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Dynamic Analysis of ATM Double Bill Detector
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ABSTRACT

ATM(autonﬂated—teller machine) is a machine that receives and pays money directly. The
double bill detector (DBD) module of an ATM detects double bills from its thickness. In this
paper, the dynamic behavior of the DBD was analyzed, which cannot be simulated correctly by a

package program of SAMCEF. And the displacements of the lever was measured for various bills

experimentally. The measured dynamic behaviors were analyzed kinematically using a vector
equation and simulated dynamically by the derivation of equation of motion with consideration of

damping and stiffness of the DBD and bills. The analysis showed that the spring constant of the

system is not so influential, instead, the contact angle between the lever and bill needs to be
larger than the existing DBD in order to be faster and reliable DBD.
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Table 1 Bills for the DBL experiments

Bills Thickness
of the bill (mm)
case 1 0.09
case 2 0.11
case 3 0.145
case 4 0.16
case 5 - 018
case 6 0.22

Angle(rad)

L ! —)
0.04 0.06 0.1

Time(sec)

!
0.02

Fig. 3 Slit sensor signals of various bills
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Fig. 5 Lever rotation by SAMCEF

- Ao AT F71E A

FE7HA] L 3
& W et g
Aok, A ol$EEE Yehlle v 9380
© MY A Ao} HFEe whep 1 5'.719}
—} 7b BAlel WEke g dwe] e wet 1
A7 WA G3 AR Hi XHY g
ZAZ 7PgEe HE A% AHe e 9
oA whaglo] wlmeidcty 7Hysksit

A @A wAFE g9 W& g, 59 2ol b,
o8 Aol colnl 4 (205 AYstd AR FF
#7102 A Aol AYdch ol & 2As3)
g 9,9 b9 FAA (3] APE 4 oz
B X9 o[gA el e o NS & 5 9

on n|B3ly &% & #AZ 1 4 9u}

BoERY A7} A e
o]

l

32 EX 51 2w
o) AARS 5& sMaly] A3 Fig. 7% 2
& B4 4 2dg FAEI duel sde] o
2 233 A% A4 74E psin. s)T7e
HN= ge A ZA7t obd Hule Yo
I MY S meistel AXY A& ugz puYy
ok A= Ao U@ APBAY THES
e Ao Aol og gz A RS FAS
A2 2y gy B3 A As gEe] o3
d9e paste] AHe) 24 L AW 34 A G
9 271452 A,

3.3 dAS

2ol FAREY LFANE JANE HANSE
Asteler wet. Ams) APy BAES 533

7] AEA BIEY A ol g8ty
defel] Fag AxPo] Y ARl Pe] of
g FAY FE A F AE FHs}] e
el 9] sdesel A4 vk Sk 29y 9
on SFFIAL A ()9 2k Fig 8(@) 9 FHS

Fig. 7 Analytical model of the DBL

, 20064



e W) 20 BHF S B H A

Aoz =A% #wY Zgield, AML 748
zdoj o3 wWeagaog Mg x4 o|FAT
of M2 W ZHEAE LJrEME} Fig.8(b)% Bl
7b Hol 22 RES g ot Ay WY
(g2 FE A FE A7 } M W (g )7HA
o)Est=r daE ARK( (=)= F88tA 4
W v F ZY FHAAF()E T8

T O+ cO0+ ko+04)=0
=10, 0,=0

)

Fig. 69 7)78 RdoA Az @4& 7HAA
RETHL JHst oM, Fig 89 A9 AFE At
e AT 9eE Bt AMe Xurt g
& JHRA G= AL A 52 FAS AE A

tol 2] el Zhag) A AT( g, —0.00906 rac) &

UehdH, H4& dgoz A #w9 g
0.015
— Experimental result
( ; -+ _Kinematic resuft W
B i
= oorf g 6.=000906
£ 3
s b |
® =
2 : 8, =000777 :
e 0.005 l %
50 5 ......
<C k3
i z
o i i i &
1] 0.02 0.04 0.08 Q.08 01
Time (sec)

(a) Comparison between kinematic
and experimental results

£ 19

/"—‘
\

Angular Displace
o

0 0.005 0.01 0.015 0.02
I3 t, L Time (sec)

(b) Transient response
Fig. 8 Response of the DBD

(6,=0.00777 rad) 2 YERATE B34 eolM ] &
W ZPAY e Xu o] FAd met depxivt. 434
Bl el ZrH izt Hegg Al fﬂl“@ﬂr ek 2
e ARZRE A7t 4EHT IS ¢ 7 3
o Fig. 9% A#g FA we albﬂsl kg2
ZPAge] digt dddael ey EAE
vebdch AHe] FAZ AR webx] WEFHFo
ot TS ¢ F Ut
H}ﬂw Fig. 7% Zo] ¥ &4 nejd mdo]
o3tk A== 20 AAE FH F AN
o] Az g3 4FHo AHE ZAZE 7t
g FA(g )BT FALE gE 7HRh AHY A
ks A (58 Zol At 5 gt

fil

i

kO 4+ T =k, (0.~ 6 ®)

b= k8 4+ T

I
o714 ¢ & WEHWANCE ALl grozA A
FAe A% dme Zpdagleln, g = #nlel 93
Ad7t FEHLS 9] ZHYE vehdoh 1=
dlee] W7t 0d well sl o] 27Hlel g &
ZYHe yehdoh oMo A48 9 sy oz R

78 2 AR R AA WeE Table 29 2t

2] AR +FL Fig. 79 2EE et
dE 27] 499 08 7k Al g A2
Z Foj e2A "rh Azde g st B
st golld dme AH9} FEFste] dF WYE
FAg ojuje] #Hrt HAAZR YR ok}

AR Ael= F¥E weth A )& A7)

0.03

—o— Experimental results
- Numerical resuits .

o
=1
et
2]

ol
=1
)

et

<
o
=

I
=]
S
(5]

Static displacergeni of slit {rad)
3

(=]

0.1 012 014 016 018 02 022
Thickness of bills (mm)

Fig. 9 Static displacements of the slit

pEAstESHE =24 16 W A 12, 2006'9/1211



: R

AZE7N-NEIE
A& AZE o YA AE5E( k= )T 7HE
TEE UEH, 74 271&% 905 @.?‘é@ﬂri
BE A s ARt dvzt AXE 3o

J& AHAE T8 AHAFA(g)RT FS WHYS
7 ASEM AGRPAEAE 1ET +5 vehd
oh &3 AH ] @el osl Aurt flof &2t A4
FA(p )BT & HAE /e BLE A (Do) &
th olglgt $5S ¢ W o WHES F #HH= o o)
4 Ho 222 g A g4 4 HYE A
A Bk oldel sjdol HA¥EF UXs] HlMe
Ade A A 724 gho] FoA o} st HEE
A FAEHCE & 00029 3t AF
3 FAHSAARE wwshd Fig 103 Zo] & d
A8kl

if 06{@,and &9

J0+ (c+c) 0+ (k+ k)O=T, (6
0o,=0, 0= 8§,
it 08, -
J O+ co+ko=T, %)
90=(95, -(92 91

Table 2 Parameters of the DBD

Constant Value
J 5.399 kgm®
c 0.0002 kg/sec
k 0.0075 Nm/rad
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Fig. 13 Angular velocity of the lever
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