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CHAPTER I
INTRODUCTION

A large amount of the work on mechanisms done in this country has
been done in the area of planar mechanisms. Mechanisms consist of
Tinks, gears, chains and springs which are connected by joints. These
joints include ball joints (spherical pairs), hinge joints (revolute
pairs), screw (threaded) joints and others. Planar mechanisms are the
simplest class and are distinguished by all parts.of the mechanism tran-
slating and rotating in.the same plane or parallel planes. - This re-
striction is what makes planar mechanisms the simplest type.

In the past few years interest has been increasing in the two
other basic types of linkages, spherical and spatial. Spherical mech-
anisms are the class of mechanisms in which all the elements of the
mechanism have only rotational motion about axes which intersect in a
common point. That is, the elements all move on spheres which have a
common center. The last cafegory,_spatia] mechanisms, includes all the
hechanisms which do not fall into one of the other categories. The
motions of these mechanisms can be resolved into rotations about and
traﬁs]ations along three orthogonal axes; the elements havé generé]
motion in space. Spatial méchanisms have received the least amount of
attention since they are in general difficult both to analyze and to

build.



The subject of this thesis is a spherical mechanism, specifically
a geared spherical cycloidal crank mechanism. As shown in Figure 1,
this mechanism consists of two conical gears and attaéhing hardware.
A1l of the work of this thesis deals with points on the unit sphere, a
"~ sphere located at the origin with a radius of one unit. So ahy refer-
ence to a point refers to the intersection of the unit sphere and the
vector from the origin, 0, to that point. The center of the fixed sun
gear is at M, i;e., the axis of the fixed gear, gear 1, intersects the
unit sphere at point M. Similarly the center of the revolving gear,
gear 2, is at A. These two gears are connected by a rigid Tink MA
which restrains the moving gear to always be in mesh with the station-
ary géar. This allows angles of motion méasured through the centers of
the gears to be ke]ated by the gear ratio, GR, which is the radius of
the sun gear divided by the radius of the revolving planet gear.

To completely define a geared spherical cycloidal crank mechanism
only a few parameters are required. One possibility for defining a
given linkage is to give the location of M, the Tocation of A in one
position, and the gear ratid; Another set of sufficient parameters is
the location of M, the gear ratio, and the included angle between the
axes of the gears. In this work, the first of these two methods is
used.

In conclusion, this thesis examines one of the large c]aés of
spherical'mechanisms. The particular mechanism under study is a
geared spherical cycloidal crank mechanism. This is a physically

simple mechanism consisting of two conical gears and a connecting link.



Figure 1. Schemat1c of Geared Spherical Cyc]oldal
Crank Mechanism



CHAPTER I1I
KINEMATIC ANALYSIS
2.1 Introduction

Taking a given mechaniém with defined proportions and finding the
motions of all the various parts for a given motion of one part is the
basis of kinematic analysis. This analysis has been done by graphical
methods which are fast for some simple cases but have limited accuracy.
An example of this type of analysis is given in Chapter 5 of a text on
maéhine design by Martin [5].] Chapter 5 of the same text also explains
how to analyze plane mechanisms using the instant center technique. A
number of analytical methods have been developed to handle more compli-
cated mechanisms quickly and‘accurately. Dr. A. T. Yang uses dual vec-
tors for analysis as in a paper on spatial four bar mechanisms [2].

Successive screw rotations are used for analysis by Mike McKee in
his thesis on a geared spherical five 1ink mechanism [3]. C. H. Suh and
C. W. Radcliffe use rotation matriées in their paper on synthesis of
spherical Tinkages both to synthesize and to analyze a spherical four-
bar.linkage [4]. The basic approach to analysis used in this thesis has

the same basis as the one used in the above paper by Radcliffe and Suh.

]Numbers in brackets designate references in the bibliography.



2.2 Development of Equations for Analysis

Procedures

This approach uses 3 x 3 rotation matrices which transform the

 coordinates of a point to yield the coordinates'of that point when it
is rotated about a given axis through a given angle. If the direction
cosines of the rotation axis are Ux’ Uy, and UZ and the rotation angle
is ¢, then the rotation matrix has the following form as presented by

Suh and Radcliffe [4]:

) ' | i ,
[R}U,¢ = FUX vers ¢ + cos ¢ Uny vers ¢ - U, sin ¢
. 2 ' "
Uny vers ¢ + UZ sin ¢ Uy vers ¢ + cos ¢
UxUz vefs ¢ - Uy sin ¢ UyUz vers ¢ + UX sin ¢

UxUz vers ¢ + Uy sin ¢
UyUz vers ¢ - Ux sin ¢

Ui vers ¢ + cos ¢ (2.1)

where:
vers ¢ = 1 - cos ¢.

To find P, the coordinates of a given point P] after being rotated

2
about an axis U through an angle ¢, the rotation matrix of Equation

(2.1) can be used as follows:

4 W ( 3
P2x PTx
P2y> = [R]U,d){P]yT (2.2)
LPZZJ \P]ZJ

Equation (2.2) is the basis for this analysis. Through a series of



rotations about the axes of the various gears, the entire analysis pro-
cedure is carried out.

As explained in Chapter I and shown in Figure 1 the intersection of
the axis of the fixed gear»and the unit sphere is point M. Similarly
point A is the intersection of the unit sphere and.the axis of the
rotating gear. As shown in Figure 1, e] is the rotation of the arm and
is measufed CCW from a plane through OM and the x axis, about the axis
OM. ~ 6, is measured CCW about OA relative to the 1link MA; by definition

2
8, is zero when 6., is zero. For this work only changes in 61 and 62

2 1

will be considered. The change in 6] when the mechanism goes from
position one to position two is 6]2. Similarly the change in 62 when
the mechanism goes from position one to position two is 622. For the
doubly subscripted 6's the first subscript denotes the 6 under discus-
sion, and the second subscript denotes which position is taken as the
second position. Finally, to define the motions of the planet gear
three arbitrary points on the planet gear are necessary. These three
points are 1abe1ed P, Q, and R and are on the unit'sphere.

Before plunging into the analysis, a brief section to orient the
reader will be included. This section defines the given input parame-
ters and the necessary output parametefs for this analysis. The input
parameters chosen are the location of points M, A, P and Q in their
first positions; the gear ratio GR, and 612 the desired increment in

] The first position of R is found by rotating Q about P through an

'|0
angle of ninety degrees. Output consists of the second positions of
points A, P, Q, and R. This defines the goal of kinematic analysis of

a geared spherical cycloidal crank mechanism.



The first step is to find the first position of point R. The
following equation is used to accomplish this:

Ry} = [R]—OT,-] 90° 10y} (2.4)

To find the second position of point A a single rotation is required.

'{AZ} = [R]m,e]n' {A1}

The change in 62 is the gear ratio times the change in 61.

= GR 6 (2.5)

e2n In

The second bositions of points P, Q, and R can be found by a tota]%
of two rotations, The first of these rotations is about point A] |
through an ang]egof 62n' The resulting points are then‘rotated about |

point M through an angle of B]n, The equations for these transforma-

tions are:
g} = DRlgge  [Rlgre, @) (2.6)
Q,} = [R]m—’e]n [R]m’ezn'{(v]} (2.7)
'{Rz}: 5[R]m’e]n' [R]m’ezn’{R]} (2.8)

At this point all the information required for analysis of the mech-

anism has been found.
2.3 Computer Program

A computer;program was written to perform the above analysis and
is included in Appendix A. The input of data into the program is ex-
plained in the comment cards at the first of the program. The output

is set up to be self-explanatory.



The following set of input data was used for a demonstration of

the analysis program:

POINT COORDINATES.
X y z
M 1 .5 +
A 2 .6 +
P -.2 .3 +
Q -.3 4 -
GR = 2.0,912 = 150
The resulting initial positions were:
POINT COORDINATES
X oy »z
M N .5 .860233
A 2 6 .774597
P -.2 .3 .932738
Qe -3 4 - 866025
R -.507348. -.641359 -.575549
The program computed the following second positions:
POINT COORDINATES
X oy oz

A - .163199 .620841 .766761
p 108740 146311 .983244
Q . -.814562 .123531 -.566770

R -.272650 -.831133 -.484643



CHAPTER III
DEVELOPMENT OF GENERAL SYNTHESIS EQUATION
3.1 Introduction

‘As exp]ajnedlin'the introduction of Chapter II a wide range of
methods have been used in the analysis of mechanisms. All of these
methods have a]sb been used for synthesis. The procedures developed
in this thesis are based on the use of thefrotation matrix developed
by Suh and Radcliffe [4]. The remainder of this chapter will be de-
voted to explaining the procedures used to take the basic rotation
matrix of Equation (2.1) and develop the desired design equation for
the problem at hand. This equation is used as the heart of the analy-
sis of the two, three, four, and five position rigid body synthesis

problems.
3.2 The Displacement Matrix

The displacement matrix is a (3 x 3) matrix which, when multi-
plied times any point on the p]anet gear in its first posftion, yields
the coordinates of that point after the mechanism has gone through a
finite rotation. Then, if three points P, Q, and R are given, which
move from a given position one to a given position n, the following

equations can be written:
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Py = [0, 1 P2 | (3.1)
0,1 = [0y,1 @} (3.2)
Ry} = [0, Q) | (3.3)

where [D; ] is the rotation matrix from position one to position n.
These equations can be expanded to give nine equations in termé of the
nine unknown elements of the rotation matrix. The three equations con-
taining the elements of the first row are as follows where the lower

case d's are the elements of D]n :

+P,dy, + Py din =P (3.4)

Pixdin + Prydia * Pygdiz = P,
Qdqp + Qqydip + Qa3 = Qp, (3.5)
Rixd11 * Ryydia * Rygdyz = Ry, (3.6)

For Equations (3.4) through (3.6) to have a unique solution for dyqs

d]2, and d]3, the matrix

T_..
[PQR], " = P]XP]yP]£

Q]xolyqlz (3.7)

F]xR1yR];
must be nonsingular, since at least one of the right hand sides of
Equations (3.4) through (3.6) is nonzero. This is guaranteed by making
point R the result of rotating Q about P through an angle of ninety

degrees, which forces P, Q, and R not to be in one plane.
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Equations (3.1) through'(3;3) can be rewritten as:
[PQr1 = [D, 1 [PQR], (3.8)

This equation can be solved for the rotation matrix.
-1
[D;,] = [PQR], [PQR,]" (3.9)

It is seen that the requirements for Equations (3.4) through (3.6)
to have a unique solution and for Equation (3.9) to be solvable are the
same. So, if the rotation matrix can be found from Equation (3.9), then
from Equations (3.4) through (3.6), and from similar equations for the
other two rows of the rotation matrix, the elemeﬁts of the rotation
matrix are uniquely determined. This step is critical to the remaining
discussion of this chapter.

Since the displacement matrix’has uniquely determined elements, any
matrix which satisfies Equations (3.1) through (3.6) can be equated to

Din element by element. Equation (2.6) contains a matrix which meets

this criterion. Therefore, the following equality holds.

(0,1 = [Rlgg . [Rlor
m =L o6, [ ]OA,GZn (3.10)

The elements of the matrices on each side of Equation (3.10) can be
eqdated to yield:

) 22
d]1 vers 6, vers 8, (MXAx + MxMyAxAy + MXMZAXAZ)

2 -,
+ vers 6, cos eZnMx + vers e]n sin 92n (MxMyAz
- MxMsz) + cos G]n cos 62n + cos 61n vers eZnAx

"+ sin e]n vers 62n (MyAxAz - MzAxAy)

+ sin 61 sin P ('MyAy - MzAz) (3.11)
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_ ' 2 2
= vers e]n vers 62n (MSA A, + MM AS + M M_A A

d12 X X'y Xyy X zYy'z

+ vers 6, cos eZnMxMy)

.o 2
+ vers 6, sin P (MxMzAx - MxAz)

+ cos e]n vers eZnAxAy

. 2
+ sin S]n vers 92n (MyAyAz - Msz)

+ sin 6 sin 62

n - Sin e]n cos 62

nMyAx 'z

- cos e]n sin eZnAz (3.12)

B | e , . 2W
d]3 = vers 6y vers 6, (MXAXAZ + MxMyAyAz + MXMZAZ)

+ vers 8y, COs 8o,MM, + vers 8, sin o, (MiAy-MXMyAX)

. 2
+ cos 8, vers eZnAxAz + sin 6, vers 8, (MyAz

- MszAz) + sin ey sin eZanAx + sin 01 COS 62nM

Yy
+ cos 8y, sin eZnAy (3.13)
= 2
dyy = vers B, vers 0, (MM A + M§AxAy + MMAA,)
e 2
+ vers e]n cos eZnMxMy + vers e]n sin 62n (MyAz
- MyMsz) + cos 6, vers eZnAxAy

. 2 .
+ sin 6, vers 6, (MzAx - MXAXAZ)

+ sin e]n sin 6, M A + cos e]n sin eZnA

| 2n X'y z
+ sin 0y, cos GZan (3.14)
dy, = vers 6; vers 6, (MM AA + M§A§ + MMAA,)
+ vers 6, cos 62nM§ + vers 6, sin 0o (MyMZAX

T ‘N A2
MxMyAz) + cos e]n COSGZn.+ cos e]n vers eZnAy



+ sin e]n vers 62n (M_ALA - MAA)

2y X'y 'z

+ sin G]n sin 62n (-MZAZ - MXAX)

d23 = vers 91n vers 62

31

32

+

+

+

+

+

n

Xy x'z y'y 'z

vers 61 cos eanyMz

n

vers 6
In

cos e]n vers ©

2nAy

. W2
sin 0, (MM A - MEA )

Y
A
z

: - 2
sin 6]n vers 62n (M_A_A MXAZ)

sin G]n sin eZanAy

cos e]n sin 62

= vers G]n vers 62n

vers G]n cos ©

MiAy) + C0S e]

sin O1n vers 6

sin e]n

cos 6

sin e1n 2

= vers e]n vers 62n

vers G]n cos ©

MXMZAZ) + cos

nAx

2nMxMz

Z X Z

- sin 61n cos 62

X 'Z'X y 'z Xy

vers 6, A A

n

2n

nMy

2nMyMz

eln

(MM_AA + M MA2

2n'x z

Y.
(MAA, - M AZ)

Sjn eZnMxAz - COoS e1n sin 62

XzZXxy yzy

vers 6 2nAyAz

+ sin e]n vers 62n (MXA§ -MAA)

+

y Xy

sin e]n sin 92nMyAz + cos 6]n sin 62

sin e]n cos QZ

nMx

(MMAA +MA A+ M M_AZ)

y z'z

nMx

(MM_A2 + M M_AA + M2AA.)

Z X Z

nAy

+
MAA

174

+ vers 0, sin P (

nAx

)

z

2
MzAx

13

(3.15)

(3.16)

+ vers G]n sin 6, (MyMzAz

(3.17)

(3.18)
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d33 = vers Q]n vers 62n (MXMZAXAZ

cos © M2

2.2
+ MMAA + MZAZ) + vers 0, oM

yz'y'z

+ vers G]n sin 62n (MxMsz - MyMzAx

2
n vers eZnAz

+ cos eln cose2n + cos ©
+ sin S]n vers 82n (MxAyAz - MyAxAz)

+ sin © sin 6

Tn 2n (

-MyAy - AXMX) (3.19)
where:
vers 6 = 1 - cos 6.

The nine Equations (3.11) through (3.19) are the equations which form
the basic building blocks used in the derivative of the design
equation.

The nine equations formed from the elements of the rotation
matrices are obviously dependent since there are only six unknowns,
the coordinates of points M and A. These nine dependent equations will
be reduced to one independent equation which is linear in the coordi-
nates of points M and A. Three intermediate equations will be derived
first. Adding together the three equations formed from main diagonal
terms, Equations (3.11), (3.15), and (3.19), yields the first of the
three intermediate equations. After simplification and using the fagt
that the sum of the squares of the coordinates of points M and A is one
yields: |

vers e]n vers 62nK] + 2 sin e]n sin eZnKZ

- 2 cos Oy, COS 65 - 1+ d]] + d22 + d33 =0 (3.20)



15

I
=)
=
*
o
b=
)

where, K1

It
=]
.
=

and, K2

To eliminate K] and K2, which are highly nonlinear terms, the
other two intermediate equatibns are needed. The next intermediate
equation is found by adding AX times the result of subtracting Equation
(3.18) from Equation (3.16), Ay times the result of subtracting
Equation (3.13) from Equation (3.17), and AZ times the result of sub-
‘tracting Equation (3.12) from Equation (3.14). After simplification
this yields |

vers S]n sin 62nK + 2 sin Q]n cos eZnKZ

1

+ 2 cos e]n sin 62n + AX (d23 - d32)

+ Ay (d31 - d]3) + Az (d]2 -d 2]) =0 (3.21)
The third and last intermediate equation is similar to the second
except that the differences above are multiplied by the coordinates of

M instead of the coordinates of A. This yields the following equation.

sin G]n vers 62nK] + 2 cos G]n sin 62n K2
+ 2 ;in e]n cos 62n + MX (d23 - d32)
+ My (d3] -d ]3) + MZ (d]‘2 - d21) =0 (3.22)
With the three Equations (3.20) through (3.22), the unknowns Ky
and K2 can be eliminated. Solving Equation (3.20) for Ké and substi-

tuting in Equations (3.21) and (3.22) yields the following two

equations:



vers e]n vers eZnKl + 2 cos 6]n

- dy; -d,, -d

* cos 6 22 = d33)

on (1 - dpy

+ Ax sin 62n (d23 - d32) + Ay sin P (d31 - d]3)

+ A sin 0, (dyy = dyy) = 0 | - (3.23)
and
vers e]n vers eZnKl + 2 cos 62n
S *cos By (1 - dyy - dpy - dgg) + M, sin 8 (dyg
- dg,) + My sin 8 (dgy - dq3) + M, sin e]n'(d]2
- dy) (3.24)

By subtracting Equation (3.24) from Equation (3.23), the final design
equation is found, which is:

Ax sin 62n (d23 - d32) + Ay sin 62n (d3] - d]3)

+ (cos 6, - cos 62n) (1 +dy, +d,, +d =0

In 11 22 33)
(3.25)
This is the design, or synthesis, equation which is used in Chapter IV
to design geared spherical cycloidal crank mechanisms which will move a
rigid body through giVen positions.
In Eonc]usion, the nine equations derived from the basic‘rotation
matrix have been combined to yield one equation which is linear in the
coordinates of points M and A. This design equation is sufficient when

combined with a constraint to keep the points A and M on the unit

sphere, to constrain points M and A to satisfy the design goa]s} That
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is, the points M and A define axes which yield a mechanism which has the:

desired properties.



CHAPTER IV
SYNTHESIS PROCEDURES
4.1 Introduction

As referred to before, synthesis is the process used to find the
.proportions of a mechanism which will satisfy given criteria. In this
thesis the design criteria is a series of positions of two points which
are located on the surface of the unit sphere. The series of position§
are transformed into rotation matrices, one matrix for the rotation
from position one to each of the other positions, as explained in
Chapter III. These rotation matrices are then used to define design
equations; one design equation for each rotation matrix. Besides the
design equations, the points M and A must be constrained to lie on the
unit sphere. The methods used to accomplish this are the subject of

the remainder of this chapter.
4.2 Determination of Rotation Angles

After the rotation matrix D]n has been found for each n from two
to the total number of positions specified, the desired rotation angles
can be determined. The rotation matrix is explained in Chapter III.
The sum of the main diagonal elements yields an equation which contains
only known rotation matrix e]ements.and the cosine of the total rotation

angle. Solving this equation yields the total rotation angle of the

18
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planet gear, when the mechanism goes from position one to position n,
b1, = €057 [F (dyq + dpy + dgg = 1)] (4.1)

The angles 6 and 6, can be determined from the following two equa-

“tions.

1
% = T+ 68 %I (4.2)

@R
%n = T+ 68 %In (4.3)

The rationale for these two equations is actually rather simple. Obvi-
ously for a change in 8y of 810 the second gear rotates through an
angle of 810 times the gear ratio,}re]ative to the arm MA. However,
the planet gear rotates through a total angle, n> of 6105 plus 00
This can be written as an equation:

+ 0

= (1 + GR) o (4.4)

o1 T %11 T %2 n
It can be seen that Equations (4.2) and (4.3) follow immediately from

Equation (4.4) and the preceding discussion.
4.3 Input to Synthesis Programs

The requirements which input points P and Q must fulfill are fairly
restrictive. A computer program to help accurately specify the input
points 1is included in Appendix B. This program takes a given P], P2,
Q], and Q2x and finds the other codrdinates of QZ' The computed Q2
must be such that the length of ﬁqﬁ;fis equal to the length of 5Eﬁg'and

'Q2 must be on the unit sphere. First the length of P1Q] is

IR = DRy - 007+ (B - 07+ (g, - )12

(4.5)
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A similar equation holds for the second positions of P and Q. This

equation and the equation
2 2 2 _
B * Gy * Oz = 1 (4.6)

can be solved to yield:

2 -
c]sz + CZQZZ tcg= 0 (4.7)
where:
2
P
e = FE
P
2y
= Egé_ (”TTTWZ +2Q,. P 2)
) 2p, 1 2x ‘2x
Yy
and

1 2 2 2
37 2 (IP1Q 1" + 2Q,, Py, - 2)7 + Q5 - 1
2y

This equation is then solved to yield two possibilities for QZz‘ sz

is found for each of these QZz from
- 2 2 \1/2
sz - (] - QZX = sz) (4-8)
Another feature of the computer program in Appendix B is the option of
not inputting QZx' Under this option, as explained in the comment cards

of the program, the maximum possible range for the coordinates of 02 is

given as output.
4.4 Two Position Synthesis

In two position synthesis only two rigid body positions are given.
The rotation matrix from position one to two is found as explained in

Chapter III. Then ) and 622 are found using the equations of paragraph
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4.2. The equations which must be satisfied are:

2 2 2

MX + My + MZ =1 . . (4.9)
2 2 2 '
A1x + A]y + A]z = 1 (4.10)
and; 1
vc2]AX + czsz +Cy3=0 (4.11)
where:

Cyy = sin 8,y (dyg - dgp)
Cpp = sin 65y (dgy - dyg)
Co3 = Ayy STn 8y (dyy - dyy) - M sin 8,y (dy3 - dgp)

- My sin 0y, (dgg - dyg) = M, sin 67,(dy, - dyq)

+ (cos P ;os 622) (1 + d]] + d22 + d33)

At this point there are three equations, Equations (4.9) through (4.11),
which must be satisfied. There are also six unknowns, the coordinates

of points M and A. The gear ratio, Mx’ My, A]z, and the sign of Mz

are assumed. M, is found from Equation (4.9) and is

2 MZ)

My =+ (1= M - M (4.12)

where the sign takes the assumed value. The coefficients cyy, Cyys
and c,5 can now be calculated. Equation (4.11) is solved for A]y to
give:

A]y = hllA]x + h]2 (4.13)

where:
1 = ~€21/¢

and,
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hip = =Cp3/Cos

which can be substituted in Equation (4.10) to give the final equation.

2 )
ey A1X+e2 A1x+e3-0 | (4.14)
where:
2
ey = 2hyy hyy
and,
2 2
e3 = Ay, + hyp -1

This equation is solved to give two roots for A]x' If the two roots
are real and equal, then one solution has been found. If the roots are
real and unequal, then one or two solutions have been found. If the
roots are imaginary, then no solutions are possible and either the
rigid body positions or one of the assumed values must be changed to
reach a solution. Solutions for A]x are substituted in Equation (4.13)
to find the corresponding value or values for A]y. The sets of possible
M and A values are then used in the analysis program to find which
values are good values and which are extraneous va]ues'intfoduced by
squaring Equation (4.13).

A computer program to perform the above analysis, but not to sub-
stitute back in the analysis program, is included in Appendix C. The
input procedures for the program are explained in the comment cards at
the first of the program and the output is self-explanatory. An
example problem is solved using the computer. The results of this

example are given in Table I.



TABLE I

TWO POSITION SYNTHESIS, EXAMPLE PROBLEM,
WITH A GEAR RATIO OF TWO

Coordinates
Point X Yy 'z
Input
Mo .6 .31 .737496
A - 552449
P, -2 | .3 .932738
P, 138274 .102227 .985657
Q -.3 .4 -.866025
Q, -.454178 .482660 -.748840
Output _
First A, 761222 .339620 .552449
Second A .675930 487768 .552449

1
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4.5 ThreevPosition Synthesis

The synthesis procedure,when three rigid body positions are given,
is similar to the procedure when two rigid body positions are given.
Two rotation matrices are found using the steps outlined in Chapter
III. One rotation matrix from position one to two, and one matrix from
position one to three must be found. Using the equations of paragraph
4.2, the angles 8195 08995 By3s and 6,5 are found. The equétions which
will be used in this analysis are given below. The first subscript on
the elements of the rotation matrices refers to which rigid body posi-

tion is taken as the second position.

M + M§ + M =1 | (4.15)
AL+ A%y + AT = | (4.16)
21 Pix * G2 Py * Ca3 Mzt Cpp = O (4.17)
31 Mix * C32 Ayt C33 A T3 = 0 (4.18)
where:
Chy = sin %0 (dn23 - dn32) forn=2, 3
Chp = sin 80 (dn31 - dn13) forn=2, 3
€3 = sin 80 (dn]2 - dn21) | forn =2, 3
Cha = -Mx sin I (dn23 - dn32) forn=2, 3

- My sin oq (dyay - dpqg) - My sin ey (dgy - dipy)

+ (cos O1n - Ccos eZh) (1+ dn]] *doyt dn33)

At this point there are four equations and six unknowns. Therefore,

two of the unknowns can take on assumed values. The value$ to be



25

assumed are Mx’ My, and the gear ratio. MZ is calculated from Equation

(4.12). This leaves Equations (4.16) through (4.18) to be solved.

Equation (4.17) is first solved for A]z’ which gives:

A]z

where:

In

912 ©

913~

= 97

A (4.19)

1x ¥ 912 Ay * 913

= =C51/Cs3

=Cpp/Cy3

=C4/C)3

Substituting Equation (4.19) in Equations (4.16) and (4.17) yields two

equations:
h21
where:
h21
h22
h
and,

. 2 -
ay Apy +ay Ay +ag Ay A

where:

1x

23 ©

M

912

+ h,, A, + h,, =0 : (4.20)

22 'y

= 9371 * 933 973

= 930 * 933 Iy

934 * 933 913

+a, A

4 "x

ly

+ 1

+ 1

=291 9y

=297y 993
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35 = 2 975 93
I .
36 = 913 = |
The next step is to solve Equation (4.20) for A]y and substitute in
Equation (4.21).
A1y = C1q A]x + o (4.22)
where:
k =hL-I. )
and,
. - _"23
12 . h22

Substituting this in Equation (4.20) yields the final design quadratic.

2

by AT, * by Ay, + by =0 | (4.23)

where:

2
173 T kypag tkypag

o
1

o
]

a, + 2k

2 =3 * 2kyy Kk

12 3 * Kyp a3+ cqp g

o
1]

2
3= 3 T kyp 2yt kyy ag
The quadratic equation is then solved for A]x‘ If the imaginary parts
of the two roots of Equation (4.23) are zero, then at least one solu-

tion has been found. For each A]x the corresponding A1 and A]z are

y
found from:

Ay = kyqy A, t K (4.24)

11 "1x 12

ly

and,
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_ -1

1z C33

The sets of values for point A must be checked for extraneous roots by
substituting in the analysis program. This way, extraneous roots can
- be eliminated. If no roots with zero imaginary parts are found by using
this method, then one of the input parameters must be changed to reach
a solution. |

A computer program is presented in Appendix D which solves the
above equations but does not substitute in the analysis pkogram to check
for extraneous roots. The input to this program is exp]ainéd in the
comment cards at the first of the program. The output from the program
is self-explanatory. An example problem has been solved on the com-

puter. The results of this example are given in Table II.
4.6 Four Position Synthesis

Four rigid body positions increase the complexity of éﬁe problem
considerably over the three position problem. The reason for the
greater complexity is that after the linear substitutions, there are
two second order equations which must be solved. Proceeding with the
derivétion, three rotation matrices are found using the procedures of
Chapter III. - The three rotation matrices are for rotations from posi-
tion one to positions two, three, and four. The subscripts on the 6's
and the elements of the rotation matrices are the same as that used in
paragraph 4.5, three position synthesis. The equations necessary for
synthesis are equations to insure M and A are on the unit sphere, and
equations derived from Equation (3.25). Equation (3.25) yields one

equation for each rotation matrix.



