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TECHNICAL NOTF NO. 1187

FORMULAS FCR ADDITIONAL-MASS CORRICTIUNS
TO THE MOMENTS OF INERTIA OF AIRPIANFS

By Frank S, Malvestuto, Jr. and lawrence J. Gale
OUMMARY

Formules are premented for the calculation of the edditional-
mass corrections .o the masente of inertia of alrplaner., These
formles are of particular value ’n conterting the virtual moments
of inertia of alrplanes or modele experimentally deteruinod in
alr to the true momonts of irertia. A correlation of additional
mome:its of inertia calculated ty those ormuler with axperimental
additional mements of iuertia obiained from vacuum—chamber tests
of 40 spin-tunnel modele indicater ibat the formulae g!ve satisfectary
estimations of the sdditional momenis of inertia,.

INTRODUCTION

In stability investizations involving free-flizht tests of
dynamically scaled modele or of full-scale ailrplanes it i neceesary
to know asccurately the trus morenis of inertia of the modsl or
alrplans, In ordor to ~ttailn the true momerte of Inertia of the
wodel or airplane the experimontal moments of inert‘a, determined
by the vendulum methnd, must be ~orrected for the effect oi’ the
surrounding alr. The offect i thi: amlient alr on the apparent
moments of inertla is unuaily emall bl ma) be as larre a: 25 per—
cent of thz true moments of inertia for ajrplanss with low wing
loading.

The fundamental basis of the effect of the ambfent-a’r rass on
bodies undergring acceleration has been devoioped in roferences 1
and 2, Koferences 2, 4, and ) present exporimental data on tke
offect of the ambient-air manss on the mrments of inertia of 1lat
plates ottained by ewinging the plates as an In*e~ral part of a
psndulum. Refererce 3 prezents a zothod of corrsct’ngz the aomenta
of inertia of a full-scale a'rrlans fr the arb.ent-alr mass eflsct
by congldering the projected arnar cf various components of the
eirplanc in planes normal ard parallel to the plane of symmetry end
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applying to these projected areasthe experimentally determined
additional moment-of-inertia corrections for flat plates of finite
aspect ratio.

In the present paper, formulas are preeented for the rapild
evaluation of the additionel-mass and moment-of-irertia correc-
ticms for airplence that are syung s an integral part of a pendulum.
The method proposcd in tre preceding reports has mpencially hecn
conformed to with *he oxception thet the amblernt-nir mesa effect
for parts of the airplune euch ag the fuseliage was determined
theoretically from the motion of an ellipeoid irn a three-dimensional
potential flow. Thko method preeented has besn applied to 4O complete
dynamic airplane models previously teeted and the reeults have
been compared with the experimentally detormined valucs.

SYMBOLS

For convenience in defining certain aymbols, sketches for
identifying dimensional parte of the airplane are given in figures 1
and 2, The numerical valuse given in these figures are for use
in an illustrative example that ie subsequently presented.

] span of eurface (includes span of fuselaze between surface
panele; for vertical tail see fig. 2(b))

) area of surface (for wing and horizontel tail includes
aree of fueelage betucen eurface panols)

A aspect ratio of surface (b2/S)

Cp root chord of surface

C¢ tiy chord of surface (?é - Ccp

r) mean chord of eurface (S/b)

p plan-form tepcr ratio of surface (cn/cy)

r dihedral of wing or horizontal tail in degrees

Le length of fuselage (eee Tig. 1)

v geometric average width of fuselage

4 gecmetric average depth of fueelage

1 comporient in plane of surface of perpendicular Aistance

between axis of rotation and centroid of area of surface

oy
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) 7 distance from centroid of side area of fuselage to axis

of rotation parallel toc and in the plane of the X-axls

1
ty

B
By

{convenlently reforrcd to herein as axis of X ewinging)

cempement of dietance in the X-Y principal plane of
fuselage of the perpendiculsr distance between the
centreid of plan ersea of fveelage and the axis of
rotation parallel to and in the rlane of the Y-axis

distence from centrnid of elde arean of fuselage to exis
of retation parallel to and in the plune of the Z-exis

distence from centrold of vertical-tail arce to axise of
rotation parallel to and in the rlane of the X-oxis

component of dietance In the X-Y plane of fuselage of the
perpendicular distance betwecn the centroid of

horizontal-tail arca and the axis of rotation parallel
to and In the plare of the Y -axie

