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1 • INTRODUG~1ON

The Life Cycle Cost Teak Group of the Joint Services Data Exchange for
Inertial Systems met at the Catswan Hotel, San Diego, California on
24’-26 February 1976. Working ~.ssions on Tuseday and Thursday were
devoted exoinsively to final revisions to the Ussr.’ Manual which
accompanies the model which has been de’v.lop.d by the Task Group. The
Papers Session, held on Wednesday, February 25, was well attended by
a number of people not regularly connected with the Task Group. Section

• 3 of these Proceedings contains the papers which were preeent.d to the
extsnt they wer, available at the time of publication.

2. WORKING OROUP REPORTS

Ki.th Gibson of Autonetios reported on his progress with prograsmirig
th. model and presented a revised basic flow diagram. ~Bhe revisions
are related principilly to the order of accumulation (i.e. ~~~~~~~~~~~~

ation) of costs arid to the processing of the input. The former change
was made to simpiQy programming, the latter to make it easier for the
user to m~k. sequential runs with minor data variations .

1 1 All control coding has now been completed as has the coding of all basic
equations. Some intermediate equations were incomplete pending further
*iscussion by the Task Group as a whole.

~J 
• j~~

The Output Report Program was prepared by A7~~L personnel through arrange-

L 
,
~~~ ments made by Mrs. Freda Kurtz of AFAL. It was noted that some revisions

to these programs will be necessary but that the programmers will be
available.

• 1.

• 4~~,
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Kieth reported that the model would be ready for testing during April 1976
and arrangements were made for the Master Deck to be duplioated und.r the
direction of Mrs. Kurts and distributed to Robert 14.1 (Northrop Electron..
ics), Robert Beech (vought Systems), William Coloord (Lesr-siegl.r),
Don DeBurkarte (Collins Radio) and Ja mes Taylor (Homeywen ) for eval-
uation. Distribution will be limited to the.. cr~~niiation. until t•st—
ing is complete.

Procedures for further distribution of the modal wer, the subject of
• considerable discussion. All effort up to the present ha,s been th. re-

sult of voluntary contlrbutiona on the pert of individu als and their
• organizations . However, it was felt that if th. model should receive

the desired level of use, the costs of duplication and sailing would be
• too burdensome for one organization to assume. Several suggestions were

~ 
I offered with two appearing to have merits

1. Provide only a source deck listing and the Users’Manual through the Defense Documentation Center,
requ iring the user to punch his own cards.

2. Stock a central. location with a small number of decks
and program listings. Users would duplicate this mater-
ial at their own facility and return the origin als
to the central location . If the central offioe were a• military organization having “franking ’ privileges,
costs of postage would be el(R4T~ated.

Additional suggestions from potential users would be welcome. They
may be addres*ed tos

Russel l B. Stauffer
J & H Associates

*• Jackson, NJ. 03846

~t ~t
Some concern was also expressed over the control of changes to the model.

/ 
A basic purpose in the design was to create a “standard” equally accept—
able to manufacturess, the acadamic/resesrah community and the Govers~ snt .
If organizations begin ~~~tng uncontrolled changes, there will soon be
numerous variants and the “standardization” will have been b et. The
need for a formal “Change Control Procedure” is evident but appropriate

2.
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echaiques for i s  implenentation cust still be developed .

A third area of discussion centered on the procedures to be followed
in gaining acceptance of the model as a st.n L&i d for inertial syst ms.

It is currently planned that the S~~~er 1976 meeting of the ICC Task
Group will be devoted to a discussion of these three top ics and (user-.
at ion of recommendations for thu r iapla~~~tation.

The Spring 19 6  meeting will be limited in attendance to those who have
participated actively in the writing of the Users’ Manual and will

• ‘ be devoted to the final editing of that document. That meeting is
• scheduled for Monday, May 17 in the Dayton ,Ohio area. The specific

location will be announced later.
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LIFE CYCLE COST TASIC (~t0UP

301W1! S~~TZC~~ DATA EXCH*~~E TOP IE~B’!IAL SY9T~~

Wednesday, P~b. 25
9:00 a.m. Opening Remarks R.B. Stauffer

J & H Associates
9:Q5 Welcome Cdr , Robert Harrison

HARP, North island
9:15 “PrOject Rampart — Org anic Ja mes Lark in

Approach to RIW” HARP, North Island
10:00 Coffee Break
10:15 “A Monte Carlo Risk Analysis Capt . Dwight Collins

of Life Cycle Projection” ASD/ACL
11:00 “HIEL — Design to Life Cycle Willia m Wagner

Coating of Turbine Engines” Teledyne CAB

11:45 Lunch
:00 p.m. “Warranty Cot ract Evaluation Robert McGinnis

Risks and Queett c’~tc” Autonetics .....
1:45 “Costflime Factors in Life James Taylor

Cycle Cost — A Studies Report” Honeywell
2:30 Break
2:45 “ASMRA Program” John Willet

REPAC
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I 3. INVITED PAPERS

This section contains the text and slides of the present ations made
on Wednesday, February 25, 1976 at the Winter meeting of the ICC
Task Group of the JSDB/IS.

They are presented in the same order as t1~ey appeared on the agenda,
separated by biographical sketches of the authors where they were avail—
able.
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1.
Jame6 J. Larkin HARP, North Island HAS

- BSEE from M. I .T. in 1946
‘

V

Mathematician at Douglas • Aircraft Co. 1947—4.8

Research eleotirca ]. engineer at Rand Corp. 1948—51

RecaLLed to active duty in the Ax~ r in 1951. Military service Included
project umZ~agsment of service teats of Nike Hercules surface -to—air
missile eystejne at White Sands, N.M., Eglin AIR, FL and art io tests at
Pt. Churchill , Canada, and a variety of other technically oriented
c~~~aTkl’ ~fld staff assignments in air defense and nuclear weapons.

Retired in 1972 with grade of colonel.

Avionics and Components Division , Engineering Dept., HARP, North Island
from 1973 to the present . Current ly assigned Project Manager of
AN/APN 141 radar..altimeter Reliability Improvement Warranty (RIW)
program call ed Project Rampart.
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Captain Dwight ~~. Collins ia a member of the Joint )JSC/AILC Working
Group on Life Cycle Cost and has been active in couseling students
at the Air Force Institute of Technology.

He hold a Ph. D. in Operations Research from Cornell University.
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- A Monte Carlo Risk Analy sis
of Life Cycle Cost Prediction

by -
• 

- 
Capt Dwight B. Collins -

- Joint AISC/APLC Commanders’ Working Group
on Life Cycle Coat

- 
- 

- In’recent years, several Air Force procurements have made use of
a con~rai~~ual commitment with rea~ect to supportabili ty as a means of
reduc in~ ’equipment life cycle costs. Such a commitient is typ ically
called a logistic suppp rt cost commitment . It usually involves

1 (1) the development of a targe t logistic suppo rt cost which ia
-
~ I incorporated in the produc t ion contract and (2) the structuring of a

- field test procedur e by which a representative sample of field

logistic support costs is collected and compared to the ta rget~ It
- 

- may also include instruction s for exercising award f cc provisions or
correction of deficiency provisions as a function of whether the
sample of field logistic supp ort costs under r-uns or overruns the

- - 
target .

Capt Collins reported on a Masters thesis recently complet ed in
- 

- 
- the Air Force Institute of Technology School of Engineer ing tha t

- 
ana lyzed the statistical risks inherent in the logistic support cost
conmiitment . * The thesis examines the logistic support cost commitment
in the pr oduction contrac t for the F—l6 aircraft and uses a simulation

-~ - procedure to estimate the statistical risks to the government and the
contractor that are reflected in this provision . It also discusses

1 

the sources of risk and examines the impact of varying field test

~~ 

-
~ length on risk. -

- • -.~~ Capt Collins is doing further research in th is area and
documentation of his results will be available by July 1976.

- ‘ 
- 

-4 Copies of most of the briefing charts used by Capt Collins appear

~~~ 1. below.

~~~ T1

* “A Monte Carlo Risk Analysis of Life Cycle Cost Prediction,”
Capt Samuel B. Craves, Department of Systems Management (AFIT/ENS) ,

1: - I School of Engineering, Air Force Institute of Technology , Wright— -

~~~~~~~~ Patterson Afl, Ohio 45433. Further inquiries about this thesis
should be direc ted to AFIT/FINS (513/255—5758). -

I 
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“PMEA IN DESIGN-TO-LCC OF GAS TURBINE ENGINES”

William Q. Wagner
Manager , Design Assurance - -

Teledyne CAB
Toledo , Ohio

ABSTRACT -

I 

J
This paper presents an approach to a most difficult yet potentially rewarding
task in life cycle cost analysis of gas turbine engines: identify ing the main-
tenance cost consequences of design decisions . The techn ique involves the
use of a failure mode effect ana lysis (FMEA) , with consequences extended to
consideration of non-fault initiated events including schedulàd maintenance .

The FMEA is in widespread use and this paper orient, it to the-- example of a
small flying gas turbine engine - in a utility /trainer application . Also, since
useful analysis of maintenance cost is not likely to be successful in “free -space ”
this paper reviews a system level LCC analysis techniq ue - of which the FMEA
is a necessary subroutine .

Costs of engine ownersh ip are also sensitive to the air craft’ s mission and engine
mounting provision s - so these details are postulated for a typical applicati on .
The end objective of engine LCC analysis lies In identifying the cost consequences
of an engine design (be they mainte nance or other) ; challenging these costs with
design controllable iterations; and thereby reducing them to a customer recognized
optimum . To that end some exampl es of prospective maintenance-cost-impa cting
design changes are furnished . -

INTRODUCTION -

The Department of Defense has clearly announced its intentio n to consider the
- 

- comparative life cycle costs (LCC) of candidate equipments for defense proc urement .
DOD Directive 5000 .28 (1) iatablishes policy and guidance for across-the-board use
in systems acquisition . The invitation to this seminar confirms that the gas turbine
prop ulsion e will be included in the list of LCC -considez-ed items .

DOD is perhaps - the major buyer of gas turbine engines and is certainly the
major sponsor of advances in their technology . So, as engine developers and

£ ~~
- producers , It behooves us to: acknowled ge the trend to increasing rigor in

our customers ’ LCC analysis; acquire understanding of his cost-of-engine-
ownership problem ; and respond with engine designs having advantageous - - -

benefit -cost ratios .

40. 
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INTRODUCTION (ConVd)

In that regard , two realities of the gas turbine propulsion engine’s development
and acquisition cycle are worth citing because they should impact the engine
manufacturers’ approach to LCC . 

-

- - 
The first concerns the relationship of cost to other design parameters , Including
performance , weight , reliability , and serviceability . Heretofore , these tended
to be separately addressed and evaluated in the engine design process. Thrust ,
thrust to weight , and SFC were of interest to the performance specialists of the
buyer and seller; while reliability , cost , and logistics aspects were often treated
In separate and unrelate d evaluations .

However , Reference (2) makes a good point that:

“One of the interfaces at which these approaches often converge is
- 

their common Involvement with the logistic support of operating systems.
the costing of which through LCC forces these programs into a balanced
relatlo~shi~). ” - 

-

A second reality of life in engine development , shown in Figure 1, is the time
in an engine’s life cycle at which it comes under the buyer’s cost-benefit scrutiny .
One source suggests that DOD and its agencies will evaluate the LCC advant-
ages of competing enginps after ~ ghty-five percent of their ~~~~~ ~~~~ fro zen.
Moreover , a DOD-accomplished LCC analysis will not employ (or have available)
the time and resources necessary to iterate designs of competing engines for
cost-benefit optimizing purposes.

Th. following import of these realities is offered:

(1) Engine designers and developers should acquire and use techniques
for cost-optimizing engine designs that address the full spectrum of
ownership costs .

