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C SUMMARY >

Purpose &
Contents

After analyzing the existing maintenance method for cable of the cable—stayed
bridge, configure a new maintenance method by organizing the deployable
sensors and the integrated systems that are applicable to the cable.Smart
sensors can be accurate and quick to measure and measure thevalues they
want to measure, relatively inexpensive, and implement multiplesensors in a
single process, dealing with multiple sensors.

Measurement equipment for cable—stayed bridge maintenance is
performedthroughout the third year, and in the first year, prototypes for
prototypes forprototype prototypes and in the second year lab test for
prototypes and inthe third year site test for prototypes will be conducted to
enhance the maintenance of overseas cable maintenance cables as well as

domestic cable maintenance for cable maintenance.

Results

Currently, the construction of a cable-stayed bridge on the southwestern coast
of the southwestern coast is under construction, and the construction ofa
cable—stayed bridge is underway.As equipment for maintenance of cable—stayed
bridge in Korea and overseas, the integrated measuring system for tension,
displacement, and temperature of cables is constructed, it is estimated that domestic
consumption and overseas export will be possible once the registration register

and products are completed.

Expected
Contribution

The commercialization of the cable maintenance system is programmed
byprogramming the commercially available smart sensors into hardware and
software packages.After signing a sales contract with the manufacturer of the
Smart Sensor, conduct a production of pilot production for mass production
and test the validity of the finished product through the certification
authority. The marketing method for mass production products is conducted by
holding a demonstration and presentation of a demonstration of the
cable—stayedbridge and conducting a demonstration, and publishes a market
based onthe presentation by presenting a thesis based on demonstrations and

briefing results on the domestic and overseas academic institutes.

Keywords

Cable tension Displacement Temperature Xbee Sensor Module
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Division Specifications
Diameter &12.7mm
Area 98.71 mm2
Modulus of Elasticity 200,000 MPa




Fig. 3 Cable Cross Section Fig. 4 Hydraulic Cylinder

Fig. 5 Hydraulic Pump

2.4 Impact Hammer

PCBAS| 086D05 ZHZA oMol E42 5 Zzoto Jde&2 FX| f=ct. ol AF HolE7t &&=X|
RS 2l Fuks Helol ol STVIE M7sSt 2ot getsty dE SHE £l & 5 2ok Table

22 |mpact Hammer2| M2 LIEHHT Fig. 62 Impact Hammer2| AlRIS LIERHACE. Ho|E2 tAIFmbg
7F 200HzO| A2 2M M| TipE ME&0 JAAHM #HolEe Al Fonf sHojt siHe| Tipe AlEol At

St

=+
i

Table 2 Impact Hammer Specification

Division Specifications
Sensitivity(£15%) 0.23 mV/N
Measurement Range 1+22240 N pk
Resonant Frequency =22 kHz
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2.5 Jt5EA R SH=HO

PCBAt2| ICP(IEPE) Etlel HEY 15 JIEZAZAM #Holgel ZESHES MESH| flsl ALESHACEH
Table 3= 7SS0l gt 7|&X At Fig. 7= 7H5ZAS ARRE LER D Qlot Fig. 112 ZFSZA
of Mx|9x|E UEIAD FHolEel ZolE 4525t 7ol FFo|l 7tE 2

1/4X| " 3/4X| ol TS A

i

x5t S FASIACE. SIEYOI= NIAS| NI 9234 ZH=ZAM =
AFoME 7Alol2el R=EEME MESHY| flsh AFEECCH Fig. 8 SE=R0| Atzlo|Ct.

Table 3 Accelerometer Specification

Division Specifications
Sensitivity(+15%) 1.02 mV/(m/s2)
Measurement Range +4900 m/s2 pk

Frequency Range 0.5 to 10000 Hz

Fig. 7 Accelerometer(PCB352C03)

2
2 AME2 Impact HammerS 0|23t EHst= A=A

0%

o=z F$dEACt HMEE ZAM Holg H=xthol
AHolg2e Mx|sty X &g Jist =, Hol=ol 15 JIETHE FESID Impact Hammer& S350
=

S2 7istHAM deds TdsIgict. A2 & 2232 7ol=2 Mx|Z

H(0° , 20° ~ 70° ; OH10° Ofc),

Aolee ctHAME( 1Xx@12.7mm, 2X @12.7mm, 3X 12.7mm, 4X 12.7mm, 5X @12.7mm) =L 2 XIH = AC}.
A el FeHe= Hol22el Zo|, HolE2el MXZEL, AHolE2 tHMo|ct. AHolEel Zol= FEHZ

TR P

[o]£0] 0.53molo{ FEHFOIAM JHg "He| A= 7lolE0] 2.1molct. AHol2e MRZAZ=

FEEOAM It Tk AlolEel MAxZEIF 707 ol FEFOAM JtE "HE| JAs AolEe MxZHEIt

AolE2el EHHA2 @12.7mmel 20| 17Hel A2FE @12.7mme! 20| 57H7EX] 1704 FXt SIHAFAM

AlolEe| A, HolS2l x4 E LhEet

)

Aeec=z2RH Hoidl AU o/HE ZEsHM 2AZEQ0{Ql ModalVIEW R2E &3t 2Ms AAISHICH

(ABSignal, 2012). 2= FAMo| drgHof CisiAM ZHEIL 2 FRF-EMAREAM Fx==of 71l 2x=9| Z
Lol=

ol
0[0

SOz RE FRFE AlMEICH T ol ElelS Hamning2 MBBIGCH L8 FRFS AHEA|

i
o

nestFCt ool T2 NI9234 5t=9 0 & X E3IUCt.
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of MAAMol mE2 Fx=of 2HE, Fx=o FEE MMEREH dolH &, Z=siM, siAZEA
T2 O|R0AICt IRIAST= FeloHets 0[8510{ Peak Picking MethodE 083101 AFM S ZiH|
ZolUct. 047|M 3dB MethodE AleZ LiEf M Chg3b ZCt,

fo
f&"f}

o{7IM f= STFH=, /£ STUFLFEC 22 Fus=2AM 3B F2 Fiue, f= SYFoOsEL 2

Damping ratio(%) =

Fol==2A 3B 22 Fulsolct.
Fig. 9 ~ Fig.10= A& 7Mool tist =HZ LIERUCE. Fig. 9ol =[lF #Hol22 Zo|7F 2.1mEM A
=

7Alo| =2 Zo|7} Zotx|o{ Ho|=2| AALZ0| AHX= Ze&E ZAS R, FH

=35t0d #Hol2e| zFo| 7t 2 SYF =2 AHolSHo0l2 1/4X|H & 3/4X|Holl JIEEAE MRS 7
HZlsol =|=5 A sdstUct A ALSE 7Hol22e HE2 Table
4nt ot =5, 2t Aol ol =elE FEu ool et H|ES Table 501 LIERHAUCE.

Table 4 Cable Install Dimension

Division Length Angle
Cable NO 1.250m 0°
Cable N1 2.100m 20°
Cable N2 1.440m 30°
Cable N3 0.950m 40°
Cable N4 0.800m 50°
Cable N5 0.580m 60°
Cable N6 0.530m 70°

Table 5 Cable Tension Ratio for Allowable Tension

Division Tension (kN) Test Tension / Allowable Tension (%)
Cable NO 20.148 12.193%
Cable N1 9.079 5.494%
Cable N2 16.035 9.704%
Cable N3 13.458 8.144%
Cable N4 14.282 8.643%
Cable N5 9.658 5.845%
Cable N6 8.884 5.376%
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Fig. 8 Data Acquisition System

1 #o| FRF &2}

Fig. 13~192 2z A& case & ZE=HIIE A Al FRFZZHE LEHHA Zdo|ch FRF= CFZ Eq.(2) 2t Z0|
HEers Y Bl(x)el 2t3ets HEo 2R SE(Y,)2 2tEets HEe| A2 LIER ATt

Y Hyy Hy, Hyg - Hy, | (X

Y, Hy Hyy Hyg -+ Hy, || X,

K I BRI M
o{7IM v E XRE oM SEIS AEEZo|Ct xi= ARE oM JIEAS ABERO|CH 4= AR
T ie j Atololl FRFOICE. Table 60llA #HO|lE2| FRF ZotE LIEHHAUCE. Fig.13 ~ Fig.192FE 7|& FRF
7t SHE FRFLb Mol dxlst2E2 2EEIIF dEstche 2fofo|ct, Table 60lA AFEE FRF Z b= # 0|
=o| 2o 7Hol=2| ZolHsto| w2t AolSe RISt HELl Wal= ojojgt Aoz LEHgon
DRSS FHEE2 290.10Hz, =2gh2 276.2Hz2 A =|Cigt2 =gt tHH| 1.058f0l0, RHEL| FCigt2
0.150%, =2gt2 0.006%=A HHe| Xto|= 0.145%0 =2ntstct. ol= AEol ALEE #Holgel EHEFO|
&3¢ Aol=2ol AU °F 1/122M AHol2e LRSSt HEY FHRE #istE HEW= Hlols
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Table 6 Cable FRF Result

Frequency Damping
Division Cable Area
(Hz) (%)
Cable NO 290.10 0.0163 1X 12, 7mm
285.20 0.0742 1X @12.7mm
279.60 0.1000 2X @12.7mm
Cable N1 282.00 0.1396 3X &12.7mm
284.50 0.0282 4X @12.7mm
285.50 0.0236 5X @12.7mm
281.30 0.0347 1X @12.7mm
279.80 0.1204 2X Zg12.7mm
Cable N2 276.50 0.0748 3X @12.7mm
279.90 0.0406 4X &12.7mm
277.70 0.0323 5X @12.7mm
280.60 0.1260 1X @12.7mm
276.20 0.0505 2X @12.7mm
Cable N3 278.90 0.0611 3X @12.7mm
279.00 0.1106 4X @12.7mm
283.60 0.1502 5X @12.7mm
280.80 0.0076 1X @12.7mm
277.50 0.0265 2X g12.7mm
Cable N4 279.70 0.0447 3x 212.7mm
280.70 0.0581 4X Z12.7mm
Cable N5 277.50 0.0165 1X Z12.7mm
Cable N6 282.40 0.0056 1X @12.7mm

3.2 #Hlol=2| Stabilization Chart Zz}
Fig. 20~260lM= #Hlo|=oll CHE Stabilization Chart Z=ZIE LIEIAACE Table 7= Stabilization
Criteriag® LIERHRACE.

