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Abstract—False Alarms (FAs) that occur in a fielded system and 
No Fault Found (NFF) events that are discovered after line 
replaceable units (LRUs) have been returned to repair are costly 
situations whose full impact is difficult to put into monetary 
terms. For that reason, pragmatic economic models of NFFs are 
difficult to develop.  In this paper, we deal with the problem of 
having to differentiate between NFFs of good units under test 
(UUTs) and of faulty UUTs.  While we cannot tell which UUT is 
good and which is faulty, we can determine using probabilities 
what percentage of the NFFs are faulty and what percentage are 
good.  Based on these probabilities, we can evaluate various 
strategies.  Assigning cost factors that are knowable, such as the 
cost of testing a UUT, the cost we incur for good UUTs vs. costs 
we incur for faulty UUTs and various test and repair costs, we 
can calculate the performance of various strategies and 
assumptions.  In this paper, we formulate three strategies:  1) We 
assume all NFF UUTs are good and are willing to endure the cost 
of bad actors (i.e. faulty UUTs) sent back to the aircraft.  2) We 
assume all NFF UUTs are faulty and we environmentally stress 
all NFF UUTs, hoping to fix some and avoid bad actors.  3) We 
rely on the technician to reasonably select some NFF UUTs and 
perform appropriate repair. 
We formulate each of these strategies for a case when NFF is 
70%.  The formulation is similar with any NFF distribution, but 
the coefficients in each formula will be different.  With proper 
cost data, we can actually decide which strategy works best.  We 
conclude by tabulating the formulas and calculate NFF costs for 
an example situation.  The numbers we picked for this example 
may be appropriate for some operations, but not for others.  As a 
follow-up to this paper we would like to validate the model with 
real data, which may be available in some military and 
commercial avionics maintenance departments.   
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I. BACKGROUND  
The test profession is concerned with test methods that find 

faults.  An important caveat is that often faults are found when 
the system is fault free.  We call such occurrences false alarms 
(FAs), but it is often not possible to distinguish between a real 
and a false call for maintenance.  As a result of FAs, a number 
of line replaceable units (LRUs), also called units under test 
(UUTs) that are removed from an aircraft appear to the 
automatic test equipment (ATE) in the repair facility as a No 
Fault Found (NFF) event.  Many, probably most of the UUTs 
experiencing NFF are fault free and therefore incur a cost that 

should be minimized.  Other UUTs labeled NFF are faulty but 
cannot be recognized as such. 

We concern ourselves in this paper with the economic 
impact of NFFs and the cost we incur when we assume 
incorrectly that a good UUT is faulty or when we assume a 
faulty UUT is good. 

In an attempt to cover nearly all faults, tests inherently fall 
prey to False Positive (FP) indications.  While the majority of 
faulty units fail tests, a condition we call True Positive (TP), 
and the majority of good units pass tests, a condition we call 
True Negative (TN), some faulty units escape and pass the test 
and we call that condition False Negative (FN).  The last 
condition, namely when a good unit fails the test is FP, and 
when it causes removal of LRUs that are not faulty, we call this 
situation false alarms (FAs).  When one or more LRUs are 
removed in response to FAs, the repair facility ATE will render 
them as NFF.  Additionally, other causes of NFF are possible, 
including the removal of the wrong LRU, removal of more 
than one LRU, intermittent failures and ATE test escapes.  For 
all these reasons, NFFs are typically upwards of 70% of the 
LRUs removed from the aircraft when tested by the repair 
facility ATE.   

Economic analyses into the cost of FAs and NFFs have 
been included as a part of articles and texts dealing with the 
NFF phenomenon.  In [1] various strategies were compared 
from a cost perspective.  In [2] a list of FA and NFF cost 
factors were included.  In [3] there was extensive discussion on 
mitigating these costs without specifically calculating them.  In 
[4] there is extensive research about the root cause of NFF, but 
few specifics on economic analysis.  A framework to NFF cost 
drivers is discussed in [5]. Economic information can also be 
derived from [6].  While all these sources and others provide 
some gage for the economic burden posed by NFFs, we would 
like to be able to plug numbers into formulas or Excel 
spreadsheet that will give us a precise cost impact of NFF 
events. 