diptance frem centrold of verticul-teil area to axie of
rotation for 2 ewinging

component of distance in the X-Y plane from the centroid
of aren of wing tco axle of rotation parallel to and in
the plane of tho Y-axise

coefficiont of edditionnl mase of a flat rectengular plate

coefficicnt of additional moment of inertia of a flat
rectantular plate

tapor-ratio correction factor

dihodral corrcction factor

kfx , kﬂ, ¥py coefvlclente of 2dditional maes of oquivalent

ellipeoide for motion along the L-, Y-, and
Z-axce, reavectively

Kigs Koy, k'fz coefficiente of additional moments of inertia of

T

equivalent cllipeoids about the X-, Y-, and
Z-axes, respectivoly

additional mase of a body

f
1

)
by

Ny
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Iy additional mement of inertia of a body

Ix, Iy, I, monente of inertia adout X-, Y-, and Z-body axes,
respoctivoly

Ix,s Iy,s Ip totel additional momente of imartie sbcut
a X-, Y-, and Z-body axes, respectively

L'y ', I ' total addiiforal moments of inertis ebout X, ¥,
a a e and Z swinging axes, Yospuctively

4] density of alr, slug per cubic foot
Subscripta:
W ving
fus fuselage
horizontal tail
vertical tail

DEVELOFMENT OF EQUATIONS
Wings and Tail Surfaces

In order to evaluate the sdditional.-maes correcticns for the
wings and tai) surfaces of an afrplane it wae amsewmed that theseo
surfaces were flat platee and thui the additional-maes corrections
previously obtained for flat plates (references 5 emd 6) were approxi-
mately correct for the wings and tail surfrces. The additional
magss of a wing or tall surface in tranelatory motion may be deter-
mined from the following equation:

mg="-‘:‘3k€9b (1)

vhore k, the coefficient of additionel mass plotted in figure 3
as a function of the aspect ratio, ham been cbtained by averaging
tho experimental resulte of NACA tcste presentod in reference 5,

The values preeented in references 3 and S for a rectangular wing
and. those of the present analyeis are sesumed to be accurate for

& tapered wing when coneid:red as an equivalent rectangular wing

of chord ¢C.
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The edditional moment of inertia of a wing or tail swrface
rotating about its chord at the midapan ia determined from the
equation

pie]
=3 k523

vhere k', the coeflicient of additional mement of 1nertia

plotted in figure 4 as a function of the aspect ratio of the plate,
has been obtained by averazing the experimental results of NACA tests
presented in roference 5. Apnlication of correction factors for

the effect of dihedral angle and taper ratic givea the Tollowing
equation:

I, - -Eg Dy Dkt %3 (3)

The correction factors for ths eftect of dlhedral angle and taper
ratio on the veluce of the additional memsnts of inertia for flat
plates as glven in reference 5 are prosented in figurea 5 and 6.

For rotation sbout a spanwisec axls through the centrodid of
area of tho swrface tho additional mcment of inertia 1s given dy

I, - :—g Kk1&3m2 (%)

where 1;1:3 aspect ratio used in determining k' frcm figure 4 1s
now 1l/A.

Yor rotation about an axis displaced from the centroid of
area of the surface, the additional moment of inertia about the
axis of rotation may be found frcm the expressiocn

T B' = Ia + ma'l.a
vhere 1 1s the component in the plane of the surface of the
perpendicular distance betwecn the axis of rotation and centroid of
area of the surface., For exumple, the alditional moment of inertia
about sn axis parallel to tho chord of the surface is given by

I - I—-g k'e%3 + ? K20 (5)
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i Tuselags . . '

Tn order to evaluate the alditional-mass and moment-of -inertia i
corrections for tne fuaslage 1t may be assumed that ths fusslage :
of an alrplaone can be approx‘mated in shape by an ellipscid and : !
thet the values of sdditional mags end additional moments of inertia ; -
calculeted for the cliilnaoid are epproximetely correct for e i
i fuselage which hing tho meme length end volume as tho ellipsoid. '
' : That is, the maximum deoth und the moximm width of the equivalsnt

ellipscid are equal, rempectively, to g‘d and /‘g‘ v of the l '

fuselage whore 4 and w are valuea of the average depth and : e {
. width cf tho fneelage. .

