July 26, 1949. T. TOGNOLA » 2,477,273
METHOD OF MAKING IGNITION APPARATUS )
Filed Aug. 28, 1942

7z :
i AGITATE AGITATE .
% & AND AND
EYRCURTE EVACURTE <o
| | - 3
z . \ \ [l > 5
| ’ ' T
\ L i A
} I3 N RS
| 74 | i
| ' || b
GE . &7 Pt 1 i
'5 h = 5N S| :.‘: vy
- AN W e L ol
T 40 3NJz === < T 15 ;i_f:_ ::_:E »
" ‘ e »
: | Yeeor 72
R P71 }
: a9 (107 47 ‘ . ': 1 27
] | F
: ‘”l % ! g . : i ; I' - N =
| Jg
%|! X 11;5 ] 0.4 “ e = %0
= |
: || 23 ‘H 5 : j/i E' . ;\ i 8‘{2
! 3, A5 1 >
I ¥ EYSN A3, 9
| | ‘ } FF I
: Iz “l ' | 3. |
' » - ' F6 >
]
E l | | | Z JZ
{ leo ‘ I : ' 461
I = !
! - - 18 Ll ! .
| |zl | | =
I
! i
! |
! |
L !
| I
l |
| |
: i
7

Ca

Fsconi Juih

ATTORNEY




Patented July 26, 1949

2,477,213

UNITED STATES PATENT OFFICE
2,471,243

METHOD:OF:MAKING IGNITION APPARATUS

Tullio Tognola, Sidney, N. ¥.,assignor to-Bendix

‘Aviation Corporation, Seuth.Bend, Ind,, a cor-
-poration of Délaware
.Application. August 28, 1942, Sefial'No.456;56%

(ClL.:18—59)

14Claims.

1
‘Mhis .invention relates.to. methods for making
électrical structures impregnated-with insulating
material.

“The desirability .of -filling the easings.of i,gni-i

tion-coils -and .the like .with. suitable insulating
materidls .and .at .the same time thoroughly. im-
pregnating the contents.of .the.casing .with said
materials_has long been recognized but.no satis-
‘factory method of accomplishing the filling in a
satisfactory manner with-a. satisfactory material
has heretofore. been found. With .processes and
materials “heretofore .practiced . and .used . it -has
nat been possible to.completely fill the device with
a suitable dry_substance.-which:has the necessary
slectrical, heat resisting and moisture repellant
gnalities.

‘Tt is. accordingly one.of the objects of .the pres-
ent.invention-to provide a novel method for mak~
ing ignition apparatus, such as ignition coils.and
shielding harnesses, wherein the wires for carry-
ing electtical current. are encased and embedded
in-an insulating. material.

Another object of the invention is.to provide
a-novel method for filling and impregnating. ig-
nition -equipment .with an .insulating material
consisting -chiefly .of processed .ail .obtained. from
the shells .of cashew nuts or.substances having
similar-properties’ when suitably processed.

A “further-object is.to_ provide a novel method

of-making filled or impregnated.ignition appara- |

tus-wherein-the-filling or impregnating material
‘fcqnsi‘sts ofa liquid.adapted to dry through chemi-
¢al regetion-with or without the application.of
‘heat.

“The above and-further objects and.novel fea- .

tures -of ‘the invention will . more 'filly appear
‘from-the following: detailed description when.the
same-is-regd-in connection with the accompany-
ing “drawings. Itis to be -expressly understood,
however, that ‘the drawings.are for the purpose
of flustration only and are not .intended .to.de-
fine’ the limits of the invention, reference. for-this
1atter purpose “being ' had. primarily .to .the .ap-
pended-claims.

“In the’drawings, wherein Jike reference:char- 45

atters réferto; like .parts.throughout.the several
views,

“Pig. 1:is a side elevation, partly in section.and
with parts broken away,.of .one type of apparatus

+which Tay he employed .in earrying .out .the 50

process of .the invention;
“Pig. *2.is ‘a.sectional view .of .said -apparatus
taken stibstantially.on line. 22 of:Fig.:1;-and
“Pigure’3.is adetail section: showing. the.shrink-
age reservoir in . place and. fall.

