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1.0 INTRODUCTION

l.1 Purpose

This memorandum presents data to'be used in stability studies of two
underwvater towed sonar vehicles, the AN/SQA-13, Serial #7 vehicle and the
Hydrospace vehicle. Stability derivatives, weights and inertias, and ex-
terior dimensions are presented for both of these venicles. The stability
derivative coefficients and inertias were computed from the preliminary data
avaeilaole. Sources of data are shown below,‘and methods of computation are

given in the text.

1.2 Background

To aid study of the characteristics of variable depth sonar systems,
the Boeing Company, Seattle, Washington, has initiated anslog computer simu-
lation of towed underwater vehicles under Contract N123(953)56341A. One use
of this simulation will be to predict tow test perfS?hance, including stabil-
ity characteristics, of vehicles to be tested at later dates., This memoran-
dum presents data to be used in formulating the analog computer representa-

tion of two of these vehicles,

1.3 Data Sources

The AN/SQA-13, Serial #7 body (built by Telephonics Corporation) wes
tested by David Taylor Model Basin to determine static and dynamic body char-
acteristics. Many of the stability coefficients were measured and reported i
in References 9.10 and 9.11. Methods and values used in computing the missing
coefficients are from References 9.1, 9.3, 9.6, and 9.9. Weight end inertia
information was obtained from References 9.10 and 9.11, and from the drawings

of this body (Telephonics drawings 141J1013 and 141J101k).

The Serial #T body has been previously towed at sea by the Underwater
Sound Leboratory, New London, Connecticut. Results of this tow testing will

be used to verify the analog computer simulation.
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For the, Hydrospace vehicle, no testing has been done on the present
vehicle configuration. However, Reference 9.5 presents the results of static
étability tests made by David Taylor Model Basin on a configuration that is

similar except for wing location., Sources for the computed derivatives are

' explained in the appropriate sections of this report. Data used in wéight

and inertia calculations is preliminary, and was obtained from Hydrospace
persdnnel.. The drawing of the Hydrospace body was formed from a preliminary
dr;wing by Hydrospace Corporation and from photographs of the vehicle.

The nomenclature used thfoughout this report, wherever possible, con-
forms to that shown in Reference 9.8. Reduction of the eéuations of motion

to small perturbation equations is consistent with Reference 9.2.
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2.0 AXIS SYSTEM AMD SIGH CONVENTION -
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. The axis system ox, oy, oz is fixed to the body with the origin at the ,

center of gravity and initially oriented with the x axis parallel. to the

velocity vector. Velocities u, v, and w are small perturbation velocities ;

T SO S (T A e T oy T

measured along the ox, oy, and oz axes respectively. The forces X,. Y, and 2
are positive forward, elong the right wing, and down, respectively. Positive
: roll (‘f)) ; roll rate (p), and roll moment (K) correspond to right-wing-down

motion, Positive yaw (¥), yew rate (r), end yaw moment (N) correspond to -
nose right motion. Positive pitch (&), pitch rate (:}), and pitch moment (M)

- corraspond. to nose-up motion.
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3.0 EQUATIONS OF MOTIOXN fo B , ‘ :

X = pfd + qv - rv]
LY = n[¥ + ru - pw)

52 = n{¥ + pv - qul

L= Ix(é) * (I? - IY)qr = I,(8) - Ixz(Pq.) | -‘ . é

2 12 : : B 3
= IY('-i) + T, - T er - It + Ixz(‘p) - ' '

4 ' IN=1I()+ (Iy - I )pa - I (8) + I (qr) - '

N~

3.1 For small perturbetions thess equetions reducy to:

4 . "X = mfu)

LY = nv + ruoi

RSPV WP

Iz = nf¥ - q(Jo]
IK = Ixfz - Ixzx*
M= I g .
ve
. . . §
IN = sz‘ - I.,B . .

