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INTRODUCTION

Provlem solving in Kinematics, on the must part, has leng been of
empirical and graphicai nature. Until recently, the existing tools
have not generally allowed handling the problems analytically. The
appearance and use of high-speed computing machines have brougnt the
pessibilities of obtaining satisfactery andlytical solutions iatoe the
picture,

By means of computers, changing the design approach and extended
theoretical investigations; explicit soiutions of practically umsolvable
equations liave become ecoromically possible. Design simulation has
been iuproved by the pessibility of changing ithe parameters of computer

prograns. Greater acceszs to the storagz of knowledge hza been realized.

=4
Better control over the preblem is establishaed tecause of the step-by-step
apprreach requireda in the computer progream. Computers have also proven
to be significant in the a2rea of desigzn optimization, where iverative
aspects of
components and parameters to lead to the most feazible combination.
Computer plotting, as part of high-speed wachine facilities, has
found on spplication in the conﬁtruction éi céw profiles. Graphical
technigues of drazwing carm profiles are tinz-consuming and asprroximate.
nmore accurate éum contour 0u;struction, it is suificient
to specify cam parsmeters for the computer-plotter program. The progranm
con be sald tu desigza the cam in tares of kinematic requiroments, and
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approaches more closelv to the thecveticn
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his thesis presents compukbaer programsvfgr aid in the desiga of four
different cam wmechanisms.: The output consists of a computer print-out

of the coordinates of the cam profile, a plotter drawing of the cam
profile 2nd a disgplacement diagram. The subroutines were modified to
make them operable on the KSU IBM 360/50 System, to increase the type of
displacements handled and to standardize the input and output. The sub-
routines are:

1. ROSCAM, to develop the profile of a cam having an oscillating

roller follower.

2. FOSCAM, to produce a profile of a cam mechanism with an

oscillatory flat—faced followver.

3. CAMROL, to develop the profile of a cam mechanism having a

translating roller follower.

4. CAMFLT, to determine the profile of a cam with a flat—faced,

translating follower.

In order to make the subroutinas operable and to increase the types of
displacements handled, it was necessary to develop the cam theory used.
The analytical approach to determine the cam profile had to be develcped,
Among the contents are the descriptions of subroutines and of the
auxiliary subprogranms contaiued-in them. Some numerieal apnlications
to illustrate the use and effect of the éubprograms are included in the
appendix. Also, given in the appendix are the format ;p;cifications copgerned.

and samples of programs run in the computer.



CA THEORY

A cam is an irregular-shaped, driving mechanical element for trans-—
mitting a prescribed motion to a driven link called the followar by direct
contact. Kinematically, a cam mechanism formed by the cam, follower and
the frame can be identified as a 4-bar, the simplest mechanism. The
driving link of the 4-bar is the one that joins a point on the cam normal
at contact of follower and cam to the center of cam rotation. The con-
necting link is any segment of the cam normal containing the joint with
the driving link. The driven link is an element between the other end
point of the segment of cam normal and the pivot of cam follower.

Cam mechanisms can be classified in several ways. They can be
classified according to the follower as:

a) Translating, oscillating (type of movement).

[w]
l.— J
[

b} Roller, flat-faced znd knife-edge (construction of I ower

surface in contact).
¢) Radial, offset (or eccentric) (location of line of movement).
Altermately, classification can be based on the type of cam as:
a) Disk or radial (rotary motion) .

b) Viedge (translatory motion).

¢} Cylindrical (combined translation and rotation).

Definitions

Displacement diagram - a rectangular lavout of ihe coordinates of ths

follover wotion for on= cycle of can operacion.

Cam proiile - the actual working surface contour of the cam. (Fig. 1).
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base circle = the smallest circle drawn te the cam profile from the

cam center,
Trace point — the point on the follower located at the roller center,
knife-edge or face-center.

Pitch curve - the path cf the trace point.

Pressure angle - the angle between the normal to the pitch curve at the

point of contact and the iastantaneous direction of follower motion.

i
1
&r
‘9—4-- J—
roller follower — /’“,,—J"PltCh curve

trace point _ /5)\\\
\q—-cam profile

J
2 l ‘?“n_pressure angle
base circle — 7~ |
" |
f
|
!

Figure 1. Cam nomenclature.



Basic follower Motions

1) Parabolic or coastant acceleraticn wmotion

The displacement, h(:), is represcnted by a curve of a sccond degree
polynomial which has constant positive or negutive acceleration.

The form of the equation is,

2
+ c. 0+ ch in terms of cam angle 8. (1)

h(O) = C.l 2

There are twec intervals of interest: The speeding-up pericd starting
from rest and the slowing-down region eading the follower travel. The

conditions are for acceleration:

h=0 at 6 = 0 (2)
dh _ - -
dt 0 at 9 0] (3)

ho

h = ) at 8 = B/2 (%)

Here ho ig the total rise of the follower in 8 angle of cam rotation.

By application of (2), (3), (4) to (1),

2
= = = o=
¢y 0, <, 0, ¢y ZhO/y
Then,
h(9) = 2h (8/8)° for 0 < & < 8/2 (5)
Lh_ o
Velocity: g%—= = ; o, w = & (6)



h
For decelaration period, h = -g— act 8 = /2 (7)
h = ho at § = 8 (&)
Zh
dh C
. _— = W at 8 = 2
a = B B/ 9

Using these conditions, ¢,, ¢ ¢, are determined for the second interval,

1 72° 73
giving
th 2h ) 5 5

h(e)ﬂ~h0+—éﬂe—?e =h, [1-20 -9 for8/2<0 <8,

(10)

4h w
.. d o _8 = f

Velocity: T 8 (1 B), w 3] (11)

2) Simple harmonic motion
This motion is obtained by projecting the motion of a point moving

on a circle with constant velocity onto the diameter of the circle.

Figure 2. Simple harmonic motion generator.



If the diameter of the circle is ho’ theun

h h

h = - —g cos ¢ (13)

O

If h = ho at ® = B 1is chosen as a boundary condition for the cam, where

ho is the displacement of the follower in terms of 3 the can angle of rotation,
then,
h 3 '
h(®) = — |1 - cos = 0 (14)
2 B C _
h w
ipy: S o L T, =
Velocity: - 55 Sin g 8, w=8 (14)

3) Cycloid mction
This motion is generated from a cycloid, which is the locus of a

point on a circle rolling on a straight line.

Figure 3. Cycloid genzration



The radius of the cycloid-gencrating circ¢le, r, in relation to

cam is:

2iir = ho (development of circle circumference = rise)
h
P
21

The equation of a cycloid is of the form:

h0 h0
h = i (c8) - i sin {(c8) ‘ (15)
At B = B, h = ho’ hence ¢ = Z%
Then,
ho 21 21
e e ISR WL S £
h{g) o {8 -8 = sin a] (16)
h w
... dh "o _ 21 =
Velocity: TR (l cos HE-S} (17

Pressure Angle Formulation
The pressure angle can

of the 4-bar linkage (OPRQ,

be expressed mathematically, by makiang use

in Fig. 4), which is equivalent to the

can mechanism and has the propefty that




cam mormal 7 \/ '/
S

Figure 4. Pressure angle.

VR = VP + VRP = VP
where
_ dh ;
VR = g0 follower velocity
VP = w (0P), the velocity of point (P} en the cam
. . . 1 . .
Considering AOPR™, 0P = (OR) tan $

OR is the distance between cam and roller centers, ¢ is the pressure

angle. If b is the smallest value of OR, then 2ot some cam angle 8,

OR = b + h(9)

1

ACPR iadicates triangle OPR



Hoence, with proper substitutions,

— = + h( an &
it wlb h(%)] tan ¢
oY
. 1 1 !
) dh
t Hh o= = tinccicil BN ST ol MU LB
el w dt [b+h(8)]

1.,.. . . Fo
This is the form used in the computer programs for determining the
maxinum pressure angle for a cam with a roller fellower.

