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Drrve—the equatlon of motions of the foliowmg human arm model

L %=x
e _4#“ GZ _ Iy aﬁ . QD C’ CK X m_. ~
dt C“’";;)_ M, é-—-..wo p c;)x, T z) 507 NG X2)

e

Il‘ 0\2%-'5(2 - |

d 78N wade  BY o 2P (- X)) +CeX
d’t xz)_ MQ)(Z,. y, &)(2, "O A Q,)XZ...CI C)(Z_ X!)+CZX2_

§§~L: Yo (ki=X1)4 Y2 Xa

— 2[ CM‘ ‘e . . .
> dmwm, DMz X + G X2 “Xl) +CZX2+&‘(K2_X‘)#[“X2:©



—

—>
jﬁ,x = M, @
S ':.Fl ‘;/Ci (X{"‘Xa). - (XI “X?) - M X; o

14 CX!"XL) +~C~(}<, 7(2) kzxi"CzXz = sz2-

:>. Wq )2:2 + A;[Xz*X/)'f-C: ()(‘2 '")'(,)+k2.><2+ (,?_?(2 =0




‘{\cf(j ‘X:_éoo:"‘@‘w-v)'(ﬁ, -{@‘5,;46—_5*:_{6'_5‘%,9.’ (6_2 g
Gm L G 2 (Beore > = L Fear - £ G5HT

Ry =M.Ox B _ul Bt - mt €L 5ens 6

QJ,_.MS - MC\J ,fa> Q(\j = W\j + KA ’eéwf“@"uﬂ {‘é‘%av\'@
+ Rx @z}’ﬁ@&'% leos - = Tew -

G

("‘" A 46;5:»1'9* - (“@izcoa’“@—) {Si’ﬂ‘é‘ - (Mj TM('@' cor Y ~M'(“6“§IW,\¢

¢ Veos S = 7%”44{?&

2--9
) , & 2
= _ -6?‘9\4?"'6*6—._.0(4{2”&%9%%19- w9 lior & —wd G o5t
" M?-@'—%Ma,-ée—aéw%

. | “r 2" )
e~ Mﬁé@f@- = .—3/-.,44.{219— = éfmm ¢ @‘rw{j{’@ﬁz_o




,4&«4{ —ﬁ—

M'éf’& .






______ X 2+ iw5*§*>x 2: j@—Sm‘@*
3,,2_ 51»\@‘ = 3 i @mﬁg

. X Qx -— 19‘5”4“9‘ /“9' @WQ‘ |
s 0_ . { .{9 Cm _@ ,g {9« &m"@‘ Q J s

-

> Q_g_ Wl% ‘/u»?—g —@SVUQ' %ﬁ@- cos -

_ é e & gmj -

7L ég}m_gj Mig UC/Z { SH“Q‘ ”5572- {_@_ COS'Q‘j 1@7 6.

t—“M%J ’éc_o_)(f;— _ W}{ 1‘950)6‘“ Wiz ¢ 195,549-69)6;'
Q/ 4, s T

2
,,L Z éﬂl/] ’Q‘ML :»l— WZ i QJV,’;‘?‘Q‘ Q" _V_(ﬂj_ﬁém ~59—2 H:/M {91,9_36}‘
P 4 /7 <

- T.6

= - _‘“_"‘Lﬁz ot - MZ%%_é-vLWZgé/m@‘é:IG’é



No% gum\—@‘ m‘
has }_w esm ' Q"“‘S@ﬂ
R ..... [,. .0 Lo%omgjv N
e J'*"‘M Sheey e
o w; cmg/( zjomJﬂZu
| M# Wior o




2 7

$ Losints £6 75201 L6507

e 8Nt e B s O Ma
—*EJ;—- %)“:MZ%" 2_ 79‘5 hﬁ M‘z___:_%"@d : 7

dt\Qz / <

Su=F






Obtam the equa‘uon of motlon of thls " '
blomechamcal model o

._:) @%&m{m wg ;:@apmmﬁ/@

c?({ > ﬂ?- 'QZ,

%{(\ __-B_WMV{ T——:j‘—g‘ ~§— W?.Vz +Jg‘9

v‘“Xf '*“3; s V2~ arjz,
XIP_{L-C' > X’“”Qf ifsl 2 o

- :;; o 2“:,:4/_. Sl
_ XZ_ -..Z,’ C! + ‘/”L C;z_" > XZ-»_'—‘@/ Z_,S, (@,f—-@z) 5.2_ S/Z.. i

@ (=1, U= 19{ Sai LZML«
ol ‘hog,q 9, + I, b, é.z; g, + 2. Za (@/7‘*9 # L Z féﬁézﬁ%ﬁ%
4

'@”@t
d (&;) 249+ 36, + éz_;,,«g, +Zz (6 r02) %ZZ?.?,?Z@';*‘QZ (2t
'--;/,/72_ f£§1%gzjﬁ’zf2w *7 W’Z‘



jm 19,4.:. Tg,f j_ wz',' ggf él, Az g@, ﬂgz)% Z Z_z 2 2 @} “92 C&:_...Q,__L

.. ,2 Lz_ 2,29»; %QZSJ’Q& 52,) - 5 L o ng % M oL z;z 3 ';

