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I. INTRODUCTION

A ballistic algorithm for helicopter fire control is a collection of
formulas and constants which in conjunction with sensors and an on-board
computer serve to predict how to aim the aircraft guns and rockets. The
ballistic algorithm for the 2.75 inch rockets as developed by Bell Helicopter

L 3
Textron (BHT) 1,2 is based on a modification and extension of eguations

developed by Clark3 of BRL. The extension by BHT consisted primerily of
addition of equation components to account for the influence of downwash,

The BHT modifications included alterations made in the structure of the free
flight expression for ''gravity drop'" and the .udition of ad hoc terms to

represent the effect of helicopter velocity normal to the line of sight
sferences 1 and 2 1ist the implemented algorithm. However, there seems to be

nc documentation concerning the rationale for or effect on accuracy of these

changes. O0'Bryon of BRL4 performed a numerical study of the initial modifica-
tions by BHT, Reference 1, and observed significant discrepancies between
sight settings as predicted by BRL versus BHT equations. The subsequent BHT
modifications contained in Reference 2 differ from Reference 1 mostly in the
readjustment of constants. The major questions regarding the BHT equations
and modifications concern their structure, in addition to the specific values
of certain constants.

One of the major changes made by BHT consisted of representing gravity

drop by an expression dependent on the square of time of flight (tz), rather

than a power series in range as derived by BRL. A conversation between the

author and Mr. Laird Taylor, formerly of BHT, in September 1980 indicates that

the tz term was empirically bhased but was thought to be adequate.

In order to understand the effect of these changes and determine their
validity (or not) a derivation from first principles is made herein. This

derivation will show how a t2 term can be justified but will also show how it
yields limited accuracy when used alone (as in the BHT equations) rather than
as part of the more complete ballistic approximation suggested by ballistic
theory. Simultaneously the development will shed light on the additional ad
hoc terms for representing the influence of vertical aircraft velocity. The
development will also show the omission of the significant influence of free
flight wind effects in the BHT algorithm.

ji. Bell Helicopter Textron Report No. 209-099-520 (07/20/78), '"Modernized
COBRA Fire Control Computer Mechanizationm Equations,' Rev. B, 15 Aug 1978.

2. Ibid, Rev E, 22 Aug 1979.

3. Clark, David L., "A Sight Setting Equation for Air Launched Ballistic
Rockets, " unpublished BRL manuscript.

4, 0’Bryom, James 7., "Numerical Comparison of BHT Equation #209-099-520
With Comparable BRL Equation of the MK 40 2.75 Inch Rocket.” Contained
wn a ltr dtd 20 Sep 1978 to PM COBRA (Mr. Ryan), SUBJECT: Fire Control
Equation Data for 2.75 Inch Rockete for AH-1S Modermized COBRA.
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r
II, THE IDEALIZED FREE FLIGHT TRAJECTORY

A solution for an idealized free flight trajectory will be developed ri
parallel to that obtained by the author, Ref. 5. Here, however, the coordin- g
ate system used by Clark and BHT will be employed. In Figure 1 the x axis is P
taken to be along the initial rocket line. The z axis is in a plane formed by R
the rocket line and the gravity vector. 2z is normal to x with the positive g .
direction downward. o
* rJ
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Figure 1. Coordinate system used in developing idealized free flight
rocket trajectory.
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By proceeding as in Ref. 5 the differential equations governing the ideal-
ized trajectory are given by

]
511
‘
4
.&

]

o
n

: 2
=N (x - w )T e g (1)

E‘A
i z = -0 (x - wx)(z - wz) ‘g, - (2)
i
;. Eqs. (1) and (2) are to be solved subject to the initial conditions
f X = xb , t = tb
r.-‘ zZ = Zb, t = ‘tb (3)

X = Ve t=1
Z 2= Vine t=t,
.l 5. g?eazq, Ha;PZE;J., "AdMethzdoZogg for the Development of Fire Control
: quationg for Guns and Rockete Fired From Aireraft,! April 19 ]

BRL Manuseript. ft, 7 April 1962, Draft
‘ 10
".‘ ’
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‘ Here the subscript b denotes burnout conditions. In Eqs. (1) and (2) n is a
F. lumped parameter givea by

no=nd®cy M, /8w , (4) .