(2) Prospective engine designs should be evaluated and designed for
their cost benefit advantages well before they are committed to the

- ~~~
. - buyer ’s final selection process .

-t ..

~

—

$
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LCC IN THE ENGINE DESIGN PROCESS

The elements and available data for an engine LCC analysts depend of necessity ,
on its location within the sequence of other events and opportunities for analysis

- in the engine design process. It. is not likely to be done usefully In “free-space” ,
because too many of the necessary inputs are not available . 

- 

Such inputs as the
number and duration of aircraft missions , the number and cost of engine components -

(especially spare-part-candidates) and the consequences of part . failàre are (as dis-
cussed later) absolutely necessary items qf input data . In fact , Sills in his broad
treatment of propulsion engine/tradeoffs ~4’concludes with justification that tradeoff
factors are best applied when an engine concept reache s the point where the engine
designer , the manufacturer of its prospective aircraft and the owner/operator can
collaborate in the tradeoff process . * On the other hand , there is an engine community

- 
- 

consensus that says in effect: once an engine’s mechanical design i~ committed to
development phase hardware - the best chance to influence that design has been
bypassed .

The suggested time bounds for effecting engine LCC optimization then are:

- (1) Initi ate evaluation and tradeoff as soon as a prosp ecti ve aircraft .
operator and mission are identified .

(2) Complete the major LCC effort and engine design optimization before
the first chips are cut.

After development is underway , analysts can and should continue in order to
converge a’ soundly derived baseline engine design . -

AN ENGINE LCC METHODOLOGY 
- 

- 
-

Given that an LCC analysis is not useful in free space • it is reasonable to conclude
that an (extended consequence) FMEA is also not useful unless it supplies a nec-
essary role in a fully scoped analysis . To use an electronics industry analogy ,
the PMEA is a “black-box” that receives inputs , and converts them to system
compatible outputs . Hence , in order to understand its role , we first need to
consider the system and mission that it serves , and the unique requirements
of 

~~~~~ 
LCC models .c

‘This is often effected by executing study phase sub-contracts of nominal cost .
In which either an engine or an airframe contractor may be “prime” .

A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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AN ENGINE LCC METHODOLOGY (Cont’d )

Teledyne CAB is charged , under the requirements of advanced development
contracts • to develop and /or employ design to life cost methodology for propul-
sion engines’. We • therefore • reviewed existing LCC models including those -

described in (5) and (6) together with recent experience described In Figur. 2.
and concluded that each had one or more of the following disadvantages , as
summarized in Figure 3.

o Existing models are generally electronic-system oriented and
are beat applied to a system of independently removable modules
(e.g., circuit boards , trays or drawers ) whereas engine mainten-
ance is a sequential process .

o The models assume that the equipment ’s operat ing environment is
steady-state as opposed to the dynamic operating and stress en-

- 
- vironment of gas turbine engines . 

- 

-

o The important cost elements of engine/aircraft Interaction and risk-
weighted cost-benefits are not addressed.

In summa ry, an off-the-shelf model for engine use was not available • while
the work of adapting existing models to conduct frequent , timely , and credible

- - evaluations was found to be less cost effective than the development of an engine-
oriented model .

An engine-oriented Design-To-Life-Cost Model is now In progress , and thus
far its use does not portend any ra dical change in the basic process of engine
design evaluation~” That Is; first an initial performance parameter set will
establish the aerodynamic /thermodynam ic appro ach. A mechanical design will
then be required to respond to the aero/thermo demand , Finally • a “cost-
effectiveness ” critique of the mechanical design should challenge, or establish
a Justificat ion for the existence of cost-significant design features . The critique - -;

must of course feed back to the initial psrformance-requirement assumptions .
~ 

, In other words , a viable baseline engine design remains the fir st requiremen t
for conducting a practical evaluation .

-i -

S

-!

‘The need for this approach was recognized and work Initiated under the USAF/APL -

sponsored Aircraft Propulsion Subsystem Integration (APSI) Program . Its development
continues under the USAF/USN sponsored Joint Technology Demonstrator Engine

-~~ ~ (JTDE ) Program .
h.”

•‘Most proponents of LCC agree that the approach does not require much additional
data . Its prime benefit lies in bringing many known and some eutlmatsd details
into an integrated and systematically ordered evaluation.

43.
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AN ENGINE LCC METHODOLOGY (Cont’d) ~~~~ - 
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- - 

The modeling approach developing at Teledyne CAB defers to the foregoing 
- 

-

axiom • as Illustrated in Figure 4 and described below .

1. Mission Description - A number of mission profiles or a composit e
mission are described so that snatch points can be identified in the
engine performance deck .

2. EngIne/Aircraft Description - The engine and iti candidate air
vehicles are described in an “Input document” . The engine para-
meters listed include weight , performance , and component complement
(Work Un~ Code structure) . The aircraft parameters include weight ,
development/acquisition cost , number of engines , and fuel capacity .

• 3. Inventor y Function - An inventory model is prepared to calculate
engine deliveries , annual engine flying hour. • and mission fr.-
quency during th. build-up, steady-state and phase-out years of
engine life . ,•

4. Functional Relationships - A number of functional r.l~f4a~n~h4p.
are identified and entered . These include:

a) Engine ownership cost estimating relationship s (CER’ s) .
component reliabili ty distribution s (for significant’ components)
based on thermal/mechanical stresses at discrete mission
conditions (match points ) .

b) Aircraft development and acquisition cost sensitivity to
engine weight and performance variations .

5. Design-to-Cost (DTC) Analysis - Acquisition cost values are entered
‘ 1 for significant components (particularly those that will be replaced
- 

- I during maintenance ) . Cost values for engine assembly , inspection
and testing are separately identified , as is the acquisition cost of
the complete engine .

~ 6. Development Costs - are determined for the baseline engine and
prop osed development program . Durin g iteration s, the development
objectives are treated probabi listica lly to address technical risk
versus payoff .

7. Acquisition Cost s - are calculated for each period in which engines
and spares will be purchased .

44.

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



- - _, _ _ ____!____,_~ — - ~~~~~~~~~~~~~~~~~~~~~~~~~ --- -
~~~~~~~~~ r —  -- - ~~~~~~~~~ 

- 
_—_ _------ -- —.—-

~~
.------ 

~~~~~~~ — —--—-~.-~~--.- ~~~~~~~~

Teledyne CA! -

Report No. 1473

AN ENGINE LCC METHODOLO GY (Cont ’d)

- ~ 8 * IniUalizatio~ Costs - are determined as a function of the proposed
stocking policy and the number of parts adde d to DOD inventory .

9. Operstin~ Costs - are estimated In two categories as follows :
a) Operation and Support Costs are based on reliabi lity , main-

talnabiiity and replacem ent parts cost (using the FMEA with
extended consequences) .

b) Interactive Costs are based on the estimated cost of the base-
line aircraft and the calculated effect of engine changes using
the aircraft CEll’s.

10. Reporting Generation. Baseline - a system. cost estimate is pre pared
(manually or by executing a computer progr am) to identify costs
of the baseline design dur ing the pr ogram life cycle. Calculated
parameters will Include :

o Total system costs and the year in which the cost is
incurred .

- 
~~1 o Cost breakout to significant contributors in each year .

o Interactive costs of the air vehicle/engine.

11. Report Generation; Design Iterations - Systems costs and benefits
(or payoffs) are calculated for selected component improvements
by executing the baseline prog ram wIth variations offered by improved
designs .

The form of this model’s output will also require some consideration . Because -

-- - costs have time values • it will be necessary to consider both discounting and
escalating from some constant or “Datum Year ” on out to the limits of the engine ’s
life cycle in the “Horizon Year”. Moreover , appropriate ranges of the cost-driving
functions will be required to facilitate sensitivity testing .

- 

~~- FMEA APPROACH TO OPERATION/SUPPORT COSTS

During development of a DTLC Model it often becomes necessary to restate the
-% 

- - objectives of its use • as each routine in the analytic methodology is selected .
This occurs because ther e are usually too many approaches (ra ther than too few )
to estimating the contrib uting elements .

~ 4_ P - - -

- I
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FMEA APPROACH TO OPERATION /SUPPORT COSTS (Cont’d)

For example , parame tric methods for treating engine development and acquisition
cost are offered in the Rand report (7) • based on a “time of arrival” phnique.
Another and more design-spec ific method is described by Atkinson ~ ‘ which
involves the “Maurer Factor”5 in predicting acquisition cost • Some parametric
approaches are also available for calculating maintenance cost indices. Gregor ,
et aI(9) in particular have acquired a propulsion system maintenance estimating
relationship (MER) set by correlation analysis of recent tactical aircraft experience . -

That MER is specified In terms of maintenance men hours/flight hours (MMH/FH )
and one would need complementary MER ’s for maintenance parts cost (P. $/FH) as
well as cost per maintenance man hour (M$/MH ) to complete the equation .

$/Ph = (M$/MMH ) (MMH/FH) + P$/FH (1)

Some broad conclusions can also be drawn from en ARINC report (10 that quotes
engine support costs at 6-10%/ye ar of engine lnv.ntory . That is:

Engine/Support $/Year = K $ Acquisition X I (2)
Engine

Here • K is a coefficient with a range of .06 to .10 and I is the average number of
engines in inyentory during the year of Intere st .

These and other cost Estimating Relationships (CER’ s) ar e useful for planning
programs and for establishing benchmarks or references. However , they do not
fulfill the needs of an engine design activity that is intent on reducing the cost of

- 
- engine ownership because they do not provide the essential service of identifying

engine design features that drive cost .
- 

- One approach to identifying design-controllable maintex~ qçe costs is based on the 
-

use of a failure mode effect analysis (FMEA) . Arnzen’s’~~’ early description of a
P - rigorous FMEA technique exemplified 1t5 use in addressing the reli ability of safety- - 

-

of-flight equipments . He systematically identified the known failure modes of
components of a typical system together with their probability of occurrence. Then ,
the failure modes were carried through a functioning system to identify their effects
in terms of mission success . He showed how attention to critical component redund-
ancy , derating and other reliability design techniques could result in improved
mission reliability .

* The author suggests that the Maurer Factor with a periodic commodity update
would be a continuely useful Cost Estimating Relationship .

- 

4R 

-
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FMEA APPROACH TO OPERATIO N/SUPPORT COST S (Cont’d)

Mission impairment is certainly a major concern in engine design , as are the
consequences of part failures and wearout . The FMEA Is a prospectively useful
way to calculate these costs if the maintenance consequences are well as the mission
consequences are considered . A significant measure of engine maintenance is
also performed for preventive and routine servicin g reasons - and • with some
modification • the FMEA lends itself to integrating these cost-drivers into the total
maintenance cost consequence analysis . Figure 5 lists the consequences addressed
by a conventiona l FMEA in comparison with those that require consideration in
total maintenance consequen ce analysis .

PMEA LOGIC ROUTINE

A FMBA metho d for calculating support costs in dollars per engine flight hour
and dollars per engine fleet year , or other period (e .g . ,  fiscal quarter ) is best
explained by example of its application to a simple subsystem . In this case, en
engine low oil level indicator subsystem is examined . The system schematically
described in Figure 6 consists of a float • a switch • a cockpit mounted socket and
a bulb . Each componen t is numbered and Its failure modes identifi ed by a convenient
notation.

