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Experimental Study on the Stability of the Cantilever Beam with Tip
Mass Subjected to a Follower Force

Kwang Choon Ro and Young Pil Park
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Abstract

An experimental method to give a tangential follower force to a cantilever beam having a
concentrated tip mass by the magnetic force of the electromagnet has been described. The
dynamic behaviour of the beam under this nonconservative load has been analysed by experi-
mentally as well as by theoretically. The theoretical and experimental results on the natural
frequencies and the critical force of the systems are in good agreement with each other.
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Fig. 1 Configuration of the cantilever beam
with the tip mass
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Fig. 2 Block diagram of the experimental setup
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Table 1 Specification of the test beams

74 1.0 20 | 30 4.0 5.0

Width (mm) 12.3 12.3 12.3 12.3 12. 3

Thickness (mm) 1.21 1.21 0.99 1. 21 1. 21
Length (mm) 500 500 ! 500 500 500
Weight of the beam (g) 20 20 16 20 20
Weight of the tip mass (g) 20 40 48 30 100

® Copper wire
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Fig. 3 Electromagenet

b grtA e kA AEE 4
ASHAl A A go] v FY =ZAe
wiakgko 2 HEE p , Azt EE
Zzlol vl (volt slider) = A& o] A o] ¢
A AYE FRATA AAH6] Bk AnhA gk
WA W7tz A=t ol e AFE ghsA A
o] W] &= <£lolv]e] 27 YIS &Fe =]
P& FE fiFolth F3E p) A Wshated

FAd s B39 278 AA e

; A

Fig. 4 Schematic diagram of the force calibration
of the electromagnet
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Fig. 3 Transverse deflection of the cantilever

beam after the small disturbance-M =3. ¢
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Fig. 6 Eigenvalue curve-M=2.0
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Fig. 7 Eigenvalue curve-M =3.0
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Fig. 8 Stability curve

Table 2 Experimental and theoretical results
of the critical force

P Critical force (g)

M Theoretical { Experimental| % Error
1.0 812.6 825 +1.16
2.0 837.4 830 —0.94
3.0 471.9 470 —0.40
4.0 869. 0 850 —2.18
5.0 880.0 869 —1.25

9e] At o] EX s} AHATAE AR & LAY

& ¢ 4 g

5. 2 £

BT N AE SEYL e AddPge] e
sjgruel e A AL AFHE o] &3
W RE FEEL MR 4 e A¥RAE {A4e
ne] w4 FS watel QAE AH At
o237 F U F-g ek EI AFAAY A
A QTS| &l AFAH I FEH o= Ak,
2 AFE FPEgon oAE Y + dyvh 2Ex
o] Roko] dHlal Fy1A FFAL L Aol AT A

2 siu goiA e Agugurt 44 FEH4

2re A E F R Aol Atk



FEHEL e ALATE AE dgne] F4d A 4¥A AT 187

izl
=]
Mo
g

(1) Bolotin, V.V., Nonconservative Problems of the
Theory of Elastic Stability, Pergamon Press, New
York, 1963

(2) Herrmann, G., “Stability of Equilibrium of
Elastic Systems Subjected to Nonconservative
Forces”, Appl. Mech. Rev., Vol. 20, pp. 103~108,
1967

(3) Leipholz, H., Stability of Elastic System, Sijt-
hoff & Noordhoff, 1980

(4) Willems, N., “Experimental Verification of the
Dynamic Stability of a Tangentially Loaded Can-
tilever Column®, J. Appl. Mech., Vol. 33, pp.
460~461, 1966

(5) Huang, N.C., Nachbar, W. and Nemat-Nasser,
S., “On Willems’ Experimental Verification of the
Critical Load in Beck’'s Problem?, J. Appl. Mech.,
Vol. 34, pp.243~245, 1967

(6) Anderson, N.A. and Done, G.T.S., “On Partial

Simulation of a Nonconservative System by a
Conservative System”, Int. J. Solids Structures,
Vol. 7, pp.183~191, 1971

(7) Wood, W.G., Saw, S.S. and Saunder, P. M,,
“The Kinetic Stability of a Tangentially Loaded
Strut”, Proc. Roy. Soc. Lond., A. 313, pp.239~
248, 1969

(8) Feldt, W.T., Nemat-Nasser, S., Parasad, S.N.
and Herrman, G., “Instability of a Mechanical Sys-
tem Induced by an Impinging Fluid Jet”, J. Appl.
Mech., Vol. 36, pp.693~701, 1969

(9) Sugiyama, Y. and Sekiya, T., “Surveys of the
Experimental Studies on Instability of the Elastic
System Subjected to Nonconservative Forces”, J.
of the Japan Soc. for Aeronaut. and Space Scs.,
Vol. 19, pp. 19~26, 1971

(10) =%, dogdd, “YREHg gt =0 JAF
A 72 dFue GAHd A3 477, Wi
AsrE =2, A 104, A 135, pp.43~49, 1986



