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TOM TAT

Bai b4o sir dung phuong phap méi dé xac dinh cac dic trung dong hoc cua hé co ciu thanh
truyén. Dé xac dinh duoc cac dic trung nay, ching ta ¢6 thé s dung nhimg phuong phéap truyén
thong nhu: phuwong phap giai tich, phuong phap db thi giai tich, phwong phap hoa db vecto. O bai bao
nay, nhom tic gia d¢ xudt viéc tmg dung phan mém MathCAD nhim don gian héa viéc phan tich
dong hoc, qua d6 xac dinh nhanh chéng nhitng dic trung dong hoc cua hé co ciu dang thanh truyén
nhu: vi tri, vén tdc, gia tdc cua cac khau va quy dao ctua nhiing diém trén khau, bén canh dé thuc hién
mod phong chuyén dong ciia hé co ciu thanh truyén, két qua thé hién duogc tinh truc quan trong chuyén
dong cua co cu. Két qua bai bao c6 gia tri tham khao nhat dinh nhu 1a mot phuong thic dé giai bai
toan dang thanh truyén noi riéng va cac bai toan trong nguyén 1y may noi chung.
Tir khéa: Co cdu thanh truyén, déc tinh dong hoc, MathCAD, m6 phong, thiét ké.

Nhdn bai: 16/12/2017 Hoan thanh phan bién: 04/01/2018 Chdp nhdn bai: 22/01/2018

1. MO PAU

Co cau thanh truyén 14 dang co cdu dugc cau thanh tir nhitng cip dong thudc nhom
thap, nhitng co ciu ndy c6 hé sé ung luc va cong suit 16n, hé s hiéu suat co ich trong quéa
trinh 1am viéc rit cao (Timofeyev, 2010). Vi vdy, hé co cau dang thanh truyén tir 1au di duoc
mg dung rong rii trong viéc thiét ké két cau ro bét cong nghiép hay cac co cAu ding trong
cac hé théng bom. Tuy nhién, dé giai bai toan thiét ké co ciu dang thanh truyén lai 1a mot
van dé phirc tap. Viéc giai quyét bai toan thiét ké co cau dang thanh truyén duoc chia lam
nhiéu giai doan (Zarubin va cs., 2011). Trong do, giai doan mot 1a giai doan Iya chon so do
dong hoc cua co cAu, giai doan nay dam bao cho co cAu thuc hién duge ding chuyén dong
theo quy luat da cho. Giai doan hai 1a giai doan lién quan dén viéc tinh toan co cdu sao cho
dam bao vé diéu kién bén va diéu kién tudi tho cia co cau. Giai doan ba 13 bude tinh toan
thiét ké co céu sao cho dam bao cac chi s6 vé tinh kinh té cho co cau (Galkin, 2010).

Trong cac giai doan trén, thi giai doan mot 1a giai doan quan trong dau tién ma nguoi
thiét ké can thuc hién. Co nhiéu phuong phap dé thuc hién cong viéc ¢ giai doan mot nhu:
phuong phap giai tich, phuong phap db thi giai tich, phuong phap hoa d6 vecto, nham lya
chon duogc so dd két cau thich hop nhit va xac dinh nhing dic trung dong hoc cho co céu.
Tuy nhién, néu 4p dung nhitng phuong phap truyén thong nay thi viéc giai nhing bai toan
trén sé rat phuec tap vi can thue hién mot khdi luong 16n cac phép tinh toan, viéc xay dung
cac dd thi ciing rat kho khan. D3 c6 nhiéu tac gia dua ra cach xac dinh cac dic trung dong
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hoc cta co cdu dang thanh truyén bang phan mém MATLAB (Liu va cs., 2012), tuy nhién
viéc tién hanh xay dung thuat toan trong MATLAB 1a khong don gian, vi doi hoi nguoi thiét
ké phai am hiéu vé cac ngdn ngit lap trinh. O bai bao niy, nhom tac gia dé xut viéc ung
dung phan mém MathCAD nham don gian hoa cong viéc giai quyét bai toan tong hop két
céu va phén tich dong hoc, qua d6 dé dang xac dinh nhimg dic trung dong hoc ciia co ciu
nhu: vi tri, van tdc, gia téc ciia cac khiu va quy dao cua nhitng diém trén cac khau cta co
ciu dang thanh truyén mot cach nhanh chéng. Pong thoi, voi sy trg gilip ciia phan mém
MathCAD, nhém tac gia di thuc hién viéc mo phong chuyén dong ciia co cdu nay theo dung
quy luat chuyén dong cia bai toan. Két qua mang lai gia tri tham khao nhu mét phuong phap
dé giai bai toan thanh truyén noi riéng va cac bai toan trong nguyén Iy may noéi chung.
2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. Phén tich dong hoc co ciu dang thanh truyén
2.1.1. So do dong hoc va dir liéu ban dau cia co cdu dang thanh z‘ruyén

