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SYNOPSIS = o J

e

For investigetiow of any kinematic sghEme,,gﬁ*
at'present no anceptua;isation'aid existQ;
that is flexible enough to respond to the

- imagination of the designef,yin a éanher’

" that may aid the thinking prodess. So én‘ .

: aid foi‘ geanétric conceptualisation and

o

simulation of planer link mechamisms was =
designed. The aid, consist of liEKS‘Of vari- °
6us lengths wnd pins of various sizes whieh 
can be combinea to cbnétruct any planer;}ink
mechanism , it also enables gquick changlhg

~ of proportions cf various kinematic links;
Paths of various points an links can be -
recorded so the various<kinemat1é'€pemes can
be compareda., This aia is designea‘tO'heipv
designers, engineers, students in their worke

‘The system has been nawea as LINKIT .
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Man is eyger trying teocutilise merefully
the variouq'farces ef pature. Te de ‘
;‘;  :, e . - this sundry means mist be designed te
"\§; : G ~ meeﬁ the desired results. As mn example

the locemetive is given a*linear‘g@ticnv

;5?_;, ° : - by retation of the wheels moved b&

' connecting rod attached'te a pisten

. o having only a reciprocatory linear move- °
‘ ment., ‘ , : ' - ’

. The design of such transfermation devices

in the field of mechéhiéal engineering

is carried on in the féllawing conceptual

context,

® ; @

= | MACHINE AND MECHANISMS ~

°

| A mechanism is a combination of moving
; :V“__gm; - e resistant paths arraﬁéed.in such a way
| that métion of ongfpart causes in the
. . . other parts motion accordiné to a fixed
- . o pattern, depending on the combination >
° ' - férmed. It is a device which changes 2
;3;:;; 4 ,’: or transmits the form of a motion e.gzN&\-
'/J linkages, cams, gear trains, flexible
connectors etc, When such mechaniims
L ‘, or their combinationsma?e connectad’ to
a source of energy to fb useful work .

they are termed as m@chines. .
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The design @f mechanisms p#im ily -
incerperates the study of klnematics. .

This constitutes the study of di«nlace-

ments, velocities, accéleration without’

regard to the forces involved in the

motion, The choice of material for thég'
design of such links and the load

bearing cross-sectional. areas are
determined by the study of forces. The "
engineering disciplines of dynamics and ;
strength of materials previde the
necessary conceptual framework. 2

In view of the time constraints,in this

study we will confine our attention te

: de51vn of planer link mechaﬂisms.

LINKAGES ,
A link has been defined as a rigid

&

connector in a machine or a mechanism,
It is a combination of a number of link
palirs connected in such auway that they
allow relative makltx motion between the
paths,

All links must be so connected that ir——
one link is moved it causes a definste
motion in the other parts with the\
exception of one or more points aalled

as dead points, Linkgéts are used to :

L)
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~ Pr@daceﬁrafating, oscillat0[~§and ; 'ﬂ;
or @sciliatianzgf'a‘éfank: =

@
e -

i5There are'ﬂmur generalstypes of links i,
1. Rctating or oscillating links called
| eranks. ;
'2;¢Links sliding between guides Qalled
* sliders. ‘ ‘
3. links_annecting:créﬁks.and slideré .
- called connecting‘rOds @rgfloating f
links. v:5,   ; .
4, Links fixed‘betweenvtwé points called
}frames. : _
The fellowing constltutes the necessary
geometric elements fqr the @e31gn of.
link mechanisms s e

DESCRIPTION , -

@
o

-----—-- Fixed axis of rotation e

L€ g by ielut ot ansendart rigid link
____ _ __._ Pin joint at point other than end of
= a rigid link.

S — il i ;

_____ Fixed guide
‘.—\w
Rigid link having three connections
___ _ not in straight line i.e. structugg,
,, b
‘/v’
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v
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2, SOURCE OF THE PROBLEM  { ) .

b
Y

For investigation of any kinematé; o
scheme the following methods are uged ;,
1. Mathematical evaluation and compu-
tation with an aid of computers or
otherwise. i b - :
2. Use of drawing boamd techniques
invelving‘lot of link paths. ',
3. Use of scaled models for gquick |
visualization, ; ;
Mathematical and drawing board techniques
are not only time consuming, costly but
also oniy suitable foi final refinement
of a conceptual scheme, Atapresent no
conceptualisation aid exists:“fhat is
flexible enough to re;poﬁd tothe - :
imagination of the desigher, in a manner -
that may not retract him fo§ the thinking
process. This necessity constitutes
the source of the problem worthy of

attention,



= ,/ %’ ‘ E j;j w;\ v 3{5

L )

g j - 3 » A . : - ,’ > 3 & 7
s . *J : 3. STATRMENT OF THE NEKD : '/~ g
: . , o
En =
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: 2 conceptualization and zimylation of
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g N % ; efféétively completed in twelvé weeks
. time. The aid should be Slexible to
F ° respond to requirements of machine
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designers,
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. DESTRABLE ATTRIBUTES, OF, {WE SOLUTION
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It should be pessible to cheoose -
& o 2 = @

from among the basic geometric -
: o @

@ ’ 7
elements in link mechanisms such

 as sliders, cranks, fixed ‘axis,

fixed‘guides, structures and so ons
The ald should be such that it
should be possible to form various -
kinematic schemes quickly and '
easily. Tﬁevtime in con§€fuction‘
of any scheme should not?ﬁore than
half an hour., The construttion -
should not involve any special tools
for machining or making it. .

