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Th i s report was prepared as part of your request that we rev i ew the B-2 program. Th i s i s our 
f irst unc l ass i f i ed report on the B-2. As you know, before th is year a l l  aspects of the B-2 
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perm it th is unc l ass i f i ed report on the B-2’s h istory and current cost, schedu l e, and test 
status. Informat ion on performance rema i ns c l ass i f i ed and wi l l  b e i nc l uded in a separate 
report. 

W e  are send i n g cop i es of th is report to appropr i ate congress i ona l  committees; the Secretar i es 
of Defense and the Air Force; the Director, Off ice of Management and Budget; and other 
i nterested part ies. 

Th i s report was prepared under the d irect ion of Nancy R. K ingsbury, Director, Air Force 
Issues, who may  be reached on (202) 275-4268 if you or your staff have any quest i ons 
concern i ng th is report. Other ma j or contr ibutors to th is report are l i sted in append i x  I. 

S incere l y yours, 

Frank C. Conahan 
Ass i stant Comptro l l er Genera l  



E lxecut ive Summm 

I 

Ptirpose The B-2 bomber is one of the most cost l y Department of Defense pro- 
grams. Its h i gh cost and h igh l y c lass if i ed nature have made it the sub j ect 
of cons i derab l e controversy. S ince 1986, GAO has i ssued f ive c lass if i ed 
reports on the B-2 program. Recent changes in the secur ity c lass if i cat ion 
of the program permit th is unc lass i f i ed report on the program’s h istory 
and current cost, schedu l e, and test status. Th i s report conta i ns informa- 
t ion from our pr ior c lass if i ed reports that is now unc lass i f i ed and 
updated as necessary. 

Background k 
a ircraft with two crew members and prov i s i ons for a th ird. It has twin 
weapon bays and four eng i nes and is des i gned to perform the trad it iona l 
l ong-range bomber ro le for both nuc l ear and non-nuc l ear m iss i ons. The 
Air Force be l i eves the B-2 has the greatest potent ia l for a future capab i l - 
ity aga i nst targets of uncerta in locat ions, a l though concerns ex ist about 
the d iff icu lt ies of locat ing movab l e  targets. 1, 

The Air Force has been deve l op i ng the B-2 wh i l e produc i ng and 
dep l oy i ng the B-LB bomber to modern i ze the ag i ng B-52 bomber f leet. 
The B-2 is be i ng deve l oped to take advantage of l ow observab l e techno l- 
og ies, wh ich, when comb i ned with on-board av ion i cs, are i ntended to 
a l l ow penetrat ion of current and postu lated Sov iet defenses. 

In 1981 the Air Force est imated the cost to procure 133 B-29 -6 deve l- 
opment a ircraft and 127 product i on a ircraft-wou ld be $32.7 b i l l i on in 
1981 do l l ars. In 1986 the Department of Defense announced the est i- 
mated cost wou l d be $36.6 b i l l i on in 1981 do l l ars, wh i ch was equ iva l ent 
to $58.2 b i l l i on in esca l ated do l l ars over the l ife of the B-2’s procure- 
ment. Th i s cost est imate and the re lated program schedu l e became the 
base l i ne from wh i ch subsequent budget and schedu l e changes are 
measured. 

Resu lts in Br ief The B-2 program’s cost and schedu l e have changed s ign if i cant ly s i nce 
1986 and rema in uncerta in. The B-2 acqu is i t i on strategy i nc l udes cost 
and schedu l e pro ject ions that re ly on very h i gh annua l  fund i ng l eve l s 
and on order ing a large number of p l anes before the necessary test ing to 
demonstrate that the B-2 can perform its m iss i on is comp leted. 

S ince 1986 the B-2 cost est imate i ncreased $12 b i l l i on, and the f ina l B-2 
de l i very was extended 3 years to 1999. Future schedu l e changes and 
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Execut i v e Summar y  

cost i n creases w i l l  occur if pro j ected annua l  fund i ng requ i rements are 
not appropr i ated or if p l a nned program sav i n g s are not ach i e ved. 

T h e  f l i ght test program has j ust begun, If current schedu l e s  are met, it 
w i l l  b e  at l east 3 years before cr it i ca l performance requ i rements have 
been fu l l y tested. That i s the po i nt i n test i ng where prob l ems are typ i- 
ca l l y  d i scovered. At that t ime ,  under the current schedu l e , over $48 b i l- 
l i on wou l d  h ave been appropr i ated and 31 a ircraft wou l d  h ave been 
ordered. In v i ew of these uncerta i nt i es, a s  we l l  a s  chang i n g wor l d cond i - 
t i ons, GAO be l i e ves that a l ternat i ve acqu i s i t i on strateg i es shou l d  be 
cons i dered. 

Ma j o r des i g n changes ear l y i n the B-Z’s  deve l o pment caused manufac- 
tur ing d iff i cu l t i es that have contr i buted to a s l ower product i on schedu l e  
and l abor cost i ncreases. Contractors have reported improvements i n 
product i v i ty and reduct i ons i n manufactur i n g defects, but these 
improvements are l e ss than ant i c i pated. A l so, further manufactur i n g 
improvements m a y  be h i ndered b y  cont i nu i ng des i g n changes. 

Princ ipa l F i nd i ngs 

Cost Est im a te Increases In June 1989 the B-2 program was  est imated to cost $70.2 b i l l i on, a $12 
b i l l i on i ncrease from the base l i n e est imate. T h e  June 1989 est imate 
depends on ach i e v i n g $6.2 b i l l i on i n sav i n g s through a cost reduct i on 
i n i t i at i ves program and mu l t i y ear procurement strategy. T h e  amount of 
sav i n g s and the feas ib i l i ty of ach i e v i n g t h em are uncerta i n. If the pro- 
j ected sav i n g s are not rea l i zed, add i t i ona l  fund i ng w i l l  b e  requ ired, and 
the B-2 program’s schedu l e  m a y  be extended. 

S i n c e  1986 B-2 est imated cost i n creases have been caused pr imar i l y b y  
an i n comp l e te a ircraft des i g n at the start of manufactur i ng, underest i - 
mated  mater i a l  costs, and product i on schedu l e  extens i ons, T h e  mos t  
recent i ncrease, $2.6 b i l l i on, occurred between January and June 1989 
and was  pr imar i l y d ue to extend i ng the schedu l e  1 year. 

Fund i n g  Assympt i o ns T h e  current acqu i s i t i on p l an requ i res fund i ng of $5.3 b i l l i on i n f i sca l  
year 1991 and $7.5 to $8 b i l l i on annua l l y  for f i sca l  years 1992 through 
1995 to ach i e ve the est imated program cost of $70.2 b i l l i on. If these 
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fund i ng l eve l s are not ach i e ved, the A ir Force w i l l  h a v e to de l a y or 
reduce the B-2’s  product i on program. 

Pro&-am Schedu l e  Chan g e s  T h e  B-2 program schedu l e  h a s changed each year s i n ce 1986. T h e  latest 
change i n J une 1989 de l a yed both the f irst fu l l  product i on and mu lt i - 
year procurement dec i s i o ns b y  1 year. It a l s o extended the B-2 f ina l 
de l i ver i es from 1998 to 1999. T h e  l ast B-2 de l i very i s n ow schedu l e d 3 
years later than p l a nned i n the 1986 base l i n e est imate. 

