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Description

[0001] The present invention relates to a spark plug
for use in internal combustion engines of the type as in-
dicated in the preamble portion of claim 1. A spark plug
of this type is disclosed in EP-A-0 243529.

[0002] Conventional spark plugs for use in internal
combustion engines such as automotive engines have
the igniting portion formed of a platinum (Pt) alloy chip
welded to the tip end of an electrode in order to improve
its resistance to spark consumption. However, in view
of the high cost of platinum, it has been proposed to use
less expensive iridium (Ir) as a chip material.

[0003] A problem with the use of Ir as a material to
constitute the igniting portion of the spark plug is that Ir
is easy to oxidize and evaporate in a high temperature
range of 900 to 1,000°C. Therefore, if it is directly used
in the igniting portion of the electrode, it is more con-
sumed by oxidation and evaporation than by spark.
Therefore, the spark plug using Ir in the igniting portion
of an electrode is highly durable under low-temperature
conditions as in driving on city roads but their endurance
drops considerably during continuous running at high
speed.

[0004] From EP-A-702093, high temperature articles
like rocket nozzles or spark plug electrodes are known
formed from an alloy from the Pt-Ir-Rh system. Preferred
alloys are Rh-Ir alloys in which the content of rhodium
is up to 60 wt%, more preferably up to 40 wt%.

[0005] From GB-A-479 540, an electrode for a spark
plug is known comprising one atomic equivalent of Ir
with one atomic equivalent of Rh, resulting in an alloy
comprising 65.1 wt% Ir and 34.9 wt% Rh.

[0006] Furthermore, from EP-A-575163 a spark plug
is known which the igniting portion is made of a noble
metal, i.e. of platinum, iridium, platinum-iridium alloy or
iridium-based alloy.

[0007] It is an object of the present invention to pro-
vide a spark plug having an igniting portion chiefly made
of Ir and which yet is sufficiently resistant to consump-
tion by oxidation and evaporation of the Ir component at
elevated temperatures to assure high endurance noton-
ly during driving on city roads but also during continuous
running at high speed.

[0008] The above object is achieved by the subject
matter of claim 1.

[0009] According to the present invention, the igniting
portion of an electrode which forms a spark discharge
gap is made of an alloy that is mainly made of Ir and
which contains an amount of Rh in the stated range.
Therefore, the consumption due to oxidation and evap-
oration of the Ir component at high temperatures is ef-
fectively retarded to thereby realize a highly durable
spark plug.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the accompanying drawings:
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Fig. 1 is a partial front sectional view of the spark
plug of the invention;

Fig. 2 is a sectional view showing enlarged the es-
sential part of the same spark plug;

Fig. 3 is a graph showing the relationship between
the Rh content of the alloy forming the igniting por-
tions of the spark plug and the increase in the spark
discharge gap (in Example 1 under condition A);
Fig. 4 is a graph showing the relationship between
the Rh content of the alloy forming the igniting por-
tions of the spark plug and the increase in the spark
discharge gap (in Example 1 under condition B);
and

Fig. 5 is a graph showing the relationship between
the Rh content of the alloy forming the igniting por-
tions of the spark plug and the increase in the spark
discharge gap (in Example 1 under condition C).

DETAILED DESCRIPTION OF THE INVENTION

[0011] Detailed description of the present invention
will be described as follows.

[0012] The spark plug according to the presentinven-
tion has a central electrode; an insulator provided exte-
rior to said central electrode; a metallic shell provided
exterior to said insulator; a ground electrode having one
end coupled to the main metallic shell and having an-
other end facing said central electrode; and an igniting
portion thatis secured to at least one of said central elec-
trode and said ground electrode for forming a sparked
discharge gap, wherein said igniting portion is made of
Rh-containing alloy based on Ir, said alloy containing Rh
in an amount ranging from 15 to 25 wt%.

[0013] The presentinventors have found that if the ig-
niting portion of an electrode which forms a spark dis-
charge gap is made of an alloy that is mainly made of Ir
and which contains an amount of Rh in the stated range,
the consumption due to oxidation and evaporation ofthe
Ir component at high temperatures is effectively retard-
ed to thereby realize a highly durable spark plug.
[0014] In order to form the igniting portion, a chip
made of a metal having the stated composition may be
joined by welding to the ground electrode and/or the
central electrode. The term "igniting portion" as used
herein shall refer to that part of the joined chip which
has not been subject to the effect of the compositional
change due to welding (e.g., the portion other than that
which has been alloyed with the constituent material of
the ground or central electrode upon welding).

