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CHAPTER 1
INTRODUCTION

The modern kinematics had its beginning with the noted German kine-
matician, Franz Realeaux. He was named professor at the Polytechnicum in
Zurich in the year 1856. Here he developed the basic concepts funda-

mental to a study of kinematics. - His classical book, Theoretische

Kinematic, written in 1875, was trahs]ated into Eng]ish'by Kennedy, and

titled Kinematics of Machines. He introduced the idea of constrained

motion and recognized that it depended on the form of the surfaces of
contact of the adjacent parts. Each of the working surfaces he called
an element. Realeaux defined a mechanism as a kinematic chain of con-
nected Tinks, one link being'f1xéd. He identified synthesis as a con-
cept; it is deéign, the creation of something new. Kinematically speak-
ing, it is the conversion of a motion idea into hardware. Synthesis is
the opposite of analysis. In analysis, the existing mechanism is
examined and the motion it generates is studied.

The whole problem of synthesis can be considered to be made up of
three parts. These three parts of synthesis are (1) the.type synthesis,
(2) the number synthesis, and (3) the dimensional synthesis. In type
synthesis, the different kinematic pairs, the links, are decided upon to
build the mechanism. In number synthesis, the total number of Tinks and
the different lower and higher kinematic pairs to be used are decided

upon so that constrained motion of the mechanism can be obtained. Using



the Gruebler's mobility criterion, the degree of freedom of the mechan-
ism can be determined. |

After having decidgd updn thevdifferent types of pairs, links, and
the different numbérs of them to be used, it remains to determine the
lengths of the different 1iks which will enable the mechanism to gen-
erate the specified motion. The determination of the proper Tlink
lengths is called the dimensional synthesis of thé mechanism.

In the nineteenth century, dimensional synthesis of mechanisms
using analytical methods was not possible because of the too cumbersome
calculations involved. The graphical techniques were used in the syn-
thesis of mechanisms. The Germans and the Russians studied the graph-
ical techniques and developed them to a high degree of sophistication.
The interest in the area of k{nematics_was not aroused in the English
speaking codntries until Professor De'Jonge in the year 1942 made
critical remarks on this subject. |

It is seen that after the introduction of high speed digfta] com-
puters, the interest in the area of kinematics took a new turn in this
country. New sophisticated ana1ytica1 techniques were developed; the
solution to most of these methods was.pbssib1e.on1y by the use of com-
puters. Soni and Harrisberger (1)*vrecent1y revealed the fact that at
present there are more than ]2,000 publications in the kinematics alone.

| There are numerous analytical methods that_éxist today to synthe-
size multi-loop planar mechanisms: The two approaches whiéh Took
promising are the

1) complex number method

* .
h Numbers in parentheses refer to numbered references in the biblio-
grapny. ' '



2) displacement matrix method

The complex number method arrives at the synthesis equations by
making use of the complex vectors and eiiminating unwanted~parameters{
The disadvantage with this method is that for every mechanism, the .
syhthesis equations are to be'obtafned from scratch. -itsnadvantage
over the displacement matrix method is that it iﬁ?o]ves\less number
of unknowns when compared to the synthesis equatioss obtained by dis-
placement métrix method. The greatest advantagevwhich the displacement
method offers is that the synthesis equations can‘be obtained with ease
and therefore gives the opportunity of computerization of the method.
Koh1i and Soni (3), and Kim, Hamid and Soni (4) used the displacement
matrix method successfully in synthesizing the seven 1link and the six
1ink mechanisms. Hamid and Son1 (7) solved the eight 1ink mechanism
for a variety of motion'programs using fhe displacement matrix method.

The work that was undertaken in this thesis was with-the aim to
computerize the whole system of mechanisms up to and including all the
eight 1ink mechanisms so that synthesis equations can be obtained
directly as the computer output. The program is written in PL/I and
FORMAC to interpret the mathematica] terms.

Chapter II explains the use of the displacement matrix. In Chap-
ter III, the definitions and notations of some of the terms related to
kinematics are given. Chapter IV explains the data requ{red as input
fo the program. Selection of the coup]ér linkvis explained in Chapter
V, and Chapter VI explains how the synthesis equations are obtained.

Listing of the computer program is giVen in the Appendix.



CHAPTER 11

DERIVATION AND EXPLANATION OF DISPLACEMENT
AND ROTATION MATRICES

In this chapter, the displacement and rotation matrices are
derived using the elementary principles of algebra and trigonometry.

An explanation is also given as to their use and significance. Suh (2)
was the person who first formulated and used these matrices to obtain
design equations for planar mechanisms. He later extended his work to
include the three dimensional mechanisms, also.

Referring to Figure 1, let Zq and N represent two different posi-
tions of any link, say £, of a mechanism when the mechanism has moved
from its ISt position to any other position, say N.

A] and B1 are any two points on the link £ when the mechanism was

in its ISt

position, and AN and BN are the same two corresponding points
when the mechanism has moved to its new position, N.
Let (XA1, YA1) be the coordinates of point Ay
| (XB1, YB1) be the coordinates of point B
(XAN, YAN) be the coordinates of point Ay
(XBN, YBN) be the qoordinates of point BN
o 1S the angle which the sfraight Tine A]B] makes with the horizontal.
0 is the angle by which the 1ink z has rotated in moving from its ISt

position to its new position, N.



From Figure 1(a),

A D ‘ .
C0s(a) = A]B - XB]AfBXA] . ; (1)
' 1 171 '

“B.C - o nA- : S

and from Figure 1 (b)

N

N°N

By trigonometry, COS (a+0) can be expanded to'get
COS(ot+0) = CO0S(a) - COS(6) = SIN(a)-SIN(O) (4)

Substitute for COS(a), SIN(a) AND COS(a+6) using expressions (1), (2),

and (3) in expression (4) to get

XBN - XAN _ (XBI - XA1) . (o) - (YBL = YAT) . ¢pyioy (5)

ANBN A1B] A181

ANBN can be cancelled out with A1B] as both of them represent the same
diétanée between the two points A and B. After cance]]ing out ANBN with

A]B1 and rearranging to get XBN, the expression becomes
XBN = XB1-C0S(0) - YB1-SIN(e) + [XAN - XA1-C0S(0) + YA1-SIN(0)](6)

Similarly, the expression for YBN can be obtained by expanding SIN(a+0)

as

YBN = XB1-SIN(e) + YB1.COS(e) + [YAN - XA1-SIN(6) - YA1-C0S(6)](7)



Figure 1. Displacement and Rotation of a Planar Link



Expressions (6) and (7) can be expressed in matrix form to get

Let [ D IN

The above matrix D N is defined as the displacement matrix. It

may be noted that it is a function of the rotation angle © and the co-

C0S(0) - SIN(G) XAN - XA1-COS(8) + YAI-SIN(®)
SIN(0)  COS(0) YAN - XAT-SIN(G) - YAT-COS(e)

0 0 1

T

0 0 ‘ 1

ordinates of point A in two different positions.

Thus, if the angle © and the coordinates of point A were known in

both the positions 1 and N, then the displacement matrix vD‘INvis com-

pletely known.

then its coordinates in the Nt

h

diSp]acement matrix D IN from the relation

XBN XB1

YBN | = [D]IN YB1

~— — —

-

XB1

YB1

COs(e) - SIN(®) XAN. - XA1°COS(e) + YA1.SIN(o)

SIN(e) . COS(e) YAN - XA1°SIN(e) - YA1°COS(0)

w—

If the coordinates of point B in its first position were knowh,

position can be determined using the




It is important to note here that by expressing the coordinates of

point B in its Nth st

position in terms of its coordinates in the I
positibn using the displacement matrix D N whichkis a function of the
vcoordinates of point A in two different positions, what is indirectly
beingvﬁaid is that these twd points, A and B; 1ie on the same_p1ane.-
This point must be clearly understood in order to understand the work
reported in this thesis. Thus, generalizing if there are m points B],

B

B B,and D .\, the displacement matrix is a function of

os Bas + ..
the coordinates of some point A and the angle © and if the coordinates
of all these m points B], BZ’ C e . Bm in their Nth position is express-
ed in terms of their first ppsitién using this displacement matrix D IN
then it is to be understood that all these m points B], Bys « . Bm and
the pOint A Tie on the same plane.

In Figure 2, the Tink has‘rotated only by an angle © about the -
point A in moving from position 2, to position Iy As point A has not
moved at all, its coordinates in position Zy is the same as that in
position Iy That is, XAN = XA1 and YAN = YAl. Substituting for XAN

and YAN using these relations in the displacement matrix, the rotation

matrix is obtained.
coS(e) - SIN(e) XAl (1 - c0S(6)) +YAT.SIN(e)

[R_IIN= SIN(e)  COS(e) YAT (1 - COS(0)) -XAT-SIN(e)

0 0 ; 1

Thus, in Figure 2 the coordinates of point B in position zy can be

obtained by using the relation



Figure 2. Rotation of a Planar Link
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- - - -
XBN XB1
YBN = {R} YB1

. IN
I 1 _ ]

in terms of its coordinates in first position. Fbollowing the same
reasoning which was used for disp1acemeht matrix, it can also be argued
on similar lines that the use of the rotation matrix between two or

more points implies that they all lie on the same plane.



'CHAPTER III

DEFINITION OF NOTATIONS AND TERMS FOR THE
SYMBOLIC COMPUTER PROGRAM

In this chapter, a brief explanation of the different terms which-
are used regarding a mechanism will be given.

A kinematjc chain is a geometric configuratiOn built by connecting
kinematic links using kinematic pairs. .It may have one or more closed
loops. |

A kinematic link is a rig}d massless member and is classified
according to the number of joints which it can accept. A binary link
is defined as a kinematic link whiéh can accépt two joints; a ternary
link, three joints, and a K-hary Tink, K joints. A kinematic pair con-
sists of two contacfing elements and is used to connect two kinematic
links. | |

A Tinkage or a mechanism is obtained by fixing one of the kine- |
mat1C‘1inks of ‘a closed kinematic chain with the ground. The Tink which
is fixed with the ground is ;a1]ed the ground link, and the links which
are connected to the ground Tink are called the ground adjécent Tinks.

Ih the kinematic chain, each Tink must be frée‘to mové relative to
the other links connected to it. In a basic planar kinematic chain, all
the Tinks are connected by revolute pairs, and the movement of all the
Tinks is in one or different parallel planes.

A kinematic mechanism obtained by fixing one of the links of a

11
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kinematic chain may have one or more degrees of freedom. The degrees
of freedom of a mechanism depend upon the total number of 1ihks and
kinematic pairs present in it.  The degrees of freedom of a mechanism
.can be determined by using Gruebler's mobility criterion, and for
planar mechanisms, the degrees of freedom are given by F = 3(N - 1) -
ZP] where

F = degrees -of freedom of the mechanism

n

N = total number of links the mechanism has

P] = tota] number of revolute pairs present.

In a single degree of freedom mechanism, the motions of all the
links are constrained; that is, no 1ink is free to move independent of
the other links. In a multiple degree of freedom mechanism, there must
be as many inputs as there are degrees of freedom to obtain constrained
motion between the different links of the mechanism.

A dyad is defined to be -the configuration of two binary links
connected by a resolute pair. It will be shown below that by adding
a dyad to or subtracting it from a single degree of freedom mechanism,
the degree of freedom of the mechanism is not changed.