TABLE II

THREE POSITION SYNTHESIS, EXAMPLE PROBLEM,
- WITH A GEAR RATIO OF TWO

Coordinates
Point X y z
- Input
M . .5 .860233
Py -2 .3 1932738
P, 113094 226181 1967498
Py -.00757381 .173646 .984779
Q -.3 .4 | -.866025
Q, -.503378 .350705 -.789694
Qs -.679041 .256321 -.687897
Output
First A .122874 .518829 .846001

1
Second A1 .220877 .605974 .764204
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M+ M§ + M= (4.26)
AE + NPT (4;27)
X ly 1z
C1 Mx * Cop My * oz Pyt Coa Myt s Myt e =0
| (4.28)
C31 Mix ¥ Cap Py * Ca3 Pzt cap Mt Cap My * o = O |
(4.29)
Ca1 Pix * Cap Pyt Caz Pyg t Cag Myt Cqs Myt o6 = 0
(4.30)
where:
1 = sin P (dn23 - dn32) | forn=2, 3, 4
Cpp = SN 0y (d gq = d o2) forn=2,3,4
3 = sin %0 (dn]2 - dn21) forn=2, 3,4
Chg = -sin %1 (dn23 - dn32) forn=2, 3, 4
Cos = -sin I (dns] - dn13) forn=2, 3, 4

Cog = M, sin 6y, (dpgo - doy)
+ (cos 07, - cos 65)) (1 +dyq+d,) +ds3)

forn =2, 3, 4
The above equations, Equations (4.26) through (4.30), are the equations
which must be satisfied. These five equations have six unknowns, the
coordinates of points M and A. Therefore, the z component of M can be
assumed. Equation (4.28) is solved for My, yielding

My = hyq Ay * hyp Ay hyg Ay + gy M+ hyg (4.31)

where:



This equation is then substituted in Equations (4.26), (4.29) and

hyq

hyo

13

hig

his =

“C21/C25
~Cp2/C25
~Cp3/C25
~Coq/Cog

~C6/C25

(4.30), giving the next set of equations.

where:

2
ey Ay

N

X

e, A

+e. A

6

+ e,, A

10

T ey

2 h

2 hyy hyg

2 h

12 713

ly

1x

M +
X e

+e3

A]z

A

+ e

2
1z

7

+ e, M

A

1

2

+
XMX €

+
X e5

8

A1x

A

1x

A

+ e

ly

9

A

ly

A

1z

Iy M Feq Ay tepp A M ez Ay

15

=0

30

(4.32)



where:

where:

1]

Ay ¥ o

2 hy, h

12 714

2 hy, h

12 715

2 hio h

13 714

2 hioh

13 15

2 hyg g
2
M -1 +h

A

+cC
+cC
tcC
+cC
tc
A

x ¥ N3

2
15

ly

ly

+ h
35 ‘1
35 ©13

35 14

35 €15

+

Cg1 * S5 17

Cao * C45 Cy2

C43 7 €45 C13

Cag * C45 C1a

Cg6 * C45 C15

35 ©12

23 Mz T hyy

33

1z

Next, Equation (4.33) is solved for Mx'

M

X

k

A x ¥ k

11 1

12

A

ly

+ Kk

13

A

1

My

34

Z+k

+ h

+ h

14

25

35

=0

31

(4.33)

(4.34)

(4.35)



where:

K11

12
SE

kg

~hy/hyy
~hyo/hyy
“has/hy,

ho5/hag
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Then this equation is substituted in Equations (4.32) and (4.34) with

the following results.

where:

f] A%x * f2 A%y * f3 A%z * f4 A]x Aly
¥ f5 A]x A]z * f6 A]x * f7 A]y A]z * f8 A]y
R PR TV |
f1=¢ +.k%1 e : ST
Fy = ey + Ky &g+ kyp e
fy=egtkizey +.k13 €2
fg=eg v 2kypkypegtkypegtky,e
fg =eg * 2 kyp kyzey v kypepp tkze
fo =g * 2 Ky kg eq ¥ kypeqg * kyy &y
f7 =89 * 2 kyp kygeg * kyp ey + kyg ey
fo = eyp + 2 kyp kygeg * kyp eqy * kyyeqg
fg =e3t 2kzkygegt ke, tky,ep
10 = €15 * Kig eg + kyg ey
a1 Arx * kag Ay + oz Ay * kyy = 0

(4.36)

(4.37)



where:A
kpy = hgy + h3q hyy
kpp = hgp *+ hyg hyy
ko3 = Mg * h3g M3
kpg = h3g + h3g hyy

- The next substitution eliminates A1z. Solving Equation (4.37) for Az
yields the following equation.

A =

1z = S11 A

+s., A, +5s

(4.38)

1x 12 "y 13

where:
S11 = “koy/kpg
S12 = ~kop/ksg

S13 = ~kag/kp3
Substituting Equation (4.38) in Equations (4.36) and (4.27) yields the
two second order equations in A]x and A]y which must be solved to find

a solution for this case.

2 2 .
g Ayt Ay tag Ay Ayt ag Ay tag Ay tag =0

where:

_ g 2
ap = fy +syy fatsyy fy

) 2
8 = fyt s, fatsy, fy

fpt2syyfatsy ftsy,fy

fo + 2597 513 3597 fg + 593 fg
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a5 = fg + 2515 513 3+ 505 fg + 5.5 f;
_ 2 )
3 = fip t sy3 3+ 513 F
by A% +b. A% +b. A A, +by A, +b A +b. =0
1 Aix * By Ay + Dy Ay Agy by Ay +bg Ay + by
(4.40)
where:
' )
b] - S]] + ]
2
b2 512 + 1
by =2 597 595
by =2 597 5¢3
by = 2 Sy5 Sq3
2
b6 = 513 -1

Equations (4.39) and (4.40) can be combined into one fourth order equa-
tion in only one unknown. The first step is to combine the two equa-
tions to eliminate the A]x A]y terms.

2 2 _ ‘
C] A]x + CZ A]y + C3 A]x + C4 A]y + C5 - 0 (4.4])

where:

C, =2, b3 - a3 b2
C3 = 3 b3 - a3 b4
Cp = 3 b3 - ag b5
C5 = g b3 - 33 bg

Next, "complete the square" on Equation (4.41), which yields:



c. 2 2 2
3 4 3
(Veq A, + —) (/c, A ) + e -
1 Tx 2/51 G 5 e
cy
- =90
4c,

/e 3
Al = /e, A+
X T 7x 2/51
and,
/e i
Al = vc, A+
y 2 "y ZVE]
These can be rearranged as:
' c
3
A, =X _ 2
1x ‘/(-:-i 2C-I
Al c
Ay = Yy 2_4_
y ‘/6—2" CZ -+

Equation (4.42) can be rewritten as follows:

2 12 _
+ Ay + R1 =0

Ax
where:
2 2
.53 e
4c1 4c

35

(4.43)

(4.44)

(4.45)

(4.46)

(4.47)

Substituting Equations (4.45) and (4.46) in Equation (4.39) yields the

following equation:

d A'2+d A'2+d A'A'+d4A'+d AL+ dg =0

1 2y 3 ' x'y 5 6

where:

(4.48)
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where:
dy = a4/¢
d2 = az/c2
d3 = a3/;/c1c2
1 3 330y
d, = - (a, - .
4 VE; 4 c] 2c2
1 4, 23C3
dg = — (a5 - c, ~Zc)
Cy 1
2 2
4= . oa% %% 1% %%  33%%
6 2c] 2c2 4c% 4c§ 4c1c2 6

To combine Equations (4.47) and (4.48), the latter must be Frearranged

and squared.

d A'2

1 A! (4.49)

2
+ A'™ + A' + - y
d, v d dg - d3 A} Al - dg y

4 3 X'y
“Squaring this gives an equation which contains only even powers of A}.
This allows substitution for A&z from Equation (4.47) which results in
the following fourth order equation.

3 2

|4 1 ] -
1A +e2Ax+e3A;(+e4Ax+e5—0 (4.50)
where:
_ .2 2 2
e = df + d5 - 2 d; d, + d
e, =2d dy -2d,dy +2dydg
e =2 2R +d2-2d d.R +2d d -2d,d
3 2 Ryt 44 1% R 1 9 2 dg
2 2
td3 Ry +dg



TABLE III

FOUR POSITION SYNTHESIS, EXAMPLE PROBLEM,
WITH A GEAR RATIO OF TWO

Coordinates
Point X oy z
Input
M -- -- | 672512
Py -2 .3 .932738
P, 134278 102227 .985657
Py 0312716 -.0852917 .995866
Py .101886 -.249175 .963084
q -.3 4 -.866025
Q, -.454178 .482660 ~.748340
Qg -.606622 .515393 -.605293
Q, - . 745965 .495813 - . 444641
Output
First M .5446801 .498735 .672512
First A, .584604 .409250 .700537
Second M .632716 .383925 .672512
Second A, 697172 - .420892 .580345
Third M .619970 .404184 .672512
Third A, .692129 431593 .578520
Fourth M .580250 464841 .672512

Fourth A] .667463 .455398 .587922
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_ 42 p 2 2
ey = d2 R] + d6 -2 d2 d6 R] + d5 R]

This polynomial is then solved using a standard polynomial ,solving rou-
tine. Any of the roots of the polynomial which have zero iméginary
parts are possible solutions. ' For each of these possible solutions,

the following equations are used to find the other coordinates of points

A and M.
A = (-A;(2 - R1)1/2 (4.51)
A' c '
3
A, =2 2 (4.52)
-be ‘/-q 2C2
A' c .
4
A, = Lo (4.53)
ly /EE 2c2 _
T
Az = - s (cpq Ay * Cpp Ayy * Cp4) (4.54)
s
Mx C3g (c3] A]x * C32 A]y * €33 A]z * c35) (4.55)
_ =1 '
" = o (cgy Aqy * Cap Ay * Caz Ayy * Caq My + cgg)  (4.56)

These coordinates are then used as inputs into the analysis program to
sort extraneous roots from the solutions. A program to carry out the
above computations is included as Appendix E. This program is used to

work an example problem, with the results given in Table III.
4.7 Five Position Synthesis

When five rigid body positions are specified, the problem is an

extension of the four position synthesis problem. Four rotation
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matrices and linear design equations must be found using the methods of
Chapter III, one design equation for each of the rotations from posi-
tion one to position two, three, four, and five. In addition, the

tWo equations to constrain points M and A to be on the unit sphere

are necessary. The six design equations are listed below: -

2 2

M+ My tMo=1 ' (4.57)
AT, + A?y + AT =1 (4.58)
Co1 Rix ¥ Co2 Ay + Cog Ayt cog My +cpg My

+ Cpg M+ Cyy = 0 | (4.59)
©31 M1x * C32 Ary * C33 Mz T eag Myt e My

+Cge M, + Cyp = 0 o | (4.60)
a1 Ax * Ca Ay T Mo

t e M, tcpy =0 | (4.61)
51 Ax * 2 Aty * Ca3 Ayt Cog Myt ogg M

* g M, + ey =0 (4.62)

where:
Ca1 = sin %0 (dn23 - dn32) forn=2, 3, 4,5
Ch2 = sin %0 (dn31 - dn]3) forn=2, 3,4, 5
Ch3 = sin %0 (dn12v' an]) _ _ forn=2, 3, 4, 5
Cog = -sin W (dn23 - dn32) forn=2, 3, 4, 5
- Cp = -sin ®1n (dn3]‘- dn13) forn=2, 3, 4, 5

Cn6 = —sfn e]n‘(dn]2 - dn21) " forn=2, 3, 4,5
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c 7 = (cos &, - cos 6, )(1 +d qy +dop*d3)

forn=2,3,4,5
The solution of these equations for the coordinates of points M and A
is similar to the procedure used for four positions. Firstmsolve
‘Equation (4.59) for M, and substitute.in Equations (4.57) and (4.60)
through (4.62). '

My = 9y A 912 Ay + 93 Ay 99y My 915 My * 946
(4.63)
where:
911 = ~C1/C%
912 = ~C22/C%
913 = ~C3/C%
914 = ~C24/C26
915 = ~Cp5/Co6
916 = ~C27/C2
After substitution, the following equations are generated:
921 Pix + o2 Py * 9p3 Pz + Gpg My ¥ 95 My ¥ Gp5 = O
(4.64)

where:
921 % €31 ¥ 911 C36
922 = €32 * 932 C36
923 = C33 T 913 C36

924 = C38 T 914 C36



where:

where: -
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925 = C35 ¥ 915 C36

96 = €37 * %16 “36

931 Pix * 932 Py * 933 iz * 93 My + 935 My + 936 = 0

| (4.65)

931 = C41 * 911 46

932 = S42 * 92 Ca6

933 = C43 * 913 C46

934 = Cq4 * 914 Cgp

935 = C45 * 915 46

93 " C47 " %16 Ca6 |

97 Py ¥ a2 My T 9a3 Pt 9aa Mt Yas My g6 = O

(4.66)

91 = %51 T I Cs6

952 = C52 * 912 Cs6

943 = ©53 T 913 Cs6

934 = C54 * 914 Csg

945 = C55 * 915 Cs6

96 = C57 * Y16 Csg

d) Ri * 4y A%y +dy A, +d4‘M§ *tdg M§ tdg

tdy Ay Agy tdg Ay Agy g A My Fdig A My
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* d]] A1x * d12 A]y A]z * d13 A]y Mx * d14 A]y My
tdig Ayt dig A Myt iz A My dig Ay,
+dig M My + dzo M, + d2] My =0 (4.67)
where:
4 = ¢
4y = 95,
dy = 975
dy = g7 *+ 1
d5 = 9%5 + 1
dg = a7g - 1
d7=2917 92
dg =2 917 913
dg =2 9y7 914
dig = 2 997 915
dyy =2 917 Gy
dyp =2 9y9p 913
h3 = 2912 9

di5 = 2 995 9y
d1g = 2 913 914
dyo = 2



dig

dig

dag

da1

43

= 2913 95
=2 914 95
= 2914 916

=2 915 95

The next step in the synthesis procedure is to solve Equation (4.64)

for My’ yielding Equation (4.68).

in Equations

M
Yy
where:

11

12

14
15

21

where:

21
22
23
24
25

31

13 °

Equation (4.68) is then Substituted
(4.65) and (4.66) yielding Equations (4.69) and (4.70).
(4.68)

= hyp Apy thyp Agy t g Ay gy Mt hyg

~921/95
= =90/ 955

=953/ 975

~9247925

~9,6/925

A-X + h,y Aj + hyq A+ h24 Mx + h25 =0 (4.69)

1 22 23 "1z

ly

+

hiy 935

il

* hy2 935

* hy3 935

* hyy 935

* hy5 935

*hay Ay + hg3 Ay, +hgy My +hag =0 (4.70)



where:

h3

h3,

h

h

= 9a1 * hyy 95

= 9g2 ¥ g 95

33 "
34 "

35

943 * hy3 45

+ h

944 © M4 45

925 * 15 a5

a4

Equation (4.68) is also substituted in Equation (4.67) with the follow-

ing result.

where:

2

2 2 2
&) Ay ¥ & Ay teg A t g My
T &g A]x A]y * 6 Aix A]z * &7 A]x M]x * g Alx

teg Ay Ay tegg Ay My ey Ay tegp A M,

tepghte M teg=0

d

d

d

d

d

d

d

d

d

1+ hYy dg * g dyg

p * iy dg + hyy dyg

3+ bl dg +hygdpy

g+ hig dg + hyy dig

7 ¥ 2hyy hyp dg * hygdyy ¥ hyp dy

g ¥ 2 hyy hygdg + hyy dyz + hy3 dyg

g ¥ 2 hyy hyg dg + hyy dig + Ry dyg
11 F 2 hyy g dg + hyy dyy + hygdyg

12 ¥ 2 hyp hyz dg + hyp dyz + hyz dyy

(4.71)
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e1p = dy3 ¥ 2 hyp hyy dg + hyy dyg + Ry dyy
€1 = dy5 + 2 hyp hyg dg + hyy dog + Ry dyy
e12 = d1g * 2 hyg hyy dg + hyg dig + hyy dyy
€13 = dyg * 2 hy3 hyg dg + hy3 dyy + hyg dyy
®14 = dpo * 2 Myg My5 d5 * Myg dyy + My dyg
ers = dg + hig dg + hyg dyy

Next, Equation (4.72) is solved for M, to yield Equation (4.35). This
équation is substituted in Equations (4.70) and (4.71), yielding Equa-
tions (4.37) and (4.36), respectively. Then Equation (4.37) is solved
for A]z which yields Equation (4.38). This value of A]z is substituted -
in Equations (4.36) and (4.58), resulting in Equations (4.39) and (4.40),
respectively. These two equations are then solved exactly as in the
four position synthesis. Equations (4.41) through (4.56) are valid.

One additional equation is necessary to define Mz in terms of the other

variables.

A A M

M 54 “'x

tc

e
2 = oo ey Ay * Cgp Ay + oz Ay,

+C (4.72)

55 My * C57)
As before, the analysis program must be employed at this point to sort
out the extraneous roots. Appendix F contains a computer program to

- perform the above synthesis. This computer program is used to work an'

example problem, with the results given in Table IV.
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TABLE IV

POSITION SYNTHESIS, EXAMPLE PROBLEM,
WITH A GEAR RATIO OF TWO

1

Coordinates
- Point X : y z
Input
Py -2 .3 .932738
P, -.113094 .226181 .967498
Py -.00757381 .173646 .984779
Py .108740 .146311 .093244
P .227249 .146282 .962787
Q -.3 .4 .866025
Q, -.503378 .350705 .789694
0, -.679041 | .256321 .687897
Q, -.814562 .123531 .566771
0 -.900225 -.0383110 .433736
Output

First M .150548 .693181 .704866
 First A, .0655505 .533533 .843235
Second M .0371080 .601662 .797888
Second A, .0763731 .553933 .829051
Third M .100053 .637487 .764233
Third A, .162990 .626260 .762386
Fourth M 100053 .637487 .764233
~ Fourth A .162990 .626260 .762386
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CHAPTER V
CONCLUSION

This thesis presents a method for simplifying the nonlinear equa-
tions derived from rotation matrices. This procedure is illustrated
by applying it to a specific spherical mechanism. The mechanism
chosen as an example is a spherical cycloidal crank mechanism as de-
fined in Chapter I. The kinematic analysis of the selected mechanism
is explained in Chapter II. Chapter III is devoted to development of
the major synthesis equation. This design, or synthesis, equation is
then used for designing mechanisms, given various sets of design cri- -
teria. The design procedures for two, three, four and five rigid body
positions are given in Chapter IV. Combuter programs to perform the
analysis and’synthesis described above aré included in the Appendices.
The advantage of this‘method is that it yields a closed form solution,
eliminating the‘conVergence problems associated with numerical
techniques.

The use of rotation matricies fbr synthesis'may be extended to
three rotation matrices by using the methods outlined in this thesis.
Using three rotation matrices would allow the synthesis of more complex
mechanisms . However, several problems must first be confronted.

First, the nonlinearity of the equations which result from multiplying
three rotation matrices together is at least siXth order. A]so,'there

are nine unknowns, which greatly increase the size of. the equations.

47
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Determining the proper sequence of operations to manipulate the origi-
nal nonlinear equations into the desired number of linear equations

is a large and rather time-consuming task. With three rotation
matfices there will be three equations necessary to insure that the
‘rotation vectors remain on the unit sphere. While this would be a
“useful extension of the present problem, the difference mentioned

would be formidable.
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APPENDIX A

ANALYSIS PROGRAM
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$J08 LIST

CARD
0001

0002
0003

0004
0005

0006

0007
0008
0009
0010
0011

0012
0013
0014
0015
00ls
0017
0018
0019

Q0020
0021
0022
0023
0024
0025
0026
0027
00238
2029
0030
0031

0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053

14:39: 36,830 76/03/28
80/80 LIST PAGE 001

0000000001111111111222222222233333333334444444444555555555566666666667TT7T7777718
12345678901234567890123456789012345678901234567850123456789012345678901234567890

C¥x THIS PROGRAM IS DESIGNED TO PERFORM A DISPLACEMENT ANALYSIS OF A *%

Co¥x SPHERICAL CYCLOIDAL CRANK MECHANISM WHICH IS LCCATED ON A SPHERE *%
Ck# WHOSE CENTER IS AT THE ORIGINe. THE VARIABLES ARE AS FOLLOWS. *x
Cx IC - INPUT DATA CHCICE PARAMETER; (FIRST DATA CARD WITH AN ¥
C %% 11 FORMAT) *%
Coxx IC=1, COORDINATES GIVEN ARE ASSUMED TO LIE ON A UNIT SPHERE, *%x
Cxx IC=2y THE X AND Y COORDINATES CF EACH PCINT ARE GIVEN IN THE **x
C*x FIRST 20 COLUMNS WITH A +1, OR A =-1l. IN THE NEXT 10 . *%k
C*x COLUMNS TO GIVE THE SIGN 3F THE Z. COORDINATE. %
C % GR = THE GEAR RATIO N = (THE RAPIUS GF THE SUN GEAR)/(THE RADIUS *%x
C*x OF THE PLANET GEA)3; (SECOND DATA CARD WITH AN F10.0 FORMAT) *%
Cxx M - A VECTOR CONTAINING THE CARTESIAN COORDINATES OF THE AXIS OF THE *x
C*x FIXED SUN GEAR; (THIRD DATA CARD WITH A 3F10,0 FORMAT) *%
Cxx A ~ A VECTOR CONTAINING THE CARTESIAN COGRDINATES OF THE AXIS OF *%
Cx*x THE PLANET GEAR IN ITS ORIGINAL POSITION IN COLUMN 1. THE **
C*x SUBSEQUENT POSITIONS OF A ARE IN THE SECOND COLUMN OF A: * %
C*x (FOURTH DATA CARD WITH A 3F19.0 FORMAT FOR POSITION 1) %
C*%x P+Q - VECTORS CONTAINING THE CARTESIAN COCPRDINATES OF TWO POINTS *x
Cxx ON THE PLANET GEAR. THE FIRST COLUMN CGNTAINS THE FIRST b
C¥x POSITIONS OF THE POINTS AND SUBSEQUENT POSITIONS ARE IN *

Cx* ) COLUMN THREEe (Pl AND Q1 ARE ON THE FIFTH DATA CARD WITH A *x
C#x 6F10.0 FORMAT) k%
Cx R = A VECTOR CONTAINING THE CARTESIAN COORDINATES OF THE L. *x
Cax RESULT OF ROTATING Q ABOUT P THROUGH AN ANGLE OF *x
C*x NINETY DEGREES. - . *%
C*x PUR = A MATRIX WHOSE COLUMNS ARE THE VECTORS P, Q, AND R, ' **
C *x PQR2 - A MATRIX WHOSE COLUMNS ARE THE CARTESIAN COORDINATES OF THE **
Cx SECOND POSITIONS OF P,Qy AND R. x*
C*x ROT = THE ROTATION MATRIX FROM POSITION ONE TO POSITION TWO. *%
Cxx N - THE NUMBER OF SECOND POSITIONS OF THE MECHANISM; (SIXTH DATA . *x
Cxx CARD WITH AN 12 FORMAT) - *%
Cxx PHI - THE TOTAL ROTATION ANGLE REQUIRED TO GC FROM POSITION ONE TO **
C**x PGSITION TwWO. R **
Cxx THL - THE ROTATION OF A ABOUT M WHEN THE MECHANISM GOES FROM *x
Cx*x POSITION ONE TO EACH SECOND POSITIONe (STARTS ON SEVENTH *%
C¥x DATA CARD WITH AN F10.0 FORMAT: IN DEGFEES) *x
Cxx TH2 - THE ROTATION OF P ABOUT A WHEN THE MECHANISM GOES FROM *x
Cxx POSITION ONE TO EACH SECCND POSITION, *k

Cokaiok ko kR KRR A AR R e ek kR ok ok ok 3k ok ok sk sk s ok ool 26l o R ok ok ok ok ok KKK R
C 30k ok ook o KoK R A OR R R JOK K e o M KK e 3K K o ok Kok A o AOROR oK oK AR oK K Kk Kk
REAL M(3)
DIMENSION A(3,2)4P(3,3),Q(3+3)yR(3,3),PQR(3,3),PQR2(3,3),R0OTA(3,3)
1,ROTM(3,3) 4ROTT(3,3)
C ** READ IN DATA **
KCOUNT = 0
READ 100, IC
100 FORMAT(I1)
PRINT 101, IC
- 101 FORMAT(1H1,37H THE INPUT DATA CHOICE PARANMETEF = ,12)
READ 102y GR
102 FORMAT(8F10.0)
PRINT 103, GR
103 FORMAT(///+28H THE INPUT GEAR RATIO IS: 4/+G15.6)

V0J0L 00006
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PROGRAM LYZE({INPUT,OUTPUT)
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CARD
0C54
0055
0055
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0C79
0080
0081
0082
0083
0084
0085
0086
oos7
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
o100
0101
0102
0103
0104
0105
0106
0107
0108
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104

105

106

READ 102y (M(I)e1=1,3)

PRINT 104y (M(1),1=1,3)

FORMAT(///4+31H THE INPUT SUN GEAR AXIS 1S: 4/93G1l5e6)
READ 102y (A(I41)9I=1,43) .

PRINT 1059 (A(I41)9121,3)

FORMAT(///+34H THE INPUT PLANET GEAR AXIS IS: ,/,3G15.6)
READ 1069 (PUIsL)sI=143)4(Q(Is1)yI=1,3)

FORMAT(6F10.,0)

PRINT 1079 (P(T91)sI=193)y(Q(Iy1)y1=1,3)

107 FORMAT(///+50H THE FIRST RIGID BODY POSITIONS ARE AS FOLLOWS:

1/7412H POINT P2 43X93G15.69/912H POINT Q: ¢43X43615.6)
PI = 355./(113.%180.)

GO T3 (5,10), IC

CP = RAD(P(1y1)4P(25,1)4P(3y1)) - 1.

CA = RAD(A(141)4A(2,1)4A(3,1)) - 1.

CM = RAD(M(1)4M(2),M(3)) - 1,

CQ = RAD(Q(1,1),Q(2,1)4Q(3,1)) - 1,

CHECK = ABS(CP) + ABS(CA) + ABS(CM) ¢ ABS(CC)
IF(CHECK+LT+0+01) GO TO 20

PRINT 108, CP,CA,CM,CQ

108 FORMAT(///+64H $$$$THIS JOB ABORTED, THE INPUT VALUES ARE NOT O

C**

10

15

IN A UNITS$$$S 4/,75H $$S$SSPHERE. THE AMOUNTS EACH POINT (P,A,M,A
2ND Q) ARE TOO LARGE ARE:$$$$ +/,4G15.6)

GO TO 2000

CONT INUE

CALCULATE THE Z COGRDINATE OF M,A,P, AND Q

CP = CHK(P(1s1)yP(2,1))

CA = CHK(A(1s1)sA(2,1))

CO = CHK(Q(1,1),Q(2,1))

CM = CHK(M(1),M(2))

IF(CPsGTe0e) GC TO 15

IF(CA.GTe0s) GO TO 15

IF(CQ.GT.0,) GO TO 15

IF(CMeGTe0s) GO TO 15

P(3,1) = RAD2(P(1s1)4P(2y1)4P(3,1))

Q(3,1) RAD2(Q(1s1)+Q(2,1)+Q(3,1))

A(341) = RAD2(Al1+1) sAl2,41)4+A(3,1))

M(3) = RAD2(M(1)syM(2)4M(3))

GO TO 20

CONTINUE

PRINT 109, CPyCAsCM,CQ

109 FORMAT(///4+68H $SSSTHIS JOB ABORTEDy, THE INPUT VALUES X AND Y A

Cx*

20

1RE TOO LARGESSSS ,/,37H $$$$TO BE ON THE UNIT SPHEREs THE AMOUN
2T THEY (PyAyMy AND Q) ARE TOJ LARGE ARE:$$$$ ,/,4G15,6)
GO TO 2000
CONTINUE
R{Lsl) = PULyl)*P(Ls1)*Q(Lo1) + (P(Ly1)*P(2,1)=P(3,1))%0Q(2,1)
1 + (P(Ly1)*P(3,1)4P(2,1))%Q(3,1)
R(291) = (PULy1)*P(2,1)4P(3,1))%Q(1y1) & P(2,1)*P(2,1)%Q(2,1)
1+ (P(2,1)%P(3,1)=-P(1s1))*Q(3,1)
R(391) = (P(Ly1)*P(3,1)=P(2,1))%G(1,1)
1+ (P(2y1)*P (34 1)+P (1, 1))*QU 24 1) -+ P(3,1)%P(3,1)%0(3,1)
FEAD IN NUMBER OF SECOND POSITIONS
PRINT 1169(M{I)sI=19300(AC1,1)9I=143)4(P(I,1),1=1,3),
1 (QUIo1)9I=193)y (R(Iy1)y1=1,3)

%k
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CARD

0109 116 FORMAT(///+37H THE ORIGINAL MsA,P,Qy AND Ry AFEZ 4/
0110 16H M2 93G15a69/96H AT +13G1l5e59/ 0

0lll 26H P: +3Gl5.69/96H Q: +3615¢64/,

0112 36H R: +3Gl546) .

0113 READ 110 N

ol14 110 FORMAT(I2)

0115 PRINT 117N

" 0llée 117 FORMAT(///+35H THE NUMBER GF SECOND PJSITIONS: ,I5})
0117 25 CONTINUE

o118 READ 102, THLD

0119 TH1 = TH1D*PI

0120 TH2 = THL*GR

0121 C** NEXT FIND THE MATRIX FOR ROTATIONS ABOUT A ok
0122 CALL ROT{A(Lly1)4A(241),A(3,1)4TH2,ROTA)

0123 TH2D = TH2/PI

0124 € THE FOLLOWING CARDS CAN BE USED T0O PRINT CUT THE ROTATION

0125 ¢ MATRIX ABOUT A FOR EACH POSITION

0126 C PRINT 111 { {RCTA(T4J)4J=143)yi=143),TH2D

0127 C 111 FORMAT(///,35H THE ROTATION MATRIX ABOUT & IS: 4/, 3(3G1l5.64/)y
0128 C 128H FOR A ROTATION ANGLE OF: ,G15.6484 DEGREES )

0129 C*% NEXT FIND THE NEW POSITIONS OF P,Q, AND R AFTEP A ROTATION ABOUT A *x
0130 DO 30 I = 1,3

0131 P(I,2) = 0.0

0132 0(I42) = 0.0

0133 R(I,2) = 0.0

0134 30 CONTINUE

0135 ‘00 35 1 = 1,3

0136 DO 25 J = 1,3

0137 P(1+2) = ROTA(I+J)%PtJsl) + P(I,2)

0138 Q(I,2) = ROTA(I,J)*Q(Js1) + Q(I,2)

0139 R(I42) = ROTA(IsJ)*R(Jy1) + R(I,2)

0140 35 CONTINUE

0141 C THE FOLLOWING CARDS CAN BE USED TO PRINT OUT THE INTERMEDIATE
0142 C POSITIONS OF ALL THE POINTS; AFTER THE ROTATION ABOUT POINTA
0143 C PRINT 112¢(P(1492)91=193)¢(QUI42)s1=143)4(RIT42),1=1,3)

0144 C 112 FORMAT(///.* AFTER THE FIRST ROTATION ABOUT A THE RIGID 80DY PO
0145 C LPOINTS ARE: 4/46H Pz o 3G15.6/y 6H Q: 4 3G15.649/96H Rz
0146 C 23615 6)

0147 C*=x FIND THE ROTATION MATRIX ABOUT M ek
0148 CALL ROT{M(1),M(2)4M(3)sTHL,ROTM)

0149 D3 401 = 1,3

0150 P(I1s3) = 0.0

o151 Q(I+3) = 0.0

0152 R(1+3) = 0.0

0153 All+2) = 0.0

0154 40 CONTINUE

0155 € THE FOLLOWING CARDS CAN BE USED TO PRINT CUT THE ROTATION

0156 C MATRIX ABQUT POINT M

0157 € PRINT L113,((RCTM(I 4J)sJ=143)y1=1,3),THID

0158 C 113 FORMAT(///+35H THE ROTATION MATRIX ABOUT M ISt o/, 3(3515.64/),
0159 ¢ 128H FOR A ROTATIUN ANGLE OF: ,G15.698H DEGREES )

0160 DO 45 1 = 1,3

0161 DO 45 J = 1,3

0162 P(I3) ROTM(I,J)%P(Jy2) + P(I,3)

0163 Q{l+3) = ROTM(I,J)*Q(Jy2) + Q(I,3)

7S
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0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
o188
0189
0190
o191
0192
0193
0194
. 0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218

00000
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45

R{I43) = ROTM(I,J)*R{Jy2} + R(I,3)

A(I+2) = ROTM(I,J)%A(J,1) + A(I,2)

CONTINUE

PRINT 114¢(A(T142)90=193)0(PCI93)9I=193)90Q(T+3)9I=193)y(P(I43)y1=1}
193), THLD

114 FORMAT(///+58H AF TER THE TOTAL ROTATION TRE FIGID BCDY POSITIONM

50

55

115

2000

1S ARE: +/4+6H Az 9 3G1l5469/ 464 P2 936G15.6 9/95H Q2 4361l5.5
29/ +6H R3: +3G1l54619/+28H FOR A ROTATION ANGLE OF: 4Gl5.6,
3BHDEGREES )

DO 50 1 = 1,3

D0 50 J = 1,3

ROTT(I,J) = 0.

