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PREFACE

The purpose of this study was the development of a method for
synthesizing the Stephenson Type II six-link function generator for
both finite and infinitesimally separated positions. That is, both the
positions of the input and output link and the velocity, acceleration,
jerk and kerk ratios of the input to the output link are possible
design parameters. The procedure developed was incorporated into com-
puter programs for ease of synthesis.
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CHAPTER I
INTRODUCTION

One of the reasons for the existence of the field of mechanisms is
the need for produétion of non-linear motion. Because the function
generating mechanism can produce non-linear motion, it is a vital tool
for industry. Therefore, procedures have been developed for synthesiz-
ing the planar six-link function generator.

McLarnan (1)* discussed the procedure for synthesizing six-link
méchanisms with complex numbers and numerical techniques for from 6 to

11 finite points. Soni, Varma énd Juneja (2) synthesized the six~link
mechanism for three finitely separated positions, while Myklebust and
Tesar (3) synthesized for five positions. Kaufman (4) synthesized for
fiveApositions, correlating coupler motion with input crank rotations.
Kim, Hamid éndeoﬁi (5) synthesized the six-link mechanism for point
path generation. Soﬁi and others (6) made use of the matrix method of
synthesis and synthesized for eleven precision positions by numerical
methods.

The studies mentioned above indicate there is a need for a clear
method for synthesizing the six~link function generator for all combi-

nations of finitely and infinitesimally separated positions when one is

. *Numbers in parentheses refer to numbered references in the
Bibliography.



obtaining a closed form solution. The matrix method set forth by Suh
and Radcliffe (7) proveé to be concise and easily adaptable in going
from finitely separated poSition synthesis to infinitesimall; separated
position synthesis. It was chosen for this thesis work because the
equations uéed for finitely separated position synthesis can be differ-
entiated to obtain infinitesimally separated position syntheéis of any
degree with minimal change in synthesis procedure.

One may question why the six-1ink mechanism is practical, having
two more linkages and three more revolute pairs than the four-link
mechanism. After all, these add to the cost and maintenance involved
for industrial practicality. But when one looks at the six-link mech-
anism's advantages of extra mobility, versatility and compactness
over the four-link mechanism, it can be seen ﬁhat the six-1ink mech-
anism is a necessar& tool for industry.

All the six~link mechanisms with one degree of freedom come from
two kinematic chains. These are shown in Figure 1. These two chains

result in five six-link mechanisms, shown in Figure 2.

o< O O

Figure 1. Six-Link Kinematic Chains



Stephenson I

- Stephenson II

Stephenson IIT

Watt I Watt II

Figure 2. Five Six-Link Mechanisms

As can be seen from Figure 2, the Stephenson Type III mechanism
and the Watt Type II mechanism have a basic four-link structure which
limits their function generating capabilities to that of a four-link -
mechanism. The Watt Type I and Stephenson Type I mechanisms have been
studied for all possible types of function generation problems. This

is because they consist of the four-link mechanism with two binary



links connected in series to them. The Stephenson Type I mechanism has
the two binary links connected to the coupler point of the four-link
mechanism, reducing the function generation problem to that of combin~-
ing the coupler point motion of the four-~link mechanism to the place-
ment and length of the two binary links. For the case of the Watt Type
I mechanism the desired function generation is obtained by connecting
the output of the first four-link mechanism to the input of the second
four-link mechanism. The Stephenson Type II mechanism has the same
function generation flexibility as the Stephenson Type I and the Watt
Type I mechanisms, but it has the advantage of having only two grounded
revolute pairs, thus being applicable to a variety of situations in
which three grounded revolute pairs would be impractical or unable to
meet design criteria. However, a generalized method of synthesis for
the Stephenson Type II mechanism has not been developed.

This thesis involves developing a closed form solution for the
synthesis of the Stephenson Type II six-link mechanism function genera-
tor'for five positions. The matrix approach to . synthesis set forth
by Suh and Radcliffe (7) and later developed by Kohli and Soni (8) will
be used along with the principle of inversion. In order to specify the
velocity, acceleration, jerk and kerk (time derivative of jerk) ratios
of output link to input link, the princiﬁle of infinjtesimally sepa-
rated positions introduced by Mueller (9) and developed by Bottema (10)
and Tesar (11, 12, 13) was used.

This thesis will set forth a method of synthesizing the Stephenson
Type II six-link mechanism for five precision positions of function
generation. Five precision positions were chosen because five is the

maximum number of precision positions for which the synthesis equations



can be made linear. From six to a maximum of eleven precision posi-
tions the synthesis equations are non-linear and have to be solved by
numerical techniques. This method can have the problem of convergence,
and the resulting mechanism is the closest solution--not necessarily
the exact solution. For three precision positions the design equations
are linear and can be solved directly, while for four and five posi-
tions the principle of linear superposition, discussed by Mohan Rao and
Sandor (14) must be utilized in order to make the equations linear.
Five precision positions obviously give the designer more flexibility
and are necessary when considering the additional design specifications
of velocity, acceleration, jerk and kerk ratios.

Tesar (13) uses a set of nomenclature for describing the possible
combinations of finitely separated and infinitesimally separated dis-

placements for five positions. All the possible combinations are:

/ p-P-P-P-P : .

Y PP-P-P-P v pP-PP-P-P P-P-PP-P P-P-P-PP
- PP-PP-P PP-P-PP P-PP-PP

v PPP-P-P v P-PPP-P P-P-PPP

~ PPP-PP ~ PP-PPP

v PPPP-P P-PPPP

v PPPPP

Dashes indicate finitely separated points and no dash indicates infin-
itesimally separated points. This thesis presents an anaiytical method
of synthesizing for all these motions. These combinations can be used
to obtain a wide variety of function generation motions.

The synthesis procedure used in this thesis involves, first, using
the principle of inversion to transform the synthesis problem into a
rigid body guidance four-link mechanism synthesis problem. The matrix
approach is used to design a closed form solution for the rigid body

guidance problem. The result is the designed six-1ink mechanism. The



same procedure is then used to synthesize the Stephenson Type II six-
link mechanism for infinitesimally separated positions.

One motivation behind this thesis has been to give industry a
simple method for using the six-link mechanism in specific design
situations. To do this, computer programs were written to give solu-

tions for any one of the above motion programs.



CHAPTER II

MATRIX METHOD OF SYNTHESIS FOR FINITELY

SEPARATED POSITIONS

Mechanisms in one form or another have been used for many hundreds
of years to obtain mechanical motion. As engineering and mathematics
advanced, it became desirable to develop mathematical methods to syn-
thesize mechanisms to perform desired motions. The computer opened up
a whole new field of possible synthesis methods.

| One of these methods was set forth by Suh (7), whose paper pre-
sents a method for using a generalized displacement matrix to describe
rigid;body motion. A rigid body is specified when a point on the rigid
body is known in a specified coordinate system, and when the angle of
rotation of the rigid body with respect to the point is known. As the
rigid body executes planar motion these two values are specified as in
Figure 3. The points in the rigid body are designated as Cl’ C2, and

C3, and the rotation of the rigid body between positions C1 and C2 is

23 and between C, and C_, is o Point‘Bn is any point on the rigid

% 1 3 13°

body. The positions of B2 and B3 ére described by multiplying the

generalized displacement matrix times the first position matrix of Bl.

o] = [P1,] [b;] (2-1)

The generalized displacement matrix is given by



) ‘cosaln - s1nozln ch - Xclcogqln + Yc151noz1n

e . _ . _ -2

L ln} sina; cosa, YC% Xclslnaln Yclcosain (2-2)
0 0 1 .

v

Figure 3. Description of Rigid Body Motion

According to the Burmester Theory for three and four finite posi-
tions of the rigid body there are an infinite number of circle points
(designated as Bn) on the rigid body which follow a circular path. For

five finite positions of the rigid body there are a maximum of four



possible points on the rigid body that lie in a circle. A link with
one pivot connected to the point Bn on the rigid body and another pivot
connected to the fixed pivot A can be described by the equation of a

circle, where (X,, YA) are coordinates of fixed pivot A..
-x )2 v )2 = v )2 v )2 _
Fpn X"+ ()% = Ky =%)% + (7)) (2-3)

The design equation is obtained by the substitution of Equation (2-1)
into Equation (2-3).

For three finitely separated positions there are two design equa-
tions that are linear if any two of the four variables X, , YA’ XBl and
YBl are assumed., For four finitely separated positions there are three
design equations; therefore, one of the four variables must be assumed.
For five finitely separated positions there are four design eqﬁations
and all four variables are to be determinéd. In the last two cases the

equations are non-linear but can be made linear by applying the prin-

ciple of linear superposition.



CHAPTER IIL

MATRIX METHOD OF SYNTHESIS FOR INFINITESIMALLY

SEPARATED POSITIONS

In the previous éhapter the matrix method of synthesizing a four-
link mechanism for finitely separated positions of point C on the rigid
body was discussed. The matrix method can also be used to synthesize
the four-link mechanism for infiniéesimally.separated positions of
point C on the rigid body. 1In order to utilize this method, a new
matrix has been developed by Soni (15) which, when multiplied by a
finife position of C, results in the infinitesimally separated position
of C. To do this, point C on the rigid body ana point B, a circle

point, are described by vectors as in Figure 4,

S
=

Y

Figure 4, Vector Description of
Rigid Body

10



Since R = D + r, the velocity of point B is given by
dR _dD  do g =
dt ~dt Tat ¥
where
r = (XB—XC) i+ (YB—YC) 3
D = XCi + YCJ
R = XBl + YBJ .

Substituting Equations (3-2) into Equation (3-1) results in

dX dy dX dy
B - B - Cc = C - -
7S i tgp 3= it i+ 37 3 K X [(X XC)1 + (YB Y

By changing the independent parameter from t to a Equation (3-3)

becomes
dX dy dX dy
B - B - C - C - -
Ia i af—-J = I i E——- + (X C) i (YB YC) i,

By separating the i and j components Equation (3-4) becomes

dX

B = c - (Y ~-Y.)
do do B °C
’ d¥p _ d¥, Rp=X) -
do do

th .o . .
For the n~ position, in matrix form this becomes

o711

] [ dX 11 ]
XBn 0 -1 Cn + YCn XBn
da
1n
Ny _ dy
YBn = 1 0 Cn - XCn YBn
do.
in
1 ] 0 0 1 1 L
L — - - o

11

(3-1)

(3-2)

(3-3)

(3-4)

(3-5)

(3-6)

In order to develop the firgt infinitesimally separated position

synthesis equation, Equations (2-1) and (3-6) must be substituted into

the derivative of Equation (2-3).

-

&
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2 (XBn—XA) XBn + 2 (YBn—YA) YBn =0 (3-7)

In order to find higher orders of infinitesimally separated posi-

tions, Equations (3-5)

should be differentiated successively. The

second order infinitesimally separated position is

Substituting Equations

The matrix equation is

L. —

B c,_C__B
do? do* do. da
2 2 (3—8)
d YB - d YC + dXB _ dXC .
do? do? da da
(3-5) into Equations (3-8) results in
da?x_  da%x
. R T ¢
da do C B
(3-9)
a’y, d?%y
B Ly -y
Freaiair e
- 5 _ _
10 e+ x X
W Cn Bn
In
dZYCn
= 0 -1 EEZ—_ + ch YBn (3-10)
1n
0 0 1 1

Following the same procedure, the third order infinitesimally

separated position matrix equation is

= -1 0 T3 + X Y (3"'11)
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and the fourth order infinitesimally separated position matrix is

ecce — a4x - T
X 1 0 Cn X X
Bn or Cn Bnj
o
In
aoee L (3-12)
Y = 0 1 e -y Y
Bn L C Bn
In
1 0 0 1 1 .
- —d e - L_ -—

The third and fourth infinitesimally separated position design
equations are obtained by substituting the appropriate matrix equation

into the derivatives of Equation (3-7).



CHAPTER IV

SYNTHESIS PROCEDURE FOR FIVE FINITELY

SEPARATED POSITIONS

For clarity's sake, a set of nomenclature will be established.
The Stephenson Type II six~link mechanism is of the form shown in
Figure 5, and will have revolute pairs at A, B, C, D, and E and
grounded revolute pairs at M and Q. The input link will be the ternary
link MAD while the output will be the link QC. Changes in rotation of

link 1 from its first position will be designated as 6. while changes

In
in rotation with respect to the first position of the output will be
@ln. Also, the rotation displacements of the ternary link about point

C with respect to the first position will be @y
To produce a specified function generation the synthesis proce-

dure was changed to a rigid body guidance problem by means of inverting

the mechanism. Inversion was taken about ternary link 1. Holding

link 1 fixed, the once grounded link MQ was rotated a minus ein direc-~

tion for each position of desired input rotation. At the same time,

link QC was rotated at an angle (@ln—eln) for each position (Figure 6).

The displacement equation which gives the positions of XC, Y., in terms

C
of -eln and (@ln—eln) is
ch = (X c1” Ql) cos (@ - ln) - (Y Cl YQl) sin (@ ln) +
XQl cos (—eln)—Ylein (—eln)

14
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ch = (XCl—XQl) sin (an—eln) + (YCl—YQl) cos (@ln—eln) +

X .sin (—eln) +Y cos (-6

Q1 Q1 1 @D

Figure 5. Stephenson Type II Six-
Link Mechanism

In order to define the positions of XC’ YC in the inverted positions,

the length of QC must be assumed in relation to the unit length of MQ,

lmust be given. These two parameters are totally

arbitrary and can be varied to obtain the optimum mechanism for a

and the initial angle ¢

desired function, or can be specified to meet additional design

criteria. '

Y, in the inverted positions known, the

With the wvalues of XC’ C

synthesis procedure now becomes a four-link rigid body guidance prob-

lem. By using the matrix approach described in Chapter II, a matrix



was obtained which describes the positions of points B and E of the

ternary link as the rigid body passes through the points,XC, YC and
rotates through the inverted displacement angles of @y

Figure 6. Inversion About Link 1

The values of aln that the ternary link is to rotate are also

assumed values and can be used to the designer's advantage when syn-

thesizing the six-link function generator. That is, if the designer

16

has a problem in which the termary link rotations have to be specified,

this can be done; or if it is totally arbitrary, its variations will

produce different six—-link mechanisms. As explained in Chapter I, the
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four-link rigid body guidance synthesis equation (4-2) is non-linear

when five positions are desired.

XAl [Cln] + YAl [C2n] + XBl |:C3n:I + YBl [C4n] = [l_COSan]
. Lre2 2 (4-2)
[Xp1Xpy * Yap¥py] *+ sinog ) [Xy Y5 XpyYaq 1 5[0, + €3]

where

C = X - X coso + Y sino

in Cn C1 1In C1 In
€an ™ Yen T Yo1 ©05%, T ¥op SiMeg,
C3n B XCl - XCn €088 ~ YCn SinoLln
C4n = YCl - YCn cosa, + XCn sinuln.

To solve this equation in closed form for five positions, the principle
of linear superposition must be used. Letting

A and

1= %1 % T Yy
(4-3)

Ay = Xp1 Yp1 T Xp Yar

Equation (4-2) can be divided into three linear equations (4-4) which

can be solved for five positions simultaneously.
rl[cln] + rZ[CZn] * r3[C3n] + r4[c4n] - %[Cin * C%n]
Pl[Cln] + PZ[CZn] + P3[C3n] + P4EC4n] =1 - cosa, (4=4)
9 [€n] * 95[Cp0] + 93065, + 4,[C,,] = sinay,

n=2,3, 4,5

where
XAl = r1 + Al Pl + Az ql
Y =r, + XA, P, + A, q
Al 2 172 2 2 (4=5)
X =1,  + A, P, + 2

Bl 37 M T3 2 93
Yo =T, FA] B+, q,.
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Substituting Equations (4-5) into the compatibility conditions given by

Equations (4-3) will result in

where

F

G

1

1

A

A

2

2

2
+ (F2

2 4 (Gz

M

M

+ F3) Az +

+ G3) xz +

2 =
F, M2+ F A +F, =0

. (4-6)
G, M2+ 65 A +G =0
+Pyq, ¥4, P,
ta, T, *tq, 1,
+ p2 r4 + p4 r2 -1

(4-7)

T Py 93 T 4y Py
T Tyd3 - gy Tyl
TPy T3 TPy

Using the Sylvester technique results in a

Equation (4-8), the roots of which are the

where

1

1

1

1

4 3 2
L, A + L2 A +L3 A + L

/A

fourth order polynomial,

values of A, .

1

(4-8)
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- 22 2 2 252 . -
L =G F’ +GSFF, + G1G432 + G F, G,G,F.F,

GleFzF4 -2 G1G4F1F4

= 2 2.5 - -
L2 2 G4G5Fl + G2 leS + 2 G2G3F1F4 G2G5F1F2

_ 2
G3G4F1F2 G2G4F1F4 + GlGSFZ + 2 G1G4F2F3 + 2

2 - - - -
G1 F4F5 GleFzF5 G1G3F2F4 G1G2F3F4 2 G1G5F1F4

- 2,G1G4F1F5

- 2 2p2 2 2F F -
Ly = 2 G,G,F® + GSF? + G FF, + 2 G,G,F F, + G FiF,

- - - 2
G2G6F1F2 G3G5F1F2 G2G5FlF3 G3G4F1F3 + G1G6E2. +

2 G,G_.F.F. +G.G,F2 + 2 G2F,F, + G2F2 - G,G.F.F

1°572°3 17473 17476 1°5 71727276
G1G3E2F5 - G1G2F3F5 - G1G3F3F4 -2 G1G6F1F4 -2 GlGSFlFS
- 2 6,6,F,F,

(4-9)

- 2 2 - - -
L, = 2 GsGF? + 2 G,G,F Fo + G2 F F. - GG, F F) - GG .F F,

: 2 2 - -
G3G5F1F3 + 2 G1G6F2F3 + G1G5F3 + 2 Gl F5F6 GlG3F2F6

G1G2F3F6 - G1G3F3F5 ~- 2 G1G5F1F6 -2 G1G6F1F5

- 202 2 _ 2 22 _
L5 Fl G6 + G3 F1F6 G3G6F1F3 + G1G6F3 + G1 F6

G1G3F3F6 ~ 2 G1G6F1F6

The Al roots are substituted into Equations (4-6), to yield roots for

A With these two roots known, using Equations (4-5), the values of

2'
XAl’ Y,., XBl and YBl can be found.

Since there are a maximum of four possible pairs of Al and AZ,

there are a maximum of four possible solutions for the center point and
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22 2 2 2p2 . -
L, =G/ F® +GSFF, + G1G4E2 + G F/ G,G,F,F,

G1G2F2F4 - 2 G1G4F1F4

= 2 2% - -
L2 2 G4G5F1 + G2 ElFs + 2 G2G3F1F4 G2G5F1F2

G.G,F.F. - G.G,F.F, + G,G.F2 + 2 G.G,F.F. + 2

3747172 2747174 1752 1747273

2 - - - -
Gl F4F5 G1G2F2F5 G1G3F2F4 G1G2F3F4 2 G1G5F1F4
—‘2.G1G4F1F5

- 2 2p2 2 2F F -
L3 2 G4G6Fl + G5 Fl + G2 F1F6 + 2 G2G3F1F5 + G3 F1F4

- - - 2
G2G6F1F2 G3G5F1F2 G2G5F1F3 G3G4F1F3 + G1G6F2. +

2 G,G.F.F. +G,G,F2 +2G2F,F, + G2F2 - G,G.F.F

1°5°2°3 17473 1°4°6 1°5 1727276
G C,F,Fc = G G FoF. = G GF.F, = 2 GG F,F, - 2 GG F,
- 2 GG, F F

(4-9)

- 2 2 - - -
L, = 2 GoG,F® + 2 GG F Fo + GZFF, - G,G.F,F, - G,G.F F,

‘ 2 2 - -
G3G5F1F3 + 2 G1G6F2F3 + G1G5F3 + 2 Gl F5F6 G1G3F2F6

G1G2F3F6 - G1G3F3F5 -2 GlG5F1F6 -2 G1G6F1F5

=F2q02 2 - 2 2p2 o
L5 F1 G6 + G3 F1F6 G3G6F1F3 + G1G6F3 + G1 F6

G1G3F3F6 -2 G1G6F1F6

The XA, roots are substituted into Equations (4-6), to yield roots for

1
Az. With these two roots known, using Equations (4-5), the values of
XAl’ YAl’ XBl and YB1 can be found.

Since there are a maximum of four possible pairs of Al and AZ’

there are a maximum of four possible solutions for the center point and
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the circle point. The number of solutions depends on whether Al and Az

have imaginary roots. Only real roots for Al and Az result in possible
solutions. A choice of any two of these center point and circle point

combinations will result in a maximum of six solutions for a designed

four-link mechanism.

TABLE I

FIVE FINITE POSITIONS

INPUT ROTATION ANGLES ARE -15.000 -25.000 -40.000 -60.000
OUTPUT ROTATION ANGLES ARE  ~20.000 -30.000 -50.000 -75.000
TERNARY LINK ROTATIONS ARE 10.000 20.000 30.000 40.000

OUTPUT LINK IS 1.0 LONG AND AT AN ANGLE OF 100.0 DEGREES

SOLUTION

X Y
0.00000000 0.00000000
Q 1.00000000 0.00000000
Cl 0.82635313 0.98480803

POSSIBLE SOLUTION FOR POINTS Al AND Bl OR D1 AND El

CENTER POINT CIRCLE POINT
X Y X Y
0.03711897 0.09393525 0.21974057 0.34299600
-5,62751389 -8.39265823 -8.16039371 -5.00552368

ROOT IS IMAGINARY
ROOT IS IMAGINARY
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Once this is done, the six-link mechanism is designed in its first
position.. The center points of the four-link mechanism are now points
A and D of the input ternary link, and the corresponding circle points
are the points B and E of the moving ternary link. Now by grounding
link MQ the desired input-output relationship is obtained. évédmputer
program that follows this procedure is listed in Appendix A, and an
example problem is presented in Table I. The resulting six-link mecha-.
.nism will go through the five desired input and output rotations, while

the ternary link goes through a total rotation of (aln + 6. ). The

S 1n

ternary link rotation is now relative to grounded link MQ.



CHAPTER V

SYNTHESIS PROCEDURE FOR FIRST INFINITESIMALLY

SEPARATED POSITIONS

A continuation of the précedure set forth in Chaptér IV is the
development of a method that will specify the velocity ratio of the
input to output at a certain finite position of the input and output
links. In Chapter IV it was shown that the synthesis for five posi-
tions involved, first, inversion and then four-link rigid body guidance
syntﬁesis. The same procedurg will be followed for synthesizing the
Stephenson Type II six-link mechanism for velocity ratios. The dis-
placement of the output link is a function of the input link, and both
are a function of time; that is, ®(t) = £ (6(t)).

In order to obtain a specified velocity ratio, this relationship

dé® _do& de

must be differentiated with respect to time, resulting in T " 38 dt

It can be seen that the infinitesimal displacement %§3 can be specified
by the ratio of %%- to %%3 Both of which are design parameters. For
the function ¢ = £ (e),'as shown in Figure 7, the infinitesimal dis-
plécement is the direction and -magnitude of the slope at a point. In
éther words, the desired velocity ratios are now converted into an
infinitesimal displacement problem.

For infinitesimal displacement for five positions, there are two

basic combinations.

22



23

P PP-PP-P

P PP-P-PP

~P P~PP-PP

P .

That is, the two combinations are specifying four finite positions and
an infinitesimal displacement at one of the four finite positions, or

épecifying three finite positions and an infinitesimal diéplacement at

two of the finite positions.

do
de

v

8

Figure 7. Infinitesimal
Displacement

The principle‘of inversion is still valid for this case, The four
finite positions can be defined by the procedure set forth iﬁ Chapter
;V. To find the infinitesimal displacement of point C, the displace-
ment Equation (4-1) will be differentiated with respect to 6, resulting

in
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dXCn déln
T i) [ste (hyo8y,) = sin (o6, ) 5t
+ (Y ) [cos (@ -8, ) - cos (&, -6 ) d®lnl
c1 Ql In In In T
1n
+ Xleinkeln) + YQl cos (-eln)
chn do 1n (5-1)
EEI_ = (XCl Ql) [-cos (@ ) + cos (@ ln) 10 =]
n In
+ (Y.,,-Y ) [sin (&, -6. ) - sin (&, -6 ) d<I)ln
] 1n ’1n 1n"in’ === 1
In
—XQl cos (-eln) + YQl sin(—eln).