R .
!\\Z) 5,,“-‘_2/ A=z Vain

&?\i | : _f__ ,M z é?i ( J@f T o ) + l{ Z“,L @‘ | C 2) +Iz. @2 . . _. .
_ \>* iW\z Zg ("@? 7‘@2,)"“ Z Zz“{?ﬂfa,% é;izﬁ:“ﬁg g )+]‘2,52>
ée‘z.. o SRl KE S

r’i‘% lc:,m____ l /_L @i (-@;HQE) | "”.""@Bﬁ'

6:1%’ efviz Lz. e::;z,_ ;’ S
”' 2™ f»%} yhs )t Jiia™9y ca= Lyl b B 3&)#

Js ;73 Wz’_ Lo fé‘*: (@ F2)5=2 M/Vfg.cj w& Sz =0



G _'_:'-.:'_"._:i:_Z:i'Detenmne the }omt moments M and M, in terms of pararneters' of the physzcal system
f ___'shown in the. ﬁgure Length ofthe first and second hnks are Z and I SR

9: = _’9’ Q(Q‘"'

R

[ = a; C 7Y )

B
/‘f: [g{éﬂ) L2z ;“f; ('{} 41 éﬁz}]

P >
(s = @eCloi +@z§mj§9

- - 3
Fi T Theesd ( + Ta2shad o/

— - o~ R
F.Z—‘: 7"—2, m)a}f_[ﬁ + 7L'ZS//1 0/2,7’



Adn [ M/{Z mamw‘[[

éﬁﬁﬁ ém ;éoamilw'/ @m ,é o/é efcfa e ’/@é‘*@’ 'Q‘/’
L du vnda, m

o NN f'.z, B»‘f Omcelu
ciufwwciwl

{c@m@. mg
{F’fos %\P{

=

,.7 . /M’éw{ c/ e ““Zam uou{‘ (;M &rr /Qﬂ :'

fzz.--wc;:?_ ng o 6?25_3_5’

| 7L 2 = i'L 2_. Ca) Co/z ‘8’/ ) ( 7‘7_ Z S’;n [0( 27 79!) 7

Bma @&rruw\ loia t

Mz, (Qrzé’;a.f, +92§,Q_U )x (Tz w)dz 3 ""I“z_smzzj ) o

'!/1/{1, = GQ_*ZQZSMJ‘Z l/\ 921‘*2_5‘;2,.0( L/_

~>

(71/?7 - Q2T2 Snlds-6 -~ w)

({ub\a Jufwz/i J&A/L
@20&L + 02517)x T2 cos (4, “@)C *“tZSFVICﬂ(Z &) 7)
= 2'?:2_ C2 S CAQ“QI) k O{;)_'f”?_ \WR=rS) Cp(z-“@l) L—
/{/T? = Qsz.Sr\(a/z D) - 9) l/,

Sonuas oflok S He cleer el estill



géb ;,,gm _Q "\ ;:_ sisdessin
%mt’@y%: egaﬁ,%;ﬁmw ;;m J@_ emmﬂ

(34)



w%)é“ i /ﬁ‘f @afiﬂ%gwl %Wi umwmm MwQ@fwMAﬂ i/wfm &&M%féﬁ’wf.:.;‘_

'@ﬁw@fL ﬁdﬂufm"%_ dwj{@/ﬂﬁ ke )u;;si}ﬂ -: a%%ﬁﬁaﬁ

;f ) | y 7 ! N e
e g oo 2R A S ie £ qd paaadnAs BT SRL
) ] += :

{32)



' ISIK UNIVERSI’I‘Y s
BIOME]DICAL ENGINEERING DEPARTMENT
S MIDTERMEXAMH ' ' S R
o 15May 2013
AR '_:_-'Duratmn 100mm : . ST RNE
PRI 'ASSISt Proi Yunus Zlya Arslan

_.'.".ﬁumb.er ﬁ‘ fvﬁsiewtv ’V\/fw('(/‘f l{ D"

[ Questwn 1

' 'A s1mphﬁed spring—damper-mass model of
the human body created to analyze the effect
of vertical vehicle vibrations to human body
is shown in the figure. Derive the equation of
_motion of the cozrcspondmg model.
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Question

head and neck m,

BIE

upper torso mi;

k;#[:j €3

ksiZ[]csr | viscera m,

kﬁl'& [:] 2

lower torso m;

f{;%[:] C;

seat

Whole body vibration (WBV) is the transmission of
low frequency environmental vibration to the human
body when in contact with the vibrating surface.
Long-term exposures to WBV may cause health
problems such as respiratory, cardiovascular and
digestive problems, reproductive organ damage,
impairment of vision and balance, interference with
activities and discomfort that could lead to accidents.

The main sources of harmful WBV in vehicles are
rough road and surface conditions. To evaluate and
simulate the adverse effects of WBV to human body,
many biodynamic lumped-parameter human body
models were proposed in the literature as seen in the
figure.

a) What is the degree of freedom of the human body model seen in the figure.

b) Draw the free body diagram of the all bodies seen in the model. Obtain the equation of
motion of the whole body model using Newtonian approach.

c) Derive the equation of motion of the human body model, which is subjected to road
disturbance zp, using Lagranian approach.

In the figures, z, represents the displacement of the disturbance coming from seat to human body.
Displacement and mass of the body segments, coefficient of stiffness of the spring elements and
coefficient of damping elements were denoted by z;, m;, ki and c;, respectively.
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