Let X number of links and Y number of revolute pairs be added to
a mechanism which already has N number of 1inks and.vP1 number of revo-

lute pairs. .The expression fof the degree of freedom becomes
F=3(N+X-1)—2(P]-‘I-Y)'
Rearrange the above expression to get
F=3(N-1) - 2Py + 3X - 2Y

Thus, in the above expression, if X is equal to two and Y three,
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" Do L

(a) Binary Link (b) Ternary Link (c) Quarternary Link

Figure 3. Kinematic Links

An Eight Link Multiloop An Eight Link Multiloop
"~ Kinematic Chain Mechanism
(a) (b)
Figure 4. An Eight Link Kinematic Chain and an Eight Link
Mechanism

o/o\o

Figure 5. A Dyad
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the expression for the degree of freedom of the mechanism will not
change and this proves the statement made above. Figure 6 shows how
an eight Tink mechanism reduces to a sfx Tink mechanism by removing
the dyad from.the eight Tink mechanism. This point will be made use
of in Se1ecting the coupler 1ink of the mechanism expiained in Chap-
ter V.

This provides a sufficient background in Understandihg the

remaining chapters of this thesis.
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al of a Dyad

Figure 6. Remov



CHAPTER IV

INPUT INFORMATION REQUIRED FOR THE
COMPUTER PROGRAM

Ih this section, the scheme that was adopted for describing a
mechanism to a high speed digital computer will be explained in detail.

To begin With, the different 1links of a mechanism must be numbered
so that they can be identified later, by referring to these numbers.
The numbering of the 1links 1s.comp1ete1y independent of the computer
program (a listing of which is given in the Appendix). But when once
the links are numbered, the names of the’different pivot points of the
mechanism are fixed by the computer program. How this is done is
explained below.

The information regarding the connection-beﬁween diffefent links
of a mechanism can very well be represented by a two-dimentional array.
In the computer program, this array is named MECH. If, for example,
say link numbers I and J of a mechanism are connected to each other by
a revolute pair, then the locations (I, J) and (J, I) in the array MECH
will haYe a value of 1 (ONE), and if there were no connection between
the links, then a 0 (ZERO) would occupy the above mentioned locations.

Thus, the complete array MECH for mechanism number two shown in

Figure 7 will take the following form:

16
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41 0 0 0 0 1 1 0 0
MECH(I,J) =

51 0{o0flol1]olto}l1]o0

It may be noted that MECH is a square array symmetric about the
principal diagona]. Now consider the upper half portion of this array
where the diagonal beginning at the element (1, 1) divides it into two
parts. Counting the non-zero entries in this portion, it will be found
that there are as many of them as there are number of pivot points in
the mechanism. We now modify the matrix MECH using the following rules.
Note that the pivot points of the mechanism are identified by using the
letters A, B, C, etc. Replace the non-zero entries in the matrix MECH
by these Tetters representing the pivot points. Thus, for example, the
connectivity between 1inks 1 and 6, replace the non-zero entry for the

element (1, 6) by the letter A. The modified matrix MECH will then
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take the fo]iowing form:

MECH(I,J) =

N

Note that the letter I is not used in writing this modified matrix
MECH. This is simply to avoid confusion betweeh the letter I and the
number 1. Since an eight 1ink mechanism has ten joints, the letter
symbols of these tén joints will therefore be A, B, C, D, E, F, G, H, J,
and K. The letter P is used for_fhe coupler point.

Consider the two mechanisms shown in Figure 7. By examining these
mechanisms we note the following distinguishing points:

'1) They do not have the same number of Tinks
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2) A11 the links in either of them are not df the same type.

3) The total number of Toops in each of them are not the same.

Apart from the above observations, another important point which
must also be noted is about the connection between the different Tinks.
For example, link number 1 of mechanism number 2 in Figure 7 is not con-
nected to 1ink number 7, and such information regarding the mechanism
is important and must be carefu]]y.hoted. |

A mechanism may have binary, ternary, quarternary, and other types
of 1inks present in it. This information is made known to the computer
by the single dimensional array named LINK. Thus, if LINK (I) = K,
then this will mean that 1ink number I of the mechanism is a K-nary
Tink.

The other information required by the computer'is regarding the
loops of the mechanism, and must be carefully prepared. Theke are a
few rules which must be following fn preparing these data. Theﬁe rules
are:

1) A11 the different loops must follow the same path, either clock-
wise or counterclockwise. - |

2) The Tlinks which are encountered in traversing a loop must be
noted down in a sequential order. No link is to be repeated or skipped.

3) The first loop must have the ground Tink as its first element.

4) If there is more than one Toop having ground 1ink as one of its
elements, then the fo]]bwing rule should be adopted in naming the first
loop:

a) If all the loops are following the c]ockwise path, then

the lefthand-most loop will be Toop number 1.

b) If all the loops are following the counterclockwise path,



Figure 7.

Mechanism #1

Mechanism #2

Comparison of Mechanisms

20
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then the righthand-most loop will be loop number 1.
v.The numbering of other loops is immaterial and may be done in any
manner. |

The input data required for the computer program is explained
below and sﬁou]d be given in the order shown: |

1) total number of 1links in the mechanism

2)'the number of the-ground 1ink

v3) total number of loops present in the mechanism

4) total number of e]ementé in each of the loops beginning with
the first loop first and following it with other loops in an increasing
order |

5) T1ink numbers encountered in each of the 1pops beginning with
Toop number 1 and following if with other loops in an increasing order

6). numbers indicating 1ink types fof all eight links in a sequen-
tial order; that is, begin with Tink humber 1 and state its type, then
go to 1ink number 2 and state its t&pe, and end with Tink number 8 and
state its type |

7) the'data which are obtained from the upper half portion of the
non-modified matrix MECH.

This completes the input data for the computér program. Listing
of the data Which was prepared'fdr mechanism‘numbér 2 of Figure 7 are
'presénted on the next pagé. Until item number 6) above the data are
punchéd on the data cards with a.b]aﬁk between each value. The data
for the item number 7) are to be‘gfven as shown in the 1isting. Note
that a comma appears between each value and the input data must end

with a semi-colon.



LISTING OF THE INPUT DATA FOR THE
EIGHT LINK MECHANISM OF FIGURE 7

22



88354481672764527382222234 3 MECH(1,6)=1,MECH(1,8)=1,ME

CH(2,7)=1,MECH(2,8)=1,MECH(3,7)=1,MECH(3,8)=1,MECH(4,5)=1,MECH(4,6)=1,MECH(5,7)=

1,MECH(6,7)=1;

€¢



CHAPTER V
SELECTION OF COUPLER LINK

After a mechanism is selected, it becomes important to decide upon
a link which will be used as the coupler link. "Coupler 1ink" is a
typical name given to a particular Tink of the mechanism which will
actually do the job of generating a point path curve or guiding a rigid
body through its different preciéion positions.

In a simple four bar mechanism, the Tink which connects the two
ground adjacent links is selected as the coupler link. It is known that
a four bar mechanism is capabTe of generating a curve having a maximum
of nine'precision points. In Figure 8, a four bar mechanism is made
into a six bar mechanism by‘adding a dyad. The coupler link of the
simple four bar mechanism is 1ink number 4. The question now is, by
having added a dyad to the four bar mechanism, will the coupler Tink
remain the same, or is some other 1link to be chosen as the coﬁp]er link
of this six bar mechanism? For a moment, let the original 1ink number
4 be selected as the coupier link of this six bar mechanism. It is
known that a six bar mechanism can be synthesized for a maximum number
of 15 precision positions. With coupler link as link number 4, let the
above mentioned six bar mechanism be synthesized for its maximum number
of-precision positions. Now, having synthesized the mechanism for fts
maximum number of precision positions, remove the dyad to get back the

original four bar mechanism. With the above procedure, actually a four

24
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(a) A Four Link Mechanism

(b) A Six Link Mechanism

Figure 8. Adding a Dyad to a Four
‘ Link Mechanism

25
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. bar mechanism has been synthesized for 15 precision positions. This is
not possible, however, since a four bar mechanjsm can be synthesized for
a maximum of nine precision positions only. If the above discussion
were to hold, then by similar reasoning it can be argued that a four bar
mechanism can be synthesized for an infinite number of precision posi-
tions by adding infinity number of dyads to the coupler plane of the
four bar mechanism as shown in Figure 9. This is obviously not true,
and therefore 1ink number 4 cannot be selected as thé coupler Tlink of
the six bar mechanism. The only other possibility is for 1ink number 5
to be selected as the coup]er']ink;

From the above discussion, the following rules can be made in
selecting a éoup]er Tink:

1) If there is a dyad present in the mechanism (not taking into
account the ground 1ink), then one of the binary Tinks of the dyad must
be selected as the coupler link of the mechanism.

2) If thereis more than one dyad present in the mechanism, then
the mechanism is not a true representation of its class. For example,
an eight link mechaniSm havfng two dyads can be reduced to a six link
mechanism by removing one of the dyads. Such mechanisms must not be
cohsidered as a true eight 1ink mechanism.

3) The coupler 1link must be so se]eéted that it is farthest away
from the ground 1ihk. If there happen to be two such 1links, then the
one having a less number of revolute pairs is to be selected as the
coupler 1ink. The simple reason behind this rule is the argument that
a binary 1ink will be more free to move when compared to a ternary link,
and so is the (K-1)-nary 1link when compared to a K-nary Tink.

An example mechanism wi]] now be selected and a complete step-by-



Figure 9.

Dyads Added to a Four Link Mechanism
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step procedure will be explained as to how the computer program goes
about in'selecting the coupler 1ink of the mechanism. The example |
mechanism is shown in Figure 10.

Following the clockwise rule, let the loops of the mechanisms be
| numbefed as shown in Figure 10. Therefore, the inbutvdata regarding
the Toops will be:

LOOP (1, *) =8, 1, 6, 7, 2

Loop (2, *) = 4, 5,7, 6

LooP (3, *) =7, 3, 8, 2
If the mechanism is other than the four 1link mechanism, then procedure
No. 1 is called, or else the coupler link is selected to be that link
which 6ccupies the third location in LOOP (1, *).

After procedure No. 1 is called, the following steps are executed
before the control returns to the main program.

STEP 1: Procedure No. 2 is called; it determines the total number
of dyads present in the mechanism. If there is more than one dyad pres-
ent, then a message is printed out saying that there is more than one
dyad present in the mechanism, and then the program stops.

STEP 2: If there is only one dyad present in the mechanism, pro-
cedure No. 3 is called; it checks to see if one of the binary links of
this dyad is connected to the ground 1ink and, if so, then the other
link is selected as the coupler 1ink. The control returns to procedure
No. 1. If the coupler 1ink is selected, then a check is made to see if.
the total number of links in the loop of which the dyad is a part, is
four. If this is true, then this is a pseudo eight 1ink mechanism, and
a message regarding it will be printed before the program ends.

