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CHAPTER 1
12 o) This 15 @ founbar linkage | omd gl o
b) 'M-G*W\jwa.u. The ‘svipst  link :sfaﬂék._ drum shriken

C.} - Pin 1W
; %ﬁ& g - . - s L~

"3“\ Fonchion Stmho& c Tvpt hawdle moves outpet shear slider

b % S four-bar slider

7ryr7

L.y Q) Watt IT , the e 4«»»3 ks are ceuneAeJ-kfhf awd Q"""’W:} lwle 15 qroued
L) runchbv\ 3(.\(!0""*5'\. The fn‘)u“' anl o\ﬂf\y‘r Ilula_s are Pi“o\e& + Snﬂt( .

/.
5“3 Mokon 3gnu~4hon_ The .&Pd» (mk 15 ot a{gacewl' bo 3fbmc( . 4‘50‘ 1he orientating
o Hhe Window JWMS its mohow 15 of lnkn*, H west wmove 5"“‘“‘]"‘" ost

avey frou ‘the. Sl rSwr +can rotate + ifs Stual pesitvon.

L) —n\gvt are ( "V\LS and 7;: Pin jBM'S-

F- 361y -2(7) = 15- y=+]
Y Stepramson T, the +uo krn«v) linky ave wol adjacssd toeaksthor, Also the
groomd ik i< o h'vuwj connected 4o 4wo (—wa»-) links.
L6 Aw ad italle Sour bar |ink.3g
Fomchon qeneration. AH\mu}k-y\,_ ipot linkeis ~ot adjacent h'}mo\nA‘ﬂ«L spet lileis,

AIS" e Hask 13 4o wove e .gwl-ro“ Ik 4o a closed Post‘"‘hw when e ""P‘A liwk 1s
ovel,

Becaute He wtput link most be weved Sirct L larqer then simaller angles
Per tncremen of iupet rotation of fhe km&?c in orde~ to qrife the
wo'kfruc ?okk\j and -hcsd‘ a kk‘k Sfowce onf“ga‘quov\ between the
Vice yavss and the handle.
The $onchon o +he ng\,;“,\\ screud 1S wake the yke qrps 4 Le able 4o
damp the different size workpleces with GHmK?'«kl\ the same fone

Gwp | ifoetmn. T is (scated in He base livk | becae c_‘uwy'uf) +he ‘tv:)*k

of the base iuk s +he best ua) iw whid He force am‘if&iwﬁsd Can

L& k{P‘\’ qppmx“m{-dw ‘H\Q Same_ —gbr J,‘-’-(—w" Si{( uka:‘cag,

I- 7 Fogc}iov\ 3{»\(:@“0'\ , bO‘H\ -fkg l‘.‘Po"’ GNA oot fu‘ (N\L') Q&‘)i'\'\d hjfhi'\o\-

Becaxe +he oo‘\“Po‘\’ (ink wmost rette jua P-NS&"'L‘A "‘"“h"“”"'P N
Hhe inpot Ik



18 a

b, A path generator linkage

A 3 8 8) A function generator

4 _ input and output [inks are
1 pinned to 9round.



I @) A motion generator

6, Because a linkage can work in the adverse circumstances
C) Stability in running of ¢he car, since i/t guides the

wheels straight up and down as the car runs overan
uneven road.

LZ 2, A four bar linkage b) Function generation

The kinematic

diagram of
‘the linkage

Shown in
Fig. P/-1%

The kinematic diagram of

the linkage shown in Fig. P/-13
b) Slephensorn I

LH’ a) Erﬂg_ liv\kqse shown {wn F;} PLIS For the I;.\kcje shawm 1w F\'S. Plle
FUD'C*I'O“ SQanQLI'Qv\

b) F= 3(7-)-2(8) = +

9) Nene | the “Watson" 7-

Mo{'ioa 3ene_r¢Eiov\‘ _jcus mo\e ?va.((d
F=3(8-0-2(9) -1(2)= *I

bar y g Kinemee dingram & Fig, PLIb
' . 5 Nete Bt liks Saug(
k'menqh:_ are “*ern«w‘t!, ncu.:)q«-)
diaqram 8 1S wmoken I's to L
of F;3. PI.IS 1 Frevsuitied 4o linky Sawd 8.

