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Abstract: Based on analyzing the traditional process to manufacture fin heat sinks(FHS), the production of FHS

by the planing process was proposed, the mechanism of the fins curl was investigated and the fins surface finish

was analyzed. Through controlling chip curl based on the continuous strip chips, flat straight fins were processed.

Compared with the traditional processes, this process makes full use of material and the processed FHS has better

heat transfer capacity, higher heat transfer efficiency and more reliability. The tool geometrical parameters and pro-

cessing performance affect the fins curl. The optimum processing parameters are: a cutter edge inclination angle of

0°, a rake angle between 50° and 55°, and a planing depth from 0.2 mm to 0.3 mm. The planing speed has little

effect on the fins curl.
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1 INTRODUCTION

There are lots of traditional processes for fin
heat sinks( FHS), such as cold-extruding, weld-
ing, cold-rolling and cold-forging. The cold-extru-
ding process calls for strict requirements for the
molds because the deformation press is very big
and the machined fins are usually too thick. The
welding process is complex and costly, but not re-
liable, because the welding line is dampened in the
application, and it s easy to be damaged when two
Once the
welding line is damaged, there will be interlayer of

different metals electrolyze in water.

air betw een the tube and the fins, which increases
the heat resistance and decreases the heat transfer
capability. The cold-rolling process is usually lim-
ited to manufacturing the tubular FHS. And final-
ly because the tools and molds have serious wear in
the cold-forging process, which results in large op-
erating costs, it is seldom used in manufacturing
fins.

In this paper the authors propose a new pla-
ning-forming process, which processes the fins by
planing the workpiece with specially designed
tools. Based on forming continuous strip chips, by
controlling the chip s flow direction and curling ra-
dius, the straight fin piece is obtained successful-

ly. Compared with the traditional ways of machi
ning fins, this process is simple and easy, and re-
quires less equipment. The produced fins are thin-
ner, only 0.2 mm. The space between two fins can
be narrower and the quantity of the fins can be
greater, so the heat transfer area per unit is en-
larged. Moreover, because the fin root and the
base are a single piece, this avoids damage as the
welding lines are easily electrolyzed even when
damp. So the fins machined by the planing process
have better transfer heat capability, higher trans-
fer heat efficiency and more reliability.

T here are many different chip structures, such
as continuous strip chips, segmented chips, grainy
chips and broken chips. Some researchers''™ have
studied the forming conditions of each. The con-
tinuous strip chips can be obtained from cutting
metals of excellent plasticity by tools with a big
rake angle. Other researchers'®"” have investiga-
ted the factors causing chips to curl, for example
the material performance, the geometrical shape
and parameters of the tool and the process per
formance. In this paper the effect of the tool s ge-
ometry and process performance on the fin's curl
ing direction and radius was studied to find out the
make the fins flat and
straight, and manufacture top-quality FHS.

optimum parameters,
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2 EXPERIMENTAL

In order to obtain flat, straight and regular
shape fins, one must first assure that the chips are
continuous strips. Then the chips are formed into
fins by controlling the chip s curling. Because the
chips become a part of the workpiece, they make
full use of the materials.

Fig. 1 illustrates the experiment device. The
experiments were done on a universal planer. A
slide track between the worktable and the jig al-
lows the workpiece to move along the x axis and
feed in that direction. The stroke is first adjusted
according to the process parameters so the fin
won t be separated from the base. The planing tool
reciprocates and plans the workpiece made of alu-
minum, 1145, annealed. One fin is made in each
reciprocating movement, and when a movement is
finished, the worktable moves up and backwards
and feeds once. The upright feed Ay determines
the fin's thickness. Ax is determined by both Ay
and 0. The relationship among the three parame-
ters is

Ax = Aycot 0 (1
where Ax is the feed in x direction, Ay is the feed
in y direction, and 0 is the incline angle of the
workpiece.

A==

Fig.1 lIllustration of experimental device

The space between two fins, Ap, can be cal-

culated by
Ax

P = cos 0 (2)

In fact, the workpiece inclination, 6, deter-
mines the space between two fins. The bigger this
angle is, the smaller the space is, the thicker the
fins are, and the bigger the angle between the fins
and the base is. Based on the targeted fin thickness
and space, a reasonable fixed angle can be found.

The planed fins are not perpendicular to the

base, so they must be realigned to become perpen-
dicular to the base. To do this, first, a rubber
piece is used to press the end of the fins to make
sure it occludes them; then, the rubber piece is
pushed to force all the fins perpendicular to the
base, as shown in Fig. 2.

Rubber piece
/

Fig. 2 Illustration of realigning fins

Fig. 3 shows the planning tool, which is made
of W18CrMoAl with the clearance angle, a, of 3°.
The tool and the shank are welded together by bra-
zing. Through experiments using different level
factors of the tool rake angle, the cutting edge in-
clination angle, the planing depth and the velocity,
the optimum range of each parameter can be
found, which can provide the basis for the planing
process of FHS and the tool design.