O bai bao nay, nhom tac gia thuc hién phan tich ddi véi bai toan co cdu dang thanh
truyén - dang so d6 dong ciia mot hé théng bom dau - nhu trong hinh 1 da duge cho nhiing
dit kién ban dau: quy luat chuyén dong, do dai cua cac khau, toa do ctia nhiing diém goc.
Viéc phén tich dong hoc ctia co cu s& xac dinh cac ham vi tri cia cac diém trén cac khau
cua co cAu, qua d6 dé dang xac dinh thong s6 toa d0 vi tri cua cac khau, quy dao cua nhitng
diém nam trén cac khau. Tir nhitng ham vi tri dd tim dugc, tién hanh cac bude 1y dao ham
s& xac dinh dugc van tc va gia toc ciia nhitng diém trén co cau.

fiZ= 117

Hinh 1. So db dong hoc cua co ciu thanh truyén
2.1.2. Phdn tich dong hoc
bé xéac dinh cdc ham vi tri, vén tdc va gia tdc ctia khau bi din, nhom tac gia da thuc
hién nhitng budc thiét 1ap nhu sau:
a) Thanh 1ap cac phuong trinh lién két cac khau ciia co cdu trong dang vecto:

OA+ AB = OC +CB (€8]
CD+DE =CE 2
b) Lap cac phuong trinh lién két cac khau trong dang toa d¢ dua trén (1) va (2):
5 P Xq=L-
- Phuong trinh toa d diém A cuia co cau: L1 — Do dai khau 1 )@ ! ?OS(Q) (©))
Ya=1 -sin(q)
- Phurong trinh toa d¢ diém B cua co cau: L3 — Do dai khau 3 Xp = X *+Lg-cos(fi3) 4)
YB =YC + L3 -sin( fi3)
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. . . e X, +Ly-cos(fil) = X +L3‘cos(fi3)
- Ttr (4) suy ra hé phuong trinh (5): L2 — D¢ dai khau2 { 2 ¢ (5)
Yo+ Lo -sin( fi1) = Y.+l -sin(fi3)
- Ttr hé phuong trinh (5) thuc hién chuyén vé thu dugc (6):
L, -cos(fil)—L3~cos(fi3)= XC —Xa (6)
L, -sin( fil) — L3 -sin( fi3) =YC —Ya
. . . Xn=X_.+CD- fi3
- Phuong trinh toa 6 diém D nim trén khau 4 ctia co céu: J D = ‘¢ " P 0s(13) )
Yp =Y, +CD -sin(fi3)
- Phuong trinh toa do diém E trén khau bi dan 5 cua co cAu: L4 — Do dai khau 4:
- Tur hé phuong trinh (6), dé dang suy ra biéu thirc tinh cho goc fi23 nhu sau:
2 2 2 2
X, =X +(Y,-Y. ) -L,”-L
fi23 = arccos —( a C) ( a C) R )

Sau khi thu dugc fi23, s& de¢ dang tinh dugc tat cd cac an con lai cua cac phuong
trinh toa do trén.
¢) Xac dinh van toc cta cac diém trén cac khau:

x'a:(Ll.COS(q)) XIB:(XC+L3-cos(fi3)) (

, . (10) - Tai diém B: §
Y= (Ll'Sin(q)) Yg= (Yc +l, .Sin(ﬁg))

- Tai diém A: 11)

7 X £ =(Xp + L, -cos( fid)
-Tai diémE: { E (Xp s ) (12)
Yg-= (YD L, -sin(fi4))
d) Xac dinh gia toc cua cac diém trén cac khau bang cach liy dao ham bac 2 theo
thoi gian tir cac phuong trinh toa do:

