Solutions to Chapter 8 Exercise Problems

|
Problem 8.1

A cam that is designed for cycloidal motion drives a flat-faced follower. During the rise, the
follower displaces 1 in for 180° of cam rotation. If the cam angular velocity is constant at 100 rpm,
determine the displacement, velocity, and acceleration of the follower at a cam angle of 60°.

Solution:

The equation for cycloidal motion is:

i

For L=1, and § =180°= m, then

y=[,(%——sm—) 1(‘9 L 2mg)=(%—$sin26)

Lo _oe2m0) _@_
y=" (1 cos ) ﬂ(l c0s20)

2
. 270 )\ .
y—2LJr(/3) sin === ; Qn(ﬂ) sin20

The angular velocity is 8 = 100 rpm = 1002Z = 10.472 rad/ s

60
When 6 =60°= %
a3 .
y= ( e —sm2(f5/3)) - (— - —sm(2ﬂ/3)) 0.195 in

o0 (1 _ - 472 n.
y—ﬂ(l c0s26) (1= cos(27/3)) = 5.000 -

2 2 .
§ = zﬂ(&) §in26 = ZIT(M) sin(27/3) = 60.46 10
JT JT sec2

Problem 8.2

A constant-velocity cam is designed for simple harmonic motion. If the flat-faced follower
displaces 2 in for 180° of cam rotation and the cam angular velocity is 100 rpm, determine the
displacement, velocity, and acceleration when the cam angle is 45°.

Solution:
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The equation for simple harmonic motion is:

_L b1 12)
y= 2(1 cosﬁ)

For L =2, and  =180°= 7, then

_L{1_nZO) _2
y= 2(1 cosﬁ) 2(1 cosﬂ) (1-cosh)

--ﬂ__
V=" (1 cos6) =6Osinb

g4y _d -
V=" dt(@sm@) 02cos0O

The angular velocity is 6 = 100 rpm = 10022 %g 10.472 rad /s

When 6 =45,

y=(-cos)=(-cos45)=1-0.707=0.292 in,

y =0sin@ =10.472sin45°=10.472 (0.707) = 7.405%n

§ =02 cosh) = 10.4722 (0.707) = 77.53115Il

'
Problem 8.3

A cam drives a radial, knife-edged follower through a 1.5-in rise in 180° of cycloidal motion. Give
the displacement at 60° and 100°. If this cam is rotating at 200 rpm, what are the velocity (ds/dr) and

the acceleration (d?s/dr?) at 6= 60°?

Solution:

The equation for cycloidal motion is:

i

For L =1.5,and  =180"= 7, then

(7] 1 276 (7] 1 ..
L(/g o ) =1. 5( 2JTs - ) 15( 2ﬂsm2t9)
; =M(l —-cos 2‘”6) = @(I—COSZG)
S B)
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2 2 2
- ORI m _ ) . _ ol .
y —2Lﬂ(/3) sin ; 2(1.5)ﬂ(ﬂ) sin260 3rr(ﬂ) sin20
The angular velocity is 6 = 200 rpm = 200%—75 =20.944 rad /s
When 6 =60"=7Z,
—152_Lg inx -
y=1.5 p 2”stB) 1 5( - 3 ) 0.293 in

5 =121 - cos20) - L 20 944 (1 ) 150012

2 2 .
§ = 3;1(&) sin20 = 3::(M) sinZL 3627610
1 b4 3 s2

When 6 =100°=109z _ Sm

180 =9’

y= 15( ——s1n20) ( =sin lg”) 0.915in
|
Problem 8.4

Draw the displacement schedule for a follower that rises through a total displacement of 1.5 inches
with constant acceleration for 1/4th revolution, constant velocity for 1/8th revolution, and constant
deceleration for 1/4th revolution of the cam. The cam then dwells for 1/8th revolution, and returns
with simple harmonic motion in 1/4th revolution of the cam.

