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I11 - BUSINESS SYSTEM REQUIREMENTS

INTRODUCTION

In the developmenﬁiof the business system for the SRB auto-
mated production'bdntrol system, special attention had to_be'paid
to the unique environment posed by the space shuttlé. The issues
posed by this environment, and the means by which they were ad-

dressed, are reviewed in this section.

First, there is a discussion of the change in management
philosophy which will be required as NASA switchés~from one-of-a-
kind launches to multiple launches. Second, the implicafions of
the assembly procéés on the business system are‘described. These
issues include multiple missions, multiple locatiéns and facilities,
maiﬁtenance and refurbishment, multiple sources, and multiple'con-
tractors. Third, the implications of these aspects on the auto-
mated production control system are reviewed. This includes an
assessment of the six major subsystems, as weli'as~four other
subsystems. Finally, some general system requirehénts which flow
through the entire business system are described.

MANAGEMENT
PHILOSOPHY

Manned space flight has in the past been in one-of-a-kind
disposable launch vehicles and space craft. Thélmanagement sys-
tems which have evolved to support this business environment are
directed at: |

1. Eliminatiop of risk, ensuring astronaut safety at

at any cost.
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2. Assurance of design integrity through detailed con-
trol techniqués-Which‘include:

(a) Tight design change approval
control.

(b) Coﬁfiguration control with -
"delta" reports.

(c) Detailed flightreadiness review
: process.

3.:'Tracking_of materials and assemblies through inspec-
tion, storage, wbrk-in-process and assembly into the "as built"

configuration.

Shuttle operations will require a shift in management phi-
losophies. 'The reasons for this shift are the stability of the -
launch vehicle design, the reuses of launch vehicle and shuttle

craft and the increasing emphasis on cost effectiveness. This

shift in management philosophy will support the following mission
bbjectives:

l. Ensure crew safety.

2. Contain value added per flight.

3.: Stabilize design for multiplé mission component use.

4.' Reuse or refurbish assemblies and.components as
rapidly as_pbssible. |

5. Maintain the minimum manufacturing resources re-

quired to meet launch schedules.

This shift is. a reorientation to a manufacturing management

philosophy for NASA and the SRB contractor. This manufacturing
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management philosophy will include the following elements:

1., Customer service. Emphasis will be directed at

achieving integration timetables with delivery of products of
acceptable quality. Customer service would be monitored-through:'

(a) Promise date performance with re-
gard to product delivery commit-
ments to’integration activities,
‘'Key deliveries in the SRB process
would be aisle transfer, stacking
completion, and clean and disas-
sembly dates.

(b) Delivered product acceptance anal-
ysis reports such as rework re-.
quirements or work remaining
reports. This would apply to
refurbishment, assembly, stacking
and cleaning and disassembly
activities.’

2., Productivity, utilization and cost control. These

elements define the cost effectiveness of manufacturing resources
employed and require the following:

(a) Balanced resource availability
plans to resource requirements;
e.g., balance the mechanical
technicians -available to the

- operations scheduled which requlre
mechanical technicians.

(b) - Facilities design optimization.

(1) Use of cost effective faci-
lities, buildup stands, and
equipment.

(2) Facilities layout optimiza-
tion, particularly in critical
facilities such as the Hot
Fire Test Facility.

(c) Facilities schedule loading; i.e.,

time required in the fa0111ty
versus time available.

Kearney: Management Consultants
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Manpower requirements plannlng

and schedule loading.

Materials requirements planning,
in the form of LRU requirements

by serial number, by date, as well"
- as the back-scheduling of the re-

furbishment required to provide .
these serially numbered LRUs by
the required date, within the
configuration constraints.

Standard costing and variance re-
porting, in the form of standard
or expected cost per mission

versus actual cost.

Operations performance tracking,

"in the form of standard refur-
_ bishment operations and standard

tlme per operation.

3. Manufacturing risk management. Risk can be managed

- through the proper design of the production control system. Some

techniques used to manage risk are:

(a)

(b)

(c)

(d)

Contingency capacity planning of
facilities, manpower, and mate=
rials availability, in the event

" of such things as technical skill

disqualification, minor or major

accidents at facilities, etc. -

Calculated risk of stock-outs or

shortages and buffering risk with

‘safety stock or spares. This is

particularly critical due to the

" unknown condition of retreived

SRBs as subseguent missions are
planned or readied. a

Exceptlon alerts hlghllghtlng any
significant deviation from planned

_activity. This is a technique

needed to identify potential bot-
tlenecks such as unavailable GSE
as early as possible.

Priority action management sys-.
tems.  This is. a method to

Kearney: Management Consultants
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expedite critical work through
the refurbishment and subassembly
facility. The high volume of
schedule juggling needed is a
‘requirement which an automated
scheduling system must accommo-
date, due to the large number of

serially numbered parts in the
.system at one time.

4. Rebqildable SRB_Management Control. SRB refurbish-

ment places unigque reguirements on the production control system
used. These include:

(a) Facilities, manpower, and mate-

" rials planning based on best
‘estimate of needs. These esti-
mates may be reasonably accurate
averages over time but are inac-
curate for the refurbishment of

. .an individual SRB.

(b) Management control and enginéering
compatability of hybrid mixtures
of new and refurbished components.

(c) -Cost tracking hybrid SRBs.

5. Evolution of Design Flexibility. Although design

stability is desirable, design eméhasis will evolve through the
following phases;' |
o (a) Fliéhtworthiness design.
(b) Weight control design.
(c).-Cost minimization design.

6.. High Operations Performance and Cost Visibility.

Orientation to a "least value added per flight" management
philosophy requires tracking of resource'productiQity and com-

parisons to the planning assumptions used. Typical productivity

hmmmeqpmmCmngs
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reports are:

(a) Operations budgeting and vari-
ance reporting, initially by
flight and SRB; later by activity .~
~area, labor skill level, and
major component; e.g., the aft
skirt. : o

{b) Facilities utilization reporting.

(c) Manpower productivity performance
- reporting, by refurbishment and
‘subassembly Work Authorization.
Document (WAD), by work team, and
by component. C

(d) Inventory planning and performance

' tracking reports, by LRU, bulk
material; e.g., cork; and by :
subsystem. o

(e) Tools and GSE planning, schedu—
ling and performance reports.

(f) Actual and standard cost report-
ing, by mission, SRB, and major
component. ' .

“ (g) Value added reportlng per fllght
o and SRB.

"~ (h) 5elivery promise reporting at key
delivery times; e.g., alsle trans—'
fer. :

7. Cbordination with Shuttle Control. The interdepen-

dence of multiple contractors requires that integration performance
be tracked. Some of these performance elements are:

" (a) Multiple contractor schedule inter-
dependencies.

(1) Delivery performance in the
- form of providing services;
. " e.g., tube cleaning, at the-

‘ . scheduled time. -

(2) Hazardous operations, such as
ordnance ring installation.

"Kearney: Management Consuttants
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(3) Shared GSE by several sub-
contractors.

(b) Contract performance feedba;k.;‘

(1) Product quality insofar as
rework time and cost.

(2) Delivery performance and
progress status. ‘

(3) Actual SRB and per-flight

cost compared to estimated
or "standard".

MULTIPLE MISSIONS

Unlike pre&iouslmanned missions undertaken.by NAQA, the
Space Shuttle. Program is based on the reuse oﬁ‘two‘of the three
major modulés in the project. One of these modules,Athe two-
Solid Rocket_Bdosters, are recovered after eécﬁfflight,Acleaned,
inspectéd, tested, refurbished, and reaséembied for use'in a
future flight, This multiple mission provisioﬁ coupled with
the prihcipie of minimum value (cost) added to each subsequent
flight requires the following considerationé to be addfessed_by
the business system: ] |

1. Provide the ability to support hﬁltiple design
effectivities .across the planning horizon.:

2, Provide different planning horiions dependeht upon
the lead or acquisition time of the resource; e.g., techniqal man-
power, facilities and SRB components. The different planning
horizons include:

(a) Léng—range manpower planning
(five years or program remaining).

(b) .Shortéfange manpower planning
(six months by week).

Kearney: Management Consultants
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(c) . Facilities and work center plan-
"ning (five years or program re-
maining).

(d) Facilities loading (six months by
- week). o

(e) ' Materials by commodity class
" (by POPs or program remaining).

(£) Materials by item (by vendor lead

(g). Critical GSE (by POPs).

i

(h) GSE loading (six months by week).

3. Provide the ability to support.hYBrids of nem'aQq

H

refurbished subassemblies, parts and components.'

4.. Provide for the eventual stabilization of hardware
design while mainﬁainihg the flexibility of éro&iding multiple
design changes d&fiﬁg the initial phases of the program.

5. Suppoft_a,léunch schedule goihg_frbﬁ:two flights per
year to in excess of-?O flights per year (for.twg-locaﬁiohsf.

6. Prbvide'for action reporting on an‘"excegtion“
bésis which, invcritical cases, will require'managemen; action .

needingtmanual (human) decisionmaking.

MULTIPLE LOCATIONS

Due to the-eventual-expansion of the STS program, it is: anti-
cipated that actual-refgrbishment and assembly hdst be accomplished -
at more than one location,. Curreﬁtlyl Kennqdnypacé Center in
Florida and Vandenbé;g Air Force Base in Califofnia are thelanti-

}
cipated locations.

Because of this requirement the following considerations must

" . Kearney: Management Consultants
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be taken into account:

1. Data files used for all planning, scheduling,
tracking, performaﬁce hbnitoring, and job costing must be.idenﬁical
at the start of each day, where shared records are needed.  How-
ever, this is not to imply that the work centers, actual SRB
configurations, physical working facilities or work/material
routings must be identical.

2. Refurbishment and assembly at each}location will be
controlled at that‘location and therefore, the'planning, control,
and tracking will be discrete at that location.f'

3. The POPs will be used with the méster mission pro;_
file to "drive" the system at each location, bésed on the discrete
launch schedule for each location. . |

4, 1In order to maintain minimal safety stock inven-

tories, it 1is ahticipated that parts, components .and subassemblies

may need to be transferred from one location to the other. This

could provide for shared safety stock and perhaps reduce the cost

of such safety stocks. Therefore an on-line, real-time dafa
‘communication link bétween the two locations is recommended.