X5 =(L, -cos(q)
e (Ll ) (13) - Tai diém E:

Y, =(L1-sin(q)) Y =(Yp + Ly -sin(fia))

Qua nhiing budc phén tich dong hoc trén ddy, cho thiy rang, dé xac dinh cac dic
trung dong hoc cuia co cdu thanh truyén di cho néu thyc hién bang phuong phap giai tich 1a
kha kho khin. Tai ddy, néu tién hanh thyc hién bang phan mém MATLAB thi s& thu dugc
két qua kha nhanh chong, tuy nhién viéc ng dung phin mém nay yéu ciu ngudi thiét ké
phai am hiéu v& ngdn ngir l4p trinh, ngoai ra thoi gian dé xay dung céac thuit toan twong ddi
lau dai. Chinh vi vy, nhom tac gia dé& xut viéc giai bai toan nay théng qua phan mém
MathCAD s& gitip ngudi thiét ké xay dung bai toan truc quan hon, thao tac don gian hon,

7 X = =(Xn +L, -cos(fid)
- Tai diém A: e=(Xp iy )
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nhanh chéng thu duoc két qua hon, dong thoi co thé truy xuét truc tiép két qua bai toan ra
WORD d¢ tién luu trit.
2.2. Ung dung phan mém MathCAD dé phan tich dong hoc co
2.2.1. Gidi thiéu phan mém MathCAD

MathCAD la mét loai chuong trinh xtr ly toan hoc dugc ap dung rat rong rai trén thé
gidi hién nay. N6 hd tro cho viéc sir dung may tinh lam cong cu thiét ké, xut ra cac van ban
ma ngudi doc hiéu duge cac bang tinh ciing nhu cac cong thirc tinh mot cach tudng minh.
MathCAD c6 thé thay thé cho cac bang tinh excel trong viéc dién dat cic ban tinh thiét ké
dbi twong co khi hay x4y dung. MathCAD hon hin Excel vi da str dung ky hiéu toan hoc dé
biéu dién cac cong thirc va cac két qua tinh toan, nén ngudi k¥ su ludn kiém soat dugc bang
tinh ctia minh. Mat khac, phén dd hoa thé hién rd rang va da dang hon. Pac biét nhitng tinh
toan phtrc tap nhu giai phwong trinh vi phan, cac phép toan ma tran, giai cac bai toan sb
phirc, céc bai toan t6i ru hoa déu tro nén 13 rang.
2.2.2. Xay dung mo hinh bai toan

Thong qua cac phuong trinh lién két giira cac khau duoc thiét 1ap tir phwong trinh (1)
dén phuong trinh (14) trong muc 2.1.2. M6 hinh bai toan da dugc xay dung trong moi truong
MathCAD nhu hinh 2 thé hién.

I @ &G b L = = = o e fxoxf uy oy

[ %, s 1%l i Y MY men % ExF Bu

Ya(q) = IL-sin(q) smeostan ooy € Y 8 & &
3 I A TR R N L SR
fi2(q) = acos (Xa[q}—X:}‘+[:’agq{—\'g}‘—u‘—ﬁ‘] & L () 2 % » £ 0o m p o
s w789 / U9 X Y
12-cos(fil(q)) — B-cos(fil(q) + fid(q)) = Xc — Xa(q) 405 B x w ABT AE
12-sin(fil (q)) - 13-sin(fil(q) + fi2{q)) = Yc - Ya(q) - 1 2 3 + ZHBe 1 KA,
- . p-- MNEOQOINF
ETY & XY

2]

cos(f1(q))(12 — B-cos(fi2(q))) + - sin(fil () sin(fi2(q)) = Xe — Xa(g)
—13-cos(fil (q)-sin(fi2(@)) + sin(fil(Q))-(12 — B-cos(fi2(g))) = Ye - Ya(q)

4
1

=]
e
(i
]

Modifiers

Detta(g) = (- Bcos(fi2(g))  B-sin(fi2(q) \‘ float rectangular  assume
\, Besin(fid(g)) 2 - B-eos(f2(g).) salve simplify substitute
factor expand coeffs
(e - Xal 13-sin(fi2 ] collect series arfrac
Dettactq) = || = (3 i (fi2(q) :‘ p
\ Yo - Ya(g) L - B-cos(fi2(q))) fourier laplace zdrans
imAaurier invlaplace invztrans
/ - . H o= mh— Inl —
Dat (12 - B-cos(fi2(g)) Xec - Xa(q))
eltas = 1
@ | Besin(fi2(q)) Ye- Ya(g)) explicit carnbine confrac
< reswtite
Press F1 for help.

