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5; =20 =5, 12 =65=p

13730 =qg, 1 =70=/

[ < s+p+qg , * links can
Form a mechanism

s+ = 90, pP+qg = 25

s+{ < p+rq, - Class I fouw -par

Einematic chain

Sinee t; =S, draﬁ‘ link rnechanism.

r[=20=5,; t=80=p
5=30=q, 7901

[ < S+/J+Ci , links can
form a mechanism

st/ = 7.0 , P+ 9 =//.0

St/ =ptq, " chanac point mechanism
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(c)

()

(ii)

(a)

()

(ii)

1.2

CONTINUED

=280 =105
B=25-p, r=20-q

245“4'/01#9, . links can

form a rechanism

s+ / =35 P+ =45

s+ ¢ <p+g, - Class L fouw-bar
kinematic chain

SiNce p =S, cranf rocker four -bor mechanis

h=25=p; tz = 30=/(
/3= /10=5; /;?ZO—*-"?

/<s+,o+c,7 , © links can

Porrmm a rmechanism
s+l =40 pPtg =45

s+ ( </0+c7, * Class I fow - bor

Kineratic chain

Since f’3 = '5} rocker vrocfer éur—barmec/mnis'm



1.3

P11 CONTINUED

(e) 1 =20=p,; !’29‘4;5“‘67
r3=15=s5; 1g=390=/
() /> s SR - links <annof
forrm @ nrechorism
(F) 5 =15-5; l3=30=p
3°25-9, /2 =607/

() /< S+p+q , - links can
forem a rmechonisrr

(i) s+l =75 P+q = 5.5

s+/ > P9 rocker - rocker four -bor mechonism
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P1.2

1700, Itz =225 ; tyg =20
(a) To be a crank rocker mechanisrm, yz must
be te shortest [ink (e, 7 <1.0 )
also, we require s+ ¢ < p+ (5‘=/’2 5 /'”'/’3'—‘2’.5,‘
P =1 ﬁ/.z?;?ﬁ/;;sz.cj)' |

72 +E2.5 <10 +20

2 < 0.5
(b) ‘o be a a’raﬂ [ink ./r?ecfvamiSm, !/ rr;usf

be the shortest lLink (/le, ty 2 1.0 )
g may be p, q orl.

Casé/‘ A - A (/; =5, 15 =P, @;q)
S—{-‘Z < ptq “ | |

/.0 +./’z <z542.0 , /,2 < 3.5

Gase 2: il 1y = porg (15,5 20, 17 =g orp)

s+ 4/0%7
10 +2.5< 1, +20, 15 >15

wombinind Cases /and 2: 1.5'< 15 < 35
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P1.2 CONTINUED

(c) o be a charog poirt mechanism, 5+l= prq

Case | + [ rz=5 (/f, =p, t3% L, /’4_5(.7)

5+Z=p+r7
rp + 2.5 = /,0+20 , tz =45

C&SCZ"{'/FZFZ(/7%5}]%:,0)]?.,4?)

s+ { = P+g
1.0 +¥y =2.5+2.0, 15 =35

Case 3+ i£ r, = 0 (455}@52} /;g,?)

s+/ -—:/0-/-7
(O +2.95 =tz + 20, 17 =15

(Ombf'n/'n% Cases /, 2 and 3: /1

=09 oR
ry; =05 ok
;’5’_5

(d) 70 be -a rocker - rocker echarism, st/ >/0—f6]
Case [ /.z o =5

S+ [ >/0+c?
1 + 2.5 >1.0+20, tz >05 )

also, because ty 15 the shorfest hink, 13 </.0 (i)
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P1.2 CONTINUED

tombinira (i) and (i) © 95 < r; < /0 (1)
Case 2 f t3 =/
s+l > prg
1O+ 17 >220+2.5 , 12 >35  Git)
also, for assembly of +he finematic chain,
Stp +g >/
10 +2.0+2.5 55 | 13 <55 (iy)
@mb;n,'mj Gii) and (iv) + 35 < ry €55 (E)
CGase 3 iF 17 = p

s+ > p+g
L O+25 > 01 2.0, 15 <15 (v)

but for 4his case, 1y carinot be +the shorfest
link, and theretore 17 > 1.0 (Vi)

foml)/'n/'n?j V) and (vi): 1.0« o <15 (ar)

@rr:binihéx (1) , (T ) ard (D

0.5 <17 <[5 OR 35</, <556
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P1.3

57200 1, =3.0; /3-25

(z) 70 be @ crank rocker mechanism, +he jn/ouf
link mmust pe the shortest link
considerind Iy as the input link

