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Abstract

A solution to the problem of synthesizing an initial three-dimensional kinematic chain with spherical and rotary kinematic pairs
is presented. It is shown that this chain can be used as a structural module for structural-kinematic synthesis of three-
dimensional four-link motion generating lever mechanisms by the preset positions of the in-and output links.

Keywords: mechanism, four-link, kinematic pairs, kinematic chains, synthesis

1. Introduction

These papers demonstrate that four-link basic kinematic chains (BKC) may be used as a structural module with structural
and kinematic synthesis of plain linkage mechanisms. Such an approach to the synthesis of plain mechanisms allows
reducing the problem of their structural and kinematic synthesis to the solution of problem of BKC synthesis, which is very
useful for automation of mechanisms engineering. This paper testifies that specified approach may be applied to the
problem of structural and kinematic synthesis of spatial linkage mechanisms. The solution of the problem of synthesis of
spatial BKC of RSS type (R- rotational, S - spherical kinematic pairs) is represented and its use as a structural module
with structural and kinematic synthesis of spatial linkage mechanisms as per predetermined positions of input and output
links is shown. A method of solution the problem of BKC synthesis of RSS type is based on the introduction of two
movable bodies invariably associated with the input and output links.

2. Theory

If two adjacent elements of open four-link BKC with spherical kinematic pairs are tending to infinity, then it is necessary to
replace the spherical kinematic pair for the plain or cylindrical.

Proof: If in formula (6) 21 =0 | then (X..¥..z)~= and center of circumference approaching sphere will be laid in
the plane or along a straight line. Then, in addition to the required parameters of BKC B(w.v:2)€Q and
Clxesyes2c) € Qs with common parameter &, on fixed system of coordinates OXYZ instead of point 4A(X.:Y:,Z.)€ Q jt
is necessary to determine coefficients «, 4, ¢, of plane 2.

This section considers a problem of synthesis of spatial basic kinematic chains (BKC) with rotating, plane and
spherical kinematic pairs as per specified positions of input and output links based on introduction of two movable solids
all the time connected with input and output links.

Problem statement: Given N of finite distant positions of two solids & u 9: : Q.(xA,yA,zA,l//.,ﬁ.,,(/Jl,),
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QZ(xDx’nyJZD:7l//Zi’62i’¢2i)’ (i = LW)’
where, ¥ %, % -fixed axis Eulerian angles 0x7Z (Figure 1).

A

Fig .1 Equivalent four-link kinematic chain ACD.

Itis required to find a point 4(.-7.-2.)on solid €, to find plane on solid 2
ax+by+cz+d=0 1)

and point CGe-Ye:2¢) on solid €1, which in its motion about solid €. approached to desired plane (1). Equation of
plane (1) on fixed solid 9 is determined by known transformation formulas
a[(Xa —X Dty + Y =Y )0 +(Zg _ZA)t3l]+
+b[(XCt _XA)[IZ +(Yc: _YA)ln +(Zm _ZA)t32]+
(X=X + (Ve =Y s + (Zey = Z )} +d =0 2)

where, V> Pii . angles are given, and angle 0 = 0, Jj=12 i=LN
Q=Y 0L 0=V 0,

X cos(Wy, +¢,,) —sin(y,, +¢,) 0 X, Xe

Yo _ sin(yy, +@,,)  cos(y,, +¢,) 0 Y, | Ye

z 0 0 1 Z, ||z

ll 0 0 0 1 1 (3)
1, =cos(W,, +@,), ty =sin(y,; +¢y), [, = =sin(y,, + ¢,,),
ty =COSWy, + @), by =1, by =1y =1y =1, =1, =1, =1,; =0.
After substitution of the expression (3) in formula (2) and required transformations let us comprise the weighted

difference 4 of point € Xc2Ye>2¢) from plane (2) as:
Aq, =G cosa, +G,sina,; +Gyeos(a;, — fB,)+ G, sin(a,, = B,) + G X, +
+GY, +G,Z, + G, + G, —1 ()
where,

G, =—(aX,+bY,), G, =bX,—a¥,, Gy=ax.+by., G, =ay.—bx.,
Gs=a, Gy=b, G,=c, Gy=cz, G,=—cZ,.

X, cosr, sine, O |X,
Y, |=|-sine, cosa, 0|7,
Z, 0 0 11z,

It should be noted that ten required parameters enter into the expression (2), but after normalization of straight-line
equation 4 =-1 the nine required parameters remain. These are coefficients of equation of plane «, », €| coordinates
X4, Y., Z4 points 4< 2 and coordinates *c, V<, Z¢ points €€ 2:.

