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An Experimental Study on the Characteristics Evaluation of Combustion
Gas Seal Parts of Cylinder Head Gaskets for High-Speed Diesel Engines

Katsuhiko WAKABAYASHI*, Tomoaki KODAMA™*, Tadashi NISHIHARA*,
Takahide NAGAYA™* Shunsuke KADOKURA***

Abstract: Static and dynamic experiments on a small, one-cylinder high-speed diesel engine were per-
formed by changing the material and configuration of the cylinder head gaskets. Three kinds of cylinder head
gaskets were used for the experiments. The load distribution ratio, the characteristics of compression and
reversion and the condition of the gas leakage of the combustion gas seal part have become clear on the basis
of these experimental results.
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Static and Dynamic Characteristics, Combustion Gas Seal
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Table 1 Cross Section Constructions of Test Cylinder Head
Gaskets

Base Sheet and
Combustion Gas Seal

Soft Facing Stainless Steel Armor

Name of Gaskets

Soft Facing Perforated Core \dSUS 304) ,Wire Ring
Gasket with o (SWM-G1¢)0
Perforated Core S| YL/ 2 ~
w2l e ) |, @
Soft Facing Stainless Steel Armor
Soft Facing Flat Core Wire Ring
Gasket with Flat o (SUS 304)

Core YSQ@ 777, 77777777 s b
r ]
, @ =) |~
Stainless Steel Stainless Steel Armor

Rubber Coating (SUS 304) ,Wire Ring
(SUS 304)

) |

Metal Gasket

oy

Head Bolt
Passage

-

|

Unit : mm

Soft Facing Gasket with Flat Core
and Metal Gasket

Lubricating Oil Passage
Soft Facing Gasket
with Perforated Core

Fig. 1 Shape and Dimension of Test Cylinder Head Gaskets
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Table 2 Main Specifications of Test Engine

Items
Type of Engine

Specifications

High-Speed Diesel Engine,
Direct Injection,

4 Stroke Cycle,

Horizontal, Water Cooled

Number of Cylinder Single
Bore and Stroke mm | ¢78x80
Displacement Litter | 0.382
Compression Ratio 18.1
Maximum Power  kW/r/min | 5.58 / 2600
Material of Cylinder Head Cast Iron

Material of Cylinder Block Aluminum Alloy

0 O’ clock Water Passage

(Among Head Bolt)\ 118

. . 2 O’ clock
Number: Me?surmg (Near Head Bolt)
Points
10 O’ clock /
(Near Head Bolt)
Head Bolt
Passage
9 O’cloc 3 O’ clock
n
(Among - . |(Among
Head Bolt) = Head Bolt)

Exhaust Side Intake Side
8 O’ clock

(Near Head Bolt (
6 O’ clock %

(Among Head Bolt) Unit : mm
Lubricating Oil Passage

4 O’ clock
Near Head Bolt)

Fig. 2 Shape, Dimensions and Measuring Points of Test
Cylinder Head Gasket
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(For Low Pressure)
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Fig. 3 Surface Pressure of Soft Facing Gasket with Perforat-
ed Core

(For Low Pressure) (For High Pressure)

Fig. 4 Surface Pressure of Soft Facing Gasket with Flat Core

(For Low Pressure)

(For High Pressure)
Fig. 5 Surface Pressure of Metal Gasket
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Table 3 Load Distribution Ratio of Base Sheet and Water and
Lubricating Oil Passage

) . Name of Surface [Load Area |Ratio of |Ratio of Load
v B EAKTREEN A% —ILV L TWix\WZ &b 5b, Gaskets Pressure , |Area Distribution
N MPa mm % %
Z, S — E[A DN l(\lmﬁ‘ S —
SHIT, ¥ VEBE G OIS CREET A VRO Soft Facing | 00~10 6719 62.6 21.0
sarsfket:":h 10~40 | 2150 20.0 33.6
erforate
Core 40~70 307 29 10.6
Soft Facing 00~10 8540 76.6 26.7
[#] : 0~10 MPa : 10~40 MPa : 40~70 MPa .
100 4 8 o lcjlas'gt with | 10~40 | 1190 10.7 18.6
at Core 40~70 180 1.6 6.2
=
$ 80 - L Metal 00~10 | 9550 | 849 29.8
< _ Gasket ~
3 . | / 10~40 | 600 53 9.4
o .
54 .f -
£ 40 _ Table 4 Load Distribution Ratio of Combustion Gas Seal
3 Parts
S 20 - -
° Name of Load|Ratio of [Ratio of Load |Surface
B Gaskets Area |Area Distribution  |Pressure
X 0 mm’[ % % MPa
Soft Facing Gasket  Soft Facing Gasket Metal Gasket S<_>ft Facing Gasket 1557| 145 34.8 36
with Perforated Core with Flat Core with Perforated Core
Soft Facing Gasket 1233 1141 48.5 63
Fig. 6 Ratio of Surface Pressure of the Cylinder Head with Flat Core
Gaskets (Base Sheet) Metal Gasket 1100( 9.8 60.8 88
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Table 5 Critical Coefficient of Gas Leakage

