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Execut ive Summary 

Resu lts in Brief 

The Pres ident’s f isca l years 1992 and 1993 budget requests four a ircraft 
and $4.8 b i l l i on in f isca l year 1992, and seven a ircraft and $4.6 b i l l i on in 
f isca l year 1993. 

B-2 contractors are genera l l y not meet i ng the manufactur i ng goa l s they 
estab l i shed, They are cont i nu i ng to exper i ence s ign if icant prob l ems in 
reduc i ng labor hours, numbers of defects, eng i neer i ng draw ing changes 
and in comp let i ng work at ma jor sect ion assemb l y s ites rather than 
transferr ing it to the f ina l assemb l y s ite. Also, the ir product i on manage- 
ment programs are not fu l ly effect ive. Because of these and other fac- 
tors, they have frequent ly de l ayed the ir deve l opment and product i on 
p l ans, and costs have i ncreased substant ia l l y. 

To a large extent, the de l ays in de l i very and cost i ncreases attest to the 
prob l ems caused by numerous eng i neer i ng changes, n ew manufactur i ng 
techno l og i es, and d iff icu lt ies the contractors, are encounter i ng in manu- 
factur ing l ow observab l e a ircraft that meet the prec ise to l erances of 
stea lth requ irements. These events caused instab i l i ty in the B-2 program 
and resu lted in s ign if icant i ncreases in the labor and t ime requ ired to 
produce the two a ircraft that had been de l i vered at the comp let i on of 
our rev iew. Based on current eff ic iency rates, a ircraft numbers 3 and 4 
are a lso l ike ly to s ign if icant ly exceed the ir labor goa ls. The trend data 
on defects, eng i neer i ng changes, and transferred work ind icate that 
manufactur i ng stab i l i ty sti l l h as not been ach i eved on the B-2 program, 
and d isc ip l i ned and r igorous product i on management programs are not 
fu l ly in p l ace. Therefore, unt i l the p l ann i ng and manufactur i ng process 
becomes more re l iab le, there is a  h i gh r isk that the contractors may not 
be ab l e to ach i eve pred icted eff ic ienc ies at p l anned, h igher product i on 
rates. 

Princ ipa l F ind ings 

Manufactur i ng Prob lems GAO'S rev iew of se l ected Northrop, Boe i ng, and LTV manufactur i ng 
a n d  Trends trends shows progress is be i ng made with each success i ve a ircraft, but 

contractors are genera l l y not meet i ng the ir goa l s a nd are cont i nu i ng to 
exper i ence s ign if icant prob l ems. The manufactur i ng process is sti l l Y 
matur ing and cons i derab l e t ime is spent correct ing defects and mak i ng 
eng i neer i ng changes. Also, the contractors’ product i on management pro- 
grams are not fu l ly imp l emented or effect ive in some s ign if icant areas. 
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Changes to Eng ineer i ng 
Draw ings 

Eng ineer i ng draw ings are the bas i s for a l l parts, too l i ng, and manufac- 
tur ing p l ans. Through December 1990, Northrop, Boe i ng, and LTV 
re l eased about 23,500 a ircraft hardware eng i neer i ng draw ings. These 
were many more draw ings than p l anned, and many were re l eased much 
later than p l anned. Most of these draw ings were re l eased in 1 988 and 
pr ior years, with on l y about 1,900 re l eased in 1 989 and about 1,800 in 
1990. 

Many changes to draw ings are sti l l occurr ing: a tota l of 122,700 changes 
through August 1990, inc l ud i ng 29,500 in 1 988 and over 22,000 in 1 989 
and 1990. A number of changes each year are minor and correct docu- 
ment errors; however, most of the changes in 1 989 and 1990 were made 
to improve produc ib i l i ty, correct def ic i enc ies, and reduce we ight. 

--- 

Work Transferred to F ina l The contractors’ inab i l i ty to comp l ete work on the a ircraft’s ma jor sec- 
Assemb ly Plant ‘t ions before sh i pp i ng them to f ina l assemb l y cont i nues to be a prob l em. 

Est imates of the work to be transferred decrease with each a ircraft, but 
ind iv idua l a ircraft goa l s for the amount of work to be transferred have 
i ncreased each year. For examp l e, on a ircraft number 3 est imates of 
transferred work i ncreased from 3,712 p l a nned hours of product i on 
labor in 1 988 to 7,153 p l a nned hours in 1991, an i ncrease of 93 percent. 
The p l a nned hours are in “standard hours”-the t ime it shou l d take a 
tra ined worker under idea l cond i t i ons to comp l ete the task. Northrop 
est imated it wou l d requ ire about 40 1,000 actua l product i on labor hours 
to comp l ete that work based on Northrop’s pro jected labor eff ic iency 
rates. 

The transfer of work is requ ired even though schedu l e extens i ons have 
l essened the need to transfer work. Severa l schedu l e changes between 
February 1987 and December 1990 prov i ded 11 to 24 months of add i- 
t iona l t ime for the contractors to comp l ete work on the ma jor sect ions 
before sh i pment to the f ina l assemb l y s ite. 

----- 

Product ion Management 
Programs 

Northrop, Boe i ng, and LTV have made progress in estab l i sh i ng programs 
to ident ify prob l ems and to take correct ive act ions. However, s ign if icant 
weaknesses rema in. The schedu l e for deve l op i ng product i on labor stan- 
dards has s l i pped as a ircraft de l i very dates have s l i pped. Work mea- 

” surement and qua l i ty assurance programs have been estab l i shed, but 
they are not yet fu l ly effect ive in ident ify ing and correct ing prob l ems. 
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Purpose Dur ing the past severa l  years, GAO has i ssued a ser i es of reports on the 
B-2 stea lth bomber program ident ify ing causes of instab i l i ty in the pro- 
gram, inc l ud i ng manufactur i ng prob l ems be i ng encountered by the con- 
tractors. The ob j ect i ves of th is rev i ew were to determ ine the B-2 
bomber’s recent manufactur i ng progress and eva l uate whether est i- 
mates to produce a ircraft at p l anned product i on rates can be met. To 
meet the GAO ob ject ives, GAO eva l uated se l ected manufactur i ng ind ica- 
tors, inc l ud i ng labor eff ic i ency rates, manufactur i ng defects, changes to 
eng i neer i ng draw ings, work transferred to f ina l assemb l y, and programs 
for product i on management. 

Background The B-2 a ircraft comb i nes convent i ona l  and state-of-the-art a ircraft 
techno l ogy, such as spec i a l  shap i ng and radar absorb i ng mater ia l s, and 
is des i gned to prec i se spec if i cat i ons needed to meet stea lth requ ire- 
ments. Such factors make it a comp l ex a ircraft to deve l op and produce. 
Northrop Corporat ion, the pr ime contractor, is respons i b l e for bu i l d i ng 
one of the ma jor sect i ons and for f ina l assemb l y of the a ircraft. The 
Boe i ng and LTV Corporat i ons are the ma jor subcontractors respons i b l e 
for bu i l d i ng the other ma jor sect ions. 

The B-2 program began fu l l -sca le deve l opment in 1981 under a cost- 
p lus- incent ive-fee contract for s i x deve l opment a ircraft. The Air Force 
began low-rate in it ia l product i on concurrent ly with deve l opment efforts 
in November 1987 under a f ixed-pr ice- incent ive-fee contract for f ive 
product i on a ircraft. The Congress appropr iated funds for f ive add it i ona l 
product i on a ircraft in f isca l years 1989 and 1990. 

Schedu l e s l i ppages occurred ear ly in the program pr imar i l y because of a 
ma jor redes i gn of the a ircraft, deve l opment tak ing l onger than ant ic i- 
pated, and manufactur i ng prob l ems. In February 1987, Northrop had 
p l anned to de l i ver a l l s i x deve l opment a ircraft by the end of 1990. At 
the t ime GAO comp l eted its rev iew, two a ircraft had been de l i vered, and 
a ircraft number 3 was de l i vered on June 18, 1991. S ince February 1987, 
Northrop’s cost est imate to comp l ete deve l opment has i ncreased by 
$6.8 b i l l i on, Reduct i ons in fund i ng and the number of a ircraft to be pur- 
chased have a l so de l ayed product ion. The most s ign if i cant change was 
in Apr i l  1990, when the Secretary of Defense reduced the quant ity of 
B-2s to be purchased from 132 to 75 a ircraft because of the tota l costs 
and chang i ng wor ld cond it i ons. In January 1991, the Air Force est i- 
mated the 75 a ircraft wou l d cost $63.7 b i l l i on. 
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- 

Further, the B-2 is a  comp l ex and expens i ve program where the deve l- 
opment a ircraft are be i ng manufactured to the prec ise to l erances ident i- 
f ied for stea lth requ irements. Th is is important for test and eva l uat i on 
and because f ive of the s ix deve l opment a ircraft are to be de l i vered as 
part of the operat iona l  f leet. 

