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Fig. 1 Schematic of truck engine crankshaft
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Table 1 Chemical composition and mechanical properties of

cored wire sheath material

Chemical composition (w/%) Mechanical property
C Cr Mn Ni Other o¢/MPa o,/MPa 6/%
0.08 <0.10 0.25~0.50 <0.25 <0.035 175 295 35

# 2 FeNiCrAl RS LM LFEN S
Table 2 Chemical composition of FeNiCrAl based cored wire
materials (w/%)
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.4 Schematic of different spraying paths: (a) circular path
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Fig.5 Schematic of 2D crankshaft
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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 Spindle journal/ Cranks thickness/ Modulus elasticity/ Burst pressure/

Support coefficient

radius/mm mm mm MPa MPa
112 67.5 37 28 210 16 0.75
4 BBRERE 232 iR iR 4 R 5 o047
Table 4 Static calibrated data M HUBR A2 0 TARIRBUAN R, A8 T AR5 55 1k
Bending Strain value of strain  Strain value of strain AE AR AR Ay T LRSI y 3 AR B A7 (X
moment/N-m gauge 1/LE gauge 2/uE AR R P IS P (W 1 E (R G 5/ ) VA N R
1213.28 816.46 964.34 FVBE N ) 7P F AR IR AF (9% 57 %5 v ik 51 107,
2143.63 1267.28 1352.43 10*~10°F1 10° RAGIR LA o il 2 % ShHL i s 1,
2537.64 1537.61 1846.52 TR S 2% H S EUARRIOT, BRI Sk AR LAY
3054.37 1864.84 2197.64 FIKE B TAEERIK A XM, M4 QC-T637-2000 ¥5
3467.82 2034.67 2264.37 TR SN {9 57 R T iE bR e e, AR Y
3964.53 234951 2546.83 FIIKAE NI SRR HEEL Ny g 107 45 Ay bl F 9 55 8 B A
4254.13 2676.54 2738.49 FRUY. 2 6 A1 7 435 2R FeNiCrAl & 3Cr13 ¥z
4428.46 2846.54 2984.67 R IE i thh 2 A6 S BdE S

x5 HNSHEETERE

Table 5 Dynamical calibrated data

Speed/r'min™

Strain value of strain Strain value of strain

gauge 1/puE gauge 2/pUE
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
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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

Bending Fillet

Number moment/ ?:ffg stress/ (;2/(1:10%;/ Test result
N-m MPa
1 326595 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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Table 7 All test results of bending fatigue test of spraying

3Cr13 remanufacturing crankshaft

Fillet

Number Bending Safety stress/ Cycle4/ Test result
moment/N-m  factor X 10
MPa
1 2497.495 1.3 455 37 Spalling
2 2305.38 1.2 424 244 Spalling
3 1921.15 1.0 392 4104 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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Fig.8 Failure morphologies of crankshaft bending fatigue: (a) 3Crl3 coating before test, (b) 3Crl3 coating cracks, (¢) 3Crl3 coating

flaking, and (d) FeNiCrAl coating micro-crack
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Table 8 Correlation coefficient test table

, Rudime ) Rudime ) Rudime - Rudime
-ntary -ntary -ntary -ntary
1 0.997 6 0.707 11 0.553 16 0.468
2 0950 7 0.666 12 0.532 17 0.456
3 0.878 8 0.632 13 0.514 18 0.444
4  0.8l11 9 0.602 14 0.497 19 0.432
5  0.754 10 0.576 15 0.482 20 0.423

i EWRR RSO 134>, ok 7 AR, 6 Mg
BT RH] “ITE 7 #4277 sUBHRI, BN Hh 2T
W4 TE, PIRmEER 1 AR AN R 4 J8 L B
4 J4, 38 A, mivR 1 AR iR 2E R 104 4, M
Jig e — JEFERT 0.5 min, WERHA] “HIE” BARmER 14~
AL TEAENS 52 min. 2RH] “Z7 FIRERARWER 1
ANEhBUE R h,  ihAhE R 1 R AT SR 1 AR ) —
WK, N2 B 1WA R, A e
26 Ji, FEWS 13 min. HUEAFH, RHA] “27 FIREKAR
PRI — AR AR 2R “R TR AR R FEIN 1

RO HIEABBLEIE B IR S Bt 3R ST IR
Table 9 Economic evaluation of single crankshaft remanufactured

by robotic automatic HVAS

. . Consumable Consumable Cost Remapu

Item Material material/ke  time/min /YMB -facturing

atenal/kg ¢ cost/YMB

New

crankshaft 42CrMoA 103 — 2800 —
Ring path  3Crl3 3.5 52 200 370
‘Z’path  3Crl3 3.0 13 150 300
Ring path FeNiCrAl 2.7 52 135 215
‘7’ path FeNiCrAl 2.7 13 135 175

V4o N T F 1R A TR TR AR B AN [R] W55 i 1 25 7 46
I A i 2 PR PR SR, A R ) AR
O A0 PRI S MR EAT TR EN . JEXT LA B
FRATEAT 3T, A5 B 9 iR . Rz 5 R A5 g
R 3Cr13 WRJZHEA PG R T B B 2 300 o/
W, 5RH “HIL” BARBHRAH LA FEAK 70 JC. 10
K<z 7 R PR AR T FeNiCrAl ¥4 J2 (73 2% H 4
175 JU/AR, HWiER 3Cr13 ¥ 2 2 H A L FRAIK 50%. Lt
BT, K FH FeNiCrAl A RFE v il 117 11 32 314 FE 1)k
O 2Bk T AN 3 Bt BT AR 3% A5 A
B Al P R RS, A BRSBTS R T 93.8%,
T I R AR, A BB S R A T 18%. B
I, ZHEARMAFUE A S¥EEE, EHRKK
)R 5.

3 & it

D RH “Z27 FREAEBHR FeNiCrAl 251
U ENAR NSRS E T TN R N s TS WK %
I, BIAE “R” AL E NN IR, 78 #0300 &L
Aib 5P N IR, R 5 i Al e R g (B TR e it Al

2) MR AR 2305.38 Nom, A REHN 1.2
I, WEVR 3Cr13 ¥Rz ) - 2 ik 57 A5 h 264
X10% o WEIR FeNiCrAl 34 2 i 25 % 57 75 v il
X107, IAFEARER.

3) K H FeNiCrAl A4 RFEvR i 4w 38 35 #6164
O 2Bk T AV 3 B i el BT R AR 3% A5 A
B At P S AN A G BT R BE T 93.8%,
i3 1o ARG B A B S B i A T 18%.
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Bending Fatigue Life and Remanufacturing Benefit Evaluation of High Velocity Arc
Spraying Remanufacturing Crankshaft

Tian Haoliang', Wei Shicheng®, Liang Xiubing®, Xu Binshi’*, Wang Changliang', Guo Menggiu', Tang Zhihui'
(1. Aviation Key Laboratory of Science and Technology on Advanced Corrosion and Protection for Aviation Material Beijing, Beijing
Institute of Aeronautical Materials, Beijing 100095, China)

(2. National Key Laboratory for Remanufacturing, Academy of Armored Forces Engineering, Beijing 100072, China)

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 3Crl3 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 1x107, 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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