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57 ABSTRACT 

The inertia switch includes a vertical tubular member 
terminating at its bottom in an apertured spherical 
seat which swingably engages the spherical underface 
of a head formed at the top of a depending pendulum. 
The top of the head defines a flat faced cam which 
confronts the flat underface of a follower slideable in 
the tubular member and a resilient switch arm extends 
across the path of the follower to be actuated by the 
swinging of the pendulum. 

9 Claims, 7 Drawing Figures 
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PENDULUM OPERATED INERTIASWITCH FOR 
SAFETY BELT MECHANISM WITH 
RECIPROCATING CAM FOLLOWER 

REFERENCE TO RELATED APPLICATION 
The present application is a Divisional Application of 

co-pending U.S. Pat. application Ser. No. 161,682 filed 
July 12, 1971 now U.S. Pat. No. 3,740,000. 

BACKGROUND OF THE INVENTION 
The present invention relates generally to improve 

ments in vehicle safety or seat belt mechanisms and it 
relates particularly to an improved automatic locking 
vehicle safety belt rewinding reel. 
The conventional vehicle safety belt includes a suit 

ably anchored reel about which the belt is wound and 
which is biased by a rewind spring to a belt retracted 
condition. In normal use the belt is withdrawn from the 
reel for its full length and the free end of the belt is cou 
pled by a tongue and buckle arrangement to the oppo 
site side of the seat to secure the occupant in a re 
strained condition to the seat. The belt is of adjustable 
length to accommodate occupants of different girths or 
sizes. The aforesaid conventional safety belt mecha 
nism possesses numerous drawbacks. Among these is 
the requirement of manually adjusting the length of the 
seatbelt to the size of the respective seat occupant. An 
other important disadvantage of the conventional seat 
belt mechanism is that it greatly restricts the move 
ments of the restrained seat occupant during normal 
operation of the vehicle, thereby interferring with the 
optimum and efficient control of the vehicle by the 
driver causing a high degree of discomfort, 

SUMMARY OF THE INVENTION 
It is a principal object of the present invention to pro 

vide an improved vehicle safety belt mechanism. 
Another object of the present invention is to provide 

an improved safety belt rewinding reel. 
Still another object of the present invention is to pro 

vide an improved safety belt rewinding reel which per 
mits the free movement of the seat occupant under nor 
mal driving conditions, but automatically locks the belt 
against withdrawal to tightly restrain the occupant in 
the seat in the event that collision or accident condi 
tions occur, such as a rapid acceleration or decelera 
tion, or an excessive inclination or attitude of the vehi 
cle which results from accidents such as roll over, up 
ending or the like. 
A further object of the present invention is to provide 

a device of the above nature characterized by its reli 
ability, ruggedness, compactness, versatility, adaptabil 
ity, ease of use and application and the obviation of the 
need for adjustment to different occupant sizes. 
The above and other objects of the present invention 

will become apparent from a reading of the following 
description taken in conjunction with the accompany 
ing drawings which illustrate a preferred embodiment 
thereof. 
In a sense the present invention contemplates the 

provision of an automatic locking safety belt retraction 
reel mechanism comprising a bracket, a reel rotatably 
mounted on the bracket, a rewind spring connected to 
the reel and urging the reel to rotate in a belt retracting 
first direction and means for releasably locking the reel 
against rotation in a belt withdrawal second direction 
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2 
including a locking element mounted on the bracket 
and movable between a reel locking and reel release 
positions, a solenoid mounted on the bracket, an arma 
ture actuated by the solenoid with the energization 
thereof, and means coupling the armature to the lock 
ing element between its release and lock positions with 
the energization of the solenoid. 

In the preferred form of the improved mechanism the 
bracket includes a base plate and upstanding side plates 
between which the reel is journalled, ratchets being af. 
fixed to opposite ends of the reel proximate the side 
plate inner faces. A spiral rewind spring has an inner 
end secured to the reel shaft and an outer end secured 
to a housing mounted on a bracket side plate. A trans 
verse shaft is rockably supported between the bracket 
side plates and has radially projecting pawls movable 
with the rocking of the shaft into and out of engage 
ment with the ratchets and a radially projecting crank 
arm. A solenoid is mounted on the bracket base plate 
and actuates an axially movable armature which is con 
nected by a lost motion linkage to the crank arm so that 
energization of the solenoid actuates the pawls and a 
spring normally retracts the pawls. The solenoid is con 
nected to a battery through an attitude sensing inertia 
switch. 
The improved automatic locking reel obviates any 

