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Abstract
In this work .analysis and synthesis of RSCR (Revolute -Spherical-
Cylindrical ~Revolute) sparial mechanism is presented. This work is based on
the Hartenberg-Denavit 4 x 4 matrix method for the geometric characteristics
of the mechanism involving the following three cases : the cylindrical ,the
conical and the one-sheet hyperboloid .These cases derive their names from
the nature of the locus of the slider of the linkage as viewed from the output
side .Each case is then treated separately by analyzing displacement , velocity
sacceleration ,dynamic force and dynamic torque in each joint.
Also, method based on a Lagrangian formulation is presented to modelize the
RSCR mechanism. A finite element mode! is used to study the structural
behavior of the links, using the displacements referenced in the rigid body
motion configuration as degrees of freedom . The finite element model is
combined with the 4 x 4 matrix dynamics formulation and the equations of
motion are derived from the lagrangian of the system ., Existing
VisualNastran 2002 -type [finite element structural analysis program are
combined with 4 x 4 matrix dynamic analysis techniques to yield a procedure
capable of computing Free (Moda!) Vibration for each case .
Scveral numerical examples are included in this work, and it was found that
the best situation of the mechanism to be in a certain input angle range for
eylindrical case. While for one-sheet hyperboloid, the mechanism works in a
limited input angle range similar to the cone case, and as a result , the
mechanism is considered as a rocker - rocker type .

Keywords: Spatial mechanism , Mode shapes ,Finite element
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Nomenclature

Ao = position of the input crank center
B = position of the spheric pair

c = position of the cylindric pair

Fo = position of the oulput crank center

Ua = unit vector representing the orientation of the input revolute axis

m = axial distance of the slider from a reference point

hh = length of the coupler

S, = Transformation Matrix to define a coordinate system

o = angle between cylindrical pair axis and coupler in their plane

@ = rotation of the input crank

v = anguiar position of the output crank

a,,0 0 = components of the angular acceleration

Introduction There are a different methods
In 1978 Hunt,K.H studied which are used in analyzing the

the geometrical conditions of a mechanisms like Yuan, M.S.C, and

stationary  configuration for the Freudenstein ,F." presents  screw

linkage of (Revolute-Spherical- cuorrdmales methnd Kang JH.Y. and

C}hndngal -Revelute). Osman, Suh,C.H! developed Synthesis and

M.OM™ apalyzed the spatial Analysis of spherical —cylindrical

mechanism using " Train Component (S5C) link by a xecmr method., while ,

" and presenting iterative methods of Zou,H.L and at el." studies the effect

analysis for a cylindrical case with of variation in mechanism design

limited a:;gl: ::mly,r Furthermore, using concepts of virtual displacement

Davidson , J K™ studied the case of and rotation A recursive formulation

one sheet hyperhuloid for the Robot is introduced to obtain the state

workspace. The main analysis in this variation of a body in terms of the

peper has been applied using the state variation of a junction body and

analysis and optimal synthesis of the of the relative coordinates along the

RSCR mechanisin u-hlch was used by chain. However, all thus above studies
Ananthasuresh, G. KM inspite of mentioned are for limited angle, and

analyzing the three cases (cylinder, also it is very difficull for
cone and one sheet hyperboloid ) the programming by the computer.

method is limited o the displacement Sandor, G. N. and Erdman,
only, and it used the geometry-based A.G ™ glso Shigley,].E. and Uicker, J.
analysis . i'.-t.."Jr used Denavit-Hartenberg 4x4
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Matrix Method to synthesis and
analysis the spatial mechanism to find
out the displacement, velocity :mcl
acceleration.  Uicker, J. M
developed procedures for the dynarmic
force analysm of spatial '|1nhage
Song,P/'"" "used the decomposition
technique (i,e cutting the joints and
changes the mechanism to an open
loop) to simplify the mathematical
solution
In designing a high -performance
mechanism  for proper dynamic
characteristics, The key factor is its
natural frequencies, This is because
of the settling times of its vibrations
Matural  frequencies of a spatial
mechanism system is influenced by
the inertia and flexibility of the links
and  joints link orientation and
components compiising the drive and
load shafts. Link orientation (offsets)
increase the flexibility of the
mechanisim system ,Jowers its natural
frequency. Finite element studies dealt
primarily with the effect of mass and
flexibility of the links and joints of
mechanisms are

Sunada, W. and Dubowsky,
SV2E introduced the application of
F.EM. to the dynamic analysis of
flexible spatial & co-planer linkage
systems also they studied the
dynamic analysis and behavior of
Industrial Robotic Manipulator with
elastic members. Tureic, DA, and
Midha ™ developed  generalized
equations of motion for the dynamic
analysis of elastic mechanism system
with practical application.