For a fuselege moving in e direction parallel to one cf 1ts
. principal axes 1n an inviscid fluld, the additional mass is detsr-
! mined from the equaticona of linear mementum for the equivalent
: ellipscla precented in roference 2. For motion along the Y end ! . i
: 2 principal axes, the valucs of the additimnal mess in torms of : i
“ the average denth ard width of tho fueelage arc gfven, respectively,
r : by

e ma

My = pleyLevd (6) .

m, = pkepLewd (7

‘ ;‘ vhere key and kg, the coofficlente of udditlonal mass for linear

. motion along the Y- and Z-axcs, ere presented in figure 7 as a -
- : function of the fineness ratio in tie plrn view and the meximum &
P X depth-to width rutio of the cquivalont elltipsoid. *

s ! The additional) moment of inertin of 2 fusclnge rotating about ' L.

: ! one of its principol axes 1s dotermined froem the rquations of

rotational momentum fixr the eguivalent ellina-'d =a vresented in .

VR refercnces 7 end 4. For rotaticng sb ut the Y and 2 exos, ) .
reapectively. the ndditir-nal moments f inertia m.y bo expressed o £
in terms ~f the averses width snd derth ~f the fuselnge =8 ' N

Lfa 3d2' . L ]
Ty, =g ¥'ry L v (T * ET) (8) '
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end . . :
I, = 3 K'gplewd L{‘ + 5;) (9) *-

where the coefficients of additional moments of inertia k'fY |
" apd k'fz arc presentnd in figure 8 as a function of the finences '
ratio in the plan vicw and the maximum dopth-to-width ratio of

- the equivalent cllipsoid., a
For rotaticns about r:ference swinging nxcs displaced from 1_.' |
but parullel, respectively, to the Y and Z principal axes of the . v

fuselag: the values of the additionn] nmoments of inertia may de
obtained from equotions (6) to (9) end the moment-of -inertia
transferonce equation

] 2 .
I Ia' = I, ¢+ ma.?' 4
" ” ' ) .
N ‘ ,
2 s 0
Le2 1 )
[+] s
! ax A 2 1
zYa 5 X0 pyLlgwd ( 4 on p(kle'f"mfy ) (10) -
|l
, i and -
i 2 3“2 1 :
' I, ' = E R Ll |\~ ¢ — + ofkpmlL w1, ° (11) "
Za 5 b c/an ¢ 4 on bt S ekt O :
For motion nlong ani rotntion sabout the X principnl axis of -
the nirplane, calculetlons and thoory show that the values of the .
o additicnal maspe and =dditicnal mcments of inertia are rclatively %

amnll; nccordingly, thny have not boen considercd in the following
equations for tho estimution of the totrl additional moments of
inortia of tho airplanc about ite aewinging 'xeos,

Complote Alrrlans

The evaluation of thc edditional moments of inertia for a
completa airplane entails the applicetions of equations (1) to (11)
to the varicus portions of the airplane, which cen be considered
either &s flut plates or ellirsoldal dodics. For .ach part of the
alrplene the value of the wdditionnl moment of inertia ic computed
about an axis throuzh the centrnid of cree of the surface and
parallel to the corresponiing roference swinging axis by applying
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the appropriats forms of equationms (2), (3), (4), (8), and (9).
The total values of the addiiional moments of inertis about the
refsrence swinging axes are then obteinscd by using the appropriate

forms of the moment-of-inertis transiersnce formulae (equations (5),

(10), and (11}).

It has been found that, inasmuch as some terme cf the reeulting
general equation for the complete alrplane are small, cpproximats
equations for additional monents of inertia atout each of the three
svinging axee msy be written without sacrificing accuracy. Theee
approximate equatione are:

I,' - %‘% (x=n,'npsab)w +p (kf!qudzf xa)m (12)

(i, 2

)
Ire' = gk'frr‘rwd \ ]‘ + 2“,

ﬂo/ g2
+ofk Laary &y 4+ =ik - 2) . 1
(’Zf Y Jwe ¥\ P /g (3
P Le? 3 J
. IZQ' = [gk'le'fwd' (T * o, fus : b
+ ofkpylevarg 2)  + T k&1, 9 (24)

where, for convenience in making the calculations, S/b 1is
substituted for Cc.

