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Abstract

The spatial parallel manipulator of RCCC type is considered in this paper (R - revolute
kinematic pair, C - cylindrical kinematic pair). This spatial parallel manipulator has been formed
by connection of a link with working point of the anthropomorphic manipulator of RC type with
three degrees of freedom with a frame by binary link of CC type. The right Cartesian coordinate
system that fixed with each element of the kinematic pairs are used for describe the geometry of

the considered parallel manipulator. Constant and variable parameters of the parallel manipulator
structural scheme have been obtained. Constant parameters characterize the geometry of links,
and variable parameters characterize the relative positions of the kinematic pairs elements.

Keywords: parallel manipulator, cylindrical and revolute kinematic pairs, structural
synthesis.

Kiar ce3nep: mapamiensai MaHHUITYJISATOP, DMIHHAPIIK jKOHE alfHAIIMAIIBI KHHEMATHKAITBIK
KYNTap, KYPHI-JIBIMBIK CHHTE3.

KiroueBblie ci10Ba: napajjiesibHbIi MAHUITYJIATOP, HWIMHAPUYECKUE U BpaLaTEIbHbIE

KMHEMaTU4ECKUE NTapbl, CTPYKTYPHBIM CHUHTES.

1 Introduction

There are many technological operations in industry where necessary a motion of the
manipulator end-effector in one set trajectory. Autooperators or fixed-sequence manipulators
with one degree of freedom are used to perform these operations. Autooperators can not readjust
to changing technological operation. However, they are reliable devices having a simple control
system instead of manipulators with many degrees of freedom. Therefore, it is advisable to use



autooperators instead of manipulators with many degrees of freedom in automatic machines
working on hard-coded program.

Autooperators reproduce the given laws of end-effectors motions in definite structural
schemes and geometrical parameters of links. This paper presents the methods of structural
synthesis and determination of the geometrical parameters of links of the spatial parallel
manipulator of RCCC type. Structural scheme and geometrical parameters of links of the parallel
manipulator of RCCC type have been used for its kinematic analysis [1].

2 Structural synthesis of the spatial parallel manipulator of RCCC type

According to the principle of parallel manipulators formation [2, 3] they are formed from the
executive and closing kinematic chains. Kinematic chains with many degrees-of-freedom
reproducing the given laws of end-effectors are called the executive kinematic chains. Kinematic
chains connecting the executive kinematic chains and a frame called closing kinematic chains.

Anthropomorphic manipulators with three degrees-of-freedom reproducing the given laws of
end-effectors are the executive kinematic chains. The anthropomorphic manipulator ABP of RC
type (Fig. 1) is the simplest positioning anthropomorphic manipulator, which reproduces the
following given laws

Vp = VP(t), Wp= WP(t) (1)
or N discrete position
Up :UP(ti), Vp :VP(ti), Wg. :WP(ti), (i=12,.,N) 2)

of the working (output) point P in the absolute coordinate system OUoVoWo.

Degree of freedom of a spatial parallel manipulator can be defined by Somov-Malyshev
formula [4]:

W=6n-kak—5, 3)

where 7 - number of mobile links, P}, - number of kinematic pairs of k-th class, & - number of

local mobility. Class of kinematic pair is determined by the number of restruction of motion

kinematic pair elements. For anthropomorphic manipulator ABP of RC type: n =2, Py = 1

(cylindrical kinematic pair B), Ps5 = 1 (revolute kinematic pair 4), 0 = 0. Then we get

W=6-2-1-5-1-4=3.



Figure 1 — The anthropomorphic manipulator ABP of RC type

If we connect the link 2 of the anthropomorphic manipulator ABP of RC type with a frame
by closing kinematic chain, in this case, the binary link CD of CC type, which has two negative
degrees of freedom, we get the spatial parallel manipulator of RCCC type with one degree of
freedom (Fig. 2). A link with two kinematic pairs is called a binary link. The degree of freedom

of the binary link of CC type has been defined by formula (3), where n =1, py = 2,6=0.