Basic KMQ"\‘\'H‘— Chain
o$ Fig PLIG. “ys V3 fickicion &

Basic Kinematic Chain link

whick replaces licter .
5 7 o% E? PLIS s of  Pav chder 3""‘.._\:‘“‘- Ths fpolo ! "
e " Couyy
the " Watson T-bar o5 3 Concatomatel Watt T six- hfsl\?'“ kAS;
L5 @, 6 8 Grueblers eguation.
n=g
P=y/0

F= 3(8-7)~-2xs0
=/




/.15 b, By intuition:
links 1 through 4 form @ four-bar tinkage which has a

single degree of freedom. Once the input rotation of
link 2 /S S,oecif/ed, ¢he position of point 8 /s known
with respect to Ao, 8., C. and D.. 8¢C, and 8DD. form
¢wo "rigid * triangles respectively and ¢he mechanism

is entirely specified.

Harvey linkage v
Bjorklund linkage

6 n=7 n=g
P=8 P=y/
s=1 S=/
F=3(7-1)-2x8-1=/ F=3(9-0)-2x11-1={

C) Watt II; Motion generation.
117 Q, Stephenson I b, Molion generation

118 @) Watt I b) Function generation
C) Because greater angles of output oscillation are wantay
than possible with @ four-bar l(inkage, in order to get
complete agitation.

MY o Watt T 1)



1.20 a) I; the orcn chain retractor eﬂJi‘ are ﬂ%‘CGM *k& Kiv\euwhc Jl“‘o)fam \JO\)‘J be:

Joimk A isa screw Pair | 1 DOF
Joint B isa revolute pair, 1DoF

Due 4o the screw pair, this mechawsm cannet

Kine_m&,v.d.‘agm o% Fiey P1.30 be backdriven

DoF = 3(7“)- 2(8 = 2 This 1s qchm“\, a 2 dimension. linkage, 2:D
Joints distriboted i o 3D wmammer,

The 2 freedoms come g‘ow\us‘n.’ﬂu 2D Srisbler egustion in. 2/ D space.. One Sreed g

reflects the  juterndl Planar motion and the secedd s Snman out-c-plane. mokion.

b) C) Theve are no six-bov mechanisms 6 BKC of
W this 7-par “Wakson” {o‘Po\oSw’ “Watson"
7-bar
Raardless of whida links, eidher

lmkaje
lovy oreny others omsmwdei Note
) 'Huﬁk’_am oivd Am have beew
MQA 90‘ into :SRJC Pl:.\e LLB

L2l a) Function generation | input and evtput links are pinned to ground
b) Basic

Kinematic.
Kinematic  Chain of

d'-a am bg .F:&.PI.5| 2
[ R PLal . HSse
4 T‘\c r’“" link, ficticious [1nk meant €0 medel Hhe ;2. k.3|u\g_f
IS not counted pav SHAM‘] Jotnt between [1aks 2 and 3 or
Since it merely the roller lnk , whidk is suspesed 4o allew

Changes slidivq into arolls ink.
rol()nﬂ; motm3 ) "3 ka”‘ s‘ Jolu

C) Tkere. are 2 Wa‘K'I[ Six- bar 'n\tdges mdd&c{ ‘l’oscﬂ\cf Skonnjhv\ks 3 qa-\JS

<1) S(x (an& +hes ¢|3k‘( 'oclf') Iu\k m&lnmsvns u|‘\‘~ "\’(‘\Q w‘\&—ﬂ- hP°(°37 ““m"
'd"'je ootpt vk rotatton (Lere :%o) while preservivg SooA transmision

0"3\15 anud qood wotion characteristics in general.
.22 a) Thisqueskion Shrikesta hept o § how we ﬂm\,u. wobiple - (oinked (Mka.rs okt At Here h mo

deSincHve Fu’aN‘ o~ i Y""l""‘ T oold be etther a WART or SRP\U\W\K T uatt
eneys < ’("3‘* Jdre lecane i ‘(’\rd isof 2 Flarg, whick 15 what wesee ko

by F=33-- z(s) =42, rr.?u\vu\ %r a3jrhile wecamines

(/) Sfep / Step 2 Step 3

5




(2) TR

Liwks 5,7 Vand Il are the drive beks

o 9
3enerqf|ou ) F= SN\ _
Sk? 2: ,(°("'°"\3¢'€!‘¢‘-b\ 3(m ') Z(”)" +1
Sp3i Moton encrntion

