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The accuracy of measuring bolt axial force by acoustic time ratio method of
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Abstract: The technology of measuring bolt axial force by longitudinal and transverse waves has been devel-
oped greatly. This paper introduces the principle of longitudinal and transverse wave ratio method, and obtains
the simple formula of ratio method through theoretical derivation. The test platform is established, and the
field bolt is used to calibrate and measure. The measurement error of the ratio method introduced in this paper
is less than 10% in engineering practice, which can basically meet the requirements of engineering application.
In addition, according to the test results, the causes of errors and method of improving the accuracy are also
discussed in this paper. The ratio method introduced in this paper does not need to accurately measure the
length of the calibration bolt and the velocity of the longitudinal and transverse waves, which is more concise
in field application and has great engineering application value.
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Fig. 1 Schematic diagram of longitudinal and

transverse wave propagation
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Fig. 4 Ultrasonic transverse wave couplant

2.3 RIWEHEE

RIS TE VD M RE AR P e = AT . I+
TR & NIBRIBR TR Ihs e & (B5), % P&
K 2O SR SR AR AR B 7, A0 g vk T
IR SR Z J1 RN, 7T RE FE 28 0.01 kNG
A, 1%F G E R U SR SRR A AN AR i
BRA, B R R 4R 2 AR I8 11 [ Jpk 75 B, P I A
FERT nso b W B KA AT E i H0E R L N
8 T 13 BRSO R BT BOKG BME H A
RPEANLFE (UL 3.1 bR it 5) .

K5 s HbrE s
Fig. 5 Test calibration table

TG R R AL 2 0 s o LA g v 22 2,
Uiy FH A AR BE [ 5 , B 28 PR B R RR R, 2
JeFFK N 486 mm.

FERK & TR PR B S 70, T2 TR
H (6, 7% 1) B PR AR Sk 22 32 [ 58 T iR ke i
T, FRIE BB AR SRR, ol v & e il

K6 IRk Rk 23
Fig. 6 Bolt and probe installation

2.4 REWPE

FAEHE 7 5 R IRAERS € & LT 58 . Jext
17 R 27 MR AR HEAT AR 2, SR 5 AR AR e 1 R HO
3# ~ 5# WEAR AT I B IR E o« A5 e M U8 IE 1 7 92
FABh, BN i8R RSk e 3k 58 5, Bkl =l
SRIRRE R SZ JPIRAS T BT L AR S I, S8 5
bR E B RHIE AR AT R 2 I0E, BL50 kN NS 4G I
477,30 kN NE K, 350 kN A& A7 11 (AR 3 X
W 71 bR e, M36 IR EE S TAE R /77 300 kN /&
), B B (B 7) I SRR O e
S PRI A I ol o gl I 0 A % 5 AR R A
1) 75 I 0 32 F1 80

K7 brsg I ER

Fig. 7 Calibration measurement software



5542 55 23]

PUINPASF

PN B 75 ] L ik I a5 Al 7 5

3 HILEERKM I

3.1 HREITE

K FH ] 6 1056 255 B ek igae AT n gk e, A 17
N 27 WERE R A b s TH SRR, 0 T E A 46
P LL RIS 2 5, AR5 BOF BB M S 8. W
W RHCRF EXCEL AR THLZER A, 45 (9),

R1 17" BREFERREFRTELER (FEEE
26.37 °C)
Table 1 17 bolt calibration data records and

calculation results (temperature 26.37 °C)

B EN R R R K, , RI645 R k1
L2 FiR.

THHEARWT: 178 % Wk RHKL =
—36430, HH AL = 66527 (KI8); 2# i WK
RE K2 = —33328, W4 A2 = 60830 (K9); B-F
BIE: D RB K, = —34879, HH A, = 63678.5.