A worksheet , as shown in Figure 7 , is used to enter known information about each
component’s failure modes • and their likely (if not known) distributions and values .
Unless otherwise known the Weibull distribution is selected as the “best likely fit”
and the most useful for component reliabilit y estimation . (Reference 12 examines
the problem of estimating engine component reliability ) . The Weibull distribution
takes the form

R (t) = E X P [_ (t ~ta )b] (3)
m

Where:

ta = The lowest time (or stress) at which failures occur 5

in = The location parameter (better known as MTBF when B = 1.0)

b = The shape factor (b less than 1.0 indicates decreasing failure rate ,
b = 1.0 indicate s a constant failure rate , and b greater than 1.0 is -

indicative of wearout or accelerating failure rates) .

~~~

* In most analyses , a = 0 is assumed for time (but not stress) dependent failures .
r :~
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FMEA LOGIC ROUTINE (ConVd)

The engine aystem effects of failure modes are entered and their maintenanceconsequences are identified . This task requires development of an aid such as themaintenance sequence diagram shown In Figure 8.
The maintenance consequences of Interest (besides the failure distributions) arethose that the engine or aircraft designer can influence . Of ths.e, accessibilityis quantified by determining the number of components that have to be removed andreplaced Just to get at the offending part . The coat of the replaced part (which mayinclude items consumed , such as gaskets) ; the man hours devoted to the task; and ,the minimum time in “Calendar Hour s” are other necessary aonsideretL~,ns. Anotheruseful product is the incidence of hazardous failure modes , which is often requiredby MIL-STD-582 (13) .

Because of the numb er of vari ables • a computer-aided analysis is often a necessity ,and a typical sub-routine , shown in Figure a performs as follows:
F 

(a) Clock - Failures In this system model occur in discrete time intervals.The clock keeps track of this information and passes it on to otherportions of the LCC program .
(b) ~~rts in Service - Elapse d time on components currently in service(fleet component summary) is advanced . The use schedule will be used• in this calculation . If several generati ons of components are cur rentlyin service, their elapsed time is also incremented.
(C) Failure Calcula tion - Using the failure distri bution Inform ation , theof failures is calculated via haza rd ra te analysis .
(d) Components Remove, Reinstall, and ~~p~ace - Cost involved In re- -

moving and reins talling components in or der to gain access to the- S failed part, and in repla cing the failed part Is calculated in this section .One part of this calculation would be the use of a learning curve toadjust for maint enance learnin g effects .
-* (e) Component update - An update of the replaced parts will be enteredinto the fleet component summary .

(1) System Safety Evaluation - Component by component system safety~ -: evaluation will be performed for all failed components • and , a system
- 

‘
-

~ safety summary will be tab ulated .
(g) Total Cost - Total maintenance material cost is calculated for thefaIlu r~~~~Thjs total cost will be adjusted by inflation end discount —

factors .

48.
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FMEA LOGIC ROUTINE (Cont’d)

By executing the routine for the low level oil indicating system previously described
and having information tabulate d in Figur e 10, the subsystem ’s cost per flight hour
are calculated as shown there and in Figure 11. The results shown In Figure 10.
constitute an iterable baseline. We would next logically expect to evaluate design
Improvements for their cost reducing prospects . Most , such iterations will require
execution of a complete model because a part having improved life characteristics
is likely to have an increased acquisition and/or development cost . However • there
are usually a few design choices that become a matter of “acquisition/development
cost-indifference” . Taking the latter case • for convenience , we can examine the
impact of decreasing accessibility to the bulb while simultaneously increasing its
reliability - as might be the case for providing improve d heat dissip ation . Figure 11
illustrates a typical plot of cost reduction as a function of bulb reliability improvement .
A change in accessibility of .5 man hours per event to .75 man hours /event Is
incurred . In this example , a probable reliabili ty improvemen t is three (3) times the
baseline reliability , with the net result of increasing cost . Hence , the change is
contra indicated and should not be pursued .

FMEA - ENGINE SYSTEM EXAMPLE 
-

A full-up engine FMEA will require attention to as many as fifty (50) or more comp-
onents or subsy stems as have just been described. However, our interest in cost
consequences and some knowledge of the expected maintenance concept lead to

• convonient methods of grouping the effects .

By way of example , a light utility/trainer aircL-dft is postulated. Merrill (14) and
others suggest requirements for a four (4) place , high performance , aircraft .
designed for that service , and equipped with twin turbof an engines . A possible
baseline engine configuration for that aircraft is shown in Figure 12 , with its
modular groups; designated by the conventional Work Unit Code (WUC) scheme . - 

-

- - 

~~~ ~ Its mechanical arrangement is assumed to consist of: - ~- 
-

o a single stage fan group , with an externally mounted oil tank

o a combination axial/centrifugal compressor

o an annular combustor

t ~ o single stage HP 8 LP turbines

o a tower shaft accessory drive package , on which the oil/fuel pumps
-î are mounted , and a power extraction fitting Is provided for aircraft use .

o an electronic fuel control package and integral fuel metering valve is
assumed.

~
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FMEA - ENGINE SYSTEM EXAMPLE (Cont’d)

Other engine provided accessories would include a sensor group (fuel control inputs)
and possibly bleed extraction provisions . The trend towards use of remotely mounted
gear-boxes as described by Gaert ner (15) and other is acknowledged by postulating a
power-take-off shaft (not shown) and hence alrframer supplied starter , hydraulic
pumps and fuel boost pumps. (This trend , incident ly , eases the engine LCC analyst’s

- job by making the engine/airframe demarcat$on somewhat clearer.)

How this engine will be serviced , inspected and maintained Is also of Interest . A
first cut at the engines ’ accessibi lity parameters is accomplished by constructing an
engine maintenance sequence diagram as shown in Figure 13, which includes an
initial assumption on the airframe provided provisio n for engine access. The blocks
list the engine groups , the arrows describe the progression of groups needing removal -

S (and subsequent replacement ) to access other groups • and thi parenthesized values
— show the estimated time in man-hours needed to accomplish each step In the sequence . 

-

An assumption on the engine owner ’s plan for maintenance or “maintenance-concept”
is the next necessity . We can expect that he will follow his tried-and-proven existing
practice, unless some major benefit is otherwise realized . That assumption is reflected
in the maintenance concept described in Figure 14.

A last-but -not-least need is for a set of Input values regarding aircraft utilliat lon ,
the value of maintenance man -hours at various levels and other cost elements. In
practice , these must be supplied in part by the engine design activity , the airfram e
designer and the prospective engine buyer /owner . The author ’s guesses at such

• values for this pu~ hypothetical example ~-~e shown in Figure 15.

We are interested in d~termining the owner ’s maintenance cost for the baseline engine
design and maintenance concept. That solution is obtainable by using the aforementioned
data/models and the previously described computer routine. However , we should recall
that: (1) money too has a “time-of-arrival” value; (2) the owner’s inventory will
not be a square wave , but a time varying function ; and , (3) his aircraft utilization

- 

-. 

- function will vary in some proportion to inventory . For these reaso ns • the time series
plotted cost of maintenance is found to be the most convenient output form as illustrated
in Figure l6.

- -  

- A baseline design maintenance cost estimate is usually an interesting conversation
piece that plots into aesthetic curves (sometimes after smoothing) and furnishes the

- -
~~ awe-factor of large numbers . Hopefu lly, It also challenges our engineering instinct

to do something constructive with it, and that’s what Design-to-Life-Cost is all about .
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FMEA - ENGINE SYSTEM EXAMPLE (Cont ’d)

In this example , several design-contro lled cost-drivers suggest themselves . However ,
? when dealing with a full-up engine installation , most changes will be found to incur

some front -end cost . Hence two design itera tions • shown in Figure 17 • are postulated
- - 

- together with their lumped front -end (development plus fleet acquisition) costs
(assumed by the author for this sample probl em) .

The cost impact of these iterations is then plotted in FIgure 18. to illustrate these
results . -

(1) Iteration (1) involved Impro ving the MTBF of the electronic fuel control
computer by using “high-reliability” pert. and employing a reliability
conditioning or “burn-in ” test. It is estimated to result in an Increase d
mean time between unsche duled removal (MTB UR) and an increased
inter val between engine “trims” . Tb. calculated benefit: cost ratio is 2.7.

(2) Iteration (2) Involves porting the engine at strategI c points to permit
borescope or fiber optic inspection . Thi s change extends the interval
between the tear down inspections by lessening the need for removing the
engine to verify component integrity . Its calculated benefit: cost rati o
i~ 21.8 .

(3) Iteration (3) examines the -combined impact of effecting both changes , to
• achieve a benefit: cost ratio of 13.5.

The task of successfully selecting and giving priority to worthy cost reductions ,
singly or in combination s , will call for a combination of design imagination and
efficient analytical techniques .

FMEA EXTENSIONS AND A DEFINITION

The foregoing examples were Intended to open discussion and Interest on the worth -

of an FMEA-based engine LCC analysis . There are othe r design and maintenance
decisions that affect engine maintenance costs and deserve systematic evaluations.
One significant method is NAVAIR ’s Level of Repair or LOR , which includes component
failure rates as cost drivers , and seeks a cost optimum balance of spare parts . AGE
allocation and maintenance level designation s (e.g. ,  DOD or Contractor) . With
appropriate integration , the LOR end PMEA appear to be useful complements. It and
other extensions of the FMEA are listed in Figure 19.

Mention of the LOR leads to comment on another engine component parameter that
seems to deserve quantification in deference to maintenance cost reduction interest
“Durability ” . It is mentioned frequently in engine literature and at least one spec-
ification (‘8) but has not (to the author ’s knowledge) been precisely defined or
equated to anything . The term is sometimes used interchangeably with “mission-

4 

- —  
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FMEA EXTENSIONS AND A DEFINITION (Cont’d)
- 

reliability” and sometimes it suggests “ma1ntenance~reliabUity” . However , the
- LOR and USAP’. Optimum Repair Level Analysis (ORLA) both require definition of a

— - cost driver that is a function of component durability and that Is the “Repair This
Station” ratio (RTS) . RTS expresses’ the percentage of part. tha t will pass a periodic
inspection • after on-engin, service ot a .pscified time, and therein lies a needed
definition . The author sugg.sts:

- - 

‘Durability Is th. probability that en engine component will operate ,
-

. 

- in th. manner Intmided, for a specified time and , upon inspection by
- a prescribed method, shall satisfy design limits for return to service” .

The probability dist Lbudon functions this parameter might exhibit are suggested
- subjects for ot hr  diacuu~one, but en Initial step would equate it together with

reliability In a tias function, thusly.

D(t) •~~ R~~) x (Also eliown in Figure 20) (4)

Where: R ,t~ is ths f~mi14~~ reliability function and Y (t) ~I the prescribed
• 

- 
lnbfiectlon’s pzoo.u yield at time (t) .

1 

CONCLUSIO N

- Cost of angina own.r.htp has r.~~~tly joined the list of design challenges made to
S - the engine oo unity. As one designer somewhat wryly stated:

N~~ .today InhSrsnt/Dsslgn-to/Produce-to/LIfe Cycle/Cost Analysis
end execution hav, risen as th. New Technology, replacing the all-
out , unilateral pursuit of performance and weight improvements of

- the past f.w d.cadeeM . (17)

- - If there is one most significant asp.ct of engine owner ship cost reduction , that is
the reality that it cannot be dons unilaterally. An aircraft engine , its aircraft- 

and its mission have a profoundly interactive cost of ownership effect , (FIgure 21) .
- So • the engine designer , airframe designer and aircraft owner/operator must enter

into willing partnership If their enterprise is to be cost-successful.
~

- 

- * Its complement is the “Not Repair This Station” ratio or NRTS • so that 1-RTS = NRTS .
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APPENDIX

NOTATION DEFINITION

b 
- 

Weibuil Shape Parameter

CER Cost Estimating Relationship

- 

- D (t) Durability or probability of Return-to-
Service at time t.

EPE Engine flight hour (Firewalls/Alrcraft) X• Aircraft operating hours (Block to Block)

PH Flight hour .

- M (k) 
- Characteristi c Life of Compon ent k

(MTBF when b = 1.0 In the Weibufi Distribution) .
MAT - (k ) Mean Access Time to the Kth Component .

