
AD 700 963 

ERRORS  IN THE TRAIL  RESULTING  FROM IGNORING 
EITHER THE  MEASURED TIME  OF   FLIGHT  OR  THE 
MEASURED RANGE 

R.   H.   Kent,   et al 

Ballistic  Research  Laboratories 
Aberdeen Proving Ground,   Maryland 

20 April  1939 

i ■ 
Distributed ...'to fuster, serve 

and promote  the nation's 
economic development 

and technological 

advancement.' 

••*.• • 
• •• 

••••• • 
• •• 
••• • 

•• • 
• •• 

•••• 
• •• 

• 
• •• 

*• • 
• 0* 

• • 
• ••• • 

• •>• 
••••• • 

U.S. DEPARTMENT OF COMMERCE/National Bureau of Standards 

This document has been approved for public release and sale. 



f- 

■ 

■ 

• - 

HE 

IML 

RE?ORT NO. 143 

ERRORS IN THE TRAIL RESULTING FROM iGNORING Eil 

THE Ji/\EASURED TIME OF FLIGHT OR THE MEASURED 

R. H. Kent 
F. V. 

r-.   Ö    D    C 

C l. 6 A R I N G H O U S i 

ffela doowwnt Has been approved f». j^*« ^Um9 
mü «ale; Its distribution is vjnllmited. 

U.S. ARMY ABERDEEN RBFARCH AND DEVELOPMENT CENTER 
BALLISTIC RESEARCH LABORATORY 
ABERDEEN PROVING GROUND, MARYLAND 

/^ 
■ IIU^M««M«S9 • ... r~**0ifm!n". 



... 

THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLYo 



^^jTz&rrisjBMSikmsasisx... 

^äY i o ::io 

Ballistic Rfteearoh 
Laboratory Report No. 1^3 

RHK/FVR/emh 
Aberdeen Province Ground, Md. 

April 20, 1939 

ERRORS IN TH^: TRAIL RESULTING FROM IGNORING EITHER THE 

Abstract 
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•—» Expressions for the errors in the trail,  range, deflection and 
time of flight resulting from ignoring either the measured time of 
flight or the measured range are deduced,    Results of calculations 
of the resulting errors in trail,  time of flight,  range and deflection 
for the bomb M38A2 are presented.    The desirability of the introduction 
of a ballistic ro^ff^rlflrt^tj*^ >)r.c>e^ ori trMl. is ?rf>ntioned.    The 
reality and the sources of the discrorancy between the ballistic 
coefficients deduced from range and time of flight respectively are 
discussed. 

Two different procedures have been used to determine 
the trail of a bomb fron observations on certain elements 
of its  trajectory.    One of these procedures, deslnrnatcd 
by Procedure A,  uses measurements of the raninre and ignores 
the measured tine  of flight.    The  other procedure, 
designated by B,  uses measurements of the  time  of flight 
and ignores the ram:e.    In the follovring we shall not 
attempt to describe the complicated methods actually used 
but for the  sake of clarity and brevity shall describe 
other procedures theoretically simpler \7hich mifrht be 
used for the determination of the trail from observations 
on the ranpie or the tine of flight,* 

-; t 

* Although the methods to be described are simpler in theory than 
those actually used, they are much more laborious in practice. 

This docunmnt ban hzen  approved for public reloase 
and sale: its distribution is unlimited,, 
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We adopt a coordinate system fixed with respect to 
the earth with origin at the vertical projection of the 
airplane on the ground and with the vector ground speed 
as the X axis. (See Fig. 1). 

i    \ 

.AlBPLANt AT INSTANT Of- BtLtA3t 

M 

V, 

Fig. 1 

We adopt eymbole ae follows. 

C = ballistic coefficient detcrnlned from x . 

C^ m  ballißtic coefficient determined from t , 

tw « time of flight under ballistic table conditions. 

u ■ resultant air speed. 

uv » range component of air speed. 
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u  » deflection component of air eoeed, 

▼  « ground speed, 

xw « range under ballletlc table conditions. 
X
W1) ~  range under bonblng table conditions. 
x iA " rÄnße under bombing table conditions using data 
. *** obtained by Procedure A. 

xwB * rRnSe under bombing tables conditions using data 
obtaineu b,y rrooedui'e B. 

yw « altitude of airplane at release. 
zwb " Reflection under bombing table conditions. 
ÄwA * de^ection under bonblng table conditions using 

data obtained by Procedure A. ,j 

Z^ » deflection under bombing table conditions using data 
obtained by Procedure B. I 

At ■ error in tw , I 
i 

äx   ~  error in x#t . i 
j 

Az » error in z^. 'y 

AX = error In X , 
j 

X  a trail under bombing table conditions. 

