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4 ‘Claims.
1

‘The present invention relates to a method
and apparatus for testing spark plugs and more
particularly to & method and apparatus for test-
ing ‘the ihsulating properties of “the cveramic
portions of assembleg spark pluss.

In the manufacture of spark pluzs, the ceramie
portions thereof are frequently cracked or other-
wise damaged so that their insulating prop-
erties are impaired. 'The extent to which this
impairment of the insulation adversely affects
the operation of the plug is dependent upon the
region in ‘whieh the erack or othér damage oc-
curs and the extent of the crack. Thus, a plug
may fail to ighife the fuel mixture in an engine
if the Insulating bushing or the insulating sleeve
is defective. On the other hand, a plug with
a cracked or broken nhose may continue to ignite
the Tuel mixture if the plug remains gas tight.
It is therefore of importance in testing spark
plugs to determine both the region and the éex-
tent of damage to the ceramic portions of the
plug in order to determine adegquately the effect
of this daiage on the operation of the plug.

The present invention proposes to test the
insulating properties of a spark plig by immers-
ing the lower énd of the plug in a liquid insulat-
ing medium, Such as oil, to insulate the elec-
trodes from each other. The upper insulating
portion of the plug is maintained at a low pres-
sure in order to permit a spark to jump easily
across any possible crack in thé ceramic por-
tions of the plug. A source of high potential
is then applied across the electrodes of the plug
and across an auxiliary air gap, and areing
across the auxiliary gap is indicative of proper
plug insulation.

An object of the present invention is the pro-
vision of a method and apparatus for determin-
ing the insulating properties of spark plugs.

Another object is to provide a method and ap-
paratus for determining the location and the
extent of damage of the insulating portions of
a spark plug.

A further object of the invention s to pro-
vide a method and apparattis for testing a Spark
plug in which proper operation of the plug is in«
dicated by arcing -across an auxiliary air gap.

Still another object is to provide a method
and apparatus for testing spark plug ivisulation
inwhich the upper portion of the plug is main-
tainéd at a low pressure.
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A still further object is to provide a method
and apparatus for testing spark vlug insulation
in which ‘the adjacent portions of the electrodes
are immersed in an insulating medium to pre-
vént ‘sparking thereacross.

The exact natute of the present invention as
Well as other objects and advantages theréof will
be readily apparent from consideration of the
following detailed deseription reélating to the an-
hexed drawing in which:

Pig. 1 is & front elevational view, partly in
section, of one form of apparatus for carry-
ing out the present invention;

Fig. 2 is a partial sectional view of ‘the base
of the chamber of Fig. 1, illustrating the posi-
tion of a spark plug to be tested;

Fig. 8 is a top plan view of the apyaratus of
Fig. 1 with the jar or cover removed:

Fig. 4 is a wiring diagram of the electrical
apparatus of Fig. 13

Figs. 5 and § are front sectional views of two
forms of spark ‘plugs ‘that may be tested accord-
ing to this invention:

Fig. 7 is & front glevational view, partly in sec-
tion, of one form of insert aceording to this
invention;

Fig. 8 is 4 pérspective view of a pronged insert
according to this invention; and

Fig. 9 is a front elevatlonal view, partly in
section, -of a plug for use with the spark plug
of Fig. 6.

Referrlng niow to the drawings, whersin like
refererice characters designate like or corre-
spondmg parts ‘throughout the several views,
there is showh in Fig. 1, which illustiates 4 pre-
ferred etiibodiment, a frame i1 which Supports
a top plate 12 and an intérmediate plate o shelf
12, ptates 12 and I3 preferably béing constructed
of insulating material, such as laminated
phenohc
are a plurality of legs 14 which support the
spark plug testing chamber, ‘generally demgnated
a8 15, chamber 15 eomprising 4 base 16 and a
cover 17, such as & conventional bell jar, detach-
ably secured theréover. The auxiliary spark
gap system, generally designated as I8, i§ also
mounted on plate 12, system 18 -comprising a
central grounded €ledtrode 19 and & plurality of
adjustable eleetrodes 21 distributed ‘theresbout,
a$ shown in Fig. 3.
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Base {§ of chamber 15, as shown in Fig. 2, com-
prises a conducting disc 22, preferably made of
stainiess steel, and a pair of insulating discs %3
and 24, preferably made of laminated phenolic.
Disecs 22, 23 and 24 are assembled together in the
manner shown in Fig. 2, preferably by cement-
ing with neoprene and clamping with stainless
steel bolts 25. Disc 22 has a central aperture
26, for a purpose to be described later, and a
plurality of apertures 27 circumferentially
spaced about disc 22 adjacent the periphery
thereof, each of apertures 27 being arranged to
receive a spark plug 28 to be tested.

