
 

 

 

 

 

 

 
 

 

 

蒋小松   杨   川   高国庆   崔国栋     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

   



 

 

 

 

 

 
    

图书在版编目（ＣＩＰ）数据 
 

 /  

.  2021.12 

ISBN 978-7-5643-8265-0 
 

.  .  . － －  

－ －  . TG14 
 

CIP 2021 190290  

 
Jinshu Cailiao Lingbujian Shixiao Fenxi Jichu yu Yingyong 

金属材料零部件失效分析基础与应用

           

    

    

    

111  

21  

   610031 

 028-87600564  028-87600533 

       http://www.xnjdcbs.com 

        
 

   185mm 260mm  

       20.75     

       518  

       2021 12 1  

       2021 12 1  

       59.00  

       ISBN 978-7-5643-8265-0 

028-81435775 

   
    028-87600562 



 

 

   

 

 

 

 

1.  

2

 

2.  

 



 

 

3.  

 

1 2

4 5 3

2013 9

 

 

 

 

 

编著者 

2021 7  

 

 

 

 



 

- I - 

   

1      ························································································ 1 

1.1  失效出现的宏观原因  ······························································ 1 

1.2  失效分析的基本方法  ······························································ 8 

1.2.1   ································································ 8 

1.2.2   ······························································ 10 

1.3  失效分析的主要目的与值得注意的两种倾向  ······························ 17 

1.4  失效分析的进展  ·································································· 20 

1.4.1   ····················································· 20 

1.4.2   ························································ 20 

1.4.3   ························································ 22 

习   题  ······················································································ 25 

参考文献  ·················································································· 26 

2    ······························································· 28 

2.1  金属材料典型力学性能试验条件下的应力分布与断裂过程  ··········· 28 

2.1.1   ····························· 29 

2.1.2   ····························· 30 

2.1.3   ······················· 31 

2.1.4   ······················· 32 

2.1.5   ············································ 33 

2.1.6   ··································· 34 

2.1.7   ········································· 36 

2.2  应力集中与三向应力  ···························································· 38 



 

- II - 

2.3  残余应力产生原理与分析方法  ················································ 40 

2.3.1   ········································· 41 

2.3.2   ········································· 45 

2.3.3   ······························································ 52 

2.3.4   ······························································ 53 

2.4  断口宏观形貌分析方法  ························································· 55 

2.4.1   ············································ 55 

2.4.2   ··································· 56 

2.4.3   ·························· 58 

2.4.4   ······································ 63 

2.4.5   ························································ 64 

2.4.6   ························································ 65 

2.4.7   ························································ 67 

2.5  断口微观形貌分析方法  ························································· 68 

2.5.1   ··································································· 68 

2.5.2   ········································· 69 

2.5.3   ························································ 71 

2.6  断口宏观形貌与断口微观形貌间的关系  ···································· 78 

2.6.1   ··································· 78 

2.6.2   ······ 81 

2.6.3   ··································· 81 

2.6.4   ··············································· 83 

2.6.5   ···················· 85 

2.6.6   ····························· 86 

2.7  金相组织分析方法  ······························································· 87 

2.7.1   ··································································· 87 

2.7.2   ··································································· 87 

2.7.3   ············································ 89 



 

- III - 

2.8  实际案例分析  ······································································ 92 

2.8.1  1——  ····················· 92 

2.8.2  2——  ····················· 95 

习     题  ················································································· 107 

参考文献  ················································································· 110 

3    ·················································································· 111 

3.1  疲劳断口形成过程与形貌分析  ··············································· 111 

3.1.1   ·································· 111 

3.1.2   ····································· 113 

3.1.3  ················· 116 

3.1.4   ···························· 117 

3.2  疲劳断口定量分析  ······························································ 125 

3.2.1   ··········································· 125 

3.2.2   ········ 126 

3.3  疲劳图在疲劳失效分析中的应用  ············································ 133 

3.4  利用材料表面技术提高疲劳强度  ············································ 137 

3.5  疲劳断裂实际案例  ······························································ 140 

3.5.1  1——  ····························· 140 

3.5.2  2——  ······················· 143 

3.5.3  3——E4G15B  

 ································· 148 

3.5.4  4—— SDA1-005  ··············· 175 



 

