
� 47� � 6� ��������	                                Vol.47, No.6

2018� 6�                        RARE METAL MATERIALS AND ENGINEERING  June 2018

�����2017-06-16

���	����	
���51275395����
������2012ZX04002-091�


���������1985 ��������� !��"#$%&'()*+,-.�/012�3� �� 710049�456

029-826669152�E-mail: chenrunlin@xaut.edu.cn

�� Cu ������	
�������

��������� ��	
��� ����

(�� !�� "#$%7'8)(*+,-.�/012�3� �� 710049)

� ��9:;<�=>?@AB�CD SnSb11Cu6DE;FGHIJK 6%LMNOPQRS CuTGUCV�W

X;YZL[\]; SnSb11Cu6=>?DH^_` Cua�bcde CuFGHIH^K 7%f8%f9%f10%; 4B

=>?ghLUghijklmHnfSopqg1frstug1v7Sowxg1�vdey<�=>?

z?WX{|; CuTGL}~��6RS CuTGU=>?;klmYZ{����wFk Cu

6

Sn

5

;�`� α�

���Sn�;���βk�SnSb�������������@��`��� Cu_`G;RS�ghpq���x�

�S����Cu_`G[ 1%~2%���pqV�pq���x{��CuTG;RSU=>?;rs*IYZ���

� ¡y¢£[¤rs¥¦§;¨tuWX§�L_` Cu y<�=>?DETGRS© 7%~8%ª�X«@¬RS

¢£;Sowx��ox�®¯e°¢£;pq���x�rstuWX±²³´§��µv¶K°¢£X«{·

¸:¹º»)(�¼^ �½)(L

����=>?�V�WX�klm�pq���x�rstu��ox

�������TG146.1

+

4�TG135

+

.6 ������A �����1002-185X(2018)06-1854-06

��������	
����������

����������� !"�#$%&'(�)

*#�	
���+,-!./01���2'3�

45627�89:;�<=>�?@%AB���

�$&'(!CD����EFG 5%~8%Cu H 4%~ 

11%Sb�I<J Sn�F	KLM SnSb4Cu4�SnSb8Cu4�

SnSb8Cu8�SnSb11Cu6�SnSb12Pb10Cu4�#N Cu

G<J 6%� SnSb11Cu6 �OJF	�����!P

Q

[1]

�	RSTUVW=>X�����YZ[\�

4�E]�CD���� SnSb11Cu6 N^_`< Cu

3abcde�f*27g�4!hij�

[2]

7kX

SnSb11Cu6 lmno�pqX�r�&e�st��

mH�muvt�wx�yzX SnSb11Cu6�lmr

0'(!{|}

[3]

�~a����������pq

X#`�����H���9[��=>X�4��

a������'(�����!F. A. Sadykov �

[4]

=>X B83 ��������������&eH

�mdu �r0'(!��(�

[5,6]

�	�����

N_��� WO

3

�8��2 �����'(�E]

no=>�¡�2'¢�����£MO%���(

rH$�'!¤¥�

[7,8]

@¦X_���§¨©ª«J

¬®�8��¯�����¬_#e����

%& �e!°±²�³´µ�

[9,10]

�¶·���

�N_�¸�¹º-�»a¼X¹¸����½¶·

�����'(�¹¸�����¾&¿eH¾&r

0'(M¡À@%�ÁÂÃzÄXÅ¯!ÆÇÈ

[11]

É

Ê¨ËÌÍ«J¬®�»E]�ÎÏÐÑÒ#½Ó

E����D®Ô���Õ��	¨ËÌÍ�Ö�'

×�2 �������0�'�@%#$�'(H

ØÙÚ'(��	��N¨ËÌÍ��r¶Û½ÜÝ

«	@%�����(r!{Þ

[12]

�E]a

ZChSnSb11-6 ßàáâ�ãä�åæ��ç�è¯�

zÄ�é�ê?ëì�Yí*âî��aÀ`¿e�

��e�ïðu�+ñ!òó

[13]

�ôE]�õ8�

Ò����*Zö÷�»½ø'ùÃú���ûüý

�þ� _î� 450~500 ���ø� ��H�á�

*Zé��Å¯X��ÂÃ�@%X$�'�ø'ù

Ã�_��7�	@%X����
ü��$�'!