5. The system must provide access tp all history files
of parts, testing results, and actual refurbishhént and assembly
activities at both locations.

6. It is'anticipated that due to the huge amounts of
data storage required, a mainframe computer will be necessary

at each location.

Kearney: Management Consultants
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"MULTIPLE FACILITIES

Based upon the-existing fécilitiés located at'KSC, cbﬁsi;
derlng the dlstance between fac111t1es as well as- the phy31cal
size of each facility, the follow1ng requ1rements are noted-

1, At_ieast one and possibly multiple data collectioh
terhinals will be'needed in each faci1ity. One "possible
exception" to this fequiremeht might be at Pads 39A‘and 39B.

2. Based éﬁvcurrent plans-the following types 6fkéctiv—»
‘ities have been identified for the above requirement:

(a) :Refurﬁishment/Subassembly.
(b)v Testing and Inspection.,
(c) Assembly.

(d) Material storage (short and long
. term). = :

(e) 'D;sassemblyiand'Cleaning.
(£) Réceiving. |
3. S?édifié locations (at this time) iﬁclude the fol-
lowing locations'Where dataAcollection would be recommended:
| (a) ‘Hangar AF.
(b) Hangar N.
(c) VAB (High and Low bays).
(d) 'Hot Fire Testing.
(e)J'VAB;lN4 and 1F4.
(£) Pads 39A and 39B (Possibly).
(é) Parachute facility (minor). -
(ﬁ)” Battery Lab.

(1) Gyro Lab.

Kearney: Management Consultants
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4. An."intelligent terminal" is recommended for use
as the data collection device referred to above;: The exact terminal
type; i.e., data collection or minicomputer; wili be specifiéd'in
the computér systéms fequirements.

5. ©Status of material must be known at each work cénter‘
for each shift. »A work center would be equivalent to the éurrent»
area where major activities occur, such as, aft skirt build-up 
stand, forward skirt buildup stand, Hangar N tést rings, MLP (by
levels), etc. In some cases a work center maY*be associated with
an entire facility; e.g., the Hot Fire Test Facility; but if
.multiple work areas are developed for multiple,activities and
tests to take place simultaneously,; each could be considered a
work center.

6. Several work centers may be combined into work_den-
ter groups, using one data collection terminal. |

7. Data collection devices at eaéh ;ork center groub
do not neceésarily have to be tied together "on-line" withinjéaéh
facility, but do require linkage at the end of-each shift.

8. . Data collection devices at work center groups of
sufficient data entry volumes will require the ability to produce
hard copy ofglabor to bevperformed, materiél‘or GSE requirements,
or routing5information.

9. Data éollection devices used at work center groups
will accept information about work progress on a "real-time"
basis throughout the shift.

10. These devices will provide.étatus reporting infor-

mation to tne complex (KSC or VAFB) mainframe at the end of each

Kearney: Maﬁagernem Consultants
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shift (batch).
11. These devices however, must provide "real-time" file

information from the mainframe computer.

MAINTENANCE AND REFURBISHMENT

(a) Flight Hardware

In order to ensure in-flight safety and operational success,
a detailed (refufbishment) schedule has been developed by NASA;
This refurbishment schedule can be summarized as'fGLIOWSi

1. Organization Refurbishment. Refurbishment performed
in-place on vehicle subsystems and maintenance .performed on réelated
support equipment in direct support of the turnaround £low.
Organlzatlonal refurblshment/malntenance 1ncludes scheduled and
unscheduled preventlve and correctlve actions requlred £o 1nspect,
callbrate, serv1ce, replace, in-place repair and modlflcatlon,;
and reverlflcatlon of subsystems and associated components.

2. Intermediate Refurbishment. Refurblshment pe:fotmed
in direct suppoftcof ofganizational refurbishment. and mainﬁénancé,
and involves disposition, repair, service, Calibration,'modifica&
tion, and verificaticn of items removed during créaniZational_
refurbishment. Its phases normally consist of c¢alibrating, re-
pairing, or replacing damaged or urserviceable parts, components,
or assemblies. | | | . |

3. Depct Refurbishment. Refurbishment'perfofmed by
designated sources; e.g,, manufacturers, USAF'Aif Maﬁerial Aréas;

and NASA Development Centers, etc., because equipment, facilitiés;

Kearney: Management Consuliams
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or skills are not economically available at the intermediate main-
tenance levels. Depot refurbishment includes providing technical

assistance to the intermediate refurbishment levels.

In addition, all refurbishment functions are classified into
different types: unscheduled, scheduled, or serVicing'taSks.

1. Unscheduled Refurbishment. Unscheduled refurbish-.
ment encompasses two types: corrective action andfbostflight‘
inspection. The corrective action includes the investigation
and correction of -discrepancies noted during the érevious flight.
Further corrective'actiqn tasks will be initiatéd:after com-
pletion of visualipostflight inspection. The functionAwill be -
accomplished by providing a high level of confidénte for_system'
performance evaluation and fault isolation to a sinéle defective
-'line replaceable unit (LRU) in the minimum amouht of time énd with
a minimum of speéial support equipment. Although in-place repair
may be used for simple refurbishment acts, the primary method wili
be replacement of.ﬁhe faulty LRU with a like serviceable gnit; |
Following LRU replacement, the subsystem functioh will be re-
verified. Isolation of LRU malfunctions and verifiCatidntof |
repair will be compieted by replacement of the most reédily re-
Placeable subassembly level of equipment. Following fepair; the
operating condition of the LRU will be verified énd necessary
alignments and adjustments will be completed before the LRU reaches
the status of a feady-issue<spare.

2. Scheduled Refurbishment. 4Consists of a pfeplanned

Program of refurbishment with particular emphasis on retaining

Kearney: Management Consultants
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1501iderocke£ hardwere,in speCifiedxébhdition.bY'proyiding~§yéteﬁf~
atic inspection'end detection, to prevent iﬁcipientAfailuresf

The ﬁasks are scheduled on the basis of flying time} equipmenﬁuxﬁ
operating time or cycles, and/or calendar time.

3. Maintenance Servicing. SerVicing, within the allo-
cated portions of che Qperational‘turﬁaround cycie, includes the
routine ground operations required to prepare thevvehicle for
launch and missionerequirementsm These functions include replenish-

ment of all expendables'or consumables and life support elements.

Finally, in order te fully define the parameters of e compre~'
'-, hensiQe fefurbishﬁent'concepﬁ, equipment replacement has been
grouped- into thtee categeries:

1. ?redictive Items. Removal and rep;aceﬁeht of an
item is basedAupon theiitem'sllife hevihg approaehed or achieved
a previously defined iimit. The assessments of.the'limit are
made at intervele determiﬁed by the item's failure charactéristics
| and may consist:ef inspections, measuremehts, tests, er any ether
means not requifing»teardown or removal of tﬂe iﬁem from the
vehicle.

2. Fly-to-Fault Items,. This classiﬁicetioﬁ is resetrved
for particular items thch ere'not mission essential,'do not af-
fect flight safety, and that remain in place untii an assessment
of the item's condition iﬁaicated that removal is required. The
item must fail in a random fashion and detectieh_of the item's
malfunction requiies no -expenditure of refufbishment of maintenance

manfhours.

Ke.ﬂrney: Management Consultants
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3. Scheduled. Remévél and replécemeﬁt of thése i;ems
is based solely on a time-dependent féilure mode, regardless of
their condition when fehoved. The scheduled replacement classi- -
fication will include only those items which cannot be'classified
- as predictive'or fly—to-fault. The removed item undergoeglé tear-

down inspection and/or overhaul.

Based on the above summary of SRB refurblshment requlrements,

as well as other observatlons made during the audit phase of
this engagement, the following are business system'requ1rements:

1. Abiliﬁy to track parts, components, and-subasssem-
blies by part/serial number and level and type of refurbishment
required/performed;. |

2. Ability to flag required parts refurbishment
scheduled but not yet performed. A

3. Abilify to sort by type or level of réfurbishment
required/performéd,,kéying on discrete part number/serial number.

4. Ability to maintain permanent file of actual versus
planned refurbishment4performed by tfpe and level; o

5. Abiiity to accumulate refurbishment;perforhed by
part/serial number and to compare to estimated sefvice life deter-
minations; by number of previous flights and by number and type-A
of pfevious refurbishment activities. |

6. Ability to differentiate part, component, and sub-
assembly items by part/serial number in inventory based on the

actual refurbishment performed.

Kearney: Management Consultants
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(b) Ground Support
Equipment

Due to the critical nature of certain typeS'ofAGSE,litfis
necessary to identify and control such GSE as'an:integral part
ofithe overall husiness'SYStem.’ While it is recognized that a
computer package may not include'the scheduling and control of
"maintenance equipment“ﬁsuch as GSE or buildup stands, in its
mainline operation, a future modification or enhancement will
probably be necesary to incorporate this "function into the
system. Even then, a great deal of manual manlpulation will be
required due ton”shared"-use of some GSE by contractors other

than USBI.

' Therefore, either a fully manual or semlautomated system

, w111 be necessary to prov1de scheduling and tracking capabilities
w1thin the overall system environment. Key requirements are
identified as_follows: |

1. - Provide information as to specifically what GSE is
required during scheduled refurbishment or aSSembly across a

.several-week time horizon.

2. ‘Identify what "condition” of-GSﬁfis necessary in
order to'prouide the required function.

3. 1Identity what "condition" the CSE.is actually in
and determine the disparity (if»any) between_thevactual and re-
quired condition. | | |

4, Provide estimated schedules of servicing or

maintenance requirements to critical GSE in order to provide

Kearney: Management Consultants



ITI - 17

such GSE at the timé it is "required" per the computer system
schedules. This’might include calibration, proofloading or
normal preventive maintenance.

