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2.2

dM, =1«

(L yar )Hipa =Ty —dyurMy,r 8

Ty =y )Hip a+dy, my,, 8

(Lyar )Hip = (Kyar );ﬁp Myar

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

Loar Yy = .581*%x47.46 =16.02 kg -m*

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



2-3

About the hip

YM, =1«

Ty —mpgdy —my g(dy, +l)=Up +1,) &

Uy = U)o + U +dy ) my,

Ty =)+ )+ +dy ) 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 = mLL(aLL)y

Fo,—mya;=m, (I, +d, )

Fo,=m, (I, +d )o+m,a,

Fi, =5(4+.2)(2) +5(9.81)

F,, =55N

About the mass center of the lower leg

d My =l,a=T,—d,F,

Ty =1g0+d, Fy,

T, =5(2)+.2(55)

I, =11N-m
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About the hip

dM, =1,
Ty +mpdi(ap —ag)+my, (L +d Nay, —ag) = +1,)
a, =ad, a,, =a, =al,

)y =) +my, (4 +d,, )
Ty =Up + (I 1) +my (4 +dy) o —mpd (ady —ag) =my, (I +dy, )ody = ag)
T, =[4+.05+5(4+.2)°1(3)— (8)(.18)[(3)(.18) —9.81] - 5(.4 +.2)[(3)(.4) —9.81]

T,=46N-m

For the lower leg

Z F,o=m, (a,) y a, =old;

Fy, = m,, o, +my,a, =m,, (ad, +a,)
Fy, =5[3(4)+9.81]

F., =55N

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

Ty =10+ dLLFKy

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

T, =11N-m
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moments about the shoulder

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

(I, +1)a+d,ma, +ma /L +d? +(m, + m)a,/ L + (L, +d,)*

a,=da a =ali+d? 3 =a+(L +d,)

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

solving for the moment

Mg =mgd, +(m,+m)g(L, +d,)+al[ 1, +1 +d2m + (L +d2)m +(L+(L +d,)*)(m,+m) ]
substituting values yields

M¢=12.02N-m

dme"

moments about the elbow

Mg —mgd, —(m,+m)g(L +d) =Dl a+

axmﬂ
Mg —mgd, —(m, +m)g(L, +d,)=d?ma+(L,_+d,) (m,+m)e

Mg =mgd, +(m,+m)g(L, +d,)+dima+ (L +d,) (M +m)a
substituting values yields
M. =10.66 N-m
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T, =)y + U)o
Uy =) g +mpd,” =4.2+.045(8)° =7.081b- sec’ -in

(L) =) +my, (I +d,,)* =1.4+.025018+8)* =18.31b-sec’ -in
T, = (7.08+18.3)x20 = 507.6 in-Ib

ZFx =my, X, = Fy; ZFy =my, y, =F,-m,g

%, = (L +d,, )0 =(18+8)x20=520——; 5, =0
sec

F, =m,, %, (1) =.025x520 = 13 [bf
ZMGL = (ILL)GLéLL =Ty —a, Fy,
T,=(,)s0,, +d, F, =14x20+8x13=132in-1b



2.7

Ty, =) gra+ (dpympag,, + (L, +d, )m, a,,,
T, =)o +(d,) mpor+ (L +d,, ) )my, o
Ty =[Up)gr +(dp) my + (U +d,y ) )my, Jor
T, =[4.2+(8)*(.045)+ (18 +8)(18)(.025)]20 = 376 in-Ib
For the lower leg

ZFy =my(a,), ay=0dl,

Fo, =my ol +ma; =m, (ol +ag)

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

Fy, =9.25 Ibf

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

Ty =lg0+d, Fy,

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

T, =1021b-in
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By forward difference approximation
x (t+At)—x, (1)

At
Apply the above to calculatev.,,v.,, v, ,

v, (@)=

-1
ol =y
I

O O=v, 0+ (0, ()=, ()