The difficulties of economic analyses center around the 
highly probabilistic nature of NFFs.  When faced with NFF, 
our cost will be impacted greatly by: 

1. Whether we assume that NFF events represent good 
UUTs or that they represent faulty UUTs or both. 

2. Whether the cost of guessing wrong will be higher if 
we return bad UUTs to the aircraft, even if we 
correctly guess that most UUTs are good. 



mo
com
the
and

und
fail
uni
act
unn
of t
mo
to m

II

sys
(λ)
Me

a lo
out
freq
(ab
the
the
fau
ind
cau

3. Whether
guess wh
faulty. 

4. Whether
expose f

Each of these
odel and each 
mpeting approa
erefore, is depe
d on correctly a

The organizat
derstand FAs 
lures (MTBF). 
it is returned 
ors.”  We asse
necessary servi
the possible str

odel.  We then 
make predictio

II. RELIABILITY

Reliability of
stem will fail in
 and expressed

ean Time Betw

 λ = 1/MT

Fig. 1. Fai

As shown in F
ong period of v
t phase.  Sta
quency of occ

bout 11 years). 
e infant mortalit
e prima facie e
ulty at all dur
dicated during t
used by an actu

r the repair tec
hat to repair if

r we use en
failures. 

e approaches w
will have ad

aches.  The suc
ndent on corre
assessing the co

II. INTROD

tion of this pa
in light of p
 Next, we asse
to the flight 

ess the probab
ice using Baye
rategies and as
combine the p
ns of economic

Y, FALSE ALAR

f fielded syste
n some period o
d in failures per

ween Failure (M

TBF and MTB

lure Rates During 

Fig.1, the oper
very low failur

atistically, that
currence until 
 Since most a

ty period (abou
evidence is tha
ring its operat
the operating li
ual fault. 

chnician shoul
f (s)he assume

nvironmental 

will yield a dif
dvantages and 
ccess of the ec

ectly predicting
ost impact of ea

DUCTION 
aper starts wit
predicted mea
ess what happe
line, somethin

bilities of bad a
s Theorem.  W

ssign costs for 
robabilities an
c scenarios.   

RMS AND NO FA

ems is the pr
of time measur
r million hours

MTBF). 

BF = 1/ λ  

Avionics Product

rating life of th
re rate until w
t does not ha

a million ho
avionics go int
ut 1,000 hours 
at the UUT w
ting life.  W
ife period, odd

ld be allowed 
es the UUT to 

conditioning 

fferent econom
limitations ov

conomic analys
g the probabilit
ach alternative

th an attempt 
an time betwe
ens when a fau
ng we call “b
actors as well 

We create a mod
each stage of t
d the cost facto

AULT FOUNDS 

robability that
red by failure ra
s, or its reciproc

(1) 

 Life Cycle 

he product enjo
e get to the we
appen with a
urs of operati
to operation af
or 42 days) end

will likely not 
hen a failure 
s are that it is n

to 
be 

to 

mic 
ver 
sis, 
ies 
. 

to 
een 
ulty 
bad 

as 
del 
the 
ors 

 
t a 
ate 
cal 

 

oys 
ear 
any 
ion 
fter 
ds, 
be 
is 

not 

A c
remove
(A), wh

Ava

Bec
denomi
MTBF
denomi
swappin
availab
not ser
the air
devasta
econom
aircraft

FAs
NFFs u
A syste
action f

In 
Alarm 
are not
(FAR),
comput
or in o
typicall
(OFA) 
When a
false po
frequen
to 5%),
of remo
NFF po
such as
or until

NFF

1.

2.

3.

4.
5.