5. Flag GSE which is not in a éerviceable stafe,_with
enough lead time'té.perform GSE proofing or service pfior to the
estimated requiremeﬁt time. |

6. Maihtain on a permanent file specifié“information'
related td GSE'which is  required in order £o préﬁide uhintérrup-
ted éerviceability and functipnal operation. Included might be:

(a) Type of service required. | . |
(b) ‘Dates of past service.

(c) Estimated future service require-
ments. ‘ e

(d) Problems, discrepancies, or modi- -
fications which have taken place
in the past.

(e) Other specific considerations,

MULTIPLE SOURCES .
| Due in part’tofthe numbér of vendors supplying cqmponents
to the SRB project,tas well:és,the long and variéble lead éimeé
and cost of individual parts, the following required capabilities
of the system have been identified: |

1. Provide current on-order informafionzto procurement
by the.followiné key classifications:

(a) Subsystem or commodity classi-
. fication. ' -

(b) Vendor.

(c) Bill of material effectivity.

- . Kearney: Management Consultants
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and summarize
level code.

3.

cified in the

(d)  Need date versus promise date.

ITI = 18

(e) Parts in need of expediting.

Track vendor performance data by 1nd1v1dual vendor 7
performance by vendor class or LRU or subsystem
Report performance data of vendors. .This may be spe-
following areas:

(a) ©Quality, including “acceptable“v
~deviation from specifications.

(b)"Actual cost versus budgeted cost.

,(cf”'Promise date versus need date.

(d) Actual recelpt date versus promlse
: ‘date. : _

(e) -Overall material flow cohtinuity.
. This is particularly important in
providing aisle transfer and launch
"~ date integrity. This might be ex-
‘pressed in terms of "number of de-
“lays caused by vendor", etc.

(f)'.VendOr production milestone per-
- formance, in terms of achieving a
“LRU.refurbishment or replacement
- within the time specified.

Other system considerations are -included in the "Purchasing™

section of this business system requirement doéiment:

MULTIPLE CONTRACTORS

Recognizing that several prime contractors and rumerous

subcontractors are»involved in the STS project, the following re=

quirements have been 1dent1f1ed

1.

USBI w111 require a system respon51ve to their needs

Kearney: Management Consultants
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as well as NASA's.needs, but not necessarily ibberface directly
with systems of obher contractors, for example Tbiakol;

| 2. Some type. of interface will bewrequired, however;
and it is anticipafed that suoh interface will be hanual in nature.

3. Since SRB refurbishment and assembly schedules sre;
in part, contingebt upon not only the overall mission profile‘and
POP, bbt arelalsobcontingent upon detailed operating schedules
of other contractors, communication and coordlnatlon between
USBI and these other contractors is of major 1mportance, and
must be given the level of authority required to initiate action.

4.. Thegoserall system (manual procedures and computer
systems) must, thefefore, be able to respond'easilybto changes in]
sohedules, ﬁaterialvrequirements, and resource fequirements based
on conditions which arise outside of USBI's scope or controlr

5. It is ant1c1pated that this response will be based
on manual iﬁputs,and overrides by USBI management.'

6. Res ources to be shared with other contractors w1ll
be scheduled u51ng the USBI automated productlon control system |
but are subject to a high degree of variation and schedule non-
compliance” duebbowunknown, or unforeseen circuﬁstances resulting
from problems caused by other contractors. " |

7. It is anticipated that NASA will provide, in addi-
tion to general'goidelihes and procedures, a speciﬁic'scheduling
systeh for "sheredsreSOorces“ in order to reauce the_slippage

impact among contractors.

) Keamey Management Consulta.ms
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MASTER SCHEDULING/
RESOURCE PLANNING

The system must be able to: ' . | - 43‘}‘
1, InﬁerpreEAthe missidn launch scheddle»into an,af§1e 
transfer scheduie for major components such as éft:skirt; frustdm,
eﬁc, |
2. Detérminé, if these‘major componénté can meet aisle
transfer requirements. |
3. . SChedﬁle refurbishment of major compbnents énd'

"assemblies.

o

4. Assign a specific refurbished and new major assem-
" blies to a specific SRB f}ow; i.e., effectivity'dodtrol for hybrid
SRBs.

5. Determlne ab111ty to produce to launch and to aisle

transfer schedules. 

(a) Determine time-phased resource
j'requ1rements such as:

. (1) PFacilities by critical work
‘ center, e.g., Hot Fire Test
Facility. S

(2) . Manpower by labor certifica-
tion, e.g., Electrical Tech-
_nician by specified skill "
certification.

. (3) Materials by commodity clas-
S sification or critical
. component.

(b) 'Match resource requirements a-
gainst a time-phased resource
availability plan and report

_ resource capacity information,

" This resource capacity informa-
‘tion will include identification
-of overcapacity resources, and

Kearney: Management Consultants
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(d)

III

underutilized resources. For
example, if for one month hot fire
facilities require 120% of the-
planned capacity, then an action
report will identify this as a

- potential bottleneck facility.

Balance resource requirements and
the resource availability plan.

"This will require adjustments to

the requirements schedule and the
availability plan. Adjustments.
to the resource requirements
schedule may involve backing off
the aisle transfer date to an
earlier date, thereby moving peak
capacity demands to an earlier
time period which has available
capacity. Adjustments to the re-
source availability plan may
include the reallocation of re-
sources with excess capacity to
resources with deficient capaci-
ties; or may include the reduc-
tion of resources having excess
capacity; or the acquisition of
resources having deficient capa-
city. :

Determine financial requirements
needed to produce. This will in-
clude costing of resource require-
ments to determine SRB costs, and
will also .include costing of the
resource availability plan to -
determine future budget require-
ments implicit in the mission
launch and aisle transfer sched- .
ules. The determination of
financial requirements demanded
to meet schedules will be the
basis of Operations Budgets,
which will budget materials,
manpower, facilities and over-
head, and will monitor key per-
formance milestones. These

performance milestones will

include:.

(1) Launch compliance..
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'(2) Aisle transfer compliance.

(3) Facilities acquisition, or
' disposal. ‘

'{4) Manpower skill certification

buildup.

.(5) Materials acquisition by

class or critical component.
(6) Safety limitations.

Consider SRB recovery loss pro—

6. Reschedule for changes with minimal_data manipula-

tion. This will require identification of'schedple change .needs

and resource change needs which are caused by a launch or

transfer schedule change, while not permitting the system

i

'“overreact“. For ~example, minor or‘insignifiéant»changes

one- day lag in scheduled refurbishment, should not create

alisle

to
such as a

an alert

for action, but 1nstead automatlcally prov1de for a "net-change"~

7. Reaet quickly to planning exceptions ‘such as:

(a)

(b)
(c)v

(d)

8. Simulate "what if" situations and determine

on:

(a)
(b)
(c)

(a)

Losses of SRBs on recovery.

.~ Launch schedule changes.

Shutdown of work centers.

Financial cutbacks.

Launch schedule compliance capa-
bility. : A

Aisle transfer schedule compllance

'capablllty.
: Resource-requirements;

_Resource availability plans.
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(e)  Operations budgets.
These "what:if" situations may include changeé in:
(a).'Launch schedules.
(b) Aisle transfer schedules.
(c) SRB recovery loss rates.

(d) Manufacturing and assembly cycle
~times. -

(e) Design configuration.
(f) Resource usage rates.,
(g) ﬁesource availability plans.
(h) Resource costing data.

9. Project resource plans and operatibhs budgets for
multiple years; -This will allow automation of the fOPs process
and will facilitate total program cost projections, currently
performed by BOSIM.

MATERIALS REQUIREMENTS
PLANNING '

The system must be able to:

1. Project time—phased material requirements over a two-
to three-year materials planning horizon. These projections will
require:

(a) A producible master schedule de-

- picting SRB flow launch schedules,
and new or refurbished major as-
sembly aisle transfer schedules.

(b) Material release offset lead times
' to stage the release of materials

for each assembly.

(¢) A structured bill of material for
each .SRB effectivity to be produced.
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(e) -

A fbrecasted attrition bill of

materials which depicts the prob-
ability of replac1ng any component -
during the major subassembly/

"refurbishment process.
o +

A bill of materials which reflects
the manufacturing process rather:

“than the engineering design logic.

This may include creation of addi-
tional levels in the bill which
reflect stages of assembly or
testing., This is often accom-
plished by the use of pseudo bills

in the engineering bill, thereby

emulating the manufacturing process
flow of materials.

2. Compare the projected materials requirements against

planned invehtdry availability to determine net material require-

ments. This netting ﬁill require:'

.(:_a)

An inventory control system ‘which
has the following features.*

(1) Item reservatlons against
explicit requirements, -

(2) Receipt planning by due date.

(3) Linking (pegging) of planned
receipts or on-hand items to
explicit requirements.

(4) Reorder policies for manu- )
- factured items.

(5) ’Refurb1shment/subassembly and
stacking cycle times.

(6) Reorder pollc1es for pur—
' chased items.

(7) Purchasing lead times.

(8) Maintained safety stocks.

(9) Nonactive item locations

for exclusion from avallable
stock.
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(b). Differentiated types of net re-
quirements. These will include:

(1) Purchase requisition recom-
- 'mendations grouped by commo-
dity class and consolidated
by item for economic ordering
of materials.

(2) Recommended shop orders for
one item at a time to facili-
tate effectivity control and
configuration management.
However, the timing of the
shop orders will be consol-
idated to achieve production
economies of scale.

3. Track'rescheduling by the degree of order flexibility.
This will require three types of orders: |

(a) Planned orders. These orders do
not yet have resources committed
.to them. Therefore rescheduling
is done for any change in material-
requirements.

(b) Firm orders. These orders have
: resources committed but are not
released. Therefore rescheduling
is done if material requirements
changes are significant.

(c) Released orders. These are pur-
chase orders released to vendors
and shop orders released to dis-
patching. These orders are .
- expedited or deexpedited rather
than rescheduled. , S
4, Firm up the "as designed" configuration for an SRB
flow effectivity. This will require freezing deSign changes for
a specific flow or mission. This "frozen" configuration will be
used as the benchmark design for comparison to the "as built"
configuration. This will not mean, however, that the design must

be frozen across three years.
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5. Facilitate effectivity and configuration control..

