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57 ABSTRACT 

A fail-safe, ordnance fuzing apparatus for a free 
falling missile. The apparatus is characterized in that 
the arming arrangement does not utilize stored energy 
but instead relies upon the necessary energy being ex 
tracted from the air stream itself during free-fall. Two 
independent mechanisms must properly interact dur 
ing the appropriate arming cycle. The first is a torsion 
spring mechanism activated by an air turbine during a 
predetermined time interval. The second is a clock 
timer apparatus which releases the torsion spring to 
complete the remainder of the arming cycle. The fail 
ure of either independent mechanism results in the 
failure of the ordnance device to be properly armed. 

... 10 Claims, 7 Drawing Figures 
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1. 

AIR-DRIVENTURBINE SAFE AND ARM 
ARRANGEMENT FOR A FREE-FALLING 

ORDNANCE DEVICE 

BACKGROUND OF THE INVENTION 
This invention relates in general to fuzing apparatus 

for munitions and other explosive ordnance devices 
and in particular to an improved fail-safe fuze arming 
arrangement for such devices which utilizes energy ex 
tracted from the air stream itself during free-fail to ini 
tiate the actual arming operation. 
Present day munition and other ordnance devices 

customarily require energy of one sort or another to be 
stored in the device prior to release so as to permit the 
arming operation therefor. A common arrangement 
utilizes the movement of a turbine or air vane to unlock 
a mechanism which by itself or in cooperation with 
other apparatus effects the required arming of the asso 
ciated ordnance device. Usually some timing apparatus 
is incorporated to establish a predetermined timing pe 
riod within which the arming operation must take 
place. 

All of these prior systems, however, are character 
ized by the fact that they depend upon stored energy in 
the form of a wound torsion spring or other mechanical 
contrivance which is set before the release of the muni 
tion or ordnance device. Should a malfunction occur in 
the associated timer apparatus used to restrain the tor 
sion spring, a zero or prematurely short arm time may 
be the result creating an immediate and present danger. 
Moreover, the prior art systems are rather complex 
and, as a rule, expensive to fabricate. Even so, many 
are simply not fail-safe and do not have an acceptable 
method of disarming once the ordnance device has 
been armed during the preliminary stages prior to re 
lease. - 

Accordingly, it is an object of the present invention 
to provide an improved fuze arming arrangement for a 
free-falling missile or ordnance device which does not 
exhibit the foregoing deficiencies. 
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A more particular object of the present invention is . 
to provide a fuzing arrangement for an associated ord 
nance device having an improved arming arrangement 
which requires the proper actuation of two indepen 
dent mechanisms to effect arming such that no single 
failure can give rise to inadvertent and otherwise pre 
mature arming of the ordnance device. 
Another object of the present invention is to provide 

an improved fuze arming arrangement of the foregoing 
type for an ordnance device wherein stored energy is 
not required prior to release to effect arming, but in 
stead relics upon the necessary energy being extracted 
from the air stream itself during free-fall. 
Yet another object of the present invention is to pro 

vide an improved fuze arming arrangement of the fore 
going type for an ordnance device wherein the energy 
from the air stream must be extracted within a first pre 
determined time interval and wherein the extracted en 
ergy is then channeled to complete the arming opera 
tion by a mechanically actuated control mechanism at 
a second time interval which encompasses at least the 
first time interval. 

Still another object of the present invention is to pro 
vide an improved fuze arming arrangement of the fore 
going type for an ordnance device which includes 
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2 
means for effecting a visual indication of the opera 
tional condition of the ordnance device at all times. 
A further object of the present invention is to provide 

an improved fuze arming arrangement of the foregoing 
type for an ordnance device wherein manually actuated 
release means are included to permit quick and conve 
nient disarming of an inadvertent or otherwise armed 
fuze. 
A still further object of the present invention is to 

provide an improved fuze arming arrangement of the 
foregoing type for an ordnance device which is simple 
yet reliable in operation, fail-safe in function, and rela 
tively inexpensive to manufacture. 
A feature of the present invention is an arming ar 

rangement for an ordnance device which includes an 
air turbine actuated by energy extracted from the air 
stream during free-fall and an escapement type, me 
chanically actuated clock timer, which apparatus are 
designed to operate in parallel with one another. 
Another feature of the present invention is a fuze 

arming system for an ordnance device wherein a twin 
clutching arrangement is utilized to simultaneously dis 
engage the turbine while engaging a rotatable control 
element to be driven by the turbine wound torsion 
spring following a predetermined number of turns of . 
the air turbine but within a given time interval. 

