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Abstract— Isomorphism had been keen area of research
since long ago. Many methods are available to the
kinematician to detect isomorphism among planar kinematic
chains, but each has its own shortcomings. In this paper, an
attempt is made to develop a technique to fulfill this need. A
method is proposed for detection of isomorphism of the
planar kinematic chains based on structural properties. In
this approach, kinematic chains are represented by matrices,
and the elements of matrices are used for detection of
isomorphism. The kinematic chains of 1- D.O.F., 6- Links
and 8-Links has been tested and the results are in complete
agreement with the available literature. This method is
simple, reliable and at the same time, it is capable to detect
unique links of kinematic chains for identifying the different
kinematic inversions.
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of dealing with large numerical and graph theorists noted
the existence of counter examples while applying these
methods. In code approaches [3, 4] Mruthyunjaya and
Yan & Hall, the Max—Min code of a kinematic chain is
uniqgue and decodable. However, this method requires
highly sophisticated algorithms when applied to large
kinematic chains. The degree code, [5] Ambekar and
Agrawal, based test overcomes the drawback of Max—Min
code method but at the cost of computational efficiency.
In  characteristic  polynomial approach methods,
considerable amount of additional computation has to be
undertaken to get this information. Most of the methods
discussed above are generally based on link adjacencies

and the connectivity of the links. In this paper, a very new
approach has been adopted for detection of structural
properties of planar kinematic chains. Mruthyunjaya and
: i . .. Balasubramanian [7] proposed a vertex-vertex degree

One of the major problems in generating distinCtmatrix whose ijth entry is the sum of degrees of links i
planar kinematic chains is the detection of isomorphismgnq j if i and j are adjacent and is equal to 1 otherwise.
A lot of time and effort has been devoted to develop &he characteristic polynomial of this matrix successfully
reliable and computationally efficient technique. jgentified all the 10-link kinematic chains with up to 3
Undetected isomorphism results in duplicate solutions angegrees of freedom. According to Ambekar and Agrawal
unnecessary effort, and falsely identified isomorphisn‘[g] two canonical forms of any adjacency are possible —
eliminates possible condition for new mechanismsgna yielding a maximum code — Max Code and the other
Researchers in the mechanisms community followe|d’a minimum code — Min Code. The Min Code is used
different approaches to specify the non-isomorphiGys 5 canonical number to identify the kinematic chains.
kinematic chains. Furthermore, there are severathe method is used in Watt's and Stephenson’s chain.
discrepancies in the results obtained by researchers in t\yen-Miin Hwang et al [11] proposed a straight forward
mechanisms community. However, most of these codes G r0ach for the computer-aided structural combination of
indices are either computationally inefficient or pjanar kinematic chains with simple joints, which consists
unreliable. Much research has also_been de\_/oted in gralgf systematic generation of possible contracted link
theory to the more general graph isomorphism problemagjacency matrices, detection of degenerate chains and
This problem was so popular that in 1977 it was namejgentification of isomorphic chains. Based on the
“The Graph Isomorphism Disease”. In the course Oiproposed algorithm, a computer program is developed
development of kinematic chains and mechanismsgch that the catalogues of planar kinematic chains with
duplication may be possible. For this reason, manyhe given number of links and degrees of freedom can be
methods have been proposed by many researchers gynthesized. .Huafeng Ding et al [12] proposed some new
check for duplication or, in other words, to detect theconcepts, such as the perimeter loop, the maximum
isomorphism among the kinematic chains. The papererimeter degree sequence, and the perimeter topological
given in Reference [1] and [2] Crossley and J.J. Uickegraph, and the method for obtaining the perimeter loop is
made a comparative study of various methods availably|sy jnvolved. Then, based on the perimeter topological
until then for their strengths and weaknesses. The methongraph and some rules for relabeling its vertices
based on characteristic polynomials have the disadvantage
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canonically, a one-to-one descriptive method, the lll.  DISTANCEMATRIX

canonical adjacency matrix set of kinematic chains, i$yistance Matrix, for an n-link kinematic chain it is
proposed. Another characteristic of the method is that ifafined as ann X n square matrix,

the canonical adjacency matrix set the element number is

reduced, usually to only one. After that, an effective DM = {D;}

method to identify isomorphism of kinematic chains is A

given. Rao et al [21] introduced the concept of HamMIiNGrhe elements of matrix are defined by ®hich is the

distance to the structural studies of kinematic chains. Thg,o«t sum of all joint values between two links i and j, and
row of the adjacency matrix corresponding to a link isig ¢qual to zero if i is equal to j, of course, all the diagonal
called the Hamming code of that link. The Hamm'ng?lements P=0.