T h e  Secretary of Defense approved th i s schedu l e  extens i o n because 
de l a ys i n comp l e t i n g the f irst a ircraft de l a yed the start of f l i ght test ing. 
If the product i on schedu l e  had not been extended, the concurrency i n 
the program wou l d  h ave i ncreased. T h e  schedu l e  extens i o n ma i n ta i n ed 
the prev i ous l y p l a nned re l at i onsh i p between f l i ght test i ng and 
product i on. 

Mar jufactur i ng Prob l ems GAO reported i n August 1988 that the contractors were encounter i ng 
manufactur i n g prob l ems, as ev i d enced b y  a l arge n umber of manufac- 
tur ing defects, ineff ic i ent labor, and the transfer of work or i g i na l l y 
p l a nned to be accomp l i s h e d  at the subcontractor p l ants to the f ina l 
a s s emb l y  s ite. T h e s e  prob l ems were caused i n part because, to ma i nta i n  
schedu l e , manufactur i n g was  started before the a ircraft des i g n was  
comp l e te. 

Manufactur i n g data co l l e cted i n 1989 s h owed that the contractors are 
reso l v i ng s ome  of these prob l ems. T h e  contractors are report ing they 
have reduced the number of manufactur i n g defects, improved worker 
eff i c i ency, and transferred l e ss work to the f ina l a s s emb l y  s ite. How- 
ever, these improvements were l e ss than ant i c i pated. 

As  in the c a s e  of other programs, the contractors are in i t i at ing ma n y  
changes to eng i neer i ng draw ings, wh i c h  cont i nue to d i srupt the manu- 
factur i ng process. S ome  of these changes requ ire n ew parts, n ew too l i ng, 
and changes to the manufactur i n g p l an, wh i c h  h i nder efforts to stab i l i z e 
the manufactur i n g process. 

B-2 F l i ght Test Program T h e  B-2 f l i ght test program began on Ju l y  17, 1989, w ith the f irst f l i ght 
* of the a ircraft. T o  date, 1 percent of the f l i ght test program has been 
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comp l e ted. T h e  program wi l l  l i k e l y cont i nue into 1994. T h e  pace of test- 
i ng w i l l  i n crease a s  the rema i n i n g f i ve deve l o pment a ircraft b e c ome 
ava i l a b l e for test ing. 

T h e  f irst l- l/Z years of f l i ght test i ng i s to demonstrate bas i c  B-2 a ir 
worth i ness and prov i de pre l im i nary data on the l ow observab l e  features 
of the a ircraft. More cr it i ca l operat i ona l  test ing, i nc l ud i ng i ntegrated 
offens i ve and defens i v e av i on i cs, where prob l ems have frequent l y been 
d i s covered on other programs, i s schedu l e d to beg i n  i n 1992. 

Makter for 
Cobgress i ona l  
Cohs i derat i on 

There has, been mu c h  debate on whether the Department of Defense can 
rea l i st i ca l l y expect to rece i ve the fund i ng l eve l s pro j ected b y  the 
Department for the B-2 program. Beca u s e  of th i s and the fact that cr it i- 
ca l  test i ng i s severa l  years away, the Congress m a y  w i s h  to requ ire the 
Secretary of Defense to prov i de an ana l y s i s  of a l ternat i ve acqu i s i t i on 
p l a ns for the B-2 program, i nc l ud i ng var i ous annua l  fund i ng l eve l s. Th i s  
ana l y s i s  wou l d  prov i de the Congress w ith i nformat i on on opt i ons for 
future fund i ng dec i s i o ns and the ir re l ated impact on the B-2’s  cost and 
schedu l e . 

1 

Agency Commen t s  GAO d i d not request off ic i a l  wr itten c ommen t s  on th i s report. However, 
GAO d i s c ussed a draft of th i s report w ith Department of Defense off ic i a l s 
and i ncorporated the ir c ommen t s  where Fppropr i ate. 
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Chapter 1 
* f 

Irkroduct ion 

-’ 

The B-2 program has been in fu l l -sca le deve l opment s i nce 1981. It is part 
of the Strateg ic Modern i zat i on Program, wh i ch was des i gned to modern- 
ize the strateg ic bomber forces by rep lac i ng the ag i ng B-52 bomber f leet 
with B-1B and B-2 bombers. The B-2 is i ntended to be a l ong-range, mu l- 
t iro le bomber capab l e of penetra l hn at both l ow and h i gh a lt itudes. It 
SUPPOSES the S ing l e Integrated Operat i ona l  P lan’ and var i ous conven- 
t iona l m iss i ons. 

The B-2 is a f ly ing w ing a ircraft with two crew members and prov is i ons 
for a th ird. It has twin weapons bays that prov i de up to 50,000 pounds 
tota l pay l oad capac ity. The actua l pay l oad carr ied by the B-2 wi l l vary 
depend i ng on the m iss i on. It is powered by four turbofan eng i nes that 
prov i de 19,000 pounds of thrust each. The B-2 des i gn i nc l udes l ow 
observab l e techno l og i es such as spec ia l  shap i ng and radar absorb i ng 
mater ia l s, wh i ch are i ntended to reduce the radar cross sect ion of the 
a ircraft. These mater ia l s requ ire n ew manufactur i ng techno l og i es that 
are more cha l l eng i ng than the techno l og i es of a l um i num a ircraft. F i gure 
1.1 shows the B-2 in f l ight. 

A lthough concerns ex ist about the d iff icu lt ies of locat ing movab l e  
targets, the Air Force be l i eves the B-2 has the greatest potent ia l  for an 
enhanced capab i l i ty aga inst, targets with uncerta i n l ocat ions because of 
its expected i ncreased surv ivab i l i ty compared to other a ircraft. 

Background 
- 

The B-2 program is managed by the Air Force System Program Off ice, 
Wr ight-Patterson Air Force Base, Oh io, Northrop B-2 Div is i on, P ica 
R ivera, Ca l i forn ia, is the pr ime contractor. Ma j or subcontractors inc l ude 
Boe i ng and Vought, wh i ch manufacture separate sect i ons of the B-2 at 
product i on fac i l i t ies in Seatt le, Wash i ngton, and Da l l as, Texas, respec- 

. t ive ly. These a ircraft sect i ons are sh i pped to the B-2 f ina l assemb l y s ite 
in Pa lmda l e, Ca l i forn ia, where Northrop is respons i b l e for the B-2 f ina l 
assemb l y and systems integrat ion. Genera l  Electr ic, Evenda l e, Oh io, 
manufactures the eng i nes for the a ircraft. 

The Air Force p l ans to procure 133 B-2s: 6 deve l opment a ircraft and 127 
product i on a ircraft. Al l but one of the deve l opment a ircraft wi l l b e mod- 
if ied after the comp let i on of the f l ight test program and used as opera- 
t iona l a ircraft. The Air Force p l ans to keep the other deve l opment 
a ircraft ava i l ab l e for future test purposes. In 1986 the Congress d irected 

‘T h e  S ing l e Integrated Operat i ona l  P lan a l l ocates al l strateg ic assets - bomber, tankers, l and- a n d  
sea-based ba l l ist ic miss i l es a n d  cru i se miss i l es - to spec if ic targets. 
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F i g& 1.1: B-2 Advanced Techno l ogy Bomber 

Source: Northrop B-2 D iv i s i o n 

the Secretary of Defense to re l ease its est imate of the program’s cost. 
T h e  est imate of $36.6 b i l l i on i n 1981 do l l ars and the re lated schedu l e  
serve a s  a base l i n e for the B-2 program. Except where noted, a l l  cost 
est imates i n th i s report are expressed i n then-year do l l ars, wh i c h  
i nc l u de the est imated impact of inf lat ion. 

