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Pipire I is a side view of the vortical delivery plans (X, 2 plane} and
Pipure 2 45 3 plane view of the horizontal piane (x, ¥ plane) of such &
aniivery. The manevver eonsists of the pilot {lying cver the target ad,
gt +his time. starting his delivery manmver and pamb director. His mal-
puver Gt IORSLSY ~f appropriale wviIma iz, pet hiaz aircraft on & headlng
£ fran i3 oIn : secifisd distance

i

.<%3al headine and Alond theo Y-axis o a

s o) ranpnable time, The toss maneuver 1is

h ai tn the tarpet and aprropriate ascaps

Far convenionca =7 1100uTSLOT, A particuiar 2xarple ~f a TIP delivery ST
<= {5es Figures 1 and 2) 45 aszumed. Other exarp.ez, Such asz an affsel
lpihad where T 3 0 or where the heading of +he final approach for toss ¢
1200 from the initial heading, 7A0 e amzumed, The example of Ficures 1
ams 2 iz in most cases svp magt conmzorvative {lgnger tire 374 more diff-
cul* raneuver) and is chocen for discussicn on thils btaegie, Figure 3 1is
s time plot of this mancuver. 44 time & = 0, the alrcrall is over ihe
1arpet and initiation af the delivery method hepinz. He may tren, by a
suitable manmiver such as 1/2g turn clockwise and a ig turm counterclock-
s, retnrn to & heading of 1 9 rrom hic initial heading and along the
Toavas, AL this time. = 70.L aec, in Figure 3, an additicnal eight sec-
snds e assumed for the pilod s dpteymine from TiS bord director that he
.5 or is oot on the prar?r course and realien himecll. A% the end of this
Lime or TIn accurazoly; at a predetermined distance fram the target as
spiermoned by nis bond director; ke starts his pull-up mancuver to toss
cre perd, In Figure 3, this is a 7g puli-up with a 55 up at LS %o the
worizental with a tangential velocity of 170C fps. The 2istance of the
tacs in ihis case is 25,200 feet with an elapsed time of appreximately L0
seconds, A lower g turn o pulli-up is permissible, +hig would extend the
rivz mecessary Sor such & maneuver and recice the separaticn distance of
veapon and aiycraft at burst. It is realized that the velocity dercreases
for conztant Shrusy Ln @ constant ¢ turn or In a constant g puli-up. We
aro. howewer. oniy interested in the availaziiily of the tangential velo-
ity at relpase by either prediction or jnetmmentation (depending on the
swpe bomb reiease computer usad)., The change in velocity duwring 2 tumm
oy pull-up affecis sniy the distance traveited Auring 2 specific tire and
doee nnt affect the harizontal fuze or dellvery error. The Lg turn and 78
ol +hiz cane have U 3 for maxiram conditiens of accelera-
crant veroni o
~ntol Lrat as 1 +
neuaver 4oy =

N

UINULADS




IIZ. BCHB DIRECTIOR AND FUZS

will serve Mth a3 Lormb direciter in the aircraft
2 w1l be incorporated into the TIP delivery
fvw%n~ wh¢ch will be shown in the next section
Al 4he faze. The inertial system will con iat of
wrapor, having three complete axes o of Lreecdom with

Had

ular acsclgrsmeters rounted upen

AN e vt wila

Tatrryl angd ver ,1‘3* ar~ﬂ1~
~

it time of 4nitiation {when tne aircraft is directly over the targel and
ihe pilch Mrickies" the system) the inertial system begins to measure the
aigtance from the target along the X-axig and Y-axls ol the weapon. The
2istanz2 along the Y-axis and Y-axis will be referred tc hereafter as the
F-diztance and T-distance. The weapon will be fuzed when tne iongitudinal
{¥} Arerance returns o zers at the znd of the maneuver. The lateral (1)
Aigtance is necagsary oniy to toll ine pilot when he is in the vertical
alane exiending from the relicase point through the target.
The beomh directsr should zonsist of the follswing:
A.  ¥-Dosplacement Indacators
A 4237 should be provided o indicate the Y-distance Irom inhis
weriizal plane zontaining the X, Z axes. A visual or audic signag
=may te provided to indicate o the pilob when he is in 4his vertical
~ane lane “hus mary begin his final delivery tactics).