Labor Effic iency Goa ls Not Northrop, Boe i ng, and LTV are s ign if icant ly reduc i ng the number of pro- 
Be ing Met duct i on labor hours requ ired to assemb l e each a ircraft. For examp l e, air- 

craft number 4 is pro j ected to requ ire about 750,000 fewer assemb l y 
hours than a ircraft number 1. However, the contractors are genera l l y 
not meet i ng the ir goa l s for improv ing labor eff ic ienc ies because the tota l 
number of hours to assemb l e each a ircraft cont i nues to be much h igher 
than the goa l s set by the contractors. Assemb ly of a ircraft numbers 1 
and 2, wh i ch had been de l i vered at the comp let i on of GAO’S rev iew, was 
comp l eted in about 4.6 mi l l i on product i on labor hours, exceed i ng the 
comb i ned goa l  of about 3.3 mi l l i on hours by 40 percent. Based on cur- 
rent ly ava i l ab l e data, the product i on labor hours needed to assemb l e the 
th ird and fourth deve l opment a ircraft cou l d b e about 3.6 mi l l i on hours, 
or about 30 percent h igher than the comb i ned goa l  of 2.8 mi l l i on hours. 

Contractors have not ach i eved labor eff ic iency goa l s because, in part, 
(1) programs for improv ing labor eff ic iency are not fu l ly imp l emented 
and effect ive, (2) a h i gher-than-expected number of defects occur on 
each a ircraft, (3) numerous changes are made to eng i neer i ng draw ings, 
and (4) work is transferred to Northrop’s f ina l assemb l y s ite rather than 
be i ng comp l eted as p l a nned at Northrop, Boe i ng, or LTV. 

- 

Manufactur i ng Defects Manufactur i ng defects are expected dur ing fabr icat ion and assemb l y 
but shou l d decrease as workers ga i n exper i ence and the a ircraft des i gn 
stab i l i zes. As expected, the number of defects decreased on each succes- 
s ive a ircraft, but was larger than ant ic i pated. Defect rates, as a per- 
centage of product i on labor hours, improved for Northrop dur ing 1990, 
as compared to 1989. At Boe i ng, where two ma jor sect ions are manufac- 
tured, the defect rates i ncreased in 1990. Defect rates in 1 990 were 
affected by the d iscovery that incorrect fasteners were be i ng insta l l ed at 
Northrop, Boe i ng, and LTV. The prob l em resu lted in a  re inspect ion of 
comp l eted and in-process a ircraft. 
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Furthermore, unt i l recent ly, insuff ic ient emphas i s was p l aced on too l 
prov ing. To avo i d product i on prob l ems, the Department of Defense 
(DOD) requ ires that cr it ica l manufactur i ng too ls b e proven for accuracy 
pr ior to be i ng used in product ion. In May 1990, after some de lays, 
Northrop subm itted a correct ive act ion p l an for too l prov ing, wh i ch was 
accepted. As of March 1991, Northrop sa id it was about 15 percent com- 
p lete with too l prov ing, LTV was 63 percent comp lete, and Boe i ng was 
92 percent comp lete. Air Force B-2 program off ic ia ls sa i d that they a.re 
sat isf ied that the contractors n ow have acceptab l e p l ans in p l ace. 

Recommendat i ons GAO i s not mak i ng recommendat i ons in th is report. 

Agency Comments In its ora l comments on a draft of th is report, DOD agreed with GAO'S 
f ind ings in the report. However, it be l i eves that the cr iter ia GAO used to 
measure progress are more appropr iate to a ircraft in the product i on 
phase of a program rather than for eva l uat i ng the in it ia l manufactur i ng 
effort of s ix B-2s be i ng bu i lt under the deve l opment part of the program. 
DOD a lso d i sagreed with GAO'S conc l us i ons that the contractors may not 
be ab l e to ach i eve pred icted eff ic ienc ies at the p l anned, h igher produc- 
t ion rates un l ess the p l ann i ng and manufactur i ng processes become 
more re l iab le. 

GAO recogn i zes that the B-2 program is a  un i que program. As ind i cated 
in th is report, the B-2 is a  comp l ex and expens i ve program where deve l- 
opment a ircraft are be i ng manufactured to the prec ise to l erances needed 
to meet stea lth requ irements. Further, the deve l opment a ircraft, un l i ke 
in pr ior a ircraft programs, are be i ng bu i lt o n  product i on or hard too l i ng. 
For these reasons, GAO be l i eves that cr iter ia, such as those used in pro- 
duct i on contracts, are cr it ica l to the program. GAO be l i eves that after 
near ly 1 0 years of exper i ence and deve l opment contract cost est imates 
of $18 b i l l i on, most of wh i ch has been spent, the cr iter ia are re levant 
ind icators for j udg i ng current progress and prob l ems in deve l opment 
and in it ia l product i on efforts. GAO'S concern that the contractors may 
not be ab l e to ach i eve pred icted eff ic ienc ies at p l anned, h igher produc- 
t ion rates resu lts from the cont i nu i ng prob l ems the contractors have had 
in meet i ng the ir cost and schedu l e est imates and manufactur i ng goa ls. 
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Chapter 1 

Introduct ion 

The B-2 bomber is a f ly ing w ing, four eng i ne a ircraft with two crew 
members and prov is i ons for a th ird. Intended to be a l ong-range, mu lt i- 
ro le bomber, it is capab l e of penetrat ing Sov iet a ir defenses at h i gh and 
l ow a lt itudes. The B-2 program has been in the fu l l -sca le deve l opment 
stage s i nce 1981. The f irst B-2 a ircraft was de l i vered from the produc- 
t ion l i ne in November 1988, and its f irst f l ight occurred in Ju ly 1989. 
The second B-2 was de l i vered and made its f irst f l ight in October 1990; 
the th ird B-2 was de l i vered in June 1991. 

The B-2 bomber comb i nes convent i ona l  and state-of-the-art a ircraft 
techno l ogy and is des i gned to very prec i se spec if i cat ions ident if ied for 
stea lth requ i rements. The des i gn i nc l udes spec ia l  shap i ng and use of 
radar-absorb i ng mater ia l s that 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 tech- 
no l og i es that are more cha l l eng i ng than those used on standard a lu- 
m i n um a ircraft. 

The B-2 bomber program is one of the most cost ly Department of 
Defense (DOD) programs. Its h i gh deve l opment and est imated product i on 
costs have made it the sub ject of cons i derab l e controversy. In Apr i l  
1990, the Secretary of Defense dec i ded to reduce the number of a ircraft 
to be procured from 132 to 75. The Secretary made the dec i s i on because 
of chang i ng wor l d cond it i ons and the h i gh costs of the B-2 and other 
defense programs. 

Background The program is managed by the Air Force B-2 System Program Off ice, 
Wr ight-Patterson Air Force Base, Oh io. The B-2 Div is i on, Northrop Cor- 
porat ion, P ica R ivera, Ca l i forn ia, is the pr ime contractor and manufac- 
tures a ma j or sect ion of the a ircraft. Ma j or subcontractors inc l ude the 
Boe i ng Corporat i on, Seatt le, Wash i ngton, and L TV Corporat i on, Da l l as, 
Texas, wh i ch manufacture separate sect i ons of the B-2 at the ir produc- 
t ion fac i l i t ies. F i gure 1.1 shows the ma j or sect i ons of the a ircraft manu- 
factured by each contractor. Aircraft 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 respon- 
s ib le for f ina l assemb l y and systems integrat ion. 
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F igure 1.1: Contractors Respons ib l e for Manufactur ing Ma jor Sect ions and F ina l Assemb ly of B-2 Aircraft 

Forward Center Sect i on 

Boe l ng 

@  
Aft Center Sect i on 

Northrop 

AL 

F lna l Assemb ly 

Contracts Awarded The Air Force began fu l l-sca le deve l opment in 1 981 under a cost-p lus- 
incent ive-fee contract with Northrop for s ix deve l opment a ircraft, two 
structura l test art ic les, and tests and eva luat i on. Concurrent with deve l- 
opment efforts, it b egan low-rate in it ia l product i on under a f ixed-pr ice- 
incent ive-fee contract with Northrop in late 1987 to manufacture f ive 
product i on a ircraft. 

