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DAI HOC NONG NGHIEP I

KHAO SAT DONG HOC CO CAU TREN PHAN MEM INVENTOR

Investigation of mechanism Kkinetics through inventor software

Pé Hitu Quyét'

SUMMARY

Autodesk Inventor is an intelligent software that can help to computationally design parts
of machines based on 3D models. One of the useful functions of this software is to
investigate the mechanism kinetics. Inventor allows to quickly and conveniently investigate
all types of mechanism used in the technical practice with high degree of accuracy and
visualization. This article introduces the main functions of Inventor software for investigating
kinetics mechanism and shows the results obtained from investigating kinetics of crank and

rocker mechanism.
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1.DAT VAN BE

Pé khao sat dong hoc co cAu co thé st
dung nhiéu phuong phép khic nhau. Cac
phuong phép truyén théng, c6 dién 1a vé& va
giai tich. Theo danh gia cia nhiéu nha nghién
ctru, phuong phap vé c¢6 vu diém 1a don gian,
tryc quan, nhung d9 chinh xac thép; phuong
phap giai tich ¢6 d6 chinh xéac cao, co nhiéu
tién loi hon, nhung tinh trgc quan thép va
khdi luong tinh toan 16n (FOxuu B. A., JI. B.
Ierpokac, 1967; Pang Thé Huy, Nguyén
Khic Thuong, 1982). Véi sy trg giup cia
may vi tinh, cé thé khao sat dong hoc co cdu
bang cach lap trinh trén ngdn ngir Pascal
hoic sir dung phan mém MATLAB, v.v. Céac
phuong phéap khao sat bang lap trinh da dem
lai nhiéu thuan lgi cho nguoi khao sat so véi
céc phuong phap truyén thong, dic biét 1a toc
dd tinh todn nhanh va tinh linh hoat trong
qua trinh khao sat (Pinh Gia Tuong, Ta
Khanh Lam, 2000). Tuy nhién, dé khao sat
céc co ciu bang phuong phép niy, ngoai yéu
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cdu phai hiéu rd ban chit bai toan, nguoi
khao sat con can phai c6 k§ ning lap trinh
nhét dinh.

Nhitng ndm gan day, v6i sy phat trién rat
manh mé& cua cong nghé thong tin, nhidu phan
mém thiét ké dya trén cong nghé 3D da ra doi,
tao nén mot cudc cach mang trong vi¢c tinh
toan thiét ké co khi ciing nhu trong cic nganh
k¥ thuédt khac.

Inventor 1a mot phan mém thiét ké 3D
thong minh, cho phép thuc hién hau hét cac
cong viéc vé tinh toan thiét ké chi tiét may,
trong d6 co khao sat dong hoc co cdu (Phan
Dinh  Hudn, Ton That Tai, 2002;
HmmsxoB A. I1., 2007; O.H. Ka3naucesna,
2007). V6i chtc nang nay, viéc khéo sat dong
hoc cac co cau phang ciing nhu co cdu khong
gian dugc thyc hién rat truc quan, linh hoat,
chinh xac va nhanh choéng, uu viét hon hén so
v6i cac phuong phap da biét. Trong khuon
kho bai bao nay, ching t6i xin gidi thiéu mot
sO két qua khao sat dong hoc co cau thanh
phing bang phan mém Inventor.
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2. VAT LIEU VA PHUONG PHAP NGHIEN
cuu
2.1. Vit liéu nghién ciru

May vi tinh véi phan mém inventor, mé
dun Dynamic Designer Motion Professional.
2.2. Phwong phap nghién ciru

Khai thac st dung phan mém Inventor dé
khao sat dong hoc co cau. Co cau dugc chon
lam vi du khao sat 1a co cau 4 khau ban Ié.

2.3. Dt bai toan

Xét co cdu 4 khau ban 16 OABC (hinh 1).
Biét kich thudc cua cac khau: OC= 70 mm,
OA= 20 mm, AB= 75 mm, BC= 35 mm.
Thanh AH thing, cac doan EK= FL= GM=
IN= 50 mm va cung vuong gbc véi thanh DH.
Cac kich thuéec DA= 50, AK=KL =LB =BM
= MN= NH= 25 mm,

Cén v& quy dao, xac dinh chuyén vi, van
tde va gia tdc cua cac diém D, E, F, B, G, H, I
thuoc khau DH khi tay quay OA quay déu
theo chiéu kim dong hd voi van téc 60
vong/phut.

