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ER-CRANK CHAIN

: -bar chain having fwo turning and two sliding pairs such that two pairs of the same kind are adjacent is
E known as a double-slider-crank chain HEE=88%=y]. The following are its inversions.

First Inversion

s
A
This inversion is obtained when the link e +>\ c
4 Y
\
L

1 is fixed and the two adjacent pairs 23 / 2
and 34 are turning pairs and the other two L 4
pairs 12 and 41 sliding pairs. ! i /@5 :

. s 1
Application Elliptical trammel 2 1 A by

— T

Elliptical Trammel Figure —g8(b) BJE1 _3{—@—0&,4“ 2 =
shows an elliptical trammel in which the 3 e 1 Bt
fixed link 1 is in the form of guides for ! : |
sliders 2 and 4. With the movement of the \ 4.k .
sliders, any point C on the link 3, except "-’—jf 7 S 7 j %
the midpoint of 4B will trace an ellipse TITTTITTTT S Sy
on a fixed plate. The midpoint of AB will 1 o ™

trace a circle. (@) (b)
Let at any instant, the link 3 make 25

angle 8 with the X-axis. Considering the

displacements of the sliders from the centre of the trammel,

x=BCcos Band y=ACsin 6

|

|

{
il

X y :

—— =cosf and — =sinf :

BC AC : ST
Squarirg and adding,

=

e _ = cos” B +sin’ @ = |
(BC)- . L4
This is the equation of an ellipse. Therefore. the path traced by C is an ellipse with the semi-major and
semu-minor axes being equal to AC and BC respectively.
When C is the midpoint of AB; AC = BC,

(};(:)2 h ( ;;:)z =il or X312 =(4CY

which is the equation of a circle with AC (=BC) as the radius of the circle.




Second Inversion L

| If'any of the slide-blocks of the first inversion is fixed. the second inversion of the double-slider-crank chain
‘ is obtained. When the link 4 is fixed, the end B of the crank 3 rotates about A and the link | reciprocates in
the horizontal direction.

!/(u] J

Application  Scotch yoke

a X1
~yér:.
. — : A <
Scotch Yoke A scotch-yoke mechanism (Fig. 1.59) is used to L B s OO
convert the rotary motion into a sliding motion. As the crank 3 rotates. iy 1 ITITY?

the horizontal portion of the link 1 slides or reciprocates in the fixed
link 4.

Third Inversion

This inversion is obtained when the link 3 of the first inversion is fixed
and the link 1 is free to move.
The rotation of the link | has been shown in Fig. 1.60 in which the full
lines show the initial position. With rotation of the link 4 through 45° in
the clockwise direction, the links 1 and 2 rotate through the same angle
whereas the midpoint of the link 1 rotates through 90° in a circle with the
length of link 3 as diameter. Thus, the angular velocity of the midpoint of
the link 1 is twice that of links 2 and 4.
The sliding velocity of the link 1 relative to the link 4 will be maximum
when the midpoint of the link 1 is at the axis of the link 4. In this position,
the sliding velocity is equal to the tangential velocity of the midpoint of
the link 1.
Maximum sliding velocity = tangential velocity of midpoint of the link 1
= angular velocity of midpoint of the link 1 x radius
= (2 xangular velocity of the link 4) x (distance between axes of links 2 and 4)/2
= angular velocity of link 4 x distance between axes of liriks 2 and 4

The sliding velocity of the link 1 relative to the link 4 is zero when the midpoint of 1 is on the axis of the link 2.

Application: Oldham’s coupling

Oldham’s Coupling I the rotating links 2 and 4 of the mechanism are replaced by two shafts, one can act
as the driver and the other as the driven shaft with their axes at the pivots of links 2 and 4.