Funds have been author i zed for another f ive product i on a ircraft-num- 
bers 12 through 16. The Air Force is in the process of negot i at i ng with 
Northrop for these a ircraft, and B-2 off ic ia ls est imated that negot i at i ons 
wi l l b e  comp l eted by the end of summer 1991. Advanced procurement 
fund i ng for f ive a ircraft-numbers 17 through 21-was author i zed 
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through f isca l year 1990. The Air Force has granted Northrop author ity 
to proceed with advance procurement efforts for these a ircraft. 

Program Changes 
Dur ing 1990 

Dur ing f isca l year 1990, the program was restructured. The quant ity to 
be acqu i red was reduced, schedu l es were extended, and n ew cost est i- 
mates were re leased. Subsequent l y, rev ised cost est imates recogn i zed 
pr ior year fund i ng shortages and add it i ona l costs due to cost growth 
and the need to further ad just the product i on schedu l e. 

The Air Force had p l a nned to buy 132 a ircraft, with a peak product i on 
rate of 36 per year, for about $70.2 b i l l i on. In Apri l 1990, the Secretary 
of Defense comp l eted a ma jor a ircraft rev iew of the B-2 and severa l 
other a ircraft acqu is i t i on programs. He conc l uded that the B-2’s tota l 
costs and the changes in wor ld cond it i ons a l l owed the pace and quant ity 
of the program to be reduced. As a resu lt, he proposed buy i ng a tota l of 
75 a ircraft with a peak product i on rate of 16 per year by 1998. The 75 
a ircraft f leet is made up of 5 deve l opment a ircraft that wi l l b e  refur- 
b i shed and 70 product i on a ircraft. Also, the Secretary reduced the 
number of a ircraft to be purchased in f isca l year 1991 from f ive to two 
a ircraft. The rev ised est imate for the tota l cost of th is program was 
$61.1 b i l l i on. 

In Ju ly 1990, Air Force off ic ia ls adv i sed the Congress that the Secretary 
of Defense’s changes to the program and pr ior unfunded requ i rements 
were not fu l ly ref lected in the $61.1 b i l l i on est imate. The Air Force’s 
rev ised est imate, inc l ud i ng the unfunded requ i rement and other ad just- 
ments, was $62.8 b i l l i on. In January 1991, the est imate was i ncreased to 
$63.7 b i l l i on, ref lect ing a dec is i on by the Air Force to extend product i on 
another year. 

The Pres ident’s f isca l years 1992 and 1993 defense budget subm itted to 
the Congress on February 4, 1991, requested four a ircraft and 
$4.8 b i l l i on in f isca l year 1992 and seven a ircraft and $4.6 b i l l i on in 
f isca l year 1993. 

Sl ips in P lanned 
De l ivery Schedu l es 

The B-2 program has progressed s lower than p l anned. Program de l i very 
schedu l es have s l i pped a number of t imes s ince the start of the deve l op- 
ment program in 1981. Schedu l e s l i ppages ear ly in the program were 
due pr imar i ly to a ma jor redes i gn effort, deve l opment tak ing more t ime 
than ant ic i pated, and manufactur i ng prob l ems. Between February 1987 
and January 1991, schedu l e changes were made because of de l ays in 
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de l i ver ing ma jor sect ions of the a ircraft to f ina l assemb l y a nd de l ays in 
the f ina l assemb l y process. Reduct i ons to government fund i ng and the 
number of a ircraft to be purchased a lso affected schedu l es. 

For examp l e, ma jor sect ions of a ircraft numbers 3 and 4 were de l i vered 
to f ina l assemb l y 1 0 to 18 months later than p l anned. Also in January 
1991, Northrop’s est imates of the t ime needed to comp l ete f ina l 
assemb l y of a ircraft numbers 3 and 4 were 85 and 76 percent h igher, 
respect ive ly, than the est imates for these a ircraft in February 1987. 

In February 1987, Northrop was a lso p l ann i ng that a l l s ix deve l opment 
a ircraft wou l d b e de l i vered for test ing by the end of 1990, but on ly two 
were actua l l y de l i vered. Northrop de l i vered a ircraft number 3 in June 
1991. The rema in i ng three deve l opment a ircraft are schedu l ed for 
de l i very in 1992. The 10 product i on a ircraft are current ly schedu l ed for 
de l i very beg i nn i ng with 2 a ircraft in 1 993 and 4 in each of the fo l l ow ing 
2 years. 

Increases in Cost 
Est imates 

Northrop’s cost est imates for deve l opment and the low-rate in it ia l pro- 
duct i on a ircraft under contract have i ncreased s ign if icant ly. Between 
November 1987, when the low-rate in it ia l product i on contract was 
awarded, and January 1991, the est imate to comp l ete the low-rate in it ia l 
product i on work i ncreased by about $0.5 b i l l i on over the contract pr ice. 
In a s imi lar per iod, February 1987 to January 1991, Northrop i ncreased 
the est imate to comp l ete the deve l opment contract by $6.8 b i l l i on, to a 
tota l of $18 b i l l i on. Northrop ident if ied these i ncreases in its cost per- 
formance report ing to the Air Force. Add it i ona l i ncreases to the low-rate 
product i on contract are expected due to contract cost growth and 
changes in schedu l e a nd p l ans for buy i ng a ircraft. The changes had not 
been p l aced on contract as of May 31, 1991. 

Ob ject ives, Scope, and Since 1986, we have i ssued a ser ies of reports on the B-2 program, 

Methodo l ogy i nc l ud i ng our first unc lass if i ed report in February 19901 ident ify ing pro- 
gram schedu l e changes, cost est imate increases, and manufactur i ng 
prob l ems be i ng encountered by the contractors. These reports d i scussed 
other issues, such as a ma jor redes i gn ear ly in the program, without 
ad just i ng the schedu l e. Th is requ ired the contractors to start manufac- 
tur ing even though the des i gn was not comp lete. The ob ject ives of our 
rev iew were to determ ine recent manufactur i ng progress and eva l uate 

‘Strateg ic Bombers: H-2 Program Status a n d  Current Issues (GAO/NSIAD-90-120, Feb. 22, 1990). 
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whether est imates for be i ng ab l e to produce a ircraft at p l a nned produc- 
t ion rates can be met. To meet our ob ject ives, we eva l uated se l ected 
manufactur i ng ind icators, inc l ud i ng labor eff ic iency rates, manufac- 
tur ing defects, changes to eng i neer i ng draw ings, work transferred to 
f ina l assemb ly, and programs for product i on management. 

In conduct i ng our rev iew, we exam ined Northrop’s p l a nned product i on 
de l i very schedu l es and cost est imates and changes to these p l ans 
between February 1987 and January 1991. Th is per i od was se l ected 
because in February 1987 the Air Force ant ic i pated that s ign if icant pro- 
gress in comp let i ng the s ix deve l opment and f ive low-rate in it ia l produc- 
t ion a ircraft wou l d b e ach i eved by the end of 1990. 

We  a lso exam i ned ca l endar years 1989 and 1990 data for se l ected manu- 
factur ing ind icators at Northrop, Boe i ng, and LTV, inc lud i ng labor eff i- 
c i ency rates, defect rates, changes to eng i neer i ng draw ings, and work 
transferred to f ina l assemb ly. To determ ine whether contractors are 
comp ly i ng with var ious Department of Defense standards for t ime ly a nd 
effect ive product i on management, we exam ined reports of contractors’ 
def ic i enc ies, correct ive act ions p l anned, and the status of these p lans. 

We  worked pr imar i ly at Northrop Corporat ion, B-2 Div is ion, the pr ime 
contractor for the B-2 program. We  v is ited Northrop’s f ina l assemb l y 
s ite l ocated at Air Force Plant 42, Pa lmda le, Ca l iforn ia; Boe i ng Corpora- 
t ion, Defense and Space Group, Mi l itary Airp lanes Div is ion, Seatt le, 
Wash i ngton; and LTV Corporat ion, Aerospace and Defense Company, 
Aircraft Div is ion, Da l l as, Texas. We  a lso v is ited the B-2 System Program 
Off ice, Wr ight-Patterson Air Force Base, Dayton, Oh io, and conducted 
work at the Defense Plant Representat i ve Off ices, former ly the Air 
Force Plant Representat i ve Off ices, at the pr ime contractor and subcon- 
tractor locat ions. 

We  conducted our rev iew from March 1990 to May 1991 in accordance 
with genera l l y accepted government aud it i ng standards. 

