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M..lRf:.ract 

The purpose of this resea rch "'lIoS to determine ",!'1nl 

problems .existed for repon: ing Dull S-..crd,; on the f-16 t'lild 

whAt improvements cou l d be made to th,. cUlTIt'lecsome 

investigation and repo..:-ti ng p rocess. '!'he complex! ty o f the 

F-10'9 multipl e~ed arming . monit~ring an~ ~ontrol 6y9t~~ 

(M UX AHAC) ",a ft de~ermined to he the major problem 8our~~. 

Personnel jnvolve:d in the re;>ortlng proc eoea ....e~e un~!! rt.dn 

of ""hat failures to :-e?Oct as Dull Swords, because meet ~,f 

the MUX ~~C ci=cuit c} ~nd components ",ere u~ed tc deliver 

cunventiona l "'cArone ( i . p. missiles snd bomba) a~d nucle!T 

....e;).pon•• Sa f ety personue j interviewed desired more detaile<:i 

repcrting guidanc 3 on this dilernme.. 

ML~ ~~c exper ts "'~re i nterv i ewed to d etermine ~hal 

tYP~6 of f~ilures need~d ~o be reported and whd t ty?e cf 

l.nfC'rm4tioll is r_eeded in th~ 1:eForts . 'rhi!l inform.J.t.ion was 

uSo!''; to ce\le!::'F b'!t.t~ : re?Ort~ng guidance for unite ::,' 

!"o.1Jo...· • 

The gl.Olrlan;.:e devejope~ ·...C15 ti\~n used in C'onjunct.iI....n 

\tIi th l wo comput.e: prod:.;C't.6 : .J. maint.e!"l ance hi!ltOl-Y re[X) r l o n 

each of t~f: majvr MUle "'Me compo~ent. o btained fr om t ile 

Central Data Syat.E:m (CDS) ,l.t:1 a Dul), Sword III.1rIlmbry r~port 

obta,ine;! f r C'm the- Uiro'cto['at~ of Nu::1 e,l{' Sure'~":!:1 AID Data_ 

FilE" to der. l'rnl.1l1e wh~th •. 'r unit" ha.d lIee;, r"' por t.ing a 

n=TC ' 5l~ntalive n',Jmu~C' of ntlll ::;wo1'<.15. 11w .1nalysis f('luud 

vi!. 

http:wo1'<.15
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on ot ht!(" co.nponenttl. Th.· author flurygest ell that :l1.'111Y oth~l' 

Dul':' S ....'()rde mny hnyf'! Clccl:rreri. but thic =lJuld OI..... t . b. ' 

..:ont1rmt·~ due to ttup~rfh'ial .Lnfor~at, ic..n be-in!) ent('r~ri int.. o 

the CDS. 

The author analyzed t.he ?Of',,,ibiJi!.y 0f usin'3 t.l.~ CDr. Clr 

similar 8:tS t <!mtl ~.:- t' p~l.lce 01:' lmprove \:he current. • ~~ "0 rtin<; 

"YAtet!' . The research fOlln:! f,hat the invest j ation/ rr. por':.lnq 

process at', I.!nit.!J coul(! 'ce 8tl'e ,"miin~~ if mC"re (>: taileci 

Infon:latir:1O ....a9 e'ltt!red in~o tho! 8y3 i:. em~. 

re(":o r:unendat i o fl o f o \ ' 1::10lov e :nen t ....ere 9 1 '.l eo . 

•i 

I 
• 

I 

I 
I 
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nr.l"~.alTIN 1II1CLtAR ~.aF'E'fY L>!::l-'ICIE:NC1I::S  
(DULl SWORO';! ON '1'111:: F-16 AIRCRl\I-"  

1. Iht.rorluction 

TIle ~ Force Nucle .... r Surety l'r~5ro~ 

TIle Air F();-coe Nuclear. Weapons suret)" Froqram .....,,8 

df"velC"ped to en:!lur~ that O"IU requlrement.s cf the Department 

of D~fQfI.e- (:>0Dl Nuclt::ar \oIt:e.po~ 51stem Safety Standards are 

met ~ll;2). 'l'hce~ COD !'tan,hrc!o provide guideline! to 

de:sign. rnl'lintain. t't'ansport, store- .. nr! us"? nuclear ....·eoP'Jns 

lln1 ! -== nuc.le4r ....e.:lpon systems to q.Ja!'al \ ~ee t.hei:- sofety and 
• 

s~curity (10:2~ . The DOD st2'ndard9 state: 

cs. Thert: shall be positive meaeu:r~s to prevent 
nllclear weapons in .... o!.ved in accldents, or jetti~oned 
....C~p~H:~, from producinq a nl:clf!2U yield. 
b. ~e~e anall be p08iLiv~ me~sures to pr~v~nt  

DEI.JSER.\TE pre.ar:ning. arming. 11lunchin9. firing. or  
tlo-Ieaslng of n'-1clbae ....e .... pone. P')lC";~pt upon execu tion of  
em~rgenC'y ..,:ae orders or wt,en t!1re('tcd hy compf'!tt!nt  
a-.:t!l~d ty.  
c. There shall be positive n.'!:aeures t.o ?revent.  
1:~ADVERTENT prearrnlnq, aemins:. launcl". lng, flrinc;, or  
releaBing ~t nuclear ....eapone 1n all nOr1Zlal end cr6-!dible  
abnorma!. envi ronmen ts .  
d. Th~ee shall b~ positive mea~uree to en~urf'!  

adequate :.e·:urity of nucl~ar ..,:~tlponA. purs'-1l1nt t.o 001  
~irectiv~ ~2l~ . 41 (10:2).  

M~etil1 ·~ the ':our DOD utAnd;"l!"d ~ was not: a simple ttlsk 

ZlI;J r~'lui~cd t .~~ Unit ed St.o'ltef- Ail' t"orc~ (Usl'.r) to provid~ 

To Illdp unc.ler!it~.n<l tll\~ 

Tr q = J 
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d.fined in t he appendh , Air }oorce Regulation 122-1. t;H~ 

Air Fore. NUclear W"!ftponlJ Sur-lS~y ProgrNtl. gives the basic 

guidance tor complyin9 ... itl"; t ,he standard. and ••• .i.c;lnelC 

relJpon.tb11iti •• to Air Force commande, asenc1e., and units. 

To iJDplUMtnt the proqraln. numerOIJ. rogulations and 

.ub-pr09~am. ~.r. 1nltltuted . F~r ela~ple. the USAF Two-Han 

Concept (APR 122- 4) was instituted to help ensure that lone 

individual. do not h~ve accs•• to area. t~a.t contain nuclear 

~.apon. or n~cl~a: weapon By.tem.. This concept elimir.ated 

the po••ibility of & p~rlon t~pcrlr.g with the weapo~ or 

weapon Iyatam ~ithout the knowledge of another perlon, 31nc~ 

p4rlonl allowed in the3~ 6reae kno~ aa -No Lc~e Zone.~ mus~ 

b~ ~tr.~ into teaml of at lealt tva people. The USAF 

Per30nnel Reliability Pro9:~ (AFR 35 -99 ) was inl~ltuted to 

enavee that only the znolt reliable peraoT, are 91ven aceee. 

to nuclear v.apon~ or nucl.ar weapon &y.t~.. Under thla 

program. ~r.~nr.cl 6r~ tnoroughly .er~@n.d prior to being 

given duties invol vin9 nuc~.ar weapon. 6n1 continuouel/ 

ronito:.--ed t.her.o.tter. WhtHO a. pr()ble~ BrOle th~I' trllII.y hdve 

afrect~d an individual'. r~llability. the perlon ' . commander 

d4t.ermlned whether or uot thet person coull.! con~1nue ""it.h 

hil / her aalJgnlJd duti.l. The US~ Nuclec.r Weapon. 5ecu:-ity 

Pro9rar-: (A}'R 207 - l~) \01"" instit.uted tc e:neure '!.ha.t nucieer 

weapons an-:i nuc 1C'l' C' wl!llpon ..~tnternll 'Jere con': inuoua 1 Y SjI..Iarced 

lr'1\ ho.. til-e ,f;o rcea. The proyram requlr~e c:ompieT. pec urlq' 

t• 

, I 
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eye tame ero~nd the~e vitdJ rC8ourceo backed by ~uffici~nt 

military forces at a!l time~ (12:2). 

~rtlil9 Requh·ement8. The In'le8~ig""tin9 and 

Poporting USAF Mishaps ?egulatlon (AFR 127-4) also contains 

information relft t ed t( the AF Nuclear Sure~y Pro9ram. The 

Guid~nce provided 1n Chapter J~ was a direct result of the 

AF Nuclear Weapon a surety Proqram. It p~ovldea th~ 

procedurea for the investi9atins and re~rtin9 of AF Nuclear 

Ac~identa. Inclden~a and De{icienciea (AID). Nuclear A.ID 

reports are required for those mi~hap8. events 0 :- condit1.uns 

~hich degrade or could degrade nuclear or radiologi cal 

8atety" (le :e0~ . Th~ re!XJr!"s al' e t~anemitter. "too all le", Is 

of commaHd and to o:.her un. ...lth similar weapons sy~t.ems 

to provide valu,,"ole information so thc'\t. p=l!!v!!:nti ve ac::.ior; ·' 

could be ta~~n to pre\~nt similar rnieha?8 or to evaluate 

an~!or ccrrect ao.fety deiiciencies. 

Nuclear A!D r~port. are broken down into four di8tl~ct 

categories: Nucflaoh. Brok~n Arrcw. B~nt Spea~ and Dull 

Sword~ ....it.h Dull S\io:rds bein9 t~ .., least eigni..ficant a:'1c! 

~~Et commo r- (1~:8e-al). The first th r ee cate90ri~e are 

oft~n r~~erred to aa ~he -ftccident and significant incident" 

portion of AID report1r.9. Du ll Swords are often referred t o 

G& the ~les8 si~nificant i ncident and d e!iciency- portion of 

AID rrport lr.g. ",1a reae~r :h fOt'uaeG on the Dul l Zwocd 

reporting proceaa. 

) 
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lieneral 16~u-e 

The proper inveBt!9~tion and reporting of Dull Swor~~ 

hns often re.~lted in bette r designed equ~pment or 8y5t~m5 

4~d improved technica 1 data ar, direct! 'lea. P.owever, as 

weapon eystems and equlpm~nt bec~ne ~re complex, the 

investigation and reporting of Dull ~ord. be=ame more 

difficult (23; 25; 26; 31; 33). Ol~er weapon 8yatems such 

as the B- 52, F- 4 and F- l11 aircraft were designed so ~hat 

their Aircraft ~nltorin9 and Control (J..j.·.AC) syotems for 

nuclear weapons were elec~:onic~11Y i601ated from ~hcir 

conve~tional /non-r.uclear systems. This was eccomplished oy t 
using oe~rate electr .cal harcwired circuits and components ,
far each 'Y9tp.m. This ~ade it r~lative1y sireple to 

Cull Sword exiatec since the circuits did nat overlap. With ~ 
the advent of mul~iplexed electronic circuitry in ne~e~ I 
computer-drive~ weapon~ syetema &uch as the F-16, the I 
det~rmin~tion of whether a ~11 SWord exi~te~ ~eceme ~ • 
in.:::reasinqly difficult (5; 23; 25; 26; 31; 33; 34). The  

electrical circuit. for the conventional and nuclear Jt!nF)ns  

releo3e ayctema were no !on~er totally separate system8.  

No", the same circu.: ts and components c... r portions of them  
•1 were us~C: to monitor and r r.leoae both cor.v~ ;lt i("\nal Lnd ,, 

I ,nuc! ~ac \Je,:"pona. The ~eterrninAt.iO'1 procea :: .LS furt.he:- , 

comp!.ic ltt!~ by t.he use c..! computf"C ...ard .....ele and eoft·...arA i n 

the r ··1 6's "multipleKed ' .MAC" (MUX AHI\C) ()J). 

• •  ,Ii WEUWi 

I 
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For example. ~ I ores man~gemcnt oyotem rSMS) component 

of a f-l6 uae~ to release a conventional bomb or to fi!e an 

air-to- air missile an~ may hlso be n~~~ed to releas~ a 

r:.uclear ·...eapon. Berein li~s ~hE. report.ing di!emrr.n. !f the 

ccmpon~nt failed during an air-t~-air training reisHion. 

should c Dull S..."rd t:;e reported On that COlt.por,ent. ever. 

though a nuclecr mission ""all not being air;'!'Jlat~d7 This 

que~t.ion cen:"lot al'Jays be easi.'.y answered since the 

F~rt.icular malfuncticn or circuit wit.hin the compone~~ that 

failed. mayor may not h",·.. e affected a n:Jcl.,ar mllision {3: 

5; 23; 25; 26: 29; 30: 33) . Depending on ·the complexit.y of 

the failu~e. an intric~te knowledge of the 5MS and its 

elrcuitl"Y plus the nll.'nerous CCI . r,uter h~rd ....are/BoftwaC'e 

occurred (33). In pract.ice , it. is BO!TIetime~ diffic'.J -t t t.o 

gf!:':. SMS sYlitems en9i~ee. ·9 to agree O!"l ""hat constitut . ~ a 

Dull Sword (5; 23; 6; 29: 30: 33). 

The cc:nplexit.ie~ ir.·'olving the repc:-tins of Dull S....crda 

on m~l~ir. ~ exed w~apon systems exemplified ~he man~gemcnt 

que9tion~ which forms f.~e ~asi9 of thi5 the:sie. "~'"hat ca.:"l he 

done te· improve investigating and reportin9 of Dul l S...·ords 

0:1 F-1697 " 

Specific Ploblems 

Air force Regulation 127-4 n~ou:'t P.. S t.hat Dull S'oIr·:-ds be. . 

reported on '"damaged, malfunctior. or fail :re cf nuc £! ;:c 

carabJe cOlnb<Jt (lelivery vet';cles. suspension. r.de 5~ , 

5 
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launch. separation, arming, mo.,itor; 09 one! control ayatWTI'· 

(le:8!). Thie broad detinition was ~4aily applied to older 

Al-I.AC system3; but there hoe heen conaicerable contx()ve[~' y 

8urro:.Jr.din9 how to int.erpret the definition when ~pplying it 

lei t.he F-l6' 8 MUX AMAC . 'I'hP. following 8ection :>rcvides 

examples of the reporting dil~a. 

Personnel a : 80me F- 16 unite mAy interpret thp. 

d~flnillon to mean tha~ Dull S~rd8 should be re ~rted at 

the Line Rep!acement Unit (LRU) level every time an LRU of 

t~e SHS failed, excluding the Nuc lear ReDOl~ Inter!~ce Unit 

(~RIU) (~l . 24. ~~, 28. ~3). However. this interpretation 

,",ould lead to Dnll Swords be!n'] st:.bmitted on 5it;JZl.tio:"l5 

where the particular LRU failure may not have affacted the 

I;uclear !-'oce. Following this interFret !.t1on eQuId also 

cause the Dull Sw'oed System to bec~e overburdened ~ith 

uuneces3ary repot'~s. This could resell in over. a thousand 

r~port8 (4; 21; 22; 26; 28; 33). Additionally, with 

appro1.iJl'llte1y sa 0\111 S....ordl:' being reportC'::I. each year on the 

F_It", C/D this would incre4se the current 'WorJdoad hy ?v~r 

tv@nty t ~e8 . Personnel at ct~er units mdY int~rpret tne 

definition to limit reporting of 0\1.11 S""O~d5 on the 1-16 Hli"X 

MAC to deficiencies or failures that occur=ed .....nen t.he 

r:uclear mod~ .....aa te~ted or ""!':en l.t ....as used dUC1UC; a 

tre.ining :nissiora (4: 6: Ie: :!l: 22; 29: 33). ThlB 

definition \oIOul:3 reduce the nu:uber of I)ul! S\.'c..rc!.s re! )rtt:o 

011 LRUs; ho....evl!'c . deficiencies that could .1lffe(:t. the nucl~"H 

lnode would :"IVt. b~ ceport.<d ...hen they occ;:ur:'''!d c'''l' 'i. ng o~hc c 

( . 
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mol!eD, ....hien could a!!lo defeat. the purpolle c.,f reporting Dul t 

$tJordo (4; 6; a: 23; 28; 33) . Finally . pereonncl may 

i~terpre~ th~ regulation and report. Dull S~ordG on any 

deflclen~le8 that could affect the nuclear ~de. U.,lng ~hiB 

interpretation would r equire every HUX ~.C fal1ur~ to be 

analyzed to determine if the nuclear mode coulcl have been 

affeeted (23: 25: 29; 39: 3~) . Thill would seen ~o be t.he 

m::::lst lo9ic~1 a nd beneficial inlel'prctatioll; l":owever, it 

highlig1';ta A previously noted probleJll - -t'!-lat it is difficult 

~o as Bess whethe r e epecific failUre would affect the 

n!Jclear mode (23; 25; 29; 33). 

the par~lcular interpretation of ....hat to repcrt as 3 

Dull Sword may VAl i amonq F- 16 units . ;he intprpretation 

follo....ed ia l.nf illenc:ed !!lostly by t 't"ie ll' ....el of 

exp~rie~ce/expertiae of the unit's nuclear surety ~ersonn~l 

!(: 6; 21j 22: 28). Nucle~r Surety Officers {NSO) lack 

specific guidance o~ Dull Sword r~portlng and ~8 a :e3ult 

must base re?,r~in9 ded siena on the level of underetancing 

of the F- 16 S~S. Some NSO&' understanding iR jirnited to 

tho~e situatior.a ~here the decieior. to report a ~~ll SY~rd 

i9 obvious, such as 0. Nuclear RelnOte ::::!lterti'lcc tnit (NRIU) 

faih:re or t.he fill lur e of an alert. aircraft (4. 6 .. :n. 22. 

:::6) . 

An additional problem fac~n at F-l6 units is that N5C 

~8 !lot rilrcctly involved in maintenlllnce actions and must 

rely on maint.enance persor.r,el to notify him/her on P06s1!:>le 

Dull Swor·l,. NSOs mue~ th(.refc rc bp. kno..... ledc;p.~hle enouCJh Gil 
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I
• 

F- 16 Doll S\oIord ropoct.t.ng to be able to convey repo:'ting 

requir':!ment.B wlth a high deCJree o~ .:redibility (4; 6; ;;1;  

22; 24; 28) . At the same time, mair.t~nance per~onnel may I  
I 

not knew what .ituatlong call for a null Sword report and 1 
1 

.,..111 not report the ai':.u'1tiona to the NS0. w!"lich results !n I 
j 

no roport being eubmitt~d and valuable info~atlon beir.q I 
loat to t~e ~~ll Sword a=tion agencie~. 