distance between two links is defined to be number o

places where the Hamming codes for the two links differ. r 0 D D D )
The Hamming matrix is the matrix of the same size as the 12 F13 e in
adjacency matrix when the 1 jentry corresponds to the Dy O Do ... Don

Hamming distance between the links i and j. The link
Hamming number is the sum of the corresponding row of DM= [ oo e
the Hamming matrix. The chain Hamming number is the

sum of the entire link Hamming numbers. The link | =7 7 e oo Do
Hamming string is defined as the concatenation of the link Dy Dn, Dpz ... 0
Hamming number with the frequency of the rate of all the L J

integers from n down to zero. The chain Hamming string
is defined as the concatenation of the chain Hamming
value and the entire link Hamming strings arranged in V. METHODOLOGY
decreasing order. A.C. Rao [27] suggested utility of fuzzyin this approach, it is proposed to write the elements in the
logic to investigate isomorphism among kinematic chaingnatrix by the path value. It is a square and symmetric
and inversions. Chang et al [29] anticipated a new methoghatrix. The sum of each row elements of the matrix is the
based on Eigen vectors and Eigen values to identifyalue of the link, while the sum of all the elements in the
Isomorphism among kinematic chains. Kinematic chainsnatrix is the value of the chain. The numerical scheme for
are firstly represented by Adjacent Matrices. Bythe chain is developed with the help of values of the links.
comparing the Eigen values and corresponding Eige8imilarly, the numerical schemes for the links are also
vectors of Adjacent Matrices, the Isomorphism ofdeveloped with the help of each row elements of the
mechanism kinematics chain can be identified. Srinatlmatrix. For example, consider a kinematic chain with, six
and Rao [30] presented a method based on correlatidsar, seven joints, and single degree-of-freedom Figure. 1;
concept for detection of isomorphism among kinematiche links are labelled as A, B, C, D, E and F. Links A, B,
chains and their inversions. Correlation between two link® and E are the binary links so that, their node values are
shows the number of links usually connected to them. Th@/2. Similarly, the links C and F are the ternary links, so
method uses the adjacency matrix to obtain the correlatiomat their node values are 1/3. Now the value of the joint,
matrix which is generated by link A, and link B is 1/2 + 1/2 = 1.
Similarly the value of the joint, which is generated by link
Il TERMINOLOGY A, and link Fis 1/2 + 1/3 = 5/6. All the joint values are
The following definitions are to be understood clearlyshown in fig 1
before applying the method. Various definitions with their
abbreviations are given below. 1012 1012
0

1. Degree of link: It is a numerical value for the link, 0y
W

based on its connectivity to other links therefore
quaternary link has degree equal to four and ternary link
has degree equal to three.

2. Node value (NV) It is defined as inverse of degree of a
link. 1212
3. Joint Value (JV): It is the sum of all node values of the
links connected at a joint.

4. Value of Link (VL): For a link, it defined as the sum
of all elements of each row or column of matrix. A
5. Value of the Chain (VC):lt is defined as the sum of

all link values.

6. Path Value (PV):1It is the least sum of all joint values 1012 1012
between two links under consideration.

Figure 1 (Watt Chain)
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Path Value (PV) is the least sum of all joint valuesBy the similar procedure the complete matrix for the
between two links under consideration. For exampleStephenson chain (Figure 2) given by PM
considering Link A and B, all possible paths between the

links are
Path Pathway Path Value
No.
1 A-B 12/12
2 A-F-CB 1/12 (10 + 8 + 10) 28/12
3 | A-F-E-D-CB |1/12(10+10+12+10+10) 52/12

The least Path Value between link A and B is 12/12, this
value is represented by element,Dn the matrix,

similarly the Path Value between A, C is 18/12, and the 1012
value of element B is represented by 18/12 in the matrix _ _
and so on. It is the square and symmetric matrix because Figure 2 (Stephenson Chain)

value of the elements,P= D,;, D;3 = D;; and so on. By
the similar procedure the complete matrix for the watt
chain (Figure 1) given by DM

(0 10 20 20 10 20)
(0 12 18 28 20 14 10 0 10 22 20 10
12 0 10 20 28 1§ 20 10 0 12 22 20

