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Calibration method of large pressure cylindrical shell
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Abstract: The machining deformation of a large pressure cylindrical shell might affect its subsequent
machining accuracy and application requirements. A large titanium alloy pressure cylindrical shell after
deformation was studied in this paper. Based on the thermal elastic-plastic and creep finite element theory, the
numerical simulation of thermal correction of the deformation correction process of the cylindrical shell was
carried out through the calibration tooling and thermal correction method. The results show that the error of
elliptic end calibration of the deformed large titanium alloy pressure cylindrical shell is controlled within 1%,
which could meet the engineering requirements. The overall calibration effect achieved with the calibration
tooling of ring-shaped is better, and the error is reduced by 0.2% compared to the calibration tooling of cross-

shaped. The holding time, heating rate and cooling rate of heat treatment have little effect on the calibration
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effect of the deformed cylindrical shell, while the spring stiffness has a great influence. Finally, a set of good
heat treatment straightening process for large pressure cylindrical shell was obtained.
Key words: large pressure cylindrical shell; deformation; calibration method; heat treatment process;

numerical simulation
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Tab.1 Structural compositions of correcting distortion tooling
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Fig.4 Geometric model of a deformed large pressure cylindrical shell

x2 TREEXREMERSERT/VAKERST (mm)
Tab.2 Geometric model dimensions of a deformed large pressure cylindrical shell (mm)
Z ey A A5 188 L5 A Sy
JUfrf 5 Shin hy 1 Jeth RN FelRIE
(HM2) (HME)
R 3400 3250 3440 3360 1600 75
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Tab.3 Thermal and physical properties of Ti80 material”

R PR R THFA L Pk 225 R L R
T/C E [Pa L al (1/C) 21 (W/ (m-C) ) Cc/(Jkg<C) p/ (kgm™)
25 1.15E+11 0.3 10.0E-6 10 611 4530
200 0.96E+11 0.3 9.7E-6 11.9 638 4530
400 0.74E+11 0.3 9.5E-6 14.1 668 4530
600 0.54E+11 0.3 9.2E-6 16.3 699 4530
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Tab.4 Geometric dimensions of cross and ring-shaped alignment tooling (mm)
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Tab.5 Thermal and physical properties of GH4169 material

AR TAFA Ik R AL pris HE R B
E/Pa i al (1/C) AW/ (mC) ) C/ (Jkg<C) p/ (kgm”)
2.15E+11 0.309 12.8E-6 13.2 510 8245
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Tab.6 Determination of high temperature resistant spring stiffness
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Fig.13 Dimensions of long half axis and short half axis at different heights after alignment with different alignment tooling

Tab.7 Allgnment errors with different alignment tooling (mm)

BRI e VAR 5 ity 28 g E H\=1575 Hy=1075 Hy=575
s BeA T BIRE T % 12.9 (0.38%) 7.1 (0.21%) 2.3 (0.07%)
=

fit 5 B AR AR T 3¢ 6.3 (0.18%) 3.6 (0.11%) 1.5 (0.04% )

RS HMBTZAHERMITEER

Tab.8 Heat treatment process schemes and calculation results

TEhE— PRI % T2 E—HILMRIE IR
LRI [ 2h 1h 4h WN0.02% 47 ( SR IS 224 )
T R 115 C/h 60 °C/h 230 C/h WRL0.03% 4 ( SEURERBs/ NG LA )
[ T R 50 °C/h 100 °C/h 25 °C/h W/N0.02% 47 ( SR IS 224 )

MR 8 ] LIE RO 8 5K T 2007 58— (B 8) BRI R 25 84k 55/, BRI P ek 1 1] Sy
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S ) BB AT — o BREE 1Y, MR S W B 2 1, 4%&&%%%11@%%%5@%%%? LRt DN
] 1.741x10° N/mm F1 1.041x10° N/mm I, ZRAFAE I 5 B9T% KT s (B3 58 Ak R S e 12 405 SR A o, 125
FEHIAE 3 mm(0.1%) 2247, i TR FHERAE T AR OGS S0
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Tab.9 Spring stiffness schemes

. PILAKE/ (mm) NI/ (10°N/mm )
KRR B KRR B R
— 0.174 0.104
- 0.349 0.209
= 200 125 1.157 0.357
] 1.653 0.891
Ei 1.741 1.041
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R10 AEEENEMNRHEITESER (mm)

Tab.10 Calculation results of alignment for different spring stiffnesses (mm)

HE KBRS RE iR R EARE R e TR ik R
— 48 352 (1.03%) 6.2 33.8 (0.99% )
- 14.8 252 (0.74% ) 9.2 30.8 (0.91% )
= 28.2 40 11.8 (0.35%) 16.4 40 23.6 (0.69% )
1] 37.2 2.8 (0.08%) 27.4 12.6 (0.37%)
i 39.2 0.8 (0.02%) 36.8 3.2 (0.09% )
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