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sis of Flarar Mechanism B.27

438 Mochanies of Machinery - Karain

g.12 VELOCITY AMD ACCELERATION SYNTHESIS USING
COMPLEX NUMBER METHODS
The probless of syatkesis bave boen salved by using the Ul-‘l'l|l:=q1.m|
equation. The complex number method foliows he same gencral paten, |£u|
the displacement equation will be wrisen im terms of complex numbers: The
conpler mumber method cansiders angles “of cranks ond distieces of slfdey
in zddifion 0 vechors. 10 expreas the aitirary motions of points in plana

amlytdll.

Consider Four-bar linkige 0, ABO % shown in Fig. &10. Here the link 4
is siabomry, but the other three links {1, I, and 3) have angulnr velociies
). 0y and oy and angulir acoslenstions O, o and oy Tids metbod is ume
im fimed nod oady the link le.a_rrugl,u'i.p!nrdl:l.h!almiht ive positions
of the BAls setisfying mgular velocity and acorleration. specidlcatians,

The wectars can be wriflen as g=ae'? when o= distance snd 0=
- chackwise anghe meazared Fram the real axis: Mow voclor cguadion
¢ ghe polypon in complex-number fom B
o £ +mi.-:".{'i—r|'3.r'-a'!=a4 Fh=0

Here ¢ "=-—

So |:|-er=+rr1e'u1—ﬂJr“3—u',_1-ﬂ' [}
This equation represents the spaco selagionship of the paints £, A, 8
gl Oy the poings of connection between lnks.

L
O differentiating (2) with respect # time, cansidering ~= =

gy €% 4 oS-l e - @=0 @)
ges and it

This equstion (3] i defining the lingar velocithes of ghe pai
rqrrr.mnm the velncity-vector diagram,

]
A gecond diffeentinlivn mmduusT:m api E-a fives,

IRAEaIg §

gty 4 P % ag B A {ag )

-Jhwé'—ﬁm,@;"‘-—{a&u-u ()
n (4) represents the mocelemtion-vecior dizgram,

Equatia
On dividing by § and reaTLEgEing.
Fige 8.0 Fear - bar Enkage sad vecios palygan |:u141-m?‘:.gl.r'all-{rl:+lm-i]-ﬂllm’
The fourbark linkage O, ABDY & considered as four veesors. The -:u]nui}n:.-:‘“ﬂ-[u..]hﬂ %)
firkzge |s ennuidered 42 8 shsed venior palygon, Fig. and we cin wiite Acaeantiling Buuatioas (21, () and (5] as a proup and replacing each
ﬂ-I+l|'|'ﬂ:-ﬂ';| .H"l}rimwmn'ﬁlldd!
= e e L iy la + g~ oy + 1 =0
I“?h‘1""“:‘:""“:!':'*"""""'I‘. 6
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¥ PR | g
gy = faaf iy {my 4 )y — (g + o) @y + Day = 0

a1

This = a sysiem of theee inmogateons equiions consislieg of o
enknouns Hende ong ol the unknowse, oy can be cliien arhiirarily ang he

system can be rraTilen as
By o+ Dty — lay = —dy m
Uy g F iy =y = O
foe; £ Pk + (s + {05 oy = {0y + fdhay =0
The solotios g abimieed by determinants,
L 1 =1
D= - wz -y
nl-Ju.!l I!z'l-lil-: —[-'.l!_.|+|H-§] i8]
The mknowns @y, a3, @y an sspressad (n comples-pamber form as

— gy ry & a0 408 oty + o)
El- D

T b (0 + )+ g e+ )
¥ D i

- ing [y [:::_!-ra'm;] = by [0 + r'IIIE:IJ
L L 7

Mow ihe arhitrary ag s taken proportional g0 the determinant I as

8=~ {1

and the shonve values of &y, &;, &y btcome independant of [} gnd ot
expressed in simple form as shown in Table 6.0,

Mow sy ==y —a; 44y (11

In Table 6.1, the links are defined as comples numbers of the fem
@ =& * i, whoe real and imagimary parts ze defined by the angular velocitses
and scoelesstions specified for the Tinks.

