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ABSTRACT

This thesis demonstrates that the use of platform design for medium lift helicopters can
provide opportunities for reduced time to market and faster return to service of
helicopters through faster design generation and reduced planning requirements.
Through historical review of the S70 helicopter and the derivatives of the basic model
this thesis demonstrates that platform design methodologies address and minimize many
of the difficulties associated with both the manufacture and post-deployment
modification of the basic vehicle.

Platform designing is used in a large number of industries with the rotorcraft industry
being an exception. Point designs to specific customer requirements have been the
historical norm. Given the high non-recurring costs associated with the development and
certification of new aircraft systems, there remains a tendency in the rotorcraft industry to
prolong the timeframe in which a specific aircraft continues to be manufactured by a
particular supplier. Furthermore, after these aircraft are fielded they tend to have useful
lives that could exceed thirty years and in many cases long after the circumstances for the
original requirement have been removed. Also, the embedded technologies within the
aircraft continue to evolve after the aircraft is fielded. Changing requirements and roles
sometime require that these newer technologies be incorporated into the aircraft. Due to
the high value of these already ficlded aircraft there is a tendency of the operators to
modify the fielded aircraft to adapt to the new mission and role as opposed to procuring
newer a aircraft with the newer technologies already installed.

This thesis concludes that through an understanding of the architecture of the air vehicle
coupled with an assessment of the likely sections of that architecture that will change the
enterprise is better positioned to respond to customer requirements with lower
development investment. This thesis provides a review of the architecture of the S7T0A
with particular attention to the instrument panel and allows for demonstration of
protocols of platform designing. Various perspectives for assessing the architecture and
maintaining the flexibility of the architecture are provided in the platform design context
using the STOA helicopter as the central figure with the goal of providing a case study for
reference during development of the next medium lift helicopter.

Thesis Supervisor: Dr. Daniel Frey
Title: Assistant Professor
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1 Introduction

The helicopter industry is increasingly seeing the life-span of its products being
extended by modification and refit activities. As an example, the helicopter that now
transports the U.S. President first flew in 1959 and will not be replaced until the year
2008. This means that the vehicle will be in service for almost fifty years before it is
replaced. While this example is extreme considering the enormous maintenance costs

associated with Marine Squadron One, it demonstrates that a helicopter could realistically

Figure 1 - Marine One (VH-3D)

be in service for many decades. So called Service Life Extension Programs or SLEPs
are becoming an economical means of providing capable airframes with reasonable cost

structures. In the commercial world, the “zero-time” refit of aircraft is providing fairly



rapid return to service capability in many areas of the industry from fire fighting to
passenger service. The large inventories of spare parts for some models such as the Bell
412 allow for the appropriate levels of logistical support at modest cost to the user. This
thesis looks to address what system architectural considerations should have been
employed during the initial baseline design of the helicopter that would have made the
resulting refit efforts we now see in the industry more cost effective with lower downtime

requirements.

As is common knowledge today, the current reduction in mi litary spending in the
United States has forced traditional military contractors to seek non-traditional business
segments of the market. Sikorsky Aircraft and its S70 model have not been spared from
this phenomenon. The late eighties and early nineties were periods during which the
defense sectors of the helicopter industry were permitted some growth on the taxpayer
dollar. The shifting political realities have created a helicopter marketplace no longer
based as heavily on the defense dollar. Parallel industries such as defense electronics and
military fixed wing aircraft have seen mergers result from a need to consolidate against a
shrinking market. To date this has not happened in the helicopter industry. There were
tour major manufacturers of helicopters prior to the end of the Cold War period and four
still remain. They are; Bell, Boeing, McDonnell Douglas and Sikorsky. Some smaller
helicopter manufacturers also remain such as Kaman and Robertson. Figure 2 broadly
defines these helicopter manufacturers and their market segment. The question usually
asked is if the defense dollar is not available, what is the replacement? To some degree
there has been a market place shift from fewer, larger programs to more, smaller

programs.
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Manufacturer

Product Size

Market

Bell Helicopters

Small, Medium

Commercial, Defense

Bocing Helicopters

Medium, Heavy

Commercial, Dcfense

McDonnell Douglas

Small, Medium

Commercial, Defense

Helicopters

Sikorsky Aircraft Medium, Heavy Commercial, Defense
Eurocopter Small, Medium Commercial, Defense
Agusta Small, Medium Commercial, Defense
Kaman Small Commercial
Robertson Small Commercial

Figure 2 - Current Helicopter Manufacturers

The more, smaller program environment creates the need for the derivative. The
derivative helicopter has its basis in the primary product produced, but has some
enhancements or specific customer required modifications. These changes allow the
vehicle to be sold to the specific customer and are usually one of a kind helicopters.
These enhancements generally include the integration of customer supplied or specified
systems that are unique. In addition, there may be marketplace driven features which
need to be incorporated. Past efforts in this type of business have led to specific design
efforts for each configuration. This generally means that the non-recurring cost
associated with the effort must be absorbed by the specific program. Given the defense
industry contract compliance mindset, often the ability to transfer a common design effort
over several programs of similar type is not permitted. This makes it more difficult to

make a profit since the cost is amortized over a smaller number of aircraft.

Aside from the cost constraints placed on derivative work there also needs to be
an accompanying mindset shift regarding the design / fabrication procedures employed.
The DOD world has a large and unwieldy set of requirements that are often cumbersome
at best. Oftentimes the commercial derivative customer has no need nor any desire to be

the recipient of the volumes of documents normally associated with a DOD contract.




Therefore, the segments of the workforce normally associated with that phase of the
business are no longer viewed as required to permit delivery of the product. This
generally leads to two opportunities. The first is to re-train and re-assign these
documentation producing personnel to efforts directly linked to the deliverable and the
second is to remove these personnel from the workforce. Both approaches have benefits
and drawbacks. The configuration of the workforce is key to derivative programs. The
ability to have the appropriate skill sets available for discrete periods during the fairly
short design efforts of derivative work remains a significant challenge. Ideally, there
would be a sufficient population of derivative effort such that the design / fabrication
personnel could be shifted from project to project. The timing of individual projects
causes personnel to move between projects of different complexity at different times.
This approach requires extremely strong central leadership to prevent islands of success
and islands of failure. The thrust here is to permit the entire company to succeed and that
means that a number of efforts need to be supported simultaneously which is again a

departure from previous industry approaches.

Speed. Ifthere is any one axis of review regarding product development and the role
of platform designing upon it, speed provides many insights. Like an effective racing
car, speed does not come from any single aspect, but the combination of many factors.
Tires, power plant, aerodynamics and driver skill all play roles determining whether or
not the team will be successful or not. A parallel case exists in the realm of product
development. If speed again were to be used to define the axis of review, one would see
that the product that arrived first to satisfy the customer’s demand achieved some
measure of success. Organizations that consistently arrive with their product first in the
market place are rare and successful. However, it is the combination of technology,
system architecture and managerial wit that permitted the product to be successful. These
axes of review are not equally weighted. The technology available, the skill of the
management and the flexibility of the system architecture don’t all have the same impact
on the success or failure of a new project. Controlling each in a predictable fashion may
mean the difference between survival and prosperity as opposed to downsizing and

acquisition.
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Platform designing is not new. Many examples are available even during the most
cursory of reviews. Platform design and the effective use of platforming protocols will
however play an important role in determining just how quickly a product becomes

available in the market place.

This work looks to the rotorcraft industry. There are currently four major producers
of helicopters in the United States and several over-seas. Rotorcraft, helicopters if you
will, still have many of the same systems that models conceived of in the 1920’s. A large
lifting main blade system coupled to some sort of anti-rotational smaller blade with the
pilot and occupants fitted between. Compared to fixed wing aircraft which contain many
categories and types of aircraft in large numbers, the market for helicopters is smaller and
more diverse. Viable. commercial transport by helicopter remains a future possibility but
is not currently available to all except those with the operating budgets of larger
corporations. Helicopters remain difficult to maintain with some models taking more
than eight maintenance hours for every flight hour. These and other major trends
characterize the current helicopter industry. Success in this type of industry will be
achieved by the most flexible supplier providing the right product at the right price within

the right timeframe consisting of the right configuration.

These four customer driven requirements must be met by the successful helicopter

manufacturer: product, price. timeframe and configuration.

e The product is what the market currently perceives it needs. If the enterprise does not
provide a product that the market feels it requires, the Ford Edsel phenomenon of
product and market mismatch has an opportunity to be recreated.

e The price is less than what the competition is asking for given the same capability.

e The timeframe is simple, now.



e The configuration speaks to what the customer really needs. Don’t sell bells and
whistles that are not required and will only provide dissatisfaction when they don’t

perform as advertised.

This work submits that platform design approaches can affect all four of these
customer needs to some degree. It is this writer’s experience as a team leader in
development operations at Sikorsky that says any positive effect on a continuous basis to
these four criteria will permit effective execution of the organizations business objectives
in the long term. Platform design approaches permit flexible responses to market
requirements on a timely basis. It is important to understand that not all markets have the
same timeframe. It typically takes about 15 months to fabricate, assemble, acceptance
test and flight test a basic S70 at Sikorsky Aircraft. Derivative aircraft, those with
slightly different configurations will take upwards of 24 to 30 months to complete. The
reason for this discussion now is to inform the rcader of the types of timeframes involved
in the development and delivery of helicopters. The writer however submits, and this
thesis looks to demonstrate, that these timeframes can be shortened by effective

deployment of platform design methodologies.

The scene having been set, this work looks to understand how platform design

will effect the current situation to the better.
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2 Thesis Statement

This thesis looks to describe the utility of platform approaches for the design and
fabrication of the medium lift helicopter (MLH). This investigation will first examine a
typical architecture for helicopters generally, then discuss the protocols of platform
design and finally apply these protocols to a sub-system of a theoretical future MLH.
Validation of the approach will be fully illustrated by addressing one specific sub-

component of the defined architecture.

The method used to validate this thesis will be the review of a sub-system found
previous derivative models of the STOA helicopter with the goal of identifying common
features of that could be installed on the platform helicopter with a minimum of design
and planning effort. The sub-system to be used will be the instrument panel of the
aircraft. This method requires that the basic architecture of the helicopter be defined first.
Once the helicopter architecture is defined the sub-components of that design that are
common to the platform can be described along with the rationale as to why they are part
of the platform. Given that the sub-component, the instrument panel, is part of the
platform, a review of the forces affecting that instrument panel design is possible.
Through this review, a rationale for positioning like and future sub-components into a

platform framework is made along with a discussion of the potential benefits.
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3 History of Air Vehicle Change

The U.S. aerospace industry has a history of large scale projects with budgets that
exceed the GNP of some smaller nations in the world. As a subset of that industry, the
domestic helicopter industry is no exception. Consider the AH-64 Apache attack
helicopter. This vehicle has been in existence since the mid-1970’s and is still ficlded
today. The helicopter program has responsibility for the expenditure of billions of dollars
over the continuing course of its development and deployment. High military spending
coupled with lack of off-shore competition permitted somewhat inefficient design and
fabrication practices to flourish. Burdensome contracting procedures also created
workload for the design / fabrication organization that may not have directly permitted an
efficient product development process. Given the discrete program to program nature of
the environment, point designs addressing specific customers and their needs were the
norm. The aerospace industry has many examples of designs that were produced for a
specific need in mind only to have the vehicle used for broader purposes other than its

original mission.

The B-52 aircraft is riddled with cases of changing system installations and
aircraft configurations. As its missions and roles changed, the design challenges required
to met these evolving needs became increasingly complex. This is demonstrated by the
change in role of the aircraft from a high altitude bomber into a nap-of-the-earth vehicle.
This is a significant change in mission with many factors needing to be considered. The
B52 was conceived of over forty years ago and is still in service today. Originally given
the mission of high altitude nuclear bomber the B-52 now flies low-altitude conventional
and nuclear missions. Additionally, the venerable aircraft has also been used to ferry
both manned and unmanned systems to delivery altitude for scientific study as well as
orbital insertion. Each of these new configurations of the B-52 needed to be conceived,
designed, fabricated, integrated, installed, tested and delivered. Each time a new

configuration needed to be developed, a specific organization was designed and
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designated to perform the work. This is a result of taking a point design for a specific
need and re-configuring. While vision over forty years is easy in hind-sight, the issue of
sub-optimizing a system due to the inherent constraints begs further review. Remember,
this was an aircraft the had entire wing sections removed and replaced to fulfill the new

envisioned mission role. This is about as severe a modification that a specific airframe

can undergo.

Figure 3 - B-52 Aircraft

To further frame the discussion, a review of some num'bérs defining the operation
of a typical helicopter provides some insight. The average life-span of an airframe being
delivered today from Sikorsky Aircraft can exceed 20,000 hours of operation and be
fielded for over twenty years. Just as the B-52 has changed roles during its fielded
lifetime, so can a helicopter delivered today. The tools and methods used to address this
demonstrated and historically referenced need can apply great leverage to the missions an

aircraft can fly.