Page 14 GAO/NSLAD91-211 B-2 Program 



Chapter 2 

Mmufactur ing Trends 

Our current rev i ew of manufactur i ng trends shows progress is be i ng 
made, but contractors are genera l l y not meet i ng goa l s and are con- 
t inu ing to exper i ence s ign if icant prob l ems. Contractors are reduc i ng the 
product i on labor hours needed to manufacture the a ircraft, but not to 
the extent expected. The defects that occurred dur i ng the manufacture 
of a ircraft numbers 1 to 4 have dec l i ned but are sti l l numerous, and 
defect rates have not decreased as much as expected. The number of 
n ew eng i neer i ng hardware draw ings has leve l ed off, but a large number 
of changes to these draw ings cont i nue to affect manufactur i ng eff i- 
c i ency. Also, work transferred to the f ina l assemb l y s ite from the con- 
tractors’ ma j or assemb l y fac i l i t ies cont i nues to be a prob l em. 

Many factors have caused the compan i e s to not meet the goa ls. 
Accord i ng to Northrop off ic ia ls, the manufactur i ng process is matur i ng 
and l ow eff ic i ency resu lts from nonstandard processes, parts shortages, 
transfer of work, and the concurrent deve l opment and product i on pro- 
gram. In add it i on, cons i derab l e t ime dur i ng f ina l assemb l y was spent 
correct ing defects and mak i ng eng i neer i ng changes. As d i scussed in 
chapter 3, contractors’ product i on management programs have not been 
fu l ly effect ive in ident ify ing and correct ing prob l ems in s ome s ign if icant 
areas. Another reason is that deve l op i ng the B-2 is a comp l ex and 
expens i ve process. Accord i ng to Air Force off ic ia ls, cr iter ia have been 
estab l i shed for measur i ng progress in deve l opment and ear ly product i on 
that wou l d norma l l y app l y to a more mature product i on program. Nev- 
erthe less, the program has been ongo i ng for near ly 10 years, and we 
be l i eve these cr iter ia are re levant ind icators for j udg i ng progress and 
prob l ems both in deve l opment and product ion. 

Labor Eff ic iency Goa ls Northrop, Boe i ng, and L TV are s ign if icant ly reduc i ng the number of pro- 

Not Be ing Met duct i on labor hours requ i red to assemb l e each success i ve a ircraft, but 
are genera l l y not meet i ng the goa l s they set for themse l ves for 
improv i ng labor eff ic i ency (see tab le 2.2). Product i on labor hours iden- 
t ify labor that can be reasonab l y and cons istent ly re lated d irect ly to a 
un it of work be i ng manufactured. For examp l e, a ircraft numbers 1 and 
2 were assemb l ed in about 4.6 mi l l i on product i on labor hours, exceed i ng 
a comb i ned goa l  of about 3.3 mi l l i on hours by 40 percent. Aircraft num- 
bers 3 and 4, based on current exper i ence, wi l l take about 3.6 mi l l i on 
hours to comp lete, or about 30 percent h i gher than a comb i ned goa l  of 
about 2.8 mi l l i on hours (see tab le 2.2). 

The fa i l ure to ach i eve labor eff ic i ency goa l s is caused, in part, by pro- 
grams for improv i ng labor eff ic i ency that are not fu l ly imp l emented and 
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effect ive, rework caused by a h i gher-than-expected number of defects 
on each a ircraft, many changes to eng i neer i ng draw ings, and work be i ng 
transferred to f ina l assemb l y rather than be i ng comp l eted as p l a nned at 
subcontractors’ p lants. 

Product ion Labor DOD po l i cy requ ires ma jor contractors to use work measurement pro- 
grams to improve product iv ity a nd reduce manufactur i ng costs. DOD'S 
exper i ence has shown that where work measurement programs have 
been imp l emented and consc ient ious ly pursued, excess manpower and 
lost t ime can be ident if ied a nd reduced and other improvements can be 
made. 

DOD gu i dance states that effect ive work measurement must be bu i lt o n  a 
cred ib l e foundat i on of standards. Accord ing ly, DOD po l i cy requ ires ma jor 
contractors and subcontractors to deve l op r igorous, eng i neer i ng-based 
product i on labor standards to cover most of the d irect labor to bu i l d 
each a ircraft. These standards represent the t ime it shou l d take a 
tra ined worker under norma l c i rcumstances to do an ass i gned task or 
group of tasks, such as dr i l l i ng ho l es or insta l l i ng parts. The standard 
t imes for some tasks can be seconds, so tasks are aggregated into stan- 
dard hours requ ired to bu i l d a  part or comp l ete a spec if i ed job. 
Accord i ng to DOD, a sound standard hour base a lso estab l i shes cred ib i l i ty 
in cost est imates, product i on schedu l es, performance report ing, and 
other areas. 

In the ir work measurement programs, the contractors record h ow many 
standard product i on labor hours of work they have comp leted, or 
earned, compare it to actua l product i on labor hours be i ng charged, and 
report the resu lts as a percentage of labor eff ic iency. If a contractor’s 
actua l hours equa l  standard hours, eff ic iency wou l d b e 100 percent; if 
two actua l l abor hours were needed for each standard hour, eff ic iency 
wou l d b e 50 percent. 

Product ion Labor 
Effic iency Lower Than 
Est imated 

Bui l d i ng the a ircraft invo lves fabr icat ing parts from raw mater ia ls, 
“subassemb l y” of parts into components and systems, assemb l y of 
ma jor sect ions by Northrop, Boe i ng, and LTV, and f ina l assemb l y by 
Northrop of the ma jor sect ions and systems into the comp l eted a ircraft. 
Tab l e 2.1 shows data Northrop prov i ded on product i on goa l s a nd the 
percentage of labor eff ic iency ach i eved for d ifferent types of product i on 
labor. 
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Tab le 2.1: Labor Effic iency at Northrop, 
Goa ls Verrur Actua l F i gures in percent 

Fabr i cat i on 
Goa ls Actua l 

40.0 43.3 
Subassemb l y 30.0 30.0 
Ma jor assemb ly 4.5 3.5 
F ina l assemb ly 5.4 3.5 

These f igures are averages for the 6-month per iod end i ng June 1990. 

The data show that eff ic iency goa l s were exceeded for fabr icat ion and 
were be i ng met for subassemb l y but were not be i ng met for ma jor and 
f ina l assemb ly. W ith a 5.4 percent eff ic iency goa l, Northrop expected to 
need about 18.5 product i on labor hours in f ina l assemb l y to earn each 
standard hour. Because it was 3.6 percent eff ic ient dur ing the per iod, it 
actua l l y n e eded 28.6 hours to earn each standard hour. 

Northrop off ic ia ls a l so sa i d under the a ircraft industry learn ing curves 
they had app l i ed, they wou l d not expect to ach i eve 100 percent eff i- 
c i ency un l ess 1,000 a ircraft were produced. They pro ject eventua l l y 
ach i ev i ng between 20 to 25 percent labor eff ic iency in ma jor assemb l y 
a nd 9 to 11 percent labor eff ic iency in f ina l assemb l y under the p l an to 
buy 75 a ircraft. Th is trans lates into a need for about 4- l/2 actua l hours 
to comp l ete each standard hour in ma jor assemb l y a nd about 10 actua l 
hours for each standard hour in f ina l assemb ly. 

The data the contractor reported to the Air Force under terms of the 
contract showed that h igher numbers of product i on labor hours were 
needed to earn each standard hour from January through November 
1990, part icu lar ly in f ina l assemb ly. Northrop off ic ia ls sa i d these data 
i nc l uded t imes charged for d irect superv is i on a nd l ead assemb l y 
workers that are i nc l uded in report ing under terms of the contract but 
were not i nc l uded in the data prov i ded to us, For January through 
November 1990, for examp l e, Northrop reported to the Air Force that 
f ina l assemb l y was about 1.26 percent eff ic ient and Northrop needed 
about 79.5 actua l hours to accomp l i sh each standard hour. 

Northrop off ic ia ls sa i d that l ow eff ic iency in the beg i nn i ng of a program 
resu lts from nonstandard processes, part shortages, transferred work, 
concurrent deve l opment and product ion, and other factors. They sa id 
that h igher eff ic ienc ies in fabr icat ion and subassemb l y ind icate a 
matur ing of the manufactur i ng process, wh i ch has not yet occurred in 
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f ina l assemb ly. Accord i ng to Northrop data, as of February 1991,37 to 
47 percent of the product i on labor hours on a ircraft 1 to 3 dur ing f ina l 
assemb l y were used to correct manufactur i ng defects and make eng i- 
neer i ng changes. 