[0015] If the Rh content of the alloy is less than 3%,
the effectiveness of Rh in retarding the oxidation and
evaporation of Iris insufficient to prevent premature con-
sumption of the igniting portion. Hence, the endurance
of the spark plug is reduced. In this case, the igniting
portion is consumed primarily in the tip end face of the
chip welded to the central electrode and/or the ground
electrode. However, the lateral sides of the chip may al-
so be consumed if the Rh content is reduced. In such
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an extreme situation, the cross-sectional area of the
chip through which a current is applied to cause spark
discharge will decrease and the applied electric field
tends to concentrate on the tip end face of the chip,
whereby the consumption of the igniting portion will pro-
ceed at an accelerated rate and the life of the spark plug
comes to an end prematurely. Therefore, the Rh content
of the alloy is desirably adjusted to lie within such a
range that the consumption of the igniting portion is un-
likely to occur not only in the tip end face of the chip but
also on its lateral sides. On the other hand, if the Rh
content of the alloy is 50 wt% or more, the melting point
of the alloy will drop and the endurance of the spark plug
will deteriorate accordingly. Therefore, the Rh content
of the alloy is adjusted to lie within the range of 15 to 25
wt%, most desirably 18 to 22 wt%.

[0016] Embodiments of the invention will now be de-
scribed with reference to the accompanying drawings
as follows.

[0017] Fig. 1 shows an embodiment of the present in-
vention. In the drawing, a spark plug 100 has a tubular
main metallic shell 1, an insulator 2 fitted into the metallic
shell 1 in such a way that the tip end 21 protrudes from
the metallic shell 1, a central electrode 3 provided within
the insulator 2 in such a way that the igniting portion 31
formed at the tip end protrudes from the insulator 2, and
a ground electrode 4 coupled at one end to the main
metallic shell 1 as by welding and which has the other
end bent laterally such that its lateral side faces the tip
end of the central electrode 3. The ground electrode 4
has an igniting portion 32 formed in such a way that it
faces the igniting portion 31 of the central electrode 3;
the clearance between the two igniting portions 31 and
32 forms a spark discharge gap g.

[0018] The insulator 2 is a sinter of a ceramic material
such as alumina or aluminum nitride as a main constit-
uent, and it has an axial bore 6 through which the central
electrode 3 is to be fitted. The main metallic shell 1is a
cylinderical form made of a metal such as a low-carbon
steel and which provides a housing for the spark plug
100. The circumference of the metallic shell 1 has a
threaded portion 7 formed to assist in the mounting of
the spark plug 100 on an engine block (not shown).
[0019] The main body 3a of the central electrode 3
and the main body 4a of the ground electrode 4 are both
typically made of a Ni alloy. The igniting portion 31 of
the central electrode 3 and the opposed firing portion 32
of the ground electrode 4 are both made of an alloy
based on Ir and which contains Rh in an amount ranging
from 15 to 25 wt%, most desirably 18 to 22 wt%.
[0020] As shown in Fig. 2, the main body 3a of the
central electrode 3 tapers at the tip end and its tip end
face is formed flat. A disk-shaped chip having an alloy
formula for the igniting portion 31 in placed on the flat
tip end face and laser welding, electron beam welding,
resistance welding or other suitable welding technique
is applied to the periphery of the joined surfaces to tom
a weld line W, whereby the chip is securely fixed to the
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tip end face of the central electrode 3 to form the igniting
portion 31. To form the opposed igniting portion 32, a
similar chip is placed on the ground electrode 4 in reg-
istry with the position of the igniting portion 31 and a
weld line W is similarly formed on the periphery of the
joined surfaces, whereby the chip is securely fitted to
the ground electrode 4 to form the igniting portion 32.
The chips may be formed from a molten material ob-
tained by mixing the necessary alloy ingredients to give
the stated formula and melting the mixture; alternatively,
the chips may be formed from a sinter obtained by shap-
ing into a compact a suitable alloy powder or a mixture
of the powders of elemental metal components in spec-
ified proportions and sintering the compact.

[0021] If the chips are formed of a molten alloy, a raw
material made of the molten alloy may be subjected to
a working process including at least one of rolling, forg-
ing, drawing, cutting, shearing and blanking steps,
whereby the chips are produced in a specified shape.
Steps such as rolling, forging and cutting may be per-
formed with the alloy being heated to a specified tem-
perature (to effect "hot" or "warm" working). The tem-
perature for these steps which is variable with the alloy
composition may typically be at least 700°C.