A platform design architecture is one such way to permit a host design the
flexibility to incorporate changes later in the life of the product for a variety of reasons to
produce a variant. The variant or derivative strives to meet the market needs without the

incurred cost or time requirements of a completely new design. The aerospace industry is
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certainly not the only area where this phenomenon can be found. The auto industry is
also full of examples of the manifestation of platform design. The interesting trade
between the two industries is the life span of the product. The typical life of a good
automobile design is probably less than five years. Yet, the automobile industry
routinely uses platforms in its design approaches and the aerospace industry rarely uses
platform design approaches. The platform design approach is subject to many design
constraints, and the life of the product is probably one of the more important ones. This
thesis will address many aspects of platform designs. This thesis will focus on medium
lift helicopters ( those up to 25,000 maximum gross weight ). This focus allows for a
tailored approach and implementation of the platform design tools discussed using a real

world example.
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4 Description of S7T0A Helicopter

4.1 Introduction

Sikorsky Aircraft’s S70 helicopter was built in response to the U.S. Army rotary-
winged aircraft program requirement referred to as Utility Tactical Transport Aircraft
System (UTTAS). In short, the UTTAS program required a helicopter designed to
perform missions such as troop transport, air cavalry and medical evacuation. The
program also included standards for the helicopter’s combat survivability, reliability and
maintainability; and it went on to specify adverse weather and nighttime operational
capabilities. Within the UTTAS program a specification for air transportability was
included. This specification required that one UTTAS configured helicopter fit into a C-
130 transport aircraft, two into a C-141 transport aircraft and six into a C-5 transport
aircraft. This air transportability requirement has a large impact on the resulting
configuration and overall dimensions of the S70 helicopter. The helicopter fuselage is
approximately 51 feet long. When measured longitudinally from the foremost main rotor
blade tip to the aft most tail rotor blade tip, the overall helicopter measures 65 feet long.
Exclusive of the main rotor blades, the helicopter is approximately 14 feet wide and,
without its tail rotor blades, it is approximately 12 feet high. The S70 helicopter has a
basic structural design gross weight of 16, 938 pounds, and it has a maximum alternate
gross weight of 22,000 pounds with some configurations reaching 23,500 pounds. The
S70 helicopters cargo floor is designed for a capacity of 300 pounds per square inch. The
volume of the cabin is 410 cubic feet. To facilitate air transportability, the horizontal tail,

or stabilator, is removable and the vertical stabilizer, or tail rotor pylon, is foldable.

4.2 Airframe

The S70 helicopter airframe is divided into six structural sections. These are
Cockpit (nose-section), Cabin (mid-fusclage), Main Rotor Pylon, Transition Section, Tail
Cone and Tail Pylon. The cockpit accommodates the pilot and co-pilot, associated

systems equipment and is entered through hinged, jettisonable crew doors on the left and

17



right side of the aircraft. The cabin interconnects the cockpit and transition sections, has
two crew member stations and a passenger / cargo compartment. The cabin is entered
through aft-sliding passenger / cargo doors on each side of the helicopter. The transition
section interconnecting the cabin and tail cone sections holds the fuel tanks and
equipment stowage compartments. The transition section is reached from inside the
passenger / cargo compartment or through an aft transition access panel on models so
equipped. The main rotor pylon, attached to the upper cabin and transition section, is a
protective aerodynamic cover that provides smooth airflow induction for cooling the
helicopter major sub-system components. The tail cone connects the transition section
and the tail rotor pylon, and also supports the tail rotor drive shaft and tail rotor pylon.
The tail cone also encloses the tail rotor flight controls and contains the tail landing gear.
The tail cone is reached from inside the rear passenger / cargo compartment, or from the
outside through an aft transition access door for models so equipped. The tail rotor pylon
is supported by and hinged to the tail cone. The tail rotor pylon supports the stabilator,
intermediate and tail rotor gear boxes, connecting drive shafts, tail rotor assembly, and
part of the flight controls. When the stabilator is removed or folded, as is the case with
some models, the tail rotor pylon can also be folded and stowed next to the right side of

the tail cone.
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Figure 4 - Major Airframe Sections

4.3 Electrical

The S70 helicopter uses alternating current as prime electrical power. The
electrical power system is supplied by three sources. This consists of primary AC power,
auxiliary AC power and external AC power. Primary AC power is provide by two
transmission driven independent generating systems each consisting of a brushless
generator, generator control unit, current transformer, generator control switch, and a
caution / advisory capsule. Auxiliary AC power is provided by a single APU driven
generating system consisting of a brushless generator, generator control unit, current
transformer, generator control switch and caution / advisory capsule. External AC power
is supplied to the helicopter through and external power receptacle. It is controlled by an

external power monitor, external power switch and a caution / advisory capsule. AC

19



power is distributed to the helicopter busses from the generating systems and external AC

source through a series of contactors and relays.

4.4 Fuel System

The S70 helicopter has an on-board fuel system. The fuel system supplies fuel to
both engines and to the auxiliary power unit, APU. The systems consists of a main fuel
system, a fuel quantity system and a fuel low-level warning system. Fuel from both main
tanks is drawn by suction from both main tanks to the hydro-mechanical unit, HMU and
the engine driven fuel pumps. Fuel from the LHS or No. 1 fuel tanks is used to provide
fuel to the APU. All fuel lines on the helicopter are self-sealing and hav. ' sealing,
breakaway-type valves. This prevents loss of fuel should lines be dam. . valves
separate from the rest of the fuel system. Helicopter refueling is accomplished by both
pressure re-fueling using closed circuit adapters located on the left side of the helicopter
in the transition section. Gravity refueling can also be accomplished from both sides of
the helicopter using separate gravity re-fueling ports. No electrical power is required for
either pressure or gravity refueling. The fuel system includes hi-level shut-off valves in
each tank which actuate and close the pressure re-fueling valve when the tank is full.
During pressure de-fueling a low-level shutoff actuates the pressure re-fueling valve

when the tank become empty.
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Figure S - Fuel System

4.5 Powerplant

Flight power for the S70 helicopter is provided by two General Electric 701C
turbo-shaft gas turbine engines. The powerplant system consists of two de-mountable
power packages containing the engine, engine control system, engine anti-icing system,
engine over-speed protection system, engine speed trim system and indicating systems.
These power packages are mounted one on each side of the main transmission.
Interfacing between the engine and the helicopter are a pneumatic air starter, drive shaft
assembly, engine mounts, tailpipe assembly, fuel and lubrication lines and wiring
harnesses. The drive shaft assembly and a forward support tube connect the engine to the
input gear box module of the main transmission. A shaft connected to the power turbine
of the engine extends forward through the engine and into the input gearbox module to
permit the transfer of mechanical energy from the engine to the main rotor transmission.
Each engine is subsequently broken into four major sections. These are cold section, hot

section, power turbine section and accessory section. Each engine also has bleed air
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capability to provide heated air for engine anti-icing, cockpit / cabin heating and cross-

bleed engine starting.

THERMOCOUPLE
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Figure 6 - Turboshaft Engine

4.6 Transmission System

The transmission system on the S70 helicopter carries the mechanical energy
provided by the engines to the main and tail rotor systems. This system consists of the
main transmission with oil cooler, intermediate gear box, tail gear box and
interconnecting drive shafting. The transmission system has indicating systems for oil
pressure and temperature which provide the flight crew with warnings for hot oil and low
oil pressure as when as a chip detector system with fuss burn-off to provide warning of
mechanical malfunction within the gearboxes. The main transmission drives the main
rotor, tail rotor, main transmission oil cooler, No. 1 and No. 2 hydraulic pump modules,
and the No.1 and No. 2 electrical generators. The main transmission is mounted on top

of the cabin fuselage with a three-degree forward tilt. The transmission assembly is made
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up of five modules. These are; the main module, two input modules and two accessory
modules. Modules housings are made of Magnesium and are covered with a special heat
sensitive paint that will change color if the modules over heat. The main transmission
assembly mounts and drives the main rotor head, changes the angle of drive from the
engines, reduces engine rpm, and drives the oil cooler and tail rotor drive shaft. Both
input and accessory modules are interchangeable with one another and can be replaced
without removing any other main transmission modules. The accessory modules mount
to and drive the generators and hydraulic pumps. If the aircraft is equipped with a rotor
braking system, it will be mounted to the rear of the transmission between the main

transmission housing and the oil cooler.
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Figure 7 - Main Transmission
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Aside from the main transmission two additional gearboxes provide mechanical
energy from the main transmission to the tail rotor for helicopter directional control.

These are the intermediate and tail gearboxes. The intermediate gearbox is constructed of
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three distinct Magnesium housings being input, center and output. The gearbox is
mounted on the base of the tail rotor pylon and is designed to transmit torque to the tail
gearbox. The intermediate gearbox also provides speed reduction and changes the angle
of drive to permit interface with the drive shafting travelling up the forward face of the
tail rotor pylon. The tail rotor gearbox is mounted on top of the tail rotor pylon and is
also constructed of three magnesium housings. These are also called input, center and
output. This gearbox furnishes reduction and changes the angle of drive 105 degrees to
the tail rotor blade mounting flange. Lubrication of this gearbox as well as the
intermediate gearbox is performed by a splash type approach. Additional systems
mounted to the tail rotor gearbox are the tail rotor servo, aft quadrant, spring capsules and

blade de-icing slip ring.
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Figure 8 - Intermediate Gearbox
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Figure 9 - Tail Rotor Gearbox

4.7 Rotor System

The rotor system is broken into two major areas. The first is the main rotor system
and the second is the tail rotor system. Both systems consist of four blades to provide lift
and directional control. The interface between the main blades and the transmission is
accomplished by the main rotor head. The is also the case for the tail rotor blades using

the tail rotor head.
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The main rotor head transmits the movements of the flight controls to the four
main rotor blades. The main rotor head turns in a counterclockwise direction. The head
itself is supported by the main rotor shaft extension. The shaft extension is splined to the
main transmission center shaft which drives the rotor head. The rotor head is supported
at the top of the main rotor shaft extension by a series of pressure plates and cones
interfacing with the upper and lower surfaces of the main rotor hub. The main rotor head
also contains various vibration absorbing, main blade droop control and electrical

features.

ROTATING
SCISSOARS

Figure 10 - Main Rotorhead

The four main rotor blades attached to the main rotor head provide primary lift for
the air vehicle. Each main blade is constructed using a titanium spar with a honcycomb
core and fiber glass skins and is approximately 24 feet long. Nickel and titanium

abrasion strips area affixed to the blade leading edge to allow for operation in hostile
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environments without main blade damage. The tip of the main blade is a separate,
removable assembly that permits access to the tip of the main blade and aerodynamic
fairing. Original tip cap assemblies were made of Aluminum with current versions being
of composite construction. An electric resistive heater mat is installed between the tip
abrasion strip and a foam filler to allow for leading edge de-icing. The entire upper and
lower skin surfaces of the main blade have wire mesh bonded onto the outermost surface
to facilitate conductivity during lighting strike and static build-up. The internal titanium
spar is pressurized with dry nitrogen to prevent environmental intrusion. A blade
monitoring system is installed with indicators to alert operators of a loss of internal blade
pressure. Each main rotor blade is both statically and dynamically balances to permit
removal and replacement on an individual basis. Each blade has a built-in negative twist
running from the root end to tip to permit equal distribution of lift across the entire length
of the blade. Attachment to the main rotor head is accomplished through use of a
titanium cuff that is mechanically fastened to the blade spar and attached to the rotor head
through the use of expandable pins. Each blade also has two longitudinal balance stripes
painted on the upper and lower surfaces to permit location of blade ho isting equipment

during ground handling operations.

The tail rotor head is canted and is attached to the tail rotor gearbox mounted on
top of the tail rotor pylon. The pitch of the tail rotor system is accomplished through the
actuation of an “X” shaped pitch change beam connected to a pitch shafi. As the beam
rides up and down, the shaft a mechanical connection to the trailing edge of'the tail rotor
blade causes blade angle of attack changes. Additionally, since the tail rotor assembly is
canted to the horizontal upwards of 400 pounds of lift is generated by the tail rotor disc.

The canted feature also enhances ground clearance for both machinery and personnel.

Tail rotor blades are built around two graphite-epoxy composite spars crossing
cach other to form four blades. The airfoil is bonded to the graphite spar and’is
comprised of a honeycomb core with fiber glass skins similar to the main rotor blades.
On the leading edge a polyurethane abrasion strip is mounted from root to mid-span with

a nickel abrasion strip mounted from mid-span to tip. A resistive heater mat is



sandwiched between the abrasion strip and a foam filler to facilitate de-icing. Wire mesh
is bonded to the upper and lower skin surfaces to allow for conductivity and static
wicking. Pitch changes are facilitated by a pair of elastomeric bearings at the root end of

each airfoil as well as twisting the graphite spar.

4.8 Flight Control System

The flight control systems consists of collective, cyclic and directional control
systems. Collective inputs control rotor system input torque and main blade pitch.
Cyclic inputs control main blade disc position for forward, rearward and lateral helicopter
movements. Directional control is facilitated by pedal inputs to the tail rotor system to
provide main rotor torque reaction and azimuth. These systems use a series of push-pull
rods, bellcranks, cables. pulleys and servos to transmit control movements from the
cockpit to the main and tail rotor systems. The pilot, right hand side, and the co-pilot, left
hand side, have dual controls. Automatic assistance is provided to the pilot and co-plot
through the stability augmentation system, flight path stabilization system and trim

control. Additional control is also provided by the stabilator system.

The stability augmentation system, SAS, is an analog systems with 5% control
authority in pitch, rolt and yaw. Using inputs from the stabilator system, attitude
indicating system and the internal yaw rate gyro, the SAS amplifier derives SAS actuator
control signals which are feed into the appropriate flight control path. Limited digital
automatic flight control is also available. A digital automatic flight control system,
AFCS. computer is mounted in the center console of the cockpit. Digital AFCS provides
certain computer functions to the entire helicopter flight control system. The functions
include SAS2, a 5% pitch, roll and yaw control stability system that is used in
conjunction with SAS1 to provide dynamic stability. A trim system is available to hold
controls at pre-selected positions through the use of various electro-mechanical and
electro-hydramechanical servos. The flight path stabilization system provides 100%

system authority at a limited rate through the trim servos to provide airspeed, pitch, roll
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and heading hold. The stabilator system is a dual channel, electro-mechanical system
that moves the stabilator mounted on the tail rotor pylon. Aircrafl sensors located
throughout the airframe provide input to insure proper orientation of the stabilator for the
tlight regime. These include; air speed sensors, cabin accelerometers, pitch rate gyros,
and collective stick position sensors. Actuation of the stabilator is accomplished through
the use of a dual-stage, electrically controlled, hydraulically driven actuator. The
actuator is mounted between the upper mid-span of the stabilator assembly and the aft

spar of the tail rotor pylon.

