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NOTATION ~  «

The symbols used in this study are defined as follows:

A, B, £, .ue POint POBitiDnB. T P .
42 25 3, aes links of the machanism; { denotes the fixed
link, o

Ay» Bj’ 01 : ;... numeral subscript denot;sl the ho.d,y tn.v;hioh

. : B the point belongs. Wt

AB, .Ac, B, o lengths of direoted line segments from the
firat point to the second,

Y. linesr velocity.

ves . velocity of B relative to A

-, e *** yootor addition, veotor subtraoction

%o =% ¥,

ox 'Eb = .H'P‘.Yba'

W oere "_,_“ angular veloocity.
wj.. . angular velooity of the body indiosted by
subaoript, v o
6323... - angular velocity of link 2 relative to link 3;
) w23 = 6,2 - (4)30
B oeee linear acoalsration;
Bor By By see acceleration of position indicated by subscript.

oo
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&ba I-oo

n n
'Ea’ &b&’ LR N J

at t
8y Spgr ot

e e

."‘!_1’('(2) [N

a, b, Cy wesn

acceleration of point B relative to point A,
N e
aoccelaration component perpendisular (normal)
to the occrrespending velocity.

accaleration component parallel (tangential)
to the corrcsponding velacity.

angular .accaleration .

angulor acoeleoration of the bedy indicated.
angular aecelsration of link 2 relative to

1ink 1. C{21 =Cf2-d.1.

fix=d points about which A, B, G, rotate

rospeotively.
lengths of the links denoted DYy 1, 2, 3; sese

o
T
13

11



CHLPTER QVE
INTRODUGTION

A most importont part of machines is that set of systems
which ocontrols the motion of the various machine parts; these ..
systema ars the mechanigms arcund whioch the machines are built,

The simplicity and verasatility of the h-bar linkage makes
it a preferred device for the meghanisetion and cantrol of motlion.
A brbar linkage is a !
closed chain of four
rigid members ocoupled
by lower pairﬁ

(fuming or sliding)

in such a manner that
the motion is presaribed ,!:}f Jos s b e Indinge.
and perisdic {fig. 1.01).
The 4-hay linkage hecomes & meohanlsm wheﬁ Ione ﬁf i;i:s men;bera
is fixed, A L=bar
mechanism 1s analogous to

a y~bar chain whose motion -

cheracteristics (displace-

ment, velooity, accelevation) s M

are considered relative to one Ag (02t % —ber P & AR AT A
of 1ts four links, | S



bl -bar mechanism has, functionally, an input crank (2), en
output orank (1), and o oomnecting rod or coupler (3); (fig. 1.02).
The determination of suitable dimensions for each of the four
nembers ls importunt in the kinematio design of a mechanlsm. The
motion characteristics of a l~bar mechanism depend on the relative
lengths of 1ts links and the study of this has heen embarked upon
over the years ag the need for more agcurately designed mechanisma
has increased. This work concems study in the same line and the
theory discussed will be for plane motion. -
The k -bar linkage serves as a useful guide for some other
mechanlsms that are not basically 4~bar mechanisms butl
(8} have kebar basic layout; ' !
(b) are equivalent to the 4~bar chain in some aspect of their
motion;
(¢) have several 4-bar chains ingorporated :Ln ﬁ'l@ir pomplex
mochanlam, | | o '

These are shown in figs. 4 .03.1:0 1.07.
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11, Application of the y-bar mechanism:

The 4-~bar meohanism has its uses in many machines;
some of which are to convert or transform motion; to guide; to
generate some desired path or funotion; or maybe to give some
mechanical advantage.

(a) Fork-lift truck:

In this application, the mechanism serves to guide

the forks upwards and back at a slight angle, in an approximate

straight line.

fig- 108 : Foke - [t~
Prock .
the § ~bar mechanism such that cowpler point C would have the

desired approximete straight motion over the necessary range of

motion.



(b) Jib crane:

The double rocker mechaniasm is, besides other applica-
tions, utilized in slewing cranes. A horizontal draft is required
for the load attached at coupler point C and a portion of the D-

curve described by point € is used.

(c) Prive of a grinding wheel, small lathe or sewing machine:

A crank rocker mechaniam is utilized in the treadle

mechanisms for sewing machines, grinding wheels and light lathes.



V;kfﬁf .

r” _
" 0(."“"1'”0-}-:'0’“" ' w88, 1s a 6-bar linkage, ue...
» !‘ ’ ;‘"
-  .-4+T8 of the humen body.
, iHay harvester:

A ecrank rocker mechanism iz again used in the hay
harvester shown in {ig. 1.11. Link 3 supports a flexibhly suapended

fork.

The end of the fork ¢ desoribes an oval-shaped curve. The
actual path of the fork point, with the vehicle in moticn, ia

similar to an extended cyeloidal ourve {fig. 4.12) L
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LYy &

of the outpuv w. ...

orank displacements.

Usually, the designed 4 -bar mechenism is not used to deduce
the relationships between the variable x and y; it is, however,

used in performing some mechanical function.

(f) Intermittent feed for film bands:
With distinet selection of relative lengths of a j-bar

mechanism, D=shaped coupler curves are obtained. The approximate

straight line portion is used, in the present instance, to provide






CHAPTER _TWO

CLASSIFICATION OF 4-BAR MECHANISMS

There are three types of 4-bar mechanisms, namely: the crank-

rocker, the double crank (drag link), and the double rocker (double lever)
mechanisms.

A mechanism and its inversions may be capable of forming any of

. the three types, depending on the fixed link of the linkage.

\ /

(#1) Crank-Rocker
/-' ——

Fig. 2.21 a;
Mechanism AABB with
its inversions.

/




(iv) Double-Crank

Fig. 2.01b:
Mechaniem AABD with its inversions.

12
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To classify 4-bar mechanism, various possible limit positions
are considered and the properties grouped under certain general

4-bar configurations, as shown (Fig. 2.03).

¢ \ Fefarence MRCAANCIA
: ,"/ \C{ A — /.Q.A.jﬂ. Of f/‘!'tdﬂf 3
/¢ \
/' \\ 6’\‘;@{ — .:/u.,é.-w'.u
o f;tlllf \t ro Yo 'on
\ ) c< d+ (a-4)
\\\‘ = Ltec & Adta
/ \\\ iy o < < e ~ é/_l
a 777 % D btel <a+tc
iy (a-¢) < ¢ +4
=D A< bt 9{
Gv L < a
—— ) C. < At .'Z -'d\,]
ﬁmr;m__.-_‘\ I i
\ = atc < 6 FA
"‘.‘ ,—"/ W A< e+ (b-a)
\ / = ated < btc
\ /
\/ (ine) {é‘“f")'{' R

> é( e+ 1 A
(w a< b
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(1 btec < a+ L
iy d < &a + bte

iy a < b+ < #+A

\

¥ ) at-b & erd
' ) ¢< of t-aa &
(‘ni) A <can 6+t c

(0 e-£) < A+a
ﬂ = c cdtat+ b

(i) o « (c=5) 4a

TITIIT = btd <atc
) a < (b

= g tb < et

14
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(3 {e-d) < a +b
@ C édf‘d\‘f"

() b < at(c—-4)
=2 btd « atc
() @ < b4 (e ~ad)

was A FA < bt

) (b-¢) ¢ a+d
= hLe e +ad4+9
(i) a < (b=¢) +o
- are < biro
(i) oA « & +/& -c)

== ct+d caté

1 ¢ +d ¢ atb
w a < &t+ctdd
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'fU(J—c) < a 4
=2 d LA tb e

() 2 ¢ b+ (d-c)
/ = oarcC < bt

/ _ {f.’l.) L« o+ (d-c)
7”777’?_[

= Ltc <Aty
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e
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L - "'/

= A < bid

v g < d

,4, 202 z;)p..'f- ,o,rr'}r'oh; Cin ey O
B~ duiy 2t ln nar s,
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The 1imit pdsitions defined in the various situetionsg depicted
in Pig. 16 oc8n be shown on a graph of d against ¢ with a(b)
constant for varying values of b(a). It makea for better clarity to
have two 8sets of graphs: one for the czss of b < a apd a = 4;
this means that the other link lengths b, ¢, d are relative tc the
fixed link length a, The other is for the case a € h and b = 1;
now the lengths ¢, 4, a, are relative toc b, A S

The full classifioation of the genoral coni'igurations possible

within the possible link dimensions are shown in Fig. 2.03.

241+ Gonditions For Crank-Roolker Mechaniams: |

: For a }~bar mechanism, the ocrank must b.e capable of turning
&t the limit positions; when the angular displacemsnt with the Iixed
link is either 0° or 18°. This is shown in ciagrems IT, TIT, V, XT,
XII of Fig. 16.

b-Crank:

Whnen the crank is that whose length 1s denoted by b, the
the éonaitims of dlasgrams II, IV, should generally be satisfied.
These can be stated ag follows: " BT

(i) a+b<ce+d

(1) a=-b > fo -~ &/ ~(20)

17






d-Cra
With the link designated with length 4 ag crank, the
oonditions are:
(1) a+acp ., e

() a-adsp.o . (202)

2.2, Conditions For Doubl e~Crank Mochani sm :

In double-crank (arag 1ink) mechanisms, the two oranks

of length b apg d rotate. The links of lengths b ang g mst
then be capable of turning at the limit positions where their angulap

displacements with the fixed link is either o° or 1800. The condi-

tions are:
(1) b-ad /fa-,/
(1) a-asp . e/ - (203)

19
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CHAPTER THREE

VELOCITY AND ACCELERATION
In high speed mechenlswe, the inertia forees due to the acce-
lerations of the moving parts may be very high. Inertia foroes
causs a change in the relationship between the input and output

forces and also create additional stresses in the members of the

mechanism.

3. . Rolative Velooity:

The relative velocity of one point to Iano'ther is the

dif ferencebetween absolute velooities of the two points.

A JAR
be

- tE‘X

- 1
Yy

R
11

A F




Considering the L-bar mechanism in Fig. 3.04¢, and taking % as

the zero point; . B
=biE=D2 A48 =-2 A4 3 (307

Differentiating equation (34 ) with respect to time 1,

B

. o o
—8 = T . 4386 :
at at e | -
. ar, ) R
- re— — = £, ———
e X T 77 2 2 (302)
Similarly;
dry
S _
N at i 23‘.9 = ..%“’3952 . (303)
or dr.
=b X
A L B - (301,)
-
where it = wz
a7 R
) it = ‘5‘)3 B
el ) "

Equation (302) shows that the velocity of point 4 is perpendicular
to the link A& and in the direction of the ansular velocity o*
Also squation (304) shows that the velooity of point B is perpendicular

to the link BB and in the direction of the angular velooity C‘Ju.

The relative velocity of point B to A ¥

ba is given by

= V. = WV

B "5, T,
| 2



by $7 . /{
Equ. 1tion ('50[_-,) shows thav . o int A
1z perpendicular to the link AB,
m I

The vecotor velocity diagram of the L~bar linkage AABB of

Mg. (3.01) is shown in Fig, (3.02) with (), anticlockwise.

[aob = J~-8
1 oab = 8 - x

It can then be seen that triangles PAB LJ 3.:}1) and oab
(Fig. 3.02) are simllar. Point o on Fig. 3.02 is a point of zero

9 s &

velocity and so point P is also the velocity pole of the given

N
~Y



sonfiguration of the 4=bar mechanism ELER for the coupler AB.

The coupler AB then rotates about point P for the given confipura-
tion. As the crank rotates, the position of the veloeity pole 'P!
changes., Foint P then aots as an lostantansous centre of rotation

for the coupler AB with reference to the fixed link AB,

342, Ingtantanecus Centre:

An instenteaneous centre is twe coincident points in two
different bodies (and hence can be referred to as a point). Thera
are several definitions for the instantemeocus centre and it can be
defined as a point common to two bodies, having the same linear
velocity in each, about whioch the bodies rotate relative to cach

other , permanently or momentarily.

343, ;K_,@g_eg'a Theorem:

Kennedy's theorem states that any throe bodles moving
relatively to one another haeve three positions of instantaneous
centre, all of which lie in a straight line.

. In a j~bar mechanism, there are fowr links, 1, 2,3, Il;.. Thers
are three possible combinations of selecting three bodiss from the
four: 4123, 13, 23,.. Therefore there ars ithree lines, sach containing

three instantaneous centres (Fig. 3.03).

o

- | s



| :.Tl;aéra are then six instantaneous centres of rotation in a l~bar
mechanism. The fowr pivots &, A, B, & constitute the permanent
instantoneouns centres of rotation and the location of the instanta~
neoug centres of links 3 relative to 4, P, and links 2 reletive %o

4s 2, ldopends on the angular dlaplagement of the driving crank,

A e e A g P Al bl A it s Bty H . [

3uhe Velocities By Instantancous Centre Method: | .
Thoe instantaneous centre provides a means of determining
velocity relationships of mechanismg without drawing the velocity

diagram.



The velocity of a point on a body is proportional to its distance
from the instantaneous of the body relative to a fixed link. In
the L~bar mechanism of Fig. (3.01), tue fixed link is represented
by 1 and so all instantaneous centres connected with the fixed 1link 1
oan be used to determine velocities relstive % the fixed link, Such
instantaneous centres are &, B and P. X is ile centre of rotation
of link 2 relative to the fixed link and B is ihe centre of rotation
relative to the fixed link; P is the instantaneous centre of rotation
of link 3 (coupler 4B) relative to the fixed link,

Considering the mechanism shown in FMg. 304,

P 304 .



. dAge # Adal,
a ' : -

\
0 |
s , l}
£ 1
5. 3p5 e !
PN Aiagrar  fov b= ber  mestiarain
L~ . v
- ’E‘"?' dox . | 1 :
4
L= g — '

hamal WL O )
Bowations (306) and {(307) emable us to get at the veloc ity of

point € on the vector veloeity diagrams for @ given angular veloclity
of the driving crank (Fig. 3.05).

¥
-~

The velocity of point € is given on the veloeity diagram by oo,
The problem ccn be solved more easily by instantanecus centre method.
For the given configwation of the L-bar mechanism, the instantaneous

centre of link 3 relstive to the fixed link is looated at point F
(Fig. 3.04).

26




Va “b vc A

PA G FB T B - 37 (308)
where "-03 is the angular velocity of
link 3.

It oan be shown that triangles ABC (Fig. 3.04) and abe (Fig.3.05)

are similar,

3.5. Relative Acceleration:
The relative acceleration of one point to the other is the

dif ference in their absolute acceleration values, The absolute acoce-
lerations have to be taken to a common frame of reference.

Considering the 4~bar mechanism of Fig. 3.01, the relative acce-
lerations of points A and B relative to the fixed link are the absolute

accelerations with respect to the fixed link.

dv 2
2 wead a &,
~a — at 5 (309)
at
— =8 . M o 8
From equation (302), v, = % - a3t = 4 dtx_’g
¥ i‘e 2,382
. . _a_a = 1 213 +-P ! ("a'"t) ‘E
dt
= 1 X,xD S P — —(310)
3%
(whecre d = = )
- ar




dv. dzr

sinflarly, a = =2 = ;? (311)
; ¥

From equation (3Qy), ¥y =4 x4

Differentiating with respect to time, t:

51 g o 2

dt

i

2
19 239 & e (32)

Sy ._d'2
(% = d-t-g)

From equation (303),_% =$%"-‘3 - 1%-3:2

® y. 2
ceo g =Ga,xp— u,‘,’g) + (@5 x 0 = (" g)--(313)
2
d
(£, = )
5 ™ o
Equation (310) shows that the acceleration of point A has two
components: one tangential and in the direction of the angular
acceleration “'2 and the other along the link towards the centre

of rotation.
Equation (32) also shows that point B has two components of acce-
leration, the tangential and normal components.

The relative acceleration of point B to point A, 8. is given

by;

Be = B e, (314)

28



Substituting for velues of 3, snd 2 in equations (%3) and

(31Q) reaspectively, equation (314) becomes;

B, = (49— ®0 e (315)

Therefore the relative acceleration of point B to polut &,
LW alsc has two compunents of acceleration; the tangential and

the normals )
2 =2 42g - e (31 6)

The acegeleration of a point is the sum of the tangential and

normel components of acceleration of the point,

a = 1ekxl - ' (#7)

—

The tangential component of acceleration, fz_t, is the produst of
the angular agoeloration and the lengith of the link, 1, and it is
in the direction of the angular acceleration,

L (38)

The normal or centripetal component of acoelsration, _gn, is
the produot of the square of the angular velcoity of the link and length

of the link 1, dirscted towards the centre of rotation.

From equation (%&),

g, = 2 A —~=(39)
= 2w niy, B, e (320)

b
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For & given nechanism .obn;figumtion,., .1:,}19 &irections of 211 the
components of aeceleration for any required polnt is apparent, The
magnitude of ghe normal ocomponents of' accelserations depends on the
angular velooi‘l:.'y“ valuea. To draw @& vector acceleration diagrem it is

usual tc get the velocity values either by drawing the vector wvelocity

dlagram or using the inatantaneous centre mothod. o ) 5.
The acaeleration diagram of the L-bar wechaniam of Fig. (3.04)

ia shown in Pig.(3,06). The acoselaration of point € of Fig. (3.04)

1.

is glvem by the following equations: C

. . .
8, = 2; PE, 2o, P, —={(321)
 + n % n
5, = o ol el (322
The ma;nitudes ‘of ..ah P a , &" , oan be got from the velooity
Zar 2y Bo57 Zop? A,

e
disgram of Fig. (3.05). __ l

For different values of angular acceleration of thre driving
crank, the shapes of the acceleration diagrams will vary. In the
case of the veotor velocity diagram, for a glven position of a h-~bar
mechanism, the shapes of the velocity diagrams will be similar, the
size depending on the angular velocity of ths driving ocrank.

