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AUTOMATIC CALCULATION MODULES DEVELOPMENT FOR DYNAMIC
ANALYSIS OF SINGLE-DEGREE-OF-FREEDOM PLANAR MECHANISMS
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Khoa Cong nghé Co khi, Truong Dai hoc Cong nghiép Thanh phd H6 Chi Minh

TOM TAT

Bai bao trinh bay vé viéc xdy dung mo-dun tw dong tinh toan dong luc hoc cdc co cau
phdng nhiéu khdu mét bdc tw do. Péng hoc ciia co cdu dwoce phéan ra cdc nhém Dyad va gidi bang
phwrong phép gidi tich dwa trén phiwong trinh véc to khép kin. Péng liec hoc co cau dwoe gidi bang
phuong phap D'Alembert. Cac chwong trinh tinh toan o dang mo-dun dwoc lap trinh trén ngon ngir
MATLAB. Piém ddc biét trong cdac mo-dun nay la chung dwoc xét cdac diém dj biét trong mot vong
quay ctia khdu dan dé tranh cdc 16i nhu chia cho 0, s6 phikc khi tinh todn. Trén co s6 cdc mé-dun
duge xdy dung, chwong trinh tinh todn déng hoc, dong luc hoc cia cdc co cau phang (5 khau) da
dwoc thuc hién mot cach tw dong. Két qua tinh toan thu dwoc nho nhitng mo-dun nay dwoc so sanh
véi mé phong nho phan mém Recurdyn dé kiém chirng. Cac mé-dun tinh todn dwoc xdy dung c6 thé
st dung truec tiép cho viéc xdy dung mé hinh todn nham téi wu héa thiét ké cdc co cau phang nhiéu
khéu khdc nhau trong linh v ché tao may.

Tir khéa: Mé-dun tinh todn; Co cdu phang; Pong hoc; Pong ly.
ABSTRACT

The development of modules that automatically calculate the dynamics of single-degree-of-
freedom planar multi-link mechanisms is described in this paper. The mechanism's kinematics are
classified into Dyad groups and solved analytically using closed vector equations. The D'Alembert's
principle is used for dynamic analysis of mechanisms. Modular computational programs are written
in MATLAB. The unique feature of these modules is that they are considered for differences in one
revolution of the conduction to avoid calculating errors such as division by zero or complex numbers.
The program for calculating the kinematics and kinematics of planar five-link mechanisms has been
performed automatically based on the built-in modules. The built-in calculation modules can be
used directly to develop mathematical models for design optimization of various planar multi-link
mechanisms in the field of machine building.

Keywords: Calculation module; Planar mechanism; Kinematics, Dynamics.
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1. GIOI THIEU

Trong nhiing ndm gan day, viéc thiét ké
may moc va cac hé thong co khi van dang 13 mot
chi @& quan trong trong doi séng va ky thut.
Khi khoa hoc méy tinh cang phat trién thi nguoi
ta cang m& rong nghién ciru vé do phic tap cia
cac hién tuong vat ly xdy ra trong cac hé thdng,
mé rong su xem xét nhiéu yéu t va linh vyc anh
hudng dén chat lugng va dg canh tranh cta san
pham co khi. Mot trong nhing hudng phat trién
d6 1a xay dung cac mo hinh toan thiét ké toan dién
hon, xét dén nhiéu yéu t6 hon. Mot linh vyc lién
quan mat thiét dén mo hinh toan thiét ké cac hé
thong co khi d6 1a dong luc hoc. Tuy nhién, viéc
xay dung mo hinh toan dong luc hoc lai thuong
rat phirc tap chtr khong don gian. Van dé nam ¢
chd vé6i nhimg co ciu phirc tap (16n hon 3 khau)
thi viéc xay dung cac hé thic, cong thirc tinh toan
tuong minh 13 vo ciing khé khin va nhiéu khi 1a
bét kha thi. Mot sb cach tiép can nhu st dung
phan mém, két ndi cac phan mém da vat Iy va
phin mém tinh toan nhu MATLAB khong phai
la giai phap toan dién vi phai ddi dién voi nhidu
van dé lién quan den viéc trao ddi va xur Iy dit liéu
gita cdc phan mém, céc 18i phat sinh trong qua
trinh tinh toan. Mot trong s nhitng hudng giai
quyét triét dé va co trién vong do 1a xay dung cac
bd cong cu mo-dun tinh todn ma ¢ do co thé d@
dang tinh toan cac bai toan dong luc hoc cho cac
nhém co ciu co ban. Viée xdy dung nay phai st
dung céc kién thiic co hoc ¢o dién trong cac mén
dong lyc hoc may hodc nguyén ly may [1-6]. Sau
do, su dyng cac kién thtrc vé 1ap trinh toan hoc
[7] dé viét nén cac chuong trinh con (md-dun) dé
tir 46 ¢6 thé tmg dung vao viée giai quyét cac bai
toan dong luc hoc.