An illustration of the application of the procedure to deter-
mine the additionsl moments of inertia is glven in the appendix
for a typical fighter airplane, The method of determining the
various dimensions and areas is indicated on figuree 1 and 2, The
yaluss of the terms left out of tho approximate equations are
also given end it may be scen that these terms are nogligible.

v

———
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Comparison of Experimental and Calculated Resulta

An eatimnte of the accuracy cf the equations (12) to (14)
uged in calculating the aiditional moments of inertla may be
obtained by inopectlion ef fimwres 9 to 11 in vhich thn ealculated
values are rlotted apairst the experimental values vhich were
detormined by swinging the molels in & vacuvus chewber aa described
in reference 5. The agresment 18 700l sincn the experimental
errors ray have been a3 hiph ag 70 perecent of the true values,
which were ornly o swall percenta~e of the totel valuea of the
moments of inertia measnwred with respect to the swinglne axos,.

A commarison of thc ~xperiments) valucs of the tatal moments
of 1nertia about th- booy axes with the additlonal momenta of
inertia about th: axecs of rotation is pressnted in table I. This
table indicates that with 2 awingine grar gimiler to the arrange-
mext shown in figure 1, the additional moments of inertia probably
do not exceed, in the mejority of cesco, &5 percenm’ of the true
moments of inertia about the body axes.

SUMMARY OF RESULTS

* Formulas have been developed for the eatimetion of the eddi-
tional moments of inertie of sirplenes or airplanc models., A
correlation of the exncrimental data on 4O models indicates that

the satisfuctory estimutlions of the values of the moments of inertia,
due to the ambient-alr offect, mey he determ'ned by means of these
formulas.

Langley Memorial Aeronmautical Laboretory
Natioral Adviscry Committec for Aeronautics
langley Field, Va., October 15, 1946

"
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i AFPENDIX
! EXAMPIE OF METHOD FOR CALCULATING THE ADDTTIONAL

NOMENTS OF INFRTIA ABOUT TEE REFERENCE SVWINGING
AXES FOR A TYPICAL FIGHTER AIRPLANE

- ﬂ Pertipnont date.- In ordor to illustrate the uee of the formulas Lo
' . presentod in the toxt, coleulatinne avs prosemted for a typloal 3 .
t ‘ fighter airplane. Filgure 1 1o a sketch of the airplanc in position oy H
‘ ‘? for Wiﬂeing- . v !
- R Pertinent coefficients and dimonsional dete for the airplane ; :
i are as follows: i,
! ‘ Wing:
f: Arca, B, BAFE « o v o o v o v 0 v s s et e e e 20 f
+ BOUD, By, Tt o v o o o o 2 6 o o s 0 s 0 s s 0000 es0e 36 1, |
if ABpect ¥at10, A . ¢ o v v e s e s s e e s e e a0 s e 3.9 b
' ! Moan chord, &, £t (/) .« . ¢ v o v s v o es s oo B i {
i _ i . Component of distrnee in the X-Y plane from centreid of area
1Y ' of wing to Y-axis of rotation, lyy, Tt ... s e 0. 1.6
) 4 Taper Patfo, A . . v e v 4 c c 4 s s 0 e s s s s s s s« s 1,66 )
{ DiheAral, I', dG& & » » o« o ¢ o o o o « s o s ¢ o v o o o o 3 ot
: Additional mapn coefficicnt, k (frem f£ig. 3 L
’ i forA=5.9)...-...-.-.....-..-..-0.95
' Additicnal nomcnt-cf- inertis coelfficient, k', for the
o X avinging (from fig. B for A =5.9) v « ¢ s o o 2 « » « 0.88
! i Por the Y swinging, the reeiprocal of the aspect
S 1 :
y ! ratio ( 53] 18 vsCd to give an eddtsional moment-of - °
\ 777 L]
” : inertia ccoffici nt k' from figur: & . . . . . . . .. .0.12
.t i Taper-ratio corroctiem, Dy (from Pig. 6) . . . . . . . , . 0.B6 ¥
. A Dihedral corraction, Dp (from £1g. 5) + o o v v o ¢ o . 4 0.96
D . T Fuselago: .
e = Longth, Lp, £ o v o v o s o o o 0o a s a o o o v ss . 235 . ’
Average width, W, TH o o v o ¢ o o o o s s s o s o 0 o o « 340 :
Avorago depth, d, TH o o o v ¢ o o ¢« o ¢ o s ¢ o s o o+ o 3.85 .
Distancoe fram centroid of side arcna of fusclage to . ,
X-axis of rotation, Ifx, Ft o o v v e i s s e s e o4 . T.68 :
Componont of distenco in X-Y planc from coentroid of top ;
aroa of fuaclage to Y-axia of rotation, 'Lf!, £ .. .. b% l
’ s =z
AN ’ .~
- r .
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Fueelage - Continued: {
Dietance from centroid of side nrea of fuselage to !
' Z-axis of rotation, lfz, Ehine o e bt b e & e L9GL