Hinh 1. So' d6 co cAu 4 khau ban 18

3.KET QUA VA THAO LUAN

V& cac khau, lap rap co ciu va khai bao
cac thong so

Trong Inventor \(iéc tao nén cac vat thé
3D dugc thyc hién bang cach xur ly cac hir}h
phang nho cac phép dun, dot, quay, chuot, cat,

v.v. Nho tinh nang chinh sta linh hoat, cho
phép khai bao kich thuéc dudi dang cong
thirc, kha nang cdp nhat cao va mot sb tinh
ning thong minh nén viéc tao hinh cac chi tiét
¢6 thé thuc hién rat dé dang va nhanh chong.
Trén hinh 2 13 hinh khdi 3D céc khau cta co
céu dugc xay dyung bang Inventor.
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Hinh 2. Cac khiu ciia co ciu
1- Gié; 2- Tay quay; 3- Thanh truyén; 4- Can lic

Viéc “lap rap” cac chi tiét thanh co ciu
cling dugc thyuc hién rat truc quan nho céc lién
két thuong gap trong ky thuat déu da duoc
dinh nghia san. Nguoi str dung chi viéc chon
lién két can thiét rdi “lap™ céac chi tiét lai nhu
ngudi tho lap céac chi tiét trén ban ngudi. Trén
hinh 3 1a co cdu di lip rap xong. Gia dinh
rang, tai thoi diém ban dau, khi t=0, tay quay
OA nam & vi tri thang dimg tr dudi 1én nhu
hinh v&. Ta c6 thé khao sat co ciu theo thoi

gian hoic theo vi tri cua tay quay. Vi toe do
quay 60 vong/phut, thoi gian 1 vong quay s€
1a 1 gidy va mdi phan tram gidy (0,01 s) twong
mg v6i 3°36” goc quay cia tay quay OA. Mit
phfmg lam viéc mac nhan 1a xOy, truc z vuéng
goc v6i mit phang man hinh. Vi & day ta chi
khao sat chuyén dong twong ddi cia thanh
truyén so v&i gia, nén vi tri clia co cdu trong
hé quy chiéu mic nhan khong anh hudng dén
két qua khéo sat.

Hinh 3. Co cAu 4 khau ban 18
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Quy dao chuyén dong ciia cac diém

Sau khi khai bao céac thong sb vé quy luat
chuyén dong cua khau dau, ta co6 thé cho co
cau chay thir va yéu cau chuong trinh v€ quy

dao, dd thi chuyén vi cia cac diém can khao
sat. Véi co cdu 4 khau dang duoc khao sat,
khau dau l1a tay quay OA. Quy dao do céc
diém D, E, F, B, G, H, I v& nén khi co ciu
chuyen dong duoc thé hién trén hinh 4.

Hinh 4. Quy dao ciia cac diém trén thanh truyén

Khi tay quay OA quay quanh tdm O,
thanh DH co6 chuyen dong song phang, con
thanh BC chuyen dong lac quanh tam C. bé
khao sat chuyén vi dai ciia mot diém, ta khao
sat véc to ndi tir diém d6 dén mot diém cb
dinh trén gia. Chiang han dé xét chuyén vi
cua diém D, ta xét véc to DO ndi tir diém D
dén tim quay O cua tay quay (hinh 4). Theo
mic nhén cta chuong trinh, véc to DO co

géc tai D, ngon tai O va khi co clu chuyén
dong, véc to DO quay géc D quanh diém
ngon ¢b dinh O. Két qua khao sat véc to DO
cho ta biét chuyén vi cua diém D. Trén hinh
5 chi ra cac d6 thi thay d6i cta hinh chiéu
véc to DO trén cac truc toa do va chuyén Vi
toan phan cia diém D so v6i tim quay O
theo thoi gian.
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Hinh 5. Do thi chuyén vi ciia diém D so v6i tim quay O theo thoi gian
a) Chuyén vi ctia diém D theo truc x;
b) Chuyén vi ctia diém D theo truc y;

¢) Chuyén vi cua diém D.

Chuyén vi goc cia can lic CB c6 thé cua can lic CB hoan toan duoc xac dinh néu
duoc xac dinh boi goc gitta CB voi mot  biét goc dinh vi QCB. D6 thi bién dbi cua
doan thang bat ky trén gia c6 dinh trong miat goéc QCB theo thdi gian dwgc chi ra trén
phé“ing co cAu. Dé thuan tién, & day ta chon hinh 6.
goc gitra véc to CB va chiéu 4m cua tryc
Ox, thé hién boi goc QCB trén hinh 4. Vi tri
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Angular Disp - Mag-ADisplacement
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Hinh 6. Do thi chuyén vi géc cita cin lic BC theo thoi gian

3.3. Xac dinh van toc cia cac di€ém thugc cau. Toan canh truong véc to van toc toan
thanh truyén phan cua cac diém can khao sat tai mot vi tri

st A A .. a5 clatay quay dugc thé hién trén hinh 7.
bé xac dinh van toc cua mot diém, can y quay ¢ue ;

khai bado cac thong so can thiét va chi dinh
truc tiép di€m can khao sat trén mo hinh co

Hinh 7. Trudng véc to van tdc ciia cac diém tai thoi diém t= 0,65 s

Do thi bién d6i véc to van tde toan phén hién trén man hinh sau khi khai bao cac thong
cua cac diém can khdo sat va hinh chi€éu véc  s6 can thiét. Co thé thay doi cac thanh phan
to van toc trén cac truc toa do duoc ty dong trong do thi twong ty nhu thao tac trong moi
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truong Excel. Trén hinh 8 chi ra dd thi bién  ddi vén tdc cua diém D theo thoi gian.