Then we get W =6-1—2 -4 =-2. Input (active) kinematic pair of this parallel manipulator is
a revolute kinematic pair 4.
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Figure2 — The spatial parallel manipulator RCCC type

3 Geometry of the spatial parallel manipulator of RCCC type



Two right Cartesian coordinate systems UWV and XYZ are fixed with each element of
kinematic pair of the considered parallel manipulator for describe its geometry. The axes W and
Z are directed along the axes of rotation or translation of the kinematic pair, and the axes U and

X are directed along the shortest distance between the axes W and Z. The axes V and Y are
complemented of the right Cartesian coordinate systems UVW and XYZ. The transformation

matrix between the coordinate systems u j Vjo and XY, Z, (Fig. 3) that are fixed to the
ends of the binary link jk has the following form

M ha fi3
1 Ty bz Iy {10} @)
31 132 133 I34

141 Ty 143 U4 ]

Tjk = jk(ajk’bjk’cjk’ajk’ﬁjk’yjk) =

where
h =1t =t3=14=0,
ly) = COSY o +bjk -sin;/jk -sinajk,
ty) =COSY -cos,Bjk —sinyjk "COS L -sin,Bjk’
tyy =—COSY -sinﬂjk —sinyjk "COSAL -cosﬂjk’ tra :sinyjk -sinajk,
3= sin Yk~ bjk "COSY - sin oy,
t3, :sinyjk ~cos,8jk +CoSy  -cosa -sinﬂjk,
t33 =COSY ; -COSA ; -COS ﬁjk —sin Y ik -sin :Bjk , [34 =—COSY -sin oy
t41=C ik +bjk "COSQL 1y =sinajk -sinﬂjk,
tyy = sinajk -cosﬁjk, tyy =COSQ
1.e. a relative position of the two coordinate systems u jVjo and XY, Z, are defined by the
following six parameters: ¢ j - a distance from axis Wj to axis £ , which is measured along
the direction of £ ks t jk —a common perpendicular between axes VV] and Z i+ & jk - an angle
between positive directions of axes Wj and Z , which is measured counter clockwise relatively

to positive direction of ¢ ks b jk - a distance from direction of t jk to direction of the axis X k

which is measured along positive direction of an axis Z ks B Jjk - an angle between positive



directions of Jjk and axis X , Which is measured counter clockwise relatively to positive
direction of axis £} ; € Jjk -adistance from direction of an axis U ;j to direction of t jk which is
measured along positive direction of an axis Wj ;Y Jjk - an angle between positive directions of

axis U j and t jk which is measured counter clockwise relatively to positive direction of an axis

W,
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Figure 3 — The coordinate systems U j Vjo and X Y, Z,

The chosen coordinate systems and the parameters of the spatial parallel manipulator of RCCC

type are shown in Fig. 4. Absolute coordinate system is indicated U Vy)W,). As can be seen from
Fig. 4, the binary link 4B of RC type has constant parameters d 4p, & 4p, C 4p; the binary link
BC of CC has constant parameters &g, & g ; the binary link CD of CC has constant
parameters Ay, Qcp ; the revolute kinematic pair has variable parameter 0 4 =7 4p;the
cylindrical kinematic pairs B, C and D have variables parameters Sp- = Cpc, 0 B = VBC>

Sc=Ccp, QC =Ycp usSp=¢C, QD =7 pc accordingly. The revolute kinematic pair 4 is an
active kinematic pair, and the cylindrical kinematic pairs B, C, and D are passive kinematic pairs.

