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rigure 1 is a side view of the vertical delivery plane
. CI, Z plane) and

rigure 2 is 
a plane view of the horizontal plane (X, Y plane) of such a

deltvery Thn naneuver consists of the pilot flying ever the target and
r

at 
this time, starting his delivery maneuver and bomb director. 

Hi3 man-

r%ivr 	 :onsist of appropriate turns 	
get bil aircraft on a heading

frn ,i1 	
heaT.nv and along the X-axis at a specified distan ce

f: or te target in the 7ntrtet reasonable tine. The toss 
maneuver is

then he run and thc weapon 15 
tonned to the target and appropriate escape

raneuverr3 are herun.

Ftr convennon nf drf .:usion, a particilar example of a 
TIP delivery sys-

tem (see FiK1;.res 1 and 2) e.s ascumnd. Other exanolee, 
such as an offseA,

methoe' where 7! 0 7: where the heading of the final approach for toss t

frtm the initial hea ,!tng, car, be a7:7;.7.1. The eanrle 
of Firures 1

in.:: 2 	 in noet canes the rest .:onservative (l
	 nconger tire and re iffi-

cult maneuver) and is ohocen for discussion nn this 
basis. Figure 3 is

a time plot of thin maneuver. At tine
 •t 0, the air graft is over the

target and initiation of the delivery nethod begins. He may then, by a
suitable nannaver such as 1/2g tu clockwise and a 4 

turn counterclock
e

-

rnt ,
Jrn to a heading of le

rn
e from his initial heading and along th

7-axis. At this time 7 t 	 lee. in Figure 3, an additional eight sec-

onA,, 	 A,m.:me:: for the clot 	
detern4ne from his bomb it 	 4. 1, =,+ he

nr, 0 	
probernot on the 	 course, and realign hineelf. At the end

is 	
of this

tNne er rore accurately, at a predetermined distance fron the target as
deternined by his bonb director, he starts his pull-up maneuver to toss

the bomb. In Figure 3, 
this is a 7g pull-up with a toss up at L5 3 to the

horizon 	 i 	 ta
tal wth a ngential velocity of r)00 fns. The distance of the

toss in this case is 26.000 feet with an elapsed time 
of approximately 40

seconds. A lower g turn or pull-up is permissible. this would 
extend the

cessary for sich a maneuver and red u ce the separation distance of
tine ne
.....eanon and aircraft at burst. It is realized that the velocity decreases
for constant thrust in a constant g t• r=. er in a constant g pull-up. 

Me

hewever, only intereFted in the availahility of the tangential velo-

city aty 	 release by either prediction or instrumentation 
(depending on ther 

type bomb release conpute r used). The change in velocity during a turn

or 	
affects only the distance travelled during a Titecific time and

does not affect the horizontal fuze or delivery 
error. The 4g turn and 7g

gull-up In this cane have been assumed for maxim-
um conditions of aecelera-

--,in, an constant velocity has been arsure -1 thrsu 	 mghout for .inlicity. It

1c 	

l

as thf ,,lircraftth. t4
n., f or th.

maneuvr etrrases. Therefore. it is 
be 	that a tine cf 1 25

fcr A .;, Trmimt toor at leen than 7g, ray he considers: the
the above dcsorl'be:i maneuver.
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'TED
)OMB DIRECTOR A! ,:D FUZE

An inertial system which will servo both as ►omb director in t"4• aircraft
a!-: a fuze in the weapon will Le incorporated into the TIP delivery

!7io'.em. The errors of the system which will be shown in the next section
w111 than h" the errors of the fuze. The inertial system Vlli consist of
a rtale platforn in %.e weapon having three complete axes of freelom with

perpendicular accleroneters ro! ,nted upon tho ✓iatferm for

neaz717orent 7:f 1Pngltu -!inal, iatr:ral and vcrtical acceleration (X, I. Z)
witn aostciated inte7ators. The vertical accclerometer is in-

clddec only for the capability of 7...easuring variical distance
ty-n.es of delivery.