Table 7 Cable Stabilization Criteria

Symbol Frequency Damping Ratio Mode Shape
s yes yes yes
v yes no yes
d yes yes no
f yes no no
0 no no no

017|M Stabilization Criteria= Frequency stabilityoll CHaiAl= 1%, Damping stability2 5%, mode
Shape stability= 2% M35t CHJenny et al. 2007). Stabilization Charte IRISFt HEH] L
oMo 2t AEHE Foisto] d™ J|EXE SHESHE 49 yesE ESSIY

HEAISIUCE. Stabilization Chartoll 2[gt DRZlst HIZol FRFO| 2|8 17/ Z
A HEFRECE. Stabilization Chartoll 2|8t AIRZlSTot HELL HAE OFF Fig. 270M LIERHA ST

DRSS 22 #

o

Il =58 YHEd|= YolX|l= FES LIERHACE. Stabilization Chart 2A4Z 1}
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Fig. 20 Stabilization Chart(Cable NO)
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Fig. 23 Stabilization Chart(Cable N3)
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Stability Diagram for the Frequency Range
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Fig. 27 Stabilization Diagram for the Frequency
Fig. 26 Stabilization Chart(Cable N6)
Range
Stabilization Chartoll o|st NFZA =2 HEHZIO| FRFO| 2o|st DIRA S HEHZIECE TA LIEFGC.
Stabilization Chartoll 2lst IRZA S MEZS 2AE AT| Fig. 270iM LIERHA}ACE. Table 8ollM =
—_ 16 —



Hlol=29| Stabilization Chart Azl DRI S Yo chst g2 LERYACE.

Table 8 Cable Stabilization Chart Result

Division Frequency(Hz) Damp ing(%) Cable Area
Cable NO 303.39 0.1960 1X &12.7mm
285.20 1.9300 1X &12.7mm
298.61 0.1430 2X Z12.7mm
Cable N1 292.74 0.1200 3X Z12.7mm
288.81 1.3100 4X Z12.7mm
285.54 0.1760 5X &12.7mm
281.31 0.8570 1X &12.7mm
280.31 1.6700 2X &12.7mm
Cable N2 318.42 0.3470 3X &12.7mm
300.75 0.2400 4X Z12.7mm
300.39 0.4840 5X &12.7mm
288.43 0.3900 1X &12.7mm
275.86 2.3800 2X &12.7mm
Cable N3 277.94 0.8630 3X &12.7mm
288.90 0.7840 4X &12.7mm
290.32 0.2810 5X &12.7mm
311.71 0.2260 1X &12.7mm
Cable N4 283.44 1.4100 2X g12.7mm
300.43 0.2500 3X Z12.7mm
284.99 1.4600 4X Z12.7mm
Cable N5 290.64 0.0845 1X &12.7mm
Cable N6 287.02 1.3600 1X &12.7mm

3.3 #Hlol=2| Complexity 2=t

B E+&= normal mode2t complex modeZ TE =04 normal mode= ZE AtFTol faH2AZE 1807 € O|FX|
Ot complex mode= AbRZZHe| flaHA T 180° £ O|FX| 22| ZEHZ complex modeol| CHSHO ZHE st
¥t §9 RE= FxEof HEUSMo| ofstod AHECEH Fig. 28~330Al= #Hol=2| ComplexityE LIEL
LHQICEH. Table 90l = ZH0[=2| Complexity ZIfoll Al f{&k2toll Cist g2 LIEHARACE. Fig. 280l 70|
2| CtE2 ARTolAM Mz7Ziol Atztntel AZE 1800 =7t =X Lol Sgtz==z FEECH Fig. 34
M= HolZel atztof w2 AHolsel =HHAI HolZel HAAtZo wE ZEMA ZIE LIEHACE
DosiMAD Me FxESoAM ZEEM2 HEG0| | SHX] 2 ExectH FxEEQ ZEEME2 =7

REZ LEE £ Ak HEES FZas Alzho wE BME 42 HEHste 2xE 2ol Aok HHF
X

Alol2el AEEIE & AlolE2l Zolof w2l AHolE2| flaztel Hats EAAASR LEgon O /el
o=2= Adedtfet AHol2e HEHOo| 2245 Complexityol tHet 2UZEIF Hojrcte 2ozt =5, 3EF

of A= Hol=ol tHshM Complexity

M

=t
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Fig. 32 Complexity Plot(Cable N4)
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Fig. 33 Complexity Plot(Cable N5)
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Fig. 34 Complexity Plot(Cables)

Table 9. Cable Complexity Result

Division Phase(Deg) Cable Area
Cable NO Center 46.872 1X Z12.7mm
138.365 1X F12.7mm
-48.573 2X &12.7mm
Cable N1 Center -114.257 3X &12.7mm
141.946 4X &12.7mm
11.567 5X &12.7mm
-74.985 1X @12.7mm
-133.634 2X &12.7mm
Cable N2 Center -46.680 3X F12.7mm
-148.198 4X &12.7mm
-6.896 5X &12.7mm
-179.549 1X @12.7mm
-25.717 2X Z12.7mm
Cable N3 Center 152.673 3X Z12.7mm
176.659 4X Z12.7mm
143.686 5X @12.7mm
165.512 1X @12.7mm
83.232 2X Z12.7mm

Cable N4 Center
170.084 3X &12.7mm
119.893 4X &12.7mm
Cable N5 Center 95.122 1X @12.7mm
Cable N6 Center -89.092 1X @12.7mm

3.4 7AHlo|=<2| MAC Z 1}
Modal Assurance Criteria(MAC)E Z=E=Zte| ZuwAME LiEtfo] MACZE 0ol Z7tfH MESEIXHC ZAE
7IX|0d 1ol 7t MEd[EHAl A E Zt=Ct MACE Ats BlIEE MZ CI2 F J7He] MEo|AM A

DEZio] AMMAE Hlw 2Mst= & o|cH(Shin, 2016). MACE CHS4A! Eq.(3) 2 L}ERHRACE.
MAC:% (3)

o7|M xE REHMMH 4, ¢, - ¢,,]2 LHE{O|TE Fig. 35~410AlE Ho|22| MACZS LIEFHSICE.
F29 Zd0M 0.90|Ae =2 MIUBAE LIEHLO
Fig. 35~410A MAC EAMZ I MXIZE=o|A #Hol=2l

5 1.001 JMHXE ¢S Eol|n IUXZE=olM 0o Z2F™StE ZAME LEHAL20 o=
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Al 2=2o| ZHO| MAZEOAM O|FOX|& AHES LEHACE

Fig. 37 MAC Plot(Cable N2) Fig. 38 MAC Plot(Cable N3)

Fig. 39 MAC Plot(Cable N4) Fig. 40 MAC Plot(Cable N5)
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Fig. 41 MAC Plot(Cable N6)
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Fig. 1 Laboratory Model Overview Diagram

(a) Mode!l Overview Diagram
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Table 1 Cable Specification

Division Specifications
Diameter @12.7mm
Area 98.71 mm?
Density 774 kgf/km
Tension Force 19,742 N
Modulus of Elasticity 200,000 MPa

Table 2 Cable Dimension

Division Length Angle
Cable NO 1.250m 0°
Cable N1 2.100m 20°
Cable N2 1.440m 30°
Cable N3 0.950m 40°
Cable N4 0.800m 50°
Cable N5 0.580m 60°
Cable N6 0.530m 70°

Fig. 2 Cable Photograph
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Fig. 3 Hydraulic Cylinder Photograph

Table 3 Hydraulic Cylinder Specification

Division

Specifications

Range of Use
Working Pressure

Joint

28 TON 250ST
700 kgf/cm?

1/4” PT

Table 4 Hydraulic Pump Specification

Division Specifications
High Vol tage 720 kgf/cm?
Working Pressure
Low Vol tage 70 kgf/cm?
High Voltage 0.8 I/min
Discharge Rate
Low Vol tage 41/min
Working Vol tage Three Phase
Power 0.75 kw
Automatic Motor Pole 4
Revolution 1720 RPM
Optimum Qi l 10 L
Tank Capacity 14 L

Weight

45 kg




Fig. 4 Hydraulic Pump Photograph

2.5 Hardware

2.5.1 Arduino Uno

OFOll- = Atmel A2l 16MHz OFO|AERZEE2{Ql ATmegal328S ALSSHOCHASH FH TXE AZdY
= AcH Lee et al., 2018). CIR2E & # U= T2l | f F7|= 32KByteo|X|2t ofFo|-o| EX
T steel REZECI O & LdFE AMESIEE AMEs FEEH 7|8 M LIHXE Z2OHSE ALS
g o Aot ooz =20 MY F ololg MES 2T 2KByte I7[2] SRAMZE MR0| JAZEl o|Fol =
Clole{7t 2 Z&== 1KByte 37|12 EEPROME ALEE + UCH & AFOAME olFO0le fe IFZHEMA
EEH fAE2 MUSE CXEASE Hetstol 2L Eao| &Hsts A2ES Stch(lee et al., 2018).