4.9 Landing Gear

The S70A helicopter employs a three point landing system. Two main gear are
attached to the cabin section of the airframe and a tail landing gear is attached to the aft
bulkhead of the tailcone. The landing gear is designed for normal sink rates of up to nine
feet per second and provides energy absorption in crash conditions up to 38 feet per
second. The main gear assembly can be installed on either side of the aircraft. The main
gear is comprised of a shock strut, drag bcam and wheel / brake assembly. The shock
strut is a vertical member made of a two-stage oleo designed to counter vertical loads
during landing and ground maneuvering. The drag beam is a single machined aluminum
forging that attaches to the stub wing under the crew door and the bottom of the shock
strut. The drag beam is designed to counter drag loads and lateral loads during landing
and ground maneuvers. The drag beam also has provision for attachment of the main
landing gear wheel axle. The main landing gear wheel / brake assembly consists ot a
wheel, tire and hydraulic brake assembly. Wheel brakes are used to slow and stop the
helicopter during ground maneuvering and well as control direction during taxi
operations. Landing brakes are actuated by the foot pedals in the pilot and co-pilot foot
wells and are capable of holding the helicopter on a 12 degree slope at design gross

weight.



MAIN GEAR TAIL GEAR FORK

Figure 11 - Main and Tail Landing Gear

4.10 Derivatives

Currently, there are over 35 derivative models of the S70A helicopter. These

derivative helicopters are more fully defined in Appendix 1.0.

Helicopter design has always had its roots in the defense industry. This heritage has
led to point designs that have met specific goals of the immediate customer. This being
the case, significant efforts have been devoted to expanding the mission capability of
these vehicles. The helicopter most clearly meeting this point design expansion scenario
is the Sikorsky S-70. This aircraft was designed and fielded to replace the UH-1. As an
interesting aside, the UH-1 is also still supporting front line units with its first flight being

30



almost forty years ago. The S-70 bears the UH-60 designation for its military rolc.
Designed as a utility helicopter. the UH-60 now has over thirty-five derivative types and
has becn sold in over ninety countries. The transition from a U.S. Army utility
helicopter to these many roles usually requires the launching of a specific design cftort
and its follow-on build cycle. Given the basic design was not done on a computer aided
system, all interfaces to the basic structure may require engincering manpower to review
“ink-on-mylar™ designs. When commonality cxists between deri o "~jgns. *hen the
cftort proceeds somewhat more smoothly given the access to the electronic data
developed during a previous eftort. The UH-60 is touted as a rugged and reliable
rotorcraft with multi-mission capability, however, this was not the original stimulus for
its development. The need to access varied markets was the genesis of the derivative, not
its baseline design. Depending on whether a vice-president is speaking or a design
engineer, the merits of the UH-60 as a platform will be argued. There are non-recurring
dollars associated with every derivative that is conceived by the company. This fact
alone states quite cieariy that the much touted platform does not meet the lower return on
non-recurring expenditure that is facilitated by the readily reconfigurable nature of a
platform system. A true platform would have minimal design / fabrication integration

efforts to achieve a difterent configuration vehicle.
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Figure 12 - UH-60 / S-70 Lineage
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5 Description of ST0A Architecture

5.1 Introduction

The emergence of the S70 derivative helicopter has occurred purely in response to
marketplace demands. The S70 has its basis in the UH-60 delivered to the U.S. Army.
Since the basic vehicle did not have the requirement for platform considerations, this
transition from U.S. Army utility aircraft to a medium lift helicopter competing in the
international market place is full of design challenges. The use of the platform theme for
the UH-60 was more mission based as opposed to configuration based. The multi-
mission role a utility helicopter may engage in could be troop transport, cargo movement,
medical evacuation and VIP transport. As we move into defining the S70 as a platform
we see quickly that the basic UH-60 vehicle does not fulfill the requirement due to
system level reconfiguration requirements. This conversion from UH-60 to S70 is
difficult at best. The S70 requirement has produced over 40 variations, see appendix 1.0.
The challenge to respond to this diverse market stands as testimony to the innovative
spirit resident at Sikorsky. Virtually every system, with the exception of the main
dynamics, within the helicopter has been either replaced by a substitute or heavily
modified in response to some customer requirement. The ability to integrate these
changes more efficiently into the basic vehicle has remained a competitive disadvantage.
While it is true that the basic vehicle had no platform or future growth requirement, the
learning gained by identifying the specific affected areas of the helicopter architecture by
this proliferation of derivative models serves to guide future design efforts for systems of

these types.

5.2 S70A Configuration Table

The S70A Configuration Table, Appendix 2.0, is a representation of forty distinct
models of the S70A helicopter produced by Sikorsky Aircraft Corporation. The purpose
of the table is to define the type and magnitude of change from the basic UH-60
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helicopter. As denoted earlier, the UH-60 started as a point design for a specific
customer. For this reason, the basic aircraft is not described in the matrix, but only the
change from the bascline vehicle. However, this design has been the basis for a number
of other models of helicopter and is viewed as the starting point for all discussed S70
derivative models. The configuration table looks to identify and quantity the types of
changes required to yield the specific derivative models. The basic UH-60 architecture is
broken down into formal chunks to further isolate the locations within the architecture
where change was made to satisty specific customer requircments. Additionally, the
matrix looks to identify the depth and complexity of the change to further bound the

extent of the change to the basic vehicle defining the derivative.

5.3 S70A Architecture

There arc many potential ways to define the architecture of the UH-60L helicopter
This section looks to map the major sections of the vehicle into chunks that can act as
place holders for various different type of specific systems performing the same role. As
an example, the section entitled “communications equipment” can contain a broad range
of different specific radio systems. These radio systems may operate on different
frequencies, have different power requirements and may have different antenna mounting
requirements. However, all these systems perform the same function. That function is to

communicate using RF.

An additional point of discussion regarding the architecture of the UH-60 has to
do with its intended customer. Remembering that the U.S. procurement process was a
key defining force regarding how the system was portrayed to the DOD customer. The
formal acquisition process was followed in this case. This effort starts with an
informational request and terminates with a contract. All through this procedure, the
architecture of the delivered system is discussed and defined. This pre-design activity

constrains the design team almost from the beginning. Given that the architecture of a
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system is performed early in a system’s life, perhaps the UH-60 architecture was never

really detined by the manufacturer, but rather the by customer.
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Figure 13 - STOA Architecture
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Given this decomposition, below is listed the six major sub-sections of the aircraft

followed by a brief description of each.

5.3.1 Structural System

The structural system for the helicopter is comprised of all the load bearing

components on the vehicle. The structural system is further broken down into four major

sub-sections. Any feature within the helicopter that bears a structural load either during

flight or at rest can be inserted into one of the following categories.

5.3.1.1 Primary Airframe
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The primary airframe structure is detined as those members of the airframe whose
failure would result in the loss of the vehicle. Bulkheads. frames and butt-line beams are
all components of the primary airframe structure. Typically, these pieces of structure are
fairly heavy machined aluminum components with a large number of fastencd interfaces
to permit transfer of the carried structural loads aiong the appropriate distribution path.
The primary airframe is comprised of five separate areas. These arc cockpit, cabin. afl
transition. tailcone and tail pylon. Togcther these sections when joined form the primary
airframe system. Lower level interfaces called joinings are established between these
five arcas. The establishment of these interfaces and their configuration was mainly a
function of producibility reviews of the structural design. Operator access, assembly tool
needs and safety are some of the producibility constraints that were part of the intertace
definition for a joining. The current configuration for most of these interfaces requires
much alignment tooling and fastener installation. Weight reduction. elimination of
redundant structure and lower part count are all drivers that typically lead to this type of
joining scheme. The converse is that more assembly time per unit is required and the
opportunity to modify the joining is constrained due to the numerous structural
interdependencies at the join. Significant changes to primary structural areas usually
include doublers, high fastener counts and other structural components to allow for load

distribution.

5.3.1.2 Secondary Airframe

The secondary airframe structure is the portion of the aircraft structural system
that provides structural support for the non-flight critical features of the vehicle.
Examples of secondary structure include the external aircraft skin, cabin and cockpit
floors, and the cockpit windshield. Each of these type of components does bear a
structural load, but its failure does not render the vehicle inoperative. The interesting
feature of secondary structure is that it often has an opportunity to become primary
structure or at least see an increase in its structural loading during modification. A

secondary airframe component will reside within one of the five sections described in the
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primary area. There are some skin assemblics that will overlap a major join by one or
two rows of fasteners. but these are the exception that make the rule. Secondary structure
generally has fairly specific interfaces to the airframe. As an example, the windshicld for
the aircraft has these characteristics. It resides solely within the cockpit section and it
interfaces along a compound curved surface with a large number of fasteners holding it in
place. Another example of secondary structure is the cabin cargo door. The aircraft can
fly with the door removed and it is also structurally capable of containing personnel and
cquipment within the cabin. The door is within the cabin scction and interfaces along

upper and lower door tracks specially designed for this door.

Secondary structure does become modular below the interface to the primary
airframe section level. The cargo door can be highly modified as long as the interface to
the remainder of the aircraft, the door tracks. are not affected. The windows within the
door can be removed or modified or the door could be modified with external or internal
storage systems. This third tier level provides much flexibility. if so required. As an
example. given that many different missions can be performed by the vehicle this feature

enhances the helicopter's ability to store equipment.

5.3.1.3 Fairings and Enclosures

The fairings and enclosures section of the airframe structure systems is made up
of all the various access panels, covers and fairing assemblies added to the airframe to
protect components from the environment, improve its appearance, and provide for better
acrodynamic performance. This type of structure typically does not carry any significant
load other than its own weight and attachment requirements. This type of airframe is
usually highly shaped and may require significant tooling to fabricate. This dichotomy of
structural insignificance and manufacturing cost significance leads the design team to try
to reuse the component as much as possible throughout the design. An example of this

type of structure would be the small fairings used to cover the shock strut for the landing
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gear. This composite fairing is made of kevlar with graphite-epoxy stiffening bands. It is

highly shaped and has a long manufacturing lead time.

5.3.1.4 Interiors

The interiors section of the airframe perform the cosmetic role of covering the
wiring and other system interconnects. Interiors are also used to absorb sound and
protect flight critical systems, such as control rods, from damage or ingestion of foreign
objects. Interior configurations range in complexity from the utilitarian to the ornate

depending of the customers needs and the mission to be performed.

5.3.2 Dynamic System

The dynamic system of the helicopter architecture can be quickly defined by
identifying the rotating parts on the aircraft. The very essence of helicopter flight is
accomplished through the generation of lift through rotation about an axis. This action
replaces translation of the entire vehicle through the air for lift creation as is common in
fixed wing. All the lift and control of helicopter flight is created by rotating either an
airfoil, shaft or gear. The dynamic system within the aircraft tends to be one of the most
complicated. Below are listed three broad categories that can be used to further describe

the overall dynamic system on-board the vehicle.

5.3.2.1 Rotor System

The rotor system for the helicopter consists of the main and tail rotors or blades.
The S70 has four main blades and two, two-sided tail rotor blades that create four airfoil
surfaces. The rotor system essentially interfaces with the rest of the helicopter through
the gearbox mountings for the tail blades and the rotor head for the main blades. The

close coupling of the blades to the remainder of the helicopter does not permit much of a
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modular or distinct interface for the blades, but given the complexity of blade
manufacture and the assets needed to design a blade. an interface of convenience is
cstablished here. In other words, the necessary configuration of the interface requires
that the structure of the helicopter accommodate the rotor system. In strict terms this
means that the attachment of the rotor system to the aircraft may not be an interiace at all
since both sides of the attachment remain fixed. This does not fall within the strict
definition of interface since most interfaces are two sided with some flexibility to change

one side or the other without aftecting the integrity of the interfacc.

Another consideration of the architectural significance of the rotor system is the
enormous resources needed to design and build a rotor system for a helicopter of this
type. This overwhelming cost will likely skew the architectural context and drive system
change around the rotor system design space as opposed to through the design space tor
the rotor system. As a percentage of the overall vehicle the rotor system may make up
more than forty percent of the cost. Certainly, as a business entity, the company necds to
apply its asscts as required to ensure profitability. Effective understanding of the
architecture of the delivered product will cnable appropriate targeting of product

capability to market.

5.3.2.2 Drive Train

While the entire set of components used to drive the main and tail rotors could be
called the drive train, the following architectural definition will not include all these
components. The drive train from an architectural perspective is the collection of
components that connect the gear boxes to one another. This collection consists all the
drive shafting between the main and intermediate gearboxes and then from the
intermediate to the tail rotor pylon gearboxcs. The basis of this portion of the
architecture are the ground aluminum shafis that transmit the mechanical energy from
gearbox to gearbox. Couplings at the terminations of these shafts allow for alignment

and backlash control.
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5.3.2.3 Gearboxes

The three major gearboxes within the rotor system interface within the
architecture to perform two major functions. These are to transfer the mechanical energy
from the power plants to the blade system and to transfer the force from the blades to the
airframe. This dual requirement configures the individual gearboxes to be efficient in
housing the gears themselves and also maintaining good structural continuity. Alignment
of the input and output shafting for the gearboxes tends to be tightly specified. This is
due to the nature of the gear trains within the box and the various angles and bevels of
cach specific gear. Gear cutting and shaping is a long lead design and manufacturing
process. Even subtle changes in gear geometry can be costly with regard to tooling and
qualification requirements. Generally spcaking, once the design has been established for
a gearbox, it generally stays fixed unless fielding identifies any specific failure mode that
must be corrected or a major upgrade program in undertaken. Gearboxes are another
architectural element that tend to have a one-way interface. The structural interface tends
to be fixed and tooled to close tolerances. This permits efficient transfer of structural
loads through tight coupling. The internal assembly tends to be fixed due to its need be

maintain input and output angles and axes for energy transfer.

5.3.3 Electrical System

The electrical system for the aircraft tends to be broken into three chunks. These
are; generation, distribution and lighting. These three chunks allow for interface and
power supply to all components. The lighting aspect tends to fall into the electrical
system basically due to its limited functionality and view that lights are end users of

electrical power only, require no signal and perform no signal processing.
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5.3.3.1 Electrical Generation System

Electrical power generation for the S70A is performed by two generators mounted
to the forward input modules of the main gearbox. A specified output shaft within the
accessory case is used to drive the generators. The mounting of the generators is
facilitated by six bolts holding the generator which is cantilevered oft of the accessory
case. Three heavy gauge wires connect to terminal lugs on the generator to transfer the
clectrical energy to the power distribution boxes. The need to mount the generators near
available energy for rotation of the armature and the nced to be able to connect to the
remainder of the electrical system drives the interface requirements for the electrical
generator. These devices are usually designed and qualified to the interface specified by
the overall vehicle architecture through extensive testing programs. Generators are made

almost exclusively by tirms specializing in their design and manufacture.