It is
are in f

cost factor to c
ed from the air
here 

ailability (A) =

cause Mean T
inator, it has 

does, which
inator.  For th
ng out LRUs

ble at all air fi
riously impacte
rcraft is grou
ating in terms o
mic impact.  C
t grounding and

s occur for ma
until a mainten
em can be mad
for some, but n

[2] a distincti
(FFA), which 
t due to the ex
 which is th
ted over some 

operating hours
ly set at 2% o
is the numbe

a good UUT i
ositive, false al
nt in terms of th
, whenever the

moving an othe
ool.  To mitig
s not reporting 
l it occurs n tim

Fs result from 

The removal
that are only
35,000 feet a
The remova
intermittent 
cannot dupl
LRU will fai
The remova
real, but LR
root cause fo
The removal
The remova
between LR
cause of the
typically req
each failure 
additional L
allowed to 3
NFFs.) 

s fair, then, to e
fact good.  Wha

consider is wha
rcraft.  It impa

= MTBF/(MTB

Time To Repa
a greater influ

h is in both 
hat reason, mo
s with spares.
ield maintenan
ed by MTTR. 
unded and th
of meeting mi

Clearly, an FA 
d scrubbing the

any reasons, b
nance action is 
de tolerant to F
not all occurren

ion is made b
is the “percent

xistence of fau
he rate of oc
period of time

s.  FFA is usu
or less. The O
er of times a 
indicates that t
larm or Type I 
he number of t

ey do occur the
erwise fault fre
gate OFAs a fi

a failure until 
mes. 

several causes:

l of at least one
y apparent durin
altitude, for exa
al of at least 
faults.  Since m

licates (CNDs)
il the repair fac

al of the incorr
RUx is removed
or the failure).  
l of at least one
al of additiona
RUa or LRUb (
e system failu
quires that a si

in 90% of th
LRUs to the N
3 or less LRUs

estimate that m
at is difficult to

at happens whe
acts operational

BF+MTTR)

air (MTTR) is 
uence on Ava

the numerat
ost avionics is
  As long a

nce facilities, a
 If spares are

he consequen
ssion goals and
or a bad actor

e mission. 

but they have n
taken to remo

FAs by taking 
nces of FAs.  

between Fract
tage of fault de

ults” and False
ccurrence of 
e expressed in c
ually a design 
Occurrence of 
false positive 
the test failed,
error.  So whil

test reporting (t
y potentially cr
ee LRU and a
iltering mechan
it fails x times 

: 

e LRU caused 
ng the flight (a
ample) 
one LRU cau

many intermitt
), it is not lik
cility’s ATE tes
rect LRU.  (T

d, when in fact

e LRU caused b
al LRUs due t
(or even LRUc
ure.  Diagnost
ingle LRU be 
he cases, thus 

NFF pool.  (If 
s, even more L

most LRUs foun
o determine, an

en an LRU is 
l Availability 

(2) 

 only in the 
ailability than 
tor and the 

s repaired by 
as spares are 
availability is 
e unavailable, 
nces can be 
d in terms of 
r can lead to 

no impact on 
ove the UUT.  

maintenance 

tion of False 
etections that 

e Alarm Rate 
false alarms 

calendar days 
specification, 
False Alarm 
(FP) occurs. 

, we call it a 
le FPs are not 
typically, 2% 
reate the cost 

adding to the 
nism is used, 
in y seconds, 

by real faults 
at greater than 

used by real 
tent faults are 
kely that the 
st. 

The failure is 
t LRUy is the 

by FAs.  
to ambiguity 

c) as the root 
tic resolution 
removed for 
adding 10% 
ambiguity is 

LRUs will be 

nd to be NFF 
nd we believe 



is t
hid
cos

par
foll

LR
and
and
wit
Fau
and
rete

the
con
free
retu
to m
in 
veh
per
sign

det
NF
is a

the essence of
de faulty LRU
stly to live with

IV. COST OF

Life cycle cos
rticular can b
lowing factors:

• The orig
price of 

• The recu
vehicle. 

• The oper
maintena

Fig. 2 provide
RU is removed 
d placed on the
d in an attempt
thin the LRU 
ulty LRUs will
d/or repaired. 
ested and subse

As expected, 
e ATE test wi
nsidered NFF. 
e, the only con
urned to the air
miss faults, an
fact faulty.  T
hicle, called ba
rcentage of cas
nificant.  

Fi

The ATE tes
tects a fault, it 
FF-related cost.
a NFF LRU.  W

f this paper, is
s will incur an

h. 