DM,=1/12
18 10 0 10 18 8 20 22 12 0 10 20
DM, = 1/12

26 20 10 0 12 18 10 20 22 10 0O 10
20 28 18 12 0 1( 20 10 20 20 10 O
10 18 8 18 10 O

Value of the chain = 472/12

) o _ Numerical scheme for chain = 1/12[2(72), 2(80), 2(84)]
For the Six - bar chain Figure 1, the values of the link A

are given by [ + Dot ....... Dyg = 88/12. Similarly, the
values of the links B, C, D, E and F, are 88/12, 64/12,
88/12, 88/12 and 64/12 respectively, and the value of the V. ISOMORPHISM

chain is given by summation of all value of link and it 'SThe values of the chains are compared for detection of

480/.12' Now conslderlng the vaIue§ of th_e links from.thqsomorphism, it is the first stage of comparison, and the
matrix, the numerical scheme for this chain can be writte .., 4 stage is to compare one-to-one similarity among

as follows, their numerical schemes. When both the values and
numerical schemes for two kinematic chains are identical,

o [88/1%1828/212’464‘/11&88/ 12, 88/12, 64/12] the test is positive or the chains are isomorphic, otherwise
' [2(64), 4(88)] not. This method reports that kinematic chain, Figure 1

and 2, are non-isomorphic as the values of the chain and

The _numbe_r, f_or e>_<ample 2, before the b_racket InOIICate?‘fumerical schemes, are different for both the kinematic
two links with identical values. Reduction in length of theChain

numerical scheme will be more evident in case of chair~

with more number of links. The counter examplesappeared in reference [23] the

chains shown in Figs. 3 and 4 were predicted as
isomorphic. When these chains are checked by proposed
method for detection of isomorphism, the results obtained
are in agreement with the results reported in reference
[23]

For six bars, chain Fig 1
Value of the chain = 480/12
Numerical scheme for chain = 1/12[2(64), 4(88)]
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Figure 6
For kinematic chain (Figure 5)
Value of the chain = 1574/12
Numerical scheme for chain = 1/12[(117), (127), (137),
(145), (155), (169), (171), (173), (175), (205)]
For kinematic chain (Figure 6)
Value of the chain =1662/12
Numerical scheme for chain= 1/12[(129), (137), (141),
(157), (165), (167), (179), (189), 2(199)]
Proposed method reports that kinematic chain 5 and 6 are
non-isomorphic because the values as well as their
numerical schemes for both the kinematic chains are

different.
Figure 4 The counter examplesappeared in Reference [11] the
chains shown in Figs. 7, 8, 9 and 10, were predicted as
For kinematic chain (Figure 3) non-isomorphic
Value of the chain =1654/12
Numerical scheme for chain = 1/12[(137), (141),

(153), (165), 3(171), 2(181), (183)]

For kinematic chain (Figure 4)
Value of the chain =1654/12
Numerical scheme for chain = 1/12[(137), (141),
(153), (165), 3(171), 2(181), (183)]

Proposed method reports that kinematic chain 3 and 4 are
isomorphic as the values as well as their numerical
schemes for both the kinematic chain are same.

The counter examplesappeared in Reference [7] the

chains shown in Figures 5 and 6 were wrongly predicted
as isomorphic but these two chains have different value
and numerical scheme and hence they are non-isomorphic

Figure 5 Figure 8
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Fig 11 shows two graphs of 28 links kinematic chain in
Reference [38]. By using proposed method on these
graphs, they found isomorphic.

(a)

9/12 912

Figure 10

For kinematic chain (Figure 7)

Value of the chain = 2576/12

Numerical scheme for chain = 1/12[(188), 2(192), 3(196),
(208), 2(236), (240), 2(248)]

For kinematic chain (Figure 8)

Value of the chain = 2544/12

Numerical scheme for chain = 1/12[(184), 2(192), (196), (b)
(200), 2(204), (208), (236), 2(240), (248)]

For kinematic chain (Figure 9) Figure 11
Value of the chain =2523/12
Numerical scheme for chain = 1/12[2(175), (191), (197),
(202), 2(211), 2(223), (235), (239), (241)] For kinematic chain (Figure 11 a)
Value of the chain =18384/12
For kinematic chain (Figure 10) Numerical scheme for chain = 1/12[4(796), 8(660),
Value of the chain = 2508/12 16(620)]
Numerical scheme for chain = 1/12[3(179), (189), 2(199),
2(227), 2(229),(237),(245)] For kinematic chain (Figure 11 b)
Value of the chain =18384/12

