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FOREWORD 

This document was developed as p a r t  of the Integrated 
Programs f o r  Aerospace-Vehicle Design (IPAD) program documentation 
i n  accordance wth contract NAS1-14700, Other c losely r e l a t ed  IPAD 
documents are: 

NASA CR 29 81 Reference Design Promss (D6-IPAD-700 10-D) 

NASA CR 2982 Product Manufacture Interact ions With the  
Design Process (06.-1 PAD-700 9 4 -D) 

NASA CR 2984 Integrated Information Processing 
Requirements (D6 -1PAD-700 12-D) 

NASA CR 29 85 D A D  User Requirements (Ii6-IPAD-700 13-0) 

The NASA Langley Research Center Document Coordinator for 
this document was David D, Loendorf, 

h 

Heasurements included i n  t h i s  doament were n o t  generated on 
the IPAD program; therekore, they are shown here i n  U- S. 
custanlary units, A conversion tab3.e (U. S ,  to S ,  I .) i s  included 
i n  appendix B, 



By acceptance of and in consid~ration of the receipt of this 
d o c m a e n t ,  data, or s o f t w a r e ,  produced by T h e  B o e i n g  Company 
( B o e i n g )  under Mational A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  
(NASA) developmental C o n t r a c t  No. NRS1-14700 (IPAD) , the third 
party recipient, its successors and assigns agree a s  foLPlows: 

THAT THE T H I R D  PARTY RECIPIENT, ITS SUCCESSORS AND ASSIGNS 
SHALL HAVE NO RIGHT, RElkEDY OR CLAIM AGAINST BOEING AND THAT 
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Engineering pro jec ts  such as  a i r c r a f t ,  spacecraft,  etc,, a r e  
organized as product programs. The program serves t o  in teqra te  
f uractional departments such as marketing, finance, engineering, 
and manufacturing, This document describes the  management systems 
used t o  integrcate o r  in ter face  funct ional  elements of t h e  program. 

The bas i s  f o r  technical  d i r ec t ion  cons is t s  of the work 
breakdown s t ruc tu re  (WBS) and design-to-cos t functions, The kJI4S 
is a s t ructured index of the end products t o  be produced by the  
program, It promotes understanding of a l l  tasks  and provides a 
mechanism fo r  c o s t  collection. It subdivides t h e  program i n t o  
inanageable work areas  and includes a numbering system t o  r e l a t e  
functional aspects to cont ro l  media, The desig n-to-cost functions 
acknowledge progrm cont ro ls  emphasizinq cos t  a s  a cbminant f a c t o r  
i n  system and hardware design, A design-to-cost board has 
respons ib i l i ty  f o r  design-to-cost implementation- Wbrk package 
teams are organized t o  accomplish the  elements iden t i f i ed  i n  t h e  
WBS- Trade s tudies  a r e  evaluated f o r  c o s t  e f fec t s  cm basel ine 
t a rge t  cos ts ,  Yanitoring and control  features  based on t h e  WBS 
provide periodic  audit type comparisons of t a r g e t  c a t s  t o  the  
current predicted cos ts  for each WBS elerrrent and a r e  "rolled upw 
t o  iden t i fy  total program costs ,  Lif e-cycle cos t s  and post- 
aevelopment object ives  a r e  considered p r i o r  to design release.  

A baseline master schedule i s  used with con t ro l  based on a 
hierarchy of t i e r e d  schedules aligned t o  t h e  WBS, incluaing both 
*work-orientedm and mmilestone-orientec3 schedules, Reporting 
provides a central ized source of schedule s t a t u s  and milestones - 

The hTBS is used to  plan, control ,  and report  budgets, costs, 
schedules, and perf orinance. 

Product conf igura t im management consis ts  of canfiguration 
defixlition and iden t i f i ca t ion  (usually of a baseline) and t h e  
change controls  required to ef fec t ive ly  i t e r a t e  the  bdseline t o  
t h e  f i n a l  product (s) , 

Policy es tabl i shes  r e spons ib i l i t i e s  for business, 
engineering, and manufacturing data processis-g systems. m t a  
administration is recommended, 

Engineering schedule and budget t racking i s  based 00 a 
cent ra l  source of schedule and job s t a tus ,  

Management information is a conibination of autmated and 
sanual displays presented i n  a v i s i b i l i t y  roan. 



2 -0 INTRODUCTION 

This document gives a br ief  descr ipt ion of management systems 
used t o  d i r e c t  and control  a product-oriented program, Figure t 
i l l u s t r a t e s  t h e  re la t ionship  of t h e  document t o  other  t a sk  1 
documents, Figure 2 shows re la t ionships  of the various management 
tools .  The primary elements of technical  d i rec t ion  cons is t  of the 
work breakdown s t ruc ture  W S )  and the design-to-cost procedures 
adopted f o r  the product program. The development of  a WBS and the 
implementation of Design-to-Cost are discussed in s &ion 4 -0.  
Schedule management, including controls  and reporting , is  
discussed i n  sec t ion  5,0, Resource management, including cont ro ls  
and reporting , is discussed in sect ion 6.0. Product con£ ig urat  ion  
management during a l l  phases of t h e  product program is discussed 
i n  sect ion 7.0- Data management is discussed i n  sect ion 8-0 i n  
terns of da ta  processing policy and data  administration, 
Accounting systems to t r ack  engineering schedule and Wdget 
performance are discussed i n  sec t ion  9.0. V i s i b i l i t y  and display 
of management information a r e  discussed in sect ion 10 -0, 

Use of commercial products o r  names of manufacturers of t h i s  
report  does not cons t i tu te  o f f i c i a l  endorsement of such products 
o r  manufacturers, e i t h e r  expressed or implied, by the National 
Aeronautics and Space Administration. 



REFERENCE DESIGN PROCESS 
CR 2981 

PRODUCT MANUFACTURE 
INTERACTIONS WITH THE 
DESIGN PROCESS 

CR 2982 

PRODUCT PROGRAM 
MANAGEMENT SYSTEMS 
CR 2983 + 
INTEGRATED INFORMATION 
PROCESSING REQUIREMENTS 
CR 2984 

USER REQUIREMENTS 
CR 2985 

Figure 1.-Relationship of Task 1 Document 



Figure 2. -Management Systems 
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4-0 TECHNICAL DIRECTION 

This section delineates the prime &management tools  used t o  
identify arid d i r ec t  a l l  program work items, 

4.7 * WORK BREAX130WN ETRU@lfURE (W) 

A program m r k  breakdown structure i s  a product-oriented 
family tree composed of elements tha t  r e s u l t  from program e f f o r t s  
during the development and production of a product. A WBS is a 
structured index of the  product(s) t o  be developed or  produced and 
re la tes  t he  elements of work t o  be accomplished t o  each other and 
to the  end product (s) and provides a con~mon denmiinator against 
which a l l  planning, scheduling, costing, and accomplishments a r e  
related. 

It is developed downward by proceeding from t h e  defini t ion of 
the program/project objective through successive l e ~ l s  t o  the 
lowest level  of d e t a i l  required for  ef fect ive  progr rm planning, 
control, and support * 

4 WBS PURPOSE 

The WBS is used a s  the forcing function t o  establish 
standardized nomenclature, definition, arid orderly arrangement of 
a l l  major elements (hardware, software, services, data, etc.) and 
i n  planninq for  allocations, estimates, actions, and work 
execution, The reporting of progress, perf omnance, and 
evaluations sha l l  be based on the  W B S .  

The Wi3S serves a s  a prime manaqement tool, s t a r t ing  in 
Engineering and encanpassing a l l  program discipl ine s: engineering, 
operations, business management, customer relat ions , e t c  , rX5S is 
used t o  plan, control, and report: 

Budgets--Identified on program control m t r i x  by 
organization, WBS element, and signif icant  work order 

Costs --Charged, collected, and reported through a charge 
number stxuctured t o  the  signif icant  WE3S code 

Schedules- -By WSS element and code rlwber 

Perf  ormance--Tracked and reported by organization, WMS 
element, and W B S  code 



4 - 1 -2 WBS DErnLOPMEEJT LOGIC 

Unlike the p r o a c t  design levels  (see D6-IPkD-70010-D) . the  
complete WSS does not emerge a t  the  b e g b i n g  of a program, Its 
development evolves through the t o t a l  product d e r h i t i o n  phase and 
normally i s  not t o t a l l y  defined u n t i l  the  d e t a i l  design phase 
( f ig ,  3, WBS development phasing), 

Levels a r e  used t o  define the  W3S and are described as 
follows : 

Level 1 :  Total product program 

Level 2: A logical  grouping of functional categories oE t h e  
program, i -e - , major product hardware elements 
(structnre , functional systems, propulsion, and 
power); development; management; serwZces; and 
support 

Level 3 : Ma jor subdivisions of t he  level  2 el  merits, i ,e, . 
structure (wing, body, etc.) and t e s t  (laboratory, 
fligfrt test, e t c  .) 

Levels 4,and on are logical  subdivisions of t h e  upper-level 
elements, The lower levels  of the  WBS w i l l  vary frm program t o  
program depending on the  company organization, product design 
complexity, con£ iquration management procedures, et c, 

Each W3S entry  is  assigned a unique program i t e m  number 
(PIN] , I'he PM1s are developed with a s ignif icant  reumbering 
system t o  provide ident i f ica t ion of the various program systems, 
(See fig. 6,) 



Figure 3. - WBS Development Phasing 



The l e v e l  1 program element is assigned a three d i g i t  program 
i d e n t i f i e r  , Level 2 elentents a r e  assigned individual d i g i t s  i n  
numerical sequence, i -e, ,  

0 = Product in tegra t ion  and assembly 

1 = Struc ture  

2 = Systems 

3 = Power 

4 = T e s t  development and evaluation 

5 = Management 

The subdivisions of each WBS element a t  each l eve l  a re  
assigned individual  d i g i t s  starting with zero f o r  Rproduct 
in tegra t ion  and a ~ s e m b l y . ~  It should be noted t h a t  the re  should 
be no more than ten subdivisions f o r  any WBS element a t  each 
l eve l ,  This allows f o r  uniform number sequencing and provides 
"roll-upm capabi l i ty  (see f i g -  4) . Figure 5 dep ic t s  a WS "tree'" 
and shows the  &ident i£  i c a t i o n  logic-  

The program i t e m  number (PL!) can be t h e  basis f o r  a s ing le  
uniform identifZcation. The following a r e  examples: 

A charge number should contain: 

Type of work--f ibr ica t ion ,  minor assembly, engineering 
design, qua l i ty  control ,  etc. 