Lower insulating dise 24 is tapered downwardly
from opposite ends toward the center, while up-
per insulating disc 23 is machined so as to be
thicker at the outer portion, as indicated in Fig.
2, the thickness of disc 23 being preferably 1
inch on the outer portion and one-quarter inch
on the inner portion. Discs 23 and 24 are pro-
vided with a plurality of circumferentially spaced
apertures, not designated, the apertures in one
disc being aligned with the corresponding aper-
tures of the other. Into each pair of aligned
apertures is inserted a contact element 29, pref-
erably a threaded stainless steel bolt, for con-
tact with the central electrode of one of the
spark plugs 28 to be tested.

Mounted downwardly on shelf 13 is a drum 31

which is partially filled with the liquid insulat- 2

ing medium, such as transformer oil. The lig-
uid medium is forced up into chamber (5 by
the opening of valve 32, one side of which is
connected to the upper end of drum 31 by means

of line 33 and the other side of which is con- 3

nected to the atmosphere by means of orifice
34 and air dryer 35, such as a silica jel dryer,
The lower end of drum 31 is connected to cham-
ber 15 by means of line 36 which extends through
disc 23 into the passage 37 formed between discs
22 and 23. Passage 38 hetween dises 23 and
24 serves as a reservoir for any fluid which
may leak past disc 23.

An overflow vent 39 extends centrally through
dises 23 and 24 in alisnment with aperture 26
and has its upper end aligned with the lower
surface of disc 22. Vent 39 communicates hy
means of line 41 to the upper end of a drum
42 mounted upwardly on shelf {3, drum 42 com-
municating at its lower end with the upper
end of drum 31 by means of line 43 and con-
trol valve 44 therein. Drum 42 also communi-
cates with a vacuum pump 45 by means of line
46 and valve 47 therein, there being a pressure
gage 48 in line 486.

In operation, the plugs to be tested are in-
serted in apertures 271 and positioned so that
the central electrode of the plug contacts con-
tact element 298. Cover i1 is then placed over
base 16, the joint between cover IT and base
i6 being made air tight, preferably by cement-
ing a thin sheet of neoprene to the base of
cover I1. Valve 32 is then closed, and valves
44 and 47 are opened. An adjustable valve 49
in line 36, shown in the form of an adjustable
clamp, is also opened.

Pump 45 is then operated to evacuate cham-
ber (5 to a predetermined pressure, as indicated
by gage 48. When this pressure has been at-
tained, valves 44 and 41 are closed, valve 32
opened, and valve 49 partially closed in order
to regulate the flow of fluid into passage 31.
Fluid is permitted to enter passage 31 slowly
until the fluid level is visible through aperture
26 in disc 22. When the fluid level is visible,
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valve 49 is closed and the height of the fluid
is controlled by overflow vent 39.

The electrical connections from the magnefo
distributor block, not shown, are made as in-
dicated in Fig. 4. To prevent sparking across
the auxiliary gaps, regardless of the condition of
the plug, it is necessary to connect the shell of
the plug to the grounded side of the auxiliary
gap with a flow impedance conductor. This is
done by means of a copper strip 5f{ from cen-
tral electrode 19 to leg {4, leg i4 making elec-
trical contact with the shell of the plug through
bolt 25 and disc 22. A terminal §2 on leg {4 is
connected to the base of the magneto, so that
the potential difference between the festing unit
and the magneto is relatively small.