Labor Ineff ic ienc ies 
Substant ia l l y Increase 
Product ion Labor 
Est imates 

We rev i ewed Northrop, Boe i ng, and LTV data on goa l s a nd actua l pro- 
duct i on labor hours needed for ma jor and f ina l assemb l y of a ircraft 
numbers 1 and 2, wh i ch have been de l i vered. We  a lso rev i ewed data on 
the ir goa l s a nd the hours they pro jected wi l l b e  needed to comp l ete air- 
craft numbers 3 and 4, then 90 percent and 83 percent comp lete, respec- 
t ive ly, based on eff ic iency rates ach i eved through December 1990. The 
contractors’ data are summar i zed in tab le 2.2 

Tab le 2.2: Tota l Product ion Labor Hours 
Needed to Assemb le Aircraft Hours i n thousands 

Aircraft number Goa la 
1  1 . 7 5 4  

Actua l or 
est imate at 
comp let ion Difference Percent .-_______ __--__ 

2 , 5 1 5  7 6 1  4 3  
2  1 , 5 2 1  2 , 0 6 3  5 6 2  3 7  _____ 

--~ Tota l 3 , 2 7 5  4 , 5 9 8  1,323 4 0 b  

3  1 , 4 6 2  1 , 8 8 8  4 2 6  2 9  ~ _ _ _ _ _ _ _ _ _ _ _  
4  1 , 3 4 5  1 , 7 5 9  4 1 4  3 1  _ _ _ _ _ _ _ - ~ - _ _  
Tota l 2 , 8 0 7  3 , 6 4 7  8 4 0  3 0 b  

‘Th is is a compos ite of goa ls estab l i shed by Northrop, Boe ing, and LTV for comp let ion of the ir respec 
t ive ma jor a ircraft sect ions and f ina l assemb ly and not an overa l l B-2 program goa l. 

bTh is is the average percent. 

Ach iev i ng the goa l s to comp l ete a ircraft numbers 3 and 4 wou l d requ ire 
improv ing eff ic iency rates. For examp l e, the eff ic iency rate for f ina l 
assemb l y of a ircraft number 4 in November 1990 was about 3.6 percent. 
That rate wou l d n eed to improve to about 4.2 percent for the same 
number of standard hours in order to meet the goa l  of 1,345,OOO produc- 
t ion labor hours. On a ircraft number 2, inter im rates were h igher than 
the f ina l rate but deter iorated as the a ircraft neared comp let i on and 
prob l ems were ident if ied that had to be corrected. 

Manufactur i ng Defects Sign if icant numbers of manufactur i ng defects are be i ng reported dur ing 
I assemb l y of each success i ve a ircraft, resu lt ing in cons i derab l e add it i ona l 

work (see tab le 2.3). A manufactur i ng defect is a  cond it i on or part on 
the a ircraft that does not tota l ly conform to an eng i neer i ng draw ing or 
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spec if i cat ion requ irement. In order of ser i ousness, a defect ive part may 
be used as is, used after minor or ma jor rework, or scrapped. Manufac- 
tur ing defects are expected dur ing fabr icat ion and assemb l y of an air- 
craft, but the quant ity and sever ity shou l d decrease as workers ga i n 
exper i ence and the a ircraft des i gn stab i l i zes. Defect rates as a per- 
centage of product i on labor hours at Northrop showed improvement 
dur ing 1990, as compared to 1989. At Boe i ng the defect rates worsened 
in 1 990 (see tab le 2.4). 

Tab l e 2.3 summar izes Northrop’s pro ject ions of the defects at Northrop, 
Boe i ng, and LTV that are expected to occur dur ing assemb l y of a ircraft 
numbers 1 to 7. (Defects a lso accrue dur ing fabr icat ion of ma jor sect ions 
of the a ircraft at Northrop, Boe i ng, and LTV; however, fabr icat ion 
defects are not recorded aga i nst ind iv idua l a ircraft.) 

Tab le 2.3: Northrop Est imates of 
Assemb ly Defects (As of December 3 1  I 
1 9 9 0 )  Aircraft number .--___-____._.-..___--___- 

1 

Est imated numbe l d of defects at 
comp let ion -- 

1 4 1 , 6 0 0  
2  1 3 1 , 0 0 0  
3  1 1 7 , 6 0 0  ---~-- _.. ~. _ .~._ ~~~-...--.__-~. 
4  9 5 , 2 0 0  ____-. __- 
5  9 0 , 3 0 0  -___ ----..... 
6  8 0 , 2 0 0  
7  7 1 , 2 0 0  

aNorthrop actua l ly ident if ied 122,700 and 113,100 assemb ly defects on a ircraft numbers 1 and 2, 
respect ive ly. Some types of defects were not recorded. Northrop has retroact ive ly ad justed the tota ls 
up to 141,600 and 131,000, respect ive ly. Th is ad justment made the data comparab le for al l seven a ir- 
craft. 

Although the number of defects on each success i ve a ircraft has 
decreased, it is sti l l larger than expected. For examp l e, for a ircraft 
number 3 about 101,000 such defects were expected to occur, but the 
pro ject ion is n ow 117,600. Northrop off ic ia ls sa i d that the i ncrease is 
d ue to a large number of eng i neer i ng changes, a s ign if icant i ncrease in 
i nexper i enced manufactur i ng personne l , a nd fastener prob l ems. Also, 
a ircraft number 3 represented a greater manufactur i ng cha l l enge 
because it is the first a ircraft that has an av ion i cs un it insta l l ed that is 
representat ive of the product i on un it. 

As shown in tab le 2.4, Northrop’s defect rates per 1,000 product i on 
labor hours were lower in 1 990 compared to 1989, wh i l e Boe i ng’s rates 
were h igher in 1 990 than 1989. 
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Tab le 2.4: Average Assemb ly Defects 
Per 1,000 Product ion Labor Hours Average 

defects oer 
Manufactur ing 

process 
Northrop 

Labor hours Number of defects 1,000 how8 
1989 1990 1989 1990 1989 1990 

Fabr i cat i on - 
~... 

3 8 6 , 8 0 0  3 4 0 , 5 0 0  2 5 . 3 4 0  2 2 . 0 8 5  65.5 64.9 
Forward center 

assemb ly 5 4 3 , 6 0 0  4 6 9 , 0 0 0  2 8 , 1 4 2  2 1 , 1 0 9  51.8 45.0 _-- 
F ina l assemb ly 7 8 6 , 9 0 0  1,695,900 6 3 , 4 0 2  1 2 8 , 0 8 8  80.6 75.5 -____.- ~-- ..-___-- 
Boe ing’ 
Aft center assemb ly 4 2 7 , 2 0 0  8 8 6 , 1 0 0  3 3 , 8 0 8  8 5 , 5 3 4  79.1 96.5 
Outboard assemb ly 6 6 5 , 0 0 0  1,417,100 4 2 , 5 5 1  9 9 , 4 5 3  64.0 70.2 

‘Data for 1989 were ava i l ab le on ly for May through December 

In determ in i ng an average defect rate per 1,000 product i on labor hours, 
we needed to know the numbers of product i on labor hours and e ither 
the number of defects or defect rates each month. LTV off ic ia ls to ld us 
that they cou l d not read i l y ident ify the numbers of product i on labor 
hours for each month. Therefore, we cou l d not deve l op comparab l e data 
for LTV. 

Northrop and Boe i ng off ic ia ls sa i d that the sever ity of the act ion 
requ ired to correct defects is important. Northrop off ic ia ls sa i d that a 
compar i son of data for 1988 through 1990 shows reduct ions in the 
sever ity of defects with more be i ng corrected through minor rework. 
Boe i ng off ic ia ls sa i d that, norma l l y, 7 6 percent of its defects are c lass i- 
f ied as minor because the part can u lt imate ly b e returned to eng i neer i ng 
draw ing requ irements. The ba l ance, 24 percent, is ident if ied as re jec- 
t ions and norma l l y resu lt in the part be i ng repa ired to less than the or ig- 
ina l requ i rements or scrapped. 

We  a lso rev i ewed data Northrop co l l ected on its top f ive defects in 1 988 
and 1989 and through June 1990. The data show that a l though progress 
has been made in reduc i ng some spec if ic types of defects, other types 
cont i nue, and n ew types have surfaced. For examp l e, fore ign ob j ects 
were a ma jor prob l em in fabr icat ion in 1 988 and 1989, but not in 1990, 
wh i l e ho l e dr i l l i ng has been a ma jor defect each year. 

Dur ing 1989, the contractors ident if ied a  number of prob l ems with the 
var ious fasteners used on a l l of the a ircraft be i ng assemb l ed. Each man- 
ufacturer ident if ied insta l l at ion of incorrect fasteners as a ma jor reason 
for i ncreases in the numbers of defects dur ing 1990. In response to the 

Page 20 GAO/NSIAD-91-211 B-2 Program 



Chapter 2 
Mauufactur ing Trends 

prob l em, the Air Force and the three contractors imp l emented a fastener 
contro l program to determ ine the extent of the defects, ident ify the 
causes, and take correct ive act ion. The program resu lted in a  re inspec- 
t ion of comp l eted and in-process a ircraft. Over 85,000 fasteners were 
re inspected. Of these, the contractors ident if ied over 11,000 incorrect 
fasteners and reworked over 5,100 to eng i neer i ng requ irements. 