From squations (3:6) to (322); - : A



5= & +> 8
t n t n
= 85 P2, 1 Gy, + 5,
2, = 3y > 25
t n t
- ,{3_3-4"*.9.3 %ﬁw“-oa

t n t n
=8 4o > s, A,

The tangential components of acceleration are all perpendioular

to the link and the normal are direoted along the link towards the

centre of rotation.
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———a e WY D.Brl'lfed by
Wie use of complex numbers.,

The 4-~bor meshanism ZARR 1s described by the veotor and oomplex
equations (323) and (32),)

0 mommmmen (323)

= 0 e (324)
With angular velocitieg K
- &L oW o -
“‘-E—"&%:G: wj"’dt“al’ ll-"'dt "'.g
&nd angulap g2coelerations

sW, =B % L Lk o oy
qz-“-‘z‘?"ls =¥ e - P

. .-r_l_‘._ 32



Differentiating equation (324( with respect to time, 4,

L

i ébeie +i¥ oo - ifﬁaig = 0 == (325)
From equation (325) | |

@ b{cos @ 4+ 1 sin )+ ch(coaij’i- { sin¥)- -5'31‘_d(c03 g+ i sin @) =0

. e (326)
. “go cos Y = mlpd cog @ - “Ipb 008 B wemewmn (327)
‘-’-?30 sin Y = ¢3,d ain @=%b sin 8 o (328)
EE : i
Dividing equation (327) by equation (328); i
cos & r.a.u,,d cos ¥ - Wb gos B TR
siny | i, d 8in @ - Wb 3in ©
3
[} ‘A} o . P
“% _ b_sin (e -¥) } )
e E, T TR (329)

From equation (326)

4 cos I ¢ cos & -‘—“(350)

f-ugb cos 8 4 W

4 3
w3 ain g = @b sin @ + @ .0 8in ¥ —emm- (33)

3
From equations (3}0) and (3% ); |

3 _ bsin (6 -4
Wp  esin (F-8) (332)

For the relationship between the grank angular velocity and
agoceleration and the complex and follower angular acoeleration,
equation (325) is differentiated with respect to time, %, to give
equation (333), . o
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(18 + 150D & (1F+ 120D - (@ + 12 2 0 e (333)
o L.
@, =950 sad; - @)oot 1ok, - P)ae® 0 --(33)

Bquation (334) gives rise to equations (335) ana (336).

1

G(zb sin © +*‘"’22b cos 9 + 0‘30 aind’ +6-‘320 cosd -~ d gin ¢f

A
- “3426 068 ff = 0 —mmmmmm (335)

d‘zb_ cos .9 ‘“221) 8in & + fijc cosdl - szo gind - dl‘_d cos @
T ..odesinp'=o (35)

From equation (335); P o b

. . 2 : . ¢
0(30 sma'—a(hdainﬁ-p Mhdcos ;H-U(2b 33.11.9-7 4)221; coa @

e | - w320 gos ¢f  reeeeeeme—se;—e——ae (337)
From equation (336); '

) 2. . 2
0(30 coa&.’:ut‘.hd coa ¥ — wadsm;!-ﬁ(‘?b cos 8 + ¢,."b sin §

+ @ NN, S

3
Solving equations (337) ana (338);

4 LD ln(e =) o 2ees8ad
A, =3 CEREeE - w)f gt
. T

L
- dfji .s——(%——-—in -5) + (#342 cot (@ =¥ ) cemmmanee (339)

&

B S



2
B\i)sti’m ing for .52 and W an ©4 X
2
w Q-
A B (& ﬂ%&i = },fg‘ ot 3'(-)
W o sn\P 7 3in -Z
2¢ 2 2 2
L 2 W" *‘z.ﬁmzz 095..‘55.123_@.&9—;’7,.-@.0)
= - & g )
gor e golve °© e 806 o0& ration of 'he oouplu‘, 3
eq Lions (%% an 3%H) are ¥ cren 297
i 2
o&ha,sn¢=o\?}osme4. 2 059+d“305i1\ * oooah’
2
“31‘_& ous¢ P " -"Uhﬂ
_k® 2 o - W ¢
dh& o8 9 2 cos 2 ° gin @ ¥ P c08 8 " gin &
2
N gin # -—-—---—-—---—---btﬂ)
goLvingd equat ns U‘*ﬂ and 052’.
o =o e PMG‘ +w2.9.°.s.%:,313
3 2 951‘ "’x 2 sin —8
2 c9b By o
w - w - .-—-.-.-'...-.-..-" '5[;.
3 sin -3 w @ sin —ﬁ ( 3)
Suba'c.itut.mg, for ;2' and f eq yion (.3&5) 3
v (A sinle = gn _._:,_9_,‘%;9_
(g a0 -‘5* 2 #° "?‘5)
s”‘,.L-" 2



Frouw the derived values of &, W , &, dh, it can be said
that to keep down inertia foreces in L-bar mechénisms, the angle between
the coupler and the follower (# -¢) - which is termed the transmission
angle, /4 - should be kept as near 90':J as possible, For most designs,

/9% 7“/max is less than 50°,

The relationship between the angular velocities of the links
of a lj-bar mechaniam can be derived in some other ways. One of
such is by the use of the instantaneous centres.

Considering the L-bar mechanism of Fig. 3.08;

77777777 ®

the velocity of point A is given by

.‘:a=&2=°.ﬁ_ﬁ=';.12x

(345)

ic
]
1
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Similarly the velocity of point B is given Ly

- ™ 291_ x.EE = &*h xd (346)

Since point P is the instantaneous centre of rotation for

the link 3 to the fixed link for the givan configuration; then

-!a X'b
A =P8 = Y3 (347)

Substituting equations (345) and (346) in equation (27);

) b s, d
2 k
PL. ~ PB -w}
oW b _ PB
% = 3%h — (38)
P PB
But (@ -x) © (e -¥)
w
. b sin(e - &)
v aT: o d:in(ﬂ!-a') (349)
From equetion (34,.8);
fa)
. (P = (350)

@ Pi

2
Tt 'éﬁ%fi) - 'am"BZB -0) - 'aintﬁz - 8)
w
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Congidering the instantapeous centre losated at 2,

L
o e &L (352)
2 ZB

From Fig. 3.08;

Z8 A _ b _
sn@~%) ° sny © shy T -(353)
Also ZE _ j:1: - 4 _— (354)
sin(@ - ¥) ~ siny T aln Xx
Substituting equations (353) and (354) in (352);
S .
My bosin(e -¥) _
G, = Tt w) (355)

From eguation (352) it can be seen that C)A is a maximum or
2
a minimm when ZA is & minimum.
% Since peint 2 is the instantaneous centre for links 2 and 4,

it then has the same velocity in both links.

= 4432.21 = wll..ZE — . . (356)

v
=5

3«7+ Proscribed Velocities And Accelerations:

By the use of complex numbers, it is possible te find a
Lebar mechanisam for prescribed values of veloeities and accelera-
tions of the various links.
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Considering the 4~bar mechenism of Fig. (3.09);

i

aHb4rg-9d = 0 - (357)
With angular wvelocitiss given by;

._—d-'-ug— . -w-d—ia‘—.'-w._,‘@__
= =0 Wy 7= Y =i = f

and angular apscelerations given by; W

— . . P - G
dz-wz-g,dj_(uj.—a’, h_w&

1}

Equation (357) oan be written as

-a + bei9 + ceia‘a daiﬁ = 0 (258)

Differentiating equation {358) with respect to time, t:

0+ :i.ébﬁai9 + ié’ oai;!- iﬁdeig =Q --(359)

" - bl
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L .
R

Llso differentiating equation (359) with respeot to time, t:
. 2, . N - 2 \
0 + (18 + 19876 L(1x + 125 Dot T - (1F + 15 )dei’a;o --{360)

Equations {358) to (360) con be writiten as in equations (i) to (Lii);

~ 448 +4¢b +4.0~144 = O - 1)

—

0,8 +w b + w?,-c ~wd= 0 —mm e (i 1)

O-,a, + (dg + iwz )'E + (d3 + iw32)£ - (dh + iw}+2)¢g’ =0 *“(ﬁi)

The set of eguations haa tha following solutiong:

3_,='Ewo( _mo()+1wm (w ..m)J/n
P -q.
o:uao( - o()+i->2<v (aa -m)]/n

4 A a

&= (w 5p = 3) + 1w2w3(w2 '“3)] /D

o

b B |
g . .

a - glp_-u - (361)

!w—

where D, the denominator is given by

L)
!

< [oty - 0y) o 005 4 )03, 1 o) ]
. f O w 2
+1{l; =) | @5o0), + D05 v e) v & ]}

Usually the denominator, D, is of ten omitted and set equal to
wity. This does not affect the relative lengths of the L-bar

meohanism derived for a given set of angular veloclty and accelera-

LR

tion values. C w B

N
[



;1_1(5.01) A L-bar mechanism is to be designed vhere the following
velocity and acceleration values apply in one of its phases.

-1

-
o 3

L}

. -1, - =t %
f---’z-.-soau,(au-i3 28 ; )

dzz 0 3 -"(3=10 3-2; dh= 0
Solution: Substituting the given values in equation Jq and

't‘uﬁld.."l{f, D=1;

b = -60+481

g = aA01

d = =400 +460 i
a = =40-4281

The derived L-bar mechanism is shown in Fig. (3.10)

e



i
Fig. 3.10: 4-bar {inkage with prescribed angular velocities: =
Wy 2 51, '-04 -6 s} , and angular accelerations:
oLy =0, ofg = 10 s-2, @, = 0; assuming D is unity.

41
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o

I the velue I‘o.;:‘ ‘l:hé p‘dmomina.to.xl'x werei- taican into @ocount,
then o "%:;-.
D = 460 - 792 1 | :
The values of &, b, ¢, _a_l,' the:anééorﬁe :

i

o #x - 2R o+ 0588 1 Ly
d £ - 298 - ,082¢ 1 3
a8 - 46 - 07991

The derived i-bar mechanism is shown in Fig, 3 .11). It can
be seen that the denominator does not affect the 1link length ratios;

as such, both mechanisms have the same motion characiteristics.
S i v T
Ex(3.02) Derive a 4-bar mechenism that will have an approximate
) .
spoed ratio of cranks, Z-J—’* = =4, for a portion of its
2

erank rotation. e

whe

Solution: For approximate constant spesd ratio of cranks,

o & =0 W

2 T 7y
) = o P4} = ~t
Lssuning 2 _A)}* = 2 s. .
L i

.....
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From equation (41); assuming D =1

L = -161

I
n

of ) w
2 3+2 3(2+ 5)1

I
i

- (9% ] -
20y + 2 3.(2 w3)1

d-b-g = =40 -4®% 1461

I
u

It is then possible to assign arbitrary values

43

to 6-’3 and



e
i

then v - | e

8 A

-161 . \%
-8 -

'-161-161 N - N

io
I

=t
)

I
u

_The _d.erived h=bap | -
.:'neo'hanism 1s shown
in Fig. (3.12) f -

DTod

3.8, Ké}goities And focelexrations Of Points On The Coupler:

4. « Given a point ¢ on the coupler of & L-bar mechanism A4BB
(Pig. 3.13) whose position is defined relative to a specifioc frame
of reference, the velocity and acceleration values can be found

for the particular configuration.



ﬂ'len"d-t'n = It
2 :
A U\ =¥ = %y
dt

e (362)
e (363)

ot to time, %

bcoaeq.meo:,)h

0

From Fige 313 *

b sin @ + o sin A
(362) and (363) with respe
e (360)

y:’-

pifferentiating equations

X - by a.’mg-mr..13 sin A

— 2 x =

at

g = - b(‘-izzcos 8 + 0(23111 8)- mlw,,lzcoa?\tl-‘y}ain)\)—-t}ﬁ!ﬂ

e

dt
The velocity of point ¢ on the coupler is given by
R e ~(368)
and the acoeleration, 2. is given DY
a =+ PUSESS S ——(369)
gubstituting in equation (368) 3
n) (7

(.Io)z = (bwz)z + (mf.-aj)z + 2 T, Gz cos(® -

L5



Ex(3.03) Given a 4-bar mechanism of Fig. 3.0k, find the velocity

and acceleration values of point C. Assume ‘*-‘2 = 10 3"

- Fe

i) .
]
B

% . . .
i

From Fig. (304); o

u
&
=)

)
o



From equation (351);

3 amég - 0)
&Jz e sin -3
. [s]
.. (433:-10. ,ﬂ.&L{;i = = 5375 ™
sin 84

Aw =YX w 1253
Substituting in equations (364) to (367);
i = - 10.08 5-.‘

3740 87

e
Q
I

. .2 o 2\% —
ce 3, 0= (B 43)F = 3873 s

M 13 Bh-m on thB !‘Bdl‘am Fis. (30%)-
Suhsiituting in equation (344);

of B -2
5 » 8 s

Substituting now in equations (365) and (367);

- 281 .63 8-2

- U243 8~

n

lx.
[+3
vc

k)

... /_ao/2 = (ic2+92)§ = 509.27 e

c

T~ angeleration is shown on the redrawn Tig. 3.0L4.
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CHAPTER FOUR

Lo oucEs I m NERATIN

L mochanism designed t & kinematic specilisation may net ope-

rate successfully if the foroes in the links are greater than oan

L

be readiily coped with. :

The principle of statics states that vhen a bc;.-dy is in & state
of eguilibrium under the egtion of various ferces, the force vectors
form & closed polygen, the lines of action of the Porees pass through
a single point.

In the h-bar mechanism of Fig.&-(/, @ given force §, 2cts on
1ink 2 and the magnitude of a balancing force QZ.. on link 4 with
the given direotion is to bs found. Force can be transmitted through
the coupler, link 3, in an axial direction only and the forces are
the two ends of the cowpler, sre equal in magnitude and opposibe in
diregtion,

| For aquilibrium of link 2, the forces acting on the link poss
through e point; this is the intersection of 9,2 and Q32, the axial
force in the coupler. The force acting through the flxed Joint,
%2’ passes through the interaegtion of Qz and Q32' The polygon
of forces due to Qz, Q12 and sz pust alac cloge, for aquilibrium
to be achieved,
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Similarly, for the equilibrium of link ); Qh_, 0. % Qm form a

olosed triangle and intersect at a single point. The axial foroces

Q}I‘_ and q32 are related by the equation; QBL = - Q32 e (4D )

For the equilibrium of the L-bar mechaniam, forces Ql » Q.z, Qk-’

balance. The force exerted by the frame, 0‘1 , is the vector sum of
d - =
$2°49, L I Phad H (wo2)

L9




bt o Toxrgue Ratio:
Neglecting frictional losses, power input at the input

erank should be egual to power output at the output crank.

N, = T e (403)
For the 4-bar linkage of Fig. (4.01),

RN
wiaw and (.n.io

2 I
- Ti = T2 and TO = T&’
(T - torque).
o.o Eg = ;‘ = -Z.K- {faﬂ&-)
% . |

L+2. Inertia Forces:
The forces due to the inertia effects cannot be deter-

mined until the mass distribution in the mechanism is known. The
total load on @ link is due to the combined effects of static end
dynamic forces.

The resultant inertia force, R, in a link is the product of
the mass of the link and the acceleration of the centre of gravity
of the link, _gg; and it acts parallel to the acceleration.

R = mgs (405)
where R is the inartiaz foroce

m is the mass of the link

and a , the acceleration of the centre of
gravity.
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The torque due to inertia, T, is given by

T = I e —— e
where I is the polar mass moment of inertia,
and ' is the angwlar acoeleration of the link,

The relationship between the torque, T, and the inertia

forse, R, is given by

T = Re -

o (107)

whers e is the shortest distance from the centre

of gravity to the line of agtion of the

inertia foree, R




Fir 4py . Accele refrim chiingg pon s o Are.c Ad Anls pm
R Sy T X P '

AT

-
e

The driving torque, Q:L’ in the driving link to overcome Iinertia

effects can be evaluated by using the principle of virtual work.

With a virtual rotation é'ei of the driving link

w q‘

Q co, - ngg.é;q-z ixdX =0 '"".‘".T_."'U*OB)

1
» - vhere $ 5 1s the virtual displacement of the centre cf
| Cx gravity . ' :
md  OM is the virtusl rotetion of a member.
If the virtual displacements take place in a time &¢t,
- Ing. 8o TiXE 0 e (109)
vhen &+ tends to zerc. ) R G
go % L. £

e s
2l



dei' )
. - G
Assuming = = MYy

Qe - ):m Bge¥y ~ ZIG( W 20 —ememeemee—(14 0)
vl.r.helré Eg 15 the veleoity of the centroe of gravity
and @ is the angular veloeity of a membev,
Considering the L-bar mechanism of Fig, (4.02), for the
driving link, link 2; from equation {410);
Yo* W ~ mzo(zm}z)z‘“z - I, &, = 0

m2:’{:1=(3"‘2)2 + 1%,

[, + 1, ] o, SN—CY
This is shown in Fig. (4.0L). o

The inertla torque dus to link 3, Q2 is given by

Wz = My By - gz < %500

1 t ,
. & . = - I 2 L —
Y3 %, [ Wy 23 Loz + T3hs00, (12)
This is illustrated in Pig. (4..06).
The inertia torque dus to link 4, Q:il;.’ is given by

2
. - - I X W
Q- - m, X, (B0, - LK 9
. -y

2 : :
v Q:L - ﬁz 0(1,_ [m4(m4) + Ih__} (24 3)
The net torque needed to drive the mechanism, qi, is piven by
QY = Qo+ Yy +Qy (414)
Assuming that for the h-bar mechanism of Pig.(4.02), there is a

wmiform mass/unit length value of m_ the Q:I.E’Qi}’o‘ih. oan be calou-
lated. o 53 e g e




Fi3

Iff////

7177 77

@,y = X, "2

(]

K23 = - 4a,
Crg = A’la"‘i
Ly

Tl S T IEE
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E

2
I=(ml). %72- shere 1 is the length of link,

The torque necessary to drive link 2, ¢, is then given by, {subs~

tituting in equation); o o
[mx.mmz)z + InJh (%;]_ X,

!;.O[h. mxx 22 +mxx4x%§] :

%2

]

853.3 m

Similarly the torque nsocessary to drive link 3, Qi,’) » 1s given

LT

by;

it

2
_6 =4
6 mx[z*?.s x 352 + 25 X 10,67 x ).5]

Y3

2930 m

‘The value of Q_u'., the torque required to drive link 4 of the

mschanism in Fig., 4,02, is given by;

o}
i

"i!{. 0-3 X 83.43 mxx 7 X 12‘5 + mxx ? x 1“2.] i

2905 . n

The values for ¢~ o9 o , M, A 21 0’-5, ol i’ and the lengths

. 3Ty
of the link members ars got from Figs. 4402 and 1..0%, v

*
&

s Qi=Qi2+Qj_3+Qﬂ+=7688.?mx

- P .- 55
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CHAPTER FIVE

CCUPLER CURVES

The paths traced by points belonging to the coupler, link 3, of
a2 4-bar mechanism arc termed coupler curves. These curves are of

sixth order with varying shapes.

