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Formation of integral fins function-surface by extrusion-ploughing process
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Abstract: An extrusion-ploughing process was presented to fabricate the integral fin function-surface. Cutting edge inclination angle
and rake angle can be calculated from the tool’s geometry relationship. The description of fins” geometry characters was standardized.
The experiments show that, when the middle cutting edge’s inclination angle 7 is less than 35°, continuous fin will come out, when 5
is between 35° and 55°, the fins will be saw-tooth ones, and the fins will be torn when this angle is above 55°, when the extrusion
angle 6 is between 60° and 150°, the fins will appear, or else, the fins will be torn into chips from the base. Forming angle and
clearance angle have little effect on fin’s formation. For continuous fin, its height is close to cutting depth when it is small, but it will
become approximately constant as cutting depth grows; for saw-tooth fins, the width, the height, as well as the clearance will
increase with the increase of cutting depth, but the increment of clearance is small; neither for continuous fin, nor for saw-tooth ones,

cutting velocity has little influence on their structure parameters.
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1 Introduction

The ever-increasing integrity of electronic chips
results in high heat flow density, which makes the
cooling become the ever more serious[1-5]. The
traditional single-scale and simple figure
heat-function macro-structure can not meet the cooling
requirement, which development of
high-integrity chips.

At present, the research of surface heat function
structure(SHFS) mainly focuses on the analysis and
design of heat transmission in macro-scale. For example,
Geogria Institute of Technology[6] has done some
researches on the
meta-structure. With the worsening of cooling, the study
of SHFS is turning to meta/micro field, such as the
development transfer[7—12]. The
machining of meta-structure and micro-structure of the
macro structure surface[13—15], as well as the key
technology, has been studied at home.

Solving the present high heat flow density needs to
design heat function surface macro structure, based on
the special radiating environment requirement and

surface

slows the

surface  macro-structure and

of micro heat

external convection pattern, even needs to employ
surface meta-structure and micro-structure to strengthen
the heat transmission. But which SHFS to use and how to
machine remain unclear; the description, design,
machining and the application of SHFS lack necessary
theories, so it can’t realize the design and machining of
SHFS effectively, according to the active requirement,
yet nor can realize the digital design and fabrication.

In this work, an extrusion-ploughing technology
with no chip is presented to generate fin SHFS, and the
machining theory of SHFS can be richened and perfected
by studying the forming mechanism and relevant
influencing factors, which provides the optimum method
for high heat flow density.

2 Experimental

2.1 Experiment

The experiment was carried out on the universal
planer B6050B. The tool was made of high speed steel
W18Cr4V, and the workpiece was made of red copper T2.
The fitness of the workpiece and the tool is shown in
Fig.1.
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Fig.1 Experimental device of extrusion-ploughing process

2.2 Formed tool

Contrary to the common cutting process which cuts
out the redundant metal to get the part, the extrusion-
ploughing process makes the chips remain on the base,
thus the radiating area is enlarged; not only the material’s
utilization is bettered, but also the problem of practical
contact thermal resistance in heat control is solved. The
design of formed tool should fully reflect the non-chip
techniques. As shown in Fig.2, the tool’s moving
direction is parallel to the formed plane.
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Fig.2 Extrusion-ploughing formed tool: (a) Tool’s geometry

parameters; (b) Tool

2.3 Tool’s angles

From Fig.2, differing from the common planer tool,
the extrusion-ploughing formed tool has 3 characters.
The first is that the rake angle y is minus, and the second
is that the cutting edge inclination angle A is not zero,
and the last is that the tool has multi cutting edges, so the
cutting pattern corresponds to the multi-edge cutting with
inclination angle. Supposing the cutting velocity is along
Z minus axis, that is perpendicular to the base level P,
and pointing to the tool. From tool’s geometry
relationship, y and A can be calculated as follows:
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3 Extrusion-ploughing forming process

3.1 Critical depth in double edge cutting

In Fig.2, when a, equals ¥ value of intersection of
line FC and plane P,, both main cutting edge and side
cutting edge cut the workpiece simultaneously, the
cutting depth is named as the critical depth A,

From Fig.3, the critical depth can be solved as

hy =hg +k(he —hy) 6)
where
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Fig.3 Standard view: (a) Front view; (b) Left view

3.2 Extrusion-ploughing process

In the beginning of extrusion-ploughing process,
before the main and the side cutting edges contact the
workpiece, the wedge block that consists of middle
cutting edge and the two rake faces directly cuts the
workpeice, and the extrusion plastic deformation
appears.

