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Fatented Mar. 12, 1929. 1,704,934 
UNITED STATES PATENT OFFICE. 

HARRY E. BRIGGS, OF ANDERSON, INDIANA 
HEATER SYSTEM FOR OLL ENGINEs. 

Application filed February 

This invention relates to internal com 
bustion engines of the Semi-Diesel type 
which are adapted to burn crude oils and 
the like. 
The chief object of the invention is to 

provide a cylinder of an internal combus 
tion engine of the character described with 
a heating plug which is heated from an 
external sorce of energy, which energy is 
introduced into the plug to provide heat 
therein and raise the plug temperature to 
that desired and necessary for the ignition 
of the combustible mixture supplied to the 
engine cylinder. . . . . . . 
Another object of the invention is to pro 

vide automatically operable means, whereby 
the externally energized plug will be auto 
matically energized and de-energized in the 
operation of the engine and by means Oper 
able by said engine. 
Another important object of the inven 

tion is to associate the automatic control 
with the igniting plug in Such a nanner 
that the automatic control does not directly 
control the operation of said plug but re 
motely controls the same. 
Another object of the invention is to con 

struct the plug in such a manner that it 
may be associated with other plugs or other 
cylinders in the same engine, so that all the 
plugs can be operated at their maximum 
capacity with a minimum initial cost and 
maintenance cost. 
Another object of the invention is to pro 

vide the engine with a plug or plugs, and 
suitably connect the same to a source of en 
ergy, which source of energy may be of 
three types. 
The chief features of the invention coin 

sists in the means for accomplishing all of 
the foregoing objects. - 
The full nature of the invention will be 

understood from the accompanying draw 
ings and the following description and 
claims. - . . . " 

in the drawings, Fig. 1 is a diagrammatic 
view of a plurality of plugs connected in 
parallel and energized by an alternating 
current source of energy with the addition 
of an automatically operable switch for re 
at tely confrolling the connection between 
said plugs, and said source of alternating 
current. Fig. 2 is a similar view of sub 
stantially the same parts, except that the 
alternating current source of energy is re 
placed by a direct current source of energy. 

The lines 
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Fig. 3 is a view similar to Fig. 1, except 
that the automatically operable switch di 
rectly controls the connection between the 
plugs and the Source of alternating current. 
Fig. 4 is a view similar to Fig. 3, except that 
the alternating current source of energy is 
replaced by a direct source of energy. Fig. 
5 is a view similar to Fig. 3, except that 
the automatically controlled switch is elim 
inated. Fig.6 is a view similar to Fig. 5, 
except that the alternating current source 
of energy is replaced by a direct current 
Source of energy. Fig. 7 is a diagrammatic 
view of a plurality of plugs similar to those 
shown in Figs. 1 to 6 inclusive, but herein 
shown connected in series instead of in 
parallel. Fig. 8 is a diagrammatic view of 
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a similar number of similar plugs showing 
the same connected in a series-parallel reta 
tion. Fig. 9 is an enlarged transverse sec 
tional view of a single cylinder of an in 
ternal combustion engine of the character 
described showing the same provided with 
a heating plug. Fig. 10 is a similar view, 
but is taken at right angles to the plane of 
Fig. 9. Fig. 11 is a longitudinal sectional 
yiew of one form of heating plug. Fig. 12 
is an end view of the same. Fig. 13 is a 
transverse sectional view taken on the line 
13-13 of Fig. 11 and in the direction of the 
arrows. Fig. 14 is the fuel pump construc 
tion of an internal combustion engine of the 
character described with parts in section to 
show other parts in detail. Fig. 15 is a side 
elevation of the governor and fuel pump of 
an internal combustion engine of the char. 
acter described with parts in section and 
parts broken away to show other parts in 
detail. Fig. 16 is a longitudinal sectional 
view of another form of heating plug simi 
lar to that illustrated in Figs. 11, 12 and 13. 
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Fig. 17 is an enlarged end view of the plug 
shown in Fig. 16. 

In Fig. 1 of the drawings there is illus 
trated a plurality of heating elements here 
inafter termed heating plugs which have a 
heating portion 20 and a securing portion 
21. Each plug is provided with suitable 
electrical connections and in Figs. 1 to 6 in 
clusive, said plugs are shown connected in 
parallel by the parallel lines 22 and 23 and 
individually controlled by the switches 19. 

