cong cu khong thé thi€u khi thi€t k& d€ dat muc
dich: “ning sud't cao nhit va gid thanh thdp nhat’. M6 phdng mdy tinh cling dugc sk dung
dé thim dinh tinh chinh xdc cia qud trinh thi€t k&€. M6 phdng qué trinh thi€t k€ rat quan
trong, bdi vi gid thanh d€ khdc phuc 16 s& gia ting dt ngdt néu nhu 18i phét hién ra khi
ché tao hoic vin hanh.

Trong k¥ thuit ddng thdi, muc tiéu hiang ddu 14 sy tich hop clia nhém thi€t k&, cong
cu thiét k&, cong nghé va thdng tin vé sdn phdm va quy trinh st dung dé ph4t trién va ché
tao ra né. Piém then chét trong phudng phdp k§ thudt dong thdi 12 mdi lién quan théng tin
(hinh 1) [5].
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Cd s& dif liéu clia qué trinh thi&t k&€ déng thdi 12 mé hinh mdy tinh ba chiéu (hinh 1,
2). Tt khd ndng dd hoa tinh 2D, d&€n d6 hoa 3D va phdt trién 1én k§ thuit d5 hoa dong [1,
15, 16, 24, 27, 29]. Hién nay ta da c6 thé m6 t4 nhitng tinh hudng x4y ra trén thuc t& bing
md hinh mdy tinh théng qua k§ thudt md hinh hod va mo phdng.
Mot chu trinh khép kin Thi€t k€ — Ché tao — Kiém tra c6 skt dung k§ thuit md
phéng nhu hinh 3 [26]. Viéc sif dung m6 hinb v4t 1§ dugc loai bd bing cdch skt dung k§
thuit mé hinh hod va mé phdng mdy tinh. Y twdng dugc minh hoa hoan toan bdng mé hinh
mady tinh. Hinh déng va chifc niing ciia sdn phdm dugc x4y dung va ki€m tra trén m4y tinh
ma khong can phdi ch€ tao thit. Piéu nay lam gidm ddng ké thdi gian va chi phi trong qu4
trinh thiét k€ ché tao.
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Hinh 2 Hinh 3
Trai qua nhiéu giai doan va thdi diém, k§ thudt mdé phdng va ngdn ngit m6 phdng
ti&p tuc dugc phat trién va cdi ti€n nhdm phdt huy vai trd cla né trong qué trinh thiét k€.
Su phat trién tip trung chd y&€u vio ba y&u td sau:
e Gidm bét thai gian phat trién md hinh.
e Cii ti€n d6 chinh xdc.
¢ Cii ti€n sy giao ti€p v6i ngudi st dung.
Trong khuon kh8 ciia bai bdo nay chiing tdi thyc hién mot s8 cdng viéc sau:
1. Téng hop cd s& 1y thuy&t md phdng ddng hoc cd cdu va chi ti€t mdy.
2. Quy trinh @ng dung phin mém m6 phéng dong hoc trong qué trinh thi€t k&€ may.
3. Xay dung thu vién md hinh v mé phdng dong hoc cd cdu va chi ti€t mdy.

2. Cd S& Ly Thuyét Md Phéng Pong Hoc Co Cau

Trong cd hoc mdy ta gidi quyét cac bai todn phén tich va tdng hgp co cdu: phan tich
cd cdu 1a cong viéc xdc dinh vi tri, sy chuyén dong, lyc tdc dong 1én co cdu va sy ddp ng
clia cdc cd cAu thanh phin khi hé théng hoat dong. Cu thé 1a bai todn phén tich vi tri co
ciu, bai todn vén t5c, bai todn gia téc. Téng hdp cd cdu la cong viéc ti€p theo sau khi cong
viéc phén tich di hoan thanh. Ching ta sif dung céc théng s& vi tri, vn t6c va gia t5c dé
ti€n hanh céng viéc thi€t k&€ nén hé théng. Cong viéc nay doi héi viéc lip lai nhiéu 1dn dé
duge mot hé thong t8i vu trude khi di vao sdn xuét thuc t€ [3, 7). M6 phdng 1a co s8 cla ky
thuat thi€t k€ t6i vu (hinh 4).
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Hinh 4 :