3.2 Expanded Equations of lotion

-
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T} v v, .\ Y, .V, .P Q r P, 4 *
txﬁ.(u +Xv +Xw -l-kd +X‘.r +,(‘., +)\p +Xq -i-}(r +X§ +kc.1 +Xx._
u v v & v % P Q T P 4 r
| . IY=Yu +YY +Yv -i-Y‘.1 +Y‘} +Y‘.r +Yp +Yq +Yr +Y§ +Yq +Yx-, - 3
g VR AT AL P IR SRP R NS AL SAPLIPIP R SR SR
. u v v M v v P q r P q bo

’ zxux“+x"+x"+". "'+xp+z<°~+x’+x-:.?+x.q+xc.r
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4.0° DERIVATIVE CORFFICIENTS
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: Definition Example 3
{ E
Bl !
. : .
1 xu = Force along the X-axis due to a velocity perterbation (u) in X direction (ft. 1lbs.) |:
! _ 9 ) . ) T
f 1 X - :
E : X' = non-dimensional form of X, ;
rl ]
S £ = body length (ft) 3
1 . . i
i U, = steady state velocity in X direction (ft/sec) :
. j
2 p = mass density of ‘sea water (standard) = 2.0 (slugs/ft3) 4
i
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5.0 DATA FOR THE AN/SQA-13 TOWED BODY
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5.1° EQUATIONS USED FOR COMPUTED COEFFICIENTS

, =L n2riyr 31 8
.5.1 (a) =5 on[(x &)bodyz ].63
=!._ 2 oy -
(v) Yp 2 pUo[(Yv) wing'swing zzwing
. ' b
'+ (Yﬁ)wing Swing 2
- .E
Crstail Stail ztei1] i
‘=}_ 27 (vt 3
(c) Iﬁ 2 on[(Y %)boqyl"gzboﬁy
bta.il )
' > e
) ai0 Staty T2 apann) 53 (negligible)
1 2
(d) K ==, 02[(K’ b
p-2F% p)wipg swing 2

+ (Y ) .
(Yv )w1ng Swing

(2

. )2
zwing

- 2
Croteil Stair (%ptasr)

+ (k') s. .. (Et_&il)z
p'tail "tail 2

- 2
chbody Sbody (lzbody) ] %;

bZ

swing 2

(e) = Lowran
NP 2 U (i p)wing

- (x')

. . 2 . [}
v'wing wing wing wing
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* cLabody Sbody zzbody szody] Ub

1 (1) & = [+ 5)T (5)]
1 (8) ¥, = [(m + m )T (3)] ;
% Where é

¢ = eangle of attack (deg)
8 = area (ft.z) ]
% = bYody length = 8.12° ' .
. ,

span (ft)

i

U6 = steady state velocity in X direction (ft/sec). ;

1 CLG = coefficient of 1ift due to a change in tail surface angle ;
cLa = coefficient of 1lift due to a change in angle of attack i

| CLp = coefficient of lift due to a rotation a?out the X-axis 5

. 2
m = mass in ft 1lb sec

m_ = bydrodynamic mass

Subsceripts (tail, wing, body) refer to particular definitions, {

1 i.e., S . = area of wiau, f
3 “wing
] . i zx 2 teil - distance from C.G. to center of teil area in respective
1 ) o direction (ft)
zx 2 ving = distznce from C.G. to center of wing area in respective i
> & _ _ direction (ft)
- = g 2 ’. = '
3 : zx body characteristic length of body only = T7.87
. s ops s s . = '
zz body characteristic height of body only = 3.52

| |
| |

10
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5.1.1 Values Used in Computed Coefficients
(a) All length, area and volume values are referenced to the déawing of
section 6.0.
(b) TERH . VALUE REF. . . - S
¥ - ' .
(x ,&)body .015 9.1 | :
Ty 2 ) i
(xr) ving 01160 9.1
?
(Y j)wing JQbla 9.1
Clstazn /deg. .687 9.1
' - > . v" - i
FY ?)body negligible - ‘ |
(Y,i tail negligible e é
p . Y
(K p)wing .26 _ _ 9.1 !
.. . i
3 | . ]
| &K' Dtasa .2208, 9.1 o
CLpbody Ok 9.3
. 1 1
| ‘ (x P)wing «2155¢ 9.1
| Cthail/deg 1.02 upper, .938 lower 9.9 }
;
{
CL %o dy/deg ‘ .0l 9.3 j
|
.“ !
s ]
(e) Kﬁ =3 ((m+ mh)lz upper tail 43.5 |
. !
=+ mh)zz lower teil 1h.2 g
| +(m + mh)zz upper wing 19.4
i ! .
F ) ~(m + o), lower wing] =15.0
92.1p 1b ft
4 where m usger tail = 3,49
m lower tail = 2,38 2
' 1b sec
5 m upsec wing = 1,535 St
E m lowsr wing = 2,12
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mh upper tail = npa? = 30.2

mh lower tail

mpa? = 13,9

m upper wing = 1.Tmpa2 = 5.9k

m, lower wing = 1.85mpa2 = 6-.4s.

