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t. Preface

antotywepnte inexpensive method, for effective aircrew

training must also L% developed. During my tour in Vietn-am I observed

that one of the best of the new tactical weapons was the laser guided

-bomb. However, other than by dropping full scale bombs, no means

was being provided for the initial or continuation training, of aircrews.

My goal, which I achieved, was :to build an inexpensiLve laser guidance

uni fo a10U% prctc bob t wasý an extrenely inUteresting-

project because. I had to. establis~h a 1ýwinij..S,'C in ordler to accomplish

thit ft-ask. bUilding thtaý ýdevice dezat ed kwnwledge of sc ies

f. -Ids 0±' Science, as mekchanics *physicsj electrodies, -and1 aerodynatdS.

I experienued, tal1 the headaches linvolved it rcrnn eas

fAcility dlA ys, and Is.'k of fu3ds, qI, ?nd. a 'rrnt deaI or iOlsigh

into the problemsý involved i n the buildinj~o a new. weapon and also.

at' the% samo ti?1mo'~ ý.omo PraOctical e,ýn.tnsring eXpe~ri*noe".

* aato expr~rstos ppreciation to. t4r1the6ts -orsor 'Dr. Henry

* estro th!$ Aple Tyioi 1)ivislonl Of UTt, ~t15n~ IWt Io al.

the suppoflt thi t he a4wl his pornonn4l provided. -It 'osihAVe been

vYNrez¶^,ly, lt~coIt- to. uopttte thi Wr~et ;i'"hOut thei aId. r

Peter ~ ~ ~ ~ ~ ~ ~ ~ A ortc ythisuvor .hakCr kee~ping whe donth

path. to 3utcco5s tohrm I could see osrO light at t&,a t't:siel'~s vM t hi"naly

I wold Ak~ th.ake~y dfe ~'is, for'her S6vpport dt'iri~ hs

1 0nf yeflt of COolinq3
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Abstract

Training is required if' laser-puided wearjons are to

be used effectively,. but the cost when utilizing, the Lull scale

Weapon is prohibitive.. This report. describes a pr)ototype for

a lw os (14) laser guidance unitv designed to be use-d in

* cnjncionwih -~U-33 practice Lmrmab. This unit, completegly

self contained, can be dror'JCrt the StU20patc onne

dispenser. It utilizes the same. typqe laser illumnaranhs

a -iane~e Thog similair to the stanbird las~er guided tb and.

tkpn'efore orovid~es realis tic trainint. Th Mtt cou!d D used

- for low cost vkl effective laNereuld& u-ns tmainr.11

. . . . . . .
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-PROTOTYB> F0111A

'1JOW -%$OT LA5FR GUIDANCE UNIT

FOR A BDU-33 PRACTICM BO1-B

1. Introduction -

In looking* to the _-fut~ure one should- -consider --the,_pa9_*.

Towa-rd the end of %4~ II.,:guided- borpb5 had boi-n develooed- and were

entering the tactical inventory. Hiowever,-devW pent.-of -these"

guided weapons completely ceased at the ed ml 'f that -wAr.- H~pfly

afte) SEA, we will not miake the same mistake but will continue

to develop lasor guided weapons. If th~s is to be accomplished,

an adequate training program must be developed and maintained.

By training, the idea is kept al.ive and useful operational feedback

Is provided for continued. weapon development. This report describes

the design and manufacture of a lI.ser guided practice bomb,, Section

IT explains how an inexpensive laser guided practice bomb would oe

an. aid to training. Judgemeýnt of crosswind. effects, complicated

reflctio patrs r ining in specialized laser bombing techniques

can not be accomplished except by utilizing a bomb that will guide.

lection ITT details the theory of operation that the guidance unit

will utilize. In almnost all respects, it simulates the guidance of

'he full. scale weapo~n. Section IV gives step by step instructions

fca' *belding the laser guidan'ce unit. It specifies the materials

And techniques used in oonstruction. Sention V lists some ideas



which might be used to improve the guidance ur~it, ut whchcol
wh could

<> .not be 1--vestigated because of a shoi tage o:' time.

A~l necessar~y technology is curri-ntlý, available. The task

will be to select the least e-XPenSiv6 anid most innovative tvay to

imnlemant this technology. With this in mind, every possiblte eff~ort

wa~s made to utilize "off the- chelf" hardw~are items or, at.eatt es

- . .-. "items that requi-e very little labor., especially sp~e-Aalized labor,

4~to porduce,

IIM



TI. Benefits To Tramining

'ilith the introduction of' the laser-guided bomib (1L'rBO)

in the South East Asian confliet, there was a significant increase

in tactical bombing accuracy. Bombs could be dropped with nearly

pin-point precisio-r and thus fewer missions were required for a

specific task. However, there were many -LG3 misses -and a large

percentage of these misse wore attributed by PACAF to a lack of

training ithe expsnso associ.ated with laser-guided bombs whieqh

cost abou $4,000. Thsotmay beacceptable during a war

because most of' the tra rinig can be accomplished on a(;tual -missions

to lightly-defended targets, During peacetime this cost will

probably not be acceptable. Yet, as with all weapons, training

must b" provided if one expects the aircrews to remain proficient.,

As a-n example, it -'ould cost In excess of $4,000,000. to allow

.each aircrew in a Wing to drop ten LGB~s per year. This allows;

each aircrew to drop less than one bomb per month, hardly sufficient.

Some of the problem areas encountered in dropping laser-guided

weapons that could be overcomG by adequate practice are:

1. Judging Crosswind Effect; Not only does the bomb

drift with the crosswind but the seeker suffers

misajlignzne:. relative to the ballistic trajectory#

thus, compounding the drift oroblem since the seeker

Is Yot looking ýdirect1ly at the target.

P;,
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2. Judging Different Target Reflectivl-ties,: Constituent~s

of the atmosphere such as water or dust can absorb or

scatter large amounts of the laser energy making successful

bombing impossible. The scattered energy can produce

false targets. E~ach target will have a complicated

reflection pattern. These reflection patterns can be

anticipated by a trained airc-evy.