22&ie connected together to a line 
24, and the lines 23 are connected together 
by a line 25. The line 24 is connected to one 
terminal 26 of a switch having the handle 27 
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and blades 28 and 29. The line 25 is con 
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in an actuating portion 60. 

nected to the opposite terminal 31 through a 
bridged by a relay operable bar 32. A line 
33 in parallel with the line 25 terminates in 
a switch point 35 of the double throw switch 
connection including the switch points 26, 
31, 34 and 35. The switch point 34 is con 
nected in parallel with the switch point 26 
by means of the line 36 and to the line 24. 
The common points 37 and 38 of the switch 
are connected to the blades 29 and 28 re 
spectively, and these points are connected by 
the lines 39 and 40 to the secondary winding 
41 of a transformer having the primary 
winding 42. The primary winding 42 is 
connected to the source of alternating cur 
rent, 43 by the wires 44 and 45. 

included in the double pole switch con 
struction is a pair of a tuxiliary contacts 46 
and 47. - 

line 48 to a pair of parallel connected con 
tacts 49 of a switch connection. These con 
tacts 49 are preferably movable and are 
adapted to engage a pair of preferably sta 
tionary contacts 50 likewise connected in 
parallel which are connected to a relay 51 
by means of a line 52. The relay 51 has an 
armature or stem 53 which carries the Switch 
bridging bar 32 hereinbefore described. The 
other terminal of the relay 51 is connected 
by the line 54 to the other terminal 46 of 
the main switch construction. 
A sliding shaft 55 carries a collar 56 hav 

ing a groove 57 therein. Associated with 
the shaft 55 are the weighted centrifugal 
governor levers 58 which terminate adjacent, 
the collar 56 and in the groove 57 and serve 
to reciprocate the shaft 55 in accordance 
with the speed of the engine. The shaft. 55 
actuates a pivoted yoke 59 which terminates 

The actuating 
portion 60 is adapted to engage either of the 
movable contacts 49 to move the same into engagement with the adjacent stationary 
contact. 50. Thus at a relatively high speed, 
the lever 59 will cause one contact 49 to en 
gage the adjacent contact 50 and close a cir-. 
cuit therethrough; while at a relatively low 
speed, the lever is adapted to cause the other 
contact 49 to engage the adjacent contact 50 
and likewise close the circuit therethrough. 
Either closure completes a circuit through 
the lines 48 and 52, as well as 54, together 
with the relay 51, and thereby energize the 
relay. The relay elevates the armature 53 
and maintains said armature in the elevated 
position, which corresponds to the closed cir 
cuit position of the switch, including the 
bridging bar 32 and the contacts 30. These 
are connected to the double throw main 
Switch, and herein said contacts 30 are con 
nected to the terminal 31 of said switch and 
the line 25 respectively by the lines 61 and 
62. The line 62 is in parallel with the line 

The contact 47 is connected by a 
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33, both being connected to the line 25 here 
in before described. 

relay switch having the switch points 30 When the handle 27 is positioned in the 
upper position so that the blades 2S, and 29 
engage the switch points 34 and 35, current 
is supplied from the alternator through the 
transformer to the switch points 34 and 35 
and thereafter is conducted by the lines 24 
and 25 to the heating plugs. The aforesaid 
constitutes the manual operation and is gen 
erally used in starting. After the engine 
has obtained its normal speed, the switch 
handle 27 is moved to the lowermost posi 
tion. So as to engage the contacts 46, 47, 26 
and 31. When in this position, current is 
supplied to the terminal plugs from the 
alternator by way of the transformer only 
at such time as the switch points 30 are 
bridged by the bridging bar 32, and this can 
Only be accomplished by the relay 51 being 
energized, which in turn can only be accom 
plished by the closing of a circuit, including 
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one of the movable switch members 49 and 
the adjacent stationary member 50. The 
closure of either of these switches control 
ling the relay circuit is accomplished only 
when the speed of the engine has been re 
duced sufficiently so as to cause the lever 59 
to be moved into actuating position in One 
direction, or when the speed of the engine 
has increased to such an extent that the lever 
has been moved sufficiently into the oppo 
site direction. Light load conditions of an 
engine of the character described permit the 
engine to run at an excessive rate of speed, 
and when running under light load condi 
tions, the heat retained in the engine is not 
Sufficient to ignite the diminished fuel sup 
ply and thereafter poor ignition results as 
a general rule. 
struction, such poor ignition does not result, 
because when the light load condition oc 
cul's, the circuit through the relay 51 will 
be closed, which in tuin closes the switch 
controlled by the relay to supply the heat 
ing plugs with energy from the alternator 
43. Herein in order to prevent excessive 
arcing at the contacts 30 and bridging bar 
:32, the same are immel'sed in an oil recep 
acle 63 containing the usual arc-diminish 
ing ol' dampening mineral oil 64. 

