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ABSTRACT

An electric drill is a handy tool used in a machine shop. which consists of motor. gear. bearing,
shaft, and case, ie. a gear driving system. Low level vibration and noise of the electric drill can
bring the assurance of the quality and reliability of the machine. The vibration sources of the electric
drill should be investigated for the reduction of the vibration and noise of the system. Through the
experiments in laboratory and the various signal processing procedure for the measured vibration and
sound signals, the characleristics of the vibration of the electric drill are investigated. And its
propagation path is sought using partial coherence function.
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Hojg wg Fatg Table 2 Design parameters of the motor, fan
RPM B, and gear
FTF=~—(1~- )
120 Py C(§¢ Motor Fan Gear
- N RPM(, 54 =
BPFO= 2 60 (1 P, 8 ¢) (5) b Field Driving } blade | Gear | Pinion
B arts nole Slot | Pale | cirout | z, | z
BPFI=-Y %BMO +-58 cos ¢) constant “ | A
— ; Namber| 2 | 12 | 2 | 1 | 3 | 8 | %

_ B\, B
BSF= 120 (P4 )(1* P cos ¢>)

B, =Ball diameter P, =Pitch diameter ¢ : Contact angle

Fig. 3& %319 W%ol 48 dEcge)
H 248 A5due) Wkl SHSEs}
= _

_ without Ioad

006Kgm load torque

107Kgm load torgue

(a) ¥ : Without loading

(b) * :0.06 kg: m loading torque
(¢) o:007 kgr m loading torque

Fig. 3 Vibration levels of the electric drill

Table 1 Design parameters of the bearings

Qutside | Inside Ball
Position No. |diameter|diameter N?Hébﬁr diameter
(mm) | (mm) | %% {(mm)
A/R | Commutator | 6262 | 17 b 7 45
parts Fan 6072 | 19 7 7 {5
_ Chuck |6200Z1 30 10 8 575
Spindle BK

parts Needle 0600 10 6.5 10 15

Table 3 Calculated frequencies(Hz)

FAN Cear Motor frequency

Driving| ~ ° .
noise | Tooth-meshing | i
B |y | g, || 1| R | B | 5

freq.| 625 16770 3437 430 11720} 5160 | 430) 860 | 860

Table 4 Calculated frequencies from the bearing

(Hz)
Commutator bearing | Fan bearing | Chuck bearing
FTF 290 272 38
BPFO 1021 1106 200
BPFI 1987 1502 300
BSF 599 755 124
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AR AMdARAE Jepln, Table 45 AMEH
wWojge] W7t Fuhpoltt
AYe 28 d2 A5 OY Fo4 AHEHo]
Fig. 49 Jelg ok o8 #4& EE 430 Hz
1300 Hz 2168 Hz 3027 Hz, 3440 Hz 59 F3h4
ARl UEHEE & & A2, ol BHY AT
&, 7)o EdFuS 53 dAdes ARSIt ke
Fig. 59 REoz2 e AEE @9 AS 430 Hz,
859 Hz 1300 Hz, 1738 Hz, 2167 Hz, 2597 Hz, 3027
Hz 5190 Hz $9 #3445 4% yehde ol @
F 9, olE RH IAFIF TH WY FiF 5
3 9AgE ¢ & ATk o@D Fus QEse
Fig. 691 RelAe 29 @9 34 JE5IE o
A%S B & Ak F 7o), RE, wojgony
fo) Q.

B agsts dF Aol S0 AEHT 3w

cgo) 3750 rpmE 3

=
& 4 (D~0B)F o1&

424 /3228 S =28/A11E A9 F, 2001



AESYY AEE

%L o= o]L Hﬂo] Ohj].u]-
F THANE & 4§l
3] oA ANE Fag YR

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

PowerSpectral Density (10lbogl 0((m/s2)2/Hz))

4000 6000 8000

Frequency (Hz)

0 2000

Fig. 4 Power spectrum at the source @

w
ta

w
=)

IS
[

©
=3
T

"

=)

PowerSpectral Density (10log10{(m/s*) /Hz))
w

=}

4000 6000 8000

Frequency (Hz)

2000

=}

10000

Fig. 5 Power spectrum at the source @

a
L=y

35

30

25 b feemn

20

PowerSpectral Density (10log10((m/s*) Hz))

i | H
4000 6000 8000

Frequency (Hz)

0 2000 10000

Fig. 6 Power spectrum at the output @

10060

22 82EBHY LT

4. 25N
Mede 1fAErE Pl IRFETF 9
L I % Gobr ) f3te] Fig 73 7o) A

Frde w@ A AEEAE AT YA
A M %74 7teke  ztzbe] FRFE Y
SMS''g olfale WY REHNS F3eR
T} AEEYS FAES o83 wPobse A
A AYE AR 1 2F 15349 18R
Z49) 7h2)9)E Table 59 7ol 78 4 AU o
71 % E%H%Tﬂ-ﬂiﬁoi %L 53
His) BE 7k REEQ)

SEDUN P S
_‘

2 A 339 sl ded $AT F Unk
£ 7} ZfFTole Y %Ol Fig. 83 3]
HebdS & F oAtk REYC metMe £3tel
AR Z HMFE dod & Yo REFgue
2 @] f4A gk oA7d dFAs AR

| \ ol
R
HN, 1‘23;/»’//4;:';_//

e

!

|

.

\.
R

e

(a) Node locations

(b) Analytical model
Fig. 7 Modeling
/#0113

A 95, 20014/425



kN
Ho
N
o

(¢c) Mode 3
Fig. 8 Mode shapes of the electric drill

Table 5 Results of modal analysis

Mode Freq.(Hz) Damp.(%)
1 513 0.1130
2 1270 0.0223
3 1940 0.0097
4 2770 0.0044
5 3380 0.0161
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Fig.9 Measurement interference model for two-
input/single-output system
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Table 6 Partial coherent output spectrum

N Coherence PSD Partial coherent PSD,
Furclon fsgﬁﬁn (m/s")/Hz (m/s")/Hz and %
He | # 7h ]| Go | G|l Ga=%6y | Grri=rh Gy
1301099 09910045403 | 538.2 1538.200999%) | 007(01%)
839 074/ 042] 07 | 247 | 183 | 031(1687%) |  152(83%)
1309 1099; 0491026 7399 | 36! | 7358(998%) |  1.06(0.14%)
2167 0991099 1056 | 7489 73681 7379(99.6%) | 334(0.45%)
3440 (07410631031 | 1432 106.4 | 90.200847%) | 16.24(15.3%)
5190 | 0.410121031]2663 | 10551 321(304%) | 7.34(696%)
6900 [0.84] 059 062 | 1706 | 1441 | 10.04(67%) 4.37(30%)
1
" |

8000 10000

4000
Frequency (Hz)

Fig. 14 Partial coherence function of x..(#)

o
¥
T

=]
&
H

=3
1

L ME ‘ ] J |
1] I
0 2000 4000 6000 8000 10000
Frequency (Hz)

o
=

=3
w

Coherence Function Value
o <
PN
T T
: ; S

[ =T -]
PO
T
_—

Fig. 15 Partial coherence function of x4(#)

wet AEY @ NEE %
4 ©¥ "JQ_OHH NEY @2 Al
BE7A23-E Fig. 149 Fig
Table 70} A2latdch Aol & +

5 WERAR A,
5ol 7|0}

A 935, 20014



Ae=ge 2

Table 7 Partial coherent output spectrum

Table 8 Partial coherent output spectrum
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