This results in a value for dXCn, dYCn which is the infinitesimal dis-

deln deln

placement of point C with respect tolS at a certain point, As

1n

explained in Chapter III, infinitesimal displacements for rigid body
guidance can be obtained by means of the matrix method. The infinites-
imal displacement of point C in designing the four-link rigid body

guidance mechanism is defined by rotations o In other words, the

In®

infinitesimal displacement of point C given by dXCn, dYCn is necessary
do da

for the four-link synthesis. Since In In
dXCn ) deln dXCn g dYCn ] deln dYCn (5-)
doLln doLln deln doLln doLln deln

dse
the infinitesimal movement of 2 must be given. This is arbitrary

daln
and can be used to the designer's advantage.
In order to obtain the synthesis equations for synthesizing the
four-link mechanism, the principle set forth in Chapter III may be

utilized. The matrix Equations (2-1) and (3-6) are substituted into

Equation (3-7) to obtain the design Equation (5-3).
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dXCn
XAl(daln + XCl sina, + YCl cogaln) +
dYCn
YAlﬁa;—— + YCl 51n0L1n - XCl cosaln) +
In
dXCn dYCn
XBl [_QE;_- + YCn) €08%1n —(da - XC ) Slnuln] +
in 1n
dYCn dXCn
Yy G- Xon) o8, + GG+ Yo, )sine, 1=
1n In
(5-3)
sina, (XAlXBl + YAlYBl) + cosa, (XAlYBl—XBlYAl) -
dXCn dYCn
i —_ X
cosoy Koy . TV T Yor¥en " Ve’ t
1n in
. dXCn dYCn
sina,  (Yor ao, X1 do_ X Xen t Yo Yoo t

dy

_ dXCn +Y Cn
)%n do Cn do
In

in

Please note that at this point a quicker and easier procedure for
obtaining this equation may be followed. This procedure will be of
parﬁitular use when developing higher order infinitesimal displacement
synthesis equations. For infinitesimal movement, the changes in the
positions pf B and E are very small, For displacement analysis the
equation of a circle is used in defining the movement of circle point
B around center point A. Equation (2-1) is substituted'into the equa-

tion of a circle, which results in the following equation.

£ RXpps Y ) =0 (5-4)

p1° Xa1® Ya1® %1

In order to obtain the infinitesimal movement, this equation must be

differentiated. By means of the Taylor series, neglecting higher order
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terms, the derivative of this function can be given by Equation (5-5).

£ Rpps Ypys Xpgs Tpgo o) F
3 f X, Y., X, , Y,., o, )
BL’ "B1® "A1’ TAL’ Jln®, o L _ g (5-5)
30, 1n

in

The first part has been satisfied by the equation (5-4) and the second
part has yet to be satisfied. Therefore, in order to obtain the infin-
itesimal displacement equation for synthesis, the finite position syn-
thesis Equation (4-2) must be differentiated with respect to Qe
Therefore, the first infinitesimal displacement synthesis equation may
be obtained by differentiating the coefficients of the finite displace-
ment synthesis Equation (4-2).

Since Equatioﬁ (5-3) is of the same form as Equation (4-2), the
linear superposition principle allows for Equation (4-2) to be substi-
tuted where desired. The four positions result in three displacement
.equations thch become linear after apﬁlying the principle of linear
superposition. One more equation is needed to solve for the four
unknowns. The infinitesimal displacement equation is also linear and
has the same unknowns, therefore it is the desired fourth equation.

The method used in solving for the four unknowns will be identical to
that used for solving the five finite displacement problem in Chapter
Iv.

A computer program has been written which results in the synthe-
sized six-link Stephenson Type- IT mechanism for four finite positions
and a specified velocity ratio at one of the finite positions. It is
listed in Appendix B and an example is presented in Table II. A com-

puter program has also been written for the case of three finite
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positions and a velocity ratio specified at any two of the finite posi-

tions. It is listed in Appendix C, and an example is presented in

Table III.
TABLE II
FOUR FINITE POSITIONS AND ONE VELOCITY RATIO
(VELOCITY RATIO IS SPECIFIED AT POINT 4)
INPUT VELOCITY = 1.0 OUTPUT VELOCITY = 2,0
INPUT ROTATION ANGLES ARE -15.000 ~30.000 -45,000
OUTPUT ROTATION ANGLES ARE -20.000 -45,000 -75.000
TERNARY LINK ROTATIONS ARE 10.000 20.000 30,000

OUTPUT LINK IS 1.0 LONG AND AT AN ANGLE OF 100.0 DEGREES.

FIRST INFINITESIMAL DISPLACEMENTS DPHDTH(J) = 2.0
DTHDAL(J) = 1.0
SOLUTION
X Y
M 0.00000000 0.00000000
Q 1.00000000 0.00000000
Ccl 0.82635210 0.98480770
POSSIBLE SOLUTION FOR POINTS Al AND Bl OR D1 AND El
CENTER POINT CIRCLE POINT
X Y X Y
-0.22540400 1.59108100 -0.25595210 1.53780500
-0.48618850 1.69824500 -0.40762280 1.74143700

ROOT IS IMAGINARY

ROOT IS TMAGINARY




TABLE III

THREE FINITE POSITIONS AND TWO VELOCITY RATIOS
(VELOCITIES SPECIFIED AT POINTS 1 AND 3)

28

w =

INPUT VELOCITY
INPUT VELOCITY

INPUT ROTATION ANGLES ARE
OUTPUT ROTATION ANGLES ARE
TERNARY LINK ROTATIONS ARE

1.0
1.0

-15.000
-20.000
10.000

OUTPUT VELOCITY
OUTPUT VELOCITY

-30.000
-60.000
20.000

OUTPUT LINK IS 1.0 LONG AND AT AN ANGLE OF -30.0 DEGREES.

Q

FIRST INFINITESIMAL DISPLACEMENTS DPHDTH(J) = 0.0
DTHDAL(J) = 1.0
FIRST INFINITESIMAL DISPLACEMENTS DPHDTH(K) = 0.0
DTHDAL(K) = 2.0
SOLUTION
X Y

0.00000000 0.00000000

1.00000000 0.00000000

1.86602400 -0.49999999

cl

POSSIBLE SOLUTION FOR POINTS Al AND Bl OR D1 AND El1

CENTER POINT

X

1.38239300
1.34985100
1.94092400
4.05168700

Y

-0.72231820
-1.81822200
-2.69249400
~1,16569700

CIRCLE POINT

X

1.58071100
1.25711400
1.79815800
4.92417600

Y

-0.74633180
-1.85000600
-2.82720700
-1.61335900

OO
o O




CHAPTER VI

SYNTHESIS PROCEDURE FOR SECOND INFINITESIMALLY

SEPARATED POSITIONS

In addition to the velocity ratio at a finite point, another
design parameter might be to specify an acceleration ratio for the
input and output at the same finite point. The input acceleration is
the second derivative of 6 with respect to time, while the output
acceleration is the second derivative of ¢ with respect to time. This

ratio can be obtained by differentiating &(t) = f (6(t)) twice. The

result - is
d?¢ _ d%6 46,2  do d%e
atZ " 362 G0 T3 @ (6-1)
2
To find the second infinitesimal displacement ggg-, all other terms

must be specified. For a specific problem, this involves specifying

2

%E% = the acceleration of the‘output link,

d2e . . .

T the acceleration of the input link,

de . . . ‘

it - the velocity of the input link, and

de - . .

i the first infinitesimal displacement.
) dd . s e .
The term Ty has already been determined from specifying the velocity

ratio at the same finite point.
For five positions the second infinitesimal displacement involves

the following class of problems:

29
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PPP-P-P PPP~-PP
) P-PPP-P PP-PPP
P-P-PPP

That is, the two combinations are specifying three finite points and
the first gnd second infinitesimal displacements at one of the finite
points, or specifying two finite points and first and second infinites-
imal displacements at one of the finite points and a first infinitesimal
~displacement at another finite point.

In order to synthesize the Stephenson Type II six-link mechanism
for the above two cases, the éame procedure employed in the previous
chapters will be used. Inversion will be taken about the input link.
The links MQ and QC are rotated according to the principle of inversion

Y. . The first and the second deriva—

té find the finite points ch, cn
tives of the displacement equations are obtained by differentiating
; 2 2
Equations (4-1) with respect to 6 to find-dXCn, dYCn, d XCn, and d YCn.
de de de< de?

The first derivative Equations (5-1) are given in Chapter V and the

second derivative equation is

dszn de
307 = (Kg%gy) (eos (&) =6, ) + 2 cos (9 -8, ) 5
In 21n
-cos (&, -98_ ) dan,z - gin (&, -6 ) d an
In "In" &G=—) In 1n" ——)
do de
1n in
d@ln
+ (YCl_YQl) (sin (an-eln) - 2 sin (@ln—eln) 36;;
ch>1n 2 | dz%n
+osin (0 -6,) G5 )"~ cos (9,701 757 )
1n 1n
(6-2)
- XQ1 cos (—eln) + YQl sin (—eln)
d2YCn d®1n
37 - K ¥g) (sin (8 -6, ) + 2 sin (2 -6, ) &b,

1n
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. de. 5 d2s
sin (&, -9_. ) ., 1In\% + cos (9, -6, ) 1n
1n 1n’ &) In 1n’ —)
de de
In In
+ (Y..-Y ) (-cos (3, -8, ) + 2 cos (o, -8, ) “%1n
Cl Q1 1n 1In In 1n FE
1n
de. 2 . a2
- cos (@In—eln) ¢ ln) - sin (an eln) ln)
doé de?
In In
- XQl sin (-eln) - YQl cos (—eln).
With the first and second infinitesimal displacements of XCn’ YCn

known, the synthesis procedure now involves a four-link rigid body
guidance synthesis problem with first and second infinitesimal dis-
placements. Notice that the four-link synthesis procedure involves the

first and second infinitesimal displacement of X Y, with respect to

Cn’ Cn ) )

the rotation of the ternary link. That is, dXCn, dYCn, d XCn and d YCh
da do/ do? do?

In In In 1n

ate to be specified in synthesizing the four-link mechanism. Equations

(5-2) must be differentiated with respect to g resulting in

2 2 2
d XCn ) d eln dXCn . (deln)z d XCn
7 T 357 Z
duln duln deln daln deln
2 2 2 (6-3)
d YCn _ d eln dYCn + (deln)2 d YCn
y i P 102 *
dobln doLln de1n d0¢1n deln
a2 de .
The ratio 1n has to be specified along with ~ 1ln, which was needed
daln deln

for the first infinitesimal displacement synthesis. Again, these are
arbitrary values, or can be used to the designer's advantage.

As a result of the justification established in Chapter V, the
coefficients of the design Equation (4-2) can be differentiated twice

with respect to a to obtain the second infinitesimal displacement

1n

four-link mechanism synthesis Equation (6-4).



c12XCn
XAl ( Eag;—-+ XCl cosa, = YCl 31naln) +
d2y
Y, . ( —-792'+ X.. sina, + Y., cosa, ) +
Al daln Cl in Cl 1n
a2x dy a2y dx
Cn Cn Cn Cn.
Xy PGt 2 g Xy 089, — (G52 T
1n In In 1n
- YCn) 51naln} +
d2y dx d2x dy
2 Cn _ Cn _ Cn Cn _
Ty DGe— 2 g Top) €080, +Gz— + 2 33
1n in in 1n
ch) 51naln] =
cosay, (X Xp) + ¥y ¥py) = sinay (X Yy - Xp¥,) +
2 2
cosa. (2 Y dxcn-zx fpﬂ—Y ﬁ-——d ch-x —-Z—d “on
In Cl do Cl da Cl da Cl da
In In In in
* X1 %en * Yo1 Yoo! t
2 2
sina (2 X EfEE-+ 2Y EEEE E_EEE f—zgg
In Cl da Cl da Cl do Cl da
1n 1n 1n 1n
a2x a2y
-Y X, +X.Y. )+X —z—cn —-Z——C“ +
Cl Cn Cl Cn Cn da Cn do
1n 1n
dXCn dXCn . dYCn dYCn
doLln daln ddln doLln
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(6-4)

Since this equation is still of the same form as the finite displace-

ment and first infinitesimal displacement equations, it can be used as

a fourth equation that is needed due to the reduction of one finite

position equation.
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_Two computer programs have been written which cover the two
classes of problems discussed in this chapter. A computer program
which synthesizes the Stephenson Type II mechanism for three finite
positions and first and second infinitesimally separated positions of
input to output specified at one of the finite positions is listed in

Appendix D, and an example problem is presented in Table IV.

TABLE IV

THREE FINITE POSITIONS AND ONE ACCELERATION
RATIO (ACCELERATION RATIO IS AT POINT 3)

INPUT VELOCITY = 1.0 OUTPUT VELOCITY = 0.0
INPUT ACCELERATION = 2.0 OUTPUT ACCELERATION = 0.0
INPUT ROTATION ANGLES ARE -25.000 -50.000
OUTPUT ROTATION ANGLES ARE -10.000 -30.000
TERNARY LINK ROTATIONS ARE 5.000 15.000
OUTPUT LINK IS 1.0 LONG AND AT AN ANGLE OF 100.0 DEGREES.
FIRST INFINITESIMAL DISPLACEMENTS DPHDTH(J) = 0.0
DTHDAL(J) = 1.0
SECOND INFINITESIMAL DISPLACEMENTS DDPHTH(J) = 0.0
DDTHAL(J) = 1.0
SOLUTION
X Y
M 0.00000000 0.00000000
Q 1.00000000 0.00000000
Cl 0.82635313 0.98480803
POSSIBLE SOLUTION FOR POINTS Al AND Bl OR D1 AND El
CENTER POINT CIRCLE POINT
X Y X Y
-1.47581768 ~0.56793118 0.37606907 1.30638123
1.31134033 6.33950806 -10.17961121 -15.10237122

ROOT IS IMAGINARY
ROOT IS IMAGINARY
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A computer program which synthesizes the Stephenson Type II
mechanism for two finite positions and first and second infinitesimally
separated positions of input to output at one of the finite points, as
well as a first infinitesimally separated position specified at the
other finite point is listed in Appendix E, and an example problem is

presented in Table V.

TABLE V

TWO FINITE POSITIONS, ONE VELOCITY RATIO, AND ONE
ACCELERATION RATIO (VELOCITY RATIO IS AT POINT
1 AND ACCELERATION RATIO IS AT POINT 2)

1 INPUT VELOCITY = 1.0 OUTPUT VELOCITY = 3.0
2 INPUT VELOCITY = 1.0 OUTPUT VELOCITY = 2.0
2 INPUT ACCELERATION = 0.0 OUTPUT ACCELERATION = 0.0
INPUT ROTATION ANGLE IS 30.000
OUTPUT ROTATION ANGLE IS 45.000
TERNARY LINK ROTATION IS 10.000
OUTPUT LINK IS 1.0 LONG AND AT AN ANGLE OF 60.0 DEGREES.
FIRST INFINITESIMAL DISPLACEMENTS DPHDTH(K) = 3.0
DTHDAL(K) = 1.0
SECOND INFINITESIMAL DISPLACEMENTS DDPHTH(J) = 0.0
DDTHAL(J) = 1.0
FIRST INFINITESIMAL DISPLACEMENTS DPHDTH(J) = 2.0
DTHDAL(J) = 1.0
SOLUTION
X Y
M 0.00000000 0.00000000
Q 1.00000000 0.00000000
Cl 1.50000000 0.86602520
POSSIBLE SOLUTION FOR POINTS Al AND Bl OR D1 AND El
CENTER POINT CIRCLE POINT
X Y X Y
1.74607800 ~0.63277810 1.88640900 -0.50722500
2.,98628100 -1.30977000 3.82497700 ~-1.56066700

ROOT IS IMAGINARY
ROOT IS IMAGINARY




CHAPTER VII

SYNTHESIS PROCEDURE FOR THIRD AND FOURTH

INFINITESIMALLY SEPARATED POSITIONS

An additional design criterion might be the specification of the
jerk and kerk ratios of input to output. For example, at a finite
poiqt it may be desirable not only to specify a zero acceleration ratio,
but also to have a zero jerk and kerk ratio. The jerk and kerk ratios
enable the designer to have greater control over his input-output link-
age motion.

The same synthesis procedﬁre set forth in the previous chapters
will be used for these next two cases, which are

PPPP-P ' ‘PPPPP
P-PPPP

Third Infinitesimally Separated Position

In order to solve the third infinitesimal displacement problem,-
one must realize that at a finite position, the first, second and third
e , y ode

infinitesimal displacement parameters must be given. That is, ga- is

first found from the specified velocity ratios and, in turn, is used in

2
Equation (6-1) to find %53 . Now the derivative of Equation (6-1) can
. : 3
be taken to solve for the third infinitesimally separated position aa%u
3 3, 3 2 2 3
s _ d3 ,do de d% d%s  d3 do )
a7 @ Q) t3arca? @ ta - a (7-1)
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These values are then used in Equations (5-1), (6-2) and (7-2) to find

2 2. 3 3
the values for dXCn, dYCn, d XCn, d YCn, d XCU, and d ch'
pA Z o) 3
deln deln deln deln dein deln
d3an e,
T = KgXgy) [-sin (0 -6, ) + 3 sin (2 -6, ) =
in 1
de, d2®ln
- 3 sin (@ln—eln) (de ) + 3 cos (@ln— 1n) E@%;—
dd d2e do
in . In . 1n
- 3 cos (an eln) T ozt 51n(© ln)(de )
In in In
d3
- sin (@ln—e ] +
d@ln
(Yo%) [-eos(e) -8; ) + 3 cos(e, -6, ) a6,
de 1n.? d2(bln
= 3 cos (&) =0, ) (GeT) - 3 sin(ey -0, ) For—
In In
do d2e de
1n . In ln
+ 3 sin (<I> ln) del dei + cos(® ln) (de )
d3®
- cos(@ln—e ] -X s1n(~®ln)—YQlcos(—61n) (7-2)
v, ey
T = Gy g leos (@ -0, ) = 3 cos (4 -8, ) g5
1n In
de ln d2<I)ln
+ 3 cos(@ln— 1n )(de ) + 3 sln(¢1n— ln) FrYa
In In
de, d2®ln de, 3
-3 51n(® -6, T3 i COS(®1n~91n)QE§—‘)
In In in
d3®

+ cos (¢, -6, ) -f;——J +
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do
. 1n
(YCl—YQl)[f51n(®ln eln)+3 sin(<1>ln eln) deln
de, d2®1n
-3 Sln(@ln—eln) (ﬁ—) + 3 cos (q)ln_eln) 07
1n in
deo, d2®l de, 3
_ n
3 cos(@ ln)de Ty 51n(® ln)(de )
in 1n In
d3®
- 51n(® - ln) —_E;_] + XQl cos(-—eln)—YQl 51n(—eln)

dx dy d?x d2y d3x

These values are, in turn, changed to Cn, Cn, ACn, ACn, an
do do do do do
In ~1n 1n 1n In
d3YC
and 553_2 by means of Equations (5-2), (6-3) and (7-3).
1n
3 3 2 2 3
d XCn _ d e1n dXCn +3 de1n d eln d XCn +(deln§ d XCn
3 - . Z . Z 3
daln daln deln daln duln deln daln deln
3 3 ‘ 2 2 3 (7-3)
d YCn dveln dYCn + 3 de1n d eln d ch +(de1 )3d YC
d - d . [] A . 2 5
daln daln deln daln duln deln dul del

At a finite point, the first, second and third infinitesimal dis-
placement synthesis Equatipns (5-3), (6~4) and (7-4), respectively, can
now be used to design the desired Stephenson Type II motion.

d3x

Cn .
N Qfﬁi;' Xop sinay = Yoy cosay )+
d3y N
Yp1 (duin + Xy cosdy =Yg, sina) )+
d3x a2y dx
¢ Cn Ch  , Cn
XBl [ ‘ol +3 da? “do, *Cn) €o80%q
1n In In
a3y d2x dy
- Cn Cn 4 Cn, .
- -3 .ch) Slnaln] +

d@in dg%n ) Jdaln
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d3y d2x dy

Cn Cn Cn
Y1 [- (dad 3 dzg 3wt an) €o8%n
In n In
a3x a2y dx
Cn __Cn _ Cn _ . -
+ (da544’+ 3 da? 3 do YCn) SlnoLln]
In In In
= sinoy (X Kpy + Yy ¥g) - cosay (X Vo =Xp Ypy)
3 3 2
+ cosa, (—YCl d YCn - XC1 d XCn + 3 YCl d XCn -
daa da3 da?
in ~.dn 1n
2
3 X 5—595
Cl dao
1n
(7-4)
dXCn dYCn
*3%g s T3 % T Yer¥en e Yoo
in In
a3y a3x d2x
+ sino (-X ——392- Y ——3£E-+ 3X ——792-+
1 Cl da Cl do €l d
1 In 1
a2y dx dy
Cn Cn Cn
+3Y,, —>— -3 %Y = + 3X . ———
Cl dal Cl daln C1 daln
Xe1¥en Ye1Yen?
3 3 2
. x Xy ¢ Y0 ‘3 %o e ‘3
Cn do3 Cn da3 da * daf
1 In in In
2
dYCn d YCn
. Z
daln duln

Since the equations are all of the same form, the principle of linear
superposition still applies.

A computer program which synthesizes the Stephenson Type II mecha-
nism for two finite positions and first, second and third infinitesi-

mally separated poesitions of input to output at one of the finite
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positions 1s listed in Appendix F, and an example problem is presented

in Table VI.
TABLE VI
TWO FINITE POSITIONS AND ONE JERK RATIO
(JERK RATIO IS SPECIFIED AT POINT 2)
INPUT VELOCITY = 1.0 OUTPUT VELOCITY = -2.5
INPUT ACCELERATION = 0.0 OUTPUT ACCELERATION = -1.0
INPUT JERK = 0.0 OUTPUT JERK = 0.0
INPUT ROTATION ANGLE IS 30.000
OUTPUT ROTATION ANGLE IS ~-45.000
TERNARY LINK ROTATION IS -25.000
OUTPUT LINK IS 1.2 LONG AND AT AN ANGLE OF -30.0 DEGREES.
$ FIRST INFINITESIMAL DISPLACEMENTS DPHDTH(J) = ~2.5
DTHDAL (J) = .0
SECOND INFINITESIMAL DISPLACEMENTS DDPHTH(J) = -1.0
DDTHAL(J) = 1.0
THIRD INFINITESIMAIL DISPLACEMENTS DDDPTH(J) = 0.0
DDDTAL(J) = 1.0
SOLUTION
X Y
M 0.00000000 0.00000000
Q 1.00000000 0.00000000
Cl 2.03922900 -0.59999970
POSSIBLE SOLUTION FOR POINTS Al AND Bl OR D1 AND El
CENTER POINT CIRCLE POINT
X Y X Y
1.09700200 ~0.47618860 2.43076600 -0.57500930
4.04580400 -4,92590300 5.21653500 -3.42272900

ROOT IS IMAGINARY

ROOT IS IMAGINARY




TABLE VII

ONE FINITE POSITION AND

ONE KERK RATIO
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INPUT VELOCITY 1.0
INPUT ACCELERATION = 0.0
INPUT JERK = 0.0
INPUT KERK = 0.0

OUTPUT VELOCITY
OUTPUT ACCELERATION
OUTPUT JERK =
OUTPUT KERK =

1

OO wnN
OO OO

OUTPUT LINK IS 1.5 LONG AND AT AN ANGLE OF 30.0 DEGREES.

FIRST INFINITESIMAL DISPLACEMENTS

SECOND INFINITESIMAL DISPLACEMENTS

THIRD INFINITESIMAL DISPLACEMENTS

FOURTH INFINITESIMAL DISPLACEMENTS

DPHDTH(J) = 2.0
DTHDAL(J) = 1.0
DDPHTH(J)
DDTHAL (J)

nou
oW
o O

DDDPTH(J) =
DDDTAL(J) =

[ ]
o O

DDDDPT(J) =
DDDDTA(J) = 1.0

o
o

Y

0.00000000

0.00000000

SOLUTION
X
M 0.00000000
Q 1.00000000
Cl 2.29903793

0.74999970

POSSIBLE SOLUTIONS FOR POINTS Al AND B1 OR D1 AND El

CENTER POINT

X Y
1.58438492 ~-0.57121086
4.47628021 0.35051918

ROOT IS IMAGINARY

ROOT IS IMAGINARY

CIRCLE POINT
X Y
2.80116749 1.10895443

7.80039597 0.81995583
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Fourth Infinitesimally Separated Position

The procedure stated above can now be expanded to include the
fourth infinitesimally separated position synthesis problem. The pro-
cedure will be the same, except that Equations (7-1), (7-2), (7-3) and
(7-4) must be differentiated. Since there is an additional design
equation for this case, the first, second, third and fourth infinitesi-
mal displacements can be specified only at one finite point.

A computer program which synthesizes the Stephenson Type II
mechanism for one finite point and first, second, third and fourth
infinitesimally separated positions of input to output is listed in

Appendix G, and an example problem is presented in Table VII.



CHAPTER VIII
SUMMARY AND CONCLUSIONS

This thesis develops an approach for synthesizing the Stephenson
Type I1 six-link function generator for five positions of input and
output. These five positions consist of both finitely and infinitesi-
mally separable positions. There are fourteen possible combinations of
finite and infinitesimally separated positions for which function
generation motion can be obtained.