1~2"I a} b) n=_§g
P=9
S5=2

F=3(8-1)-2x9-1¥2=/

n=10

p'=13
F'=3(0-1)-2x13=1
F'=F

125 @, Stephenson Il
b) The kinematic diagram /s drawn on next page.

t1) 7he range of rotation of the input link is 8.
(2) The linkage indeed does Ait the ink pad and produce
an approximate straight line, approaching to and

receding from the box.
6



c) ves.
Because it can Satisfy the reguirements of motion

with @ minimum number of links.

d) If |L3-L2]<(Sa,-0;)min, the range of rotation of the
input link would be changed. If 1£3-42]>(S54,-D,)min
the linkage would not hit the ink pad), (tonfd up.8)




where L3 and Lz are the lengths of tink 3 and link 2

respectively; ( Sy,.p;)min i5 the shortest distance
from the input pivot A, o the locus of Jgo/nt D
between the initial and final POSIitions.

1 2¢ a

b) A coupler is added between the cover and the Joggler,

a@nd the stop and spring2 gre removed.
C) For Fig P/-32 ( Part a)),

For the cover. n=2 P=/
F=3(2-1)-2x/
=/
For the joggler. n=4 p=3 S=/
F=3(4-1)-2x3~/ _
=2 (One of them is redundant)
For Fig P1-33 (Part b))
n=6 P=5 S§=2
F=3(6-1)-2x5-2
=3 (0ne of them is redundant)



1.26 d)

/
\ C\ \ .TOgglEf

Cover

F=3(/3-1)-2x16 ¢ H K QT

Rolling
contact

b n=7 P=g ¢
S=/ F=

3(7-1)-2x8-1=1

3(/0-1)-2x13=1"
F=F



b, For the original linkage.
n=4 pP=3 s§=2
F=3(4-1)-2x3-2={

For the lower pair eguivalent
linkage: n'=é p'=7
F'=3(6-1)-2x7=4 =F

1.30 a)

Kinematic dincram of Fiq. PLYY

b) F- 3(12-0) - 2(16) = 4
Link 2 ;cthe npet livk and finks 7 and I ore the ostpot, Nete that link Y
Shdes om lnk 1 this is ® wot ollew the dilador blades 4o be Sned a
G complete unit vk 5!‘&«»«75 moben while (h use. Nso. the slet in [k
Tis o allow (ks Sand 1 b collapse mh a swaller velowe | it is wnly «
leareuce slot | net an f, slide~ slot.

oIS Kl'vle.mtlv_ d'\‘r‘*‘ N b) Tlu.‘)o.‘-\{ between links 25 .4 26 isan
Fy. PLYS, £, sl.ﬂ:m) ot The flesible hase §0int Letwcen
ltis 22 aud 2¢ s meodelled ay qugl Piuju‘\d'.

YV E= 30840)- 2(3)- 1)) =42

ﬂe two inpuf.s are:
Link nowbers in —drive shaft 13, and

) %
(n® 13

25 () (6) these vted i~ couit
(1) lhakes.

8

16 B

. , , 6
n’7/ P'B, F=3(7“f)‘2x8=2-r
b) n:é, P"G; S=41 F=36-1)=2(c)=~I(1)) = 12
10



L33

a) Tu Wiy cose Fe2 and w=T siuce b
nuwm bery of liuks oud SOM&’S- Then:

2= 3(X—|) -2 % orr X=S§. Five Lhnr\) limksy and Five ", me‘k

-y chains are wmade op N qu.(

b\ From pert @] the auswer is S, “‘uw‘ rkisj&u us 8O (-\SISH- inte uk‘ Sis
He oswer wned (f i+ is fhe answer S all F=2 wechanios. The bina
Chainy ame Hee leqst comrkx mechanisms Tor auj J.uyu of Geddonn o.»dw“s
foond e 5 Linarics crented & 2 Dof wechanfon m pacta) se § s the cuwers

