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Abstract: Among the noises of the punch press, blanking noise and engaging noise of the clutch should be paid

most attention to. The latter is generated by the engagement impacts of the rotating key on the spline bush. In order

to absorb the pressing energy and reduce the noise radiated, polyurethane cushions were added to the spline bush

keyways and the clutch running noise reduction has reached 10. 7 dB(A).

Considering such factors as the running

characteristics of the punch press clutch, the demand for cushioning performance and the demand of the clutch tem-

perature field for damping materials, the temperature field of the rigid clutch spline bush was simulated to find out

whether the temperature of polyurethane go beyond its critical application temperature, using the finite element

method. According to the characteristic that the deforming memory alloy can restore the remembered shape with the

temperature rising, the actual temperature of the spline bush was measured. Consequently, the theoretical tempera-

ture turned out to be close to the measured temperature.
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1 INTRODUCTION

Among the noises of the punch press, blan-
king noise and engaging noise of the clutch need to
be paid most attention to'"'. The peak value of en-
gaging noise of the clutch measured at an
’ more than 90

operator s always

dB(A)! T,

tion of the operator exposed to the noise. The rigid

position is
The engaging noise decides the dura-

clutch engagement noises are generated by a series
of impacts, namely, the impact between the rota
ting key and the spline bush, that between the ro-
tating key and the crank shaft and that between the
crank shaft and the bearing liner'® . The rigid rota-
ting key clutch is widely applied on 20 = 1 000 kN
punch press. In 1985, Koos et al'"'studied the rig-
id clutch noise of punch, who did experiments re-
spectively under 170, 230 and 300 kN punch press,
using sandwich flexible rotating key made of steel
hard nylon which was wearresisting, tearresis-
ting, oil resistant and adaptable instead of primary
steel one. As a result, the punch used the new
type of rotating key could work normally and 6 =9
dB(A)

operator s position. During the punching process,

noise reduction was achieved on the
the nylon cushion endures not only the impact load
of the rotating key, but also the thermal load gen-
erated between the rotating key and the spline
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bush, so the demand to nylon material is relatively
high. But Koos didn't strictly analyze whether ny-
lon material could satisfy consecutive working of
punch rotating key. Therefore, to further study
the reason for the production of the punch clutch
engaging
measure is of great significance for the transforma-

noise and corresponding controlling
tion of existing punch and the design of new

punch.

2 ANALYSIS OF PUNCH PRESS CLUTCH EN-
GAGEMENT NOISE AND APPROACHES TO
RELATED NOISE REDUCTION

There are in essence 3 or 4 keyways on the
spline bush and the rotating key engages with one
of them each time. The clutch engagement noises
are generated by a series of impacts'®'”'. And in
the engagement process, three kinds of notable im-
pacts occur, namely, the impact between the rota-
ting key and the keyway while the rotating key en-
tering the keyway of the spline bush, the impact
between the rotating key and the spline bush and
the crank shaft under the inertial force of the fly-
wheel joined with the spline bush (as shown in
Fig. 1), and the impact between the crank shaft
and the bearing liner.

Among the three important impacts of the ro-
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Fig. 1 Zones of two major impacts in
engagement process

tating key clutch, the impact between the crank
shaft and the bearing liner is the secondary, the
impact between the rotating key and the crank
shaft the close clearance, and the impact between
the rotating key and the spline bush contributes to
the noise mostly. Therefore, some damping mate-
rials, such as polyurethane, can be added to the
spline bush to absorb vibration energy and reduce
the energy that would otherwise be converted to
sound energy.

The structure of the spline bush has been de-
veloped, as shown in Fig. 2. A 3 mm thick polyu-
rethane elastic cushion was inlaid into the keyway
of the spline bush impacted by the rotating key.
And to prevent the polyurethane elastic cushion
from crosswise shifting under the impact of the ro-
tating key, two assembling pins (locating plung-
ers) were added, which were interferingly fitted
with the pin holes. The polyurethane cushions and
the spline bush were felted up by polyurethane ad-
hesive.

Polyurethane isolator

Fig. 2 Structure of soft spline bush

During the racing of the press punch, the fric
tion between the spline bush and the crank shaft
generates heat, and the polyurethane elastic cush-
ion is influenced by the impact of rotating key. So

more attention has to be paid to the techniques of
the adhesion of the polyurethane elastic cushion to
the spline bush, and accordingly, the operation has
to be done according to the process specifications
constituted in Ref.[2].

3 ANALYSIS ON TEMPERATURE FIELD OF
FRICTION HEAT GENERATED BY CRANK-
SHAFT AND SPLINE BUSH

A's mentioned above, noise reduction can be a
chieved by the addition of polyurethane cushion,
but considering that the performance of polyure
thane deteriorates with the temperature rising and
that the normal application temperature of polyure
thane of various type is different, it is necessary to
analyze the temperature field of the spline bush, in
order to foretell its life-span.

1) Friction power

According to the frictional theory and the

t'"" the friction

force analysis of the crank shaf
power generated by the relative slide of the spline
bush inner face on the crank shaft has been calcu-
lated as follows: P= 67 W'' .

2) Thermal current

Since the spline bush revolves at a very high
speed, it would be reasonable to assume that the
heat generated from the spline bush distribute axi-
symmetrically (especially after it has been working
for a long time) and that the spline bush absorb
half of the frictional heat as well as the shaft. The
thermal current that flows into the inner face of the
spline bush (¢) can be obtained from Eqn. (1):

yid
0= L (1)
where S is a half of the surface area of the spline
bush inner hole under the friction.
S = J—I 2nmx0.07l
2 2
= 0.006 3 m’
= 757 Tob5= 5275.6N/ms

So the boundary conditions are as follows:

1) Along the interface between the boundary
of the spline bush and the crankshaft, the thermal
current flowing into the spline bush can be deter-
mined.

