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MKOMAL ADVISOR? COMMITTEE FOB AEBOKAOTICS 

TECHHICAL HOTF HO. 1187 

FORMDIAS FOB ADDITIONAL-MASS COPRECTrcfflS 

TO THE MOMEBTS OF IKEFTIA OF AIKPIAHF33 

By Frank S. Malvestuto, Jr. and Lawrence J. Gals 

SUMMARY 

Formulas are presented for the calculation of the additional- 
maes corrections to the ma.ients of inertia of a.lrplaner. These 
formulae! are of particular value *n converting the virtual moments 
of Inertia of airplanes or models experimentally detenainod in 
air to the true moments of inertia. A correlation of additional 
moments of Inertia calculated by thane formulae vith experimental 
additional moments of inertia obtained from vacuum-chamber tests 
of ko  spin-tunnel models tndicatep that the formulae give satisfactory 
estimations of the additional moments of inertia. 

IMTOODUCnoiI 

I 

In stability investigations involving free-flight tests of 
dynamically scaled modele or of full-scale airplanes it Is necessary 
to know accurately the true mocante of inertia of the model or 
airplane. In order to obtain the true moments of inertia of the 
model or airplane the ezpevimortal nomdnto of lnert'a, determined 
toy the nendulum method, must, be corrected for the effect of the 
surrounding air. The effect of thi:; ami lent air on the apparent 
moments of inertia Is unually email b-it maj be an lar,^e at; 2> per- 
cent of the true moments of inertia for airplanes vith low wing 
loading. 

The fundamental basis of the effect of the ambient-a'r mass on 
bodies undergoing acceleration has been devoloped in references 1 
and 2. References 3, h,  and j present experimental data on the 
effect of the ambient-air mann on the moments of inertia or r'lat 
plates obtained by nwinfinc the plate« as an integral part of a 
pendulum. Eeferer.ee 3 presents a method of corrsefn^ the moments 
of inertia of a full—seal» airplane f.?r the anbient-air mass effect 
by considering the projected arear of various components of the 
airplane in planes normal aid parallel to the plane of symmetry and 
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applying to these projected area»the experimentally determined 
additional moment-of-inertia corrections for flat plates of finite 
aspect ratio. 

In the present paper, formulas are presented for the rapid 
evaluation of the additional-mass and moment-of-Inertia correc- 
tions for airplanes that are swum? R!J &n integral port of a pendulum. 
The method proposed in the preceding reports has (jcncrally been 
conformed to vith the exception that the ambier.t-'vir mass effect 
for parts of the airplane such as the fuselage vas determined 
theoretically from the notion of an ellipsoid ir. a three-dimensional 
potential flov. The method presented has teen applied to Uo  complete 
dynamic airplane models previously tested and the results have 
been compared vith the experimentally determined valuos. 

f 

A 

t  . i 

SYMBOIS 

For convenience in defining certain symbols, sketches for 
identifying dimensional parts of the airplane are given in figures 1 
and 2. The numerical values given in these figures are for use 
In an illustrative example that is subsequently presented. 

b 

S 

A 

cr 

ct 

o 

X 

r 

I* 
V 

1 

I 

span of surface (includes span of fuselage between surfaoe 
panels; for vertical tall see flp. 2(b)) 

area of surface (for wing and horizontal tail Includes 
area of fuselage between surface panels) 

aspect ratio of surface (b2/S) 

root chord of surface 

(f - °r) tip ohord of surface 

mean chord of surface (S/b) 

plan-form taper ratio of surface (cr/ct) 

dihedral of wing or horizontal tail in degrees 

length of fuselage (see fig. 1) 

geometric average width of fuselage 

geometric average depth of fuselage 

component in plane of surface of perpendicular distance 
between axis of rotation and centroid of area, of surface 