Hence, the variable parameters 0 4 1s the generalized coordinate, and the variable parameters

Sg, 0 B, SC, QC’ Sp, 0 p » Will be defined from direct kinematics of the considered parallel

manipulator. In addition to these constant and variable parameters the considered parallel



manipulator has the following groups of constant parameters ¢4, @04, €04, Y04 and 4pp,

Qop, €op, Yop determining the position of the coordinate systems X ,Y,Z , u Xp,YpZp
that are fixed with the immovable elements of the kinematic pairs 4 and D in the absolute

coordinate system UyV)W,,. Then the symbolic equation of considered parallel manipulator has

a view
%04 %48 4pc
%04 X 4B X pc
0 0 0
R RC c cc
Fou 0 'PA(QA)'GAB 0 'PB(SB’QB)'GBC 0
Cou C 4B 0
Y ou 0 0
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%ep %op
P e)GCCbCD PY(s,.0,)-F -l O g
'CSC’C'CDO'DSD’D'OD o |=™ (5)
0 Cop
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Figure 4 — The coordinate systems and parameters of the RCCC PM

where Fp)4 and Fop - the transformation matrixes from the coordinate system UVl to
the coordinate systems X y Y AZ 4 and X D Y DZ p accordingly; E — unit matrix; Pﬁ , Pg ,

Pg , and Pg - the matrixes of the kinematic pairs 4, B, C, and D, where the variable

parameters characterizing the relative positions of the elements of the kinematic pairs are shown

in the parenthesis; Gﬁg, Ggg, Ggg - the matrixes of the binary links AB, BC, CD of RC,

CC, CC types, where the constant parameters characterizing the geometry of the binary links are
shown in the vertical columns.

We obtain the matrix of the kinematic pairs and binary links after supplying the variable and

constant parameters of the matrixes of the kinematic pairs and binary links in the matrix T,

J
(4). Note that, the symbolic equation (5) is the matrix equation for closure of loop for the

considered parallel manipulator which is used for the kinematic and dynamic analysis.

The matrixes of the kinematic pairs have the following views

- the revolute kinematic pair 4



1 0 0 0]
0 cosf_  —sinf_ O
C
Ppls .0,)= P P -
B <Sp A) 0 sinf_ cosO,. O (p
p )4
Sp 0 0 1_
1 0 0
RC aupl 0
GG (a p.0,5.c.5)=

cc _
G (ajk’ajk)_

1 0 0 0]
0 cos@, —sinf, O
R
Pi(o,)=| 4 47 6
Osm@A cos@A 0
0O O 0 1

- the cylindrical kinematic pairs B, C, and D

The matrixes of the binary links have the following views:

B,C D).

- the binary link 4B of RC type

0 O COSa 4p -sin@AB
| C4B 0 sin@AB cosap |

0
0

- the binary links BC and CD of CC type

1 0 0 0
ajy 1 0 0
0 0 COS j. -sinocjk

0 O sinajk cosocjk_

,(j=4B; k=BC).

4 Conclusion

(7

@®)

©)

The structural scheme of the spatial parallel manipulator of RCCC type is synthesized. The
structural scheme of this parallel manipulator is formed by connection of the link of the spatial

anthropomorphic manipulator of RC type with a frame by the binary link of CC types. The

matrixes of the binary link of RC and CC types and the revolute and cylindrical kinematic pairs
are composed. The elements of the matrixes of the binary links of RC and CC types are constant,

and they characterize the geometry of the binary links. The elements of the revolute and
cylindrical kinematic pairs are variable, and they characterize the relative positions of their

elements.
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('Kasakcran-BpuraH TeXHUKAIBIK YHUBEPCUTETI;

‘akagemuk O.A.J[kon1acOeKOB aThIHAaFbl MeXaHUKa JKOHE MAIIMHATAHY HHCTUTYTHI)

