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Analysis and Improvement of Cold Rolling Quality for Zirconium Alloy Cladding

Tube Based on Design of Experiment
Zhang Haiqin, Wang Xufeng, Liu Haiming, Zhou Jun, Yang Feng, Zhang Wei
(Xi’an Western Energy Material Technologies Co., Ltd., Xi’an 710299, China)

Abstract; To improve the quality of cold rolling zirconium alloy cladding tube, the wall-thickness vibration of cold
rolling zirconium alloy cladding tube was studied by statistic process technology and process capability analysis, and
the cold pilgering process was optimized based on design of experiment( DOE). The analysis of cold rolling quality for
zirconium alloy cladding tube and results of optimization experiments show that the wall-thickness vibration of mother
tube and feed rate have significant effect on the wall-thickness vibration of finished tube. When the wall-thickness
vibration of mother tube little than 0. 3 mm, the reduction of wall-thickness equal to 65% and the feed rate equal to
1.0 mm per time, the finished tube has minimum wall-thickness vibration. By optimizing the cold rolling process, the
average range value reflecting the dispersion of wall-thickness deviation is reduced from 0.036 to 0.018, and the
vibration of range significantly reduced. For the mother tube with lager wall-thickness vibration, little feed rate of cold
rolling is benefit to reduce wall-thickness vibration of finished tube.
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Fig. 1 Process flow diagram of zirconium alloy cladding tube
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Fig.2  Mean-range control chart of wall-thickness

vibration of cold rolling tubes
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Table 1 Experiment schemes of cold rolling for zirconium
alloy cladding tubes
No. Feed rate/mm - time ™' DOW/% WVBP
1 1.0 65 B
2 2.0 46 A
3 1.0 65 A
4 1.0 46 B
5 2.0 65 B
6 2.0 65 A
7 1.0 46 A
8 2.0 46 B

DOW ; deformation of wall-thickness ;
WVBP: wall-thickness vibration before cold rolling.
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Table 2 Test results of cold rolling experiments of

zirconium alloy cladding tubes

Feed rate  DOW WVAP/pm Average

Sometime™ /% O 1 2 3 4 5 /pm
1.0 65 B 70 10 60 50 90 56
2.0 46 A 160 160 200 140 110 154
1.0 65 A 120 100 130 50 100 100
1.0 46 B 80 10 100 90 30 65
2.0 65 B 90 110 40 30 140 82
2.0 65 A 40 110 120 90 210 114
1.0 46 A 150 100 180 120 110 132
2.0 46 B 190 170 160 200 180 180

WVAP: wall-thickness vibration after cold rolling.
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Fig. 3 Pareto diagram (a) and normal probability plot (b) of factors effect
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Fig. 4 Four in one diagram of residuals plot
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Fig. 6 Three-dimension curved surface of wall-thickness

vibration of cold rolling tubes
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Fig. 7 Mean-range control chart of wall-thickness vibration

of cold rolling tubes after optimization

3 & i

(1) FLHITTES & 45T 0 BE 5 I 22 X 5L 5
(RS R JE A 25 A o 3 B2, R i R 8 A A T B
JEX S, /N R N 2% 3 UL A 0 b R DR Al
ZAH; AFLHITTRYE M RE AW 25 < 0.3 mm, HEEJE
AR N 65% . L H N 1.0 mm/ K, FLiT S )
T RE R 22 5/

(2) i3t DOE Xt & &R L T 21k
Jo, SRS I RE JE Al 225 B RO R A 2 24 e AL Ak
HIEY 0. 036 JE/NEIIEAL A Y 0. 018, 22 st B i
AR Kl T

(3) YHELHIGE b RE R AR & — e i, FLHI AT R
o A RE JEL O 25 (B, T 5L T T A 450 b B DRl 2 5K
KEVER, FER/NESEEELS], DAsUNLE S &
MR RE R 22, B A B M rR L,

SEILHEK  References

[1] Robertson J A L. Zirconium—an international nuclear material
[J]. Journal of Nuclear Materials, 1981, 100(1-3). 108
- 118.

(2] 2o, TR, G S0 &3 E R b 85 b
E AR E [ J]. BT BERE, 2011, 28(6): 18 -22.

[3] Zhang H Q, Wang X F, Wei B L, et al. Effect of tooling
design on the cold pilgering behavior of zircaloy tube[ J].
The International Journal of Advanced Manufacturing Tech-
nology, 2017, 92(5-8). 2169 -2183.

(4] 3Ry, FIRME, RHAL¥E, % #4588 HMPRSELIK
AL R S AN T (0], Bk Tk ik JE, 2017, 34
(4): 39 -44.

(5] BEFESC. B3l ) TAREES s A T 2 R A se i ik
JERBEFE[D]. bRt R, 2005.

(6] ERWe, KEE, K306, 45 #ERIE st
JE[J]. R ERE, 2022, 39(2): 42 -48.

(7] &34, W&, HERE, % ROLIHX Zr4 G500
W PERERIREWI[T]. WA s, 1999, 23(6): 458
-460.

[8] BEFESL, FIdfE, IR, 5% 588K il r 5T L
W] WASEAES TR, 2004, 33(9): 902 —906.

(9] Z=EP), 22/, BOREL. #5481R AN b i) 5 5
SrHr[J]. DNT JEfstAill, 2008, 30(2): 107 -109.