The synthesis procedure consists of starting with desired finite
displacements, velocity ratios, acceleration ratios, jerk ratios or
kerk ratios, whichever are desired, and changing them to an nth order
infinitesimally separated position synthesis problem. The principle of
inversion is used to transform the Stephenson Type II mechanism synthe-
sis problem into a four-link rigid body guidance problem. The matrix
method proved to be easily adaptable for synthesizing any one of the
fourteen motion programs. In order to obtain the closed form solution
for synthesis, the principle of linear superposition was utilized.

Once the synthesis procedure for the Stephenson Type II six-1link
function generator was developed, seven computer programs were written
to perform any of the fourteen function generation motions. Feeding
the desired design parameters into the programs will result in from O

to 6 possible solutions for the six-link mechanism because from 0 to 4

42
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center point and circle point combinations are possible for the rigid
body motion.

With these seven basic programs, a wide variety of function gener-
ation problems can be solved. For example, the Stephenson Type II
mechanism can be synthesized for five finite positions, where the out-
put link goes through more than 180 degrees., If cutting action is
desired, ternary link rotations can be specified along with the output
link rotations, resulting in the desired relative motion between two
connecting rigid bodies. Since it was necessary in the synthesis pro-

cedure for nth order infinitesimally separated positions to specify

deln dzeln
P s JoZ » etc., an additional parameter in which the ternary link
In “ln

infinitesimal rotations are related to the input infinitesimal rota~-
tions is given the designer. When an object is to be picked up at zero
velocity and left off at zero velocity, this can be domne for three
finite positions by using the program in Appendix C. Or specific forces
at a 'specified velocity and position can be obtained by achieving an
appropriate acceleration of the output link. An example might be a
stamping action. This can‘be accomplished, depending upon the other
design parameters, by using programs in Appendices D, E, F or G.
Another major area in which these programs could be used is finite
dwell problems. Any of the programs in Appendices A, B, C, D, Eor F
can be used to obtain a finite dwell of the output while the input link
rotates through finite positions. For five finite positions all five
of the output rotations can be set equal to zero, while the input goes
through the desired rotation angles. The program in Appendix C can be

used to specify one finite position and a dwell at another finite posi-

tion., The dwell would be developed by specifying two finite points
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and a zero velocity ratio at those two points. The same procedure can
also be used for programs in Appendices B, D, E and F by setting the
appropriate velocity, acceleration and jerk ratios equal to zero.

These programs will, of course, result in an approximate finite dwell,
but error can be minimized by determining which program is the best for
the specific problem.

The synthesis procedure shown in this thesis can be used for syn-
thesis of different mechanisms, not only for finite positions, but also
for infinitesimally separated positions. It can be applied to both
function generation synthesis problems and rigid body guidance synthe-
sis problems. This versatile and concise method was ideal for synthe-
sis of the Stephenson Type II six-link function generator, which

resulted in a practical vehicle for solving design problems.
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[sX3XsTaleNaleRsNeRaXaRaRaNaNaalaNa Rl

e 3% 2 sk s o 3 kol sk g ok O b ook e b 3k ok vk ok ok 3 kool sl ol e deoke e s e dhe o ke ek ok ok EELEE S ey ot g shojeok ok
£ *
* SYNTHESIS OF SIX~-LINK STEPHENSON 2 *
* FUNCTION GENERATOR ®
* ]
* FIVE FINITE POSITIONS *
* *
* *
* INPUT FINITE ROTATIONS TH1(1) *
* . *
* CUTPUT FINITE ROTATIONS PHL(T) *
* X *
* ASSUMED ROTATICNS OF TERNARY AL1(1I) *
* *
* CUTPUT LINK LENGTH QcC *
* *
* OUTPUT LINK INITIAL ANGLE THE *
* *
sfesic o ok o oot 3ok ook 3 o ofe s ek ok o ok ook e e ook ke ek *

DIMENSICN XCOF(5),COF(5)y ROOTR(4),RO0TI(4)

DIMENSION XQU5) 1YQU5) +XA{5) s YA{5),XB(5),YB(5),XC(5),YC(5)

DIMENSION TH1(5),PHL(5),AL1{5)

DIMENSION H{16) sHL(16)y H2{161yR(4),P(4),C(4)

READ (5,10) TH1(2},TH1(3)+THL(4)} ,TH1(5)
READ (5510) PHL(2)sPH1(3)+PHLl4),PHI(S5)
READ (5,10) ALL(2),AL1{(3},AL1{4)+ALLL5)
10 FORMAT (4F10.0)
REAC (5,20) QC,TFE
2C FORMAT (2F10.0)
WRITE (656)

6 FORMAT (//425X422H FIVE FINITE POSITIONS,//)

WRITE (6911) THL(2) »THL(3) +TH1(4) THL(5])

11 FORMAT (9X, 26H INPUT ROTATION ANGLES ARE 12X 14F10.34/)

WRITE (6412) PHL(2)yPHL(3)sPHL(4)+PHI(5)

12 FORMAT (9X,27H OLTPUT ROTATION ANGLES ARE,1X4F10.3,7)

WRITE (6413) ALL(2),AL1(3)sALLL4)+ALL(S)

13 FORMAT (9X+23H TERNARY LINK ROTATIONS 15X34F10e3,//)

WRITE (6,14) QC,THE

14 FORMAT (12X,15H OUTPUT LINK IS, F10e3,24H LONG AND AT AN ANGLE OF oF

$10.3+/7)

XQ(1)=1.0

YQ(1)=0.0

XM=0,0

YM=0.0

THE«<(THE#*3.141592651/160.0

DO 21 1=2,5

THL{I)=(TH1(I)*3.14155265)/180.0

PHL (I} =(PH1(1)*3.14159265)/180.0
21 ALL{I)=(AL1(1)*3,14155265)/180.0

XC{1)=1.0+QC*COS(THE)

YC{1)=0.0+QC*SIN(THE)

00 30 1=245

YQ(I)=1.0*S IN(-TH1(I})

oY
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XQ{1)=1,0*COS (-THLEI} _
XC(1)=XC(1)*COS (PHL{T)~THL{I) }-¥C (1 J*SINCPHL (1}=THi{11)+XQ( 1)-X0(1
$1#COS(PHLIT)I-THI( 1) ) +YQ( 1)* SIN(PHL(I}=THE(1})
3G YCOI)=XC(L)*SIN(PHL (1)=~THL(I)D#¥C(1)*COS (PHICT)-THI(I)}+YQ(I)-XQ(1
$)*SIN(PHL(I}-THL{I} }-YQU1I*COSIPHL(T)=THL (1))
WRITE {(6,31)
31 FORMAT (12X+3H XG;18X,3H YQ.18X,3H XCy18X,3H YCy/)
00 33 I=1,5
33 WRITE (6,321 XQUI}YQEI},XC(I},YC(T)
32 FORMAT (6XsF12 899X F12.8,9X¢F12.8,9X4F12.8,/)
DO 40 I=1,4
40 H{I)=XCUI+1)=-XC(1)*COSEALLUTI+1) }+YC(1I*SINCALL( I+1))
DO 50°I=1s4
50 HUI+4)=YC{I41)=YC(LI*COS(ALLEI+11)-XC{LI*SIN(ALL(I+1))
DO 60 I=l+4 o
60 H{I+8)=~H{I)*COSTALLL T+ 1) )-H{I+4)¥SIN(ALL(I+1])
DO 70 I=1,4
70 H{I+12)=—H{I1+4)*COS (ALL{T+L ) I4HUI)*S IN(ALL(I¢1))
Do 72 I=1,16 '
72 HLLII=H(I)
DO 74 I=lsl6
74 H2(1)=HL1)
DO 80 I=ls4
80 R(I1)=0,5% (H{I}XH{I} +H{I+&)}XH(I+4))
00 90 I=ls4
90 P(1)=1.0-C0S (AL1(I+1))
D0 100 I=l,é
100 Q(I}=SIN(ALL{I+1})
CALL SIMQ(H R4 ¢KS)
CALL SIMQEH1,P,4,KS1)
CALL SIMQ(H2+Qs 4,KS2)
WRITE (6,99} KS
WRITE (6,99) KS1
WRITE (6499 ) KS2
99 FORMAT (1X,I1)
F1=Q(1)3Q(3)+Q( 2)4Qt &)
F2=P(1)%Q(3 }+Q(1 FEP (3}4P (2)%Q(4)4Q( 2)3P (4)
F3=R(1)#Q(3}+Q{ 1)*R(3I+Q(2)*R(4)+Q(4)*R (2)
F4=P (L)*PE3)+P(2)¥P (4) )
FS=P(L)*R(3) +P (3 1R (1 }+P (2 J¥R{4 1 +P (4 ) ¥R (2)- 1.0
F&=R(1)*R(3) +R(21*R (4)
61=Q(1)#Q{4)-Q(21*Q(3)
G2=P(1)%Q{4 ) +Q(1 )1%P (4 }=P(2)%Q(3)-Q(2)%P(3)
63=R(1)3Q(4)+Q{ L)#R(4J-RE2)*Q(3)-Q(2)*R (3)-1.0
G4=P(1)*P(4)=P(2)¥P(3)
G5=P(1)*R (&) +R( 1)¥F(4)=-P(2)*R(3}~P{3)*R(2)
66=R (1) R (4)-R{2}1*R(3)
XCOF (1) =F L% F1%G6% C6 +63*G3#F 1 #F6 —G3% G6 #F L4F 3 4G 1*G6#F 3¥F 346 1%G 1¥F 6%F
$6-G 1%G 3*F 3%F 6= 2. O*G 1% G6*F1*F6
XCOF(2)=2.0%G5+CO#F L¥F 142.0 #G2*G3IAF 14F 6+G 3%G 39F LHF 5-G3#G6*F ¥ F2- G2
$*GE*FL¥ F3-G3¥C5XFLRF3 42 L0SG1 ¥G6 *F2HF3 4G L¥G5#FIXF 342 L0¥GLHGL#F 5+F 6=
$G L#GI*F 24F6=G 1#G 2¥F 3%F 66 146 3#F 34F5-2, 0% G L¥ G5*F1*F6-2 .0%GL* Go *F1*F
$5 : :
XCOF € 3) =2 . 0*GA*GO*F L% FL+G5% G5XFL¥FL +G2% 2 #FL¥F6 +2 .0 #62%G3¥F L*F5 463

0¢
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CARD .
109 $%G3kFL*F4—-G2XxGOo*F1¥F2-G3 %G5 *¥F 1 *¥F2-G2¥GS*F1%F3-G3*G4*FL*kF3+G1*G6*F 2
110 $XE2+2,0%5 1XGOKF 2*%F 346 1%G4*F 3*F 34 2. 0%G 1% G1*F4*F6 +G1* Gl ¥ F5*FE =Gl % G2 *
111 $F2%F6=G1 ¥G3 ¥F2%F5=G 1#G2#F 3%F 5~G 1*¥G3*F3*¥F4— 2. 0%G L*kG6¥F LX¥F 4~2, 0% 1%G
112 $ 5%F 1%F S=2 4 0%G1*G4*F 1*xF6
113 XCOF{41=2,0%G4%G5%F 1%F 146 2%6 2XF 1¥F5+ 2, 0%6 2¥%G3¥F L¥F4~G2#G5%F1*%F2-G3
114 SHGAXFLEF2 =G2%¥G4RFLEFI 4Gl XG5XF2¥F2+2 J0*G 1*G4*F 2kF 342, 0%G 1%G 1 #F 4¥F 5+
L15 $6 1%G 2%F 2%F 5~6 1% G 3*F 2% F4-G1% G2¥ F3*F4 =2 J0%*GL¥* G5 *¥F L *¥F4 =2 . 0%G 1% G4*F1*F
116 $5
117 XCOF (5)=G4%* C4*F1*¥FL ¢G2¥G2%F 1 #FL—G2%G4 *F 13F2+GL1¥C4*F 2¥F 246 L¥ G 1*F 4%F
118 $4=G L¥G2%F 2%F 4~ 2 , 0%G 1 *¥G4*F 1*F 4
119 CALL POLART{XCOF;COF,4,RO0TR,RO0TIL,IER)
120 - WRITE (65109}
121 109 FORMAT (/427Xs9H L1 RGOTS, /)
122 DO 1i0 I=1,4

123 110 WRITE {6y112) RCCTR{I),ROOTI(I)
124 112 FORMAT (17X,E13.5,10X,E13.5,/)

125 WRITE (6+114) IER
126 114 FORMAT (1X,I1)
127 WRITE (641061}

128 106 FORMAT (1H1.,/7/}
129 125 D0 215 I=1.4

130 0OA=Fl

131 0B=F 2#ROOTR(I}+F3

132 oc= F4*RDOTR(I)*ROOTR(IH‘FS*RDDTR(IN-Fb

133 0D=6G1

134 DE=G2*%RODTRIIN+63

135 DF=G4*RO0TR (1 )*ROOTR{ 1) +G5*ROOTR{ 11466

136 IF (ABS{ROOTI(I)}:LT.0.000001) ROOTI{I)=0.0
137 IF (RODTI(I)) 2C6C,13C,200

138 200 WRITE (6,201)
139 201 FORMAT {5X,18H RGOT 1S IMAGINARY,/)

140 G0 1O 215

141 130 SA=08%08-4.0*0A*CC

142 IF (SA) 200+140,140

143 140 ROOTALl=(-0B+SQRT{SA)}/{2.0%0A)}

144 ROOTA2=(-0B-SQRT(SA))/7(2.0*0A)

145 SB=0E*0QE- 4. 0*0OD*0OF

146 IF (S8} 200,150,150

147 15¢ ROOTBL={(-0E+SQRT{S3))/(2.0%CD}

148 ROOTB2=(-0E-SQRT( SB)) /(2. 0%0D)

149 WRITE (6,155} RGCTAL,ROOTAZ, ROCTB1, ROOTB2
150 155 FORMAT (/+13Xy3H ROOTAL=4F18.6+5X+8H ROCTA2=, F18.6+/,13X,8H ROCTB1
i51 . $=9F18.695Xy 8H ROOTB2=4F 18.64/)

152 IF (ABS{ROOTAL-RCCTRL}.LT.C.05) GO TO 160
153 IF (ABS(ROOTAL-RGOTB2).LT.0.05) 60 TC 160
154 IF (ABS (ROOTA2-ROOTB1)..T.0.05) 60 TO 170
155 IFf (ABS(ROOTA2-RCOTB2).LT.0.05) GO TO 170
156 GO TO 215

157 160 WRITE (6,180) ROQOTAL
158 180 FORMAT (2Xs16H SECCND RUOT IS »F20.5,/)

159 RODT=RIQTA1
160 60 TO 210

161 170 WRITE (6,180) RCCTA2
162 ROOT=ROOTA2

19
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00000
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WRITE (6:212) .

FORMAT (14X,13H CENTER POINT,31Xs13H CIRCLE POINTs/ +8X93H XA219X,3
$H YA,19Xs 3 XBs1SX,3H ¥8,/}
XA(TI)=R(1L)+P(L)}PRODTRET}+Q( L) *RAOT

YACI) =R{Z2)+PE2I*RCOTRII ) Q{2 )%RO0T
XB(I}=R(3}+P{3)*RODTREI)+Q(3)*ROCT
YB(I)=R{4)+P (4 }*ROOTRIII+Q{4)Y4RO0T

WRITE (64230F XA(ID,YA(I)} XB(1),YB(I)

FORMAT (4F20.847933X520H XXXXXXXXXXXXXXXXXXXy/7)
CONTINUE

STaP

END

z5



APPENDIX B

SYNTHESIS PROGRAM FOR FOUR FINITE POSITIONS
AND ONE FIRST INFINITESIMAL

DISPLACEMENT
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*
* SYNTHESIS OF SIX~LINK STEPHENSON 2 *
* FUNCTION GENERATOR *
* *
* FOUR FINITE PGSITIGNS AND ONE VELOCITY RATIQ *
%* *
* *
* INPUT FINITE ROTATIONS THL(I) *
% *
* OUTPLT FINITE ROTATICNS PHII(I) *
* *
* ASSUMED ROTATIONS OF TERNARY ALL(T) *
#* *
* FIRST INFINITESIMAL DISPLACEMENT DPHOTH(J} *
* *
* QUTPLT LINK LENGTH Qc *
* *
* OUTPUT LINK INITIAL ANGLE THE *
* *
%* *

a4 2 3 30 2 24 353 ek Seake ok ok 3k o sk ok o e e of o e X 2 ke Sk e e e ook ok ke dfeals afeslede ke ok AR ek ek ek sk R ok dkok ok ok ok ok ok ok

DIMENSICON XCOF(5).COF{5) +RO0TR(4) +ROCTI (&)
DIMENSION XQ(5)yYQU5) s XA(S5)sYA(5)4XB(5) 2¥YB(5) +XC(5},YC(5)
DIMENSIGN THL(5),PHL (5),ALL1(5)
DIMENSION H{16) sHL{16)4H2(16)sR(4) 2P (4) +Q(4)
DIMENSION DXC(5),DYC(5),PXC{5}),PYC(5)
DIMENSI.ON DPHDTH(5) DTHDAL(5)
READ (5+5) J

5 FORMAT (I1)
WRITE (6,6) J

& FORMAT (//,16X,28H VELOCITY RATIO IS SPECIFIED AT POINT 411,//)
READ (5,10) THL(2)sTHL(3)sTHL(4)
READ (5,10) PHL1(2),PHL1(3},PHL(4)
READ (5,10) ALL(2)sALL(3),AL1(4)

10 FORMAT (3F10.0)
READ (5,200 QCyTHE
READ (54,20} DPHCTH(J),DTHDAL (J)

20 FORMAT (2F10.0)
WRITE (6411) TH1(2},TH1(3),THL{4)

11 FORMAT (9X426H INPUT ROTATION ANGLES ARE,2X93F10.3+/)
WRITE (6,12) PH1(2) +PHL(3),PHL(4)

12 FORMAT (9X, 27+ OUTPUT ROTATION ANGLES AREs1Xs3F10.3,/)
WRITE (6,13) ALL{2)+ALL(3),ALL(4)

13 FORMAT (9X,23H TERNARY LINK ROTATIONS+5X43F10.3,//)
WRITE (6+14) QCyTHE

14 FORMAT (9X,15H CUTPUT LINK ISsFl0.3,24H LONG ANE AT AN ANGLE OF,F1
$0.3,7)
WRITE (6,15) DPFCTH(J),DTHDAL(J)

15 FORMAT (9Xs11H DPHDTH(J)=4F1043+10Xs11H DTHDAL(J)=+»F10.3,//)
XQ{1l)=1.0
¥Q(1)=0.0
XM=0,0
YM=0.0

149
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21

3¢

17

31
33
32
40
50

60

70

72

74

80

TH1(1)=0.0

PH1(1)=0.0

AL1{1)=0.0

THE=(THE*3.14155265)/180.0

DO 21 I=2+4

THI(I)=(TH1(I)*3.14159265) /180, 0

PHL{I}=(PHL(I)*3.14159265)/180.0

ALL(I)=(ALL{I)*3.14159265}/180.0

XC(13)=1.04#QC*COS(THE)

YC(1)=0.0+QC*SIN(THE)

DO 3¢ 1=2,4

XQ(1}=1.0*%COS{-THI{I)}

YQ(1)=1 O*SIN{(-T+1{1)}}
XCAI}=XC(1)*COS(PHL{I)=THLI(I))~YC (L) =SIN(PHL{I)=THL(I})}#XQ(1)=-XQ(1
$1%COS (PHL(I)=THL(I} ) +YQUL)* SIN(PHL(I)=-THL(I))
YCUI}=XCOLIRSIN(PHL (T I=THL (1} b+YC (1 }*COS(PHI(I)~THI(I} ) ¢YQ(I)~XQ(1
$)RSIN(PHLI(I)=THL(I} ) ~YQULI*COS{PHI(I}-THLI(I))
DXC(JI=(XC{L)=XQ(L})*(SIN(PHI{J)}~THL{J) }=SIN(PHLI(J)-THL(J} ) *DPHD TH
$(JI1I#{YC(L)=YQ(1)I*(CCS(PHL(JI~-THL{U) )~COS(PHLI(J)}~-THL{JI) I*CPHDTH(J
$)I+XQULIRSIN(-THI(JDI+YQ(LI*COS{=-TH1( I} }
DYC(JI3=(XCLI=XCUL) I*{-COS (PH1{JI=-THL(J)I+COSIPHI{J)=-THLI(J) }*DPHDT
SHIJII+(YC (L) ~YQ( L} )= (SIN{PHL(JI~THL(J}}~SIN(PHL(J)-THL(J})*DPHOTHI
$J1)1=-XQE 11 *COS{-THI(I} I+ YQULI*SIN(-TH1(J})

WRITE (6417) CXC(J)+DYC{J)

FORMAT (9Xs8H DXC(J)=93X,F10.3,10X,8H DYC(JI=43XF10.3,//7/)
PXC(J)=DTRCAL (I }*DXC(J)

PYC{J)=DTHCAL(J)*DYC(J)

WRITE (£,31)

FORMAT {11X:3H XQr18Xs3H YQ,18X,3H XC,18Xy3H YC,/)

DO 33 1=1,4

WRITE (6+32) XQUI)sYQ(I)sXCUI)HYCLI)

FORMAT (6X4F12.839X93F12.899XyF12.8y9XsF12.8,47)

DO 40 1=1,3

H{I}=XC(I+#1)=XC({LI*COS(ALLI(I+1))+YC(L)*SIN(ALL(I+1))

H{%4 }=PXC(JI+XC{L1)*S IN{ALL1{J))I+YC(1)*COS(ALL(J))

DO 50 1=1,3

H{I+4)=YC(I#1)=-YC(LI*COS(ALL{I+1})-XCCLI*SIN(ALL{I+ 1))

H{8) =PYC(J)=XC(1)*COS (ALL(J)I+YC{1)*%S INCALLI(J))

DO €0 I=1,3 .