- MER Maintenance Estimating Relationship.

B (t) Reliabi lity or survival probability at Time t.

- -  
- Y (t) Yield of Insp ection process at Time t.I.

, -
~
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FIGURE 1. Time Phased Definitions Defining Life Cycle Cost (Prom Ref. 1)

FIGURE 2. Recent/Current Teledyne CAR Programs Having LCC Aspects.

— FIGURE 3. Comparison of Engine vs Avionics LCC Models.

FIGURE 4. An Engine DTLC Model-Logic Plow.
- 

- FIGURE 5. Comparison of Conventional FMEA and Maintenance Consequence Analysis.

FIGURE 8. Example Subsystem - Low Oil Level Indicator Assembly.

FIGURE 7. FMBA Work Sheet

FIGURE 8. Maintenance S.qu.nc. Diagram for Low Oil Level Subsystem.

FIGURE 9. Maintenance Cost (FMEA) Subrout ine Logic .
-

. FiGURE 10. Life Cycle Cost Factors Low Oil Ind icator Subsystem.

-

~~ 

FIGURE 11. Expected Cost Impact -Proposed Design Change.

FIGURE 12. Baseline Engine Configuration for Postulated Aircr aft .

4 FIGURE 13. Typical Engine Maintenance Accesi Diagram .

FIGURE 14. Typical Engine Maintenance Concept .

- I FIGURE 15. LCC Data (Maintenance Costs) Typical Engine Program .

- 
- 

FIGURE 16. Time Varying Maintenance Costs-Typical Engine Program .

FIGURE 17. Two (2) Design Iterations 6 Front End Cost Deltas

- FIGURE 18. LCC (Maintenance ) Cost Impact of two Design Iterations (Singly and
In Combination ) .

FIGURE 19. FMEA Extensions . -

- FIGURE 20. “DurabIlity” Proposed Definition and Equation.

FIGURE 21. Some Contributions of Engine Designer , Airframe Designer and
Aircraft Owner Operator to Engine Ownership Cost Reduction.
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Figure 1. Tim. Phased Decisions Defining Life Cycle Cost From Reference 1.
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MAINT ENANCE
FAILURE MODE CONSEQUENCE

ITEMS EFFECT ANALYSIS ANALYSIS
1.0 COMPONENT FAILURES
1.1 MODES SI V
1.2 RATES 

. 

X SI
1.3 TIME INFLUENCE — x
2.0 SYSTEM EFFECT
2.1 MISSION IMPACT SI SI
2.2 HAZARD CATEGORY X X

3.0 UNSCHEDULED MAINTENANCE

3.1 REPAIR LEVEL/SKILLS X
3.2 REPAIR & REPLACE TIME — SI
3.3 REPAIR COSTS (MATERIAL ) — SI
4.0 SCHEDULED MAINTENAN CE

- , - 
4.1 ACCESS TIME — SI

I 4.2 RTS RATIO /COSTS —

- 
4.3 NRTS RATIO/COSTS —

4.4 (INFLUENCE 0F 4.O ON 1.0) — X
- 

5.0 SERVICING
5.1 TIME — SI
5.2 MATERIAL COST — SI

~~ 

-
~ (4/ )  USUALLY INCLUDED (— )  SELDOM INCLUDED

- 

(X) OCCASIONALLY INCLUDED

18085
I.

-I-

~p
5-..

Figure 5. Comparison of Conventional FMEA 5 Maintenance Consequence
Analysis.
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Figure 6. Low Oil Indicator Assembly.
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- CLOCK• A (IDENTIFY TIME
• PERIOD)

B [
~~~~

J . _
~__~~~

- CAI CULATE NO. I FAILURE
C ANALYSIS

CALCULATE MAINT. LEARNING
0 & MATERIAL ~~~~ —..-.—-..— CURVE• COST EFFECT

UPDATE [ ENGINE •

E PARTS GROUP
INVENTORY I SUMMARY_

SYSTEM 1 I SYSTEM HAZARD
f SAFETY ___________ 

SUMMARY
EVALUATION j  ____________

TOTAL FAILURE

COMPUTATION

18017

Figure 9. Maintenance Cost (FMEA ) Subroutine Logic.
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• 23000
TU RBOFAN ENGI NE
(4.0 MH) 

_ _ _ _ _ _ _ _

1 [BOO 
- [ coo -

-• FUELC ONTROL 
~ 

OILPUMP 
I FUELP UMP 

~~
. IFAN DUCT(1.O MH) 

- ~~~ 
(O.75 MH) L (0.75 MH) I 

~ 
(4.0+0.8 a 4.8 MH)

E00 - 
-

OIL TANK DO0 BORESCOPEGROUP ACCESSORY DRIVE - IF(4.0 + 1.2 = 5.2 MH) (1.4 MH) APPLICABLE
(1.5 MH)

LP. FAN GROUP 
~J EXHAUST -DUCT

& OILTANK / ‘ ‘
~~~~~ I 

GROUP
(7.4+ 1.6-9.O MH•) / L~~

0+1.3—5 .3 MH’)

H00 L00H.P. COMPRESSOR 
• ~~~~~~~ LP. TURBINEGROUP &/ ~~

‘ GR OUP(9.0+2.0=11MH9 0 (5.3 ÷ 2.1 = 7.4 MH )

_ _ _ _ _ _

- -

~OO I MOO
COMBUSTOR GROUP I / 

0 H.P. TURBINE(11.0+1.7 a 12.7 MH~j  GROUP¶ 
~~~

_ _ _ _  _ _ _  

7 

(7.4 + O.9~~$.3 MH9

= CUMULATIVE HRS)

4 — 4 $ 18072

- 
a 

Figure 13. Typical Engine Maintenance Access Diagram.
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NOTATION DESCRIPTION 
-— 

UNITS VALUES

INVENTORY DATA - -

IFWALL NUMBER OF FIREWALLS (TWIN ENGINE A/C) - 600
IEFHR ENGINE FIT HOURS/ENGINE/MONTH ” (EFHIYR) EFY 720
NOPER LIFE CYCLE YEARS TOTAL YEARS 24
IPEAK LIFE CYCLE YEARS PEAK (CONSTANT INVENTORY) YEARS 16
IPOUT LIFE CYCLE . BUILD-UP & PHASE OUT (EACH) YEARS 

- 4
DURMIS AV E 9AGE MISSION TIME X NBH ENGINE/AC HR 4

MAINTENANCE COSTS (DATUM YEAR )
ACORG ‘AVERAGE COST PER MAN HOUR (ORGANIZATION) BUR• $ 9

DENED
ACBSM ‘AVERAGE COST PER MAN HOUR (BASE MAINTENANCE). $ 12

BURDENED
ACDEPT 0 AVERAGE COST PER MAN HOUR (DEPOT/CONTRACTOR). S 15

‘I BURDENED
ACBIM OAVERA GE BASE INSPECTION. MATER IAL COST $ 3.000
ACOC •AVERAGE OVERHAUL CO$T/ENGINE (AT 3000 HOURS) S 15.000

- 
- SERVICING DATA

- SPP •PREFL$GHT& POSTFL IGHT (PERFL IGHT) MAP’ IHR 1•0
STT • ENGINE TRIM TIME MAN HR 3.5

- STI (0) • ENGINE TRIM INTERVAL (BASELINE) EFH 30
STI (1) • ENGINE TRIM INTERVAL (ITERATION 1) EFH 120

SCHEDULED MAINTENANCE
SMBI (0) • BASE INSPECTION (BASELINE ) INTERVAL EFH 600

- SMSI (2) •AV ~ RAGE BASE INSPECTION INTERVAL (ITERATION 2) EFH 900
SMBII (2) • BORE SCOPE INSPECTION INTERVAL (ITERATION 2) EFH 300 

-I UNSCHEDULED MAINTENANCE

• MIBUR (K) MEAN TIME BETWEEN UNSCHEDULED REMOVAL EFU —

• 4 AOO 0 FUEL CONTROL GROUP (BASELINE ) EFH 1.500
A00 •FUELCONTROLGRO UP (ITERATIO N1) EPH 4,500
B.C.0.EIF 0 OTHER ACCESSORY GROUPS (AVERAGE EACH) EFH 15.000 -

- 
G00 • FAN GROUP & OILTANK EFH 15,000
5400 0 COMPRESSOR GROUP EFH 45.000

~~
- 1 .100 •COMBUSTOR GROUP EFH 30,000

‘I K00 • EXHAUSTGROUP EFH 15.000
- , L00 • LP TURBINE GROUP EFH 20,000
I MOO • HP TURBINE GROUP EFH 20.000

AMCA • AVERAGE MATERIAL COST ACCESSORIES S 900f AMCBEG • AVERAGE MATERIAL COST BARE ENGINE GROUP S 1 200

INFLATION/DISCOUNT RATES
FRATE • AVE RAGE ANNUAL INFLATION RATE — 0.06

-~ DRATE • AVE RAGE ANNUAL DISCOUNT RATE - 0.11

19063

-F-I
- 

-‘ 
- Figure 15. LCC Data (Maintenance Cost) Typical Engine Program .

72,

- 

f

- -5------ —---- - - ‘~~~~~~ r~~~~~ fl -



fl -. .-

~~~~~

- -  

1

~~~~ ~ ~
- - -i

~~:i~~~ u~~~~~ > > c ) m > C O w  ,,,
~~~~A~~~~z — D —

~~~z z z
m ~ o

—

$~~~A ( f l  § m ••_ > —

• ~

. 
_ _ _  _ _ _ _  _ _  _ _  _ _- _ _ _ _ _ _  _ _ _  _ _ _  _ _ _ _  —

~~~~~~~~~~~~~~~~~~~~ 
.~~ ~~~

~~~
S

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

g~~~

_ _ _ _  _ _ _ _ _ _  

~~~~~~~

lii 
- _ _ _ _ _  _ _  _ _  _ _ _  —

° —— - — 
UI

_ _ _ _ _ _  

! 

: 
~~~~~~~~~~~~ 

_ _ _  _ _ _  _ _ _ _

~~~~~~ ~~~~
I •

~~~ .’4—

~~ 0 ~~ —— (0 C.~~UI

~~~~~~~

— (.~ ——p —

~ 
p -

~ — — — —4 2
0 1.) UI~~~ ~~~~~~~ —

- 

- 

- 

- _ _  _ _ _ _



- —~~~-~~~~~~~~~~~ ----5- ________ 
~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 5-’~~~~~’ ” ' ~~

Teledyne CAR
Report No. 1473

t ITERATION ENGINE DESIGN CHANGE COST DELTA
NO. DESCRIPTION 

- “ FRONT-END”

~ 1 
- 

RELIA B ILI TY IMPROVEMEN T $300,000- 
OF ELECTRONIC FUEL CONTROL

- (GROUP AOO )-USES “ HIGH-REL”
PARTS & 40 HOUR BURN-IN TEST

2 BORESCOPE PORTS TO ACCESS $400,000 -

. GAS GENERATOR

- 

. 

COMBINES 1 & 2 $700,000

18088

-
ç — -

~

‘5 .1~

Figure 17 . Two (2) Hypothetical Design Iterations & Front—End Cost Deltas.
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FUEL CONTROL BORESCOPE BOTH
ITEM/ITERATION NO. 1 2 3
PRIOR BASELINE

- COST $(000) 130,422 130,422 130,422

UNADJUSTED SAVINGS —

$(000), LIFE CYCLE 1,980 16,182 18,162

ADJUSTED SAVINGS
- 

- $(000), LIFE CYCLE 1,104 9,023 10,127
FRONT END

- ¶1 COST $(000) 300 400 700

ADJ. SAVINGS - LESS COST:
- • BENEFIT, $(000) 804 8.623 9,427

•%OF BASELIN E 1 13 14

- BENEFIT-C OST RATIO 2.7 21.6 13.5
-
~ PRIORITY 2 1 —

18087

4 ~ •4 -

5- a 
Figure 18. LCC (Maintenance) Cost Impact of Two Design Iterations

(Singly and in Combination).
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FMEA (WITH) - 1 - 

$
- 

~~~~~~~~ [ ~~~~~~~~~~~~~~~~~

‘SERVICING 
J 

-

- I

— 4 I COST BENEFIT ANALYSIS

LOR/ORLA
I 

•OPTIMIZE REPAIR LEVEL
- -4 •AGE

• SPARES
• ENGINE MODULARITY

‘p

INSPECTION INTERVAL

• NDI CAPABILITY
‘PART FAILURE DISTRIBUTION

- • INSPECTION/FAII1 URE COST

- . 
- 

-

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

18076 

- -

- 

• - Figure 19. FMEA Extensions.
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PROPOSED DURABILITY DEFINITION

- - 

“DURA BILITY IS THE PROBABILITY THAT AN ENGINE COM-- PONENT WILL OPERATE , IN THE MANNER INTENDED, FOR A
SPECIFIED TIME AND, UPON INSPECTION BY A PRESCRIBED
METHO D, SHALL SATISFY DESIGN LIMITS FOR RETURN TO

— SERVICE. ”

DURABILI TY EQUATION

D(t ) = A Ct ) x Y(t )

1 WHERE: -

R(t) IS THE RELIA BILITY OF THE COMPONENT TO TIME t.
-i Y(t ) IS THE PRESCRIBED INSPECTION’S PROCESS YIELD AT

TIME t.

