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CHAPTER I
INTRODUCTION

A detailed survey of the existing literature in the field of kine-
matic reveals the fact that the rigidity assumption in the design of
mechanisms which are composed of 1inks, gears, sliders, etc., fails to
supply the need of accuracy in the output function of a mechanism
wherever high speed is a criterion for fast production.

The simplest and most useful mechanism is a four-bar linkage, the
application of which is extensive such as in a printing machine or a
gripping device for speed packaging or Tabelling, etc. At a high oper-
ating‘speed, the mechanism designed on the basis of rigidity may faf] to
accomplish the goal because of the inertial and external forces induc-
ing elastic deflections inbthe_11nks.

Kineto-elasto dynamics (K.E.D.) is the study of mechanisms in
motion consisting of deformable elastic elements which may deflect due
to external loads or internal body forces.

Several authors have dealt with "elastic-complex system," i.e.,
the mixed elastic and non-elastic members (1)(2). Because of the com-
plexity in obtaining the solution, usually one element in the mechanism
members is treated as elastic, thereby treating only one degree of
elastic freedom in deformation, i.e., torsion, extension, or flexure
alone. The most adequate technique often employed is the Lagrangian-

Mechanics to derive equations of motion, but unfortunately, the



aséumptions for simplifying sacrifice the reality of the problem.

Burns and Crossley (3) performed a kineto-elasto static synthesis
ona four-bar function generator with a f]exib]é coupler. Kohli,
Hunter, and Sandor (4) presenfed elasto dynamic analysis of a slider-
crank mechanism using Euler-Lagrange Differential Equations of motion,
which is an extension of the Lagrangian Mechanics mentioned above.

Notable contribution is made by Erdman (5), who presented for the
first time the KEDSRO (Kineto-Elastodynamic-Stretch Rotation Operator)
for the synthesis of a completely elastic model. Syhthesis of planar
four-bar Crank Rocker mechanism with elastic 1links using Stiffness-
Approach is 1nvestigatéd by Patwardhan and Soni (6).

The above cited 11teratﬁre survey reveals that the designers have
treated the effect of elasticity in 1inkages by simply over-designing
the mechanism with a few exceptions of synthesis considering elasticity
in the mechanism members (4)(6). No further attention was focussed on
analyzing the cognate mechanisms which are an alternate answer to a
source mechanism. The search for accurate synthesis procedures where-
ever high speed and accuracy is the objective requires first a complete
and accurate K.E.D. analysis of the mechanism where all of the Tinks
are considered to be elastic.

This thesis presents a generalized approach where four-bar path
generating source and coupler-cognate mechanisms are analyzed with all
of their 1inks regarded as elastic, and are examined based on the
flexibility method of structural analysis. The mechanism is frozen in
various configurations and analyzed as an instantaneous structure (with
elastic members) to determine the elastic displacements of its path

generating coupler point. Since the cognate mechanism can be a



substitute for the source mechanism whose coupler point generates the
same curve in rigid mode, analysis is done for one of its cognate
mechanisms.

The procedure involves the following three cases in increasing
level of accuracy for both source and its cognate mechanism.

| 1) Completely elastic moving system where the links are assumed
to be mass-1ess compared to an inertial mass located at the path point.

2) Each element having a concentrated or diéc mass located at
each joint.

3) Mass of each element is distributed along the element in the
form of sub-elements.

A brief discussion about the coupler cognate mehcanisms of a four-
bar is presented in Chapter II. The structural analysis based on flex-
ibility approach is applied to mechanisms in Chapter III. The necessary
equations for computing the K.E.D. deflections for the source and its
cognate mechanisms are developed for the three above mentioned cases in

Chapter IV. The results and conclusions are presented in Chapter V.



CHAPTER II
FOUR-BAR COGNATE MECHANISMS

A]ternate’mechanisms that differ in dimensions but have the same
kinematic performance are called cognate mechanisms. If the three four-
bars as shown in Figure la are examined, all three produce the same coup-
| Ter curve generated by a common coupler point of the coupler. The four-
bars (not being identical) are called Robert's cognate mechanisms or
cognate to each other (8). These cognate mechanisms are built using
the construction of parallelograms and similar triangles. They have a
common frame as well as a common coupler point. Figurela demonstrates
the construction of the cognates as follows:

1) The source mechanism with the coupler point "P" is constructed
to a suitable scale as MAPBQ. |

2) The para]]e]ograhs BQEP and AME'P are constructed on either
side of the source four-bar Tinkage.

3) PED and E'PD' are similar triangles both similar to the coup-
ler triangle PBA.

4) The construction of the parallelogram PDOD' Tocates "0" the
other fixed point for the cognates.

A close consideration reveals that the two cognates, namely, ODEQ
and OD'E'M, are obtained by geometric stretch rotation. The operation
of Stretch-Rotation is a spiral similarity tfansformation, which is a

combination of central dilatation and rotation about the centers Q and



Figure la.

Cognate Mechanisms of a Source
Four-Bar Linkage

Triangles PAB, DPE, AND D'E'P
triangles

PE = BQ

MA = E'P

PA = E'M

EQ = PB

are similar
Angle OMQ =
Angle OQM =

Angle MOQ
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Figure 1b. Right Side Cognate (showing the fixed
Tink MQ rotated Sbout Q and stretched
by a f?ctor K = M% )
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Figure 1c. Left Side Cognate (showing the 1ink MQ
rotated abogﬁ y and stretched by a

factor K = X1
actor M



M for the two cognates ODEQ and OD'E'M, respectively. The new link
Tengths are a multiple of the dilatation factor, K, and the arguement
is the rotation of the fixed 1ink MQ to Q0 (about the point Q) through
a fixed angle g8 (as shown in Figure 1b) for the right side cognate
ODEQ. For the left side'cognate, the fixed Tink MQ of the source mech-
anism has rotated through an angle o about the point M and stretched By
a factor K (as shown in Figure 1c). |

Since both the dilatation factor K and the arguements MQ0 and QMO
are independent of time for a rigid transformation, the input angular
displacements of the 1links do not change} Further, the Tink OD makes
the same input angle with the fixed 1ink 0Q as the source mechanism 1ink
MA makes with its fixed 1link MQ. Since the angular displacements for
the input links of the source and its cognates do not change, the input
velocity for aT] of the input links remains the same.

A quick way to find the link-Tengths of the coupler-cognate mechan-
isms is the usage of Caley's diagram, as shown in Figure 2. Caley's dia-
gram is obtained by making the coupler links AB, DE, E'D' coincide with
the fixed 1links MQ, Q0, MO of the three four-bars as shown in Figure 1la.
Using the properties of the similar coupler triangles PAB, DPE, D'E'P,
the Tink Tengths of the cognate mechanisms are obtained.

To determine the deflections of the coupler point of both the
source and fts cognate mechanism, considering all Tinks to be eiastic,

a Crank-Rocker mechanism is selected as a source 11nkagevwh1ch has a
cognate of crossed configuration. However, the methodology developed
is for any four-bar linkage. K.E.D. anaTysis for both the source and
its cognate is performed by the method of Structural analysis using the

flexibility approach discussed in the next chapter.
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Figure 2.

Caley's Diagram for Cognate Link-Lengths



CHAPTER III

 STRUCTURAL ANALYSIS APPROACH APPLIED TO
MECHANISMS

This section of the thesis demonstrates how the method of struc-
tural analysis may be applied to the analysis of mechanisms in motion.
A structure can be changed into a mechanism by removing one or more
physical constraints of the structure thus allowing rigid body motion
of its members. For example, a rectangular pinned frame within a diag-
onal bar may be transformed from a structure of rigid body components
having zero degree of freedom into a mechanism with a degree of freedom
of one by the removal of the diagonal bar as showh in Figures 3a, 3b.

The above transformation is reversible. A mechanism can be |
reduced to a structure by adding physical constraints; that is, by
reducing its degrees of freedom to at least zero.

This thesis is based partially on the representation of a mech-
anism as a statically "Instantaneous Structure" by adding one or more
mobile constraints. For example, the configuration of a four-1link
mechanism is determined at a particular angle of the input-link. Once
this angle is set, the whole mechanism can be frozen for that instant
as a structure.

For a particular set of the 1npuf angle of the four 1ink mechan-
ism, the input-1ink (Element 1) is modelled as a cantelever-beam or

free-fixed beam (as shown in Figure 4a). For this cantelever beam of



Figure 3a. Structure With
Degree of Free-
dom Zero

B

Figure 3b. Four-Link Mechanism
With Degree of
Freedom One
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Figure 4. Four-Bar Mechanism

MA - input-link of length - L

AB - coupler link of length = L3

AP. - coupler extender of length L2
making a rigid angle 'a'

with AB
BQ - follower 1link of length Lg
MQ - Fixed or grounded link of length L5
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Figure 4a. Input Element as a Cantilever Beam
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Figure 4b. Coupler Link Modelled as Simply Supported
Beam With End Moments
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Figure 4c. Follower Link Behaving as a Two-force
Member
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length L1, the cross-sectional area A, Modulus of elasticity E, cross-
sectional moment of inertia I (about an axis-Z normal to the plane of
the mechanism), the internal element forces fl, fz, and the internal
element moment f3 cause corresponding translations dl’ d2’ and angular
deflection d, at the end of the element.

These forces and displacements can be expressed as follows:

dg [ f ‘T
d, - [ F } f, (1)
L d3 . L f3 J

where F is the e]ément flexibility matrix given as

r .
L /AE 0 0
[ " ] - 0 s L3/ 2ET (2)
- 2
0 L2/2E1 L /EI
i )

The out-put link of the four-bar 1inkage (Element 4) is a two

force member. = A two force member with two pin joints can transmit only
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longitudinal force as shown in Figure 4c. Thus, the 1ink 4 has one
elastic degree of freedom (extensibility) and its element flexibility

matrix has only one term

F = L,/AE (3)

and the element deflection is given as

d = L4/AE f (4)

for some cases where a mechanism link is nqt just a simple straight
beam, for example, in the four-bar linkage of Figure 4 the coupler link
is composed of two elements rigidly fixed at an angle o, the extender
element 2 may be treated as a simple cantelever beam with three elas-
tic degrees of freedom while element 3 behaves 1ike a simply supported
beam with a moment on the left end due to element 2 and a longitudinal
force as shown in Figure 4b.

The element flexibility matrix for the element 3 is
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‘ L3/AE 0
0 L3/3EI

The above method of modelling the elastic motion of a mechanism is
not 1imited to only a four-bar mechanism but can be extended to a multi-
1ink mechanism. Gears teeth are investigated by considering the tooth
as a cantilever beam (9). The total deformation of the tooth can be
calculated which is a result of direct compression at the point of con-
tact between teeth, beam deflection, and shear. This theory can also
be extended to spatial-linkages considering proper degrees of freedom

and the forces induced in the mechanism members.



CHAPTER IV
ELASTO-DYNAMIC DEFLECTION ANALYSIS APPROACH

The flexibility approach of structural analysis to the individual
element was demonstrated in the previous section. This section deals
with the total setup of the whole mechanism under consideration.

Considering that the mechanism has several external "system forces"
or generalized forces acting on it (including inertia moments and
%orces), a deflected configuration of the instantaneous structure is
desired.

The flexibility approach‘permitﬁ in determining the deformations
in the direction of any desired set of system coordinates. If the sys-
tem forces are represented by a column matrix Pj’ j=T1,....n where n is
the number of system forces and system coordinates. Since the number
of elastic degrees of freedom of the mechanism system is the sum of the
independent internal forces of its elements, every independent internal
force has a corresponding element coordinate X{, i=1,....m, where m
is the number of element coordinates.

The system forces may be transormed into element or internal
forces fi’ i=1,....m each acting in the respective element coordinate
direction by deriving an (mXn) force transformation matrix by the meth-
od of rigid member static analysis (7).

The matrix described above is dependent on the configuration of

the system. It is thus a function of the reference variables of the

16
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mechanism. Since a four-bar mechanism has only one reference variable,
namely the input angle, the force transformation matrix is a function
of the input angle.

The flexibility matrices of the elements can be assembled to form
an element f]exibi]ity matrix for the whole system. This is derived in
a later section. The element flexibility matrix is independent of the
configuration of the mechanism position.

The element deformation matrix is thus the product of the element
flexibility matrix with the force transfer matrix and the element force

matrix, as

oo [e] [0 ] - [e]l]le]

where [B][ID]gives the forces acting on the mechanism in a particular
configuration.

These element deformations will have a resulting effect for the
whole system of the mechanism. Thus, these element deflections are
transferred to system deflections by pre-multiplying these element
deflection matrices by the transposed force transfer matrix. The con-
version of element deflections to system deflections is described in
reference (7).

The system deflections are given as:

[ HAL

where the element force vector is

[ T[]

and the element deflection vector is {d J

]
o
-
[—
——
—h
| SUSE— ]
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The flexibility approach described above is demonstrated on a
planar four-bar and its cognate mechanism to determine the displace-

ments (elastic) of the path point through its cycle of motion.
K.E.D. Assumptions

The following assumptions are made:

1) A1l deformations are in the elastic range.

2) Joints between the links are non-elastic, have no play, they
are.mass—1ess and frictionless compared to the rest of the mechanism.

3) The input angular-velocity of the input-link is constant.

4) The coupler link has an extender which makes a rigid angle o
with the coupler 1link of the source four-bar and a rigid angle y with
the coupler link of its cognate. The four links, i.e., the input 1ink,
extender, coupler 11nk, and the follower 1ink are assumed to be flex-
ible in the plane of motion and extensible. The same assumption applies
for its cognate.

5) Since the path-point deviation of both source and cognate
mechanisms is under consideration, each mechanism has three system
coordinates. This system is an ortho-normal translating coordinate
system in which X and Y coo-dinate systems remain parallel to an
inertial system and are located in the plane df motion and Z coordi-
nate expresses the angular orientation located at the path-
point.

6) The mechanism motion is considered to be‘in the horizontal
plane; thereby effect of gravity js eliminated.

Three cases are considered in an increasing level of accuracy:
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Case I: Completely elastic moving system where the links are
assumed mass-less compared to an inertial mass at the path-point.

Case II: Each element has a concentrated or a disc mass located
at each joint.

Case III: Mass of each element is distributed along the element

in the form of sub elements.

Case I: Lumped Mass at Path Point

K.E.D. Analysis is performed for the source and its cognate mech-
anism where 1links are considered to be mass-less compared to an iner-
tial mass at the coupler point. Equation (6) derived above is used to
determine the elastic displacement of the coupler point shown in

Figure 5. The deflections are given as

BREIRIOE

The force transformation matrix [B]f the element flexibility matrix

[F], and the system force matrix [P]are calculated for this case.

Derivation of the Force Transformation Matrix for Case I. The

force transformation matrix for the source four Tink mechanism (Figure

5) is derived in this section as follows (referring to Figqure 6b):

fl = Plcos(@3+a)+stin(@3+a)
f, = —Plsin(@3+a)+P2cos(®3+a) (9)
f3 = P3

Referring to Figure 6 for the coupler and the extender, the sum of



Figure 5.

Source Four Bar Showing System Forces

P> Pos Py
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Force Transfer Matrix for Source Four-Bar Mechanism
(Case I)

Figure 6.

Diagram Showing the Element Coordinates and Their
System Forces of the Source Four-Bar

21
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the horizontal forces on the coupler is:

Pl—f4cos(92)+f5sin(@2)-f6cos(e4)=0

P1=f4cos(@2)-f551n(92)+f6cos(e4) (10)
The sum of the vertical forces on the coupler is:

P2=f4sin(92)+f5cos(92)+f651n(@4) (11)

The moments about the coupler point P are
P3=f{L2cos(63+a)(-sin(ez))+L25in(®3+u)cos(92)} f4
+{L2cos(@3+a)(-cos(@z))—Lzsin(@3+oc)s1'n(ez)} e
+{(L3cos(e3)-L2cos(@3+u))(sin(@4))
+ (Lzsin(®3+a)-L3s1‘n(@3))(cos(%)}f‘6 ' (12)
Equations (10), (11), and (12) are of the form:

1 af4+bf5+cf6

-0
1]

, = df ref +ff,

-0
1]

o
1]

gf j+hf+if,
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Solution of equation (13) by Cramer's rule yields:

(ei-fh)P1+(ch-b1)P +bf-ce)P3

_ 2
fy = r
(fg-di)P,+(ai-cg)P,+(cd-af)P,
- 1 2 3
fe = (14)
r
(dh-eg)Pl+(bg—ah)P2+(ae—bd)P3
£ =
6 r
where
r = a(ei-fh)-b(di-fg)+c(dh-eq)"

The free bbdy diagram for the element 3 as shown in Figure 7 helps

in determining the element forces f7 and f8'

f7 =—f6cos(®4-®3)

Referring to Figure 8, for both coupler and extender summing
moments about the point A, f6 can be expressed in terms of the system
forces\Pl, PZ’ P3, as follows:

-L s1‘n(o3+a)P1+L2cos(e3+a)P2+P3

f = & .
6 L3s1n(®4—e3)

Thus



Figure 7.

Free Body Diagram for Element 3

24



Case I

Figure 8. Force Diagram for Coupler and Coupler
Extender ' '
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f7=(L2/L3)cot(64—93)sin(e3+a)P1—(L2/L3)cot(e4—®3)cos(®3froc)P2

-cot(®4—®3)(l/L3)

and

f8=—L251n(®3+u)P1+L2COS(O3+u)P2+P3

Combining equations (9), (14), (16), and expressing in a matrix
form, the element forces fl’ f2"""f8 are obtained from the system
forces P2, P2, P3.
The following symbols are used for space limitation:

Sad

3 = sin(osta)
Ca04 = cos(05%a)
To,05 = cot(e,-05)
S0, = sin(ez)
Co, = cos(ez)
S04 = sin(e3)
Cos = cos(og)
Soy = sin(e4)

Coy = cos(o4)



Thus, the force transformation matrix is expressed using the

relation
f1
fo
-y ™ -
f3
P
1
f4 ,
5
- p
3
fe
f3
fg
where
= —
Ca@3 Sa@s 0
—SOL®3 Ca®3 0
0 0 1
(ei-fh)/r (ch-bi)/r (bf-ce)/r
(fg-di)/r (ai-cg)/r (cd-af)/r
(dh-eg)/r (bg-ah)/r (ae-bd)/r
(T@4@3)(Sa@3)L.Z/L3 (-Cae3)(Te493)L2/L3 (-T®463)1/L3
—Sa@3L2 Ca®3L1 1
. ]
where
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b = -S®2
c = Ce4
d = SOZ
é»= Co,
f = S®4

g = —L2C0L63$G) 2+L250c®3C®2

h = -L2Ca®3C®2-LZSa®3S®2

-L Ca93)+C(LZSa® -L.So

i = S(LyCos-L, 37L3%e3)

- r = a(ei-fh)-b(di-fg)+c(dh-eg)
Note that the matrix[ B ]is a function of the link-lengths and the

input angle 0,.

Derivation of Force Transformation Matrix for the Cross-Cognate

Mechanism. One of the possibilities for the cognate of a source four-
bar (Crank-Rocker) mechanism is that it can be a crossed four-bar (Crank
Rocker) linkage. In such case, the orientation of the system forces and
e]ément forces vary because of the changed configuration of the cognate
as shown in Figure 9. Thus, the force transformation matrix will vary
for such a cognate. Referring to the free-body diagrams of the elements
of the cognate from Figure 9b, the force transfer matrix is derived as

follows:

-+
1

1= —Plcoscrc§)+P251n(y-e3)

5 = =Pjcos(n/2-(y-04)-),sin(n/2-(y-04)

—h
L]
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Figure 9. Crossed Cognate Four-Bar

Figure 9b. Element 2 Coupler
' Extender of the
Cognate

&

Figure 9a. Element 1
of the
Cognate



Figure 9c. Element 3, the Coupler
‘ Link of the Cognate

Figure 9d.

Element 4, the Follower Link
of the Cognate

30



or

f, = -Plcos(y-®3)+stin(y-e3)

:f2 = —Plsin(y-e3)—P2cos(y-o3),

fy =Py

Summing the horizontal forces of the coupler point:

P, = -f4cos(92)+fssin(92)+f6cos(64)

1
Summing the vertical forces on the coupler point:

P, = -f,sin(e,)-fccos(e,)+f sin(e

6 4)
Taking moments about the point P we have

P,= {cos(az)Lzsin(y-e3)+sin(ez)chos(y—%)}f4

+ {cos(92)L2cos(y—e3)-L231n(®2)sin(y-o3)}f5

31

(19)

(22)

- {cos(94)L251n(y—®3)+cos(94)L3cos@3+sin(®4)L2cos(y-®3)+S1'n®4

L3sino%}f6
Equations (20), (21), and (22) are of the form

= af4+bf5+cf6

O
i

= df4+ef5+ff6
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P3 = gf4+hf5+rf6

Solution of the set of equations yields:

_ (er-fh)P1+(ch-br)P2+(Pf—ce)P3

f4 ”
(fg-dr)P.+(ar-cg)P,+(cd-af)P
- 1 2 3
fe = (24)
K
(dh-eg) P, +(bg-ah)P,+(ac-bd)P,
£, = -
6 K
where
K = a(er-fh)-b(dr-fg)+c(dh-eg)

Considering the free-body diagram of the coupler alone as shown in

Figure 10
f7 = f6cos(®3 -@4)
(25)
f8 = f6L351'n(®3 —94)

may also be written in terms of Pl’ P2, P3 by summing the moments about

the point D, as shown in Figure 10.

f6L3 = sin(@3 -@4) = -Lzsin(y—@3)P1-P2L2cos(y-®3)+P3

e -Lzsin(y—®3)?1—L2cos(y-®3)P2+P3
6 L351n(®3-®4)

Thus
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7 (—L2/L3)cqt(63-64)sin(y-®3)P1-(L2/L3)cot(o3-®4)cos
‘(y—®3)P2+cot—(63434)P3/L3

and

f

g = -Lzsin(y-@3)Pl—L2cos(y-63)P2+P3 | (26)

Combining equations (19)(24)(26) into a matrix form, the element
forces fl,fz,....f8 may be derived from the system forces Pl’ P2, P3.