. X -~ -1 - 3 3
Aol nenld we provided o 1Ad;ca‘e tre X-distance of the plane
iy - < : sy L b Ps ’y [ — PR 3
VATR romoLne In on poab U ,-Z,u). A Tizual ar audis

el
nce Iron the
P S - . 3 - 3
n to the pilet that
-
R d

An indizater should be provided which will give the haading 2f the

2ircraft. This does no* necessarily rmean the true heading and can

Yrys he relatits heading, vovisionsg should be rads to mark the

initial heading of thne aiversft as it passes over the targel ini-

i1z%157 point. A heading of 1%0° frem the initizl heading is the
lred be £ olivery i
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One of 4we Lyzes of release compalo!s 72y be erpleyed (1) a manzal
srp=aat fixed ancle of release device which requires rreacriled do-
S ieawe Agmdicions or (2) an auter:too computer which takes a contiie

_—

:7 tnput ¢f distance, velociiy. [:ltude, and g puli~up ang conpules
ine proper relecase angle to hit the *a*p,,. For the error an a;yﬂ:s
nf Saction IV, we have assumed trresei conditions of distance, ve.l-
Iy

LT aLg;vdJE, g rull-up and reiezs9 angile,

Tt iz sbvious fraom the above that wher the following thr

Yeon mev2 (1) the X-Displacement Indi-nnar reads zero, (

1t Irndirator “ﬂa”q less than the rro=set Aistance, and (2
dicator res the initiavion roint value, the £
tactics (the carrLod out, the weapon toszsed to t
07LATH TAnou

The bormb fuze viil functicn on a measurement of X-distance from the ini-
tiation point , and will determine the burzi point by its return

45 zero., & measurerent of rero X-distance will thus be the cnly n-cngsary
fuzing signal.

The ahewe eyanrle assumes that the target is visitle for identiiicatien
Tud a7 ret wisible adt the maxirmum raneuver rangc. 1L we may assume tnal
+the target is visible at maxirmun range or if for a particular sirike the
target is visikle at “axirum maneuver range, the proolen is sirmplified,

Yo may trus sirplify the bomb director ty eliminating either the Y-Dis-
cvlacement Indicator or the Heading Indicator. It is shown later that
uging only the Heading Indicator recduces the Y-distance error apcreciatly.

e nze 5f only the Heading Indicator, however, rmay be more 4ifficult

than the use »f snlx the ‘-Di,k*aceﬂenu Indicater, The visual identifi-
catisn of the target at maxirmum range permits pickling for {nitiation
with the aircraft to one side of the target. The posgibility of using
cuch an offset allows for greater versatility in the initial azpreache.
Vo further dizcuszion of sauch TIP delivery raneuvers will bte made in
thisz caper as =uch appears to be particular examples of the assumed
general case,

L ™ ~ cqro -
D»..,v‘:. (L OAD

& brief ceseripticon hagz been given in Sections IL and III of %the delivery
method, bomb dirccter and fuze., The purpose of this sectlon wili be to
ocrovide an estimate of ‘he fuzing error of a TIF dn;ivery systex, The es-

timzte of errare of such a delivery eysiem 13 baged upon the use 3f an

e as a fuze with faformation pick-offe for the bomdb direcler.
€ in 3hic gextisn are, at best, baged cn an ecducated guess.

hasad on performance figures of osthor inertlal syslems.

oW
i
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The faliowing paramcierz will contriltute errors toward a total fuzing error:

N
]

1. Horizental weleocity errcr,
2

Zo True vertical error,

. ¥ - IS

Je ?Aatlc->v' d.» ‘A ve

' cﬂ

14 hecelnrameter error,

-

%. Integrator error.

Sre Taceetl riciymitisn errev,
7o Ballistic reoproducibilily.

