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Fig. 1. An overview of the laboratory sample
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Fig. 2. Electric motor and driver used to apply vibratory force
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Fig. 3. Sensors and actuators connection on the flange
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Fig. 4. Digital torque meter SK11060118
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Fig. 5. Low frequency ultrasonic troubleshooter (flaw detector)
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Fig. 6. Owon VDS-2064
Owon-VDS2064 oKws £ JSi
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Table 1. Parameters considered in numerical and experimental Analyzes
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Fig. 7. Flange joint simulated in ABAQUS software and location of sensor and actuator
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Fig. 8. The loose bolt position in numerical and experimental
analysis
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Fig. 9. Modulation index in different sensor-actuator positions at %50 looseness
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Fig. 10.Comparison of modulation indices in different sen-
sor-actuator locations at different looseness percentages
(Experimental analysis)
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Fig. 13 .Comparison of modulation indices in different sensor-
actuator locations at different looseness percentages (Numerical
analysis)

- S e gladaadae 0 eewYaie b aslis awslie VY S
(gous Jdoo) alizes slo Soub Lo ao)e jo Klee

0.6
0.5
# 12
504
E 23
s 34
203
_‘é 45
22 ~36
=" ~67
—-78
0.1 —-81
0

0% 10% 20% 30% 40% 350% 60% 70% 80% 90% 100%
Tightness (Percentage)
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(Experimental Analysis)
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Fig. 11 .Comparison of modulation indices in different sensor-
actuator locations at different looseness percentages (Numerical
analysis)
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Fig. 12 .Comparison of modulation indices in different sen-
sor-actuator locations at different looseness percentages
(Experimental analysis)
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Fig. 15 .An investigation of the effect of looseness intensity on
modulation indices at different sensor-actuator locations (Nu-
merical Analysis)
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Fig. 16 . The effect of excessive increase of torque on modulation
indexes in different sensor-actuator positions (Experimental Analysis)
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Fig. 17 .The effect of excessive increase of torque on modulation
indexes in different sensor-actuator positions (Numerical Analy-
sis)

(e Judzo) Slos - K> calizes slacusige

AR

sl i o a5 canl S5 @ p3¥ ol sy jaS 1l
D Jds 4 bjlogel (550 4 g0 (og,lid 00 cddoslolis
el oo 03l )3 Lo Mlos g b S SuaBse ;0 09290

olial as el cpl il axgr Gl Wl as Ko glass
OgeYgde atls Jlode mals cuw olgen wad Jleel jglias
ol 0aolie B 55 VY 9 V8 o JSG j0 aS digS ylen g oduid
azlgr eewVgde jasld jlade ol o g alils WS il
Jles! e a5 0 lslinl o 5l o (g )5tiaS a5 Sloj &dly jo 0l
ahauly 4 45 098 o0 Sbnl 5 g (Il (85 Gl 035 o
230 Jb 50 @se 5 syt 518 59 s o Sito¥lszagsT 51
@1y 0% b slad po s, cpl &5 wd valss lae ool ]
50 aS Ceol S5 a a3Y ol ey lis Zlgel awYgus O a0
Okl 5l G &5 ASoles B S0 00 oue sileand
Soye 4 ) dhl, S @ o 4 Jleel jolinS sl oas S
2 oad Joe g bk A 55 So 5 00D S (557
el 023 Jlae usSUT 38 5

OsemVgda byy 5 edlitul 3j0e 5o Sos Jab B S

)‘ odw‘bgoéy)& 0»5) U" CBS aS el U"‘ M;isqu

ol gy 0ld GasedS Gl oa |y (Sl sy vz U]
$9) &80 )50 2285 Gddod o eYgae (el alike
o5 o a4 cewl (IS 00eld (pl dge allas ol o cadaisle sole
o Lt sl /) ssles b 5,5 gegte (Al laie
e Jlade pl b cls salgd sgxg oile oy b ze
(Shoe= Suz) Suosdon ()90 & bgpe Jlo Glye & ol
4 by ye ol (S bl (SaB S wops ol b (2
5 a3l (Fas s ae s VYO L e 4 SosBge o 5 Su0p
e osaline 5 Cond G LS ploxl b &5 S5 Dl o0 iz &l
Sy50 53 s ek b oS g3z s o) 3 SYL ke S,
d9zs ojle ol o b g Sy Jla o5 el ] 28 ol
Jooz Glhae &5 S5 Ol oo sloael iz (585 5l050 L o)l
Gilbo 2ialel oyl 50 SitgSTs s (gmaVode by, oF
0oy VYID 5 45 el 1305wl 0308 s alliio ol 40 4 azl
VYD sae aS el S35 p3Y 000 aseid ojlw ol Sas o

(5-‘(;“\"“" Jw L)‘)M e LJ"‘ 9 009.‘..; QWYBJA L)d5) N n.\.»a)é



S b sl 5o Cdd e Sl g 9o (@Sl polie Y oo

Table 2. Modulation index values for measuring accuracy in looseness detection
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Fig.18. The effect of the vibrational excitation frequency on
modulation indexes in sensor-actuator position 45 (Experimen-
tal Analysis)
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Fig.19. The effect of the vibrational excitation frequency on
modulation indexes in sensor-actuator position 45 (Numerical
Analysis)
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Fig.20. The effect of the ultrasonic excitation frequency on
modulation indexes in sensor-actuator position 45 (Experi-
mental Analysis)
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Fig.21. The effect of the ultrasonic excitation frequency
on modulation indexes in sensor-actuator position 45 (Nu-
merical Analysis)
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