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» 1 @A�BCDE 

Fig. 1 Schematic of truck engine crankshaft 

 

  1  !"#$%&'()�*+(,- 

Table 1  Chemical composition and mechanical properties of 

cored wire sheath material  

Chemical composition (ω/%)  Mechanical property 

C Cr Mn Ni Other  σ

s

/MPa σ

b

/MPa δ/% 

0.08 ≤0.10 0.25~0.50 ≤0.25 ≤0.035  175 295 35 

 

 2  FeNiCrAl.!"#$'()� 

Table 2  Chemical composition of FeNiCrAl based cored wire 

materials (ω/%) 

Ni Cr Al B Si RE Fe 

9~15 12 11~13 2~3 2~2.5 0.6~0.7 Bal. 
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Fig.2  Process of remanufactured crankshaft 
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Fig.3  Residual stress test schematic of remanufactured 

crankshaft journal 

R corner 
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» 4  ÅÆSTdepÇÀÁ» 

Fig.4  Schematic of different spraying paths: (a) circular path 

and (b) Z path 

 

 

 

 

 

 

 

» 5  DEÈÉ» 

Fig.5  Schematic of 2D crankshaft  
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» 6  6ÊÅÆDElw¿�Ë 

Fig.6  Residual stress test values of six different crankshaft: (a) new and failure crankshaft, (b) 3Cr13 coating, (c) FeNiCrAl coating, and  

(d) FeNiCrAl coating and new crankshaft 
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Table 3  Basic size of the test crankshaft 

Cylinder diameter/mm 

Crankshaft 

radius/mm 

Spindle journal/ 

mm 

Cranks thickness/ 

mm 

Modulus elasticity/ 

MPa 

Burst pressure/ 

MPa 

Support coefficient 

112 67.5 37 28 210 16 0.75 
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Table 4  Static calibrated data 

Bending 

moment/N·m 

Strain value of strain 

gauge 1/µE 

Strain value of strain 

gauge 2/µE 

1213.28 816.46 964.34 

2143.63 1267.28 1352.43 

2537.64 1537.61 1846.52 

3054.37 1864.84 2197.64 

3467.82 2034.67 2264.37 

3964.53 2349.51 2546.83 

4254.13 2676.54 2738.49 

4428.46 2846.54 2984.67 
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Table 5  Dynamical calibrated data 

Speed/r·min

-1

 

Strain value of strain 

gauge 1/µE 

Strain value of strain 

gauge 2/µE 

914.57 75.345 76.547 

1588.57 284.34 311.53 

1679.86 322.08 378.47 

1760.27 403.52 457.58 

1954.15 564.27 615.46 

2065.55 710.46 785.58 

2164.28 867.854 954.76 

2237.64 1018.46 1094.67 

2307.13 1168.54 1254.37 

2354.57 1345.85 1415.46 

2491.15 1846.13 1767.64 

 

    

 

 

 

 

 

 

 

 

 

 

» 7 ]Ì�B¿`ÍÎDÏ   

Fig.7  Calibrated regression line and course of calibrating 
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Table 6  All test results of bending fatigue test of spraying 

FeNiCrAl remanufacturing crankshaft  

Number 

Bending 

moment/

N·m 

Safety 

factor 

Fillet 

stress/ 

MPa 

Cycle/ 

�10

4

 

Test result 

1 3265.95 1.7 597 21.1 Spalling 

2 2881.725 1.5 528 74.3 Spalling 

3 2305.38 1.2 418 1137 Pass 

4 3073.84 1.6 563 54.3 Spalling 

5 2689.61 1.4 487 174.1 Crackle 

6 2305.38 1.2 423 384.7 Crackle 

7 2689.61 1.4 495 183.6 Crackle 

8 2497.495 1.3 458 348.8 Crackle 

9 2305.38 1.2 423 1034 Pass 

10 2689.61 1.4 491 161.5 Crackle 

11 2305.38 1.2 427 635.8 Crackle 

12 1921.15 1.0 393 1027 Pass 

13 2305.38 1.2 422 1107 Pass 

14 2305.38 1.2 414 317 Crackle 

15 1921.15 1.0 387 1120 Pass 

16 1921.15 1.0 382 1067 Pass 
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� 7  �� 3Cr13�������������� 