P

“ d is the rocket diameter, m the rocket mass and CD (M, o) is the drag coeffi-

cient. M is the mach number and a is the angle of attack. The notation

ﬁg . Cp(M,a) is used to indicate that C, is evaluated for the launch’'mach number M ~
z and launch angle of attack a. CD is thereby assumed constant leading to n 'f
3 also being constant. (NOTE: The complete methodology (not discussed here) o
o provides a means to compensate for the error associated with this assumption.) ;ﬂ
a5 To obtain a solution tn Eqs. (1) and (2) one can proceed as in Ref. 5. Let k
ha rd
k
'A. g = X - xb = wx (t = tb) (5) !
! 3
o frrom v (o) 6) ;
s

After these transformations Eqs. (1) and (2) transform to

© o 1w
-SRI -Y

v v
&

T

|
(Y] . "
te-nlag ) ¢
; E=-ntkE+g, . (8) 3
% .-:.4
:f The initial conditions transform to l?
p i
- Z(t,) =V, -w =V (9 %
I b xb ~ x T Txb 4
CL .
E £(t,) =0 (10) 3
b b 3
g /A
Mo . _ = ‘.1
&{ lty) = Vo - Wy = Vi (11) ‘l
Er . E(t,) =0 (12) fj
g‘.' 'i
" To obtain the solution to Eq. (7) first introduce the transformation
| E = 12, (13)
|

11
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Inserting Eq. (13) into (7) yields the transformed differential equation
du/dg = -2n u + 2, A (14)

which has the solution

*2 e-ch

u=g./n+uy . . (15)
*
Uy is given by
*2 2
b = Vxb - gx/n ’ (16)
Since
2
Vip > gx/n (17)

hereafter the solution wil! be written
- 2 _-2ng
u=g /o vy €N (18)

By empleying Eq, (18) in (13) one obtains the solution for t

& 2 -2ng.-1/2 -1 [Nt 2.-1/2
t'tb =JC [gx/n + V‘xb e T\C] / dg = (nvxb) j;e [1+2p7] / dp (19)

where

A= g /nvE) " (20)

an The integral in Eq. (19) is given by

= e

. 2. -

X t -t = (nv \/ ) 1 1n [pAl/2 + (A p2+1)1/2] . (21)
= b xb 1

i@i

- Now observe that

i In [q + (@=1DY?) = q-4%/5 + 3°/40 - . . . (22)
‘o

. 12
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By use of Eq. (22) in (21) one obtains

- t -t = (v.) {(e" - 1) - (/6) (e - 1)) . (23)

P(S b xb -
a %
- In seeking a solution for Eq. (8) we let -
E! g'= de/dp - (24) -
. One has J
%
: ¢= i (25) :
;! w_ L M1e2 1.2 # ;
[ E=& "~ ngg (26)

leading to the transformed equation for (8)

' = gz/a2 =g, v;g o2 (27)

£
This equation can be integrated directly to yield

£ = g, (7" - 1/[2wi 1 £ () | (28)

where

() = &/zly _ t = v,/ (29)
_ - and
;} '{5
3 R A T (30) L
s A second integral yields ;;
' v
5 -
P - 2ng 2.2 2 ( ]
v £ = gz(e -1)/ [4n be] - g,z /[vaxb] + Vzb‘:/"xb . (31) j
3 .'
b 3
T *NOTE: Here 8y has been dropped. N
»"e . '.
3 R
13 -
- -
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This equation js the solution for the normalized drop { in terms of normalized

range ;. To change the dependence of £ from § to t one can proceed as follows:

Observe that in Eq. (23) the dominant part of the solution can be written

1

t -t = (W) (%) (32)

since A is small for launch conditions having small angles with respect to
horizontal. This can be viewed as a first order solution to Eq. (23). To in-
corporate the A dependence let

e =14y (33)
where

Y = nvxb (t‘tb) . (34)

Also by squaring and cubing Eq. (33)

L L 2y + Yz (35)
UL 3y + N (36)

From Eq. (23) one has

2 3

M1 =y v (V6 (M) =y« (W6 By + 3y + v, (57)

By squaring Eq. (37) one obtains
ech_l = 2y + Y2 + Ay + 272) + term of order (xys) + term of srdecr (Az).
By use of Eq. (38) (without the higher order terms in Eq. (31) one obtains
£ = g, (2vivirfys 2y D/ 142V 2og e/ 12V Tevtivy, (39)