Cost account--Program i d e n t i f i e r  and HBS levels  2 and 3 
PIN 

Package ident i f ier-- levels  4 and 5 PIN 

Type of effort--preliminary design, bas ic  design, 
engineering change proposal (Em) , test, sustaining, 
e t c ,  

Performing organization 

Responsible organization 

Manufacturing analysis sheet-The planning sheet iden t i f i ed  
by t h e  PIN f o r  the par t i cu la r  WBS elanent 

Purchase order--identif ied by the cos t  account and package 
number 



LEVEL 1 1 2 1 3 1 4 1 5  

I t I I 1 "XYZ" PROGRAM 1 I 
I I I 

I 
I I 
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I I I I 
I AIRPLANESTRUCTURE I 
I 
I 
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I 
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I & 

I 
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I 
I TRAILING EDGE SECTION 

I I I 41 T.E. FIXED FLAPS T.E . 
BODY 

I 1 FORWARD BODY SECTION 

I I 
\ AIRPLANE FLIGHT SYSTEMS 

I ENVl RONMENTAL CONTROL 

I AIR CONDITIONING 

I AVIONICS 1 A/C EQUIPMENT 

Figure 4. - WBS "Roll-Up" Criteria 
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Figure 5.- Example WBS Tree 



Detail  schedules--identified by PIN of the WBS l eve l  being 
scheduled, 

Tool orderflool--identified by drawing number w i t h  a tool  
code prefix-  The drawing number shuuld contain the  
applicable PIN. 

4 . 1  WBS SIGNIFICANT NtEMBElUNG APPLICATION 

Figure 6 depicts t h e  relat ionship between v a r i a s  program 
control media, The WBS program i t e m  number (PIN) i s  the  base t h a t  
should be i n  a l l  program systems ident i f iers .  Follawing are 
examples of ident i f ica t ion logic: 

PIN description--a description of the hardware contained i n  
the  WBS element identif ied by the  PIN 

Work package document--identified by the W B S  level  4 PIN 

Equipment l is t- the required standards and pur &as ed 
equipment contained in and ident i f ied  by t h e  work package P I N  

Engineering drawing--should contain: 

Program iden t i f i e r  

PIN t o  a t  least leve l  4 

Random i d a t i f  iers f o r  the various par t s  that  make up 
that drawing 

Engineering advance w t e r i a l  release--identified by program 
iden t i f i e r  and PIN 

Actual costs--collected by cos t  account and padcage 
identikier  through the cost collection sys tern  

Performance report--rolled up and identif ied to any WBS 
element by its PIN 
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4-2 DESIGN-TO-COST 

Design-to-cost 5 s  the  e s t a b l i s b e n t  of product cos t  goals 
prior  t o  d e t a i l  design comnitment and t r i e  u t i l i za t ion  of 
management discipl ines t o  achieve cos t  goals through a l l  phases of 
the product l i f e  cycle, The design-to-cost e f fo r t  r m s t  provide 
the  manager with data f o r  cost goal assignment, This i s  
accomplished through the  implementation of discrete work packages 
and work package teams cowrising engineering, manu jEacturing, 
materiel, qual i ty  control, finance, and other appropriate 
organizational perscramel, These t e a m s  produce designs from known 
r e a l i s t i c  reyuirements t o  ensure accurate, predictaUe costs  
throughout the product life-cycle. Program controls must 
emphasize cos t  a s  an equal factor  when product performance and 
schedule decisions are made, 

42.1 DESIGN-TO-COST PLAN 

The program design-to-cost plan m u s t  apply design-to-cost 
discipl ines i n  a l l  areas of system and product design, The plan 
must ensure that cost  is  given equal consideration w i t h  other 
major design requirements such as performance and schedule. The 
major elements of the plan a re  described as  follcws . 

4.2,f.l Policy 

Design-to-cost is the  formal acknowledpnt  of program 
controls which emphasize cost  a s  a dominant factor  in system and 
hardware design and serves t o  drive acquisition and life-cycle 
costs  down t o  t h e i r  lowest at tainable levels ,  A t e a  approach is  
used t o  achieve this in ten t ,  A l l  necessary functional support is  
given t o  the  design e f fo r t ,  "Design, " as  used here in, includes 
a l l  of the s teps  froan system and product c o n ~ p t i o n  through 
physical completion and readiness f o r  delivery- 

The program manager has complete responsibi l i ty fo r  design- 
to-cost implementat ion. He se lects  a design-to-cos t manager t o  
a s s i s t  him i n  this responsibility. The design-to-cost manager 
spends h i s  time working with the  functional managers t o  emphasize 
the importance of the  design-to-cost e f for t ,  H e  has the  
responsibi l i ty fo r  establishing design-to-cost discipl ines and 
chairs a Design-to-Cost Review Board composed of members of 
engineering, manufactux-ing, materiel, quali ty c o n t r d ,  and finance 
(and other functional organizations that he may deem necessary) . 
The Design-to-Cost Board monitors and reviews the  design ac t iv i t y  
and exercises its authority t o  maintain or drive the cost  elements 
so t h a t  they can be achieved a t  or  below the  cos t  goals, The 



B o a r d  a lso  selects the principal (both acquisition and ownership) 
cost drivers i n  the  design (historical ly,  75 percent of cos t  is 
associated with 25 percent of weapon system components) and 
ensures t ha t  part icular  emphasis is placed on these i t e m s ,  

Work package teams are responsible fo r  breaking out and 
allocating element cost  goals from the t o t a l  cos t  goal, Program 
management establishes functional cos t  goals, 

4.2.1.3 Work Packaqe Teams 

The des ign - toms t  manager d i rec t s  the  creation of work 
package teams, These teams are be designated a t  least down t o  the  
W E 3  level  4, Key features of the  work package team include : 

Systems, product assurance, design, manufacturing and quali ty 
engineers, and materiel, located i n  a common area and 
assigned spec i f ic  work package xespons i b i l i t y  

U s e  of a documented design standards plan delineating 
maintainability standards, common tooling philosophies, 
design tolerances, materials, processes, standard hole, and 
thread classes 

Formal p a r t i c i p t i o n  of manufacturing engineers and product 
assurance personnel beginning wim systems and design concept 
and concluding with f i n i t e  manufacturing and t m l i n g  plans 
pr ior  t o  a producibili ty engineering approval signature on 
the  engineering drawing 

NOTE : Manufacturing and tooljag plans for  b t h  
development and production w i l l  be written- The 
production plans are used as the  basis f o r  the  
refined estimate of the  average prodncrtion un i t  
cost,  The development planning is released to 
support hardware fabrication , 

Formal approval by quality assurance tha t  inspection 
requirements do not increase costs  disproportianately t o  
their i n t r i n s i c  value but mee t  in ternal  and contractual needs 

The work package teams a s s i s t  i n  developing the  subdivision 
of the allocated level  4 WBS t a rge t s  down to  the  lwest pract ica l  
level. The ta rge t s  are a projection o f .  the  average production 
un i t  cost. This un i t  is a speci f ica l ly  identif ied production line 
unit determined by the intersect ion of the straight-line average 
with t he  projected learning curve (f ig,  7) , 
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Figure 7. -Cost Target- Unit Selection 



The t a rge t s  or  lfceilinysw applied to t h e  system components 
a re  specif ied in ternal ly  by labor standards, These un i t s  a re  m a r e  
constant than dollar-valusd o r  basic factory labor tpDlars  and can 
be converted by the  application of current basic factory labor o r  
do l la r  factors,  Raw material and purchased items have @%he- 
lockedn or staniiard do l la r  targets  that  can be converted by an 
in f la t ion  index t o  current values. The in f la t ion  factor  should be 
mutually agreed t o  by a l l  par t ies ,  

The work package teams ensure that system, concept, and 
initial designs a re  producible, maintainable, and reparable and 
t h a t  manufacturing and inspection methods are incorporated i n  
consonance w i t h  contractual requirements and company standards, 

4.2,3,4 Design-to-Cost Application 

Cost t a rge t s  are shown on cost t a rge t  sheets which are  
designed s o  t h a t  estimated costs  are seqregated and trackable 
( f ig  I 8) . These sheets are compiled f o r  a l l  design items and 
published in a common document. Estimated costs are applied, a s  
are the  de l tas  from the target  t o  the  estimate. The cost ta rge t  
sheets are the,data base fo r  compiling the  periodic design-to-cost 
report (DTCR) - A t  the conclusion of the  development program, the  
f i n a l  cost t a rge t  document is used t o  assess and develop the 
design s ta tus  impact on the design-to-cost goals, 

The estimates and del tas  are reviewed and updated by the  
manufacturing and/or materiel members of the work package teams as  
the  design develops. These del tas  a re  periodically reviewed 
(usually on a two-week basis) by the Design-to-Cost Review Board, 
Siqnif icant  upward trends o r  d r i f t s  i n  the del tas  precipi ta te  
action ranging from in form1 direct ion to the release of design 
decision m e m o s  ( D D N b )  tha t  will effect ively freeze the  design 
u n t i l  appropriate corrective measures can be taken. 

4 -2-1-5 Trade Studies 

The cost  t a rge t s  of recurring and nonrecurring standard hours 
and procurement dol lars  are the springboard for  i n i t i a t i ng  trade 
studies on the  development program when evaluation confinas t h a t  
conceptual or prelirnZnary designs cannot be produced a t  on: below 
the baseline (target) cost. 

Trade studies are f omal ly  requested via the  trade study 
request (TSR) f o m  (fig, 9) i n i t i a t ed  by work package te rn  members 
o r  the  DesignEast Review Board, 
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Figure 8. -Cost Target Sheet 



Trade study request 

Title 

Purpose 

Program 

No. 

Date 
D 

Revision 

OriginatorIGroup 

Coordinator Phone. Sheet of , 

Work statement (describe for each participating group) 

b ~ e ~ u e n t i a l  trade study number 
followed by suffix to  indicate 

C - Cost trade 
CAN - CostANeight trade 
T - Technical trade 
W - Weight trade 

Data req'd 0 Engrg (design Mlhrs) 

R Fab, l&A (Manhours) 

0 PIN count 

Weight (I bs) 

Material ($1 
Quality 

O.P. ($1 
0 P.E. ($1 

- 

Es't completion date Study authorized by: 

Recommended disposition 

Incorporate 0 Cancel Project EngineerIStaff Chief 

Engineering management disposition 

lncorporate 

0 Cancel 

DDM required 0 Revise config des doc 

0 Revise work pkg doc 

Approved: 

Figure 9,- Design-to-Cost Trade Study Request 



Trade studies are categorized as nprocess t rade  studiesm 
(normally requested by manufacturing) o r  "design t rade  studiesw 
(normally requested by eng5neering) and are assigned the  following 
order of pr ior i ty :  

Pr io r i ty  -2m.E- 

Configuration trade (T) 
Cost reduction t rade  (C) 
Weight reduction t rade  (W) 
Cost/weight trade (C/W) 

The flow diagram f o r  arr iving a t  design decisions through the  
use of t rade studies is sfaown by figure 10, The work package 
teams are charged with t he  responsibi l i ty of scrubbing down the  
system, subsystem, o r  design t o  meet o r  bet ter  the target  cost and 
t o  resolve minor de sign-to-cost conf l ic ts  without resorting to 
formal trade studies,  The i t e r a t i on  process is, homver, recorded 
on the cost  t a rge t  sheet as a chronologically adjusted estimate a s  
the design crys ta l l izes ,  W h e r e  a cost conf l ic t  a r i ses  that cannot 
be resolved a t  the  working level,  manufacturing members w i l l  i ssue  
a formal t rade  study request. 