The .novél .process .comprehended by the in-
~wention is.described Jbelew,.by . way .of example,
in‘its application.to the.impregnation .of ignition
‘coils. and’ the simultaneous: filling. of: the. casings
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which.has:been found to.be particularly suitable
for -filling .coils .and radio-shielding harnesses
consists  of .a praduct resulting from the proc-
essing .of :the cashew nut. shell oil in accordance
with [U..S.. patents issued to The Harvel Corpora-
tion, .such .as Harvey Patents Nos. 1,725,797,
1,838,077 .and 2,128,247, A filling material .thus
constituted is stable.and durable and has exeel-
lent . heat. resisting:and insulating .properties, -as
well.as being .yieldable.and hence:not subj ect to
cracking .under -vibration.or shock.

.One _suitable .apparatus .adapted for use .in
carpying .out -the .method -of the invention and
particularly.adapted.for.filling and-impregnating
an .ignition coil.5 .is .shewn in the drawings, by
way.of example. The.coil. may be.of any suitable
design, the one shown comprising a laminated
metallic -core.6-0n whieh primary and secondary
windings -1 and 8 are wound. The windings .and
the central .portion of .core.§. are enclosed. in.a
casing which, as.fllustrated, comprises.a shell 9§
of .molded . insulating . material and end walls or
plates.t9 and i of similar material surrounding
the .projeeting .ends.of core:6. The.coil casing

. is preferably -xendered substantially. air-tight by

use. of:lacquer, waX, or.other. suitable substances
at the inner.and outer, peripheries of end .plates
‘19.and 11.if these are nhot integral with shell 9.
The walls .10 and .11 are provided -with small

. ODenings 12.and.13, respectively, the former serv-

ing as.an.inlet for:the-filling. compound and the
latter.as a bleed hole for-air and the filling com-
pound. These openings 12 and 13 are preferably
located as far away-from one another as is prac-

s+ tically .possible jn .order fo insure & thorough

Jimpregnation.of .the. coil windings as-the filling
compound.finds.its . way. from the inlet 12 to.the
bleed:hole 13,

The mechanism shown for filling coil 5 -com-
prises a.stationary support or member 14 mounted
on.a.kable.or bench in any suitable. manner. (not
Shown). .Attached to.the.bottom face .of: mem-
ber.14.by. holts..15 is.a. blate 1§ -which has a gasket
17.0f.rubber or.other .suitable.material counter-

_sunk. in.the -periphery.thereof.and held: in place

by .a bracket -18. -Suspended.from plate 16-is-a
rigid supporting cradle :consisting of -two.straps
19, which_are..secured .to the,plate by bolts -20,
and.a crosssbiece .2 ssecured.to the lower ends of
straps. L9.

_Cradle.19,.21 serves as a mounting-for suitable
supporting apparatus for. coil.5.whereby the latter
may :be.raised..and. lowered. into. and::.out of con-
taet .with an. adapter.plate 22 to be hereinafter

86 described. .Said .supporting -apparatus, -in :the

form.,shown, consists of:a.bloek:23 having a hore
for.stidably -receiving a-spindle:24. The upper
portion-of -the:latter: is. threaded .and has:a nut
25:threaded: thereon.which-rests upon- the: upper

theréfor with,insulating. material, .One:material @0 surface of block 28 and may be turned in-oppo-
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site directions by means of suitable handles 26
to effect a raising and lowering of spindie 24. The
latter is prevented from turning by a pin 21,
which is mounted in block 23 and extends into .
longitudinal slot 28 in spindle 24. On the upper
end of said spindle there is preferably mounted
a tray 29 for catching any filling material that
flows out of coill casing § through bleed hole {3,
sald tray being held against rotary movement, if
desired, by a pin and slot connection 30, 31 with
spindle 24.