\   i. 
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z*x 

4*z 

k 

Dp 

kfX» kfY» 

distance fron centroid of alto area of ftwelage to axle 
of rotation parallel to and. In the plane of the X-axie 
(conveniently referred to herein aB axis of X swinging) 

component of distance in the X-Y principal plane of 
fuselage of the perpendicular distance between the 
centroid of plan area of fuselage and the axis of 
rotation parallel to ana In the plnne of the Y-axis 

distance from centroid of side area of fuselage to BXIB 
of rotation parallel to and in tho plaie of the Z-axls 

distance from centroid of vertical-tall aroa to axle of 
rotation parallel to and In the rlane of the X-axis 

component of distance in the X-Y plane of fuselage of the 
perpendicular distance Between tho centroid of 
horizontal-tail uroa nnd tho axis of rotation parallel 
to and in the plare of the T -f>xls 

distance from centroid of vertical-tail area to axle of 
rotation for 2 swinging 

component of distance in the X-Y plane from the centroid 
of area of wing to axis of rotation parallel to and in 
the plane of tho Y-axie 

coefficiont of additional mass of a flat rectangular plate 

coefficient of additional moment of Inertia of a flat 
roctansular plate 

taper-ratio correction factor 

dihoflra.1 correction factor 

^fZ coefficients of additional mass of equivalent 
ellipsoids for motion along tho X-, Y-, and 
Z-axce, respectively 

K fZ k'fX' *fY» 

m^     additional mass of a body 

coefficients of additional moments of inertia of 
equivalent ellipsoids scout the X-, Y-, and 
Z-axes, respectively 

1 
v.f .' 

k- 
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Xg additional moment of Inertia of a body 

IJI ly» L      moments of inertia about X-, Y-, and Z-body axes, 
reapoctivoly 

Ix , Ij 1 Ig     total additional moments of liwrtla about 
a      X-, Y-, ana Z-boay axes, respectively 

Ij •, Iy •, Iz •  total additional moments of Inertia about X, Y, 
a   a   a     and Z swinging axes, roejpoctlvely 

P density of air, slug per cubic foot 

Subscripts: 

W    vine 

fus  fuselage 

ht   horizontal tall 

vt   vertical tall 

'- 'I 

r DJSVKLOPMEKT OF EQUATIONS 

Wings and Tall Surfaces 

*'•> 
«".-. 

I . 

In order to evaluate the additional-muss corrections for the 
wings and tall surfaces of an airplane It was assumed that theso 
surfaces were flat plates and that the additional-ones corrections 
previously obtained for flat plates (references 5 Pr,d 6}  wore approxi- 
mately correct for the wings and tall surfaces. The additional 
mass of a wing or tall surface in translatory motion may be deter- 
mined from the following equation: 

»a $ kcSb (1) 

where k, the coefficient of additional mass plotted In figure 3 
as a function of the aspect ratio, has been obtained by averaging 
the experimental results of KACA tests presented in reference 5. 
The values presented In references 3 and 5 for a rectangular wing 
and those of the present analysis are assumed to be accurate for 
a tapered wing when considered as an equivalent rectangular wing 
of chord c. 

•tfv.. 
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The additional Moment of Inertia of a wing or tall surface 
rotating about its chord at the mldapan la determined fraa the 
equation 

(2) 

«here k*, the coefficient of additional moment of Inertia 
plotted in figure 4 as a function of the aspect ratio of the plate, 
has been obtained by avera<?in<j the experimental reBUlte of BACA tests 
presented in reference *>. Application of correction factors for 
the effect of dihedral angle and taper ratio fiivea the following 
equation: 

ia = a w. «v 
48 

(3) 

'I 

The correction factors for the effect of dihedral angle and taper 
ratio on the values of the additional memonts of inertia for flat 
plates as given in reference 5 are presented in figures 5 and 6. # 

For rotation about a spanvisc axis through the centroid cf 
area of tho surface the additional moment of Inertia is given by 

U8 I. = rs k'ff3*2 W 

where the aspect ratio used in determining k* from figure 4 is 
now 1/A. 