3. Co-ordination Between Aircrew Members: '11 laser-

guided weapors are dropped by multi-crew aircraft,

usually an F-4, Sometimes the designating aircraft is

not the dropping aircraft. This last technique requires

special co-ordination And practice.

4. "pecialize& Techniques: Designator aircreif members

¾ (10,) have developed specialized techniques for dropping.

aga~ist caves, moving trucks, underwater portag~sso AAA

sites, etc. These techniques must be taught to the

inaxperienced aircret.,

5,Releaze B3asce".a The release "basket" is a relatively.

complicated function of the geooz~tric positions of the

laser and iieapon release aircraft, target conditions,

and amospherio co'nditions. The ability to properiLy

release thz, wea~pon so that it will guide to the tdarget,

must be taught to the inexperienced aircrew by practice.

There are not mp.nj aircraft references, 4nd exper~ience

is the only way to learn.



AW/YC/7l3-2

6. Target Tracking: Many times the laser beam is

pulled off the target by the evasive maneuvering of

the aircraft during pull out. WSO's need frequent

practice in holding the beam on the target during

evasive maneuvering.

-All of 'these problem areas can be overcome by providing adequate

practice to the aircrew. -(Ref 2:35).

* The proposed TAC concept for LGB training is centered

around having the WSO practice holding the designator energy on the

target while the aircraft commander drops a BDU-33 unguided practice

bomb from ten thousand feet. Although this method certainly is

inexpensive, not all the training objectives mentioned in paragraphs

-A •1-6. can be met.

This current TAC concept will provide a satisfactory means

for initial W$O training and at the same time provide the A/C

with conventional bombing practice from a high altitude. This

concept would provide a satisfactory Phase I training. However,

it does not provide that immediate, positive feedback so necessary

for judging crosswind effect, complicated reflection patterns,

nor does it provide a means for teaching those specialized techniques

mentioned in paragraph 4. How can the airnrew be sure that,

utilizing their technique, the bomb would have really grided on

the reflected laser energy, espeoially on A tactical range? '!ow

can the aircrew be sure the crosswind offset ias enough? These :

i "5

p:•- ••
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items of finesse in dropping LG]3t5 can only be taught by dropping

bombs that will actually guide. A low cost laser-guided practice

bomb would provide these necessary Phase II training objectives

at an economically feasible cost.

The problem is to provide an inexpensive "practice"

laser-guided bomb for aircrew training. Currently TAO uses a

small, inexpensive, practice bomb (BDU-33) for unguided bombing

training. The proposed solution to the problem is to design and

build an Inexpensive modular guidance urnit which can be attached

to the BDU-3:3t thus converting it into a low 4,st practice laser-

guided bomý . This modification of the I3DLU-33 should -not Interfere

iwith its carriage ini the StJU-20 or StUU-21 practice bomb dispenser.

teThe practice bomb modification unit must closely simulate;

teperformance of the IMTU-331 modification kit. There are three

conditions which must be satisfied for a successful.L30 or

practice.ILGfl drop. The first condition'is that the target inust.

be within-the 240 field of view of the seeker assembly, The

seoond condition is that the bomib miust be droppod at a point

which is'within the aerodynamic envelope of the-bomb. -The. bomb

can be droppdofute away, o' h target: than t~he ixnum

lierange nor. ho c'loser. to'thie -target than the 'MoXimuim drag9

posibe s sowi n iele . 1of -l~}.Tethird condition

isthat the bomb ~ust receive auf~c~~t energy for guiduance

Thes.4 oonditions. .ein he' release wpoit*

6



GAW/NIC/?3-2

M4aximum range
reduction by drag

M!aximum range extension

by gliding

*IFig. 1. Aeroc~ynamic. Drorp Basket

This design need not provide guidance for uny laser.

radiation. -pulse. patterns other than those that are presently in

use In the.Paveway or PaveknitCe laser .designatorv. it is r~ealy

I.not. necessary that tepractice bobaco oodate P all pul so ep qptto

codes. The following assumptions whicA bear o.traiadng- with.4

,uido -bombs arei made:

-1. A -5t to 101 reduction in rlAbtily wheooard

to the present fufl size. bqmb' wo.0ea~etbai

reduced to $140). Thias reduction. in "eliabflity ifY

not-be necossary..

2. y ~aig the' 40sb ts ntor ofP mrvity At

spproxmtat~ h same loceation where 'will be no.

* eprcbv eb 4*on iA9 balli11s ti ooaractrsis

MOOs oharactoristics a te needed only T7or thm firs-t

-4scnsof tno drop (safA sepAration time.) After.

that gaidanoe is available.



111I. Theory of operation

One of the best w~ays to understand the theory and

Aoperation of' this laser guidance unit is to follow the reflected.

VJlaser pulse as it is p~rocessed thru th~e guidance unit of the I.GB.

L } Whetn the reflected pulse reaches the bomb, the signl

is Processed as in Figure-2.

Ifilter .amp switich

I A

The~~ sinla socn" it- focused-on Vie

doeteator b~y the collect ins lens-. -The L.06. na tltor •wevents

the det~oetor CromboIin: :tivate b7yanbe i ns Th detector

qin outs v
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"bigapiid h inlms b tece rm2 aoeod

toon tent --. a seon in ore to- keeptheswich-moscllaing

Thklsn ftesic~ rnitr rvdspwrt h

ben mlfedathe siagnal o mutbe strpethd fromg 20 inanoeod

toine tpenth of a scnd-a in ford er oto keep the switch from oclaing.