STEP 3: LOOP number 1 is stored in the first row of a two



Figure 10. An Eight Link Mechanism
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~dimensional array named LUPCOM (shorf for loop combined). Thus, the
first row of LUPCOM will be

LUPCOM (1, *) = 8, 1, 6, 7, 2.
Procedure No. 4 is now called; it selects a{]oop other thah the first
Toop whith wi11vhave at 1ea$t twalinks in common when compared to
LUPCOM (1, *). The ground link is not considered in determining the
common Tinks when the above selection is being made. Thus, loop number
2 will be selected which has 1ink numbers 6 and 7 in common with LUPCOM
(1, *). The locations of these two common links in LOOP (2, *) wj]],be
also noted. LThus, link number 6 occupies thé fourth location and 1link
number 7 the third in LOOP (2, *). As 1ink number 6 was first found to
be the coﬁmon link, a check will be made to see if its location is less
~-than that of the other common link which is link’number 7. If this is
not found to be true, then LOOP (2, *) will be rearranged one or more
number of times if necessary until the Tink number which wés fifst
found to be common‘occupies‘a location which is 1essvthan the location
occupied by the other common 1link. The rearrangement of loops is done

by ca11ing procedure No. 5. The rearrange loop will Took as shown

below: - v
LOOP (2, *) = 4, 5, 7, 6--ORIGINAL
LOOP (2, *) = 5, 7, 6, 4--Rearranged once
LOOP (2, *) = 7, 6, 4, 5--Rearranged twice
LOOP (2, *) = 6, 4, 5, 7--Rearranged thrice

As the location of 1ink number 6 is less than the location of 1ink No.
7, procedure No. 5 returns control to procedure No. 1.
STEPV4: The rearranged loop is now ready to be combined with

LUPCOM (1, *) and the resultant combined loop is stored in the next row
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of LUPCOM. The combination is done*as‘follows:

LUPCOM (1, *) = 8, 1, 6, 7, 2 |

LOOP (2, *) = 6, 4, 5, 7

A1l the Tinks in LUPCOM (1, *) up to and including the link which wés
~first found to be in common 1s stored in the next row of LUPCOM. Thus,
the first few elements of LUPCOM (2, *) will be |

LUPCOM (2, *) = 8, 1, 6, * * *
After storing these elements, the control is now transferred to LOOP
(2, *) at that Tink number which was first found to be common that is
at the'first‘location of LOOP (2, *). The link number which is occupy-
ing the next location in LOOP (2, *) is now stored as the new element
in LUPCOM (2, *). A check is now made to see whether this link is
present in LUPCOM (1, *) ahd, if so, the control is transferred back to
LUPCOM (1, *) at the 16cation occupying this link number. If this were
not true, a second check is made to see if this link is connected to the
ground‘11nk; The combination is ended if this second check comes out
to be true. As both these checks turn out to be false, the combination
will continue until link No. 7 in LOOP (2, *) is stored in LUPCOM (2, *).
Control is now transferred to LUPCOM (1, *), and ffna]]y’]ink No. 2, the
last element of LUPCOM (1, *) is stored in LUPCOM (2, *). The combi-
nation of LUPCOM (1, *) and LOOP (2, *) Will therefore look 1like

LUPCOM (2, *) = 8, 1, 6, 4, 5, 7, 2.

STEP 5: If the total number of loops is greater than fhe number
of the loop which was combined, then procedure No. 7 will be called
which will update all the loops whosernumbers are greater than the
number of the loop which was combined.} To make it more clear as to

what has been said above, consider that LOOP (2, *) has been combined
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with LUPCOM (1, *) and as the number of the combined loop which is 2
is less than the total number of loops which is 3, procedure No. 7
will be called. This procedure stores loop No. é in Toop No. 2. This
is what is meant by updating the loops. Therefore, LOOP (2, *) will
now become

LOOP (2, *) = 7, 3, 8, 2.

The same procedure is fo]ToWed all over again; this time to find
a loop which will have at least two Tinks in common when compared with
LUPCOM (2, *) so that combination of LUPCOM (2, *) with this Toop can
be made. This new combinationris stored 1in the next row of the array
LUPCOM. AT the steps involved in the combination will not be explain-
ed again as they have already beeh explained in detail above. The com-
bination of LUPCOM (2, *) with the updated LOOP (2, *) will Took 1ike

Lurcom (3, *) =8, 1, 6, 4, 5, 7, 3.
The total number of 1inks in each of the combined loops is noted after
each has been determined.

Thus, the total number of 1fnks in each of the combined loops is
5, 7, 7. |

STEP 6: The coupler Tink is selected from that combined loop
which has a maximum number of links in it. If there happens to be two
or more such 1oop§ having the same number'of links, then that loop
whose humber is greater than the others is chdsen for coupler link
selection. Thus, LUPCOM (3, *) will be chosen from which a possible
Tink will be selected as the cpup]er link. The total number of Tlinks
in LUPCOM (3, *) is 7, which is an odd number and this indicatés that
there are two 1inks which must bé considered‘for pbssib]e coup]ér link

selection. Treating 7 as an integer variable and dividing it by 2 will"
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give 3 and adding 1 and 2 to this.numbér gives 4 and 5. Thus, Tinks
occupying locations 4 and 5 in LUPCOM (3, *) are to be tested. Now

LUPCOM (3, 4) = 4 and LUPCOM (3, 5) = 5.
The two Tinks, Tink numbers 4 and 5, will be checked to determine
their typé and the one haVing less number of pairs on it wf]] be
selected as the coupler 1ink. If the total number of links in the com-
bined loop (which has the maximum number of Tinks in it) were even,
then the 1ink occupying the locatioh given by half the total number of
Tinks plus one would be selected as the coupler 11nk.b

STEP 7: Finally, precedure No. 10 will be called when there is a
dyad present in the mechanism to cheék if the coupler Tink which has
been selected happens to be a binary Tink of this dyad. ‘If this is not
true, then.that combined loop is searched out which has the dyad and
the optimum binary Tink of this dyad will thén'be selected as the
coupler 1ink. After the selection is made, the control returns to the

main program.



CHAPTER VI
OBTAINING SYNTHESIS EQUATIONS

After having selected the coupler links, the next step is to
obtain the synthesis equations for thevmechanfsm.‘ There are many
different ways of writing the synthesis equations for the same mech-
anism. It therefore becomes nécessary'to generalize such a process as
much as possible for computerfzation purposes. A1l the 71 eight Tink,
the 5 six link, and the single four link mechanisms were sfudied in
detail and it was found that all of these mechanisms excepting two can
be divided into three groups. These two were‘eight 1ink mechanisms
having only binary and terﬁary 11nks. Let these two mechanisms make
the fourth group. Two separaté procedures, numbered 18 and 19, were
written for these two mechanisms'of'group.four. Fortunately, these
two mechanisms have unique features by which they can be detected from
the 35 eight 1ink mechanisms having only binary and ternary links.

The synthesis equations are so obtained that there is always an
unknown angle associéted with the coupler 1ink. The‘advantage in
obtaining the synthesis equations involving the rotation angle of the
coupler 11nkyis for the fact that fhe~$ame equations can be used either
for poihtfpath generation or for rigid body guidance,type‘of problem.

Before proceeding further, let the following notations be adopted
which will facilitate in understanding the process of obtaining the

synthesis equations in a concise manner.

34



Figure 11. A Four Link Mechanism
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“Refer to the simple four bar mechanism shown in Figure 11. In

~ order to obtain the synthesis equations for this mechanism, the follow-
ing procedure is adopted: The coordinates of points A and C in their
nth position are expressed in terms of their first position, using a
displacement matrix which is a functioﬁ of the coordinates of a point

P in two different positions, position 1 and position N and the.rotation
angle T2N of the 1ink number 2 on which the points A, C, and P are

located.

Let the above statement be represented mathematically as

Ay = F1(Pys Pys T2N, A) | (1)

O
1}

N

ys T2N, €;) | (2)

Expression (1) conveys the meaning that the coordinates of bivof
point A in its nth position are being expressed in terms of their co-
ordinates in first position using a displacement matrix which is a
function of the coordinates of point P and the rotation angle T2N.

This would generally have been represented as

XAN XAl
,YAN = [P]]N YAl
1 1
- o L. -

Going back to the mechanism shown in Figure 11, it is obvious that
the 1ink lengths AB and CD will remain the same regard1ess of the posi-
tion which the mechanism will occupy; This gives rise to two constrain-

ing equations which are
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n
o

(XAN - XB1)Z + (VAN - YB1)Z - (XA1 - XB1)Z - (YA - YB1)?

and

(XeN - xp1)2 + (YoN - YD1)2 - (xc1 - xp1)? - (ve1 - YD])? 0

For N number of precisfon positions, each of these two eqUatiohs

~ can be written (N-1) times. The total number of unknowns invd]ved are
the eight coordinates of the four pivot points A, B, C, and D and (N-1)
unknown angles T2N of the coupler plane. Thus; for the system of equa-
tions to be ¢onsistenf, there must be as many unknowns aé there are

numbers of equations. Equating these two
2(N-1) = 8 + (N-1)

the value of N can be determined. This gives N = 9, the maximum number
of precision positions for which a four bar can bé synthesized for
point path generation. It is to be noted here that the number of con-
straining conditions is one more than the number of angles assumed to
be unkhowns in the equations. Thus, for any mechanism, the constrain-
ing conditions and the unknown angles associated with different 1links
must be so selected that the total number of constrainfng conditions is
a]ways'greéter by one than the total number. of unknown angles assumed.
The computer program has fwenty-four different procédures or sub-
rdutines, and each of them does a specific job when invoked by a call
statement. The main program making use of the input data detects the
group to which the mechanism belongs and it then transfers control to
that portion of the program. These different portions of the main pro-

gram will call the required procedures which results in the printout of
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the synthesis equations. These required procedures are procedure Nos.
11 through 19. Each of these procedures will be explained briefly.

Procedure No. 11. This procedure when called will express all of

the coordinates of the pivot‘pbints on the coupler Tink in terms of the
coordinates of the coupler point P using a displacement matrix. Next,
it searches for the different 1ihks connected to'the coupler Tlink and
expresses the coordinates of the pivot points on those links which are
not binary, in terms of the coordinates of the pivot point through which
'this link was connected to the previous link. An exception is that the
coordinates of the pivot point which is on the ground 1ink will not be
considered.

Referring to Figure 12, the coordinates of pivot points K and D
will be expressed in terms of‘the coordinates of the coupler point P,
the coordinates of the pivot points, A, C, and B; will be expressed in
terms of the coordinates of the pivot point D and finally the coordi-
nates of the pivot point J will be expressed in terms of the coordi-
nates of pivot point A.

Procedure No. 12. This procedure does a different kind of job.

A typical portion of the mechanism for which this procedure is used is
shown in Figure 13. When this procedure is ca]]ed; it scans the mech-
anism to see if such portions as shown in Figure 13 are present in the
mechanism. When such a construction is found,vthe following takes
place.

The coordinates of the pivot points B and C (Figure 13) are
expressed in terms of the coordinates of the pivot point A using a rota-
trion matrix. Next, the coordinates of the pivot points E and D and F,

G, and H are expressed, respectively, in terms of the coordinates of -



Figure 12. Figure for Explaining
Procedure No. 11



Figure 13.

Figure for Explaining Procedure
No. 12
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the pivot\points C and B. Either Tink number 1kor 1ink number 3 or
both of them can be binary 1links for procedure No. 12 to still be
app]icabTe.

Procedure No. 13. This procedure prints out cohstraining equa-

tions for any binary Tink encountered in the mechanism. The ground
link and the>éoup]er link are exceptions if they happen to be binary
- Tinks. |

Procedure No. 14. This procedure prints out constraining equa-

tions.for the ground-adjacent 1inks when portions as shown in Figure 12
are present in the mechanism. The sides JH and AH for the ground-
adjacent link number 3 will form the constraining equations‘

Procedure No. 15. This procedure will check the mechanism to see

if it is a group-2 mechanism. A group-2 mechanism is shown in Figure
14. A mechanism is detected to be a group—Z_mechanism when- the fol-
lowing conditions are met:

1) It must have a total of eight links with no quarternary 1link
in it.

2) A ground-adjacent 1link must be connected only by ternary links.

3) These ternary links must further not be connected by only
binary Tinks. A coupler link if it happens to be a binary link is not
considered as a binary Tink coﬁnection.

If all three conditions are met, then the mechanism is classified
as a group-2 mechanism. The three sides of such a ground-adjacent Tink
forms three constraining equations.

Procedure No. 16. This procedure is called to check if a group-3

mechanism is given. A mechanism of this group is shown in Figure 15.

It is detected from the fact that a ternary 1link is connected to the
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Figure 14. Group-2 Mechanism
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coupler link and again in turn is connected by only ternary links. The
three sides of this ternary link connected to the coupler Tink will
form three constraining equatiohs.

Procedure No. 17. This procedure prints out the constraining

equations for the necessary ternary link either for a group—z or group-
3_mechanism.

