


I ntroduction:

M		odule 5 C AMS
 (
MODULE 5
) (
KINEMATICS OF MACHINES
)


A cam is a rotating machine element which gives reciprocating or oscillating motion to another element known as follower. The cam rotates usually at constant speed and drives the follower whose motion depends upon the shape of the cam. Almost always the cam is the driver and the follower is the driven. Cams come under higher pair mechanisms. As we already know that in higher pair the contact between the two elements is either point or line contact, instead of area in the case of lower pairs.
In a cam mechanism, the three essential members are:
· The cam which has a curved surface or straight surface.
· The follower and
· The frame which supports and guides.

Cams are widely used in automatic machines, internal combustion engines, machine tools, printing control mechanisms and so on. Along with cam and follower one frame also will be there with will supports the cam and guides the follower.

C lassification of followers:
A follower can be classified in three ways:
(1) According to the motion of the follower
(2) According to the nature of contact
(3) According to the path of motion of the follower
1. . According to the motion of the follower

1. Reciprocating or Translating follower: When the follower reciprocates in guides as the can rotates uniformly, it is known as reciprocating or translating follower.
2. Oscillating or Rotating follower: When the uniform rotary motion of the cam is converted into predetermined oscillatory motion of the follower, it is called oscillating or rotating follower.
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Reciprocating Follower	Oscillating Follower

2. . According to the nature of contact:

1. The Knife-Edge follower: When contacting end of the follower has a sharp knife edge, it is called a knife edge follower. This cam follower mechanism is rarely used because of excessive wear due to small area of contact. In this follower, a considerable thrust exists between the follower and guide.
2. The Flat-Face follower: When contacting end of the follower is  perfectly  flat faced, it is called a flat faced follower. The thrust at the bearing exerted is less as compared to other followers. The only side thrust is due to friction between the contact surfaces of the follower and the cam. The thrust can be further reduced by properly offsetting the follower from the axis of rotation of cam so that when the cam rotates, the follower also rotates about its axis. These are commonly used in automobiles.
3. The Roller follower: When contacting end of the follower is a roller, it is called a roller follower. Wear rate is greatly reduced because of rolling motion between contacting surfaces. In roller followers, also there is side thrust present between follower and the guide. Roller followers are commonly used where more space is available such as large stationary gas or oil engines and aircraft engines.
4. The Spherical-Faced follower: When contacting end of the follower is of spherical shape, it is called a spherical faced follower. In flat faced follower’s high surface stress are produced. To minimize these stresses the follower is machined to spherical shape.
[image: ][image: ][image: ][image: ]
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3. . According to the path of motion of the follower:

1. Radial follower: When the motion of the follower is along an axis passing through the centre of the cam, it is known as radial follower.
2. Off-set follower: When the motion of the follower is along an axis away from the axis of the cam centre, it is called off-set follower.
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Radial follower	Off-set follower

 Classification of Cams:
Cams are classified according to their:
· Basic shapes
· Types of follower movement
· Manner of constraints of the follower

 Classification according to basic shapes of the cams:
Plate or disk cams: Plate or disk cams are the simplest and most common type of cam. A plate cam is illustrated in figure below. This type of cam is formed on a disk or plate. The radial distance from the centre of the disk is varied throughout the circumference of the cam. Allowing a follower to ride on this outer edge gives the follower a radial motion.
Cylindrical or drum cam: A cylindrical or drum cam is illustrated in figure below. This type of cam is formed on a cylinder. A groove is cut  into the cylinder, with a varying location along  the axis of rotation. Attaching a follower that rides in the groove gives the follower motion along the axis of rotation.
[image: ]Linear cam: A linear cam is illustrated in figure below. This type of cam is formed on a translated block. A groove is cut into the block with a distance that varies from the plane of translation. Attaching a follower that rides in the groove gives the follower motion perpendicular to the plane of translation.













 Classification according to movement of the follower:
The motions of the followers are distinguished from each other by the dwells, rises and returns they have.
Rise of a cam: The motion of the cam which tend to lift the follower is known as the rise motion.
Dwell of a cam: The rotation of the cam for which the follower is stationary at its position is known as dwell of the cam.
Return of a cam: The motion (rotation) of the cam for which the follower tends to move its original position is known as the return motion of the cam.