2) Along the rest interface, the heat transfer
is by convection.

Because of the low temperature, convection
heat transfer has been taken into consideration in-
stead of radiation heat transfer. When the spline
bush works steadily after successive running, the
temperature of the spline bush reaches the peak.
Therefore we can analyze the temperature field
here only. The structures of the spline bush, the
outer bush and the flywheel boss are all axisym-
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metrical. In the cylindrical coordinates system, the
temperature has no relation to the annular coordi-
nates and is but a function of coordinates r and z.
Because of the symmetrical structure, we can
merely analyze a half of any longitudinal section at
random, namely, the temperature distillation func-
tion T'(r, z) of the upper part from the section a —
b can be analyzed as is shown in Fig. 3.

Since there is no heat source in the solution
domain established by the spline bush and the
wheel boss (referred to as conduction heat tube),
the temperature distillation function T (r, z) here
must meet the differential equation:

Fr, 2T, 12T _ )

oz o r Oz

Since the friction heat generated between the
spline bush inner face and the crank shaft is the
same as the free heat radiating problems of the fly-
w heel boss inner face, the third boundary condition
of the finite element temperature field analysis can
be applied' . Namely,

AT _ _
-k gy 1y (3
This is equivalent to the variation problem:
oU =
B K | az 2 2
U= I >~ orl t 1 o rdrdz +

vﬂ-zsz”— Ty - qT|rds (5)

where Q—a quarter of the longitudinal section of
the conduction heat tube ( combined by the spline
bush and the wheel boss); I'—the given tempera-
ture boundary; Ty —the ambient temperature; ¢ —
the inflowing thermal current; A—the heat disper-
sion factor.

The solution domain can be divided into trian-
gular elements, and the temperature of each ele-
ment can be computed from the temperatures of
the three nodes {T} = [Ti, Tw, T.]" , using the

interpolation method, namely

(p)= 2ip),
[H] = D[H:i]+ [H2]").

Then the overall heat balance equation can be
derived'', from which the spline bush tempera-
ture distribution may be calculated. Fig. 4 shows
the FEM model of conduction heat tube, and Fig. 5
shows the calculation results.

4 TEMPERATURE MEASUREMENT OF SPLINE
BUSH

Reformed memory alloy has the property that
when temperature reaches the given value, it be
gins to change its phase until it is restored to the
heat setting shape (the lower the transformation
temperature, the stronger the irreversibility of res-
toration). So we bent the memory alloy wire to a
certain angle before the measurement and wrote it
down, then put it into the temperature field, mak-
ing it deform freely with the temperature rising,
lastly we brought it out of the field and measured
its final angle. Then we bent another same memo-
ry alloy wire to the original angle, and put it to an
adjustable temperature field, such as the adjustable
warm water, making it deforming until its angle
was the same as the measured final angle in the
conduction heat tube temperature field. The corre-
sponding temperature here is the measured temper-
ature of the conduction heat tube.

Actually, we used a NiTi memory alloy wire
with 0.5 mm in diameter and the measured temper-
ature of the conduction heat tube was 60 C. There
was a discrepancy of less than 2 'C between the
measured temperature and the theoretic tempera
ture derived from the above, which is allowable in
engineering.

The polyurethane elastic cushion adopted in
the experiments is made in Nanjing Rubber Plant,
whose normal application temperature is 80 C'"'.
The above experimental results show that it is fea

_ T
I(r,z)= [N] (T} ] o (6) sible to add polyurethane elastic cushion to the
The temperature matrix equation is spline bush keyways of the 100 kN punch press ro-
[H]{T} = {p)] (7) |
where
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T, environment
temperature

Illustration of thermal current
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Fig.4 FEM model of conduction heat tube

Fig.5 Temperature distribution of
conduction heat tube

tating key clutch to reduce noises, because the
working temperature is within the normal applica-
tion temperature. At present, the normal applica-
tion temperature of the polyurethane elastic cush-
ion made in Japan has reached 130 C''” or more, so
it is possible to reduce the rigid clutch noise of
punch press of bigger tonnage by using this meth-
od.

S ANALYSIS ON EXPERIMENTAL RESULTS

In fact, there are many noise sources in the
clutch system, but we have only compared the sit-
uations before and after the clutch spline bush was
reformed, without reference to the impact between
the end of the rotating key and the closer and so
on. The measurement results of the ND-2 type
sound grader adopted in the experiments are shown
in Fig. 6.

Comparing the two curves in Fig. 6, we can
find that after polyurethane elastic cushion is added
to the spline bush, the engagement noise of the ro-

80
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Fig. 6 Noise frequency spectrum of
clutch spline bush

tating key reduce, sharply owing to its damping
function, and noisereduction varies from 2 dB(A)
to 10. 7 dB(A) (in low frequency band, noise re-
duction is especially remarkable ( about 10
dB(A)), while in high frequency band it is from 2
dB(A) to 3dB(A))

6 CONCLUSIONS

1) After polyurethane cushions were added to
the spline bush keyways, the clutch running noise
reduction has reached 10.7 dB(A).

2) The working temperature of the spline
bush keyways of the rigid clutch has been calculat-
ed by the finite element method and measured with
memory alloy. And the theoretic temperature was
close to the measured temperature, which was
lower than the normal application temperature of
the polyurethane elastic cushion'” (80 C). So the
damping material can meet the application demand.
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