18089

Figure 20. “Durability ” Proposed Definition and Equa t ion.
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Warranty Qiarantee and Contractor Exposure

To Cost Penalties

The following report discusses the types of cost penalties, adjustments

and other considerations which were identified after review and analysis

of an RIW Contract accepted for use on current program. Each paragraph

identified a specific type of penalty or consideration, the aim unt of
contractor risk or exposure to cost penalties, a parametric analysis (as

applicable) , and identification of critical areas on which management

attention should be focused. -

T

5-- - -
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I. Excessive Unverified Failures

- The contractor receives additional funds for only unver ified failures

in excess of 30% of tim total returns. Th first 30% s char ged as
- 

normal maintenance actions under the basic warran ty, and the con-
— tractor 1. only’ paid $100 for each repa ir j n excess of the first 30%.

- The important aspect of this requirement ii to assure the contractor

I includes consideration of the first 30% in bis basic warranty contract

— by increasing his Inhere nt failur e rate by 30%, thereby increasing the
- I dollar value of the Initial warranty repair contra ct , or unit cost of

the procured Item (whicheve r mean s the contract allows).

- It. Warranty Period

The warranty period is 60 months (5 years) for the original procurement ,

60 months for Opti on I, 48 month s for Opti on 11, and 36 month s for

- Option LU. The risk to the contractor Is in tim inflationary factors

~ 
that are Involved over such-a long time span. As an example , the cost

— of adding additional personnel and/or equipment If required to reduce
-
~ the turnaround time , will be considera bly higher five or ten year s

downstream than it is at the time of the proposal effort. This lengthy
I exposure period must be considered when accepting any degree of risk

- associated with the cost penalties diecussed in the following paragraphs.

E~
2
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UI. Annual Cost Adjustments

The Turnaround Time (TAT ) adjustment (referenc e para graph VII

Is calculated every 6 months , but the adjustment , is made only every

12 months. The annua l adjustment requirement means that the con-

tractor is exposed to as many as ten separate sets of cost penalties.

One additional problem related to this requirement is tha t many of

the formulae have constants assigne d to parameter s that Will vary
from year to year as a function of inflationary factors and reliability

growth (increa sed MTB F ’s) .

IV. ECP’s

The contractor must be aware of the requirement to incorporate , at

no delta cost , engineer ing changes to improve reliability and support

requirements. The contractor should perform trade studie s involving

the cost of the ECP versus the warranty penalties for excessive amounts
- 

- of failures (low MTBF) and turnaround times. This type of trade study

requires resources in terms of computer time and analytical personnel;

this effort should be included in the original warranty cost estimates /
proposal.

82, .
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V . Two Repair Facilities

The RIW contract requires two repair facilitie s; one backu p facility

500 miles away from the prima ry facility which must be operational
- 

- 

within 7 days , if required. If the secondar y system is actually im-

plemented , the time it took to activate thie facility would have a

critical impact on the turnaround cost penalty (referenc. paragra ph

VU) for exceeding the average TAT during a given six-month period.

— VI. Shipment & Packa~in&

There is a 72 hour maximum shipping response titus and a r.qulre-

mont for a priority shipping system.- The shipping time is Included

in the operation time (Liquidation Damage , reference paragraph VU)

adju stment ; an excessive time could cause a reduction In operating

time and subsequent redu ction in warranty fee (cost penalty).

VU. Turnaround Calculation 
-

The. liquidation damages, as they are referred to in the RIW Contract ,

are a function of the contractor exceeding tim 15 day turnaround time

(TAT) requirement. This cost penalty is calculated for each aix

month period sta rting with the 6 months preceding the initial anni-

versary date. Graph Number 1 was drawn to describ e the turnaround

penalty cost as a functioü of increasing turnaround times (expressed

in days in excess of the 15 day requirement). It is important to note: . 

-

-, 1) the development of this graph assumed 500 operational units and

~
,; the capability of achieving the r equired 500 MTBF ; 2) for a 25 day

TAT the 6 month penalty is $132 , 500 and for a 20 day TAT it is

$66 , 250; 3) the TAT is the most critical parameter in the RIW Con-

tract due to the sensitivity of the cost penalty to small changes in

the TAT. — -
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The family of curve s drawn on graph number 2 pictorIally displays the

fa ct that as the number of operational units (install ed In operational air .

craft) increases, the turna round cost penalty becomes more critical and

more management attention should be directed to the average TAT ; even

a one or two day over*un is costly. It has traditionally been manufacturing

policy to concentrate on meeting produc tion schedule s duri ng initia l sta ges

of the operational program; the result is usually a high turnaround time

period for repair of returned units. The 6 month pena lty for - 20 to 100 unit s

ranges from $10, 000 to over $40, 000 for a 30 day turnaround ; this penalty

is paid yearly. The problem or risk as described above is more critical

when consideri ng the possibili ty of experiencing increased failure rates

(lower MTBF) on early production units.

Figure number 3 is a grap h of the number of returns over a 6 year period

based on Minuteman data for the NS17 , it substantiates the reliability growth
• concept. Note that after th. number of production units decreased , the num-

ber of returns decreased significantly. Therefore , it is recommended that

a cost comparison be.perfornied for developing an alternate concept such as
- 

- 
operating a separate rep air facility or having a separat e shift dedicated to

warranty repairs.

The Minuteman NS17 experienced an average (expected) value of 1068 returns /

year which conve rts to an average of 4 returns /day (reference figure #4).

$5.
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Figure Number 5 displays a family of curves; the top curve displays the

prob ability of experiencing exactly the expected number of rep airs / day;

— 
the second displays the probability of experiencing exactly one more

ret urn/da y; the third and fourth curves display two or three returns /day
- - 

- over the expected value.

These graphs ind icate the critical range is from 2 to 8 returns /day( Note

that the NS 17 rqturn rate was 4/da t e. g. ,  18% probabili ty of having 50%

more returns tl4n the expected value of 2 and an 8% probabili ty of having

100% more rstU~~s , than the expected value of 2; 15% probability of having

25% more retur 1~P than the expected value of 4 and a 10% prob ability of

having 50% more returns than the expected value of 4; and only a 4% pro-

bability of having 1%, 2%, or 3% more returns than the expected value of 100.

Using this expected value of 4 returns per day , and assuming a Poisson

-- 
- 

distributibn as displayed in figure #5 , a representative 10 day period would

look as- fol1ows~ 
- 2 days with 5 returns , one day with 6 returns, every

‘ S_
_ 

~~~~alternating lO day period year would expect one day with 7 returns, and

the othe r 6 days- would have 4 returns or less/day.

It is obvious from the above examples that manning requirement s could
- H-

have a critical impact on the TAT requirement of 15 day .. The question is 1

which level of return rate should you use in determining the number of men

(servers) to allocate to the repair of returned items . - -
-
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Assume the arriva l distribution of returned items is Poisson with a mean S

- 
rate of A returns per day , and the service time distribution Is exponential

- 
with a mean rate of ~ rep airs per day. The depot rep air facility must

. be able to accomplish repairs at least as fast as the expected arrival

rate A • This Is express ed as follows:
‘4

- - P r  __ - -

where: s is th~~ number of serv ice channels (# of serv.rs)

- 

- and p must be less than one (unity)

- The que length , and waiting times, which impact the TAT, are dependent

- - on p; if p is allowed to exceed .9 the que length would approach infinity.

If we decre ase the va lue of p by adding additional servers (increasing the

value of s), the % of idle time (1 - p) of the serve! will increase , however, S

- 

the mean TAT will decrease due to the decrease in the waiting time .

Tb. prob lem is to assure that the value of p remains less than . 9 and since

- 
~& and A are fixed , the problem reduces to determini ng what the optimum

-

~~~ 4 
level of service fo; the queueing system should be (determine values). The

~ 
following graph indicates the relationship of cost of service per arrival

and the level of service (increased cost for a larger # of servers).

- ,

0.
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cost of

- 

- service 
S

- 

per arrival ___________________

- livel of service

The mor e servers the smaller your TAT- as displa yed in the following graph:

S TAT
[ ~~~~~~~~~~~~~~~~~~~~~~

- level of service

It is obvious that to decrease your TAT you must decrease you r waiting

time which requires an increase in you r service rate (increase in the level

of service), which in turn will cause an increase in the cost of service per

arrival. The most obvious solution is to minimize the service cost, but on

the other hand , an excessive waiting time will result in a large TAT which

will cost money in terms of the war ranty pena lty. Therefore , the optimum

- solution is to select the point on the following curve which will determine the
5 level of service which minimizes the tot~ of the expected cost of service

- and the expected cost of exceeding the TAT which is caused by waiting for

the service. 
S

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~ .,tiIGC

P 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~ O c~~Il.C4l,.d.4) T .47

_____________________________

i~ -, c.i~~ f S~~’Y,~.e
0’ ,~~ The above analytical process is over simplified to provide a general under-_ c - --
i

-

~~ 

standing of the problem, the actual support system requires consideration

of other variables in the detailed analysis. There are many existing models

:
~ Si
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and analytical processes that should be investigated and the specific

support process may require development of a unique dete rmination or

simulation model. A~tonetics currently has a queing model which will.

calculate: 1) the number of servers required to reduce the utilization

rate to below 90% and 2) the expected que length, 3) expected weighting

time.

The following is a summary of the quelng analysis and related algorithms:

‘ I
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VU1, Unused Warranty Reimbursement

The contract allows for the contractor to return dollars to the customer

for ~mused portions of the remaining warranty for each set/unit that is

damaged to the extent it cannot be repaired. The decrease is a func tion

of the number of~ remainIng days of the warranty and dollar values

allocated to each major component. ‘~h. derivation of the dollar values

was not provided,how.ver, it was asa~umed that it related to the original

amount of dollars bid for the total warranty period and some type of
S 

• 

allocation to each unit by warranty day.