Solution:

The displacement profile can be easily computed using the equations in Chapter 8 using Matlab.
The curves are matched at the endpoints of each segment. The profile equations are:

F 44
0r05652

Vi = a0+ a0+ mO?
The boundary conditions at § =0 are y1 =0 and y1=0. Therefore,

ao=a1 =0
So,

VI = a26?
and

vi=2a20

where ay is yet to be determined.
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For%s@s—

y2 =bo + b0
The boundary conditions at 9 = g are y| = az(

2
T T
bo+b15=a2(5)

and
2
JT JT
0=—a2(§) +b0+b1§

Also
yh=b1 = at

or
0=axt-h
For %595%

y3=co+clO+ 26°
y3=cl+2c20
y"3 = 202

The boundary conditions at 9 = %Tn are y2 = azn(—% +9) = azn(

Also, at 0 = STJT, 3

w2 3 3m)?
Vi=a2—==co +cl =+ 2| —

2 4 4
, 3
y3=q+202T=azn
S 51\?
1'5=C0+q7+02(7)
y'3=q+262%=0

2

2
ﬂ) and !

The boundary condition equations can be written as:
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=2a7 z. a27 . Then

2

4

=1.5 and y3=0. Then, matching the conditions,

JU
—_

4

]

2

JU
=a27 and y‘z=a2:r.



O=—a2(%)2+b0 +b1%

0=a2ﬂ7—b1
0- ﬂ—2+ + 3—JT+ (3—ﬂ)2
a5+ te1 ol

0=—a27[+C| +2C2?;-—E

1.5=c¢ +05ﬂ+c (Sﬂ)2
D=cotc—— +Co|—
4 4

0=Cl+26‘2%

In matrix form,

2
L T
) 3
7 0 -1 0 0 0 ||
0 2 3r (372 by
A 0o 1 =
0 2 4 4 b
ol | == 0 0 0 1 37” co
0 o 000 1 X|a
15 22 )
51 (5.717) -
0O 0 0 1 = |=
4 \4

Solving for the constraints using Matlab,

‘a1 10.2026 7
bo| [-0.5000
b | |0.6366
| |-1.6250
el [1.5915
2] |-0.2026]

The equations are then given in the following:

For 0 <A< %
Y =a20? = 0.20260°

For%s@s%

y2 =bo+bif = -0.5000+0.636660
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For %Tﬂ<0<57ﬂ

y3 = co + 10+ 20% =-1.6250 +1.591560 — 0.20266°

For STJT<6537JT
va=1.5

For the return, 37” <0=<2x,and

L(

V5 = 2\1+c0s /3) 4(1+cos2(9)

The displacement diagram is plotted in the following:
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Problem 8.5

Draw the displacement schedule for a follower that rises through a total displacement of 20 mm
with constant acceleration for 1/8th revolution, constant velocity for 1/4th revolution, and constant

deceleration for 1/8th revolution of the cam. The cam then dwells for 1/4th revolution, and returns
with simple harmonic motion in 1/4th revolution of the cam.

Solution:

The displacement profile can be easily computed using the equations in Chapter 8 using Matlab.
The curves are matched at the endpoints of each segment. The profile equations are:

For()ses%

vl =ao+alf+ @0?
The boundary conditions at =0 are 1 =0 and y!=0. Therefore,

ao=a1 =0
So,

vl = a26?
and

yvi=2a20

where a2 is yet to be determined.

F0r£5953—ﬂ
4 8
y2 =bo + b0

2
The bounary conditions at § = % are y| = az(%) and y} =2a> T_ a T Then,

4 2
2
bo+b1£=a2(£)

4 4

and

0=-a (£2+bo+b1£

=T\ 4
Also

y'2=b1=a2%
or

0=a2%—bl

For%”sesn
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y3=co+clO+ 26°
y3=c1+2c20
y'3=2c,

8
v =0. Then matching the conditions,

The boundary conditions at 0 = are y2 = bo + bi

3z 3 37\?
v3 =by +b1?=co +cl?+c2(?)
y3=c +2€23§=b1

20 =co +cT + cz:rz

y3=c1+2c2m=0

The boundary condition equations can be written as:

2
O=—a2(%) +by +b1%
0=aZ-b

a22 1

3l 22
0-b-h 8+co+cl8+cz 2

3
0=-b; +c; +Cz—n

4
20 =g + T + e
0 =(] +2C2J‘L’