The following symbolic notations are used:

< = 1 -
Cy®3 cos(y-e3), Sto4 sin(y @3)

(1@2 = cos(ez), S@z = sin(ez)

Co, = cos(e3), Se3 sin(e3)

Ce4 = cos(o4), S®4 sin(®4)

Ce3e4 = cot-(Q3-e4)

The force transformation matrix may be represented as

[t ] - |
2 "1
5 . 3. P, (27)
f L

| ’ %8 |

where Be is given as:



where

-CyO3

-Sy@3

0
(er-fh)/K
(fg-dr)/K
(dh-eg)/K

—C®394y5y93 L2/L3

-Sy®3 L2

—C®2

562

C®4

~ SOZ

-C®2

564

CoyLp Cy8,-S0,L

Co L2 SY@3+C@4L3 C@3+SO4L2 C'Y@3+S@4L3 593

4

+S@2L 2 Cvyo

(ch-br)/K
(ar-cg)/K
(bg-ah)/K

-09394.Cy93 L2/L3

—Cy@3L2

a(er-fh)-b(dr-fg)+c(dh-eg)

1
(bf-ce)/K
(cd-af)/K
(ae-bd)/K

CO39,/L5

35
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Element Flexibility Matrix of the System. The element flexibility

matrix for the four 1ink mechanism cah be expressed in a diagonal super
matrix consisting of the individual element flexibilities as derived in
Chapter III.

The element flexibility matrix for a four-1ink mechanism is an

(8x8) diagonal matrix as shown below:

i 1
LZ/AZEZ 0 0 | ; 0 0 | 0 | 0 0
0 13361, L2/2E 1 L o 0 o 0
27272 m ey ' ; ;
2 E | i ‘
0 L2/2E212 L2/E2125 0 0 | 0 s 0 , 0
e e S [
= j ! I
[F] 0 0 0 Ll/AlEl 0 : 0 ' 0 0(29)
|
3 :
o ST S U b UL I
S S S S o 40 S
0 0 0 i 0 0 t 0 :L3/A3E3 0
0 0 o 0 0 0 ‘; 0 L3/3E3I3
L | -
The following notations are used:
L1 = input-1ink length of the source four-bar
L2 = the coupler extender Tlength
L3 = the coupler Tink length
L4 = the follower Tink Tength
A1 = area of cross-section of corresponding Tink
Ei = modulus of elasticity of corresponding Tink
1. = cross-sectional moment of inertia about an axis normal to the

plane of the mechanism of the corresponding Tlink.
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It is evident that the element flexibility matrix is independent
of the configuration of the mechanism, i.e., the input angle.
The element of flexibility matrix for the cognate linkage remains

the same except for the following Tink dimensions:

CLi input Tink length of the cognate

cL2 coupler extender length of the cognate

It

cL3 coupler link length of the cognate

cL4 follower 1link length of the cognate

For both the source and the cognate mechanisms, the base 1ink (fixed
1ink) is considered as rigid since it is grounded. The four-bar and
its cognate are considered to be made up of homogeneous metal (alumi-

num) and each link is of uniform cross-section.

Determining the System Forces. The key interest of the problem is

to compute the deflections of the coupler point of the source and its
cognate mechanism. The links are assumed mass-less compared to the
inertial mass located at path point "P." The external or the general-
ized forces acting on the system are the horizontal and the vertical
,/inert1a1 forces P1 and P2 and an 1ner£ia1 torque P3, all Tocated at the
path point "P."

The computation of these forces requires first the complete kine-
matic analysis of the fouﬁ-?ar and its cognate mechanism. A complete
kinematic analysis of the sgﬁrce four-bar and its cognafebis performed
using the "C%mplex Numbgr'App{oach“ (8).

\

Using eddation (6), i.e.,\

\
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[61=[e]® [F] [e] (]

the deflections of the coupler point for the source and its cognate
are determined for this case.
A computer program is developed for this case, and is given in

Appendix B. A numerical example problem for this case is presented.

Case II: Mass at Each Joint of the Linkages

The second case differs from the first case in the respect that
now each element has a concentrated or disc mass located at each joint
as shown in Figure 11. There areveight system forces (Pl’ Pz,....,Pg)
instead of the three system forces (Pl, P2, P3) in the first\case. The
other five system forces directed in the five element coordinate direc-
tions are associated with elements 1, 3, 4. These eight system forces
represent the inertia forces of each respectivé e]emenf.

~The objective is to compute the deflections at the path-point of
the four-bar and its cognate mechanism. For this purpose, equation (6)
is still valid excep with the following change in matrix dimensions:

P: the system force matrix is an (8x1) matrix instead of (3x1) as
“in Case I. However, the force-transformation matrix will vary and is
a new (8x8) matrix. The flexibility matrix for the elements is inde-
pendent of the configuration of the mechanism and thus remains the
same as derived for Case I, since deflections at the coupler point of
interest [B]t matrix remains the same.

The new force transformation matrix for the source four-bar is of

the form:



Coupler Link

a. Coupler
Extender
%
R P,
5 4
v (R
7
4
1
)
b. Input Link d. Follower Link

Figure 11. Showing the Eight System Forces Pl"""P8
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.y | “‘]
: 0 0 0 0 0
o 0 0 0 0
I .
o0 0o 0 0
]
" | 0 0 -cos (0 ,0,) 0 .
B2 | 7 [81]; ARG (30)
: 0 . 1 0 mn@2@3) 0
' 0 0 1 0 0
. N
10 0 0 1 0
! ,
) 0 0 0 1
| | |

where [61] is the force transformation matrix from Case I.
Since the cognate configuration is crossed, the new force trans-
formation matrix for this case differs from the source linkage and is

derived as follows:

0 0 0 0 0
|
0 0 0 0 0
0 0 0 0 0
f | *
) 1 0 0 cos(@3-®2) 0
[82] = ] B (31)
dog cog:o 1v 0 s1n(e3-®2) 0
'0 0 1 0 0
0 0o 0 1 0
1
i0 0 0 0 1
|

* .
where 63 - is the coupler angle for the cognate.
Where[?ll is the force-transfer matrix for the cognate from
Case I. 09

The def]ectibns at the coupler point can be represented as:
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t ) )

. E - - fou -1 r~ h
51
85

= (3x8) (8x8) (8x8) (8x1) (32)
8
3 B B
: 2 F 2 P
Sg

! § 5 4 L 4= - :

where [BZJt and[Bz] and [P] are different for source and Cognate as
derived above.

The method of computing the deflection is general. This can be
demonstrated by adding any number of inertia and/or external forces to
the system. For example, if there are twenty system fdrces and fifteen
element coordinates, then the system force matrix is (20x1), i.e., Pj,
3j=1,2,3,...,20. The corresponding force transformétion matrix trans-
ferring fifteen element forces to system forces becomes (15x20). The
fifteen element f]exibi]itfes can be coupled to form a (15x15) element

flexibility matrix. Then, the fifteen element deflections can be

expressed as:

€ d]_
dy
F 3 P
d, | = | (sx1s) | [ (sxe0) | | (20x1) (33)
di5 |

In the example problem, the mass of each 1ink is computed and

assumed to be lumped at each joint. The deflections of the coupler
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point are calculated; however, by this approach, the deflections of

each element can be calculated. Listing of the computer progrém for

the second case is given in Appendix C.

Case III: Distributed Mass Model

The thifd case describes the computation of the deflections induced
in the members of the mechanism by considering the mass of each Tink to
be distributed in the form of sub-elements. For the four-bar under con-
sideration, the deformation of the coupler link is due to its own iner-
tia since Elements 1 and 4 (the input and the follower 1links) may only
cause the coup1er to deflect as a rigid body.

Considering the mass to be distributed in the form of sub-elements
in the coupler extender which is of primary importance, deflections at
each point can be calculated by considering the mass being made up of
elemental masses 1ocat§d at the infinite tips in an increasing trend of
length of the extender, as in Figures 12a and 8b. Thg system forces Pj,
J=1,...5n (where n is the number of system forces) can be computed.

However, for practical computation, if the extender is divided into
five parts.with mass located at each node as shown in Figure 12c, there
are fifteen system forces. The number of system forces increases with
the number of nodes selected for study.

The system force matrix['Pj] is a (15x1) matrix for this case.

Since Element 2 is subdivided into five elements, the element flex-
ibility matrix [F*] varies for both source and cognate mechanism, and

is a (40x40) matrix, as given below:
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L

Figure 12a. Distributed Mass Model
' for Coupler

Figure 12b. The Coupler Extender Showing 15 System
Forces, Three at Each Node



Figure 12c.

Location of Masses and Correspond-
ing Subelement Lengths

44
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(8x8)
F) 0 0 0 0
0 (8x8) 0 0 0
Fa
[F*]= 0 0 (8x8) 0 0
. F3
0 0 0 (8x8) 0
Fy
0 0 0 0 (8x8)
Fg

where F, s the same as [F] in Case I
where F, fis the same as [F ] in Case I but with Lyy» similarly

where F_. 1is the same as [F] in Case I but with L

5 24

The division of Element 2 into five sub-elements contributes in
the increase in number of elemental forces, fl’ fz, f3,....,f40. The
force transformation matrix is a (40x15) matrix. For the source four-

bar mechanism, the force transfer matrix is a diagonal matrix with five

sub-force transfer matrices as shown:

%1 0 0 0 ‘0
0 82 0 0 0
[B{]? 0 | 0 By - ; 0 0
0 0 0 By 0
bO * 0 0 -0 65,
where :31] to [35] are similar to {B]in Case I, except with lengths L,,

Lyyse-eskyy 87 to Bg each time calculated with different lengths
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Lys Lops Logs Loss

Thus, for each source and its cognate, the deflections of the

L L24, respectively.
coup]er extender at the five selected points are evaluated by the

relation:

= (15x40) (40x40) | | (40x15) (15x1)

B F B P
15 | i i J ] |

The methodology developed for the three cases to calculate the
deflections of the coupler point is demonstrated on a four-bar (Crank-
Rocker) mechanism and its érossed cognate is shown in Figures 13a and
13b. The computer programvfor this case is given ih Appendix D.

The results and conclusions are presented in the next chapter.
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Figure 13a. Four-Bar Path Generator Source Mechanism

Data for Nume rical Example

Input-1link Tength

Coupler 1ink length

Coupler extender length

Follower 1ink length

Fixed or grounded Tink length

Uniform circular cross-sectional area
of all links

Rigid angle between coupler and extender

Modulus of elasticity for aluminum

Cross-sectional moment of inertia

Input link velocity

Mass at coupler Point for Case I

10 in
30 in
10 in
25 1in
30 in

0.19634 sq in
60 degrees
1Ox106‘psi
0.00306 in?
300 rpm

2" 1bf



Figure 13b. The Coupler Cognate of the Source
Four-Bar

Data for Numerical Example

Input Tink length
Coupler extender length
Coupler Tink length
Follower Tink length
Ground Tink Tength

Rigid coupler angle

cL1

cL2

cL

cL4

cL5

v
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From Figure 13a, if K = L%/L3 using the parallelo-

gram properties, the 1ink leng
calculated as follows:

2 2

CL4 = SQRT L2 + L3 - 2L2L3cos(L)
CL3 = L4 X CL4/CL3

CL2 = K.L4

CL1 = L1 X CL4/CL3

CLe -\I(KL5)2 - 2K.Lg.Lg.cos(a)

vy = 101 degrees

hs“and the angles are



CHAPTER V
RESULTS AND CONCLUSIONS

This thesis presents a general method 6f kineto-elasto dynamic
analysis, which may be applied to various planar mechanisms with elas-
tic links. The flexibility method of structural analysis is applied to
mechanisms. The mechanism is frozen in various configurations and
ana]yied as an instantaneous structure with elastic membérs.

The flexibility approach described above ‘is demonstrated on a
planar four-bar 1linkage and its coupler cognate mechanism to determine
the elastic deflections of the coupler point through a steady state
cycle of motion. Three cases of increasing level of accuracy are con-
sidered:

1) Completely elastic system where the mass of links is negli-
gible in comparison to the inertial mass at the coupler point.

2) Each element has its mass located at the joints of the
" mechanisms.

3) Mass of each element distributed in the form of sub-elements.

Computer programs are developed for the above three cases given in
Appendices B, C, and D,

For the above three cases, a planar four-bar Crank-Rocker mechan
ism which has a crossed cognate is selected as an example problem.
Tables I, II, and III present the rigid path of the coupler course and

the actual path when elastic deflections are added to it. For all of

49



TABLE I

MASS AT PATH POINT
(Case I)

Source Coupler

Input Coupler Point o Cognate Coqp]er
Link Coordinates Source-Linkage Points in Cognate-Linkage Points in
Rotation in Rigid Mode Deflections K.E.D. Mode Deflections K.E.D. Mode
Degrees X Y AX Y 'Xnew Yn_ew AX AY xnew Ynew
0 5.648 9.004 -0.238 -0.539 5.410 8.465 -0.037 -0.567 5.611 8.437
20 6.637 13.033 .~2.255 -3.486 4,382 9.547 -0.265 -1.311 6.372 11.722
40 6.234 16.328 -3.589 -4.197 2.645 12.131 -0.360 -1.474 5.874 14.854
60 4.470 18.648 -3.791 -3.670 0.679 14.978 -0.277 -1.395 4.193 17.253
80 1.710 19.849 -3.215 -2.804 -2.045 17.045 -0.122 -1.265 1.588 18.584
100 -1.571 19.845 -2.255 -1.891 -3.826 17.954 0.038 -1.113 -1.533 18.732
-120 -4.904 18.655 -1.179 -1.003 -6.083 17.652 0.166 -0.933 -4.738 17.722
140 -7.871 16.418 -0.171 -0.156 -8.042 15.992 0.235 -0.723 -7.636 15.695
160 -10.145 13.382 -0.655 -0.660 -10.800 12.722 0.231 -0.493 -9.914 12.889
180 -11.507 9.873 1.244 1.465 -10.263 11.338 0.151 -0.254 -11.356 9.619
200 -11.846 6.261 1.579 2.276 -10.267 8.537 0.007 -0.008 -11.839 6.253
220 -11.163 2.923 1.664 3.079 -9.519 6.002 -0.188 0.249 -11.351 3.172
240 -9.561 0.223 1.526 3.823 -8.035 4.046 -0.405 0.525 -9.966 0.748
260 -7.242 -1.515 1.230 4.433 -6.012 2.918 -0.597 0.814 -7.839 -0.701
280 -4.478 -2.026 0.893 4.820 -3.585 2.794 -0.701 1.087 -5.179 -0.939
300 -1.574 -1.131 0.669 4.867 -9.905 3.736 -0.643 1.268 -2.217 0.137
320 1.209 1.218 0.671 4.333 1.880 5.551 -0.385 1.680 0.824 2.898
340 3.695 4.812 0.671 2.641 4.366 7.453 -0.066 0.513 3.629 5.325
360 5.648 9.004 -0.238 -0.539 5.410 8.465 -0.037 -0.567 5.611 8.437

05




TABLE II
MASS AT EACH JOINT

(Case II)
Input Coupler Point Source Coupler _ Cognate Coupler
Link Coordinates Source-Linkage Points in Cognate-Linkage Points in
Rotation in Rigid Mode Deflections K.E.D. Mode Deflections K.E.D. Mode
Degrees X Y AX AY Xnew Ynew AX AY Xnew Ynew
0 5.648 9.004 -0.126 -0.062 5.522 8.942 -0.003 -0.046 5.645 8.958
20 6.637 13.033 -0.251 -0.074 6.386 12.959 -0.021 -0.106 6.616 12.928
40 6.234 16.328 -0.265 -0.039 5.969 16.289 -0.029 -0.119 6.205 16.208
60 4.470 18.648 -0.196 -0.011 4.274 18.637 -0.022 -0.112 4.448 18.536
80 1.710 19.849 -0.101 -0.001 1.609 19.848 -0.010 -0.101 1.700 19.748
100 -1.571 19.845 -0.009 0.000 -1.562 19.845 0.003 -0.089 -1.569 19.7%6
120 -4.904 18.655 0.066 0.001 -4.898 18.656 0.013 -0.075 -4.891 18.581
140 -7.871 16.418 0.121 0.004 -7.750 16.422 0.019. -0.058 -7.852 16:360
160 -10.145 13.382 0.156 0.012 -9.989 13.394 0.019 -0.039 -10.127 13.342
180 -11.507 9.873 0.175 0.027 -11.332 9.900 0.012 -0.020 -11.495 9.853
200 -11.846 6.261 0.182 0.046 -11.664 6.307 0.000 0.000 -11.846 6.261
220 -11.163 2.923 0.179 0.067 -10.984 2.99 -0.016 0.021 -11.179 2.944 -
240 -9.561 0.223 0.169 0.088 -9.392 0.311 -0.033 0.043 -9.594 0.266
260 ~7.242 -1.515 0.152 0.101 -7.090 -1.414 -0.048 0.065 -7.290 -1.449
280 -4.478 -2.026 0.129 0.104 -4.349 -1.922 -0.056 0.087 -4.535 -1.939
300 -1.574 -1.131 0.102 0.090 -1.472 -1.041 -0.051 0.102 -1.626 -1.029
320 1.209 1.218 0.067 0.057 1.276 1.275 -0.031 0.094 1.179 1.312
340 3.695 4.812 0.001 0.000 3.696 4.812 -0.005 0.041 3.690 4.853
360 5.648 9.004 -0.126 -0.062 5.522 8.942 -3.003 -0.046 5.645 8.956

LS



TABLE III

RISTRIBUTED MASS MODEL

(Case III)

Input Coupler Point Source Coupler Cognate Coupler

Link Coordinates Source-Linkage Points in Cognate-Linkage Points in

Rotation in Rigid Mode Deflections K.E.D. Mode Deflections K.E.D. Mode

Degrees X Y AX AY Xnew Ynew AX AY Xnew Ynew
0 5.648 9.004 -0.141 -0.090 5.507 8.914 0.001 0.072 5.649 9.076
20 6.634 13.033 -0.255 -0.115 6.382 12.918 -0.004 -0.044 6.630 12.989
40 6.234 16.328 -0.259 -0.051 5.975 16.277 -0.019 -0.118 6.215 16.010
60 4,470 18.648 -0.199 -0.008 4,271 18.640 -0.043 -0.112 4.427 18.536
80 1.710 19.849 -0.113  0.002 1.597 19.851 -0.057 -0.091 1.653 19.758
100 -1.571 19.845 -0.025 -0.002 -1.596 19.843 -0.053 -0.068 -1.624 19.777
120 -4.904 18.655 0.053 -0.007 -4,851 18.649 -0.038 -0.046 -4.942 18.609
140 -7.871 16.418 0.113 -0.003 -7.757 16.415 -0.019 -0.024 -7.890 16.394
160 -10.145 13.382 0.154 0.010 -9.991 13.392 -0.001 -0.003 -10.146  13.379
180 -11.507 9.873 0.176 0.032 -11.331 9.905 0.012 0.020 -11.495 9.893
200 -11.846 6.261 0.181 0.057 -11.665 6.318 0.018 0.042 -11.828 6.303
220 -11.163 2.923 0.176 0.078 -10.987 3.001 0.017 0.061 -11.146 2.984
240 -9.561 0.223 0.166 0.091 -9.395 0.314 0.012 0.076 -9.549 0.299
260 -7.242 -1.515 0.157 0.100 -7.085 -1.415 0.005 0.089 -7.237 -1.426
280 -4.478 -2.026 0.145 0.107 - -4.334 -1.919 -0.004 0.701 -4.482 -2.025
300 -1.574 -1.131 0.125 0.104 -1.450 -1.027 -0.014 0.11 -1.588 -1.020
320 1.209 1.218 0.091 0.080 1.301 1.298 -0.019 0.117 1.190 1.335
340 3.695 4.812 0.014 0.017 3.710 4.829 -0.012 0.114 3.683 4.926
360 5.648 9.004 -0.141 -0 5.507 8.914 0.001 0.072 5.649 9.076

.090

A
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the cases described, graphs afe plotted for two different speeds of the
input Tink, i.e., at 300 rpm and 400 rpm to observe the major change in
deflections with an increasing speed (Appendix A).

The following are the observations:

1) It is observed that witﬁ an increase of 100 rpm in the speéd
of the input Tink, the elastic deflections were.near1y doubled.

2) Maximum deflections occur in the second half of the cyt]e of
motion of the input link.

3) The increase in deflections with the increase in speed of the
input rotation shows that there is a critical speed where links of a
mechanism assembly fail to obey Hook's law, and the deformations
induced will be permanent and will not balance with the cycle of motion.

4) The angular velocity of the input Tinks for both the source
and its cognate is assumed to be constant. Any fluctuation in speed
causing acceleration will affect the deflections of the coupler path
in X and Y directions considerably and the rotation in Z direction,
with reference to a fixed reference plane.

5) The difference in thé deflections of the éource and its cog-
nate for each case (Tables I, II, and III) clearly justifies that the
parallelogram property of the construction of cognates does not hold
good in K.E.D. mode. Thus, finding a coupler cognate in K.E.D. mode
becomes a synthesis problem.

6) The accuracy of the computed deflections depends on the fol-
lowing factors: | |

a) the number and choice of the mechanism elements.

b) the siie‘of the increment between each successive input

rotation.
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c) the mass model utilized.
+d) the accuracy of the system forces.

The first three factors depend on the time available to the
designer and the computer time.

The results of this thesis demonstrate the need for incorporating
kineto-e1astodynam1c effeéts in overall mechanical design analysis.
Further, the effects of induced elasticity in linkages can be overcome
by the K.E.D. I.‘r'e—s.ynthesis" procedure. These considerations are of
utmost importance wherever high speed and accuracy aré the criteria
for design.

This thesis sets a base for undertaking some of the possible
research studies.