forlwn the bobsfightl path.- -ogiac iii rgr-tsfo

a hgh pek power, short (20-nanosecond) pulsod la A V.ser miaic is

usufalv aircraft *rounted. Th-ts laser (called a e~ao)is

ai1med atdi tired At the desired tyet~. iBeoauseof th~e high: oeak

power rating of this:* iasr. (4us'ily. greater thn.10 .zts

lUre Ariont of this poer-wf erfetdb the -tat-,t. Th

MatituaeOf this reffletion As SeenA byV11 LM. wlodl be A function

oe tWari~t Abhsorpttvity s4nd4 goot ztr gm~nq WW~.a~njs~

abs~ntivi. b-b 414ltitdle, how Aacuatl tho :bombss

dropned. ind 3;O10W~4l4 is dtiv*ryd Us th Annltý

bewuen vh la-4or Nbwmeacamtrlir e and;t*i dz lorin asý 'Mtotf in

Fiir .tt rineý angles Ca uso pulse 'Stretcobin; ani noflectionh

of th4 enerr. Ins dAirect io opposit tktnctayrb~

r Rer 9



PIse Stretching /

Area

I.e

Grawdnee Angle "-t

Fztn.3 Are-ig ngl

Thew laser eneny is- collected %byan objective. !ow

focused entc a detector. This lens is Urtotd iti f Ib~e -A obe

The probe is ttctdt te ,rout of tbe -fr by -a. uiverI gimbal

htiah- is attaclwd to theprbe. at the proL t $ aoeter oif gra d ty*.

g&). MOimtbný: Ithe probe at Its cg aUlows ±t ito esaia

balanced for a Ixtraf t varriage a44W At Vie sato tirme sapi 4icarntly-

redivew 4dynzmic os oifla toms which. ýA4izt -destroy It. durblhg the0

Ithi 'gtibel 4so.41,s; &fl v te probe 4 thg! isonb to.

OStDflUte inismpem~ehntl ot so&-h other Jwun the- biottlb's-desceit.

the~~- lo rtcil a.do tho probe i s 'desbre tofl a

Aliteiied Awith Ue relattive wi44i, withlt. 6 ittll unirt-S.o II

Zute to bar~b aswiyketry. the bortb Vs' lonE1 udbt- ais probakbly

EPP
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will not fly aligned with the relative wind. The probe does

* roll with the bomb. By always flying aligned with the relative

wind, the probe provides a stabilized reference Platform for

1 the detector from which the bomb's relative position to the

target can be determined. Each quadrant of the detecitor in

the probe corresponds to a specific fin rotation direction
and therefore a specific .uidance comand. Then the reflected

"laser energy is focused on &specific quadrant, a signal AS

generated which is electronically, processed into a guidance

command4 as shown in oiue4

!i-:: 'b.et• . or,• •,o&" .- >/n:r•,- . .at to - ". et

&ortb

f N '

" . - .. . ~ : \ \A

• ::" .. :' i ': : - • b o• •-, Nt \ N•\ A r' . , " :. . . . " : : :..

-:.•" • .. •: -.. W. . ' p ,at: \ ..to '. " .*\ ' - . .. . . - . . .. "
:• ".: -" .•. -- .:. -. .- o, "x - • .•. . •-. N \ \i. . . " "-y. . . '

• - • : . ... .. .. ./ • \ : \ - ' • .:'Ž. " v" • " - -

i7 " - " -• • : " " " , ," ". . . . • . "* " \" . . ..

' . . ., .: ... .. . , \ . - - .- . .. - - ..U
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' It is important here to note that ozicelthe bomb starts

to guide it attempts to fly-a straight line to the target.Th

bomb does not succeed in flying* a straight line due to its simplistic

guidance scheme in which any need for guidance correction causes a

full deflection of, the guidance fins. *:This method is nicknamed

"Bang-kang"t guidance. The.-two dimensional representation of the

-hgtpt poieZen utilizing ttZng-1Ig gu'idance tends to

beasshw in Fi gure 5

ON

crrees
. zrentovsio

~PIrent uiT4 &Zt~ eN "4

ap. .\a

* N NA
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I After a short ballistic fall (2-3 seconds) which provides

safe separation from, the aircraft, the laser bomb begins to guide

on the target. The probe is aligned with the relative wind and

therefore the seeker initially "looks" along a lins tangent to

the ballistic path as shown in path a of Figure 5, The seeker

perceives the target to be below this tangent line and therefore

corrects 'the bomb nath to achieve a straight line interce't of

the target. however, due to the ,,ang -.2 ,, .guidance the bomb

vdl). everP'hoot this, destdrecd ral as shown in. patn b of F- ure .5.
4**. 4 "

"The res t of the bonb's ras is a sories of osQilliations about the

ori-.ial.strMlht line frcý the 0 of the .l•s droll to the,

Th~ Clls~e orb as T iel 'W Ytw of ZV.

t m*ia . ,s.n in re 6. is. o.dz to c~leulato tho

.. t-l4 o. i o f Id the 5• ttil, s-

tsn fI-L 01 W

", 7-

S+:,

•. , ,:,- .. .. . < .. . . .5
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Fig* ~ Determiining f f Lens.

The active area of' the d4etector In the prototype has

aradius of .222 inches, Using thin ati4 the desI-rd f ieid of

vi ew (hAL' ang~le 120) the eoi1.ectiriý: lens ocal lenguh becomes'

C4.0 inchs, 2at-e,ýen t.he collpc-h l.en vI4q--a the betor is

a ultt-layer interfercsnef filtior *-teh iv cranmtits- ýnqly thaat e-nerty

tvnry near LO6 rttcrvumtitxs4  VwTh a ~x of tb 4s filter it rw'c

Th Ui-o l nrtnýpence- E."ltt"r C;ýtzist~ t-ý fl swverK

Of% dieletrIie :Lera oil Pavir- An Uhccnr 11 C- z nt

Thert lvf.vtrg arc wouwm d~p rns i to rn a daiý su'Tntzrtm 1,0 e

* lwe 1:ilhMoies d'C rerac tion.,ll, T.krpl *I, tt all 4ter~n

A* to vroexve d.wmatr'4ctiv"- intorforenot? t#,twen tthzn r rlctc

at nech Aintoerflace. Tisi it, 'aceved ty Inavin the reh~n~l

o-eu ~ ln enc t-~~ore des Aike ni a)rpa

SM~ re~4tfrn 9ro 4Atlon rntt~rc n$ dit" 1he11ay0

d ýlqllzýOn 0n 1:
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1 ) (4)