Hinh 2. Xay dung bai toan co cdu thanh truyén trong méi truong MathCAD.

2.2.3. Nhdp dir liéu bai toan

Vi du: Dit liéu ban dau cua co cdu dang thanh truyén di cho trong hinh 1 néu trén
duoc la?iy tir s6 lidu ciia mot hé théng bom dau thue té, cu thé nhu sau: goc quay (=150°; tay
quay OA chuyén dong déu véi van toc goc @ = 0.5 rad/s; kich thudc cia cac khau cua co cdu
lan lwot nhu sau: Ly = 0,42 (m); L2 = 1,05 (m); Ls = 0,74 (m); La = 1,25 (m); Xc = 1,16 (M);
Yc =0 (m); Ye=0,15 (m); CD = 0,65 (m).

Yéu cau xac dinh vi tri, van tdc, gia tdc cua khau bi dan (diém E nam trén con truot).

- Nhép dir lidu bai toan vao mdi trudng MathCAD nhu trong Hinh 3 thé hién.
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"7 Mathcad - [Hung23112016(t)xmcd]
m File Edit View Inset Format Tools

D~-2H &&E Y|

My Site v | PaEo
Mormal ~ | Arial
Fa & & (@] db L= 5=

E:] ==, =t 1=l @5 MYOMT mon #e% ExT Bu E

Dii kién ban ddu:

11 = 042 Hc =116

12 =1.05 Ye=10 130
13 =074 YE = 0.15

CD = 043

Hinh 3. Nhap di kién ban déau cua bai toan.
3. KET QUA VA THAO LUAN

Sau khi tinh toan, cac déac trung dong hoc cua bai toan co cdu dang thanh truyén
dugc thé hién 1an luot trong cac Hinh 4 dén Hinh 7.

0.6 T T T
0.42 0.4 042
0.2
Xa(f) 0 Ya(t)
—-0.2
~042 04 ] ~ 042
0.6 | 1 L
4 6 8
L ]
5 q(1) 17
™ S
6 6
Hinh 4. Quy tich toa d6 X va Y ciia diém A theo goc quay q.
0.6 T T 0.6 T T
0.42 04
0.2
Xat) 0
-0.2
—042 04
~06 ' :
0 5 10
0 t 12.56 0 t 12.56

Hinh 5. Quy tich toa d6 X va Y cua diém A theo thoi gian t.
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24 T T
2.334
2.2 -
XE(1)
y _
1.802
1.8\\ I I
0 5 10
] ™ 0 t 12.56
1T
150 d 510 i
180 180

Hinh 6. Quy tich toa do ctia diém E theo goc quay q va thoi gian t.

0.3 T T 0.1
0.099
0
* T
dt dt
— —-0.1
( — 0.198)
—-0.2
0
0 t 12.56 0 t 12.56

Hinh 7. D) thi van toc va gia tdc tai diém E theo thoi gian t.

Ngoai ra, bang viéc tmg dung phan mém MathCAD, nhom tac gia da nhanh chong
thu dugc bang két qua cac dac trung dong hoc ciia cac khau thudc co cau dang thanh truyén
tai vi tri q = 150° nhu Béang 1 thé hién.

Bing 1. Dic trung dong hoc cua cac khau trong co cau thanh truyén tng véi vi tri q = 150°

Vén toc Ky hiéu Gia tri Gia toc Ky hiéu Gia tri
Van téc goc cua khau 2 w2 0.059rad/s  Gia toc goc cua khau 2 &2 0.063 rad/s?
Van téc goc cuakhau3 s 0.235rad/s  Gia tdc goc ciia khau 3 es  -0.074 rad/s?
Van toc goc cia khau4 s 0.093rad/s  Gia toc goc cua khau 4 €4 -0.011 rad/s?
Van tdc cta con trugt VE -0.066 m/s  Gia tdc cua con truot WE 0.045 m/s?