The controver.sy of how to interpret th~ regulation has 

not been re801ve~. ~en interpretatJon is used. it is i 
subject. to the beliefs and c!hcretioro of these miOkL,'.:' c.he 

deciaion. thus ~ st. ~nda!'dized Dull SWarci repon.ing system 

fo r tl",e f - 16 ~aJ not exist. This cliler.una :-aised the first 

specific research problem f~r this ~he9i8 . .. to de~elop more 

Vr.ce a ~re specific definitlon or b~tter guidance 

conce~~in9 ~h~t ~on.titu~eB ~ Dull Sword on t~~ F-16 ~3 

develop~d and imp'~~en~ed, it _culd be safe to assume that 

the number cf r~.rort8 nlay increase (4; 6: 21; 22; 23; 24; 

25; 26: 28: 33). Thje increaee could increase the ·....o=ic;load 

(or all '"'el.:\onc./agp.ncies involved 1:"1 Cull S....-ordti reporting 

sinee f!lore :-eporta would be ir.ve!tig3ted. repoTte~ dond 

analyz.ed. The increa8ed ....·orkload could un~crmir.e the l;,t.ent 

of the repor'!:i~q Systl':!l, eepecilllly if unit.s re?'- ~ t. cd only 

all many repcrtll 0.8 t .hey cculd effici'!ntly IT,anage {4: (.; 21: 

22: 24: 25~ 28). 'Th1.!8 , due to the cumb~r8or.le l'eporti!"lg  

sy'lt.em, mar.y occurrences may not. be report.cod. a.n:::! .'0.1 ~ uilblE-

'U 

,~ , .,. .- ,---, .-. -.... ~. .......- ~~ . _.. 

http:sy'lt.em
http:cumb~r8or.le
http:analyz.ed
http:controver.sy
http:ropoct.t.ng


ir.foL~~tion may not be submitted to the appropriat~ act i on 

ClgtmdeD for evalua t io'l . 

MdlUonally . even if a morl! ~peC'!fic ~efi:lition or 

bett.er guidence ja deve l oped, there is no way of making SliCe 

that t.he NSO and act.ion agencies are noti fie rl nf all 

situat.ions re1uiring Dull Sword reporte. Currently, NSOs 

onU8t totally re l y on :lIaintenance perllonnel t o be notified of 

pot.ential Dull Swords (4; E; 21; 22; 25 ). Fo r e:;;ample . if 

not notified of an NRIU failure. th~ NSO will not ~ubmit a 

Dull ·S....o rd rl!port to t.he action age ncies . 

This situatlen rai nes a second research probl em f o r 

this theais ... to determlne if there !~ an additional s ource 

o! Dul l ~ord i .. fo~ation ~hich could replace t he current 

·---
Rese~rch Objec~ 

1. ~velop a mor.e specific def1~1tlon of ~ll ~ord~ 

f o '!: the F-16 ar.d/or prov1c!e bet.ter reporting ~uirla :,c~. 

2. Givef,1 the le\·lt1ed reporting req uirement.. found in 

ob je ~ _iye one, dl!t.ennlne if a :-epresent.ative number of Dull 

S\lc.rd6 o.re being rer.orted b}' F-16 unit.s. 

j. Detenninf!! ~ether tl .ere is a better method of 

r~fY~ rt.ing Dell SVorde o r a method ava ilabl@ to i~proyc lh~ 

curre~t reporting sy ~ t~m. 

f~op~ and Limltat.lop~ 

'1'hi5 r.E>OeaL"ct. effort l!Idr!re58.e~ on l y the f-16, / D MUXI 

J.t~1.(' ... nd ref'':'rtin; Oul l S...:onl!' on its t:Clr.lpone (lt £<1.1 !u n ' ·\ . 

9 



[\1l1crlpt.io!'lS of component !'unctl:ma are lim1 ted to a l'Ion-

·. echn1c~l n.3tUI"C 80 ".hl'lt a te-:-hnlcal knowlcdge of 

electn.i..it:s 18 not nee~led t.o und~r8tand t.he reeellrch. The 

rt:sear::h dcea n:Jt. refer to any specific F-16 units 80 t.hat 

aenaitlve information 011 mia,!on taakings is not. revealed . 

Pot~ntlal Ccntributions 

It is ~ope~ t~at. this :eae~rch will contribute to ~he 

improvement of the C-ull S"'-ord inve~ligat.ion a:-l' J report.ing 

system. ~.e following are po8~i~le contributions! 

1) The dev~lopment of betler re~Jrti ng guidance that 

can be casily unc~r8tood. 

2) The identification and explanat i on of problems 

....it.t-. Inveat. lgatin9 and reporti!"!9 F-l b C/ D Dull S....oro B. ._..__ ...._-_ .. ~ ......... ~ ,-, ...,,,...::.. .... ...  

Dull Sword investigation and reporting eYlltelll. 



II. t.itl':rat.ut'! Re"l'ic\J 

Ccnf!ral 

'r.'lia ch.lpter conrJiste or tt.1't~e 8p.ction8: F-16 syat:ern 

description and operat ion. Cull Swc.-rd reporting proct!cures, 

and computer pro~uct8. ta~h AecLion p.xpl~ins ~ srecific 

an!e nef!ded to '..i.!1derst6nJ this research. 

F- 16 System Desc:oiption .:snd Ope"ation 

ReckqrotU"Id. The F- 16 is ont! of t.he mo6.t. advllnccd 

fi~hter aircraft in the :ISAF inventory. "It is d compact, 

multi~ole plane des1gne~ for air - to-air and air-to-su~face 

.., t tacK. ! t car: en9a~e t.he" ene."T\y tn ae r: ia I cornua t and then 

begin air-to-surfact! att.acks u8ing n variety of muniticns" 

(7 oj) . 

MVa:"lCeQ :cchr.ologies i nc('·J.f'VL"ilt.::':! i .. to !.~O! :-1:: !:"..!::e 
it cne of t~~ most ~aneuverpble fight~r9 eVer buile. 
'i'he advances inclcdt!: decreased 9tructural ....eight. 
~hrou9h lhe use ~f compo6ite&; decrea~ed drag rf!9ulti n g 
in red':Jced stz.tic st61..ility ma rgin: fly - by- wir e 
cont!"ol; and a high gravi tat1uoal force tolerancei hi'3h 
visibili':.y co(;kpi~ ·..ith a 30 degree rec!.i:"l~d Be!!lt ar.d a 
singie-piece bu"bble canopy. The F-16 is ~""e:,ed by a 
single afterbuI"ning t.uL"bofa."l engine. All digital 
2";v':'onics are !nteg=~ted t.hrough a dJgit.al mult1ple.A 
syatem, to reduce penllat:ent .... irin9 Cl8 well as to tak~ 
advantage of the verdatility of mod~rn high-speec 
computers (35:149). 

The:-e are cllr:-ently IO<Jt' versions of the F-16 which I1re 

id~ntifi~d ~8 "A", "e", · c .. , or "0" rnode!.s . This thesis 

concentrotes on only the f-16C;D rnod<"ls. The F-15C is a 

5in9t~ seat. madel and thf! F- tf-/[l is a two-9E:at 1f'Clh~ l. T}-,e 

tar.dem cock~it" in the f-lo/O are about the S~e as the one-

JII Ole F-16r:. ThE' tront CClckpit can t-e u!3e(] l.)y u. ::;t\ld ~l : t 

http:dJgit.al
http:t.itl':rat.ut
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p1.lo';. with an lnCJtruc..:tC'l':" pilot i!"'l U',c reDr (;"o.:-k{)it. In 

additicn to beLng ~aed ~8 a trainer. it can be uoed (or. 

missions requiring two aircrew members (35:1Se). 

The F- 16 has nine: ext.ernal st03tiona/pylona ·from \oI~ic:h a 

....ide vlIri .:tjl Clf items can be .lttached. It c.·an car.ry a 

payloe d of approxinlately 15.""" pounds consisting .ofl fuel; 

munitior.a; electconic counterme:aaure pods: nuclear ....eapons; 

and nwnerou .. ot.her i"t.~', Flgurl! 1 shows these atallone und 

indicate9 which items can bft carried on each. One should 

recO<Jni:r;~ dlat there i. a~IT"C"t IlIn infinite number of 

combinations cf it.e:n .. that could be used. For example. an 

F-16 could be l.,aded wit.h the fo110.... in9 items: AIH··9 

air-t.o-aLr mis~iles on stations one, tWo, eight. an~ ni~e; 

B-6. nuelea:=- ....eapor.. on et.ations three l\;"Id aeven; fL':! l tan~ s 

en .ta~ion8 four and six; and an ECM pod O~ 6tation fiv~ 

(913- 130). The F- l& i5 also armed with an internal 20~ 

c~nr.on . 

Modp.cn t.~chnology h~8 rn~de the F-l& easie: to mdi ntai n 

tllan earlier aircraft. 

It has hinged or removable panels for easy access t o 
a.ll componer.tll. It has t;"Iuil t - in .eats and fauJ t and 
condition indicetore . A maintenan~e !au!~ tab e ~tore8 
dat", to be used t.o l::lcste problem areas. \o.1Ien . · ~au 1ty 
unit is replaced, an aut.omatic Felf - teat. stC'W!f IoIhe th~r 

the system i~ operat.in~. Th· ,e featurel"' reduce the 
time r'!qu:.red to find ~~stetr. failures and replace 
units. They also reduce t.he number cf fli9ht. line 
~aintenancp per30n~el and skili levels req~iced (1:2). 

Avionics ·:yst.em Design. Thp 3vicnl('n sys t.em provides 

the Dc)(.;kbone for t.hc F-lf, ' 1i ai l'-lo-'c'lir and aic-to··( cund 

! 7 

"""-- = • - -

i• 

I'-

http:operat.in


1 PAGE REMOVED  



----- ~ -- ~--

combat r.opnbility . 

-- - - - - ~ ~-- - 

F.'I;!,d"'ining t".he fUnct ion of p.och of t.he fire control 
• 

elements is beyond the s cope of thi!! the~i~, ho.....e' ·er three 

of them \Jill be discussed in detail since t.hey are t.hp. key 

compc,ents of t.he F - 16' 8 mul t.:.i.plexed a~lng. n'IOl:i t.oring. and 

cont.rol syst.em (MUX AMAC) for nuciear weapons. The~e 

elements include: t~"le HFDS, the EFeC. and the S~S. Since 

the F-l6 W~8 designed to be capable of delivering nuclear 

weeper.5 , it.y MUX AMAC W05 d~5igncd to meet all nuclear 

safet.y d'!l!Iign criteria gpec!fied in AfR l22-1C (3J). 

I  
I  ,! 

I ., 

• • • • • _ " • .... • • . . : " . ' • ,. '. t 
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The SMS consists o f several l ine r~p1~cement unit~ 

(LRUa) anri numecous switches and 9ubcompone~t8 that are 

nee ~d fer thp. :-16'8 mu1t ircle missions . Or.ly ~~e k:y 

cc:r:pcne:"lts of the SHS that lI.::'e esslf.ntial for i tG i,uc1ea :-

r c1 e .... i11 be ei!lCU8SeC in t h!" & thesis. The key LRU, a :-e t.~e 

AC!U, ~he jettison/release re."tIo~e interface uni t (J/p RIU). 

A~d the r.uclear remote intec!ace unit (NRIU). The ?ri~ary 

subcompcnent s are: the nuclear con~er.t s~i tch. the ~~ster 

ann and release rroat.rix a8Se.."!'!>ly, l"t.nd the matrix assemblie s 

for .~htionB thr2e thro~gh sev~:1 (8:2- 1 thrOG~h 2-i8; 
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Dull Sword Reporting Procedure~ 

The main goal of Dull Sword reporting i8 to b~ing 

problems to the attention of agenci~!s t.hat can evaluate and 

corr~c~ them if. ~eceseary (1~:S0). The current metho c of 

reporting Dull Swords reql:ires c?eret.ional unitR to initiate 

the reporting process ~hen t~ey diecover a potentiAl nuclear 

fSafety deficiency. f igur~ 3 exempl1fiell the uni \. ' B port.ion 

0! the repor~ln9 p:o~e68 . 

First.. a d@.ficiency ~. s diaco\'ered ')r 0. failllre accur:5 

that may a£iect nt.:::lear safety. A..!'l cxa:nple of this 1,.;auJd oe 

an F·- Io h,ili:'lq to dt·op " BDli··38 (Bomb Dummy Unit t:sec! to 

fli»1uiate <s Iluciear wea?Qn). The ..... :.n9 opel"<'1tic-ns c~ni:er 

mailto:d@.ficiency


FAILURE R:EPORTED 
r' I 
" 

SAFETY NOTIFIED 

~, 
DEFICIENCY INVESTIGATED .. 

~. 

~~I, 
REPORT PREPARED/COORDINATED 

~17 
./ 

REPORT TRANSMITTED · 
Figure 3. Dull Sword Reporting Process 
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(command poet) 0: ma.intenance job contn)l woulc1 notify lhe 

winC] nuclear surety officer (NSt')) of thc oc,,:urrence. 'nle 

NSO wO'll~ t.he:1 invcstlg,,-te the problem by conta.:t.ir:q th~ 

perl:lonnel involved in ita discovery and those needeti !'or 

troubleahootins the fi1ilure. Depending cn t.he 

circumetar.cee, 8cch personnel coul~ include the following: 

the pilot, pilots of other aiccr~!t th~t witne5sed the 

event, flightline mai:lte'~ance p~r"onnel involved in 

troubleshooting the aircraft (weapons loading technicians), 

non-flightline maintenance personnel involved in 

treubleshooti!'l9 oil. i..-:craft oubcomponer-ts (armament. shop 

technicia~8 and avioni cs inte~e~iate shop :AlS) 

technicians), cor-tractor technical representatives , and 

o~her pereonn~l whc:u dc:~ed nec~a,ary . The NSO would 

concentr.!llte his /her efforts to ma.: e acre all neceosary 

info~r.1I!l ':.i o:'l is compil~d/rcporte:d Lr the D:Jll S\JOrd a.ction 

agencies t.o evaluate the: problem. l\ typical invest.igaticn. 

such as the one for th~ given e~~~ple can take several days 

ttl complete. 

A.s t.he NSO a cC'otnpliehes the inve : ~ ti9atlon he/she mU9t 

...:rite the report t.hat ie t . ansmitted in message f~rm t o the 

addresseee indicated in AFR 127 - 4, table 121 - 2 . ~e nUln:'£r 

of addre8Se~ varie~ del endin9 en the apecific it~m that 

fgil~d anci "e~iOU3ne86 of the deficie~cy. The typical 

report for F-16 deii<..-iencies {i . e . a d~hctivt> NRIUi has !3 

add reK5ees plus add1t.ioll3l ones re,:;uired by major '-olrunanc! 

!iupp1e:-nler.ts to ~f' R 117-4 (l0:SE) ar.\i prt:scribe::\ th~ (orr.lat 

http:iupp1e:-nler.ts


and the contents of th~ Dull Sword rrport {l0:8S-B&). Tho 

report oust contain the follo~in9 In!orm.stion: 

1. 	 Date. tim~ and location of the AID . 
2 . 	 Quantity ~nd type of weapons involved if any. 
J. 	 Quuntity And type ot aircraft Involv '!d. 
4. 	 Org4ni:Lation. base. ,and conunAnd o! the 'Jnlt 

reporting the occurrence . 
S. 	 Type Clf opeoration beins perfonned at. the limp. of 

dlecovery or occurrence. 
6. 	 Detailed narrative description of a ll available 

facta and clrcwutancea pertainir,g to the Dull 
S\o'Ord. 

7. 	 Probable Ci'luee of the Dull SWord. 
8. 	 Action taken ~o remedy the malfunction, damage. or 

elror; to provide safet.y and aecurity; and to 
prevent recurrence, including repnir or 
replac~ent ~r.tiona. Rccomrop.nded corrective 
actions, if appropriate. 

9. 	 Other rep~rts. If the AlP involved anoth~r type 
of r~port under AIR 127-4, T . e. ~~-350-54, and so 
forth. 

Ie. 	 D4mage ~r injuries involved. if any. Incjude 
st~lua of .eapon 1f volved . 

11. 	 Explosives ordir.&nt@ dispvsa1 (EOC). m~di~al. o r 
security aaeistance n~eded . if any. 

!.:! . w~~~th~~ C"~ f'I<:'T .. new!'! rr:ie.ase 'Wo'" mco.uo;:. ~r ..v. 
8~bmit ~ copy of the news release and state to 
....hom I t was releaeed. 

13. 	 Name, gr~de. title ~nd phone number of the prrson 
8~bmittlng this report (10:85-86). 

To dvoid mult.iple reporto, [ -Jll S\lor'1o involving only 

n~terial deficiencies may DC combined with materi~l 

I:oeficiency Report.s (P-lORs) in accordance 'With ". 0 . 90-350-54 

(10183; 15:2- 2). The ~ajority of the Dull Swords to be 

l!n~ly%ed in this thesis involvi! material deficiencie5 3nd 

should be repcrted in c~bined reports. ~aintenanc~ 

Feraonnel ~e=ome moc~ directly involved in ~he investigation 

and reporting this type of Dull Swcn!s, since tlley are 

ta£k ed to t:rC!pare MDR tepor tf> {15 :2-1 ). n,t': Key rnaint~nance 



poreonnel involved a r@ known as the "ori9inatincJ point" and 

,;llf~ Mscreenill9 polnt" (15:2-), 2-2). 

The NSO wil l ~ork closely with these personnel when 

investigating and r eport tng combined MDR/ Dull 5..-0 ' de. The 

combined report9 differ in format, but contain th€ informa-

tion required by AFR lZ7- 4 ftnd other information requir~d by 

T.O. 0B- 350- S4 (19:85- 86: 15 : 2- 15 through ~- 25). Additional 

acdreftseeS are required by the combined report8 (l~:83). 