"2 .... /4r
lH

The peak transmission occurs at ?o . The bandpass of.

the filter dependb v• .he quality and the number of layers. The

more layers the tnore destructive interference and the less reflection

at , By using a narrow bandpass optical filter one eliminates

most of th; aoise caused by the detector responding to ambient

light, filter is usually designed for normal-incidence. As

tht .,adiation is tilted from the normal, the effective filter

: alvel&G;gth is shortened. For a tilt up to 120 from the normal,

this effect is nagligible. Higher temperatures, a& ý,e 200 C, will

lengthen the effective wave.length and lower temperatures will

shorten the effective filter wavelength. Figure 7 shows a typical

design and the transmis-(ion -1rve for a multi-layer filter.

'ypical filter effioiencies are 60 to 7O•.

• s. i g" i- l . __ dL d'

Fitr
!• . . ..: tr__ ., m, _ . ....

havelengtbh

VUg. ?7 Lrnaimission CurvIe for Mlalti-jAyor Filter

2.5



Detector

A4 quacL-ant silicon detector is otigmore than fotrr

diodes * The det,6ýtý,r is reverse-biased and therefore operates

in the phowc~o~iuotive maode (is, it generates ca.rrent, naot em:C,

when illuminatea), (Rof .Appendix A).. This current. signal which

is negative with respect to ground,- is coupled to th~e amplifiers'

tbvu a capacitor as -sholin in Figure'10. -The detector quadrants

a -teguidance fins are ali~gned-as shown in Figure 8.

Fin

-0.125 incý' mask

IM

Fi. 8. Quadrant Silicon Detector & Fin Alignment

Each quadrant is electronically isolated from the others.

if radiation uver a 0.35 to 1.1.3 u bandwidth is inoident on the

- . 4* urface of the detector, a small current will flow which is

pronortional to the input signal up -to the saturation level. The

4spectral sensitivitY of~ the daetector will genertally vary with

ý16
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wavelength across the spectral bandwidth of the detector. 'At

1.06 u, a silicon detector has a quantum efficiency of about

50% of that available at 0.9 )i. Peak sensitivity and output,

for a specific wavelength will be achieved when the incident light

is. normal to the diode. There will be some pulse width stretching'

. "thru the silicon detector since the detector rise time -is normally

about 5 to 10 nanoseconds.

The center of the detector is masked so that when the

focal spot is centered all four fins will not activate simultaneously.

The mask is 1.25 x diameter of the spot size-to allow for spot jitter.

Spot size was experimuntally determined to be 0.1 inch.- Therefore .

the mask is 0.125 inch in diameter. The bomb is. rolled very.

slowly (2-4 turns in 10 thousand feet of fall) by a slight bend

of the tail fin so as to make it impossible for the focal spot

to. track the line of intersection between two quadrants for the

entire fall time.

At this point one must investigate the minimum signal

level to be expected and determine if that signal level is compatible

"with the detector. A typical designator has an output-of 120 x 10-3

Joules in 20 x 10-9 seconds which provides a power of 6 x 106 watts.

Experiments at the Armament Development and Test Center

have shown that, for normal conditions,. 50% of the transmitted"

energy may be lost due to atmospheric scattering and absorption

mknd that tac-tical target i'eflectiv.ty is about 33.%. Therefore the

S!wer available for reflection will be about one megawatt. Now,

1?
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if th6 ýPower is reflected-!from~ a target, isotropical~ly through

Ia solid angle of 2 Ir 'radian, .to a bomb at 10,000 feet (normal

initial guidance altitude) the signal strength will be as follows-,

2trrx/0 8 Ft

The collecting area of the.-lens can be calculated to-be .785

-square inches and therefore the-total power collected will 'be

j . ~( .785)-(.ll x 10-4) ~8.6 niicrowatts(6

Thus if the losses are 40% thru the lens and filter,

one can say that about 3-15 microwatts will be collected and

focused on the detector at ten thousand feet altitude. It was

determined that the minimum detectable energy for this silicon

detector is about 10l Joules, Converting this minimum energy

to power (P~ iol10 Joules/lO See 10o6 watts) one finds the

minimum detectable power for the detector i. very close'to that

which is available. Thus,ten thousand. feet will-be a threshold

altitude and it May be a problem -for the detector to:.tfseelg thisý

-.3.5 miorowatt guidance signal during other than perfect conditions',`

At this point the signal has been collected 'by a lens okiented

18
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perpendicularly to the ball~istic trajectory, focused thru a 1.06 ~A

filter and detected by a quadrant silicon detector. These three

elements of the signal processing sequence are packaged in a unit

called the seeker assembly which is mounted in the front of the

Ibomb probe as shown in the fold out. .(Appendix A).

V . pLse Conditioning Circuit

IThe s ignal 'mus t be amplified and stretched to a longer

pulse by a R-C circuit (Figure 10). This. pulse stretching will

Iprovide a DC signal for switching on the solenoid for as long as

Ithe 1.06 ui radiation is focused on that quadrant. if the pulse

were not stretched, the solenoid and hence the fins would oscillate

(9at 10 pps (the designator pulse repitition rate). After leaving:

the dJetector and passing through the iso1ltikirrg capacitor the

signal ig amplified (gain -of 1000) and then s1tretehed f ron~ 20-

nanoseconds to 0.1. second by the:R-.C circuit., Thus $.4 Yon as.

a signal is on one quadrant:of -the detector, the PoweOr tan~sitor,'

~I;* ~. wil be urnedon allowin~g ourront t tto f h so1is

There are four: of these amplifier pulse stretchr o~uits (one'

for each d-atector quadrant).