3. Final pulli-up error.

Yo Altiwige erraor,
1%, Azimuth error g
2Y, Other errors. ¥
;é‘
Horizontal Velscidiy Error: A
R
The error in horizontal velocity may be due 45 several things such g
a2z {a) the air speed indicator, -nstrm:mtal errors, (b) the air e
speed indicater, installation errors, (c) weaiher prediction accur- 3
acy, {temperature, p*cssure) and (d) wind rrediction accuracy. The
errory in the longitudinal ground speed i3 ap:; oximately o = 1.0 per 5
cent for errors ?a); ) and (c) 2bove plus an assumed value of ap-
croximately 9 = § moh : 7.3 £ps for error {d), wind prediction. Tris
error in waind prediciicn is an,_assw:ed value based upcn a vertal con-
verzaticn with Li, Col, J- A, Ryan, The evidence used bty Li. Coi. Ryan
+n arrive at this volue is unavaiiabis at nresent. mtil this value
can be substantiaited or determined, the above error of ¢ = S mph, shall
ne azsured to te a necessary c*z_terlo-'x for proper performance of this
syzhema
It is not unreasonahlie o think that a tactical ground speed indicator
that wonid indicate g_:r-c,-u.d speed a5 acairately or rore accurately than
the above system can be developed,

sary %o estahlish a vertical reference for our inertial
done 45 either of two ways: (i) the vertical

the home base and carried tec the target or (i1},

determi:md freom the average Qynamic vertical over

e firgt method above i3 impractical becnuse of

the inertial padkage. The Zocond

We cannet use the dynanic vertiecal:

UNCLASSIFIED
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because of rather larpge chance wing loading by gusis of wind. He can,
howsver, ugse the average dynamic vertical over a period of time bg
making the precession rate of the gyros rather small (say 10°/min}.
The error between ihe true vertical and the average dynamic vertical
w.11 then e lesa than 0,1%. This error is usually spoken of as the
maximun talerance or 3o value, therefore, il appears we ray be cone
arryative and 2ay the mogt llkely o is L0337 with the maximos signa,
{uzed in Figure &) heing G,1°,

Previsions rmst be made for a calibraticn peried of 40 seconds or
longer just before the target initiation point, Ohviously, the op-
54 irme would be irmediately rreceeding initiation. This is notl

b b
absolntely necessary, however, and a small time interval may occur
Letweer, the calibration period and the target initiation poizt., For
thie A4sTisazion. 1% shall be asmumed that thiz calibration i nceuwrred
irmediately before the target initiation point. The pilot will be re-
quirea tc fiv s‘é%raight and as level a flight as poszible during the
calivration run., Thic requirement is believed to be sufficlent io
pstahlish the reqguired platform vertical using the average dymamic
vertizal,

e Platfogrm Driftn

The rslatform will have a drift
tical and in azimuth.

4

0 /. .
ate of approximately 1 /nr. in ver-

he Accelerometer Brror:

ter error of 0.001g or o = ,0322 ft./sec.2 will be es-

An accelerore

Limated 28 the accelerometer error. It is expected that the accuracy
for the first part of the scale will be hetter than this with the
ervor insreasing due io non-linearity of the scale. However, as the
ma3srity of the accelerations experienced will be less than # 1z, it
is expected that a value of 0.001g is a very reasonable average.

Sa Integrator Error:

1 percent of the cutput will be assumed for
integrator {velociiy} and aiso for the error
’

{gistance).

Twn types of errorz are obvicus for tarpet recegnitien: (1) gross
error and (i1} error in judgment. Gross errors wiil nct be considered
in this compuiation of fuze accuracy. Eowever, it should be znoted that
this system has an advantage over the IABS syastem in that it reguires
1dentification of only one point., This one point of necessary identifi-
sation $2 the target. This point mugt be located in any case if the

o LLASSIFIED
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misaion iz to be successful, An 2ror in judgment of target location
with respect th the airplane or oirpiane to target will e approximately
200 feet in ground (X or Y distance) distance. The reaction time for
the pilot to "pickle® over the targei is approximately 0.1 sec. These |
firures have been used bty Lt. Col. J. A. Ryan as the maximunm tolerance, ;
however, we shall be congervative and use them as the standard deviation

in this paper.