Let us comprise sum of squares of weighted difference for V' positions

s:";m]ﬁ G=iM)
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Three systems of equations are obtained, the solution of which is written in the following form of relative required
parametersl2:
1

X,Y,.Z,)=—(D,,,Dy,,D
( A A A) Dl( XA YA ZA) (Where DI # 0) (6)
Stationary conditions per variables
a5 _,
Jj (j=6G,,G,,G;,G,,G5,G4, G, Gy, Gy);
would result in the following simultaneous linear algebraic equations as G +0,.
A-G=B )
where, matrix elements A (9,9):
1 .
ay=Ycostar, hz=% :EZsma,-,- COSy y =a, =3 cosa, ~cos(aﬂ *ﬁj,)
ay =a, =y cosa, ~sin(aﬂ. —,Bﬁ) a5 = ag =ZX, OS¢, a, = ag :ZY,. -cosar;
a7 =ay =zzi cosar, g =dg = zcosaji Qg =dg = ZCOSO{ﬁ Ay :zSinzaﬂ»
Ay =ay, :Zsina” »cos(a,, —ﬂ,,) Ay =0y = ZSina” ssin(e; = B,
Gy =5y = ZXI' 'Sina/’i Ay =gy :ZX sin ay =ag, :ZZA ssiner,
il y ’
Gyy =g = ZSinaﬂ' ayy = ay, =Zsin0tﬂ ay; = ZCOS2 (0{/.[. —IB/‘.)
=a, =1 Y sin(a, - §,)-cos(@, - §,)

(s = oy =75 2SI = P, ) O = Pi)s s = gy :ZX[ 'Cos(a_/i _ﬁj[)
U3 = Ay = ZYI 'COS(O{].I _ﬂj ) Qa3 =dy :Zzi ‘COS(O(/,. _IB/i)

il 1
Qyg =gy = zcos(aji _ﬂﬁ) Q39 = o3 = zcos(aji _ﬁji) Ay = zSinz(aﬁ _,Bﬁ)
Ays = dsy :ZX:' -sin(a“ _,B/i) Ay = dgy :ZY, 'Sin(a/f _ﬁ/’i)
Ay =4 = ZZ’ ‘Sin(aﬂ _ﬁj')‘ Ayg =gy =dy9 =doy :zSin(ﬂl,‘ _ﬁfr)
dss :ZXizs Qg :zY[z Ay :zziz Agg = doy = N, dsg = des ZZXIZ
As7 = dys :ZXAZA U5y = dgs = sy = dys :er’ Qg7 =06 = ZYIZI
gy = dgg = dgg = Ao :ZY, , Qog =lg9 =dgy; =dy; ZZZI : gy = dgg =1,
G=[G,....G,|"

B=[Ycosr,, Ysiner,, Y cos(a, - ), Y siner, — ). X, SV, S Z NN T
Solution of system (5) enables you to determine the required parameters of synthesis. When coordinates of stand

D(Xp,Y,Z,) of output link of slotted link mechanism have fixed values, you can determine nine required parameters

of synthesis:
aG, —bG bG, +aG __ G aG, -bG
XAz_% YA:_% ZA__EQ c= ; 24
a“+b a“+b 7 a +b
4G, +bG, Z,=—>
YT T ’ G7’a:G5’b=G6 C=G7,a2+b2¢0,c¢0.

1

Therefore, as per assigned positions of input and output links of transfer mechanisms, you can synthesize the
spatial slotted link mechanisms of type RS (R - rotational, £ - plane, s - spherical kinematic pairs).

Now, let us consider a matter of choice of normalization of coefficients of equation of plane @, &, €. With
normalization of @ =1, we obtain the weighted difference (3). When entering @ =—1, »==1 ¢=~1 into expression

@),

(3), we obtain exact expressions of displacements (4. , (8- of points G along axes OX oy OZ

respectively, which are weighted relative to displacement A, along normal line. Therefore, you may not say beforehand
which normalization is the best and so it would be reasonable to consider all four events.
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1. Letus assume that @ =—1, Then weighted difference considering (4) is as follows
Aq, =G cosa,; +G,sina;, + Gy cos(a, — ;) + G, sin(a,, — B;)+