WEEENEVIS made a FE
approach  to  three--dimensional
hllretﬂelastcdyna[n:cb BricoutJ.N.

et all" developed a F.E.Model for
the dynamics of flexible manipulators
while  Smaili,A. and  Bagci,
1Veonducted experimental and E.E,
modal analysis of planar mechanisms
with three-dimensional geometries.
Roy, J. at el presented structural
design optimization and comparative
analysis a new high performance
robot arm via F.EA. Finally

Dynanue modal amalvsis and syathesis
of RSCR sputial mechanism

Gerstmayr. J. and  Schoberl 1"
developed a three-dim. F. E.
approach  to  flexible multibody
system.

The RSSR mechanism can be used
only for function generation due to a
passive degree of freedom of its
coupler , while RSCR mechanism can
be used for the purposes of function ,
path and metion generation .

Spatial Kinematic Analysis
Fig(l2) shows the RSCR
mechanism, points Ao & Fo ars fixed
while B and C are moving points. The
locus of B is a circle in space in space
in a ptane that is normal to Uao with
center at Ao, On other hand the locus
of C ,as viewed from the output side,
is a surface whose shape depends
upon the relative orientation of the
output crank axis and the cylindrical
pair axis in that position. Three
different cases can then be identified
as shown in Fig(1,a-b-c) .

[nn all the three cases , the coordinates
of the spherical pair location (i.c,point
B} is found in the first step [4]. Since
this step is common te all cases it is
discussed separately here. For any
given value of the input crank

rotation ¢ coordinates of point B
can easily be calculated using the

Fig {1) The three configurations of the
RSCR mechanism
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[| Uf, and U, axes: | Locus of C

(a) paralle] | Cylindrical surface

Tb] Intersecting | Conical surface

One-sheet hyperboloid

lL {c) Skewed

S O

Table No. (1) denavit — Hartenberg
Notation .

- =g =0 a=l Guk B= i
2. Byl w Q0 ajp=p b33 =0 b=
3. an=% a1y =90 Bgg =0  Heiy
4- ayy =W ayy=0 Baaml D=y
5-aConical : Rotation about v by - &
-bOne sheet : Rotation about x by - §
[ agy=0 agg=h &=0 &= gy
T- a=0 A=l f=-m &=0
B- ae=0 nm=r b=l fal
. a=0 a=0 LE B=-¥
spatial rotation matrix described
below.

[ 6ied  wvBush G 6 u]
(R sl ol wuvBusd ﬂ-!

|uppEust uusbiust  vicd 0

L 0 1J
And ux,uy,uz are the x,v and z
components of Uao ,and s® =sin®
c® =cos® and v =versP =|-
cos® ....For the remainder parts of
the mechanism ,as in fig (2) ,a general

4x 4 transformation matrices are used
as follows:

0

RALE S sm=.r---(3}

037347457 56

General equation of the closed loop
mechanism
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Fig (2) RSCR Mechanism

This equation states that :as
the loop is traversed ,and the
dimensions of each link and the
rotations and translations of each
joint are considered , the coordinate
system at the end is congruent with
the one at the beginning .that is ,the
product of all the matrices is equal to
the identity matrix .this equation is
called the loop-closure equation It is
a nonlinear matrix equation that must
be solved during the position analysis
of a mechanism.

Position_analysis procedure

A peneral position analysis
procedure is based on a Newton-
Raphsen iterative procedure (8]
commonly used for the solution of
nonlinear.For this procedure the *
Jacobian matrix” for the non-linear
equations is required , This is a matrix
of the first partial derivatives of the
equations with respect to the
dependent  wvariables of  the
mechanism,

A general loop-closure
equation is written as:
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"—"‘m- Api512

S{k=)k (Am ISk(k+1) ---S{n-1nSno

Any one wvariable in a
mechanism  described by a loop-
closure equation is wholly contained
in only one of matrices making up the

product .In the example
shown, the variable denoted by gm is
contained in matrix S(k-1) only.