AL TUITTI KEHICTIKTIK TIAPAJUIEJIBII MAHUITYJISITOP/IBIH

KY¥PbUIBIM/IBIK CUHTE3I MEH 'EOMETPUACHI

by makamaga AL (A — alfiHarMansl KHHEMaTUKAIBIK Ky, 1] — numuHIpIik
KMHEMATHKAJIBIK KYIT) TUTITI KEHICTIKTIK TapaJiIesib/l MAaHUITYJISTOP KapacThIpblaaasl. by
KEHICTIKTIK Tapauiebai MaHHUITYJISATOP YII epKiHAiK nopexerni ALl TunTi anTpormoMopdThI
MaHHUITYJISITOPABIH aTKapyIibl OybIHBIH L[L] TUNTI OMHApPIIBI OYBIH apKBIIBI TaFAHFA JKAJIFAY
HeT131H/1e KYpacThIpbUTFaH. KapacThIphUIBITT OTBIPFaH MapauIeIhIl MAHHITYJISITOP IIH
T€OMETPHUSCHIH CUTIATTay YIIIIH KHHEMATHKAJIBIK KYIITAPAbIH dpOip dJeMEHTIHE OCKITUINEH OH
JCKapTTHIK KOOpAMHATAIAP KYyHeci Komanbuiaapl. [lapaniensai MaHUTTYISATOP KYPBUTBIMIBIK
CYII0ACHIHBIH TYPAKTHI JKOHE aifHbIMANBI TapaMeTpiepi alKbIHAAN b TypaKThl mapameTpiep
OybIHJIap T€OMETPHSCHIH CUIIATTaca, aifHbIMANIbI TapaMeTpiiep KUHEMATHUKAJIBIK KYITap
AIIEMEHTTEPiHIH ©3apa OpHaIacylapblH CUMIATTabI.

Kiar ce3nep: mapamiensai MaHUITYJISTOP, DMIHHAPIIK jKOHE alfHAIMAIIBI KHHEMATHKAITBIK
KYNOTap, KYPbUIBIMIBIK CHHTE3.
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CTPYKTYPHBII CUHTE3 U TEOMETPUS TIPOCTPAHCTBEHHOI'O

ITAPAJUIEJIBHOI'O MAHUITYJIATOPA BIIULL THUITA

B naHHOM cTaThe paccMaTpUBACTCs IPOCTPAHCTBEHHBIN NapAJIICIbHBIA MAHUITYIISTOP
B Tuna (B — BpamartenbHas kuHeMaTudeckas napa, L — mumnapuyeckas KUuHeMaTu4aeckas
napa). JlaHHbIl TapaysIenbHbI MAHUITYJISATOP CHOPMHUPOBAH COCTUHEHNEM pabodero 3BeHa
aHTponoMopHoro Manumynaropa Bl Tuna ¢ Tpems creneHsiMu cBOOOIbI CO CTOMKOI
nocpeacTsoM O6uHapHoro 3BeHa LI Tuna. J{is onucaHus reoMeTpun paccMaTpUBAEMOT0



[apaJuIeIbHOTO MAHHUITYJIATOPA UCIIOJIB3YIOTCS IIPABbIE IEKAPTOBBI CUCTEMBI KOOPAMHAT, KECTKO
CBSI3aHHBIE C Ka)KJbIM JIEMEHTOM KMHEMaTH4ecKux mnap. IlomyueHsl OCTOSHHBIE U IEPEMEHHBIE
IapaMeTpsl CTPYKTYPHOM CXEMBI TapajuIeIbHOTO MaHUIyIsATopa. IlocTosiHHBIE TapaMeTpbl
XapaKTEPU3yIOT FEOMETPHUIO 3BEHBEB, a IEPEMEHHBIE ITApaMETPhI XapaAKTEPU3YIOT
OTHOCHTEJIbHBIE [T0JIOKEHUS AJIEMEHTOB KHHEMATHUECKUX T1ap.
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STRUCTURAL SYNTHESIS AND GEOMETRY OF THE SPATIAL PARALLEL
MANIPULATOR OF RCCC TYPE

Abstract

The spatial parallel manipulator of RCCC type is considered in this paper (R - revolute kinematic
pair, C - cylindrical kinematic pair). This spatial parallel manipulator has been formed by
connection of a link with working point of the anthropomorphic manipulator of RC type with
three degrees of freedom with a frame by binary link of CC type. The right Cartesian coordinate
system that fixed with each element of the kinematic pairs are used for describe the geometry of
the considered parallel manipulator. Constant and variable parameters of the parallel manipulator
structural scheme have been obtained. Constant parameters characterize the geometry of links,
and variable parameters characterize the relative positions of the kinematic pairs elements.