T h e  f irst f l i ght of the B-2 occurred on Ju l y  17, 1989, tak i ng off from Air 
Force P l ant 42 i n Pa lmda l e ,  Ca l i forn i a, and l and i ng at Edwards A ir 
Force Base, Ca l i forn i a. T h e  a ircraft has s i n ce f l own seven more t ime s .  
Accord i n g to the A ir Force, mos t  of the ob j ect i ves of the e i ght f l i ghts 
were accomp l i s h ed, but the ana l y s i s  of the data gathered i s st i l l  
underway. 

Ob ject i ves, IScope, and In 1986 the Cha i rman, Hous e  Comm i t t e e  on Armed  Serv i ces, requested 

Methodo l o gy that we  rev i ew the B-2 program. S i n c e  that t im e  we  have i s sued f i ve 
c l ass i f i ed reports. Recent changes i n the secur i ty c l ass i f i cat i on of the 
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B-2 program perm it th i s unc l ass i f i e d report on the B-2 program’s h i story 
and current cost, schedu l e , and test status. Th i s  report conta i ns i nforma- 
t ion from our pr ior c l ass i f i ed reports that i s n ow unc l ass i f i e d and 
updated a s  necessary. 

W e  obta i ned i nformat i on from records and off ic i a l s at the B-2 Sys t em 
Program Off i ce and the Northrop B-2 D iv i s i on, In add i t i on, we  rev i ewed 
program data prov i ded b y  the Off i ce of the Secretary of Defense and A ir 
Force Headquarters, Wash i n gton, DC,; the Strateg i c A ir Comman d ,  
Omaha ,  Nebraska; the A ir Force P l ant Representat i ves Off ice, P i c a  
R ivera, Ca l i forn i a; the A ir Force F l i ght Test Center, Edwards A ir Force 
Base, Ca l i forn i a; Hugh e s  Radar D iv i s i on, E l  Segundo, Ca l i forn i a; Boe i n g  
Adva n c e d  Sys t ems D iv i s i on, Seatt l e, Wash i n gton; and other c l ass i f i ed 
organ i zat i ons. 

W e  performed our rev i ew in accordance w ith genera l l y  accepted govern- 
ment  aud i t i ng standards. W e  d i d not request wr itten agency c omment s .  
However, we  d i s c ussed a draft of th i s report w ith Department of 
Defense off ic i a l s and i ncorporated the ir c ommen t s  where appropr iate. 
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Chapter 2 

K2 Cost Est imaks From 1981 to 1989 

In 1981 the Air Force est imated the cost to procure 133 B-2s wou ld be 
$32.7 b i l l i on in 1981 do l lars. The Air Force based th is and subsequent 
est imates through 1986 on deve lopment and product ion data for other 
a ircraft. As the B-2 manufactur ing process evo lved, actua l costs were 
used in the est imates, wh ich caused them to increase. 

In January 1986 the Department of Defense announced an est imate of 
$36.6 b i l l i on in 1981 do l lars. Th is est imate became the base l i ne to mea- 
sure subsequent cost and schedu le changes. In June 1989 the Secretary 
of Defense approved a new est imate of $43.8 b i l l i on in 1981 do l lars. 

These increases can be attr ibuted pr imar i ly to des ign-re lated manufac- 
tur ing d iff icu lt ies, underest imated mater ia l costs, and changes to the 
product ion schedu le. Manufactur ing d iff icu lt ies increased labor costs 
and de layed the de l i very of the first a ircraft. The Air Force extended 
the product ion schedu le to reduce annua l fund ing requ irements and 
avo id increased program concurrency. The June 1989 est imate sti l l con- 
ta ins opt im ist ic fund ing assumpt ions that may cause further increases. 

As program costs increased, the Congress d irected the Air Force to iden- 
t ify ways to reduce costs through a cost reduct ion in it iat ives program. 
In June 1989 the Air Force est imated that $6.2 b i l l i on cou ld be saved 
through the imp lementat ion of these in it iat ives and a mu lt iyear procure- 
ment strategy. Some of the in it iat ives, however, are based on opt im ist ic 
assumpt ions and are sub ject to change. 

Program Cost 
Increases 

B-2 program cost est imates have increased s ince the 1986 base l i ne est i- 
mate, even though some increases were offset by pro jected sav ings from 
mult iyear procurement and cost reduct ion in it iat ives. The est imate is 
now $43.8 b i l l i on in 1981 do l lars, or $70.2 b i l l i on in then-year do l lars, as 
shown in tab le 2.1. 
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Chapter 2  
E2  Cost Eet imatem F r om 1 9 8 1  to 1 9 8 9  

T a b 1 4  2.1: Air Force Est imate8 of B-2 
Acq~ ir i t i on Coat8 and Sav i ngs Do l l a rs i n b i l l i ons __---. 

____.----- ___. --_- 
costs 

-- 
Jan. Jan. Jan. Jan. June 
1986 1987 1988O 1989 1989 .- 

Deve l o pment  
Product i o n 
Tota l  

______-- -~ 
$14.5 $16.7 $18.4 $20.2 $20.8 

43.7 42.0 5 1  .o 55.6 55.6 ..---____ 
58.2 58.7 69.4 75.8 76.4 

Sav i ngs 
Mu lt i y ear procurement $ 0  $1.5 

$, ,6 --$~-..-.~$2.6 
_ _  _____----- .--- 

Cost reduct i o n in i t i at i ves 0  0  0  5.5 3.6 ______-_._- _.___ --_-___- l _--_--- ----- _ _ _ _  
Tota l  0 1.5 1.6 8.2 6.2 
Tota l  reported p r o g r am cost $58.2 $57.2 $67.8 $67.6 $70.2 ..---- -_--__--.--_-..-__- .--.- 
1 9 8 1  Do l l a r equ i v a l e nt $36.6 $36.6 $42.1 $42.5 $43.8 

aThe Off ice of Secretary of Defense d id not approve these est imates. 

T h e  January 1986 est imate was  based on a f irst f l i ght date i n December  
1987 and de l i v ery of the l ast a ircraft i n 1996. Increases i n deve l o pment 
costs i n the January 1987 est imate were offset b y  l ower est imates for 
product i on costs because of $1.5 b i l l i on i n sav i n g s expected from mu lt i - 
year procurement, Th i s  wa s  the f irst est imate i n wh i c h  the A ir Force 
a s s umed  pro j ected sav i n g s from mu l t i y ear procurement. 

In January 1988 the A ir Force rev i sed its est imate to $67.8 b i l l i on. Th i s  
i n crease ref l ected a 3-year extens i o n of the program, w ith f ina l a ircraft 
de l i v ery schedu l e d for 1999. Th i s  est imate was  not approved b y  the Sec- 
retary of Defense, and the A ir Force was  d i rected to e x am i n e  the pro- 
g r am to ident i fy way s  to reduce the program’s cost. 

