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with respect to a door opening/closing gear (46), and a spring member (34) associated with the plunger (24) for maintaining the 
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enabling manual opening of the doors in case of an emergency.
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LOCKING MECHANISM FOR PNEUMATIC DIFFERENTIAL ENGINE FOR 

POWER-OPERATED DOORS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of United States Provisional Patent Application 

No. 60/927,418, filed May 3, 2007, and entitled “Locking Mechanism for Pneumatic 

Differential Engine for Power-Operated Doors”, the entire disclosure of which is

incorporated herein in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This application relates in general to a locking mechanism for a pneumatic 

differential engine for power-operated doors and, more particularly, to a mechanical locking 

device for maintaining the differential engine in the “door closed” position, as well as an 

emergency door-opening device enabling manual opening of the doors.

Description of Related Art

|0003] Pneumatic cylinders have been utilized in mechanical systems to convert 

compressed air into linear reciprocating movement for opening and closing doors of 

passenger transportation vehicles. An example of this type of door actuating system is shown 

in U.S. Patent No. 3,979,790.

(0004] Typically, pneumatic cylinders used in this environment consist of a cylindrical 

chamber, a piston and two end caps hermetically connected to the cylindrical chamber. The 

end caps have holes extending therethrough to allow the compressed air to flow into and out 

of the cylindrical chamber, to cause the piston to move in a linear direction, and to apply 

either an opening or closing force to the vehicle door.

[0005] Pneumatic cylinder/differential engine systems have also been designed for opening 

and closing doors of passenger transportation vehicles. Examples of these systems are shown 

in U.S. Patent Nos. 4,231,192; 4,134,231; and 1,557,684. None of these currently used 

systems have a locking system for locking the doors in a closed position should the system 

experience a loss of air supply pressure.

[0006] To understand the locking mechanism of the present invention, it may be helpful to 

understand how a pneumatically powered differential engine door opening device operates. 

[0007] Reference is now made to Fig. 1, which schematically shows a pneumatically- 

powered differential engine door opening device. The differential engine includes a housing 

comprising a large diameter cylinder 1 and a small diameter cylinder 2, closed at their ends 

by large cap 6 and small cap 7. A large diameter piston 4 is installed in the large cylinder 1
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and a small diameter piston 5 is installed in the small cylinder 2. A toothed rack 16 is 

attached to and extends between the large piston 4 and small piston 5. The toothed rack 16 is 

engaged with a pinion gear 15. The pinion gear 15 is, in turn, connected to a shaft 14 which 

drives the mechanism for closing and opening the vehicle door. Linear movement of 

pistons 4 and 5 causes linear movement of the toothed rack 16. This linear movement is 

converted into rotational movement of the pinion gear 15 and shaft 1.4 causing opening and/or 

closing of the vehicle door. As viewed in Fig. 1, movement of the pistons 4 and 5 toward 

large cap 6 or to the left, causes an opening of the doors, and movement of pistons 4 and 5 

toward small cap 7 or to the right, causes a closing of the doors,

[0008] As shown in Fig. 1, the outer side of the small cylinder 2 is connected through an 

opening 19 in the cap 7 to a reservoir of compressed air that constantly applies a positive 

pressure to the surface 5a of small piston 5 facing opening 19. As shown schematically in 

Fig. 1A, the large cap 6, attached to the outer end of the large cylinder 1, has a chamber 17 

including holes 9 and 10 which are connected through a port 80 to a three-way valve, which 

provides connections to a source of compressed air and to an exhaust. During closing of the 

doors, hole 9 is connected to a source of pressurized air and exhaust hole 10 is closed. 

Because the surface area of piston 4 is greater than the surface area of piston 5, the 

pistons 4, 5 move toward small cap 7 or to the right as shown in Fig. 1, rotating the pinion 

gear 15/shaft 14 in a counter-clockwise direction. During an opening stroke, holes 9, 10 are 

connected to an exhaust, causing the air to flow out of large cylinder 1. Because the small 

piston 5 is constantly attached to a source of positive air pressure, the exhausting of the air 

pressure from within the large cylinder 1 causes the pistons 4, 5, connected by toothed rack 

16, to move toward large cap 6 or toward the left as shown in Fig. 1, within the large and 

small cylinders 1, 2. This movement toward the large cap 6 rotates the pinion gear 15/shaft 

14 in a clockwise direction to initiate opening of the doors.

