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RX (k8 TQBMib) h?Bb [m2biBQM Bb +QM+2`M2/ rBi? }M/BM; i?2 /2;`22b Q7 7`22/QK Q7 HBMF�;2bX
U�V (Ry TQBMib) 6BM/ i?2 MmK#2` Q7 /2;`22b Q7 7`22/QK 7Q` i?2 bT�iB�H HBMF�;2 #2HQrX

h?Bb QT2M@ HQQT FBM2K�iB+ +?�BM BM+Hm/2b +vHBM/`B+�H- T`BbK�iB+- �M/ bT?2`B+�H DQBMibX

U#V (Ry TQBMib) h?2 HBMF�;2 /2TB+i2/ #2HQr Bb � b+?2K�iB+ `2T`2b2Mi�iBQM Q7 � TB2+2 Q7
+QMbi`m+iBQM K�+?BM2`vX Ai ?�b irQ ?v/`�mHB+ +vHBM/2`b UHBMFb 1 �M/ 2- �M/ HBMFb
6 �M/ 7V- r?B+? K�v #2 +QMbB/2`2/ +vHBM/`B+�H T�B`bX h?2 Qi?2` T�B`b �`2 `2pQHmi2
DQBMibX 6BM/ i?2 MmK#2` Q7 /2;`22b Q7 7`22/QK B7 i?Bb HBMF�;2 Bb i`2�i2/ �b � TH�M�`
HBMF�;2X

U+V (8 TQBMib) AM/B+�i2 i?2 +QM/BiBQMb i?�i Kmbi #2 K2i 7Q` i?2 TH�M�` HBMF�;2 �bbmKT@
iBQM iQ #2 p�HB/ BM T�`i U#VX

S�;2 k Q7 3

3 rigid bodies 3 6 p spatial
mechanism

1 cylindricaljoint 1 4 4

1 prismaticjoint 1 5 5

1 spherical joint 1 3 3
6dot

8rigidbodies 8 372yplanar
mechanism

9revolutejoints 9 2 18
2 prismaticjoints 2 2 4

2 dof

Planarmotion applies whenever themotion occurs in a plane
or in a set of parallel planes In otherwords theplanes
of motion of the linksmust all be parallel
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kX (j8 TQBMib) *QMbB/2` i?2 HBMF�;2 b?QrM BM i?2 };m`2 #2HQrX h?2 Q`B;BM Q7 i?2 rQ`H/ 7`�K2-
o0- Bb HQ+�i2/ BM i?2 KB//H2 Q7 TQBMib A �M/ BX q2 /2}M2 i?2 7QHHQrBM; [m�MiBiB2b,

Ç ✓1, �M;H2 #2ir22M i?2 x0Ĝ �M/ x1Ĝ�t2bX
Ç ✓2, �M;H2 #2ir22M i?2 x1Ĝ �M/ x2Ĝ�t2bX-
Ç d3, /Bbi�M+2 �HQM; i?2 x3Ĝ�tBb 7`QK i?2 x0Ĝ�tBb iQ i?2 y3Ĝ�tBbX
Ç ✓4, �M;H2 #2ir22M i?2 mMBi p2+iQ` 7`QK D iQ E �M/ i?2 mMBi p2+iQ` 7`QK D iQ AX
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a1=AB=1
a2=BC=3/2
a4=AD=3/4

U�V (ky TQBMib) 6BM/ i?2 `B;B/@#Q/v i`�Mb7Q`K�iBQMb #2ir22M i?2 rQ`H/ 7`�K2 ⌃0 �M/
i?2 #Q/v@}t2/ +QQ`/BM�i2 7`�K2b ⌃1 i?`Qm;? ⌃3 U2bi�#HBb?2/ 7Q` vQmVX �HbQ }M/
i?2 `B;B/@#Q/v i`�Mb7Q`K�iBQM #2ir22M ⌃1 �M/ ⌃3X

U#V (R8 TQBMib) A7 ✓1 = �⇡
9 = �20�- +QKTmi2 i?2 TQbBiBQM p2+iQ` 7`QK o0 iQ C �M/

2tT`2bb Bi BM i?2 rQ`H/ 7`�K2- ⌃0X
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S�;2 9 Q7 3

b Consider the following triangle and use lawof cosines

42
B E I t d 22143cos1700

700

or 2 cos709dg t d O
d

with the solution set givenby

g

dzE 1.254 1.596

Use law of cosines again

d 1 2 t 2 cosOz

dz 1.254 dz 1.596

CosOz 0.619 CosOz 0.030

02 128.2430
02 88.2540
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jX (9y TQBMib) *QMbB/2` i?2 HBMF�;2 b?QrM BM 6B;m`2 RX G2i d1 = 59.5 BMX �M/ d4 = 57 BMX #2
i?2 p2`iB+�H �M/ ?Q`BxQMi�H /Bbi�M+2b 7`QK i?2 Q`B;BM Q7 i?2 rQ`H/ 7`�K2- ⌃0- iQ A �M/
C- `2bT2+iBp2HvX 6m`i?2`KQ`2- /2}M2 i?2 7QHHQrBM; �M;H2b,

Ç ✓2, �M;H2 #2ir22M x0Ĝ�tBb �M/ i?2 mMBi p2+iQ` 7`QK A iQ BX
Ç ✓3, �M;H2 #2ir22M x0Ĝ�tBb �M/ i?2 mMBi p2+iQ` 7`QK C iQ BX

Pi?2` `2H2p�Mi [m�MiBiB2b �`2 T`2b2Mi2/ rBi?BM i?2 };m`2X
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B