This will be accommodated by:

(a)

(b)
(c)

(e)

(£)

(g)

Maintaining "as designed" and
"as built" configuration data
on each serialized item in
inventory, if modifications have
been made to this item since
serialization was initiated.

Identifying all engineering changes
required to upgrade effectivities
of each serialized item. B

Tracking "as built" data as .each

-serialized item is used in a sub-

assembly.

Identifying item/assembly cross

‘reference to parent drawing as

well as location on drawing. -

Identifying substitution possi-
bilities for flightworthy
effectivity alternatives to a .
specific item number. -

Tracking engineering change status
and milestone performance.

Allow assembly of hybrid SRB flows
of - a mixture of new and refurbished
and of multiple design effectivi=

~ ties. These mixtures must be well
. documented for flightreadiness re- -

views and will have prior approval
from flightworthiness inspectors
and/or from a design compliance
review board. :

6. Facilitate ease of material requirémehts manipula-

tion. This will be improved by:

’(a)_

(b)
(<)

Automated bill of material require-

ments. explosion and inventory netting.

' On-line real-time adjustments.

Ne't ‘change systems logic.

t
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CAPACITY REQUIREMENTS
PLANNING/RESOURCE
LOADING

The system must be able to:

1. Extrapoiate the time-phased materials requirements
for ménufactured'and assembled items into a detailed resource
capacity loading by week over'a six-month horizon. The resources
loaded will include:

(a). Work centers and facilities.
(b) Labor skill certifications; |
(c) GSE and tools.

2. Identify surplus and deficient resources. This_will
highlight capacity’work'centers or labor skillsfghd identify all
shop orders which may cause that resource capacity to be exceeded.
Capacities will be based on a "practical" capacity for each reéource,
but reports will_ihclude a theoretical maximum capacity.

3. Combine preventive maintenance schedule fesource
_loéding with that of shop orders, but allow preventive méintenance
orders to have alternative sdheduling priorities. For exéﬁple,
orders could be: . |

(a) Mandatory at a particular time.
.(b). Mandatory before any other work
' using a specific work center or

GSE.

(c) Discretionary when resources be-
come available.

(d) Discretionary with increasing
priority.

(e) Other priorities.
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production”.
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Block labor certification time from "available for
This will be required for: ‘

(é)' Sick and personal time contin-
gencies.

(b) Department meetings.
(d) ~Vacation.

Project capacity loads based on best estimates of

refurbishment'neéds.~

6.

decisions.,

7.

Adjust resource requirements based on work-in-process

FQr,example:

(a) Routing changes to alternate opera-
- tions or work centers. This will
- probably remain a manual act1v1ty.

(b) Routing changes to added operatlons
- and resource requirements. This
would include test process sheets,
problem reports or dlscrepancy re-
ports.

(c) _Tlme compression or expan51on de-
. cilsions. -

(d)> Appended routing segments based on
refurbishment test results. These
results will list: ’ '

(l) Further tests or operatlons to
be performed. -

- {(2) Line replaceable units to be
replaced. :

(e) ,Appénded routings required to. rework
. substitute effectivities up to the
- required effectivities. This will
" include routlngs to incorporate:
engineering orders.

Structure rodtings to coordinate with manufacturing

bills of métefials.

8.

Base resource requirements on predetermined standard
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times established:ih design, and fiag potential problems caused
by actual variances from standard.

9. Block multiple work centers for one operation.
This is requiréd for work centers near hazardoué operation, such
as ordnance installation.

10. 'Distinguish between functional labor departments
working in paféllel on ;he same operation, such as mechanical
and electrical'technicians;

11. Track rescheduling needs by thé degree of flexi-
bility available.. This will require three types of orders:

(a) Pianned orders.
:(b) Firm orders.
(c) Released orders.
12, Adjust shop order schedules_énd roqtings easily.
These adjﬁétments will include:
| (a) Rescheduling.
(b) Cycle time compression or expansion.,

(c)- Alternative routings, opeérations,
or work .centers.

(d) Appended routings.
(e) Resequenced routings.

(f) Freezing shop orders in a semi-
finished status.

13. 'Trigger'materials rescheduling for shop orders
rescheduled during capacity planning or dgring shop floor manage-
‘ment activities. |

14, Track "as planned" and “"as built" routings for each

shop order.
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15. Fac111tate ease of capacity load man1pu1at10n.

This will be 1mproved by:

(a) Automated capacity extrapolations
from material requirements and
- work~in-process refurbishment,
- subassembly, assembly, and d1s-
assembly cleanlng orders.

(b) On-line real-time adjustments.
(c) Net change systems logic.

SHOP FLOOR MANAGEMENT/
DISPATCHING

The system must be-able to:
1. Shpport a dispatcﬁing function; This function will
perform the follow1ng act1v1t1es.

(a) Develop dlspatch schedules whlch

- - have had resource avallablllty
checked through capacity require-
ments planning activities. These
dispatch schedules will include all
work-in-process orders and a two-
to four-week queue of work to be
released, by work center.

_Kb). Reverify inventory and resource
' ~availability. This activity will
require: -

(1) Materials inventory avall-
. ‘ability checks.

. (2) .GSE and subcontractor avail-
- ability commitment checks.

(3) Labor certification avail-
ability plan checks.

K

o(o)_sHold "shop orders pendlng scarce/
- . unavailable resources“

(d)‘-Report expedite requ1rements for:

(1) Material shortages.
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(2) GSE nonavailability.

(3) Labor certification scarcity.

(4) Shop orders needing shop floor
expediting or deexpediting.
This would use a "critical
ratio" schedule analysis con-
cept.

Release shop floor paperwork prior
to the time work is to start.
This paperwork will include:

(1) Drawing reference numbers and
‘'work authorization document
numbers so that hard copy
support documents can be as-
sembled for the job packet.

(2) Routing operations sheets to

control the standard opera-
tion sequence flow.

(3) Labor control cards to requi-
sition a specific labor cer-
tification for a specific
operation on a shop order,
and to record actual labor
certification time on that
operation.

(4) GSE requisitions to acquire
support needed for a specific
operation on a shop order,
and to record actual time
that GSE was dedicated to
that operation.

(5) 1Inventory requisitions or
picking lists to kit mate-

" rials needed. These picking
lists will be only for on-
‘hand items. Shortages and
staged releases will be held
for a later picking list re-
lease. If shortages are
deemed to cause a work stop-
page then the shop order
would be held back, the shor-
tage expedited, and the job
packet held back. Picking
lists may be released for
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prekitting to allow facility
in-transit times, but would
not be used to circumvent
the need for inventory ac-
curacy. -

(f£) Schedule work by shift. This is
required to facilitate: -

(1) Labor performance data accu-
~mulation, and reporting.

(2) Hazardous operation schedu-

ling, e.g., fire department,
etc.

(3) Shop floor dispatching for
shift management.
2. Support integration contracﬁorbinformation needs.

For example:

(a),_Hazardbus operation scheduliﬁé.
fbf‘ Subcontractor scheduling. |
(¢) 'GSE scheduling.
(d)  Schedule integrity for‘SRB_readi-
o ness and aisle transfer schedule
-compliance. '
3. Faéilitate ease of dispatch scheaule maniéulation
and resource availability checking. This Willibe'improVed by :
{a) ©~ Automation. |
(p). On~line real—time adjustmentsw
4. bisburse dispatching aciivities.to shop floor

dispatchers located in multiple facilities.
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OPERATIONS TRACKING

The system must be able to:

l. Track shop order status.

following information:

(a)

(b)

(c)

(d)

Recording operations completed.

Accumulating labor to an opera-
tion.

Adding operations required for
rework or problem reports, or
for .refurbishment not originally

"anticipated.

. Flagging shop orders held because

of inventory shortages or scarce
resources.

III - 33

This will require the

2. Gaﬁhér data to support performance reporting. This 

will include:

(a)

(b)

(c)

(a)

~Actual labor by worker, labor cer-

tification, operation, and shift
worked. o

Duration of time a work center is
dedicated to an operation on a
specific shop order.

Duration of time any GSE is dedi-
cated to an operation or a spec1-
fic shop order.

.Changes in standard labor hours or

operation duration for changed or
alternate operations.

3. Support configuration management control

ments. This will include:

(a)

(b)

Benchmarking'"as designed" material
configurations of a planned effec-
tively for a specific shop order.

Behchmarking "as planned" work

routing linked to the "as designed"
material configuration.
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(c)

(d)

(9
(10)

Accumulatlng shop order "as bullt"'
material data such as:

(1)

(2)

(3)

(4)

3

Assignment and installation

- of subassemblies and compo-

nents by serial number.

Multiple level pegging of
materials to components, of
components to subassemblies,
of subassemblies to major

- assemblies to SRB flows: by

effect1v1ty.

Assignment and lnstallatlon'
of lot or batch controlled
materials.

Component drawing installation
location by cross-reference to
drawing locator codes.

Accumulating shop order "as built"
routing data such as:

(1)

(2)

(3)

(4)
(5)

(6)
(7)

(8)

Labor hours, by certification,
applied to an operation. :

ITI

Sequence of operations performed.

'Operations added to refurbish,

and reasons for altered se-
quences.,

Operatlons added for TPS/PR/DR
work authorlzatlon documents.

Test results reports of any
testing operations.

Operations deleted and reasons.

Alternative operatlons used
and reasons.

Repeated operations or series
of operations and reasons.

Flightworthiness status codes.

Disposition decision codes.
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4. Disburse operations tracking activities to stra-
tegically located data control stations on thé shop floor. These
would be similar to thé‘current TAIR stations.

5. Produce exception reports requiring immediate
action. These may include:

(a) Critical work centers down.

(b) Labor deficiencies.

(c) GSE nondelivery or nonperfofmance.
(d) Other éhop floor problems.

(e) Material deficiencies.