10
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GRAPHICAL METHOD OF DRAWIXNG CAM PROYTILE

Kinematic inversionl is used in this process. Clockwise cam
rotation is assumed.

One rotation of cam is divided into equal intervals (6, in Fig. 5).
Displacements of the follower for the beginning and end of intervals
are determined from the displacemont diagram. These displacements
(0-1', 0-2', etc. in displacement diagram of Fig. 5) are added to the
least value of roller—cam center distance on a radial line (e.g. OR0 in

Fig. 5) through cam center, giving points 1", 2", etc.

Cann angle

Displacement diagram

Figure 5. Graphical cam profile layout.

1,. .. y .

Kinematic inversion is the process of holding a link other than the
originally fixed member of a mcchanism (frame) lixed and woving other link(s)
of interest with respect to the cue held stationary.
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The circle with radius equal to the length of the distance between
camt center and follower pivot (OQo) and having its center at the cam
axis (0) is drawn. Follower pivot (Q) is located on the circumference
of this circle by dividing the‘circumference inte 6 equal parts the
same as tha divisions of camiangle.

Circular ares with radii egqual to the follower arm length (QORO)
are drawn from the located follower pivot points (Ql, Q2 etc.). These
arcs are intersected with another set of circular arcs drawn from the
cam center and having radii equal to the previously established radial
distances (01", 02", etc.). The intersections (called R1l, etc. in Fig. 5)
are joined to obtain the pitch curve. The roller follower is positioned
at each of the intersections. Then a smooth curve is drawn tangent to
the various positions of the follower to vield the cam contour. For
reasonable accuracy many more than 6 positions need to be used in the

development.

-
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ANALYTIC EXPRESSIONS FOR CAM PROFILES

a} ROSCAM Subroutine

The subroutine has a structure resulting from two ideas, one of
which is the principle of kinematic inversion. The other is, by means
of kinematic inversion, to estsblish well-ordered program variables
dependent solely upon the previously defined variables. This leads to
the identification of the configuration of the cam—follower system with
respect to a fixed reference frame.

The following sketch coasists of the initial and a displaced con-
figuration of the inverted cam wechanism in a fixed x-y co-ordinate
system, O,F,R are the cam axis, initial location of pivot of the
follover arm and initial roller center, respectively. For clockwise
cam rotation, by inversion, the follower pivot will have its new con-

figuration as rotated by a angle of cam rotation in the opposite sense
b4 PP

{i.e. counterclockwise).

4
o

i)

Figure 6. Cam-rcller oscillating follower.
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The foligwer pivot will be at F'. The roller ccnter and contact point
between roller and cam surface are shown as C and P, respectively.
Initially, the radial lire OR and the normal to canm surface at contact
point of roller are coincident. This is based on the assumption that
can motion starts from the position, for which the radial distance
between cam center and contact point has its smallest value, or more
generally from the-initial dwell (follower has constant distance to ths
cam center). At the new configuratioan, there will be an angle ¢j betwaen
the radial line and normal to the cam surface, which is, by definitiou,
the pressure angle. H and D are the points of intersection of the cam
normal with the perpendicular to radial line (0C) at 0 and the initial
frame axis (OF), respectively.

Angles and lengths are defined with respect to the sketch as

follows:

<FOF'1= 2@ , Canm angle of rotation.
<F'OC = 8 , Angle between rotated frame (OF') and radial line (0C).
<0DC = v , Inclination of cam normal with reference to initial
frame (OF).
"OF = OF¥' = f , Distance between canm axis (0) and follower arm pivot (F).
PC = r , Roller radius.
F'C = FR = a , Follower arm length.

OR = b , TInitial distance betweern cam and roller centers.

L erorr denotes angle FOF’'.



15

0c = hj , Radial distance from roller center to cam axis.
OH = 4, , Distance ketween cam conter and the point H,
J
'j' dis an index.
The relations leading to the co-ordinates of thae reller center, C

and contact point, P at the jth degree of cam rotation cen be determined.

hy = b+ h(a) 2
Let
dh,
LJ - da @
T = g.li = —j- = —l 'r_i )

Cosine Law applied to AQOF'C to get;

2 2
(F'0)” = (0F")” + (00)% - 2(0F") x (0C) x cos B (4)
h% + f2 - az
with proper substitutions, cos B = TR (4a)
J
2
sin 8 = (1 - cos2 B)l'“ (5)
_ ... =Y sin 8
B = tan - (6)
From ADCO, <FOC = <0DC + <DCD (7)

or, Yy =oa+f - ¢j (7a)
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Co~ordinates of roller center, C:

Y

. =h., cos (ot+p) from figure 6 (8)
CJ J

ycj = hj sin (a+R) (9

Co-ordinates of contact point, P:

¥ .= X . =T cos ¥ 10
Pi cj ' (10)

ypj = ch - r sin ¥y i (11)

By these formulations, it is possible to locate points on the
can sarface and on the pitch curve so that joining of the successive
points with stralght lines will produce the cam profile and the pitch

curve.

b) TFOSCAM Subroutine
FOSCAM subroutine formulates the co-ordinates of the points on

the cam profile for each degree of cam rotatiom.
Shown, in Fig. 7, are two positions of the cam, namely at the

start of motion and at some angle of cam rotation, aj.

C is a point on the follower at a distaace (R) from the pivot (0')
of follower ond is used to measure displacerent from the center of cam
rotation (0). TFor convenience, it is chosen coincident with the contact

point (P) in the starting configuration. The normal to the flat-faced

fcllower at C passes through C. O0'N is the perpendicular from O' to



=Y

LY,
¢!

.,

cam nermal S

\\{_cam tangent

Figure 7. Cam-flat-faced oscillating follower.

the initial position of the face cf the follower. The extension cf the

follower face, initially intersects the frame (00') at point S. At

the jth angle of rotation (uj), points C,P,N,S will be at C',P',N',S'.
The cam center will have projections on the cam normal and cam surface

tangent at points M and L, respectively. The intersections of a line

17

Y initial cam tangent

parallel to cam tangent, through (0') with lines parallel to canm normal

throuch (0) and () will be called ¥ and F, respectively. G is the
point of intersection of a line thrcush (P') parallel to frame and a
line perpendicular to frame through F.

With the points identified, lengths and angles will define and

signify the following:



o'c = 0'C'
O'N = 0'N"
PN’ = s
0C =0P = b
oc' = hys
00' = f,

1
s

<Cc's'o' =8,
J

<co'c’

<c'op!

<oCc'o’

<NPO'

<0s'C' =

= <N

clo’ =g,

Follower arm leagth.

Offset of initial cam tangent from follower
pivot.

Distance between contact point (P') and
projection of follower pivot on line
tangent to camn,

Radius of base circle of cam.

18

Distance between the follower point (C') and

cam center (Q).

Distance from follower pivot to center of
cam rotation, frame length,

Inclination of flat-face 6f follower

relative tc frame.

<NO'N' = 6Bj, Oscillation angle of follower.

Angle between frame and line jeining cam
center to point C' of follgwer.

Angle between lines joining C' of follower
to 0 and 0O',

Angle arm (0'C') makes with the tangent to
cam profile.

Supplement of the angle, C'S'0", between

tangent ¢f cam and framre.

Relations resulting in determination of cam profile can be es-

tablished.