Fig. 52 M& ALElS e Ut

Fig. 5 Arduino Uno Photograph

2.5.2 9Axes Motion Shield
Bosch AtS| BNQ0OSSZE 3% 7tEEH, 3T XO|2ZARZT | 3F XXAMMZ FMEO JACk MM= ME T}

el Z2 AMSE ZsicH(Lee et al., 2018). 2 AFoAM 9= ZMMAel =Xt

ro
N
o
T
10
[

+5 LEstks o &E&lch Table 5 Motion Shieldoll CHEF Atekolod Fig. 62 ME ARRIES LIE{ D
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Table 5 9Axes Motion Shield Specification

Division

Specifications

Chip based

Thinker Kit interface

Motion Sensers

Fusion Engine

Operating Voltage

BOSCH Sensor tech BN0055

2x TWI, 2x 0UT, 2x IN

Triaxial accelerometer, Triaxial gyroscope, Triaxial geom

agnetic

32-bit microcontroller with BSX3.0 FusionLib

5/33V

2.5.3 Xbee Sensor

Fig. 6 9Axes Motion Shield Photograph

2 AT HE= XBeeZES X H|
32 ZE2 XCTUE o|235l0] el &

= HolEE A% HFEE RHoR

MZF ARES CHERHZD ATt

Table 6 Xbee Sensor Specification

Division

Specifications

Division

Specifications

Transceiver Chipset

Qutdoor / RF Line-of-sight

Range
Transmit Power

Serial Data Interface

2 miles / 3200m

UART, SPI

silicon Labs EM357 SoC

63 mW(+18dBm)

Protocol

Encryption

Supply Voltage

Antenna Options

PCB Antenna, U.FL

Connector, RPSMA Conncetor

ZigBee Pro 2007

128-bit AES

2.7 to 3.6V

_26_



2.6 Data Logger
PC2t o4 Z35tof HlolE

Z35tod

Fig. 7 Xbee Sensor Photograph
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Table 7 Data Logger Specification

Division

Specifications

Number of Channel
Measure Hz

Connector for sensor

Input Sensor

Strain Input Range
Low Pass Filter
Interface

Program
Demension

Power

4,8, 12, 16, 20, 24, 28, 32, 36, 40 Channel
1000 Hz
5p Screw connector or TAJIMI

- 1Gage & 2Gage : 120Q, 350%

- 4Gage Bridge Sensor : 0.5 mV/V ~ 100 mV/V
- Protentionmeter Sensor
MM J, K, T, E, R, S

- Pt100 2ZMHAM, MHME 2%

- Voltage : 10V

10000, 100000, 1000000%10-6 strain

10Hz, 100Hz, 1Khz, Pass Program Selectable
USB

Multiscan S/W & Multiload S/W
470(W)*190(H) *320(D) mm
AC220V, 50~60Hz

8 Data Logger Photograph

Fig.
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2.7 15 715 Z=H (ARF-20A)
DCallHWoll A =Fo| 7hset o 2o MNP JIEEAoln EX Ts8 Ye #2229 7IEE FFol At
EE= X2 FHE JEEEAolct. & dAFoME AHolE2l FHE MESH| fIshM ALE= ATt Table

8= 15 ZHETAof thet 71X AL, Fig. 92 ME AXS LIERHLD AL

Table 8 Accelerometer Specification

Division Specifications
Capacity 20 m/s?
Rated Output 2k 0.5 mV/V(1000%10-6)
Non-linearity 1% RO
Frequency Response (Hz) 80
Natural Frequency (Hz) 150
Permissible Temperature Range -10 ~ +50 ° C
Permissible Over load 300%
Input&Output resistance 120 Q
Recommend Impressed Vol tage 2Vo| 35}
Allowable Impressed Voltage 5V
Connection Cable ®3mm 0.05mm2 4-core shielded Chloroprene Cable 5m
Mass 139

Fig. 9 Accelerometer Photograph

ol TE AHolgo 15 IS A

7+& & gtstct(Won, 2006) .
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(a) Cable N1 1X @12.7mm

(b) Cable N1 5X @ 12.7mm

Fig. 11 Comparison of Acceleration of Motion sensor and Accelerometer(Cable N1)

(a) Cable N2 1X @ 12.7mm

(b) Cable N2 5X @12.7mm

Fig. 12 Comparison of Acceleration of Motion sensor and Accelerometer(Cable N2)
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(a) Cable N3 1X @12.7mm

(b) Cable N3 5X @ 12.7mm

Fig. 13 Comparison of Acceleration of Motion sensor and Accelerometer(Cable N3)

(a) Cable N4 X @12.7mm

(b) Cable N4 4X @12.7mm

Fig. 14 Comparison of Acceleration of Motion sensor and Accelerometer(Cable N4)
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(a) Cable N5 1X @ 12.7mm

Fig. 15 Comparison of Acceleration of Motion sensor and Accelerometer(Cable N5)
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Table 9 Comparison of Frequency and Tension

ALK

t2 solE

g
mjo

ofr

o

(Cable NO; 1X @12.7mm)

Ngsl0l melz Tahof

Cable NO 1X @ 12.7mm

Frequency(Hz) Tension(N)
Mode Order Motion Sensor Acc. Diff. Motion Sensor Acc. Diff.
1 1.56 1.56 0.00 11.81 11.81 0.00
2 3.91 3.91 0.00 18.55 18.55 0.00
3 7.81 7.81 0.00 32.89 32.89 0.00
4 9.38 9.38 0.00 26.68 26.68 0.00
5 12.50 12.50 0.00 30.33 30.33 0.00
6 17.19 17.19 0.00 39.83 39.83 0.00
7 18.75 18.75 0.00 34.82 34.82 0.00

Table 10 Comparison of Frequency and Tension

(Cable N1; 1X @12.7mm)

Cable N1 1 X @12.7mm

Mode

Frequency(Hz)

Order Motion Sensor Acc. Diff.
1 3.13 3.13 0.00
2 6.25 6.25 0.00
3 9.96 10.16 -0.20
4 15.23 16.41 -1.18
5 25.59 250 0.59
6 28.32 27.34 0.98
7 35.94 36.72 -0.78

Tension(N)

Motion Sensor Acc. Diff.
136.35 136.35 0.00
135.92 135.92 0.00
153.41 159.63 -6.22
201.77 234.24 -32.48
364 .56 347.94 16.62
310.07 288.98 21.09
366.89 382.98 -16.10
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Table 11 Comparison of Frequency and Tension (Cable N1; 5X @ 12.7mm)

Cable N1 5X @ 12.7mm

Frequency(Hz) Tension(N)

Mode Order Motion Sensor Acc. Diff. Motion Sensor Acc. Diff.
1 4.30 4.30 0.00 257 .34 257.34 0.00
2 10.55 10.55 0.00 387.27 387.27 0.00
3 14.84 14.84 0.00 340 .56 340.56 0.00
4 19.14 19.14 0.00 318.67 318.67 0.00
5 24.22 24.22 0.00 326.57 326.57 0.00
6 28.91 28.91 0.00 323.12 323.12 0.00
7 38.67 38.67 0.00 424 .74 424 .74 0.00

Table 12 Comparison of Frequency and Tension (Cable N2; 1X @12.7mm)
Cable N2 1X @12.7mm
Frequency(Hz) Tension(N)

Mode Order Motion Sensor Acc. Diff. Motion Sensor Acc. Diff.

1 6.64 6.84 -0.20 288.53 306.17 -17.64

2 8.20 8.20 0.00 110.01 110.01 0.00

3 12.11 9.57 2.54 106.64 66.59 40.04

4 14.45 12.11 2.34 85.40 59.98 25.42

5 19.73 19.73 0.00 101.90 101.90 0.00

6 27.34 27.34 0.00 135.88 135.88 0.00

7 32.42 32.42 0.00 140.37 140.37 0.00

Table 13 Comparison of Frequency and Tension (Cable N2; 5X @12.7mm)
Cable N2 5X ¢ 12.7mm
Frequency(Hz) Tension(N)

Mode Order Motion Sensor Acc. Diff. Motion Sensor Acc. Diff.
1 1.56 1.56 0.00 15.93 15.93 0.00
2 3.13 3.13 0.00 16.03 16.03 0.00
3 6.25 6.25 0.00 28.40 28.40 0.00
4 8.59 8.59 0.00 30.18 30.18 0.00
5 11.72 11.72 0.00 35.96 35.96 0.00
6 13.28 13.28 0.00 32.06 32.06 0.00
7 15.63 15.63 0.00 32.63 32.63 0.00
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Table 14 Comparison of Frequency and Tension

(Cable N3; 1X @12.7mm)

Cable N3 1X @ 12.7mm

Frequency(Hz) Tension(N)
Mode Order Motion Sensor Acc. Diff. Motion Sensor Acc. Diff.
1 7.81 7.81 0.00 173.73 173.73 0.00
2 12.89 12.89 0.00 118.31 118.31 0.00
3 17.19 17.19 0.00 93.52 93.52 0.00
4 21.48 21.48 0.00 82.13 82.13 0.00
5 26.17 26.17 0.00 78.03 78.03 0.00
6 30.47 30.47 0.00 73.46 73.46 0.00
7 41.41 39.45 1.96 99.68 90.46 9.21
Table 15 Comparison of Frequency and Tension (Cable N3; 5X @ 12.7mm)
Cable N3 5X @ 12.7mm
Frequency(Hz) Tension(N)
Mode Order Motion Sensor Acc. Diff. Motion Sensor Acc. Diff.
1 2.34 2.34 0.00 15.60 15.60 0.00
2 5.47 5.47 0.00 21.31 21.31 0.00
3 8.59 8.59 0.00 23.35 23.35 0.00
4 11.72 11.72 0.00 24 .45 24.45 0.00
5 14.06 14.06 0.00 22.52 22.52 0.00
6 18.75 18.75 0.00 27.82 27.82 0.00
7 20.31 20.31 0.00 23.98 23.98 0.00
Table 16 Comparison of Frequency and Tension (Cable N4; 1X @12.7mm)
Cable N4 1X @12.7mm
Frequency(Hz) Tension(N)
Mode Order Motion Sensor Acc. Diff. Motion Sensor Acc. Diff.
1 6.25 6.25 0.00 78.90 78.90 0.00
2 10.55 10.55 0.00 56.20 56.20 0.00
3 15.63 15.63 0.00 54 .83 54 .83 0.00
4 20.70 20.70 0.00 54.09 54.09 0.00
5 26.95 26.95 0.00 58.68 58.68 0.00
6 32.81 32.81 0.00 60.40 60.40 0.00
7 39.84 39.84 0.00 65.43 65.43 0.00
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Table 17 Comparison of Frequency and Tension (Cable N4; 4X @12.7mm)