DD 55 I = 1,3

DO 55 J = 143

DO 55 K = 1,3

ROTT(Isd) = ROTMUIZK)I*ROTA(KyJ) + ROTT(I,J)

PRINT 115, ((ROTT{I+J)osJ=1+3)s1=1,3)
FORMAT(///58H THE TOTAL ROTATICN MATRIX FRCM POSITION ONE TO TW
10 IS: +/y 3{3G15.64/))

KCOUNT = KCCUNT + 1

IF(KCOUNT.LT.N} GO TO 25

CONTINUE

sToP

END

SUBROUTINE ROT (UXsUY,UZyPHI,D)
DIMENSION D{(3,3)

C = COS(PHI)

V=1.+-2¢C

S = SIN(PHI)

D({1ly1) = UX*UX*V + C

D{2+2) = UY*UY*V + C

D(3,3) = UZ*UZ*V + C

DXY = UX*UY=*y

DXZ = UX*UZxv

DYZ = UY*UZ*V

D(142) = DXY - UZ%S
D(1+3) = DXZ + UYx*S
D(241) = DXY ¢ UZ*S
D(2+3) = DYZ - UX=*S
D(3,1) = DXZ - UY#S
D{3,2) = DYZ + UX*S
RETURN

END

FUNCTION RAD2(A+8,C)
D= 1. ~ A%A - B*8
RAD2 = C*SQRT(D)
RETURN

END

FUNCTION RAD{(A+B,C)
D = A*A + B¥B + Cx*C
RAD = SQRT(LD)
RETURN

END

FUNCTICN CHK(A,B)
CHK = A*A + B*B - 1,

g9
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CARD

0219 PETURN

0220 END

3221 *®00

0222 2

0223 2.0

0224 o 31 1.

0225 467593 «487768 1.

0226 -e2 3 1. -e3 b -1le
0227 1

0228 4.,9661
0229 $18SYS

99
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CARD
0001
0002
0003
0004
0005
0006
0007
0008
0009
Q010
0011
0012
o013
0014
0015
0016
0017

0018 .

0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
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PROGRAM VALU( INPUT,QUTPUT)

CRERAkERREREEEEEEEEER KEKEER KA R AKX ERSEXERREBEEERE AR SARARRERE KL XX KK
CRERAXRREREER AR ERBEERE R EXEXREEREAERERRKEKMNKEEBTRRKRNEE NS LA REERAER AR KEEERE ERNR kL kXX xR
C*x THIS ROUTINE IS DESIGNED TO TAKE ruéf OSITICNS OF POINT P, ONE *x
C*e THIS ROUTINE IS DESIGNED TO TAKE N PORITIONS OF POINT P, ONE %

Cxx THIS ROUTINE IS DESIGNED TO TAKE N POSCTYCAS OF POINT P, ONE bt
Cxe POSITION OF POINT Q WHICH CJRRESPDNDS‘T‘ CNE PQSITION OF P AND il
Cxe FIND THE SECOND POSITION OF PCINT Q. THE PROGRAM IS GESIGNED TC Ll
Cex EITHER GIVE THE TOTAL RANGE OF THE Xo.Y, ANMD I COMPUNCNTS OF THE %
C*x SECCND POSITION OF ¢ FOR EACH SECOND POSITION OF P, OR WITH THE **
Cax SECOND POSITION OF QoX COOROINATE GIVEN, TO §IND THE OTHER %
C¥x COORDINATES OF Q. THE FIRST POSITIONS OF P A Q ARE TAKEN AS THE ok
Cxe REFERENCE POSITION FOR ALL OF THE OTHER INPUT P*S AND Q°S. *x
C*x THE VARTABLES USED ARE AS FOLLOWS: *%*
Cxx N = THE TCOTAL NUMBER OF PoQ CARDS, NOT COUNTING TNE INITIAL hdd
Cae IC - CHOICE OF CPTIONS PARAMETER %
C*x IC = 13 THE RANGES GF POSIBLE Q VALUES WILL BE CALCULATEOD. %
Cxe IC = 23 WITH THE GIVEN SECOND Q(X), THE OTHER POSSIBLE VALUES **
C*x FOR QUY) AND Q(Z) ARE CALCULATED «*
Css POSITION PL AND 01 **
Ce Pl - A VECTOR WHICH CONTAINS THE CARTES IAN COOPDINATES OF THE FIST =
Cex POINT P, had
C*s Q1 - A VECTOR WHICH CONTAINS THE CARTESIAN CCOORDINATES OF THE FIRST **
Cxe POINT Q Ll
Cses P - A VECTOR WHICH CONTAINS CONSECUTIVELY THE CARTESIAN COORDINATES *%
Cux OF EACH OF THE SECOND POINTS P bl
cos Q - A VECTOR WHICH CONTAINS CONSECUTIVELY THE CARTESIAN COURDINATES **
C*e OF EACH OF THE SECOND POINTS Q@ *%
Chegsny DATA INPUT INSTRUCTIONS Exkagkk
[ DATA CARD VARIABLE i FORMATY b
Ces 1 N 12 **
Cos 2 1C 12 b
C** 3 f1,01 6F10.0 hdd
Cee 4 PeQ 4F10. 0 L
Cxx 5 PeQ 4F10.,0 *%
Cxx THE P'S AND Q'S ARE ENTERED WITH THE X AND Y COMPONENTS ENTERED IN d
Cxs TWENTY COLUMNS AND THE SIGN OF THE I COMPDMENT GIVEN BY A ¢1. OR A bk
Cxx =le IN THE NEXT TEN COLUMNS. X *&
CERRRRRARSE X ERRREEEEREERAR R EERRAKE UK R KK KKK KX EXKBEERREREERCEERAKSRREERR L R SR XK XK
[+ SEERREREACERER KRR EERE KL KL AR EREREEEREKRERERERKFREEEKE KK

D IMENSION P(3),0(3),PL13).Q1(3),Q2(3}
READ 1004 N

100 FORMAT(I2)
READ 100, IC
READ 101+ (PL{IVeI=1y2)e(QLl(I)oI=103)
101 FCRMAT(6F10.0)
PRINT 102¢NoIC+{PLITI)oI=1,3),(0L(I)sT1=1,3)
102 FORMAT(1H1l+///+38H THE NUMBER OF SECOND PCSITIONS IS: o124//
1254 THE CHOICE GPTION IS: 4124/,
23TH THE FIRST POSITION 1S AS FOLLOWSS 4/,7H Pl: 43615464/
37TH Ql: +3G1546)
C*x COMPUTE THE LENGTH CF Pl-Ql *e
Cx* FIND THE Z COCRDINATZS OF P1 AND Q1

V0201023906
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CARC
0054
3055
30546
€057
0058
0059
0060
00¢e1
0062
3063
0064
0065
00¢€é
Q067
0Cs8
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
coss
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108

80/80 LIST

00000000C1111111111222222222233333333334444444444
123456789012345678901234567890123456783012345578%

= RACZ2(PL(L)4P1(2),P1(3))
QLl(3) = RAD2(QL(1),G1(2),Q1(3))

XL = P1(1) - Q1(1)
YL = PL(2) - Q1 (2)
ZL = P1(3) - Q1(3)

FLS = SEG(XLsYL,ZL)
PRINT 1074(PLEI),1=1,3),(QL(1),I=1,3),FLS

PAGE 202

56555555566666L66065TTTTT7177778
1234567890123+5678901224557850

5

107 FORMAT(///y48H THE COMPUTED FIRST POSITICANS AXE AS FGLLOWS
1+/4+7H Pl: 43Gl5464/y TH Ql: 43615464/ +27H THE LENGTH OF

2P1-Q1 IS: ,+G15.5)
ICOUNT = 1
IF(IC.EQe2) GO TO 10

Cxx FIND THE POSSIBLE RANGE FOK THE CCMPONENTS OF THe S
Cx=* GIVEN SECOND P.
5 CCNTINUE

READ 101, (P(1),I=1,3)
Cxx FIRST FIND P(3)

P(3). = RAC2(P(1)4P(2),P(3})

RX1 = P(1) - FLS

RX2 = P(1) -+ FLS

RYL = P(2) = FLS

RY2 = P(2) + FLS

RZ1 = P(3) - FLS

RZ2 = P(3) + FLS “

COND Q FOR A E

™

PRINT 103,(P(I)yI=143)4RX1+RX29RYL+RY24RZ14F72

103 FORMAT (///+40H FOR-THE ABOVE Pl AND Ql,
1/38H THE X CGORDINATE OF Q2 IS BETWEEN
2/38H THE Y COORDINATE OF Q2 IS BETWEEN
3/38H THE 2 CCCRCINATE OF Q2 IS BETWEEN

ICCUNT = ICOUNT + 1
IF( ICOUNT.LE.N) GO TO 5
GO TO 35
10 CONTINUE
READ 101, (P(I),I=1,3),Q(1)
P(3) = RAD2(P(1}),P(2),P(3))

AND FOR P2: 4/y 3G15469
2/1GLl%.5:3HANDyG15 .6,
v/1G154693HAND G156
1/1G1l5e6y 3FAND+G15.6)

C** NOw FIND THE OTHER COOKDINATES OF Q
Cl = =2,%P(2)
C2 = =2.%P(3)
FLS = FLS*FLS
C3 = =FLS + (P(L)=QU1))*(P(L)=Q(1)) + P(2}*P(2) + P(3)*P(3)
C4 = lo = Q(1)*Q(1) .
€3 =C3 + C4

CHK = ABS(C2)

CHK2 = ABS(C1)

IF(CHK.GEel.E~6) GO TO 20
IF(CHK24GEsloE~4) GO TO 15

PPINT 1045 (P(I)sI=143)4C1,C29C3,4C4,C5

104 FORMAT{(///,11H FOR P2= 4/ 3G15.649/,31H THE ZCEFFICIenTS C1
1-C5 ARE: v/ 13G1l5e6 948H THESE CUEFFICIENTS OC NOT YIELD & SOLU
2TION )

ICOUNT = ICOUNT + 1
IF(ICOUNT.LE«N) GO TC 10
GG T3 35

15 CONTINUE
Q(2) = -C5/Cl1
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CARD
0109
0110
o111
0112
0113
o114
0115
0llé
0117
a118
0119
0120
o121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0l32
0133
0134
0135
0136
0137
o138

0139

0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
o161l
0162
0163

0C000
12345

105

20
CHx

106

30

35

80/80 LIST PAGE 003
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67890123456789012345678901234567830123456789C123456739012345578901234567830
Q(3) = 1.

Q(3) = RAD2(0(1),0(21,0(3))

Q2(1) = Q(1)

Q2(2) = Q(2)

Q2(3) = -Q(3)

PRINT 105+(P(I1)+I=143)+(Q(I)yI=1,3001(Q2(1)yI=1,3)

FORMAT(///+40H FOR THE ABOVE Pl AND Qly AND FCR P22 o/4 3Gl5e6,
1/+31H THE CORRESPONDING Q2'S ARE: /,(3G1%.6))

ICOUNT = ICCUNT + 1

IFCICOUNT.LE.N) GO TO 10

GO 70 35

CONTINUE

" SET UP COEFFICIENTS FOR QUADRATIC *%
C2s = C2xC2

Cé6 = 1o ¢ (CL*C1)/C2S

C7 = 2.%C5*%C1/C2S

C8 = C5%C5/C2S - C4

CG = CT#CT7 - 4.%C6*C8

IF(C9.GT.0.) GO TO 25 :

PRINT 106 4(P(I)sI=143)9Q(1)9sC19C2+C34C49C54C64CT9CB4CY
FORMAT(/// 4+ 40H FOR THE ABOVE Pl AND Qls AND FCR P23 4/4 3G1546,
1/4+35H THERE IS ND SOLUTION WITh Q(X)= /9615647
231H THE COEFFICIENTS C1-C9  ARE: 4/ ,(3G15.6))

ICOUNT = ICOUNT + 1

IF(ICOUNT.LE.N) GO TO 10

60 TO 35

CONT INUE

C9 = SQRTI(C9)

CHK = ABS(Cé6) ,

IF(CHK.GE.1.E~6) GO TO 30

Q(3) = -C5/C2

Q(2) = 1.

Q(2) = RAD2(Q(1),Q(3),0(2))
Q2(1) = Q(1)

02(2) = -Q(2)

-Q2(1) = Q1)

Q2(2) = =Q(2)

Q2(3) = Q(3)

ICOUNT = ICOUNT + 1
IF(ICOUNT.LE«N) GO TO 10

GO TO 35

CONTINUE

Q(2) = (=C7 + C9)/(2.%C6)
Q2(1) = Q(1)

Q2(2) = (=C7 = C9)/(2.%C6)
Q2(3) = 1.

0(3) = 1.

Q2(3) = RAD2(Q2(1),Q2(2),Q21(3))

Q(3) = RAD2(Q(1),Q(2),Q(3))

PRINT 1059(P(IVeI=193)y(QUI)sI=143)y(Q2(1)y1I=1,3)
ICOUNT = ICQUNT +1

IF(ICOUNT.LE.N) GO TO 10

CONTINUE

sTOP

END

09
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0C00C000011111111112222222222333332333234444444444555555555566666560665T7T77T7777775
1234507890123456789012345678901234567330123454678501234567360123656789012345678%0

CARD
dlo4 FUNCTION RAD2(A,8,C)

0165 D= 1ls - A%A - g*B

cle6 RAD2 = C * SQRT(D)

0167 RETURN

0168 END

c169 FUNCTIUN SEG(A,8,C)

0170 D = A¥A + BXB + C*C

o711 SEG = SQRT (D)

0172 PETURN

0173 END

0174 "00

o1rs 2

0176 .2 :

0177 02 W61 -1. .12 .52 1.
0178 36 «32 -1. .26

0179 .48 a2t 1. +302

0180 $1IBSYS

19



APPENDIX C

TWO POSITION SYNTHESIS PROGRAM
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LIST

CARD
0001
0002
0003
0004
0005
0006
0907
0008
0009
0010
0011
0012
0013
0014
0015
9016
0017
o018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028

0029

0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047

0048°

0049
0050
0051
0052
0053

14:59:56.550 76/03/26 VGIIL0II06

80/80 LIST eAGE 001

0000000001111111111222222222233333333323444444444455555555556666666665TTTT77T77T78
123456789012345678901234567830123456785012345678901234557890123456785012345067390

PROGRAM SC2P(INPUT,.OULTPUT)
€ otk e e o ok o ko ok OO R o oKk ok e vk e o e ol K SR ok ok ek ok Aok R R S R R kR kR
ekt oA o o o e OROR O 2R OR K S R e ok K ok 40K K ok RO R XA Kk KR

C*x THIS PROGRAM IS DESIGNED TO TAKZ Tw2 GIVENM =IGID BLOY POSITIONS *x
C*# WHICH LIE ON A SPHERE AND COMPUTE A GEARED SPHERICAL CYCLIIDAL *x
C*x CRANK MECHANISM WHICH wWwILL GUIDE A RIGID BCOY CONNECTEC T3 THE *x
Cxx PLANET GEAR, THROUGH THE TWC GIVEN POSITICNS, ok
Cxx THE VARIABLES USED ARE AS FCLLCWS 3 *¥
C*x IC - INPUT DATA CHGICE PARAMETER; (FIPST [ATA CARU WITH AN &
C*xx - I1 FORMAT) *x
Cxx IC=1, COCRDINATES GIVEN ARE ASUMED TO LIE ON A UNIT SPHERE. *%x
C % IC=2y THE X AND Y COORGINATES' OF EACH PCINT ARE GIVEN IN THE =%
Cxex FIRST 20 COLUMNS WITH 2 +1., OF A -1l. IN ThE NEXT 10 xx
C*x COLUMNS TG GIVE THE SIGN OF THE Z CCGRDINATE. i
C *x GR = THE GEAR RATIO N = (THE RADIUS OF THE SUN GEAR)/ (THE i k%
Cxx RADIUS OF THE PLANET GEAR)F (SECCNU DATA CARD WITH AN *k
C*x F10.0 FORMAT) **x
C*x M - A VECTOR CONTAINING THE CARTESIAN COCROTNATES OF THE AXIS ¥
Ckx OF THE FIXED SUN GEAP; (SECOND DATA CAKD WITH A %k
Cxx 3F10. 0 FORMAT) . *¥
C*x A - 5\!ECTOR CONTAINING THE CARTESIAN COGR.CINATES OF THE AXIS OF **
Cxx THE PLANET GEAR IN ITS ORIGINAL POSITION; (THIXD DATA CARD b
C*x WITH AN F10.0 FORMAT, ONLY THE THIRC CR Z COORDINATE IS k-
Cux INPUT IN THIS CASE) X%
C¥x P+Q = VECTORS CONTAINING THE CARTESIAN COCFDINATES OF TWD x%
C*x POINTS ON THE PLANET GEAR; FIFTH DATA CARD--Pl: *x
C¥x SIXTH DATA CARD-=P2 i
C *% SEVENTH DATA CARD--Q1 - **
Cxx EIGHTH DATA CARD--Q2; ALL WITH A 3F10.C FORMAT AS - ok
C*x EXPLAINED UNDER IC. . &
CH=x R = A VECTOR CONTAINING THE CARTESIAN COORGINATES OF THE **
Cxx RESULT OF ROTATING Q ABOUT P THROUGH AN ANGLE OF *x
(0 NINETY CEGREES. - =
C *x POQR = A MATRIX WHOSE COLUMNS ARE THE VECTQRS P, J, AND R. *%
Cxx PINV - A MATRIX WHICH IS THE INVERSE OF PUR. wx
Cxx PQR2 = A MATRIX WHCSE COLUMNS ARE THE CARTES 14N CUORDINATES OF THE *x
C#x ) SECOND POSITIONS OF PyQs AND R, - %%
Cx ROT12 - THE RGTATICN MATRIX FRCM POSITION ONE TO PCSITION TwOe IT =k
C ** IS THE PRODLCT OF PQR2 AND PINV *%
C*x PHI - THE TOTAL ROTATION ANGLE REQUIRED TG GC FRCM POSITION ONE TO *x
C*x POSITION TWO. *r
Cxx TH1 = THE ROTATION OF A ABOUT ™ WHEN THE MECHANISM COES FROM **
C*x POSITION ONE TO PGSITINN TWO; THETA CONE. dx
Caek TH2 - THE RCTATIGCN OF P ABOUT A WHEN THE MECHANISM GOES FROM *x
C ** POSITION ONE TO POSITION TwO; THET2A TwOe *x

C ook koo ook R ok KK KK R K % ok koK e ok R R ok o koK Rk R K AR R K ok
€ o ok ok ok ok o R o ok HK 3R ok Rk okt e o oo o o R ok K ok S A K R Kk
REAL M(3)
DIMENSION A(3)4P(342)9Q(342)4R(342)9yPQAR(3,3),PINV(3,3),
1 PQR2{3,43) yRCT12(3,3)4CHKL(2)
Cx*x READ IN DATA *x
KCOUNT = 1
READ 100.1IC

€9
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CARD

0054 100 FORMAT(!1)

0055 PRINT 101,IC

€056 101 FORMAT(1H1,37H THE INPUT DATA CHOTICE PARZ¥cTEF = 1z)
0057 READ 102 , GR

0058 PRINT 103,GR

0059 103 FORMAT(///+28H THE INPUT GEAR RATIO 1Sz +/4Gl546)

9060 READ 102y M(1)oM(2),M(3) -

G061 PRINT 104 ,M(1)eM(2),M3)

0062 104 FORMAT(/// +31H THE INPUT SUN GEAR AXIS 1S: 4/43GLk566)
0063 KEAD 102,A(3)

0Gé4 PRINT 105,A(3)

0065 105 FORMAT(///4+47TH THE INPUT PLANET GEAR AXIS Z CCOROINATE IS: +/,C
0066 115.6)

gCe7 READ 102 4((P(I+J)s1=193)9J=1+2)+((Q{IsJ)sI=193)9J=1,2)

0068 102 FORMAT(3F10.0) .

0069 PRINT 1065 ((P(1sd)sJ=192)91=192),((Q(T9Jd)ed=142)51=1,3)

0070 106 FORMAT(///+50H THE INPUT RIGID BODY POSITICNS ARE AS FOLLOWSS,/
0071 146H POINTS P; WHERE EACH COLUMN 1S ONE PCINTe +/+3(2G15.64/),
0072 27/ 45H POINTS Q3 WHERE EACH COLUMN IS ONE POINTe 4/,
0073 3 3{2G15.645/))

0074 C*x CALCULATE THE Z COORDINATE OF P, Qy AND M *%
0075 Pl = 355./(113.%180.)

0076 GO TO (5,20}, IC

0077 5 CPS = 0.0

0078 CQS = 0.0

0079 DO 10 J = 1,2

0980 CP = RAD(P{LyJ)sP(29J)sP(34Jd)) ~ 1,

0081 CQ = RAD{Q(1+J)4Q(2933+Q(3,0)) ~ 1.

0082 CPS = CPS + ABS(CP)

0083 CQS = CQS + ABS(CQ)

0084 ~ . 10 CONTINUE

0085 CM = RAD(M(1),M(2),M(3)) - 1,

0086 CHECK = ABS(CPS) + ABS(CQS) + ABS(CM)

0087 IF (CHECKeGTe 0.01) GO TO 180

0088 GO TO 30

0089 20 DO 25 J = 142

0090 CP = CHK(P(14J)4P(2,0))

0091 - CQ = CHK(Q(1yJ)4Ql2,1))

0092 IF (CP.GT+0.) GO TO 185

0093 IF (CQaGTe0e) GC TC 185

0094 P(39J) = RAD2(P(14J)4P(2:J) +P(3,4J))

0095 Q(34J) = RAD2{(Q(1+J),Q(2+J) »Q(3,4))

0096 25 CONTINUE

0097 PRINT 106+((PUTyJ)ed=19209I=0143)4{(Q01sJd)sd=192),1=1,3)

0098 CM = CHK(M(1),M(2))

0099 IF (CM.GTe0e} GG TO 185

0100 M{3) = RAD2(M(1),M(2)yM(3))

0101 30 CONTINUE

0102 C*x% NEXT FIND THE COORDINATES OF POINT R *%
0103 NC 35 1 = 1,2

0104 RUEL4I} = PULoI)*P(LaID%QULsI) + (P(ly 1)%P(2,1)=-P(3,10)%Q(2,1)
0105 1+ (PULyI)*P(3,1)4P(2,1))%Q(3,1)

0106 RI241) = (PULy I)RPU2s1)4P(3,1)1)%Q( 1y 1) + P(2,1)1*P(2,1)%Q( 2, 1)
0107 1+ (PL2y1)%P(3,1)=P(L,1))%Q(3,1)

0108 35 R(3y1) = (P(Ly I)*P(3,1)=P(2,1))%0(1,I)
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CARD
0109
0110
0111
o112
0113
0114
0115
0llé
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
o128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
Q156
0157
0158
0159
0160
0161
0162
0163
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1+ (P2, 1)*P U3y [)+P (14 11)5Q( 20 1) 4 P(3sI)*P(3,1)%Q(3,])
PRINT 107 9((R(I9J}sJ=1Ls2)s1=1,3)
107 FORMAT(///,68H THE COCRDINATES OF THE CCOMPUTEC R'S ARE AS FOLLO

1WSe EACH COLUMN 4+/417H IS ONE POINTe +/4(2515.6))
C*% NEXT SET UP THE FIRST PQR MATRIX %
DO 40 I = 143
PQR(I 1) = P(I,1)
POQR(I4+2) = QlIs1}
40 PQR(Iy3) = R{Iy1)
Ckx CHECK THE LENGTH OF P(I1Q(I) 7 %

DO 41 1 = 1,2
DX P(ls1) -~ Q(1,1)
Dy P(2,1} - Q(2,1)
DZ = P(3,1) - Q(3,1)
CHKL(T) = RAD(DX.DY,CZ)
41 CONTINUE
CHK2 = CHKL{2) - CHKL(1)
CHK2 = ABS(CHK2)
IF(CHK2,GTe1leE-3) GO TO 186
C*x NEXT FIND THE INVERSE OF PQR ’ x¥k
1s = 2
CALL AIN(PQR,PINV,PMAG,+IS)
THE FOLLOWING CARDS CAN BE USED TO PRINT GUT THE MAGNITUGE
OF THE MATRIX PQR, AND ITS INVERSE
PRINT 1001 +PMAG,{(PINVII+d)sJ=1+3),1=1,3)
Cl001 FORMAT(///,28H THE MAGNITUDE OF PQR ISt ,/9G15.6,
c 1/+26H THE INVERSE OF PQR IS: 2/ +3(3G15.,60 7))
IF{1S.EQ.101) GO TO 187
Cxx NEXT FIND THE ROTATION MATRIX FROM POSITICN ONE TO TWO *k
C*x NEXT SET UP THE SECOND PQR MATRIX. %
DO 45 1 = 1,3

[s¥2¥g)

POR2(I+1) = P(I,2)

PQR2(1,2) = Q(1,2)
45 POQR2(1I+3) = R(1,+2)

CHx FIRST ZERO THE ROTATION MATRIX ' 0k
DO S0 I = 143 :
DO 50 J = 1.3
50 RCTL2(1+4) = 0.0

00 55 J = 1,3
DO 55 K = 1.3
DO 55 L = 1,3

55 ROT12(K+J) = PQRZ2(K,L) * PINV(LJ) + ROTL2(K,J)
PRINT 1002, ((ROT12(1+J)ed=143)41=1,3)
1002 FORMAT(///+63H THE COMPUTED ROTATIONAL MATFIX FSOM P3SITION OME
1 TO TwD 1S3 +/9303G15.64/)
C*x* NEXT FIND THE ROTATION ANGLE PHI ok
PHI = o5%(ROTL2(1s1) + ROT12(2,2) + ROT12(3,3) - 1.}
PHI = ACOS(PHI)
PHID = PHI / PI
PRINT 108y PHID :
108 FUORMAT(///+72H THE ROTATION ANGLE FROM POSITION CNE TO PASITION
1 TWOs IN DEGREES IS: +/+Gl546)
C*x NEXT FIND THE OTHER ANGLES *%
THL = PHI /7 (1. + GR)
TH2 = TH1 * GR
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CARD
0164
0165
0166
0167
0l68
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0197
0198
0199
0200
0201
0202
0203

- 0204

0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218

80780 LIST P

004

0000000001111111111222222222233333333334444444%44555555555566656055656TTT7T7777778
12345678901234567890123456789012345678901234567890123456789012345678901234557890

C**x NEXT DEFINE THE DESIGN FQUATION PARAMETERS
€l = SIN(TH1)
c2 SIN(TH2)
c3 COS(THL1)
Cc4 COS(TH2)
c5 ROT12(243) - RCT12(3,2)

cé ROT12(3,1) - ROT12(1,3)

c7 RCT12(1,2) = ROT12(2,1)

o} c2 * C5

(o] C2 * Cé6

C10 = A(3)%C2*C7 - M(L)*C1*C5 = M(2)*C1*C& - 4(3)%C1*C7

1 + C3 - C4 + (RCTL2(1,1)+R0OT12(2+2)+ROT12(3,3))*(C3-C4)
c THE FOLLOWING CARDS CAN BE USED TGO PRINT CUT THE INTERMEDIATE
C CGEFFICIENTS CL THROUGH C10
c PRINT 1003, C1+C24C3+C44C54C6+C7+CB,C9,C10
Cl003 FORMAT(///+43H THE FIRST TEN COEFFICIENTS, C1-ClO ARE: ,+/,(3G15
C 1.6))

IF(ABS{C9)+GTes001) GO TO 70
Cll = C8 * Cl10 * 0,001
IF(ABS(C9).GT.C11) GC TO 70
IF(ABS(C8)+GTe1l.E~8) GO TO 65
60 CONTINUE
PRINT 109,C84C9,C10
GO TO 170
65 A(l) = Cl0 / C8
KCOUNT = KCCUNT + 1

GO TO 150
70 CONTINUE
C ** AT THIS POINT THERE ARE TWO EQUATIONS:
Cxx C8%A(1) + C9*A(2) + C10 = O AND
C*x A(L)*%2 + A(2)%%2 + A(3)%%2 = |
C *x NEXT FIND THE COEFFICIENTS OF THE QUADRATIC TO FIND A(l)
IF(ABS(C9)eLTelsE~8) GO TO 60 E
C9S = C9*C9
Cl2 = 1. + CB*C8/CSS
C13 = 2.,*C8*C10/C3S
Cl4 = C1l0*C10/C9S + A(3)*A(3) - 1.
- 109 FORMAT(///66H THIS JOB ABCRTED, THE SOLUTICN MAY BE FOUND FRUM

1 THE EQUATION: 4/, 55H C8 A(1)4C9 A(2)+C10 = 0Os SOLVING THIS
2EQUATION AND: /39H A(l) 2 + Al(2) (2) + A(3) 2 =1 o o/
351H THE COEFFICIENTS C8+sC9, AND ClO ARE AS FOLLOWS: 4/, 361546
4)
IF(ABS{Cl2)eGTeleE-6) GO TO 75

PRINT 110, C12,C13,C 14

110 FORMAT(///+66H THIS JOB ABORTEC, THE SOLUTION MAY BE FOUND FROM
1 THE EQUATION: ,/,36H Cl2z A(1) 2 + C13 A(1) + Cl&4 =0 4/,
253H THE COEFFICIENTS Cl12,C13, AND Cl4 ARE AS FOLLOWS: 4/ 3G1S.