¥4
7(:'.? 50/ Cao\(p/;,,,. corve 4. . 0;£ /a-u-f e /

4 - épy M-t(_r{wu&-;-'.rﬁ-\ '4-*65 .
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5¢t+ Coupler Curve Equations:

A
b AtA
| >
... v > N
e ! et ™ “:7“\
I S b
8 ! /
4 J\"\ / RS AC = m
~ 1 ) / N
+ "{{__.- o & Ca&E = N
i)*" N~
1!‘/ .."J?fb
: / :l"- o -
! 5; ':' ‘—‘ o
' 6 Aﬁ = y = --r-""

From Fig. (5.02),
X, =x -m cos{A +%); y, =y-m sin(A +)) ~mmemee(501)

Xy =X-n cos(A +¥+8); yp=y-n sin(A + P 8) --(502)

Also,
2 2 .2 2 2 2
X" ey =1 =0; (x; -8 cos)y) +(y,~ 2 sin)) - 4

= 0 -—~(503)
From equations (501), (502) (503);
1) xz-byz- 2mxocos(A+pP) -2ny :si.n(:\-|-)‘°)-n::|"'a B

= 0 ~—-(508)
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Iy

(3i) x2 +y2 - 2n x cos{) +¥ -I/:’) -2ny sin(>\+3P-t,€)
-2axems¥Y-2ay sin®+2an cos F cos(hq-?f’-y{?)
+2ansinPsin(h+Pe8) +0° 48 -8 20 cmmomme (505)

'Eqmtio'ns (501) and (505) can be written 'as
- , 2 2 2 2
2 TELX 00.'3()1 +j’) + Yy sin(h +_)9)] =X +F +W =hH e (506)
2[1‘1 x oos()\+_"f’+/.?) +ny sin()u-‘j’tﬁ) + 2 x oos
+ay sinjai; an ocos (X -ly@)] = x2 + y2 * nz + a2 - (12 e (507)
F&;Bm squation (506); _ o ;

003 A 2mxcosj’+2mysinj°]+ain r—zmsm})

+2myccs,‘f’]= x2+y2+m2-b2 - - (508)

From eguation (507);

L]

~ooskl2nx cos(¥+/3) +2ny sin(j"-a—/.?) + e.a n .césﬁ]
+ sin)r-— 2n sin(:dy'g)q. Z2ny ooa(f’j/j) -2an sin/‘?]

' 2 2 2 2 .
=X 4Y 4n +a-d2-axcos}’-ansinf ----- (509)
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From equation (501);
(x cos P + y sin) - b cos(6) -

(510)

co3A =

- " -
PR P EL PO J—

since x, = b cos(8 + ¥¥); Yy =b sin(® +P)

Substituting equations (510) and (511) in equation (509);

-gﬁﬂl_-_(x cos ¥ + y sin'f) - b cos 9] '_x cos (P + 4)

+y sin(P+) + 2 aoaﬁ] & -%Q y cos(P+0) - x sin(f+,4)
-a sinﬁ][y pos?- x ainf) - b gin 6]

2
= X +y2+n2+a2-d.2-nxcosf-ayain}-—----(ﬁz)

Bquation (512) can be written as
xz‘ 4 --2—;-1- co:%f] * y2[1 -.-2;—'1 ooaﬁ]
3 2 : p l_{b sin (@ .p/‘) -a ainﬁ} ainf-u- {b cos(® +ﬁ)

2 cosff - 227 cos P |
2n_y_'-ma P ] ¢
‘{n -b cos(@ +2) -2 cos/jf 3inf+‘Lb 51!1(91-/3)

&

n

m

a sin/j }coa :7’-‘ + a° + n2 -a°.22aD cos(8 =A2)= 0 ===(513)

For a particular 4~bar mechanism configuration, x, y depend on

the value of 8.
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Solving equations (508) and (509) for cosA and sin A ;

; 2 2 2 2
(m y cos¥ - m x sinP) x +y2+n +8 =4

005 A =

A i A

2 mn[xz sin/,’,? +y2 si.t}/‘:"-n-a x sin(,/’:--f)

-axoos:;"..ayamf’] [nxsm(j’y”)—nchS(‘Pt/ff)

e R

l;.aycos&ﬂ f)] 2mn|_(x sinﬁ-{-y sin/@

.I.+ansin/ﬁ']{'x2+y2+m2-b2] .
e s e —(514)
+ax sing/? -FP)Ysay 003( )] . =
[n x coa(‘f’qﬁ) +n y sin(¥ j/.?) + a nﬁ;oa/f]

W . Ay -

2m n,-xz ain/e-i- yz sin/f +ax sin(,/‘?-.)o)
l_—xz-i.yz-pm -b] [meOS:P-bmysmjo] [x + ¥ +n2

"

+ayoos£/3'-:1°)] E’mnl:x2 sin..,-l-y_ .sinﬁ.

+32..d. —axcos)o—aysjnf] PR
T — S — .. A e S A, et S g gy o i s 0 e e e A __(515)

H.I+axsinw-d)+ﬂycosw f]

but sin’\ +ooa)\ = 4

ain,\ =

Ky =K, -- . - (516)




whers

K‘i =(my005:)a-mxsin'j°) x2+y2+n2+a2-d2-axcosj’
-ﬂysin'f']

+[n % sin(‘)o +,/3 ) - n. ¥ cos(f +/0 )I +an sinl/(':’] |

[xz + y2 + n12 ~ bZJ
K2 =[nxcoa(jo4/3)+nysin(f 4-//}‘) +an 303/3]’
[x2+y2+m2-b2]
P e ? n? va? o
-[mxcos)oi-mys:mj’]'nx +y +n +2 =4 -aﬂxcoajo
: : -ayainy],
s 5 ) :
Kﬁ:zmn[x sinfs + ¥ si.ry6+axslng/§—f) ._
+ay003(/€—:f’]:] -

vhere F = 0; equetion (%16} becomes
nzgx-o a)z " yz] (x2 + y2 o me - b2)2 -2 mnExz + y2 - & x)

” 2 2 2 2 2
msﬁ+aysmﬁ]+[}: + ¥ + B -b](x-a) +y2+n2-d2]
2
2, 2 2 2 2 2 2 2
« o (x +y)j’zx-a) + ¥ +n—d]-amEx2+y2—ax)

2 y
s5in -2 cog —i =20 ecme
/3oy “ﬁ_, ._ (517)
It can be seen that the coupler curve equation is of the sixth order.
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5+2+ Robert's Theorem:

In Fig. (5.03),Ifrianglas ZBH, ABC, DCE, CFG are 21l
similir. The triangles remain similarp even when the links are dis-
placed relative to one another. The same linkage is shown in
Fig, (5.04) with relative displacements between the links,

If the linkage is fixed at points X, B and H, thers occurs
three different h-bar mechanlsms Jolned 2%t & goumon ooupler podnt C.
The l~bar mechanisms designated by AABB, ZDFH, EEGH, then twece ¢
gommon ooupler point curve at coupler poini C.

From Fig. (5.04),

o =(g+o x o)k {518)
vhere ¢ = AB >

= 4L

= constant

Ib x o

a veotor normal to plane of mechanism.

hy. $os.



Similorly, DF = £ = (B +5¢ x Bk = (59)
b

vhere b = Zh

" end 08 =g = - (@ +iex d)k ~- . (520)
vhere 4 = BB )

-

A = 7D + DF + FH

- ———— ———

= 8+f+¢

=k[(9 +o-4d) +5x(p + "Ll)j]

s-k[_g +§Ex§) : ; . ii'

foenesrao] - i

Since AB 1is a fixed veotor, AH is eélso a fixed veotor. H is
then & fixed point since & 4is & fixed point. It can also be seen
that triangle ZBH is similer to.triangle ABC,

Sinee H is a fixed point, ADFH, L4DE, and BEGH oan then 8ot
ag ddfferent L-bar mechanlisms and the three meohanisme have a common
coupler point C that describes a coupler curve for the three L~bap

mechenisms. The three mechanlsms that deseribe the same ooupler

path cre termed ocognetes.



5.3, Cognate L._i’pkages: o y qi B

Tt has boen shown that a given L-bar mochinism has two
other i-bar mechanisms 'cognate' to it. The coupler curve of a
L-bar mechanism can also be traced by 2 particular 5-bar mechonism
with a certain restriction imposed on it. This means that, in all,
there ore six, L- and 5=-bar meghanlsms, cognate linkages.
L Given o h-bar mechanism, the two other cognate L~bar mechanisms

o8n be found and the S5-bar cognate mechaisms corregponding to saoch

of the threg y~bayr mechanisms can also bg fowund,

Coud R I

Cognate 4-bar mechanisms: Given the )~bar mochanism K4BE,

with coupler point €, of Fig. (42 a), the ocognate 4-=bar mechanism

el

oan be found as follows (Plg. 5.06):

-

Triongle £BQ 4is made similar to triangle ARC.

(1) For the cognate mkag;; with BQ fixed, trdangle DCE 1s nade
similar to trisngle BAQ, with BRCD being a parallelogrom.

QE and BD are the two cranks in the cognate L-bar mechanism

B ROEO, coupler point C, with BO fixed.

(ii) For the comnote linkage with A0 fixed, triangle GCH 1s mads
simdler to triangle ABQ, with AADG being a parallelogram. A&
and (H are the two cranks in the 4-bar mechonism AGHG, coupler
point C, with AQ fixed.
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Cognate H-bar meghanisms: In the cognate S-bar mechanisms,
the two oranks are driven in the same direotion at the same speed.
This oan be achieved by gearing or by use of a parallelogram lin-
kage to oonnect the two oranks, as shown in Fig. (5,07),

Considering the 4=bar mechaniam in Fig. (5.06 a) with AB
fixed, BACM and BBCN are two parallelogroms. JMCNB is the S5-bar
mechanism cognate to the 4~bar mechanism with the two of the S5=bar
mechanisms EM, BV driven in the same direction and at the same
angular speed. AFNB is the parallelogram to ensure same angular
velocity of aranks 5 and 8.

Point C is the common coupler point.

The same procedure can be followed to derive the S-bar

mechanisms cognate to the two other cognate L-bar mechanisms in

Fiz. (5.06).




Sels Double Points Of 4 Coupler Curve:

The double points of 2 coupler curve are points on the
curve crossed by the coupler point twice. .ny double points of
a coupler ourve lies on the circle through vertices of triangle
IBQ vhich is similor to the coupler triangle ABC (Fig. 5.0¢).

Double points for given crank positions: Double points of

coupler curves are of interest; they enable the coupler point to

cone back to the same point after some orank angular displacenent.
Given two pairs of orank positions 1&1 , BA, end 531 » BB,

to correspond to the same double point on the coupler curve of

point C; the double point, C', is the intersection of the perpen~

dicular bisectors of ;.1;.2 and 31 B, (Fig. 5.08).

As g

]

A yint for
te a double pc
m derived 10 genera
4-bar mechanis

Fig. 5.08: two given crank positions:
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The ecoupler point coinciding with the instantansous

| oént:re of link 3, coupler, relative to the {ixed link, describes

a eoupler ourve with o gusp (an end, pointed, with ap indefinabls

tangent) or, also called, a return point (Fig, 5.09).

Conaidering the 4=bar mechanizm in Fip. (10), the coupler
point C desoribes a coupler point with two ouaps codncides the
instantaneous centres at phases 4-%1 E:| 3, T-.Q.ZBEE and A51 R 52 are the
intersections of the crank cirsle, radius f-m, cnl the circle

through points 4,3, A (Fig. 5410).






CHPTRR SIX
FDUTE DISPLICRIRNS

Tt is important in the synthesis of L-bap machani;ms ..’co be
able to derive auwltable Le«bar linkages that will satisfy various
link displacement requlrements. The methods to be disoussed
involve graphieal layout and conatruction. The meohanisms

derived are acocurate for the positions considered,

6. . Poles: |
" e pole conospt is rather wseful in the synthesis of
iinlcaga mechanisms, A plane can move from one position to another
by pwre rotation about a fixed point, The fixed point is termed
the pole for the plone for moving by pure rotation from the ini-
tial position to the final position. If any of the initial and
final positions ochanges, the position of the pole zlso changes.
For infinitesimal plane displacement, the pole coincides with

the veloclity pole.

6.2, Two_Link Positions:

The goometric properties of two finitely neer positions

of 2 link ig of great value in the synthesis of orank mechaniams.

7
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and Of ‘51}3?1 b12 (Fi?_:o 6.0‘)-



For pure rotation, triangles 1‘111-"1 EB‘I and A2P1 232 are similar,
therefore, angles A1 P1 231 and ;‘2P1 2332 are eqwl, Consequently,
angles ;-H p1 2‘12 and B1P1 232 are also equal. The angle of rotation,
¢1 o» from position 4 %o position 2 is the difference in the :‘I.n.oli'-
nationg of the links at positions 4 and 2,
The sirplest way of moving link AB from position 4 to posi-
tion 2 is by plvoting the link at the pole, P12.
If AD reprosents the ocoupler of a A-bar mechanisnm, A1 can be
mde to move to A, by having the fixed end, %, of the erank Ai
on the perpendleulsar bisector of A1A2, 2 e
moved to B, by fixing B on the perpendicular bisector of B, B,

Sinilarly B‘I can be

b’i o Consequently, there are infinite numbers of possible j-bar

mechanism to Move coupler AB from position | to position 2 (Fg.

6.02).
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Three Link Positions:

r be

constructed.

Given three finitely

in Pig. (6.03), the

P g J:.J the intersecti

>
“

bisectors of "_‘._1 C.» 31 »s 8nd D D_, ‘H oo P.

c

and

Th

3 y 1 P
- U na i
15

- .
e inmapes of

™
4

"
i

is the intersection

about F "r. _— C. 1 b

£

coincide at ¢! (Fieg. 6.03).
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Three finitely near link positions: Given three link posi-
tions as in Fig. (6.05); link CD is the coupler of a 4-bar mecha-
nism whose fixed pivots coincide with the intersections of 0, o
O30 O3 and a12, d.zj, d.13 (Fig. 6.05). I the L=bar mechanism
derived is not so desirable, some other poir of points along the
coupler length c2n be chosen as the moving pivots 4, B. Then
different sets of perpendicular bisectoras will have to be drawn

and new fixed pivot position loeated.
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Given three point positions, C , C,, C,; orank redius kA
and a fixed pivot position I. as in Fig. (6.,06), a suitable

L=bnr machanism is to be derived to satisfy the given conditions.



Solution:
Choosing 2 convenjent length AC, peints .u1 r By Aj are

looated, Poles P12, P25’ P15 are then determined. A suitable
position is then chosen for the other fixed pivot B.

Poles P12, P23 are used to loocate point B2. From equation
(602) ;

1

Zn2 P12 i

Liy Pys B = 480° - /B, Pys B = g,4/2.

The derived 4=-bar mechaniasm is showm in Fig. (6.07). There

[BQ P125 = ﬁ12/2

exists infinite number of sclutions depending on the looation of

the fixed pivot B.
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Ex(6,02).

Approximate Straight-Line Motion:

4 slider crank mechanism can be used to develop a

4=bar mechanism whose coupler point has an approximately

straight path for limited range of motion,

I &<

As shown in Fig, (6.08), pointa A,] s 4’12, A3’ are marked off
on the circle of radius AA and 112, A} are made symmetrical about

the normal. to AC through 4; thig is to ensure that pole P2 will

3
be at infinity, Points 01 r O 03, are marked out on the path
of the glider of the a2sgumed slider erank motion. Poles P“2 ’
P1 3? are then found,

4 oonvenient point is made the fixed pivot B, Point B is
found from the following relationships:

From equation (602);

[fﬁpwg = _4’15;1 F,B = ;3’12/2
MFsE = mRE - g op

The derived 4-bar mechanism ig shown in Tig. 7 nay
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6.4, Four Link Positions:
M

Four finitely near link positions &ive rise to six

Opposite pole guadilaterals: Opposite poles are two poles
whoge aubscripts do not eontain any common numeral. P12 and P314-
are a pair of opposite polss. Two pairs of opposite poles make
up an ‘opposite pole quadilateral. The adjacent poles have sube
soripts with a common numeral. There are three possible opposite

pole guadiloterals for foup finitely near link positions; these

ara p12 1=v11F PyL P25, P12 1=13 Psh_ P%, and Pm 913 P23 P21+ (Pig.

6+09).

,. L .P.-, _—
A
o a ﬂ‘b
£y A0
oﬂ" P:f,
M
£3
P -4
13
h\. l’lr ‘P’ f
o
Fay fia
0 Py
ha

Dcl'j & 0% (9/)}:&:;')‘! f./¢ ?hgﬁ(:'(’.;ﬁ‘.‘rm/f 7£vr ﬁw
brh pos e Feons.
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Centre Surve:

The centre curve is the locus of all possible locations of
the fixed pivots of o L-bar mechanism, A, B.
To plot the centre ocurve, the poles are found and an oppo~

site pole quadilateral is chosen, say P ch‘ P:Sl,. P1 3 The
and the intersection

intersection of P y Ond P

13 T Wy,

3, are also found,

L]

12 21;-

d

Considering Fig. 6.40, K‘I is the ecircle through polnts

q is the perpendicular bisector of P and

-t
P3Py il pye Fis@

% is the perpendicular bigector of ch PE&.' A 1line is drawm

fron 2 point on K1 through P | to meet 9, at Q1 and another from

13

the same point on K‘i through P to meet Gg at Qz. The loous

b
of the intersections of the circles dramm about Q1 with radius

QI P15 and the cirecles about Q2 with radius 2, P3’+ is the centre

ouwve. It passes through all the poles and the pole pair inter-
ot
sections ir .
Thore are cther methods of drawing the centre curve. One
of such is to choose the opposite sides of an opposite pole

quadilateral, say P , P

a L
4 0 nd P (orP P'1 and P

23 14 Fa, 23 211-)
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With P12 .'P23 as o chord of 2 circle of arbitrary radius, T,
as a chord, 2nother circle whose radius,




Circle Point Curve:
The circle point curve is the locus of <11 possible looations

of the moving pivots, 4;! B, at a particular position,

To conatruct a2 ecirecle point curve, the poles 2re found., Con-
sidering the example in Fig, 6.12, the circle point curve is cons-
tructed for positicn 4. The circle point curve then gives the
location (locus) of A, and 51 , the moving pivots of the L4=bar
mechanism whose coupler lies at the given positions.

An opposite pole quadilateral is chosen, s2y P1 3 P1£|. P21+ P23.

Pa: eand Pz; are deternined. p;_,; is tho image of P, about

i ;
P12 P“‘. and P23 is the image of P23 about P12 P1 3,

The opposite pole quadilateral about position 4, P1 3 P1h

le: P231 s is then used to plot the oircle point ourve,
: i i with a
4 circle of radius rﬁ. 8 drawn wit P13 P“‘_ s chord and

another eircle of radius r 1 is drawn ith I-":'2 ! P 1 as chord.

3 3 T2,
P P
f:% _ _*L1L1.’z1
*% Pas Pa

The circle point curve is the locus of the intersections of
the two circles,.

£ suitable 4~bar mechanism ocan be derived by selecting various
points for the moving pivots by s B, and then using equation (602)
to locate the fixed pivots }11 B, and then choosing the best of

the derived mechanisns.






6+5. Five Link Positions:

It may also be possible to derive 2 L=bar mechanism to
have coupler positions correspond to five given link positions.
It is neceasary that the fixed pivots of the L~bar mechanism cor-

respond to the intersections of centre curves for a chosen pair
of four link positions.