X. s trail under bombing table conditions obtained from 
A        data of Procedure A. 

XB B trail under bonblng table conditions obtained from { a data of Procedure B. 

X  « x component or range component of K  . 

X  a z component or deflection component of X , 

X . sx x component of XA 

i A a t component of X^» I 
X  s x component of X^. 

X B s z  component of Xg. 

-3- 



.HIJIHUWIIIMl p i ifi ■'" um 

Procedure A 

The procedure Is deecrlbed In the following. The 
range iß obtained from direct meaeuremente of the position 
of the airplane at the Instant of release and the co- 
ordinates of the point of fall taken with respect to the 
earth. The range obtained In this way Is then corrected 
to ballistic table conditions. These latter assume no 
wind, standard density and temperature structure and no 
rotation of the earth. The range corrected to these 
ballletlc table conditions Is designated by xw .  The 
ballistic coefficient Is determined from xw and Is 

dPffl^nAted by Gx. The time of flight Is nox computed from 

Cx and Is designated by tw(Cx). The trail XA Is then computed 
by the relation 

XA s vgtw(Cx) " xw ^ utU)(Cx) • xw (1) 

Since there is no wind, u = v and \ 
g      A XA 

In general, however, t^, £  ^^ 

since the ballißtic coefficient determined from range C 
differs from that determined by the tine of flight, Ct, 

Let At a tw(Cx) - tw and let A X= the error in the trail. 

Since the correct trail under both bombing table and 
ballistic table conditions is given by 

x = u tw - ^ 

It follows that, 

AX XA  - X A u tw(Cy) -utw = u At. (2) 

Suppose thnt bombs are subsequently dropped, under 
bombing table conditions with X and t (c ) as determined 

A X 
by Procedure A. The bombing table conditions assume a 
standard density and temperature structure and no rotation 
of the earth. The wind is constant in intensity and direction 
but not necessarily zero.    The air speed, u, is assumed to 
be equal to that obtained when the trailXA was determined 

and of course the altitude yw is the same. The air speed, U, 

n 



r*- 
makes an angle, cp, with the ground sneea v ap phown in 

Pig. 2. The angle cp is the azlruth of the trail and under 
the stated conditions Is equal toy the drift angle. The 
corrcot range under standard bombing conditions, xwbl Is 
given by 

PQOJtCVON OF 
AlßPLANCr AT PO/NT 
Orß*U-A3£: 

\    i 

X 

Fig.  2 

cwb 
88 v^w *  x cos q) ß 

while the ranfre, xwA1  obtained by using X^ and tw(Cx) will 
be 

XwA * ^ Jax^ XA C06c,> s V^ +  ^  ~   ^  4  uAt)cosq) 

from (2). 
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AX m   XWA - ^|)b « V (tw+ At - tw)-(\+ UAt - X)00B(p 

Henoe the error In the range, Ax, from using Procedure A 

» v At - uAtcoep s At(v - ux) a Ati^ 

where ux le the x component of u and irx le the x component 

of the constant wind,, If the ground speed is equal to the 
air speed component, u , 

Ax = 0. 

In other words although Procedure A produces errors 
both in twand X, the? resultant range will be correct unless 

The deflection under bombing table conditions, z^, is 
given by 

X siii 9 

while according to Procedure A the deflection would be 

zwA " ^A ßlncp s  ^+ uAt)sin<p. 

Hence the error in the deflection, Az,  is 

Az »    (X+uAt)sin<p - Xslnip « uAt sinqp = uwAt « - w'At z       z 

whore u is the z component of u and wz is the z component 

of the constant wind,(see Fig. 3). 
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Fig. 3 

The deflection obtained by Procedure A will be in 
error imleßß    At = 0. 

Procedure B 

Under Procedure B, the only observationally measured 
element employed in obtainin^JSrail if*  the time of flight, 
reduced to ballißtic table conditions. The ballistic 
coefficient, C^, Is calculated directly from the reduced 

time of flight. It is then assumed that the range Is the 
tabular range x (Ct) corresponding to Ct, and the trail, AB, 

is obtained by the relation 

XB ^ vg ^ - ^ (Ct) 

The correct trail under the ballistic table conditions* 
for which the range x(C<t) is computed, is given by 

X « vgtw - xw . 