Cams are classified according to the motions of the followers in the following ways:
1. Rise-Return-Rise (R-R-R): In this, there is alternate rise and return of the follower with no periods of dwells (as shown in figure). Its use is very limited in the industry. The follower has a linear or an angular displacement.
[image: ]
2. Dwell-Rise-Return-Dwell (D-R-R-D): In such a type of cam, there is rise and return of the follower after a dwell (as shown in figure). This type is used more frequently than the R-R-R type of cam.
[image: ]
3. Dwell-Rise-Dwell-Return-Dwell (D-R-D-R-D): It is the most widely used type of cam. The dwelling of the cam is followed by rise and dwell and subsequently by return and dwell as shown in Fig.
[image: ]

C lassification according to manner of constraint of the follower:
To reproduce exactly the motion transmitted by the cam to the follower, it is necessary that the cam and follower remains in touch at all speeds and at all times. The cams can be classified according to the manner in which this is achieved.
1. Pre-loaded Spring Cam: A pre-loaded compression spring is used for the purpose of keeping the contact between the cam and the follower.


[image: ]
2. Positive-drive Cam: In this type, constant touch between the cam and the follower is maintained by a roller follower operating in the groove of a cam. The follower cannot go out of this groove under the normal working operations. A constrained or positive drive is also obtained by the use of a conjugate cam.
[image: ]
3. Gravity Cam: If the rise of the cam is achieved by the rising surface of the cam and the return by the force of gravity or due to the weight of the cam, the cam is known as a gravity cam. However, these cams arc not preferred due to their uncertain behaviour.

 Terminology in cams:
The various terms we will very frequently use to describe the geometry of a radial cam are defined as fallows.
1.  Base Circle: It is the smallest circle, keeping the centre at the cam centre, drawn tangential
to cam profile. The base circle decides the overall size of the cam and thus is fundamental feature.
2.  Trace Point: It is a point on the follower, and it is used to generate the pitch curve. Its motion describing the movement of the follower. For a knife-edge follower, the trace point is at knife-edge. For a roller follower, the trace point is at the roller centre, and for a flat- face follower, it is a t the point of contact between the follower and the cam surface when the contact is along the base circle of the cam. It should be note that the trace point is not necessarily the point of contact for all other positions of the cam.
3.  Pitch Curve: It is the curve drawn by the trace point assuming that the cam is fixed, and the trace point of the follower rotates around the cam, i.e. if we hold the cam fixed and rotate the follower in a direction opposite to that of the cam, then the curve generated by the locus of the trace point is called pitch curve. For a knife-edge follower, the pitch curve and the cam profile are same whereas for a roller follower they are separated by the radius of the roller.


[image: ]
4.  Pressure Angle: It is the measure of steepness of the cam profile. The angle between the direction of the follower movement and the normal to the pitch curve at  any  point  is called pressure angle. Pressure angle varies from maximum to minimum during complete rotation. Higher the pressure angle higher is side thrust and higher the chances of jamming the translating follower in its guide ways. The pressure angle should be as small as possible within the limits of  design.  The  pressure  angle  should  be  less  than  450  for  low  speed cam mechanisms with oscillating followers, whereas it should not exceed 300  in case of cams with translating followers. The pressure angle can be reduced by increasing the cam size or by adjusting the offset.
5.  Pitch Point: The point corresponds to the point of maximum pressure angle is called pitch point, and a circle drawn with its centre at the cam centre, to pass through the pitch point,  is known as the pitch circle.
6.  Prime Circle: The prime circle is the smallest circle that can be drawn so as to be tangential to the pitch curve, with its centre at the cam centre. For a roller follower, the radius of the prime circle will be equal to the radius of the base circle plus that of the roller whereas for knife-edge follower the prime circle will coincides with the base circle.

 Types of follower motion:
Cam follower systems are designed to achieve a desired oscillatory motion. Appropriate displacement patterns are to be selected for this purpose, before designing the cam surface. The cam is assumed to rotate at a constant speed and the follower raises, dwells, returns to its original position and dwells again through specified angles of rotation of the cam, during each

revolution of the cam. Some of the standard follower motions are as follows: They are, follower motion with,
(a) Uniform velocity
(b) Modified uniform velocity
(c) Uniform acceleration and deceleration
(d) Simple harmonic motion
(e) Cycloidal motion
Displacement diagrams: In a cam follower system, the motion of the follower is very important. Its displacement can be plotted against the angular displacement θ  of the cam and  it is called  as the displacement diagram. The displacement of the follower is plotted along the y-axis and angular displacement θ of the cam is plotted along x-axis. From the displacement diagram, velocity and acceleration of the follower can also be plotted for different angular displacements θ of the cam. The displacement, velocity and acceleration diagrams are plotted for one cycle    of operation i.e.,  one rotation of the cam. Displacement diagrams are basic requirements for  the construction of cam profiles. Construction of displacement diagrams and calculation of velocities and accelerations of followers with different types of motions are discussed in the following sections.
(a) Follower motion with Uniform velocity:
[image: ]
Fig. above shows the displacement, velocity and acceleration patterns of a follower having uniform velocity type of motion. Since the follower moves with constant velocity, during rise