H{T+8)==H(I}*COS(AL 1(I+1) }-HUI+4)*SIN(ALI(I+1))

H{12) ==PXC{JI*CCSCALL(J) }~PYC(JI*SIN(ALL(J) I +XC(JI*SIN(AL 1(J))-YC(
$J)*COS(AL1(J))

DO 70 I=1,3

H{I+#12)==H{I+4)*COS(ALL(I+1))+H{(II*SIN(ALL(I+1)})

H{16)=PXC(J I *SIN(AL1(J} )-PYC{J) *COSC(ALL(JII+XC(JII*COS(ALL(III+YCHS
$)*SIN(ALLI(J))

D8 72 I=1,416

HI{I)=H(I)

DO 74 I=1,16

H2(1)=H(I)

DG 80 I=1,3

R{I}=0.5% (H{I)RE(I)+H{I+4 )*H(I+4))

R{4)=(YC{ L} *XCCJI=XCOLI*YC(J)=YC{ 1} *PYC{J}-XCU1PkPXCCJ)I*COS{ALL{Y
$)I+(XCLLIRXCOII#YCLLIFYC(I)-XCOLI*PYC(J ) +YCULI*PXC(J)I*SINCALLI(J))

GG
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CARD
103 $+XC(JI=PXCLI IV CLIIFPYC(Y)
110 D0 90 I=1,3
111 90 P{I)=1.0-COS(AL1(I+1))
112 P(4)=SIN(ALL(J))
113 DO 100 I=1,3
114 100 Q(I}=SIN(ALL{I+1))
115 Q14)=C0S(AL1(J))
116 CALL SIMQ{H,R44KS)
117 CALL SIMQUHLyPs4sKS1)
118 CALL SIMQ(H24Qs4 4KS2)
119 WRITE (65,99} KS
120 WRITE (6,99) KS1
121 WRITE (£599) KS2
122 99 FORMAT (1X,11)
123 FL=Q(1}*Q{(3)+Q(2)*Q(4)
124 F2=P{1)%Q{3)¢Q( LI*P{3)¢P(2)*Q(4}+Q(2)*P(4)
125 F3=R(1)*Q{3)+Q(1)*R ({3 1+Q( 21 %R {4} +Q( &) *R(2)
126 F4=P(L)*PU31+P(2)*P (4)
127 FS5=P (L) (3)+PL 2R ( L) +P( 2} *R(4}+P(4}*R(2)-1.0
128 F6=R(1L}#R{3)4R(2)*R(4)
129 G1=Q(1)*Q(4)=-Q(2}*Q(3)
130 G2=P(1)%Q(4)+Q( 1)*¥P(4)-P(2)*Q(3)~Q 2)*P(3)
131 G3=R{L)}*Q{4)+Q(L}*R(4)-R(2)*Q{(3)-QI2}*R(3)~1.0
132 G4=P{1)*P(4)~P(2)*P(3)
133 65=P(L)*R{4)+R(1)*P.(4)=P{2}*R{3}=P( 3)*R( 2)
134 G6=R(1}*¥R{&}=R(2)*R(3)
135 XCOF (1) =F1%F1%*GEXGE+G3*¥GI*F LAF 6=-G3*kGOXF L*¥F3+G1k G6*¥F3*F3 +GL X GL*¥F6*F
136 $6-Gl*G3 *¥F3%F6—2 LO*G1*G6*F L*F 6
137 XCOF(2)=2 4 0¥%G5*GOXFL*FL+2.0%G2% G3*FL¥kF6 +G3*GI*F1*F5-G3*G6*F 1*¥F2-62
138 $*GOXF 1XF3—-G3*G5%F 1kF 342, 0%G 1#G 6%F 2k F34G 1% G5*¥ F3% F3+2 L 0¥G1*G1 *¥F5*F6 ~
139 $GL*G3*F2%F6=Gl¥C2HF3*FE—GL¥GI*F 3kF5-2 ,0%G1*G5*F L*F 6~ 2. 0%G 1%G 6%F 1*F
140 $5
141 XCOF{3)=2.0%G4%*CE*F 1*F 1+G5%G 5%F 1%F 1+G 2% G2%F 1kF6+2, 0%G2%G3*F 1% F5+4G3
142 $HGIEF 1% F4~G2%Go*FL X F2~53 #G5 kFL*¥F2-G2%*G5 #F 1XF3-G3*G4*F 1*F 345 1% G6*F2
143 $3F 24 24 0%G 1%G 5%F Z¥F 346 LXK G4¥*F 3¥F 342, 0%GL*k GL*xF4* F6 +G1* Gl ¥ F5%F5 -Gl *G2*
144 $F2*kF6~G1 %63 *F2%¥F5=6 1%G2*¥F3%F 5~G L*G 3*F 3%F 4~2, 0% 1*G 6*XF [*F4~2 . 0%G1*G
145 $5%F Lk F5-2, 0%G1¥G4*F1 *F6
146 XCOF(4)=2.0%G4%G5%F LkF 146 246 2%F 1%F 5+ 2, 0%G2* G3*F 1%F4=G2*G5%F1*F2-G3
147 $hG4RFLKkF2~G2*04¥FLAFI4G1HCS*F2%F2+2 . 0%G 1xG4*F 2%F 342, 0% 1#G L *F 4%F 5-
148 $GL*G2*F2%F5=G 1*G3%F 2% F4=G1* G2#F3%F4~2 0¥ GL* G5 *F 1 *F4—2 LO*GL* G4+F 1%F
149 $5
150 XCOF(5) 94*G4*F1*F1+G2#52*F1*F4-62*G4*F1*Fz+61*c4*F2*Fz+G1*51*F4*F
151 $4-G L¥G 2%F 2%F 4=2, OXG 1*¥G4*F1*F4
152 CALL POLRT(XCOFsCOF49RO0TRyROCTISIER)
153 WRITE (6,109}
154 109 FORMAT (/+27Xs9H L1 ROOTS,/)
155 DO 110 I=1+4

156 110 WRITE (64112) RCCTR(I),ROOTI(I)
157 112 FORMAT (17X+1E13.5,10X9E13+54/)

158 WRITE (6,114) IEFR
159 114 FORMAT (1X,11})
160 WRITE (641C6)

161 106 FORMAT (1HL,//)
. 162 125 BO 215 I=1,4

9¢
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163
164
165
166
167
168
163
170
171
172
173
174
175
176
177
178
179
180
181
182
i83
184
185
186
187
188
189
190
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192
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194
195
196
is7
198
139
200
201
202
203
204
205
206
207
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OA=F1
OB=F2*ROOTR{I)+F3
GC=F4*RCOTR(I)*RCOTR(I)+F5*ROOTR(1)+F5
00=61
OE=G2*ROCTR{I)+C3
OF=G4%ROOTR(I }*RCCTRI1)+G5*RCGOTR(1)+G6
IF (ABS(ROOTI{I}).LT.C.000001) ROOTI{I}=0.0
IF (ROOTI(1)}) 20C,130,200
2CC WRITE (6,201}
201 FORMAT (5X, 184 ROOT IS IMAGINARY,/)
GO TC 213
130 SA=08%0B-4. 0¥0A*0C
IF (SA)} 200,140,140
140 ROGTAL=(-0B+SQRT(SA}}/(2.0%CA)
ROCTA2=(-0B-SQRT(SA})/7(2.0%0A)
SB=CE*0E-4 .0 *0D*0F
IF (SB) 200,150,150
156 ROOTB1=(-0E+SQRT(SB}) /(2.0%0D}
RO0OT B2= (-JE-SQRT(SB1)/{2.0*0D}
WRITE (64155} RCCTAL +RGATA2,RO0TBL,ROCT B2
155 FORMAT (/,13X+8k ROOTAL=9F18.6,5X,8H ROOTAZ=,F18.64/,13X,8H ROOTBL
$=,F18.645X48H RCOTB2=4F18.64/)
1F (ABS{ROOTA1-RCCTB1).LT.0.05) GO TO 160
IF (ABS(ROOTA1-ROOTB2).LT-0+C05) GO TO 160
IF (ABS(RGOTA2-RCOTB1L).LT.0.05) 60 TO 170
IF (ABS(RODOTA2-R00TB2).LT.0.GC5) GO TO 170
GG 70 215
160 WRITE (6,180) RCCTAL
180 FORMAT (2X,16H SECOND ROOT IS sF20.54/}
ROOT=RO0T AL
GO TO 210
170 WRITE (6,180) RCOTAZ
ROCT=ROGOT A2
210 WRITE (64212)
212 FORMAT (14X,13H CENTER POINT31Xs13H CIRCLE POINT:/+8Xs3H XA419X+3
$H YA319X493H XB919Xe3H YBs/)
XACI}=R{1}+P{1)*RO0OTR{1}+Q(1})*ROCT
YA(I)=R{2)+P(2)*ROOTR(I}+Q( 2)*RO0T
XB{1}=R{3)+P(3)*ROOTR(1)+Q(3)*R00T
YB({I)1=R{4)+P{4)*ROOTR{I1+Q(4)*RO0OT
WRITE (6,230} XACIN,YA(I},XB(I},YBLI}
230 FORMAT (4F20e89/933X520H XXXXXXXXXXXXXXXXXXXs /7 }
215 CONTINUE
STOP
END
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i SYNTHESIS OF SIX-LINK STEPHENSON 2 :
* FUNCT IGN SENERATOR *
: THREE FINITE POSITIONS AND TWO VELOCITY RATIOS :
. .
* INPUT FINITE ROTATIONS THI(D) *
:r QUTPLT FINITE ROTATICNS PHL{I) i
: ASSUMED ROTATIONS OF TERNARY ALL(1) :
: FIRST INFINITESIMAL DISPLACEMENT DPHDTH(J) :
i QUTPLT LINK LENG TH Qc :
: QUTPLT LINK INITIAL ANGLE THE :
:********#***##**##it#**#t###******#*****#*******#***** * jokkk g*:

DIMENSION XCOUF(E£),COF(5),RO0TR( 4} +ROOTI {4}
DIMENSION XQ{(5),YQ(5)¢4XA(5},YA(S),XB(5),YB(5),XC(5),YC(5)
DIMENSION TH1(5) +PH1(5) yALL(5)
.DIMENSION H{16)sH1{16),H20186)},R(4),P(4),Q(4)
DIMENSICN OXC(5)+0YC{5})+PXC(5),PYC(5]}
DIMENSICN DPHDTH(5) +DTHDAL( 5]}
READ (545) JsK
5 FORMAT (I1,1I1)
WRITE (646} JaK
6 FORMAT (//,16X,34H VELOCITY RATIOS ARE AT POSITICNS +I1,5H AND ,1I1
$¢/7)
READ (5410} TH1(Z},TH1(3}
READ (5410} PF1(2),PHLE{3)
READ (5,10) ALL(2),ALL1(3}
10 FORMAT (2F10.0)
READ (54201 QC,THE
READ (5520} DPHDTH(J) DTHDAL{Y)
READ (5,20) DPHOTH(K }»DTHDAL(K)
20 FORMAT (2FLQ.0)
WRITE (6411) TH1(2),THL(3)
11 FORMAT (9Xs26H INPUT ROTATION ANGLES ARE,2X42F1C.3,/)
WRITE (é,12) PHL(2},PHL{(3)
12 FORMAT (9Xy27H GUTPUT ROTATION ANGLES ARE.1Xy2F10.3,/7)
WRITE (6,13) ALL{2),ALL(3)
13 FORMAT {SXs23H TERNARY LINK ROTATIGNS ,5X,2F10.3,//)
WRITE (6,14) QC»THE
14 FORMAT (9X,15H CUTPUT LINK ISyF10.3,24H LONG AND AT AN ANGLE OF,F1
$0e347) )
WRITE (6415) DPFETKH(J ), DTHDAL(J)
15 FORMAT (9Xs11H LPHDTH{J}=,F1043,10X,11H DTHDAL{J)=,F10.3,/)
WRITE (6,16} DPRDTH(K1,DTHDAL(K]}
16 FORMAT (9Xs 11+ CPRDTHIK}=,F10.3, 10Xy 11H DTHDAL(K)}=,F10.3,//)

66
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CARD
55 XQ{l)=1.0
56 ¥Q(1)=0.0
57 XM=0.0
58 YM=0.0
59 TH1(1)=0.0
60 PH1(1)=0.0
61 AL1(1)=0.0
62 THE={ THE* 3. 14155265} /180.0
63 DO 21 1=2,3
54 THL(I)={TH1(I)*3.141592651/180.0
65 PHL(I)=(PHI(I)%*3.14159265)/180.0
66 21 ALL(I)=(AL1(1)%*3.14159265}/180.0
67 XC(1}=1.0+QC*COS(THE)
68 YC{11=0.04.QC*SIN(THE)
69 DO 30 1=2,3
70 XQ(I}=1.0%CCS{-THL(I))
71 YQUII=1.0%SIN(-THL(I)])
72 XCEI¥=XC(L1)*COS (PHLII)-THI(I})~ YC(ll*SIN(PHl(I)-THl(I))*XQ(I) XQ(1
73 $12COS(PHI(I ) =THL(I) ) +YQUL) = SIN(PHL(I)=-THL(1))
T4 30 YC(I)=XC{LI*SIN(PHL(I)=THL(I))+YC (L)*COSIPHL(I}-THI(I})+YQ({I}-XQ(1
15 $1.SIN(PHL(I)~THL (1) )}-YQ(1)*COS(PHL{I)-THLLI)}
76 DXC LI I=S{XCOL)=XQUL1) I *( SIN(PHLI(J}=TH1(J) }=SIN(PHL(J) ~THL (J) } *CPHOTH
77 S(INIH(YC(L)=YQ{L1})*(COS(PHI(J)-THI(I}I-COS(PHL(II-THL( J))*DPHDTH(J |
18 $)I€XQELI*SIN(=THL{J) ) +¥ QUL )*COAS{-TH1 (4} )
79 DYC(J}={XCO1I=XQU ) I*(-COS(PRLI(J) =THL(J) ) +COS(PHL(JI)-THL (J) }*DPHDT
80 SHOJIFH(YC(LI-YQ(L) P> (SIN(PHI(J)-THL(JI)-SIN{PHL{JI-THI( J) }*DPHD TH(
81 $J))=XQU L) *COS(-THL(J) I+ YQILI*SIN(-THL{J})}
82 DXC(KI=(XCOLI=XQEL) I*¥(SIN(PHL(K)=TH1{K) )~SIN(PH 1(K} =TH1{(K) ) *DPHOTH
83 SCKII#(YC(L)-YQ(L))*(COS(PHL(K)}=THL{K) )~ COS(PHI(K)-THI(K))*DPHDTH(K
84 $)114XQUL)I*SIN(=THL(K)}) +YQ{1)}*COS(~THL(K)})
85 DYC(K)=(XC{1)=-XQ(1))*(-COS(PHLIKI=THLIK )} }+COS{PHI(K)=THL(K)} }*DPHDT
86 SHIK)) ¢ (YCCLI-YQ(1)I*(SIN(PHL{KI~THL(K)}=SIN(PHL(K}=THLIK} )*DP HDTH(
87 $K)1=XQU11*COS{-THI(K) I+ YQUL)*SIN(~TH1(K}}
88 WRITE (6,417) DXC(J),DYC(J)
89 17 FORMAT (9Xs8H DXC(J}=+3X¢F10.3+10X+8H DYC(J)=493X,F10.3,/)
90 WRITE (6,18) DXC{K),DYC (K}
g1 18 FORMAT (9X¢8H CXC(K}=93X,F10.3+10Xs8H DYC{K)=43XsFL10.3//)
92 PXC(JI=DTHDAL{JI*DXC{J}
93 PYC(JI=CTHLAL{S IAFCYC(J)
S4 PXC (K} =DTHCAL{K}*DXC (K}
$5 PYC(K)=DTFDALIK}I*DYC(K)
96 WRITE (6431)
97 31 FORMAT (11X,3H XQs18Xs3H YQs18Xs3H XCs18Xy3H YCa/)
98 DO 33 I=1,3
399 33 WRITE (6432) XQCI),YQUI}+XC(I)}yYC(I)
100 32 FORMAT (6X1F12+ E95X9F128,9XyF12.8,9X4F12.84/)
101 D0 40 I=1,2
102 40 H{I}=XCLI+1)=XC(L}*COSCALL(I+1))+YC(1)*SIN(ALL{I+1)})
103 H{3)=PXCOJI+XC LI*SIN(ALLI(JIII+YC (1) *CTS (ALL (J))
104 H{4)=PXC(K)+XC(1)*S IN(ALL(K) }+YC(L)*COS(ALL(K})
105 00 50 I=1,2
106 50 H(I+#4)=YC(I+1)-YC(1)*COS(ALI(I+1)})=-XC(1)*SIN(AL1(I+1))
107 H{T1=PYC(JI=XCL1}*COS(AL1{J )} I&YC(1)*SIN(ALL(J))
108 H(8)=PYC(K)~XC(L)*COS(ALL(K)I+YC(L)}*S IN(ALL(K])

09
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CARD

109 00 66 I=1,2 .

110 60 H(I+8)==H{I1)*COS(ALLII+1})-H{I+4)*SIN(ALL(I+1))}

111 H(L1)==PXCCJI*CCSCALILJII-PYC (I I*SINIAL 1(J})FXCCIDIR*SIN(ALL(J))=YC(
112 $J)%COS{ALLLI))

113 H(12)==PXC({K)*COS(AL 1{(K))-PYC(KI*SINCALL(K})}+XC(K)*SINCALL (K})}=YC(
1L4 $K)*COS(ALL(K))

115 DD 70 I<1,2

116 70 HI{I+#12)==H(I+4)*COSCALLI(I+1))+H(T)*SINCALL(I+1))

117 H{15)=PXC(J)*SIN(ALL (J))=PYCLJ)*COS (ALL(JII+XC{JI}*COS(ALL(J))+YC(J
ii8 $)ASINCALL(J))

119 H{16)=PXC{K }*S IN(ALL{K))=-PYC(K)*COS(AL L{K ) )+ XC{KI*COS(ALL(K})+YC(K
120 $)ESIN(ALL(K)}

121 PO 72 I=1ls+1l6

122 72 HL(I)=H(I)

123 DO 74 I=l,lé

124 T4 H2(I)=H(I)

125 DO 80 I=1,2

126 80 R(I)= 0.5*(H(I)*H(I)*H(I*él*H(I*4))

127 RA3)=(YC(1)*XCUII-XCULI*YC(JI=YCLLI*PYC (J)-XCLLIXPXC(J)I*COS(ALLY
128 $) 1+ (XCOLIRXC (I +YCILIHYC(JI-XCOLI*PYC (I I+YCULI*¥PXC{JII*SIN(ALL(J))
129 $+XCLUIEPXCLIY+YCUII*PYC(J)

130 R(4)=(YCUL)=XCIKI=XC{1)I*YCUK)=YCUL)*PYC {K)=XC(L)*PXC(K})*COS(ALL(K
131 $) )1+ (XCULI*XC(K) +YCIL I *YC(KI=XCCLI*PYC(KI+YC{1)*PXC(K)}I*SIN(AL L(K))
132 $+XC(KIHPXCIK ) +YCUK)*PYC(K) -

133 D0 90 I=1,2

134 9C P(I)=1. O-CDS(ALl(Ifl))

135 P(3)=SIN(ALL(J)}

136 P(4)=SINIALL(KY))

137 DO 100 I=1s2

138 100 QUIN=SIN(ALL{I+1))

139 Q(3)=COS(AL1{J))

140 Q(4)=COSCAL1(K))

141 CALL SIMQ(HsRy4+KS)

142 CALL SIMQ(EHL 4P+4,KS1)

143 CALL SIMQ(H2:Q1¢4+KS2)

144 WRITE (6499) KS

145 WRITE (6,99) KS1

146 WRITE (6+99) KS2

147 99 FORMAT (1X,I1)

148 F1=Q(1)*Q(3)+Q(2)*Q( &)

149 F2=P{1)=Q(3)+Q(1)*P(3)4P(2)*Q(4)+Q( 2)*P( 4)

150 FI=R(1I*Q(3I+C(LI*R (I )+QI2)*R(4)+Q(4)*R (2}

i51 Fa=P(L)#P(3)+P( 2}*P(4)

152 F5= P(l)*R(3)+P(3)*R(1)*P(2)*R(4)+P(4)*R(2) 1.¢C

153 F6=R{1)}*R{3)+R(2}*R{4)

154 G1=QU11*Q(4)-Q( 2)*Q( 3)

155 G2=P(1)*Q(4)+C(1)*P(4)-P(2)*Q(3)-Q(2)*P(3)
. 156 G3—R(1)*Q(4)+Q(1)*R(4)—R(2)*Q(3)-Q(2)*R(3) -1.0

157 G4=P(1)*P(4)-P(2)*P(3)

158 G5=P{L)*R(4}+R(1)I%P(4)-P(2)*R(3)~PI3)}*R(2)

159 G6=R(LI*R(4)~-R(2)*R(3)

160 XCOF(L)= Fl*Fl*Gé*GS*GB*GB*F1*F6'G3*66*F1*F3+Gl*GS*F3*F3fGl*Gl*F6*F
161 $6-G1l¥GIKFI*F6-2,0%GL*Go*FL*F6

162 XCOF(2)=2,0%G5%G6*F 1%F 1+2.0%G 2%G3%F 1% Fo+ Gk G3*¥F1*F5-G3*G6*F 1¥F2~G62
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$%GHHF [#F 3-G3KRCSHFI¥F 342, Q¥GL*GO%F2% F3+GLlk GoO*F3%x F342 J0%GL*GL *F5%xF6 -
$GL*GI#F2xFo—GLEGR2*F3%Fo-GLl¥GI%¥F 3XF 5= 2,0%G 1 *G5%F 1¥F 6= 2., O*G Lk GO*F L*F
$5 -
XCOF(3)=2.C*G4*Gé*Fl*F1+65*65*FI*FlfGZ*GZ*Fl*F6+2.0*G2*G3*F1*F50G3
$HG3¥FLAFG-G2¥GO¥FL*F2=-G3%G5%F | ¥F2-G 2¥G5#F 1% F 3=G3%G4%F L¥F 3+G L*G6*F2
$XE242,0%G1¥GE%F2%F3+G1* G4¥FI3*¥F3 42 s0%G1*CL*F4*F6 ¢G1*kGL*F5*F5~G1*G2*
$F2%¥F6-GL¥G3%F 2¥F 5= 1 %G 2%F 3%F 5=G ¥ G3*kF 3%k F4=2. 0%G 1 ¥GHRFL4F4 =2 . 0%GL*G
$S%F L %F5 =2 0% GlxGa*F1%Fd
XCOF(4)=2,0%G4*G5*F 12 FL+G2% G225 F1%F542 J0#G2*G3%F 1 ¥F4 -G2*G5*F L*F2-G3
$HGLHRF KRF2=G2XGHAFLRFI4GL¥XGSHF2%F2+2, 0%G 1¥G4*F 2k F 3+ 2, 0%G Lk GL*F4%F5 =
$GL¥G2%F 2% F5~GLl¥C3%F2%F4 =Gl *G2%F3%F4=2 0 *¥G1*G5%F 1%F4=2. 0¥G 1% G4¥F 1%F
$5
XCOF(5)=G4RC4¥F I*FL4G2#C2%F L¥F4~G2%G4*F 1*F 246G 1*G4*F 2¥F2+GL* G1*F4*F
$4=G 1% G2%* F 2% F4=2 o 0%Gl *G4 *¥FL *F4 :
CALL POLRT(XCOF +COF +4+ROCTRyROOTI 41 ER)
WRITE (61109}
10S FORMATY (/427X+9k L1 RCOTS4/)
00 110 I=1l+4
110 WRITE (6,112) RCCTR(1},RO0TI(I}
112 FORMAT (17X4E13.5+10X4E13.54/)
WRITE (6,114) IER:
114 FORMAT (1X.1I1)
WRITE (€4106)
106 FORMAT (1Hl+//7}
125 DO 215 I=1,4
. DA=Fl .
OB=F2*ROOTR{I)+Ff3 .
OC=F4*ROOTR{I)*RCCTR(I}+F5%RO0OTR( 1) +Fs
0D=G1
OE=G2*ROCTR(I}+C3 .
OF=G4*RO0OTR(I)*ROCTR(I) +G5*ROOTR(I) +G6
IF (ABS(ROOTI(I})}«LT.0.000001) ROOTI(I)=0.0
IF (ROOTI(I))} 20041304200
200 WRITE (6,201}
201 FORMAT (5X,18H ROOT IS IMAGINARY,/}
GO TO 215 .
130 SA=08%0B-4. 0*CA*0C
IF (SA) 200,140,140
140 ROOTAL=(~-0B+SQRT(SA)}/(2.0%0A)
RODTA2=(-0B-SQRT{SA}) /{2.0%0A)
SB=QE*0E~4 .0 *QD#CF
IF (SB) 200+180,150
150 ROCTBLl= (~DE+SQRT(S5B}}/(2.0%0D}
ROOTB2=(-0E~SGRT(SB})/(2.0*0D)
WRITE (6,155) ROOTAI,RDOTAZ,ROOTﬁl,ROOTBZ
155 FORMAT (/413Xy8+ ROOTAL=yF18.615Xy8H ROOTA2=4F18.64/,13X,84 RGOTBL
$=3F18.645X,8H RCCTB2=4F18a6+/) .
IF (ABS(ROOTAI~-ROOTBL).LT.0.05) GO - TO 160
IF (ABS(RUOTA1-RGCOTB2).LT.0.05) GO TQ 1é¢C
IF (ABS(ROOTA2-RO0OTB1).LT.0.05) GO- TG 170
IF (ABS (ROCTA2-RO0TB2}.LT.0.05) GO TO 170
GO TO 215 ’
160 WRITE (64,180) ROOTAL
180 FORMAT (2Xs16H SECOND RCOT IS +F20.54+/)
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REOQT=ROOT AL
60 TO 210
170 WRITE (64180} ROOTA2
ROGT=RO0T A2
210 WRITE (6+212)
212 FORMAT (14Xs13H CENTER POINTs31Xs13H CIRCLE PCINTs/+8X+3H XAy19X,3
$H YA,19Xs3H XBs 19X,3H YB,/) :
XA{I}=R{1LI+P(1)*RCOTR(I)+QLL)*RCOOT
YA(1)=R{2)+P{ 2)*RO0OTR{T)+Q({ 2)*RCOT
XB{I}=R(3F+P(3)*ROOTR(I)+Q(3)*R0OOT
YB{I)=R{4)+P{4)*ROCTR(I)+Q(4}*ROOT
WRITE (65,230) XA(I)},YA(I},XB(I),YB(I)
230 FORMAT (4F20.847 433 X320H XXXXXXXXXXXXXXXXXXXy7/ }
215 CONTINUE
STQOP
END
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APPENDIX D

SYNTHESIS PROGRAM FOR THREE FINITE POSITIONS

AND ONE SECOND INFINITESIMAL
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C koot b ofeotook o g o5 Bk o 3% B bR ko Ko sk ok ok o o ok oo o ookt o oo kol PP T L *%
£ * %*
C * SYNTHESIS OF SIX-LINK STEPHENSON 2 *
C * FUNCT ION GENERATOR *
C * #
C % THREE FINITE POSITIONS AND ONE ACCELERATICN RATIC *
C * *
C =*x *
C * INPUT FINITE ROTATICNS TH1(I) *
¢ x *
Cc * QUTPUT FINITE ROTATICNS PH1(I} *
C * %*
[ ASSUNED ROTATICNS OF TERNARY ALLI(I) *
¢ * *
C * SECONC INFINITESIMAL DISPLACEMENT DDPHTH{J) %*
C % *
C * OUTPUT LINK LENGTH Qc *
C * *
C * QUTPLT LINK INITIAL ANGLE THE *
C % . *
€ stk sk ook s o o6 o0 o o ook K sk okl ol o ot ok ol ook ok o o skt sk otk ok ok ook ok sk sk s ook oK o
c