In Fig. 2 of the drawings the lines 23 

But with the present con 
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of the individually controllable plugs are 
shown grounded at 123 and the line 25 is 
shown grounded at 123, thereby compiet 
ing the circuit from the line 23 through the 
ground connection to the line 25 and the 
circuit is thereafter substantially the same 
as that hereinbefore described for parts il 
lustrated in Fig. 1, with this exception, the 
lines 40 and 39 in Fig. 2 are connected to 
& Source of energy, but in this instance in 
stead of being connected to the transformer 
construction indicated by the numerals 41 
and 42, and the alternator 43 as shown in 
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Fig. 1, said lines are connected to a storage 
battery 65. The storage battery 65, there 
fore, provides a source of direct current ent 
ergy and thus replaces or may be substituted 
for the source of alternating current 43 in 
dicated. It is to be noted that the alter 
nator 43 may be a high tension alternator 
or may be a low tension alternator, and in 
the latter event the transformer having the 
windings 41 and 42 may be eliminated. It 
is likewise to be noted that if a suitable 
source of alternating or direct current is 
provided at a normal voltage, to-wit, 110, 
220 or 550, the lines 40 and 39 may be coil 
nected directly thereto, as in the Ordinary 
service application. 

In order to make the engine unit Self 
contained as well as fully automatic, as here 
in before described, a direct culi'i'ent genera 
or 66 is provided which is driven by the 
engine through suitable power connections 
and said generator is connected by the line 
37 to cine terminal of the battery 65 and is 
connected by the line 68 to the other termi 
na of the battery 65 through the relay 69. 
The reve;rse current relay prevents the bat 
tery from discharging through the gener 
:tor at such times as the battery is not under 
load, but permits the generator to discharge 
into the battery even though the main double 
pole, double throw switch, or the relay Oper 
able switch, or the governor operable Switch 
be open, thus charging the battery 65. At 
light loads the generator 66 will also as 
sume part of the heating load and assist 
the battery 65 or carry most of the load 
imposed upon the circuit by closing the same 
through the several Switches and the heat 
ing plugs. Fig. 2, the 'efore, illustrates a 
self-contained and automatically and re 
anotely controlled construction. The ar'- 
raisement of the circuit described in Fig. 2 
is identical with that illustrated and de 
scribed with reference to Fig. 1, and said 
circuits are provided with the same refer 
ence numerals. 

In Fig. 3 the construction is very similar 
to that shown in Fig. 1, but herein the fea 
ture of remote control has been eliminated. 
in this form of the invention similar numer 
als indicate like parts. There is this change, 
however, the relay and relay-operable switch 
lities there to and the lines 52 and 48 as 
Sociated with the automatically conta'olled 
i)arallel switches are connected directly to 
the line 25 and the Switch point 31 direct. 