In January 1989 the program was  est imated to cost $67.6 b i l l i on. Th i s  
. est imate was  based on an acce l erated schedu l e , w ith f ina l a ircraft de l i v- 

ery schedu l e d for 1998, and i nc l u ded $8.2 b i l l i on i n potent i a l  s av i n g s 
from a cost reduct i on i n i t i at i ves program. Th e s e  potent i a l  s av i n g s l ow- 
ered the est imate from $75.8 b i l l i on to $67.6 b i l l i on. In March  1989 we  
reported that the feas ib i l i ty of s ome  of these sav i n g s was  uncerta i n. 

In June 1989 the cost est imate i ncreased to $70.2 b i l l i on. Th i s  i n crease 
was  pr imar i l y d ue to extend i ng the schedu l e  1 year, w ith f ina l a ircraft 
de l i v ery schedu l e d for 1999. Expected sav i n g s from the cost reduct i on 
i n i t i at i ves program were reduced to $6.2 b i l l i on. 
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Chapter 2 
B-2 Cost Est imates F ’r om 1981 to 1880 

We  have been informe d  the A ir Force rev ised the June 1989 est imate to 
ref lect h igher inf lat ion rates, the impact of the labor str ike at Boe i ng, 
and congress i ona l l y d irected changes to the 1990 a ircraft order sched- 
u le. A s  of February 9, 1990, the Department of Defense had not re leased 
a new est imate of B -2 program  costs that ref lected these factors. 

Ctiuses of Cost 
Inbreases 

The B -2 program  cost i ncreases have been pr imar i l y  caused by an 
i ncomp l ete a ircraft des i gn at the start of manufactur ing, underest imated 
mater ia l  costs for a compos i t e a ircraft, and product ion schedu l e 
extens ions. 

Inhomp l ete Aircraft Des i gn In ear ly 1981, before the fu l l -sca le deve l opment contract was awarded, 
the A ir Force mod i f i ed its requ irements to i nc l ude a low-a lt itude capa- 
b i l i ty for the B -2. Th i s  change was mad e  because the A ir Force wanted 
the f lex ib i l i ty of a bomber that cou l d f ly at both h igh and l ow a lt itudes. 
Th i s  change forced Northrop to redes ign its or ig ina l B -2 airframe, add- 
ing add it iona l contro l surfaces and improved structures to accommodate 
the stresses of low-a lt itude, h igh-speed f l ight. Northrop’s efforts to rede- 
s i gn the airfram e  a l so de l ayed its efforts to comp l ete the other aspects 
of the B -2’s des ign, However, no change was mad e  to the B -2’s produc- 
t ion schedu l e. 

T o  meet its f irst f l ight dead l i ne, the contractors started manufactur i ng 
the B -2 in January 1986, even though the a ircraft des i gn was not com- 
p leted. In August 1988 we reported that prob lem s  caused by in it iat ing 
manufactur i ng act iv i t i es before the B -2 des i gn was stab i l i zed de l ayed 
the comp l et i on of the f irst deve l opment a ircraft. Manufactur i ng person- 
ne l were rece iv i ng eng ineer ing draw ings late or were not ab le to use 
ex ist i ng draw ings and thus forced to wa it for new draw ings and parts. 
As  a resu lt, manufactur i ng labor hours increased s ign if i cant ly. The 
i ncomp l ete B -2 des i gn a l so led to parts shortages, too l i ng prob lems ,  and 
the transfer of manufactur i ng act iv i t i es to the f ina l B -2 assemb l y  s ite. 

Underest imated Mater ia l  
costs 

v 

Mater i a l  cost est imates have increased s ign if i cant ly s i nce the 1986 base- 
l i ne est imate. The A ir Force used a cost est imat i ng mode l  in the 1986 
est imate to pred ict B -2 mater ia l  costs. The mode l  was based on bu i l d i ng 
an a lum inum  aircraft. Even though the A ir Force attempted to compen- 
sate for the d ifferences between bu i l d i ng an a lum inum  aircraft and a 
compos i t e B -2 structure, the mode l  produced an est imate that was lower 
than the costs actua l l y incurred. 
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Schedu l e  Chan g e s  Deve l o pment costs i ncreased a s  a resu lt of changes i n the product i on 
schedu l e . A s  the product i on schedu l e  i s de l ayed, and fewer a ircraft are 
i n process, more f i xed costs are a l l o cated to each a ircraft. Product i on 
costs i ncrease a s  the schedu l e  i s extended because the a ircraft are pro- 
duced over a l onger per i od of t ime ,  i ncreas i ng the f i xed costs requ i red to 
bu i l d the a ircraft. 

Co& Reduct i o n 
In iQat i ves P rogram  

T h e  f i sca l  year 1988 Defense Author i zat i on Act requ i red the Depart- 
ment  of Defense to estab l i s h a B-Z cost, performance, and man a g emen t  
in i t i at i ves program. In response, the A ir Force deve l o ped a cost reduc- 
t ion i n i t i at i ves program w ith a l o-percent cost reduct i on goa l . T h e  A ir 
Force a l s o deve l o ped the program due to the $10 b i l l i on i ncrease i n est i- 
mated  program costs from the January 1987 to January 1988 est imates. 
B-2 contractors and the A ir Force ident i f i ed over 150 techn i ca l  a nd man- 
ag ement in i t i at i ves to reduce program costs s u c h  a s  i ncreased mu l t i y ear 
procurement, reduced overhead rates, and product i on improvements. 

Lower Est im a te of Sav i n gs In March  1989 we  reported that the A ir Force est imates of cost reduc- 
t ion sav i n g s were based on opt im i st i c assumpt i o ns. Ma n y  of the in it ia- 
t i ves were st i l l  be i n g eva l uated and sub j ect to change. In add i t i on, we  
stated that it wa s  uncerta i n if and when  the Congress wou l d  approve 
mu l t i y ear procurement. Est imated sav i n g s from mu l t i y ear procurement 
were $2.7 b i l l i on i n January 1989. 

Beca u s e  of the schedu l e  c hanges i n J une 1989, two cost reduct i on in it ia- 
t i ves i n c l u ded i n the January 1989 est imate were removed. T h e  
enhanced schedu l e  in i t i at i ve was  est imated i n 1988 to s a v e  $1.4 b i l l i on 
b y  comp l e t i n g the product i on program in 1998. Th i s  in i t i at i ve had to be 
e l im i nated when  the product i on program was  extended to 1999. A l so, 
the A ir Force e l im i nated an in i t i at i ve to s a v e  $500 m i l l i o n to reduce 
d irect costs because the changes to the program schedu l e  ma d e  it d iff i- 
cu l t to pred i ct when  and h ow d irect costs cou l d  be reduced. 

Annua l  Fund i n g 
Requ i rements 

* 

F i gure 2.1 s h ows the d istr i but i on of the June 1989 $70.2 b i l l i on est imate 
from f i sca l  year 1990 through the comp l e t i o n of the program. In f i sca l  
year 1991, $5.3 b i l l i on i s requ ired. T h e  peak fund i ng requ i rements occur 
i n f i sca l  years 1992 through 1996 and are $7.8, $8, $7.7, and $7.5 b i l l i on, 
respect i ve l y. Annua l  fund i ng i eve l s for f i sca l  years 1989 and before 
tota l ed $22.6 b i l l i on. 
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F i g& 2.1: June 1989 Cost Est lmate 

1 0  & l l a nIn B l l l l o nm 

, r 

$33.5 FY 90 F i v e Year P l an $14.1 to Comp l ete 

I PdWhX l  

Fu l l - sca l e d e v e l o pment 

T h e  B-2 annua l  appropr i at i ons to date have not exceeded approx imate l y  
$5.2 b i l l i on. More important l y, there are i nd i cat i ons that future fund i ng 
w i l l  not grow to the peak l eve l s requ i red i n f i sca l  years 1992 through 
1996. For examp l e ,  the Cha i rman of the Hous e  Comm i t t e e  on Armed  
Serv i c es stated dur i ng the f i sca l  year 1990 defense author i zat i on hear- 
i n gs that “... it i s a . . . certa i nty that the B-2 program wi l l  not be funded 
at the $7 b i l l i on to $8 b i l l i on leve l....” 