When a Pirouit'is act.ivated it-caiuses a& vall11.4r sloid

teP rotate, a* Skat An, a Smallý arc, thius defleotii% the -fin into theý

ijn tro~wm as.. shownit iue9

19
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Fin Axle

Solenoid

IL
I Fi. 9 Fi Rotation Meohanin

Byc-loatn the center of.* lift on the. .canar~d guid0anice

fin -avid. the canardtnaxe the. vto.e necssa t defect ea

gaasotiab allo. muto th axt devic weighbt whb ~ 0l

I a444d a. V ~xm~as idanole acdoleation is. the most, dern1a~d,

&irnleA 9 ~atry waSý uttite todtrtatel thI cC lir ic.& nhecosaar or the :,ol -i to: r-ote th An to12

'nleOf ttc.Telfcuvs(Lr* )ica th4fats4k

It ~ ane 4 ttaa- t~tx rVI4~ oi~t
4od'~~ corroect:"r~ss ionfo

aal ye leaveroom. or Incease'in angle40 of- atakti vAstalu

Uhen. tho boiný:b tginas to uo~crsetin, itszait.Thprcal-tat,

*C -tile =n.n caae: Arsi 0h oeiscosrie h slni n

to incwh. M,'Ihores? the situsation *Sas shtow i.niigefl
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'Fin Axle

UAN 2
. . . .. . . . . . .

Fi~ 1.Lever-age Sizing

...lten Power' for t~he solenuioid is pnevids by iaj 4n vt

lnenba'*ttex -vm~r -foil the' (tireuit isprovidedbyasf

.,,l:battr.Ehcitt issoeae a ifrn

bater t pfwn otapl~# t irCuIt w~hich map )~.ea to. virouit

*I%#~n to orfca tari

Crolnutvt erodiiamdc vt0ount; and the ,tor.nt2s due* to.th

thý-e.jtr 1.pflssun about its saticjo
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position at the quarter chord. point. After a litetatux

search and-discussions with experts in the field, it. was

deedcdtiit t maniudez cIftee moments vgi -be- oxtreml&

smafl when cocipred to the 1.8.pourx3-inohes _provided.;by the

solenoid.. 'However* wind tun-nel tests were'determined to be the

only method -to accurately predict the miagnitude 'of these rotation

jretarding momerts. (Ret 10479).

.The full scale bomb ani the proto~type Utilize a3

0ý 2: a glift or drag acceleration for Vuid e corratos

TtW4 Accelerto isalrs al to the lonsttdimil i.l ~f y.

he: theo finb (RA t:1}
The: size. of the prtotyp .9idanue .fn .asOalusated,

T.Tri a atti stblt nlysis.- -The at~art in Rfo?89

e~pod to ulotat, 'the co~fft~fet of li ft (Ci.) Tho aspe-Pct

ft tio (AR) of th -man s wt.taken to ba C0,4. lvait tisapt

ra.tio the1W fius g~l ot extmuoeI svl ai~rvetbm

carriage Un the si50%40a dispenser.K ..>. a, Uvn. IOallsItSol.b woe
tht the -bernVt rear rtAns Aro flflnug at atb #stle, OC d

It§W i 441gýa

t otAfP~i W.te"

it sott Naeaieun ssoni r
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The equation for static stability during flight at'.

some angle of at-tack ( C )is:

FI N roA

The equation oai :be reduced to6

A C'rL O = C' (ý'4)r

/o&.2c ~ T~d~or/J7)Ac 10)

and ISthorf-?ore ato~neb f diAe~t~4~f&

J1.

on t(A \th 16t~thasenict tstio '.,, n ab 300ar iArsh ai

on,;t5 flich) vid htrud rent, x.t pr OtaoSh , SivTs re'

th rzuiana tortoqtionr farce gpne-ate-4 by de4 tl#c'tm f the, f1In
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The gui~da-mee 4ins repinlod to the Center position,- so

wAhen -the, solenoid is. witched: of? the. f-ins a-utoinatieall return

.:to- the neutral rwzittor*.

Thte uidar0.ce$g~ "W now .bee cetpetetvy Proems3ed

-. by &ý t4l e mait i1 slnal on t.e dotetr. M-4Qz= v

fin
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IV. Manufacture

The objective~s in the tanufactiure of this guidance

unit were rugggedness, simplicity ar4 lotr cost. The guidamce
iunt isfor a WllU.-33/n practice bo?'b (Figure .14). TPhis' bom-b

is 22 inches lone, 4- iracbes in diameter end weighs 2.5 lb.. 'It

'is ourre,4,tly' used by TAC f-or unguiaed borting trai-tr

or ik- t..ý a! -& tW; L

'A r~i~ fo b tfgt S~~~uite tr"OunM

hnso~ti~i tflr, tdt t krp l h4dr $h bcn n 5tsreX$
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The double convex glass lens wms acquired from EdImond Scientific

Co. (Catailogue 'o. &4,225). It Las a 29m-m diameter, a 26mm focal

length arni is uncoated. It costs $1.'5 when purchased singly.

". . . . . . . . . . . . . . . . . .. ...........

Fii

hf, A4.ictl UA~ vt a q 1 red: x - 'tt~ *oatln

A * no .jp .ve tp JCti bou S9n.5, ( rn '1 5 "nclb c paretA'se Ioloh

Ms ½tý instad t A Z6.-t (1 romt t &4 asleon;. tthe~sa£&
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-analysis of tho filter (Figure 16). It is a mtilti-layer interference

filter aia2 functions as described on page 1-4. The detector was

purchased in bulk from BG & G- Technology for $65.00. The EG &G

detector offers a noise guard ring which increases detector sensitivity.

This increased sensitivity is required for this project. The

detector is biased by a small 100 volt battery miounted in the main

guidance unit case.

The lens, filter and detector are mounted in a holder,

I as shown in Figure 17, machined from a piece of phenolic.

AA

There was some concern over the possibility of having

to provide an elaborate lens focusing mechanism. However

experimentation with the simple holder, in Figure 17 proved- that

the holder was adequate. In the experiment, the holder: was rnouwted

in a vise and a ocirouar, piece of -paper with a pin hMbl at the

30
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center was placed in either end of' the holder as shown in Figure 18.