[0022] Stated more specifically, a molten alloy may be
hot rolled to a sheet, which is hot blanked to chips of a
specified shape; alternatively, the molten alloy may be
hot rolled or forged to a wire or rod shape, which is cut
to chips of a specified length. The iridium (Ir) which is
the chief component of the chips has low ductility or mal-
leability in its elemental form; however, in the presence
of added Rh, the workability of the Ir is improved such
that the resulting alloy can be rolled or forged into a
sheet, a rod or a wire with great ease compared to the
case where Rh is not added. Stated specifically, defects
such as cracking are less likely to occur in the raw alloy
material being in the process of rolling or forging and
this in turn contributes to improvements in the efficiency
of chip production and the materials yield. It should be
noted here that the workability of the raw alloy material
will increase with increasing Rh addition.

[0023] If desired, either one of the two opposed ignit-
ing portions 31 and 32 may be omitted. If this is the case,
the spark discharge gap g is formed between the igniting
portion 31 (or the opposed igniting portion 32) and the
ground electrode 4 (or the central electrode 3).

[0024] The spark plug 100 operates according to the
following mode of action. The spark 100 is fitted on an
engine block by means of the threaded portion 7 and
used as a source to ignite an air-fuel mixture that is sup-
plied into the combustion chamber. The igniting portion
31 and the opposed igniting portion 32 define the spark
discharge gap g; since both igniting portions are made
of the aforementioned alloy, their consumption due to
the oxidation and evaporation of Ir is sufficiently retard-
ed to ensure that the spark discharge gap g will not in-
crease for a prolonged period, thereby extending the life
of the spark plug 100.
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EXAMPLES

Example 1

[0025] Specified amounts of Ir and Rh were mixed
and melted to prepare alloy samples containing various
amounts of Rh in the range of 0 to 60 wt%, with the bal-
ance being substantially composed of Ir (comparative
samples: Rh = 0 and 60 wt%). The samples were hot
rolled to sheets, from which disk-shaped chips measur-
ing 0.7 mm in diameter and 0.5 mm in thickness were
sliced by electrical discharge machining. A chip pre-
pared from a molten alloy consisting of 13 wt% Ir and
the balance Pt was also fabricated as a comparison. The
thus fabricated chips were used to form the igniting por-
tion 31 of the spark plug 100 and the opposed igniting
portion 32 (to provide a spark discharge gap g of 1.1
mm). The individual plugs were subjected to perform-
ance tests under the following conditions.

Condition A (simulating continuous running at high
speed):

[0026] A six-cylinder gasoline engine (piston dis-
placement = 3,000 cc) was fitted with the plug under test
and operated continuously at full throttle for 300 hours
at a rotational speed of 6,000 rpm (with the temperature
of the central electrode rising to about 900°C); after the
engine operation, the increase in the spark discharge
gap g on the plug was measured. The result is shown
in Fig. 3 in terms of the relationship between the Rh con-
tent of the alloy and the increase in the spark discharge

gap.
Condition B (simulating cruising on city roads):

[0027] A four-cylinder gasoline engine (piston dis-
placement = 2,000 cc) was fitted with the plug under test
and operated for 1,000 hours through cycles, each con-
sisting of 1-min idling, 30-min running et full throttle and
a rotational speed of 3,500 rpm and 20-min running at
half throttle and a rotational speed of 2,000 rpm, with
the temperature of the central electrode rising to about
780°C; after the engine operation, the increase in the
spark discharge gap g on the plug was measured. The
result is shown in Fig. 4 in terms of the relationship be-
tween the Rh content of the alloy and the increase in the
spark discharge gap.

[0028] The result of the test under condition B indi-
cates that the plugs using chips made of alloy formulae
within the range of the invention experienced only small
increases in the spark discharge gap g whereas the
comparative plugs (Rh = 60 wt%, and Pt-Ir alloy) had
the spark discharge gap increased markedly. The differ-
ence of the invention samples with respect to the com-
parisons was more pronounced under condition A of a
higher load than condition B. It is also clear from Fig. 3
that the increase in the spark discharge gap decreased
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stepwise as the range of the Rh content varied from that
of 3 to 50 wt% to 7 to 30 wt% and then to 15 to 25 wt%;
in particular, the plugs using chips containing 15 to 25
wt% of Rh exhibited a very high level of endurance in
spite of the hostile operating condition.