AFR 127- 4 require~ these reporte to ce tran~mitted 

within five duty days of the occurrence , unle., the reFarl 

i9 ~omblned with ~n MDR or wh~n the report invo l ves a 

nUciel'lr we-apan (:.0:90). I n the la tt.er t .....o situationa, the 

repcrt ing suspenses aL~ shorter, 72 ~our8 for n c ombined 

.,..capon (10:9.:1; 15:2-1). If the NSO cennot complete the 

investigat i on and tranomit the report. 't:y the r~q\!1red 

suspense hf'!/ahe must. 9u~r::d t a preliminary lerort and 

s;Jbtequent foll o·... - up rl'!!portB ( 1~:8:3 . ge). wnen pL·~parirlg 

report.s to meet t.lI es~ sUGpenl!les the NSO mus t consider; the 

time it .... ill. take to complete the f0110,.,ilo':l: hie/he:-

pan.ien of the I nveet.1C;at1o n; the "originating poi nt 'll" and 

thf!' "acreening point' 6 " portions of t'he i nvestigation and 

r~port: maintenance p~r~~nnel'e t~OUblcshooting cf t.hr 

3ireraft and its subcoroponents; preparation of the "", j tten 

report lincludi:"lg typinq and proofreading); coord ina-ti.;)1l 01 

the repo rt with local ('fficial!:; and cOltlplet!o:: of r e'~u~fit.ed 

-::hllnges. 
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Many Clp~rat ional lln .HIt require null Sloiord reports to he' 

coordinated by the senior off"ici",ls and their st!)e!& prior 

to tran8mjttal (4; 21; 24; 25) . Thio coordination process 

ca~ take up to three daye to complete due to the 

availolb:'-1! ty of the officiolls need1ng to cC)lxdinfttf' _"]nd the 

method uaed to distribute the coordlllat~.on copy of the 

report (4; 2l). OnC(- the report haa bee!) coordinated and 

reqoeb ;ed changen are made the melsage ie fin~lly 

transmitted to required addre~seee. 

The NSO'~ job is not over ~ith th~ transmittal of the 

report. He/d~e must monitor the status of the deficiency 

until the report is cloge~ by the 3ppropriare actior. agency. 

Fcr C'ornbined reP-o'rte, the NSO must cCl1tinu~ to work closely 

b~th have the correct statu3 of each report (15:2 - 34). When 

necessary, fOll ow-up reports and information must be 

provided to the action agency (1~:S5-S6: 15:2-34) . It is 

not uncommon fer a ~) HSO to have sf"vecal reports op"'ln at the 

same time. 

When the action 8~ency/acticn point (normally the Air 

Logistice Center respvneible for ~he syst~m or component 

d~8i9nated in T. O. ~0- ~S-115) reee ives th e report. thf'y must 

t "norouqhly analyz-:! it. to ensure ~hat:. tre :Jnit identifier! tl·.~ 

caulie of the defiC'iency and en!lcre Ule unit·s corrective 

action was appropriate. Thp.y then look at the pro~l em in a 

broaoer p~:'9~ctivt! to a;e~ if the prob!err. cOlltd t"ecur at the 

r'!porting unjt or at otner Slm:ilar unitlJ_ """en nt.'c(·!is .1ri-, 
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guidance vll1 be ,)["vvillecJ to prevent elm! 11)( occurrcnres or 

the systeo1 .... 111 be mod1fie..1 . 

Figure 4 sho'-s how il coml">i!'lcd MDR/Oull .5\Jord 1s 

processed through the actio~ point at an Air Loq1etlce 

ConteI' (l\.Lc) . Fi.rst. the "contact point" '-ill receive the 

report and aBut9n ~ Material Improvement Project (MIP) 

number, if applicable. The contact point ..... ill then forwe.r-d 

the reporc to th~ action point, who w11! then furnish 

disposition inDtructlon~ to the c~ntact point on the 

deficient ltem . In turu, the contact point will (crw.:lrd che 

dispoaition instructions t ·) the 8creenin~ point a~d /or t.h(' 

NSO Olt the unit that subntittt!d tht! report. In the meantime, 

the action point will begin to !nve8tiqa~e the deficiency, 

8ubmit!.ing unit. If necessary, the lIr.t ion }.>Vint will 

requeltt addltiona1 help in conducting the in..-est.ig;et.ion from 

1I ....arran~y I'ilanagt!r" or .a "support point." . Upo;,\ compietior. 

cf the lInalysis . closing ac~ion Is forwarded to the contact 

poi!lt \0/1'<0 th"!n providee t.he !in&1 relSponee /cIo9ing act.ion to 

th~ ~crcening point (15::-34, 3-1 through 3-4). 

The time it. t.ake!! to inveat.igate <:I Dull Sword and/or 

conduct a MIP .at the action point vAri,·s . Snme Cila be 

accompli~hed in a ma~te~ of days while others may take y~~rs 

t.o complete (23: 25: 26; 28; 29; 30; 3]). fll' exampl e of thp. 

.!.att~r Cllse invol .... r.8 th~ Nuclear Remote Int.eJ·f"cE' t:nit 

(NRIU). Sy~te:n enginee~$ h.lve kno..... n for several years that 

the cau(;f" of m'Jst l"Rl!J fid lurt:'s h3$ been i ts e )<.prJ~llr c t (') 



SCREENING POINT 
(SUBMITS REPORT/RECE;:IVES CLOSING ACTION) 
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\' '7 

' I '" 
~ 

ACTION POINT 
(CONDUCTS INVESTIGATlON) 

/P ~'" [) ~ 
SUPPORT POINT V.tARRANTY MANAGER 

Figure 4. Dull Sword Investigation Process 



tnfl1ght Yibratlor.~ (23; 25; 26; 21;:\; 2~; 3"~ 33). Thl! NRItl 

....a. nriqinally de.igned to be in use lIpproxlmately iivt-

percent of all "ircraft's total fli'3:tt hours with it being 

reooveo1 from. t .he aircraft .hnn it ....as not. beir. '_ used C27: 

38; 33). However, F-16 unite have b.~n leaving them 

in.talla~ on the 60ircraft fo= alll'lOet all flights clti u9 tOa'!. 

it i. impr-Bctlcal and time consuming to ramove i"'t ...he.r. it js 

not being used (23; 26; ~7; )9). Thu •• ~he ~RI~8 a~e belng 

exposed t.00 a significantly h19h~r amou._t. of infl!.ght 

vibrations t.han orlyinally cO:'l-::elved. even tllouC;h they ar(~ 

nlJ~ 'til!'! .'e; electronically u8~d for their i:itt nded purt:>aee. 

Solving the vibration p~oble~ ha~ not b~en eaey ard is still 

endure i. nighly dependent c>n ...~.ll!. is lo",dea on the :-' - 16 ana 

at ..-hat altitudes it is f:own (39). As t he F-16 pr~ra.m has 

Dlaturttd ••1wne r ous t.y~a of f:lunl tioi.a, f'le I tanks. and poJe 

have been add~e to toe list of it~~a th~t an i - 16 ce~ c~rry . 

EAch l.ter'! o!" combination ot items creates difter~nt 

vibL-atiolJ onv:..rollrnente that. must be cO:isidert:"! when 

rugged) L~'i" NRIU ha. been deYiy-ned. but it ia s till bf'in'3 

t~8t\;.J and moc:.lfied {i!3; 24; :!5j 26~ 29; ~0; 33}. Even onc~ 

tho:!' :le.... NRlli is fully d~ve!."'?e::! it "'ill ac.i11 t.!!ke t ~. me to 

t..e produce" and diotrib1,;t.ed to F-1 6 1,;ni·_s. This e:7. a~plc 

ehc\o/'s th·lt " DL'll Sward/l"'Ir' !nveatiqat.ion can t.1.ke :': F t.o 

eeveral y~-,\L- 8 to ' ....,rr.pl~~e _ 

)0 
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Dull Sword Controv@rai~o. There are several 

mi8concepr.ic.:18 that can adver8~ly affect. the intPont of :>t:ll 

Sword reporting that need to be con~idered. This section 

addre5e~e some of th~ rn~noge~tal impLications that ~ay be 

barriers to the Dull SWord reporting Byetem. 

One belie! 1a that unit.. avoid reporting Dull S\oIOrdy 

~ecaU8e they are basl~ally -bad news~ . Reporting a Dull 

~word is perceived as airing dirty laundry (4r 6; 2~: 12: 

24). ~8 atated earlier. Oull Sworda are reported tc crinq 

proh.\ems to the immediate at.lent-ion of agenci@:9 which can 

evalua~e them and correct them i~ n~ces.ary (10:SC). Dull 

Swc:ds ~ re also repelled to like units 80 that they ~an 

evaluate the possibility of a similar occurre~ce at their 

abl e to develop ccrrect.ive act.icna locally o r Tn"y be e.ble t.o 

get ~y without repor~in9 a Dull Sword. however doing BO 

would c!.rcu.'Ttv~nt the in'te:'lt of the kir Force tluc lear SU:'ttty 

Pre· rbl (Uh82i) . The act.ion agencie5 would T.ot be me.dc 

a ....ar: of the prt.blem and o::ould contll:;ue "nc- ne...,s flS bein9 

good news" (23; 2S; 26; 213; 31). Similar ur-ita would no" be 

look in3 for the 9ame deficiency to occur and may no~ ~e  

taking proper preventat.ive actie-ns (4; 6; 21; :!2; 24; 2l~:  

3 2: 34). Prnc '"Ibly the rr.C"ltlt. sedous cotl.i'equt!nce o~ failinq 

In r c!:-'Ort ,) d'!ficie:lc y ....ould be a IlUc.!..eiu acci~ent. or .'!, 

si.qnificant no..ic~ear In\~ldent. ~e unit that. rt":'d not repn r t 

t.he ::>ul l S'-'Ord pay :'lot have felt t.hat. t.he :Jefic i c !,t;V W:t ~ 

.. _" ......... '- . 

· - ----" 



po881~lc at their unit. that rlefi,·iency could cause a 

,p.riou. prohl~m 8offiewhere. 

u..lt~ ohould re." lize that. Dull SW.::>rds are not "bad 

ne..... s .. nor should cc:nm~nd report.inq channeole trel!.t t.hem QS 

luch . In fact. , reporting Dull $words 16 Vi't"Cl! to the 

Nuclea r Surety Progr~. Dull Swor ds a~e ·llml ~e~ U5e 

repcrt. ... 'l'hich have special Cli.po.lition inst.ruc,tionB t.o 

ensure t hat they can not be u3~d adve.sely 3gainat. the 

reporting unit. {:Z:8S; 27}. It is the limit~d use 

requirement that prevents ':.he aut.hor frorn j dentifyinq the 

unitl!J submitting Dull SWords cited i n this thcsie . 

Allothe:- misconcept.ion 1s that once a deficiency has 

been repcrt.ed several tim~A 1 ~ is no~ nece88~:y to report 

• 
believed that BOme units ma', no':. be reporting NRiU Dull 

~~rds for this reason. Uni ts may feel th~t is i~ a waste 

of ti~e and effort to continue rercrting 6uch failure s, 

There a r~ two main rea50~8 ~hy this philosophy should not b~ 

!":lllo....ed . 

The flr~t deals with the eheer number of deficienci~s  

reported. For the a~cion point to place th~ right ~mount ot 


emphasis on a deficiency thev p!.ust. kr.o..... the extent. to ....t.ich  

it is cccurring. This i~ accomplished ~rimar i ly through  

'!'. r enci analysis (23: 25 : 26; 27: 28: 33). For ex<!mplO!. if a  

deficiency has been Lepeatec51y occut:ring at units. but. or:ly  

1II few Dl~ .1.1 Swords being r c ..pvrt~d. the action point will not.  

kno .... the "true pi c ture" which may werrant the ~x.p~ns· cf :l  

)2 
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Mb.tcria! Irnproveml"nt Project , J·ike ell Air Forc.! ager.ciea. 

the action points are 11:11i te~ by '".!Inning i'lnd budget 

constraints an~ must be able to juotify ~heir efforts. 

Trend analysi. 3190 comes into play when th~ action points 

must just1f~ the high costB of Ueet...,ide tqlStem 

nodificationo (23: 28 ~ 30 j 33). For example, fot· the action 

point to juotify the high cost of developing and p~ocurin9 a 

new NRlU, they ha~ to demonstrate to higher heQdquarter~ the 

extent to wh ch the NRIU 'oIi\0 affectin~ the F- l6 fleet. , If 

only a fe'ol D~ll Swo~d6 had been report~d it could have been 

dlificult to warrar:t ~he projec!.' 6 high t:OBtS . 

The secon~ reason I,o.'hy this philvecphy 5hould !'lot bu 

foll-owed involves the c~:nplexity of r.lodern _eapor.. 5yatems . 

... - -----·r-.. ---.. -- -_._-_.. .... ~; ..:"" ~!.!' ('''r ~ft "llch l"S the ;:" - 16, proc;rilllUT.ir:S~ .. ... ·~ ~ -~ __ -
e rrore in the! soft'olare can cause ha!'c. .....are such as t 'he NRIU 

te fail (23; 26; 30; 33), Tho! h~rd_are failure ma1' have the 

aame SRU or ~ubcomponent ~o bad wher.ever 6oft~are errors 

'.)ccur, ho....ever it may be a different eoft...."re error t.hat. 

caused the failure ei!lch ti:ne, Systems engineers need t.o 

kno.........here a.nd ..hen the failures Occurred 80 tt-.at th~y c an  

correct the software, It is almos~ i~poB9ible f~r the 

en9ine~ra to plan all of the 8cenarios that can go on inside 

and outaide of th~ aircraft ....hich may lead :'0 progrJ\rnlTling 

~rrors or procedures be i n9 lef~ out cf ~he progr~, " One 

should all!O realize t.hai:. a computpr ?l ,Jgram partiall y 

conoi"~11 0'1.': ccmbit,ation~ of "I" <:lnci "((i" and ail it taxe6 i3 

Clle u! thl:m to be! in the .... rong plO)ce or on!! CJf them t . O be 

33 



left ot.:t. ~o cauoP. a fa1!.ure" (3)), Hc.."1.....ever . it rllay take a 

certain ecenario to occur fer that ~rror ~o cat.:se a hardware 

fallure. Such errors are still being fOIJnd in the F- !6 A/e 

aircraft. which have been in the active inventory since the 

late 197Q'o (33). Therefore, it io im~rtant for uni~s to 

continue to report Dull Swords on these co~ponenta. 

~mp~ter Produets 

Compu~er products were obtainen from t~O sources: the 

F-16 Cen~r.,l DAta SY8terr. (COS). also re!erred to ;)6 TtCARRS 

(1'ac:tical Int.f:rim CA.MS and R2!·lIlS Reporting Syst.em). and the I 
Direc~:Jrate of NucJ e::l:- ~uret.y' ~ (['lNS) ;..! D dat.a file. '!'hi s Isection explains t.hese e.ou:.-c~ , <:2nd t.rH ,.,!-'Orte retrievec 

frOm them.  

c ..... __  .... .... -........... ~ .... ~ ~~ -, --....~ ~ ~ - ~ ~. . ... l .. --... · --- -- _...... -,.----- ----
cC\llection By.tEm cevelo}Jf!:d for use ...ith the F-lt: ·....'e<'lpon 

5ystem. ~hich i~cJuces engineering. configuraticn. a~ct 

logist.ica data. It provid~15 cp- +:.o- d;: t.e ana aC r 'Ul'3.t.e t-'-1 .. 

rehted data to pereonn~l who re",!ulre it. to 8unp<: ct th o;, 

weapon syst.em or j to provide a <.:elltral scurce where data 

from operational bases is conooli:lated and mad~ ",,,ailable to 

Air Force mits and agencies. !tl!l main objective: is to 

provide information to t.he System ~rog[ ,lru Cffice and AFLC to 

help manage t!',e F- 16 c:.irc!"llft. lwionics lnterDeci .. tf: Shops 

(hlS) tes~ aets, and f'elect.ed E!upport. equ!prr.ent. Additio!-l1  

object.i'lt~8 are to r(!d:Jce 0:- simplify t hf'! pa :~e n.·ock for  

muir,tenance ?crsonneJ at nIL lev~ ,ts and t.o in~rei)se  

J4 
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troub1eehooting/lMintenar.ce action effic.lenc:! ):y readi 1y 

?roviding re1.~tp.:d Inaintenance h13toric~al d ~ 0; 17:2-1, 

2- 2: 29) . 

Dala a~~ collected primarily hy tHe use of on-lir.e 

t~~lnala located at maintenance activitl~8, .hich rep1ac~ 

t~e majority of t~e ~nuolly completed paper fonne ane the 

sUhsequent keypunching of ~he data on tho£e fc~o. ~r~nte rs 

provide hard- copy outp~ts of any ~eque~ted data or 

information_ ~t!l are entered. lot" che oyatem by 

"cillling- up" a !!!creen and keying in the roi!qui:ed 

inform~tion. When the user ccmpletes the screen, all 

info~~tlcn i& validat~d by the computer to prevent obvious 

errora . \oor'he11 er:-O!"8 l\re found. an error meflsaye J.5 

correction!!! 07: 2- 1, 2-2) . 

At the operating bl!aea, tennincals a rc in~t.alled in t},(> 

pilot debrief and aircralt ma1n~enance ~upport are~8 ~ithir. 

th~ ~i:cratt maintenance ~nitD (AMU). As £l:gntft depart. 

the debriefer enters the basic flig~t profile into th~ 

system. When tnp pi!ot retcrna from the missicn. the !light 

profile is recalled frem th~ system and debriefinq 

information is ~nt~red into the profile. Su~h debriefing 

infor:natioOl wO\.ll~ inc I ude c:.ircrah. problems/di screpancil!s 

tl,a t oc~urr(· d during the n;iseion. For each di 5crepancy 

reportt:d on f.h~ profile, Ii facsimile ;"'[.,.0 £oL'm 349 

(:naintel"'anct! "'or~ order' i!l prin-::ed to di:!:iPoltc:h maintena~lc~ 

p'-r!.lol~neJ. Thi~ U&c of aut.omCltior, is i~tC'nded t. .:"! s i tr:pl i fy 

.·11,· 
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t.he ....or>-loftd of the t!ebrh.fer 90 thnt ha/ahe h88 time to 

enter znore Cr.ccurate descriptions of diacre(Y.IIl1ciea into the 

.yste.m., Upc.n completion of the Dla intenance actions. 

iNlintenence personnel call-up thl"!: part1~lly cOTC?leted AFTO 

349 by job control number end ent~. the corr~ctiv~ actions 

in the appr opriate ' blocks on the 3cceen. After all 

c:)rr-ect.ive actions for the 8pecified jOb contre! number havf! 

been completed and enterec into the !yatem. the AfTO 349 is 

con5idered ~cmplete pending supervisory epproval. k~U 

eupervisct's can querJ'/rev~ew the status of each A.,';','Q 349 at 

any time duri!"l9 a shift and may add info~atlon to them. jf 

nece~8ary. ~e status of eaen AFTO 349 can alao be 

monitored by personnel 1n t.he maintenance con~rol cen~er Vl& 

through 2-3; 20). 

