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ABSTRACT

This paper proposes design guidances for noise reduction of a bank teller cash recycler(TCR). The
operating noise of a TCR is required to be reduced because it bothers bank tellers and customers.
The operating noise from a TCR is measured and the most influential driving system is examined.
To find the main sources of the noise, the frequency spectra are analyzed by comparing with ex-
citation frequencies of the driving system. From the analysis results, we reveals that the main sour-
ces of the noise are gear mesh frequency of a certain gear train and its side band frequencies,
which is attributed by vulnerable support condition. Consequently, to reduce the operating noise, the
structural modification for the gear train support is suggested and its effectiveness for the noise re-

duction is confirmed experimentally.
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Fig. 1 Driving motors for TCR operation

S Fig. 37} o] UAa(background noise) 77t

I ASEH (s teady state noise) T-{ro2 UE}

) e T3¢
1

=g =]

o
>
i,
32
5
dlo
o2
=&
i)
1o,
mt)

sound pressure level)

9]+ dB(A)°|th
SPL =10log,, (pZ,, / p% )

AT P = ARE TR ZHE 102 F

kel &3 RMSOIH, P = AR 2 o}
2l 20 wPa(A) o]t}

o Amst Wo® TCRY o 23
43 A= Table 13} P o] &g FF9

& Pa(A) BSlolA AbEdds A F A1)
&l dB(A) = HEhd gholth

Lo,
B

rulo ol _IIN‘

Trans. Korean Soc. Noise Vib. Eng., 26(3) : 308~314, 2016 | 309



Hong-In Won et al.;

Noise Reduction of a Bank Teller Cash Recycler

Microphone Microphone
(Left Side) (Right Side)
) |
0.5m == 0.5m
S Ll R >
A A
1.0m 1.0m

Fig. 2 Experimental setup for noise measurement
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Fig. 3 Time response of the TCR noise

Table 1 Experimental results for sound pressure level

N Sound pressure level(dB(A))
number Left side Right side Average
No. 1 74.0 74.4 74.2
No. 2 74.4 74.2 74.3
Mean 74.2 74.3 74.3
Std. deviation 0.2 0.1 0.1
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Table 2 Sound pressure level and contribution ratio

of each driving system

]s);ls‘t/clzlrlr% Sound pressure level | Contribution ratio

System 1 56.8 dB(A) 2%

System 2 72.9 dB(A) 68 %

System 3 62.9 dB(A) 7%

System 4 64.5 dB(A) 10 %

System 5 65.3 dB(A) 12%

System 6 56.0 dB(A) 1%

Total 74.3 dB(A) 100 %
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Fig. 4 Frequency spectra of the TCR noise: (a) when

all driving motors were operated and (b)
when the second driving motor was operated
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Table 3 Gear mesh frequencies of the 2nd driving
system when the speed of driving motor is

given by X
Gear train GMF Gear train GMF
A 18.00X 27.20X
B 14.00X 14.00X
C 12.67X G 14.00X
D 15.55x

Fig. 6 Magnified illustration for the gear train-E
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Fig. 7 High speed photography for the gear train-E
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Fig. 8 Observation of whirling motion of the 15th
gear shaft via the camera recording

Table 4 Main sources of the noise frequencies

Frequency Noise source
1020 Hz GMF induced by the gear train—E
990 Hz SBF caused by gear meshing
1050 Hz with whirling of the 15th gear shaft
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Fig. 9 Current design for the installation of gear
train-E
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Fig. 10 Attachment position of the 13th and 15th gears
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Fig. 11 Structural modification proposals for the noise
reduction: (a) merging of the gear train sup-
ports and (b) binding of the gear train sup-
ports
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Fig. 12 Comparison of time responses of the noise:
(a) steady state response for original state
and (b) steady state response for improved
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Fig. 13 Comparison of frequency spectra of the noise:
(a) frequency spectrum for original state and
(b) frequency spectrum for improved state
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