DIMENSION XCOF(£},COF(5)sRO0TR(4) sROOTI( 4}
DIMENSION XQ{(5) ,YQ(5)+sXA(S5)+YALS)sXB{S)sYB(E),XC(5),YC(5)
DIMENSION TH1(5) ,PH1{ E) JALL(5)}
DIMENSION H{16),+1{16},H2(16)+sR{4)sP(4)+Q(4)
DIMENSICN DPHDTE(5),DOPHTH{5),DTHDAL(5),DDT HAL(5)
DIMENSION DXC{5)+DYC(5)4DDXC(5) 4DDYC(5)
DIMENSION PXC(5),PYC(5}),PPXC(5),PPYC(5)
READ {5,45) J
5 FORMAT (I1l)
WRITE (646} J
6 FORMAT (//510X922H ACCELERATICN RATIO IS AT POINT ,1I1,//)
READ (5,10) THLI(2), THL(3)
READ {5+10) PHL(2)}4+PHL(3)
READ (5,100 ALL(2),ALL1(3)
10 FORMAT (2F10.0)
READ (54201 QCyTHE
READ (5,20) DPHDTH(J),0THOAL (J}
READ (5+20) DDPFTH(J)sDDTHAL(J)
20 FORMAT (2F10.0Q)
WRITE (6y11) THL(2),THI(3]}
11 FORMAT (9X,26H INPUT ROTATION ANGLES ARE,2X,2F10e3,/)
WRITE (6,12) PHL{2},PHL(3)
12 FORMAT (9X,27F QUTPUT ROTATION ANGLES ARE,1X,2F10.3,/)
WRITE (6413} ALL(2),AL1(3)
13 FORMAT (9X,23H TERNARY LINK ROTATIONS,5Xs2F10.34+/7)
WRITE (6414) CC,THE
14 FORMAT (6Xs15H CLTPUT LINK ISsF10.3,24H LONG ANL AT AN ANGLE OF,F1
$0.3,/)
WRITE (6,151 DPFCTH(J),DTHCAL(J)
15 FORMAT (9Xs L1H DPHDTH(J)=,F1 043 410X,11H DTHDAL(J)=4F10.3,/)
WRITE (6,16) DDPRTH(J )y DDTHAL{J)
16 FORMAT (9X,11t COPHTH(J)=,F10.3+10X,11H DDTHAL(J)=,F10.3,//])

g9
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CARD

55 XQ(l)=1.0

56 YQ(11=0.0

57 XM=0 .0

58 YM=0.0

59 THI(1)=0.0

60 PHL (1)=0.0

61 ALL(1)=0C.0

62 THE=(THE*3.14155265)/180.0

63 DO 21 [=2,43

64 THL(I)=(TH1(1)%*3.14159265)/180.0

65 PHL(I)={(PH1(I)*3.141552€5)/180.0

66 21 ALL(I)=(ALL1(I)*3,14159265)/180.0

67 XCU1)=1.0+QC*COS( THE)

68 YC(1)=0.0+QC*SIN(THE)

69 DO 30 I=2,3

70 XQ(I}=1.0%COS(-THL(I)])

71 YQ(I}=1.0%SIN(-TEL(I})

72 XC(IV=XC(L)*COS(PHL (1) =THL{I)}-YC(L)*SIN(PHLII)=-THL(I))+XQ( 1)-XQ(1
73 $)*¥COS(PHL(T)=THLCI )+ YQUL)*SIN(PHL(I)=THL(I))

14 3C YC(I¥=XC(LI*SIN(FHL(I)=THL(I})+YC(L)*COS(PHL(I)=THI(I})+YQ(I})~XGQ(1
75 $)RSIN(PHLII)=THL(I))-YQ(1)*COS(PHL(I)=THL(I)) "

76 DXC(J)=(XCLL)=XQ(L} )*(SINCPHI(J)~THL(J})~SIN(PH1(J)~TH1(J) ) *DPHDTH
77 $(J))+(YCEL)=-YQULII*(CCS(PHL (J)=THL(J))=COS (PHL(J)=THL(J))*DPHDTH(J
78 $))+XQULI*SINC=THL(J))+YQ(1)*COS(=THL(J))

79 CDYC(JI=(XCLI=XQE1) 1X(-COS(PHLIJI~THI(J ) I+COSIPHLIJ)-THL({ J} )*DPHDT
80 SH(J))+{YCUL)=YQ(L))*(SIN(PHL(J)=THL (J))=SIN{PHL (J)=THL{J})*DPHDTH(
81 $J))-XQ{L)*COS(-THI(J ) }+YQU1)*SIN(-TH1(J))

82 DDXC{J)=(XCU1)=XC{1))*(=COS (PHL(J)=THL(J)I+2.0%COS(PHLIJI=TH1(J))*
83 $DPHD TH(J)}=COS(PHL(J}=THL(J) )*DPHDTH(J)*DPHDTH(J)=SIN(PHL(J)~TH1(J)
84 $I¥DOPHTH(J ) )+ (YC(L)=YQUL)I*(SIN(PHL{J)-THL( J) ) -2, 0% SIN(PH1 (J) =THL (
85 $J) ) *DPHDTHIJ) ¢S IN(PHL {J)=THL (J) }*DPFDTH(J J*DPHDTH(J }~COS(PHL{J)~TH
86 - $1(J)I*DDPHTH(J )} }-XQ{ 1}*COS(=-THL (J) ) +YQ(LI*SIN(-THL (J))

87 DDYC{JI)=(XC(LI=XQUL I I*(=SIN(PHL(JI=THLLJ) )+ 2. 0% SIN(PHL(J)=THL(J) )*
88 $DPHDTH(J)=SIN(PHL{J)=THL(J) )*DPHBTH (J)*DPHOTH(J }#COS{PHI(J)-THL{J)
89 $)%DDPHTH(J I IH(YC(L)-YQ( 1) ) *(-COS(PHLI(J)=THL(J) ) +2.0%COS(PHL (J}-THL
90 $(J))*DPHDTH(JI-CCS (PHL(J)I=THI(J ) )*DPHDTH(J }*DPHDOTH( J)=-SIN(PHL(J)~-T
91 SH1(J) I*¥DDPHTH (I} I -XQULI* SIN(=THL(J))=YQ(L)*COS(=TH1(J})

92 PXC(J)=DTHDAL(J }*DXC(J)

93 PYC (J)=DTHDAL(J)*LYC(J) .

94 PPXC(J)=DTHDAL{ J)*DTHDAL (J)*TDXC(J) +DDTHAL( JI*DXC{J}
5 PPY C(J)=DTHCAL(J }*DTHDAL (J ) *DDYC{J} +DDTHAL(J)*DYC (J)

96 WRITE (6417) CXC(J)+DYC(J)

97 17 FORMAT (9Xy8H DXC(J)1=+3X4F10.3910Xs8H DYC(J)=43X4F10.3,7)

S8 WRITE (6418) DDXC(J),DDYC(J)

99 18 FORMAT (9Xy9H DLCXC(J)=42X1F10e3+110X+9H COYC(J)=,2X,F10.3,7//)

100 WRITE (6,31}

101 31 FORMAT (11X ,3H XCs18Xy3H YQs18X,3H XCs18X+3H YC+/)

102 DO 33 I=1+3

103 33 WRITE (6432) XQ(I)yYQUI)sXC{I),YC(I)

104 32 FORMAT (6X9Fl2.899X1Fl2e819XsF12.899X,F1248,/)

105 DD 40 I=1,2

106 40 H(I)=XC(I+1)~XC(1)*COS{ALLI(I+11)+YC{1)*SIN(ALL(I+1))

107 H(3)=PXC(J)+XCULI*SIN(ALL{JII+YC(1)*COS (ALL(J))

108 H{4)=PPXC(J)+XC{1)*COS(ALLI{J))=YC(LI*SIN(ALL(J))

99
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80
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D0 50 I=1,2
H(I+4)=YC{1+1}~-YC(1)*COS (ALL(I¢1)}-XCULI*SIN(ALL(I+1))

HIT)=PYC(J) ~-XCL1)*COSIALLLI) I +YC(L)*SIN(ALL(J)}

H{8)1=PPYC(J }+XC{1)*SINCALL(J I }+YCUL)*COS(ALLI{J) )

DO 60 I=1,2

H{I+8)==H(I1)*COS(ALLI(1+1) J-H(I+4)%=SIN(ALI{I+1))
H{11)==PXC(JI*COS (AL 1(JI I )=PYC(J I*SINCAL 1(JII+XC(IIRSINCALLL J))-YC(
$J)*¥COS(ALLE J})
H(L2)=~PPXCCJIXCOSCALLI(JI)=PPYC(J)*SINCALL{J) 142 0%PXC(JI*SIN(ALL
$3)11-2.0%PYC{JIRCCS (ALL(J) ) #XCLJ I*COSTAL L{J ) D +YC(JI*SIN(ALL( I))

DO 70 I=1,2

HI412)=~H{ 1+4)}#COS{AL M I+ 1) )+HU IR SINCALL{I+1))
H{15)=PXC(J)*SIN(ALL (J) I~PYC(J}*COS (ALL{J I }I+XCUJI*COSIAL L(J)I+YC(J
$1RSINCALLI(JI))

H{L6)=PPXC{J)I*S INCALL{J}}=PPYC(J)*COS(ALLI(JI))#2.0%PXC(JI*COSIALL{Y
$11¢2,0%PYCUII*RSINCALL (J))=XCCIIZSIN(ALLI(J))#YC(IDI*COS(AL LIS })

D0 72 1=1,16

HL(I)=H(I)

20 74 1=1,16

H2( 1)=H(1}

DO 80 I=1,42

R{I1)=0.5% (H(I}*H{I}) +H(I+4)*H(1+4)}
RE3)=(YC{L)*XC{I}I-XCOLI*YC(J)=YCUL)*PYC (JJ=XCU1IH*PXC(J))*COS(ALL(J
$) )+ (XC(LI*XCUII+YC{L IRYCII I-XCULIXRPYC(J)+YC(1I*PXC{JII*SINCALL(J))
$+XC (JIRPXCCII+YCLII*PYC (L)

DD1=2.0%YC(L ) ¥PXC{J )=2.0%XC{1I*PYC{JI=YC (L) *PPYC(J)-XC{ L} *PPXC(J}+
$XCULI®XCL I +YC(LI*YC (I}

DD2=2,0%XC{ L} *P XCJ)#2.0%YC L L) *PYC(J)=XC (1) *PPYC(S)+YC(L)}*PPXC(J)~
$YC{LI*XCUJI+XC(LI*YCLJ)

R{4)=COSCALL(J)}*DD1+SIN(ALL{J) }*DD2+XC(J)*PPXC(J)+YC{JI*PPYC(J } +P
SXC{JIRRXC(J ) +PYCLI ) *PYC(J)

DO 90 1=1,2

P{1)=1.0-COS(AL1{I+1)})

P(3)=SIN(ALL(J}}

P{4)=COS(ALL{J})

00 100 i=1,2

QUI}=SINIAL1(I+1))

Q(3)=COS(ALL(J))

Q& 1==SIN(ALL{J}]}

CALL SIMQUHyRys44KS)

CALL SIMQ(HL,Ps44¢KS1)

CALL SIMQ(H2,Qy 4,KS2}

WRITE (6+99) KS

WRITE (6469} KS1

WRITE (6499) KS2

FORMAT (1X,1I1)

F1=Q( L) *Q( 3) +Q( 2)*Q( 4)

F2=P(1)%Q{(3)+Q(1)*P(3)4+P(2)*Q(4)+Q( 2)*P (4}
F3=R{1}%Q(3)+Q(LI*R(3)+Q(2)*R(4)+Q(4)}*R (2}

F4sP (L)*P(3)+P(2)*P(4)
F5=P(L)}*R(3)4P(3I*R(LI+P(2)*R{4} 4P (4} *R(2)~ 1.0
F6=R{L)I*R(3) +R{ 2}*R(4)

G1=Q(1)*Q(41~-Q( 2)1%Q( 3}

G2=P(l}*Q(4)+Q(1)%P(4)-P(2)*Q(3)-Q(2)*P (3)

L9
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CARD
163 G3=R(1)1*Q(& ) +QU1)*R(4)-R{2}*Q(3}~Q(2)*R(3)-1.0
164 G4=P(1}*P{4)-P(2)*P3)
1e5 G5=P {1} *R{4)+R(1}*%P(4)=-P(2)*R(3}-P(3)%R(2)
166 G6=R(1)}*R(4)}=-R(2})*R(3)
167 XCOF( L=Fl*F1*GE*Go+G3*G3%F LAF 6~G3*GO¥F 1k F34GL1* G6¥F3XF3 +GL*X Gl *Fo*F
168 $6=Gl*GI*F3XF6=2 L*G1L*GO*FL*F6
166 XCOF(2)=2.0*G5%GO*FL*FLl42.0%G2*G3*F1*FO+G3*G3*F L*¥F5~G3%GO#F 1 ¥F2-G2
170 SRGORE LRF3~G3¥GES*F LXF 342, 0%G 1*¥G6XF 2% F34G 1x G5*¥ F3% F342 L0%GL* Gl *FE:F6 -
171 $GL#G3AF2%FE -G L*G2*F3%#F6=GLl¥G3¥F3*F 52 ,0#GLRGO%F 1¥F 6= 2,0%G 1 %G &%F 1*F
172 $5
173 XCOF(3)=2,0%G4%CO*F L#F 1 +G5%G 5*F L¥F 1+G2XG2%F 1¥F 642, 0%G2#G3*FL*F5+G3
174 $HGIHFLEF4=G2*GO*F1l* F2-GI *¥GS % F1*F2-G2%G5*%F 1 ¥F3-G3*G4*F 1%F 3+G [#G6*F 2
175 $HF 242, 0%5 L¥GSHF 2XF 346G 1% G4*FIXF342 . 0%Gl*GL¥F4*FO+G1*GLRF5*F5-GlxG2%
176 $F2*FO=GLl¥G3#F2¥FE=GL%G2*F3%F 5= 1 %G 3¥F 3%F 4~ 2. 0%G 1%G 6¥F 1#F4~2 . 0%G1%*G
177 $5%kF 1% F5-2 4 0*Gl % G4*FL*F6
178 XCOF(4)=2,0%G4%G5*F LAF1+G2*G2*F LkF 5+ 2,0%G2% G3*F 1%F4~G2 %G5 *F1%F2~G3
179 $%G4 KFL*F2~G2%G4 #FL*F34GL#G5*F2%F2+24 0%G J*¥G4*F 2%F 3¢ 24 O*G 1*G 1 ¥F 4*F 5
180 $GL¥G2*F2*FS=G1*¥G3RF2XF4=GLl* G2*F3%kFo~2 ,0 %G1 *GEXF L ¥F4=2 ,0%G1¥G4H*F 1%F
181 $5
182 XCOF(5) =Ga4%GA%F1#FL+G2%G2*¥FL*F4~G2%G4*F L#F2 +G1*G4*F 2%F 24G L*G L *F 4%F
183 $4=G 1¥G 2%F 2%F 4= 2. O*G L* G4*F1*F4
184 CALL POLRT{XCOF,COFy4yROOTR,ROOTIVIER])
i85 WRITE (6+1C9)
186 109 FORMAT (/,27Xs9H L1 RCOTS,/)
187 DO 110 I=1.4

188 110 WRITE, (64112) RCCTR(I},ROOTI(I)
ig9 112 FORMAT (17XsE13.541C0X4E13.547)

190 WRITE (6,114) IER
191 114 FORMAT (1X,I1)
192 WRITE (6+106)

193 106 FORMAT (lHl.//}
194 125 DO 215 I=1:4

185 OA=F1

196 0B=F2%ROOTR{I)+F3

197 OC=F4*ROOTR( I }*ROOTR( I} +F5*ROOTR(I)+F6

198 0D=61

199 OE=G2*ROCOTR{IJ+G3

200 O0F=G4*ROITR{I)}*ROOTR( I} +G5*%ROOTR(I)+G6

201 IF (ABS(ROOTI(I))«LT.0.C00001) ROCTI(1)=0.C
202 IF (ROOTI(I)}} 20C+130,200

203 200 WRITE (64201}
204 201 FORMAT (5Xy18H ROOT IS IMAGINARY, /)

205 6o To 215

206 130 SA=0B*0B-4.0%0A*0C

207 IF (SA} 200+140+140

208 140 ROOTA1=(-0B+SQRT(SA})/(2.0%0A}

209 ROOT A2= (~0B~SQRT(SA}}/(2.0%04)

210 $B=0E*QE-4. 0*QD*CF

211 IF (SB) 20C,150,150

212 15¢ ROOTBL=(-0E+SQRT(SB))/(2.0%0D}

213 ROOTB2=(-0E-SQRT(SB})/(2.0%0D)

214 WRITE (6,155) ROQTA1,RO0TA2,RO0TB1,RO0TB2
215 155 FORMAT (/,13X,8+ RGOTAL=,F18.6+5X+8H ROOTA2=yF18.6,/,13X,84 ROCTB1
216 $=4F 18, 695Xy 8H RGOTB2=4F18.6,/])

89
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CARD

217 IF (ABS(RCOTAL~RO0OTBL).LT.0.05) GO 7O 160
218 IF (ABS(ROOTA1-ROOTB2).LT.0.05) GO TQ 160
219 IF (ABS(ROOTAZ2-ROCTBL)}.LT.0.05) GO TO 170
1220 IF (ABS(RODTA2-R00TB2).LT.0.05) GO TO 170
221 GO TO 215

222 16C WRITE (6,4180) RCCTAL

223 180 FORMAT (2Xs16H SECOND RGOOT IS ,F20.5,/)
224 ROOT=R0OO0T ALl

225 G0 T0 210

226 170 WRITE (6,180) RCOTA2

227 RCOT=RO0T A2

228 210 WRITE (64212)
229 212 FORMAT (14X, 13H CENTER POINT,31Xy13H CIRCLE POINT,/+:8Xy3H XA419X,3

230 $H YA,19X,3H XBs19X+3H YBy/)

231 XACI)=R{1)+P(1)*R0O0 TR(I}+Q(1}*ROCT
232 YACI)=R{(2)+P(2)*ROOTR(I }+Q{ 2)*R0O0T
233 XB(I)=R(3)+P(3)*RODTR(I}+Q(3)*RO0OT
234 YB{I)=R{4)+P( 4)*ROOTRII}+Q( 4)*ROOT
235 WRITE (64230) XA(I),YA(I},XB(I),YB(I)

236 230 FORMAT (4F20.84/433X920H XXXXXXXXXXXXXXXXXXX /7 )
237 215 CONTINUE ’

238 SToP

239 END

69



APPENDIX E

SYNTHESIS PROGRAM FOR TWO FINITE POSITIONS,
ONE FIRST INFINITESIMAL DISPLACEMENT
AND ONE SECOND INFINITESIMAL

DISPLACEMENT

70
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SYNTHESIS OF SIX-LINK STEPHENSON 2
FUNCTION GENERATOR

TWO FINITE POSITIONS,

ONE VELOCITY RATIO,AND CNE ACCELERATION RATIQ

INPUT FINITE ROTATICON TH1( 1)
QUTPUT FINITE ROTATION PH1(1)
ASSUMED ROTATICN CF TERNARY ALL(I)

FIRST INFINITESIMAL DISPLACEMENT DPHDTH(K)

SECOND INFINITESIMAL OISPLACEMENT DDPHTH(J)

QUTPLT LINK LENGTH QC
QUTPUT LINK INITIAL ANGLE THE
ek 3ok ok ok Aok Ao ok ko J ko kO F R R Kok ko K koK koK *

%*

L L AR IR R 3 B A I R R A IR IR A R

DIMENS ION XCOF(5),COF(5I,RDOTR(4),RO0T1(4)

DIMENSION XQ(5) +YQ(5}+XA{5)YA({S), XB{5) 2 YB(5)+XC(5),YC(5)

DIMENSION THI1{5)+PHLI5) 4ALL(S5)

DIMENSION H(16),H1(16)+H2(16),R(4),Pt4),Q(4)
DIMENSICN DPHDTH(5)sDCPHTM{5),DTHDAL(5),DDTHAL(5)
DIMENSION DXC{5)+DYC(5)+DDXC{5) +DDYC(5)

DIMENSION P

READ (5,5}
5 FORMAT (11,

WRITE (646)

XC(5)+PYCL5)4PPXC{5),PPYC(5)
JrK
11)

Ked

xikk

6 FORMAT (//,5X,32H VELOCITY RATIG IS AT POSITION +11,39H AND ACCEL

$ERATION RAT
READ (5,10)
READ (5,410}
READ (5,10)

10 IS AT POSITION ,11,//)
TH1I(2)
PH1(2)
ALL(2)

10 FORMAT (F10.0)

READ (5,20}
READ (5,20)
READ (5,20)
READ (5+20)
20 FORMAT (2F1

QC s THE

DPHOTH(J 1+ DTHDAL ()

DDPHTH(J) +DDTHAL (J}

DPHD TH( K} D THDAL (K}
0.0}

WRITE (6,11) TH1(2)

11 FORMAT (SX,
WRITE (6,12
12 FORMAT {9Xs

24H INPUT ROTATION ANGLE 1542X4F10.34/)
) PHL(2])
25H QUTPUT ROTATION ANGLE IS,1X,F10.34/1}

WRITE (6,13) AL1(2)

13 FORMAT (9X,

22H TERNARY LINK ROTATION,4X,F10.34/}

WRITE (6,14) QC+THE

TL
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CARD

55 14 FORMAT (6X,15H OLTPUT LINK ['S4F10.3,24H LONG AND AT AN ANGLE OF,Fl

56 $0..3,/)

57 WRITE (6415} DPFDTH(J),DTHDAL (J)

58 . 15 FORMAT (9X, 11H DPHD TH(J)=4F 102 3 110X+ 11H DTHDAL(J)=yFL0.3,/)

59 WRITE (6416} DDFFTH(J), DDTHAL (J)

60 16 FORMAT (9X;11H DDPHTH(J)=+F10.3+10Xs11H DOTHAL(J)=4F10.3,/)

61 WRITE (6419) OPHDTH(K),DTHDAL(K)}

62 19 FORMAT (9X,Llh CPhOTH{K)=,Fl0+3+10Xy11H DTHDAL(K)=,F10.3,//}

63 XQ1)=1.0

64 ¥Q(1)=0.0

65 XM=0.0

66 YM=0.0

67 THL(1)=0.0

68 PH1(1}=0.0

69 AL1(1}=0.0

70 THE=(THE*3.14159265)/180.0

71 1=2
72 THI(I)=(THL( 11%3.14155265)/180. 0

73 PHL (I)=(PH1(I)%3.14159265)/180.0 "

74 ALL(I)=(AL1(I)%2,14159265)/180.0

75 XC(1)=1,0+QC*COS(THE)

76 YC(1)=0.0+QC*SIN(THE)

77 XQUI)=1.0%COS{-THL( 1))

78 YQ(I)=1.0%S IN(=THL{ 1)}

79 XC(I)=XC(1)*COS(PHL (1)=THL (1)) =YC(L)*S IN(PHL(I)=THL (1)) +XQ(I)=XQ(1

80  $)¥COS(PHL(T)=THL(I) 1+ YQ( 1) *SIN{PH1(I}=THL(I))

81 YCUI)=XCOLD#S INCFEL (1 )=THL( T} +YC(L1)*COS(PHLICT)=THL{ 1) }+YQ( 1} =XQ(1

82 $)ASIN(PHL(I}=THL(I))=-YQ(L)*COS{PHL(I)-THL(I))

83 DXC{J)I={XC( 1)-XQU LI I*(SIN(PHL(J) -THL(J) }=SIN(PHL (J) =TH1(J) ) *DPHOTH

84 $CHIE(YC(LI=YQ{L))*(COS(PHL (J)=THL(J ) )=COS(PHL(J)=THL{J ) ) *DPHDTH(J

85 $))4XQULIXSIN(=THI(J} ) +YQULI*COS{-THL (N }

86 DYC (J)={XC{1)=XQ(1) 1%(~COS{PHLIJI-THL(JI))+COS(PHL1(J) -TH1 (J) 1*DPHOT

87 SHIJDI € (YCLL)=YQU1) )% (SIN(PHL (J)=THL(J) }=S IN(PHL(J }=THL(J ) }*DP HDTH(

88 $J))-XQ(1)*COS(=THL{J) )+ YQULI*SIN(=TH1(J})

