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Abstract

The drive screw was simplified as a rotating Timoshenko beam bearing the pre-tension force and
moving forces, and the {requency equation of the screw with the elastic end supports was derived under
considering the effect of gyroscope, the pre-tension force, the moving forces on the screw vibration,
and the bearing stiffness. The dynamic model of the drive screw was established using Lagrange
equation, and was analyzed adopting the mode superposition and Runge-Kutta method to calculate the

transient response. Eventually, the effect of the system parameters on the whirl speed and lateral
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vibration was studied to supply a base for designing the drive system.
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Fig.1 Simplified model of the screw
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Fig.2 Screw’s vibration frequency as a function of the bearing’s radial stiffness %,
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Fig.3 Screw’s whirl speed as a function of the pre-tension force F
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Fig.4 Screw’s whirl speed as a function of the spinning speed
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Fig. 10 Screw’s lateral vibration as a function of the pre-tension force F
(a) d=15mm (b) d =30 mm
6x107 4105
- F,==2000N 3%1073
4
o 4X10 ——F ” —— F,=—2000N
£ ] — — F,=2000N £ 2x107 - =F,=0
~ 2X10 = — — F,=2 000N
) & 1x107?
5 s
0 0
_ 4 _ -5
2x10 0 0.5 1.0 1x10 0 0.5 1.0
Z/L Z/L
(a) (b)
B 11 2ZFCiRE RSBl R ) F, 7281
Fig. 11 Screw’s lateral vibration as a function of the moving axial force F,
(a) d=15mm (b) d =30 mm
4x107°
o h=50 mm g 3x107°
— = =30
£ — — 110 m £ 2x107
B 2 ixi07?
s s
0
~ 4 -1Xx107°
X107 0.5 10 0 05 10
x/L Z/L

(a)

(b)

K12 2ZFLRYRE R Sh e A A 7281k
Fig.12 Screw’s lateral vibration as a function of the pitch A
(a)d=15mm (b)d =30 mm



226 Y A1 R G 20009 4F
4
610 3%X107° k. =200
4 —— k4 =200N/pm __ k‘u: N/pm
g 10 — - — k,=500N/pm g 2x107° __kv:SOON/#m
£ 4 .\ — — k3=1000N/¢m E »=1000N/pm
< 2x10 P2 = 1x107°
8 ; 8
D / ®»
0 0
X1 -1x107°
0 0.5 1.0 0 0.5 1.0
Z/L Z/L
(a) (b)
K13 22 KL RS vl P Sl Rl b R AR 1) SORNIBE &, (97246
Fig.13 Screw’s lateral vibration as a function of the bearing’s radial stiffness %,
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Fig. 14 Screw’s lateral vibration as a function of the bearing’s rotational stiffness &,

(a) d=15mm

A 3 sl 7R I SR NI , /N2 AL A, B REA R0
R AR 22 AT RO RS 1] iR i

4 it

(DZREHE T FEIRAONL  ThL ih ) AR 2l J1 %)
L RTARBNSEN , LA 22 K193 Sl A ) SORAE I, e
SE T SME SRS T 22 AL R AT R, IR R RS
WY H Jr BT T AE S 22 KL B ) % 05 R, R 4R A

z %

(b) d =30 mm

TN RS P B0 SR A, 73BT T RS RO 22
LR Bl 1 VR [ R S R 2 )

(2) 2Z KL Ao Sl R BE TR A g e #4132
AR A3 TG A, P A e A 22 AT 2 Bk G 22 L
FE )3 Bl i A A 3R ol T R R ok

()X T HARB/ NI 22T, 3 23 R I g A
R SORKIEE /N2 R T AR, AT AT 850 N 22 AL 1Y
A 170 I W o

X

1 SheuG J, Yang S M. Dynamic analysis of a spinning Rayleigh beam[]]. International Journal of Mechanical Sciences,

2005, 47(2):157~169.

2 Esmailzaden E, Ohadt A R. Vibration and stability analysis of non-uniform Timoshenko beams under axial and distributed
tangential loads[J]. Journal of Sound and Vibration,2000,236(3): 443~456.
3 Arboleda-Monsalve L G, Zapata-Medina D G, Aristizabal-Ochoa ] D. Stability and natural frequencies of weakened

Timoshenko bean-column with generalized end conditions under constant axial load[J]. Journal of Sound and Vibration,

2007,307(1~2):89~112.

4  Cheng C C, Lin ] K. Modeling a rotating shaft subjected to a high-speed moving force[ ] ]. Journal of Sound and Vibration,

2003, 261(5):955~965.

5 Zibdeh HS, Juma H S. Dynamic response of a rotating beam subjected to a random moving load[ J]. Journal of Sound and

Vibration, 1999,223(5) : 741~758.

6 Katz R. The dynamic response of a rotating shaft subject to an axially moving and rotating load[J]. Journal of Sound and

Vibration,2001,246(5) : 757~775.

7 Lee HP. Dynamic response of a rotating Timoshenko shaft subject to axial force and moving load[]J]. Journal of Sound and

Vibration, 1995,181(1) : 169 ~177.

8 Ouyang Huajiang, Wang Minjie. A dynamic model for a rotating beam subjected to axially moving force[ J]. Journal of

Sound and Vibration,2007,308(3~5) :674~682.

9 Bk R . HIMIRSN 12 M. K T MBRER A B AL, 2000: 157 ~208.
10 $h—48 fafas, TIE, %, #Fahiza(M]. Ut G54 Rl it , 1990.