Phén tich d6ng hoc cd cdu da dugc trinh bay diy dd trong cdc tai liéu [2, 3, 6, 8, 9,

10, 11, 12, 14, 18, 20, 21, 22, 28]. Khi phén tich dong hoc ta cé thé sl dung ba phuong

phap: dd thi, hoa db véc td va gidi tich. Trong phuong phip gidi tich ta c6 cdc biéu thic

bi€u dién mdi quan hé giita thong s& dong hoc véi kich thudc dong cdc khiu, vi tri khiu
din, chuyén ddng khiau din va thuin tién cho viéc ldp trinh trén mdy tinh.

Théng thudng, phin tich ddng hoc theo phuong phédp gidi tich phdi gidi cdc phudng

trinh dai s& khong tuyén tinh. V6i bai todn nhd chi mdt vai bién va phuong trinh thi ching
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ta hoan toan c6 thé gidi quyét bing phudng phip truyén théng. Tuy nhién, ddi vdi nhiing
bai todn phifc tap, s6 bién va phuong trinh 16n hodc cdc bai todn nhd, nhung ddi hdi tinh
chinh xdc cac thi viéc gidi n6 rit phiic tap va t6n nhiéu thdi gian. D6i khi khéng tim dugc
k&t qui yéu cdu. Do d6, phuong phdp s6 va cdc chudng trinh mdy tinh 12 lwa chon tit nhién
dé gidi quy&t nhanh va chinh xdc cdc bai todn dong hoc. Phuong phap nay mét mit cho
phép itng dung tin hoc trong viéc gidi quyét bai todn dong hoc, mit khic cho phép néu 15
dudc y nghia vat 1y — ky thuét cia cdc vin dé dugc nghién citu. S8 toa d6 t5i thidu yéu ciu
dé md td day @i vi tr clia hé théng co cdu dudc goi 12 bic tr do clia cd ciu. Trong mot hé
th&ng cd cadu néu k 12 s6 bac ty do clia hé thong thi k toa d6 doc 14p yéu cidu dé md t3 ddy
dd hé thong.
Dai vai viéc phén tich vi tri tai mot thoi diém, gid tri cdc toa do k phai dugc biét.
NE&u goi m 12 s6 phudng trinh rang budc doc l4p, n 1a cdc toa dd. Thi s6 phuong trinh rang
budc cé thé dugce xdc dinh theo cdng thifc:
m=n-k (D)
Trong m6 phdng ddng hoc theo phudng phdp gidi tich ta sit dung hai phuong phép:
phudng phdp chia toa d6 va phudng phdp gin cdc rang budc khau din [20]. Phuong phdp
gdn cdc rang budc khiu din 12 thém cdc phuong trinh rang budc vao cdc rang bude dong
hoc ban ddu bing vdi s6 bic ty do clia hé théng dugc goi 1a rang budc khiu din. Cdc ring
budc khau dan 1a cdc phuong trinh mé 8 mdi toa d6 doc 14p theo ham thdi gian. N&u ¢6 m
rang budc dong thi k rang budc khau din phdi dugc gdn vao rang budc dong dé taon=m +
k phuong trinh:
® =d(q) =0
o= ®(q, =0 (2)
trong d6 chi s6 (d) cho bi€t cdc rang budc khau din. Phuong trinh (2) mé t3 n phuong trinh
n 4n q, ma c6 thé dugc gidi tai bat ky thdi diém da xdc dinh t.
Phudng trinh vén 8¢ thu duge bing viéc dao ham theo thdi gian phuong trinh (2):
®,q=0
W +d® =0

@, ] 0
o =] _g@ @)