Hence the error in the trail A X is given by 

AX= xw - x(l)(Ct/ . 

• Of courte the mii^nUudo of the trail under standard ballistic con- 
ditions is equal to the magnitude under standard bobbing conditions 

since the magnitude of the trail depends upon the air speed not the 
ground speed. ^^ 
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Und r bombing table cor;dltlons, Ax the error In the range 
Iß given by 

v'-wx Ax « [xw(Ct) - xjjooecp'« [xw(Ct)-xwj-ßir 

The error in deflection obtained by Procedure B is 
given by 

A Correct Procedure 

A correct procedure is of course to raeafmre both tw 
and x . The range ana time of flight thus obtained can be 

reduced to the values rhlch would have resulted under balllatio 
table conditions by removal of the effects on range and time 
of flight due to departures from standard balllctlc table 
conditions. The trail undor ballistic table conditions is 
accurately given by 

x 3 V«"x«' 
where the values of x^, und ty are the values of the measured 
ran^e and time of flight reduced to ballistic table conditions. 

The trail, in a perfectly general sense, is the perpen- 
dicular distance in the horizontal plane y = 0 from the point 
of impact to the vertical through the point vector v t . The 

g u) 
definition arises from the ohenomenon noted by the bombardier 
that the bomb in flight "trällß,, behind the vertical through 
the bomb rack. 

In reducing the observations and preparing tables of 
the trail as a function of altitude it ic pornetimes convenient 
to introduce a coordinate system moving with the airplane 
as shown in Fig. ^. In this eystein, the trail is simply the 
distance from the Y axis to the point of fall. The initial 
velocity of the bomb is zero. At the airplane and, if 
bombing table conditions hold^t other points of the 
trajectory there ic a wind in this coordinate system equal 
in magnitude to the airspeed of the airplane but opposite 
in direction. If bombing table conditions do nob hold, the 
wind varies along the trajectory,. 
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Trajectories may be computed with euch a coordinate 
ßyßtem, the advantages of which will be discuesed in a report 
to appear shortly. In such computations the ballistic 
coefficient which with the observed atmospheric structure 
produces a trail equal in magnitude and direction to the 
observed trail might be called the trail ballistic coefficient• 
However, in general it is impossible with a given C to repro- 
duce exactly both the magnitude and direction of the trail. 
This results either from inaccurate measurements or an in- 
adequate theory or a combination of the two. For practical 
purposes in the reduction of observations that ballistic 
coefficient which produces a trail under the observed 
meteorological structure and Initial conditions equal in 
magnitude to the component of the observed trail in a 
direction determined by the wind structure is called the 
trail ballistic coefficient and is designated by C^ . 

»..„ 
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A direct mrerence of C« can be made from a measured 
trail noßt conveniently from a table of Xas a function of 
u, yw and C« Such a table la being prepared and will be 

employed during the bomb test firing program at Aberdeen 
Proving Ground during the current year. In lieu of euch a 
table, several equlßpaced values of X as a function of 
u, y end (3 can be constructed from existing tables of 
x and t from which the value of C\ can be determined by 
Inverse interpolation for any particular observed case. 
As a convenient and accurate approximation derivable from 
theory, accurate to within the individual probable error 
of one determination of Cx it has been found that 

The trail ballistic coefficient, once determined 
from observations, can be employed as argument in enter- 
ing a .table of trail anples in the construction of bombing 

j tables, thur> ob\'5atlng the laborious construction of 
separate ranges and tines of flight as functions of the 
Cx and C^ inferred fron observation. A table of this kind, 
as one of a series of "Bonb Ballistic Auxiliary Tables11 is 
beinrr preparer1, end the ^ethor? 1c heinr currently employed 

I in the production of bombing tables at^Aberdeen Proving 
f Ground. 

A plot of Cx vs JJjfor the bomb M3ÖA2 is shown on 
plot 2. 

NUMERICAL EXAMPLES 

Table I shows the values of AX , At, äx  and Az the errors 
under bombing table conditions in the trail, time of flight, 
rantre and deflection respectively for the bomb M3^A2 for 
various conditions when the trail is determined by Procedure A* 
The values of 0. and C on which these results are based 
are given in plot 1. 
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Table I 

Errors of Procedure A 

Bomb l!3gA2, True Air Speed = 170 mi/hr 

Altitude Oround 
Speed 
mi/hr 

fl70 

Range 
Wind 
mi/hr 

0 

Croes 
Wind 
mi/hr 

0 

AX 
ft 

^2 

At 
sec. 

