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 RATIONALE 

This document is intended as a complement to AIR5691, and gives more detail on error sources which should be considered 
in the design of capacitive gauging systems. Note that it is completely revised from Issue A, hence no change bars are 
provided in this issue. 

FOREWORD 

This document presents a concise overview of error sources in capacitive fuel gauging systems. The subject matter is 
directed at individuals who are responsible for specifying gauging system accuracies and, therefore, need insight into the 
predominant error sources in capacitive fuel gauging systems and means to minimize the errors.  
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1. SCOPE 

This report is intended to identify the various errors typically encountered in capacitance fuel quantity measurement 
systems. In addition to identification of error sources, it describes the basic factors which cause the errors. When coupled 
with appraisals of the relative costs of minimizing the errors, this knowledge will furnish a tool with which to optimize gauging 
system accuracy, and thus, to obtain the optimum overall system within the constraints imposed by both design and 
budgetary considerations. 

Since the subject of fuel measurement accuracy using capacitance based sensing is quite complex, no attempt is made 
herein to present a fully-comprehensive evaluation of all factors affecting gauging system accuracy. Rather, the major 
contributors to gauging system inaccuracy are discussed and emphasis is given to simplicity and clarity, somewhat at the 
expense of completeness. 

An overview of capacitive fuel gauging operation can be found in AIR5691. This document also discusses how to analyze 
fuel gauging system accuracy as a result of combining the effects of the error sources described here. 

1.1 Purpose 

This report identifies those sources or causes of error which adversely affect the accuracy of airborne capacitance-type fuel 
quantity gauging systems. 

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications 
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the 
event of conflict between the text of this document and references cited herein, the text of this document takes precedence. 
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been 
obtained. 

2.1.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or 724-776-4970 (outside USA), http://www.sae.org 

ARP1870 Aerospace Systems Electrical Bonding and Grounding for Electromagnetic Compatibility and Safety 

ARP5412 Aircraft Lightning Environment and Related Test Waveforms 

AIR5691 Guidance for the Design and Installation of Fuel Quantity Indicating Systems 

ARP8615 Fuel System Components: General Specification For 

2.1.2 ARINC Documents 

Available from ARINC, 2551 Riva Road, Annapolis, MD 21401-7435, Tel: 410-266-4000, www.arinc.com.  

ARINC Report 611 Guidance for the Design and Installation of Fuel Quantity Systems 

2.1.3 US Government Publications 

Copies of these documents are available online at http://quicksearch.dla.mil.  

MIL-G-26988 Gage, Liquid Quantity, Capacitor Type Transistorized, General (now cancelled, but included as a historical 
reference) 
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2.2 Acronyms and Abbreviations 

ARINC Aeronautical Radio Incorporated 

D to A Digital to Analogue 

EME Electro-Magnetic Effects 

FQI Fuel Quantity Indication 

FQ Fuel Quantity 

K Permittivity 

PSU Power Supply Unit 

RSS Root Sum of Squares 

TE Test Equipment 

3. GENERAL REQUIREMENTS 

There are numerous ways in which the contributors to gauging system inaccuracy may be classified. Parameters for such 
classification may be general (e.g., temperature-induced errors, geometrical errors, etc.) or specific (e.g., tank errors, fuel 
probe errors, indicator errors, etc.). Indeed, the variety of possible classifications is virtually unlimited. 

For the purpose of this report, four broad categories for classification of error-causes are listed: 

1. Errors controlled by the airframe manufacturer. 

2. Errors jointly controlled by the airframe manufacturer and gauging system supplier. 

3. Errors mainly controlled by the gauging system supplier. 

4. Errors not controlled by the airframe manufacturer or the gauging system supplier. 

An initial list of possible error sources is given in AIR5691. The table of errors is re-produced here in table 1 to facilitate 
further discussion of those error sources. It has been modified slightly, and these modifications will be incorporated into the 
next issue of AIR5691. The table is arranged to show the errors which fall into each of the 4 categories described above. 

In designing a gauging system, it is necessary to combine all sources of errors. Typical ways of approaching this are given 
in AIR5691, and will not be discussed any further in this document. 