Trans Yeloc - X-VelocityGraphic

120
-160

Trans %eloc - ¥ (mmfsec)
=

=
=
=
[
a
(=]

020 0.30 0.40 0.50 060 070 0.80 080 1.00
Time (zec)

Trans Yeloc - Y-YelocityGraphic

T

RES

E ___d.-' ‘\_x-\\

£ ®

>

C

[a]

k=,

£-13

0]

5 -248 e

Fooom oMo 0 03 040 050 080 070 080 080 10
Time: (2ec)

Trans Yeloc - Mag-VelocityGraphic
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Hinh 8. P6 thi bién ddi van téc ciia diém D theo thoi gian

a) Hinh chiéu vén toc cua diém D trén truc x;
b) Hinh chiéu van tdc cta diém D trén truc y;
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¢) Van tbc toan phan cua diém D.
3.3.1. Xdic dinh gia téc ciia diém trén khau 3> bAng 40 thi hode dudi dang bing s0 licu
L . . . tuy theo yéu cau cua nguoi khao sat.
Gia toc cua mot diém bat ky trén co cau

R a1y Trén hinh 9 thé hién truong vé ia t6
duoc thé hién bang véc to trén mo hinh co rén hinh 9 thé hi¢n truong véc to gia toc

cua cac diém can khao sat theo thoi gian.

iy

ac

Hinh 9. Gia toc ciia cac diém trén thanh DH tai thoi diém t=0,2 s

Trén hinh 10 chi ra cac d6 thi phu thudc cia gia tbe diém D trén thanh truyén theo thoi gian
v6i 2 d0 thi hinh chicu gia toc trén 2 truc va do thi gia toc toan phan.
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Trans Accel - X-AccelerationGraphic
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Hinh 10. P thi bién déi gia téc ciia diém D theo thoi gian
a) Hinh chiéu gia toc ciia diém D trén truc x;
b) Hinh chiéu gia tdc ciia diém D trén tryc y;
¢) Gia tbc toan phan cua diém D.

Toan canh cac két qua vé quy dao chuyén dong, van toc va gia toc cua cac diem khdo sat
duoc thé hién trén hinh 11.

84



Khao sat déng hoc co cau trén phan mém Inventor

Hinh 11. Quy dao chuyén ddng cia cac diém khi co ciu chuyén dong, trudng vén toc va gia tdc
cia cac diém trén thanh truyen tai thoi diem t=0,25 giay

Dé biét vi tri, van tdc va gia tdc cua cac
diém can khao sat tai ting thoi diém, chi can
nhip chudt vao vi tri twong Gmg trén bat ky
dd thi nao trong cac dd thi chuyén vi, van tbc
hay gia toc. Trén dd thi s& hién lén vach do
cho biét tri sb cua dai luwong can tim va trén
man hinh s& nhan duoc vi tri cia co ciu tng
v6i ding thoi diém d6 cung véi cac vée to
tuong ung.

Inventor cho phép xuat két qua dudi dang
cac véc to trén mo hinh, dudi dang do thi hién
ngay trén man hinh, dang file van ban vai
dudi “.txt”, file sb liéu voi duoi “.csv” dé su

13

dung trong Excel hoic file “avi “dé chay

trong chuong trinh video.

4. KET LUAN

Phan mém Inventor 1a mot phan mém
mg dung c6 nhiéu vu viét, cho phép khao sat
c4c co cau phing, khong gian vé6i cac loai lién
két khac nhau mot cach nhanh chong, truc
quan va chinh xac. Véi co cau duoc lay lam vi
du, dé dat duoc cac két qua nhu trinh bay
trong bai bao nay phai mat rit nhiéu thoi gian,
nhit 13 khi st dung phwong phap v& va giai
tich. Trong khi d6, néu khao sat bang phan
mém Inventor thi chi mét rat it thoi gian véi
d6 chinh xac va tinh tryc quan cao hon nhiéu.
Ngoai ra, viéc thay d6i hinh dang, kich thuéc
ctia cac khau ciing dugc thuc hién rit nhanh
chong va thuan tién. Vi viy, viéc ing dung
phan mém Inventor trong khao st dong hoc
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co cau noi riéng va trong thiét ké may noi
chung s€ dem lai hi¢u qua rat cao.
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