F UUTS RETUR

st of air vehicle
be calculated 
: 

ginal one-time (
the air vehicle

urring but fixed

rating cost of t
ance and repair

es a cost mode
from the air ve

e ATE in an att
t to diagnose th
that is at the r
l point to faulty
 The LRU re
equently return

many LRUs w
ill pass the fir
 If we can be c
nclusion we ca
r vehicle.  How
d therefore, th

The cost of retu
ad actor, can b
ses in which ba

ig. 2. Cost Model

st at I-Level u
is repaired at 
  If no fault is 

When NFFs occ

s whether thos
n economic im

RNED – GOOD O

es in general a
by taking in

(or depreciated
. 
d costs to opera

the air vehicle, 
r. 

el for I-Level r
ehicle it is sent
tempt to confirm
he shop replac
root cause of 
y SRUs, which
epaired in this 
ned to the air ve

will not be fau
rst time.  The
certain that the
an draw is tha

wever, it is poss
ere is a chance
urning a faulty
be substantial.
ad actors occur

l for I-Level Repai

undergoes a co
a cost of CR0,
detected by th

cur we do not k

e few NFFs th
mpact that is t

OR FAULTY 
and of avionics
nto account t

d) acquisition 

ate the air 

including 

repair.  When 
t to I-Level rep
m that it is fau
eable unit (SR
the LRU failu

h will be replac
fashion will 

ehicle. 

ulty and therefo
ese tests will 
ese units are fa
at they should 
sible for the AT
e that the LRU
y LRU to the 
  So even if t
r, the cost can 

ir 

ost of CT.  If
 but this is no

he ATE, the UU
know which LR

hat 
too 

 in 
the 

an 
pair 
ulty 
RU) 
ure.  
ced 
be 

ore 
be 

ault 
be 

TE 
U is 

air 
the 
be 

 

f it 
t a 

UT 
RU 

is good
NFFs:

1.

2.

3.

V. PRO

Usin
can be 
5].  To
shows 
some as

Giv
be cons
ATE te
0.75 in 
which 
fault fo
P(G2|N
missed 
the UU
even th
ATE.  

d and which is 

We will ass
return them
recognize th
and we wil
improve on 
previously 
considered f
costs repeate

We will ass
choose betw

a. The firs
to make
LRU th
ATE.  
After re
and if it 
aircraft. 
strategy
the flig
reported
informa
scan wa

b. The sec
conditio
with) a
whateve
show up
the envi
compon
that on
extreme
flush it 
comes 
addition

The test we
incurs a test 
gone throug
good.  Other

OBABILITY PRE

ing Bayesian a
70% or more o
 be conservativ
the distributio
ssumptions abo

ven that we hav
sidered good.  
est validated th

Fig. 3, and thi
reads “the pro

ound NFF.”  T
NFF) is when 

the fault (whic
UT is good, wh
hose UUTs th

faulty, so we h

sume that all 
m to the aircr
hat some of tho
ll incur a cos

this strategy
bad actor L

faulty first, we
edly.) 

sume that all N
ween two possib

st remedy is to 
e an educated g
at has no appa
The cost of t

epair the LRU 
t passes this tim

 The probab
y can increase if
ght conditions 
d.  A recent 
ation using JTA
as suggested in 

cond remedy 
oning prior to (
a second ATE
er caused the 
p.  If it was an i
ironmental con
nent to expose 
nly exhibits it
e temperatures

out.  This e
at the cost 

nal costs based 

e run at enviro
t cost CT.  If th
gh these stresse
rwise, we repai

EDICTIONS OF N
analysis it has b
of the LRUs rem
ve, we will us

on of bad acto
out the compre

ve a NFF, there
The probability

hat it is good o
is probability i
obability of G
The other way 

the ATE and
ch happens wit
hich occurs wit
hat are not bei

have several op

NFF LRUs a
raft without r

ose we return a
st, CB.  (Perh
.  By assumi
LRUs should
e can reduce

NFF LRUs ar
ble remedies: 

allow the repa
guess on what t
arent fault indi
this repair pro
is retested us

me, it will be re
bility of succe
f something is 

at the time 
approach to 

AG/IEEE-1149
[8]. 

