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REMARKS ON TIME-OF-FALL FUZING

S. K. Hale - 5125

ABSTRACT

One of the coror. ,onents of a clock fuzing systerr. for a free-fall weapon must

calculat^ the time for the weapon to fall to some point in space. In this mernora.n-

durn this point is referred to as the prescribed burst point. • If t represerkts tirrte

passing during a delivery maneuver, and the lingo of fail T of the weapoatothe . •
Tdprescribed burst point varies continuously with t, then the derivative -d-t- is called

the setting rate and is the rate at which the computer must charge the dock set-

ting if the clock is to be correctly set at all times during the delivery maneuver.

The purpose of this memorandum is to give a prescribed burst point which leads

to small setting rates during an entire maneu-rer.
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REMARKS ON mytE -OF- FALL 'Mt ZING

tN'Tri () 81.7, (17 T ION

;:tf' 0'7 11,2' 	
* -•*mry., 	 a 	 weapon ft:71V calculate

-..he tiny,- it take:i 	
th;4:, v..ein.randtizzi 1.1118 point

shall hty referred to. 	 the prescrIbed burs'. 4. point (FP,Pi. 'Ibis point :5 arbitrary except for

rt:quirenient +hat it 	 the 	 (anP) as the path of the projectile

approaehe., a path which painea through the 1)11P,

Two .4ethoe.5 which 	 been used for fipeeifyini.; the FtY3P are:

The vertic:ti 	 of tht- 	 fr,.-±m, the relcat-4e popit is er.p.:al

to tr.e ventitr-al ditnce c;f the t1:317 from the

The hariv.-:,ntal diFtant.e of the PI3P from the rcle .,ise point Li equal

to the horizontal distance of the DI3P from the release point.

Let t represent time passing, during the delivery maneuver, 
and let the time of fall T of

d'r
the weapon to the Pl3P vary continuously with t. The derivative 	 is called the setting rate

;4:1 ,:l is the ritti., 	whith the eoiripater must change the clock setter; if 
the clock is to b.: cor -

rectly sct 	 ail times 	 the deliver;.,• inaneuver. One. difficulty involved in a clock f!Jt:ng

system is to specify a PrIP in sueli a way that. during the entire maneuver. 
the setting rate

is not 	 "la.rge.'' The 	
dTrate 	 is not too large if it is less than the rate at which thedte

clock can he set with the required accuracy. Foi- some tactical delivery sy:r,teros, this dif -

•rit 	 overc..irne a.p V the pre:“.dt time. For instance, ir. Case I above for a

tc!nibiroz. n.lant:!'avf:>r, 	 r.7.4cs are tz-x.-.1:.:71r1-7(.. `.'or 	 To.-igies. and in Cast 2 for

;;Ie safr,r, rtii,..rieii .;er, the r::1! 4.S 	 IcKLI )a; f?: :or li -trge.

The piirpose of this memorandum in to give a PI3P for which the setting rate is satisfa47-

1-- ry 	 a variety of tr,antr.ivers. In particular, the lob bombing inanc‘uver kt4 disctutseci in

anci it is seen that he PI3P de.icribeii here leads to small setting rates 'during

t!;ot:i- 1,7

r;ervdte *1nm pa51,-or dlirtng the, airc:art 	 arid Ie.. 	 = T(ti denote tPc ttroe

fa 'ti 	 the destred burct point for the origin of an (it, z) recta: 	 9.t

oi-ritnate 77.stere w•th ..4-, r1;c11 	 direited upward and horizontal x-axis directed 'toward'

, k•1 +.approat bin; aircraft. 	 1,1..sz. 1.) At 	 t, the C.G of the :aircraft is at I, x(t). xti#1,

Iptt!: 	 =.4 ;. "-Trn 	 1`,V7gr.70... 	 t'rikZ71: 	 'With Meth
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:t(t)}
" -

N.

4

Desired .nursz point (0,

Pig. I -- Prisition and dtrecton ‘.) 	 ;it time t

In the (x. 	 the °.Y - e74pon has 	 t,y,

X 	 - V (.77.. ,;:, 7 	 • T(1),

z(t) . + V si" 	 • Tit) 	 CIT2(t) •

In the disc .:2ssion of the pres ,-.7.riced !-.0.:rst points :71 tile introdu,ction two meinods Of:spec-

ifying, the ?BP are given. It is clear that for the first case, all these pr.)in's lie or the x-axis,

for the second, all points lie en the z-axis. In the present discussion, depending on the

value of $, the prescribed 1T,v.ret points may he on any line passin7 through the origin. In fact.

tte 11 7--q1 ;S  on the p;rt.th the wear:on at

X cos ti -kZ

vale 	 > 0. .7.7c:* 	 cr.: for the weapon to fall to such a i)oint in given by

kr; 	 .
- 	 s4, - 	 I - 	 s.7.(e) 	 X(9d0:1--0, 	 0,

■ 	 	̂ ,^ 	 ry,• 	 ■•

kg
	 ,3 =T1	s4) 4 1 fk	 -t-74; kifl) 	 x(t} coo 	 .

;r: ,F,qqnt1::•,-; 	 ivesrioar 	 co;Isvciereci. This 4.1.1c4ce re-

th. js.	 1?!.11:, 	 he lunger t:Tnc.r: of night. It

;7;4.7 o'rnpr.c..1 rhJt th-t7.-1- 4, 	31'ee'74....s •:Y 	 thr.! pt

11,

nnt)o right o!' the irti 	 -,̀;# > 0'.