[0009] It has been determined in some instances that there is a need to slow the movement 

of the piston at the end of the stroke when opening and/or closing the door, A known 

technique for slowing this stroke is by restricting the flow of the exhaust air out of the 

cylindrical chamber. This is commonly known as cushioning the movement of the piston. 

[0010] In this design, cushioning at the end of the opening piston stroke occurs through the 

use of a small hole 11 having a diameter that is substantially smaller than that of opening 82. 

This hole 11 is located at a side surface of chamber 17, which provides connection to the 

inside volume of the chamber of the large cylinder 1. A cylindrical sealing disk 8 is installed 

between the piston 4 and cap 6 and is supported between two springs 12, 13. The movement
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3 of the pistons 4, 5 toward large cap 6 or to the left as shown in Fig. 1, causes compression of springs 

12, 13 bringing the disk 8 into contact with a face 17a of chamber 17, forming a seal with the chamber 

face 17a. Once this seal is achieved, air can no longer exit the chamber of the large cylinder 1 through 

opening 82 into chamber 17 and, thus, can only exit through hole 11 into chamber 17. Since the 

diameter of hole 11 is smaller than the diameter of opening 82, the flow of the air out of the large 

cylinder 1 is restricted, consequently slowing down the speed of the opening piston stroke movement 

to the left and achieving a cushioning effect during opening of the doors.

[0011] U.S. Patent No. 2,343,316 teaches a pneumatic cylinder/differential engine for power-operated 

doors, wherein cushioning occurs near the end of the piston stroke during closing of the doors in order 

to prevent slamming. In this device, cushioning occurs when a sealing disk contacts with the surface of 

a cap, causing the exhaust air to flow through a small hole which significantly reduces the rate of flow 

of the exhaust air from the cylinder housing and decreases the linear speed of the piston.

[0012] As stated above, currently used pneumatic differential engines for power-operated doors do 

not have a locking mechanism for locking the doors in a closed position. The capability of locking the 

differential engine in a "door closed" position would be highly desirable, as it would ensure that the 

doors remained closed even in the event of partial or complete loss of air-supply pressure. It would 

also be desirable to provide an emergency door opening mechanism for unlocking the differential 

engine to enable manual opening of the doors in case of an emergency.

SUMMARY OF THE INVENTION

[0013] This paragraph is intentionally left blank.

[0014] According to a first aspect of the invention, there is provided a locking mechanism for use 

with a differential engine for a power-operated door, said differential engine including a pair of 

aligned cylinders and a pair of associated pistons having a rack and pinion assembly including a pinion 

gear, said rack and pinion assembly connected between and controlled by movement of said associated 

pistons for opening and closing of said door, said locking mechanism including:

(a) a locking rod extending in a radial direction relative to the axis of the pinion having a 

leading end and a trailing end;

3



20
08

24
77

06
 

04
 O

ct
 2

01
3 (b) a plunger associated with said trailing end of said locking rod wherein movement of said 

plunger causes extension and retraction of said locking rod with respect to said pinion gear;

(c) a spring member associated with said plunger for maintaining said plunger and said 

locking rod in an extended position during a “door closed” position;

(d) said pinion gear having a sidewall portion with an outside hub surface;

(e) an aperture located through the outside surface of said sidewall portion of said gear, said 

aperture being sized and shaped to receive said leading end of said locking rod when said locking rod 

is in an extended position to lock said gear in a “door closed” position; and

(f) a linear actuator associated with said plunger for overcoming the spring member to retract 

said locking rod.

