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Chapter 3
Kinematic Analysis of

Mechanisms
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3.1 Tasks and Methods of

Kinematic Analysis
AZ B ENEEIS RN, XK MR
BEHMENFRET, wEAEFNEEFR.

Task: to find positions, velocities and

accelerations or angular positions, angular
velocities and angular accelerations

Position: to determine whether all links will
interfere(F;%) with each other,to find locus(%ii)
Velocity: to calculate the stored kinetic
energy(zgE) or power(Ih1%) P.

Acc.: To calculate the dynamic forces

il P“'f_—.-___.__

I “ﬁ- —
i “‘m t -

-~

-mM@ fé i
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Instant(B5BHY) centre method for
velocity

<I§I>Vector(§E%) equation method

¥+ graphical method (Blfi#%): EW, BELS

analytical method (##47:%) - FEE S, THE I
¥+ experimental method (S2383%) : EEITIAVL
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3.2 Velocity Analysis by the
Method of instant Centres

3.2.1 Definition of the Instant Centre

K248 3 F 55— I§JI12IS1 (BEE2$5R) EFEE
EE—BRET, ZEHIEE R BRGEE— JI‘ER‘I*%JJ:M
HEER), ZLMREERE LD (BRl)

instant center->P,,
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V aoa1 > M2 E BYA S /0T W45 1 _E BYA S B9 FE
IR, Vaa1-LAP.Vpyp,[E13H
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Suppose that the
positions of

points A and B, Vaoat
the directions of . —
Va2a1 and Viop,
are known. B

|

AJIBIT Vaza1,
VBZBlskP1 285,

AR o

3 L4
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Vo0 LAP. Vgop, LBP.

J

instant center->P,,
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One of bodies is static>absolute |'nstant center

Both of them are moving->relative instant center




Attention:

instant center
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¥ a pair of coincident(Z4) points, the
absolute(4%}) velocities of which are the
same, in both magnitude(:X/]\) and direction.

A/ HERF LI R,

EHNESR -

<0> relative veIOC|ty IS zero.

a4 _E

ETHNEER

: gt e
I “ﬂ- e
[t “‘m ',‘-_' A 2

-~

S *«*v’ﬁr“*@ % '-“ﬁ’*'% G
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3.2.2 Number of Instant Centers of a Mechanism

= X E R EERA G Z B8 — 1B

k(k=1)  k(k-1)
o2

N=C; =

k—number of links including the frame

——

s m il e ool

. §¢.
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3.2.3 Location of the Instant Center of two links
connected by a kinematic pair

(1) Revolute Pair

ErmtER B, MEFEE .03
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(2) Sliding Pair

Instant center:lies at infinity in either direction
Perpendicular to the guide-way.

Attention: The common

normal(2A7%£4:) may pass
through any point !
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(4)Higher Pair :rolling & sliding Pair

Instant center—lies somewhere on the
common normal (2A%%k) through the pomt
of contact

I-""‘_!-I._ — 275
I “ﬁ‘ e
s e ’ -

‘-"-wﬁr"'ﬂ%i fé Blake.
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3.2.4 Theorem of Three Centres ronhold-
Kennedy Theorem)

Any three
links have three
instant centers.

They must lie
on a straight line

S

b _ e
G . e e R
- i' g m. -—ﬂ X i
5 . =iy e

- e o
ol fh el e
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3.2.5 Applications of Instant Centers

Examplel: Locate all instant centers for the
revolute four-bar linkage.

(1) locate all instant centers for the mechanism
(2) find the ratio w,/®,
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Solution:

Nanjing University of Science and Technology

(1) locate all instant centers

K=%N(N—1)z%><4x(4—1):6

Find: P12\ P23\ P34$HP14;

BHEAR= /10T H:

Py, Py
Py, Piy, ~
Py, Py

P4
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(2) find the ratio w,/w,

P Rtk 2 7444898 BRI, V@I"Jﬁ:
TP, AN BHEFNAXRE, B):

Vpy = IP12P24 Wy = ZP14P24 Wy

iy = 0y | 0y = IP14P24 /IPIZP24

P24EP12\ P14E"J “._wl\“; wzifﬂwﬂ’v'ﬁ*ﬁ .
P24EP12\ P14Z|E_.| wz*u w4ﬁh*ﬁ&

I ;lnn"i; e
. [¥ “‘m .c._".-‘-' -
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Example2:For the following Slider-Crank