and fall, the displacement varies linearly with θ. Also, since the velocity changes from zero to   a finite value, within no time, theoretically, the acceleration becomes infinite at the beginning and end of rise and fall.

(b) [image: ]Follower motion with modified uniform velocity: It is observed in the displacement diagrams of the follower with uniform velocity that the acceleration of the follower becomes infinite at the beginning and ending of rise and return strokes. In order to prevent this, the displacement diagrams are slightly modified. In the modified form, the velocity of the follower changes uniformly during the beginning and end of each stroke. Accordingly, the displacement of the follower varies parabolically during these periods. With this modification, the acceleration becomes constant during these periods, instead of being infinite as in the uniform velocity type of motion. The displacement, velocity and acceleration patterns are shown in fig. below.


























(c) Uniform acceleration and deceleration: Noting that the velocity must be zero at the two ends, we can assume a constant acceleration for the first half and a constant deceleration in the second half of the cycle. The resulting motion curve will be two parabolas. This curve can be graphically drawn by dividing each half displacement into equal number of divisions

[image: ]corresponding to the divisions on the horizontal axis and joining these points with O and  O’  for the first and second halves respectively. Point of intersection of these lines with the corresponding vertical lines yield points on the desired curve as shown.







(d) [image: ]Simple harmonic motion: Simple harmonic  motion curve is widely used since  it is simple to design. The curve is the projection of a circle about the cam rotation axis as shown in the figure. The equations relating the follower displacement velocity and acceleration to the cam rotation angle are:







Note that even though the velocity and acceleration is finite, the maximum acceleration is discontinuous at the start and end of the rise period. Hence the third derivative, jerk, will be infinite at the start and end of the rise portion. This curve will not be suitable for high or moderate speeds. In cases where the motion curve is composed of rise-return only, if the rise and return takes place for 1800 crank rotation each, simple harmonic motion curve results with a circular cam eccentrically pivoted (eccentricity = H/2, half the rise), as shown.

(e) [image: ]Cycloidal motion: If a circle rolls along a straight without slipping, a point on the circumference traces a curve that is called a cycloid This curve can be drawn by drawing a circle with center C on the line OO’. The circumference  of the circle is equal to the  total rise; or the diameter is H/. The circumference is divided into a number of equal parts corresponding to the divisions along the horizontal axis. The points around the circle are first projected to the vertical centreline of the circle and then parallel to OO’ to the corresponding vertical line on  the diagram


Important Formulas:
	
Type of motion
	
Stroke
	
Maximum Velocity
	Maximum
Acceleration

	
Simple Harmonic Motion
	
Out stroke
	V  s
a	2
a
	 2 2 s
aa  	2 2
a

	
	
In stroke
	V  s
d	2
d
	 2 2 s
ad  	2 2
d

	
Uniform acceleration and retardation
	
Out stroke
	V  2s
a	
a
	4 2 s
aa   2
a

	
	
In stroke
	V  2s
d	
d
	4 2 s
ad   2
d

	

Cycloidal motion
	Out stroke
	V  2s
a	
a
	2 2 s
aa  	 2
a

	
	
In stroke
	V  2s
d	
d
	2 2 s
ad  	 2
d



Where sis Stroke in mm or m;

  2N ;
60

 a is Angle of ascent in radians;  d is Angle of decent in radians.

A NALYSIS OF CIRCULAR CAM WITH FLAT FACED FOLLOWER
When the flanks of the cam connecting the base circle and nose are of convex circular arcs,  then the cam is known as circular arc cam. A circular arc cam is made up of 3 arcs of different radii. In such cam, the acceleration may change abruptly at the bending points due to instantaneous change in radius of curvature. A symmetrical circular arc cam operating a flat faced follower is shown in figure below in which O and Q are the centres of the cam and nose respectively.
Let, rb= Minimum radius of cam or the base circle radius = OB rn= Radius of nose
rf = Radius of circular arc flank
l = distance between cam and the nose centre
= semi-angle of action
θ= angle turned by the cam from the beginning of the follower motion
We shall consider the following two cases:
1. When the flat face of the follower has contact on the circular flank, and
2. When the flat face of the follower has contact on the nose.