36)
75 CONTINUE
Cxk NEXT FIND THE DISCRIMINANT FOR THE A(1l) QUADRATIC
C15 = C13%C13 -~ 4.,%C12%Cl4
C15 = SQRT(C15)
C THE FOLLOWING CARDS CAN BE USED TO PRINT QUT THE COEFFICIENTS
C OF THE FINAL QUADRATIC EQUATION

c PRINT 1004, C12,C13,C14,C15

%

Rk
x%
*%
* %k

2k

99



CARD
0219
0229
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
€240
0241
0242
0243
0244
0245
0246
0247

0248,

0249
0250
251

0252°

0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
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.C1004 FORMAT(///452H THE COEFFICIENTS 3F THE QUADRATIC (C12-Cl5) ARE:

1 +/+(3G15.6))

Cx* TEST DISCRIMINANT TG SEE IF THERE ARE ANY SCLUTIOCNS *x
IF{Cl5.GE«Os) GO TO 80
PRINT 111
111 FORMAT(///y54H THERE IS NO SOLUTION FOR THE GIVEN INPUT CONDITI

1ONS ,/,83H  ThE GEAR RATIC GR INPUT ASSUMFD COURDINATES ¥UST BE
2CHANGED TO YIELD A SOLUTION )
G0 TO 170
80 CONTINUE
PRINT 117
117 FORMAT(1HL)
TF(C15.EQl.0.0) GO TO 160
IF(ABS(C12).GT.1.E-6) GO TO 90
IF(ABS(C13).6T.1.,E-6) GO TO 85
PRINT 110,C12,C13,Cl4
60 To 170
85 CONTINUE
A(1) = -C14/C13
KCOUNT = KCOUNT + 1

GC 79O 150
90 CONTINUE
C % SOLVE FOR A(1) . *%
A(l) = (=CLl3 + C1l5)/(2.%C1l2)
GO T0O 150

95 CONTINUE
. A(1) = (=C13 = Cl5)/1(2.%C12)
7150 CONTINUE
A(2) =(-C10 - C8*A(1))/C9
Cxx FIND THE INCLUDED ANGLE BETWEEN M AND A L
TH = ACL)*M(1) + A(2)%M(2) + A(3)%M(3)
IF(ABS{TH).GT.1le) GO TO 155
TH = ACOS(TH)
THD = TH/PI
TH1ID = TH1/PI
PRINT 112 4(M(I)sI=143)9(A(I)+1=1+43)9GRsTHLD,THD

GO TO 160
112 FCRMAT(LH14//+66H THE FOLLOWING ARE THE RESULTS FOR THE INPUT D
1ATA LISTED ABOVE. +/456H THE COORDINATES OF THE SUN GEAR AXIS

2ARE AS FOLLOWS: +/43G15.649//»
365H THE COORDINATES OF THE AXIS OF THE PLANET GEAR ARE AS FOLLOW
452 4/+3G15664// 39H THE GEAR RATIJO OF THE MECHANISM IS:
5615464/ /+78H THE ROTATION OF THE CONNECTING &RM IN GOING FROM P
63SITION ONE TO TwWO IS v/ +G15.64 THDEGREES +//4 55H THE ANGLE
TBETWEEN THE AXIS GF THE SUN GEAR AND THE 4/ ,31H AXIS UF THE PL
8ANET GEAR IS: 4/ G15.6y 8H DEGREES )
155 CONTINUE
PRINT 1124(M{TI),1=153),(A(1)41=1,3)4+GR,TH1
160 CONTINUE
KCOUNT = KCOUNT + 1
IF(KCOUNT. EQ. 2) GO TO 95
GO T9 190
186 PRINT 1154(CHKL(I) oI=1,2)
115 FORMAT(///+70H $SESTHIS JOR ARQRTED, THE LENGTHS QF THE INPUT P
1Q ARCS ARE NOTS$$¢s ,/,42d $$$$Z0UAL. THE LENGTHS ARE AS FULLOWS

L9
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23 9/42G15.6)
GO T2 190

187 PRINT 116
115 FORMAT(///+66H $$SETHE INITIAL POINTS PAND 2 ASE SUCH THAT THE

1 MAGNITUDESSSS /+51H $$$S0F THE MATR IX FGF IS ESSENTIALLY ZEK
20.88%8 )

170 CGNTINUE

60 TO 190

175 CONTINUE

KCOUNT = KCCUNT + 1

GO T2 150

180 PRINT 113

113 FORMAT(///,81H $$$$ INPUT DATA POINTS NOT OGN UNIT SPHERE. $$$8% -
1/7+424 $6¢8 INPUT DATA UNDER OPTION TWide. $$$% )
G2 TJ 190,

185 PRINT 114
114 FORMAT{(///,83H $$58 THE INPUT DATA PCINT CCORDINATES APE TOG LAR

1GE TO BE ON A UNIT SPHERE. $$8$ )

150 CONTINUE

Cxx
C*x
C*x
Cxx
Cx

sTap

END

FUNCTION RAD2(A,B,C)

D = le = A%A - BxB

RAD2 = C=SQRT(D)

RETURN

END

FUNCT ION RAD(A,B,C)

D = A%A + B*B + Cx(

RAD = SQRT(D)

RETURN

END

FUNCTION CHK(A,B)

CHK = A%A + B%§ - 1,

RETURN

END

SUBROUTINE AIN(AJZAINV,AMAG,IS)

FIRST FIND THE MAGNITUDE OF THE MATRIX

THIS POUTINE IS DESIGNED TO FIND THE INVERSE CF A (3,3) MATRIX A,
THE INVERSE IS RETURNED IN AINV AND THE MAGNITUDE IN AMAG, I!F ONLY

THE MAGNITUDE OF TFHE MATRIX A IS DESIRED, IS SHOULD BRE.SET TO 1le. IF
BCTH THE MAGNITUDE AND THE INVERSE ARE DESIRED, IS SHCULD BE SET TG

DIMENSION Al3,3)9AINV(3,3)

AMAG = A(L»1)%A(2,2)*A(3,3) + All,2)%A(2,3)%2(3,1)

1 + A(Le3)%A(2,1)%A(3,2) = A(3,1)%A(2,2)%A(1,2)
2 - A(2y1)*A(1,2)%A(3,3) - A(1l,1)*A(3,2)%A(2,3)

IF(IS.EQ.1) GO TG 150

Al = 1./AMAG

AINV(141) = (A(2,2)%A1343) - B8(3,2)%A(2,3))*A1
AINV(1+2) = (A(3,2)%A(193) - All42)*A(3,3))*Al
AINVI1e3) = (A(1s2)%A(2+3) = A(2,2)%A(1+3))%AL
AINV(241) = (A(3,1)%A(2,3) - Al2,1)%A(3,3))%21
AINVI2,2) = (A(L1,1)%A(3,3}) =~ A(3,1)%Aa{1,3))*Al
AINV(243) = (A12,1)%A(193) = A(L,1)%A(2,3))%Al
AINV(3,1) = (A(2,1)%A{3,2) - A(3,1)*A(2,2))%Al
AINV(342) = (A{341)%A(142) = A(L,1)%A{3,2))%R1

ok
LS
¥
%K
2o%%

89
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CA?D

0229 AINV(3,53) = (A(L1y1)%A(242) = A(2,1)%A(1,2))%AL
0330 150 CONTINUE

0331 RETURN

0332 END

0333 "00

0334 2

0335 2.0

0336 .6 31 1.
0337 552449

0338 =-.2 3 1.
0339 =-,134274 .102227 l.
0340 -3 o4 -l.
0341 =.454178 .48266 =-1.

0342 $IBSYS

69
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LIST

CAXD
0001
0002
0003
0004
0005
0006
0007
0008
0009
00190
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
09034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053

15:090:12.95G 7£/)3/23
80/80 LIST ) PAGE 001

0000020001111111111222222222233333333334444444444555555555566658656666TTTTT77777Ts
1234567890123456789012345678%0123455789012345576531234567890123425789012345+1890

PROGRAM SC3P(INPUT,0LTPUT)
C otk o ok ok ke e ok ok ok ok R K R oK R ok B % POk ko Rk KRR RO 3k SR ok ok K KRR ROk % R R R XX
© eake sk ok ok 2ok ok k3K e o ke 3k sk e A A 3 e ol ROl 3 ez ok X ke o o Sk oKk e o i 3 o ke ek ok ol ok A oK o X ok oK 0% KK ek

Cax THIS PROGRAM IS DESIGNED TO TAKE THREE GIVEN RIGID BODY POSITIONS X
Cxx WHICH LIE ON A SPHERE AND COMPUTE A GEARED SPHERICAL CYCLIIDAL *%
C** CRANK MECHANISM WHICH WILL GUIDE A RIGID RCDY, CCMNNECTED TO THE *x
C*x* PLANET GEAR, THROUGH THE THREE GIVEN POSITIONS, =%
C#x THE VARIABLES USED ARE AS FGLLOWS : %
C %% IC - INPUT DATA CHOICE PARAMETFR; (FIRST CATA CARD wITH AN x
C*x I1 FORMAT) . %
C ok IC=1, CCCRDINATES GIVEN.ARE ASSUMED TC LIE ON A UNIT SPHERE. -~ *%
C*x IC=2y THE X AND Y COOJRDINATES GF EACH PCINT ARE GIVEN IN THE %
Cx* FIRST 20 C3LUMNS WITH A +1, OR A -1, IN ThE NEXT 10 **
C*x COLUMNS TO GIVE THE SIGN OF THE 7 CCO2RDINATE. **
Cxx* GR - THE GEAR RATIO N = {THE <AGIUS GF THE SUN GEAR)/(THc *%F
Cx%x RADIUS OF ThE PLANET GEAF); (SECGNC DATA CARD WITH AN i
Cxx F10.0 FORMAT) - =%
Cxk M - A VECTOR CONTAINING THE CARTESIAN COORDINATES OF THE AXIS *x
Cxx OF THE FIXED SUN GEAR; (NINTH DATA CARD WITH A 3F10.0 FOFMAT; **
C *x ONLY THZ X AND Y COORDINATES OF M ARE INPUT) *%
Cxx* A = A VECTOR CONTAINING THE CARTESIAN COORDINATES OF THE AXIS OF *%
Cx* THE PLANET GEAR IN ITS ORIGINAL POSITION, *%
C¥x PeQ - VECTORS CONTAINING THE CARTESIAN COOFDINATES CF TWO ik
C=x POINTS ON THE PLANET GEAR; THIRD DATA CARD--P13 : *x
C %% FOURTH DATA CARD--P2 %
Cax FIFTH DATA CARD--P3 b
Cx¥ SIXTH DATA CARD--Q1 ok
C %k SEVENTH DATA CARD--Q2 %
Cxx EIGHTH DATA CARD--Q3 =%
C *x FORMATTED AS EXPLAINED UNDER VAR IABLE IC ABOVE. xx
C*x R = A VECTOR CONTAINING THE CARTESIAN COCRCINATES OF THzZ *%
Cxx RESULT OF ROTATING Q ABCUT P THROUGH AN ANGLE OF **
C *x NINETY DEGREES. *%
C*x PQR - A MATRIX WHOSE COLUMNS ARE THE VECTCFS P, Q, AND R. *x
Cxx PINV = A MATRIX WHICH IS THE INVERSE OF PQt. **
C*x PQR2 - A MATRIX WHOSE COLUMNS 'ARE THE CARTESIAN COGRUINATES OF THE *x
Cxx% SECOND POSITIUNS OF P,Qs AND R, R
Cxx ROT12 - ThE RCTATICN MATRIX FROM POSITION CNE TO POSITION TwWOe. IT =%
C %% : IS THE PRODUCT OF PQR2 AND PINV ’ %%
Ckx PHI - THE TOTAL ROTATION ANGLE REQUIRED TC G3 FROM POSITION CNE TC *k
Cxx POSITICN TWC. *%
C¥x TH1(I) - THE ROTATION OF A ABQUT M WHEN THE MECHANISM GOtS FROM hiad
Cxx POSITICN ONE TO POSITION I, THETA CNE. *%
C %% TH2(1) - THE RCTATIGN OF P ABOUT A WHEN THE MECHANISM GOES FROM *%
C*x POSITION ONE TO PCSITION I, THETA TWD, x%

€ otk sk stk b ok ok ok R o o ok e ok ek ke e ok KoK ok e Ok oK % Mk e R ook e R o oKk Bk K e K
€ ke s AR HOR K AR oK A A RO SR 2K Kok A0 R K R 8 O K KR o o o o o koK K Sk B R 2 ok

REAL M(3) **
DIMENSION A(3),P(3,3),0(3,3),R(3,3),PQR(3,3),PINV(3,3),P0RZ(3,3)
1 JROT12(34343) s THL(3) yTH2(3) sCHKL(3) 4 PHI (2) , PHID(3)
2 +FL10),C( 3, 7)
Cxx READ IN CATA *k

READ 100,1IC

V0201 {J206

LL
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0054 100 FORMAT(IL)

0055 PRINT 101,IC -

805¢ 101 FORMAT(LHL,37H THE INPUT DATA ChOICE PARANITEZF = L,]2)

0057 READ 102 » GR

0058 PRINT 103,4GR

0059 103 FORMAT(///+28H THE INPUT GEAR RATIO ISt +/+G15.5)

0060 READ 102,((P(1,3J)yI=1+3)5d=193)9((Q(19J)y[=143),0=1,3)

0061 PRINT 1049 ((P{T9d)sd=19309I=1431y ((QULsI)sJd=143)91=143)

0062 102 FORMATI(3F10.0)

0063 104 FORMAT(///,50H THE INPUT RIGID B30Y POSITIONS ARE AS FOLLOWS:
0064 1+/945H PCINTS P; WHERE EACH COLUMN IS OME POINTes/43(3Gl5464/ )
0065 2/74+45H POINTS Qs WHERE EACH CGLUMN IS ONE POINTe s/ +3(3G1564/1))
0066 PI = 355,/(113.%180,)

0067 READ 102,(M(I),I=1,3)

0068 PRINT 1054(M({I)yI=1y3)

C069 1G5 FORMAT(///+41H THE INPUT SUN GEAR AXIS (PCINT M) IS: 4/43G1l5.6)
0070 GO TO (5;15), IC

0071 5 CPS = 0.0

0072 DO 10 J = 1,3

0073 CP = RAD(P(14J)+sP(24,J)4P(34J)) = 1.

0074 CQ = RAD(Q(14J)9Q(29J)4Q(344)) - 1.

0075 CPS = CPS + ABS(CP) + ABS(CQ)

0076 10 CONTINUE

Q077 CM = RAD(M(1I),M(2),M(3)) - 1,

0078 CPS = CPS + ABS(CM)

0079 IF(CPS.LT.0.03) GO TG 30

0080 PRINT 106

o081 106 FORMAT(///,51H $$$8 INPUT DATA POINTS NOT ON UNIT SPHERE, $$$§%
0082 1 +/4+60H $$8$ INPUT DATA USING INPUT DATA CPTICN NUMBER TWO. $$¢
0083 2% )

0084 GO TO 2000

0085 C*x CALCULATE THE Z CDORDINATES OF THE P AND Q POINTS

0086 15 CONTINUE

0087 DO 25 J = 1,3

0088 CP = CHK{P(14J),P(2,J})

0089 CQ = CHKIQ(1,4),C(2,0))

0090 IF(CP.LE,O0.) GO TO 2¢C

0091 IF(CQeLE.Os) GO TO 20

0092 PRINT 115+J4,CPyCC

0093 115 FORMAT(///y T3H $$8% THE INPUT P,AND Q ARE TOG LARGE TC BE ON T
0094 1HE UNIT SPHERE. $$$$ v/ 94Xy 2HI= 9129/ 94Xy 3HCP=4G 1546y ’
0095 2 /y4X43HCQ=,G15.61}

0096 GO TO 2000

0097 20 CONTINUE

Q098 P(3,J) = RAD2(P(19J)4sP(2+J)4P(3,4))

0099 Q(34J) = RAD2(Q(1yJ)+Q(2,4)+Q(35J))

0100 25 CONTINUE

0101 M(3) = RAD2(M(1),M(2),M(3))

0102 30 CONTINUE

0103 PRINT 105,(M(1),1=1,3)

0104 PRINT 104, ((P(I9sJ)sd=193)9I=1s3) ({00 +J)4J=1,3)+1=1,3)

0105 Cx*x NEXT FIND THE COORUINATES OF POINT R *%x
0106 DO 351 = 1,3 : .

0107 R(1yI) = P{L,1)*P{Ly I)*Q(1s1) + (P(LlyI1)%P(2,1)=P(3,1))*Q(2,])

c108 1+ (PU1,I)*P(3,1)+P(2,1))%Q(3,1)

(44
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0136
0137
0138
0139
0140
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RU291) = (P(LoID%P(2,1)4P(3,1))%Q(1,1) + P(2,1)%P(2,1)%Q(2,1)
1+ (P2, 1)*P(3,1)=-P(Ly1))*0Q13,1)
35 R(34I) = (PULyI)*P(3,1)=P(241))%C(1,1)
1+ (P(2,1)*P(3,1)+P(1,1))%0Q(2,1) + P(3,1)%P(3,1)%Q(3,1)
PRINT 107+ ({R{I+J)9sd=143),1=1,3)
107 FORMAT(///+68H THE COORDINATES GF THE COMPUTED R § ARE AS FOLLO
C*% CHECK THE LENGTH OF P({I)Q(I) ¥
1WSe EACH COLUMN 4/, 17H IS ONE POINT. 4/4(361546))
DO 40 1 = 1,3
DX = P(1y1) = Q(1,1)
DY = P(2,1) = Q(2,1)
DZ = P(3,1) = Q(3,1)
CHKL(TI) = RAD(DX,DY,D2)
40 CGNTINUE
DO S0 1 = 2,3
CHK2 = CHKL(I) - CHKL(1)
CHK2 = ABS(CHK2)
IF(CHK2,LTeleE~3) GO TO 45
PRINT 108, (CHKL(L)yL=1,3)

108 FORMAT(///+72H $$$$ THIS JOB ABORTED, THE LENGTHS OF THE INPUT
1PG ARCS ARE NOT $$$$ ,/,48H $$8% EQUAL. THE LENGTHS ARE AS FOLL
20WS: $$$$ +/y 5Gl5.6)

GO TO 2000

45 CONTINUE
50 CCNTINUE : -
C **x THE FOLLOWING DO LOOPS FIND THE RCTATION MATRICES bk

Cx* NEXT SET UP THE FIRST POSITION PQR MATRIX *k
DO 55 I = 1,3
PORI(I,1) P(I,1)

PQR(I,2) = Q(I,1)
55 PQR(143) = R(I,1)
C*x NEXT FIND THE INVERSE OF PQR ko
Is =2
CALL AINIPQRsPINV,PMAG,IS)

c THE FOLLOWING CARDS CAN BE USED TO PRINT OUT THE MAGNITUDE
c AND INVERSE OF THE MATRIX PQR
C PRINT 1000+sPMAG{(PINV(IsJ) +d=1+3),1=1,3)
C1000 FORMAT(///+28H THE MAGNITUDE OF PQR IS: +/+Gl5.69/
C 126H THE INVERSE OF PQR IS: +/+3(3G15e64/))
IF{IS.NE.101) GO TO 60 .
PRINT 109
109 FORMAT(///+68H $$8$8 THE INITIAL POINTS P AND Q ARE SUCH THAT TH
1E MAGNITUDE $8$$$ ,/,52H $$8$ OF THE MATRIX PGR IS ESSENTTIALLY Z
2ERC. $$$8 )
GO 7O 2000
60 CONTINUE
C otk NEXT FIND THE ROTATION MATRICES
DO 65 1 = 1,3
DO 65 J = 1,3
DO 65 K = 1,3

65 ROT12(K,JsI) = 0.0
DO 80 I = 2,3
DC 70 J = 1,3
PQR2(Js1) P(J,I)
POR2(J,2) Q(J, 1)

€L
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PQR2(Jy3) = R(J,yI)
70 CONTINUE

00 75 4 =.1,3
DG 75 K = 1,3
DO 75 L = 1,3

T5 ROT12(I4KeJ) = PQRZIKyL) * PINV(LJ) + ROTLIZ2{I,X,J)
PRINT 1001, Iy ((ROTL12(IyJeK)sK=193)9Jd=143)

1001 FORMAT(///y64H THE COMPUTED ROTATIONAL MATRIX FROM POSITION ONE
1 TO POSITIONyI2,  4H IS: ,/,(3G15,6))
Cxx NEXT FIND THE ROTATION ANGLE PHI
PHI(I) = o5%(ROTL2(1 4191} + ROTI2(14292) + SCT1ic(I9243) = L,)
PHI(I) = ACOS(PHI(I)}

PHID(1) = PHI(IMN/PI
PRINT 110,1,PHID(I)
110 FORMAT(///,52H THE ROTATION ANGLE FROM POSITION ONE TO POSITION
1 4 I2416Hs IN DEGREES IS5: 4/4Gl5.6)
CHx NEXT FIND THE OTHER ANGLES
THEL(I) = PHIUI) / (1. ¢+ GR)
TH2(I) = THL(I) * GR ’
C*x*x NEXT DEFINE THE DESIGN EQUATION PARAMETERS
Cl = SIN(TH2(I))

C2 = SIN(THL(I))

C3 = ROT12(1,243) = ROTL2(1,43,2)
C4 = ROTLE2(I+34+1) = RCT12(I,41,3)
C5 = ROT12(I4142) = ROT12(1,42,41)

C(l,1) = C1*C3

ClI,2) = Cl*C4
C{1,43) = C1%C5 .
ClIs4) = =M(1)*C2%C3 - M(2)*C2%C4 - M(3)*C2%C5

+ (le + RCT12(I,1,1) . + ROTL2(1,2,2) + ROT12(1,3,3))
*(COS{THL(I)) = COS(TH2(I}))
THE FOLLOWING CARDS CAN BE USED TO PRINT OUT ThE INTEKMEDIATE
COEFFICIENTS FOR EACH ROTATION, AND THE DESIGN COEFFICIENTS.,

PRINT 1002+14C19C2+C31C49C5,(C(T14Jd) 9J=1s4)

1002 FORMAT(///,50H FOR THE ROTATION FROM POSITION ONE TO PCSITION
112,18Hs THE COEFFICIENTS 4/ +14H C1l-C5 ARE: 4/y S5Gl5e64/
241H AND THE FOUR DESIGN COEFFICIENTS ARE: 4/, 4Gl5.6)

80 CONTINUE
Cl = =14/C(2,3)
C(l,1) = C(2)1)%C1
C(1,2) C(2721%Cl
C(1,3) Cl2y4)%C1
C(241) C(3,1) + C(3,3)%C(1,1)
C(2.,2) Cl342) + C(3,43)%C(1,42)

C(2,3) Cl3y4) + CU3,31%C(1,3)

Al = C(1s1)%C(141) + 1.

A2 Cl142)%C(1,2) + 1.

A3 2*%C(1s1)*C(1,2)

A4 2.*C(191)=C(1y3)

A5 2%C(192)%C(14+3)

A6 Cl1,3)%C(1,3) - 1.

THE FOLLOWING CARDS CAN BE USED TO.PRINT QUT THE CCEFFICIENT

MATRIX AND THE A COEFFICIENTS AFTER THE FIRST SUBSTITUTIOGN,.
PRINT 112y Cle((CUIvI)9J=1431,1=192)9AL9A2,A34449A5,A6

112 FORMAT(///y SH Cl = 4Gl5+54/+59H THE COEFFICIENT MATRIX AFTE

[aXsX3XzRak gl
N -
wonowonou

[aNeNaNal

A

* %k

AX2
AY2
AX AY
AX
AY

174
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0271
0272
0273
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C 1R THE FIRST SUBSTITUTION IS:/y Z(3G15.64/), 27H THE A COEFFICIE
C 2NTS ARE: 4y 2(3G15.64/))
[ THIS STARTS THE FINAL SUSSTITUTICMN (ELIMINATES AY)

C(ly1l) = =C(2,1)/C(2,2)
C{ls2) = =C(2,3)/C(2,2)
Bl = A1l + C(Ll,1)=(C(1,1)%A2 + A3)
B2 = A4 + C(ly1)*(2.%C(142)%A2 + A5) + C(1,2)*A3
B3 = A6 + C(1,2)%(C(1,2)*A2 + A5)
THE FOLLOWING CARDS CAN BE USED TO PRINT CUT TKE COEFFICIENT
MATRIX AND B COEFFICIENTS AFTER THE SECONG SUBSTITUTION.
PRINT 113,C(1,1),C(1,2),B1,82,83
113 FORMAT(///456H AFTER THE LAST SUBSTITION THE COSFFICTENT MATRIX
1 IS: 47426154647y 45K AND THE FINAL QUADRATIC COEFFICIENTS AKE:
29/9 3G15.6)
DIS = B2%*B2 - 4,%B1%33
IF(DIS.GT«0es) GC TO 89
PRINT 2006,DIS -
2006 FORMAT(///, 1l4H DIS IS v G154 6}
CCMP = B2/ (2.%81)
COMP = DIS/COMP
COMP = ABS(COMP)
IF(COMP.LT4035) DIS = Q.
IF(DIS.EQe0s) GO TO 89
GO 1D 2000
89 CONTINUE
"DIS = SQRT(DIS)
ICOUNT =1
S0 CONTINUE
IF(ICOUNT.EQ.2) GO TGO 95
All) = (-B2 = DIS)/(Z.*B1]J
GO TO 190
95 CONTINUE
A(l) = (=B2 + DIS)/(2.*Bl)
190 CONTINUE
IF(ICOUNT.GEW3) GO TGO 2000
A(2) = C(1ly1)*A(1) + C(1l,2) .
A(3) = =(C(341)*A(1) + CU3,42)%A(2) + C(2,4))/C(3,3)
Gl = RAD(A(1)4A(2),A(3))
A(l) = A(1)/6GL
A(2) A(2)/G1
A(3) = A(3)/61
ICOUNT = ICOUNT + 1
PRINT. 1144(M(L)oL=1,3),(A(L),L=1,3)
114 FORMAT(///443H THE AXIS OF THE SUN GEAR (POINT M) IS:

(s NeNasNeNeNel

[I T

1 v/ 1361564/ 456H THE COMPUTED AXIS OF THE PLANET GEAR (POIN
2T A) 1S /4361546 )
GC TC 90
2000 CONTINUE
STOP
END

FUNCTION RAD2(A,8,C)
D = 1. = A*A - Bxg
RAD2 = C%SQRT(D)
RETURN

END
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0277
2278
0279
0280
02381
0282
0283
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0299
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0306
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0311
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0314
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FUNCT ION RAC(A,+58,C)
D = A%A + B=B + (x(
RAD = SQRT(D}

RETURN
END

FUNCTION CHK(A,B)

CHK = A*A +
RETURN
END

B*8 - 1.

SUBROUTINE AIN(A,AINVy AMAG, IS)
C %% FIRST FIND THE MAGNITUDE GF THE MATFIX

C %% THIS ROUTINE IS DESIGNED TO FIND THE INVERSE OF ‘A (3,3) MATRIX A,
Cxx THE INVERSE IS RETURNED IN AINV AND THE MAGNITUDE IN AMAG.
C*x THE MAGNI TUDE OF THE MATRIX A IS DESIRED,
[ BOTH THE MAGNITUDE AND THC

DIMENSION A{(3,3),AINV(3,3)

AMAG = AlL1,1)%A(242)%A(3+3) + A(l+,2)%A(2,3)%A(3,1)
= A(3,1)%A(2,2)%A(1,3)
= A(ls1)%A(3,2)%A(2,3)

1 + A(143)%A(2, 1) *A(3,2)
2 = Af{2,1)%A(1,2)*A(3,3)

IF(IS.EQel) GO TO 15¢C

Al = 1./AMA
AINV{1y1) =
AINV(1,2)
AINV(L,3)
AINV(2,1)
AINV(2,2)
AINV(243)
AINV(3,1)
AINVI3,2)
AINVE3,3)

150 CONTINUE

" RETURN

END

IR I N I L 1 T 1

” 00

2

2.