Cable N4 4X @ 12.7mm

Frequency(Hz) Tension(N)
Mode Order Motion Sensor Acc. Diff. Motion Sensor Acc. Diff.
1 3.13 3.13 0.00 19.79 19.79 0.00
2 7.42 7.42 0.00 27.80 27.80 0.00
3 13.28 13.28 0.00 39.58 39.58 0.00
4 17.97 17.97 0.00 40.77 40.77 0.00
5 24 .61 24 .61 0.00 48.93 48.93 0.00
6 30.47 30.47 0.00 52.09 52.09 0.00
7 37.89 37.89 0.00 59.18 59.18 0.00
Table 18 Comparison of Frequency and Tension (Cable N5; 1X @12.7mm)
Cable N5 1X @ 12.7mm
Frequency(Hz) Tension(N)
Mode Order Motion Sensor Acc. Diff. Motion Sensor Acc. Diff.
1 5.47 2.34 3.13 31.77 5.81 25.95
2 10.16 5.47 4.69 27.40 7.94 19.46
3 13.28 7.03 6.25 20.80 5.83 14.97
4 15.63 9.38 6.25 16.21 5.84 10.37
5 17.97 13.28 4.69 13.71 7.49 6.22
6 20.31 15.63 4.68 12.16 7.20 4.96
7 31.25 17.97 13.28 21.16 7.00 14.16

Fig.16 ~ Fig.172 #0[=2| ttHM a0 E RIS Hat I F2o| ¥islE LIEMACE

Motion Sensor 1%812. Tmm
Mation Sensor 2Xel2 Tmm . .
Metion Sengor 3Ka1d fmm
Mation Senmor dXald Tmm

Mation Senmor 5Xal2 Tmm -  Moton ey 51

Freguenoy(kr)

Accelsrometer LXald, Tmm
Acceleromater 1ipl 2. Tmm
Accelerometer 1012 Tmm SN ¥ ——
Accelerometer 4%p12 Tmm ’

Accelerometer 5Xa12 Tmm

AngleiDeg)

Fig. 16 Comparison of Frequency of Motion Sensor Fig. 17 Comparison of Tension of Motion Sensor

and Accelerometer and Accelerometer
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Cable NO 1Xgl2.7mm

= 10]

Cable N1 1Xgl2.7mm

Cable N1 2Xg@gl2.7mm

Lot

!

tf

Cable N1 4Xgl12.7mm

Cable N1 5Xgl2.7mm
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Cable N1 3X@gl2.7mm
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Cable N2 1Xgl2.7mm
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Cable N2 5Xgl2.7mm

£ 12]

Cable N2 3Xgl2.7mm
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Cable N3 1Xgl2.7mm

Cable N3 4Xgl2.7mm

Cable N3 5Xg@gl2.7mm
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Cable N4 1Xgl2.7mm Cable N4 2Xgl12.7mm
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Cable N4 3Xgl2.7mm Cable N4 4Xgl2.7mm
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Cable N5 1Xgl2.7mm
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[ 1] Cable Dimension

Division Length Angle
Cable NO 1.250m 0°
Cable N1 2.100m 20°
Cable N2 1.440m 30°
Cable N3 0.950m 40°
Cable N4 0.800m 50°
Cable N5 0.580m 60°
Cable N6 0.530m 70°

[Z 2] Comparison of Frequency and Tension(Cable NO)

Cable NO 1 X @12.7mm

Frequency(Hz) Tension(N)

Mode . ,

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 1.56 1.56 0.00 11.81 11.81 0.00
2 3.91 3.91 0.00 18.55 18.55 0.00
3 7.81 7.81 0.00 32.89 32.89 0.00
4 9.38 9.38 0.00 26.68 26.68 0.00
5 12.50 12.50 0.00 30.33 30.33 0.00
6 17.19 17.19 0.00 39.83 39.83 0.00
7 18.75 18.75 0.00 34.82 34.82 0.00

[E 3] Comparison of Frequency and Tension(Cable N1)
Cable N1 1X @12.7mm
Frequency(Hz) Tension(N)

Mode . .

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 3.13 3.13 0.00 136.35 136.35 0.00
2 6.25 6.25 0.00 135.92 135.92 0.00
3 9.96 10.16 -0.2 153.41 159.63 -6.22
4 15.23 16.41 -1.18 201.77 234.24 -32.48
5 25.59 25.00 0.59 364.56 347 .94 16.62
6 28.32 27.34 0.98 310.07 288.98 21.09
7 35.94 36.72 -0.78 366.89 382.98 -16.10
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[E 4] Comparison of Frequency and Tension(Cable N1)

Cable N1 2X @12.7mm

Frequency(Hz) Tension(N)

Mode . .

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 7.03 7.03 0.00 687.83 687.83 0.00
2 11.72 11.72 0.00 477.93 477.93 0.00
3 23.05 18.75 4.30 821.62 543.66 277.95
4 28.91 28.91 0.00 727.02 727.02 0.00
5 32.42 32.42 0.00 585.14 585.14 0.00
6 41.41 41.41 0.00 662.95 662.95 0.00
7 48.44 48.44 0.00 666.47 666 .47 0.00

[E 5] Comparison of Frequency and Tension(Cable N1)
Cable N1 3X @12.7mm
Frequency(Hz) Tension(N)

Mode . ,

Order gg;;g? Accelerometer difference gg;;g? Accelerometer difference
1 6.64 6.64 0.00 613.63 613.63 0.00
2 10.16 10.16 0.00 359.17 359.17 0.00
3 16.80 16.80 0.00 436.46 436.46 0.00
4 21.09 21.09 0.00 386.90 386.90 0.00
5 28.91 28.91 0.00 465.29 465.29 0.00
6 36.33 36.33 0.00 510.27 510.27 0.00
7 46.09 46.09 0.00 603.38 603.38 0.00
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[Z 6] Comparison of Frequency and Tension(Cable N1)

Cable N1 4X @12.7mm

Hode Frequency(Hz) Tension(N)

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 5.08 5.08 0.00 359.17 359.17 0.00
2 10.16 10.16 0.00 359.17 359.17 0.00
3 16.02 16.02 0.00 396.87 396.87 0.00
4 25.00 25.00 0.00 543.66 543.66 0.00
5 30.08 30.08 0.00 503.72 503.72 0.00
6 38.67 38.67 0.00 578.12 578.12 0.00
7 46.09 46.09 0.00 603.38 603.38 0.00

[EZ 7] Comparison of Frequency and Tension(Cable N1)
Cable N1 5X @12.7mm
Frequency(Hz) Tension(N)

Mode . ,

Order gg;;g? Accelerometer difference gg;;g? Accelerometer difference
1 4.30 4.30 0.00 257.34 257.34 0.00
2 10.55 10.55 0.00 387.27 387.27 0.00
3 14.84 14.84 0.00 340.56 340.56 0.00
4 19.14 19.14 0.00 318.67 318.67 0.00
5 24.22 24.22 0.00 326.57 326.57 0.00
6 28.91 28.91 0.00 323.12 323.12 0.00
7 38.67 38.67 0.00 42474 424.74 0.00
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[Z 8] Comparison of Frequency and Tension(Cable N2)

Cable N2 1 X @12.7mm

Frequency(Hz) Tension(N)

Mode . .

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 6.64 6.84 -0.20 288.53 306.17 -17.64
2 8.20 8.20 0.00 110.01 110.01 0.00
3 12.11 9.57 2.54 106.64 66.59 40.04
4 14.45 12.11 2.34 85.40 59.98 25.42
5 19.73 19.73 0.00 101.90 101.90 0.00
6 27.34 27.34 0.00 135.88 135.88 0.00
7 32.42 32.42 0.00 140.37 140.37 0.00

[EZ 9] Comparison of Frequency and Tension(Cable N2)
Cable N2 2X @12.7mm
Frequency(Hz) Tension(N)

Mode . ,

Order gg;;g? Accelerometer difference gg;;g? Accelerometer difference
1 7.42 7.42 0.00 360.30 360.30 0.00
2 10.16 10.16 0.00 168.88 168.88 0.00
3 12.50 12.50 0.00 113.61 113.61 0.00
4 16.80 16.80 0.00 115.44 115.44 0.00
5 20.31 20.31 0.00 107.98 107.98 0.00
6 2461 24 .61 0.00 110.10 110.10 0.00
7 39.06 33.59 5.47 203.76 150.69 53.07
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[Z 10] Comparison of Frequency and Tension(Cable N2)

Cable N2 3X @12.7mm

Frequency(Hz) Tension(N)

Mode . .

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 7.42 7.42 0.00 360.30 360.30 0.00
2 14.84 14.84 0.00 360.30 360.30 0.00
3 17.19 17.19 0.00 214.87 214.87 0.00
4 19.53 19.53 0.00 156.01 156.01 0.00
5 29.69 29.69 0.00 230.75 230.75 0.00
6 34.77 34.77 0.00 219.77 219.77 0.00
7 42.19 42.19 0.00 237.73 237.73 0.00

[Z 11] Comparison of Frequency and Tension(Cable N2)
Cable N2 4X @12.7mm
Frequency(Hz) Tension(N)

Mode . ,

Order gg;;g? Accelerometer difference gg;;g? Accelerometer difference
1 3.91 3.91 0.00 100.05 100.05 0.00
2 8.98 8.98 0.00 131.93 131.93 0.00
3 12.89 12.89 0.00 120.81 120.81 0.00
4 17.19 17.19 0.00 120.86 120.86 0.00
5 25.78 25.78 0.00 173.97 173.97 0.00
6 32.81 32.81 0.00 195.69 195.69 0.00
7 41.80 41.80 0.00 233.35 233.35 0.00
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[Z 12] Comparison of Frequency and Tension(Cable N2)

Cable N2 5X @12.7mm

Frequency(Hz) Tension(N)

Mode . .