Keywords: parallel manipulator, cylindrical and revolute kinematic pairs, structural synthesis.

KinT ce3nep: napamienbii MAaHUITYASTOP, HWIMHAPIIK XKoHE aliHaIMallbl KHHEMAaTHKAJIbIK
XKYIITap, KYPBI-IBIMIBIK CHUHTES.

KiroueBsle cioBa: napajienbHbli MAHUITYJIATOP, HIAIUHAPUYECKHUE U BPALLATEIbHbIC
KMHEMATH4YECKUE Mapbl, CTPYKTYPHBIM CHHTES.

1 Introduction



There are many technological operations in industry where necessary a motion of the
manipulator end-effector in one set trajectory. Autooperators or fixed-sequence manipulators
with one degree of freedom are used to perform these operations. Autooperators can not readjust
to changing technological operation. However, they are reliable devices having a simple control
system instead of manipulators with many degrees of freedom. Therefore, it is advisable to use
autooperators instead of manipulators with many degrees of freedom in automatic machines
working on hard-coded program.

Autooperators reproduce the given laws of end-effectors motions in definite structural schemes
and geometrical parameters of links. This paper presents the methods of structural synthesis and
determination of the geometrical parameters of links of the spatial parallel manipulator of RCCC
type. Structural scheme and geometrical parameters of links of the parallel manipulator of RCCC
type have been used for its kinematic analysis [1].

2 Structural synthesis of the spatial parallel manipulator of RCCC type

According to the principle of parallel manipulators formation [2, 3] they are formed from the
executive and closing kinematic chains. Kinematic chains with many degrees-of-freedom
reproducing the given laws of end-effectors are called the executive kinematic chains. Kinematic
chains connecting the executive kinematic chains and a frame called closing kinematic chains.

Anthropomorphic manipulators with three degrees-of-freedom reproducing the given laws of
end-effectors are the executive kinematic chains. The anthropomorphic manipulator ABP of RC
type (Fig. 1) is the simplest positioning anthropomorphic manipulator, which reproduces the
following given laws

Vp=Vp(t) Wp=Wp(t)
or N discrete position

Up =Uplt;) Vp =Vp(t;) Wp =Wplt;) (i=12,.,N)

: : ; )
of the working (output) point P in the absolute coordinate system OUOVOWO.

Degree of freedom of a spatial parallel manipulator can be defined by Somov-Malyshev formula

[4]:

W=6n-3kp, -5
n Z P , (3)

where n - number of mobile links, Pk number of kinematic pairs of k-th class, O _ number of
local mobility. Class of kinematic pair is determined by the number of restruction of motion

2’1’74:1

kinematic pair elements. For anthropomorphic manipulator ABP of RC type: 1 =

(cylindrical kinematic pair B), Ps= ! (revolute kinematic pair A), 6 =0 Then we get
W=62-15-14=3
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Figure 1 — The anthropomorphic manipulator ABP of RC type

If we connect the link 2 of the anthropomorphic manipulator ABP of RC type with a frame by
closing kinematic chain, in this case, the binary link CD of CC type, which has two negative
degrees of freedom, we get the spatial parallel manipulator of RCCC type with one degree of

freedom (Fig. 2). A link with two kinematic pairs is called a binary link. The degree of freedom

of the binary link of CC type has been defined by formula (3), where 7 = 1 , Py = 2 , 6=0

Then we get W=6-1-2-4=-2 Input (active) kinematic pair of this parallel manipulator is
a revolute kinematic pair A.

