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ABSTRACT

Design of a Quick-Release Mechanism for a
C-130 Aircraft Sensor Platform

Seth D. Lucey

The development of a standardized sensor pallet system for a C-130 aircraft was
conceived by the Center for Industrial Research Applications at West Virginia University
to assist in counterdrug reconnaissance activities within the United States. The system
has been completed and is now being optimized for various uses in addition to
counterdrug reconnaissance. It is sought to have the sensor carriers/housings easily
interchangeable so that they may be switched in the field by operators rather than in the
hangar by technicians. The design parameters were established by the National Guard
mission requirements and by the limitations of the C-130 aircraft. These limitations
include using Commercial off the Shelf (COTS) and Government off the Shelf (GOTYS)
components when developing the system that must be universal on all C-130 aircrafts
variants B thru H. The following work describes the design process and engineering

analysis of this “quick-release” mechanism design.
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1.0 Introduction

West Virginia University (WVU) has been tasked with the needs assessment,
design and fabrication of a sensor platform that is capable of operating remote sensors for
use aboard the C-130 military aircraft [1-13]. WVU has completed design and
construction of a transportable roll-on, roll-off sensor pallet(s) that will deploy via the
rear cargo door of the aircraft while in flight.

The sensor pallet is built to be carried on the rear ramp of the aircraft, as shown in
Figure 1. In flight, the rear doors of the aircraft open and the sensor arm rotates the
sensor array outside the rear of the aircraft to perform its mission. In the deployed
position the sensor array is positioned underneath the aircraft so as to give it a wide area

field-of-view of the ground.

Figure 1: Placement of Sensor Platform and Operator Station on C-130 [13]

The sensor platform holds all the mechanical and electrical components that

support and control the motion of the mechanical arms which carry the sensor payload.



The platform can be added to the aircraft as easily as adding a pallet full of supplies, and
can be removed from the aircraft easily, carrying all the sensor components, leaving the
aircraft in its original state with no modifications.

The electrical components are housed in two sealed, semi-removable aluminum
enclosures. The enclosures are weather-tight so that they may be used in various
environments. They are removable for quick, easy change-out for maintenance and
upgrades. In addition to these two power and control enclosures, there are four sealed,
easily detachable enclosures for housing sensor control/data acquisition equipment. The
sensor control enclosures are also weather-tight, and have quick-disconnect power supply
cables attached to each. The sensor enclosures are designed to be configured and
customized by the suppliers/operators of the various sensors. For that reason, they are
easily removable for setup, maintenance, mission changes, and data acquisition purposes.

The sensors are carried in a sealed, aluminum enclosure (pod) at the end of the
arms. The pod frame is constructed of 5052-H32 aluminum angle, and is covered with
5052 aluminum sheet. The pod incorporates removable sensor-mount surfaces, which are
fixed to the pod through vibration isolators. The vibration isolators are COTS items that
are available in several load ratings, so the pod can be set up for various sensor payloads.

It is desired to optimize the sensor platform so that it will be as versatile as
possible. The C-130 aircraft is available for use to all military agencies, so the sensor
platform is to be available and readily set up for each of their respective tasks. In
addition to its original intended use (counter-drug missions), the platform can be used for

homeland security, border patrol, and surveillance activities. To aid in this capability,



every component should be easily removable and re-attachable for setup, maintenance,

and mission changes, like the enclosures described above.

Figure 2: Current Pod / Arm Arrangement

In the current arrangement, the pod is directly attached to the arms with bolts and
locknuts as shown in Figure 2. Being bolted to the arms, the pod is not quickly or easily
removable, and even less quickly or easily re-attachable. The modification desired here
is a quick-release mechanism that will allow easy removal of the pod from the arms, with
equally as easy remounting.

The quick-attach system will be similar to those used on agricultural and

industrial equipment, especially front loaders, backhoes, and excavators. These machines



are similar to the sensor platform in that they use load-supporting arms that carry various
interchangeable implements. The implements are interchangeable for different jobs,
which is desirable for the sensor pod. The sensor pod is also roughly the same size and is
capable of carrying about the same load as the buckets of the smaller versions of these
machines.

Operator requirements pertain to the personnel that must install and remove the
pallet and those that must operate the sensors on the pallet during a mission. This requires
that the pallet and all of its components must be simple enough to be installed and
maintained by existing personnel, and the pallet must mount in the same fashion as
standard cargo pallets where the tools and supplies used to maintain the physical pallet

must be the same as for other DoD equipment [14].