Trén thyc té, y twong mo-dun hoa cac
cum co cau co ban da co tir trude day [8- 9]. Tuy
nhién, khi d6 cach tiép can ctia céc tic gia van chi
dimg & viéc xay dung mo-dun dé tinh toan cac
gid tri dong lyc hoc tai mot diém cu thé can khao
sat. C4c mo-dun chua tinh dén cc diém di biét

ma mdt co cdu phtc tap c6 thé gap phai. Vé mit
vat ly th1 dola nhung vi tri ma co cAu thay doi gia
tri vén tc, gia toc, phan lyc, lyc quén tinh, v.v...
mot cach dot xudt, va tiém can gia tri vo cung 16n.
Vé mit toan hoc thi trong cac hé thiic xuét hién
phép tinh chia cho 0 hodc s6 phirc. Vi vy ma ing
dung mo-dun & cac cong trinh trudc cho viée xay
dung md hinh toan 1a chua hoan toan kha thi.

Vi vay trong bai bao nay, cac tac gia di
sdu vao van dé lap trinh tmg dung cho cac mé-
dun dang nay. Y tudng nam ¢ chd chia nhd cum
co céu co ban ra don gian nhat c6 thé; xay dung
cac mo-dun phu trg dé hd tro xem xét cac trudng
hop riéng cta cac hé thic dé xtr 1y cac diém di
biét. Pong thoi, chuong trinh khong chi tinh toan
mot diém cu thé ma vo s6 diém trong mot vong
quay cua khau dan dong co, tir d6 dam bao viéc
str dung chiing dé xay dung mo hinh toan thiét ké
t6i wu dugc hoat dong tron tru khong c6 16i. Trong
khuén khé bai bao nay, cac tac gia tip trung vao
viéc xdy dung cac mo-dun va chung minh tinh
chinh xac, kha thi cua nd trong viéc phan tich
dong luc hoc cua cic co cdu phing nhiéu khau.

2. PHUONG PHAP NGHIEN CUU

Nhu di trinh bay, bai bao dé xuat xay
dung cidc mo-dun tinh toan dong hoc va dong luc
hoc dua trén cac d6i tuong co ban 1a cac khau
don dé xir Iy cac diém di biét, sau d6 tang dan lén
mot vai déi twong & dang Dyads [1]. Ching s&
dong vai trd nhu nhimg khuén mau danh cho tat
ca cac co cu ph'flng mot bac tu do voi d6 phuc
tap tiy y. Cac mo-dun ndy sau do s& dugc viét
dudi dang Code ctia cac phan mém toan hoc nhu
MATLAB, MAPLE, v.v... dé co thé goi chung
trong cac cong vi¢c tinh toan.

2.1. Mé-dun ddng hoc co ciu phing
Pé g1a1 quyét duoc bai toan dong hoc,

tac gia dé xuat 11 mo-dun co ban, dugc trinh bay
trong bang sau:
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Bdng 1. Danh sach cdc mé-dun dong hoc phang