[0015] According to a second aspect of the invention, there is provided an emergency door opening 

mechanism for use with a locking mechanism of a differential engine for a power-operated door, said 

differential engine including a pair of aligned cylinders and a pair of associated pistons having a rack 

and pinion assembly including a pinion gear, said rack and pinion assembly connected between and 

controlled by movement of said associated pistons for opening and closing of said door, said 

emergency door opening mechanism including:

(a) a series of cams associated with said locking mechanism;

(b) an emergency cable for applying a force to said series of cams causing said series of cams 

to rotate and cause said locking mechanism to be released; and

(c) an air dump control lever associated with said series of cams and an air dump valve 

controlled by said air dump control lever for releasing air pressure from said pneumatic cylinders upon 

rotation of said series of cams wherein release of air pressure enables a manual opening of the doors 

wherein said locking mechanism includes a locking rod, a plunger associated with said locking rod for 

causing extension and retraction of said locking rod and a spring member associated with said plunger 

for maintaining said plunger and said locking rod in an extended position during a “door closed” 

position and for contacting and locking said gear during said “door closed” position.

[0016] These and other features and characteristics of the present invention, as well as the methods of 

operation and functions of the related elements of structures and the combination of parts and
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3 economies of manufacture, will become more apparent upon consideration of the following

description with reference to the accompanying drawings, all of which form a part of this

specification, wherein like reference numerals designate corresponding parts in the various figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Fig. 1 is a cross-sectional view of a pneumatic cylinder/differential engine of the prior art; 

[0018] Fig. IA is a schematic view of the porting arrangement of the large cylinder end cap of the 

pneumatic cylinder/differential engine shown in Fig. 1;

[0019] Fig. 2 is an isometric view of the differential engine of the present invention with the locking 

mechanism in the "door locked" position;

[0020] Fig. 3 is a top view "A" in the direction of the arrow "A" of Fig. 2 of the differentia] engine 

with the locking mechanism in the "doors locked" position;

[0021] Fig. 3 A is a partial schematic top view "A" in the direction of arrow "A" of Fig. 2 of an 

alternative design of the unlocking actuator for the differential engine with the locking mechanism in 

the "doors locked" position. ______________________________________________________________7
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[0022] Fig, 4 is a back view “B” in the direction of the arrow “B” of Fig. 2 of the 

differential engine with the locking mechanism in the “doors locked” position;

[0023] Fig. 5 is a cross-sectional view taken along line C-C of Fig. 2 of the differential 

engine with the locking mechanism in the “doors locked” position;

[0024] Fig. 6 is a front view “D” in the direction of the arrow “D” of Fig. 2 of the 

differential engine with the locking mechanism in the “doors locked” position;

[0025] Fig. 7 is an isometric view of the differential engine with the locking mechanism in 

the “doors opened” position;

[0026] Fig. 8 is a top view “E” in the direction of the arrow “E” of Fig. 7 of the differential 

engine with the locking mechanism in the “doors opened” position;

[0027] Fig. 9 is a cross-sectional view taken along line F-F of Fig. 7 of the differential 

engine with the locking mechanism in the “doors opened” position;

[0028] Fig. 10 is a front view “G” in the direction of the arrow “G” of Fig. 7 of the 

differential engine with the locking mechanism in the “doors opened” position;

[0029] Fig. 11 is an isometric view of the differential engine with the locking mechanism 

in the “doors emergency opened” position;

[0030] Fig. 12 is a top view “H” in the direction of the arrow “H” of Fig. 11 of the 

differential engine with the locking mechanism in the “doors emergency opened” position; 

[0031] Fig. 13 is a cross-sectional view taken along line I-I of Fig. 11 of the differential 

engine with the locking mechanism in the “doors emergency opened” position;

[0032] Fig. 14 is a front view “J” in the direction of the arrow “J” of Fig. 11 of the 

differential engine with the locking mechanism in the “doors emergency opened” position; 

[0033] Fig. 15 is an isometric view of an alternative design of the locking mechanism in the 

“doors locked” position wherein the locking mechanism is removed from the differential 

engine; and

[0034] Fig. 16 is an isometric view of the locking mechanism taken in the direction of 

arrow “H” of Fig. 15.

DETAILED DESCRIPTION OF THE INVENTION

[0035] For purposes of the description hereinafter, the terms “upper”, “lower”, “right”, 

“left”, “vertical”, “horizontal”, “top”, “bottom”, “lateral”, “longitudinal” and derivatives 

thereof shall relate to the invention as it is oriented in the drawing figures. However, it is to 

be understood that the invention may assume various alternative variations, except where 

expressly specified to the contrary. It is also to be understood that the specific devices 

illustrated in the attached drawings, and described in the following specification, are simply
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exemplary embodiments of the invention. Hence, specific dimensions and other physical 

characteristics related to the embodiments disclosed herein are not to be considered as 

limiting.