Table 7  All test results of bending fatigue test of spraying  

3Cr13 remanufacturing crankshaft  

Number 

Bending 

moment/N·m 

Safety 

factor 

Fillet 

stress/ 

MPa 

Cycle/

�10

4

 

Test result 

1 2497.495 1.3 455 37 Spalling 

2 2305.38 1.2 424 244 Spalling 

3 1921.15 1.0 392 410.4 Crackle 

4 2305.38 1.2 433 221.7 Spalling 

5 1921.15 1.0 387 518.8 Crackle 

6 2305.38 1.2 432 328 Spalling 

7 1921.15 1.0 390 533.5 Crackle 
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» 8  STDE�D���1tTYhi_Ð 

Fig.8  Failure morphologies of crankshaft bending fatigue: (a) 3Cr13 coating before test, (b) 3Cr13 coating cracks, (c) 3Cr13 coating 

flaking, and (d) FeNiCrAl coating micro-crack 
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Fig.9  Figure of couplement ascend & descend of crankshaft  

spraying FeNiCrAl coating 
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Fig.10  S-N curve of remanufacturing crankshaft in double  

log coordinates 
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Table 8  Correlation coefficient test table 

n-2 

Rudime 

-ntary 

n-2 

Rudime 

-ntary 

n-2 

Rudime 

-ntary 

n-2 

Rudime 

-ntary 

1 0.997 6 0.707 11 0.553 16 0.468 

2 0.950 7 0.666 12 0.532 17 0.456 

3 0.878 8 0.632 13 0.514 18 0.444 

4 0.811 9 0.602 14 0.497 19 0.432 

5 0.754 10 0.576 15 0.482 20 0.423 
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Table 9  Economic evaluation of single crankshaft remanufactured  

by robotic automatic HVAS 

Item Material 

Consumable 

material/kg 

Consumable 

time/min 

Cost 

/YMB 

Remanu 

-facturing 

cost/YMB 

New 

crankshaft 

42CrMoA 103 — 2800 — 

Ring path 3Cr13 3.5 52 200 370 

‘Z’ path 3Cr13 3.0 13 150 300 

Ring path FeNiCrAl 2.7 52 135 215 

‘Z’ path FeNiCrAl 2.7 13 135 175 
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Bending Fatigue Life and Remanufacturing Benefit Evaluation of High Velocity Arc 
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Abstract: According to the demand of remanufacturing engine crankshaft used for the automatic, high velocity arc spraying system based 

on the six degree freedom robot, employed the self-design FeNiCrAl wire and ‘circular’, ‘Z’ spraying path for remanufacturing the worn 

failure crankshaft. Compared with the conventional 3Cr13 coating performance, the residual stress of FeNiCrAl coating through ‘Z’ 

spraying path is similar to the results of a new crankshaft. The bending fatigue performance of spraying FeNiCrAl coated crankshaft was 

examined according to the national standard QC-T637-2000; when the test bending moment was 2305.38 N·m, and the load factor was 1.2, 

the fatigue life exceeds 1×10

7

, which meets the demand of national standard. The results show that the bending fatigue life of FeNiCrAl 

coated crankshaft is higher than that sprayed by 3Cr13. The remanufacture benefit analysis indicates that the weights exhaust of FeNiCrAl 

spraying cored wire is about 3% of that to produce a new crankshaft, the cost of remanufacturing a single crankshaft is decreased by 

93.8%, and the remanufacturing process saves time by 18% compared with producing a new one. 

Key words: crankshaft; high velocity arc spraying; fatigue life; remanufacture benefit 
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