- PERFORMANCE MONITORING/
STANDARD COSTING

The system must be able to:
1. Réport productivity performance.v.This will include
weekly, and'moﬂthly reports on:
-(a) Labor productivity by:
(1) Worker.
(2) Labor certification.}
(3) Labor department.
(4) Operation performed.
v(b) Work center utilization by:

(1) Percent of standard operé-
tion duration time.

(2) Percent of available capa-
city.

(c) GSE utilization by percent of
operation standard duration time.
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(@) Shop order performance agalnst
standard for:

-(;)f.Labor productivity.
“(2) Work center;utilization,
(3) GSE utilization.
(e) Standard cost variance analysis.
* This is a comparison of standard
versus actual cost data.
2. Summarize detail data upon the close of a $hop
order. This will require updates to:

(a) ShOp order summary conflguratlon
as built" information.

;(b) Labor summary information. -
 (¢) Work center summary informatipn,
(d) GSE summary information.
" (e) Subassembly, assembly, major com-
: ponent, SRB, and flight summary
information.
3. Record detail information after suimdrization in a
low activity media, such as microfiche.
4. Update operations budget tracking_informatiOh.
This would ffaék actual costs and milestone-pefformahCe against
operations bgdéets. This would usé frozen standard bills of
material and routings;as the budgeting baSeline. Variance analysis
would then reflect the same assumption base used in development

of the operatlons budgets.
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INVENTORY MANAGEMENT
AND CONTROL

The system mdst be.able to:
1. Perform serial-numbered item tracking, and support.
data cross-reference contfol. This requirement includes the
following elements:

(a) Link serial numbered item to its
unique item history. This history
includes: ' B

(1) Current "as built" information.

(2) Prior "as built" detail for
previous flights or rework.

(b) Monitor effectivity status. This
" .would include:

(1) "As built" and "as designed"
, information. ~

;‘(2)' Delta lists.

(3) Engineering changes required
to upgrade to a desired ef-
fectivity.

(4) Routings and work authoriza-
tion documents associated with
engineering changes required.

(c) Allocation of serialized items to
a specific shop order of a defined
effectivity. This allocation would
be determined prior to picking or
kitting inventories, and would be
based on "least value added" to
achieve flightworthiness compati-

" ble with effectivity of the SRB
flow. This requires "explicit
pegging"” in an automated produc-
tion control system. For example,
SRMs must be used in "cast lots".

(d) Monitor item status. This status
will include: '

(1) Availability to production."
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(2) Allocation to spec1flc shop
orders.

'(3) Held for inspection, rework,
'~ or disposition, T

(4) Location in inventory stocking
area.

(5) Location for items returned to
vendors. :

(6) 1In transit.

(7) Location in work-in-process
operations.

(8) Location installed of an item .
serial number which was manu-
factured per a numbered shop
order.

(9) Anticipated-return to Stoék
date. ' :

(ld) Anticipated return to stock
disposition.

2. Perform lot control of nonreusable”materials
(e.g., fasteners). Thls would include quantltles of a lot disbursed
to a specific shop order,
3. Monitor item location control. This requirement
tracks the physical location of each item. For example:
(a) Moves amohg storage locations:
~within an inventory stocking.
area. - ‘

(b) Moves across multiple facilifies.

(c) Moves to work-in-process opera-
- tions.

(d) Moves to launch ready sta;us}

(e). Moves to recovery, clean and
S dismantle status.
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(£) Moves to refurbishment/subas-
sembly. '

(g) Moves to disposition or inspec-
‘tion locations. '

4. Monitor inventory accuracy. This will include the
following inventory control features:

(a) Exception tracking. Exceptions
indicate errors in inventory data
such as:

(1) Location errors.

(2) Effectivity errors.

- . (3) Flightworthiness status
' errors. —

" (4) Quantity errors.

(5) Serial number or lot control
- ' number errors.

(6) Part identification or tag-
ging errors. :

(7) Picking errors.

(b) Cycle counting. Cycle counting is
used to: :

(1) Validate and measure inven-
' tory accuracy and measure

~ ’ performance of responsible
: . persons. o

(2) Ensure recovery of mislocated
- " items. This requires zone or
, area counting with item and
g ' serial number identification.
: (c) Audit trail analysis. This'facili-
' tates backtracking to find inven-
tory errors. ‘
- 5. Manage item life. This is required to achieve

maximum usage of items over a limited life. Factors influencing
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item life may 1nclude-

(a)l-Shelf life in storage (e. g.; 011
,seals)

(b) Time life expectancy (e.g., bat-
- uteries) ,

(c)o_Flight life expectancy.

(d) 1Inspection constraints for'speci—
- fic items or serialized parts.

(e) Failure history by item or 1tem
effectivity groups.

6. Establlsh safety stocklng levels. Safety stocks
will be set to offset deflnable risk levels caused by:
(a) Attrition forecasting error.

(b) - Quality errors or 1nspection item
-, . rejection rates. C

(o) Launch schedule flexibility.
7. Siﬁplify inventory transaction input requirements.
For example: . - . o o |
(e) Receiving.

(1) Purchased item receipts from
vendors will have a copy of
a purchase order release lo-
cated in the receiving area.
Only exceptions to planned
receipts need to be recorded.

(2) Moves to inspection or from
inspection will be entered
through a preprinted move tag
with flightworthiness status
and item location entered.

.(3) Receiving from recovery will
. be accomplished by reactiva-
~ting "as built"” data with a
spent status code. Line
"replaceable unit disposition
tags would also be preprinted
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for refurbishment inventory.
transaction simplification.

Disbursement.

(1) Allocate specific. item by
serial number to a shop
order prior to kitting.

(2) Picking lists organized by
picking route of least di-
stance and identifying serial
numbered items.

(3) Picking lists released only
for items in stock (no
shorts) and time phased to
shift requiring -the items.

(4) Refurbishment activity matrix
identifying parts kits to ac-
complish refurbishment to
flightworthiness status of a
planned effectivity.

8. Monitor inventory management performance. This

includes:

()

(b)

(c)

(@)

Inventory analysis. This would
be a comparison of actual cost
versus standard cost of items
maintained in inventory.

Inventory turns. (To be deter-
mined by NASA projecting costing).

Inventory shortage valuation. This
is the total cost at standard of
items shorted as a percent of items
disbursed. Shorted items should be
recounted each week to include the
impact of shortage duration.

Inventory overage valuation. This
is the total cost at standard of
inventories not required by pro-
duction to be initiated within

two to four weeks. This average
should be segregated into three
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~classifications. These are: -

- (1) Purchase decisions hedge or
price or vendor mlnlmum order
.. requirements.

(2) Safety stock decisions to’
minimize risk of stock-out.

" (3) Excess inventories.
'BILL OF MATERIALS

STRUCTURE AND
MAINTENANCE

The system»mnst 6; able to:

1. Meintain structured bills of mateﬁiel for multiple

effectivities of'SRBs, major assemblies and components.
| 2, Intefpret deeign engineering bills»into pfocess
engineering's manufaeturing bills of materiali

3. Freeze basellne planning bills of materlal to be
used as standard costlng and budgeting benchmarks.

4, Llnk_blll of material components t0'drawing assembly
location. This wiil be a cross-reference to a specific itemv
_depicted on an enéineering drawing. This will benueed-to facili-
tate.configuration management, and may also be USed»to menage SRB
flow weight and belence for hybrid and multiple,effectivity
flights (i.e., left/riéht SRB compatability control).

5. 1Identify alternative components wnieh could be used
as substitutes. ‘Eor example, a previous effectiVity could be used
in some cases. nThese substitution decisions yould'fequire manual

action after a determination of flightworthiness;n

6. Identify component "where used" lists. This may
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facilitate materials expediting where component "cannibalization” -
is an alternative to solve a priority problem. This will also
facilitate disposition decisions which require identification of
potential uses ofian item, or item group as weli as faciliﬁies
component standardization programs.

7. Maintain a forecasted attrition bill of materials
for refurbishment. This will identify probabiliﬁies of replacing
each item in the bills of material for major assemblies. These
probabilities wiil be .determined by a failure rate/disposition
analysis function for refurbishment. This attrition bill isA
_necessary to plan ﬁéterials reguirements for refufbishment.

8. Coérdinate_engineering changes. Engineering changes
are to upgrade flightworthiness, to reduce weight, or to reduce
cost of SRBs. These engineering changes §i11 be grouped by ef-
fectivity of SRB.‘ They.require the following activities to be
performed:

(a). Paperwork development milestone
control and expediting capability.

(b) Work authorization document and
routing updates (if necessary).

(c) Engineering bill conversion to
manufacturing bill requirements.

(d) Work authorization document routing
' reguired to upgrade component ef-
fectivity from the previous effec—
tivity.

(e) Analy515 of engineering change
1mpact on:

(1) Inventory usability.

(2) Work-in-process.
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(3) SRB flightworthiness.

{4) SRB weight control.

(5) SRB cost buildup.

(6) Production resource capacity.

Produce bill of materials maintenance reports

(a)

(b)

’(C)

(d)

(e)

(f)

(g).i

(h)

()

Single level bills of material.
.Multilevel bills of material.
(1) Indented by bill structu#e.

" (2) Summarized by raw material

requirements only.

Single level where used lists.

”Multiple level where used lists.

Effectivity comparisons with delta
lists. This will identify engineer-
ing changes made in the progression
of effectivities. o

Refurbishment forcasted attrition
bill analysis reports. This would
include:

'(l) Comparison of actual component

usage to forecasted usage.

(2) Changes in attrition forecasts
from one effectivity to the
next.

Engineering change milestone perfor-
mance and expediting reports.

Engineering approval cycle require-
ments.

Engineering change status.

Comparison of engineering bills
to manufacturing bills.
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(k) Standard cost comparisons between
effectivities and of effectivities
against frozen budget benchmark
bills. '

(1) Comparison of "as built" configu-
rations to the planned effectivity
bills. This comparison would re-

_port details of all deviations and
identify engineering changes re-

_ quired to upgrade to the "as. de-
signed” configuration effectivity.
The type of engineering change

~ would be identified to allow deter-~
mination of its necessity for
inclusion. These. types would
include:

(1) Required for flightworthiness.
" (2) Optional for flightworthiness.
”(3) Weigh£ control change.
(4) Cost control change.
10. Simplify engineering tfansactions control, data
entry and information coordination. This will require: |

(a) Automation of bill of material
maintenance. '

(b) On-line data manipulation.
(c) On-line engineering change im-:

pact reports.