-O.17 

Ax 
ft. 

0 

A2          ' 
ft. 

5OOO 0 

1 193-15 25 25 ^2 -O.I7 6 6 

15,000 
f 170 

I 193.15 

0 

25 

0 

25 

57 

57 

-0.23 

-O.23 

0 

8 

0 

8 

15,000 
(IJO 

1 193.15 

0 

25 

0 

25 

67 

67 

-O.27 

-O.27 

0 

10 

0 

10         1 

Table II shows the errorr under btnbinfj tabln conditions in 
trail, AX , range, Ax, and deflection, As, reßultlng from 
the substitution cf ^W(C } ^r^ 7^  ""^o^lnc to P^ocr^vre B. 

Table II 

Errors of Procedure B 

Bomb M3g A2, True Airspeed = 170 mi/hr. 

Altitude 

ft. 

Ground 
Speed 
mi/hr. 

f  170 

Range 
T/ind 
mi/hr, 

0 

Croes 
Wind 
mi/hr. 

0 

AX 

ft. 

62 

AX 

ft. 

-62 

A2 

ft. 

5000 
0 

I 193.15 25 25 62 -61 9 

10,000 
|170 

I 193.15 

0 

25 

0 

25 

72 

72 

-72 

-71 

0 

11 

15,000 
f 170 

I193.15 

0 

25 

0 

25 

76 

76 

-76 

-75 

0 

11 
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Discrepancy botreen C^ and C^. Sources of Discrepancy 

It has been found by comparison of the experimental 
results for the firing profrrams of three bombs* at Aberdeen 
Proving Ground, that the difference between Ct and C is in 
general several tines the experimental error» 

In the reduction of the observations care has been 
taken to eliminate the important syetenatic errors. While 
it is realized that some systematic errors remain, it 
appears that their magnitude should be much too small to 
account for the observed discrepancy between C^. and C .♦♦ 

u      x 
The problem of hitting a target can evidently be solved 
only if the currently tabulated trail angle, time of 
flight and dropping angle correspond to the considerably 
differing ballistic coefficients derived for these elements 
from experiment. 

It appears that there arc two poscible sources of 
the discrepancy between Ct and C . In computing bomb 

trajectories, the bomb is currently assumed to be a particle 
agd the drag function of that particle is assumed to'be the 
cSvre function, G^ The shapes of bombs differ appreciably 

from the flat jjased projectile with an ogive of small radius 
on which the Gavre function is based. Furthermore, the ex- 
perimental üifflcultles in determining the drag at velocities 
below 900 ft/sec are considerable. For these reasons, it is 
likely that the drag function of the ordinary bomb differs 
appreciably from G^. The use of an incorrect drag function 

would of course cause C^. to differ in general from C . 

The bomb is not a particle. It has not only drag but 
also a cross wind force.  These depend upon the angle of yaw. 
The neglect of this dependence will caune the calculated 
trajectories to differ from the observea ones and will 
produce in general a Ct different from Cx. In this connection 

mention is made of the following Ballistic Research Laboratory 
repprtfi.. 

• Bomb. Practice. 100 lb, M38A2, 
Bomb. Demolition, 1100 lb. M33. 
Bomb, Demolition, ?000 lb. JQU. 

♦♦ Kie suggestion has been made that there may be a systematic plotting 
error. While there doubtless is one. it should not affect the measure- 
ment of the ground speed. The error in the position of the airplane 
caused by it is almost certainly far too small to account for the 
discrepancy between C^ and C_. 
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No, Title 

X-^5   Consiäeratlonp Regarding the Flight of Vaned 
Projectiles 

82   Effect of Yaw on Aircraft Bombe. 

In the reports lieted no account is taken of the initial 
angular velocity of yaw which results from the considerable 
angular velocity of the tangent to the trajectory.* Report 
No. 82 is now being revised by H, P. Hitchcock to include 
this effect. 

Aoknowledpyients 

The inaccuracies inherent in Procedures A and B for 
obtaining the trail were pointed out by Lt. Col. H. H. Zornig, 
This paper was written at his supfrestlon, Hosnra. K. S. 
Martin and H, F, Cronin acaiated in the preparation of the 
tables and plots. 

R. H. Kent 

F. V. Reno 

• Soe Darpas, Mem. d. 1 »Artilleries Prwic. Tome. XVI. U. p. gUl, (1937). 
However, Darpas neglects the cross wind force entirely. 
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