Five groups of four finitely near link positicns are possible
from five link positions, These are 1234, 1235, 1245, 1345, 2345.
tn example is shomn in Fig. 6. 3.
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CHAPTER SEVEN

POSITION COORDII'ATION

Position coordination plays an important role in Lebar mechanism
design. It is usuelly necessary to coordinate orank anguler displace-
ments for particular motion of a L~bar mechanism,

7+1 « Crank-Rocker Mechanism:

A crenk-rocker L~bar mechanism is particularly useful for
many purposes. It is useful for converting rotary motion to rocking
(oseillatory) motion or vice-versa. It can be used for quick return

motion; and some other functions.

antTMm .
1(.5 Tol * 4 = bar crank - rocker rmecharts



Referring to the crank-rocker mechanism of Fig., 7.01, &8 the
erank AA rotates, the rocker BB oscillates thvough angle Y.

When the rocker swings from position 31}1 to ﬁB.z, the orank has
an angular displacement of (180 - v)° anticleckwise and the return
motion takes the orank Ak through an angular displacement of
(180 + v)°. For constant angular velocity of the crank, it is seen
that the time for the forward and reverse strokos are unequal, A
L-bar mechanism then acts as & quick return mechanism. For constant
angular velocity of crank KA, the time rotio, T.R,.,, of the awings
is given by;

180 + v
T.R. = 1&"'? {m)

Considering the crank rocker mechanisms of Mg, , at the

limit positions of the rocker, the following conditions hold:

dz o a2 + (b + 0)2 - 2a(b+ ¢) cos A (702)

d2 = 32 + (¢ - h)2 - 2a(c ~b) cos(v +J°) e (703)

(¢ = b)2 a % 62 « 204 con f coccomimimnne | 704 )

b & B)° wia® + & - 2ad cos(¥ + &) (705)

Also,

- b d

;Ei_n-a = sin(v +¥) (706)
+ b d

-a-i?iq(a‘+ @ T sinp (707)
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Dividing equations (?.02 to (7.05) by 62, they become;

.;_1)2 - a s E(—E) + (-;5)]2 - 2(-:‘-l +2) cos I —mmemm(708)
@7 = 1+ @-DT o268 -2 cos (v 4¥) e (709)
@ - %)2 - 1 4 Qg)z LI ST — (710)
@ . .2.)2 =1+ )7 222 cos(Ws ) e (W1)

The four equations are simllar and c¢an be written a&s

K12 =1 + 1{22 - 2[{2 coB 9‘i - ——— (712)

There are now three variables K1 ’ Kz’ ol. Plotting graphs
of K1 againat I{2 for varying values of e* can be used 23 an eagy
way to solving angular displacement problems in }j-bar mechanisms
(Fig. 7.02).

The problems can alsoc be solved praphlcally. For example,
designing for givem values of v and § as shown in Fig. (7.03).

The value of the orank length, b, of the link A4 is found
from the relationship;

o+b = AR, -—-- ' (m3)

¢c=-b = 513'1 - (714)

There are infinite numbers of possible designs of YL-bar
mechanism for the given conditions. The locus of possible poaitions
for & is the circle through points B1 » B,, L,

2}
ot
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7+2+ Double-Rocker Mechanisms:

In double-rocker L=bar mechanisms, the input and output
linka, links 2 and ), do not prescribe complete ecircular motion
but rock or oscillate about their fixed pivots, A, B. Double-
rocker mechanisms do not act as quick return mechanisms as the
time ratio (T.R.) is equal to unity.

Output fAngles: In double rocker (double lever) mechanisms,
the input angle as well as the output angle variea., There eére five
ma jor types of double-rocker mechanisms, considering the variations
in input and output angles, as can be seen (o the classification
graph of Fig. (2.03).

Cage I: As shown in Fig. (7.05), the inpub and output links
do not oross the fixed link line.

From the classification greph, it can be seen that the candi-
tions for double-rocker of the case being comsidered can be written
as follows:

(1) a+¢c ¢ b +ad (715)

(i1) c+d ¢ a +d
Considering the example of the type I double-rocker mechanism

shomn in Pig. (7.06), the following relations hold:

(c + @)° = a° +b° = 20b cos (F,+ %) =-mmmmmmmmmmn(1 6)

(a - 0)2 e +b° = 2eb ooe ﬁ1 (n7)

I
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line on the outside but do so on the fixed link itself,

From the classification graph of Fig. (2.03), the oonditions
for 4=bar double-rocker mechanisms of the type showm in Fig. (7.07)
are as follows;

(1) c+d ¢ a+b
(720)
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Considering the mechanism of Fig. (7.08), the following rela-
tions hold:
¥
(c + :1)2 - 32 +1::|2 - 28b cos *51- s (?21)
2 .:'74
T +¢) = a’ 4+ & - 2ad cos *'5% - - (722)

Case III: )-bar double-rocker mechaonisms considered wder Case III
have of the input and output links, the inpul link crossing the fixed
line on the inside and the output link crossing the fixed link line
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on the outside; as shown in Fig. (7.09).
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Fron the clagsification graph, conditions for L-bar double-

rocker mechanisms of the type considered in Case III are as follows:

(i) c+d € a+h0

(1) b =2a > fe - df (723)

Considering the mechanism of Fig. (7.0) in the limit positions,

the following
2
(¢ +d)

® - o)

hold:
E
=3° 4 a° - 2 &b oos =+ (721)
: 4
= d‘z + &2 - 2 ad cos (4180 - é-?-) ----------- (725)
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Case IV: The 4-bar double-rocker mochanisms considered under

nase IV, as shown in Fig. (7.41), have input and output links that
oross the fixed link line only on the outside.
Pron the classification graph, the conditions for the mechanisns

considered wnder Case IV are as follows:
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Considering the mechanism in Fig. (7.42), the following rela-

tions hold:

’

2 f,..!
(e = a)" = 82 + b2 - 2ab cos (180 - r:ﬂ ek 12 13
z, |
(e - b)2 =& 4 & - 2ad coa (18 - E"-) ------------ (728)

Caae Vi The L~bar double-rocker mechanisms considered under Case V,
as shown in Fig. (7.413), have input links thu% crosa the fixed link
lines only on the outside and output links thot cross the fixed link

lines only on the ingide,

L7y

o Lo e comscclerscy
& lonble - rocker PETTE
fy. 781 4= den ot

“—\ cose F

From the clagsification graph of Pig.(2.03), the conditions for
the L-bar double rocker mechanisms considered in Case V ocan be

written &s follows:
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(i) 2+b ¢ o+4d

Gi) fe-Bv/ <€ d-o e (729)

7 it 4 — bar mechanism of ?L‘y,ae el s iolbvand v

care ¥
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Prom che mechanism in Fig. (7.14), it can be developed that;
X

(@ - 5)2 - a8 + b2 - 2ab cos (180 - -51*} cmmemm e e = (730)
4
(b+a)2=32+d2-2ad008“2£ e (731)

The general equation for output-input anpgles relationships to

link lengths in a L-bar double-rocker mechanism can be written as

> 2

before in equation (742); dividing equations (715) to (729) by a™:
2

2 o .
K° =1 +K" = X, cos 8 - (n2)

Therefore the graphs of Fig. (7.02) cun be ugsed to analyse

problems on input-output angles in doublewrocker mechanisms.

743+ Transmission hngle:

The relationship between velocily and acceleration of
linka 3 and 4 to angular velcocity value of link 2, shows the impor-
tance of the angle between the dpiven link and the coupler - the
transmission angle (Fig. 7.15).

The transmission angle,/u , should be kept as close to 90° as
possible so as to aveid Jamming,

Considering the crank-rocker mechanism in Fig. (7.5),

P R S T R T Ty p— (732)

Differentiating with respect to 2ngle 8, equation (732) becomes

2b sin 6 = 20d sinu S (733)
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\ /7
e "
;[:7 7/5 i 6 - éa—-y MLC.AAM.IM J’Kﬂw@_ﬁ' h ﬁ""“-fht'd-:f
M\sa) e /M .
For twning values, % = 0
. Sin a = 0
. e 8 = DO or
e = 1&}0

Differentiating equation (733) with respect to @

AM, 2 a%pt
2ab cos @ = 20d coai (o) 4 2cd sinp =i SR—
38 # B
When G- =0 and @ = 0’
2
M 2ab "
- : o — - 0 St My e P
;] g T (735)



Vhen %u =0 and © =180°

2
dﬁ 2ab _
5% = 7 204 sinp % @ (736)

(735) shows that the transmission ang,le,/u , is minimum,

© and equation (736) shows that the transmission

Egquation
/}ﬁn, when 6 = O

angle is mximum,f‘ max, when the orank angle, €, 1

) for the mechanism shown in Fig. (74 5

2
3 equal to 180 .

These are showm on Fig. (746

? 248 6-—- ém Mec le 2t r(euvr'?\j PMA ML marm A AL

M AN, Va/ues

ay’C 7£{ ﬁan:bw.s.n‘n. 4’9&’
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Considering Fig. (7.16), the followinr expressions hold:

2 2 2
(a =1B) =¢ +d = 2cd oS pd o -—=(737)

2

(a + b)2 c 4+ d.2 - 20d cos u s SPRSERSS— ()

i

Equations (737) and (738) are similar to the types got and the
general graphs drawn in Fig. {7.02) oan be used in some respect to
analyse problems on transmission angle designse

For low speed crenks, it is generally desired that /90 -/Ial/mx
should not be more than 50°. This means thot 11..00},/(1 Vi 24.00.

It follows that for extreme values,

Auin =W

and ,ﬁ‘max = ﬁhoo
Substituting in equations (737) and (738),

B 5 @2 e DORGOE HO® s (739)

62 + '3.2 - 2cd cos 11;.00 s aamees § THD)

(@ - b)°
(a +b)°

For ecrank rocker mechanisms, b € a: the driving link length

n

is less than the length of the fixed link. Hquations (739) and

{(740) can then be written as

G-+ @7 22 2 cos 140° —mmmee ()
G+ =%+ D%~ 282 005 140° e (B2)
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Ii' the fixed link length, &, is made ecual to unity, then
graphs of d?(%), against o (-g-); can be plotted for values of b (-E)
varying from O to 1 (Fig. 74 7).

For double-orank (drag-link) mechanisms, # € b: the driving
link length is more than the length of the {ixed link., REquations

(739) and (74,0) can be written as;

(4 -%12 = (-E)Q + (-%)2 - 2% % P R o pu— ——=(703)
(1 +-.§)2 = (-5)2 + (%)2 -2 :E. % R L et /)

Graphs of 4 (%) against c._ (-;E)’ oan then be plotted for varying
values of a‘_ (-:E)_, ranging from O to 1 (Fig. 7. 7).

It will be seen that the graphs got in both considerations are
the same as shown in Fig. {747

From the graphs in Fig. (7.4 7), it is advisable that the ratio
of the driving orank length to the fixed link length, %, be no more
than O,. for low speed cranks, to prevent jamming. It is also
easily seen that for good transmission angles, the coupler length,

¢, and the driven crank length, d, should be about equal.

o |of

€ Ous; oo d=2 0,8a - (745)
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Ex:(7.01) Design & 4=bar crank-rocker mechanism having an output
angle,f_},’ y of 1000 and whose minimum angle between the output link
and the fixed link is 40°, and the ratio of ‘he input link length,
b, to the fixed link length, a, be O..

Solution: Referring to the motations given in the crank-rocker

mechanism of Fig, (7.04),

Y = 100°
¢ = u0°
b

a = By

The design problem oan be solved in a number of ways; some of
which are shown in methods (i), (ii).

(i) From equation (7410),

e _Dby? dy2 4
-3 =1 +E) ~25cos g

o 5 (-3 - 0.1,.)2 =1 + (-5)2 - 2% cos 40° —cmemmm- —=(746)

Substitutimg in equation (741),

(-§+!;-)2=1 +(%)2-2%308  +x)

N N T L] — Y,

Solving equations (746) and (747) simultancously,

i

1075

ol olo

0.561
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* (11) Checking the graphs of Fig. (7.02) and noting that for

the two eguations;

k28 i =, o - or apstion (70)
P .
K, = & ot K = d, g = (F + %) for equation (71).

Ria
—

058

Y

i

. - Use He ﬁ’.t‘.lf/‘\%.(hf' o b PR
g 718 g

e homnemm SETY R

109



As shown in Fig. (7.18), when the horizontal displacement between

the two ourves, the cne for 91 = L,.C)0 and the one for Ei‘1 = 114-00, is

-E-, and in the present case, eguels 0,8, then the position determines

2
the relative length %. The relative len'lg’sh-?1 is determined az the
mdpoint between the two curves, at the indicated position, on the
abgolssé.

Methods (1) and (ii) are found to yield the same results. The

designed \-~bar mechénism is shown in #ig. (#19).

7[;'?. 717 : /9 Aderived bH — Gor mechanism
for  Ex. 701

7olpe Two=Fogition Design:

The L~bar mechanism is @ useful way in converting one form
of crank angular displacement into another, Civen specific input
and output angles, an infinite number of i-bar mechanisms can be

derived.
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For example, with input and output angles as shown in Fig.(720),
suitable positions are selected for the [ixed pivots, X, B. Choosing
a convenient length for the driving link, 'L’;, points 1.1 5 Az are
marked such that angle i“l' 1&2 corresponds to the input angle,

A2 is rotated sbout B, in the opposite sense, through an angle
equal to the output angle to locate peint 1‘..21 + The perpendicular

bisector of 1;1 A.; is the locus of possible location of point B (Fig.

724,

output

nput )
dngtﬂ

angle

% R

720 /A/ba)‘ and 04/7:7;.‘)“ anjl{l; 75}7,— T"NO-*,P"J!_/‘/n

dlm.?‘\ ef 5 — éM }*‘IQCAAM.Ibexath/Q).
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-f,". 722 - A’pul‘ and oulpar cu\_j/u for Mree /)a.n'/:‘a.,

coorelinaltyom (exa mple ).
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7.5+ Three-Poaition foordination:

There are also various methods for deriving a suitable

- L=bar mechanism for three angular position coordination, given the

fixed link and alse the driving crank lengths.

Por example, with imput ond output angular link displacements
as shown in Fig. (7.22), two methods are used to get at the required
L-bar mechanism. There atill exists an infinite number of posaible

L~bar mechaniam as the initial position of the driving link can be

chosen arbitrarily.

Method (3): FPoints R ,, subtending an angle "5 with the
e}

fiyed link at L and an angle jég with the fixed link at B, and

9.15, subtending an angle _‘Jéi with the fixed link at & 2nd also

¥ -
subtanding an angle —-%j with the fixed link at B, are located

(Fig. 7.23).

link
4 convenient position is chosen for the driving/at state 4.

The angle subtended by the fixed link, AR, at R, is equal to the
angle subtended by the coupler at state 1, A1 B1 « The same holds
for the angle subtended et R13. Point }31 is located using the two

stated conditions.

Method (ii): Points 4, and A; are located. FPoint A, is

poeint A, rotated about point B through an angle 3012 but in the
opposite sense. Point A; is point A, rotated about point B through

an angle X‘TB but in the opposite sense. Foint B is the centre of
the cirole through polnts 4 , s, .q; (Fig. 7.24).
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The same problem can be solved by the approach given under

coordination of crank motion (Bx. 9.01).

7.6 Four-Position Coordination:

For f{'our position coordination of input and output links
of a L~bar meohanism, the fixed link can be determined as a starting
point, |

For example, given the input end output angular displacements
as ghown in Fig. (7.25), a suitable L-bar mechanism can be derived

in the following way.

[hf»u.‘- Ahj&t Cutpat érreo .
‘ (clockereie) (an i fochmeis
he
7 .
ol /e

‘A.?- 7256 . /A‘pu';" ard ax«f‘pui‘" ah?u{w .s(,:.':/b/ac-cme_hf:
f,y 755,,“, — Po.n'fs'au Zoo ral ¢ mam Ao ("‘“’“PC@)

Point B is then rotated about point i through angles 3':2, 3:33

-

N .
Z » in the opposite sensa, to locats points B ! s B ! s B ! . Some
14 2 3 I

link B is assumed to be comnnected at B. When point B is rotated
about point £, link BC also experiences some angular displacement.
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The angular displacements of the link at ihe three other positions
to the initial position are given by;

i o
‘9‘12 - 312 - 3'12

i o
9’13» T3 T L3

i 0
p’m 3114' 14

i

as shown in Fig, (7.26)

< ]Am—»-/-r'*g e MRl nd's For adans "/A”{ﬁn
a’xn'.;h ;

The poles of the assumed link BC in the four positions are then

found and some are shown in Fig, (?.26).
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The cirole point curve is then plotted and 2 suitable point on
it selected for point position A1 .

The curve passes through the poles, so any convenient pole can
be chosen for the location of a moving pivot at & particular state.
In Fig. (7.27), pole Py, 1s chosen as point 4+ Poles P, and P

- 13

are used to locate point ]?.1 + Ahngle A1 P1 0B, equels -’}'1 2/2 and

angle .z.11=1 331 equals 2!’1 3/2.

@)

X
N\

727 an-., --.{ao.n A on q’-n.:(.',h /4-v
? = b

P te fim AT .




CHAPTER BIGHT

POINT _POSITION REDUCTION

The essence of point position reducliion is in selecting points
of a given number of positionas where two or more will coinecide. |
The objective is to have the availabls point positions reduced to
thres, and the three pointas ocorresponding to 2 greater number of

pO:'lntS.

8ot 4-Bapr Mechanism For Four Point Positions:

Given four point positions C , Gy, €5, C), @s in Fig.(8.01);
the four points can be made to lie on the coupler curve of a L=~bar
machanism,

Pivot point B is assumed at any convenient position on o, ) s

Triangle C‘I A1§ is mde

the perpendicular bigector of 01 and Cll.'
congruent to triangle Ch-Ah-E' Either of points 111 and Al.. oan be

shogen arbitrarily.
Pivet A is chosen on 2 oonvenient point on the psrpendicular
bizector of L A , 2 .
aactor o A1 W L
Trisngle 01 A1 52 is made cotigruent to triancle 02'“'23' Triangle
C1 A1 EB is alsc made congruent to triangle C3A3E' B, is the centrs
of the circle passing through B, 5,, B

2 °3°
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8.2, i~Dar Mechanism For Five Point Positions:

The point position reduction method can also be used to
derive = suitable l~bur mechanism to have o piven set of five point
positions on its coupler curve,.

For example, with five point positions '31 » 02, 63, CL, 55, as
in Fig. (8.02), fixed pivot point B is chosen as the intersection of
two perpendicular bisectors of two distinet pairs of points, say
0105 and 0203.

With a convenient coupler lemgth AZ, triangle 4, ‘501 is made
congruent to triangle ALE‘{_ and also, friangle Agﬁ.‘.z is made congruent
to triangle ABB‘J}.

Pivot point L is the intersection of Ly by ond Aghy (Fig. 8.02).

To locate 13,1 , triangle G1ﬂ1 Bz is made congruent to triangle
C,A,B and triengle c, A1§L is made congruent to triangle chAhﬁ'

B1 is the centre of the circle that pesses through points B, ﬁz,

51 « It will be noticed that Eﬁ § 55 coincide at B and 1'32, 53 coincide
'.

at 52.