Problem Statement

It is desired to modify the attachment method of the sensor pod of the Oculus
Sensor Deployment System to the arms so that the pod will be easily detachable and re-
attachable. This modification will consist of eliminating the bolts that currently fix the
pod to the arms and creating a coupling device for interconnecting the pod to the arms.

The design of the coupling device is to be simple, having as few parts and
requiring as little space as possible. It must be easy to use, with no special instructions
and easy inspection. The components must be Commercial off the Shelf (COTYS),
Government off the Shelf (GOTS), or easily manufactured. The device must fix the pod
to the arms in the same orientation as in the current arrangement. The device must
securely support the load of the pod and the sensor array as if it were permanently fixed.
A safety factor of 1.5 [15] must be used to account for imperfections in materials, flaws

in assembly, material degradation, and uncertainty in load estimates.



2.0 Literature Review

2.1 Quick Attachment Review

In recent years, almost all types of machinery are fitted with easily changeable
tools and equipment, e.g., front end loaders and loader tools such as buckets used on
today’s utility tractors. The changeability of these tools allows the use of one piece of
machinery to do the jobs of many, with a simple change of tools.

These loaders and other machines use a variety of techniques to connect the end
tools, but all of these techniques are somewhat similar. The different connection
mechanisms typically show a progression of improvements made to previous devices,
with leading manufacturers having the most refined models. Many manufacturers have
merged their designs so that tools are interchangeable. Also, many aftermarket
manufacturers have built tools to fit mainline manufacturers’ machines.

Most utility equipment is built to either push or lift. Consequently, their
attachment mechanisms show these characteristics. The members that push or lift the
tool and its load are built with the most strength, while other members are just to hold the
attachment to the machine. The machines and tools usually have a large interface area
such as a steel plate in the direction of travel for pushing, and large hooks, catches, or
channels at the upper sections for lifting. The attachment usually uses pins, bolts, or
latches to keep the tool secure while moving.

Before the advent of quick-attach tools, the tools were directly and permanently
fixed to the loader arms using pivot pins that were held in place by various methods
including snap rings, roll pins, and cap screws. The lower set of pins secured the tool to

the loader arms and served as a pivot for tool movement. The upper set of pins attached



the mechanical actuators (usually hydraulic cylinders) to the upper end of the tool. The
hydraulic cylinders served to position the tool as it pivoted around the lower pin joint as

shown in Figure 3.

Figure 3: Original Tool Attachment [16]



Many early models of quick attach equipment are a simple variation of the original tool
mounting setup. They use the existing pins which connected the arms of the machine to
the tool, with no changes to the tool [17]. The arms of the machine are fitted with an
adaptor with the original attachment pins. A second set of pins is inserted into the tool as
before. To attach the tool to the arms, the adaptor is hooked into the upper pair of the
pins, and then rotates down to cradle the lower set of pins. A latch then secures the lower
end of the tool. This design is a simple, effective approach that works well with loader

buckets and pallet forks.

Figure 4: Patent Number 3,606,052 Dual [17]

Other types of attachment systems use various means of attaching the upper end
of the implement, as in Figure 4, and lock pins to secure the lower end of the implement,
shown in Figure 5 [18]. The lock pins are retractable for removing the implement, and
are held in their locked positions by a spring. The pins are not positively held in the
locked position. However, the pins only support a shear load, and do not experience any

load that would unseat them from their locked position.
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Figure 5: Patent Number 6,851,916 Toro [18]

Another type of attachment system also uses pins in the lower end, but the pins
are pushed into their seats conjointly by a somewhat complex handle controlled
mechanism. Positive stops are attached to the device that limit the motion of the handle
from locked to unlocked. A torsion spring holds the mechanism in the locked position.