Fig. 18. hiolder Validation Experiment

A He-Ne laser was then aligned with the holder until

I ~' its beam passed thru both pin holes. The beam was now align-ed

Iwith the center axis of' the holder. The front piece of' paper
was removed and the lens substituted.* The laser beam was diffused

and reactivated. The resultant Local spot f'romi the collecting

lens was focused thru the rear pin hole. This indicated that

as long as the lens is mounted perpendicular to the-holder,i the

Local spotwidll. be properly aligned. Moving the lens in -and

out as much as 1/8 inch produced very little change in. the f'ocal

spot size. Therefore the spacing between the lens 'and detector
was determined nt to. be too critical. In ýfact, it sdcie

to place the detector slightly inside the focal length in order

to increase the s pot size, Thus, if' the s pot were straddling.

P 31.
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two quadrantst both quadrants would aommand guidance simultanously

and provide the proper vector direction for optimum bomb guidance.

The suggested method of mass producing these holders would be

plastic molding using a suitable plastic.

The seeker assembly is mounted in the gimbaled probe. The

probe body is a five inch long piece of 1.5 inch C .D. thin walled.'.

aluminum tube. The probe tail fins were cast from epoxy tesin..

The 'fin (Figure 19) is 4 inches in diameter ard 1 5/8 inahes thick

and was fracture tested by dropping it from a 20 foot height.

The fin is epoxy-glued to the aluminum body. The leading edge of

the fin is sharpened to achieve decreased drag and increased stability.

.. P The entire probe o8Yrrbe mass-produced as one. pieoe from a .plastic

mold.

V i~.1. Probe, Fin,:"
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The probe is attached to the bomb by the'universal21gimbal shown in Figure 20.

43%K

g'v

i~iA 0 N-

*e-~- A

~-~b-~%kýx

foringa yke*A.Fing.2. Univesa G0W.At t .A: Inh

dknetel. aklwnihnu tubA, is bent d1iýtWy elflptal -I asea

vy"th a mihOr nits -of the oival insIdo the. yo-ke- T lensuh of. the

..Ajdr sAsi is. t10a inide 4iv~k oft, Othl$ moh dirka? tu

use6d for the -prnbe- t-dy. Th ottatir end4 010 the 30ic pe~ -i's

-. threaded vith .standa-rd - ZumbIng. threads ond ztreted. -inta24
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I (J)
the nose of the main ease. Thus the probe or gimbal can be replaced<.>1 when necessary by simply unscrewing the gimbal. The gimbal yoke
cart be macv produced by casting. The pipe coupling can be replaced

>1 by a threadess boss in the main caso, making manufacture easier and

I loss expensive.

The nin case is cast in one pince from fiberglass,

A lathe turned wooden plug is used. as a form on which arts eigth
inch of flter�lass is wrapped. titer the case is oared, fin axle

bearing ports (45 irtoh diameter) aro drflled as shown in ApponzUx A.

A C±ITh port is drifled in the nose tz� scoopt the pipe coupler

by which the 4itb4 attaches. The ease is p1�wed cii. top of the

�flh1e33 az4 epo�y.-C4fl is pcatred in the top hole. This £or�s

I � a bunt up. A)rm fittin� attachnnt ri�� Cow the case to bw�b

cornwotion. A coattn� on the 3)UO2) prevents the epoxy £xom

sttekine to the bomb. The bottom of the UIn Case te slotted
S$ shown in Ft�we 21 so that &t can be dt'atcn up by a tioss clamp

I
*n�S �tovie a stro�t tttach�tiX alt the �utdanoe unit to Ito YflU-fl.

Ar, alte�'Mte case d.M.n which will be used on ?ut�r models Is

descrIbed on �n�e �4d.

TM fl�zrA fro�t tZie' detector is tr worted thra me

hollow �$�bal to t4� Ampid tier by a small dinsweter coaxial able.

the .mplif±er ;n3 pulse stretcher are madA tip on two 3�S

* dIamet*tr circular breata boards, as shown in flgflfl a.

24<
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k ~~~~boards occupy the front two inches fteEAnc ae h

amplifier-Pulse stretcher operates as descrEl'.-d on pages 9. and 20

tv

-J

iNZ'pe
j01fr-UA
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These circults: can easily be reduced to one board andi

¾thereby reduce the length-of the gýuidance unit main osas by V~

inches, This circuit has been successfully tested under a temperature

range of's-5QOC to*1500 C. The cost per cbannet is- aboutý $3.2. Thus

te four channels cost:$418 when the required'parts, at purchased

Sinl snal .quantities. T~here:.,s an alternate ci1reutal ecibdo

<:K as 4, ih -as dosge toolate to. be- plAced in this prototype,.
It 14 is0 more cpat aand less epnie(bu$7erccuit)

The ,qSigna lea&ving the piUS0 stretcherý w~as utilized.

t o 1ur on the pWer trallsistor. Th II$Power transistor closes.

ths.' crcuit aid- "provides current tU th ,puf Itypesloi.'in} tissdncd uls nitrotatS the~ianoe fills ianto the

'C elaivewinb he: ~SCOWe16A .(uidure ma- aeatcturod by

~IIUA~;(vto 1-1 inetnittn tsim W) . ttp)&.cst$. ec

Phen t~ae in. anfl quantit. Jayipvide 13t poutjs -of holdiha

torus wh aoiwate

C- - -- ~ -O~N,-*d - N
-2'. 6
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Two solenoids are mounted facing each other on a

frame as shown in Figuwe 24, and operate as described on page 19.

I eve
RI ,A I

110, 2
7At'

v. O

or Wv-er A i >s-*4t- .0 51 UA th of -

it %o.S -qigi .- fcts re AtthoS&Kf. t"-4

*bk Ak v-If.
T:

bit . thon Poe aoc

aob ucd 4tavehd tot flht , 0~ tos th s tin a hich Pitrvs

Mh.Woltid§ate ts tar poind Wither*t icby ;iets Vtlhr aU14af

and at Pdl eotross!)nte r~ the soletwid shatts providt

1..



them in the main case due to the ease -taper.. This taper was
necessar.y to facilitate removal of. -e case from the wooden fom. .