19

Cosine Law applied to 40C'0",

(0% = (00m 2 + (0% - 2(00") x (0C') cos <C'0Q! (1)

(00')2 = (OC')2 + (o‘c')2 - 2(0C')(0'C') cos <0C'0" (2)

Substitutien and rearrangement yield:

h? + f2 - Rz
cos Tj = _J"§$E??———*_ . (1a)
J
h? -2 - 8D
’ = ?
cos yj Zth . (2a)

where hj = b + h(uj), h(uj) is displacement of follower.

2
Letting f - R? = g, (1a), (2a) become,
h? + g
cos T, = E%T—Eu' (1b)
J
h? -8 ‘
s ¥, = b 2b)
cos ¥5 = 34 R . 25
2 1/2 2 1f32
sin 7. = (1 -~ cos” 1. s gin %, = (1 - cos™ . 3
i J) . s ( kJ) (3)
sin T, sin U
7. = tan T —L . e, = tan—l e (&)




; N A €
By AlO'N, tan ¢ = o or 9 tan

where cy is the initinl valuc of ¢. (i.e., PN = ¢,, in figure 7)

3 1

Defining a new angle w! such that

From  2AGC'S?, d. =1 - 1. - ¢!

Combining equations (1b), (2h), (3), f4) results in,

e
e - G g
Tj = tan J 5 ] -
h, +
5 g
and
i 2 A
¥, = tan 7 -
J h, - ¢
J
1f

[4h?fz m (h? + 3)2 172
o N B -

2
h, -+
i g

and

-1

e
C

1

>

20

(5}

(6)

(9)

(10)

(11)
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2 : L2
[40TRT = (b = ¢ ) !
u = ——uJ————-ﬁr —_— (1)
b, - o
J
then,
s e . B -
Tj = tan = Vv or v = tan Lj {(13)
1 = i _1 P -2 & 4
pj = tan = u or u = tau 73 (1)
Differentiation yields
: " o .
Sv = (1 4+ tan” t1.) 87,
J 4
or
1
Grj = e W {15)
1+ v
Su = (L + tan® ¢,) &%,
N J
or
59, = L s (16)
l+u
where
2h, oh r
. . ) _ N i
bv = A {122 - 2422262y (2~ | an 2 - (B 2|
3 2 ] o I i b2 E e i3 o
(h.- & S) Ly J i ! J Jd % <] J
J : :
an
Z2h, &h ¢ ~-1/2 -
i [1,.2.2 2 2 52 2 f . t1/2}
bu = —5— {!Mfﬁ - -7 (2 —h1.+g)(h.—g)—‘tah?;{z—(ht— y211/28
(ho=gy? U3 i i i i ity )
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and vhoere
dh, oh
§h, = —— 8o, Denoting :\—4!- = L. and
] gt , i o, ]
J J
taking the incremantal change in angle as unity (i.e. 1%, Gej =1 (19)

(17), (18) become:

2h 1, . 5 e 5 5% 3 i
— {{Ahz.f"-(hz,-fg)zj 120562 12-g) (h‘_+g)—[4h_f _(h-:+g)2]1/—}
(h'+2) J J J J J J )

3

I

§v

(17a)

2h.%,
G == el {(411;?1{2-(;;;_@2]'”2(21{ . +g) (h_—gw {ml R~ (b 5’ ‘”Zr

2
(hj-g)z \ J /
(18a)
Differentiation of equation {8a) gives: 5Bj = GTi + ﬁwé (20)
Noting that ¢ is constant, 5&; = 6¢j from (6).
Heace, 6B, = &1, + 8. 20
e 3 s Bl (202

To relate the angle of oscillation of follower (633) to the angular

velocity of cam, velocities at contact point (P') are considered.

] 3 7 —] ; + Vv " . p' 2

From Fig. 8, EP'c VH ‘P'M’ velocity of (P') on cam (21)
r - v 4y ; it 1 RORT A
\'P'f ‘JN, 'vP 1o velocity of (P') on follower (22

vhera
V= e, Very = G w (23)

62 &0

Voo = (0" =4, v, o= (P'ET) =L (24)
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Figure 8. Velocity diagram.

w is the angular velocity of cam, ¢t is the time elapsed during oscillaticn

of follower (5Bj)-

Vv =V (25)

pre - Vpre T Vprgprg

where V is the relative velocity betwezen cam and follower and is

P'f/P'c
tangent to the cam surface at the point of centact.

Since velocity in the direction of cam normal is identical Ior
cam and follower, it can be written that,

¢B,

(P~ P'N"), V.. =V or (w){0OM) = c, — (26)
j 6t

M Pyt

or

4

0 = Lj se, (- (26a)

J Twot
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wét = ¢a., increment of angle of cam reotation during (3t) was assumed to

be unity, from relation (19).

Hence, oM = c, 6B, (26b)
J ]

From AO'KO, KO' = (00') cos (H*Si) (Fig. 7) (27)

KO' = IN', IN' = —f cos Ej (27a)

oM = LP', IN' = LF' + P'N' from Fig. 7 (23)

By (27a), (26b) and (28),

~f cos B. = c., 8B, + c. 7
I Bt T . \2ge)

from where

—-f cos B,

i 1+ 6B (2800
. h|

Defining a reference frame Y rotating with cam angular velocity w,

co~ordinates of the point (P') can be expressed in terms of the previous

quantities,
By Fig. 7, <P'FG = 1 - By = <FO'x
: o

& = = 1] = J_,D

kPoj f [e sin (K_Sj) + Ci cos (I pj)] (29)
or

- = - T a) - ~a B

hpoi f e sin nj 8 Cj cos B (29a)

yPoj = cj sin (H—Bj) - e cos (H—Bj) (30)
or

.= ¢, sin 8., + & cos B, 30a
YPoj 3 i j (30a)
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/,,- [V L3rm-ake shed .i’rirr‘g
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N 7~
p\\ | //-
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\\1/ W .
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Figure 9. Coordinnie teansfsrmatisn

Co-ordinates of, (P'), contact point with respect to a stationary
reference frame (xy) can be obtained with the following transformation,

as Fig. 9 indicates.

xPj = Xp. COS aj = Ypgq Sin e (31)
= i i 5 G 32
YPj T *poj TTM % T Vpoy € % G2

c) CAMROL Subroutine

Plottinz of the cam profile requires determination c¢if the co-ordinates
of points on the cam curve. It will be assumed to bz a polygon of finitelw
many sides formed by the connection of successive points. Increments of
angle of cam rotation determine the spacing of successive points.

For clocwwise rotation cf cum, the geometry of rhe inverted cam

mechanism considered is as shewn in Fig. 10.
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L

N/ L . “initial position of follower
1 x,

/ ;‘_‘ 'f" 97_74— i .'..
A___/ % 4! Y !

Figure 10. Cam-translating-roller follower.

Contact point, roller and cam centers are designated by P', C' and
0, respectively, at some angle of cam rotation (aj). Initially, P' and
C' are P andrC. OM is the perpendicular distance from the center of cam
rotation to the line of follower motion. M is at H for zero angle of
cam rotation. L is the point of intersection of line of follower
motion with the line parallel to centerline of follower in the starting
configuration and through cam center. mnn' and tt' are normal and
parallel at C' to cam surface tangent at P'. ss' is drawn perpendicular
to radial line (OC') at roller center. Normal to cam cuts x-axis at
point N. The origin of the xy co-ordinate system is at center of cém
rotation with x—axis parallel to the initial centerline of follower.

The following parameters can be defined, in relation to Fig. 10.
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C'P' = CP = r, Roller radius
CH = OM = e, Amount of offset of centerline of followerx

from cam center (0).

HC = h _, Shortest distance betwesn roller and cam
centers in the direction of follower motion.