is to use en
(and perhaps in
E test.  Our 
failure on the 
intermittent fai

nditioning will 
itself.  If it w

tself at high 
s, perhaps this
environmental 

of CEC and 
on the outcom

onmental cond
he test of the L
es passes, we 
ir the LRU at a 

NFF FAULT DIS

been determine
moved from th
e NFF rate of 
ors and good 
ehensiveness of

e are two ways
y that it is good
occurs with a p
s designated as
1, given that t
NFF can be a

d Test Program
th a probability
th a probabilit
ing properly t

ptions to treat 

are good and 
repair.  We 

are bad actors 
haps we can 
ing NFFs of 
d really be 
incurring CB 

re faulty and 

air technician 
to “fix” on an 
cation on the 
ocess is CR1.  
sing the ATE 
eturned to the 
ess with this 
known about 
failure was 
gather such 

9.1 boundary 

nvironmental 
n conjunction 
hope is that 
aircraft will 

ilure, perhaps 
cause a weak 
was a failure 

altitudes or 
s effort will 
conditioning 
still incurs 

me. 

ditioning also 
LRU that has 
assume it is 
cost of CR2.  

STRIBUTION 
ed that NFFs 

he aircraft. [1-
70%.  Fig. 3 
UUTs given 

f the tests. 

s the NFF can 
d because the 
probability of 
s P(G1|NFF), 
there is a no 
a good UUT, 
m Set (TPS) 
y of 0.05), yet 
ty of 0.75 for 
tested by the 



bey
and
retu
fau
tha

A. 

the
3, 5
the
we 
wo

goo
han
of 
con
the

B. 

env
the

are
UU
G2
for 
P(G
all 
be 
fau
from
pro

Fig. 3. 

Bad actors h
yond the capab
d we assume th
urn a bad actor

ult is one that e
at was not cove

Treating all N
If we assume 

em all back to t
55.125% of the

e NFFs returned
would incur 

ould be: 

CNFF:G = CT + 

where CNFF:G 
od, CT is the c
ndling and adm
handling, adm

nsequential cos
e aircraft. 

Environmenta
If we assume

vironmental str
e percentage of 

Fig. 4 illustra
e affected by e
UTs, which wer
2 UUTs that are

them.  See F
G2|NFF).  Afte
UUTs remove
good, 2.68% w

ults created by
m the retest 

oduce unnecess

Probabilities of N

happen, when 
bility of the I-L
his occurs with
r when the UU
escapesthe ATE
red. 

NFFs as good U
that all NFFs 

the aircraft.  Ac
e NFF UUTs w
d to the aircraft
from NFF if w

55.125% * CG

is the cost of
cost of testing 

ministering each
ministering ea
sts incurred fro

ally conditionin
e that all NFF 
resses to expos
f bad actors. 

ates how the go
environmental 
re found by the
e good despite 
Fig. 3 to find 
er the environ
ed from the air
will be returned
y the environm

after the env
sary repairs for 

NFF Becoming Bad

a UUT has a
evel ATE and 

h a probability 
UT is faulty, P(
E and TPS bec

UUTs 
in Fig. 2 are g
ccording to our
would be good
ft would be bad
we took this s

G + 14.875% * 

f assuming all
NFF UUTs, C

h good UUT a
ch bad UUT 

om reintroducin

ng all NFF UU
UUTs are fau
e those faults, w

ood UUTs amo
conditioning. 

e ATE to be fau
the ATE and T
the condition

mental conditi
craft will still 
d as new bad a

mental stress.  
vironmental st
1.655% of the

d Actor 

a fault, which 
TPS, P(F1|NFF
of 0.2.  We al

(F2|NFF), but t
cause it is a fa

good we can se
r example of F

d, but 14.875% 
d actors.  The co
trategy in Fig

CB (3) 

l NFF UUTs a
CG is the cost 
and CB is the co

as well as t
ng a bad LRU 

UTs 
ulty and resort 
we aim to redu

ong all the NF
 It includes G

ult free as well
TPS missing te
n P(G1|NFF) a
ioning, 50.8% 
be determined
actors because 
A false positi

tress will like
ese good UUTs

 

is 
F), 
lso 
the 

ault 

end 
Fig. 

of 
ost 
. 2 

are 
of 

ost 
the 
on 

to 
uce 

FFs 
G1 
 as 

ests 
and 

of 
d to 

of 
ive 
ely 
s. 