Tuong tu dao ham theo thdi gian phudng trinh (3) s& thu duge phuong trinh gia tdc:
®,q4+(®q),4=0

3)

hoidc 1a:

o s o o ; 5)
‘bf,d)q * (‘I’?)Q)qq L ZCDSPq +@ =0
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Gidi thudt phuong phdp rang budc khau din:

1. Thi€t14p budc thdi giani d&€ni= 0 va cho gid ti ban diu t' = .
2. Thém k phudng trinh khau din vdo cdc phuong trinh rang budc.
3. Gidi phuong trinh (2) tim q'.
4. Gidi phudng trinh (4) tim 4.
5. Gi&i phudng trinh (6) tim §".
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6. Néu thdi gian két thic duge hoan thanh thi k€t thic, ngugc lai ta gia ting t' dén
gid tri th&i gian mdi !, cho i biing i + 1 va lip lai bude 3.

Duya trén gidi thudt ndy ngudi ta viét cdc chuong trinh phin tich déng hoc cd cdu
phing [9, 20] biing cdc ngdn ngit 1ap trinh: Pascal, C**, Visual Basic, Fortran, Matlab

Ciéc bai todn ky thudt néi riéng va phin tich dong hoc néi chung 1a gidi cdc hé
phuang trinh dai s6 phi tuyén c6 dang: :

O(x)=0 Q)
trong dé x 12 véctd nghi€m cia phuong trinh.

Cdc ham ®(x) c6 thé 1a ham hién hoic ham siéu viét. Cé nhiéu phuong phép s&
dugce st dung d€ gidi phuong trinh nay, d€ phén tich dong hoc thuin tién nhat nén st dung
phuong phdp Newton — Raphson. Tinh lip Newton — Raphson dudgc trinh bay nhu sau
(n 4n):

M =x! - @] (xHox) (8)
trong d5 ®;'(x')12 ham ngudc clla ma trin Jacobi udc lugng tai x = x), Phuong trinh (8) 1a
phuong trinh n chiéu cta (7).

Phuong trinh (8) dudc trinh bay lai nhu sau:

@, (x))Ax’ = -®(x') 9)
x = x) 4 Ax? (10)
trong d6 phuong trinh (9) 1a tdp hgp n phudng trinh tuy€n tinh dugc gidi theo Ax’. Sau dé
x*! xdc dinh theo cong thite (10). Budc lip dudc thuc hién d&n gid tri nghiém s cAn tim.
Trinh ty thuc hién nhu sau phuong phdp Newton — Raphson cho » phuong trinh n 4n s8:

1. Ginj=0.

2. Udc lugng gid tri ban ddu x0 cho nghiém mong muén.

3. Ham dudc udc lugng. Néu cudng d6 véctd vdii=1, ..., n nhd hon gid tri dung
sai chf dinh e, ¢4 nghia 12 n€u <e véii=1, ..., n thi xj 1a nghiém mong mudn va
ditng lai, biing khong ta chuyén sang budc sau.

4. Udc lugng ma trin Jacébi va gidi cdc phuong triinh (9), (10) cho xi+1.

5. Ting j, nghia l1a gdn j bing j+1. N&u j 16n hon s8 budc 1ap chi dinh ta dirng lai,

n€u khéng ta thuc hién tif budc 3.

3. M6 Phong Pong Hoc Trén M4y Tinh

Dién hoat mdy tinh 12 mdt qud trinh m6 hinh hod va phén tich khéng chinh x4c mot
tinh hu6ng thuc theo y&u & thdi gian trong mét moi trudng 4o 12 mbi trudng mdy tinh ba
chi€u. M6 hinh 40 ba chiu 12 gin ding hoic ty 1& vdi cdc dic di€m ciia sin phim trong
thyuc t€. S dung di€n hoat mdy tinh trong: huin luyén, quing cdo - ti€p thi, lva chon va
danh gid § tudng, trg gitip thi€t k& so bd. Tuy do chinh xdc cla dién hoat mdy tinh khong
cao nhung chiing van tudn theo cdc dic di€m dong hoc va dic di€m @ng xif wong tic dong
hoc [22, 23, 30]. Cdc phan mém sit dung:3D Studio Max, VIZ....