It should be possible by trace out
the paths of various points on the

kinematic 1links so that the various

- motions can be recorded and studied.

It shpuld be possible to change the
proportions gffthe links to get |

- different results. -

The aid should be sufficiently
durable. It should have life of =
five years in the regular office use.
The cost should range betﬁeéﬁ‘,

Rs. 100/~ to Rs. igo/» considering
the cost of ingﬁyhments generally |

’
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- ]
used .by designers; students, gch'as

o Y L

o

slide rules,: instrument bok, draughters,
7

roteringg etc. ° . /,

-

o .

k. ‘7 The degign should joe simple from 3

the manufacturing point of view,
,'should not involve complex'tocling
or using of snecial raterials. *
4.8 There should be minimmm number of
parts to achieve simplicisgy.
4,9 It,shbuld“appeal to users.
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5. PROBﬁBﬁE SOLUTIONS OF o@§§bNBNTsu .

L} 2 / ; =

After ca%efully studying a number of

mechanisms @varieus ppébable solutions -
of the constitutent components were
sketched, considering the different
requirements of the individual éompe-

nents,, » ‘
DESIRABLE ATTRIBUTES OF INDIVIDUAL o
'COMPONENTS : - | S

galiiex . ’

a) It should be possible to prolong.
the length of a link.,
b) It should be possible to form

structures using links. ‘ =

\,

c) It should be possible to form

bell-crank levers. -

‘d).It should be possible to Jjudge

various proportions.

Considering the above points some types
of links were designed. More promlslng
of them are illustrated in the fig. Hel
5.2 Slider Link

Eae

Ty |

It should be designed in such a vay |

that this link can be used ax a fixed |

guide and as a crank with sliding

pair. Probable séiutions are illus-

trated in the g. 5.2 .

(L)
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a) The pins should be designed SQ%

that they will providse turning 7

pairs fer klnematlc 1inks i.e. o
pin will allow turning motion
~ between links. -

b) It shouid}be pessibla,to provide ~
the turning pair at the endélof

'1ihk and also at the points other

than the ends. ‘ : ‘ e

c) It should be possible to connect

two or more number of links.
Some of the probable solutions are
illustrated in fig, 5.3 .
5. h Sliding pair

o

It should allow slidlngweaﬁhinx

‘motion between the elements of -~

@
v

 mechanisms.
Somé ef the probable solutions are
illustrated in fig. 5.4 lm
5.5 Fixed Pins ‘ -

In any mechanisms there are pointé
called dead points which don't have
any relative motions. These are -
fixed axes of ratations, fixed pins

&
should provide this requirement,

Some solutions are illgztrated in fig. 5.5

. .
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5.6 ~Linkuaa form Bell—éraﬁk/Lever -

It shouid be possible to forn | -
bela-crank Zevers’ between twe links

using gome intermtﬂlate element

Two solutions are illustrated in fig. 5.6

|
f
ﬁ*Q%xalb..Q o) |
56 BELL CRANK | | | \ .
‘LEVER LINK | ‘
f
|



N o
0 4 o
.
g

s
V{’

L
&

i F‘&-'G.‘ '_S’crcuclrure‘ formed by
J8ing siotted linlss.

In order ‘to satisfy many constraints, - -

N
"
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DESIGW SELECTION = 7 3 .
4 - - v
> 4

J

and requirements on the’design and , >
at the same time to achieve simplicity,

to minimise number of parts, enhance
versatality many of the soiutions,listed‘
in chapter 5 had to be discarded,

6.1 Link %

From the six types of links, link
number 5 was selected.

No.1 link was all right for forming
end pin joints but to form pin joint
at points other than ends some\other'
element was required, -

v

N
No.2 1link : To form structure Ly

et
using this type of links was difficult.
A special Jjoining detail to connect ~
two or more than two links has to be
designed. See fig, 6.1

No.3 and No.4 Links : Again the

-

joining detail was difficult and

more complex.

No,6 Link 3 Compléte rotation was

obstructed. J =
Moreover in the designing of links

it was required to see that relative
motion between ié; links should be
possible, -for this the links should be

@
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- ‘in @¥fTement planes, at/ the same

= time the distance between thgiiinks
shotld be minimised. Considering- -

all these points ¥ink No.5 was -

selected.