Procedure No. 18 is called when mechanism #1 of group-4 is given.

Procedure No. 19 is called when mechanism #2 of group-4 is given.

An example mechanism of group-1 shown in Figure 16 will now be
considered and the different steps in obtaining the synthesis equations
for it will be explained.

By following the method given in the chapter for coupler link
selection,}it will be found that 1ink number eight will be‘the coupler
Tink. For group-1 mechanisms, the procedures Noé; 11, 12, 134 and 14
are called in sequence. Procedure No. 11 when called does the fol-
lowing:

1) It expresses:

Dy = fq (P15 Pys T8N, D)
Ky = fp (P15 Pys T8N, K;)

2) ' A

N T3 (D}, DN,.T]N, A1)

o~}
[}

(]
=
1

= f5 (D1, DN’ TIN, Ci)

3) JN = fe (A], Ay T3N, J1)
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Procedure No. 12 when called expresses the coordinates of points
G and F in terms of the coordinates of E and the angle T2N using the

rotation matrix, i.e.,

Eys E], T2N, F])

Procedure No. 12 when called prints out the constraining equations
for all the binary links in the mechanism. This will not consider the
coupler link if it happens to be a\binary link. Thus, constraining
equations for Tinks JK, BF, and CG will be printed.

Lastly, Procedure No. 14 will be called and this procedure will
~ print out the constraining équations for the ground-adjacent Tink.
Thus, sides JH and AH will become the‘constraining equations for the
ground-adjacent links HJA. There are five constraining equations and
four unknown angles which show the equations to be consistent.

The computer output for mechanism #2 of Figure 7 is given on the
following pages. It indicates the 1ink number which has been selected
as the coupler link and also gives the synthesis equations on a separ-
ate page. A brief explanation on how to 1nterpret.the synthesis equa-

tions is also given.



COMPUTER OUTPUT FOR THE EIGHT LINK
MECHANISM OF FIGURE 7
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THE COUPLER LINK OF THE MECHANISM 1S LINK# 4
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b 2h o 3o ok aokeak ok ok ol e 3 ok ok dje i ok ok oo e ke Kk Rk e e ok 336 skl o K 3k Aok 3K sk skl e s ok ok ook ok o e ok Sk ok o ke e ok ok Kk ok ok kolok

THE FOLLOWING ARE THE SYNTHESIS EQUATIONS.

. - ———— T ——— ————— — = e S e = ——— —— - — — - - —————

- ——— - -

XAN = XHN = CCS ( T6N ) XHL + SIN ( T6N ) YEL + COS { T6N ) XAl = SIN (

_________
e ———— - —— —— — — — ——— - ——— " ————— . — " - — —— —— o o - ——— ——_——
.........
- — o — —— — ——— — ——— - - —
—————————
- - - ————— ——— — ———— ——— " - —— —— - — —— A — — - - — - - ——— - —

T6N ) XK1

XCN = XKN + SIN ( TIN ) YKL + CCS5 ( TIN ) XC1 = SIN ( T7N ) YC1l - CCS (

TIN ) XK1

- — - - ——— ———— o —— - —— - . —— - - - — T - - - — - - - -

XJh = XKN + COS_ ( T7N ) XJ41 = SIN ( T7TN ) YJL + SIN ( TN ) YKL = COS {
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YIJN = YKN + SIN ( TTN ) XJ1 + COS ( T7N ) YJ1 - COS ( TIN ) ¥YKI - SIN |

-—— o — — i ——— — —— i — — — —— ————— —— ————— — ——— " ——— - — = - - ————— ———— —— - - — - - -~

- ———————— — - — — — — — —— " —— — —— ——— —— — ————— —— ——— —— - - — - - —— —— -

C=1( ~ XF1 + XEN ) - (. - XF1 + XEl ) + ( - YF1 + YEN ) -t -

-——— - ————— i ——— ———— S -~ —— - —— . Y - - — — - -

2
YFL + YE1 )

2 2 2 2
0 = ( XJN - XGN } - ( XJ1 = XG1 ) - ( YJ1 = YG1 ) + ( YIN = YGN )

ok o 2ok e o ok o ok ok ol ok 3Rk ok s ak sk 3ok X e ok o o i s ok 8 ok okt o oo ok ok ok ok e ok ok ok S b ok sl ook ok ok ko8 oK b o okok R koK

THE MAXIMUM NUMBER OF PRECISION POSITIONS THAT CAN BE OBTAINED FOR

PCINT FATH GENERATION =21 ANMC FOR RIGIC BODY GUIDANCE= 11
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HERE IS HCW TG INTERPRET THE DIFFERENT TERMS APPEARING IN

THE SYNTHESIS EQUATIONS WHICH ARE PRINTED ON THE PREVIOUS PAGE.

FOR EXAMPLE THE SYNTHESIS EQUATIONS MAY CONT AIN ALGEBRAIC TERMS SUCH AS
XAl, YBNyT5N ETC,THEN THEY ARE TO BE INTERPRETED AS FOLLOWS
XAl = X CC-0D OF THE PIVOT POINT A WHEN THE MECHANISM IS IN
[TS FIRST POSITION.
YBN - Y CO-0D OF THE PIVCT PCINT B WHEN ThE MECHANISM IS IN
ITS N TH POSITION.
T5N - ANGLE THETA WHICK THE LINK# 5 HAS UNDERGONE WHEN THE
MECHANISM HAS MOVED FROM POSITICN 1 TO POSITION N
P IS OFCOURSE NOT A PIVCT POINT OF THE MECHANISM BUT IS A POINT GN ThE

PLANE OF THE CCUPLER LINKe

2ok 2k ook ko 3k 3ok ok ok ok ok kb ok 3k ok ok 3k ok el dk ok ok ok ok ke ok i ook i e e 3K ek ok 3ok ek ok ok ek ok i ok ok sk 3ok K ok oK ok Ak kok K



CHAPTER VII

SUMMARY AND CONCLUSIONS

This work eliminates the trouble of the kihematician in trying to
figure out a way of obtaining the synthesis equations. A computer pro-
gram is written which will take care of any single degree planar mech-
anism having a maximum of up to eight links. The program, when given
~ the proper 1nformation about the mechanism, prints out the synthesisA
equations. These equations can be used for either point path gener-
ation or for rigid body guidance type of problems. When the equations
are to be used for the point path generation problem, the angle associa-
ted with the coupler Tink will not be known for all the different posi-
tions of the mechanism. The requirement for this type of problem is to
synthesize a mechanism so that a boint on the coupler plane can trace
a curve passing through the given precision points. This angle associa-
ted with the coupler Tink will be known in all the different positions
when the problem being solved is a rigid body guidance type.
| A method is also developed by which the optimum link is selected
as the coup]er link. If a mechanism has more than one dyad present in
it, then a message is printed out regarding the same. After having
obtained the equations so]ving them is purely a mathematical problem.
There still does not exist a verytsophisticated method for solving these
highly non-1inear synthesis equations.' In the future, if such a method
is developed, then it is expected that the work reported'in this thesis

will be of great value to the practicing designers.
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INPUT TC FORMAC PREPROCESSOk
FRCG:PRCGCEDURE CPTIONS(MAIN):

L1

L2

.

FORMAC_OPTIONS;3
OPTSET (LINELENGTE=72)3
/% e ek ok ok e ko o ok e kot o ok o ok o ool o ok i ok o ook ok ok o ook ok ok e o o sk ok o o sk Ko o

* *
* THIS PROGRAM IS USEC FOR OBTAINING THE SYNTHESIS *
* EQUATIONS FOR FOUR OR ANY SIX OR EIGHT LINK PLANAR *
* MECHANISM FOR THE FCLLCOWING TYPES CF MCTICN PRCGRAMS, *
* {1) POINT PATH GENERAT ION AND X
* " (2) RIGID BODY GUICANCE. *
* *
* FOR INPUT TO THIS PROGRAM REFER TO *
* x
* MASTERS THESIS OF *
* *
* SYED A. AZEEZ *
* *
* OKLAKOMA STATE UNIVERSITY *
* *
* 1976 *
* *
ok ook 3 K e ko o o 3o ok o ek ok o o e ok 3k k3 ko kst ke ok ok ok o i oKk ok ok ok ok ok Ok Ok ok ok kok ok /

CCL (IesJeIToNLsGLWCLWNLP4LUPyKEYyOYAD,ST21,5722KOUNT,SPCL,
LUF1,SAVE2(2) ) BIN FIXED 3

DCL (MECH.LOOP+DIAGGIVE,LUPCOM ) (*,%) CTL EIN FIXED3

CCL (LINKyNELEMyNELCM) (*) CTL BIN FIXED:

DCL (XCloYC1,XCNyYCN ) (848) CHARI(3)3

DCL XCOD1(10) CHAR(3) INIT (*XAL' 4" XBL**XC1l"'y*XD1'y*'XEL",
IXFLYy *XGLl'y *XHL"y *'XJ1', "XK1* )3

DCL YCOD1(10) CHAR({(3) INIT (*YALl',°'YBl*,*'YCLl' *'YD1l'y*YEL",
SYF1%,'YGLYy " YHL ' YJL1 ', YKL )3

CCL XCOON(10) CHAR(3) INIT (*XAN?', *XBN'y *XCN*y *XDN?*, ¢ XEN',
CXFENT 9" XGN® » * XHN® 3 " XIN' 3 * XKN' ) 3

CCL YCODN(10) CHAR(3) INIT (*'YAN'",*YBN','YCN*,*YON' »*YEN',
CYFENY gP"YGN* " YHN'y *YJN'y " YKN? )3 .

DCL ANGLE(8) CHAR(3) INITU(*TLIN® o' T2N? o *T3N' o 'T4NY,*T5N", 'TON?',
"TIN''T8BNY) ;

GET LIST (NL,GL,NLP);

ALLOCATE MECH(NL'NL)vDIAG(NL'NL’vG[VE(NL'“L) LCOF(NLPyNL),
LUPCOM(NLPSNL) s LINKINL )y NELEMINLP ) NELCMINLP) 3

NECH=03;

LOCP=0:

CET LIST(NELEM) S

DC I=1 TC NLPS

DO J=1 TO NELEM(I);

CET LIST(LOOP(IsJ));

END L1

GET LIST (LINK)3

CET CATA (MECH);

DIAG=NMECH:

II1=03

DO I=1 TO NL-13

DO J=I+1 TG NL3

IF MECH(I.J)=1 THEN

Cas

II=11+13

MECH(J, 1)=13
XC1(I,+J) = XCODL(II
XC1l(J,I) = XCODL(I!



YCOD1(!