[0036] Reference is now made to Figs. 2-6 which show the differential engine of the 

present invention with the locking mechanism generally illustrated as 100, in the “doors 

locked” position. The locking mechanism 100 of the present invention can be used in 

combination with any pneumatic cylinder/differential engine, such as the type shown in Fig. 

1 and discussed in detail above. The locking mechanism 100 may be attached above the 

small cylinder 2 of the pneumatic cylinder/differential engine by a bracket 40 or any other 

well-known attaching device. This pneumatic cylinder/differential engine includes a pair of 

aligned cylinders 1, 2 and a pair of associated pistons 4, 5 having a rack 16 and pinion 

assembly including a modified gear 46. The output shaft 14 of the gear 15, 46 is connected to 

a teeter lever 56. The rack 16 and pinion assembly is connected between and controlled by 

movement of the associated pistons 4, 5, which are connected to the teeter lever 56, which 

causes opening and closing of the doors. The locking mechanism 100 comprises a locking 

rod 20 having a leading end 20a and a trailing end 20b. A solenoid plunger 24 is attached to 

the trailing end 20b of the locking rod 20, such that movement of the plunger 24 causes 

extension and retraction of the locking rod 20 with respect to the gear 46. A compression 

spring member 34 is associated with the plunger 24 for maintaining the plunger 24 and the 

locking rod 20 in an extended position during a “door closed” position. The modified gear 46 

is provided with an aperture 46a located through a sidewall portion of the gear hub 46b and 

forming a contact surface 46c within the gear hub 46b, This aperture 46a has a 

predetermined size and shape capable of receiving the leading end 20a of the locking rod 20 

when the locking rod 20 is in an extended position to lock the gear in a “door closed” 

position.

[0037] An adapter 22 is provided for connecting the trailing end 20b of the locking rod 20 

to the plunger 24. The plunger 24 extends from an unlocking actuating mechanism such as a 

solenoid assembly 36, as shown in Fig. 3, which is mounted to the pneumatic 

cylinder/differential engine. The compression spring member 34 maintains the plunger 24 

and locking rod 20 in an extended position to ensure locking of the doors. The solenoid 

assembly 36 contains a solenoid therein which can receive a door opening signal which, in 

turn, causes the solenoid to be energized and the plunger 24 with the locking rod 20 to be 

retracted from the gear 46.
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(0038) According to an alternative design, as shown in Fig. 3A, the unlocking actuating 

mechanism can comprise a single-acting pneumatic cylinder 36a which is actuated by an air 

supply line 37 connected to a pneumatic control valve. The single-acting pneumatic cylinder 

36a includes either an internal or external return spring (not shown) and suitable control 

valves.

[00391 The solenoid assembly 36 and single-acting pneumatic cylinder 36a of Figs. 3 and 

3A, show two examples of unlocking actuating mechanisms that can be used in the present 

invention. However, any type of linear actuating mechanism can be used in the present 

invention to cause the plunger 24 with the locking rod 20 to be retracted from the gear 46. 

[0040] A better understanding of the invention can be had by understanding the 

functioning of the mechanism for the various door positions, as described in detail below. 

[0041] In the “doors closed” position of the differential engine 100, the solenoid of the 

solenoid assembly 36 is not energized. The compression spring 34 pushes the plunger 24 and 

the locking rod 20, attached to the plunger 24 by adapter 22 to the right, as viewed in Figs. 2

6, in a radial direction relative to the center of the gear 46 until the locking rod will enter into 

the aperture 46a of the gear hub 46b and contact the surface 46c of the gear hub 46b. In this 

position, the gear 46 will be locked against the possibility of rotation, and this locking action 

will be simultaneously applied to an output shaft 54, teeter lever 56 and other linkage 

elements (not shown in the drawings) connecting the differential engine with the vehicle 

doors. Locking of the differential engine output shaft 54 prevents the engine from moving 

the vehicle doors. The “doors closed” proximity switch 50 generates a signal that indicates 

that the differential engine is in the “doors closed” position. A target 66, connected to the 

locking rod 20, activates the “doors locked” proximity switch 42, which generates a signal 

that indicates that the differential engine is locked.