In matrix form,

r 2
JT JT
1= 1 = o0 o0 0
'0' (4) 4 'az'
0 % 0 -1 0 0 0 [&
0 37 3 (37)\% || D1
=l 0o -1 -2 | 2t |2&
0 8 3 (8) o
0 0 0 -1 0 1 Z|q
4
20 0 0O 0 0 1 27 ||le]
0 0O 0 1 & a2

Solving for the constraints using Matlab,

-335

3z

8

and yh=py. Also,at § =7, y3 =20, and



‘a1 [7.2051
bo| |-4.4444
b | (113177
co|  |-8.4444
e | ]18.1083
2| |-2.8820]

The equations are then given in the following:

For 0 <6< %
Y =a20* = 7.205160°

FOT%SBS?

v2=bo+b0= -44444+11.317760

For %s@sn

y3 =0 + 10 + 260° = -8.4444 +18.10830 -2.88200°

For ns@s?’?ﬂ

va4 =20 mm
For the return, 3711 <0=<2x,and

5 =%(1 +cos%9) =10(1+cos 26)

The displacement diagram is plotted in the following:
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Follower Displacement, Velocity, and Acceleration Diagrams
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Problem 8.6

Draw the displacement schedule for a follower that rises through a total displacement of 30 mm
with constant acceleration for 90° of rotation and constant deceleration for 45° of cam rotation. The
follower returns 15 mm with simple harmonic motion in 90° of cam rotation and dwells for 45° of
cam rotation. It then returns the remaining 15 mm with simple harmonic motion during the
remaining 90° of cam rotation.

Solution:

The displacement profile can be easily computed using the equations in Chapter 8 using Matlab.
The curves are matched at the endpoints of each segment. The profile equations are:

For 0 <6<

e

VI =ao+alf+ ®6?
The boundary conditions at 9 =0 are y1 =0 and y}| =0. Therefore,

ao=a1=0
So,

n= at?
and

vi=2a20
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where a2 is yet to be determined.

For gsgsg’_ﬂ

4
2 =bo + biO + b 0?
JU

2
2) and vy =2a2%=a2n’. Then,

The boundary conditions at 9 = g and y = az(

2 2
bo+ b5 +b2(£) - az(jl)

2 2 2
and
7\ 1 7\
0=—a2(§) +bo+b1§+bz(§)
Also
yh=bi + by =axt
or

0=-axm+ b1 +ba
The boundary conditions at 9 = 34—ﬂ are y» =30 and y2=0. Then,

R¥1 3\
bo + blT+ bz(T) =30
and

0=h +2b2(37n) =b + bz(%r)

The four boundary condition equations can be summarized as:

0 =—a2(%)2+b0 +b1%+bz(%)2

O=-arm+ b +bw

3 3 \?
30=b0+b17+b2(7)
3

0=>b +b|=
1+ 2(2)
In matrix form,
RN
0 2 2 \2) |[a
- 0 1
01 3 322 ™
30 0 1 = (—) b
0 4 4 by
o o 1 3~
2 7.5
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Solving for the constraints using Matlab,

a1 [ 8.1057
bo| |-60.0000
b | |76.3944
by| |-16.2114

The equations are then given in the following:

For 0 <f=<

e

Y =a20” =8.10576°

For 37 _g T
4 4
T
=%
and

L

_L( 76\
y3 = 2\1+cos

B

This equation assumes that the curve is 15 mm high and that the curve falls to zero. However, the

§(1+ cos20)

actual curve begins at a height of 30 mm and returns to only 15 mm. Because of this, we need to
add 15 mm to the value for y3. Then,
y3 =15+ 7.5(1+ cos26)

For 5_”sg <6_”
4 4
yv4 =15
For %50 <2m
T
=3
and
5 =§(1 +c0s%8) = g(l +c0s20)

The displacement diagram is plotted in the following:
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Problem 8.7

Draw the displacement schedule for a follower that rises through a total displacement of 3 inches
with cycloidal motion in 120 degrees of cam rotation. The follower then dwells for 90° and returns
to zero with simple harmonic motion in 90° of cam rotation. The follower then dwells for 60°
before repeating the cycle.

