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2.2

dM,=1,x

(Lyar )Hipa =Ty —dysrMyur 8

T, = (IHAT)Hipa+dHATmHATg

(L yar )Hip = (Kyar )?ﬁp Myar

(kHAT)Hip =.621x.52x1.8=0.581m, my,, =.678x70=47.46 kg
d,,r =.374x.52x1.8=.350 m

Lyypg )y =-581°x47.46 =16.02 kg -m’

T, =16.02x3+.350x47.46x9.81=48.1+162.9=211.0 N-m
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2-3

About the hip

dM,=1,x

Ty —mpgdy —my g(d;, +1) = +1,) &

Uy =)o + U +dy ) my

Ty =(I)y + T )+ +dy )Y my o+ mgd, +my, g(d,, +1;)
T, = (4+.05+5(.40+.20)*)(2) + (8)(9.81)(.18) + (5)(9.81)(.20 +.40)
T,=48N-m

For the lower leg

ZFy =my (a,),

Fo,—mya;=m,(l,+d, )

Fe,=m, (I, +d, )oa+m,a;

Ky
Fy, =5(4+.2)(2)+5(9.81)
F, =55N

About the mass center of the lower leg
ZMGL =lga=T,—d,F

“WLLT Ky
Iy =1,a+d, F,
T, =5(2)+.2(55)
T, =11N-m

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
For the exclusive use of adopters of the book Orthopaedic Biomechanics: Mechanics and Design in
Musculoskeletal Systems, by Donald L. Bartel, Dwight T. Davy, and Tony M. Keaveny.
ISBN 0-13-008909-5



2-4

About the hip

dM, =1,
Ty +mpdi(ay —ag)+my, (L +d; Na,, —ag) = +1,) 0
a, = od, a,, =a, =0al,

L)y =)y, +my, (1 +dLL)2
T, =[1,+U,),, +m, +dLL)2]0(——deT (ad, —az)—m,, (I, +d,, )al, —a;)
T, =[4+.05+5(.4+.2)*1(3) = (8)(.18)[(3)(.18) —9.81] - 5(.4 +.2)[(3)(.4) —9.81]

T,=46 N-m

For the lower leg

ZFy =my(a,), ax=al

Fp, = m,, o, +my,a, =m,, (ad, +a;)
F, =5[3(.4)+9.81]

F, =55N

About the mass center of the lower leg
ZMGL =l,0=T _dLLFKy

Ty =10+ dLLFKy

T, =.05(3)+.2(55)

T, =11N-m

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
For the exclusive use of adopters of the book Orthopaedic Biomechanics: Mechanics and Design in
Musculoskeletal Systems, by Donald L. Bartel, Dwight T. Davy, and Tony M. Keaveny.
ISBN 0-13-008909-5



25
moments about the shoulder

Mg—-mgd, —(m,+m)g(L +d)=> 1 a+
RHS of the equation

(I, +1)a+dma, +ma L +d7 +(m, +m,)aL, + (L +d,)’

a=da a=afl+d? a =al+(L +d,)

(I, +1)a+dma+ (L +d?)ma+ (L + (L, +d,)’)(m, +m,)a

solving for the moment

Mg =m gd, +(m,+m)g(L, +d,)+a| 1, +1 +dm,+ (L +d2)m + (L + (L +d,)*)(m,+m) ]
substituting values yields

Mg =12.02N-m

axmﬂ

moments about the elbow
Me—m gd (M, +m)g(L, +d,) =Y | e +[d xmF]
M -mgd, —(m,+m)g(L, +d,)=d’ma+(L +d,) (m,+m)a

Mg =mgd, +(m, +m)g(L, +d,)+d’ma+(L +d,)" (m,+m)a
substituting values yields
M. =10.66 N-m



2-6

L=y +U),lo
() =) gy +mpd,? = 4.2+.045(8)° =7.081b- sec’ -in

)y =)o +my, 1 +d,,)* =1.4+.025(18+8)> =18.31b- sec’ -in
T, =(7.08+18.3)x20 =507.6 in-1b

D F =myi, =Fos Y F,=m,y,=F,-m,g
i,=( +d,, o= (18+8)><2O:520S2%; 5, =0
F =m,, %, (1)=.025x520 = 13 Ibf

2 M =1,)6,0, =T, —a, Fy,

T, =(1,,),0,, +d,, F,, =14x20+8x13=132in-1b
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2.7

T, =) gra+(dypympag, + (L, +d,, )m;, a,,

T, =) +(d,) mea+ 1, +d,, ) )m,

T, =} )gr +(dy) my + Uy +dy, ) )my, Ja

T, =[4.2+(8)*(.045) + (18 +8)(18)(.025)120 =376 in-1b

For the lower leg
Y F =my(ay,), a=ad,
ny =myal, +mya; =m,, (al, +a;)

Fy, =.025[20(18) +9.81]

F, =9.25 Ibf

About the mass center of the lower leg
ZMGL =lgo=T, _dLLFKy

Ty =lga+d, F,,

T, =1.4(20)+8(9.25)

T, =1021b-in
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2-8

By forward difference approximation
x (t+At)—x, (1)

vy ()=
: At
Apply the above to calculate v v, v,
M
1=
i

JEn -y, 0+, O, )

w(t) =
VG, (0 -x,0)* + (3,0 3, ()
o) = w(t+ At)—w(t)
At

Ls | Xi,cm |y, cm | Xa,cm | ya, €M | Vx,CM/S | Vy; €M/S | Vxp cmM/s | vyp cm/s | w, rad/s | a, rad/s?
0.0 131.8 6.1 162.6 6.9 8.0 1.0 -23.0 68.0 2.396 1.987
0.1 132.6 6.2 160.3 13.7 -2.0 -3.0 -21.0 69.0 2.595 3.110
0.2 132.4 5.9 158.2 20.6 -6.0 -7.0 -52.0 66.0 2.906 -8.699
0.3 131.8 5.2 153.0 27.2 -4.0 4.0 -54.0 41.0 2.036
0.4 131.4 5.6 147.6 31.3
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