-th 'rm h wodnfom
The fins were constructed of 1/16 inch 2024 aluminum.,

Thay. wre bent up 1/f inch on both long edges to provide rigidity

•under loading. As an added benefit, this bend also reduces

aerodynamic curl by-providing a fence for'te air flow. The

leading edge'of-the fin was sharpened to improve the stability
I. I " " ..... a iar. flow P.aracteris tics. The fins Litinto a slofit he

axl and aeheld in.pac by two screws as shown n~gr 5

Pop rivets are Suggest-A instead of Screws forS.ass production,.

$i 5 t•SXuis tnr " .

'-':' ' : " " : - c " -N -. : ""' , .. -



th-e necked-down portbn of -the lever' slides into. a

- Ihole In the miClea of the fin axle and is hold' in by the arrangement

inside the. case. S~hown on the ale4e are two self aligning bearin~gs.

It has beer experimentally determined that'cheap .(1004 to 2005) ball..1 eaings !ýen r'19uXsoothe more ex~pensive s4ýI ailigning beariings

shown Fiure -

A & Otbw1 g'wt1 ;aý*kaqA ýind .'Ž.asbyare, ahow74

in Figuwre V4 asq they w utI 6a nounted in the ift.i ae

- ~, 'A ilk.

~~ne

;g½

- -. ~F -~ '-

:~ ertodrAtv t~h* znlaoledd' 4 the aAxjzUier

01ds Stl tr en~d t is J*eV%,edo by a t.ila volt 12attarn- W.1ttery.

16hioh t *ops Under, lo4d And naintsinst a stoiady 51i volts. Carr~ntI.y

thi pottyp puvde e~h w potting *-14 'd U1 tt. N

AA1 .. 'Otil4tioit. tt i.nOe aUit- iS coupled W -1iio .V by s



0:a hoezap hS meth0 is si,4611e, rUwOC!e Anti
i ixpnsivhoe.Ti

The total cast or thiis guidance -Un14t i.s Soan. in

Tabl VI . Some part, -costs must be estimated as thosge w*mrts were

4-. -... con~aructed fromt t.id material.

-- fl Pteries $ 2.00
EWler $9

LenA> 4.25
Filter .9.00,

* ~Ci rouuits 0

P.ltmi&. .A

The " t-w* t4-1 cost-itemw are thw deototor A;!w0 the:

OirOuit4. TheI W.Altrnat* oCru~tt -Ae 4oui reduce this ~

4k'ar.ti- 48"to- $).- Tha tw W rxAit Ir. ferp iwwsr tot44 rw.Oiiov' tAi

C4tAbut $10 (jiAge C) Libor %611., or ctr, eo

cost, li-we-vero thta. Wt. it -A -ek*td a, b ar tuo~ro*i.i

miidarzeL Unit. The.:ýv&Aotid. unit Is 40,wn I'tt in ?

awizwp 77926
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V. Alternate Mathods

A. promi-cing alternate method was~ considered for providing

power for this guidance unit. Lack of tir~ie and sufficient data

prevented its rull exploration. This method is presenited here

as a possible means for reducing the cost of this guidance uniit..

The idea is to uttlize the dynamic energy in the relati.'7e

wind passing the falling bomb to power the guidance fins. This

would requiire converting, the padsing wind into ram pressure as

shown in F'igrre 230.

Lev-er Piston

-Fin /ýarn Tube

Fg.30, Rair~ Air Powered, F-ins

43



The ram pressure would be controlled by solenoid

4 actuated butter'ly valves in'the leading part of the ram air

q tubes.* The pressure obtainable on one square foot of' surface

by air passing at 760 ft/sea may be oalculated as follows.

(Ref 7:51J)

0~ ( e)(7 o (15)
K.~

Therefore, !.ff the cross sectional area of the ram air tube is

one squar'e inoh, one cou~ld achieve 8.01 lbf on a-piston in that

rain air tube. There will be some loss due to changes tn alignment

4between the relative And velocity vector and the ram air tube

as the bomb falls. other loss will occur due to a decrease in

the effective ram tube cross sectional area Ps the boundiary

layer builds uo. :Hoiwover,- even if the losses were 50% (le, if-

* only 4 lbf were useab] ) ý sufficient force is still available-

* opowýer the fins.

-One method to reduce thelmisalignment. betwemnthe ram

air tube and the relativ. wind 'is Ao- make the leadirig, portion
Qf the tube fleible and attach it oth pobasembly as shown

in Figure 314

44
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Lever
Flexible Exctension

Piston

11'g. 31. Alignment Method

VSince the probe is always aligned with the relative
:wind the ram air tube will then always be pointed in the proper

direction. The ram tube, fromn the probe to the main guidance

body, would be flexible (ie,.plastic) and would slide In and oat

of the ram tube in the main gui~dance section as necessary, to

tt ~~allow the prb oainwt h elative wind.1 There c~ould'

be some binding pro3blem here but rahtorsme similar lubricant

should solve this problem.. This Idea was not followed up. due to.

a laock of data on the magnitude of the misalignment one cou~ld

0expe~ct between the ram tube. and the relative wind. Bomb mounted
film. aken during the fall of' a ful scala laser bomb dcte

thatverylare osilltions can be expected. Wind tunnels.w~'

no aaiabe t -etime to test a model and no v.vailable soure

4.5
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could make a prediction of' the magnitude of' the misalignment.

Should this method prove useable the cost reductioni would be around

101, and the unit could be made about six inches shorter. Also

* maintance and storage costs could be reduced.

