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UNITED STATES PATENT OFFICE 

: 
This invention relates to electrical apparatus 

and more particularly to time delay relays have 
ing a delay of a few miliseconds. It particu 
larly-relates to time delay relays such as may 
be used to change the circuit in a glow plug 
ignition system to reduce the high energy-ictur 
*rent as soon as the glow plug has been heated 
to its operating temperature. 

It is an object of my invention to provide an 
accurate reliable time delay relay in which a 
time delay of a few milliseconds is provided 
through the use of an - electrical conducting 
means associated with the iron circuit of the 
'relay. 

:It is another object of my 'invention in pro 
viding a variable time delay relay having 'an 
arrangement for reducing the tiline delay when 
*the temperature of the glow ... plug is above its 
normal cold starting temperature. 
There is disclosed in this application a glow 

plug ignition system provided with a time-de 
lay relay for opening a shunt arolind a resist 
ance-in-series with the glew plug when the glow 
plug-is expected to reach its operating tengera 
ture. The tiile delay relay includes a non 
magnetic short circuited electrical conductor en 
'circling the core of the iron Fragnetic circuit 
along Side the electronia griet “coil. The tie 
delay relay also ineludes a U-shaped bimetal 
'element connected in Series with the glow ?plitg 
and deflected by the heating effect of the eur. 
trent to contact and push :a, Cition. Of the"...re 
lay arnature towards the attracted or closed 
Circuit, position as the glow plig rises is ten 
perature. 
iFurther objects and advantages of the present 

'invention will be apparent from the following 
(description, reference being had to the accorn 
panying drawings, wherein a, "preferred form 
Of theirVention is clearly Shown. 

frn the drawings: 
Fig. 1 is a VieW in elevation, partly...in Sec 

ition, of a litelay embodying Cre: form of inny in 
vention. 

Fig. 2 is a side view of the relay shown in 
Fig.1 taken substantially along the lines 2-2. 

Fig. 3 is a wiring diagiaia of a glow plug 
ignition systern enbodying the relay as shown 
in Figs. 1. and 2. 

While ny time delay irelay is applicable to 
many electrical systems, it is believed that it 
will be better tanderstood by first describing its 
use in a glow plug ignition systern. This 'glow 
plug ignition System is 'intended for use instart 
ing and inlaintaining ignition in a rocket engine. : 
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The system is preferably provided with a 24 volt 
battery 20 capable of delivering 200 amperes 
for a period of a few milliseconds. One terrini 
nail of this battery 20 is connected by the icon 
“ductor 22 to the ground 24. The other terminal 
of the battery 20 is connected by the conductor 
26-to-one of the contacts of the normally open 
relay 28. Another of the contacts of the relay 
28 is connected by the conductor 30 to a U 

10 shaped bimetal element 32 which in turn is con 
inected by the conductor 34 to one of the icon 
tacts of another relay 33, which is of the nor 
inally closed type. Another of the contacts. Of 
'the relay 36 is connected by the conductor 38 

15 to the glow plug element 4G which inlay include 
a conductor of platinum alloy. The otheriter 
:minal of the glow plug-eleraent 40 is connected 
to the grotted 24. 
The ignition circuit is energized by closing the 

20 manually operable switch 42. connected in series 
'with the electromagnet coil. As of the relay 23 
across the terminals of the battery 2. This 
'CauSes the closing of the 'norinally open elay 
28. The closing: of the relay 23 permits as cur 

25 ent of 200 amperies to flow from the ground 
24 through the conductor 22, the battery, 23, 
the ceinductor 26, the contacts of the relay 28, 
the conductor SS, the U-shaped bimetal element 
'32, the conductor 23, the contacts of the relay 
36, the conductor 38 and the glow plug A and 
back:to the ground 24. This high current flow 

:Williegtuickly heat the glow plugia to its operat 
ing teiperature, for example at 2500 E. 
AS SOOn aS this operating temperature is 

'reached, the creat flow inst ile cut down to 
35 spreWent overheating of the glow plug. To do 

this, the resistance f8 is connected in shunt 
“with the contacts of the relay. 33 with its "ter 
mirals connecting to the conductois 34 and 38. 
The piroblerin, is to provide a reliable system 
which under: 'ali Conditions will open the relay 
-Contacts 338. When the glow plug is reaches its 
(Operating tennigerature * dif, for example 2500° ::F. 
This must riot be done too. Soon or the glow plug 
'Will not be hotelTough to iEnmediately start the 
sergiie. This must not be done too late or the 
'glow plug will burn out. It is therefore nec 
'essary: that the opening of the relay contacts 
36 be done with considerable acciracy in tin 
ig. 
The relay 36 is provided with an electromag 