Full document details: SAE AIR1184B

http://www.avadocuments.com/doc/sae-air1184b
http://www.avadocuments.com/doc/sae-air1184b


S
A

E
 IN

TE
R

N
AT

IO
N

AL
 

A
IR

11
84

™
B 

P
ag

e 
5 

of
 2

5 
 

Ta
bl

e 
1 

- E
rr

or
 s

ou
rc

es
 (r

ef
 A

IR
56

91
) 

Pa
rt

 1
a:

 E
rr

or
s 

co
nt

ro
lle

d 
by

 th
e 

ai
rf

ra
m

e 
m

an
uf

ac
tu

re
r 

 

Er
ro

r S
ou

rc
e 

D
es

cr
ip

tio
n 

Ai
rf

ra
m

er
 (A

) /
 S

up
pl

ie
r (

S)
 

C
on

tr
ib

ut
io

n 
B

ia
s 

R
an

do
m

 
Fu

el
 ta

nk
 

de
fin

iti
on

, d
es

ig
n 

an
d 

m
an

uf
ac

tu
rin

g 
pr

oc
es

s 
va

ria
tio

n 
co

ns
id

er
at

io
ns

 
 

Fu
el

 ta
nk

 m
an

uf
ac

tu
rin

g 
to

le
ra

nc
e 

re
su

lti
ng

 in
 

a 
sl

ig
ht

 v
ar

ia
tio

n 
in

 th
e 

si
ze

 a
nd

 s
ha

pe
 o

f e
ac

h 
m

an
uf

ac
tu

re
d 

fu
el

 ta
nk

 a
s 

co
m

pa
re

d 
to

 
no

m
in

al
. 

A
 –

 S
pe

ci
fy

 ta
nk

 s
ha

pe
 a

nd
 

m
an

uf
ac

tu
rin

g 
to

le
ra

nc
es

. 
A

 –
 D

ig
iti

ze
d 

ta
nk

 d
es

ig
n 

fo
r b

as
is

 
fo

r a
na

ly
si

s.
 

If 
th

er
e 

is
 a

 c
on

st
an

t j
ig

/d
ef

le
ct

io
n 

pr
ob

le
m

. 
G

lo
ba

l v
er

su
s 

lo
ca

l c
oo

rd
in

at
e 

sy
st

em
s,

 re
la

tiv
e 

di
m

en
si

on
s,

 to
le

ra
nc

e 
bu

ild
 u

ps
, n

on
-li

ne
ar

 s
ha

pe
s.

 
D

ep
en

de
nt

 o
n 

m
od

el
lin

g 
fid

el
ity

. 

S
 –

 S
ee

 ta
nk

 m
od

el
in

g 
– 

di
gi

tiz
ed

 
ta

nk
 m

od
el

 fo
r b

as
is

 fo
r s

tu
di

es
 

an
d 

co
m

pa
ris

on
 w

ith
 A

irf
ra

m
er

. 

Ta
nk

 in
te

rn
al

 
st

ru
ct

ur
e 

 
Fi

de
lit

y 
of

 ta
nk

 s
tu

di
es

 c
au

se
d 

by
 e

rro
rs

 s
uc

h 
as

 in
te

rn
al

 s
tru

ct
ur

e,
 tu

bi
ng

, e
tc

. 
A

 –
 S

pe
ci

fy
 in

te
rn

al
 s

tru
ct

ur
es

, 
e.

g.
, p

ip
es

/tu
bi

ng
, s

pa
rs

, e
tc

. 
S

pe
ci

fy
 n

et
 v

ol
um

es
. 

C
au

se
d 

by
 ir

re
gu

la
r d

is
tri

bu
tio

n 
of

 
in

te
rn

al
 s

tru
ct

ur
e 

co
m

po
ne

nt
s 

w
ith

in
 

ta
nk

, e
.g

., 
pi

pe
s 

on
 fl

oo
r o

f t
an

k,
 e

tc
. 

D
ep

en
de

nt
 o

n 
fid

el
ity

 o
f m

od
el

in
g 

w
he

n 
flo

od
in

g 
of

 in
te

rn
al

 s
tru

ct
ur

es
 o

cc
ur

s.
 

S
 –

 S
ee

 ta
nk

 m
od

el
lin

g.
 

Ta
nk

 d
ef

le
ct

io
n,

 
ex

pa
ns

io
n,

 tw
is

t, 
de

fo
rm

at
io

n 
 

E
rro

rs
 d

ue
 to

 d
is

to
rti

on
 o

f t
he

 fu
el

 ta
nk

 fr
om

 
th

e 
no

rm
al

 d
at

um
 s

ha
pe

 a
nd

 d
iff

er
en

ce
 in

 p
itc

h 
at

tit
ud

e 
an

d 
ap

pl
ie

d 
th

ru
st

, t
o 

be
 ta

ke
n 

in
to

 
ac

co
un

t w
he

n 
de

si
gn

in
g 

th
e 

fu
el

 m
ea

su
re

m
en

t 
sy

st
em

. 

A
 –

 S
pe

ci
fy

 w
in

g 
ex

pa
ns

io
n,

 tw
is

t 
an

d 
de

fle
ct

io
n 

fo
r v

ar
io

us
 fl

ig
ht

 
co

nd
iti

on
s 

an
d 

fu
el

 lo
ad

s.
 S

pe
ci

fy
 

ty
pi

ca
l a

irc
ra

ft 
fli

gh
t p

ro
fil

es
. 