& upper tail

a lower tail

1.29

-.8745

& upper wing = 4375

& lower wing = - 4375

zz upper tajl = 1+29

zz lower tail_= -.87k5

zz upper wing =2.581

% lower wing -1.749

Ref/ 9.6

1b sec2
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NONDIMENSIONAL COEFFICIENTS

Reference: DTMB Report 153-H-O1

& ————

X'u Seé Fig. 5.3 " Z'u —
X, _— . -0.kg278 A azze
X, — Y —_— z',  -0.1k268
Xy -.015% Yy | — AN —
Xt _— X, -0.22140 1z, —
% - Y e T -0.06860
X' — r -.00175%  Z Y ' —
X — ?'q - A -0.0269
X, — . 0.13660 A —
X'y —— Y — z'y —
X' -— T, . 2t 0.00483
X! — Y 0.01348 2’ —
Kj u — M'u | T N 'u T
k', -0.02550 W — - L
k' — M -0.03724 N —
K's e M. ) ———— N ———-
k', -0.0k250 M, J— N, -0.00187
K. — M ' 0.00585 N, ——
k') 0.00k62% M — N 0.008
K — M -0.04570 N ——
k', 0.079 u -— N'_ -0.0802
Ko 0.002815% My — N's 000805
K'e — M -0.00303 U —
K'r. 0.01591 My ——— w. -0.,01k17

“aww

%Cocputed Coarricienls; assumad negligible {or small perturbations

T Toraw - w
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5.3.1 TRIM TAB COEFFICIENTS

Y
/ z&Horizontal tab = .00k
M:tSHorizontal tab -.649

where § = tab angle 2

TRANS DUCER~

5.3.2 TRANSDUCER COEFFICIENTS

s 2
M - =48.196
q #0196 q

L =685 .
"4 >4

: . T.3.1 M =D q(2) ] ' Orag Profile
: = Dl£3 + Dzzh '
‘ . where D = 2,%%(d,)(8, - 2,) = .354 ¢? %ﬁi
¢ ) A
. 2-"1
- = —_—) =
L= 8 + (—5—) = 1.682 1t
2,292 - g 242 _
e 2 1 _ 2 1b sec l
D, [ ; ] [<12(1a2 - zl)]— 22.313q vy ‘:
2 .t 3
= + - - = d
: 2, =4 +3 (2, 2,) = 2.6 £t ;
' i
: !
1 !
4 i
; M, = FL i
i 1 ;
1 i
3 = . : *1 9
[(L%ransducer * Mﬁtransducer)q] . !
2
b = Pﬂ__ ;
. vhere Mp rt, cylinder g ;
R } S
1 - 2 1 :
? [) 21 + (-——5———9 f
[ ' _ 1
! Where ;
t ‘ ' ‘
i . 2 = length in ft q = rotational velocity zbout Y-axis !
F . .
3 : D = drag force Mh = hydrodynamic mass
S = area in ft2 M = mass in ft 1b sec?
v = velocity g = acceleration due to gravity
r = radius of cylinder e o
16
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5.k WBIGHTS AND INERTIAS

Wt. in Air (lbs) 3800 2840 " 960
Wt. in sea water(1lbs)s5000 2kok ' 596
1x 116.1k 51.96 11.82
I 453.07 — " 11.82
R4 2

Iz lbs ft sec 450.81 . 9.56
I_* 11.62 11.62 ———
Xz . .

¥Other cross products are zero by symmetry.

17

|
3

TOTAL STRUCTURE TRANSDUCER FLOODWATER

2000

52.36

-

Inertia computed zbout the X axis through the body center line,

b : o —————
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6.0 DATA FOR THE HYDROSPACE TOWED BODY ]
[
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4 i
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F {
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3 q
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6.1 COMPUTATION OF COEFFICIEHTS

Added Mass and Inertia Derivatives

Added mass end inertia derivatives were estimated ﬁsing the following
representation of the Hydrospace fish: the body was approximated bx two
semi-ellipsoids: of revoiution, the wing and tail surfaces were appro?imated
by rectanguler plates as shown in the following sketch.

