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Fig.1  Structure diagram of freewheel assemble 

 

��Å.À%�Â+x n 2750 MPa8 


������������

�G��L�ÛÜ!"#$n AISI52100 UV

%�À 1 ïðn.Fb:;ü:8�G��L��Û

Üt,&'(É1)*/�$jêÌ:+��êÌ	


¦hR�ÛÜ�À%,-u R

a

.0.28 

t,i	j�/�À%\]J?K	
�	/�

ü:nJ01�2F354F5�¦h/l6�n 850 

�6�¯¦h 8 h�¦hß]t,7Á89:8�	


¦hCÏI�5;:<3J[Cr]K=�^_Fb³+

�>(1)~(6)ïð

[11]

8�'C	
¦hÉ�t,¯/

lêÌÉÊ¦h��!"ï?�[u5ü@A750 

��B 15 minC840 ��B 20 minCDECF¦h

f–78 �/2 hgCrBGH¦hf180 �/1 hg��I!

"ü@nGHJK"8 

NH

4

Cl→NH

3

+HCl(g)                     f1g 

2NH

3

→N

2

+3H

2

                          f2g 

2HCl+Cr→CrCl

2

(g)+H

2

                   f3g 

CrCl

2

+Fe→FeCl

2

+[Cr]                    f4g 

CrCl

2

+2H→2HCl+[Cr]                    f5g 

CrCl

2

→Cl

2

+[Cr]                         f6g 


������� ���

�qç~;èI�t,">LMNfSOV-1010Mg 

 

 !""�#$% AISI52100&'()� 

Table 1  Chemical composition of the substrate 

AISI52100 (ω/%) 

C Cr Ni Si Mn Mo S P Fe 

0.95 1.45 0.107 0.194 0.318 0.014 0.076 0.0143 Bal. 
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Fig.2  SEM micrograph of a cross-section (a) and element 

distribution from the surface to the core (b) 
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© 3  DEBCf XRD©» 

Fig.3  XRD pattern of chromium carbide layer 
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Fig.4  Variation of microhardness versus distance from the 

surface of the specimen to the core 
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Fig.5  Spalling morphologies on the sprag surface: (a) slight 

spalling, (b) block spalling, and (c) breakthrough spalling 

a 

b 

c 

20       40       60       80 

2θ/(°) 

2500

2000

1500

1000

500

0

I
n

t
e
n

s
i
t
y

/
c
p

s
 

Cr

7

C

3

 

(Cr, Fe)

7

C

3

 

0      4     8     12    16    20 

Distance from Surface/µm 

20000

16000

12000

8000

4000

0

M
i
c
r
o

h
a
r
d

n
e
s
s
,
 
H

V

0
.
0
2
5

/
M

P
a
 



¤3890¤                                           ¥¦§ !$¨>                                          � 47� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 6  DEFG��BC SEM#° 

Fig.6  SEM images of spalling area: (a) integral spalling area, (b) no spalling area, (c) internal area of spalling area, 

(d) boundary of spalling area, and (e) slight spalling near the main spalling areas 
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Table 2  EDS analysis of different area in Fig.6a (ω/%) 

Area C O Cr Fe Mn Ni 

1 14.71 - 77.03 7.49 0.78 - 

2 10.47 - 78.55 9.25 1.24 0.49 

3 12.93 - 51.58 35.49 - - 
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Fig.7  SEM images of cross-section of coating at different area: (a) no spalling area, (b) spalling area, (c) area around spalling place, 

(d) area at critical state spalling area, and (e) slight spalling area 
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Fig.8  Optical micrograph of matrix under the failure coating 
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Failure Analysis of Chrome Carbide Coating on a Freewheel 

Used in Helicopter Main Reducer 

 

Zong Xiaoming, Jiang Wenming, Fan Zitian 

(State Key Lab of Materials Processing and Die & Mould Technology, Huazhong University of Science 

and Technology, Wuhan 430074, China) 

 

Abstract: The premature rupture of the chromium carbide coating on a freewheel used in a helicopter main reducer was analyzed by 

stereomicroscope visual examination, scanning electron microscopy examination, structure analysis, hardness test and X-ray diffraction 

analysis (XRD). The results show that the fracture of the coating is a mechanical contact fatigue mechanism, and the main cause of the 

flaking of the coating is the microcracks caused by micro porosities under the condition of cyclic loading. With the development of the 

microcracks, the lightly flaking area initiates on the surface, which causes stress concentration in the adjacent area and the through coating 

crack in the border of flaking area. The flaking of the coating reduces the loading area which increases the stress and new flaking areas 

initiates; finally, with the extension of different flaking areas, the throughout flaking forms.  

Key words: freewheel; chromium carbide coating; failure analysis; fatigue flaking; micro porosity 
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