At tine of initiation (wten the aircraft is directly over the target and
the pilot "Tickles" the system) the inertial system begins to measure the
distance from the target along the X•axia and Y-axis of the weapon. The
distance along the 7-axis and Y-axis will be referred tc hereafter as the
7.-dictanoc and Y-Cistance!. The weapon he fuzed when the longitudinal

tance returns 	 zoro at the end of th maneuver. The lateral (I)
distance i necessary only to tell the pilot wfnen he is in the vertical
plane extending from the rcloase point through the target.

The bomb director should consist of the following!

A. 	 Y-Displacenontindicator

A ia1 chou 7 d be rrovie-' to .r,f!icate the Y-distance from this
vpl-t-ir7 •zlane scntain -In7 tns X. Z axes. A visual or audio signal
:may to .provided to indicate cc the pilot when he is in this vertical
plane anu this 77A:.7 eg 4 n his final delivery tactics).

X-Distlacement Indicator:

A 	 rm.:lied to indicate the X-distance of the plane
"ti Heil 	 fren the init:_at_on ;yiint (target). A visual or audio

rrovi:i.d to f.r...lis.ate a pre-set iistance from the
tarrat. 	 r4T.:nal wculd then be an indication to t:,c . pilot that
he 13 within tha toss di ,rtance of the target.

FeAothr In

An 	 trovidel which w - 1' give the heading -NI' the
areraf-t. Ths does not necessarily riean the true leading and can
4-hun. "be re'at'vheainr. Provisions ohou 7d rs. n nale 	 mark the
inttlal headier of 1- h ,-. a -ircraft ac tt oasoec over the target ini-
t. ,.iion point. A heang of 1'2-0 c from the initial healing is the
leoire.? nadi:,:f; for he final deUvery tactics. A visual or audio
7,itn.lal lay ee trovided to indicate when the initial heading plus
:70 r) hag heen obtained.

other

A L
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D. Re7:b Rele•se Cemouter:

One of two tyree of release comp . Ite:e may be employed (l) a manual
ere-set fixed angle of release de7ice which requires .reed-:.,.e

endi .".tons or (2) an auto , .- ., te eomputer which taker a ,77nt:_1:-
cf distance, volocit: .T.tude, and g pull-up and computes

the proper release angle to hit t•rx target. For the error analyn:.s
of Section IV, we have assumed ore-et conditions cf distance, vele-
city, 	 g pull-up and relidee angle.

It 4 ; Ob7i0U0 fro" the above that whe the following three c,onciitions have
%een r-e: (1) the X-Dtsplacement 	 reads zero, (2) the X-Die:--
e-7n*. 	 le'[?' than the rr-,,..et distance, and (3) the Feding

read 	 P.:-0° from the initiatien point value, the final telivery
tactics (the toss) may be carried out, the weapon tossed to the target, and
escare naneuvers begun.

The bomb fuze 	 function on a measL:rement of X-distance from theini-
tiation point (target), and will determine the bur:t point by its return
to zero. A measurement of zero X-distance will thus be the only e-cessary
fuzing signal.

Thr abo7 exanrle as ,7u7os that the target is visible for identification
leut -2e not vieible at the maxim= naneuver range. If we may assume that
the target is visible at maximum range or if for a particular strike the
target is visihle at maximum maneuver range, the problem is simplified.
1.7e ray thus sirplify the bomb director by eliminating either the T-Dis-
placenent Indicator or the Heading Indicator. It is shown later that
using only the Heading Indicator reduces the Y-distance error appreciably.
The ,:se of only the Heading Indicator, however, ray be more difficult
than the use of only the Y.-Displacement Indicator. The visual identify
cation of the target at maximum range permits pickling for initiation
with the aircraft to one side of the target. The possibility of using
such an offset allows for greater versatility in the initial approach.
No further its 	of such TIP deli:._r7 maneuvers will be rtsde in
this paper as such appears to be particular examples of the as5rumed
general ease.