5.3.3.2 Electrical Distribution System

The distribution of electrical energy throughout the helicopter is performed by
routing bundled wire harnesses within the airframe. Consideration of the requirement to
maintain separation of the various types of wire harnesses due to the electromagnetic
fields generated during current and signal transport causes power, signal and grounding
wires and harnesses to be routed differently. Additionally, clamping frequency,
proximity to flight controls, required bend radii and other physical constraints must be
considered. Architecturally, the electrical distribution system is quite flexible with regard
to change of both configuration and capability. Wire bundles are naturally adaptive to
change and can be split or clustered as required. Also, remote circuit breaker panels,
junction boxes and various types of relays allow for the distribution of signal and power
in accord with mission requirements. A remaining concern with the distribution system
is the upper bound of available power. The two generators on-board the S70 helicopter
each generate 23.8 kW of power. Should mission requirements exceed this available

amount of power electrical load shedding protocols must be followed. This would mean
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that various non-essential systems would have to be shut-down to prevent draining of
power. An example in which the architecture of the distribution system would be critical
would be cold start at night of the helicopter in arctic conditions after an icing event.
Here, all on-board de-icing systems would be employed and internal heating and required
avionics systems would be activated. This combination of systems could casily outstrip
the available power. Here, the pilot or co-pilot would then shut-down systems such as
secondary cominunications and navigation equipment to permit power to necessary

equipment.

5.3.3.3 Lighting System

The lighting systems on-board the $70 can be divided into two broad categories.
These are internal lighting and external lighting. These two types of lighting systems are
affected strongly by the mission requirements of the aircraft. Civilian operations tend to
have one set of criteria while military operations (especially those perform in
clandestined operations) tend to have another. While lighting requirements are primarily
influenced by night operations, the need to illuminate either ﬂight instruments, external
features of the helicopter, or a desired location below the helicopter are all performed by
the helicopter lighting system. Architecturally, the lighting system must provide the
reqiired illumination, attach in a structurally appropriate manner, and interface with the
power system of the helicopter. Secondary requirements are that the system be
compatible with night vision systems and infrared viewing systems. The interface for
lighting systems can be modified to a fairly high degree. Intcrnal lighting generally
consists of instrument illumination and interior lighting. Instrument lighting is usually
facilitated by illuminated bezels or backlit panels. These lighting bezels are generally
provided by the supplier of the instrument. Interior lighting however may be a different
issue. Lighting sources are available for integration, but their attachment and use are a
function of the vehicle assembler. Here, the interface to the remainder of the architecture
needs to be designed and fabricated on a case by case basis. For example, interior

lighting needed in a medical interior requires the attachment of a controllable overhead
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lighting array. This array needs to be attached to withstand internal cabin crash loads as

well as perform the needed function of lighting patients being transported.

5.3.4 Avionic System

The avionic system of the helicopter is further decomposed into three sub-
systems. These are communication, navigation, and aircraft survivability equipment.
The primary means of grouping these systems together is the ability to process signals.
Communication, navigation, and survivability equipment all receive data, process the

data, and display the data to the operator.

5.3.4.1 Communication Equipment

Generally speaking, the communicaticn equipment on-board the S70 is for voice
transmission. Both secure and non-secure verbal communications are facilitated by the
communication portion of the avionic system. Many different types of radios using
multiple bandwidths can be installed in the helicopter depending on the customers
requirements and the mission. These communication systems may be simple VHF radios
or sophisticated satellite communication systems. Also, UHF, HF, and Marine Band
radios can be installed. Generally, the communication systems will also interface with
the intercom system on the aircraft to permit personnel other than pilot and co-pilot
access to external communications. Navigation equipment systems will usually include
an antenna, signal processing unit, and a controller / display. It is typical for the S70 to
have five or more different communications systems on the aircraft with some redundant

systems.

5.3.4.2 Navigation Equipment

The navigation equipment on-board the S70 supplies the pilot with needed data to
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help him maintain controlled movement of the helicopter in a desired direction.
Navigational aids ranging from simple non-directional beacons to global position systems
are acquired and updated by equipment mounted on the helicopter. Generally, a
navigation system, like a communication system, will include an antenna, display and a
processing unit. It is typical for the S70 to have seven or more navigation systems on
board the helicopter. Architecturally, interoperability is the primary concern regarding
navigation equipment. Given the relatively small size of a helicopter, the number of
emitters and receivers located within a confined volume and the power available to these
systems, there is a need to assess the operating characteristics of each system with the
other systems also in operation. This verification is usually performed during the ground
acceptance phase of the program. Prior to the actual placing of the antennas on the
aircraft, an antenna arrangement drawing is created to ensure proper antenna positioning

based on electromagnetic theory.

5.3.4.3 Aircraft Survivability Equipment

Aircraft Survivability Equipment or (ASE) are systems on-board the aircraft used
to detect and confuse potential threats to the aircraft. These threats include fire control
radar, laser designation devices and infrared seeking missiles. Typically, ASE is
comprised of multiple systems mounted on the aircraft each performing a specific task or
function. In a similar sense to the other avionic equipment, ASE will consist of an
antenna, control head or display and a processing unit. The antennas will be mounted on
the aircraft skin to provide maximum coverage for the specified task. The display will be
mounted in the cockpit on either the center console or the instrument panel. The
processor will be mounted in a suitable avionics bay, as required. Not all aircraft
configurations get the same level of ASE installation. Some configurations will only
receive the minimum level of equipment as denoted by the contract. This may be due to
export license considerations or the possibility that the customer prefers to install his own

equipment. In the latter case, only the provisions for the system may be installed. Given
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the sensitive nature of ASE is terms of security classification significant elaboration on

these systems is not appropriate in this work.

5.3.5 Propulsion System

The architecture of the S70 propulsion system is related to all systems and sub-
systems required to turn the main and tail rotors in order to achieve controlled flight.
These system must behave in a coordinated fashion due to the high degree of coupling in
the flight of a helicopter. Inputs in any of the three axis of flight; roll, pitch and yaw will
affect the remaining two. Below the propulsion system are four major chunks. These

are; engines, fuel system, flight controls and environmental system.

5.3.5.1 Engines

The S70 helicopter has two engines. These are mounted on the upper deck, above
The cabin section. The engines themselves are self-contained turbo-shaft gas turbines
and are capable of being installed on either the right hand or left hand sides of the
aircraft. Interfaces to the remainder of the air vehicle consist of structura: attachments,
fuel lines, bleed air lines, air intake ducting and exhaust ducting. The fuel line is a single
connection from the fuel system. It contains the necessary coaxial valves to prevent fuel
spillage during line rupture. The structural attachment of the engines is accomplished
through the use of attachment rods and separable hardware for upper attachment of the
engines and engine mounts on the upper deck of the aircraft for lower attachment. The
bleed air line is a single formed steel tube that attaches to the compressor section of the
engine. Finally, the intake and exhaust ducting is wrapped around the engine. This
ducting is actually part of the airframe, but interfaces to the engine to facilitate smooth

airflow.
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5.3.5.2 Fuel System

The fuel system is within the propulsion system due to the need to provide the gas
turbines with fuel. While the fuel system could have its own architectural section based
on its complexity, however, there is no reason to have a fuel system except to support the
propulsion system. Therefore, the fuel system is subject to second tier placement with
the architecture. At the fuel system level there are three major chunks. These are fuel
storage, fuel transport and fuel control. Fuel storage is facilitated by the fuel cells
mounted in the aft transition of the aircraft. Fuel transport is made by the various fuel
lines, pumps and valves within the systems. Fuel control is the collection of gauges,

measuring probes and displays on-board the aircraft.

5.3.5.3 Flight Controls

The flight control system within the propulsion system directs the mechanical
energy created by the propulsion system to allow for directed flight of the helicopter.
The architecture of the flight control system can be cleaved into two major sections.
These are main rotor control and tail rotor control. The flight control system for the main
rotor is comprised of cyclic and collective sticks that are mechanically connected to the
rotorhead of the aircraft. The flight control system for the tail rotor consists of pedals on
the forward cockpit floor are mechanically connected to the tail rotor. Additionally, both
systems have automatic stabilization and control systems available that simply control the
system similar to the pilot or co-pilot through electro-mechanical inputs to the system

using servo motors.

5.3.5.4 Environmental Control System

The environmental system is also part of the propulsion system due to the
requirement for either pressurized air or heated air or both as a basic environmental

system need. Heating of the occupied spaces of the helicopter is accomplished by
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drawing bleed air off of the compressor sections of the engines. This hot compressed air
is mixed with ambient air to provide the desired temperature and air flow to the
occupants. Bleed air can also be used to run the air conditioning system to provide cooler
air to the occupants if desired. Finally, should there be a requirement for an on-board
oxygen generation system or OBOGS, bleed air can be tapped to source of high pressure

air to be filtered for that system.

5.3.6 Mission Equipment

Mission equipment is the final piece of the S70 architecture. Generally speaking
mission equipment are all the systems directly used to perform certain operational
missions. Mission equipment may not be installed on the aircrafi all the time. As an
example, an infant incubator is a piece of mission equipment. The neccssary interfaces
for power and structural attach must be on the helicopter, but the device itself may not be
required for the mission at hand. Therefore, the incubator can be stored at the base of
operations. Mission equipment can be a fairly exhaustive list of requirements that need
to be considered. The important issues affecting the architecture of the aircraft are the
composition of this equipment on the aircraft at any given time and the interface
requirements. This may lead to a variety of configurations for the aircraft and attendant
tables describing the layout of the equipment for a given mission. Generally, the mission

equipment, due to its removable nature, is mounted around all other systems.

47



6 Current Design Approaches for S7T0A Derivatives

6.1 Introduction

To date, over forty derivative models of the S70 helicopter have been
contracted, designed, produced and fielded. These aircraft are in service all over the
globe. In order to effectively facilitate the unique configuration requirements for these
aircraft Sikorsky Aircraft has traditionally relied upon product teams formed for the
delivery of the specific derivative model contracted. The criteria for establishing these
teams was based on the need to address specific and unique features of the selected
model. Price, quantity of delivered aircraft and program schedule were not normally the
primary factors associated with the formation of a program team. The basis for this type
of approach was largely due to the need to manufacture the aircraft in the same
environment i.e. factory in which similar aircraft of common configuration are also
being made. This need to manage the manufacture of a derivative aircraft in a more
intensive fashion on the shop floor is a major discussion point of this work. Descriptions
from the organizational and technical perspectives will permit further definition of the
current derivative aircraft process and allow for linkage to a proposed platform derivative

process.

6.2 Organizational Perspective

The contemporary approach to designing and building medium lift helicopters at
Sikorsky Aircraft includes unique and distinct design and planning activities associated
with the particular derivative model that is currently under contract. The design and
planning activity required as each derivative model is contracted are effected as discrete
programs. Additionally, due to sequencing of the different emerging efforts this activity

is not always accomplished by the same team of personnel. As a result, the engineering
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data produced during these different programs is contained to the specific model and the

team assigned. The result is that there is little transfer of engineering data between the

different teams executing these different programs. Organizationally, the derivative

team was originally controlled by program management. This scheme was replaced by

separate integrated project teams. After integrated project teams, development operations

emerged as the organizational structure used to run derivative programs. However, the

next generation of derivative aircraft will be run within the platform teams currently

being established at Sikorsky.

6.2.1

Program Management Scheme (Pre-1989)

The program management scheme originally used to run derivative teams was the

way that initial derivative contracts were executed from an organizational point of view.

Here, a program manager would establish schedules and budgets from distribution.

Schedules were predicated on signed contract documents that determined the customers

needs as matched with delivery profiles. Afler meeting with the program manager, the

finance department would then allocate the appropriate charging mechanisms for cost

tracking. Functional departments would receive the program work authorization

documents and begin work. These functional departments would also track and

Program
MtIager
Functional | Functional | Functional | Functional | Functional | Functional | Functional
Lead Lead Lead Lead Lead Lead Lead
Finance | Contracts Manf. Systems | Airframe | Customer | Marketing
Design Design Support
Support Support Support Support Support Support Support
Staft Staft Staft Staft Staft Staff Staft

Figure 14 - Functional Organization Scheme
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allocate the budget within their own departments. For instance, manufacturing
engineering would have a budget group with all of manufacturing engineering whose
purpose was to track and control budgets distributed to the department by various
contracts. Formal meetings were the means by which important and day to day issues
were communicated. Schedules and costs were segmented along functional lines and
controlled by the functional manager assigned. As an example, the planning and tooling
budget for manufacturing engineering would be controlled by a manufacturing
engineering manager. The individual would staff and control the salary and hourly
expenditure to perform the required manufacturing engineering tasks. Managers would
manage to the assigned intra-department budget numbers. Typically, budget under-1uns
were reallocated to those functions in over-run conditions. This was the domain of the
program manager depending upon the state of the program. Typical inter-departmental
communications were along the lines of non-delivery or non-performance of upstream or
downstream functions. Short-term goals included spending within profile and meeting
program milestones. Longer term goals were not clearly defined at the department level
except through broad schedule milestones such as hangar delivery dates, first flight and

customer acceptance.

This organizational approach segmented the team along budget and schedule
allocations. Typically, those departments upstream in the design / development process
were not sensitized to the effects downstream caused by missed dates or poor quality.
Usually, the design team had already expended its allocated budget even before the
aircraft had been delivered to the hangar. Thus, development issues found during
assembly and test required searching out the responsible individual, who was likely
assigned to another effort and breaking him free to aid in diagnosing the issue discovered.
For example, if an avionics box interfered with a picce of airframe structure, both the
appropriate airframe and clectrical design enginecring personnel were sought. Then, a
negotiation would take place as to the responsible party, then additional budget needed to
be allocated, then the current workload of the assigned engineer needed to be deferred

and work could begin. All the while. operations personnel are building the aircraft
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around this technical difficulty. While isolated issues during fabrication arc not
tremendous concerns, cumulative effects of many integration issues such as this could
cause schedule slip. While marketplace changes required quicker design and
manutacturing cycle times, the program management scheme was basically a legacy of
prior business climates. Individuals worked hard within the above scheme and their

efforts should not be belittled.