Conc l us i o ns 

Y 

B-2 program costs have i ncreased substant i a l l y  s i n ce the 1986 base l i n e 
est imate. Manufactur i n g prob l ems and schedu l e  i nstab i l i ty cont i nue to 
contr i bute to cost i ncreases. T h e  current est imate a s s umes  severa l  suc- 
cess i v e  years of fund i ng l eve l s of approx imate l y  $8 b i l l i on. Th i s  
a ssumpt i o n  i s not cons i stent w ith recent appropr i at i on exper i ence. If 
these fund i ng l eve l s are not ach i e ved, cost w i l l  i n crease and schedu l e  
c hanges m a y  occur. 
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Chapt e r  3  

@o g ram  Sc h e d u l e C h a n g e s  

T h e  J a n u a r y  1 9 8 6  b a s e l i n e  s c h e d u l e  e s t imat e d  that t h e  f ina l  B-2 wou l d  
b e  d e l i v e r e d  i n ear l y  1 9 9 6 .  T h e  s c h e d u l e d  a p p r o v e d  b y  t h e  Secretar y  of 
De f e n s e  i n J u n e  1 9 8 9  e s t imat e d  that t h e  f ina l  B-2 wou l d  b e  d e l i v e r e d  i n 
m i d - 1999, o v e r  3  y e a r s  l ater t h a n  t h e  d a t e  i n t h e  b a s e l i n e  s c h e d u l e .  T h e  
s c h e d u l e  c h a n g e  affects t h e  overa l l  p r o c u r emen t  p l a n, s u c h  a s  w h e n  
fu l l -rate p r o d u c t i o n  a n d  mu l t i y e ar p r o c u r emen t  a r e  in i t i ated. T h e  s c h e d -  
u l e  c h a n g e  a l s o  affects f i x ed-pr i c e o p t i o n s  current l y  h e l d  b y  t h e  p r ime 
contractor, s u b c o n t r a c t o r  s c h e d u l e s ,  t h e  quant i t y  a n d  tim i n g  of too l i n g 
p u r c h a s e s ,  a n d  f l i ght test i ng. 

Ch a n g e s  to B-Z 
S q h e d u l e 

T h e  B-2 p r o g r am s c h e d u l e  h a s  c h a n g e d  e a c h  y e a r  s i n c e  t h e  1 9 8 6  b a s e -  
l i ne. F o r  e x amp l e ,  a s  s h ow n  i n tab l e  3.1, i n t h e  1 9 8 6  e s t imate a l l  1 2 7  
p r o d u c t i o n  a ircraft wer e  p l a n n e d  to b e  o r d e r e d  a n d  5 2  a ircraft wer e  
p l a n n e d  to b e  d e l i v e r e d  b y  1 9 9 3 ,  b u t  i n t h e  J u n e  1 9 8 9  e s t imate o n l y  4 7  
p r o d u c t i o n  a ircraft, or 3 7  percent, wer e  p l a n n e d  to b e  o r d e r e d  a n d  o n l y  
9  a ircraft wer e  p l a n n e d  to b e  d e l i v e r e d  b y  that tim e .  

T a b l e  3.1: Order a n d  De l i v ery Sch e d u l e  Compa r i s o n  for Product i o n  Aircraft 
F i sca l  y e a r  

‘%  
pr ior 1 9 8 9  1 9 0 0  1 9 9 1  1 9 9 2  1 9 9 3  1 9 9 4  1 9 9 5  1 9 9 6  1 9 9 7  1 9 9 8  1 9 9 9  Tota l  . . .._. ~.~ .-.--. _ _ _ _ _ _  

1 9 8 6  Est imate (f isca l y e a r  1 9 8 7  b u d g e t )  
_  -. Or d e r  1 3  1 4  1 8  3 0  3 6  1 6  1 2 7  --...---- -.--- 

De l i v ery.. .- 2  9  1 7  2 4  3 5  3 6  4  1 2 7  _ _ -  ._ L _  ._ _  .- ..- ------ 
1 9 8 7  Est imate (f isca l y e a r  1 9 8 8  b u d g e t )  
Ord e r  9  1 0  1 4  1 6  2 9  3 5  1 4  1 2 7  
De l / v e r y  2  9  1 2  2 3  3 2  3 6  1 3  12 ' j  --- I__.____- ._ .- ._. . .._.~. .-~. .-.-. --- 
1 9 6 8  Est imate (f isca l y e a r  1 9 8 9  b u d g e t )  _..-. ~~---_- 
Ord e r  5  5  7  l 5 1 6  1 7  2 4  2 4  1 4  1 2 7  - 
De h v e r y  4  5  5  1 3  2 4  2 4  2 4  2 4  4  1 2 i  
1 9 8 9  Est imate (f~~&$~~~~ lQQO bu d + )  _ _ _ _ _ - -  - - _ _ _ _ -  

.~ Or d e r  5  4  5  1 0  2 1  2 4  3 0  2 8  1 2 7  -- _  ._-. - - _ _ _ _ _  - 
De l r v e r y  2  5  6  IO 2 4  3 6  3 6  8  1 2 7  - _ _ _ _ _ _ _  
1 9 6 9  Est imate &cr%~t o f ~ e%ns e ’s  p l a n) 

~. - Or d e r  5  3  3  5  1 0  2 1  2 4  3 0  2 6  1 2 7  ~.-.-------_ 
De l i v e r y 3  6  5  8  1 8  3 0  3 6  2 1  1 2 7  

i ) F i g u r e  3 . 1  c om p a r e s  t h e  n umb e r  of a ircraft o r d e r s  u n d e r  t h e  1 9 8 6  b a s e -  
l i n e a n d  J u n e  1 9 8 9  s c h e d u l e s .  Spec i f i c  d a t a  for t h e  1 9 8 8  a n d  pr i or y e a r s  
a r e  c l ass i f i e d. 
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Prog r am fkhedu l e  Ch a n g e s  

1 

F i g u 3.1: B-2 Product i on Aircraft Order 
Sche f u le Compar i s on 4 0  No. of Ahrd l  

1 9 8 9  1 9 9 9  1 9 9 1  1 9 9 2  1 9 9 3  1 9 9 4  1 9 9 s  1 9 9 9  
Fbca l  Y om  

- Base l i n e 
-1-1 June lQQQP l a n 

Changes to P rogram  
M i l estones 

T h e  changes ma d e  to a ircraft order and de l i v ery schedu l e s  have 
changed program m i l e stones. W e  used the 1986 schedu l e  a s  a base l i n e to 
measure  m i l e stone changes. T h e  f irst f l i ght m i l e s tone was  accomp l i s h e d  
19 month s  after or i g i na l l y schedu l e d. Other program m i l e s tones s h own 
in f igure 3.2 are pro j ected to s l i p approx imate l y  2 years. T h e  th ird a ir- 
craft de l i v ery m i l e s tone i s important to the test program because 
th i s a ircraft resemb l e s  the product i on a ircraft more c l ose l y. 
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F i gu:re 3.2: B-Z Program Mi l ertone Changes 

