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The Study on Elongation and Torque Measurement in Large Bolt
by using Ultrasonic Technology
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Abstract - This study on the bolt elongation and torque measuring method by ultrasonic nod-destructive method. In
the past, The dial gage was used for the elongation measurement of gas turbine bolts. The purpose of this study is
to improve the traditional bolt elongation measurement method. The old method using dial gage measures the
elongation of the gas turbine bolt. If the length differences among the loading bolts are within the required range,
The loading torques of bolts consider as acceptable. But this method can not give the information about torque
differences among the loading bolts. It could bring out vibration of turbine due to loading torque differences
among the bolts. So the elongation and torque must be measured simultancously. The new technology using
ultrasonic non-destructive method can give the information about bolt elongation and torque. The ultrasonic method
basically measures the speed in the bolt material for the calculation the bolt elongation. But the ultrasonic speed
varies according to temperature and loading torque of bolts. So the factors of temperature and loading power were
investigated and reflected to the calculation of bolt elongation and torque. The results of this study shows the big
difference among the bolts torque in the old method and the torque differences among the bolts can be adjusted
by reflecting the result of this study. And this torque adjusting method can decrease gas turbine vibration problem
due to torque difference among the bolts. So this paper shows ultrasonic method is better than old method for the

measurement of bolt elongation and torque.

1. M B EQ do] g AAYo] A7t Aol wet WEHA

"ol 2dEE AR 7] BEY Aol dA4g

FAL Jt2gE Able 318 g 4271 W9 vl ok sinElE Alztbe] Al ek g4

of EUtLd i FEEHe HEoE fA4Y WEo] Aasly aAHFo] F/ES AAFol A
gom &9l HYE MarriageEEo] 939

P —

23l ERlY ZF @& Turbine EE| 93 A2 weha, dHle] 4 Fo ¥4 FU|E EEY

. AR g AZEE F4s Add BHCHW T
ol 72Nl AAE EEE AAE AHE  ANE F A=E BYHoF 0. AF7HA THEH

AL I 3600rpme] &I H FHZ A W BEY AFFE to|dAAE ol &ste FA

T Qdth ES e U5 AEAL e dtellA HE e gon, o) ©&d EE A2 A F9 4o

7] wEo] BEEASY AdAs @ AARe] 48  wE AT BE F3e FuEad dolvh o

dog st AW AHrt WL olw sl B AT W9 el 9w AAH FA} Qe o

2 dgsto gt
AANFGAAD) 1 A AH AT AR HATL agl, &R Fo) shaEule AFol AF WA
E-mail : ysas@keprirekr, Tel : 042-865-5549 33 o)z o8 Fh2EY Boloil EAFHE B

B, A5 39 AgaT A IaTe

440_



FhE A
g% Al
9lth= _g]ﬁo]

ele el
2E
ol
8o

=2
1
g,

1o ox
2
il &

o
m e

oo

o]

¢

i =2
2
2L
N

_1_4
ol

oft
-
)

Ho
okt
2
Ir
>
N
)
off
flo

o S o

2

o
g b, {o
i
o
offt
>,

_or[_g
3 o &£ 2
s A S )
i)
ok
i) 1:0
-4l
2
QB o

o
s
£ oo
:
[l
— Ol
)
é
Tomd

DA 021

rr
o

B
=
ol
20
X,

s
e
okt gt o ko fo
=
i
QL

-
=3
>
rir
P
o
H
b

M
b
it

m o
. o
2

o

> rfo
o = I
R
B

o

z M2 2
o B g
2 8
mﬂ[ rlm
ofe
ol
R
=
N
rh
lo
v

o 2 rr

)
S
X
=2
=
N
r2
oft
ol
rr
B
dlo
&

o=
d o2

ol
1>
io
e
o
b3
ox

)

g‘L
32
o

N
z
2
L]
.E

ol

Of

i

02

lo
o
L]

B 2
b2 lo >
rr ok
1>
<
=
u
N
L
.
T
o
e
-
pass
o

174 (2.1)
V&% (m/sec), £ F34 Hz(eyeles/sec),
A\ ¢ 3 (m/cycle)

oHebA A
AbElO] Fo}
JX]—E]:%
o]-§3t] AAFE ZA4suA 3}
F3skar ‘?_M}Q TOF easuread Time  of Fllght)
TEH ole Z2FHUF HAbEO] EoloE A
(Sound Path Duratlon)i 22 Ui Zﬂ"]tq, 01
(22)8F Zo] Yed 4 sl

rlr

mhi
It
K3
ol~)4
i=)
i r:i m iy oo LN

_Sound Path Duration ‘
TOF measured 2 (‘22)
AHOZHE T3 TOF measuredd] BEEQ 1
r % &£=& FId E2E Hx Ao
Lref(Reference Length)2 +8 4

