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ȁ ῏ ҙ ȁ ȁ ῏ᴑҙ ᵝ Ȃῒ ץ ῏

֟ҙ ҹ Ҭץ̆ └ 2025ȁ ȁ ῏ ҹᶭ ץ̆ ֟ҙ

ҹ ̆ ῒ ῏ ̆ ҙ ⱬ ̆ ֟ȁ ȁ ȁ ֜

̆ ꜚ ᵝ ȁ ȁ ҙ ҍ֟ ⇔ ̆Ḇ ֜ ȁ

ҍ῍ Ȃ Ҭ ᴏ ȁẫ ̆ Ҭ ⇔ ⱬ Ԉ

ⱬȂ 

└ ȇᴏ № └ Ȉ ᵬӊѿȂ ᵬ ṿᴏ Ҭΐᵣ

ҍ ῏ ҈ҩ ӈ̆ ȁ ѿ Ȃ ₱ ̆ᶏ ѿ

֓ ₱ ѿҩ₱ ̕ ᴏ ⌠ ѿ̕ ΐ

̆ ԍ ῏ ̆ ᾝ ₱ ̆ ғ

ԍ ȂԊ ᴏ ῏ ‗ᴏ Ȃ 

ṿ ᴏ Ҭ̆ ҕ ΐ ӈ ᵬ̆ ᶫ ᴏ ѿ ᵥẠ

ṿᴏ ᴆȂ ԍ ᴏ ̆ᶏ ױ ȁ ׂȁ

ӊ ̆ ᾝ ᴆ ᵬ ᶏ ױ ≠⌠ ΐ Ȃ ᴏ ᴆ ᴏ

ҍ ΐ̆ ᵥ ᴆẠ ᴏ ᵬ ľ̆ ῒԊ̆ ᾢ≠ῒ Ŀ ȇ̆ᴏ

№ Ȉ ץ ᶫ ꜛȂ 
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Ὲ ᵬ Ȃ ҕ֒ ᴍῈ ◐ ȁ ֤ ᴏ Һᴋ ᾢ ֤ Ḥ

ᴍ Ὲ ᾢ Ώԅ Ȃ ̆ ף Ҭ ᴏ ױז ңҩ

ҹ ҕẠ₮ ᵬ ₮ ˻ 
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ľ֓ Ŀ̆ ̆ ᴑҙ ⌠ ľᴏ ᵬҹ ᶭ ĿȂ

҉ ᴏ ∞ԅ ⅝Ȃ ֓ ֟ ᵣ ῒ̆Ҭ ᴑҙ ӎᴏ
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ᴏ ҕ ᵌ̆ Ẓ ̆ Ẓ ȂẒ Ҍ ̆ Ẓ ῏ Ȃ

Ẓ ȁ ̆Ẓ Ҍ ̆ ҹ Ҍᴪ ̆Ҍᴪ ‗

Ȃᴏ ‰ ȁ ӈ ᴇṿ ԍ ˻ 

ᴏ ‰ ľḠ ѿ ĿȂ ѿҩ ‰̆ ѿҩ ̆Ҍ

ֲȁҌ ᴆ̆ᴏ ѿ Ȃ ‰ ᴨ ̆ᵖῒ Ȃ

Ȃ ױ ᴏ ҍ ῃ ̆p ᴏ ‰ ױ

̆ Ẓ ѿ̆ Ẓ ῒ ľ Ŀ̆ ҹ

ױ ᶭץ ҩ Ẓ ḱ Ȃ 

̆ ᴏ ‰̆ ᴑҙẠ ᴏ ѿ Ȃᵖᴏ ‰ Ҥ ᶭ ԍᴑҙȁҒҙ ֟

̆ ѿҩ ӊ ‰ ᴏ ‰Ȃ ̆ץ Ҍ ֲ ĺĺ ױ Ạѿ

ᴏ ‰̆ ᶫ ᴑҙѿ ᵥẠ ᴑҙᴏ ‰ Ȃ ױ ҹ̆ ѿҩ ӊ

‰ ‰̆ᵖ ץ ѿ ӊ ‰ ᴏ ‰ Ȃ Ȃ Ḃ

̆ӞҌ ѿ ҊȂ Ҍ Ғҙׅ̆ Ҍ Ȃ ̆ץ ᴪ ̆

ҹᴏ ӊҊ Ғҙ Ҍ Ȃ ѿ ̆ ԅ ȁ ȁ ꜚȁ

ȁ ᴏ ‰ Ώ ̆ ѿ ᶛĺĺȇ ᴏ № ᶛȈȂ 

ꜛ̆ ױ ꜚⱬȂ 
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҆ȁ₃ ҆⌠₃ ҆ ҉ַ ̆ᵌӍ ף Ȃ ῀ 21ҕ ̆

ᴆ ⱴ▲ CAE ᴆҌ ῀Ҭ ᶏ̆ Ҭ CAE ⌠ԅ ̆p ԍᴏ

ѿ ‗ Ҭ̆ CAEᴏ Ӟ ѿ ῀⌠ᴑҙ Ҭ
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ף ̆ ⱬ ⇔ Ȃ2019 ̆ ҩ ԍ Ҭ ᴏ ꜚҊ
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1  

CAE ῃ ҹľComputer Aided EngineeringĿ̆Ҭ ҹľ ꜛ Ŀ̆ ץ

ȁ ⱬ ῏ ҹ ֟ ȁ № ȁ ҹ ҍᴨ

Ḥ ȂῒҬ̆ľ ῏ Ŀ ȁ ȁ ȁ֜ ȁ ȁ ȁ

ȁ ȁ ҹ ̆ ԅᴧ CAE № Ȃ ҍ ⱬ

↕ ԍ ҩ № ҹ̆ΐᵣ ҍ ᶫ ΐ ׆̆ ῏ CAE ᴆ

Ȃ 

CAE ѿҩ ׆̆ ҉ ץ └ ҙḤ Ȃᵖ ̆ᴰ CAE

Һ ֟ ῃ № ̆ ῒ ᵬ ҹ ̆

̆ ȁ֟ ⱳ ҍ
ȍ1Ȏ
Ȃ ̆CAE ѿ

̆ ץ ‗ΐᵣ ҹ₮ ̆Ṣꜛԍ Ḥ ̆ ȁ

ⱬ ľ ᾝĿ ̆ ‗ ץ ֟ ᴨ
ȍ2Ȏ
Ȃ 

CAE ԍ 20ҕ 40 ̆ף 20ҕ 50 ף 60 ∆ף ῀ ֲⱬ

ⱬ ΐ ⱳ ᾝ№ ̕ 20ҕ 70͘ 80 ף CAE ᴆ ⌠ԅ + ̆ ῒ 20

ҕ 90 ץף ̆CAE ᴆ ⱳ ȁ ȁ ץ

ԅ ᶏ̆ CAEᴏ ⱳ ̆ ԍ֟ CAE ΐ

̆ ҹ ֟ № Ҭ( ȁ ȁ ȁ ̃ Ҍ ṿ

ΐ̆ ꜛᴑҙ ֟ ̆ ᵞ֟ ⌠ԅ ᵬ Ȃ 

CAE ᴆ ׆ 20ҕ 70 ף Ȃ 40 ̆ CAE

ᴆ Һ ꜜⱬ Ả ̆Ӟ ѿ֓ Һ ֟ ᴆ ₮Ȃ20ҕ 90

ץף ̆ ⱬ ⱴ ̆ ᴆ ῀Ҭ ̆ⱴ ԅ CAE ̆ ԅ

└ ҙ Ȃҍ ̆ Һ ᴆ ⌠Ҥ ̆ ≢ ᴆ̆

Һ CAE ᴆ ₯ ̆ ѿ֓ᴨ ᴆ ₮ԅ ῤ CAE Ȃᵬҹ ҙ Ҭ̆ Ҍ

ᶭ ֟ ̆ CAE ᴆ֟ҙ ץ̆ ҹ ̆ ҙ ᴆ

ᴏ № ᴆ ̆ ̆ ֟ Ԉⱬ ᴑҙ Ԉ ⱬ̆ ꜚ ֟ CAE ᴆ

ҙᴑҙ ̆ ҹ Ⱶӊ Ȃ 

̆ CAEᴏ № ᵬ ᴑҙ ̆ ҍ⌠ CAEᴏ № ᵬҬ ̆Ҍ

№ № Ҭ̆ ԍ ῏Ғҙ ȁ ᴆ ⱬץ ֟ ̆

ȁ ⅞№ȁ ᴆ ҉ Ҍ ̆ΐ ̆ ԅҌ №

ֲ ԍ ѿ № ѿ ׆̆ ֟ ԍ№ ̆ ’Ҋ

№ ̆ ֲⱬ ⱬȂ 

ҹԅ CAEᴏ № ᴑҙ Ҭ ᵬ ̆ ᴏ № ֟ ҩ

Ȃ ₃ ̆ ̆ ῤ ᶫ Ӟ ԅᴏ

№ ̆ ԅ ̆ ᴑҙ ԅ Ȃ ԍ҉ץ ̆

֟ ᴑҙ ℗ CAEᴏ № ̆ ‗ ╠ CAEᴏ Ȃ

CAEᴏ № ѿ̆ ץ ץ ȁ ᴏ № ᵬ̕ ѿ ץ

̆Ḃԍῒז№ ֲ ῀⌠ ᵬ Ҭ̆ᶏᴑҙ CAEᴏ ᵬ ȁ ȁ‰

̆ҹ֟ ᶫ ⱬ Ḡ Ȃ 



2  

 

2 ᴕ ⅎ  

ᴏ № ԍᴑҙ ֟ ̆ ץ ᴏ № ȁ ȁṢ ῒ ҙ

῏ ץ̆‰ ҹ └̆ ₮ ѿ ᵬҙ Ȃ ԍᴏ № ΐ ҙ ᴑҙ

̆ ᴑҙ ῀ ֲⱬ ⱬ └ ̆└ Һ ѿ ᴑҙ Ȃ 

ᴏ̆ № Ҍ ҹᴑҙ└ ᴏ № ̆ ῤ ҙ ᴑҙ

ᴏ № ԅ ҉ ҹ̆ᴑҙ ᶫ└ ᴏ № ̆ ᴑҙ ᵥ

ѿҩ ȁ ȁᾢ ᴏ № Ȃ 

3 ᴕ ⅎ ┼  

̆ᴑҙᴪץ Һ ֟ ҹ ̆ ᴏ № ̆ ץ ᴑҙ ᴏ №

Ȃᴏ № ҍ CAD ℗ ῏̆ѿ CAEᴏ № Ҋ̔ 

a)  ֟ ̆ѿҩ֟ ΐ Ҍ ̆ ᾢ ֓ ᴏ

№ ̕ 

b)  ᴇ ‰̆ ֟ ȁ № ȁ Ԋ ȁ

῏ ‰ ҉ ̕ 

c)  └ ᴏ ‰̆ ῤ ‰ȁ ᴆҍ ‰̆ ȁ

‰̂ ȁ ȁ ̃̆ ҍ ԑ ҉ ̕ 

d)  ̆ ₮Ҭ ѿ

̆ ҍ ᴇ Ȃ 

 

ԑ Еᴕ ⅎ Ὺ  

 

CAEᴏ № ң №̆ ᴏ № ῤ ҍΐᵣҙⱵῤ ң №̔ 

ῤ ̔ ԍᴑ CAEᴏ ᵣ ᵬῤ ̆ ᵥ CAEᴏ №

̆ ץ ᴑҙ ΐᵣҙⱵ № ̕ 

ΐᵣҙⱵῤ ̔ᴑҙ ֟ № ȁ ⅞̆ ῒ ΐᵣ֟ ѿ ᴏ

№ ῤ └ Ȃ № ̆ ׆ ῀ȁ₃ᵥ ȁ ȁ

ԇȁ ȁ№ ֜ȁ ȁ ᴇ Ώ ̆ ѿ ᵬҙ ӥ̆ᴏ

№ ᵬҙ ӥ № ׆̆ ᵬ ȁḠ Ȃ 

1 Ὺ  

1.1   

ᴏ № Ҭ └ ̆ ̔ 

ҹԅ XXX ̂ ꜚⱬ ȁ ȁ ̃ ᾝ№ ̆ └ Ȃ

└ ᶏ̆ Ҍ ᴆ XXX ᾝ№ ̆ ₮ ᾝ№ ΐ

ѿ ̆ Ḡ ᴏ № ΐ № Ȃ 

1.2   

ᴏ № Ҭ ̆ ̔ 

ԅ XXX ᾝ№ № ᶭ ȁ№ ȁ№ ȁ№ ȁ ↕ȁ

ᵀȁ ḱ ȁ ₮ȁ ȁ Ώ ῤ ̆ ԍ XXX ᾝ№ ᴆ

XXX ↨ № Ȃ 

1.3  ᴌ 

ᴏ № Ҭ ᴆ ̆ ̔ 

Ҋ↓ ᴆ ԍ ᴆ Ҍ Ȃ₄ ᴆֽ̆ ԍ

ᴆȂ₄ Ҍ ᴆ̆ῒ ̂ ḱ ̃ ԍ ‰Ȃ 
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GB/T31054- 2014 ֟ ꜛ ᾝ ṿ ̕ 

GB/T33582- 2017 ֟ ᾝⱬ № ↕̕ 

GB/T4797.4- 2006 ֟ ᴆ ҍ  

GJB150.7A- 2009´ 7 №̔  

SJ20590- 96´  

SJ20743- 1999 Ύ 1 №  

GB3100- 1993 ᵝ└ ̕ 

GB3101- 1993 ῏ ȁ ᵝ ѿ ↕̕ 

ASME V&V10- 2006 Guide for  Verification  and Validation  in  Computation Solid  Mechanics̕   

ASME V&V10.1- 2012 An Illustration  of  the Concepts of  Verification  and Validation  in  

Computational Solid  MechanicsȂ 

1.4  ӎ 

ᴏ № Ҭ Ҭᶏ Һ ӈ̆ ̔ 

Ҋ↓ ӈ ԍ ᴆȂ 

ᾝ ̂finite element modeling̃̔ ᾝ ̆ ₃ᵥ ȁ

ӈȁ ⅞№ȁ ̂ ̃ ᴆ ⱴȁ ̕ 

₃ᵥ ̂geometrỹ ̔ᶏ ₃ᵥ ᵣ ̆ѿ ȁ ȁ ȁᵣ

ᾝ ̕ 

̂material  property ̃̔ ԍ ̕ 

ᴆ̂boundary condition ̃̔ ԍ ’Ҋ̆ ҉₃ᵥץ

ᴆ̆ ⱬȁ ȁ ȁᵝ Ḥ ̕ 

⅞№( mesh)̔ ₃ᵥ № ᾝ̆ᵬҹΐ ₃ᵥȁ ̕ 

̂Coordinate  Syetem̃ ̔ ᴏ Ҭᶏ ᵥ ̆ѿ ’Ҋ̆ ᶏ

̆Ӟ ץ № ̆ ῒץ ̆ ȁ ȁ ̕ 

ᾝ̂element̃ ̔ΐ ₃ᵥȁ ̕ 

̂nodẽ ̔ ᾝӊ ̕ 

ᾝ̂zero dimensional  element̃ ̔ ҹ ᾝ̆ ᾝ ̕ 

ѿ ᾝ̂one dimensionalel  ement̃ ̔ ҹ ᾝ̆ ↨ ᾝȁ ᾝȁ ᾝ

̕ 

ԋ ᾝ̂two dimensional  element̃ ̔ ҹ ᾝ̆ ᾝ̂ ᾝ ȁ̃

҈ ᾝ ̕ 

҈ ᾝ( three  dimensional  element): ҹ ᵣ ᾝ̆ ᵣ ᾝȁΈ ᵣ ᾝ ̕ 

ᾝ( mass element): ΐ ᾝ̕ 

ᾝ( spring  element): ӊ ΐ ᵬ ᾝ̕ 

̂bar̃̔ѿ ԍῒז ᴆ̕ 

̂beam̃ ̔ѿ ץ̆ ҹҺ ̕ 

/ ̂plane/shell ̃̔ѿ ԍ ̕ 

ᵣ̂solid  bodỹ ̔ ᵣ ҈ ₃ᵥᵣ̕ 

ᵞ ᾝ̂low order  element̃ ̔ᶏ ѿ ₱ ᾝ̕ 

ᾝ̂high order  element̃ ̔ᶏ ԋ ₱ ᾝ̕ 

̂constraint ̃̔⁞ └ ᴆ̕ 

̂load̃̔ ⱴ ᵣ҉ ҉ ᵬ ⱬ ̕ 

̂strength ̃̔ ⱬ̕ 
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ᵝ ̂displacement̃̔ ᵣ҉ѿ ԍ ᵝ ̕ 

̂aspectratio ̃̔ ԋ ҈ ᾝ ҍ ӊ ̕ 

̂slenderness̃̔ ᴆ ҍ ᴆ ӊ ̕ 

̂warpagẽ ̔ ᾝẒ ̆ ԍ ᾝ ̕ 

Ẓ ̂skew̃ ̔ ᾝ ̕ 

ῤ ̂interior  anglẽ̔ ҈ ᾝ ᾝ ṿ̆ ԍ ᾝ ῤ

ῤ Ȃ 

1.5   

ᴏ № Ҭ ᾝ ̆ ↕ ̆

̆ Ȃ 

ᾝ№ ӈῃ ̆ ȁ ҍῃ Ҍѿ ̆

ⱴ Ȃ 

1.6  ᵣ┼ 

ᴏ № ᴏ № Ҭᶏ ᵝ└̆ ᵝ└ ѿғ Ȃѿ ’Ҋ̆ ҉

ᶏ ᵝ└̆ 1 2Ȃ 

1.7   

ᴏ № Ҭ № ᴋⱵ ᶏ ȁ ᾝ ȁ ᾝ ȁ ȁ

̆ Ҍ ҉ ᴪ Ȃ ̆ ᴏ №

Ҭ ̆ ᴆ Ӟ ̆ Ҋ  ̔

Ҋץ ᴆ ΐ XXX ᴏ № Ȃ 

a)  ╠ ᴆ̔SimSoft1̆ ᴆ Ҍᵞԍ XX ̕ 

b)  ᴆ̔SimSoft2Ȃ 

ῒ ᴆ ΐ ̆ ᶏ Ȃ 

1.8 מ֢   

ᴏ № ᾝ№ Ҭ ֜ ̆ ᾝ№ Ҭѿ ֜

ᴆ Ҋ̔ 

a)  ᾝ₃ᵥ ᴆ̕ 

b)  ᾝ ᴆ̕ 

c)  ᴆ̕ 

d)  Ḥ ᴆ̕ 

e)  ᴆ̕ 

f)  ᴆ Ȃ 

2 ΊᵩҟꜙῪ  

2.1  ᵲ  

ᴏ № Ҭ ᴏ № ̆ѿ ̆ 1Ȃ 

2.2  ₉ᵫ  

ᴏ № ₃ᵥ ѿ ң ѿ̆ CAD ῀ ᾝ№ ╠ ᴆ ̆

ӊҹľ₃ᵥ ῀ Ŀ ѿ̕ ᾝ№ ╠ ᴆ ̆ ӊҹľ Ŀ̆ң

1Ȃ 

1.  ₉ᵫ  

 ӎ ᴮ   

 

CAE ᴆ╠ Ҭ

̆ CAE ᴆ ҉ ΐ ╠

ⱳ Ȃ 

ᶏ ̆Ḃԍ

̆ Ȃ 

ᵞ̆ ԍ

Ȃ 



5  

 