Tor rotation about an axis displaced from the centroid of 
area of the surface, the additional moment of inertia about the 
axis of rotation may he found from the expression 

V- IB + V 

where I    is the c-nponent in the plane of the surface of the 
perpendicular distance between the axis of rotation and centroid of 
area of the surface. For example, the wMltional moment of inertia 
about an axis parallel to tho chord of the surface is given by 

-iT 

V 1*8       '* (3) 
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Fuselags 

In order to evaluate the additional -mass and moment-of-Inertia 
corrections for the fuselage it may be assumed that the fuselage 
of an airplane can be approximated in shape by an ellipsoid and 
that the values of additional Haas and additional moments of inertia 
calculated for the ellipsoid are p.pproxiBr.tely correct for a 
fuselage which has tho seme length and volume as tho ellipsoid. 
That is, the maximum deoth and the maximum width of the equivalent 

ellipsoid are equal, respectively, to j/jfd raid iljw of the 

fuselage whore d and w ore valuoa of the nverago depth and 
width of tho fuselage. 

For a fuselage moving in a direction parallel to one cf It« 
principal axeB in an inviscid fluid, the additional mass ie deter- 
mined from tho equations of linear momentum for the equivalent 
ellipsoid presented in reference 2. For motion along tho Y and 
Z principal axes, tho valuoa of the additional mass in torms of 
the average de-oth and width of tho fuselage arc s^ven, respectively, 
by 

"fe » pfcfyLfWd (6) 

f 

and 

»« - PlffZ1*»3 (7) 

«here fc» and kfj, the coefficients of additional mass for linear 

motion along the Y- and Z-axos, are presented ir: figure 7 as ft 
function of tho fineness ratio in the pirn view and the maximum 
depth-to-width ratio of the equivalent ellipsoid. 

The additional moment of inertia of a fuBc.-ln.ge rotating about 
one of its principal axes Is determined frcm the oquationa of 
rotati^nil momentum f;.r the pquiviler.t el.lins'-fd ".s TTcnented In 
references r;  und 'S. I'T r^tati'-'ns ab' ut tho Y ana Z  PJCOB, 
respectively, the 'idditi'aiil momenta :f inerti.?. m^y bo expressed 
in terms "f the avnrw-ge width •uid der>th of the fusel >-i£0 «s 

XY >*»„ Lfvd (¥••£) (8) 

(• 
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$»-• 

f-; 

and 

5    fz • *•$•$ 
(9) 

«here the coefficients of additional moments of Inertia k*^ 

and k'fg; are presented In figure 8 aa a function of the fineness 

ratio In the plan view and the maximum depth-to-width ratio of 
the equivalent ellipsoid. 

For rotations about reference swinging "jees displaced from 
•but parullol, respectively, to the Y and Z prinoip.il axes of the 
fuselage the v?Juts of the additional momenta of inertia may he 
obtained from equations (6) to (9) and the mop.cnt-of -inertia 
transference equation 

V Xa + V 

V 
and 

V 

jtfflifl* 

k«„L,wd nrf \u   2«/ 

*tz^\z) 

»(kfyLj.WdT^2) 

(10) 

(11) 

w 

Tor motion tilong and rotation about the X principal axis of 
the airplane, calciUrtiona and theory PJIOW that the values of the 
additional maao and additional ar<ra»ntH of Inertia are relatively 
small; accordlnglj, thoj have not been considered in the following 
equations for tho ootimutlon of the total additional moments of 
Inertia of tho airplane about Its owin^ln^ 'üces. 

Complete Airplsno 

Tho evaluation of the additional moments of inertia for a 
eoaplsto airplane entails the.  applications of equations (1) to (11) 
to the various portions of thr airplane, which can be considered 
either as flat plates or ellipsoidal bodies. For --ach part of the 
airplonfi the. value of the cidditinxiHl moment of inertia lc computed 
about an uxis through the cervtmid of area of the surface and 
parallel to the corresponding roference owinginf? axis by applying 

(" 
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the appropriate fonts of equations (2), (3), (k),  (8), and (9). 
The total values of the additional moments of Inertia about the 
reference swinging axes are then obt&ined by using the appropriate 
forms of the nicment-of-lnertia transference formuiis (equations (5)» 
(10), and (11)). 