The cns alae collects all i!"lformation on mainten.ance 

perf~rmed at the AIS t~tit etatione in a olightly differen~ 

manner. 

r4cn maint..nance action ie recorced by calling-up thp. 
appro~riate conversation and enterl:'1g the data , Some 
conversations are u!ed to log Ulai\ltenanc~ agai t Jt t.hOl! 
aircraft Iln~ replacemer.t units (LRU) ~y Beri~l number, 
part number, or work ur-it code. other conversations are 
used to log maintenAnce aga!nst the test Bt3tion LRUs 
aloo by eeriai number, part nurn) ~r. or work un ~ t c·~e. 
The reco~dlng of maint.enance aCl ons In t~e8e 
Con...er8i.: ~ion8 reqUires t.echniciarla t.o enter Ill' 
req~ired data on the appropriate 8, reen . Thfl ~ata le 
con8idered cl)mplete pending supervisory .lpp:roval 
(17,2- 3 ). 

A nlaj-::lt" .It rengt.h of COS ia that 1t tracks ee.ch a i l'craft. 

dis":repar.cy from the time it iG entered into thE: :3yste::1 by 

I'; 
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the debrlefer to the time the faulty LRU j& rp-paired by ~he 

AlS. For example, if (m NRlli iQil~d in flight., the pilot 

would deecribe what occurred Glnd the debriefer 'Would enter 

the discrepancy into the system. Next , 8!l1laluent epet:ialht.e 

would be dlspi .:.ched to troubleshoot t~e aircr&ft. via the 

computer print.ed AFTO 349. The ep~clallBt8 ~~uld diagnosc 

the problem using the aircraft's built-in- teste. Normally. 

~ maintenance fault listing (HFL) indicating that the NHIU 

was at fault would appea= on the aircraft'. m'oJltifunction 

display, They would then enter a descriFtion of their 

fi n~in9s and :he MfL t het occurred into CDS and would ~lso 

indica t e th~ worl<. unit c ode . the sel'ial nU!nbcr of the 

suspect .~IU, ancl he aircraft fro~ which tne NRI was 

to be teete~ on the Dash 500 arm4m~nt !est Bct. The 

finding~ of the teet, wh~the~ the NRIU passed or fail ed • 

....o uld then !>e entered int.o CDS. Next the NRIU would be 6ent 

to the A!S for ~re indepth t29tin9' After testing the 

unit. the AIS technicians would en~er th~ t~st results into 

CDS indica'ting t)H'~ tes ' that wa::J made, the &step of the t.e a t. 

that the NRII..! '~lled, and t . ~ nun !rical dleplay values o f 

t,he fault indicated by th e test set. The AtS ....ou.ld also 

ent~r a uescri?t i n ~f the repair8 ~ade, and when possible. 

,",ould enter the wo ,.. unit code of any eubcoC\pollents 0:-

z;el'vice replaC'erllen t uni~8 (SRUs) that ...e~t> repl<!jce~. As 

t.r ..uble5hooti~g is ;,·:cQmpiishE'd. Poach (i":chnic i ~ n: e.hop ha6 

acce!l~ Lo .'!oll (It tllC 1 't>"' i=>llS t.l'ouble9hootinq i " fol'Yna tion nil 
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the failure Vla cos. Thin expedites the flow and increases 

the accuracy 0' necessary Info~ation throughout the 

maintenance process, ~hich alloW8 for more effici~nt use of 

resource. (1; 26; 25; 26). 

CDS can output data in .everal fo~at8. It can give 

C:ata on limulated Ai't' Force fol'lfte Buch as the M'TO 349. It. 

gives detailed dat~ listings from the c~ntral computer files 

that help 8upport on90ing maintenance and supply "-anagem~nt. 

cct.ivities. These for.nata ir.clude failur~ history reports 

!n chronOlogical v rder for specific job r.ont.rol numbers 

a!rcraf·t. or ....ork unit code3. COS can alao give dat.a 

outputs in tabular or graphic forme. Additivr.al output 

capabilities are made available t.o units enrolled in th~ CD5 
.I_~ ~~~_~ _____ ~_ 
"'-'" - -''-~''' %""--':1--" , 

own out-put reports. To obtain a CDS out.p1.:t. the user si.mpl y 

specifiea the subject of interest., a time apan. anc a:w 

other relevant conditiona (i.e. work unit code~ o r part 

n~nber8 ) into a specifie~ co~puter progrrur. (1; 17:2- 4: 2~). 

Unity can also access historicdl information (oncerninG all 

units ny Guerying ~he CDS Central data file. 

CDS does have soale drawbacks . The major complaint. a3 

...·ith all autumat.ed Ioyste.tns. is that the system will o.nly 

output infoTm-'lt.l.on that is 1'\8 aCC~!I" .. tt! as th", informaticn 

t'nat. is put. into the sY8tem ~J.; 2: 20; 23; 26; 3l). Foc 

e.litmple. if the debrie£er enters a shallo~ descrir'tion of 

l . ~ problen i~t.o the oy~tem. t.he armament t~chnic ians may 

;.ave to contact the pilot tc 3C f; ...·~at wen'. .... rong i! ~ flight 

http:infoTm-'lt.l.on
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or 4CCOInplish ~xtr" tests to try to lind the roult. It 

!lIubaequent information that in entered inte CDS durinq 

tI"ou1::-leahooti:'l9 is aleo shalJ.o\J. the \oIhol~ maintenance 

procesa can be hinder~d by tlle lack of accurate infc:rma tion 

being given to technicians. Additionally, \Jhcn Fersonn~l at 

the systems program offie~ or the air loqiatic center. 

:'evie..., COS outputs to detet1r..ine ....·hether or not problems are 

occurring at operational units , they ~ill have little 

in.formation to base d~ciDio[!:s upon. For example. if the 

deser1ption of the fault simpl!:, st.ates the NRI U failt:d 

infliqht. the syytema e:1.gineers ....oulrl neerl' additional 

ir,formation to baee de-chicns. What "'a8 the pilot doing at 

the time of the failure? Did any other failure5 occur ~t 

test eet? What "'~re th~ specific test results at AIS? ~~at 

repairs ~ere made (I; 23: 26; 27; 29: 3B: 33)1 As on~ can 

8p.e, th~ system is ca?able of storing this i~portant 

information. but it mU9~ be entered by the 0perat10r.ai 

unito. 

A Decond drawback. of using CDS is that i~ is 9r~dua!ly 

neinq phased out of use and being replac@d by C~~S (Cere 

Automated Hainte!la!1.ce System) and RE!'1U5 (Reliahility and 

Milintainabi!.ity Infonnation SylSt~m) (l; 19; 20). CAMS is 

inst.ituted ilt unito in t.he s ame: ma.nneL· as CDS, but it is 

consiclered to b t" :asicl' to ope:-ate. The input/output 

_L. __ • _ 

O"~r .. 

A linll.titolion of CAMS i3 that l"oist.o ric;,.l inrcrm~tion ':'s only 
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available for the lmi t reGueAt.ing infornation because CA~S 

.... ill nol be tic'J into ~ c"n~ T I: datt\ base such "8 tile CO<;: 

until REMUS is instjtctec! ilt Lhe early 19908 (l: i9: 21'). 

DNS AID Da' ~ Fil •. Th@ AID data file is maintain~d in 

a moinframe computer .ell.. :jN3 . Historical infoI'1'r.at.ion is 

storeo on a~l AID reF >rt.s dating bac~ over the past 20 

y@ars. ~,@ file traC~8 the curr~n status of each report 

trom the time a deficiency is ::-eported to the t.!me the final 

cl.osing actions a::e ma.de . The system has ove r 40 screens of 

infot"!n03tion aVbilablc ant'! is capable c f sortinQ reports by 

nUll'l~ :,oU8 nethodB ~uch as : by ur.it: by cont. rol numb~r; br 

type of deficiency; by ~ime of year · by ....ork uni t code; a~d 

by )(ey information or 'W'Ords tha':. ma ·f "'ppear in narra t ive!!. 

Th~ Ay.tfl'm is also capahle o f ~andlinq cla~sified 

informat.lon. Outputs of the syst.em are available to an y .t..ir 

rorce units or agencies that have a valid n~ed for the 

iniorma:'ion, t · _ the protective provisions of "limited us e 

information" in accordance ....it.h A.~R 127-4 must alwayu be 

adhered to (27). 

• 
I•  

I  
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III. ~lethodol0.s1 

Overview 

Thie chapter describes the methodology used t.G anewer 

the reeearch otjectivee 8~ated 1n Chap~er 1 . The 

methodology lists the re8earch instruments used, the manner 

i~ which these i~8truments ,..ere used, along with a 

j~8tification for applying theae ~n8tru~ent8 in this study. 

Due to the natere of the subject and the limited 

5cu!'"ces of infor:nation availa,ble. this studt dld not l~nd 

itsei! to eta,tistical ~naly5ie. As a re~ult, interviews, 

lit.E"rature reviews, ar:.d aval1abl~ computer pcoducts ....I!:'e 

\.leed to develo? li nd SUPP01"t ':"te findingiS. 

Real!arch Instrument.s 

The primary l"esearch instrumenta used to gather 

aualya1s 1nforn;ation consi$t.ed of: (1) inten.· j e....~ of 

experts involved 1n each aspect of Dull Sword reponing; (2) 

a literature r~view of applicab)"e regulationH, r: ,anuAls, and 

te=hnical orderiS; ~nd (3) d revie.... of cOl!lputer report.s frorn 

th~ F-l6 C-ntral Data System (CDS) and the Directo~ate of 

Nu':lellr Surety's (DNS) Nuclear Accident/Incidcnt./Oeficient:y 

(AID) Data File. 

IntervieW's. Unstructured personal and tl!lephone 

in~crvie""8 W'~rp. ueco to "lat.h~r information. Exp~t:t s ir. cae!"! 

area of the Dull s\'crd reporting 9)·st.em. n .e F-16 Aircl.·<)ft, 

3nd/or available compute:- pro1ucr.:c; ...·ere illten· i~""ed. The 

http:9)�st.em
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personll contacted ir.cluded the follo,",ing: perst")nnel 

involved in inve8tigali~g, repc:'t1nq. end/vc analy:r.inq Dull 

S-Words ~t tho Dire';:'on.te of Nl.:clear SUCPlY (Ofl!S) • no tJSAFr:, 

HO TAC, HO PACAF. HO "'-1..1':'. ar.d HO ASO: F- 16 syatp.ma 

enginf"cra at OtIS, ASO, and .:et'et'al Dynamics; and computer 

bnalyate at ONS and ~SO. 

The uac of Unat.:-uc\ ure,l intervit.-.... a pl'(!sl!nted acme 

advantage, which ",ere b~neficial to this study . The ~ain 

strength was that "They can te u.ed to explore ~reas where 

que8~ions are difficult to cnnctruct and to probe those 

intervie...ed using funneling t,ecnni'1u6a " (32:289, 290). Borg 

and Gall stated that one o f the main advan~ages Gf p~r50nne: 

Interv!e""'6, in lieu of questionr.l!Iires, is that ir.t.I!f"Vlt:!'-"'a 

c8ually permit much greater depth than other metho6e of 

collecting re~ear::h d.:!ta since the int.~rvi(!wer can alter the 

questior:iug during the intervie.... lI.ccordinc; to the reapc:lse!J 

given by a ~ubject o n,ey el~o believe that respondents are 

more likely ~o civulge rore infc~ati'n during an interview 

rather than on a que"t.1.onnaire (::!:211 - 212) . 

In Wali::er '~ book , ResearC"'h Me!.hcd6 ~nd A..'1i'llyeis, Eltiory 

stat.ed that t.hrt."e broad ccnditit")n'l IilU!t be met to have a 

hucceeeft.:l person.,l ir.terview: "Tney are: Cl) availability 

of the nceded info~ation from the ~espond@r.t: (2) an 

undt:rstz,n-:1ing by t.he responde:lt of his/iler role; and (J: 

.J.deql.lat'! tT:ot.ivo'\:.ioli by the responden t to coopeC"3te" 

(3~:161)o Emory Cld~,~d th~t d'!v~lol-·ing a good rllppcrt ..... itn 
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th,. r e.pond~nt. t.efo['~ the interview, woulC'l ~ut(!ht in 

eo~~bliyhing th~ge con~ ltlonR (~2:162). 

Fa!lu :- e tv m~intaln Emory's thrpp. c.:onditiono presel1ts 

!lom"! dislldvantll.qea to personal interview.. Borg a;;d C"ll 

!lellev"!d thAt tc.he int.e= !reonal situntion mlly lead to 

aubjectlvlt.y and blas (2:213). Dnc.ry atAted: 

"That there are many unknoWl' ~ rea'SontJ f01" Dlll15 dur!,,"j 
intetvie.... a that. are subjecr. to a J 1".~,",~ ~umbcr of 
&tudieE. HO",~·.. t:L. many of the flndlng3 of thecc 
studies a ~e at odds with exact dime~&ion~ of b!~8 and 
the ccnditions under ...hich it occurs. ri. Ug'ht. of tl-is 
confusion. the safest course for reaearcher3 .1.& to 
rt!.::uqn .l :te th..... t there is a constant potential icr 
response error (32:16;) . 

Literat.ure ~e",ie"'. A tho::ough !iterat.ure '["evi ~"" ....CSIl 

accomplished on nuclea:- :; u::et.y program re-q uir-emente. Dull 

S~orc R~pcr~ing, and o~int.~nance dat.3 coll~ction. 

--,........ 
revieved to gain a vo:Xing \nowledge of the subject ~nd 

aS50~iated probl~e . Contractor manuals for the F-]6 

Avicnicl! Syst.em whi.:h includes the ~IUX Al".AC. and on the F-16 

Cent. ral Data System (~DS) ....e =e al~o reviewed . Due to the 

nc.ture of this subject and the lade of p re ...-ioull r e'Jellrch em 

it.. no applicable information vao fcund t.hrougl. the De!"ensc 

Technical Infornation Cent.er (OTIC) and DIALOG li tera t\lre 

searcheR. 

C'oln,£ Iter Product.s _ Three -:omputer reportll ""ere 

compared and analy:ted. These reports were: The "!"1aintt!n-

a:lce I-iistory Repcrt." frorr. t..he 1' - 16 cr.s and the "'Onp.l in~r" 

and "nacksrnund" Tepon.s fran! the D~5 AJ!) data file. 



RA.fI&rc:h Ketllodoloqy 

':'hie lIee ton proviti~s the meth?dc.logy uned ·.c analyze 

the three reaearch object:v~s posed in Ch~pt~r Or.e. 

vojec:tive~. ~Develop a more specific defi~ition o! 

Dull Swcrde for the F-16 ana/or provide better reporti~9 

gu!dance. M TO reaearch this objective, failure data were 

a~tained uaing personal inte rviews ar.d co~puter products ~n 

the m~jor F-16 C/ D ~UX AMAC com;:oneuts. These =omvonen·.s 

inc:luJed the followin9: 

1. 	 MV.l.nced CCI!ntral lnterf,,~!:. Un':t (;..elt!) 

2. 	 Enhltnced Fire Control Computer (EFCC) 

3. 	 Nuclear Re:nott: Interface unit. (NRlU) 

4. 	 ..:;..t.tisoniReleaec Remote :ntedace U;"lit (J/R 

FlU) 
• 

!'!.ultliuncticr. Diaplay Sf' ~ \HFD~} 

6. 	 Proc; :'"lI.lOo Displl'!.Y Ge!lcr8to.. (PDG ) 

7. 	 Nuch~a1.· Consent S.... itch (Par"l) 

8. 	 Kaat.er Ann en6 Relee.!'Ie Relay Ma,trix Assernr.ly 

9. M.atrix A~·" . .)... "J fer Station J  

1£. riatrix ,l\~8err.bty for St... ti c:"! 4  

1.: • Mat"rix Assembly tor ~tat.iGn 5  

12. MD1:rLlt Aa~~rnbly f o !" S~at .iol~ E 

13 . h."ltrix J\ssembly for Stat.ion 7 1 
IS ...·i.ring t",dr!1e!!!.3~s t.hat connect theae com?Onent6  

·...~re nut t't:n!lide-red ill thi3 stud),.  

I 
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Aa 1I ;,inlrnum. the SMS i'tpen.8 were ~"Ked th'! follo..... inq 

quest.ien" about e~ch component '_0 help determine when (i 'l ll 

SWord" &hould be repo. t f 1 on fa~lurp.~: 

(Il 	 Would th~ fei!~re or this componen t af~ect nucLear 

3afety! 

(2) 	 In what situatlC'n9 .....ou ld its failure a~fect 

nuclear lJurety7 

!al Wou ld failur eo affect nuclea~ safety only 

·..hen tht" nuch-at' rnc.de is be ing used or 

tested7 

( ~) Would fa ilures occurring during othe~ modes 

(i.e., a ir - to-a~r) aftect nuclear aa :ety? 

(3) 	 w~at s}~ptom5 vould 1 ndi c a te tha! thi6 componer.t 

failed (i .e ......ouJd a maintenance f~ult listing 

( MFLl ()cci.!r)? 

(~) Are the z p. 6 ~bcompone nt5 cr Shop R~pi~cement Lnits 

(SRUl t.hat are uni q ue to the nL'clear :rodei If so, 

can t.h e ae compo~ent9 be Idenr.ified uy ~ork uni~ 

codes (WUC)7 

The opinione o f each expert ....ere tocn cot..piled to 

e:stablien \oIhe:l Dull Swot"~s ehould be reportcd o n €3ch 

componen':,. The op:njo~D .....ere thrr. verifi ec! wl:h ·.h"!! nuclea.r 

We3por,'S e.y6tf'..nS analysis englr~ ee r at. OtiS. In the e vent of 

conflic':inq p.XlJl'! r t 0pi n .\o'~5 , the D~S en<,!ineer'e oFininnu 

were ua~d be:::::a~ge of !-lis p'xp~,.ti~p. in tJo th the MV1. A~.i>.C 

syat.em and USAF N\Jc!e~r Sureti' p<:'I l icy. Wnere pos50ibl~.  

J.ct,u.ll vult ~""'JC"d reF ~t. S pl:ovi de ,j b}' UN!-> \oIp.n'! U!'H- t,! to  
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v6..lidate these opinions. '11lie i;1tonnati on waR then used to 

de:lve better ~uidance on r~portir.g Dull Swords. 

Objective '[\.10. "::)etennin€: if a Iepre senta~ive :lurnber 

or Dull Swords are beinq reported by F-16 units." To 

Gccomplieh ~hls portion of the study. the guidance/revised 

definition developed in object.lve one vas used in 

conjunction with computer prorluc~s. The actual Dull Sword 

report.s for ~ h~ p~riod of 1 ,Ja nuary 19BA to 38 June 1988 

~ere compared t~ the COS maintenanc~ histor~ reports on each 

component for th~ same period. This method was ~eed to 

det~rmine loIhether more failures loIere occ'.lrring at un! t.6 than 

..ere being !"'epo["t.ed. 