Th
e 

bi
as

 e
rro

r i
s 

ca
us

ed
 b

y 
er

ro
r o

f 
de

fo
rm

at
io

n 
m

od
el

 d
ur

in
g 

pr
ed

om
in

an
t 

fli
gh

t c
on

di
tio

ns
 e

.g
., 

gr
ou

nd
 re

fu
el

, 
cr

ui
se

, e
tc

. I
t s

ho
ul

d 
be

 n
ot

ed
 th

at
 

di
ffe

re
nt

 c
on

si
de

ra
tio

ns
 m

ay
 n

ee
d 

to
 b

e 
gi

ve
n 

to
 b

la
dd

er
 ta

nk
s 

w
he

re
 th

er
e 

m
ay

 
be

 u
p 

to
 a

 7
0%

 in
cr

ea
se

 in
 b

la
dd

er
 

m
at

er
ia

l v
ol

um
e 

w
he

n 
fu

el
 s

at
ur

at
ed

. 
A

ls
o 

if 
th

e 
bl

ad
de

r c
ha

ng
es

 s
ha

pe
 d

ur
in

g 
em

pt
yi

ng
, i

t m
ay

 h
ol

d 
fu

el
 a

ro
un

d 
an

y 
ga

ug
in

g 
pr

ob
es

 c
au

si
ng

 a
n 

of
fs

et
 in

 
re

ad
in

gs
 a

t n
ea

r e
m

pt
y 

co
nd

iti
on

s 
ad

di
ng

 
to

 th
e 

un
us

ab
le

. 

Th
e 

ra
nd

om
 e

rro
r i

s 
ca

us
ed

 b
y 

er
ro

r o
f 

de
fo

rm
at

io
n 

m
od

el
 d

ur
in

g 
ex

ce
pt

io
na

l 
fli

gh
t c

on
di

tio
ns

 e
.g

., 
tu

rb
ul

en
ce

, 
m

an
eu

ve
rin

g,
 e

tc
. C

on
si

de
ra

tio
n 

sh
ou

ld
 b

e 
gi

ve
n 

to
 w

he
th

er
 th

e 
er

ro
r 

ca
n 

be
 re

du
ce

d 
by

 u
si

ng
 a

ir 
ve

hi
cl

e 
at

tit
ud

e 
in

fo
rm

at
io

n.
 

S
 –

 S
ee

 ta
nk

 m
od

el
lin

g.
 

Fu
el

 p
ro

be
 

m
ou

nt
in

g 
to

le
ra

nc
es

 

Th
e 

to
le

ra
nc

es
 a

ss
oc

ia
te

d 
w

ith
 th

e 
lo

ca
tio

n 
of

 
pr

ob
es

, m
ou

nt
in

g 
br

ac
ke

ts
, f

la
ng

es
 p

la
te

s 
or

 
m

ou
nt

in
g 

ho
le

s,
 fr

in
gi

ng
 a

ffe
ct

s 
to

 n
ea

rb
y 

st
ru

ct
ur

e.
 

A
 –

 S
pe

ci
fy

 fu
el

 p
ro

be
 m

ou
nt

in
g 

to
le

ra
nc

es
. 

If 
a 

pr
ob

e 
ha

s 
be

en
 re

lo
ca

te
d 

du
rin

g 
m

an
uf

ac
tu

rin
g 

an
d 

so
ftw

ar
e 

is
 n

ot
 

up
da

te
d.

 

To
le

ra
nc

es
 o

n 
fu

el
 p

ro
be

 m
ou

nt
in

g 
po

in
ts

 
S

 –
 C

on
tro

l f
ue

l p
ro

be
 m

ou
nt

in
g 

po
in

t t
ol

er
an

ce
s 

(h
ol

e 
lo

ca
tio

n 
in

 
br

ac
ke

ts
, f

la
ng

e 
di

m
en

si
on

s 
et

c.
). 

E
ffe

ct
s 

of
 d

is
pl

ay
 

re
so

lu
tio

n 
an

d 
ro

un
di

ng
 

D
is

pl
ay

 re
so

lu
tio

n 
an

d 
ro

un
di

ng
. 

A
 –

 S
pe

ci
fy

 d
is

pl
ay

 re
so

lu
tio

n 
an

d 
fo

rm
at

. 
D

is
pl

ay
 tr

un
ca

tio
n 

(i.
e.

, l
os

s 
of

 L
S

 d
ig

it)
. 

E
ffe

ct
s 

of
 c

om
m

un
ic

at
io

n 
bu

se
s 

i.e
., 

A
R

IN
C

 4
29

 
re

so
lu

tio
n/

ro
un

di
ng

/tr
un

ca
tio

n.
 