The derived 4~bar mechanism is shown in Mgl (8.02),

8.3+ 4=Bar Mechanism For Five Point Positions 1Jith 4 Sixth On A

Glven Curve:
It is possible to derive a )=bar mechanism whose coupler
point will pass through five given positions on & curve with a sixth
point chosen for a better approximation of the ourve.
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For example, given the curve of Figure (8,03) and the coupler
point C of & L~bar nmechanism to pess accwrately through points 01 5
Cos 05, Ch‘, 05, a sixth point 06 will be chosen on the curve for
better approximation.

121



.

¥o3 :

e o

= A
A _~
.
X
e
By
%= bar  mechariin Fv 5 poinbs Ak a soxK
) (=)

Jt'mt.a.. Ctnry v




[SPES PEY I SN S S

Point B is chosen as the intersection of the perpendicular
blsectors of the distinet pairs of points, asay G"« 05 and 0301»' With
radius I,, an arc is desoribed about B to cut the given ourve at

This is the sixth point position on the

GG’ differant from 02.
curve,

Choosing an arbitrary coupler length AC, positions .&11 ) A21 ’
A.; are marked with angles Aﬁﬁx, 321'321{, A;]-BX being equal to half
the angles C, 505, 031-334, 02506, respectively. A is the centre of
the circle through points A11 R 21 R A; . This procedure is repeated

for varying lengths of coupler length AC and a curve, v, is got
which is the locus of &' . Point A is the interscction of the curve
v and the line BX (Fig.B8.03).

If the derived mechanism is found wnsuitible, another design

can be done for a different fixed link line.

8.4 L-Bar Mochanism To Generate A Double Foint:

(+) 4t Beginning 4nd End: For the mechanism considered (Fig.

8.04), the double point is at the beginning ond end of the ocupler
curve; therefore the coupler ourve 1s closed at coupler point
, (= 05). Fixed pivot B is the intersection of two distinot pairs

of pOintS, gy 0‘1 ’ G, and 02’ ¢

L 3°
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Choosing a convenient coupler length AC and point position A1 »
triangle Auk‘h is mde congruent to triangle A, Ec1 . Triangles
Azﬁiz and ﬁ\i."?t:3 are also made congruent to each other.

Mxed pivot & is the intersection of perpendicular bisectors of
A1}.2 and AFAh. Point As is then marked out,
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Triangle A1C1B2 is made eongruent to trisngle AQCQE and also
triangle &, C, §5 is made congruent to iriangle ;‘15053. B, is the

centre of the circle through points B, B,, 1-35 (Fig. BOL) .

(AW [
c'(:f;,) Q 0

F/7/7087117177011414




(1) At Interior Of Coupler Curve: It is also possible to

derive a L=bar mechanism (or ssverel) that has a double point on
the interior of its coupler point curve.

For example, in Fig. (8.05), a cowpler C of a 4-bar mechanism
is to run through {}1 s Cns 03, Cz'_, 05, with a double point at point

Cy(= 03).

UL

i
A Tl %“'
o

ot i
fis. & 05 4= du, e Aana's 2 desigrel = 7

A Aonble ~ sz;\f a? C, (-”' C)J“
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Two distinet point pairs, say C1; 05 and 02; Ch’ are chosen
and their perpendioular bisector ¢ 5 and Co). intersect at the fixed
pivot point, B.

Choosing a convenient coupler length AC and a point position
.L1 y triangle ABRB is made congruent to triangsle .&13:1 « Choosing
a point A, on the radius length C,A, triangle Ahﬁch is also made
congruent to triangle &2&:2. Polnt A, is then located, different
from point 4,y on the arc of radius XA; where A is the intersection
of the perpendicular bisectors of A1A.2 and lﬁ;&f

Triangle &C, §2 is made congruent to triangle 52025 and triangle
AC, 53 is made congruent to triangle ;‘3c3§.

31 is the centre of the circle through points B(= 51 = ES},

ﬁz(z Bh), '55

8.5. 4~Bar Mechanism For Four Point Positions With B, as A
Rotation Point: N S

Using the point position reduction method, a moving pivot,

B1 , 84y, oén be assuwed as pole of one or more point positions pairs.

For example, given coupler point positions C‘1 » 02, 03, Ch, as
in Fig, (8.06), moving pivot ]‘.!1 (= B&-) is chosen on any convenient

point of the perpendicular bisector or G‘1 Ch'

s O
14

426



Choosaing @ convenient coupler length AB, and point position A1 ’
tri is made t to triang A BC. o
riangle "‘ﬁf4 8 congruent to angle I1 7 Points Az,
A.5 are then marked out,
* r
Triangles ,232A2, 03831;3, (.'.!4.13,_'%.F are all made congruent to

triangle ('.:"l B‘I A1 . B is the centre of the eircle through points

e ved

é .. o € € AR RAS

. 806
f? w‘./t 8’ as

‘P“:,_,f - /po:l;’s."\f;’
Pa;ﬁf ;

-
-
- .

8.6+ Correlation Of Point Positions And Angl
Mechanism design problems involving correlation of point
positions and angles c2n also be simplified by the use of point

position reduction,
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(1) Four Point Positions And Three Crank angles:

&s in Pig, (8.07), given four point positions Cys Cos Cgs
. CI+’ to be treversed in adjacent engular orank position displacements,

912, 923, 934, the L-bar mechanism is derived using point position

. reduction method as follaws:

: 'i: Fixed pivot A is chosen as for the perpendicular bisector of

- any two point positions, say, C,, Gy, such that angle 01102 equals

8"2.

i Coupler point positions Css 03, Cb_, are rotated about fixed
pivot A through engles - @5, - 8,55 = 8y, Tespectively to yield

point positions C,7, c;, c;, respectively. C,' is foud to

coincide with 01. A1 ia the centre of the circle through points

1 1 1
c1(= €, )s €355 €, « Points Ay, hgs A, are the determined.

133(= B!{_) is assumed on amy convenient point on the perpendi-

b .
oular biasector of 0504’ 034

Triangles A1C1B1, Azcsz, ars made congrusnt to triangle

A303B3. Triangles A385B3 and AI»CLBL- are already congruent to one

another as polnts BS and BllF coincide as point position reduction
(Fig. 8.07).

by

e
H f

B is the centre of the cirele through points B,y B, B3(= Bl:-)’
b 128
S
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8.7. Correlation Of Coupler Positions:

It haa been stated that the circle point curve represents
the geometric locus of ©ll movable pivot points and the centre curve
represents the locus of all fixed pivots. Uhess curves are known
to pass through the relevant poles of the mechonism under conside-
ration., Therefore, the pivots can then be located on the poles,
minimizing conatruetion work, to derive suitable l~bar mechanisms
for given coupler link positions. Three methods are shown here for
deriving suitable L~bar mechanisms, if possible, for four given
coupler positions.

(i) Pixed Pivots As Poles: Given four coupler positions,

G;Dys CoDps C3Pys G0, , as in Fig. (8.,08), the procedure for deri-
ving a2 /,~bar mechanism whose coupler coincides with the given posi-
tions, is cs follows:

Tixed pivot & is chosen to coincide with the pole of two coupler
positions; P12, say. The other fixed pivot, ﬁ, is also chosen to
coincide with the pole of another pair of ooupler positions, P31+'
say.

Triangles 0113132, 02D21, are made congruent and triangles
G1D113, Cjﬂjl, are alsc made congruent. Triangle C_'D& is also
made congruent to triangle ChDh.I. 4, is the ocentre of the circle
through points 3(= 12), 3‘;3, I“.
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Similarly, trisngles C.D 1ﬁ2, GZDQE, are mede congruent;
triangles C1D1§3, 03D3’5, are made congruent; and triangles G1D15 »

clu-Db-B’ are made congruent. B, 1s the centre of the circle theough

potnt B, B,, B(= 5).

(ii) One Moving Pivet ind One Fixed Pivot As Poles:

A4 similar problem is solved as in the preceding case by
making one moving pivot . and a fixed pivot T coincide with the
peles of the pairs of coupler positions, resulting in point position
reduction.
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As in Fig. (8,09), 11(= 4,) 1s the pole P, and B coineides

t .
with P3}+

CRy = ;
Y 1D 1A1 czn?AQ chnja‘,) Mz&nﬁ{' A4 is the centre of

the circle through points &, (= As)s hyy & o

e

Similarly, AC 11)132 = Acznzs;
Acp By = Ac,D,B;
chnﬁh = ’504943‘

B, is the centre of the circle through points B, 32, ﬁj(- E&]

(i11) Moving Pivots 4s Poles: A similar problem as in the two
preceding examples is here solved by having the two moving pivot

positions ﬁ1, 33 coineide with different poles of distinet pairs

of coupler positions.
A1(= h,) is mde to ooinoide with the pole of coupler link posi-

tions 4 and 2, P, ; and 133(= Bh_) lie on P, .

12} 3,

&C1D1A1 = 6021)2;‘2 = bcjﬂjﬂx3 & QCI‘_DAI; « A is then the

oentre of the cirele through points A1(=£12); 33, 11-

m

& c z "
Similarly, 4c1n1n1 = OC,D,B, A }njnj Mhnaa B is
the crntre of the ocircle through peints B,» By, B_,’(v_- Bb-)
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CHAPTER NINE

9«1+ Frendenstein's Equation:
Considering the L-bar mechanism of #g. (9.01), the

following equations can be deduced by the use of 'veotors' and

| PR R -

at;n
a - Loi?
b = g
. ce
e (b
d
- o b
/‘ - ¢
7] I
_Ai———ﬂ‘ < )
y 3

A a{‘-""Il ¢ :
. Fronc NniR
qoz g Mah

. a fron
Fwaa-/cn"{“"":" =

(%01)
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Bquation (9501) can be written as

beif . oeix a0 (902)

. Bquation (902) yields equations (903) end (904)
beos @ +0¢c088 ~dcosf=a=0 wecormcmeen(903)

l baﬁ.n9+csin\6'-dsine‘=o - (s04)

f - Eliminating & from oquations (903} and (904),

ozzaz +b2+d2-2bdooa(9—$3’) - 28b cos 8
+ 283 008 F wemm-w - (905)
! P R1coa Ef - R2c03 8 4+ l't3 = cos(e - ﬁ) ;
i .
a
where R = =
7w Zeeeen(506)
i, = 3
bl
R, = (2% + % 4 & - o°)/2ma

" Bguation (906) is the Prendenstein equation.

' ﬁ,Q,Oj: Three foordinated Crank Pesitions:

Design a h-bar mechanism such that erank and follower angles
' w1l be acordinated as follows:

TN & & 20 120 degrees

g 120 130 150

4008 [ Ryo08 & + R3 = cos (8 - &) (906)

Solutden; R

1.
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Substituting in equation (906);
R 008 120 = R,008 60 + Ry = 008 (= 60) =———=(a)

R cos 130 =R cos (= 40) ———=a=(b)

1 2

R1cos 150 - chcs 120 + R3

cos 90 + R3

1]

cos (- 30) SR—— Y

Solving squetions (a) to (¢) simultaneously;

R1 = 2,5
R2 = 41.25
R5 - 2-31

Assuming a = 1, then

b - O-LL-
c = 0053
d = 0.8

The derived 4-bar mechanism is shown in Fig. (9,02).

‘F‘? ‘?OZ s éf bor MICAﬂM}M aft-'rclt’l.t{ 7£l‘\'

oree - 0 rel rumfeal yr;u\/f /b furr'/(z'far .
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i

Se2s 4-Bay Fimetion Generators:

| The graphical treatment of L=bar fwnotion generators
'hhas been explained under position coordination and more so under
peint positicn reduction., Analytically, as by graphical metheds,
it is possiblé to generate a funotion with six presision points
but after four precision points, the problem beocomes arduous.

IFoxr a three-point precision analytical solution, the starting
angles, the ranges of rotation of the cranks, the spacing of the
precision points, and the directions of rotation oan be chosan
arbitrerily. For a lebar funotion genevator designed analytloeslly
for a four-point precision acouracy, all the variables stated for
—_— thres~point precision sclutions may not be arbitrarily chosen as
a sultable solution may not exlat.

Tt is sdvisable to limit the ranges of the angular displace-
:n;ents of the cranks to 120° and for higher (than three) precision
pe ints, the aranks be made to rotate in opposite directions.
Chebleghew spzoing of preoision peoints is a pood starting
point in the design of j-bar fumetion generators, For a thres-
point preclsion design the precision points are spoced as shown in
Fig. (9.03); for a four point precision point in Fig. (9.04); and

for a fiv-point precision in Fig. (9.05).



They may be yritten as follows:
For a J-point spa cing;

X, =k + 00,0674 %

1
K3 = Io + 0-95béx

-Ft'dj- qo.f) Ok Licher t/b.ﬁu'nj .
For a L=point spacing;
y_1 = xﬂ + 0.038 ’_‘.x
13 & IO - 0.6925):

¥ =X + 0.962 Ax

fl‘? G0¢ : Chedbickar
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Por a 5-point spacing;

X

Xo + 0,024 Ax

-

1

%, }’(0 + 0,206 Ax
3

¥- = :{0 + 0,500 Ax
X1+ = XO L Oo?gzl-ﬂx
X5 = IO + 0.976 Ax

y SpAct .
7£r'?. 905 : Chebichiy f':'vt — pornt la "4

Je3. Pxmotion-Cenerator With Optimum Sengitivity:
For a function, y = f(x), the theoretical sensitivity,
8, is deflined as

y = f(x) E L X LXK + Ax_;
5 :'g'i = f1(x)

_ &y (%07)

T4t dt
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Let %,» Xy Ky be the three precision points and ¥,» Yp» Y3

the corresponding values of ¥.

T -Xx e -8
. ---—--..-1- - "““—""-1- -——-—-—-t-—-—r-—-——-——-—-q-—r-—_ %8
OH)% - ne ( )
y-3 g -7

: ! (909

st = = i —

s the range of the input crank and g is the range of

where A8 1

the output crank.
yeom equation (907),

ec !\‘.‘ M-IM .

Foa

Ffﬁ- 406 - bH — bor

&g A X
= A -..Z - —x
where q A / A 5 K

Trom equation (910)
@), pane-€) _ =
o,  asinl@- ¥) o«

44



.'. sin 3 ir-:cos g —%%'005 9] = gosdf Esin 7 - 'E'g sin 9] -~(911)

then tan & = 8d o e (912)

but cos O = 12 =, i
(1 + tan Z)
and letting k1 = 3
cos # - k, = cos 8
VR b A Sttt S —(913)
1 -l-k It b !
—mste c08(0 - Q')l

s

from Fig. (9.06); =@ -4, vinere 44 is the transmission

angle.
ilso from Fig. (9.06);
boosG-u-ocos.}’-dcoa;!f-a:O —————— —(9114)
.o k, cos @ + k, cos o - k3 = cos @ —mmmmm————= --(915)
o a
where lc2= dLatm‘.l !u@:3 = 3

Equation (915) can then be written for the three precision

points

k, oos 8, * k, 008 }51 - k3 = ©08 531 S— (-} 7Y

w2



k1 005(81 +£8)) + Kk, coaxz - k}

i

cos gz --'-(915b)

(i

k1 cos(® + Aoz) + k, 008 63 - k3 008 dB —===(915¢)

where 091 = 8, - 81

Tor optimum design, the gecond precision point should corres-

pond to /)‘2 = 90 degrees.

ain ﬂz - k1-3 sin (84 + 691)

e R—— L)
008 9'2 - k:1 . 005(31 -\-1691)

]

= P

]
™ —-?- -
_.k=q(poos¢2 sin ¢,

LI —-1

[P WS(G" +be1) - 31“(91 + '691%

Fliminating k, end K from equations (915a) to (916),

k, L(cos ?.'2 -~ co8 ;5‘3) Jj-cos(81 +D8,) ~ oos 8, ‘I ~(cos 5’2
r ;-

- QOB 3‘1) x jﬂcos(e,l +&01) - 003(81 +092') 31

= (cos¥, = 008 2,(3)(003 532 - cos ¢1)-(cos Xz - cOS 7'."1)

(cos ¢2 - 008 gj) - (918)

3



g ana Aﬂf can be chosen arbitrarily and also A8, k1 isa

evaluated from equation (917) and substituted into equation (918)
61 then becomes the only unknown. ZEquation (918) is then solved

to yield the value for 91.

¥ This treatment was originally presented by hA. C. Rao,

9ele Coordination Of Crank Angular Displaceuwent Derivatives:
The relation hip between the input and output angular

displacements, © and @, is given by;

R1 cos @ - R2 cos 8 + Rj = 008(8 = ) ~=~meee(906)

Differentlating with respect to 8;

Jst differentiation:
ﬂ e 3 - [ 4 E -@ﬂ’! — e ——
- R1ain gdﬁ +R251n @ ==gsin(@ -2 1~ a8 (919)

1d differentiation:

P
a0 1
- 31003 ﬁ'(ae) - R._!sin ﬁd—eg +32003 8

ol 2
= = cos(8 - ,9’)‘}_1 - %—}2 - :—e‘g sin(e - ) ""'""‘"""""'"""(920)

..... p i .
g\ 3 d'[ {_ y d
R,'sin g[(dﬁ) —d _+R1cosﬁ“ Bde.dga-nzsine

3 L. -
= gin(® - M*E‘l - %}5 + -i-gg_] + cos(8 - 9’)"".3 -ge-gu_ %)j -—=(921)

14k



4th differentiation:

2 b » 3
R, sin {.3[-6(%)2 :—Bg -':';g} + R, 008 gl-(gg)h - !,.-g-'g -:‘—Bg
- 3(:‘—:%)2] = R,c08 6 = sin(e - &) [ f;g- 6 :.z.g {t - %)2

+ cos(0 - #) E1 —%g)‘* + u%ﬁ - %g) - 3(-£g)2] ———(922)

i 2
Slﬁﬂtituting n = u__‘ n = @, n, = 'd'."g, se e 11'1 Bquﬁtions
1 atl1 872 e

(919) %o (922); and having a general equation of the form written
in equation (906) as follows;

:t1(pi sin @ + q; cos & + Rz(ri sin 8 + s, cos @)

= t, sin(® - &) +uy cos(® - @) --- (923)

the values of Pys G4 Tyr 84 ti, u, , are shown in the table.