ROUTING STRUCTURE
AND MAINTENANCE

The system must be able to:
1. Summarize work authorization document information
into routing operations. For example, rather than expliéit
directions of a step-by-step approach to installing a Moog actua-

tor, the routing operation would cross-reference the WAD, drawings,

Kearney. Management Consuftants.



III '~ 46

labor certification, tools and describe the operation as "install

Moog actuator per WAD number B _ N

2. Link detailed resource requirements to routing op-
erations. These resources include:
(a) Work center time duration needed.

(b) Labor standard hours by labor
certification. '

(é) Tools required.
(d)‘ Ground support equipment reqUifea. '
(ef. Subcontractor support required.

3. Block multiple work centers 6r a faci;ity while
.hazardous OperatiOQS are'being performed.

4. Maintain best eétimated routings'fOr refurbishment
capacity planniﬁg and resource loading.

5. ' Release modularized refurbishmént.routings to £h;
shop floor. These modqlarized'bills would be inactive until mod-
uals required are sélected; At that time cépacity'planning would
substitute the acti&ated modularized rQuting.for the best esti-
mated routing for fefurbishment.

6. Maintain routings for engineering changes. These
routings would identify upgrade operations to aégomplish effec-
tivity improvements of an item. These routings.méy be appended to
another routing so that effectivity improvements can be included
in an assembly éhqp order. |

7. Facilitate temporary routings for,eitﬁer one-time

operations such as rework, or future routing operations improve-

ments. These would include the following current work
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authorization documents:

(a) TPS.
(b) PR.-.
(c) DR.

8. Allow parallel operations on the same routing.- This
would facilitate schedule manipulation and performance tracking.
9. Control routing changes by bill of-méterialé ef-
fectivity. - o
10. 1Identify "where used" links of resources to routings;
i.e., traceability of where each resburce might be employed.
These resources are:
(a)' Work centers,
(b)_-Labor certifications.
(c)" GSE.
(d) Tools.
(é) 'Subcontractors.
11. Produce routing maintenance reports such as:
(a): Routing network.
(b) Resource requirements by opératioh.
(c) Routing change status.
(8) Comparison of refurbishments best
estimate bill to actual modularized
activity bills.
(e) Comparison of actual routingiand
"shop floor data to standard rou-

ting data. This would include:

(1) Standard cost variance anal-
ysis.

(2) Labor performance.
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(3) Work center utilization.

. (4) GSE, tools and subcontrac-

tor productivity.

The system: must be able to:

1. Translate materials requirements planning purchase

reqguisition recommendations into purchase orders requests. The

requisition recommendations will project the most effective

manufacturing plan requirements. Purchasing decisions should

include:

(a)

(b)
(c)

Balancing inventory carrying costs

. (including design obsolescence) -

with purchase economies. For

example, determine purchase eco-
nomic order quantities.

- Vendor sourcing.

Purchase receipt scheduling,

 expediting and deexpediting. .

(d)

(e)

(f).

A‘Blanket order coverage.

Vendor performance analysis;'
This would include:

‘(l) Delivery performance.

(2) Quality performance.

'(3) Milestone performance.

(4) Informat1on support perfor-

mance.

Vendor negotiations on:

(1) Price.

-(2) Quality.

S (3) Service.
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(g)' Technlcal support requ1rements.
2. Track purchase order receiving schedule 1nformat10n
by item and estimated due date. This 1nformat10n_1s required
for a production control system to perform materials requirements
planning.
3. ‘Identify purchase order exceptions. These would
include:
(a) Requirements not on released pur-
chase orders which are within the
normal vendor lead time.
" (b) Planned purchase receipts which
~ will be too late to satisfy the
item requirement date. This will

require purchase order or order
line item expediting.

(c) Deexpediting opportunities.

4. Monitor refurbishment orders of components returned
to vendors. This will require item serial number control and con-
figuration control,

5. Place "full unit" purchase orders to satisfy require-
ments of less than one. Partial item‘requirements may be gengrated
by the explosion of the refurbishment forecasted attrition bill
of materials.

GENERAL SYSTEM
REQUIREMENTS

The system must be able to:
l. Flag "abnormalities" and other exceptions, such as
"as built" versus "as designed" deltas.

2., Purge working files periodically (weekly or monthly)
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in order to maintéin such files at a manageable size. This would
include files such‘as,lgbor, by certification, applied to a;
refurbishment operation.

3. Create transactions and pass them to other systems
and subsystems>such as modified ACMS and a revisea version of
ADMS. . i

4. _Reflect item status or schedule status on CRTsS
or hard copy, such as r;furbishment/subassembly routings,
generation breakdown,letc. o

5. Generate .notices of schedule slippage and overap-
plied resources as a form of exception reporting, such as in-
spection activities in stocking not performed{

6; Generate,repérts at various levels of detail, from
direct line management up to executive manégement of USBI and
program managément of NASA. |

7. Utilize étate-of—the-art Manufacturing Resource
Planning as the centrai management mechanism. |

8. .Provide an MRP-type system which has both "net
change" and "regenerative" logic.

9. Operate on a minimum of "safety stock”™ but still
provide some:safety stock consideration due to the following
conditions: |

(a) Critical nature of certain items
peeded_to ensure flight/mission
integrity.

(b) Long vendor lead time.

(c) Recovery loss rate probability
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of an entire SRB, a major com-
ponent (aft skirt) or an LRU.

(d) Failure rate of components
(estimated).

(e) Unknown degree of variability in
- all of the above.

10. Master schedule at two levels:
(a) Major subassembly.
fb) Discrete launch (2 SRBs per launch).
11, Pto?ide for a bill of material based upon a statis-
tical forecast éf component a;trition rates. |
12, 'Provide for capacity loading based upon multiple
but predetermined‘routings for the same component.or subassembly

dependent upon actual condition of the retreived SRB.

13. Provide direct link from shop floor scheduling to
daily operational tracking and performance monitqring in order
to monitor refurbishment, subassembly,-stacking, mating, recovery,
and disassembly and cléaning. |
14. Provide for daily updating of material and resource

needs based upon operational reporting as well as existing shop

floor schedule.

15. Plan across a material lead timeAhérizon of up to
three years.

le6. .Plan across a refurbishment/subassembly, and
stacking cycle time horizon of up to two years.

17. Provide for capacity planning and shop floor sched-

uling across time frames of several (six) months_by shift and day.
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18. Provide for the utilization of “scarce" human re-
sources in GSE maintenance roles. However, consioeration should
be given to the crearioh of a separate organizatioo for such GSE
maintenance work, due to the following: “

| (a) Scheduling priority difficulties

'~ ‘between refurbishment and GSE
maintenance.

(b):'Learning curve effect of workers
assigned to in-flight hardware.
related work alternating with GSE

" maintenance work.

(c). Continuity of work flow on GSE.'

- 19. Provide for numerous (several hundred) ehgineering
change notices eeoh month, while reoognizing thar the Qolume and
magnitude of such ohahges should decrease as désigns are stabilized
and standardized. | 4_

20. Provide for subassembly interdependence across
major assemblies.

21, ProVide for shop floor scheduling for a minimum of
four weeks; | |

22, Verify that inventory, tool, test equipment and
fixtures, manpower;'facility, and critical GSE are available prior
to the release of orders to the shop floor. If-one or more of
the above items ere found to be unavailable, exceprion reports
will be generated 1ndlcat1ng the specific nature of the shortage.

23.' Provide the ability to track 1nventory in several
permanent and temporary locations by part number, ser1a1 number,

and other status-codes required to differentiate level of flight-

worthiness, degree of refurbishment, or effectivity.
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progress to "standard", for performance reporting, monitoring

and corrective action. -

25. Provide a systemAcompatible'with the following ob-~

jectives of "good systems design”.

(a)

(b).

(c)

Provide information to assist USBI
to make timely and accurate deci-
sions. '

"Dovetail" other systems to minimize

.duplication, contradiction, and

suboptimization.

Provide for the best use of com-
puter technology; e.g., processing
data with recognition of changing
conditions. At the same time,

' . recognize that an overly automated

(d)

. system leads to a "hands-off" at-

titude which is extremely detri-
mental to any organization.

Reduce costs, through improved

management control of operations
with greater flexibility to detect

' *\jand respond to significant changes.

(e)

Reduce paperwork to a minimum.
This will provide an environment

. of management by exception,

“ "while retaining on computer

files data necessary for NASA's

" retrieval requirements; i.e.,
- data pack information.
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IV - BUSINESS SYSTEM DESCRIPTION

INTRODUCTION

This section provides a Qetailed_dé3cription of the business
system which has been developed to meet the SRB production control
needs. These business system requirements were defined in the

previous section.

In this secfibn a business system overvieh.is presented, in
which each of the mainstream éystems modules (or subsystems) are
"defined in termé_of major functions and features, key inputs, key
outputs and key data file‘requirements. The.other'sub5ystems are

also briefly described in this discussion.

Following the_bhsiness system overview, theAméinstream sub- -
systems'are discussed in greater detail, including a subsystenm
flowchart, a description of the subsystem and a definition of

key inputs and outpﬁts.

This is followed by a description of the information flows,
as well as a description of work control station activities dic-

tated by the automated production control system.

BUSINESS SYSTEM
OVERVIEW :

(a) Introduction

The purpose of this narrative and the accompanying flowchart
is to describe the overall business systems flow, and the interfaces

between key systems modules. The business systems requirements,
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dé&eloped in thé-ﬁrevioué sec;ion, are the basis‘of this bgéinééé
systems'overview._ The overriding objectiVes;used to.dévelopfthis
overview are to'épply fieldfprOVen mahuféctu}ihg haﬁagementfééd

_ production control systems technologies to the'SRé produétiqn;.
control operatioﬁs environment, and to inéegraté_thesé technologies

with both NASA and USBI top management control needs.