Objcc!ivc ';"nree. "Determine loIhet.her there is 6.. be" ter 

methoc of report.ing Dull Swords or a method available to 

Lonprove the current. repo!"'ting system." ACC Otl.lpl1dhing this 

p:>rtion cf the research involved using interv1e.... e;. and ~he:"l 

analyzlr>9 t.he CDS computet" product.s. SHS e:lgint=fo:fS were 

quest.1o~ed on _ha~ t ype s of In!o~at.ion were needed LQ  

analyze a component I s failu:-e. Numeroul!I COS prod'Jct !l weroi:!  

then ~naly%ed to consider 1£ this L,fonnation "&5 already 

available end to see ~h8t. changeo might be neceosary to 

incl.ude t.hO! needed ~nto";"mat1on, 

4(, 
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IV. Finding. and Oiecu.eion 

Genera! 

This ch~?ter consiat. of three oection8. Each aection 

d.i.sC1.:SSeA the findings corresponding to coch of t.he three 

research objectivea. 

Resea rch ~bjective One 

The first. ohjective of this research ....as to -r]evelop a 

more specific definition cf ~~ll Swords and/oI provide 

better re?Orting guida~ce-. Ideally. cost Nuclear surety 

Officers (NSve) ~ould pr~fer to have an all-inc lusive list. 

of ite~6 1 situations that requit~ ~Jll Sword report i ng and 

f!liwillat.e the subject.ivity of th(lir detenninar.ioOf. ,1\; 6; 

21; :!2; 23: 24; 25; 2it; 28; 3e: 33: ~4). Ho....ever. this 

r:hat. creatin~ Dud. Q 

all -i i~clueive list for f-1E Dull s.....ot"~ repot"tin'3 ....~s n " 

poosible. This ....as because ot t he virt.ually endl~s9 

hardware / soft.·....are comhinilti::ns and use cf in!.e-;rat.ed 

circuitry in t.he f-16's rr.ult .plex a : ·craft. mer-it.oring and 

cont r ol sY::It.em iHUX A."tAC) (3; 5; 23; 25; ~6; 29: 3'1': 33) . 

Therefore. t.his research focused on developing bette= 

gu idance ~hdt could be usee in m~king Oujl ~ord reporting 

Th~ remaining portion of ~his section ~ddr~s~es t.he 

process u~ed in c!eve-lopin~ rl'!po:-t.ing 9uidilnce . First. 

ger.~rlll Cjuidanc'.?: is ~ddre~&p.d ilnd thc?n It ·re specific-: 

guiduncc on the F-lt's r-:UX A..."'1.J\C compc.'n,,:p~5 15 addresserj. 
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General Guidance. 'i'he mos~ .1.oqical approach ....ao to 

determine under vhat con:H tions a Dull S....ord should al\o,'aye 

be report~d. This research first looked at re~rtlng MUX 

AM}.C failures at the systems level and ther. at the line 

replacement ur.i t (Lim) and al-..:>p replaceJJIent u:11 t (SRU) 

levels. 

At the 8ySt~~ level. most exp~rts a9re~d that Dull 

Swo~da ahould always be reported whenever the MUX AMAC or 

ita subcomponents fail while the aircraft is in the nuclear 

rrode (3; 5; 23; 26; 29; 30; 33). \rIbil'"! there were some 

e~ception&, which will be discussec !ater. toe current 

policy i3 that D'..111 S";t)rds miJet be reported on certai n 

6ituations until further guidance 1s given by the 

situations lr.clude the folJ~~in9: failUres occurring whi le 

the nuclear sYllitem is being te:!ted b y maint4!r.ancp. pe~90nnel: 

failures oc., ur :dng whit'! the aircraft. L~ being used fo~ 

nuclear t.raining miaftiona: l:llnd failures occurrLlg on 

aircr:aft loaded .... i t21 nuclear ....eapona . 

While the limited testing and operation of nuclear 

c3pable com~nent8 makeo defici~~cy reporting douuly 

L"nporeant. severa! f!xpert~ e~pre~3~d conce::n t hat failures 

th~ ~ c:oold not be dUpl icated (CND) may not. b~ gett.incj 

r~ported. These failures ar~ jus t as important a s those 

~hat car. be ieolate~ by F- 16 uni t. s and mu.st t.herefo~~ be 

reported (3; 23; 2&: 29; 30; 33}. 



It ie etltimated that thp. Air Force average for f!yir.g 

F-l~e ir. the nuclear mode io only five percent of the fleet-

...·~d" flying hours (23; 27; 3"; 33). Since the nuclear 

Byetem i8 getting such limited U8e. it ia important to 

repo~t all failures that occur during this mode. :n these 

aituations the 8}' .tem engineers can be certain that th~ 

F-l6'e ·hardwaJe and Boftwwre are being used in the nuclear 

mode. To a:r.ompliah their investigations, engineers must 

kno~ ~hat the hard~ere and Boftw~re we~e doing at the tim~ 

of the failure, 8ince l5oft.....are problema can cau se nardwar.: 

hllu res. Ln many cases the eoftware tnat caused hard"'·are-

fe!lures would not have b~en used in the nuclear mo~e. 

Thus, nuclear s3.fety would not have been affec!.ed had there 

As mentione~ previously, I!. i8 diffl~u~t to ~88e88 

failures oc~urring d~ring ncn-nuclear t:'IOdes ae being Dc.! 1 

SWO:"<:t ·l. railures that occur dur inc; ot.'her modes th"t could 

l!l.fft.cl nuclear aafet.y flho;JlJ ·Of! reported, but t.'hey reql:ire 

expertiee lind judgement at ! '-16 unitt' (33). If unite _ere 

to report a~l M~~ AMAC f~il~reo as ~ll Swords, t he 

reporting system would become overburdened with 

inveetiqations and reports th~t do not affect nuclear safety 

(4; 21: 22; 23; 24: 25; 26; 2;; 28: 7.9; 30; 33). Tne cos 

an~lys1B. ~h1cn will be discussed l ater, identified 1)~6 MUX 

k"tl\C compo-.lent failurep that oc=urreo during tht! fir!"t ~dx 

l;'I(Jnthl5 of ! '!1~e. 
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M the LP.!.: leve':. , f. 1:\ ; l!\r reporting logic is used. 

Dl.l:l ~"':()l~;:,l :r:u iot. be rf!:porte1 t:"U ~": Cf!lponent. failure ......he;lever 