Mechanism, Given: l,g lgco, P, W,
@ locate all instant centers for the mechanism ;

@the velocity of follower link3 V;
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SOI“tion: ‘E ﬁjnﬁnifﬁ;%nnummg
(1) Find Instant centerP;

(2) Determine V;

Vs = VP13 - @, .lP13P14

| Py

pay

ETMN.kaoyancas.net
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Example3

In the cam mechanism as shown in the
following fig. the cam2 rotates anti-clockwise
at a constant speed m, Determine the velocity
of the follower2 for the position shown.
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W
¥l s
: B)) bFiEaXF
Solution: &)y PER2RF
L “'-",_u_ - % Nanjing University of Science and Technology

(1) Find Instant center P,;

PsNTEPy, PisHIELZ B~ o

23

(2) Determine V;
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3.2.6 Advantages and D|sadvantages of
the Method of Instant Centers

vA¢ - - -
%% Excellent tool in simple mechanisms.

J¢ difficult to find Instant Center in a complex
mechanism

vAv . - - -
%% it can not be used in acceleration analysis.

s “ﬂ‘ el
"_ ’ -




www . kaoyancas . net

> T LR 32 3 23T B AE X 2 30 B A
fiRE:

P& ERE R ZE R XHZE3)
, FFH— & B RAE , M SR 15
ERFRREE. IEREBRAEE. AMNERE.

Y g3, mxtzsEE
© W{&RIFHIZE3)
Ni& (F1E) BIFHIE3) 57 B ARANE3):
(1) FEERHIFE  (2) SRR

Wik N AE— R EIE 3 ] o RN RE 2 R P S M SR8 SO

www . kaoyancas.net



www . kaoyancas . net

| — 4 LRI R AFIB,

- _ n [
Ap =a,  +ap, =a,tap, +tAp,

= (l::l: y
’ VBA=IAB(’O’ I

| veaTH: LAB, JfolH. 0

X
—f

a“BAE(]jiﬁ: B_’Ao

atBA=lABOL ’

. atBAﬁgﬁﬁ sl BT 4] o




www . kaoyancas . net

—. EE—t L RERRERMREORE (BA%)
B RENFHRETKE, B, 0.«
K: Vp.ac.ag

B 1. HpLEE
125 5E bR IR, e BE HIH 2




2. HEERBEMAEE
(1) KRCA:

B— &5, C— 314

— B
Ve = Vp + Vp

(O \\
1‘\ \1\ 81

J#iF: LCD  LAB  LBC

www . kaoyancas . net

K/h: 2 [\p®; ? 4
vk BUEFELBIR b, EHEEE
Ve =, - pe

Wy =Vep Hep :ﬂvE/ICB (N)

w3 =V, !Hep :,UVE”CD )

www . kaoyancas.net




(2) REA:
B— 5, E— 3K

Vg = Vgt Vgp
HmF: ? LAB 1EB

AN ? L4 W1 lgg W2

1 Ep-be &AL E, T &b

1/|5be= VEB/m,,, ?%e){—i’ I)-I\IJ:
VE = Hy - P

P-bec EEZ L
P— EERA

www . kaoyancas . net
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, Abcefll ABCE

ML, HA=f ]ﬁﬁa FE}tbcefIBCE

RIRFFHERE, 394
BCE E,JJEFF?/@

EERBRI AL

A R BEERS, W2 B H AT
REEE A R ER RS M B FEARL

R R B SK

EE: BEREPAER

125 Ko
(2) FEREELIAIEA

A4, BlEbeeN

= E%n—%ﬁﬁt

A4S Il e AL O o

1: PR, Rz ¢

Pk E R AR A
S TP SRS TR RERR S, 1 Bl PR
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dce=4ap T dcp
a * = ay + ap + ac;+ ag
J#iE: C—-D L1CD B-A LBA C—B LCB

KDz Aepog? 7 (Lepes) lp®,> l18&, leg®? 7 (Icpey)

&y =abp g =p,c"c' /10 (N)

&3 = aé [ep = My GuGadlen feo )
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Va
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7 1. 2N 1] B
2. EESHT
B3 — 3, BH2 —FSER

Vs = Vg T Vpspo
5H: LCB 1AB //Cx

KD 2 (Iepwy) Lo, ?