Solution:

The displacement profile can be easily computed using the equations in Chapter 8 using Matlab.
The curves are matched at the endpoints of each segment. The profile equations are:

Forosgsﬁ
3
2w
F=73
and
yl=L(2——sin—\ 3£—Lszn38
\B 2= B ) "2x 2m
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(1 23:9\ (3 3 )
yi=L =3|5=-35—cos 30
\B~ /3 "B ) 2
no_ 2_” 1 @ = 2 ]
y‘l_L(ﬁ2 sin B )—3(2ﬂsm38)
For ZTJT<(9<%r
y2=3
For the return, 7_”<055—n_
6 3
T
P=3

and

V3 = (1+cos 3 ) =1.5(1+ cos26)

For the remainder of the cycle,

S?NSGSZJT
and
y4=0

The displacement diagram is plotted in the following:
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Follower Displacement, Velocity, and Acceleration Diagrams
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Problem 8.8

A cam returns from a full lift of 1.2 in during its initial 60° rotation. The first 0.4 in of the return is
half-cycloidal. This is followed by a half-harmonic return. Determine 8 and f, so that the motion
has continuous first and second derivatives. Draw a freehand sketch of y', y", and y'" indicating
any possible mismatch in the third derivative.

T A Not to Scale

Follower Travel
o
=

0° 60°
By B2

- P | ————— P

Solution:

The first part of the return is made up of a cycloidal curve and the second part is made up of a
harmonic curve. This is shown schematically in the figure below.
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Pi=B2—™ 2B, ™

% 04" f Harrr}onic Curve
; | : /
5, o Cycloidal Curve
1.
E -
S 04"
= ‘ \
0 60°
- B1 > BZ =!
- 2 Bl >

The range for the cycloidal curve is given by
0=<6 <2p

and the range for the harmonic curve is given by
Pr—-Pr=62=fi+ P2

Also,
02 =061~ (p1-p2)

The general form for the cycloidal equation for a return is given in Section 7.8 as

_0 1,270
y= L[l B + 2ﬂs 8 ]
Half of the cycloidal return is 0.4 so return is 0.8. The fB range for 6; is 2p1. As

indicated in the figure above, the cycloidal curve is offset from the horizontal axis by 0.4".
Therefore, this much must be added to y. The cycloidal equation for the return is

+04 = 08[1 —1—+Lsm—‘9L +04

y e h[l By L gin 210

2B 28 2p B
(5] 1 76
08[1 5- 2_/5]?4- MSIHKL] (D

The harmonic curve is given by Eq. (812). Half of the harmonic return is (1.2"-0.4") = 0.8 so that
the whole return is 1.6". The B range for 0> is 25. Therefore, the equation for the harmonic part

of the return is:

» = L [l+ Cosg—gﬂ 0. 8[1 + cosg—%] (2)

We also know that > =6, — (i - B2) and 32 = % - B

-343 -



Egs. (1) and (2) can be reduced so that the only unknown is ;. To solve for the unknown, we can

equate the slopes at 6y = 3 . For the cycloidal equation,

and at 61 = f}

1= —(2)—/;?[1— cos%] = _0/3-_18

For the harmonic equation

At 61 = f31, 62 = B>. Therefore,

Ya=-— O};L;t [Sing%] - O};‘z” [ging/gz] _ ngt

Equation Egs. (3) and (4) give the following equation

_08__04rn
B B
or
2_rT__ =&
B B ml3-p

This equation can be easily solved for ;. The resultis: 51 = ZT__ _().4073436 radians.

Am+2)

We can now write y, y', and y" for each part of the curve. For 6 <0.4073436

0, 1 . 7o,
= — —
y 0.8[1.5 25 + 5,7 Sin 5, ]

n_ 0.87 I:sinﬂ_g]_

2R U AR

and for 0.4073436<0<m/3

y=0.8

1+cosl62~]

2
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_ _04x
Y=,

sin .7[_92_]

2p,

"_ _ 02.7'[2
YETUB

where

COSﬂ_gz‘jI

2P,

02 =61 —(p1 - p2) and B> =%—ﬂ1

The results are plotted in the following
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Problem 8.9

Assume that s is the cam-follower displacement and 6 is the cam rotation. The rise is 1.0 cm after

1.0 radian of rotation, and the rise begins and ends at a dwell. The displacement equation for the
follower during the rise period is

s:hgc,.(%)"

If the position, velocity, and acceleration are continuous at 6 = 0, and the position and velocity are
continuous at 0 = 1.0 rad, determine the value of n required in the equation, and find the coefficients

C;if 6 =2 rad/s. Note: Use the minimum possible number of terms.

ks
10T

B Dwell

Dwell

A 1.0 0, rad

Solution:

First determine the number of terms required. There are a total of five conditions to match;
therefore, the number of terms is 5 making n = 4.

