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ABSTRACT

This paper describes the new measuring method dealing
with the contact pressure of a multi-layer cylinder head
gasket for a diesel engine with the displacement of 3
liters. This method uses the electrodeposited copper foil
with the thickness of 26 pm as a gauge. The foil surface
has small irregularities and the surface appearance
corresponds to the applied pressure. Using the foil
gauge, the pressure measurement was performed on
two kinds of gaskets, i.e., wire type and bead type. The
measurement was also performed on wire type by the
methods of strain gauge and Fuji Prescale. Furthermore,
FEM analysis was performed on two types. Based on
the results obtained, the validity of the present method
was discussed.

INTRODUCTION

In general, a contact surface between two solid bodies is
believed to change due to the applied pressure, since
the surface of a solid body has irregularities even though
it appears to be smooth. Thus even elastic contact
causes a plastic deformation to some region in a contact
surface, and this deformed region seems to be related to
the applied pressure. As for the aspect, the new method
of measuring contact pressure was devised. This
method uses the electrodeposited copper foil whose
surface appearance corresponds to the pressure.

In studying the application of the present method which
is referred to as the foil gauge method, a cylinder head
gasket is chosen as the subject, since the contact
pressure is important for the gasket sealing. As is well
known, the cylinder head gasket, fastened between the
cylinder head and the block, must provide adequate
sealing pressure for three different fluids i.e., combustion

gas, lubricating oil and coolant. The sealing
performance of combustion gas is the most important.
Evaluating the contact pressure for sealing against
cylinder pressure is one of basic test items for the
design of a cylinder head gasket [1]. However,
measuring techniques are limited. Although Fuji
Prescale method, for instance, is known as a technique
for measuring pressure, this method cannot measure
high pressures such as several hundred MPa [2].

In the present study, using the new experimental method
by the foil gauge, two kinds of multi-layer steel gaskets,
i.e., wire type and bead type, were tested at room
temperature under a static condition. Each gasket is
composed of three steel plates, but the inside structure
is different. This is favorable for considering the
accuracy of the foil gauge. The measured values were
compared with the results obtained on wire type by the
methods of strain gauge and Fuji Prescale. In addition,
FEM analysis was performed on both types, assuming
both the cylinder head and the block as rigid bodies.
Based on the results obtained, the validity of the foil
gauge method was discussed.

ELECTRODEPOSITED COPPER FOIL GAUGE

FOIL PRODUCTION - The plating for the
electrodeposited copper foil was performed on a
stainless steel column with the diameter of 40 mm under
the conditions shown in Table 1. The column, used as
the cathode in the copper sulfate bath, was polished with
emery paper of # 800 and then finished with alumina
powder of 0.5 pym before plating.

Figure 1 shows the final electrodeposited surface of the
copper foil. The foil surface has small irregularities; the
arithmetical mean roughness, Ra is 2.8 ym. This
surface is used as a gauge for measuring contact
pressure. The thickness of the foil gauge is 26 um.



Table 1 Plating conditions

Cupric sulfate Shydrate CuSO4 - 5H,0 250 g
Sulfuric acid H,SO4 80g
Distilled water H,0 1000 g
Bath temperature 23°C
Bath voltage 15V
Current density 305 A/m?
Plating duration 20 min

P =0MPa
Figure 1 Appearance of foil surface

Contact surface

Upper mold

Sleeve

Lower mold

Figure 2 Apparatus for calibration of foil gauge

CALIBRATION - Figure 2 shows the apparatus made of
tool steel for calibration of the foil gauge. A contact
piece with the diameter of 5 mm is worked upon pair of
upper and lower parts, and the contact surface is
finished with alumina powder of 0.5 pm. A bearing ball
is used for transmitting a compressive load uniformly
from upper to lower parts. Sandwiching the copper foil
with the same size as the contact surface and applying a
compressive load by a hydraulic testing machine, the
surface appearance of the foil was examined. As shown
in Figure 3, the flat part of the foil surface, seen as a
white region indicating the contact area, expands with
increasing of the applied pressure

P =392 MPa

Figure 3 Appearance of foil surface due to applied
pressure
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Figure 5 Pressure measurement by foil gauge
method and cross section of gas sealing
structure
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Figure 6 Steel plate and pin for strain gauge method

The quantitative analysis was performed observing on
the foil surface with the region of 0.6 mm x 0.8 mm by a
laser microscope. Namely, binary images of five
optional regions were obtained by the image processing
method and the flat part was evaluated. Figure 4 shows
the relationship between the ratio of contact area, r and
the applied pressure, P. The value of r means the
average ratio of the flat part to the measured region.
The curved line shown in the figure, obtained from the
experimental values by the least square method, can be
expressed by the formula r=aP*+bP+c, where a is —
4.839x10'5, bis 1.256x10‘4 and c is 6.182. Using this
characteristic curve, the foil can be used as a gauge
detecting the pressures from 100 MPa up to 900 MPa.
The curved line becomes convex upward and thus work
hardening seems to progress as the applied pressure
increases. The ratio of contact area, r has a positive
value when P is 0O, since the final electrodeposited
surface has some flat part in itself.