The attributes of Link No.,5 are

e - a) Prolongation of length of-a link
P . , 4

o - is easy. J
= . - b)) Rigid structures can be formed >

. = , using three links.
- ¢) Bell-crank lever can be made °’
g | using third element.

]

d) The holes at regular intervals
provide sort of callibrations.

e) Tracer can‘be fixed in any hdle.

R
o &

D Bt jeintcin s iewid ok b
. e
ends or at the p?ints other than
ends.,
g) Two or more links can be pin
| jointed ét one point,
] ‘ % 6.2 Slider Link | :
;$‘ - No. 1 1link was selected because ié
g e - vas similiar to Link No. 5, It is
o easy to use as a fixed guide as well
s | as a sliding crank so fulfillding the
= : ‘ requirements for the slider 1lifiks.

The other links weére rejected becaise
/. :

~

@ ;:{‘T;:!'.K
(9
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phey were iﬁ%reasing the comple l‘tyﬁg
of the design by increasing th;’number
).;

®
%>

of p?rts. : 5

W v

2 ,'J;

Pins =

% v
@ o = )

No.4 design was selected because

a) it was very much suitable for
connecting two or more number of-
links., J

b) same pin can be used as a}sliding’l
pair asjshown in the fig. 6.3. .

¢) 1t was easy to put washers between
the 1links using this type of kimk
pin. ;

d) modification of this pin can be
used as a fxxedpx fix pin. .

Other pins were suitablewtc connect

only two links. They were increaszmg”

the distancé between” the links. They

were more complex .

sliding Pair =~

Pin No.1 was selected to minimise the .

number of ?arts af and to achieve -

simplicity.

Fix Pin _ ’

Pin No.3 was selected as stated before

it is just the modification of »in,

No. 1 and 2 were irsreasing number of

parts. They wergfgomplex requiring

additional elements like drgwing &3&nss
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£ i . 6,6 ‘Link<For Formlng Bell-Crank Lemr. -
. Link No. 1 was reaected as tbé -
form of this link is circular whdr_
° ® >
- o as all-other linkd aré straight, *~
: Link Ne. 2 was hence selected.
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7. DESCRIPTION OF THE Wmmemm AID ~ ),

9 e

< : 4 '/‘:’

- / \’

The variocus elements of the product ares
e S
1llustrated.in the figuress . o

71 Link -
There are five type of basic links,
\of various lengths., They.are.10 cm.:,
20 cm., 30 cm., %40 cm,, and 50 Cley
A dimensional basic Jlink is illus- -
frated in Sm. WS the dsawing.
The Links are illustrated in fig.” 7.1.2

7.2 8lider Link .

It is illustrated in fig. 7.2.1
7¢3 Pins
Pin is consisting of twp‘pa{ts -
male and female, There ;§évfhnee e
"~ types of female pins viz., for 2 links
( 6 cm.), for 3 1ink; { 9 em,), and
for 4 links (12 cm.).%a%e part
remaining same for all. "I'hey are
illustrated in fig. 7.3.1 .
734 Fix Pins

There are three types as illustrated

in the fig. 7.%.1 . They are 6 cm.,

10 cmsy and 15 cm, -
7.5 Bell Crank Lever A :

It is illustrated in fig, §.5.6.2
7.6 Tracer ‘ ¥

_,n!?f}’_e—
It is illuctrated in fig, 7.6.1

K7‘3'i‘. . J -
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7.7 Washers . s = F
Theg are provided to enable lg; lirks
to be in different planes to aboié~»

' obstruction. See flg. 77¢7 :

7.8 Clip v .

This was.speciélly designed so tha§ 1
: alink’of}variable'le:zﬁh can be o
‘7vobtained by means of this. See fig.«f
7Bt g “
7+9 Package Aiong’w1£ﬁ Board-

A package system to store the
different elements neatly is designed
alongwith a 1light weight board for
demonstration. ;
The materialﬁused for model < s paiyst&fené
for links and P.V.C. for ﬁins. The matoria

. recommended for the 1inks is aluminium.