F l nt,F l l ght A  A 

Th i rd 
Oev~ l o pment  
Airc j aft 
De l i v ered 

A  4  

Fu l l +- l ate 
ProQuct i o n  
Dec i s i o n  

A  A 

Mu l t i y ear 
Procur ement 

A  r\ 

~~ - 
1 9 8 7  1 9 9 9  1 9 9 9  l o o0 1 9 9 1  1 9 9 2  1 9 9 3  1 9 9 4  1 9 9 5  1 9 9 9  1 9 9 7  1 9 9 9  1 9 9 9  

ca l ondrr Year 

A P l a n n e d  
A  comp l e t e d  

Note: The A i r Force f irst estab l i shed the mu l t i year procurement m i l e stone in 1987 to support the Pres i - 
dent’s  f i sca l  year 1988 budget request. 

In add i t i on, the requ i red assets ava i l a b l e m i l e stone, wh i c h  rep l aced the 
in it ia l  operat i ona l  capab i l i t y m i l e s tone and estab l i s hes the date that 15 
a ircraft have been de l i v ered to the Strateg i c A ir Comman d ,  has been 
de l a yed 37 months. 

Procuremen 
Chang e s  

.t Strategy T h e  June 1989 schedu l e  changed the low-rate in it ia l  product i on, fu l l- 
rate product i on, and mu l t i y ear procurement strategy. T h e  fu l l -rate pro- 
duct i on dec i s i o n was  de l a yed unt i l  1991. Th i s  c hange added two a ircraft 
to the low-rate product i on program and extended the l ast year of pro- 
duct i on orders from 1995 to 1996. 

A l though the Secretary of Defense approved a l-year de l a y to the pro- 
duct i on program, concurrency between f l i ght test i ng and product i on 
rema i n ed essent i a l l y  the s ame  because the changes were ma d e  to a c c om- 
modate  de l a ys to the f irst f l i ght. 
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I 

Other Schedu l e  
C t iange Impacts 

Schedu l e  c hanges have affected prev i ous l y negot i ated f i xed-pr i ce 
opt i ons for product i on a ircraft subsystems, s u b s y s t em de l i very requ ire- 
ments, and contractor too l i ng requ i rements. 

F i xed-pr i ce opt i ons between Northrop and var i ous subcontractors for 
B-2 s u b s y s t ems are affected b y  the aggress i v e schedu l e  or i g i na l l y 
p l a nned for the program. Northrop’s  fu l l -sca l e deve l o pment contracts 
w ith other subcontractors conta i n opt i ons for future purchase of B-2 
componen t s  at f i xed pr i ces. T h e s e  opt i ons were negot i ated based on the 
ear l i er product i on schedu l e . A s  the product i on schedu l e  i s s l owed, it 
p l a ces the f i xed-pr i ce opt i ons at r i sk because the opt i ons cannot be exer- 
c i s ed be l ow a preestab l i s hed m i n im um product i on quant i ty. Northrop 
has est imated the cost of not exerc i s i n g these opt i ons cou l d  be a s  h i gh a s  
$2.6 b i l l i on. W e  have not e x am i n e d  the assumpt i o n s  on wh i c h  th i s est i- 
mate  was  based. 

A l so, the n ew schedu l e  affects the pace at wh i c h  av i o n i c  s u b s y s t ems are 
requ ired, produced, and de l i v ered for a ircraft integrat ion. T h e  contrac- 
tor i s chang i n g the manufactur i n g sequence of the B-2 radar and nav i ga- 
t ion s u b s y s t ems based on fund i ng ava i l ab i l i ty rather than 
manufactur i n g requ i rements. L im i ted deve l o pment funds c omb i n e d  w ith 
the ava i l ab i l i ty of product i on funds have prompted the contractors, 
w ith the A ir Force’s  approva l , to manufacture product i on radar and 
nav i gat i on un i ts before the de l i v ery and test i ng of deve l o pment un its. 

Contractor p l a ns for the quant i ty and t im i n g  of too l i ng and fac i l i t i es are 
a l s o affected b y  schedu l e  changes. For examp l e ,  Boe i n g  h as stated that 
the month l y  product i on rate of a ircraft w i l l  determ i ne the number of 
ma j o r a s s emb l y  too l s it w i l l  n e ed to keep pace w ith the product i on 
schedu l e . It has est imated too l i ng needs based on 1.8, 2, and 3 a ircraft 
per month. At a rate of three a ircraft per month, Boe i n g ’s  ana l y s i s  ind i- 
cates it m a y  need at l east three add i t i ona l  ma j o r a s s emb l y  too l s. Add i n g  
these too l s m a y  a l s o affect fac i l i ty requ i rements. 

F l i ght Test Schedu l e  

Y 

The  A ir Force has p l a nned a 3,600-hour f l i ght test program to demon- 
strate B-2 performance capab i l i t i es over approx imate l y  4 years. Th i s  
test program i nc l u des deve l o pment and s ome  in it ia l  operat i ona l  test 
act iv i t i es. T o  date, 1 percent of the f l i ght hours i n th i s test program 
have been comp l e ted. As  deve l o pment a ircraft de l i ver i es are de l ayed, 
the f l i ght test program must  a l s o be ad j usted. 
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Pr o g r am Sc h e d u l e  C h a n g e s  

T h e  Air F o r c e  p l a n n e d  to c omp l e t e  t h e  test p r o g r am i n 1 9 9 3 .  It n ow  
a p p e a r s  that t h e  c omp l e t i o n  of test i n g c o u l d  s l i p  i nto 1 9 9 4  a s  a  resu l t of 
d e l a y s  i n de l i v e r i n g  t h e  d e v e l o pme n t  a ircraft. T h e  f irst l -1/2 y e a r s  of 
f l i ght test i n g wi l l b e  pr imar i l y  to d emon s t r a t e  b a s i c  f l y i ng qua l i t i e s a n d  
p r o v i d e  pre l im i n ary d a t a  o n  t h e  l ow o b s e r v a b l e  f eatures of t h e  a ircraft. 
Appr o x imat e l y  6  mo n t h s  of th i s tim e  th e  a ircraft wi l l n o t  b e  f l own wh i l e  
p l a n n e d  mod i f i c a t i o n s  a r e  ma d e .  T h e  p a c e  of test i n g wi l l i n c r e a s e  a s  t h e  
r ema i n i n g  f i ve d e v e l o pme n t  a ircraft b e c om e  ava i l a b l e  d u r i n g  1 9 9 0  a n d  
1 9 9  1. Mo r e  cr it i ca l o p erat i o n a l  test i ng, i n c l u d i n g  i n t egrated offens i v e  
a n d  d e f e n s i v e  av i o n i c s ,  i s s c h e d u l e d  to b e g i n  i n 1 9 9 2 .  