1) K.E.D. ana]ysis‘and synthesfs of elastic four-bar 1inkagé with
arbitrary mass assigned to each link.

2) K.E.D. analysis and synthesis of planar fouf—bar with a vari-
able mass, where the mass is added and removed during certain parts of
the mechanism cyc]e;

3. K.E.D. analysis based on the fluctuating angular velocity of
the input Tink.

4)' Extension of the ideaof f]exibi]ify approach to spatial Tinkages.

5) K.E.D. re-synthesis of mechanisms to account for weight mini-
mization, balancing, and stability.

6) Compilation of K.E.D. coupler-curve atlas which will be an
improvement over the Hrones and Nelson atlas, accounting for the
elasticity.

7) The effect of clearance in the joints of the mechanisms con-

sidering the joints to be elastic.
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CASE I: LUMPED MASS AT THE PATH POINT
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R e Aok ok Ak ek R AR kR R ke ok xR R R R AR R KR kR Rk kR kR AR Rk Rk x

Qoo oo ke e e ok X e o ofe ok vk o ool e o e e ke e e ok X o e fesiel ke ek feok ok ol ok it e e ko Aok ok Aok R ko
- *
*EREFELE K EoD. ANALYSIS OF THE SOURCE FOUR=-3AR NMECHANI SM. #¥%sssiok

¥ %
* CASE 1 *
* ———— - %
* . *
Aot X A R o R ARk R e K R R ROk ek R Rk R R R R Rk Rk Rk kK kR Rk
* , *
% THIS PROCEUDURE COMPUTES THE DEFLECTICGNS AT THE COQUPLER PQINT. %
*THE MASS UF THL FIUR-BAR IS ASSUMED TO BE NEGLIGIBLE COMPARED 11 *
¥THE INERTIAL MASS AT THE COUPLER POINT. %
* fHE MASS *MY =2 POUNDS IS LOCATED AT THE POINT 'Ptr., *
* *

s o 92 ool o ok e ool o st ok e o o o e ok o e o eobe ot ot ol g ke g e o d e o ok e oo ol o Sk ke el
et o ol e R Rk ok R ok el R gkt R Aok e el e K kg ok ko ok e e e ke g o ok ke e Ak

* *
-—— THE FOLLOWING ARE THE DIMENSTONS OF THE FJOUR-RAR:----
ok - %
#.1--—~ THE INPUT LINK LENSTH OF THE SOURCE FOUR-DBAK MECHANISM. %
#lL2—---= THe COJPLER EXTENDIR LENGTH ATTACHED RIGIDLY TU COJPLEK. *
¥o==-— THE COUPLFK LINK L:zNGTH OF THE SUURCE FLUR-3AR MECHANISM. *
#lg-——— THE QUT PUl LINK LENGTH OF THE SCURCE FOUR-83AK MLTHANISHM. *
L S—-——- THE FIXED CINK LENGTH OF THE SOURCE FOUR-BAr 4ECHANISM. *
e *
H*ALP~=-=— THE RIGID ANGLE BETWEEN TiHE COUPLER AND EXTENGER. &
*(2~~--= THE INPUT ANGLE IN RADIANS. *
) s-——= THE COUPLER ANGLE IN RADIANS. *
"4 ————= THE QUT-PUT ANGLE IN KADIANS. *
LM2-=--~ THEt ANGULAR VELOCITY OF THE INPUT LINK IN KAD/StC. *
*J43=—~~-~ THE ANGULAR VELOCITY OF THE COUPLER IN RADIANS/SEZ. *
M4 =~~~ THt ANGULAR VELOCITY OF THE OUTPUT CINK IN RADIANS/SEC.  *
#Al PH2~--~ T14E ANGULAK ACC. OF INPUT IS CONSTDERED AS Z2ERD. *
¥ALPH3I---~ THE ANGULAR ACC. OF THC LOUPLER LINK IN iKAD/SEC/SEC. %
CALPHY ~~—- THE ANGULAR ACC. UOF THE QUTPJT L INK IN 2A0/SEC/SEC. *
EXPA=~—= THL HIRIZANTAL CUMPONENT UF ACC. OF THE Pr.%pn, %*
¥ YPA———~- THL VERTICAL CUMPOINENT UF THE AlC. JF PT.MPN, %
#XP b - THE HURIZANTAL COMP. OF THE FORLE AT THE PT.mon, *
AYPF === THE VERTICAL COMP. 9OF TAE FURCE AT THE PT.mpY, *
# ) *
o3l R e Gk Sk kol ook Rk Rk b ook e sekoded Rl e ook b e ke ol ook ek ek ek ek e ek
e e 3 R ok o e e e ek o ol e sie e e e e o e < ool o e e sl ket e Rt ok ot o o o ook oo gk o K ek ol ko
“IHE FULLUOWING DATA MUST 8¢ SUPPLIED TG THL PROGHAM #
" *
e THE LINK LENSTHS: L LsL2sL3vL4sLS *
w2e THE ANGULAR VELUCLIY OF THE INPUT LINK " Mpn *
*3. THE ANGULAR ACLELERATION ©IF THE INPUT LINK “AL{PHZ2" %
4. THIE CROSS=5ECTIONAL ASEA U0 THE L INKS "tCAn *
w5, THi CRUSS-SECTTUNAL MOMcWT OF INegPTIA ign *
whe THIED MUDULUS OF eLASTICITY OF THE CINK MATArLAL "MEn *
s %
mNOTLs THL LIRS LENGIH L 13 THE CUURLER - EXTF NDEKR *
Mo #
TNUTE D THE LUBROUTINLS SMTHAGMPRY ARE TO 3c [ XTERNALY SUPP_IED. *
B — *
8 *
- *

i
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DUUREE PRCCISTUN Lol 2ol 3pLbel ol land s KiyRaaKoeDLNN, 051 weDATAN,
EAA BB CC DD b ot b g ALyl o UL oDl b Ly b Lo GLaHL o Ll Lo CX g5 Xy [ TXyIS5IKRT,
Flow P30 L AL LA ME g il » M2 3 UM MO G AT 0 U Dt Jat Sy ALy ALPHIA,
EALPHA , DLOT o P Ly XP o YP o XXy YYy NXP o NYP
DEIMENSTUON ACG4) o (04 ) s LG ) o SUT 0 ) sl 2)

Ll=10.0

L2=10,0

L3=3u.

L4=2%.0)

1Y=30.9

KL=Lo/1 1

K2=L%/L4

W= (ULl =L 3%l 3 +LA¥La vl O D)/ (L0 %L LHL )

Ka=L5/13

KO = (LASLG=L5%LS-LLALL-L3%L3) /[ 2.0%L 1%L 3)
Pl=2a142807T143

WN==== tf SPtt D UF KROTATTUN OF THo INPUT LINK,.
N=400 .0

UM ={2.0%P[ %) /600

WRITTEL 64 100)

PUORMAT (LHLyYX e " OLGRLLS Yy 13Xy ' X=D10P i Pyt Xe 'Y=01SP.UE P ,10OX, " 7=
RAT.ur pr)

PP==10.0

P2EP2410.0

T22(P2%2.0%PL)/13000)

AA=DCUSET 2 #K3-FLI={ Ko *0Cd>(TL2))

B~ JOXDSIN(IT L)

COKL4KI=(LaOeK2IEDLOS{T2)

DD K ACDCOSE T2 I +DCUSIT2Y#KH=-K1

LE==l o OENSINETZ)

FEs (KARDCOSET2) I ~DCOS(T2)+K5+K1
[3=20¢(OATAN((~LE~DSIRTIFEXFE-4,0%0D*1) ) /{2.0%0))))
T4= 2 U (DATAN( L -BO=DSORT{BRXBB=4 « J*AAXCCI )/ (2UMAA)))
LXEDLLET4~T3)

SX=Lo INLL =T 3)

CTX=CX/SX

AP=1l,702182%45

Xeos (LLEOCOS T2 I+ (L2%0CUSTALP+T 3))

YR (L LD SENCIZ) L+ (L2¥DSINCALP+T3))

RS (L L*OIM2*DSIN(T4-T3) ) /(L3IXDSIN(T3-T4))

DM =( LI¥OM2EDSINIT2-T3) )/ (LLARDS IN(T4=-T3))

A= LA*D)STNL T4a) :

B =L3MSINCT )

Cd=01 1o uMZXxOM2EOCUSTTZ) )+ (L BXUMEX M« pCUS (T 3) )~ (L a®ua® M e®x)C0US( T4
%))

DI=Law)eUsSiT4)

P AELARICDSIT ) .

P EUAFOMEFRUMATOSTINC(TA)Y )~ (L LEOM2% M2 % DS IN(T ¢ ) )= (L3 #4346 M3 DS IN(T 3
*))

ALPH =40

ALPHZsCLJIRD = Jd¥xE ) 7/ (adxtd-nJ%DJ)

AL NG= (CHREG-DBIRT D)/ (AdREJ-8D%DY)

KPA == (L IRUME * 230 0AS (T2 = (L LRALPH2 ¥ OS INCT ) )= (L 2¥0M 3% 30 S (
BALPHT I~ (L 26nl PHIXDSTNLALP+T3))

YA LXALPHHDLUS LT 2 )= (L LM 2%0M 250 SINITZ P )+ (L2%AL P 43502 Us (AL P+
SERN (LR UM OMI DS TNCALP+T 3))

XUF =RPAX2 o0/ (1Fa0%32.113)

YPE Y PAXZ o O/ L2207 501 1T0)

Al =DCsET2)

Pl =L IN(T2)

*
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ClL=uCas(T4)

OLl=DuINIT2)

LL=LCas(T2) .

Fl=DSLIN(T4) . . o

GLl==(1 2%DLUSIALP+T3)EDCUSIT2) ) #(LL*OSIN(ALP+T3)%DCAS(TZ))
HL==(L2¥DCOSTALP+13)*%DCOSIT2)I-(L2¥ISIN(ALP+T3}*DSIN(TY2))
[1=D5000T4 s (L2%DCUSTTI))—{L2*DCNS (ALP+T 3) ) ) +0COS(TEY®({L2*%0SIN(
HALP +T 31 ) =L 32OSIN(T3))) . ,
ALz (AL#(EL®IL~FLEHL) ) - (BLH{01% 11—/ L¥G L) )+ (2 1*(D1%11+E1%51) )
THE 1 URLE TRANSFORMATION MATRIX. '

AL )=DCUS LT 3+ALP) '

AL2 ¥ ==0SIN{TI+ALP)

AC3)=0.0

Al4)=({FL*LL)-(F1*H1)}/R1

ALS )= (FL®GLY=-(NL®.IL)I/R]

ACo)=({ulxrl)=(L 1%G1)) /RL

A(T)I=CTXEDLINIT3+ALP)*(L2/L3)

AUB)==(USIN(T3+ALP) ) ¥LZ

AC)I=0SIN(T3IeALP)

A(LO)=DCOS(ITI+ALP)

ALL1)=0.0

AlL2)=((CLixHL-BL*[L1))/R1

ACL3) =(LAL*T1)-(CL*GL) I/ KL

AlLa)=0(BL1%GL) -~ (AL¥H1) ) /R1L
ALL9)==(DCOS(TI+ALP)II®CTXH(L 2/L3)

ACLGY =0COSITIHALP) %L 2

AlLT7)=0.0

Al(181=0.0

A(L19)=1.0

ACZON={ (HLAFL)~(L L% 1)) /RL

ALZ21)=0(CL*DL)~(AL® 1) )/R]

Afz22)=0{al*El)~(BL*D1) ) /R

AM23)==CTX/LY

Al24)=1.0

N=3

M= 3
ETRANSPUSING THE FORULE TRANSFORMATION MATRIX{BETA).

CALL GMTRALA,R¢NyM)

EIKANSP JSED FURCE TRARNSFFR MATREX 1S MULTIPLIED BY FLUXIBILITY MAT#*
#RIX AND THE RCSULT IS STORED IN K. %
DY 5y 1=1,74

o AT =Rl

SALL LINKS Ak OF UNIHOKM UIRLULAR CROSS-SECTION UF DIAL=0.5 IN, =

BOCAM-(ROSS=SLCTIUNAL AREA OF ALL LINKS. «
LA=0. 1703495408

FUME M= YOUNGS MUDULUS o ELASTICITY FOR THE $ATARLAL AL JMUNIUM. *
Ml =10000000.0 .

AN - RIS 5= 51 LTTUGNAL AOMENT LF INLTIA, ' *
M =0.0U30679019

FIHE FLEXISILTLY MATRIX“(F) ™, *
BCLI=L2/ LA )

D 10 1=2,9
19 Lil-0.0 b
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106
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110
111
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L14
LLs
116
L7
114
119
120
121

122
22

124
125
126
127
128
1249
130
131
132
133
134
1Zn
ls6
137
138
13y
140
141
147
| KT
144
145
140
147
L4y
149

o
[

oo
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12

13

14

15

16

Ll

BOLOI=(L2*¥L2%L2) /13 0%ME*M])
BELL) =(L2%L2) /{2, 0%MEXM])

D 11 1=12,17

3(1)=0.2
Bl18)=(L2*L2)/(2.U%Mt ¥ML)
Bil9)=L2/{ME*T)

DU 12 1=20,21

Sl1)=0.0

RL28)=L L7{0CARMT )

D18 1=29430

BlLY=0.0

BU3T =L ¥ L*L L)/ (3.0%CA%ME)
DU 14 1238445

B(I3=0.0

Bl46)=L4/ (CAxML)

DU 15 247,54

BI1)=0.0

Bl55) =03/ (CARAL)

Do 16 1=50,02

B(I)=0.0
BOO64)=L3/(3.0%ME*M]])

N=3

M= 8

MS A=0

MSB =0

L=8 !
CALL MPRDUALB,K NyMaMSA,MSB, L)

“1HF PRODUCT R 13 MULTLPLILD bY THE FURCe TRANSFER MATKIX.
D) 6o 1=1,24 )
AT )=R(1)

¥ HE FOKLE TRANSHER MATRIX

BLLI=DCOSIT3+ALP)
WE21==DOINIT3+ALP)
d(3)=0.0
Dle)=((CI®LL)-(FL*1))/R]
B9 )= LFL*GL)=-(0l*I1))/R1
A= OLEHLY=(EL*GLI)/RL
Bl 7)=CTX¥DSIN(TorALP)IX(L2/LS)
Ble )=-{DSIN(T3+ALP) ) %L 2
BLI)=DSIN(T34+ALP)
B{1QY=DLOSIT3¢ALP)
Hl1l)=0.0

B0L12) =(({Cl*xH1)-(BL*I1))/R]
BOLA)=((ALEI1)-(CLEG L)) /R
BOLl4)=((il*GL)=-(AL¥HL)})/RIL
BOLS) == (DCUSITI+ALP ) RCTX*(L2/L3)
BOLOEY=DCOUSITIFALP) %L 2
BE1T)=2.0

B(18):0.0

BLL9) =140

Bl20) =((BL%FL) - (CL*EL)YI/RL
2L - ({CI*0 L) ~(AL*®F L)) /RL
BO22)=(LALREL) - (1D L)) /R]
BE23)=~-CTIX/L S

3(24)=1.0

=3

M-=d
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[STb] MLA -9

11 Miys =0
Lh L=o
1H s Call MPRO(ABR sNyMaM3AMHB, L)
{94 DO 7 =144
[ 0 ACH)-r(l)
{96 Bl L)=XPF
Lot M2 YPE
150 sl(3) 00U
L5y TR
160 M=3
[l M5A =0
1o A=)
1o d Ll -
Lo CALL MPROCA B o oo My MO A M3, L)
leY XXx=pR{1)
Lt YY o2}
Lol =g 3)
Lew [T P2l ue360ad) Gl 1d 999
Loy WL TE {6 «200) P2 s XX YY 4 RT
L7 00 FURMATULIHO ¢ 9X 3 F Lo Go8Xob L2 a0s8AeFlled98Xerl2a9)
LIl [HEE SR
[ 999 STuUP
L7 LND
BENTRY



$.JUB TIME =20, NUSUBCHK

C

aEelalaEsEalsEnEasiaalialsialisNoNalks N oaeNalaalakaNolalaEe Nala e el ol aialtailie e el

X g Re o e R Kok o oo ok s e ok ok ok gkl e ke e e e el ok o el sl e o e ok ek B 3k e ok ok ok ko ok ok ok ok
LI E TR R 2R 2 SRS T R R 2 R 2R EL RS AN E T2 2 R R N R S

& &*
x CASF 1 *
3 ———— - *
® , %
AR g R o kvl AR R A R R R R R R R R Rk KR R KR R kg ok Rk ek A ROk ok ek
* KeboDa ANALYSIS UF %
* - m = e - *®
wx ITHE LUGNATE MECLHANISM UF THE SUURCE FUUR~-BAR LINKAGE *
£ e mmmi—— e e ——— - —— o ———— eere e e

% *

R AR X R KRR R R R R R AR R K R Rk K KR RO R AR kR Rk Rk Kk R E B KRR E
e I I e T T I R T T T R s Rt L T I I L ]
X THE LINK LENGTHS OF THE COGNATE MECHANISM IS CUMPUTED JSING *
*[HE PRUPEKIY FROM THE CALEY'S DIAGRAM AND DISPLAYED AS FOLLUWS:-

#CLL-~=-~ THE INPUT-LINK UF THE COGNATE MECHANISM IN INCHES.
#L | 2~~—= THE CJUUPLER EXTENDER LENGTH IN INCHES.

#*(CL3~=~—-- THE COUPLER LINK LENGTH OF CUGNATE IN INCHES.
*CL4=--—-~ THE FULLOWER LENGIH OF THE COGNATE IN INCHES.
#CLS=~-~- THE GRUUNOD LINK LENGTH DF THE CUGNATE IN INCHES.
A

*NUOTE:

[ P

“THE COGNATLE MECHANISM IS A CROSSEVD FUUR-BAR L INKAGE.

W e e . o = b o+ i o o o o i

« .
“«CALP=—-~ THE KIulU ANGLE IN RAD. BETWEEN CUUPLER AND EXTENDER.
¥ M2~~~ THE ANGULAR VELOCITY 0OFf THE INPUT-LINK RAD/SEC.
¥COM3~~=~ THE ANGULAR VELDCITY OF Trk COUPLER LINK RAD/SEC.
BCOM4~ =~~~ THE ANGUL AR VELOCITY OF THE FOLLOWER LINK

*CALPHZ=~~-= THL ANGULAR ACC. OF THE INPUT LINK IS ZERO.

*CALPH3 -~~~ THL ANGULAR ACC. OF THE COUPLER RAD/SEC/SEC.
“CALPHA4=~~~ [Ht ANGULAR ACC. OF THE FOLLOWER IN RAD/SEC/SEC.

X

K THiF FOLLUWING INFORMATION IS REQUIRED FOR THE PROGRAM:
% e b e e o e o o e e ——— ——— ——————
*THE L INK LENGYHS UF THE SUOURCE FOUR-BAR ( L1,L2,L3,L4,L5 ) AND
#VYHE RIGID ANGLE ALP ASSOCIATED WITH THE COUPLER AND EXTENDER UF
FIHE SUURLE LINKAGE AND THE INPUT LINK VELJOCITY.

*®

ETER AN I I IR I LR N G S A I N U B

&
RNk e o Aok R ok SRt kR ok R R Rk Rk Rk kR Rk kR ok ok kK Fokok R Y
JIUBLE PRECISTOUN LLICLLsL24CL29L39CL3 L4 ,CLY sL5,CLS oKL o CRL K29 CK 2,
*K3 9 CK3 g K4 LKAy KDy LK5, AA, CAA, BB CBB+CCHyCCLDOWCODIEEICEEFF yLFF4T2,
TS e CT 34T CT4,UM2yCUM2,0M3,CUM3,0M4,COM4,AJyCAJBI4CBJ,(LIsCCIIDIVL
FUJe FIoCL I FJoLFJdsALP yCALPyALPH2 yCALPH2 4 ALPH3 yCALPH3 4 ALPH4s CALPHG, T
HCUS oIS INs DATAN G OSIRTyOCOTo CXoCLXoSXyLSXeLTXsLCTXyALsCAL,BLICBL,C1,
“CLLWOLeCOLyEL yCEL oFL9CFL oGl o CGLoHL CHLo ILyCILoRL,CRL,PIZCA,CLAWMIL,
HLMT oME g CME g XP U XP g YP 4T YP ¢ XXoCXX oYY oCYY 3 NXP yNCXP o NYPyNCYP

Koy XPPyYPPyBETAL 214429 KyChTA,SBTA,TBTA
T DU XX e RUXX e TLPPX TLPPY

*e S

DIMENSTON A(64)sBl64)sRI64),UL64)FL64)

Li=10.0

LZ2=10.0

L3=30.0

L4=29.0

1L9=30.4

Ki=Lb/11
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Lo
11

13

14
15
16
L7

18
19
20
21
22
23
24
25
26
27
28
29
30
31

ocC O

K2=L5/L4%

K3= (L1*¥LL-L3%*L 3 +L4%L4+L5%L5)/(2.0%L 1%L 4}
K4¢=L5/L3

KO= (L 4L 4~L 5% S-L 1#L 1-13%L 3) /(2. 0%L1*L3)
Pl=3.142857143

§-=== THE SPEED (F ROTATIUN OF THE INPUT LINK =300 R.P.M.