SUMMARY OF THE INVENTION 

The invention in its broader aspects is directed to a 
fail-safe fuze arming arrangement for an explosive ord 
nance device which requires no stored energy prior to 
release. That is, an air turbine extracts what energy is 
required from the air stream itself during free-fall. The 
turbine winds a helical torsion spring within a first time 
interval after release of the ordnance device. The tor 
sion spring is restrained by a second, but operationally 
independent clock or timing mechanism which may be 
actuated by a lanyard-pull or other appropriate me 
chanical contrivance at a time prior to release of the 
ordnance device. 
The timer releases the wound helical torsion spring 

at a time following the first-mentioned time interval. 
Thus, the two independent mechanisms must time out 
in the propertime sequence to effect arming of the ord 
nance device. Zero or short arming time by reason of 
a run away or malfunctioning clock timer is effectively 
precluded. An interconnected twin clutching apparatus 
is utilized to disengage the air turbine at the appropri 
ate time and, in turn, engage a rotatable control ele 
ment which when subjected to the energy of the coiled 
torsion spring operates to complete the arming cycle or 
procedure for the associated ordnance device. 
The disclosed fuzed arming arrangement further in 

cludes an arm indicator rod which not only provides an 
effective visual indication of the operational condition 
of the associate ordnance device at all times, i.e., 
whether armed or unarmed, but further provides a 
ready and convenient means of disarming an otherwise 
inadvertently armed fuze. Upon manual actuation and 
release of the indicator rod, a spring biased rotor mech 
anism within the ordnance device moves to a position 
interposed between the firing pin and detonator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features of the present invention which are believed 
to be novel are set forth with particularity in the ap 
pended claims. The invention itself, however, together 



3 
with further objects and advantages thereof, may best 
be understood by reference to the following description 
when taken in conjunction with the accompanying 
drawings, in which: 

FIG. 1 is a diagrammatic representation of a fuze 5 
arming arrangement constructed in accordance with 
the present invention and illustrating a first operational 
mode therefor; 
FIG. 2 shows a partial cross-sectional view in eleva 

tion taken along lines 2-2 of FIG. 1; O 
FIG. 3 is a partial diagrammatic representation for 

the fuzing arrangement of FIG. 1 and which illustrates 
a second operational mode therefor; 
FIGS. 4a-4d illustrate the various functional posi 

tions of the arm indicator and safing apparatus com 
prising a part of the fuzing arrangement of FIG. 1; and 
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FIGS. 4e-4h are sectional views taken substantially in 
the direction of arrows 4(e)-4(e), 4(f)-4(f), 
4(g)-4(g) and 4(h)-4(h) of FIGS. 4a, 4b, 4c and 4d' 
respectively. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, a fuze arming ar 
rangement, indicated generally at 10, is shown in FIG. 
1 for arming an explosive missile or other ordnance de 
vice, which fuzing arrangement has been constructed in 
accordance with the present invention. As heretofore 30 
mentioned, the apparatus of the present invention is 
characterized in that no stored energy is required 
within the ordnance device prior to release. It is in 
tended that the necessary energy to initiate the arming 
operation be conveniently extracted from the air 35 
stream itself during free-fall. 
To this end, an air vane or turbine 12 is included 