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 1.56 1.56 0.00 15.93 15.93 0.00
2 3.13 3.13 0.00 16.03 16.03 0.00
3 6.25 6.25 0.00 28.40 28.40 0.00
4 8.59 8.59 0.00 30.18 30.18 0.00
5 11.72 11.72 0.00 35.96 35.96 0.00
6 13.28 13.28 0.00 32.06 32.06 0.00
7 15.63 15.63 0.00 32.63 32.63 0.00

[ 13] Comparison of Frequency and Tension(Cable N3)
Cable N3 1X @12.7mm
Frequency(Hz) Tension(N)

Mode . ,

Order gg;ég? Accelerometer difference gg;;g? Accelerometer difference
1 7.81 7.81 0.00 173.73 173.73 0.00
2 12.89 12.89 0.00 118.31 118.31 0.00
3 17.19 17.19 0.00 93.52 93.52 0.00
4 21.48 21.48 0.00 82.13 82.13 0.00
5 26.17 26.17 0.00 78.03 78.03 0.00
6 30.47 30.47 0.00 73.46 73.46 0.00
7 41.41 39.45 1.96 99.68 90.46 9.21
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[Z 14] Comparison of Frequency and Tension(Cable N3)

Cable N3 2X @12.7mm

Frequency(Hz) Tension(N)

Mode . .

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 4.30 4.30 0.00 52.66 52.66 0.00
2 9.77 8.20 1.57 67.97 47.88 20.09
3 13.67 13.67 0.00 59.14 59.14 0.00
4 16.02 18.36 -2.34 45.69 60.01 -14.32
5 24.22 24.22 0.00 66.83 66.83 0.00
6 37.89 32.81 5.08 113.59 85.17 28.42
7 41.80 41.80 0.00 101.56 101.56 0.00

[EZ 15] Comparison of Frequency and Tension(Cable N3)
Cable N3 3X @12.7mm
Frequency(Hz) Tension(N)

Mode . ,

Order gg;;g? Accelerometer difference gg;;g? Accelerometer difference
1 4.69 4.69 0.00 62.65 62.65 0.00
2 10.55 10.55 0.00 79.25 79.25 0.00
3 14.06 14.06 0.00 62.56 62.56 0.00
4 19.14 19.14 0.00 65.21 65.21 0.00
5 25.39 25.39 0.00 73.45 73.45 0.00
6 30.08 30.08 0.00 71.59 71.59 0.00
7 39.06 39.06 0.00 88.68 88.68 0.00
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[Z 16] Comparison of Frequency and Tension(Cable N3)

Cable N3 4X @12.7mm

Frequency(Hz) Tension(N)

Mode . .

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 2.34 2.34 0.00 15.60 15.60 0.00
2 5.47 5.47 0.00 21.31 21.31 0.00
3 8.59 8.59 0.00 23.35 23.35 0.00
4 11.72 1.72 0.00 24 .45 24 .45 0.00
5 20.31 20.31 0.00 47.00 47.00 0.00
6 25.78 25.78 0.00 52.58 52.58 0.00
7 35.94 35.94 0.00 75.08 75.08 0.00

[EZ 17] Comparison of Frequency and Tension(Cable N3)
Cable N3 5X @12.7mm
Frequency(Hz) Tension(N)

Mode . ,

Order gg;ég? Accelerometer difference gg;;g? Accelerometer difference
1 2.34 2.34 0.00 15.60 15.60 0.00
2 5.47 5.47 0.00 21.31 21.31 0.00
3 8.59 8.59 0.00 23.35 23.35 0.00
4 11.72 1.72 0.00 24 .45 24 .45 0.00
5 14.06 14.06 0.00 22.52 22.52 0.00
6 18.75 18.75 0.00 27.82 27.82 0.00
7 20.31 20.31 0.00 23.98 23.98 0.00
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[Z 18] Comparison of Frequency and Tension(Cable N4)

Cable N4 1 X @12.7mm

Hode Frequency(Hz) Tension(N)

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 6.25 6.25 0.00 78.90 78.90 0.00
2 10.55 10.55 0.00 56.20 56.20 0.00
3 15.63 15.63 0.00 54.83 54.83 0.00
4 20.70 20.70 0.00 54.09 54.09 0.00
5 26.95 26.95 0.00 58.68 58.68 0.00
6 32.81 32.81 0.00 60.40 60.40 0.00
7 39.84 39.84 0.00 65.43 65.43 0.00

[E# 19] Comparison of Frequency and Tension(Cable N4)
Cable N4 2X @12.7mm
Frequency(Hz) Tension(N)

Mode . ,

Order gg;;g? Accelerometer difference gg;;g? Accelerometer difference
1 5.86 3.91 1.95 69.36 30.88 38.48
2 10.55 10.55 0.00 56.20 56.20 0.00
3 12.89 12.89 0.00 37.29 37.29 0.00
4 16.02 16.02 0.00 32.40 32.40 0.00
5 21.88 21.88 0.00 38.68 38.68 0.00
6 30.86 30.86 0.00 53.43 53.43 0.00
7 39.45 36.45 0.00 64.15 54.77 9.39
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[Z 20] Comparison of Frequency and Tension(Cable N4)

Cable N4 3X @12.7mm

Frequency(Hz) Tension(N)

Mode . .

Order gg;ég? Accelerometer difference gg;ég? Accelerometer difference
1 5.86 5.86 0.00 69.36 69.36 0.00
2 8.98 8.98 0.00 40.72 40.72 0.00
3 14.84 14.84 0.00 49.42 49.42 0.00
4 23.44 23.44 0.00 69.36 69.36 0.00
5 32.03 32.03 0.00 82.89 82.89 0.00
6 39.84 39.84 0.00 89.05 89.05 0.00
7 47.27 47.27 0.00 92.11 92.11 0.00

[Z 21] Comparison of Frequency and Tension(Cable N4)
Cable N4 4X @12.7mm
Frequency(Hz) Tension(N)

Mode . ,

Order gg;;g? Accelerometer difference gg;;g? Accelerometer difference
1 3.13 3.13 0.00 19.79 19.79 0.00
2 7.42 7.42 0.00 27.80 27.80 0.00
3 13.28 13.28 0.00 39.58 39.58 0.00
4 17.97 17.97 0.00 40.77 40.77 0.00
5 2461 24 .61 0.00 48.93 48.93 0.00
6 30.47 30.47 0.00 52.09 52.09 0.00
7 37.89 37.89 0.00 59.18 59.18 0.00
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[EZ 1] Cable Dimension

Division Length Angle

Cable 1 2.120m 20°

[E 2] Comparison of Strain Gauges and Tension

Cable ( @ 15.2mm)

Tension Force
Mode Order
Strain Gauges (kN) Accelerometer (kN) difference (%)
1 2.29 -2.72
2 2.35 2.21 -5.99
3 2.42 +3.11
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7lolEe| RESHE ufetsty| fIsiA Photo 12t 20| #Ho|Sol &S TSt AHRE = U= HolgwH o

23S HMZSICH et AeAo] Mdxlg Ho|E2 MR @12.7mIt ARZEQICE AHolE2el EhHEa2 74

AlOIE22 2F0l 6742 Mo AN LF SalFoll 1742 MMo| xIsiU= FEHOIEHJin, 2010). Photo 22 @
12.7mm #o|S2| CHHE, A2, FAEHZ, SHNHE HERHACH YA = S5 Al 7ols529 HE2
SHYSR ZAIGIRen Aol FE, #HolEz 2LHHe dAxzd2 UHHez J1E3sl0] Mesien] 70|
Soll theh 2Etslol| wE 7ol 1RIST SHE 245l ol SHE FUC AHolg2 1rds+E 55t

(b) Horizontal Model Diagram

(a) Model Overview Diagram

Photo 1 Experimental Model Overview Diagram

(a) Cable

(c) Hydraulic Pump (d) Impact Hammer

Photo 2 Experimental Apparatus
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2.3 7152 2 SIEY o]
Photo 3= 7HSEAH L mEo| ARRIS LIEKHT AC} Photo 10IA 7ESEAHE Mx|EH QI%X[S LIERD 220 #HoO|
29| MZo|E 4583510 TI=E0| 71EF 2 SUFL} MZolel 1/4X|1™ 2 3/4X|Hol| ZiEEA

Ct. SE=R0i= NI-9234 & NI-92135 ALESHICE

(a) Accelerometer (b) Modules
Photo 3 Data Acquisition System

2.4 Arduino Uno etc. Sensors
OIFO0| = 2= Atmel Al2| 16MHz OIO|AZRAEZE{Ql ATmegad28= Al25H0{ ClFst =8 ZMX|E HAZde = Uct
(Lee et al., 2018). & AFHME= OFFO| = IFEMMAZEE A2 MSE CIXZEAMSE Healslo] 2

LE{&ol| E2{5hk= AtS Stl(Lee et al., 2018). Photo 42 MAALRIS LtERHLD AUCH

Y JEEEe 2 MSE EoitlLee et al., 2018). & AAF0A 9F ZMMA S| FSH2 AHolE2 LRTSHT
£ WSSk o #8aEnh = A7 HEE XBeeZE2 A|TH| SAAUES HESIUL EEEA|= LY SM=S

(b) 9Axes Motion Shield

(c) Xbee Sensor (d) Temperature Sensor
Photo 4 Arduino etc. Sensors
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2.5 Data Logger etc. Sensors

M

Data Logger= ES2 ¢1Z3l0] HIO|E{E FHE5ID MEstH, JZE LEH= PCAZE AEr|el £F7(olct.