TT Hinh vé& Y nghia TT Hinh vé Y nghia
Hai m6-dun 0 va 00
B, nham giai quyét bai toan
5, | ac dinh goc khi bié L A 3o
: 2 Xilc d{n goc ! l?let toa T ~ Mo-dun 5 nham tinh
B 5 | d0 hodc sin-cos ctia doan _@ S (o an ,
1 s ! ; 3 ISR . 6 . >, | toan dong hoc cua ba
A thang noi hai diém A va & A 12 1A
A R N DhET khau ban lé.
5 B B. M6-dun nay mang ‘
a tinh chat hd tro cho cac
mo-dun tiép theo.
Mo6-dun 6 nhim tinh
Mb-dun 1 nhim giip toan d(,)’ng hoc cuft coAn
. C A K oan trugt kép trong do mot
tinh cac thong so6 dong . £
r o R A truot trén phuong co
hoc ciia mdt diem bat . R .
N NP dinh, mot truot trén
2 ky ndm trén mot vat ran 7 N 2 A
khau song phang. Mo-
chuyen dong song phang N £ n
dun 11 cling giong mo-
d3 biét thong qua 2 diém A ad
dun 6 nhung du li¢u dau
da biét trén vat. 4 aA , \
vao va dau ra c6 su dao
ngugc nhau.
Mé-dun 2 nham gitip Ba mo-dun 7, 8, 9 1a mo
] tinh toan dong hoc cua rong hon mo6-dun 6 va
Yo , .. |motdiém bat ky thude 11, khi xét mot chuoi
3 s /7« mdt vat chuyén dong 8 ba khau két noi lién ticp
diy quay quanh tryc co dinh, nhau, va vdi cac truong
\ : = | thuong ung dung cho hop dir kién dau ra, dau
khau dan hodc thanh lac. vao khac nhau
S Mb-dun 10 nham giai
Mo-dun 3 nham gitp o 0" dun 0 nham giai
[ oan quyét bai toan dong hoc
| tinh todn dong hoc ES trong co cAu piston lc,
e kha ha : <
I ) cua khiu SONg phang 9 2 SR gom con trugt co the
- = trong do 1 dlem chuyén /
1_ ; quay quanh truc ¢ dinh
: dong tinh tién trén mot b .. .
' huong xéc dinh / véi 1 thanh song phang
P T o z truot doc theo no
Mo6-dun 4 nham tinh
toan co cau cu-lit gom
thong s6 dong hoc cta
5 khau song phang va
chuyén dong tuong doi
cua con truot trén khau
song phang do.
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Vi cac ky hiéu x, y la cac toa do cua
cac diém; 1 1a ky hiéu vé khoang cach; v 1a ky
hiéu cuia van tdc; a lé’ky hiéu cﬁa gia tdc; A
la ky hi¢u cua van toc cac di€m theo phuong
X,y;a,a la ky hi¢u cua gia tdc cac diém theo
phuong x, y; ¢ 1a ky hi€u cua toa do goc, o 1a
ky hiéu ctia van téc goc; € 1a ky hiéu cua gia tde
goc.

2.2. Quy trinh str dung Mo6-dun dong hoc

Trén co sé thu vién mo-dun dong hoc
ké trén, tac gia xdy dung quy trinh tng dung
chung nham dé tinh toan cac thong s dong hoc

trong mot co ciu phéng mét bac tu do, thé hién
trong hinh 1:

Y

Tinh toén théng 56
déng hoc dwa trén cac
module d3 xac dnh
'

Nhin ditn nhém coci

Nhin dién m odule can Hic dinh tin tr s
dingz dungmodule

=

L ]

Hinh 1. Quy trinh sir dung module dong hoc trong
viéc xdc dinh, tinh todn cdc thong 56 dong hoc co
cau phang

Méu chédt ciia Quy trinh nay ndm & chd
nhén dién dugc ciu trac cua co cdu dé bai. Cac
co cdu c6 thé duoc phan tach ra cac nhom co
ban theo timg md-dun & bang 1. Sau d6 can xéac
dinh trinh ty st dung cdc mo-dun do6 theo quy
tac: dau ra ciia mo-dun trude s& 1a dau vao cia
mo-dun sau, tir d6 tinh toan duoc cac thong sd
dong hoc can thiét cho ca co ciu va bat ky khau
khép nao trong co cau.