'. 

4-2-1.6 Monitor and Control 

It can be seen fro= the foregoing tha t  the  cos t  t a rge t  sheet 
containing the  baseline and the current estimate de l t a  is the  
trackable element i n  the  design-to-cost discipl ine,  This is 
depicted graphically by figure I f ,  

Summary t a rge t  and estimate del ta  data are compiled a t  WBS 
level  4 and up periodically (usually weekly) dulring the  
development program for  presentation to the  Design-to-Cost Manager 
and Review Board. 

The degree of success i n  achieving design-to-cast is  a 
ref lec t ion of t h e  effectiveness of the  work package team members 
and t h e i r  l i ne  management- In recognition of t h i s ,  they are 
staffed by experienced engineering and manufacturing personnel- 

Management control and responsibili ty is vested i n  the  
design-to-cost manager, who iden t i f i es  system and subsystem 
requirements that contain potential  high-leverage cost elements 
and is the focal  point fo r  i n i t i a t i n g  a l ternate  approaches o r  
xequirenent changes t o  reduce cost estimates, He establishes a 
design-to-cost area i n  the  program control room that displays 
current system, element, and functional progress i n  achieving the  
cos t  goal and t h a t  highlights ac tual  and potential  problem areas, 
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Figure 10. - Trade Study Flow 



figure I 7. -Cost Target Development and Audit 



This is achieved through the  use of tracking charts  showing the 
current and pas t  estimate against the  cos t  target ,  

The continuing i t e r a t i o n  of the  design by key personnel is 
the cornerstone of the cost-effective design. Their e f fo r t s  a r e  
recordea by updated estimates on the cost t a rge t  sheet, Formal 
i t e ra t ion  by trade study is documented. Each authorized trade 
study is assigned a sequential number and suf f ix  f o r  
ident i f ica t ion within t he  document which is a permanent record of 
t rade study act iv i ty ,  Design-to-cost enforces the cost 
d isc ipl ines  during the design development phase, which make the 
goals r e a l i s t i c ,  Th i s  premise is i l l u s t r a t ed  by figure 12, The 
concurrent development of the  production tooling and planning with 
the  developtent planning was discussed i n  section 4 -2.1.3 - !the 
overal l  i t e ra t ion  and interplay between the work package teams and 
the  Design/Cost Comrnittee is depicted by figure 13, 

4.2.1.7 Life-Cycle Costs 

Cost t a rge t s  (see sec. 4-2- 1.4) include life-cycle costs and 
a re  based on product acquistion cost  and product operational 
costs,  Although design-to-cost has been primarily discussed 
within the contPxt of reducing the  cost  of producing the  system, 
the  thrus t  of the discipl ine is inherently toward design 
simplicity such a s  part count reduction, the  elimination of 
orriamental quality,  and standardization. However, desiqn 
simplicity is usually synonomous with reduced l i f e - q c l e  cos ts  and 
should be taken i n to  account throughout a l l  design development 
i tera t ions .  

4,2,1,8 Post-Development Programs 

The ultimate objective of design-to-cost is t o  achieve the 
most cost-effective design pr ior  t o  design release, which, i n  
theory, eliminates any further downstrem producibi l i t y  
application. However, during both preproductiorz and production 
programs, the estimates made during the  development program a re  
updated t o  r e f l ec t  ac tual  costs  and are used t o  update the 
average production unit  target  cost,  The same remedial measures 
discussed heretofore are  applied as design changes are incurred, 

Similar design-to-cost discipl ines are applied t o  downstream 
design ac t iv i t i e s  such a s  special  tooling and special  t e s t  
equipment, 
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Figure 13. - Design-to- Cost Flow Control (Development Program) 



4- 2 -2 D E S I G N  WOF! PACKAGES 

The design work package is an e f f i c i en t  t o o l  t o  quickly 
acquaint t he  personnel assigned t o  the task with t h e  task t o  be 
accomplished and with the  applicable design requirements, It a l so  
provides ear ly  v i s i b i l i t y  of t h e  component design approach and 
gives technology and manufacturing spec ia l i s t s  an opportunity t o  
aake suygestians f o r  cos t  and weight improvements. 

The t o t a l  product hardware is subdivided i n t o  discrete 
packages a t  W13S levels  4 and 5, and is organized as  volumes of a 
document. Each volume is  ident i f ied  by the  signif icant  WBS code 
(sec, 4 I 1) - The work packages will define the hardmre, schedule, 
and c r i t i c a l  events and will es tabl ish  targets  for  the designer- 
Their purpose i s  t o  provide basic information fo r  tk design, 
development, and manufacture of the  product and t o  serve as prime 
tools  far:  

Developing the complete corrrponent (element design) 

Ident i f y  ing potenti  a1 product 5mprovem.ents inc luding cost  
reduction 

An up-to-date liesign description 

Vis ib i l i ty  of concept 

Establishing and tracking targets  

Providing up-to-date design review data 

A tool fo r  verif icat ion of compliance w i t h  design 
requirements and t a rge t s  for  each component design approach 
before d e t a i l  design layout and drawing preparation 

4.2.2.1 Work Packaqe Content 

Figure 14 portrays an overview of the design wark package 
content and the program data f r o m  which the  package is derived. 
The following are examples of work package content: 

Desiqn Requirements--An extract  of the requirements f o r  t he  
part icular  WBS e l e m e n t  from the  t o t a l  program design 
kequirements and objectives 

Desiqn G u i d e s - * i s  section w i l l  include guides applicable t o  
the  work package based on h i s to r ica l  e-riences, such as 
s t ructura l  durabi l i ty  handbooks, CAD indices, etc. 



COMPONENT WORK 
PACKAGE DATA (LEVEL 5) 

0 DESIGN REQUl REMENTS 
0 DESIGN GUIDES 

HARDWARE DESCRIPTION 
0 DESIGN DEVELOPMENT ITEMS 

* WEIGHT (AN) 
RELIABILITY/ 
MA~NTAINABILITY 

* PERFORMANCE 

0 ENGINEERING 
* MANUFACTURING 

* WEIGHT (AN) 
* RELIABILITY1 

MAlNTAlNABl LlTY 

Figure 74. -Design Work Package Data 



Bardware Descriptions--This sec%ion is  a de t a i  fed descript ion 
of t he  work package hardware and is the  baseline descript ion 
f on t r ade  s tudies ,  It consists  02: 

P I N  Descriptions--detailed descriptions t o  the  package 
WBS l eve l  and Pawex, (Figure 15 is an e x a p l e  of P I N  
descr ip t i an  ,) 

Key Layouts--Sayouts, sketcfies and schedules, center- 
l i n e  diagrams, s t ruc tu ra l  diagrams, e tc .  

Interface Requirements. 

Desiqn Development Items--This sect ion is used t o  ident i fy  : 

Unproven design concepts, materials, e t c  . 
All t e s t s  t o  be conducted to  ar r ive  a t  a &sign decision 

Special mockup requirements 

Top p r io r i t y  items and plans and procedures f o r  
accomplishing these specia l  a t tent ion  items 

Unique materials, processes, etc, 

Tarqets--The sect ion contains the  t a rge t s  and estimates per  
format ( f ig ,  16) , Weight, r e l i a b i l i t y ,  and maintainability 
t a rge t s  are also  included in t h i s  section. 

Plans--This sec t ion  contains t h e  engineering plans and the 
manufacturing plan for f i r s t  a r t i c l e ,  

4-2-3 WORK PACKAGE TEAM 

The team i s  a dedicated group responsible f o r  the contents of 
the  work package, Pkmbers represent engineering (pm jec t  and 
stajtf) , manufacturing, materiel ,  and finance organi zations - It is 
essen t ia l  t o  success t h a t  team members be identified who w i l l  have 
the "doingM responsib i l i t ies .  During t he  design phase, the 
project  engineering member as swes  the ro le  of work package 
manager. After comple&iun of design, t h e  ro le  is transferred t o  
the nianufacturing engineer, Figure 2-2.3- 1 depicts the team 
makeup fo r  several work packages. Section 4.2.1 (D esign-to-Cos t 
Plan) del ineates  t he  dut ies  of the team. 



Title: FRONT SPAR INST. - WING BOX 

MATERIAL PART TYPE 
Ext Sheet Metal 
SBT Machined 
Std Cast & Forg. 
Other Assy. & instl. 

Purchased 
Other 

PIN 
~h -of 

PART CARD QUANTITY 

PARTS AND MATERIAL DESCRIPTION 

Chords: For middle spar,  segment will be angle extrusions machined 100% with 
constant flange angle for 423 in. length. Outboard segment chords will be 
angle extrusions machined 100% with flange angle varying throughout 
length of 570 ft. Chord material will be 7075-T73 (upper) and 2024-T2 (lower). 

Webs: Will be broken into approximately 9 pieces, each of which will be constant gage 
2024-T3. Total length = 1563 in. with width varying from 29 in. inboard to 
7.0 in. a t  tip. 

Doublers: Constant-gage doublers will be riveted to web a t  cutouts, etc. 

Stiffeners: Approximately 181 extruded "Z" stiffeners will be used between inspar ribs 
and approiimately 56 extruded "T" stiffeners will be used a t  inspar rib locations. 

Fittings: Will be 7075-T73 hogouts with Varlelfr~m 

engine beam support fittings, 
per LO-953-W-050. 

Note: 80% of all stiffeners are symmetrical. 

ltVL) Lwr. chd lmcd reg1 Lwr. chd 10"lbd segl.loio 40 
2.5 to 3'5 

ASSEMBLY AND INSTALLATION rupr.r#m,larl 
IUD'. nm#larl  

The front spar,is 1563 in. long and is made up of three segments. The middle segment is 423 in. 
long and has a constant depth of 29.2 in. I t  consists of 2 chords, web (3 pieces), 53 stiffeners, 
and 8 engine beam support fittings. The outboard segments are 570 in. long v a r y i ~ g  in depth 
from 29.2 in. inboard to 9.0 in. a t  tip and each consists of 2 chords, web (3 pieces), and 90 
stiffeners. Spar will be assembled to panels by riveting with 3/16, 114, 5/16 and 318 dia. rivets 
from b.1. 211 to b.1. 632, spar will be sealed as an  integral fuel tank. 