M5 phdng mdy tinh 12 mdt qud trinh md hinh hod va phin tich chinh xdc mét tinh
hudng thuc theo y&u t8 thdi gian trong mot méi trudng 4o 1a moi trudng m4y tinh ba chiéu.
M5 hinh 4o ba chiéu tuong ing véi cdc dic di€ém cla sdn pham trong thic t& va thuc hién
qud trinh tinh todn phin tich va mé phéng ching trong m6i trudng mdy tinh. Cdc phan mém
md phéng nhu: Dynamic Designer, DADS, MSC Nastran, Algor, Adams, Working Model...
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Cic phin mém md phdng ddng hoc dugc vi€t mdt cdach c6 hé théng, ddp ng dudc
hiu hét cdc yéu cdu clia cong viéc thi€t k&€ — md phéng. Nhiéu phin mém dédp tng gin nhu
tron ven cdc cdng viéc clia qud trinh thi€t k&€ sin phim. Cdc phin mém d6 mang tinh
chuyén nghiép rit cao, tir giai doan md hinh héa, phén tich, m6 phdng va k&t ndi dif liéu
vdi qué trinh ch€ tao sdn phim. Cho nén viéc lya chon phdn mém dé sit dung 12 mot trong
nhitng y€u 6 quan trong. Cau hdi thudng ditra “nén sit dung phdn mém nao cho cdng viée
thi€t k€ ciia minh”. C4c y&u 6 sau diy c6 thé tham khio d€ chon lya phin mém sit dung:
muc dich s dung, pham vi st dung, ngoai ra cdn vdn dé gid cd. Muyc dich st dung mudn
dé cip d&n muc dich chinh ma ching ta cin s dung. Vi du, n€u chiing ta chi don thuin
mudn phén tich ddng hoc ctia cd ciu thi chi can chon phin mém chi ¢6 tinh ning phén tich
dong hoc. Nhung n€u chiing ta cdn mdt phan mém vira c¢6 kha ning mé hinh héa, phén tich
dong hoc — dong luc hoc va md phdng phan tif hitu han thi lic nay muc dich s& cao hon.
Pham vi sit dung: gido duc, hudn luyén, dy 4n, nghién citu, thi€t k€ mdy.... Cdc phin mém
hién tai cling c¢6 nhitng phién bén riéng danh cho tirng pham vi st dung.

Trong lanh vic md phdng phan tich dong cd ciu thi ching ta cAn phin biét hai dang
chuong trinh: chuong trinh muc dich x4c dinh va chudng trinh muc dich tdng quat. Chuong
trinh mdy tinh v8i muc dich xdc dinh, tam goi 1a chudng trinh ciing, phuc vu cho viéc phin
tich mdt loai cd cdu xdc dinh. Chuong trinh dugc 14p ra theo dic di€m cilia cd cdu, céc gid
tri yéu cdu ngudi s dung nhdp vao chi dp dung riéng cho cd cdu ds, khéng thé 4p dung
cho cdc cd cdu khdc. Ching dugc xay dung dua trén 1y thuy&t phan tich d6ng hoc theo cédc
md hinh todn hoc nhu trinh bay trén muc 2.

Chuong trinh muc dich chung, tam goi 12 chudng trinh mém, phuc vu cho viéc phan
tich cdc hé thdng cd cdu khdc nhau. Gid tri nhip vao phdi md td ddy di hé théng co cdu
dudi cdc rang budc, bao gdm s& khiu d6ng, dic di€ém lién k&t cdc khau, loai khép, thanh
phin lyc va mémen tdc dong, cdc dic trung vé vat 1y va hinh hoc... N&u so sdnh hiéu qua
thi chuong trinh citng hiéu qud han, it

t6n bd nhd nhung chuong trinh mém Xay dung mé hinh m& phong
rit linh d6éng trong viéc s dung. v
Chuong trinh muc dich tdng quit LAp i b 6 phong
thudng dudc thuong mai héa va dudc v