In deriving the expressions for displacement, velocity and acceleration of the follower for the above two cases, it is assumed that the cam is fixed and the follower rotates in the opposite sense of the cam. In the figure below the cam is rotating in the counter-clockwise direction and the follower rotates in clockwise direction.

Case 1: When the flat face of the follower has contact on the circular flank:
[image: ]
Let us consider that the flat face of the follower has contact at point T on the circular flank. It   is lifted to a distance GH. Let P be the centre of the circular arc of the flank and rf = PB=PT. Lift of the follower, when the cam has rotated through an angle θ is given by,
x = OH – OG
= TS - OG
= (PT - PS) – OG
= PT – OPcosθ – OG
= PT – (PB – OB) cosθ – OG
= rf – (rf – rb) cosθ – rb
= rf – rfcosθ – rbcosθ – rb
= rf (1– cosθ) – rb (1- cosθ)
x = (rf – rb) (1- cosθ)
Differentiating with respect to t we get,
v  dx  dx  d  dt	d dt
v = (rf – rb) sinθ . ω
⸫ v = ω (rf – rb) sinθ
Velocity of the follower, i.e. v is zero when θ = 0 i.e. when the follower starts ascending. It increases with θ and is maximum or when the follower moves the flank and θmax = .
⸫ Vmax = ω (rf – rb) sin
Differentiating v with respect to t, we get,
a  dv  dv  d dt	d dt
a = ω [(rf  – rb) cosθ] ω
⸫    a = ω2 (rf  – rb) cosθ
Acceleration of the follower i.e. a is maximum when θ = 0 i.e. when the rise commences
Amax = ω2 (rf – rb)
and	Amin  = ω2 (rf  – rb) cos	where θmax = .

Case 2: When the flat face of the follower has contact on the nose
[image: ]
As the figure shows,  when flat-faced follower touches point T on the nose,  it is lifted through  a distance GH. Then lift of follower, when cam has rotated through angle θ is given by:
x = OH – OG
= QT + QS – OG
= QT + OQ cos ( - θ) – OG
= rn + l cos ( - θ) – rb
Differentiating x with respect to t, we get:
v  dx  dx  d  dt	d dt
= - [l sin ( - θ)]. [- ω]
v = lω sin ( - θ)]
Velocity of the follower is minimum i.e. v = 0 when  = 0 i.e. when the follower is at the apex of the circular nose and it starts descending. And the  velocity of  follower is  maximum when ( - θ) is maximum i.e. when θ is minimum i.e. when the follower just touches the nose of the cam. i.e. at the θmax =  as discussed earlier.
Differentiating with respect to t we get,
a  dv  dv  d dt	d dt
= lω [cos ( - θ)] (-ω)	where ω is uniform
⸫ a = -lω2 cos ( - θ)
i.e. it is a retardation.
Retardation is maximum when ( - θ) is minimum when  - θ = 0 i.e. when  = θ i.e. follower is at the apex of the nose.
&	Amax = -lω2
Also, the retardation is minimum when ( - θ) is maximum i.e. when θ is minimum i.e. when the follower just touches the nose of the cam.
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Example 20.15. 4 symmetrical circular cam operating a flat-faced follower has the
Jfollowing particulars :

Minimum radius of the cam = 30 mm ; Total lift = 20 mm ; Angle of lift = 75° ; Nose radius
=5 mm ; Speed = 600 r:p.m. Find : 1. the principal dimensions of the cam, and 2. the accelera-
tion of the follower at the beginning of the lift, at the end of contact with the circular flank , at the
beginning of contact with nose and at the apex of the nose.

Solution. Given : 7y = OE=30mm :x=JK=20mm : oo =75°:7,= QOF = QK =35 mm :

N =600 rp.m. or ® =21x600/60=62.84 rad/s

1. Principal dimensions of the cam
A symmetrical circular cam operating a flat faced follower is shown in Fig. 20.46.
Let 0Q = Distance between cam centre and nose centre,
R = PE = Radius of circular flank. and

& = Angle of contact on the circular flank.
We know that lift of the follower (x).
20=00+1r -1 =00+5-30=00-25
1 0Q =20 + 25 = 45 mm Ans.
We know that PQ = PF —FQ = PE —FQ = OP+OE —FQ
=0OP+30-5=(0OP+25) mm
Now from a triangle OPQ.