By restoring all variables to their original form and observing that

C'Vzb/ be = VZbC/ be - WZCN xb (40)

14

aremhais andininlh, a i b ) P R S O T O S T G SO SO USSP

(38)°
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Eq. (39) takes the form ?ﬁ

gz

2=z W, (t -ty - D/V) g (- by - TV ) X

xb £y

2 P

) 2 8zl(t-tb) gzk(t-tb) Ll

P8 (o) TV g (41)

"

%

T

1y

| ¢l 'S S Ak SN

A
E..:
N
b
E‘

This equation provides 2 precise solution form for analyzing the deficiencies,
omissions and correctnzss/o° not of the BHT free flight components of the
COBRA rocket ballistic algorithm,

ITI. COMPCNENT ANALYSIS OF THE GENERAL SOLUTION

z is the so-called drop of the rocket in a vertical plane normal to the
initial rocket line; Zy is the drop which occurs during the .ucket boost phase.

The term w, (t - tb -c/v*b) is the effect caused by a wind normal to the
rocket line in free flight.

Except for the coefficient of 1/4, the term 1/4 gz(t - tb)2 corresponds
to the free fall of an object in vacuum. The term [gz/znvkb](t -ty - ;/ka)

represents the change in free fall due to drag. It is important to note that
as drag becomes very small

Also as drag approaches zero the quantity n also approaches zero so that the
term as a whole becomes indeterminate. It can be shown that

lim &; g, 2
0 5;;;; [t -ty - o/v, ] =— (£ - t)° . (43)

This result is obtained by expanding the exponential in Eq. (32) in a Taylor
series and inserting the result in Eq. (43). Accgrdingly as n approaches zero
the sum of the two terms approach 1/2 g, (t - tb) as expected.
2 . . .
The two terms 1/4 gzx(t - tb) and [ngLt-tb)]/4nv&b are interactions be-~

tween drop in .%e z and x directions. For flat trajectories that are nearly
horizontal thuse terms are relatively small. Through regression analysis it

has been deternined that 1/4 gz,\(t-tb)2 is the more significant term and the

remainder can be dropped for the 2.75 inch rocket at ranges limited to 6 km or
less.

15
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The term Vzb /vy is closely related to the burnout angle of the velocity
vector. Note that

3@ L=x-x - w (- t) (44) ;
e g
- and :
JE ;
8 3
B Vxb = Vxb T ¥x (45) :

For zero wind along the x direction, L 0 and
ﬂ' Vop V% > (Vap/Vi) (X - %) = 6y (x = xp) (46)

where by, is the velocity burnout angle. The availability of this component

Lf analysis now makes possible a precise critique of the BHT free flight compon-
ents,

IV. THE BHT FREE FLIGHT COMPONENT

The BHT algorithm is designed to provide the angular setting for engaging
a moving target at a range R having a velocity Vtar along the line of sight
T
and Vtar normal to the line of sight. Warhead effectiveness criteria dictate

that the rocket warhead functions at an offset point given by the increments

AZ and AR from the target location. The R' range is defined to be the range
between the point of firing and the desired point of warhead event. The latter
point is affected by target motion and offset. Hence

.
£
£

TRV G PRPARIIEACRLITY S SRR RIS S SO LIS Eoo.o.

LR
i laal

PRPOPRY |

-
- R' =R + Vtarr t + AR : (47)
‘e
i BHT defines an angle e as the tctal angular drop from effective launch line
L to impact (warhead event). This angle is given by
e e =sin"l z_ /R (48)
F‘ BHT
g Zgyp 1s approximated by the equation
?- yA = cos O0_[2Z, + AZ + C (v-¢ )2]+9 (R* - R)-V t + V* t (49)
‘o BHT = elZb C r-tp) 1+ Fp)Vear * * Vaz
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where

VAZ = ng - V8u tan 6 ‘ (50)

*
The components of VAz are defined as follows: u, v, w are body axes components

for the helicopter. u is forward along the armament datum line (ADL), v is
through the right wing and w points down (normal to both u and v). The sub-
script g refers to velocity with respect to ground, then resolved in this u,

v, w system, 0 is the angle between the ADL and horizontal. V W and Vgu
are helicopter velocity components resolved as described above.