P
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A/(r 0
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Figure2 — The spatial parallel manipulator RCCC type

3 Geometry of the spatial parallel manipulator of RCCC type



Two right Cartesian coordinate systems UWV and XYZ are fixed with each element of
kinematic pair of the considered parallel manipulator for describe its geometry. The axes W and
Z are directed along the axes of rotation or translation of the kinematic pair, and the axes U and

X are directed along the shortest distance between the axes W and Z. The axes V and Y are
complemented of the right Cartesian coordinate systems UVW and XYZ. The transformation
matrix between the coordinate systems 7 / / and (Fig. 3) that are fixed to the

ends of the binary link jk has the following form
hy hy b3 Iy
i Ty Thz Iy
31 B3y B33 Iy { 1.0 }

=T (@ bayCo By )= Jm iR
Tjk Jk(ajk’bjk’cjk’ajk’ﬁjk’7Jk) a1 Tan U4z T4y T "Ry

)

where
=1 Hy=l3=1y :0,

th :ajk-cosy/jk+bjk siny ;. -sina

b

I5y :cos;/jk-cos,Bjk —siny ; -cosa -sm,Bjk

tyy =—COSY -smﬁjk —siny ; -cosa -cosﬁjk tyy =siny y -sina

2

31 =4 -smj/jk—bjk "COSY j -sina

2

tyy =siny ~cos,3jk +Cosy  -cosa -smﬂjk

133 =COSY j -COSQ -cosﬁjk —siny -smﬁjk tyy =—COSY j -SInC

3

141 = Ck +bjk (COSQA . 1y =sina -sm,Bjk
ty3 =sina ; -cosﬁjk ly4 =0OSQ

VW, XY, Z

i.e. a relative position of the two coordinate systems J"J7J and k are defined by the

a . .
following six parameters: k _ 4 distance from axis 7 to axis K which is measured along

t, t. w. 7z, o.
the direction of / k; J& _ a common perpendicular between axes 7 and ~ k; / k_an angle

between positive directions of axes 7 and ~ K which is measured counter clockwise relatively



t. b, t. X
to positive direction of / k ; k' _ 4 distance from direction of /X to direction of the axis * &

which is measured along positive direction of an axis ~ %; ' / k_an angle between positive
directions of /* and axis which is measured counter clockwise relatively to positive

o . /4, C; ) S ) ; S l o
direction of axis ~ k; / k. a distance from direction of an axis 7 to direction of 7 k which is

measured along positive direction of an axis 7/ '/ k_an angle between positive directions of

U . t.
axis 7 and /K which is measured counter clockwise relatively to positive direction of an axis
w.
] .

//Uj/é
0

U,

UViV5 g XeVeZi

Figure 3 — The coordinate systems 7/ 7/ / and

The chosen coordinate systems and the parameters of the spatial parallel manipulator of RCCC
type are shown in Fig. 4. Absolute coordinate system is indicated UOVOWO. As can be seen from
Fig. 4, the binary link AB of RC type has constant parameters 448 , 4B , €aB ; the binary link

BC of CC has constant parameters 4pc , “BC ; the binary link CD of CC has constant
parameters “cp , %cp ; the revolute kinematic pair has variable parameter QA =7 4B ; the

o : o . Spr=Cp~ O, =
cylindrical kinematic pairs B, C and D have variables parameters ~ 8C ~ “BC 7B gle ,



Sc=Ccp ¢ = =c 0= . o
¢ ¢h ~C Yep u’D =€ , D gl , accordingly. The revolute kinematic pair A is
an active kinematic pair, and the cylindrical kinematic pairs B, C, and D are passive kinematic

pairs. Hence, the variable parameters QA is the generalized coordinate, and the variable

s~ 0 . : . :
parameters 5B , 03 , ¢ TC 5D , HD , will be defined from direct kinematics of the
considered parallel manipulator. In addition to these constant and variable parameters the

. . . a (04
considered parallel manipulator has the following groups of constant parameters 04, 04
c a a c .. . .
04 Y04 gpq “oD , OD ~0D, Yop determining the position of the coordinate systems
XY, Z, HXDYDZ

D that are fixed with the immovable elements of the kinematic pairs A and

D in the absolute coordinate system UOVOWO. Then the symbolic equation of considered parallel
manipulator has a view

