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PREFACE 

The report, documents the testing techniques and data reduction proce- 
dures for tests conducted at the Ballistic lixpcrimentation Facility fBED 
Yaw Lard Range. Air Fore- Armament Laboratory (DI.DL), Test Area A22 at 

^Ln'J  FfCfl BaSei ri0r[d'd  32542- This effort was in SUPP0^ of'project 
ZS470405 and was conductec intermittently from March 1975 to September 1975, 

Acknowledgement is made for the considerable time and effort expended 
by Mr. G. L. Winchcnbach (DLDL) on the data reduction required for this 
report. 
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SECTION I 

INTRODUCTION 

«1th  ?arJrindo;rnrLS"h;;t!lfr-,laS deVel0ped   int0 a -P^^icated science 
miimtion of the  snl; l   I    nt,   !zin8 co^l« «Ptical  systems  for the deter- 

Howev r    ther    are    t     lCsi[,   ^^ 'T' attitUdeS 0f the mode,  in flight. 
forerunners of modern baltic"^ t™ ^ ^ rangeS'  which were the 

of their simplicity      balllStlC ran8es.  can Provide useful data by virtue 

aerodynamLr\inCvLauL\\orofanriPrOCedUre
1
may ^ ^ for P-HMnary 

cannot  1K> adeZte v e HmatJ      fÄ^Ü Confi«u^ions.  whose behavior 

-strumentatio      o p0:    Me   d^a«   0UThe v6/6611 /0r eXpOSing eXpenSiVe 

as an  inexpensive means  for ^ g        Vf/*** Card range *& also be "sed 
not warran    e    her ^he cost olfZ^ '^^ **** ob^ctives. which do 
soplnsticated techniques * ^ exPenditu^ associated „ith «ore 

card T^tTTu^lTll lZl%t0 0btain
h
and anal^e' the d^a from yaw 

to evaluate the o^eraH    mpact  of Zs.' nUmber 0f T^'     In an effort 

of the data obLine^'inTy^ c^    wUh St^bt' • ^ PreSentS ' comPariso" 
cated ballistic testing technique!     ^ w^tf 5J Ä.^ "T SOphiStl- 
an example of the accurarv to hT results of this companson provide 

P accuracy to be associated with future BEF yaw card data. 
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SKCTION II 

APPARATUS AND PROCEDURE 

1.  YAW CARD RANGL 

The BEF Yaw Card Range is an outdoor range located on Test Area A22 at 
Eglin Air Force Base. The range (Figure 1) consists of a concrete gun pad, 
a 250-foot concrete yaw card stand tie down pad, 20 metal stands on which 
The yaw cards are mounted, a velocity measurement instrumentation system 
and i projectile yapact revetment. 

The normal yaw cord range configuration employs 20 metal stands 
(Figure 2), each of which has a 2 by 2-inch wooden frame for the attachment 
of the vaw cards. During pretest setup, these stands are placed at random 
intervals along the 250-foot length of the tie down pad and positioned 
squat« to the anticipated flight path of the projectile, (i.e., perpendicu- 
lar to the gun boresight). A random rather than incremental spacing of the 
stands is used since this procedure eliminates the possibility of position- 
ing the stands at some increment which corresponds to one of the cyclic 
frequencies of the test projectiles. 

Once the yaw card stands are in position and the gun has been horesighted, 
tue distances from the gun muzzle to the front and backside of each wooden 
frame are recorded. The yaw cards are then stapled to the front side of the 
2 by 2-inch wooden frames. These cards, which are 24 by 30-inch single 
weight photographic paper, are mounted with the exposed emulsified surface 
facing the gun.  Each card is marked with the shot number, station number 
and a vertical reference line as shown in I;igure 2. 

The velocity history of the projectile is determined from measurements 
of the times at which the projectile penetrates sheets of circuit paper 
attached to the backside of the yaw card stands. The circuit paper is 
placed on the backside of the frame to provide a space between it and the 
yaw card.  If this spacing is not provided, the circuit paper interferes 
with the yaw card paper as the projectile penetrates and the resulting 
hole in the yaw card lacks the definition required for accurate data 
analysis. There are normally nine velocity stations. 

