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Grephics-Oriented CAD Development of Kinematic Anslysis And Simwlation of An
Automstic Feeding System By A Curvilinear inverse Cam. Part I: Motion

Analysis of A Cam-Feeding System

Joong-ho Shin, Changsoo Rho, Younghyuw Choi; Young-Jin Chei;

KIMM , Changwon;

ABSTRACT

This paper 1s concerned on kinematic analysis sand
simulation of an automatic feeding mechanism subjected
by the motion of & curvilinear inverse cam. The
cervilinear cam is rotated by positioning a
translating roller and the automatic feeding mechanism
1s moved to the sliding position by the motion of s
campin fixed on the curvilinear cam. The curvilinear
cam consists of two arcs of circles and two straight
lines. The modalar approach is used for the kinematic
analysis of the feeding mechanism.

As the first part of the paper for the wmotion
simulation of the cam-feeding systenm, this paper
discusses the algorithm to simulate the motion of the
cam-feeding mechanism. The second part of the paper
presents the state-of-art for the graphics-oriented
CAD technique
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Fig. 1 Geomstric Model of cam-feeding system



A A9 &35

Fig.29% o] Rg#zk A4 A% yAeWA X&
A4& et &3 W, A4 g9 Ay 0= AP
2&97 &3d g Ldg Ao A48 $2%4
1go] 8¢E ANs:= AH st & 2gar
5% wet S3Ydul, YH AY $£E& Fig28 Lz
024 EAY £ vk 499 HH B L x,y9)
B2 &3 o] Ea] B

f(x,y) =ax+bytc=20 (n
o) & L, 84 ¥4 NGy,

f(L,8) = alcos® + bLsin® + ¢ = 0 (2)
(DA elH LE 2gae] AHfUR A Foja)v), a,b,cE
A gtelng A0 A4y 8 UgF Yo

Big [ A+t B-
8= 2tan (— 2 ) (3)
C-A
A7} A = a.L
B=bLl
C=c
g'= 1l

220% WHAH A L A7 44 Aol 2 2 g
dehus, 4R £F BAAH YA H2§ A9¢ 4
b (@) A& 12 @ 220 wesw 4 %9
31458 27 78 + A% 3,

. cl.
8= - (4)
L~ (a-sinB - b-cosB)
. of - cd® 218
8=- - t (5)
L.(a-8inB8 - b.cosB) L
Y
=0
X
Fig. 2 Straight lined cem
2) 49 A9 &3

Fig. 33 2& 4% 49 £3% 44 29 299 §4
¢ gYer 2¢ 5 Ao 8 YVAL H&H Yo

gL = -t + (v - d =0 (6)
)4 & L, 89 $42 wasiw,
g(L,8) = 2LU-cosB + 2LV-5in@ + R - -1*-v?
= D-cos® + E-sind + F = 0 ™

265

4714 D = 2LU
LV
F=R-1-p*- v
(Nyoane AY A 34, 0%,

—E+G‘/D t B B2

8= -2-tan { o } (8)
F-D
o7} A 0O=11
2459 Fre4E 6,8 &;
. l:-(L - Vsin® - UcosB)
B = o &)}
L(Usin@ - VcosB)
L(L UeeusB Ysin®) + 2LB(UslnB~VcosG)
“ (UcosB + VsinB) + [*
0 = - (18
L- ( Usin® - VcosB )
Y
<AM
ROLLER\ R
N .
L (J“v/
O e \/ -
Fig. 3 Circular cam
2.3 9 99 &3

Fig. 4o B wis} o] Ahely A Wrzlg
L1g o ystn, A9 &5 444 0,6,0 2ego
A Vo] AHE ¢ 5 glovi, o]F vj¥sted AW
9% 7t4xF .

