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Research on Mirror Milling Process for Integral Bottom of Launch Vehicle Tank

ZHOU Jingiang', LIU Xiao', JIANG Xiaohui’, QIU Shuo', GUO Lijie'
(1. Shanghai Aerospace Equipment Manufacturer Co., Ltd., Shanghai 200245, China;
2. University of Shanghai for Science and Technology, Shanghai 200093, China)

[ABSTRACT] Aiming at the requirements of the thickness-controllable processing for the integral bottom of the launch
vehicle tank, the mirror milling process was studied from the aspects of cutting force suppression and stability control.
Through the milling force simulation analysis, the relationship between mirror milling process parameters and milling force
was studied. The principle of selecting process parameters was proposed to ensure material removal rate by feed and cutting
width and to control the cutting force by reducing the cutting depth. A method was proposed to measure the machining
stability by compensating the axis fluctuation of the inner support and the influence of jet pressure of the inner support
was studied. Taking the integral bottom of the new-generation launch vehicle as object, the process flow was designed, and
the mirror milling path planning and post-processing were studied. Through processing of the integral bottom product, the
thickness accuracy of 0.3 mm and maximum profile deformation of 3.2 mm were achieved, which effectively verified the
processing capacity and effectiveness of the mirror milling process.
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Fig.1 Principle and equipment of mirror milling technology
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Table 1 Parameters of J-C model for 2219 aluminum alloy"*!

A/MPa = B/MPa n C m eleg, T/C T./°C
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Fig.2 Finite element simulation of milling
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Table 2 Factors and levels of orthogonal simulation

1 8000 0.5 0.1 12
2 9000 1 0.12 14
3 10000 2 0.15 18
4 120000 3 0.2 20
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Table 3 Influence of different mirror milling parameters on
simulated milling forces

; . Ak X | Y
(mm/z ) N N
1 8000 0.5 0.1 12 86.26 209.25
2 8000 1 0.12 14 202.32 | 435.60
3 8000 2 0.15 18 463.41 | 970.87
4 8000 3 0.2 20 796.14 | 1429.93
5 9000 0.5 0.12 18 94.64 212.66
6 9000 1 0.1 20 159.58 | 405.44
7 9000 2 0.2 12 565.31 | 982.46
8 9000 3 0.15 14 731.87 | 1458.08
9 10000 0.5 0.15 20 104.12 | 219.46
10 10000 1 0.2 18 281.53 | 508.21
11 10000 2 0.1 14 344.48 | 795.32
12 10000 3 0.12 12 579.83 | 1300.10
13 12000 0.5 0.2 14 143.28 | 24891
14 12000 1 0.15 12 230.23 | 454.40
15 12000 2 0.12 20 348.01 | 840.21
16 12000 3 0.1 18 468.18 | 1197.78

x4 BESW(XFEGERIN)

Table 4 Range analysis (X-direction milling force)

£l ek L I 5 i )
k 387.033 107.075 264.625 365.408
k, 387.850 218.415 306.200 355.488
ky 327.490 430.303 382.408 326.940
k, 297.425 644.005 446.565 351.963
W% R 90.425 536.93 181.94 38.468
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Table S Range analysis (Y-direction milling force)

EiztaD LEgT IR Wik 2 o 58
k, 761.413 222.570 651.947 736.553
k, 764.66 450.913 697.142 734.477
k, 705.773 897.215 775.702 722.380
k, 685.325 1346.473 792.378 723.760
W2 R 79.335 1123.903 140.431 14.173
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Table 6 Variance analysis (X-direction milling force)

yg : : 5803 -
ezt L2303 Y JEIA YIve iR
pras== R
{2 24299.396 | 676858.357 | 78329.463 | 3212.434 | 6481.14
K
A f 3 3 3 3 6
F Ik 7.498 208.87 24.172 0.991 —
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Table 7 Variance analysis (Y-direction milling force)

. ik .
eIzt L2303 Yl o I PR
HE
{2 19075.54 | 2973488.939 | 52597.907 | 631.932 | 4908.22
FIiH
HHE f 3 3 3 3 6
F I 7.773 1211.636 21.433 0.257 —
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Fig.3 Relationship between mirror milling stability and
W,-axis fluctuation
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Table 8 Variation range of maximum fluctuation of W, axis under
different jet control parameters
I N N N

. SRS/ " W, i K
o2 e s
I A] | BEE /mm T PID 241 W fmm
1 300 0.1/0.05/0 0.22
2 300 0.1/0.1/0 0.07
3.2
3 250 0.1/0.05/0 0.16
4 250 0.1/0.1/0 0.18
5 250 0.1/0.05/0 0.14
6 250 0.1/0.1/0 0.19
24
7 200 0.1/0.05/0 0.06
8 200 0.1/0.1/0 0.14
9 250 0.1/0.05/0 0.15
10 250 0.1/0.1/0 0.08
1.6
11 200 0.1/0.05/0 0.23
12 200 0.1/0.1/0 0.25
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Fig.4 Process flow of mirror milling for the integral tank bottom
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Fig.5 Path planning of mirror milling for the integral bottom
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A, =—arccos(N,) (2)
C, =atan(N,,N,) (3)
X, = P.cos(C,) - P, sin(C,) (4)
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Fig.6 Simulation curves of mirror milling force for

integral bottom
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Fig.7 Mirror milling of the integral tank bottom for a

new-generation launch vehicle
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