Proposed method reports that kinematic chain 7, 8, 9 arfdumerical scheme for chain = 1/12[4(796), 8(660),
10 are non-isomorphic as the values and their numericdl6(620)]
schemes are different for all kinematic chains.
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VI. INVERSIONS single degree of freedom kinematic chains that comply
The distinct inversions of a kinematic chain With €arlier findings.

depend on the detection of distinct links. Once the distinGheg | TS: The proposed method is very simple and able

links are, identified then distinct inversions cani, getect isomorphism among the Kinematic chains and
established. As per the finding of earlier works there exish, mher of inversions derived from a kinematic chain. Al

5, 71, 1834 distinct mechanisms for six, eight and ten linlg, o simple jointed, single degree of freedom; 6-links 2
of single degree of freedom kinematic chains respectivelyinematic chains, 8-links 16 kinematic chains, 10-link 4

To find inversions of a kinematic chaln, the first stage '5ainematic chains and 12-link 4 kinematic chains have
the comparison of values of the links, and the seconfleep tested successfully for their non-isomorphism.
stage is to compare one-to-one similarity among their

numerical schemes. When both, the values and the@ONCLUSION: In the present paper, a simple, efficient,
numerical schemes are identical, the test is positive aind reliable method is proposed to identify isomorphism.
they will give same kinematic inversions. For six barThe results obtained are compared with the earlier
chains, Figure 1 and Figure 2 the values of each link witfindings and are in agreement. The proposed method of
their numerical schemes are tabulated in table 1 and @etection of isomorphism is based on link connectivity,

respectively with the help of matrices. and successfully identifies the different planar kinematic
chains with single degree of freedom. The method is
Links | Value of Link Numerical Scheme simple and involves less mathematical calculations.
A 88/12 1/12[(10),(12),(18),(20),(28)] Further, it is directly applicable to kinematic chains and
noens o does not require converting the kinematic chain to their
B 88/12 1/12[(10),(12),(18),(20),(28)] graphs.
C 64/12 1/12[(8),2(10),2(18)]
D 88/12 1/12[(10),(12).(18),(20).(28)] REFERENCES
E 88/12 1/12[(10),(12),(18),(20),(28)] [1] Crossley, E.R.F.1964, “A contribution to Gruebler's theory in the
b hesis of pl hanisgdurnal of engineering desi
F 64/12 1/12[(8),2(10),2(18)] ggml-(;l’ synt €sIS oI planar mechanisgournal of engineering aesign

[2] J.3. Uicker, A. Raicu 1975, “A method for the identification and

Di_StinCt Val_ue of Numerical Scheme For Distinct Lihk recognition of equivalence of kinematic chainsfech. Mach. Theory
links Link 10:375-383.
[3] T.S. Mruthyunjaya, M.R. Raghavan 1979, “Structural analysis of
(AB.D.E) 88/12 1/12[(10),(12),(18),(20).(28)] kinematic chains and mechanisms based on matrix representation”,
(C,F) 64/12 | 1/12[(8),2(10),2(18)] Transactions of the ASME, Journal of Mechanical Desigil: 488
- - 494,
Total Distinct Inversion - 02 [4] Yan, H S, Hall A S 1981, “Linkage characteristic polynomials:
Table 1 definition, coefficients by inspection'Journal of Mechanical Design
Distinct inversions of Six Bar Watt chain. vol. 103, pp. 578.

[5] A.G. Ambekar, V.P. Agrawal, 1985, “Newblock Identification and
classification of kinematic chains and mechanisms using identification
codes”, In Proceedings of the Fourth International Symposium on