By comparing Eq. (49) with Eq. (41) and in light of the component analysis
the following majnr differences are evident.

A. The BHT equation has no drag term. In an early version of Ref. 1, C
was set to g/2. Later itwas adjusted to a value of 4.1 (= .84 g/2).

B. There is no compensation for wind normal to the launch line in free
flight, (Absence of W, (t- t, - t/v,) or equivalent term).
*

C. The VAZ t term seems to be 'ad hoc" in that it was added without phy-
sical jus*ification or fitted correlation. The conjecture here is
that BHT reasoned (faultily?) as follows: [The vertical component of
helicopter velocity is given approximately by

\'4 tan 6

VAZ(vert) = ng " Vou .

(51)

This velocity at launch is effectively imparted to the burnout velocity
and the decrcment in velocity remains throughout free flight, leading

to a total -/ sment in vertical displacement given by Vazte] (End

of conjectur = Validated ballistic theory suggests that the effect

of any such velocity component is the so-called "weathervaning" effect.
The imparted velocity at burnout is of sign opposite to the effective
wind and its magnitude is multiplied several fold. More correctly it
should enter through the quantity Vzb‘contained in Eq. (41). That

equation shows that the general solution depends on the initial 2
velocity (the burnout component Vzb) only through the term Vb
*
Hence a z component of velocitv such as VAZ
* %
at burnout which as noted above is

quite different from V,, due to Weathervaning, The free flight effect

AZ
of V;Zat laurch leads to addition of a term given by
* L2 * W -
Vazb “Vxb = Vazb t (&/Vipt) = Vg (/80 cpum) (52)
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which arises directly from Eq. (41). Hence, in addition to the dif-

* W
ference between Va,p 8nd V;z, the expected effect differs by the

above noted range ratio.

In any case the cffect of initial z velocity can only be obtained

by a self consistent fitting of data which includes weathervaning in-
fluence in addition to any translational effects. The ad hoc addi-
tion to a formula of such a translational term after fitting can
only be done correctly if the data did not contain the translational
effect. The term in question is believed to be a significant source
of error in the COBRA rocket ballistics.

There is no compensation in the time of flight equation for range

winds.” As a result there is no compensation in the sight settings for

the effect of range winds since the free flight influence would
correctly enter through the t terms in Eqs. (41) and (49). The audit
trail of this historical omission reveals the following. The source
of the BHT time of flight equation is the BRL document, Ref. 6. That
equation was developed under the assumption of no wind. It did not

include a wind correction. That equation does contain a correction

for non-zero helicopter velocity v,. That correction takes the form

At = 44\5,;>2(R-Rb)3 vy (53)

where p is air density, Va is helicopter speed, and Vb is burnout
velocity. Ac is a fitting constant. A telephone conversation with

Laird Taylor, formerly of BHT, reveals the following. Taylor indi-
cated that the time of flight equation was fitted to trajectory data
which included significant influence of wind. The above term was
modified by replacing Va with Vau where

Vau = Vgu - wu . (54)

BHT apparently believed that vne could make the time of flight equa-
tion applicable to wind conditions by merely replacing the ground
speed Va with the air speed Vau' For example, BHT in Ref, 2, page

4-3 states that "For rockets, wind is implicitly contained within the
BRL equation." This is not correct. The dominant effect of wind is
corrected for by the general solution for t through the definition of
{ and v .. For more details see, Ref. 5. The omission of wind

correction for time of flight in free flight is a major source of

error in the BHT COBRA rocket ballistic algorithm. (Note for the
MK 66 with submunition warheads, warhead event is based on fuze set-
ting. This fuze setting can be in error by about .5 seconds for a 20
knot range wind) .

6.

[etter from BRL to USA MICOM (Mr, Bergman), SUBJECT: "Time of FLight
Equations for 2.75 Inch Rocket," 22 Dec 1976.
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E. The BHT equations do not compensate for cross winds in free flight.
This observation. follows immediately from considerations parallel
to the above discussion. The displacement in impact prediction

(error) is clocely approximated by w (t'tﬁ'C/vxb) where w_ is the
cross wind. y y

* *
F. The term VAy t is symmetrical in structure to VAz t and is also a

significant source of error.