+GY, +G,Z,+G, +G, +G, - X,

©)
where,
G =X,-bY, , G, =Y, +bXA, G3 =—Xc +byC, G4 :_(bxc +yC),
G;=b G,=c G,=cz. Gy=cZ, G,=d.
i ition S = 2.1Ag. ]
Based on stationary state condition i
s _
dj ’ (=G +G,) )
considering (6) we obtain the following linear system:
A-G=B (10)

where, matrix elements A 9,9):

1 .
- 2 a, =a, == ) sina,cose, —4 =
a”—ZCOS o, %= % 22 ji ji au—a“—ZCosa‘/i-cos(a‘/i—ﬁ/l)
)

’ 1

a, =a, :Zcosa/, »sin(a/., —ﬂﬂ) as =as = ZY, cosa, Qg =dg = ZZ[ -cosa;
) ) )
o _ _ 2
Ay =dq = Zcosa/., ag=ay =y cose, Gig=0do = Zcosaﬂ ay = Zsm a;
y ) ) il

Gy =a5 = zsjn a; ‘Cos(aﬂ _ﬁﬂ) Ayp =dp = zSin & Sin(aﬁ _ﬂﬁ)’

:
ay =agp =YY, -sine, ay=ay =Y Z sina, a,=a,=)sna,

ay =ag =) sine, Gy =dy = ZSinaﬁ as =z°°52(0‘,u _IB,L)
' ' )

1 .
s = = Ezsm(aﬂ B cos(at, =), d3s =ds3 = ZK 'Sin(a/i _ﬁji)
)
Ay =gy = ZZ: -cos(a/ﬂ _IB/L) , Ay = A = ZCOS% (aﬂ _ﬁ/x) , Ayg = Agy = zcos(a_,z _IB_/i) A3y = dy; :ZCOS(O’_,, _ﬁ_y) ,
a, = Zsinz(aﬂ —ﬁ,,)’

Ays = Asy =ZY/ »sin(a/, 7ﬁ/!)y g = s :ZZf 'Sin(ah _ﬂ/l)
4y =ay, =Y sinla, - f,) g =ay= ZSin(a'ﬁ -8B, )’ Ay = Ay, :Zsin(aﬂ —,Bﬁ)’

1

— 2 _ _ _ _ _ _
QSS_ZYI > asf,:aes=ZY,Z, Qs = Ays _ZYI ass—ass_zyi asg_ags_zYi
) ) ) )
— 2 = = — _ _ _
A6 = Zzi ey = dyg _Zzi Ugg = g —ZZ, Agy = dog _zzi
) ) ) )

Ay =gy = g9 =N, Ugg = gy = g = Agy = gy = Aog =11
T
X:[G1’G29G3’G49G57G6’G7’G8’G9]
)

B= [th COS“/’HZXI sinaﬂ,ZXl cos(aﬂ —ﬁ/;),th sin(ot/», _ﬁ/t)’
PRIDREHRBRH¥A

Solution of system (8) enables you to determine the required parameters of synthesis as:
— Gl +bG2 _G,-bG, Z,= _i G, -bG,

4= —

= Xo =
146> T Gy ° 145

=G, +bG, .= G,

YeT T TG, b=G, =G, d=G,

As a consequence of solution of this problem, we determine such coordinates of points 4(X..Y.-Z.)€Q

Clxesveszc)e Q> and plane on solid 9 that by combining plane and spherical kinematic pairs with them, we obtain

open-link spatial kinematic chain 4CD of type RP,S (R —rotational, #: — plane, S - spherical kinematic pairs).

2. Letusassume that =-1, Then weighted difference considering (4) is as follows
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Aq, =G, cosa;, +G,sina, +G,cos(a, = B,)+G,sin(a, - f,)+

+G, X, +GZ, +G, +G + G, =Y,

where,

G =Y,—aX, G,=-X,-a¥, Us=@%c—yc Gy=xc+ayc Gs=a ,
Gi=c G,=czp Gy=cZ, G,=d

X, :ani cosar; +),’m sina;; )," =-X,sina; +Y,, cose,;

Based on stationary state condition S = 4.
ds

—=0

d] , (= G1 +G9)

considering A4 we obtain the following linear system:
A4-G=B

where, matrix elements A (9,9):

1
_ 2 a, =a, =— Y sina, cosa _ . ( _ )
ay =Y cos’a, %= 22 8% g =ay =) cosa, -cosla;, — B,
)

) )
ay =a, =Y cosa, ~sm(aj,. —ﬂﬂ.) ay=as, =Y X,-co8Q,; a,=ag = Z -cosq,
) ) '