Figure 1.61 shows an actual Oldham’s coupling which is used to connect two parallel shafts when the
distance between their axes is small. The two shafts have flanges at the ends and are supported in the fixed
bearings representing the link 3. In the flange 2, a slot is cut in which the tongue X of the link | is fitted and
has a sliding motion. Link 1 is made circular and has another tongue Y at right angles to the first and which
fits in the recess of the flange of the shaft 4. Thus, the intermediate link | slides in the two slots in the two
flanges while having the rotary motion.

- As mentioned earlier, the midpoint of the intermediate piece describes a circle with distance between the
axes of the shafts as diameter. The maximum sliding velocity of each tongue in the slot will be the peripheral
velocity of the midpoint of the intermediate disc along the circular path.

Maximum sliding velocity = peripheral velocity along the circular path

= angular velocity of shaft x distance between shafts

M£ k({ﬁ) 2z Classification of Pairs Based cn Type of Relative Motion

The relative motion of a point on one element relative to the other on mating element can b§ that
of turning, sliding, screw (helical direction), planar, cylindrical or spherical. The c_optrolhng factor
that determines the relative motions allowed by a given joint is the shapes of the mating surfaces or
elements. Each type of joint has its own characteristic shapes. for the elgment.s, and each permits
a particular type of motion, which is determined by the possible ways in which these elemenFal
surfaces can move with respect to each other. The shapes of matmg elemental surfgces rest.nct
the totally arbitrary motion of two unconnected links to some prescribed type of relative motion.



(i) Twrning Pair. (Also called a hinge, a pin joint or a revolute pair). This is the most common @
type of kinematic pair and is designated by the letter R.
A pin joint has cylindrical element surfaces and assuming that the links cannot slide
axially, these surfaces permit relative motion of rotation only. A pin joint allows the two
connected links to experience relative rotation about the pin centre. Thus, the pair
permits only one degree of freedom. Kinematic pairs, marked R in Fig. 2.2, represent

turning or revolute pairs. Thus, the pair at piston pin, the pair at crank pin and the pair
formed by rotating crank-shaft in bearing are all examples of turning pairs.

(i) Sliding or Prismatic Pair. This is also a common type of pair and is designated as P.
This type of pair permits relative motion of sliding only in one direction (along a line)
and as such has only one degree of freedom. Pairs between piston and cylinder, cross-
head and guides, die-block and slot of slotted lever are all examples of sliding pairs.

(iii) Screw Pair. This pair permits a relative motion between concident points, on mating
elements, along a helix curve. Both axial sliding and rotational motions are involved. But
as the sliding and rotational motions are related through helix angle , the pair has only
one degree of freedom. The pair is commonly designated by the letter S. Examples of
such pairs are to be found in translatory screws operating against rotating nuts (o
transmit large forces at comparatively low speed, e.g. in screw-jacks, screw-presses.
valves and pressing screw of rolling mills. Other examples are rotating lead screws
operating in nuts to transmit motion accurately as in lathes, machine tools, measuring
instruments, etc.

(iv) Cylindrical Pair. - A cylindrical pair permits a relative motion which is a combination
of rotation 8 and translation s parallel to the axis of rotation between the contacting
elements. The pair has thus a degree of freedom of two and is designated by a letter C.
A shaft free to rotate in a bearing and also free to slide axially inside the bearing provides
example of a cylindrical-pair. | :

(v) Globular or Spheric = Designated by the lettef G, the pair permn.?‘tiﬁauve mMoLon
 such that coincident points on working surfaces of elements move along spherical
surface. In other words, for a given position of spherical pair, the joint permits-relative
rotation about three mutually perpendicular axes. It has thus three degrees of ffeedom.
A ball and socket joint (e.g.. the shoulder joint at arm-pit of a human being) is the best
example of spherical paic

(vi) Flar pair (Planar Pair). A flat or planar pair is seldom, if ever, found in mechanisms.
The pair pe;'mixs z planar relative motion between contacting elements. This relative
motion can be described in terms of two translatory motions in x and y directions and
a rotation 8 about third direction . — x. v. 2 being mutually perpendicular directions. The
pair is designated as F and has z degree of freedom of 3.

