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The Influence of Inertial Moment of Tip Mass on the Stability
of Beck’s Column

Han Ik Yoon and Kwang Sic Kim

Abstract

An analysis is presented for the vibration and stability of Beck’s column carring a tip mass
at its free end and subjected there to a follower compressive force by using variational approach.

The influence of transverse shear deformation and rotatory inertial of the mass of the column
upon the critical flutter load and frequency is considered, and Timoshenko’s shear coefficient
K’ is calculated by Cowper’s formulae.

It is, moreover, worth noticing that the influence of inertial moment of tip mass upon the
flutter load and frequency is investigated. The centroid of a tip mass is offset from the free
end of the beam and located along its extended axis for the two cases, one of which has a tip
mass increasing as &, the tip mass offset parameter, is augmented, the other has a tip mass
constant but the inertial moment is variable according to a magnitude of 7, the tip mass
offset parament.

This study reveals that the effects of inertial moment of a tip mass and larger value of p
are spec1a11y remarkable even a tip mass is a same.

—_— 5 b4 e ] 12 g 2XReAE
A 0 :m9 e J DunkA e g rodie
a DadekAl ke atxE K : ¥] % 4] 7 (Timoshenko)&] = chn] <%=
b 129 Agiwie] 92 k 128 AR F
€y, €3 C3 C4: F2Y A ! 119 ol
c P28 Afwtell A dtA g A FAAAY M gAYy
Ad Mx, t): 9] FY2oE
E P FerAA m 1ol w19)zlele] Ak
G P E A Pc & 2%9
* AN, LA gI A FL Ry Pe  imEIME

™ A3, Lk AW AF) P,  :Pc/P:



120 + T 9
b 1 o4/p

Qx,0): 28] Az

s zajl

t A7

v 1ne A%

£ 139 A%

X1 1 x/1

I, ) 5.0

a 1c/l

T : Jy/mi

€ : E/G=2(14+v)

7 st ake] QA AR, 28 AfukelA %

2% FAFAAAY AR WHE

0 11/(1—-16eQ%/ K'a*)
u : My /ml

v P xoh4e] v

£ c2c/l

P 1R A=

o1 cA R 1%

o :2l/k

o(xt) 1 2o == A

w DA RAST
Q2 : pAw* U/ET
prime(’) : x o] &3 v]E
dot(") : t o] W3k ®| &

.M B
20 Al7] Fupell AAFAS 2 PA FIFTH =
AFFY FEHT LAET s 5/‘]1 w4 A 9

dAY BA L FadA chFelAAA ¥ wEH (non-
conservative force)-& wtx elAAle] g d77) &
Ag o, 2o B2 ol WS g,

1950 d o] o] pfliiger@ s} Feodos'ev®E Af-ukel] A
A %4 (follower force)g Wi outne 4AH4 ¥
AE dFsigdeh. o] AFolA EL A ¥
(Euler’s method) o 2 #AjAkstglorn= kA& ¢4 5
E A gvte ZER AEL dA gk
Beck@= z-fohell ot% F5EE W Td wdd
321 (o] 8t Beck’s columnolz} Feh)e] A =zt
w5} (critical flutter load)& %= gk 7] & (kinetic
stability criterion)e]] ¢]d}e] #H|Astg 1z, Deineko,
Leonov®-&-2 Beck’s column & =-§ruis}t w9 Fof
ol AFAgo] gl& v, 2Eo] R FAd HA =

4 % 4

o 3Fe A 73tget. 2 % Leipholz, Madan®®s} Hau-
ger'Pe SRT 4YE2 FFHL It 2 AA
44 73ty 3, Bolotin®-2 w4l qka o] v wE &
A S B AF A st 29 A4 AAEA A
7 kgl oh,

& o= Memat-Nasser?¢} Kounadis, Katsika-
delis®®Eo] 2.9 A ebl ¥ 5} 3|44 & 2] Beck’s
column ¢} ¢4A AL T3¢z, Kounadis"P& o4&

Zx23 8 vl Timoshenko beam ¢ <ty Ad] A Fa
#Ee odge 3. Irie(AIL), Yamada(l
M), Takahashi(F#)*EL $54E& W& do|s

=z Timoshenko beam 2] # E3} ¢+A A& 3454t
FUdl A& 1981 de] utgd, Q4P Eo] FEFHE
ubE, ofulal-fR R Wl (modeling)¥ w]4bgl (mi-
ssile)s 4esges 2 4F4¢ AT

g3 Anderson, Vasilakis, Wu®®E2 z}-f-rlef] 2
zg] Ao F7bo] Beck’s column o] kg4l nl3
JFE dFsgde. a™d], 28 AdEs) A
AL FASR T, A A% I FHEZSIE
st skt = o] EL xiutd A%
Az S ed A FRAZenz, Afwde A
whol dA e, 1 FARSNE W A A =
el sl & FIA Regich

¥ =Rl AE At $3" A A4z
=7} Beck’s column 9] ¢t Aol X dFE o-&
s 2e gy ez e,

() 29 Aot wadse FAFAAA
9 A A dkdgs 2 YR EE B
Aol F7kA 7

(2) deiAdze dFT oz nYA7 2, 1 =}
frlezne] detdeks FAFA7AAY AHE 24
3o, & wetA R Al ostd o FHELAE
+ S73A7

(3) 29 A=ty s A4
Timoshenko 2] A wAl4+ K +=
A4 fib‘/h

Llrirﬂrlr

N

UDEEDEEE SR
el ABE £ wRAT AYTUE FTE
wol M3 gdl, B3 UA SHHRFL TRAY
Zrol 2A dUaA gotont, 1TRYESAEY F
bl e R ol 59 it 2A) by

= TRl AT e A Aol s, FRAR B

[

f



TP RY 2

9 wedF FYEAE G5l B¢ WAk

Fig. 12 Beck’s column & =}-§-stel] Az 2z
B3, B bkl A 2 Ak FAIFAzA d9F
A® ¢ & 2 Sgeh ol oo ol weby TR
o RYELAEA S0

Fig. 1 A cantilever beam carring a tip mass and
subjected to a follower compressive force
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