(PO)? =(OP)* +(00)* —=2xOP x0Q cos B
(OP+25)* = (OP)* +45% —2x OPx 45 cos (180° —75°)

(OP)? +500P +625 = (OP)* +2025+23.30P

500P-23.30P =2025-625
or 26.7 OP = 1400
and OP = 1400/26.7 = 52.4 mm
.. Radius of circular flanks.
R=PE=0OP+0OE=524+30

=82.4 mm Ans.

and PO=0OP+25=524+25
=77.4 mm Ans.

In order to find angle ¢ . consider a triangle OPQ. We

‘P

Fig. 20.46
know that
99 _Po
sing  sinf
. - 6 bko
or siu¢:OQX5mB:4' xsin (180°—75 ):05616
PO 774
$»=34.2°Ans.

2. Acceleration of the follower
We know that acceleration of the follower at the beginning of the lift.

a=w*(R-1;)c0s0=w* (R—7j) ... (. At the beginning of lift. 6=0°)

= (62.84)% (82.4 — 30) = 206 930 mmV/s = 206.93 m/s> Ans.
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Acceleration of the follower at the end of contact with the circular flank.
a=o (R—rl)cos()zc)2 (R-17)cosd
. (= At the end of contact with the circular flank. =¢ )
= (62.84)% (82.4 — 30) cos 34.2° = 171 130 muy/s” = 171.13 n/s” Ans.
Acceleration of the follower at the beginning of contact with nose.
a=-0" x00¢c0s(0.—8) = —w* x 00 cos (ot — )

. (*+ At the beginning of contact with nose. 6=¢ )
= — (62.84) 45 cos (75°— 34.2°) = — 134 520 mmy/s® = — 134.52 nv/s>
=134.52 m/s? (Retardation) Ans.

and acceleration of the follower at the apex of nose.

a= _(02 x0Qcos (o.—0) :—w2 XOQ ... (" At the apex of nose, a—6=0)

=— (62.84)* 45 = — 177 700 mm/s> = — 177.7 m/s’
=177.7 w/s? (Retardation) Ans.

Example 7.10
——

The following data relate {o a circular cam operating a flat-faced follower:

Least diameter = 40 mm
Lift =12 mm
Angle of action = 160°
Speed = 500 rpm
[f the period of acceleration of the follower is 60° of the retardation during the lifi, determine the

(i) main dimensions of the cam
(ii) acceleration at the main points

What is the maximum acceleration and deceleration during the lift?
Solmion r.= 20 mm h=15mm
2a =160° N =500 rpm
a =80°
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During the lifting of the follower, the acc_eleration
takes place when the follower is on the radial flank
and the deceleration when the follower is on the
nose. When the follower just touches the nose, the
follower position will be as shown in Fig. 7.38. OC
and PQOEFE are parallel and the angles = 30° and
@ = S0° so that B is 60%% of @.

(1) Apply sine rule to APOQ,

or PO oo
sing = sin (180° — o) sin B
rf—rc _ rf—r,, _ »
sin 50° ~  sin 100° _  sin 30°

But r+r,=r.+h

or r=rc+h—rn=20+12—rn=32—rn

rr =20 _rTh 32—
sin 50° sin100° ~  sin 30°

From first and last terms,

0.5/~ 10 =24.51-0.766 r,
0.5r,=34.51-0.766 r,

or ry=69.02 —17532 r,
From second and last terms, - |

0.57~0.5r,=31.51-0.985 r,

r,=63.02-0.97 r,
From (i) and (ii),
69.02-1.532r, =63.02 - 0.97r,
7, =10.7 mm
r=320-107=213 mm
i e Ty =69.02-1.532 %107 = 52.6 mm

(a) At the beginning of contact, 6= (0°,
f =& (y-r,) cos 0°

or P 27 x500 \? 2
& (52.6-20) =2742 x 32.6 = 89 37¢ mm/s? or 89.37 m/S
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(b) Contact on circular flank when 8= = 30°,

S =2742 x 32.6 cos 30° = 77 410 mm/s? or 77.41 m/s?
(c) Contact on circular nose, when 6= f=30°,

f =—aPrcos (a—6)=—-2742 x 21.3 cos (80°-30°) =37 540 mm/s? or —37.54 m/s?
(d) Contact at the apex of nose, 6= o= 80°,

S =—07r cos (80° - 80°) = -2742 x 21.3 = ~58 400 mm/s? or —58.4 m/s?