AT o714V

v A5Y 3§ £33 £EEH Reference Block

o] &3t dPH oz Tk
Lrefz TOFmeasuredX 14 (23)
A71M £ES Hoje 2R ¥FS wEth &
57b gebd BES) o w@ Fwt m,

EEY 257t S/t 9 £x2& A4 w
etA &3 dole FUhdth I8 ER S99 2%
2345 1H3 TOF measuredst Cp, A 2%
& ©] 238t TOFmas TSHTH

TOF ormar= TOF ynurea >
{1+ (Cp x(Temppmoupsruca— 22.22))} (2.4)

o 71 A

Cpe A% T2 &5 Ty, ol dald 2
$31g o =

001-0:1 ;L?\S_}.' 7E].0] Ll, LZQ}A 01_1_ ]

(2.5)

FO]E}

Change in Ultrasonic Length =
( V xTOF normal — sz‘ressed) -

<V x TO]?nm'mal*7'@fcrence) (26)
olg doje HMIE FeA ZEC 7l &
4 %8 oisl HomrY P 4 vk
Stress uncorrected % x

(Change of Ultrasonic Length) (2 7)

(Change of Ultrasonic Length + Effective Length)

[ — 0
LM CLAMP LENGTH —~)-! P12 STUD

DHAMETER
;(‘MMM EFFECTIVE LENGTH _-—A———')i
E

102 BTUD —m
CHAMETER

Fig 2.1 The general shape of gas turbine bolt

o
[
AC)

( H OIN
£
_\L
&3]

ffectwe Length% %E
Ae7tol] wEkA 99
st 8 4 9l



ZSUE o8 HEEE 4

AA s Auld o FAE sEHe A
HAE FMA Stress Offset?} Stress Ratios: 7
T er(Fig. 22), ol Al F TR
Stress uncorrected®] B ALgHT}

Stress corvected — Stress uncorrected

{1 + —SLQ‘SS—RQ‘MIOO } + Stress Offset (2.5)
VECTOR CCRRELATION
ISLOPE = STRESS RATIO)
THUE RELATIONSHIP REGRESSION
BETWEEN ACTUAL AND CORRELATION
ACTUAL MEASURED LDAD {SUOPE = STRESS RATIOY
TENSILE
LOAD
r Y
*‘”‘“‘“’"ﬁ’}% " ,." | oIN THIS AREA VECTOR CAN BE MORE ACCURATE
-
- BOLYMIKE CALCULATED LOAD
Fig. 2.2 Revision graph
olgA +AHH §¥ 3 Stress-correctedd] THH
Ae FAM 58S 7T+ Qon, BEY AgFe

Stress—corrected$} Effective Length, ©4 A2t
HAE 5l 7 4 3 BAYL ofget g}

Load = Stress . opeq < Cross — Sectional Area  (2.8)
Hongation — Stressw”medngective length (2.9)
3. 2EEAN =30 5 &3
IN 718 2E 249 AZFE A A4 U

oA Fuet Yu&E Ao Ada o2

8 IN 718 Step-wedge Blocke AZ3 & 2&3

7 WAH = AIHS EA 5 AT Al

do AH8H Step-wedge Block? %°]& Fig. 3.1

3 Zo] 27y 5mm, 10mm, 15mm, 20mmeo] T,

IN 7184 F3&5E £4317] 3|4 5.0 Mhz
£ Zte B35

AT E
=1

o F3ps =742 ol gstgon, £ &
= o ARe 7z olg aHTA A
peak 3} 48 peakd Aol o) AT+ ol & st

Z7rel Fold Uig £H}&EE FFL 856.58m/s0]
o ZFa B2F Y gt InconelFe 3 &%
5820m/sst Hl 3tAE wf E Aol glow oE
Fig. 2-3. & Table 2-19] e} W3ic}.

{Longitudinat SBT3

o,‘ozooooo OO0 OO0 1K DO00001E LeBelle i L

BEOQ - -
foe e w REfOrenoe |
S Test Result]
€
.
= e B e e P e [ R - oo
B
é
=
S200 =
. .
1 k-3 3 -

Sitep

Fig. 2.3 Ultrasonic speed measurement

Table 2.1 Test results of longitudinal velocity

1 5 0.00000166 5843.37
2 10 0.00000337 587537
3 15 0.00000509 5854.62
4 20 0.00000680 5852.94
Average 5856.58
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# Table 4.3 Temperature coefficient Cp (1/C)

C

A A 1 0.00010073 | 0.00006975 0.00007837
7b 239wyl 9z, Mark 5ol A2olA 200T
7hA Al 6061 T6, SPS 245 steel, Brassol i3]

AHE wle] wEW 2&Td &% Young's 3 0.00010248 |  0.00006801 0.00007837
modulus7t €57} At ulg vj$ AgAdon
72ttt g9 Table 418 Mark Tol 23t
A48 A3RE vebd Aol

2 0.00010479 | 0.00006526 0.00007819

Average | 0.00010267 0.00006767 0.00007831
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Table 4.2 Sound path duration (sec.)