A brief description has been given in Sections II and III of the delivery
method, bomb director and fuze. The purpose of this section will be to
prcvide an estivate of the fuzing error of a TIP delivery system► The,es-
timate of errors of such a delivery system is based upon the use of an
inertial Trsten as a fume with information pick-offs for the bomb director.
Ti.e7 estimates made in this section are at best, based on an educated guess.
The.? are. hoever, based on performs.nee figures of otlier inertial systems.
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The following parameters will contribute errors toward a total fuzing error:

1. Horizental velocity error.

True vertical error.

Platform drlft.

Aeeeleromete• error.

	

e. 	 Integrator
ro

Pallietic reproduc 4 bi7 ity.

3, Final pull-up error,

	o 	Altituee eror.

10. Azimuth error.

	71	 ether errors.

Enrizontal Velocity Error::

The error in horizontal velocity may be due to eeveral things such
a , (a) the air speed indicator, instrumental errors. (b) the air
speed indicator, installation errors, (c) weather prediction accur-
acy, (temperature, pressure) and (d) wind prediction accuracy. The
error in the longitudinal ground speed is approximately a = 1.0 per
cent for errors (a), (b) and (c) above plus an assumed value of ap-
reximately o 5 mph 7.3 fps for error (d), wind prediction. This
error in wind predi.:tien is aneassumed value based upon a verbal con-
vereatien with Lt, Col, J. A. Ryan. The evidence used by Lt. Col. Ryan
to arrive at this value is unavailable at present. Until this value
ca: be substantiated or determined, the above error of a c 5 mph, shall
be assumed to be a necessary criterion for proper performance of this
oyster-

It is not unreasonable to think that a tactical ground speed indicator
that would indicate ground speed as acedrately or more accurately than
the abeve system can be developed.

2. Time Vertical Error

It is neceesary to estal7lish a vertical reference for our inertial.
syr.tem. This may be done in either of two ways: (i) the vertical
ray be determined at the home base and carried to the target or (ii),
the vertical may be determined from the average dynamic vertical over
a neriod of t 4 me. The first method. above is impractical !ec; -.use of
thf:: ize and weight desired for the inertial padkaze. Inc ezeond
;7:ctlaoci appr:ara to br, feasible. We cann.rA use the itnanic vertical •

U LASSIFIED
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ggi
because of rather large chance wing loading by gasi,s of wind. 7rin can,
however, use the average dynamic vertical over a period of time by
making the precession rate of the gyros rather small (say le/min).
The error between the true vertical and the average dynamic vertical
will the be less than 0.10 . This error is usually spoken of as the
maximum tolerance or 3o value. therefore, it appears we may be con-
wsryattv ,..t and say the most likely a :s •033 0 with the maximum sigma,
(used in Figure 14) being 0.3 ° .

ProvisionF r715:, be made for a calibration period of 60 seconds or
longer just before the target initiation point. Obviously, the op-
ttmum tine would he immediately preceeding initiation. This is not
absol!•tely necessary, however, and a small time interval may occur
between the calibration period and the target initiation point. For
Chi ,11:37:..zion, it shall be assured that this calibration run occurred
immediately before the target initiation point. The pilot will be re-
quirea to fly as Oraight and as level a flight as possible during the
calibration run. This recTairenent is believed to be sufficient to
establtsb the reluired platform vertical using the average dynamic
vertical.

	3.	 Platform Drift;

The platform will have a drift rate of approximately 1 °/hr. in ver-
tical and in azimuth.

1. Accelerometer Error:

An accelerometer error of 0.001g or a .0322 ft/sec. 2 will be es-
timated as the accelerometer error. It is expected that the accuracy
for the first part of the scale will be better than this with the
error increasing due to non-linearity of the scale. However, as the
ma;lorit:, nr the accelerations experienced will be less than + ig, it
is expected that a value of 0.001g is a very reasonable average.