net Operating coil 48 having one of its terminals 
Connected by the conductor 5 to the conductor 
22. The other terminal of the electromagnet 
coil '48 is connected by the conductor 52 "with 
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the contact 74 of the relay 54 having a nOWr 
able armature 2. The other stationary Con 
tact 76 of the relay 54 is connected to the Con 
ductor 34. The relay 54 is provided with an 
electromagnet operating coil 56 having one of 
its terminals connecting through an adjustable 
resistance 58 with the conductor 50. The re 
sistance 58 may be adjusted to vary the time 
delay of the relay 54 by varying the current flow 
through the coil 56. The other terminal of coil 
56 is connected to the conductor 34. The re 
lay 54 including the electromagnet coil 56 and 
the U-shaped bimetal element 32 in Fig. 3 dia 
grammatically indicate the physical time delay 
relay shown in Figs. 1. and 2 which is designed 
so as to energize at the proper time the electro 
magnet coil 48 of the relay 36 to open the con 
tacts of the relay 36 to connect the resistance 
48 in single series circuit relationship with the 
glow plug 4 a to reduce the current flow to about 
25 amperes to prevent the overheating of the 
glow plug 40. 

Referring now more particularly to FigS. 1 and 
2, the electromagnet coil 56 is shown encircling a 
soft iron core 62. This core is mounted in the 
center of a U-shaped soft iron frame 34 to One 
leg of which is pivoted the arnature 66 also of 
soft iron material. The core 62 together With 
the frame 64 and the armature 66 form the 
magnetic circuit. The armature 66 is connected 
through an insulating mounting 88 with a mov 
able T-shaped contact arm carrying a pair of 
contacts 72. These contacts 2 and contact arm 
70 are adapted to bridge the contact terminals 
74 and 76 each provided with contacts adapted 
to be contacted by the pair of contacts 72 when 
the armature 66 is attracted. These COntact 
terminals 74 and 6 are mounted upon the insu 
lating mounting 78. 
The position of the contacts 72 relative to the 

armature 66 is adjusted through the use of a 
contact adjusting rectangular type Spring 80 
having its two end portions fastened to two por 
tions of the contact arrin ). A nut 82 is pro 
vided which bears upon the center bridge portion 
of the rectangular type Spring So as to hold the 
contact arm upon the insulating mounting 68 
and also to cause the portion of the arm () rest 
ing upon the mounting 68 to be bent in the 
amount desired according to the adjustment of 
the nut 82. It should be noted that the insulated 
mounting 68 has raised edges So that the con 
tact arm IO forms a bridge between these edges 
and this bridge portion can be deflected by the 
tightening of the nut 82 to move the contacts 
72 closer to the terminal contacts 74 and 6. 
The insulation mounting 78 is mounted upon 

one leg of the frame 64. The frame 66 is pro 
vided with an adjusting Screw 84 and a lock nut 
86 connected to a compression type coil Spring 
88 within the iron core 62 which in turn con 
nects to a plungel 9 of a nonmagnetic material 
which freely moves within the iron core 62. The 
Spring 88 extends between the adjusting screw 
84 and the plunger 9 within the core 62 to hold 
the plunger 90 against the armature 66. The 
armature 66 is limited in its downward or open 
circuit position by the armature Stop 92 which is 
adjustably connected by the Screw 94 and a 
suitable slot with the adjacent portion of the 
frame 64. 

In addition to the adjustments already de 
scribed, this relay includes tWO additional novel 
timing features. To reduce the Speed of opera 
tion of the relay so as to give sufficient time for 
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4. 
the glow plug 40 to heat up to its operating tem 
perature before the resistance 46 is effectively 
connected into the glow plug circuit, there is pro 
vided a heavy copper ring 96 encircling the iron 
core along side of the electromagnet coil 56. This 
location of the copper ring is preferred, but it is 
possible to mount the copper ring encircling 
other portions of the magnetic circuit. The cop 
per ring retards and opposes the building up of 
the flux in the magnetic circuit. By the Well 
known law of Lenz, an electromotive force is 
induced in the copper ring circuit as a result of 
the building up of the magnetic flux by the en 
ergization of the electromagnet coil 56. This 
copper ring absorbs energy from the fux thereby 
delaying the rise in the flux to a value high 
enough to attract the armature 66 until the glow 
plug 40 has received sufficient current to be 
heated to its operating temperature. This value, 
necessary to attract the armature however, is 
attained within a few milliseconds which allows 
just sufficient time for the glow plug 40 to attain 
its operating temperature. At this time, the 
armature 66 is attracted pushing the plunger 90 
upWardly into the core 62 and causing the con 
tact 72 to engage the contacts of the terminal 
members A and 76 to energize the electromag 
net coil 48 to cause the opening of the contacts 
of the relay 36. 
The time delay relay shown in Figs. 1 and 2 

has an additional feature. There is a possibility 
that the ignition System may be shut off or de 
energized and then turned on or re-energized 
before the glow plug 40 is allowed to cool to its 
Original normal cold starting temperature. If 
the same amount of current for the same period 
of time Would be provided Whenever the ignition 
circuit is energized, there is a possibility that the 
already hot glow plug might become overheated 
under this particular circumstance. To prevent 
this, the U-shaped bimetal element 32 has been 
provided. This bimetal element 32 includes the 
bimetal legs 2 and 23 which are connected by 
a croSS bar 25 to provide its U-shaped construc 
tion. The cross bar 25 is connected to the bi 
metals 2 and 23 by rivets and these rivet 
heads are adapted to bear against the insulating 
mounting upon the armature 66 when the bi 
metals 2 and 23 have been heated by the 
flow of Current to the glow plug. 
Under this arrangement, the bimetals 2 and 