S
 –

 D
ef

in
e 

ef
fe

ct
s.

 

Fu
ll 

do
cu

m
en

t d
et

ai
ls

: S
A

E 
A

IR
11

84
B

http://www.avadocuments.com/doc/sae-air1184b
http://www.avadocuments.com/doc/sae-air1184b


S
A

E
 IN

TE
R

N
AT

IO
N

AL
 

A
IR

11
84

™
B 

P
ag

e 
6 

of
 2

5 
 

Er
ro

r S
ou

rc
e 

D
es

cr
ip

tio
n 

Ai
rf

ra
m

er
 (A

) /
 S

up
pl

ie
r (

S)
 

C
on

tr
ib

ut
io

n 
B

ia
s 

R
an

do
m

 
A

no
m

al
ou

s 
fu

el
 

di
st

rib
ut

io
n 

Th
e 

ef
fe

ct
s 

of
 d

iff
er

en
t f

ue
l h

ei
gh

ts
 in

 c
el

ls
, 

al
so

 k
no

w
n 

as
 u

nl
ev

el
lin

g 
(e

.g
., 

du
e 

to
 

pr
ox

im
ity

 o
f f

lo
w

 re
st

ric
tio

ns
 a

nd
 fl

ow
 n

ea
r 

th
os

e 
re

st
ric

tio
ns

). 

A
 –

 S
pe

ci
fy

 u
ng

au
ge

ab
le

 / 
sc

av
en

ge
d 

fu
el

 q
ua

nt
iti

es
 a

nd
 

flo
w

 re
st

ric
tio

ns
. S

pe
ci

fy
 ty

pi
ca

l 
fu

el
 m

ov
em

en
t a

nd
 tr

an
sf

er
 

re
gi

m
es

 w
ith

in
 ty

pi
ca

l f
lig

ht
 

pr
of

ile
s.

 

E
ffe

ct
s 

ar
e 

on
ly

 p
ro

du
ce

d 
w

he
n 

fu
el

 is
 

m
ov

ed
 b

y 
pu

m
pi

ng
 o

r c
ha

ng
e 

in
 a

tti
tu

de
, 

th
is

 e
ffe

ct
 m

ay
 b

e 
se

en
 in

 v
ar

ia
tio

ns
 in

 
th

e 
“F

ue
l O

n 
B

oa
rd

” q
ua

nt
ity

 w
he

n 
fu

el
 is

 
m

ov
ed

 fr
om

 ta
nk

 to
 ta

nk
. A

ir 
po

ck
et

s 
ab

ov
e 

fu
el

 p
ro

be
s 

m
ay

 a
ls

o 
ca

us
e 

an
om

al
ie

s 
if 

no
t p

ro
pe

rly
 v

en
te

d.
 

C
au

se
d 

by
 ta

nk
 g

eo
m

et
ry

 d
iff

er
en

ce
s 

fro
m

 a
irc

ra
ft 

to
 a

irc
ra

ft 
an

d 
be

tw
ee

n 
di

ffe
re

nt
 v

ar
ia

nt
s 

of
 s

am
e 

ai
rc

ra
ft.

 

S
 –

 M
od

el
 fl

ow
 (e

.g
., 

us
in

g 
flu

id
s 

dy
na

m
ic

 s
of

tw
ar

e,
 e

.g
., 

Fl
ue

nt
) o

r 
em

pi
ric

al
 m

et
ho

ds
, t

he
n 

pe
rfo

rm
 

em
pi

ric
al

 te
st

s.
 

E
le

ct
ro

m
ag

ne
tic

 
an

d 
lig

ht
ni

ng
 

ef
fe

ct
s 

C
ou

pl
in

g 
of

 E
M

E
 a

nd
 li

gh
tn

in
g 

to
 fu

el
 p

ro
be

 
in

te
rfa

ce
 w

iri
ng

. 
A

 –
 T

an
k 

st
ru

ct
ur

e 
an

d 
m

at
er

ia
ls

 
(e

.g
., 

al
um

in
um

 o
r c

om
po

si
te

s)
 to

 
pr

ov
id

e 
sh

ie
ld

in
g.

 

M
in

im
iz

e 
by

 d
es

ig
n 

of
 fi

lte
r 

D
ep

en
de

nt
 o

n 
de

gr
ee

 o
f c

ou
pl

in
g 

an
d 

th
e 

im
po

se
d 

th
re

at
s.

 

S
 –

 In
te

rfa
ce

 a
nd

 h
ar

ne
ss

 d
es

ig
n.