[0029] It should also be noted that compared to a raw
material that was solely composed of elemental Ir in the
absence of Rh, the raw alloy materials containing 15 to
25 wt% of Rh tended to develop less cracking when the
were hot rolled to sheets.

Examples 2

[0030] Specified amounts of Ir and Rh were mixed
and melted to prepare alloy samples containing Rh in
15, 18, 20, 22 and 25 wt%, with the balance being sub-
stantially composed of Ir. Chips were fabricated from
these alloy samples and used to produce spark plugs
as in Example 1. The plugs were subjected to a perform-
ance test under the following condition C which was
more hostile than condition A employed in Example 1.

Condition C:

[0031] A four-cylinder gasoline engine (piston dis-
placement = 1,600 cc) was fitted with the plug under test
and operated continuously at full throttle for 300 hours
at a rotational speed of 6,250 rpm (with the temperature
of the central electrode rising to about 950°C); after the
engine operation, the increase in the spark discharge
gap g on the plug was measured. The result is shown
in Fig. 5 in terms of the relationship between the Rh con-
tent of the alloy and the increase in the spark discharge
gap.

[0032] Itis clear from Fig. 5 that even under condition
C which was more hostile than condition B, the plugs
using the chips containing 18 to 22 wt% of Rh experi-
enced smaller increases in the gap and proved to be
more durable than the pugs using the chips containing
Rh in amounts outside the stated range.

Claims

1. A spark plug comprising: a central electrode (3); an
insulator (2) provided exterior to said central elec-
trode; a metallic shell (1) provided exterior to said
insulator; a ground electrode (4) having one end
coupled to the main metallic shell and having an-
other end facing said central electrode; and an ig-
niting portion (31,32) that is secured to at least one
of said central electrode (3) and said ground elec-
trode (4) for forming a spark discharge gap (g),
wherein said igniting portion (31,32) is made of Rh
containing alloy based on Ir,
characterised in that
said alloy contains Rh in an amount ranging from
15-25 wt%.
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2. The spark plug according to claim 1, wherein said
alloy contains Rh in an amount ranging from 18-22
wit%.

Patentanspriiche

1. Zindkerze, die umfalit: eine Mittelelektrode (3); ei-
nen Isolator (2), der auBerhalb der Mittelelektrode
angeordnet ist; ein Metallgehduse (1), das auBer- 10
halb des Isolators angeordnet ist; eine Masseelek-
trode (4), deren eines Ende an dem Hauptmetall-
gehaduse angebracht ist, und deren anderes Ende
der Mittelelektrode zugewandt ist; sowie einen
Zindabschnitt (31,32), der wenigstens an der Mit- 75
telelektrode (3) oder der Masseelektrode (4) befe-
stigt ist, so dalk ein Funkenentladungsspalt (g) ent-
steht, wobei der Ziindabschnitt (31,32) aus Rh-hal-
tiger Legierung auf Ir-Basis besteht,
dadurch gekennzeichnet, daf: 20

die Legierung Rh in einer Menge enthalt, die
von 15 bis 25 Gew.-% reicht.

2. Zindkerze nach Anspruch 1, wobei die Legierung 25
Rh in einer Menge enthalt, die von 18 bis 22 Gew.-
% reicht.

Revendications 30

1. Bougie d'allumage comprenant une électrode cen-
trale (3), unisolateur (2) placé a I'extérieur de I'élec-
trode centrale, un corps métallique (1) placé a I'ex-
térieur de l'isolateur, une électrode de masse (4) 35
ayant une premiere extrémité couplée au corps mé-
tallique principal et ayant une autre extrémité tour-
née vers |'électrode centrale, et une partie d'alluma-
ge (31, 32) fixée a une électrode au moins parmi
I'électrode centrale (3) et I'électrode de masse (4) 40
pour la formation d'un espace (g) de décharge
d'étincelles, dans laquelle la partie d'allumage (31,

32) est formée d'un alliage a base d'iridium conte-
nant du rhodium,
caractérisée en ce que 45
I'alliage contient du rhodium en quantité com-
prise entre 15 et 25 % en poids.

2. Bougie d'allumage selon la revendication 1, dans

laquelle l'alliage contient du rhodium en quantité 50
comprise entre 18 et 22 % en poids.

55
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