The conditions to match are:

and
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Applying the conditions at 8 =0 ,

s=0C=0
das _ G _
o~ p =G0

s 26 _ _
o= =0=C=0

Applying the conditions at 0 = 8 ,

s=c3(g)3+c4(g)“=c3+c4=1

505 45

or
3G:+4C4 =0

Solving for the constants,
G=4

and
Ci=-3

Therefore,

Problem 8.10

Resolve Problem 8.9 if 6= 0.8 rad and 6 =200 rad/s.

Solution:

First determine the number of terms required. There are a total of five conditions to match;
therefore, the number of terms is 5 making n = 4.

The conditions to match are:

At0=B, s=h=1.0
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SB
é

Now,

/g\' (6\ .~ (6) (6 . (6
Ciyg) =@FOB) T B TCNB) T )

II
] M:

ds _ G 2G () :

ds _ __;(Q\ 4C4(0)
a0~ B B \B)TB\B) "B \B)
and

d2s 202 6C3 (), 12Cs | 6\’

a02 = g2 T2 \B) T TpZ \B)

Applying the conditions at 8 =0 ,
s=C=0

ds C :
0" b,zCH—O

d’s 2C,
W /52 =0=0=0

Applying the conditions at 0 = 8 ,

3 4
s=C3(%) +C4(%) =C3+C4 =1
ds _3Gy(B\*, 4Ci(B)’ _3Cy 4Cy
a0 B \p) B \p) B B

or
3C3+4C4 =0

Solving for the constants,

C3=4
and
Cy4=-3
Therefore,
6\’ .8\
$=4NB) B

Notice that this solution is EXACTLY the same as that for 8.9. The results are independent of both
6 and 9. This is one of the reasons for normalizing the problem with respect to .
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Problem 8.11

For the cam displacement schedule given, 4 is the rise, f is the angle through which the rise takes
place, and s is the displacement at any given angle 6. The displacement equation for the follower
during the rise period is

s = hg a; (%)l

Determine the required values for a; ... as such that the displacement, velocity, and acceleration
functions are continuous at the end points of the rise portion.

AS
B Dwell

A B 0, rad

Solution:
There are a total of six conditions to match; therefore, the number of terms is 6 making n = 5.

The conditions to match are:

do — do2

AtO=p, s=h

and
fs- -0

Now, ) l ) 3 4 5
s=hl= ci(%) =hCo+C1(%)+C2(%) +C3(%) +C4(%) +Cs(g)l
dif5 200 S 2 )

and
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Applying the conditions at 8 =0 ,
s=0C=0

ds .G
a6~ "p=6G=0

ds 26 o o
d02_h/3’ =0=0G=0

Applying the conditions at 0 = 3,

3

_ h[@(ﬁ) +Cy (ﬁ)4+ cs(%ﬂ _HCs+Ci+Cs]=h

B B
or
G+G+G =1
58] 58] 5
> 3C5+4C4 +5Cs =0
fr- )0 B0 g B
or

6C; +12C4 +20Gs =0
Solving for the constants,
G=10;C4=-15G =6
Therefore,
- h[lo(ﬁ)3 -15(Q)4 + 6( )5]
B B

|
Problem 8.12

=@

Resolve Problem 8.11 if 4 =20 mm and 8 = 120°.

Solution:
There are a total of six conditions to match; therefore, the number of terms is 6 making n = 5.