Eng ineer i ng Drawing A large number of changes to hardware eng i neer i ng draw ings is contr ib- 

Changes ut ing to manufactur i ng ineff ic ienc ies. Eng i neer i ng draw ings are cr it ica l 
to the manufactur i ng process because they must be re l eased in t ime to 
prepare a l l parts, too l i ng, and manufactur i ng p l ans. The ava i lab i l i ty of 
eng i neer i ng draw ings, and changes to them, affect labor eff ic iency 
because work cannot be comp l eted if parts are not ava i l ab le, do not fit, 
or do not work as p l anned. The number of draw ings and changes to the 
draw ings shou l d decrease as the des i gn matures. 

Through December 1990, Northrop, Boe i ng, and LTV re l eased about 
23,500 a ircraft hardware des i gn eng i neer i ng draw ings. Th is was many 
more draw ings than or ig ina l l y p l anned, and many were re l eased much 
later than p l anned. However, most of these were re l eased in 1 988 and 
pr ior years, with on l y about 1,900 re l eased in 1 989 and about 1,800 
re l eased in 1990. 

The contractors are mak i ng s ign if icant numbers of changes each year to 
the eng i neer i ng draw ings that have been re leased, as shown in tab le 2.5. 
The number of changes dec l i ned in 1 989 as compared to 1988, but data 
for the first 8 months of 1990 show that about 15,129 changes were 
made. On an average month l y rate that wou l d amount to about 22,700 
for the year or about the same as the rate exper i enced dur ing 1989. 

Tab le 2.5: Tota l Changes to Eng ineer ing 
Drawings Through August 1990 

Contractor -_ -_______--- 
Northrop _ l _ _ ___.~ 
Boe i ng 
LTV -----. -..-.- 
Tota l 

1984 to 
1987 

1 8 , 0 6 0  
2 1 , 1 0 3  
1 5 , 9 2 9  

55,092 

Ca lendar year 

1988 1989 
1 2 , 8 0 2  9 , 7 3 6  
1 0 , 9 0 9  8 , 9 9 5  

5 , 8 1 7  4 , 2 1 2  
29,528 22,943 

1990 
(to Aug.) Tota l _ I__-.. 

7 , 3 7 4  4 7 , 9 7 2  ._I_.. 
5 , 3 2 3  4 6 , 3 3 0  -----.- 
2 , 4 3 2  2 8 , 3 9 0  

15,129 122,692 

Our rev iew of Northrop data showed that a number of these changes 
each year are minor in that the changes correct errors in eng i neer i ng 
parts l ists and notes. However, they sti l l present prob l ems. Most of the 

Page 21 GAO/NSLAD-91-211 B-2 Program 



chapter 2 
Mamtfactur ing Trends 

changes in 1 989 and 1990 were made to he l p reduce the we ight of the 
a ircraft, to make it more produc ib l e, or to correct def ic i enc ies. Also, con- 
s iderab le t ime was spent in f ina l assemb l y mak i ng eng i neer i ng changes. 
Defense Plant Representat i ve Off ice (DPRO) off ic ia ls l ocated at Northrop 
to ld us in February 1991 that the number of eng i neer i ng changes and 
draw ings be i ng re l eased was sti l l a  concern because of the impact on 
labor eff ic iency, the manufactur i ng process, and produc ib i l i ty of the air- 
craft. Both Northrop and Air Force program off ic ia ls ident if ied h i gh 
numbers of eng i neer i ng changes as an under ly i ng cause for some of the 
labor eff ic iency and defect prob l ems. 

Work Transferred to Northrop, Boe i ng, and LTV cont i nue to have prob l ems comp let i ng a l l 

F ina l Assemb ly schedu l ed work on the ir ma jor sect ions of the a ircraft pr ior to sh i pp i ng 
the sect ions to Northrop’s f ina l assemb l y s ite. Northrop began transfer- 
r ing work from Boe i ng, LTV, and its own p lant to the f ina l assemb l y s ite 
in a n attempt to accomp l i sh the work and min im ize the effects on air- 
craft de l i very schedu l es. Transferr ing work to the f ina l assemb l y s ite is 
ineff ic ient because it forces workers to trave l to the s ite to comp l ete 
insta l l at ion of the systems and d isrupts the f low of work p l a nned for 
f ina l assemb ly. The e l im inat ion of work be i ng transferred to f ina l 
assemb l y as soon as pract icab le has been an ob ject ive of a l l the 
contractors. 

Even though transferred work has caused prob l ems, the s ituat ion cou l d 
have been much worse. The need for the contractors to transfer work 
has been l essened by changes to schedu l ed de l i very dates. Extend i ng 
de l i very dates reduces the need to transfer work by prov id i ng add it i ona l 
t ime for the contractors to comp l ete ma jor sect ions on the deve l opment 
a ircraft before sh i pp i ng them to f ina l assemb ly. Severa l schedu l e 
changes made between February 1987 and December 1990 prov i ded an 
add it i ona l 1 1  to 24 months. 

The Apri l 1 9 9 0 program rev is ion reduc i ng the tota l acqu is i t i on from 132 
to 75 a ircraft further extended manufactur i ng schedu l es. For examp l e, 
the de l i very date of a ircraft number 8 was extended by about 8 months. 
Neverthe l ess, in March 1991, Northrop pred icted it wou l d not be ab l e to 
de l i ver a ircraft numbers 3 through 11 w ithout some add it i ona l trans- 
ferred work, as shown in tab le 2.6. 
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Tab le 2.6: Est imated Standard Hours of 
Work Transferred to F ina l Assemb ly Aircratt -.-~- 

1  
September 1988 

1 8 , 6 2 0  
August 1989 June 1990 March 1991 -- 

1 9 , 4 3 1  1 9 . 4 3 1 a  1 9 . 4 3 1 a  
2  1 4 , 2 1 1  1 5 , 0 3 1  1 6 , 3 6 0  16,028" --.-..-..------- --- 
3  3 , 7 1 2  4 , 2 2 8  6 , 2 5 8  7 , 1 5 3  
4  3 , 2 0 4  3 , 5 0 0  5 , 1 2 5  6 , 4 4 6  
5  2 . 2 8 4  3 . 0 0 0  3 . 7 9 7  3 . 8 0 4  
6  1 , 6 0 0  2 , 9 0 0  3 , 5 4 6  3 , 2 6 9  
7  b 1 , 3 2 5  5 5 2  1 , 5 0 1  ___-.. _- ._..._ ..----.._- ..__ __-- .-__-.~ 
8  b 9 7 1  0  1 , 0 2 2  
9  b 8 1 1  0  9 1 3  
1 0  b 6 9 6  0  7 1 2  
11 b 696 0 4 6 5  

BData for a ircraft numbers 1 and 2 are f ina l. Data for a ircraft number 3 and beyond are contractor 
est imates. 

bData are not ava i lab le. 

It is not c lear whether improvements in eff ic iency or the program 
schedu l e extens i ons have had a greater impact on the expected 
decreases of transferred work. To the extent it is the schedu l e exten- 
s ions, transferred work may cont i nue to be a prob l em in the future if 
a ircraft de l i very schedu l es based on s ign if icant improvements in 
produc ib i l i ty are to be ach i eved. 

The transferred work hours ident if ied in tab le 2.6 are in standard pro- 
duct i on labor hours. Therefore, the number of actua l product i on labor 
hours that wi l l b e  requ ired to comp l ete th is work wi l l d e p end on con- 
tractors’ labor eff ic iency rates. For examp l e, Northrop est imated in 
March 1991 that the transferred work of 7,153 standard product i on 
labor hours for a ircraft number 3 wi l l requ ire about 401,100 actua l pro- 
duct i on labor hours to comp lete, or about 56.1 hours to earn each stan- 
dard hour. 

Y  
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Ma jor contractors are requ ired to have programs and systems that 
imp l ement product i on management in d isc i p l i ned and r igorous ways, 
prov i de ev i dence of effect iveness, and take t ime ly act ion to ident ify 
causes and mean i ngfu l  correct ive act i ons when prob l ems are ident if ied. 
Progress has been made at Northrop, Boe ing, and LTV in estab l i sh i ng 
the requ ired programs and systems. However, the contractors’ efforts 
are not fu l ly effect ive yet, and progress has been l ess than expected in 
s ome s ign if icant areas. 