If there is a reduction in the number of operational aircraft, there would

be a reduction in the number of units accumulating operating hours which

would result in a reduction in the number of repairs. If the reduction of units

involves an operational aircraft and the remainder of the operating unite

do not absorb the lost operating time due to the non-operating vehicles ,

the adjustment for the unused portion of the warranty is logical; however ,

if the same number of vehicles are operating , i. e., only one

spare was damaged, the resources and dollars required to maintain

the warranty will not be affected. The only result

would be a lower probability of spare suffic~ency for which the con-

:~ 
tractor should not be penalized. If a spare was lost at the

start of period 1, it would cause a $1, 440 reduction ; for 10 units the

cost would be $14,400.
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If the damaged unit was one of the 500 operatIng units (aircraft) the

result would be a decrease in operating hours for one operating

system, or a reduction of 7 repairs over a 4 year period. Seven

less repair, at $200/repair would be close to the $1, 440 reduction

in warranty which I. th. value arrived at using the RIW formula.

If one operational unit is lost, as describe d above , and the remain-

• Lug 499 units absorb the lost operating time, the contractor would

• receive an increase in warranty fee of approT{rns tely $1, 500 due

to the adjustment for an increase In average operating time (AOT)

• reference Item DC. The number of warranty repairs will be un-

changed, however , the $1, 500 savings will offset the $1, 440 penalty

which was due to the decrease in warranty time period. The $1, 500

• savings will not be accrued if the lost or damaged item (unit) was a

spare; .however , the contractor still suffers a $1,440 reduction.in the
• maintenance contract , and the actual number of repairs and related

costs still remain unchanged because the operating time has not been

reduced. •

t
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IX. Average Operating Time Adjustment

The equation used to calculate the operating time adjustment is mathe-

matically incorrect due to improper placement of parenthesis (probably

due to a typing error) . It should be stated as follows :

50 [ . 95 ( T68 -- TETI ) }
It is now stated as:

.~~~~ (.
~ 

X T68 -

T68 is the predicted operating time which was used to bid the original

warranty cost, and T~~~1 is the estimation of the sc~ial or experienced

operating time during the warranty period. The calculation of T68
is simple, accurate and equates mathematically to the calculation of

TETI; however , the calculation of TETI includel the number of in-

• stalled days which, by the recording process , includes shipping time.

The result of including the shipping time is that the TE.~~ calcuiation

will be less than the predicted (T 68) value even if the predicted 68

OH’s/mouth are actually achieved (experienced). For a 68 hour aver-

a~e opera ting time and 500 aircraft installed units, the TETI should

• equal T68 which is calculated to be 358, 000 hours. However, with a

ten day shipping time included in the achieved TETI calculation , the

TETI value will be 14,450 hours lees than the T68 value of 358, 000

hours. This results in a $6, 863 yearly penalty for aten day average

shipping time, with each delta day increase. in the average shipping

• time costing approximately $600 each year or $3, 000 over 5 years.

F 98.
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As displayed on Figure #6, tb. shipping time Li not as critical, in
terms of risk, as is the av.rage Turnaround Time (TAT). Therefore
it is not as importa nt In terms of administrativ, control but is important
in terms of assuring that this cost is considered in the original warranty
contract.

IH
.

4.
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X. MT*F Qi~arant.e

Fig~r .N~~ 7 describes the cost penalty for not achieving the MTBF

requirement in terms of an increase in the number of consignment

spares. The calculation of this spares quantity is a function of percent
• difference between the measured and guaranteed MTBF. The curve in-

• dicates that as the measure d MTB F (M) approaches the guaranteed MTBF

(C), the consignment spares quantity appro aches zero. Conversely the
• greater the difference between the measured and guaranteed MTBF be-

comes, a corre sponding or larger number of consignment spares are to

be committed by the contracto r at no additional cost to the buyer. This

cost penalty and the turnaround penalty, which was previously discussed

are the two critical (high risk) areas of the warranty contract. The con-
signment spares calculation is considered sensitive because of the large

cost penalties accrued for small percentage changes in MTBF; in addition

the problem is compounded by the sensitivity of the measured MTBF to

a sma ll sample size and the high probability of error associated with

the calculation of the measured MTBF. The calculation of the number

of additional consignment, spares can vary considerably If the upper or

lower confidence band is used Lustea~d of the expected time between

fai~lures which was based on a small sample. As an example the lower

confidence band for the actua l measured MTBF may be less than the

guaranteed requirement thereby requiring some quantity of consignment
‘ 

•

‘

~ spares; however , the upper band may exceed the guarantee and thereby

not require any consignment spares. This probability of error (risk)

needs to be negotiated in advance and/or agreement made to adjustments

~~- •~~~ for consideration of the errors associated with small sample sizes.

Too often the customer (DoD) Is only concerned with consumer or customer

risk (statisticians refer to this as “Type I” error) at the expense of pro-

ducer or contractor risk (refe rred to as “Type II” error).
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Also there is an lnconcistency in applying the warranty formulae for increas -

• tug or decreasing the number of consignment spares. As an example, for

the contractor ’s first 6 month period the calculated MTBF was less than the
requirement, however , the second 6 month calculation of MTBF showed an

improvement and the contractor achieved the MTBF requirement. Under
this condition the MTBF ratio (A) would be negative because the value of M

• . is greater than C; therefore , the formulae is not valid and theoretically the

contractor would not receive a return of consignment mite. A statement is
• required that states “all consignment spares *111 be returned to the contractor
-

• if the va lue of A is negative”; which occurs whenever the contractor is meet-

ing or exceeding the MTBF requirement.

The calculation of the number of consignment spares is based on a specified

percentage (P) of the aver(ge number of installed sets over a six-month

period . The derivations of the values of “Pt ’ were not provided. It is assiuned

• that the value of P is based on a set probability of sufficiency using the

Poisson distribution, which is sensitive to changes to pipeline (TAT) time
• and the MTBF. Therefore the initial lay-ins of spares , should be based on

the MTBF requirement (0) and 
~~~~~ 

the delta increase or decreas in the

quantity of spares required to maintain the same probability of sufficiency,

should be based on the measured MTBF CM). For comparison eht following

• assumptions were made , and the values of n were calculated using the speci-

• fic values of P as required by the war ranty and the Poisson probability of
sufficiency:

F:
b:
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1) The MTBF allocation is as follows:

- Percent MTBF

LRU #1 80% 625 .0016

LPIJ #2 16% 3, 125 .00032

LRLI #3 • 2% 25, 000 . 00004

LRU #4 2% �5, 000 .00004

These MTBF’s were allocated in proportion to the percentage used in

determining unused portion of the warranty Part IV paragraph 2.

2) N is set at 500 operating units (operational aircraft).

3) Average operating time/month for each unit is 68 hours (Ref Part IV,

• para 6).

4) 15 day turnaround is achievable plus 10 days for shipping.

5) Use period 1(22 - 33 MAC)which has an ~~TBF requirement of 500 hours
- (Ref Part V paragraph number 1).

6) Probability of sufficiency is set at 99%.

I,

~

0-

104.
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The target spares for the LRU #1 based on the warranty forimilae , would
= be 77. Applying a 1.3 IC factor for re-test OK’S and using the probability

of sufficiency technique, the recomended spares quantity also equals 77.

If the M~BF requirement (G) is 625 hrs. and th~ contra ~or demonstrates

a 500 hr. M~BF (H - 500 hours) then the nia~,er of additional consignment

spares , using the warranty fornailae , is calculated to be 19 units. Using

the probability of sufficiency calculation the ni.unber of additional re-

coimnended spares would be 16 units. Using the 19 units and a $10,000 per

unit cost, the M~BF cost penalty would result in over 190,000 dollars.

I. -

f

I-

0
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XI. Warranty Data Requirements

The following list of data requirements are included in this report only

to emphasize the level of effort that Is involved with providing this

amount of data: 
• -

A. Contractor Records of returned units

1) Serial #
• 2) ETI reading

3) Condition (inspection)

4) Failure mode *

5) Probable cause *

6) Action taken for repair *

7) Manhours by labor category

8) Parts

9) Test results

10) Date to secured area

B. Listing of units in Secure Storage

C. Unit Repair Cycle Time Report consisting of the following dates :

1) Shipment to Gov. activity

2) Installation in aircraft

3) Removal from aircraft

- •~~ 4) Shipment to Contractor
I - •

~,- 
.

t
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1.

XI. Continued

• D. Reliability Report

1) MTBF

2) Analysis of modes, trends cost patt erns

3) Corrective action

4) Effects of varying field env ronment

E. Warranty Population Report

Amount of warranty remaining for each unit.

F. Contract Price Adjustment Report

1) % of returns with unverified non conformance *

2) Average Turnaround Time *

3) Operating time measurement *

4) # lostunit s

5) Unit MTBF’s • L
C. Annual Warranty Effectiveness Report *

-.- .~ H. Data Collection, Analysis, and Reporting Plan.

[
i * All of the above data requires a sophisticated data

management system, in addition, the asterisked items

require analysis to be performed in order to produce

the report .

107.
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Jim Taylor is employed by Honeywell Aerospace Division where his

- 
- principal concerns are related to contract documentation requirements.

He has been an active member of the LCC Working Group of the JSDE/IS

since its inception and has held various district and regional offices
in the Society of Logistics Engineers.
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One of the major objectives of the Life Cycle Cost Task Group

of the Joint Services Data Exchange for Inertial Systems Is
S to develop sufficient historical cost/time standard s data to

permit use of standard values as an alternative In the per-

formance of ICC Studies when standards are not provided by the

procuring activity . The model provides a means whereby these

standard or constants can be overriden by the user , the override

feature can be used in special cases where it is known that

actual costs would be significantly higher (or lower) than those

provided in the model. Perhaps more importantly, the override

feature can be used to test the sensitivity of the costs of a

particular system to wide variation In these “standard costs”.

The model is structured In three major categories; the RDT&E

phase, the Acquisition phase, and the Operations and Maintenance

phase as shown in Viewgraph #2. When deemed appropriate , the

-descriptions of equations are provided to the extent necessary

only to identify areas where cost/time standards may be used.

For precise definitions of each of the terms the user Is

urged to read the equations and their description in the Users

Manual so that , in making his estimates , he does not overlook

factors which should be included.

122.
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The next Viewg r~ph shows the RDT&E Technical Data equation ,

the elements underlined Indicate where standard data may

- 
• 

be used .
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RDT&E SUB MODEL

The summary equation for RDT&E costs Is:

R~~~CS + DE + TSR + TDR + SWR + TNR = ECp + RpM

TSR - TSH + ISS + TSER

TNR — TNER + TNP

RPM RPMC + RPMG

Where: R = Total Cost of RDT&E

CS Cost of Conceptual Studies

DE • Design of Engineering Cost
• TSR = Cost of Testing

TDR = Cost of Technical Publications During RDT&E

.SWR = Software Cost

TNR = Cost of Tra in Ina During RDT&E

ECP = Cost of Engineering Change Proposal

RPM Program Management Cost

TSH Cost of Test Hardware

TSS = Cost of Test Spares
C TSER = Cost of Test AGE/GSE/TE
P

TNER = Cost of Training Devices
I

. TNP = Personnel Cost AssocIated with Training
Du ring RDT&E

RPMC = Contractor Program Management Cost per
month X number of months

RPMG = Government Program Management Cost per
month X number of months

125.
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THE COST OF TECHNICAL PUBLICATIONS DURING DEVELOPMENT

It Is assumed that the engineer ing effort required for

technical publications has occurred prior to this point and

that these costs are related only to an average per page

cost of writing and editing m .ltlplled by the number of pages

1 (includIng drawings) In the documentation. It should be
• • apparent that the number of pages will be some function of

complexity of the equipment. Consideration should be given

to the fact that Technica l Orders/Manual procured during the

RDT&E Phase are usua lly engineering oriented and as such are

usually much less complex than “Specification Type” manuals.

Drawings may or may not be specifica tion drawings. Thus,
-

. the specifl-ed requirement for drawings should be closely

checked prior to using any standard.

If

I.

4.
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- RDT&E TECHNICAL DATA -

TD R = ( CTDO (TDP)  + ( CD) ( TDD )

WHERE:

TDR = Cost of Technical Publications During
Development

CTD = Avera ge Cost per Page of Tech Data

S 
TOP = Number of Technical Data Pages

CD = Avera ge Cost e’°age of Drawings

TDD Number of Pages of Drawings

Recommended Cost Standards:

RDT&E Type Technica l Manuals 160/page

CDRL (DD Form 1423) Type Data 120/page
.5 

5
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PERSONNEL TRAININ G COSTS

This equation cov ers the costs of both 4nstructors and

trainees during the training period. Instructor costs

are assumed to be fixed regardless of the amount of actual

instructIon provided.

Tne next two Vlewgraphs show where cost standards/constants

may be used .

~
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- RDT&E PERSONNEL TRAINING COSTS -

TNP + (M CM) ( LTP)  + ( GTNH + IN CH) (PI N G )

- - 
S W H E R E :

TNP = Personnel Cost Associated with Training

- 
MCM • Manpower Cost per Month (INSTRUCTORS)

S 
LTP Length of Test Program in Months

GTNH = Ground Training Hours with Prime Equipment

TNCH = Test Equipment Training Hours

MHG = Personnel Cost per Trainin g Hou r

C - 1

S.-

I .
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RDT&E TRAINING COST STANDARDS

S MCM = Manpower Cost Per month (Instructors) a cost

S 
standard of $200 per classroom training hour Is

recommended. Includes training prep time , handouts ,

course outlines , etc.

MHG = Personnel Cost Per Training Hour. Recommend that

same labor rates be used that apply to the technicians

attending , I.e., $15/org., $15/m t., and $30/Depot

(Cost per hour).

Should include per diem and transportation cost per

student.

4:

.1

‘ 1
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ACQUISITION COSTS

- The acquis ition cost category of the model is Intended to
- define the initial investment costs to the user. Ca re

must be exercised In applying the equations and assign ing

values to the various cost elements to be certain that costs

are not dupl icated in the RDT&E or O&M sections.

The costs computed in this phase are intended to be the cost

of procuring the system being analyzed , plus the cost of

those items (spares , support equipment , documen tation , etc.),

necessary for the user to make the system operational. The

sum of all of these investment costs defines the total

acquisition or inves tment costs , as defined In the following

, V i ewgraph. The underlined elements of the equation indicate

the areas where cost/time standards may be used.

‘.5
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A C Q U I S I T I O N  COST EQUATION

A = TTEA + SRAC + CINST + CSU + TSEA + IDA + SPHA + TNA
CFE + FACA + IMA + *

W H E R E :

A = Total  A c q u i s i t i o n  Costs

TTEA = Production Tooling and Test Equipmen t Costs

SRAC = System Recurring Acquisition Costs

CINST = Equipment Installation Costs

S 
CsU = Production Program Start-Up Costs

• TSEA = Support Equipment Acquisition Costs

(A GE , GSE , TE~
TDA = Technical  Data Cos ts

S TNEA = Training Equipment Costs

SPHA = Spares costs , including O&M Parts and

• Mater ia l

• 1 TNA = Initial Training Course Costs

CFE = Acquis i t ion Field Engineering Costs

FACA = New Facility Costs

• IMA = I n i t i a l  Item Management Costs

* R I M  = R e c u r r i n g I~~ m Management Cost

* NOT INCL U DED S IN THE MODEL SWH E N THIS PAPER WAS PR EPARED (wi l l
be Included at a later date).

— 
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TECHNICAL DATA COSTS

S 

The technical data costs are shown in the nex t Viewgra ph.

S 
It sho uld be noted that speci f icat ion type technical

orders/manuals will be procured during the acquisition phase.

Thus the development cost per page wIll be higher.

The underl ined elements wi-Il be dlscussed in detail .

Reference NTOD. Note: Non Technica l order/manual type data re-
- 

qu ired during the acquisition phase Is alway s listed on the

rontract Data Requ i rements List , (CDRL DD Form 1423).

Twenty five percent (25%) of the techn ical order/manual

cost does not seem to be a valid assumption. As an example

a contract migh t specify a manual which would equate to

350 pages , whereas the production quantities might equate

to several yeers requiri ng status reports , test repor ts ,
-
~ etc. , on a mon thly basis which would result In a cost which

S would far exceed the manual cost or visa versa.

‘
. 4

.4

S 
S4.5 -

- 133.

—— —~~—.—.-S- 
~~~~~~~