This type of attachment system is shown in Figure 6 [19].
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Figure 6: Patent Number 4,030,624 Massey Ferguson [19]

The most common and recent of these attachment devices is comprised of a
lipped support at the upper end of the implement and angled locking surfaces at the lower
end of the implement. The attachment bracket has a surface that supports the lip of the
implement and locking mechanisms at the lower end. The locking mechanism has a pin
with one end tapered that are controlled and held in place by a handle and a spring-loaded
center link. The mechanism uses an over-the-center action to push the pin into its locked
position and detent into that position. The spring loaded link holds the pin snugly into its

locked position, and creates a detent that holds it in that position (Figure 7) [20].
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Figure 7: Patent Number 5,836,734 Deere [20]

The mechanism shown in Figure 7 is used widely across the industry in recent
machines. The patent above is assigned to Deere and Company. Bobcat (Figure 8) [21]
and CNH (Figure 9) [22] have patents of very similar attachment devices and these
devices can be seen on many of their machines. These designs have proven to be
reliable, easy to use systems for the attachment of implements to their respective

machines.
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Figure 9: Patent Number 4,812,103 Case [22]
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Quick Attachment Review Summary

Reviewing previous designs of quick-attachment devices was the first step in
designing a similar device for the Oculus sensor platform. The sensor platform is similar
to the machines discussed in this review in that they consist of a set of load-supporting
arms that carry and control a tool, or a sensor pod in this case. It is sought to have the
pod easily detachable and re-attachable, as are the tools discussed here, while maintaining
a safe and secure connection.

The design of the quick-release mechanism for the sensor platform will be
somewhat similar to those discussed in the review. However, this design will have some
major dissimilarity. The pod does not need to rotate independently of the arms, so the
pin-pivot joints will not be necessary. The sensor pod will also be subject to different
loading, vibration, and safety concerns than those machines, so the components of the

new mechanism will be designed around its own loading criteria.

13



2.2 Finite Element Analysis Review

Finite Element Analysis (FEA) is a computational technique used to obtain
approximate solutions of boundary value problems in engineering [23]. The key idea
behind the finite element method is to discretize the solution domain into smaller, simpler
domains called elements [23]. The problem then becomes many smaller, simpler
problems with smaller, simpler solutions. The solutions are then assembled back together
and checked for the “smoothness” of the solution. The process is iterated as many times
as it takes to get the desired smoothness. Until the age of computers, this process was not
practical, as an engineer may have to solve countless equations. Today, Finite Element
Analysis is readily available as one of engineers’ most valuable tools. From Feragotti,
“The Finite Element Method (FEM) is quite possibly the most important tool added to the
mechanical design engineer’s toolbox in the last 20 years, and can be used to obtain more
accurate design computations in complex situations” [24].

Traditionally, in order to develop a product, engineers would have to create a
prototype through the use of hand calculations which are based from assumptions of the
component’s behavior under design loading conditions. The prototype was then subjected
to testing under the design conditions where flaws in the design would appear. Based on
the nature of the design flaw the product would then be redesigned and tested again. This
process would have to be repeated many times until a successful prototype was
generated. With the introduction of FEA methods in the product development process, a
more accurate portrayal of the component’s behavior under loading conditions can be
examined. The use of FEA software also allows engineers to spend less time solving for

the component reactions to various loads and to concentrate harder on the loading
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conditions and the development of a more accurate operation loading environment. This
enables engineers to develop a prototype which will require a fewer number of design
iterations and allow for the component to reach the production phase much faster and at a
lower cost. Studies have shown that through the use of computer aided design a time
savings of 27% and a cost savings of 32% on average have occurred in product
development and production [25]. Because of the availability of sophisticated
commercial finite element software, the finite element method has become the preferred

method of solution for many practical problems [23].

Finite Element Analysis Review Summary

The Finite Element Analysis Review was performed to generally explain the way
the Finite Element Method works. Some components of the design of the quick-release
mechanism are too complex to analyze using hand calculations, so FEA was used to
calculate the stresses and displacements of those components. It was also used to

illustrate how the stresses act on the components.
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3.0 Quick-Release Design

This section will cover the overall design of the quick-release mechanism and its
various components. The overall geometry of the system and its components will be
calculated, followed by a loading analysis of all the components and the mechanism.
Redesign and reanalysis of the components will follow where necessary.

The proposed system is similar to those used on utility machines, as discussed
above. It will allow easy mounting and dismounting of the pod from the arms by
unlatching two handles. The device is shown in Figure 10. The exploded view is shown

in Figure 11 and Table 1.

