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Fundamental Analysis of Pendulum Oscillations to Make up a Simple Measurement System with
PSD (Position Sensitive Detector) (5): Torsional Oscillation of a Bifilar Suspension Pendulum

Kouji MOCHIZUKI "*"2 Toshio FUNADA?"® Dai IWAMOTO™ Keisuke SHIMIZU® Yusuke FUNATSU
Yoshiyuki NAKAMICHI "2 Katsuhisa OOBA™ Tatsumi MIYAUCHI?™ and Makoto KAWAKAMI™2*3

Abstract: A uniform density bar is suspended at its two ends by two strings whose two end points are attached to an upper
static wall. The bar may swing or make torsional oscillation in a vertical plane from its equilibrium rest state, which is called
bifilar suspension pendulum. There are three configurations where the distance between the two points is longer or shorter than
the bar length, and where it is just the same. For the configurations, three oscillation modes exist. The first mode is the swinging
in the vertical plane taken in the equilibrium state, in the normal to which the second mode arises in another vertical plane. The
third mode is a torsional oscillation around a vertical axis and makes the bar attitude horizontal. To test the second and third
oscillation modes experimentally, a measurement system with PSD (Position Sensitive Detector) was made up. The data taken
by PSD are dealt with LabVIEW and the experimental results are compared with the simulation results.

Keywords:Bifilar Suspension Pendulum, Free Oscillation of Swinging and Torsional Modes, Measurement System with PSD
(Position Sensitive Detector), Comparison of Experiments and Numerical Simulations
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Fig.1a Apparatus to measure the torsional (and/or swinging)
oscillation of bifilar pendulum by PSD sensors.

Fig.2 Schematic of the apparatus to measure mode 2 and 3
oscillations of a bifilar suspension pendulum.
Table 1 Response of PSD sensors and equation.

ooooo |CH1I |CH2 |DO[125+
ogoooa oo (mm)]
70mm 1.70V | .77V | 1.79
90mm 1.38V | 1.39V | 1.39
110mm 1.12v | 1.17V | 1.14
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Fig.1cDiagram of measurement systen of LabVIEW.
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Fig.1d Display on PC. The oscillation data is shown as time
sequence (left side) and phase portrait (right side).

(a) LabVIEW
Fig.3 Block diagram of two measurement systems.

| 2CHx ‘&B[f.

T

D000 sensof] 000 TablelOOOOOOOOOO
OO0 PSDOODOOOOOOOO £2mmOO00O0O0O
gooPSDOOO0OOO0OOOOOODOODOOOOOODOO
00000000090 mmOO fitingDOOoOooooooO
0000000 datad 000000 UOOOOOOOOO
O0dataD 0000 20000000000000000
00000 Fig.3(a) LabVIEWO (b) Data loggefl O O O

PSD.
—

FohEA .
2CH* 16bits

USB A E Vi,
Excel B TR F.

(b) Data logger

Fig.3(@00O0O0O0OLabVIEWDOODOOO data0 00O
O00000OLabVIEWO OO OOO programd 000 OO

TablelDOOOOOOO PSDO data0 0000000
20000000000 300 moded OO Omode 10 O0000-000000000000000000000

000000000 (000000000 mode)Imode2 (kg 140 0)0



O000Fig.3(b) 000000000000 Dataloggefd
odobobooboooobooboobuoobooooo-oo
O000000000000000000 4cmO0 (£2cm
O00)0oOoOoooooUooooUooooUoOoooooo
PSDOOO0OO0OO0OO0OOOOOOOODOODOOOOODn
0000000000000 000ODataloggefl 000
godoooobooooboooooboooobooooo
0 datad USBmemonO OO O OOO0OO0OO0OOO-000
ooboobooooodg

O0000000000000 Table20O0O00O0O
OOPSDsenson 000000000000 URLOOO
0D0000Fig.3(a), (b)D 000000 DO0DOOmode
2,30000000 0.1sed sample-rate1 000000

Table30O0OO0OO00O00000DO0O0O0O0OOOOO
godooooooobooooboooooooon:

o JOOODDODO mMmMIOOODOOODOO
o 00 (4-000 (4000000000
o 00 ()ODOD (5)0000DD000O00OD (5)000

000000000 CHIODODOOO 10mmOooOod

odo0ooo200000000000D0O00000OO0

goooooboobbooobooobooboono
oco0000 dataD0 D0 O0O0O: D0O00O0O0OOOOO

00l000 CHIOOODOOooooooooooo

0000000ool0o0o0 CcH2000000
Table 2 Devices used in experiments.
ad gogood

PSD GP2D120XO 0O OO O 0O O O sensor
0O0D0DO0oo0oooD0O L=30cmO0Qd
Vo=0.4 VO L=4 cm0O 0O Vo=2.65V0O
oood
http://www.sharp.co.jp/products/device/

lineup/selection/opto/index.html

AD OO National Instrument§l O NI-DAQPad-
60150000016 bit00O0O AD OO
0 16 channeD 0 OO O sample-ratél
200ksPs1 000

Oo0o0 | Windows XPO OSO OO lap-topO
LabVIEW | Ver. 7.1

Data log-| GRAPHTECO mini LOGGER GL80M
ger 16bit0 00 AD OO O 10 channeld
0000 sample-raté] 0.1 secd 00O
00020 channeD 00000 sample-
rated 0.2sed 0000000000
0000 1HzOOODOOOO.1sed1 O
O sample-rat@d DO O0O0O0O0O00O0O

Table 3 Measurement conditions for the PSD measurement systems with Lab\FEN8 (a)) and Data loggeiHig.3 (b)).
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Fig.4 Measured data of frequency (ordinate) of mode 2
versus the ten conditions (abscissa) showraible 3.
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(c) O Collected data.
Fig.5 Samples of the experiment.
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Fig.6 Bifilar suspension pendulum with> a.
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Table 4 Measurement of period of torsional oscillation.
(a) Data for2c = 0.15 m, which gives 0.6 Hz.

12/20 11.5/20 12.5/20 12/20 12/20
(b) Data for2c = 0.3 m, which gives 0.8 Hz.

15.8/20 16/20 16/20 17/20 16.3/20
(c) 2¢ = 0.45 m, which gives 1,05 Hz.

21.2/20 21/20 21.5/20 21/20 20.65/20
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Fig.7 Torsional vibration of bifilar suspension pendulum.
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Fig.8 Time sequence af(¢) andp(t) versust in
0 <t < t.. The curves are labeled by the initial values.
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Fig.11Time sequence ab(t) andy(¢) versust in
0<t<t..
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