- IV - 

习     题  ················································································· 195 

参考文献  ················································································· 198 

4    ·················································································· 199 

4.1  磨损与摩擦力  ····································································· 199 

4.2  磨损机理  ··········································································· 201 

4.2.1   ····························································· 201 

4.2.2   ····························································· 203 

4.2.3   ·································································· 203 

4.3  判断磨损机理的方法  ··························································· 208 

4.3.1   ········································ 208 

4.3.2   ········································ 210 

4.3.3   ···················································· 213 

4.4  实际案例——反击式破碎机锤头耐磨性偏低分析  ······················· 214 

习     题  ················································································· 220 

参考文献  ················································································· 221 

5    ············································································ 222 

5.1  案例 1——柴油机 “机破”事故分析  ··········································· 222 

5.2  案例 2——车钩用 E 级钢拉伸样品形成非正常断口的原因分析 ·········· 229 

5.3  案例 3——铁路Ⅱ型弹条制造过程中裂纹分析  ··························· 237 

5.4  案例 4——压力容器罐体表面裂纹分析  ···································· 241 

5.5  案例 5——高速轧钢机用轧辊表面剥落原因分析  ························ 253 

5.6  案例 6——镀金铍青铜导电弹簧断裂分析  ································· 257 



 

- V - 

5.7  案例 7——深层渗碳轴承柱表面剥落原因分析  ··························· 263 

5.8  案例 8——TDK 空压机机破事故分析  ······································· 268 

5.9  案例 9——K3SH 型减速器轴承座断裂原因分析  ························· 282 

5.10  案例 10——汽车离合器圆柱压缩螺旋弹簧断裂原因分析  ············ 296 

习     题  ················································································· 306 

A   ···································································· 312 

B   ············································································· 320 

C   ····················································· 322 





 

- 1 - 

1      

1.1   
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1.2.1  常规分析方法  

 

1. 现场了解情况并收集背景材料  
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4. 材料化学成分分析  

 

5. 对失效的零部件进行性能测定  

 

6. 金相组织分析  

2  

7. 断口微观形貌分析与组织的电镜分析  

 

8. 在模拟条件下进行失效模拟实验  
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1.4   

1.4.1  失效的定量分析技术  
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1.4.2  新材料的失效分析  
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1.4.3  失效分析专家系统  
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2. 失效分析专家系统模型构建思路  

7

1-15  

 

1-15   



 

- 25 - 

if then else

 

 

 

1-16 [7]  

 

1-16   

 

 

 

 

1( 2) ?CF CF CF 
前提 规则 结论

 

1 2CF CF CF   

 

1
( 4) ?

2

3

CF
CF CF

CF

CF

  

 

1

 

2



 

- 26 - 

 

3  

4

 

5

 

6

1-17

[13]  

 

1-17   

 

   

1. 60S20 60 10mm

 

 

10

 

1  

2  

2. 2Cr13 1-18  



 

- 27 - 

12 mm 760C 1000C

250 300C  

 

1-18   

 

3. 25 45 1-19  

30 mm

25  

 

1-19   

8 kN 1 23 kN

20% 5 kN

150C 30 min

5 kN

 

 

 

 

[ 1 ] . [M]. 1986. 

[ 2 ] R. . [M]. 婓 . 



 

- 28 - 

2003. 

[ 3 ] . [M]. 1993. 

[ 4 ] . [M]. 1988. 

[ 5 ] . [M]. 2009. 

[ 6 ] . [M]. 1988. 

[ 7 ] . [M]. 2006. 

[ 8 ] . [M]. 2010. 

[ 9 ] . [M]. 2004. 

[10] T WARREN LIAO Z H ZHAN C R MOUNT. Integrated Database and Expert system for Failure 

Mechanism Identification Part  Automated Knowledge Acquisition[J]. Engineering Failure Analysis

1999 6 387-406. 

[11] T WARREN LIAO Z H ZHAN C R MOUNT. Integrated Database and Expert system for Failure 

Mechanism Identification Part The system and Performance Testing[J]. Engineering Failure 

Analysis 1999 6 407-421. 

[12] . [J]. 2004 18 8 311-313. 

[13] . [M]. 2011. 

 