A04 4B Apc
Aoy & 4B 29:%6]
0 0 0
R RC c cc
Fo, 0 P, (QA)'GAB 0 Py (SB’QB)'GBC 0
€o4 4B 0
Y04 0 0
Acp Yop
*ep %op
b 0
cc|Ycp -1 _
'PC(SC’QC)'GCD 0 'Pg(SD’OD)'FOD 0 =E,
0 Cop
0 7/OD (5)
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Figure 4 — The coordinate systems and parameters of the RCCC PM

. : u,v,w,
where = O4 and = OD _ the transformation matrixes from the coordinate system 07070 to

R C
the coordinate systems X a¥yZ 4 and Xp¥pZp accordingly; E — unit matrix; Py , Py ,

C C
PC , and PD - the matrixes of the kinematic pairs A, B, C, and D, where the variable
parameters characterizing the relative positions of the elements of the kinematic pairs are shown
G RC G ccC G ccC
in the parenthesis; AB | BC CD _ the matrixes of the binary links AB, BC, CD of RC,
CC, CC types, where the constant parameters characterizing the geometry of the binary links are
shown in the vertical columns.

We obtain the matrix of the kinematic pairs and binary links after supplying the variable and

T.
constant parameters of the matrixes of the kinematic pairs and binary links in the matrix 7/ k
(4). Note that, the symbolic equation (5) is the matrix equation for closure of loop for the
considered parallel manipulator which is used for the kinematic and dynamic analysis.

The matrixes of the kinematic pairs have the following views

- the revolute kinematic pair A



10 0 0]

0 cos@A —sin@A 0

R _
PA(QA)_ 0 sinf, cosf, 0O

0 0 0 1

- the cylindrical kinematic pairs B, C, and D

1 0 0 0]

0 cos@_ —sinf_ O
C
Pgls, .0, )= P P
B<Sp A) 0 sin0p cosep 0
sp O 0 1| (p=8, C’D).(7)

The matrixes of the binary links have the following views:
- the binary link AB of RC type

1 0 0 0

GR5(apap.cu5)= “ag 1O -O
0 O COSa 4p -sm(9AB

4B 0 sm@AB cosaAB_,(g)

- the binary links BC and CD of CC type
1 0 0 0
a; 1 0 0

G]C'kc(ajk’ajk): 7 :

0 0 cosa . -sina

I 0 0 sinajk cosajk_’(j:A’B; k:B,C)_ (9)

4 Conclusion

The structural scheme of the spatial parallel manipulator of RCCC type is synthesized. The
structural scheme of this parallel manipulator is formed by connection of the link of the spatial
anthropomorphic manipulator of RC type with a frame by the binary link of CC types. The
matrixes of the binary link of RC and CC types and the revolute and cylindrical kinematic pairs
are composed. The elements of the matrixes of the binary links of RC and CC types are constant,
and they characterize the geometry of the binary links. The elements of the revolute and
cylindrical kinematic pairs are variable, and they characterize the relative positions of their
elements.
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Pe3rome

KK, baitrynamexos1, M.b. I3mam6eToB1, H.)K. baiirynmexos2



(1Kazakcran-bpuTtan TeXHUKAIBIK YHUBEPCUTETI;

2akanemuk O.A.JlxonnacOexoB aTbiHAaFbl MeXaHUKa KOHE MAlllMHATAHY WHCTUTYTHI)