5‘+Z</9+c7

4 +30< )0+ 25, rp<ob5

() 70 be a draq link rmechanism, the base
link /en%fﬁ, ty, vnust be the shorfest /link
hus, 7 may be p, g or 4

Case /: /'/) /’4"*/

‘5%/</o+q

[0 +1g <30+25 , rp <45

also, for 1ty to be +4he longest link, tg >3.0
CTO0<C g <45

Cas 2 }/q = 0 orc7

s+{ < ptg

10 +30 <25 +1lyz, 1y >/5

also, For t7 fo be p org., /g £3.0
<

15 < 1z €30
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P1.3 | CONTINUED

(¢c) Fo be a chanage point mechanism : s+( - P9

Case (¢ tg =5

<5+Z=’°/o+c]
ty + 30 =/0+25, r4-05

Case 2: 1z ={

S+ / =P+
1O+ 1ty =25 +30, 14=45

Case 3: 1g = p or g

1.0+ 3.0 = g +25, r4=/5

c’ombim'nﬂ Gses |,2 and 3: 13 =05 0OR
rg = 1.5 OR
rg = 45

(d) o be a rocker — rocker rnechanism , S+ { > P1g

Case [ : 'y = 5

rg + 3.0>10+ 25, rg> 05

also, for ' fo be the shortes? link, g €10
05<ry <10 (1)
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P1.3| CONTINUED

Case 2 Qﬁporq

s+ { >/o+a]
L0 +3.0 >rg + 25, 14 <15 )

also, because rg cannot be the shortest link,
f”4 = [.0 (1'1')

combininey (i) and (i(): 1.0<rg <15 (X)
Case 3: 17 =
S+{ > p+ 9
1O +ty >2.5+3.0, 3 >45 Gii)
also, for assembly of the kinernatic chaip,
S+p+qg >y
1.0+ 25+3.0>r, , Iz <65 (iv)
wmbining (i) and iv): 45 <13 <65 (@)

combinirg (DI ard (T : 0.5< 17 <15 oR
45 <1y <65
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/7‘" /O erm @ﬂ?.ﬁ’c”f—,

(@) for A/ rotation of lnk 2

il
()
ro < 13 and /F,/grg—lfz

mmbin)nﬁ () é (ii) , corclude /’é < /1.5

(b) /DOS'SI‘éKL 76 AsSerble mechoniSm:

[ ]< rp +13

Arorn which We cornclude //é = U
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7 = [.Ocrn Y, Q = 2 Strr

(a) for full rofation of link 2 :
() (ii)
2 <13 and  [r]< r -F;

@ 25 < /3 /3 2 2.5cm

i) 1r] € 3 ~r

/1.0 € /% - 2.5, /f3 2 3.5

mmbinirw) (r) é(z'{)/ conrcefude I3 2 3.5

(5) /OOSS/bZa fo @ssernble rmechoriism:

[177]5 rp+15
/0§ 25+ /3 2 ~/5Scrn

Hrorm Which We corchude fé > O
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(@) 13 = .5
o=/ ""?-Oc.'m)/o:/;"""'agcm
(=t = 7. Our 7 /3 = 6.0
(S-f/4 9,05,7-,) £ (/o+q = 96cm)

- class 1 A;ur - baor rrecHorisrm
Sce S 15 e mput link , crank rockter

(b) 13 = 1.0
5=y = 2.0 } P = /’¢'= 6. Ocrr
(=153 % 1O g =17 = 70
(s+0=/3.00) = (/0+c?ﬁ /3.0 )

ch anae /DOJ'r’J va

(C) /:3 = /{5 ¢

¢ lass j 7[000* - bor mec/)an/'Sm
rocker — rocker




P1.7

. crank rocker (a)
the input motion to the four-bar mechanism is the gear (i.e., crank) that executes full rotations

the output motion of the four-bar mechanism is the gear sector (i.., rocker) that oscillates
between two limit positions

the gear sector drives a smaller gear that is rigidly connected to the agitator that undergoes
oscillatory motion and provides the washing action



P1.8

crank rocker (a)
the input motion to the four-bar mechanism executes full rotations

the output motion of the four-bar mechanism is the coupler point on the coupler that enters a
perforation in the film. The coupler point then advances the film by one frame
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(a) n =06

%urm‘mj pairs, 5 ;

5/1’din¢j paiv, |

ro//.r'nog pair , | ((S, = 54+ | = 7)

2 a’o/ Pal}j} (62 = O)