in Fig. 4 it will be noted that the co 
siliction illustrated is substantially identi 
cai with that illustrated in Fig. 2, except 
that the remote control relay operable switch 
has been eliminated and the automatically 
controlled switch is directly associated with 
the source of energy as heretofore described 
y with reference to Fig. 3. Herein the lines. 
32 and 48 are conjected to the lines 25 and 
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switch point, 31 in the same relation as de 
scribed with reference to Fig. 3. Fig. 4. 
differs from Fig. 3 in the same manner that 
Fig. 2 differs from Fig. 1, to-wit, there is 
herein illustrated a source of direct current, 
whereas in Fig. 3 there is illustrated a source 
of alternating current and the remarks here 
tofore made with reference to the source of 
current illustrated in Figs. 1 and 2 apply 
equally to the sources of current shown in 
Figs. 3 and 4. 
In Fig. 5 there is illustrated a still further 

simplified form of the invention, and in this 
form of the invention the automatic control 
is eliminated, as well as the remote control. 
This form of the invention is essentially 
manually operable, and herein there is il 
lustrated a double pole single throw switch 
having the handle 127 and the Switch points 
138 and 137 and the switch points 134 and 
135 adapted to be connected together re 
spectively by means of the Switch blades 
128 and 129. In this form of the invention 
the line 24 is connected directly to the switch 
point 134 and the line 25 is connected di 
rectly to the Switch point 135. The line 40 
fi'On the ti'ansformer is connected to the 
Switch point J.38 and the line 39 is connected 
to the Switch point 137. Thus the circuit is 
closed from the source of energy to the heat 
ing plugs when the handle 127 is moved to 
close the circuit by bridging the gaps be 
ween the switch contacts 138 and 134 and 
137 and 135. 

in Fig. 6 the plugs therein illustrated are 
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connected in the identical manner shown in 
Figs. 2 and 4 and the feeder lines 24 and 25 
froin said plugs are connected to the termi 
inals 135 of the switch construction in a man 
ner identical to that illustrated in Fig. 5 
and hereinbefore described. The lines 40 
and 39 are similarly connected to the switch 
points 138 and 13 at one end and to a source 
of direct cirrent identical with that he'ein 
before described with reference to Figs. 2 
and 4. It will again be noted that Fig. 6 
only differs from Fig. 5 in the same manner 
that Fig. 4 differs from Fig. 3, and Fig. 2 
diffei's from Fig. 1. It will be noted that 
Figs. 1 and 2 differ from Figs. 3 and 4 by 
the addition of the remote control and mech 
anism, while Figs. 3 and 4 differ from Figs. 
5 and 6 by the additional omission of the au 
tonatically operabie Switch, reducing the in 
vention in Figs. 5. and 6 to a straight man 
ually operable circuit. If desired, the same 
circuit shown in Figs. 5 and 6 may be modi 
fied by the substitution of a relay controlled 
circuit, such as shown in Figs. 1 and 2, and 
the relay thereof could be included in a cir 
cuit comprising the same or another source 
of energy and a manually operable switch 
substantially similar to that shown in Figs. 
5 and 6, or said switch may be a single pole, 
single throw switch, thus breaking the re 
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lay circuit in but one place instead of two 
places and simultaneously. When the same 

10 

source of electrical energy is utilized in the 
foregoing suggested modified form of the 
invention, the relay circuit is in parallel 
With the main. circuit, and thus manual op 
eration, together with the remote control, 
can be secured. in view of the forms of the 
invention illustrated in Figs. 1 to 6 inclu s 

sive, the foi'egoing suggested modifications 
of the invention will be readily understood 
by those skilled 
invention applies and further illustration 
thereof is believed needless. 

In Fig. 7 the plugs 20-21 are supplied 
by the feeder lines 124 and 125. The feeder 
lines 124 and 125, however, are connected to y 

each other through the plugs 20-21. It 
will be remembered that the lines 24 and 25 
in the construction illustrated in Figs. 1 to 
6 inclusive were connected to each other 
through the plugs by a parallel construc 
tion including the plug terminal lines 22 
and 23. Herein the plug terminal lines are 

d 
e.) 

designated by the numerals 122 and 121, and 
said lines are connected together so as to 
form a series connection, so that the feeder 
lines 124 and 125 are connected together 
and the plugs by a series connection. It is 
to be noted that the aforesaid connection 
may be substituted for the connections 
shown in Figs. 1 to 6 inclusive, and such a 
change from a parallel to a series connec 
tion is to be construed as an equivalent con 
struction, the sole function of such a con 
struction being to permit the use of suitable 
resistance elements in the plug proper, the 
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detailed construction of which will be here 
inafter described. It will be sometimes de 
sirable to use a low voltage high amperage 
relation, and when such is the case, the par 
allel construction shown in Figs. 5 or 6 will 
be utilized. When, however, a high voltage, 
low anperage is available, the construction 
shown in Fig. 7 is the preferable connection 
of the plugs. 