 
Te

st
in

g 
to

 m
iti

ga
te

. 
A

irc
ra

ft 
at

tit
ud

e 
ef

fe
ct

s 
O

pe
ra

tio
na

l a
tti

tu
de

s 
fo

r t
he

 a
irc

ra
ft 

A
 –

 S
pe

ci
fic

at
io

n 
of

 th
e 

at
tit

ud
e 

en
ve

lo
pe

 o
ve

r w
hi

ch
 th

e 
ai

rc
ra

ft 
w

ill
 o

pe
ra

te
 a

nd
 th

e 
di

ffe
re

nt
 

ac
cu

ra
cy

 re
gi

m
es

 (n
or

m
al

, 
re

la
xe

d,
 e

xt
re

m
e)

. N
ot

e 
th

at
 

at
tit

ud
es

 fo
r t

rim
m

ab
le

 ta
nk

s,
 

su
ch

 a
s 

th
e 

ho
riz

on
ta

l t
ai

l p
la

ne
 

sh
ou

ld
 b

e 
co

ns
id

er
ed

, i
f r

el
ev

an
t 

Th
e 

bi
as

 e
rro

r i
s 

ca
us

ed
 b

y 
ta

nk
 

m
od

el
lin

g 
an

d 
pr

ob
e 

pl
ac

em
en

t, 
in

 th
at

 a
 

ce
rta

in
 a

tti
tu

de
 m

ay
 a

lw
ay

s 
gi

ve
 th

e 
sa

m
e 

er
ro

r a
t t

he
 s

am
e 

fu
el

 q
ua

nt
ity

, a
nd

 
is

 u
su

al
ly

 a
cc

ou
nt

ed
 fo

r i
n 

th
e 

ta
nk

 
m

od
el

lin
g 

bi
as

 e
rro

r 

 

S
 –

 P
la

ce
m

en
t o

f p
ro

be
s 

to
 

op
tim

iz
e 

ac
cu

ra
cy

 in
 th

e 
no

rm
al

 
at

tit
ud

e 
ra

ng
e.

 S
ui

ta
bl

e 
al

go
rit

hm
s 

to
 o

pe
ra

te
 o

ve
r f

ul
l 

at
tit

ud
e 

ra
ng

e 
    

 

Fu
ll 

do
cu

m
en

t d
et

ai
ls

: S
A

E 
A

IR
11

84
B

http://www.avadocuments.com/doc/sae-air1184b
http://www.avadocuments.com/doc/sae-air1184b


S
A

E
 IN

TE
R

N
AT

IO
N

AL
 

A
IR

11
84

™
B 

P
ag

e 
7 

of
 2

5 
 Pa

rt
 1

b:
 E

rr
or

s 
jo

in
tly

 c
on

tr
ol

le
d 

by
 th

e 
ai

rf
ra

m
e 

m
an

uf
ac

tu
re

r a
nd

 g
au

gi
ng

 s
ys

te
m

 s
up

pl
ie

r 
 

Er
ro

r S
ou

rc
e 

D
es

cr
ip

tio
n 

Ai
rf

ra
m

er
 (A

) /
 S

up
pl

ie
r (

S)
 

C
on

tr
ib

ut
io

n 
B

ia
s 

R
an

do
m

 
Ta

nk
 m

od
el

in
g 

Ta
nk

 s
tu

dy
 fi

de
lit

y 
in

cl
ud

in
g 

bu
lk

 c
or

re
ct

io
n 

fa
ct

or
s 

(u
nm

od
el

ed
 s

tru
ct

ur
e 

fa
ct

or
s)

 a
nd

 
ac

cu
ra

cy
 o

f h
ei

gh
t v

er
su

s 
vo

lu
m

e 
cu

rv
e(

s)
. 

A
 –

 S
pe

ci
fy

 ta
nk

 s
ha

pe
 a

nd
 a

gr
ee

 
fu

el
 p

ro
be

 p
os

iti
on

s.
 

A
t a

 p
ar

tic
ul

ar
 q

ua
nt

ity
 a

nd
 a

tti
tu

de
 

w
he

re
 th

er
e 

is
 a

 d
is

co
nt

in
ui

ty
. 

A
ct

ua
l l

oc
at

io
n 

of
 h

ei
gh

t f
ue

l p
ro

be
 

ve
rs

es
 d

es
ire

d 
lo

ca
tio

n.
 

M
od

el
 fi

de
lit

y.
 