Links | Value of Link Numerical Scheme E‘Sgﬁgzsi‘”gorﬁgmg“ter Aided Design Method3) pp. 545-552,
A 80/12 1/12[2(10),3(20)] [6] A. G. Ambekar and V. P. Agrawal 1987, “Canonical numbering of
kinematic chains and isomorphism problem: Min ¢odéech. Mac&
B 72/12 1/12[3(10),(20),(22)]
i ! Theory22, pp. 453-461.
C 84/12 1/12[(10),(12),2(20),(22)] [7] Mruthyunjaya, T.S. and Balasubramanian, H.R., 1987, “In quest of a
reliable and efficient computational test for detection of Isomorphism in
D 84/12 1/12[(10),(12).2(20),(22)] Kinematic Chains”,Mech;nism and Machine theoryol. 22, No? 2,
E 72/12 1/12[3(10),(20),(22)] pp131-139.
! . [8] A.G. Ambekar, V.P. Agrawal, 1987 “Identification of kinematic
F 80/12 1/12[2(10),3(20)] generator using min. codeslech. Mach. Theon22(5): 463—471.
— [9] A.G. Ambekar, V.P. Agrawal 1987, “on canonical numbering of
Distinct| Value of Numerical Schen For Distinct Link kinematic chains and isomorphism problem, Max code”, ASME paper
links Link no. 86-DET-169.
(AF) | 8012 | 1/12[2(10)3(20)] {ype of recdom. Using e concept of Hamming distandadian . of
(B,E) | 72/12 1/12[3(10),(20),(22)] Tech, 26: 105-109.
[11] Hwang, W.M. and Hwang, Y.W., 1992, “Computer- aided structure
(QD) 84/12 1/12[(10),(12),2(20),(22)] synthesis of planar kinematic chains with simple joinid&ch. Mach.
ot ; _ Theory Vol 27, pp, 189-199.
Total Distinct Inversion - 03 [12] Chu, J K, Cao, W Q 1992, “Identification of isomorphism of
Table 2 kinematic chains through adjacent-chain tabld®’roceedings of
Distinct inversions of Six Bar Stephenson chain American Society of Mechanical Engineers Confergnae47, pp. 207-
210.

. . —_ 3] Jongsma, T J, et al 1992, “An efficient algorithm for finding
The value of link and numerical schemes for each d|st|n(,1 ptimum code under the condition of incident degré&tceedings of

links of all 16 eight-link chains are tabulated in table 3.mechanical Conferenceol. 47, pp. 431-436.

Total 71 distinct inversions are found from all eight links, [14] Jensen, P W 1992, “Classical and modern mechanism for engineers
and inventors”, Marcel Dekker, New York.
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[15] S. Shende, A.C. Rao, 1994, “Isomorphism in kinematic chains”[38] Huafeng Ding, Zhen Huang, 2007, " The Establishment of the
Mech. Mach. Theor29, 1065-1070. Canonical Perimeter Topological Graph of Kinematic Chains and
[16] J. N. Yadav, C. R. Pratap, V. p. Agrawal, 1995 “Detection of Isomorphism Identification” ASME, SEPTEMBER 2007, Vol. 129 , p-
Isomorphism among Kinematic Chains Using the Distance Concept’915-923

Journal of Mechanical Desigri995, Vol. 117, pp. 607- 611.