All the above six types of pairs. illustrated in Fig. 2.6, are representative of a particular

(a) Turning pa?t: {revolute) R (b) Prismatic (slider) pair P (c) Screw/helical pair §
DOFE =1 D.OF. =1 D.OF. =1



(d) Cylindrica] pair C (e) Globular (spherical) pair ¢ (D) Flat (planar) pair F
D.OF =) D.OF =3 DIOF =3
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6)4 w)Salation: Given: n, =3;m;=2; r, = ? =12cm; ry = % =6cm

w=03;N= 1575 r.p.m.; Power = 25 kw.

Number of pairs of active surfaces = Mo+n)-1=3+2_-1=4
The friction torque Ty is given by

ZKNTf
25000 = ;
g RS s ‘
2nx 1575
For uniform wear rate,
1 v
Iy = EHW(na)(fl +15)
151.6 x 10% = %(0.3)W(4)(12 +6)
1516 x100x 2
= —— = 1403.7N
Therefore w 03x4x18
Again W = 2nc(r; — ry)
where € = pary = (6py)
Hence 1403.7 = 2r(6p5)(12 - 6)
Hence = 2;40637 c 6.206 N/cm? , i
The maximum pressure intensity p; = 6.206 Nfem® = (- 206 R0 N | = 6Rave KRo-
I _— T
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solution:  Given - module m = 6 mm; addendum 4 = 6 mm

Gearratio G=3: |: ¥ = 20% Npinion = 90 r.p.m. 4

Here. as addendum = | x (module),

9
a,=a, =1, and W) = = et oL = 9.43 rad/s
‘ 60
Number of teeth required on gear to avoid interference,
T> Iﬁ_tzf‘&____ﬁ )
141 (~...1~+2)sin2\{1—1
Voeke )
2.1
= —?;';L—M‘._—_—‘_; I'.C’., > 4494 = 4Ss, say
f
/1 +—1~(~1-+2\sin220-1
T
. 45
zrefore 12— je. t>15

«Note: Since Iimiting condition of interference with standard module is reached first on the
“ank of pinion teeth, it is necessary t

Y to use relation for limiting number teeth on gear and then
% find out limiting number of teeth op pinion.)

‘b) length of path of approach

= YRZ —(Rcos¥)? — Rsiny

Bwtwrzzl.ﬁund 7 =45, r= L :45mmand]i’=g>i£=135mm

2 2
-

I, =45+ 6 = 5] and R =135 + 6 = 14] mm
TPerefore length of path of approach

= \/(—141)3 = (135¢c0520)° - (135)sin20 = 1537 mm
—
And. length of path of recess
= (52 = @Scos 207 — (45) sin 20 13.12 mm,
Therefore maximum velocity of sliding oce

Urs at a point farthest (in the given case at point
/ ’% € gagement) from pitch point. Thus

Ve = 1537 (0, + g0)

[ 433
= 15.37! 9.43+-9—§§J = 193.25 mmv/s Ans.
Length of path of contact = 1537 + 13.12 = 28.49 mm Ans,
~ength of arc of contact = —2-8—ig— = 30.32 mm Ans.
cos 20

No. o pamhr o teeth mwa%

Lot st S &t

—}-60% A "
Mamuom \Mlcnu’t{] 9{7 56&;1’.1)27 G”’Wo’: i
wp:@_%‘}?: . BoS s, wq = e o 3ot

a z.@u{—ZS—rq/"ff)x 15-3F = 143.15 mm]3
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-\ series of gears, capable of receiving and transmitting motion

from one gear to another is called a simple gear train. In it, all TN s
a
)

the gear axes remain fixed relative to the frame and each gear

=g b 2 ) :
is on a separate shaft (EEEEEF: F;\ar e /if\ - /o4
In a simple gear train we can observe the following: \\_/ FAWE . —qaan N B
. Two external gears of a pai s il B XN
- Iwoes gears of a pair always move in opposite ¥\ AN £,
directions. '\/ o i et
9 5 A S 53 S i / i
2. All odd-numbered gears move in one direction and \ 3 /
d}l even-numbered gears in the opposite direction. \\\ _/’/
For example, gears 1, 3, 3, etc, move in the counter- F?&

clockwise direction.

ik = H"@(r teeth shpes N, T Alg 2 o 2Ry
TN T Speed e qear-tro N - Wy CIRN S
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AJ 75 N4 T3 ‘NS 74
L . S W, . B
N, L 7N 7, N, T
mg.