After the circuit paper has been attached to the frame, the timer 
circuits of the velocity measurements instrumentation system are completed 
by connecting the timer circuit leads to the circuit paper terminals. A 
chematlc diagram of tiie velocity measurement instrumentation system is 

shuwn in Figure 3. As shown in the schematic, penetration of the circuit 
paper at the first velocity station starts the timers at all downrange 
stations. As the projectile penetrates each downrange circuit paper, the 
timing circuit counters for each station are stopped sequentially, thus 
giving consecutive times of flight as measured from the first station. 
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2.  MODEL MliASURHMI-NTS 

The averaged mass property measurements of the ten 3()mm Oerlikon target 
practice projectiles tested are given below. 

eg 
(percent £ from nose) 

0.661 

ra 

(gms) 

I 
X    2 (gm-cm ) 

1 
y 2 

(gm-cm 

359.2 464.9 4280.9 

A sketch of the 30mm Oerlikon round, showing its nominal dimensions, 
presented in Figure 4. 

is 

In addition to the above measurements, very accurate dimensional data 
relatmg model projected length. 1^ to total angle of attack, ou, are 

required  While these data may be computed quite easily for simple shapes, 
it is much easier to obtain the data using an optical comparator when the 
projectile outer contour is composed of numerous conical and ogival segments 
as is the case for the 30inm Oerlikon projectile. 

The projected length versus total angle of attack measurements were 
obtained by placing the model in a V block on the comparator index head at 
zero incidence to the collimated comparator light source. The comparator's 
digital readout system was then used to measure the models projected zero 
anglc-of-attack dimension, (i.e., its diameter). The table was then 
rotated from zero angle of attack to 15 degrees angle of attack in 1/2-degree 
increments and the projected model length was measured at each angle  The 
resulting set of data are shown in Figure 5 

I 



SECTION III 

DATA ANALYSIS 

1.  YAtV ANALYSIS 

The yaw card data reduction may be divided into two different parts 
It is first necessary to convert the yaw card data into a form which can' 
be analyzed using the standard aerodynamic coefficient extraction techniques 
Once the data have been converted to such a form, the projectile angular 
motion is then i  lyzed to obtain the aerodynamic coefficients in a manner 
similar to that used for data obtained in more sophisticated ranges  Since 
swerve data were not taken for the present test it was necessary to estimate 
a value for CN prior to analyzing the data. 

a 

Conversion of the yaw card data into a form suitable for analysis is 
illustrated schematically in Figure 6. The longitudinal axis of the hole 
cut by the projectile is located and the orientation of the nose along this 
axis is determined. The length. ^, of the hole along the longitudinal 

axis and the yaw card angle, ^ , are then measured. 

Since the length of the hole is a direct function of the total angle of 
attack of the projectile as it passed through the yaw card, it is possible 
to determine the total angle of attack from the measured hole length  This 
is accomplished with the aid of Figure 5 which shows the hole length as a " 
function of total angle of attack. 

Once a and 0c are obtained, the missile angles a  and 0 required by 

the data reduction program are computed. These angles are computed by 
assuming that the projectile velocity vector is coincident with the earth 
fixed reference axis established by the gun boresight such that the missile 
angles a and B are equal to the earth-fixed angles 0 and *, This assumption 
is reasonable in view of the high speed and short flight path of the pro- 
jectile. The relationship between the angles a. ß, aT and fc. is depicted 
In figure 6. Therefore: 

ß = * = 6U sin0c     (1) 

a = -6 = -aT cos0    (2) 

After a and | are obtained from each yaw card, the equation: 

ß + ia = K exp Hj * i(ai1 ♦ «J x^x + K exp n2 - 1(»2 + a)2x)x   (3) 

is fitted to the a, $  and x history using a least squares technique to 
] 
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ohta n the coefficients K  K  n . n . U3  w  . , and »'  Equation (3) is 
a modified Imear theory tlosÜ  firm lolutionWth« angular motion of a 
symmetric missile in free-flight at small angles of attack.  This equation 
is valid for projectiles which exhibit a linear variation of aerodynamics 
with angle of attack and a linear variation of roll rate with distance alone 
the flight path. A complete derivation and discussion of Equation (31 is 
given in Reference 1, The stability derivatives C   r    .is,| 

m  '    m    ' ' 
are functions of the determined coefficients  (Reference l). 
These functions are: 

m + C \ m. 1 
V 

m 

l 
01 

-  21 
y 

pS d 
71 

{-. 

I ■)l 2m 

0)^ + 2a) 
2X) 

(tu, + 2 u).X 1 - I (ii. + 2C1 X ^ jXj - (u,, *  2M.-J 
) 

+ C D :-.! 

(4) 

(5) 

Cm 'cJt;(^)*v2v|i (6) 

The values of these coefficients presented in Section IV represent the mid- 
flight values whxch were obtained by evaluating the above functions at 
X = XM ID RANGE. 

2.  DRAG ANALYSIS 

The drag analysis used for projectiles fired on the yaw card range 
utilizes the multiple data set fitting technique of Reference 2. For each 
set of data, it is assumed that the instantaneous total drag coefficient 
C  , can be expanded as •»»*»**•«, 

T 

o D    ^ t + CD4 «T 
+ % (VREF " V) f   "o   "2 

where aT is the instantaneous total angle of attack. 