1:h .ti:fol 	 ng t.,:otr•es. the settin,r4 rhi4'• and time of rat; are clistros4ed toit. iviracular
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FA	 T ET)LEVEL BOMBING TN T

f•-.r all values of t > 0,

LOB AND TOSS BOMBING

th(.; acceierattan '7.4 the airplane is ng, an.".Y.( 0) Z	 1(0)	 Si' angle a. :1 br.:,forbf%

thr, velocity V is censtant. P ollow  	 :11';" 	 and

Let t 	 hi? time or the aircraft to arrive at a poir.t directly over the target. If
1

I A assumed for level bninbing that dViclt r 0, z(t) r zo (a constant greater than or equal to

'zero), then x(t) 	 V. (t 4 -0 pnd 	 - fl .fr.r -01 values of 	 Cq-xitfor. 3 then ':.:5e ,..arreR

1 	 r 	 .
T(f) 	 +.7:L:7k._ 	 _ 0

ar•.d

dT

ir 	 2'3.;,gz

Thus,

	  < I secisc
2kg V(ti - t)]

as,iurneri tha.. the p.ith of the : -,rplane 	 ho crir path shown in Fg. 2, where

V
2

z(t) z 4 — cos 'So - —cos .a rg 	 ng
(4)

= X - 	 - —sin
f` 	 c
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T 	 T(t) 	 k sr +Ls -

L

I (k s:n 	 A. 4 211 	 n

1, v ..,

f•-•.,-,r+ 21)

r -..;rthf!rnv•)1-47+,
r

(-IT - r'' • ili. cos 4Z71' 	 Z 1

•
(1/4 fi■rt 	 c+•-,+? 4) 	 t or:4 •I'• ;;In 2+1 - 	 4- 	 zt:++

14';' " 	 4' Á '4" 213 cox	 — 4itr 24

/

Fig. 2-- 	 for a lo'u or :OS )-, ,,:rrni4;71::.+; Trn.neu,rer

if Equation 4 is substituted in Equation 3 the result is.

22'IT f)s
A 	 zo 	

c
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Fol. certain values of k, the functio ciTn ar is continuous and has a maximum which is a

function of k. 	 ideal situation would he to choose that -value of k which would give the least
axirn ti 	 s e 	 the :-.1.orriplexity of the function at this would involve drawing many

faznilies of curves and approximating the hest value of k. Since this is a laborious task, only
a very iipecial 	 (k	 I) in considered in the frinnwing

)11Tii: FOR 1-03 1.3()F -.1B17 .t(7;

Thi3 scclion ronsieers the arttinr..: rates for the loh bornhing maneuver, that is, a fa:mac-4-

%w in which the airplane files thr path shown in Fig. 2 wlth+ 0 I, O. Also. the PBP Is chosen

9.3 arty ty.:;int on the: path of the r_,:rojecitie at which x ..os ,;" = -a.

For any particular rziar.r;.4vix, there are two points tr: ill ,: path of th airt- raft (Le., two

we,p()n were rele.-isi:'d at e'.ther 	 the3e p(•,,' ,.?c, the path af the

•eap,:n would pass thr ,-,i.igh the deatred :ours: point. Any point having this property shall he

calt.ed a release point. In the followincf ;.:rragraph, the formula i-rir the setting rate at a rriease

point is derived.

At a release point, 	 numbers x 	 z,at, and T must. sittisfy the tiquations X 0 and

Z 	 ). ii T is eliminated 3i -:(1 these (xtuation.9 are s.olveci for x 	 x ft, z ), tt foilowr:i that

x i w , 	 3 . ';'4 4 	 in 	 - 2

rr
o 	 rig Vz

Equation 7 gives the horizontal distance from the target at which the lob maneuver

should begin in order to h.:)ve a release angle for a given vertical distance from the target.

Only the positive :-.1quare root is chosen herr because. the negativo. square rc,ot kiwi?, to values
for whien the weapon v. ,,)‘.:16 pass through the DIIP at a point where the weapon is rnoving

dTupward. 	 —
' 	 .:ruing rate at a release point) to given by Equation 6 with y:dt 

rc.- Placed hy Equation 7.

F",;Ture 3 	 a pit,. 	 (dT) versus for different values c:r z  and V z 1000 it/ se:'_
ti

IMP

.„hi 	 if 20 'r . 	 fitr

rigl.re 3 	 .... 	 rele.ise point is 	 finite. but for etrlain
r of tile p-i.r :ne t-T alt• ,vei the enure maneuver rosy not be so well behaved.

1, V 10.1n 	 e 	 4. and *0 0, Fig. 7 	 the values of the

k g I. 	 4 ;.--4 	 Kr:trh f x 	 z3 its ;a furietiol. of 	 for tIle
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paramr3 x z, and 	 cwhich dTildt L 	 zftt.rar any et of values of x. J, and 1)

:Int tie o:: 	 r1.!rves, 	 -:ontintioi,is during the i-ntirn nnainetiver. Flgurcg 8

itre= 	 iett:ng rztt.f., and ftrr.c 	 fii,ght for f:ve parnarieuvera. For each of these

Triarievers, the release pfnitt 	 ntitained frc:rn Fig, 4,
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