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� 1  TC4.�/012 

Fig.1  TC4 titanium alloy honeycomb core (a) and 

sandwich panel (b) 
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Fig.2  Micrograph of honeycomb in cross-section 

a 

b 

50 µm 
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Table 1  EDS results of microstructure in brazing 

zones of Fig.2 (ω/%) 

Zone Al Zr Ti V Ni Cu 

1 4.66 22.73 42 0.88 13.81 15.93 

2 2.73 16.76 61.37 1.15 7.05 10.93 

3 11.64 1.3 83.65 1.81 0.91 0.69 

4 7.06 0 90.03 2.23 0 0.68 
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Fig.3  Compressive stress versus strain curves of honeycomb 

sandwich at high temperature 
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Table 2  Flatwise compression experimental results of TC4 

titanium alloy honeycomb sandwich specimens 

Temperature/% 20 160 300 440 

σ/MPa 37.6 31.5 28.2 23.2 

E

c

/MPa 899.4 837 528.9 316.6 
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Fig.4  Side view of honeycomb sandwich panel 
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Fig.5  Curves of three-point bending loads vs. deflection at different temperatures (L- and W-direction): 

(a) 20 %, (b) 160 %, (c) 300 %, and (d) 440 % 
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� 6  ��A/BCDEF 

Fig.6  Failure modes of face sheets and honeycomb cores: 

(a) overall buckling, (b) lower face cracking, (c) lower 

face debonding, (d) upper face debonding, (e) upper 

face cracking and lower face debonding, and (f) local 

collapse of upper face and core as well as large 

deformation failure 
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Table 3  Three-point bending strength and failure modes 

of the specimen 

Sample No. d

max

/mm R/MPa Failure modes 

W20 1.79 181.76 Upper face wrinkling 

L20 1.60 205.33 Lower face and core cracking 

W160 1.76 159.54 

Lower face cracking, upper 

face buckling 

L160 1.71 181.38 

Debonding between the core 

and the upper face 

W300 2.96 139.96 

Cell walls and the upper 

face buckling 

L300 1.94 160.16 

Debonding between the core 

and the lower face 

W440 2.90 110.16 

Overall buckling, cell walls 

and the upper face buckling 

L440 4.68 129.98 

Overall buckling, cell walls 

and the upper face buckling 
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� 7  ����789#0GHI 

Fig.7  Bending fractograph of honeycomb sandwich panel: (a) W 

direction at 20 % and (b) joint between honeycomb cell 

wall and brazed accumulation zone 

 

�Ú9.� 7b( BýÏ��0G�#ÏWyöÚÛ#

¼Ú9������ÚÛ�#��<=ý�Á�Û�

(}g.À��G��(ý����4^��(ý�

��.GÏ��0G�Á~T©Hrs���ká

�È#��=(É�©#ÝFe���#Ú9,¿

(ý���¯�¯	.� 7b ( C ýÏ~�Ê�ý#

ÏyöÚ9. 

� 8 Ï 20#160#300 ��#^/0iå×�(i

åý(Ú9.ÚÛ���Ï��E^��(~���.

×Ú9,:�o#300 ��[VHN§¨��3.Ú

9��[��	yö�J^#Ï
,�8yöÚ9. 

^/0~��VH*+¬£��§¨��#GÏ^

�óP��j/Òk�#À0ùóP�`&k�#À

^/0~��V��ST��(z�±V#g;[�~

��Vôõ�#ØÙ,-Ï^�ÚÛ.g[V³Yí

TC4 RF��Á#è!�P�#À~�F�Ï��S

T#ÔÕÖ×�#0ù(^%�,GÏ�PE^�(

Yk�©��# ^0�(`k�Pá#g~���(

`&�V�õ�#îK0ù^�E0ù��i�.[

VÑ%�Pá�#STÑ%��Á#Æ	��.�ì

0ù(^%�,GÏ�PE^�(Yk�©��#³

®D¨h(`&k���#×ÀÉ�zh^/0iå#

À$*+��,]^. 



�572�                                           &'�()*+,-                                            47. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  34�5�J��K6HILM 

Fig.8  SEM fractographs of the brazed joint at different tempe- 

ratures: (a) 20 %, (b) 160 %, and (c) 300 % 
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High Temperature Mechanical Properties of TC4 Titanium Alloy Honeycomb Panel 
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Abstract: TC4 titanium alloy honeycomb sandwich panel was prepared by high-temperature brazing. The mechanical performance 

parameters and failure modes of the honeycomb sandwich panel were experimentally investigated via flatwise compression and three-point 

bending test at different temperatures. Results show that flatwise compression elasticity modulus and strength of the honeycomb sandwich 

panel at 440 °C decrease to 35.2% and 61.7% of that at room temperature, respectively, indicating that higher temperature may result in 

lower compression elasticity modulus and strength. The test temperature has no effect on the failure mode. The failure mode changes in the 

three-point bending test, the flexural strength decreases, and the maximum deflection increases with the increasing test temperature. The 

bending performance of specimens in the L-direction is better than that in the W-direction. In addition, the face sheet of the bending 

specimen is ductile fracture, and the brazing zone is brittle fracture at room temperature, while the brazing joint of surface/core debonding 

failure specimen is cleavage fracture at high temperature of 300 °C. 

Key words: TC4 honeycomb sandwich construction; brazing; high temperature; mechanical behavior 
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