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Fig. 1. Measuring principle of axial force in high
tension bolt.
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Fig. 2. Digram of high tension bolt.

Fig. 32 AA9 sgddr g Howl B Y
olFHEZt Aol U A=g B A AF
- AR AIEEE YEhiT

Fig. 3% 2& Agde Adsw, Audel 8%
?5E M9 BE URE A% 29 g4
se¢ T84 ®©th aemz, g4e) wg ¥

£ 47 A BEEJ 29 2go] Bag AL
EE9 g4 B¥F § mm/kef(Compliance)
Aoz HE 1A @t}

£'~. o r_E ru|o

Bolt No.1

M22X10

350

N
LH[I1

Bolt No.3 M22X10
T \
D) N—.
\ Py 7
JR .- )
30 240

Fig. 3. Size of specimen.

AN, ¥4 Compliance® Fig. 29 A 8H 19
AMAH, Ly, Ly, Lee] 3742 R@slzm, 2+ B9
99589 N33 (Compliance: § mm/kghHE ALt
3o 1 F¥(FA Compliance: X §)& F3tA ot
+3 2,

Ed= 01+ 62+ 03

L L, 0.4d,
AxE P AxEY A,xE M

—372—



14 BES AZEE AL A v b A A 2d T B AT

o714,
d’ d

E=2.1x10* kgf/ mm?* ]
71X, d,: BES v A& [ mm]
d,s 2ES & AE [mm]
d 1 EES HAF

p 1 BES pitch

[ mem ]

[ mm ]

2.2. /o ojst 2E MEe % HEY

148 gEe Fvo 3o Fad wWe 3
oA g Az ¢4 ARTe e 2o
4BPD = ko

_ (e _2 G

CU Ca X _2_.. ...................... (2)
7NN, I,=1,+(Z6x o) 2RH

ko _ L+(38Xa) 1,

C, C, T, oeereememsossesmssssssssssnnes (3)
4BPD : &3 ¥ =4 2ol A [ mm]
(Beam Path Distance)
k2 AT [mm/kef]
o ¥ EHF [ton]

I, : ¥R 2E o] [ mm]
lo + 3N BE Zo]  [mm]
C,: BR3AN9 283 £% [ m/sec ]
C,: BatAe 289 £% [ m/sec ]

3 DEY BES 5 A
EES) Fdo) #3572 B9l W= 2el(4y)
RE ¥ BE 398 tg3 o) T

ERE 7 BE FHo] A% @A AFRE 4
olet 3,

ol B3, olwhe] g/ee] Hl(¥E AE)E Thet 2
of tehd 4 itk

Vol. 15 No. 2(1995)

_Z‘kg =]= COFISE *+weevereressssssssarantonanianisessnsentssisassnnans (6)

A71A, 7o % BEEY AFHd T FIgoz
dEE.
oo gziE EE FY(0)E TIEY,

_ A4BPD _ _4BPD
T Tk Tk
5 %
ABPD . .....ooovrvvrereirrnensrnsaseressensssesssassins
= S5 @

Mehd, A (N2RE 3ol g %e W (7
B FeDsh A8 W(Fak Fe) ¥ =R Fel

226 149 259 F8& 78 5 Utk
3. A8 A U U W

3.1 AE Fx|

E AP £8E nHER AF87] A% do]
e A 2 24 FA o 74 Fig. 49 2o E3
olwje] AFo AEd FAELS ThSF Zom,

(1) T5y AFAE7] (&% 100 ton : Model

UT-702)
(2) Sing-around unit
(3) =& FEAAEF 3 15 MH,
9, 252 473 20 mm)

(4) Oscilloscope (Model : V-105, 100 MHz)

(5) Dial gauge (F3¥ 9 :001 ~ 5 mm)

(6) Jig

(7) IBM PC 38

(8) VGA Monitor

(9) Printer (Laser Jet 4)

(10) AN ¥HA (12Cr.V.Ta)

Fig. 49] &1 ¥&A=25E 42 A3E &

& Wtk =% A (Sing-around unit)$} TAF
ARAzITE 53l RS 232C AE Hza B
e Abgste] IBM PC 38622 HolElE A
92 £E3= $e YEiya vk