AL TUTITI KEHICTIKTIK TTAPAJIIEJIBII MAHUITYJISITOP/IBIH

KY¥PbUIBIM/IBIK CUHTE3I MEH 'EOMETPUACHI

Byn makamana AL (A — aliHaIMansl KHHEMATUKAIBIK Ky, 1] — MUTUHAPITIK KHHEMATHKAIBIK
YKYIT) TUITI KEHICTIKTIK apajuiesbal MAHUIYJIATOpP KapacThlpbliaabl. Byl KeHICTIKTIK
napajuieNbi MaHUIYJIATOP YII epKiHAiK nopexerni ALl Tunti anTporroMopdThI
MaHHUITYJISITOPABIH aTKapyIibl OybIHBIH L[L] TUNTI OMHApPIIBI OYBIH apKBIIBI TaFAHFA JKAJIFAY
HETI31H/Ie KYpacThIphUIFaH. KapacThIpBUIBINT OTBIPFAH MapalIesbIi MAaHHUITYJISI TOPIBIH
T€OMETPHUSCHIH CUTIATTay YIIIIH KHHEMATHKAJIBIK KYIITAPAbIH dpOip dJeMEHTIHE OCKITUINEH OH
JEKapTTHIK KOOpAWHATaIap JKyieci Komnanpuiaapl. [lapamiens i MaHATYASTOP KYPBUIBIMIIBIK
CYII0ACHIHBIH TYPAKTHI JKOHE aifHbIMANBI TapaMeTpiepi alKbIHAAN b TypaKThl mapameTpiep
OybIHJIap T€OMETPHSCHIH CUIIATTaca, aifHbIMANIbI TapaMeTpiiep KUHEMATHUKAJIBIK KYITap
AIIEMEHTTEPiHIH ©3apa OpHaIacylapblH CUMIATTabI.

KinT ce3nep: napamnensai MaHUIYISTOP, LMIUHAPIIK KOHE alfHAJIMaJIbl KHHEMAaTUKAJIbIK
XKYIITap, KYPbUIBIMIBIK CHHTES.

Pe3rome

KK. Baitirynuekos1, M.b. U3mamberorl, H.)K. baiirynuexos2

(1KazaxcraHcko-bputaHckuil TeXHUYECKHI YHUBEPCUTET;

2VHCTATYT MEXaHUKHU M MAIIMHOBEICHUS UM. akaa. ¥Y.A.J/[xonmacOexoBa)

CTPYKTYPHBII CUHTE3 U TEOMETPUS TIPOCTPAHCTBEHHOI'O

ITAPAJUIEJIBHOI'O MAHUITYJIATOPA BIIULL THUITA

B naHHOM cTaThe paccMaTpUBACTCs IMPOCTPAHCTBEHHBIN NapayliesbHbId MaHUIysiTop BIILIL]
tuna (B — BpamarenbHas kunematuyeckas napa, L — nuinuaaprudeckas KWHeMaTHyecKas rnapa).
JlaHHBI apaiebHBIA MAHUITYIISATOP chOPMUPOBAH COETMHEHUEM pabOvero 3BeHa
aHTponoMopHoro Manumynaropa Bl Tuna ¢ Tpems creneHsiMu cBOOOIbI CO CTOMKOI
nocpenictBoM ouHapHoro 3BeHa L1 Tuma. [{ns onucanusi reoMmeTpun pacCMaTpuBaeMoro



[apaJuIeIbHOTO MAHHUITYJIATOPA UCIIOJIB3YIOTCS IIPABbIE IEKAPTOBBI CUCTEMBI KOOPAMHAT, KECTKO
CBSI3aHHBIE C Ka)KJbIM JIEMEHTOM KMHEMaTH4yecKux nap. [loaydeHsl NOCTOSTHHBIE U IEpEMEHHbBIE
IapaMeTpsl CTPYKTYPHOM CXEMBI TapajuIeIbHOTO MaHUIyIsATopa. IlocTosiHHBIE TapaMeTpbl
XapaKTEPU3yIOT FEOMETPHUIO 3BEHBEB, a IEPEMEHHBIE ITApaMETPhI XapaAKTEPU3YIOT
OTHOCHTEJIbHBIE [T0JIOKEHUS AJIEMEHTOB KHHEMATHUECKUX T1ap.

KiroueBsle c0Ba: napajjiebHbI MaHUIYJIATOP, WINHAPUYECKUE U BpallaTeIbHble
KMHEMATUYECKUE Naphbl, CTPYKTYPHBIM CUHTES.

[octynuna 20.03.2013 r.