S
 –

 P
er

fo
rm

 ta
nk

 s
tu

dy
 a

nd
 

an
al

yz
e 

er
ro

rs
 –

 m
od

el
lin

g 
of

 ta
nk

 
sh

ap
e,

 lo
ca

tio
n 

of
 fu

el
 p

ro
be

s,
 

in
te

rp
ol

at
io

n 
er

ro
rs

 fo
r H

ei
gh

t-
V

ol
um

e 
ca

lc
ul

at
io

ns
/ta

bl
es

. 
S

pe
ci

fy
 o

pt
im

um
 lo

ca
tio

ns
 fo

r f
ue

l 
pr

ob
es

 
Im

pl
em

en
ta

tio
n 

of
 

ta
nk

 d
at

um
 m

od
el

  
Im

pl
em

en
ta

tio
n 

of
 th

e 
ta

nk
 m

od
el

 in
to

 th
e 

ga
ug

in
g 

al
go

rit
hm

s 
w

ith
in

 th
e 

FQ
I s

ys
te

m
 

A
 –

 S
pe

ci
fy

 b
ul

k 
vo

lu
m

es
. 

A
t a

 p
ar

tic
ul

ar
 p

oi
nt

 w
he

re
 th

e 
da

ta
 is

 n
ot

 
st

or
ed

 b
ut

 e
va

lu
at

ed
. M

ay
 b

e 
du

e 
to

 la
ck

 
of

 s
to

re
d 

da
ta

, i
.e

., 
re

qu
ire

s 
us

e 
of

 
in

te
rp

ol
at

io
n.

 
P

ro
be

s 
m

ay
 n

ot
 b

e 
po

si
tio

ne
d 

in
 id

ea
l 

lo
ca

tio
ns

 (l
ea

di
ng

 to
 d

is
co

nt
in

ui
tie

s)
 

P
se

ud
o 

ra
nd

om
 d

ue
 to

 m
at

he
m

at
ic

al
 

pr
oc

es
se

s,
 e

.g
., 

in
te

rp
ol

at
io

n,
 n

on
-

lin
ea

r s
ha

pe
s,

 e
tc

. 
S

 –
 D

ef
in

e 
ef

fe
ct

s 
of

 th
e 

ga
ug

in
g 

al
go

rit
hm

, i
nt

er
po

la
tio

n 
et

c.
  

A
cc

ur
ac

y 
ve

rif
ic

at
io

n 
Th

e 
er

ro
r a

ss
oc

ia
te

d 
w

ith
 v

er
ify

in
g 

th
e 

fu
el

 
sy

st
em

 a
cc

ur
ac

y.
 

A
 –

  A
cc

ur
ac

y 
of

 T
E

 u
se

d 
an

d 
ca

lib
ra

tio
n 

pr
oc

es
s.

 
M

et
ho

d 
of

 te
st

 c
au

si
ng

 o
ffs

et
 (e

.g
., 

fu
el

 
al

re
ad

y 
on

 b
oa

rd
 n

ot
 a

cc
ou

nt
ed

 fo
r, 

ov
er

 
w

in
g 

fu
el

in
g 

re
su

lti
ng

 in
 d

iff
er

en
t 

di
st

rib
ut

io
n)

. 

To
le

ra
nc

e 
of

 T
es

t E
qu

ip
m

en
t u

se
d.

 

S
 –

 A
na

ly
si

s 
of

 re
su

lts
 b

as
ed

 o
n 

in
fo

rm
at

io
n 

pr
ov

id
ed

 b
y 

A
irf

ra
m

er
. 

E
ffe

ct
s 

of
 a

irc
ra

ft 
w

iri
ng

 
E

rro
rs

 d
ue

 to
 e

nv
iro

nm
en

t e
ffe

ct
s 

on
 fu

el
 

pr
ob

e 
w

iri
ng

. 
A

 –
 S

pe
ci

fy
 c

ha
ra

ct
er

is
tic

s 
fo

r 
re

le
va

nt
 p

ar
am

et
er

s 
fo

r a
ny

 
ha

rn
es

s 
se

ct
io

ns
 p

ro
vi

de
d 

by
 th

e 
A

irf
ra

m
er

 (d
ep

en
ds

 o
n 

sp
ec

ifi
c 

so
lu

tio
n 

an
d 

ga
ug

in
g 

te
ch

no
lo

gy
). 

E
ffe

ct
s 

of
 w

ire
 p

ro
pe

rty
 v

ar
ia

tio
n 

in
 

m
an

uf
ac

tu
re

. T
hi

s 
ca

n 
in

cl
ud

e 
w

ire
 

le
ng

th
, s

tra
y 

ca
pa

ci
ta

nc
e,

 s
hi

el
de

d 
w

ire
 

ca
pa

ci
ta

nc
e 

et
c.

 E
ffe

ct
s 

of
 re

w
or

k 
w

ith
ou

t s
of

tw
ar

e 
co

m
pe

ns
at

io
n.

 

V
ar

ia
tio

n 
as

 a
 fu

nc
tio

n 
of

 ti
m

e 
or

 
en

vi
ro

nm
en

t a
nd

 in
st

al
la

tio
n.

 In
su

la
tio

n 
ef

fe
ct

s 
ov

er
 ti

m
e.