Deve l opment of 
Eng ineer i ng-Based 
Labor Standards 

As d i scussed in chapter 2, DOD'S gu i dance ca l l s for contractors to estab- 
l i sh a cred ib l e foundat ion of product i on labor standards. Whe n  in p l ace, 
such standards wi l l more fu l ly ident ify the product i on labor requ ired to 
bu i l d and produce the product. However, the schedu l e for Northrop, 
Boe ing, and LTV to deve l op these standards has been t ied to a ircraft 
de l i very dates and has s l i pped as these dates have s l i pped. In our 
op in i on, not estab l i sh i ng standard hours cou l d be contr ibut ing to con- 
tractors’ d iff icu lt ies in est imat ing labor eff ic i ency goa ls, product i on 
schedu l es, and costs. 

DOD po l i cy requ ires ma jor contractors to deve l op r igorous, eng ineer ing- 
based product i on labor standards to cover most of the d irect product i on 
labor needed to bu i l d each a ircraft. Ca l l ed Type I, these standards iden- 
t ify the amount of t ime requ ired to comp l ete tasks, and the standards 
must be aud itab le and repeatab le. Under DOD requ irements, at least 80 
percent of the standards used by Northrop, Boe ing, and LTV in the B-2 
program must be Type I. The purpose of 80 percent Type I coverage is 
to encourage contractors to deve l op a standard hour base that is cred- 
ib le and supportab l e by r igorous eng i neer i ng stud ies. JXID cons i ders the 
extent of coverage with Type I standards to be a measure of the sound- 
ness of the work measurement system. DOD a l so prov i des for Type II 
standards, wh i ch are standards that do not meet the cr iter ia for Type I. 
DOD gu i dance a l l ows the use of Type II standards in it ia l ly, but contrac- 
tors must deve l op schedu l es for convert i ng to Type I coverage. 

Northrop, Boe ing, and LTV have ident if ied a tota l of about 199,500 stan- 
dards for the B-2 program. In order to meet the contract requ i rement 
(80 percent), the contractors wi l l need about 160,000 Type I standards. 
As of January 1991, the contractors had a tota l of 96,900 Type I stan- 
dards in p l ace. Boe i ng had 48,800 or 77 percent of its requ i rements for 
Type I standards in p l ace, Northrop had 29,000 or 38 percent, and LTV 
had about 19,100 or 32 percent in p l ace. The more the contractors can 
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ach i eve the 80-percent Type I standards, the better def i ned the work 
wi l l be. 

Northrop’s low-rate product i on contract or ig ina l l y requ ired that the 
80-percent coverage of d irect labor with Type I standards be ach i eved 
by ear ly 1990. However, th is was t ied to a p l a nned a ircraft de l i very date 
and, as the de l i very date for the a ircraft s l i pped, the date for hav i ng 
Type I standards in p l ace has s l i pped. In March 1991, Air Force off ic ia ls 
sa i d they expect the Type I standards to be in p l ace by the th ird quarter 
of 1992. 

The Air Force program off ice sa i d they a l l owed the contractor to t ie 
Type I imp lementat i on to a ircraft de l i ver ies because expend i n g labor 
deve l op i ng these standards, wh i l e the des i gn was undergo i ng constant 
change, was not cost-effect ive. They sa id a  more stab le env i ronment was 
needed for convers i on to Type I standards. 

Correct ing Labor 
Eff ic iency Prob lems 

DOD gu i dance states that dur ing deve l opment, emphas i s shou l d b e p l aced 
on deve l op i ng and imp lement i ng the techn ica l  a n d management too ls, 
techn i ques, and processes necessary to support effect ive work measure- 
ment systems dur ing product ion. Northrop, Boe i ng, and LTV have estab- 
l i shed such work measurement programs, but the programs are not yet 
fu l ly effect ive in ident ify ing and assess i ng prob l ems and tak ing correc- 
t ive act ions. 

As of Apri l 30, 1991, DPRO off ic ia ls at Northrop were sti l l seek i ng 
improvements to these contractors’ work measurement programs in 
such areas as the accuracy of data be i ng reported, support for labor eff i- 
c i ency goa ls, and the adequacy of ana l yses and correct ive act ions where 
there are s ign if icant var i ances between goa l s a nd actua l hours. For 
examp l e, in a  letter of concern to Northrop in Ju ly 1990, these off ic ia ls 
observed a l ong-stand i ng lack of improvement in the qua l i ty of var i ance 
ana lys i s be i ng done and sa id that compar i ng effect iveness of current 
reports aga i nst ones wr itten in 1 986 showed l itt le improvement. They 
sa id most ana l yses were expressed in genera l  terms and l acked suff i- 
c ient deta i l  to be usefu l to management and d id not ident ify root causes. 
The proposed correct ions d id not ind icate what act ions were needed to 
prevent prob l ems from recurr ing. Northrop prov i ded a deta i l ed correc- 
t ive act ion p l an in September 1990 show ing h ow and when it wou l d 
improve the effect iveness of the ir ana l yses. Improvements were a lso 
be i ng ca l l ed for in Boe i ng and LTV work measurement programs. The 
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Air Force sa id that it is work i ng with the DPRO and each of the contrac- 
tors to make sure work measurement systems are effect ive. In Apri l 
1 9 9  1, the DPRO noted some improvements but sa id effect ive imp lementa- 
t ion is sti l l a  prob l em. 

Correct ing DOD po l i cy requ ires Northrop, Boe i ng, and LTV to estab l i sh programs 

Manufactur i ng Defects that ident ify qua l i ty prob l ems and take t ime ly correct ive act ions. Cor- 
rect ive act ions inc lude, at a m in imum, determ in i ng the extent and 
causes of defects, ana l yz i ng trends, introduc ing requ ired improvements, 
and mon itor ing effect iveness. 

Accord i ng to Northrop and DPRO off ic ia ls, these programs at Northrop, 
Boe i ng, and LTV co l l ect and ana l yze data, estab l i sh some targets, and 
ass i gn correct ive act ion teams to reso lve s ign if icant defect prob l ems. 
However, the programs have not ach i eved a leve l of effect iveness 
acceptab l e to the DPRO. For examp l e, the contractors had not estab l i shed 
targets to in it iate correct ive act ion invest igat ions based on large num- 
bers of defects ident if ied. In September 1990, DPRO off ic ia ls i nd i cated 
that Northrop has been s l ow to act on these prob l ems and ca l l ed for an 
effect ive correct ive act ion p l an by Northrop to address chron ic 
prob l ems in manufactur i ng. By Apri l 1991, Northrop had rev ised its 
procedures to requ ire the invest igat ion of chron ic manufactur i ng 
prob l ems. However, it was too ear ly for the DPRO to determ ine the effec- 
t iveness of these procedures. 

Furthermore, DPRO off ic ia ls at Northrop have reported f ind ing 
increas ing numbers of defects. In December 1989, they sa id the 
i ncreased def ic i ency rate ind i cated that inspect ion and manufactur i ng 
departments were performing with a lack of attent ion to product integ- 
rity and ignor ing a “bu i l d it r ight the first t ime” methodo l ogy. In May 
1990, they reported that a l though Northrop had agreed to a ma jor cor- 
rect ive act ion p lan, the p l an had y ie l ded poor resu lts, and Northrop had 
fa i l ed to meet certa in m i l estones. Northrop reported in June 1990 on 
correct ive act ions taken, inc l ud i ng issu ing n ew procedures and inst i- 
tut ing needed tra in ing. DPRO off ic ia ls sa i d in October 1990 that they 
wou l d cont i nue to mon itor Northrop’s defect rate and assess the effec- 
t iveness of its correct ive act ions. In March 1991, Northrop off ic ia ls sa i d 
that, as one measure of progress, they had e l im inated a back l og of de l i n- 
quent correct ive act ions ev i dent in 1 989 and 1990. 

Northrop a lso reported in January 1990 that it h ad rev i ewed Boe i ng’s 
correct ive act ion process and had ident if ied some improvements and a 
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number of cont i nu i ng concerns. At that t ime, Boe i ng was rev is ing its 
correct ive act ion process. In October 1990, the DPRO at Boe i ng reported 
that the n ew correct ive act ion process was not comp l ete or operat i ng 
eff ic ient ly a nd was confus i ng and comp l i cated. In February 1991, the 
DPRO reported that they were sti l l concerned. 

Air Force program off ic ia ls sa i d in March 1991 that the contractors 
have made many changes and enhancements over the last year. They 
sa id improvements have been made in data gather i ng methods so that 
recurr ing defects and d ifferent defects with the same root cause (e.g., 
chron ic manufactur i ng process prob lems) can be more eas i l y ident if ied. 
Other improvements have been made, and the Air Force expects correc- 
t ive act ions to be more effect ive in 1991. 