. A . £ = = 2 M phéng ddng hoe
viét bdi cdc cdng ty sdn xudt phin T

A A 7, z A
mém, do d6 phic tap cia né. M TR
phédng ddng hoc theo chudng trinh e
muc dich Chung Ihl_.l’C hiéﬂ theo trinh K&t qua Wc‘c-quan(Mo hinh 4o} K&t qué phan t{c;(BG thi)
t (hinh 5) theo m6 hinh hinh hoc.

Hinh 5

Mb hinh mé6 phdéng (hinh 6a, b) 12 tdp hgp cdc chi ti€t solid tham s& dugc tao bing
nhiéu phuong phép, cdc chi ti€t nay c6 thé higu chinh hinh dang va kich thudc d& dang.

Céc chi tiét ndy mudn tao thanh mdt cd cdu c6 cdc mdi quan hé ddng hoc thi phai
dudc 1dp rdp lai v6i nhau. Sy két hgp céc chi ti€t theo m&i quan hé dong goi 1 qu4 trinh
13p rédp. Chiing ta sif dung cdc khép dong dé€ gin cdc rang budc dong hoc vao mdi chi ti&t.
M&i khdp dong dugc gdn vao cdc chi ti€t s& 1am gidm s& bic tr do tuong \ng cla cdc chi
ti€t d6. Céc khdp bao gom: khdp xoay, khép ciu, khdp try, khdp ling tru, khép xoin, lién
két phing c6 3 va 6 bac ty do... Sau khi 1fp rip md hinh c6 dang nhu hinh 6.
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K&t qud m6 phéng hién thi bing hinh 4nh, dé thi (hinh 9, 10, 11) va di liéu s8 dusi

dang CSV file (Excel file), sit dung di liéu s& nay dé phan tich dong luc hoc va tinh todn
cd cdu biing phuong phdp phan ti¥ hitu han.

a) Bo phdn céng tdac b) H¢ théng truyén dong
Hink £

Dynamic Designer 1a mdt phan mém mé phéng déng hoc va ddng lyc hoc hé théng
cd khi dugc tich hop trong m6i trudng Mechanical Desktop, né md rong khd ning md
phdng va 1dp rdp cia Mechanical Desktop [4]. Mbi trudng tich hdp nay cho phép ching ta
vira ¢6 thé xay dung nhanh chéng mé hinh va vira c6 thé 1ip rdp va md phéng mé hinh da
tao. Ngoai ra Dynamic Designer c¢6 thé chay trén cdc moi trudng nhu: AutoCAD [18],
Mechanical Desktop [25], Inventor, SolidWorks, Solid Edge, Catia... Cdc md hinh ldp rdp
tr Mechanical Desktop theo cdc rang budc 1dp rdp dugc bi€n ddi thanh cic khép dong
trong md hinh mé phdng. M6 hinh dugc gdn vit liéu, dic tinh vat liéu mot cdch tu dong
hodc thi cong. M6 hinh ldp rdp tir Mechanical Desktop s& dugc ki€m tra céc thong s6 1dp

rdp hodc phén giao giita cdc chi ti€t, nhim phdt hién cdc khi€m khuy€t trudc khi di vao
sdn xuit.

. 4.Ung Dung M Phéng Péng Hoc Trong Thiét K& M4y

Mady c6 nhiém vu bi€n d6i, hoic sit dung ning lugng, dé€ thuc hién cong hitu ich vdi
muyc dich ning cao ndng sudt va thay th& sifc lao dong chian tay va tri 6¢c clia con ngudi.
Mady, gobm 04 cum chifc ning chinh (hinh 7), dudc phén loai: mdy ning lugng, mdy cong
tdc (mdy vin chuyén va mdy cong nghé), mdy xif 1y théng tin va mdy diéu khién [17].