Name of Initial TighteninglLeakage Axial |Critical
Gaskets Load Tension Coefficient
Fo kN |F, kN |of Gas Leakage
[Soft Facing
Gasket with
Perforated 40.0 33.9 0.12
Core
ISoft Facing
Gasket with 40.0 19.5 0.51
Flat Core
Metal
Gasket 40.0 12.9 0.62
S
go07 (‘lj
b
%06
& e
3 0.5
5 0.4
-
c
2 0.3
L
§ 0.2
O 01 (\
©
g L
o 0 Soft Facing Soft Facing Metal Gasket
Gasket Gasket
with Perforated with Flat
Core Core

Fig. 7 Critical Coeflicient of Gas Leakage
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4.5 ~v RARYT v POEHBETATEHER

PRBEN A — IVEORE Fs kL ORI OO HLEIC X
LIERENE, HICHE 2R 572010, TEMEE o R
i1 o7, Fig. 913 & Ny FH A v F OBRBEN Ay —

O : Soft Facing Gasket with Perforated Core
A : Soft Facing Gasket with Flat Core
[ : Metal Gasket
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=
@ 0[F
0 5 10 15 20 25 30 35 40
Axial Tension kN

Fig. 8 Relationship between Maximum Surface Pressure and
Axial Tension (Combustion Gas Seal Parts)

Table 6 Tightening Load after 10 Hour Durability Test

Name of Initial Tightening |Ratio of Leakage
Gasket Tightening |Load of Tightening |Tightening
Load After 10/Load Load by
Hour {After 10h) |Critical
Coefficient
of Leakage
kN kN % kN

Soft Facing

Gasket with

Perforated 153 143 93.6 135.0

Core

Soft Facing

Gasket with 150 141 94.4 73.5

Flat Core

Metal

Gasket 156 148 95.2 59.3
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] 10 Soft Facing Gaskeif with
Perforatéd Core j j
0 X s

0.00 0.20 0.40 0.60 0.80
Displacement mm

Fig. 9 Characteristic of Compressibility and Recovery (Com-
bustion Gas Seal Parts)

QO : Soft Facing Gasket with Perforated
/\ : Soft Facing Gasket with Flat Core
[ : Metal Gasket

Gasket Thickness Before Tightening
1.74 } J (Soft Facing Gasket with Flat Core, Metal Gasket)

L Gasket Thickness Before Tightening
/ Soft Facing Gasket with Perforated Core)
- —

Measuring Points

Fig. 10 Characteristic of Gasket Thickness by Lead Pellet
(Difference of Thickness, 40 kN)
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QO : Soft Facing Gasket with Perforated

/\ : Soft Facing Gasket with Flat Core

[ : Metal Gasket
600 Load N/mm

Measuring Points

Fig. 11 Characteristic of Load per Unit Length (Combustion
Gas Seal Parts)
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: 0 O’clock(Among Head Bolt) |_|: 3 O’clock(Among Head Bolt)
< : 2 O'clock(Near Head Bolt) [ : 4 O’clock(Near Head Bolt)
A\ : 6 O’clock(Among Head Bolt)  : 9 O’clock (Among Head Bolt)
A:s GO’clock(Near Head Bolt) O : 10 O’clock (Near Head Bolt)

x10°
200

100

0

o
o
N
o

£-100 09 058 16> O152 Cid 6
£ o <>¢ °?°?°¢<><><>
ool | whahaks

O
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%,
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Gas Pressure MPa

Fig. 12 Relationship of Strain and Gas Pressure in Combus-
tion Chamber (Soft Facing Gasket with Perforated
Core)

< : 0 O’clock (Among Head Bolt) [1: 3 O’clock (Among Head Bolt)
€ :2 O’clock(Near Head Bolt) [ : 4 O’clock (Near Head Bolt)
A : 6 O'clock (Among Head Bolt) O : 9 O’clock(Among Head Bolt)
A1:08_60’clock(Near Head Bolt) © :10 O’clock(Near Head Bolt)
X

200

100

Gas Pressure MPa

Fig. 13 Relationship of Strain and Gas Pressure in Combus-
tion Chamber (Soft Facing Gasket with Flat Core)
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