Fig.

Fig.
are aff
P(F1|N
TPS at 
the AT
conditio
environ
in fact 
Additio

Wit
incurre
taken.  

Fig.

. 4. Probabilities 

. 5 illustrates h
fected by env

NFF), those that
I-Level as we

TE and TPS t
ons P(F1|NFF
nmental condit

repaired, wh
onally, 0.52% w

th the above in
d when an e
The cost of thi

• Initial tes
• The envi
• Testing N
• Repair of
• Retesting
• Administ
• Administ

. 5. Probabilities 

after Good UUT N
conditionin

how the faulty 
vironmental c
t have faults n

ell as P(F2|NFF
test at I-Level
F) and P(F2|N
tioning, 4.4625

hile 9.89% wil
will have new f

nformation we 
environmental 
is tactic, CNFF:E

st at I-Level 
ironmental con
NFF UUTs aga
f faults found 
g after repair 
trative and othe
trative and othe

after faulty UUT N
conditionin

NFFs undergo env
g 

UUTs among 
conditioning.  
not testable by 
F), those faults
l.  See Fig. 3

NFF).  As a r
5% of the faul
ll still have h
faults created.

can now formu
conditioning 

E consists of the

nditioning proce
ain per Fig. 4 an

er costs for goo
er costs for bad

NFFs undergo env
g 

 
vironmental 

all the NFFs 
It includes 

the ATE and 
 that escaped 

3 to find the 
result of the 
lty UUTs are 
hidden faults.  

ulate the cost 
approach is 

e costs of 

ess 
nd 5. 

od UUTs 
d actors 

 
vironmental 



In equation form we have: 

CNFF:E=CT+CCE+70%*CT+4.4625%*(CR2+CT) 
  + (50.8%+4.46%)*CG+(2.68%+9.89%)*CB 

CNFF:E= 174.4625%*CT+CCE+4.4625%*CR2 
  +55.26%*CG + 12.57%*CB  (4) 

To decide which strategy is better, we can calculate the 
difference between CNFF:G from Equation (3)and CNFF:Efrom 
Equation (4): 

CNFF:E-CNFF:G=74.46%*CT+CCE+4.4625%*CR2–2.305%*CB  (5) 

Note that in Equation (5) the cost of good UUTs, CG, 
cancels out and effectively the rationale of the entire strategy 
depends on the elimination of 2.305% bad actors.  If 
2.305%*CB is greater than the environmental conditioning, 
extra tests and repair, it is justified.  Otherwise assuming all 
NFFs are good is a more economic tactic. 

C. NFF UUTs are determined by Technician to be Faulty and 
Repaired 
In this strategy the technician, based on experience and any 

other appropriate information makes a decision to attempt to 
repair a UUT that was rendered NFF.   

We make the following assumptions about technician 
repairs: 

1. The technician is aware of the distribution of NFFs to 
be about ¾ good and about ¼ faulty, so (s)he will 
only attempt to repair ¼ or 25% of the UUTs. 

2. Of those the technician chooses to repair, (s)he has a 
60% chance of correctly identifying a bad UUT and 
slightly less than a 60% chance of correctly repairing 
the UUT, so we will assume that (s)he will correctly 
repair 60% of 60% or about 1/3 of the faulty UUTs 
and incur repair costs on about 1/3 of the good UUTs 
attempted. 

a. With NFF = 70%, repair will be attempted on 
25% of 70% or on 17.5% of the LRUs removed 
from the aircraft. 

b. Of the 17.5% about ¼ will be faulty and ¾ will 
be good, namely 4.375% of the repairs will be on 
faulty UUTs, and 13.125% of the repairs will be 
on good UUTs. 

c. We assume that the accuracy of the repair is such 
that in 5% of the cases, the repair will be done 
incorrectly.   

i. So of the 4.375% faulty UUTs that are 
undergoing repairs, 95%, or 4.156% will have 
a correct fix. 

ii. Of the 13.125% good UUTs being repaired, 
5%, or 0.65625% will result in creating a 
fault.  95% of that number will add repair 
costs but will be fixed before returning the 
UUT to the aircraft.  However, 5% of 
0.65625%, or about 0.03% will become bad 
actors 

The cost of technician repairs of NFFs, CNFF:T can be 
calculated for the first order of iteration of the 70% NFF 
scenario as follows: 

CNFF:T=CT+(17.5%)*CR1+(55.125%+4.156%)*CG 
     + (14.875% + .03%) CB. 