ir
and nisalignent »f

meaningless when one considers a tcss. Therefore, to be conzervative
we shall assume this applies to the fctal ballistic travel through the
atmosphere,

The errors that occur in the £inal pull-up or in the release angle

dnring pull=up are very dependen® upon how well the borb release con-

suter is mechanized, The crrors in gameral are: (i) error in constant

¢ pull-up; this is approximately = = 1/5g for a pilot requirement of

a constant 7g puli-up, (ii) errar in maintaining a constant velocity

throughout the delivery maneuver; this error is approximately o = 10 mph

or 15 £ps, (iii) error in estimating the appropriate place to begin

up; this error is e-iiraied as aporoximately o = 500 feet,
111 also occur due to tae computation of tiie appropriate

. Y
es of attack; these errcrs are unimown but i1l prebebly
£ sre srder of one to two degrees (iwo degrees used in calculatien),
It zhould be noted that all of the above errors will vary according to
the berb release computer used, The figures given are for a type of bozt
release computer whorn the corputazion of release angle ig dene at the
cifie velpcity, :xnstant altitude, and constant distance
Li-up are reguirci of the pilot.

[y

heme tase and 2ps
3

3 - 4
nd wonstant g ¢

foTa)

(a3 3 21 mot affect the X cr T distance

tly high 2ir durst. It will, however, induce an
er~sr in the altitude of burst. For a LS° release angle, this error
bacomes significant but for low anszle releases (flat trajectories) this
errer 4s small., In fact; the orror In turst height for & 20-30 degree
relp23s angle is approximately are~kalf the irpact errsr.

- R ~ s
LR STTOoYrT L Whal

N
&
error for a2 suffi
3
A

Ary errcr msde by the pilot concerning aititude will bde reflected directly
into the burzt height., Ii is expected 4nat a plict can hold a specified
Iow altitude such as GO0 feet o a atandard deviatlon of approximately Z0C

rJ
Seot.

PINDIITTRRSS UINCLASSIFLRD
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Errors Lo asimath wiill

- D onéa ) v $ @

and the ¥ Aistance. A standarc geviavion cf appT
s asimith is e3tirate

foaeeg ta the Songiiud

g2immt= arror and 2on

anpien, whe erTora LT

rapidly as he wGgLf NerYeases,

am Be oynewsd Fisual

gelivery
stem because of

es of less

for laczk of

re -~ + 1
Ir, ac stated prevam

us
iy at mAXAITm range, the Y distance

sestey axes are

vock U] ot
‘F\" jog

o]
" b‘

o pe a frac

inertial sy¥s

w3
B 13

- Gl

ho reflected as errors hoth 4in the X distance

tely one degree

.4 to bLe reascnable., The aziruth error contri-
<na) 4iztance error as {1-c23 9), where © is the
smbribates to the lateral error 33 sin w. For miall
sxa X oand T Aiztances are small bt Lhey increase

, *he target
rror can e

maneuvers o otur 1mmeala
vstem, small errors wiil be
e {inite precessicn rate ci
one Cdegree per second, the
. of a degree., A value of

compiete <nformatisn zon~

RIS AKY
e+ e

o "
3

D

-

ue

5 . These errors
acceleration, corioliis
rizontal velocity anc

hd 3
en. Trese errors contribute in varying degrees de-

tical acecelerations are measured.
a maneuver as described jg smail
deviation.