Figure 10: Quick Release System

16



Figure 11: Exploded View of Components

Part Number

Description

Qty

Pod Attachment Bracket

Arm Frame

Lock Pin

Spring Link

Shoulder Bolt, 1/4" X 1"

Shoulder Bolt, 1/4" X 3/4"

~N|jo|o|~|wIN]|E

Handle

NN

Table 1: Component List
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Latching Mechanism

The latching mechanism is the apparatus that will serve to secure the pod to the
arms, while allowing the capability to release the pod from the arms. The mechanism
was designed using Pro/Engineer and AutoCAD drawings from original hand drawings.
AutoCAD and hand drawings were developed to find the correct workable geometry of
the mechanism. Using Pro/Engineer facilitated in component fitment, clearance, and
analysis.

Design Constraints and Requirements

The first condition was the space allowed for the components of the mechanism.
All of the components must reside in the space between each set of arms and between the
mounting flanges of the pod, shown in Figure 12. The mechanism must sit fully in the
space between the arms and the pod flanges so that a sealed cover may be added in the
future to seal the mechanism, the pod and its payload from the elements. Also, this area
is used for routing the sensor power and data cables. Therefore the mechanism must not

fill the entire available space between the pod surfaces and arms.
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Quick-Releaze

FPlacement

Figure 12: Space Allowed for Attachment Device

The space limitations were a key consideration in the design of the action of the
mechanism. The pin must translate into the pod’s latch member enough to ensure a
positive latch, and must retract enough to release the pod. The motion of the pin
determines the motion of the spring link, and the spring link determines the rotation of
the handle. The rotation distance of the handle must be adequate to retract the pin, and
must be large enough to easily load the spring.

The loads on the components were the other major design consideration. The pins
must be large and strong enough to handle the loads that will act on them during mid-

deployment, since they will carry their largest load at this position. The spring link must
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have enough potential so that it will load the pin with enough force to react to loads that
will try to force the pin out of its locked position.

The mechanism design chosen closely follows that of the newer front end loader /
skid steer loader designs shown in Figures 7, 8, and 9. The upper end of the pod will
“hang” on a rail, and the quick-release mechanism will latch the lower end into place.
The mechanism consists of a lock pin, a spring link, and a handle. These components are
connected with ¥ inch shank shoulder bolts and locknuts. The mechanism uses an over
the center action to load the spring, which will keep the pin in place during flight. The
spring will also allow for a small amount of wear in the pin contact area. The mechanism
also causes a positive locking effect — in the case of spring failure, the quick-release
mechanism will not allow the pod to become loose from the arms because of the
geometry of the mechanism. When the handle is in the latched position, the spring link
will not be able to shorten enough to allow the lock pin to retract from the pod. An

illustration of the mechanism is shown in Figure 13.
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Pivot Point

Handle

Spring Link

Lock Pin

Figure 13: Comparison of Unlocked/Locked Positions

The mechanism also incorporates a secondary catch that will hold the handle in
the latched position to serve as a backup in the case of spring failure. This secondary
catch will also allow the pod to be locked to the arms by using a locking hitch pin. This
“lock-out” will prevent removal of the pod, such as during maintenance, when in the
stowed position, or in instances where the pod and its payload must be managed by a

certified individual.
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Two latching mechanisms will be used to attach the pod to the arms. They will

reside in the areas shown in Figure 12. The pod and arms connected with the attachment

device are shown in Figure 14.

/

"

-‘—_ i

Figure 14: Pod and Arms with Quick Attach Locked

The geometry of the mechanism was the first step in the design. The motion of
the mechanism is like that of a slider-crank mechanism, with the connecting link being
variable. The mechanism is of the 4-bar type, including the ground link, lock pin, spring
link, and handle, as illustrated in Figure 15. This 4-bar mechanism allows one degree of
freedom, which is the translation of the pin from the latched to the unlatched position.
The geometry of the mechanism also amplifies the force input from the handle through

the spring link to the pin, giving a high mechanical advantage. The mechanical

22



advantage will be discussed in the analysis section of this thesis. A simple diagram of the

motion of the mechanism is shown in Figure 16.

Bar 4 - Handle

Bar 3 - Spring Link

Bar 2 - Lock Pin b

Bar 1 - Ground Link

Figure 15: Diagram of 4-bar Slider-Crank Mechanism
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Figure 50: Analysis of Female Component of Spring-Link in the Latched Position
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Figure 52: Analysis of Handle in the Latched Position
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