—e2 . 3

~¢113094 ,226181

-«00757381.173646

~e3 o4

-«503378 .350705

-« 679041 .256321
ol 5
$1BSYS

(A(2+2)%A(3,3)
(A(3y2)%A01,3)
(A{1,2)*%A(2+3)
(A(3,41)%A(2,3)
(A(1l,1)%A(3,3)
(A(2,1)%A(1,3)
(A(2,1)%A(3,2)
(A(3,1)%A( 14 2)
(A(1,1)%A(2,2)

INVERSE ARE DESIFcD,

A(3,2)*2(2,3))*A1
Al(142)*A(3,3))xAl
Al2,2)*A01,3))*A1
A{2,1)*A(3,3))*Al
A{3,1)*%A(1,3))%Al
Ally1)*A(2,3))%p1
A(3,41)%A(2,2))%AL
Ally1)*A(3,2) }*Al
Al2,1)%A(142))%Al

IS SkOULD BE

IF ONLY
SET TO 1. [F
IS SHUULD BE SET TO 24 %%

TS
* %k
P
£33

9L
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FOUR POSITION SYNTHESIS PROGRAM
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CARD
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053

15:00:30.,120 7£/)3/28
80/80 LIST PAGE 401

0COOCC000111111111122222222223333333333444444444455555555556665666666T7TTTTTTTTT8
12345678901234567890123456739012345678901234567890127455789012345578901234567850

PROGRAM SC4P(INFUT,CLTPUT)
C sk ook e ok sk ol Aokl 3ok Rk ko Aok ok ok dokdokek Rtk g ko ok Rk R R f Rk kX Rk AR ok
€ ot R okok s ke o o e ek ke bk e o ke A o ook e 3 ok oK e ok e ok Aok ok ok skt ek ek ok R T ko o e sk e e ok

C*x THIS PROGRAM 1S DESIGNED TG TAKE FCUR GIVEM RIGID RGDY POSITIONS *%
Cxx WHICH LIE ON A SPHERE AND COMPUTE A GEAREL SPHERICAL CYCLGIDAL %
CHx CRANK MECHANISM WHICH WILL GUIDE A RIGID BGDY, CONNECTED TO THE o
C*% PLANET GEAR, THROUGH THE FOUR GIVEN POSITICNS. . **
C#x THE VARIABLES USED ARE AS FOLLOWS : %
CHx IC - INPUT DATA CHCICE PARAMETER: (FIRST DATA CARD WITH AN *x
C ok 11 FORMAT) ' * ok
C*x IC=1y CCORCINATES GIVEN ARE ASSUMED TO LIE ON A UNIT SPHERE. **
Coxk IC=2, THE X AND Y COORDINATES OF EACH PCINT ARE GIVEN IN THE *x
C#x FIRST 20 COLUMNS WITH A +1, CR £ -1. IN THE NEXT 10 =%
Cex COLUMNS TO GIVE THE SIGN OF THE Z COORDINATE. =%
C*x GR - THE GEAR RATIO N = (THE RADIUS OF THE SUN GEAR)/ (THE %
C*x RADIUS OF THE PLANET GFEAR); (SECOND GAYA CARD wWITH AN *xx
CHx% F10.0 FCRMAT) *%
C¥x M - A VECTOR CONTAINING THE CARTESIAN COORDINATES OF THE AXIS *%
CH% OF THE FIXED SUN GEAR; (ELEVENTH DATA CARD WITH AN F10.0 *k
C** FORMAT; CNLY THE Z COORDINATE OF M IS INPUT) %
C *x A - A VECTOR CONTAINING THE CARTESIAN COGRDINATES OF THE AXIS OF ok
C ok THE PLANET GEAR IN ITS ORIGINAL POSITION. *k
C*xk PeQ ~ VECTORS CCONTAINING THE CARTESIAN COORDINATES OF Twd - %
C¥* POINTS ON THE PLANET GEAR: THIRD GATA CARD--P1; **
Cxx : FOURTH DATA CARD--P2 *3%
Cxx FIFTH DATA CARD--P3 * %
C*%. SIXTH DATA CARD--P4 ot
Ckx SEVENTH DATA CARD--Q1 : *%
CHx EIGHTH DATA CARD--Q2 Aok
Cxk NINTH DATA CARD--03 *%
Cxx TENTH DATA CARD--Q4 *k
CH*x FORMATTED AS EXPLAINED UNDER VARIABLE IC ABOVE. *k
C#k R = A VECTCR CONTAINING THE CARTESIAN COORDIMATES OF THE =k
Cx RESULT COF RCTATING Q ABOUT P THROUGH AN ANGLE GF **
C*x NINETY DEGREES. *k
C#k PQR - A MATRIX WHOSE COLUMNS ARE THE VECTURS P, Qs AND R. =%
C ok PINV = A MATRIX WHICH IS THE INVERSE OF POF. *k
Cax PQR2 = A MATRIX WHOSE COLUMNS ARE THE CARTESIAN COORDINATES OF THE wk
CHxk SECOND PGSITIONS OF PyGQy AND Re ’ **
Coxx ROT12 - THE ROTATIGN MATRIX FROM POSITION CNE TO POSITION TwD. IT %
Caok 1S THE PRODUCT OF PQR2 AND PINV *%
C*% PHI - THE TGTAL ROTATION ANGLE REQUIRED TO GO FROM POSITION ONE TO *x
C*x POSITION TWO. - L
CH* THL(I) — THE ROTATION OF A ABOUT M WHEN THE MECHANI SM GOES FROM id
C %k POSITICN ONE TO POSITION I, THETA QONE, ok
Cxk TH2(1) = THE ROTATION OF P ABOUT A WHEN THE MECHANISM GGES FROM *k
Cx# POSITION ONE TO POSITION I, THETA TWl. *%

(€ ke ke vk e ok ok ok ok afe e ook s oK ke 34 ok ok ok Aok o ok Bk s ok Sk afe ok ok 32 o e e ke ok ok ol o ke ke ok ek ok ok e kol 3k e ok ok 32 e o 3ok ok ok KK ok ok Sk ke ek
C sk ok ot o o e ok ok ok ok ok ok o ok o o ok ok ok i ok ik ok e oK oK 3 36 ok A ke ok ok K ok sk 23 Aok o o ok Aok ok o ok ko ok ok Rk ok
COMPLEX Z(5) , ’

REAL M(3) ’ *%
DIMENSION A{3)4P(344050Q03,4)¢R{3s4),PAR(3s3) ,PINV(3,3),PGR2(333)
1 sROTL2(% 9343 ) oTHL (4 )y TH2(4 1y CHKL (4 )5 PHI(4)3PHID(4),D(5)

VC30L02206

8.
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CARD

0054 2 +F(L0) 4C(4, )

0055 C** READ IN DATA *%
0056 READ 100,1C

0057 100 FORMAT(I1)

0058 PRINT 101,1IC

0059 101 FORMAT(1H1,437H THE INPUT DATA ChOICE PARAMETER = ,12)

0060 READ 102 » GR

0061 PRINT 103,GR

0062 103 FORMAT(///+28H THE INPUT GEAR RATIO ISt 4/4G15.6)

0063 READ 102,((P(14J)9I=193)9d=14) 9 ((QUI+J)s1=143),4J=1,y4)

0064 PRINT 104, ((P(I9J)ed=104)9I=143)((Q(TsJ)sJ=194),1=1,3)

0065 102 FORMAT(3F10,0) '

0066 104 FORMAT(///+50H THE INPUT RIGID BODY POSITIONS ARE AS FOLLOWS:
0067 14/ 445H PCINTS P; WHERE EACH COLUMN IS ONE POINTes/+3(4Gl5¢64/),
0068 2/1+45H PCINTS Q; WHERE EACH CCLUMN IS ONE POINTes/ 93(4Gl54647))
0069 PI = 355,/(113.%180.)

0070 READ 102,M(3)

0071 PRINT 105,M(3) -

0072 105 FORMAT(///+61H THE INPUT Z COORDINATE OF THE SUN GEAR AXIS (POI
0073 INT M) IS: 4/,G15.6)

0074 GO TO (5,15), IC

0075 5 CPS = 0.0

0076 00 10 J = 1,4

0077 CP = RAD(P(1,J)4P(2,J)4P(3,4)) - 1.

0078 CQ = RAD(Q(1,J)+Q(2,4),Q(3,J)) - 1, B

0079 CPS = CPS + ABS(CP) + ABS{(CQ)

0080 10 CONTINUE

0081 IF(CPS.LT+0.03) GO TQ 30

0082 PRINT 106 )

0083 106 FORMAT(///,451H $$8$ INPUT DATA POINTS NCT CN UNIT SPHERE. $$$%
0084 1 +/+60H $$$$ INPUT DATA USING INPUT DATA OPTION NUMBER TWO. $$$
0085 28 ) ’
0086 GO TO 2000

0087 C*x CALCULATE THE Z COORDINATES OF THE P AND Q POINTS

0088 15 CONTINUE .

0089 D0 25 J = 1,4

0090 CP = CHK(P(Ll4J)sP(2,J))

0091 CQ = CHK(Q(1,J3,Q(254))

0092 IF(CPL.LE.O.) GO TO 20

0093 IF(CQ.LEsO.) GO TO 20

0094 PRINT 115,J4CP,CQ ’
0095 115 FORMAT(///, T73H $$$$ THE INPUT P,AND Q ARE TOC LARGE TO BE ON T
0096 1HE UNIT SPHERE. $$$$ 2/ 94X 92HI= 9124/ 44Xy 3HCP=461546,

0097 2 /+4X+3HCO=4G1546)

0098 GC TO 2000

0099 20 CONTINUE

0100 P(39J) = RAD2(P(1yJ)4P(24J)4P(3,J))

0101 Q(3,J) = RAD2(Q(1+J)+Q(29J19Q(34J))

0102 25 CONTINUE

0103 30 CONTINUE :

0104 PRINT 1049 ((P(I4J)9d=1+4)91=143),({Q(I3d)sJ=194),1=1,3)

0105 C** NEXT FIND THE COORDINATES OF POINT R %
0106 DC 35 1 = 144 )

0107 R(LyI) = P(Lo1D*P(Ly1)*Q(LloI) + (P(l,1)%P(2,1)=-P(3,1))%Q(2,1)

0108 1+ (P(LyI)*P(3,1)+P(2,1))%Q(3,1)

6L
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0109
0110
0111
0112
o113
01lé4
0115
0116
0117
oris
0119
0120
o121
0122
0123
0124
0125
0126
0127
o128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
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1

RE251) = (PULy ID*P (2, 1)4P(35,1)1)%QU1s1) + PU2,1)*P(2,1)%Q(2,1)
+ (P(2,1)%P(3,1)-P(1,1))%Q(3,1)

35 R(3sI) = (PL1oI)*P(3,1)=-P(2,1))%Q(1,I)

1

+ (P24 1) *P(3, I)4P (Ly 1)) =Q(2, 1) + P(3,1)%P(3,1)%Q(3,1)
PRINT 1074({R(IsJ)sJ=194)s1=1,3)

107 FORMAT(///+68H THE COORDINATES OF THE CCMPUTED R S ARE AS FOLLO

CHok

40

1

WSe. EACH COLUMN ,/,17H IS ONE POINT. +/y(4G15.5))
CHECK THE LENGTH GF P{I)Q(I}

DO 40 I = 144

DX = P(l1,1}) = Q{1,1)

DY = P{2,1) -~ Q(2,]1)

DZ = P(3,1) =~ Q(3,1)

CHKL( I} = RADI(DX,DY,DZ)

CONTINUE

DO 50 I = 244

CHK2 = CHXL{I) = CHKL(L)

CHK2 = ABS{CHK2)

IFICHK24LTeleE=3) GO . TO 45

PRINT 108 (CHKL{L) yL=1,4)

108 FORMAT(///+»12H $$$$ THIS JOB ABORTED, THE LENGTHS CF THE INPUT

1

PG ARCS ARE NOT ‘$$$8$ ,/,48H $$8$ EQUALe THE LENGTHS ARE AS FOLL

20WS: $$88 »/» 5G15.6)

GO TO 2000

45 CONTINUE
50 CONTINUE

CH%
C*x

55
C*x

C
C
C
Ccl
c

1

THE FOLLOWING DO LOOPS FIND THE ROTATIOIN MATRICES
NEXT SET UP ThE FIRST POSITION PQR MATRIX
DO 55 1 = 1,3
PQR(I41) = P{I,1}
PQRII 42) = 'Q(I,1)
PQR(I,+3) = R(I,1)
NEXT FIND THE INVERSE OF PQR
1s =2 e -
CALL AIN{PQR,PINV,PMAG,IS)
THE FOLLOWING CARDS CAN BE USED TO PRINT OUT THE MAGNITUDE
AND THE INVERSE OF THE PQR MATRIX.
PRINT 1000+PMAGs((PINV(IsJ)yJd=1,3),1=1,3)

000 FORMAT(///428H THE MAGNITUDE OF PQR IS?: +/+G15.69/

264 THE INVERSE OF PQR IS: 4/,3(3G15.64/))
IF(IS.NE.101) GO TO 60
PRINT 109

109 FORMAT(///4+68H $8$$ THE INITIAL PCINTS P AND Q ARE SUCH THAT TH

60
C ok

65

1

E MAGNITUDE $$$$ ,/452H $$8$ OF THE MATRIX PQR IS ESSENTIALLY Z

2ERQ. $$$8 )

G0 TO 2000
CONTINUE

NEXT FIND THE ROTATION MATRICES
DO 65 1 1,3
DC 65 4 1,3
DO 65 K 144
ROT12(Ksds1) = 0.0
DO 80 I 244
Do 70 4 1,3
PQR2(Jy1) = P(J, 1)
PCR2(J+2) = Q(JrI)

I & ionn

B3

*%
ek

*k
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Cl64
0165
0166
0157
o168
0169
o170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
2182
0183
0184
0185

0186

0187
0188
o189
0190
0151
0192
01933
0194

0195 -

0196
0197
o198
0199
0200
0201
0202
0203
0204
0205
020¢
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
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70

75

PQR21 J43) = RUJ,1)

CONTINUE

DO 75 J = 1,3

DO 75 K = 1.3

DO 75 L = 1,3

ROT12 (I ,Ksd) = PQR2(KyL)} * PINVIL,J) ¢ 20T12(1,K,J)

PRINT 1001, Io((ROTL2(I¢JsK)sK=192),J=1,42)

1001 FORMAT(///,64H4 THE COMPUTED ROTATIONAL MATRIX FROM POSITICON ONE

1 TO POSITION,12y 4H IS: +/,(3Gl5.6))

C *x NEXT FIND THE ROTATION ANGLE PHI
PHI(I) = o5%(ROT12(1,1,1) + ROT12(14242) + ROT12(1+3,3) - 1.}
PHI(1) = ACGS(PHI(I))
PHID(I) = PHI(1)/PI
PRINT 1104,I,PHICLI)
110 FORMAT(///+52H THE ROTATION ANGLE FPOM POSTITICN OME T2 PDSITION
1 4 12416H, IN DEGREES IS: +/+4G15.6)
C*x NEXT FIND THE OTHER ANGLES ’
TH1{I) = PHI(I) / (1. + GR)
TH2(1) = THI(I) * GR
(R NEXT DEFINE THE DESIGN EQUATION PARAMET ERS
C1l = SIN(TH2(I))
€2 = SIN(THI(I))
C3 = ROT12(1+2+3). - ROT12(I4+3,+2)
C4 = ROT12(1,3,1) =~ ROT12(I,1,3)
C5 = ROT12(I4142) - ROT12(1I42+1)
C(I,1) = C1*C3 :
C(I,2) = C1*C4
C{I,3) = C1*C5
ClIs4) = —C2%C3
C(I,5) = -C2*C4
C(I,6) = (1l + ROT12(I41+1) + ROT12(14242) +# ROT12(I,3,3})
1 *(COS{THI(I)) —= COS(TH2(I))) = C2*C5%M(3)
C THE FOLLOWING CARDS CAN BE USED TO PRINT GUT THE COEFFICIENT
C MATRIX AND DESIGN COEFFICIENTS FOR EACH RCTATION.
c PRINT 1002y 14C1yC2+C39C49C5,(CLIsJ)rd=1,6)
C1002 FORMAT(///,50H FOR THE ROTATION FROM POSITION ONE TO POSITION o
C 112,18H, THE COEFFICIENTS 4/ +14H C1=C5 ARE: +/15G15464/942H A
C 2NC THE SEVEN DESIGN COEFFICIENTS ARZ: 4/ 2(4G1l5.55/))
80 CCNTINUE
Cax AT THIS POINT WE HAVE FIVE EQUATIONS.
C*x THREE OF THE FORM:
Cxx C21AX + C22AY + C23AZ + C24MX + C25MY + C2e6M7 + C27 = O
C %% AND TWO: AX%X%2 + AY%%2 4 AZ%%x2 - 1 = 0
CHx MX*%2 + MY*%2 + MZx%x2 - 1 = (
C*x THIS STARTS THE FIRST SUBSTITUTION (ELIMINATES MY}

Cl = - 1./C1(2,5)

C(l,1) = C{2,1)%C1

Cl1,2) = C(2y2)%C1

C(1+3) = C(2,3)*C1

Clly4) = Cl2+4)%C1

Clls5) = Cl246)%C1

Cl2+1) = C(3,1) +# C(3,5)%C(1,1)
C(2+2) = C(342) + C(3,5)%C(Ll,2}
C(2y3) = C(3,3) + C(3,5)%C(1,3)
Cl{244) = C(394) + C(3,5)%C(1,4)

ok

Wk

X

&
Wk
TS
14
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0219
0220
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0227
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0232
-0233
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0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
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Cl245) = C(346) + C(3,5)%C(1,5)
C(3y1) = Cl4yl) + C(4,5)*C(1,1)
C(3+42) = Cl4y2) + C(495)%C(1,2)
C(343) = Cl4y3) + C(4:5)%C(1,3)
Cl(344) = C(494) + Cl4s5)%C(1,4)
C(3+5) = C(496) + C(495)*C(1,5)
El = C(1,1)%C(1,1)

E2 = C(192)%C(1,2)

E3 = C(1,43)%C(1,3)

E4 = Cl1,4)%C(1+4) + 1.

E5 = 2.%C(1,1)%C(1,2)

E6 = 24%C(141)%C(1,3)

ET7 = 2.%C(141)%C(1+4)

E8 = 2.%C(141)*C(1,5)

E9 = 2+%C(142)%C(1,3)

E10 = 2.*C(142)*C{1,4)

Ell = 24%C(1,2)%C(1,5)

E12 = 2.*%C(143)%C(1,4)

E13 = 2.%C(1y3)%C(1,5)

El4 = 2.%C(1+4)%*C(1,5)

E15 = M(3)*M(3) - 1. ¢ C(1,5)%C(1,5)

CALL SCA(EL4E2yE39E4¢ESIEOIETIEBIETIELOIEL14EL129EL34EL49E15+00y

0e90e90090e+06915)

Cc THE FOLLOWING CARDS CAN BE USED TO PRINT QUT THE COEFFICIENT
[ MATRIX AND THE E COEFFICIENTS AFTER THE FIRSY SUBSTITUTION,. ;
c PRINT 1005 ((C(T9J)9sJ=195)91=143)4ELyE29E3+1E4y ES+E69ETHEBIE9,ELDy
Cc 1E11+E12,E134E14,E15
C1005 FORMAT(///,61H AFTER THE FIRST SUBSTITUTICN, THE COEFFICIENT MA
Cc LTRIX IS3 +/+¢3(5G15e64/)49/931H AND THE E COEFFICIENTS ARE: 4/,
C 23(5G15.6+/))
C*x THIS STARTS THE SECOND SUBSTITUTION (ELIMINATES MX)
: Cl = = 1a/C(244)

C(ls1) = C(241)%C1

Cll+2) = C(2,2)%C1

C{1ls3) = C(2,3)%C1

C(le4) = Cl2,5)%C1

C{241) = Cl3,1) + C(3,4)%C(1,1)

Cl242) = C(342) + C(3,4)%C(1,2)

C(253) = C(343) + C(3,4)%C(1,3)

C{2+4) = C(3+5) + C(344)%C(144)

Fl = E1 + C{1,1)*(C(1,1)*E4 + ET)

F2 = E2 + C(1,2)*(C(1,2)%E4 + E10)

F3 = E3 + C(L,3)*(C(1,3)%E4 + E12)

F4 = ES5 + C(191)*(2.%C(192)*E4 + E10) + C(142)*E7

F5 = E6 + C{ly1)*{2.%C(143)%E4 + E12) + C{1s3)*E7

F6 = EB8 + CU1,L)*{2.*C(1+4)*E4 + ELl4) + Clly4)*ET

F7T = E9 + C(192)*(2.%C(1y3)%E4 + EL12) + C(1s3)%E1O

F8 = E11 + C(1,2)%{2.%C(1,4)%E4 + E14) + C(1,4)*E10Q

F9 = E13 + C(1+3)%(2.*C(1+4)%E4 + E14) + C(l,4)*EL12

F10 = E15 4+ C(144)*(Cl1y4)*E4 + E14)

CALL SCA(FLoF2oF39F49FSsF6+sFT9F89F99F1090090e10e90090090e190e90e

1 Oe 90 90 »10) ’
Cc THE FOLLOWING CARDS CAN BE USED TO PRINT CUT THE COEFFICIENT
[ MATRIX ANC THE F COEFFICIENTS AFTER THE SECOND SUBSTITUTION.

Cc PRINT 10069 ((C(I+J)9J=194)+1=14+2)+FLoF2yF34F4,F54F54F7,F8,F9,F10

*%

AX2
AY2
Az2
AX AY
AXAZ
AX
AYAZ
AY
Al

a8



CARD
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
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C1006 FORMAT(///+61lH AFTER THZ SECOND SUBSTITUTICN, THE CCEFFICIENT M

c LATRIX IS34/42(4Gl5e65/)14/431H AND THE F COEFFICIENTS ARE: 4/,

C 23(4G15e69/))

C** THIS STARTS THE THIRD SUBSTITUTION (ELIMINATES A2) *k
Cl = = 14/C(2,3)
Clls1) = Cl2,10%C1
C(1,2) = C(Zny{Cl
C(14+3) = C(2,4)%Cl
Al = F1 ¢ C(1,1)%(C(141)%F3 + F5) : AX2
A2 = F2 + Cl1,2)%(C(1,2)%F3 + FT7) : AY2
A3 = F4 + C(l41)*(2.%C(142)*%F3 ¢+ FT) + C(1,2)*F5 : AXAY
A4 = F6 + C(1ly1)*(2.%C(1+3)%F3 + FI) + C(1,3)*F5 AX
AS = F8 + C(1ls2)%(24%C(143)%F3 + F9) + C(1,43)%F7 AY
A6 = F10 + C(1,3)*(C(1,3)*F3 + F9) -———
Bl = C(1,1)*C(1,1) + 1. AX2
B2 = C(L,2)%C(1y2) + 1. : AY2
B3 = 2.*%C(1,1)%*C(1,2) AXAY
B4 = 24%C(1y1)*C(1,3) AX
B5 = 24*C(1,2)%C(1,3) AY

Be = C(1,3)%C{1,3) - 1. ) ——

C CALL SCA(A14A24yA3,A44A59A690690690690e906 9Ce 100 906 90e 900 s

c 1 Oe10e 900906 +0e+6)

Cc CALL SCA(B14B2+B3¢B4+B5¢B690e 106 100106 906 10¢ 106 100900900

[ 1 0e90e90090e90e96) :

C THE FOLLOWING CARDS CAN BE USED TO PRINT OUT THE COEFFICIENT

C MATRIX AND THE A AND B8 COEFFICIENFS AFTER THE THIRD SUBTITUTION.

C PRINT 1007,€¢C(1,1),1=1,3),A1,A2,A3,A%4,A5,A6,B1,B2,4B3,B4,B5,B6

C1007 FORMAT(///+6TH AFTER ALL THE LINEAR SUBSTITUTIONS, THE FINAL CO

c 1EFFICIENTS ARE: 4/43G15.64/95% THE COEFFICIENTS OF THE TWGC SEC

C 20ND ORDER EQUAT IONS ARE: 4/ 42(3G15465/)9/419H AND THE SECOND: ,

c 3/+2(3G1l5e6+/))

C*% AT THIS POINT THERE ARE TWO EQUATIONS *%

Ck%x AL*AXKR 24+ A2k AY*%2 + AZ*AX ¥AY +A4 *AX +AS XAY+A6=0 (EQN 1) *%

C %% CBLRAX®%k 2+B2%AY*%x2+B3+AX*AY+B4XAX+BS*AY+B6=0 (EQN 2) **

Cx% ELIMINATE THE AX*AY TERM - **
Cl = B3*Al - A3*Bl - AX2
C2 = B3%A2 - A3%B2 AY2
C3 = B3*A4 - A3x*B4 AX
C4 = B3%A5 - A3%85 AY
C5 = B3*%A6 - A3%*B6 : —-—

c THE FOLLOWING CARDS CAN BE USED TO PRINT GUT THE COEFFICIENTS

c OF THE EQUATICN WITHOUT THE CROSS PRODUCT TZRM,

c PRINT 1008,C14C2,C3,C4yC5

Cl008 FORMAT(///431H THE COEFFICIENTS C1-C5 ARE: ,/,2(3G15.64/))

C*x TAKE THIS EQUATION AND COMPLETE THE SQUARE TO GET EQN 3 *x

IF(CL*C2.LE.O.) GO TO 2000
IF(Cl.GTe0.) GG TO 85

Cl = -Cl1
c2 = -C2
C3 = -C3
C4 = -C4
C5 = -C5

85 CONTINUE
R1 = C5 =~ C3%C3/(4.%CLl) - C4*C4/t4*C2)
CHx SUBSTITUTE AX = AX'/SQRT(C1l) - «5%C3/Cl *x

€8



CAREC
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346
0347
0348
0349
0350
0351
0352
0353

0354~

0355
0356
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
0372
0373
0374
0375
0376
0377
0378
0379
0380
0381
0382

0383
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C*x

ANC AY = AY'/SQRT(C2) - .5*%C4/C2 INTO EQN 3, AND EQN 1

Coxx WHICH GIVES AX'*%*2 + AY'*%2 + R1 = 0 AND ANCTHER EQUATION OF

Cxx TH
0oC1
oc2
scl
SC2
D1
D2
D3
D4
D5
Dé

1

CALL
1

c

8]
a
S
S
S

+
S|

FORM DL1*AX'**24D2*#AY " =2+N3*AXI®AY +D4%A X +D5*AY'+D5 = O

1./Cl

1./C2

SQRT(OC1)

SQRT(CC2)

Cl*xAl

C2* A2

C1l*SC2%A3

Cl*x(A4 - C3%0C1*A1 - .5%C4*0C2%A3)

C2% (A5 - (C4*0C2*A2 -~ 5*%C3*0C1l*A3)

e 5*%C3%0C1*A4 = 45%C4*%0C2%*A5 + o25%C3*C23xCC1*0C1*Al

«25%C4*C4*IC2*¥0C2*¥A2 + o 25%(C 3% 4*0C 1*CC2%A3 + A6

CA(D1 4D2¢D3 404 9059D690090090e90090090090e90e900900900y
Oe v0¢ 9Ce 9 0e 16)

C
c
[« THE FOLLOWING CARDS CAN BE USED TG PRINT OLT THE COEFFICIENTS
c

OF THE TRANSFGRMED SECOND DEGREE EQUATION.
C PRINT 1009y D01,024D3,D4,D5,D6
C1009 FCRMAT(///y28H THE D COEFFICIENTS ARE: 4/,(3G15.6))
C*x TAKE THIS LAST EQUATION AND REWRITE. AS:
C*x D1XAX*¥%2+D2*xAY**2+4D4*AX+D6 = DI*AXXAY+D S*AY .
C*x SQUARING BOTH SIDES YIELDS AN EQUAT ION IN AX*¥%2, AXy AND AYX%2

C*xx N
D(1)
D(2)
D(3)
1
D(4)
D(5)
CALL

S

z

UBSTI TUTE FOR AY**2, YIELDING THE FOLLCWING COEFFICIENTS
D1*D1 + D2*(D2 - 2.*D1) + D323*D3
2.%(C1*D4 - D2*D4 + D3*D5) -
2.%D2*D2%R1 + D4%D& - 2,*D1*D2*%R1 + 2.,*¥D1%xD6 - 2,*D2%D6
+ D3*D3*R1 + [5%DS
2.%(D4*D6 - D2¥D4*R1 + D3*DS*R1)

D2*D2%R1*R1 + D6*D6 - 2.*D2*D6*R1 + D5*D5*R1

POLR(Dy4yZ, IER)

PRINT 1011 4(D(I)sI=145)y(Z(I),1=1,4),1ER

1011 FORMAT(///+42H THE INPUT POLYNOMIAL COEFFICIENTS ARE: , 3Gl5.6

1o/
2

2Gl5.619/+28H THE RESULTING ROOTS ARE: /. 4(2G15e691HI /),

/+39H THE ERROR PARAMETER FRCM ZPGLR IS: , 13)

D3 90 I = 1,4
2% - 1
2*1

J =
K =
F(J)
F(K)

REAL(Z(I))
(1)

AIMAG(Z )

90 CONTINUE
DO 200 I = 1,4
2*] - 1
2%1
CHECK = ABS(F(K))
IF(CHECKeGT+1.E-5) GC TQ 95

J =
K =

C*x% CALCULATE CORRESPONDING AY®
AYS = =F(J)*F(J) - Rl
A(2) = SORT(AYS)
C *% NOW BACKTRANSFORM TO THE CORIGINAL COORDINATE SYSTEM
All) = F(J)I*SC1l - .5*C3/Cl
A(2) = A(2)%SC2 - .5%C4/C2
A(3) = —(C(2,1)%A(1) + C(2,2)%A12) + C(2,4))/C(2,3)
M(1) = =(C{3,1)*A(1) + C(3,2)*A(2) + C(3,3)%A(3) + C(3,5))/C(3,4)
M(2) =

=(Cl4y1)*%A(L) + C(4,2)%A(2) + C(4y3)%A(3) + C(4,4)%M(1)

* %
*%
ek

AX2

AY2
AXAY
AX
AY

* 3%

*%

78
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CARD

0384 1 + Cl44€))/C(445)