S=300.0
DM2=(2,0%PI%S) /60.0
WRITE(6,100) )
100 FURMAT(LHLy9IX " DEGREES! 313X,y 'X~DISP.OF P',8X4'Y-DISP.OF P?",10X,'2~
*RIT LOF pe)
P2=-10.0
5 P2=P2+10.0
T2={P2%2.0%P[)/ (360.0)
AA=DCOS(T2)+K3-K1-{K2%*DCOS(T2))
BB=~2 . 0%DSIN(TZ2)
CL=K1l+K3-{1.0+K2)*DCOS(T2)
DU={K4%0COS{T2))+DCOS(T2)+KS—KI
EE=-2.0#DSIN(T2)
FE=(K4*xDCOAS(T2))-0COS(T2)+K5+K1
[3=2. 0% (DATAN( [ ~EE~USQRT(EE*EE~4 . 0%DD*FF) )}/ (2.0%DD} ))
T4=2.0%(DATAN((~BB-DSQRT(BB*BB-4.0%AA*CL) )} /{2.0%AA)))
ALP=P1/3.0"
XP=(L1#DCOSIT2) )+ (L2*DCOS(ALP+T3))
YP=(L1I¥DSIN{T2))+(L2*OSINLALP+T3))
®*THE COUPLER CUGNATE DIMENSIONS ARE AS FOLLOWS:- *

K=L2/L3
CL&=DSORTLL2¥L2)#(L3%L3 )~ (2.0%L2%L3%DCOS(ALP)))
CL3=L46CL4/L3

CL2=K*L 4
CLS=DSQRTE(IKELS)#%2) + (L5¥L5)=(2.0%L5+L54K*DCOS (ALP)))
CL1=L1¢CL4/L3

CBY A= [ (L3#L3) +(CL4®CLA)=(L2%L 2} 1/ (2.04L 3¥CL 4)
SBTA=SQRT(L.0~(CBTA) %2 )

TRTA=SBTA/CBTA

BUT A= DATAN{TBTA)

CALP=PI-(BETA+ALP)

CK1=CL5/CLL

CK2=-CL5/CL4 _
CK3=(CLI*CL3-CLI#CLL~CLA*CLA-LL5*CL5 )/ (2.0%CL1*CL4 )
CR4=-CL5/CL3
CK5=(CLL*CLL+CL3*CL3+CLS*CLS—CLA*CL4) /1 2.0%CL1#CL3)
CAA=DCOSET2)#CK3-CKI-{CK2¢DCOS(T2))

CBB=-2.0%DSIN(T2)

CCC=CKL+CK3—(L.0+CK2)*DCOS (T2}
COU=(CK4*DLUSIT2)) +DCOSIT2 ) +CK5-CKL

CEE==-2.0%DSIN(T2)

CEF=(CK4*DCUS(T2))-DCUS (T2 14+CK5+CK1
(T322.0%({DATAN((-CEE~ISQRTICEE*CEE~4.0¥COO*CFF) )/ (2.0%COD) ))
CT4=2.0% (DATAN((~CBB-DSIRT(CBB#CBB-4.0XCAARICC)) /(2. 0%CAAY ) )
XPP=(LLL¥DCOS(TZ))+(CL2%0COS (PT-(CALP-CT3)))
YPP=(CLL*DSINGT2) ) +{CL2*DSINCPI=(CALP-CT3)))

CUMZ2~=-~ THE ANGULAR VELOCITY OF THE INPUT LINK OUF THE CUGNATE.
LUM2=2(2.0%P[¥S) /60.0
CALPH2=0.0

CUM3= (CLLI*CUMZ*DSINIT2-CT4))/(CL3*DSINICT3-CT4))
COM4= (CLL¥COMZSHOSINICT3-T2)) Z(CL4*DSINICT4-CT3))
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62
64

65
66
67

68
70
T1

72
73
T4
75
76
77
78
749
80
81
82

a3

B4
85
86

87
88
89
90
91
92
93
94
95
96
Y7
98

100
101
102
103
104
105
106
107
108
109
110

CAJ=CL4*DSINICT4)

CBJ=CL3EDSINICT3)
CLJI==(CLI*CALPH2*DSIN(T2))-(CLL*COM2*%COM2*DLOSIT2) ) +{CL3*CAM3*COM3
*XDCOSICTIN)~(CL4*CUM4*COM&L*DCUSICTA)) :

CDJ=CL4%DCAS(LT4)

CEJ=CL3*DCOSICT 3) ) ’
CFJY==(CLL*CALPH2¥DCOS{T2)) +(CL1*COM2*COM2*DSIN(T2) )~ (CL3*¥COM3*(0OM3

S EsOSINICT3))+(CL4*COMA*COME*D SINICT4))

CALPH3=(CCURCDJ-CAJ*CFJI)/{CAJ*CEI-CBI2CDJ)
CALPH4=(LCJI*CEJ-CBI¥CFJUY/ LCAJRCEY-CBI*CDY )
LXPA=-(CLL*COM2*COM2¥DCOSIT2) ) —{CLL*¥CALPH2¥DSIN(T2) ) +(CL2*COM3*C UM
¥360CUSICALP-CT3))—(CL2*CALPH3*DS INICALP-CT3))
CYPA=~(CLL*¥CUMZ2ECUOMZ*DSIN(T2) ) +{CLL*CALPH2#DCOS(T2))-{CL2*COM3*COM
¥3.DSIN{CALP-CT3))-(CL2*CALPH3*OCOSICALP-CT3))
CXPF=CXPA*2,0/(12.0%32.178)

CYPF=CYPA¥2.0/(12.0%32.178}

CAL=-DCUS(T2)

CRL=DSIN(T2)

LCL=0CUSICT4)

CLL==DSINIT2)

Ck1=-DCOS(T2)

CFL=DSINICT4)
COL=(CL2*DCAS(T2)*DSINICALP-CT3))+(CL2*¥DSINIT2)*DCOS(CALP-CT3))
CHYI=(CL2*DCUSIT2)*DCOS(CALP-CT3))~(CL2*¥DSIN(T2)*DSINI(CALP-CT3))
CLL=(CL2*DCOSIT2)#DSIN(CALP-CT3))+(CL3*DCOS(CT3)*DCOSICT4) I+ (CLZ2*D
#SIN(CT4)*DCOSICALP-CT3) )+ (CLI*DSINICT4)#*DSINICT3))
CRL=(LAL*(LCEL*CT L) —(CFL*CHL ) ) —(CBL*L(LDL*CIL)-(CFL¥CGL)) )+ {CCL*(
(CD1*CHLY-(CEL*CGL)))

CCX=DCUSICTI-CT4)

CSX=0SINICT3-LT4)

CCTX=CLX/LSX

THE FORCE-TRANSFORMATION MATRIX FOR THE CUOGNATE MECHANISM.

V(L) ==-DCOS{CALP-CT3)
UL2)==DSIN(CALP-CT3)

Ui31=0.0
UG4)=((CEL*CILI-(CFL1#CHL))/CRL
UCS)={(CFL*CGL1)-(CDL1*C 1)) /CRL
UL6)=(1CDL*CHLIDI-{CEL*CGL) )/ CRL
UTY=~(LL2%DSIN{CALP-CT3) ) #CLTX/CL3
U{8)=-LL2#DSIN(CALP-CT 3)
UL9)=DSIN(CALP-CT3)

Ul 1C)=-DCOSICALP-CT3) ’
Utl1)=0.0
U(L2)={(ECL*CHL)~(CBL*CIL) )}/ CRL
VL3 =1 (CAL*CIL)-{CLL*C5L) ) /CRL
ULL4)={(CBL*CGL)-{CAL®CHL))/CR1
UL15) =-CL2%DCOS({CALP-C13)%LCTX/CL3
UL L6)=-CL2¥DCUS(CALP-CT3)
Utl171=0.0

Ut18)=0.0

U1Si=1.0

UL20) ={ (LBL*CF1)—-{CCL*CEL) }/CRL
UE21)=t(CCL1¥LLLY~1CAL¥CFL) ) /CRL
U(22)=((CAL*CEL)I-{CBL*CDL) }/CRL
U23)=0CIX/CL3

Ule4)=1.0

TRANSPUSING THE FORCE-TRANSFER MATRX
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111
112
113

114
115

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

140
141
142
143
144
145
L46
147
148
148
150
151
152
153

s Nslael oOoah

[aNp]

[aNeNel

TRANSPUSING THE FURCE TRANSFER MATRIX (CBETA) OF THE COGNATE.
N=§

M=3

CALL GMTRA(UyRyNeM)

THE TRANSPOSED FORCE~TRANSFER MATRIX IS MULTIPLIED BY THE
COGNATE FLEXIBILITY MATRIX . '

DO 88 1=1+24

88 A(L)=R(I)

*¥ALL LINKS ARE (F UNIFURM CROSS~SECTION OF DIA.=0.5%,

¥ CCCA**-CROSS -SECTIUNAL AREA OF ALL L INKS.
CCA=0.1963495408

w0 CME* ' -YOUNG'S MUDULUS OF ELASTICITY FOR MATERTAL ALUMUNI UM.
CME =10000000.0

#UOCMI* ' -CRUSS-SECT IONAL MOMENT OF INERTIA.
CMI=0.0030079615

THE FLEXIBILITY MATRIX FOR THE COGNATE MECHANISM '*'CF'*.

FUL)=CL2/(CLAXCNE)
F(2)=0.0

F(3)=F(2)

Fl4)=F(2)

F{5)=F(2)

FL6)=F(2)

FT)=F{ 2}

FL8)=F(2)

F(9)=F(2)
FULO)=(CL2*CL2%CL2)/(3.0%CMEXCMI)
FILL)=(CL2%CL2)/(2.0%CMEXCMI)
Fll2)=F(2)
FL13)1=F(2)
FlLl4)=F(2)
FOL15)=F(2)
F(l6)=F(2)
FI1T7)=F(2)
FILB)=(CL2%CL2) /{2.0%CMEXCMI)
F(19)=CL2/ (CME*CMI)
F(2Q)=F(2)
FL21)=F(2)
F(22)=F(2)
Fl23)=F(2)
Fl24)=F(2)
F{25)=F(2)
FL26)=F(2)
FL27)1=F(2)
F{28)=2CLL/ (CCA%CME)
F{29)=F (2}
F{30)=F(2)
F(31)=F(2)
F{32)=F(2)
F(33)=F(2)

F(34) =F(2)
F(35)=F(2}
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154 F(36)=F(2)

155 FI3T)=(CLLISCLLI*CLL) /(34 0%CCARCME)
156 F(38)=F(2)

157 FU39)=F(2)

158 FL40)=F(2)

159 Flall=F(2)

160 F(42)=F(2)

161 Fla3)=F(2)

162 Fla4)=F(2)

163 Fl45)=F(2)

164 Fl46)=CL4/( CCAXCME )

165 Fl4TI=FL2)

166 F(48)2F(2)

167 Fl49)=F(2)

168 FI50) =F(2)

169 FISLI=F (2}

170 FI52)=F(2)

171 CE(53)=F(2)

172 F(54)=F(2) v
173 F(55)=CL3/ (CCA%CME)

174 F(56)2F(2) :

175 FISTI=F(2)

176 FIS81=F(2])

177 FI59) =F(2)

178 FL60)=F(2)

179 Flol)=F(2)

180 FL62)=F(2)

181 F(63)=F(2)

182 Fl641=CL3/(3.0%CME*CMI)

183 N=3

184 M=8

185% . MSA=0

186 MSB =0

187 L=8

188 CALL MPRDUA,FeRyNyMyMSA, M5B, L)

C
[ THE PRODUCT R IS MULTIPLIED BY THE FURCE-TRANSFER MATRIX.

: ¢ :

189 DO 99 I=l,24

150 99 A([)=R(I)

191 ULL)=~DCOS(CALP-CT3)

192 U(2)=-DSIN{CALP~LT3)

193 U(3120.0

194 U4 )= ((CEL¥CIL)~(LFL¥CHL))/CRL
195 ULS5)=((LFL®CGL) =tLDL*CILY) /CRL
196 U(6)=({CDL¥CHL)~{CE1*CG1)} /CR]
197 UIT)==(CL2%DS INICALP-CT3) ) *CCTX/CL3
198 ULB)=~LL2*DSINICALP=CT3)

199 U(9)=DSIN(CALP=CT3)

200 U(10) =~DCOS(CALP~CT3)

201 U(L1)=0.0

202 UIL2)=((CCL*CHL)-(CBL*CIL1))/CR]
2073 UEL3)=¢(CAL¥CIL)=(CCL*CGL) )/ CR]Y
204 ULL4)=(1CBI*CGL)~CCALXCHL)) /CR]
205 U{15)=-CL2%DCUS (CALP-CT3)#CCTX/CL3
200 UCL16) =-CL2*DCOS(CALP-CT3)

207 U(LT)=0.0

208 U(18Y=0.0

209 Ul 19 =1.0

210 U(20)=({CBL*CFL)-{CC1*CEL})/CR1



211 Utz =0(eL1*LDL)-(CAL*CFL) )/ CRE

212 U(22)=((CAL*CEL)-(CBL*CDL))/CRIL
213 U(23)=CCrx/CcLs
2l4 Ul24)=1.0
215 N= 3
216 M=8
217 MSA =0
218 MSB=0
219 L=3
220 CALL MPRD(AsUsR ,NoMaMSA,MSB, L)
221 DI 1L 1=1,9
222 11l ACD)Y=R(1)
¢
o THE PRUDUCT IS MULTIPLIED BY THE EXTERNAL FORCE MATRIX veper,
C
223 B(1)=CXPF
224 Bl 2)=CYPF
225 B(31}=0.0
2206 N=3
221 M= 3
228 MS A =0
229 MSB =0
240 L=1
231 CALL MPRD(A,BsRyNyM{MSA,MSB,L)
232 CXX=R(1)
233 CYY=R(2)
234 CRT=R(3)
C
C THE FULLOWING TRANSFORMATION LOCATVES
(‘_ .................................
C
C THE COGNATE IN ITS TRUEL
(: ___________________
C
C POSITION
C ________
C
235 XIP=XPP-CL5
236 XRP=(XUP%DCOS (-BETA) )~ (YPP*DSIN(=-BETA))
237 CXP=XRP+LS
238 LYP=(XDP¥DSIN(-BETA)I )+ (YPP&DCUS(~BETA))
239 NCX P=CXP+CXX
240 NCY P=CYP+CYY
241 NL XP=C XP+C XX
242 NCY P=CYP+CYY
243 WRITE (6+200)P2,CXX,CYY 4 CRT
244 200 FURMAT(LHUs 5X+F 12,64 6XeFLl2.6+48X,FL1246 48X 4F12.6)
245 1F{P2.6T.360.0) GO TO 1
246 GO TO b
247 L sTop
248 END

SENTRY






10
t
17
13

14
1%
16

1y
19
20
21
P4
23
24
:i L)

26

PR
‘\(‘
54
31
52
oy
34
S
S
5
38

$J08
L
L

Y

[ e I e I eI G o Ban B SN’

OO

FIME =55, NOSUBCHK L IBLISI
B R N L P T TR T TR TR A T P T R R R e R R P L R S T S

A A N R R R A R A R MR R R R A R R AR T S KR ARk

* *
* LASE 11 %
» ' . ——— — %
#” «
L R e T S T 2 Ly
* &
% EACH ELEMENT HAS A CINCENTRATED MASS LOCATED AT EACZH JOINT. *
= —mm e e e mme e e - — —_——— e —— e ——— e W
" *

e R ool g o ok e oo kol e o R etk R ko A e e Rk ek ok R R ke Rl Ak R Rk e Rl

Qg Kete o e e e ool a2 o ek a2k o e e AR g e e ot e ok o e ool ok e ek vk o o e e ok A ko R R ok R R &
DOUBLE PRECISION LEIsL2eL39Lbolb oKL 1K2 9K3 3K& 4 K5, DCUS, DS INy DAT AN,
FAA, B Clo DDe b Ly FFoAL9BLyCLlyODLyELleLleGLiHLy Il aR1+CXySXyCTXsDSQAKT,
T2 6 130T ALP yCAgMI g ME 9 IM2 3 OMA, UMGy AJs BJ 9 LIy Dds by FJ, ALPH2, ALPH3,

CALPHG s DCOT gy PLe XP g YP o XXy YY s NXP 4 NYP

e ONTY ,VOLLVELZ VOL3eVUL 49 XAAy XBAL YAA ,YBA, ML, M2y M3, M4
DEMENSTUON A{G+) 2»8064) sRI64)45(37,2),01(37,2)
L1=10.0

L2=1040

13=30.0

La=725.0

Lo =30.,0

Kl=Ll5%/01

Ka=LH/L 4

K32 (LIXLL-L3%L3+L4*L4G+LOXL5)/(2.0%L 1%L4)
Ka=1%/13

KH= (L axl 4=Lo*L =L 1*L 1-L3%L3)/(2.0%L1%L3)
Pl=3.14s897143

SPEED ~~~= THI SPELD JF THE INPUT LINK IN R.P.M.
SPEEU=300.0

UM2=(2.0%P[*SPELD)/60.0
WRITF(6G,100)

LU FOKMATULHL 99X ' DESKEESY o L3X,'X=-DISPJUF P, 38Xy *Y-DISPIF 21,100, "L~

HK T LIF P V)

Pe==-10.0

P2=P2+10.0

12=(P2%2.0%P1)/ (360.0)

AA=UDCNS T2 ) #K3-KL-(K2*DCUS (T 2))

= =2, 0%DSIN(T2)
CL=KIEK3=(1.0¢K2)EDLIS(T2)

D= (KevDCUS(T2) ) +DCUSTT2 ) #K5~-K ]

b =220%DSINET2)
FE=(RADLAS T2 Y )I-DC0SIT2) #K5 4K ]

P52 20 OFEDATANCL~EF ~OSIRTEE¥EL -4 «URLDORFF) )/ (2.0%DD)Y)
T4 2.0 {DATANC L =83 -DSOIKT(B3BEBB~4. 0%AARLC) ) /L 2.0%AAN)))
CX=DCUS {1 4-T3)

SX-DSINCT4—-13)

LEX=CX/5X

ALP=PI/ 2.0

XP =00 1=0LOS TP+ L 2%DLUSALP+TS))

Y= (L L DS INCEZ2)) ¢ (L 2FDSINCALP+T3))

D s 2l L L UM2%0 5t N{E4=T3)) /(L 3%DS IN(T4-T4))
DML LEIMOELSINCT2=T3)) /(L4*0SINIT4-T3))
Ad-La%xdy IN(T4&)

DA L3m)SIN(T3)
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1y
40
4l

a3
44
45
a6

4l
48
/' ()
YY)

51

53

Hb
&
(<X
HY

14

74

CJ - LLLROMZEOM2%DCISIT2) ) # 0L 3X0OM I3 %QC0S(T3) )~ (L+%UMG&OM*DCOS( T4
*))

DJ-14%)CASLT4)

fd=L3%DCOSLT 3)

Ids (La®xOMa UM% DSTINITG ) )= (LL¥IM2E0CAZEDSINIT2 ) ) =11 330M3%I93%DSINC T3
v))

ALPHZ=0.0

ALPHA=(CJxDJI-AJ¥FS)/ (AJ*EI~-BJ%DY)

ALPHA= (LIRFJ=-BJ%FJ) /(AJ¥EI-HI*DJ)

XPA=~{L L%0OM2%0M2%DCIISIT2) ) ={LI*ALPH22OSINL T2) ) =( L2*UuM3I*0M3%0COS(
FALPHT3) )= (LZ*ALPHIXDSIN(ALP+T3))

YPA= (L I¥ALPH2EDCOSITZ) )= (L LROM2%¥IM2eD SINIT2) )+ (L2 ¥ALPHI®DCUS (ALP+
T3) )~ (1 2%OM3I*UM3R%DSINIALP+T3)})

XAA == L 1HDSINCT2)=ALPH2 I =(LEADCUS (1 2) #M2%0M 2)

YAA=CL L2DCUSTT2)*ALPH2) =L 1¥DSIN{T2) *iiM2«(IM2)

XBAZ— (LL¥ALPHZ*DSIN(T2) ) =L L*UMZ#=OM2=0CUS(T2) )= (LI%aM3%0M32DCUSIT3
)+ (L AXALPH3®DSINIT3) )

YBA== (L L%OM2%OM2%0STIN(T2) )+ (LLRALPH2%DLCSI T2 ) ) - (L3%UM3%UM3IRDSIN(T3
)y AL3IEALPHI*DCUS(T3)) !

*ALL L INKS ARE OF UNIFURM JIRCULAR CRGUGSS-SECTION OF 0lA.=0.5 IN. ®
HUCAM-CROSH-5ECTIONAL AREA OF ALL LINKS. *

CA=0.1903495408

FUMEM-YJUNGS MODULUS OF ELASTICITY FOR Tt MATARTAL ALJMUNIJUM. ¥
MF =10000000.0

FUMLM-CROSS =58 LT TUNAL WUMENT‘MF INERTI AL *
Ml?0.0WJObIVOl;

DENSLTY UF ALUMUNIIUM = 0.09Y8.

DNTY=0.094

GC=32,078%12.)

VOL 1=CAdL )

VAL 220A%L2

VUL 3= A%L)

Vill a=LAXL 4

ML= DNTY VUL L

Me NNTY#*VOL 2

M3z ONTY%VaL 3

MA = ONTY %Vl 4

Pl=(M2EXPA)/Z7132.178%12.D)

L= IM2XYPAY/(32.1T78%12.0)

PLi=u.0
Pa={MLe{XAANEDLOL(T2Y+#YAAR)SINITZ2)))/GL
PO (ML LYAARDSTINIT 2)-XAA%OCDS(T2))) /GC
POz AMa T (YBARLU L TR(T4)-XBAXUCUS(TA))) /60
Pla(MSELYAARUSTINIT3)=XAA%DCUSIT3)Y))/6C
Pa=0.0

AL=DCUS(T2)

Bl=—-DaINCT o)

Cl=Detis (T4)

DL=DST(F2)

P=DUsiT2)

FL=DSIN(TA)
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b2

B3
H4

L N4
84
39
90
91
92
()’l
34
aYy
96
97
98
99
100
101
102
103
104
105
106
o7
10y

109

ll()‘

1l

112
[N
1la
[ B
116
L
118
IR

121
122
123
124
124
1‘)(.
L7
L8

29
150
131
132

"

Gl=—(L2%DLUSTALP+T3)*¥DCOSIT2) ) +(L2*USINCALP+T3I)%®DCOSIT2))
ML= ={L2%DCUSCALP+T31EDCISIT2))~{L2%OSIN(ALP+T ) *DSIN(IT2))
L1=DSIN(T4)«{(L2%DCOS(TI) )~ {L2*DCOS(ALP+T3)))+DCOS(F4)x{ (L 2*DSIN(
ALP+T3))={L3%)SIN(T3)))

Ri= (ALX(EL*[L-FL¥HL) )= (BLX(DI*TL=-F1¥C L))+ (CL1x{DLXH1-E1%G1) )
THE FURCE TRANSFORMATION MATRIX.