which is caused to rotate by the air stream during free 
fall. The rotational speed of the turbine 12 is effectively 
maintained at a substantially constant r.p.m. by a cen- 40 
trifugal weight governor 14. The regulated rotational 
output from the speed governor 14 is then utilized to 
drive a gear reduction train indicated generally at 16, 
which gear train drives a cam wheel 18. The gear train 
is chosen such that the cam wheel 18 is rotated one rev- 45 
olution during a given time interval t . Cam wheel 18 
terminates in a plurality of clutch teeth 9a forming a 
part of a clutch device 19, which teeth are positioned 
to engage complementary clutch teeth 19b, forming the 
other part of clutch 19 and which is coupled to a 50 
ratchet wheel 22. Ratchet wheel 22 is in turn attached 
to one end of a helical torsion spring 24. Rotation of 
cam wheel 18 thus effects rotation of the ratchet wheel 
22 when clutch 19 is suitably engaged. However, 
ratchet wheel 22 may rotate in only one direction. This 
is because of the one way ratchet 22a positioned to en 
gage the associated gear teeth of the ratchet wheel 22. 
This may be more readily appreciated by reference to 
FIG. 2. 
The rotation of ratchet wheel 22 will be seen to wind' 

the torsion spring 24. This is because the other end of 
the torsion spring 24 is attached to a ratchet wheel 26 
similar to that of ratchet wheel 22. Ratchet wheel 26 is 
restrained in a fixed position by a projecting escape 
ment or pawl 28a forming a part of a clock timer appa 
ratus 28. Accordingly, it is arranged that torsion spring 
24 will be wound one full turn by the turbine 12 and 

25 

55 

65 

3,842,743 
4. 

gearing 16, 18 and 20, during the referenced first time 
interval ti. 
As the cam wheel 18 and ratchet wheel 22 approach 

the three-quarter revolution mark, a camming surface 
18b is brought to a position where it begins to bear 
against the inner surface area of an upstanding arm of 
a generally U-shaped clutch slider assembly 30, as 
shown. Initially, the clutch slider 30 is maintained in a 
position shifted fully to the right by the action of an 
over-center spring 32. The sides of a pair of spaced 
slots 30a in the lower or horizontal arm of slider 30 
bear against associated slider pins 34 acting as stops. 
When cam wheel 18 approaches one full revolution, 

however, cam 18b is positioned to push clutch slider 30 
past its toggling or center position such that over 
center spring 32 now drives clutch slider 30 to its full 
left position, as illustrated in FIG. 3. In this position, 
forward clutch 19 is disengaged which, in turn, discon 
nects cam wheel 18 from the ratchet wheel 22. At the 
same time, a rear clutch assembly 27 is caused to be en 
gaged so as to intercouple ratchet or clock release 
wheel 26 and gear drive train 40, to which a rotor 
mechanism 42 is operatively connected. It is thus ap 
parent that the mechanical design arrangement of 
clutch slider assembly 30 is such that the forward 
clutch 19 and the rear clutch 27 cannot be simulta 
neously engaged. The forward clutch 19 must disen 
gage to permit the rear clutch 27 to be engaged. More 
over, the switch-over and clutching action occurs only 
when cam wheel 18 rotates one full turn, or within the 
prescribed first time intervalt, after air turbine is actu 
ated by the air stream during free-fall. It might also be 
pointed out that one-way ratchet 22a on ratchet wheel 
22 effectively prevents torsion spring 24 from driving 
the ratchet wheel 22 backwards, or in the reverse direc 
tion, during the time interval forward clutch 19 is oper 
atively disengaged. 
Simultaneously with the release of the ordnance de 

vice, the clock timer 28 is actuated by some convenient 
control function, such as perhaps, by lanyard-pull. Lan 
yards attached to the ordnance device have been used 
previously to initiate some control function upon re 
lease of the ordnance from the transportation vehicle. 
Accordingly, further and more detailed consideration 
should not be necessary for present purposes. How 
ever, a more complete treatment of a system directed 
to the use and release of lanyard apparatus to initiate 
a control action is set forth in a copending application 
filed in behalf of Charles H. McGuire, on Apr. 9, 1973, 
Ser. No. 349,521, and assigned to the assignee of the 
present invention. 

In any event, control timer 28, upon being actuated, 
runs for some predetermined time t, before releasing 
pawl 28a. The running time t, for clock 28 is set at or 
after loading the ordnance device on a transportation 
vehicle. The time t, must of course encompass at least 
the first time interval ti. This allows the energy wound 
into torsion spring 24 to drive gears 40 which in turn 
rotates rotor 42 from its initial out-of-line, or safe, posi 
tion as shown in FIG. 4a, through some 90 of rotation 
to its in-line, or armed, position as shown in FIG. 4b. 