[17] C.R. Tischler, A.E. Samuel, K.H. Hunt, 1995, “Kinematic chains (Chain| Distinct |Valueof Numerical String Distinct
for robot hands. Orderly number synthesisfechanism and Machine No. Link Link Inversior]
theory35 pp.1193-1215. 1 | (AD,EH)| 104/1211/12[2(8), (10), (16), 2(18), (26)] 2
[18] V.P. Agrawal, J.N. Pradav, C.R. Pratap, 1996, “Mechanism of (B.C.F.G) 148;12 1;12[(10)'(12)' 2(18), (26), (28), (36)]
kingmatic chain arld degree of structural similarity based on the concept 2 ((AC%%';g igg/g i/g{(zl(gg Eig; (zl(éf)zggg (22(23)] 2
of link — path code”’Mech. Mach. Theon81(7), 865—5371. _ ) 108/12 [/12[(2(8), (10), (16), (18), (22), (26)]
[19] C. NAGESWARA RAQ, A. C. RAO,. 1996, Selection Of Best (B) 140/12 [1/12[(10), (12), 2(18), (22), (28), (32)]
Frame, Input And Output Links For Function Generators Modelled As (©) 140/12 |1/12[(10), (12), (18), (20), (22), (28), (3P)]
Probabilistic Systems¥ech. Mach. Theoryol. 31, No. 7, pp. 973-983. 3 (D) 104/12 [1/12[(8), 2(10), (16), (18), (20), (22)] 8
[20] A. C. RAO, 1997, “Hamming Number Technique - I. Further (E) 136/12 (1/12[2(10), (18), 2(20), (26), (32)]
Applications”Mech. Mach. Theoryol. 32, No. 4, pp. 477-488. ((g)) iégﬁg iﬁg{(ﬁé)zgg; gl(%fgggi (30)]
[21] A.C. Rao, D. Varada Raju 1997, Apphcanon_of the Hamming i H) 132112 1/12[2(10')' 2(1'8)' (20')‘ 2028)]
number technique to deduct isomorphism among kinematic chains ang
. - : . (AH) | 132/12[1/12[2(10), 2(18), (20), 2(28)]
inversions”,Mechanism and Machine thea2g (1) pp. 55:75. . (BE) | 108/12[1/12[(8), 2(10), (16), (18), (22), (24)] 4
[22] Roa, A.C. and Jagdeesh, Anne, July 1998, “Topology Based (c,D) | 136/12 [1/12[(10), (12), (18), (20), (22), (26), (2B)]
Characteristics of Kinematic Chain: Work Space, Rigidity, Input-Output (F,G) | 104/12]1/12[2(8), (10), (16), 2(18), (26)]
and Isomorphism”Mechanism and Machine Theoryol 32, No. 5, (AH) | 132/12(1/12[2(10), 2(18), (20), 2(28)]
pp.625-638. 5 (B,G) | 108/12 [1/12[(8), 2(10), (16), (18), (20), (26)] 4
[23] Kong, F G, Li, Q, Zhang, W J 1999, “An artificial network (C,F) | 96/12 [1/12[2(8), (10), (16), 3(18)]
approach to mechanism kinematic chain isomorphism identification”, (2'5) ggﬁg iﬁs[(zl% (1% 2(2122)' (222 2(52)]
Mechanism and Machine Theompol. 34, pp. 271-283. EB’E; 108/12 1/12{(55) 2)'(1(0) )'2(1(6))'(2(2))’(2(6)])]
24] M. Aas, V.P. Agrawal, 1999, “Identification and isomorphism of ' ' ' 20) (
[2 Aas, v » 1999, ! 6 (C,D) | 140112 [1/12[(10), (12), (18), (20), (22), (26), (3R)] 5
kinematic chains and mechanism#i. Proceedings of the 11th ISME (G) 112/12 [1/12[(8), 2(10), 2(16), 2(26)]
Conferencel197-202, IIT Delhi, New Delhi. (H) 96/12 [1/12[3(8), 4(18)]
[25] O. Shaia, K. Preiss, 1999, “Graph theory representations of| (A) 136/12 [1/12[2(10), (18), 2(20), (28), (30)]
engineering systems and their embedded knowledgetificial (B,F) | 108/12[1/12[(8), 2(10), (16), (18), (20), (26)]
Intelligence in Engineering3, pp.273-285. 7 (C,E) | 124/12]1/12[2(10), (18), 3(20), (26)] 6
[26] A.C. Rao, 2000, “A genetic algorithm for topological characteristics (©) 120/1211/12[3(10), 3(20), (30)]
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isomorphism, inversions, symmetry, parallelism and mobility in 9 (A,B,D,G) | 104/12[1/12[(8), 2(10), 2(18), 2(20)] 9
kinematic chains”Mechanism and Machine Theorypl. 35, No. 8, (C,E,F,H) | 124/12]1/12[2(10), 2(18), 2(20), (28)]
pp1103-1116. (A) 103/12 [1/12[4(9), 2(19), (29)]
[28] V. V. N. R. Prasad Raju Pathapati and A. C. Rao, 2002, “A New| 1o | (B:F.G,H)| 121/12]1/12[(9), (10), 3(18), (20), (28)] 4
Technique Based on Loops to Investigate Displacement Isomorphism in (((:6')5) Egﬁg iﬁg{ggg; Ell(gg),)(z(%)]z(zsn
g(lsazrjg%ry Gear Trains'Journal of Mechanical Desigivol. 124, pp. ) 103712 [U12((8), 2(10), 2(18), (19), 20)]
: . (B) 133/12|1/12[2(10), (18), (19), (20), 2(28)]
[29] Cha_mg, Z, Zhang, C, Yang, Y, Wong, Y 2002, "A new mthod to (©) 121/12 [1/12[(9), (10), 3(18), (20), (28)]
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Appendix 1
Eight Link, Single Degree of Freedom Kinematic Chain

w2 a2 10n

012 8L 1012

1C12 G 1012
(12)

6
wz G

(13) (14)
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