₃ᵥ ῀  

CAD ᴆ ₃ᵥ ̆

Ῥ ῀CAE ᴆҬ

Ȃ 

ץ ᴏ Ȃ CAD ̆

ᴪ ҡ ̆

Ҍ ḂȂ 

ᵥ ̆ ȁ№ ȁ ᾝ ̆ ₃ᵥ

̆₃ᵥ Ҍ ȁᴰⱬ ȁ↨ ȁ № ̆ ԍ ҩ

ᴆ ̆ № Ҍ̆ ᴆ Ӟ Ҍ ↕̆

↕ ᴑҙҒ ‰/ ̆Ӟ CAD/CAEΐ ԋ

Ȃ 

₃ᵥ ̆ ԍץҊ₃ҩ ̔ 

a)  ₃ᵥ ᴆ ̕ 

a)  ₃ᵥ ҍ № ῏ ̕ 

b)  ₃ᵥ ҍ Ȃ 

2.3  ↔ⅎ  

2.3.1  ᾣ  

Ҍ ᴏ № ᴆ ᶏ ᾝ ̆ Ҭ ᶏ ᾝ Ȃ 

’Ҋ̆ᴏ № Ҭᶏ ᾝ ᾝ̂ ᾝ̃ȁѿ ᾝ̂ ↨ ᾝȁ

ᾝȁ ᾝ ̃ȁԋ ᾝ̂ ᾝȁ ᾝȁ ᾝ ̃ȁ҈ ᾝ̂ ᵣ ᾝ̃ ῒ ᾝ Ȃ 

ᴏ № Ҭ № ᾝ ̆ ᾝ Ҍ ᴆ

̆ № ╠ Ҋ̆ ᾝ ѿ Ҋץ └ ↕̔ 

a)  ↕ ᾝ̕ 

b)  ᾝ̕ 

c)  ᾝ̕ 

d)  ᵣ ᾝȁ ᾝֽ ԍ ₃ᵥ ̕ 

e)  ᾝ ԍ V&V ̂Verification  & Validation ̆ ̆ V&V̆

ASME V&V ῏ ‰̃ Ȃ 

2.3.2  ᾣ  

ᾝ ᾝ №ҹᵞ ᾝ ᾝ ᶏ̆ ѿ ₱ ᾝ ҹᵞ ᾝ̆ ԋ

₱ ҹ ᾝȂᴏ № Ҭ № ᾝ ̆

ᾝ ѿ Ҋץ └ ↕̔ 

a)  ԍ Ҍ ↕ȁ ⱬ№ ᾝ̕ 

b)  ᾝ̆ ᵞ ᵞ ᾝ̕ 

c)  Ҍ ᾝ ᵝ ᶏ ᾝ Ȃ 

2.3.3   

ԍ ᾝ ѿ ṿ№ ̆ ᾝ ӊ ̆ ᾝ ⅞№ ̆ ṿ ᵌ

ԍ ̆ ⱴ ̆ ѿ Ӟᴪ ӊ Ȃᵖ ̆ ⱴ

̆ ᴪ ⱴ ᾝ ⅞№ ̆ ᴪ ᴪ ᵞ Ȃ

̆ץ ᵬҬ̆ ᵥ⅞№ Ḡ ̆ Ҍ ᶏ ̆ѿ

ᴏ № Ȃ 

ҹ ̆ ᴏ № Ҭ № ȁ ȁ ȁ ᴆ ⱬ ̆

⅞№ ̂ ̃̆ 3Ȃ 

└ѿ Ҋץ ↕̔ 

a)  ȁ ȁ Ҍ ᵝ ̕ 

b)  ᾝ ̆ ӊ ᾝ ̆ ᾧ ᾝ ↨ ≢

̕ 
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c)  ԍ ᵣ ᾝ ̆ ҉ ḠҌ ԍ҈ Ȃ 

ԍ V&V̂ Verification Validation ̆ ̆ V&V̆ ASME V&V

῏ ‰̃ ̆ GCÎ Grid Convergence Index̆ ̆ ľGCIĿ̃

῏ № ̆ Ȃ 

GCI ԍ Richardson № ̆ῒ ҹ ҍ ṿ ӊ

῏ Ὲ  ̂1̃ ̔ 

= H O T 0w w
Ö Ö

+ Ö +   
p

exact h
A h as h      

1  

Ҭ̔ 

wexact  ĺĺ ̕ 

wh     ĺĺ ҹ h ṿ ̕ 

h      ĺĺ ̕ 

p      ĺĺ ṿ ̕ 

A      ĺĺ ̕ 

H.O.T  ĺĺ ̆ h ԍ ̆ῒ ԍ ᵞ Ȃ 

Ὲ ̂1̃ ҹ̆ ץ̆ ԍҍ ᵞ ̆H.O.T. ץ Ҍ ̆

’Ҋ̆ ṿ ԍ Ȃ 

Ẋ
1

ĥ ̃ȁ
2

h ̂Ҭ ̃
3

h ̂ ̃҈ ̆ῒ

ṿ№ №≢ҹ 1wȁ 2w 3w̆ Ὲ ̂1̃ ̆↕ ̔ 

1 1

2 2

3 3

=

=

=

w w

w w

w w

+ Ö

+ Ö

+ Ö

p

exact
p

exact
p

exact

A h

A h

A h
           2  

Ὲ ̂2̃ ᾝwexact A ̔ 

2 1 1 2

3 2 2 3

=
w w

w w

- -

- -

p p

p p

h h

h h
          3  

 

Ὲ ̂3̃ ѿҩ ̆ ץ ṿ pȂ ҹԅ p̆ ץ

̆ ̔ 

32

1 2

= =
hh

r
h h

              4  

Ὲ ̂4̃ ῀Ὲ ̂3̃ p̔ 

()2 1

3 2

ln /ln r
w w

w w

-
=

-

å õ
æ ö
ç ÷

p   5  

Ὲ ̂2̃Ҭ ңҩ ̆ A̔  
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2 1

1 2

w w-
=

-
p p

A
h h

              6  

Ὲ ̂6̃ ῀Ὲ ̂2̃Ҭ ̔ 

( )
2 1 2 1

1 1 1

1 2 1 2

= =
/ 1

w w w w
w w w

- -
+ Ö +

- -

p

exact pp p
h

h h h h
   7  

Ὲ ̂7̃ ̆
1

h ṿҍ ӊ ̔ 

( )
2 1

1

1 2

=
/ 1

w w
w w

-
-

-
exact p

h h
    8  

( )2 1 1= /e w w w-
̆↕Ὲ ̂8̃ ҹ̔ 

 

( )
1 1

1 2

=
/ 1

e
w w w- Ö

-
exact p

h h
  9  

Ὲ ̂9̃ ₮ ԍ Richardson GCI Ҋ̔ 

( )
2 1

GCI=Fs
/ 1

e
Ö

-
p

h h
     10  

Ҭ̔ 

Fs  ĺĺ ῃ ̆ ԍ 3 ᵀ Ҭ̆ Richardson ṿҹ 1.25̕ 

GCI ĺĺ ᴨ ΐ̆ᵣ ̆ ῒӗץ Ҋ ṿ ̆

₮ѿҩ ̆ ᵝԍ ҩ ӊῤ̆ץ h1ҹᶛ̆ ҹ̔ 

1
1 GCÎ ̃w wÍ   Ö °

exact     11  

GCI Ҭӗԅѿҩ ῃ Fs̆ ҹ Ὲ ̂2̃Ҭ ԅ ̆

’ Ӟ Ҍ ̆ ӗץ ῃ Ҍ Ḡ ῃ Ὲ ̂11̃ ῤ̆

Ȃ 

GCI ԍᴋᵥ ᴋᵥ ῒ̆ ѿ ≢
1

h̖
2

h ̆

ғ ԍ 1.3̆
2 1

/ 1.3̘h h Ȃ 

ץ ҹᶛ̆ῒ ̂ ̃ ṿ 2 Ȃ 

2.  ғ ẅ  

 

 ṿ  

 
 

̂mm̃  
ṿ  

ṿ  

̂mm̃  

 

̂h3  ̃ 500 ṿ ̂ 3w  ̃ 13.098739 

Ҭ ̂h2  ̃ 250 Ҭ ṿ ̂ 2w  ̃ 13.008367 

̂h1  ̃ 166.667 ṿ ̂ 1w̃ 12.991657 

 12.978342 
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2Ҭ ҉῀ף Ὲ ץ ₮̔ 

= 0.00128621

GCI = 0.0012

2.0025615

1

4

838

e
=      

       

   

p

       12  

Ὲ׆ ̂12̃ ץ ₮̆ h1Ҋ GCI=0.00128381̆ ṿ ҍ ӊ ̖0.13%Ȃ

ԍ GCIṿ ₮
1

h Ҋ wexact̔ 

( )12.9750 13.0083̆w  Í    
exact  13  

׆ 2 Ὲ ̂13̃ ₮̆ ᶛ ҹ 12.978342mm̆ ̂12.9750̆ 13.0083̃ ӊῤ̆

1
h ṿ ҍ ӊ ҹ 0.1%̖ GCI=0.13%Ȃ 

ԍ GCI ῏ № ASME V&V10.1- 2012ȇAn Illustration of the Concepts of 

Verification and Validation in Computational Solid Mechanics ȈȂ 

2.3.4  ↔ⅎ  

ᾝ ̆ ᾝ ⅞№ ╠ ᴆ ꜚ

̆ ᾝ ⅞№ѿ Ҋץ ̔ 

a)  ⅞№ Ḡ Һ ₃ᵥ ̆ ҍ₃ᵥ Ḡ ѿ ̕ 

b)  ₃ᵥ ̕ 

c)  ↕̆ ⅞№ҹ ̆ᵣ ⅞№ҹΈ ᵣ̕ 

d)  ̕ 

e)  Ȃ 

2.3.5   

⅞№ ̆ ⅞№ ̆ └ ῤ̆ ҬҌ

̆ Һ ̔ ᾝ ȁ ȁẒ ȁῤ ̕Ḡ ῏

ᾝ ̆ ῏ ᾝ ᵞȂ 

ѿ ’Ҋ̆ ῤ 4Ȃ 

2.4   

ԍ ᵣ ̆ Ҭ Ҍ ᴆ ӊ ῏ ̆ ῍

ȁ ȁ ȁ ȁ ῌ ȁ ȁ↨ ᾝ ȁ Ȃ 

2.5   

ᴏ № ᴋⱵ ̆ ᴏ № Ҭ ⌠ Ḥ Ȃ 

2.6  ᴌ  

2.6.1   

ҍᴏ № № ̆ѿ Ҋץ ̔̔ 

a)  ⱴ ᴆ̕ 

b)  ‰ ’̕ 

c)  ᾧ ̆ ᾧ ⱬ Ҭ̕ 

d)  ᵝ ȁ Ȃ 

2.6.2   

ҍᴏ № № ̆ѿ Ҋץ ̔ 

a)  ῀ ᴆ ῃ ̆№ ῃ ’ ̕ 



9  

 

b)  Ҍ ’ ѿ ┴ ᵬ ̕ 

c)  ᵝ ȁ Ȃ 

2.6.3  ╦  

ᾝ ֜ ╠ ᾟ№ ̆ Ḡ ̆ ῀ ̆

ᴆȁ ῏ ̆ Һ ̔ 

a)  ᵝ└ ̆ ᵝ└ ѿ̆Ҍ ᵝ‖ ’̕ 

b)  ᾝ ̆Һ ᾝ ȁ ᾝ ȁ ᾝ ȁ ᾝ ȁ

ȁ ᾝ ᴇ ץ Һȁ׆ ‖ ̕ 

c)  ̆Һ ᾝ₃ᵥ ȁ ȁ ̕ 

d)  ᴆ ̆Һ ȁ ᴆ Ȃ 

2.7   

ᴏ № Ҭ ᴏ № ᴋⱵ ̆ ̆ № Ҭ

̆ № Ҭ № ȁ ȁ ҉Ҋ ̆ ᵣ№

Ҭ ȁ ȁ∆ ӈ Ȃ 

2.8   

ᾝ ῏‰↕ ṿ№ ̆ Ҍ ֟

Ȃ ̆ᴏ Ҭ ȁ Ȃ 

2.8.1   

ⱬȁ ȁᵝ ȁ ȁⱴ ȁ ȁ ⱬȁ ⱬȁ ⱬȁ ȁ

ȁ ⱬ ȁ ⱬ ȁ ᵝ ȁ ȁ № Ȃ 

2.8.2   

ᴏ № Ԑץ ȁȁ ȁ╩ ȁ↓ ȁ ṿȁ Ȃ 

2.8.3   

ԍ ᾝ ₮ ᾝ Ҍ ғ ᵣ Ҍ ̆ Ṣꜛ ᾝ ΐ

ⱴ ̆ Ҍ ҉Ӟ ̆ Ҭ

ΐ ̆ ṿ ȁ ᵣ ȁ Ȃ 

2.9  ᵆ 

҉̆ ԍᴏ ₮ ΐ ̆p ᵬҬҌ ᾧᴪ

Ȃ 

ҹ ̆ᴏ № ӊ ȁ ᴇ̆ ᴇ ѿ №ҹ ᵀ

ṿ ᵀ Ȃ 

2.9.1  ᵆ  

ᵀ̆ΐᵣ ↕ Ҋ̔ 

a)  ̆ ̕ 

b)  № ῏ ᵝ ̕ 

c)  Ԑ Ȃ 

2.9.2  ẅ ᵆ  

ᴆ ̆ ṿ ᵀ№ Ȃ 

2.10 ḷ  

ᴏ № ӊ ̆ ̆ ѿ ᴏ ҍ ӊ

№ ̆ ᴏ ӊ ԍ ѿ ṿ ̆ ᴏ ḱ Ȃ 

ᴏ ḱ ץ ԍ V&V ҍ ̆ ᴏ ≠̆

ᴏ ̆ ԍ ḱ ᴏ ̆ ḱ 2Ȃ 
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a)  ᴏ ᵀ 

ԍ ᾝᴏ № Ẋ ᴆץ Ҍ ̆ ᴏץ № ҍ ӊ

ѿ ̆ ῏ № ΐ ץ ᴏ Ȃ № ץ

ᵝ ȁ ⱬȁ ȁ ↨ ῏ ᵬҹᴏ ᴇ̕ꜚⱬ № ץ ȁ

῏ ȁ Ḥ‰↕ȁ Ḥ‰↕ ῏ ᵬҹᴏ ᴇȂ 

b)  ᴏ №  

DOE ȁ № ᴏ № ̆ ̔ ᾝ

( ↨ ȁ Ẓ ȁ )ȁ ȁ ȁ№

№ ̆∞ ᴏ Һ ׆̆ ᾝ Ȃ 

c)  ᴏ ḱ  

ԍ V&V ᾝ ḱ Ȃ ᾢ № № ̆

₮ ᴏ ̆ ֓ ᵬҹḱ Ȃ ≠ ḱ

ꜚ ḱ ̆ ᴏ Ȃ 

2.11 ┼ 

ᴏ № ӊ ̆ ΐᵣ№ ȁ№ ȁ№ Ώ ᾝ№ ̆ Ώ

ῤ Ҋץ ̔ 

a)  ᴋⱵ ̕ 

b)  № ̕ 

c)  №  

d)  ᴨ Ȃ 

ᴏ ῤ 7Ȃ 

2.11.1  ᴑꜙ  

№ ѿ ׃ ̆ № ῏ № Ȃ 

2.11.2  ⅎ  

ᴏ № ̆ ȁ ⅞№ȁ ȁ ᴆȁ

Ȃ 

2.11.3  ⅎ  

₮ῖ ̆ ⱬ/ Ԑ ȁ ȁ Ԑ ȁ Ȃ ȁ

̆ ҬҌ ῏ Ḥ Ȃ 

₮ ̆ № ̆ ₮ ȁ Ȃ 

2.11.4  ᴮ  

№ ̆ ₮ᴨ Ȃ 

 

Ҏ Еᴕ ⅎ ┼ ∑ 

 

1 ┼  

└ ᴪ ȁ ῏ Ғ ȁ ῏ ֲ ȁᴏ ֲ ̆ Ώֲ Ȃ 

1.1   

ԅᴏ ᵣ ȁ ῤ ̆ ⇔ ᾢ

Һ ῤ Ȃ 

1.2  ᴰ  

ᵬ ̆ ᴪ ⇔ №̆ ‗ ҍ ᴪ̆ ץ ῏

Ғ ᴏ ֲ ҍȂ 



11  

 

1.3  Ҙ  

ѿ ῤ ȁ ȁ ⇔ ȁ ῏ Ғ ̆

ȁ ᵬ ᶛ ̆ ӥ Ȃ 

1.4  √  

Ғ ̆ ץ ∆ ̆ ᴪ ̆ Ḃץ̆

Ȃ 

2 ᴕ ⅎ ┼ ∑ 

2.1   

└ ᴏ № ғ ӈ Ḃץ̆ Ҍ ᴏ ᶏ ҹ̆ ̆

ᴏ № Ҋץ └ ↕̔ 

a)  ȁῤ ⱬ ̕ 

b)  ῤ ⱬ ‰ ̕ 

c)  ῤ ᾟ№ ̕ 

d)  ⱴ ‰ └ Ғҙֲ Ȃ 

2.2  ҅  

↓ ̂ ѿ Ҍ №̃ῤ̆ ᵣ Ḡ ѿ Ȃ 

a)  ↓ ̂ ѿ Ҍ №̃ ῒ ̕ 

b)  ᵌ ᶏ ᵌ ̆ ᶏ ̕ 

c)  ↓ ̂ ѿ Ҍ №̃ῤ̆ ԍ ѿҩ ᶏ ѿҩ ̆ ԍ

ӈ ᾧᶏ ӈ ̆ ҩ ѿ ӈȂ 

2.3  ҅  

ȁ ҙ ‰ ᴆ̆ ᴏ № ῒҹץ ҍῒḠ ѿ Ȃ 

2.4   

ῤ Ḃԍ ̆ ғ ԍ ῒז ‰ ᴆ Ȃ 

3 ḷ ғ  

CAEᴏ № Ҍ ѿ ̆ ѿҩ ̆ ׆ץ ȁ

Ғҙ ̆ ֓Ғҙ ѿ ҹү ȁ № ȁ Ԋ ̆

֟ Ӟ ԍ ̆ ̆ ᴏ № ҙⱵῤ ̆ ҉└ CAE ̆

№ ḤȂ 

CAEᴏ № ӞҌ ѿ Ҍ ̆ ѿҩҌ ̆ ᴏ

̆ └ ᴏ № ҌῬ ̆ ₮ Ҍ ̆ ᴏ №

ḱ ҍ Ȃ 

 

 

 

[1] ḍ . ꜛ ̂CAẼ . ꜛ ҍ└ [J] ̆2000̂ 6̃̔3- 7.  

[2] Ҁ .  CAE [M] . ̔ ֜ ₮ ̆2010. 
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ԑ ⅎЕᴕ ⅎ ┼  

 

ᴏ № ᴑҙ ᴏ ᵣ ̆ ᴑҙ ῀ ֲⱬ ⱬ └ ̕

ᵖ ᴏ № ΐ ҙ ᴑҙ ̆ └ Һᵣ Һ ѿ ᴑҙ Ȃ ̆

ҹᴑҙ└ ΐᵣ ᴏ № ̆ ҹᴑҙ ᶫ└ ᴏ № Ȃ

ᴏ № ҙ ῤ ᴑҙ ӊ҉̆ ҹᴑҙ ȁ

ȁᾢ ᴏ № ᶫ Ȃ 

ᴏ̆ № ҙӊҊ №Ғҙ ᴧ ̆ ѿҩ ԍ Ғҙ ̕ ᶏ ѿ ̆

Ҍ ᴏ ᴆ ̆ № ΐᵣ ≢ Ӟ̆Ҍ ѿ ӊ ‰

Ȃ ̆ ᴏ № └ Ώ ԅ ȁ ̆ᵖׅ

ȁ ף Ȃ Ύ ԍᴏ └ ᵬ ѿ ̆ ȁ

ȁ ꜚȁ ȁ Ҍ Ғҙ ῤ ̆ ѿ ᴏ № ᶛĺĺȇ

ᴏ № ᶛȈȂῒ Ғҙ̆ ᵬҬ ᾟ Ȃ
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҅ Е ᴕ ⅎ  

1  

└ ↕̔ 

Ώ └ ‰/ Ȃ 

̔ 

ҹԅ XXX ᾝ№ ̆ └ Ȃ └ ᶏ̆ Ҍ

ᴆ XXX ᾝ№ ̆ ₮ ᾝ№ ΐ ѿ ̆ Ḡ ᴏ №

ΐ № Ȃ 

2  

└ ↕̔ 

‰/ Ȃ 

̔ 

/ ‰ ԅ XXX ᾝ№ № ᶭ ȁ№ ȁ№ ȁ№ ȁ

↕ȁ ᵀȁ ḱ ȁ ₮ȁ ȁ Ώ ῤ Ȃ 

/ ‰ ԍ XXX ᾝ№ ᴆ XXX ↨ № Ȃ 

3 ᴌ 

└ ↕̔ 

‰Ҭ ᴆ Ȃ 

̔ 

Ҋ↓ ᴆ ԍ ᴆ Ҍ Ȃ₄ ᴆֽ̆ ԍ

ᴆȂ₄ Ҍ ᴆ̆ῒ ̂ ḱ ̃ ԍ ‰Ȃ 

GB/T31054- 2014 ֟ ꜛ ᾝ ṿ ̕ 

GB/T33582- 2017 ֟ ᾝⱬ № ↕̕ 

GB3100- 1993 ᵝ└ ̕ 

GB3101- 1993 ῏ ȁ ᵝ ѿ ↕̕ 

ASME V&V 10- 2006 Guide for Verification and Validation in Computational Solid Mechanics ̕  

ASME V&V 10.1- 2012 An Illustration of the Concepts of Verification and Validation  

In Computational Solid Mechanics Ȃ 

4 ӎ 

└ ↕̔ 

ᴏ № Ҭᶏ Һ ӈȂ 

̔ 

ᴏ № Ҭᶏ Һ ̆ ֓ ╠Һ ᴏ № ̆ № Ҋ

Ȃ 

ⱬ № ̂structura l statican  alysis ̃: ᵌ ᵬ Ҋ̆Ҍ

№ ̕ 

ᾝ ̂finite element modeling̃̔ ᾝ ̆ ₃ᵥ ȁ

ӈȁ ⅞№ȁ ̂ ̃ ᴆ ⱴȁ ̕ 

ῒ ӈ ↕ №ῤ Ȃ 

5 ∑ 

5.1   

ᾝ ̆ ↕ ̆ ̆

Ȃ 
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ᾝ№ ӈῃ ̆ ȁ ҍῃ Ҍѿ ̆

ⱴ Ȃ 

5.2  ᵣ┼ 

└ ↕̔ 

ᴏ № Ҭᶏ ᵝ└̆ ᵝ└ ѿғ Ȃѿ ’Ҋ̆ ҉ ᶏ

ᵝ└̆ 1ȁ 2Ȃ 

5.3   

└ ↕̔ 

ᴏ Ҭ ⌠ Ȃ 

5.3.1   

└ ↕/ ̔ 

№ Ҭ Ȃ 

ѿ ̔ 

a)  ̕ 

b)  ῀ ̕ 

c)  ̆ ȁ ȁ◄℗ ȁ ȁ ȁ ᵈ ̕ 

d)  ᴆҊ ̕ 

e)  ̆ Ҍ Ҋ Ȃ 

5.3.1.1   

̂Isotropic ̃̆ ӈ Eȁ◄℗ Gȁ vȂ 

Ὲ ̂1̃ ᴆȂ 

0

/ (2(1 ))

0 0.5

ȁ ̘

̖ ̖

= +

ë
î
ì
îí

E G

G E v

v

           1  

Ҭ̔  

Eĺĺ ṿ̆ ᵝҹ ̂Pã ̕ 

Gĺĺ ◄℗ ṿ̆ ᵝҹ ̂Pã ̕ 
vĺĺ Ȃ 

5.3.1.2   

ӈ
ssȁ

sb ῒ ṿȂ ѿ Ȃ

ⱬ/ ҹ ⱬ/ ̆ ԍ ᵈ ԍ 5% ѿ Ὲ ̂2̃ ҹ ⱬ/ Ȃ 

ln(1 )