If, on the other hand, the time interval t does not 
occur subsequent to time interval ti, or if the air veloc 
ity is interrupted before t, torsion spring 24 will not be 
fully wound and the clutch slider assembly 30 will not 
be moved to the position to clutch in torsion spring 24 
to rotor 42. As a consequence, when clock timer 28 re 
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leases at t there will be a lack of energy available to 
properly drive rotor 42 to its required position and the 
fuze mechanism will of course not arm, 

Accordingly, it will be appreciated that the system is 
therefore fail-safe since energy from the air stream is 
required for sufficient length of time to both wind the 
torsion spring 24 and move the clutch slider assembly 
30 to a position to effect the remaining procedure for 
the arming cycle. Likewise, the fuze system protects 
against a zero or prematurely short arming time as a re 
sult of a malfunction in the clock timer 28. If timer 28 
fails, i.e., t is less than ti, torsion spring 24 is released 
before slider mechanism 30 connects the torsion spring 
24 to the rotor gear train 40. Consequently, the energy 
in spring 24 is simply dissipated and no energy will be 
available to rotate rotor 42 for arming at the appropri 
ate time. 

It might also be mentioned at this point that if electri 
cal power is desired for effecting control functions of 
one sort or another within the ordnance device itself, 
a generator can be conveniently added, such as that in 
dicated at 44 in phantom line. Generator 44 can be 
suitably operated off of gear train 16 through an addi 
tional drive gear 44a, as shown. 
As previously mentioned, the fuze arrangement as 

constructed in accordance with the present invention 
includes means to provide a visual indication of the op 
erational state of the ordnance device at all times, i.e., 
whether it is armed or unarmed. This arrangement fur 
ther includes a simple and convenient method of dis 
arming the ordnance device at any time prior to re 
lease. As shown in FIGS. 4a through 4b, the fuze system 
includes an arm indicator rod 46 operating in conjunc 
tion with the rotor 42 and a firing pin 48. As will also 
be noted, rotor 42 includes an arcuate slot 42a at a lo 
cation near its periphery and extending over approxi 
mately one-fourth its circumferential path, or approxi 
mately 90°. Rotor 42 further includes a detonator 50 
and a circular opening 42b at locations substantially as 
illustrated. 

In a safe or unarmed condition, as depicted in FIG. 
4a, rotor 42 is positioned such that arm indicator rod 
46 is at the left side of rotor slot 42a. Firing pin 48 can 
not come into contact with detonator 50. At the same 
time, an arm indicator 46a on the end of indicator rod 
remote from rotor 42 is at a position substantially flush 
with the surface of the fuze surface 10, and which is ef 
fective to indicate that the ordnance device is unarmed 
or in the safe condition. 

In the fully armed position, rotor 42 is rotated by 
drive gearing 40 some 90 where the right side of slot 
42a now bears against the arm indicator rod 46. This 
aligns firing pin 48 directly with detonator 50. Addi 
tionally, arm indicator rod 46 is moved slightly to the 
left (as viewing FIG. 4b), whereby arm indicator 46a 
will now protrude a given amount from fuze surface 10. 
This results from the fact that the depth of slot 42a pro 
gressively decreases as the rotor 42 is rotated from the 
position as shown in FIG. 4a to that of FIG. 4b, thereby 
serving a camming action on rod 46. This, of course, 
indicates the fully armed condition for the associated 
ordnance device. 
To disarm the ordnance device, the arm indicator 