need for adjusting the safety belt and permits the free 
movement of the seat occupant. In the event of a colli 
sion or accident resulting in a rapid acceleration or de 
celeration or an inclination of the vehicle beyond a pre 
determined angle, the reel locks the belt against any 
withdrawal to safely restrain the seat occupant. The 
mechanism is reliable, compact and rugged and of 
great adaptability and versatility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front elevational view, partially broken 
away, of a reel mechanism embodying the present in 
vention illustrated with the associated inertia switch 
shown in its normal open position; 
FIG. 2 is a top plan view thereof, partially broken 

away; 
FIG. 3 is a sectional view taken along line 3 - 3 in 

FIG. 1; 
FIG. 4 is a sectional view taken along line 4 - 4 in 

FIG. 1; 
FIG. 5 is a left side elevational view partially broken 

away, of the reel, and the inertia switch in a switch 
closed reel locked condition; 
F.G. 6 is an exploded perspective view of the reel 

mechanism; and w 
FIG. 7 is an enlarged view of the inertia switch as 

shown in FG, i. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings which illustrate a pre 
ferred embodiment of the present invention, the refer 
ence numeral 10 generally designates the improved au 
tomatic locking reel mechanism and 11 the inertia and 
tilt actuated switch which controls the locking of reel 
mechanism 10. Reel mechanism 10 comprises a U - 
shaped mounting bracket 12 including a flat horizontal 
baseplate 13 and vertical parallel side plates 14 which 
project from the side edges of base plate 13 and termi 
nate at their tops in outwardly directed ears 16 pro 
vided with fastening opening 17. Axially aligned medial 
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openings 18 are formed in the upper part of side plates 
14. 
A reel 19 extends between and is rotatably supported 

by side plates 14 and includes a shaft 20 which is jour 
nalled at opposite ends by corresponding bushings 21 
in disc plate openings 18. Affixed to shaft 20 proximate 
the inner faces of side walls 14 and spaced therefrom 
by washers 22 are similar circular ratchets 23 which de 
fine the outer flanges of reel 19, the ratchets 23 having 
peripherally spaces teeth 24 provided with substantially 
radial shoulders 26 facing in the direction of rotation 
of reel 19 attendent to the withdrawal of the safety belt. 
A coaxial hub member 27 surrounds shaft and extends 
between and is secured to end flanges 27 and is pro 
vided with a longitudinal slot 28. A safety belt of known 
construction is wound on hub 27 and has an inner end 
extending through slot 28 and suitably attached to shaft 
20. 
An end 29 of shaft 20 projects beyond a side plate 14 

and is provided with a diametric slot30. A biased spiral 
wind-up spring 32 surrounds shaft end 29 and has an 
inner end engaged by and rotatable with slot30. A cup 
shaped housing 33 encloses the spring 32 and is posi 
tioned on and suitably affixed to the outer face of said 
wall 14 and the outer end of spring 32 is connected to 
housing 33 so that rotation of reel 19 upon withdrawal 
of belt B winds up spring 32. The opposite end of shaft 
20 has an integrally formed pinion 34 which meshes 
with a gear, not shown, located in a side wall mounted 
housing 36, to actuate a suitably bracket mounted 
switch 37 in response to the withdrawal of a predeter 
mined length of belt from the reel. 
A shaft 38 parallel to shaft 20 is rockably supported 

by and between side plates 14 proximate the lower 
front periphery of reel 19. A pair of longitudinally 
spaced parallel pawl member defining arms 39 having 
oblique end faces project radially from shaft 38 and are 
swingable into and out of engagement with ratchets 23 
with the rocking of shaft 38. A crank arm 40 projects 
radially upwardly from shaft 38 intermediate the ends 
thereof. 
An encased longitudinally extending solenoid 41 is 

mounted atop bracket base plate 13 below reel 19 and 
is suitably secured to base plate 13 by way of flanges 
projecting from the bottom of the solenoid housing. So 
lenoid 41 is provided with an axial bore which is longi 
tudinally slideably engaged by a plunger type cylindri 
cal armature 42 formed of a magnetic material. An an 
gular link member 43 provides a lost motion connec 
tion between armature 42 and crank arm 40. Link 
member 43 includes a horizontal longitudinal bottom 
leg 44 engaging an end slot in armature 42 and secured 
thereto by a pin 46 engaged by aligned bores in arma 
ture 42 and leg 44 and projecting above and below ar 
mature 42, a forwardly upwardly inclined intermediate 
leg 47 and a forwardly projecting horizontal top leg 48 
of greater width than bottom leg 44. Top leg 48 slide 
ably rests on shaft 38 and has a rectangular opening 49 
formed therein which engages crank arm 40. The thick 
ness of crank arm 40 is somewhat less than the corre 
sponding dimension of opening 49 to provide a longitu 
dinal lost motion connection between crank arm 40 
and link member 43. A helical spring 50 encircles the 
outer end of armature 42 and is entrapped between pin 
46 and the front face of the solenoid casing to normally 
urge armature 42 to its outwardly advanced position, as 
shown in FIGS. 4 and 8, in which position link member 
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4. 
43 rocks crank arm 40 and shaft 38 to positions which 
swing pawls 39 to their unlock positions out of engage 
ment with ratchets 23. Upon energization of solenoid 
41, armature 42 is retracted into solenoid 41 against 
the influence of spring 50 to swing pawls 39 by way of 
link 43 crank arm 40 and shaft 38 to their reel lock po 
sitions in engagement with ratchets 23 as shown in FIG. 
5. 
The bracket 12 with the various components 