x2 2P BREEHRECERTELER (FEEE
26.5 °C)
Table 2 2# bolt calibration data records and

calculation results (temperature 26.5 °C)

m# s N ) I I BRI LE
N/kN TL /ns TS /ns ks /L
0 197.255226 360.160698 1.825861
50 197.542206 360.246857 1.823645
80 197.685379 360.284645 1.822515
110 197.825966 360.35759 1.821589
140 197.968292 360.441139 1.820701
170 198.108253 360.529373 1.819860
200 198.248375 360.617516 1.819019
230 198.385666 360.710861 1.818230
260 198.527054 360.801826 1.817394
290 198.665535 360.895134 1.816597
320 198.801758 360.988586 1.815822
350 198.949654 361.083755 1.814950

n#E LI I T I 75 T I 5 T L
N/kN T /us TS /ns ks 1,

0 197.25489  360.245392 1.826294
50 197.484497  360.373123 1.824817
80 197.625557  360.456757 1.823938
110 197.769508  360.547325 1.823068
140 197.905556  360.638153 1.822274
170 198.048248  360.731415 1.821432

200 198.185638  360.823639 1.820635
230 198.325249  360.918282 1.819830
260 198.464905  361.014503 1.819034
290 198.605461  361.111771 1.818237
320 198.744682  361.207436 1.817445
350 198.890999  361.303566 1.816591
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Fig. 8 Calibration calculation of 1% bolt
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Fig. 9 Calibration calculation of 2% bolt
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Table 3 3% bolt measurement data record and calculation results (temperature 27.01 °C)

MBI NN PR T fus B TS ms MOAEARIE ke, HOEHELNG FAN 2% /%

0 197.24398 360.100807 1.825662 1.24
50 197.495117 360.281097 1.824253 50.37 0.75
80 197.635651 360.378914 1.823451 78.35 —2.06
110 197.774223 360.473648 1.822652 106.21 —3.45
140 197.912186 360.56826 1.821860 133.85 —4.39
170 198.049515 360.666168 1.821091 160.67 —5.49
200 198.188126 360.763779 1.820310 187.92 —6.04
230 198.326393 360.860619 1.819529 215.15 —6.46
260 198.462128 360.959618 1.818783 241.15 —7.25
290 198.6007 361.058716 1.818013 268.01 —7.58
320 198.739906 361.156433 1.817232 295.28 —-7.73
350 198.876564 361.253464 1.816471 321.82 —8.05

R4 47 BRNERRCIRUELER FFREE 27.2°)

Table 4 4% bolt measurement data record and calculation results (temperature 27.2°)

A N/KN HBGER T /us RS TS /ns BRABUGER I ks, WEVETFEOAOLD F/KN 32/ %

0 197.25856 360.05233 1.825281 14.52
50 197.475372 360.249191 1.824274 49.65 —0.71
80 197.61058 360.345612 1.823514 76.16 —4.80
110 197.746323 360.438751 1.822733 103.40 —6.00
140 197.884644 360.533684 1.821939 131.10 —6.36
170 198.021507 360.630913 1.821170 157.90 —-7.12
200 198.158607 360.725975 1.820390 185.11 —7.44
230 198.300308 360.824448 1.819586 213.16 —7.32
260 198.440987 360.923172 1.818793 240.80 —7.38
290 198.567482 361.01963 1.818121 264.27 —8.87
320 198.708923 361.118332 1.817323 292.08 —8.72

350 198.850395 361.216637 1.816525 319.94 —8.59
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%5 57 BRNSRBERRITHEER FREE 27.5 °C)

Table 5 57 bolt measurement data record and calculation results (temperature 27.5 °C)

NI N/KN PP T /us B TS /ns BAOAHITEE kg p, WSS RE T F/RN 72/ %
0 197.249901 360.116304 1.825686 0.41

50 197.530167 360.347302 1.824265 49.97 —0.05
80 197.668839 360.45051 1.823507 76.40 —4.50
110 197.807114 360.544962 1.822710 104.21 —5.27
140 197.940903 360.650085 1.822009 128.65 —8.11
170 198.075356 360.725071 1.821151 158.59 —6.71
200 198.21347 360.819569 1.820358 186.22 —6.89
230 198.349197 360.924738 1.819643 211.17 —8.19
260 198.482674 361.019945 1.818899 237.12 —8.80
290 198.61998 361.105152 1.818071 266.01 —8.27
320 198.757141 361.21081 1.817348 291.23 —8.99
350 198.892204 361.305712 1.816591 317.64 —9.25
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Fig. 10 Error analysis
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