 

S
 –

 D
ef

in
e 

ef
fe

ct
s,

 if
 a

ny
, o

n 
ga

ug
in

g 
ac

cu
ra

cy
. 

Fa
ul

t m
od

e 
an

al
ys

is
 

E
ffe

ct
s 

of
 d

et
ec

te
d 

fa
ul

ts
 in

 p
ro

be
s,

 h
ar

ne
ss

, 
in

te
rfa

ce
s,

 e
tc

. 
A

 –
 D

et
ai

ls
 o

f a
ny

 fa
ilu

re
s 

of
 

A
irf

ra
m

er
 o

w
ne

d 
pa

rts
 o

f t
he

 
sy

st
em

 (e
.g

., 
di

sp
la

ys
, p

os
si

bl
y 

so
m

e 
ha

rn
es

se
s)

 to
 e

na
bl

e 
su

pp
lie

r a
na

ly
si

s.
 

B
ia

se
d 

fa
ul

ts
, e

.g
., 

un
de

r-r
ea

di
ng

, s
pa

tia
l 

co
nc

en
tra

tio
ns

 o
f f

au
lts

, e
tc

. 
U

nb
ia

se
d 

fa
ul

ts
, i

rre
gu

la
r s

pa
tia

l 
di

st
rib

ut
io

n 
of

 fa
ul

ts
, e

tc
. 

S
 –

 P
er

fo
rm

 a
na

ly
si

s 
of

 e
ffe

ct
s 

of
 

fa
ilu

re
s.

 

  
 

Fu
ll 

do
cu

m
en

t d
et

ai
ls

: S
A

E 
A

IR
11

84
B

http://www.avadocuments.com/doc/sae-air1184b
http://www.avadocuments.com/doc/sae-air1184b


S
A

E
 IN

TE
R

N
AT

IO
N

AL
 

A
IR

11
84

™
B 

P
ag

e 
8 

of
 2

5 
 Pa

rt
 1

c:
 E

rr
or

s 
m

ai
nl

y 
co

nt
ro

lle
d 

by
 th

e 
ga

ug
in

g 
sy

st
em

 s
up

pl
ie

r 
 

Er
ro

r S
ou

rc
e 

D
es

cr
ip

tio
n 

Ai
rf

ra
m

er
 (A

) /
 S

up
pl

ie
r (

S)
 

C
on

tr
ib

ut
io

n 
B

ia
s 

R
an

do
m

 
C

al
cu

la
tio

n 
al

go
rit

hm
s 

A
ny

 e
rro

rs
 d

ue
 to

 s
of

tw
ar

e 
co

m
pu

ta
tio

n,
 s

iz
in

g 
re

qu
ire

m
en

ts
 a

nd
 m

et
ho

do
lo

gy
. 

A
 –

 N
on

e.
 

A
ny

 tr
un

ca
tio

n 
or

 R
O

M
 s

iz
e 

re
qu

ire
m

en
ts

. 
A

ny
 ro

un
di

ng
. 

S
 –

 P
er

fo
rm

 a
na

ly
si

s 
 

Fu
el

 p
ro

be
 

m
an

uf
ac

tu
rin

g,
 

m
ec

ha
ni

ca
l 

Fu
el

 p
ro

be
 m

ec
ha

ni
ca

l m
an

uf
ac

tu
rin

g 
to

le
ra

nc
es

. 
A

 –
 N

ot
hi

ng
 re

qu
ire

d.
 

A
 c

on
st

an
t m

an
uf

ac
tu

rin
g 

pr
ob

le
m

 o
r a

 
ch

an
ge

 fo
r w

hi
ch

 s
of

tw
ar

e 
is

 n
ot

 
up

da
te

d.
 

Le
ng

th
, t

ub
e 

sp
ac

in
g,

 ta
rg

et
 p

os
iti

on
s,

 
no

n-
lin

ea
rit

y 
of

 s
ec

tio
n,

 e
tc

. 
S

 –
 D

ef
in

e 
ef

fe
ct

s,
 if

 a
ny

 o
n 

ga
ug

in
g 

ac
cu

ra
cy

. 
M

ea
su

re
m

en
t 

lin
ea

rit
y 

Th
e 

ab
ili

ty
 fo

r t
he

 fu
el

 p
ro

be
s 

to
 m

ea
su

re
 o

ve
r 

th
e 

en
tir

e 
ra

ng
e.

 
A

 –
 N

ot
hi

ng
 re

qu
ire

d.
 

C
on

st
an

t e
rro

r a
t p

oi
nt

s 
of

 n
on

-li
ne

ar
ity

. 
N

on
e:

 C
ov

er
ed

 b
y 

m
an

uf
ac

tu
rin

g 
to

le
ra

nc
e.