(7) 
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is: 
Therefore, the differential equation governing the longitudinal motion 

X ■ 
-pV2S 
 T 

2m (v REP -,] (8) 

i* it is assumed that the angle between the velocity vector and X axis is 
small. 

Using the m Uiple fit technique of Reference 2, the numerical solution 
to Equation (6) i« fit to the multiple sets of drag data.  This fitting 
technique utilizes the numerical integration technique of Reference 3. This 
is accomplished in such a manner as to provide a least squares fit solution 
for the constant coefficients of F-quation (8) based on the values of a 

obtained from the yaw cards and of the X, t data obtained from the velocity 
measurement instrumentation system. 
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Km  OERLIKON TARGIT F'RnjF.CTII.r TEST 

YAW CARD TEST RESULTS AND DATA COMPARISON 

GAüJ ?e^ft^ ^'"l^^f' 'r Were fired usin« a sin«le -^ot Of the 10 fn.. The muzzle velocities ranged from 995.4 to 1054.7 m/sec 
cxc^t to a ow tT*' '^ ^irÜ1" 0xhibited motion of -Plitude suff cient to allow the "reading- of the yaw cards. Thcr,e data were analyzed 
USlns the methods outlined in Section III and an estimated ^Tuefor'c 

"N a 
of 2.85/rad  The aerodynamic coefficients obtained during this analysis 

co' mc":: fobta L^T I "^ 1° ^ ^  ValueS °f  ^ «S coetticients obtained from more sophisticated ballistic range techniques 
i.e.. optical methods). Figure 7 shows the variation of the zero Uft 

drag coefficient. C^, with Mach number. The solid line, as is the caSe 

rangHatf ^e^lV; l^™  ' V™^  10' **$******  the ballistic 

otrticients C^ and C^ of Equation (6) were assumed equal to zero since 

ana'lysiJ!^ ^ ^ p05ition-time data ^id not justify a more refined 

I Figure 8 presents the static stability derivative, ^ . as a function 

Figure 9 presmts the aamping-ln-pitch derivative 

as a fu„cti™ of Mach number. The mean value of this derivative as 
determned from the ya„ card range generated data p^ nts s -22 84  The 

tTlZ"   ^"een tMS """ and the AEDC GAU-8* *« Test TP data at 
(i e. 2  perce^t^ffferlllce?^^0' a8reement ™Uld be «"»"* ^-ved. 
ins ud U ou";" sc rd d   '      "^ '^"'^ c"""eous datZpoint' 

«* „ 



Hgure  10 presents the magnus moment  derivative as  a function of Mach 
number        he me,,,, yaw card  range experimental  value  for this derivative   is 
Ü 7    winch  y^lds a 44  percent  difference between the mean measured value 
of   this report  and the value from AI.DC GAÜ-8A Gun Test TP data      Here also 
judicious discarding of the extraneous value would  result   in greatly   improved 
accuracy,   (i.e.,   23 percent  difference). unprovee 

2.     CONCLUSIONS 

Comparison of the results shown   in  Figures 7 through  10  indicated 
tue ya',v card te.   nique yields estimates  for the coefficients C        C 

, (I'm' 

c     ♦   c 

that 

and C .... 0        a 
which  are  suitable for most preliminary aerodynamic 

investigations. 
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LIST fflP  AKBRliVIATIONS  AND SYMBOLS 

Total  drag coefficient 

Zero yaw drag coefficient 

.^ 

C 
i 
a 

m 
c  ♦ c: 
mq   m a 

y 

1 
K, , K- 

l 

I 
c 

m 

V 
REF 

Coefficients of Equation f4) 

Center of gravity (percent length from nose) 

Static stability derivative, 1/rad 

Magnus moment derivative, 1/rad 

Damping-in-pitch derivative 

9C 3C 1/rad' 

9q(d/zV) %{d/2V) 

Normal force coefficient derivative, 1/rad 

Model axial moment of inertia 

Model transverse moment of inertia 

Initial amplitudes of the projectile nutational 
and processional vectors 

Model length (14.636 cm) 

Length of hole in yaw card 

Model mass 

2 
Reference Area (6.979 cm ) 

Reference velocity of Equation (4) 

Velocity in downrange direction 

L^ : ;„ 
■ , 



Ll.X ,w 
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aT 
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P 
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nl' n2 
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LIST OF ABBREVIATIONS AND SYMBOLS fCONCLUDED) 

Components of earth-fixed velocity vector 

Downrange distance 

Total angle of attack 

Missile fixed angles of pitch and yaw 

Air density 

Yaw card orientation angle 

Damping rates of the nutational a 
vectors 

nd precessional 

Rate of rotation of the nutational and precessional 
vectors 

Rate of change of the rotation rates of the nutational 
and precessional vectors 

Components of the earth-fixed complex yaw angle 

(Vrt) 
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