?-,_g_a_w_m of Planes Wechanisen B.25
Talde 1: Four-bar Linkoge
—
i Hao
Meak i erempmmeni Ilf:rpm Lengih
companied (2] i) p'-"llul.':+?
FErE
£ = iy 0y = iy gk |1'|—u|.£|ﬂ_,_||:|'|_| =g &)= + ) = 'I.I':"':-_ﬂﬂ!
iy = iy 0y =y Oy ey = by oy 00 = )| Byme b | s b
[y = i) Sy — iy 61, |y = 1y oty (g = 0y =iy + by = o+
£y = by =iy~ "‘l"'r:l"'lll_"‘l:l 8=y iy A= 4&4;-1-

Problem Gi4; (eeemime dhe faks of o fone-bur merkaminn wlick netiyFe

.i'|.|.' esiir; Jeadromids 01 ang (141 AN G,
Sohitinn I
oy = B radfeec B4 14|
i my =2 rodles a8
=~ 4 rodfee:
| % : 20
oy = H]
iy = 4] |'|.'l.|':nan|:2 ¥
i, a i I‘I:I Ililil !?‘!I 310 'UE

Substfiuting values ke
e definitians of Tabbe
=y iy =t

== a4 -2 == 16
E= - Hfa]

) = g g g = 8y}

==2md{d+d)=—48

Scanned by CamScanner



O el OF H.‘hlr_p:‘I = E!!“i I=

& =v '"II The ""E'CI"“ represenied by the L“'i!ml'l‘lx mammben wre shosn in Fig fan.
.. : ﬁhml'ﬂ i Dol .b, I"‘-F-J:hﬂs e erinm in SRR, .‘|min=
By (Fig tbhh The reluiive Lengtte of the hars ol fheir twrmina psns

:_ gstahlished ax Nemciions of @ anl @ and the her ay s T fized Vink,

dy == 150 = § (48]
Ay =Yg ey

—
ity = 1607 - 437 = 16T unles

A denl point oo when the follower s gl resl o 3 momem ok
T3Sty Oy = gy

emar 0 teversing iy dmectwom of romion, le when gy =0 In continuoely
s ’
glating. crank, the ornk ssd coupler s efther (0 exiended inoa

eExl=]=4x0]=0 ! _|
Chp = ey Wy Ny o jead poknts
-4 G =l — )= i
HE-l= 513 GRAPHICAL SYNTHESIS
r?_-.l'-l.':"-i.:l':l
g =0+ i (354

Frobdtn 0,51 Hocker owipsd - e pesition wich Asgoler Digplecemes

jonk: Deeipe o four bar Groafoy cronk-moker spasd smokee fnpat W
ay= 3BA" = 184 unies {Fanctiony: Desipn o fou

glve d5° of rocker mation with aqual ime forvard and back, frem @ costant
a:,a-'-.!ei f?, peid_vsotor_input. -
Cy =il Oy = 0y O s |

=B 4= 3 =0=320

oy = w1y wmy fiidy — g}

2ExA2- i) == Fig. fa} Doemplas .
A member method

ity = g v iy = 330 - § (D)

my =@y = Wey+ ;n‘JqIID}Iﬂ—NFnEHunIl:

iy = oy —) — oy 8 XA —{— 16l — (0} = 4B

dy = oy — iy — dy = — B — {— 48) — (364 = =432

ay = oy ey = 480 — f (431)

g = ey e = V480° + (- 437y

=58
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59 COUPLER CURVES

Coupler
(or)

Coupler link

Link 2

Link 3

Link 4

e . e e

Coupler

plane of the cou
through turning
generates a path

curve is a curve (or) path traced out by a point located in the
pler link. Coupler link connects the input m*l.d output links
pairs. When the input link rotates, any point on coupler
(or) curve called coupler curve.