(1 )

e e

s s e

=

= +

ë
ì

+

í

true nom

true nom nom

              2  

Ҭ̔  

etrueĺĺ ̕ 

etrueĺĺ ̂ ӈ ̃̕ 

strueĺĺ ⱬ ṿ̆ ᵝҹ ̂Pã ̕ 

snomĺĺ ⱬ̂ ӈ ⱬ̃̆ ᵝҹ ̂Pã Ȃ 

5.3.1.3   

ⱬ ⱴ ̆ ӈ Ȃ 
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5.3.1.4   

̆ ӈ Ȃ 

5.3.2   

5.3.2.1  ӎ  

῀ ̆ Ȃ 

5.3.2.2   

Έҩ ̔ 1E ȁ 2E ῤ◄℗ 12G ◄℗

13G ◄℗ 23G Һ 12v Ȃ 

5.3.2.3  ԑ ֢ Ѓ2D Orthotropic Є 

ᾝ ̆ ԋ ֜ Ȃ ῀ 6ҩ ̆ԋ

֜ Ὲ ̂3̃ ᴆȂ 

0
1 2 12

2
/

12 1 2

ȁ ȁ ̘

̖

ëî
ì
îí

E E G

v E E

                      3  

Ҭ̔  

1E ĺĺԋ ֜ 1Һ ṿ̆ ᵝҹ ̂Pã ̕ 

2E ĺĺԋ ֜ 2Һ ṿ̆ ᵝҹ ̂Pã ̕ 

12G ĺĺԋ ֜ 1- 2 ◄℗ ṿ̆ ᵝҹ ̂Pã ̕ 

12v ĺĺԋ ֜ Һ ̆ ⱬ 1 ᵬ 2 ֟ ҍ 1

ӊ Ȃ 

5.3.2.4  Ҏ ֢ Ѓ3D Orthotropic Є 

ᵣ ᾝ ̆ ҈ ֜ ̆ ӈ҈ 1E 2E 3E

◄℗ 12G 13G 23G 12v ȁ 13v ȁ 23v ῍Ӝҩ Ȃ҈ ֜

Ὲ ̂4̃ ᴆȂ 

0
1 2 3 12 13 23

/
j

/
j

12 21 32 31 23 13
1 2 0

23 13 12

ȁ ȁ ̘

̖

̖

ȁ ȁ ȁ

/

2

- - - - >

ë
î
î
ì
î
î
í

E E E G G G

v v E E
ij ji

v E E
ij

v v v v v v v v v

i

i

    4  

Ҭ̔  

( 1 2 3ȁȁ̃=iE i ĺĺ 1ȁ2ȁ3Һ ṿ̆ ᵝҹ ̂Pã ̕ 

( 1 2 3ȁ ȁȁ̃=ijG i j ĺĺ -i j ◄℗ ṿ̆ ᵝҹ ̂Pã ̕ 

( 1 2 3ȁ ȁȁ̃=ijv i j ĺĺ Һ ̆ ⱬ i ᵬ j ֟ ҍ i

ӊ Ȃ 
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5.3.2.5  ӎ Ὶל  

ӈ ῒז Һ ̔ 

a)  ̆ ḱ ̕ 

b)  Ҭѿ ᶫ ᵈ ȁ ̆ Һ ’

Ȃ №ץ ̆ ң ≢Ҍ ̆ ̕ 

c)  ◄℗ Һ ӊѿ̆◄℗ ̕ 

d)  ӈ ̆ ֟ ḱ ̕ 

e)  ӈ Ȃ 

5.3.3   

5.3.3.1  ԍ  

₃ᵥ Ҍ Ҋ ̔ 

a)  ҉Ҋ ȁ ҈ ’̆ ᵣ

ԇ ̕ 

b)  ᵣⱴ ԇ ̆ ԇ ᵣȂ 

5.3.3.2   

5.3.1 5.3.2 ӈȂ 

5.3.3.3   

̆ ῀ ȁ ȁ◄℗ Ȃ 

5.3.3.4   

ҹΈ ̆ѿ ҹ ֜ ̆ ῀҈ҩ ȁ

◄℗ ῍ 9ҩ Ȃ Ὲ ̂4̃ ᴆȂ ѿ ֽ ᶫ

3E
̆1-3 ◄℗ 13G

ȁ2-3 ◄℗ 23G
Ȃ 1E

ȁ 2E 3E
ҹ ̆ 3E

₃ҩ ̆ ̆ 1ȁ2 ҹ ̆ Ὲ ̂5̃ȁῈ ̂6̃

ᵀ ῒ ṿȂ 

3

1 2
= =1.50E E E

s
r                  5  

=(2/ 3) /r t l                       6  

 

Ҭ̔  

r ĺĺ ҍ ӊ ̂ ̃̕ 

sE ĺĺ ̆ ᵝҹ ̂Pã ̕ 

tĺĺ ̆ ᵝҹ ̂mm̃ ̕ 

lĺĺΈ ̆ ᵝҹ ̂mm̃ Ȃ 

12v 0.3̆ 12G Ὲ ̂7̃ Ȃ 

2(1+ )1 1212
è ø=
ê ú

G E v                7  

̔ 13 23=v v
̆ѿ ԍ 0.1.  

5.4   

└ ↕̔ 

XXX ᶏ Ȃ 

̔ 

Ҋץ ᴆ ΐ XXX № Ȃ 
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a)  ╠ ᴆ̔SimSoft1̆ ᴆ Ҍᵞԍ XX ̕ 

b)  ᴆ̔SimSoft2̆ ᴆ Ҍᵞԍ XX ̕ 

c)  ᴆ̔SimSoft3Ȃ 

ῒ ᴆ ΐ ̆ ᶏ Ȃ 

5.5  / ∑ 

└ ↕̔ 

ҹԅ ̆ Ḃԍ ȁ ӊ ̆ ץ

̆ ̔ ᴆ(Component)ȁ ᴆ(Part) ȁ (material) ȁ ̂group ȁ̃ ̂set ȁ̃ (node)ȁ

ᾝ(element)ȁ (Contact) ȁ (coordinate) ȁ (curve) Ȃ 

̔ 

ץ XXX ῒ ᴆȁ ᾝȁ ҹᶛ̆ῒ ↕ 5Ȃ 

5.6  ᴕ  

└ ↕/ ̔ 

ӈᴏ ↓₮ᴏ ⌠ָӇ ̆ ‗ ֓ Ȃ ѿ

ⱬȁ ȁᵝ ȁ ⱬ ⱬ ȁ↨ , ῏ ̆ ᵀ

ⱬ ⌠ ⱬ̆ ̆ ῏ ↨ ᵀ

↨ Ȃ 

ᴏ ҩ̆ѿ ᴏ ̆ԋ Ȃ Ҭ̆ ᴨ

ᾢ ᴏ Ȃ 

5.7 מ֢   

└ ↕/ ̔ 

ᴏ Ҭ ᾝ№ Ҭ ֜ ᴆ̆ ᾝ№ Ҭѿ

֜ ᴆ Ҋ̔ 

a)  ᾝ₃ᵥ ᴆ̕ 

b)  ᾝ ᴆ̕ 

c)  ᴆ̕ 

d)  Ḥ ᴆ̕ 

e)  ᴆ̕ 

f)  ᴆ Ȃ 

6 ᵲ  

└ ↕̔ 

XXX ᾝ№ ѿ̆ Ȃ ҩ№

̆ѿ Ȃ 

̔ 

XXX ᾝ№ 1Ȃ 

̆ҹԅ ҩ ᾝ№ ̆ 6 ᾝ№ Ȃ 

7 ╦  

7.1  ₉ᵫ  

└ ↕̔ 

ң ̆ ₃ᵥ ῀ ̂ ↕ №̃̆

Ȃ 

̔ 
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XXX № ₃ᵥ ῀ ̆ ԍ XX ᴆ⇔ CAD ᴆ ῀╠ ᴆ

SimSoft1 Ȃ ῀ ₃ᵥ ̆ ↕ Ҋ̔ 

a)  ₃ᵥ Ҍ ȁᴰⱬ ȁ↨ ȁ № ̕ 

b)  ԍ ԍῒז ̆ ̆₃ᵥ Ҭ ̕ 

c)  ̆ ᵣⱴ ң ̔ 

1̃ ҹ ҉Ҋ ᾝ ̆₃ᵥ Ҭ ̕ 

2̃ ᵣⱴ ҹ ȁ ᵣ̆₃ᵥ Ҭ ᵣ̆ ҉Ҋ ѿ Ȃ 

d)  ↕ ̆ ̔ ȁ ȁ ȁ ȁ ̆ ᾝȁ ᾝ ̆

₃ᵥ ֜ Ҭ ̕ 

e)  ԍ XXX Ҭⱬ ̆ ᵣ ᾝ ̕ 

f)  ԍ XXX ᶏ ᾝ ̆₃ᵥ ᵝ Ȃ 

7.2  ↔ⅎ  

7.2.1  ᾣ  

└ ↕/ ̔ 

ᾝ ᾝ ᾝ̂ ᾝ̃ȁѿ ᾝ̂ ↨ ᾝȁ ᾝȁ ᾝ ̃ȁԋ

ᾝ̂ ᾝ̃ȁ҈ ᾝ̂ ᵣ ᾝ̃ ῒ ᾝ Ȃ ᾝ Ҍ ᴆ

̆ № ╠ Ҋ̆ ᾝ ѿ Ҋץ └ ↕̔ 

a)  ↕ ᾝ̕ 

b)  ᾝ̕ 

c)  ᾝ̕ 

d)  ᾝ ԍ V&V̂ ᴏ ̆ V&Ṽ Ȃ 

7.2.1.1  ᵩ ᾣ 

└ ↕/ ̔ 

ᵣ ᾝ Ҋץ └ ↕̔ 

a)  ᵣ ᾝ ₮҈ ⱬ/ ◄ ⱬ/ ̕ 

b)  ᵣ ᾝҹΈ ᵣ ᵣ ᾝ̆ᴨᾢ Έ ᵣ ᾝ̕ 

c)  Έ ᵣ ᾝᴨᾢ ᾝ̆ԋ ᾝᴨᾢ ⁞ № ᾝ̆ ҉

ᾝ̆ץ SimSoft2ҹᶛ̆ ѿ ᾝ Solid Type1̆ԋ ᾝ Solid Type2̕ 

d)  ᵣ ᾝᴨᾢ ԋ ᾝ̆ ҉ ԋ ḱ ᾝ̆ץ SimSoft2ҹᶛ̆ѿ ᾝ

Solid Type3̆ԋ ᾝ Solid Type4̕ 

e)  ᵣ ᾝȁ ᾝֽ ԍ ₃ᵥ Ȃ 

7.2.1.2  ᾣ 

└ ↕/ ̔ 

ᾝ Ҋץ └ ↕̔ 

a)  ᾝ ₮҉Ҋ Ҭ ⱬ/ ȁ◄ ⱬ/ ̕ 

b)  ᾝҹ҈ ᾝ̆ᴨᾢ ᾝ̕ 

c)  ᾝҬ̆ ץ ⁞ № ῃ № ᾝ̆ץ SimSoft2ҹᶛ̆ ѿ ᾝ

Shell Type1̆ԋ ᾝ Shell Type2̕ 

d)  ҈ ᾝֽ ԍ ₃ᵥ ғ̆҈ ᾝᴨᾢ ԋ ᾝȂ 

7.2.1.3  ᾣ 

└ ↕/ ̔ 

ᾝ Ҋץ └ ↕̔ 

a)  ᾝ ₮ ȁ ȁ ⱬ/ ̕ 
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b)  ◄℗ ᾝ ₮ ◄ ⱬ/ ̕ 

c) ץ  SimSoft2ҹᶛ̆ ᾝѿ ᾝ Beam Type1̆ ԋ ᾝ Beam Type2Ȃ 

7.2.1.4  Ὶ ᾣ 

└ ↕/ ̔ 

ץ SimSoft2ҹᶛ̆ῒז ᾝ Ҋץ └ ↕̔ 

a)  Ҭ ᾝ Mass Type1 ̕ 

b)  ↨ ᾝ Spring Type1 ̕ 

c)  ↨ ᾝ RBE Type1 ᾝȂ 

7.2.2  ᾣ  

└ ↕/ ̔ 

ᾝ№ҹᵞ ᾝ ᾝ ᶏ̆ ѿ ₱ ᾝ ҹᵞ ᾝ̆ ԋ ₱

ҹ ᾝ̆ ᾝ ѿ Ҋץ └ ↕̔ 

a)  ԍ Ҍ ↕ȁ ⱬ№ ᾝ̕ 

b)  ᾝ̆ ᵞ ᵞ ᾝ̕ 

c)  Ҍ ᾝ ᵝ ᶏ ᾝ ̕ 

d)  ᾝ ԍ V&V Ȃ 

7.2.3  ↔ⅎ 

7.2.3.1  ↔ⅎ  

└ ↕/ ̔ 

ᾝ ѿ ↓ ᾝȁ ̆ ѿ Ҋץ ̔ 

a)  ⅞№ Ḡ Һ ₃ᵥ ̆ ҍ₃ᵥ Ḡ ѿ ̕ 

b)  ₃ᵥ ̕ 

c)  ᴰⱬ ⱬ № ̕ 

d)  ̕ 

e)  ↕̆ ⅞№ҹ ̆ᵣ ⅞№ҹΈ ᵣ̕ 

f)  ̕ 

g)  ᾝ ⱬ ᶏ ̕ 

h)  Ȃ 

7.2.3.2   

└ ↕/ ̔ 

̂ ̃ № ȁ ȁ ȁ ᴆ ⱬ ̆

└ѿ Ҋץ └ ↕̔ 

a)  ȁ ȁ Ҍ ᵝ ̕ 

b)  ᾝ ̆ ӊ ᾝ ̆ ᾧ ᾝ ↨ ≢

̕ 

c)  ⱬ ῏ ԍᵝ ῏ ̕ 

d)  Һ ⱬ ᾝ ̆ ԍ ᾝ ᵬⱴ ̕ 

e)  ԍ ᵣ ᾝ ̆ ҉ ḠҌ ԍ҈ ̕ 

f)  ̆ GCÎ ̃ ῏

№ ̆ Ȃ 

̔ 

V&V ̆ ̆ Ώ ᴏ № ץ̆

ҹᶛ̆ῒ ⅞№ 3Ȃ 
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̔ 

ԍ V&V̂ Verification Validation ̆ ̆ V&V̆ ASME V&V

῏ ‰̃ ̆ GCÎ ̃ ῏ № ̆

Ȃ 

ԍ GCI ῏ № ↕̆ΐᵣ ῤ ASME V&V10.1- 2012ȇAn 

Illustration of the  Concepts of Verification and Validation in Computational Solid Mechanics ȈȂ 

ԍ V&V GCI ̆ № ᵬ̆ ԍ

ᾝ№ ᴆ ῏ ᵬ ̆ └ ꜛ ῏ №

ᵬ̕Ӟ ṢꜛҒҙץ № ᴆ № Ȃ 

7.2.3.3  ᾣ  

└ ↕/ ̔ 

ᾝ ץ ₃ᵥ ᾝ̆ѿ Ҋץ ӈ̔ 

a)  ᾝ ̆ ᾝ Ҭ ӈ ̕ 

b)  ᾝ ӈ ῒẒ Ḥ ̕ 

c)  ᾝ ӈ ̂ ӈ ȁ ꜚ ȁ̃Ẓ Ḥ ̕ 

d)  Ҭ ᾝ ӈ ȁ ꜚ ̕ 

e)  ᾝ ӈ ↨ ȁ Ȃ 

7.2.4   

└ ↕̔ 

⅞№ ̆ ⅞№ ̆ └ ῤ̆ΐᵣ ῤ

Ҋ̔ ҬҌ ̆ Һ ̔ ᾝ ȁ ȁẒ ȁῤ ̕

Ḡ ῏ ᾝ ̆ ῏ ᾝ ᵞȂ 

̔ 

XXX ΐᵣ ῤ 4Ȃ 

7.3  ӎ 

└ ↕/ ̔ 

ᴏ ̔ ȁ ȁ ȁ ȁ ῌ ȁ ȁ↨ ᾝ Ȃ 

7.3.1   

̆ №ҹ ȁT ȁ ȁ ȁ ̆Ҍ ̆ῒ

̆ ῒ №≢ Ȃ 

7.3.2   

̆ ⱬȁ ⱬȁ ⱬ Ȃ 

7.3.3   

Ҭ ӈ̆ ̔ ȁ ȁ ȁ∆ ᴆ Ȃ ӈ

Ҋ̔ 

a)  ᴆҬԊᾢ ̕ 

b)  ӈ ῏ ̆ ̆Һ ȁ׆ ̕ 

c)  ӈ ̆ѿ ӈ℗ ̆ 

d)  ӈ Ҭ ѿ֓ └ Ȃ 

7.3.4   

Ҭ Ҋץ ӈ̔ 

a)  ᴆҬԊᾢ ̕ 

b)  ӈ ῏ ̆ Һȁ׆ ̕ 
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c)  ӈ Ҭ ѿ֓ └ Ȃ 

7.3.5   

Ҋץ ӈ̔ 

a)  ᴆҬԊᾢ ȁ ȁ ̕ 

b)  ӈ ῏ ̆ ̆Һ └ ȁ׆ ȁ ̕ 

c)  ӈ ȁ Ȃ 

7.4  ᴌ  

7.4.1   

└ ↕̔ 

Ҭ ҍᴏ № ’ № ̆ѿ Ҋץ ̔ 

a)  ᾝ ⱴ ᴆ̕ 

b)  ‰ ’̆ ⱴ ̆

ῃ ̆ ꜚ ̆ ̕ 

c)  ᾧ ̆ ᾧ ⱬ Ҭ̕ 

d)  ᵝ ȁ Ȃ 

Е 

XXX֟ № ̆ῒ Ҋ̔ 

a)  C1̔ XXX Ҋ ⱴ ȁ ȁ ̂UXȁUYȁUZ̃̕ 

b)  C2̔ XXX ҉ ⱴ ̂UZ̃̆ XXX ҉ ⱴ ̂UX̃ ̂UỸ

Ȃ 

7.4.2   

└ ↕̔ 

ᴏ Ҭ ҍᴏ № № ̆ѿ Ҋץ ̔ 

a)  ̆ № Ҭ ⱬ ȁⱴ ȁᵝ ȁ

Ҭ ȁ ȁ ̕ 

b)  ̆ ῀ ᴆ ῃ ̕ 

c)  ᵝ ȁ Ȃ 

Е 

XXX֟ № ̆ Ҋ̔ 

a)  F1̔ XXX ң №≢ ⱴ XXXkN ̆ ҹ X ̕ 

b)  F2̔ XXX ⱴ XXXkN ̆ ҹ X ̕ 

c)  F3̔ XXX Ҭ ⱴ XXXkN ̆ ҹ X ̕ 

d)  F4̔ XXX ‰ ҉ ⱴ ⱴ XXXkN ̆ ҹ Z Ȃ 

7.4.3  ‟  

└ ↕̔ 

№ ̆ ֓ ҩ ȁ Ҍ ┴ Ҍ ’̆ҹ ̆

№ ’ Ȃ 

̔ 

№ Ҭ̆ ’ Ҍ ̆ҹ ̆ ’ ̆ 1

Ȃ 

1.  ‟  

’  ҍ  ҍ   

’ 1 F1 C1 ⱬⱴ  
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’  ҍ  ҍ   

’ 2 F2 C1 ⱬⱴ  

’ 3 F3 C1 ⱬⱴ  

’ 4 F4 C1 ⱬⱴ  

’ 5 F1̆ F3 C2  

’ 6 F2̆ F4 C2  

7.5  ╦  

└ ↕/ Е 

ᾝ ֜ ╠ ᾟ№ ̆ Ḡ ̆ ῀ ̆

ᴆȁ ῏ ̆ Һ ̔ 

a)  ᵝ└ ̆ ᵝ└ ѿ̆Ҍ ᵝ‖ ’̕ 

b)  ᾝ ̆Һ ᾝ ȁ ᾝ ȁ ᾝ ȁ ᾝ ȁ

ȁ ᾝ ᴇ ץ Һȁ׆ ‖ ̕ 

c)  ̆Һ ᾝ₃ᵥ ȁ ȁ ̕ 

d)  ᴆ ̆Һ ȁ ᴆ Ȃ 

8  

└ ↕̔ 

֜ ӊ╠ ȁ ’ȁ№ ȁ ₮ῤ ̆ ԍ

№ ȁ ȁ ∞ ῏ῤ Ȃ 

Е 

ץ SimSoft2ҹᶛ̆ ╠ ’ ῏ ̆

ȁ ȁ NL ̆ΐᵣ Ҋ̔ 

a)  ̕ 

b)  ⱬ ̕ 

c)  ̕ 

d)  ̕ 

e)  ₮ └Ȃ 

9  

└ ↕/ ̔ 

ԍҌ ᴆ ҉ ̆ ᶏ ᶏ ᴆ ԍҌ

ᴆ № Ӟ Ȃҹ ̆ Ҭ ΐ ̆ ̆

XXX SimSoft3 Ȃ 

9.1   

XXX № ⱬȁ ȁᵝ ȁ ȁⱴ ȁ ȁ ⱬȁ ⱬȁ

ⱬ Ȃ 

9.2   

XXX № Ԑ ȁ ȁ╩ ȁ↓ ȁ ṿȁ Ȃ 

9.3   

ץ SimSoft3 ᴆᵬҹ XXX № ΐ̆ῒ Ҋ̔ 

a)  Ҍ ῍ ⱬ №≢ ̕ 

b)  Һ ⱬ/ ̕ 

c)  ᾝ №≢ ҉Ҋ ⱬ/ ̕ 

d)  ⱬ/ XXX Ȃ 
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10 ᵆ 

10.1 ‼∑ 

№ Ҭ ∞‰↕ Ȃ 

10.1.1   

ѿ ѿȁ ԋ № ̆ΐᵣ Ҋ̔ 

a)  ѿ Һ ⱬ ⱬ ῤ̕ 

b)  ԋ Һ ῤ̕ 

c)  Mises ⱬ ⱬ ῤȂ 

10.1.2   

ѿ Һ ‰↕ ‰↕̆ΐᵣ Ҋ̔ 

a)  Һ ‰↕ ᵈȁ ῤ̕ 

b)  ‰↕ ᵈȁ ◄℗ ῤȂ 

10.2 ≡  

└ ↕̔ 

№ Ҭ ∞‰↕ Ȃ 

̔ 

XXX ∞ ̔ 

a)  ⱬ/ ⱬ/ ̕ 

b)  ᵣ ԍ ̕ 

c)  ↨ ᵣ↨ ̕ 

d)  ᵣ Ȃ 

10.3  

└ ↕̔ 

XXX Ȃ 

̔ 

XXX ̔ 

a)  ̕ 

b)  ᵣ ̕ 

c)  ̕ 

d)  ̕ 

e)  ᵣ Ȃ 

11 ḷ  

└ ↕̔ 

ᴏ ̆ ̆ ѿ ᴏ ҍ ӊ

№ ̆ ᴏ ӊ ԍ ѿ ṿ ̆ ᴏ ḱ Ȃ 

̔ 

ᴏ № ӊ ̆ ̆ ѿ ᴏ ҍ ӊ

№ ̆ ᴏ ӊ ԍ ѿ ṿ ̆ ᴏ ḱ Ȃ 

ᴏ ḱ ץ ԍ V&V ҍ ̆ ᴏ ≠̆

ᴏ ̆ ԍ ḱ ᴏ ̆ ḱ 2Ȃ 

a)  ᴏ ᵀ 
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ԍ ᾝᴏ № Ẋ ᴆץ Ҍ ̆ ᴏץ № ҍ ӊ