��

[14]

�¦X�����N_���8��@%

�����'(�#gV��	�����eO��

¿×������[Z��Ü������! 

��������	
���������



� 6�                             ���¾6RS CuTGU<�=>?V�WX;YZ                         ¿1855¿ 

�������	������������ !

�"#$%�&'�()��*+$,-./0�

1�2�	 0%�1%�2%�3%�4%��34��

5�6789:./0�������	6�./

0���;<=>�?@A:B>CDEF:BG

�?HI�JK�L��	689:./0��M

NO5! 

��������

�oT�������Hþ&�.�����Z

� £�!"J 50H 20 mm#$Í%&'�ßà(

)�*eJ 0.1 g�+,��! 

�o�����KLJ ZSnSb11Cu6 �����

10 kg�Ãe-74 µm��ö 500 g! 

Ò ZSnSb11Cu6 ����.�ßà()N�»/

����N_î��s.�¨ö?01���2¯!

p�34×<p�J 1%�2%�3%�4%56 Cuö�

7()N����ß¯¢_��ö»	�89���

?:��ß;ZpÜ��<¢� 460 ����Nþ

&��7�áZ�!þ&st� 30~40 min�»��

á=>?ß;�92¯@! 

�á=ABÒ#$ÍCD&E�»�FGN&H�

I��ásJKLMN�OP�8;��¢Ò#$Í

QîÄ 300 ��R��JX��ásþSß;�TB

'UKV�!ÒW*�X�2'����ß;Y�#

$ÍN�»	�89ZZ�B�7;[�8;\]^

s�_d	Nbc�7&eÄ 200 �s/Kþ&�N

þ& 1 h»`�bc�zÄ9anb! 

�����c3pqT�J=>�Y/d��À

`e��LJ PMG3��0f�.�g�J 2000g�

�ÀJ 1000g!����pqnonb*«Hno8

�hi CB 1156-92 jCD������kol! 

ämnnTUhi GB/T 7314-2005j�8��¾

&ämno8�l�nnobpH�@qp 1rs!'

inn^_�ö�×<p��Ònnp�tLJ 0

u0%v�1u1%v�2u2%v�3u3%v�4u4%v! 

25±0.1

Φ
1
0
±
0
.
0
5

0
.
8

0.8

 

À 1  pqWXg1ghÁÂÀ 

Fig.1  Schematic drawing of specimen for compressive 

properties test 
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Fig.2  Specimens for friction-wear test: (a) engineering drawing 

and (b) physical figure 
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Table 1  Test parameters of friction-wear test for new Babbitt 

Rotating 

speed/ 

r·min

-1

 

Radius of 

rotation/ 

mm 

Line 

speed/ 

m·s

-1

 

Test 

load/ 

N 

Specific 

pressure/ 

MPa 

PV value/ 

MPa·m·s

-1

 

500 7 0.366 15 0.53 0.194 
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À 3  _`�ÇFGHI;EaÈW�=>?klm 

Fig.3  Metallographic images of the new Babbitt alloy added with 

different mass fractions of Cu: (a) 0% , (b) 1%, (c) 2%, 

(d) 3%, and (e) 4% 
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Table 2  Size and distribution of β phase (SnSb) in Babbitt 

alloys added with different mass fractions of Cu 

Mass fraction of 

adding Cu/% 

0 1 2 3 4 

Number of β phase 14 23 27 18 14 

Average side length 

of β phase/µm 

90.3 84.8 89.4 113.6 104.6 

Maximum side length 

of β phase/µm 

119.0 136.0 127.7 147.9 174.4 

Minimum side length 

of β phase/µm 

55.3 56.8 54.6 73.9 64.5 

Area ratio of β phase/% 9.39 13.59 17.73 19.10 12.60 
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À 4  Sopqg1É�;ghU� 