89 DOXC(J)=(XC(L1=XQ(1) )*(-COS{PHL(J I=THL(J) }4 2. 0%COSIPHL( J)=THL(J) ) *

90 $DPHDTH(J)=COS(PHL (J}=THL (J) J#DPHDTH{J 1 ¥DPHDT H{J )=S IN(PHL(J )=THL(J}

91 $)XDDPHTH(J ) )+ (YC(1)=YQU 1) }* (SIN(PHL{J) = THL( J) )=2.0%SIN{PHL (J) =TH1 (

92 $J1)*DPHDTH(J) #5 INCPHL{J)=THL(J ) *DP HOTH(J )¥DP HD TH{ 4 }=COS({PH 1( J} =TH

93 $10J) )#DDPHTH(J} }=XQ{1)*COS{~THL {J) ) +YQ(1 I*¥SIN(~THL (J) }

94 DOYC(JI=(XC(1)=XQ{1))#(=SIN(PHL{J)=THL( J) ) +2. OXSIN(PHL(J) =THL (J)} ) *

95 $OPHDTH{J) =S IN{PHL(J)=THL ( J) }*DPHDTH (J PXOPHDTH (4 ) +COS(PHL(J 1=THL(J)

96 $)¥DDPHTH(J ) }+(YC(L)~YQU1) j*{-COS(PHL(J) =THL (J} ) +2.0%COS ¢PHL {J )~THL

97 $(J) YXDPHDTH{(J }=COS (PHL(J }=THL(J ) )*DPHDTH{ J ) *DPHOTH( J) = SIN( PHL( J) =T

98 SHI(J)V*¥DDPHTH () }=XQULI*SIN(=THL(J))=YQ(LI*COS (~THLEJ))

99 DXC (K }=(XC(1)=XQ{ 1) )*( SIN(PH1(K) =TH1{K) )=SIN(PH1{K)=THL (K] ) *DPHDTH
100 $CKII4+(YC(LY-YQ(L)I*(COS (PHLIK)=THI(K ) )~COS(PHI{K)=THL(K) ) *¥DPHDTH(K
101 $))¢XQ(1I%SIN(=THL(K) }+#YQ{L)*COS(~THL (K) )

102 DYC(KI=(XC(1}-XQ(1) ) *(=COS(PHL(K)=THL(K))+COS(PH1(K)=THL(K) )*DPHOT
103 SH{K) I #(YC(1)=YQ(L1))*(SIN(PHL(K)=TH1(K))~SIN(PHL{K)-THL(K) )*DPHDTH(
104 $K1)=XQ( 1) *COS(=THL(K) )+ YQ(L)* SIN(~THL (K))

105, WRITE (6,17} OXC(J)sDYCLJ}

106 17 FORMAT (9X,8H DXC(J)=43X,F10.3,10X,8H DYC(J)=43X,F10.3,/)

107 WRITE €6,21) DDXC(J},DDYC(J}

108 21 FORMAT {(9Xy9H DEXC(JI)=y2X¢F10.34 10Xy 9H DDYC(J)=92XyF10.347)

CL
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CARD

109 WRITE (6+18) CXC(K),DYC(K]}

110 18 FORMAT (9Xy8H DXC(K)=¢3X,F10.3,10X,8H DYC(K)—vBX,FlO 347771

111 - PXC(J)=DTHDAL(JI*DXC(J)

112 PYC {J}=DTHCAL(J)*DYC(J)

113 PPXC{J}=DDTHAL{J)*DXC(J)y+DTHDAL (J)*DTHDAL(J)*DDXC(J)

114 PPYC {J)=DDTHAL (J)*DYC(J }+DTHDAL(J}=*DTHDAL(J)%DDYC (J)

ii5 PXC (K} =DTHCAL(K)*CXC(K)

116 PYC{K}=DTHDAL(K)*DYC(K)

117 WRITE (6,31)

118 31 FORMAT (11X,3H XQy18Xy3H YQy18X+3H XCy18Xy3H YC,s/)

119 DO 33 i=1,2 )

120 33 WRITE (6,32) XQ(I),YQ(I},XC(I)sYL(I}

121 32 FORMAT (6XsF1l2. 895X +F12.819XsF12819X9F12.84/}

122 I=1

123 H{T)=XC(I+1)=XC(1)*COS(ALLUI+1))+YC(LI*SIN(ALLL I+1))

124 HE2)=PXCUJI+XCOLI*SIN(ALL{JI D #YC (L) *COS(ALL (J))

125 H(3)=PPXC(J)+XC{1)*COSCALL(JII-YCCL)*SIN(ALL(Y))

126 H(4)=PXC(K) +XC (1 )*S IN(ALL{K)J+YC(1)*COS (AL1(K))

127 H(I#4)=YC(I+1)-YCU1)*COSC(ALL{I+1})=XC(L)*SIN(ALL(I+11})

128 HE{6 )=PYCIJ ) =XC{1}*COS (ALLLY ) p+YC L LI*SIN(ALL(J))

129 H{7)=PPYC (J)+XC¢1)*xSINLALL(J)I+YC (L )*COS (ALL{J))

130 H(8)=PYC(K)}=XC( 1}*COSCALL(K}I+YC{ 1) *SIN(ALL(K})

131 H{I14#8)}==H(I)*COS(ALL(I+1))-H{I+4)}*SIN(ALL1(I+1))

132 H{10)==PXC{JI*CCS(ALLWJ) )~ PYC(J)*SIN(ALI(J))fXC(J)*SIN(ALl(Jl)-YC(
133 $J)*CAS (AL LI ) v

134 - H(L1l)==PPXC(J}*COS{ALL(JI ) }=PPYC(JI*SINCALL(J) I+2.0*PXC(J)*SIN(AL 1(
135 $J))=2.0%PYC{JI*COS(ALL(J) I+ XC(J)*COSTALL(J))#YC(J)*SINCALL(J)}

136 H(12)==PXC(K )*COS(ALL(K) )~PYC(K)*SIN(AL 1{K) I+ XC(KI*SIN(ALL(K})-YC(
137 $KI*COS(ALL(K))

138 H(I#12)==H{ I+4)*COS(ALL(I+1) }+H{II*SINCALL(I+1))

139 H{14)=PXC{J)*SINCALL(J} }-PYC(J)*COS(ALL(JJI+XC(J)I*COS(ALLIJ}I+YC(J
140 $)*SIN(ALL(J))

141 H{15)=PPXC(J}*S IN(ALL1(J))=PPYC{JI*COS(ALL(J))+2.0*PXC(J)*COS(ALL(Y
142 $1)#2.0%¥PYC(JIRSINCALL{J))=XCUJI*S INCALL(J D) +YC(J)I*COS(ALL(J))

143 H(L6)=PXC(K)* SINCALL{K) }~PYC(K)*COSCALL(K))+XC(K)*COS(ALLIK)I+YC(K
144 $)%S INCALL(K D))

145 DO 72 I=1,16

146 72 HLLIM=H(T)

147 DO 74 I=l,16

148 T4 H2(1)=H(I)

149 I=1

150 R{I1=0.5* (H(I)RH(T) +H(I+4)*H(1+4))

151 RE2)=(YCU D) *XC(I)=XCL)*YC(J)=YCLL)*PYC (J)-XC(L)I*PXC(J)I*COS (AL L(J
152 $) )+ (XCLLI®XC(IDHYCLLI*YC(JI=XCOLIXPYC (I 4YC(1I*PXC{J)I*SINCALLLJS))
153 S+XC (N *PXC(J)+YC(II*PYC(J)

154 1S1=2.0%YC( L)} ¥P XC(J)=2. O%XC{ L) ¥PYC(J)~YC(1)%PPYC(J)=XC(1)*PPXC(J)+
155 $SXCLLIAXC(II+YC(1)HvC(Y)

156 252=2.0%XC(L)*PXC(J)+2, O*YC(1)*PYC(J)°XC(1)*PPYC(J)+YC(1)*PPXC(J)-
157 SYCLLI*XCOII+XCOL)*YC ()

158 R(3) COS(ALI(J))*ZSl+SIN(AL1(J))*ZSZ*XC(J)*PPXC(J)*YC(J)*PPYC(J)+P
159 $XCLJI*PXC(I)+PYC(JI*PYC L)

160 R(4)=(YC{1)*XC(K)=XCOL)*YC(KI=-YC(L}*PYC(K)=XC(LI*PXC(K))*COSC(ALL(K
161 $) )+ (XCOL)RXCUK) +YCIL I*YCUKI=XCULI*PYC (KD +YC(1I¥PXC(K) I*SIN(AL 1({K))
162 $+XC(KI*PXCIK)+YC(K)*PYC(K)

€L
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CARD
163 P{I)=1.0-COS(ALL{I+1)}
164 P(2)=SIN(AL1(J))
165 P(3)}=COS(ALL(J} )
166 P(4)=SIN(AL L(K))
167 QUI)=SINCALL{I¢1})
168 Q(23¥=COSCALL{J))
169 Q(3)=-SIN(ALL(J))}
170 Q4 ) =COS(ALL(K)})
171 CALL SIMQ(HR,4,KS)
172 CALL SIMQ{H1,P,4,KS1)
173 CALL SIMQ(H2,Q+y41KS2)
174 WRITE (6,99} KS
175 WRITE (6,99) KS1
176 WRITE (6,99} KS2
177 99 FORMAT (1X,11)
178 FL1=Q(1)*Q(31+Q(2)*Q(4)
179 F2=P(1)*Q(3)1+Q{1}*P(3)1+P(21%Q{4)1+Q(2)*P (4}
180 F3=R(1I*Q(3I+Q{ 1V *R(3)}+Q(2) (4} +Q( 4)*R(2)
181 Fa=P{L)*P(3)4P(2])%P{4)
182 FS5=P(1)*R(3) ¢P{ 3}%kR(LI+P{2}*R{4}+P(4)*R(2)-1.0
183 Fo6=R(LI*R(3)+R(2)}*R{ &)
184 G1=Q(11*Q{4)-Q{2)%Q(3}
185 G2=P(1)*Q(4)+Q( L)*P{4)=-P(2)*Q(3]) - Q(Z)*P(a)
186 G3=R{1)*Q{4 )+Q(L}*R (4)-R(2)*Q(3)=-Q(2)*R (3)-1.C
187 G4=P(1)*P(4)=P(2}%P{3)
188 G5=P(LIIR(4)+R{ 1)*P(4)-P(2)*R(3)-P(3)*R (2}
189 G6=R{1)%*R{4)~R(2}*R(3)
150 XCOF( 1) =F 1%F 1%G 6%G6+G3*%G3*F1¥F6~G3*GOXF L¥F3+Gle GOXF 3% F3+GL¥GLXFO*F
191 $6-G1l*G3¥F3%F6~-2 ,0%GL*GE*F1*F6
192 XCOF(2) =2 +0%G5*%Go*F1*¥FL 2 .0*G2*G3*F1%*F6 +G3%*G3%*F L ¥F5-G3%G6XF 1¥F2-G2
193 $KGOKF L¥F3~G3*GSKFL*F342, 0%G 1¥G 6*F 2%k F 346 1% G5* F3*k F3 42 o 0*GL*GLl *FS*F6—
194 $GL*GI¥F2*F6—GL*C2¥F3%F6-G1¥G3*F 3%¥F5=2,0%G1*G5*F 1%F 6= 2, 0%G L*G 6%F 1*F
195 $5
196 XCOF(3)=220%G4*GE*F 1%F 145G 5%G S*F 1% F 1+52% G2%*F 1¥F 642, 0%G2*G3*FL*x F5+G3
197 $XG3XFL*FG=G2%G6*FlXF2~G3 %G5 ¥F1*F2~G2%G5 *F 1*kF 3-G 3%G4*F 1 ¥F 3+ 1*G6*F 2
198 $HF2+42.0%G 1kG5%F 2%F3+4G1* G4* F3%F3+#2 ,0%Gl*GL¥F4*F6 +G1¥GL¥FS*¥F5-G1lkG2*
199 $F2¥F6=GLl¥GI*F2*F5=GLl*G2*F3*F 5~ 1%G 3%F 3%F 4— 2, 0%5 1%G 6¥F 1¥F4-2, O*Gl*G
200 $5%F 1% F5-2 .0%G1*G4*F] *F6
201 XCOF(4)=2,0%G4*GE*F 1 kFL+G2*G2%F L*F 5+ 2. 0*G2*G3%FL¥F4~G2%G5*F 1 %F2~G3
202 $HGHKFLkF2-G2XG4*F1%F34GC1*G5RF2%F2+2, 0% }XG4RF 2% F3+2, 0% 1¥G 1 ¥F 4*F 5
203 $G1¥G2¥F2*¥F5=G1*G3%kF2%F4—GlkG2RF3%kF4~2 J0KGLI kG5 XFL*F4=2 ,0XG1%KG4%F L *F
204 $5
205 XCOF(5)=C4*G4*F 1¥F14+52%G2%F 1¥F4=~G2kGA*F L*F24G1XG4kF 2%F 24G 1 %G 1 %F 4%F
206 $4-0 1%G 2%F 2%F 4~2, 0%G 1% G4*¥FL*F4
207 CALL POLRT{XCOF,COF,4yRO0TRsRCOCOTI,IER)
208 WRITE (6,109) :
209 109 FORMAT (/427Xs9H L1 ROGTS,/)
210 D0 110 I=1,4

211 110 WRITE (64112) RCCTR(I},ROOTI(I)
212 112 FORMAT (17X4E13.5510X4E13.54/)

213 WRITE (6,114) IER
214 114 FORMAT (1X,11}
215 WRITE (6,106}

216 106 FORMAT (1HL1,.//)

WL
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CARD

217 125 DO 215 I=1.4

218 0A=F1

219 - OB=F2%ROOTRIIN+F3

220 0C=F4*RCOTR (I I*RCOTR(1)}+F5*RUOTR(I}+F6

221 0D=61

222 JE=G2*RO0TR(I1+G3

223 OF=G4*ROOTR(I)*RCOTR(I)+G5*ROOTR(1)+G6

224 IF (ABS(ROOTI(1)}.LT.0.000001) ROOTI(I)=0.0
225 IF (ROOTI(I}) 2004130200

226 200 WRITE (6,4201)
227 201 FORMAT (5X,18H ROOT IS IMAGINARY,/)

228 GO TO 215

229 130 SA=0B*0B-4.0*0A*CC

230 IF (SA) 2004140,140

231 140 ROOTAL=(-0B+SQRT(SA})/(2.0*%0A)

232 ROOTA2=(~0B-SQRT(SA)) /(2.0%0A)

233 SB=0E*DE-4.0*0D*0F

234 IF (SB) 200,150,150

235 150 ROOTB1=(-0E+SQR T(SB}) /(2.0%0D)

236 ROOT B2= (-0E-SQRT(5B))/(2.0*0D)

237 WRITE (6,155) RGCTAL,RO0TA2,RO0TBL, ROOT B2
238 155 FORMAT (/+13X,8H ROOTAL=4F18.6¢5Xy8H ROOTA2=+Fl8.6,4/,+13X,8H ROOTBL
239 $=9yF18.645X¢8H ROOTB2=,F18.647)

240 IF (ABS(ROOTAL-RCGTB1).LT.0.05) GO TO 160
241 1F (ABS(ROOTA1-RO0TB2).LT.0.05) GO TO 160
242 - IF (ABS(ROOTA2-RCOTB1}.LT7.0.05) GO TO 170
243 IF (ABS{ROOTA2~ROOTB2).LT.0.05) GO TO 170
244 GO TO 215

245 160 WRITE (6,180) RCOTAL
246 180 FORMAT (2Xy16H SECOND ROOT IS ¢F20.547)

247 ROOT=ROCT Al

248 GO T0 210

249 170 WRITE (é,180) ROOTA2
250 ROOT=ROOT A2

251 210 WRITE (64212)
252 212 FORMAT (14Xs13H CENTER POINT431X,13H CIRCLE POINT,/8Xs3H XA419X,3

253 $H YA 419X ,3H XBy19Xs3H YBy/)

254 XA{I)=R(1}+P(1)*ROOTR(I}+Q(1)*ROOT
255 YA(I}=R(2)+P(2)*ROCTR(I)+Q{(2)*R00T
256 XBCI)=R(3)+P(3)*ROOTR(I)+Q(3)*R0OOT
257 YB(I)=R (4} +P(4)*RODTR(I)+Q(4)*RO0OT
258 WRITE (6+230) XA(I)+YA(I),XB(I),YB{I)

259 230 FORMAT (4F204849/7433X,20H XXXXXXXXXXXXXXXXXXXs//}
260 215 CONTINUE

261 ) STOP

262 END
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C *******#*****#*#*****i*#***#*** ES 2 2 253 %k % %k
C * %
C * SYNTHESIS OF SIX-LINK STEPHENSON 2 *
C * FUNCT ION GENERATOR *
C * *
C * TWO FINITE PGSITIONS AND ONE JERK RATIO *
C * *
C *x %*
C * INPUT FINITE ROTATION THI(I} *
C * . *
C * OUTPUT FINITE ROTATICN PH1{1) *
C % . *
C * ASSUMED ROTATIGN CF TERNARY ALL(T) *
[ *
C * THIRL INFINITESIMAL DISPLACEMENT ODOPTH(J) *
C * *
C * OUTPUT LINK LENGTH [2.04 *
C * *
C * OQUTPLT LINK INITIAL ANGLE THE *
c * *
€ seskateoteot ok ok ARk o o ok o b 3k ok ok sk ook sk koK Kok * EY: 3 *
c

DIMENS ION XCOF(‘)yCUF(S)yRDOTR(4)'RO0TI(4)
DIMENSION XQ(S)1YQ‘5)QXA(5)7YA(5)!XB(S):YB(S)'XC(5)'YC(5,
DIMENSION THL(5) yPH1(5) ,ALL(5)
DIMENSION H(16)yHL(16)yH2(1634R(4)+P{4)+Q(4)
DIMENSION OPHDTH (5} DOPHTH(5),D00PTH(5)
DIMENSION DTHDAL{(5}.DDTHAL(5),DDDTAL(S)
DIMENSION DXC(5)+sDYC(5)+DDXC5),0DYC(5),DDDXC{(5},DDDYC(5)
DIMENSION PXC(5),4PYC(5),4PPXC{(5) +PPYC(5):PPPXC(5),PPPYC(5)
READ (5+5}) 4
5 FORMAT (I1)
WRITE (646) J
& FORMAT (//+15X»31H JERK RATIO SPECIFIED AT POINT ,11,7/)

READ (5,10) TH1(2)
READ (5,10} PH1(2}
READ (5,10) AL1{2)

10 FGRMAT (F10.0)
READ (5,20) QC,THE
READ (5,20) DPHCTH(J ),DTHDAL{J)
READ (5,20} DDPHTH(J) +DDTHAL(J)
READ (5+20) DDDPTH( J}DDDTAL(J)

20 FORMAT (2F10.0}

} WRITE (6511) TH1(2)

11 FORMAT (13X,24H INPUT ROTATION ANGLE 1S+2X:F10.3,/)
WRITE (6412) PHL1(2)

12 FORMAT (13X,254 OUTPUT RGTATION ANGLE IS41X4F10,.3,/)
WRITE (6,13} AL1(2)

13 FORMAT (13X,22H TERNARY LINK ROTATICN:4X+F10.3,/7)
WRITE (6414}) QC,THE

14 FORMAT (4X,15k CUTPUT LINK IS,F10.3,24H LONG AND AT AN ANGLE OF oF 1
$0.34/7)
WRITE (€éy15) DPEDTH(J),DTHDAL(J)

15 FORMAT (7Xs11H CPHDTH(J)=4F10.3+10Xs11H DTHDAL(J)=+F10.3, /)

LL-
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16

17

WRITE (6,16} DDFKTH{J), DDTHAL{J}

FORMAT (7Xy11H CDPHTH(J)=9+F10.3,10X,11H DOTHAL{J)=,F10.3,/)

WRITE (6,17) DDCPTH(J),DDOTAL(J) .

FORMAT (7Xs11F CEDPTH(J)=9F1l0.3,410X,11H DDDTAL(J )=y FLl0e3,//})

XQ{1)}=1.0
YQ{11}=0.0

AM=0.0

YM=0,.0
THL(1)=0.0

PH1{11=0.0

AL1(1}=0.0

THE=(THE*3.14159265)/180.0

I1=2

THL(I)=(TH1(I)*3.14159265)/180.0

PHL(I)=(PHL(1)*3.141592651/180.0

ALL(I)=(AL1(I)*3.141592651/180.0
XC(1)=1,0+4QC*COS(THE)

YC(1)=0.0+CCrSIN{THE)

XQ(I)=1.0%COS{~-THI(I))

YQUI)=L O*SIN(-TFI(I)}

XC(I)=XC(L)*COS(PHL(I)}=THL(I}}=YC(L)}I*SIN(PHLIT}-THLEI))#XQf I)-XQ(1
$)*COS(PHI(II=THL( T} )+YQ( LI *SIN(PHLGII-THI(I))

YC{I3=XC(L)*SIN(PHL (I)-THL{I))#YC(L)*COS{PHL(I)-THI(I}}I+YQ(I}~-XQ(1
$IESIN(PHL(I I =-THI(I))=-YQ(L)*COS(PHL{I}-TH1I(I)})

DXC{J)=(XC{L1}=XQUL) I*(SIN(PHL(J}=THL(J) }=SIN(PH1(J) =THL(J} }*DPHDTH
SN+ (YC(L)=YQULII*(COS(PHL(J)-THLI(J) )-COS(PHI(JI=-THL(J))*DPHOTH(J
$))#XQELI*SIN(-THL(J) ) +YQU 1) *COS(=TH1(J) )

DYC(J ¥=(XCILI=XGQE{1} ¥*(-COS(PHL(JI=THL(J }I+COS(PHLISI~THL(J) ) ¥DPHDT
$SH(J I {YC(L)=YQ(L) I *{SIN(PHL(J)=THL (J} ) ~SIN(PHL (J)=-THL{J) }*DPHDTHI
$J)1-XQE1I*COS(~THI{ I I+ YQ(LI*SIN(-THLIN)}

DDXC(J) =(XC(L}-XC(1 )} *(~COS (PHL(J)-TH1(J))¢2.0*%COS{PH1I(J)I-TH1(J))*
$DPHDTH{J} -C GS(PHL(JI=THL(J) ) *DPHDTH (J 1*DPHOTH(J)~S IN(PHL(J)~THL(J}
$)*DDPHTH(J P I+ (YC(L)-YQUL1} I *(SIN(PHLI(J)~THI(J})~2. 0% SIN(PHL(J) -THL (
$J))XDPHDTHE{J) +S IN(PHL (J ) =THL (J) )*DPHDTH(J )*DPHDTH(J )=COS(PH1(J)=-TH
$1{J})V*DDPHTH(J} )-XQ(1)1*COS{=TH1(J) )} +YQ(1I*SIN{(=-THL (J})

DOYC(J)=(XCL)=XQ(1) I *(=SIN(PHLIJ}-THL( J) )+ 2. CRSIN(PHL{J)=TH1(J)}*
$SDPHDTH( J) =SIN(PHL(J)~THL(J) }*DPHDTH(J }*DPHDTH(J ) +COS(PHL{J )-THL(J}
$I*DOPHTHIJ I I+(YCOL)-YQU 1) ) *(=COS(PH1(J)=THLI(J]) 2. 0*COS(PHL (S} =THL
$(J) }*DPHDTH (S }~CCS (PHI(JI-THL(J ) ) =DPHDTH(J }*DPHOTH( J)-SIN(PHL( J}~-T
$HI(J))*DDPHTH (Y ) ) =XQE 1) * SIN(=-THL(J} )-YQ (1 I*COS(-THL (J})

DDOL==S IN{PH1I(J }~THL(J) }+3,0#SIN(PHLI(J)=TH1(J) ) *DPHDTHLJ) =3.0%SIN(
$PH1(JI-THL(J) }*CPHDTHEJ }*DPHEDTH(J ) #3 .0*COS (PHL(J )I-THL(J )} *DDP HTH(J
$1-3, 0%COS(PHL(J)-THL( J} }*DPHDTH (J)*DDPHTH (JI +SIN(PHL{J)-TH1 (J ) ) *DP
$HDT H(J ) ¥DPHDT R{J }*DPHOTH(J }=SIN(PH1(J }=TH1(J) )*DDDP TH( J})

DDD2==COS(PHL(J)=THL1(J} ) +3.0%COS (PHL{J)-THL(J))*DPEDTH(J )=-3.0%COS(
$PHLI(J)=TH1(J) )*DPHDTH(JI*DPHDTH(J}=3. 0k SIN(PHL{J)=THL (J) } *DDPHTH(J
$) 43 L0*SIN(PHL{J)=THL(J) )*DPHDTHI{J )*DDPHTH(J )} +COS(PHI( J}=-THL{J) ) *DP
SHOTH( S)*¥D PHD TH( J)*¥DPHDTH(J) =COS{PHL (J)=THL (J) }*DDDPTH{(J}

DDD3=COS{ PHL(J)=THL (J})-3. O%COS(PHLI{ JI~THL( J) }*DPHDTH(J) +3.0*COS (P

CSHL(JY=THL(J) )*DPROTHCJ}RDPHDTH{J } 43 .05 IN(PHL{J }-TH1(J })*DDPHTH{J)