-Typ  ar lnrpar ribs- 

S ~ a r s d # c e  and 
plan view break 

I 
29!2 q "PI. 1 

18.6 
M.ST f rom mar I 

L.E. r8b 

34 
Ovfbd F S. TYP. herween 

367 - 80 front spar 
Inbd. F.S 

Figure 15. -Program Item Description 
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Figure 77. -Work Package Teams 



4.2.4 PRODUCT COST CONTROL 

Since up t o  88 percent of a program cos t  i s  comuitted before 
first d e t a i l  drawing release, it is mandatory tha t  a credible cos t  
targeting, estimating, and tracking system be implemented ear ly  i n  
a program. The cost  s y s t e m  described i n  t h i s  s e c t i m  is based on 
detail-estimating the hardware cos ts  of designs of functional 
coxnponents of the  airplane a t  WBS level  5 and lower, Verification 
of these estimates is then accomplished by comparing them t o  costs  
of components f o r  which good hardware cost, operating costs,  and 
performance history a r e  available, 

Cost surveillance and reduction is a continuous process, The 
cost  data estimated by feature are  adapted t o  an organization 
accounting system t o  assign cost t a rge t s  t o  each engineering, 
manufacturinq, and materiel organization t h a t  contributes t o  t h e  
end i t e m  cost. Maintainability and r e l i ab i l i t y  are targeted and 
tracked i n  much the  same manner, A l l  these, together with 
bndgets, are arranged i n  the work breakdown structure t o  r o l l  up 
fram WBS l eve l  5 (spars, wing, Ti3 f laps,  etc,) thus providing a 
very simple responsive audi t  system (fig - 18) , It is expected 
that program managentent hardware cost reviews w i l l  be conducted 
monthly and budget reviews weekly* 

1. 

4-2-4.1 Definitions 

Pardmetric EstiEate--An estimate is made of t h e  nprobablela 
cos t  of an airplane using gross parametrics , appropriately 
adjusted, based on h i s to r ica l  s t a t i s t i c s  (perf armance, 
weight, etc,) . 
Class I Es timate--A d e t a i l  cos t  estimate is made of what the  
airplane "shouldN cost, based on preliminary hardware 
des-miptions t o  t he  work package ievel ,  class I estimates 
provide r e a l i s t i c  bases fo r  c lass  I1 targets .  

Class I1 Estimate--A detai led cost  estimate is made of what 
the  airplane mshouldm cost  based on refined engineering data 
such as  d e t a i l  layouts and WBS leve l  5 work padcage data, It 
is  used to  verify the  hardware cost  s ta tus  as  ampared t o  the 
pre-established class 11 design cost taxyets, Engineering 
d e t a i l  lrdesign-to-cost and manuf actur  ing perf armance are 
measured against  c lass  111 cost  t a rge t s  f o r  in-process cos t  
v i s i b i l i t y  , 

Class I11 Costs--This is the  actual  hardware costs a s  
accumulated by finance, including material, fa  hrrication, 
minor assembly, and major assembly 
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Probable Cost--This is a parametric estimate of the 
anticipated program cost based on his tor ical  relationships 
adjusted f o r  weight, complexity, and cammonali ty . 
q%h~ulde C m - - T h i s  is the calcvlated value of the hardware 
based on a standard derived from actual experience and 
computed a f t e r  conpl&im of a ser ies  of trade studies, 

4-2-4-2 Cost Model 

Programs costs consist of recurring and nonrecurring hardware 
and program support costs, (See table  1) .. 



Table 1,--Program Cost M d e l  

RECURRING NONRECURRING 

Fabrication Basic aevelopenta l  mockup, 

Major assembly 
Related mttll, Basic tooling and re la ted  materials 

HARDWARE Quality control Basic t o o l  and production planning 
in support of 
prod, labor Prod, mat'l, (less s t a t i c  and 

Rxrch, equip, -chased equipment 

D i r e c t  labor Quality control Labor in 
fringe benefits support of above 

Incremental D i r e c t  labor f r i rge  benefits 
ovex head 

Incremental overkad 

D e v e l .  mockup 

f l i g h t  test, and related 
materials 

Hework, special  
charges, and Tool and product ion planning fo r  
prod- planning static and fatigue t e s t i ng  

QC l d r  i n  Production labor and mat 8 1 ,  fo r  
support of above 

Purch. equip, Purchased e q u i p  m t  deve lapment 
develop, costs 

QC labor in support of abave 

D i r e c t  charges 



4-2 -4.3 Development Sequence 

The development sequence of the  design data and cost  estimate 
roqvairements is i l l u s b a t e d  in figure 19. 

4.2-4-4 Cost Taxyet Development 

A t o t a l  program competitive cos t  i s  determined, based on 
h i s to r ica l  data and market research and analysis. The program 
manager establishes a t o t a l  program cost  target .  Using h i s to r ica l  
actual costs, he a l locates  targets  t o  the  W B S  level  2 elements. 
Each functional discipl ine,  in turn, al locates his  targets  t o  a t  
l e a s t  WBS level 5, (See f i g  - 20 , )  

The cost  t a rge t s  a r e  recorded on the  cost target  tracking 
form (fig,  16) i n  each work package document (sec. 4-2.2.1) - 
Detail cos t  estimates a r e  made and i t e ra ted  based on the  d e t a i l  
program i t e m  number ( P I N )  descriptions. 

4.2-4-5 Cost Target Audit Cycle 

Figure 21 depicts t he  i t e r a t i v e  process, kn overview of the  
targeting/tracking/cost audit cycle and sequence is shown i n  
figures 22 and 23. 
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2%. master schedule i s  used as  t he  baseline fo r  the totall 
Pr It contains the  key milestones and m n s t r d n t s  from a l l  
d i  ines, incPuding the  customer, The schedule shcwPd be based 
on proven experience and should be deve t o  perntit an opthum 
balance between technical and cost perf Management of the  
schedule acknowledges t h a t  variances require compensation i n  order 
t o  protect cos t  and t e ~ h ~ c a l  objectives. 

5 -1  SCHEDULE CONTROL 

Schedule control is based on a hierarchy of t iered schedules 
(fig,  24), which are generally aligned wark breaMown s t ructure  
(WsS) levels ,  T i e r  I is the program master schedule; it covers 
a l l  elements of the  program and is  approved by a l l  functional 
organizations, T i e r  11 consists of program element schedules, 
They cross functional l i ne s  and provide v i s i b i l i t y  of functional 
schedule integration. T i e r  II schedules a re  used t o  analyze and 
resolve program schedule problems, T i e r  111 and l o e r  schedules 
show functional responsibili ty,  For cost/schedule oorrelation, 
individual f unc t ion9  schedules are associated w i t h  spec i f ic  
packayes of work havlng speci f ic  budgets, Functional schedules 
aid in  the development and substantiation of program schedules- 
They include both wwork-orientedu and **milestone-or ientedn types, 

The lowest t ier  is the integrated engineering schedule- It 
iden t i f i es  and defines the  schedule relationships between the  
technical tasks t o  be performed by the  various design project  
groups and the  technology s ta f f  groups during the  basic design 
process, The purpose is to assure schedule integration between 
those tasks which are  highly interdependent in terms of technical 
data  ava i lab i l i ty  ard timely performance of design and technical 
tasks r e l a t i ve  to  data, Integrated engineering schedules set 
for th  the  major milestones representing the following schedule 
dependencies: 

Design project group schedule reqtnirements fo r  key interface 
design data from another design project group upon which 
the i r  e f f o r t  depends 

Design project group schedule requirements for  key technical 
data from a technology s ta f f  d isc ipl ine  group upon w h i c h  
t h e i r  design e f f o r t  depends 

Technology s taf f  discipl ine group schedule requirements f o r  
key design data from a design project group upan which t h e i r  
technical tasks depend 



TIER V WORK PACKAGE PLAN 
( INTEGRATED ENGINEERING SCHEDULE) 

Figure 24.-Schedule Hierarchy 



Technology s taf f  d i  scipkine group schedule requirements f o r  
key technical  data from another technolugy s t a f f  d i sc ip l ine  
group upon w h i c h  t h e i r  technical t a sks  depend 

Effective scheduling ob these enIyineering a c t i v i t i e s  , i n  
successive l eve l s  of d e t a i l  a s  required, subs tant ia l ly  increases 
effectiveness of the  overa l l  engineering design process, 

Engineering data re lease  dates t o  support program schedules 
a r e  negotiated between engineering and mmufacturing and a re  
subsequently input i n t o  the data storage and retrieval system. 

5 - 2  SCHEDULE REPORTING 

The purpose of t he  engineering schedule reporting system is  
to: 

Provide a central ized source f o r  schedule and s ta tus  control,  
on a regular cycle, u t i l i z i ng  automatic data  processing 
equipment 

Provide t o t a l  v is f  b i l i t y  of scheduled engineering m i l e  stones 
Ir 

The schedule re2orti.q requirements and f o n a t s  are covered 
i n  section 9.0 "Engineering Performance R e p ~ r t i n g - ~  



6 - 0  RESOURCE EEJlEEaT 

The program manager jis responsible fo r  control of program 
funds authorized by company headquarters, During tk product 
technical def in i t ion phase, he receives from h i s  functional chiefs  
t h e i r  reyuisements Eor resources such as manning, ski11 m i x ,  and 
f a c i l i t i e s  , 

6 - 7  RESOURCE CONTROL 

The WBS (sec, 4-31 is the too l  used t o  plan, cmt ro l ,  and 
report a c t i v i t i e s  such a s  budgets, costs, schedules, performance, 
f a c i l i t i e s ,  and t ravel ,  

The program axanager, w i t h  the aid of h i s  functional advisors, 
establishes t a rge t s  for the major discipl ines (engineering, 
manufacturiny , n r a t e m e l ,  finance, f a c i l i t i e s ,  etc ,)  based on 
h i s to r ica l  information and the  requkements inputs, Each 
functional discipline, i n  turn, a l locates  h i s  t a rge t s  t o  t he  
lowest manageable W B S  level  in his area of responsibili ty* 

6.2 RESOUKCE REPORTING 

D u n i n g  the program, actual  expenditures plus estimates t o  
complete a re  collec-ked and ro l led  up t o  the  program level. These 
are displayed i n  the v i s i b i l i t y  r o o m  (sec, 70-0) , ?he estimates 
are compared t~ the t a rge t s  and the  targets  are adjusted as 
reqkred ,  Figure  25 depicks t he  process and is s i m i l a r  t o  the  
or ig inal  target ing shown in f igure 2 0 ,  
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ion management on a prqram is t h e  catinuincg 
P1 the configuration 0% the  product i s  def b e d  and 
-hut its design, manufacture, t e s t ,  and delivery, 
anaglement is one of the  most important management 

processes used on the p r c q r a m ,  ensuring t h a t  the  product 
configuration delivered t o  the cxzstomer represents what he 
contracted fo r  and tha t  the configuration of parts ,  systems, 
subassemblies, and assemblies are t o  the desired configuration a t  
aU. steps of pr ion, O n  a program where t he  de sign, 
manufacture, pr  anent, and test wonk w i l l  be widely dispensed 
among program organizations aYtd subject t o  complex oomunication 
channels, ef f ect ive eonf icpration manag ment  i s  essent ia l -  

7-1 PRINCIPAL C0NCSE;rnS 

This concept involves the management controls which describe 
and identify the product configuration. !i%e con t rob  applied t o  
a i s  aspect of conk i p r a t i o n  management assure that:  (1) the 
configuration i s  defined in accordance w i t h  established methods of 
identif icat ion,  (2) t he  cmf iguration is documented and o f f i c i a l l y  
established by management approval, and (3) the configuration 
s a t i s f i e s  the  established customer and design requirements, 
including those of Government regulatory agencies, 

T h i s  concept re fe rs  t o  the systematic evaluation, 
coordination, and approval or disapproval of proposd changes t o  
the desiyn and facture of the  configuration - It  is a 
c m t b u i n g  function extending from early design defini t ion 
throughoult hardware proi2uction. 

