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Rupture Prediction of the Rupture Disk
Using FElasto-Plastic Analysis

Houkseop Han*' -+ Wonbok Lee* - Song-Hoe Koo** - Bang-Eop Lee**

ABSTRACT

Rupture disks are a kind of safety device in high pressure equipment and they are used to control
rupture pressure in the solid rocket motor. In this paper, a series of rupture experiments was
performed using rupture disks made of AISI 316L and rupture pressure of rupture disks was
calculated through various assumptions in relation between elasto-plastic material properties and true
stress-strain curve. Experiment and FEA indicated rupture pressure is determined by size of rupture
disks. As a result of elasto-plastic analysis, only multi-linear stress-strain curve was able to calculate
meaningful estimations. Experimental results also showed rupture location are decided by the size of
rupture disks. Experimental and FEA results will be applied to control rupture pressure of disks.
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Fig. 2 Dimple Forming Test Specimen

Fig. 3 Specimen before Dimple Forming

Table 1. Rupture Test Results

Dimple Diameter Rupture Pressure
(mm) (MPa)
37 39.5
39 37.3
41 35.6
43 33.8
45 324
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Table 2. Stress-Strain Values

Material AISI 316L
Yield Strength o, MPa 290
Engineering Ultimate o, MPa 560
True Ultimate Strength MPa 840
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Fig. 7 True Stress-Strain Curve of AISI 316L
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Table 3. Rupture Analysis Results Using Bi-linear
Stress-Strain Curve

Disk Test | Bidinear
Diameter Error
Rupture Pressure (MPa) (%)
(mm)
37 395 3.7 -17.2
39 373 310 -16.9
4 356 295 -17.1
43 338 28.1 -16.9
45 34 268 =171
Average =171

Table 4. Rupture Analysis Results Using Ramberg—
Osgood Plasticity Model

Disk Test \ Power-law
Diameter Eror
Rupture Pressure(MPa) (%)
(mm)
37 305 329 -16.7
39 373 31.1 -16.6
41 356 2.6 -16.9
43 338 282 -16.6
45 R4 269 -17.0
Average -16.7

Table 5. Rupture Analysis Results Using Norstrom
Multi-linear Stress-Strain Curve

Disk Test \ Norstrom
Diameter Error
Rupture Pressure(MPa) (%)
(mm)
37 305 34.6 -124
39 37.3 3238 -121
41 35.6 312 -124
43 338 207 -121
45 R4 28.3 -127
Average -12.3
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Table 6. Rupture Analysis Results Using Modified
Norstrom Multi-linear Stress-Strain Curve

Dimple Test Norstrom

Diameter Error
(mm) Rupture Pressure(MPa) (%)
37 3.5 373 -56
39 373 354 -5.1
41 356 336 -56
43 3338 321 -50
45 R4 30.6 -56
Average 54
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Fig. 11 Difference between Test and FEA Results
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Fig. 12 Von Mises Stress(MPa) of FEA Using Norstrom
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Fig. 13 Von Mises Stress(MPa) of FEA Using Modified
Material Property (D: 37 mm)
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Fig. 17 PEEQ of Dimple(D: 43 mm)
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