MC' = h., Measurement of roller center (C) from cam center
on the centerline of follower.

oc' = rj, Radial distance from a point cn pitch curve
(C') ta centef of rotatiomn.

<C'Lx = o5 Cam rotation angle.

<0C'M = &, Angle radial line (0C') makes with line of
follower motion.

<a'C'0= <s'C't" = y, Angle between cam nermal (un') and radial line
“(oc").

<NC'M = $s Incliration of cam normal with respect to
direction of follower motion, cam pressure
angle.

<C'0x = B, Angle radial line makes with positive x»-axis.

The lengths =znd argles are related to each other to get analytical
forms of the cam and pitch curves.

Distance from follower roller center to point M in teras of follower
displacement is, hj = h_ + h(ii) (1)

where h(aj) is the sgpecified displacement of follower at s



From AOC'!l (Fig. 10), tan & = %“ g &= gt ﬁu
; :
By 40C'L, <C'Lx = <LOC' + <0C'L
or B=a, - 4§
j
In AOC'M, <oM'C = 900, and ry = (eZ + h§)1/2

Co-ordinates of roller center (C'):

T io (. =Xy s B.
rom Fig. 10., kCJ j co BJ

. =1, sin B.
Yei T T i)
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(3)

(3a)

(4)

(5)

To obtain a relation between the direction of tangent of cam curve

and the radial distance (rj) with respect to the rotation of cam,

Fig. 11, in which R,S are points on cam curve, T is a point such that

0T = tj’ is drawn.

.
\\'\ \
5 A
/‘\—\\\» S
; SN,
'3""-5/%:? K,
//n N
V4 /
¥q / N
/
b

Figure 11. Cam tangent.
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In figure, OR = CT = r,, <R0OS = Zu,, change in angle te arrive at
J J
S from R on curve. 0§ = r, + .r,, hencae T§ = .~"-.rj, change in radial

distance from R to S.

RT = r.i\aj, arc length between T and R,

Ax
= E,g P ——H—l—r.
From 4RTS, tan <SRT = BT or tan ¥ o oy (6)
J
-~ o
where <RTS = 907,
o]
As Aaj - 0, <RTS - 90,
Hence,
Ar
lim tan ¥ = lin ——L
r.ha.
Ao, + O Ao, 0 73775
3 2|
dr .
U T |
or tan Y . X daj (6a)

Differentiating equation (4) with respect to cj gives:

dr, dh, "
i 1 j 2 2.-1/2
da, ~ 2 My g (e Ty 7
J
dh,
Letting —&—_—l = 4., (7) becomes:
a . J
J
dr. h .?1
da,  r. (7a)
J J
by S
Substituting into (6a) yields, tan ¢ = 1 (3)
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By dzfinicion, ¢ is pressure angle and is expressed hy:

G= 5+ Y (%)
By &NC'L, <C'Lx = <LC'N + <C'¥ (10)
or <C'NL = aj - ¢ (10a)

Hence, the difference between the co-ordinates of roller center (C')

and contact point (P') will be,

d =x =%_, =1 cos (x,~-¢)
x T¢j | Pj 3
(11)
d = -y, = r sin (a.,~¢)
vy ci  Pj 4%
Co-ordinates of the cam profile point (P'"):
%p3 % ¥y T Y
(12)

d) CAMFLT Subroutine

This subroutine, based on a hinematic inversion, formulates the
cb—ordinates on the cam profile and on the follower necessary to identify
the mechanism,

Geometry of the inverted mechanism at some angle 6f rotaticen of cam
(uj) is shown in Figure 12. Can rotation is assumed to be clockwise,

in this configuration.
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o4
[}
. -
//’_‘\‘ e
/ H P C\‘f &
ld .‘i//-l-‘ /—t " o~ -
/ A % line of follower motion
! N ‘j \
\ ot -
1 "1 l—*/ e
\ /! '”\ ’i:'// \\dé.
“ . 5 “{31'\ -2 ;{\!\5 \H
\ A /<}j‘ VT i —eccentricity
//’O“E’ A RS
_ — - — ;'_'!7—_ 3 G ol
o A Ly LJ E&nltlal centerline
Cam ncrﬁal 1/ i of follower

Figure 12. Cam-flat-fzced translating follower.

On the figure, 0,P,C are cam pivot, contact point between follower
and cam surface and center of flat-faced follower, respectively. N is
the point where the line of movemenl is tangent to the circle with
radius equal to the eccentricity. The intersection of a line normal
to cam surface at P with a line through cam center, perpendicular to
the line of movement of follower defines point M. A line parallel to
the direction of motion passing through cam pivot cuts the flat-face at
.. TProjections of L and P on the line through center of follower (C)
and parallel to the ipitial centerline of follower are called S and R,
resnectively,

Identification of anpgles and lengths in the figure are:



oM = 1.,
J

0P = d,
J’

PC = a,,
J

<i0x = dj s
<MPO = ¢j,
<PO0x = B.,

32

Distance from flat-face of follewer to cam
center.

Distance betwe2n can ceater (0) and the point

of intersection ol cam surface normal with a
line throuzh O perpendicular to the line of
follower motion.

Radial distance between contact point and center
of rotation.

Length between contact point (P) and flat-face
center.

Offset of ceaterline of follower from the center
of cam.

Angle of cam vrotation

Angle betwesn radial line (0P) and cam surface
normal,

Angle between centerline of follower in the

starting position and radial line (02).

A -y co-ordinate system with origin at the center of cam and x—axis

parallel to initial line of action of follower is assumed.

Noting that %

From AQMP, tan ibj =

L. .
o = T%' or 4, = tan - (1)
]
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<POX = <POL 4+ < LOx (2)

o ‘ 2
In APMO, <FMO = 90 and 002 = B + 1o®

2y1/2 (3)

or d, = (2% + h))
3 ] J

Co-ordinates of contact point, P:

1l

From figure *

. d, cos B, , (4)
Pl ] J

i

v

y_. = d, sin B, (3)
P] h] 3

<SLC = uj’ from ASLC, <SCL = 90 - Gj

Co-ordinates of flat-face center, C:

=h, cos B, + e cos (E - a,)
2 R

xX_.. .
Cj 3 J
It
= + Q e o
or ij hj cos Bj e cos (1j 2) (6)
¥y ., =h, siu 8. - e sin (E-— o)
(o8 ] ] 2 i e
: h, sin 8, + ( 1"") 7
3 i = . S1n . i By =
or yCJ 3 3 e sin . 5 (7
2
By APRC,  v¢% = PR® + RCE
2 2.1/2
or a, = [(x,. - x., +(y .-y . 8
i { Pj C_‘]) (}PJ }CJ) ] (8)

Equations (4), (5) define points, which when joined successively,

will produce an approximate cam profile.
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The significance of the quantity aj can be seen in drawing the
follower,

Fig. 13 shows the inverted configuration of the cam mechanism
at o angle of can rotation, where it is assumed that contact point (F)

is at its farthest position from the center of the follower.

Figure 13. Follower drawing.

Define a x'-y' co-ordinate system with origin at the center of flat-—
face, whose position is known by equations (6), (7). Co-ordinates of
A, B, D and Q can be set up, where these points are assumed to be located

according to PA = AD = QD = 0.25 and AC = CQ.



Letting

and

From TFig.

and

Then,

13,

<ATAC

QD'

AA'

<D'QD = n

yé

ki

0.25 cos

PC
Do’

A'C

¢)

|
0.25 sin ukJ

(ak + 0.25) sin ¢«

(a} + 0.25) cos o

X
&

}r )
-a + d
a + d
y Y
a + d
x X
-a + d
a

ps
-a

y
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Hi 1t

]
byl

(9
k
(10)
k
(11)
(12)
(13)

With co-ordinates datermined, joining of successive points will

form the rectangular shape representing the folleower.
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PRINCIPLES O CIRCLE SUBROQUTIRE

The idea involved in this subroutine is to set up the equations
necessary to find as many points as possible on the circular arc, which
will be assumed to be made up of finite segments of straight lines.