It has teen found that,Inasmuch ao some terns of the resulting 
general equation for the complete airplane are small, approximate 
equations for additional moments of Inertia atoufc each of the three 
swinging axes may he written without sacrificing accuracy. These 
approximate equations are: 

it • *a 

**( 

(12) 

(13) 

(1U) 

where, for convenience In making the calculations, 8/b is 
substituted for c. 

An Illustration of tho application of the procpduro to deter- 
mine the additional momenta of inertia 1B given In the appendix 
for a typical fighter airplane. Tho method of df.terminlng the 
various dimensions and areas Is Indicated on figures 1 and 2. The 
values of the terms left out of tho approximate equations are 
also given and It may he Been that these terms are nogllglblo. 

1 

* 
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Comparison of Experimental and. Calculated Results 

An estimate of the accuracy of the equations (12) to (lU) 
used In calculating the additional moments of inertia may he 
obtained by inspection of figures 9 to 11 in vhich tho calculated 
values are plotted acalrst the experimental values vhich were 
determined by swinging tho moCela in a vacuum chamber oa descrihed 
in reference •>. The ar*reement is .r»ooi since the experimental 
errors saav have been au hiph as 00 percent of the true values, 
vhich wore only a small porcGnta/te of the total values of the 
moments of inertia measurer! with respect to the swinging BXOB. 

A comparison of the oxporlmenteJ valuoB of the tatal moments 
of inertia about tin body ax«B with the additional momenta of 
inertia about tha axes of rotation la piesentcd in table I. This 
table indicates that with a awin^inf gear similar to the arrange- 
ment shown in figure 1, the additional moments of inertia probably 
de not exceed, in the majority of cases, 25 percent of the true 
moments of inertia about the body axes. 

SUMMAKT OF RESULTS 

• Formulas have been developed for the estimation of the addi- 
tional moments of Inertia of airplanes or airplane models. A 
correlation of the experimental data on U0 models indicates that 
the satisfactory estimations of the values of the moments of inertia, 
due to tho nmbient-air effect, raey he determined hy moans of theso 
formulae. 

Langley Memorial Aeronnutical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., October 15, I9A6 
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APPENDIX 

EXAMPLE OF METHOD FOB CALCULATING THE ADDITIONAL 

MOMENTS OF HEKTIA ABOUT TEE REFERENCE SWINGINO 

AXES FOB A TYPICAL FIOHTEB AIRPLANE 

?5E*3-fipni da$a.- In ardor to illustrate tho uae of tho formulas 
presented in tho text, ejaculations are preprinted for a typioal 
filter airplane. Fißure 1 io a sketch of the nirplano in position 
for swinging. 

Pertinent coefficients and dimensional dr.ta for the airplane 
are as follows: 

Wing: 
Area, S, o(i ft  220 
Span, b, ft  36 
Aspect ratio, A  5.9 
Moan chord,    c,    ft (S/b)  6.1 
Component of dlst".nco in the X-Y pl-uie fr cm ccntrctd of area 

of wing to Y-axis of rotation,    7y„,    ft      1.6 
Taper ratio, X 1.66 
Dihedral, I1, dog    3 
Additional mnsn coefficient, k (from fig. 3 

for A = 5.9) O.95 
Additional aoment-rf-inortia coefficiont,    k*, for tho 

X swinging (frcn fig. U for   A. = 5.9) 0.88 
For the- Y awinclnr;, tho reciprocal of the aspect 

ratio I ) is vat d to give nn addition»} mement-of- 

inertia cooffluj.nt If*    i'riTDi figurf   U 0.12 
Taper-r?itio correction,   D^    (from fig. 6) 0.86 
Dihedral corraction,   Dn    (from fig. f>) O.96 

Fuaelago: 
Length,   Lf,    ft       23.5 
Average width,    w,    ft 3,i»0 
Average depth,    d,    ft 3.85 
Diatanco fron ccntroid of Bide area of fusclago to 