C

y0

x0

0

1

2

3
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d4=57

d1=59.5

a2=AB=34.32
a3=BC=50.4

6B;m`2 R, .m�H +`Qbb?2�/ K2+?�MBbK

U�V (8 TQBMib) *QKTmi2 i?2 KQ#BHBiv Q7 i?Bb HBMF�;2X
U#V (R8 TQBMib) 1bi�#HBb? +QQ`/BM�i2 7`�K2b }t2/ iQ 2�+? `B;B/ #Q/v �M/ +QKTmi2 i?2

`B;B/@#Q/v i`�Mb7Q`K�iBQM #2ir22M i?2 rQ`H/ 7`�K2 U2bi�#HBb?2/ QM i?2 };m`2V �M/
2�+? Q7 i?2b2 +QQ`/BM�i2 7`�K2bX

U+V (ky TQBMib) .2`Bp2 i?2 HQQT 2[m�iBQMb BM i2`Kb Q7 d1- ✓2- ✓3- �M/ d4 Ui?2 +QMbi�Mib
a2 �M/ a3 �`2 i?2 QMHv Qi?2` [m�MiBiB2b i?�i K�v �TT2�` BM i?2b2 2[m�iBQMbVX

U/V (3 TQBMib U#QMmbV) aQHp2 i?2 HQQT 2[m�iBQMb vQm iQ }M/ i?2 p�Hm2b Q7 ✓2 �M/ ✓3X

S�;2 8 Q7 3

Yi 492

xd
ya

xp 14

y
43

3 4

93L

a 4 rigid bodies 4 3 12
3 revolutejoints 3 2 6

2 prismaticjoints 2 2 4
2 dot
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S�;2 e Q7 3

b Roy Roy I Roz RzOz Roz Rz03

Pon Po pos pop É
c Loop goes A

g
PortPAB PBC Po 0

PAB E Pai Rozpas f da

PBC pic Rozpic f f as

Equations are a cos02 a cosOs dy O

d a sinOz assinOs 0

d
A Let D 157259.57 a 82.397

J
at 3432

59.5
arctant 50.4 50.42 34322 59.52 572 2 3432Acosta

a 16.3520 1021 29.8770iii
02 29.8770

Similarly from law of cosines 34.322 504359.52572 21504 Dcost

7 11.0530 03 122.7180
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U�V _2M/2`2/ H2; i2bi bi�M/ rBi? H2; }t2/ BMiQ � `Qi�`v
DQBMi QM ?BT �M/ 7QQi U`2/V QM 7Q`+2 b2MbQ` U#Hm2VX

θhip

θankle

θknee

knee
joint

femur
segment

ankle
joint

hip joint

shank
segment

knee
spring

H

K A

C

foot
segment

A'
K'

U#V a+?2K�iB+ Q7 +?22i�?@+m#Ƕb bT`BM;@HQ�/2/
H2; K2+?�MBbKX

6B;m`2 k, h?2 H2; K2+?�MBbK Q7 i?2 +?22i�?@+m# `Q#Qi 7`QK 1S6GX

9X (ky TQBMib U#QMmbV) 6B;m`2 k /2TB+ib i?2 K2+?�MBbK i?�i �+ib �b i?2 H2;b Q7 � [m�/`mT2/
`Q#Qi- +�HH2/ *?22i�?@+m#- #mBHi BM arBix2`H�M/ �i 1S6G Ub22 6B;m`2 jVX h?Bb K2+?�MBbK
KBKB+b i?2 H2; Q7 � `2�H@rQ`H/ 72HB/2� U+�iVX Ai +QMbBbib Q7 i?`22 b2;K2Mib UHBMFbV- i?2
72Km` U��!HKV- i?2 b?�MF U��!KAV- �M/ i?2 7QQi U�!ACVX
h?2 7Qm`#�` HBMF�;2 i?�i i?2 b?�MF Bb +QKT`Bb2/ Q7 UK � K

0 � A
0 � AV Bb � ;2QK2i`B+

T�`�HH2HQ;`�K- F22TBM; i?2 72Km` �M/ i?2 7QQi b2;K2Mib T�`�HH2HX
U�V (8 TQBMib) *QKTmi2 i?2 KQ#BHBiv Q7 i?2 H2; K2+?�MBbKX
U#V (R8 TQBMib) SH�+2 +QQ`/BM�i2 bvbi2K- ⌃?BT- �i i?2 ?BT U>V �M/ +QKTmi2 i?2 i`�Mb@

H�iBQM Q7 i?2 iBT Q7 i?2 7QQi U*V rBi? `2bT2+i iQ i?Bb +QQ`/BM�i2 bvbi2K r?2M
✓?BT = �15� �M/ ✓FM22 = 105�- �bbmKBM; i?�i i?2 H2M;i?b Q7 �HH b2;K2Mib �`2 2[m�H
iQ ` = 150KKX

6B;m`2 j, h?2 *?22i�?@+m# `Q#Qi 7`QK 1S6GX h?2 `Q#QiǶb pB2r 7`QK ?BM/ `B;?ic Bib 7`QMi
Bb iQ i?2 `B;?iX 6`QMi `B;?i �M/ ?BM/ H27i H2; �`2 BM brBM; T?�b2- 7`QMi H27i �M/ ?BM/ `B;?i �`2
BM bi�M+2 T?�b2X

S�;2 d Q7 3
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S�;2 3 Q7 3

a There are 4 moving links I femur 2shank 1footsegments

There are 5 revolutejoints

4 3 12
5 2 10

2 dof

b HI ef
sin Ohip

cosOnp
KI 4

sin Ohiptoknee

cosOniptoknee

At ff
sin ankle

g ef
sinConip

cosankle cosOni

v
femurandfoot
segments are parallel

HT HI KA AT

ze
sincohip

cosconip f1
s Ohiptoknee 28.42

cosOhiptoknee 183.71
mm