If the auxiliary gap fires when the magneto
is started, the plug in parallel with this gap is
satisfactory. If the auxiliary gap fails to fire,
it indicates that the plug in parallel therewith
is defective. By making electrode {8 of stain-
less steel 1 inch in diameter and one-eighth
inch thick, and by making electrodes 2i of stain-
less steel having a one-sixteenth inch radius at
the sparking ends, an auxiliary gap setting of
0.025 inch would require a breakdown voltage
equivalent to that required for a three-eighths
inch gap under a pressure of one atmosphere
This breakdown volt-
age is less than that of the spark plug electrodes
when submerged in oil, if the gap thereof is
not less than 0.014 inch,

In order to determine accurately the region
and extent of damage to the ceramic portions
of the plug, reference is now had to Figs. 5 and 6,
which illustrate two forms of conventional spark
plugs that may be tested by the method and
apparatus of the present invention. In Fig. 5,
the spark plug is shown as comprising a cen-

. tral electrode 53, an outer shell 54 having ground
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electrodes 55 affixed thereto, a conducting ring
56, an insulating bushing 57, and an insulating
sleeve 58. Similarly, the spark plug of Fig. 6
comprises like elements, designated 63 to 88 in-
clusive.

If a crack occurs in insulating bushing 517
or 67 in the region designated A, the spark plug
will fail to ignite the fuel mixture if the spark-
ing voltage between center electrode 53 or 63
and shell 54 or 64 through the crack is less than
the sparking voltage across the plug gap. The
plug may fail if this crack becomes filled with
conducting products, regardless of the spark-
ing voltage through the crack. If a ecrack occurs
in bushing 57 or 61 in region B, the probability
of misfiring decreases as the location of the
crack approaches top terminal 59 or 69 of elec-
trode 53 or 63. For cracks in this region, the
probability of gap firing failure is much greater
for the type of plug of Fig. 5, since the space
between bushing 87 and sleeve 68 in this region
is sealed.

For cracks in insulating sleeve 58 or 68 in the
region B, the probability of misfiring increases
as the crack approaches top terminal 53 or
69. The greatest probability of plug failure arises
for cracks occurring in sleeve 58 or 68 in the
region designated C.

In testing spark plugs of the type shown in
Fig. 5, the pressure should be reduced as much
as possible without causing sparking from the
top terminal 59 to ring 56, or from terminal
53 to portion 54’ of shell 54. In actual tests,
a pressure range of 4 to 16 inches of mercury
was utilized, and it was found that this type
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of plug may be tested satisfactorily over a pres-
sure range of -8 to 16 inches of mercury. At
a pressure of 8 inches of mercury, a discharge
should take place between electrode 53 and shell
54 if bushing §7 is cracked in the region desig-
nated A, B and the portion of C near termi-
nal 59.

If this procedure indicates that the plug is
satisfactory, additional tests are made to de-
termine the condition of sleeve 58. To perform
this operation satisfactorily, it is necessary to
increase the potential gradient in sleeve 58. This
is done, according to the present invention, by
the insertion of a metal cylinder or insert 7,
as shown in Fig. 7, into the plug between termi-
nal 8% and ring 56. The position of insert 7¢ in
the plug is indicated at 11 in Fig. 2. Tests have
shown that this procedure greatly increases the
average gradient in sleeve 5§58, the average gradi-
ent in the air space betwaen insert 7f and sleeve
58 being 160 kv. per inch when 10 kv. are applied
across terminal 5§ and shell 54.

With insert 71, all cracks in sleeve 58 except
those very close to the top or bottom thereof may
be detected readily. If the test still does not indi-
cate failure, it is then necessary to determine
the condition of the nose of the plug. As pointed
oub above, a plug may continue to ignite the fuel
mixture, even though the nose thereof is cracked

or broken. Therefore, in order to increase the :

gradients in the nose region and consequently
decrease the sparking distance necessary for a
discharge through a crack in the nose, a pronged
insert &, shown in Fig. 8, is inserted in the lower

chamber of the plug. This insert 81 is indicated 3

at §i in Fig. 2.

Actual tests have shown that this procedure
will indicate failure of the plug over the en-
tire pressure range, even though this failure was
not indicated in the earlier tests without in-
sert 8f. In using insert 81, it is necessary to keep
the oil off the prongs thereof, or the oil will
serve as an insulator and will lower the prob-
ability of a discharge through the cracked nose.
‘When the temperature of the oil is low, the thick-
ness of the film collecting on the prongs of insert
81 may be great enough to give complete protec-
tion against discharge. It was found that the
best results were cbtained when the oil was at
a temperature of 70° to 85° F.