46a need only be grasped and pulled out a short dis 
tance as indicated in FIG. 4c. This clears the end of rod 
46 from the slot 42a of rotor 42 and the latter is permit 
ted to rotate an additional 90 by residual energy in tor 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
sion spring 24 to an alternate safe position, as depicted 
in FIG. 4d. The arm indicator 46a may then be released 
and spring bias drives the end thereof into into the now 
aligned circular opening 42b. Arm indicator 46a is now 
below the surface 10, constituting the safe-locked con 
dition for the associated ordnance device. 
Accordingly, while only a particular embodiment of 

the invention has been shown and described herein, it 
will be obvious that certain modifications may be made 
without departing from the invention in its broader as 
pects and, accordingly, the appended claims are in 
tended to cover all such changes and alternative con 
structions that may fall within the true scope and spirit 
of the invention. 
What is claimed is: 
1. Fail-safe fuze apparatus for a free-falling ordnance 

device wherein energy extracted from the air stream 
may be utilized for the arming thereof, said apparatus 
including in combination: . 
an air turbine energized by the air stream during free 

fall of the ordnance device; 
a helical torsion spring; 
means for coupling said air turbine to said torsion 

spring to effect the continuous winding thereof and 
consequent storage of a certain amount of energy 
therein during a first time interval; 

timing means for releasing the stored energy in said 
torsion spring following a second time interval 
which encompasses at least said first time interval; 

arming means utilizing said torsion spring stored en 
ergy to effect arming of the ordnance device; and 

clutch means for totally disengaging said arm turbine 
and coupling said torsion spring to said arming 
means prior to the release of said torsion spring by 
said timing means. 

2. Fail-safe fuze apparatus in accordance with claim 
1 wherein said clutch means includes a slider mecha 
nism selectively biased between respective operational 
modes by an over-center spring and which further in 
cludes camming means for effecting the transition be 
tween said operational modes at said first time interval. 

3. Fail-safe fuze apparatus in accordance with claim 
1 wherein said arming means includes a firing pin and 
selectively positionable rotor means carrying detonator 
means, said ordnance being armed when said rotor is 
positioned to align said detonator means with said fir 
ing pin. 

4. Fail-safe fuze apparatus in accordance with claim 
1 wherein said means for utilizing said air stream en 
ergy includes a cam wheel releasably coupled to air tur 
bine by an associated gear train. 

5. Fail-safe fuze apparatus in accordance with claim 
4 wherein said clutch means includes a forward clutch 
for selectively intercoupling said air turbine and said 
cam wheel and a rear clutch for selectively intercou 
pling said helical spring and said arming means, and 
wherein means are included to prevent engagement of 
said forward and rear clutches simultaneously. 

6. Fail-safe fuze apparatus in accordance with claim 
1 wherein said means for releasing the energy of said 
torsion spring includes a lanyard-pull actuated clock 
mechanism with retractable pawl for releasing at said 
second time interval. 
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7. Fail-safe fuze apparatus for a free-falling ordnance 
device wherein energy extracted from the air stream 
may be utilized for the arming thereof, said apparatus 
including in combination: 
an air turbine energized by the air stream during free 

fall of the ordnance device; 
a helical torsion spring, 
means for coupling said air turbine to said torsion 
spring to effect the continuous winding thereof and 
consequent storage of a certain amount of energy 
therein during a first time interval; 

timing means for releasing the stored energy in said 
torsion spring following a second time interval 
which encompasses at least said first time interval; 

arming means utilizing said torsion spring stored en 
ergy to effect arming of the ordnance device; 

clutch means for totally disengaging said air turbine 
and coupling said torsion spring to said arming 
means prior to the release of said torsion spring by 
said timing means; 

means for providing a visual indication of the opera 
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8 
tional condition of the fuze apparatus at all times; 
and 

manual release means for quick disarming the ord 
nance device where once armed. 

8. Fail-safe fuze apparatus in accordance with claim 
7 wherein said means for effecting said visual indica 
tion includes an arm indicator rod intercoupled to said 
arming means, the selective position of said rod provid 
ing the desired indication of the operational condition 
of said fuzing apparatus, 

9. Fail-safe fuze apparatus in accordance with claim 
8 wherein the armed condition is indicated by a portion 
of said arm indicator rod projecting a given amount 
above the surface of said fuzing apparatus. 

10. Fail-safe fuze apparatus in accordance with claim 
9 wherein said manual release means comprises said 
arm indicator rod in conjunction with spring bias 
means included in said arming means, means for pull 
ing out said arm indicator rod a predetermined distance 
so as to permit said spring bias means to drive said arm 
ing means to an alternate safe position. 

sk k + k . . 
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