BE9 A% 9 JAY 24 AT Pole
Stress Tel AH9] BoltMike M(Fig. 6.1)E ©l & 34

RT(20°C) | 0.00003806 | 0.00003823 | 0.00003828 o Agke Table 6.13% £
Aeg 9 AAY 2PN EHoRr 250
RT(20C) | 0.00003805 | 0.00003823 | 0.00003828 ' A
&0 2 ol gstE AWM EA ZHo] AEH 253 Probe
50C 0.00003817 | 0.00003831 | 0.00003837 o 2z 50 Mhzol ¥ A& BE d=e =7
o = 2P A lak &%)
S0C | 000003817 | 0.00003831 | 0.00003837 & efdtel 05inch® AH$sHoH, ]7? ¢ 5%
S Y38 AH] Parameters A ¥ S F3 A5 &
70°C 0.00003825 | 0.00003835 | 0.00003843 T ocuAA: SEuAALE 18T B4 AW
70°C | 000003825 | 0.00003837 | 0.00003843 & el BE QAR §8 AR sk
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Table 5.1 Sound path duration (sec.)

0 0.00003806 | 0.00003809 | 0.00003828
0 0.00003805 | 0.00003823 | 0.00003828
1 0.00003811 | 0.00003811 | 0.00003834
1 0.00003811 | 0.00003829 | 0.00003820
2 0.00003817 | 0.00003834 | 0.00003840
2 0.00003816 | 0.00003834 | 0.00003840
3 0.00003823 | 0.00003840 | 0.00003846
3 0.00003823 | 0.00003825 | 0.00003846
4 0.00003829 | 0.00003846 | 0.00003852
4 0.00003829 | 0.00003845 | 0.00003851
5 0.00003834 | 0.00003852 | 0.00003858
5 0.00003834 | 0.00003852 | 0.00003858

Fig. 6.2 Ultrasonic probe

Table 6.2 Measuring instrument Parameter

Table 5.2 Stress factor k(m/s/MPa) Parameter
" ' Acoustic velocity (m/s) 5856.58 5856.58
L | 0069443 | 0050350 | 6;655272 Thermal coefficient (1/C) | L.0267E-04| 1.0267E-04
Modulus of elasticity (MPa)| 199948.0 | 199948.0
2 0.059303 0.069057 0.05889 Stress factor(m/s/Pa) 6.3101E-08| 6.3101E-08
3 0.059219 0.058989 0.058805 Yield strength (MPa) 1050.000 | 1050.000
4 0.058834 |  0.058805 0.058621 Bolt length (mm) 16662 | 353.90
Measurement length(mm) 166.62 353.90
> 0068704 | 0.058621 | 0.058439 Effective length(mm) 12598 | 31047
Average | 0.063101 0.060966 0.058805
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Table 6.1 Specification of measuring instrument
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Table 7.1 Elongation measurement of marriage bolt &
- o)
AA
R 5-2| 1669 | 588.8 | 0.371 0.32131 1095 A
R 6-2] 1669 | 4433 | 0.279 0.34036 824 =
R 7-21 1669 | 471.8 | 0.297 0.33782 877
R 8-2|166.8 | 501.5 | 0.316 0.33909 932 =
R 9-2| 166.8 | 507.7 0.32 0.3175 944 o
R 10-2| 166.7 | 557.2 | 0.351 0.33909 | 1036 b
R 2-3| 1669 | 5355 | 0.337 0.34544 996 N
R 3-3| 166.8 | 523.1 0.33 0.35179 972 =
R 4-3| 166.8 | 4393 | 0.277 0.32512 817 °]
A}
[e]
=8 - Boltriiks
045 - Dial Gauge O]
.40 =
. =
@15 o
el R.‘,‘v»?‘ Rl‘S—‘.} R':’-?! BB R;r;z fa2R Re g Ré‘ni’f B3 R oAl 1
Bolt Name
Fig 7.1 Elongation result of marriage bolt
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Fig. 7.2 Torque measuring result by ultrasonic
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