Hé thang truyén déng:
- Cd khi

Dongco [ - Thiy lyc. khinén H Bophén cong tic
- Dién

|

He thong didu khién

Hinh 7
D€ bi€n ddi vi tri, hinh dang, kich thudc va trang thdi vat liéu thi ta cin phai cung
cip cho bd phén cong tic ciia mdy cong suit va chuyén dong cin thi€t. P& thuc hién didu
nay thi cdc bd phidn mdy can phii c6 k&t cdu ddm bao cdc chi tiu vé khi ning lam viéc
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vi chuyén dong theo qui luat nhdt dinh. M6 phdng chuyén dc‘mg (ddng hoc) mdy bao gém
md phdng bd phin cong tdc (cdc cd cdu) va hé théng truyén ddng. M6 phdng dﬁng hoc
mdy thuc hién theo sd do hinh 8:

Tao chi tiét tiéu chudn tén | |
Mechanical Desktop

i

Céc chi ti€t tao trén

} Cic chi tiét tao trong
|

|

|

|

|

{ Mechanical Desktop
|

|

|

|

|

|

Dynamic Designer

Mbi trudng md phdng

Mechanical Desktop I

i/

Céc mb hinh 14p rdp trén /{ PP
[
|

Hinh 9 Hinh 10
Sau dé mé phéng hé théng truyén déng d& truyen chuyé&n dong va cong sut tir dong

cd d€n khiu din bd phin cong téc, vi du 12 hdp gidm t6c banh ring hanh tinh nhu hinh 10.

K&t hgp bd phin cong tic, hé thong truyén ddng va dong cd ta md phdéng ddng hoc
cho todn mdy nhu hinh 11.

Hinh 11

5. K&t Qua Nghién Ciiun

Qua qud trinh nghién cifu theo ni dung bai bdo da c6 nhitng k&t qua cu thé sau:

- Xay dyng trinh ty m hinh hod hinh hoc va md phéng dong hoc cdc co ciu va bo
truyen 1a cd s mdé phdng dong hoc cho mdy, gép phin gidm bdt thsi gian phat
trién md hinh, ning cao dé chinh x4c va cai ti€n sy giao ti€p véi ngudi sit dung.
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- Xay dung thu vién mé hinh vd mé phdng déng hoc cdc cd ciu (hinh 12) va b
truyén (hinh 14) phuc vu cho cdng tdc gidng day nhu phong thi nghiém do va phuc
vu viéc lya chon ¥ tudng chon sd d6 nguyén 1y cho bd phin cong tic, so db dong
va k&t cdu mdy trong qud trinh thi€t k€.

ROPOT TOA
¥

KNP CAO

KHOP THAP

Hinh 12 Hinh 13

Trong thu vién ta nhdp vao niit twong ng v6i c¢d cdu cin thiét, vi du chon nit
IR ta ¢6 cdc mo hinh nhu hinh 13, chon vao hinh cd cAu ta quan sit dugc chuyén dong
cia ching.

B6 truyén dudc phin loai nhu hinh 14 phu thudc vao yéu ciu khau din b6 phin
cong tac.

Hinh 14 Hinh 15

’ % 2 e HOR'

Nhap vao niit tudng ng quan sit bd truyén can thiét, vi du chon mit ta ¢6
cdc md hinh nhu hinh 15, chon vdo cd cdu cin thi€t ta quan sdt dugc chuyén dong
cta ching.

APPLICATIONS OF COMPUTER SIMULATION IN MACHINE
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ABSTRACT: In order to automate the design of mechanical models, CAD tools are:
optimal. Today, CAD systems have been more improved and more completed. They have
important applications in machine design process, not only capacities of modeling but also
capacities of simulation and mechanism analysis. The problems presented herein were to
demonstrate our works that we are performing in recent times. Simulate mechanisms and
power transmission systems serving in the design and manufacturing as virtual laboratory.
These results are used for education process and practical machine design process.
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