The beginning and end of the straight lines are separated by an incre-
mental angle A6. AH should be chosen such that the straight lines are

to be short enough to make the curve almost smoath.

1§A

Figure l4. Curve arc.

On the assumpticn ¢f a circumferential arc of 0.075 inch length, it

can be written that
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)
£ 7 ST (i)

where T, and rf are the initizl and final radii.

If the number of straight-lire segments is > starting angle is

60, and final angle is ef, then

Co-ordinates of starting point on the arc;

Xy = % + r cos 60 | (3)

=Y + By sin Bo (4)

where co-ordinates of the center of curvature of the arc X, ¥, are

defined with respect to a x-y systemn.

Angle relation between successive points; Oj = Bj—l + AB (5)
Assuming linear variation of the radius of curve over the number of

increrents of angle (n), the radius at (n-48) angle measured from the

starting angle (80), denoted by r_  will be (Figure 15):

r =r +—xn1n for 1 <mn < tn (6)

Then, the co-ordinates of the point at the jth angle (Bj) are

written:



T

|

i i
: ; |
I 1

> i

;;:“'““—*——"H S

TR i
" No. of increments, n

Figure 15. Variation of radius with no. of angles changes.

X, = X + r_ cos 0, (7
] o L J
< 8
80 ~‘0j < 8
L P tr 51nf8j (8)

To draw the curve in dashed-line form, a two-way logical branch
can be devised mathematically. If the spacing between two successive

dashes corresponds to two incremants of the angle (i.e. 2A0), then:

L il
di = ~(-1) di-l (9)

where e,d are some numbers that are restrained to take only two wvalues

for all i = 1, ..., n, n being the nuzber of increments of angle.

i.e. d = -d and d = + d

c=e - a and ¢
o

1

n
+
o

38
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assuning e and d_ are specified numbers.

O
If d= -~ do is accepted to represent blank space at the
e=e -d
o o
jth angle (Bj), d=+ do } will indicate the dashes

at the (j+2)nd angle (Bj + ZNEY
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FUNCTIONS OF SUﬁROUTINESl

a) CIRCLE subroutine
It is used to draw circular arc with differing vadii.
CALL CIRCLE (C, B, THO, THF, RO, RF, DI, LC)
C, B x and y coordinates of the center of curvature of are, in

decimal inches.

THO Starting angle, in decimal degrees.

THF Final angle, in decimal degrees.

RO Initial radius of are, in decimal inches.
RF Final radius of arc, in decimal inches.
DI Type of line

0.0 Solid line representation

0.5 Dashed line representation
LC Center line indication

2 With centerline

3 Without centerline

b) PLOT subroutine
i) PLOT entry
It is used primarily to move the pen in a straight-line to a new position.
CALL PLOT (XPAGE, YPAGE, + IPEN)
XPAGE, x,y coordinates, in inches, from the current reference

YPAGE
point (origin}, to the peint to vhich the pen is to be moved.

1See Appendix C for Application
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+ IPF¥ Signed integer, which controls pen up/down status.
2 Ten down during movement, thus drawing a visible line.
3 Pen up during movement.
-2 Definition of new origin at the end of pen movement, with
down status.
-3 New origin definition at the terminal of pen movement,
with up status.
999 Last plotting call in the program, used once to close the
output device.
ii) FLOTS entry
It is used once to initialize the PLOT Subroutine
CALL PLOTS (IBU¥, NLOC)
IBUF Area of storage assigned to accumulate the plotter commands.
Defined by a DIMENSION statenent.
NLOC Number of locations resexrved for IBUF. Integer value,
identical with specification in DIMENSION.
iii) WHERE entry
It sets the three variables designated in the calling sequence to
the pen's current position coordinates and the plot-sizing factor
in the PLOT Subroutine.
CALL WHERE (RXPAGE, RYPAGE, RFACT)
ﬁé?igg, Variables that will be sct to the pen's current position coordinates
resulting from the previous call to PLOT suhroutine.

RFACT Variable to be set to current plot-sizing factor.



c) SYMBOL Subroutine
It is used to draw titles, text with "standard call" and to draw
special symbols with "special call". Hence:
i} "Standard call".
CALL SYMBOL (XPAGE, YPAGE, HEIGHT, IBCD, ANGLE, -+NCHAR)
XPAGE, YPAGE X,y co-ordinates, in inches, of the lower left-hand
‘ccrner of the first character to be produced.

999. Continuation in x and/or y co-ordinate of the previous

symbal.
HEIGHT Height, in inches, of character to be plotted,.
IBCD Text, title to be plotted, in H-field.
ANGLE Angle, in degrees, from the X-axis at which symbol is

to be plotted.
+HCHAR Number of characters to be plotted from IBCD.
ii) "Special call"
CALL SYMBOL (XPAGE, YPAGE, HEIGHT, INTEQ, ANGLE, -ICODE)
XPACE, YPAGE X,y co-ordinates, in inches, of the geometric center
of the figure to be plotted.
ANGLE Angle in degrees, from the x axis at which figure is
to be plotted.
HEICGHT Height and width, in inches, of tha centered symbol to
be drawn.
INTEQ Integer representing the specifisd symbol from the

following sequence,

42



43

i 9 A2 4+ X $ 4+ X A Y B Xk X

~ICODE (Negative) Pen's up/down stztus during the move to XPAGE, YPAGE
=1 Pea up during movement

-2  Pen down during movement

d) NUMBER Subroutine
It is used to plot a specified numbér in decimals.
CALL NUMBER (XPAGE, YPAGE, HEIGHT, FPN, i_HDEC}
XPAGE, YPAGE x,y co-ordinates of the lower leit-hand corner of

the firet character to be plotted.

HEIGHT Height aud width, in inches, of tha characters in
number.

e Floating~point number, decimal (F-format)

ANGLE Angle, in degrees, from the x-axis, at which number

is to be plotted.

+ NDEC Precision of the nusber to be plotted.
0 < K¥DEC < 9 NMurber of digits to the right of the daciwmal point.
0 Integer portion of the number and decimal point to

be plotted.
-1 Fusber's integer portion without decimal point to be
plotted.
-1 > NDEC » =9 NDEC - 1 dizits to be trwicated from the iateger

portion of the number te be plotted.

13



e) AXLS Subroutine

It is used to drow awes in an indicated arca.

g1

CALL AXIS (XPAGE, YPAGE, IBCD, +NCilAR, AYLEN, ANGLE, FIRSIV, DELTAV)

XPACE, YPAGE X,y co-ordinates, in inches, of the axis line's
starting point.

IBCD Title, which is centerad and placed parallel to the
axis, H-field.

+NCHAR Number of characters in the axis title.

4N CHAR for x—axis.

~NCHAR for y-axis.

AXLEN Length of the axis line, inches.

ANGLE Angle, in degrees, at which the axis is to be drawn.
0.0 - for x-axis.
90.0 for V-axis,

FIRSTV Starting value, which will appear at the first tick

mark on the axis.

DELTAV Number of data units per inch of axis.

£) ROSCAM Subroutine
It is used to draw pitch and can curves of the cam mechanism
with cscillating roller follower and the displacement diagram.
SUBROUTINE ROSCA® (TRAME, ARM, HH, ROLD)
TRAME Distanc: between cam center and follower pivet,
decimal inches.
ARM Tha length of feollower link from pivot to the roller

center, decimal inchkes.



