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Modeling of 2D Joints Using Contact

Hyung Suk Han® , Tae Won Park™”

ABSTRACT

In this paper, modeling methods for 2D joints are proposed. Earlier methods for modeling 2D joints that
use geometric relationships may not consider irregularities or dynamic effects of joints. In any case, it is
important to consider irregularities or dynamic effects. To consider those, methods that use dynamic con-
tacts are proposed. With the method, 2D joints that have irregularities or dynamic effects may be modeled
and analyzed. 2D joints that are developed are revolute, translational, gear and point-follower joint.

Key Words: 2D Joints(23-9 ZE), Irregularities(B73A]). Dynamic Contact(F3 H&),
2D Joint Modeling(23H¢ 291E 2€7)), Revolute Joint(#H F91E), Translational Joint (82 =E),
Gear Joint(7]] 291E), Point-Follower Joint(d-&57} £ E)
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Fig.1 Point-line contact
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§=(R +R,)- ‘R' (convex arc)

d= (lfl' + R,)- R, (concave arc)

Fig.2(a) Point-convex arc contact
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Fig.2(b) Point-concave arc contact
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2. 180X o} 22 Wil o5t HZo] WHHT 19|
GE A& g2 ALl At HF A S HelMe
2% (normal force)# #H&3 (frictional force)2Z
v 4 Ao

2.2.1 3¢

HZo| gojydtin BAEY #AH-g Aty 55 .
g2 AR B Fol e HYE 5 sl

Wl 1) A8 2= 8-2+47) (Linear spring-damper)
7V e g Addos Ay Az -2k0e) @ A
Ahe 2(3)3} o] Astgt. @

F, =kd +cb
714

&)

k :linear spring constant
c:linear damping coefficient

Hy 2) ¥lAY AxH-7+2]7] (Nonlinear spring-
damper)
AY 2xg-2447] 3 A4t e A4 2
] 8,6 o W vAY TN £AHE AL

Hygoz

- 0=

F, = C,(8)+ G, (3)
4714

C,(8) : nonlinear spring force

)

Cz(é):nonlinear damping force

i 3) B A bk 4 (Flastic modulus- resti-

tution coefficient)
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B H-4 Fold R, = o|BZ c=1/R, 7} Ho}.
222 F4 A4 (nominal stiffness constant)
K orm & 21 (6) 3} Zo] A 2HgT}

K porm = 0.733E[1/¢ (6)

4(6)AAN EE BAAFol 4A ZFA4S (actual
stiffness constant)= &3 72445 g=ad 2(7)
=} g

(M

1-C? v,
Kot = K porm [l + (1 " g’z) tanh(Z.ST;i)

£
4714
C, : cofficient of restitution
V, : penetration velocity

P
V, : transition velocity

AAH o2 4A¥ F & 5% (penetration) ¢
Kool S22 (8)2} Zo] A4tgil,

Fy= 5,0 ®

act
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o,

Ff = :uactFn (10)
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v
Mg = Mo tanh(2.5—L)
Ve

V. : tangential velocity between a point and a line
Mo © ROMinal friction coefficient
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3. 2D =2lE B3
249A AFT FEE o83 2794 2AEY FHA
ZJE, 33 FAE 7o) 2AE H-FER ZUEF

< EdFSA.

3.1 3™ =¢E(Revolute joint)
HA ZAEE F EA & HelA ZAF FAo

2 33 ZEY F4L pol# P= & i BlA9 P,
o B4 j3e P7t dAsoF g, o] A& 4113
go] FAFezN A 2UEE F9T 5 Y.

n+5P-5P-F =0 (11)

Fig.3(a)st 22 o339 3d ZAEE HFL %
3k Fig.3(b) ¢ Zo] RdYsAch. Fig.3(b)dA X
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g F JA Bt e R Fo] 2o WA Fe E

TF o] }HQ 29Ed &7 9o} gz A
ZREY =2 8o aN 139 o3 ZHE 4
& 5 A 2t dARA 48 J)7el F sy
Fig.d= 438 71794 24 (body) 13 EH. 29 3)4A
ZRAEE FEF A IR U} IR 2UAE
2 ¢ = 0.05mm= 9D EHES Aue o= 7
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Fig.3(a) Geometric revolute joint