A WY X% 9 VS Abe W4

Px = L1-cos@®

Py = Li-sin8 (11)
A Y 4% ;

l:’x = —Ll.ésinﬂ

Py = Ll1-Bcosd (12)
a ¥ 4

Bx = -L1-Bcos8 - L1 Bsing

Py = -L1.¥s1n8 + L1-8cos8 (18)



2.4 27 ohgks &%

25 ojgte] $EL A 9 A W &F o8Ry
%4 U2 ol £F& UANE & FHo=
AN 4e] gJev g, Fig.59 Yol AP/ AdE
A4 27 oj¢hs] RYolng

Px = L1-cosB = Xc + L2.cosg

Py = L1-sinf = Yc + L2-sing (14)

(HHoz Hy 27 ofeke] AW 2 WA § =

$ = tan'{ (Py - Ye) / (Px - X¢) | (185)

el & ol &3 L2 &

L2 = /(Py - Yef + (Px - Xcf (16)

(10N & 12 9 22 w)2ehod elopd, £ o
N 4% g 7 hs%9, Yol AY L2, 2@ F Y4
sith.

;'g:l,l-é-cns(j—e) /12 an

2= L1-8-sin (§ - )

3 =t cos(d -8) +L18 sin(g -8) -2l2f} / L2
18
L2 = -Liblcos(g ) 1L stn(p -8) + Lof°

2.5 slolejy &3

Holel9) £F& 2 o8] &F & olfstd 7R 4

Ak Fig.6odA Hole9] $2) Ox, Oy v} Lo}
EA| g}

Qx = Xc + Lx (19)

Qy = Yo + Lx-tan f
(INHNozRe goleg] 45y sl&x:

61 =0

dy = Lx. grcos ¢ (20)

ﬁx =0

ﬁy = Lx-(? +2}‘- tang )/coaf (21)
2.8 2§49 &34

2 I EEMYHY Y delely =g 99
+ZU5E Fig. 74 o] Agsidcd. =2ga: a2
AHeda 1.6 A2)(inch) Wl A FYstd,

0.158 RE <k 1000 in/sec 0% Jp& s WA, 13.982202)
AGAA] Ptk o)u) £33 wgY o] Lo
2&ee A2 A2z £ g FAAY e

24564 in/sec ojv}, 27] §a1AR A= Pl
A& 0.1 Rojrh.  =Ziel 0.268 28 Fr)e 1N
AP& wR e

266

Plpy.Py)
Ll

CAM-PIN

\

. CAM
8.8,8 x

Fig. 4 Cam-pin on the cam

© CAM-PIN
L1 L2
P
o)
tp, L
CAM ROCKER-ARM 6.8, 3
0,68 02 .~ X
Xc
Fig. 5 cem and rocker-arm
Y
[s]
/ .
N ROCKER-ARM 2y
KC
- S
LX t
FEEDER
Qx

Fig. 6 Rocker-arm and feeder

8. @AMy

TANYAHE Fig 87 Ao Bg 4T AN PHow
2Ysid =gusidch. cAdel 4 19 SEA4
#4& g g WA A 0 Y yyPos
2y, 2 YPLY FAL Sga AANAEY A D
&g 0179 we 73 0% 2ET AF HLHEE
sob ¥k A 194 YW ABANY AlE
Ligt 59, =27 APoAA Li ¢g X& g wot
£AYv AL 6@ HuNA Weh Fig 89 s|oey
BAZNY 22 394 G & & Y



L {inches)
. | 81 = ten' (Xi/Yi) , i=1-n (22)
(a) Displacement

t ' 93 2455 AresE 4EY WU Ay (contral
difference predictor)& o] #-8tof v}2 34 Ao] F v},

13.982

- 2
L=500e 4150\ (21248, 2(t-0.258)2+1.5

[ B1 = (Bivt - 814 )/2Dt (28)
vsde N Bi = (Bj~201 + 81) /Dt (24)
: Pl ot Hae aauyodd ol4s YRYE Folr HAelA: eH
i' (inch/sec) ’Q’Q "Pi 3}"] “’4‘3’ %D}.