Maximum acceleration is when the contact is just made with the circular flank; it is 89.37 m/s? and the
maximum retardation is at the end of the lifting period, i.e., when the contact is at the apex of the nose; it is
58.4 m/s”.
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Example7.11  The following data relate to a symmetrical circular cam operating a flat-faced follower:

Minimum radius of the cam 40 mm
Lift 24 mm
Angle of lift 75°
Nose radius 8 mm
Speed of the cam 420 rpm

Determine the main dimensions of the cam and the acceleration of the follower at the
(i) beginning of the lift

(i) end of contact with the circular flank

(iii) beginning of contact with the nose

(iv) apex of nose

ry=8mm
Solution
r, =40 mm N =400 rpm
h =24 mm r,=8 mm . "
a=175°
B
oo 2 i
% i| fo=40mm
Refer to Fig.7.39. |
r+r,=r.+h
e r =40 + 24 — 8 = 56 mm

(PO = (OP) + (0Q)? — 2(OPXOQ) cos £ POQ
(ry—8)? = (r,— 40)* + (56)2 — 2(r;— 40)(56) cos (180° —75°)
r? +64—16r, = r} +1600—80r; +3136+297, ~1160

35r,=3512 or 1= 100.3 mm

OP =100.3 — 40 = 60.3 mm
PQ =100.3 —8=92.3 mm
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Applying sine rule to AOPQ,

0 . ___Fo v r-n 56 100.3-8
sinf - sin (180°-0) O “GET=G0se sinf  sin105°

sin  =0.586 or B=35.9°
Acceleration when the follower is on the circular flank, f = ? (ry—r;) cosf

(i) At the beginning of lift, 8= 0°,

[ =0*(ry —r.) = 442 (100.3 - 40) = 116 740 mmy/s? = 116.74 m/s?
(ii) At the end of contact with the circular flank,

f = @?(ry —1.) cos 6= 442 (100.3 - 40)
cos 35.9° = 94 565 mm/s? = 94.565 m/s?

Acceleration when the follower is on the nose, f = —@?r cos (ot — B)
(iii) At the beginning of contact with the nose

S == cos (@ — ) =-44? x 56 x cos (75° - 35.99) = —84.136 mm/s?
or —84.136 m/s?

(iv) At the apex of the nose, = f8

S =-0"r=—447x 56 =~ 108 416 mm/s or — 108.416 m/s?

Example7.12  In a four-stroke petrol engine, the exhaust valve opens 45° before the t.d.c. and closes 15°

after the b.d.c. The valve has a lift of 12 mm. The least radius of the circular-arc-type cart
operating a flat-faced follower is 25 mm. The nose radius is 3 mm. The camshaft rotates at 1500 7™

Calculate the maximum velocity of the valve and the minimum Jorce exerted by the spring to overcomé g
inertia of the moving parts that weigh 300 g.

Solution  r,=25mm N =1500 rpm
h=12mm 7, =3 mm
m=0.3kg

Crank rotation duration of the exhaust valve = 45° + 180° + 15° = 240°

In four-stroke engines, the camshaft speed is half that of the crankshaft.
Angle of action of the camshaft,

2a=-2;_i=120° or a=1270=60°
Refer to Fig. 7.37,
r+r,=r.+h
of r=25+12-3=34mm

(PQ) = (OPY +(0Q) - 2 (OP) (0Q) cos £ POQ

(ry=3)" = (ry= 25)% + (342 — 2 (1— 25) (34) cos (180° — 60°)
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Applying sine rule to AOPQ,

o0 . . PQ
sinf~ sin (180°—a)

DI o 92.2-3

sinf _ sinl20°  snf  sinl20°

sin =033 or a=19.27°

Velocity is maximum when the contact is on the point where the circular flank meets the circular nose.

27 x1500 - ! i

= 157.08 x 67.2 x 0.33 = 3480 mm/s or 3.48 m/s '
The same result is obtained if relation of Eq. (7.28) is used, i.e.,
) Vipax = @ sin (¢ — 6)
Maximum acceleration is when 8= 0, ‘
Fonax = @ (rp— 1) = (157.08)? (92.2 - 25)
= 1658 090 mm/s? or 1658.09 m/s?
Maximum retardation is when a— 6=0,

£ = = (157.08)% x 34 = 838 920 mmV/s” or 838.92 m/s?

Spring force is needed to maintain contact durfng the retardation of the follower.

Minimym force, F=m x f=0.3 x 838.92=251.7 N
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