Pin body
0

Hole body

0]

Fig.3(b) Contact revolute joint

Table 1 Specifications of the 4 bar linkage

Bodies Properties Valyes
Link length(mm) 100
Body 1 Mass(kg) 0.1
Inertia(kg-mm®) 90
Link length(mm) 200
Body2 Mass(kg) 04
Inertia(kg-mm®) 300
Body 3 Mass(kg) 2

9%

Body 2

w=27 rad/sec Body 3

Fig.4 4 bar linkage

AE g9 A% Py 3)E ol g3k} W3 go
g AEe] Table 291 Fo1A glen o] A4EL i)
RE ZQEE FBA & o &85}, Fig4d 42 7|7
of & AxzA 24 39 £%7} Fighdl veht gldt,
Fig 504 o] o] 32Q A 2QES 2dYs) A&
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e}, Fig.5olA A4e BA 13 24jole] 3)A FIEE
o 4AQ A 2IUE = J)siety 29ER Rdyd AS
9] Zgolm HAL HES o)4F HA FUYES] Zo)
ot} AN &7t 84 Wiks RN HEE o438
ZEE o33 Ao 7134 25k of7te] Wo] A
e Ag & 5 vk ol9} Zo| ndshd HA zEs}
e T 2R H8E <+ g

Table 2 Constants for contacts

Constants Values
Young’s modulus(Pa) 200G
Friction coefficient 02

Restitution coefficient 09

Velocily{cmisec)

Time(sec)

Fig.h Velocity of body 3
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3.2 HF =2lE(Translational joint)

B2 ZAEE F EAL 35 Q3N Addez
HALES e RUER Pig6(a)st 2o Al
FHdo] grke 2719 WA 52 e 2L 4oz
EEE 2 (12)9 2. o449 ¥A XAEE
Fig.6(b)o Zo] 3-H HEE o] 43t Rl stPrt,

X

Fig.6(b) Contact translational joint

9~ 9; -9 -4j)=0
Afd =0

(12)
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¢! :initial rotation angle of body i

¢? s initial rotation angle of body j

Fig.6(b)oIA B0l €4 iw F-H A% Ho2 &
A je ol 2AE teeef A AE Aes BYY
4 Atk 84 j o 2AHE HER /HEY] WE
o LAt A71A Hed AEe WAEE A 4 &
F5 27t € Aolnt. AARA Figddl 44 B3
o] 24 3% BA 4 Ateld] W 2AEE Fig.6(b)%
2L A5 W 2EZ QAU 5 ¢ = I mmE
siia B4 15 4 29 34 2AEE o|¥FY 29
EZ 5Qch 34 23 8739 S QoA 7189
zQES] ATet HEE o]4F ZAEY Aol7t A7
HEd 7M4=E Fig.79 vERISIT. Fig. 794 & ¢
Axol EA3Y FMEEE HEE o849 B RUES
A3} o 3A] 2ABAAY g3t Ael7t vhe A2 &
F vt ARF e o] gl B 2UAEE HHE
et

300
200

100

~100
~200
~300 I

—a00 Contagt joint
~500
~6&00

Acceleration{cmisec ™ 2)

Tima(sec)

Fig.7 Acceleration of body 3

3.3 71o(Gear joint)

o] AA ¢l 29 7ol Fig.8(a)sh Ze] FAIE = Y=
T BYEyda 5% Ay njnId e dojvA @
tth A7t FEH R ROl e TYEES VA
of ¥}, o] & Aoz FHIW 4(13)9 Zo] A} 1
Hu} of B2 E 7ode o5 &g EHE 2T
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A, A4 (backlash) 52 28 E 4 v}
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(@ —00)p; +(b; ~9))p; =0 (13)
3714

¢? :initial rotation angle of body i

¢} :initial rotation angle of body j

Fig 8(b)= A-% HEE of&¢ a%7|o] ] 243
& 2oz it

Fig.8(a) Geometric gear joint

Follower gear

()