= = = = _ L2

a; =ay =Zcomﬂ Gy =dg = ZCOSG{I»‘. g =dg ZCOSQ’/-I- ay _Zsm a;
) ) ) )
(y =dzp = Zsm & 'Cos(a/i _,B/f) Ay =dyp = Zsm o -sin(ar; = f5,),
)

ay=agp =) X, sine, Gy =dq = Zzi SN a,, =a, = sina,

il ) 1

g = dgy ZZsina” : Ay = Aoy :zSina/‘j |4 =Zcosz(aﬂ 7,5/,)]

1 .
O = n :EZSIH((Z/.I. ~A,)-cos(@, =B, Qys =ds3 = ZX,» -sin((lﬁ _ﬂ./’i)

.

ay =ag =7, ~cos(0!], _ﬂﬂ) . Ay, =a55 = ZCOSOZ/»‘. (0{,‘. —ﬂﬂ.) ’ Uy = Agy = ZCOS(C(‘”. —,Bj,)
ay, = ay, =Zcos(a/,. _ﬁ-f"), a, =Zsinz(a/.‘ —ﬁ,.i)’

4y =ay, =3 X, -sinfe, —ﬁ,.,.)l Ay =gy = 7, -sin(aj, —,Bl.v)

Ay =dygy :ZSin(aji _ﬂj')’ Aug = dgy = ZSin(aji _ﬂji)’ g9 = Aoy :zsm(aﬁ _ﬁﬁ)‘

ass =ZXA2, Qs = dgs =ZX,Z, , s, = aqs =ZX‘. Y Qs = dgs =ZX,‘ Asg = dgs = ZX,',

ag, :szl gy = g Zzzi , Agg = dgs =ZZ,», gy = dog :ZZ",

Uy =gy =doy =N, Uyg =gy =79 = gy = Ugy =gy =1‘

X =(G,,G,.G,.G,,G,,G,,G,,G,,G, |
B= [ZK cosaﬁ,ZYi sinaﬁ,ZYi cos((xﬁ —ﬂj,.),ZY[. sin(aﬁ —ﬂj,.),

PRIBREHRHR BRI
System solution enables to determine the required parameters as:
;4G ~aG, +G, G aG, +G aG, -G G
:7027(1(;l Yy = al, 1 Z"=,7K = 3 4 = 4 3’2[_: 7
! l+a’ 4 I+a* G, e 1+a® e 1+a’ G b=G5,02G6, d=G9.

)

As a conseguence of solution of this problem, we determine such coordinates of points 4(X.-Y.-Z.)€ Q|
Clxcsveszc)e O , and plane on solid & that by combining plane and spherical kinematic pairs with them, we obtain
open-link spatial kinematic chain ACD' of type RP,S (R - rotational, P plane, S - spherical kinematic pairs).

3. Letus assume that ¢ = -1, Then weighted difference considering (4) is as follows

Ag; =G cosa, +G,sina,; + G, cos(a,, — B,)+ G, sin(ar,, — )+
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+G, X, +GY, +G, + G, + G, —Z ),

where,

G =-aX,~eY, G,=bX,—aY, Gy=axc+ey. G,=(ay.~bx.) Gs=a
Go=b G, =z, Gy=Z, G,=d

Based on stationary state condition §=2[aq,]

ds

—=0 .
dj ’(]=G1+G9)

considering A4 we obtain the following linear system:

A-G=B

where, matrix elements A (9,9):

a,, =Y cos’® 7 = dy =%Zsin% Cosanl ay =ay =y cosa,, ~cos(a1i —,b’,i)|

ay =a, =Y cosa, sin(, —ﬂﬂ)’ as=as, =y X, 1C0S@;; ayg = dg = DY, -cosex, .

a, =a, =y cosa, g =dy = Zcosaﬁ g =gy = Zcosaﬂ a =Zsinza/,l

ay =ay, =Y sina, -cosler, - ﬁj.)y ay =a, =Y sine, -sin(@, - B,),

ay=a, =Y X, -sina, @y =ag = DY, ~sinaﬁ’ ay, =a, =Y sina, ,

ay =ag, =y sina, [y =ay, =Y sina, as =2c0s2(a/., —ﬂﬁ)’

ay =a, = %ZSin(aﬁ - B,)-cos(er, = 3,), ay=ay =Y X, cos o, - ﬂﬁ),

ay=ag =YY, ~cosle, - B8,) ’ ay =a, =Y cosa, @, - f,) Y Ay =dg = Zcos(a/ﬁ —ﬂ_,,-)
A3 = o3 = Zcos(aﬁ _ﬁﬁ), G :ZSinz(a/’i —ﬂ,“)’

