
Fig. 1  Brimstone Weapon System [1] 
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ABSTRACT 

 

The spring loaded detent mechanisms currently used to retain missile-type payloads require a high forward load in order to 

overcome a spring before release can be achieved.  However for smaller aircraft, such as UAVs, there is a pressing need to 

develop alternate mechanisms which require reduced release forces to avoid excessively loading the vehicle. 

 

This paper describes two mechanisms which were designed and tested to achieve this goal.  Both of the prototypes rely on a 

solenoid which changes the boundary conditions and alters the required release force.  The advantages and disadvantages of 

each design are discussed. 

 

INTRODUCTION 

 

Aircraft serve many purposes.  Some are used as mass transit vehicles, some as cargo vehicles, and some as weapons 

platforms.  For weapons platform aircraft, payloads may be carried internally within a cargo hold or externally via some type 

of mounting interface. 

 

For this study, it is an externally mounted payload 

that will be considered.  Payloads of this type are 

commonly called “stores” and are typically 

mounted under a wing or on a pylon.  These stores 

may be permanently mounted, such as extended 

range fuel tanks, or deployable, such as missiles or 

emergency drop stores. 

Figure 1, for example, shows a Brimstone weapon 

system comprised of a re-usable launcher with 

three missiles [1].  For those stores that are 

deployable, any number of methods may be used to 

retain the payload during flight.  If the mechanism 

is such that forward motion is required to initiate 

payload release, the associated thrust loads are 

transferred to, and reacted by, the aircraft. 

 

One method for retaining a missile type payload is 

that of a spring loaded detent mechanism.  But the 

latter requires the payload to be subjected to a high forward load in order to overcome a spring before payload release can be 



obtained.   

 

Such a thrust load is not problematic for large aircraft.  However, as UAVs gain popularity, it is desirable to carry and deploy 

existing stores from ever smaller airframes.  As the airframes get smaller, the ability to compensate for a load due to a 

thrusting payload becomes an important consideration.  Thus, there is a pressing need to develop alternate mechanisms which 

require reduced release forces to avoid excessively loading the vehicle. 

 

This paper describes two mechanisms which were designed and tested to achieve this goal.  Both of the prototypes rely on a 

solenoid which changes the boundary conditions and alters the required release force.  The advantages and disadvantages of 

each design are discussed. 

 

Due to the nature of this topic, actual launcher dimensions, missile thrust values, loads, and safety factors are not available.  

Consequently, generic missile information obtained from various publicly available online resources is used to describe the 

investigation [2]; and, generic design requirements obtained from the Federal Airworthiness Regulations (FARs) are used as 

a basic staring point [3]. 

 

BENCHMARK 

 

In order to carry wing-mounted payloads on various aircraft, it is necessary to provide an attachment system which performs 

several functions.  Actual design requirements are many and varied, but for the purposes of this study, the primary 

requirements are to: 1) restrain the payload during flight, 2) restrain the payload in the event of a crash, and 3) reliably permit 

release of the payload. 

 

Before embarking on a mission to improve an existing design, the form and function of the benchmark must be fully 

understood.  Further, before beginning an analysis or testing effort for an improved design, that concept must be defined. 

 

One current design for an aircraft release mechanism that meets the aforementioned goals is a simple spring-lever detent 

concept.  With this design, “shoes” are attached to the missile.  These shoes are designed to fit inside of a rail that is attached 

to the aircraft.  The shoes keep the payload restrained in all Degrees Of Freedom (DOFs) except the forward/aft direction.  

Aft direction restraint is provided by “stops” inside the rail.  Forward restraint is provided by a spring loaded detent 

mechanism such as that shown in Fig. 2. 

 

 
 

Fig. 2  Baseline Detent Mechanism 



 

This simple mechanism works by requiring forward motion of the missile to effect release.  As the missile moves forward, 

the shoe presses against the sloped face of the detent lever.  This causes the lever to attempt to rotate about its pivot point.  

The spring pack provides an opposing force and thus a restraint to the payload.  In order for the missile to actually be 

released, enough thrust (load) must be applied to overcome the detent spring pack. 