G. Through conversations with BHT personnel it is apparent that the
weathervaning term for the azimuth equation (for the MK 40) was field
adjusted to "correct" for wind effects showing a bias. In the ab-
sence of a predictor for the free flight wind effect this field ad-
justment is probably in errox. The problem is compounded due to
symmetry since the adjustment thereafter (and currently) also is in-
cluded in the equation for the elevation angle.

V. NUMERICAL ANALYSIS OF THE DEFICIENCIES

The numerical effect of the deficiencies related to drag and wind effects
in free flight can be studied by correlation of trajectory data. Table 1 is
a listing of trajectory conditions for an extensive file of MK 40 data at BRL.
The free flight portion of this trajectory data can be correlated with Bq. (41).
This equation can be rewritten in the form

£ = Vop/Vab~ O/ V) 1(2-2) =W, (t-t -2/ vy ) /e

= Al (va/VXb) (gz/m’xb) (t"tb "C/be) + Az(be/be)gz(t"tb) 2 . (55)

E—umus

4 4
The following should be noted in this equation. The quantity Vzb/vxb is essen-

tially the burnout angle of the velocity vector. The quantity Vrb/vxb is
nearly unity since ’

= - (¢
va/VXb = (be wx)/vxb and V' >> Wx . \';6)

xb

The quantity (z-zb)/c is an angle associated with the target height z. The
quantity v, (t-tb-c/vxb) is a drift term associated with vertical wind. The

equation is dependent on range winds due to t correctly representing the
effect un time of flight of a range wind and on the definition of ¢, i.e.,

E= X=X - W (t - tb) . (57)
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It can be shown that the BHT rocket algorithm is equivalent to the above equa-
tion with all wind effects absent and with Al = 0.

Te study the effect of the individual deficiencies the dazta referred to
above was correlated under various assumptions. In Figure 1 Ehe correlation
is first performed with all wind terms present but only the t° term for the
gravity drop. The sliding bias is evident. The single term cannot do the
job for all ranges. Residuals are biased positive for short ranges ind nega-
tive for long ranges. The addition of the second term in Figure 2 r moves the
bias and greatly tightens the correlation. Figure 3 shows the effe.. of the
single term correlation when the wind components of the model are removed as
in the case with the BHT algorithm, The maximum error increases from 16 mils
to 38 mils.

‘s 2
Figure 4 shows tne effect of utilizing the coefficient of the t° term as

is currently used in the modernized COBRA for the MK 40. The correlation (with-

out adjustment) is excellent for ranges less than 3 km but thereafter a growing
bias is encountered. At 6 km the hias is about 50 mils with a maximum error
of 60 mils. Figure 5 indicates that when winds are also included the bias at

6 km is about 60 mils with a maximum error of 80 mils.

The deficiencies cited in the BHT free flight model can be overcome by
utilization of the approximation represented by Equation (41) restructured
inco the form of Equation (55). The correlation obtained with the three
dominant terms is shown in Figure 6. The RMS and maximum error are reduced
by a factor of 17 from that depicted in Figure 5.

It should be noted that the above analysis is contingent on all boost
phase effects being perfectly represented and that no "synergistic" interac-
tions arise during the iterations. As shown herein there are additional pro-

blems with the algorithm due to poor boost phase modeling. This of course
compounds the problem.

VI. AN ANALYSIS OF PAST ROCKET FIRINC TESTS

Conversations with test directors and technical personnel associated
with past firings of the 2.75 inch rockets from the COBRA, AH-1S indicate that
firings show no obvious bias. This is in contrast to the inferences made
herein. Some shots (means of a group) are long and others are short - as to
be expected from such an inaccurate weapon system. Despite these past curscry

obsgrvations the analysis performed herein and the audit trail of modeling
decisions made by BHT lend insight which leads to the discovery of a large

bias in ballistic performance heretofore undetected. As will be shown below,
this bias is as high as 60 mils in elevatlion at a range of 6 kilometers.
This in turn leads te a bias in rocket impact of over 400 meters.

