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8 Claimis. 
This application is a division of my prior ap 

plication Serial No. 109,964, filed November 9, 
1936 on Gyroscopic steering apparatus. 
The present application relates to a delayed 

action reversing switch, fully shown and de 
scribed in said original application. My improved 
switch is capable of general application but is 
particularly designed for use with flight-directing 
gyroscopic apparatus. 

It is the general object of my invention to pro 
vide a delayed action reversing switch by which 
current may be caused to flow through an elec 
tric circuit in one direction for a certain period 
of time and may be caused to flow through said 
circuit in the opposite direction for another peri 
od of time but only after a predetermined neutral 
interval. 
A further object is to provide a Switch in which 

the reverse operating period will always be in 
fixed proportion to the initial operating period, 
regardless of the length of said initial period. 
My invention further relates to arrangements 

and combinations of parts which will be herein 
after described and more particularly pointed 
out in the appended claims. 
A preferred form of the invention is shown in 

the drawings, in which 
Fig. 1 is a sectional elevation of my improved 

reversing switch; · 
Fig. 2 is an end view thereof, partly in Sec 

tion, looking in the direction of the arrow 2 in 
Fig. 1; 

Fig. 3 is a sectional end elevation, taken along 
the line 3-3 in Fig. 1; 

Fig. 4 is a perspective view of a double-pole 
Switch; 

Fig. 5 is a detail view of certain switch control 
parts, looking in the direction of the arrow 5 in. 
Fig. 1; 

Fig. 6 is a plan view of said double-pole switch, 
in association with cooperating parts; 

Fig. 7 is an enlarged side elevation of a locking 
device; 

Fig. 8 is a detail sectional view, taken along 
the line 8-8 in Fig. 2; 

Fig. 9 is a perspective' view of a double-acting 
pilot gyroscope with which my reversing switch. 
may be used; 

Fig. 10 is a wiring diagram for said pilot-gyro 
scope and associated switches and apparatus con 
trolled thereby; 

Fig.11 is a perspective view of a steering gyro 
scope assembly; and 

Fig. 12 is a detail plan view, looking in the di 
rection of the arrow f2 in Fig. 11. 

In the development of the improved gyroscopic 
steering apparatus, for the control of which my 
improved Switch is particularly designed, I make 
use of the known principle that a heavy ring ro 
tating on an axis in a supporting structure and 
in a plane perpendicular to the axis of said sup 
porting structure will produce a reacting force 
tending to rotate said supporting structure in a 
reverse direction, which rotation will actually 
take place if the supporting structure is itself 
mounted for free rotation. 

Preferably, I provide a pair of rotating ele 
ments in each gyroscopic steering unit, which 
elements rotate in opposite directions about axes 
which are normally parallel. The two elements, 
thus rotating in opposite directions in the same 
plane, neutralize each other and, when in nor 
mal position, have no effect on the flight of the 
aircraft. 
Such ar? arrangement is indicated in Figs, 11 

and 2 in which rotating elements 30 and 3 
are mounted in gimbals 32 and 32 in a frame 
33. So long as the parts are in the position 
shown in Fig. 11, the frame 33 will remain at 
rest. If, however, the gimbals are moved simul 
taneously in opposite directions to bring the ro 
tating elements 30 and 3 to oppositely inclined 
positions, an angular momentum will be produced 
by the rotating elements, and the accompanying 
reactive force on the supporting frame 33 will 
tend to produce angular movement thereof. This 
reactive force is a maximum when the gimbals 
32 and 32 are each rotated 90°, but any angular 
displacement of the two gimbals and rotated 
elements simultaneously in opposed directions 
Will produce a substantial angular reaction, which 
reaction increases With the angle of displacement. 
The gimbals 32 and 328 (Figs. 11 and 12) are 

provided with external gear teeth and are mount 
ed for rotation on rolls or loose pinions 33B. A 
motor 35 (Fig. 2) drives a pinion 36 which en 
gages the gimbal 32, and the pinion 36 meshes 
with a pinion 37 which engages and drives the 
Secodi gimba 32a. 

the notor 35 is of the reversing type and con 
stitutes means by which the gimbals 32 and 32a 
may be simultaneously displaced angularly to any 
desired extent but always in opposed directions. 
Motors M and M' are provided for continu 

ously rotating the gyroscope elements 30 and 3, 
and corresponding rotating counterbalances 38 
are also provided. The non-rotating parts of the 
motors M and M' are supported on cross rods 
or braces 39 in the gimbals 32 and 32. 