   

This is a simple and reliable mechanism.  However, it has several potential issues such as: 1) spring rate variations, 2) the 

sloped detent face can cause shoe wear, and 3) thrust loads to overcome the detent must be reacted somewhere.   

 

The first of these issues is the variability in spring rates.  Because this design works by virtue of spring deflection, the 

governing equation for the thrust load required for missile release is F = Kx.  Of the two variables, x can be controlled via 

manufacturing tolerances, but K is a spring rate of an off-the-shelf commercial component.  Variability in that spring rate is 

not easily determined due to lack of manufacturing data, and it can have a large impact on the resulting release force. 

   

As an example, assume that the travel distance required for missile release is 6.35 mm (0.25 in.) and that the nominal release 

load is 2223 N (500 lb).  Further assume that the detent lever geometry is such that the shoe travel distance required for 

release is matched by the compression distance of the spring pack.  This would mean that the required spring rate is 350 

kN/m (2000 lb/in).  A variation of only 10% in the spring rate would cause the payload release force to be in a range of 2000 

N (450 lb) to 2445 N (550 lb).  Such a variation, considered alone, is not large.  But if the payload only has a thrust capacity 

of about 2667 N (600 lb) and it also has a 10% variability, the possibility exists for a situation to arise in which the payload 

could not overcome the detent and would not be deployed. 

   

The second issue refers to wear and tear that could occur while the payload is simply being carried.  Some payloads may be 

installed on the aircraft, flown, and then returned unused.  For some payloads, it may actually be a rare event that they are 

ever deployed.  In such situations, the sharp corner of the shoe would constantly be in contact with the detent face.  Normal 

vibration of aircraft and payload could wear away both the shoe and the detent.  In extreme cases, the shoe could potentially 

wear to a point that it rattles inside the rail. 

   

Another side effect of this wear is that, as the shoe is worn down, ever decreasing force is required to retain the payload 

because the very interference providing the restraint is being continually worn away.  While this permits ever easier payload 

release, it also reduces the detent’s ability to retain the payload during high “g” maneuvers or during a crash event. 

 

The third of these issues is the most fascinating one.  Because a thrust load is required to effect release of the missile; the 

thrust load must be reacted by the aircraft in some way.  Consider a missile that weighs approximately 445 N (100 lb).  

Assume that flight maneuvers might impose inertial loading on the order of 2 or 3 g.  Further assume that the payload must 

be retained in the event of a crash load as high as 5 or 6 g and that a safety factor as high as 2 could be required.  For these 

conditions, this payload would require a detent capable of retaining as much as 2 x 6g x 445 N (100 lb), or 5334 N (1200 lb).  

While it is entirely feasible for a missile to have the thrust required for this example, a detent which requires the payload to 

actually thrust up to such a high level means that the aircraft carrying it must be able to withstand and compensate for that 

high load.  This could be a problem for a small UAV, especially with a payload mounted at a wingtip.  This is the primary 

concern in the present study. 

 

DESIGN REQUIREMENTS 

 

Before introducing the proposed designs, some basic design requirements need to be defined.  The following requirements 

are assumed: 

 

  Missile weight is 110 lb    (similar to Brimstone [2]) 

  Minimum restraint force must be 1g  (nose down aircraft attitude) 

  Detent must withstand a 6g load   (per FAR 23.337 [3]) 

  Safety Factor of 1.5 is required   (per FAR 23.303 [3]) 

  Must preclude a hang fire    (arbitrary requirement) 

  Launch occurs in straight and level flight  (simplifying assumption) 

 

Two mechanically different concepts are proposed to address the aforementioned issues.  While these designs are 

mechanically different, they both operate on a fundamentally similar concept.  That concept is a simple change of boundary 

conditions.   



 

CANTILEVERED BEAM CONCEPT 

 

As illustrated by the schematic diagram shown in Fig. 3, the first concept is based on a simple cantilever beam.  Restraint to 

the payload is provided in the same manner as with the baseline design; a shoe presses against a sloped detent face.  But for 

this concept, rather than an off-the-shelf helical spring, the restraint force is provided by deflection of the cantilever. 