Loosely mounted on tray 29 is an adapter as-
sembly which may be varied to suit the particular
type of coil or other unit being filled. In the
form shown, said assembly comprises a member
32 which is centered by the reduced upper por-
tion of spindle 24 and rests upon the central por-
tion of tray 29. A plate 33, which engages the
lower face or end of coil §, is resiliently supported

on member 32 by a plurality of springs 34, of

which there are preferably four, that surround
guide pins 35 which are attached to plate 33 and
slidably extend through passages in member 32,

The specific structure of plate 33 will depend

upon the particular coil or other unit for which ¢

it is adapted. As shown, adapter plate 33 is
provided with a passage 36 for receiving the lower
end of coil core 6. It is also provided with a
groove 37 at the periphery of plate 33 (Fig. 1) for
the purpose of clearing bleed opening 13 to permit
air and filling compound to flow out, through the
latter.

Mounted on the lower face of plate 16 directly
above coil § is the upper adapter plate 22, the

construction of which also depends upon the 2

contour of the device being filled with insulating
compound. As shown, plate 22 is countersunk
for receiving the end of core 6 and is provided
with a slot 88 in the upper surface thereof for

directing the filling compound. Slot 38 is con- 4

nected at one end with a passage 39 leading to
inlet opening 12 and at its other end to g central
threaded opening 48§ in plate 6. A supply con-
tainer 4f for filling compound 42 is provided at
its lower end with a threaded extension or nipple
threaded into opening 40. The compound will
thus flow through outlet 43 in the bottom of
the container, through slot 38 and bassage 39 into
the coil casing through opening 2. If desired,
a gasket 44 of cork or other suitable material
may be interposed between the upper face of coil
% and adapter plate 22 to render the contact be-
tween coil 5 and plate 22 substantially air and
liquid tight.

Container 4! is fitted with a valve 45 for open-
ing and closing outlet 43. Valve stem 46 is guided
at its lower end by a bracket 4T and has external
threads at the upper end thereof which cooperate
with internal threads on a bracket 48. Handles
48 may be fixed to the upper end of stem 46 for
the purpose of turning it to thereby move valve
45 to closed or open position.

Coil § and its supporting structure may be en-
closed by a removable jar 50 which is breferably
made of glass. The upper edge of jar 59 fits
against gasket {71 (Fig. 2). The air may be ex-
hausted from said jar and, hence, from the in-
terior of coil 5 by means of a conduit 51 which is
fixed in an opening in plate 16 and connected
through 2 valve 52 with a suitable source of
vacuum, such as a suction pump (not shown).
The interior of jar 50 may also be connected with
atmosphere through a small bleed hole 53 in the
end of a pipe through which flow is controlled
by a valve 54.
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A suitable pressure gauge 55 may be provided
for indicating the pressure within jar 50 and a
support or pad 56 may be suitably hinged or
otherwise suitably supported so that it may be
swung beneath jar 50 to obviate dropping and
breaking of the latter if the vacuum within the
jar should fail. The detailed operation of the
above-described apparatus will appear from the
following description of the novel process com-
prehended by the invention.

In carrying out the process of the invention as
applied to coil 5, the primary and secondary
windings 1, 8 of the coil are wound on core §
and then thoroughly dried in g vacuum oven,
The winding and core assembly is then placed
in casing 9, 10 and cover 11 is put in place. - The
other end 10 of the casing may be integral with
shell § or, if it is not, it may be installed in the
Same manner as cover {{. The outer rim of cover
{1 is coated, before it is inserted in shell 8, with a
sealing substance, such as tacky “Bakelite” var-
nish or lacquer to hold the same in place and ren-
der the joint substantially air-tight. In addition,
varnish or some other sealing substance may be
placed on the joint after the cover is in place.
Any spaces between core 6 and the beripheries
of the openings in the ends 10, 11 of the coil casing
and any openings for electrical leads or the like
may be sealed with valspar putty or a similar
sealing substance. The encased coil is then dried
again in a vacuum oven, after which it is ready
for filling with the insulating compound 42.

One compound which has been successfully
used in carrying out the process comprises g
mixture of processed cashew nut shell oil and
paraformaldehyde, formaldehyde, or a similar
reaction agent. In breparing this compound or
mixture, three parts by weight of powdered para-
formaldehyde are slowly added to and simultane-
ously thoroughly mixed with 100 parts by weight
of processed cashew nut shell oil, such as that
known commerecially as Harvel No. 621 made by
Irvington Varnish and Insulator Company,
Irvington, New Jersey, said processed oil having
a viscosity, at 75° to 80° F., of about that of heavy
liquid lubricating oil. After these ingredients
have been thoroughly mixed in an open top
container, the latter with the mixture therein is
placed under a high vacuum in a bell jar or the
like and the mixture is stirred vigorously for
several minutes. After stopping the mixer or
agitator, the filling mixture is submitted to at-
mospheric pressure again. This vigorous mixing
or stirring under vacuum should be repeated one
or more times for the purpose of removing sub-
stantially all air and gases from the mixture.