Additional moment-of -inertis coefficlents
obtained from the width-depth ratios end |
fineneeu ratio of the fusslege (fig. 7)

{ I!I.l....l....l.....l.l...l

ku"""""""""""" I

Additional moment-of-inertia coefficients cbtained
, frem the width-depth ratios and fineness retioc of l

..
oM
2o
e

tho fusolege (fiz. 8)

- lé:np.....g _
g2 T Ccrecree s o 3 ‘

IS Horizentsl tail: {
Area, 8, pgft ... ..

Sy, bl TR e ek 8

Arpect ratio, A . . . .

i Mcen chord, €, £t (S/D) . . . & . .
f Carporent of disterce in tho X-Y plane from e ntrotd
i of area of horizontal tail to Y-uxis of 1
k rn’r.a"‘icn,'I.W-....................15.8 Ll
i Addivionnl rass ccefficiont, k, (from fig. 3) . .. ... 0.9
! Additzieonnl pomsat-of -inertia coefficient, k!, for
the X ewingiag [from fig. ¥ for
] e e R T i L et SRR e e e v 15y o
For the Y wi-\pmn the recciprocal of tho aspect

I ratio ‘;- -\ 1s uevd to zlve an additional mcment-

I { of inertia cnnff*cirnt K!' framfigwod , .. ..
0 TADOT, TARID S X or ooy arok (o LI AP 5a . Bhigiis: w3 e ger sribll o e
: Taper-rutio correction, Dy (from f1g. 6) « o v ¢ o ¢ o »

..
oroO
o

3
w o

Vertical tail: 7,
s Avex, 8, ®mft. o« o
t Span, b, £t .. 600 .
: ' 3 Aspact ratlo; A . .. . s &
+ Moen chowd, €, £t (S/’b) g
I t - Distance ivom cenlroid of area to X-nx

s of

- rotat*(}'!,It.‘{,ft......-............

o a4 . Distinco from centrcid of area to Z-axis of
% rn':atlon,th,ft...................30

Additional mass coeifi:lent, k (frem f1g. 3) « o e ¢ « « « O,
0

e

Additianal mosemt-of-inerd 13. coeffiniont, k*, for the
- Xew...rging(frcmf.n.hforl&lnh)...........
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Vertical tail - Continued:
For the Z S\iringing the reciprocal of the aspect

ratio ;] 1s used to give an additional moment-of-

inertid coofficiont Xk from figure ¥ . . . . . . . . 0,40
Taper ratlo, A o ¢ o+ o s o s o ¢ 6 s s s s s 0 0 s 0 s ¢ 3.0
Taper-ratio correction, D, (frrm fig.6) . ... .. .. 0.72

X-.axig, - The additicnal mement of inortla about the X ewinging

axie (shown in fig., 1) 18 obtulned from the sporoximato equation (12)
ag follows:

v 0% e pos2h) 2) AL
I, = o5 (x P,0po%), + o(kplowdte s (a1)
Substituting tho proper tebulated valuee in ocguation (Al) gives

Ix LY ‘t}____h (0'002.31.8_).!

. w ._(o.e.s)(o.&s-)(o.ﬂﬂ)(920)"3(36)]“

+ [(0.002378)(1.04)(23.5) (3. 40)(3.85)(7.68%] _ _
= (185.66)y + (45)pyg
= 231 slug-rt° (a2)

The valuo of Iy ' dotrmined oxperimentally waa 269 slug-feot?,
138

The oxact cquation for the additional momente of inertin
about the X sevinging axie centains the following torme, a numerical
oevaluation of which gives quantitics thot ere indicutivo of Lhe
relativoly emall magnitudos of these torms:

W3 (ermars?y)

i T
-| 3:110.002379 (0.78)(0.85)(1)(31».'1)2(11.5)J
! 48 ht

s 1.47 slug-£t2
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PR [ oo g2
o5 (1% oy
- | ERE2ETD (0,121 (0.72) (20,2020, s)}
= 0,089 slug-Tt° (an)
2
px S 2
W (k ) Itx )V‘t
.14(0.002378 2
|3—-(—°-— I8 (0.50) (22:2° (a, 3)J
vt
= 1.81 mlug-ft2 (=)
Y-axlg.- The ndditional moment of inertia about the Y ewinging
axie {chown In fig, 1) io obtained from ths epproximate equa-
tion (13) as follnwe:
? (LT — . L.va 2
= Smren (5 2] [oeatemn?)]
a2
(k = 'ltY (as)
Subotituting tho propor tabulated vclues in equation (A4) gives
0.002378 23.5)? \
Iy’ {———1 (0,89 (23.5)(3.40) (3. eJJE 2.2 6-3,,-5@.55)1}
- el fue
+ }:(0.002378)(0.86)(23.5)(3.ho)(3.85)(h.50)?lm
b(o.on2378]0, 9034, T)2 |
+ .{ :i..(_oio.?:fe/"n_ﬂ“_p_ (15.8)?
{ 11.5
[N ht
’ - -
k]
\ 4 . *T
* k3
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= (18.90) gy + (22.78) gy + (43.99)py

= 76 elug -2 (A7) ; I.

.
The value of IYa' determinad experimontally was 143 slug-feet?.
The exact equation f~r the additional mcmonts of inertia

| about the Y swinging axie containg the fallowing terms, a numerical
! evaluation of which gives guuntities that are indicative of the

R
) . relatively small moumiluden of these terus: : 2 '
-~ £ kD, D "Ql;) I
56 (KDDEy , i
(1k(0. ) . ! ‘ !
; - [3——-— ug——oaw-)(0-12)(0-86)(0.96)(220)2(6-1)J o
It D I‘ ,‘ y' 'I.
. = 4,56 slug-ft (A8) ) \
L | ‘ _ . S
. exf 07 > j 3.14(0.002379 |0.95(220)2 2 , -
. : F (k b lwy )w = h l 36 (1.6) . . o*
' ; L N A e
¥ t ) ) . g
|' : = 6.11 slng -fta (Ag’
. 48 1 ht ! M
A Ad
, ' 3,14(0.002378
-~ - [‘-——(—-—-3-—-) (0.18)(0.85)(1)(3%.7)%(3.1) L
; = 0.089 alu(;-f"r.a (A20) _ P
. ‘ A ]
"-tl '.‘ . :
L, T Z-axig.- The additional moment of imertia obout the 7 ewinging o ’
a:::l iuhown in fig. 1) is odtained from the approximate eguation (1k) M
a8 folliowva: .
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2 _
L® 3
0 Ly~ 3 ( e] , .
[ (£ D) [ _
. E’.‘E (k g, a)] (A1) ;
b b tz vt !
Substituting the proper tabulated valuss in equation (All) gives N
r
(23.5)2 L ; 2 :
T, =4 002319 (0,901 (23,50 (3.0 (3.85) | ot + 2 (3 w2 oo
a 5 b J fus .
- r -4
+ [(0.002378) (1.04)(23.5) (3.4)(3.89) (19.1)%] ,__
.11(0.002378) §0.59(20.2)2 1
. J3 1h(0.00: 378) 10 59(20.2) (30.6)2] ,l s
4 I 4.4 J vt i
‘
* (19.70) g0 + (277.65)pyg + (51.63)
= 389 slug-rt2 (A12) »
The value of Iza' dotermined exporimentally was 346 slug-feata.
The oxact equation for the additional mcments of inertia :
about the 7 swinging uxis contains the f~llewing term, 2 mmerical "‘
evaluation of which givos a gquantity that is indicetive of tho
relatively emall magnitude of this term: '
p A
W(k'nxsac)vt
3.14(0.002378) ' . { )
. | 31200 ka—g-—~(o.h1)(0.72)(20.2)2(4.1&)J
L vt .
= 0,083 slug-fta (A13)
- T - "
. . = r
- . . .
- __; -
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TABLE I.- COMPARYISON OF THE EXPERIMENT/L TOTAL VALUES OF THE MOMENTS
OF INERTIA ABOUT THE BODY AX®S AND THE ADDITIONAL MOMENTS OF
IRERTTA ABOUT THE AXIS OF ROTATION OF THE COMPOUND PEKDULUM
OF 40 FRFE-SPIFNIFG AIRPLANE MOTVIS