 
S

 –
 M

in
im

iz
e 

di
sc

on
tin

ui
tie

s 
(in

te
r-p

ro
be

 g
ap

s)
, t

o 
en

su
re

 
th

es
e 

do
 n

ot
 c

re
at

e 
er

ro
rs

 o
ut

si
de

 
th

os
e 

al
lo

w
ab

le
. O

pt
im

iz
e 

pr
ob

e 
de

si
gn

/c
on

st
ru

ct
io

n 
to

 m
in

im
iz

e 
“d

ea
d”

 c
ap

ac
ita

nc
e 

Fu
el

 p
ro

be
 

m
ou

nt
ed

 
el

ec
tro

ni
c 

ci
rc

ui
t 

an
d 

co
m

po
ne

nt
s 

E
le

ct
ro

ni
c 

er
ro

rs
 o

f f
ue

l p
ro

be
 m

ou
nt

ed
 

co
m

po
ne

nt
s.

 
A

 –
 S

pe
ci

fy
 s

pe
ci

al
iz

ed
 

en
vi

ro
nm

en
ta

l r
eq

ui
re

m
en

ts
.  

A
n 

er
ro

r n
ot

 ta
ke

n 
in

to
 a

cc
ou

nt
 in

 
al

go
rit

hm
s 

(e
.g

. d
io

de
 v

ol
ta

ge
). 

D
io

de
 e

rro
r o

r o
n 

pr
ob

e 
ci

rc
ui

t e
rro

rs
 

du
e 

to
 c

om
po

ne
nt

 to
le

ra
nc

e 
an

d 
th

e 
en

vi
ro

nm
en

t. 
S

 –
 D

ef
in

e 
de

si
gn

 fe
at

ur
es

 
in

co
rp

or
at

ed
 to

 m
ee

t a
bo

ve
 

re
qu

ire
m

en
ts

, e
ffe

ct
s 

on
 g

au
gi

ng
 

ac
cu

ra
cy

. 
P

ro
be

 
im

pl
em

en
ta

tio
n 

E
rro

rs
 d

ue
 to

 th
e 

w
ay

 th
e 

pr
ob

e 
ha

s 
be

en
 

im
pl

em
en

te
d.

 
A

 –
 N

ot
hi

ng
 re

qu
ire

d.
 

Th
e 

ef
fe

ct
s 

of
 “f

rin
gi

ng
”, 

pa
ra

si
tic

 
ca

pa
ci

ta
nc

es
, d

ew
et

tin
g 

ef
fe

ct
s 

et
c.

 (e
.g

., 
w

at
er

 a
dh

es
io

n 
to

 tu
be

 s
ur

fa
ce

s)
. 

S
im

ila
r e

ffe
ct

s 
to

 B
ia

s 
bu

t n
on

-
lin

ea
rit

ie
s 

ca
us

ed
 b

y 
ov

er
la

pp
in

g 
lim

ite
d 

ra
ng

e 
ef

fe
ct

s.
 

S
 –

 D
ef

in
e 

de
si

gn
 fe

at
ur

es
 

in
co

rp
or

at
ed

 to
 a

ch
ie

ve
 g

au
gi

ng
, 

ef
fe

ct
s 

on
 g

au
gi

ng
 a

cc
ur

ac
y.

 
S

ig
na

l 
co

nd
iti

on
in

g 
E

.g
., 

bo
th

 a
na

lo
gu

e 
an

d 
di

gi
ta

l c
irc

ui
try

 n
ot

 
m

ou
nt

ed
 o

n 
th

e 
pr

ob
e,

 u
se

d 
fo

r c
ap

ac
iti

ve
 

m
ea

su
re

m
en

t –
 P

S
U

, t
ol

er
an

ce
 e

ffe
ct

s 
et

c.
 

A
 –

 N
ot

hi
ng

 re
qu

ire
d.

 
A

n 
er

ro
r n

ot
 ta

ke
n 

in
to

 a
cc

ou
nt

 in
 

al
go

rit
hm

s.
 

R
ef

er
en

ce
 v

ar
ia

tio
ns

. 

H
al

f t
he

 re
so

lu
tio

n 
of

 th
e 

A 
to

 D
, 

co
m

po
ne

nt
 to

le
ra

nc
e,

 te
m

pe
ra

tu
re

 
ef

fe
ct

s 
an

d 
P

S
U

 e
ffe

ct
s.

 
S

 –
 P

er
fo

rm
 e

m
pi

ric
al

 te
st

s.
 

  
 

Fu
ll 

do
cu

m
en

t d
et

ai
ls

: S
A

E 
A

IR
11

84
B

http://www.avadocuments.com/doc/sae-air1184b
http://www.avadocuments.com/doc/sae-air1184b