Fig.4  Comparison of specimens before and after the 

compression test (120 Ê) 

 

 

 

 

 

 

 

 

 

 

À 5  `Ë�ÇGE;=>?Sopq½Ì�ÍÎÏ 

Fig.5  Load-deformation curves of Babbitt alloy added with diffe- 

rent amounts of Cu in high temperature compression test 
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Table 3  Compression test data of of new Babbitt samples 

(120 �

��

�) 

Sample No. 0 1 2 3 4 

Maximum compression 

force/N 

6000 6300 6200 5550 5450 

Compressive yield 

strength/MPa 

76.43 80.26 78.98 70.70 70.57 

 

 

 

 

 

 

 

 

 

 

À 6  ¤rs¥¦§=>?;rs*IÎÏ 

Fig.6  Friction coefficient curve of Babbitt alloy under the 

condition of dry friction 

 

 

 

 

 

 

 

 

 

 

À 7  �ÇETG;=>?;¤rs*I 

Fig.7  Dry friction coefficient of Babbitt alloy with different Cu 

mass fractions 

 

 

 

 

 

 

 

 

 

 

À 8  25#Ð�º¥¦§=>?;rs*IÎÏ 

Fig.8  Friction coefficient curves of Babbitt alloy under the 

condition of 25# oil lubrication 
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Table 4  Wear loss of Babbitt alloy added with different amounts 

of Cu under the condition of dry friction 

Sample No. 0 1 2 3 4 

Wear loss/mg 2.1 2.4 3.1 3.7 6.2 

� ��������� !
"�#�$�%�

Table 5  Brinell hardness of Babbitt alloy under different 

temperatures (�

��

�10 MPa) 

Not adding Cu  Adding 2% Cu Test 

group 

25 Ê 50 Ê 90 Ê  25 Ê 50 Ê 90 Ê 

Group 1 25.0 20.3 17.2  32.7 24.7 19.7 

Group 1 25.2 21.5 19.7  27.4 22.6 20.3 

Group 3 22.3 20.9 17.6  30.5 26.6 19.0 

Average 

value 

24.1 20.9 18.2  30.2 24.6 19.7 
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Effect of Increasing Cu Content on the Mechanical Properties of Tin-based Babbitt 

 

Chen Runlin, Wei Yangyang, Jia Qian, Xu Jimin, Zhang Fan, Yuan Xiaoyang 

(Key Laboratory of Education Ministry for Modern Design and Rotor-Bearing System, Xi’an Jiaotong University, Xi’an 710049, China) 

 

Abstract: There are several varieties of common tin-based Babbitt, in which the mass fraction of Cu in SnSb11Cu6 is about 6%. The 

effect of increasing Cu content on the mechanical properties of tin-based Babbitt was investigated. Several new Babbitt samples were 

remolded by adding Cu powder to the molten SnSb11Cu6 Babbitt, and the mass fraction of Cu in the four new samples was 7%, 8%, 9% 

and 10%. Metallographic analysis, high-temperature compression tests, friction-wear tests and high temperature hardness tests were 

performed to investigate the properties of the new samples and determine the Cu content for optimal performance. The results indicate that 

the effect of increasing the Cu content on the metallographic structure of Babbitt is very significant. The hard Cu

6

Sn

5

 phase increases and 

α solid solution (Sn) decreases. The proportion of β phase (SnSb) does not change much and its grain size slightly enlarges. With the 

increase of Cu addition, the compressive yield strength increases first and then decreases. When the adding amount of Cu powder is 

1%~2%, the maximum compressive force and compressive yield strength are greater. The increase of Cu content does not make an obvious 

change in the friction coefficient of Babbitt alloy, but the anti-wear performance under dry friction is weakened. The high temperature (90 

°C) hardness and softening temperature are improved by increasing the mass fraction of Cu to 7%~8%. Since the compressive yield 

strength and friction-wear performance are not obviously reduced, it is considered that this tin-based Babbitt alloy with a Cu mass fraction 

of 7%~8% can be well used for sliding bearings, especially for heavy bearings. 
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