Y From 3-"6‘»\(/‘8 c1...l-.'on. V2= 30a-D)-2T  aud 4=3=5 is ot ellowel.

then! J= 3—%‘ - E and #and T must (e inteqers. TheveSore,

nvote Mt n .::!'_"- be odd ., ‘[L,_ nu{»au womber Her 5 s T S0
n=1 T=§

/.37 A 10tk 2 Def wmechawsm il all S»' joinks is i..\'ush'\k Soom rovt c-) ot
Poem .33

=) F=2_ -
ﬁsigned.. and n=1] Haen ;| = “ . “ JO\\-\'\‘ P.\fs st be ’MLASQ -

L) B\,h l,) ad c) bave. 2 amswers A*Mr’*) TIN et {-\)p( of "‘I‘°"§“ ave allowd.
This discosge m reguives rug&-‘*"} Aat T joinbs hanve_ 23 Jeiwt “‘“—S‘\-"“"‘
2 nades on 2 separcke haks ~ acte opone joint pair. The immedinie Solubm
Fo this probleas weud be b rexod: Ul joink €gusls 22 joirt medes
dishiboled ameng links. TE all links are Linaricy , then 19 nodes are
r‘?oiw.J fdvinB H exiva nedef A e uied in cresH “(‘r‘(t\ef—"de‘r" liaks,

‘H‘\‘(L "hr‘u Han « Ln'na-a. qupin Qu ’*f extra nodey ouls one ét:h« (NS
rekes 1 Ma%ouq\ link ((;—S.‘Ads and B boacet. We covl Spread ”f

exho. nodes avemd to fomm S distad sekc ol links * 1 heragond, B buaimsy
1 R_kaou\ , .1Tu-.......3‘ 7.‘:&..-.!3; 2 QJQM-). 9 ‘.u'u\‘vu.\s; 1 Q\‘Q“-C»nqm' LTWJ)\
b binari, ATermesies, & binanics, Tle 1H,28 solobion suffery fom fuchionian
Srechont’, the entine mechanitm decs mt vt @y o whole. Fradaensted | Tetal

The farst “total ;’¢¢JM seluMon 1§ 2Q)73. AvSeers EL)) 7 Z
.35

Kine wmatic d ijr.m
of 53. PLY7

Basic Kinematic Chatn of EJP"”

iS Q Sl’epkg_'\xo&m <h¢ibt. “"5“

= j Jeslyuks k)ts‘ur -paw sl.‘d-'nj &l jeint

1



13¢ For Fig. PL.Y8. n=9 p=/l F= 3(9-1)-2x71=2.

HGC is @ stider crank wrth one dégree of freedosmn,

. FEDCBAT is @ Watt I lnkage with one degree of
freedom, total i/s two degrees of freedom.
For Fig P/ 49. n=8 pP=8 S=1/ F=3(8-1)-2x8-/=4
ABCEFG i5 @ single loop with 7 links. It has 4 degrees
of freedom. When the positions of points C and £
are known, the position of slider D /s known. Therefore.
the entire mechanisim kas 4 -degrees of freédom.

For Fig. P/.50: n=g p=/) . F=3(8-/)-2x10 =/
Re (ace the ‘oQ,H: L o Luhan) |mk bc'\'ucad PQ“( A and B ‘?o""‘“ﬁ [-% q “bav.
Tkm whew the rth’knk of 3 |le\l A s ‘>C¢'-‘.I'QJ e pos-“hov\s

of pomfs C and G are known. 7ren, r/gza’ triangle DEF

is specified. Therefore, the mechani/sm has one degree
of freedom.

For Fig. P/ &§t: n=6 P=7 F=3(6-1)-2x7=/
FED is @ slider crank with one degree of fFreedom.
When the rotation of crank FE is specified, the
position of point C /s known. CA8 forms a "rigid”
triangle. 7Then, the linkage /s entirely specified.
For Fig- P182: N=/2 p=15 F=3(/12-1)-2%/5=3,
ABCD and FEGH are four-bar linkages with one degree
of freedom each. DIMNIKL /s a Steptenson ll l/nkage
with one degree of freedom. Total is three degrees
of freedom.
For Fig. P1.53: n=/4 P=/§ F=3(/4-1)-2x/18=3;
or Nn=/12 P=s5 F=3(/12-1)-2x/5=3.
ITK is a rigid triangle, whick can rotate about pivot
K. GHII is a four-bar linkage with one degree of
freedom. We have found two degrees of freedom So
far. Furthermore, when 17k and GHII a@re fixed
and the position of sl/der D /s specified, DFG, DFE,
DCE and then ABC form four "rigid” ¢triangles. 7#erefore

