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Abstract  This paper focuses on the problem that CLF-1 (low—activated ferritic/martensitic steel) , a new
material to be used as the structural material of the fusion reactor, has no specific standard reference in the process of
X-ray detection.The X-ray digital radiography equivalent translucency of CLF-1 steel and Q235 steel with different
thickness is studied by using the method of equal effects under the same translucency condition.Based on the same
imaging condition, the corresponding X-ray images of the two materials have the same gray value, that is, the
transmittance coefficient is the same.By comparing the thickness of the two materials with the same gray value of the
image, the equivalent transmittance coefficient of CLF-1 steel corresponding to Q235 steel is obtained. In this paper,
test pieces of CLF-1 steel and Q235 steel with thickness from 4 mm to 20 mm, step increased by 0.5 mm, are
designed.The translucency test was carried out under the condition of 100 kV to 400 kV (step increased by 50 kV)
tube voltage, and the equivalent coefficient of X-ray transmittance of CLF-1 steel relative to Q235 steel under the
corresponding voltage was obtained to be 1.10 to 1.13.The results of this paper are instructive to the determination of
technical parameters of X—ray detection of CLF-1 steel.
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Tab.1 Image gray level of CLF-1 steel under different transillumination voltage

JEE 100 kV,3 mA 150 kV,3 mA 200 kV,3 mA 250 kV,3 mA 300 kV,3 mA 350 kV,3 mA 400 kV,3 mA
/mm TKEZ KEZ JKIZ JKEZ JKEZ JKIEZ JKBE
4 56 714 1791 - - - -

45 32 552 1467 - - - -
5 6 449 1250 - - - -
5.5 - 342 1028 - - - -
6 - 279 892 1675 - - -
6.5 - 226 771 1475 - - -
7 - 183 669 1306 - - -
7.5 - 137 567 1148 - - -
8 - 102 474 997 1604 - -
8.5 - - 416 890 1445 - -
9 - - 359 791 1297 1882 -
9.5 - - 317 710 1174 1701 -
10 - - 275 638 1073 1565 2096
10.5 - - 237 577 977 1437 1918
11 - - 199 500 864 1283 1736
11.5 - - 176 455 794 1181 1546
12 - - 153 409 732 1101 1492
12.5 - - 133 373 670 1014 1385
13 - - 112 330 607 928 1285
13.5 - - - 304 563 864 1198
14 - - - 265 506 785 1101
14.5 - - - 248 473 731 1018
15 - - - 213 427 672 952
15.5 - - - 198 393 623 877
16 - - - 171 355 574 819
16.5 - - - 158 327 532 750
17 - - - 137 296 489 705
17.5 - - - 127 280 458 657
18 - - - 119 259 433 628
18.5 - - - - 245 403 582
19 - - - - 225 376 553
19.5 - - - - 218 355 514
20 - - - - 204 348 510
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Fig. 1 Relationship between gray level and penetration thickness of CLF-1 steel image under different transillumination voltage
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Tab.2 Comparison between calculated and measured thickness
150 kV 200 kV
AG I VIR fmm SCPRIEEE fmm 22 /mm ALK TR /mm SCPRIEEE /mm 1% 22 /mm
78 8.7 8.5 -0.2 100 13.3 13.5 0.2
59 9.3 9 -0.3 81 13.9 14 0.1
45 9.9 9.5 -0.4 69 14.4 14.5 0.1
37 10.3 10 -0.3 55 15.2 15 -0.2
18 11.8 10.5 -0.3 47 15.7 15.5 -0.2
250 kV 300 kV
AR IS RS /mm SEBRJE S /mm 1% 2% /mm AG I PR /mm SEBRJE S /mm 1% 2% /mm
2228 4.4 5 0.6 2556 4.9 6 1.1
1888 5.1 5.5 0.4 2027 6.3 7 0.7
110 17.9 18.5 0.6 197 19.6 20.5 0.9
98 18.4 19 0.6 188 19.8 21 1.2
87 18.9 19.5 0.6 181 20.1 21.5 1.4
350 kV 400 kV
AG K TR /mm PR fmm %2 /mm AG Y TR /mm PR /mm 1525 /mm
2812 6.1 7 0.9 2971 7.2 8 0.8
2245 7.5 8 0.5 2481 8.5 9 0.5
328 19.8 20.5 0.7 482 19.9 20.5 0.6
312 20.1 21 0.9 449 20.3 21 0.7
296 20.4 21.5 1.1 440 20.5 21.5 1
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Tab.3 Image gray level of Q235 steel under different transillumination voltage

JELEE /mm 150 kV,3 mAJKEE 200 kV.3 mAJKEE  250kV.,3 mAJKE 300 kV.3 mAJKEE  350kV.3 mAKJE 400 kV,3 mA JKEE
4 863 2066 - - - -
6 388 1118 2003 2976 - -
8 187 651 1261 1959 2706 -
10 - 392 830 1341 1908 2494
12 - 238 559 935 1374 1835
14 - 141 376 671 997 1362
16 - - 256 480 733 1024
18 - - 182 358 561 797
20 - - 149 289 451 643
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