 

 
 

Fig. 3  Cantilevered Beam Detent Concept 

 

The lifting force will reach a maximum when the shoe travels far enough to completely lift the beam up and out of the way 

and no longer impedes payload release.  The configuration at the moment of release is shown in Fig. 4. 

 

 
 

Fig. 4  Cantilevered Beam Detent Concept at Payload Release 

 

By carefully selecting the size and material for the beam, a low release force can be obtained.  However, while a low force is 

desired for release, the payload must also be safely restrained against flight maneuvers as well as crash loads.  If nothing 



more is done with the beam and it is sized such that the release force is less than the weight of the payload, even a simple 

nose down attitude could result in inadvertent release.  Consequently, to increase the release force, a simple intermediate 

support can be added to the cantilevered beam (see Fig. 5).  Depending upon the placement of the intermediate support along 

the beam, the increased release force can be fine-tuned. 

 

 
 

Fig. 5  Cantilevered Beam Detent Concept at Inadvertent Release 

 

By incorporating a solenoid into the design, the intermediate support can be applied to or removed from the beam depending 

on the solenoid state.  In Fig. 6, for example, the solenoid is unpowered and a vertical lever positions a roller against the 

cantilever beam to provide the intermediate support.  This condition will provide the maximum possible release force for the 

design.  As such, this configuration will be referred to as the “Hi-Lock” condition. 

 

 
 

Fig. 6  Cantilevered Beam Detent Concept, Solenoid De-Energized 

 

The position of the intermediate support is chosen such that the Hi-Lock release force is equivalent to the current baseline 

design release force.  Therefore, should the solenoid fail for any reason, the configuration would be functionally equivalent to 

the existing design. 



 

Fig. 7, on the other hand, shows the condition that occurs when power is applied to the solenoid.  In this case, the vertical 

lever is forced to rotate such that there is no contact between the roller and the cantilever beam.  This condition will provide 

the minimum possible release force for this design.  As such, this will be referred to as the “Lo-Lock” condition.  

 

 
 

Fig. 7  Cantilevered Beam Detent Concept, Solenoid Energized 

 

GATED SLOT CONCEPT 

 

The second concept is based on the idea of a variable width slot.  The payload is restrained by a latch which can translate fore 

and aft along two slots.  As illustrated in the schematic diagrams included as Fig. 8, one slot has a wide section near the end 

of travel.  When the latch travels forward from the position shown to the left and reaches the widened portion of the slot, 

illustrated to the right, it will rotate to allow payload release. 

 
 

 
 

Fig. 8  Gated Slot Detent Concept With Slots – Payload Constrained (Left); Payload Released (Right) 

 



If part of the widened portion of the slot is selectively hidden or exposed by a gate, the travel length required for payload 

release will be altered.  When if the forward travel of the latch is restrained with a spring pack, the release force required will 

also be altered.  Figure 9 illustrates this concept. 

 

 
 

Fig. 9  Gated Detent Concept 

 

By incorporating a solenoid into this design and attaching it to a plunger pin the widened region of the slot can selectively be 

either filled or exposed.  Thus the slot is “gated” and the position of the gate determines how much latch travel, and therefore 

release force, is required for payload release.  In Fig. 10, for example, the solenoid is unpowered and the plunger attached to 

the solenoid is used to fill in a portion of the slot in which the lower detent lever roller rides. With the plunger in this 

extended position, the slot is effectively made longer because the detent lever cannot rotate until it travels enough to reach the 

pocket at the end of the slot.  This condition will provide the maximum possible release force for this design.  As such, this is 

the “Hi-Lock” condition for this concept. 

 

 
 

Fig. 10  Gated Slot Detent Concept, Solenoid De-Energized  



Fig. 11, on the other hand, shows the condition that occurs when power is applied to the solenoid.  In this case, the plunger 

attached to the solenoid is retracted and the full length and width of the slot is exposed.  With the plunger in this position, 

very little detent travel is required before the lower pin reaches the wide portion of the slot.   This condition will provide the 

minimum possible release force for this design.  As such, this will be referred to as the “Lo-Lock” condition. 