Scanned by CamScanner



6,14

In the Fig &5, the point A will troce & curve
anoiker curve. Here A and I ooz collel coupler pinis,
inereasnll them the paine A ol B owill e Efferen

Machanics &
~——-l'_‘*9_1-___'-~.-_;__.;3$

and feing i will

W the: Sengihy of g o

: v, Simi &
4|ld1mgﬂd.lmhpﬂh.4uﬂﬂwillmtﬁmwlmlm”h Irh"ﬂt
cvpler curve shapes. o ohimmed by varying the mﬁh“jwl“"ﬁu

mmmﬁﬁm:h@uammhnpu

& " &
Cowgp
Ga Peeydo Efpss (g} Tassdrop
Ca
th} Kifney Besan IhrBt'nu:‘
Clusp
[d] Bankna {3k Lmbneliy
4} Crescent i Trige Cusp
Crunoda
|#] Singie Siraighi &1 Frgura Ebghil
. Gorenoda
Curp
ORI Suaapat 4 Tright Lamp
[ Fig. 65 Variews smapay of coupler survas

pies. The coupder curves have

‘Mormally = sixih order alpebrale -equaon s reguired For coupler

¥eriesy of shapes ke
& Elipae

A Clrcle

N e

e

; L3 L 4
mL -_.E I;H""-\-._-"'. L L =B w33
" FigaT

l

Koberts Cletryyehes’s Theorem of Cognate nkwpes sisen thay the

samé poupler curve con eways be generued by e differen Tinkages called
SiriTbes.
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Short Questions and Answers Q&A.27
R—

Chapter - 6

il What is Kinematic Synthesis?

Kinematic analysis is the study of motion of mechanism and it
getermines the performance of given mechanism. Kinematic synthesis is used

1o design 2 mechanism to satisfy the motion characteristics like displacement,
selocity and acceleration-either individually (or) combined.

Designing a cam profile to achieve different types of follower motion

fike SHM, Uniform velocity and Cycloidal motion and so on is called
Kinematic synthesis.

Hence kinematic synthesis is the reverse problem of kinematic analysis.
1t is the design of mechanism to produce desired output motion for a given
inpul motion. In otherwords, synthesis mechanism determines the proportions
of a mechanism for the given input and output motion.

62 What are the tasks of kinematic synthesis?

Tasks of kinematic synthesis can be completed by taking decisions on

(i) The type of mechanism —  Type synthesis

(i) The number of links and the nature of =  Number synthesis
connections required to  permit
necessary movability

(i) The proportional lengths of links —  Dimensional synthesis
necessary to complete the specified
motion

6.3 Define structure and mechanism.

The combination of different links to meet certain requirements for
obaining specified motion is called as mechanism,

If there is no relative motion between links, then it is called structure.

64 Define degree of freedom.

~ The number of degrees of freedom (n) is the number of independent
variables needed to define completely the condition of the system.

A
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” : o . Shot Cuestions and Asiwars O&A5D

&5 Smfe Groska™s o,

Groshels law staies by the smm af ihe
#honed apd |
Wh!lfﬂ-nldnnlh greaier than the sum Mlhmﬂﬁ.mﬂ:lw lirk
if these is in be compininug rilafive mation between the tus limie ey
B

66 Define dimensional symberis o the wses af ir*

Cseillaie
& Bl [or]

Reciprocaie A Furction of mation of Enput link Thiz ix calied
lefction psarlion. In the dhove 4 1ai mpchanism, the relagiinship
between mion of eaipil firk gnd mpui link will be a funciics
AR a given here
the dimensions of parts - lenpirg
mm;mmmmmmMmum m%'
Genetaling o cam profile to obeain follower Moo |
e— O 1 Simering

Motiom ol dulpul fink =§ (Moties of inpiog liak)
y=fiz)
Dimensional synihests desermines R
The distance between hinge ping ! i

Length of Tinks e -
Angle between adjacent links '
Lam geofile dimension

Badius of rodler Fllower

Cozar ratios

% Booenncivies

¥ moposenls mation of deipu Eak

b In ey mechaign. e poings of inlersction of desired path wilh
etmal prth is known as Predsion peints (on Aceurncy peimis

0 Writs the Chebywivev's spacing expressing of precidion poims,

& % B o F B

I,-%h.*;ﬁ—%uf-rp]mﬂ::—q

Irefine compler curven

Cioapler curve is 5 cures (o) path Irced <ul by & point located in the
bme of the eoupler ek, Coupler link conrects the mpul ond owpes links
Ileough peming pairs. Whes she inper link roiaies, wny poest on coupler
peneranes & quth (o) coree called cnupler Girve.
RI2 Mame rhe varlpss shapes & eoupler mver,

The enuples comves bave veriety of shapes Hke

i?mmpmﬂmnﬁrhmhmmbﬂmmm
#ymihenic.