The conditions to match are:
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and
ds d>s
26~ 292 =Y
Now
A AR (6V. 160V . (6\  ~(6\' (6
hY, Ciig) =h|CoxCiig +Cig) +Gig) *Crpg) *Gig)
ds_[c 20,(6) 3G(6\° 4Ci(6) 5Cs(6\*
0-"\B* B B B\B B \B B \B }
and
s 126 6G(0) 12G(6) 20G(0)
ao? | gz " pr\p) Bz \B) Bz \p)

Applying the conditions at 6 =0,
s=C=0

ds Q 3
dH_h B =C=0

d?s 2G)
W=hﬁ—2=0=>C2=O

Applying the conditions at 6 = 8 _

3 4 5
s=h C3(%) +C4(%) +C5(%) =hGC +Cs+Cs]=h
or
C3+C4+C5=1
ds _[3G(B\" 4Cs(B\’| _,[3Cs 4Cs 5Cs]_
a0=""8\B) *7B \B) "’[/3* B */3}‘0

or
3G3+4C4 +5C5=0

d?s
do? =h

6Cs (B 12C (B\° . 20Cs(B\’]_,[6Cs  12C4  20Cs]
F2\B) T BT \B) TR \B) ]_h[/ﬂ MR ]‘0
603 +12C 42065 =0

Solving for the constants,
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C3=10; C4=-15; C5=6

Therefore,

ey eyt ey
S_h[m\/a’/ PUB) +6\/a’/]

If h=20 mm and 8= 120°, then,

-20]10[%5) - 15(%5) +6li5)
5‘20[10(120) -B\20) *0l120

Here, 0 is assumed to be given in degrees. Note that the values for 4 and f do not enter the
problem until the last step.

'
Problem 8.13

Resolve Problem 8.11 if 2 =2 in and  =90°.

Solution:
There are a total of six conditions to match; therefore, the number of terms is 6 making n = 5.

The conditions to match are:

ds d>%s
Atg=0, S_E=W_O
At0=06, s=h
and
ds d>%s
6~ g6 ="
Now,
S (6 (6\ . (6\° (6 . (6y _ (6
s=hY Gig) =h|CoxCiig+Cig) +Cig) +Cog) +Gg)

ds_[C1 2C,(0) 3Ci(0)" 4Ci(6)' 5Cs(6\"

@~ "B F\B) BB TF\B) TF B }
and

s 126 6G(0) 126G (g\2+20c5 (6\>

402~ "B TR \B) T \B) TR \B)

Applying the conditions at 6 =0,

s=C =0
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ds Cl

%= ﬁﬁCl O
d—25=h2C2 =0=C2=0
462 ﬁ2 2

Applying the conditions at 6 = 8 _

BY e (B, B

Gip) ) TOp) |GGGl

or

C3+C4+Cs5=1
ds _[3G (B 4Ci(B\’]_[3Cs 4Cs 5G]
a0~ "B B T B "{/3* /3*/5}‘0

or
3CG3+4C4 +5C5=0

d?s

do?

6C; () 12C4(/3\ 20C5{ B’ h6C3+12C4+20C5 _o
BB B TR B R
or
6C3+12C4 +20C5 =0
Solving for the constants,

C3=10; C4=-15; C5=6

Therefore,

[0V _15(0)" ,6(0)
[10\/3/ ) +6\ﬁ/]

If h=2 in and B = 90°, then,

2[10(990)3 15(96())4+6(96())5]

Here, 6 is assumed to be given in degrees. Note that the values for 4 and £ do not enter the
problem until the last step.
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Problem 8.14

Assume that s is the cam-follower displacement and 6 is the cam rotation. The rise is & after 8

degrees of rotation, and the rise begins at a dwell and ends with a constant velocity segment. The
displacement equation for the follower during the rise period is

s:hga(%)"

If the position, velocity, and acceleration are continuous at 6 = 0 and the position and velocity are
continuous at 6 = 3, determine the n required in the equation, and find the coefficients C; that will

satisfy the requirements if s = A = 1.0.

Dwell |

Solution:

First determine the number of terms required. There are a total of five conditions to match;
therefore, the number of terms is 5 making n = 4.