When substantially all of the gases have been
removed from the mixture in the above manner,
it is placed in container 41 while valve 45 is in
closed position. With the coil held firmly be-
tween adapter plates 22 and 33 in the manner
shown in the drawings and after a high vacuum
(preferably 28 to 30 inches) has been established
in jar 50 by opening valve 52, the valve 45 is moved
to open position by turning stem 46 with handle
28. The compound 42 is then forced from the
container by atmospherie pressure into the evacu-
ated coil casing through inlet opening 12 and
fills all of the voids therein, some finally reaching
and flowing out through bleed port 13.

After a small amount of the filling compound
42 has come out through hieed port 13 and such
flow is smooth and continuous, thereby indicating
that the coil casing is completely filled and the
coil windings are impregnated with the compound,
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the vaeuum valve 52 is closed and -atmospherie
yalye 54:ds opened to.permit the entrance of -air
through-epening 3. The latter is preferably very
small:so that the change from full vacuum to at-
seospheric.pressure within jar §0.takes:place slow-
iy. -Suceess has been had hy employing an gt~
1noespheric bleed port §3 of such:size that it re-
quires. from:abeut thirty seconds’ to:a minute-for
the .complete pressure change. The pressure
change-shéuld:be sufficiently slew to prevent any
backing up of the liquid filling compound :in-the
coil-casing idue to:the pressure at bleed port 3.
After atmospheric pressure has been:restored in
jar 58, as indicated:by gauge 55, the jar is removed
and af*apt v plate 33 is lowered away.from coil
§.by turning nut 25 while the coil-ismanually: held
by the operator against adapter plate 22. The coil
should-be drawn-away.from the latter plate at the
same time that valve -45.is;moved toward -closed
position, The valve is constructed in such a-man-
ner.as to serve during the closing movement there-
of as a.plunger for foreing filling compound 42
toward fhe.coil and out through hole {3, thereby
preventing any of the-compound from being pulled
eut, of the ecll. easing through opening 12 due to
;ts viscosity and preventing tbe entrance:of any
air through hole 13.

Immediately after removal of ‘the coil in this
manner, a cover, such-as adhesive tape, is placed
over opening 43 :and a. small hollow cylinder 86
of any suitable material, which serves as a reser-
veir, is placed.on-end on the end 18 of the casing
around -opening 12 and filled with some of the
filling comnound 42. If there-have been any bub-

bles-in the filling material within the casing, this 4

additional compound will-he drawn into the coil
casing when the bubbles contract after removal
of the.coil from the vacuum chamber or when any
settling of the compound occurs for any other rea-
SCR.

The fitled coil is then preferably placed.in.an
ovenand baked for the purpose of speeding up the
chemical setting of the liquid compound 42. Suit-
able baking fer -a coil -of the type illustrated in
the drawings may. require approximately 15-hours
at 120° . and then 4 hours at 200° F. The times
and temperatures may differ for different size
and types of ‘filled units. “In the filling of radio-
shielding harnesses and other devices whichdiffer
eonsiderablyin shape from coil ‘5, it is necessary
to-employ apparatus which differs con51derably in
design from-the apparatus illustrated but thefun-
damental.method employed is the same:

T'here is thus provided & novel:method for mak-
ing 1gmtlon“dev1ce such as-coils, radiosshielding
harnesses, -ete., which are-filled after .complete
assembly with msulatmg material which may.be
injected.into the same in ligquid form and whieh
sets without-appreciable shrinkage to a dry, yield-
able solid that is not affected by high tempera-
tiires or moisture and has good insulating proper-
fies. The invention also comprehends a mnovel
mwethod for filling such devices whereby: the.outer
surface of the device is not contaminated in any
way with:the filling material.