Dimensionad synthesis &5 woed to solve the followin o
i
stiemtific way. : B

I Fath geseraiion - Ciuiding alang m apecified paih wih
prescrited timing.
1. Panciion genersion

& Eil
- Coordisaiing the positions of inpet . il
‘__“'1 oty N, & Cinle
5 Muosion pemeration (Rigid - Geding the rgid body theough a S
bady Guidance) numbes of prescribed positions. i
84 Brigfly explain funesion gemeration, e
Generally, the cutpet Fnk may either M
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Q&A.30 Mechanics of Machinery - www.airwalkpublications.com

6.13 State Roberts Chebychev's theorem of Cognate linkages,

Roberts Chebychev’s Theorem of Cognate linkages states thy gy,
same coupler curve can always be generated by three different linknges calleg

Cognates.
6.14 Write the general four bar coupler-curve eguaiion.

The general four-bar coupler-curve equation, is
44 sin® o sin® B s;inl'f [x (x=p}=y—pycol v
6.15 Write the expression for Freudenstein’s equation and position of

oufput link.

kycos ¢ —kycos 8+ ky=cos (B ¢) o

This equation is known as Freudenstein’s eguation,

From this equation, we can find the position of output link (ie angle
@) if the length of the links and position of the input link (ie angle 8) i

known.
-B+\B —4AC ]

¢=Etan"[ A

6.16 State the condition of a dead point to occur,

A dead point occurs when the follower is at rest at-a moment jus
prior to reversing its direction of rotation.

6.17 State the expression for time ratio of quick return mechanism.

Time ratio (T} defines the degree of quick-return of the linkage.
o
Tp= E: o+ 3 =360

8=|180 - g
=180 - |
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12 fap Drcuss overfay method
{wer lay method

L

-

&

L]

iy
The cver luy meihod is another graphic
ltrematic synthasiz.

Tt orrmuists Tasically of constucling a pan of the sshitice iy, ,
on transpurent papes and anather port of sobetion oo 5
The owerbay is pleced over the separale shess,
Amuhﬁhymhghmmmﬂmlmm
reched betwesn e trsspirecy (over by E“ih“ﬂI'IEm“
mwmhuﬂhnﬂmﬁmhmmn”h“ .

I & demonsiraled by way of & Bvesprecisioe.posm design,

A four bar fesciion generator |5 in be designed for the

prEcision poinis. ity

l1mﬁmdﬂhu=edh

*'F-lmc:hn

Precision polni -
5 cmhmmm;mw

Input {ew) Outpat few) |

A i e R =

0 0

gy =5 ¥y =Hr
By = 30F ¥, =35
§, = 45" ¥ = 5
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L Ay
I - | - '*I'
e
ﬂ Traciag Pagee
Laycai
B {0earing)
I Raties ¢, Corar A,
Aadhas 4, Cannal A&,
Rathus ¢, Cilar A,

R & Gaalar &,
Fig. & Aiediii £, Garilee &,

h:ﬁﬂ" q";-'ﬂ]"

Methad
1.

UnMdn;Huln}WLHH'qqqmmiﬁmumm
lengths for the input and coupler Hinks (se= Fg. 3]

M Eraw a family of circular arcs with centre at successive crank pin
position with 2 radis eqmal 10 the arbinarily chosen coupler loagth

i

i

On 4 second paece of gaper (Fig) lsyout the cumpat ek prsitons
and add severa| arcs, indicating possibie lengths of Bk 4.
Place @ first layost on the sscond aed move umtid the family of

oy af (fig. %) falls on the respective positions of e i cramk
"I-h'h'inl.l.fngw:':'. iicn i
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