 

 
 

Fig. 11  Gated Slot Detent Concept, Solenoid Energized 

 

 

PROTOTYPING AND TESTING 

 

A preliminary analysis was performed to ensure that a solenoid actuated device could be built which would meet the design 

requirements [4].  Detailed analyses were not necessary at this early stage.  However, enough analysis to get baseline sizing 

data was required. 

 

Multiple prototypes were built and tested to evaluate both concepts.  Figures 12 and 13 show two, as-built units. 

 

      
 

                    Fig 12  Cantilever Beam Prototype                                                  Fig. 13  Gated Slot Prototype 

 

As illustrated in Fig. 14, tests were performed by placing the prototype designs into a common rail and using a pull tester to 



determine release force.  The tester has no instrumentation other than a dial indicator that shows the maximum load applied 

by the test apparatus. 

 

 
 

Fig. 14  Pull Tester 

 

Numerous test runs were made on the cantilevered configuration.  During testing, several different shoes were used as 

each shoe is only valid for a limited number of uses due to wear and tear.  Additionally, various changes were made to 

the prototype using the built-in adjustment features. 

Results from the configuration shown in Fig. 12 are included in 

Table 1.  It should be noted that the “Lift Height” is the vertical 

distance required for the shoe to slide under the detent.  This is a 

measured value and is different for every shoe tested. 

Results from the configuration shown in Fig. 13 are shown in 

Table 2.  As with the cantilever beam concept, numerous test 

runs were made and several different shoes were used to 

evaluate the gated slot configuration.  Additionally, various 

values of high spring preload (corresponding to the “Hi Pk 

Hght”) and gap between spring packs (“Spacer”) were made to 

the prototype using the built in adjustment features. 

 

 

 

 

 

 

 

 

 



DISCOVERIES/CRITIQUE/ISSUES 

 

While both prototypes worked rather well and provided distinct Lo-Lock and Hi-Lock release forces, each concept had issues 

discovered during the testing phase. 

 

The first hurdle to overcome with the cantilever beam concept was payload preload.  The rail used for testing had its own 

spring pack which ensures release of an electrical connector attached to the payload.  That spring pack imparts a substantial 

preload into the detent mechanism. 

  

Because the default condition of the detent is to be in a Hi-Lock condition, the beam’s intermediate support is designed to be 

in contact with the beam in that condition.  Consequently, any preload on the detent imparts a preload into the intermediate 

support. 

   

Packaging and weight constraints require the use of small solenoids.  These small solenoids have a relatively low amount of 

force that they can generate.  As a result, the combination of low solenoid capability and a preloaded payload occasionally 

caused the solenoid to stick in the Hi-Lock condition. 

 

The sticky solenoid problem could be reduced by introducing a slight gap between the roller lever and the beam.  But, that 

gap would also alter the Hi-Lock release force because the intermediate support, in effect, would not be in place until some 

forward travel of the payload had been accomplished. 

 

As significant as the sticky solenoid problem was, it was actually trivial compared to the tolerance stack-up problem 

encountered.  In hindsight, this is one problem that should have been somewhat obvious. 

 

Recall that the underlying method by which the cantilever beam concept works is by means of the shoe lifting the beam in a 

vertical direction.  Now consider that the shoe itself has a thickness tolerance as does the rail slot in which it rides.  Further 

consider that the solenoid detent assembly sits inside the rail.  The assembly housing bottom also has a thickness tolerance.  

Within the solenoid assembly, the beam is positioned vertically via an adjustment block.  

  

The common theme here is that there are numerous vertical direction tolerances that have to be considered and compensation 

must be made for them.  Because the rails and shoes are in-service items, only the solenoid assembly tolerances can be 

controlled.  And only by placing shims between the assembly and the rail or between the beam and the assembly can any 

adjustment be made. 