-Although the method of this invention has been
deseribed. in its application:to the filling of ‘en-
cased ignition. coils, it is to.be_expressly under-
stood that the-invention is not limited thereto.
Tt will-also be understood that the process. of the
invention may be carried out with apparatus other
than the -specific apparatus illustrated ‘in :the
drawings. Other variations which will now be
apparent to those skilled in the art may also be
made in the specific details of the method and
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6
appatatis -described without-departing from ithe
Soirit.andiseope-of $he invention. For:a definition
of the limits of the -invention, :reference :is had
Primarily $o:the appended-claims.

Whatis claimed is:

1 The method of vacuum ﬁllmnr ami 1mpreg-
stanﬁlally ﬂuxd ..t_lght c_a,smg exc.ept f_01 _one SOr
more:filling holes-and-one.or more-bleed: holes.ad-
jacent the opposife.ends thereof, which nrethod
eonsists:in placing said-casing in-a:chamber with
the interior-of -the easing.in communication with
the ehamber throughwa bleed-hole, evacuating said
<hamber -and ‘casing, subjecting a liguid filling
comzpound to g stirring action under vacuum to
reimove substantially all free gases therefrom, em-
Rloying the -vacuum in said -chamber to ‘inject
said gas-free-compound through o filling hole‘into
suadd easing .until said compound flows from said
bised Jhole, slowly admitiing -air to the ¢hamber
to -gradually reestablish -atmospheric :pressure
{herein, .and subjecting the filled casing to. heat
to accelerate the setting of said compound.

‘2. The method of:filling and impregnating igni-
tion apparatus with.an insulating ecompound, said
apparatus being of the typehaving a casing which
is-substantially fluid-tight except for fifing:and
outlet - openings therein, said filling -and -outlet
openings:heing remotely spaced from :each other,
which: ineludesithe. steps: of placing said casing in
a-ehamber :with the interior of the casing in com-
inynication with said ¢haniber ‘through said-out-
let opening,-evacuating said-ehamber and.casing,
subjecting & liquid filling compound to stirring
aetion under-vacuum to remove:substantially -all
iree.gases therefrom, injecting said compound in-
to said easing through said filling obening: until
the casing is filled, -and slowly admitting  air “to
said chambper for gradually reestablishing -atmos-
pherie pressure therein.

3. The:method of:insulating ignition apparatus
and thedike with a liquid compound, said- appara-
$us deing.of the type having a-casing ‘which-is
substantially fluid-tight except for filling and out-
let openings:therein; said filling and -outlet open-
ings'being remotely spaced fromeach other, which
consists’in-plaeing said casing in a chamber with
the interior of the casing in communication with
said ehamber through said outlet opening, evacuy-

ating said chamber and casing, subjecting a quan-
tity -of -processed cashew-nut-shell .oil to-a stir-
fing action while slowly adding thereto a. _pow-
dered drying agent, such as paraformaldehyde,
subjecting the resulting mixture to a stirring. ac~
tion in an .evacuated. space, injecting -said. com-
pound into.said. casing through said filling open-
ing uniil the casing.is. filled, and slowly admitting
air to_said chamber.for gradually reestabllshmg
atmosphenc pressure therein,

-4. The:method of insulating ignition apparatus
of the.type: having & casing which encloses elee-
trical conductors, which inecludes the steps . of
evacuating the:interior of said casing, subjecting
a lguid insulating compound to a stirring ac-
tion under vacuum for removing substantially all
free .gases ‘therefrom, injecting said -compound
into the interior.of said evacuated casing to com-
pletely-fill -the latter and 11eau1ng the-casing to
solidify : the .compound.