YC1(1,J) = I
YC1(Js1) = YCODL(II);
XCN{TIsJ) = XCODNLII);
XCN(JsI) = XCODNAIIL);
YCN(I+J) = YCCON{II)3
YCN(J»I) = YCODN(II);
ENC L2:

GI VE=MECH3;

IF NL=4 THEN

ca:

CL=LCCPI(1.,3):
CALL PROC24;
CALL PROC11:
MECH=GI VE ; '
CALL PROC13;
GO TC L9
END3s
CALL PROCL(L10,L11) %
CALL PROC24:
IF NL < 8 THEN

" L3:D0;
CALL PROC11:
MECH=GI VE ;
CALL PROC12:
MECH=GIVE;
CALL PRQOC13:
MECH=GIVE 3
CALL PROCl4;
GO TO L9
ENC L33

L4:DC I=1 TO NL: )

~IF LINK{I)=4 THEN GO T0O L3:

ENC L4
IF LINK(CL) =3 .THEN CC TO L3:
IF LINK(GL)=2 THEN

L5:D0;
CALL PROC15:;
MECF=CIVE;
IF SPCL=0 THEN CALL PRCCléys
ELSE

L6:0C3
LINK{SPCL) =2;
CALL PROC1l13
MECH=CGIVE;
CALL PROC12;
MECH=GIVE;
LINK{SPCL)=3;
CALL PROC13;
MECH=GIVE;
CALL PROC17;
GO TO L9:
ENC L6
IF SPCL ~= 0 THEN GO TO L6
MECH=GI VE ;

L7:C0 I=1 TO NL3s.
IF NMECH(GL,I)=1 THEN
IF LINK(I)=2 THEN
D03
CALL PRQC18:
GO TO LS
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END L7
CC TC L33
END L53
KOUNT=0 ;

L8:DC I=1 TC NL3
IF MECH(GL,I)=1 THEN
IF LINK{(I)=2 THEN KOUNT=KOUNT+13
END L83
IF KGUNT == 3 THEN GO TO L33
CALL PROC19;

LG:FP=3%(NL-1)3
RB=(2*NL-2)/2;
PUT ECIT
(0 ookt ok ko o o ok ok o s sk s ok sk e e e ok KR R KR R 1)
(SKIP(3)sX(1)yA)
(0 #kokokokokok Rk ok 0 ) (A )
(' THE MAXIMUM NUMBER CF PRECISICN PLSITIONS THAT CAN BE OBTAI')
(SKIP(2)+COL(5),8)
(*NED FOR?') (A)
(*PCINT PATH GENERATION =9%,PP)(SKIP(2),COL(5)yA,F(3))
(* AND FOR RIGIC BOCY GUIDANCE=',RB) (A, F(3)).
PUT EDIT
(8 dsokohokokok ko sk o sl 6ok hooh 3ok s ok sk ok R ok Kk HOR A kOR K KR K KRR KRR K )
(PAGESKIP(12),CGL(30)4A)
(0 A kkkkkkRKKR D) (A)
(*+ERE IS HOW TO INTERPRET THE DIFFERENT TERMS APPEAR')
{SKIP(5),COL(33),A) ("ING IN*)(A)
(B R |
(CCL33) AN _______*){A)
(*THE SYNTHESIS EQUATIONS WHICH ARE PRINTED ON THE PR')
{(SKIP{2),COL(30)yA)(*EVIOUS PAGE."')(A) ,
(* : ")
(CCL(30) A (" ')(a)
(*FOR EXAMPLE THE SYNTHESIS EQUATIONS MAY CONTAIN ALGEBRAIC T')
(SKIP(5),COL(30)4A) (*ERMS SUCH AS")(A)
("XA1ly YBNyT5N ETC,THEN THEY ARE TO BF INTERPRETED AS FOLLOWS')
(SKIP(2)+sCCL(30),y4)
(*XA1 - X CC-0D OF THE PIVOT PCINT A WHEN THE MECHANISM IS IN')
(SKIP(2),COL(33)yA)(*'ITS FIRST POSITION.') (SKIP(2),C0L(33),A)
(*YBN - Y CO-0D OF THE PIVOT POINT B WHEN THE MECHANISM IS IN')
(SKIP(2)4COL{33)4A)(*ITS N TH POSITICNe')(SKIP(2),CCGL(33),A)
(*T5N - ANGLE THETA WHICH THE LINK# 5 HAS UNDERGONE WHEN THE®)
(SKIP(2),COL(33),A)
(*MECHANISM HAS MOVED FRCM POSIT[ON 1 TC PCSITION N.')
(SKIP(2),COL(33),A)
(*F IS OFCOURSE NOT A PIVCT PCINT CF THE MECFANISM BUT IS A P')
(SKIP(2),COL(30),A)('CINT ON THE'){(A)
(*PLANE OF THE COUPLER LINK&*")(SKIP(2),COL(3C),A)
(¥ shokok ook Aok ok o e o oo e ok ook ok SRk ek sk ok S o ot sk ok ok ol e okok ek ok ROk ok Rk kKoK 1)
(SKIP(5),COL(30),A)
(0 RdkhkRkRRkERT ) (A) 5

F1:FORMAT(SKIP(2),COL(40),A):
GO TO ENDPGM;

L10:FUT EDIT
(0 shaokolookakok o o s of ook oK o ok ok koo o ek koK RSO OR Kok Rk ok KK S )
(PAGEsSKIP(19)sR(F1))
(* THE MECHANISM SELECTEC FOR THE JCOB IS IN TRUTH A*)
(SKIP(4)sR{F1))
(*PSEUDO*yNLy* LINK MECHANISM SELECT A MECHANISM WHICH?')
(SKIPyR(FL)F(2)4A)
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(*WwILL NOT HAVE MORE THAN ONE DYAD PRESENT IN ITe')(P(F1))
{0 3 sk ol sk 3ok e e ok of o 3ok e ke ok 3k ok ok ok e o ok ok ak Sk ok ok ok kok ok B ox ok ok ok ke Aok ok sk 9 )
(SKIP{3) ,R{F1) JPAGE)}S
CO TO ENDPGM;

L11:PUT EDIT
{9 3 ok e i ol 3k ok ok A o e ok e o Sk Sk ko ok s i ke o ook kol Xk o ok ok ok ok kokok k0 )
(PAGESKIP(13)},COL(40),A)
(* THE MECHANISM RAS AN INCIPENDENT LOOP FORMING A7)
(SKIP(3),R(F1))
(*FOUR BAR AND REMOVAL OF THE DYAD FORMING THIS FOUR'){(R{F1))
(*BAR LOOP WILL STILL LEAVE THE MECHANISM WITH A*)(R(F1l))
('SINGLE DEGREE OF FREEDOM. IT IS THEREFCRE A PSEUDG')YIRL{FL))
(* EIGHT L INK MECHAN ISMsANY CTHER TRUE FEIGHT LINK')(R{F1))
(*MECHANISM IS TO BE SELECTED BEFCRE SYNTRESIS*I(R(F1))
( "EQUATIONS CAN BE UBTAINED.')(R{F1))
{0 2k skokoko ko okok ook koo 8 ok ok b o ok ok ok e o ok o e kot kol sk ok ek ok ke A ok kok ko ko k 1)
(SKIP{(3) 4R(F1)+PAGE):

PROC1: PROCEDURE(LABL,LABZ2);
/% ok 3 e ok o Ao ol o ok ok e oo i ok ok ok B o o o 3k ook o ok ko ok ok ok o sk ok 3 ok ok o ok o o ok e oK K ok

* *
» PROCEDURE# 1 *
* ) *
* THIS PROCEDURE SELECTS THE COUPLER LINK, *
* . *
ek ok ook 6 ok Aok K ok oK R gl ok kROl Ok ook 3 ok o ok ok ok ook ok o o 3k o okl ok gk ko ok ok skok ko 3/

DCL (LABl,LAB2) LABEL;
CALL PROCZ;
IF DYAD > 1 THEN GO TG LABL;
IF DYAD = 1 THEN CALL PROC3;
IF CL > 0 THEN :
CCs
L1:D0O I=1 TO NLP;
O J=1 TO NELEM(I);
IF LCCP(1,4J)=CL TFEN
IF NELEM{I)=4 THEN GO TO LAB2;
ENC L13 ‘
GG TC END_Pl;
ENC3:
LU F=NLP;
LUF1=NLP;
NELCM{ 1)=NELEM(1);
LUFCOM{1,%*)=L00P (1, *) 3
KOUNT=13
L2:CALL PROC4;
ST21=SAVEZ2(1);
ST22=SAVE2(2):
IF ST21 > ST22 THEN CALL PROCS;
CALL PROC6;
IF KEY < LUP1 THEN CALL PRCC7:
IF LUP >= 2 THEN €O TO L2
CALL PROCS:
CALL PROCS;
IF DYAD=1 THEN CALL PROC10;
END_F1:END PROCL:
PROC Z: PROC EDURE 3
/% %k 3ok e o e koK e ok ak ok ok 2k 30 ok o 3k o ok ok ol koo k3 ok ol 2k ke ak 3 ook 3 ok e ok ook 3k i ok e e 3 e oK ok 3¢ ok ke ok ok ke
*
PROCEDURE# 2

3+ * % 3t

*
*
* DETERMINES THE TCTAL NUMBER CF LCYADS PRESENT IN THE
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* MECHANISM, *
* *
3k e o ok ok ok ok ok ok ok o o K ek sk Ak ok ek sk sk ok ok sl sk e e ok s ook ki ok 2k ok 3k ok ok K ok e sk ok ok ek ko ok /
DCL (IsJoII,STORE(2) EXTERNAL ) BIN FIXED;
CL=0;
DYAD=03:
L1:D00 I=1 TO NL-1;
IF GL=I | LINK(I) ~= 2 THEN GO TO END_L1:
I1=1+13
L2:00 J = II TO NL 3
IF DIAG(IsJ) ~= 1 | LINK(J) ~= 2 THEN GO TO END_L2:
DYAD=DYAD+13;
STCRE(1)=13;
STCRE(2) =J;
END_L2:END L 23
END_L1:ENC L13
END PROC2:

PROC 2: PRCCEDURE
/% 30k 3 ek ok o i e ok ok o ok ok ok ok ok o 3 ok o o ok ok i ok ok o ok o ok ok ok ek ok ok ok ko o o e 3K o ke de ok ok ok

* *
* PROCEDURE# 3 *
* ‘ v *
* CHECKS IF A BINARY LINK CF THE CYAC IS CONNECTED TO THE *
* GROUND LINK AND IF SO THE OTHER BINARY LINK IS SELECTED AS *
* TFE COUPLER LINK. *
* *
3k ok ok ok ko Aok e 3 o ok o ok ok o ok skl ok s o ok ok ok ok ok ook ok ok ok e ok o ok ok ok 3 ok ok o ok K ok Kk KK oK/

DCL STORE(2) EXTERNAL BIN FIXED;

IF MECH(GL,STORE(1))=1 THEN CL = STCRE(2);
EL SE

If MECH(GL,STORE(2)) = 1 THEN CL = STORE(1);
ELSE CL = 03

ENC PROC33

PROC4 : PRCCEDURE;
/7% 3 e ke ok s ok e 3 ks e ok i ki ek o ke ek o ok ook ek e e o ok skl ok ok ook ok o ok ek ok ok ok ok ok ok ok %ok

*
PROCEDURE# 4

*
* *
* *
* DETERMINES THE LOOP NUMBER WHICH WILL HAVE AT LEAST TwQ *
* LINKS IN COMMON WITH THE FIRST LOOP. THE GROUND LINK IS *
% *

*

/

NCT CONSIDERED.
*

ok 3 ok 3 o K o ok K ok 3 ok 3k 3 3K o ok ok 2k o ok ok ok o o o ook sk o s ok 3 ok ok o koo o ok ot ok ok ok 3k ok ok 3o ok ook ok
DCL (I +JsKeCOMySAVEL(2) EXTERNAL ) BIN FIXED;

L1:D0C K = 2 TO LUP;
COM=0;
DO I 2 TO NELCM(KOUNT);

L2: 00 J 1 TO NELEM(K);
IF LUPCCM(KCUNT 1) == LOOP(KyJ) THEN GO TO L3
COM = COM+1;
SAVEL(COM) = I3
SAVE2(COM) = Js
IF COM = 2 THEN GO TO L3
KEY=K3;
RE TURN3;

L3:END L23
ENC L1
END PROC4;