If it is now SSSumed that the frame 33 is fixed 
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angular relation to the arm O and its supporting 
gimbal. 
A spring 73 (Fig. 7) normally holds the parts 

yieldingly in the described relation and with the 
depending portion 4 of the bell crank in 
alignment with a segmental ring 75 (Fig. 8) fixed 
On the end of the block 58. When the arm 
and bell crank Ti are rotated in a direction away 
from the end of the fixed segmental ring 75, the 
parts maintain the relation shown in FigS. 1 and 
7 and the ring 60 is moved with the arm 0. 
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If the arm 70 is displaced in the opposite di 
rection, however, the depending arm 4 engages 
a beveled end Surface 76 (Fig. 8) of the ring 5 
and is swung clockwise out of the slot 2, thus 
causing no movement of the ring 60. N 
When the parts are thus operated, however, a 

corresponding bell crank la (Fig. 1) engages 
and rotates the ring 60 in a direction opposite 
to the previously described movement of the ring 
60. The bell crank a is mounted on an arm. 
70a which is fixed to the same gimbal which Sup 
ports the arm 70, and the bell crank is con 
trolled in its operation by a fixed ring 75, all as 
previously described. 
The ring 6 (Fig. 5) carries a cam arm 80 fixed 

thereto and projecting laterally therefrom to en 
gage the operating pin 68 of the double pole 
switch 6. When the gimba which supports the 
arm 70 is displaced angularly in the direction in 
dicated by the arrow k in Fig. 5, the rings 60 
and 6 will be similarly displaced, although at 
different speeds, and the arm 80 will engage and 
shift the pin 68 to the position shown in Fig. 6. 
A second can arm 8 (Fig. 5) is mounted on the 

ring 60 and when moved in the reverse direc 
tion will shift the Switch 6 to its opposite Work 
ing position. Similar cam arms are associated 
with the rings 60a and 6B and similarly engage 
the pin 688 and operate the switch fingers 66. 
The contact fingers 66 of the Switch 6 are 

connected to concentric bands 83 and 84 (Fig. 1) 
on the ring 62, which bands are engaged by con 
tact strips or brushes 85 and 86 on the arm (), 
connected by wires 8 and 88 to brushes 89 and 
90 which engage commutator rings 9 and 92 
mounted on an extension of the block 58 and 
connected to binding posts 93 and 94. 

Brushes 95 and 96 are mounted on the ring 
62 and are connected to the bands 83 and 84, 
and said brushes engage corresponding bands 83 
and 84a on the ring 62, which bands are con 
nected respectively to the two contact fingers 
66a of the lower Switch. The outside. Segmental 
rings 69 and 69 (Fig. 1) are connected to a 
terminal 9 on the block 58, and the middle rings 
69 and 69a are similarly connected to a Second 
terminal 98. 
The operation of the delayed action switch 

mechanism above described is as follows: 
When the gimbal supporting the arm. To is 

displaced in the direction of the arrow k in Fig. 
5, the ring 60 is similarly displaced and the ring 
6 is moved in the same direction but for one 
half the distance. Such movement causes the 
cam arm 80 to shift the switch 6 to the posi 
tion shown in Fig. 6. After having shifted the 
switch, the arm 80 continues to push against 
the pin 68, thus rotating the ring 62 with the 
arm 80. 
The switch fingers 66 normally rest on the 

non-conducting portion g of the block 58 between 
the ends of the segmental rings 69, but as soon 
as the rotation of the ring 62 is begun, the fin 
gers engage the selected rings and complete 

