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A Study on the Bending Analysis of 16 mm Diameter 316L Stainless
Steel Hydraulic Tubes used in the Reservoir for an AVLB
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Abstract Pipes are used in most industries for the transport of various fluids, and bending processes need
to be carried out for practical use. In this process, it is essential that mechanical interference does not
occur between adjacent tubes or components. This study evaluates the stress distribution and maximum
stress of the hydraulic tubes used in a reservoir for an armored vehicle launched bridge (AVLB) according
to the bending angles. For this purpose, a 16-mm-diameter 316L stainless steel hydraulic tube (the
largest size used in the reservoir) was bent using a bending machine. Hydraulic tubes were then bent
using five bending rotation angles in consideration of the spring back, and then the bending rotation
angle and the cross-sectional area were measured after the bending. Subsequently, a finite element
analysis of the bending was performed using an elasto-plastic model under the same conditions as the
hydraulic tube bending. Then, the change in bending rotation angle and cross-sectional area due to
bending were compared with the analysis results. The stress distribution and maximum stress according
to the bending rotation angle were finally evaluated by applying the same internal pressure using the

result of the analysis model of the hydraulic tube according to the bending rotation angle.
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Fig. 1. Use location of the hydraulic tube
(a) Reservoir (b) AVLB

Fig. 2. A bending machine

(a) Components (b) Initial position for bending

Table 1. Specification and quantity of the specimen

Items Values Items Values
Material STS 316L . Outer 16
diameter(mm)
X Inner 11.6 Thickness(mm) 2.2
diameter(mm)
Length(mm) 200 Quantity(EA) 5
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Table 2. Bending angle and actual shape obtained
from bending machine

Case 1 2 3 4 5
Desired angles)
o 30 60 90 120 150
0,
Input angles,
o 33 66 99 132 165
6,0
Bending y
angles, ec(o) 29.3 60.2 90.7 123.0 147.9
Springback
angle, 0, () 3.7 5.8 8.3 9 17.1

Shapes after
bending

21

(a)

Fig. 3. Cross-section of the hydraulic tube
(a) Cross-section before bending
(b) Cross-section after bending

Table 3. Experimental results of the cross-section

Case 1 2 3 4 5
W(mm) 16.25 16.44 16.46 16.34 16.32
H(mm) 15.12 14.96 14.91 15.03 15.08
Aspect

ratio(W/H) 1.074 1.099 1.104 1.087 1.082
t1(mm) 2.06 1.95 2.02 1.98 1.95
tz2(mm) 2.40 2.33 2.31 2.38 2.35
Thickness
ratio(to/t) 1.165 1.195 1.144 1.202 1.205
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Fig. 4. True stress-strain curve of STS 316L used in

ANSYS

Table 4. Material properties of STS 316L

Properties Values
Young’s modulus(MPa) 1.93E+05
Poisson’s ratio 0.31
Yield stress(MPa) 210

A8
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S Hde oA ga avs et
PE FA(true stress-strain curve)o] B3,
Eq. (D& &34 2 = QdTH10).

= e7zg(1_|—€eng)y € True :ln(1+66ng) (1)

Where, o4, denotes true stress, €., denotes

*

O True

true strain, o,,, denotes engineering stress, €

eng eng

denotes engineering stress
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Fig. 6. Boundary conditions for the bending analysis
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Table 5. Simulation steps of bending about 99°
rotation

Step 1 Step 2

After 99° rotation

Step 3

Initial position After moving the die

Table 6. Simulation results of bending angle

Case 1 2 3 4 5
Input angles,
0,, 33 66 99 132 165
Bending angles,
0. 31.4 63.6 95.8 128.2 160.7
Springback
pringhac 1.6 2.4 3.2 3.8 4.3

angles, 6,, ()

23

Fig. 7. Comparison of experimental results and
simulation results for the springback angle

Table 7. Simulation results of the cross-section

Case 1 2 3 4 5
Ws(mm) 15.98 15.96 15.98 15.97 15.97
Hs(mm) 15.46 15.40 15.39 15.39 15.41
Aspect

ratio(Ws/Ho) 1.034 1.036 1.038 1.038 1.036
t1s(mm) 2.05 2.02 2.02 2.02 2.02
tas(mm) 2.37 2.42 2.43 2.43 2.43

Thickness

ratio(tas/tis) 1.156 1.198 1.203 1.203 1.203
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Table 8. Contour and length of the stress concentration

Case Contour Lfn:]f;h
5.2414 Max
38
1 E; \ 50
0.48479 Min
5.2116 Max
38
3
2
2 0.50209 Min 70
5.2002 Max
38
3
2
3 0.51232 Min 94
5.1972 Max
38
3
2
0.51747 Min
4 114
5.2006 Max
38
3
2
5 0.51333 Min 138
Table 9. Max. stress of the bending part
Case 1 | 2 | 3 ] 4 ] 5
Max. stress
of original shape, 3.758
0 (MPa)
Max. stress
of deformed shape,| 4971 | 5.159 | 5.185 | 5.181 | 5.165
o p(MPa)
T~ 1.213 | 1.401 | 1.427 | 1.423 | 1.407
op— 0, (MPa)
0,/ <100(%) | 323 | 373 | 380 | 379 | 374
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