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The Used and Some Useful References:

 Materials and Process Selection for Engineering Design; 4th ed., 2021 (Mahmoud M. Farag) 

 Selection and Use of Engineering Materials; (J.A. Charles, F.A.A.  Crane & J.A.G. Furness; Butterworth-

Heinemann) 

 ASM Metals Handbook, Vol. 1,2: Properties and Selection, (ferrous & nonferrous alloys) 

 Key to Steel, (C.W. Wegst; Verlag Stahlschlussel Wegst GMBH)

 Engineering Materials 1: An Introduction to Properties, Applications, and Design; (M. F. Ashby & D. R. H. 

Jones)

 Elsevier Materials Selector, Vol. 1,2,3; (N.A. Waterman & M.F. Ashby; Elsevier Science)

 Handbook of Materials Selection; (Myer Kutz; John Wiley & Sons)

 ASM Metals Handbook, Vol. 20: Materials Selection and Design; (ASM International)

 Structure and Properties of Engineering Alloys ; (W.F. Smith; McGraw-Hill)

 and other related references.
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Chapter 1: Product Design and Development in the Industrial Enterprise 
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FIGURE 1.1  Simplified house of quality
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(Hertzberg)
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:رابطه کلی
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T (°C)

536

542

547

هدر خروجی سوپرهیتر دماي بالا

Alloy Steel   SA 335
Standar
d

GradeChemical composition

C Si Mn P S Cr Mo

SA335 P12 0.05-
0.15

0.50-1.0 0.30-
0.60

≤0.030≤0.030 1.00-
1.50

0.50-
1.00

افزایش ) MPa 45 ≈(در یک تنش ثابت 
% 33درجه سانتیگراد،  6دما به مقدار 

.عمر قطعه را کاهش داده است
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1. Background Information
2. Location of the Failed Component
3. Specimen Collection
4. Macroscopic Examination
5. Microscopic Examination
6. Chemical Analysis
7. Mechanical Properties
8. Nondestructive Examination
9. Simulation Studies
10. Analysis of Data
11. Preparation of the Report

Failure Analysis Methodology
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 Many tests have been invented to assess the toughness of a material, e.g.:

 notched tensile test

 Charpy impact test

 the drop weight tear test (DWTT)

 . . .

 The early tests were highly arbitrary and merely attempted to imitate the conditions of service 

that were known to decrease toughness. 

 The toughness of steel is decreased by:

 decreasing temperature;

 increasing strain rate; and

 increasing plastic constraint.

Tests for Evaluating Toughness 
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111Copolymerization is a reaction in which two or more monomers polymerize to form a chain that contains more than one monomer.
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Key types are 90/10 (90% Cu, 10% Ni) for general marine use and 70/30 (70% Cu, 30% Ni) for high-
corrosion naval applications.
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It is now widely recognized that design, material selection, and 
manufacturing are intimately related activities that cannot be performed in 
isolation of one another.
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براي شما عزیزانموفقیت روز افزون آرزوي سلامتی و با 

*دکتر محمود سمیع زاده * 

)39سوره مبارکه نجم، آیه (» او، نیست  ]و کوشش[اى جز سعى  و اینکه براى انسان بهره« 

الَلھُّمَّ ما بِنا مِنْ نعِْمَةٍ فمَِنْكَ 

هر نعمتی که بر ماست، از آن توست ؛بارالها