The Links can be obtzined as extruded

-

sections and can-be panche?_afterwards.
The Pins are to be injection moulded, the ;
material of pins can be either P.V.C. or
polypropylene¢  ’
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o g To pack tlle various elements of the aid
- : : 33 5 o
as well as to store them, handling them
W © ) 3 :
i considering cost of packagihg. life requi-
\iw . >

red for the packaging, display value of

iy

. - - the pack, appealing of the ﬁéckf“sbme

o L alternatives were tried, few of them are
XXk proposed. They are illustrated in
: rigs M. .
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of different link mechanismiy:

Ew : J\: v ¢ X J V) : 1 g
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9, INSTRUCZIUN FOLDER =~ ° Y
ﬂ @ @ 9 5 “‘“‘
To use thd aid correctly, and effectively,
f

to facilitate quick and ea\y investlgations

study different link mechanisms and to

record the results and to cSEBEFE"%hem

an ! INSTRUCTION FOIDER ' was designed
to give an idea of the various operations
to be earried out in constructing any

9!

kinematic scheme; The Instruction Folder

with ; .
is provided inm the report.
o
= :
% < - >
e
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o, ; ;J @
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j To evaluzte the product a Questionnaire -
was made and it was giv%nkéo different ~

pebple in the field of degxwging, engin-

eering and education.

e

1. The operations involved in constructing

any mechanism are
Complex ) All right / Very simple .
2, The time required to comstruct any . :

mechanism is

o ‘ Much / Appropriste / Short
3. The general size of links are
o 0 Big / Appropriate / Small >
4. To carry out investigation of’mechaﬁisms;
o ﬂ : - . the designed aid servesthe purpose é
‘. : | Very Good/ Adqquaté / Weed for improvemen;
s ' ‘ 5. Did you feel need”of such an aid before ?:
s oo ) - Teog /- Ne J
) | 6. Do you find the links are -

s Flexible / All right / Rigid  °

oy 7. Do you like to have a drawing board
; . - along with the aid ?
| . Yes o No.

. | 8. Do you think such type of product.should |
: have \ .
A ppeal / No need of appeal :

4 i £



¢ o i
4 = L R
el i
K\ i J
v J
. \ ¢ @
15 G ;,'
. ©
@ @
7 @ \‘J {
. « o
<

¢ . \§i
» : ({
: \
©
©
)
W
W
. ()
@
@
@
0
@
®
@ /
/
° w
i
@
&
°
®
&

- %

& b

@
@

10;

1.

19,

13.

J

9 /
e

Do you think\the degigned proda

o has
Appeml / Ne appeal

Do yd& think that Epe designed produgﬁ;}

J

Wl

]
)

@

©

§21
v

e

T

should be modified fog investigation

of kinematic terms like“velocity and

acceleration

Yes / - He

Do you find the cost of the product

is ;
High / All right

 Sow

@

Whether you will buy such a product

for

Yourself / For Design Office /As a
Fikgk Gift / As an Mducational Aid/

Any suggestions and remarks” .

k
Gl L e

G
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fos : ‘d  EVALUATION ‘é'UpiJMARYJ ' 7
@ j j | v  The questlbnnalre was giwen to 10 peoplgik“‘
. The varlous answers rece'bved are listed
2 . below : ;
- 1. Operations involved in coRcirusil
4: - ‘ : mechanism are Sihal e B
E M & Complex i )
Mo B A1l Right 3
o o Very Simplé . ' 2
‘ 2. Tiwe ior construction of mecilaniSm .
= > Much 4 : Y
- . | ' Appropriate 3 :
Short - 6
. 3« The general size ol links Sl E
Big 4
/ : . Appropriate ” 3 -
“: Small : : -
;‘ | 5« Did you 1eel needa or such product veiore
g | ey Yes e . iy k
. L ' - No 6
"* . : - 7. Need ior drawing board ' .
s — | : Yes ' 5
S . | No | ]
. , ~ B. Such type oI prouuct should have apmesx
: Appeal ’ 3 5
No need ol appeal ) : .
- I_P.'(l P;brary ” ‘ \\\:’

LLT. Bombpay.
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. ’J,u 12, Such nroduct will be purchased Ry fo? -
9 Yousselfl . s s
- Design QfJICE‘ . 5 - =
Gift ‘ oz ”
| Educational Aid ;3
13.Most of the pegple suggestedgﬁggfyfhe -
links are big and flexible. They should

- be of smaller size and should be rigid.

Taking into considération;the feed back
from the userséhnd after testing of the aié
- some modifications are recommended. The links
should be of smaller size and should be more
rigid. So aluminium is recommended as = the .
:material of links. The gamaller size of links
. 'reduégs the size of pack and at the same time

will reduce the cost of the system.
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11, COS?P sANALYSIS

= o

Links (Mézmin_ium/%leighﬁx 1000 gms,) © o
Material Cost > Rs, 20 =
: Y |

Labour Cost b Rs, 5'

Pins (Polypropylene/P.V.C. Injection
moulded. Weight 100 gms.) Rs, 8
Package(Made up of thick P.V:.C'. e
Guage 12), Rs, 10

”

Board (Made up of thin grain
size Thermocole and
card board), . BRs. 10

R T TP S p—

Rs. 5’:’,

If rexine pack is used the pack cost
will be Rs. 20/- .
If a package with Thermocole bottom

and Acrylic top is used the costr of
package will be Rs, 25/-,
I.D. C. Library -
LLT. Pombuy. | .
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