PROC5: PROCEDURE ;
/% 3k ok 3 2 3 e ok ek ok ok ok 3 ke o ki 340 ok Kok 3ok ok ok ok 3ok ok ofok ok o koK kool ok o ok ke o ok koK ok
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*x*
* PROCEDURE# 5
x)
*
x
Aok b ko o 3k 3k 3 ok e ok ok ok A ok 3¢ 3k ok ol ok ke ok ol ofe o e ok b e ok ok ok dk ak 3 3 o b ok o o e ok six sk ko K 3k Ak A ok ke k Xk
DCL (I,COUNT,DUM ) BIN FIXED;
COUNT = NELEM(KEY);
L1:DUM = LOOP(KEY,1);3
IF ST22 = 1 THEN
Dos
DC I=1 TO COUNT-1;
LOOP(KEY,I) = LOOP(KEY,I+1);

L3

*

: ' *

REARRANGES THE LOOP DETERMINED IN PRGCEDURE FCUR IF NEECED *
*

/

ENC;

LOCP(KEY,COUNT) = DUM;:
ST21 = ST21-1;

ST22 = COUNT;

END3

ELSE DG;

DO I =1 TG COUNT-1;
LOOP(KEYyI) = LGCPL{KEY,I+1);
ENC3

LCCP(KEY,COUNT) = CuM;

§T21 = ST21-13

ST22 = ST22-1;

GC TC L1;
END;
ENC PROCS;

PROC6:PROCEDURE;
/7% e ok ko ok e oo o ok e ok ke 3 oK ek oK oKk 3 kol s e ok oo koK sk ok ok o o ok ok o ok o ok ok ok ok kKoK R
* ‘ *
* PROCEDURE# 6 *
* *
# COMBINES THE MOST RECENTLY COMBINED LOOP wITH THE LOGP *
* DETERMINED IN PROCEDURE FOUR. *
* : *
o o oo R oo s ok ok o ok ok ok sk ol ol ol K KoK oK okl K Koo ok ok ek o ok ok ko ok ok Ak ok ko ok /

DCL (COUNT.COUNT1,STL11+DUMyKPL¢NEK,POST,SAVEL(2) EXTERNAL )
BIN FIXED3: :
COUNT=0;
KP1 = KOUNT+13:
ST11 = SAVELl(1)3
NEK = NELCM(KOUNT);
DC I =1 TO STL13s
COUNT = COUNT+13
LUPCCM(KP1,COUNT ) = LUPCOM(KOUNT,1};
END3
L1:00 I = ST21+1 TO NELEM{KEY);
COUNT = CCUNT +1;
DUM = LOOP(KEY,I);
LUFPCOM(KP 1, COUNT) = DUM;
If MECH(GL,DUM) = 1 THEN GO TO L3;
COUNT1=03
00 J = ST1ll+1 TO NEK;
COUNTL = COUNTL+1;
IF LUPCOM(KOUNT,J) = DUM THEN GG TC L2;
ENC L1
L23FOST = STL1+1+COUNT1;
DO I = POST TO NEK;
COUNT = COUNT +13
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LUPCOM(KP14CCUNT) = LUPCCM(KOUNT,1)3
ENC:
L3:NELCM(KPL) = COUNT;

LUP = LUP-1;
KOUNT=KOUNT +1;
ENC PROC6;

PROC 7:PROCEDURE ;
/% % 3% 3k 3 3k e ok ok ok b 35 o ok i 3k ok K 3 ok ok ok ofe ok ok ok 3 ok ok 3 ok ok ke ok ok 3 3k 3 2ok 3k 3k ae o e o ok ok ek ok 3k o kK kK e ok
* *
* PROCEDURE# 7 *
*» *
* WILL UPDATE THE LOCPS WHEN INVOKED BY A CALL STATEMENT. *
% *
3ok 3k o o ok 3 o ok S 3k o ook ok ok o e ok 3k 2k ko ok ok ok koK ak ok sk ok ok i ok 3 sk ok ko ok K e 3k 3k ok sk e Xk ok ok koK ok ok K/
DCL (I+JoN) BIN FIXED;
LUP1=LUP1-13

L1:D0 I = KEY TO LUPL;

N = NELEM(I+1);
NELEM{I)=N;
COJ =170 N3
LOCP(I,J) = LOOP(I+1,J);
END L1;
ENC PROCT;

PRCC8:PRCCEDURE;
/% 3% 3 3k ke ok s ok sk ok ke ok o ook 3k A % ko 3K Kk R 3 % ok a3k s sk ok s ok ok ok ak ok o 3k 3k ak 3k 3K 3% 3 ok ok ok i K 3k ok ok K

* *
%* PRCCEDURE# 8 *
* ‘ "
* DETERMINES WHICH OF THE COMBINED LOOP HAS MAXIMUM NUMBER *
* CF LINKS IN IT,. *
* : *
203 2k ok o ok ok 2 3 3 ok o A o ok ke o ok ok ok ik ook e ok ook ok o ok e 3k ok ok Sk ok k ok ok ok ok sk ok e ok sk ok 3k kKoK ok kK kK /

DCL (I+TEMP1,TEMP2,BIGLUP EXTERNAL ) BIN FIXED3
TEMP1 = NELCM(1);
BICLUP = 13

L1:DC I = 2 TO NLP3
TEMP2Z2 = NELCM(I);
IF TEMPL > TEMP2 THEN GO TO L23
BIGLUP = I3
TEMP1 = TEMP2;

L2:ENC L13
END PROCS83

PROC9: PROCEDURE;

/% e o s o Sk o S ok ok Kok sk sk 3 o ok ko sl ok ok ook o o o ko ok ok ok ok ok ok sk kR ok ko ok X Kok ok ok ok o kok ok

PROCEDURE# 9

SELECTS THE CGOUPLER LINK FROM THE LCCP CETERMINED IN
PROCEDURE EIGHT.

* 3 N X u ®
#* ¥ 3 ¥ OF X

e ok o ol ok e e o ok ok ok ok ke KoK A ok ok ok K ko sk ok kol ok ok ko skl sdokok o sk ok ok koK K kok % /
DCL (AyC+DyTEMPL,TEMP2,BIGLUP EXTERNAL ) BIN FIXED,B DEC FLOAT;

A = NELCM(BIGLUP);

B = FLOAT(A)/2.C3

A = A/2;3

C = A+l

D=C+13

IF 8 = FLOAT(A) THEN CL = LUPCOM(BIGLUP,C);
ELSE 0O3

TEMPL = LUPCOM(BIGLLPC)3
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TEMP2 = LUPCOM(BIGLUP+D);
A=LINK(TEMPL);

C=L INK(TEMP2) ; :

IF A >= C THEN CL=TEMP2;
EL SE CL=TEMP1;

ENC3:
ENC PROCY;

PRCC1C:PRCCEDURE:
/% 2k 3k ook ok ok ok a3k o ok e 3 ok i ok ok sde e ke ek abe sk ol kol o ko o ok ki ok i 2% ok ok 3k de 3 % ok Ak ok 2k o ok ok ok
* ) *
* PROCECUREH 10 *
* ‘ ‘ *
* WILL MAKE A FINAL CHECK ONLY WHEN A DYAD IS PRESENT IN *
* THE MECHANISM TO SEE THAT THE COUPLER LINK IS PROPERLY *
* SELECTED. *
* *
e e o ok ke ook o ok o o e e ok ok sk ek ok o i sk ok ok e ok ok ik b e o ok ok o ok ok s ok ok 3K ko oK o ok ok R R ko /

DCL (I, JoCOUNT,( STORE(2) EXTERNAL)) BIN. FIXED,
(ONESsTWC,MIC) CEC FLOAT;
L1:D0 I =1 TO NLP:
COUNT = NELCM(IY);
DO 4 =1 TO COUNT: , .
IF LUPCOMII,J) = STCRE{l) THEN GC TC L23

ENC L13

L2:NID = FLCAT(COUNT)/2.03
ONE = ABS(MID-FLOAT(J));
TWC = ABS(MID-FLOAT{(J+1))3

IF CNE >= TWO THEN CL = LUPCCM(I,J+1)3
ELSE CL = LUPCOMITI,J)s
ENC PROCL10;
PRCC11:PROCECURES
/3 ok ook ok ok ko s o o sk ko ok R o ok ok e ok ok ik ok ok o ikl e ok ok ok ok ok skl o ok ok K e

* %
* FRCCECURE# 11 *
* . » *
* WILL EXPRESS THE COORDINATES OF THE REQUIRED PIVOT POINTS *
* 1IN TERMS OF PROPER QUANTITIES USING THE DISPLACEMENT ®
* MATRIX. : *
* *
ook ok ookl o e o ok 3 o ook e e ok ok ok ek sk sl sl ol ok sk % ok o sk o ok ok ok ik ok ok o ok ok ok ok ok ok /

DCL (IsJoKybLoII¢JJsKK,COUNT1,COUNT2,COUNT3,(NOTEL,NOTE2,
NOTE3)(5) s (CHECK1,CHFECK2(2)sCHECK2{2)) EXTERNAL ) BIN FIXED;
COLNTYl = 03
CHECK1l = 0;

L1:00 I =1 TO NL3

IF MECH(CL,I) = 0 THEN GO TGO END_LL;
IF LINK(I) ~= 2 THEN
DC3

COUNT1 = COUNTL1+13

NOTE1(COUNT1) = I3

END3 :

MECHICL, 1) ('H

MECH(I.CL)} 03

CALL PROC2L {XCN{CLysI) yYCN(CLy I}4XCLACLy I}y YCI(CLyI)y *XPN", 'YPN'

s "XPL,'YPLY ,ANGLE(CL) )
ENC_LL1:ENC L1;

IF COUNTL = O THEN GO TC END_P11;

L2:D00 I = 1 TO COUNTL;
IT = NOTE1(I)3
COLNTZ = O3



L3:0C J = 1 TO NL3

IF MECH(II,J)

IF J = GL THEN

Co;

0 THEN GO TC ENC_L3;

CHECK1 = CHECK1l+1

CHECKZ2{CHECK1)

CHECK3(CHECK1)

GO TC END_L33
END3
IF LINK(J) -=
D03

= II;
= CL3

2 THEN

COLNT2 = COUNT2+1;

NOTE2(COUNT2)
END3

MECH(II«J)
MECH(J.I1)

('H
03

= J3
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CALL PROC2L(XCN(IToJ)oYCN(IToJ)oXCL(TL,J)yYCL{ITsJI)yXCN(ITSCL )
YCNCIToCL }o XCLATI4CL) yYCLAIT,CL)JANGLE(IIL) )

ENC_L3:ENC L3;

IF CGUNT2 = 0 THEN GO TC END_L23
L4:C0 J = 1 TO COUNT2:

JJ = NOTE21{J):

COUNT2 = O;

L5:D0 K = 1 TO NL3
= 0 THEN GO TO END_LS;

IF MECH(JJ,sK)

IfF K = GL THEN

Co:

CHECK1 = CHECKl+1l;

CHECK2(CHECK1)
CHECK3 (CHECK1)

GC TO END_LS5;
ENG3

= JJd3
= II;

IF LINK(K) == 2 THEN

DO

COUNT3 = COUNT3+1;

NOTE3(COUNT3)
END3

MECH(JJoK) = 03
MECH(KyJJ) = 0;

K3

CALL PROC2LUXCNCJJ oK) o YCN(JJyK) oXCLUJI oK) oYCLCJIoK) 9 XCNLIT9dJ )y
YCN(TIIoJJ D)o XCLUITodJD 9 YCLITY, JJ)sANGLE(JI) )

END_LE:ENC LS

IF COUNT3 = C THEN GO TO END_L4:
L6:CO0 K = 1 TO COUNT3;

KK = NOTE3(K):

L7:00 L = 1 TO NL

IF MECH(KK,L)

IF L = GL THEN

Co s

= 0 THEN GO TO END_LT7;

CHECK1 = CHECKLl+1;

CHECK2(CHECKL)
CHECK3{CHECK1)
GO TC END_LT7:
END3

KK 3
NN

CALL PROCZ2L(XCN(KKyL)» YCN(KKyL) g XCLIKK L) sYCLOKK L) ¢XCNIKKyJJ)
YON(KKsJJ) 9 XCL KKy JJ) s YCL KKy JJ )y ANGLE(KK ) ) ;

END_L7:END L7

END Lé3s
"END_L4:END L4;
END_L2:END L2}
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END_P11:ENC PROC11:

PRCC12:PRCCEDURES
/7% 3 3ok ok o ok ok K sk sk oo o ok ok e ok 3 ok ook K ko e s e ol etk s sk s 2 A K ok o ok e kK oK ok

*
* FPROCECURE# 12

*

%

% IN TERMS OF PROPER QUANTITIES USING THE ROUTATION MATRIX,.