The conditions to match are:

ds _ o
10 =tan45°’=1.0

Now

- $olg)-crc(f)oclg] el (8]

[
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o 0 B\B) B B\
e R0

Applying the conditions at 8 =0 ,

s=C =0
ds _C _
6= p =G0

s 26 _ _
9= =0=C=0

Applying the conditions at 0 = 8 ,

s=c3(g)3+c4(g)“=c3+c4=1

or
3G+4C =0

Solving for the constants,

G=4-p
and

Ci=p-3
Therefore,

ol -

|
Problem 8.15

A follower moves with simple harmonic motion a distance of 20 mm in 45° of cam rotation. The
follower then moves 20 mm more with cycloidal motion to complete its rise. The follower then
dwells and returns 25 mm with cycloidal motion and then moves the remaining 15 mm with
harmonic motion in 45°. Find the intervals of cam rotation for the cycloidal motions and dwell by
matching velocities and accelerations, then determine the equations for the displacement (S) as a
function of 0 for the entire motion cycle.

Solution:
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This is a curve matching problem. To begin the problem, consider the equations for harmonic and
cycloidal motions:

Harmonic:
b

Cycloidal:
i
R

For both the harmonic and cycloidal motions, we must determine L and . There are a total of four
curves, so we need to determine four L’s and four 8’s The geometry is shown in the following
figure.

© -
i | | s
I
5 Cycloidal Curve f ?
=2 Cycloidal Curve
S 20 25
=
: |
a9
f Y
-] armonic Curye 20 A 15 . &
Harmonic Curvg
Y
45° .
- - 45
B,
<7[3 44>

We can treat the rise and return separately, and then determine the dwell to ensure that there is a full
cycle of motion.
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For the rise section, assume that the harmonic curve is half-harmonic, and the cycloidal curve is half
cycloidal. This will allow us to match the curves at their inflections points and will ensure curvature
continuity. For the harmonic curve,

p2 =

S

and
1> =40

Therefore, the harmonic curve is

=3 (1 co syz,e) = @(1 c0s20)=20(1 —cos20)
The slope equation is
y'= gé (SMF) = L(sin20)
Or the cycloidal curve,
L =40
and
/ . 270, 40{01 Lsin2f[9]\

\/3’1 Zﬂl B )T T\B 2B )

The slope equation is
(1 1 271’91\

I— Ll —
VRN

To find S, equate the slopes at the midpoint, then,

y'= L2(sm2/3 ) =L (E—E 2/;17: /3;1)

or
1

40(sinB2) = O(E_/J)l cosn)
or

(smﬂ) = (L ——cosn\

2/ \B B )

Then, )

B =1
or

Pr1=2
The rise part of the curve is given by,
For 6 <%
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y =20(1-cos20)
The cycloidal curve starts at
O=(p-p1)/2= (——2)/2 =-0.2146

Therefore,
01 =60+0.2146
Then f <0<< /31)
en 1or 1 4 4 2
(01 L 21‘591\_ ([8+0.2146]_L . )
O\ﬁ 2” ﬁl/ 40 s zﬂsmn[ﬂ +0.2146]

The angular distance to the dwell is

o-(3) (5315

For the return, use the same procedure. The harmonic part of the return is given by

y4 = ?(l + cos /344)
Where

Ly =2(15)=30
and

Pa = %
Therefore,

y4 =15(1+ cos264)

For the cycloidal curve,

( 03 . 27[93\
=L —
3= \/53 2ﬂ B3 )
Where

L3 =2(25)=50

To determine 3, equate the slopes for the two curves at their midpoints. Then,

by o ow e\ _ (] 05 2L B3)
7S R Ve /53 > 2)

or

30(szn ) 50(/;3 B; cos;r)

Solving for B3,

2 3

B3 5
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B3 ==
The cycloidal part of the curve will start at

0=2m-(B3+p4)/2
Therefore, the dwell period will be

(” b ) <0<27—(Bs +P4)/2
42
And the dwell distance will b,
y=40
The cycloidal part of the curve occurs when
(B +P4)/2<0<2m- /2
And

s L 26

VA Y
The curve will be shifted because L3 is 50. Therefore,

L& . 21053)
L3\ B, 2ns B )

y=y3-10= 13- -10

The second harmonic part of the curve occurs when
2m-f3/2<60<2m

And

The displacement diagram is shown in the following:
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