TEST PROCEDURE

CYLINDER HEAD GASKET - Multi-layer steel head
gaskets were chosen as the subject of the measurement
Two kinds of gaskets, i.e., wire type and bead type, were
tested considering the accuracy of the foil gauge. These
cylinder head gaskets, obtained from Ishikawa Gasket
(Japan), have the same size, and are practically used in
a diesel engine with the displacement of 3 liters. Each
gasket is composed of three steel plates, but the inside
structure is different. The cross section between bores
are shown in Figure 5. The wire ring, inserted in wire
type gasket, plays an important role in the sealing. On
the other hand, the beaded plate acts as a sealing part
in bead type gasket.

PRESSURE MEASUREMENT - As shown in Figure 5,
setting the foil gauge on upper and lower sides of a
gasket, the pressure measurement was performed at
room temperature under a static fastening condition.
According to a “torque and angle” method defined by a
manufacturer, the fastening is performed in the three
steps. Namely, the cylinder head bolt is first tightened to
a torque of 49 Nm, and then a 60 deg. turn and a next
60 deg. turn are applied.

In addition, the pressure measurement was performed
on wire type gasket by the methods of strain gauge and
Fuji Prescale. Figure 6 shows the pressure
measurement by strain gauge method. The steel plate
with the thickness of 6 mm has the same shape as the
gasket and has the hole for a pin with strain gauge. The
inserted pin must be worked to have the same thickness
as the plate. Both the plate and a gasket are set
together between the cylinder head and the block when
performing the pressure measurement

Fuji Prescale, obtained from FUJIFILM (Japan), is the
film having a color former sensitive to the pressure. The
film is set as the same manner as the foil gauge shown
in Figure 5. Light and shade areas, depending on the
pressure, are seen in the tested film. The high pressure
part, seen as a deep red area, can be easily detected,
and the applied pressure is evaluated by FUJIFILM
pressure analysing system [2]

RESULTS AND DISCUSSION

FOIL GAUGE METHOD - The region between bores is
the most important part for the gasket sealing. Figures 7
and 8 show contact pressures, measured by the foil
gauge method, for wire type and bead type gaskets,
respectively. The region between bores is 9.1 mm wide.
The measuring position is represented as the distance
from the center between bores, and the pressures in
upper and lower sides of a gasket are plotted together.
The regions between 1st and 2nd cylinder bores and
between 2nd and 3rd cylinder bores are selected for the
measurement.
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Figure 8 Pressure distributions between bores
for bead type

The pressure distribution exhibits symmetry with respect
to the center and natural results are obtained. The high
pressures more than 200 MPa are detected at wire and
bead positions, and the pressure distribution is different
in both types. These results show the correspondence
to the gasket structure. The similar tendency is
confirmed in the results under a certain fastening
condition with bolts having the same axial load. The
peak pressure seems to be higher in wire type than in
bead type. When the accurate pressure distribution is
required, the measuring points must be increased. The
foil gauge method is believed to be useful for measuring
the high contact pressure generated in a gasket for a
diesel engine
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Figure 10 Pressure distributions between bores
for wire type by Fuji Prescale method

STRAIN GAUGE METHOD - In Figure 9, contact
pressures, indicating compressive stresses measured
by strain gauge method, are shown at six positions
around a cylinder bore for wire type gasket. It is seen
that the pressure at the position between bores is low
compared with other positions; this is due to the
tightening effect of a bolt. The values at the positions
between 1st and 2nd cylinder bores and between 2nd
and 3rd cylinder bores are 77, 74 MPa and 120, 151
MPa, respectively. Each value indicates the average
pressure in the square area of 3 mm x 5 mm, and thus
the measured value is naturally low compared with the
value obtained by the foil gauge method measuring the
area of 06 mm x 0.8 mm. The strain gauge method
should be emphasized to be also useful for knowing the
contact pressure generated in the fastening process
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Figure 12 FEM analysis for bead type

FUJI PRESCALE METHOD - Figure 10 shows contact
pressures, measured by Fuji Prescale method, for wire
type gasket. This method has a distinctive feature in
knowing the pressure distribution. The pressure more
than 130 MPa, however, cannot be detected. Therefore,
it is useful for the pressure measurement that Fuji
Prescale method is used in combination with the foil
gauge method

FEM ANALYSIS - As mentioned above, the contact
pressure generated in a gasket, measured by the foil
gauge method, was different in wire and bead types In
order to inquire this matter, FEM analysis was carried
out using ANSYS 5.7 The cross section of a gasket part



between bores was taken as a half model and two
dimensional analysis was carried out, assuming both the
cylinder head and the block as rigid bodies. Figures 11
and 12 show the results calculated, giving the thickness
of a fastened gasket, for wire and bead types,
respectively. The pressure occurrence is different in two
gasket types, and thus the difference in pressure

distributions obtained by the foil gauge method is natural.

The measured values agree relatively with the
calculated results. Therefore, it is useful for the
construction of a cylinder head gasket to use FEM
analysis and the foil gauge method in parallel according
to demand, since the foil gauge method can determine
the maximum pressure in a small region when
increasing the measuring points.

CONCLUSION

The contact pressures of two kinds of gaskets, i.e., wire
type and bead type, were measured by the new method
referred to as the foil gauge method. The pressures,
measured in the region between bores, showed the high
pressure more than 200 MPa and the pressure
distribution was different in both types. These results
showed the correspondence to the gasket structure.
The similar tendency was confirmed in the results
obtained by FEM analysis. The foil gauge method was
believed to be useful for measuring the high contact
pressure generated in the small region surrounding a
cylinder bore and for the construction of a cylinder head
gasket.
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