in Fig. 8 the plug feeder lines are indi 
cated by the numerals 224 and 225, and in 
this instance the several plugs 20 and 21 
are connected in series-parallel I'elation. 
The lines 322 to two of the plugs are con 
nected together and to the line 224. The 
other terminals of the same plugs have the 
line 221 connected to the line 222 of an adja 
cent, plug through a switch 219, and the 
other terminals of the adjacent plugs are 
connected by the lines 321 to the line 224. 
Thus, a series-parallel connection of the 
plugs is secured, and it may be desirable un 
der certain conditions to utilize a series par 
allel connection, preferably, however, either 
a series connection or the parallel connec 

66 

tion will be utilized. 
In Figs. 9 and 10, there is illustrated a conventional form of engine cylinder cone 

in the art to which the - 
will be hereinafter described. Positioned in 
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struction and the associated parts. In said 
figures, 70 illustrates a cylinder block pro 
vided with a head 71 having a fuel passage 
72 therein, which is enlarged to form an 
ignition chamber 73. A cap or cover 74 is 
provided with a chamber 75, and said cham 
be's 73 and 75 form a complete ignition 
chamber. Extending into the chamber 73 
is the heating plug, and particularly the 
portion 20 thereof, said plug being secured 
to the head 71 by means of the body portion 
21. The particular construction of the plug 
the cap 74 is a fuel nozzle 76, which nozzle 
is adapted to discharge fuel upon the body 
portion 20, and as herein shown may also be 
adapted to discharge fuel directly on to the 
piston head slidably supported in the cylin 
der Walls 70 by the fuel passing through the 
passage 72. The nozzle 76 is supplied with 
fuel from the supply line 77, which herein is 
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shown provided with a relief valve 78. The 
Supply line 77 is connected to a suitable fuel 
pump, hereinafter to be described. 

In Figs. 11, 12 and 13 there is illustrated 
One form of the heater plug, and in said fig 
ures, the plug body is hollowed out as at 79 
and a seat 80 is provided at the closed end 
of Said portion. The body portion 21 has an 
externally tapered and threaded portion 81, 
whereby said plug is rigidly secured in the 
cylinder head 71, as illustrated in Fig. 9. 
The body portion is illustrated as cut away 
at 82 and at 83 and grooved at 84 adjacent 
to the enlarged opening 83. Extending ax 
ially through the hollowed body is an in 
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sulating core 85 which is adapted to stand 
up under high temperatures, particularly 
within the range of 500 to 1,500 degrees 
Fahrenheit. The commercial product known 
as “Lava” satisfies this condition and will 
approximately withstand 2,000 degrees be 
fore disintegrating. The surface 86 of the 
core 85, is threaded and positioned in said 
threads, is a wire 87, which constitutes a 
resistance unit. Said wire terminates ad 
jacent the free end in a leader portion 8S 
positioned in a slot 89 which communicates 
with an axial hole 90 through the insulator 
body portion 85 and the axial opening 90 
receives the connection 91. The space be 
tween the core carrying the resistance unit 
and the wall of the chambers 79-82 is here 
in shown filled with an insulating compound 
92. The end of the core 85 opposite from 
the slotted end 89 is herein illustrated as 
provided with three projecting portions 93 
which are receivable by the chamber 82 and 
serve to center the outer end of the core 85, 
whereas the other end of the core 85 is cen 
teled by reason of the conical end 80. The 
wire 87 and the leader 91 are brought out 
through holes 94, see Fig. 12, cut in an insu 
lating plug or disk 95 seated in the enlarged 
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portion 88 of the axial opening in the ifug is: 
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body. The insulated disk or plate 95 is 
retained in position by means of the spring 
clip ring 96 seated in the groove 84. The 
disk 95 supports a pair of terminal posts 97 
and these each are secured to one of the 
heating unit terminal wires 87 or 91 by 
means of the nut 98 while the external con 
nector 99 is secured to said terminal post or 
stud 97 by means of the thumb nut 100. The 
construction shown in Figs. 11, 12 and 13 
constitute one form of heating plug which 
might be employed. 