~_

Shank

Tool

Fig. 3 Structure of planing tool
3 RESULTS AND DISCUSSION

3.1 Caurl of fins

The fin curls during planing, which affects its
quality greatly. In order to obtain ideal FHS, it is
essential to restrain the curl. Generally, it occurs
in two directions: side-curl and up-curl, as shown
in Fig. 4. It leads to a compounded curl if the two
types happen at the same time. According to kine-
matics, the velocity gradient in the direction of the
width results in side-curl, while the velocity gradi-
ent in the direction of the depth results in up-curl.
There are many factors causing the fins to curl.
This paper discusses the effects of the tool geomet-
rical parameters and the processing parameters.
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3.1. 1

Effect of tool edge inclination on fins side-
curl

The inclination of the cutting edge is the main
factor causing the fins to side-curl. Fig. 5 shows
the effect of cutting edge indination angle on fins
side-curl. In this test the rake angle was set at 55°,
the clearance angle at 3°, the cutting speed at 48
mm/s and the cutting depth at 0. 3 mm. The curli-
ness curvature increased as the tool cutting edge
inclination increased. The smaller the curliness
curvature, the straighter the fins were. When the
cutting edge inclination was 0°, the fins didn't side-
curl.
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Fig. 5 Effect of cutting edge inclination angle
on fins side-curl

3.1.2 Effect of tool rake angle on fins up-curl
As shown in Fig. 6, the rake angle has the
most evident influence on the up-curl. In this test,
the cutter edge inclination angle was set at 0°, the
clearance angle at 3°, the cutting speed at 48 mm/ s
and the cutting thickness at 0. 3 mm. The up-curl
curvature decreased as the tool rake increased. The
larger the tool rake, the flatter the fins were. Con-
sidering the tool strength, the optimum range of
the tool rake angle was between 50° and 55°. In
this range, the cutter not only has
strength, but also has reduced up-curl.

enough

Tool rake, 73/(")
Fig. 6 Effect of rake angle on fins up-curl

3.1.3 Effect of planing depth on fins up-curl

The cutting thickness has bigger influence on
the up-curl. Fig. 7 shows its effect under the ex-
perimental condition that the cutting edge inclina-
tion angle was set at 0°, the rake angle at 55°, the
clearance angle at 3° and the cutting speed at 48
mm/s. The upcurl curvature decreased as the pla-
ning depth increased. Obviously, increasing the
planing depth can restrain the fins up-curl. How-
ever, the fin shouldn't be too thick due to its struc
tural and functional requirements. Its optimum
range was from 0. 2 mm to 0. 3 mm, where it not
only raised the heat transfer efficiency of the fins,
but also reduced the effect of the planing depth on
the up-curl.
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Fig.7 Effect of planing depth on fins up-curl

3.1.4 Effect of planing speed on fins curliness

In this test, the cutting edge inclination angle
was set at 0°, the rake angle at 55°, the clearance
angle at 3° and the planing depth at 0. 3 mm. Fig. 8
shows that the variation in planing speed has little
effect on the up-curl. So the planing speed can be
much higher.
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Fig. 8 Effect of planing speed on fins up-curl

3. 1.5 Analysis of curl mechanism

There are no definite conclusions on the mech-
anism of the chips nature curl. Ponkshe thought
that the residual strain in the chips results in the
curl. The materials go through uneven plastic de-
formation, so the uneven strain remains at the
boundary between the plastic deformation area and
the chips rigid area. T hese distribution gradient of
residual strain makes the chips curl. By deducing
the cutting equation from slippage, Lee and Shaf-
fer'" considered the curl resulted from the residual
stress and heat deformation as the cutting tempera-
Albrecht et al reckoned the flexural
torque resulted from the uneven force on the shear

ture rose.

plane and rake face was the reason for curl.

In the planing experiments, in addition to up-
curl, a new curl (downcurl) was discovered, as
shown in Fig. 9. Flat and straight fins are the opti-
mum result and occur when the fin has a uniform
residual strain along the shear plane in planing.
Because the inner-layer of the metal is not only de-
formed, but also subjected to friction and extrusion
from the rake face, there is an uneven residual
strain along the depth direction in the fins. The re-
sidual strain is bigger in the area near the rake
face, while near the free surface, it is smaller. Af-
ter parting from the rake face, the fins curl up-
wards owing to the distribution gradient of the re-
sidual strain. Whereas the residual strain area near
the rake face is smaller, and near the free surface is
much bigger, the fins will curl downwards. Down-
curl is seldom seen in cutting, and further research
needs to be done to determine the distribution of
the stress-strain and the cause.

