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I
NAVAL AIR SYSTEMS COMMAN D

I MANUFACTURING TECHNOLOGY (MI)
COST DRIVER ANALYSIS PROGRAM

EXECUTIVE SUMMARY

The need for the U. S. Navy to arrest and reduce costs throughout the aircraft system life cycle

j  is becoming increasingly import ant. Qualitative and quantitative data and other information on cost
• drivers useful during the design , manufacture , operation and maintenance of aircraft systems are

1 
essential. The challenge of designing and manufacturing to lowest cost by necessity will become

1 increasingly severe due to the growing problems of inflation , systems sophistication , changing inter-
nat ional pressures, labor and energy costs. - I t will continue to sharply erode the ability of the

i Department of Defense to purchase the necessary weapon systems. The number of new aircraft
4 types being developed for the Defense inventory is decreasing, while there is a need for increased

perform ance and reduced operations and maintenance costs. The U.S. Navy therefore requires

I aircraft weapon perfo rmance which is affordable. The U.S. aerospace industry , through Government
and industry R&D programs, which ident ify and resolve cost-driver problems, is a world leader, in
fact, it is probably the only high-technology industry in which the U.S. has retained the competi-

• tive edge.

• J,aThis study is in response to the urgent need to reduce manufacturing costs of aircraft systems.

I The subsystems studied were7

• Airframes

I • Engines)
• Mecha nical and hydraulic systems1 •‘~ ~

- 4.

I • Crew systems.

I 
This study was only concerned with cost drivers in the manufacture of components in aero-

space companies, i .e., acquisition costs~ The cost drivers in aircraft rework , overhaul, and remanu-
fact ure are covered in a separate study conducted for the Naval Air Rework Facilities by Systems

I Consultants , Inc.

~‘The objectives of this manufacturing technology (MI) cost—driver analysis program were

• [ •‘ ldentify cost drivers in Navy aircraft manufacture,
• fdentify cost driver commonality Ct.-~ -~~~

[ • P~ovide a basic framework for evaluating manufacturing technology (MI) projects.

To accomplish this program , a series of visits were made. Three aircraft manufacturers , two

I engine manufacturers , and four mechanical systems/accessory manufacture rs were visited. Dis-
cussions took place with management , manufacturing engineers, design engineers, and production
supervision. Most important was that the manufacture of each product was studied on the shop
floor. In most visits, detailed discussions took place on the cost drivers for specific discrete parts.

• Many letter and phone contacts were made. Significant reports, such as the proceedings of the
AFML Sagamore and French Lick meetings and the NMAB aerospace cost-savings report
(NMAB—326) were studied and found very useful.

V
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Navy aircraft performance requirements are unique. They offer challenges and opportunities
for innovation to the aircraft design and manufacturing engineers . Examples of the important per-
formance requirements peculiar to Navy aircraft , posing cost problems, are :

• • Heavier landing gear due to high sink rates
• Arresting gear
• Corrosion avoidance (salt—air environment)

• 1 0 Catapult take-off
• • Carrier landings

I 0 Folding wings and tails.
In general, stronger , more durable construction is required than for land—based aircraft.

Manufacturin g cost drivers are the result of the customer ’s need for increased performance at
an affordable cost. Performance includes higher speeds, higher altitudes , greater maneuverability,

I reduced weight , less fuel consumption , and better quality improving reliability and maintainability.
This results in today ’s requirement of providing more at lower costs. Cost drivers are the result of
the thrust by engineering to achieve and exceed performance goals, including the introduction of
advanced materials, the natural desire for progress, the need to fi nd a better way and to remain
competitive.

Increased aircraft performance depends upon the excellence of engineering design. Affordable
aircraft performance depends upon MI recognizing cost drivers, in both design and manufacture —

I avoiding cost drivers in new designs and by improving manufacturing methods for existing products.
Cost drivers can be avoided in aircraft design by design—to—cost (DTC). Early identification of
cost drivers and early corrective action in existing and new products depends upon proficiency in

I manufacturing—to—cost (MTC). There is a need for proven innovative MT ahead of advanced aero-
space system design.

J The cost drivers identified have been related to various categories of aircraft sy stem develop-
ment and manufacture . These are :

I • Performance
I, • Design

I • Material

• Manufacturing.

I As an example of a segment of the study, the cost drivers for auxiliary components are listed
below using the above categories.

• Performance related
— Reduced weight
— Higher operating speeds

I — Increased reliability and maintainability
- 

• Design related
— High part count

-, — Nonstandardization
— light tolerances

~~ø’
T1
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1
• Material related• I — Cost

— Availability

I
— Utilization
— Energy
— Inventory

J O Manufact ur ing related
— Inspection
— Equipment
— Cyclic production
— Small lot sizes

J 
— J ob shop envi ronm ent
— Highly skilled labor
— Metal removal

I — High scrap rate
— Deburr ing/hand finishing
— Heat treatmen t

I — Hand fit—up
— Energy (autoclave curing)

I From each analysis of cost drivers , conclusions have been drawn and recommendations made
for the different subsystems.