45

EH The smallest radinal distance between cam and roller
ceaters, decimal inches.

ROLD The radius of roller, decimal inches,.

g) FOSCAM Subroutine
The subprogram produces a plot of thg cam mechanism with ogcillating
flat-face follower and the displacement diagram.
SUBROUTINE FOSCAM (FRAME, ARM, RC)
FRAME Distance between the pivot of follower and cam center,
decimal inches.
ARM The length of follower arm at initial position of cam,
decimal ianches,

BC The radius of base circle of cam to be drawvn, decimal inches.

h) CAMROL Subroutine
The Function of this subprogram is to draw the profile of a radial
cam with a translating roller follower.
SUBROUTINE CAMR0T. (HH, ROLD)
HH Shortest distance measured along the center-line of
follower batween cam and roller centers, decimal
inches.

ROLD Radius of roller, decimal inches.

i) CAMFLT Subroutine
This subroutine is used to draw cam surface and the displacement

diagram for cam-translating-flat-faced-followar systen.



A

SUBROUTINE CAMFLT (AM)
Shortest distance between the flat-faced follower and

the center of cam rotation, decimal inches.
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USE OF CAM SUBROUTINES
In order to use the subroutines properly, the basic, common
assumpticns involved in writing them need to be known and input re-
: 1 ;
quirements™ should be met accordingly.
Follower displacement versus cam angle diagram has been assumed

to be of the general form shown in Fig. 16.

Rise
[Inches]

-

e e, 1)

o
2

i

i bt
M I .

e
|

Figure 16. Displacement diagram.

ALL, ALZ, AL3, AL4 show the respective rise and fall distances,

n decimal inches.

s

IC1l, IC2, IC3, IC4% represent the type of follower motion during
the firsL and second rises, and first and sccond falis. resvectively,

as integral numbers.

Examples aro given in Appendix B.
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1, Parabolic¢ Motion
2, Cycloidal Motion

3, Simple Harmonic Morion

i1, 1IB2, IB3, TIB4, IB5, IBR6, IB7, IB8, IEQ define, in degrees, the

beginning and end of intervals of cam angle for changes in the state of

follower displacement, as integers.

a) ROSCAM Subrnutinel
1) Roscam subrogtine should be accompanied by a main program2
in order to imitialize and to close the operation of plotting. The
numerical assignment to the variablas shown in the calling sequencsa
of the subroutine are to be made through the main program, also.
2) Data cards needed for ROSCAM Subroutine and the related main
program have, in turn:
1) FRAME, ARM, Hi, TOLD, fermat SF10.2°
ii) ALl, ALZ, AL3, AL4, format 4F10.2
iii)} TICL, IC2, 1IC3, IC4, format 4I10
iv) 1B1, IB2, 1B3, 1B4, 1IB5, IB6, IB7, IB8, IB9, IPLOT,
format 1015, first 9 elements in degrees, last entry,
either 11 or 30, designating the size of the plotting paper

For FRAME, ARM, HH, ROLD, TFig, 17 is referred to.

1,2) Priunc-outs arc given do Appandix D).

3) Formats are discussed in Appendix A.
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Figure 17. ROSCAM input variables.

b) TFOSCAM Subroutinel
1) It is necessary to call tha subroutine through a main program ,
which actuates and stops plotting.
2) ¥Wumber of data cards required is one for the main program
and four for the subroutine. They are, in order, as follows:
i) BC, EXC, ECI, format 4F10.2
ii) ALl, AL2, AL3, AL4, format 4F10.2
iii) ICl, ICZ, IC3, IC4, format &I10
iv) 1IBl, IB2, IB3, IB4, IBS, IB6, IB7, IBS, IBY9, format 9IS
vy IPLOT, MCW, EC, ECC, format 2110, 2F10.0

IPLOT, 11 or 20, standard pletiing paper size.

o
< . A + 4
>"Print-outs are given in Appendix D.



MCW, 1 or 2, indicating clockwise or counterclockwise cam
rotation.

For BC, EXC, ECT, EC, ECC refer to Fig. 18.

.

Figure 18. FosCaM input variables.

c) CAMROL Subroutinel

50

1) The effect of CAMROL Subroutine is obtained by means of a main

s

2 . . . .
program , where variables in the calling sequence of the subroutine are

to be azsigned values.

S

1,2, . ] .
*"Print-oets appear in Appendix D.
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2) 4 data cards arc needed for CAMROL Subroutine, with the
following order:
i) ALl, AL2, AL3, AL4, format 4F10.2

1i) ICl, 1C2; IC3, ICh, format 4110

iii) 1IB1, 1.52, TR3, IB%4, IB5, IB6, IB7, IB8, IB9, format 9I5

iv) TPLOT, MCW, ECC, format 2110, F10.2
IPLOT, 11 or 30 depending on the plot-paper to be used.
MCW, 1 or 2 as tc whether cam rotation is clockwise

or counterclockwise.

ECC, can be assigned positive, zero and negative values.

Fig. 19 explains HH, ROLD, ECCy HH, ROLD appear on cards in main

program.
/‘ \ ,"A //
'l \ " /
{ /
j [
{ \ [
\ \ \ :\‘
\ o ECC = 0.0 L~ 1 \ ﬂ-ﬂ-h\‘_
. 1“ % ; — \ T — \( ) FCC " '”“::r:‘—z-—'_‘_"_
S S A N )

\\_/

;——-—-_ HH—+ ‘ Ro ld

Figure 19. Sign of eccentricity (CAMROL).



d) CAMFLT Suhroutine]
1) Subroutine CAHFLT-should be used together with a main program?
to get an output.
2} Four data card are required for CAMFLT Subroutine, in the
following order.
i) ALl, AL2, AL3, AL4, format 4F10.2
ii) 1IC€1, ICc2, IC3, IC4, format 4Ii0
iii) 1IB1, 1B2, IB3, IB4, IB5, IB6, IB7, IB8, IBY9, format 9IS
iv) IPLOT, MCW, ECC, format 2110, F10.2
IPLOT, Standard plotting papef size, 11 or 30.
MCW, direction of cam rotation; 1 for clockwise, 2 for
counterclockwise.

Fig. 20 shows meanings of ECC and AH. FECC is a signed variable.

’\ﬂ h

— MRS
o e lpy i T

s

AH is on a card in the main program.

Figure 20. Sign of eccentricity (CAMFLT).

1,2
>“Print—outs appzar in Appendix D.



DATA AND RESULTS

A) ROSCAM Subroutine

1) 3 programs with different follower motion inputs have been

to produce the cam profiles sought.

Common data in the programs:

3.0, 6.0, 7.5, 0.5; 1st. data card.

0,0, 0.75, 0.75, 0.0; 2nd. data card.

e, 0, 0,

150, 250, 330, 360, 360, 360, 11; 4th. data card.

Differing inputs:

Cycloidal rise, simple havmonic fall

2, 2, 3, 3; 3rd. data card of the lst program.

Parabolic rise, simple harmonic fall

1, 1, 3,

3; 3rd. data card of the 2Znd progran.

Parbolic rise and fall

1,1, 1,

1; 3rd.data card of the 3rvd program.

2) The following have been outputl

Follcower displacement versus cam angle diagram and the corres-

onding cam profiles have been drawvn.
b3 P

Input parameters with calculated rise, fall and dwell intervals

have been recorded. Direction of cam rotation has been indicated.

23

run

Co-ordinates of roller center and of roller-cam contact point have

been tabulated for each degree of cam rotatioa.