6.2.2 Integrated Project Team (1989-1995)

The integrated project team (IPD) scheme emerged in response to the perceived
lack of performance of the program approach. The IPD consisted of assigned personnel
that may or may not be co-located from all the required functional departments. These
teams usually had set meeting times and personnel assigned typically only to support the
current effort. IPDs were traditionally run by a program manager or operations manager.
The IPD did execute the assigned programs faster simply due to easier communication
and a single assigned project focus. Simply put, everybody was working on the same
aircraft and could usually get up from their assigned workplace and walk over to the
person that needed to be contacted for whatever reason. Individuals assigned to team
were usually not given any particular training regarding the team structure or dynamics.
This was usually a learned skill after being on the team for some period of time.
Additionally, team members still reported to their home departments for basic job skills
and performance reviews. The only day-to-day direction was supplied by the IPT
leadership. As a team member, the individual was expected to be competent in his or her
field and be able to performed assigned tasks. However, the resultant split reporting
organization structure for individual team members proved too powerful a force against
team cohesion. This was because individual performance assessments were still held by
the functional organizations while the individuals daily workload was controlled by
another manager. This lack of connectivity to the home organization supervisory
structure led to individuals to communicating with supervisors not assigned to the IPD.

This led to individuals working in an inconsistent fashion with the requirements of the
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team. The reasoning was simple. If performance was not based upon day-to-day
performance, the individual was forced to rely on the stand-off direction of functional
supervision to achieve favorable performance ratings and merit increases. Today, IPTs

still exist at Sikorsky with the balance of these fundamental concerns still not addressed.

6.2.3 Development Operations (1995-1998)

The development operations scheme emerged as a response to the need to
consolidate the team into a single department entity. Additionally, the need to have
available experienced personnel assigned also become apparent. The original vision for
the Development Operation included performance review responsibility. The
development operation approach required the establishment of an entirely new
department within the company. In a downsizing environment this proved to be
extremely challenging from a justification point of view. The essence of the development
operations approach was the use of a core team made of individuals who have been
transferred from all the functional departments needed to execute a derivative program.
The core members have the responsibility of providing the necessary skills to perform the
program while also sceking additional manpower irom the functional departments on an
as needed basis. Core members all report to the director of development operations and
have the same department number. In this scheme, the project in jointly controlled by a
team leader and the program manager. The team lcader’s role is to insure internal cost
and schedule requirements are maintained. The program managers role in to provide

customer interface and any other activities external to the company.

6.2.4 Platform Teams (1998 and Beyond)

The platform team scheme is the current organizational approach at Sikorsky.
Here, entire teams are collocated with all functional capabilities resident within the team.
The tecams are broken along helicopter model lines. As an example there is a platform
team for the UH-60/S70A helicopter. This team handles all contracts for the helicopter

irregardless of the customer, configuration or quantity of aircraft delivered. Both
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production and derivative configurations are handled by the team. Individuals assigned

to the team are reviewed and rated by the platform team leader. This approach allows for

total integration of the effort from proposal to delivery and after sale support. Team

leaders are selected by the platform leader to perform individual aircraft builds as

contracted.

All the various schemes for organizing the team to allow for a derivative aircraft

program rotate about common themes. The team must be able to communicate the issues

associated with the aircraft program as well as use the learnings from program to program

as the team encounters like problems on different aircraft.

Effective Dates Type of Characteristics Strengths Opportunities
Organization
Pre-1989 Program Hierarchical, Strong Slow Response
Management Vertical Functional Time
Integration Skills
Maintained
1989-1995 Integrated Diverse, Project | Fast Team Training
Project Team Focused Information Requirements
Flow
1995-1998 Development Small, Cross- Multi- Poor Interface
Operations Functional Disciplinary to Enterprise
1998-Beyond Platform Teams | Full Model Knowledge Multi-Project
Responsibility Retention Skills Required

Figure 15 - Organizational Schemes
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6.3 Technical Perspective

Aside from the organizational issues associated with derivative programs there are
fundamental issues with the basic vehicle. The helicopter itself was never designed to
fully fulfill the role of a platform. Certain utility features permit the installation of
additional systems, but these installations usually require structural and systems
modifications to the vehicle to facilitate their functioning. These systems may also
operate at less than optimal due to installation constraints. An example is the installation
of search lights onto the aircraft that cannot be moved through their complete available
axis of rotation due to interference with the airframe structure, ground clearance or
electro-magnetic compatibility. There are many other customer driven systems
installations that would available to the market place had the basic vehicle utilized a

platform design approach.

6.3.1 Current Derivative Structural Design

The structural design activity for derivative aircraft generally centers around the
need to physically attach a modification to the airframe. Safety considerations are a
primary requirement that must be addressed here. Crash loads, in-flight dynamic
performance, and environmental tolerance are also significant considerations during this
process. Given the development of technology since the inception of the basic airframe,
the needed structural provisions for the modification often require the addition of
structure to the aircraft. This addition of structure may range in complexity from simple
sheet metal clips and brackets to highly shaped composite components. The ability for
the basic UH-60 to accommodate these structural changes usually requires some form of
structural analysis to verify that the integrity of the vehicle has not been altered in any
adverse way. This two-fold requirement of part design and verification generally
requires two design personnel to complete the task. One person will be from airframe

design and the other from stress engineering. During significant modification efforts,
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some iteration may occur between the design and stress analysis communities to ensure

that basic performance criteria of the vehicle are maintained.

6.3.2 Current Derivative Electrical Design

The electrical design activity common to the derivative aircraft program again
relies upon the basic UH-60L design for it starting point. Changes to the basic
configuration are identified from the aircraft specification. The electrical design will
encompass the need to get electrical energy to the avionic, lighting, and mission
equipment. Analysis of the change in electrical loading is required to ensure electrical
generation capabilities onboard the aircraft are capable of supplying the additional
equipment installed. Wiring schematics, harness routing, and equipment mounting
drawings are all deliverables from the clectrical design activity. Typically, during the
fabrication phase of the initial aircraft of a unique configuration, additional electrical
design support will be required by the operations community fabricating the aircraft.
Also, schedule and cost constraints may cause the design to lack the usual fidelity seen in
full production programs. Higher than normal capability is usually required from the
design engineer doing the electrical design on a derivative aircraft given the need to have

full understanding of the basic aircraft.

6.3.3 Current Derivative Avionic Design

The avionic design activity common to a derivative aircraft program is in many
ways the center of the modification design effort. It is the avionic systems on-board the
helicopter that often directly drive the changes needed in other portions of the aircraft
architecture. This is a basic response to the most rapidly evolving section of the
aerospace industry in general. Basic airframe shapes and vehicle configurations have
essentially remained intact since the early 1950s. However, changes in the electronic
industry as a whole have created secondary effects in the avionics industry. Higher

processing power, lower power requirements and smaller packaging have enabled more
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capability within smaller volumes. This permits greater mission capability and a greater
amount of information to become available to the operator. While there are mechanical
similarities between the electrical design function and the avionic design function, a
major difference between the two is in the operation of the aircraft. The avionic engineer
deals with the electronic systems on-board the helicopter once the systems have been
installed and powered. Here, the avionics engineer will write and assist in performing
acceptance tests during the initial install, ground testing and flight testing phases. This
includes the engineer being on-board the aircraft during ground runs and initial flights.
Given the non-uniform nature of the derivative aircraft specification, procedures may
have to be altered in real time to address any discrepancies identified during this initial

testing of the aircraft systems.

6.3.4 Current Derivative Missions Systems Design

The design activity associated with the mission systems requirements for the
derivative aircraft centers around the customer’s need to perform certain missions. Often
the customer has a wide array of inissions that need to be supported by the aircraft. This
being the case, the integration of various systems on-board the aircraft becomes the basic
challenge for the mission systems engineer. An example of this type of integration
conflict would be in the installation of an internal rescue hoist and medical interior.
Here, both systems are looking to occupy the same section of the cabin floor.
Modification to one of the two items, either the medial interior floor or the rescue hoist
mounting provisions, must be made. While this example may sound trivial, the issue
remains central when logistical support and spares / repairs need to be obtained. Unique
equipment out in the field remains a significant cost driver over the entire vehicle useful

life.

6.4 Business / Financial Perspective

Derivative aircraft manufacture can be profitable. While the quantity of actual
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aircraft fielded may be lower, the margin per aircraft may be higher. This is usually due
to the uniqueness of the configuration as well as the tailored nature of the helicopter
towards specific customer requirements. Often the initial proposal to a customer will not
be completely comprehensive with regard to the final delivered configuration. The final
configuration will be determined after across the table discussions with the buyer have
occurred. The reasoning here is that often the derivative customer will have certain key
technologies that he needs integrated into the aircraft that may not be completely known
to the derivative aircraft team. The customer needs to understand the complexities
associated with these integrative issues as well as any trade-offs in performance of the
selected combinations of systems. An example here may be the installation of a FLIR
and a searchlight in the same location on the aircraft. The field-of-view for either system
may be hampered if the two systems are located to close together as dictated by a
customer requirement. That requirement may be that the aircraft must look symmetrical
with regard to externally mounted features or there may be certain ground clearance

issues in the operational environrnent of the customer.
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7 Discussion of Platform Design

7.1 Introduction

A platform is a type of product architecture. Product architecture is the scheme by
which the function of a product is allocated to physical components [Ulrich, 1995].
There are many different types of product architectures available to define and describe a
product or system. Integral, bussed, modular and slot [Ulrich, 1995] are all types of
product architectures. This work looks to focus on platform architectures only. There are
several reasons why the larger discussion of product architectures must be only
referenced in this work. Because product architectures may not be limited to the physical
form of the delivered system to the user and additional effort to bound the system is
required. This is so because the architecture may include the environment within which
the system is used and the associated interfaces. This work looks to address the intra-
system aspects of the helicopter with the vehicle itself being the limit of the system as
described in chapter 5.0. This will provide a rigorous framework within which platform
designs can be more fully described by recognizing this one type of architecture within a

possibility of many.

Within this thesis the architecture of a helicopter has been referred to often. The
discussion will now focus on platform designs as an architectural scheme. A platform
design is similar in many ways to a bussed type of product architecture. A bus
architecture permits a variety of different types of components to be installed onto the bus
using the same type of interface [Eppinger-Ulrich, 1995]. A major difference between
the bus architecture and the platform architecture is in the definition of this interface.
While a bus design will enforce that the interface to the bus be common at all locations.
The platform design is not as rigid in the definition of the interface. While there must be
a defined interface to fully exploit the benefits of the platform, it need not be identical for

all interfaces within the architecture. In fact. the interface may not even be resident
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within the system when originally fabricated, only fully understood and capable of being
deployed when needed. The primary reason for this difference lies is the frequency of
need to reconfigure the system [Clark-Henderson, 1990]. A true bussed design may
require reconfiguration of the system very frequently, while the platform architecture
tends not to have this requirement. Platform designed systems tend to remain in mostly
the same configuration for their entire useful lives with discrete pieces of the system
being changed. Platform designed systems also tend to serve the same purpose for their
entire useful life. In the case of helicopters, avionic systems may be upgraded for an
aircraft, but most likely it will perform the same mission e.g. search and rescue, cargo or
troop transport. The interface for the specific added features tends to be more of a design
and manufacturing pathway as opposed to a readily modified system attribute. In other
words, there is a fully defined interface, but the interface is defined by engineering data
as opposed to a physical entity. It is important to note two major thrusts that could
originate from this point of view. Over time, a system could be modified after fielded or
a new system could developed using pieces of existing designs. Both the modification
scheme and the new hybrid scheme are facilitated by platform design approaches.
Whether either or both schemes are used is a function of company strategy. The point
being that this design approach could add an addition degree of freedom while
formulating that strategy.

7.2  Why Platform Design in the Helicopter Industry?

The aerospace industry today continues to be subject to the economic, political and
technical realities of a shrinking market. The non-recurring costs of developing new
helicopter systems continues to rise and will do so for the foreseeable future. System
complexity is the main driver of cost growth [Lundqvist et. al., 1996]. As systecms
increase in complexity design integration becomes more challenging requiring more
highly skilled personnel. The types of equipment being intcgrated into the helicopter are
more costly due to higher functionality. Finally, macroeconomic factors such as inflation

and exchange rates also affect the cost structure, especially in international sales.
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Politically, shrinking defense budgets have reduced the available capital being spent on
aerospace products both domestically and abroad. Political factors may also require that
long term joint ventures or offsct agreements be established as part of the aircrafi
contract. Technically, the lecad-time necded to integrate and certify new aircraft systcms
has increased simply due to the higher complexity of these systems. Coupled with this
increased design lead time will be an increase in the manufacturing assembly and test
lead time. Here, the integrative nature of the helicopter necds to be verified over a wider
array of test protocol. It simply takes longer to perform more of these types of tasks.
While there are other perspectives that have an aftect on the industry, these three provide

a good starting point for the platform design discussion.

The economic perspective probably contains the most persuasive argument for the
implementation of a platform design approach. A major featurc of platform designing
includes the re-designation of exiting designs for newer models. For new designs, the
new-used hybrid scheme permits re-use of systems and sub-systems already designed and
fielded. While this may not be a completely oft-the-shelf design protocol, significant
cost reductions could be realized by this approach. For ficlded aircraft, the ability to re-
configure a fielded aircraft provides the opportunity for product renewal at some point
and the opportunity for additional revenues to be generated by the original helicopter
OEM or designate. Given the length of time that these types of aircraft remain in the

tield. there is a strong possibility for modification after fielding.