8 A | B i e A

S X =—
N, B Mg T B L X B
o elia culi N T, _ pumber of teeth on driving gear
T ! " number of teeth on driven gear
Speed ratio = . 1
train value
N, 7
_— 1
N T; (@-1)

Thus. it is seen that the intermediate gears bave no effect on the speed ratio and, therefore, they are known

- jdlers.

) COMPOUND GEAR TRAIN

Spen a series of gears are
_anected in such a way that two
more gears rotate about an axis
-ith the same angular velocity, it is
.nown as compound gear train. In
“is type. some of the intermediate
hafts, i.c.. other than the input and
e output shafts, carry more than
one gear as shown in Fig. B @.
[f the gear | is the driver then

Ny B N oo B 5
N, NG M L

If the axes of the first and the last wheels of a compound gear coincide

N, N, Ng T, g2, 1 it is called a reverted gear train. Such an arrangement is used in clock;
= N, N, N, . 2 i i 7, and in simple lathes where back gear is used to give a slow speed to ths
chuck.
: Referring B4, F 4 C
Wil L M G B R & 3 N
e s N, product of number of teeth on driving gears

£ % X
N N, Ny I T T : = ;
N product of number of teeth on driven gears

TN T Sh N £
TZ T4 - z .

product of number of teeth on driving gears
product of number of teeth on driven gears

-~ Train value = Also, if 7 is the pitch circle radius of a gear,

A et
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5 olution: Given

@ For minimum speed of rotation (see Fig. 15.10),

OL2 =
oad, hy =
olsn BM =

[ herefore sinB, =

Therefore tanf, =

Ti&us ]‘\'2 =

/’1—1—3: o

1= =~
AN

W=1472 N: w = 19.6 N
f=245N. o, = 40° o, = 30°

©f P =

30° r, = 20 5in30 = 10 cm.
20 cos30 = 17.32 em
r, = 25 sinf-

0
L 0.4 Hence. B, = 23.578°
25 i

0.436 and tano, = 0.5773 : i
0.7559 : . c
tiking net load = (w — f)/2 on sleeve for obtaining lower most speed, we have wer
2

-

w+(l+k2)(W—f)/2X£

w

w} =

herefore

W, = 19.18 rad/s

hy

19.6 + (1+0.7559) (147.2 -245N)/2 g 981
19.6 19.32
N, = 1832 r.p.m.

=367.9

Or,

(}) Similarly. for maximum speed of rotation Ny,

oy = 40°

and r; = 20 sind40 = 12.856 cm
hy = 20 cos+0 = 15.32 cm

Therefore tanoy, = 0.8391
also BM = r, = 25 sinp,
(herefore sinP; = 12.856/25 = 0.5142
Yuss B, =30.947° and tanf; = 0.5996
(herefore k= tanP/tanc, = 0.7146
‘sz(,maximum speed of rotation, taking sleeve load is (W + f) = (147.2 + 24.5)N