t:he a1~'cr;dt 10 !01 th~ nuclear mode en). ThE" decision 

prcce•• C&l. be o .',:npl':' f;.~~ slightly since t .....o o! the MUX Al'lAC 

LR~. ill"e \lr.i~.ue to t.he- ~\,l..:lear mcde. t ·..l th 'the NRIU and the 

;;UC!.U... CCD5e:nt pdnel/ .... itch Il.re dedicated to perfonning 

nuclea~ mi~~~Qns, It.e~~:ore Dull S...orda must be ~eportec 

~~~h ti~e these items fail (33). 

)"':' the SFll1 leve-i , it ....as hoped that there were ce rtai n 

! .RU .ubCOmf:C;1e:nta t.hat \Je re dedicated or vita! t.o th~ 

"uel~ar mode~ 'nile woulcJ s:i.mpl1!y t.hll! decision pro.:eBB by 

identtfylng t h ese SRDw 80 t.hat. D~ll Swcrd~ could be 

reported. Fer cx~mple, if a cert.ain circ~ it c ard of an LRU 

~. -. . . . - ' ~--.,- ..... ,.'- .._- .'-~1_5 u cc.<.: a \;.eu .l..UJ. l.I-,e ... :1 ............. ..:, .. ............. ~..... .. 
'"..ith a ci rcu it ca:-d in the £-16 A/B central bterf1l.ce ur-it, 

a Dull Swcrd ~ould bp ~eport.ed e~ch tl~e t.hat circuit. ca r d 

failed. Unfor~unately, no s~rn SR~ .....as found t.o e ~i st in 

the f - 16 Ci D. 

~lfA ~_~C Components. This ae ' t.ion analy~ee p.ach of the 

!iIJX 1.l>tAC COr!lpcn..!ntB icentifi:ld ill chapt::tr one to det~rn:ine 

better guidance or. ~~en to repo:t Vull Sword s on t ailures . 

Advanc8c central i:"l ~ erfDc:e unit (ACIU) expe:-ts llgreed 

t~tlt Cull Swo r ds sho~ l~ ohll1ya he report.ed ""hen t.he uni t 

faile in thct rlucle:ar modr.o and that. it. Wa$ diffic ult 1,;'., 

~atabl.ish a bl c:.r.\tet pcl1cy ppec:i f.y inq \IIhen to rt::~rt. Du ll 

Gwcrda on fallures t.~o!.t cct;'l1r I.n oth02r mode", (29; 30; 1),. 

Th(" eXl:~["t ..· die ""grf'E: on t 'JO situation::! t.::,lt a I.'ulj S·...-:rd 
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should he report.ed . The fir»': situalion ",ould occur wher. 

the ACIU q6nerates random fire comrn8nd5. bec~u9~ such a 

rai re could ~aU8e an armed weapon tv b~ relea9~d 

!:l.odverte.,t.Jy. The second situation 'Would occur if the ACIU 

faihd totally. Such a failur~ would normally indic!lte \!. 

hard~re prcblem with ~he ACIU that. wae ,ot caused by 

bott..,are. 

The enhanced fice control comput.er (EFCC) "'as a 8QUrCe 

of controversy amon9 th~ e~pert.. Two experts felt that 

EFCC failurea ohould not te reForted during any rnc:e because 

there are 80 many =hecka and crose-checks buil~ into th@ 

soft....are that it ,",QuId be ir.pcss.lble f· r AI" free fail ure to 

affect nuclear .afet~ (2~! 29). 

begins 80 late ir. a nuc le<!.r missj on, safety is no longer a 

factor. ~~S i. be~aus~ th~ EFCC calculates the weapon 

trajectory fer a giv~n ~elivery profile (i.e. pop- up Ot div~ 

~OS8). In the aut~~atic release ~~de the pilo~ con:entrates 

his effort.s on flying t!"!e alrcr~~ft ~cco:-ding to the :!elivery 

eolution giv~n to him by t~e EFCC. When the aircraft 

reache' t~e optim~ poi!\t of the aolutj,on. the EfCC q1 ....~" 

tn~ release e19..~l and tne weupon is rel"ased automutically. 

In the mar.u~l r eletu; e mode t:)~ £F(",C has '".he ."'m~ functioa 

exC'ept t.hdlt thO! pilot gives the relea~e "igr.~l when th-e £FtC 

t~118 hi:n via the :nult.ifunc tic.:"I and /o :- he'3.dll-u~ ~illplay '!;.hc..t: 

the ~irc: ,Jft has reached th~ optimum releaSE: p(]inl (JD). 

. ,"  
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The rec~ended polJcy tor reporting null Swords on the 

n..:c Ae t!irecto<1 by the r:irectorate of Nuc.!.ear Suroty (DNS) 

i8 to report all fl:lllul·eB tho.t. occur during the nuclf:Ol' mode 

and Any otroer ~1tuatlon8 where the ~X?ert8 ~t F- l 6 unit~ 

believe that nucl~ar .ofe~y i. affec~erl. The r~tiona le for 

this 1e that -no ~tter how infallible a compute= program i8 

believed to ~e, pr09ra.auning errcra can atill be made" (33) . 

The nuclear remote interface unit (NRIU) W.l8 alao a 

eource o{ controveroy. All experts &gree1 that. NRIU 

fAilure" =neet the requirements fcr Dull S....-ord report.ing (23; 

26; 29; 30; 33). Ho.. ·vel· , all but one of t.hem felt. that 

there was nc tenefit poesible froln requiring unita 1'.0 

continue to rt:port NRIl! failures (::3; 26: 29; 3e). This ....·as 

failures that tIley are fully aware o! the cau~~a of t he 

failures and alreoldy have a new NRIU un~er development. 

Nonothelee~. ONS 'a FClicy ~n reporting NRIU Duli S-ords is 

t.hat. all f~il'.lres must. cont.inue t.o be reported since the 

~'l!.IU performs a "critical" nl1o:1ear safety f1.:nction. 

n'l::r~fc!'e-. no chiJnce can be taken in poeeibly mi08in9 a type 

of f~1!ure · thc\t hoe nc..'t been reported p:-e·.r1ously (3). 

Th~ j~ttiHon!rel~<!8e interface unit (J/R RIU) was r,ot CI 

source of controversy. £x;'erls agreeoj that all failures 

.:>c~u r dng il tI,e nl.!ch,u' mode should be ret>Ort.ed as Dull 

S 'crd", (21; 23: )": 33). Ho.....€;ver. tll~ dete::fIination frl r 

('l.:>ro-nilclr.ll:- mode !ailu:-cu requires a judge:ne:lt to be ma,jp' at 

ttl!:! f' - 16 unit ciis( : \;eri. ng d failure . llnit!l IT'ust ~xa:ni n (! ~ha 

http:ret>Ort.ed


problem 1n l.ight of the !ollc.lwLng:: if there hftd De'!:n .l 

nuclear ....eapon on t.hoe aircraft when the failure occurr~d 

could 8omoething bac happen to the weapon? If the anH....el· is 

'lce, report a Dull Sword. An example ot 8uch a failure 

would bc the discovery of etray vcltage in the J/~ RIU (23: 

33) • 

The pro9ram dlapiuy Sene;rat.or (PDG) aud the 

multifun~tlon displays (HFDs) we~e also th~ source of some 

controversy. TWo expert.& believed th.!'t ['ull SWords should 

not be reported on any failures of the PVG or MFOa fcr three 

rea~ona . First, there are so many Checks an~ cro5s-checks 

Ln the computer 8ofh':lre th~t it wall highly imprObable t~ey  

would degrade nuclear safety. Second, since the MFDs are  

J:euuu~aa":L. aD :..: .••.:; o;.~ c:-:~ C! ':::c~: _c !'.!!"'.~!:.ic~!!'!;~ t.hO! !!,.!,!,!,jr)r. 

is not affC!cted. ntird, the compc·nent', function iG to 

dJsplay information to the pilot. Since the pilot can 

eaflily t.ell ....hen erroneous information is dis?laye·J, th~ 

wor5t ~ha~ cculd hLppen is the pilot ~ould not know ....hat is 

loaded on the ~irc raft (29; 3~) , 7he DNS'& policy on 

reporting DulJ Swords or. these com~'Onent.6 i8 to report atl 

failureR that occur during th~ nucl~ar m~de and in any 

eit.uaticm::o ·...here t.he oiAcovering unit. d"!t.ennines t~at 

nuclea r sa!ety iD affec!:.ed. The reasor-ing for this is 

eimiler to t.hat ut\ed for the E!-·ce , that. comp'-lt.ers arp. net 

infallitl~ (33) . 

All experts agt·eed thet. Du ll Swc,rds lnust b~ reporter.. on 

failolre ·., of the nuclear consent pilnel/e... itr.h , H i :3 

,-
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dedicated for the nuclel!.r rrII.)de ;,\nd it perform!!' b "critical" 

nuclcd1 Bafe~I function (2~; 29: 30: ))) . 

The oxpert" a 180 agr~ed that ~~ll Swords should be 

reported on ~a~rl1 aSBembly failures that occu~ durinq the 

nuclear mode (3; 23; 29; 30; 33). However, it i8 very 

difficult tc determine 1£ fa .i l Ure in other modes wocld 

affect ncc!ear 8af~ty. These situations muat. be 

investigated by 1:he F-16 units who must. decide on a 

cGee-by-cCLee baBi~ which failures to report ba8~d on their 

expertiee and t.t ~ facts surrocnding t.!'le tai 1ute . 

Re8earch Objectiv~ ~ 

'l"e second ob jective o f this th~'!8 \...as to "detenn:" ne 

if a r~presentative nuruheJ )f ;)ull S'Ioo'Ords bre beine: re?Ort t.-c 

by F-16 units," Thill port inn of the Stuoy was accompli~hed 

by comparing t~ comput.e r pr.:>ch ·~s: a central ~!lta I!!ystem 

(CCS) mainte:l.ance '::istory r~F-0rt ::In each of the ~ AMAC 'e 

LUIs mentioned pr~viomdy and c. summary of each Dull S....ord 

submitted on F- 16 C/O aircraft. provid~d by the DNS AID data 

file, ':'he periods o f both cOI':puter producta ....as from 

V'anuary 1989 to 31i! June 1996. Data for F - 16 C/O UL c.hat 

do root. uae the CDS syetem ....el·f! L! liminated from both C':ll'npliter 

products , The~e uni ts were the J9t..h 7a.::t.ical Group, the 

58:.h Tactlea l Fi.ghter Wing l'.l1d thp. 4 3,nd T~ctical Fighter 

Wing. 

The ~ 'OS ~CI int.;.ndnce rlist o::y Re port (TatJl~ 1) pro'deled 

maintenao'=lF. trouhle6hoot"ing inform~ t~on 0 I c&('h ot the r.ilU:l. 

S~ 
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Column one lmHr.at.ea t.!1e work unit. code (WllC) of t.he item 

that waa wo~kp.d o n, ~hich ~onmnllY r.ona1nt~ of (ive 

cha~acter8. Column t~o describes the di8crcpo~cy that 

occurred cr the work being done to repair the unit. Column 

s1. qivea a de8c~lption of what was accompli8hed during 

troubleahoocing. Column eJght identifies t.he aircte!t 

tailnwnber" Calumr. ten l~st., tht: job control number of the 

maintenance action . Column eleven giv~9 the date that the 

maintenance action w&& ~ompleted. Colu~ns t~elve ~nd 

thirtee~ provide the ser.ial nambel8 of th~ components th~ t. 

l,I~re removed or in!talled. Column fourt~(:n gives the bn5e 

at which the mainten~nce woos accorupl!she:! and column fifteen 

ind1cetes ..hid' ruair.i.enanc.7!! 8hop accompli!!hed the 8c:.ion. 

Colurnfis thre~. fou r . five. seven and nine p r ovide additional 

infonmation t~3t is not appllca~le to this rC5e~rch . 

The t,istory r'!por~ :;ivf08 ~ chronclogic.e.l history of the 

diaCl"epa:"l.cy fr,jm the tim~ the discrepancy ....48 firat !"eporte~ 

to the tine i t 1~ correct~d. For exampl~ . in Tabl! I the 

mair.tena:"l.ce history i.1I 9~. ven for WUC 7S0FO, the code for il 

~RIU_ "The fiI9t entry inJicates tJ '.at the NU U faile:j ...·her. 

armament ~hop t echnicione functionally checked the 

lilrcraft's nucl<e~r :node (thia is l1ssU':r.ed since ~he a~mamel'\t 

personnel are re.ponylb~€ for ~c~ompliohin9 ~he W- 1 Lon9 

Check). 'The avionic'S ilit~rJf'f!diate Hh.:Jp (IUS) ~ e1.:hnir.ian!J 

(ind:'cated by ar, " Il:" 1:. colu~n iifteen) t"!sted ~. he NRll1 a!ld 

could not ckplicote the mel function \indicau:d toe " ('NO" 

ilppearln:.,:: jn c ~}lwnn ~IU) . 

f (. 
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The DNS At!') datl!. fi l~ rep')rt con9ifltt:ci of two par-tH. 

Thr. first, part Wile a "(lne!ine[" " rep.:>rt .....hich gil'/e 03 

cnronoloqi c al 118ting ~f the Dull Swords ~hat we:e report~d 

by F- 16 units. It indicated which hast! 8ubmitted the Dull 

$word, t.~e wue of the dtdec:t:ive LRU . and a one line 

descript.ion -:>f the f~ilure. The second part ga.ve an 1.n1ept.h 

description of each of th~ Dull Swords appearing on part 

one · 

'~le first step of the comparison waS to analyze '.he CDS 

I:'laintenance t,istQry report. on each LRU to (!etf!=--rnine ....~,ich 

!allures cr scspecteo failul'es met th~ guideline!' 

established in section en.. . n-,.l! was l'Icco:nplished by 

revie""ing t.h~ maint.enance to!chnician '::') desc:ipt.iC'n of the 

discr paney and deacri?tion of th~ corrective action to ~ry 

t.o detennine \o'h~t-!1er the failure occurr~d \.I~iJ e t.he 

aiecraft ' s nu:lear mo~e '••as be:i.ng u!t.!d. Se·...t"ral key ent.ries 

in these COlWI\n8 helped this process. Fir!t. t.he reseat'ch 

disr.overp.d th~t several stores managemer.t set (SMS) 

maintenance fllult listings (/'1fLs) cO:Jld only OCClOr ...hen the 

nuclo!ar trode was 1.n lIl"e . These MfLs .....erf' 5/'15 /'1FLs 1 J ';l 

thrOuf!lh 128 wh;'ch inc!.cate a failur.e of the URIll and SMS MFL 

07:3 .....hich i,~d!.cate9 that. a faulty re leils~ signal is F-re 'lellt 

in the system (26: 30). Second, key words and phr~ges .....ere 

looked fo:: ....hich ""ould aJ so ind icat.o! that the- nuclecu mode 

was \I!:ed . For exan:ple. Oll~ entry indicato!d t~.?t t.he 

llirccdft faile~ t.o c.1 :- op a 80U-)8 3ad an~ther entry indiC3ted 

llat the _, ire-rilft {lliled tc dro? a MK-J~6. ~~inr.e both itc:n~. 
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aro ~ dl~y unlt~ thDl ~re ~nly ua~d to simulate ~u~le~r 

....eapooli1 on tr~lnin9 mil.eio!18 it W1I8 r.oncloded that tt.f! 

nuclf"ar rrode "'aD in use. Third, failurcD of the NRIU e.nc! 

~uclcac cor-sent switch were ~asily analyzed since the6e 

items ~re unique to ~he nuclear mo~e . 

All the Ilnalysis ,..°4S eccornplillhcd several weaknesses 

'Were four.d in the Cts hist.C,lry report.. FirBt, it ""48 evident 

t.hJ,t. !:Ieny entries ladlec eufficier.t (I~t.ai 1. to dete ."lLin~ 

w~ether or not t!'le nuclear moCS,. wa~ in use. t-tllile scnle 
;: 

bases gav~ indepth d~tail of the discrer~r.=ies and 

corrective aClion~. others qave little or roo detail. Th~~ 

cor.ii n:v:d a pl'ob!em ~otrunOn t.o Cill automated L "Jiitl!m&; tha t 

the COS aYb" "'rtt c" ,n \:.,,~:. be as accurate 4S tr.e ir.format:'un 

that is entered oy the unit.~. ~"'!cond, Revera! ur.it8 cid not. 

properly U8~ ~ork unit codes. For ~xaMpl~, one ~n~t 

identif .i.eri the ACIU ...·ork uni!. code 7SDJO. as b~ir.9 the ceuse 

of almost eve~y SMS feult. The)' sho'.ljj have \.I2'ed a 

thr~e-charaeter WUC. 7SD. that woulc ind: cate th~ failure 

occurr~d 60.1Ie.... here if'. t.he SHS. The jI,.....iC :'or .h ....1,CIU ahcu l d 

only be U8~~ ~hen th~ ACIU is suspect for ~he ac t ual fa i ~~re 

(!; 10). '\9 a reB'..1it. •••Ie AC!U ....as irr:properly tdentified 1n 

CUS eft the causo! of o:.h:'!I' Sf'lS f'li urea. "~ird, several :.. 

t..r:lte U8t:'<! n~r.- &t.an~ar~ abbI'l':viL" .iona in theil' de8cciptLon6. 

This n:<!de it difficult to cetel,nlnc wh~t actions were 

actu~~ly acco::lplit>hed at these u~ ' it I. 

The se.:-ond 5tep ...as to id~ntify wht:tt.el th<: Dull S· ...c:ord 

reportabl ~ oituations discovered ir the fil; stf':P \o.Iprc 

S8 



report6d. ~,iR W3A accomplished cy comparing lhe two 

compu~er produ~t~ by ~- 16 il~i~, type of f~iled component, 

time of occ~r~er.~~. Whenev!: possible . this was 

e. ... cOClplished bl .~ool?Onent Berial number. 

Findin9~' ~~8 8ec~icr. discusses the finuinga oi the 

a:ul1ya;is. 'I'k~: fb.dings conc-drning each of the HUY. ~.AC 

componento are addressed separately. 

Five Dull S""'Jrds ..·ere reported on the ACIU by unit.!!I 

~hat ~urrent.ly use CDS. ~lth an a~jit.lonal one being 

:""e?Ort.eci by the 39th Tactical Group . A tet.al of 89 1 A<': !U 

mointenance actions .....era reported in CDS of ·..-hich 531 

ir.v,Jl..-ed troubleshooting / repair of ACII~6. '!'h~ remai nl ng 

ac.lion~ i nc l'.ld~d: the removal and replacem~nt of ACIUs for 

tlnFpeclf1.ed reasons: ~he removal of AClt;!!I for other 

maintenar.c~ a~tion~; the r~mov31 for updating the softwure 

prograJ:t; and a:tilll ;S err'Jneo\ltily ~ttricuted to th~ ;..::::nl uf• 

t;he 531 faiJure.a. only t}-;r~e coulc! be confirme ::IS Dull 

Swo.rdf' . In each of t.les~ cases, ~FL "70 appearetj in t.h~ 

de.!lcription of t.he cis:cr-epancy ane!. the ~t)r-r er. t i'l e acti '":ln 

:-eqllired the r-epair vr repla~ement of the ACIU. None of 

t..h~se failures ....er~ among the five Dull S""'oros report~d. 

The l'emai!dng CDS p.ntriE,6 lac-"';cd 8uf.Ucl.ent detail t.o 

C:etennl.ne whether the nllclea I mode had been l'sed. If five 

per-::e:'lt;: (wl>icl": is ~t,e cr.t.imated por-tiOl: cf F-\6 flight:; in 

th~ nuclear r:\Ode 9iv~n prt!viously) cf the 531 had occul-rcil 

in th'~ nuc1",.r l'lOde, 27 01111 S'oIO-rds should have be~n 

n'!;".:Il"ted hy the ur.it.s in thi::; f>tudy _ Since onl), fi;;!, L'l11l 

51j 
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5words 'rIere rcport...ed .... ith t:,ree confirmed Dull S....c.r.do nct 

heing repo!'tcc!, tbo(- evitlence indiclitea that i!II r02Fr.eaentative 

m:mbe.r of Ou .• ,. S-."'0rd.J 0:'1 t.he ACIU m,ay not have been rerorted 

by F- J.6 unit-8. 

~~ven null SWoroc wer.e reported on the EFCC by un:ts 

\!Bing CDS ....ith an .lr'ditional _"'Inc repc..l ted by the 39t.h 

Tacti :al Croup. A total of 917 maint.er.ance actions were 

reported in CDS of whiet. 154 involved auspe..:ted or ~ctual 

EFCC failure. Man)' of these failures cOll l d not ~e 
:~, 

duplica~ed. ~e remair i~g CDS entriea involved the re~oval 

anj inotall a tion of EFees for un~?ecified rebGOna or the 

retnova! fer other maintenance. of the 454 entries. t ...,o 

contained 9uff!cient information to determine that ~ll 

S....crda occ\\r r ed. In b~th cases ~here were mul~iple failur~s 

ot' t.ht!: SMS ....'hich resulte,,3 1:"1 the EFCCs and the NRIUa being 

re?laced. Since NRIU~ ~ere involved , it could be Dafely 

Q ~51.!1t1ed t.hat t.t, ~ aircr~!t. ....~re in the noel ~",r - moc.~ ....he n !.r.e 

failur~6 occurrt:c. Neither of theee incident.s ,"..ere r~port.ed 

as Dull !j...orda. fln.·lher, if five percent of the 454 tree 

f"llL.res occu!"Ted in the nuclear mod~ apprOl! '.r.atel~' 23 Dull 

S....ords should have been submitted. Since only seven Dull 
~ 

Swords were submitt.ed or. EF,'::Cs and t ....o a.l ditional r.onfimed < 

Dull Swor~B ....e r e not 6ubmit~ed . it is p~6Bible t.~at ~nits 

are not reporting a rl!presentllti"'E: nturner of Dull S....ords on 

the tree. 

Si~teen Cull S~~Tds ....~re Guumit.tcd on NRJU f~ilur~s • 

.... ith on !ldciitional 1"e-. oC["t. su~itl(.·d ~y the J9th T:l.r.tic.:'\l 
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Group. ,tot-t. t C)f 177 maint.enc:1ce actions ...· !r~ reported 1n 

CDS on the NRIU. Thjr~l-f~ur. of the entries met ~~e 

r~uire.rne;r:.t.8 of e-. :>UII t:""ord in 'C.hat either ':.he NRIUs failed 

or the NP_!U fft ~. lures could :-.at be e.upllcated. 'Illi., led t.o 

tt,~. ',::o:lclus':'on that. -=:ver 50 percent of th~ Dull SWords 

involving !-!RIU., we1.:e not re ort.ed by F-l6 unitfl. Therefor€!;, 

a representat.ive r.umbe~ of Dull Swords on the NRIU were Dot 

ro!portec.. 

No Du'l S~or~8 wer~ report~o by [-16 units on the J / R 

RIU. Si:<ly mll.int.ena;'lce actiC)ns ....e:-e repor.ted in CI ...·ich 25 

of them being failure related. 'l"he -- e ...,e.B in8uffic!.en~ 

e'/ic;~nce to det~nn.ine wheth~r an~ o! the failure!: occurred 

in the nucl!!ar mode or that any of t hem affet:ted nuclear 

s~fety. If five percent of the failu~e9 occurr!!d in the 

nuclear model one Dull Sw~rd ~hould hsve bEen l.-ep.:>rted . 

Th~r~fore, the r e was little ~vi6ence indicating that units 

....... re net report.ing '" repr~sef'ltLltive numbp.r of Du ll S\Jord6 on 

the J ! R RlU. 

No Du 11 S....orda .....~ re repol-terJ on .... he M "Os. One h undred 

thirty- une ! ,·~ j ntenance a~tion8 ....ere reported 1n C~S .. ith 125 

of ~he~ involving failure;~. None of Lhe failure 

oesct .pt.ion:J contained evid~nc~ that the f~ilure occ·.Jrred in 

the nuclear mode and or.l)' s~vef~ of th@m ir.volved dual MFD 

fa i 1urLB. If five pE:rcent of tht· failures occurr:ed in the 

nuclear mode . approximQ~e1y six Cull Swor rlr. tlhm.:ld hlt.ve been 

r£ported. ':he!'cfore. ttlere wao ~c.me evid~r.ce that unite n:ay 

';1  
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not b" reportinq a representiltive nUlf,bel' of Dull ::;Words 011 

t.he HI-'D • . 

~1o Oul_ Sword, were report.ed by "' - 16 unit b ()n the POG, 

~ree hu~dred ~1nety- four mnin~enance a=t1ons were recordec 

1n CDS vith 174 of th~ involving fAilure.. Addit.ionally . 

S! of t.he failuren ree'Jlttd in the 10.5 of both HFZ>e. '!'here 

va. no evidence that an~ of the failures occurred in the 

nuclear !rOde. If five per cent of the !ai.. ut'es happened ill 

th~ nuclear mcae. nine Cull S~ord9 8ho~1d have bee~ 

submit.ted. Therefore, it 1s possible that units are not 

reporting a Tep::-e:ant~tive number of Dull g..,'ords on the POG . 

No Dull S1J('rda were report.ed on t .he nuclear ,=onsent 

p~nel/8'Jitch D.nd no mair.tenance actionJII were reportea il' 

CDS. Consequent l y. there ...·as n o evlder:ce ....h.et.her unit:;. ....ere 

:-epor t.ing a repre:sentati'Je nwr.ber of Dull SJot'da or: t~J.15 
~ 

eompcne!'lt. 

No Dull S....o r ds ....e:=-e report.p.d on ":!Ie r.,~ trix aseelT,blieR . 

Thirteen :naintenance actions '-'ere rpported i ': CDS wit.h all 

of them being failu r~ related. One of t.h~ failures could be 

confi~eG as ~~c~rrin9 in t.hp nuclea= mod~ since both ~he 

staticr. :: ma':.r!x l's eembly and an muu ....ere troubleahot. fco:-

causinq th e failure. III thia case the £.ailut'e WcUI cau sed by 

a def~ctlve In. tri~ .!I8sernb1y and a Doll! $1oIorc! ehould have 

t::een reported . In conc1ul.ion , there was Plome evider.c~ ':Jf a 

prcblem in rr.portin9 ~ repregenta':.ive number of ~ull Slolor-!~ 

c·n mot.(·ix aasernblie5. 
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'!'ab le 2 giveo a ewr.m6.ry of t ,he fin<!ii19s of thie 

section. C!>lumn o.)p identifier; the ~UX AI'.AC component.. 

Column two lists the nwr.~er of corn~nent "iai!.u:-ee" t.hll.~ 

occurr@d .!!.cC'or(.~ng to the CDS maintenance hiato['j' report. 

~i. number does not. include other maintenance actions on 

th~ c~pcnente. Column three givee an estimated number of 

Dull S...ords that should ha.ve been reported if five percent: 

of the fAilures occu rred in the nuclear mode. Column four 

indicates the number of ~~ll Swordg t~at could b~ ccnfirced 

usinq the CCS report. Column five lists the number the Cull 

SWcrds that ~~r~ ioentified by CDS (column fcurl that we~e 

act.'~aliy reported as 1)ul1 S..."Ords. Column l'Iix gives the 

n~ber of Dul! Swords ~eported. ColQmn seven identifiee the 

nurr.o t:'c "I actual ~ul':' ';;,;v:=.:!;; 't!-.~ t ;;~:::.:!.:! ~!. •.'~ ~e~~ :-epC'!'':.e<j 

~t should ~. noted that if the five per~ent a88~mption 

proved to be invalid, th~ analy.~~ wcule atill eho_ that 47 

pc:rce!'lt (2~ ou t of :,2) cf <:.he ~-=":\.l~l I.'l!ll Sw~rds \,Iere nct 

reported, 

Res.earch Objecti .... e nHe.! 

The third objectiv~ of this thesis wa5 t.o "detennine 

whether t.hel'e is a better method of rel:YJ1'ting Dull Swo :-ds or 

a rne~hod av~ilab,l, e t.o improv(; th~ cur.cent ..-eportinl3 system " . 

It. had been 8ug:;3ested tbat rp.porting of Dull Swords cI)uld be 

improve1 by l!sing ;:,.;) existir.g maint.enance diltu collectioi" 

I!y~tel~ ftue!! CII CCS to . bIJtc.mat. ica!ly ident.ity thOBt' 

sitl';ltiontl which meet th\! r.equirementG ~f ~ ~ l l ~">ftord and 
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t.hen eutcm.atically ,.ubmit a Dull S\.tord I·aport.. An aulC'!ttet~d 

,,}"stm.\ 'ofCIuld elimi:"latf' the sorr.etimes ,:ur 't,e . coone proceo:l " ~ 

invp.fJt . gl\ting and repc.rting Oull S-,lOrds. no.is research scon 

conclud~d that such an ~de6l system web infe~6!ble ~~ this 

~. if:\B . 'n,ill cor/clusion \O/UI based on t .....o facts. Firat. the 

dt:'t:hlor. ~('I repc.'r't. a Dull Sword is not al....ay') simple and 

oite. 1: II!:qu l = 'I!D ha:.ll~;\n judgement and expe::'tice that cann,:::>t 

e~&ily be y~ogr~ed i~to a compute~. Second, automated 

B}'Ster.. !i an, .::nly as accurat:.e as the iniormatio' entered into 

t.hen' . . In th~ cade of CDS , n~e~ou6 erro=s and ~uPQrficial 

re?Cr~8 ....ere ~nte.re~ that would not provi~e the necessa=y 

informat.ion for off- site experts to i nvestJ.gatt: 'the 

rl'li1ures. 

"C" " _ . ,~_,_, ... :_.• +l. .......................... "' ..........,..,ar-!'l. rn\~ research  ........ "' ............ .... . _ .. _ •• ':J - •• - ----.---- -,"c- - - ' .  

tho!n foc'Jsed on looking far a :nethod that cOI.:!d augm~nt or 

imp:"ove the cl.:rrent ·eport.ins SYl;tt:.m. It ~~s fou~ rl that ~~ 

autcm3t~d ~aint~nance data coll~ction like CDS could help 

sL'tIp!ify the investigative proce:ls if rnaintf HIOCe- p"rsonnel 

enter ~ll neceesary informetion in the descr . ptione of the 

disc= ep~ Icies and cort~c~ive actions (3: 2 3 : 26; 29: 30). 

rf everyo:'l~ involved in the trollble5l\ooting ptocess e:"ltered 

mor~ detailed descriptions of ~h~t they did , it ~('Iu ld ~ake 

·~I. easier And lese cumbersome for the NSO and screening 

poillt to a8~em1Jlc a Dull S....crd report . Mort! acC"~rat~ dllta 

...\)\!ld J:'!dut:e t.he tIme iOnc.1 ~ffort net:ded to C'ont~ , t the 

9~r";:. l\nel for infonnation, &ince their actiono ....ould alrelidy 

he d',)cu:T.<i:nt~d to thtt sr ;~. p.m. 
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v. Conc!uDiona And Recommendati.mn 

TnL~ chapter includeD OJ short summary of t) ~ is re-lJearch 

pro ject. a l1Dt.ing of conclusions basE:d 011 the find~ ~H=,8 

preaented in t.he previous chapteJ: , and recomr.,endetiona for 

improv@ment of the Jul! SWo~d reporting pJ:oc~a8 . 

Project S\!!M\e.ry 

The p~rpose of t~i8 theei& was to dete~ine what 

problema exlet.~d for reporting ~~11 Swords on the F-16 and 

....hat cou!tl be done to ilnprwe the ~omet.imes CUI/\~~r80me 

reporting proce~3. The major source of cont.roversy ~as ue~n 

th~t Nl.:c!~ar SU1:ety O""ficers and othe.l.-g 9t~ti~r:o:d at F-16 

~~ite deoirerl mor~ guidance on · reporting Duil Swords, like 

the 9uldo~ce ....hich has been ~vailahle f~r older ~~apo~ 

systems. n ~ cile~a ot ....hat to report nee also been 

complicated by the F- J.6' 8 multiple xed clrc\.titry and cOf!\puter 

hard ....are(aoft...·are co!uCinations . 

Expertt.: on thl.' : - 16 ' 9 mul tip~e:ed t'.rming "·"'tli tori r.g aUd 

control 8ystem (MlX A.-'1AC) ....ere intll!r·'ie·...ed to cet ennin@ .....h@n 

~ll Sword reporting was bEneflcial and wh~n Dull Swo~ds 

should "ot be repor~ed. This ir.fo:-mation ...·a' 4.21.thercrl to 

develop better =~por l;.i n9 9uidanc~ that could be ?rovi~ed to 

F-16 uoits. 'n:. ext t=;t"t rCp<.Irt. i n9 Sci::!aoce ger>erated in the 

fiut Fha,se of this reeee.rc· .....alt then u8~d ln ("onjun=t lon 

.... ith -:.wo cc.'mput.er products to ~et.ermine whet-he r 'Jr.i ts ...·~re 

r~portin9 a :-epresen\ati'h number or Dull Suords . ::in~ 1!y. 

a ma~.ntenanc~ data "oliectioi'l sy:st.efTI ccmp' ter !'l'Orluct ...·a~ 

t'tl 
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evaluc~ed to dete~.lne whether it or similar eyeteme could 

be uR~d to r epll),c ~ cr Zlugmer.t the e:detir.g Dull S..;o~!.l 

investigatior. and re~rting 8y~tem . 

Conclusions 

Conclusions ara presented for ~a~h research objective. 

1. 	 Develop a mere specific d@fin1t.!on of Dull ~W?rd6 
f~r the P-16 and/or provide better repor.tlng 
guidance. 

/<.3 i.ndicated 1n chapter four. the expert. opinions 

differed 0:1 Deveral situ'!tions. however the guidance of t.i''oE: 

ensincera at. the Dir~ctcrate of Nuclear Suct!t.y (eNS) walli 

used ZIG t.h~ final repor!.in'3 policy. The l'eperting guidance 

issued by DNS requ1r~s Dull Swords ~o be repo~te~ on the MUX 

AHAC components listed in previouD chapters each ~irne th~y 

fail ...hen the f-16 i5 operl'.tl.l"q 1n the nuclear mode . 

Additionally. Dull Swords m~s~ ~e reported on these 

components when t.hey !~il in other mod~s, if baaed ur~n 

their ex?ertise and jcdgemel:t.. the discovering uni t decide~ 

t.hat. nucl~ar sl1fet.J' ....·as ~fhct~d _ Sorne ,.xampl~8 of t.hese 

aituations were pt'ovided along \oIi~h the d&cisicn rationale. 

l\1t.hoU9~ no t alt-incl .... si-l~, t.his inf.ol:lTla~ion provi:Jed more 

definit.iv~ Dul! Sword reporti~g guidance for units; 

t.he refore. it is concluced t.hat. objective one of t.his th~$is 

was Inet_ 

2_ Petconine if a repr~Aer.tlltlve munber of Dull 
Swo:-da are being reperted 0'1 F-!.6 un!.ts. 

Analyl'is of the Cent :-al i)ata Systeln (C05) Mail ltcnance 

Hist~ry Rept'lrt anI' t.he rll~S _,10 data fil~ r"<= !lC't-t cOlnpar:. ~CrI"l:i 

6/  
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found that given thfll ne... guid6.nce, there did nOt appear to 

be l\ re~re"~ntt\tlve number of Dull Svorde being reported by 

unite for all HUX AHAC components. The an~ly8iD of NRIV 

fa~lure5 provided t~e. be:e!. evid~n ... o of th_o l!Iir.col!' over 50 

percent of Lhe fai!ure& were not r~porte:d 08 Dull SWords. 

The e"ldenct= \oIall not 411 concrete for other ,,::o:"ponent 

fallur~lI. bCC3u5e it was not possible to detenmine in ~hich 

modd 	 failures occurred. .~n addi ticn, Buperficial 

delcriptiona of discrepancies a~d correc~lvc actions wer~ 

disc\)v.erej in the CDS d.!:t.a. While only eight Dull S...·ords on 

the:se ;:0; pc:lent.e <"ould be con£ir:!led, none of them had been 

reported. Thi. inciCiSted that there W&f; a reporting problem 

o!t f - l6 units, but. the ~xtent of t.he ~rotlem i. unknow.l due 

to ~~akne.8e8 in th~ CDS data. If five percent of these 

failur~9 did occur in the nuclear mode or did affect nuclear 

safety. It could be conc:luded that a si9nificanL p.n .t:lelTl 

existed, bot there ",,'as !"IO proe!" to S\.ib8tantiate ~hE: fi ve 

perc~nt a 58urnp!.ion . 

3. 	 Pete~!ne whether ther~ i8 a be~ter method of 
reporting Dul l Sword 8 or a method to imp~ove the 
current reporting .y.tem . 

lr.itlally, it ~ae believed t~at CDS products could be 

used in lieu of DuJl Sword reporte. H~~ever. th~ Weakoe96ee 

of the COS By.tett provided evidence thi\t the current. 

autnmated maltltenance data co} lection systems cannot. repll!lce 

the Dull Sword reporting system. While COS cou ld C~ used LO 

identi ty failur~ trends and al!gll'"lent r.ull .;....o :-d repc,rti!lg, 

tt,!. reaearch fc.:und that f!lC6t entries lacked 8u!ficient. 
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d~t.e,il tl) Of. tl:nnine whether 1II Dull s~o d ~c ~urred i!IInd lacked 

t.he ir for.netion neCE"£sarj' for (,'1qineer, to j nvedtigi!llte a 

problem . It \Jaa also found that the t.um.ln exp!:rtise and 

~ud~eIlH~nt t.hat __-as necal/sary to make ::.he "lOre ii!fit;clt Dull 

: .\oIOrd decieion!\ cO:Jld not be easily programr,,~d ~. nto a 

computer. The r~search lid conclude that t~e autofndted 

systems co~ld be uae~ to ~u3ment/str~~line Dull ~vorci 

investigation a~d report in; at. unit~, provided more accur~te 

" nd descriptive inf?l·.natior is t!ntered i nto the syst.em. 

Reco-:uncnda tions 

Gene ral areas C J:' concern were i.ieIH:.if.!.ed all &. r esult of 

this research . rl!suleing in t~c followin9 recomme:,da:... i on!:. 

Recom.ilt!nd t 'hat. the reporti ng 9uid~nce asseinbled in 

t~,i. thoi.i. t ·e: ~"";.~-:c.·...'C:! =:" ~~! 5 ~~~ !:.he~ ~~ ~!~O:!"!I-o'Jt,?n T:n 

the major ccmroand safety a~d maintenance personnel for 

dissemination tc subordinate ~~it.s. Table ) br 5efl~ 

sUf:Ullariz.es t~~ cur=ent ; ·NS repoI"ti ••g g'li..Jar.ce and al30 

include,; the· recolMlenoations of other expert.s and this 

re8ea~ch. Column one lists the HUX ~~c componer.t. Coltnanfl 

tWo, thr~e ~~~ f?ur identify the current CS$ reporting 

policy for each component. Column five '3'ive6 the opinions 

of other e);pe::ts of what they telieve sh('lulc:! be reported, 

Col'.lmn ~i)( at. ..Hes t.he reporti:l9 recommendation of this 

ro!9"!arct•. 

2. Recomm~nrl 1.; leat m.:!intenance personne l er.t~r more 

apecific info rrr.,)t.jo:1 int.o lhe tnaint ... na ICC l~"til collect.ion 

E9 
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Exp.,, 1 
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R..... rol"l 

Aecommlndaflo n 

Ac ru x x v •• Curtent u •• Curren I 
Polloy P'ollcy 

E~CC x x Fl.putl None UI. Cur rant 
Po 11(' y 

NA t U x Rep o rt None R.,,,, lew 
Polioy 

J/R R I U )( x u." Ctl r r. n t u•• Currlnt 
-j 

Po l lo ~, Po li cyc 

... FIJ )( x Ropor t N "ne UI. CUf rent 
Policy 

PDQ x )I Aeport None U •• CUrrln t 
Polloy, 

I 
I Nuc Co n X I) •• C u rrftn' U •• currlnt 

3* Ilch Flo ll cy Pol i c y , 
I 
• 

Malt Ix x x UI. Cu".,,' U •• Curren t 
"o ll cy P o l icyI- _ .----- - ---------
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eystenls uscd at their- unit. ""het~let' CDS or tt.e Cere 

.A.utometed ~t., sys!.efTI (CAMS) . Such information s}.ould 

i.nclude: the mone that was being used o !" tested at tnt.' time 

oe failure; the &pecifl" diacrepanc y (i.e . ':;M$ e70 oc,-:urred 

thirt1 minut.e., int.o flight ""hen the pilot """'s doing ... ): the 

""'orl't:ct YOr);. unit CodC3 of items surpccted of failure; 

specific: Infonnation or.. tcst.e done at the 3rmarnent sr.op or 

at the bYionics intermed ~3te ~hOp9; and 9pecifi~ infcrmaticn 

on corrective a~t~on9 tak~n. 1~i6 information could th~n be 

provided to the screening poiut and t,t,e !>Juclea(' S.Jrety 

Officer \NSO) "'hen they prepare a Uull SWord report and 

e-lim ". nate much of the leg \o,/O:ic. that they must dC'- I t ...·:.> ..:l~ 

elsa help prepare reports on those itemG that slipp€j 

~hr~ugh the reporting 5yste~. For exam~le if a NSO 

dlscovered tha t Il Dull S~ord .....al!l not report.ed on :\ NRrU that 

faU.~'" .....e~k~ earlier. the informaticn nec~ss3ry to submit e 

hte Dull Sword report could be rt'~tri~ved from CO!:. . If 1.-!-Ie 

rl!qu:'red informati"Jn ....a~ no~ in . CDS he/she ....culd have to 

~uhmit a re}JOtt th."t simply statej t.hAt a tJkIO ia.ilt=d for an 

un~nown rea~on with unknowr. corre~tiv& acticna being taken, 

or not rCp<.)rt the railur'! .'It. all and hope that the error WaS 

rot discovered by a nudear sur~t:t inspection teat.l. 

J. Recolr.lnl!nd that the NSO and milintenance personnel 

work as a t. ~a•. \ in rcportillq Dull Swo;-da. '!'h~y shc;.uld use 

th•. outomated mJlint.e.uu.ce doti! coll ection By$~em i:l.t t.t.-ir 

wing ~n a si@i i ar mar.ne= lS used in this thesi,. They 

sholli1 c.:::Ir:t. :nue t.c. Lt~1! cOl'\hin~1 lII."\tedal den.cil·n':Y /P·ll: 

7J 
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Sword rf>port.in'~ ....hene...er possible and !:t,are t~e 

responsl.bilitf and IJOcr-load for in ... e st:qatir:g and r~?Ort~n9 

defici~ncie8. This wculd en6ure that n~ Dull ~ord8 go 

ur.repo':ted by the system and -:.~.at valuable t:"me of bot.h 

8.lret.y and mainttma::ce personnel is 110' IOBt.. If possible, 

units should el5t~bli8h '. itten 9".idelines in ....he fonn of a 

baec regul~tion or maintenanc~ operating inotructior. to 

ensure personnel underst."!;nd t.hei:- respon(". ,;,oilitie~. ~ 
4. Recommend .::.hat unit.a 6tr~arnlir·e the report tcoordir.:,.tion rr~;>ceH to acco~nate the .i.ncre,,~~c! n1.!mbE::r of 

Dull s..:ord repc:'"t.:) 't-hat. could result. from imple:':'le;.tin':f t.he 

r~po.~rt.ing c;uid:!!.nc:e :ecomrr.rndp.d oy c~l i8 thesis 0 = frem 

increQ~ed MUX AMAC uge. due to ml~8ion chan~e~. 

•~ . !<ecOrn.":'Ie .lO that tilt!' ~5v esa"n;< Ot.t,e>:" ~cjr" r-':.L"C'c.-.::£l 

at.t.end t!"le loiel:lpons ':;yetern Y.~int.enancc Te-=hniciao .l.Gr / F-16 

C, j) : S'" (J4A..."!=/A~l:"/;'ST4t-2Y.O-1 52) t.augr.: l;t. urHw b y ~!;~ 

U!:'JI1 (';:munand' s FieJ...; Trail'" iog De". achn' ~nt" (31). 

IcJ 'help personnel u~der8ti!ll~ ~ .... the !-lUX A..tllAL" ·, ':);;:k.f, 

-.hu_ . _ng tt:~ in\lestiga ti ng anC: report.i:"l9 pIC"C"~'5~. 

S . Recom:nenJ t!la~ NSOs be given add i.tionaJ t.raining 

~ :y (Jperation8 per eonr,"! ! ilO th.at they unde!"8tand th~ criti.cal 

8e~uence of event. that must Occ~r in the ~oc~pit during 

nuclea r weapons nelivery. This infot!nilticn wucl.d help the 

NSO oake Dull Swon] detcrn,illationll 

I  
I  
l  
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Appe-ndLc: Oe!:ir:.it.io!"'l of :!e rrr"e 

;..brlc.nr.al !::nvi.curunent . 'r."Ioae e.lviron..'lent.~ in W'hich the 
weapon or combat oeliveL")' v~h iclt! i8 nnt expected to 
retain fIJll open,tlona! reliabilitj' (12:28). 

~ct ion Point. The office within t.~e actior. po~n~ activity 
~hat 1A reepon.ible for the ~e .olution of defic i'n~yoil; 

(15., -2 ). 

Mva.lIc~d Central Interface Unit (ACIU). The I\CIU provides 
contro! of t.he storcs lOIanagerrcr.t. !tys"t.eo ( SHS) of F-16 
c/o by p:OC~88incJ and irlte;..-£~rin(~ with 5MS and 8yst~j.. 

~;"ele~(!nt5 (18:j-14). $;"" 

A.iI.- t"orce Act.i.:.n Point. Activity. '('he e;ctiv:'t y res.yonA ible  
i~.r t"eso l ution of a defic.iency. The action pcir:t.  
e r tivity 'W ill t.yp! cally be tht:: :nainte:1ance englT1ee~ing  
~~~ge~e~~ ALe designated ir. TO 09 - 25-115, (lS:1-2}.  