.
£

3.2. Ay o
BE9) 29 24 A9L s 22e A

o] 12Cr.V.Ta?l %8 EEE A4 24 £

—373—



LEEE RSP

I

AAL, B3, A3, 13D, & A

W god, oA AdERe el 2e 4y
4g 9g + ek

____91 Probe
Z S Arond Unk ABPD=10.1%9¢ ®)
I - 4BPD=1(.0870 (9)
Tester
A A Lo Be o Al =2
- — 017] -], "] (8)\__ = — NO. l j-E]—'—, bl (9)
| Jig HH Ubrasonic E No. 389 ti$ 4¥4& el
Beam
J Nat IBM PC 386 |— H'[:r":i’k FILE=BOLT3
| : - i
:é%‘- Die guuge 3 . .
VGA Monitor Printer _j
tF (mm)
B :
Fig. 4. Block diagram of measuring system and E2 .
data process. M j po
: o
Pt AR ¥, wey AFABI(EFE 100 ton) A oo TR
£ AHgsld dFE AgAoz FUAA hEA 5 et
2837k AgR UWRE el 98 A% A ] e
& A%33, =¥, IBM PCE 9239 2= 59 1 - ,
& ANSPo, dial gauge= o] W wH WY ¢ 0 10 2
T Qe 243 AY Aadolo) £ TENSILE LOAD (ton)

w

B
=]
=

FILE=BO|

Fig. 6. Relationship between beam path distance
and load (Bolt No. 3).

s =Lof§f>l T Fig. 29 24E 2 JPo2Re AL

i, Y=BPD ol REoz Risle, & (VERH 78 4 B

M 9] Compliance® 7319, Table 19 A3} 2t}

A

i 1 Table 1. Calculated results of compliance

II) Unit : [mm/kef]

z Lk _ Specimen |5, 52 55 | ze

E 0 1o (TZC‘)’N) 1 3873x10° | 1.065x10° | 1.137x10° | 4093x10°
TENSILE LOAD

Fig. 5. Relationship between beam path distance ’ 22107 | LOGXI0® | LISTX107 | 2714107

and load (Bolt No. 1).

TS 2 (4), 4 6), 4 GeERH B2E A

iy

k
9} FA compliance?] H|( HE T3 AAE 1o
Table 2o1 YERASLT.
watA, Table 29 AFH 13 39 & HFsw
7=3.18°] "€t z¥zz olxozRE uHY

4. &8 2 ¥ g

Fig. 59 Fig. 6o1M & AF 8% olton)d =&
el 2Ry NFAF ABPD(mm) o] BAZ L}k

—374—



24 BE AASE 242 AT M A BA A2 ol BE AT

Table 2. Ratio of bolt constant and compliance

Specimen k 20 ]
No. [mm/kef] [mm/kgf] k/2 81
1 129x107* | 4003x10°] 3152
2 87x10° | 2714X10%| 3205
EE9 €& T3ld, g g
= ABPD e eeneas
I=318x 55 (10)
5821.5
(m/s)
5760 4 v
E
L
0
c
1
T
Y
ool 5670.2
5660 % : :
0 2 4 6 8 10 12 14 16 18 20
FILE=VELSDEN  TENSILE LOAD (ton)
X=LOAD
Y=BOLT1

Fig. 7. Relationship between load and acoustic
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A Study on Constitution of Plant Safety Inspection System

for Measuring Joint Axial Force of High Tension Bolt.

J. Y. Kim® and S. G. Park™ and H. S. Kim™ C. H. Kim™ and S. You™
*, sk Chosun University
#x Yu su Fisheries University
%% KIA Technique Research Institute

Abstract By using ultrasonic waves, we obtained conclusion from the experiment for measuring joint
axial force of high tension bolt. The conclusion is followed.: From the high tension bolts used at turbine

of Thermoelectric Power Plant, we obtained the equation of calculating joint axial force that is

o= ‘}Ijgg. By using IBM PC, which is inputed by the equation for calculating joint axial force of high

tension bolts, we got joint axial force of high tension bolts form beam path of ultrasonic waves.
Furrther, we can identify that constitution of plant safety inspection system is possible.
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