AUL)=DCOS(TI+ALP) :

A Y==DSIN(TI+ALP)

Al )=0.0

Ala)=((FL¥[L)-(FL®H1)) /R

A(L)-{(HL1%GLI-(DL*IL))/R]

ACO)I=((DL1*HL)~(EL1%G1)) /RL

ACZI=CEXXDSIN(T3+ALP I ®(L2/L3)

ALB)==(OUSIN(I3+ALP) ) *12

ALD)I=DSINCT3+ALP)

ALLO)=DCUS (T I+ALP)

A{L1) 0.0

ACL2) = (LCLEHL-B 1*I1)})/R1

AlL3)={(AL%¥I1)-(CL%G1)}/R1

ACLA) =((BL*GL)-(AL%HL))/RL

ALLS) = (DCOSET3+ALP ) ) RCTX®(L 2/L 3)

ACL1O) =DCUSIT3+ALP) *L.2

AlLL)=0.0

A{lB)=0.0

A(L9)=1.0

A{200=0(B81*C 1) -(CL*EL) ) /R]

A(21Y=((CL*Di)-(AL%®F1))/R]

AL22) =L (AL*EL)-(B1®*0L1))/R1

AL23)==-CTX/L3

Al24)=1.0

Ny

4= 3

SLIARNSPOSING THE FIURCE TRANSFORMATIUN MATRIX(HETA).

CALL GMTIRA(A R ,NyM)

SEHANSPOSED PU<LE TRANSEER MATRIX IS MULTIPLIED BY FLEXIBILITY MATx%

SPEXOAND T RESULY IS STORED IN R. *
iy Hh T=Lly24

ALY L)

Tl FLEXIBILITY MATRIXW({F)", *

D=0 2/ 00LARME)

W21:0.0

W3)=U.0

H{4)=0.0

S5 )70.0

Blo)=0.0

Bl /731=0.0

BB I-0.0

B(9)=0a1)
BELOM=IL2%L2%L2) /134 O¥MEXMT )
BUOLL)=(L2*L2)/ (2.0%ME*MT )
3012)50.0

B3 0.0

Hla)=0a0

15 =0.0

BOLO) =00

BlL7)=0.0

S0L3) = (L2*L2) /(2 0%MEXMT)
LY =1 2/ (ME #M 1) ’
BL20)=ua0

021 =040
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133
134
135
136
137
134
139
140
L4l
L4a?
L4 3
144
l4%
146
lat
1448
149
150
151
Lve
153
154
L&Y
156
167
156
they
L6HO
Led
1o/
163
164
Loo
to6
167
1o
L69
170
171
112
173
174
175
/6
Lre
Ly
179
180
181

162
183

14
185
166
La87

($39)

HW22)-°0.0
3(23)=0.0
3{24)=0.0
Blzb)=0.0
B(26)=0.0
B{27)=0.0
Bl{2d) =L1/ (CA¥ME)
Bl29)=0.0
B(30)=0.0

B{31) =040
w(32)-0.0

{3 4)=0.0
B{34)=0.0
BE35)=0.0
Bl36)=z0.0

BE37) A (LLELLELL) /(3L C*LAXME)
BE38)=0.0

B3039) =040

vl 40)=0.0
Bl41)=0.0
Bl42)=0.0

Bl 43)=0.0
Bl44)=0.0

R(45) =0.0
BL406)=1 4/ (LAEME)
Bl47)=0.0

B{48) =0.0
sl49)=0.0

BEL0) =040
BES51)=0.0
HE52)=0.0

Bl 3)=0.0
B{v4)=0.0

B Sh=L 3/7{CA%ME)
Ble)=0.0
BESTH=0.0
3{HH8)=20.0
BiH9)=0.0
Blo0)-0.0
Bl61)=0.0

BloZ) =040
BE63)=0.0
AH4)Y=L3/ 13,0%ME*MT)
N

R

MY A=)

MS B =0

L-d

CALL MPRDCA B oRf gNegMyMSAGMSB, L)

TAHE PROIDUCT RIS MULTIPLIED BY THE FORCL TRANSFER AATIX,
N1 6o 1=1e24
ACE)Y R (T)

e FORCE TRANOFER MATRIX

BOL)=DCOS(T3+ALP)

W2 )==D5IN(T3¢ALP)
3(31=0.0

Bla) - ((FL*xT11)-(FL%HL)) /R1
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18K Bl )=l (h1*L1)=(N1x]L1))/R]

Ly SLo)=((ul*xHL )~ (L 1*51))/RL
190 PLTI=CUXEDSINCT o +ALP)I*(L2/L3)
191 BI3)==(DSIN(IT3+ALPY)*L2
192 SE9)=USINLTI#ALP)

194 A{L0)=DCOSIT3+ALP)

194 slill)=0.0

19% BL12)={(CLeHL)=-(BL¥[1))/RL
196 BO13)=((AL*[1)~-(CL*G1))/R1
197 BlL4) =((BLxGL)=(AL*HL))/R]
198 OIS == (DCUSIT3+ALP) I eCTX®E(L2/L3)
19% dllo)=DLOSIT3+ALP ) =L 2

200 ALl D) =040

201 BL1dH=0.0

202 H{19)=1.0

203 BL20)=({bBL*FL)-(LL*L 1)) /RL
204 BL2L)=((CL*DL)~(ALXF 1)) /R1
205 d{22)=((AL*EL)={BL*DL1)I/R]L
2006 B2 3) == 1X/1 3

2017 W24)=1.0

20u BE5S)=81(03)

209 B 26) =i (3)

210 J B2 =303)

Sl AL23) <1.0

212 S 249 =010 3)

213 HS0)03)

2la B3Iy =0(3)

215 BE32 =hH3)

21lo sl 3)=0(3)

27 B{34)=h(3)

218 BEss)-u03)

219 H{306)=i(3)

240 B3 -1.0

221 BE3A) =B03)

222 B39) =18 (3)

223 B 40)-3(3)

224 Blal)=n(03)

225 BlaZ2) =N(3)

246 sl4a 3 ol3)

221 B{44a)=0403)

22y B{AS) =1(3)

2709 BlAae)-1.0

230 Plaly~id(3)

231 Ny -t 3).

22 BlAaY)=1(3)

233 WELO) =i 03)

234 wl Sl L)

235 BLH2Y==DLUS{T12-T3)

BT BUS3) =S TIN(T2-T3)

i i i sa) 1 3)

RET B H) 1.0

289 SN G) 1)

200 BAYT)=3(3)

2ol HHRYR(3)

242 ol o) -vie3)

23 RE6L0Y-a303)

2y Blol) =0 d3)

245 blo2)=0(3)

2h6 WE6O 3= 3)

247 o 4) =1.0



248
204
290
251
252
253
254
2h5

I

240

SENTRY

IRl Sl At

T i N e

U]

Moot

MS A =Q

Mo =0

L8

CALL MPRED{AyBeReNeMyM>A,MSH, L)
D Al T=1424

ACTYI=R(D)

THL 5YSTLM FURCE MATRIX FUR THE SOURCE MECLHANISM.

SE1)=PL

W(2)y=772

i A)=p 3

34 )=P4

s ) =po

BLOY=P G

biTy=v/

nf{u)=0a4

N= 3

M-y

MSA = ()

MG =)

L=l

CALE MPED (A B Ny MyMUAZMS B, L)
XX=R(1)

YY=R(Z2)

Rk 4}

WAL 6y 2000P 20 XX oYY G R T
FURMAT LLHD 45X of L2 0t o BX4F124648XsFL2e098Xsf L2at)
TH P2 02300001 GO TG b
Wi b

SHup

LD

B N N R R I R L R L LR R I I P I AP S I SN
SHBALIUTINE GMTRA

PURNPUSE
TRANSPUSE A GUNFRAL MATRIX

US AT ‘
CALL GMTRACA, R A, M)

BESURIPTION OF PARASETIRS
A = NAME UF MATRIX 10 BF TRANSPUSED
= NAML OF KL SULTANT MATRIX
o= NUMBER GF ROWS IF A AND COLUMNS B R
A= NUMDET N b GULUMNS LI A ANU ROaS O R

Ri MARKS ' :
MATREX ROCANNUT 3 TN THE SAME LIOCATIUN AS MATRIX A
MATRILES A AND R MUST BF O STURED A SoNERAL MATRICEHS

SUBEJUTTNES AND FUNCTTun SUBPRUGRAAS PEQJIRED
NNt

SMITK
GMTR
GMTR
GMTR
GAT R
LMT K
GMTR
GMTK
GMT K
GMTR
SMT -
oMTin
GMTR
GMT i
SMTR
GMTR
GMIK
SGMTW
GMT R
UMY
GMTR
GMT <
GMT R
GMTR
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10
20
30
40
50
50
70
80
90
LU0
110
120
130
140
150
160
170
180
140
200
A0
220
230
240



219
280

241
2482
2473
44
2nh
286
287
48
249

coo oo

Ao

[aN ol ol el S AR alalaiie Eallaiie lalaital N el il alalalle Eal S R e!

-~ -

o

1o

ME-TiHU D :
TRANSPUSL N 8Y M MATRIX A TJ FUKM M BY N MATRIX ©

LI A I N R N N A L L R R R I N ey

SUBRUUTING GATRA{AIR N, M)
DIMENSTUN ALL),RUL)

Tu-0

D10 b= 14N
[J=1-N

DI 10 J=LWM
ly=T1J+N
[R=TH+1 )
ROLR)=ACTY)
RETURN

B

R R I I I I R A I N R I I R R R I I I I R e L)

SUBRUUT INL MPRD

PURPOSE
MULTIPLY TWl MATRICES TU FORM A RESULTANT MATRIX

USAGE
CALL MPRO(Ay By Ry Ne Mg MSAZMSByL )

DESLRIPTTION OF PAKAMETERS

A - NAME OF FIRST INPUT MATRIX

B~ NAME Ot SECUND INPUI MATRIX

Ko~ NAME JF OQUTPUT MATKIX

N — NUMBELR DF POWS IN A AND R

Mo- NUMBER OF LJLUMNS IN A AND RdwS IN 8

MSA — ONE DIGIT NUMBEK FUR STURAGL MODE JF MATRIX A
O - GENERAL
1 - SYMMETRIC
2 = DLIAGAINAL

M58 - SAME AS M5A EXCEPT FOR MATRIX B

L = NUMSER JF CUOLUMNS IN B AND K

Ri MARKS
MATKLIX < CANNDT - 8E IN THE SAME LOTATION AS MATRICHES A UK 3
NUMBER UF COLUMNS UF MATRIX A MUST BE EJUAL TU NU4BER UF
U MATIKIX B

SUBROUTINES AND FUNCTION SUBPRUOGRAMS REQJIRLD
Lat

ME THOD
THE M BY L MALeEX 3 1S PREMULTIPLIED 3Y THE N Y M MATKIX A
AND THE RESULT IS STORbw IN THE N AY ¢ MATRIA Re TH4IS IS A
HOW INTD) COLUMN PRODULT.
e FULLOWING TABLE SHOWS THL STORALL MOOE JF THe 0JTrPUT
MATRIX HOR ALL CUMBINATIUNS OF INPJT MATRICES
A ] R

GUNERAL GENEKAL CUNZRAL

GENERAL SYMMETRIL LENERAL

b NTRAL DIAGUNAL GENE AL

GMT <
GMTF
GYTx
GMT i«
SMTR
GMTR
GMT R
GUTx«
GMTR
GMTR
GMTR
GMT R
GMT R
GMIR
GMT
GMTP
GMT A

MP R}
wP )
pPRD
MPRJ
P2
MPRD

MPR)

MPRY
MPR()
MPR)
MPRD
MPRD
MPR )
MPRU
MPRD
MP )
MPKD
MPR)
MPR
MPRD
MPRJ
MpR)
MPR
MPR )
MPREO
MPRD

2 TWMPR)

MP R
MPR)
MPR)
MPRD
MORD
MPRD)
MPRU
MPR)
MPRD
MPRD
MP)
MPRU
MPRUD
MPRD
MPRD

94

250
260
270
ZR0

300
310
320
330
340
350
369
370
380
390
400
410

1%0
140
170
1849
194
200
210
<20
;30
240
250

210
280
290
500
510
320
330
342
350
360
370
389
390
400
410
420



290
291

292
293
294
295
296

297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

[aEakel oOCcoO0OCO

o

SO0 0T O0

L0
20

30

40

50
60
70

80
90

SYMMETRIC GENERAL GENERAL
SYMME TRIC SYMMETRIC GENERAL
SYMMETRIC OTAGONAL GENERAL
DIAGONAL GENERAL GENERAL
DIAGONAL SYMME TRIC GENERAL
DIAGONAL DI AGONAL . DIAGONAL

MPRD
MPRD
MPR)D
MPRD
MPRD
MPRD
MPRD

aecescesssecssscenssssssasnccencsessssossncascscacnsssnvcnsssacaseaaeesMPRD

SUBROUTINE MPRD{AsBsRyNeM,MSA,MSB,yL)
DIMENSION A(1l)sB{L),R(1)

SPECIAL CASE FOR DIAGONAL BY DIAGONAL

MS=MSAX10+MSB
[F{M5-22) 30,10,30
DU 20 I=1,N
R(IV=A(LI)®B(I)
RETURN

ALL UTHER CASES

[R=1

DO 90 K=1l,L

DJ 90 J=1,N

RUIR)=0

DO 80 I=1,M

IF{MS) 40,60,40

CALL LOC{JsI4s1AsNyM,M5A)
CALL LOC(I+Ky[BsMslL 4MS58)
IF{IA) 50,80,50

IF(1B) 70,80,70
[A=N¥k([-1)+J
IR=Mk{K-1)+I
ROIRY=R{IR)+A(1A}*B(IB)
CUNTINUE

IR=[R+]1

RE TURN

END

MPR)
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPR)
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPR)
MPRD
MPRD
MPRD
MPRD
MPRYD
MPRD
MPRD

Loc

N s 1

SUBROUTINE LOC

PURPUSE

CUMPUTE A VECTUR SUBSCRIPT FUR AN ELEMENT IN A MATRIX OF

SPECIFIED STORAGE MODE

USAGE
CALL LUC (T9JsIReNgMyMS)

DESCRIPTION OF PARAMETERS

1 - ROW NUMBER OF ELEMENT

J - CULUMN NUMBER 0OF ELEMENT
IR -~ RLSULTANT VECTUR SUBSCRIPT
N - NUMBER OF RUOWS IN MATRIX

M - NUMBER OF CILUMNS IN MATRIX

MS - ONE DIGIT NUMBER FOR STORAGE MODE OF MATRIX
0 ~ ULENERAL

LOC
Laoc
LOC
LOC
LOC
LOC
LOC
LocC
Lac
Loc
LocC
LacC
Lac
Luc
L3C
tac
LocC
Lac

95

430
440
450
460

510

640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
819



LY
SAl6G
317
31y
39
320
321
30
123
324
325
320
327
328
329
330
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I -~ SYMMETRIC LoL 210
¢ =~ JIAGUNAL LuC 220
LOC 230
REMARKS LJC 240
NUNE LUC 250
) Luc 260
SUBRUUTINES ANU FUNCTION SUBPROGRAMS REQUIRED Lo 270
NUNE LoC 280 )
LOC 290 f
ME THUD LJc 300
M5=0 SUBSIRIPT TS COMPUTED FOR A MATRIX WITH NeM ELEMENTS LOC 310
IN STORAGE (G ENERAL MATRIX) LaoC 3290
My=1 SUUSLRIPT IS COUMPUTED FOR A MATRIX WITH N#(N#1)/2 IN LOC 330
STURAGE (UPPER TRIANGLE OF SYMMETRIC MATRIX). IF LOC 340
ELEMENT IS IN LUWER TRIANGULAR PURTION, SURSCRIPT IS LOC 350
CORRESPONDING ELEMENT IN UPPER TRIANGLE. LUC 360
MS=2 SUUSCRIPT IS CUMPUTED FOR A& MATKIX WITH N ELEMENTS LOC 370
IN STORAGE (DIAGONAL ELEMENIS JF JDIAGONAL MATRIX). LJC 380
LE ELEMENT IS NOT ON DIAGUNAL (AND THERFFOKE Nul IN LOC 390
STOKAGE), IR IS SET TO ZEROD. ) LOC 400
LUC 410
M R T S P 13 [ 10
L0 430
SUBROUTINE LUC(LyJeIR, N, My MS) LUC 440
LOC 459
[X=1 LUC 460
JdX= LIC 4710
[FIM5-1) 10,20, 30 LIC 480
LRXENAJX =L ) +1X . LOC 490
G TO 36 LJC 500
IFLIX=JX) 22,24424 LOC 510
[RX=IX+ (JX*IX-UX)/2 LOL  »20
Gu 0 36 : LUC 530
FRX =X+ (IX®IX-1X)/2 LUC 540
ut) i) Ao LiC 550
K X=0 Luc 560
[F(IX~JX) 36452430 LUt 570
IRX=1X Ltal 530
IR= IR X LIOC 590
RETURN Ltac 600
FND Luye 610



$J0B TIME=55,NOSUBCHK,LIBLIST
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C
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-

g Rk ek ke xR koo ko kR Rk Rk kR ko ke ke kR R ¥

CASE II

Ttk EE RN AR KRk XEHERRCOUPLER- COGNATE MECHANISM A& &t it ook oo ok &

o] 3

E R I R - L RN A

FOUR-LINK MECHANISM

O 3 H o % on R & o ¥

R Rk ke kxR kR kR kR Rk d kR kR kR e ek e ek
DIUBLE PRECISION L1+CLLsL2yCL2oL3,CL34L49CL4,L5,CLSyKL,CKLoK2,CK2,
¥K3 g CK3 o K4y CK49KS9LKS5yAA,CAABByCBByCCoCCC,DD+CDDyEELCEE+FF oCFE,T2,
*T3,CT3,14,076,0M2,C0M2,0M3 ,L0M3,0Mé&,LUMGsAJyCAJ,BIyCBILI, CCIDINC
DSy By CES9 FUsLFJWALPsCALPyALPH2y CALPH2yALPH3 sCALPH3 JALPHG, CALPHS 4D
#COS +DSIN,DATAN,OSQRT,0CAT» CX,CCXsSXs CSXoCTX,CCTXyAL,CAL,BL,CB1,C 1y
H¥ULsD1sLDLoELsCEL9FL9CFLeGLyCGLoHY #CHL 11 4yCILsRL,CRI4PI,CA,CCAMI,
¥CMI yME, CME) XPyCXPy YPoCYP g XXo CXXo YY9CYYSNXP o NC XP yNYP 4N YP
¥ o XPPyYPP,BETAW L1 +220K,CBTA,SBTA,TBTA

Ty DL XX RUXXy TCPP Xy TCPPY

DIMENSTON A(64),B(64)R(64),Ulb64),F(64)

L1=10.0

L2=10.0

L3=30.0

L4=25.0

1L.5=30.0

KL =15/11

Kd=LS/L 4

K4z {L LRL1-L3%L 340 4%L4+L5*L5) /1 2. 0%L1%L4)

Ka=Lb/L3

Ko=(Le*L4-L5%LS~LL1*L1-L3*L3)/(2.0%LL1*¥L3)

W ITE{L, 100)

FORMAT(LHL ,9X s "DEGREES '+ 13X, 'X~DISP.OF P',8X,*'Y-DISP.OF P*,10X%, *Z~
WUT.OF PY)

P1=3,14285T143

S-=-=~ THE SPEEO OF ROTATION OF THE INPUT LINK =300 R.P.M.