ѿ ̆ ᴏ - № ̆ № ץ ᵝ ȁ ⱬȁ ȁ ↨

῏ ᵬҹᴏ ᴇ̆ ῏ № ΐ ץ ᴏ Ȃ 

b)  ᴏ №  

DOE ȁ № ᴏ № ̆ ̔ ᾝ

( ↨ ȁ Ẓ ȁ )ȁ ȁ ȁ№

№ ̆∞ ᴏ Һ ׆̆ ᾝ Ȃ 

c)  ᴏ ḱ  

ԍ V&V ᾝ ḱ Ȃ ᾢ № № ̆

₮ ᴏ ̆ ֓ ᵬҹḱ Ȃ ≠ ḱ

ꜚ ḱ ̆ ᴏ Ȃ 

12  

ᴏ № ӊ ̆ ΐᵣ№ ȁ№ ȁ№ Ώ ᾝ№ ̆ Ώ

ῤ Ҋץ ̔ 

a)  ᴋⱵ ̕ 

b)  № ̕ 

c)  № ̕ 

d)  ᴨ Ȃ 

ᴏ ῤ 7Ȃ 

12.1 ᴑꜙ  

№ ѿ ׃ ̆ № ῏ № Ȃ 

12.2 ⅎ  

ᴏ № ̆ ȁ ⅞№ȁ ȁ ᴆȁ

Ȃ 

12.3 ⅎ  

₮ῖ ̆ ȁ ⱬԐ ȁ Ԑ ȁᵝ Ԑ Ȃ ȁ ̆

ҬҌ ῏ Ḥ Ȃ 

₮ ̆ № ̆ ₮ ȁ Ȃ 

12.4 ᴮ  

Ҭ № ̆ ₮ᴨ Ȃ 
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ԑ Е ᴕ ⅎ  

1  

└ ↕̔ 

Ώ └ Ȃ 

̔ 

ҹԅ XXX ᾝ№ ̆ └ Ȃ └ ᶏ̆ Ҍ

ᴆ XXX ᾝ№ ̆ ₮ ᾝ№ ΐ ѿ ̆ Ḡ ᴏ №

ΐ № Ȃ 

2  

ԅ ȁ ȁ ȁ ȁ

ץ∞ ῤ Ȃ 

ԍ ᴆ̂ץҊ ᴆ̃ ᴏ Ȃ 

3 ᴌ 

Ҋ↓ ᴆ ԍ ᴆ Ҍ Ȃ₄ ᴆֽ̆ ԍ

ᴆȂ₄ Ҍ ᴆ̆ῒ ̂ ḱ ̃ ԍ ᴆȂ 

GB/T31054- 2014 ֟ ꜛ ᾝ ṿ ̕ 

GB/T33582- 2017 ֟ ᾝⱬ № ↕̕ 

GB3100- 1993 ᵝ└ ̕ 

GB3101- 1993 ῏ ȁ ᵝ ѿ ↕̕ 

ASME V&V 10- 2006 Guide for Verification and Validation in Computational Solid Mechanics ̕         

ASME V&V 10.1- 2012 An Illustration of the Concepts of Verification and Validation In 

Computational Solid Mechanics Ȃ 

4 ӎ 

└ ↕̔ 

ᴏ № Ҭᶏ Һ ӈȂ 

̔ 

ᴏ № Ҭᶏ Һ ̆ ֓ ╠Һ ᴏ № ̆ № Ҋ

Ȃ 

ᾝ ̂finite element modeling̃̔ ᾝ ̆ ₃ᵥ ȁ

ӈȁ ⅞№ȁ ̂ ̃ ᴆ ⱴȁ ̕ 

₃ᵥ ̂Geometrỹ ̔ᶏ ₃ᵥ ᵣ ̆ѿ ȁ ȁ ȁᵣ

ᾝ ̕ 

̂material  property ̃̔ ԍ ̕ 

ᴆ̂boundary condition ̃̔ ԍ ’Ҋ̆ ҉₃ᵥץ

ᴆ̆ ⱬȁ ȁ ȁᵝ Ḥ ̕ 

⅞№( mesh)̔ ₃ᵥ № ᾝ̆ᵬҹΐ ₃ᵥȁ ̕ 

̂Coordinate  Syetem̃ ̔ ᴏ Ҭᶏ ᵥ ̆ѿ ’Ҋ̆ ᶏ

̆Ӟ ץ № ̆ ῒץ ̆ ȁ ȁ Ȃ 

ᾝ̂element̃ ̔ΐ ₃ᵥȁ ̕ 

̂nodẽ ̔ ᾝӊ ̕ 

ᾝ̂zero dimensional  element̃ ̔ ҹ ᾝ̆ ᾝ ̕ 
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ѿ ᾝ̂one dimensionalel  ement̃ ̔ ҹ ᾝ̆ ↨ ᾝȁ ᾝȁ ᾝ

̕ 

ԋ ᾝ̂two dimensional  element̃ ̔ ҹ ᾝ̆ ᾝ̂ ᾝ ȁ̃

҈ ᾝ ̕ 

҈ ᾝ( three  dimensional  element): ҹ ᵣ ᾝ̆ ᵣ ᾝȁΈ ᵣ ᾝ ̕ 

ᾝ( mass element): ΐ ᾝ̕ 

ᾝ( spring  element): ӊ ΐ ᵬ ᾝ̕ 

̂bar̃̔ѿ ԍῒז ᴆ̕ 

̂beam̃ ̔ѿ ץ̆ ҹҺ ̕ 

/ ̂plane/shell ̃̔ѿ ԍ ̕ 

ᵣ̂solid  bodỹ ̔ ᵣ ҈ ₃ᵥᵣ̕ 

ᵞ ᾝ̂low order  element̃ ̔ᶏ ѿ ₱ ᾝ̕ 

ᾝ̂high order  element̃ ̔ᶏ ԋ ₱ ᾝ̕ 

̂constraint ̃̔⁞ └ ᴆ̕ 

№ ̂modal analysis ̃̔ ԍ ⱴ ꜚ№ ̆ ꜚ ̆

ȁ ῒ ꜚ ̕ 

̂structural damping ̃̔ ῤ ῤ ̕ 

ᵝ ̂displac  ement̃ ̔ ᵣ҉ѿ ԍ ᵝ ̕ 

̂aspect ratio ̃̔ ԋ ҈ ᾝ ҍ ӊ ̕ 

̂slenderness̃̔ ᴆ ҍ ᴆ ӊ ̕ 

̂warpagẽ ̔ ᾝẒ ̆ ԍ ᾝ ̕ 

Ẓ ̂skew̃ ̔ ᾝ ̕ 

ῤ ̂interior  anglẽ̔ ҈ ᾝ ᾝ ṿ̆ ԍ ᾝ ῤ

ῤ Ȃ 

5 ∑ 

5.1   

ᾝ ̆ ↕ ̆ ̆

Ȃ 

ᾝ№ ӈῃ ̆ ȁ ҍῃ Ҍѿ ̆

ⱴ Ȃ 

5.2  ᵣ┼ 

└ ↕̔ 

ᴏ № Ҭᶏ ᵝ└̆ ᵝ└ ѿғ Ȃѿ ’Ҋ̆ ҉ ᶏ

ᵝ└̆ 1ȁ 2Ȃ 

5.3   

└ ↕̔ 

ᴏ Ҭ ⌠ Ȃ 

5.3.1   

└ ↕/ ̔ 

№ Ҭ Ȃ ѿ ̔ 

a)  ̕ 

b)  ῀ ̕ 

c)  ̆ ȁ ȁ◄℗ ȁ ȁ ȁ ᵈ ̕ 
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d)  ᴆҊ ̕ 

e)  ⱬ ⱴ ̆ ӈ ̕ 

f)  ̆ Ҍ Ҋ Ȃ 

5.3.2   

῀ ̆ Ȃ ᾝ

̆ ԋ ֜ ̕ ᵣ ᾝ ̆ ҈ ֜ Ȃ 

ӈ ῒז Һ ̔ 

a)  ̆ ḱ ̕ 

b)  Ҭѿ ᶫ ᵈ ȁ ̆ Һ ’

Ȃ №ץ ̆ ң ≢Ҍ ̆ ̕ 

c)  ◄℗ Һ ӊѿ̆◄℗ ̕ 

d)  ӈ ̆ ֟ ḱ ̕ 

e)  ӈ Ȃ 

5.3.3   

ԍ ̆ ₃ᵥ Ҍ Ҋ ̔ 

a)  ҉Ҋ ȁ ҈ ’̆ ᵣ

ԇ ̕ 

b)  ᵣⱴ ԇ ̆ ԇ ᵣ̕ 

c)  ̆ ӈ ȁ ȁ◄℗ ̕ 

d)  ҹΈ ̆ѿ ҹ ֜ ̆ ӈ҈ҩ

ȁ ◄℗ ῍ 9ҩ Ȃ 

5.4    

└ ↕̔ 

XXX ᶏ Ȃ 

̔ 

Ҋץ ᴆ ΐ XXX № Ȃ 

a)  ╠ ᴆ̔SimSoft1̕ 

b)  ᴆ̔SimSoft2Ȃ 

ῒ ᴆ ΐ̆ ᶏ Ȃ 

5.5  / ∑ 

└ ↕̔ 

ҹԅ ̆ Ḃԍ ȁ ӊ ̆ ץ

̆ ̔ ᴆ(Component)ȁ ᴆ(Part) ȁ (material) ȁ ̂group̃ȁ ̂set̃ȁ

(node)ȁ ᾝ(element)ȁ (Contact) ȁ (coordinate) ȁ (curve) Ȃ 

̔ 

ץ XXX ῒ ᴆȁ ᾝȁ ҹᶛ̆ῒ ↕ 5Ȃ 

5.6  ᴕ  

└ ↕/ ̔ 

ӈᴏ ↓₮ᴏ ⌠ָӇ ̆ ‗ ֓ Ȃ ѿ

῏ ῤ ȁ Ȃ 

ᴏ ҩ̆ѿ ᴏ ̆ԋ Ȃ Ҭ̆ ᴨ

ᾢ ᴏ Ȃ 

5.7 מ֢   

└ ↕/ ̔ 
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ᾝ№ Ҭ ֜ ̆ ᾝ№ Ҭѿ ֜ ᴆ

Ҋ̔ 

a)  ᾝ₃ᵥ ᴆ̕ 

b)  ᾝ ᴆ̕ 

c)  ᴆ̕ 

d)  Ḥ ᴆ̕ 

e)  ᴆ̕ 

f)  ᴆ Ȃ 

6 ᵲ  

└ ↕̔ 

XXX ᾝ№ ѿ̆ Ȃ ҩ№

̆ѿ Ȃ 

̔ 

ᾝ№ 1Ȃ 

̆ҹ ҩ ᾝ№ ̆ 6 ᾝ№ Ȃ 

7 ╦  

7.1  ₉ᵫ  

7.1.1   

└ ↕̔ 

Ȃ 

̔ 

₃ᵥ ѿ ң ѿ̆ CAD ῀ ᾝ№ ╠ ᴆ ̆ ӊҹľ₃

ᵥ ῀ Ŀ̕ѿ ᾝ№ ╠ ᴆ ̆ ӊҹľ ĿȂ 

7.1.2   

└ ↕̔ 

CAE ᴆ╠ Ҭ ̆ CAE ᶏ̆

̆Ḃԍ ̆ ̆ᵖ ᵞ̆ ԍ Ȃ 

̆ ȁ№ ȁ ᾝ ̆ Ҍ

Ȃ 

̔ 

XXX ѿ ↕ Ҋ̔ 

a)  ԍ ԍῒז ̆ ̆₃ᵥ Ҭ ̕ 

b)  ̆ ᵣⱴ ң ̔ 

1̃ ҹ ҉Ҋ ᾝ ̆₃ᵥ Ҭ ̕ 

2̃ ᵣⱴ ҹ ȁ ᵣ̆₃ᵥ Ҭ ᵣ̆ ҉Ҋ ѿ Ȃ 

c)  ↕ ̆ ̔ ȁ ȁ ȁ ȁ ȁ ̆

ᾝȁ ᾝ ̆ ₃ᵥ ֜ Ҭ Ȃ 

d)  ⱴ Ҭⱬ ̆ѿ ᵣ ᾝȂ 

e)  Ҭ ᶏ ᾝ ̆₃ᵥ ᵝ Ȃ 

7.1.3  ₉ᵫ ῇ  

CAD ᴆ ₃ᵥ Ῥ ῀ ᾝ ᴆҬ № ̆ ץ ᴏ ̆

ᵖ ̆ ᴪ ҡ ̆ Ҍ ḂȂ 
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῀ ₃ᵥ ̆₃ᵥ Ҍ ȁᴰⱬ ȁ↨

ȁ № ̆ ԍ ҩ ᴆ ̆ № ̆Ҍ ᴆ Ӟ

Ҍ ↕̆ ↕ ᴑҙҒ ‰/ ̆Ӟ ץ

CAD/CAE ΐ ԋ Ȃ 

₃ᵥ ̆ ԍץҊ₃ҩ ̔ 

a)  ₃ᵥ ᴆ ̕ 

b)  ₃ᵥ ҍ № ῏ ̕ 

c)  ₃ᵥ ҍ ᶛȂ 

7.2  ↔ⅎ  

7.2.1  ᾣ  

└ ↕/ ̔ 

ᾝ ᾝ ᾝ̂ ᾝ̃ȁѿ ᾝ̂ ↨ ᾝȁ ᾝȁ ᾝ ̃ȁ

ԋ ᾝ̂ ᾝ̃ȁ҈ ᾝ̂ ᵣ ᾝ̃ ῒ ᾝ Ȃ ᾝ Ҍ ᴆ

̆ № ╠ Ҋ̆ ᾝ ѿ Ҋץ └ ↕̔ 

a)  ↕ ᾝ̕ 

b)  ᾝ̕ 

c)  ᾝ̕ 

d)  ᾝ ԍ V&V̂ ᴏ ̆ V&Ṽ Ȃ 

7.2.1.1  ᵩ ᾣ 

└ ↕/ ̔ 

ᵣ ᾝ Ҋץ └ ↕̔ 

a)  ᵣ ᾝ ₮҈ ⱬ/ ◄ ⱬ/ ̕ 

b)  ᵣ ᾝҹΈ ᵣ ᵣ ᾝ̆ᴨᾢ Έ ᵣ ᾝ̕ 

c)  Έ ᵣ ᾝᴨᾢ ᾝ̆ԋ ᾝᴨᾢ ⁞ № ᾝ̆ ҉

ᾝ̆ץ SimSoft2ҹᶛ̆ ѿ ᾝ Solid Type1̆ԋ ᾝ Solid Type2̕ 

d)  ᵣ ᾝᴨᾢ ԋ ᾝ̆ ҉ ԋ ḱ ᾝ̆ץ SimSoft2ҹᶛ̆ѿ ᾝ

Solid Type3̆ԋ ᾝ Solid Type4̕ 

e)  ᵣ ᾝȁ ᾝֽ ԍ ₃ᵥ Ȃ 

7.2.1.2  ᾣ 

└ ↕/ ̔ 

ᾝ Ҋץ └ ↕̔ 

a)  ᾝ ₮҉Ҋ Ҭ ⱬ/ ȁ◄ ⱬ/ ̕ 

b)  ᾝҹ҈ ᾝ̆ᴨᾢ ᾝ̕ 

c)  ᾝҬ̆ ץ ⁞ № ῃ № ᾝ̆ץ SimSoft2ҹᶛ̆ ѿ ᾝ

Shell  Type1̆ ԋ ᾝ Shell Type2̕ 

d)  ҈ ᾝֽ ԍ ₃ᵥ ғ̆҈ ᾝᴨᾢ ԋ ᾝȂ 

7.2.1.3  ᾣ 

└ ↕/ ̔ 

ᾝ Ҋץ └ ↕̔ 

a)  ᾝ ₮ ȁ ȁ ⱬ/ ̕ 

b)  ◄℗ ᾝ ₮ ◄ ⱬ/ ̕ 

c) ץ  SimSoft2ҹᶛ̆ ᾝѿ ᾝ Beam Type1̆ ԋ ᾝ Beam Type2Ȃ 
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7.2.1.4  Ὶ ᾣ 