Mcc=aft Hanit.oring and Cont.rol Sy_te= (AKAC). ':"h a t  
eq~lpment in.talled in aircraft to pe~it monitori ;19  
~nd control of aefing . ~~in9. er.J !u~ing f:.J~c '.i::m8 o "~  
nIJcler.r ....eapon. or nIJcle&r weap~r. 8y8tem~ (14.2) .  

A..r:"::l~d.. Tho! co,"figur3.tio:1 of a nucl~or we!l.pon in ...nich a  
r;i!""tg1e a!.qnal ...ill ir,iti.te HIe ~ction required for  
cbt~lning a n~clear detonation (~2:2e).  

Bent 	S?e4.1. ;.. s"ign l.ficant incident. or ~nexpected event  
in;";.lvl.n!j r.ucleb.r weaponlf .....arheada. or nuel'Ulir  
cc.c.ponef.ta .hieh ooes not fall in the BaCK.E~ ARY.OW  
category but:  
(l! r~6ges a nuclear ...eepon ~r nuclear component to  

t;,ft ext.er.t t.hat major re~r):. complete 
rCF1aeCfIl'l~nt. e>r eXaJr'.lnaticn or recertificat ion by 
the design ageccy is req~ired. 

(2) 	 Req\."rea imltlCHHate ection in the interest .)f  
.a ~~ty or nuclear Ye~pon security (e.g .•  :;":' 
rc~dp.r-.afe procedurea), or which may ~esult ~ . 
adverss n~~iona! or intp.t"national pcblic ~e~ ct lon  
or premature t"eleea!le of in!o!"1Tlation (e.g .• :!  
t"Ionafide attempted U.eft ()): sei.z.ur~ of a 11ucleat"  
....eapon) . 

(3) 	 H~. 8uch ~t~ntia1 coneequenc~ ae to ~aTr~nt the  
illtereAt or a::t.1on ot crliC'i~h or agencies  
outside tl;e A.ir Force (l9:R0. 81).  

',' J 
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Bomb 	 Iiwmrty Unit (BOU). Unit. released frO~'1 an aircraft that 
has sLl1ila r flig:ht characte!"iatlcB cf a n:Jcie::ar weapon. 
It 1: used for trl\lnin9 pilots. 'The most common BOU I D 
are ~h~ BDU~3e and MX- l~6 practic~ bombs. 

rlrok~n A:row. An Accident or unexpected event, except liB 
II'Odlfied by AFR 127-4, para9rap~ le-3b, ~n·...o!vlnq 
nuc lear weapone. warheads. O~ nu~lear c~ponentl'J 
iesult.ing In any of the fOllo....1ng: 
(1) 	 Uuelear detonation or ft weepan. 
(2) 	 Nonnuclear detonation or b'Jrnlng of &. ....eapon. 
(3) 	 Rad106ctlve cont~in&tlon. 
(4) 	 Lo•• , theft. aeizure. or tJeetr1lction :-f l l1:Jc"i"ar 

weapon. warhead, or nuc~ear ccmDOne~t. LoS9 
includea, but 1. r.ot laited to: in:er.tion 
jettl.onlng using approved Aii- Force Frocecl. ~ rea or 
i:'ladvertent releaae of noclear weapons or r.o. 'C l~il;' 
c'Jmpone:'l.ta. 

(5) 	 Public hazard: .ctual or implied (lVJ : B0). 