This concept= involves the  managemznt controls and paperwork 
systems tha t  carry the intended configuration established by the 
designer forward in to  released engineering data, manufacturing 
data and procurement data  so  as t o  r e f l ec t  the proper hardware and 
software configuration, includirq authorized change s. 



This concept re fe rs  Lo quality c m t r o l  and p m ~ u r e s  that:: 
( I )  verify the  actual  mas-builtn cron+igurationol each produdion 

un i t  delivered t o  a custamer and (2) account f o r  completed 
hardware records r e l a t i ve  t o  t he  conf igmat im *as designedm by 
engineering and "as plannedn by mmufac ing engineering, 

This concept re fe rs  t o  the controls and procedures t h a t  
ensure physical and functional configuration integr i t y  between 
mating hardware elements. T h i s  involves configuration 
identif icat ion,  change control, and ver i f ica t ion a s  applied t o  the  
physical, functional, and environmental interfaces between work 
package end i t e m s  assigned t o  d i f fe ren t  program organizations f o r  
design, manufacture, o r  procurement, The principal applications 
of these procedufes occur during design and developmnt, when a l l  
interfaces must be identif ied and defined and their configuration 
characteris t ics  must be properly ficorporated i n t o  the design of 
the mating elements, 

L 

7 - 2  PRODUCT !E2CHNIC;AL DEFINITION PROCESS 

Ijurimg the product technical def in i t ion process, the  product 
configuration i s  developed and defined in accurdance w i t h  t h e  
configuration ident i f ica t ion requirements, Figure 26 i l l n s t r a t e s  
the  product technical def in i t ion process, This process extends 
through the  ear ly  program phases, from the conceptual development 
phase and the  preliminary design phase t o  the  engineering design 
and developnent par t  of the production phase, During each of 
these phases, t h e  engineering design and configuration development 
leads t o  an appropriate ccmfiguration def in i t ion represented by 
the required technical documentation, drawings, and data, 

A configuration def in i t ion baseline is developed fo r  
i n i t i a t i ng  the  preliminary design phase, This baseline for 
preliminary design resu l t s  from the  techical  concept and 
configuration development work anif airline contacts during the 
conceptual development phase, It represents t h e  basic product t o  
be offered t o  the  a i r l i ne s  and is defined i n  t h e  design data 
document and the  standard d e t a i l  speci f ica t im,  It is the 
foundation f o r  the technical and planning work perfarmed during 
the preliminary design phase, 

The second baseline--which is developed f o r  go -ahead--results 
from the  fur ther  configuration def in i t i an ,  design, m d  
marketing/sales a c t i v i t i e s  during t h e  preliminary design phase 
leading t o  the f i r s t  customer s a l e  and an engineering d e t a i l  
design go-ahead, These ac t iv i t i e s  include establishing the 



updated standard de ta i l  specil ication; the customer d e t a i l  
specif icat ion,  which d e f i m s  the spec i f ic  airplane purchased; the 
purchased equipment document; the program i t e m  number (PM) 
document; and the  work package design specif icat ion,  which provide 
configuration definktion data a s  part o f  the work packages, 

This baseline represents the configuration that  w i l l  be 
developed in d e t a i l  during the (engineering deta i l  design process, 



Figure 26,-Product Technical Definition Process 



A program go-ahead tgates t he  production phase, This 
phase consists of the  des?i$n development, test, and release of 
engineering draw%ngs t h a t  comply w i t h  specif ic  custcxner 
contractuaP requirements, The i n z t i a l  produetian phase 
eonf iguration i s  based on the  standard d e t a i l  specification, and 
the customer de ta i l  specification resuliAng from the  preliminary 
design phase, a s  w e l l  as the other engineer* documentation, 

This configuration is established incrementally by release of 
engineering data within each organization i n  accordance with the  
program release schedules, 

7 - 3  CONFIGCIRATION MANAGENENT--PRODUCT 'IZCHNICAL 
liEP;WITXON PHASE 

Figure 27 i l l u s t r a t e s  the  basic flow of configuration 
management during product technical defini t ion shown in terms of: 
1) major program milestones, 2) the configuration defini t ion and 
identif icat ion ac t iv i t i es ,  and 3) the configuration baseline 
documentation i n  each case, The time-phased r e l a t i  cmships among 
these elements substantial ly define the functions of con£ iguration 
management during the evolutionary product defini t ion process i n  
the  early phaaes of the  program, 

7.4 CCNFIGURATION CHANGE CONTROL--PRODUCT TZHNICAL 
IZEFINITION PHASE 

Figure 28 i l l u s t r a t e s  the  basic concepts of configuration 
change control during the  ear ly  program phases, The curve in the  
center of the  char t  i l l u s t r a t e s  the release of engineering data 
beginning during the  conceptual development phase, A t  t h i s  point, 
formal change control is  in i t i a t ed  u t i l i z ing  the  con£iguration 
change c m t r o l  media indicated a t  the  bottom of the chart,  

A s  the product def in i t ion process continues, additional 
documentation is developed and released, The configuration 
ident i f ica t ion and defini t ion contained i n  the baseline 
documentation is  subject to  an increasinq level  of mnfi 
change control as  the def in i t ion process continues- Thus, as t h e  
amount of technical defini t ion documentation released increases, 
-the degree of f 0-1 configuration change control increases 
proportionately. 
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7 -5 CX)wIGURATION ACCOUMThl3ILITY AND 
VERIFICATION--PRODU@rION PHASE 

A s  engineering configuration data  and subseqent  design 
changes are released t o  the ~ u f a c t u r i n g  process, the in tegr i ty  
of the configuration w i l l  be maintained throughout the engineering 
release function and the  downstream functions of manufacturing md 
procurement, 

A s  the production p r o g r a m  progresses through new customer 
introductions--each involving new and di f ferent  configuration 
requirements--the design, manufacturing, and procurement p a p r  
systems w i l l  accurately re f lec t  the  m y  hardware cmf  iguration 
changes between uni ts  i n  the  production process, A s  engineering 
design changes are implemented, additional changes w i l l  be 
accounted for  i n  these paper systems t o  ensure that  the  hardware 
w i l l  be procured or  manufactured in the proper configuration fo r  
each unit ,  

The configuration accountability process provides the  
foundation for  configuration ver i f ica t ion by assuring t h a t  the 
design, manufacturing , and procurement wpe r  re f lec t the proper 
configuration of the  hardware, It makes possible the  comparison 
and ver i f ica t ion of khe hardware con£ igurations with the mating 
paper configuration def in i t ian ,  Verification records a re  required 
a t  a l l  levels  from d e t a i l  par ts  t o  the complete z&rplane- 

The responsibi l i ty for  establishing and implententing 
configuration verif i c a t i m  pxocedures, based on established 
configuration accountability systems, rests with organizations 
where the  design, manufacture, or procurement responsibi l i t ies  are 
assigned f o r  each work package. 

7 - 6  CUNFIGURATION CHANGE CONTROL--PRODU CTICON PHASE 

There a re  two purposes for  confiquratian change control 
during the production program, The f i r s t  i s  t o  ensure continuous 
in tegr i ty  of t he  design cmf iguration a t  a l l  stages of 
production--detail parts, subasseniblies, majar assemblies, and 
complete airplanes, The second purpose is t o  maintain ef fect ive  
management control of program costs and schedules related t o  
incorporation of engineering design changes, 

A l l  design changes are implemented a t  the "doingw 
organization level  by change comnitment in~plementation procedures, 
Some design changes w i l l  impact more than one work sckage  and, 
therefore, more than  one "doinga organization, Such changes w i l l  
require coordination be tween the  a£ f ected "doinytl organizations , 
Their commitment and implementation ac t iv i t i e s  m u s t  be integrated 
fry a Change Cmxnitment Board. Some design changes require 
negotiation and approval by the customer o r  a governmental 



resplatory agency, A l l  cPlancyi?s; w i l l  be aecoan~~>lisPled h accordance 
w i t h  approved procedures, 

&%on change contr procedures are designed t o  
1) a l l  p11:ogram orgl 

procedures, 28 contml i s  mafit d an design changes, and 3) 
potential downstream bwa& 05 a change i s  coordhated between 
affected woxk packages and wdoincgPD onganizations, 

Figure 29 i l lus trates  tkne-phasing of engineerhg changes, 
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8 -0 DATA MANAGEMENT 

This sect5m delineates the  responsibili ty for  processing, 
storaqe, and re t r i eva l  of data  generated by the product program, 

8 - 1  DATA PROCESSING POLICY 

A corporate policy establishes responsibi l i t ies  fo r  data 
processing in: 

Business systems used t o  control o r  monitor resources applied 
t o  a program o r  t o  functions within the  program, e , g , ,  as  
cost and schedule management, configuration def in i t ion anCa 
changes thereto, change control processes, work allocations, 
and assignments, 

Engineering business systems used in d i rec t  s u w r t  of the 
design, planning, ordering, producing, or  purchasing and 
accounting fo r  hardware components, e-g., automated par ts  
l i s t ing  release system, and automated wire ident i f ica t ion and 
accountability system, e t c  , 

~ n ~ i n e e g ' i n ~  sc i en t i f i c  systems used t o  construct geometry 
mathematical models, perf o m  design and analys is, construct 
d e t a i l  p a r t  definitions, e t c  . 
Manufacturing systems used f o r  material and pa r t  inventory, 
numerical control machining, e t c ,  

k top-down approach should be used t o  design each system. A t  
the top level,  the system i s  described i n  gross terms t o  ident i fy  
input and output requirements, in te r£  unctional relationships, and 
interfaces with other organizations, Each succeeding lower level  
describes the processes o r  functions in greater de ta i l ,  The 
lowest leve l  oontains t h e  individual elements t h a t  are applied t o  
m e e t  t he  requkrements of higher levels,  This approach ensures 
t h a t  a l l  required processes are c lear ly  identif ied and accounted 
f o r  in a cost-effective manner- 

