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Effectiveness Analysis and Profile Design Automation Tool
Implementation for The Mass Production Weapon System
Environmental Stress Screening Test
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Abstract There are various system defects from weapons manufacturing due to the numerous production processes
and various production environments. The first kind of defect is patent defects, which can be detected by visual
inspection, functional testing, and existing quality control procedures during the manufacturing process. The second
kind is latent defects, which cannot be detected though existing quality management approaches because of the
complexity of the system and manufacturing process. To minimize the initial defect problems, environmental stress
screening (ESS) is needed to detect the defects, remove them, and improve the product conditions based on the
environmental stress conditions of temperature and vibration. We implemented a tool for quantitative ESS
effectiveness analysis and profile design automation based on MIL-HDBK-344 and verified it using six scenarios with
different temperature stress, vibration stress, and test designs.
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Table 1. Detection Efficiency Parameter

T
Test est
. defect
Test environ- .
R mental R detection/
type ange e‘ fl ange removal Range
(77) condition .
(TE) ability
(TDR)
Testing
performed
Functional 0.3 under 021! 'Observe/
l . isolate the
only ambient 0.6
8.8 . defect and
conditions 0.8 1
only the 1.0
; probability ’
. Testing .
Functional 08 1 rformed of removing
and ’ pertorme 1.0 the defect
i 1.0 concurrently
paramen with stress
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Table 2. Precipitation Efficiency of Temperature

Temperature Precipitation Efficiency of
Stress .
Type Temperature Stress Equation
k=0.0017(AT+0.6)" % [In(Rate +2.718)]?
Temperature AT=T, .. —1 . in degreesC
Cycling Rate = degrees C/minutes
t = number of cycles
k=0.0017t(AT+0.6)"°
Tfn(:;::;tre AT=T, .. — 1., in degreesC
t = hours
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Table 3. Precipitation Efficiency of Vibration

Vibration Precipitation Efficiency of Vibration

Stress Type Stress Equation

E=0.0046 G*™
G= Grms

k=0.000727 G"363
G= Grms

kE=0.00047 G**¥
G= Grms

Random
Vibration
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Fig. 4. The Mass Production Weapon System Environmental Stress Screening Test Effectiveness Analysis and
Profile Design Automation Tool Implementation result(Reference)
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Table 5. Combined Temperature/Vibration Environmental Stress Screening Design Reference Scenario

Defect Density

Environmental Stress Screening(ESS) Test

Allowed Remaining Defect Density

Temperature Stress

PE=1—e¢" (0.0017(A T+0.6)"[In (Rate +2.718)]*)¢
Dy =D pr + Dy =098 Rate = 10T Dipvamning =03
DE=0.9

Vibration Stress

Dy =Dypr + Dy pp =061

PE=1— ¢ (0:0046G"tF
F=118

Drgyaming = 0-3

DE=0.9

3% The defect density ratio :

3 Mixed(Temperature+Vibration) stress detection ratio :

3% ESS test run time :

8hours(Equipment installation/payback time :

50%(Dppp): 50%(Dppp)

80%(Temperature), 20%(Vibration)
10minutes, Test cycle : 5)
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Table 6. The Mass Production Weapon System
Environmental Stress Screening Test
Effectiveness Analysis and Profile Design
Automation Tool Scenarios for validation
Step Sort Change object Change
parameter value
Temperature
1 Range 120 = 150
(T = i)
Temperature Temperature
2 Stress Rate 10 = 15
Value (C/min)
Allowed
3 Remaining 0.30 = 0.28
Defect Density
Amplitude
4 Vibration (Grms) 0= 15
Stress Allowed
5 Value Remaining 0.30 => 0.28
Defect Density
Test Allowed
6 Design Test 8 = 10
Value Run time
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Fig. 9. Scenario5 results
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