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Rotordynamic Analysis for Vibration Reduction of a High Speed Cutter
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High Speed Cutter(Z&A@71).
ABSTRACT

The vibration of rotor systems is caused by various factors, such as misalignment, unbalance, gear meshing, error of
assembly, etc. Modal test and TDA/ODS analysis were done. The dynamic analysis of the armature was done with
SAMCEF which is a commercial software for finite element and kinematic analysis. The transient response of the
armature is calculated by the SAMCEF with the consideration of magnetic force and bearing stiffness, which are the
essential elements for the design of high speed cutter. Main frequency of the vibration is due to the unbalance of the
armature. The FEM analysis model considering unbalance and the high speed cutter have same vibration properties.
The vibration sources of the high speed cutter is proved to be unbalance.
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Table 1 Specifications of the motor

Armature length (mm)| 243

Pole 2
Current (A) 11 |'Young's modulus (Pa){ 2.06ell
Core length (mm) 65 | Core diameter (mm) 48
End side shaft dia. (mm) 10 Frequency (Hz) 60
Driving side shaft dia, (mm} | 17 Power (kW) 23

Table 2 Specifications of the gear

Gear Pinion

Module 1.25
Normal pressure angle ( °) 20
Helix angle { °) 20
Net Face width (mm) 14
Backlash (mm) 0.21

Number of tooth 43 8

Distance of center line (mm) 34.2277

-1057-

Hi

x
X,

Fig. 1 Photo of the high-speed cutter

Driving side
bearing

efical gear 3

T

beasing

Fig. 2 Schematic diagram of

Drivens'dg, TN

bearing ¢ ; /

[a

End side
bearing

End side
bearing

=i

[ =

Driven side

the high speed cutter

Fig. 3 SAMCEF model of the highspeed cutter



3. 2E

3.1 iy 2N

wlojg & whgwkake] gof] ois] ¥Ye] Arjmz iAW
goz S AL Wl Tt AR FAE
gk weA wejge EA4S A4n ZHA¢RE Y 7te
3, A& mel Wele E4e] gl weide 724
2 Harris®e] @4dol&q] s 4 3122 Yehde}.

F=K¢§" (3.1

gdutxog

Boolge n=3/2 o7, &9 WIPY A&
—10/9 & #8950

S

= g zAFAYT, e 3 w9 9
AE vHrtia 7R, 4 AgA fx)e] mE} Aol @
ATt o= 4 (329 Ze] Adank

-rnl{(smao+5 + R cosy)’ +(cosa, + 5, cosu/) 1] (32)

4 (328 4 GD BYsE the st 2o vehd £ gl
o,

F=kr" [{(sin @, +8,+RA cosy)’ +(cosat, +8, cosu/)z}”z - lru 33)

Fig. 4 Normal contact angle and
operating contact angle

Fig. 5 Displacement of an inner ring due to
combined loading

4714 @+ ZHEZHnormal contact angle), 7o = W - 9

89 TE FAR AL, Y& 9% T8 FAWA, b
WE 35 FANME, wE B o2k ZAE d= Zug
e, 5 RN ¥g), 0% WEol 718y 4EE Y
ehdch.
4 (33)ozRE Zwgs wwgesn 2ysd den
2k

3 4n 1
F,= Krg E[(smao-t— 3.+ RBcosp)? + (cosoy + b,co51p)2}?

sina, + 8, + Rfcosyp

X

]

1
{(sinag + 8, )2 + (cosay + §,cos)?)?

3 4n

F=K} Z}{(smm -+ Rocst) ) + (cosoy + cospff2 —

i
3

o1

1]

% { (cosay +5r°°s¢) cosy _ ]

(34)
{(sinag +3, )+ (cosag + 8,005
o714 7 wojgel B My 55329 @AM Table
33 e Buojde BAZe F¥ 4 Ak

32 =8Y ¥

E9EL 7lsatAQ FAT FAFA MR oRdE ¢
3, Bz HAAEE wel AFd HHge 7Y
FIN)E 2432

EGPFE T2 AF AR 2, 4 T #e
59 o] Ak Fig. 63 2o A AFFefe 3
A & AT ALY g2 9Bl e & AW 2
Aol g E9Yol FolIntd 4 35 o] yehd
5 gom, 1A Al daA 4 (36 FHY”

2 Ao ALgE oputiole] B (me )& Figh °f
gt o] 4B @Bl thdte] AelA 42 mg- mm | B
AAHE 100 mg- mm o2 Ape] Foi glolth. WA £%
HHL 142 mg- mmolr},

R

Table 3 Ball bearing stiffness

Armature Follow—up shaft
driving end driven end
Stiffness (kgf/mm) | 2.781e5 | 1.72e5 | 2.843e5 | 1.984eS
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Fig. 6 Unbalance of disk elements
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Fig. 7 Campbell diagram of the high speed cutter
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