0  C o n c l u s i o n s c h a n g e s  affect p r o g r am m i l e s tones, t h e  overa l l  p r o c u r emen t  strategy, 
a n d  t h e  test p r o g r am. Sc h e d u l e  e x t e n s i o n s  a l s o  i n c r e a s e  p r o g r am co s t  
est imates, Add i t i o na l  s c h e d u l e  c h a n g e s  wi l l c ontr i b u te to t h e  i nstab i l i ty 
a n d  uncerta i n t y  that h a v e  c h a r a c t e r i z e d  t h e  B-2 p r o g r am s i n c e  1 9 8 6 .  
A l so, t h e  f l i ght test p r o g r am h a s  j ust b e g u n .  If current s c h e d u l e s  a r e  
met, it wi l l b e  at l e ast 3  y e a r s  b e f o r e  cr it i ca l . p e r f o rmanc e  r e q u i r ement s  
a r e  p r o v e n ,  In v i ew of t h e s e  uncerta i n t i e s, a s  we l l  a s  c h a n g i n g  wor l d  
cond i t i o n s , w e  b e l i e v e  that a l t ernat i v e acqu i s i t i o n  strateg i e s  s h o u l d  b e  
c o n s i d e r e d .  

Ma tte r for 
C o n g ress i o na l  
C o n s i d erat i o n 

rea l i st i ca l l y e x p e c t  to r e c e i v e  t h e  f u n d i n g  l e v e l s  it h a s  p r o j e c t e d  for t h e  
B-2 p r o g r am. B e c a u s e  of th i s a n d  t h e  fact that cr it i ca l test i n g i s s e v e r a l  
y e a r s  away ,  t h e  Co n g r e s s  m a y  w i s h  to requ i r e t h e  Secretar y  of De f e n s e  
to p r o v i d e  a n  a n a l y s i s  of a l t ernat i v e acqu i s i t i o n  p l a n s  for t h e  B-2 pro- 
g r am, i n c l u d i n g  v a r i o u s  a n n u a l  f u n d i n g  l e ve l s . T h i s  a n a l y s i s  wo u l d  pro- 
v i d e  t h e  Co n g r e s s  w ith i n format i o n o n  o p t i o n s  for future f u n d i n g  
d e c i s i o n s  a n d  the i r re l a ted impa c t  o n  t h e  B-2’s  c o s t  a n d  s c h e d u l e ,  
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We  used severa l  k ey i nd i cators to measure the B-2’s manufactur i ng sta- 
tus, such as the amount of work transferred to f ina l assemb l y, defects, 
and manufactur i ng ineff ic i enc i es, These i nd i cators show that in 1989 
the manufactur i ng process had improved, but not as much  as p l anned. 
A lso, a l arge number of eng i neer i ng changes cont i nue to h i nder manu- 
factur ing improvements, 

Department of Defense off ic i a l s to ld us that the manufactur i ng prob- 
l ems d i s cussed in the fo l l ow ing sect i ons have been cons i dered in mak i n g  
the $70.2 b i l l i on program cost est imate. The off ic i a l s agreed, however, 
that cont i nued inab i l i ty to meet p l a nned improvements and schedu l e  
m i l e stones may  cause further cost est imate i ncreases. 

W&k Requ i red at 
F ina l  Assemb l y 

We  prev i ous l y reported that the Air Force had author i zed contractors to 
transfer manufactur i ng work p l a nned to be comp l eted at the Northrop, 
Boe i ng, and Vought factor ies to the f ina l a ssemb l y  s ite. The transfer 
occurred because the contractors were not ab l e to accomp l i s h the ir work 
and st i l l  ma i nta i n the schedu l e d de l i very date of December 1987 for the 
f irst deve l o pment a ircraft. Desp i te the transfer of work, the f irst a ir- 
craft was not de l i vered unt i l  Ju l y 1989, 19 months late. The Air Force 
and the contractors be l i e ved that the amount of work transferred to the 
f ina l a ssemb l y  s ite wou l d  subs i d e because the contractors wou l d  beg i n 
to ach i e ve a more eff ic i ent manufactur i ng process w ith each a ircraft 
de l i vered. 

The contractors have reported a reduct i on in the amount of work trans- 
ferred to f ina l assemb l y, but not as much  as p l anned. In September 1988 
the Air Force extended the deve l o pment schedu l e  by 9 months to m in i - 
m i z e the amount of work transferred to f ina l assemb l y. Th i s extens i on 
was des i g ned to prov i de Northrop, Boe i ng, and Vought enough t ime to 
insta l l  var i ous systems into ma j or a ircraft sect i ons before they were 
sh i p ped to f ina l assemb l y. Desp i te th is extens i on, p l us an add i t i ona l  5- 
month de l ay to the schedu l e d comp l et i on of the f ifth and s i xth deve l op- 
ment a ircraft, the contractors are not expect i ng to f in i sh insta l l i ng a l l  
p l a nned systems before the sect i ons are sh i p ped to f ina l assemb l y. 

Work transferred from the contractors’ factor ies to the f ina l a ssemb l y  
s ite is ineff ic i ent because it forces workers to trave l to the s ite to com- 
p lete insta l l at i on of the systems. Th i s creates i neff i c i enc i es because 
more personne l  are work i ng on the a ircraft at the s ame t ime, wh i ch 
make s  the a ircraft structure l ess access i b l e. Tab l e 4.1 shows the change 
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i n  the pro j ected amount of work transferred to f ina l a s s emb l y ,  
expressed i n standard hours,2 between September 1988 and August 
1989. T h e  amount of work has decreased s i gn i f i cant l y between the sec- 
ond and th ird a ircraft. Neverthe l ess, the contractors’ August 1989 est i- 
mate  of the amount of work transferred to f ina l a s s emb l y  for the f irst 
s i x  deve l o pment a ircraft i ncreased from the September 1988 est imate. 

Tab l e 4.1: Number of Hours of Work 
Transferred to F i na l  Assemb l y  Aircraft 

1 
September 1988 est imate 

18.620 
August 1989 est imate’ 

19.431 .- 
2  14,211 17,258 ---- 
3  -..-_____ 
4  ___-- 
5  _ _ - _ _ _  
6  

aThe current est imate for the f irst a ircraft i s f ina l. 

3,712 4,525 
3,204 3,500 
2,284 3,000 
1,600 2,900 

Manufactur i ng Defects A manufactur i n g defect i s a f l aw on the a ircraft that m a y  resu lt i n extra 
work to correct the defect or rep l ace the defect i ve part. In 1988 we  
reported that the A ir Force had pro j ected the number of defects for the 
f irst 2 a ircraft to be approx imate l y  160,000? T h e s e  defects were l arge l y 
attr ibutab le to improper l y dr i l l ed ho l e s and d iff i cu l t i es i n sea l i n g the 
fue l tank. Eve n  though manufactur i n g defects are expected dur i ng the 
fabr i cat i on and a s s emb l y  of an a ircraft, the number of defects shou l d  
decrease a s  the workers ga i n exper i e nce and the a ircraft des i g n 
stab i l i z es. 

T h e  A ir Force current l y pro j ects 190,000 defects on the f irst two a ir- 
craft. A l though the tota l for the f irst two a ircraft i s more than prev i- 
ous l y  pro j ected, the number i s expected to decrease from approx imate l y  
110,000 on the f irst a ircraft and 80,000 on the second to approx imate l y  
60,000 on the s i xth a ircraft. 