Linear and rotary acceleration derivatives for the body ellipsoids, and linear
accelegaﬁion derivatives for the rectanglaf plates were:comp;ted.using the
methods presented in Reference 6. These basic aéceleration derivatives were then
combined to form the acceleration derivatives for the complete fish.

The following expressions define the basic component acceleration derivatives.

Semi-ellipsoid, linear acceleration

X (kl 4/3 npab2)/2

Z, =Y, = (k2 L/3 npab?)/2

Semi-éllipsoid, angular acceleration
Mci = [k 4/15 nmpab2(a2 + v2)]/2,

vhere a2 and b are long and short semi axis lengths, respectively and kl’ k2 and

k' are constants defined in Lamb, Hydrodynamics, Chapter 5 section 115.

Flat plate, linear acceleration
= L2
Z, Kzz@h.ab
where a2 and b are the lengths of the short and long sides of the rectangle,
respectively, and kz is evaluated in Reference 6.

Using these relationships, the following values of elemental acceleration

derivatives wers computed.

3]

Elerental acceleration derivatives
Body:

xﬁB = -2.13 XﬁBl = -1,22 XﬁB = -,91
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BT SRAREA? Lo L MLy

7. = -20.95 Z.. = -5.95 z,

= -15.0
wB wBl wBa /
MEB = -59.2 MEB = -3.28 | MEB = -55.9
1 2
M@B = 26,4 MﬁB = 45.85 MﬁB = -32.2
. 1 2
Wing:
Zow = 186 z, =1, = _.93
1 e
Horizontal:
zﬁHT = 2,0k ZﬁHT = ZﬁHT = 1,02
"1 2
Vertical:
Yﬁvt = "1'23

Coordinate locations of the centers of the flat plate areas are designatéd

Yoo Y, s Yyn o Yyn o By etc., where the subscripts v, end v, indicate the two
1 2 1 2

wing panels, HTl, HT2 indicate the horizontal tail panels, and vt indicates

the vertical tail panel,

Typical units for these elemental acceleration derivatives are:

2
Xy » 1b. sec, /

ft.
ft. 1b. sec.
2

Ad ,.
M. , 1b. sec.
v .
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6.1.1 Formulation of Acceleration Derivatives

Using the foregoing elemental derivatives, the complete acceleration

3 derivatives for the fish were computed using the following relationships.

xt.=% = xﬁB/-]a‘— 023

- u.
1/2 p23

T

T = i L .3
Y, v (ZﬁB +Y )/2 pL

uvt

[

- ) 1
‘o ‘ ] = = — 3
g L AN I p2,3 ) (ZﬁB + Z&HT + 2. )/2 pl

b »

= [—YM (thcc'sao + thsina)]/%- oot ={[—Y*‘rvt’ ] [-Z-vt(ao)k/% piY ’

R S - L gu
KL (Mep = Zoye Xp)/5 02

N -y

= (. .}_ 4
(Mg + Yooy Xpp) /5 00

2t = 4 = (g, - - 2
g ( WB, xBl zﬁBZ x52 Zouy Xyp) /5 0%

<
"
o
Iu
t

(Yo (o)) /3ot

| yr, = L -Z. - 7. L
Py ( wBl J%l Zw32 x32 * YM xvt)/z Pl

2
ii’l‘l)

(Y

7% wHT

‘ K. .
t Vs B 2 1
i K 3 {zh,(y N+ 2 + YM[ZW(aO)]}/EpzS
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Rl

ﬁ L e "w -,
" ‘.Nﬁ. . * _ l
. =\ Yo (X (B (e )] /5 paS
l.s B
Pl
o
__a -y 2.1 s
o (.5 + Zo(Xye )" )/3 pl
.Epg .
k- _ -
- {.zm X B (0 )1y /3 o2 |
»* | |
N ‘n‘ -
. - 291 s . S
%- 25 o .

z
1
!t = .-3__. = — 3
yA (Z.uo)/2.pz u°

1 3
3
Py,
Yn . 1l .3
' = = -
¥ roy (Yﬁ-uo)/Z Pl uo o -
- plsuo . FER

2

Certain assumptions are incorporated in the f&regoing expressions for the
derivatives, It is assumed that the derivatives X., X., Y., Y.. Z.; Z,, K.,
v W Tw Tw e v a
Kﬁ’ M&, M&* Nﬁ, NQ, Xi, X}, YQ’ Zﬁ’ Zf, Ki’ Mﬁ’ g}, NCi are zero.
It is also assumed that body contributions to roll moment, side force, and
tew moment do not change with e and thet the tail surface moment length in

the X direction changes negligibly with changes in ao. Effects of vertical wing

location from the axis origin are assumed smell.
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6.1.2 Hydrodynamic Derivatives

s

Hydrodynamic (q dependent) stability derivatives for the Hydrospace fish
were computed using, wherever possible, the methods presented in Reference 9,
end using the basic lift, drag, and moment data presented in Reference. 5.