as=as, =Y X, -sin(aﬂ. _ﬂ/’). A =gy =Y, ~sin(aﬁ —,Bﬁ)

a4y =a, =Y sin(e, —,BJ,)’ Ay =g, = Zsin(aﬂ —,6'/[.)‘ a, =a, = Zsin(aﬁ —ﬂﬁ)’

a5 =D X!\ ay=ag =Y XY, ag=ay=3X, ay=a,=Y X, ay=a,=3 X,

a =21} ag = =ZY,. ag =y, :ZYI', A =y =D Y, ’

Uy = Qg = Aoy =N, Qgg =gy = Ugg = Agy = gy = Ayg =1|

X=[6,.6,.6,.6,.6,.G;.G,.G,.G, |

B= [sz cosa,, ) Zysina,, Y Z, cos(aﬁ -8, )’sz sin(cxﬁ -8, )

> 20X 20 2D Lo 2 ]

System solution enables to determine the required parameters as:

_bG, -aG, Y __bG,+aG, . :aG3—bG4
T+ , 8 at+b* ZA=G8’ ¢ a’+b? 7
_aG, +bG,
Je = a*+b> z2c=G; a=G;s ’b:Goyd:Ga).

As a consequence of solution of this problem, we determine such coordinates of points A(X1:Y.-Z,)€ O

Clxcsveszc)€ 0 gng plane on solid € that by combining plane and spherical kinematic pairs with them, we obtain
open-link spatial kinematic chain 4CD of type #:S (R - rotational, 7 — plane, S - spherical kinematic pairs).

In the cases of normalization ¢ =1 the course of problem solution remains analogical.

By fixing or specifying a part of the required parameters of synthesis in various combinations, we may obtain
different modifications of BKC with the plane and spherical pairs:
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Y. Z

) . . . X, Y ,Z. .
a) Let there be given coordinates “ of point 4, coordinates = ” * """ of point 2 and Euler angles

QW6 00), Qo W21-65-22) Then as result of synthesis, we can obtain three-link spatial BKC 4CD .
Aq; =G, cos(a; = ;) +G,sin(e;, - B,)+ G X, ++G,Y, + G;Z, + G, —1
where,
G =(ax.+ey.) Gy=ay.—bx, Gy=a G,=6¢ G,=c Gy=cz

X, cosar, sina, O | X, —-X,
Y, |=|-sina, cosa, 0| Y,-Y,
V4 0 0 1\ Z,-Z,

i

Let us comprise sum of squares of weighted difference for N positions

5= Z Mt

Statlonary conditions per variables
3 _
J  (j=G,G6,,G,,G,,G5,Gy);

G, +Gq.

would result in the following simultaneous linear algebraic equations as
A-G=B

where, matrix elements A (6,6):

=ZCOSZ(0{II—ﬁ/‘) ’ 4y =dy =%Zsin(a/,—/3/.‘)~cos(a‘,,—,6'_,,) ,=ay, = ZX cos( )

a, =a, =3 Y cosle, - )
a=ay =37 cosler, - B, g =ag = > cosler, - B,)
, =Y sin’ ( i ﬂ) 4y =ay, =Y X sinla, —ﬂﬁ)]
ay =a, =Y Ysinle, —,Bj,.)l ay=ay =Y 7, sin(aﬁ —,Bﬂ.)’
w=ag = Ysinla, -4, Cay =Y XD ay=ay =S xy, as=ag=) X.Z, |y = dg =X,
=37 ’ Qs = As, ZZY,Z, , A, =dg, :ZY[

a5 =97}, ag, =as =Y 7, g =N‘
X=[Gl,Gz,G3,G4,G5,G6,G7,G8,G9]Tl
B= [Zcos(a’ﬂ —ﬂ/.[),Zsin(aﬂ —ﬂﬂ),ZX[,ZY[,ZZ,,N]T
System solution enables you to determine the required parameters of synthesis as:

_aG, -bG, _bG, +aG, z =—%

- c
PERE c PERE ; G; a=G, ’b:G4 C=G5,a2+b2;/:0.

6) If Euler angles ¥ =0,=0,=0 sl Ql, then a problem reduces to the weighted square approximation
of point < (covesze) with v approximate-collinear positions, etc.