[0042] According to an alternative design, target 66, as shown in Figs. 5-6, which activates 

the “doors locked” proximity switch 42, can be replaced with target 67, as shown in 

Figs. 15 -16. Target 67 is formed from the cam 27. Rotational movement of the cam 27 

activates linear movement of the locking rod 20. As shown in Fig. 16, movement of locking 

mechanism 20 and cam 27 to the locking position causes target 67 to activate the “doors 

locked” proximity switch 42, which generates a signal that indicates that the differential 

engine is locked.

[0043] Reference is now made to Figs. 7-10 which show the differential engine with the

doors in the “unlocked and open” position. To open the doors, the solenoid in the solenoid

assembly 36 is energized by the “door open” command from the vehicle electrical controls

7
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and retracts the plunger 24. The motion of the plunger 24 is transferred by the adapter 22 to 

the locking rod 20, withdrawing the locking rod 20 from the gear 46 in the outward radial 

direction. A “doors unlocked” proximity switch 44 is activated by the target 66, changing the 

state of a three-way solenoid valve, not shown, to exhaust air from the large cylinder 1 of the 

differential engine and initiate door opening. Opening of the doors will stop when a “doors 

opened” proximity switch 52 is activated by the teeter lever 56.

[0044J As discussed in detail above, target 66, located on locking rod 20, can be replaced 

by target 67, which forms a part of cam 27, as shown in Figs. 15-16. Rotational movement of 

cam 27 to the “doors unlocked” position activates the “doors unlocked” proximity switch 44. 

(0045] During “door closing”, a signal from the vehicle electrical controls initiates the door 

closing process. The necessary condition for initiation is the presence of a signal from the 

“door unlocked” proximity switch 44. The solenoid in the solenoid assembly 36 is 

de-energized, and compression spring 34 pushes plunger 24 and locking rod 20 in a radial 

direction until the locking rod 20 contacts the outside surface of the gear hub 46b. When the 

gear 46 rotates into the fully-closed position, the compression spring 34 causes the locking 

rod 20 to enter into the aperture 46a of the gear hub 46b, locking the gear 46,

[0046] As shown in Figs 11-14, to open the door in case of an emergency, a series of cams 

26, 27 are associated with the locking mechanism 100, This series of cams includes a first 

cam 26 and a second cam 27. The cams 26, 27 are attached to the locking mechanism 100 by 

any well-known means, such as shafts 28, 30. An emergency cable 62 and an emergency 

cable attachment 38 are attached to first cam 26 for applying a force to the series of cams 26, 

27 causing the series of cams 26, 27 to rotate and cause the locking mechanism 100 to be 

released. An air dump control lever 64a is associated with the series of cams 26, 27, and an 

air dump valve 64 is controlled by this air dump control lever 64a. Rotation of the series of 

cams 26, 27 causes release of air pressure within the pneumatic cylinders 1, 2, which enables 

a manual opening of the doors.

[0047] The emergency door release functions as follows. A force is applied through an 

emergency cable 62 and emergency cable attachment 38 to the first cam 26. The first cam 26 

includes a beak portion 26a, a notch portion 26b and a leg portion 26c. Second cam 27 

includes a finger portion 27a, which normally rests within the beak portion 26a of first 

cam 26. Second cam 27 is attached to the adapter 22 by any well-known means, such as a 

pin 31. The force from the emergency cable 62 'causes the first cam 26 to rotate in a 

counter-clockwise direction, as shown in the figures, causing the rotation of the second 

cam 27 in the clockwise direction and movement of the finger portion 27a out of the beak

8
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portion 26a of the first cam 26 and into the notch portion 26b, as illustrated in Figs, 11 and 

12, Leg portion 26c of first cam 26 rotates and actuates an “emergency activated” proximity 

switch 48. A torsion spring 32 is provided on shaft 30 above and adjacent to first cam 26, 