Reference will now be had to Figs. 14 and 
15 wherein a fuel pump construction is illus 
trated and the automatically operable switch 
construction is likewise illustrated. In said 
figures the framework is indicated generally 
by the numeral 101, and the same slidably 
supports the fuel valve construction indi 
cated generally by the numeral 102. The 
fuel valve construction is adjusted by the 
supporting lever 103 and is actuated by the 
roller supporting yoke 104 carrying the 
roller 105. The roller 105 is adapted to en 

5 gage the cam 106 supported upon the shaft 
or sleeve 55, which it will be remembered is 
rotatable with the main shaft 107 and slid 
ably mounted thereon. The sliding move 
ment, it will likewise be remembered, is im 
parted by the governor construction illus 
trated in Fig. 15 and diagrammatically illus 
trated in Figs. 1 to 4 inclusive. The lever 
59 is herein shown as a clamp member, see 
Fig. 14, pivotally supported at 108, and the 
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opposite end of the lever is connected to the 
actuator 60, which is herein illustrated as 
carried by the sliding rod 109. 
The governor operable switch, it will be 

iremembered, includes the movable contacts 
49 and the stationary contacts 50, which sta 
tionary contacts 50 are connected in parallel 
as well as the contacts 49 which are similarly 
connected in parallel. The adjusting screws 
110 adjust the position of the stationary con 
tacts 50. A suitable housing 111 supports 
the entire switch construction, and the same 
may be filled with an arc-resisting and 
quenching fluid, such as mineral oil and the 
like. 
The rod 109 extends into a snap switch 

construction indicated generally by the 
numeral 112 and an actuating portion 113 
is associated with said Snap switch construc 
tion and with the yoke lever 59 so as to trans 
mit movement from said yoke lever 59 to the 
actuating member 60 with a quick make-and 
break movement. 
The connection between the yoke-shaped 

pivoted lever 59 and the actuating member 
113 is as follows: The sleeve which carries 
the cams 106 and grooved collar 56 also 
carries a member 114. Said member 114 en 
gages one side of a ball thrust bearing con 
struction 115, which is directly connected to 
the yoke lever 59, as shown in Figs. 14 and 
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15. The pivoted yoke lever 59 terminates 
at 116 in a yoke portion which is suitably 
secured to an extension 117 of a spring Sup 
porting member 118. Associated with the 
extension 117 and directly connected thereto 
is the map switch actuating member 113 
hereinbefore described. A stationary sup 
port 140 receives a threaded shaft 141 which 
carries upon one end a hand wheel 142 and 
upon the other end a spring seat member 143 
which is slidably supported upon rods 144 
secured at one end to the supporting member 
118 hereinbefore mentioned. The other ends 
of said rods are secured to the spring retainer 
145 and seated upon said rods between the 
seats 143 and 145 is a coiled spring 146. 
The rod 141 has a threaded connection with 
the spring seat 143. 
From the foregoing construction it will 

be noted that when the hand wheel 142 is 
turned, the tension of the spring 146 will be 
increased or decreased, and with said in 
crease or decrease in tension, there will be a 
corresponding movement of the pivoted le 
ver 59, and said movement is transmitted 
through the ball thrust bearing 115 to the 
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sleeve construction, and in turn to the spring 
controlled weighted levers 58. The re-ult 
ant structure, therefore, is that the governor 
construction may be loaded or unloaded by 
means of the aforesaid third spring adjust 
ment. For instance, it has been experimen 
tally determined that the full load speed 
of the hereinbefore described engine is 250 
R. P. M. and the speeds at other loads are 
as follows: 254 R. P. M. at 3A load; 251 
R. P. M. at A, load and 260 R. P. M. at A 
load and 263 R. P. M. at no load, and that at 
10% overload, the R. P. M. is 247, the load 
ing of the governor springs may be varied 
So as to shift the range of speeds. At the 
speed corresponding to no load, the position 