CNFF:T= CT+(17.5%)*CR1+(59.281%)*CG+(14.9%)*CB(6) 

• where the 17.5% represents the percentage of 
UUTs removed from the aircraft that are being 
repaired at a cost of CR1;  

• 55.125% represents those NFF  UUTs that are 
good; 

• 4.156% of the UUTs will be correctly repaired by 
the technician; 

• 14.875% of the NFF UUTs are bad and .03% that 
were good have been damaged by this attempt. 

Equation (6) for CNFF:Tcan be compared to Equation (3) for 
CNFF:G and to Equation (4) for CNFF:E to determinethe best tactic. 

VI. SUMMARY AND CONCLUSIONS 
We created an economic model for NFFs.  NFFs can have 

several reasons for passing or failing the I-Level ATE test 
(called “screening test” by the US Air Force) after they are 
removed from the O-Level flight line.  They could be the result 
of false alarms, intermittent (and therefore not easily 
repeatable) tests, wrong UUT removal, additional UUT 
removal due to diagnostic ambiguity, or the UUT could simply 
escape the I-Level ATE test.  In analyzing all these and other 
causes of NFF, it is clear that we cannot easily determine 
which NFF UUT is good or faulty.  We can, however, make a 
determination about the distribution of good UUTs and faulty 
UUTs.  While most NFF UUTs are in fact good, this alone 
does not mean that this assumption will produce the most cost 
effective strategy.  The fact that a bad UUT sent back to the 
flight line creates a greater cost than the maintenance nuisance 
of testing good UUTs means that it is not clear what is the best 
strategy to follow. 

In this paper, we formulated a cost model in Fig. 2 that 
utilizes three distinct test strategies.  The strategies are: 

• All NFFs assumed to be good at a cost of CNFF:G 
• All NFFs are environmental stressed and then 

retested at a cost of CNFF:E 
• A technician decides on a reasonable way to “fix” 

UUTs he/she assumes to be faulty at a cost of 
CNFF:T 

For each of these strategy costs we included as input 

• Cost of Test, CT 
• Cost of a Good UUT, CG 
• Cost of a Bad UUT, CB 

For some strategies other costs factors include 

• Cost of Environmental Conditioning, CCE 
• Cost of Technician Repair, CR1 and CR2 

Table I summarizes the formulas and contains the 
coefficients of each term for each test strategy derived from 
Equations (3), (4) and (6).  The coefficients are all derived 



from an assumption of NFF=70% of all UUTs removed from 
the aircraft.  All percentages used as coefficients also pertain to 
the percentage of UUTs removed from the aircraft. 

TABLE I.  POSSIBLE NFF TEST STRATEGIES 

 
Table II shows an example, where realistic cost figures are 

used in the formulas.  The cost of test and the cost of good 
UUTs is assumed to be $1,000 per UUT.  The cost of 
environmental conditioning is assumed to be $1,500 per UUT 
plus an additional $1,000 per UUT if a repair, CR2, is required 
because the retest finds the UUT faulty.  The same $1,000 
repair cost is used when the technician selects certain UUTs to 
repair.   

In Table II we use a $20,000 cost for a bad actor CB.  We 
note that our results indicate that the environmental stress 
strategy is the most costly and the other two strategies cost 
almost the same, with the “All NFF assumed Good” strategy 
being the best.   

Tables III uses the same cost figures as Table II, with the 
exception that the cost of a bad actor, CB, is increased to 
$50,000 per UUT.  All the costs are higher than in Table II, but 
the ranking of the strategies have not changed. 