'

*
33k 2 o ke e o e o ok e ok o ok o o o ok doolok e ok ok ke sk ok A e o ok ok ok ok dok % o 3k i o ol o ok ok K ok 3 ok o A K ok Rk K K
DCL (ToJoKeLoMyKKoLLy MMy NNyCOUNTL s COUNT2,NOTEL(5)4NOTE2(5))
BIN FIXED; ‘

L1:0C 1 =1 TC NL;
COUNT1=0;
COUNT2=0;
IF MECH(GL,I) = 1 THEN
IF LINK(I) = 2 THEN GO TO END_L1;
ELSE DO;
MECH(GL +1)=0;
MECH( 1,6L )=0;

L2:00 J = 1 TO NL;
IF MECH(I4J) = 1 THEN ,
IF J = CL THEN GO TG END_L1;
ELSE DO
COLNTL = COUNTL+L:
NOTEL(COUNT1) = J;
MECH(I,J) = 03
MECH(J,1) = 03
IF LINK(J) = 2 THEN GO TO END_L2;

L3:0C K = 1 TO NL; ,
IF MECH(J,K) = 1 THEN
IF LINK(K) =~= 2 | K = CL THEN GO TO END_L1;
ELSE DO
COUNTZ = COUNT2+1;
NOTE2(COUNT2) = K;
END L3;

END_L2:END L2; ‘

L4:D0 L = 1 TO COUNTL:
JJ = NOTEL(L); ,
CALL PROC20(XCNI(T9JJ) oYCNCEoJJ)oXCLIoJJ),YCLUTodJ) o XCLII,GL),
YC1(I,GL) sANGLE(T)); :

*
*
*
WILL EXPRESS THE COORDINATES. OF THE REQUIRED PIVAOT POINTS
%
*
/

ENC L43
KK = 03
L5:DO M = 1 TO COUNTI1:
LL = NOTEL1(M);
MM = LINK(LL};
. IF MM = 2 THEN GO TO END_LS5:
L6:CC N =1 TO MM-1;
KK = KK+13
NN = NOTE2(KK);

CALL PROC2L{XCN(LLyNN},YCN(LL oNN) o XCLOLL RN)yYCLILL oNN),
XCNULL ID o YONCLL oI} o XCLULL#T) »YCL(LLT)yANGLE(LL) )
ENC L63
END_LS5:ENC L5:
END_L1:END L13
ENLC PROC12:

PRCC133PRCCEDURES
/730 0k ko 3 o ok o ok o ol o oo ok ok e bk ok ok ok ko ok otk o sl ok 2k ok ok sk ak ok ook R olok ko
* %

* FRCCEDURE# 13 *
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* *
* PRINTS OUT CONSTRAININC EQUATIONS FOR ALL THE BINARY *
* LINKS PRESENT IN THE MECHANISM EXCEPT FOR THE CQUPLER *
* LINK IF IT HAPPENS TO BE A BINARY LINKe %*
* *
Sk oo o ook ok Siete s ek ke ke ek sk ki sk st s e skl o e o ok ol xk e e ook o o ol ool ke o ok ok skl ke ok K 3% 3k 3K ok K ok ek K
ECL (I9JsKyLoMeCOUNT.NOTE(2)) BIN FIXED:
L1:DC I =1 TC NL:
IF LINK(I) = 2 THEN
IF I = CL | I = GL THEN GO TO END_L1;
ELSE DO
COUNT = 03
L2:C0O J =1 TO NL;
IF MECH(I.J) =1 THEN
bo:
COUNT = COUNT +1:
NOTE(COUNT) = J;
IF COUNT = 2 THEN GO TO L 33
END L2
K = NOTE(1):
L = NOTE(2);
IF K = GL THEN GC TC L4s
IF L ~= GL THEN GC 10 L5;
M =K; K==L L = M;
La:CALL PROC23(XCNCIsL)oYCN(I L) oXCI(ToL)oYCLUT4L)yXCl({IsK),
YC1{I+K),'0t)3
GG TC ENOD_L1:
L5:CALL PROC22{XCN{TsL)oYCN(ToL)oXCLIoL)sYCL{IoL)gXCN(I K,
YON(Ts K)o XCLOT oK) o YCLIT sK) 23" ) 3
ENC_L1:ENC L1
END PROC13:
PROC14:PROCEDURE ;
/% 3 3% 2k 3 ik ok ok ok e o ok sk e ok ok ok b ok 3 ik oft aig dkok ook ok i ook ko ok S o e o ok ok ok o ik K Kok 3K ok e o K e ke ke ok

L2:

* *
* PROCEDURE# 14 *
* . .
* PRINTS OUT CONSTRAINING EQUATIGNS FCR GROUND-ADJACENT *
* L INKS. *
* . *x
********************************************#*********#****#**/

DCL (TeJsKebl s (CHECK1,CHECK2(2),CHECK3(2) ) EXTERNAL ) BIN
FIXED:
IF CHECKL = O THEN GG TC ENC_Pl4;
L1:D0 I = 1 TO CHECKL13
J = CHECK2(1);
IF LINK(J) > 3 THEN

Cas

K = CHECK3(1):

MECH(JsK) = 03

MECH(K,J) = O3

END:

MECH{J,GL) = 03
MECH(GLsJ) = 03

DC L =1 TO NL;
IF MECH(J,L) .= 1 THEN
CALL PROC23(XCN(JoL ) YCNUJGL) o XCL(J oL ) »y YCL(J oL ) XCL{JyGL)
YCL1{J GL),*0"): ‘
END L 1;
END_P14:END PROClé4;
PROC15: PROCEDURE ;
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-~
/3% 3 2k 2k ok e ok ke ok 3k ok e ok ok e A o ke ook o 2k ok ok e ook e ok ok ok Sk o ok o ok ok ok ok ok ok s K ok X e o e ok ok e ok ok ok

*
* PROCEDURE# 15
*
*
*
ok 3 ok ok o ok o o o 3ok ok ik e ok ok sk o ook e oK ok ok b ok ok o ok ok ok ok ok ok b o ob ook b koo XK Ak oK o Kok ok Xk Kok K
DCL (I 4J9eKeCCUNTL1 ,CCUNT2)BIN FIXECS
SPCL = 03
L1:00 1 =1 TC NL3
COUNTZ2 = O3
IF MECH(GL, I) = 1 THEN
IF LINK(I) 2 THEN GC TO END_L1Ls
EL SE DO
MECHI{GL 1)
MECH(I,GL)
L2:D0 Jd=1 TO NL
IF MECH(I+J) =1 THEN
IF J = CL | LINK{J) = 2 THEN GO TO L33
ELSE DO
MECH(I.J)
MECH{( J,1)
COUNT1 = 03
OC K =1 TO NL3
IF MECH(Jy,K) = 1 THEN
COs
IF LINK(K)=2 THEN
IF K == CL THEN COUNT1=COUNT1+1;
IF COUNT1 = 2 THEN GO TOC L33s
COUNT2 = COUNT2+1;
IF COUNT2 = 4 THEN GO TO L4s
ENC L2;
L3 :MECH=GI VE;
ENC_LL1:ENDC L1
GCC TO END_P15:
L4:SPCL=I:
ENC_P15:ENC PROC1S5:
PRCC16 :PRCCEDURE:s
/% 3 ook ok ok ok o ok okt o ek ke ok ok s ol sk Bk ok e ok ok ol ok St s ok ok o K Ak ok o e o ok ok ok ok ok ek ook ok ok

*
*
CHECKS IF THE MECHANISM GIVEN IS A GRCUP-2 MECHANISM, *
*
/

e as

0
0

03
03

* *
* PROCEDURE# 16 *
* *
* CFECKS IF THE MECHANISM GIVEN IS A GRJUP-3 MECHANISM, *
* *
ek ok ok e e e ok o ok o S ok oK ook X ek ook sk ok oK 3 ok 3k ook skt o ok ok ol ok ok st e ok koo ok ook sk ok ok kokok /

DCL (1,J,COUNT) BIN FIXED;
t1:0C 1 =1 TC NL;:

COULNT = O3

IF MECH(CL,I) = 1 THEN

IF LINK(I) == 2 THEN

D33

MECH(CL, 1) = 03

MECH(I,CL) = 03

DO J = 1 TO NL;

IF MECH(I,J).= 1 THEN

IF LINK(J) ~= 2 THEN

DO

COUNT = COUNT+1;

IF CCUNT = 2 THEN GG TG L2:

END L1
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GO TC END_P16:
L2:MECH=GIVE:
SPCL=13

END_P163ENC PROCLl63

PRCC17:PRCCEDURE;
7% 36 % o ook o o ok o ok sk ok ok ok ke ook s ook s ol ok o ok o oK 2k o ol e s ok 3 o ko ke ok o ko o o oK 3 ok oK 3K ok ek o ok

*
PRCCECURE# 17

* *
* _ *
* PRINTS OUT CONSTRAINING EQUATIONS FOR THE NECESSARY *
* TERNARY LINK, *
x
/

»

ek o ok o ook o o R i ok ok ok 3 o ok o ook ok ok o o o ok ke o o oK R ok s ek o ool 3 o ke ok o ok o 3 ok K
DCL (I+sJoKyKKyCCUNTNCTE(2)) RIN FIXED;
COUNT=03;
I = SPCL;
IF MECH(GL.I) = 1 THEN
DO s
MECH(I,GL)
MECH(GL,I)

L1:00 J = 1 TO N
IF MECH(I.J)
Cas
COULNT = COUNT+1:;
NOTE(COUNT) = J3
IF CCUNT = 2 THEN GC TU L2
GO TO END_LL:

L2:CO0 K = 1 TO COUNT;
KK = NOTE(K):
CALL PROC23(XCN(TI oKK) pYCN(T oKK) oXCL(I gKK)yYCL(I yKK) 9XCL(I,GL),
YC1(IsGL)s*'0"')3
ENC L23
J = NOTE(1):
K = NOTE(2);
CALL PROC22(XCNUTIsJ)s YCN(ToJ)oXCL (I oJ)yYCI(IoJ)yXCN(I9K),
YONUToK) o XCLOT oK) gy YCL(TIgK)HotO) 3
CO TC END_P17;

END_L1:END L1

.
A
-
A
.
’

nou
oo

1 THEN

END 3
ELSE
L3:D00:
MECH(CL,I) = 03
MECH{I.CL) = 03

DO J =1 TO Nts
IF MECH(I,J) = 1 THEN
CCs
COUNT = COUNT+1:
NOTE(COUNT) = J3
IF CCUNT = 2 THEN GC TO L4
END L33
L4:00 K = 1 TO COUNT;
KK = NOTE(K);
CALL PROC22(XCN(CL +I) 9 YCN(CL9T) oXCL(CL I} YCL(CLI) ¢XCNIIoKK),
YON(IToKK) o XCLE IoKK )y YCL(T,KK)o'O");