:“—--ﬂ!-.-.n..—--.—.“ _i ‘——_—.F‘—'--'I.-A- _'_ - ;
iy By ! 9 i) % Y Y :
...-....f.........._ o A i -

1 -l 0 10} =(1= n1) T 0
- -— 2 _..-.i-......-_-.-... 2 y

- ' - - -
2 n, 1 n, ol 1 n, (4 n1)
- e 14 - ->w mifs. g = s = s
3

31-n"+n; ! 3 n,n, 1{0 -{1-n1) -n 1-}!12(1-111)
a T 2 2 APRY L . 2
: I ; nh‘- 6&11 n, !hn1n3+3n2 -n, 0 i 1 6112(1—n1) -(1-n1) +3n2 :
1 | [ j e Fing(1n,) |

W5



From equation (923), with i = 1

(e -9 v wpeos(6-f) _Rypysin & « g,005 §

) sin © sin 8

-—{(52)

Substituting in.equation (923), when i = 2
R, [pzsin # + 9,008 ﬁ- cot ?(p1sin # + g,008 ;b')] |
o
= t,510(8 ~ #) + w,c0a(6 ~ @) - cot e[t,,sin(e - @)+ u,cos(e ~ gl--(925)
Subatituting in equation (923), when i=3

R rp331n 7+ 15008 1 (p131n d + qicos .Gf)]

= (t - t1)sin(e - ¢)+(u3 - u1)cos(6 . R —— --(926)
Dividing equation {925) by equation (926}, and rearranging;
2
,\1 t.an.e + }\2 tan 8 + )\5 = Q0 - - (927)

shere ), = &P, = B) - Py(a; - Q)
4\2 - P1(Q5 - Rg) - P2(R3 R1) + P3(R2 - Q.')
PT(RB, - RT) -1{1(1=3 - P1)

1

W
1]

and P

I}

Py sinﬁ+qicos]3' . T

ticossa'-n-uismﬁ

e
n

o]
[}

- t,sin g+ u, eos '

Ex(9402): Design a 4=bar mechanism for spproximate angular velocity

ratio of - 1. o

_111.6



e

- w

n1 = - 1 » n2 = 0 » n'3 =< O - o

.- l - - -.—..1.

3 Py %G % Y
(R S— -

1 1 0 -2 0

2 0 - o |-y
e _.....]r‘_._*,......_-

3 1 0 -8 Q

Various j=bar meshanisms for varylng values of
angie ¥ are derived and the best chosen.
For example, for an angle @ = 135°

P, = 1, P, = 1, P, = 1

#,
b

R1 = 2, RZ = L, R3 = 8
and. }‘1 =—4(0)—1(6) = -6

Ay = 1) = 1(8) +1(2) = 0

Ay = 1{6) -« 2(0) = 6

Substituting in equation (927),
tanze = 1

o = 45°, 135°, 225°, 315°.

w7



For & = 1350, substituting in equations, (906),(923),

R, cos 135 = R, cos 135 = R, = 008 O e Y

R1(.707) + R, sin 135° = -2 3in 0 4+ O 008 O =aw==a=(b)

31(.?0?) + R, cos 135° = 0 sin 0 = 4 008 O ==—=m—==(0)
R,(.707) + R, sin 135° = =8 810 0 4 0 008 0 =ma=aes(d)

These become

"
-

- 0707R1 +.707R2+Rj

omT R1 + .70? R2 = (4]
-70731- <707 R, ==l
« 707 R1 + 707 R2 = 0

Solving the equations;
- R~f = 4+ R2 = 2v2

R, ==
3 3
Assuming the fixed link length, @ = 100 cm

P=252, d=2%2, o=5V2

The derived mechanism is shown in Mig. (9.07).
It should be remembered that the optimum mechanism, in the

present instance, is derived after 2 number of trials,
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Xé-/ss‘ ¢ % =r35°
A

[ Y
2t A7

-F;f - ?' o7 6 - éw Me charmasin o kK ve /s H(T?

9¢5. Llternate Form Of Results For Fourth Order Approximation:

Optimum design of L~bar mechanism to geonerate a given
funetion is usually found from a number of trials, invelving
repeated calculations for verious values of ouiput angle @, It

is more convenient to use an altemate farm of the squatlon given

below; equation (933).

2 _
A, tan'® + A, tan 6 4 Ay = O _-n------—(923)

Fram equation (923),

»y = (tzoés [ g u, sin mz-(pj - p1)sin f +(q5 - q1)cos ﬁ_g

- (pzsin 7+ g, 008 )] [(‘b5 - t1)oos g +.(113 - u1)sin ﬁ] -—{928)

%9



Dividing equation (928) by coazp’

"%“ = (4, + u, tan ') (:(p3 - p.l)tan Z + (QB - q1)]

cos

- oy tan B+ ) [ (6= 8) & uy = ) tan o]

= tmzﬂ'[uz(pj - p,) = pylu, - u,)] + ten ﬂ[t2@3 -p,)

= Bplly = By « quluy ~ “1)1“[1‘2(‘13 - 9)- gty t1)] -==(929)
8imilarly;
Aa

e - tan“g Py (ty + ugds py(ty = £)= py(t, u2)]

+ tan ¢ P1(t3 - u2)+ q1(t2 + u3)+ pz(u1 - u3)+ qz(ts = 1;1)
+ pglu, = £} - q3(t2 + u1)]

+[q1(t3 - ) + gplu, = ug)+ gu(t, + “2)] mmmmmme e (930)
Also similarly,

»
2 & tanzﬂ[p1(t1 - t)s £, (o, - p1)] & s g[p1(u3 - u)

c03

vyt = 80w ti0a - a) ¢ w6, =) ]

+[q1(u3 - u1)+ u1(q1 - q5)] — S (931)
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as;

alternate form of equation (923) can then be written
2
A11 tan 8 + A

tan & + 1, tanzﬁ

|

Ji-!-ki

q1(t5 - u,)+ g,(u, - u5)+ q3(u2 -t) =0

i

q1(u3 - u1)+ u1(q1 - qs) = 0

i
[T
-t
~
F
‘o
p%)
—
o+
-

t2(p} = P1)+ u2(q3

1:1(1;3 - u2)+ q1(t5 + lL5)-I- pz(u1 - u3)+ qz(t5 - t1)
+ pyu, = £,) = gg(t, - u)

I

uz(p3 s P1)"" P2(u1 s uj) = u2(p} - P1) = pzuj

p1(t2 + u3)+ pz(t3 - t1)- pj(t2 + u2) =0

Substituting for J;» kg» 1, in equation (923), the altermate

of equation (923) becomes;

(3,

where

- 11 tanzgo tan29 + (kgtan #tan 6 + l3

31 = tij - q2t3 + t1q2
1y = WPy - Wp, - Ugp,
1

I

3 = P ey i Ky mlyedym s

151
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i
o

"
o

form

tan’@ = 0 -=(933)



Bx(9.03): Design a 4=bar mechanism to mechanize the function

F 4

2
¥ = x between the limits x =1 and x = 6.

Selution: Choosing input crank range, A8, to be 60° and output

- e e

0
ovank range, /\@, to be 70, then

Ax
g Ae
6 -

K

g

0.833% wmits/deg.

]

-
o
i

6 -
- 70

= - 0-5 mit/deg.

:

i

where X o= X 4 Kx(ei - Go)
and Y = ¥, ¢+ Ky(ﬁi - ﬁo)
K
@ _ x
Py = 38 T K, * Ax
Kx
= E"‘ (2:{)
7 2
2E K 2
ae° y i
)
g - S 2
K2
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3 K 3
= 0
at x = 4,
n, = = 1.333
n, = = 0.028
n3 = 0.
The table of wvalues for Pys Qs ti’ U, then becomes;
- : y IO
i Py Y 5| Y
T e | o | osm | o
o 2 0.028 - 1777 - o..o..s;a - o111
t_ 3 24369 0.112 .."...{53_7 | - .02 |
Stating equation (933);
(51 + 11tan29’)tan29 +(k2tan #tan 0 4 13 tanzﬂ = 0
and substituting for ;11, 11, 13, k2,
Jy = = 660626
1, = = 11292
1, = .83819%8
k, = = .29178,
for # = + 45°, equation (933) becomes
- 775 tan® - .292 tan 8 4 (838 = O cmm—mmmemm(934)
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Solving equation (934),

e = 10° 129°, 220°, 309°.

0
407,

Ifor one of the solutions, ©

Ll

R1cas 1;.50 - R, cos 11.00 > RB oos(-50) ————————— --(a)

04333 sin(=5°") ==--—(b)

2
1,333 R,sin 45° + R,sin 3,0°

n

- 1,749 R,sin 45° + R,008 40° = + ,028 sin 5°= .111 cos 5°-~(o)

Solving equations (a) to (o) for R1, R, R},
R1 = 01668
R2 == 0.9
R5 = = 169
hssuming a = 10 om
b = R"" = 15.0 om
1
d = =
R2 - - 11-1 Qm

c = 19,83 om

The derived L=bar mechanism is showm in g, (9.08).

15



The derived L=bar mechanism in the present instance does not
go through the given ranges of input 2nd output angles. Another
value of precision point can then be selected.
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9.6+ 4=Point Approximation Of Coordinated Crank Displacementa:

A h=bar mechaniam designed to generate a given fumection
oan be made to have four precision points. It is also possible to
have five or six precision points; but at these stages, the cal-
culations become rather cumbersome, It is also theoretically
possible to have seven precision points but this necessitates
having arbitrary scales for the relationships between the angular
displacements of the cranks and the function to be generated.

Writing the frendenstein‘'s equation for four preecision points

corresponding to four values of 8 and #;

R, 0o0s ﬁo - R, cos 8_ + R, = oos(eo - Efo) ----- S——Y)
R, cos ,61 - R, 0030, + R3 = coa(91 - 9'1) B 1))
R, oos 552 - R, 008 8, + R, = 00s(8, - 532) e — )
R1 cos ﬁj - R, c0s 85 4 R, = cma(e3 - 9’2) -------- (a)

Putting 6, = 6 +a(1 and §, = 7 +/6'1

with E)’i -.:C)(i -/6'1, then equationa (a) to (d) can be written
as in equation (935)

R, cos(# +/3,)~ R,008(8 + %)+ Ry = cos(8 ~ # + &) ---(935)
for 1 =0, 1, 2, 3.

from equation (935),

Eliminating R, Rys Ry,
- 2 S ~ . e
,;11:&:1 BD + ‘-2tan 80 + A~3 = 0 (936)
where 12“1, s !lj, are expressed in terms of # .
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. - |

Rowriting equations (a) to (8), °

”l R, cos g, = R} 0 4Ry = sin f, =-mm- ~(a1)
‘i R1 cos(ﬁ + 15) - Rg.[0.5) + R5 2 coa(hs = @) cwmaes(b1)
Nt V,_j L
Hl R 4 005(9’ +45) 0 R s +R3 = co.*:'.(iaf1 + 15) =mmmeme(c1)
Al '
iy T - R, amQ' ~ Ryt +R3 = - smﬁf : (a1)

Subtracting equation (a1) from equetions (b1) to (d1),"
' '};! R1 cos(ﬂ’,‘ + 15)- cos S!]- 32(005) = cos{L5 ~ ¢1)- Sin ga; -={a2)

: R, :coa(ﬁ1 + 45)= cos ya’} - nz.(-‘-/;) = oos{f,+15)- sin ¥, --(b2)

; il - R1 'Msi.n jﬂ1 + cos ﬁ‘] - R2(1) =~ 2 sin 9'1 —---~-—---(c2)
.

Eliminating R, and B, in equations (a2) to (e2),

iy
by

Lot 2
] tan"@, (0.004) - tan @, (0.149) + 0,103 = 0 —mmommeamm (937)
: Solving equation (937),

Y g, = 35°, 88.4° 215°, 268.4°.

Choosing ;Ef1 = 2150, equations (a)} to (a) besoms;

} , R1 cos 215° + R3 = 3in 245° - «(a3)
| Ry o0s 2307 - 0.5 Ry + Ry = 003 170° — mmnmen (b3)
| . . |

_ t | R, cos 260" -~ .éi Ry + R4 = cos 230 ot e o e e aa e { 03 )
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Ex (9.04): Dosign a L-bar mochanisn to generate the function
y = --g (x + 2) in the range 0¢ x 2 6, Both cranks are
to rotate 90 for this range of x.
Selutign:
Mo Chebichay fourepoint spacing -All bo advisabls for good
approximation of function to be gerersied; but for casier compu-

tation, the precision points chosen nov are x =0, 2, 4, 6.

For 91 = 900
: 5 —- . ‘p’_..
+ 4% | Y i

!-...- :r [ _]_ c;‘_!- ........... ....I
y 1 0 { 0 90" Q’

! — " P B
| 2 1r' 1 50° | g, + 15 |
| e | s i i
| 3 41,-3'30“-!. g, + 15" |
b | 6 1 -6 ol g 4, 9°
e A = 7 (Sl S

The design is considered for opposite rotation of the cranks.

¥-iting Prendenstein’s oquation for the four precision points;

2, oos ﬂ1 - R, 0os 90 + Ry = cos{9% - gf1) (=)
R, cos(ff, + 15) - R, cos 60 + R, = cos(€0 - g, - 15)—=(b)
c0s(30 - @, = 15)~-(c)

cos( O - 9'1 - 90)-=(a)

"

n coa(_‘»"1 + 45) - R, cos 30 +R

"

3
R cos(¢1 + 90) - ‘-12 cozs 0 + -’{3
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Solvmg equations (a}),(b;), and (ds) f‘OI' R1.‘ Tt?.' Rj'-

= B2 R, + Ry =~ ST -—-- - (aty)

& bl - & 3 - '
3R, =05 R, Ry 985 (b4)
STWR, =R, +R, = STh v (ok)

Solving equations (ah) to (OL):

R1 = 2,0
R2 = 1.6}.‘.

- 1066
Rj 1

If a = 10 cm,
then b = 5 em, d = 6.1 am and ¢ = 9,86 om.

The derived L-bar mechanism is shown in Fig. (9.09)

/ o
. 9707 : a
9 709 %= b Mecharnisa, duc},hd o genirait

& Fuarn gl A
Preescan Loints .
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9.7+ 5=Point Approximation:

Five point approximation can be carried out for the
generation of a given funcotion by considering two separate sets of
four precision points. The frendenstein equation is written for
the f'ive precision points as follows;

R1°°3wo"ydi}' Rzaoa(aoq- 6‘1)+ R,= cos (8,- ﬁo-c- Xi) ----- (938)
for i =0, 1, 2, 3, 4.

There are four ways of selecting a set of four from the five
equations. Two sets are solved; eliminating R1, R2, R,, from each

set and the two resulting equations solved for 6 and ﬁoa

For a given function,

y = f(x), X, & X & Xp == (939)

where X and x, are the initial and final values of x; the ranges
for the input and output cranks, 46 and Ag respectively, are
selected. The ranges should be kept not more than 90 degrees in
order to achieve a good approximation. The cranks could be made
to turn in the same direction or in opposite direction, whichever
is seen to give a better approximation. The Chebichev five-point

precision spacing is advised.
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CHAPTER TEN

PATH CIRVLATURE

e

hs shown when disecussing two-link position theory, a
iamina may be moved from one given position fto another by rota~
ting about a2 fixed point, the pole. %When ths displecement of a
link is infiniteaimal, the pole ocoincides with instantaneous
centres of rotation.

Considering the 4-bar mechanism shown in Pig. (10.04), instan-
taneous centres I, _ and I, change their loocations with angular

13 2
displacemant of the cranks. Conseguently the coupler, link 3, will

- frace a path of instantancous centres relative to the fixed link.

The locug of the looations of the instantensous centre 113 is the
fixed (polode) centrode of link 3 relative to link 1. The moving
centrode (polode) is the locus of the instantansous ocentres, Iy
of link 41 relative to 3; in this case link 3 iz ocongidered the
fixed link. |

Similarly, the moving and fixed polodes of link 2 relative to
link 4 oan be found. The motion of one link to another can be
desoribed as the rolling of the moving polods to the fixed polode
of the respeotive links.
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£
5 /L

2(=1.) Fig. 10.01: 4-bar mechanism. A 8
p=
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f neriny
{ &
A .
1 B

Fig. 10.02: Fixed and moving centredes of coupler
motion relative to the fixed link.
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Mo

The relative motion of two rigid bodiss is equivalent to the
rolling of two curves, the centroles (or polodes). The point of

sontact between the centrodes is the instantaneous centre (polse)

(Fig. 10.03).

Frxed ,b'*/’éf*

méﬂ‘
f)&/:z’

te — pole e lowmfiy

- 4

‘ﬁ;f' j0°¢3 .

The pole tangent is the common tangent to the filxed and
moving polodes at the pole, P (Fige 10.03}. The pole veleocity

1g the instanteneous velocity at which the pole shifts position.
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£rg.

(a) The equation of

using the parameters

and

e

. 10,02, Bouations For The Centrodes (Polodes):

A=
P& -
£
/w/, |
"z _,Z HTTTIT o X

/004 .

bd'.'

the fixed centrode (polode) can be derived,

of Fig. {10.04), as follows;

X +¥ = 1'1 (1001) |
(X - 3)2 -~ y2 = I'22 === (1%2) :
/BF = & = (xy = ) 4 (3 = ¥,)" —--emm(1003)

b b
x = x; ¥y, =37

r, -4
R

2 2 : o



Substituting in equation (1003),

r,=-d 12
2 d b d b
al )+ x(F - -'-)]z +y [-— - --—-J R R (1004)
[Ze st -] y[E-2
. ai(r, - d)2 r,-4a ar, -br, =(ar, =-br,)°
2 2 £ 2 1 2
el S SUE I Se ¥'nl rf , Wl
& 2 r, r1r2 i 2 2
2 172
¥ (ar, - br2)2 2
v e o o (1004)
r,r,
From equations (1004) ana (4002),
2 2 2
P =T, 48
= . 2a
and  y, = F, = » - (1005)

Substituting for r, and r, in squation (1004) gives the equation

1
of the fixed polode in cartesian form.

a’ B_(x -a)? 4y ¥ d]2 2ax "{(x - )+ yz:%% - d.J

[of o oot )]
/

~T7 T
sz ey §Elx-a)’ sy e

- s o . 4 2
" l_d{xz + y2 }7 - b{‘-(x - a)2 + yz_}z]
-

= +‘3:2-) [(x -l » Y2]
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yz[ {4y ‘%-bj(x-a) +y} J

* - e Ty — s
2 2 2 7
& oA |- 0?0 ¥
Equation (1006) can be written as
2 2 (2 2 { 2 244 ;
(x +y)[d‘[x + ¥ j-’-b'?(x-a) + Yy 52]
l‘ J

2£lx(x +y)'§[)(x-a +yJ -d_H(‘ ﬁx + ¥y j_i‘
ot P 0

2 '8 2 3
(x° + y2) - 02(x2 + y2) L(x -a) ¢ y2J = 0 wmecmme- (1007)
Equation for the fixed polode can be written in another
form by substituting for x and y as in equation (4005), in

equation (1004).

a2(r2 - d.)2 e 2 )( - d.} dr, - br 2)
———— + (r -r + a Jl==—-— L - ._ - —
1‘22 1 2 r1r2
2 2 2 2,2
(r T, + 52)2 (dr1 - br2) " o5 (1‘1 - r22 + a
+ 2 2 2 +!_r1 ) A 2 ] X
La N La
172
(dr1 - br2)2 2
r, T,
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Bouation (1008) then becomes

2 2 2 2 2 2
a’r, (rz-d) 4-:-1(:~1 -, +a)_{r2-d}(dr1—'br2)

2 2 2 2 2
+ T, (dr1-br2) = eT, T, —- (1008a)

(b) For the moving polode, using the parsmeters of Fg.(10.04),

the equation cén be derived as follows;

‘Y{"z + ;’2 B (r1 -b) (1009)
(5 -0 +7° = (r, - &* e ={ 1010)
£
but (g - %;)2 + (15 -"L;)Z - & (1011)
< ~b__ a ¥a
and /‘5_1 =(!:1'———-)__ ) 7 o i,’s = %(r-;-:-dj- + € (1:2..:..3)
Tz =(,:1"ﬁ) 10N =Gl ot

Substituting in equation (1011),
2

s

-b-'_"

B A ( R 2 P S -:
@5+ Nt 06T | U T E T

- --(1012)

The equation can be written in terms of 7’ and Vl?. by subati-

tuting for r, and r,. 5‘ and 7) oan then be substituted for x

St

and y.
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From ecuations (1009) and (1010),

200" = (0, =) -r, - )
s 2 e 2
o & 2§o=(r1—-b) -(rz-d) + C
(e, = 2)7 = (r, = D7 4 &

2¢c

Substituting in equation (1012);
cr

2 2
. - 4 i I 2 2 2
(1‘2 - d)2 +(I'-2.-:ga) s—(r‘? = d.) + (';1 B b)] ((..I'1—b) -(rZ-d) +°]

- 2
+ (r1 - b)2 {(rzd— ) - (r1b_ b)] - 32 ----- e (1014)

This is the equation for the moving polode in terms of

r1 and rz.