3 
a motor control circuit which will be hereinafter 
described. 
The motion of the arm O and ring 60 and the 

half. Speed motion of the rings 6 and 62 continue 
until the corresponding steering gyroscope has 
equalized the deviating force and thus stopped 
the relative angular movement of the gimbal 
which supports the arm O. 
The steering gyroscope motor will continue to 

operate, still further displacing the steering gyro 
scopes to produce a counter-rotation of the air 
craft and a like rotation of the pilot gyroscope 
gimbal supporting the arm 70. This will rotate 
the ring 60 in the opposite direction, carrying 
with it the ring 6 at half speed, but the ring 
62 supporting the switch 67 will be held fric 
tionally in fixed position until the pin 68 is en 
gaged by the can arm 8?. 
As the arm ... has traveled twice as fast and 

twice as far as the pin 68 in the initial direc- : 
tion, the arra a will not reverse the switch 67 
until half of its return movement has been com 
pleted. Thereupon the switch 67 will be re 
versed and via then be returned to initial posi 
tion along with the ring 62. 
When the switch is reversed, the control cir 

cuit of the actor which shifts the steering gyro 
scope is reversed and the gyroscope elements are 
gradually brought back to initial inoperative re 
lation, this result being accomplished at the 
same time that the ring 62 is returned to its 
original position and the control circuit is broken 
by separation of the contact fingers 66 from the 
segmental rings 69. 

If the initial movement of the arms 70 and 70 
is in the opposite direction, the corresponding 
parts at the left in Fig. 1 Will be similarly oper 
ated to correct a deviation in the opposite direc 
tion 
The electrical circuits and connections through 

which my improved switch connects a pilot gyro 
scope to control a steering gyroscope are showr 
diagrammatically in Fig. 10. 
The main generator or source of power G is 

connected through wires foO and Ot, a relay R. 
and wires and 103 to a motor, as 35, (Fig. 12) 
which rotates the gimbal frames 32 and 32 of 
the steering gyroscope shown in Fig. 11. 
A second generator G' is connected through 

wires and if f to commutator rings on the 
gimbal bearing 42 of the double acting pilot 
gyroscope shown în Fig. 9. Brushes I 12 and I 13 
are mounted: on the arm 70 of the gimbal 4 and 
are connected by wires f4 and 5 to com 
mutator rings on the gimbal bearing 46, which 
rings are engaged by brushes 6 and 7 mount 
ed on an armife on the inner gimbal ring 
44. The brushests and til are connected by 
wires 9 and to the motor 48 which drives 
the constantly rotating gyroscope element 47. 
Through thesaeonnections the generator G' is 
continuously connected to the motor 48 in every 
position of the pilot gyroscope and its supporting 
gimbals. . é. 
The generator G' is also connected through 

branch wires it and 22 to the segmental rings 
69 previously described, which rings are selec 
tively engaged by contact fingers of the switch 
6 to complete a control circuit through the 
brushes 5 and , wires 87 and 88, brushes 89 
and 90, commutator rings 9 and 92 and wires 
23 and 24 to the relay R previously described. 
Through these connections displacement of the 
gimbal 4 from its normal relation to the frame. 
40 causes the relay R to be operated in such ran 
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4 
ner as to connect the generator G to the motor 
35 and thus cause rotation thereof in one direc 
tion. 

For the sake of clearness, the connections 
through the Segmental rings 69a and Switch 67a 
are Omitted, these being duplicates of the cir 
cuits previously described and being connected 
to cause the relay R to complete reverse connec 
tions between the generator G and the motor 35, 
So that the motor will operate in the opposite 
direction. 
With the connections described, it will be evi 

dent that the motor 35 which controls one of the 
Steering gyroscopes will be operated in accord 
ance With the displacement of the gimbali 4 rela 
tive to the supporting frame 40, and that the op 
eration of a second steering gyroscope will be 
in accordance with the displacement of the 
gimbal 44 relative to the gimbal 4. 

