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Study on Laser Marking Performance of Zr-Sn-Nb Alloy Cladding Tube
Yang Feng, Wang Xufeng, Zhang Wei, Zhang Haiqin, Liu Yue, Wang Yinghui, Li Yuli
(Xi’an Western Energy Material Technologies Co., Ltd., Xi’an 710299, China)

Abstract: The Zr-Sn-Nb alloy production tube with specification of ¢9.5 mm was taken as the research object, and
three groups of experiments were carried out by using a special laser making machine to adjust different marking
speeds, frequencies and power. The laser marking samples were tested by using an autoclave for 400 °C uniform
corrosion testing in steam, and the samples were tested by ultrasonic equipment for ultrasonic inspection. The results
show that when the marking power is set to 9 W, the marking frequency is set to 28 kHz, the marking speed is set to
280 mm/s, the marking sample before and after corrosion is clearly marked and the corrosion mass gain is the lowest.
The marking process parameters have significant influence on the surface quality and corrosion resistance performance
of zirconium alloy cladding tube, and the marking power is the key to control the surface quality and corrosion
resistance performance of cladding tube marking location. Under different laser marking parameters, no new defects
are introduced in laser marking, which meets the requirements of ultrasonic flaw detection at the laser marking location
of nuclear fuel cladding tube.
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Fig. 1  Effect of marking speed on corrosion mass gain

of zirconium alloy tube
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Fig. 2 Photos of marking samples for marking speed experiment:

(a) making samples; (b) corrosion samples
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Fig. 3 Effect of marking frequency on corrosion mass gain

of zirconium alloy tube

P 4 S 2 AN R R AT b K b ) A8 o R G iR
Fro i 4a aTLIE N, BEEITARIRIGIE R, #OL
PREIEARER, 23 ~31 kHz FTHRAIR T 1 1) 1
WAl , e N TR EOR, SThsd R, $THRM
FE, MR TE AR EROLRBE S, R
TSRO RE BB 22, PR 4 5 <6 3 1T A9 S e e
JEBm, ARIREBAEMT . A& 4b RTLAE Y, BEE TR
BRI, WOCHR R 5 B AR AR, 44T
PRI 23 kHz I, JE fhislRe 2 i (4 O in iR
R, BOFHEAL N TS HITARIRTE 25 ~
31 kHz Z A}, R R WA B S M vl 32, HoR
B G =Y, R BARPRIEZSR

B4 ATHIR R R RAR R
Fig. 4 Photos of marking samples for marking frequency experiment:

(a) making samples; (b) corrosion samples
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Fig. 5 Effect of marking power on corrosion mass gain

of zirconium alloy tube
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Fig. 6  Photos of marking samples for marking power experiment :

(a) making samples; (b) corrosion samples
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Fig. 7  Ultrasonic testing results of zirconium alloy tube

marking location
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