10.03. Bobillier Theorem:

The angle between one of the oranks and the pcle tangent

is squal to the angle between the 'collineation axis', PZ, and the
socand orank (Fig. 10.05).
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z = TITI777777 ) \+‘ J¢

The pole velocity, u, can be found by the construction

illustrated in Fig, (10.06).

1044+ Radius Of Curyature:

The radius of curvature, p, of the path of a point can
be determined from the results of a velocity and acceleration

analysis, through the relations;
v2
p o= == (1015)
a8

where V is the velooity and a© is the normal component ef accele-

ration of the point oconsidered.
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For points on the geupler of a L=~bar mechanism, the point, ¢,
its centre of rotation, 0., and the pole, all lle in the same line
(Fig. 10.06).

10.5. Acceleration 0f Point At Pole:

The point of a moving body coincident with the pole has
instantaneous acceleration equal to - u 45 vhere u is the pole
velocity and «'is the angular velocity of the moving body.

This can be proved by considering the rolling of the polodes.
Replacing the polodes with their osoulatory circles with centres
0 and G, the value of the instantaneous acceleration of a point
at the pole is readily shown. &n 'osculatory circle' or 'circle
of curvature' is the clrole with centre at the instantaneocus centre
for the point and passing through the point in consideration. The

osculatory circles replecing the polodes are shown in Fige. (10.0?).




The nceeleration of the point 2t pole, Pry is given by:

n n
_ a 1016
but a® = v/ oc - (1017)
n 2 2
and 2 = (Y Y foPp = V Fcp
-p30 p50 -0
: . w el L
A
W W Ec%r,g . ‘_{/cp - (1018)
= =V . & 1019
LA (1019)
= = B4 (1019&)

Comparing the aceeleration polygen for Ep with the polygon
3
for determining the pole veloeity u, (Fig. 10.08), it oan be

seen that the two are sinilar.

x T7TIITTI77 B

172



10.6. Acceleration Of Coupler Points In Terms Of Acgeleration

Of Point 4t Pola:

The aocceleration of any point, €, on the coupler can

be written as:

Y - 5 oy 2
1 gy = = uedy ¥ PC.e0 "4 FO.o (1020)

whera u - pole veloclity

il 6)3 -~ angular veloecity of the coupler
il

ki Cfij - angular asceleration of the ooupler

PC -~ dlatance from pole to point C. |

|
|
| BN The normel and tangential components of the acceleration of

point C are then given by;

I _ s 2 R
a, u, cos ;{0 1 (PC) 93 (1021)

- ued, sin XOH(PC)% ----- —eme(4022)

where angle E-"c is the angle between the pols normal and PG

(Fig. 10.09).

10.7. The_Infleotion Cirole:

Let J’o be any point heving zero normal componant of

acoeleration, then from equation (4 021),

, iy 2
0 = - ud, cosd —r(PT )W, (1023)

. PJQ = i OOSXO it (1 02]4.)

&)3
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Ecuetion (1024) is the eguation of a oirele, diameter, J ,
- a‘l-(= PJ), termed the infleotion circle.

3

From Fig. (10.10), point U, the “infloetion pole' has a

velocity equal to that of the pole velocity, u.

10.8. Points Having Zero Tangential Acceleration:

Let Kc be any point having zero tangential acceleration,

then from equation (1022),

0 = =ufl; sing -4 (Px )¢/ 3 e (1 025)

2
. e w
e B = == sind = PIA)sin g -—---—(1026)
3 3 U
Equetion (1026) is the equation of the oirole, diameter ==
2 3

= PJ(:;L), that is the locus of points with zero tangential
oommegt of acceleration (Fig. 10.11). The circle is termed
the 'Iresse circle'.

The acceleration ocentre, Jo’ is the point with zero accele-
rotion, This is the intersection of the in{lection and Bresse
circles. The acosleration of any point, C, on the coupler is
proportional to its distance from the acceleration centre, Jo.

a, = CJ (42 52-1»-‘; o 3’) (1027)

The velocity centre, P, also falls on both the infleotion
and Bresse ocireles but it has an zceeleration, = u-:.)y and this
is beotuse point P is at the cusp of its path with the tangent

to its path being undefined.
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/i A )‘ /C)lf'u.
Cerefe

761" e/l : Bresse ewtcle ik AL “;7[/“"'“ eire/2

<Ko uc';-y He Aacce /e e J3 0N centre, Jo-

10,9+ Buler-Savary Equation:

Let Oc be the centre of curvature of point C on the

coupler, then from equation (1015),

OOC = =
a
o
+s 0C = Ty
- uu.}3003 ,3’0 + (pC) 3
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)’
I .

u
- C:S; 0033’0 + PC

e p)®

= JPT +FC
s ]

2
o (pc)”

Equation (1028) is one form of the Buler-Savary eguation.

0C = «PQ +PC o= -— £1029)
[+1 (4]
- _.L@f._... (1030)
T - PJo + FC
++ PO WPJ -PCPJ -PO PC = O (10%0a)

Bouation (1030) gives another fom of the Buler-Savary

equation as

;}C---l;.!—; - P—}T—o (1031)

Bx.(10.01):
Determine the inflection circles for the given L-bar mecha-

nism (Fig. 10.13).

Sclution: For point A on the coupler,

Lot 3 d.izls ;1]
PJ " PA PO, PA  pr" 1l a

WU T I ’ . 5

= T 95 o B, 21 .56
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Tor point B on the cowler,

s & ek
pr PB Pﬂb
= . =g§-§§;[ob - ﬁJ
Substituting;
s s o ik
PJb 3.8 10.8
. e PJb = 5.%

The inflection cirele can then be drawn through points

P, I, Iy

10.10. Graphical Solutions Of The Euler-Savary Eguation:

There are a number of ways of proving the Euler-Savary
equation and there also are a number of ways used in solving the
equation., The most common of these constructions are the Hartmann
and Bobillier constructions.

(a) Hartmenn Constructions Knowing the pole velocity u and the
velocity of a point, C, on the coupler, the centre of curvature,
Oc’ of the point is derived. This is a kinematic construction
since it involves velcecity vector as well as distances.

The construction is shown in Fig. (10645). From Fig. (10.15),

0c¢C v (PC) oo
o = =2 - =< - (1032)
< u cos 50 u cos Pj'c
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C'rn/{

by it Rfistin wick  of By G bas
Mecha nsn  of A3 (1073

=5 J— w X

’ - - = eyt
w3 3 PJ
Equation (1032) then becomes;
P
oL _ .1 S B
. ] L -
OUP PJ oos )J'o OGP PJO
. 0 F -+ PC
.t OF - PRJ [Poo B oP
c c -
- PR, W S
** PC R PJ
c ¢



i plesion
ci'relt

;r',. [o /5 The Hartmann cone frachrom.

F:‘,. 1016 :  Harimarn cons/racls'e n fov  focat
o e - ’."J m
e ‘,:/..,, Scimfhnt, g W poinl
1./: a & —Ldar Mmechkarba



(b) Bobillier Construotions:

(i) For 2 given h-bar mechanism, the inflection cirele can
be drawn by the use of Bobillier construction as in Fig. (1047,

Pole P is loceted and so is instantaneous centre Igh. located
at point Z. PD, perallel to AB, meets ZB ai D. Line DJ J,,
parallel to the collineation axis, PZ, moets PA at g, and PB at J -

The inflection cirsle is drawn through points F, Ja’ Jb'

Flachron
e f'rl/l -7

A

Lig. to17:  Inflecteon el
mbcharnirim -‘7
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(i1) This second Bobillier construction is used to loczte the
centre of curvature of path for 2 point on the coupler, when the
inflection circle is knowm.

Considering the example in Fig. (/0 '/€), J, is located and

PD is made parallel to J'OJ and PD meets 1line CJ at D. DOO,

parallel to JP, meets CP &t O, (Fig. 10.48).

2

Mf/u.ﬁ;;.
erve e

¢

,E,.‘,, /0/{ ’ ZOC-qfh;A of P N o cinr PRSIl

47 &as b linr v shranehan .

Proof': Triangle CDOB is similar to triangle CJP
» OBC 0D
T el
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but 0D = OOP/oos 3’0

. OC 0P OP
22 - e

** PC "Plocosy - PJ
0°P+PC 0OP

T — —

I DU SR
s pg F‘O0 PJ’c

10.11. Polode Curvature:

The radius of curvature of the fixed polode, Rf, can be
determined from the pole vaeloecity, u, and the corresponding pole

acceleration, Ep =

2 n
Re = u'/a (1033)

Considering the 4-bar mechanism of Fig. (10.1 9), the acce-
leration of 2 point at the pols, Ep’ may be found by relating it

to the acoeleration values of two points on the coupler, A and B;

assuming “""3 is zero,

= ‘8 + ’ a - t
* 7 P i, - S, Sy W P gy
but & = a ()and a = = uw +> a’
o.t 8 = = Uld,. ;:g +5 2V
“p 3° AA “pp, V2
n AP t
P Eap}.. o app2] (1034)



Similarly;
a

=8 > 8
p "‘P,_._ PPI‘_

n iy + at
-+ [%Pj g a pph-] (1035)

The pole veloeity, u, and the components of velocity, ‘-’pp

¥
= - ub)j. . > 2!PP2wl+

and V , are found as illustrated in Fig. (10.19).

7777777777

e

f ho'b?nﬁ-l

705‘,. fal'?
The simultaneous solution of equations (1034) and (1035) is

shown in Fig. (10.19). The component in bracket in eguation (1034)
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is parallel to link XA and the component in bracket in equation
(1035) is parallel to link BB, BT

From Fig. (10.19);

v i - 2y 72
a h . u-h) ‘E'E o —:—p—-p.g,.u-—g - ["‘ uisd 'A.E - _ppz-.--—g
3 AA 3 R >

sin .-"_fa sin
. '. : w N ;
e sin¢ os ?f
. uéd E - PP ha Ub..c.:. DU S (1036)
e 3 Er sin &’b sin(-.b &)
. . a
alsc, L _ ) oy
2v_ 4D 2y
“a-u R, TETh {0 B, g2
EP : 3 BB ain }fh 3 As sin g{o -
- 2v_ o ind ocoad
&2 bpy L) snd, cosd,
L tYsE ;‘l’gﬂ Ty, T =103
but
, “Pp, = u gin Ef' ; _
v
b -ppz‘- = u aln a’b;
A .._R_&,
r,dz = 3 ILA"
PB
and {13 = L) =
4 3 BB
Adding equations (1036) and (1037) and substituting for
v 6>, &Y
, vV : 2’ :
-ppz ~p, 4

2 ? sma' cogs 23‘ siﬁ i | cos 3’
B L (o AP+ 2pa r —_— @ b
u 3"( ZA ),1 351-(7_',’ sintd'b‘b’aj

ain'dlb cos t\'a ain Xaoos b
* sin(&'b = K;). sin Q'”-:'?) ~—~(1036)
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" where K

PN

a sy pJ

but Al ai I ol
u 3

Therefore, - NI

%%‘D-—- [5 £ - 1] (1 ~K) + [3 2 - 1];(1 +K) 5

sin(?}'b + 3’3)
(Y, =)

»

Bquetion {1039) gives an expression for Aetermining the

(1039)

radius of curvature of the fixed polode, Rf, at tha point of
oontact of the polodes.
The radius of ourveture of the moving polode, Rm, can be

determined by the use of the Euler-Savory equation.

g4 2 L
B’m Rf PJ
S 4 Ld
R P R
m r
: "%P;q — -P—A - —Pﬂ’: B ——
. mm = M(‘t K) + EB(1 + K-) (1040)

sin{ é’.b +¥a)

where K =
ain(_‘lfb - B‘ﬁ)

~

There sre other suitable expresaions for the radii of curw

vature of the fixed and moving polodes. Soms are shown in eguations

(1041) to (1053).
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Referring to the notations of Fig. (10.20);

in ¥ sin ¥
; . 3 e Wihuits Y DY ;
Rp t&nd’a“tﬂnb’b( P4 PB ) *PF (104)
3 siny, _ain‘ﬁ
et '111'= tan ¥ - tan ;{( Pn PB "PLJ —==(1042)
m a b
From Fig. (10.20),
. - E —— (104.3)

gin ® = sin(@ -8

/020 :
188



and BE L
?fb+o( 90°

e

I

. . e = % Lt (gb -k)
Equation (1043) can then be written as

_ PA coa( ?fb - )')

o sin(@ - 8) - (1044)
P4 ¥ -A4)

Similarly,PZ = o::n(/jb 2 (1045)
PB cos( Ha - >\)

= sin(p’z- 8) (1046)

PB cos( B’a 78)
ainZ'_

Writing the Buler-Savary equations for coupler points A

(1047)

and B,
oy "M T M (veue)
and '?'J-"c%;%-l: -1 - -1:}5 -- ~--(1049)
Substituting equations (1044) to (1047) in equations (1047)
and (1048);
P o= oo ¥, cos éf(oot X = cotf) e tAN0}

Bquations (1041) and (1042) can then be written as

1 4 T2t/ 4 tan N
Rf - PJ th-ww- (1051)
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~ tan /0 4 2 tanh 4052)
R- = Piltana - tmd

and

Furthermore, they cun be written as

R, = ol ol R o B
m = 1 m m
2q + 1
where m = R (1053)
Qe
X

Ex.(10.02): Design a 4~bar mechenism for specified radii of
ourvature, as shown in Fig. (10.21). The cylinder is to be
constroined to make approximete rolling cohtact with the flat

fixed polode.

ah (-J‘) ~ f‘hH,‘tf ™

/ ‘/ cLYe [ 2

e Vt"h_’

’c/u\"c
- ﬁffu{'
+%
=

Fig. (0020 Poloafes i £x (to-02).
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Sclution: The infleotion oirele is first determined.

Writing the Euler-Savory aquation;

% L. S, 1
PJ " PO, PO,

bt

s a PJ = 1'

e

Polode ourvature equation must alsc be satisfied;
2 B,
-—R‘?L [3 -%f - 1:{ (- K)+[3 %B- - 1_] (1 +K)===(105L)

) ain(a'b + Z’a)
where K = mm

Also, the Buler-Savory equation is to be satisfied;

2

< PA

M= PLTPT os v, (1055)
PR

BB = (1056)

PB = PJ cos ab

There are now three equations with six unknowne; PA, PB,
IA’ I-an’ a’a, Xb'

sssuming, & =30°, ¥ =-30°, P4 = PB; from equations
(1054), (1055), (1056),
K = O.
PA = 1{2 = PB
- BB - %ﬁ
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10.12, Polodes For The Relative Motion Of The Cranks:

The relative motion between the cranks in a L-bar

mechanism is the same as the motion of their polodes.

? ¥ P aa) of‘).h\ Of o

for yrfafive

4 - e %!.czﬁo‘r"-‘““'



Fig. {10.24) shows & portion of the polode of link J relative

to link 2 for 2 smll angular displacement of link 2, 38.

?J
1
z $8 A
zA = 2"A
z 7
ﬁf'f- {02 ¥%.
&
Let ZE = R, a—%:n,ﬁﬁ:a.

2
From Fig., (10.24);

7L = R+ S8R
SR = R39 tanyp’
As 89 tands towards zero and angle)‘:‘1 tends towards angle

)0, angle ZZ"Z' tends to 900; hence & = R tan)".

de
n o= 3 ﬁ p (1057)
A A i (1058)
Consequently, 'g% = ~38 3 —{1059)
(1 = n)
Therefore, tan Y@ = e _gn) (1060)
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Ex.(10.03): Design a 4~bar mechanisn with constant orank angular
velocity of 40 rad/s and follewer angular veloeity of 5 rad/s

2
with an angular acceleration of 20 rad/s . The mechanism should

have a fixed link length of 1 m,

W
Solution: n = 5t = %
l)

==}
1
-
1s
o]
=
fl
]
-
8
Ll

at
18
)
ag)
_—2
at

2

BiE
3

i

2

Bl&
g

w?
0{!
= e sim:eO(2 s O,
2
20 1
00

5

1
oo tan P = ﬁ = -25*,_79 = 38,66 degrees.
o
Writing the Buler-Savary equation for the fixed link AB,
. SR R %_1 . i
= = " o]

2_71 ZB 1 -
ve I = =B
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j-'

:rf
\
3746/
/
Tt
’,A:
; A
,L' Jo'25 ¢ 4 - bor ok cha nasm »
7 Xy = 20 read /s .

heif o

The slope of the coupler AB can be chosen and the position

of one of the moving points, A or B.
A XA il oade wid
Similarly, 55% = ZB"ZA - 2.5 - B 1

X L ALE L4
4y 8 2

3
i
whan
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10.13. Radiug Of Curvature Of Polode Attaghed To

<
Generally, [Rz . (@ /ae)z] 2
=2, 8R2 o a9
R+ 2(‘5) - R(—é)
de
Differentiating equation (1059) with respeot to @,

3 a (

L

Substituting for R, % and g in equation (1061),
ae

i, L)
M (CIRE) L CRR S i

: 3 o R R e T e
n2a2 . 2a (-&'5) _ naz _[(1 ) ‘d_z.% . 2(@)2
(1 -n)° (1 -n* (-0t a8 e

2

2
. ]}2(1 s az(_%)ﬂ

r

e ’
@ =0 a0 4 27 - jo - - 2(%)2}]

- - e

2

2
" [n2(1 -n)? . az(%)zj
T s § 063)

(1 - n)3 [n2(1 -n) + 2(%) -n 3:-21- I

=
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Fir

Equation (41063) gives the expression for the radius of our-

vature of the polode attached to link 2,

_Em_x,ﬁo.ogl: Design a h-bar mechanism to replace circular gears

for a limited range. (n = -1).
Solution: noo= =
dn
& .o
de
.@.2..{1. - 0
2
na
ZI = A -1 —
a

2
it
2
+
o
i

. do
fo2é: Ganare #» éﬂ- )'i-ﬁfﬁua( 57 & é

Babc barnass b
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Writing the Buler-Savary equation,

$—i=;1 e (1@)

(o)

From equation (1026), AB is the pole normal,

Substituting in equation (1064),

LR GASE . i
a na 2_,°1

1 L
. . Z‘I = -
. (1 - n)°

Substituting in equation (1063),

Equation for redius of curvature then becomes

5 7 |
: If:o " [3%_ 1] = X) 4 [3%-4] (1 + K)--=(1065)

a:l.n(z ab +Zab)
{835 - Bap)

where K

KEB is the angle between the pole normal and the link
B =0 degrees.