X-axis of rotation,    it ,    ft 7.68 

Component of dletanco in X-Y piano from ccntroid of top 
area of fusclago to Y-axis of rotation,    If ,    ft ...  . k,JO 

1 

£• 



NACA TN Mo. 1187 11 

Fueslage - Continued: 
Distance from centroid of side area of fuselage to 

Z-axlB of rotation, If , ft 19.1 

Additional moraent-of-inertia coefficients 
obtained fron the width-depth ratioe and 
fineness ratio of the fuselage (fig. 7) 

k,„, I.OU 
kj£ 0.86 

Additional moment-of-inertia coefficients obtained 
frcn the width-depth ratios and fineness ratio of 
the fueolaae (fi.3. 3) 

k'fY   O.89 

*'«  °-* 
Horizontal tail: 

Area, S, i'i i't 1-^.7 
Spaa, b, ft 11.5 
Aspect ratio, A   ........ 3.7 
Mean chord, c, ft (S/b) 3.1 
Cdepsr-ont of dißtmee in the X-Y plane from centroid 

of BU of horizontal tail to Y-uxia of 
rotation;   l^_ 1^.8 

Adatiiiiiy,!. 1-JE.3B coefficient,    k,    (fn-m fig.  3) 0.90 
Addl--.^'iil naaosot-ef-lnertt« coefficient,   k1, for 

the X svrr.n13i.vj (from fig. k   for 
A - 3 7)      0.78 

For the Y swinging the reciprocal of tho aspect 

ratio • - -, 1B UP :•! to nivo nn t.dditicn-".l mcmeiit- 
'3-7; 

of.inF.rT^.ft eoofficiont  k'  from figuro fc   0.18 
Taper ratio, \ 1.73 
Tuper-rutio correction, D^ (from fig. 6)   0.85 

Vertical tail: 
Area, B, so. ft  20.2 
Span, b, ft  U.6 
Aapeat ratio, A  1.0 
Naaa tbnvd,    c,    ft (S/b)  U.I* 
BlttKLiM i'T-ora centio'.d of aret to X-axis of 

rotation,    Ify, ft  U.3 
DiBtanco frrm centroid of area to Z-axis of 

rotation, l^,    ft 30.6 

Additional mays coolfijient,   k    (from fi«. 3)    0.59 
Additi-cittl racannt-of-i.-wrtia coefficient,    k1,    for the 

X swinging (frcm flg. k for A I.OU) O.Ul 

I 
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Vertical toll - Continued: 
Far the Z swinging the reciprocal of the aspect 

ratio I ,-rr) Is used to give an additional noment-of- 
Inertia coefficient  It  from figure U  0.1)0 

Taper ratio, X  3-° 
Taper-ratio correction, D^ (from fig. 6)  0.72 

X-axis.- Tho additional moment of inortln about the X swinging 
axle (shown in flfj. 1) is obtained from tho approximate equation (12) 
as follows: 

v - g- 0"w^ v+ iwt^*/)tw 
(A1) 

Substituting tho proper tabulated values in equation (Al) gives 

ix . = 3..^ ,(?.ooa?rg> r(o.eB)(o.a&)(o.a8)(g2o)g(36)1w 
a       W     •- -1« 

+ [(0.O02373)(1.0lf)(23.5)(3.'»0)(3.85)(7.C8)a]fH8 

. (185.66)W + (W,,, 

a  231   8lllg-ftS (A?) 

The value of IT • determined experimentally was 269 slug-feet8, 
a 

The oxact equation for tho additional moments of Inertia 
about the X swinging axis contains tho following toras, a numerical 
evaluation of which «tiros quantities that are indicative of the 
relatively small ma^nltu&oo of these torms: 

iWSgegSf* (o.78)(0.85)(l)(3^.7)2(U.5)| 
1,8 Jht 

»1.1*7   slug-ft2 tA3) 

'-' •      I 

*•*'• 
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v 

.  I 
1  #• rv 

P« 
58 

R.UKo .008378) 
* l.     "5a 

* O.089 alug-ft2 

(o.ui)(o.7a)(ao .a)2(u.6)J 
Yt 

TT K>./) n 

« 1.81   BlUg-ft2 

(0.59) 
*& <-"! 