DOD Requ ires Crit ica l To avo i d product i on prob l ems, DOD requ ires that cr it ica l manufactur i ng 

Too ls Be Proved Prior too ls b e proven for accuracy pr ior to be i ng used in product ion. These t oo 1 s inc l ude product i on j igs, f ixtures, too l i ng masters, temp lates, pat- 
to Use in Product ion terns, and dev i ces used to inspect other too ls a nd parts. Other too l i ng 

that may pose s ign if icant r isk to product i on or has not been proven sat- 
isfactory is a l so to be cons i dered for ver if icat ion, test ing, proof ing, or 
demonstrat i ons to prov i de conf i dence that too l i ng wi l l not adverse l y 
affect quant ity product ion. Accord i ng to DPRO off ic ia ls at Northrop, too l 
prov i ng must be r igorous and demonstrate that the too l is safe, can pro- 
duce the part to the requ ired d imens i ons and wi l l repeated l y produce 
the same part. 

Un l i ke other a ircraft programs, B-2 deve l opment a ircraft are be i ng bu i lt 
us i ng product ion, or “hard,” too l i ng; essent ia l l y, the too l i ng is matur ing 
as the a ircraft is be i ng deve l oped. Deve l opment a ircraft wou l d norma l l y 
b e  bu i lt us i ng “soft,” less expens i ve too l i ng that cou l d more eas i l y b e  
changed as the a ircraft des i gn matures. Northrop sa id the des i gn of the 
B-2 too l i ng was accomp l i shed with 2- and 3-d imens iona l  computer 
graph ics, wh i ch prov i ded e lectron ic check i ng of a l l des i gns. In add it i on, 
they sa id each of about 8,200 des i gned too ls was i nspected by 
Northrop’s qua l i ty assurance off ice and, where requ ired, checked back 
to the master too ls. Both they and the Air Force B-2 program off ice 
dec i ded from the beg i nn i ng to bu i l d a l l a ircraft, even deve l opment veh i- 
c les, us i ng fu l l-rate product i on too ls because of the requ i rements for 
prec is i on in stea lth products. 
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In November 1988, the DPRO not if ied Northrop that the B-2 program pro- 
cedures for too l prov i ng were not adequate. Northrop subm itted a cor- 
rect ive act ion p lan, but in December 1989 the DPRO expressed concern to 
Northrop about its lack of progress in estab l i sh i ng a sound too l prov i ng 
procedure. It observed that based on product i on schedu l es at that t ime, 
n i ne a ircraft wou l d b e through assemb l y before the in it ia l p hase of the 
agreed to too l prov i ng effort wou l d b e comp leted. In May 1990, the DPRO 
a lso comp l eted a ma jor too l i ng rev iew. It i nformed Northrop that its 
rev iew of a samp l e of 133 i nterchangeab l e parts revea l ed many 
prob l ems d irect ly re lated to poor or miss ing too ls or the product i on of 
bad parts. 

DPRO off ic ia ls sa i d the lack of progress was due to a Northrop manage- 
ment pos it i on that the too ls in the program were genera l l y accurate and 
any prob l ems ident if ied cou l d b e f ixed on a case-by-case bas is. There- 
fore, Northrop d id not requ ire its emp l oyees to systemat ica l l y prove 
too ls. 

However, when n ew Northrop managers were ass i gned for operat i ons 
and manufactur i ng in m id-1990, they agreed to prove a l l too ls necessary 
to meet DOD requ irements. In May 1990, Northrop subm itted a rev ised 
correct ive act ion p l an for too l prov ing. It recogn i zed its too l prov i ng pro- 
cedures d id not sat isfy DOD requ i rements and that it was not adequate l y 
contro l l i ng too l prov i ng of ma jor subcontractors. Northrop subsequent l y 
rev ised its too l prov i ng procedures, wh i ch the DPRO accepted. 

As part of the p lan, Northrop agreed to use its n ew procedures to prove 
421 too ls of the type the ma jor rev iew found to have prob l ems. It ident i- 
f ied about 3,200 too ls that need to be proven at Northrop. DPRO off ic ia ls 
sa i d that ma jor j igs wi l l not be proved for some t ime and not unt i l after 
a number of add it i ona l a ircraft have been produced. They sa id the goa l  
is to have Northrop prove a l l 3,200 too ls o n the l ist by the t ime rate 
product i on of about 1 a ircraft per month beg i ns. In August 1990, the 
DPRO at Northrop i nformed its counterparts at Boe i ng and LTV of efforts 
to imp l ement too l prov ing, say i ng that Northrop wou l d b e task ing the 
subcontractors to become very ser ious about too l prov i ng as a means of 
contro l l i ng scrap and rework, ensur i ng qua l i ty, and reduc i ng product i on 
costs. 

Northrop off ic ia ls to ld us that they rev i ewed Boe i ng and LTV wr itten 
procedures for too l prov i ng gu ide l i nes in August 1990. A lthough they 
d id not test any too l prov i ng act ions, they cons i dered the subcontrac- 
tors’ programs to be adequate. Accord i ng to Northrop in March 1991, it 
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was 16 percent comp l ete with too l prov ing, LTV was 63 percent com- 
p lete, and Boe i ng was 92 percent comp lete. 

Air Force B-2 program off ic ia ls to ld us that they are fu l ly sat isf ied that 
Northrop, Boe i ng, and LTV now have acceptab l e too l prov i ng p l ans in 
p l ace. 
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The manufactur i ng trend data we exam i ned show that Northrop and its 
ma jor subcontractors have been unab l e to meet the ir goa l s and con- 
t inued to exper i ence prob l ems in reduc i ng product i on labor hours, num- 
bers of defects, eng i neer i ng draw ing changes, and work transferred to 
the f ina l assemb l y s ite. These data ind icate that the contractors have 
not ach i eved the manufactur i ng stab i l i ty they had hoped to ach i eve by 
now. 

The contractors have estab l i shed product i on management programs to 
ident ify and correct these types of prob l ems. However, the programs 
had not been fu l ly imp l emented at the t ime of our rev i ew and the con- 
tractors’ had made l ess progress in imp l ement i ng them than DOD 
expected. Therefore, we be l i eve that unt i l the manufactur i ng trends and 
the product i on management programs become more re l i ab le, there is a 
h i gh r isk that Northrop and its ma jor subcontractors wi l l not be ab l e to 
ach i eve pred icted eff ic i enc ies at the p l anned, h igher product i on rates. 

DOD Comments and 
Our Eva luat ion comments. A lthough we d id not rece i ve wr itten comments, DoD off ic ia ls 

to ld us that they genera l l y agreed with the f ind ings of the report. How- 
ever, they stated that the cr iter ia we used to measure the contractors’ 
progress were more appropr iate to a ircraft in the product i on phase of a 
program than for eva l uat i ng the in it ia l manufactur i ng effort of the s i x 
B-2s be i ng bu i lt under the deve l opment part of the program. The off i- 
c ia l s d i sagreed with our conc l us i on that the contractors may not be ab l e 
to ach i eve pred icted eff ic i enc ies at the p l anned h igher product i on rates 
un l ess the p l ann i ng and manufactur i ng processes became more re l i ab le. 

The B-2 program is unusua l  in many ways. For examp l e, the deve l op- 
ment a ircraft are be i ng bu i lt us i ng product ion, or hard, too l i ng. In other 
a ircraft programs, th is k i nd of too l i ng is not used unt i l the product i on 
phase. In add it ion, most of the B-2 deve l opment a ircraft are be i ng manu- 
factured to prec i se to l erances needed to meet stea lth requ i rements 
because they are i ntended to be a part of the operat iona l f leet. A lso, the 
contractor and the Air Force use the product i on ind icators descr i bed 
here to demonstrate manufactur i ng improvements and to ident ify 
prob l em areas that need attent ion. After near ly 10 years of exper i ence 
and a deve l opment contract cost est imate of about $18 b i l l i on, we 
be l i eve the manufactur i ng cr iter ia used are re levant ind icators for 
j udg i ng current progress and prob l ems in deve l opment and in it ia l pro- 
duct i on efforts. We  be l i eve that our concerns about the r isk i nvo l ved in 
any DOD assumpt i ons that Northrop and its ma jor subcontractors wi l l be 
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ab l e to ach i eve pred icted manufactur i ng eff ic ienc ies are we l l  supported 
by the prob l ems they have had in meet i ng the ir cost and schedu l e est i- 
mates as we l l  as manufactur i ng goa ls. 
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