The cutting sequence between the main cutting edge
and the side cutting edge relies on A,. When a,<A,,, the
main cutting edge cuts at first, and the side cutting edge
goes first on the contrary conditions.

As the tool goes forward, either the main or the side
cutting edge cuts the metal. This process is similar to the
multi-edge cutting with large cutting edge inclination
angle and oblique angle, and there is angle @ between
the flow chip direction and the cutting edge’s normal.
Since the formed tool is symmetric, so some interference
appears in the edge of the two chips; the breakage of the
adjacent metals can eliminate this interference. The
existence of middle edge and the sharp edge create the
big shearing stress in the chips’ edge, so the shear
concentration is easy to come out, thus the chips break.
The rake angle is minus, and the chip clings to the rake
face. The stress resulted from the rake face’s extrusion
makes the metal in the front of the chip go upwards, the
geometry and the height of the raised metal decide the
fin’s figure and height; the fin will be higher and
narrower when it is near the fake face. The extrusion
height gradually goes higher from the middle edge to the
side edge.

All the chips are extruded to one side of the formed
face when they pass along the side cutting edge, and they
join the base to form the fins whose height and width
vary with the change of tool’s displacement.

Eventually continuous fins or saw-tooth fins are
formed as seen as Fig.4, and some micro dentate
configurations could be produced on continuous fins’ tip
(Fig.5). The workpiece can form integral SHFS which
includes ploughed channels and fins.
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Fig.4 Fin structure: (a) Saw-tooth fins; (b) Continuous fins
4 Results and discussion

4.1 Description of fin’s structure

As shown in Fig.6, for the continuous fins, the
parameters for description are the macro fin’s height /
and extrusion width By, but for the saw-tooth fins, the
parameters are width 4, height 4 and saw-tooth
clearance d,.

For the continuous fins, the fin’s height varies with
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Fig.5 Meta-structure/micro-structure
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Fig.6 Parameters description of fin’s structure features

the change of tool’s displacement. Supposing the macro
fin’s height is the mean value of fins at different points,
then, we can get

i=1
by =Y hyln (13)
where n is the number of the selected points, and 7, is

the corresponding height of fin.
For the saw-tooth fins,

dj:lzl:dji/n (14)
o

h=S hyin (15)
o

d =Y dyin (16)

where #n is the fins’ total number; dj;, A; and d;

represent the width, height and saw-tooth clearance,
respectively.

4.2 Influence of tool’s geometry parameters on fin’s
formation
Either the continuous fins or the saw-tooth fins are
created in the extrusion-ploughing process, the
consequence is dominated by tool’s geometry para-
meters.
4.2.1 Inclination angle # of middle cutting edge

Changing » while supposing other conditions

remain the same, we can get fins with different structures.

The experiments show that, when # is less than 35°, the
continuous fins are easy to come out, and with the
increase of #, the macro saw-tooth fin structure can be
generated either with different cutting velocities or with
different cutting depths, when » reaches 55°, the saw-
tooth fins are inclined to be torn into small chips. So, we
can conclude that, # is one of the main factors that decide
fin’s pattern.
4.2.2 Extrusion angle 8

Since the cutting edge inclination angle is not null,
the cutting velocity is not vertical to tool’s cutting edge,
and the cutting velocity has component along the cutting
edge’s direction. From Eqn.(1), we can see that, the
cutting edge inclination angle decreases with the increase
of @ if other angles are fixed; that is to say, the decrease
of velocity’s component weakens the metal’s flow along
the cutting edge’s direction, the shearing slip direction of
the cutting layer changes and chip’s flowing angle
diminishes. The fins can be generated when 6 is between
60" and 150°, and when € is beyond this range, the fin
can be easily torn into small chips.
4.2.3 Formed angle

The angle f has little influence on fin’s structure; it
generally controls the figure of ploughed channels.
4.2 .4 Clearance angle a

The angle a also has little influence on fin’s
structure; it is mainly used to reduce frictional resistance
in the extrusion-ploughing process.

