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Fig.1  Low-temperature test platform: (a) ice fixation fixture, 

(b) processing platform, and (c) milling force decom- 

position 
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Table 1  Experiment parameters 

No. 

Cutting 

depth/mm 

Feed speed 

/mm·min

-1

 

Spindle speed/ 

r·min

-1

 

Ice 

temperature/� 

1 0.5 50 500 –50 

2 1 100 1000 –50 

3 1.5 150 2000 –50 

4 2 200 4000 –50 

5 2.5 250 8000 –50 

6 3 300 12000 –50 
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Fig.2  Machine scenery: (a) processing equipment and 

(b) cryogenic cutting with ice fixation 
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Fig.3  No ice fixation processing: (a) collapse and open welding 

and (b) deformation 
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¤ 4  XPQ?�®¯ 

Fig.4  Ice fixation processing morphology (a) and at different 

spindle speeds: (b) 1000 r/min, (c) 4000 r/min, (d) 8000 

r/min, and (e) 12000 r/min 
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Fig.5  Surface microstructure without ice fixation: (a) single 

layer surface, (b) double layer surface, (c) honeycomb 

branch; with ice fixation: (d) single layer surface,       

(e) double layer surface, and (f) honeycomb branch  
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Fig.6  Ice fixation processing surface roughness: (a) cutting 

speed influence and (b) cutting depth influence 
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Fig.7  Effect of spindle speed on milling force: (a) main cutting force, (b) feed force, and (c) back force 
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Fig.8  Effect of feed speed on milling force: (a) main cutting force, (b) feed force, and (c) back force 
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Fig.9  Effect of cutting depth on milling force: (a) main cutting force, (b) feed force, and (c) back force 
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Fig.10  Model of honeycomb: (a) 3D structure and (b) plane 

structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 11  SEM ���  

Fig.11  SEM surface microstructure: (a) without ice fixation 

and (b) with ice fixation 
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Fig.12  Phases on the surface without ice fixation 
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Table 2  Properties of TC4 at different temperature 
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strength/ 

MPa 

Tensile 

strength/ 

MPa 

Elastic 

modulus/ 

GPa 

Shear 

strength/ 

GPa 

Elongation/ 

% 

20 890 960 107 56.7 12 

–196 1420 1500 133 63.2 10 
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Cryogenic Milling of TC4 Alloy Honeycomb in Ice Fixation  

 

Wang Fengbiao, Hou Bo, Yuan Kai, Wang Yongqing 

(Dalian University of Technology, Dalian 116024, China) 

 

Abstract: Ti alloy honeycomb material with low stiffness and thin-wall is widely used in aerospace; however, its processing defects such 

as burr and collapse edge often occur, so the fixation and processing methods should be improved. In this paper, the material was treated by 

ice fixation and CNC milling machine was used for the cryogenic processing. The honeycomb properties and reasons of machining defects 

were analyzed. Low-temperature milling mechanism of ice fixation was established. Results show that compared to the traditional 

0 20 40 60 80 100

0

2000

4000

6000

8000

10000

�

�

  

I
n
t
e
n
s
i
t
y
/
c
p
s

�

TiO

2

2θ/(°) 



�332�                                           ./	0123$4                                           � 47> 

processing way, the ice fixation milling surfaces improve greatly, and the processing defects are effectively suppressed. Moreover, the 

cutting depth has more significant influence on surface quality than spindle speed. The new method can improve the strength of honeycomb. 

The influence order of cutting parameters on the milling force is as follows: cutting depth is the largest, about 3 times improvement; the 

second is the spindle speed, while the feed speed has minimal impact. It is concluded that the ice fixation provides a new processing 

method for efficient processing of Ti alloy honeycomb material with small in-plane radial equivalent strength, low rigidity, and thin-wall. 

Key words: Ti alloy honeycomb; defect; ice fixation; milling force; equivalent strength  
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