ENC Lé&: .
J = NOTE(1);
K = NOTE(2)3

CALL PROC22 (XCNUI»J)oYCN(IoJ)oXCL{I9J)eYCLUIsJ)sXCN(I,K),
YCNUT oK) oXCL{T oK) yYCLUI K)4*0')3
END_P17: END PROC17:
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PRCC18: FRCCEDURES:
/% 3 3k 2k 2k ke o ek sk ok e ok ok e e ok ek ok X ko ok ok 3k sk koo e e ak ok ool ke 3k ook ok ik ok Xk o % o ol % X oKk %k
*

PROCEDURE# 18

* » * *

*
*
b3

WILL BE CALLED IF MECHANISM# 1 OF GROUP-4 IS GIVEN. *
*
/

ok o ok ook ok ok ok ok ke ol ok ok ok ool sl 3ok o e o ok o ok ok oo ok kol koo ok ok i okl ok ok ok ok ok ok ok Ok o ok ok ok

CCL (IsJsKoITyJJsCOUNTo,NOTE(S5)) BIN FIXED;
t1:00 I =1 TG NL3

IF MECH{(GL,I) = 1 THEN

IF LINK(I) == 2 THEN

DGC3

MECH(GLI) 03

MECH(I,GL) 03

DO J =1 TO NL;

IF MECH{I.J) = 1 THEN

IF LINK(J) == 2 THEN GO TO L23

END L1

ftn

L2:LINK(J) = 23
MECK(I,GL) = 1;
MECH(GLI) = 13

CALL PROC11:
MECH=CGIVE;
CALL PROC12;
MECH=GIVE ;
CCUNT = 03

L3:D0 I =1 TO NL3
IF MECH(J,I) = 1 THEN
cos
COUNT = COUNT+1;
NOTE(COUNT) = I3
IF CCUNT = 3 THEN GC TO L4
ENC L 33

L4:CO0 I =1 T0O 2
II = NOTE(I):
D0 K = 1+1 TO COUNT
JJ NOTE(K) ;
CALL PROC22(XCNCJsII) s YCN(JIoII) o XCL(JyII)yYCL(JhITI)9yXCN(JLJII),
YON(JoJJ D)o XCLU U JdJd)yYCL(J9Jd) 4,0 )3
ENC L4
LINK(J) = 33
CALL PROC13;
ENC FROC18:

PROC1G:PROCEDURE 3

7% 3k ok ok ok ok ok ok o ok 3o ok b ok ok ok ok 3 ok o ok 50K KOl ok skok okl o ok 3 oK ke ok ok 3k oK ok e ol ke ok 0k

% *
* PROCEDURE# 19 *
* ) x*
* wILL Bt CALLEC IF MECHANISM¥ 2 CF GRCOUP=4 IS GIVEN. *
* : *
ok o o ok ook o ok ook ok o o ok o) e ok 3 o e oKk ok e st sk ok o ok ok o s ol KOl Kl oK sl ek ok K ok o ok ok o f

DCL (IsJsKyLs¥) BIN FIXEDS
L1:DO0 I=1 TO NL; v
IF MECH(CL,I)=1 THEN
DC3
MECH(CL I)=03
MECH{I,CL =03
DC J=1 TG NL;
IF MECH{I,J)=1 THEN
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IF LINK(J) ~= 2 THEN GO TGO L2
END L13

L2:MECH=GIVE
LINK(J)=23
CALL PROC113:
MEC+=GIVE 3
MECH(I,J)=03
MECH(JoI)=03

L3:C0 K=1 TO NL3
IF MECH(J,K)=1 THEN
IF LINK(K)=2 THEN
Cos
CALL PROC2L (XCN(KyJ)y YCN(K9J) 9 XCL(K9J)oYCL(K9pJ) 9 XCN(I,4Jd),
YCN(ToJ) o XCL(I 9J) s YCL(I9d) sANGLE(J) )3
L=K3
ENCs
ELSE M=K;
ENC L33
DO K=1 TO 23
CALL PROC22(XCN(LyJ) o YCN(L9J) o XCL AL »J) sYCL UL yJ) sXCN(Js M),
YCN(JoMD)oXCL{JsM)yYCL(JyM),'0") 3
L=I3
END3
LINK(J)=33
CALL PROC13:
END PROC19;

PRCC20:PRCCECURE(XBNsYBNyXE19YBLyXQ1l,YQlyALPHA)S

/) % 3% 3 ek ok ok ok ok ok o ok ok k vk Yook o ok ok sl s e sk sl ok ksl ok ko ok s i ok K ok ok ok kol i kol ko ok ok ok e ok % Xk 3k

* *
* PROCEDURE# 2C *
* *
* WILL BE CALLED WHEN THE ROTATION MATRIX IS TO BE USED. *
* *
****************#********«*************##***#*#*****#**##*#***/

DCL (XBNsYBN) CHAR(10C) VARYING,(XBLl,YBLsXQL,YOL,ALPHA)

CHAR(3); ' '

LET ( “XBN"="XBL"kCCS("ALFHAM)="YBL"*STN("ALPRAM ) +"XQL"="X Q1" *

COS(™ALPHA" )+"YQL"*SIN("ALPHA"Y);

MYBN"=UXBL"KSIN('"ALPHAM) +1YBL" *COS (WALPHA" ) +1YQ1"="YQ1"*CUS

("ALPHA™) =" XQL™* SIN("ALPHA") ) ;

PRINT_OUT ("XBN";"YBN");

AT CMIZE ("XBN"; "YBN");

ENC PROC20;
PROC21:PROCECURE(XANyYAN, XALsYALsXPN s YPN 4 XP1y YP 1, THETA)

/% 3 2k 3k e ok 2k 2k X ok i sk ok X o ke Ak ok ak kK e e sk ok e ook e ok i e ok e ok xe e o ok o vk ofe ok ok ok ok ok koK Xk

' _

* PROCEDURE# 21

x

* WILL BE CALLED WHEN THE DISPLACEMENT MATRIX IS TO BE USED.

* *®

33K 23 2k 2k ok K 3¢ 3 A 2k i o 3¢ ok ok A 3k 3k K ok ke o dk B ok ek kK ok e 3ok i ok e ok i X e e ok e ke 3k ok e ol ok Xk ok ok ok ok Xk /

DCL (XAN,YAN) CHAR(100) VARYINGs{(XALyYALsXPN,YPNsXPLyYPL¢THETA)

CHAR(3):

LET (“XAN"="XA1"*CCS(UTHETA") ="YAL"KSIN("THETA" ) +"XPN"="X P 1"*

COS(#THETAM ) +"YP LM *SIN("THETA" ) ;

MY ANS=OXALNRSIN(THET A" ) +MY ALWXCOS ("THETA" ) #"YPN"="XP 1"*SIN

("THETA®)="YPL"*COS("THETA")) ;

PRINT_OUT ("XAN";UYAN" )3

ATCMIZE ("X AN™; MY AN" )3

END PROC21;

#* 3+ %
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PRCC22: PRCCEDURE(XANYAN+XA1yYAL s XBN,YBNXB1,YBL,3) ;
/% 3k 3k 3k 3k e ok e ok ak 3k e e 3 X ak ke ke B ke skl 3 e o e Dl K e e e e ok el e R e 3k e ok ik o ool ik ke ko ok sk ok e ik ke % ok ook e
*

PROCECUREH 22

*
* *
* *
* 1S CALLED WHENEVER A CONSTRAINING EQUATION IS TO BE *
* WRITTEN BETWEEN TWQ POINTS BOTH OF WHICH CAN MOVE ALONG *
* WITH THE MECHANI SM. *

b3

/

»*

ek o ok ol o o ook ek ok ok okl ok ok sk RoRoRoK ok ok oo ok Rl ok o ok sk ol S ok ok Kok o ookl
DCL (XAN,YAN, XAl ,YAl+» XBN,YBNsXPL,YB1) ChAR(3),
C CHAR(100) VARYING;
LET( RO =( W XANN=T XBN®) %24 (MYANN=MYBNU ) kK2 = (X AL U-NYXB]M")*%2
=("YAL"=-"YB1I" )%*2);
PRINT_CUT("CY);
ATOMIZE("™O") ;
ENC PROC22;
PROC23:PRCCEDURE(XAN,YAN XAl yYAL 4XBL,YBL,C);
/% % 33 ok sk ok ok ok ok ok s ok ok ke sk sk ok ook ek o ok ok ook % ok ok o s oK ok o e ok o o ok ol e ok o % ok ok kol ok
*

FRCCEDURE# 23

x
* *
* *
* IS CALLED WHENEVER A CCNSTRAINING EQUATION IS TO BE *
¥ WRITTEN BETWEEN TWO POINTS WHEN ONE OF THEM LIES ON THEF *
* CGROUND L INK. *

%*

/

*

sk ok ok ok ok ok ke ol e ko 3ok o ok ok ok ok sk ok o ok ok ok ok kK 3Kk ek s ok ok o e e ok R ook ook ook ok o K oKk K
DCL (XAN,YAN,XAl,YAl,XBl,YB1l) CHAR(3),C CHAR(100) VARYING;
LET(MDU=(OXANN-UXBIW)RK24 (NMYANN=HYR 1N )kk = (W XALW=1XB]1#) %%k

- MYALU-NYB] ") %x%2) 3

PRINT_QUT (n(Q");

ATCNMIZE(nQw) ¢

END PROC23;

PR0OC24:PROCEDURE
/% ek ook ok A ok ok st kol ok oK o ok 2k skl Aok KOk ko sk ook ok ook ok ok skok ok K kol sk ok ok o R ok ok kR

* *®
* PRUCEDURE# 24 *
* . x*®
* PRINTS OUT THE NUMBER OF THE CCUFLER LINK. *
* *
sk 3 e ool ol ok o S e o o3 ook otk kR ok o ol ok o ot ook ok ok ok ok ookl e o K Kok K K ok K R K X/

PUT EDIT (¥ skakokok ook sk doakokok ko koo sk ok s sk ok s ok sk ok ok s sk sk ok kokkok 0 )
(PAGESKIP(25),COLI{ 43)4A)
(*THE COUPLER LINK CF THE MtCHANISM IS LINK#E',CL)
(SKIP({3),COLI43),A,F(2))
('#***********************#*****m*#***********')
(SKIP(3).COL(43), )
(0 sk ok ik ook o ok o sk e ke stk ol ok ok ek ek sk ok e ik ok ko ok ok ok ol e ek iRl oK K ok 8 )
(PAGESKIP(3)yX(1)sA)
{9 koo ok dokok 1) ((A)
(' THE FOLLOWING ARE THE SYNTHESIS EQUATICNS.')
(SKIP(3),COL(1S)sA)
(v __ ——— - ')
(COL(16)sAN(Y *JUSKIP(3)4A);
ENC PROC243

ENDPFGV:END PROG:




VITA
Syed‘Abdul Azeez
Candidate for the Degree of

Master of Science

Thesis: AN ALGORITHM FOR OBTAINING SYNTHESIS EQUATIONS FOR ANY (MAXI-
MUM EIGHT LINKS) SINGLE DEGREE PLANAR MECHANISM FOR PATH
GENERATION AND RIGID BODY GUIDANCE TYPES OF MOTION PROGRAMS

Majdr Field: Mechanical Engineering
Biographical:

Personal Data: Born in Nizamabad, India, March 3, 1950, the son
of Ayesha Effendi Begum and Dr. Syed Abdul Lateef.

Education: Studied up to tenth class in St. George's Grammar
School, Hyderabad, India, and graduated from People's
Tutor1a1 College, Hyderabad India; received Bachelor of
Engineering degree in Mechanical Eng1neer1ng from Osmania
University, Hyderabad, India, in 1973; completed the require-
ments for the Degree of Master of Sc1ence at Oklahoma State
University in May, 1976

Professional Experience: WOrk1ng part time as a teach1ng and
research assistant at Oklahoma State University from Spring,
1974, to Fall, 1975.