In testing plugs of the type shown in Fig. 6, a
pressure range of 6 to 16 inches of mercury may
be utilized, the lower limit being preferred. An
insert similar to insert Tf is used to detect sleeve
damage, except that this insert may have a por-
tion thereof extend into the region between
sleeve 68 and bushing 7. This is not possible for
plugs of the type shown in Pig. 5, since portion
54’ of shell 54 is not insulated. A pronged insert
similar to insert 8! is used in detecting cracks
in the nose of plugs of the type shown in Fig. 6.

Tor plugs of the type disclosed in Fig. 6, an
insulating plug 8!, preferably of rubber, may be
inserted in the upper portion of the spark piug.
The configuration of plug 9! is shown in Fig. 9,
there being a central aperture 92 therethrough
to permit passage of air, and its position in the
spark plug is shown in Fig. 2. When plug 91 is
used, the pressure in chamber {5 may be reduced
to 1 or 2 inches of mercury without any dis~
charge occurring between terminal §9 and ring
§8, thereby making possible ready detection of
cracks in the nose. Plug 91 will not be effective
when used with spark plugs of the type shown in
Pig. 5, because there still remains a discharge

10

30

45

50

55

60

85

70

75

6
path from terminal 59 to portion 54’ of shell 54.

After the tests are completed, valves 47 and 49
remain closed and valves 32 and 44 are opened
thereby opening chamber 5 to the atmosphere.
When the pressures inside and outside of cham-
ber 15 have equalized, jar i1 is removed. In this
manner, the air entering chamber {5 is dried by
means of dryer .35, thereby preventing any cor-
rosion.of base {8 or the sealing means employed.

Although the means for maintaining the spark
plug electrodes insulated and for maintaining
the upper end of the plug at a lower pressure
have been described with particulsrity, it is clear
that well-known means other than that dis-
closed may be utilized without departing from
the spirit and scope of the present invention.
Thus, chamber 15 may be completely isolated
from the insulating fluid reservoir, and the
means for reducing the pressure made com-
pletely independent from the means for supply-
ing fluid. Similarly, the means for obtaining the
auxiliary spark gap may be different from that
described.

It is therefore to be understood that, within
the scope of the appended claims, the invention
may be practiced otherwise than as specifically
described.

What is claimed is:

1. In apparatus for testing the insulation of a
spark plug having electrodes adjacent the low-
er end thereof, the combination comprising a
sealed chamber, container means positioned ad-
jacent said chamber and having a liquid insulat-
ing medium therein, means for mounting the
plug in said chamber with its lower end im-
mersed in the insulating medium whereby normai
current flow between the electrodes is prevented,
means for at least partially evacuating said
chamber, and means extending through said
liquid insulating medium for applying a high
electromotive force between the -electrodes
whereby current is permitted to flow across dam-
aged plug insulation between the electrodes, and
means preventing discharge of said electromotive
force across the upper ends of said electrodes in
the sealed chamber.

2. The combination according to claim 1, and
an auxiliary electrical path spaced from said
sealed chamber, and means for simultaneously
applying said electromotive force across said
auxiliary path whereby current flow through said
auxiliary path is indicative of the sound condi-
tion of the insulation of the plug under test. .

3. Apparatus for testing the insulation of g
spark plug having electrodes at the lower end
thereof, said insulation extending the length of
the plug between the electrodes from a point ad-
jacent the lower ends thereof, the combination
comprising a sealed chamber, container means
positioned adjacent said chamber and having a
liquid insulating medium therein, said sealed
chamber and said container means being sep-
arated by a base plate which is adapted to receive
said plug so that the upper end is positioned in
said sealed chamber and the lower end is posi-
tioned in the liquid insulating medium, whereby
normal current flow between the lower ends of
the electrodes is prevented, means extending
through said insulating medium for controlling
the level thereof and permitting at least partial
evacuation of said chamher by pump means as-
sociated therewith, means extending through
said insulating medium and connected to one of
said electrodes for supplying a high electromotive
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force between the electrodes whereby current is
permitted to flow between the electrodes across
damaged portions of the insulation therebe-
tween, and means preventing discharge of said
electromotive force across the upper ends of said
electrodes in the sealed chamber.

4. The combination according to claim 3, and
an auxiliary electrical path spaced from said
sealed chamber, and current means for simul-
taneously applying said electromotive force
across said auxiliary path whereby current flow
through said auxiliary path is indicative of the
sound condition of the insulation of the spark
plug under test.

MELVILLE F. PETERS.
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