Case History

Vibration of Ball Pass Frequency Occurred in Multi-Disk Spindle System I:;?;;nigr?tn
Resonance
Large-scale hard disk assembly (HDA, Fig. 1)
Object Machine
At the rated rotational speed of 60 rps=3,600 rpm, abnormal vibration (the predominant
Observed frequency is 380 Hz and amplitude about 0.8 pm) appeared in the position signal that
represents relative gap between the rotating disk and the stationary magnetic head, as shown
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in Fig.2. This excessive vibration induced error signal by the defectiveness of head
positioning function.

From evaluating the fact that vibration was observed even when the head was not accessed,
and that the vibration frequency coincided with some relations to the ball pass frequencies of
ball bearings. The vibration is predicted by being caused in the spindle system.

In order to clarify the rotational vibration characteristic of the spindle, the harmonic wave
excitation force was applied to the HDA device using a shaking apparatus shown in Fig.3. In
addition, variable speed operation was performed to measure radial vibrations of the shaft
and hub using a non-contact displacement pick-up. The shaft FRA (frequency response
analysis) curves are shown in Fig. 4 and the hub FRA curves are seen in Fig.5 (upper two
curves). The base FRA (acceleration) and the excitation force are also included in Fig.5. The
position signal response is shown in Fig.6. Figure 7 indicates the vibration mode of the shaft
and the hub.

As summarized in Fig.8, all of frequencies of resonance peaks of FRA curves are plotted for
each rotational speed at which the excitation was done. From these data mentioned above,
we clarified that the 380 Hz vibration is of a shaft tilting mode including the base structural
deformation and resonated with an excitation frequency + 6.42 Q caused by inner ring swell
of ball bearing (refer to Table 1).

Meanwhile, a detailed modeling and the corresponding vibration calculation were
conducted using the 3D FEM for the disk spindle system and using 1D-FEM (beam element
only) for analyzing the natural frequency and shaft resonant modes. Figure 9 shows the
analysis model and calculation results. According to these calculation results, it is known
that the 4th mode corresponds to the resonant frequency of 380 Hz, which is in good
agreement with experimental results.

Based on the above discussion, countermeasures were taken to enhance the bending stiffness
of the bearing housing standing the base. Prior to manufacture of the parts for the
countermeasures, the calculated eigenvalues of the rotor system were checked and
examination was made to avoid the resonance of 380 Hz at the rated speed 60 rps. Moreover,
accuracy of single ball bearing unit to be assembled was improved, thus restraining abnormal
vibration.

In the case of super-precision machine like HDA, little deformation of ball bearings
generates an inherent excitation force. It is thus important to design the avoidance of the

resonance due to ball pass frequencies in relation to the rotor system and the base system.

Matsushita, et al. "Ball Pass Frequency Analysis of Magnetic Disk Spindle System",
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Fig.1: Conceptual drawing of position signal
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Fig.3: Experimental excitation apparatus

Vibration Database (v_BASE) Committee, The Japan Society of Mechanical Engineers 0218-2




Displacement um

Displacement

4 173
k] 1
Shlaft Top s
: | Rotational Speed
ped Q= Drpl;m
|0 23\2 406 ]
1 212 ; e —
[\ shetttop | I [\® = Zliom
T gV S
A 453 l
l.;l 131 rill a0t \ 519
{ Sha'rti Tor,, \\j\ﬂ :36%?8;91
il}b/ 209 : Uh 456 1
1 i W ]| 50
\ Shaflt Toph ) \ Q =4140rpm
: =B9rps—
&al g \\
U,J | AW, \_Tw
100 200 300 400 500 600 700

Excitation Frequency v Hz

Fig.4: Response curves for sinusoidal excitation

(main axis top)

461 517
1.4 : 380
Position Shignal | q45
1.2 l
Excitation Force
Q=3.5N
1.0 i 356
Q=3600 rpm
=60 rps 410
&h 433
i
0.6 v
\ 575 611
0.4 242 —
9 206 i
128 / {
0.2 1791—H 264 J Y \
0
100 201 700

Excitation Frequency

F1g.0: Kesponse curves 1or sinusoidal €xcitation

(position signal)

Vibration Database (v_BASE) Committee, The Japan Society of Mechanical Engineers

Displacement u m

Acceleration gal

486

2
— 173 HUB
Rotational Speed \
2 Q=0 rpm \
] |
352 J \
0 k""\_ N \—_
456 \
26 Q=4140 rpm 526
2 AL
206 222 il
b BN VANS
100 200 300 400 500 600
80 384
Q=3600|rpm 451 519
40 | l 1532
Base 436 f}
D11 242 346 [ Uio \ [
B21
LR LN N
0
100 200 300 400 500 600
30 . [ mb-j--/\
20 ExcilationF} rﬂ/_}pﬁ r
10 " Q=3600[rpm
— =60rps
0
100 200 300 400 500 600

1 IS-J. l\bDPUIIDU LUL VLD 1UL Dliudviual vAvlLauuvll

Hub

Shaft

170 Hz 380 Hz

Fig.7: Results of experiment (vibration mode)

0218-3



600 —_—
| ® O A : measured
a)Sf _—___.—————
500 S—
0)5}: --A.‘A". < -9 -/e
0y
5 400 o
— i inner race
~ D31 (c)384HzT,
% &,
= 300 A — O
”E >‘<° > ]
5 (a) 199 Hz L’
= outer race
519\
= 7 7
> 200 [ oif Vi
o= f %‘?Q
@, ae) %
b é' 4} ~40 g
N A w1461z
100 7
%
4%
0
0O 10 20 30 40 50 60 70
1.0 |
é 313 3238 60.5
Z 05
= upside t?ff
=y main shatt
% | M »-/\
0
0O 10 20 30 40 50 60 70

speed €

[rps]

Fig.8: Results of experiment (resonance map)
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Table 1: Excitation frequency at the time of ball pass
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