The location

shown.

and magnitude of maxinum pressurc angle have been

> given in Appendix D,
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B) PFOSCAM Subroutine
1) The dataj
2.0, 0.5, 4.0; 1st. card.
0.0, 0.75, 0.75, 0.0; 2nd. card.
2, 2, 3, 3; 3rd. card.
0, 0, 0, 150, 250, 330, 360, 360, 360; &4th. caxd.
11, 1, 4.0, 0.5; 5th. card.

2) The result1 is the plot of the cam mechanism having cam and
oscillating flat-faced follower, and also involves the print-out of the
input parameters such as calculated rise, fall, dwell intervals, direction
of cam rotation and the output parameters as tabulation of co-ordinates

of points on cam profile and the minimum required length of follower.

C) CAMROL Subroutine
1) The data;
0.6, 0.75, 0.75, 0.0; 1lst. data card.
2, 2, 3, 3; 2nd. data card.
0, 0, 0, 150, 250, 330, 360, 360, 360; 3rd. data card.
11, 2, 1; 4th. data card.
2) 0utput52 of the program:
A plot of the cam mechanism having roller follower and the displacement
diagram.
Input parameters and dwell, rise, fall interxvals in degrees of cam
rotation.

Sense of cam rotation.

2
*"Print-outs appear in Appendix D.



Output parameters, co-ordinates of the contact point andé those of
the roller center at each degree of cam rotation, location and magnitude

of maximum pressure angle,

D) CAMFLT Subroutine
1) Two programs have been run with the following input data:
Common data,
0,0, 0.75, 0.75, 0.0; 1st. card.
0, 0, 0, 150, 250, 330, 360, 360, 360; 3rd. card.
11, 2, +1.0; 4th, card.
Differing data,
2, 2, 3, 4; 2nd. data card of the lst. progran.
1, 1, 1, 1; 2nd. data card of the 2nd. program.

2) R.esultsl cbtained are:

Cam profile with follower at two positions, one in the starting
configuration, the other at the position for which the distance
between contact point and flat-face center is maximum, together with
the displacement diagram, have been drawn.

Data have been recorded with additional rise, dwell and fall
periods as calculated. Direction of cam rotation has been indicated.

Coordinates of the face center and of the contact point have been
tabulated for each degree of cam rotation.

The maximum face length (diameter) and the angle of rotation

at which it is neceded have been determined.

lPrint—outs appear in Appendix D.
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MODIFICATIONS DONE ON THE ORIGINAL FORMS OF TiE SUBROUTISE

There were three objectives in modifying the orizinal forms of the
subroutines:

1. To make the subroutines operable.

2. To increase the displacemant and velocity characteristics of
the cam follower involved in the subroutines.

3. To standardize the output.

In realizing the first objective, it was necessary to observe
that mainly the GCIRCLE Subroutine contributed to the cause of not
being operable. The main subroutines depend on CIRCLE Subroutine.
Thus, the theory of it had to be reviewed to provide necessary corrections
for cperation.

The second objective has been subject to cam theory. The study
has led to the preparation of explicit equations for handlinz constant
acceleration motion of tﬁe fellower., -
The third objective was a change of output instructions.

Specifically, changes made on each of the subroutinas can be set

down as follows:

CIRCLE Subroutine

Expression DI = ABS(DI) has been inserted to secure positive
value to the loop of subroutine.
Card with statement,
DTH = 0.03/(RO+RF)/FCTR * 10000.0, has been replaced by the one with
DTH = 0.15/(RO+RF)/FCTR

to decrease the value of '"DTH' so as to provide more points on curve.
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INT = 7 has been changed to KNT = 2 to produce dashes and blanks
ot the curve for every two angle changes.

ROSCAM Subroutine

Statements for parabolic motion have baen added.
Irvell, rise and fall periods have been rewritten to corract
calculations.

FOSCAM Subroutine

The sequence of cards,

CALL NUMBER (0., -.3, .1, AEL, O., 2)

CALL SYMBOL (.5, -.3, .1, 6HINCHES, 0., 6)
have been reversed to correct printing.

Parabolic motion expressions have been added.

To compensate the difference between FOSCAM and other subroutinss,
statements to cause the printing of data and calculated rise, fall and
dwell periods, the output parameters, the co-ordinates of contact
point as tabulated for each degres of cam rotation, minimum face length
and jts angle of occurance have been inserted.

CAMROL Subroutine

Parabolic motion has been intreoduced into the subroutine.

CAMFLT Subraoutine

A card has bezen replaced to correct printings of cam rotation.
Card inserted: IF (MCW. NE .1) GO 70 510
Card deleted: I¥ (MCW. EQ. 1) GO 710 510

A secoad card was replaced to take care of incorrect output

message with H-notation,



Inserted card: 507 FOoRMAT (I 13UECCENTRLCITY = ,F3.2/1X, 63HLHE
SIZE OF THE PLOT PATER IS SELECTED BY IDENTIFYLLG
'IrLoT’ = L,14)
Discarded one: 507 FORMAT (1% 13HECCINTRICITY = ,F5.2/62HTHE
SIZE OF THE PLOT PAPER IS SELECTED BY IDENTITYING
'IPLOT' = ,I4)
Statements involving parabolic motion have been introduced to the
progfam.:-
Corract expressions of dwall, rise and fall periods have been

placed in subroutine.
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DISCUSS10N

In this work, use of the CAlL-comp plotter was illustrated by reans
of subroutine programs called ROSCAM, TFOSCAM, CAMROL and CAMFLT.

Efforts to understend the principles upon which the subroutines are
based and hence the use of them lead to some observations of computer
plotting.

Computer plotting may be considered important from the standpcint of
both theory and application. Studying the effect of parameters formiryg
the coefficients of equations that hav; no explicit form and that have
higher crders, by curve construction on the computer plotter,can result
in understanding and control over the physical phenomenon, which the
involved equation formulates. As in ROSCAM, FOSCAM, CAMROL, CAMFLT
outputs, the plots can carry design value, especially for applications
that reguire a high dagrée of accuracy.

Practical importance of computer plotting can be specifically
explained by comparing the two methods of drawing cam profile. Since
the limiting speed of operation of many machines is set by cam design,
accuracy is important, especially in high speed cam applications, where a
small error in profile can cause variations of large accelerations.

This degree of accuracy cannot be practically obtained by graphical
layouts. Therefore, computer plotting for the profile becomes a nust
ivn such cases. HMHowever, when a high degree of accuracy is not required,

actory. The computer method is

Fn

the graphical method is quite satis

time-saving and more reliable, but may be more costly.
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Some observations regarding the structures of subroutines, can be
made., They have essentially three parts. In the first part, the type
of follower motion is selected. In the second part, the coordinates of
the cam curve are calculated. The last part contains format specifications
necessary to identi#fy the characteristics of the plot. This arrangement
of programs gives the subroutines the flexibility to accept additions
and changes in their structures. As a matter of fact, parabolic motion
has been added because of this property. Similarly, other types of motion
such as uniform, trapezoidal or polynomial motions can be added, conforming
to the pattern and sequence of the programs. For applications, where jerk,
maximum acceleration, or maximum velocity are of importance to design
considerations, cam contours to meet these requirements can be constructed.
To do this, the explicit expressions relating these quantities to other
variables previously defined in the program need to be provided to the

subroutines.
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APPENDLXY A

DESCRIPTION OQF TFORMATS.

a) F-notation: This is used to represent real numbevs in
computer units. The general form of a specification in F-format
appears as: nFw.d,
where n denotes the nusber of repetitions of the same
F-ncetation corresponding to each of the ordered variables in the
input or-output statements, w is the width of the field in which the
number‘will be located, d is the numbe} of digits to the right of the
decinal point. When n doesn't appzar in F specification, it is assumed
to be 1.