└ ↕/ ̔ 

ץ SimSoft2ҹᶛ̆ῒז ᾝ Ҋץ └ ↕̔ 

a)  Ҭ ᾝ Mass Type1 ̕ 

b)  ↨ ᾝ Spring Type1 ̕ 

c)  ↨ ᾝ RBE Type1 ᾝȂ 

7.2.2  ᾣ  

└ ↕/ ̔ 

ᾝ№ҹᵞ ᾝ ᾝ ᶏ̆ ѿ ₱ ᾝ ҹᵞ ᾝ̆ ԋ ₱

ҹ ᾝ̆ ᾝ ѿ Ҋץ └ ↕̔ 

a)  ԍ Ҍ ↕ȁ ⱬ№ ᾝ̕ 

b)  ᾝ̆ ᵞ ᵞ ᾝ̕ 

c)  Ҍ ᾝ ᵝ ᶏ ᾝ ̕ 

d)  ᾝ ԍ V&V Ȃ 

7.2.3  ↔ⅎ 

7.2.3.1  ↔ⅎ  

└ ↕/ ̔ 

ᾝ ѿ ↓ ᾝȁ ̆ ѿ Ҋץ ̔ 

a)  ⅞№ Ḡ Һ ₃ᵥ ̆ ҍ₃ᵥ Ḡ ѿ ̕ 

b)  ₃ᵥ ̕ 

c)  ᴰⱬ ⱬ № ̕ 

d)  ̕ 

e)  ↕̆ ⅞№ҹ ̆ᵣ ⅞№ҹΈ ᵣ̕ 

f)  ̕ 

g)  ᾝ ⱬ ᶏ Ȃ 

7.2.3.2  ┼ 

└ ↕/ ̔ 

̂ ̃ № ȁ ȁ ȁ ᴆ ⱬ ̆

└ѿ Ҋץ └ ↕̔ 

a)  ȁ ȁ Ҍ ᵝ ̕ 

b)  ᾝ ̆ ӊ ᾝ ̆ ᾧ ᾝ ↨ ≢

̕ 

c)  ⱬ ῏ ԍᵝ ῏ ̕ 

d)  Һ ⱬ ᾝ ̆ ԍ ᾝ ᵬⱴ ̕ 

e)  ԍ ᵣ ᾝ ̆ ҉ Ḡ҈  ̕҉ץ

f)  ̆ GCÎ ̃ ῏

№ ̆ Ȃ 

̔ 

V&V ̆ ̆ Ώ ᴏ № ץ̆

ҹᶛ̆ῒ ⅞№ 3Ȃ 

̔ 
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ᴏ № └ Ҭ̆ ῏ ᴆ ᵝ №≢ ԍ V&V

̆ № ̆ ȂӞ ṢꜛҒҙץ

№ ᴆ № Ȃ 

7.2.3.3  ᾣ  

└ ↕/ ̔ 

ᾝ ץ ₃ᵥ ᾝ̆ѿ Ҋץ ӈ̔ 

a)  ᾝ ̆ ᾝ Ҭ ӈ ̕ 

b)  ᾝ ӈ ῒẒ Ḥ ̕ 

c)  ᾝ ӈ ̂ ӈ ȁ ꜚ ȁ̃Ẓ Ḥ ̕ 

d)  Ҭ ᾝ ӈ ȁ ꜚ ̕ 

e)  ᾝ ӈ ↨ ȁ Ȃ 

7.2.4   

└ ↕̔ 

⅞№ ̆ ⅞№ ̆ └ ῤ̆ΐᵣ ῤ

Ҋ̔ ҬҌ ̆ Һ ̔ ᾝ ȁ ȁẒ ȁῤ ̕

Ḡ ῏ ᾝ ̆ ῏ ᾝ ᵞȂ 

̔ 

XXX ΐᵣ ῤ 4Ȃ 

7.3  ӎ 

└ ↕/ ̔ 

ᴏ ̔ ȁ ȁ ȁ ȁ ῌ ȁ ȁ↨ ᾝ Ȃ 

7.3.1   

̆ №ҹ ȁT ȁ ȁ ȁ ̆Ҍ ̆ῒ

̆ ῒ №≢ Ȃ 

7.3.2   

̆ ⱬȁ ⱬȁ ⱬ Ȃ 

7.3.3   

Ҭ ӈ̆ ̔ ȁ ȁ ȁ∆ ᴆ Ȃ ӈ

Ҋ̔ 

a)  ᴆҬԊᾢ ̕ 

b)  ӈ ῏ ̆ ̆Һ ȁ׆ ̕ 

c)  ӈ ̆ѿ ӈ℗ ̕ 

d)  ӈ Ҭ ѿ֓ └ Ȃ 

7.3.4   

Ҋץ ӈ̔ 

a)  ᴆҬԊᾢ ̕ 

b)  ӈ ῏ ̆ Һȁ׆ ̕ 

c)  ӈ Ҭ ѿ֓ └ Ȃ 

7.3.5   

Ҋץ ӈ̔ 

a)  ᴆҬԊᾢ ȁ ȁ ̕ 

b)  ӈ ῏ ̆ ̆Һ └ ȁ׆ ȁ ̕ 

c)  ӈ ȁ Ȃ 
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7.4  ‟ 

ⱴ Ҋ₃ץ ῤ ̔ 

a)  ᾝ ⱴ ᴆ̕ 

b)  ‰ ’Ȃ 

c)  ᾧ ̆ ᾧ ⱬ Ҭ̕ 

d)  ԍѿҩ ᾝ ̆ Ȃ 

̆ ᴆ ̔ ȁ ӈ Ȃ 

7.5  ╦  

ᾝ ֜ ╠ ᾟ№ ̆ Ḡ ̆ ῀ ̆

ᴆȁ ῏ ̆ Һ ̔ 

a)  ᵝ└ ̆ ᵝ└ ѿ̆Ҍ ᵝ‖ ’̕ 

b)  ᾝ ̆Һ ᾝ ȁ ᾝ ȁ ᾝ ȁ ᾝ ȁ

ȁ ᾝ ᴇ ץ Һȁ׆ ‖ ̕ 

c)  ̆Һ ᾝ₃ᵥ ȁ ȁ ̕ 

d)  ᴆ ̆Һ ᵝ ȁ ȁ ↨ Ȃ 

8  

̂1̃  

Ҋ̔ 

¶ Block Lanczos  

¶  

¶ Power Dynamics  

¶ ⁞  

¶  

└ ↕̔ᶏ ᵥ Һ ‗ԍ ΐᵣ Ȃ 

¶ Block Lanczos ̔ ץ ᶏ ̆ ῤ ̕ 

¶ ̔ ⌠ Ҭ ⌠ ̖̂40̃ ̆ ῤ ̕ 

¶ Power Dynamics ̔ ԍ ̂100,000ҩ ̃҉ץ ̆ ̆ᵖ

ῤ ̕ 

¶ ⁞ ̔ Ҭ Ҭ Ҍᴪ ꜚ̆ᶛ Ἕ ̆ ᶏץ ̆

Ҭ ̆ ῤ ̕ 

¶ ̔ № Ҭѿ ̆ᵖ ̆ ᶏ Ȃ 

̂2̃  

ӈ ῏ ῤ Ȃ 

̂3̃  

ӈ ҩ ῤ Ȃ ҉ ȁ Ҋ Ȃ 

̂4̃ └  

Ȃ ̆↕ ѿ ӈ Ȃ 

9  

└ ↕/ ̔ 

ѿ Ҋῤ ̔ 

a)  ↓ ̕ 

b)  ̕ 
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10 ᵆ 

└ ↕/ ̔ 

a)  ⌠ ̆ ̕ 

b)  Ȃ 

11 ḷ  

└ ↕̔ 

ᴏ ̆ ᴏ ᵀȂ 

ץ ԍ V&V ҍ ̆ ᴏ ≠̆ ᴏ

̆ ԍ ḱ ᴏ Ȃ 

a)  ᴏ ῏ №  

ԍ ᾝᴏ № Ẋ ᴆץ Ҍ ̆ ᴏץ № ҍ ӊ

ѿ ̆ ᴏ ῏ № ̆ ץ ᴏ

ץ̆ Ḥ‰↕̂MAC̃ Ȃ 

b)  №  

ץ ≢⌠ Ҍ ̆ № Ȃ Ȃ

̆ ᵬҹ ḱ Ȃ 

c)  ḱ  

ᴏ ̆ Ḥ‰↕̂ MAC̃ ᵞ̆ ≠ץ Ғҙ ḱ ̆

≢₮ ḱ ̆ ᴏ Ȃ 

ḱ 1 Ȃ 
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ᴕ ЕNastran\Ansys

ᴕ Е

ᴕ ɻ Ԝɻ Ԝ

ᴕ ῗ ⅎ

ᴕ ⅎ

ᴕ ḷ

ᴕ

ḷ

҅

ᴕ
MAC

ḷ ₴

ḷ

ẅ

+MACᵲҿḷ

ḷ ₴

Ґ҅

ḷ

ḷ

ⅎ

 

1. ᴕ ḷ  

12  

ᴏ № ӊ ̆ ΐᵣ№ ȁ№ ȁ№ Ώ ᾝ№ ̆ Ώ

ῤ Ҋץ ̔ 

a)  ᴋⱵ ̕ 

b)  № ̕ 

c)  № ̕ 

d)  ᴨ Ȃ 

ᴏ ῤ 7Ȃ 

12.1 ᴑꜙ  

№ ѿ ׃ ̆ № ῏ № Ȃ 

12.2 ⅎ  

ᴏ № ̆ ȁ ⅞№ȁ ȁ ᴆȁ

Ȃ 

12.3 ⅎ  
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₮ῖ ̆ ȁ Ԑ Ȃ ȁ ̆ ҬҌ

῏ Ḥ Ȃ 

₮ ̆ № ̆ ₮ ȁ Ȃ 

12.4 ᴮ  

Ҭ № ̆ ₮ᴨ Ȃ 
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Ҏ Е ꜠ ᴕ ⅎ  

1  

└ ↕̔ 

Ώ └ ‰/ Ȃ 

̔ 

≠ CFD ᴆ ꜚᴏ ̆ ҩ ᶏ Ȃ ԅ

ѿҩ ̆ Ҍ ᶏ ̆ ѿᴏ ᴋⱵ̆ᴪ ⌠Ҍ ᴏ Ȃ Ṝ ҩᴏ

Ȃ ̆ ꜚᴏ Ḥ ѿ ̆ ᴏ ֲ ᾢ ̆

∆ ᴏ ֲ ̆ ҩ ῒ Ȃ 

⁞ ꜚᴏ Ҭ Ҍ ̆ ᴏ ѿ Ȃ Ҭ̆ ԅ

ꜚᴏ Һ ῤ ̆ ₮ԅ ѿ ῤ ↕̆ ᴏ

ΐ ԅ Ȃ ꜚᴏ ̆ᴪ Ҍ ҉ ѿ Ȃ 

2  

└ ↕̔ 

‰/ Ȃ 

̔ 

/ ‰ ԅ ꜚᴏ № № ᶭ ȁ№ ȁ№ ȁ

№ ȁ ↕ȁ ᵀȁ ḱ ȁ ₮ȁ ȁ Ώ ῤ Ȃ 

/ ‰ ԍ XXXᴏ № ᴆ ꜚᴏ № Ȃ 

3 ᴌ 

└ ↕̔ 

‰Ҭ ᴆ Ȃ 

̔ 

Ҋ↓ ᴆ ԍ ᴆ Ҍ Ȃ₄ ᴆֽ̆ ԍ

ᴆȂ₄ Ҍ ᴆ̆ῒ ̂ ḱ ̃ ԍ ᴆȂ 

GB3100- 1993 ᵝ└  

GB3101- 1993 ῏ ȁ ᵝ ѿ ↕ 

GB/T16638.1- 2008 ꜚⱬ ȁ 1 №̔ ꜚⱬ  

GB/T16638.2- 2008 ꜚⱬ ȁ 2 №̔ ꜚ  

GB/T16638.3- 2008 ꜚⱬ ȁ 3 №̔ ₃ᵥ  

GB/T16638.4- 2008 ꜚⱬ ȁ 4 №̔ ꜚⱬȁⱬ ῒ Ȃ 

AIAA G- 077- 1998 Guide for the Verification and Validation of Computational Fluid Dynamics 

Simulations ̕ 

ASME V&V 20- 2009 Standard for Verification and Validation in Computational Fluid Dynamics 

and Heat Transfer Ȃ 

4 ӎ 

└ ↕̔ 

ᴏ № Ҭᶏ Һ ӈȂ 

̔ 

ᴏ № Ҭᶏ Һ ̆ ֓ ╠Һ ᴏ № ̆ № Ҋ

Ȃ 
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₃ᵥ ̂Geometrỹ ̔ᶏ ₃ᵥ ᵣ ̆ѿ ȁ ȁ ȁᵣ

ᾝ ̕ 

̂Tansition ׆̔̃ ⌠ ̕ 

̂Phasẽ ̔ Ҍ ѿ Ҍ ⱬ ̕ 

ⱬ ̂Lift Coefficient ̃̔ ᵣ ⌠ ⱬ ⱬ ҍ ꜚ ӗ ӊ Ȃ 

5 ∑ 

5.1   

└ ↕/ ̔ 

̆ ↕ ̆ ̆

Ȃ 

№ ӈῃ ̆ ȁ ҍῃ Ҍѿ ̆ ⱴ

Ȃ 

5.2  ᵣ┼ 

ᴏ № Ҭᶏ ᵝ└̆ ᵝ└ ѿғ Ȃѿ ’Ҋ̆ ҉ ᶏ

ᵝ└̆ 1 2Ȃ 

5.3   

└ ↕̔ 

ꜚᴏ ᶏ Ȃ 

̔ 

Ҋץ ᴆ ΐ ꜚᴏ № Ȃ 

CFD ᴆ̔SimSoft1Ȃ 

ῒ ᴆ ΐ̆ ᶏ Ȃ 

5.4  ᴕ  

└ ↕/ ̔ 

ӈᴏ ̆ ↓₮ᴏ ⌠ָӇ ̆ ‗ ֓ Ȃ ꜚ ѿ

ꜚⱬ̂ ⱬȁ ⱬȁᶷ ⱬ̃ ⱬ ̂Ḳᴀⱬ ȁ ⱬ ȁẒ ⱬ ץ̆̃

ᴆ ⱬ № ̂ ⱬ № ̃Ȃ 

ᴏ ҩ̆ѿ ᴏ ̆ԋ Ȃ Ҭ̆ ᴨ

ᾢ ᴏ Ȃ 

מ֢ 6  

└ ↕/ ̔ 

ꜚ№ Ҭ ֜ ̆ ꜚᴏ № Ҭѿ ֜ ᴆ Ҋ̔ 

a)  ꜚᴏ ₃ᵥ ᴆ̕ 

b)  ꜚᴏ ᴆ̕ 

c)  ╠ ᴆ̕ 

d)  ᴆ̕ 

e)  ᴆ Ȃ 

7 ᵲ  

└ ↕̔ 

ꜚ ᴏ ѿ̆ Ȃ ҩ№

̆ѿ Ȃ 

̔ 

ꜚᴏ № 1 Ȃ 
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8 ╦  

8.1  ₉ᵫ  

└ ↕̔ 

Ȃ 

̔ 

ꜚ ₃ᵥ ѿ CAD ῀ ꜚᴏ № ᴆ Ȃ ₃ᵥ

̆ ꜚ Ҍ̆ ₃ᵥ ̆ ץ ₃ᵥ ̆

ץ ᵬ ̆ ╠ Ҍ ꜚ ֟ Ȃɒ ̔ Һ ᴏ Ҍ ₃ᵥ

ץ ₃̆ᵥ Ҍ ̕ CAD ̆ ֓ Ạ Ȃ 

8.2  ↔ⅎ  

8.2.1   

a)   

└ ↕̔ 

ᵝ ̆ ץ Ȃ ▲ ᵝ ̆ ̂ᶛ

ᵝ ̃ 

̔ 

ꜚᴏ Ҭ̆ ̆ № ᴪ

Ȃ ᴏ № Ҭ̆ № ₮ΐᵣ Ȃ 

b)   

└ ↕̔ 

ᴆ ᾛ ̆ ꜚ № ̆ Y+ ṿ 1 Ȃ 

̔ 

ꜚ Ҭ̆ ԍ ̆ ԍ ᵣ ̆ ̆

ҹԅ ҹ‰ ꜚⱬ̆ Ȃ 

c)  ᵝ  

└ ↕̔ 

ѿ ’ ⱴ ̆ ԍ ╠ ∞ ᵝ ᴏ ̆ ⱴ

Ȃ 

̔ 

ꜚ Ҭ ᴪ₮ ̆ ᵝ ̆ ȁ ⱬ ▲ ̆ҹԅ

̆ ᴏ ₮ ᵝ ̆ ≢ Ȃ 

d)  ῏  

└ ↕̔ 

῏ ↕ ⱴ ̆ ⱴ ҌῬ Ȃ ᵬ ̆

ⱴ ̆ ῏ Ȃ 

̔ 

ԍ ꜚ ̆ҹԅḠ ѿ ̆ ῏ Ȃ ῏ ҹԅ

ᵀ ᴏ Ҭ Ȃ ꜚᴏ № Ҭ̆ ῏ ΐᵣ Ạ₮ ᵬ

Ȃ 

ҹ ᵬ ASMEҬ Richardson ̆ ľ ⱴ ȁ ԍ Ŀ

҉ ᴏ ľ ĿȂӞ ṢꜛҒҙץ ᵣ ᴆ ᵀȂ 

8.2.2   

̆ Ȃ ᴏ ̆ ̆ ‗

ⱳȂ Ҍ ԍץҊ ̔ 
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a)  Ẓ  

b)   

c)   

8.3  ‟ 

┼ ∑/ Е 

ꜚᴏ ̆ ѿ Ҋץ ̔ 

a)  ⱬȁ ȁ ̕ 

b)  ₮ ⱬ̕ 

c)  Ȃ 

8.4  ╦  

┼ ∑/ Е 

ꜚ ֜ ╠ ᾟ№ ̆ Ḡ ̆ ῀ ̆ ᴆ

̆ Һ ̔ 

a)  ᵝ└ ̆ ᵝ└ ѿ̆Ҍ ᵝ‖ ’̕ 

b)  ̆ ȁ ȁ ’̕ 

c)  ᴆ ̆ ῀ ₮ ⱬȁ ȁ ȁ ̕ 

d)  ̆ ∆ ȁ ȁ Ȃ 

9 ֢  

┼ ∑/ Е 

a)   

└ ↕/ ̔ ‰Ҭ Һ Ȃ ꜚ Ҭᴨᾢ

Ȃ 

b)  Ȃ 

ꜚ ̆ ץ ⱬ Ȃ ’Ҋ̆ ꜚ ᴪ Ȃ

└ ̆ Ḇץ Ȃ 

̆ ץ CFL Ȃ ‰Ҭ ץ ’

ΐᵣ Ȃ 

c)  ∆ ӈ 

∆ ꜚ ̆ ֓∆ ᴪ ̆ ∆ ӈ ꜚ

‰Ҭ Ȃ 

ѿҩ ∆ Ȃ ֓ ’Ҋ̆ ץ ᵞ ᾢ ѿҩ∆  

d)   

ԍ ꜚ ̆ Ҭ̆ ⱬ ȁ ⱬ ῏ Ȃ 

ᴏ ῏ Ȃ ֓ ῏ Ȃ 

e)  ∞ Ȃ 

ץ ῏ ꜚ ꜚ ∞ Ȃ 

ѿ ’Ҋ̆ ῏ ꜚ ԍѿ ̆ ⌠ѿ ̆ ҹ Ȃ 

ᴏ Ҭ ⌠ ̆ ף ᵀ Ȃ ץ ꜚ

̆Ӟ ṢꜛҒҙץ ᵣ ᴆ № ᵀȂ 

10  

└ ↕/ ̔ 

ѿ Ҋῤ ̔ 

a)  Ԑ ̕ 

b)  ⱬ Ԑ ̕ 
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c)  Ԑ ̕ 

d)  ̕ 

e)  ⱬ ̕ 

f)  ⱬ ̕ 

g)  ᵝ Ȃ 

11 ᵆ 

└ ↕/ ̔ 

a)  ⱬ№ ̕ 

b)  ȁ ⱬȁ № ̕ 

c)  ᵝ ̕ 

d)  ⱬ ȁ ⱬ Ȃ 

12 ḷ  

└ ↕/ ̔ 

ץ ḱ ҍᴏ ṿẒ ᴏ ῀ ̆ ₮ ᴏ

῀ ṿȂ 

ᴏ Ҭ ѿ֓ ΐ ̆ ḱ ̆ ץ ⌠

̆ ץ ᴏ ҍ ѿ Ȃ 

ḱ ץ ԍ ֲ ̕ ḱ ’̆ ᾢץ №

⌠῏ ̆ ̆Ῥ Ғҙ CFD ḱ ΐ ꜚḱ Ȃ 

ԍ ̆ ᴏ ḱ ̕ CFD ᴆҬ ̆ Ҭ

‰ᴨ Ȃ 

13  

ῤ ̔ 

a)  ѿ  

№ № ῤ ̆└ № ȁ ȁ№ ‰ȁ Ώֲ Ḥ Ȃ 

b)  ᴏ №  

ᴏ № ᶛḤ ̆ ᶛ ₃ᵥ ȁ ᴆȁ ᴆ Ȃ 

c)  ᴏ № ᴆ 

ᴏ ᴆ ȁ Ḥ ȁ ᴆ Ȃ 

d)  ᴏ ᴋⱵ  

№ ᴋⱵ ׃ ̆ № ῤ ῏ № Ȃ 

e)  ᴏ №  

ᶛ Ḥ ȁ ȁ ȁ ᴆȁ ҩ Ȃ 

f)  № ҍ  

№ ₮ ꜚΈ№ⱬ ῏ ᴏ Ḥ ȁ ̕ ᴏ

̆ № ̕ № ꜚⱬ ₮ ȁ Ȃ 

g)  ᴨ  

Ҭ № ̆ ₮ᴨ Ȃ 

ᴏ ῤ 7Ȃ 
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Е ᴕ ⅎ  

1  

└ ↕̔ 

Ώ └ ‰/ Ȃ 

̔ 

ҹԅ ֟ ῒז ҙ ᴏ № ̆ └ Ȃ └ ̆ᶏ

Ҍ ᴆ ҙ ᴏ № ̆ ₮ № ΐ ѿ ̆ Ḡ ᴏ

№ ΐ № Ȃ 

2  

└ ↕̔ 

‰/ Ȃ 

̔ 

/ ‰ ԅ ֟ ῒז ҙ № № ᶭ ȁ№ ȁ№ ȁ№ ȁ

↕ȁ ᵀȁ ḱ ȁ ₮ȁ ȁ Ώ ῤ Ȃ 

/ ‰ ԍ SimSoft1 ᴏ № ᴆ ⱬ № Ȃ 

3 ᴌ 

└ ↕̔ 

‰Ҭ ᴆ Ȃ 

̔ 

Ҋ↓ ᴆ ԍ ᴆ Ҍ Ȃ₄ ᴆֽ̆ ԍ

ᴆȂ₄ Ҍ ᴆ̆ῒ ̂ ḱ ̃ ԍ Ȃ 

GB3100- 1993 ᵝ└  

GB3101- 1993 ῏ ȁ ᵝ ѿ ↕ 

GB/T4797.4 - 2006 ֟ ᴆ ҍ  

GJB150.7A- 2009´ 7 №̔  

SJ20590- 96´  

SJ20743- 1999 Ύ 1 №  

ȇAdvancedThermalDesignofElectronicEquipmentȈ̆International ThomsonPress.1997.  

ȇThermalDesignofElectronicEquipmentȈ̆TechnicalPress.2001.  

4 ӎ 

└ ↕̔ 

ᴏ № Ҭᶏ Һ ӈȂ 

̔ 

ᴏ № Ҭᶏ Һ ̆ ֓ ╠Һ ᴏ № ̆ № Ҋ

Ȃ 

̂Area Heat Flux ̃̔ ᵝ ̕ 

ᵣ ̂Volumetric Heat Flux ̃̔ ᵝᵣ ̕ 

̂Thermal Resistancẽ̔ ᴰ ҉ ⱬ̕ ᴰ 1w ̕ 

̂Thermal Conductivity ̃̔ ᵣ ⱬ ̆Һ ᵝ ῤ̆

ᵝ ᵞ 1Ņ ̆ ᵝ ᴰ ̕ 

file:///C:/Users/yongkang.wang/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///C:/Users/yongkang.wang/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///C:/Users/yongkang.wang/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///C:/Users/yongkang.wang/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
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/ ̂Steady/Transient ̃̔Ӟ ҹ ̆ ῤᴋᵥѿ ⱬȁ ȁ ȁ

Ҍ ̆ ҹ ̕ ӊ̆ ֓ ̆ ӊҹ ̆Ӟ ҹ

̕ 

̂Thermal Field ̃̔ ῤ № ̆ ҹ ̕ 

̂Contact Thermal Resistance ̃̔ Ҭ̆ ԍңҩ ᵣ

֓ ҉ ῒ̆ᵩ ҹ ̆ ԍ ̆ ᴰ ҉ᴪ֟

Ȃ Һ ңҩ ҉ ᾟ ⁞ ̕ 

( Convective  Heat  Transfer  Coefficient )̔ ᵣҍ ᵣ ӊ

̆ ᵣҍ ҹ 1Ņ ̆ ᵝ ᵝ ̆ ᵝҹW/m2.K

W/m2.Ņ̕ 

̂Reynolds Number̃ ̔ ῒ ᵣ ꜚ ⱬ ⱬ ̆ ᵣ

ѿҩ‰↕Ȃ 

( Flow Resistance )̔ Ҭ ѿ ᵣ ̆ ᵣ ₮ ֟ ̆

ᵝҹ pa̕  

(View Factor) ̔F12 1⌠ 2 ̆ 1 ̆ ⌠

2҉ 1 ᵣ № ̕ 

ᵣ( Black  Body)̔ ᵣ ҉ ῃ ̆ ᵣ ҹ ᵣ̕ 

̂Emissivity ̃̔ ᵣ ⱬ Ҋ ᵣ ⱬӊ ̆ῒ ṿ 0- 1ӊ

̕ 

ᵣ̂Gray Bodỹ ̔ ᵣ ҍ ῏ ᵣ̆ ҹ ᵣ̆

ҍ ῏Ȃ ῤ̆ ᵌ ᵬ ᵣ ̆ῒ ԍ ̕ 

̂Rja T̆hermal Resistance  Junction To Ambient ̃̔ ᾝ ᴆ ̂Junctioñ

ҍ ̕ 

̂Rjc̆Thermal Resistance  Junction To Casẽ̔ᾝ ᴆ

̕ 

̂Rjb̆Thermal Resistance  Junction To Board ̃̔ᾝ ᴆ PCB

̕ 

̂Fan Characteristic C urvẽ̔ ѿ Ҋ̆

῏ ̆ ₮ ᵟ ̆ ҹ 0̆ ̕ Ҍҍᴋᵥ ̆ ҹ 0̆

Ȃ 

5 ∑ 

5.1   

└ ↕/ ̔ 

̆ ↕ ̆ ̆

Ȃ 

ᾝ№ ӈῃ ̆ ȁ ҍῃ Ҍѿ ̆

ⱴ Ȃ 

5.2  ᵣ┼ 

ᴏ № Ҭᶏ ᵝ└̆ ᵝ└ ѿғ Ȃѿ ’Ҋ̆ ҉ ᶏ

ᵝ└̆ 1 2 

5.3   

└ ↕̔ 

ᴏ Ҭ ⌠ ̆ ᵣ ȁ ᵣ ȁ ᵣ ̆ №≢ Ȃ 
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№ Ҭ Ȃ 

/ ѿ ȁ ȁ ̕ ᵣ ѿ

ȁ ȁ ȁ ȁ ȁ Ȃ 

̔ 

№ Ҭ 1Ȃ 

1.   