Reference 5 concerns a fish identical to the fish considered here except for

wing location. The changeé in 1lift, drag and moment coefficients, total and

e

. tail-off, due to the difference in wing location have been ignored. Down wash

angle effects and interference effects associated with the correct wing location

heve been included in rotary derivative estimates.

LR

The following pages show the equations relating the dimensional derivatives
] (i.e., X X etc.) to the nondimensional derivatives used in conventional

aircraft anmalysis (i.e., Cx’ Cxa, etc.), and the methods used in calculating . 1

T I

each of these latter derivatives is discussed.
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5= ':'f—f = %puo s(ac)-

Xv = %—3-’(- =0

Xw = -g% =g— pu;zs(cxa)_ %o

Yu ..= %%E =0

Yw = -:—‘Y; =0

= ‘% = %on s(2c,)

Zv = -g-;rz- =0

2, = g—?; = %—puozs(cm)%;-o

Ku = g—g =0

K =5 %"Uozs"’(cza)flfo
. KV = %— =0
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=M _ 1 vl . R j
M =5 2pU°.sc(2cm) . | |
=M :
Mv'w 0
=M _1 oma y L .-
M, = 0 =3 PSP G § L | . ;
_a : : }
B=x =0 '
Y o IR !
N =55 pUOZSb(CnB) v : . . |
L4 e . t.;
= 5 I
Nw-3w=° " {
X=-a§=0
P P i
i
X
x:'.---—go 4
2 AR g
i
|
x='a£=0
T ar
=41 yo b
hew 2% S(Cyp)euo
Y =‘al=0 4
qQ 3q
=-a-!:;l"- 2 b
Yo =3 = 5ol s(c, a0
Z =‘&:0
P P
A T
2 =82 yo2 L.
a” . 2% S(C[‘q)euo
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K _ 1 2
=S~ = su(C ____
KP D 2pU (2)

q
=:£ l‘. 2
M
3 M ==x9
P 3
| : -
i =M _1 .5 £
Mq 7= 5 °Y, SaCmq)er
- M
t M = = 0

W _ 1 b
N =—= 7 pU, 2SC(Cn =
P 9 2 2u°
N =ﬂ=0
Qe 3q
E
w1 D
4 Nr--;-—aon Sb(cn )2U

=32 1 2 C 1
=M _1 . .
%o = 3% = 50U, ?sClCny )5p
! o
1 ' .
D =8X _1 .
Xse = 355 = 50U S(Cse)
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thods of Derivation of Aerodvramic Derivetives

~

c

Xa

CL

q

x’

. *. 1

? Cza’ ¢

. 3L Cn "
?
e T A
(o)

aCL = 3Cm
= e H Cm& a&c . The tail contribution to these derivatives, a
GG 20 :

Thése derivetives were resolved from the lift and drag data of . i
Reference 5. The somewhat peculiar shape of the Cx‘vs a cﬁrve )
arised from the coﬁponent of 1ift resolved to the X axis, and reflects
the stall of the wing at about'18° angle of attack for the wing (with
an angle of incidence of 11°) while the relatively large tail surface

remains unstalled. . ’ ’ . . :

Data from Reference 5were extrapolated to obtain information for

an 11° incidence angle. The test data in Reference 5 includes data

N T

at 0°, 5°, and 10° incidencs.

U Tt T

Values of thiscoefficient were extrapolated from the data of Reference 5. ;

+ These derivatives are the slopes of the C_, C, C_ vs a data.
ule] x* "2 "m

Since Cma and Cza are approximately constant for a large range of a,

these constants are used in computation of M'w and 2!
W

3 Cm = « These damping derivatives were eveluated for

wing-body and tail components using the methods of Reference 9. ]

dowawash-lag efiesct, was evaluated using the methods of Reference 9

Wing-body contributions to these derivatives as evaluated in Reference 9

are added mass contributions, and are not included in the hydrodynzmic




T T T TR T e T

derivatives. The added mass derivatives Z‘ﬁ amd IvI".r constitute an
evaluation of these gquantities by other methods. There is, incidentally,
an alarming disagreement between the added mess contributions to Z'ﬁ

and M'i as computed by the methods of Reference 9 and Reference 6.