Rotation of cams 26, 27 also causes compression of the torsion spring 32. Second cam 27 is 

constantly engaged with the first cam 26, and “locks” or becomes “jammed” with the first 

cam 26 at the end of the rotation. Rotation of the second cam 27 in the clockwise direction 

causes the movement of the locking rod 20, connected to the second cam 27 by the adapter 

22, in the outward radial direction, withdrawing the adapter 22 and the locking rod 20 a 

sufficient amount toward the solenoid assembly 36 to enable unlocking of the gear 46 and 

opening of the doors. When the rotation of the second cam 27 stops, the cams 26, 27 remain 

in the “locked” or “jammed together” position. As a result, the locking rod 20 and. plunger 24 

of the solenoid assembly 36 are maintained in an “unlocked” position. First cam 26 is 

pressing down on lever 64a of the air dump valve 64. Consequently, rotation of the cam 26 

activates the lever 64a of the air dump valve 64 and the air dump valve 64 releases the air 

pressure from both of the cylinders 1, 2 of the differential engine, enabling manual opening 

of the vehicle doors. The leg portion 26c of the first cam 26 functions as a target for 

“emergency activated” proximity switch 48, and, as a result, at the end of the rotation, it 

activates this switch 48, which generates an “emergency activated.” signal for the bus 

electrical controls. The target 66, connected to the locking rod 20, activates the “door 

unlocked” proximity switch 44, which generates a “door unlocked” signal. Alternatively, 

target 67 attached to second cam 27 shown in Figs. 15-16 can activate the “door unlocked” 

proximity switch 44.

[0048] To reactivate the differential engine and close the doors, the vehicle electrical 

controls energize the solenoid assembly 36, which retracts the plunger 24 farther into the 

solenoid assembly 36 and rotates second cam 27 farther in the clockwise direction, pulling 

the finger portion 27a out of notch 26b, releasing the first cam 26 from engagement with the 

second cam 27. The compressed torsion spring 32 returns first cam 26 to the initial position. 

The “emergency activated” proximity switch 48 is deactivated, and the vehicle electrical 

controls signal that the engine is ready for the door closing cycle.

[0049] After emergency opening of the doors, the door closing cycle can be reactivated by 

deactivating the solenoid assembly 36, causing the plunger 24 and locking rod 20 to extend 

from the solenoid assembly 36 such that the leading end 20a of the locking rod engages 

aperture 46a of gear 46. The emergency unlocking mechanism and door reactivation 

mechanism of the invention are such that the door may be remotely closed and locked after
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system to reset the device.

[0050] It will be understood that the term “comprise” and any of its derivatives (eg comprises, 

comprising) as used in this specification is to be taken to be inclusive of features to which it refers, and 

is not meant to exclude the presence of any additional features unless otherwise stated or implied.

[0051 ] The reference to any prior art in this specification is not, and should not be taken as, an 

acknowledgement of any form of suggestion that such prior art forms part of the common general 

knowledge.

[0052] It will be appreciated by those skilled in the art that the invention is not restricted in its use to 

the particular application described. Neither is the present invention restricted in its preferred 

embodiment with regard to the particular elements and/or features described or depicted herein. It will 

be appreciated that various modifications can be made without departing from the principles of the 

invention. Therefore, the invention should be understood to include all such modifications in its scope.
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1. A locking mechanism for use with a differential engine for a power-operated door, said 

differential engine including a pair of aligned cylinders and a pair of associated pistons having a rack 

and pinion assembly including a pinion gear, said rack and pinion assembly connected between and 

controlled by movement of said associated pistons for opening and closing of said door, said locking 

mechanism including:

(a) a locking rod extending in a radial direction relative to the axis of the pinion having a 

leading end and a trailing end;

(b) a plunger associated with said trailing end of said locking rod wherein movement of said 

plunger causes extension and retraction of said locking rod with respect to said pinion gear;

(c) a spring member associated with said plunger for maintaining said plunger and said 

locking rod in an extended position during a “door closed” position;

(d) said pinion gear having a sidewall portion with an outside hub surface;

(e) an aperture located through the outside surface of said sidewall portion of said gear, said 

aperture being sized and shaped to receive said leading end of said locking rod when said locking rod 

is in an extended position to lock said gear in a “door closed” position; and

(f) a linear actuator associated with said plunger for overcoming the spring member to retract 

said locking rod.