00 

of the weighted levers is fully extended. 
Thus, by increasing the effect of the third 
spring transmitted to the cam sleeve con 
struction herein illustrated, the governor po 
sition at no load speed can be changed, and 
correspondingly the fuel supplied thereto 
will be changed in proportion. 
Under no load condition, the engine re 

ceives a smaller supply of fuel than under 
full load conditions, and to insure successful 
operation of the engine at this no load speed, 
the foregoing automatic construction has 
been associated there with so that the heating 
plugs are energized to ignite the small supply 
of fuel furnished. Certainty of ignition at 
no load condition heretofore has been im 
possible because under no load conditions the 
amount of heat generated has not been suf 
ficient to keep the piston heated to the proper 
temperature to ignite the fuel when the 
same impinges thereon. At no load with the 
present additions to the construction, all of 
the fuel will always be ignited by reason of 
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at said no load. 

6 

the heated plug construction being energized 
In starting, of course, the speed of the 

engine is zero and rapidly rises. Under 
such conditions the governor levers are in 
their innermost position and are not dis 
tented. The cam sleeve is in its correspond 
ing position so as to supply the engine with 
a maximum amount of fuel. Since the en 
gine is cold, the fuel discharged into the 
cylinders must be ignited by same external 
means, and this external means herein con 
stitutes the heated plug. - - 

It sometimes happens that one of the cyl 
inders of the engine for some unknown real 
son suddenly stops firing when the engine is 
operating under a 3A or full load condi 
tion. When this occurs, the speed of the 
engine immediately drops below the mini 
mum rated full load speed of the governor, 
so that this condition is comparable to the 
starting condition hereinbefore described. Thereupon the plugs automatically will be 
come energized and will insure complete 
ignition in all the cylinders until such time 
as the speed of the engine increases to full 
load speed, whereupon the plugs will be de 
energized. It will be noted that the switch 

30 
indicated generally by the numerals 49 and 
50 is automatically operable by the gover 
nor construction and preferably with a 
quick-make-and-break movement to prevent 
arcing, and, therefore, since a two-position 
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other and a modified form of the heater 

and parallel switch construction is provided, 
the engine will be provided with externally 
heated ignition means under low speeds and 
at excessive speeds or at all speeds other 
than full load speeds. - . 
The operation of the device has been de 

scribed in detail, and a general summary 
need only be herein given. The manually 
operable switch indicated in the several Fig 
ures, 1 to 4 inclusive, is closed at starting, 
and preferably in the upper position until 
the engine has been brought to speed and 
the load applied. Thereafter, the switch is 
opened and closed in the lower position 
which throws the heating plugs over on to 
an automatically controlled circuit. If de 
sired, however, this throw-over arrange 
memt may be eliminated and the switch be 
but a single throw switch, such as illustrated 
in Figs. 5 and 6; and when such is the case, the starting is accomplished automatically, 
since in Figs. 1 and 2 the governor actuated 
switch operates the relay to close the plug 
circuit; while in Figs. 3 and 4 the governor 
actuated switch closes the circuit directly through the heating plugs. - 

: In Figs. 16 and 17 there is illustrated an 
plug, and in said figures the plug body com 
prises a tubular portion 170 having a closed 
end 171 with a conical seat 172 therein. The 
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tubular portion 170 at its opposite end ter 
minates in an externally threaded and ta 
pered portion 173, which is enlarged at 174 
to form a tool-receiving portion, and herein 
said portion 174 is shown as hexagonal in 
form. The portions 173 and 174 are hol 
lowed out at 175 and externally threaded 
as at 176. Extending axially through the 
hollowed body is an insulating core 185. 