Cy 8Cn

Cy, = 3y C .= . These derivatives were evaluated for wing-body
B v ng v .
g () : -
o o
} ﬁnd vertical form contributions using the methods of Reference 9.
e 29%;— . :Body and vertical form contributions to these derivatives were
W55
derived using Reference 9. Wing contribution was ignored,
Cnr = aczb . Body and vertical form contribution, in accordance with Reference 9
a(———QUO)
. CD .
° were utilized. The wing contribution (=E—Q is small in comparison with
the other contributions.
acB
CZB = v . Reference 9 methods were used for vertical fin and for wing
g
° ? .
contributions to this derivative,
_ acs . . . . - . .
czr = ﬁz—gg- + Wing contribution, a function of CL‘ was evaluated using the data
a ——
eu

from Raference 3. The vertical fin contridbution, a function of C2.B of

the fin was also included.
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= 39%;“ . Wing-body and vertical fin contributions were computed using
p e ’ - B f. ’
A5
)

Reference 9.

aC
CcL =
P 4(RE
6 -

. Wing contribution, a function of czu, and vertical fin contribution

-

were derived from Reference 9.

- aC . . :
CN_ = - . Wing-body contribution was computed using the value suggested in
Eb L - Je . - s ’ .
W : - S

Reference 7. Vertical tail contribution was based on the side force

coefficient Cy8 and the side slip angle resulting from the rotation p.
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6.2. Drawing of Hydrospace Vehicle

' T0W POINT CORCIDES WITH 0.25 MA
v ./ ¢

. 2:1 ELLIPSE

45.0

4.0 r— / 4.0 e
Al CENTER OF TAMK :

WING INCIDENCE = 11°

R N N 2 T““* ™ — f-30
—16-\\— |
—— 15.0 S
| |
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6.3.  Summary of Values of Derivative Coefficients

6.3.1 HNon-dimensional Coefficients, Hydrospace Fish

Summary of Stability Derivatives, Force

e
"

SR Al A AL AL TuE

(.0845)(2) [£,(e )]

e
J

FUPVETRE ety

= (.08&5)[flo(ao)] ‘ ‘. k'i’ X, X', X', x:.,

Ui
P
4
-
o
1

= -,00675 . x'ﬁ, Xt,, X'. =0

P
"

-.324 - ' S _ ]

[0
o
f

= -.06k5 - - - '_Y'u’ Y, Y'ﬁ, Y"-’; Y, - ., i

q

v
i

(~°275)[fa(§323 1. =0

s
it

-.0645 +.2L7

<
!

= -.ooos35[ris(ao)]

+.0126

(.68h5)(2)[fil(ao)] A

]
"

[3)
ft

w. -.b2s ' 5 &'z

[
]

~.0722 + (,0055) [£,(a)]

-.06U45 ~.214 ) .%

3
]

q _ i
3 2', = -,01 :
3 & 39 .

Underlined quantities are q dependent, other quantities are added mass terms.
1 1 For fh’ see Figure 6,3.3 . . 5
“ For f, , see Figure 6.3.6

For fg, see Figure 6.3.5

W

For rlS’ see Figure 6.3.9

For f,, see Figure 6.3.7

For f,, see Figure 6.3.1
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6.3.2.. Non-dimensional Coefficients, Hydrospace Fish o T ' , 'k

Summar} of Stability Derivatives - Moment. |
Lk = (L0ss)y(a)] | '
K'; = (-.000542) (¢ (a )] .. o
k' = (.0186) (£ (a )] o . i Lo
K' = (.0186)[f5(a°)]

K?. =" -.000382 - .000076 [fls(ao)]

w
“
v
«
T -~ 5
Ry IO AP T TR GRS RS SRR R

. k' = -.000286[f) ;(a )]

| = (.0120)(2)(£5(a )] : MY, Migy Mo, ML W, M, M. =0

=
WPV PRy

< . M= -,0378

; ', = -.0108 + .0007k2[f,(a )]

M = 2,122 ) ' @
: . MY, = -’.OOShO - . : 1i
q . :

v N! = +.067 ' N'u-’ N'w’ N,ﬁ’ N'y,}’ qu’ N,r’ N'ci

n
o

N', = +.013%

N' = (.0186)[f6(a°)] )

=t
f

~.216
N, = (-.000286)[f15(a°)]

1 N'i_ = -,004T2 ]

L

T

Underlined quantities are g dependent, other quantities are mass terms.