In Table IV, we set CB to $100,000 and “Environmental 
Stress” becomes the best strategy.  All three strategies’ costs 
are close to each other. 

The results indicate that the strategy is sensitive to the 
penalty we incur from returning faulty LRUs to the aircraft.  
Other factors, such as good UUT costs and test costs may have 
similar impact on the choice of strategy. 

Also, we may contemplate a variation to our strategies in 
which we deal differently with UUTs that we know to have 
been bad actors before, or just have returned from the aircraft. 

Finally, we should acknowledge that this model is based on 
70% NFFs and other fault coverage assumptions we made in 
Fig. 3, Fig. 4 and Fig. 5. A different distribution of NFFs and 
other assumptions would have produced a different formula. 

Additionally, this model needs to be validated with actual 
fielded data.  In future work we will endeavor to utilize cost 
data from military and commercial avionics maintenance 
operations, where more realistic cost data is available.

 
TABLE II.  EXAMPLE NFF ECONOMIC ANALYSIS FOR VARIOUS  
TEST STRATEGIES USING TYPICAL COST FACTORS AND CB= $20,000 

 

TABLE III.  EXAMPLE NFF ECONOMIC ANALYSIS FOR VARIOUS  
TEST STRATEGIES USING TYPICAL COST FACTORS AND CB= $50,000 

 

TABLE IV.  EXAMPLE NFF ECONOMIC ANALYSIS FOR VARIOUS  
TEST STRATEGIES USING TYPICAL COST FACTORS AND CB= $100,000 

 

Strategies for NFF= 70%
All NFF assumed 
Good

Environmental 
Stress

Technician Shot 
Gun

Factors CNFF:G CNFF:E CNFF:T

Cost of Test CT 100.00% 174.46% 100.00%

Cost of Good UUT CG 55.13% 55.26% 59.28%

Cost of Bad UUT CB 14.88% 12.57% 14.90%
Cost of 
Environmental 
Conditioning CCE 100.00%
Repair Cost of 
Technician Fix CR1 17.50%
Repair Cost after 
Stress Test CR2 4.46%

Strategies for NFF= 70%
All NFF assumed 
Good

Environmental 
Stress

Technician Shot 
Gun

Factors CNFF:G CNFF:E CNFF:T

Cost of Test CT 1,000$       100.00% 174.46% 100.00%

Cost of Good UUT CG 1,000$       55.13% 55.26% 59.28%

Cost of Bad UUT CB 20,000$    14.88% 12.57% 14.90%
Cost of 
Environmental 
Conditioning CCE 1,500$       100.00%
Repair Cost of 
Technician Fix CR1 1,000$       17.50%
Repair Cost after 
Stress Test CR2 1,000$       4.46%
Cost of each NFF 4,526.25$       6,355.85$           4,747.81$       

Strategies for NFF= 70%
All NFF assumed 
Good

Environmental 
Stress

Technician Shot 
Gun

Factors CNFF:G CNFF:E CNFF:T

Cost of Test CT 1,000$       100.00% 174.46% 100.00%

Cost of Good UUT CG 1,000$       55.13% 55.26% 59.28%

Cost of Bad UUT CB 50,000$    14.88% 12.57% 14.90%
Cost of 
Environmental 
Conditioning CCE 1,500$       100.00%
Repair Cost of 
Technician Fix CR1 1,000$       17.50%
Repair Cost after 
Stress Test CR2 1,000$       4.46%
Cost of each NFF 8,988.75$       10,126.85$         9,217.81$       

Strategies for NFF= 70%
All NFF assumed 
Good

Environmental 
Stress

Technician Shot 
Gun

Factors CNFF:G CNFF:E CNFF:T

Cost of Test CT 1,000$       100.00% 174.46% 100.00%

Cost of Good UUT CG 1,000$       55.13% 55.26% 59.28%

Cost of Bad UUT CB 100,000$  14.88% 12.57% 14.90%
Cost of 
Environmental 
Conditioning CCE 1,500$       100.00%
Repair Cost of 
Technician Fix CR1 1,000$       17.50%
Repair Cost after 
Stress Test CR2 1,000$       4.46%
Cost of each NFF 16,426.25$     16,411.85$         16,667.81$     
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