0385 PRINT 111,(M(L)yL=1s3)s (A(L},L=1,3)

0386 111 FORMAT(///+53H THE COMPUTED AXIS OF THE SUN GEAR (POINT M) IS
0387 1 2/ 93G1l5.64/956H THE COMPUTED AXIS OF THE PLANET GEAR (POIN
0388 2T A) 1IS: 2/ +3Gl5.6 )

0389 95 CONTINUE

0390 200 CONTINUE
0391 20C0 CONTINUE

0392 STOP

0393 END

0394 FUNCTION RAEC2 (B,B,C)

0395 D = l. - A%A - BB

0396 RAD2 = C*SQRT(D)

0397 RETURN

0398 END

0399 FUNCT ION RAD(A,B,C)

0400 D = AXA + B®B + C*C

0401 RAD = SQRT(D}

0402 RETURN

0403 END

0404 FUNCTION CHK(A,B)

0405 CHK' = AXA + B*8 - 1.

0406 RETURN

0407 END :

0408 SUBROUTINE AIN[A,AINV,AMAG,IS) . L »
0409 C*¢  FIRST FIND THE MAGNITUDE OF THE MATRIX *k
0410 C*+* THIS ROUTINE IS DESIGNED TO FIND THE INVERSE OF A (3,3) MATRIX A, *%
0411 C#k THE INVERSE IS RETURNED IN AINV AND THE MAGNITUDE IN AMAG. IF ONLY **
0412 Cx THE MAGNITUDE OF THE MATRIX A IS DESIRED, IS SHOULD BE SET TO 1. IF  *%
0413 C¥* BOTH THE MAGNITUDE AND THE INVERSE ARE DESIRED, IS SHOULD BE SET TO 2.%*
0414 DIMENSION A(3,3),AINVI3,3)

0415 AMAG = A(L,1)*A(2,2)%A(343) + A(1,2)%A(2,3)%A(3,1)

0416 1 + AL1,3)%A(2, 1) %A(3,2) = A(3,1)%A(2,2)%A(1,3) . co -

0417 2 - A(2,1)%A(L+2)%A(3,3) = All, 1)*A(3,2)%A(2,3)

0418 IF{IS.EQ.1) GO TO 15G

0419 Al = 1./AMAG

0420 AINV(141) = (A(2,2)%A(3,3) — A(3,2)%A(2,3)1%Al

0421 AINV(1,2) = (A(3,2)%A(1s3) - A(1,2}*A(3,3))%Al

0422 AINV(L,3) = (A(L1;2)%A(2,3) = A(2,2)%A(1,3))*Al

0423 AINVI2o1) = (A(3,1)%A(2,3) = A(2,1)%A(3,3))%AL .
0424 AINV(2,2) = (A{1,1)%A(3,3) = A(3,1)%A(1,31)*Al ’

0425 AINV(2+3) = (A(2,1)%A(1,3) - A{l,1)*A(2,3))%Al

0426 AINV(3,1) = (A12,1)%A(3,2) - A(3,11%A(2,2))%Al

0427 AINV(3,2) = (A(3,1)%A(1,2) = A({1,1)%A(3,2))%Al

0428 AINVI343) = (A{1,1)%A(2,2) = A(2,1)%A(1,2) )AL

0429 150 CONTINUE

0430 RETURN

0431 END

0432 SUBROUTINE SCA{A1,A2,A3,A49A5,A64A7,AByA94A10,AL1+A12,A13,A144A15,

0433 1 Al6,A17,A18,A19,A204A21,N)

0434 DIMENSION A(21)

0435 A(L) = Al

0436 Af2) = A2

0437 A(3) = A3

0438 Al4) = A4

a8



CARD
0439
0440

0441 -

0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0455
0456
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466
0467
0468
0469
0470
0471
0472
0473
0474
0475
0476
0477
0478
0479
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490
0491
0492
0493
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A{5) = A5
A(6) = A6
A(T7) = A7
A(8) = A8
A(9) = A9
A{10) = A1l0
A(11) = All
A(12) = Al2
A(13) = Al13
A(l4) = Al4
A(l5) = Al5
A(lée) = Al6
A(17T) = A17
A(18) = Al8
A(l19) = Al9
A(20) = A20
A(21) = A21
AMAX = ABS(A(1l))
DO 20 I = 2,N
A{I) = ABS(A(I))
IF(AUT)oGT « AMAX) AMAX =
20 CONTINUE
ADIV = 2./AMAX
Al = AL *ADIV
A2 = A2%ADIV
A3 = A3*ADIV
A4 = A4*ADIV
A5 = AS*ADIV
A6 = AG*ADIV
AT = ATxADIV
A8 = A8*ADIV
AS = A9*ADIV -
Al0 = AlO*ACIV
All = All*ADIV
Al2 = A12*ADI1V
Al3 = Al13*ACIV
Al4 = Al4*ADIV
Al5 = A15*ADIV
Al6 = Al6*ADIV
Al7 = A17*ADIV
Al8 = A18*ADIV
Al9 = AL9*ADIV
A20 = A20*ADIV
A21 = A21*ADIV
RETURN
END
" oo
2
2e
—e2 3 l.
-e 134274 ,102227 l.
-+0312716 -.0852817 1.
«101886 =~ e249175 1.
-3 o4 -1.
—+454178 ,482660 -1.

A1)
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0494
0495
0496
0497
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- 606622
- e745965
« 672512
$1BSYS

«515393
+495813

~le
-1.

L8



APPENDIX F

FIVE POSITION SYNTHESIS PROGRAM
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$40B LIST

CARD
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048

' 0049

0050
0051
0052
0053

15:00:51.180 76/03/28
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PROGRAM SCSP{INPUT,0LTPUT)
€3k ok e e sk stk skl s ok Sk ok ok okt ol sk 3K ook ok ok okl ok ok ok kKo %ok s ok i e Aok ok Sk ookok R e ok KR koK
C sk dokoiop R o Aok o ok ek s ol R KK 3 XK ok 30X 30t Aok o kkoR B otk o ok ek ok o ok K ok R HOK KoK 3Ok o ROk Kok

CHx THIS PROGRAM IS DESIGNED TO TAKE FIVE GIVEN RIGID BCDY POSITIONS %
CHx WHICH LIE ON A SPHERE AND COMPUTE A GEARED SPHERICAL CYCLOIDAL e
C*x% CRANK MECHANISM WwHICH WILL GUIDE A RIGID BODY, CONNECTED TD THE ek
[ PLANET GEAR, THROUGH THE FIVE GIVEN POSITIDNS,. *%
C** THE VARTABLES USED ARE AS FOLLOWS : . *k
C *x IC - INPUT DATA CHOICE PARAMETER; (FIRST DATA CARD WITH AN *x
Cxx I1 FORMAT) i
C*x IC=1, COORDINATES GIVEN ARE ASSUMED TO LIE CN A UNIT SPHERE,. *ok
C*x% 1C=2, THE X AND ¥ COORDINATES OF EACH PCINT ARE GIVEN IN THE **
Cxx FIRST 20 COLUMNS  WITH A +1. OR A -1le IN THE NEXT 10 e
C . COLUMNS TC GIVE THE SIGN OF THE Z COONRDINATE, *%
CHx GR ~ THE GEAR RATIO N = (THE RADIUS OF THE SUN GEAR)/(THE *x
C*x RADIUS OF TFE PLANET GEAR); (SECOND DATA CARD WITH AN %
Cxx F10.0 FORMAT) . *%
C*% M - A VECTOR CONTAINING THE CARTESIAN COCRDINATES OF THE AXIS *%
C*x OF THE FIXED SUN GEAR. %
C¥x A - A VECTOR CONTAINING THE CARTESIAN COGFCINATES .OF THE AXIS CF *%
CHx THE PLANET GEAR IN ITS ORIGINAL POSITION. %
Cxx PeQ — VECTORS CONTAINING THE CARTES IAN CCCFDINATES OF Twd %
C %% POINTS ON THE PLANET GEAR; THIRD DATA CARD--Pl; * %
Cxx* FOURTH DATA CARD--P2 **
Cxx FIFTH DATA CARD-=-P3 *%
CHx SIXTH CATA CARD--P4 *x
C¥x SEVENTH DATA CARD--PS : *%
C *x EIGHTH DATA CARD--Q1 *x
Cx*x NINTH DATA CARD--Q2 - b
Cxx " TENTH CATA CARD--Q3 **
C*% ELEVENTH DATA CARD--Q4 - ERRE %
Cex TWELFTH DATA CARD--Q5 **
C*x FORMATTED AS EXPLAINED UNDER VARIABLE IC ABOVE. **
C*x R - A VECTOR CONTAINING THE CARTESIAN COORDINATES OF THE **
Cxx RESULT OF ROTATING O ABQUT P THROUGH AN ANGLE OF *x
C %% NINETY DEGREES. **
C *x PQR - A MATRIX WHOSE COLUMNS ARE THE VECTGRS P, Qs AND R, *%
C ok PINV - A MATRIX WHICH IS THE INVERSE OF PQR. *%
C % PQR2 - A MATRIX WHCSE COLUMNS ARE THE CARTESIAN COORDINATES OF THE **
Cxx SECOND POSITIONS OF P4sQ, AND Re *%x
CHx ROT12 - THE RCTATION MATRIX FROM POSITION CNE TO POSITION Twd. IT i
C %% " IS THE PRODUCT OF PQR2 AND PINV **
[ PHI - THE TOTAL ROTATION ANGLE REQUIRED TG GG FROM PUSITION ONE TC * %
Coxx POSITICN TWCe ok
Cxx TH1(I) -~ THE ROTATION OF A ABOUT M WHEN THE MECHANISM GGOES FROM =%
Cxx POSITION ONE TO POSITION 1, THETA CNE. Rk
Cxx TH2(I) - THE RCTATICN OF P ABOUT A WhEN THE MECHANISM GDES FROM ok
C %% POSITION ONE TO POSITION I, THETA THWC. wx

€ 3k s ok ofeok ook sk s Aeake e o b ok ok ak e ok ok ok ok Kok e e e o e ok ofe ok ok skook ak ok 3 ok ok ok Kok e ok o koK ook ok Kok sk K Rk i KK Ok e ook K ek ek
€ e 3 ook e deok e ke ok ofe sk e ko ok 3k ook e 3k ok o ok ko oK e ok 3k ke e ok ok o i Aok o sk ok o 3 Kok 3K ok sk e e 3k ik ok ok e ok ok ok ok K ok kok
COMPLEX 2(5) '
REAL M(3) *x
DIMENSION A{3)4P(3,5),0(3,5)4R(3+5) 4POR(343),PINV(3,31,PGR2(3,43)

VOUO0LGO00s
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CARD
0054

0055

C056
0057
0058
0059
0060
0061
00¢&2
0063

0064
0065
0066

0067
0068
0069
0070
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0100
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1 yROT12(5+93+3)9 THL(S5) s TH2(5) yCHKLI5) 4 PHI(S),PHID(5),D(5)
2 2 F(LO)4C (5, T)y CHI3, 3)
C#x READ IN DATA
READ 100,IC
100 FORMAT(I1)
PRINT 101,IC
101 FORMAT (1H1,37H THE INPUT DATA CHOICE PARAMETER = ,12)
: READ 102 , GR )
PRINT 103,GR
103 FORMAT{///28H THE INPUT GEAR RATIO 1Sz 4/,61546)
READ 10256 (P{I4J)9I=143)yJ=1+5),0(Q(1,d0y1=1,3),J=1,5])
102 FORMAT(3F10.0)
PRINT 1044 ({P(I,J)ed=295)1=193)5((001,J)9d=145),1=1,3)
104 FORMAT(///,50H THE INPUT RIGID BODY POSITIONS ARE AS FOLLOWS:

10

19/ 9+45H POINTS P; WHERE EZACH COLUMN IS GNE POINTe s/ 93(5G15464/ ),
2// 945H POINTS Qi WHERE EACH CCLUMN IS ONE PGINTey/93(5G15.64/))
PI = 355./{113.%180.)

GO T3 (5,15), IC-

CPS = 0.0

DO 10 J = 142

CP = PAD(P(1,J)4P(20J)sP(3,J)) - 1,

CC = RAD(Q(1+J)+Q(2+4)59Q(344)) - 1.

CPS = CPS + ABS(CP) + ABS(CQ) -

CONTINUE

. IF{CPS.LT.0.03) GO TC 30

PRINT 105

105 FORMAT (///+51H $$$8 INPUT DATA POINTS NOT ON UNIT SPHERE. $$$%

C*k

15

L o/ 460K $§8$ INPUT DATA USING INPUT DATA CPTION NUMBEXR TwWO. $8$8
28 )

GG TO 2000

CALCULATE THE Z COCRDINATES OF THE P AND @ POINTS

CONTINUE

DG 25 J = WU,5

CP = CHK(P(1,J),P(2,0))

CQ = CHKIQ(1,J1,Q(2,4))

IF(CP.LE.O.) GO TC 20

IF{CQ.LE.0.) GO TO 20

PRINT 115,J5CP,CQ

115 FORMAT(///y T3H $$$8 THE INPUT P,AND Q ARE TOO LARGE TD BE ON T

C*%

20

25
30

35

1HE UNIT SPHERE. $$s$$ 2/ 94X92HI= 124/ 44X,y 3HCP=,G1546,
2 /94X 93HCQ=96G15.6)

GO TO 2000

CONTINUE

Pi34J) = RAC2(P(1,3)}yP{2,3),P(3,4))

Q(34J) = RAD2(Q(1+J) +Q(25,J)+0Q(3,4))

CONT INUE

CONTINUE

PRINT 104+s((P{I4J)sJ=1+5)s1=143)5({QUIyJYsJ=195)y1=1,3)

NEXT FIND THE COORDINATES OF POINT R

DC 351 = 1,45

RU1oI) = PULsID%P{1yI)%Q(1s1) + (P{L,I)*kP(2,1)=P(3,10)%Q(2,1)
1+ (P(1lyI)*P{3, 1)+P(2,1))%*Q(3,1)

R{2+1) = (P(LyI)*PU2,41)+P{3, 1) 1*Q(1, I} + P(2,1)*P(2,1)%Q(2,1)
1+ (P(2y1)*P(3,1)-P{1,1))*Q(3,1)

R(3,4I) = {P(1,I)*P(3,1)-P(2,1))%Q(1,1)

%k

*%
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0109
0110
0ol11

0112

0113
Oli4
0115
o116
0117
0118
9119
0120
0121
gl22
0123
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0127
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0129
0130
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1+ (PQ2yI1*P(341)4P (1, 1))*Q(241) + P(3,1)%P (3, 1)%Q(3,1)
PRINT 1064((R(I4J)sJ=1145),1=1,3)

106 FORMAT(///,68H THE COORDINATES OF THE COMPUTED R S ARE AS FCLLG
LwWSe EACH COLUMN 4/ 417H IS GONE POINTe 4/, (5GlEe0))
C %k CHECK THE LENGTH OF P(I}Q(I) %

00 40 I = 1,5

DX = P{1,I) = Q(1l,I}

oy P{2+s1) = Q(2,1)

DZ = PI3,1) = Q(3,1)

CHKL(I) = RAD(DX,DY,DZ)
40 CONTINUE

DO 50 I = 2,5

CHK2 = CHKL(I) = CHKL(1l)

CHK2 = ABS(CHK2)

IF{CHK2.LTeleE-3) GO TO 45

PRINT 1074(CHKL(L) L =1,5)

[T

107 FORMAT(///+72H $$3% THIS JO3 ABORTED, THE LENGTHS OF THE INPUT
1PG ARCS ARE NOT $$$% ,/,48H $6¢8 EQUAL . THE LENGTHS ARE AS FOLL
20WS: $$$% 4/ 5G15.6)

GC TO 2000

45 CONTINUE
50 CONTINUE
Cxx THE FOLLOWING DO LQOOPS FIND THE ROTATION MATRICES **
C*=% NEXT SET UP THE FIRST POSITION 'PQR MATRIX *%
DO 55 I = 1,3
PGREI 1) = P(I,1)

PQRI(1,2) QlI,1)
55 PQR(I43) = R{I,1)
CHx NEXT FIND THE INVERSE OF PQR *%
Is =2

CALL AIN(PQRyPINV,PMAG,IS} "’

[ THE FOLLOWING CARDS CAN BE USED TO PRINT OUT THE MAGNITUDE
c AND THE INVERSE OF THE PQR MATRIX.

C PRINT 1000+ PMAGy ((PINV(IsJ)9Jd=1s3),1=1,3)

C1000 FORMAT(///428H THE MAGNITUDE OF PQR IS2 4/,G1564/,

[ 126H THE INVERSE OF POR IS: 4/43(3G15.6,4/))

IF(IS.NE.101) GC TO 60
PRINT 108
108 FORMATU(///+68H | $$$$ THE INITIAL POINTS P AND Q ARE SUCH THAT TH
1E MAGNITUDE $$$8% ,/,52H $$¢8 OF THE MATRIX PQR IS ESSENTIALLY Z
2ERD. $$$% )
GO T 2000
60 CONTINUE
C*x NEXT FIND THE ROTATION MATRICES
DO 65 1 =
DO 65 J = 1,3
DO 65 K =
65 RCT12{Kydel) = 0.0
DD 80 I = 2,5
DO 70 J = 1,3
PQRZ2(Je1) = P(J, 1)
PQR2{J+2) = Q(JsI)
PQR2(J,3) =
70 CONTINUE
DO 75 J = 1,3
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0209
0210
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DO 75 K = 1,3
DC 75 L = 1,3
75 ROT12(1 4KyJ) = PQR2{KsL) * PINV(L,J) + ROTLI2(1,KsJ)
PRINT 1001y I ((ROT12(19JsK)9K=1,3),J=1,3)
1001 FCRMATU(///4+64H THE COMPUTED ROTATIONAL MATRIX FROM POSITION ONE
1 TO POSITIONyI2, 4H 1S3 4/,(3Gl5.6))
C#x NEXT FIND THE ROTATION ANGLE PHI
PHI(I) = 5*(ROT12(I,+1+1) + ROT12(1,252) + ROT12(143432) - 1l.)
PHI(I) = ACOS(PHI(I))
PHID(I) = PHI(I)/PI
PRINT 109+1,PHIDI(I)

109 FORMAT(///,52H THE ROTATIGN ANGLE FROM PCSITICN ONE TO POSITION
1 » 12,16H, IN DEGREES IS: +/+G1l5.6)
C %% NEXT FIND THE OTHER ANGLES

THI(I) = PHI(I) / (le + GR)
TH2(I) = THL(I) * GR
[ NEXT DEFINE THE DESIGN EQUATION PARAMETERS

C1 = SIN(TH2(I))

€2 = SIN(THL(I))

C3 = ROTL2(1,2,3) — ROTL2(I,3,2)

C4 = ROTL2(1,3,1) = ROT12(I,1,3)

C5 = ROTLI2(1,1,2) = RCT12(I42,1)
ClI,1) = C1%C3

ClI,2) = Cl*C4

ClI,3) = Cl*C5

C(1,4) = -C2%C3

C(1,5) = =C2%C4

C(I+6) = —C2%C5

C{I+7) = (le + ROT12(I,1,1) + ROTI2(1,242) + ROT12(1,3,3))
1 *(COS (THL(I)) - COS(TH2(I))}

c THE FOLLOWING CARDS CAN BE USED TO PRINT QUT TEHE
c THE FOLLOWING CARDS CAN BE USED TO PRINT CUT THE DESIGN
C EQUATION PARAMETERS FOR EACH ROTATION.
[ PRINT 1002y I14C19C24C3+C44C54(C(I4J)9d=1,7)
C1002 FORMAT(/7/+50H FOR THE ROTATION FROM POSITION ONE TO POSITION
C 112,18H, THE CCEFFICIENTS 4/ y14H Cl=C5 ARE: 4/45G1l5464/+42H A
o 2ND THE SEVEN DESIGN COEFFICIENTS ARE: 4/9 2(4G1l5.6,/))
80 CONTINUE
C**¥ AT THIS POINT WE HAVE SIX EQUATIONS
C*x FOUR OF THE FORM:
Cxx C21AX + C22AY + C23AZ + C24MX + C25MY + C26MZ + C27 = O
C %k AND TWO: AX**2 + AY*k2 + AZ%%2 - 1 =0
C*x MX*%k%x2 + MY*%X2 + MZ*%2 - 1 = 0
Cxx SOLVE THE FIRST EQUATION FOR MZ AND SUBSTITUTE IN ALL OTHERS
Cl = = 1./C(246)
Cllsl) = C(241)%C1
C(1,2) = C(2,2)%Cl
Cl1y3) = C(2,3)%C1
C(ls4) = C(2,4)*Cl
Cl145) = C(2,45)%C1
C(1s6) = C(2,7)%C1
Cc THE FOLLCOWING CARDS CAN BE USED TO PRINT OUT THE CCEFFICIENT
[ MATRIX FOR THE FIRST SUBSTITUTION.
c PRINT 1003,Cly(C(LyI)yI=1,6)
C1003 FORMAT(///,80H FOR THE FIRST SUBSTITUT ION, THE COEFFICIENTS Cl,

£33

*x

%
ok
%k
£33
*k
*ke

26



CARD
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249

0250--

0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
G268
0269
0270
0271
0272
0273
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c 1 AND C(1y1) THRU C(1l46) ARE?: 4/ 42{4Gl5.6,/))
Cxx COMPUTE THE COEFFICIENTS AFTER SUBSTITUTING ot
C(241) = C(341) + CU3,6)*C(1,1)

C(242) = C(342) + C(3,6)%C(1,2)
C(243) = C(343) + C(346)%C(1,3)
Cl24+4) = C(344) + C(346)*C{1,44)
Cl295) = CU345) + C(3,6)%C(1,45)
€(246) = C(3,7) + C(3,6)%C{1,6)
C(341) = Cl4sl) + C(4461%CL{L1y1)
C(3¢2) = C(4,2) + C(4+6)%C(1,2)
C(343) = C(443) + Cl4y6)*C{1,3)
C(344) = Cl4y4) + Cl446)%C(144)
C(3y5) = Cl495) + Cl4y6)*C(1,5)
C(34+6) = Cl4yT) + Cl49y6)%*C(1,06)
Cl4y1) = C(5s1) + C(546)%C{1,]1)
Cl442) = CU592) + C(5,6)%C{1,2)
Cl4e3) = CU543) + C(5+6)*C(143)
Cl4y4) = C(5+4) + C(546)%CL1+4)
C(445) = C(545) + C(5,6)*C(1,5)
Cl446) = C(5,7) + C(5+6)1%C{146)
D1 = C{1,1)%C(1,1) AX2
D2 = C(1,2)%C(1y2) AY2
D3 = C(1+3)%C(1,3) - AzZ2
D4 = CL{1s4)%C(1y4) + 1. MX2
D5 = C(145)*%C{1+5) + 1. - MY2
Dé = C(1,6}*C(146) - 1. -
D7 = 2.*C(1+1)%C(1,y2) AX AY
D8 = 2.%C(1,1)*C{1,3) AXAZ
D9 = 2.*%C(1,1)*C(1,4) AXMX
D10 = 2.*%C(1,1)*C(1y5) AX MY
D11l = 24*C(1,1)*C(1,6) Ax
D12 = 2.%C(1,2)*C(1,3) AYAZ
D13 = 2.*C{1,2)%C(1,4) AYMX
D14 = 2,%C(1+2)%C(1,5) AYMY
D15 = 2.%C(142)*C(1,y6) AY
D16 = 24%C(1+3)%C(1,4) AZMX
D17 = 2.*C(1,3)*C(1,5) . AZMY
D18 = 2.*C(1s3)%C(1,6) - Az
019 = 24%C(1,4)%C(1,5) ’ MXMY
D20 = 2.*C(1,4)*C{1,6) MX
021 = 2.%C(1,5)*C{1y6) . My

c THE FOLLOWING CARDS CAN BE USED TO PRINT OUT THE COEFFICIEN

c MATRIX AND THE O COEFFICIENTS AFTEP THE FIRST SUBSTITUTION.

C PRINT 1004+ ((C(IsJ)9J=196)s1=194),01,D02,D34D4+D54D6,D7408,094D10,

c 1011,012,013,014,015,(16,017,018,019,D20,D21

C1004 FORMAT(///+€0H AFTER THE FIRST SUBSTITUTICN, THE CCEFFICIENT MA

c 1TRIX IS: 9/94(5GLl5e69/)9/431H AND THE D COEFFICIENTS ARE: 4/,

c 24{6G15.64/))

Cax THIS STARTS THE SECOND SUBSTITUTION (ELIMINATES MY)
€l = = 1./C(2,5)
Cl1l,1) = C(2,1)%C1
C(1l,2) = C(2,2)%C1
C(143) = C(2,3)%C1
C(1ls4) = Cl244)%C1
C(145) = C(2,6)%C1

€6
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0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
02930
0291
0292
0293
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0295
0296
0297
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0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
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0313
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0328
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C(241) = C(3,1) + C(3y5)*C(1,1)
C(2,2) = C(3,2) + C(3,51%C(1,2)
C(2+43) = C(3,3) + C(345)*C(14+3)
C(244) = C(344) + C(3,5)%C(1y4)
C(245) = C(3,6) + C(3,5)%C(1,45)
C(341) = Cl4y1) + Cl4y5)%C(1y1)
C(342) = Cl4y2) + C(445)*%C(1,2)
C{343) = Cl4s3) + C(4,5)%C(1,3)
C(344) = C(494) + C(4y5)%C(1y4)
C(3,45) = Cl446) + Cl{445)*%C(1,5) :
El = D1 + C(1,s1)*(C(1,1)*D5 + D10) AX2
E2 = D2 + C(1,2)*(C(1,2)*D5 + D1l4) ’ AY2
E3 =D3 + C(143)*(C(1,3)%D5 + D17) AZ2
E4 = D& + C(1,4)*%(C(1s4)%D5 + D19) MX2
ES = D7 + C(1,1)*(2.%C(1,2)%D5 + D14) + C(1,2)*D10 AXAY
E6 = D8 # C(1,1)*(2.*C(1,3)%D5 + D17) + C(1,3)*D10 AXAZ
ET = D9 + C(1ly1)*(2.*C(1y4)%*D5 + DI9) + C(1l,4)%D10 ’ AX MX
E8 = D11 + C(1+1)*(2.%C(1,5)*D5 + D21) + C(1,5)*D10 X
E9 = D012 + C(1,2)*(2.,*%C(1,3)*D5 + D17) + C(1,3)*Dl4 AYAZ
E10 = D13 + C(1,42)*(2.*%C(1y4)*D5 + D19) + C(1l,4)*D14 AY MX
Ell = D15 + C(1,2)%(2.%C(1,5)*%D5 + D21) + C{(1,5)*D14 AY
E12 = D16 + C(1+3)%(2.,%C(1,4)*D5 + D193) + C(1,4)*D17 AZMX
El3 = D18 + C(1,3)*(2.,%C(1,5)%D5 + D21) + C(1,5)*D17 Az
El4 = D20 + C(144)*(2,%C{1,5)*%D5 + D21) + C(1,5)*D19 MX
E15 = D6 + C(1,5)*%(C(1,5)%D5 + D21) m——
CALL SCA(El,E24E34E49ESyE6+ETyEByE99EL09ELLyEL12,EL13yE149E1590e
1 Oe 900 10e 90e 900 v15) )

c THE FOLLOWING CARDS CAN BE USED TO PRINT OUT THE COEFFICIENT

C MATRIX AND THE E COEFFICIENTS AFTER THE SECOND SUBSTITUTION.