0)2] o w+ (1 +k)W+ fH/2 S B

W I
: 245)/2
602| L, 19.6 + (1+0‘71%(2),_(H7'2 +245)/2 - 981 = 544.94
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/} series of gears, capable of receiving and transmitting motion :
from one gear to another is called a simple gear train. In it, all e
the gear axes remain fixed relative to the frame and each gear K 3
j \
/

is on a scparate shaft (BIgEEEF: 1y | / F
In a simple gear train we can observe the following: \\_/// i «iﬁ/,/ YYYY = “/f"\
s x « v 7R 5 N AL \ =
i T.wo gxtcmal gears of a pair always move in opposite /’/ \ §\\\\ e
directions. ( \Q// ST
u - . »Iﬁ .”A
2. All odd-numbered gears move in one direction and \ 3 / /
a}l even-numbered gears in the opposite direction. \\\»/’/
For example, gears 1, 3, 3, etc, move in the counter- F‘a&

clockwise direction.
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g , TR St ol Ny R
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N, Ny N N, T, T T, T; S

s Tt vl N¢ T, _ pumber of teeth on driving gear

N, 7, number of teeth on driven gear

Speed ratio = _.___1____
train value
N, T
= @.1)

N h

Thus. it is seen that the intermediate gears have no effect on the speed ratio and, therefore, they are known

L SEers.

@' COMPOUND GEAR TRAIN

Snen a series of gears are
__nnected in such a way that two
- more gears totate about an axis
~ith the same angular velocity, itis
“nown as compound gear train. In
his type. some of the intermediate
hafts. i.c.. other than the input and
‘he output shatts. carry more than
one gear as shown in Fig. be
[f the gear | is the driver then
Ny B Ne T

Ny T, ' N 5 " Ns Ty

If the axes of the first and the last wheels of a compound gear coincic
; _ it is called a reverted gear train. Such an arrangement is used in cloc
R oo and in simple lathes where back gear is used to give a slow speed to t
chuck. -

it -
N, N, N, T n I Referring Br=FE 4, 4C ar
N Tl e N, product of number of teeth on driving gears

N, ~ product of number of teeth on driven gears

Mg Bl

By ol g g S ke E2)
TZ T4 3! & »

product of number of teeth on driving gears el b ; ; ; ; )

product of number of teeth on driven gears Also, if r is the pitch circle ek ?”geal’
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The “/{\Qiﬂl notion of each dinde Maa be ‘tadduted
folloosy  mame

i : )
Line | Motrom [Aetion e
of Aum @
L o iy 58
1 A pxeodk 5+t apupl” e
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g2 e e

lef  dhe aum rake 1 Leaxol? clockwmse when S R ﬁﬂt{‘p]

d= 14 At = O
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o " , v .
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Solution:  Given W = 1472 Niw=196N
[=245N. 0, = 40° o, = 30°
@z For minimum speed of rotation (see Fig. 15.10),
0y = 30°% r; = 20 sin30 = 10 cm.
oad, hy =20 c0s30 = 17.32 em
&}S‘i‘ . BM = ry = 25 Siﬂﬁ:

. . ; 10 .
U herefore sinp, = 5= =04 Hence, ;=2
2

)
N

78°

Therefore tanB, = 0.436 and tano, = 0.5773
Thus ky = 0.7559

tiking net load = (w — S22 on sleeve for obtaining lower most speed, we have
[/ — 0
i wt(+k,) (W f)lzxi

w h,
(022 - 19.6 + ﬂ+ 0.7559) (1472 - 245 N)/2 v 981 = 367.9
19.6 : 1739
therefore ©; = 19.18 rad/s or, N, = 1832 rp.m.

(J,) Similarly. for maximum speed of rotation &,
0 =40° and ry =20 sind0 = 12.856 cm
hy = 20 cos40 = 15.32 cm

Fherefore tano; = 0.839]

also BM = r, = 25 sin,

Qerefore sinP, = 12.856/25 = 0.5142

s Pi=30947° and tanP, = 0.5996
therefore ki = tanP/tanc, = 0.7146

for- maximum speed of rotation, taking sleeve load is (W4 )= (147.2 + 245N
> +Hl+ kg J W4 )2 o
el 13( f) X};g
v }

2+ 2 2
o = 19.6-1—(1~!—().71‘%?)’(1—’17.4.%-_-1.5)/..)< 981 = 544.04
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