Journal of Quality Engineering and Management

/ WWW.pqprc.ir

J. Qual. Eng. Manag. Vol. 15, No. 1 (2025) 50—66.

Paper Type: Original Article
Design of an Integrated Model Combining ALT and ADT

for Lifetime Estimation in the Reliability Analysis of a

Turbine Engine Nozzle

Zahra Azharil*, Mehdi Karbasian!"*"| Behrooz Shahriari?

! Department of Industrial Engineering, Faculty of Industry, Malek Ashtar University of Technology, Isfahan, Iran;
Azhtizhra2@gmail.com; mkarbasi@mut-es.ac.it.
2 Department of Mechanics, Faculty of Mechanics, Malek Ashtar University of Technology, Isfahan, Iran; shahriari@mut-es.ac.ir.

Citation:
Received: 26 November 2024 | Azhari, Z., Karbasian, M., & Shahriari, B. (2025). Design of an integrated
Revised: 04 February 2025 model combining ALT and ADT for lifetime estimation in the reliability
Accepted: 17 March 2025 analysis of a Turbine Engine Nozzle. Journal of Quality Engineering and
Management, 15(1), 50-66.
Abstract

Purpose: Reliability is one of the most critical quality characteristics of components, products, and systems. Unlike other
attributes, it cannot be directly measured and is usually evaluated only after significant operational time under real conditions.
However, waiting for long-term field data may reduce market competitiveness in commercial industries and pose serious safety
risks in sensitive systems such as military equipment. Therefore, reliability prediction plays a vital role in key decision-making
areas such as product release timing, warranty policies, and maintenance planning. This study aims to present an integrated
model based on accelerated degradation testing and accelerated life testing to predict the lifetime of a turbine engine nozzle
under operational conditions.

Methodology: Initially, the ADT was designed and conducted to monitor the degradation trend of the nozzle's critical feature
at various temperature and time levels. Using the power-law model and the Arrhenius acceleration model, acceleration
parameters and activation energy were estimated. Subsequently, the ALT was implemented using the extracted parameters under
high-stress thermal conditions, and the corresponding failure times were recorded. Finally, by integrating the results of both
tests and applying statistical analysis methods such as maximum likelihood estimation and degradation path modeling the lifetime
distribution of the system was modeled.

Findings: The implementation of the proposed model on a turbine engine nozzle demonstrated its capability to predict lifetime
and significantly reduce testing time and cost accurately.

Originality/Value: This model introduces a novel analytical framework by systematically combining two different types of
testing (ADT and ALT), where the output of one test serves as the input for the other. The proposed approach can be generalized
and applied to other critical industrial and defense-related products.
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 Accelerated Life Testing (ALT)
2 Accelerated Degradation Testing (ADT)
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Figure 1- Classification of tests [15].

! Research and Development (R&D)
2 Environmental Stress Screening (ESS)
3 Highly Accelerated Life Test (HALT)
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Figure 2- The graph of S value during the first cycle at 650 °C.
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Table 1- First repetition data of the degradation test at three time intervals under
650 °C temperature condition.

T1=650 ¢ = 923.15 (K)
() ey () yoe Jobo

500h 0.0000
1000h 1.2864
1500h 1.8596
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Figure 3- S value versus time in the second repetition at 650 °C.
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Table 2- Second repetition data of the degradation test at three time intervals
under 650 °C temperature condition.

T1=650¢ =923.15 (K)

(h) oles () yoe Jsbo
500h 0.0000
1000h 1.2868
1500h 1.8277
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Figure 4- S value versus time in the third repetition at 650 °C.
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Table 3- Third repetition data of the degradation test at three time
intervals under 650 °C temperature condition.

T1= 650 ¢ = 923.15 (K)

(h) oles (h) yee oo
500h 0.0000
1000h 1.2871
1500h 1.8048

ﬂ.}ljuﬂjv.:nﬂjk;&tﬂ \O")\"' O QDJMJJ)J\;JSLA‘*"-)JV" Lgb;y;j;l;\ﬁySLg.xclswjﬂx;Lbj\OJS..’;)b}Q.‘,
el od 3l 5LaS ¥ J g > TF



61 Azhari et al.| J. Qual. Eng. Manag. 15(1) (2025) 50-66

10/0000
8/0000
6/0000
4/0000
2/0000
0/0000

y = 3x + 0/0167

1 2 3

oS soluaz 0 Ve o glos yo Jol 1,55 50 S lude jloges =0 JSis
Figure 5- S value versus time in the first repetition at 700 °C.
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Table 4- First repetition data of the degradation test at three time intervals
under 700 °C temperature condition.

T1=700 ¢ = 923.15 (K)

(h) ole; (h) yee Jgb
500h 0.0000
1000h 0.9956
1500h 1.2516
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Figure 6- S value versus time in the second repetition at 700 °C.
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Table S- Second repetition data of the degradation test at three time intervals under
700 °C temperature condition.

T1= 700 € = 923.15 (K)

(h) ole; (h) yoe Jsbo
500h 0.0000
1000h 0.9955
1500h 1.2379
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Figure 7- S value versus time in the third repetition at 700 °C.
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Table 6- Third repetition data of the degradation test at three time intervals under
700 °C temperature condition.

T1= 700 ¢ = 923.15 (K)

(h) obes () yoe Job
500h 0.0000
1000h 0.9955
1500h 1.2280
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Figure 8- S value versus time in the first repetition at 750 °C.
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Table 7- First repetition data of the degradation test at three time intervals under
750 °C temperature condition.

T1= 750 ¢ = 923.15 (K)

() gyles (h) yoe Jgb
500h 0.0000
1000h 0.9555
1500h 1.0735
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Figure 9- S value versus time in the second repetition at 750 °C.
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Table 8- Second repetition data of the degradation test at three time intervals under
750 °C temperature condition.
T1=750 ¢ = 923.15 (K)

(h) &bes (h) yoe Jobo
500h 0.0000
1000h 0.9530
1500h 1.0649
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Figure 10- S value versus time in the third repetition at 750 °C
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Table 9- Third repetition data of the degradation test at three time intervals under
750 °C temperature condition.

T1= 750 ¢ = 923.15 (K)

(h) obes (h) yoe Jsbo
500h 0.0000
1000h 0.7946
1500h 0.8685

wcdlizes (Glo 5 30 phume sloyoe Jobo -V Jguz
Table 10- System lifetimes under different stress levels.

cle L5 TF(h)
650 = 923.15 (K) Js  1.0487
650C=923.15(K)  sps  1.0381
650 = 923.15 (K) 1.0306

e
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Aalol =V e Jgu
Table 10- Continued.

700 = 973.15 (K) Js! 0.749
700c=97315(K) e 0.7445
7000=97315(K)  pp. 07412
750 = 1023.15 (K) Jsl 06763
750C=1023.15 (K) g0 0.6726
7500=1023.15(K) e 0.5544
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Figure 11- Lifetime diagram.
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Table 11- The system’s lifetime values at four additional temperature levels.

¢ %es TF (h)

550 = 823.15 (K) 1.8917
600 = 873.15 (K) 1.3619
800 = 1073.15 (K) 0.4970
¢ =1123.15 (K) 0.4088
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