C PRINT 1005,((C(T9J)9yJ=1+5)+1=1,+3)4+E/,E2,E3,E4yES+E6yET+EB+ETELD,

C 1E11,E120E134E144E15

C1005 FORMAT(///+61H AFTER THE SECOND SUBSTITUT IONy THE COEFFICIENT M

[ 1ATRIX IS: 4/93(5G154635/)9/+31H AND THE E COEFFICIENTS ARE: o/,

c 23(5G1l5464/))

C*x THIS STARTS THE THIRD SUBSTITUTION (ELIMINATES MX) *x
Cl = - 1./C(2,4)
C(ly1) = C(251)%Cl
C(1y2) = C(2,2)%C1
C(1y3) = C(2,3)%C1
C(ls4) = C(245)%Cl
C(2y1) = C(3y1) + C(3,4)%C(1y1)
C{2+42) = C(342) + C(3,4)%C(1,2)
C(243) = C(3,3) + C(3,4)%C(1,3)
C(244) = C(3,5) + C(3,4)%C(1,4)
F1 = EL + C(1l,1)%(C(1y1)*E4 + ET) AX2
F2 = E2.+ C(1,2)*(C(1l,2)*E4 + EL10) AY2
F3 = E3 + C(193)%(C(1,3)%E4 + E12) AZ2
F4 = E5 + C(ly1)*(2.*C(1,2)*%E4 + E10) + C(1,2)%E7 AXAY
F5 = E6 + C(ly1)*(2.*C(1,3)%E4 + E12) + C(1,3)%E7 AXAZ
F6 = EB + C(Lly1)%(2.*%C(144)%E4 + E14) + C(1ly4)*ET AX
FT = E9 + C(1,2)*(2.%C(1,3)*E4 + E12) + C(1y3)*E1O AYAZ
F8 = E11 4+ C(1l920*%(2.%C(1y4)*%E4 + E14) + C(1,4)%E1O Ay
F9 = E13 + C(143)%(2.*C(1y4)*E4 + EL14) + C(1l,4)%EL2 Az

F10 = E15 + C{1,4)*(C(1l,4)%E4 + El4) -——
CALL SCA(FLl+F24F34F4sF54F6sF7+F89F99F1050e90e+00100100+00+00900>
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0360
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0373
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0379
0380
0381
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1 OevCevCer10)
C THE FOLLOWING CARDS CAN BE USED TO PRINT CUT THE COEFFICIENT
Cc MATRIX AND THE F CCEFFICIENTS AFTER THE THIRD SUBST ITUT ION.
C PRINT 1006+ ((CUTsJ)9J=194)91=142) +F14F24F34F4sFS4FH,FT74FB89F2,F10
Cl006 FCRMAT(///,60H AFTER THE THIRO SUBSTITUTION, THE COEFFICIENT MA
C ITRIX 1S3 4/42(4G15e614/0)49/431H AND THE F CCEFFICIENTS ARE: o/,
C 23{4G1l5464+/1))
Cxx THIS STARTS THE FOURTH SUBSTITUTION
Cl = = 14/C(2,3)
C(l,1) = C(2,1)%C1
C{l,2) = Cl2,2)%C1
C(1ls3) = C(2+4)%C1
Al = Fl1 + C(1s1)%(C{1,1)%F3 + F5) AX2
A2 = F2 + C(142)*{C(1,2)%F3 + FT) AY2
A3 = F& + Cl1e1)%(2.%C{142)%F3 + F7) + CU1,42}%F5 AXAY
A4 = F6 + C(ly1)*(2.*%C{Ls31%F3 + F9) + C(1,3)%F5 AX
A5 = F8 + C(1+2)%(2.*C(L,3)%F3 + FI) + C(1,3)%F7 . o AY
A6 = F10 + C(1,3)*(C(1,3)*%F3 + F9) ——
CALL SCA(AL A2 A3 4A%4+1A59A6+0090070¢10e90e300+049Ce90e300r
1 e 10¢ 1Co 10a 100 1 &)
Bl = C{1,1)*C(1,1) + 1, . AX2
B2 = C(1,2)*C(1,2) + 1. AY2
B3 = 2.%{1,1)1%C(1,2) AXAY
B4 = 2.%C(1,1)*C(1,3) AX
B5 = 2.%C(1,2)*C(1+3) - . _AY
B6 = C(1,3)%C(1,3) ~ 1. ’ - . ———
CALL SCA(BL+B24B34y844B5¢B6910e90210e10e10¢90a1069Ce30e3s0ay
1 O¢ v0¢ ¢Ca 1 0e 90e +6)
c THE FOLLOWING CARDS CAN BE USED TO PRINT GUT THE COEFFICIENT
Cc MATRIX AND THE A AND B COEFFICIENTS AFTER THE FOURTH
c SUBSTITUTION.
c PRINT 10074(C(1yI)sI=193)9AL1A2,A3,A4,A5,A6,B1,B2,B3,B4+385,B6
C1007 FORMAT(///+67H AFTER ALL THE LINEAR SUBSTITUTIONS, THE FINAL CO
C 1EFFICIENTS ARE: 4/ 93Gl5.64/ 4594 THE COEFFICIENTS OF THE TWO SEC
c 20ND ORDER EQUATIONS ARE: /42(3G15.64/)9/91SH AND THE SECOND:
c 3/+2(3G1546,/))
CH*% AT THIS POINT THERE ARE TWO EQUATIONS %
CHx ALKAXA* 2+ A2k AY ¥ X2 4+ A3 RAXKAY +AL *¥AX +ASXAY+A6=0 (EQN 1) *%
C*x BlEAX¥*2+4B2*AYX%2+B3+AX*AY+B4G*XAX +B5 X AY+B6=0 (EQN 2) *Xx
C¥x ELIMINATE THE AX*AY TERM *%*
Cl = B3%Al - A3#*8]l ’ A X2
C2 = B3%xA2 - A3*B2 AY2
C3 = B3%A4 - A3*B4 . AX
C4 = B3%A5 - A3%B5 ) AY
C5 = B3*%A6 - A3%86 -—
CALL SCA(C19C24C34C49C590e90090090e30090ay0e9069Cay04s90e>
1 Oe 'v0e 10¢ 10e v0e +5)
C ** TAKE THIS EQUATION AND COMPLETE THE SQUARE TC GET ECN 3 *%
c THE FOLLOWING CARDS CAN BE USED TO PRINT OUT THE COEFFICIENTS
Cc OF THE EQUATIGN WITHCUT A CROSS PRODUCT TERM,.
C PRINT 1008,C1,C2,C3,4C4,C5

C1008 FORMAT(///431H THE COEFFICIENTS C1-C5 ARE: +/,2(3G15.6,4/})
IF(C1*C2.LE.Oe) GO TC 2000
IF(Cl.GTe0.) GO TO 8%
Cl = -Cl1

G6



CARD
0384
0385
0386
0387
0388
0389
0390
0391
0392
0393
0394
0395
0396
0397
0398
0399
0400
0401
0402
0403
0404
0405

0406-

0407
0408
0409
0410
0411
0412
0413
0414
0415
0416
0417
0418
0419
0420
0421
0422
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
0435
0436
0437
0438
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C %k
C ok
CHk
Cxx

C
C
C

85

c2 = -C2
€3 = -C3
C4 = ~-C4
c5 = -C5
CONTINUE

R1 = CS - C3*C3/(4%Cl) - C4*Ca/(4.%C2)
SUBSTITUTE AX = AX'/SQRT(Cl) - .5%C3/Cl
AND AY = AY*/SQRT{C2} =- .5%C4/C2 INTC EON 3, AND EQN 1
WHICH GIVES AX'*%2 + AY®'*%2 + R]1 = 0 AND ANCTHER EQUATION OF
THE FORM DLI*AX"*%2 4D2%AY * ¥%24+ D3 *AX T RAY ' +D4*AX* +D5¥AY'4D6 = 0

0C1l = 1l./Cl

0C2 = 1./C2

SC1 = SQRT(CCl1l)

SC2 = SORT(OC2)

D1 = 0OCl*Al

D2 = 0C2*%A2

D3 = SC1*SC2*A3

D4 = SC1l*(A4 - C3%0C1*Al - .5*%C4*0C2%A3)

D5 = SC2%(AS5 - C4%0C2*¥A2 - .5*C3*0C1%*A3)

D6 = —o5%C3*0C1%A4 - 5%C4%0C2*%A5 + ,25%C 3*C3*¥CC1*0C1*AlL

+025*%C4*C4%0C2*0C2%A2 + 25*C3*C4*0C 1*0C2*A3 + A€

1
CALL SCA(D14D24D34D%44D5+D6+06 106 106 100 10e 300 1001061009001 00y

1

0ev0e904s0e96)
THE FOLLCWING CARDS CAN BE USED TO PRINT OUT ThHE COEFFICIENTS
OF THE SECOND TRANSFORMED EQUATION.
PRINT 1009, 01,02,D03,04,05,D6 '

C1009 FORMAT(///,28H THE D COEFFICIENTS ARE: 4/,(3G15.6))

C ke
C %k
C ek
CHx

1

TAKE THIS LAST EQUATION AND REWRITE AS:

DIXAX*¥*2+D2%AYX*¥24+L4*AX+D6 = D3*AX¥AY+D5*AY

SQUARING BOTH SIDES YIELDS AN EQUAT ION IN AX¥%*2, AXy AND AY**2

SO SUBSTITUTE FQOR AY**2, YIELDING THE FOLLCWING COEFFICIENTS

D(1) = D1*Dl + D2%*{D2 - 2.%D1) + D3*D3

D{2) = 2.*(D1%D4 - D2*D4 + D3*D5)

D(3) = 2,%D2*D2*R1 + D&4*D4& — 2,*D1*D2*R1 + 2.,*D1*D6 ~ 2.%D2%D6
+ D3*D3%R1l + D3%D5

D(4) = 2.%(D4*D6 - D2*D4*R1 + D3%D5*R1)

DI(5) = D2*D2%R1*R1 + D6*D6 - 2, *D2*D6%*R1 + DS*D5*R1

CALL ZPOLR{Ds4+2Z41ER)

PRINT 1011,(D(I)+I=1,45)4(Z(I)sI=1,4),1ER

1011 FCRMAT(///442H THE INPUT POLYNCMIAL COEFFICIENTS ARE: 4 3G1l5.6

90

1
2

v/y 2615464/ 4+28H THE RESULTING ROOTS ARE: 4/, 4{2G1546+1HI /)y
/1y 3GH THE ERROR PARAMETER FRGM ZPCLR IS: , I3}

DG 90 I = 1.4

J = 2% - 1

K = 2*I

FUJ) = REAL(Z(I))

FIK) = AIMAGI(Z(I1))

CONT INUE

DO 200 I = 1,4

J = 2%1 - 1

K = 2*]

CHECK = ABS(F(K))

IF(CHECKeLTW1eE-5) GO TO 91

CHECK = FI(K)/F(J)

CHECK = ABS (CHECK)

X%
3 %
Xk
X %

A X2
AY2
AX AY
AX
AY

*%

* %
*%
AX4
AX3
AX2

AX
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CARD
0439
0440
0441
0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0455
0456
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466
0467
0468
0469
0470
0471
0472
0473
0474
0475
0476
0477
0478
0479
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490
0491
0492
0493
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110

IF(CHECK«GT40.052) GC TC 95
CONTINUE
CALCULATE CORRESPONDING AY?
AYS = ~=F{J)*F(J) - R1
A(2) = SQRT(AYS)
NOW BACKTRANSFORM TO THE ORIGINAL COQRDINATE SYSTEM

A(l) = FLJI*SC1 - ,5*%C3/C1

A(2) = A(2)*SC2 - .5*C4/C2

A(3) = -(C(2,1)*A(1) + C(2,2)%A(2) + C(2,4))/C(2,3)

M(1) = =(C(3,1)%A(1) + C(3,2)*%A(2) + C(3,3)*A(3) + C(3,5))/C(3,4)
M(2) = =(Cl4, 1)*ALL1) + C4,2)%A(2) + C(443)%A(3) + Cl&4y4)%M(]1)

1 + C(4,46))/C(4,45)

M(3) = —(C(5,1)%A(1) + C(5,2)*A(2) + CU5,3)%A(3) + C(5,4)%M(1)
1 + C(545)%M(2) + C(5,7))/C(5y6)

PRINT 110 ,(M{L)»L=1,3),(A(L},L=1,3)

FORMAT(///4+53H THE COMPUTED AXIS CF THE SUN GEAR (PGINT M) 1IS:
1 1/ 93G1l5.69/956H THE COMPUTED AXIS OF THE PLANET GEAR (POIN
2T A) IS: 9/+3G1l5.6 )

DD 92 L=2,5

col COS(THL (L))

C02 = COS(TH2(L))

S1 = SIN(THI1(L))

$2 = SIN(TH2(L))

vVl = l. - COl
V2 = 1. = CO2

120
92
95

200

2000

C**
C*k

CH(Ly1) = VIRVIX(M(L)*A(L))*(M(L)*A(L)+M(2)%A(2)+M(3)*A(3))

1 4+ VIXCO2*M{ 1) *M(1) + VI*S2% (M{1)*M(2)*A(3)=M(1)*M(3)*A(2))
2 + CO1#C02 + CCl*xVv2*A(1)*A(1)
3 + S1*V2¥(M(2)*A(1L)*A(3)-M(3)*A(1)*A(2))
4 + S1*S2%(=M(2)* A{2)-M(3)*A(3))

PRINT 120,CH(1,1)

FORMAT (26H THE ELEMENTS ARE »Gl5.6)
CONTINUE

CONTINUE

CONTINUE

CONTINUE

STOP

END

FUNCTIGN RAD2(A48,C)
D= 1. - A*A - B*B
RAD2 = C*SQRTI(D)

FUNCTION RAD(A,B,C)

D = A*A + B*B + C*C

RAD = SQRTI(LC)

RETURN

END

FUNCT ION CHK(A,8B)

CHK = A*A + B*B - 1,

RETURN

END

SUBROUTINE AIN{A,AINV,AMAG,IS)

FIRST FIND THE MAGNI TUDE OF THE MATRIX
THIS ROUTINE IS CESICGNED TO FIND THE INVERSE OF A (3,3) MATRIX A,

%

*%
ke

L6



CARD
0494
0495
0496
0497
0498
0499
0500
0501
0502
0503
0504
0505
0506
0507
0508
0509
0510
0511
0512
0513
0514
0515
0516
0517
0518
0519
0520
0521
0522
0523
0524
0525
0526
0527
0528
0529
0530
0531
0532
0533
0534
0535
0536
0537
0538
0539
0540
0541
0542
0543
0544
0545
0546
0547
0548
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[ THE INVERSE IS RETURMED IN AINV ANC THE MACGNITUDE IN AMAG. IF ONLY %
C*x THE MAGNITUDE OF THE MATRIX A IS DESIRED, IS SHOULD BE SET TO 1. IF *%
C*x BOTH THE MAGNITUDE AND THE INVERSE ARE DESIFED, IS SHOULD BE SET TO 2.%%*

DIMENSION A(3,3),AINV(3,3)

AMAG = A{1s1)*A(242)%A(3,3) + A(1,2)%A(2,3)%L{3,1)
1 + A(1,3)%A(2,1)*A(3,2) - A(3,1)%A(2,2)%A(1,3)
2 = A(2,1)%A(1,2)*A(3,43) - A(1l,1)%A(3,2)%A(2,3) N
IF(IS.EQ.1) GO TO 15¢C

Al = 1l./AMAG

AINV(1,1) = (A(2,2)%A(3,3) = A(3,2)%A(2,3))*Al
AINV(1,2) = (A(3,2)%A(1,3) - A(1,2)%A(3,3))=Al
AINV(1+3) = (A(1+2)%A(2,3) - A(2,2)%A(1,3))%Al
AINV(251) = (A{3,1)%A(2,3) — A(2,1)*A{3,3))*A1
AINV(242) = (A(1,1)%A(3,3) ~ A(2,1)*A{1,3))*Al
AINVI2,3) = (A(2,11%A(1+3) — A(1l,1)%A(2,3))=A1
AINV(3,1) = (A(2,1)1%A(3,2) - A(3,1)%A(2,2))=A1
AINV(3,2) = (A(3,1)%A{1,2) - A(l,1)*A(3,2))=Al
AINVE3,3) = (A{1,1)%A(242) - A(2,1)%A(1,2))%AL
150 CONTINUE

RETURN

END

SUBROUTINE SCA(AlyA2,A3,A4,A5,A6,A7)A8yA9,A10,A11,A12,A13,A14,A15,
1 AL64A17,A189A19,A20,A214N)
DIMENSION A(21)

A(l) = Al

A(2) = A2

A(3) = A3

Al4) = A4

A(S5) = AS

A(6) = Ab

A(T) = A7

A(8) = A8

A(9) = A9

A(10) = Al0

A(ll) = All

A(12) = Al2

A(13) = A13

All4) = Al4

A(15) = AlS

A(l16) = Al6

A(17) = Al17

A(18) = Al18

Al19) = Al9

A(20) = A20

A(21) = A21

AMAX = A(1)

DO 20 T = 24N

A(I) = ABS(A(I))

IF(A(I).GTsAMAX) AMAX = A(I)
20 CONTINUE

ADIV = 2./AMAX

Al = Al1*ADIV
A2 = A2*%ADIV
A3 = A3*ADIV
A4 = A4*ADIV

86
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CARD

0549 AS = AS*ADIV
0550 A6 = A6%ADIV
0551° A7 = AT*ADIV
0552 A8 = AB*ADIV
0553 A9 = A9*ADIV
0554 A10 = AlO0*ADIV
0555 All = All*ADIV
0556 Al2 = AL2*ACIV
0557 Al3 = A13*ADIV
0558 Al4 = Al4*ADIV
0559 Al5 = A15%ADIV
0560 Al6 = A16*ADIV
0561 Al17 = Al1T*ACIV
0562 A18 = A18*ADIV
0563 Al9 = A19*ADIV
0564 A20 = A20*ACIV
0565 A21 = A21*ADIV
0566 RETURN

0567 END

0568 ™00

0569 2

0570 2.

A571 =e2 3 l.
0572 =-4113094 .226181 1.

0573 =-,00757381.173646 1.
0574 +1G8740 «146311 le
0575 +227249 « 146282 1.

0576 -.3 o4 -1l.
0577 =-.503378 4350705 ~1l.
0578 =~o679041 4256321 -1.
0579 =-.814562 4123531 -1.

0580 =-.900225 =-.038311 -1.

66



APPENDIX G

COMPUTER ROUTINES USED TO FIND THE ROOTS
OF THE FOURTH ORDER POLYNOMIAL
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ce» THE FOLLOWING ROUTINES ARE FROM THE INTERNATIONAL MATHEMATICAL b
Cx» AND STATISTICAL LIBRARY (IMSL), THESE ROUTINES ARE THE ONES USED A
cr* TO SOLVE THE FOURTH ORDER DESIGN FOLYNOMIAL. .. b
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SUBROUTINE UERTST (IER,NAME) UERTO0010

c UERT 0020
C-UERTSTeeeeccancenceca J[BRARY Jeeccnnccccccncccnncccccccccncanrccanaa==ERT]030
c ‘ . UERTO0O04O
C FUNCTION - ERROR MESSAGE GENERATION ‘ UERT 0050
C USAGE ) - CALL UERTST(IER,NAME) UERT 0060
C FAKAMETERS IER - ERROR PARAMETER. TYPE + N WHERE UERT 0070
c TYPE= 128 IMPLIES TERMINAL ERROR UERT 0080
C 64 IMPLIES WARNING WITH FIX - UERT 0090
c 32 IMPLIES WARNING UERT 0100
Cc N = ERROR CODE RELEVANT TO CALLING ROUTINEUERT0110
c NAME - INPUT SCALAR CONTAINING THE NAME OF THE UERT 0120
C CALLING ROUTINE AS A 6-CHARAGTER LITERAL UERT 0130
c STRING. UERT 0140
c LANGUAGE - FORTRAN UERT0150
C“""""""“"'""""""""""""“°""---°-""“"““”‘-UERTO160
C LATEST REVISION - AUGUST 1, 1973 UERT 0170
c UERT 0180
DIMENSION ITYP(2,4),IBIT(4) ’ UERT 0190
INTEGER WARN ¢ WARF o TERM o PRINTR UERT 0200
EQUIVALENCE (IBIT(1) yWARN) » (IBIT(2)sWARF ) (IBIT(3)TERM) UERT 0210

UATA ITYP /10HWARNING »10H ’ UERT 0220

* 1CHWARNING(WI,10HTH FIX) - UERT 0230

s 10HTERMINAL ,10H " UERTO0240

* 10HNON-DEFINE y» 10HD /s UERT0250

* 1817 / 324645128,0/ UERT 0260

DATA PRINTR/6LOUTFUT/ UERT 0270
IER2=IER UERT 0280

IF (IER2 .GE. WARN) GO TO 5 UERT 0290

c NON-DEFINED UERT 0300
IER1=4 UERTO0310

GO To 20 . UERT 0320

5 IF (IER2 «LTe. TERM) GO TO 10 UERT 0330

c TERMINAL UERT O340
IERL=3 ) UERTO03S50

G0 TO 20 UERT0360

10 IF (IER2 LT, WARF) GO TO 15 UERTO0370

c HARNING (WITH FIX) UERT 0380
IER1=2 UERT0390

GO T0 20 UERTO0400

c WARNING UERT 0410
15 TIER1=1 UERT 0420

C ) EXTRACT *N¥ UERT 0430
20 IER2=zIER2-IBIT(IERY1) UERTO440

c PRINT ERROR MESSAGE UERT 0450
_ WRITE (PRINTR,25) (ITYP(I,IER1)+I=1,2),NAME,IER2,IER UERT 0460

25 FORMAT(26H *** I M S L(UERTST) *%% ,2A10,4XyAB94Xy12, UERT 0470

1 8H (IER = 5IZ,1H)) UERT 0480
RETURN UERT 0490

END . UERT 0500
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SUBROUTINE ZPOLR (AyNDEGsZyIER)

102

ZPLROOLO

: ZFLR0020

=ZFQLR===evccacSecccaas| [BRARY 3J-mccecccsccccccnccncncnccncccacncenc=a=aZPLR0030

ZPLROO4D

FUNCTION - ZEROS OF A POLYNOMIAL WITH REAL ZPLRO050
COEFFICIENTS (LAGUERRE). ZPLRO06O

USAGE = CALL ZFOLR(A4NDEG,Zy IER) ZPLROO70

PARAMETERS A ~ REAL VECTOR OF LENGTH NDEG+1 CONTAINING THE ZPLRO08O

’ COEFFICIENTS IN ORDER OF DECREASING ZPLRO 090

POWERS OF THE VARIABLE (INPUT) . ZPLRO1GO

NDEG - INTEGER DEGREE OF THE FOLYNOMIAL (INPUT), ZPLRO110

Z - COMPLEX VECTOR OF LENGTH NDEG CONTAINING ZPLR0120

THE COMPUTED ROOTS OF THE POLYNOMIAL ZPLRO130

(OUTPUT) . ZPLRO14O

1ER - ERROR FARAMETER (OUTFUT) ZPLRO 150

TERMINAL ERROR ZPLRO160

IER = 129, INDICATES THAT THE DEGREE OF THE ZPLRO4170

POLYNOMIAL IS GREATER THAN 100 OR LESS ZPLRO180

THAN 1, ZPLRO190

IER = 130, INDICATES THAT THE LEADING . ZPLRO200

COEFFICIENT IS ZERO. THIS RESULTS IN AT ZPLR0210

LEAST ONE ROOT, Z(NDEG) y BEING SET TC ZPLRO220

FOSITIVE MACHINE INFINITY. ZPLR0230

134, INDICATES THAT ZPOLR FOUND ZPLRO240O

FEWER THAN NDEG ZEROS. IF ONLY M ZERGS ZPLRO250

ARE FOUND Z(J)yJ=M+1,...,NDEG ARE SET TO ZPLRO?260

FOSITIVE MACHINE INFINITY. ZPLRO270

PRECISION - SINGLE ZPLRO280

REQD. IMSL ROUTINES - UERTST,ZQADC,ZQADR ZPLR0290

LANGUAGE - FORTRAN ZPLRO300

-------------- B T e ey A LU K Y

LATEST REVISION - FEBRUARY 7y 1975 ZPLR0320

, ZPLRO330

UIMENSION ACL101) 4Z(NDEG) yDA(101) ,ACF1(2) ,DZ(100), ZPLRO340

1 ACF2(2),ACF(2) yACDIR(2),AC(2),ACL(2) ZFLRO350

DOUBLE PRECISION DAyDZNRyDZNI,DZOR,DZ0I+DXT,D2Z, ZPLR0360

1 DX yDRyDSC+0Y,0X24DV4DT,0T1,0 ZEROyDTWO ZPLRO370

COMPLEX z ZPLR0380

COMPLEX CF1,CF2,CF,COIR0,CSFIR,CDIR,C,CL ZFLR0390
LOGICAL STARTD,SPIRAL ZPLRO4OO
EQUIVALENCE (CF15ACF1(1)) 4 (CF2,ACF2(1)) s (CF,ACF (1)), ZPLRO41D -

1 (CDIR,ACDIR(1)),(CysAC(1))4(CLyACL(1)) ZPLRO 420

DATA RADIX/2.0/, ' ZPLRO430

1 SINF/364040000000000000008/, ZPLROGLLOD

4 SDEPS/156140000000000000008/ ZPLRO450

3 TWOD3/.66666666666667/, ZPLRO4B0

4 RNLGRX/+69314718055995/ ZFLRO470

DATA FINITY/37767777777777 7777778/ ZPLRO48 D

DATA F0/040/yGAMAZ045/sTHETA/1.0/9yPHI/ 042/, ZPLRO4SO

1 ZERO/0.0/+ONE/1.0/+TW0/2.0/5 TENM3/1.0E~3/, ZPLROS00

2 DZERO/0.000/ 3 THREE/ 3+ G/ yRNINE/9.0/,0TWO/2.000/,2FLR0OS10

3 HALF/0.5/4y0PTFM/=1.,25/ ZPLR0520

INITIALIZE CONSTANTS ZPLROS30

.SINFSQ = SQRT(SINF) : ZPLROSYLO

SINFT = SINFSQ ZFLRO550

SETASQ = ONE/SINFSQ ZPLROS60

IER = 0 ZPLROS70

N = NDEG ZPLROS80

NPL = N+1 ZFLR0S90

IF (N.GT.0) GO TO S ZPLROBGO

IER = 129 ZPLRO61D

GO TO 9000 ZPLRO6Z0

S [F (N.LE.100) GO TO 10 ZPLRO63D

IER = 129 ZPLROG4O

GO TO 9000 ZPLRO650

19 CON7TINUE - ZPLRO6ED

MOVE THE COEFFICIENTS A(I) TO ZPLROB70

DA(CD) . ZFLROGSO

DO 15 I=1,NP1 ZPLR0690

DA(I) = A(I) ZPLRO700



aooo

15

20

25

30

35

40

50
55
60

65

70
7%

80

85

CONTINUE .
IF (N.LE.2) GO TO 65

ASSIGN 85 TO LSNW
SC = ZERO
D0 20 I=1,NP1

SCALING (WHEN N +GT. 2)

SC = AHAXi(SCgABS(SNGL(DA(i))))

CUNTINUE

IF (SC.EQeZFRO) GO TO 30

ISC = ALOG(SC) /RNLGRX
SC = RADIX**ISC
DSC = SC
IF (SCeGE.SINFT) GO TO 30
SC = SINFT/SC
b0SC = SC
DO 25 I=1,NP1
DA(I) = DSC*DA(D)
CONTINUE

DO 35 I=1,NF1
IF (SNGL(DA(I)) .NE.ZERO)

J =

Z2(J) =
CONTINUE
GO TO 9000
IF (I.EQ.1) GO TO 65

NF1-I
CHMPLX(FINITY,ZERO)

IER = 130
DO 45 K=I.NF1
J = K-1I
DA(J+1) = DA(K)
CONTINUE
N = N-I
GO TO 60

N N{

N Ne~i

NP1 = N+

ASSIGN 85 TO LSW
CONTINUE

ITER = 0

IF (N=2) 70,75,80
Z(1) =
GO0 TO 9000

CALL ZQADR (SNGL (DA(1)) ,SNGL (DA(2)),SNGL (DA(3)),Z(2)+Z(1),IIER)

IF (IIER.NE.O) IEP = 130
GO TO 9000

IF (SNGL(DA(NP1)) .NE.ZERO)
Z(N) = CMPLX(ZERO,ZERO)
GO TO 55

CONTINUE

XN = N

XN1 = XN=-ONE
XN2 = XN1-ONE
X2N = THWO/XN

X2N1 = X2N/XN1

SCALE BY SC TO HAVE MAX(DA(I),I=1,

NP1) APPROACH SINFT

FIND NUMBER I OF CONSECUTIVE LEADING

COEFFICIENTS EQUAL TO ZERO.

GO TO 40 .
EACH VANISHED LEADING COEFFICIENT

YIELDS AN INFINITE ZERO.

SLIDE COEFFICIENTS BACK

RE=ENTRIES FOR CURRENT (REDUCED)
POLYNOMIAL.

= CMPLX(SNGL (=DA(2)/DA(1)),ZERO)

CHECK FOUR ZEROS = (0e¢+0.)

GO TO LSW, (85,100)
HENCEFORTH N +6T. 2y DA(1) oNE.
AND DA(NP1) «NE. 0.0. INITIALIZE

SOME USEFUL CONSTANTS.
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90

95

100

105

1
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XN2N = XN2/XN
N1 = N-1
RTN = SQRT(XN)

CALCULATE G , AN UPPER BOUND FOR THE

NEAREST ZERO., INITIALLY G =

CABS(GEOMETRIC MEAN OF THE ZEFOUS).

G = EXP((ALOG(ABS {SNGL (DA(NP1)))) =ALOG(ABS (SNGL (DA(1)))))/
XN+TENM3)
CALCULATE L AGUERRE-STEP CDIR AND
FEJER=-BOUND FOR G,
R = SNGL(DA(N))/SNGL (DA (NP1))
CALL ZQADR {X2NL1*SNGL(DA(N=1)),X2N*SNGL (DA(N)) ySNGL(DA(NP1)) ,C»
CF1,IKER)
R = XN2N*R
IF (IKER +EQJs 65) CDIRO = CMPLX(AC(1)/XN1,2€ERO)
IF (IKER oNE. 65) CDIRO = C/CMPLX(R¥AC(1)+XN1,R*AC(2))
ABDIRO = ABS(REAL(COIRO)) +ABS(AIMAG(CDIRO))
6 = AMINi(G 1.0001*AMINL (ABS(AC(1))+ABS(AGC{(2)),RTN*ABDIRO)})

CALCULATE THE CAUCHY-LOWER BOUND R
FOR THE SMALLEST ZERO BY SOLVING

ABS(DA(NP1)) = SUM(ABS(DA(I))
*R¥*(NP1-1)4I=1,N)
USING NEWTON*S METHOD.

ZERO

(R¥T-ABS(SNGL (DA(NPL)))) /S
R
SNGL(DBLE{(R)=DBLE(T))

F (R.LT.S) GO TO 90

N
= R®S+T

R/ (2**(1/N) = 1) oLT. 1.445¢N*R I
: ANOTHER UPPER BOUND.
GO0 = AMIN1(1.445%XN¥R,G)
RO = 0.99999*S
ASSIGN 100 TO LSW
INITIALIZE THE ITERATION TO BEGIN
THE ORIGIN,
CONTINUE
FEJER = GO
G = 60
CDIR = COIRO
DZNR = DZERD
ABDIR = ABDIRD
DZNI = DZERO
FN = ABS(SNGL(DA(NF1)))
SPIRAL = .FALSE.
STARTC = .FALSE,
RE=-ENTRY POINT TO ACCEPT, MOOIFY,
OR REJECT THE LAGUERRE STEP.
CONTINUE
ACCEPT CDIR IF CABS(CODIR) .LE.
GAMA*G,
IF (ABDIR .LE. G*GAMA) GO TO 110
REJECT CDIR IF CABS(CDIR) +GT.
THETA*G.
IF (ABDIR +GT. G*THETA) GO TO 215
MODIFY COIR SO THAT CABS(CDIR) =
GAMA*G,
IF (.NOT.(STARTI.OR.SPIRAL) .AND.RO.GT.GAMA*G) GO TO 110
V = GAMA*(G/ABDIR)
COIR = CMPLX(V*ACDIR(1),V*ACDIR(2))
ABDIR = ABDIR*V

S

AT
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CONT INUE

G = FEJER

CL = CDIR
ABSCL = ABDIR
FO = FN

DZOR
DZo1

DZNR
DZNI

STARTD = +TRUE,
DZNR = DZOR#ACL(1)
DZNI = DZUI+ACL(2)

CONTINUE
ITER = ITER+1

IF (ITER.GT.200*NDEG)
IF (ABS(SNGL(DZNI)).LE.PHI*ABSCL)

S = ZERO

S1 = ZERO
0T1 = DZERO
T1 = ZERO
0T = DA(1)
J =3

DX = DZNR
DY = DINI
SC =

DSC = SC

ACCEPT PREVIOUS ITERATE. SAVE DATA
ASSOCIATED WITH CURRENT ITERATE,

CDIR AT THE ORIGIN IS IN THE
DIRECTION OF DECREASING FUNCTION

VALUE

NEXT ITERATE IS ZN=CMPL X(DZNR,DZNI).