-S• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --

~y,• ,~~



- 
F

TECHNICAL DATA COSTS EQUATION

-: IDA + CP (TOy + TOG) + TDIC (TOy + TOG) + NTOD

W H E R E :

CP = Cost per page = $160(Ref: 800-4)

TOy = Number of pages of AVE T.O.’s/Manua l s

TDG = Number of pages of AGE T.O.’s/Manuals

TDIC = One-time Cost to Introduce a T.O. Into

Inventory = $4.00 per page (Ref: AFL CM 66-l~j.

*~Ifl~~~ = 25%~ (CP(TDV + TDG)]= cost of non-

1,0, type terlinlca l Data required .

COST STANDARD S: .

AFSCM /AFLCM 800-4 RECOMMENDED •

a. Single page organization —

S $160; (TD) $250

b. Printing and distri bution per $ 26 per
-~~ page per 1 ,000 copies - $3.00 1 ,000 pages

- * COST STANDARD IS NOT RECOMMENDED. S

_ ;~ 
.5
,
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SPARES COST

The next Viewgraph contains the basic /top level equation

for spares cost development. We detailed equat ions are

- 

- 

conta i ned in the Users Manual.

Maintenance turnaround times for Field/Shore Based/Ship-

board Shop and Depot are discussed for both CONUS and

overseas. -

- •  S
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SPARES COST EQUATION (SPHA)

SPHA = SLRU + SSRU + SCOND + SPARTS
S 

WHERE :
S SIRU = The cost of spare LRU ’s 

-
- SSRU = The cost of spare SRU ’s 

-

- SCOND = The cost of spare LRU ’s and SRU ’s
that are discarded (condemned ) upon

S failure.
SPARTS = The cost of the Init ial lay-in of

spare M&O parts and material.

-
~~~ 1
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SPARES STANDAR DS

• For detailed spares equations the fo llowing standards

as applicable are recommended ;

• Maintenance turnaround (pipeline) time , In months:

A. Intermediate Field /Shorebased/Shipboard Shop -

CONUS & OS 0.3 month (AFSCM/AFLCM 800-4 .33 months)

- 

B. Depot:

I CONUS - Orianlc Repair:
- 

- Platform or other Major
Assembl y 2.0 Months

- Other LRU ’s 1.5 Months
• Electronic Modules 1.0 Months
- Gyro Assembly 2.0 Months

[ - Accelerometer 2.5 Months

-~~ • Contractor Repair:
s 

- Platform or oth er Ma jor
Assembly 2.0 Months

- - Other LRIJ ’s 1.5 Months
- - Electronic Modules 1.0 Months

- Gyro Assembly 2.0 Months
- Accelerometer 2.0 Months

- 
S~ Overseas — Organic Repair

0~~
C ‘ 

- Platform or other Major
Assemblies 3.0 Months

- Other LRU ’s 2.3 Months
- Electronic Modules 1.5 Months
- Gyro Assembly 3.0 Months
- Accelerometer 3.5 Months

Contrac tor Repair

- Platform or other Major
-~~~~~ Assemblies 3.0 Months
-~ 

- Other LRU ’ s 2.3 Months
~~ ..~ - - Electronic Modules 1.5 Months

- Gyro Assembly 3.0 Months
-
5’ 

- Accelerometer 3.0 Months

137.



— INITIAL TRAINING COST

TNA = m l  Initial Training Course Costs

3
TNA = TNA~

kal

WHERE :
S TNA k Training costs for the initial training

of personnel at the kth level of main-
tenance.

and :

k = 1 = Organizationa l Level
- , k = 2 = Intermediate Level

k — 3 • Depot Level

5

- -

- TNA k 
= [uCL k ( L R I k) (NIk)] +

[(NSk) (LRS~ ) ( ICL k) (NC k)] + CPk + CM k

where , for the k th level of maintenance:

I CL k = Initial course length S

LR I k = Ins t ructor  labor ra te

N I k = To tal number of i n s t ruc to r s

NS k = Number of students per course

LPS k = Student labor rate

:~ ~ NC k = Number of courses to be given

CP k = Course preparation cost

CM k = Course m a t e r i a l  cos t

NOTE : Training costs computed herein are the initial ~ra1ningcosts only , i.e., recurr ing training is not included .

138.
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INITIAL TRAINING COST STANDARDS

- LRI • INSTRUCTOR LABOR RATE
S 

Contractor Instructor -- Estimate provided by

-
~ 

Contractor . 
-

Militar y Instructor -- Labor Rate $15 per hour
Civil Service Instructor (Depot) -- Labor Rate

$30 per hour.

LRS — STUDENT LABOR RATE* 
-

Organizational Level -- Labor Rate $15 per hour

Intermediate Level -- Labor Rate $15 per hour
Depot Level (Civil Service) -— Labor Rate $30 per

hou r

* Same as maintenance labor rate for any given level

attending course.

CP = COURSE PREPARATION COST
-

~~~ (Should include ins tructor preparation time (LRI)