-5, The method:of insulating ignition-apparatus
of -the:type having a casing-for -enclosing -elee-
trical conducting: means, which: consists in-sub-
jecting a flowable insulating substance to a stir-
ring action under vacuum for removing substan-~
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tially all free gases therefrom, evacuating said
casing through an opening in one side thereof,
and injecting said substance into said casing
through an opening in the other side thereof un-
til said casing is filled with said substance,

6. In the method of insulating ignition appara-
tus of the type comprising a casing, the steps of
subjecting a liquid filling compound to stirring
action under vacuum fo remove substantially all
the free gases therefrom, placing said casing in
a closed chamber and evacuating said chamber
and casing, injecting said compound into said
casing through an opening in the wall thereof,
and slowly subjecting the casing to atmospheric
pressure,

7. In the method of insulating ignition appara-
tus of the type having a casing, the steps of re-
moving free gases from g liquid substance having
a relatively high viscosity, evacuating said cas-

ing, injecting said liquid into said evacuated eas- -

ing through an opening in the wall of the latter,
and slowly subjecting the easing to atmospheric
pressure.

8. In the method of insulating ignition appara-
tus of the type having a casing, the steps of re-
moving free gases from a liquid substance hav-
ing a relatively high viscosity, injecting said liquid
into said evacuated casing through an opening
in the wall of the latter, gradually reestablish-

ing atmospheric pressure. in said casing, and :

thereafter placing a reservoir of said substance
in eommunication with said filling opening while
the liquid substance settles and sets in said
casing.

9. In the method of insulating ignition appa- ¢

ratus of the type having a casing, the steps of
stirring a quantity of polymerized cashew-nut-
shell oil while slowly adding thereto a drying
agent, such as paraformaldehyde, removing sub-
stantially all free gases from said mixture, in-
jecting said gas-free mixture into the evacuated
casing for filling the voids in the latter, and
slowly subjecting the casing to atmospheric
pressure.

10. A method for insulating an ignition device
of the type having conductors mounted within a
substantially air-tight casing having a filling
aperture in one end and a bleed hole in the op-
posite end thereof, which consists in positioning
the casing within a removable container, evacu-
ating the container and casing, introducing
through the inlet opening of the casing a liquid
insulator from which free gases have been re-
moved, slowly subjecting the casing to atmos-
pheric' pressure and baking the casing to ac-
celerate the setting of the liquid insulator.

11. A method for insulating an ignition device
of the type having electrical conductors enclosed
in a substantially air-tight casing provided with
an inlet opening in one end and a bleed opening
in the other end, which consists in simultaneous-
ly agitating and subjecting a liquid insulator to
a vacuum to remove free gases therefrom, intro-
ducing the gas-free insulator through the inlet
opening by vacuum effective at the outlet open-
ing, slowly subjecting the casing to atmospheric
pressure, and heating the casing to accelerate
the solidification of the liquid insulator.

-12. The method of filling and impregnating
ignition apparatus with an insulating compound,
said apparatus being of the type having a cas-
ing which is substantially fluid tight except for
filling and .outlet openings therein, said filling
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and outlet openings being remotely spaced from
each other, which includes the stéps of placing
said casing in a chamber with the interior of
the casing in communication with said chamber
through said outlet opening, injecting a liquid
filling compound from which substantially all
free gases have been removed into said casing
through said filling opening until the casing is
filled, and slowly admitting air to said chamber
for gradually reestablishing atmospheric pressure
therein. -

13. The method of insulating ignition  appa-
ratus and the like with a liquid compound, said
apparatus being of the type having a casing
which is substantially fluid tight except for fill-
ing and outlet openings therein, said filling and
outlet openings being remotely spaced from each
other, which comprises the steps of placing said
casing in a chamber with the interior of the
casing in communication with said chamber
through. said outlet opening, evacuating said
chamber and casing, injecting a liquid compound
into said casing through said filling opening un-
til the casing is filled, said compound compris-
ing a mixture of processed cashew-nut-shell oil
and a powdered drying agent, such as paraform-
aldehyde, from which substantially all free gases
have been removed, and slowly admitting air to
said chamber for gradually reestablishing atmos-
bheric pressure therein after said casing is filled.

14. The method of setting an encased mag-
neto coil in a resilient solid that comprises stir-
ring cashew nut shell oil under vacuum whereby
to remove therefrom entrapped gases, evacuating
the encased magneto coil and impregnating it
with a composition comprising the degassed oil
and formaldehyde under conditions that tend to
maintain the vacuum and exclude gases, setting
the.oil about the coil by heat, and supplying ad-
ditional 0il to compensate for volume change dur-
ing setting,

: TULLIO TOGNOLA.,
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