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A Study on the Behaviour of Axisymmetric Outer Tube and
Inner Movable Part(case) Under Pressure and Thermal Load

In-Woo Kim*, Sung-Bae Lee*, Jae-Bong Rew, Young-Jin Choi* Young-Shin Lee**

ABSTRACT

Thermoelastoplastic analysis of a typical device consisting of fixed tube and movable case
having an initial clearance in between, which is subjected to pressure and thermal load,
has been carried out to examine the cause of malfunction mainly at high temperature condition,
and to improve the design. Stresses, deformed shape, interface state and their effects on
normal function of case are discussed by using finite element method. The extraction energy
can be remarkably reduced by changing the configuration of tube from the present design
(Parallel type) to the improved design (Tapered type}. This effect has been proved by
sustained cyclic function test.

Key Words : Automatic Launcher (AF5@#A7]#), Lock Type(®&2718), Shrink Fit(dA719%2),
Axisymmetric tube (2UlAFH), Finite Element Method (% 84), Extraction (%)

NOMENCLATURE

c : clearance between CASE and TUBE  M;, M; :main mass of automatic launcher
(D) . elasticity matrix (relating stress and P ! gas pressure

strain) Po® :load vector due to body forces of
E,Ei,Ec : Young's Modulus elements

(Et: TUBE, E.: CASE) Pe :vector of concentrated nodal forces
(K®} :stiffness matrix of element Peon  :contanct pressure by shrink fit
L :total extraction distance (contact Pi®  :load vector due to intial strains of

length) elements
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P—s (e)

:load vector due to surface forces € : strain vector
Qe :vector of nodal displacement of Ji : coefficient of friction between CASE
element e and TUBE
S1 :part of surface of a body Y, W, Ve : poission ratio
Ste) »surface of element i :normal stress paralle]l to ith axis
T, Tc, :temperature(change) (Tc: CASE, Ti: ij :shear stress in ij plane
Te(r) TUBE) 7 : stress vector
u, w .displacement in axial and radial ¢r, & .. body forfces per unit volume
direction ¢, . :surface forces parallel to r, z axes
1 : volume of body ) : interference between outer radius of
V@  :volume of element CASE and inner radius of TUBE
Loc . coefficient of thermal expansion 3 :total element number of a body
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Table 1. Mechanical Properties of Tube and Case®7

Elastic Possion Yield Thermal

Materials Modulus Ratio Strength Expansion

(MPa) ¥ (MPa) Co. {/T)

Tube AISI Room Temp. (159 1. 999X 10° 0.25 689. 4 1.17x10°
4130 High. Temp. (4509 1.612X10° 0.25 482.6 1.17%10°

Case Al 6061-T6 6.890% 10° 0.30 259.2 2.34x10°°
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Table 2. TUBE and CASE deformation process with initial clearance Variation
(a) Normal Condition

0 Initial dimension Deformation process {(mm) )
- : - —— Extraction
Clear Radius Thermal | Maxium | Unloa- | Unloa- | Permant | Extra- Shrink
-ance expans- | pressure ding' ding’ deform- ction fitted force
B {mm) (mm) ion only | (83 Mpa) ation start radius (N)
0.076 TUBE | 20.701 20.701 20.713 | 20.701 20. 701 20.702 | 20.702 13.802.9
CASE | 20.625 | 20.659 | 20.713 | 20.693 | 20.659 0.034 20.844 | 20.702
0.127 TUBE | 20.752 20.752 20.764 | 20.752 | 20.752 20.752 | 20.759 11.349.9
CASE | 20.625 | 20.659 20.764 | 20.730 | 20.695 0.071 20.880 | 20.759
0.178 TUBE | 20.803 | 20.803 | 20.815 | 20.803 | 20.803 20.803 | 20.810 10,992.5
B CASE | 20.625 20. 659 20.815 | 20.778 { 20.744 0.119 | 20.928 | 20.810
0,229 TUBE | 20.853 | 20.853 20.866 | 20.853 | 20.853 20.854 | 20.863 10, 640.5
L_ CASE | 20.625 | 20.659 | 20.866 | 20.826 | 20.792 0.167 | 20.977 | 20.863
0.279 TUBE | 20.904 | 21.030 | 20.917 | 21.030 | 20.904 20.905 | 20.918 10,285, 5
CASE | 20.625 | 20.700 | 20.917 | 20.874 | 20.840 0.215 | 20.025 | 20.918
_3. 330 TUBE | 20.955 | 21.081 20.967 | 21.081 20. 955 20.956 | 20.962 9.963.9
L CASE | 20.625 | 20.700 | 20.967 | 20.923 | 21.889 0. 264 20.074 | 20.962
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(b) High Temperature Condition

Initial  dimension Deformation process (mm) Extraction
Clear Radius Thermal | Maxium | Unloa- | Unloa- | Permant { Extra- Shrink
-ance expans- | pressure | ding’ ding* | deform- ction fitted force
(mm) (mm) ion only | (83 Mpa) ation start radius (N)
0.076 TUBE | 20.701 20. 826 20.838 | 20.826 20.701 20.826 | 20.834 17.923.3
CASE | 20.625 20.700 | 20.838 | 20.843 | 20.767 0.143 20.993 | 20.834
0.127 TUBE | 20.752 | 20.876 | 20.889 | 20.876 | 20.752 20. 877 20. 885 16, 760. 4
CASE | 20.625 ¢ 20.700 | 20.889 | 20.891 20. 816 0.191 21.042 | 20.885
0.178 TUBE | 20.803 | 20.928 | 20.940 | 20.928 | 20.803 20.928 | 20.936 16,320. 1
CASE { 20.625 | 20.700 20. 940 20.940 | 20.864 0.240 21.090 | 20.936
0.229 TUBE | 20.853 20.979 | 20.991 20.979 20. 853 20.979 | 20.987 15,8279
CASE | 20.625 | 20.700 20. 991 20.988 | 20.913 0.288 21.13% | 20.987
0.279 TUBE | 20.904 | 21.030 | 21.042 | 21.030 | 20.904 21.030 | 21.038 15,338, 5
CASE | 20.625 | 20.700 | 21.042 21.037 20. 962 0.337 21.188 | 21.038
0,330 TUBE | 20.955 | 21.081 21.094 | 21.081 20. 955 21.082 | 21.089 14, 825.7
CASE | 20.625 | 20.700 | 21.094 | 21.085 21.010 0. 385 21.236 | 21.089
0 Unloading' : Deformation after the removal of pressure load
0 Unloading?® : Deformation after the removal of pressure and thermal load
Table 3. Permanent deformation of CASE
Temperature Classification Init.ial Permane.nt Residyal
. radius deformation strain
condition (mm) (mm) (mm) (mm/mm)
Normal Theory 20. 625 0.119 5.77x10°°
(15¢C) Measurement ¥ 20.579 0. 140 6.80X10°°
High Theory 20. 625 0.240 11.64x10°
temperature
(450C) Measurement % 20.574 0.277 13.46X10°
* Measurement data is the average value of 20 data
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