Each system is documented completely t o  provide continuity of 
systen development and implementation, an orderly t r ans i t i on  of 
changes in personnel, and schedule or operational caupliance, 
Documents a re  prepared f o r  t o t a l  system design, operating, and 
maintenance requirements ; user requirements ; and change control 
procedures. Tbese documents es tabl ish  controls and procdures  and 
assign responsibi l i t ies  far in tegr i ty  of source data  and reporting 
requirements, When the  systeot is implemented, formal change 
control procedures are i n i t i a t ed  t o  ensure that no system 
modification w i  11 adversely a f f ec t  interfacing systgns o r  other 
users of t he  data, 



'Plfris policy should encourage formal interface between systems 
and make provisions fo r  data administration, 

A data administrative flnnction is recommended, The data bank 
administrator (s) is responsible f o r  cmputer-stored fif ormation 
aid, w i l l  design, organize, and implement a data storage and 
re t r i eva l  system - Since sc ien t i f i c  data processing is technical- 
discipline-oriented. it w i l l  be necessary f o r  t he  data 
administrator (s) t o  have at least one technical data administrator 
from each engineering group, T h i s  person w i l l  be responsible f o r  
the  design of t h e  relationships which w i l l  be used to s to re  and 
re t r ieve  information unique to tha t  engineering discipl ine-  



9 -0 ENGINEERING PERFORMANCE RE;PORTING 

Effective planning and control requires a disciplined system 
t o  provide periodic comparisons of actual  and predicted 
engineering performance, Cost and schedule problems requiring 
management at tent ion and action on a timely basis m u s t  be 
identif ied and reviewed on a continuous basis. To effect ively  m e e t  
objectives, the  reporting system must cmta in  o r  be interfaced 
with key data,  

9 - 1  l3NGINEtERING SCHEDULE TRkCKIMG SYSTEM 

The purpose of the  tracking systems is to: 

Provide a centralized source fo r  schedule and s ta tus  eor~trol ,  
on a regular cycle, u t i l i z ing  automatic data processing 
equipment 

Provide engineering organizations with reports t ha t  r e f l ec t  a 
30-day v i s i b i l i t y  of t h e i r  scheduled milestones 

A l l  committed engineering milestones should be input i n to  the  
data storage hid r e t r i eva l  system w i t h  adequate video displays, 
Supplemental weekly reports t o  the responsible and receiving 
organizations should be made by s t a tu s  source document ( S S D )  . The 
S S D  ( f ig-  30) i s  a report showing selected data from the  data 
storage and r e t r i eva l  system, by organization, for  a l l  milestones 
due within the  next 30 days, It is a l so  the  vehicle by which l a t e  
i t e m  reports and associated s t a t i s t i c a l  summaries are developed 
fo r  program v i s i b i l i t y  and problem solutions, 

Each Monday, the work package manager o r  group supervisor 
should receive an SSD report  ref lec t ing a 30 day look-ahead a t  h i s  
scheduled milestones, H e  should review each l i s t ed  milestone and 
supply s ta tus  in£  ornation a s  follows: 

a) If  the milestone has been o r  w i l l  be accomplished i n  a l l  
respects before midnight on Thursday (see "Status t o  be 
reported as of, ,  , date i n  the  upper righ t hand corner 
of the  S S D  page), enter  the completion date i n  the  
s t a tu s  column followed by an "Art (for accanplished) . 

b) If the SSD milestone is scheduled t o  occur beyond the 
Thursday "Status t o  be reported a s  of ,,," date, and i f  
it is anticipated that it w i l l  be accomplished on 
schedule, enter t h e  anticipated accomplis h e n t  date  i n  
the s t a t u s  colurr~l followed by an "Em (for estimated) 
s t a tu s  code, 



PROGRAM STATUS SOURCE DOCUMENT STATUS AS OF 1-30-75 

) ) ) ) l ) l ) ) l l ) ) ) ) ) ) ) ) ) ) ) l ) ) ) ) l ) l ) ) ) ) ) ) ) ) ) ) ~ l l l ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ l l ~ ~ ~ ~ . l ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~ l ~ ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
P M  14-37-6290 SEALS . . ........................ ............................................. 

RESP ORG SCHEDULE STATUS RECEIVING ORG 
RELEASE ASSY DWG 2-6257-21 02-07-75 02-07-75 E BSC F 

SSDCD A 
C+E D 
PPTLV A 

* * * * * *  R E M A R K S * * * * * *  
I * * * * *  H I S T O R Y * * ' * *  

THE ACCOMPLISHMENT OF THIS MILESTONE AS OF ..... SCHEDULE ................ STATUS 
MUST BE VERIFIED 04-25 INIT. DATE 02-07-75 ON-SCHED 0 

) ) ) ) ) ) ) ) 1 ) ) ) ) ) ) ) ) ) ) ) 1 1 1 ) 1 ) ) ) 1 ) ) 1 ) 1 ) 1 ) ) ) ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 1 ~ ~ ~ ~ ~ 1 ~ 1 1 ~ ~ ~ 1 ~ ~ ~ 1 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 1 ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 1 ~ ~ ~  
PIN 14-61-1900 FRAMES C 

39.85 - 220.56 . ....................................................................... 
RESP ORG SCHEDULE STATUS RECEIVING ORG 

RELEASE INSTL DWG 2-6257-21 01-10-75 01-31-75 E BSC E 
SSDCD A 
C+E D 
RPTLV A 

* * * * * *  R E M A R K S * * * * * *  * * * * * *  H I S T O R Y * * * * *  
THE ACCOMPLISHMENT OF THIS MILESTONE AS OF ..... SCHEDULE ............ STATUS 
MUST BE VERIFIED 0502 INIT DATE 01-10-75 ON-SCHED 0 

) ) 1 1 ) 1 1 1 1 ) 1 1 1 ) ) 1 1 ) ) ) ) ) ) ) 1 ) ) 1 ) 1 ) ) ) ) ) ) ) ) ) ) ~ ~ ~ 1 ~ 1 ~ ~ 1 ~ ~ ~ ~ 1 ~ ~ ~ 1 ~ ~ 1 ~ ~ ~ 1 1 1 1 1 1 1 1 1 1 1 ~ 1 ~ ~ 1 ~ 1 ~ 1 1 ~ ~ 1 1 ~ 1 ~ ~ ~ ~ 1 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ 1 1 1 ~ ~  
PIN 14-61-2090 BULKHEAD ASSEMBLIES- 

INT FIN SUPPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RESP ORG SCHEDULE STATUS RECEIVING ORG 

RELEASE INSTL DWG 2-6257-21 02-17-75 02-17-75 S BSC E 
SSDCD A 
C+E D 
RPTLV A 

* * * * I *  R E M A R K S * * * * * *  
REASON- 

1. MORE COMPLEX THAN ORlG EST 
2. LATE LOADS DUE TO DECISION 

TO REDUCE WT 
ACTION- 

WILL RELEASE AFT AUX 1-16-75, MID 
1-23-75 + FWD AUX 1-31-75. 

CONSEQUENCE- 
MAY AFFECT BODY DOCK LOAD. * 

THE ACCOMPLISHMENT OF THIS MILESTONE 
MUST BE VERIFIED * 

* * * I * *  H I S T O R Y * " * *  
............ ..... AS OF SCHEDULE STATUS 

0502 INIT DATE 02-17-75 SLIPPAGE 0 

Figure 30. -Engineering Schedule Status 



I f  it is anticipated tha t  tbe SSD milestom w i l l  not be 
accamplished completely on schedule, en te r  the  new 
estimated completion date o r  NA (for "not availablen) i n  
the s t a t u s  column (followed by an "Em ( fo r  westimaked~) 
s ta tus  code, Ranarks by the supervisor responsible f o r  
the milestone, w h i c h  explain why the release w i l l  not be 
accomplished a s  scheduled, m u s t  specif ical ly include 
information i n  the lollowing three categories: 

REASC4N: The reason(s) the  schedule was not m e t  

ACTION: The action (s) taken or  t o  be taken, e-g -, 
overtime, additional manpower, or coardinating a 
revised schedule with manufacturing/mteriel 

CONSEQUENCX: A comprehensive statement assessing 
the impact of a late release on the receiving 
organbation and delivery of the end i t e m ,  The 
reporting supervisor w i l l  coordinate w i t h  
manufacturing, m a t e r i e l ,  and other 
external/internal affected organizat has, as  
required, to  develop the consequence statement. 
Names of responsible supervisors from affected 
organizatians w i l l  be included i n  t h e  statement t o  
support upper management review. 

d) If  the S S D  milestone has been cancelled, enter the  date 
of cancellation i n  the  s t a tu s  column followed by an "XW 
(for cancelled) in the  space provided for  s t a tu s  code, 
with pertinent remarks 

e) If fur ther  e f fo r t  toward the  accomplishment of t he  SSD 
milestone has been suspended pending o f f i c i a l  
redirection, enter  the  date t h a t  the e f for t  was stopped 
i n  the  s ta tus  column followed by a "YW (Ear suspended) 
i n  the  space provided fo r  s ta tus  code, A& appropriate 
rernar ks , including reference t o  the  o f f i c i a l  
correspondence justifying the  cessation of e f fo r t  - 

f) If the SSD milestone is not the responsibili ty of the 
organization l i s t e d  in the  responsible or  qani zalion 
f i e ld ,  note t he  correct  responsible organization, i f  
known, 

L a t e  i t e m  reports w i l l  be generated from the  SS) outputs f o r  
schedule problem identif icat ion and resolution. These reports  
w i l l  include: 

Reporting date 

Work package iden t i f i e r  



Program item number 

Package t i t l e  

Responsible organization and supervisor 

Milestone i t e m  description 

Schedule source 

Scheduled release date  

Estimated completion date 

Remarks : 

Reason (for l a t e  release] 

Consequence (e f fec t  of l a t e  release on program) 

Action (required t o  minimize program kipact) 

The SSD is a l s o  &he source f o r  the  generation of t he  t o t a l  
engineering re lease  s t a t u s  (see f i g  , 31) -. 

9.2 ENGINEEXING BUDGET TRACKING SYSTEM: JOB STATUS REPORT 

A l l  elements of t h e  engineering cost  tracking system should 
be d i rec t ly  re la ted  t o  the W B S  (see see.. 4-11 - Reports t o  the  
function& organization should be t o  WBS levels  4 and 5 -  Reports 
to  program mamngement should be summarized to  levels  2 and 3 - 

Supplemental weekly working reports  a r e  submitted via t he  job 
s ta tus  (JS) report  form (f ig  . 3 2.9 , which is a perf cmnance- 
reporting element providing a control  tool t o  c o s t  accounting and 
higher-level managers for a l l  d i r ec t  and overhead wurk, The 
report  is  a w e e k l y  computer pr intout  of engineering and 
developmental labor budgets, balance-to-complete schedules, and 
expenditures f o r  each c o s t  account by accounting month and 
summarized a t  task,  change, and organizational levels -  

9 -2 -1 GENERAL MFOFMATION 

Approved resource expenditure authorizations are t h e  sources 
f o r  i n i t i a l  budget input data. 