mounted thereon nests and is housed in a casing 51. 
Casing 51 comprises a receptacle portion 52 and a 
cover member 53, the receptacle portion 52 including 
a rectangular bottom wall, and upstanding rectangular 
front and rear walls 54 and 56 respectively and side 
walls 57. Front and rear walls 54 and 56 are provided 
with upwardly directed lips 58 outwardly offset from 
the top edges thereof and the side walls 57 are provided 
at their tops with outwardly projecting, medially aper 
tured ears 59 corresponding in shape to bracket ears 16 
and terminating in upwardly directed lips 60. Bracket 
ears 16 rest on casing ears 59 with their respective me 
dial apertures in axial alignment and bracket base 13 
overlies casing bottom wall and substantially coincides 
therewith. 
The cover member 53 is in the form of an inverted 

dish shaped cap having a flat top wall 63 joined to a 
downwardly outwardly inclined curved peripheral wall 
64 terminating in a depending lip 65 which tightly en 
gages and mates the outer face of the receptacle lips 58 
and 60. In order to provide a passageway for belt B 
from reel 19 a transverse slot 66 of a width greater than 
that of belt B is formed in the cover forward wall and 
the forward border of slot 66 is inwardly downwardly 
curved, as at 67 and the rear border thereof is upwardly 
forwardly covered. The bracket member 12 with its 
mounted components and the casing 51 are locked in 
their assembled condition and desirably mounted by 
suitable fasteners by way of the apertures formed in 
ears 16 and 59 and in cover member 53, the cover 
member 53 being provided with depending ribs bearing 
on the top.faces of bracket ears 16. 
The inclination and acceleration responsive switch 

11 comprises a housing 68 which is closed by a top lid 
member 69 provided with an integrally formed cen 
trally positioned upwardly directed open ended cylin 
der 70. A seat defining inwardly directed peripheral lip 
71 is formed about the bottom edge of cylinder 70, the 
upper face of lip71 being a spherical surface. A pendu 
lum member 76 includes a vertical rod 72 supporting 
at its bottom end a heavy weight 73 and terminating at 
its top in a head 74 with spherical bottom face resting 
on seat 71 and a flat top face, head 74 and seat 71 de 
fining a ball and socket joint permitting the free swing 
ing of pendulum 76 in any direction. A flat bottomed 
follower member defining piston member 76a formed 
of a plastic or other insulative material slideably en 
gages a cylinder 70 for free vertical sliding therein and 
is provided with a centrally located upwardly directed 
boss 77. 
A pair of mutually insulated switch contact members 

78 and 79 are mounted in cover plate 69 are in nor 
mally open position. Contact member 78 includes a 
vertical leg 80 provided with a coupling lug 83 at its 
bottom secured to cover plate 69 and insulated there 
from and terminating at its top in a horizontal leg 81. 
Contact member 79 includes a vertical leg 82 provided 
at its bottom with a coupling lug 75 likewise secured to 
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cover plate 69 and insulated therefrom. A horizontal 
resilient switch arm 84 extends from the upper end of 
leg 82 diametrically over the top of cylinder 70 to apo 
sition directly beneath contact leg 81. A depending first 
dimple 86 is formed in switch arm 84 in vertical align 
ment and normally a short distance above boss 77 and 
a second upwardly directed dimple 87 is formed on the 
free end of switch arm 84 in vertical alignment with and 
normally below switch contact leg 81. When pendulum 
member 76a is swung a predetermined angle from its 
vertical due to a rapid acceleration or deceleration of 
switch 11, as shown in FIG. 5, or when the casing 68 
is tilted relative to pendulum 76, hemispherical mem 
ber 74 swings in socket 71 so that its top flat cam sur 
face, as seen in F.G. 5, bears on and raises piston 76a 
with boss 77 bearing on dimple 86 to raise switch arm 
84 into closed contact with contact leg 81 and thereby 
close normally open switch 11. 
'One terminal of solenoid 41 is connected either di 