Photo 52 HIOIHZEH, JEEEAH, HelA & HAEAS HERH D QCt

(a) Data Logger (b) Accelerometer

(c) Displacement meter (d) Straingaue

Photo 5 Data Logger Photograph
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Fig. 1 Azimuth and Slope Angle of Cable Outsider Surface Fig. 2 Variation of Cable Tension to Temperature Effect

-n

ig. 2= 7ol=ol 2dsHs 2E50E 1Sk 4ol AHol22 FHMEE LIERIcH 2EHEl| wWE #Hol=2

ZEHBSH= Ho|E HARTI| J|FEREHL =2 AR Ho|2e| rEHe ztAsk= Aee LIEN|QICt HHHZE #H 0|

H
HI
a
i
rlo
oY
-0
)
o
o
0
¥
rlo
0l
d
ab
£
inl
I
Al
|O
HU
-
A
X
=
=
o M
OEI
Jor
ro

= Y27t 7|&E=2 FASS olshsh|

M= Aol 2Ede2 & 12istil AHolS2| Mx[fIxlol w2t o2 2xsts 2EHEIE BrIS5I01 of Al

3
2 AME2 Impact HammerE 0835101 EHot= XSS ZE FHEQACEH ZAHAM FHol=2 HXICHO|Al 7HolSoll &

=
22 Jte %, AolZo0l CikE MMSS 251D SHsi0S 018310f JINIsHA MBS Susich Age

Xl ZIH|O|E{E ModalVIEW R2E &35t01 2M8 MAISICHABSignal, 2012). H|O|E =&2 NI-9234 SIEHHE X
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50| 5t A4H|= 3dB MethodE OS5I CE 047|M 30B Method= CHS Eq. (1) ZCl.
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f1_f2

Damping ratio(%) =

o{7|1M f= STUFLOIH, f& STFLFLECt 2 Fis2M 3B &2 Fu, [, STUFITED 22 F

T=2A 3dB 22 Fulsolct,
3.1 Hol2e| Fulr-SEe==(FRF) Zzf
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Yl H11H12H13 Hm Xl
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)_/3 = Hyy Hyy Hyg -+ Hy, )_(3 2
)‘fn Hnlj{nZHnS Hnn Xn
0{7|1M v,= ARE oM SEUSAHEEZO[CE x= AT jollM JIEIMSAHERO|Lt, f,= AFRE et | At

olofl FRFOICE.

Table 10l = 70[E2| FRF ZZE ERHAUCE Table 10iM F&F FRF Zhk= 70|22 72 Zolo| w2} 70|
=0l 285t ARt HEe Hals njagt Aoz LEHgen IRIST 1AZES 4.806Hz, SRIEES
38.110Hz0|0q, BHEe| 1XtEE+= 3.373%, SALZE+ 0.487%0(|Ct O|= AlFol| o|&& #Holgel FAH7t 383l A

ol=2| FAtHH| 2F 1/202M #Hol=e| 1REST2t HEGL

o = O HA

ro
OH

E3el AFgmef gt xto[7t U7 mi-Zo|ct.

bR L S L
._k,l_ [ 10 [ J’ | N
| g o \ I PR,
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(a) FRF of Cable (b) FRF Fit of Cable
Fig. 3 FRF of Cable
Table 1 Cable FRF Result
s Frequency Damping
Division (Hz) %) Cable Area
4.806 3.373 1xZ12.7mm
13.066 0.409 1xZ12.7mm
Cable 19.061 0.646 1xZ12.7mm
35.832 0.632 1xZ12.7mm
38.110 0.487 1xZ12.7mm

3.2 #Ho|=2| Stabilization Chart Zz

Fig. 40lM= AHlo|2oll CiSt Stabilization Chart Z2HE LIERNRICE Table 2= Stabilization Criterias LIEHH

At
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Table 2 Cable Stabilization Criteria

Symbol Frequency Damping Ratio Mode Shape
] yes yes yes
v yes no yes
d yes yes no
f yes no no
0 no no no

0{7|ol|A Stabilization Criteria= Frequency Stabilityoll CHEHA] 1%, Damping Stability= 5%0|04, Mode Shape
stabilitys %2 ARRSIFHCHJenny et al. 2007). EESF Stabilization Charte Ho|£2 IRAIESLel M 3l
Egalo| et 7|5 E Fofsio] 2N J|EXE £FSE 4R yesE HHSIQN, EEESkE ZF noZE ZEAIEHL

Stabilization Chartoll (& 7H0|=2| LREISTot HEL ZAE 24 2ot ARSI =255 HE2 ot

A
rir

S LIEHHACE. Stabilization Chart Z2t 70l RIS, BE X ZEFMe| otgr|&EE 2F &
&5k A2 MAZEO|M HERCEH AHolg2 227t =255%

Complexity, Fig. 6lM= #HlO|E2| MACE LIERNAUCE.

B |
Fig. 4 Stabilization Chart of Cable Fig. 5 Complexity of Cable

Fig. 6 MAC of Cable
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323 deg Cable Temperature

(a) 11.8 deg Cable Temperature L 1)

& & & o

2nn

J- -—

(c) 13.9 deg Cable Temperature

o

- o H EEE-

(d) 14.1 deg Cable Temperature

Y 2
.9 deg Cable Temperature

(h) 18.1 deg Cable Temperature (p) 47.2 deg Cable Temperature

Fig. 7 Cable Temperature Result

88



Fig. 72 €37 ¥ HE7IE ALE3lo] 70|22 2EHaE dsheIiets SoliM Fdet 22N 2E/RIE
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(a) 15.35 deg Cable Temperature
BB e v
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(b) 19.1 deg Cable Temperature
Fig. 8 Cable Temperature Result of thermocouple
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(b) Frequency Measurement in Excitation

Fig. 9 Cable Modal Test Result
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(c) Acceleration Measurement of Temperature 45 deg
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(d) Acceleration Measurement of Temperature 24 deg
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(e) Acceleration Measurement of Temperature 40 deg
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(f) Acceleration Measurement of Temperature 34 deg

Fig. 9 Cable Modal Test Result(Continued)
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(a) Frequency to Temperature 15.09 deg (f) Frequency to Temperature 29 deg

(h) Frequency to Temperature 37 deg

(g) Frequency to Temperature 33 deg

(d) Frequency to Temperature 19.32 deg (i) Frequency to Temperature 39 deg

(e) Frequency to Temperature 23 deg (j) Frequency to Temperature 45 deg

Fig. 10 Cable Frequency to Temperature
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Fig. 100IM= Aol 2E8slo| e LRESTel SYZLE HELRI20] AHo|22| 2=JF 11°ColA 45THt
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o WA —"E:-
AL
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(a) Acceleration to Temperature Variation

Frequency to Temperature Variation

(b) Frequency to Temperature Variation

(c) Tension to Temperature Variation

Fig. 11 Cable Temperature Effect from |EPE Accelerometer
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emperature variation

(a) Acceleration to Temperature Variation

hecd Tendian to T

(c) Tension to Temperature Variation

Fig. 12 Cable Temperature Effect from Accelerometer
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Fig. 130lA1 70|

(a) Acceleration to Temperature Variation

(b) Frequency to Temperature Variation

3; Tension to Temoerature Variatior

(c) Tension to Temperature Variation

Fig. 13 Cable Temperature Effect from Mot ionsensor
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(b) Strain to Temperature Variation

Fig. 14 Cable Temperature Effect from Straingauge
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(d) PXI Modules

(c) Triaxial-accelerometer
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(b) I/O Modules

(a) Accelerometer
Fig. 1. Data Acquisition System



Table 1. Accelerometer Specification

Division Specifications
Sensitivity(£15%) 1.02 mV/(m/s?)
Measurement Range 4900 m/s* pk
Frequency Range 0.5 to 10000 Hz

2.2.1 Arduino Uno etc. Sensors
OFFO0l = Atmel Ale| 16MHz OIO|ZAZAE=2{Ql ATmega3282 AlZ5H0{ CIksH FH FXE o

g = AC9]. 2 HFOME ofF0le e IFEZHEMMERE AL MSE HXEUZZE Hets)

(@)

1 ZUE Yo £t d22 =oH[9]. Fig. 22 HMMAEIS HELHD At

9FZ 2 MM A= Bosch Ate| BNOOSSE 3F 7HSEAH, 35 AO|2ZAFZ | 35 X AAMME FM =

(a) Arduino Uno (b) 9Axes Motion Sensor
Fig. 2. Arduino etc. Sensors
Table 2. 9Axes Motion Sensor Specification
Division Specifications
Chip based BOSCH Sensortech BNO055
Thinker Kit interface 2 xTWI, 2 x OUT, 2 x IN
Motion Sensers 3-axial accelerometer, 3-axial gyroscope, 3-axial geomagnetic
Fusion Engine 32-bit microcontroller with BSX3.0 FusionLib
Operating Voltage 5/33V

2.2.2 Data Logger etc. Sensors

il
02
[o]]

Data Logger= *=ES3} o4ZS5I0{ HO|HE o XMEsin, Jel= & LER = PCHZE AEgQl
ZX7|o|ct. Table 3= Data Loggerdll CHSH 7|=X™ A Fig. 32 HIOIHZH, 7IEEAHE LERNZ U

Ct. Table 4= 15 JESEAOf Tt 7[5 AttS LiEHHCE

(a) Data Logger (b) Accelerometer

Fig. 3. Data Logger Photograph
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Table 3. Data Logger Specification
Division Specifications
4,8, 12, 16, 20,
Number of Channel 24,28, 32, 36, 40 Channel
Measure Hz 1000 Hz
5p Screw connector or TAJIMI

Connector for sensor

Input Sensor

- 1Gage & 2Gage : 12002, 350Q2
- 4Gage Bridge Sensor :
0.5 mV/V ~ 100 mV/V
- Protentionmeter Sensor
- Pt100, thermocouple
LK T,ER,S
- Voltage : 10V

Strain Input Range

10000, 100000, 1000000*10°° strain

10Hz, 100Hz, 1Khz, Pass Program Selectable

Low Pass Filter
Interface USB
Program Multiscan S/W & Multiload S/'W
Demension 470(W)*190(H)*320(D)mm
Power AC220V, 50~60Hz

Table 4. Accelerometer Specification
Division Specifications
Capacity 20 m/s’
Rated Output 0.5 mV/V(1000%10°)
Non-linearity 1% RO
Frequency Response (Hz) 80
Natural Frequency (Hz) 150
Permissible Temperature Range -10 ~+50°C
Permissible Overload 300%
Input&Output resistance 1200
Recommend Impressed Voltage 2V less than
Allowable Impressed Voltage 5V
Connection Cable @3mm 0.05mm?2 4-core shielded Chloroprene Cable 5m
Mass 13g

9234 SIEYOHE A3

B ZECHHXESZ T35t REHIIE Al
Fich, 017|A 3dB Method= CHS Eq. (5)2F ZCl.