$=300.0
UM2={2.0%P1%5)/60.0
P2=-10.0
P2=P2+10.0
[2=(P2%2.0%PI1)/1{360.0)
AA=DCUSIT2)+K3-K1-(K2%DCOS(T2))
BR==2,0%DSIN(T2)
C=KLI+K3=(1.0¢K2)*DCUS(T2)
D= (KexDCUS(T2) 1+DCOS(T2)+K5-K1
EL==2.0%DSINLT2)
FE=(K4¥DLOSET2))-DCUSTT2) +K5+KL
13220 (DATAN({ ~EE~DSJIRT[EEXEE~4OFDD*FF) )/ 2.0%DD) ) )
T4=2.0% (DATANI{—BB-USQRT(BB*BB~4.0%AA%XCC) )/ (2.0%AA)))
ALP=P1/3.0
XP=(LL*DCOS(T2))#(L2%0COS{ALP+T3))
YP={LL*OSIN(TZ2) )+ L2¥OSIN(ALP+T3))
*11HE CUUPLER CUGNATEL DIMENSIUNS ARE AS FOLLOWS:- *
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12

74
7%
76
17
8
19
a0

82

83

84
85

98

K=L2/L3

CLA=DSWURT(LL2*L 2} +(L3%L3)-(2.,0%L2%L3*DCOS(ALP)})}

CL3=L4%*CL4/L3

LL2=K%xL 4

CLS=USIRT [ ((K*LH)*#¥2)+(LS*L5)-(2.0.L5%L5¢K#DCOSIALP)))
CLL=L1%CL4/L3

COTA=({L3*L3)+(CL&*CLA)-(L2%L2))/(2.0%L3*CL4)
SUTA=DSQRT{1.0-(CBTA)*#*2)

THTA=SHTA/CUTA

BETA=DATAN(TBTA)

CALP=Pl—-{BETA+ALP)

CKLl=LLS5/CL1

CLK2=-CL5/CL4

CKI=(CL3¥CL3-CLL*CL1-CL4*CL4-CLS*CLS)/(2.0%CLL*CL4)

CK4=-(LS/CL3

CKS=(CLL*CLL+CL 3%CL3+CLS*CLS5-CL4*CL 4} /{2.0*%CLL1*CL3)
CAA=PLUS(T2)+CK3~CKL-(CK2%DCOS(T2)})

Cb=~2,0%DSIN(T2)

CCC=LKL+CK3-(1.04CK2)*DCASIT2)

COD=(CK4*DCUS(T2))+DCOS(T2)+CK5-CKL

CEE=-2.0%DSIN(T2)

CEF=(CK4*DCOS(F2))=DCOS(T2)+CKS+CK1

CT3=2,0%(DATAN((-CEE~-DSQRT (CEE*CEE-4.0%CDO*CFF))/(2.0%CDD) ))
CT4=2.0%(DATAN{ (-CBB-DSQRT(CBB*CBB-4, 0*CAAXCCC)) /(2.0%CAA) )]}
XPP={CLL*¥DCUS(T2)) +{CL2¥DCOS(PI1-(CALP-CT3)))
YPP={CLI*DSIN(T2) )+ (CL2*¥DSIN(PI-{CALP-CT3)})

COM2=(2.0%PI*5)/60.0

CALPHZ2=0.0

COM3=(LLLI*COM2¥DSINIT2-CT4)) /(CL3=DSIN(CT3-CT4))

CUMG= (CLL*COM2*DSINICT3-T2)) /(CLA*DSINICT4-CT3))

CAJ=CL4*DSIN(CT4)

LBJ=CL 3*¥DSINILT3)
CCJ=—(CLL*CALPH2*DSIN(T2))-(CLL1*COM2%COM2%DC0SIT2) ) +(CL 3% OM3%COM3
EDCUSLICT3) ) —(CL4*COM*COME*DLDS (CT4))

CDJ=CL4*DCOSICTA)

CFJ=CL3*DCOSICT3)

CRY==(CLLL*CALPH2¥DCUS(T2)) +(CLL*COM2*COM2%DSIN(T2) }—-(CL3*COM3*CQOM3
*%DSIN(CT3))+{CLA4*COM4*CUMA*DSIN(CT4) )

CALPH3I=(CCJI¥COJ-CAJ*CFJ)/ (CAJ*CEJ-CBI*CDJ )
CALPH4=(LLJ*CEJ-CBI*CFJ) /(CAJ*CEJ-CBI*CDY)
CXPA=-{CLL1*CUM2*COM2¥DCOSIT2) )~ { CLL*CALPH2*DSIN(T2) ) +(CL2¥CUM3*COM
#3¢PDCUS(CALP~CT3 1) —(CL2*CALPH3*DSIN(CALP-CT3))
CYPA=~{CL1¥CUM2+CIM2* D SIN(T2) )+ (CLLI*CALPH2#DCOS(T2))—~(CL2*COM3*COM
*3¥PDSIN(CALP-CT3) )= (CL2*CALPH3I*DCOS(CALP-CT3))
CXPF=CXPA%¥2.0/(12.0%32.178)

CYPF=CYPA%2.0/(12.0%32,178)

CAL==DCUS(T2)

Ll=DSINCT2)

CLL=DCUS(CT4a)

COL==DSIN(TZ2)

CE1==DLUS(T2)

CFL=DSIN(CT4)
COL=(CL2%DCUSIT2)*DSINICALP-CT3))+(CL2%DSIN(T2)*DCOS(CALP-CT3))
(HL=(CL2%DCOS(T2)*DCOS(CALP-CT3) }-{CL2%DSINI(T2)*DSIN(LALP~(CT3))
CLL=(CL2%DCOS(T2)*DSIN{CALP-CT3))+(CL3*0COSICTI)*DCOS(CT4))+{CL2*D
*SIN(CT4)*¥DCUS{CALP-CT3))+{CL3*DSIN(CT4)*DSIN(CT3))
CRL=(CAL*{((CEL*CIL)-(CFL*CHL)) ) ~(CBL1*{(COL*CIL)-(CFL*CGLI ) +{CCL*(
(CDL*CHL)-(CEL*CGL) ))

COX=DLNS({CT3+CT4)

COX=DSINICT3-CT4)
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87
0e
3]
90
91
9?2
93
94
95
96
97
98
Y9
100
101
102
103
104
105
106
107
108
109
110

111
112
113

114
115

116

118

119
120
121
122
123
124
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CCTX=CLX/CSX

THE FORCE TRANSFURMATION MATRIX FUR THE CUGNATE FOR CASE#2.

ULl )=-DCOS(CLALP-CTI)

Ul2)=-0SIN(CALP-CT3)

Ui 3)=0.0

Ula)=(CEL*CI1-CFI*CHL)/CR]

U(5)=(CF1*CGL1-COL*CI1)/CR]1

UL6)=(CDL*CHIL-CEL1%CGL) /CRL

U=~ (CCTX*DSIN(CALP-CT3) *CL2/CL3)

Ut8)=-DSIN{CALP-CT3)*CL2.

UL91=DSIN(CALP-CT3)

ULL0Y=-DCUS(CALP-LT3)

vl =0.0

Uil2r=(CC1*CH1-CB1*CIL1)/CR1

ULL3)=(CAL*CI1~-CCL1*CGL)/CR1

Utl14)={CB1=CGLl-CAL*CHL)/CRIL
ULLS5)=-(DCOSICALP~-CT3)*CCTX*CL2/CL3)

U(16) =-DCUS(CALP-CT3)*CL2

Ut 17)=0.0

U(Le)=0.0

ull1s) =1.0

Ul20)=(CB1*CF1-CCL1*CEL)/CR1

Ui21)=(CCL*CDL-CAL*CFL)/CR1

Ui22)=(CAL*CE1-CBL*CDL)/CR1

Ul23)=CCIX/CL3

ut24j)=1.0 :

TRANSPOSING THE FORCE TRANSFER MATRIX (CHETA) OF THE COGNATE.
N=8
M=3 :
CALL GMTRA(U,RsNyM}

THE TRANSPUSED FURCE-TRANSFER MATRIX IS MULTIPLIED BY THE
COGNATE FLEXIBILITY MATRIX .

Du 88 I=l,24

88 Aa(l)=R(I)

“ALL LINKS ARE OF UNIFURM CROSS—-SECTION OF DIA.=0.5".

¥* P CCAY Y -CROSS-SECTIONAL AREA OF ALL LINKS.
CLA=0.1963495404

*'CCME*T'-YUUNG®'S MIDULUS DF ELASTICITY FUOR MATERIAL ALUMUNI UM.
CME=10000000.0

®IOCMI* ' -CROSS-SECTIUNAL MOMENT OF INERTIA.
CM1=0.003067961>

FHE FLEXIBILITY MATRIX FOR THE COGNATE MECHANISM "'CF'',

F(Ll)=CL2/(CCA*CME)
Fl2)=0.0

F{3)=F(2)
FLal=F(2)
FIS)=F(2)
Flol=F(2)
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125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
141
L42
143
144
145
(XY
147
148
149
150
151
152
153
154
155
L6
157
158
159
160
161
162
L63
164
165
166
167
168
169
170
171
172
L3
174
175
176
177
178
179
180
181
182
183
184

F(T)y=¥L2)
F(8)=F(2)
F{9)=F2)

FULOV=(CL2%CL2%CL2)/( 3. O%C MEXCMI )
FULL)=(CL2Z¥CL217 (2 .0%CME*CMT )

Fil12)=F(2)
FL13)=F(2)
F(la)=F(2)
FULSI=F(2)
FLL6)=F(2)
F{Ll7)=F(2)

FOLA)=(CL2%CL2) /(2. O%C ME®C ML)
F{19)=CL2/ (CME*CM])

F{20) =F(2)
Fl2l)=F{2)
F(22)=F(2)
FU23)=F(2)
Fl24)=F(2)
F(25)=F(2)
Fl26)=F(2)
FL27)=F(2)

F(28)=CL1/(CCA*CME)}

FU29)=F(2)
FL301=F(2}
F{31)=F(2)
FL32)=F(2)
F(33)=F(2)
F(34)=F(2]
Fi351=+(2)
FL36)=F(2)

FA3T)=(CLL*CLL*CLYL)/(3.0%CCAXCME)

FL3BlaF(2)
F(39)=F(2)
F(40)=F(2)
Fl4l)=F(2)
Fl42)=F(2])
Fla3)=F(2)
Fla4)=F(2)
Fla5)=F(2)

Fl46)=LL4/(CCAXCME)

FlaT)=F(2])
F{4a8)=F(2)
FL49)=F12)
F(50)=F(2)
FES1) =+ (2)
F(52)=F(2)
F(953)=F(2)
FI54)=F(2)

FI55)=CL3/(LCAXCME)

FI56)=F(2)
FCST)I=F(2)
F{58)=1(2)
FU59) = (2)
F60)=F(2)
Flol)=F(2)
FL62)=F(2]
Flé3=+(2)

FL64)=CL3/{3.0%CME*CM])

N=3
M=8

100



185
186
187
lu8

149
190

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
221
228
229
230
231
232
233
234
235
236
237
238
239
240

99

90

91

92

93

94

MSA=0

M5B8 =0

L=8

CALL MPRD{AyFeRoNgMyMSA,MSB, L)

THE PHRODUCT R IS MULTIPLIED BY THE FURCE-TRANSFER MATRIX.

DU 99 I=L,24

ACL)=R(I)

THE FURCE TRANSFER MATRIX FUR CUGNATE FUR CASE#2.
UCl)==DCOSICALP~CT3)

Ut2¥=~-DSINICALP~CT3)

Ui3)=0.0

Ul4)=(CEL*CEL~CF1%#CHL) /CRL
U{S)={CF1*CG1-CD1*Ci1)/CR1

U6 )=(CD1*CHL-CE1*CGLl)/CR1

UL 7)== (LCTXEDSIN(CALP~CT3)%CL2/CL3)
U8 I=-DSIN(CALP-CT3)*CL2
U(9)=DSINICALP-CT3)
U{10)=~DCOS(CALP-CT3)
u(ll1)=0.0
U{12)={CCLl*CH1~CBL*CI1)/CR]
Ut13)=(CAL*CIL1-CCL*CG1l)/CR1
Ull4)={CBLl%*CGLl-CAL*CH1 )}/CR1
U(15)=—(DCOSICALP-CT3)*CCTX*CL2/CL3)
Ul L16)=-DCOSICALP~CT3)*CL2
utL7)=0.0

ui18)=0.0

UtLr9)=1.0
U(20)=(CBL1*CF1-CCLl*CEL)}/CR1
Ul21)=(CL1¥CD1-CAL*(CFLl) /CR1
U{22)=(CAL*CEL-CBL%CD1)/CR1
Ul23)=CCTX/CL3

ul24)=1.0

DO 90 1=25,27

Ull1=0.,0

Uiesr=1.0

Vi) 9l [=29,36

Ui 11=0.0

Uiir)=1.0

D 92 [=38,45

ui11=0.0

Ut46l=1.0

DU 93 1=4T,51

utr)=0.0

U52)=0C0S5(CT3-T2)
U(53)=DSIN(CT3-T2)

Ut 54)=0.0

Ul55)=1.0

U 94 1=56,63

Ut 11=0.0

Uil64d=1.0

N=3

M= 8

My A=0

MS 1 =0

L=8

CALL MPRDCASUIR¢NyMyMSA,M5B,L)
VU LD I=l+24

A1 )=R({1)

101



102

G [HE PRODUCT IS MULTIPLIED BY THE EXTERNAL FORCE MATRIX *'pre,
C
241 DNTY=0.098
242 GL=32.178%12.0 )
243 LXPA=—(LLLI%DCIS(T2)#COM2*L0M2) - (CLL*DSIN(T2) #CALPH2) +{CL2*DCOS(CAL
AP-CT31&COM3%COM3 ) -{CL2*¥DSIN(CALP-CT3) #CALPH3)
244 CYPA=={LLLIEDSIN(T2)%LOM2*%COM2) +(CLL1*DCOS{TZI*CALPH2)-(CL2*DSIN[CAL
¥P-CT3)*%COMI*CUM3)-(CL2*¥DCUSICALP-CT3) *CALPH3)
245 CXDA=~(CL1I%DSIN(T2)*CALPHZ)-(CL1*DCUSITZ2)*CUM2*COM2)
246 CYDA=(L L L¥DLUS(T2)*CALPH2) ~(CLL*DSINIT2)*COM2*(LUM2)
247 CXEA==[CLL*DCOS{T2)#COM2%(0M2) - (CL1*DSIN( T2)*%CALPH2)+(CL3*DCOS(CT3
¥)¢COM3«COM3) «(CL3*DSINICT3 )*CALPHI)
248 CYEA==({LLI*DSINIT2)*COM2%COM2) +(CLL*DCOS(T2) *CALPH2)—-(CL3*DSINICT3
)% COM3€COM3 ) +(CL3*DCOS(CT3)*CALPH3)
249 CvuLl=CCA*CLL
250 CVuL2=CCA%*CL2
251 CVOAL3=CCA%*CLS
252 CVOL4=CLA*C LS
253 CMLI=DONTY*CVUL1
254 CMZ =DNTY®(CVULZ
255 CM3=0ONTY*C VOL3
256 CM4=DNTY*CVOL4
257 CPL=CM2¥CXPA/GC
258 LP2=LM2*LYPA/GL
2459 CP3=040
260 CPa=(CML* (CXDA*DCUS(T2)+CYDA®DSINIT2)))/GC
261 LPS5=(CMLI*(CYDAXDSINCT2)-CXDA*DCUS(T2)))/GC
262 (POo=(CMex(CXEA®*DLCOS(LT4)+CYEAXDSINICT4)) ) /GC
263 CPI=(CMI%XTCXDA*DCUSICT3)-LYDAXDSINICT 3)) )/ GC
264 CP8=0.0
C
C ITHE SYSTEM FURCE MATRIX FOR THE CUGNATE MECHANISM.
C
265 Bi1)=CcpP1
206 B(2)=CpP2
267 B 3)=CP 3
268 Bl4a)=CPa
269 BE5)=CPY
270 BlLe)=(r6
211 BLTI=CPT7
272 s(8)=CP8
273 N3
214 M=y
215 M5A=0
276 M5 1B3=0
217 . L=1
218 CALL MPRDOIA+BR NyMyMSA,M5B,L)
279 CXX=R{L1)
280 CYY=R(2)
281 CAT=R(3)
G
C THE FOLLOWING TRANSFURMATION LJOCATES
C e m e m et m e e ——— e
C
W THE COGNATE IN ITS TRUE
C -——— ——————— ——— ——— IR
C

POSITION

- -
oo



282
283
284
285
286
287
288
289
290
291
262
293
294
295

296
297

298
299
300
3ol
302
303
304
305
306

$ENTRY

OO0 N OO0 OO OO0 C OO0 00

200

10

XDP=XPP-CLS

XRP =( XOP*D(LOS(-BETA) )~ (YPP*DSINI{-BETA))
CXP=XRP+LS
CYP=(XOP*DSIN(-BETA))+(YPP*DCOS(—-BETA))
NCXP=CXP+C XX

NCYP=CYP+CYY

NCXP=CXP+CXX

NCYP=CYP+CYY

WRITE(6,200)P2,CXXeCYY,CRT

FURMATILHO 15X 9F1l2.6+8X 1 Fl2.648XyFL2.648X,F12.6)

IF(P2.FQ.360.0) 60 TO 1
GU TU 5

STOP

END

GMTR

cecescccsencsssrtsensccecstsacacatscscssssccsesseaccncsesocasansaesOMIK

SUBRUUTINE GMTRA

PURPUSE
TRANSPOSE A GENERAL MATRIX

USAaGE .
CALL GMTRA{A(R,N,M)

DESCRIPTION OF -PARAMETERS

A - NAME uF MATRIX TO BE TRANSPOSED

R -~ NAME OF RESULTANT MATKIX

N — NUMBER OF RUWS OF A AND COLUMNS OF R
M - NUMBER OF CULUMNS OF A AND ROWS OF R

RE MARK S

MATRIX R CANNOT BE IN THE SAME LOCATION AS MATRIX A
MATRICES A AND R MUST BE STORED AS GENERAL MATRICES

SUBROUTINES AND FUNCTIUN SUBPROGRAMS REQUIRED

NONE

METHOD

TRANSPUSE N BY M MATRIX A TO FORM M BY N MATRIX R

GMTR
GMTR
GMTR
GMTR
GMTR
GMT K
GMTR
GMTR
GMT R
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR

PRI 1§ €

SUBRUOUTINE GMTRA(A,RyN,M)
DIMENSION Al(1),R(L1)

IR=0

DO 10 I=1,N
[Jd=1I-N

D) 10 J=1,M
1J=[J+N
IR=]R+1
RUIR)=A(1J)
RE TURN

£END

GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMTR
GMT K
GMTR
GMTR

MPRD

103

10
20
30
40
50
60
70
B8O

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410

10



307
308

309
310
311
312
313

[sEnisFeRelslaNaleNalalaNelakasNalalaNaleNalsNalalalaRalaNalsEa Nl okoNalaRalataNaNal el ool ol o s e R ol

[eBakal

I T A S T T N P P 14

SUBRUUT

PURPUSE

[NE MPRD

MULTIPLY TWO MATRICES TO FORM A RESULTANT MATRIX

USAGE

DESCRIP

TXT2XT>

TION UF PARAMETERS

CALL MPRO{AyBsRyN+MyMSA,MSBsL)

NAME OF FIRST INPUT MATRIX
NAME OF SECOND INPUT MATRIX

NAME OF OUTPUT MATRIX

- NUMBER OF ROWS IN A AND R

NUMBEK OF CULUMNS IN A AND RUWS IN B

0 - GENERAL
1 - SYMMETRIC
2 - DIAGONAL

MSB - SAME AS MSA EXCEPT FOR MATRIX B
L - NUMBER OF COLUMNS IN B AND R

RE MARK S

MATRIX R CANNOT BE IN THE SAME LOCATIUN AS MATRICES A UR B

SA - ONE DIGIT NUMBER FOR STURAGE MUDE OF MATRIX A

MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD

MPRD ¢

MPRD
MPRD
MPROD
MPRD
MPRD
MPRD

NUMBER OF COLUMNS OF MATRIX A MUST BE EQUAL TO NUMBER OF ROWMPRD

JF M

ATRIX B

SUBROUTINES AND FUNCTION SUBPROGRAMS REQJIRED

Loc

ME THOD
THE
AND
ROW
THE

MPRD
MPRD
MPRD
MPRD
MPRD
MPRD

M BY L MATRIX B IS PREMULTIPLIED BY THE N BY M MATRIX A MPRD

THE RESULY IS STORED IN THE N BY L MATRIX R.

INFO COLUMN PRODUCT.

FOLLOWING TABLE SHOWS THE STORAGE MODE

MATRIX FUR ALL COMBINATIONS UF INPUT MATRICES
B

A
GENERAL
GENERAL
GENERAL
SYMMETRIC
SYMMETRIC
SYMME TRIC
D IAGUNAL
DIAGUONAL
DIAGONAL

GENERAL
SYMMETRIC
DITAGONAL
GENERAL
SYMMETRIC
DIAGUNAL
GENERAL
SYMMETRIC
DIAGONAL

OF THE OUTPUT

R
GENERAL
GENERAL
GENERAL
GENERAL
GENERAL
GENERAL
GENERAL
GENERAL

DIAGONAL

THIS IS A

MPRD
MPRD
MPRO
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD

“e8tescsesesesesscansarnscenrtsssnsesesessssesscsnscsrecssssccsesceaasMPRD

SUBRUOUTINE MPRD{AyByRyNeMsMSA, MSByL )

DIMENSTON

ACL)+BL1)+R(1)

SPECLAL CASE FOR DIAGONAL BY DIAGONAL

MS=MSA*10+MSB

IF{MS-22)
10 DO 20 I=1,
20 REL)=A(I)*
KE TURN

30,104,390
N
B(1)

MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD

_ MPRD .

104

240
250
260

210

280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610



314
il
3L6
37
318
319
320
o321
322
323
324
325
126
327
328
329
330

[aXnEel

Xtz iakaRateNataiziaiaiatatatansinnaiaiataiskatatatatalnkeRataiatahals

[aEa]

40

50
60
70

80
30

ALL UTHER CASES

IR=1

DO 90 K=1,L

DJ G0 J=1,yN

R{IR)=

DY B0 L=1,M

1F(MS) 404,60,40

CALL LUGlJdel v 1AyNsMyMSA)
CALL LOULCT «KelB oeMyL o MSB)
IF (TA) 50,80,50

IF{IB) 70+80,70
IA=N®(I~1)+J
IB=ME(K=-1)+1
RUTRI=R{IR)+A(LAYXBLIB)
CONTINUE

LR=[R+1

RE TURN

END

MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPRD
MPROD
MPRD
MPRD
MPRD

Luc

evesssececssennssencsescaccsssseassssersanssscacscsnscancsnsensassoll

SUBRUOUTINE LOC

PURPUSE
COMPUTE A VECTDR SUBSCRIPT FOR AN ELEMENT IN A MATRIX OF
SPECIFIED STORAGE MODE

USAGE
CALL LOC {TeJsIRNoyMyMS)

DES(R[PTIUN UF PARAMETERS

I RUW NUMBER OF ELEMENT

J -~ CULUMN NUMBER (OF ELEMENT

[R - RESULTANT VECTOR SUBSCRIPY

N - NUMBER OF RUWS IN MATRIX

M ~ NJMBER OF COLUMNS IN MATRIX

MS — ONE DIGIT NUMBER FUOR STORAGE MODE OF MATRIX

0 - GENERAL
1 - SYMMETRIC
2 - DIAGONAL

REMARKS
NUNE

SUBRGUTINES AND FUNCTION SUBPRUGRAMS REQUIRED
NONE

METHOD

Loc
LocC
Loc
Lac
LoC
LUC
LoC
LOC
LoC
tac
LocC
LacC
Lac
LocC
Loc
LocC
Loc
Lac
Loc
LocC
LOC
Loc
Loc
LacC
Lac
LoC
Loc
Loc

MS=0 SUBSCRIPT IS CUMPUTED FOUR A MATRIX WITH N#M ELEMENTS LOC

IN STURAGE {(SENERAL MATRIX)

Lac

MS=1 SUBSCRIPT IS COMPUTED FOR A MATRIX WITH N*(Nflllz IN LOC

STURAGE (UPPER TRIANGLE OF SYMMETRIC MATRIX). IF

LocC

ELEMENT IS IN LOWER TRIANGULAR PORTION, SUBSCRIPT IS LOC

CURRESPUNDING ELEMENT IN UPPER TRIANGLE.