The mainstréam system modules in the production controi_
system are: | |
1. Master scheduling/resource planning.
2.  $éteriais requirements'planningQ-
3. ;Capacity'requifements planning.
4. | Shop floor management. |
5. ' Operations control.

6. Performance analysis.

In additién, the following modules are ﬁeeded to support the
mainstream system modules:
ig .Launch schedule.
2. Refurbishment scheduling.
3.'_Resdurce p1anning bill maintepahce.
4. Resource availability plan maintenance.
.'5. Bill of material maintenance;
~6.4'Inventofy.control.
T Puréhasing.
-8, Préventive'maintenande;

9. Routing and work authorization document maintenance.
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10.

11.

Configuration management.

Labor control.

Finally, there are fourteen business Systems requirements

which are embedded in the systems modules. These redquirements

are:

9.
io.
11.
12.
13.

14,

Effectivity control.

Part life cycle management.
Part attrition planning.

Shared GSE integration.
Subcontractor integration.
Hazardous operations control.
Quality control and inspection.'
Sign-off control.

Engineering documentation control.

SRB effectivity hybrid weight and balance

Spares risk management,
Operations budgeting.
Performance monitoring systems.

Launch mission compliance risk analysis.

control.

Each system module is described in the narrative sections’

following the "SRB/Production Control Systems Overview" flowchart

(Figure 1IV-1). Each section contains the following subsections:

1.

Summary Narrative.

2. Major Functions and Features {(mainstream only).
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3, Key Inputs (mainstréam only). -  ‘ i
4. Key Outputs (mainstream only).

5. Key Data File Requirements (mainstream only).

~(b) Narrative and
Flowchart

The mainstream.systems'modules, which are outlined in Figdre
Iv-1, berform production planning, and productioh.operaﬁions
management and control. Production planning'is é¢sigﬁed'to:plan
in four time horiions; These are a facilities ahd_resoutcé'
planning horizon, a materials planning horizon, a resource 10adin§
V horizon, and a‘respurce assignment horizﬁn. Thé:facilities and
resource planning horizon is forlfive or more years and is aécom—
plished by mastér‘scheduling. The materials planning horizon»is
fér two to threé Years énd'is acéomplished by materials reéuire-
ments planning. Thé fesource loading horizon is‘for three to-
six months and’ié'accomplished by capacity requiréménts planning{
The resource assignment horizon is for two to.four weeks and is
accompl ished by.QhOp iloor management (dispatcbing).

"

Productioﬁ'opera&ions management and control is designed to
issue needed information ﬁo operationé, to expeéite or deexpedite
work-in-process based on launch or aisle transfer schedule |
priorities, to track progress of work and to monitor resource
utilization and wbrk productivity. Issuing needed information to
operations isfé daily activity and is accomplished by shop‘inOr
management (jbb‘pécket issuance). 'Expediting-and déexpediting

work-in-process is a continuous activity and is accomplished by

Kearney: Management Consultants



v = O

D144 EIXE

4
NOIAVNAD] 2MOD

ON1L90)
/91827vv sangne
/8ue

WIIVDT41I8TD snivis -
v . v AR1T1eVIINAY
13RN0%e2E 2un0s2e — 22400538 -ﬁhﬁuﬁ

onpwerid

833084
oulaily .
ouimnrie
‘e
L /9:.:5...3// ' Y
. oMtatEay - oo [o—] owtemuns % At ey
N Ny
omisarnio | w08 DWILEVIINOS oWITNaaNIY
w1839 Wliteiiy [resereret

MaTal1aaQ swalsis wouucou uor3onpoad/gus

I-AI 2anbtyg

Kearney: Management Consultants



IV - 6

operations control (work center queuiﬁg eqntrol).g'Traeking wSrk =
progress is a cohtihuous activity and is accomplished by opera=- |
tions control (work stapus-data eollection). 'Moﬁitoring feséurce.
utilization and werk productivity is a periodié (weekly aﬁd‘

monthly) activity and is accomplished by performanée analysiss .

The support systems modules create and maintain data neeessary'
for the mainstream‘production planning and control sYétem. -The
mainstream system modules and the associated support systems

modules are shown. in the table on the following page.
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Tablellv—l

Mainstream and Support System
Modules Relationships

Assoc1ated
Mainstream Modules - Support System Modules
1. Master Scheduling (a) Launch Scheduling

- (b) Refurbishment,Schedulingf

2. Resource Planning (a) Resource Planning
' ' ‘ Bill Maintenance

(b) Resource Availability
Plan Maintenance

3. Materiais'Requirements o ‘

Planning (a) Bill of Material Maintenance
(b) Inventory Control
(¢)

Purchasing

- 4, Capacity Requirements ,
Planning (a) Routing and Work
- " Authorization Document
Maintenance
b) Configuration Management
) Preventive Malntenance-

Schedullng
5. Shop Floor Management L :
Operations Control (a) Inventory Control
(b) Preventive Maintenance
Scheduling

(c) Routing and Work
Authorization Document
- Maintenance -
(d) Conflguratlon Management

6. Perforﬁance Analysis . (a) Labor Control
: (b) Configuration Management
In'the remainder of this subsection, each of the system
modules,”both mainstream and support system, are desctibedf Fol~-
lowinglthat, each system module is detaileo in terms of objectives
and key.inputs end outputs, using a flowchart to illustrate the |

module's operation.
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MAINSTREAM MODULES

(a) Master Scheduling/

Resource

Planning

1
P
t

1. Summary Narrative. Master Schedulihg/Resourcé

Planning is designed ‘to generate a "doable" production plan:

This is accomplished by interpreting the launch schédule into an

aisle transfer schedule, by assigning a new or refurbished major

assembly to the aisle transfer, by ensuring that resourceS'Will

be available to meet launch and aisle transfer schedules, and by

" ensuring that operqtidns budgets commit the funds necessary to

‘achieve resource availability plans.

The management processes redquired to generaté the

master schedule require the integration of facilities and fésOurée

planning as well ‘as program operations budgeting. 

2., Major Functions.

(ai

-Generate aisle transfer schedule

requirements.

(b)

(c)

- Generate refurbishment schedule-
.capabilities.

Assign new or refurbished magor
assemblies to aisle transfer

‘requireménts.

(d)

(e)

(f)
(9)

(h)

Extrapolate resource requirements

from launch schedules and alsle

transfer schedules.

Balance resource availability

"plans to resource requirements.

Cost resource availability §lans.

Determine schedule milestones and

résource planning assumptions.

Develop program operations budgets.

Kearney: Management Consultants



IV - 9

3. Key Inputs,

(a) Launch scHedule.

4. Key Outputs.

(a) Mastér schedules (launch and
: aisle transfer).

(b) Rebalanced resource availability
- plans. B

(c) Validated program operations
" budgets.

5. Key Data File Requirements.

(a) Aisle transfer elements and
cycle times to launch.

(b) Recovery,.cleaning, disassembly,‘
and refurbishment cycle times.
to aisle transfer.

(c) Resource planning bills of
' material for launches, and new -
or refurbished aisle transfer
" elements. -
(d) Resource availability plans.

(e) Resource cqsting parameters.

(£)  Schedule and resource plan
" "milestones and assumptions.

(g) Inventory control data for majof
" assemblies. ' -

(b) Material Require-
ments Planning

1. Summa;y Narrative. Materials Requi;ements Planning
(MRP) is desiéned'fo develop time-phased materiaié-requisitions
for purchasing and to develop time-phased production requisitions
for capacity plahning; These time-phased requisitions coordinate

the planned receipts to planned disbursements. The objective of
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o

MRP is to minimize inventory by controlling the pianned'time ??Eﬂ,
between,receipt5~and disbursements of materials end assémblies,
Risk of a disbursement:need occurring before meﬁefial is receiVed~
is countered by . use of safety stock and safetylmargln cycle tlmes.
Both can be statlstlcally calculated and controlleéd to plan =« -.-.
materlals with a definable stock-out risk level,
| The SRB.pfoduction oontrol enﬁironment’requires that MRP
accommodate fodr unique planning requiremente.: ihese are refur-
bisnment materialS'planning,-altefnative effectivity component.
'netting, alternative component flightworthineéé'status neftihg,
andfplanning configuration management. Each of these requireménts
is fevieWed in the paragraphs which follow. '
| | Refurbishmen@ materials planning requires thatfmaterials
and production'componentS'to be'requisitioned be based on fore=
casted.attrition rates, on.projected spent aSsemSIy "as built" life
and effectivity analysis, or on refurbiehmentftest_resuits analysis}
Alternetive effectivity component netting is the Syétenn
capabiliﬁy to”search prior effectivities to-determine which oén
be upgraded and;essigned to a more recent conponent effectivity"
requirement. This activity necessitates the oreation of'a rewofk
" order to upgrade the component effectivities,“and the stheauling
of rework orders to recelve the upgraded component when requlred.
This alternatlve effect1v1ty nettlng logic assumes that component
effectivity .upgrades will be done as needed, whi¢h will minimize
inventory velne edéed. There wili be two aliernatiVe,effectivity

netting logic capabilities. These are FIFO and LIFO. FIFO is
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"Eirst in first out" which means that the oldestgquradeable'
'effectivity would be used first, thereby adding more value to

the SRBs, but.also kee?ing averége inventory at a-mqre_curreht
effectivity level.' LIFO is "last in first out"'which means that
the latest upgradeable effectivity would be used first, resulting
in the least value added to the SRﬁs, but also resulting'in--
having an qlder average effectivity in inventory. FIFO WOuld‘be N
most practical for a new series of upgradeéble effectivities;

but LIFO would be most appropriate for a component'that would

not be upgradeabie'sdmetime in the near’future._-

Alternétive component flightworthiness status nefting
is the system cépébiliﬁy to search component.statﬁé and assign
components on a~s£atus priority basis. These altérnative sﬁatﬁses
could include flightready, rework required,vor'tesﬁ ahd}dis-ji
poéition requiféd.» If rework required status is‘assignéd, then‘

a rework ordeff&oﬁld be created to receive the-flightreaéy
component when reéhired.A If test‘and-dispositidﬁ is'assigned

then a test and disposition order would be created with sufficient
lead time to réact to - an altérnative source if thg dispositioniis'
"nonrebairable";

Planning configuratioh management iS‘Ehé system capa-
bilty to isolate the planned "as designed" configuration for an -
effectivity, télpian materials based on that:fas designed" con-
figuration, and to adjust materials plans if éhanges are made to

the planned "as.désigned“ configuration.
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Major Functions.