()=
V@, (0= 3,0 + (3,0 — 3, ()
o) = (t+At)—w(t)
At

Ls | Xi,cm |y, cm | Xo,cm | Ya, €M | Vx, CM/S | Vy CM/S | VxzcM/S | Vypcm/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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By forward difference approximation
x(+At)—x,(1)

v, ()=

! At
Apply the above to calculate the other velocities
~ M JOo 0=V, O+, 0 -v, (1))’
= oo —

|| 0@ =5, @) + (3,0 = 3,(1)

WO )r = O — Wy
Il [

SIT — —-

A

thigh .
t, sec xl,em yl,em x2,cm y2,cm vxl,cm/s vyl,cm/s vx2, cm/s
0.05 51.0 85.1 57.0 57.9 52.0 0.0 66.0
0.10 53.6 85.1 60.3 55.9 54.0 2.0 70.0
0.15 56.3 85.2 63.8 56.1 52.0 0.0 68.0
0.20 58.9 85.2 67.2 56.4
shank
t, sec x3,cm  y3,cm x4,cm y4,cm vx3,cm/s vy3,cm/s vx4, cm/s
0.05 57.9 45.8 57.9 10.8 72.0 4.0 80.0
0.10 61.5 46.0 61.9 11.0 72.0 6.0 78.0
0.15 65.1 46.3 65.8 11.3 12.0 6.0 78.0
0.20 65.7 46.6 697 11.6
shank with respect to the thigh
t, sec w, rad/s
0.05 1.29
0.10 0.37
0.15 -1.32

0.20

vy2, cm/s
-40.0
4.0

- 6.0

vy4, cm/s
4.0
6.0
6.0

w, rad/s
1.52
0.54
0.57

w, rad/s
0.23
0.17
1.89
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2-11
Minimize S, =Sy + Sy = Fye/3.0+ Fy, /4.5 Nlem®

Subject to the moment equation:

—

r, XW,

i T T X Wiy + g X Fpp +15 X Fpp =0

7y XW,, , = (320)%(~5.5%9.81]) = ~1726k N-cm
Foy XW,., = (130)*(~1.6%9.81) = —2.04k N-cm
Fou X o = (51 +1) % Fy [cos(135)f +sin(135) ]] = 4.24F, .k N-cm

Py X Fy, = (3 +17)* F,, [cos(120)i +sin(120) j]= 3.10F,.k N-cm
Plugging in the numerical values (similar to the homework problem) yields:

4.24F,, +3.10F,, =1930 N-cm, or in terms of stresses
12.728 5, +13.955,, =1930 N-cm

Biceps Stress

200

Brachialis Stress

Plotting values of the objective function S7or = Sgr +Sp= constant, along with the moment
equation demonstrates that the minimum stress will occur at the point where the Brachialis stress
is zero and the Biceps stress is 138.5 N/cm?, corresponding to a force of 622.6 N.
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2.4

Quensi - stodi e

Eh jk,( + 100N = O
S‘KX = “‘lOdN

Zh - iy “ION=30N+ 700N = O

‘3‘.<7= CEON
ZAZ My 100N (0.64m) ¥ TOON (0, 0Fun) =0

A= -llo N-in

F‘ov'i’ (2 ﬁ""«'\*fo h&y/ PN 5’“3‘{,* ie.3 5’~Lo\u\c_e. -

AR 3.+ (00N =0
Sax = 100N

100A LF ""TA), =l(ON + 700N = O
Ja,= 610N

AL Au+ 700N(0.08.) + 100N (0. 10..)= O
Ni= =CEN-un

Lowev ie,i) is  rotat i‘wS aboct the cnkie,

LR 2 100N+ 3y, = .7327)(0 zm)(o 2"

jkx ="79.35A

E1ON - 30N - T, = - (32X (0-24) (0.9 =4)"
31,« CCO.4TN

b

~

LAY CEN-wn = Ty (0.44.) « M
= = (222) [L 0.2+ (0.24.%](0.2 =)

T



Quesi-static D}ﬂ,\uwﬁu Z D fference
100N - TL.3S N 0.i15%
(EON €66.497A/ —O. 07
= 1O Niun — 101 97 N -pn 0.027%

Tine J:«Ccercmcb betwecen 7v6~'5'§~5‘l”¢~‘3“‘\<- avnel "(}""‘“‘”‘:“
avanly 505 s w::s(lsé ble .