T h e  two ma j o r c a u s e s  of defects to date re late to improper l y dr i l l ed 
ho l e s and Boe i n g ’s  d iff icu l ty i n meet i n g  Northrop spec i f i cat i ons for sea l - 
i ng the fue l tank i n the w i n g sect i on of the a ircraft. Th i s  i s the pr imary 

- 
“A  standard hour is a n  eng i n eer i n g est imate of l abor hours requ i r ed to accomp l i s h  a  task. Ear l y i n the 
d e v e l o pment program, b e c a u s e  of l abor i neff i c i enc i es, it takes ma n y  actua l  l a bor hours to accomp l i s h  
a  standard hour of work. 

“T h e  defect quant i t i es d i s c ussed i n th i s sect i o n d o  not i n c l u de a n y  defects i n curred dur ing f ina l 
a s semb l y .  
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cause of Boe i ng’s  work be ing transferred to f ina l assemb l y . A ir Force 
off ic ia l s have stated that th is i s a temporary prob lem  that w i l l  not 
affect future a ircraft. 

However, as shown in f igure 4.1, qua l i ty in the manufactur i ng process 
has not improved+ Data from  the program  off ice show that the rate of 
defects per 1,000 hours of work i s about the s ame  for the th ird through 
the s ixth deve l opment a ircraft but i s greater than the rate for the f irst 
and second a ircraft, 

F igurd 4.1: Deve l opment Aircraft Defects 

100 

so 

so 

70 

60 

so 

40 

30 

20 

10 

0 

Dafocts par 1000 H o um 

I 
1 2 

A l r omn 

3 4 

Labor Ineff ic ienc ies In August 1988 we reported that cont inu ing des i gn prob lem s  were caus- 
ing labor ineff ic i enc ies that increased the amount of manufactur i ng t im e  
requ ired to bu i l d the a ircraft. The actua l hours needed to comp l ete the 
f irst a ircraft s ign if i cant ly exceeded the contractors’ est imates. 

A ir Force and contractor off ic ia l s to ld us that as workers learn the man- 
ufactur ing process, they wou l d b e c ome more eff ic ient and the d ifference 
between the p lanned and actua l hours wou l d decrease. Recent data ind i- 
cate that even though the contractors are report ing us i ng fewer hours to 
comp l ete subsequent a ircraft, they have not been ab le to reduce the dif- 
ference between the p lanned and actua l labor hours. 
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T a b l e  4 . 2  c om p a r e s  t h e  contractors’ p l a n n e d  l a b or h o u r s  w ith t h e  
n umb e r  of p r o j e c t e d  h o u r s  t h e  Air F o r c e  e s t imat e s  wi l l b e  n e e d e d  to 
a s s emb l e  t h e  ma j o r  s e c t i o n s  of t h e  f irst three d e v e l o pme n t  a ircraft. As  
i n d i c a ted, t h e  p e r c e n t  d i f f erence b e twe e n  t h e  p l a n n e d  a n d  p r o j e c t e d  
l a b or h o u r s  i s i n c r eas i n g .  

Actup l  L a b o r  H&~rs 
Aircraft .-- 
1  
2  .-- 
3  

P l a n n e d  
h o u r s  

8 1 9 , 4 0 8  
6 0 3 , 1 2 3  
4 0 6 , 9 9 8  

Actua l  h o u r s  
1 , 5 0 5 , 7 7 4  
1 , 1 2 4 , 0 5 9  

7 8 9 , 7 1 3  

Percent 
d i fference 

8 4  
8 6  
9 4  

Ch a n g e s  to 
Er i g i n eer i n g D raw i n g s  

Eng i n e e r i n g  d r aw i n g s  a r e  cr it i ca l to t h e  man u f a c t u r i n g  p r o c e s s  b e c a u s e  
t h e y  a r e  t h e  b a s i s  for a l l  parts, too l i n g, a n d  man u f a c t u r i n g  p l a n s .  W h e n  
e n g i n e e r i n g  d r aw i n g s  a r e  r e l e a s e d  l ate, p l a n n i n g ,  parts, a n d  too l i n g 
n e e d e d  to fabr i c ate a n d  a s s emb l e  t h e  a ircraft a r e  d e l a y e d  a n d  t h e  ma n u -  
factur i n g p r o c e s s  i s d i s r upted, c a u s i n g  worke r  i n eff i c i e ncy a n d  s c h e d u l e  
d e l a y s .  

T h e  contractors or i g i na l l y  e x p e c t e d  to r e l e a s e  a l l  e n g i n e e r i n g  d r aw i n g s  
( a p p r o x imate l y  8 , 4 0 0 )  b y  ear l y  1 9 8 6 .  As  of Ma r c h  1 9 8 9 ,  mo r e  t h a n  
2 0 , 0 0 0  h a d  b e e n  r e l e a s e d .  In add i t i o n, c h a n g e s  to r e l e a s e d  e n g i n e e r i n g  
d r aw i n g s  wer e  tak i n g  p l a c e  at a p p r o x imat e l y  2 , 0 0 0  p e r  mo n t h  t h r o u g h  
ear l y  1 9 8 9 .  T h e  contractors a n d  Air F o r c e  off i c i a l s h a v e  s t a t e d  that t h e y  
e x p e c t  t h e  n umb e r  of d r aw i n g s  a n d  c h a n g e s  to d e c r e a s e  a s  t h e  th i rd 
d e v e l o pme n t  a ircraft n e a r s  c omp l e t i o n  i n 1 9 9 0 .  

As  w ith man u f a c t u r i n g  defects, e n g i n e e r i n g  c h a n g e s  a r e  e x p e c t e d  i n a  
d e v e l o pme n t  p r o g r am, but  t h e  n umb e r  of c h a n g e s  s h o u l d  d e c r e a s e  a s  
t h e  d e s i g n  matur e s .  Air F o r c e  off i c i a l s h a v e  s t a t e d  that t h e  current rate 
of c h a n g e s  i s n o t  u n u s u a l .  

Co n c l u s i o n s 

Y 

Manu f a c t u r i n g  p r o b l ems  d e l a y e d  t h e  f irst f l i ght of t h e  B-2 a ircraft b y  1 9  
mon t h s .  T h e s e  p r o b l ems  wer e  c a u s e d  b y  t h e  in i t i at i on of man u f a c t u r i n g  
act i v i t i es b e f o r e  t h e  B-2 d e s i g n  w a s  stab i l i z ed. T h i s  immatu r e  d e s i g n  l e d  
to parts s h o r t a g e s ,  too l i n g p r o b l ems,  a n d  a  transfer of man u f a c t u r i n g  
act i v i t i es to f ina l  a s s emb l y .  B e c a u s e  work e r s  wer e  rece i v i n g  e n g i n e e r i n g  
d r aw i n g s  l ate or wer e  n o t  a b l e  to u s e  ex i s t i n g  d r aw i n g s ,  t h e y  wer e  
f o r c e d  to wa i t o n  n ew  d r aw i n g s  a n d  n ew  parts. As  a  resu l t, t h e  n umb e r  
of l a b or h o u r s  requ i r e d  to bu i l d  t h e  a ircraft i n c r e a s e d  s i gn i f i cant l y. 
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*__......----- 
T h e  contractors have reported s ome  improvements i n e ach of these 
areas. T h e s e  improvements, however, are l e ss than ant i c i pated. A l so, 
des i g n stab i l i ty, wh i c h  i s important to improv i n g the manufactur i n g 
process, m a y  be h i ndered b y  cont i nu i ng c hanges to eng i neer i ng 
draw ings. 
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