= 5(/':”/)-—2&, - (2
= 3(6-1) —2x7 = |

) n=6
° %urniﬂ% pairs, S ;
® 5/1'd}'r163 paii’5, 2

. ro//r’n%/)al'r's, o ((S', = 5+2+0=7)
° 2 dof pairs, O (&Z -0)

7 = 5(/'7"’/) ‘—Z&/ ’-&'2
-3(6-71) —2x7-1



P1.10

(b)

n=06, é,=-—7/ (g'z._-.

m=3(6-1) - 2x7

—
—_—

[
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(a) nNn=6

g furnl'nﬂ pairs, 7 ;
-5"/1.611.!’)% pairs, O ;

ro//in% pal'rs, O (&l = 74+0+0 = 7)
e - do/pairs, 0 (&2 = 0)
m=3(n-1) ﬂZ&', *&2

= 3(6-1) -Zx7 =]

(6) n=8

fu.rnincg pairﬁ, /10
5/:'5!/':46 pairs, 0

o ro//z'n% pairs, O (&, = [0+ 0t0 =/0)
® 2 dof pars, O (&2=0)

m=3{(n-1) "2 (e
= —3(5”/) -2 x10 = |



P1.12

(a) nrn=4
e /-urnin% pairs, O
. 5'/1.61-!.)’!6 pairs, 5 ;
° rollirg pairs, 0 (&,z O+5+0=5)

o 2 Jof pairs, O (&2‘: 0)

m=3Crn-1) =24 —~(§z
-~ 3(4-1) =25 = ~1

~ however , there are twWo redundant constraints
(/ e, /V,Q 2)

- relative rotations betwee links 2 ana/S and
between /Jna(’s 3 ana’ 4 are accounted for ‘waCe (anc'e

b)/ slidin /_ya/rs between finks Z and 3, and befw«n
links 3 and 4 ; and +hen aqa/n b)/ slidl pafrs
betweenr links [ and 2, /a hﬁ

m = 3(”“/)“2&1“&2%/\/&:/



P1.12| conTINUED

) n=4
e %urm'mj pairs, O,
e -5/;‘d/n6 pairs, 3 ;
a-',fo//,'nﬂ pairs, O (é‘, =0+ 3+ 0 =5)

o 2 a’o:‘/oairs, z (&z =z)

Veeks 3(f7—/) —2&', -—&'2
=3(4-7) —2x3 -2 =/
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(a) nrn=4
® twning pairs, 3 ;
@ 5//5!/?16 pairs, O ;

d ro//incS pairs, Z (&, =3+ 0+ 2 =

026?’0//)6//’5,0 (&'2‘—‘-0)

m = '3(””/) - 2y, "’&Z
= "5(4*“/) xS~ 0 = -/

1.20

~ howe Ver , there ave dwo redundant cwonstrajinits

(/.'e,, /V/? = 2)

— distances between Ppase IOI'VofS ot links
2and 3, and betwees, base pivots ot ks
3 and 4 ave accouwn ted Lor +wi)ce (orce b{

m//in; Rairs betWeen links 2 and 3, and between

links

and 4 J arid +hen E?cia/'n é)/ bease /oivofs ot

link 2 and 3, and base /DJVOfS of links '3&1/*-0‘4)

o= -3(/7—/)-2&', -g2 t Np =/



P1.13 CONTINUED

(b) n=8

e %an'nﬁ pairs, 7

© Slid;'nos /oafrs} a .
[ ]

rolling pairs, 2 (4= 9+ 0 +2 =1/)

® 2 dof /oa/'rs‘, d (&'zsz 0)
m=3Cn-1) PZ(S, - &z
= 3(8-1) ~2«11 = ~1

- however, +he above calculation incorporates +wo

redundant constaints (same as for Pl5@))

No = 2

r‘r‘JﬂB.(n-/) "ZS, - gz + /\/,Q"’-’-/



1.22

P1.14

4 links, n = 4

4 turning pairs,

0 rolling pairs,

0 sliding pairs, j, =0+ 4+ 0 =4
0 DOF pairs, j, =0

no redundant constraints, N, = 0

m=3m-1)-2j,«j,+Ny=1
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P1.15

4 links, n = 4

4 turning pairs,

0 rolling pairs,

0 sliding pairs, j,=0+4 +0=4
0 DOF pairs, j, =0

no redundant constraints, N, = 0

m=3m-1)-2j-j,+N,=1
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P1.16

3 links, n=3

1 turning pair,

1 rolling pair,

I sliding pair, j, =1+1+1=3
0 DOF pairs, j,=0

one redundant constraints, N, = 1

m=3@-1)-2j,-jp+Ny=1
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P1.17

4 links, n =4

2 turning pairs,

1 rolling pairs,

1 sliding pairs, j, =2+ 1+1=4
0 DOF pairs, j,= 0

no redundant constraints, N, = 0
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P1.18