(AO 

(AO 

Y-azia.- The additional nscuont of inortii about the Y evlrging 
axle fehovn in fig. l) io obtained from tha approximate equa- 
tion (13) as follovp: 

V [; *„v* (% + g-)jfuB + [pcv»*11^] 

[?(«M 

fUB 

ht 
«US) 

IT» 

Subotituting tho proper tabulated values in equation (A^) glveB 

[0,002378 -P- (o.89)(23.5)(3.*0)(3.85) j^f-- • ^3.85)pj 
fUB 

"(O.OOS373)(0.86)(23.5)(3.|*0)(3.85)(lt.SO)?] 
-fUB 

l3-lU(0.00237$ 

11.5 
(15. i ht I 

f 

(• 



Ik me» w to. n&r 

s 

-1 

i •      i     i 

- (18.90)^ • (lS.7«^ • Ct3.99)ht 

- 76 elus-ft8 (A7) 

The value of Iy * determined, experimentally was llf^ elufj-fcet^. 

The exact equation f"r the additional mcmonts of Inertia 
about the Y swlnf.Ii^; axle contains the fallowing terms, a numerical 
evaluation of which gives quantities that *re indicative of the 
relatively email E"^niMiden of these terms: 

, |Lia2Ä2Z8){o.i2)(o.86){0.96)(a»)8(6.l)J 

-  k.56  slug-ftf" 

r (k ? \i -M^SSSflJ p(pL2 (1.02j 
L 
6.11 slug-ft8 

i»8 

. |"2ilMo??02378) 
W? 

O.089 eluts-ft 

(0.l8)(o.85)(l)(3t 3t.7)2(3.l)l 
Jht 

(Afl) 

(A9) 

(AM) 

2cgxJ.fi.- The additional msnent of Inertia about the 7, swinging 
ejtlo (shown In fig. 1) la obtained from the approximate equation (,1k) 
as follova: 

• f I  .' 

k- 
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ill 

\: t 

(All) 

Substituting the proper tabulate! values In equation (All) gives 

, J<££2SZ9(o.sA>(23.5><3.«(3.« P— ^ A<3-«2]1 T 
+ [(0.0O23?e)(l.oJ0(23.5)(3A)(v85)(l9.l)2]f 

+ J3-X»i(0.00g378) [o.59(0O.S)a   6)2"U 
I      *      L  "»•«        '  Jj vt 

- (19-70)^ + (277.65)^ + (91.63)^ 

* 389 Blug-ft2 (A12) 

The value of I7 * determined experimentally was Jh6 slug-feet2, 
'•a 

The exact equation for the additional moments of Inertia 
about the ?.  svlnplng axis contains the following term, a numerical 
evaluation of which gives a quantity that Is Indicative of the 
relatively Bmall magnitude of this term: 

P* 

3.1U(0.002378) 

U8 

O.O83 Blug-ft2 

(O.JH)(0.72)(20.2)2(4 4 vt 
(A13) 

1 

' (• 
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TABLE I.- COMPARISON OF TBE EXPERIMENTAL TOTAL TAUES OF TBE MOMENTS 
OF INERTIA ABOUT THE BODY AXES AM) THE ADDITIONAL MOMENTS OF 
INERTIA ABOUT THE .«IS OF ROTATION OF THE COMPOUND PENDULUM 

OF 40 FHEE-BPIFNirO AKPLAKE M0DFLS 

(VtluOB ore in gr-in.2] 