2.3. Mo-dun dong luc hoc

Trong thiét ké may moc co khi, bai toan
dong luc hoc nguoc kha phé bién so voi bai
toan dong lyc hoc xudi. O bai toan dong luc
hoc xubi 1a cho toan bd tai trong cd y dd va cac
tai trong ngau nhién tic dung vao co hé, can
di im quy luat chuyén dong dong hoc cua cac
khau. Tuy nhién thyc té thi cac may méc can
thuc hién cac chuyén dong mot cach tuan hoan
¢ quy luat, nham dé dap tmg yéu cu vé hanh
trinh ctia co cdu chip hanh va ning suit ma
may d6 can thyc hién. Khi d6 thi quy luat dong
hoc cia mdt khau (véi co cAu mot bac tu do)
hodc nhiéu khau (co cdu nhiéu bac ty do) dugc
cho trudc. Sau do, ching ta phai tim dugc quy
luat ctua ngudn ning luong cung cip cho cac
khau dan (quy luat mé men quay cta dong co).
Trong pham vi cua bai bao, tac gia tap trung
vao bai toan dong luc hoc ngugce nay dé dap
g cac bai toan thiét ké may trén thuc té. Quy
trinh xay dung mo-dun dong luc hoc thé hién
trong hinh 2:

- Trong tim

| |
' |
| s - Lién két tya |
| - Ban I¢ co dinh |
| Chit dié - Ban le di dong I
| = - Diém dit ngoai luc |

I ) |.¥:J.I1:_' ma triin H¢ phwong trinh quy ddi

—_———————— e ——

Hinh 2. Quy trinh sir dung module dong lyc hoc
trong viéc xdc dinh, tinh todn cdc théng sé dong
liee hoc co cdu phdng

Y tuong chinh cia mo-dun dong lyuc
hoc d6 1a phan loai cac co cAu phang ra hai loai
ddi tuong chinh: chat diém va vat réan, déng
thoi xay dung khai niém diém dién hinh. D6 1a
cac diém nhu trong tam, lién két tira, ban 18 ¢b
dinh, ban 1& di dong, diém dit ngoai luc. Véi

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

mdi loai diém dién hinh s& c6 mot bang thudc
tinh twong tmg. Piém dién hinh dugc dit trén
cac d6i tugng s& twong tmg véi mot bang thude
tinh xac dinh, va mdi mot bang thudc tinh s&
dugc chuyén doi thanh 1 hé phuong trinh dong
lyc hoc tuong duong. Nhiém vy cia mo-dun
1a s& gom cac hé sb cua nhitng phuong trinh
nay dé sap vao mot bang ma tran dé giai quyét
bai toan hé phuong trinh tuyén tinh hodc hé
phuong trinh phi tuyén bang phuong phap sé.

3. THUC NGHIEM SO VA KET QUA

3.1. Vi du tinh toian déng hoc — Co cdu 5
khau nho' cac mo-dun

Cho mét co cdu phang 05 khau nhu
hinh bén dudi (Hinh 3). Véi cac thong sé nhu
sau: o, = 15 rad/s, €, = 0 rad/s?, 1,, = 0,1 m,
1, —03m,lBsz—015m x, = 0,3 m, yC—O
m. Tim céc thong s0 dong hoc cua céc khau va
khoép trong co cau. Ap dung quy trinh st dung
mo-dun dong hoc dé giai quyét bai toan, ta co

s0 d6 sau (hinh 3):

Mé-dun 2 Mé-dun 6
.{!
e’
. "
Mé-dun 1
Mé-dun 3

Hinh 3. Bai todn déng hoc — co cdu va quy trinh gidi

Co ciu dé cho c¢6 thé duoc tach ra lam
04 mo6-dun co ban, do la cac moé-dun 1, 2, 3 va
6. Chuong trinh toan dong hoc cia co ciu s&
duoc xay dung nho ngdn ngir MATLAB, voi1 7
dong code ngin gon.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn

Mot vai két qué tinh todn ctia cac mo-
dun dugc so sanh v&i phan mém mod phong
Recurdyn va thé hién trong hinh 4:

Do thj so sdnh gia toc goc thanh B4

"2)

-
'l 4 (]
- 2 a2
— ' . o
w -
= s 2
z -
e quay (M)
(a)
Do ik so sanh gha 1oc diem 52 theo phuwong )
e F -
i i
-
B u "
- ! . 1]
£ [ i
- . "
- L L
L L =
Grie quay (D)
Do ihj so sanh gia toe diem € theo phoong x
;: -+
.'. = [ ] .
| y " .
-4 .
E ¥ Ta T
Gic quay (Da)
(c)

Hinh 4. So sanh két qua loi gidi théng s6 dong hoc
ciia M6-dun va ciia phan mém Recurdyn.
(a) — Biéu do gia téc goc khdau BC; (b) — Biéu do
gia toc theo phwong thang dimg ciia diém S.;
(c) — Biéu do gia toc theo phirong ngang ciia diém C.