I The airframes subsystem , which frequently represents more than 50 percent of the total cost
of aircraft , was analyzed in the following two categories:

I . Primary structures (fuselage , bulkheads , wing box , ribs, spars)
• Secondary structures (fairings , doors, control surfaces).

T The cost drivers in the primary structure were identified as:

• Use of titanium
- S Metal—removal equipment becoming obsolete

• Tight tolerances

T • Assembly/installation costs
L • Requirements for interchangeability

• S Heat treatmentI. • Hand finishing and blendin g
- S Fit—up for electron beam (EB) we!ding .

1. With seconda ry structures representing approximately 1/3 of the airframe structure cost , the fol—
lowing cost drivers were identified:

1 • Sheet metal fabrication

--  

S Assembly tooling cost
• Numerous small , ha nd—fitted , parts
• Excessive numbers , sizes, and types of fasteners

- - 
S Corrosion protection

• Excessive damage in service (logistic spares problem).

I

Li : 
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Aircraft engine cost drivers were analyzed in two categories :

I S Rotating components
• Nonrotating components or static structures .

I Examples of the cost drivers in rotating components are :

• Metal removal
• 

I 
S Low material utilization
S Assembly

I S Casting quality
S Hard—facing processes
• Hole drilling
• Heat—treatment distortion

I • Test , inspection and evaluation (TI&E).
For the nonrotating or static structures of engines, the following cost drivers were identified:

• I • Part count
• Joining (welding and brazing)

I S Tooling
S Deburring.

I A series of matrix chart s have been prepared as a result of the industry visits and studying
importa nt references. These chart s indicate the cost drivers for major subsystems — airframe ,
engine , mechanical systems , au xiliary systems — in four impact categories:

• High
S Average
S Low
• None.

Cost drivers have been categorized for the major subsystems in broad terms:

• Those common to most industries
- 

S Those aerospace rela ted
S Those technology related.

The cost drivers are indicated in terms of important manufacturing operations , e.g., material removal .
- and these have been further divided into categories such as:

• Material availability

• F • Equipment replacement
S Chip—removal
• Inspection

L S In—plant handling
S Heat treatment/processing.

/ -
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• Similarly, the cost drivers for assembly/installation have also been analyzed and presented in the

I following categories:

• Multitype fasteners

I S Fastener quantity
S Fastener installation
S Accessibility

• S Hole tolerances.

The indications of the impacts of the various cost drivers should be analyzed further , as, in the
majority of cases, the only possible way to accurately determine these impacts is to conduct detailed
cost estimates of the various operational sequences in the manufacture of any component and to
normalize these for a series of different airc raft subsystems , e.g., fuselage nose , midfuselage , rear
fuselage , where cost varies depending on accessibility, comple xity, and many other factors.

From the overview matrix charts presented , the following conclusions have been made:

• Major cost drivers common to all industry are inflation , energy , material , and
equipment.

S A commonality of cost drivers exists throu ghout all subsystems.

I S Major cost drivers common to the aerospace industry are metal removal , material
utili zation , high part count , and fastener installation.

S Airframe manufacture represents the highest impact cost drivers and provides the
greatest opportunity for cost reduction.

I S Engines , mechanical systems , and crew systems have most commonality among the
cost drivers , e.g., material removal , heat treatment , TI&E , and many specifications .

) ~~~~~~~ General conclusions from this study are that we must accelerate our efforts to change the
I emphasis from only performance to affordable performance. Spiraling aircraft costs must be

better controlled. It was also concluded that many cost drivers are designed into aircraft . This
emphasi zes the importance of the “window of oppo rtunity ” in the aircraft design process, i.e .,
the concept ual and prelimina ry design phases , where only a few perce nt of the program expendi-
ture has been committed , yet decisions have been made which sometimes determine 90 to 95
percent of the total program costs . This leverage at the conceptual and preliminary design phases

• is extremely important. It increases with the increasing sophistication of the aircraft being designed.
• As soon as detail design and manufacturing planni ng commences, the cost savings possible rapidly

diminish to j ust a few percent and the cost to achieve those savings becomes significant. Further-
more , each component being redesigned using different materials or more sophisticated manu—

• fact uring processes will have to meet Form , Fit , and Function requirements , hence , providing
little opportunity for innovatio n in the cost saving process at this late stage.