$=3, 0%SIN(PH 1(J) =THL{ J) ) *DPHD TH{ JI*DDPHTH (J) -COS (PHL {J)-THL (J) )*OPH
$OTH(J )*OPHQTH(J J*DPHDTH{J ) +COS(PHL( J)-TH1(J) )*DDDPTH (J)

DDD4=-SIN(PHLEJ ) =THL (J) 143 0*S IN(PH1(JI=-THLI(J} ) *DPHDTH(J }=3.0*SIN(
SPHL(J)=THI(J ) 1*DPHOTH(J)*DPHDTH(JS) +3., 0% COS(PHL{J)=THL (J} ) *DDPHTH(J

8L
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CARD
109 $)=3.,0%COS(PHL(J)=THL{ J} V*DPHDTH(J)*DDPHTH(JI+SIN(PHL(J}=THL {J) ) *0P
110 SHOT H(J ) *DPHDTH(J }*DPHDTH(J )=SIN(PHL(J )=THL{JI} ) *DODP TH( J)
111 DDDXC(J)=(XC{1}1=XQ(1))*DDDL+{YC(L)-YQ(1))*DDD2~XQ(L)*SIN(=-THL(J))-
112 $YQ(1)*COS{-TH1( J})
i13 2CCYC(J)={XC(1)- XQ(l))*DDDB*(YC(l) YQ(1))*DDD4+XQ( 1 )*COS(~TH1(J) ) -
114 $YQULY*SIN{=TH1(J))
115 WRITE (6,21) DXC(J),DYC(J)
116 21 FORMAT (7X,8H DXC(J)=93X4F10.3410X+8H DYC(J)=33XsF10.3,7)
117 WRITE (6,22) DDXC{(J},DDYCLJ)
118 22 FORMAT (7Xy9H DLXC(J)=12XsF1043,10X49H DDYC(J)=92XsF1Ca3,/)
119 WRITE (6,23) DDCXC(J),D0DYC(J)
120 23 FGRMAT (7Xy10H DDDXC(J)=31X9F1043+10X210H DDDYC(J)=1X,FL10.3,4//)
121 PXC(JI=CTHOAL(J)*DXC(J)
i22 - PYC(J)}=DTHDAL(JI*DYC(J)
123 PPXC(JI=DDTHAL(J)*DXC(J)+DTHDAL (JI*DTHDAL(JI*DDXCLJ}
124 PPYC{J)=DDTHAL(J)*DYC (J)+DDT HAL (J }*DDTHAL (J }*0OYC(J)
125 PPPXC(J)=DDDTAL(J)*DXC(J)+3,0%DTHDAL (J)*DDTHAL(J)I*DDXC(J)+DTHCAL (J
126 $)}*¥DTHCAL(J ) *DTHLAL (J )*DDDXC{J)
127 PPPYC (J)=DOCTAL(JI*CYC(J)+3 0*DTHDAL(J}*DOTHAL(J )*DDYC(J) +DTHDAL (Y
128 $)*D THDAL(J) *DTHDAL( J)*DDDYC L J)
129 WRITE (6+31)
130 31 FORMAT (11Xe3H XQe18Xs3H YQy18X+3H XCy18Xy3H YCs/)
131 D0 33 I=1,2
132 33 WRITE (6432} XQUT),YQUI) o XC(IdyYC(I}
133 32 FORMAT (6X¢F12.899X9F12.819X9F12.899X1F12.81/)
134 I=1
135 H(I)=XC(I+1)~XC{L}*COSCALL(I+1))+YC(LI*SINTALL(I+1))
136 HE2)=PXCLI) #XCLLI*SIN(ALLLJ) y+YC(L)*COS(ALL (J))
137 H{331=RPXC(J ) +XC(1)}*COS(ALLCJ})-YC(LI*SIN(ALL(J})
138 H{4) =PPPXC{J}-XCLL)I*SIN(ALL{J})-YCLL1)*CCS(ALL(J})
139 H{I+4)=YC(I+1)-YC(1)*COS(ALL(T+1))=XC(1)*SIN(ALL(I+1))
140 H(6 }=PYC(J)=XC(11*COS(ALL(J))I+YC(1)I*SIN(ALL(Y))
141 H{T7)=PPYC(J)+XC(LI%xSIN(ALL(J})+YC(LI*COS(ALLJ))
142 H(B)=PPPYC(J)#XCCL)*COSCALL(I)I=YCU L) *SIN{ALL(J))
143 H{I+8)=—-H{I1}*COS{ALL{I+1))-H{I+4)*SIN(AL1(I+1))
144 H(LO)==PXCJIRCCSCALLGU) )-PYCLJI*SIN(ALL(J) I #XC(JIXSIN(ALL(J))=-YC(
145 $JI*COS(ALL(J)) '
146 H(11)==PPXC(L)*COS(ALL(J))I=PPYC(JI*SINCALLI(J))+2.0%PXC(J)*SINIAL L(
147 $J))=2.0%PYC(J)*COSCALL(J))I+XCOI)*COS(ALL(JDI+YC(JI*SIN(ALL(J))
148 H{L2)==PPPXC(J)*COS(ALL{J))-PPPYC(J)*SINTAL1(J) )+3. G*PP XC(J)*SIN(A
149 $L1(J))=3.CkPPYC(J)*CCS(ALL(J))+3.0%PXC(JI*COS(ALL(JD)I+3.,0%PYC(J)*S
150 SINCALL(J) )= XCOIP¥SIN(ALL(JI) I+YC(J)RCOS(ALLLY))
151 HOI+12)=—H(I+4)3COS(ALL(I+1))+H(I)*SINCALL{I+1)})
152 H{14)=PXC{J)*SINCALL (J) )=PYC{J}*COSCALL (J))+XCUN*COS(ALL(J)I+YC(J
153 $)*S IN(ALL(J)) _
154 H(15)=PPXC(JI*SIN(ALL (J)}=PPYCUJI*COS (AL1(J))I+2.0%PXC(J )*COSCAL 1{J
155 $)1+2.,0%PYCLJI*SINCALL(J))I-XC{JI*SINCALL(J))+YC(J)*COS(ALL(J))
156 H{L6)=PPPXC(J }*SIN{ALL{J})=-PPPYC(J)*COS(ALL(J))+3. 0%PP XC(J)*COS(AL
157 $L(J)I43.0%PPYC(JI*SINCALL(J) )=3 .0%PXCJII*SIN(ALL(J)}+3. 0*PYC(J)*CO
158 $S(AL1(J))- XC(J!*COS(ALI(J))-YC(J)*SIN(ALI(J))
159 00 72 1=1,16
160 72 HH(I)=H{I}
161 DO 74 I=1,16
162 T4 H2(1)=H(I)
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CARD

163 1=]

164 R(I) =055 (H{I)*H(I) #H{I+4)¥H{I¢4})

165 RE2Y=AYCLL)2XCOII=-XCOLIRYCLJ)=YCO LI %P YC { J)=XC1)*PXC{J))*COSCALL(J
166 $I+(XCILIRXC(IY+YC(L IRV CUII=XCULI*PYC (I I+YCLLI*¥PXCLJ I IFSINCAL LU YD)
167 $+XC(J)=PXC LI +YC(I)*PYC(J)

168 DD1=2.,0%YC{ L) #PXC(J }=2.0%XC 1) *PYC( J)=YC L 1) %PPYCLJI) =XC{L}*PPXCIJ)}+
169 $XCLLIRXCLI) #YC (L I%YC(Y)

i70 DD2=240%XC{ L)#P XC(J)# 2. OxYC [ LI *PYC(J) ~XC (LI *PPYC(J)+YC(LI*PPXC(J)~
171 SYC(LIEXCLJI+XC(LI*YC(Y) i

172 R{3)=COS({ALL(J) }*DDI+SIN(ALL(J) )*DD2+XC(J)*PPXCLII+YC(JI*PPYC(J}+P
173 SXC(JI#FPXC (I V+PYCLJI=PYC ()

174 DDD5==YC(1}*PPPYC (J)-XCULI*PPPXC(J) 3. 0%YC{L)*PPXC(J)=3.0%XC{1)%PP
175 SYC(J)#3,0%XCLLI*PXCUJI#3. 0% YCILI*PYCLJI=YC(LI*XC(JIEXC(LI*YC(J)
176 DODE==XC{ 1) *PPPYC(J J+YC(1)%PPPXC( I} +3,0%4XC L L) *PPXC(J) +3,0%YC (1) *PP
177 $YC(J)=3.0%Y CLLI*PXC(JI+3.0%XCULI*PYCLII-XCOLI®XC (I I-YC(LI2YC(S)
178 R{4)=CISCAL L{JY ) *DOUDS+SIN(ALLLJ) ) *¥DDDO+ XCLJI*PPPXC(JI)+YC (I} *PPPY (I
179 $J 143 .0%PXC(JI*PPXC(J)+3 ., 04PYC(J)I*PPYC(J)

180 P{I)=1.0-COS(ALL(I#1})

181 P(2)=SIN(ALL(J}])

182 P(33=COS(ALLLJ)}

183 P(&)==SIN{ALL{J})

184 QEI)=SIN(ALL{I+1}}

igs Q(23=COSCALL(N)}

186 Q{3)==SIN(ALL(J)})

187 Q& 1=-COS (ALLI(J 1}

188 CALL SIMQ(H sR ¢4 +KS)

189 CALL SIMQ(H1+Ps4+KS1)

190 CALL SIMQ(HZ,Cy4,KS2)

191 WRITE {6499) KS

192 WRITE (6,99} KS1

193 WRITE (6,99} KS2

194 99 FORMAT (1X,I1})

195 F1=Q(1)*Q(31+Q(2)*Q(4)

196 F2=P(13%Q{3 ) ¢Q(L)*P (3 )+P(2)%*Q(4)+Q(2)*P (4)

157 F3=R{1)#Q{3)+Q( 1 }*R(31+Q( 2} ¥R (4) +Q(4)*R (2}

158 F4=P(L)*P(3)4P(2)*P(4)

199 FS=P(LI*R(3)+P(3)I%R(LI+P(2)*R(4)#P{4)*R{2)-1.0

200 F6=R{1I#R(3)+R{ 2} %R ( 4)

201 G1=Q(1)*Q(4)-Q(2)*Q(3}

202 G2=P{1)*Q{4)+Q( 11*P{4}-P(2)*Q(3)~-Q(2)*P(3)

203 G3=R{LI*QU4)}+Q{11*R{4)-R(2}*Q(3}~-Q( 2)*R(3)-1.¢C

204 G4=P(L)*P(4}~P(2)*P(3) )

205 G5=P{ 1)*R(4)+R{ 1}*P(4)-P{ 2} *R{3)-P(3)*R(2)

206 G6=R{L}*R{4)~R(2)*R(3)

207 XCOF{1)=FLI¥F1*Go*56+G3%G3*FLl*FO6=-G3*xGO*FL*FI +GL*C6*FIRFI4GL¥GL*FE*F
208 $6~G 1% G3*F 3%F 6~ 2, 0%G 1 %G 6¥F 1*F 6 .

209 XCOF{2) =2 ,0%G5% COXFI%F1+2 ,0%G2%*G3*F 1 *¥F6 4 G3XGI*F L *F 56 3%G 6*F 1%F 2-G2
210 $KGO*F 1%F 3G 3XG5RF I¥F 342, (FGLXG6¥F2XxF3 +GL* G5 F3¥F342 ,0*G1*Gl*¥F5%F6—
211 $C1¥GI*¥F2XFE~Gl*C2RF3%F &~ GL¥G 3%F 3%F 5= 2, 0%G 1%G 5%F 1¥F 6=2. 0¥G1*¥ G6*FL*F
212 $5

213  XCOF(3)=2. 0%G4*GEXF 14F 1 ¢G5KG5*F1RF1+G2% G2#F1¥F6+2.0%G2*G3 ¥F1*F5 +G3
214 $*G3AFL %F4—G2%G6 #FLKF 2=-G3%G 5% F LXF 2~5 2%G 54F L1kF 3-5 3kG 4*F 1*¥F 345 1% G6*F2
215 $XFE242.0%GL*GE*F2¥F3 +G 1% G4*F3%F342,0%G1 % GL*F4%F6 +GL*GL*XFS*FE=GL*G2%

216 $F2KF6~G 1%G3 *F 2K%F 5+ 1% G2*F 3%F 5~ 1*¥G3*%F 3% F 424 0k GLXGO6* F1*F4 -2 s0*GL*G
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CARD
217 $5XF L%F 5=2, (%G 1XG4*F 1*F 6
218 XCOF(4)=2 ,0%G4*Co%F LAF1+G2*G2*F LAF 542, 0%G 2%G 3%F 1¥F 4-G2¥G5%F 1¥F2-G3
219 $HG4RFIHF2=G2¥GA*F1%FI+GL*¥GS*F2*F242,0¥GL* G4 *F2*F342 (0*G1*GLl*F4*F5-
220 $GLEG2HF 24F 5= G 1¥G3%F 2%F 4=G 1% G 2%F 3%F 4= 2. OFG 1¥GB¥F L*¥F 4 -2, Q¥ GL*k G4*F1*F
221 $5
222 XCOF(5)—64*64*Fl*Fl+GZ*GZ*Fl*F4-GZ*b4*Fl*F2#Gl*G4*F2*F20G1*Gl*F6*F
223 $4~G1¥G2%¥F 2%F 4~ 2. 0*G 1%G4*F L1 *F 4
224 CALL POLRT(XCCF,CGFy4sRO0OTRy ROOTI, IER)
225 WRITE (6.,109)
226 109 FORMAT (/,27X,9H L1 ROOTS,/}
227 DO 110 I=1l,4

228 110 WRITE (6,112} ROCTR{I},ROCTI{I)}
229 112 FORMAT (17X, E13.5+10X4E13.5,/)

230 WRITE (6,114) IER
231 114 FORMAT (1X,11)}
232 WRITE (641061

233 1C& FORMAT (1HL,//)
234 125 00 215 I=1,4

235 0A=F1

236 08=F 2#RGITR{I }+F3

237 OC-F«*ROOTR(I’*RDOTR(I)fFS*ROOTR(I)+F6

238 0D=61

239 OE=G2*RCOTRII1+G3

240 OF=G4*RO0OTR (1 1*ROOTR( 1) +G5*ROOTR(1)1+G6

241 IF (ABS(ROOTI(11).LT.0.000001) ROOTI(I)=0.0
242 . IF (ROOTI{I)) 2€Cy130,200

243 200 WRITE (6,201)
244 201 FORMAT (5X,184 ROOT IS IMAGINARY,/)

245 6o To 215
246 130 SA=0B*0DB-4 .0*0A*CC
247 IF (SA)} "200,+140+140
248 140 ROOTA1l= (~OB+SQRT(SA)) /(2.0%0A) "
249 ROOTA2=(~0B=-SQRT {SA) 1 /(2 .0*0A)
. 250 SB=0E*0E~ 4. 0%0D*QF
251 1F (SB) 200,150,150
252 150 ROOTB1=(-0E+SQRT{SB}1/(2.0*CD)
253 ROOTB2=(~DE-SQRT(SB)) /{ 2.0%0D)
254 WRITE (641551 RCCTAL,RO0TA2,RO0TBL,ROOTB2
255 155 FORMAT (/+13X,8H ROQTAL=+F18.6+5X+s8H ROOTA2=s F18464/+13X,8H RUOTBI
1256 $=9F18.645X, 8H ROOTB2=,F 1846, /)
257 IF (ABS{ROOTA1-RCCTBl1).LT.0.05) GO TO 160
258 IF (ABS{ROOTA1-ROQT82}.LT«0.05) GO TO 160
259 IF (ABS (ROOTA2-R00TB1).LT.0.05) GO TO 170
260 A IF (ABS(ROOTAZ- RGOTBZ) LT.0.05} GO TO 170
261 60- 70 215

262 160 WRITE {6+180) RO0TA1
263 180 FORMAT (2X,16H SECGND RDOT 1S ,F20.5,/)

264 ROOT=R30TAl

265 GO T 210

266 170 WRITE (6,180) RCCTA2
267 ROOT=RO0OTA2

268 210 WRITE (6,212) )
269 212 FORMAT (14Xs13H CENTER POINT.31Xy13H CIRCLE POINT/+8X+3H XAy19Xs3
270 ~ $H YA,19Xs3H XBy 19Xy 3H YB,/)
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CARD
271
272
273
274
275
276
277
278
279
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12345678901234567890123456789012345678%012345678901234567890123456789012345678%0

230
215

XA{I)=R{1)+P{ 1) *ROCTR{I}+Q( 1}*R0O0T
YA(I)=R(2)+P(2)*ROOTR(I)+Q(2}*ROCT

XB{ I}=R{3)+P{3)}*ROOTR(I}+Q(3)*RCOT
YB8{(I)=R{4)}+P(4)#ROOTR(I)+Q(4)*R0O0T

WRITE (642301 XA(I1,YALI),XB(I},¥B(I)

FORMAT {(4F20484+7933Xs20H XXXXXXXXXXXXXXXXXXXs//)
CONTINUE

sToP

END
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C etk gt ok ook o b ob ok o oh b o o kR Aokl sk ok ok etk ok ok ok FokkE KK
C * : *
C * SYNTHESIS OF SIX-LINK STEPHENSON 2 *
C * FUNCT ION GENERATDR *
C * *
C % ONE FINITE POSITION AND ONE KERK RATIO *
C * *
C * . *
C * FOURTH INFINITESIMAL DISPLACEMENT DDDDPT (J) *
C * . *
C * OUTPUT LINK LENGTH QC *
C * : *
C * CUTPUT LINK INITIAL ANGLE THE *
C * *
€ ek olestee e Seoofe ok ak o o 33k o o o3 o K b 3 3 ka3 ok ok 3 dkokok o ok ko ok ok kR *¥k sk ok
c

DIMENSION XCOF(5),COF(5),RODTR(4) RO0TI{ 4}
DIMENSION XQ(5),YQ{5)¢4XA(5)s YA(5)s XB(5)5YB(5)4XC(S)YC(5)
DIMENSION THI{5)+PHL(5) ,ALL(5]
DIMENSION HU16)4h1(16)yH2(161,R(4)sP(4) +Ql4)
DIMENSICN EPHDTFH (5) s CCPHTH5),DDOPT H(5) ,DODDPT(5)
DIMENSION DTHDAL(5) yDDTHAL(5) 4DDDTAL(5) yDDDDTA(5}
DIMENSION DXC(5)9DYC(5)sDDXCI5),DDYC(S)
DIMENSION DDDXC(5),DDOYC (5} +DDDOXC (5),DCOLYC(5)
DIMENSION PXC(5),PYC(5);PPXC{5),PPYC(5)
DIMENSION PPPXC (5] PPPYC(5)sPPPPXC(5),PPPPYC(5)
J=1
WRITE (6,6) :
6 FORMAT (//+12X+32H KERK RATIO SPECIFIED AT PGINT 1,7/)
READ (54200 QCyTHE
READ (5,20) DPHCTH(J }+DTHDAL(J)
READ (5,20) DDPHTH(J) yDOTHAL(J)
READ (5,20) DDDPTH( J),DDDTAL(J}
READ (5,20) ODDLCFT(J),DDDDTA(J)
20 FORMAT (2F10.C)
WRITE (6914} QC,THE
14 FORMAT (4Xy15H CUTPUT LINK ISsFl0.3+24H LONG AND AT AN ANGLE OF,F1
$0.34//) :
15 FORMAT (7Xy 11k CPHDTH(J)}®,F10.3+10Xy11H DTHDAL(J)=4F1Ce34/}
WRITE (6415) DPFDTH(J),DTHDAL(J)
WRITE ( 6916) DDPHTH(J),DDTHAL(J)
16 FORMAT (7X,11F CCPHTH(J)=¢F1043,10X,11H DDTHAL{J)=9F10.34/)
WRITE (6,17) DDDPTH (J),DDDTALIJ}
17 FORMAT (7Xs 11H DDDPTH{J)=,F10.3,10Xs11H DODTAL( J)=yF10.3,7/)
WRITE (6418) CDLDPT (J);DDDDTA(J)
18 FORMAT (7Xs11H DDDDPT(J)=yF10.3410X,11H DDDOTA(J)=,F10.347/)
XQi1)=1.0
YQ{1)=0.0
XM= 04 0
YM=0.0
TH1(1)=0.0
'PH1(1)=0.0
ALL(11=0.0
THE= (THE*3.14155265)/180.0
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XC(1)=1.0+QC*CAS(THE)}

YC(1)=0.04.QC*SIN{ THE}

DXC(J)=(XC(1)-XQ(1))*(SIN(PHI(J)-THI(J))-SIN(PHI(J)—THl(J))*DPHDTH
$(I)IH{YC(LI=-YQUL1))*x (COS(PHL{J)}=THL1(J)}~COS(PHL(J)~THL{J)}*DPHDTHIJ
$))eXQELI*SIN(=THI(J DI +YQULI*COS(-THI(J))

DYC{JI=EXC{L)=XC(L) }*(=COS(PHL(JI=THL(J)}+COSIPHI({I)=THL{ I} }*DPHDT
SHIJIY+(YC{L)=YQUL ) {SIN(PHL{JI=THL(J} )} =SIN(PHL{J)=THL (4} }*DPHDTH(
$J))=-XQ{1)*COS(=TH1(J)I+YQ(L)*SIN(-TH1(J)}

DQXC(J)=(XC(1)—XC(1))*(-COS(PHl(J)-THI(J))*Z-O*COS(PHL(J)-THI(J))*
$DPHDTH(J) =COS(PHI(J}-THI(J) }*#DPHDOTH (JI*DPHOTHISI-SIN(PHL(J}-THL(J)
$)%DDPHTH(J ) I #(YC(L)=YQUL)I*(SIN(PHI(J)~THI(J) D=2 ORSIN(PHL( J) -TH1(
$J))*DPHDTH(J)+SIN(PHLI(J)=TH1(J} }*DPHDTH (JI*DPHDTH(J }=COS{PHI(J)}-TH
$1(J ) I*DDPHTH{J) 1=XQ( L) *COS(-TH1(J)) +YQ(1)*SIN(-THL(J})

DOYC(JI=(XC(1)=XQ(1) )} *(=SIN(PHL(J)}-THI(J))I+2.0%SIN(PHL(J)-THI{J})*
$DPHOTH( J}-SIN(PHLI(J)=TH1(J) }*DPHOTH(J}*OPHDTH(J J+COS(PH1(JI-THI(J)
$)RDDPHTH(I ) I #(YC(1)=YQU 1} )*{~COS(PHL(J)=THLI(J) ) +2. 0%COS(PHL (J}-TH]
$(J) }EDPHDTH(J)=COSEPHL(J)=-THL(J } Y*DPHDT H{J ) *DPHDT H(J }=SIN(PHLI(J)-T
$SHL(J)I*DDPHTH( ) I=XQULI*SIN(=THI(J})-YQ{L}*COS(-THL(J))