23 Will be heated by the current flowing to the 
glow plug 40 whenever the glow plug 40 is in 
Operation. The high expanding sides of the bi 
metals 2 f and 23 face the insulated mounting 
8 So that upon heating, the rivets on these bi 

metals Will bear against the insulated mounting 
68 with increasing force as the temperature of the 
glow plug 40 increases to assist the electromag 
net coil 56 and the magnetic circuit to attract 
the armature 66 more quickly. When the igni 
tion circuit is de-energized, the bimetals 2 and 
23 Will cool as the glow plug 40 cools. In this 
Way, the time delay of the relay 54 is reduced as 
the temperature of the glow plug increases. 
A copper plate 21 is mounted on the insulat 

ing mounting 78 between this mounting and the 
U-shaped bimetal element 32. This copper plate 
2 shields the frame 64 from the magnetic field 
Surrounding the U-shaped bimetal element 32 
produced especially when this element carries the 
initial 200 ampere current. 
While the form of embodiment of the inven 

tion as herein disclosed, constitutes a preferred 
form, it is to be understood that other forms 
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might be adopted, as may come within the Scope 
of the claims which follow. 
What is claimed is as follows: 
1. A relay including an electromagnetic coil, 

a magnetic iron circuit associated with said coil 
including a core and a frame and an armature, 
an electrothermal means mounted on said frame, 
said arnature having a portion extending into 
the path of movement of the electrothermal 
means, and a plate of a nonmagnetic electrical 
Conducting material located between said electro 
thermal means and said frame and having a Suffi 
cient area to shield said frame from said electro 
thermal means. 

2. A relay including an electromagnet coil, a 
magnetic iron circuit associated with said coil in 
cluding a normally open armature, an electro 
thermal means having an operative connection 
with said armature and operative to move the 
armature in a closing direction upon an increase 
in temperature to adjust the open position of 
the armature for automatically controlling the 
time delay, and an electrical heating circuit cOn 
nected in series with said electromagnet coil and 
associated with said electrothermal means to heat 
the electrothermal means and move the armature 
toward the closed position in proportion to the 
heating effect of the current flowing through the 
Coil. 

3. A relay including an electromagnet coil, a 
magnetic iron circuit associated with said coil in 
cluding a normally open armature, a movable 
Stop means cooperating With Said arnature for 
Setting the limit of Opening of said armature, an 
electrothermal means operatively connected to 
said stop means and having its temperature re 
sponsive expansion directed in the direction to 
move the stop means to move the armature to 
ward the closed position to automatically con 
trol the time delay, and an electrical heating 
circuit connected in series with said electro 
magnet coil and associated with said electro 
thermal means to heat the electrothermal means 
to move the Stop means and the armature toward 
the closed position in proportion to the heating 
effect of the current flowing through the coil. 
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4. A relay including an electromagnetic coil, a 

Imagnetic iron circuit associated with said coil in 
cluding a core and a frame and an armature, an 
electrothermal means mounted upon said frame, 
an electrothermal means having an operative 
connection with said armature and operative to 
move said armature upon an increase in tempera 
ture, Said electrothermal means being mounted 
On the Opposite side of said plate from said frame, 
an electrical heating circuit energized coinciden 
tally with said electromagnet coil for heating said 
electrothermal means to move the armature, said 
plate having a sufficient area, located to shield 
Said frame from the magnetic field established 
around said electrothermal means by the flow of 
energy through said heating circuit. 

5. A relay including an electromagnetic coil, a 
magnetic iron circuit associated with said coil in 
cluding a core and a frame and an armature, an 
electrothermal means mounted upon said frame, 
an electrothermal means having an operative 
connection with said armature and operative to 
move said armature upon an increase in tempera 
ture, said electrothermal means being mounted 
on the opposite side of said plate from said frame, 
an electrical heating circuit connected in series 
with said electromagnet coil and associated with 
Said electrothermal means to heat the electro 
thermal means to move the armature, said plate 
having a Sufficient area, located to shield said 
frame from the magnetic field established around 
Said electrothermal means by the flow of energy 
through said heating circuit. 

WALTER, LYMAN CHURCH. 
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