(b) Velocity

0.358 ?
tl(sec)
CAM
L=2496.4(t~0.258)
{ L n-1 I
-249.64 i iel
» 1 X, T~ NODES
L (inch/sec?) - eA w‘ o
°f 1 2 3 [
(c) Acceleration
'2496. 4
1000 N !
[ 8 Discrete cam model
5 0,18 0.758 tlsec) Fig.
Fig. 7 Disgrams of roller motion
. CAM ANGLE (DEG) S. TIME et FEEDER -PIN DISP. US. TIFE
-9
2 4
3.4 - & “? (a) Linear displscement g
o H ‘;‘_
3 -5 R Z 93 4
RERTR ) 7 &
2 oa 4
-3t () Displacement b L
e J R S _
R X3 e 1.5 2.9 2 )‘ print 3% Ty 1e 1S 2.0 £x) 3.exist
TItE ($SEC) TIME (SECY
e CAM ANG. VEL. US. TIME R FEEDER VELOCITY US. TIME
- ta1e
e
1
sk ] ask
A1 -
g sal (b) Velocity ] 2 .
%L ] g
é q. 4 a5 -
X -yl :1 L .
el
14l 1 ~tat- (h) Linesr velocity B
4.9k
S5 55 Oy 3 EXY 2s Toenet s I3 ) IR 39 25 3.exte7L
) TIME (SEC) . TIE (SE¢)
N . VEEL SHG. ACC . US. TIME onre? FEEDER ACCELERATION US. TIME
T.aNy
4. — Lol + ’
— i — all N ‘. .
a0 (c) Accelerstion I &2 ™ T
R i T W e +
g 3.af - - P
< [ (- n % -g.0f- P ~
3o il A L -
£ o > i e s G -goef Lo N
-1.9 | | ! - ~3.8f- -1
.,..,tg L\: 1 -1al (¢) Linear sccelation \; |
-3.4 -1 -
g X3 T 15 Ex 2.5 3oaviat ie L 1.9 ) 1% e 2.5 3exe™
- TIME [SER) TIME (5EC)

Fig. 10 Diagrams of feeder motion
Fig. 9 Diagrams of cam motion

267



4 a4 2%

4 AASE AF =5 oy FAY, FeE,
374450 A¥ % sojvis] W4, &%,7l4 =
Solglth. ol 4 AAF Fig.95 Fig 10 ol & 3 3
slojvie) £5 o4 A& vedoh. Fig. 9 9 Fig. 10
of 437 Fo #218] A FholH AL 154N 9 £
7ty §eio) 459} s&xel 9 ) 2 2044 49
27 244Est 2 &xo WY} ¢AUY. ok
Hovie) ¥ LPelHY W4, 4% W HEEAE 4%
e Wslrl WAEE RolFv, a9 N2 A4
sjojtix -0.656(inches) of H2i8hel, 29| A o %
anm sjo] Y 2.042(inches) 72| o|EWE Mo

5. 4 &

B =FofH 24 o4 B (curvilinear inverse cem)
& oY% AF o 7Ty ¥ Mo B
Ao, &4 Fe PEL 44

1) 34 Yo o B34 49 o 99 & &,
49 4dvE o3 do 31!4# e, ¥
A AP, oo P4 4 A £E§&
4 A4 YL Al e

2) do ¥4 4 A% SN HPow P Y2,
Aey \‘»lSE]E___ (central difference predictor) &
AHdste] A & & FUNE 2AMEE A A

3 34 9 99 UL TH YUEF oL WA A
Eold 7179 54 35t A PYE AN sAc)

4) & dFAH ’!Al -3" 49 39 28§ Il
#a S4g3 gye ‘F’-‘4°§- 29 844 23 &
Xdsu, A 7]-1"3| ‘d AZ A% AFH AEeAelY
(computer simylation) o]} gE HHEd A
aAHeE €44 4+ Av

CRE
A49)
Fu¢

268