rectly or through a manually controlled switch to one 
terminal of a battery 88, the other terminal of battery 
88 being connected to switch lug 75. The other termi 
nal of solenoid 4 is connected to switch lug 83. 
In the application and operation of the improved 

safety belt mechanism the encased reel mechanism 10 
is suitably mounted to the vehicle in the known manner 
in association with a vehicle seat so that the belt B, in 
cooperation with a suitably positioned and anchored 
buckling device may be employed as a shoulder belt. 
The seat occupant withdraws the belt B from reel 19 
through opening 66 passes it across his torso and cou 
ples the free end thereof to an opposing anchored cou 
pling member. Such withdrawal of the belt permitted 
by reason of pawls 39 being spring urged out of engage 
ment with ratchets 23 and the belt withdrawal winds 
spring 32 so that belt B is urged toward its retracted po 
sition. The belt engaged occupant is free to move since, 
as aforesaid, the belt is free to be withdrawn and is only 
spring urged to a retracted condition. 
However, in the event of a rapid acceleration or de 

celeration of the vehicle or an excessive inclination 
thereof which characterizes or is the result of an acci 
dent or collision, the change in the relative position be 
tween pendulum 76 and switch casing 68 closes switch 
11, as explained above, to connect battery 88 across 
solenoid 41 and energize solenoid 4 to thereby retract 
armature 42. The armature 42 by way of link 43 rocks 
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shaft 38 to swing pawls 39 into locking engagement 
with ratchets 23 and prevent the rotation of reel 9 and 
any withdrawl of belt B. The occupant is thus restricted 
from forward motion and safely restrained to his seat 
to minimize or prevent injury to the occupant. Upon 
the vehicle returning to normal, switch 11 opens to de 
energize solenoid 41 and permit the spring return of 
pawls 39 to their ratchet disengage positions. 
While there has been described and illustrated a pre 

ferred embodiment of the present invention, it is appar 
ent that numerous alterations, omissions and additions 
may be made without departing from the spirit thereof. 
What is claimed is: 
1. An inertia switch device comprising a supporting 
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6 
member, a vertically extending tubular socket member 
located on said supporting member, a switch including 
a contact element and a switch arm mounted on said 
support member and being mutually electrically insu 
lated, said switch arm extending across the top of said 
socket member and being movable between an actu 
ated and a deactuated position to alternatively engage 
and disengage said contact element and normally urged 
to its deactuated position, a pendulum depending from 
said supporting member for universal swinging relative 
to said supporting member and including a head mem 
ber located at the upper part of said pendulum and 
being angularly movable with the swinging of said pen 
dulum and having a cam defining upper face registering 
with the lower part of said tubular socket member, and 
means including a follower member engaging said cam 
and vertically slidably movable in said tubular socket 
member by said cam to an advanced raised position to 
move said arm to its actuated position when said pen 
dulum swings a predetermined angle from its normal 
rest position and is slidably movable to a lower re 
tracted position to permit the movement of said switch 
arm to its deactuated position when the angle of said 
pendulum relative to said rest position is less than said 
predetermined angle. 

2. The device of claim wherein said follower mem 
ber is formed of an electrical insulative material and 
when in its advanced position engages and raises said 
switch arm. 

3. The device of claim 2 wherein said switch arm en 
gages said contact element when said switch is actu 
ated. 
4. The device of claim 2 wherein said pendulum in 

cludes a pendulum arm and a weight at the lower end 
of said pendulum arm, said head member being located 
at the upper end of said pendulum arm and having a 
spherically surfaced underface and said tubular socket 
member having at its lower part a spherically surfaced 
socket face engaging said head underface to define 
therewith a ball and socket joint. 

5. The device of claim 4 said follower member slid 
ably registering with said tubular socket member for 
axial movement therein and said switch arm being dis 
posed in the path of said follower member. 

6. The device of claim 5 wherein the underface of 
said follower member is flat and the cam defining face 
of said head is flat and coincides with said follower 
member underface when said pendulum is in its normal 
rest position. 

7. The device of claim 5 wherein aid follower mem 
ber includes a projection centrally located on its top 
face and said switch arm includes a depending dimple 
in vertical alignment with said boss. 
8. The device of claim 5 wherein said socket member 

is provided with an inwardly directed lip along its upper 
edge. 

9. The device of claim 5 said supporting member 
comprising a mounting plate, said socket member 
being integrally formed with said mounting plate and 
said switch arm and contact element being positioned 
on said mounting plate. 
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