B oo 05,000 . %
=88, . goess 5.8

Wik e

=SeiS12.0en Speradgm) Q, Spers
--ru--rsm-tlnsn 0,05 )

where Q, the proper tvpe of derivative
operator matrix for the 54, matrix.
Let

l'{SmSu ...... S[];_]p:}q{sNSu...,--.S{b

. s'.hs‘l: 5&-:1{“ ‘J
{SmiSyr - 5||..-|:1.:|4:S-.l.5|1 o |
Siil'l' --Sm-lus'\'.' ih
Consequently ;
0 S
dqm
=D|T| Sm

oo De=(SaSie.- Spaw)
QiSurSiz .- Spet”
Where Dm : the derivative operator
matrix with respect to the m-th
variable in the loop.

A general 4x 4 matrix made up of
a product of 4x 4 eclementary
transformation on matrices:

i T H) =
I

oK hy A,

g 0 0 1

The derivative operators for the

rotational matrices are

Dyvnamic modal analysis and synthesis
of RSCR spatial mechanism

DL =8,Q8; =

a,n,—4.n
Ty 5 o ‘ilrll_ﬂ'\-rh,
0 0 0 0 J
i=1,23

For the translation-only matrix are :
DL =85,40Q55 =

|'ﬂ b r,,,,“'I

|80 & el

100 0 nay

ik

i=4,5.6

Position Analysis (Newton-
Raphlison):

SwmSesl 0 9)
Let [q; | = the vector of independent
{joint) motion variables.

Let [q p ] = the vector of dependent
{joint) motion variables.

Expressed in terms of the variables as
defined above , the non-linear eqg.
SDD[FI:IJi: }'l='|]' “”...{lu:l

Using (N-R) iteration procedure(8].
ar.

’ — 8 (ap.0)
Sealgp.agd=-1+ EJ“;:_“‘!'LM. =0
| i

where m is the total number of all
independent and dependent variables

Or Sp+ D (iS4, 4q1) -1=0....( 12)
=]

Or ) (Didgi)=So"-
i=1
I={E(iJ)] (13)
‘The matrix above is dependent on the
peometry of the mechanism . and
contains the required information of



Eng. & Technology, Vol. 24, N o, 8, 2005

configuration and dimension , in other

word :

[, g "
A f :u“ =|f§']

{(o=rir (f—rlx(m-r) ag |- 4

These changes in the dependent
variables are added to the current
estimate

o f i+ 835}

This iteration procedure continues
until the changes {Ag,} are small

and S approaches the identity
matrix.
Velocity analysis:
dsgq mﬁSmd::-';_ 0 ..(15)
dt i=r] “?1 dt
O $D;Sgpd; = ED? =0+{16)
i=]
Solving
g vi=[So)'(SJ{ g u}+ (S g )
(17
Acceleration Analysis :
i) c’ﬁ'ﬂa ¥
m m é 15
S dtY Y =244 =0
Zﬂq,- g,z-;'cqraw L
...(18)
: Sf-ll'.l =1
iﬂ-’-’fm-i- =5 Dy L(19)
. aql L} o iy
OSa _
dq.8q,
S‘mstz Si‘r NQISI:EL LT 5{?[5
(9)QiSi: 1)+ -+ St ma - (20)
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or PSw _D DSy
Gq,69,
and
.~.[s_J-.-,,‘5": )2 ;;—J‘—qm
=] j=1 ! ]
= i f D.D 4, 4y
iw] 3= )

ED@ +[G,1=0.2D
151g}=-C}

Sp Sy 8§ {u {*G_m]
[.4 B ]l:_’:f -G 2
Solving:

o =_‘[SD‘]_](EI‘EE +{Su]:u
"'[Stﬁl]

Dynamic Force & Torque Analysis
of RSCR Spatial Mechanism

The absolute velocity of a point
on link I with coordinates XiYiZi is
found by differentiating equation :

Ri=Tin i=2,3,.....,7 (No. of

variables =7 in the RSCR mechanism)

(23)

Where . Ri : the global coordinate

svstem , r, :the local coordinate

system.

and rg =5 15; .. vae Dl
Ri=[1 Xi Y, 31] =01 x

wuxl 0 s (24)
R’. = U.‘riql i=2.3......., 7

............ (25)

where R,* is the velocity of the point
- i _ ; . T
Rj_;?-ﬂi—[ﬂ X ¥ 251

i=23....,7
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:jf. is the input velocity . U, is the
“velocity matrix™ defined as [10];
i-i
S ' . -
U=5BTg 25

............

