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Stress Analysis of Composite Double Lead Spiral in 20mm Universal
Ammunition Loading System

Hyun-Min Je*, Wie-Dae Kim*"

ABSTRACT: This paper addresses the stress analysis and design of composite double lead spiral which is boarded in
20mm universal ammunition drum by finite element method. The spiral system is very important to transfer the
ammunition in stable and reliable manners for aircraft. Some verifications are done to check the possibility of
composite application in spiral system. The design variables, stacking sequence and fiber orientation angles, are
investigated for reliable design for practical design. The Tsai-Wu failure theory is applied to see the safety of the spiral
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structure. The design result is suggested to manufacture the double lead spiral part.
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Fig. 1. Figure of 20mm universal ammunition drum

Fig. 2. Drum assembly including ammunition
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Fig. 3. Boundary conditions of reference model

Table 1. Values of shaft & lead spiral model

Part Shaft Lead Spiral
SUS304
Material Young’s Modulus = 2.0 x 10° (MPa)
Poisson’s ratio = 0.3
Element Type C3D8R
Number of Element 7260 5760
Radius Outer 100 160~240
(mm) Inner 88 100
Length (mm) 1208
Rotating Velocity 4000 (RPM) = 419 (rad/s)

Table 2. Analysis results of reference model

Reference ABAQUS 0
(MPa) (MPa) Error (%)
160 24.1 23.6 2.07
180 30.6 30.1 1.63
Radius
200 38.2 38.1 0.26
(mm)
220 47.7 47.6 0.21
240 59.7 58.8 1.51
28.5 30.6 7.37
. 6 34.1 35.0 2.64
Thickness 382 38.1 0.26
(mm)
10 42.6 40.8 432
12 44.8 432 3.57
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Fig. 4. Basic fiber stacking direction

Table 3. Material properties of composite

Glass Fiber Fabric
, E, 7.82 x 10*
Youn%f/I l\lea(;dulus E, 82 % 10°
E;, 1.00 x 10*
Viy 0.01
Poisson’s Ratio Vs 0.01
Vi 0.01
Gy, 7.20 x 10°
Shea(r Nl}/g;c)lulus o 3.80 X 10°
G;, 3.80 x 10°

Fig. 5. 4-cases to find stress along radius
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Fig. 6. Radial and tangential stress along radius in 4 cases
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Table 4. Values of drum assembly model

Table 6. Engineering strength of composite material

Part Shaft Lead Spiral X X Y, Y. S
Element Type C3D8R MPa 1035 1035 1035 1035 41
Number of Element 94240 149040
Radius | Outer 100 220 . Fig. 90l 4] &hefo] o]F2| Evp it HE5k= e 7
(mm) Inner 95 100 2ol 98& Frfstairt.
Length (mm) 1530

Table 5. Material properties of aluminum (2014-T6)

Young’s Modulus (MPa)
73100 0.35 2790

Poisson’s Ratio Density
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Fig. 8. Boundary conditions of model

Fig. 9. Load conditions of model
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Table 7. Comparison of aluminum and composite material

Aluminum Composite
Max. Principal Stress (MPa) 7.712 6.678
Max. Displacement Z-axis (mm) 0.334 0.570
Mass (kg) 36.526 19.507
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S, Max. Principal (Abs) 2,
Multiple section points.
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Fig. 11. Stress and displacement through path line

AZF a9 7|gE $= glong dZn|Fo R A ZE o

FPEUAS B RS AFRSHo] A2bs}r) ol Agtatct.

ey 7|
B melo] o s A Aue

7] 3 Fig. 103} 22 98 B
£ B9tk 2320l At B APe mdY 0 2E B
SlA] 6779(MPa)2 MBI OB % W A WYL 1

g 9 ZofA] 0.573(mm)= LFERGTY.
3, wEO) LhAS wtet ghope] shgo] 2Hgah 4|4
oA ¢] =3t MPFL 9] Fig. 119] (a), (b)o]] LrEbHTE.
Fig. 11 L5 oF £ 9] 7:17:]]7474 A stH =92} ¥

o] AdAT =2 7= AL FolT) 2=
Fig. 1104 ZZo] 7} 2h2 271 1

59t o] 47e] Ao Lot gkt 77

HHE-& o -8 Fig. 120 Uehilth
Fig. 120 4] M= 27|k A 2)5hd Hhx|2o) it uh7

—m=— 1 Case
—e— 2 Case
—&— 3 Case
—®— 4 Case

Radial Stress (MPa)

T v v y T
o 20 40 60 80 100 120
Radius (mm)

(a) Radial stress along radius

Tangential Stress (MPa)

o 20 40 60 8o 100 120
Radius (mm)

(b) Tangential stress along radius

Fig. 12. Radial and tangential stress along radius in 4-cases

Table 8. Failure of each ply

Ply Sequence Orientation Angle (°) Failure
1 45 0.016
2 -45 0.014
3 0 0.019
4 0 0.016
5 -45 0.010
6 45 0.009
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Fig. 13. Comparison between standard model and each case

Table 9. Maximum results of each case with respect to the
change of stacking sequence

Stacki Principal |Displacement

ackin,

Case Se enfe Stress Z-axis Failure

q (MPa) (mm)

Base | [45/-45/0]; 7.712 0.570 0.019
1 [0/30/60] 10.590 0.533 0.036
2 [30/45/60] 9.366 0.612 0.036
3 [0/30/0] 9.709 0.497 0.028
4 [0/45/0] 9.957 0.508 0.035
5 [0/60/0] 9.670 0.498 0.023
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Table 10. Changes in principal stress, displacement and failure
index with respect to rotating velocity

Rotating Max. Max.
. N . Max.
Velocity Principal Displacement Failure
(RPM) Stress (MPa) | Z-axis (mm)
25 7.712 0.570 0.019
250 8.83 0.468 0.020
1250 9.47 0.452 0.022
2500 13.07 0.446 0.026
12500 181.10 0.504 1.032
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