total is three degrees of freedom.
12



For Fig. PLSY: n=10 P=/2 F=3(10-1)-2x/2=23,
ABCDE is a single loop with five links. It has two
degrees of freedom. FIJK iSa four-bar linkage with
one degree of freedom. CGH now formsa “rigid”
triangle. Therefore, the entire linkage has three
degrees of freedom. '

For Fig. P1.55 : n=/0 P=/2 F=3(/0-1)-2%X/12=3
Siider A has one degree of freedom /¢self. ABC and
CDE are slider cranks with one degree of freedomn
each. BFE is now locked. 7o Zal, therefore, /S three
degrees of freedom.

For Fig. P156: n=8 P=g §=/ F=3(8-1)-2x8-1=4
Slider H has one degree of freedom itself. Point A
Aas two degrees of freedom : one /s Zke translaton
along the fork, the otier /s the rotation @bout Zie
pivot B. ACDEFGH is @ Watt I tinkage with one
degree of freedom. So that fotal /'S Four degrees
of freedom.

For Fig. P1.57-: n=g P=1/ S=! F=3(9-1)-2x1/-1=1
DBFH is @ four-bar linkage with one degree of free-
dom. When DBFH is specified, the positions of the
rest of the mechan;sm are known. Therefore, Zhe

linkage has only one degree of Freedonm.
137 B

1
V772777
6 I !

——

/7.
When -the moving pivot 8o is fixed,
n=6 P=7 F=3(6-/)-2x7=1.
8,

P

6

j a7////f
When the moving pivot 8o /s moving clong
thearc, n=7 P=8§ F=3(7-1)-2x8=2,

13



138 Si'e‘:-ku\sow ur . The -‘grmry links are Aot counected and a M"I is 3"““

139,

K-‘neme-l»‘c Au‘njmm of Fijo PL59

B There are many Soor-bar sub-chains . The |«3uf
Six-bar subchaing are’
WATI: 1,26,¢8,64 46,36
Tephuson T D 1 20 403, 34, 92
Wt clagin ; 31,56, 42,58, {0, 52
NO Tk fu this gt (hain i jmu-kef ‘
C-) There are 4 4‘-efvuv~\) lruks, ! < N
Nobers i 136 42 56 Basic Kivemehc chun of - Fiy P15
& F=3(n-))-200) = +
Liks 1,2¢, 9 3¢,¢8, ¢4 form a Watt T sikcbar 1 De§ chain. Thofoe, points 30
and 40 Lave a specified mokon. Links 39.56,42,59,60,52 Sorm ancier Wait

“ A ‘%‘“"‘34"\4 mohiow of 0 wilk resped to N allowy the waohon of b?]
O 3 do be Sound. The linkage iy entiely speeiftel. Thovefore, 1 deyee d Sredon.

?

[-Ho
a)

it Kivesmatic Ac‘axmw\ o F.‘a. PI.‘O

L . .
) WawTr: H235%50 5 1,2,3900,1
Wait T ¢ (’ '{’ Io, NP LN
S owanmIrs L9,56, 10,0
$-bar L6729

e} There ave 3 'fu-nn) lwks: 6, 1011

4 3(13-1)~-2(17) = 2
Oue goit inbuitne woy is 1o mole e ame Z hydradic eyqlindess.  Othasmsine livkes

( s > - Y . | IMS
0 a WIL, Thiy speci§ie) the mebon of point B aud tinks 16,1, 12,12 This
ni‘:ﬂ)?ﬁts&t‘;‘% ? il .1-: with (aed b Gorm o 5 bn rguinhn L uone ingoh SH2DOF