 ̂kg/m3) ̂J/kg.k)  (w/m.k̃ 

 2720 900 225 

 8970 397 381 

 7870 452 72 

 2660 900 156 

 7850 460 55 

Ҍ  7850 450 14 

5.4   

└ ↕̔ 

ᴏ ᶏ Ȃ 

̔ 

Ҋץ ᴆ ΐ ᴏ № Ȃ 

ᴆ̔SimSoft1̕ 

ῒ ᴆ ΐ̆ ᶏ Ȃ 

5.5  / ∑ 

└ ↕̔ 

ҹԅ ̆ Ḃԍ ȁ ӊ ̆ ץ

̆ ̔ ᴆ(Component)ȁ ᴆ(Part) ȁ (material) ȁ ̂group ȁ̃ ̂set ȁ̃ (node)ȁ

ᾝ(element) Ȃ 

̔ 

ץ PCB ῒ ᴆȁ ᾝȁ ҹᶛ̆ῒ ↕ 2Ȃ 

2.  PCB ∑ 

 
ID  

ᴆ  ᾝ 

PCB  1 1- 9999 1- 9999 

 2- 10 10000- 49999 10000- 49999 

TO200  11- 99 50000- 99999 50000- 99999 

 100- 199 100000- 199999 100000- 199999 

ῤ  200- 299 200000- 299999 200000- 299999 

 300- 399 300000- 399999 300000- 399999 

ԋ  400- 499 400000- 499999 400000- 499999 

 500- 999 500000- 999999 500000- 999999 

5.6  ᴕ  

└ ↕/ ̔ 

ӈᴏ ̆ ↓₮ᴏ ⌠ָӇ ̆ ‗ ֓ Ȃ ѿ

ҩ ֟ ȁ Die ȁPCB № ȁ
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ᵬ ȁҌ № ȁ ⱬ№ ȁ ᵣ № ȁ № ȁ ᴆ

ȁ ץ Ҍ ̂ ȁᵣ ̃№ Ȃ 

ᴏ ҩ̆ѿ ᴏ ̆ԋ Ȃ Ҭ̆ ᴨ

ᾢ ᴏ ̕ ᴏ Ȃ 

מ֢ 6  

└ ↕/ ̔ 

№ Ҭ ֜ ̆ ᴏ № Ҭѿ ֜ ᴆ Ҋ̔ 

a)  ᴏ ₃ᵥ ᴆ̕ 

b)  ᴏ ᴆ̕ 

c)  ᴆ ᴆ̕ 

d)  Ḥ ᴆ̕ 

e)  ᴆ̕ 

f)  ᴆ Ȃ 

7 ᵲ  

└ ↕̔ 

֟ ᴏ ѿ̆ Ȃ ҩ№

̆ѿ Ȃ 

̔ 

ᴏ № 1 Ȃ 

8 ╦  

8.1  ₉ᵫ  

8.1.1   

└ ↕̔ 

Ȃ 

̔ 

₃ᵥ ѿ ң ѿ̆ CAD ῀ ᴏ № ᴆ ̆ ӊҹľ₃ᵥ

῀ Ŀ̕ѿ ᴏ № ᴆҬ ̆ ȁ ᵣȁ ᵣ ̆

ᴏ ̆ ӊҹľ ĿȂ 

8.1.2   

└ ↕̔ 

ᴆ Ҭ ̆ CAE ᴆ ᶏ̆ ̆

Ḃԍ ̆ ̆ᵖ ᵞ̆ ԍ Ȃ 

̆ ȁ№ ȁ ᾝ ̆ Ҍ

Ȃ 

̔ 

֟ ᴏ ѿ ↕ Ҋ̔ 

a)  ԍ ₃ᵥᵣ̆ Thin ̆ Ҭ ῀ῒ ̆ᵖ Ҍ

₃ᵥ ̕ 

b)  ᶏ Block ֟ ̆ ῀ῒ ̕ 

c)  ₯ fanȁBlower ȁ ̕ 

d)  ₯ PCB ̕ 

e)  ₯ ̆ ῀ Ḥ ̆ ̕ 

f)  ᴏ ᴆҬ ⌠ ֟ ᴏ Ȃ 
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8.1.3  ₉ᵫ ῇ  

└ ↕̔ 

Һ ᴏ Ҍ ₃ᵥ ץ ̆₃ᵥ Ҍ ̆ ṕ ȁ ȁ

Ȃ CAD ̆ ץ Ȃp Ⱶ Ḡ

ꜚ ₃ᵥ ̆ ȁPCB ᴆȂ 

CAD ᴆ ₃ᵥ Ῥ ῀ ᴆҬ № ̆ ץ ᴏ ̆p

̆ ᴪ ҡ ̆ Ҍ ḂȂ ₃ᵥ

̆ ̆Ҍ ₃ᵥ ̆ ץ Ҋ ↕ ץ̆

ᵬ Ȃ 

̔ 

῀ ₃ᵥ ₃̆ᵥ Ҍ ᴰ ȁD ⱬ ̆

ԍ ҩ ᴆ ̆ № Ҍ̆ ᴆ Ӟ Ҍ

↕̆ ↕ ᴑҙҒ ‰/ ̆Ӟ ץ CAD/CAE ΐ

ԋ Ȃ 

8.2  ↔ⅎ  

8.2.1   

a)   

└ ↕/ ̔ 

ᵝ ̆ ץ Ȃ ▲ ᵝ ̆ Ȃ 

ᴏ Ҭ̆ ̆ № ᴪ

Ȃ ᴏ № Ҭ̆ № ₮ΐᵣ Ȃ 

b)   

└ ↕/ ̔ 

ץ ’Ȃ 

Ҭ ̆ ץ ̆ ҹ

ᵣ 1/30Ȃ 

c)  ᴆ  

└ ↕/ ̔ 

Ҭ Ⱶ̆ Ḡ ҩ 4ҩ ̕ PCB ̆ 3ҩ ̕

ᵣ ῤ ̆ ῒ ӊ ̆ 3 ̕

4- 8ҩ ̆ 3 Ȃ 

d)   

└ ↕/ ̔ 

ԍ ̆ Ҭ ȁ ȁ ȁ2 ꜚ ̆

ҩ 4- 6ҩ Ȃ 

e)  ῏  

└ ↕/ ̔ 

ԍ ̆ҹԅḠ ѿ ̆ ῏ Ȃ ῏

ҹԅ ᵀ ᴏ Ҭ Ȃ ᴏ № Ҭ̆ ῏ ΐ

ᵣ Ạ₮ ᵬ Ȃ 

῏ ↕ ⱴ ̆ ⱴ ҌῬ Ȃ ᵬ ̆

ⱴ ̆ ῏ Ȃ 

8.2.2   
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̆ Ȃ ᴏ ̆ ̆ ‗

ⱳȂ 

Ҋ₃ץ ῤ ̔ 

a)  ᵣ  

⅞№ Ⱶ̆ Ḡ ȁ ₃ᵥ ̆ ΐ

ᵣ ̕ 

Ⱶ̆ ᶏ ⱴ ⱳ ̆ ⱴ Ḡ̆ ῒ ᵣ

₃ᵥ Ȃ 

b)   

Ҍ ԍץҊ ̔ 

1̃ ̕ 

2̃ Ẓ ̕ 

3̃ ̕ 

4̃ ̕ 

5̃ ᵣ ̂ ᵣ ҹ ṿ̆Ⱶ ῒ ḱ Ȃ̃ 

8.3  ᴌ 

8.3.1   

└ ↕/ ̔ 

ҍᴏ № № ̆ѿ Ҋץ ̔ 

a)  ҩ ᴆȁ ⱳ ̕ 

b)  ᵣҍ ̕ 

c)  ῤ ԍ ̕ 

d)  Ȃ 

8.3.2   

└ ↕/ ̔ 

a)  ῤ ȁP- Q ̕ 

b)  ῤ ̕ 

c)  ᴆ̆ ȁ Ȃ 

8.4  ╦  

└ ↕/ ̔ 

֜ ╠ ᾟ№ ̆ Ḡ ̆ ῀ ̆ ᴆ

̆ Һ ̔ 

a)  ᵝ└ ̆ ᵝ└ ѿ̆Ҍ ᵝ‖ ’̕ 

b)  ̆Һ ׆ ҩ ҉ ̆ ᴆ ֜ ȁ ’̕ 

c)  ̆Һ ȁ ̕ 

d)  ᴆ ̆Һ P- Q ȁ ᴆ Ȃ 

9 ֢  

└ ↕/ ̔ 

a)   

̆ ̕Ӟ ץ ⱬ- Ȃ 

‰Ҭ Һ Ȃ Ҭᴨᾢ Ȃ 

b)   

CFD ̆ ᴪ Ȃ └ ̆ ף ȁ ̆

ѿ ҉ᴪᴨ Ȃ 
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̆ ץ ȁ ȁ ῀ ṿ Ȃ ‰

Ҭ ץ ’ ֓ └ ΐᵣ ṿȂ 

c)  ∆ ӈ 

∆ ̆ ֓∆ ᴪ ̕ ∆ ӈ

‰Ҭ Ȃ∆ ̆ Ӈ ᴆ CFD ᴪ Ȃ 

ѿҩ ∆ Ȃ 

d)   

ԍ ̆ CFD Ҭ̆ ᴆ ȁ ȁ

ȁ ῏ Ȃ 

ᴏ ῏ Ȃ ֓ ῏ ̆ ֓

ҩ ҌῬ ף ̆ ץ ҹ CFD Ȃ 

e)  ∞  

ץ ῏ ꜚ ∞ Ȃ 

ѿ ’Ҋ̆ ῏ ԍѿ ̆ ̂ ꜚ ԍ e
- 1
̆ e

- 7
̃

⌠ѿ ̆ ҹ CFD ῃ Ȃ 

ᴏ Ҭ ⌠ ̆ ף ᵀ Ȃ 

10  

└ ↕/ ̔ 

ѿ Ҋῤ ̔ 

a)  ℗ Ԑ  

b)  ℗  

c)  Ҍ ᴆᵣ Ԑ  

d)  №  

e)  ꜚ  

f)  PCB № Ԑ  

g)  ṿ  

h)  Ҍ ᴆȁҌ  

i)  ᵬ  

j)  Die  

k)  № Ԑ  

l)  № Ԑ  

m) № Ԑ  

11 ᵆ 

└ ↕/ ̔ 

a)  ҩ ᴆ № ᵞԍῒᾛ ̕ 

b)  ᵬ ̕ 

c)  ӊῤ̕ 

d)  ԍ ᴆ̆ ᴨ ̕ 

e)  ῤ ̆ ῒ ᴨ Ȃ 

12 ḷ  

└ ↕̔ 

ץ ḱ ̆ ҍᴏ ṿẒ ᴏ ᵀ̆ ₮  

ᴏ Ȃ 
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ᴏ Ҭ ѿ֓ ΐ ̆ ḱ ̆ ץ ⌠  

̆ ѿ ᴏ ҍ ѿ ̕ ץ ֓ ᵬҹ

CFD ᴏ Ȃ 

̔ 

ԍ ̆ ᴏ ḱ ̕ CFD ᴆҬ ̆  

Ҭ ‰ᴨ Ȃ 

13  

ῤ ̔ 

a)  ѿ  

№ ᴏ № ῤ ̆└ № ȁ ȁ№ ‰ȁ Ώֲ Ḥ Ȃ 

b)  ᴏ №  

ᴏ № ᶛḤ ȁ ’ ̆ ᶛ ̆ ₃ᵥ ȁ

ᴆȁ ᴆ ̕Ⱶ Ҍ ’ӊ ≢Ȃ 

c)  ᴏ № ᴆ 

ᴏ ᴆ ȁ Ḥ ȁ ᴆ ̕ Ҍ CFDᴏ Ҭ ᵬ Ȃ 

d)  ᴏ ᴋⱵ  

№ ᴋⱵ ׃ ̆ № ῤ ῏ № ̕ № ᴏ

̆ ῒ ȁ ҩ ᴆ ̕ Ҭ ȁ

Ạ Ȃ 

e)  ᴏ №  

ᶛ Ḥ ȁ ȁ ȁ ᴆȁ ҩ ̕

ᴆ̂ ȁ ȁ ̃ȁҌ - ȁ

ȁ ҬҌ ᴆ Ȃ 

f)  № ҍ  

№ ₮ Ҭ῏ ᴆ Ԑ ȁ ҩ ῤ ȁ̓͂ Die ȁ

ᵬ ̕ ᴏ ̆ № ̆ ₮ ‗ Ȃ №

ȁ Ȃ 

g)  ᴨ  

Ҭ № ̆ ₮ᴨ Ȃ 

ᴏ ῤ 7Ȃ 
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֒ Е ᴕ ⅎ  

1  

└ ↕̔ 

Ώ └ ‰/ Ȃ 

̔ 

ҹԅ XXX ֟ ᴏ № ̆ └ Ȃ └ ᶏ̆ Ҍ

ᴆ XXX ֟ ᴏ № ̆ ₮ ᴏ № ΐ ѿ ̆ Ḡ ᴏ №

ΐ № Ȃ 

2  

└ ↕̔ 

‰/ Ȃ 

̔ 

/ ‰ ԅ XXX ֟ ᴏ № ᶭ ȁ№ ȁ№ ȁ№ ȁ

↕ȁ ᵀȁ ḱ ȁ ₮ȁ ȁ Ώ ῤ Ȃ 

/ ‰ ԍ XXX ᴏ /№ ᴆ XXX ֟ ᴏ № Ȃ 

3 ᴌ 

└ ↕̔ 

‰Ҭ ᴆ Ȃ 

̔ 

Ҋ↓ ᴆ ԍ ᴆ Ҍ Ȃ₄ ᴆֽ̆ ԍ

ᴆȂ₄ Ҍ ᴆ̆ῒ ̂ ḱ ̃ ԍ Ȃ 

GB3100- 1993 ᵝ└ ̕ 

GB3101- 1993 ῏ ȁ ᵝ ѿ ↕̕ 

GB50922- 2013 ̕ 

GB/T9410- 2008 ꜚ Ḥ ̕ 

GB/T14733.10-2008 Ḥ - ̕ 

GB/T21195- 2007 ꜚ Ḥ ῤḤ № ᴆ̕ 

GB/T6361- 1999 ⱬ Ḥ ↓̕ 

GB/T12401- 1990 ῤ Ḥ ( ) ᵊ ̕ 

GYͪ T5088- 2013 ̕ 

SJ20884- 2003 Ȃ 

4 ӎ 

└ ↕̔ 

ᴏ № Ҭᶏ Һ ӈȂ 

̔ 

ᴏ № Ҭᶏ Һ ̆ ֓ ╠Һ ᴏ № ̆ № Ҋ

Ȃ 

̂Antennã : ѿ ̆ ᴰ ҉ᴰ ̆ ̂׃

̃Ҭᴰ ̆ ̂ Ҭ

ᴆ̆ Ḥȁ ȁ ȁ ȁ ȁ ȁ ȁ ̆₄ ≠

ᴰ Ḥ ̆ ᶭ ᵬȂ ̆ ᴰ ̆ Ḥ Ӟ

http://www.baidu.com/link?url=0pl0HHNbuESLAa7U7crlo7Oo1G1DOZXrN3I9o82eD5JQRRKn-1YrhbDMkbZwTrxBWoAWH3UrP0Ze-E5k0CRud4qIWRNGNYAm1hilaUb3MlO&wd=&eqid=df597d890012275d000000035dc14b40
http://www.bzfxw.com/soft/sort055/GBYS/342020.html
https://baike.baidu.com/item/%E7%94%B5%E7%A3%81%E6%B3%A2/102449
https://baike.baidu.com/item/%E6%97%A0%E7%BA%BF%E7%94%B5/3979
https://baike.baidu.com/item/%E9%9B%B7%E8%BE%BE/10485
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Ȃѿ ΐ ̆ ѿ◐ ᵬ ̆Ӟ ᵬ Ȃ ѿ ᵬҹ

, ԑ ̃̕ 

ᾝ̂FEM̃ ̔ ᾝ FEM̆ ѿ ̆ ѿ ṿ Ẓ №

̆FEM ᵣ ҹ ҩ ᾝᵣ ̆ ѿ ȁ ᴏ  ̕

₃ᵥ ̂Geometrỹ ̔ᶏ ₃ᵥ ᵣ ̆ѿ ȁ ȁ ȁᵣ

ᾝ ̕ 

̂Material  property ̃̔ ԍ 3D

̕ 

ᴆ̂Boundary condition ̃̔ ԍ ֟ ’Ҋ̆ ҉₃ᵥҍ

ᴆ̆ ȁ ȁ Ḥ ̕ 

꞉̂Excitation ̃̔ ⱴԍ ȁ ȁⱳ ̂ / ᵝ̃Ḥ ̕ 

⅞№(Mesh)̔ ₃ᵥ № ᾝ̆ᵬҹΐ ₃ᵥȁ ̕ 

̂Patterñ̔ ̆ ҩ ҉ ΐ

ⱬ ̂ ҈ ₃ᵥ Ҭ̆ ҩ 3D ̆

ῤ ̂ ῤ ̃ ῤ ̂ ԍ ῤ

̃Ȃ Ӟ E ̂ ҍ ℗ ̃ H  ̂ ҍ

℗ ̃℗№ ̆№≢ Ạ E H ̕ 

̂Directivity ̃̔ ѿҩ Ҭ ̂

̃ ѿҩ ̂ҹԅ ̆ ץ ᵬҹ

‰Ȃᴋѿ ֟ ᴆҊ̆

ⱳ ⱳ ӊ ̃̕ 

̂Coordinate  Syetem̃ ̔ ᴏ Ҭᶏ ᵥ Ȃѿ ’Ҋ̆ ᴏ ᶏ

ҍ ̂ ̃ Ȃ ̆ № ̆Ӟ ץ ӈ ̆

ȁ ȁ Ȃ 

5 ∑ 

5.1   

└ ↕/ ̔ 

֟ ҍᴏ № ̆ ѿ ↕ ̆

̆ ῒז Ȃ 

ӈῃ ̆ ᴏ ΐᵣ ̆ ⱴ

̆ ȁ ȁ Ȃ 

5.2  ᵣ┼ 

└ ↕̔ 

ᴏ № Ҭᶏ ᵝ└̆ ᵝ└ ѿғ Ȃѿ ’Ҋ̆ ᵝ└

ҍ ᵝ̆ Ӟ ╠ ҙ ’̆ 1 2 

5.3   

└ ↕̔ 

ᴏ Ҭ ⌠ ̆ ᵣ ׃, ̆ῒז ̆

№≢ Ȃ 

5.3.1   

└ ↕̔ 

№ Ҭ Ȃ 

ѿ ̔ 

https://baike.baidu.com/item/%E6%95%B0%E5%80%BC
https://baike.baidu.com/item/%E6%96%B9%E7%A8%8B
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a)  ѿ ̕ 

b)  ᴏ ̆ ᵣѿ ̆Ҍ ᵣῤ ̆ᵖ №

/ ̕ 

c)  ̆ ̔ ȁ ȁ׃ ȁ ℗ȁ ℗ Ȃ 

̔ 

XXX ᴏ № Ҭ 1Ȃ 

1.   

 
 

̂Bulk conductivity ̃ 

 

(Relative  permeability)  

℗ 

(Dielectric  loss  tangent)  

 61000000simens/m 0. 99998 0 

 58000000simens/m 0.999991 0 

 38000000simens/m 1. 000021 0 

5.3.2 ב   

└ ↕̔ 

№ Ҭ ׃ ̆ ׃ Ә ȁ ȁ Ȃ 

׃ ѿ ̔ 

a) ׃  ҍ ῏ ℗̆ᴏ ̂ ≢ ̃ ׃

̕ 

b) ׃  ̆ ̔ ȁ ȁ׃ ȁ ℗ȁ ℗ ̕ 

c) ׃  ԍ ᴧ ̆ғ ̆ ̆ ᴪ ѿ ̆ ᴏ

῏ Ȃ 

̔ 

XXX ᴏ № Ҭ ׃ 2Ȃ 

2. ב   

 
׃  

̂Relative  permitivity ̃ 

 

(Relative  permeability)  

℗ 

(Dielectric  loss  tangent)  

FR4- EPOXY 4.4 1 0.02 

Teflon  2.1 1 0.001 

RorgersR03003 3 1 0.0013 

5.3.3  Ὶל  

└ ↕̔ 

№ Һ ѿ֓ ̆ ̔ ᵣ̆ ᵣ̆ Ȃ 

ѿ ̔ 

a) ԍ׃  ׃ ᵣӊ ̆ᴏ ῃ

̕ 

b)  ̆ ̔ ȁ ȁ ȁ ȁ׃ ȁ ℗ȁ

℗ȁ ̕ 

c)  ̆ ᴪ ѿ ̆ ᴏ ῏

Ȃ 

̔ 

XXX ᴏ № Ҭ 3Ȃ 

3.   