5. Integrator Error:

An interrator error of 0.1 percent of the output will be assumed for
the error of the first integrator (velocity) and also for the error
of the second intogrator (distance),

	6,	
-,art,rt  Reco7nition 7rror:

types of errors are obvious for target recognition: (i) gross
error and (ii) error in judgment. Gross errors will not be considered
in this computatIon of fuze accuracy. However, it Should be noted that
this system has an advantage over the LABS system in that it requires
identification of only one point. This One point of necessary identifi-
cotion is the target. This point must be located in any case if the

1S111141
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mission is to be Quccessful. An ereor in judgment of target location
with respect to the airplane or .i.rolane to target will be approximately
200 feet in ground (X or Y distance) distance. The reaction time for
the pilot to 'pickle" over the target is approximately 0.1 sec. These
firures have been used by Lt. Col. j. A. Ryan as the maximum tolerance,
however, we shall be conservative and use them as the standard deviation
in this paper.

7. 	 Ballistic Re-roduoibilitv:

Err:r :In free f'ight trajectory -ill occur due to lack of consistenc .y
and nisaligament of the ballistic 'n.SP. This error (probable error)
has been estimated as approximate2r; 3 	 for the TX-7 and TX-12■ This
Rives a standard deviation of approximately 11.5 mils. This is, perhaps ;

meaningless when one considers a toss. Therefore, to be conservative
we shall asses this applies to the total ballistic travel through the
atmosphere.

B. Final Pull-up Errors:

The errors that occur in the final pull-up or in the release angle
during gull-up are very dependent upon how well the bomb release com-
puter is mechanized. The errors in general are: (i) error in constant
g pull-up; this is approximately a Q 1/5g for a pilot requirement of
a constant 7g pull-up, (ii) error in maintaining a constant velocity
throughout the delivery maneuver; this error is approximately a - 10 mph
or 15 fps, (iii) error in estimating the appropriate place to begin
final pull-up; this error is eetimated as approximately c Q 5C0 feet,
(iv) errors will also occur due to tne computation of the appropriate
angle of release, error in the bomb release circuits and error in com-
puting angles of attack; these errors are unknown but will probably
be of the order of one to two degrees (two degrees used in calculation).
It should be noted that all of the above errors will vary according to
the bomb release computer used. The figurogiven are for a type of bomb
release computer .;tern the cometatien of release angle is done at the
hoo:e base and epecific velocity : :=stant altitude, and constant distance
an con,,7tant g pull-up are reqllirc: of the pilot.

The nr-r-or7 c r the above paragraph vill not of 	 the I or T distance
error for a sufficiently high atr ) -Jurst. It S. _11 however, induce an
error in the altitude of burst. For a h5 0 release angle, this error
becomes significant but for low an to releases (flat trajectories) this
error is small. In fact s the error .n burst height for a 20-30 degree
re7_eese angle is approximately one-half the impact error.

Any error rade by the pilot concerning altitude will be reflected directly
into the burst height. It is expcsted tnat a pilot can hold a specified
low altitude such 25 GOo feet to a standard deviatlon of approximay 200
feet.

MINNINIMMI
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Anutn Frror .

Error .
; in azimuth will bo reflected as errors both in the X distance

and --hr. 7 ,.',1:tance. 
A standard deviation cf approatel7 one degree

in azim-,Ith is rstirAtod to be reasonable. The azimuth error 
contri-

t‘l'on te, 4,:rr n tnl di:tance error as (1-cos P), whore P i3 the

error and oontributes to the latoral error aa. sin P. For

- he er7:r ., ..- 'he X And 7 	 aro 	 they Increase

ra?ely as th° Anpla liv,reases. If a7 stated p.reviously, the target

c- 	 71,71117:1y at maximum range, the Y distance error can be

F ,r na 	 the axe:. of the X and Y ao:o1er37eter 3

;717ne'l the longt%i -
nal and lateral axes of the air-

at ._he 	 f init:ation ,
 This 'nay br done by nrecensing

t:r 	 ntil th 	 o:e7aro-otcr axes are aligned with the

ax:. 	 if vary abruT:t -naneuvern ccour Irnediately

initlation of the TIP delivery system, small errors will be
introduced intc the system because of the finite precession rate cf