e.g. If X1 = 6,25, X2=7.02, X3=12.35,
READ(5, 100) X1, X2, X3
or WRITE(6, 100) X1, X2, X3

100 FORMAT(F10.2, 2F10.4)

The reiative locations of numbers can be shown as:
bbbbbb6.25bbbb7.02bbbbb12, 35bb, where b's denote blanks,
5, 6 in READ, WRITE are the number of the computer units for a specific
compiler.
b) I-notation: This is used to control the appearance of the
integers in the input or output. 1ts general form is, anlw, where n
shows the number of times the same format is used, w is the widch of
the field reserved for each number. Number is right adjusted in the

field.
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e.g. If I=1, J=15, E=7
READ(5, 200) I, J, K or WRITE(O, 200) I, J, K
200 FORMAT (215, 16) |
Input or output would lock: bbbblbbbl5bbbbb7.
Here, I, J, K(L, M, N included, as well) are used to represent integer
quantities.
c) H-notation: This notaticn is uvsed to transfer the characters from
within the format statement to the output medium. Tt is of the general
form,
nH
where n shows the number of characters {including blanks) to appear on the
cutput, n is to be supplied necessarily, even if n = 1.
e.g. 13HINTEGERbVALUC
Spzecial functions of H-notaticn:
1Hb, nlH indicates that characters stated within the format will be on
the same 1line as of the previously transferred characters.
This is usually follswed by "nX' notation, which shows the
number of blmnks (n) to be passed before the message is
printed.
10, nH forwards the printing paper one line before the characters zre

output.
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APPENDIX B

EXAMPLES FOR DISPLACEMENT D1AGRAMS 1N RELATION TO DATA:

1)

[

Rise
Inches]
o5 b — — o dwell
////?T simple
cyclofdal harrionic
AR
. R
c 150 250 FEC ZAT D

e - Bt

Cam angle [Degrees]

Figure 21. Displacement diagrams (1).

Comparison of the displacement diagram of the cam mechanisn to

be drawn with that inherent to the subroutines yields the data:

ALl = 0.0 ICl = 2 IB1 = IB2 = IB3 = Q
AL2 = 0.75 1C2 = 2 14 = 150
AL3 = (.75 IC3 = 3 IBS5 = 250
AL4 = 0.0 IC4 = 3 IB6 = 330
iL7 = IB3 = IB9 = 360
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Data cards would be:
1st card: 0.0 0.75 0.75 0.0 ;: Format 4F10.2
2nd card: 2 2 3 3 ; Format 4TI10

3rd card: 0 0 0 150 250 330 360 360 360; Format 9IS

2)
4
2
RISE
YCHES ]
106 (— —
s DR S ;jnlﬂldal
palabojlc ’ % simple
I hatmonic
1 e
¢ 4o 0 120 20 260 | R6C
Cam angle [Degrees]

Figure 22. Displacement diagrams (2)

Comparison shows that data are to be:

ALL = 1.0 Icl = 1 | IB1 = 40
AL2 = 0.0 162 = 1 IB2 = 1B3 = IB4 = 100
AL3 = 0.25 1C3 = 2 IBS = 120
AL4 = 0.75 IC4 = 3 1B6 = 210

IR7 = 260

158 = IBY = 360



Then, data cards would read:

lst card:
Zﬁd card:

3xd card:

1.0 0.0
1 1

40 160 100 100

0.25

2

120

0.75 ; Format 4710.2
3 ; Format 4110

210 260 360 360; Format 9I5

66
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APPENDLX C

RUMERICAL APPLICATIONS OF SUBROUTINE ENTRIES
a) CIRCLE Subroutine
CALL CIRCLE (0., 0., 0., 360., 1., 1., 0.0, 2)
The numbers in the calling sequence would indicate the drawing of
a complete circle (in solid line) with center at the previously defined
origin, radius equal to 1 inch and centerlines drawn.
b) PLOT SUBROUTINE
i) PLQT ENTRY
10 CALL PLOT (0.25, 0.5, 2}
11 CALL PLOT (0.5, 0.25, -2)
12 CALL PLOT (-0.25, -0.25, 3

If: (0,0) = Origin, . = Terminazl point of pen

I

Movement of p2n with down-status.

!

—-—~- = Movement of pen with up-status.

Results of calls:

i“‘T"'T“-—*—-—L L5}
h~4qJ_“L~;

: g CALL 11

f AR

§g ™

=" N

CALL 12

Figure 23 Effect PLOT
Effcer of PLOT subroutine.
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As shown, by CALL 10 pen is brought .from (0, 0) to (0.25, 0.5)
drawing a solid line; CALL 11 dravrs a solid line to and establishes
a new origin at (0.5, 0.23) and pen is returmed to a point on X-axis,
(0.25, 0) with pen up-status by CALL 12.

ii) PLOTS.Entry

DIMENSION WR{500)

CALL PLOTS (WR, 500)

Plot Subroutine is initialized and the plotting area with 500
locations is given the name WR.

iii) WHERE Entry

CALL PLOT (1., 0., -3)

New origin is defined at (1., 0.)

CALL WHERE (X, Y, FCTR)

X, Y are set to 1.0 and 0.0 respectively. If factor does
not have an assigned value, it is assumed to be 1. If assigned, FCTR
would then be set equal to the assigned value.
¢c) SYMBOL Subroutine

i} "Standard call"

CALL SYMBOL (0., 0., .1, 11HREAL NUMBER, 0., 11)

Result:
|
!
i
! e s gy e ——
CREAL NUMBER i
2,6 X

Figure 24. Effect of SYMBOL subroutine (1).
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ii) "Special call"
CALL SYMBOL (1., 1., .2, 2, 0., =2)

Result:

] ;
]
1 :
(0,0 ! X
Figure 25. Effect of SYMBOL Subroutine (2)

d) NUMBER Subroutine
CALL KUMBER (0., 0., .14, XN, 0)

If X = 25.20, effect:

{0,6) ‘ o X
Figure 26. Effect of NUMBER Subroutine

e) AXIS Subroutine
CALL AX1S (0., 0., S8HTIME SEC, -8, 10., G., 0., 2.)
CALL AXIS (0., 0., 7HRISE IN, 7, 4., 90., 0., 1.)

Result:

“

4

e*u__ﬁ__.r-_q_... s s s e 1 vl

a. 2. . 5‘: ;\ ) 10
TIME SEC
Figure 27. Effcct of AXIS Subroutine

RISE IN
—_— [ KF)
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ABSTRACGT

This thesis introdures the use eof the cal-comp plotter, & computer
facility, through subroutine programs developed to draw cam mechanisms
having different types of followers. The programs are:

1. ROSCAM

1

to develrp the profile of a cam with an oscillating roller
follower.

2. FOSCAM - to draw a cam mechanism having 2 flat-faced oscillating

follower.

3. CAMROL - to produci a profile of a cam with a translating roller
follower.

4. CAMFLT - to develop the profile of a cam having a flat-faced

translating follower.

Main vwrograms which use these subroutines have been developed. The
Sﬁb;autines were modified to operate corrgctly and to increase profile
capahilities. Input znd oufput are sﬁaédardized. The cam tneery in its
specific relation to the contents of the subroutines is developed. The
graphical equivalent of the function of the subroutines is given for a
comparison between methods. The auxiliary subprograms and subroutine
entries that are ioveolved in the main subrecutines (ROSCAM, TFOSCaM, CAMELT,
CAMEOL) are descriked by illustraticns. To aid in the use of the progranms,

1

some remarks drawing attention o the assuaptions of subroutiazes and

samples cof prograoms rum are given,