 
׃  

̂Relative  permitivity  ̃

 

(Relative  permeability)  

℗ 

(Dielectric  loss  tangent)  

 

̂mass density ̃ 
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Ferrite  12 1000 0 4600 

Silicon  11.9 0.999991 0 2330 

ԍѿ֓ ̆ ‰ ӈ̆ ̔ 

a)  Debyê Debyẽ ̕ 

b)  Djordjevic - Sarkar Ȃ 

5.4   

└ ↕̔ 

XXX ᴏ ᶏ Ȃ 

̔ 

Ҋץ ᴆ ΐ XXX ᴏ № Ȃ 

a)  ╠ ᴆ̔SimSoft1̕ 

b)  ᴆ̔SimSoft2Ȃ 

ῒ ᴆ ΐ̆ ᶏ Ȃ 

5.5  / ∑ 

└ ↕̔ 

ҹԅ ̆ Ḃԍ ȁ ӊ ̆ ץ

̆ ̔ ᴆ(Component)ȁ ᴆ(Part) ȁ (material) ȁ ̂group ȁ̃ ̂set ȁ̃ (node)ȁ

ᾝ(element)ȁ (Contact) ȁ (coordinate) ȁ (curve) Ȃ 

ԍ ֟ ᴏ ̆ ̆Һ : / ᴆ̆ ̆

꞉ ̆ ᾝ̆ ̆  

̔ 

ץ ᴆȁ ᾝ ҹᶛ̆ῒ ↕ 4Ȃ 

4.  ∑ 

  
ID  

ᴆ  ᾝ 

  1- 3 1- 10 1- 10 

 

ᾝ 1- 10 1- 10 1- 10000 

׃  1- 10 1- 10 1- 10000 

 1- 10 1- 10 1- 10000 

 

ⱳ№ 1- 10 1- 10 1- 10000 

 1- 10 1- 10 1- 10000 

ᴰ  1- 10000 1- 10 1- 10000 

5.6  ᴕ  

└ ↕/ ̔ 

ӈᴏ ̆ ↓₮ᴏ ⌠ָӇ ̆ ‗ ֓ Ȃ ̂ ↓̃

ѿ ̆ ᵬ ̂ ̃̆ ̆ ῀ ̆ ̂

̃̆ / ̆ ̆ ̂ ̃ Ȃ 

ΐᵣ֟ / Ҍ ̆ᴏ ᶷ Ȃᴏ № ӈ ̆ ΐᵣ֟

̆ѿ ᴏ ̆ԋ Ȃ Ҭ̆ ᴨᾢ ᴏ Ȃ 

מ֢ 6  

└ ↕/ ̔ 

ᴏ № Ҭ ֜ ₮Ȃ ᴏ № Ҭѿ ֜ ֜

ט Ҋ̔ 
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a)  ₃ᵥ ᴆ̕ 

b)  ᴆ̕ 

c)  ᴆ̕ 

d)  ᴏ ̕ 

e)  ῒז ₮ / Ȃ 

7 ᵲ  

└ ↕̔ 

XXX ֟ ᴏ № ѿ̆ Ȃ ԍ ҩ№

҉̆Ӟ ץ Ȃ 

̔ 

֟ ᴏ № 1Ȃ 

̆ҹ ҩᴏ № ̆ 6 ᴏ № Ȃ 

8 ╦  

8.1  ₉ᵫ  

8.1.1   

└ ↕̔ 

Ȃ 

̔ 

₃ᵥ ѿ ң ѿ̆ CAD ῀ ᾝ№ ╠ ᴆ ̆ ӊҹ

ľ₃ᵥ ῀ Ŀ̕ѿ ᴏ № ╠ ᴆ ̆ ӊҹľ ĿȂ 

8.1.2   

↕ҍ ̔ 

ᴏ ᴆ╠ Ҭ ̆ ᴏ ᴆ Ȃ

̆Ḃԍ ̆ ̆ᵖѿ ᴆ Ҍ Ғҙ CAD ΐ̆

ԍ Ȃ 

̆ ȁ№ ȁ ᾝ ̆ Ҍ

Ȃ 

XXX ֟ ѿ ↕ Ҋ̔ 

a)  ԍ ᵣ № ̆ Ḡ ῒ ₃ᵥ ̆ ԍѿ֓ ץ

̔ף ̆ ץ ̕CAD ΐ ֟

┬ ̂ ̃̆ ץ ḱ Ȃ 

b)  Һ ᴏ Ҍ ₃ᵥ ̆₃ᵥ ץ Ȃ CAD Ҭ

/ ᴆ №̆ ץ Ȃ 

└ ֟ ̆ ΐᵣ ӈȂ 

8.1.3  ₉ᵫ ῇ  

└ ↕/ ̔ 

CAD ᴆ ₃ᵥ Ῥ ῀ ᴏ ᴆҬ № ̆ ץ 3Dᴏ

̆ᵖ ̆ ᴪ ҡ ̆ Ҍ ḂȂ 

῀ ₃ᵥ Ȃ ᴏ ̆Ҍ ₃ᵥ ̆

ץ Ҋ ↕ ץ̆ ᵬ ̔ 

a)  ԍ ῀֟ ̂ ┬/ ̃̆ ̆

̕ 

b)  ᴏ Ҍ ̆ ץ ̆ ᴆץ
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ᴆ Ȃ └ ֟ ̆ ΐᵣ ӈȂ 

8.2  ↔ⅎ  

8.2.1   

8.2.1.1  ⅎ  

└ ↕̔ 

ᴏ Ҭ̆ ̆ № ᴪ

Ȃ ᴏ № Ҭ̆ № ₮ Ȃ 

̔ 

XXX ֟ ᴏ ̆ Ғҙ ҍ ᴏ ’̆ ԍҌ ῃ

̆ ѿ ̔ 

a)  ԍ FEM /MOM ̆ ҹ 1/10 ̕ ԍ FDTD/FIT

̆ ҹ 1/10 - 1/20 ̕ΐᵣ ᴏ ᴆ

̆ Ȃ 

b)  /ᵝ ̆ ץ ̆ ▲ ᵝ ̆

̂ᶛ Ȃ̃  

8.2.1.2   

└ ↕̔ 

ҹԅ ̂ ↓̃ ̆ ᴪ ѿ֓ ̆ / /

̆ ᴏ Ҭ̆ᴪ ⱴ ╩№ ᵬ Ȃ №Ӟ ╠ ᴏ

ѿ ̆ ╩№ ’ ‰ ҍ Ȃ №̆

╠ ΐ ╩№ⱳ ̆ᵖ └ ᴏ № ᴏ ≢ Ȃ 

̔ 

ԍ / ̆ ΐ ╩№ ҉̆ № ̆ ԍ

ҍ ₃ᵥ ’̆ ⱴ ꜚ Ȃ 

ᴆ ᾛ ’Ҋ̆⁞ ̆ ₃ᵥ Ȃ 

8.2.1.3   

└ ↕/ ̔ 

ᴏ Ҭ ԍ ҍ ̆ ̆p

’Ȃ ’Ҋ̆ ᴪ ѿҩ ₮ ̔ ғ ̆

ῒ ғ ̆ ң ӊ Ȃң ӊ ᵥ

῏ ԅȂ ԍ ’̆ └ ᴏ № ᴏ Ȃ 

╩№ ̆ Ȃ 

↕҉̔ѿ ’ ҉ ꜚ Ȃ 

8.2.1.4  ғ  

8.2.2   

└ ↕/ ̔ 

̆ ̆ᴏ № ₮ Ȃ ᴏ

̆ ̆ ‗ ⱳȂ Ҍ ԍץҊ ̔ 

a)  Ẓ ̕ 

b)  ̕ 

c)  Ȃ 

̆ҹ ᾧ₮ ̆ № / № ̆Ḡ

῏ ̆ ῏ ᵞȂ 
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8.2.3   

└ ↕/ ̔ 

ԍ ᴏ ҹ̆ԅḠ ‰ ҍѿ ᴏ̆ Ҭ

Ȃ ҹԅ ᵀ ᴏ Ҭ Ȃ ᴏ №

Ҭ̆ Ạ₮ ᵬ Ȃ 

└ ↕̔ ↕ ᴨ /ⱴ ̆ ⱴ ӊף

Ȃ ᵬ ̆ ⱴ ̆ Ȃ 

ץ FEM ᴆ Sim Soft2 ҹᶛ̆ῒ ᴏ Ҭ ╩№ ף ̆ ѿҩ Ҍ ᴨ

̆ ף ̆ ╩№ Ҋ ̆ Ḡ

‰ ѿ Ȃ 

8.3  ӎ 

└ ↕/ ̔ 

ᴏ ֟ ̔ /ᴰ ȁ ᴆȁ ȁ ȁ ῌ

̕ 

ԍ ֓ ῀ №̆ ѿ Ȃ ᴏ № Ҭ̆

῏ ₮ ̂ ԍᴏ ῃҌẠᴋᵥ ̆ ҉ ̆

Ҋ Ҍ ̆ ᴏ Ҭ ѿ ̃Ȃ Ṝ̆ ‰₃

ᵥᵣ ̆⁞ Ҍ ̆ᵖ ↕҉ Ḡ ’ Ȃ 

8.4  ԝᵲ ῗ ӎ 

└ ↕/ ̔ 

ᴏ Ҭ̆ ̂ ῒ ᵌ ̃ ̆ ӈ ҬҌ

№̂ ̃ӊ ҍᵬ ῏ Ȃ└ ᴏ № ̆ΐᵣ ӈ ’ ΐᵣ

ᴆ Ȃ 

8.5  ғ  יִ

8.5.1  ᴌ 

└ ↕̔ 

̂ ̃ ᴆ / ᴏ ῏ ̆Ӟ ᴏ ΐ

ѿҩ Ȃ ̂ ̃ ᴆ ̆ ̆ ΐᵣ ᴏ №

Ҭ Ȃ 

̔ 

a) ץ  FEM ΐҹᶛ̆ Һ ҉̆

⌠ 1/4 ̕ῒז ҩ ̆ ץ ⁞ Ȃ ץ

̆ ̔ / ҹ ̆↕ Ạץ Ȃ 

b)  ԍ FDTD̂ FIT̃ ΐ̂ CST̃̆FDTD ̂ ̃ѿ

Έ ᵣ ̆ ⌠ ΐᵣ ᴏ ΐ Ȃ 

8.5.2 יִ   

└ ↕̔ 

ԍ ֟ ᴏ ꞉ ̆ / ᵝ Ḥ ̆Ӟ Ȃ

ΐᵣ ᴏ № Ҭ Ҋץ ↕Ȃ 

̔ 

a)  ѿ ̆ ꞉ ҹ ꞉ ̆ ꞉Ḥ ̆ ᵝ ̕ ԍ

ҩ ̆ ῒҬѿ֓ /› ȂӞ ̆

/› ̆ ꞉ / ̆ Ḥ ᴰ
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ץ ֓ № Ȃ 

b)  ԍ ꞉ ҹ ⱴ ̂ ̔῀ ̆ ῒז ̃ ’̆ ΐᵣ

ᴏ ΐ ̆ ῏ ꞉ ᴆ Ȃ 

8.6  ╦  

└ ↕/ ̔ 

ᴏ ֜ ╠ ᾟ№ ̆ Ḡ ῀ ̆ Ḡ

̆ ᴆȁ ꞉ ̆ ᵬ ΐᵣ ᴏ № Ҭ Ȃ 

Һ ̔ 

a)  ᵝ└ ̆ ᵝ└ ѿ̆Ҍ ᵝ‖ ’̕ 

b)  ̆Һ №₃ᵥ ȁ ̕ 

c)  ᴆ/ ꞉ ̆Һ ꞉ ȁ ȁ ᵝȁ ᴆ Ȃ 

9 ғ ֢  

9.1   

9.1.1  ӎ 

└ ↕̔ 

ᴏ ӈ ̆Һ ╩№ ̆ / Ȃ 

̔ 

╩№̆ ѿ ̆ ΐᵣ Ҭ ΐᵣ ᴆ ΐ

Ȃ 

9.1.2   

└ ↕̔ 

ᴏ ̆ ץ ῃ Ȃ 

̔ 

a)  ҹ Ḡ ̆ ῃ ̆ ῃ ̕ 

b)  ῃ Ҭ̆ / FEM ̕ /

FDTD̂ FIT̃ ̕ ԍ̂Ҍ ׃ ̃ / ↓

̆ ץ MOM ̕ 

c)  ԍῃ Ҍ ̆ ץ ̆ᵖҹԅ ̆

ῃ + Ȃ 

9.1.3 ש   

└ ↕̔ 

ᴏ Ҭ̆ ף Һ S ̆ ̆ ̆

Ȃ 

̔ 

ғ ̆ ҉ Ȃץ ᾝ FEM ᴆ HFSSҹᶛ S̔

‰ ץ 0.02- 0.01 ѿ̆ ᵞԍ 0.01̆ ӈ Ҍ ԅȂ ‰Ҭ ץ

’ ΐᵣ Ȃ 

9.2  ֢  

9.2.1   

└ ↕̔ 

ԍ ᴏ ̆ Ҭ̆ ȁ ȁ ’ȁ ᴆ

Ȃ 

̔ 
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ᴏ ῏ Ȃ ᴏ ’ Ȃ 

9.2.2  ≡  

└ ↕̔ 

ץ ṿ ⌠ ‰ṿ ∞ Ȃ 

̔ 

ѿ ’Ҋ̆ ԍ ‰ṿ̂ ṿ̃̆ ̂ ң ԍ ‰

ṿ̃̆ ҹ Ȃ 

10  

└ ↕/ ̔ 

ᴏ ̆ ѿ ̂ ̃̔ 

a)  ̂2D/3D̃̕ 

b)  ̕ 

c)  ῀ ̕ 

d)  ᵝ ̕ 

e)  № ̕ 

f)  ̕ 

g)  ̕ 

h)  SAR Ȃ 

11 ᵆ 

11.1 ᵆ 

└ ↕/ ̔ 

ԍ ᴏ ̆ ᾢ ׆ ̆ ῀ ᴆ/ ̆ᴏ ̆

’̆ № ∞ Ḃץ̕ ᴏ

Ȃ 

ΐᵣῤ ↓ ץ ᵀ̆ ΐᵣ ӈȂ 

11.2 ᵆ 

└ ↕/ ̔ 

ԍ ᴏ ̆ ╠ № ᵀ ҉̆ ֟ ̆ ᴏ

ҍ֟ №̆ ᵀ ᴏ Ḃץ̆ ̆ ḱ

ᵬȂ 

Һ ̆ ̔ ̆ ᵬ ̂ ̃̆ ̆ ῀ ̆

̂ ̃̆ / ̆ ̆ ̂ ̃ 

ԍᴏ ᵀ ’̆ ΐᵣῤ ↓ ץ ᵀ̆ ΐᵣ

ӈȂ 

12 ḷ  

└ ↕̔ 

ԍ ̆ ᴏ ḱ ҍ ̕ ̆ ᴨ ᴏ ̆

ᴏ Ȃ 

̔ 

a)  ₃ᵥ/ ḱ ҉̆ ᴆ/ ҍᴏ ’ ̆

₮Һ ̆ /ᴏ ̆ ῀ ̕ 

b)  Ҭ̆ Ҍ ̆ ̆ⱴ῀ֲ / ḱ ṿ̂ḱ

̃̆ ץ № Ȃ 
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13  

└ ↕/ ̔ 

ῤ ̔ 

a)  ѿ  

№ ᴏ № ῤ ̆└ № ȁ ȁ№ ‰ȁ Ώֲ Ḥ Ȃ 

b)  ᴏ №  

ᴏ № ᶛḤ ̆ ᶛ ̆ ₃ᵥ ȁ ᴆȁ

ᴆ Ȃ  

c)  ᴏ № ᴆ 

ᴏ ᴆ ȁ Ḥ ȁ ᴆ Ȃ 

d)  ᴏ ᴋⱵ  

№ ᴋⱵ ׃ ̆ № ῤ ῏ № ̕ № ᴏ

̆ ῒ ȁ ҩ ᴆ ̕ Ҭ ȁ

Ạ Ȃ 

e)  ᴏ №  

ᶛ Ḥ ȁ ȁ ȁ ᴆȁ ҩ Ȃ 

f)  № ҍ  

№ ₮ ᴏ Ḥ ȁ ȁ Ȃ ᴏ ̆

№ Ȃ № ₮ ȁ Ȃ 

g)  ᴨ  

Ҭ № ̆ ₮ᴨ Ȃ 

ᴏ ῤ 7Ȃ 
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 ῏ Е ᴕ ⅎ ᶡ 

1  

ҹԅ ᴏ № Ḡ̆ ᾝ ⁞̆ ᵬ̆ └ ̆

ᴆ ᶭ ‰ Ȃ 

└ ᶏ̆ Ҍ ᴏ ᴆ ᴏ № ̆ ₮ ᴏ №

ΐ ѿ ̆ Ḡ ᴏ № ΐ № Ȃ 

2  

/ ‰ ԅ № ᶭ ȁ№ ȁ№ ȁ№ ȁ ↕ȁ

ᵀȁ ḱ ȁ ₮ȁ ȁ Ώ ῤ Ȃ 

/ ‰ ԍ ᴏ № ̆ῒ ᴆ ᶏ Ȃ 

3 ᴌ 

Ҋ↓ ᴆ ԍ ᴆ Ҍ Ȃ₄ ᴆֽ̆ ԍ

ᴆȂ₄ Ҍ ᴆ̆ῒ ̂ ḱ ̃ ԍ ‰Ȃ 

GB/T31054- 2014 ֟ ꜛ ᾝ ṿ ̕ 

GB/ T11551- 2014 ӗ Ḡ ̕ 

ASME V&V 10- 2006 Guide for Verification and Validation in Computational Solid Mechanics ̕ 

ASME V&V 10.1- 2012 An Illustration of the Concepts of Verification and Validation  

In Computational Solid Mechanics ̕ 

4 ӎ 

№ Ҭ ӈ Ҋ̔ 

ᾝ ̂finite element modeling̃̔ ᾝ ̆ ₃ᵥ ȁ

ӈȁ ⅞№ȁ ̂ ̃ ᴆ ⱴȁ ̕ 

₃ᵥ ̂geometrỹ ̔ᶏ ₃ᵥ ᵣ ̆ѿ ȁ ȁ ȁᵣ

ᾝ ̕ 

̂material  property ̃̔ ԍ ̕ 

ᴆ̂boundary condition ̃̔ ԍ ’Ҋ̆ ҉₃ᵥץ

ᴆ̆ ⱬȁ ȁ ȁᵝ Ḥ ̕ 

⅞№( mesh)̔ ₃ᵥ № ᾝ̆ᵬҹΐ ₃ᵥȁ ̕ 

̂constraint ̃̔⁞ └ ᴆ̕ 

TEL ‰ ᾝ ̂Typical element side length ̃̔ ᴆ ῏ ᾝ ̕ 

MEL ᾝ ̂Minimum element length̃̔ ᾝ ̆ѿ

ᾝ ᾝ ᶷ ̕ 

̂aspectratio ̃̔ ԋ ҈ ᾝ ҍ ӊ ̕ 

̂slenderness̃̔ ᴆ ҍ ᴆ ӊ ̕ 

̂warpagẽ ̔ ᾝẒ ̆ ԍ ᾝ ̕ 

Ẓ ̂skew̃ ̔ ᾝ ̕ 

ῤ ̂interior  anglẽ̔ ҈ ᾝ ᾝ ṿ̆ ԍ ᾝ ῤ

ῤ ̕ 

Ԑ ̂cloud map̃ ̔≠ ῤᴋ ѿ № Ȃ 

5 ∑ 

5.1   
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̆X ╠ ̆Y ᶷ ᶷ̆

ᵝԍ Ҭ ҉̆ Y=0.0ᵝԍ Ҭ ҉̕Z Ȃ

1Ȃ 

 
aЄ XY  

 
bЄ YZ  

1.   

5.2  ᵣ┼ 

Ҭ ᵝ Ḡ ѿ ̆ ᵝ└ ῏ 1Ȃ 

1.  ᵣ┼ 

 ᵝ└̂SI Units̃ ᵝ└ ᵝ└ 

(Time) s( )  ms ( )  s( )  

(Length)  m( )  mm( )  mm( )  

(Mass) Kg( ᾥ)  Kg( ᾥ)  Ton( )  

(Density)  Kg/m
3
 Kg/mm

3
 Ton/mm

3
 

ⱬ(Force)  N( )  kN( )  N( )  
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 ᵝ└̂SI Units̃ ᵝ└ ᵝ└ 

ⱬ(Stress)  Pa( ̆N/m
2
 )  GPa  MPa  

ⱬ(Gravity)  9.81m/s
2
 0.00981mm/ms2 9810mm/s

2
 

ⱬ (Torque)  NÖm kNÖmm NÖmm 

↨ (Stiffness)  N/m kN/mm N/mm 

(Frequency)  Hz( )  kHz( )  Hz(ᾠ )  

(Energy)  J( )  J( )  MJ(ᾠ )  

5.3   

2Ȃ 

2.   