E,“SrS}......... o
i -

and q}is the derivative of pair
varinble g{.with respect to the input

variable q,.

Consider a particle of mass dm on link
i of the mechanism and having
coordinates XiYiZi in the coordinate
system of the link and XiYiZi in the
frame (absolute) coerdinate system .
The kinetic energy of this particle is :

dHi = ?;—(.xf +¥? +2'f},fm But by
eq (26 ) this can be expressed as
Vs e
dH, = ;Tr{f{ R im
l DL T
or dH = E‘Tr{b.f.*?:*f':’. u }Jm{lgj
Imegrating over the mass of the link

H =%Trk~’- (frramp i,

—

Ji = J'r;.r:‘dm
23,0007 (30}
So the kinetic energy
o= 21U g v !
=23,...........6 (31)
And for the entire linkage this
summed over all moving links:
17 s
H = ST.W; 3 Uaf (32)

i=2

Suppose for a moment that of these
constraints were removed , that one of
the dimensional parameters , say hh ,
were free to change . This change is a
variation of the constraint , denoted as
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A. The system now has two degrees
of freedom, g, and A. Notice that
when the constraint hh was held
constant there was a stress produced
in that link by the inertia of the other
moving links. When the constraint is
allowed to move freely, this stress is
removed, Suppose that an external
force P is applied in place of the
missing constraint force Then this
applied force P must be the same as
the constraint force which was
removed .In each joint of the linkage
there are three forces and three
moments which must be evaluated.
The valid loop equation with a
deformation between link i and link
i+l is:

5:53.1”””,5“”"0& A)

S ...S=1 (33)
where S; is the transformation matrix
and Q, is an operator matrix
consistent with particular deformation
chosen,

and

B;ﬁ=515:...5,.50ﬁ5. .

. (34)

The cquation for the position of a
point on link J will also be different .
If link I comes belore the deformation
e, if j<i,then
Rl = SES;r 5§_| T, j=2,3,.....“i
...{35)
However , if link j comes after the
deformation , the position of the point
15 given by
R;
o 10 RGO

......

S:Sz..sjq“"'Qﬁ ﬁ}S,..SJ,wJ
(36}

The velocity of a point on one of the
moving links is found by time
differentiating eq (36 ) . The result is :

=0 g +U .ﬂ I;Elnjrﬂ?
R; . JTihTE T !
(37)
The two “velocity component

matrices™ are defined as:



kng. & Technology, Vol 24, N o, &, 2005

j=1
Uit X882 osa-logsy sjopan
Toas=l
=1
©ISISD sa-logsa. siolops) 5 j=lagasjy
a=!
(38)
j=1
Yja = LSIS2. sa—|upsa.  5j—lega
a=]
=
- Z5I52 sy-1oasy. Si—joasi Sj-Tagae ji
a=]
‘5152.. Si "-qub.sj'-*f"ji (3 9}
Subin (32 ) to get:
I 7 t .2
GH=aT Y Igu . g
2T l_}Uai ﬁLaI‘E]

d=z

1 :
+21Tr ¥ ouaA JaU;ﬂ a2
a=2

Vo E . _—
*37 X Ua) Tl a4 (40)
=z

Dynamic Joints Reactions

Consider now the Lagrange equation
describing the motion of the varving
constraint

dfeH) an 41
E,;LEEJ'}TF“'E b
Fy is the dynamic force applied in the
moving constraint to overcome the
inertia of the links . P is the unknown
force | the bearing reaction in the
direction of the varying constraint due
to the inertia of the moving links.

To produce a positive variation A,
work must be done by the system
against the force P; thus the negative
sign.