/V,Q = / ((anfder —7‘0 'Ce.n?tet’ a//sfana,
bet Ween O5 5 £ accounted tor
/enag% of /xnk S5 AND /enc:sﬂvs

of Cy Os » G4 O 6@5

m = 3(/’7"‘/) 2 —“&2_ —/_/V)Q
=3(5-7) —2x6 -0 + [ =/

©) n=6; i, =8; (2-0

/V/Q = Z (Cemﬁ/v - fo - Ccr??“:k distance
bet weern s £ £ accounted Lo
leralh of /m/c5 AND  fernaths

n% 0405 Y, ,’040 § /7 DE:'.3

similasr rm:asg/wno‘3 Ao [gn%#v
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P1.19

(a)




P1.19

(6)

CONTINUED

1.28



P1.19

(c)

CONTINUED

1.29
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P1.1 9- CONTINUED

(d)
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P1.20

(a)




1.32

P1.20 CONTINUED

(c)
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, , o
Pf’unary mechanism 5

Lel! coapate :

bose /link ¢ /’08 Opo © /1.8 crm j
/zno(' 8 ; r086 = 6‘006'!‘7’1; /N‘)k Q ’ //6/.[ = 4—.33 oo
link [/Q° O H ~ 7. 79 com

/Qi%h f 6'0%1‘25?7"6:

base link /6507 = 6.50 cin’
link 5¢ /’55 = 450 cr ., link & lgg = 3.00cm )

g
link 7° /2;7F = 2. 90crn



1.34

P1.22

Oy, Og
7

Lelt F Y l'fa} W
coquiate G | cogh ate

Lett aooyvar‘e ;

base link: /’030/0 = [2.0cr
link & /686 = 6.00crm i link 9 ol = 5.00un;

link 10 /610/—/ = Q. Dcrr

R /'%h?" cogn ate -
base link /’0507 = [7.0crn}

link 57 lo.g = 12T cms link 6 tgp = 8.49 ey
Iink 7: //0_7F = 7.07 cm
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Cbr)ﬁasuraﬁon 2

22



P2.3

Con /ica wration |

3

2.3

NN N NN
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P2.4

C@) lirent pasrhon /: /:rruf ),0051760/’) 2:
(Y= 200°) =20°/

(2)
6, -z0°
- 200° A2

!

for both lirmit c}eamefln'es

; o Fao. 16, /
lo. | = A = [oo 2/=='3oxcx7==5oqwn
T 7Y 6.0

-_— i

(b) rotational speed of lirk 3 is zero when U and Ug
have +he same direction

case /i Uj casez:




(a)

®)

P2.5

6eom€+ﬁ€3 for which Vg/odfy of link 6 is
(re, lirmit posi-h'ons)

- \'Ftrwl lirrit ﬁeomeilry
_ o~ AU)

/ SN
/’
A / _ N
] N\
! Oz
A
Y
4 6
{‘ | C(Z)
y < Ay on 2
‘: .. 3 second limmit ?pmc‘f‘r?’

(z)
ﬁc’)ﬂcos"”(l’,hg /r' )=60'5"’('530/60)
(4 202 110,03 ' :

{ )
67 = 3e0° - 8, =306.9°

(73 ard (}Z have the sarme directior

—Uc* _ B
eA—c* COp* =k
. *
6‘5,—:0 As on 2
3 A; on 3

o,
PR T T L N V. O .
Bt
1]
ot
*
N

/

2erg

=53/

pRa=aiu
— 6 =)
% 2 2
B 7 <L\\ 4. A

/02*/:/0;*/:2/,5*0,3 /(93/'://3:‘03 VA, 0,
a3 03

3.0 crr

x /0.0 = 150 coc

N0 F5TED

. . N f’“z 2 '
Gpx = VA, O /6’2/ = 2% o, /673/, /6%/* ;#Z 16,1
303

16:1

Crrr

simitady at Oy =10, (07 =1 05" [ = 37.5 &

2.5
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P2.6

/ i / m’.‘}&’.()l‘)’* elries ¢

. 30 o
O]/'“\)lh!(.(y ':“"3()

b= 3.0 % 5 30°

= 6.604’1

it

(a) stroke = ZPH

/'3-0(_3‘}'7

S
S
N
<
o
0

180° + o =2/0°

AN
Q
~
W

B60° A = 330

[ T T———

(c) @ = Q) °

e T

oFr 570 Wher link O is

[ T e ]

e fransfaftior

ol 'fjjO Whier & £

ko @z = ii?wi 5 ,ﬁ(} .‘g (75 = ()
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P2.6| CONTINUED