The political perspective ties to the econemic to some degree, but a large
weighting can given to the current industry trend of consolidation and cross-country joint
ventures. The ability to cleave a design through the use of platform designs facilitates
transfer of design and manufacturing data to permit the spreading of cost across many
organizations more efticiently and cffcctively. The design and manufacture of sub-
components could be pertormed remotely and integrated clsewhere. While this
intcgrated supply chain approach is not new in consumer goods, it is still in its infancy in
the aerospace industry. A major hurdle that must be overcorne is the need to protect

propriety information and intellectual property. A well partitioned design will allow for
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the needed compartmentalization as well as interface control which will reduce the
potential exposure to intellectual property loss. This political view also stems from the
need to communicate across cultural, time-zone and language barriers as well. Ifa design
is well executed, it will communicate itself to a large degree as opposed to needing
continuous translation by the creator. It is this translation feature that can be very costly.
In other words, dispatching pieces of the design team to remote locate to enable a partner

to manufacture a portion of the needed design is both undesirable and costly.

The technical perspective is the major theme of this paper. However, here it is
important to remember the safety, reliability and performance are measures that are
applied to helicopter designs. Safety of air vehicles is a function of use. The more a
system is used, the better the understanding of its capabilities and limitations. Re-use of
existing systems allows for greater understanding of any safety related concerns quicker
in the design process based on the fact that there is data available about its use. The same
holds true for reliability and performance. Additionally, coupled with safety is the need
to certify to the appropriate agency the airworthiness of the vehicle against an accepted
sct of standards. Certification of a system already deployed is faster and more cost

effective than certification of a system that is completely new.

An important caution here. The goal of platform design is to maximize available
technology not stifle development of newer technologies. All technologics were new at
some time. Truly effective platforms can adapt to these newer technologies and continue
to be effective [Clark-Wheelwright, 1992]. However, the innovation road is uncertain
and unpredictable. In conservative businesses such as helicopter manufacture it may be a
more successful approach for the enterprisc to creatively blend current and accepted
technologies as opposed to untried and unproven technologies. Platform design schemes

facilitate this.
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7.3 Incremental and Radical Change

Another important factor regarding the use of platform design approaches stems
from the product life cycle and patterns of innovation. These factors are time bascd as
opposed to the above factors which are policy based. Time based factors are often
difficult to quantify because they are based on projections of the tuture. The business
case to satisfy questions regarding how a product life cycle will evolve and what patterns
of innovation will emerge is a function of a vision into the future. The linkage to
platform design is fairly straightforward. In the case of product life cycle, more
flexibility to address future customer expectations is available. In the case of patterns of
innovation, the ability to dip into the available, changing technology stream becomes

easier for the enterprise. Each perspective requires additional elaboration.

“In this environment (well defined markets) innovation is typically
incremental...” [Abernathy-Utterback, 1978). To a large degree, the market for most
aerospace vehicles has been well defined for several years. Air vehicle designs have
been of like configurations since the World War Two era. The last radical change to take
place was the introduction of jet transport aircraft (e.g. the Boeing 707). This being the
case. the realm of innovation is narrowed from radical to incremental improvements.
Incremental improvements are distinct changes in the sub-systems of the aircraft. For
example, material changes will affect the structural system of the aircraft. Changing
from metallic construction to composite construction illustrates this. While the basic
geometry and shape of the vehicle remains largely the same, the method of part
fabrication and aircraft assembly will be substantially different. Further, the aircraft may
see increased range and higher payload capability duc to the decrease in structural

weight.

Changing technology also represents a future challenge to the air vehicle. When

an air vehicle architecture is determinzd, the types and levels of available technology are
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known. It is fundamental to any industry that technology will change over time. This
change in technology will not only affect the way that the vehicle functions but also the
way it is designed and the way that it is built. Again, flexibility to address this change
affords the enterprise the opportunity to incorporate this newer technology. An example
here is the incorporation of global positioning systems for navigation illustrated in the

following section.

7.3.1 GPS Incorporation into S7T0A Helicopter

The integration of global positioning navigation systems (GPS) onto the S7T0A
helicopter illustrates many aspects of platform design. When the basic UH-60 aircraft
was fielded there was no reliable method of navigation via satellite signal. The
emergence of reliable satellite navigation occurred well after several thousand helicopters
had already been fielded. The technology to navigate via satellite signal was attractive
enough that several operators expressed their desire to have the system installed on their
aircraft. Furthermore, new aircrafi sales also required that a GPS be part of the basic
configuration of the aircraft. The original S70A, however, had no provision for this type

of system because it was not part of the basic helicopter.
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Figure 16 - GPS System Components

There arc three basic components associated with a GPS: the display, the
processor and the antenna. Wiring for power and coaxial cable for signal provide the
needed interconnectivity for system operation. The display will visually relate to the
operator the position of the aircraft and the condition of the system. Data displayed will
include items such as: the time. number of satellites acquired and ground speed of the
aircraft. The display is usually located on the center console inside the cockpit. The
processor is the device which converts the signal received into electrical and signal data
needed to operate the display. The processor is usually mounted remotely in an avionic
bay on the aircraft. Signal wire from the antenna and power supply wire harnessing are
routed though the airframe to the processor. In turn, a wire harness runs from the
processor to the display. The antenna for the GPS is mounted on an cxternal surface on
the aircrafi. A skin penetration is required to mount the antenna and facilitate the coaxial

cable run from the antenna to the processor.
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In general, a GPS system can fall into two broad systems categories. These are
integrated and dead-ended systems. An integrated system will interface will other
aircraft systems to provide navigational data. For instance, a moving map display may
take navigation data from to the GPS to automatically update the position of the
helicopter as displayed to the pilot. Dead-ended systems are not interfaced with other
systems. The GPS data is displayed on a control panel. This may be latitude and
longitude of the aircraft or grid coordinates or some other operator selected means of

describing the position of the aircraft. The data is not used elsewhere.

Given this generdl understanding of a GPS, the task at hand became integrating
the system onto the helicopter for both new and fielded aircrafi. The matrix below
describes the ease with which a GPS could be incorporated given the type of system and
the type of aircraft. A discussion of each cell on the matrix has its own issues that need

to be addressed.

New Aircraft Fielded Aircraft
Integrated Difficult Extremely Difficult
Non-Integrated Easy Modecratc

Figure 17 - GPS Installation Difficulty Matrix

The installation of an integrated GPS on a new aircraft is difficult due to external
constraints. The architecture of the interfacing systems generally do not use the current
state of the art. This means that items such as interfacing sofiware may need to be
revised using legacy software code to allow communication with other on-board systems.

This reverse engineering can be time consuming and costly.

The difficulty experienced at the new aircrafl node for integrated systems is even
more pronounced at the fielded aircraft node. The major complication here is that
subsequent modifications may have been performed on the aircraft that affccted the

interface after the aircraft was fielded. Ofien there is little or no documentation
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associated with these follow-on modifications. This tends to lead to an extended

checkout period once the system has been physically installed on the aircraft.

The installation of a non-integrated GPS on a new aircraft is casiest node on the
matrix. Here, physical space is the only constraint. Once locations for the major
components is identified, the interconnecting wiring is run. At that point, the system is

completely installed.

As expected, the installation of'a GPS on a ficlded aircraft is similar to that of a
new installation with one major exception. That is, new locations must be found and
wire routing paths accessed. Once this has been accomplished and the system is supplied

with power, the installation is complete and checkout can begin.

The GPS installation scenario is typical of a non-platform cesign approach. It has
all the elements of a point design being modified to enable the incorporation of a newer
technology. All the subsequent decisions that need to be made after the acceptance of
GPS technology are required only due to the fact that the organization did not use the
platform design thought process. The decisions about integrated as opposed to non-
integrated and new as opposed to fielded could all have been decided months and maybe
years prior to actual customer demand. Yet, in retrospect the organization did not

perform poorly, it just performed with a limited time horizon.

7.4 Successful Platform Designs

“The platform approach to product development dramatically reduces
manufacturing costs and provides significant economies of scale in the procurement of

components and matcrials.” [L.echnerd-Meyer, 1997]
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7.4.1 Product Change

Product change, as denoted by the GPS story in section 7.3.1, is a fundamental
need that is fulfilled through the use of platform designs. Whether the need is to develop
a different product from the factory or alter it after it has been fielded, this can be
accomplished with less total effort if a platform architecture is used as opposed to unique
“point” design. Product change can take many forms. These include upgrade, ad-ons,
adaptation, wear, consumption and flexibility in use [Ishii and Martin, 1997].
Remembering that product change usually includes some functional change relative to
the previous model, it is the platform architecture that permits this efficiently [Sanderson-
Uzumeri, 1995]. Otherwise, basic systems within the product would have to be re-

developed to perform similar functions already available through the platform.

7.4.2 Change Complexity

The characterization and quantification of product change determines a true
measurement of platform design effectiveness. The measurement of change complexity
can be made trom many perspectives. These perspectives may be as simple as part count
addition, number of aircraft systems affected, or overall life-cycle cost change for the
aircraft. The complexity of change when compared to the ease of incorporation has the
potential to gage the effectiveness of the overall platform design. Like complexity, ease
of incorporation also needs to be measured. Potential measures of ease of incorporation
may be design engineering man-hours required, aircraft assembly hours or total out of
service time for the aircraft. For instance, if minor configuration changes cannot be
easily inserted into the aircraft configuration, the baseline platform design may not be
fulfilling its intended need. Conversely, if complex product change can be readily

incorporated, then the system design would be considered a good platform.
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While change complexity remains a difficult concept to gage, ease of
incorporation measures all seem to gravitate towards a common measure of time. Design
hours. fabrication schedule and aircraft out of service periods all can be translated into

temporal units.

7.4.3 Interface Levels

One perspective regarding platform designs could center about interface
complexity. Remembering that a system architecture may be viewed as discrete building
blocks and the interfaces between them. To a large degree, it is within individual blocks
of an architecture that change can manifest itself. Associated with the change of
individual blocks are the interfaces that the blocks make with the rest of the system. The
understanding and complexity of these interfaces affect the ease with which changes can
be made to the individual blocks within the architecture. Accurate control and mapping

of all interfaces enables quick understanding of the magnitude of the proposed change.

To draw relation to the GPS example the system itself could be a block with the
structural and clectrical interfaces being described. Another opportunity to describe the
interfaces could be based on the mounting of the discrete components and the structural
and electrical interfaces involved. For example, the antenna for the system needs to be
structurally mounted to the aircraft skin and a coaxial cable needs to be run from the
antenna to the processing unit. The antenna could be viewed as a block of the
architecture with the structural and electrical requirements being the interface. The
characteristics of the structural interface could be further described and weighted in terms
of complexity. For instance, the antenna has four nutplate locations that nced to be
installed on the skin to affix the antenna to the aircrafi. There is also a need to ensure
clectrical bonding of the antenna to the clectrical ground planc of the aircraft. Thesc are
two key characteristics of the structural interface. While these are fairly simple to
describe and could carry a lower complexity weighting, an understanding of this interface

is essential should future change be required. This interface mapping could be performed
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for all systems and provide insight to the design team as to the locations within the

helicopter architecture that may be likely to change.

7.4.4 Assessment Perspectives

An effective platform design needs to be assessed along many axes. Many of
these views are not necessarily a consideration for the immediate design task at hand.
This situation moves the decision making role from the individual designing to that of the
program lead designer and program manager. The reason for this transfer of
responsibility is simply one of visibility. The component designer has a sufficient
number of constraints on his particular task that will only serve to hinder the complete

understanding needed for the platform aspects of the design to be fully exploited.

The other two axes of consideration for effective assessment of the platform
design have some temporal quality. Since the primary focus is on the future of the
helicopter, there is a need to understand the future uses of the vehicle. The questions that
need to be asked and answered include the integration of newer technology, its method of
manufacture and the costs associated with its integration into the vehicle manufacture and

use.
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Platform Design Decision Space
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Corporate

Strategy Technology Availability

Figure 18 - Platform Design Space

One axis of consideration is the emergence of technology that will directly affect
the design of the vehicle. The understanding of this technology infusion and the ease
with which it can be accommodated by the baseline design is core to any effective
platform design. The S70 line of Sikorsky helicopters has been subject to numerous
technology changes. These changes are mostly in the avionics area. While technology
has permitted some discrete structural changes and some vehicle performance
enhancements, these are far outweighed by the changes made in the avionics realm. The
main reason for the infusion of technology is the secondary effects of a competitive
market place. In other words, in order to compete, the technology offered elsewhere in
the market place must also be available in the S70. To have the S70 incapable of
integrating this needed technology creates disadvantages from the customer’s point of
view. It also forces other features of the helicopter to be more heavily scrutinized when

the entire vehicle is considered by a potential customer.
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Another axis of consideration for effective platform design is the overall
manufacturing capability strategy the company is determined to pursue. A design that
incorporates features that are not consistent with the internal or external manufacturing
capabilities, both current and planned, will cause difficulties during future fabrication of
the vehicle [Robertson and Ulrich, 1998]. Here, ‘as is the case with the technology axis,

there is a time dependent portion of the analysis.

For most large companies, the manufacturing strategy of the organization evolves
over time. Often the configuration of the manufacturing side of an enterprise when a
platform design is conceived will not remain the same over the life of the platform.
Certainly, the outsourcing of components that make-up the design is a manufacturing
consideration. The need to understand how newer installed systems are to be
manufactured and installed is required regardless of where they are fabricated. The
enterprise has the opportunity to relieve internal organizations of the more typical types
of manufacturing requirements through outsourcing. This permits an internal focus on
newer technologics as the demand for these technologies to support the platform is

required.

The last axis of consideration is life-cycle cost. Life-cycle cost needs to be
understood from two perspectives in the case of platform design. The first is the cost
associated with the activities prior to delivery of the vehicle to the customer. The second

is the cost associated with the activities while the vehicle is in service with the user.

The optimization of this space would include a low life-cycle cost product within
the strategic vision of the enterprise while taking advantage of emerging technology.
While this may be posed as the ideal case, it is important to make these type of frame
work assessments to enable discussion within the team as to the dircction the platform is

taking overall. The design space is discussed below.
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7.4.4.1 Life Cycle Cost / Technological Availability

A comparison of the life cycle cost and the technology available could be framed
in terms of technology maturity. The newer the technology being incorporated into the
design, the higher the life cycle cost [Arend, 1985]. Therefore, a trade study between the
overall maturity of the technology being incorporated into the design and the expected
life cycle to maintain that technology is helpful to describe the cost impact to the user of

the helicopters maintenance.