TOTAL 

STATUS AS OF: 

COMMITTED 35 53 70 196 339 581 720 958 I 

ACTUALS 32 53 70 186 330 570 720 958 10 

BEHIND 3 o o l o  9 i t  o o 2 

Figure 3 1. -Total Engineering Project Design Release Status 



U94-JZO-027 ENGINEERING 4 OF 5@ 03-22-1 
@ J C B  S~AIUS #Y ORGN -&LL PRUGIIAM JAN F E ~  A APM MAY JUN JVL SE? Otf --------------------- 3 MA 20407 CN? ---7- " ? L a  7 8 4 0 1  8109 00L;&RC 

EIFtNOFO f 0 R  W( NUMOER 8 4 1  .ARE SrArUS W I  EN11CA110N SYS- H II THRU PREUN Ot S IGN-LOI -OIbA Q @ H*S L7b.O EO MuKS 4.6 P S($ ---------------------- E x n ]  3 3.9 5.9 4 -1 
HqS YMOS X I 4 7 1  2 4 . 3  1.9 4.4 5.0 5.0 

3 . 9  7.2 4.4 5.0 5.0 [i: CXP 2351.9 15.i EUO 73 
I0 r C S l  CE* 161b. 4 10.8 

4021.1 25.9 ----------- ------------ %' 

@ BWGET ;,fib 25. 5 ---------------------- €MA 2 0 4 1 1  CNP --t i-  OPLOO 5 78407 8109 O 0 1 l l  SRC OCL J U ~  0 5 ~ 3 ~ 9 9  
E XPCNLJEO FOR WK CIUMOER W l  IPO POUER CHANGE-EC? P I E ?  C SVSI EM OEF I N 1  110N-LO€-089bA STAR1 0 1  -3s-3 
H I S  € 0  W K S  PE PS PO CUMPL 02-22- 3 ---------------- ----- 7) b.5 3.0 LOUlU 02-22-1 
AOJ HRS MMOS SCH 1 3  4 5  1.9 ( t A C  1 O i l . O ~ '  
CUM EX? 840.0 5.4 8UO 7 3  3.8 1.1 (CAL 1SJ.u 
FCSr R f W  FXC- PASf U U  
E AC 84U.O 5.4 - --------------------- 
a U u t E T  805 5.7 

* * * l U I A L S  FOR ENGINEERING @2-6763-0 
n TOIAL Pf. P S PO 27.0 O EZPCNOCO FOR UK NUMOtR 8 4 1  I X P  1 3  t.b 8.9 s.7 

HflS Ltb.0 €0 W W q S  4.6 SCH 73 9.7 3.6 4.4 5.0 5.0 . - ------------- --------- - - -gu013 S.6 9.1 4.4 5.0 5.0 
AOJ. HRS *UOS 
CUM EX? 6912.7 44.4 
F C S l  HEM 1616.3 10.8 
F AC 8589.0 55.2 

R W L E I  1905 59. 1 

Figure 32. -Job Status Report 



P r k s  s h a l l  adhere t o  assigned budgets and sha l l  es tabl ish  
and maintain r e a l i s t i c  manpower allocations fix a l l  committed 
authorized work, Unauthorized anticipated work may be included in 
the Job Status Report, i f  desired, t o  r e f l ec t  potential  manpower 
requirements. However, no expenditures may he made against the 
items u n t i l  authorized, -lanation and i l l u s t r a t i a n  of Job 
Status Report en t r ies  is given in f igure 32, 

9 -2 -2 REJ?ORTXL@G RESPONSIBILITIES 

9-2 -2.1 Task and Cost Account Manaqers 

Job status data is reviewed weekly to canfirm m l i d i t y  of 
manning plans and campletion dates and revise the  J S  correction 
copy with red pencil  a s  required - Revisions/corrections are 
submitted t o  engineering costs and schedules. 

Unauthorized committed or anticipated work is entered on the  
JS report as desired f o r  manpower planning or a s  requested by 
higher management. 

1. 

9-2.2-2 Enqineerinq Costs and Schedules 

Assistance is provided t o  the  primes with the i n i t i a t i on  of 
and revisions t o  JS data t o  ensure that .  the input i s  complete and 
accurate, 

The job s ta tus  report  is distr ibuted t o  appropriate 
supervisors. 

The job status report  is analyzed for  potential  problem areas 
and corrective action (e,g,, budget revision, manning changes, 
completion date revisions, e tc - )  is recommended, 

9.2-3 JOB STATUS REPORT FURMAT 

The following i t e m s  describe ent r ies  on the  job s ta tns  report  
(see f ig,  32-) 

1. JOB STATUS--the name of the  report  

2. Column t o  identify t he  horizontal en t r ies  a s  manpower 
expended (EXP) , scheduled (SCH) , or budgeted (BUD) 

3.  WORK ITEM IDENTIFICATION--includes id en t i  wing numbers 
for  work authorized 



CHAEGE NUMBER--includes t he  work type  code, account 
number, package identif ier ,  and item or s e r i a l  number 
assigned for  the  specif ic  job 

SRC-- special requirements code: a t h r  ee-c hara cter entry 
of one alpha and two alphanumeric ambinations 
identifying the  business code (e,gD, authorized by basic 
contract, authorized by firm change order (CO} fo r  which 
hours have been negotiated, authorized by firm CO but 
not negotiated, committed but unauthorized, etc,] and 
the  applicable contract, T h i s  code i s  used primarily 
fo r  machine-sarting fo r  svrmoarization of program data 

JOB--job number: the machine address used t o  stare 
budget, expenditure, and schedule information and t o  
co l lec t  labor hours and do l la r s  charged t o  t h i s  item on 
employee t i m e  record, 

EXPENDED FOR W E E X  NUMBER--rmnhours and equivalent men 
expended on t h i s  job during the  week covered by the  
report. The three-position numerical code is used f o r  
machine processing purposes to  ident i fy  the  week covered 
by the  report,  

I. 

AaT--those hours adjusted i n t o  o r  mt of cumulative 
expenditures during the week t o  correct  chargirq er rors  
or  other erroneous information contained in previous 
reports 

CUM Em-cumulative expenditures: the t o t a l  manhours and 
equivalent mamonths expended through the current report 
date 

FCST KEM--f orecast  remaining: the  t o t a l  s cfieduled 
manhours and equivalent manmonths remaining u n t i l  
conzpletion of the job 

EAC-estimate a t  campletion: t o t a l  planned e f for t  a t  
completion i n  manhours and equivalent manmnths. It 
const i tutes expenditures t o  date plus forecast of 
remaining e f fo r t -  

BUDGET--budget in terms of mnhours and equivalent 
mammnths as authorized by implementing faarm, Budget 
cannot be changed without approved r ev i s i  cn of 
implementing f o n  - 
STAIiT--date on which job was scheduled t o  begin 

COMPL--completion date now planned per l a t e s t  schedule 

COMTD--original carpletion date comnitted 



EAC-percent of EAC hours that have been expended 
through current  report  date 

M--manual schedule indicating t h a t  scheduled manmonths 
represent a direct month-by-month input 

CaL-percent of calendar time between s t a r t  date and 
completion da te  t h a t  has elapsed through current report 
date 

EXC--exception signal. The following exception signals  
may appear i n  this space, each indicating a s i tuat ion 
which should be given attention: 

OVERRUN--total planned exceeds budget by 200 hours 
or  25 percent (whichever is smaller) 

UNDEREUJN--total planned is less than budget by 200 
hours o r  25 percent (whichever is s m a l l e r )  

NO SIXRT--past s t a r t  date with no expenditure t o  
date 

" 
PAST DUE--job still open be'yond completion date 

SCHEDULE--no schedule has been provided fo r  the 
i t e m  

I N U C T X V E - - ~ ~ ~  number has been closed 

PE--past manpower expenditures (cum manmonths) : not 
ref lected on ' the  expenditures l i ne s  

PS--past manning schedule (cum marmronths) : not ref lected 
on the schedules lines 

PB--past budget (cum ~ttanmonths) : not reflected on the 
budget l ines  

Current year expenditures i n  equivalent manmonths 

Current and future years manning schedule in equivalent 
manmonths 

Current and fu ture  years @ budget i n  equivalent manmonths 

4 of 5-indicates the accounting week of the month being 
reported, the  fourth week of a four-week month, Since 
March, June, September, and December each contain f i ve  
accounting weeks, reports during these months s h a l l  
carry "x of 5" i n  this space, 



2 7 ,  TOTAL--total expended, total budgeted, and total 
scheduled equivalent manmonths for a l l  jobs previously 
listed, This entry appears near the bottam of the last 
page for the group, 

28 .. PERCENT--the percent of the organizationt s EAC nlanhours 
that have been expended to date 

29 .. ORGN--the group level number of the organization covered 
by the report 



10 -0 PROGRAM VISIBILITY 

Normal display of management information w i l l  be accomplished 
by automated preformatted displays of data, Th i s  w i l l  provide 
management w i t h  the capability t o  review plans, schedules, and 
costs- The plans w i l l  outline the sequence of design and analysis 
required a t  each step, A s  the design progresses, the plans w i l l  
be updated t o  show the completion of each step- This w i l l  provide 
management w i t h  well-supported capability t o  track the costs, such 
as design engineering and development cost, and estimates of the 
production cost ,  product support cost, and product operation cost. 
Hanual displays w i l l  a l so  be used, A s  time permits, a l l  data for  
the reports described i n  previous sections and the permanent 
displays shown in section 10-1 should be interfaced w i t h  data 
storage and ret r ieval  systems,  and a display format should be 
developed accordingly. 