When the expression for kinetic
energy, eq (40), is substituted into €q
{41), the differentiation performed
and terms in A and A”™ set equal to
zero [10] ; So

T 7
P==Try UpJ U, G ~TR 22 1y g
123 =2 a?l
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J ":I-’rlr .2 - 1 z a‘L Fa2
Ty 5T A
1 1 , "L'..I ey JERRE LR
4 ?Tr;z’\{; . G—ﬁ;—:f. (42)

Noticing that the trace of a matrix is
equal to the trace of its transpose ,the
last two terms combine to give

7 ¥ %
PTG Ty 1 g -
P a

W

% 2.8
-y U J a g

§}al a m ql
The partial derivatives required in this
expression can be found by
differentiating equations (38) and (39)
and evaluating the results at A =0
Thus

=rrf , 1
-"é’?ﬂq— +I U,
|

tFl

. —la~1
= gsg* T EAS2 - spe1otisy.
b=Ic=1
*e~1%5¢%3 —19h9
a—1
+ T slsy Sh-]0hsh - 55— lab
b=1
a—| , a=la-l it
= L ByToqi+ £ T ByB.T,qhq.
=] b=le=]
where g'is the second partial
derivative of q, with respect to the
input variable g, , and By B, is
defined as :
BhEBp =S]52 ..... Sb—[qbsh
Se1UeSe 57
__jB!JBr for b=c e (45)
| 8.8y for bzc
In a similar fashion
a=]
ﬂff"— ‘A=0" LBbTagbai +
b=]
a-] ~ a-la-1_
X BbBATashuai+ ¥ & BhEcTagh A'ap
b=1 b=]c=l

Where B, B, s defined in a fashion
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similar to equation (45 ) and ¢, and
gy "are defined as :

ghA'= ?q”. ....... (47)
o.‘;
. = L;:qr,“ ....... [43}
e
Finally
,:L_r' a=1 L Iy
_a.rf' R --;&,Tu_, +§ B, T.q, L
a=1 a=]
DT PN
B b gs)

The dynamic bearing reactions F can
now be found by substituting these
partial derivatives into equation (43) .
Expanding [/, and [/, according to
their definitions and evaluatingat A=
(0 leaves which gives the bearing
reaction in the direction of A due to
the inertia of the moving links :

T b
I'=—I‘r£l§ﬂ,q,, 13;.{, 5 {ar +Eﬂ%}{
'?’ f-zl a,q. *233‘!‘5 a,

<frar ]at,,_+£ﬁqﬁ K

«fr.s,r, lZ Em

Finite element Formulation ;
‘The System Dynamic equations are
assembled from

th.e link dynamic equation

M, d+G a+K, a-= (52)

In general, the relationship of the
reduced coordinate vector of the ith

joint angles

Dynamic modal analvsis and synthesis
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link “a and the global coordinate
veclor * q" is given by the familiar
linear transformation [16]

a=B(f )q RN - )
where B the "compatibility matrix"
for the ith link and s, in general a
time- varying function of the nominal
.+ For structures, the

B, matrices are constant. The system
dynamic equations can now be written
in global coordinates by taking the
time derivatives of a, given by
equ.(53) and substituting them into
eq.(52) for each link . The resulting
eguations are then pre-multiplied by

BT, and summed over all the links,
thus eliminating the unknown joint
interface forces and producing the
following global equations of motion.

M§ + Gg +Kq =Q (54)
“hen:
M=$'p'Ar B

G= ZB_ GRB +j}f23’M,B,é @,

kK= ZH KiBj+ E B lI:j:B:j'E'
i=l i=lj=1

f?j 9, +B, Q_r]
WA
vl
B, =28, B, =25,
6 28,

¥

NL =no. of links in the mechanism.
The transfer function of the system to
any periodic input ,Q, is obtained by
assuming :

Q=Qe™ cicpsveviilBs)
Assuming the response g will also be
periodic yields :

F=0'M+io G+kK)" 0 (56
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Finally ,the natural frequencies @
and mode shapes g for the
stationary mechanism are obtained
with a Householder QR eizenvalue
procedure

Numerical Examples:

The first numerical example involves
the cylindrical configuration. The
second example for the cone
configuration, while the third example
for the one sheet hyperboloid. The

optimum  design  position  and
orientation for these examples as
shown in the tables below

respectively, the material that used is
steel.