Further conclusions related to
S Minimum new MT has been introduced into production in the past 10 Yearsj

1 0 ~M’ost MT cost drivers are common to all subsystems)
S MT projects should be selected that’~ rovide a high return -on—investment (ROI~JI S /merging MT still displays significant cost drivers) .....~~~~~~ 

• . • - •
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should be developed and proven acceptable before introduction into
Production) c’.-~....-,.(

S ,Z$ veloping MT on a production progra m is seldom cost effective .

• From the analysis of the cost drivers and the conclusions derived , the following general recom-
mendations are made with regard to the selection of MT projects. These should provide:

S Maximum cost savings at design conception
S Potential high cost savings for future aircraft systems
S Compatibility with Navy aircraft objectives
• Maximum synergistic effects throughout all subsystems
• Greatest commonality between subsystems
S Minimum design change and retesting
• Transition of emerging MT to production acceptance.

An MT project should not be selected simply to improve a manufacturing process that is
already obsolete.

Certain constraints exist on the introduction of new manufacturing technologies. Some of
these constraints apply to almost all new technologies in the aerospace industry . New technologies
must be tried and proven satisfactory in service before their acceptance. It is difficult to introduce
new technologies in to an ongoing program because of redesign , retesting, and retooling require-
ments . New technologies are sometimes difficul t to introduce because of the investments required
for new equipment and the tendency to “let ’s make it with what we’ve got”. No single company
can afford the total investment for new equipment or manufacturing development for introducing
major new technologies. There is also the problem of fear of failure and the tendency to let the
other company try it first.

Other problems which also constrain the utilization of new technologies are :
S Reduced budget s
S Inflation
• Limited MT funds
s Logistic problems (customer inventory)

• 
S Retraining of personnel (industry and field support).

It is difficult to determine what advanced technology is most effective and — even more im portant —

• what is the ROI.

• Navy aircraft manufacture depends heavily on manpower. It is a cyclic industry with exces—• sive capacity. It is a highly skilled industry. While it is driven by product excellence and is, the re—
- - 

fore, high— technology oriented , there is little automation.

• Although , in some cases, design—to—cost (DIC) and manufacturing—to-cost (MTC) principles
• are discussed , they are not widely or uniformly practiced and program overruns can sometimes betraced directly to a failure to fully understan d and apply these DTC and MTC principles.

The aerospace industry and the customer have necessarily placed heavy emphasis on increased
performance over the years. In fact , the Un ited States has led the world in designing an d building

• -

-

• - - - -  ~~~~~~ -.• ---~~~~~ •~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~ • - ~~~~~ • • ~~~~~~~ • •-
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some of the finest military aircraft in the world and certainly is a world leader in commercial air—1 ~~~ 
cra ft design and manufacture . We have accomplished this , however , at ever—i ncreasing costs and arc
now faced with the situation that we might be pricing ourselves out of the business . Similar to the
automotive industry, the aircraft industry is now forced to increase the number of trade—o ffs at all

I levels of aerospace vehicle development. These trade—o ffs are between performance at any cost and
affo rdable performance, e.g., minimi zed weight and minimized manufacturing cost.

Manufacturing technology must receive increased support and emphasis must now be placed
on “cost ” — both acquisition and operations and maintenance. The need is urgent because,
altho ugh we have made great progress in advancing the performance of our aircraft since World
War II , we still use a n umber of the same machines and processes; for example , equipmen t for
sheet metal manufacture today shows little change from the types used during 1 940— 1945. The
majo r exception is, of course , computer—aided manufacture (CAM) and heavier performance
equipment .

The recommendations for emerging processes emphasize CAM and computer—aided inspection
(CAl). Computer—related MT projects are major cost cutters . However , it is importa nt that MT
projects related to the use of the computer be carefully coordinated to avoid redundant efforts.

A major portion of MT funding should be directed toward new technology to reduce the
potential of creati ng new cost drivers in tomorrow ’s product.

Cost avoidance is better than cost cutting.

We must balance the scale between performance and manufacturing costs.

I

(
.•.
4—

r, i’
t

~~~ ~~~~~--•—~~~~- —~~~~ • — -~~~~~~~~-- • • - • • •  • - - — ••~~--
• —~~ • • - •

~~



• 
•

1 
8

I

- •  I- Cl)
LU

• _ _ _  _ _ _ _ _

I—

Lu Cl)
-- uj o I —

• z 1 0
Lu

~I ~ >0  0 < ...j <w W 0  I I
• a ~~~~ I I—

uJ I < i’- ~~~~ z 3_ w I

_ _ _ _ _  
,

,

0~~~~ 

~~ S .  ~~~~~ . ; I Q

I I

Pu 
_ _  

~~~~~~~(~~

— ~~~~~~~~~~~~~ -~~--.-- -~~~~

• L ~~~~~~~S

I 4
_ _ _  I •_ _ _ _ _

LU
I-
z

/



C,z
0
0.