65 

This insulating body or core is adapted to 
stand up under high temperatures, particu 
larly within 500 to 1000 degrees Fahrenheit. 
Such material is a commercial product 
known as “Lava which will readily with 
stand a temperature of 2000 degrees. 
surface 186 of the core is externally thread 
ed, and herein the threaded portion 186 
differs from the portion 86 of the previously 
described modification, that is, the former 
is a double thread. The wire 187 is posi 
tioned in one of said threads and runs from 
one end of the thread to the opposite end, 
and thereupon passes through the core by 
passing through the opening 189, which pro 
vides a communication from one of the 
threads to the other thread. The wire 187 
thus passes down one thread and returns up 
the other thread. The end of the core 185 
opposite the communication 189 is enlarged 
as at 183 and is threaded externally to be 
receivable by the threads 176 of the plug 
wall. Thus the core at this end is centered 
within the tubular heater body, and the 
other end of the core is centered by reason 
of the conical end 180 engaging the conical 
portion 172 of the plug body. The wire 187 
is brought out through the openings 194 in 
the enlarged portion 183. The enlarged 
portion 183 supports a pair of terminal 
posts 197 which have a threaded engagement 
therewith, and said posts support the nuts 
198 which are adapted to secure the terminal 
ends of the wire 187 to said terminal posts. 
The thumb nuts 300 are adapted to secure 
the external connector's 199 to the terminal 
posts. If desired, and herein the same is 
illustrated, the core is apertured longitudi 
nally, as at 190, but this longitudinal open 
ing may be omitted if desired. - - - 
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It will be noted that the modified form of 
the heater plug shown in Figs. 16 and 17 
constitutes the simplest form of the inven 
tion which may be made. It is to be under 
stood that the metallic body portion 170 
is preferably formed of a metal having 
peculiar properties, such as low specific heat, 
and high resistance to conduction of heat 
which have been found to be desirable in a 
heating unit which is subjected to the high 
temperatures found in a crude oil engine 
under normal operation. 

It has been found that in a multi-cylinder 
engine one or more cylinders do not re 
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quire as much attention as others. The 
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switches 19 and 219 permit of considerable 
latitude in control that may be not only 
desirable but necessary at times. 
Although the invention has been described 

in great detail in the foregoing specifica 
tions, such a detailed description is to be 
considered only as illustrative in character. 
Many modifications have been suggested in 
the foregoing, some of which have been il 
lustrated as well as described, and these 
modifications as well as those which will 
readily suggest themselves to those skilled 
in the art to which this invention applies 
are all considered to be within the broad 
purview of the appended claims, which here 
in read Gin all figures, and particularly Figs. 
2, 8, 9 and 15. w - 
The invention claimed is: - 
1. The combination with a crude or fuel 

oil engine, of a source of electrical energy, 
an electrically heated igniter for said engine, 
an engine controlled switch, and a double 
throw switch for connecting said igniter di 
rectly with said source of electrical energy 
or through said engine controlled switch. 

2. The combination with a crude or fuel 
oil engine, of a source of electrical energy 
comprising a storage battery, a generator 
driven by said engine and connected to the 
battery for charging the same, relay means 
controlling the battery and generator con 
nection, an electrically heated igniter for 
said engine, an engine controlled switch, and 
a double throw switch for connecting said 
igniter directly with said source of electrical 
energy or through said engine controlled 
switch. 

3. The combination with a crude or fuel 
oil engine, of an engine controlled switch, 
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an electrically heated igniter for said en 
gine, a switch for controlling said igniter 
and remotely controlled by said engine con 
trolled switch, a source of electrical energy 
for said electrically heated igniter compris 
ing a storage battery, a generator driven by 
said engine and connected to the battery for 
charging the same, and relay means con 
trolling the battery and generator connec 
tion. - 

4. The combination with a crude or fuel oil engine, of a governor operable thereby, 
an electrically heated igniter for said engine, 
a switch operable by said governor, a relay 
controlled switch controlling said igniter, 
a relay controlling said relay controlled 
switch and controlled by said governor op 
erable Switch, a source of electrical energy comprising a storage battery, a generator 
driven by said engine and connected to the 
battery for charging the same, and a relay 
means controlling the battery and generator 
connection. . . . - " . . 

5. In a crude or fuel oil engine having a 
fly-ball governor operable thereby and for 
controlling the same, an electrically heated 
igniter, and a switch for controlling said 
igniter, the combination of a reciprocable 
shaft for actuating the Switch, a lever ac 
tuatable by the governor construction and 
operatively connected to the shaft, and a 
loading spring for said shaft and lever. 

6. A device as defined by claim 5, char 
acterized by the addition of an adjustable 
arrangement for varying the loading of said 
Spring. ‘. . 

In witness whereof, I have hereunto affixed 
my signature. 

HARRY E. BRIGGS. 
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