My=2 SUBSCRIPT IS CUMPUTED FUR A MATRIX WITH N ELEMENTS
IN STORAGE (DIAGONAL ELEMENTS OF DIAGUNAL MATRIX).
IF ELEMENT IS NOT ON DIAGONAL (AND THEREFURE NOT IN

LOC
LocC
Lac
Loc

105

620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390



332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
3417

oo e

o

20
22

24

30

32
36

STORAGE ),

IS SEF TO ZERO.

LOC
LocC

S s s eseu0vescseseacsecssesstectsstesnasssocssaancsencssnascsnaeenenlOC

SUBROUTINE LUCUEIyJsIR,NeMyMS)

Ix=1

JX=J

L-{MS-1) 10,20,30
IRX=N®{JX=-L)+IX

G0 TQ 36

IFCIX=JX) 22:24+24
IRX=IX+(UXEJIX-UX)/ 2
GJd T0 3¢ )
IRX=JX+( [X*IX-1X)/2
GU TO 36

IR X=0

[FOIX=-JX) 364,32.36
IRX=]X

IR= 1R X

RETURN

END

LOC
toc
LoC

-Lac

LoC
Loc
LOC
LOC
Loc
Loc
LOC
LoC
LacC
LOC
LoC
Loc
LOC
Loc
LoC

106

400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570

590
600
610



APPENDIX D

CASE III: DISTRIBUTED MASS MODEL
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FORTRAN

v vl

RELEASE 2.0 MAIN

COoOCOoC OO DO Do oo o

[2XsEeaaNalala¥alalalelalao¥alalolalaleNaNalolalalelolaNealalolala e e

108

DATE = 77074 20/14/713

CXHR KX ER G R EUA G TR ek kb ke ook ke k ok kk kR xkk ke k k&
Ak Rk A Gk R E kR r kR kR kR ek Ak Rk bk Rk ek k kR kR k%

* *
& *
CASE il
* *
* *
* *
* *®
* DISTRIBUTED MASS MODEL *
® e e e *
* OF *
x - *
* THE SUURCE FOUUR-BAR MECHANISM *
% e e rm— mmm e *
* %
¥ *

LR 2SR AR S S R RIS R RS 2 I 2 2RSS R 2RSS RSS2SR S R LS T
LA S AR R LR R R R i E S R R R R R TR P ]
ek ke ek bk ek ke rkok ko ko koo kR ok bk ok kR ok ko kR Rk koK

* ®
*SUBROUTINE MPRD *
* *

Aotk R fr ok R R Rk Rk R e Nk kR AR ko ko k kR g kb

Yeeueectemsctesccadscansseenacsssaccccnsscsaccsacccssoaacncacacsacscaces¥

* &
*PURPUSE &
* *
« MULTIPLY TWO MATRICES TO FURM A RESULTANT MATRIX. x
¥ evoeeoasesesscausacesncessscsocscsnaraasscsscsccscscconcencccncnnsocnne¥
* *
*USAGE *
* %*
% LALL MPRD(A4B,ReNsM¢MSAyMSB,L) *
Ko eemesetececscsemccssoavesacssasnccsasvaccescsasscscccsacscascccssonsesceal
*OESCRIPVION *
* A-NAME OF FIRST MATRI X. *
*® B-NAME UF SECOND MATRIX. &
* R-NAME QF QUTPUT MATRIX. *
* N-NUMBER 0OOF ROWS IN A AND K. *
* M=-NUMBER OF COLUMNS IN A AND RIWS IN B. *
* MSA-INE DIGIT NUMBER FOR STURAGE MODE OF MATRIX A. *
* 0-GENERAL . : *
* 1-SYMMETRICAL . *
* 2-DIAGOUNAL. *
® MSHB- S5AME AS MSA EXCEPT FOR MATRIX B. *
* L=NUMUER OF CULUMNS IN B AND K. *
e iseeesacssassansccscsccssraccsccenesscatsssacssaccstecsscnnssccnscnet
* &
*DATA *
* *
®*GENERAL *
& TAKES COLUMN WISE *
* %*
*DTAGONAL &
* DIAGONAL COLUMN WISE *



FORTRAN

0001
0002

0003
0004
000%
0006
o007

0008
0009
0010
0011
0012
0013
0014
Q015
0016
0017
o0ls

v ul

RELEASE 2.0 MA IN

aEaalaisNelaisNasEsEslaNaNelslsislnEoa el oo R n N e e NNl

o C o0 e

o

10
20

310

40

50
[A]

109

DATE = 77074 20/14/13

*
H¥SYMME TRICAL

e COLUMN WISE .

¥ oneeeesvtectcnccnccvesononcavsancocosoancssccenonsacscsssaccsensosts
“ . . : :

SREMARKS
* . .

& MATRIX R CANNUT BE IN THE SAME LOCATLION AS MATRIX A OR B.

* NUMBER UOF COLUMNS OF MATRIX A MUST Bt EQUAL TO NUMBER OF ROWS
* UF MATRIX Be
Hoceneceossonecseesasnsseasesacacacseccsconssccesecsossaccsancsssessensae
*SUBROUT INES AND SUBPROGRAMS REQUIRED ‘

* LocC

*
%*

DR R N R RN IR R R TR IR P R R R IR IR I R N R R IR IR I AP IR

*ME THOD

*

*

*  AND THE RESULT IS STORED IN THE N BY L MATREX R. THIS IS A ROW
* IN TU COLUMN PRODUCT.

| 3

*  THE FOLLOWING TABLE SHOWS THE STORAGE MODE OF THF OUTPUT

*  MATRIX F3K ALL CUMBINATIONS OF INPUT MATRICES.

* .

* A B R

*

* GENERAL GENERAL GENERAL
* 'GENERAL SYMMETRICAL GENERAL
* GENERAL DIAGONAL GENERAL
* SYMMETRICAL DIAGONAL GENERAL
* SYMME TRICAL GENERAL GENERAL
* SYMMETR I CAL SYMME TRICAL GENE RAL
* OLAGONAL GENERAL GENERAL
* DIAGONAL SYMME TRICAL GENERAL
% DIAGONAL U IAGUNAL DLAGONAL

&
*
*
x
*
&
*
*
*
%
%
*
%*
*
&
x
*
THE M BY L MATRIX B IS PRE-MULTIPLIED BY THE N BY M MATRIX A *
*
X
“
*
%*
*
x
%
3
*
*
»
*
*
%
%
*
*

X X O s o o o A A A R 0 B A e R R e o e R ROk KK
SUBROUT INE MPRD{A,BsR,NyM,MSA,MS58,L)

DIMENSION A(2000),8(2000),R(2000)

SPELIAL CASE FUR DIAGONAL

MS=MSA*]10+MSH

1H(MS~-22) 30,10,30

DU 20 I=1sN

RODI=A{T ) el 1)

RETURN

ALL OTHER CASES

IR=1

DO Y0 K=1sL

DO 90 J=14N

RULIR)=0

00 80 I=1:M

TFIMS) 404,60,40

CALL LOUCCJel yIA,N,M,MSA)
CALL tUOCUI+KsiByMyLyMSB)
[F(IA) 50,80,50

IF(IB) 70+80,70
TASN®(I-1)+J



FORTRAN IV 61

0019
0020
0021
0022
0023
0024

RELEASE

70
80
30

2.0 MPRD

IB=M&(K-1)+1

RUIRY =R{TR)+ALTIA)=BLIB)
CONTINUE

IR=1R+1

RE TURN

END

DATE

77074

20/14/13

110



11

FURTRAN IV 61 RELEASE 2.0 MA IN DATE = TT7074 20/14/13
[4 SRR AROR IR R R R K KRR R K R Kok ok ok R ok R Rtk kR Ok ok R Kk
0001 VOUBLE PRECISION LLyL2,L3sL4sL 5/ KLlsK24K34K4sK5,DCO0S,DSIN,DATAN,

*AA B o L0 yDDIEEWFFsALeBL Ll ULy EL FLyGLyHL, TLoR1y CXySXeCLTXyDSURT,
#[2,13,T4yALP 4CAy MI ,ME , OM2,0M3,0M4,Ad 4B J, CJsDJsEJoFJoALPHZ, ALPva
®ALPH4 4 DCOT 4P Lo XP,YPy XX4YY NXP,NYP

*oDNTY,VOLLyVOL2, VOL3 yVOL4 ¢ XAA X BAsYAA,YBAy MLy M2y M3, M4
¥, 629630649 G5¢H2,H3,HG9HS9 1251351441 5/R5,R2,R3,R4yL21,L22,123,L24%
*,Cl.CE
¥9P1yZ29P3+4P4yP54P6EPT+PByXPALWYPALWXPA2yYPA2,XPA3,YPA3,XPA4, YPA4,
*XPASy YPAS,M214,M22,M23,M24,6GC

0002 DIMENSTUN A(1600),8(1600},R(1600),U(1600)
0003 Li=10.0
0004 L2=10.0
0005 L3=30.0
0006 L4=25.0
0007 L5=304.0
oqoa Kl=L5/L1
0009 K2=L5/L4
0010 K3= (L 1%L L-L3*L 3+L4¥L4+L5%L5)/(2.0%L 1%L 4)
0011 C1=0.0030679615
0012 K4=L5/L3
0013 KS=(L4*L 4-L5%L5-L1*L1-L3%L3)/(2.0%L]1*L3)
0014 L21=12-2.0
0015% L22=1L2~4.0
0016 L23=L2-6.0
0017 L24=12~-8.0
0018 PI=3.142857143
C
C S-—-- THE SPEED OF ROTATION OF THE INPUY LINK =300 R.P.M.
C .
0019 $=300.0
0020 OM2=(2.0%P1%5)/60.0
ou21 P2=-10.0
0022 5 P2=P2+10.,0
0023 T2=(P2%2.0%P1)/(360.0)
0024 ) AA=DCDSIT2)+K3-K 1-(K2%DCOS(T2))
0025 BB=-2.0%DSIN(T2)
0026 CL=K1+K3-11.0+K2)*DCOS(T2)
0027 DD={K4*DCOS(T2))+DCOS{ T2)+K5-K1
0028 EE=-2.0%DSINI(T2)
0029 FF=(K4*DCOS(T2))-DCAS(T2)+K5+Kl
0030 T3=2. 0% DATAN((-EE~-DSURTU{EE #*EE-4.0%DD*FF) ) /( 2.0%¥DD) })
0031 T4=2.0%«(DATAN( (—-BB—DSQRT (BB*BB-4.0%AAXCC) )/ {2.0%AA)))
0032 CX=DCUSIT4-T3)
0033 SX=DSIN(T4-T3)
Q034 CTX=CX/SX
003% ALP=PI/3.0
0036 XP=(LL*DCOS(TZ))+(L2*DCOSTALP+T3))
0037 YP=(LL*¥DSINIT2) )+ {L2¢DSIN(ALP+T3))
0038 UMI=(L1*OM2*DSINIT4-T3)) /(L 3*DSIN(T3-T4))
0039 OM4={LL1*0M2*DSIN(T2~T3) )/ (L4*DSINIT4~-T3)])
0040 ) AJ=L4%DSIN(T4)
0041 BJ=L 3&0S IN(T 3)
0042 CJI=(LL1*0M2*0M2*DCOS(T2) )+ (L 3*UMI*0OMIRDCOSITI ) )-(L4*0OM4*0M4*DCOS( T4
¥)) :
0043 DJ=L4*DCOS(T4)
0044 EJ=L3%DC0OS(T3)

0045 FJ= (L4%0M&*OMA*ISINITS4) ) —{ L1*OM2*OM2*DSIN(T2) ) -{ L3*0OM3%0OM3*DSIN(T3



FORTRAN IV G1

0046
Qo417
0048
0049

0050

0051
0052
0053

0054

0055

0056

0057
0054
0059
0060
0061
Q062
0063
0064
0065
Q0066
Q067
006y
0069
o070
2071
0012
0073
0074

0oTs
yote
0077
0074
00719
0080

0081l
0oos2

112

RELEASE 2.0 MAIN : ‘DATE = 77074 20/14/13

laNelaleR el

[aEaN el

ooo

%))

ALPH2=0.0

ALPA3I=(CU*DJ~AJ*FJ)/ (AJF¥EI-BI%DJ)
ALPHG={CJ*EJ-BJI*FJ)/(AJ*EI-BI*DJ)

XPAz— (L1*0OM2¥0M2%DCOS(T2) )- (L L*ALPH2¥DSIN{T2) )}~ ILZ*UM3*UM3*DCOS(

.*ALPOTBJ)—(LZ*ALPHB*DS!N(ALP+I3))

YPA= (L1*ALPH2¥DCOS(T2))-(L1*0M2=0OM24D SINIT2) }+ (L2*ALPH3%DCOS (ALP+
*¥T73))—(L2*UM3I*UM3*DSIN(ALP+T3))

XAA==~(LL*¥DSIN( T2} «ALPH2)-(LL*DCOS(T2)*0OM2%(0M2)

YAA= (L L*¥DCOS(T2)*ALPH2)-(L1*DSIN(T2)*0M2*0OM2)

XBA=—(LL*¥ALPHZ*DSIN(TZ))-(LL1*¥0M2*0OM2%DCOS(T2) )-(L 3#0OM3%0M3*DCUSI T3
*))+(L3*ALPHIXDSIN(TS))

YBA=~{L 1 ¥0MZ*0OM2*DSIN(T2} )+ (L L *ALPH2*DCOS( T2} )~{ L3*0OM3*UM3*DSIN(T3
#) )+ (L3*ALPH3*0COS(13))

*ALL L INKS AKE OF UNIFORM CIRCULAR CROSS-SECTION OF DIA.=0.5 IN. %
®UCAN-CROSS-SECTIONAL AREA OF ALL LIENKS. *
CA=0.1963495408

*CE~~-- THE MODULUS OF ELASIiClrv. ®
CE=10000000. 0

UMW -CRUSS—SECTIONAL MOMENT OF INERTIA. ‘ *

MI=0.0030679615
Al=DCOSIT2)
BLl=-DSIN(T2)
CL=DCOS(T4)
D1L=DSINI(T2)
E1=DCUS(TZ)
=DSINIT4)
—-(L2*DCOS(ALP+T3)*DC05(T2))*(LZ*DSIN(ALP#TB)*DCGS(TZI)
GZ-—(LZI*UCUS(ALP+T3)*DCOSITZ))+(L21*DSIN(ALP+T3)*DCOS(TZ)l
G3=-{L22%DCOS{ALP+T3) *DCOS(T2) ) +(L 22¥DSIN[ALP+T3)*DCOS(T2))
04=—(LZ3*UCOS(ALP+T3)*DCUS(TZ))+(L25*DSIN(ALP+I3)*DCDS(TZ))
GS5=-(L24%DCUS(ALP+T3)%DCOSIT2) )+ (L24%DSINIALP+T3) *DCOS(T12))
Hi==(1L2%DCOS (ALP+T 3)*DCOSIT2))-(L2*DSIN(ALP+T3)%DSIN(T2))
HZ==(L21%DCOSTALP+T3)#0COS(T2))~(L21*DSIN(ALP+T3 ) *DSIN(T2))
H3=-(L22*%DCUS(ALP+T3)#DCOS{T2))-(L22*DSIN{ALP+T3)*¥DSIN(T2))
Ha==(1L23*DCOSCALP+T3 ) *DCUSIT2))-(L23«DSINIALP+T3) *DSIN(T2))
HY=={L24%¥DCUSCALP+T3) *DCOSIT2}) - (L24*%DSIN{ALP+T3)%DSINIT2))
Ii= USlN(T4)*((Li*DLDS(T3))—(L2*JCJS(ALP+TJ))DrD OSET4)*((L2%DSINIA
*LP+13))-(L3%DSIN(T3)))
E2=0SIN(T4)#LLL3%DCUS(T3) )~ {L21%DCOS(ALP+T3) ) ) +DCUS(T4 ) *{ (LZ1*DSIN
H(ALP+T3) )~ (L3*DSIN(T3)))
13= USIN(TQ)*((L3t0(05(13))—(LZZ*DCUS(ALP+T3))l+DLDS(T4)*((L22*DSIN
¥ALP+T3))-(L3%DSIN(T?)))
14=DSINIY4 ) ¥ ((L3*DCUS(T3 1)~ (L23+DCOS(ALP+T3)))4DCUS(T4)*[{L23*DSIN
®(ALP+T3))-(L3&DSIN(TS)))
I5= DblN(Tk)*((LB*ULUS(T}))~(Ld4*DCUS(ALP*T3)))+DCDS(T4)*((L24*DS[N
*{ALP+T3))-(L3%=DSINIT3)))
RLI=(CALI¥(E LI I=F1*H 1))~ (Bi*(DL*11~F1%*GL))+{CL*(DL*HL-E1*GL) )}
R2=(AL*¥(EL*I2-FL¥H2) ) -{BL¥(D1*1 2-FL1*G2) ) +{CL*(DL*¥H2-E1%G2))
R3=[AL%(EL*I3~F1#H3) )-{BL*{D1*13~F1%G3})+{CL*(D1*H3-E1%*G3)})
R4=(AL¥(EL*] 4-F1*H4))—(BL*(D1*[4-F1%G4) )+ (CL*(Dl *H4~E1*G4 ) )



FORTRAN IV G1

ao83
0084

008%
0086
oosr
008s
0089
0090
0091
Q092

0093

0094
009%
0096
ou9g 7
0098
099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
oLlo
0111
oLL2
0113
0ll4
A1l
0116
oLty
0ol1l8
oLly
0120

0121
0122
0123
0124

RELEASE 2.0 MA IN

L}

inl

113

DATE = 77074 20/14/713

RS5={AL&(EL*IS5-FL*HS5) )—(BL*(DL*I5-F1%G5) )+ (CL*{(DL *¥H5-EL1*G51})

XPAL==~ (L L*OM2*0M2%DCOSIT2) ) -t L1*ALPH2*DSIN(T2))-{L2%0M3%0M3%DCAS (A
*LP+T%9) )~ (L2*ALPH3*DS IN{ALP+T3))
XPA&'*(thDHZ*UMZ*DCUS(TZ)l-(LL*ALPHZ*DSIN(TZ))—(LZl*OHJ*DMB*DCOSL
CALP+T3))~(L21*%ALPH3%DS IN(ALP+T3))
XPA3=~(L1*OM2*OM2*DCOSIT2) ) ~(LL*ALPHZ *DSIN(T2) )~ (L2 2*0M3%0M3 %DCOS(
CALP+T3))~(L22*%ALPH3*DSINIALP+T3))
XPA4==(LL¥OM2*UM2*DCUS (T2} }=(LL*ALPH2*DSIN(T2))-{L23%0OM3%0M3%*DCO S
€ALP+T3))—(L23¢«ALPH3*DSIN(ALP+T3))
XPASA*(LL*OMZ*OHZ*DCOS(TZ))—(LL*ALPHZ#DSIN(TZ))~IL24*DM3*DH3*DCDS(
*ALPH+T3)) - (L24*ALPH3*DSIN(ALP+T3))

YPA 1= (L1*ALPH2*DCOSI T2) )~ { L L*OM2#UM2#DSINIT2) ) + (L2*ALPH3%DCOS (ALP+
*T3))-{(L2%0M3I*OM3*DSIN(ALP+T 3)})

YPA2= (L1®ALPH2%DCOS(T2) )~ (L1*¥0OM2*0M2*DSINIT2))+(L2L*ALPH3*DCOS(ALP
*+73))-(L 21*%UM3I*0OM3*DSIN(ALP+T3})
YPA3=(L1*ALPHZ*DCOSIT2) )-(L 1¥OM2¥0M24DSIN(T2) )+ ( L22#*ALPH3*DCOS(ALP
#+73) ) ~{L22%0M3*0M3*DSINLALP+T3))

YPA4= (L1*ALPH2®DCOSIT2) )-1 L 1*¥0M2%0M2%DSINIT2) ) +(L23*ALPH3*DCOS (ALP
¥473))~-(L23*«0OM3I*OM3%DSIN(ALP +T3)})

YPAS= (L1¥ALPH2¥DCUSIT2))-( L1 *OM2*¥UM2*0SIN(T2) ) +(L24*ALPH3*DCUS(ALP
473) ) - (L24*¥OM3*OM3*DSINCALP +T 3))

DENSITY UF ALUMUNIUM IS 0.098 LU/CU.IN.