{ standard deviaticns) of the paramelers

in Figures 1, 2 and 3. Included
of the errer for delivery maneuvers

1l. Onher Drvers:
Nthor errors will be present in an ine
sconr because of earilh anomalies, cent
azseleraticn. CORANEE 1N altitude, lati
norigonval direcii
pvending upon whether horizontal or ver
Tha mamaitude of these eTrors for such
~3 wiil not affect the total standard
Tigure L giYES 3 surmary sf the errors
~f 3 TIP deiivery system such as that shown
in *haz figure foT COMPATisON are egtimates
vaGuLlang 1283 LIRE sharn the maxi.um case os Figures L, < an 3e

mrimum tame o8 12T soconds, the siandard deviat
_ ielivers eTvoTi i aproximateliy 1650 feet for th
- a1 B30 Teat for the T cistance with visil s
< and approwimately 1800 feeb for the Y &1
wan s wMAL2atGYa.  LTICIE LN al4stude will be 43

Frrors in 2380
4piivery and eITCIs maGe during the pull-up
error in releage angle, error in constant g
sne reginning of

ravaraters $o an ervor 2v. altitude is shown

uie wiil be due principally to errers made curing the final
r a phase, lees error in velocity,
puil-up and distance error st
the puli-vp phase. The cetimated centribution of these
in Figure S, Included in this

UNCLASSIFIED




pconds and a L3O teoss, the error {standard deviation) in altitude is

fipure for occmpariscn arc oiher release conditions, For a maxirux tine of
b o
esvimsted 4o be £10 feet. This asswr A sero error in X and T Zistance,

iow ievel delivery system capatle nf delivering atomis wearane na«

ren described, This system, target initiation point delivery, Fas baen
esaribed in detail and estimates of the standard deviations for the
varicus parameters have becon made, Tne estimates made have been conzer—
vative throughout this paper. Thesc catimates are subject %o revicion
{downward for all with the ncssible exception of wind rrediction) when
further informatinsn or 4o~ hecomes available,

It should be emphasized that the delivery system described in this paper
is only one of several target initiation point delivery systems. For the
methad proposed (which gives the maxdrmum sigma) the accuracy of delivery
:5 presenily estimated to be 1650 feet in range, 1800 feet in deflection
and 830 feet in altitude. These errors may be reduced by means described

«within the body of this paper,

e
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| HORIZONTAL FRRORS OF A'FARGET INITIATIC

x Distance

(Relense Velocity = 1000 r,,s

T e
3 100 Sese  128Bec T T58ear
Velocity . '
a) Air Speed 750 1660 1250 -
b) Wind Prediction 530 730 210 180
Truce Vertical 155 280 43¢ -

_ platform Drift 10 25 50 -
Accelerometer 90 - 160 250 <
Ixitégratar - ’ | ,

a) First 75 100 125 -
b} Second 50* 70+ 85 -
Target Recognition 200 200 200 | .
Bajiistic Reprocucibilfty 50% 6o &0 50%

Puli-up B - - - -
© Altitude - - . -
Azimuth T* 10% i35 - 32¢~
Other - - - -
Total 1000% 1300+ 1650 - 500%

* deéends_ on trajectory average, value assumed [or comparis.

- indicates that the errors. due to these param,ers are smai

| FIGURE 5
 ALTITUDE ERRORS* OF A TARGET INITIATLC

Altitude Etror.
{Release Vejocity = 1900 fp-

" Releaae Ang.e = 457, _ Reiease Angle = ::5.‘,

o See “‘zgures 1, 2 smé 3y *Release Anitade - deaired

burst aliituded

ammae Error

e - e et B

- 260 feet 200 foc
520 feet - 170 feet
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A e ) e e 8l 0t

_Visible Tarpet
{ilea in';;‘vlndicat‘or Only)

. daBens 300 Secr | JZ3Rec
80 240 300
50 60* 80
320+ 440% 325
300 500t £00

assumed {ur ftamparison

> paramelers are smail or are not applicapie

A TARGDE

.

tude Ertor Aitvtude Errot‘

ozt Velocity - 1000 fps, {Re.easa'?elocity = 730 fps, {Release Velority = 46\; fp
a5e Angle = .57 Release ;’mgle = 4:6, . Relecage Ang.e = 36%,

g er Aliliude - deaired Helease Aititude « desired ?:v.r se Altitude - uesi'red )
1 alfitude} o burg altitude) rst ot xtude)
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75 Sect 100 Seet 125 Sec
550 73 219
155 230 240

10 25 50
ag 150 258
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