71a'forol F:r tarn rates of less than one degree per second, the
nut )- 	 07.rp,:Ctod to be a fraction of a degree. A value of

- - 	 assamd for lack of more complete information :on-

- 	 tho de .
cails of the inertial system.

Other errors will be present in an inertial system, These errors
,SCC'17 

becanae of earth anomalies, centripetal accoleration, ooriolis
asneleration, ;hare in altitude, latitude, horizontal velocity and
horizontal direction. These errors contribute in varying degrees de-

pending upon whether horizontal or vertical accelerations are measured.

The nagn 4 tude of these errors for such a maneuver as described Js small
and w111 not affect the total standard deviation.

Figure gives a summary of the errors (standard deviations) of the parameters
of a TIP delivery system such aa that shown in Figures 1, 2 and 3. Included

fir:uro for o-,nnari ,,
on are estinates of the error for delivery maneuvers

tine than the max.I.,..iwn case of Figures 1. 2 and 3.

For a Tlal=m time of '25 se ,-onds ; the standard deviation for the fuze error

Cin-The7 ., deliver: a:.tr) Lo approximately 1650 feet for the X distance ; ap-

trnN.'rnt&y a:-y:) feet for the Y distance with visible target (Heading Indica-

;TId azroxirs,ately .
 1800 feet for the Y dizlztance using a Y displace-

...O'l.oator ,
 Error.. in altitude will be discusced below.

Error in altitu ,:ie 	 be due principally to errors made during the final

d.eilvery and errors made during the pull-up 
phase, i.e. error .n velocity/

error in release angle, error in constant g pull-up and distant* error at
tr,e 	017 he pull-up phase. The estimated contribution of these
na!;,.4nters to an eror In altitude is show. in figure 5. Included In

UNCLASSIFIED
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figure for comports.= are other release conditions. For a maximum tins of
125 seconds and a h5° toss, the error (standard deviation) in altitude is
estimated to be 530 feet. This ass-LL 1 a zero error in X and Y diqtance.

7. SUMMARY

A law level delivery system capable of delivering atomic we n'°• "f,ng:
:ceen described. This system, tar 't initiation point delivery, has been
described in detail and estimates of tie standard deviations for the
various parameters ;eve ben made. The estimates made have been conser-
vative throughout this paper. These estimates are subject to revic:ion

. ownvmrd for all with the nossible exception of wind prediction) when
further information or cz 	 ':;ecomes 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
method proposed (which given the maximum sigma) the accuracy of delivery
i5 presently estimated to be /650 feet in range, 1800 feet in deflection
and 830 feet in altitude. These errors nay be reduced by means described
within the body of this paper.
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Altitude Error
(Release Velocity q000 fps,
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See FigureS 1, 2 ani 3)
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ALTITUDE ERRORS* OF A TARGET 1NrflATIC

Aititx;de Error
Melease Velocity r,1000 fp

.RX10•43# eltnit0
IteleaSe -Altitilde dezired
burst altitude)

2P0 felt
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-Feet
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a) Air Speed
b) '.10" -aid Prediction

True Vertical
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Accelerometer
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b) Second
Target Recognition

stic Reproducibility

1).-.111-up
Altitude

A zimuth
Other
Total
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1250
910

155 280 440

10 50

00 160 250

75 100 125
50 1' 70* 85

200 200 200
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•■•

10* 15

1000* 1300* 1650

120

50e,

32e't.

400,,

depends on trajectory average,value assumed for (-oinparis -

iriclicates that the errors due to these parialneters are smai
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