NOTE: Per Diem and Transportation Cost should be included

for students.
l5~~~ 1

~~~.u11
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- NEW FACILITIES COST 

-

S The àost i tem will be a listing of new facilIties required
- to support the system under study for each maintenance level

- as applicable , the quantity per maintenance leve l , the total

- 

quantity by Item , the total cost per Item or facility , and

the grand total cost for new facilities. 
-

- 

The cost standard recommended for new facilities Is $75.00

- per square foot for the total space standard shop space re-

quired other cost standards are included In the next Viewgraph.

I L~.
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NEW FACILITIES COST

FACA • New Facili ties Cost

S 

- 1
— 

FACA = 

[
CFACA I (QFACA 1)J

•I=1 
-

S 
WHERE:

CFACA 1 — The cost of the 1th new facility .

QFACA 1 The quantity of the 1 th new facility.

- 
COST STANDARDS FOR NEW FACILITIES  -

INITIAL MAINT . COST YR.

Standard Shop Space $75/sq.ft. 8/sq.ft./yr.

Clean Room Space $300/sq.ft. 15/sq.ft./yr.

Special Features $2400/each $100/year
- (Trans former , Tesmi c
- 

Stand Screen Room , 400Hz
- Generator , Unin teruptable
- Power Source , etc.)

Train ing Facility (classroom ) l0O/sq.ft. lO/sq.ft./yr.

~~ 1

~I.

;‘~
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INVENTORY MANAGEMENT

lIlA = Initial Item Management Costs

IMA = IN CA (NPTA + NATA )

WHERE :

IMCA = The cost to introduce a new part

~~pe or new assembl y type Into

the governmen t inventory.

- NPTA = The number of new part types to

be In troduced into inventory .

STANDARDS RECOMMENDED:

• Suppl y Management Cost New ~~N Part $500/item

• Supply Management Cost New FSN Assy $1200/Item

• Annual Suppl y Admin. Cost FSN Part $ 350/item/year

• Annual Supply Adm in. Cost FSN Assy $ 750/item/year

0 1

The recurring costs for inventory management is not included

5;fl the model , bu t will be included at a later date.

•~
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OPERAT ION AND MAINTENAN CE

The operations and maintenanc e (O&M) phase of the model

is discussed in the next group of Vlewgraphs. The total

O&M cost is the summation of costs Incurred at three levels
S of maintenance : Organization , Intermediate and Depot. It

is assumed that there are only the three levels of main -

- tenance , i.e. , if two or more non-related activities per-

form the same maintenance function , the total cost for
S 

maintenance would be a weighted average.

Many of the O&M equations Include a ak” factor. The “k”

refers to a particular maintenance level being evaluated ,

i.e., k = 1 denotes the organizational level , k = 2 the

intermediate level , and k = 3 the depot maintenance level.

If an 0&M function does not occur at a particular level , the

equation(s) for that function should be “zeroe d ” out using

the “override ” procedures provided by the model.

!. ~:

5 11
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0&M SUBMODEL

The summary equation for O&M cost is:

3 n
OM = 

E 

OM kt
k=l t=l -

WHERE : ON = Total Operation and Maintenance Cost

OM kt = Operation and Maintenan ce Cost at kth

Level of Maintenance in Year t.

k = 1  = Organization Level

k = 2 = Intermediate Level S

- 
-
~~ k = 3 = Depot Level
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O&M SUMMARY EQUATION

The summary . equation for O&M costs at the kth level Of
maintenance in year t Is:

= NRS~ (WCktj + DLkU + DM~~ + OLkti
S +GA~~ + T~~~~+ RS~~~)

Where : NRSk 
- Number of Stations at the kth level of malntenance(level) ’

WCktj Warranty Cost in t~~ Year for ~
th Item at k = 3 level

S 

DL. . = Direct Labor Cost In tth Year for 1th Item at kth levelS i~ti
th th- Dlvi, Direct Material Cost in t Year for i Item

- 

Kit at kth level -

th .thOL, = Overhead Labor Cost in t Year for i It emKU -- 
t hiat k Level

• . . . th th
- GA. General Administrative Cost in t Year for i ItemKti at kt}~ lev&

- Tktj = Transpo~’tation Cost In tth Year for .th Item
- 

at k 2 , 3 levelS 

RSktj Replenishment Spares in ~~ Year for ith ‘item -

at k - 2 , 3 level

k - 1 — Organization Level -

—
S 

k 2 ‘ Intermediate Level
k 3 Depot Level

145. 
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DIRECT LABOR RATE STANDARDS

- 

I DL = DIRECT LABOR COST

DL kti = l 2 ( T R K R ktI) 
[

RTO KkI (P LV k) (MTTR k I )

+ (13RrOK k~
) (MTT R k I )  ] ( DIR)

WHERE : DL kti = Direc t Labor  Cos t i n t th Year for
1 th Item at the k th M L

RTKR ~~ j = Number of Returns per Month to the
kth ML i n the t th Year for jth I tem

RTOK k I = Retest OK Rate at k = 2, 3 ML for

1 th I tem

PLV~ = Percent Labor Verification at kth ML

MTTR kj = Mean T ime T~~ Repair at the k th ML

DLR k = Direct Labor Rate at the kth ML

S 

MAINTENANCE LEVELS (ML)

k = 1 = Organization
k = 2 = Intermediate —

k = 3  = Depot

The recommended direct labor rate standards are as fo l lows :

Organ iza t iona l Level $15/ hour
Intermediate ..evel $ 15/ hour
Depot Level  $ 30 / hour

•~~1

- - 
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TRANSPORTATIO N COST EQUATION

T = TRANSPORTATION COST

Tkt i  (12) (RTKRkt 1) (NRTS) [ POT) (ScO) (w~ + (1401)

(SCC ) (W 1) }

WHERE:  T kt i  — . Transportation Cost at kth ML In t th Year
for j’th Item

RTKR k1 = Number of Returns per Month to the kth
ML i n t ~~ Year for jth Item

NRTS k I = Not Repairable Rate at kth ML for jth
Item

POM = Percent Overseas Maintenance Stations

SCO = Shippin g Cost Overseas

SCC — Shipping Cost CONUS

Wj = Weight of i th I tem

MAINTENANC E LEVELS (ML) - -

k = 1 Organization
- k = 2 = Intermediate

k = 3  = Depot

NOTE: Organizational maintenance level does not incur
transportation costs normally.

I.
S•~
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TRANSPORTATION COST STANDAR DS

S 

AFSCM/AFSCM 800-4 RECOMMENDE D

1. Standard Preparation for
Shipping Labor-Wage Rate:

a. CONUS • $.1868 
- 

$‘I.25/pou nd(ship wt
b. OS $.2331 $1.50/pound(shIp wt

2. Standard Preparation for
Shipping Material Rate:

a. CONU S $.0497 $2.OO/pound(ship wt

= 
b. OS $.0620 $3.OO/pound(ship wt

3. Ratio of Packaged Item
Wei ght to Unpackaged
Item W e i g h t :

a. CONUS 1.285 2.0
b. OS 2.436 2.5

4. Standard Shippin g Rates

S 
(One Waj) :

a. CONUS base to SRA or S

v ice versa -

(1) Via Air $.0895/lb. $1.00/lb
(2) Via Surface $.0294/lb. $ .50/lb

b. OS base to SRA or
vice versa

-~ 

- 1 Via Air $.33O9/lb. $2.00/lb
Via Surface $ 0759/lb $1 00/lb

L:
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In summary , it is recommended that these constants/standard s

- be delivered to the appropriate government authorities for
- 

review/publication ; for use as alternative standards In the

- performance of LCC Studies.
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John Willott is Naval Air Systesas Command Representative, Pacific
where his principal concerns are related to the costs of maintenance
of aircraft engines.

He is a foxmer Navy officer with many years experience in aircraft
maintenance.
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THE ASZ4RA PROGRAM

Presented by 
-

- John A. Willett

- - . NAVAL AIR SYSTEMS COMMAND
S REPRESENTATIVE, PACIFXC

-
~ The ASMRA Program (Adjustment of Scheduled Maintenance

Requirements Through Analysis) , was developed by”the
Naval Aviation Integrated Logistic Support Center ,
Patuxent River , Maryland under- the - direction of the
Naval Air Systems Command Headquarters , Washington D.C.

The ASMEA Program today is made up -of four major seg-
ments .5 .

5

- 
- .200 Computer Analysis Programs , 

S

- 
5 

S Procedures/Documentation -

‘Centra l Data Base -

•Computer Telecommunication Network -

The ASNRA programs and its associated network was m l —
tially established as a tool for the Navy’s Cognizant

- S Field Activities (Naval Air Rework.Facilities) main-
tenance engineers for use in the reestablishment of
aircraft maintenance requirements. Basically changing
from a calendar maintenance system to a phase flightr ~ 
hour maintenance system.

Currently the ASMRA program is a key tool in the further
.5 conversion to a reliability . based maintenance system

under the Analytical Maintenance Program. This program
is using the Air Line Transport Association logic
decision procedures to justify every scheduled mainten-

-~ anc~ requirement at the three 
levels of maintenance,

S Organizational, Intermediate and Depot. In addition ,
the ASMRA network is being used to store and analyze
historical data to investigate the cause of fleet air—

r - .~ , craft, and component problems affecting aircraft read—
m ess and unacceptable maintenance workload . Naval

4’ i-  Air Systems Command Headquarters is using the system
to determine equipment failure and removal history,

A
S . ,
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maintenance actions, and related datd tu outline main-
tenance parameters for the new aircraft.

In creating the data file specification , the following
were con~idered to be essential:

IPrograms must measure parameters used to define
problems. -

-

IRelate specific equipments to the parameters meas-
S ured for that equipment.

SAllow definition/identification of equipment from -

3 type/model/system to manufacture and part number levels.

1Capable of e~sily nioving the focus of analysis from
level to level i.e., system level to subsystem to part

S number . -

The central data base as it exists today collects and.5 stores data from maintenance action files, technical
directive compliance , removal and installation files ,
equipment statistical data , repairable item data bank ,
the Naval Aviation Safety Center file , and unsatis—
factory material’ reports. All Navy aircraft are con—
tam ed within the file, maintaining a three year data
file.

The computer network main data storage an4 processing
is located in San Antonio, Texas, using an IBM 360/65.
External users are six industrial facilities, Naval
Air Systems Command , two Fleet Commanders and the
Training Commands. Input data is received from fleet
activities by the Fleet Maintenance Support Office
Department, which processes the- data and then forwards
it to San Antonio. Naval Aviation Integrated Logistic
Support Center is charged with the development and
substaining maintenance of procedural programs.

The 10 major report programs are subdivided into over
200 hundred individual programs, ranging from flight
data to maintenance history for system, sub-system,
component and part number. -

Three major objectives of the ASMRA program are to
identify what equipment is effecting the effective-
ness of the Naval Aviation Maintenance- through :

-~~~~ 154.
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‘Equipment Conditional Analysis

‘Schedule Removal Component

- - 
1 OFrequency of maintenance failure data

Additional uses are many, essentially bo identify and
isolate any problem area which impacts safety, main—.5 tenance or operational availability.

The main identifier is the use of the Work Unit Code,
a seven digit numerical/alfa code assigned to every
repairable item i,n a system or sub-system.,

- 
I 

Secondarily to the above, is the use of the Job Control
Number which is used as the knot in tying together a

• specific Work Unit Code with the impact parameters
resulting from a maintenance action .

Use of selection and sort procedures have been devel—
- 

oped to better define and isolate the what , how , where,
• - 

when , and why equipment causes problems. Selection
and sort procedures allow-the engineer to select almost
any parameter required .

In summary the ASMRA

• pi~ovides the engineer with a too]. to assist in the
• isolation and identification of equipment hindering

the effectiveness of Navy aircraft.

‘Enhance perspective by defining the magnitude of
fleet prob1~ms in the areas of safety , availability
and maintenance resources expenditures.

~provides ready 
access to the maintenance history

reported by the fleet, at any desired level or area of

S 
interest.

i provides input into the Life Cycle Cost Program or
Cost of ownership as the case maybe , including Failure
Free Warranty Programs .

~S
S
-
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4. LIST OP ATT~ IDFIES
5

- 

-

~~~~ ...-~~~~~~~ ORGANIZATION PRONE

‘:.V. Flohe 363 NAB? NORIS (714) 437—6623
G.J. Raty 362 NAB? NORIS (714) 437.-6623

- 

- 
- 

- C. B. Grii* 334 NAB? NORIS (714) 437 4686
C.C. Saith 321 NAB? NORIS (714) 437—6482
J. A. Willett 331 NAvAiasrscoMR~~Ac (714) 437..7049
Frsda W. Kurtz APAL/RWA—3 (513) 255—6843
R.L. Mud4 .333 NASCREPAC (714) 437—7026
T. Grawrock 3311 NASCREPAC (714) 437—7049
JJ. Taylor Roneywell,INc - (813) 546—3474
R.C. Beech Vought Corp. (214) 266—2394

S W,H . Coloord LSI (616) 241—8444
S 

X.J, Gibson Roohwell mt. (714) 632—3026
U.Q. Wagner Teledyne CAB (4 19) 470—3041
T.E, Crosier AGI’V (XEX) Autoven 580—7801
J W .  Mc ~aw 323 NAB? NORIS (714) 437—6661
Capt. Dwight Collins ASD/ACL, WPAFB (513) 255—6836
~~~ Xuj~ a • Delco Electronics (805) 961—5117
Carl ~~~~~~~~~~~ Delco Eleotronic~ (805) 961—5300 5
John ~j*~~i~~ulo 

~
, DCAS (714) 277—8900 x1654

Al Tasobner ~‘ WARP 334 (714) 457—6686
R.E. &4el ‘, • i I lorthrop (213) 757—5181
R.B. S~ta1?rf.r J~’& R Associates (603) 383—6883

L BiI1j~ai~~~’ ~, ?~~5~ RF 334 (714) 437—6686
Bot~~~G 4 7 ~~ i~1 ~~ ~~~~ckii el1 m t. (714) 637—3796
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