4.3 Influence of processing parameters on fin’s for-
mation

4.3.1 Influence of processing parameters on formation of
continuous fins
The tool’s parameters selected to machine the

continuous fins are listed in Table 1.

Table 1 Tool’s geometry parameters for continuous fins

Parameter Value Parameter Value
/(") 30 By/mm 5
al/(*) 8 B/mm 02
/(%) 920 L/mm 5
BO) 20

1) Influence of cutting depth

As shown in Fig.7, the fin’s height is close to the
cutting depth when the cutting depth is small; the height
doesn’t increase very much as the cutting depth increases,
it stays at a certain value.

2) Influence of cutting velocity

As shown in Fig 8, the fin’s height fluctuates very
little with the change of cutting velocity, so the cutting
velocity affects the fin’s height very little.
4.3.2 Influence of processing parameters on formation of

saw-tooth fins
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Fig.7 Relationship between cutting depth and fin’s height (I'=
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The tool’s parameters selected to machine the
saw-tooth fins are listed in Table 2.

Table 2 Tool’s geometry parameters for saw-tooth fins

Parameter Value Parameter Value
/(") 45 By/mm 5
al/(") 8 B/mm 02
/(%) 90 L/mm 5
IO 20

1) Influence of cutting depth

As shown in Fig.9, the width, the height and the
saw-tooth clearance of saw-tooth fin augment as cutting
depth increases. The increment of the width is obvious,
but the increment of the saw-tooth clearance 1s not. So,
the fin’s saw-tooth clearance tends to be stable as cutting
depth increases; the number in unit length lessens slowly,
and the saw-tooth fin grows bigger.

2) Influence of cutting velocity

As seen in Fig.10, with the increase of cutting

velocity, the width, the height and the saw-tooth
clearance of saw-tooth fin change very little, their values
tend to be stable. So, the cutting velocity has little effect
on the structure parameters of saw-tooth fins.
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Fig.9 Relationship between cutting depth and parameters of
saw-tooth fin (J’=177 mm/s)
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Fig.10 Relationship between cutting velocity and parameters of
saw-tooth fin (a,=0.6 mm)

5 Conclusions

The extrusion-ploughing process is a cutting
process with no chip, and its theory involves metallic
cutting and plastic extrusion. Different from the ordinary
cutting process which cuts out the redundant metal to get
the part, this process makes the chips remain on the base,
and thus different SHFS can be got.

1) Based on the formed tool’s geometry relation, the
calculation expressions of cutting edge inclination angle
and rake angle are gained, the descriptions of fin’s
structure characteristic parameters (such as A, b, d, A,
d)) are put forward. The formation of integral fin
structure SHFS by extrusion-ploughing process 1is
analyzed.

2) When the middle edge’s inclination angle # is
less than 35°, the continuous fins will come out; when #
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1s between 35" and 55°, the fins will be saw-tooth ones,
and the fins will be torn when this angle is above 55°.
When the extrusion angle 8 is between 60° and 1507, the
fins will appear, or else, the fins will be torn into chips
from the base. The forming angle and clearance angle
have little effect on fin’s formation.

3) For the continuous fin, its height is close to
cutting depth when it is small, but it will become
approximately constant as cutting depth grows; for the
saw-tooth fins, the width and the height, as well as the
saw-tooth clearance will increase with the increase of
cutting depth, but the increment of the saw-tooth
clearance 1s small. Neither for the continuous fins, nor
for the saw-tooth ones, cutting velocity has little
influence on their structure parameters.

Nomenclature
a, Cutting depth;
B, Tool’s half width;
B; Half width of tool’s bottom plane;
B, Extrusion width;
d, Saw-tooth clearance;
hg  Critical depth;
hy  Saw-tooth height;
h  Height of continuous fins;
;7 Length of middle edge projected on the bottom
plane;
P, Base level,
I”  Cutting velocity;
¢  Flow chip angle;
Cutting edge’s inclination angle;
Rake angle;
Clearance angle;
Forming angle;
Middle cutting edge’s inclination angle;

I TR >

Extrusion angle.
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