Sections III, IV and V showed that the BHT modeling of gravity drop
ignores a very significant effect arising from drag. Additionally, a constant
in the weathervaning term was empirically adjusted to match test data. Such
an adjustment of one constant could only produce a compromise since three
significant defects exist. The third, in addition to the drag and weather-
vaning, is that related to the initial condition effect for velocity components

20

. R TR I it b ALl Skt el Al B St At st e et S Unde it i it e antosate res el |
B I T T T I R R A SR T T IR SIS - Bl el TS -

‘acawm. 1 [

PP O P Il_t\ L VO

IR T S

14

A e aaca s

S

t e et ettt a

§ -

i




normal to the line of sight. Intuition suggests that the empirical adjusting
of the weathervaning constant of necessity also adjusted for the mismodeling
of the other two effects. This implies that for hover firings, whexe
weathervaning is generally insignificaat, test firings would show a bias due
primarily to the mismodeling of gravity drop.

Test data for 2.75 inch MK 40 rocket_fir‘ngs emplgying the BHT algorithm
are contained in TECOM reports by Andrese’ and Sanborn®. These reports convert
miss distance to an equivalent elevation error. As a result of insight pro-
vided by the above discussion the data for hover firings were examined in
search of the inferred bias. Test data are superimposed upon the elevation
error predictions shown in Figure 5. The test data provide conclusive con-
firmation of the bias inferred from the thzoretical ballistic analysis employed
in the critique., The bias at 6 km is approximately 60 mils, but as inferred
by the analysis the actual error can be as large as 80 mils due to the
combination of effects when wind is also included.

VII. CONCLUSIONS

The accuracy of the Cobra 2.75 inch rocket systems is needlessly reduced
by deficiencies in basic equations in the ballistic algorithm. A question
concerning the adequacy of changes made by Bell Helicopter Textron to BRL
provided ballistic equations is largely answered by theoretical analysis and
confirmation utilizing test data. Deficiencies such as the lack of a drag
component, lack of wind corrections in free flight, and incorrect compensation
for helicopter velocity normal to the line of sight can lead to as much as
80 mils elevation error (Y 600 meters range error) at maximum range fo- the
currently implemented MK 40. Use of the structure of the existing algorithm
for the MK 66 would needlessly reduce the system accuracy for that rocket
family . A means for correcting most of the deficiencies is available and
currently being implemented through the analysis efforts recently performed
at BRL in support of the AAH (Apache) development.

7J. Andrese, Final Independent Evaluation Report for the Enhanced Cobra

Armament Program (ECAP) of the AH-1S Modernized CUBRA, US Army Test and
Evaluation Command, APG, MD, Sep 1980.

8 . R .
J. Sanborn, Final Report of First Article - Preproduction Test (FA-PPT) of

the AH-1S Modernized COBRA, TECOM Project No. 4-AI-100-01S-017, Oct 1980.
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TABLE 1.

(FILE 2755)

MK 40 (M151) TRAJECTORY DATA FILE

DATA BASE OF SIX DEGREE OF FREEDOM TRAJECTORY CALCULATIONS

*
DOWNWASH

(MK 40 2.75 " Trajectories)

- e ———— Eagt e Ut S 3
e e & ~
B e e s At e T T T PR

. . =

VA P w, w3 DIVE ALT 1.C.
(Knoty)  VELOCITY (% of Std) (Knots) (Knots) Deg. of (Code)
(M/S) Range Cross Hel.
Wind Wind M
45 0 +10% 0 10 0 15.2 01
~20 0 Std. 10 -10 -5 500 02
0 13.716 -10% 0 0 -10 1000 03
15 6.L58 Std. 0 0 0 2000 04
30 0 +5% -20 ~10 +5 15.2 05
50 0 -5% 20 ~20 +10 100 06
100 0 Std. -10 0 -10 1000 07
150 0 Std. 0 20 +10 15,2 08
200 0 std. 0 10 0 250 09
8 10.058 +10% -20 10 750 10
23 3,200 -10% =20 -10 1500 11
~30 6,858 Std. 10 0 - 1000 12
~15 6.858 +10% 20 0 500 13
0 6.858 -10% ~10 5 500 14
15 6.858 Std. -20 10 50 s
All QE's print every two seconds plus impact at ground.

*

For all cases downwash is directed along the local gravity vector regardless
of the aircraft attitude.

Downwash is treated as a step function with the

listed velocity of downwash as amplitude and acts over a fixed distance of

6,279 meters,
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USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this shect, fold as indicated, staple or tape closed, and place

in the mail. Your comments will provide us with information for
improving future recports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
project, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information

source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

—

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the tovic,
please fill in the following information.

Name:

Telephone Number:

Organization Address:
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