(cd ) rrotion to lell requires (20 ®rotalion of link 2

6] - 8.0 2 B g

Sec (U radd
- (20’ )
‘/"/7-)'71-: /8?/('(.’1/) ’ 4[8 /c( = 0 ?65 e
J//’ /é
s V‘—”’G'ijf ﬁ/}mﬁ/ © /K/W/ ) //n ?/(zé
VT L)y
/5,'06.”71 (f’)")
= = ' il
05(35’5(«; 4/ 7 Fere

() rmolion fo ,‘/CS/(M requires 240° rotatior of link 2

240° .
Firme fater ‘%}“ g A«: ) = DG sec

Trok
Yo VC’/’EIﬂe sved Ao Lha # {)@ . Srrefce

//I UL f’dré‘e ]

/’j()crr': C”’

T 0 ddls«; = 716 sec
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P2.7

= 8Cunr s r; =2 Ocr j r3 = 4.0 J g = 7.0

6, = 400 22 cw

2 e et rg) - g ]
or, = cos = 57.9°
2ry +r3) 1

o

-

2 -
e+ (rz-vz) "’42

= 563.6°
2(’”—3"’2)1",

- 2 2 2—
T IR Cratrs) +45 o

@t - s = 46.6

L 24 ry |

Z Z Z-
T lmen) gy
Bz = cos = /33°
Zr; 1y

-

Az = 180° + 0y ~of,= 17577, AGy =4 - B, = 33.3°

. A Oy
(a) (645\/5 )CW = : = /.58 ;;acd
(0462 /6,)
. 4Gy
(6) (§45Vﬂ>ccw = = 722 s
(er - 46, >
0,
@ Tp = -4 _ o5

46,



2.9

P2.8
Sy

SENANNNNAS

. rad

O/ l/! = 2.05,17/’ /’Z = 5-00171) rg"‘g.OCm) (%”"50;;;6‘:'”

‘ /7 2.0 o
o(/ = Sl.l’?n ( = s ! 5'01—8_0) = 58

Fat+ts

e = s (oorz ) = 4187

AGz = 180° + A, — A, = 2[3° = 372 rad

5, = [(rz + f’g)z~r}zjl/z¢ [(5’,04 8.0)2—" 2.02]% = (2.85
e[ (5-r)"-r2 % - 2240,

Stroke = 5, -5, = /2.85 -2.24 /0.6 crs

Stroke o

(a) ) ) - g
(04-:,&»% r;'osl'ﬂ‘ - <2ﬂ' —d6’2> /24 s
&
(&) (G5 aoe) Strote e
= = 856
4,3V /et A5Gz /6, i
A
= = 1.45




P2.9

@ /fimi# (36077’?67‘}’/'?5’ ot
(te., Uf =)

rred / IV A r e

Volues o 673 W hler /OO/'r)f C s S‘f&?zionay}, ‘

135° ¢ 5/5°

(b) strobe of C = stote of >
= 2{2[ 2 cos46°” = 7.07em




P2.9 CONTINUED

(c) Lirme 1O rrmove betWeerr  lirrmit /005/7‘/'0775 .

AL = é@z . M red

fl‘}/craﬂe 5/)(ea’ fo Fhe Jeff = SZ;O/@

707 CH /8 O CHFry

0. 395, __ Sec

puy

!




212

P2.10

(), = 360° —(6) = 3069°

(b) 05 = (O whenr mechanism 15 i1n

limit P0sitions (/:e., G, = O, /800)



P2.10

213

CONTINUED

: - X .
© [agg, | = [ 2 158, 6l

G, = '
B, 5_3 O When /7 5’ 53 = oK

6.3:: .

the corrcsporvdir‘vtj values of 52 are

O 531/°, 180° 3069°



2.14

P2.11

()

L (50 .
A, + 20° = cos I(a = 33.6°,

/180° — 33.6° + 20° = /6.4

o - e,
A, +20° = ws” () - 602"

@%
h

8, = 360°- g0.4° +20° = 299.6°

(b) friange b, ¢, 07 -

(g - 20°) + A+20°+ 90°= 180° 5 B, = 76.4°
33.6°

frianﬁle 0} Cz 02"

(/QL~20°) b Ay20°+ Q0= 180° j Fp = 29.6”

80.4°