For f), see Figure 6.3.1 For f,, ses Figure 6.3.2

R T R

For f)gs see Figure 6.3.9 For f,{, see Figure 6.3.k

T

For f), see Figurs 6.3.3 For f¢, ses Figure 6.3.4

For fs, see Figure 6.3.3
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6.3.3 Non-dimensional Coefficients, Hydrospace Fish
Contrql Surface Coefficients
1 ] xGEleva.tor T +.0845 Uo [fl3(ao)]
2 . Zgerevator = o031k Y%
. -
- Mselevator = +.0183 Uo
% Ysrudder = 0316 Uy
Nsrudder = +.0167 U,
- K _ .
1 §rudder = +.055 Uy F*lh(ao)]
!
Sign convention: +8e - +M
. +6r + 4N
s .
%
F
5
;: .
?
E
E
.
: '
4
4
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6.4 WEIGHTS AMD IMERTIAS, HYDROSPACE FISH

The following weights were used as a basis for the mass and inertvia eséimates:
Weight of body (without tank and electronics) in air 440 1vs.
Weight of body with tank and electronics in air 570 lbs.

It was .assuned thaf the wing and tail ;urfaces have a density sf 10 1b per
sq. £t. of plenform area, giving weights for the wing, horizontal fin and vertical
fin of 1.k ibs, 32.0 lbs, ana 19.lL 1bs, respectively. The remaining body weight,
347.2% was assumed distributed uniformly over an ellipsoidal surface of length
and maximum width equal that-of the body.

The volume of entrained water was assumed to be the §olume of the body sheli
less the volume of %he tank. A better approximation.than the ellipsoidal shape
was used in caleulating body volume ( 15.3 cu ft). For the inertia estimates,
the mass of entr;;ned water was assumed to have the inertia characteristics of -
the ellipsoid (but solid) used in representing 5ody shell inertiz minus thg
incrtia characteristic of a volﬁmé of water equal to the approximate tank shape
(cycindrical with flat end$ and size.

The tank and eleclronics weight was assumed distributed uniformaly over the
tank volune.

Inertia data is presented for an axis system with the x axis coincident
with the body center line,

No attempt was made to rationalize the anomaiy of ha&ing the center of
gravity on the 5ody center line and at the same time having the vertical tail
and wing masses not'symmetrically distrivbuted. Instead, the cross-product of
inertia that would result from the isolated tail mass is presented.

Uncercainties in the weight distrigutions (and other uncertainties arising
in caleulation of the stadility derivativgs) will be resolved by precise physical

peasuremans lacer in the program.
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"6.4.1 Hydrospace Fish

Weights and Inertias

(3

.
.
L : - ’ i {
I T T o e it st st R i it ccomniion s s ] et tan o Aot ¢ drct b P2

. ' ENTRAIHED
. TOTAL STRUCTURE WATER
Weight in air (1bs.) 570
Weight in seawater (1bs.) 90
Ix 19.78 11.58 8.2
Iy 206.73 109.93 96.8
' 2
1, | Tt see 207.96  111.16 96.8
-Ixz -2.32 -2.32 0
Inertias computed about the X axis through body CENTER LINE.
Other cross products are zero by symmetry. .
Iz¥ includes only vertical fin {+ rudder) contribution).
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7.0 SCOPE 3
Data in this report is preliminary in nature, and may be modified as

testing proceeds.

8.0 COMMENTS

The dynamic damping terms M!ﬁ,Z'dand N'ﬁ(presented in Reference 9.10

1 and listed on Page 1k of this report) are of such sign as to give negative damp~

] 1 - ing. Tne location of the reference point for the derivatives for the AN/SQA-13

is approximetely the center of gravity, and is well aft of the tow point. This

0T N ey 93 sailboiin,

aft location of reference for the dynamic derivatives may account for the seem-

<
’ i

ingly incorrect signs of these derivatives. '
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