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Research on Material Equivalent Value and its Application in
X-radiographic Testing Technology
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Abstract: The relationship between the material equivalent coefficient and the material attenuation coefficient was obtained
through the theoretical derivation of the equivalent thickness of different materials. The equivalent coefficients of steel and
titanium alloy were measured under different tube voltages. The results show that the material equivalent coefficient
corresponds well with the theoretical and measured values of the attenuation coefficient at 70 kV and 90 kV. However, due
to factors such as scattered rays, there is a certain deviation between the experimental and theoretical values of the material

equivalent coefficient and attenuation coefficient above 100 kV. In X-ray detection, it is propitious to apply the equivalent

value in a certain range of tube voltages to the actual detection process.
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Fig.1 Transillumination diagram of the material equivalent coefficient
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Tab.1 Relationship between the linear attenuation coefficient and ray energy of several materials

73 iz kil 7N il
PR BE R /Mev
p=7.89 g/em’ p=2.7 glem’ p=11.34 g/em’ p=4.54 g/cm’ p=8.89 g/em’
0.060 9.547 0.729 40.26 3.44 14.05
0.080 4.728 0.540 18.83 1.82 6.80
0.100 2.820 0.444 60.00 1.24 4.10
0.125 1.950 0.388 35.00 0.84 2.76
0.150 1.580 0.362 24.40 0.75 1.98
0.175 1.270 0.336 15.40 0.64 1.65
0.200 1.130 0.323 11.80 0.59 1.39
0.250 0.940 0.296 6.580 0.52 1.15
0.300 0.850 0.278 4.700 0.47 1.01
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Tab.2 Radiographic equivalent thickness coefficient of several materials
X 414k kv 60 80 100 125 150 175 200 250 300
173 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
bis 0.08 0.12 0.16 0.20 0.23 0.26 0.28 0.31 0.33
7N 0.36 0.38 0.44 0.43 0.47 0.51 0.52 0.53 0.55
i 1.48 1.44 21.30 18.00 15.50 12.10 10.40 7.00 5.60
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Fig.2 Transillumination diagram of the material equivalent
coefficient

6 5l S Lk BRI AR, B0 S0 501k 4
A HI5 R XY-3010 SR ATk AA400 B 45 96
RS A PR R O T R EETHAE S M
BEE 2 BB B RS . BRI 10 R
1~10 mm, %5 {E (] B 1 mm 728 £k) Al B b6 ik B 25k &
& JRE N 1~14 mm, SEEEI RS 1 mm 2846), B 3 4
A AR A5 20 R BRI B0 1 SE B T AR

& 3 BRI A

Fig.3 Actual workpiece drawing
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Tab.3 Blackness value of the steel stepped test block under
different tube voltages

JERE /mm 70 kV 90 kV 110kV 130kV 150 kV
1 4.52 4.53 - - -
2 1.97 1.88 - 4.62
3 0.85 0.97 4.47 4.41 -
4 0.49 0.60 3.70 3.67 -
5 0.35 0.40 2.73 2.88 4.25
6 0.30 0.31 2.07 2.45 3.81
7 0.29 0.27 1.58 1.96 3.26
8 0.27 0.23 1.19 1.58 2.78
9 - 0.21 0.95 1.23 235
10 - 0.22 0.83 1.07 2.02
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Tab.4 Blackness value of titanium alloy step test block
under different tube voltages

JEEE/mm  70kV 90 kV 110kV 130 kV 150 kV

1 4.57 4.61 - -

2 4.56 4.39 - -

3 4.37 3.64 - -

4 3.47 2.92 - -

5 2.56 2.28 - -

6 1.76 1.81 - -

7 1.41 1.48 - -

8 1.05 1.15 - -

9 0.86 0.98 4.47 4.38

10 0.70 0.83 422 421

11 0.57 0.70 3.88 3.97

12 0.49 0.60 3.49 3.66

13 0.43 0.51 3.09 3.34

14 0.41 0.50 2.87 2.96 4.28
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B 4 BIFEK & 4B A L . (a) 70 kV, (b) 90 kV, (c) 110 kV, (d) 130 kV
Fig.4 Fitting curve of steel and titanium alloy: (a) 70 kV, (b) 90 kV, (¢) 110 kV, (d) 130 kV
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Tab.5 Blackness value of steel and titanium alloy

) i
LR HR

2.0 2.5 3.0 35 4.0

# /mm 1.97 1.71 1.50 1.31 1.15

70kV  gkA4 /mm 629 535 444 355 2.69
MBS RS 031 032 034 037 042

4 /mm 193 164 138 1.18 1.00

90kv kA4 /mm 582 475 381 296 220
MER S AR 033 034 036 039 045

] /mm 6.19 540 470 410 3.54

110 kV KA 4 /mm 16.10 14.80 13.40 12.00 10.50
MRS RS 038 0 036 035 034 034

) /mm 688 594 508 425 338

130 kV KA 4 /mm 17.60 1590 14.10 1240 10.60

MRS RS 034 0370 036 034 031

6 MGG LW ALM XS R X LB
SEHE, ABAEE HLURAE 70 kV A 90 kV YRR
AR BB AR X B, B AT 515 B A5 AL 20K L
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Tab.6 Comparison between theoretical and experimental

values
70 kV 90 kV 110 kV 130 kV
BLINTAN ) 0.36 0.38 0.44 0.42
L E 0.352 0.374 0.354 0.354
WRE % 2.2% 1.6% 19.5% 15.7%
£ 100 KV ZJ5 (4358 R 80, Se g 5 B (B =2 (1)

A

HE AT b B 5 U LR R, (R SRR
(1 S B8 R PP R A AR O Y, BT 270 BRI e 0
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