14




Basic Kinematic Clhain of Fi‘)-Pl-‘,
Qﬂi FI‘S. Plo 62

Kiud’"‘fc,
diaqgeran o¥

;:;3, PlLeL

s

- 1) - oy = +2
L);Sﬂi ,gvcﬁz‘,:; e the conive o‘h\lex whid, weves the livkaqe hc\:.::\
" A(_‘shyeJ and stowed PoSt"h"’ls ‘modc.l(QJ ‘x) [inks 12.'4-‘:1 "3, Qﬂc“
fror-bar slider crank. shock absorber lin ’mac on the aqu3 wheel,
wmodelled L\.‘ links 2, 3,4 adS,

C) Tke,vtarz. 2 \-.\Aﬂ]r; <ousd"5""") J (i‘lls'. ’!Z| 617« 8' ? Q"J ,’Z\“-" P"‘{
/’qz a) Pq"'k 3@0."0-‘\-\'0\!\ ( the PfO\s\QM statement Q(h“j states this !\

Kinemakc Aioyu- o

F\'s. P,0‘3 Qul
Fq. PL.&Y

Liaks L33 ,4 s a 1DeF fowter ‘\“k}_ Thas speciftes the wetion bgfom* A.

. Ma"“‘) a a‘)ﬁ& (+we Ln‘v\«w’ (ks ia o ﬂ\\) » d'ﬂ‘) meclamicmn does met CL”'St
the DoS se this ],

or' Udé “'lk 2 "B 1. This falkes ““3 15,':, NOW (3'\‘&5 ‘2'3,"‘ %fn\a

$‘l¥\><_}w.[ “V‘\"-N‘(t. and s qll e)fevv\dd. NIQSVQ 'P°"d Ais 3'°‘”‘JQA‘ i lesves
s 1234, 5,0 La

is Arronded. Sine we

d) Thic is o Stephensen I “‘L‘f , He kww-\) links ave agt Joimed ‘('\f)dlcf
avd 4 ~|~uw~¢n1 (imk g Q7 ovnded.

adw forns a'khn.)(( with Zerw Def. The cuhive l-'\-\Le.SQ
took Q“) Qu‘) 1D.F ,‘H\& 0'?3"*0( u"\hf M“ ‘E\R".

e) The w‘*I, Sk‘kmsu\I auwd Skf(\m)u\‘ﬂz “\‘\"«30 “‘““) s*“"'3&]
this task.

15



qu3 F‘S-Pl-‘s
4\ Fonchon 3enc.m‘kom

by Fx 3(s-1)-25)-10)=4
Groond Hhe stider lmk. This fixes poin® B. Thea the commecking rmd- planet

qear lmk (o one Limk) , i P"* mak|anJ 30\:“1 form o -Piamsle. Te
mechans IS cunrld-d\) Fixed . Therefove, +|u_wi<lu¢l medhamin hed boF.

¢) s is o Sh?kmsov\ T (inkage

F"S’ P&
-) Fonckion 3e.ncn+h-\

B F=3(9-1) -24) = *
Gm\’ﬂé ca\l othe ‘Mk‘ G.erf
MSVN‘ ‘ﬂ\l N‘%‘ﬁcl mechantsm had +' DOF

) his ¥ a Rue-ber crank - slider  (inkage

AC o~ DF, Ahta;e)u\u shrockr st rewis,

Ffs, P‘ .6 7
<) Funcon Sex\ero.{'\‘b\'\

YW F=3(¢-1)-207)= I
Gramd slider link €. This
Slider. This Tixes point B. 'I\p.c,(.'nlcr betveen A-R i3 alse

the originl medanisun had ¥/ BoF.
) This isa &'qkumwm I-’nlm)t
Fiq Pl-63
) Motion Sf-ﬂ(w‘l'\'(W\
b) F= ¥(7-)-2(9=1Z

ch“A lildk Z. Tkl‘ ;‘Mb -3 k?{‘%“ l.v‘ Shéu& bch»(u (|‘ﬂk§ 12 N s"{.
However, luks (234 50,7 SHll fovm a foor- bar chrain with 1DGF.

'TLWSB"Q\ ‘H'st 0"‘\‘3\‘»@\ \iv\kng («dA +2 DDF

&fv\s QHQ‘%'Q LC"\».‘“ S’.'“A Lk D‘C'

4he cross- SL\'CJ
fixed. Therdpre,

W dl.u‘\'
L 1«,1:&
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