SHeez A=At AMER FHo[Soll cofreh MA

tod

ol

b AE2 7olS0 LTds MR

B 2oid Z=54 ZIH 0|8 E ModalVIEW R2E S5t

125I%Ct. FRF(Frequency Response

z

AMAISIICE, D/ RS E= Peak Picking Method

Damping Tatio(%) = ﬁ
1 2

07N f= BRFTROIN, f= B
o} =2 FuszA 3B Ae Fus

In
5l
A\

oot

Zo| Meas
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= 8(x,)e 2tEels Hate2RE F2H(y,)2 2tE2tA Hatel A E LIERQUCt.
Y Hy Hyy Hiy Hy, | (X
Yz Hzl 22H23 : H271 X2
Y, = | Hy Hyy Hyy -+ Hy, |1 X (6)
)‘/n Hnlj{nZ .[{713 Hnn Xn

o{7IM v,= AR oM SEMIAHEZO|ICH x= AR oM IS AHERO|CH H= AR

T i2F | Atoloil FRFO|CE.

(a) A Birdge Longitudinal Section

[ 1

2.5 | 50,000 | 51,000 | 50,000 | 50,000 | 19,150
241,400

(b) B Birdge Longitudinal Section
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59.000 ‘ 79.000 38.000 38.000 ‘ 38.000
252.000

(c) C Birdge Longitudinal Section

7
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7
7
- 7
7
7]
7
7]
7
7
7/
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Cc1 C2 C C4 Ct '
[{j] |
174.000 \ 174.000
348.000

(d) D Birdge Longitudinal Section

71.000 \ 210.000 | 76.000 L 52.000

409.000

(e) E Birdge Longitudinal Section

Fig. 4. A~E Bridge Longitudinal Section
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(a) A Bridge Panorama

(c) C Bridge Panorama

(e) E Bridge Cable Tension Measurement
(e) E Bridge Panorama
Fig. 6. A~E Bridge Cable Tension Measurement
Fig. 5. A~E Bridge Panorama
Sensors
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Table 50ilA1 &+ FRF ZIt= 7olE2l FAet Zolof w2t 70|20 &8ss LRIST HEH H
st= |23 HOE UEGCH DRISHO i SHEMS 3 2T ALY MANHOR DRISHY
UR|SHE A2 LIEIM Aed s MYt A2 EetElct
Table 5. Cable FRF Result

Division Frequency(Hz) Damping(%) Cable Length(m)

A Bridge 277.8 0.2549 24.3

B Bridge 279 -0.1528 57.8

C Bridge 285.7 -0.08229 93.9

D Bridge 270.3 0.9896 138.7

E Bridge 249.4 0.6526 76.3
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(a) A Birdge FRF
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(e) E Bridge FRF

Fig. 7. A~E Bridge FRF

2.2.4 Ho|22| Stabilization Chart Zx}
Fig. 8ollA&= 7ol

Criteriag LIEIHRACE.
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(b) B Bridge FRF
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(d) D Bridge FRF

CHE+ Stabilization Chart Z2E LIEHHRA S0 Table 60lA= Stabilization



Table 6. Cable Stabilization Criteria

Symbol Frequency Damping Ratio Mode Shape
s yes yes yes
v yes no yes
d yes yes no
f yes no no
0 no no no

0{7|olM Stabilization Criteria= Frequency stabilityoll 2taiA 1%, Damping stability2 5%0|0q,
Mode Shape stabilitye= 2%S AFE23SHECH11]. EESH Stabilization Chart= 7ol29 I|I=+2f Yo

X ZEGYo w2t 7[5 E Foi5te] Y JIEXE SIS 4T yvesE EHSIUL, =2EFSE EF no

o ALY | SO S L 1] ST N SO CH—- T T N AR (ST TS N TANRNR Y (NSNS (IR [TFNRL [ N RS [ ST O,
e Mo e I e Me M0 Wn 4m 4w we me o @ 3@ Ho M0 30 30 390 360 30 A0 4N M0 40 @0 M0 DO S M

¥ Fregeency ()
ik Crinde StabdraDon Criena
eped LSCF - Femguency (%) T % Method | LoCP L Frepuercy (W) |1 ®
Sode Orde 50 S Dy (] 3 & Pioaiel Cridar | B0 3 Disping (98) |5
e P 5 . Shape (%) | &

(@) A Bridge Stabilization Chart (b) B Bridge Stabilization Chart

My Susdpton Che - LS0F = O >
T Cowe b

- | W B, Deeeteges

(c) C Bridge Stabilization Chart (d) D Bridge Stabilization Chart
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(e) E Bridge Stabilization Chart

Fig. 8. A~E Bridge Stabilization Chart

2.2.5 #Holg2| MaC Zxt
Modal Assurance Criteria(MAC)= Z=7to| HwME LIEIHDT] MACZ| 00l 77l MES2IXel MUAE
IR0 1o Ji7bH MEd| Aol fAHE Zt=Ch MACE AMS H|WEE AMZ ClE F Jie| MEo|A A

2EZie] AAAE 8l ZAMSks FRHOICH12]. MACE CHE4! Eq. (7)2 LtERKRUCE
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(@) A Bridge MAC (b) B Bridge MAC
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(c) C Bridge MAC (d) D Bridge MAC
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(e) E Bridge MAC

Fig. 9. A~E Bridge MAC
2.3 ARII Aol2HY HIMS AT
AE D] AolZ Hol Hhet HEAMS MHBDHE Ok Table 7 ~ Table 112+ 2,

Table 7. Cable Measurement Tension(A Bridge)

o Cable . o Cable . .. Cable .
Division Number Tesnion(kN) Division Number Tesnion(kN) Division Number Tesnion(kN)
Cable 1 31.267 Cable 1 30.655 Cable 1 31.041
Cable 2 54.297 Cable 2 55.102 Cable 2 54.787
NI 9-Axes
GTDL360 Cable 3 63.963 Cable 3 - Motion Cable 3 66.122
Module
Sensor
Cable 4 75.198 Cable 4 - Cable 4 71.306
Cable 5 85.669 Cable 5 - Cable 5 -
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Table 8. Cable Measurement Tension(B Bridge)

L Cable . o Cable . L Cable .
Division Number Tesnion(kN) | Division Number Tesnion(kN) | Division Number Tesnion(kN)
Cable 1 17.506 Cable 1 6.621 Cable 1 17.257
Cable 2 66.448 Cable 2 - Cable 2 -
NI 9-Axes
GTDL360 Cable 3 106.771 Cable 3 - Motion Cable 3 -
Module
Sensor
Cable 4 113.867 Cable 4 - Cable 4 -
Cable 5 207.625 Cable 5 - Cable 5 -

Table 9. Cable Measurement Tension(C Bridge)

o Cable . o Cable . o Cable .
Division Number Tesnion(kN) | Division Number Tesnion(kN) | Division Number Tesnion(kN)
Cable 1 1946.065 Cable 1 - Cable 1 -
Cable 2 3976.063 Cable 2 - Cable 2 3916.942
NI 9-Axes
GTDL360 Cable 3 5546.620 Cable 3 5757.901 Motion Cable 3 5546.620
Module
Sensor
Cable 4 6552.311 Cable 4 - Cable 4 -
Cable 5 6873.544 Cable 5 - Cable 5 -

Table 10. Cable Measurement Tension(D Bridge)

o Cable . o Cable . s Cable .
Division Number Tesnion(kN) | Division Number Tesnion(kN) | Division Number Tesnion(kN)
Cable 1 4770.434 Cable 1 - Cable 1 4792.118
Cable 2 6765.702 Cable 2 6632.484 Cable 2 6705.536
NI 9-Axes
GTDL360 Cable 3 8158.837 Cable 3 - Motion Cable 3 -
Module
Sensor
Cable 4 9544.691 Cable 4 - Cable 4 -
Cable 5 10834.285 Cable 5 - Cable 5 -

Table 11. Cable Measurement Tension(E Bridge)

o Cable . o Cable . o Cable .
Division Number Tesnion(kN) | Division Number Tesnion(kN) | Division Number Tesnion(kN)
Cable 1 8152.997 Cable 1 - Cable 1 -
Cable 2 8362.523 Cable 2 8337.568 Cable 2 8348.644
NI 9-Axes
GTDL360 Cable 3 8573.703 Cable 3 - Motion Cable 3 8581.497
Module
Sensor
Cable 4 8811.415 Cable 4 - Cable 4 -
Cable 5 9054.293 Cable 5 - Cable 5 -

109



ol

2v7E
==

Table 7 ~ Table 110{|M

1.509~3.669%0|

o
T

4

(o)
[

mEk

2% 0.728~1.996%0|0 Bl A 1.443%0|04, C

%I:

ol

3.669% 2 A 2+2to

Hips

0.091~0.299% 2 A =|CHH

ol e

i

0.452~2.009%0|04, E

ol A%

wH

o, D

Al

H=e
HA =

T =Mt

tod

S

ol &

KAl LHERHACTE. Ab

©

of| CH
LEEFRECE.

