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6.5 Equations of Motion for Undamped MDOF
Systems In General Coordinate (

)

®Assume to represent the response displacement
vector ( ) and the response
acceleration vector ( ) as a linear
combination of the mode shape vector (

) and the generalized coordinate (

) Space function ( )

l — Time function ( )
u(x,t)}= :CD(X):{CI('[)} (6.34)
h{L‘J(x,t)}: D(x) [a(t)}

{q(t) }: generalized coordinate ( )



®Generalized coordinate ( )1{q(t)}

IS defined as

(O (t) (O (t) |
do (1) Ao (t)

)=+ a0 | )} =+ a0 [ (6.35)
On (1), LOn (1)

in which (t) and of (t) represents displacement
quantity and acceleration quantity associated with
the i-th mode normalized by the mode shape
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® Assuming undamped MDOF system with Ug =0

the equations of motion are written from Eq.

(6.16) as

[M Juj+[K fu}={P] S
® Substituting Eqg. (6.34), Eqg. (6.36) becomes

[M o figj+[K [@]a}={P; (6.37)

v} =[o

[M Ju+[K Juj
la}

wj=[ofa;

={Pj-ug[M {1}  (6.16)

(6.34)




® Recalling Eq. (6.25),
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[®]{q} can be written as

A1 do
D1 P2
[@Raf=| - -

M1

=10 + Pty +-- -
T P21 + Poolp +- o

+ G101 + oo+

+ 1+ ol +

0y

02




@ |{g} can be arranged as

[DRa}=/d10 + do0p +-- -+ GO+ + 0y
H Pt + Poolp + -+ ol +- -+ Ponly
{@}/ﬂL Gr1ll + @200+ + Py -+ + @ Un
+ @101 + GhoUo oo + @O+ + @nln
(A1) Ao (An
=161 (RO +1d2 (G (t) +- < dn (qn(t)
\¢i1 J \¢n2, \¢nn)




® Hence,

[@Raj=1d1jo +idjap +-----+ W Jr + -+ 16 O

(6.38)
® Similarly,

[DRa}=1d1jon +idjtp +---- -+ W fdr ++-+ 1 iy

(6.39)



ePremultiplying {¢,}' to Eq. (6.37),

(¢} Mo} +{g ) [KT@Na} = {4 }' (P}
® Then substitution of Eq. (6.25) leads to
{¢r}T[M]:¢l b - - b - - ld)
o KT 0 - - 4 - sl =14} (P

(6.40)
® From the orthogonal condition by Eq. (6.33),

[@]=& & - - ] (6.25)
(@} Mg} =0 (6.33a)

{¢r }T[K:{%}: 0 (6.33b)
[MJola}+[K]oat={P}  (6.37)




Eq. (6.40) becomes

e} [MTg o b+ g ) [K g Hay b= 16 ) (P

(6.41)
because all the term {g, ) [M (g} (r#5s) vanish.

® Representing

M ={g ' M1} (6.42a)
Ky =14 }T K {4} (6.42Db)
P =)' P} (6.420)

{¢r}T[M]:¢l b - - b - - dld)
+{¢r}T:K][¢l o - - G - ¢n]{q}:{¢r}T{P}

(6.40)




Eq. (6.41) can be expressed
Mydy +Kpdp =Py =)

in which I\/I:c : K: and P,.* are called generalized
mass, generalized stiffness and generalized force
of the r-th mode (

).

® Eq. (6.43) i1s an uncoupled equation of the SDOF
system representing the dynamic equilibrium for
the r-th mode of the system.

@A similar independent equation may be written for
each of the n-modes of oscillation.

P }T [M Jigr Ha}+ e }T [K [ Hat= i }T 1P}

(6.41) "




® It iIs emphasized that n-th coupled dynamic
equations of motion of MDOF system with n degree-
of-freedom system (Eq. (6.41))(
) was decoupled into n-sets of dynamic
equation of motion of SDOF system (
1 ) using
the orthogonal condition ( ).

®This Is the great advantage of using the orthogonal
condition.

{¢r }T [M ]{¢r }{qr }"' {¢r }T [K ]{¢r }{qr } = {¢r }T {P}

« . « (6.41)
M dr + KeQr = B (6.43) =




® From Egs. (6.42) and (6.43), one obtains the r-th
angular natural frequency as

K T K
r Jmﬁ J{@}T[Mm} ©A49

= (g} M Jigh ) (6.42a)
=g }' [K1{or } (6.42b)
rqr + Krqr = F)r* (6.43) 13
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