Central Data SYAt«m (CDS) . System de,ig~Pd for the F-16 to 
provi"e data information r~latlve to meeaurinq aircn.f't. 
e.nd teat station reliability. a i :-cra!t. cnd te3t 6!'3tior. 
=ainta!nal:'lility and a ircraft. operational perfot"!f\l!!nce 
(1711). 

Co:;=±.;.t. D::!!....::1' V~!":.!.::l~. ~t.!'=!~!!r -c~r'!~!~ vl!:nir.ie {euci. GD  

an aircraft or lIIisaile} w1t.~ ita installed ~u.i..pnen':..  
~hich 1. used fo r the cacbat delive~ of nuclear  
'Weapon.. (lnotalled equlpoent incluc3.ea ccmmand ;,:nd  
cont:-ol elem.enta and launch f!quipment ne :'usery to  
)eunc~ qround l&unched mi.sileo . ) A combat delivery  
vehicle 1. operated under approved nucl~ar we~~n  
'yatrJn. aafety rule. acc:::>rd.:.nq t.o I\PR 122-2 (11::"S) .  

Com~ut.r ~rogram . A aeries of instructiona 1n a fo~ 
acceptable to digitally pr~r~abl. equi}Xent or a 
syetem ee8ign~d to cauae the e:ecutio~ of a ftequence of 
comp,"a.ationo.l (arithmetic or :'o9.ic) or .:ontrol 
opera~ionD (1511 -2 ). 

Cr~taet Oroint. The ofUcl! Io.·ith in t'le action point activity 
wh.ich receivec. tUnc stt'lJnpe, contcole (681519n8 Material 
Improve.zn.c:ut Prc.jeet' (HIP,: . if appliceble) IIIn!! 
performs ,:out ing ot cSeficieney report.1 1"? th~ 
approrriale action poin~ (15:1-2) 

Com· 	 ntional Weapon. "::\e1o ice ...,hich ~et6 its explosive  
po\ol'er from a o;.'n nuclea :- :.-~actiorl.  
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Credlelo Acc1.dcn!.. A rea.ona.ble seql:ence cf er,vironrr,ents to 
which 6 weapon C~ weapon ~ystem May be expo~ec that 
~~uld degrade oper~t lor. al relia~ility or nULlear safety 
or both \121~8). 

C~ltical. The use of thie t~rm dec~ribe8 f unctions , 
circuits. 3.ctivitiea, and ·'.ar.jware and 8oft...·are 
components which controL. ;eve rse. cr apply directly to 
the authorization, pr~ann, a~. r elease . launch. or 
t~r~e~in9 fenetion. ot a r.uclear weapon system. 
(l2,2J). 

~s iqn Def!cie~cy. Any condition that limite or pr~vcnts 
the ~fte of r~ teriel tor the pucpoRe inte~ded or 
required ':oIl':ere t.he '''Iated.e1 meets all other 
spe~iftcat!on. or eontractual requirements. T.r.ese 
deficiencies cannot be corrected except through a 
deRign chftnge (15:1 - 2). 

Dull 	S'W'ord. fit, nuclear eafl!!ty deficier.ey; i.e., a situation, 
event. cr c~ndition not r.eportable as BROKEN ARNOW or 
B~T S?EAR which could or does clegrade nuclear safety. 
Report Dull Swor~ for the £0110\o<'1n9: 
(1) 	 Dame~e. malf~nction, or failurt of a War reoerve 

(WR) nuchar ""'eapon or "'arhead . Excluded ')' re: 
(4) 	Condltiona due to wear th~t are repairable by 

a.ut.~,v ;i=~.! yo:.i::-=.!.:::; ~.::- he!"d'!o'~!"~ ~r E'~",i 

replacel!lent. 
{b) 	 Minor nucledr ....e3.?Ou ce"'iciencies where 

acceptance criteria are provided in t~chnic~l 
orders. 

ec) 	Non- 5afety related quality defieiencies noted 
du.rir.9' r3ceipt c,r rein!!tallatiorl inepection of 
parachute assemblies . 

(2) 	 Exposure of wf!apon or ....arhead to IJr.llllllal 0:- severe 
envirolUnenta (flood. eart.hquakoe. lightning. and 00 
forth) . 

(3) 	 Unplanned. une xpected . or. inadvertent rele&se, 
launch, cr los. of any nuclear tra!~in9 device, or 
nonnu~l ear &tor~ on any nuclear capable at.tion of 
a liuclesr capable c ombat delivery vehicle. 

:4) 	 Actual or a u.peeted 108ft or compromise of COd~8. 
cod~ mater ials , doftware. or equipment designated 
all ..:r i t l.ca 1 cor.lponent8 accorein9 to }.FR 12-4 . 

(5) 	 Damage, rnalfum·tion. or failure o! nuclec'l.c capahlc 
combat delivery vehi~le. auspeneion . release , 
launch. sepa.r:·ntion. anning. ronitorinq ana control 
.y~t.::m . 

(6) 	 Nu~lellr ce~tif!ed qr:lund lIuppoe t r:quipnen t 
includinq conunor. cOl'l.'rlerclal Vehlcl~ .. anc.i m\lnitiOl"a:' 
handling equir-ne- nt (UI:8i.) . 
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F.nhanced Fire Centrol COI:Iput ~r (EFCC). The tree worke ...·ith 
~he AC.U to act SB central compute48. cvord!r.~t~8 
8en80r~. displays ar.d modea and proviees ~ystem le~e! 
proces8t:5 such as air - to- grour.d bombir.g lIolutioi.~s that. 
require inputs from several sources (13:3- 2). 

E::t.hiblt. 'l1le faUed/dcficicmt or rlon.::onfonning itl!."Il 
(15:1 - 2) . 

Fail - Safe . A design feature of :a nuclear wea{IC '1 esyftter.l or 
component which inlllll:e:o that a cl·i t.ical function or 
personnel injury wj 11 not cccoJr beca~ul ~ of a f'lilure in 
the aystem or corn~vnent (12:29). 

Firmware. Soft....are t.hat rcaidl!S in a nonvolatile rr.edhun 
"'hich is reac!-only in nl\t. ~re. Fir.n....,are La completelY 
writ.e-prote~ted when tuncti,::!,lng in its operational 
"",de (!2:29). 

Hard~lre . A dedicated discrete ~lectri~al ci rcuit (12:29). 

Jettiaon/Releasc Rezrot.e !nu~r!ace Unit (J/R RIU). Portion  
of SMS that generates si9~a ls for ~he jettison cf  
~i r-to-9~ound ~eapon8 .  

Line 	Replace~ble Units (LRU). Those component.s that. can be 
r~ro\l~ri linn replec:eti eli:. i:.i ..iI! UI,it l~-''''cl ~! :;.;.':':-. :.::~;::.::.=e . 

For example, LRt)e s-.:ch as the NRI!' car be removed and 
replaced by 1r.~..mition8 loadel' a whiie wo ;:in9 .:"In an 
eirc:rait on t.hl! fllghtlirle. 

Maintena nc e Fault loiating (HFL) . ]I. 11s~i:l9 0= syst.em fault.s 
:.hat ~er e discovered by tests buil~ int0 t~e aircra=t.'s 
~vionic8 aystem, e!t~er ir.f!iqht. o r on t.h~ <jl:ound 
(18110- ] through 10- ~ i . 

Materie l Deficiency Report (MDR) . A report. of a PI:oouct  
deficiency (15:1 - 3) .  

~~t. rlel Impr oveMent. pr oject (HIP). A HIP i6 a plann~~ 
effort to Inv(!stigbt.e and rf!;aolve deiichmciee or tc 
evaluate proposed enh~nce~ente . ~ HIP i. e&~abl~ehed 
whoene ve r a deficienc y o r enha nceJnent is detp.nnined \:0 
warrant further investigation or cons i de r ation and i6 
used to monitor ltnd control all actior.6 reh.!.ed to it 
(15:1- 3) . 

Mu ltiplexed System. A lignal transmission system in Which 
two o r ~re .i~r.alA shar e on~ trana~l88ion pa~h or bU3 
( 1 2:29) . 
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Uort:lal Envlrofl.'1lellt. The expl!ct~d logi8~ica1 and operaticnal 
envlrorunent8 which the ~eapon or combat deli very 
vehicle io required tc 8ur";live ....ithout degradation if' 
operationel reliability (12:29) " 

Nuclear Con.ent. Function. 1\ function !mp'.erner,t.ed by d 
delibercte act that providey l ....o-pereon control over 
the release sy~tem unlo~r. a~d nuclear ~e~pon predrro 
f~n~tlonB !12 : 29). 

Nuclear Mode. Situation or event occurring when ~he 
aircroft 18 configured to release or simulate the 
release of nu~lear \o{e~vor.6 (23). 

Nuclear Safet.y Criteria. Design ar.d evaluation critElcia 8e~ 
es guides for enAOJring that r.uclear Bafet:r" is a basic 
Bystelll ~nqineering and prccedural require:nen't in 
niJcl~a r '...eapon ar.d logisti..: 8'yl1it~ml!J (12:3E!) " 

~~clear Surety. h te~ ~8ed t.o encomFas. all bctivitie~ 
t !!a t cn5U!"f! Ai!" i o :-ce comp::'iance with the fOlJr DOD 
Nuclear We&pon System Safety Stand~r~9. To comply ~i th 
t heBe IItandards, Ai r Force nlJclear ....eapon systems must. 
be draigned. maintai~ed, transported. stored, a~d 
err.p!"y~d to inccrporate maxil'!!UJn 8~£ety consistent. .....i':.h 
..,pe:""at.1onal requirements (14:1 - 2) " 

th"l¢lea:- Surety Offic~r (NSC}" ~nrm~lly a full-tim\  
individl.lal ....ho iTI.anage~ . a base, ~ing ~r equ:valent  
nuclear surety pro9r~.  

Nuclea r Remote Interface Unit (NRIU). ~~S co~pon~nt that  
cc~ditior.s and ~ele~ses n~clear weapons (18:3 - 15).  

Nuclear Weapon . A d~vi ce in w~ich the eXFloaion re8ult~ 
fron: the energy relea!:.l!d by rtlactiOllH involving tIItomic 
nuclear fi~8ion or fusion or hoth {l~:;)" 

Nuclear Weapon System. A ccrnbat eelivery vehicle ' ''ith its 
nuclesr weapon ~r weapons and associ ated s uppurt 
equipment, noncombat deli\'~ry vet.icIes, facilities. and 
8ervice~ (14:3)" 

Nuclear Weapon SyateJ! ~afety Rules. Sec r etary of 
Dcfense- aptlrcved p!-oceduu.l .f'!e'3L:ard~ qoye;rr:.i:"'9 all 
operations with r.\Jcl~ar wl!!apons or m.'c..I.f!l'Ir weal .on 
yyRtemo . The. 8a tety r ul ee. ellftab1.i 81\ procedl,ree t.o 
er"ilure compliance ....·itll till! four Nuclf' ·r f.le !~pon 5yst.em 
f.afcty Stand:\:;-dn in DOD Directive (315e.2) (14:3) , Thoe 
Nur.lct.r Weapon System Sa fety Rllle6 for the F-l6 are 
cont.l\i!led in .\Fn 222-'6 (13:1). 
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Nuclfllllllh ....n <'Jf ',·:·:. d~. f'. !, l, ~, n .: ! .• tl. :".. "i.:;: .-,::: , 0 :" .In'l ·: -. •·..,r 
uncxl-l . int'.} .i.nci t!,'. nt .. !':.:, c r. .fl·"O!'d:-S 1".\,",C; I: nl:'. :':rinr;, 
or U'lt: by 11 ,5. ~· (.,rc ·: :J :.:; [ f1 " ' .-6 1..: :- · r""= :'~.:l .! .l U.~ \. i.· r: ~::.,:: ::, . 
of 3 nuC'l .... ilr-C03 ; at.lo:! ...,p.ai.'lI.m(!I' "YL':\!r.! w";ch o..:OI;!.:! 
creole ~'i\"'! t:i!\,I.: of ..:'l:r.tbr\.!~:: c.f wa.r. i!'lc.;.Jdln,); 
(1) Dt.'t..: \a ~ .t..:n of e. nu-::ll!'.;l.r 1,J,=I)I:>on,  
(~ ) L,,\ \:nc!l ,)f a 0\:';" 1N:.r· i.rm~d \l r IIU r. l ~a(,-::;:pl\h :' .  

o Jsuile:. 
(3) 	 UnauU:orized tli'3i1t or -.:.r.autho ;,;iz.ed devjatioll from 

C):'i bt>.\'l1·OV'!c ::llsn t pI.3; . ~~.•'\ nucl~ar- e. l. \:I"d ;,) I' 

nuclear- capable l.ircrc.t't ,,:it;, th<:! cape.b~lit'/ t.:> 
per:~t.rate t..he dir8pft.:.~ of t!l4'! USsR .:--::- othcc \-,,·ar-sa.... 
Pt.lct c:Ii.l:'llries" 

Originating Point. ;..:tivity ....it:h~n a ~:>:npont!r.t (Army, Navy, 
Marines, M .t' Forc~. Coase vlJarc, Dt-a. cr G3A) ·...hich 
dis::overe a proc!...Ict ::iefic.:i~ncy ?nd reports it 
(1501 - 3) . 

Pr~D.rmed . 'I'ht. ~til.te vI a weapon system i=! wt-:i::h launch .:r 
release of the \o'eapJl ':J :'11 (;t.art ~he 6o!G,uence 
necessary tc produce 3. nuC'l~z..r .:!~t:c!lati::m (12: 3£:;). 

5cre~nin9 ?oint. An offiee within the or~9i~ating activity 
....hich reviews rep::>rte tt) ~S8n!'e they 4'i.' t= valii. 
COm- p1ete, accurtlle, and properly ac!dressed: 
:.;:i ;::.:: :-::~='; ~-::::-:t,=~! !n!:!~b~r-!!! r~. ('~J!l ~: pp ."'I1 ·re a 
proper I'ilar-king an(j handling of exhibit,.; tran&m.l't!! 
reports to the contact poi~t act'vity; ~nitor5 
out.&tan(jir:g reperto; and ~ct.s ~a the foca 1 ?Cint 
for communication(l \lith the contact ,' lction poi-rot 
(as appli - ca~l!!!) (lS:1 - 3 through 1 - ~). 

SOItW~re. A series of ~. nst.ruc'tion9 oc st3te~bnts .m:luc!ing 
firmware} de::slg:'led t.o cause an ~ll!'ct.r.,.nic co~puter 
{automation} to @xecute an opera~ion (12~30) . 

Stray Voltage. An cnintcnde~ vo!tnge exi6ting in any p.3rt. 
of • ~e~pon 8yate~ (l2:3l). 

support Point. '~e activity that a.siete the act.ion point 
("'8 i'~qut!:st.eu~ in p:::-oce.scsing. in....e-stit?eting. ar:d 
resolving a defici~ncy. ~xampleB ~r~: Contract 
Administration Ofiice. ~n3ineerin9 support 
otfict:8, other ALeo, etc· This act.ivity may cr 
may not !)e co!ocilted ..,it.hin the action poir:t 
activity \~S:1-4). 

service: P.ephc:c-rr.ent UnIt {5r.UJ . Sl!~co~ponent.e of L~U9 that:. 
car. ~e repaired at an ir.termediate lev~l 
ma l nte:10Tlce 6hop . F'~r ~x~rr.ple. circ'Jit £,;c'((lS ~ rt 
il.:'l NRIU ("an bt- rer.'.Oved / r-epair-eu i'\T an A\'innic9 
Jfltemedi"te Shop . 

7[1 

http:i'~qut!:st.eu


~· ~MI...a.....aa..........~......~..............................--..  

Wliorrenty Manager. The individual, nonnally ".-!.thin AFLC OI 
APse, r espcna ibl ~ f or "'arranty admi nintralion 
( 1 5.1- 4) . 

Wo r k Uni t 	 Code . An alp,",a - nurneric code ccn(Jisti:"l~ cf five 
characters . It ider.tifie~ ~he ay6te~, the 
8ubeyatee , ~nd the component thet ~a5 worxed on 
(",11 - 0.,) . 
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The purpose of this re5ea~ch "'l1S i.o det.c-cmin= wh.:lt 
problema existed for rcporti:'lg Dull Sword!) or; the f-Ih and 
what ilnproVcm~nt8 could b~ marie to the cumbersome 
investigation lind r~f'Orlin9 ?Coce"8. "Ie complelCi toY of the 
F-16'a multiplexed anaing. loonitoring and control system 
~MUX AMAC} ~a~ determined to be the major prob]em sou~ce. 
~eroonne J involved ;'n t.he reportinq pt'oces~ ....ere uncertcsin 
of what failure9 to r eport a8 Dull Swordsv because most of 
t.he HUX AH..,"C ~ircuitry and component til were C&ed to deliver 

b ,.; :. conve.lt.lonal ....weaponR ~i .e. mis::iles and bomb5) 'and nuclear 
' · weapo:ld. Safety personnel interviewed deGired more detail~d 
repc~tin9 guidance.9n this dilemma. 

·"IiUX A~ experts were inte,rviewed to determine what 
t.y!>es of failures nl!'!eded to be reported and what type of 
information is needed in the ~eport6. TIlis infor~ation ~as 
used to develop better reporting ,]u.iclance (or units to 
follow. ' ....•,··1·.·, .... 

TIle guioo.:lce developed ··was t.hen \lse::3 in c~njunction • 
with two computer products: a maintenar.ce history re~rt on . 
each of t.he m.ajor MUX AHAC component.s obt.ained frci'll t.he 
Cer.tral Data System (CnS); a nc! a Du) 1 Sword 8WT'If.ary repol't 
nht a! ned frOJ! the Directorate of flue 1 ear Surety' 6 ,~l O~b·.!I ta. 
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:-epresentative. numb~I of Dull Swordo ::::,- , "'Ptr~ ,~nalyri~ {ou:ld 
t.hat over 5"'?~rc~nt.·· of the Nucleat" Rerr.ot.e ...lnt.erfa...:e " t1"nits 
fal1~rea were r.o~ repor.ted, as well 43 several Dull [words 
on ot.her ~omponents . . The author s~9~ested that ~any other 
Dull Swords may have occurred . bl.:t this COL:ld not. he I 
confirmed due t.o aupe["f1:;i~l information being ellt.ered into 
the CDS. 

1'he author ar.alyz.e.:J the posaibili'ty of using t.he CDS or 
61mil.l. r eystf'.I!.IS to replace or improve the current report.ing 
EystE:m. 'J"he research fcund thnt the inveati9ation/re~rt..i..ng 
?rOCeS5 at unit•• c,:,uld ~e streamlined if more deotailed 
inform.3.tioll ....<!IS entered into the systems . Sev~ra l 
re~ommendation5 for improv~ment were giv~n . 
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