Example: Let us consider problem of synthesis of spatial four-link mechanism of type ®F.S (R - rotational, P
plane, S - spherical kinematic pairs). Approximately reproducing function

6
v =-50cos—¢ 0 0 o ) 0 o] . ) ) .
57, P€ [0 120 J We divide an interval [0 120 ] into 20 equal parts (Figure 2). If we are given axial

angle 2 = 90" and coordinates ¥» =<» =0 Y5 =12 of noint D, let us determine the following parameters of four-
link chain 4BCD ;

z z
_ [ 2 2 — |2 2 2 =arccos—2 y, =arccos—
a= xB+yB+ZBlb=R]C xc+yc+ZC’XA,YA,ZA’¢O a "’ c

1
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Fig. 2 Four link spatial chain ABCD.

For synthesis of this problem, we use expression (2). Then matrix is as follows:
T/l/f :Tm ‘Tl)z 'To3

where,
cosp, 0 —sing, cosp —sinp 0 cosy, 0 siny,
Iy= 0 1 0 T,,=|sinp cosp 0 T, = 0 1 0
sing, 0 cosg, 0 0 1 —siny, 0 cosy,

On order to determine the required parameters of synthesis, we use search algorithm of minimum of sum .

Based on above minimization algorithm, the value of minimum of sum S = 0.00012
Then a problem of mechanism synthesis reduces to minimization of the objective function of BKC
S= g:[Am (XA,YA,ZA,xB,yB,zB,R,x(,,yC,ZC )]
For solution of this problem we apply the above given search algorithm of minimum of sum . According to
algorithm, we are given 10 values B(xﬁ,“),y},“),z(ﬁ,":))m c.».2") depending on the length of links @ and <. For each
C xCO

2

- . (9,0, 20) P Z(“)). . .
preliminary value of points B\ s >25") and >2c»=c¢ Jin Table 1 are given the results of calculations.
Iteration process of minimum search of function A is completed upon satisfaction of inequation

, ) (k) (k1) (k) (k-1) (k) (k1)
(k) 1 — < — —
[R® — R J‘Sg"XA X, ‘_8,‘YA Y, ‘Se"ZA Z, SE,Where,8:104.

3. Results

Table 1: Figures 3 — 6 demonstrate 20 and 32 graphics of objective function S.

N Xy Vg Zy R Xc Yo Ze X, Y, Z, S

1 1,014 1,815 1,2968  2,6406 0,804 1,9819 0,3277 0,0001 1,204 0 0,00152
2 09178 17169 08219 241518 10,9017 1,7618  0,3838 0,0002 1,105 0 000103
3 -1,1171 16449 07263 19678 0,7664 09261  0,4147 0 1,086  0,0001 0,00122
4 -03181 14716 09227 1,7646  0,5464 0,8167 0,4386 0 1,2667 0,0001 0,00052
5 -0,22763 1,21314 0,609801 1,69127 0,652906 0,639147 0,469694 0 1,189776 0 0,00012
6 07819 10449 023233 15118 05917 06221 04554 0 1,0997 0,0001 0,00018
7 0,918 11667 02218 17246 04928  0,6046  0,7184 0,0003 1,6756 0  0,00021
8 02128 1,077 10,3486 154714 0,5154 0,7654 0,6656 0,0002 1,7617 0 0,00146
9 056179 1,00818 0,9417 11,3349 0,3426 0,6406 0,6846 10,0001 1,3606 0,0002 0,0019
10 0,86718 1,2617 0,6461 12667 05617 0,7627 0,6976 0,0001 11,1415 0,000 0,00031
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3D graphics of function S=S(XB, ¥B, ZB)
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Fig .6 3D graphics of function S =S (s> 75.25).

Values of required parameters of synthesized mechanism:
x, =—0,227631 x. =0,652906 , =121314 y. =0,639147 z, =0,609801

2, =0469694 X,=Z,=0 Y, =1189776 R=169127

4. Discussion

Thus, the use of one and the same objective function being generated for the synthesis of BKC and its modification,
allows automating the process of synthesis of spatial linkage mechanisms as per predetermined positions of input and
output links of the mechanism.

5. Conclusion

In summary, when there is a synthesis of BKC with spherical kinematic pairs as per predetermined positions of the input
and output links of the mechanism, and when two adjacent links of BKC are tending to infinity, it is necessary to replace
the spherical kinematic pair for plain or cylindrical. In this case, the synthesized mechanism takes a form of spatial link
mechanism after determining the required parameters.
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