10 -1 vxSIl3xLI~ ROOM 

The program vis ib i l i ty  room is the focal point of program 
control, information, and activity,  The inf armation displayed in  
the room muSt be designed t o  assist in accomplishing the 
management task, T h i s  entails: 

Selection of the proper indices and parameters t o  measure and 
display 

Clear presentation of the information 

Satisfactory physical equipment t o  view the data 

Timely maintenance 

Regular use of the room 

Some managers require different types of reports o r  depend on 
different  parameters t o  indicate program status,  theref ore, the 
data displayed is tailored t o  the desires of t h e  managers, It may 
be designed t o  u t i l i ze  the concept of management by exception, by 
emphasizing "criticalR or "problem" areas i n  the displays, 

The primary use of a v i s i b i l i t y  room is a meting place f o r  
program reviews, meetings w i t h  customers, and other large meetings 
as can be accommodated with the accessibil i ty of the  displays- 
Display boards are provided for individual departmerits t o  maintain 
runctional data such t h a t  departmental meetings may also be held 
in the room a s  the schedule permits, However, the arrangement of 
the room is such as  t o  emphasize wtop-downm program control, w i t h  
summary program information displayed most prominently and first- 
level backup data easily accessible* 



Management information is accessed and display ed using the 
l a t e s t  information fram the data storage and r e t r i e ~ l  system, As 
computer technology advances, the current  pract ice of display 
boards, viewgraphs, etc, , can be replaced with large-screen 
display devices t h a t  projec t  preformatted displays f r o m  the data 
storage and r e t r i e v a l  system, 

Careful arrangataent of f a c i l i t i e s  is required to achieve the 
best  u t i l i z a t i o n  of the  v i s i b i l i t y  room, There can be d i f fe ren t  
arrangements of v i s i b i l i t y  roans dependent on t h e  pmgram, budget, 
space, and management requirements. One example of a su i t ab le  
room is shown i n  f igure 33, 

Two banks of 5 x 8 @translucent, back-lighted p l a s t i c  
s l id ing b a r d s  are provided, Boards are removable so t h a t  they 
can be in work outside the  v i s i b i l i t y  room while t he  r o o m  is i n  
use, The adjacent work room contains displays in work, inact ive 
displays, storage, and a camera t o  allow rapid ava i l ab i l i ty  of 
copies of any display a t  any t i m e ,  

10-2 VISIBILITY DISPLAYS 

Management info&ation display data w i l l  be  accessed through 
terminals using the l a t e s t  information from the data storage and 
r e t r i eva l  system i n  pre-established format. Types af data t o  be 
displayed are: 

General : 

Three -view drawing 

organization chart 

Management systans flaw char t s  

Program s t a tu s  : 

WBS/cost contr 01 matrix 

Program schedules and s t a t u s  

Program cost s t a t u s  

Manpower forecasts and ac tua l s  

Problem i t e m  sumnaries 

Action Items 

Functional Status = 



Backxap data and functional organization r equirt?m€?~t~ 

Typical formats for some of these displays are shown i n  
figures 34 through 37, 



WORK ROOM 

VISIBILITY ROOM 

n000n0u 
CHAl RS 

CONFERENCE ROOM 

Figure 33. - Visibility Room Layout 



WIND TUNNEL OCCUPANCY HOURS MANAGEMENT ESTIMATE AT COMPLETION 

PART CARD COUNT LIFTIDRAG RATIO 

NORMAL TAKEOFF ASSAULT TAKEOFF 

MATERIEL COST PERFORMANCE 

OPERATING WEIGHT 

NORMAL LANDING 

SALES PRICE PRODUCTION UNIT 

PAYLOAD DEMONSTRATION CAPABILITY 

ASSAULT LANDING 

Figure 34,-Key Performance Tracking Parameters Preliminary Design Period 



LIFTIDRAG RATIO OPERATING WEIGHT 

SALES PRICE PRODUCTION UNIT PRODUCT OVERHEAD RATE TRACKING 

0 
0 
0 
0 
0 
0 
0 
0 
0 

MATERIEL COST PERFORMANCE 

FUNCTIONAL LABOR RATE 
PROJECT ENGINEERING 

FUNCTIONAL LABOR RATE 
TECH STAFF ENGINEERING 

- - - - - - - 
--* 
- - - - - - - -. 

INDIRECTIDI RECT RATIO STRUCTURES DESIGN RELEASE ENGINEERING NONSTRUCTURES RELEASES CUMULATIVE NET PART NUMBER RELEASES 

--- 
- - - - - - - - - 

Figure 35,-Key Performance Tracking Parameters, Design Period 



Figure 36. -Action Items 
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Systems used t o  manage a product program a re  not unique 
within the aerospace industry and a re  tai lored by each company to 
s u i t  its needs, It is concluded t h a t  the  systezn described i n  t h i s  
document should not be implemented i n t o  IPAD, However, cos t  and 
schedule data should be collected re la t ive  t o  use of the  IPAD 
system and it should be possible for each company t o  interface or 
in tegra te  its management systems with the  IPAD system. 



APPENDIX A 

GLOSSARY 

Configuration management 

Continuous process of defining , identifying, a d  controlling 
baseline product configuration a t  a l l  design phases 
(conceptual, preliminary, and deta i l )  and a t  t h e  progrmrs 
production phase. 

Formal design discipl ine involving the e s t a b l i b e n t  of 
product cost goals prior  t o  d e t a i l  design commitment and the  
application of specif ic  management principles tn achieve such 
goals through a l l  phases of the product l i f e  cycle - 

Job s ta tus  report 

A weekly computer report of program performance data t o  cost 
accounting and managenent f o r  a l l  d i rect  and owerhead work.  

Ir 

Lif e-cycle cos t s  

Accurate, predictable costs of the .product during its l i f e  
cycle fran acquisitiagn through replacement based on estimates 
updated throughout product design phases, 

Program item number ( P I N )  

A number t h a t  r e l a t e s  an item of work t o  t he  wark breakdown 
structure, used as a primary index t o  work item and f o r  cost  
collection, 

Schedule management 

A hierarchical schedule system cantrolling a master baseline 
schedule and re la ted d e t a i l  schedules w i t h  provision t o  
compensate fo r  variances, 

Work breakdown structure (WBS) 

A structured index t o  all elements of work and all end items 
produced by a product program, 



APPENDIX :B 
SI-U.S. CONVERSION TABLE 

METRIC TABLES 

LENGTH 

AREA 

Myriameter . 10,000 meters. 6.2137 miles. 
Kilometer . . 1,000 meters. . 0.62137 mile. 
Hectometer . 100 meters. . .  328 feet 1 inch. 
Dekameter. . 10 meters . . .  393.7 inch=. 

. . .  Hectare. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10,000 square meters. 2.471 acres. 
. . . . .  Are . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 square meters. 119.6 square yards. 

. . . . . . .  Centiare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 square meter. 1,550 square inches. 

WEIGHT 

Name Number of Volume corresponding Avoirdupois 
grams to  weight weight 

Metric ton, millier or tonneau. . . . . . . . . .  1,000,000 1 cubic meter . . . . .  2.204.6 pounds. 
Quintal . . . . . . . . . . . . . . . . . . . . . .  100,000 1 hectoliter . . . . . .  220.46 pounds. 
Myriagram. . . . . . . . . . . . . . . . . . . . .  10,000 1 dekaliter. . . . . . .  22.046 pounds. 
Kilogram or kilo. . . . . . . . . . . . . . . . . .  1,000 1 liter. . . . . . . . . .  2.2046 pounds. 
Hectogram. . . . . . . . . . . . . . . . . . . . .  100 1 deciliter . . . . . . .  3.5274 ounces. 
Dekagram . . . . . . . . . . . . . . . . . . . . .  10 10 cubic centimeters . 0.3527 ounces. 
Gram . . . . . . . . . . . . . . . . . . . . . . . .  1 1 cubic centimeter . . 15.432 grains. . . . . . . . . . . . . . . . . . . . . .  Decigram. .1 0.1 cubic centimeter . 1.5432 grains. 

. . . . . . . . . . . . . . . . . . . . .  Centigram .01 10 cubic millimeters . 0.1543 grain. 
. . . . . . . . . . . . . . . . . . . .  MilligramL. .001 1 cubic millimeter. . .  0.0154 grain. 

Meter. . . . .  1 meter. . . . .  39.37 inches. 
Decimeter . .  0.1 meter. . . .  3.937 inches. 
Centimeter. . 0.01 meter. . .  0.3937 inch. 
Millimeter . . 0.001 meter . . 0.0394 inch. 

CAPACITY 

Name Number o f  
liters 

Kiloliter or stere. . 1,000 
Hectoliter . . . . .  100 

Dekaliter. . . . . .  10 

Liter . . . . . . . .  1 

Deciliter . . . . . .  .1 

Centiliter. . . . . .  .01 

Milliliter . . . . . .  .001 

Metric cubic United States 
measure measure 

. . . . .  1 cubic meter . . . . . .  1.308 cubic yards. 
0.1 cubic meter . . . . .  2.838 bushels; 26.417 gal- 

lons. 
. .  10 cubic decimeters. 1.135 pecks; 2.6417 gal- 

lons. 
1 cubic decimeter. . . .  0.908 dry quart; 1.0567 

liquid quarts. 
0.1 cubic decime- 6.1023 cubic inches; 0.845 

ter. gill. 
10 cubic centime- 0.6102 cubic inch; 0.338 

ters. fluid ounce. 
1 cubic centimeter . . .  0.061 cubic inch; 0.271 

f luid dram. 

British measure 

1.308 cubic yards. 
2.75 bushels; 22.00 gal- 

lons. 
8.80 quarts; 2.200 gal- 

lons. 
0.880 quart. 

0.704 gill. 

0.352 f luid ounce. 

0.284 f luid dram. 

COMMON MEASURES AND THEIR METRIC EQUIVALENTS 

Common measure Equivalent 

Inch. . . . . . . . .  : . . . . .  2.54 centimeters. 
Foot . . . . . . . . . . . . . .  0.3048 meter. 
Yard . . . . . . . . . . . . . .  0.9144 meter. 
Rod. . . . . . . . . . . . . . .  5.029 meters. 
Mile. . . . . . . . . . . . . . .  1.6093 kilometers. 
Square inch . . . . . . . . . .  6.452 square centimeters. 
Square foot . . . . . . . . . .  0.0929 square meter. 
Square yard . . . . . . . . . .  0.836 square meter. 
Square rod. . . . . . . . . . .  25.29 square meters. 
Acre . . . . . . . . . . . . . .  0.4047 hectare. 
Square mile . . . . . . . . . .  259 hectares. 
Cubic inch . . . . . . . . . . .  16.39 cubic centimeters. 
Cubic foot .  . . . . . . . . . .  0.0283 cubic meter. 
Cubic yard. . . . . . . . . . .  0.7646 cubic meter. 
Cord . . . . . . . . . . . . . .  3.625 steres. 
Liquid quart, United States . 0.9463 liter. 

Common measure Equivalent 

. .  Dry quart, United States. 1 .I01 liters. . . . . . . . .  Quart, imperial 1.136 liters. 
. . . .  Gallon, United States. 3.785 liters. 

. . . . . . .  Gallon, imperial. 4.546 liters. 
. . . . .  Peck, United States. 8.810 liters. 

Peck, imperial . . . . . . . . .  9.092 liters. 
. . . .  Bushel, United States. 35.24 liters. 

. . . . . . .  Bushel, imperial. 36.37 liters. 
Ounce, avoirdupois . . . . . .  28.35 grams. 
Pound, avoirdupois . . . . . .  0.4536 kilogram. 
Ton, long. . . . . . . . . . . .  1.0160 metric tons. 
Ton, short . . . . . . . . . . .  0.9072 metric ton. 
Grain . : . . . . . . . . . . . .  0.0648 gram. 
Ounce, troy . . . . . . . . . .  31.103 grams. 
Pound, troy . . . . . . . . . .  0.3732 kilogram. 
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