2. The locking mechanism of claim 1 including an adapter for connecting said trailing end of 

said locking rod to said plunger.

3. The locking mechanism of claim 1 including a “door closed” proximity switch for generating 

a “door closed” signal.

4. The locking mechanism of claim 1 including a target connected to said locking rod for 

activating a “door locked” proximity switch which generates a “door locked” signal.
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3 5. The locking mechanism of claim 1 including a target associated with a cam for activating a 

“door locked” proximity switch which generates a “door locked” signal.

6. The locking mechanism of claim 1 wherein said linear actuator includes a solenoid assembly 

associated with said plunger, said solenoid assembly including a solenoid which is activated upon 

receipt of a “door opening” signal.

7. The locking mechanism of claim 1 wherein said linear actuator includes a single-acting 

pneumatic cylinder having at least one control valve, which is connected to a source of pressurized air, 

that is activated upon receipt of a “door opening” signal.

8. The locking mechanism of claim 1 wherein said locking rod includes a target for activating a 

door opening proximity switch which generates an air exhaust signal for exhausting air from one of 

said aligned cylinders of the differential engine to initiate a “door opening” cycle.

9. The locking mechanism of claim 8 including a teeter lever, mounted with respect to said rack 

and pinion assembly, for opening said door during a “door opening” cycle and activating the door 

opened proximity switch upon completion of the “door opening” cycle.

10. An emergency door opening mechanism for use with a locking mechanism of a differential 

engine for a power-operated door, said differential engine including a pair of aligned cylinders and a 

pair of associated pistons having a rack and pinion assembly including a pinion gear, said rack and 

pinion assembly connected between and controlled by movement of said associated pistons for 

opening and closing of said door, said emergency door opening mechanism including:

(a) a series of cams associated with said locking mechanism;

(b) an emergency cable for applying a force to said series of cams causing said series of cams 

to rotate and cause said locking mechanism to be released; and
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3 (c) an air dump control lever associated with said series of cams and an air dump valve 

controlled by said air dump control lever for releasing air pressure from said pneumatic cylinders upon 

rotation of said series of cams wherein release of air pressure enables a manual opening of the doors 

wherein said locking mechanism includes a locking rod, a plunger associated with said locking rod for 

causing extension and retraction of said locking rod and a spring member associated with said plunger 

for maintaining said plunger and said locking rod in an extended position during a “door closed” 

position and for contacting and locking said gear during said “door closed” position.

11. The emergency door opening mechanism of claim 10 wherein said series of cams includes a 

first cam associated with said emergency cable, a second cam in rotational engagement with said first 

cam and a torsion spring cooperating with said first and second cams, said second cam having a 

portion in contact with said spring member of said plunger and wherein rotation of said first and 

second cams causes compression of said second cam and compression of said spring member to retract 

said plunger and said locking rod with respect to said gear.

12. The emergency door opening mechanism of claim 11 wherein said first cam includes a beak 

portion and a notch portion located below said beak portion.

13. The emergency door opening mechanism of claim 12 wherein said second cam includes a 

finger portion which rests within said beak portion prior to an emergency door opening command and 

moves to said notch portion upon rotation of said first cam during an emergency door opening

sequence.

14. The emergency door opening mechanism of claim 11 wherein said first cam includes a leg 

portion for activating an “emergency activated” proximity switch which generates an “emergency 

activated” signal.
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3 15. The emergency door opening mechanism of claim 10 wherein said second cam includes a 

target for activating a “door unlocked” proximity switch for generating a “door unlocked” signal.

16. The emergency door opening mechanism of claim 11 wherein said locking rod includes a 

target for activating a “door unlocked” proximity switch for generating a “door unlocked” signal.

17. The emergency door opening mechanism of claim 10 wherein said emergency door opening 

mechanism is released through an electrical control signal, causing said door opening mechanism to 

complete a full door opening cycle, causing said series of cams to rotate to an initial position.

18. The emergency door opening mechanism of claim 17 wherein upon completion of said full 

door opening cycle, the differential engine may be returned to the “door closed” position and locked 

through a remote control signal.
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