   

All of these vertical dimensions influence the beam lift height.  That lift height is ultimately what controls the release force.  

Consequently, while the cantilever beam itself can be manufactured to high tolerances, the ultimate release force depends on 

numerous items beyond the control of the solenoid assembly. 

   

In essence, the flaw in this design is not the basic concept, but rather that the relevant tolerances all stack up in the same 

direction as the direction required to generate the release force. 

 

There were actually few issues discovered with the gated slot design.  Unlike the cantilever beam concept, the gated slot’s 

release force does not depend on a vertical lift height.  As such, the tolerances of the payload are generally decoupled from 

the final release forces generated. 

 

Nevertheless, some issues did show up during testing.  The first of these was pin bending.  Due to the schedule, prototype 

manufacturing and analysis actually occurred in parallel.  As a result, the pins on which the detent lever rides were actually 

sized too small.  Very high strength materials were therefore used in order to avoid scrapping hardware.  Nevertheless, on 

some of the units, a couple of pins showed evidence of bending. 

 

Because the gated slot design uses pins sliding along a slot, bearing stresses are very high at the pin-slot interface.  These 

high stresses lead to galling, especially given the materials that were necessarily chosen at the time.  While not excessive, 

galling was evident in some test articles and became worse as testing progressed. 

 

To a large extent, pin bending and galling were expected due to the concurrent engineering process dictated by schedule.  

However, the main issue discovered was, as similarly discovered with the cantilever beam, a result of low solenoid force 

capability combined with a tolerance stack-up. 



As before, the default condition of the gated slot design is in a Hi-Lock state.  In this nominal state, the low spring pack 

governs until the low spring guides bottom out on the high spring nuts.  In order to ensure that a Lo-Lock release is possible, 

the gap between the spring packs must be slightly greater than the travel distance required for the lower pins to reach the Lo-

Lock open gate.  However, because the gate is not actually open until the solenoid plunger is retracted, it is possible, and in 

fact expected, that the payload can travel forward until the low spring bottoms out.  If this happens while the solenoid is de-

energized, the lower lever pins will actually travel forward until they attain a position where they would normally have 

reached an open slot, but instead will reach, and begin riding on, the gate. 

 

When this occurs, it is possible for the tolerances to be such that sufficient load is introduced into the lower lever pin that it 

bears on the slot gate and more force is required to retract the gate than the solenoid can provide. 

 

CONCLUSIONS 

 

As with any rapid prototyping and testing program, this one had its share of issues, problems, and challenges to overcome.  

While the goal was obviously to produce as near a production-ready prototype as possible, the actual objectives were much 

more realistic. 

   

Because this project was intended to be a test project from the very beginning, the actual release forces obtained were not of 

prime importance.  Rather, the primary goal was only to demonstrate that a solenoid actuated detent mechanism could be 

produced which would provide a selectable Lo-Lock or Hi-Lock release condition.  This goal was accomplished. 

   

Furthermore, while neither concept exactly achieved the desired release forces in either Hi-Lock or Lo-Lock conditions, both 

concepts were generally in the target region. 

   

As a result of the testing, the cantilevered beam design was judged to be inadequate due to the previously discussed tolerance 

stack-up issues.  There are simply too many variables beyond the control of the solenoid assembly for the beam design to be 

able to compensate. 

 

When it was observed that the beam concept would not be as robust as hoped, a highly compressed schedule was required to 

develop and test an alternative design.  Thus the gated slot was conceived.  Most all of the issues with the gated slot concept 

were due to the compressed schedule.  

  

Were a second attempt to be made to further develop the gated slot concept, issues thus far discovered could readily be 

addressed.  Most notably, the pins could be made larger to preclude bending and the ends could be flattened so that the 

bearing stresses on the slot are much lower. 

 

Testing of the gated slot showed that the release force obtained can be significantly changed by adjusting spring pack preload 

and gap.  With additional time to procure high tolerance springs and to design additional adjustability into the preload and 

gap parameters, the target release forces should be readily attainable. 
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