Cl)
z

F 0

LU~~~
4’

0 Cl)

L U>
— I .-

LU

0
U-
‘I)

r I
0.
4
C,

*4 . ( .

/



r —
~~~ ~~~~~~~~

-

~~~~~~

-

~~~~

--

~ 

-

~~~~~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -—-

~~~

- -  •- - • —

~~~~~~ 

-

~~~~

• -—- ---

~~

- •

9

5x 105

L 
U 

_ _ _ _ _ _ _ _L ~~ 
-I__j— ,‘ \Trans port I I I

.~ Aircraft ~~~~~ ~ ~ /

I, 
O I~~~~~~ 4

II ~~~‘ lO

/ 9 d• I. 
~~~~~~ 

“— Helicopters

~~~~~~~ ‘ —— ~~

-

~~~~~ 

—
~r specific Cost , dollors/pound

EMPTY WEIGHT VERSUS SPECIFIC COST FOR
VARIOUS CLASSES OF AIRCRAFT

L



• •—
• • • — — -

10

I —

• a __________________________________________________

- z 1~~~

2
‘ I I—

\

~~~~

<°

H
‘ 1

Lu I- i-
—>-o Q-

• (no  I•-
C, Z Ow• 0 ~~< Lu

• 0. 4 C ~~ 
I-.
(I)
Lu I-

D 1-0
- • C.,

0!
_ _ _ _  - _ _ _ _ _  — _ _

~~~
C , _ _

~~~~
o

4 ~~~~~I Cl)
1 Lua

• I ~~~ c~~— --~~ - ___—___ 
_ _  -- _ _

• 
• •

I 
_

- -J 
~~a> _ _ _•

- •  2
CI) x — — — -  —-4

• 
-J ~w

a

ft ‘I.

0 > 0.
‘.1 

~~~~~ z 0$ 4 UJ uJ

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

0

H I



~~r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
• •-•-———- •-• -

~~~~
—-;

~~~ 
—• •~~

—
~~~~•-- - -•• • 

-
- - • • • • -

~~~~~~

I I

I ”
• 

_ _ __ _ _

I. 
~0 I-
~ z
1- Lu Z

o w
• U >

Lu 0 U
I 4
- .  0.

a
‘U zCI) 4

0
CI)

1 - 0 1 - ,

- L u
al- U 2 1

_ _ _  _ _ _  

C.)

- .
Cl) - C ,  I -l —

8
— 4 I- C~)

(I) 
Z ± . J I C~~~w LU• 

~, z z 8 1  0
2 a o ... iCl) Z Cl)

>
O I— a ’  — 0 .

c ” O I Cl)
— I— Lu Io _J ~~ I1. o / U0 I— 0 / Ui

r 0. U.

L 
l-

0.~~~~~~~~~~~~~~~~~~~~~~ CI)~~~~~~~~~~/ 
0.

I- / 2 ()
CI) C,) iu

~~ - 2 2 o /  4I. ~~~~~~~~-l~~~~~~ Q /  0.
‘U z ‘U .j~~~~~~~~ Z 0 I 0

2 —
Z C ~ 

I~ ~ ~~~~~~~~ / -‘5 2~~~~~~ ~~~~~~ 0~~~~/r Ui Lu ‘U
~~~ Z ’ U Q  I- ~ O O C . )  ~~~ 0- w O n- 2 c n 1 -  w O < •

U~~~~~CO~~~ ~~~~~~~ ~~~~~~~~~~~ 0.

a
w O ~~~ ~~~~~~~~~~~ 2

• ~~~~~~~~~~~~~~~~~~~~~ l.- _
~~~ ~~~~ 4

~~~Q~~~~~~0 CI)~~~~~~ C#)

~~• t .  i-~~ 2 w  0• I3VdWI HOrVW I3VdVH HONIW

• I °! ~~~~• • 0

hiJ 
-~~~~~~ • - • • •  

-
~~~~ 

•- • —Ii



-~~~~~~~~~~~

1~
• 1:

Cl)
0
U

4. 
~~~0. ~~

>. Ui
LU .j ~~
~-•4 04 -

LU

z- 4 
L

J• . 
- •-~~~~~~~-~~~- ‘•-•—- •~~~~~~~~~~~~~~

•
~~~~~~

- -•-- -• •
~~~~~~~~~~~~~~

—•

~~~~~

--

~~~~~~~~~ 

•

~

- _ _ _



r ~~~~~~~~~~~~ 
-

~~

• 12

I ~:

WHAT IS A COST DRIVER?

. THE MAJOR ELEMENT (5) HAVING THE GREATEST IMPACT
ON THE TOTAL COST

WHY IDENTIFY COST DRIVERS?

• • TO PROVIDE FOCAL POINT FOR COST— EFFECTIVE APPLICATION
OF MT IN VESTMENT
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