The Result and Discussion

Fig(3) shows the variation of the

spherical joint angles b6 .6 _|versus
b ol Lt

Dynamic modal analvsis and synthesis
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the time; where g a negalive curve
£
(max.—84") : @ a positive curve ( max
+66°) and @ a positive starts at
}4

{zero”) and increases 1o the max. (357
and then decreases 1o the zero .Fig.
(4) shows the orientation of the
cylindrical joint time; it indicates it
starts at zero then increase 1o ( -0.115
m) then decrease to zero. Fig.(6)
show the orientation of the output
revolute [Hs =gj] is plotted versus

the time; it should be seen that it start
from (zero”) then increase to max.
(80%) at (45° input angle) then
decrease to zero and finally increases
to reach the max.

Table-2 Cylindrical case

| loint name X Y z Rx Ry Rz

! mm Imm mm deg Deg deg
Revaolute inp 359 -I16 | 134 41.9 5.51 =164
Rigid joint | 26.3 -49.7 | 602 =138 -5.51 | -161
Spher. joint 271 | 403 | 743 -80.8 -103 [466
Cylin. joint 418 | 278 | 359 180 0 180 |

 Rigid jont 2 -418 |-27.8 |-110 0 0 (]

|' Revolute outpust | 0 0 (=110 1% -564 | -180

Connected rod: length =799 mm dia=5 mm

output link: length =30.2 mm

dia.=5 mm
L Table -3 Conical case
Toint name X Y Z Rx Ry Rz
mim mm frm deg de deg
Revolute inp 100 2532 -23 0 i-53.2 | 90
Rigid jomnt | 201 | 252 | 37 0 532 |90
Spher. joint 287 <253 46.9 =747 0.25 £1.4
Cylin. joint 79.4 1.79 40.7 -1.56 504 | -88
| Rigid jont 2 302 (0678 | 0 0 155 | -150 |
| Revoluteout [0 IE 10 0 [0 0 _I

Connected rod: length =57.8 mm dia=5 mm

dia=% mm

1042

output link: length =30.2 mm
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Table 4  One sheet hyperboloid case

Dvnamic modal analysis and synthesis
of RSCR spatial mechanizm

Jeint nume X Y ] / T Rx Ry | Rz dep
iy mim mim deg deg

Revolute inp 100|252 | -13 0 532 (90 |
_Rigid joint | (200 [252 13 0 -532 | 90
| Spher. joint {287 |-253 [37 | 76.9 949 | -178
[ Cylin.joimt 1302 [3582 1277 1130 0 | 180
rRigid jont 2 1302 T0678 | -20 HE 153 | -75.1
| Revolute out | G e 10 |0 0 o

Connected rod: length =857 mm dia.=5 mm

dia.=3 mm

(+80°) at ( 180" input angle ).

Fig.(7) shows the angular velocities of

the spherical joint (g @ .o )
1 L e

versus the time; it is seen that the
mechanism is approximately stable at
velocity (250 deg/s) between
(35°~225% input angle. Fig. (8)
represents the angular velocity of
cylindrical joint (g ) versus the

time; the angular velocity of the
cylindrical decreases rapidly from
max. to min. after the (180° input
angle) then increases {rom min. to
max. due to the coupler (floating
link). Fig(9) shows the linear velocity

of cylindrical joint V_ versus the

time; Fig(10) shows the angular
velocity of the ourput revoluie joint

(@ ) versus the time. From all the

velocities figures ; it can seen that the
sequence of the increases and
decreases in the joint lincar or angular
velocity components due to the
positive ar negative rate of change of
the joint angles respectively .