7.4.4.2 Life Cycle Cost / Corporate Strategy — Capability

A comparison of the life cycle cost and the corporate strategy and capability
describes how long the enterprise will be associated with its product after the product has
been fielded. If the company will be required to support the aircraft after deployment, the
life cycle cost will be of concern. If there is revenue to be gained by the sales of spare
parts and technical support there may be a different view of the life cycle cost. However,
both reviews allow the organization a comparison based on its internal strategy and the

need to address both short and long term commitments to fielded aircraft.

7.4.4.3 Technology Availability / Corporate Strategy - Capability

The comparison between technology availability and corporate strategy will
determine whether or not the product will be using newer technologies or established
technologies. A review of the user community, the internal organization and the
suppliers of this newer technology will frame the speed of adoption for the incorporation

of the technology [Benton. 1995]



7.4.5 Platform Threshold Concept

The concept of the platform threshold is based on the ability of a platform design to
facilitate change within tolerance levels determined by the enterprise. This ability is
based largely on the enterprise’s ability to make significant change to the aircraft within
constraints defined by the company. The below schematic is a review of the types of
systems that would be affected. Generally speaking it is more difficult and costly to
change systems that have a rigorous testing and certification processes. The threshold
may change over time, but identifies the pieces of the helicopter architecture that may be
modified over time. Items identified above the threshold line will not be modified and
will remain as part of the platform. Items below the line will be modified and as not

considered part of the platform.
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Figure 19 - Platform Threshold Scheme
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8 Application of Platform Design

8.1 Introduction

To more fully understand the application of a platform design approach, it is
necessary to illustrate its implementation. Its application across the entire helicopter
system would encompass many different systems on-board the aircraft and would likely
take volumes of text and take much time to fully develop. For purposes of this work, a
focus on the cockpit with specific emphasis on the instrument panel will provide an

adequate example of the platform design approach.

The reasons behind using this particular portion of the aircraft architecture to
demonstrate the platform approached are two-fold. The first is that there is significant
change in the design of this portion of the aircraft. Each operator has specific missions
and requirements for the aircraft. This causes specific instrument panel configurations to
be developed for each customer. The required mix of aircraft and mission data must be
readily available to ensure that the aircraft is operated safely and efficiently. Secondly,
the interfaces to the rest of the aircraft are fairly straightforward from both a systems and

structural point of view.

The electrical connections from the actual instruments mounted to the instrument
panel are facilitated by a short harness from the instrument to a disconnect bracket just
forward or behind the instrument panel. This permits assembly of the unit including the
“stuffing” of the panel off of the aircraft in parallel with its overall manufacture. A
separate instrument panel harness is manufactured to allow for this modular feature.
Structurally, the instrument panel is mounted to the aircraft through the use of separable
fasteners and nutplates. Attachment is made at two outboard locations, two inboard
locations and at the interface to the center console. These are all done through this

nutplate and bolt arrangement.
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Given this quick and simple interface, the balance of the change related to the
instrument panel occurs from two major perspectives. The first is the arrangement of the
units on the panel itself and the second is the installation of the needed power supplies,
pre and post processors and the mounting of any needed external antennas. For purposes
of this work architectural requirements outside or beyond the described electrical and
structural interface will be recognized, but not fully explored from an architectural point
of view. This actually reinforces the platform design approach since fully understood
interfaces will actually support further the implementation of platform thinking. Clearly

defined interfaces will be expanded upon later in this chapter.

8.2 Instrument Panels — General

The instrument panel (IP) on the S7OA helicopter is the direct means by which
flight information is visually communicated to the pilot and co-pilot. All relevant data to
safely conduct the required mission is displayed by the components mounted on the IP.
Also the information regarding the operating parameters of the flight systcms such as the
engines, the altitude and heading of the aircraft and the caution / advisory warning
systems are displayed on the IP. Additionally, secondary systems such as selected
navigation source, FLIR displays and radar imagery will also be available from displays
mounted on the IP. Occasionally, communication controls wiil also be mounted on the IP
as well as aircraft survivability equipment (ASE). The IP is the means by which the
majority of the information that the operator needs to perform the mission is transmitted

cither visually or aurally.
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8.3 Instrument Panel Design

At Sikorsky Airerafi. instrument panel design is performed by an clectrical design
engineer. This design activity is usually in response to a negotiated instrument pancl
configuration resulting from customer interface. ‘The result of these conversations with
the customer is usually the gross design decisions regarding [P layout and genceral
component positioning. The design activity at this point will focus on dimensioning the
pancl. ensuring proper structural mounting has been facilitated. proper ventilation and
thermal considerations have been made and that no interferences exists between the units
mounted. The clectrical designer will interface with the appropriate functional
engineering disciplines to verify the necessary requirements are met. This will include
structural engineering. manufacturing engineering and materials engineering.  Structural
engincering will provide the necessary analysis of the performance of the design and its
ability to bear the required loads throughout the flight regime. Manutacturing

engineering will provide the neeessary data regarding the manufacturing scheme and any
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producibility issues regarding the fabrication of the individual and assembled
components. Materials engineering will address any processing issues that might arise
affecting the temper of the material or the finishing of the components for corrosion
prevention. Additionally, human factors are needed to certify that the design does not
violate any man-machine interface protocols. Lighting reviews are also performed to
check that lighting balance and interoperability with night vision systems is accomplished

as required.

The units that require mounting are subject to a number of criteria during the
design process. The displays themselves as selected by the customer may be large and
occupy a large amount of available space on the panel. An example of this may be a
radar display that is 10 inches wide that needs to be readable by both cockpit occupants.
Here, the display will occupy a central location on the panel. This mounting
configuration may cause other instruments to be placed in less than optimal locations.
Typically, the back-up flight instruments are most directly affected given their secondary

function.

8.4 Instrument Panel Variation

Instrument panels vary broadly. Most individual models have their own
corresponding instrument panel configuration. Generally, customers look for maximum
utility within the IP design with as liitle mounting space remaining as possible. The
instrument panel of the current STOA helicopter has two distinct varicties. One is 58
inches wide and the other is 60.75 inches wide. However, there are other types of
variation that can be seen in instrument pancl designs over time. The basis for review of

this variation can be scen by studying onc type of instrument, the chronometer

8.4.1 Chronometer Variation

A study of five instrument pancls designed and produced around the same time
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frame help to illustrate the type of variation that can occur even over a relatively short
period of time. Here, five different instrument panels were reviewed. The location of the
chronometer (clock) for each panel was determined as well as other mounting features.
Six basic features of the installation were reviewed. These included: Butt-line location,
Horizontal location, shape, mounting, type of clock and number of functions the clock

could perform.

The butt-line location of the clock is the location relative to the centerline of the
aircrafi. This is normally denoted as right hand side or left hand side. Since the clock is
mounted at the same butt-line on both sides of the instrument panel only one number
denoting location is entered in the table. This is the number of inches the chronometer is

displaced from the aircraft center line.

The horizontal location of the clock is the vertical position relative to the
instrument panel horizontal center line. Due to the fact that instrument panels are
inclined during installation, only a foreshortened view is available after installation. The
usc of an instrument panel related feature enable true views of the horizontal locatjon.
The horizontal location also has a plus or minus sign in front of the number. Negative
numbers indicate a position below the centerline and positive numbers indicate a position

above the centerline.

Butt-Line

Horizontal :
Instrument Panel @ [ | S

Center-Line

Figure 21 - Instrument Panel Location Map
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The shape column of the table addresses the general profile of the mounted unit.

This teature directly affects the type of cutout needed on the instrument panzl. The

mounting of the unit can be accomplished from either the rear or the front of the panel.

Here again, the cutout required in the panel as well as the means of installing the

mounting hardware needs to be considered. The last two column address the unit type

and functionality.

type and functionality are similar, but not quite the same.

Given that these design were performed at nearly the same time the

Case Butt-Line | Horizontal Shape Mounting Type No. of
Location Location Functions
(Inches) (Inches)

One 26.00 -2.00 Round Rear Digital 6

Two 32.00 +1.00 Square Front Digital 3

Three 26.00 -3.00 Square Front Digital 3

Four 26.00 -2.00 Square Front Digital 3

Five 27.00 -2.00 Round Rear Digital 6

Figure 22 - Chronometer Installations

Based on the representation in the above table some immediate observations can
be made. The first conclusion is that no two units are mounted in the same location and
that within these five cases no two system installations in terms of interface to the
instrument panel were the same. There are similar features, but no identical cases. The
second observation that can be made is that different units are being installed to perform

the same role in the aircraft. These units have different interface requirements.
Given the variety evident in this brief review of a single basic instrument, one can

imagine the variety that could be experienced over a longer period of time of a large

population of instruments.
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8.5 Instrument Panel Fabrication

[nstrument panels themselves are generally of welded, sheetmetal construction.
This approach allows for structural support of the large number of instruments. Some
mounted equipment on the instrument panel may weigh over thirty pounds. Given that
occupant safety during a crash is a critical design feature for the cockpit arca, a metallic
assembly provides the greatest margins when load bearing is assessed. The panels
themselves facilitate many different configurations given the state of the art in both
sheetmetal router and punch press technology. Also, the low cost of the raw materials
involved and their ready availability make this approach attractive. Panels are typically
punched, formed and welded to net shape in a fairly short period of time, usually about
onc week. The panel is then finished and painted and nutplate provisions arc installed to
allow for fastening of the individual units onto the panel. The final operation performed
is the bonding of rubber guards and plastic grommeting. The panel is then identified with

a part number and stocked until required.

8.6 Instrument Panel Assembly

Instrument panel assembly consists primarily of the “stuffing” of the instruments
onto the instrument panel. Here, the components are mechanically attached to the panel.
In most cases the components have captured hardware on the individual units that must
engage mounting provisions on the instrument panel. Some components will require
addition support structurc which is installed as part of the overall component installation.
This additional structure is usually installed with separablc, i.c. nut and bolt, hardware.
In addition to mounting the units, various placards and nameplates are adhered to the
pancl as well. The wiring harness that connects the individual units to the instrument

panel disconnect bracket is also installed during instrument pancl assembly.
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8.7 Instrument Panel Integration and Test

For the most part, integrated test of the instrument panel does not occur until the
assembly is installed in the aircraft. The reasoning behind this approach stems from the
requirement to have the entire air vehicle and all its systems available and powered. It is
technically possible to create a test bench that would simulate an entire aircrafi.
However, given the variety and high frequency of change, the bench would have to be
made from an open architecture capable of adapting to the changing instrument panels as
the customer requirements change. Additionally, there is the need to understand what
parameters would be tested and under what circumstances. The likelihood that the entire
spectrum of operations and their individual utility could be tested on a bench could also
be debated given the large number of combinations of situations that normally occur

during helicopter operations and the environment within which that operation occurs.

8.8 Technology Impacts on Design

There are many influences that may require a design to be changed. One of the
primary forces causing a design to be changed is technological change. Given the
timeframe of the concept through disposal process, there is ample opportunity for the
design of an instrument panel to be affected by technological evolution. In conjunction
with technological change are the relative rates of change ot technology when view along
different technology paths. As an example, the rate of technological evolution affecting
the processing and finishing of the actual metal instrument panel is different from the
processing power being embedded into discrete picces of avionic equipment that will be
subsequently mounted onto that panel. Therefore, there may be a need to change the
geometry of the instrument panel, but not the method by which the metal pancl itself is
manufactured. This mismatch of technological improvement rates causcs the
incorporation of the newer technological to be constrained in some fashion. It could be

further stated that the number of constraints caused by latent technological effects needs
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to minimized. It could also be stated that there is an upper bound at which the number of

constraints outweighs the feasibility of revising the design.

In the case of the instrument panel, the geometry is fairly flexible. This permits a
wide variety of components to be placed on the instrument panel in a large number of
configurations. Therefore, the impact of changing techrology for the individual
components is not as severe as would be imagined at first glance. However, if that
technological change required a radical departure from the current structural interface to

the panel, there may be secondary effects that would need to be considered.

8.8.1 Types of Technological Change Affecting Instrument Panels

To more clearly define the type of changes that could affect the instrument
panel’s design, a brief discussion on the types of technological change is in order. The
avionics mounted on the instrument panel are electrical devices receiving signal and
creating a visual representation to the user. Technologies driving this activity include;

power consumption, visual display and electronic packaging.

Power consumption is the means by which electrical energy facilitates the signal
to visual representations. Two immediate considerations are relevant regarding power
consumption. The first is that the heat generated by this function must be minimized.
Excess heat in the cockpit environment will cause the occupants to become
uncomfortable. Excess heat may also flow to nearby mounted equipment vihich may
affect the function and service life and demand that additional cooling and ventilation be
supplied to the compartment. The second immediate concern regarding power
consumption is the amount of power required. Given that there is a fixed amount of
power available on the aircraft at any given time, the ability to minimize consumption

during a mission is imperative in order to create flexibility for on-board equipment use.
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Visual display technology is the means by which the operator is presented with
the needed information. Primary factors atfecting display technology include; lighting
conditions, off-angle viewing and robustness. Lighting conditions include the operation
in adversc weather and night vision conditions. The need to balance and control all
illumination sources within the cockpit is a requirement for safc operation of the
helicopter. This prevents the operator from being distracted. As display technology
changes from mechanical to cathode ray to liquid crystal the need to accurately control
the intensity of the display is facilitated by different means. The platformed instrument

panel must be able to account for this lighting balance need.

Electronic packaging also aftects the instrument panel configuration. As
components are required to perform more tasks, the size of the component itself may
grow. In the past, avionic components mounted within the aircraft had a number of
difterent units associated with the installed system. This may have included: a power
supply. a pre- or post-processor and a display. Today, these formally separate units are
now integrated into a single box. This results is a larger unit be mounted on the
instrument pane!} with higher degrees of complexity where a smaller unit was placed in
the past. While miniaturization is the driver to this phenomenon, the shoit term eftect is
the nead to mount larger units and the issues associated with that installation. Larger
units have size and weight considerations that nced to be considered to permit appropriate

mounting on the instrument panel.