DONTY=0.098
VULZ2=CA®L2
VOL21=CA*L21
VUL22=CA%L22
VUL23=CA*L23
VUL24=CA¥L24
MZ=VOL2*ONTY
M2L=VUL21*DNTY.
M22=V0OL22*ONTY
M23=VOL23%DNTY
M24=VUL24%DNTY
GC=32.178%12.0
PL={XPAL*M2)/GC
22=(YPAL*M2)/GC
P3=0.0
P4=( XPA2Z®M21)/GC
=(YPA2¥M21)/GC
P6=0.0
P7=( XPA3¥M22) /GC
P8={YPA3XM22)/GC
P9=0.0
PLO={ XPA4*M23) /GC
P1ll=(YPA4*M23) /GC
P12=0.0
PL3=(XPA5&M24) /GC
Pla=(YPAS«M24)/GC
P1H5=0.0

THE FORCE TRANSFORMATION MATRIX FJOR CASE NOo3&®esxfrxkstd sk hdiskk

UL =DCOS(T3+ALP)
UE21==DSIN(T3+ALP)
Ui3)=0.0
U(4)=t(EL*IL)-(F1¥H}1)) /R



FORTRAN [V L1

012%
0126
0127
0Lz2s
[ ]
0130
0131
0132
0133
0134
0135
0136
0L37
0138
0139
0140
0141
0l4r
0143
0lss
0145
Oléao
Ota?
0148
0149
01%0
0151
0152
0153
0154
0155
0156
157
0158
0159
0160
o161
0162
olé3
Olba
016y
0166
0167
0ley
0le9
0L7a
0171
al 72
oL74
Q174
017y
0176
0177
0174
0179
Jul 80
0181
o182

RELEASE

50

e
—

52

53

54

55

240 ’ MAIN DATE = 11074

UCS)=((FL*GLY-(D1®1L)) /RL
Ul6)=(DL¥HL)-(EL*GL1) ) /R
ULT)=CTXEDSIN(T3+ALP)Y*(L2/L3)
Ui 8)=—(DSINILT3+ALP))*L2
DO 50 1=9,40

UtL)=0.0 .
UL4L)=DSIN(T3+ALP)
UL42)=DCUS (T3+ALP)
Ul43)=0.0
Ul44)=(CL*HL1-B1*11)/R]
U(45)=(AL*I1-C1*GL)}/R1
Ul46) ={BLlEGL-AL*¥HL) /R1
U(4T)=-({DCOSIT3+ALP) ) *CTX%( L2/L3)
Ui48)=DCOS(T3+ALP)=L2

DO 51 1=49,90

UtIi=0.0

Ul911=1.0
U(92)=(B1*%F1-C 1*E L) /R1
U(93)=(CL*D1-AL*F1)/R1
U(94) =(AL*E1-BL¥D1)/RL
U(951=~CTX/L 3

U(96)=1.0

DO 52 1=97,128

UtI1=0.0

Ut1291=U(1)

Ul130)=U(2)

UlL31)=0(3)
UCL32)=(EL*12~-F1*H2)/R2
UCL33)=(FL¥G2-D1*¥12)/R2
UL134)={DL*H2-E1*G2)/R2
ULL35)=CTX®0DSIN(T3 +ALP)I*L21/L3
ULL136)==DSIN{T3+ALP)*L2]
DU 53 [=137,168

Uti) =0.0

Ui 169)1=U(41)

ULLTO0I=UL42)

ULTL)=U(43)
UCL72)=(C1%H2-81%12) /R2
U(173)=(AL*12-CL*G2)/R2
U(LT4)}=(BL*G2-Al%H2)/R2
ULL175)=-(CTX*DCOS(T34ALP)*L 21) /L3
U(L76)=DCUS(T3+ALP)*L 2]
DU %4 1=177,210

Ut11=0.0

Ul2il)=1.0

UL2L12) =(B1%F L~CL%EL) /R2
UC213)=(CL*D 1-AL*F 1) /R2
U(Z14)=(AL*EL-Bl*DL)/R2
Ul215)==CTX/L3

Utl216)=1.0

DU Y5 1=217,2%6

Utir=0.0

U2571=U(1)

U(zssl=ul2)

U(259)Y=uU(3)
U(260)=(EL*]13-F1*H3}/R3
Ul261)=tF1%¥G3-D1%*13)1/R3
Ul262)1=(DL*H3~E 1*G 3) /R3

114
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FORTRAN IV 61

‘0183
0184
0185
o186
o187
0188
o189
0190
0191
0192
0193
0194
0195
0196
0197
o198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
o211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0221
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240

RELEASE

56

57

58

59

60

6l

2.0 . MAIN DATE = 77074
UL263)=CTx*DSIN(T3+ALP)*L22/L3 !
TUL264)=-DSIN(T3+ALP)*L 22

DO 56 1=265,296

Ue1)=0.0

U(297)=U141)

U(298)=U(42)

Ul299)=U(43) .
U(300)=(CLl*H3-BL*I3}/R3
U(301)=(ALl*13-C1*G3)/R3
U(302)=(B1*G3-AL*H3}/R3
U303)=-(CTX*DCOS(ALP#T3) %L 22)/L3
U(304)=DCOS(T3+ALP)*L22

DO 57 1=305,338

Ull)=0.0

U(339)=1.0
UL340)=(B1*#F1-CL*EL)/R3
Ul341)=(CL*¥DL-AL*F1)/R3 .
UL342)=(A1*E1-BL*¥D1)/R3
U(343)=-CTX/L3
Ul344)=1.0

DO 58 [=345, 3484
U(l)=0.0

u(38s5)=uU(l)
ut3ae6l=ul2)
Ui38T)=u(3) .
U(388)=(ELl*14-F1%H4) /R4
U(389)=(FL*G64~D1*¥14)/R%
U(390)=(D1*H4-EL *G4)/ R4

U391 )=CTX*D SIN( T3+ALP) *L22/L3
UL392)==DSIN(T3+ALP)*L23

DO 59 1=393,424

U(11=0.0

Ul42%)=U1(41)

Ul426)=U(42)

Ul4271=U0143)
U(428)=(CLl*H4~BL*14)/ R4
U(429)2(AL1¥14-CL%G4) /RS
UL430)=(BL¥G4-AL*H4) /R4

U(431) == (CTX*DCOS(T3+ALP)*L23)/L3
Ul432)1=DCOS(TI+ALP)*L 23

DO 60 1=433,466

Ul11=0.0

Ul467)=1.0
Ul468)=(B1*F1-C1*¥E1)}/R4

Ul469) =(CL*D1~-AL%F1) /R4
UL4TO0)=(AL*D 1-BL*D1} /R4
U(4TL)=-CTX/L3

U(472)=1.0

DO 61 1=473,512

U(I)=0.0

uls13)=utl)

ULS141=uUL2)

Ui515)=013)
ULSL6)=(EL®I5-F1¥H5) /RS
UL517)=LF1*G5-D1*15) /RS
UL518)={DL*H5~-EL*G5)/RS
UIS519)=CTX*D SIN{T3+ALP)*L24/L3
U520 )=~DSIN(T3I+ALP) XL 24

20/14/13
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FORTRAN IV G1

0241
0242
0243
0244
0245
0246
0247
0248
0249
0260
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260

0261
0262
0263

RELEASE

oo

con

62

63

100

10

2.0 MAIN DATE = 77074 20/14/13
D0 62 1=521,552 .
U(I)=0.0

U(553)=Ul41)

U(5541=U(42)

Ui555)=U(43)
U(556)=(CL¥H5~-BL*]5) /RS
U(5571=(AL*¥I5-CL1%*G5) /RS .

U(558) =(BLl¥G5-AL¥HS5) /RS
U(559)=-(CTX*DCOS(ALP+T3)*L 24) /L3
U(5601=DCOSIT3I+ALP)*L24 }

DO 63 1=2561+594

ut)=0.0

Ui5951=1.0

UL596) ={B1*F1-CL1%EL) /RS
UI597)1=(CL*¥D1-AL*F1)/R5

U(598) =(AL®EL- BL*DI)/RS

Ul 599)=-CTX/L3

U(600)=1.0

N=40

M=15

FORCE TRANSFER MATRIX IS TRANSPOSED.

CALL .GMTRA(U,R¢N,M)
D0 100 I[=1+600
A(L)=RI(I)

\ ) .
THE FURCE TRANSFER MATRIX IS MULTIBLIED BY FLEXIBEL ITY MATRIX.

B(1)=L2/ (CA*CE) i .
DO L J=2,41.

BlJ4)=0.0
BU42)={L2%L 2+ 21 /(3. 0%CE*CI)
B(43)=(L2%L2 )/ (2.0%CE*CI)

D0 2 J=44,81

B(4)=0.0

BUB2)=(L2*%L2 )/ (2.,0%CE*CH)
B(83)=L2/(CE*CI)

DU 3 J=84,123

B(J1=0.0 .
BU124)=L1/(CA%CE)

DU & J=125/164

8d)=0.0
BUL65)=(L1*L1%L1)/(3.0%CE*CI)
DO 6 J=166,205

BLJI=0.0

B1206 )=L 4/ (CA®CE)"

DU 7 J=207,246

B(J1=0.0

B{247 1=L3/ (CA%CE)

DU 8 J=248,287

8(J1=0.0
B(2881=L3/(3.0%CE*CI)

DO 9 J=289,328

B(J1=0.0

B(3291=L21/ (CA*CE)

DO 10 J=330,369

B(4)=0.0

116 -



FORTRAN 1V G1

0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
031/
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346
0347
0348
0346
0350

RELEASE

11

2.0 MALN DATE = 77074

BI370)=(L21%L21%L 21)7(3,0%CE*CL)
BI37T1)=(L21%L21)/(2.0%CE*CI)

DU 1L J4=372,409

B1J)=0.0

CB{4l0)=(L21%¥1L21)/(2.0%CE*CE)

12
13
15
Lo
17
18

19
20

21
22
23
24
25
26

27

28

BU4L1l)=L2L/{CE*CI)

DO 12 J=412,451

B(J)=0.0

B(452)=L1/(CA*CE)

DO 13 J2453,492

B(J)=0.0
BU493)=(LL*L1*L1) /(3. 0%CE*C1)
DO 15 J=494,533

B(J)=0.0

B(S34)eL 4/ (CA*CE)

DO 16 J=535,574

8(J)=0,0

BI575)=L3/(CA%CE)

DO 17 J=5T76,615

B(J)=0.0
8(616)=L3/(3.0%CEXCI)

DO 18 J=61T,656

B(J1=0.0

BL65T1=L22/{CA*CE)

00 19 J=658,697

81J1=0.0
BL69B)=(L22%L22%L22) /(3. O¥CE*C 1)
BL699)=(L22%122)/ (2.0%CE*CI)
DO <0 J=T00, 737 :
B(J)=0.0 . .
B(738) =(L22%0122) /(2.0%CE*CI)
B1239)=L22/(CE*CL) °

DO 21 4=740,779

44J)1=0.0

B(780)=L 1/ (CA*CE)

DO 22 J=781,820

8{J1=0.0
BIB21)=(L 1%L L¥L11/(3.0%CE*CI)
DO 23 J=822,861 -
B(J)=0.0

B(B62)=L4/ (CA®CE) ;

DO 24 J=8663,902

BLJ)=0.0 "
B19031=L3/(CA*CE)

DO 25 J=904,943

B(J)=0.0
B(9441=L3/(3.0%CE*CI)

DO 26 J=945,984

B(J)=0.0

B(985)=L23/ (CA$CE)

DO 27 J=986,1025 ;
BlJ)=0.0 .
B(1026)=(123%L.23%.23)/(3.0%CE*CI)
BILO2T)=(L23%L23)/ (2.0%CE*CI)
DU 28 J=1028,1065

5(J)=0.0

B0L066) ={L23%1L23)/ (2.0%CE*CI)
BU1067)=L23/(CE*CI)

117
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FORTRAN IV Gl RELEASE 2.0 MAIN DATE = 77074 20/14/13
0351 LU 29 J=1068,1107
03652 29 B(J1=0.0 :
0353 BOLLOB)=L1/(CAXCE)
0354 DO 30 J=1109,1148
. 0355 : 30 B(J)=0.0
0356 ‘ BILL49) =(L1eL1%L1) /(3 .0%CE¥CL)
0357 DU 31 J=1150,1189
0358 31 B(J)=0.0
0359 BIL190)=L4/(LA%CE)
0360 DO 32 J=1191,1230
0361 32 R(J)=0.0 ,
0362 BCL231) =13/ (CA*CE)
0363 ‘ DU 33 J=1232,1271
0364 33 B(J)=0.0
0365 BEL272)=L3/(3.0%CE*CI)
0366 N0 34 J=1273,1312
0367 34 B(J)=0.0
0368 B(13L3)=L24/ (CA*CE)
0369 DO 35 J=1314,1353
0370 35 BLJ)=0.0 b
0371 BUL354) =(L24%1L24% 1240/ (3.0%CE®*CI)
0372 BEL355)=(L24%L24)/(2.0%LE*CI)
0373 DO 36 4=1356,1393
0374 36 B(J)=0.0 .
03175 BU1394)=(L24%24)/(2.0%E*CI)
0374 B3{1395) =124/ (CEXCI)
03717 DY 37 J=1396,1435
0378 37 B(J)=0.0
0379 B(1436)=L1/(CAXCE)
0380 DD 38 J=1437,1476 .
0381 ) 38 B(J)=0.0
0382 : BUL4T7)=(L1¥L1¥L1)/€3.0%CE*CI)
0363 DU 39 J=147841517
0384 39 B(J)=0.0
0385 B(1518)=L4/ (CA%CE)
0386 DO 40 J=1519,1858
0387 40 B(J)=0.0
0388 B(1559)=13/(CA%CE)
0389 DO 41 J=1560,1599
0390 41 BtJ)=0.0
0391 Bl1600)=L3/(3.0%CE*CI)
0392 N=1%
0393 M=40
0394 MSA=0
0395 MSB=0.
0396 L=40
0397 CALL MPRDUA,BsRyNyMyMSASMSB,L)
0398 DO 200 I=1,600
0399 200 A(1)=RLI)
¢ .
o THE RESULTANT IS MULTIPLIED BY THE FORCE TRANSFER MATRIX.
C
0400 ULL)=DCOSIT3I+ALP)
0401 U(2)=-DSIN(T3+ALP)
0402 U(31=0.0
0403 Ul4)=((EL*L)1)-(F1*H1})/RL
0404 ULS)=((F1*G1)~(D1*I11)} /R]

0405 U(6)=((DL*HL)-(EL*G1l))/R]



FORTRAN

- 0406
0407
0408
0409
0410
0411
0412
0413
0414
0415
0416
0417
0418
0419
0420
0421
0422
0423
0424
0425
0426
04217
0428
0429
0430
0431
0432
0433
0434
0435
0436
0437
0438
0439
0440
0441
0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0459
0456
0457
0458
0459
0460
0461
0462
0463

Iv G1

RELEASE

70

I8}

72

73

74

18

2.0 MAIN DATE = 77074

B(T)=CTXEDSIN(T3+ALP) %L 2/L 3)
UlB) =—(DSIN(T3+ALP) ) *L2
DO 70 [=9,40

Utl)=0.0

UC41) =DSIN(T3+ALP)
Ul42)=DCOSIT3+ALP)
U(43)=0.0
U(44)=({C1%H1-BL1¥ 1) /R1
U45)=(AL*I1-C1*GL)/RL
U(46)=(BL*GL-AL®HL)/R1 = -
UL4T7)=~(DCOS(T3+ALP) ) *CTX®(L2/L3)
U(451=DCOS(T3+ALP)*L 2

DO 71 1=49,90

U(11=0.0

U(911=1.0

U(92) =(BLeFL-CLl*E1) /R1
U(93)=(C1*D1-A1*F L) /R 1
UL94) = (AL*¥EL-BL#D1 )/R1
Ul951=-CTX/L3

Ut961=1.0

DO 72 [=97,128

Ul11=0.0

Ul1291=011)

UL130) =UL2)

UCL31)=0L3) :
U(132)=(E1*12-FL*H2)/R2
U(133)=(F1%G2-DL*12) /R2
Ut134)=(D1®H2-EL#G2)/R2
UL135)=CTX*DSINITI+ALPI®L21/L3
U(136)=-DSIN{T3+ALP) ®L21
DD 73 I=137,168 ;
UL11=0.0

UL1691=U(41)

ULL70)=Ul42)

ULLTL)=U(43)
UILT2)=(C1*H2-B1*12) JR2
UC1T3)=(AL*12-C1#62)/R2
UL174) =(BL¥G2-AL*H2)/R2
UC175)=~(CTX*DCOSI T3+ALP)*L 21) /L3
U(L76)=DCOS(T3+ALP )* 21
DO 74 1=177,210

UlIN=0.0

U211)=1.0

U(212) =(Bl*F1~C1%EL1) /R2
UC213)=(CL*D1-AL*F 1) /R2
Ul214)={A1*EL-BL*D1)/R2
U(215)=-CTX/L3

Ul216)=1.0

DO 75 [=217,256

Ul1)=0.0

U(257)1=u(1)

U(258)=U(2)

UL259)=U(3)
U(260)=(EL*I3-F1*H3}/R3
U(261)=(F1%G3~D1*[3)/R3
U(262)=(D1*H3-E1%G 3) /R3
U(263)=CTX*DSIN(TI+ALP) *L22/1L3
Ul264) 3~DSIN(T3+ALP) *L22
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FORTRAN [v 61

0464
0465
0466
04617
0468
0469
0470
0471
0472
Qhl3
0474
0475
0476
0477
0478
0479
0480
0481
0482
0483
0484
0485
0486
o487
0488
0489
0490
0491
0492
0493
0494
0495
0496
0497
0498
0499
0500
0501
0502
05073
0504
0505
0506
0507
0508
0509
0510
0511
0512
0513
0514
0515
0516
0517
0518
0519
0520
0521

RELEASE

76

17

78

19

80

81

82

2.0 MAIN QATE = 77074

DO 76 12265,296

uli11=0.0 ‘
Ul297)=U(41}
ul2981=Ut42)
U(299)=Ul 43)
U(300)=(Cl*H3-B1%13)/R3
U(30L)=(AL*I3~C1*G3}/R3
U(302)=(B1*:3-A1*H3) /R3
U(303)=—~(CTX*DCOS{ALP+T3 )% 22)/L3
U(304) =DCOSI T3+ALP)%L22
DO 717 1=305,338

ull)=0.0

U(339)=1.0
Ul340)=(B1&F1-CL*EL}/R3
U(341)=(CL*D1-AL*F1)/R3
U(342)=(Al*E1-BLl*D 1) /R3
Ul343})=~CTX/L3
U(344)=1.0

DO 78 [=345, 384

U11=0.0

u(385)=U(1)

Ul3861=U1L2)

Ul387)=U(3)
U(3B8)=(EL®14~Fl%H4) /R4
Ut389)=(F1%G4-D1*14) /R4
U(390) =(D1*H4—EL ¥G4 )/ R4
U(3911=CTX*¥D SIN( T3+ALPI®L23/L3
U(392)=-DSINIT3+ALP ) *L 23
DO 79 1=393,424

utI)=0.0

Ul425)=01(41)

UL 426) =U(42)
Ul427)=U143)
U(428)=(CL*H4~-Bl ¥14) /R4
UL429) = AL%[ 4~C1%G4) /R4
Ul430)=(B1*G4-Al1%H4) /R4
U{431)=-{CTX*DCOS(TI+ALP) ) %L23/L3
U(432)=DCUOS( T3+ALP)*L23
DO B0 1=433,466

Ul1)=0.0

U(467)=1.0
Ul468)=(BL*F1-Cl*ELl)/R4
Ul469) ={CL*¥DL-AL*FL) /R4
UG470)=(A1%D L-B1¥D1} /R4
Ul(e71)=-CTX/L3
U(472)=1.0

Nno Bl I=473,512

Uti)=0.0

Ul513)=ull)

Ui514)=01{2)

U(s15)=u1l3)
U(S5L6)=LEL*I5-F1l¥H5) /RS
UL517)=(FL2G5-D1*{5) /RS
U(5181=(D1*H5~EL*G5)/RS5
U(SL9)=CTXEDSIN(T3+ALPI*L24/L3
U520 y==DSIN(T3+ALP) %L 24
DO 82 1=521,552

U(1)=0.0
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FORTRAN IV Gl RELEASE 2.0

0522
0523
0524
0525
0526
0527
0528
0529
0530
0531
0532
0533
0534
0535
0536
Q0537
0538
0539
0540
0541
0542
0543
0544
0545

0546
0547
05448
0549
0550
0551
0552
0553
0554
0555
0556
0557
0558
0559
0560
0561
0562
0563
0564
0565
0566
0567
0564

0569
0570
0571
0572
0573

ocoee

ultss53)=ul41)
Ulbs4)=u(42])
uls55)=ul43)

MAIN DAYE = 77074 20/14/13

U(556)=(C1*¥H5-BL*15)/R5
Ui557)1={AL*[5-C1%G5)/R5
Ui558) =(BL*¥G5~-AL*H5) /RS
U{559)=~(CTX*DCOSIALP+T3)*¥L24) /L3
U(560)=DCOS{T3+ALP)*L24

DU 83 I=561.594

83 ull)=0.0
U(595)=1.0

U(596)=(BL1*F1-CL*EL) /RS
U(597)=(CL*D1-AL%*F1)/R5.
U(598)=(Al*EL-BL*DL)/RS5

U(599)=-CTX/L3
UE6001=1.0
N=15%

M=40

MSA=0

MSB=0

L=15

CALL MPRD(AJUyR¢N,M,MSA,MSB,L)

DO 300 1=1+225
300 A(l)=R(I)

THE RESULTANT IS MULTIPLIED BY THE INERTIA MATRIX *tp':*,

Blly=p1
812)=22
B(3)=P3
Bl4)=P4
B(5)=pPS5
B(6)=P6
B(7)=P7
B(8)=p8
8091=P9
BI10)=P10
BILL)=PLl
B(12)=P12
B(13)=P13
Bil4)=Pl&
B(15)=P1S

N=1Y
M=15
M5A=0
MSB=0
L=1

CALL MPRD(AyBsRyNsMsMSAMSB L}

CALL MPRO(A+ByReNyM,MSAyMSB,L)
WRITE(6+500)P2yREL)yRE2)¢eREII4RI4)I RIS +RI6),RIT),RIB)4R(9),RI10),
#¥RULL) #REL2Y$RIL3VLRULG)HRILS)
500 FORMAT(*'1',F18410,3(8XsF18.10)///'0',18X,3(8X,F18.10)//7/'0",18Xs3(
*8X,Fl8.10)//7/740% y18X+3(8XsF18412)///°0",18X,3(8X4F18.10))

[FIP2.6T.360.0)
GO TO 5

999 STGOP
END

G0 TO 999
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