B 18 D0 E LU AR R, T B

@y =g Mg =, pby /g (v) D
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— n t . k -
Ap, = aB3 + aB3 o aBz T aB3Bz + aB3Bz

g 7 Lip®1® 200,Vp3p,
= BN a kg, KIS ]«

(RK/D: a Kp3B2=20.V, =2, Vg3p;>

Wr,=W33
J Il AR RV, =V, 5 H
TR IEEIEAE 0,=0;/
75 A5t 90° B AHE
\ JREE R 9] .

a,=ay /1l =pbb /1,
WwWw . kaoya(«sz{s .)1et
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§2-4 ARERNANNVE. EEMMERE (E)

RV ER—HARELIAK, FHEHEENR
SHREE:. RAWMNHARELTEN, BRRETEN
43BN B 5L i) B A A b R EUVEERE

FRA: RENEBERRE:

_>_ l@ _ o« @ _ .
a=ae’” =a(cosp+ising)=a, +ia,

CRSHKDHAN LLLL, 0,0, »

K: 0,,0,,0,,0,,8,,8,
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A 1.

BHRETTF
il +i2 - i4 +i3
PLE B ARR:

[e" +1e" =1, +1e" ()

K 1 B FT--
[,(cosp, +ising, )+, (cosp, +ismp,) =1, +1,(cos@, +ismn@,)
BEFER: [ sing, +1,sin @, =1, sin @,

[,cosp,+1,cosp, =1, +1, cos @,

www . kaoyancas.net
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wyfemn. P27 /(@)
;= f(9))

2 EESH: B (a) HEEORIR/: [+ =1, +1e"”

liwe" +Liow,e"” =Liwe” (b)

WHEO,, Wil e_i%'f%:
S H(P1=92) S i(P2=0y) 5 i(P3-02)
Lwie™" " +Lw,ie"” " =Lwie "

EtZEIZiti"'ﬁatffx:;ggia::’ :EB(;éi;?%{iﬂﬂﬂigﬁﬁ, 123‘:

. [, sin(p, —,)
'L sin(e, —@,)

0, =

www . kaoyancas.net
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0, = LSNP0 BN ERTER AT,
Lsin(o, —p,)  EBEARERIRETE .

3. MEE ST

(b)) MEEIKRF. lLioe” +Liv,e” =Line”

FEATAE I PIE AL AP R RNMA, BEEFH.

o o i a
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¥+ The definition of Instant center

3¢ How to locate the instant center in the
mechanism

ié} Velocity analysis by the method of instant
center

SR TR BN ERE AT TE B 5 47
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T o SRR
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Homework

1. Read book p26-31.
2. Exercise p39,3-2:Fig3-11:c),d),e).
5p32: &i2-1(a),(e)

5p32: dH2-2
%p33:
%p34:
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2. YA BRI
3. a5 AL
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5. EEE&;z;
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2. BRI RN, ﬁl?l\ﬁ/]ﬁ%l_fhw —IOs , R=50mm,
[,7=20mm, {>K= d=0° > 90° HT R A2 v




1 (g 5
3. BN, L. . %MJBM'wﬂESZ?*%‘WWW
£ 175 L T BE, SURIO B, Bb4%0 T 551 RIS SAY), 65T
ETHD L. SHR 2 BIVE4iEsh . 3 3 B B o v mfh 5 HAR 1
S o e

_._c v -'
i .‘ -




4. 7B KA LA

x=400mm, y =200mm, [/, ;=/=100mm, /5 =l;;=S00mm,
l.p=300mm, [/, ;=400mm, [/, ;=685mm, ,=45° , ® =30rad/s

WA, R 0 €40
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5 EUREIHARRE SN,  1,z=30mm, [,~100mm,
li,p=50mm, [,.=40mm, =45° , FEHEE « =10rad/s,

RAE DR ERINEE, FF3 F) A 3 AT A NI
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6. EI/NIEsZHLAY, mi1KEE,=0.05m, ﬁaij“ @ ,=20rad/s
CHEHD , o HE %&ﬂ%ﬁ&%ﬁﬁﬂﬁf =45° I
SFH3NEZ v, 5 IEEas.




7. BN, 251,=70mm, [,;=40mm, [,;=70mm,
lp=35mm, [.,=75mm, [,=50mm, =60° , FJ{F1LLASE M
@, =10rad/sI I £ 5 [ % 21, R A C 1 T AR AT %
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