8.9 Technology for Platforming an Instrument Panel

8.9.1 Technology Review

Since technology change will ultimately affect the instrument pancl platform, an
understanding of changes within the core technologies that support that design must be
continuously updated. This review will allow for an understanding of the necded changes

to the platform if a customer requests that particular technelogy in the delivered
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helicopter. To a large degree, a technology review also permits an carly indication of
whether or not the platform is nearing the end of its useful life. A recording of the
frequency of technology changes that cannot be incorporated into the design is one such
indicator. If the number of unsupportable technologies sharply rises, the platform may
need to be comprehensively reviewed. Technology reviews also can identify trends in
investment by suppliers. Remembering that suppliers also interface with the market and
provide aircraft operators with data on current investments being made in research and
development. This activity by suppliers may channel helicopter operators towards certain
expectations regarding emerging technologies and their application. Another bencfit of
technology reviews is an understanding of where the rate of technological change is the
largest. It is efficient for the platform team to understand these areas of focus to prcpare
the platform for incorporation or modification. Finally, it is important to remember that
the platform can also be modified after the helicopter has been fielded. It is not
uncommon for older helicopters to be modified after they have been in service for a
number of years. A technology review should also include an aspect that addresses

already fielded craft for upgrade.

8.9.2 Decision Tree Retention

The retention of decisions made in the past allow for future users of the design to
understand the reasons why certain protocols were chosen as the design evolved. Design
and planning teams need to be flexible enough to respond to current requirements, but
also need insight into the rationale used by past teams working on similar projects. This
insight prevents duplication of effort over time as well as enhanced organizational
learning. For the most part, design and planning tools remain relatively constant over the
life a design. While it is true that information technology has matcrially affected the way
that the design and planning is performed, the underlying assumptions have not changed.
The design is still broken from vehicle to major assembly to sub-assembly to detail level.
Each level has its own requirements and needs to be developed along a prescribed path

that allows for design data to be transferred both up and down the architecture. This
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process includes a myriad of decisions that nced to be made. Oftentimes the rationale of
the design is lost with only the result remaining. It is the capable organization that not
only remembers the result, but also the context and rcason why certain courses of action
were taken. The ability to retain this nceded data will eliminate redundant activity and
cultivate an environment that uses organizational history as a learning tool [Rogers,
1994]. There are many data management systems available to the design organization.
These include product data management, materials requircments planning and
engincering resource planning. Through sclective and appropriate use of information

technology. the decisions made about a product platform can be retained.

8.9.3 Market Requirements

Assessing market requirements is also a valuable tocl in determining the forces
affecting the platform design. Here, customer expectations, both present and future, can
be matched against the platform capability to determine if there is opportunity to
incorporatc these requirements into the design. Market requirements an be gathered from
a number of sources. Current operators could be polled to understand how the aircraft is
being used and what future expansion or modifications could be envisioned. Suppliers of
avionic cquipment could be contacted to understand what parts of the industry are
ordering what types of equipment. Finally, complimentary industrics need to be observed

to understand if parallcl situations are occurring in industrics using like technology.

8.9.4 Interface Characterization and Mapping

As described in the previous chapter, the characterization of the interfaces within
the platform also provides insight into the architcctures ability to be modified. In the case
of the instrument panel, an interface map could be created around the individual units
mounted on the panel itself. The individual unit’s structural and clectrical interface
characteristics could be identified and given a complexity weighting. As an cxample, the

Horizontal Situation Indicator (HSI) has four captive screws that cngage four (4)
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nutplates installed on the [P. Some HSI's also have mounting trays that extend from the
backside of the IP with shock pin receptacles to provide appropriate structural mounting.
T'his structural interface needs to be considered should follow-on design modifications be
required or should new designs include this picce of equipment. Electrically. the HSI has
a single clectrical connector that provides lighting, power and signals to the unit. This
connector is part of the instrument panel harness that connects all the units of the IP to
the instrument panel disconnect bracket. Given the close relationship between the pancl
configuration and the instrument pancl harness, there is some cause and cffect regarding
the interface. In other words. during the definition of the IP platform, a concurrent
activity is needed to review the harness that will connect all the units and the IP
disconnect bracket. [t is also important to note there is a hicrarchy involved with this
platform mapping. The location of the instruments on the pancl takes prccedence over
the IP harness design. Unit location on the panel is driven by factors such as viewing
angle. customer preference and operation criteria. The IP harness is then developed

bascd on this review and the selected positioning of the units on the IP.
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9 Conclusions

The platform design approach to products with strong tendency to change is a way
for an erterprisc to maximize the potential of its precious design and planning resources.
Product change can occur prior to deliver of the system or after the system is in use. ‘The
approach also allows for multiple derivatives of a basic model to be cfficiently modified
to address specific customer needs. Within the context of the helicopter industry all of

the above is applicable.

Aircraft have long lives. Some can be ficlded for more than thirty years. The
missions and roles that aircraft perform may change over its lite-span. This change in
missions and roles will require that newly manufactured aircraft be configured difterently
from its predecessors and that already ficlded aircraft be modified to incorporate the
required changes. The ability of the aircraft to address these changing requirements is
strongly influenced by its architecture. Imbedded within the aircraft’s architecture are
various technologics. These different technologics evolve over tir.. at different rates.
Therefore some parts of the aircrafl architecture are more susceptible to change than
others duc to the frequency of change of the embedded technology. As discussed.
structural technologics with aircraft cvolve at a slower rate than avionic technologics.
This lead to the avionic portion of the architecture being more likely to experience
change than the structural portion of the technology of the architecturc over time. The
platform approach to designing the aircraft architecture allows the enterprise to address

this technology cvolution mismatch.

Platform design is not solely assessed along the design perspective. The
enterprise strategy. organization of its resources and an understanding of the related
technologies also nceds to be considered. Platform thinking atfects the product for its
entire life from concept to abandonment. Platform design is also strongly linked to past

actions affecting the design and the need to retain the context of the decisions that caused
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those actions. This knowledge retention allows for past experiences to be relayed to

newer team members and management.

There are a number of actions that need to be considered during platform design.
The first is a universally accepted architecture of the product. The organization must
review the product similar to Chapter 5 of this thesis. This permits accurate
communication of the design intent and also provides a toundation for subsequent
change. The sccond is an understanding of'the forces external to the architecture that will
provide impetus to change it. While the majority of this torce will be technologicaily
based. other factors may affect the architecture such as supplier base. business climate i.c.
merger and acquisition and others. The third action is to prepare the architecture for
change based upon the understanding of the first two actions. This preparation includes
understanding the interfaces of the individual chunks of the architecture and the means by

which the aftected chunk is integrated with the whole system.

The instrument pancl of the S70A helicopter allows for demonstration of the
platform approach. The instrument pancl assembly is subject to much variation with the
air vehicle system and can be platformed. The technologies aflfecting the instrument
panel require that it contain a varicty of different picces of cquipment for any specific
model of helicopter. The interface of the instrument panel permits fixed points of
attachment for both structural and clectrical systems. The maintenance over time of these
fixed interfaces accommodates multiple configurations of the instrument panel. Given
the high degree of change of the units within the instrument pancl. this partition of the

assembly with the aircraft platform allows flexibility to address these evolving needs.

The benefits of platform design are many. A strong link between the architecture
and the organization results duc to the in-depth understanding required. An opportunity
to respond faster to evolving market needs duc to continuous assessment of the forces
affecting the architecture ahcad of actual requircments. A strong link between

organization and product strategics results duc to the co-destiny of both. Finally. strong
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customer links result due to the continuous review of operator requircments and the

potential incorporation of those requircments into the architecture.
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11 Appendix 1.0 — Listing of UH-60 / S70 Helicopter Models

Nomenclature

Mission

Customer

Model Designation

LH-60
K70A-2
MH-60K
S-70A-1
S-70A-11.
ST0A-1V
S-70A-11
S-70A-12
S-70A-14
S-70A-16
S-70A-17
S-70A-18
S-70A-20
S-70A-21
S-70A-22
S-70A-5
S-70A-9
S-70C-1A
S-70C-2
S-70C-5
S-70A-6
S7T0A-17C
ST0A-24
ST0A-24A
S70A-25
S70A-26
ST0A-27
S70A-28
S70A-28LE
S7T0A-29
S70A-30
S70A-33
S70A-34
S70A-36
S70A-37
S7T0A-38
ST0A-41
S70A-50
UH-60A
UH-601.
UH60USAF
VH-60

Quick Fix

Korea Kits

SOA

Saudi Blackhawk
Saudi Med-Evac
Saudi VIP

Jordan

Japancse Blackhawk
Brunci #2

Westland

Turkey Blackhawk
Korca Co-Production
Thailand

Lgypt VIP Blackhawk
Korean Blackhawk
BH

R.AAF.

Taiwan

PRC

Brunei #1

ROCAF

Turkish National Police
Mexico VIP

Mexico Utility
Morocco 8-Passenger
Morocco 12-Passenger
Hong Kong

Turkey Utility

Turkey Utility-STD
Brunei VVIP
Argentina

Brunei SAR

Malaysia VIP

Brazil Utility
Firechawk

Norway

Venezuela

Israel FMS Utility
U.S. Army Blackhawk

Electronic Warfare
Utility

Special Operation
Utility

Med-Evac

VIP Transport
Utility / VIP Transport
Utility / SAR

VIP Transport
Utility

Utility

Utility

Utility

VIP Transport
Utility

Utility

Utility / SAR
Utility

Utility

VIP Transport
Utility / SAR
Utility

VIP Transport
Utility

Utility

Utility / Troop Transport
Utility / SAR
Utility

Utility

VIP Transport
Utility

Utility / SAR

VIP Transport
Utility

Fire Fighting
Utility / SAR
Utility

Utility

Utility

U.S. Army Growth Blackhawk

U.S. Air Force
UJ.S. Marines

Combat SAR

Presidential Transport

U.S. Government
Government of Korca
.S, Government
Gov't of Saudi Arabia
Gov't of Saudi Arabia
Gov't of Saudi Arabia
Government of Jordun
Government of Japan
Government of Brunei
Various

Government of Turkey
Government of Korea
Government of Thailand
Government of Egypt
Government of Korca
U.S. Government
Gov't of Australia
Government of Taiwan
Republic of China
Government of Brunei
Republic of China
Government of Turkey
Government of Mexico
Government of Mexico
Government of Morocco
Government ol Morocco
Government Hong Kong
Government of Turkey
Governmeni of Turkey
Government of Brunei
Gov't Argentina
Government of Brunci
Gov't of Malaysia
Government of Brazil
U.S. Government
Government of Norway
Government of Venezuela
Government of Isracl
U.S. Government

U.S. Government

U.S. Government

U.S. Government
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12 Appendix 2.0 — UH-60 / S70 Helicopter Configurations

The following five pages describe the types and variations of installed equipment on

both the S-70 aircraft and the UH-60 aircrafi.
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13 Appendix 3.0 — Definitions

13.1 Introduction

In order to prevent any confusion regarding description of the various systems on-

board the aircraft it is prudent to briefly define the words that will be used in this work.

13.1.1 Derivative Helicopter

A derivative helicopter is best described as a helicopter very similar to an
existing, delivered helicopter with some changes that do not materially change the
appearance or performance of the air vehicle. These changes typically are along the line
of discrete avionic systems changes, cabin configuration changes or cosmetic alterations.
A derivative helicopter will also usually include the installation of components not
usually instalied in the basic vehicle that enhance the performance of the systems already

in the basic vehicle.

13.1.2 Helicopter Avionic System

The avionic system of a medium lift helicopter encompasses all the systems used
to communicate, navigate, electronically protect and electronically control the helicopter
as it performs its mission. These systems in of themselves do not usually prevent the

helicopter from flying, but do materially affect the way in which it is operated

13.1.3 Helicopter Electrical System

The electrical system of a medium lift helicopter generates and distributes the
electrical energy to the components needed to operate the aircraft. This system includes
the aircraft auxiliary power unit, generators, junction boxes and circuit breakers. Failure
of this system can result in loss of the vehicle, depending on the severity and type of

components affected.
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13.1.4 Helicopter Propulsion System

The helicopter propulsion system centers around those components consuming
and storing fuel during their operation. These items include the aircraft engines,
auxiliary power units and any main or secondary fuel tanks. The propulsion system also
extends to the systems directly interfacing with the above described items. These
systems are the bleed air system, fuel management system and the engine start systems.
One other popular description of the aircraft propulsion system is that it a liquid is moved

by the system such as air, fuel or water then it is part of the aircraft propulsion system.

13.1.5 Helicopter Structure

The helicopter structure is comprised of all the physical elements of the air
vehicle used to carry both the static and dynamic loads induced into the helicopter during
both ground and flight operations. Aside from the obvious framing and skin assemblies
common to semi-monoque airframe design, other physical features of the vehicle will
also be required to carry structural loads. These items include the seating available for
both the crew and passengers, the housings for the drive-train and the floor system in the
vehicle. In addition, certain features of the vehicle are loading only during specific
conditions such as crash and high ‘g’ maneuvering. This requires an understanding of the

full performance envelope of the vehicle

13.1.6 Modular Design

A modular design used for medium lift helicopter is a design, fabrication and
integration protocol that permits installation of a variety of systems of similar function
into the same location on the airframe without significant alterations to the baseline
vehicle. An example of this type of design approach would be the installation of a

forward looking infra-red system. Here, a variety of different type of FLIR’s could be
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installed in the same location with the require provisions already in place on the basic

vehicle. Thus, the FLIR designs are modular to the platform.

13.1.7 Platform Design

The platform design of a medium lift helicopter is the method by which basic
helicopter functions are inherent in a host vehicle with the ability of the design to
accommodate modification to fulfill specific needs. A platform design for a medium lift
helicopter can be described along many axis. These axis include; cost. design lead-time,
manufacturing lead-time and frequency of re-use. Certainly one of the primary reasons
why platform approaches are used is to drive down the design / planning non-recurring
costs associated with the development and tooling of new helicopter systems and their
integration. However, the ability to re-use design data is of considerable importance
given the ability to transfer a design across different form of the basic configuration with

a minimum of effort.
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