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The use of metal head gasket is increasing
rapidly to meet the requirements of modern
engines, such as asbestos free gasket materials,
its operation at higher output, etc. A new static
test method for the evaluation of metal gaskets
was developed which replaces actual lengthy
engine durability tests. This method employs a
gap sensor and strain gauge to measure the gasket
sealing embossment deflection by the hydraulically
simulated engine load. The evaluation covers
the two major categories: sealability and crack
resistance. Sealability depends on the maximum
combustion pressure and the gasket compression
load. Crack resistance depends on the amplitude
and number of mechanical stresses placed on the
gasket sealing embossment. This paper identifies
relevant factors for the evaluation of metal head
gaskets and its new static method which can
shorten the engine development time.
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Fig. 2 Embossment Structure
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‘.‘ Combustion Load Direction@ Fastening Load Direction

Fo :Gasket Load of Fastening. Fo = Fg+Fh
Fg :Gasket Load of Fastening (Sleeve)
Fh : Gasket Load of Fastening (Others)
Pc :Combustion Pressure
fp :Load due to Combustion Pressure
fp = Pc x A (Bore Area) =fg + fh + fb
fg :Load due to Combustion Pressure (Sleeve)
fh  : Load due to Combustion Pressure (Others)
fo :Load due to Combustion Pressure (Bolts)
Frz : Sleeve Load during Combustion. Frz = Fg - fg
Fwg2: Others Load during Combustion. Fw2= Fh - th

Fig. 3 Schematic of Fastening Mechanism
of during Combustion
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Fig. 4 Gasket Embossment Yield

F 7oA RO ¥ — N S ILBIRER S 200 FERTRE - T
1FE AL L v, )5, 7 AN b EEO#HE A FIH
L7z Ay + Tl fifiIRETO® S Z b REVwD
T E= RO BB LT NE L SR 0, 2%
WH Ay FOWE FIZRT L) ICE— Fo~/zh iz
L DR AN S OB R BT 2 LTI L AL

VAP

32, dLad—74 D%k

TAT—T 4 ¥ ZIERFEIRICE 5 S5 2ok
Ly ZIUSHEVE — FISx$ 280005 % B F 72105
QL Do 7272 LIRBET A28 5 SN A MMEIITRFEDS
M, LYYy Tl TAT—T 4 ¥ T ORI
LI HENEE R D,

Fo Fo

@ Head !Gasket
p | fh <
Bl N\ &
< 1.
INEEEREEE __[m
I “_‘7 f’ —

| E_g/-n-
[0:010.001010] H
Gasket Sleeve Are
Block o Fh

Gasket Water
and Oil Path Area

Constraint condition
Fp : Gasket Load during Fastening =50 kN
fp : Load due to Combustion Pressure =10 kN
% Block Cross-sectional Secondary Moment
=4x 108 mm

Fig. 5 Calculation Model
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Fig. 6 Variation in Fastening Load Distribution
due to Change in Head Stiffness
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F2 : Gasket Load during Combustion,  Fz = Fg - (fg + fh)
AL : Head-Block Opening
Al : Bolt Extension

Fig. 7 Relationship between Load and
Deflection During Fastening and
Combustion

Table 1 Test Engines Specification
'Englﬁe Code A B c D
Cylinder Bore
Diameter (mm) 87 85 85 82
Matarial of Cylinder :

Head and Block Aluminum
Deck Configuration Closed Open

Gasket Struture F

(Sea Fig.8) £ B = B

Pmax (MPa) ||/7.84 | 6.08 | 6.96 | 6.79

+~ Combustion Chamber

== ==

a) Type o b) Type B
(3 Sheets with (4 Sheets with
3 Full and 3 Half 3 Full and 3 Half

Embossments) Embossments)

Fig. 8 Gasket Layer Structure
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Fig. 9 Gap Sensor Attachment
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Table 2 Gap Sensor Specification

Type - Eddy Current Sensor
LS-500-08-1122 (Product of SENTEC)

Measuring Range 0 ~ 500 um

QOutput Voltage ;0 ~500mV

Linearity :1%of F.S

Resolution ;0.1 um

Response :DC - 5 kHz

Temperature Drift :0.02%0of F.S /°C

Size :4x8 t=2 Qval Type

Table 3 Linear Gauge Specification

Type : Spindle Type Digital
Linear Gauge
DG-621 (Product of Ono Sokki Co., LTD.)

Measuring Range 130 mm

Resolution 21 um

Response : 300 mm/ sec
Terminal Radius 115
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Fig. 10 Head-Block Opening Comparison
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Fig. 11 Relationship between AL and Pmax
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Fig. 12 Schematic of Measuring Equipment
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Table 4 Sealability Evaluation of Test Engines

Maximum Combustion Pressure Pmax (MPa) 784 | 608 |696 | 679 | 696 | 637 | 6.37 | 588 | 5.88
Head-Block Opening AL (pm) 11.0 | 160 | 168 8.8 168 | 106 | 108 | 106 | 10.2
Gasket Load during Combustion F2 (kN /cyl.) || 576 | 495 | 350 | 59.3| 47.0 | 343 | 225 | 382 | 29.4
Cylinder Sleeve Load duri Combusti
¥h e 267 [227 183 | 219 | 209 | 18.1 | 14.1 | 189 | 110
Frz (kN /cyl)
Cylinder Sleeve Circumference Load
978 |850 |686 | 849 | 784 | 676 | 529 | 706 | 41.2
Pr2a (N/mm)
Results of Actual d bility Test
S T L0 NO | NO [YEs| No | No | No | vES | NO | YES
(whether or not engine gas leak occured)
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Fig. 17 Determination of Fr,

Fig. 18 Fr~F Characteristics of each Test
Engines
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Table 5 Crack Resistance Evaluation of Test Engines

Number of Embossment Incorporated N 3

Head-Block Opening AL (pm) 11.0

15.0

168 | 88 | 168 | 108 | 106 | 10.6 | 10.2

Opening per Embossment  AL/N(um) 3.7

50 | 56 29 42 ] 36 | 53 | 53 | 51

Results of Actual Durability Test
(whether or not embossment crack occurred)

“No

NO |YES | NO | NO | NO | NO | NO | NO
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