3.2 Quality of fins
3.2. 1 Structure and heat transfer capability of
fins
Fig. 10 shows FHS produced by the planing
process when the cutting edge inclination angle w as
set at 0°, the rake angle at 55°, the clearance angle
at 3°, the cutting speed at 48 mm/s and the planing

Fig.9 Curl of fins
(a) —Uprcurl; (b) —Downrcurl

depth at 0. 3 mm.

In these conditions, the curl radius was very
big, almost close to infinity and the fins curl down-
wards a little. The space between two fins, the fin
thickness and the length are uniform. The planing-
formed FHS has the following characteristics: the
ratio of height to width is big, the heat resistance
is small, and the fins are as thin as 0. 2 mm. Be-
cause the space between two fins is narrow, there
are more fins in the same base. As shown in SEM
images, there is no crack between the fins and the
base. Obviously, the deformation is plastic, so the
fins directly connect with the base. Compared with
the welding process, this process can effectively
prevent double metals from electrolyzing in damp,
so FHS has higher reliability. Due to the plastic
deformation, the reduction in the fin's length re-
sults in an increase in the width and the thickness.
But the width increment is so small that it can be
neglected. The available length and thickness of
the fins can be adjusted by processing parameters.

A ccording to Fourier heat transfer theory, the
heat transmitted in unit time is

0= £ (3)

where ( is the heat transfer rate, At is the tem-

perature difference between two side of plane wall,
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and Ois the thickness of plane wall, F is the area
of plane wall, and Ais the coefficient of heat con-
ductivity.

The heat transfer velocity increases as the heat
radiation area increases and the thickness reduces.
Obviously the heat transfer efficiency of FHS ma-
chined by planing can be improved effectively be-
cause of the higher height-to-width ratio, the thin-
ner fins, smaller space, etc. In order to improve
the distribution of the heat flow density, different
configurations of the fin surface can be obtained by
changing the shape of the materials, therefore the
heat transfer efficiency can be further improved.
3.2.2 Surface finish of fins

The two surfaces of the planing-formed fins

have different finish. Fig. 11 shows the SEM ima-

ges. The surface contacting with the rake face has
a smoother glossy finish (Fig. 11(a)), but the one
away from the tool is rather rough, with lanose
wrinkles and distinct tool marks along the feeding
direction (Fig. 11(b)).

The surface contacting the tool is subjected to
compression stress. In the planing process, the ex-
trusion, friction and scraping from the rake face
act on this surface. Simultaneously, the second de-
formation area makes the surface metal detained
and the grain fiberized, thus this surface is
smooth. As shown in Fig. 11(a), the surface has
several micro-grooves along the direction the tool

moves. The edge s plainness, the roughness of the
rake face and the friction from the rake face direct-
ly affect the quality of this surface.

Fig. 11 Two surfaces of fin

(a) —Fin surface contacting rake face; (b) —Fin surface away from rake face
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While on the other side, there are not only
micro-grooves parallel to the direction the tool
moves, but also distinct squamae wrinkles perpen-
dicular to them, in general because the machining
fins are subjected to shearing deformation. In pla-
ning, the plainness of the edge and the friction
from the tool flank results in micro-grooves on the
machined surface. Meanwhile, some squamae ap-
pear on the machined surface. When the next fin is
being formed, the previously machined surface be-
comes the surface away from the tool surface. The
metal in first deformation area suffers shear de-
formation so the fin becomes thick and short. The
lanose wrinkles result from the free surface shrink-
ing. At the same time, the shrinking in the length
makes the squamae denser and the grooves more
distinct, so the surface is rougher. Moreover, the
metal grains near the shear surface slip along the
slipping plane and the grains become longer, which
also increases the roughness of the surface. But in
HFS, rough surface has more surface area than a
smooth one, so the heat exchange area is in-
creased, which can improve heat transfer ability.

4 CONCLUSIONS

1) Based on continuous strip chips, and by
controlling the chips curl, the chips are turned in-
to fins, which can make full use of the material.
The FHS machined by this planing process have
higher heat transfer efficiency.

2) The planing process of FHS is practicable.
Ideal fins are produced successfully by the planing
process when the cutting edge inclination angle is
set at 0°, the rake angle at 55°, the clearance angle
at 3°, the cutting speed at 48 mm/ s and the cutting
depth at 0.3 mm.

3) The cutting edge inclination angle is the
main factors affecting the fins side-curl. The big-
ger the angle is, the worse the curl is. When the
angle is 0°, the fins don t curl sideward, so it s the
optimum value.

4) The tool rake angle and the planing thick-
ness are the main factors causing up-curl. The pla-
ning speed has little effect on the fins curl. The
up-curl curvature decreases as the tool rake angle
and the planing thickness increases. Owing to the
tool s strength, the optimum range of the tool rake
angle is between 50° and 55°. The planing thick-
ness is from 0.2 mm to 0. 3 mm.
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