Driver gear

(i)

Fig.8(b) Contact gear joint

297191 guta ez A¥LE (involute) XBE &
i e FL Jlofd JoMe AEFE N¥L T
(arc) Yo 2 A r & 232 /PAA ger},
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A7 € wel ¥Age 2719 AL $& Adaid o
& dAE 437 et AT e 2 & ol o
ated A £ 120, ¥R E2 0.005mme.2 AHsigct.
Al 2A Fig.99 22 7o} G dde 4% 533}
At Fig.99) 7191ge] t3 Al%¥o] Table 3¢ Fo|A
ik,

Gear 1

w=140rad/sec

Fig.9 A gear train

Table 3 Specification of the gear train

s Gear ] Gear 2 Gear 3 Gear 4
g
FIES 20 35 100 35 100 98
PLCD 3 14 40 14 40 39.2
2E 04 04 0.4 04 04 04
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Fig.10 A gear with shape error

of 71o] GollHg 7E& 79 10] &R w=140
rad/sec® A% £E9 ALL 7] 1-7]0] 27
o] 3—7]0] 4 ¢e|t}. o] 7o} deoj W 4 FHL 7
o] 47} 24 2AE 714 W) 7]o] 49 A LAE X
e Aotk o3 #Aes] Aete] 7)o 49 FFo
Fig.107} 2] Ago] oz A Fgoz 25U
VA8 . Fig.10914 6=0.018mm% 7 $- &4}
Aot ¥A Fig.ll(a)e BE 7]ol7} o[ 4l FAL
T e Afe g 038 BoF itk o]3H H

0.008 =
0.005 |-
0.004
0.002

4]
~0 002
~0.004
-0.008

=0.008
0.0005 00405 0.0805 0.1206 01605 ©.2005 0.2405 0.2805
Time(sec)

Eirce{degren}

Fig.11(a) Errors of the gear train without shape error

0.06 -

0,04 fil

0.02

—0.02

Error{angla)
-]

—0.04

=0.06 & o
0 0102039040506070809 1 111213141516
Time(sec)

Fig.11(b) Errors of the gear train with shape error
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3.4 H-&8Al Z2IE (Point-follower joint)

A-F%A FQE7} Fig.12(a) Vet gle}. A-F
2 ZEE Fig. 12(a)9)A 9} 2o} 25 19 354 H
o] 4 j 49 E(slot)& W PlmeAe 5 s
ZQlEo[t}, o} Zo] FAN T& e} vnHAe ¥
B2 p&40E TS 4 (14 )9 2o}

xf —(x; - &F cos 9, -nysing;)=0 4
¥y —(y; - & sin ¢; +nf cosg;) =0

7] A
&P = scosf
n¥ = ssinf
~P
5= lsi ,

B jAe e gutdloz fo) g4z Fog + gl
o 28d 744 (1492 o] e 943 398
F gon 3 3 Atele] EAE 13E 5 fvh £%
29 Zio] EReAY 2-& BA H-F5A 2AES}
A7) FelHE HE 7oA Rz A4t gk el
HA-2EA ZQE QAT F-4, F-T &L o4
gl AP 5 vk F B4 9 & FEFRd A
o2 7tk 84 jof F& vl Mol 32 FA%
A g Fig.12(b)9 A&% o] 43 A-T5x 299
< BojFa g} o] ey E o) 439 J5EH 2
EdA a2 & 99 T B4 F9 B, 54
3 5€ 12E 5 g Bito] ohlg} Fe Fao] B
FAY o8 A ddBE ¥l et dAz
Fig.13% 2] VTR Decke]| Z¢] o| &5« 7| F+& &4
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Fig.12(a) Geometric point-follower joint

——

Fig.12(b) Contact point-follower joint
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ﬁ\#-_-o.s ’

w=2.1rad/sec

e

Fig.13 A VTR Deck mechanism

g,
ontact joint
Gaomoetric Join

Time(sec)

Fig.14 Position of the VTR Deck mechanism
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