Heb is the angle between the pole normal and the link AB

dez—'llL i s X
1 =n

= =1
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Substituting in equation (1065),

2na (L=n) _ ZB _
" (4 -n)?  na “[3"‘3 -}'2

Euler-Savary equation must also be satisfied for link 3,

1
B % - % L (1066)

and Z4 = ZB - AB

1 1 ..ha
and I, = 2ZJ° oos Xab = 5 008 yab

Bquation (1066) then becomes,

o b oo - (2a)(2P)
ab = ZB ~ ZA
_ . (za)(zp)

= 4B

ZB
=-'EE[ZB-*AB]

."- 7B = Ina cos %
1 =2n){(1 = n)

and AR = J0@ 008 a'ab
(1 = 2n)(2 = n)

Lot ¥, = - 45°,

’ =3:-1x1x-v‘2:-/2 V2

. " ZB =
312 .,T;.
9% = 1 X 1% = V2/2 2
and AB = = .
3x3 2
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~ The derlved h~bar mechanism is shown in Fig. (10.27).

5

-]
yl 45

\7 / :

A

;f'c}. 02 4 e L oan £ ¢ Koamalim J‘S('?h:d o
)"?79/:“&! oy candry ?-c-d-rrr 2on £ J;P-u!-ﬂ’
refe <, Ao oa b fad  IwmAGE,

10.14. Stationary Curveture Of Point Patha:

The path of a point in the coupler of & 4=bar mechenism
has stationary ourvaturs when the rate of change of parth swve-

ture with respect to the distance along the path is zerc.

9, '
el 0 , where ? is the radius of purvature.

Considering the rolling of the polodes az illustrated in

Fig. (10%28), the equation for the particle péth with stetionary

ourvature can be derived,



d;(lja;:'.). = 0 when —-(J-Ld dSQ‘) = 0

ela

except when = 0,

s = distance along the path

g - displacement on the polode.

Writing the Euler-Savary equation,

2
0C = PC
c PC - PJ cos a‘c
2
e cm— (
or P = g gy (1067)
1 _ r—gooay
oP I‘2
2 d d
aq/e) TG+ Ban¥ IT - 4% cosy)
S - @ -
r
(r =8 c0adf) op S
- - 4 - (1968)
r
but Ar> - OHEsin ¥
LA cos X
el 4% = - et
m
th & . ¥
erefore ig = - sin —(1069)
X X
and "é% = -EL - co: -(1070)
m
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Substituting in equation (1068) gives

a4/2) | 38sin¥oos¥[ 4 _ 4. _ 1] ___(om)
ag r2 Mgosg Y asin) ry

For stationary curvature, E%Z_g.) = O,

1 R | - b
Therefore, ¥ ece & N in ¥ S (1072)

This is the equation of the owve of stationary curvature
or the 'cubic of stationary curvature'.
In reotangular coordinates,

r = (4 3'2)%

¥ = roos J , .+ e« 0OS ?J’=“-"-'x-§?
(=" +¥)
= r sin a' 1 l.l ain t)l = 4"
v (x + )2
The equation then becomes,
=t s L—ﬁ—"z 5. (1073)
x* + y)2 Mx ¥
r— —
1 = (x2 + yz') L%ﬁ‘xj (1073a)
2 2
or Mixy = (x + 3y )Ny - Mx) (1073b)

10.15. Graphical Construction:
The graphical construction for ploiting points on the

oubic of gtationary curvature is shown in Iig. (10.29).
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Fu, 7024 A‘ 3*‘-}'}\4 cnd Wﬁ’uc Fo' o 7&—,— f/.ﬁ",.:’
F"'-“f‘ of~ 3 cubre "’f' R aTa k) nAy
L VoSl
Prom Fig. (10.29), triangles ofg and.oat are similar, there-
fore,
s - 3 (
22 = (107)
N +r,/sind
1 1 i e
or = - 10?5)
T, /008 X', Tt
Rearranging equation (4075),
o SN 1. S -—
I =~ M ces _”(1 N sin }3‘1 (1 076)

1
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Plotting The Cubic Of Stationary Curve For A )w-Bar Mochaniem:

The cubic of stationary curvature crosses the axes only at the
instantaneous centre, P; at which point the ourve is tangent %o
both axes - the pole tangent and the pole normal. The slope of
the asymptotes is M/N. The radius of ourvature at & =0 or 180
degrees is % and the radius of curvature at 5’ = 90 or 270
degrees is -1—; (Fig. 10.30).

Tn o Lebar mechanism, the cubic of stztiomary ecurvature passes

through the fixed and moving pivots. This enables the value of N

tc be found.

—_— —_—

-%: T Mees ¥ ResY

Y

x
Pig. 10,301 Typloal ourve of staticoary ourvature.

205



Given the )~bar mechoniam configuration as shown in Fig.
(10.31), the curve of stationary ourvature oan be plotted by
determining the values of M and& N for the glven configuration and
then using the equation of oubie of stationary ourvature.

Foints A and B, on the couwler, have gtationary eurveturs
and as sueh they lie on the swrvys of stationary ourvature,

Writing the squation for ocuble of stationary ourvature for
points A eand B,

L 1l (1077)
Ta ¥ cos . N sin -

A . S, -

ry ¥ ocos 5y N sin b1 (1078)

With ¥, = 22° and ¥, = 75.5°, M and N are found to
be 1.6, and = 3.95 respeotively.
The cwrve of stationary owvature is plotted on the space
diagram of the given mechanism in FPig. (10.31).
From the relation;
i?{' = %% + F‘}-' » the polode radii of survature can be
m

calpulated onnco the valug of the infleotion diameter ia determined.

1
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S — bon ?‘n-&r_l;--u'.rh‘ ;T—-A-BE

1041 60 Ei!gt BQint GEVB:
The equation for the pivot point ourve, the locus of

the oentre of ourvature of points with stationary ourvature can
be found from the cubic of stationary ocurvature equation (equation

1076) »
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If a point D on the coupler of a h~bar mgchanism llos on the

curve of stationary ocurvature, then

L - e (1079)
. = o \
rs M ocos Ud N sin B’d
Vriting the Euler-Savary equation for D,
. - SR
PJ oos B’& " rd Rd. (1080)

vhere rd-PD

and R, = PO

a d

Substituting for 1—?- in equation (1080),
a

% I8 _(&_.‘L) 1 _ 1
B‘d PJ oos}jd Nsina‘d
but & = i(,-gﬁq--lgio;)

whers POm = - OmP = - Rm, the radius of ourvature ef moving

P()lod-ao
Y. 5 X S & =, S —
.'s Rd‘ﬂpom P oo 3, = Wi 3, (1081)
1. i . 1 .
or R, v s A T sinS’d (1082)
w5 i
- b 3



Then, generally, the equation for the pivot point ocwrve is

given by

1 . 1 _ 1
R ~ M oos 2>  Negin )y (1083)

Sinoe the equation for the pivot point curve is identiecal
with that of the cubic of stationary ocurvature, their construc-
tion dateils are the same.

The plotting of both ecurves enables the design of adjustable
coupler rest (dwell) mechanisms.



CHAPTER ELEVEN

COMPUTATIONAL METHODS

--iJ?' Duo te the tediousness of the ealewlations, it iz advisable

to ooryy out the analytipal proosdurses by the use of ceomputer
methods. BHome of the analyses are explained for easy ocomputer
programming,

1141, Input, Qutput Angles:
It is neoessary to know the raenges that the eranks in

in s Jj=-bhar mechaniasm can attain so as to limit the analysis
within those angular ranges, £ 9 and £) @,

Before the input and output angles are found, 1% is neceasary
to ascertain the type of L=bar mechanism, A4 L=bar mechanism ocould
be (i} & orank-rocker mechanism, (ii) a doublo-crank meochanism,

or (1i1) a2 double~rocker mechanism.

11.2. Tronsmission Angle, Time Ratio:

a The relation between the tranamiasion angle, f4 s and the
relative link lengths can be easily ecaloulated by computer methods.
The same goes for the time ratio, T.R. A sib programme to check

these quantities can be inserted in the main programme and if
the transmission ongle or time ratio values are not good enough,
another design will be found that is asuitable, |
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11.3. Soordination Of Crank Motion: |

The Freudenstein equation can bs used to study the

rolaticnship between the input and cutput angles for 2 requred

rangas
R, cos # - R c0s & +R3 = oos(9 - &)
a
whera R1 = 3% . (906)
a
Ry = 4
2 2 2 2
4 +b «-¢ +d
and 33 = > ba
From squation (306),
2. re
Sin # = “amw'bkﬂnerE;ﬁgﬁﬁLiim_mm)

2d(a2 + B> - 28b cos 8)

and

cos f = = ak2 + b(k2 + 2a2)cos 8 :_%abzooszﬁ b sin 6VA
= 5 :
24(a + % _ 2ab cos Q) = (1102)

and alao;

af o sin 9[—232- 2b°508 20 - k2J + b sin 29(1c2 - 32)
e - o e e

-2
2a sin Gl-k + 2b20032é] +b sin 20(2a° 4 k%)

i(b-a_wc_os 8) /A—

i%(az +b° - 28b cos ey V&

- (1103)

where A = L,.dz(az + b2) - l\:£+ + l..ab(kz - 2(:12)005 0 - ll.a.zbz 00320

’ 2 2 2
and k =a2+b2—o + 4
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From equations (903) and (904),

oos ¥ = 2=l cogg 2+ 008 &

sin ¥ = dsinﬁ;b__a_:’t_ne

11 o4+ Velocity And Acceleration:

From equations { 323 ) to ( 329 ),

_ b g -7)
“ 0 T T oY)
[ZV Y
2 8 c0s% - sin ¥ cos ©
= "3 sinJoos ¥ - sin & cos @ (1104)

Using equation (1104) in conjunotion with the relationships
betwoen J , # and © in equations (1101) to (1103); the values of
wll- can be deduced for varying values of &,

S8imilarly, from equation ( 332 ),

b sin(® -
(y =6, T amfa'.g)

b—‘zb -8_1.}.“ Q_Qogﬂ - Sin_g 008.2 . (1105)
¢ gin Fcos ¥ - sin ¥ cos &

The values of c-.)} can then be found for varying values of

tJ , and 8, vhen equation (1105) is used in conjunction with
equations (1101) to (1103).

The same holds for the angular acceleration values 9(3, dk'
Using equations ( 340) and ( 344) in conjunction with the rela-
tionships between the angles ©, ¥ , @; their values (0(3,0(#)
can be got for varying values of sz, d,z and 8,
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1145« Brror Punotion:

Computational methods are very useful for the analysis
of h=bar fimction gemerators. Computational methods meke the
derivation of sulteble l=bar mechanisms for particular funotiong
to be genarated, a lot easier. It is slsc necessary to know the
deviation (errar) of the relationship of the input and output
angular displacements of the designed ) ~bar mechanism from the
expected, In thils aspeot, computational methods are idesl in
determining the error functicn over the required range.

Por a given funotion,

y = f£(x), X € X < Xp --- (1106)
where %; and X, are the initial and final value of x, the funo-
tion is only genereted at the precision points. At the other

positions within the given rangs, there is an error.

y » Ky{#' - g') - {(1107)

P
vhare Ky = ﬁ,, Ay - range of ¥y
D@t - range of @
and f; 1s the initial value of #.

Also, .
X
X = K.x(e' - &il) ; vhare Kx = -2-'3—9-' """"--(1108)
The relationshlp betwsen the input and output anglss, € and

¥ respectively, is given by the Freudenstein equation. The
relationship between y and x iz expressed by the given funotion

(equation 1106).
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11.6. Path Curvature:

Using the Buler-Savary eguation in conjunction with the
geometric relations in a 4=bar mechanism, the curvature of any
point on any of the links in the plane of the l=bar mechanism ocan
be found. |

Triting the Euler-Savary equation for a point € on the

coupler of a j~bar mechaniam,

'Pic"'fio" 5 ’ﬁ'}: - ?Jaols 7 (1109)
For the moving pivots 4, B of a i-bar mechanism,

'f}i "i:JI - P}a = PJ c::os :r: (1110)

Ak o w 1 (1111)

PE = PR PJ, = PJ oosy,

The notations are as they appear in Fig. (1016).

For a particular configuration of /~bar mechanism, the
quantities PA, P, PB, PB, PJ, J » 7 }» 811 depend on the link
length ratios. PJ is found and the centre of ourvature is loca-
ted for the given point, C, on the coupler,

The expression for the centrode curvature given in equation
(1054) is also useful in finding the fixed und moving radii of
cwvature for any particular configuration of a 4-~bar mechanism.
Computational methods ocan then be used to design 4=bar mechanisms
for given oentrodes.
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The expression for the oubic of stationary curvature given
in equation (1072) is useful for deriving suitable coupler-dwell
mechanisms, The values of M and I are found for the meochaniam
in the given configuration and the ctbic of gtationary curvature
curvo ls plotted. A sultable point on the owrve of ststionary
ourvature is seleoted and the sontre of ourvatwre, found by using
the Fulor-3avary squation, is the point on the ocoupler with a

dwell (rest).




CHAPTER TWELVE

SUMMARY

The atudy of h~bar mechaﬁians wmdertaken had been considered
both analytiezlly and grophiecally, although more attention had
been given to analytical methods as they yleld more accurate
rosults than the graphical analysis.

The olassification of warious L=bar mechanisms ls & neoessary
analysis as this enableg us to know the various uses a particular
Y=bar mochanism could be put to. Crank rocker mechanisms are )
useful for intermittent motion, quick-return motion, conversgion
of rotary motion to approximate reciprocating motion as in sewing
machines, and genorally for high speed fimotions. Double-rocker
meshenismg are used mogtly for systems with relatively slow ocrank
speeds., Double-orank mechanlsma are partioularly useful in
bringing about speciflo speed changes in the driven crank, 1f
the drput crank runs at & constant anguler velocity. It is usew
ful 23 a funotion-generator as the contiunity in motion beotween
the cranks is always assured.

The velooity relationshlps between links provides a useful
angular displacement relationshipw The acocleration study gives

rise to the inertia forces generated in theo 1links end it is
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necessary that the forces generated in the links should be mini-
mized in order not to have undue stresseas that could damage the
mechanism, To keep the stresses due to inertia foroes down, the
transmission angle,/.l - the angle betieen the coupler and the
output link - is kept as near 90 degrees as mch as possible.
A maximum of 50 degrees is considered good enough for /90 7“/ 3
hs already stated, a4 coupler curve is the path generated by
any point on the coupler. Coupler curves &re polynominals of
the sixth degree and this acoounts for their often oomplex shapes.
Coupler curves are very useful in the synthesis of L~bar mecha-
nisms; they are useful in path generation as in the jib crane
(Fig.1.09); they are useful in coupler—dwell mechanisms, in which
oase a portion of the coupler curve approximates & oircular path
and a dwell ocours around that portion of the owve during the
motion of the mechaniasm; they are scmetimes useful for driving
general stop mechanisms for intermittent motion, in the present
instance, a symetrical coupler curve is utilized; they are also
used for such other functions that the shape of the coupler curve
oan be suited to.

The study on position coordination gives the analytical
relationships between the link lengths and the input angle (input
renge), the output angle (output range), the transmission angle,
’/‘, the time ratio, T.R.,, in crank-rocker wechanisms, It also
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gives the graphiocal énalysis on ecrank ooordination for angular
displacements,

The seotion, finite link displacements, deuls with methods
of deriving suita®le 4=bar mechanisms for given number of coupler-
link displacements. It shows how & L-bar mechanism is derived
for path=-generation.

Point position reduction mekes the construction work dme
under position coordination and finite link displacement a lot
easier, The centre-curve, which is the locus of the fixed pivots
in a j~bar mechanism, is known to pass through the poles and point
position reduction method makes the pivot(s) coincide with the
poles of some relative positions of the coupler in the 4~bar
mechanismg, This method, therefore, eliminates the task of plot-
ting the centre curve or the cirole-point curve, as the case may be.

In a 4~bar mechanism, the motions of the input and output
links are easily analyzed as they have thedr {ixed rotation points
attached to the links., The motion of the comneoting link
(couplar) is however more complex and no point on the coupler has
a fixed point. The motion of the ooupler hovever is the same as
the rolling of two curves, (one on the other). These curves are
termed polodes or oentrodes. The polode of the coupler relative
to the fixed link is the fixed polods and that of the fixed link
relative to the coupler is the moving polode. Polodes however
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are not restrlsoted to the coupler link alons. Astually, a8 polode
is the locua of the instantaneous centre of one link to the other,
The motions of the orknks can also be atudied through the rolling
of their respecotlve poledes. Equations of the polodes are also
polynominals of the sixth order and at every part of thelr
roliling motion, the cuwrvature of the polodes differs. The gee-
tion on path curvature deals on this aspeot, giving relationas
for the curvature of any polnt on the coupler at & particular
sonfiguration. Ugsful relations such aa the Euler-Savary equa—
tion, polode ouwrvature equation, cuble of stationary curvature
equation, are shown. Examples on the theory discussed are also
shown end graphlosl constructions are slse illustrated for the
various aspects.

The study on coordination of orank metion gives the analy-
tical methods for the thacries expounded in graphical construction
under position coordination., The Freudenstein equation, the
storting base, iaz used in the fourth order approximation for the
synthegis of L-bar mechanism to generate ziven funotions. Four-
point and five-point approximation methods are shown for the
ayntheais of L4-bar mechanlasms to mechanize given funoticons. The
analytical methods provide a high degree of calculation acouracy
than ocan be got by the graphiocal methodas.
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The section on computational methods tives a genepral guide-

line on how the various theories and relations discusged s far,

¢an be coordinated through computational @nalysis to glve the
derived design of a L=bar mechanigm,
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