ⱬ  SAE 1010 SAE 950 UGSS 

ð̂Kg/mm
3
̃ 7.80E- 06 7.80E- 06 7.80E- 06 

ì 0.3 0.3 0.3 

âGPã  0.192 0.345 1.14 

b̂GPã  0.111 0.095 1.287 

n 0.22 0.160 0.36 

ñmax (GPa) 0.303 0.440 2.10 

ⱬ ῏  

 
ⱬ 

̂GPã  
 

ⱬ 

̂GPã  
 

ⱬ 

̂GPã  

0.00 0.00 0.00 0.00 0.00 0.00 

0.94146E- 03 0.19200 0.16829E- 02 0.345 0.5561E- 02 1.14 

0.997620E- 03 0.19958 0.17315E- 02 0.35481 0.70299E- 02 1.2453 

0.10674E- 03 0.20616 0.18309E- 02 0.36462 0.13139E- 01 1.3506 

0.94146E- 03 0.21274 0.20133E- 02 0.36952 0.27307E- 01 1.4559 

0.14275E- 02 0.21932 0.24852E- 02 0.37443 0.52542E- 01 1.5612 

0.25018E- 02 0.2259 0.58515E- 02 0.38423 0.91632E- 01 1.6665 

0.10234E- 01 0.23247 0.10202E- 01 0.38914 0.14721E+00 1.7718 

0.19505E- 01 0.23905 0.17964 E- 01 0.39404 0.22178E+00 1.8771 

0.34847E- 01 0.24563 0.31051E- 01 0.39895 0.31778E+00 1.9824 

0.58705E- 01 0.25221 0.52105E- 01 0.40385 0.43754E+00 2.0877 

0.94044E- 01 0.25879 0.13341E+00 0.41366 0.58335E+00 2.1000 

0.14439E+00 0.26537 0.20427E+00 0.41856 0.1000E+02 2.1000 

0.21384E+00 0.27195 0.30477E+00 0.42347   

0.42963E+00 0.28511 0.44424E+00 0.42837   

0.5874E+00 0.29169 0.63411E+00 0.43328   

0.7872E+00 0.29827 0.88822E+00 0.43818   

0.10365E+00 0.30300 0.12231E+01 0.44000   

0.10000E+00 0.30300 0.10000E+02 0.44000   

 

5.4   

Ҋץ ᴆ ΐ ᴏ № Ȃ 

a)  ╠ ᴆ̔SimSoft1̕ 

b)  ᴆ̔ SimSoft2̕ 

c)  ᴆ̔SimSoft3Ȃ 

ῒ ᴆ ΐ̆ ᶏ Ȃ 
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5.5  / ∑ 

№ҹ ̂BIW̃ ȁ ᴆ̂closurĕ╠ ȁ ╠ ꜚ ̃ȁchassiŝ

̃ȁtrim ̂ῤ ̃ ҩ ̆ ̆ ҩ ᴆ Ȃ ῏

( ĺ ĺ ĺ ᴆ) 3Ȃ 

3.   

    
ID   

part  node  element  set  

accelerom

eter   
(output)  1 -  999 1К9999999  1К9999999  1 -  999 

BIW  

 roof  1000К1099  10000000К10999999  10000000К10999999  1000К1099  

front end  1100К1199  11000000К11999999  11000000К11999999  1100К1199  

inner side body  1200К1299  12000000К12999999  12000000К12999999  1200К1299  

outer side body  1300К1399 13000000К13999999  13000000К13999999  1300К1399 

front floor  1400К1499  14000000К14999999 14000000К14999999 1400К1499  

rear floor  1500К1599  15000000К15999999  15000000К15999999  1500К1599  

  1600К1999  16000000К19999999  16000000К19999999  1600К1999  

closure  

hood  2000К2099  20000000К20999999  20000000К20999999  2000К2099  

front door  2100К2199  21000000К21999999  21000000К21999999  2100К2199  

rear side door  2200К2299 22000000К22999999 22000000К22999999 2200К2299 

tailgate  2300К2399  23000000К23999999  23000000К23999999  2300К2399  

  2400К2999  24000000К29999999  24000000К29999999  2400К2999  

chassis  

frame  3000К3099  30000000К30999999  30000000К30999999  3000К3099  

cooling system  3100К3199  31000000К31999999  31000000К31999999  3100К3199  

powertrain  3200К3299  32000000К32999999  32000000К32999999  3200К3299  

transmission 

system 
3300К3399 33000000К33999999   33000000К33999999   3300К3399 

 tyre   3400К3499  34000000К34999999 34000000К34999999  3400К3499  

suspension  3500К3599  35000000К35999999  35000000К35999999  3500К3599  

steering system  3600К3699  36000000К36999999  36000000К36999999  3600К3699  

exhaustsystem  3700К3799  37000000К37999999  37000000К37999999  3700К3799  

fuel system  3800К3899  38000000К38999999  38000000К38999999  3800К3899  

pedal  3900К3999  39000000К39999999  39000000К39999999  3900К3999  

trim  

windshield  4000К4099  40000000К40999999  40000000К40999999  4000К4099  

bumper  4100К4199  41000000К41999999  41000000К41999999  4100К4199  

seat  4200К4299  42000000К42999999  42000000К42999999  4200К4299  

instrument panel  4300К4399  43000000К43999999  43000000К43999999  4300К4399  

door trim  4400К4499  44000000К44999999  44000000К44999999  4400К4499  

fender  4500К4599  45000000К45999999  45000000К45999999  4500К4599  

  4600К4999  46000000К49999999  46000000К49999999  4600К4999  

 5000К6999  50000000К69999999  50000000К69999999  5000К6999  

dummy  dummy  7000К7999  70000000К79999999  70000000К79999999  7000К7999  

restraint  restraint  8000К8999  80000000К89999999  80000000К89999999  8000К8999  

barrier  barrier  9000К9999  90000000К99999999  90000000К99999999  9000К9999  

ῒ  ŀŀ ŀŀ ŀŀ ŀŀ ŀŀ 
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ᴆ ᶏ Ώ ᴆ ̆ Ώ 4 Ȃ 

4.    

  Ώ    Ώ    Ώ  

assembly  assy  frame frm powertrain  pwt  

body in white  BIW  front  frt  rail  rail  

bracket   brkt  hinge   he rear  rr  

bumper  bp   inner  inr  reinforcement  reinf  

chassis  chas instrument panel   IP  righ hand  rh   

closure  clos  left hand  lh  seat  st  

connect  cont  lingking  lnkg   shock  shk  

control  ctrl  lower lwr  steering   strg  

crossmember  crmb  middle  mid  subframe subfrm  

dashboard  db  mount   mt  support    supt   

door  dr  outer  otr  suspension sus 

engine eng   panel pnl   system sys 

fender  fd  pedal  pdl  toepan  tp  

fire wall  fw  pillar  pilr  upper   upr   

floor   flr  plate  pla  wheel whe 

 

ῒז 5 Ȃ 

5.  Ὶל  

  ᶛ 

material _( )_ ᴆ  MAT24_SPCC_1234 

property _ ᴆ  SectShll/SectBeam_1234 

set 
part parts for  parts for eng/gravity 

node nodesfor  nodes for velocity 

syscol Syscol_  Syscol_eng1 

vectorcol Vectorcol_  Vectorcol_exhaustsys 

loadcol 

InitialVel InitialVel_  InitialVel_MDB 

LoadBody LoadBody_  LoadBody_vehicle 

Spc Spc_  Spc_frt dr 

rigid MPC_  MPC_susrr 

joint joint_  joint_strg sys 

 _ ‰ _ _  GL8_XXXXimpact_V01_180528.hm 

 

מ֢ 6  

ᴏ № Ҭ ֜ ᴆҺ ̔ 

a)  ᾝ ᴆ̕ 

b)  Ḥ ᴆ̕ 

c)  ᴆ̕ 

d)  ᴆ̕ 

e)  Ȃ 



66  

 

7 ᵲ  

ᴏ № 2Ȃ 

‼‼

ῇSi mSof t 1ῇSi mSof t 1

ꜘꜘ

ῇSi mSof t 2ῇSi mSof t 2

ᵆᴂ

≡≡

₴₴

  

ḷ

ҒҒ

 

2.  ⅎ ᴕ  

 

№ 6Ȃ 

6.  ᵲ  

ᵬᴋⱵ ᵬῤ    ᴆ ₮ ֲ 

‰  

‰ ̔ 

ѻ ҈ CAD₃ᵥ ↓ Ḥ ̕ 

ѻ / ᴆӊ ῏ ̆ ᶫ

/ ᴆ ̕ 

ѻ ̂ ̆ ̆ ̃ №

ץ̆ ΐᵣ⌠  ̕

ѻ / / ᴆ ȁ ̕ 

ѻ ѿҩ ᴆ ̕ 

ѻ ȁ ↨ ҍ Ḥ ̕ 

ѻ № ᴋⱵ Ȃ 

ΐᵣῤ 7Ȃ 

  ĺ  

ᴏ ⇔

 

ᴏ № ̆ ̔ 

ѻ ̕ 

ѻ ῏ ̆ ȁ

  

╠ ΐȁ

Ḥ

Ḥ
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ᵬᴋⱵ ᵬῤ    ᴆ ₮ ֲ 

ȁ ῒ ̕ 

ѻ ̆ ȁ

ȁ ȁ ȁ↨

Ȃ 

ᴏ №

Ȃ 

ḱ  

ῤ ̔ 

ѻ ҍ ̆ ᴆ ῃ

ȁľ Ŀ ȁ

ȁľ ᾝ Ŀ ȁ

ᾝ ̆ ḱ ̕ 

ѻ ̆ ῤ ‰ 11̆

ḱ ⅞̆

⌠ ̕ 

ѻ ᾝ Ḥ ̆ Ҭ

ľ ȁ Ŀ ᾝ ȁ

ҍ ѿ ̆ ḱ ̆ 

ѻ ҍ ̆

ᵝ ҍ Ҍ ̆

ⱴ ȁ ⱴ Ҭ ץ ↨ᵣ

№ Ȃ 

  

ᴆ̆ ᾝȁ

Ḥ ȁ

Ḥ ȁ

Ḥ Ȃ 

 

 

⇔ ῤ ̔ 

ѻ ⇔ ̕ 

ѻ ҍ ̆

̆ 100% ᴏ

ȁ 40%Ẓ ᴏ ȁ ᶷ

ꜚ ᴏ ̕ 

ѻ ῏ ̆ ȁ

ҍ↨ ȁ ҍ ӊ

Ȃ 

  

῏

̆

100% ᴏ

ȁ 40%

Ẓ ᴏ

ȁ ᶷ ꜚ

ᴏ

Ȃ 

 

∆ ᴆ

ᴆ 
ⱴ∆ ᴆ Ȃ   

∆ ᴆ

ᴆȂ 

 

 

ῤ ̔ 

ѻ └̕ 

ѻ hourglass └̕ 

ѻ └̕ 

ѻ ᾝҍ ᵣ ᾝ └̕ 

ѻ └ └̕ 

ѻ ₮ └̕ 

ѻ K ᴆ ₮̕ 

ѻ Ȃ 

  
k ᴆ

d3plot ᴆȂ 
 

 

ῤ ̔ 

ѻ ᴏ Ḥ № ̕ 

ѻ № ̕ 

ѻ № ̕ 

ѻ № ̕ 

ѻ ⱴ № ̕ 

ѻ ῏ ᴆ № ̕ 

ѻ ῏ ᴆ № ̕ 

ѻ ӗ № Ȃ 

  

Ԑ ȁꜚ ȁ

ȁ ȁ

Ȃ 

 

ḱ  ᴏ ḱ Ȃ   ḱ Ȃ  

₮ └Ȃ   
ᴏ №

 Ȃ 
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8  

8.1  ‼  

‰ Һ ₃ᵥ CAD ‰ ҍ ‰ ̆ῒҬ ȁ ȁ ȁ Ḥ

̆ Ạ ᴏ ῀Ḥ ̔ 

a)  ҈ CAD₃ᵥ ȁ ȁ ̆ ҹ CATIA,ȁUGȁPRO/E Stpȁiges

̆ ᶫ ↓ Ḥ ̕ 

b)  / ᴆӊ ῏ ̆ ᶫ / ᴆ ̕ 

c)  ̂ ̆ ̆ ̃ № ץ̆ ΐᵣ⌠ ̕ 

d)  / / ᴆ ȁ ̕ 

e)  ѿҩ ᴆ ̕ 

f)  ȁ ↨ ҍ Ḥ ̕ 

g)  ₃ᵥ CAD ҍ ‰ ̆Ӟ ᶫ Ḥ Ȃ 

Ҭ ‰ ῤ 7Ȃ 

7.  Ὺ  

  ῤ   

1  

҈  

Å ҈ ȁ ȁ  

Å Ḥ ȁ  

Å ᴆ  

Å ᴆ  

Å ȁ‰  

Å ᵝ ȁ‰  

ᴆ  

№ ᵝ  

2 ῤ  
ῤ ҈  

ῤ ᴆ  

3 ᴆ 
ᴆ҈  

ᴆ ᴆ  

4 ꜚⱬ  

ꜚⱬ ҈ ῏  Å ҈ ȁ ȁ  

Å ᴆ  

Å ȁ‰  
ꜚⱬ ᴆ  

ꜚ  

5  
҈ ῏  Å ҈ ȁ ȁ  

Å ᴆ  

Å ȁ‰  
ᴆ  

6 ╠  

╠ ҈ ῏  Å ҈ ȁ ȁ  

Å ᴆ  

Å ȁ‰  
╠ ᴆ  

↨  

7  

҈ ῏  Å ҈ ȁ ȁ  

Å ᴆ  

Å ȁ‰  
ᴆ  

↨  

8  

҈ ῏  Å ҈ ȁ ȁ  

Å ᴆ  

Å ȁ‰  
ᴆ  

↨  

9  

҈ ῏  Å ҈ ȁ ȁ  

Å ᴆ  

Å ȁ‰  
ᴆ  

 

10 ȁ  
ȁ ҈ ῏  Å ҈ ȁ ȁ  

Å ᴆ  

Å ȁ‰  
ȁ ᴆ  

11  
҈ ῏ Ҭ Å ҈ ȁ ȁ  

Å ᴆ  ᴆ  



69  

 

  ῤ   

Å ȁ‰  

12 ῒ  

ⱬ  ĺ 

 ĺ 

ҹ ̆ ⱴꜚⱬ  

ȁ Ữ ᶏ 
ĺ 

 

8.2  ∑ 

ҹ Ḡ ᴏ ̆ № ᴆ ᴏ № Ҭ ᵬ

҉ ᴆ ̆ΐᵣ Ҋ₃ҩץ ̔ 

a)  Ḡ ᴆ ̆ ᴆ ̆

ᾝ Ȃ 

b)  ᵣ ↨ ᴆ ꜚ ȁ ԍ Ҭ ₃ӍҌ ᵖ ҍῒ

ᵣ ̆ ↨ ᵣ ᾝ Ȃ 

c)  ᴆ ѿ ᾝ Ḡץ ᵝ ҍ

ѿ Ȃ 

d)  ѿ ’Ҋ̆ ᴆ ѿҩ ᴆ ѿҩ component̆ component ᴆ ҉

׆̆ ̆ɰ ף ף ȁ ף ̂ Ώ ȁ̃ ᴆ ̂

Ώ ȁ̃ ̂ ľTĿ+ ȁ̃ ̂ ľVĿ+

̃ ̆Ҭ Ҋ⅞ ľ_Ŀ ̆ ̔ 

GL8_BIW_123_T2.0_SPCC_V1.0Ȃ 

҉ ӈ̔ ף ף ̔GL8̆ ף ̔ ̆ ᴆ ̔ ҉ ᴆ̆ ᴆ

ҹ 123̕ ̔ ҹ 2mm̕ ̔ ҹ SPCC̆ ᴆ ̔V1.0Ȃ 

e)  ԍ ᴆ̆ Ҍ ᴆ̆ Ҍ № Ҍ

component̆ component ̂3̃Ҭ Ȃ 

f)  ԍ / ᴆ̆ ᾝ ̆ ᾝ ₮Ҍ ᵝ Ḥ ̆

ץ ᵝ ᾝ ̂Ӟ ̃̆ Ӟ ץ Ҍ /

ᴆ№ Ҍ component̆ component ̂3̃Ҭ Ȃ 

g)  Ҭ ̆ ң ȁ҈ ץ ̆ Ҋץ

⇔ component̔   

SPOTX _ XXXXX , ץ ᵝ Ȃ 

╠ ҉ ң ̆ ҹ SPOT2_closure_front_doorȂ 

8.2.1  ᾣ  

ᴏ № Ҭ ⌠ ᾝ 1D ᾝȁ2D ᾝ 3D ᾝ̆ΐᵣ ᾝ

8Ȃ 

8.  ᾣ  

ᾝ  ᾝ  ᾝ   

1D ᾝ 

ᾝ Beam161  

ᾝ COMBI165 ȁ⁞ ᴆ 

ᾝ Mass166 ᴆ 

↨ ᾝ -   

2D ᾝ ᾝ Shell163 ȁ ȁ ᴆȂ 
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3D ᾝ ᵣ ᾝ Solid164 
ꜚ ȁ ȁ ‛ ┤ ↨

ᴆȂ 

 

8.2.2  ᾣ  

ᴏ № Ҭ ᵝ ᾝ 9Ȃ 

9.  Ғ ᵣ ᾣ  

ᴆ ᴆ/ component 
‰ ᾝ  

TEL̂ mm̃  

ᾝ  

MEL̂ mm̃  

Front & Rear 

ends  

Bumper Beam 6 2 

Crush Cans  6 2 

lnitiators (Cans & Longits)  6 2 

Side members / Lonqitudinals  6 2 

Structural members (panels)  6 2 

Dash / Dash Cross Member 6 2 

Bonnet  6 2 

Outer skins  6 2 

Main Floor  

Floor panels  6 2 

Structural members (longitudinals and 

cross- members)  
6 2 

Heel board  6 2 

Body Upper 

Structure  

Body side  6 2 

A, B, C, and D posts  6 2 

siil  6 2 

Cantrails  6 2 

Roof bows  6 2 

Roof  
Panels  6 2 

Cross Members  6 2 

 

8.2.3  1D ᾣ  

8.2.3.1  Beam ᾣ 

ᵣ Ҭ ȁ ⱬ ȁ Beam ᾝ ̆Beam ѿ ↕ Ҋ  ̔

a)  ᾝӊ╠̆ ᾢ ᾝ ҍῃ ῏ ̆ ᾝ ↕̕ 

b)  ῏ ̕ 

c)  ҹḠ ⱬ ᵬ ̆ ̆ ҹ ̆ҹḠ

῏ ̆ Ẓ ⱳ ̕ 

d)  ᾝ ӈ ̂ ӈ ȁ ꜚ ȁ̃Ẓ Ḥ ̕ 

e)  ᶏ ᾝ ᾝ ̆ ᾝҍ↨ ᾝ ѿ ᾝץ ᾧ ̆ 3 Ȃ 
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3.  ᾣғ− ᾣ ᵣ ⅎ  
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8.2.3.2  Rigid ᾣ 

Ҭ ↨ ᾝ ̆ Ҋץ └ ↕̔ 

a)  Ҍ ̕ 

b)  Ҍ ↨ ̆ ῒҬ Ҍ Һ(master) ׆ (slave) ̕ 

c)  ңҩ↨ ᾝӊ Ҍ ₮ Ὲ῍ ̕ 

d)  Ҍ ↨ ᾝ ↨ ᾝ ↨ᵣ̆Ҍ ↨ ᾝ ⌠ ӈ ҉̕ 

e)  ↨ ᾝ ҍ ֜Ȃ 

8.2.3.3  Mass ᾣ 

ᾝ ↕ Ҋ̔ 

a)  ῤ ⱴ ᶭ ᴆ҉̕ 

b)  ̆ Ҭ ף ̆ Ҭ ᵝԍ ҉̆ ↨ ᾝ ⌠ ᵝ

4ҩ ҉̂anchor point Ȃ̃ 

8.2.4  2D ᾣ  

ᴆ Ҭ 2D ᾝ ̆ ᴆ ↕ Ҋ̔ 

a)  ᴆҬ ̆ ᶫ ₃ᵥ Ҍ Ҭ ᵝ ̆↕ ῒ Ҭ ᵝ ̕ 

b)  ᶏ ᾝ̂3 4 ̃ ᴆ ⅞№̕ 

c)  ᾝ ѿ̕ 

d)  ҈ ᾝ ᶛ ԍ 5%̕  

a)  ᾝ ҍ₃ᵥ ֜̆ ҍ ̆ 4 ̕ 

 
4.  ֢ ֢  

b)  ᾧ ҩ҈ ᾝ ҉̆ 5 ̕ 

 

5.  Ҏ ᾣⅎ  
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c)  ᾧ ᾝ ₮ ̆ ⅞№ң ᾝ̆ ̆↕ ⅞№҈ ̆ ғ

Ҭ ᾝ҉̆ 6 Ȃ 

  

6.  ᾭ ᾣ 

8.2.5  3D ᾣ  

ᵣ Ҭ ᵣ ᾝ ↕ Ҋ̔ 

a)  ᾝ ѿ ᵣ ᾝ̂4 ᵣ̆6 ԓ ᵣ 8 Έ ᵣ̃̕  

b)  ᶏ 8 Έ ᵣ ᾝ̆ ᾧᶏ ᵣ̆ԓ ᵣ ᾝ̆ ῏ ᶏ Έ ᵣ

ᾝ̕ 

c)  №ᶏ Έ ᵣ ᾝ̆ ᶏ ̕ 

d)  ᾧ ᾝ̆ ⅞№ 2 ᾝ̆ 7 ̕ 

 

7.  ᵩ ᾣ↔ⅎ  

e)  ᵣ ᾝ ̆ ⅞№҈ ᾝץ ᾧ Ҋ ̆ 8 Ȃ 

 
8.  Ҏ ᵩ ᾣ↔ⅎ  
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8.3  ῗ ᵣ/ ᴌ  

 

8.3.1   

ӊ╠̆ ᾢ ̆ ᵝ ̆ Ȃ ԍ ԍ ̆

̆ ̆ №⅞Ḃԍץ ӈ ̆ ӈ 9Ȃ 

 

9.  ӎ 

ԍ ԍ 5mm ץҌԇḠ ̆ ̕ ԍ 5mm ↕ Ḡ ̆ ⅞№

̕ ԍ 30mm ѿ Ҍ ̆ ‰ ⅞№̆ 10Ȃ 

10.   

 

(mm) 
  Washer  

Washer  

 (mm) 

0͠ 5.0 ̆ Ҭ ⱴ₃ᵥ  -  -  -  

5 ͠ 7.5 Ҍ Washer 4 -  -  

7.5 ͠ 9.5 Washer⅞№ 6 1 ~ 3.75  

9.5 ͠ 13.0 Washer⅞№ 8 2 ~ 3.75 ͠ 4.0 

13 ͠ 17.0 Washer⅞№ 10 1 ~ 3.75  

17 ͠ 21.0 Washer⅞№ 12 1 ~ 3.75  

21 ͠ 30.0 Washer⅞№ >= 14 1 ~ 5.0  

Ȇ30 Ҍ  -  -  -  

 

Ҍ ᶛ 10Ȃ 

 
10.  Ғ  

  




