Since a=(V-V, )t and at(t=0V,=
0) therefore the acceleration equal
infinity at =0. Fig.(11) shows the
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output link: length =30.2 mm

angular acceleration. of the spherical
joint (z g g ) versus the time. It
: cantl it |

can be observed that the acceleration
at the starting time is infinity. Fig.(12)
shows the angular acceleration of the
cylindrical joint (O z} versus the

time. Fig(13) shows the linear
acceleration, of the cylindrical joint
{a,) versus the time. Fig.(14) shows
the angular acceleration {arF] of the

output revolute versus the time. It can
be seen that there is a sequence of the
increases and decreases in the linear
or angular acceleration due to the
positive or negative rate of change of

the angular or linear velocity
respectively.
Because of F=m.a andduetoa

equal infinity at the time = zero , so F
equal infinity at that positions.
Fig(15~18) show the dynamic forces
that arise on the connected bodies by
the joints during the operation of the
mechanism (F F F.) versus the

crank angle, it is clear that all the
characteristics of the charts depends
upon the acceleration values because
of (F=m.a), it is clear that the best
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operaticn  input  angle is
between  30°-3307)
Because of (Torque =1.&¥) where 1
is the moment of inertia and due to
X equal infinity at the starting zero
50 (T equal infinity) at these position
At is clear that there 15 no toques at the
spherical joint due to their physical
properties. Fig.(19-22) the
dynamic torques that arise on the
connected bodies by the joint during
the operation of the mechanism
(1,,7,7,) versus the crank angle it is

range

input  angle

show

clear that all the characteristics of the
charts depends upon the acceleration.
values because of (T = 1. ).

Fig.(23~27) show the variations in the
first, second, third, forth . and fifth
natural frequency with crank angle
for (RSCR} cylindrical spatial
mechanism case for complete rotation
(0 ~ 360°) using (10-node parabolic
tetrahedron  brick element) (#
elements = 450, # nodes = 957) . As
expected, an inherent characteristic of
such mechanism is verified in that
they manifest very large variations in
their natural {modal) frequency with
position,
importance of including vibration
effects in the analysis of high speed
RSCR spatial mechanism. The natural
hequency depends onm  the [K]
stit Tness  malrix, since this matrix

so this illustrates the

depends on the orientation of the
mecha nism which leads to a variant
values f the natural frequency with
the chang e of the crank (input} angle.
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af RSCR spatial mechanism
The point of maximum stress fall on
the follower link,
Fig. (28-a,b,c.d,e) show the deformed
shapes for the fifth modes of free
vibration for the (RSCR) cvlindrical
case spatial mechanism at (40%) input
angle

Conclusions

1- The output configuration in the
cylindrical joint leads to give three
cylindrical, conical and
hyperboloid therefore this mechanism
can be used after fixing a cutting tool
in the cylindrical joint, to produce
three kinds of gears or painting or
welding machine.

2- With respect to the input crank , the
output angle, and the
follower traction — as indicated in the
scenario of each case — it was found
that:

a- Cylindrical case(360°) so: double
crank mechanism.

b-Conical case (240") so: rocker-
rocker mechanism.

c-One-sheet hyperboloid (235%) so:
rocker - rocker mechanism.

CAaSEs!:

revolute

3-The best operation range of angle
for ;

a-Cylindrical case is between 357~
2407 input angle .

b-Conical case is between 07 ~ 40" and
70° ~ 220° input angle

¢-One-sheet case is between 0° ~ 180°
input angle .

Where all the forces tend to be a small
amount & constant { i.e. a small input
power to operate this mechanism) in

contrast, all the other wvalues
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(displacement, velocity , acceleration)
are constant approximately.

4« The large variations in the natural
(modal) frequencies with respect 1o
crank  position,
importance of including vibration
effects in the analysis of high speed
RSCR mechanism.

5-In designing a high-performance
mechanism like (RSCR) mechanism
for proper dynamic characteristics, the
key faclor is its natural frequencies,
this is because of the settling times of
its vibrations Natural frequencies of u
spatial mechanism system (i.e. RSCR)
is influenced by the inertia and
flexibility of the links and joint, link
orientation components
comprising the drive and load shafts .
Link orientation {offsets) increase the
flexibility of the mechanism system,
lower its natural frequency.

6-The follower link is the main
member which received a great
amount of the vibration forces . 5o ,lo
ensure successful design for RSCR
mechanism, length, cross-section and
the material of the mechanism must
be taken into the account .

indicates  the

and
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of RSCR spatial mechanism

Fig. (3) rotaticn of spherical joint
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Fig. (5) Displacement of cylindrical
joint (2)
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Mode four

von Mises Stress [ Pa)

Fig (28) Five deformed shapes for RSCR mechanism Cylindrical
case using finite element ( V. Nastran 2002 program }
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