Airplane j 
modal   | 

Model 
Rcalo h h I, • h T      t 

XSB2U-1 1/16 6,520 II60 IM,082 398 19,217 2088 
BT-9 1/16 5,280 73-7 7,452 344 11,260 1270 
P-35 1/18 3,195 300 4,681 l60 7,095 385 
X0S2TT-1 1/16 4,044 877 10,190 859 13,234 1O49 
P-36A 1/20 1,327 232 2,937 79 3,962 482 
XS02U-1 1/16 5,188 890 16,3*9 K40 20,361 3S YFM-1 1/25 8,514 1128 4,902 639 12,556 
XSO3C-I H4 11,566 1385 34,169 1291 41,896 3309 
XSB2A-1 1/25 1,908 246 4,417 3.50 6,115 445 
B-26 1*26 11,266 523 12,354 651 22,899 1601 
XP-46 1/60 2,158 166 3,640 116 5,617 395 
XTBU-1 1/24 3,3H 350 6,328 119 9,216 579 
XP-47B 1/20 9,111 387 8,572 244 16,7/8 656 
XP-67 1/27 6,156 183 3,752 63 9,327 415 
XSB3C 1 I/20.83 8,694 83I 11,232 729 19,008 826 
XP-69 1/20 17,375 

5,402 
1181 32,307 735 48,4*1 2153 

XP-62 1/22 432 9,198 233 13,755 843 
XF14C-1 1/20 7,695 695 9,686 366 15,990 1694 
XF2A-1 1/16 4,578 436 7,452 503 11,^50 875 
<v-l7 1/13 17,190 2100 21,265 T*o 34,,64 2233 
XFUF-2 1/12 12,730 2540 31,149 1725 4.1,006 2740 
NF-1 1,12 16,289 1700 32,882 ncs 48,cn-fl 2830 
XF4U-1 1/20 4,852 383 5,3f>3 268 5,474 779 
XF5F1 1/22 4,401 209 2,927 102 7.044 313 
XPT-12 1/14 9,744 1320 16,305 601 24,606 160 3 
XET-11 1/36 5,416 876 8,?46 335 11,0*5 1202 
Sf-30 1/25 2,96: 98 1,630 99 4,560 322 
XTBF-1 1/22 'S793 857 8,332 386 12,722 958 
P-3SO 1/20 3,417 117 3,9?2 90 7,032 433 
P-30 
P-'WF 

1/16 7,944 738 14,511 380 !?0,301 155^ 
1/20 3,3«4 274 5,190 82 7,930 l"65 

S!iO -1 1/14 4,8-->6 659 11,194 491 15-3?4 1246 
xsa 21.1-1 1/20 9,1*5 566 16,775. 463 24,056 1601 
XA-39 1/20 13,915 1529 17,542 1156 30,136 2195 
XP-75 1,16 2C.309 1745 33,701 1^89 51,829 3814 
XT-71 1/28 18.930 653 12,860 370 31 .T?-) ^241 
DC-? 1/23.75 18,554 27fc4 25,517 870 41,856 2461 
XCG-16 1/32 ?. 321 707 2,043 150 4,6C8 752 
xc -82 1/60 770 167 373 144 1,119 45 
SBN-3 1A8 

1  
3,^7 

• 
428 6,601 239 9,741 867 
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Figure 1.- Sketch of a typical model showing dimensions necessary foi 
the calculation of the additional moments of inertia. All dimension: 
are full-scale values. i I 
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Figure 2. -  Sketch Illustrating method of measuring the chords, 
span, and area of the horizontal and vertical tall surfaces; 
ct " (TT) " cr where s ls me area °*the tail surfaces. 
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Figure 3.-   Coefficients of additional mass for rectangular plates. 
Curve is average of NACA 1933 and 1940 tests.   (Reference 5) 
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Dihedral angle, deg 

Figure 5.-  Variation of the additional moments of inertia of a 
single plate with dihedral angle; A - 4 (reference 5). 
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Figure 7.-  The variation of the coefficients of additional mass 
kfY and kfz with the fineness ratio of an equivalent ellipsoid 
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Figure 9.-  Comparison of the experimental and «to^J-jodÄv^ 
rf the additional moments of inertia about the  X  swinging axis for 
40 free-spinning models. 
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Figure 10.-   Comparison of the experimental and calculated model values 
of the additional moments of inertia about the Y-swinging axis for 40 free-spinning models. 
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