The third idea revolves ar6nnd building a main case

that would provide for easier repair or mass prochoiticn, Instead

of being fabricated ent~irely from fiberglass, this tiew main case. would.

be cornpo,,-ed of> a LJ..inoh diamieter al~uminum- tube with a. fiberolass

car) The cap and the tube'would be joined by epaoxy glue: and machine

Iscrews (i-,igure 32).

Seating ring

S Segmented skirt

".'1a

ILI

-J pd. -boss-_______

Fig.o 32. 104n- Case'

This now dsi te advaitgo ýof roInixg for'

e~s~yladcass to-the oedeotronic p~ckAo. for assomblyr or -te-pair. -Al,

.46
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the a,1l f iberglass case has a i0 longitudinal taper to facilitate

its removal from the wooded form. This taper proves-to be a

problem vhe'n fitting the solenoids into 'the case. To be able

to aseblea or. disassemble the guidance unit from. eit~her end of

the main case-would be a. di~stinct advantage. The price should

be about the same as for the all fiberglass case..

ýA new, tower cost ampl~ifier circuit (Figure, 33). was.

'4developed too late to be-included in this prtotype. It utilizes-

more comp onents but the i-,Uiividoal opoet are all- lower cost

itus*This.'circOýXt,, not including, the detector, cost'About

.$6.00 when built Vro "Singly puroh#sed componerats *This anplifier

01 h -5'more g~ai thari th[,e one. now. in us. hs was accoplishodjby decoupling each Otage of Amplficato ia,~ th1p4~ti~

r-0ed baok- 4Mi- o scla 1ati.on. The ciircuIt als IOUos -s).30 degre .ct

rAmpflfioation., seleot4on tihr-ou-h A 5R, igakl 46otrai. po. PATh.Osad4s:

floxibiiltyr for thU detctor ubttutionti ampliifiorcol

be"cqpoupled ether into the ýPulse stretcher circu~it C4reAd Utilinda
in U00bni r ot4d into -the one-sh t i .tivibrator .desoribed'

In Migur0' Y'.- The :Pu15 stretcher a cut cs about AA5O bWt

cam ne replad by aohe sot ntttti-v4br4atOr- wich can be buillt

sh'ot miltbivi bra tor' b.ou41 bo bwil Co. t ?O

- $hult all -thos Zidapas *rove. feasible, tho PuidAnce.

unh wold e sallr,. simpler and le.. e~ sV"A by aot21

4.
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V. Suimary

As. with any new weapon. training requirements 'shoul~d

be considered along 4th the weapon's development. 'The. man- macidlne

interface. will, to a groat extent. govern the reliability of' the

jweapon under fil ooditions. The. ide for a,: low co~st 0r6tc

lase~~de omb -was concteivd beausei training with -h realý

deiewas not ýeconopmically feasil, The gwlinqt iwhcpl behin

bufd~n th prtojetype b4-aixhf siuion X± 'the -harateristics

o:f' the Tull scale weapon.

Z~~oc.,We 1& detfe tet 'g advan-tages obtaned

k ~~~~when, Utilizing the urot AtYpa- Valul I riigetei uha

¾ IttimefeedAk$v ýteAeAO~ihe vzoi teobniques catn beu gaid wuhente

t Ua~~;r oud~ rlie tavbI tl~d

the ~ ~ -;a PalSCt 4 P eyre enjineetrd into ~* tOtO$ Ztl

-444rw cvn'ectlon durivig ?litt U10r nC'Orporated intat-o th Prototype1

vc.re uae6d -to detem.Idne thofeo teaLltofbildt ~ Ing sucýhadvie

Sut~ndeal with th ttaeral eid :Conttt

tatlitt1, i V nnuiactueal -rt!e guidar4e Ant h object-ive behind

%aaET4 tut-re were nus-editwas. ztlicity. Andý dependability. %Oero



w as a concerted effort mae -okeep aUl materials easily obtainable

'Aand bonb fabrication- uncomplicated. Desisn of'the electronic
subsystem within cost limitations, proved to be the birggest barrier.

The fin power is provuided, by an off-the-shelt.GUARDIAN 6 -volt

solenoid. Thle enitire guidance kit can be fabricated from parts

0oStin less than$1.

1'A iht be expected., nerw and bLetter ideas concernin

$'the -manuftature of -the prototype emerged'during; the'building. p soes
UnAfortunately, ta did not ýallo futhe Xosplra" o tes

ides. ectonV re'ecrds ths ocpsfor future .explorati~n

4..gui4Ah~D ni powred by* ra~ 41t airesr and 'a better'main
*ful1 -these~a. waa-'a a.wpa~

wcase are detafllod, .4ýotieultesieonbUnA Dun

I~p This 2aser-~tdd~dpraxotice UOtb shouldb nadi

* rovidingyu iratiul sn nu ri. ýtnrnin to ýOlr uater bomu eq.4ipped'

Sul*sequeot to t~ eot

T5
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1' Appendix B

Theoretical Spot Size

'7Jsing the Airy disk relationship:
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William C. Ayers was born 13 July 1941 in Nashville,

Tennessee and moved extensively during his early years. In 1963

he graduated from the Air Force Academy. Following graduation, he

attended pilot training at Webb AFB, Texas, and was assigned as a

T-38 instructor at Wmiliams AFB, Arizona. In 1968, after completing

some 2500 hours fling time, he was reassigned to fly F-4's at George

AFB, California. Cam Rahn AB, Vietnam followed next where he flew

combat until Cam Rahn AB was closed in March 1970. Upon the closing,

Captain Ayers was reassigned to 7th AF (Tan Son Nhut) while continuing

to fly combat from Phu Cat AB. Vietnam. During his tour he flew a

total of 128 missions irn SVN, Laos, Cambodia, and 3 in NVN. Following

I Vietnam he was reassigned to F-40s in Misaia, Japan with numerous

TDY's to Korea. W.s~iwa was closed in MAY 1971 and Captain Ayers was-

assigned to AFIT residence school, Dayton, Ohio in the Graduate Air

-Weapons program,

Permanent Address: Capt. William C. Ajers
P.O. Box 229
McLean, Va. 22101
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