DDD1==-5S IN(PHL(J }=THL{J) )+3.0%SIN(PH1( J)~THL(J) ) *DPHDTH{J)-3.0%SIN(

$PHL(J)=THL(J) }*¥CPEDTH{J V*DPHDTH(J}+3,0%COS (PHI(J )»THL(Y ) J#DDPHTH(J
$)~3.0%COS(PHL(JII=THI( J) ) *DPHDTH{ S *DDPHTH (J) +SIN(PHL (J}-THL (J) ) *DP
SHOTH(J)*0PHDTH( JV*DPHOTH(J I-SIN (PHL(J )= THLI(J } }*DDDP TH( J)
DDD2==COS{PH1{J)~TH1(J) ) #3.0%COS{PHL (J} ~TH1(J ) }*DPHDTH(J)-3.0%0S(
$PHL(J)=-THL(J) 1*DPHD TH(J ) *DPHOTH( J) =3 . O* SIN(PH1( J) =TH1 (J) ) *DDPHTH(J
$)+3 . 0%SINI(PHL{J)=-THL{J) }*DPHDTH(J )*DOPHTH{J ) +COSTPHLI(J)I=THL{J) ) *DP
$HDTH{ J) *DPHD TH( J)*DPHDTH( 3} ~COS{PHL (J)=TH1 (J) }*DDDPTH(J}
DDD3=COS{PHL(J)=TH1(J})=3.0%COS(PHLIJI-THL( J) I*DPHDTH(J)+3. 0*COS(P
SHL(J)=THL{J) }*OPHOTH{JI*DPHOTHIJ} +3 0 %S IN(PHL(J}=THL(J ) )*DDP HTH(J)
$~3,0%SIN(PHI(J)=THL( J) ) *DPHD TH{ J} *DDPHTH (J) =COS (PHL (J)=THL (J) }*DPH
$DTH(J }*DPHDT H{J }*OPHDTH(J )} +COS{ PHI(J)-TH1(J) 1 *DODP TH( J)
DDD4==SIN(PHL{J)=THL(J) } $3 . 0*SIN(PHL(J)~THL (J) ) *DPHOTH(J )-3.0#S IN(
$PHL(J J=TH1(J) V*DPHD TH{J )} *OPHDTH(J)+3. 0% COS(PHL( J)=THL (J) ) *DDPHTH(J
$)~3.0%COS(PHLI(JI=-THL(J) I*DPHOTH(J )*DOPHTH(J }+SIN(PHLI(J)-THL(J))*DP
SHDTH( JI*DPHD TH( J)*DPHDTH(J) =SIN(PHL (J)=THL (J) 1 *DDDPTH(J )
DOCXC(J}=(XC{1)=XQ(1))*DDD1+(YC(1)-YQ(1))*DDD2-XQ{ 1I*SIN(~TH1(J) )~
$YQULI*COS(=-THL(J})
DDDYC(J)=(XCC1I~XQ{ 1) )*DDD3+{YC(1}-YQ(1) )*DOD4+XQ(1 )*COS(~-THL{J} )~
SYQ(L)*SIN(-THL(J)] :
DDDDL=COS(PHL{JI)}=THL (I} }~4-0%COS(PHL{J)-THI(J) I *CPHOTH{J ) #6.0%C0OS(
$PH1(J)=THL(J) )*DPHD TH(J)*DPHDTH(J) + 6. O SIN(PHL{J) =THL (J) ) *DDPHTH(J
$3~12 LO*SIN(PHL{J)-THL(J ) I*DPHDTH(J I *¥DCP FTH(J } +6 LO*SIN(PHI(J)=-TH1(J
$) ) *DPHDTH{J)*DPHDTH{ J}*DDPHTH(J) =4+ 0XCOS{PHLIJ )} =THL(J) ) *DPHOTH( J }*
$DPHDT H{J)*DPHDTH(J) +4.0*COS{PH1I(J)~THLI( J) )*DDDPTH(J) -4, 0*COS(PHL (J
$)~THL (J) ) *OPHOT h(J)*DDDPTH{J }=3 «0*COS(PH1(J )-TH1(J) }*DDPHTH(J ) *DDP
SHTH(J)+COS(PHLI{J)=THL{J} }* (DPHO TH(J ) *%4 .0 )=SIN(PHL(J)~THL(J))*DCDD
$PT(J)
DDOD2==SIN(FHL{JI}=THL{J) 144 0#S IN(PHI(J)=-THL(J) I*DPHDTH(J )- 6. 0*SIN
$(PHL{J)-THL(J) ) *DPHDTH{ J)*D PHDTH( J) +6.0%C0S { PHL (J ) -TH1 (J) I *DOPHTH(
$J)-12,0%COS (PHL(J )=THL1(J))*DPHDTH(J ) *DDPHTH (J )+ 6+ 0*COS(PHL(J)-TH1(
$J))#DPHD TH( J} *DPHDTH( J)*DDPHTH( J) +4 cO*SIN(PHL{J)~THL(J )} J*DPHETH(J)
$*DPHDT H{J JXDPHDTH(J 1 -4 0*SIN(PHI( J)-THL(J) ) *DDDPTH(J)+ 4, GXSIN(PHL (
$J)=TH1(J) ) DPHDT K (J)*DDDPTHIJ J+3 .0 %S IN(PHI(J)-TH1(J ) ) *DOPHTH (J) *DD
$PHTH{J ) =SIN(PHL(J}=-THL( J) I*(DPHDTH(J) **4,0) -COS (PH1(J)-THL (J} )*0CD

 $DPT (J)
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CARD
109 DDDD3=S IN{PHL(JI=THL(J) ) =4 0¥ SIN(PHL(J)=THRI{ J}I*DPHDTH (J) +6. 0=S IN(
110 $PHL{J)=THL(J})*CPHDTH(J)*DPHDTH(J )6 O0*COS(PHL(JI=THI(J } ) #DDPHTH(J
111 $)+12,0%COS(PHL(J)=THL(J} I*DPHDTH( J) *CDPHTH(JF—6.0%COS (PHL (J)~TH1 (J
112 $})%DPHDTH(J )%DP ECTH(J )#DDPHTH(J 1= 4. 0*SIN(PH1{J) =THL (J) }¥DPHDTH( J) *
113 $DPHDTH(J) *DPHOTH(J) +4 «0O*SIN(PHL (J)=TH1(J) )*DODPTH(J )=4,0%SIN(PHL(J
114 $)=THL(J))*DPHDTH{J)¥DDDPTH( J) =34 O*SIN(PHL{J)=THL(J) }*DDPHTH(J }*DDP
115 SHTH(J ) +SIN(PRL(JDI=THL{J) ) *(DPEDTH(J )%%4.0)+COS(PHL( J)-TH1( J) ) *DDDD
116 $PT(J)
117 DDDD4=CGS(PHL{Y )=THL(J) )=4. 0*COS(PH1( J)-THL( J) } *DPHDTH (J) +6.0%COS (
118 $PHL (J)=THL(J) }*DPHOTH(J ) *OPHDTHA(J ) #6 O*SIN(PHL(J)=TH1{J )} ) *DDPHTH (4
119 $)=12,0%SIN{PH1(J)=THLEJ) ) *DPHDTH( J)*DDPHTH(J} +6 LO¥SIN(PHL(J)-THL(J
120 $) V*¥DPHDTH(J ) *OP+CTH(J )*DDPHTH(J )= 4+ OXCOS(PH1( J) =TH1 (J} ) *DPHDTH(J) *
121 S$DPHOTH(J)*DPHDTH (J) +4 40*COS{PHL(JI-THL(J}I*DDDPTH(J )-4.0*CIS(PHL(J
122 $)=THL(J ) ) *DPHDTH(J)*DDDPTH(J)}-3.0%COS(PHL(J)~THL (J) }*DDPHTH (J)*DDP
123 SHTH(J ) +COS(PHL(II=THL(J) I*(DPHDTH(J ) **4.C)=-SIN(PHL( J)=-THL( J) ) *DDDD
124 $PT(J)
125 DDODXC(J)={XC(1)-XQ( 1)) *DDDDOL+(YC (L) -YQ(1})*DDDO2+XQ(1 }*COS(~TH1(J
126 $HI=YQULI*SIN(-THL(J))
127 DDDOYC(J)=(XC(1)=XQ(L})*DODDI+(YC(L1)~-YQ(1))*DOLCA+XQ(1)*S IN(-THL(J
128 $))+YQ(1)*COS(-THL(J))
129 PXC{J)=DTHCAL (J)*EXC(J)
130 PYC(J)=DTHDAL(JS}*DYC(J)
131 PPXC(J)=DDTHAL(J I*CXC(J)+DTHDAL({J)*DTHDAL(J)I*DDXC(J)
132 PPYC(J)=DDTHAL( JI*DYC (J)+DDTHAL(J)*DOTHAL (J }*DDYC(J )
133 PPPXC(J)=DDDTAL(J)*DXC( J)+3,0%DTHDAL(J)*CCTHAL{J)I*DDXC{J}+DTHDAL(J
134 $)*DTHDAL{ J} *DTHDAL(J ) *DDDXC(J)
135 PPPYC(J)=DDDTAL(J)*DYC(J)+3.0%DTHDAL{J)*CCTHAL (J)*DDYC(J )+DTHDAL (J
136 $)*DTHDAL( J ) *DTHDAL (J }*#DDDYC(J)
137 PPPPXC(J) =DDDOTA(J)*DXC(J)+3 .0*DDTHAL (J ) *DOT HAL (J )*DOXC(J ) +4.,0*DTH
138 $DAL{J)*DDODTAL (J)*DDXC(J)+6. 0*¥DTHDAL {J)*DTHDAL (J )*DOTHAL (J 1*DDDXC (Y
139 $)+DTHDAL(J ) *DTHGAL(J )*DTHDAL (J ) *DTHDAL( J)}*DDDDXC ( J)
140 PPPPYC(J) =DDDCTALJ)*DYC(J)}+3 L0*DOTHAL (J)*DOT HAL (J )*DDYC(J ) +4.0%DTH
141 SDAL (J )*DDDTAL(J)*DDYC{ J)+6. O*DTHDAL (J)*DTHDAL (J)}*DDTHAL{J)*DCDYC(J
142 $)+DTHDAL(J ) *OTHCAL(J }*DTHDAL (J )¥DTHOAL (J)*DDDDYC(J)
143 WRITE (6,21) DXC(J)+DYC(J)
144 21 FORMAT (7Xy8H DXC(J)=93X,F10.3,10X,8H DYC(J)=,43X4F10.3,/)
145 WRITE (6,422) COXC(J),DDYC(S)
146 22 FORMAT (7Xy9H DOXC(J)=92XyFLl0e3 310X 99H DOYC(J)=42X4FLl0a34/)
147 " WRITE (6423) DDCXC(J)sDDDYC(J)
148 23 FORMAT (7Xs10+ DOOXC(J)=41X3FLl043,10X,10H DDOYC(J)=41XsF1Ca3,/)
149 WRITE (6924) DDDDXC(J)+DDDODYC(J)
150 24 FORMAT (7Xs11t LDODXC(J)=4F1043,10X, 11H DDDDYC( J)=yFlCe3,//)
151 WRITE (6,31)
152 31 FORMAT (11X,3H XQ918X93H YQs18Xs3H XC,18X,3H YC,/)
153 I=1
154 WRITE (6432) XQ(I},YQUI)$XC(I)HYC(])
155 32 FORMAT (6XyFl2e8y9XsF1l24899XsF12.899X4F12.8,47)
156 H{L)=PXC(J)+XC(1)*S INCALL(J))+YC(1)*COS (ALL(J))
157 H{2)=PPXCUJ)+XC(LIXCCSCALLIJII-YC (L )*SIN(ALL(N))
158 H{3)=PPPXC(J)=XCLLY*SINCALL(J})-YC(LI*COS(ALL(J))
159 H(4)=PPPPXC {J)=XC{1 )*COS (ALL(J)I+YC(LI*SIN(ALL(J})
160 H{5)=PYC(J)}-XC(1)*COS(ALL(J)I+YC (1) *SIN(ALL(J))
161 H(6 )=PPYC(JI+XC (L )%*S INCALL(JI)I+YC(L)*COS(ALL(J})
1€2 H{T)=PPPYC(J)+XC(L)*CCS{ALL(J})=YC(L1)}*S IN(ALL(J))
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CARD
1¢3 H{B8)=PPPPYC (J)=XC(L P*SIN(ALL{J)I=YC(L)*CCS(ALL(J))
le4 H(9)==PXC{J I*COSCALL( J) )-PYC(J)=SIN(ALLI(I) ) ¢XCOII*ESINCALL(JD)=-YC Y
165 $)1*COS(ALLIN) ) ’
166 H{10)==PPXC (J}*COSCALL(J))-PPYC(J)*SINCALL(J) I} +2.0*PXC(J)*S IN(AL1L(
167 $J))=2.0%PYC LY I%COS(ALL(JII+ XCOIIECOSCALLIJ) I+YC (J)*SINCALL(J))
168 H{l1} ==PPPXC(J)*COS (ALL (J})=PPPYC(J }*SIN(ALL(J)} }+3.0%PPXCLJI*SIN(A
169 $LL(J) =3, G%PPYC(J)*COSIALL{ I} +3.0%PXC(JI*COS(ALL(J) I +3.0%PYC(J)*S
170 SINCALL(S) )=XCCI IXSINCALL(J) ) +YC LI )*COSIALLII))
171 H{12)==PPPPXC(J)1*COS{ALL(J) ) =-PPPPYC (J)*S IN(ALL(J)) +4.0#PPPXC(J)*SI
172 SN(ALL{J))I~4.0%PPPYC{ JI*COS(ALL(J} I+ 6. 0%PPXCLI)*CCSLALL(J) ) +6.0%PPY
173 $CUIIXRSINCALL(I) )=4.0¥PXCOJI*SIN (AL L(J D +4. O*PYC (J)*COSCALL{J) }=XC
174 $J)*COSCAL M(JHI=YCUJI*SINCALL(J))
175 H{L3)=PXC(J xS INCALL(J ) I=-PYC(JI*COS (AL LI I +XC(II*COS(ALL(JII+YC(J
176 $)#SIN(ALL(J)) . :
177 H(14)=PPXC(J)*SIN(ALL(J))}=PPYC(J)*COSCALL(J))+2 . 0%PXC(J)I*CCS(ALL(Y
178 $))+2.0%PYC(J)*S INCALLGI)I=XCLJI*SIN(ALL(J})+YC{JI*COS(ALL(J)) :
173 H(15)=PPPXC{J)«SINC(ALL(J))I=-PPPYC(JI*CCS(ALL{J))+3.0%PPXC(J)*COS (AL
180 $1(J)}+3.0%PPYC (JI*SIN(ALLI(J))=3.0%PXC(JI*SIN(ALL(J))+3,0%PYC(J)*CO
181 $S(ALLII) I =XCOJI*CCS (ALL (J))=YC(J)*S INCALL(J))
182 H{L&)=PPPPXCLJ)*SINC(ALL{J})=-PPPPYC(U)*CCSIALLIJ)I+4 ., 0%PPPXC(J)*COS
183 $SCALL(J) }+4.0*PPPYC(J)I*SIN(ALLI(J)}-6.0%PPXC(J)*SIN(ALL{J})+6.0%PPYC
184 $ (I XCOSHALLIIN)=4.0*%PXCLII*XCLS{ALLUUII~4.0%PYC(JI*S IN(ALL(J ) ) +XC(J
185 $)*SINCALL(JI)=-YC(J)*CCSIALL(Y))
186 DO 72 I=1,16
187 72 HL(I)=H(I)
188 DO 74 I=1ls16
189 T4 H2(I)=H(I) )
190 ROLI=(YCCLI*RXCOII=XCALI*YCUI)=YC(LI*PYC (JI=XCH1 ) *PXCLJ)I*COS(ALL(J
191 $) 1+ (XCOLIRXC(JI)#YCOLIHYC(II=XCULI*PYC(JD+VC (L) *PXC (J) ) *SINCALL(J))
192 $+XCLJIRPXC (I +YCLII*PYC ()
193 DD1=2,0*%YC( 1} *P XC(J)=2.0%XC( 1) *PYC(J) ~YC(L1)*PPYC(J)}=XC(L)I*PPXC(J)+
194 SXC(LI*XC(J)I+YC(1)*v C(J)
155 DD2=2,0%XC(1)*PXC(J)¢2.0%YC(LI*PYC(J)-XC(LI*PPYC(JDI+YC(L)*PPXCLI)-
196 $SYCCL)*XCUJ)+XCOLI*YC(Y) )
197 R(2)=COS{ALL(J) I*CDL+SIN(ALL{J) )*DD2+XC (J I*PPXC(J)+YC(J)I*PPYC (J)+P
198 SXC(JI*P XS (I)+PYCLI *PYCLJ)
199 DDD5==YC{ L) *PPPYC(J }=XC{LI*PPPXC(J)#3. 0*YC( L)*PPXC (J) ~3.0%XC(1) *PP
200 SYC(J)+3.0%¥XC(LI*PXC(J)+3.0%YC(L)*PYC(J)-YCU1)*XC (JI+XC(LI*YC(J)
201 DDD 6==XC( L) *PPPYC(J) +YC(L)*PPPXC{J}+3.0%XC(1}*PPXC(J)}+3.0%YC(1)*PP
202 SYC(J)-3.,0%YC(L)*PXC(J}4+3.0%XCULI*PYC(J)=XCOLI*XCLI)-YC(LI*YC(J)
203 R(3)=COSCALL(J) )*DDDS+SIN(ALL{(J))*DDD6+XC(JI*PPPXC(J ) +YC(J)#PPPYC
204 $J)+3,04PXC(J)*PPXC( J)+3.0%PYC (I} *PPYC{J)
205 DDDD5==XC{1 )*PPPPXC(JIN=YC(L)*PPPPYC(J) +4,C*YC(L)*PPPXC{J)=4.0%XC(1
206 $)*PPPYC(J) 4+ 6, O%XCULI*PPXC(J)+6. 0%YC(L)I*PPYC(J)=4.0*%YC(LI*PXC(J) +4o
207 $O#XCOLY*PYC (J)=XCOLI*XC(II=-YCOLI*YC(J)
208 DDDD6==XC (1 )*PPPPYC (J)+VC(L )} *PPPPXC (J ) +4.0%XC(L)*PPPXC(J)+4.0%YC(1
209 $)%PPPYC(J) =6+ 0% YC(L)*¥PPXC(J}+6. O*¥XC (L) *PPYC(J)-4.0%XC(LI*PXC(J)~4.
210 $OXYC(LI*PYC(J)+YCLLI*XC(J)=XCU1)*YC (J)
211 R{4)=COSCALL(J) }*CDDD54S INCALL( J) ) *DDDO6+XC(J)*PPPPXC(J )+YC(J }*PPP
212 SPYC(J)+4. O%PXC{ J)*PPPXC(J)+4.0%PYC{ J)*PPPYC(J)+3.0%PPXC (J)*PPXC(J)
213 $43 ., 0*PPYC(J)*PPYC(J)
214 PL1)=SIN(CALL1(J})
215 P{2)=COS(AL1(J)})
216 P(3)=-SIN(ALL(S))}
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CARD .

217 P4 )=-COS (ALL1(J))

218 Q(1)=COS(ALL(J})

219 Q(2)==SIN(ALL(JS})

220 Q(3)==COStALL{J))

221 Q(4)=SINCALL(J))

222 CALL SIMQ(HsRsy44KS)

223 CALL SIMQ(HLsPs4+KSL)

224 CALL SIMQ{H2+Q+49K52})

225 WRITE. (6+99) KS

226 WRITE (6,499} KS1

227 WRITE (6599) KS2

228 69 FORMAT (1X,1I1)

229 Fl=Q{1)*Q(3)+Q(2)*Qt4)

230 F2=P{1)*QU3)+Q(1)*P(3)+P(2)*Q( &) +Q(2)*P(4)

231 F3=R{I*QE3 ) ¢CIL)*R(3I+Q2}*R(4)I+Q(4)*R (2}

232 F4=P( L) *P{3)+PL2)%P(4)

233 FS=P(LI*R(3)+P(3)*R(1)+P{2)*R(4}+P{ 4)*R(2)~-1.0

‘234 F6=R(1}*R{3)+R(2)*R(4)

235 G1=Q(1)*Q(4)-Q( Z21*Q( 3)

236 G2=P(1)}*Q(4 )+Q{L)*P(4])-P(2)%Q(3}-Q(2)*P (3)

237 63=R{1}*Q(4)+QIL)I*R(4}-R(2)%Q{31-Q(2}*R(3}~1.0

238 G4=P(Ll)*P(4)-P(2)%P{ 3]} :

239 G5=P(L)#R{4} +R(1}*P(4)}-P{2)*R(3}-P(3)*R (2}

240 G6=R{1)*R{4)-R(2)}*R{3)

241 XCOF(L)=FlRkFL¥GEXGCOHL+GIRGI*F 1 #F 6~G 3%k GOXF L#F 346 [*G 6*¥F 3%xF 3+G L ¥ G1*F6*F
242 $6=G1l*G3%F3%F6~2 +0¥Gl *G6*FL*F6 )
243 XCOF(2)=2e 0%G5* GEFF 1¥F 142, 0%G2%G3*F 1¥F6+GI* G3*F1*F5-G3 ¥G6*F1 *F2-G2
244 $*GO¥FLH¥FI~GI XG5 *F LXF 342 ,0%C 1 %G 6*F 2%F 346 1%G 5%F 3%F 34 2, 0%G 1%G L¥F S¥F 6=
245 $G1XGI*F2¥FL~GL¥G2¥F3*F6—GleGI*kFI*FS =2 0% GLRGS*F1*F6~2 L0 ¥G1*GE*F 1 %F
246 $5

247 XCOF{3)=2 0FCLRCE¥F LRFL4GS*GERF IRFL4G2HC2¥F L ¥F 642, 042G 2%G3*F 1¥F 5463
248 $%G 3KF 1XF 45 2%G 6*F 13 F2-G3%G5XFL¥F2~G2*G5*F1*F3-G3*G4*F1¥F34G1%xGo*F2
249 $HKF242.0*G1#G5¥F 2HF3+G1*G4¥FIFFI42, 0%G LRGL¥F4XFE+G LG LEF5XF5-G1EG2¥
250 $SF2%F6=GlkG3*F2*F5~GLl*G2*F3%*F5~Gl*G3%F3%F4=2 ,0%C 1*G6*F 1 ¥F 4= 2, 0%G 1%G
251 $5%F 1¥F 5-2. C*G 1%G4%F 1*F 6

252 XCOF(4)1=2 ,O*Go*C5#F L #F1+G2%¥G2#F 1#F 5+2, 0%G 2*G 3*F 1¥F 4G 2% G5+ F1*F2-G3
253 $KGG*RFLRF2~G2*G4*FL*F3 4GL*G5*¥F2¥F242,0%G 1% G4*F2%F3+42,0%G1*GLl *¥F4*F 5~
254 $GL¥G2%F 2%F 5~ G L¥GIRF 2¥F 4= 1%G 2#%F 3*%F 4—2, 0% GLE GS5XF 1 *F4=2 . OkGL #Go*F1 *F
255 $5 )

256 XCOF(5) =G4*G4*F1*F1 +G2*G2*¥F1*F4~G2*GA*F1*F2 +GLl*G4%xF2*¥F2+G1*GL*F 4*F
257 $4=GL*XG2XF 2%F 424 0%G 1¥G4*F 1*xF 4

258 CALL POLRT(XCCF,(OF,4,ROUTRyROOTI,1ER)

259 WRITE (6,108)

260 109 FORMAY (/,27X,9F+ L1 ROOTS:/)

261 DC 110 I=1l,4

262 110 WRITE (6,112) ROOTR(1},RO0TI(I}
253 112 FORMAT (L7X+E13.5910X«E13.5,7])

264 WRITE (6,114) IER
265 114 FORMAT {(1Xs1I1}
266 WRITE (6,106)

267 106 FORMAT (1H1l .//}
268 125 DO 215 I=1y4

269 0A=F1

270 OB=F2*RO0TR(1}+F3
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OC=F4*RCOTR(I}*ROOTR{I) +F5%ROOTR(I) +F6
8D=G1
QE=G2*ROOTR{I}+C3
OF=G4*ROJTR(I}*¥ROOTR( I)+G5*ROOTR(1)+G6
IF (ABS(ROOTI(1})eLT.0.000001) ROOTI(1)=0.0
IF (ROOTI(I)) 200,130,200
200 WRITE (6,201}
201 FORMAT (5X,18H RCOT IS IMAGINARY,/)
GG TO 215
130 SA=08%0B=4.0%*0A*0C
IF (SA) 200,140,140
140 ROCTAL=(-0B+SQRT{SA)} /(2.0%0A)}
ROOT A2= (~0B~SQRT(SA) )} A(2.,0%0A)
SB=0E*0OE—-4. 0*CD*CF
IF (S8) 200,4150,150
15C ROOTBL=(-0E+SQRT{SB)})/{2.0%0D)
ROCTB2=(-0E=-SQRT(SB})}/{2.0%CD}
WRITE (6+155) ROOTA1,RO0TA2,RODTBL,RO0TB2
155 FORMAT (/,13X,8+ ROOTAL=,F18.6,5X,8H ROOTA2=,F18.6+7/+13X+8H ROOTB1
$=4,F 18.695Xy8H RCCTB2=,F1846,4/}
IF (ABS(ROCTAL1-ROOTB1).LT.0.05) GO TO 160
IF (ABS{(RCOTAL1-RQOCTB2).L7.0,05) GO -TQ 160
IF (ABS{ROOTAZ2-R0O0TB1)}.LT.0.05) GO TO 170
IF (ABS(ROOTA2-ROGTB2}.LT.0.05) GO TO 170
G0 YO 215
160 WRITE (6,180) ROOTAL
180 FORMAT (2X,16H SECCND ROOT IS 5 F20.5+/)
ROOT=ROQTAL
GO TO 210
170 WRITE (6,180) RCCTA2
ROOT=RO0TAZ2
210 WRITE (6,212}
212 FORMAT (14X,13H CENTER POINT31Xy13H CIRCLE POINT,/¢8X,3H XA,19X,3
$H YA, 19Xy 3H XB,15Xs3H YB4+/)
XA{I}=R(L}+P{1)*RODTR{I}+Q(1)}*R0O0T
YA(I)=R(2)}+P(2)*%*ROOTR(I}+Q(2)}*R0O0OT
XB(1)1=R(3})+P{3)*ROOTR(I}+Q( 3}*RGOT
YB(I1}=R(4}+P(4)*ROOTR{I}+Q(41*R0O0OT
WRITE (65230) XA(I),YA{I),XB(1),YB(])
230 FORMAT (4F20.8, /133Xy 20H XXXXXXXXXXXXXXXXXXXy//}
215 CONTINUE
sToP
END
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