Nhu vay, dbi voi cac bai toan di tim dic trung dong hoc clia cac co cu dang thanh
truyén noéi riéng, cac bai toan khac trong mon hoc nguyén 1y may néi chung, viéc xay dung
bai toan trong moi trudng MathCAD tao cho ngudi ding dé dang thiét 1ap hon, cac cong
thirc truc quan hon, thao tac don gian, Kkét qua dat duogc lai nhanh chong. Ngoai ra, voi viéc
thay ddi cac thong sb dau vao khac nhau, ngudi dung cling nhanh chéng thu dugc két qua
mong mudn. Cac két qua trong méi truong Mathcad déu c6 thé luu duoc dudi dang WORD,
diéu nay s& mang lai tién loi cho viéc luu trit bao céo.

Cudi cung, bén canh viéc tim ra cac dic trung dong hoc cia co cAu dang thanh
truyén néu trén, phan mém MathCAD con c6 thé mé phong duoc chuyén dong cia co cdu
bé'lng céch thiét 1ap cac budc nhu sau: Lap cac mang gia tri toa d cua cac diém O, A, B, C,
D, E trén co cAu da cho, sau d6 sur dung cac mang gia tri toa do trén dé v& co chu da cho nhu
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Hinh 1, tiép dén thyc hién mé phong chuyén dong bing chiic ning Animation trong
MathCAD, sau khi tinh toan thu dugc két qua nhu Hinh 8 thé hién.

[N Play Animation

4

L] |

Hinh 8. M6 phong chuyén dong cua co cdu dang thanh truyén.

Théng qua viéc mb phong chuyén dong ctia co cAu dang thanh truyén, nguoi thiét ké
ngoai viéc biét duge cac két qua dac trung dong hoc cua cac khau, con co6 thé quan sat dugc
qua trinh chuyén dong ciia chiing, diéu nay gitip cho ngudi thiét ké tiép can bai toan truc
quan sinh dong hon va viéc giai bai toan dang thanh truyén néi riéng, ciing nhu cac bai toan
trong mén hoc Nguyén 1y may néi chung sé& tré nén d& dang hon rat nhiéu.

4. KET LUAN

Viéc giai bai toan phan tich dong hoc cta co cdu l1a rit quan trong trong thiét ké
méy. Giai bai toan phan tich dong hoc co cau, cu thé 1a xac dinh cac dic trung dong hoc nhur
vi tri, van toc va gia tdc cac khau, cac diém trén khau la that su rat can thiét. Trong nghién
clru nay, nhom tac gia da d& xudt sir dung phan mém MathCAD dé giai bai toan dong hoc co
ciu dang thanh truyén. Két qua sau khi tinh toan trong phan mém da duoc xac dinh mot cach
nhanh chéng va chinh xdc so v&i gia tri tinh toan 1y thuyét. Bén canh d6, phin mém
MathCAD con cho phép tao cac dbi twong dong nhim mé phong co ciu chuyén dong, tir do
gitp cho ngudi thiét ké ciing nhu cac sinh vién Pai hoc, Cao déng c6 cai nhin truc quan hon
vé hoat dong ciia co cdu. Cudi cling, viéc ap dung phuong phap phan tich dong hoc nhu trén
c6 y nghia 16n trong tinh toan thiét ké ciing nhu giang day tai cac truong k¥ thuat.
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APPLYING MATHCAD SOFTWARE FOR DETERMINATING
KINETIC CHARACTERISTICS AND SIMULATING MOTION
OF BAR LINKAGE MECHANISMS

Nguyen Thai Duong, Dao Thanh Hung
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ABSTRACT

Determining the kinetic characteristics of bar linkage mechanism is based on a new method.
To determine the Kinetic characteristics, it is possible to use traditional methods such as analytic
methods, analytic graphics method, and vectorial graphics methods. This research proposes the
applied MathCAD software to simplify the kinetic analysis and rapidly determine Kinetic
characteristics of the bar linkage mechanisms such as position, velocity, and acceleration. At the same
time, the authors applied MathCAD software to simulate the motion of mechanism, simulating
represents the visualization of the motion of the mechanism. The results have a certain reference value
as a method for solving the bar linkage mechanisms.

Key words: Bar linkage mechanism, kinetic characteristics, design, simulation, MathCAD.
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