Having fully described the details of construc 
tion of my improved delayed action switch and 
its utility in connection with gyroscopic control 
apparatus, it is believed that the operation and 
advantages of my invention will be readily ap 
parent. I do not Wish to be limited to the details 
herein disclosed, otherwise than as set forth in 
the claims, but what I claim is: 

1. A delayed action switch comprising a contact 
device, a first member effective to shift said de 
vice in one direction when rotated in a given di 
rection, a second member effective to shift said 
device in the opposite direction when rotated in 
the reverse direction, and means to rotate said 
members in the same direction and to move one 
member twice as fast as the other, whereby a de 
layed reverse shift of Said device Occurs after 
reversal of rotation of said members. 

2. The combination in a delayed action switch 
as set forth in claim 1, in which the contact de 
vice is mounted on a third rotatable member 
which is held frictionally at rest between engage 
ments by said members. 

3. A delayed action Switch comprising a con 
tact device, a rotatable member effective to en 
gage and shift said contact device in one direction 
When rotated in a primary direction but ineffec 
tive to shift said device when moved in the op 
posite Secondary direction, a second rotatable 
member effective to engage and shift said con 
tact device in the opposite direction when said 
Second member is moved in said secondary direc 
tion but ineffective to shift said contact device 
when moved in said primary direction, and means 
to move said two rotatable members simultane 
Ously in the same direction but at substantially 
different speeds. 

4. A delayed action switch comprising a con 
tact device, segmental conducting rings selec 
tively engaged by said device, a relatively fixed 
support for said rings, first, second and third 
members movably mounted on said support, said 
third member supporting said contact device, 
means on said first member to shift said device in 
One direction, means on said second member to 
shift said device in the opposite direction, means 
to move said first member angularly on said sup 
port, and connections between said first and sec 
Ond members through which said first member 

2,158,181 
drives said second member in the same direction 
but at reduced speed. 

5. A delayed action switch comprising a con 
tact device, segmental conducting rings selec 
tively engaged by said device and having an ad 
jacent insulating surface on which said devices 
normally rest, a cylindrical and relatively fixed 
Support for said rings, first, second and third 
members rotatably mounted on said support, said 
third member supporting said contact device, 
means on Said first member to shift said device in 
One direction, means on said second member to 
shift said device in the opposite direction, means 
to partially rotate said first member on said Sup 
port, and connections between said first and sec 
ond members through which said first member 
when rotated in either direction rotates said 
second member in the same direction but at one 
half of the speed of said first member. 

6. A delayed action Switch comprising a con 
tact device, spaced segmental conducting rings 
selectively engaged by said device, a cylindrical 
support for said rings, first, second and third 
members rotatably mounted on said Support, said 
third member supporting said contact device and 
being frictionally retarded on said support, 
means on said first member to shift said device 
in one direction, means on said second member 
to shift said device in the opposite direction, 
means to move said first member angularly on 
said support, and planetary gearing between said 
first and second members through which Said 
first member When moved in either direction 
moves said second member in the same direction 
but at one-half the Speed and for One-half the 
distance. 

7. In a delayed action reversing Switch, a cy 
lindrical support, first, second and third members 
rotatably mounted on said support, a contact de 
vice on said third member, a cam arm on said 
second member effective to shift said device in 
one direction and to thereafter rotate said third 
member with said second member, a cam arm on 
said first member effective to shift said device in 
the opposite direction and to thereafter return 
said third member with said first and Second 
members to initial position, and means to rotate 
Said first and Second members in the same direc 
tion at different speeds but in a fixed speed ratio. 

8. In a delayed action reversing switch, a cy 
lindrical support, first, second and third mem 
bers rotatably mounted on said support, a con 
tact device on said third member, a cam arm on 
said Second member effective to shift Said device 
in One direction and to thereafter rotate Said 
third member with said second member, a cam 
arm on said first member effective to shift said 
device in the opposite direction and to thereafter 
return said third member with said first and sec 
ond members to initial position, means to rotate 
said first and second members in the same direc 
tion at different speeds but in a fixed speed ratio, 
angularly movable driving means for said first 
member, and means to lock said driving means to 
said first member when said driving means is 
moved in One direction only. 

ROBERT H. GODDARD. 
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