——y
1o

Z0|

Table 122}

=1}
=

(b) B Bridge Analysis Frequency

(a) A Bridge Analysis Frequency

(d) D Bridge Analysis Frequency

lysis Frequency

(¢c) C Bridge Ana

(e) E Bridge Analysis Frequency

10. A~E Bridge Analysis Frequency

Fig.
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Table 12. Cable Analysis Frequency

Division Frequency(Hz) Mode Shape
A Bridge 1.590 Torsion
B Bridge 0.455 Torsion
C Bridge 0.995 Vertical
D Bridge 0.371 Vertical
E Bridge 0.492 Vertical

Table 120 Dol 7|5ke 0l wet REHAO| HSARE U AXNBEJ} MujHel RER Lieto
of X BEolMel DRASHE 0.371H-1.500Hz2 LEL B8F9 AT DRSS Helet RAle
o= LiEtsch,

AE Dol h3t Aol ZFol it +xIHAZT AolZel TS Fig. 11 L Table 132+ 20| Lietyt

=

T E.

(a) A Bridge Cable Analysis Tension (b) B Bridge Cable Analysis Tension

(c) C Bridge Cable Analysis Tension (d) D Bridge Cable Analysis Tension

(e) E Bridge Cable Analysis Tension

Fig. 11. A~E Bridge Cable Analysis Tension
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Table 13. Cable Analysis Tension

Division Cable Number Tesnion(kN)
Cable 1 25
Cable 2 53
A Bridge Cable 3 75
Cable 4 85
Cable 5 74
Cable 1 207
Cable 2 116
B Bridge Cable 3 16
Cable 4 9
Cable 5 14
Cable 1 1933
Cable 2 3917
C Bridge Cable 3 5546
Cable 4 6566
Cable 5 6857
Cable 1 4982
Cable 2 6668
D Bridge Cable 3 8171
Cable 4 9559
Cable 5 10848
Cable 1 9055
Cable 2 8818
E Bridge Cable 3 8586
Cable 4 8361
Cable 5 8144
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2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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ST D= (=8 X281 - 9 AXES MOTION SENSOR SYSTEM - 1Xt)

3H70lE 3FIIEE aX

3HFAOlE 3EIIEE aY

3H70lE 3FIIERE az
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ST D= (=8 X281 - 9 AXES MOTION SENSOR SYSTEM - 1Xt)

470l S 3FIIEL aX

4HFO|E 3EIIEE aY

470l S 3FIIEE azZ
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IRMNSy O (=8 X281 - 9 AXES MOTION SENSOR SYSTEM - 2x})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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IRMNSy O (=8 X281 - 9 AXES MOTION SENSOR SYSTEM - 2x})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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S4 = (=3 X281 - 9 AXES MOTION SENSOR SYSTEM - 2X})

3H70lE 3FIIEE aX

3HFAOlE 3EIIEE aY

3H70lE 3FIIERE az
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VRIS JZ(=EHX[2]W - 9 AXES MOTION SENSOR SYSTEM - 2%})

470l S 3FIIEL aX

4HFO|E 3EIIEE aY

470l S 3FIIEE azZ
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VRIS JeZ(=EHX[2]W - 9 AXES MOTION SENSOR SYSTEM - 3%})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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VRIS JeZ(=EHX[2]W - 9 AXES MOTION SENSOR SYSTEM - 3%})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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VRIS JeZ(=EHX[2]W - 9 AXES MOTION SENSOR SYSTEM - 3%})

3H70lE 3FIIEE aX

3HFAOlE 3EIIEE aY

3H70lE 3FIIERE az
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VRIS JeZ(=EHX[2]W - 9 AXES MOTION SENSOR SYSTEM - 3%})

4H70l 2 3FIIEE aX

4HFO|E 3EIIEE aY

470l S 3FIIEE azZ
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1RV ST D Z (== X252 - 9 AXES MOTION SENSOR SYSTEM - 1X})

1HAH0lS 3FIIEE aX

170l 2 3FIIEE aY

1470l 8 3FIIEE aZ
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IRASE JHZ(=HHX[2]W - 9 AXES MOTION SENSOR SYSTEM - 1xt)

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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S4 = (=3 X281 - 9 AXES MOTION SENSOR SYSTEM - 2X})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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S4 = (=3 X281 - 9 AXES MOTION SENSOR SYSTEM - 2X})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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ST D= (=8 X281 - 9 AXES MOTION SENSOR SYSTEM - 3%t)

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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ST D= (=8 X281 - 9 AXES MOTION SENSOR SYSTEM - 3%t)

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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IRASE JHZ(=HHX[2]W - 9 AXES MOTION SENSOR SYSTEM - 1xt)

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az

182



IRASE JHZ(=HHX[2]W - 9 AXES MOTION SENSOR SYSTEM - 1xt)

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az

183



IRMNSy O (=8 X281 - 9 AXES MOTION SENSOR SYSTEM - 2x})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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T(=%Ef X281 - 9 AXES MOTION SENSOR SYSTEM - 2x})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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ST D= (=8 X281 - 9 AXES MOTION SENSOR SYSTEM - 3%t)

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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VRIS JeZ(=EHX[2]W - 9 AXES MOTION SENSOR SYSTEM - 3%})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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LFEST JllZ (S - 9 AXES MOTION SENSOR SYSTEM - 1X})

1HAH0lS 3FIIEE aX

170l 2 3FIIEE aY

1470l 8 3FIIEE aZ
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Kl
=
r
off
-+
4
o
Iil
of

T2 - 9 AXES MOTION SENSOR SYSTEM - 1X})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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Kl
=
r
off
-+
4
o
Iil
of

T2 - 9 AXES MOTION SENSOR SYSTEM - 1X})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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Kl
=
r
off
-+
4
o
Iil
of

T2 - 9 AXES MOTION SENSOR SYSTEM - 1X})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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Kl
=
r
off
-+
4
o
Iil
of

T2 - 9 AXES MOTION SENSOR SYSTEM - 2%})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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kl
=
]
Offn
4>
|
el
Iil
o>

T2 - 9 AXES MOTION SENSOR SYSTEM - 2%})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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Kl
=
r
off
-+
4
o
Iil
of

T2 - 9 AXES MOTION SENSOR SYSTEM - 2%})

2H7A 0| E 3FIIEE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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kl
=
]
Offn
4>
|
el
Iil
o>

T2 - 9 AXES MOTION SENSOR SYSTEM - 2%})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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Kl
=
r
off
-+
4
o
Iil
of

M - 9 AXES MOTION SENSOR SYSTEM - 3%t)

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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Kl
=
r
off
-+
4
o
Iil
of

M - 9 AXES MOTION SENSOR SYSTEM - 3%t)

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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Kl
=
r
off
-+
4
o
Iil
of

M - 9 AXES MOTION SENSOR SYSTEM - 3%t)

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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Kl
=
r
off
-+
4
o
Iil
of

M - 9 AXES MOTION SENSOR SYSTEM - 3%t)

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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DRHESS DHT(STOIEMEIT - 9 AXES MOTION SENSOR SYSTEM - 1xH)

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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DRHESS DHT(STOIEMEIT - 9 AXES MOTION SENSOR SYSTEM - 1xH)

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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DRSS JefZ(STotEME W - 9 AXES MOTION SENSOR SYSTEM - 2%t)

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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DRSS JefZ(STotEME W - 9 AXES MOTION SENSOR SYSTEM - 2%t)

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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ST = (STotEME{ W - 9 AXES MOTION SENSOR SYSTEM - 3x})

1HA 0l 3FIIEE aX

1870l & 3F7FEE ay

1H7A0lE 3FIIEE aZ
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DRSS JefZ(STolEME L - 9 AXES MOTION SENSOR SYSTEM - 3%t)

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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LFEST JlZ(Hlo|24tdm - 9 AXES MOTION SENSOR SYSTEM - 1X})

1HAH0lS 3FIIEE aX

170l 2 3FIIEE aY

1470l 8 3FIIEE aZ

206



RIS JeZ(dlo| 244w - 9 AXES MOTION SENSOR SYSTEM - 1X})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az

207



DRSS Jef=(dfo|22F4 W - 9 AXES MOTION SENSOR SYSTEM - 2%})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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DRSS Jef=(dfo|22F4 W - 9 AXES MOTION SENSOR SYSTEM - 2%})

2H7A 0| E 3FIIEE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az

209



RIS JeZ(dlo| 244w - 9 AXES MOTION SENSOR SYSTEM - 3X})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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RIS JeZ(dlo| 244w - 9 AXES MOTION SENSOR SYSTEM - 3X})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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S5 2 Z(4Mcim - 9 AXES MOTION SENSOR SYSTEM - 1X})

170l 2 3FIIEE aY

1470l 8 3FIIEE aZ
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DRSS Jef= (WA - 9 AXES MOTION SENSOR SYSTEM - 14})

2H7A 0| E 3FIIEE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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DRSS Jef= (WA - 9 AXES MOTION SENSOR SYSTEM - 2x})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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DRSS Jef= (WA - 9 AXES MOTION SENSOR SYSTEM - 2x})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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DRSS Jef= (YA - 9 AXES MOTION SENSOR SYSTEM - 34})

170l 2 3FIIEE aX

1470l 8 3FItEE aY

170l 2 3FIIEE az
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DRSS Jef= (YA - 9 AXES MOTION SENSOR SYSTEM - 34})

2#70lE 3FIIERE aX

2H7 0l S 3EIIEE aY

2H70lE 3FIIERE az
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