IS ZN CLOSE TO THE REAL AXIS.

RELATIVE TO STEP SIZE.

GO TO 220

GO TO 175

ZIN IS COMPLEX .

FACTORIZATION OF THE POLYNOMIAL BY
QUADRATIC FACTOR (Z**2-X2¥Z+R)

SUM(DA(I) *¥Z**¥(N-1)) =

(Z¥*2-X2% Z+R) *SUM(Z(I)*Z**(N-1-2))
¢ Z(N=1)*(Z=X) + Z(N)
THE VALUE OF THE POLYNOMIAL AT
(XsY) IS CF 4 FIRST DERIVATIVE OF
THE POLYNOMIAL AT (X,Y) IS CF1,
AND THE SECOND DERIVATIVE CF THE
POLYNOMIAL AT (X,Y) IS 2.*CF2,
WHERE (X,Y) IS A ZERO OF

Z*%2-X2%Z 4R,

E IS ERROR BOUND FOR THE VALUE OF
THE POLYNOMIAL AND 0Z(I) ARE THE
COEFFICIENTS OF THE QUOTIENT

POLYNOMIAL,

INITIALIZATIONS FOR EVALUATION LOOPS

INDEX J IS USED TO CHANGE 0X ON THE

LAST ITERATION.

SET Z(X,Y)

CABS (CMFLX (SNGL (DX) 4 SNGL (DY) ))

TO ZIN(ZNRsZND) .

IF (SCeGE+SINFSQeOR.SC.LE.SETASQ) GO TO 140

DX2 = DX+DX

X2 = DX2

DR = DX*0X+DY*DY
R = DR
DzZ(1L)

DA(2)+DX2*DA(1)

0UZ(2) = DA(3)+(DX2*DZ(1)~DR*DA(1))

IF (JoLTeN) GO TO 130

DX2 = DX
X2 = DOXxe
J =N

FOR ALL Z
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150
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NLM = MAXO(N1,J)
DO 135 I=J,NLM

V = S1*R

S1 =58

S = T1+(X2%*S=-V)
OV = DT1*DR

DT1 = OT

TL = D74

DT = (DX2%2T7-0V)+DZ(I-2)
DZ(I) = DA(I+1)+(DX2¥DZ(I-1)=-DR*DZ(1I-2))

CONTINUE

IF (J.LT.N) GO TO 125
G0 TO 160

DX = DXx/DSC

DY = Cvy/DSC

DR = (DX*DX+DY*DY)*0SC
R = DR

DX2 = DX¢DX

X2 = Dxe2

DZ(1) = DA(2)+(DX2*DA(1)) *DSC
DZ(2) = DA(3)+(DX2*DZ(1)-DR¥*DA(1))*DSC
IF (J.LT.N) GO TO 150

pDXx2 = DX
X2 = Ox2
J =N

NLM = MAXO0(N1i,J)
DO 155 I=JyNLM

V = S1%R

S1 =8§

S = T1+(X2%¥S-v)*DSC
DV = DTL*DP

DT1 = OT

TL = D71

DV = 0OX2%DT=-DV

DT = DZ(I-2)+DV*DSC

DZ(I) = DA(I+41)+(DX2*DZ(I-1)~-DR*DZ(I-2))*DSC
CONT INUE
IF (J.LT.N) GO TO 145
CF = CMPLX(SNGL(DZ(NLM)) ySNGL(DZNI*DZ(NLM=1)))
FN = CABS(CF)
E = ABS(SNGL(DA(1)))
DO 165 I=2,N1
E = ABS(SNGL(DZ(I-1)))+SC*E
CONTINUE
E = SDEFS*((RNINE*E*SC+THREE®*ABS (SNGL(DZ (N=1))))*SC+
ABS (SNGL(DZ(N))))
HAS AN AGCCEPTABLE ZERO BEEN FOUND
IF (FN.LE.E) GO TO 195
IF (FN.GE.F0.ANJ,STARTD) GO TO 215
OV = DTWO*DZNI
v = 0V
T = 07
CF1 = CMPLX(SNGL (DZ(NLM=1)-(0OV*(DT41*DZNI))),SNGL(DOV*DT))
CF2 = CMPLX{(T=V* (V*S),SNGL(DZNI)*(3,4T1~-Vv*(V*S1)))
FIND THE LAGUERRE STEP AT ZN.
X = AMAX1(ABS(ACF(1)),ABS(ACF(2)))
C = CMPLX(ACF1(1)/XyACFL1(2)/X) /
CMPLX(ACF (1) /X4y ACF (2) 7/ X)
IF (CABS(CS).GE.ONE) GO TO 170 .
IF CABS(CF1/CF) .GT. SINF, THERE IS
A ZERO WITHIN N*(1.0/SINF) OF ZN.
IF (CABS(CF1).GT.CABS(CF)*SINF) GO TO 195
C = CF1/CF
COMPUTE THE LAGUERRE STEP CDIR AND
THE BOUND FEJER AT 2ZN.
CALL ZQADC (CHFLX(XZNL'ACF?(i)'XZNi‘ACFZ(2)).CHPLX(X2N‘ACF1(1)1
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175

180

185

190

XENTACFL1(2)) 9 Uk 9 LULKyLUF191JER)
ABSC(ACDIR(1)) +ABS(ACDIR(2))
CMPLX (XN2N*AC (1)  XN2N*AC(2))

FEJER =
c

c C*CDIR

C CMPLX (AC(1) ¢XN1,AC(2))
COIR = CDIR/C

ABDIR =

ABS(ACDIR (1)) +ABS (ACDIR(2))

FEJER = AMIN1(RTN*ABDIR,FEJER)

OX = DABS (DZNR) +DABS(DZNI)
OXT = DX+ABDIPR
IS THE STEP SIZE NEGLIGIBLE
IF (SNGL(DXT=DX)«EQ.ZERO) GO TO 195
GO TO 105
CONTINUE
ZN IS REAL
FACTORIZATION OF POLYNOMIAL BY
LINEAR FACTOR (Z-X) AS FOLLOWS
SUM(DU(I) #Z**(N-1)) =
(Z=X)*SUM (Z(I)*Z** (N-I-1)) ¢ Z(N)
FOR ALL Z ,
SO Z(N) IS VALUE OF POLYNOMIAL AT
Z=X 4 FIRST DERIVATIVE OF
POLYNOMIAL AT Z=X IS V , AND
SECOND OERIVATIVE OF POLYNOMIAL AT
Z=X IS 2*W o E IS ERROR BOUND FOR
THE VALUE OF POLYNOMIAL AND 0Z(I)
ARE THE COEFFICIENTS OF QUOTIENT
FOL YNOMIAL.
DX = DZNR
X = DX
DZNI = DZERO
ABX = ABS(X)
DV = DA(1)
v = 0OV
W = ZERO
DZ(1) = DA(2)+DX*DA(1)
DO 180 I=2,4N
W = VEX*W
OV = DZ(1-1)+0X*DV
vV = DV
DZ(I) = DA(I+1)+DX*DZ(I-1)
CONTINUE
F = SNGL(DZ(N))
FN = ABS(F)
E = ABS(SNGL(DA(1)))*TWOD3

DO 185 I=1,N1

HAS AN ACCEPTABLE ZERO BEEN FOUND.
HAS THE FUNCTION VALUE OECREASED.
FIND THE LAGUERRE STEP AT DZNR.

«GT, SINF, THERE IS
A ZERO WITHIN N*(1,0/SINF) OF ZN.

E = ABS(SNGL(DZ(I))) +ABX*E
CONTINUE
E = SDEFS*(THRES*ABX*E+ABS (SNGL(DZN))))
IF (FNJLE.E) 50 TO 205
IF (FN.GE.FN.AND,STARTD) GO TO 215
IF (ABS(F).GE.ONE) GO TO 190

IF ABS(V/F)
IF (ABS(V) +GT.ABS (F)*SINF) GO TO 205
R = V/F

CALL ZQADR (X2NL1*WoX2N*V,4FyC,y

CF1, IKER)
CALCULATE THE FEJER BOUND FOR
SMALLEST ZERO.

FEJER = ABS(AC(1))+ABS(AC(2))

R = XNZ2N*R :

COIR = C/CMPLX(R¥AC(1)+XN1,R*AC(2))
ABDIR = ABS(ACDIR(1))+ABS(ACDIR(2))
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240
245

250
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9000
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FEJER = AMINLI(RTN*ABDIR,FEJER)
UX = DABS (DZNR)
IS THE STEF SIZE NEGLIGIBLE.
UXT = DX+ABDIR
IF (SNGL(DXT-DX).EQ.ZERO) GO TO 205
GO TO 105
CZN IS A COMPLEX ZERO.
STORE COEFFICIENTS OF QUOTIENT
POLYNOMIAL IN DA ARRAY.

DA(1) IS UNCHANGED FOR THE OEFLATED
POLYNOMIAL,
DO 200 I=3,N
DA(I-1) = DZ(I-2)
CONTINUE

Z(N) = CMPLX(SNGL (DZNR) 4 SNGL (DZNI))
Z(N=1) = CONJG(ZIN))
G0 TO 50
IN IS A REAL ZERO.
. STORE COEFFICIENTS OF QUOTIENT
POLYNOMIAL IN DA ARRAY. :
DA(1) IS UNCHANGED FOR THE DEFLATED
POLYNOMIAL.
00 210 I=2,N

DA(I) = DZ(I-1)
CONTINUE
Z(N) = CMPLX(SNGL (DZNR) 4 ZEROQ)
GU TO 55 '
CURRENT LAGUERRE STEP IS
UNACCEFTABLE.
CONTINUE

IF (+NOT.STARTD) GO TO 245 ‘
REDUCE PREVIOUS LAGUERRE STEP BY
HALF.
ABSCL = HALF*ABSCL
CL = CMPLX(HALF*ACL(1),HALF*ACL(2))
DX = DABS(DZNR) +DABS(DZNI)
DXT = DX+A3SCL
IF (SNGL(DXT=-DX) «NE.ZERO) GO TO 115
IF (FNLTLE*XN*XN) GO TO 240
CONT INUE
IF (N.,EQ.,NDEG) GO TO 239
DO 225 I=NP1,NDEG
Z(I-N) = Z(I)
CONTINUE
NTOM = NDEG=N+¢1
DO 235 I=NTOM,NDEG
Z{(I) = CMPLX(FINITY,ZERO)
CONTINUE
IER = 131
GO TO 9000
IF (DZNI) 195,205,195
CONTINUE ‘
IF +NOT. STARTD, HAS CZN BEEN ON THE
INNER CAUCHY RADIUS.
IF (SPIRAL) GO TO 2586
SET SPIRAL TO TRUE.. PUT ZN ON THE
INNER CIRCLE OF THE ANNULUS
CONTAINING THE SMALLEST ZERO IN

THE OIRECTION OF THE LAGUERRE STEP,.

SPIRAL = «TRUE.

CSPIR = CMPLX(OQOPTFM/XN,ONE)

ABSCL = RO/ (XN*XN)

C = CMPLX((ACDIR(1)/ABDIR)*RO,(ACDIR{2)/ABDIRI*RO)

GO TO 255 .

SET ZN TO ANOTHER POINT ON THE
SPIRAL.

C = CSFIR¥CMFLX{SNGL(DZNR),SNGL(DZNI))

DZNR = AC(1)

DZNI = AC(2)

GO 70 120

CONTINUE :

IF (IER.GT.0) CALL UERTST (IERy6HZPOLR )

RETURN

END
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SUBROUTINE ZQABC (A,B,C,yZSMyZLG,yIER) ZQDC0010

ZQ0C0020

=ZQADC-====e==- Seesoee- LIBRARY 3--=cwecesvccrccccccna- .eeesceccccer oo ZQDC0030
ZQDCo040

FUNCTION - FIND THE ROOTS OF THE QUADRATIC EQUATION ZQpcooso
A¥72%%2+4B8%724C = 0.0, WHERE THE 2QDCode 0

COEFFICIENTS Ay 3, AND C ARE COMPLEX ZQbcoo7o

NUMBERS . ZQDCco080

USAGE - CALL ZQADC(A+ByCyZSMyZLG,IER) ZQDCoo90
PARAMETERS A - COEFFICIENT OF THE QUADRATIC EQUATION (INPUT) .ZQDC0100
B - COEFFICIENT OF THE QUADRATIC EWUATION (INFUT).ZQDC0110

C - COEFFICIENT OF THE QUAORATIC EQUATION (INPUT) +ZQDCO0120

(NOTE - Ay By AND C MUST BE DECLARED TYFE ZQDCU 130

COMPLEX.) 2QDC0140

ZSM - ROOT OF THE QUADRATIC EQUATION (OUTPUT). ZQDCO0150

ZLG - ROOT OF THE QUADRATIC EQUATION (OQUTPUT). ZQ0C0160

(NOTE - ZSM AND ZLG MUST BE DECLARED TYFE ZQDC0170

COMPLEX.) ZQDC0 180

FOR THE ROOTS ZSM AND ZLG THE FOLLOWING ZQDC0130

CONDITION HOLDS - CABS(ZSM) +LE. CABS(ZLG)ZQDC0200

IER - ERROR PARAMETER ZQbCco210

NARNING (WITH FIX) ZQDCOo220

IER = 65, IMPLIES A=B=0.0 ZQDC 0230

IN THIS CASE, THE LARGE ROOT, ZQDco240

ZLG = SIGN(FINITY,-B), AND ‘ZQDC02S0

THE SMALL ROOT, ZSM = =ZLG, WHERE ZQDCoeeo

FINITY = LARGEST NUMBER WHICH CAN BE ZQDnCc o270

REPRESENTED IN THE MACHINE. ZQ0Cc 0280

IER = 66y IMPLIES A=0.0 ZQDC 0290

IN THIS CASEs THE LARGE ROOT, ) ZQ0C0300

ZL6 = SIGN(FINITY,-B), WHERE ZQDCO0 310

FINITY = LARGEST NUMBER WHICH CAN BE ZQ0Cco0320

REPRESENTED IN THE MACHINE. ZQDC0330

FRECISION - SINGLE ZQDCO0340
REQD., IMSL ROUTINEZS - UERTST ZQDC0350
LANGUAGE - FORTRAN ZQDCOo 360
----------------------------------- eesescccccccececcnscacccnnonee=====7Q0C0370
LATEST REVISION - FEBRUARY 7, 1975 ZQDC0 380
ZQDC0 390

DIMENSION AA(2),BB(2)4,CC(2)42ZSA(2)4ZLA(2) ZQDCO0400
UOUBLE PRECISION DRyOILDyD1" ZQDCOo410
COMFLEX Ay,B,CyZSM,2ZLG,A0,B0,C0,2S,5ZL ZQDCO0 420
EQUIVALENCE (AA(1) ,AD) ,(BB(1),B80),(CC(1),C0),(ZSA(1)+4ZS)y ZQDCOW3O

1 (ZLAC(1),ZL) 4+ (AA(L)4AR)» (BB(1) 4BR) 4 (CC(1)4CR)y ZQDCO4LD
2 (ZSA(1)4ZSR) » (ZLA(L) y ZLR), (AA(2),4AI), ZQDC045 0
3 (8B(2)4BI),(CC(2),CI) 4(ZSA(2) 4ZSI) ,(ZLA(2),4ZLI)ZQDCO4UED
DATA FINITY/377677777777777777778/ ZQDCO470
DATA RADIX/240/7, : ZQDCU480

1 RNLGRX/.693147180553995/ ZQDCOo4L90
DATA ZERO/0.0/yHALF/ 0.5/ ZQDC o500
IER = 0 . ZQ0C0510
PUT THE COEFFICIENTS IN TEMPORARY TO ZQO0C0520

SAVE EXECUTION TIME. ZQ0C 0530

A0 = A ZQDCOS40
B0 = =B ZQDCco550
co =¢ ZQDCO0560
CHECK FOR A=ZERO OR C=ZERO. ZQDC0570

IF(AR oNE. ZERO .OR. AI iNE. ZERO) GO TO S ZQDC 0560
IER = 65 ZQDC0590

ZL = CMPLX(FINITY,ZERO) ZQDC o600
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LS = 7L

IF(BR .EQ. ZERD .AND. 3I .EQ. ZERO) GO TO 35

lER = 66

Z§ = C0/80

GO 70 35

IF(CR +NE. ZERO .0 CI «NE. ZERO) GO TO 10

ZS = CMFLX(ZERD,ZERD)

G0 To 30

SCALING TO AVQOID OVERFLOW OR

UNDERFLOW. SCALE THE COEFFICIENTS
SO THAT A*C IS AFFROXIMATELY ONE.
THE SCALE FACTOR CSQRT(A*C) FITS
THIS REQUIREMENT BUT MAY CAUSE
OVERFLOW OR UNDERFLOW IN THE
SCALING FROCEDURE.
LET AMAX1 (ABS(AR),ABS(AI)) BE
REPRESENTED BY RADIX**IA AND LET
AMAXL (ABS (CR) ,ABS(CI)) BE
REFRESENTED BY RADIX**IC.
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ZQDCo610
ZQDC0620
ZQ0C0630
ZQDC o640
ZQDco650
2Q0C0660
ZQ0G0670
ZQDC 0680
ZQDC0690
ZQDCa7o0
Z@oco710
ZQocorae
ZQDC0730
ZQ0C0740
ZQDCarso
ZQDCa760
ZQoco770
ZQDC0780
ZQoco790

THE SCALE FACTOR, SCALE, IS OEFINEDZQDCO800

BY THE FOLLOWING FORMULAS
SCALE=zRADIX**IS, WHERE
IS=ENTIER ((IA+IC+1)/2) AND

ZQDC 0810
Zancaszo
ZQDC0830

ENTIER IS THE MATHEMATICAL GREATESTZQDCO0840

INTEGER FUNCTION.
IS = (ALOG(AMAX1L (ABS(AR),ABS (AI)))+ALOG(AMAXL(ABS(CR) ABS(CI}))+
1 RNLGRX) / {RNLGRX+RNL GRX)
SCALE = RADIX**IS

IF THE SCALE FACTOR .LE.

DEFS*MAX (ABS(BR) yABS(BI))

D0 NOT SCALE THE COEFFICIENTS.
TEMP = AMAXL (ARS(BR) yABS(BI))

D1 = OBLE(TEMP)

D = D1+SCALE

0 = 0-D1

IF (SNGL(D) .EQ. ZERO) GO TO 25

IF MAX(ABS(BR) yABS(BI)) .GE.
DEPS*SCALE FACTOR THEN SCALE

) B0. OTHERWISE SET BO = ZERO,

0 = D1+#SCALE

D = D-SCALE

IF (SNGL(D) .NE. ZE=RO) GO TO 15

BR = ZERO

BI = ZERO

G0 TO 20

BR = (BR/SCALE)*HALF

BI = (BI/SCALE)*HALF

AR = AR/SCALE

AT = AI/SCALE

CR = CR/SCALE

CI = CI/SCALE

SOLVE AQ*Z**2-2,0%B80%Z¢C0=Z2ERQ

DR = DBLE(BR)**2

Ul = DBLE(BI)*(2.CD0*DBLE(BR))

ZS = CMPLX(SNGL (C((DR-DBLE(BI)**2)=-DBLE(ARI*DBLE(CR)) +DBLE(AI)*
1 DBLE(CI)) oSNGL ((DI-DBLEC(AI)*DBLE (CR))-UBLE(AR)*DBLE(CI)))

ZS = CSQRT(ZS)
CHOOSE THE SIGN OF ZS SUCH THAT

CABS (B)=AMAX1(CABS(B+ZS),CABS(B=2ZS)) .

IF(DBLE(ZSR)*IBLE (BR)+DBLE(ZSI)*DBLE(BI) .LE. ZERO) ZS = «ZS
B0 = B0+ZS
FERFORM THE FINAL COMFLEX OFERATION
FOR THE ZEROS.
ZS = Co/B0
ZL = B80/A0
ZSM = IS
ZLG = ZL
CONTINUE .
IF(IER +NE. 0) CALL UERTST(IER,6HZQADC )
RETURN
END

ZQoCo850
ZQnco0860
ZQoCco8zo
ZQbcoss o
ZQDC0890
ZQDC 0900
ZQ0C0910
ZQDbCc 0920
ZQ0C0930
ZQDC094 0
ZQ0C09590
ZQDC 0960
ZQDC0970
ZQRDCO980
ZQDC 0390
ZQboc1io000
ZQDC1010
ZQDC1020
ZQDC1030
ZQ0C1040
ZQDc1050
ZQDC1060
ZQDc1070
ZQDC1080
ZQD0c109¢0
ZQDC11G0
ZQ0C1110
ZQbC1120
ZQDbC1130
ZQDC1140
ZQ0C1150
ZQDC1160
ZQ0C117¢
ZQDC1180
ZQDC1190
ZQD0c1200
ZQ0C1210
ZQDC1220
ZQDC1230
ZQDC1240
ZQ0C1250
ZQDC1260
ZQDCc127¢
ZQDC1280
ZQ0C1290
ZQDC1300
ZQ0Cc1310
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SUBROUTINE ZOADR (AB4CyZSMyZLGy IER) 2QOR0010
ZQDR0020

~ZQADR=====-=-~ Semem-en LIBRARY 3--===-essemacocaacac T ZQOR 0030
ZQDRO 040

FUNCTION - FIND THE ROOTS OF THE QUAORATIC EQUATION Z4ORB OS50
A¥Z**¥24B%Z+C = 0.0, WHERE THE ZQDR 0060

COEFFICIENTS Ay 3, AND C ARE REAL ZQDRO070

NUMBERS + ZQDRO08D

USAGE = CALL ZQADR(A+8,C,ZSM+ZLGy IER) ZQDRO090
PARAMETERS A - COEFFICIENT OF THE QUADRATIC EQUATION (INFUT).ZQDRO100
B - COEFFICIENT OF THE QUADRATIC EQUATION (INPUT).ZQORO110

c - COEFFICIENT OF THE QUADRATIC EQUATION (INFUT).ZQDR0120

ZSM - ROOT OF THE QUADRATIC EQUATION (OUTPUT), ZQOR0130

ZLG - ROOT OF THE QUADRATIC EQUATION (OUTPUT). ZQORO 140

(NOTE - ZSM AND ZLG WUST BE DECLARED TYPE  ZQDR0150

COMFLEX) . ZQDR0160

IF ZSM AND ZLG ARE REAL, THEN _ ZQOR0170

ABS(ZSM) .LE. ABS(ZLG). ZQDR0180

IF ZSM AND ZLG ARE COMPLEX, THEN ZQORO190

ZSM = CONJG(ZLG) AND ZQDR0200

AIMAG(ZLG) +GT. 0.0. ZQDR0210

IER - ERROR PARAMETER ZQDR0O 220

WARNING (WITH FIX) _ ZQOR0230

IER = 65, IMPLIES A=8=0.0 ZQDRO 24 0

IN THIS CASE, THE LARGE ROOT, ZQDRO250

ZLG = SIGN(FINITY,-B), AND ZQDR 0260

THE SMALL ROOT, ZSM = = ZLG , WHERE ZQOR0 270

FINITY = LARGEST NUMBER WHICH CAN BE ZQ0R 0280

REFRESENTED IN THE MACHINE. ZQDR0290

IER = 66, IMPLIES A=z0.0 2Q0R0300

IN THIS CASE, THE LARGE ROOT, ZQDR0 310

ZLG = SIGN(FINITY,-B), WHERE ZQOR0320

FINITY = LARGEST NUMBER WHICH CAN BE ZQDR0330

REPRESENTED IN THE MACHINE. ZQDRO 340

PRECISION - SINGLE ZQDR0O 350
REQD. IMSL ROUTINES = UERTST ZQDRO36 0
LANGUAGE - FORTRAN ZQDRO 370
------ emeemeee e e aceoceceeeaseecesccecceccemaccmeacaeaneooooo-o==7QDR0380
LATEST REVISION - FEBRUARY, 7, 1975 ZQDRO390
ZQDR 0460

DOUBLE FRECISION  D,D1 ZQDRO#10
COMPLEX ISM,ZLG2ZSHZL ZQDRO420
DATA FINITY/377677777777777777778/ ZQDRO430
DATA RADIX/2.0/, ZQOR 044 0

1 RNLGRX/.69314718055995/ ZQDRU SO
DATA ZERQ/0.0/HALF/0,5/ ZQDR 0460
IER = 0 ZQDR 0470
PUT THE COEFFICIENTS IN TEMPORARY TO ZQOR0489

SAVE EXECUTION TIME. ZQDRO 490

AD = A ZQOR0500
B1L = -B ZQDR0510
co=c ZQOR0520
CHECK FOR A=ZERO OR C=ZERO. Z00R0530

IF(A0 .NE. ZERO) GO TO § ZQDRO54 0
IER = 65 ZQDRO550
ZL = CMPLX(SIGN(FINITY,B1),ZERO) ZQOR 0560
zs = -IL ZQDRO570
IF(B1 .EQ. ZERO) GO TO 30 ZQDRO580

IER = 66 ZQOR05970
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ZS = (CMPLX(C0/B1,ZEROD)
GO TO 30
IF(CO0 .NE. ZERO) GO TO 10
ZS = CMPLX(ZERO,ZERO)
GO T0 25
SCALING TO AVOID OVERFLOW OR

UNDERFLOW. SCALE THE COEFFICIENTS
SO THAT A*C IS APPROXIMATELY ONE.

THE SCALE FAGCTOR SQRT(A*C) FITS
THIS REQUIREMENT BUT MAY CAUSE
OVERFLOW OR UNDERFLOW IN THE
SCALING PROCEDURE,

LET A=RADIX**IA AND C=3RADIX**IC.
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ZQDR0O600
ZQOR0610
ZQDRO620
ZQDROG30
ZQDROGL O
ZQDRO6S O
ZQOR0660
ZQOR 0670
ZQDR 0680
ZQDRO690
ZQDRO700
ZQORO710
ZQDRO720

THE SCALE FACTOR, SCALEs IS DEFINEDZQDRO730

BY THE FOLLOWING FORMULAZ
SCALE=RADIX**IS, WHERE
IS=ENTIER((IA+IC+1)/2) AND.

ZQDRO740
ZQDRO750
ZQDRO760

ENTIER IS THE MATHEMATICAL GREATESTZQODRO770

INTEGER FUNCTION,
IS = (ALOG(ABS(AQ))+ALOG(ABS(CO)) +RNLGRX )/ (RNLGRX+RNLGRX)
SCALE = RADIX**IS
IF THE SCALE FACTOR .LE.
DEPS*ABS(B1) DO NOT SCALE
: THE COEFF ICIENTS.
1 = CSLE(ABS(B1))

u
D = D1+SCALE
v = D-D1

I

F (SNGL(D) .EQ. ZERO) GO TO 29
IF ABS(B1) .GE. DEPS*SCALE FACTOR
THEN SCALE B0. OTHERWISE SET

B0 = ZEROD.
B0 = ZERO
0 = D1+SCALE
0 = D-SCALE
IF (SNGL(D) oNE. ZERO) 80 = (B1/SCALE)*HALF
Ad AQ/SCALE

C0 = CO/SCALF
SOLVE AQ*Z**2-2,0%B0*Z+C0=ZERO
DBLE(BO0)**2-DBLE(ADQ) *DBLE(CO)
S = SQRT(ABS(DD))
IF(OD .GT. ZEPO) GO TO 15

o
o
[}

COINCIDENT OR COMPLEX ROOTS
(D +LEs ZERO).

ZL = CMPLX(BO/AD,ABS(S/A0))
ZS = CONJG(ZUL)
GO 70 30
: DISTINCT REAL ROOTS (D .GT, ZERO).
SIGN(S,B0)+B0
zZs CMPL X(CO0/B1,ZERD)
ZL CMPLX(B1/A0, ZERO)
IF(ABS(REAL(ZL)) .LT. ABS(REAL(ZS))) ZS = -ZL
ISM = IS
ZL6 = ZL
CONT INUE
IF(IER +NE. D) CALL UERTST(IER,6HZQADR )
RETURN
END

B1
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ZQORO780
ZQDRO790
ZQDROB80O
ZQDROB810
ZQDRO 820
ZQDR0830
ZQDRO8LO
ZQOR0850
ZQDR0860
ZQORO0870
ZQDRO4380
ZQDR0O890
ZQDRoO90 0
ZQDR0O910
ZQDR0O920
ZQDR09330
ZQDROS4O
ZQDR0O9S0
ZQDRO960
ZQOR0970
ZQDRO98 0
ZQDRO990
ZQDR1000
ZQDR1010
ZQDR1020
ZQDR1030
ZQDR1040
ZQDR1050
ZQDR1060
ZQDR1 070
ZQDR10G80
ZQOR1090
ZQDR1100
ZQDR1110
ZQDR1120
ZQDR1130
ZQDR1140
ZQDR11S0
ZQDR1160
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