Theo hinh 6, ta thay sai s6 gitra 10 giai

cia mo-dun dong hoc va phan mém la dudi
5%, cho thay cac mo-dun c6 do chinh xéc cao.

&
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3.2. Vi du bai toan dong lue hoc — Co cdu 5
khiu nh¢ cac mo-dun

Giai quyét bai toan dong luc hoc cho co
ciu s6 2 (Hinh 3), vé6i dir kién m, =15kg, m =
30 kg, m,=50kg, m, =60 kg, m,=60kg,J =
1§ kgm? J =22 kg.mz‘, F,=6kN, F =3 kN.
Can tinh m6 men can bang va phan luc khop
dong trong co cdu. Quy trinh xtr 1y cia moé-dun
dong luc hoc co thé duoc biéu dién nhu hinh 5:

Khau/Khép Bang thudc tinh

Matedn |01 giai

—S ¥ 7

Hinh 5. Bai todn dong lic hoc — co cdu 2 va quy
trinh gidi

Nhu di trinh bay ¥ tuéng, co ciu nay
c6 thé tach ra cac khau vat ran AB, CD va céc
chét diém con truot nhu C, D, E. V&i mdi déi
tugng nay c6 nhimg diém dién hinh va duoc
quy ddi sang cac phuong trinh dong luc hoc
(c6 quy chuan nhung khéng thé hién trén hinh
5 ma 4n bén trong code ciia mo-dun). Sau do,
mod-dun dong luc hoc s€ tu dong gom céac h¢ )
ctia phuong trinh d6 vé mot bang ma tran dai s6
tuyén tinh dé tim ra cac an sé twong Gng 13 mo6
men khau dan va céc 4p luc khép dong.

Mot vai két qua tinh todn ctia cadc mo-

dun duoc so sanh v&i phan mém mo phong
Recurdyn va thé hién trong hinh 6:

(@

(b)

(©)
Hinh 6. So sanh két qua 16i gidi thong sé dong luc
hoc ciia M6-dun va ciia phan mém Recurdyn.
(a) — Biéu d6 mé men cdn bang & khdu dan;
(b) — Biéu do phan lic theo phirong ngang ciia
khép A; (c) — Biéu do phan luc theo phiong ngang
cua con truot E.

Két qua tinh toan ctia mo-dun dong luc
hoc dugc so sanh véi két qua mé phong bang
phan mém Recurdyn cho thiy sai s6 dudi 5%.
Nhu vay, dd tin cdy cua mo-dun dong luc hoc
1a kha cao.

4. KET LUAN

Trong bai bdo nay, tac gia da xay dung
cac mo-dun tinh todn dong hoc va dong luc
hoc co cau phéng mot bac tu do vdi dd chinh
xéac kha cao (sai s6 tinh toan so v6i phin mém
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Recurdyn nhé hon 5%). Diém khac biét cua
cac mo-dun duoc xay dung so vdi cac cong cu
khéac & chd né duoc xem xét cac diém di biét
bén trong code chuong trinh, la cac truong hop
riéng cua co cAu khi ma cac dai lugng van tde
va gia toc tién dén v clng, twong ng véi mit
toan hoc 13 chia 0 hodc gip phai s6 phirc. Pong
thoi, chuong trinh dugc viét dé tinh toan, dé
khao sat khong chi mot diém bat ky ma c6 thé
tinh cho vo s diém trong vong quay ciia khau
dan. Két qua nghién ctru 14 co so dé xay dung
md hinh toan va giai quyét cac bai toan tbi uu
thiét ké co cdu may da dang trong thuc té.
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