LV&luee are in gr-in.2]

Airplane Model ] Ty 8 T Qo |
model scale Ix Ixa IY (] Z Za
XSB2U-1 116 6,520 | 1160 | 1k,082 398 | 19,217 | 2088
BT-9 116 5,28 | 717 7,452 3k | 11,260 | 1270
P-35 18 3,195 | 300 | 4,681 { 160 | 7,095 385
Xos20-1 1/16 hoohh | B77 | 10,190 859 | 13,234 | 1849
P-36A 1/20 1,327 | 232 ] 2,937 79| 3,92 | u82
XS020-1 1/16 5,188 | 800 | 16,369 =40 | 20,361 | 2337
YFM-1 1/25 8,51k | 11281 4,902 ! 639 { 12,556 | 1804
XS03C-1 124 11,566 | 1395 | 34,169 | 1201 | 41,806 | 3309
XSB2A-1 1/25 1,908 | 286 | L7 15 | 6,135 | k5
B-26 1/26 12,266 | 523 ¢ 12,354 | 6%1 | 22,859 | 1601
XP-ké 1/20 2,158 166 3,540 116 5,617 395
XTBU-1 1/24 3,311 | 3% 4,38 ! 119 | 9,26 | 579
XP-47B 1/20 9,11) | 3871 8,572 | ouh | 16,9718 56
Xe-67 1/27 6,156 | 183} 3,792 | 63| 9,327 | M5
XSB3C 1 | 1/20.83| 8,69% | 831 | 11,232 | T29 | 19,008 t 826
XP-59 1/20 17,375 | 1181 | 32,307 | 7135 | 48,451 | 2153
Xp-52 1/22 5,h02 h32 9,198 | 233 | 13,75 k3
XFL4C-1 1/20 7,695 | 6951 9, 5 15,550 | 1694
T2A-1 116 4,578 | k35 7,452 503 { 11,250 8715
A-17 1/15 17,190 | 2100 | 21,265 ; 730 | 34,464 | 2033
XFLy .2 1/12 12,736 | 25% | 31,149 ; 1725 ! 41,006 | 2740
-1 112 16,289 i 1700 | 32,882 | 1308 | 48,008 ! 2830
rhy-1 1/20 b,8562 383 5,303 258 G, h7k 779
XF5F -1 1/e22 4,01 200 ¢ 2,927 | 102 | 7.04% | 313
Xpr-i2 11k 9,74% {1320 | 16,305 | 6ol | 24,506 | 1603
XoT-11 116 5,416 | 876 8,746 335 | 11,825 | 1202
<P -50 1/25 2,955 98 1,530 99 L,5€0 122
XTRF -1 1/22 h,793 857 8,532 385 | 12,70 958
P-39 1/20 3,07 | 137 | 3,992 0 ) 7,032 § k32
P-30 116 7,04k 738 | 1k,511 | 180 | 20,301 § 1550
P-hor 1 /20 ;;,30:. 21 | 5,190 8& | 7,98 | 165
£hC -1 1/1h L, 856 659 | 11,194 491 | 15,304 J 1246
XSB2h-1 1/20 0,155 | 565 { 16,775 | 463 | 2h,855 1 1601
XM -39 1/20 13,915 11529 | 17,542 | 1156 | 3,146 | 2195
xX2-15 116 20,309 | 1745 | 33,701 | 1089 | 51,829 3814
XP-71 1/28 18,930 653 2,840 370 | 31,79 | 2k
-3 1/23.75 | 18,55k |276h | 25,517 | 870 | 41,856 | 2k
XCG-16 1/32 2.821 707 2,043 %0 4,668 | 752
xc-82 1/60 770 167 173 1hh 1,119 L5
SBN -1 118 3,587 B | 6,601 } 239 | 9,781 | €67

NATIONAL ALVISORY
COMMTITEE FOR AERONAUTICS
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Figure 1.- Sketch of a typical model showing dimensions necessary foy ‘

the calculation of the additional moments of inertia, All dimensions
are full-scale values. x
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Figure 3,- Coefficients of additional mass for rectangular plates.
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Figure 5.~ Variation of the additional moments of inertia of &
single plate with dihedral angle; A = 4 (reference 5).
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