(a)

(b)

(C)lv'

Explode master schedules to gross.

‘materials requirements.

Create launch "as designed“

‘configuration.

‘Net materials requirements to

inventory (component) planned

L ava11ab111ty.

‘(d)'
. planned receipts.

(e)

(£)

(g)“'"

(h)

(1)

Key

Reserve 1nventory on-hand or

Generate materials requisitions
and production requisitions.

Adjust or expedité materials

‘requisition schedules and pro--°

duction requisition schedules

~per master schedule changes.

Reserve inventory on-hand or
planned receipts.

“Group purchase requisitions by

component and component commodlty_

- class.

‘Group production requisitions by .
component and like productlon
_process type.

Inputs.

(a)
Key'

Schedule adjustments.

Outputs.

(a)

(b))
K‘C);.
(dv)‘,

| Key

_Launch planned configuration.

Material requisitions.

Production requisitions.

Expédite/deexpedite reporté.»

Data Flle Requlrements.

(a)

Master schedule.
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(b). Bill of materials.

(c) Forecasted attrition bill of
materials.

(d) ‘Inventory (by effectivity and
- status). : '

(e) Eurchase orders,
(£) .Production requisition schedulesf>
(g) . Shop order schedules.

(c) Capacity Requirements
Planning .

1. Summary Narrative. Capacity Requirements Planning

(CRP) is designed to.schedule work through production work-cenfers
'and to load available reéources within resourcehéépatity con-
straints., To acéomplish these two activities, fifst_the‘pfoduc—
tion requisition'scﬁedule must be translated intolwork opeféﬁions
schedules. This iéadone‘by exploding productioh*requisitions
through routing'éperations to define the sequéncé and duration
of work operations at each work center.- This deﬁinéS'the‘job
schedule by work'éenter. The sum of all operatiéns requirihg a
specific work cén£er during'a time period defines the work load.
The work load is then compared to the available capacity (both
theoretical and practical) and adjustments are madé, if needed.
Adjustments could be made by changes in schedule, by the use of
alternate work centers; or by additions of capacity.

Other resource loading activities woufd be accomplished
by using the éame logic as work -center ‘loading. .These'other

resource loadings would include labor by skill certification,
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tools, GSE and subcontractors.

Preventive maintenance schedules would also be planned
through the same system. “Zf‘
Production requlsition would 1nclude'planned production'
_requisitions, firm planned shop orders and released ‘'shop orders.m
The SRB production control env1ronment requires thatli‘

CRP accommodate,~at a minimum, five unique planning'requirements;

These are labor'and work center capacity loading; refurbishment

.. resource requirements plannlng, preventlve maintenance resource

requirements; planning routing configuration tracking, and tools,
supplies, GSE and subcontractor requirements-progections. |
These requirements are described below. |

Labor‘and work.center capacity loading requiresmthat
routing_operations'data specify both work centeriduration_per
operation and standard labor time per operation, by.certification
Level. o _ D

Refurbishment resource requirements"planning.reguires'
a specialized threerstagevrouting track with a~specific refurbish—'
ment order. The three—stage routings are the forecasted attritlon:
planning routing, the hybrid attrition and ant1c1pated component -
replacement routing, and the refurbishment post—test routing.

| Preventive maintenance‘(PM) resourcedrequirements

planning requires.that_PM orders be set up similarly to shop-
orders. That,is,:anPM'shop‘order would have a ?M.activity
number in the part master.file and a PM routing in the work

Arouting file. This will facilitate scheduling PM through .the
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same facilities while ensuring resource availability.

Routing configuration tracking requires that the
production requ151tion routing be assigned to a partlcular shop
order. This is needed.to track actual work perﬁormed on a routing
and decisions adjuéting a routing. This routihg yili be uséd-tb |
monitor installation process exceptions for buy-off reviewi
consideration,

Tool, supplies, GSE and subcontracfor:requiremeﬁts'
projecﬁions require that routing operations dataxspecify’the
resources and time required per'operation. This information and
the operationlschedule information will be the baéis of infegratioh
requirements communications. |

2. Major Functions.

(a)i Explode production requ151t10ns,
‘through shop routings.

(b) Explode from planned shop orders

- and released orders through their
"as planned" work routing con-
figuration for work remaining.

(c). -Explode preventive maintenance
"(PM) shop orders through PM
routings.

(d) Sum work center loads by work
center. o .

(e) Sum labor loads by skill
: certification.

(£) Compare resource availabilities
to capacities.

(g) Adjust schedule, routing or
capacity plans, if necessary.

(h) Project tools, supplies, GSE
and subcontractor requirements.

‘ Kearney: Management Consultants
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-

3. Key Inputs.

(a)"Schedule adjustments.
(b) Routing adjustments.
(c) Capacity adjustments.

4. Key Outputs.

(a)  Revised production and PM
' schedules. :

j(b) Work center time-phased capacity
load reports.

(c) Manpower tlme phased capacity
: load reports.

(d) Tool, supplies, GSE and sub%--
, contractor requirements schedules.

5. 'Key Data File Regquirements.

(a) -Production requisition schedules.
(b)  Shop order schedules.
(c) PM schedules.

" (d) Routings with resource requlre—
' ments.

(e) Shop order work remalnlng "a
planned" routing.
o4

(@) Shop Floor
Management

1. Summary Narrative. The ehoprfloor management

subsystem is-designed to schedule work to,:ahd:on}'the shop flbor.f'
This includeshthree majpr activities: work~dispatching; work |
 Jocuments aeeemb;y‘and releaee; and work-in;proceSS‘scheduling}
expeditiné'and deexéediting. -

Work dispatching activities are the scheduling of work
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‘on the shop floor through work'éenterg and thé preverifiéation

that needed resources will‘bé avaiiable4to accomplish ﬁhe scheduled
work. This preyerifiéétion of resources will include chécks of
inventory availébility, of worker assignmenﬁs, of GSE commitments
and of subcontfactor commitments. Most elements of GSE énd'
subcontfactorjpréverification will be manual.

Work document assembly and release is the assembly of
necessary documents for production and dissemination of ﬁhese
documeénts to'the appropriate function. These‘d§cuments would
include invehfory picking lists and requisitions, engineeriﬁg
drawings and routings, work authorization décuhents, 1abor,'
ceftification_pequisitions and time cards, tools and supply  
‘requisitions and logging cards, GSE requisitibhs and logging
cards, and subcontractor requisitions and time céras.

Wdfk-in-process schedule expediting and deexpediting
is the priofity management of work. These prioritiés can be
influenced by schedule changes, scarcity_of resources, lateness

of work performed, and exception changes in routing work remaining.

‘2. Major Functions.

(a) Automatic inclusion of work due
to start within a two- to four-
week dispatch schedule horizon.

(b) Dispatcher priority review of
PM, inventory replenishment, -
and pegged requirements shop
orders.

(c) Prerelease verification of
_ resource availability.

(d) Expediting of scarce resources.
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(e)
(£)

(9)

IV = 1-8."

Preparation of work:documents,

Dissemination of work ddcumehts..

.Expediting and deexpedltlng of

work-in-process. , o oo

Key Inputs.

(a-)‘ R

* _within the next two to four
. weeks.

(b)

(c)

(d)

Shop orders due to start B Lo sl

Dispatcher priority changes;1

Dispatcher-forced release

"of orders requiring scarce

resources.

Integration resource commitment

- (manual process from authorized
" party able to commit shared

resources)

ery Outputs.

(a)

(b)

(,C_)

Shop floor daily dlspatch

-schedules by operation.

Work documents and support

~document cross-reference
lists.

Shop floor priority reports.;

Key Data File Requ1rements.

_j'schedules.
(b))
()
(d)
(e)

(£

Production requisition

-Shbp order schedules.

PM schedules.

Launch "as designed"

'configuration.

Shop order "as planned"

_routings.

InVentory.
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(e) Operations
Control

1. Summary Narrative. Operations control is’ de51gned

to provide the 1nformation needed to manage work—in—process
(WIP). This information will track the status of each shop
order in WIP by work center, will identify any exceptions to shop
floor dispatch schedules or planned resource regquirements, and
will provide the means to expedite, deexpedite or reprioritize
shop orders in wip; |

Shop order status is tracked by collecting data for
‘resource consumption and work progress, by operation, on the shop
order routing. Resource consumption tracks the logged time
against a work center, the actual labor time, by labor skill
certification, the supplies issued, the logged time against tools,
GSE or subcontractors WAD deviations; and the materials, compo- .
nents and subassemblies issued. Shop order status 1is deternined
by comparing actual:resource consumption to the planned consump-
tion. For example, work remaining is determined by routing op—
erations not logged out as completed. Another example might be
the determination of schedule priorities of shop orders at a work
center by the time required to complete each shop order on time,
relative to the time available. o

Exceptions are ‘identified by comparing current shop
order status to the shop floor plan. These exceptions would
include the'followingr

(a) Late operations.,
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(b)

(o)

(a)

(e)

(£)

(g‘). ,

(h)

IV = 20

Time required to complete a
shop order on schedule ex-
ceeding the time available.

Operation time at a work cénter'
exceeding the planned time.

’Excess labor applled to an

operation.

ExceSs tools, GSE, or subconev
tractor time logged against an
operation.

. Nondelivery or nonperformance

of tools, GSE, or subcontractors.

‘Qnusually high or low productivity
of a worker on an operation.

Excessive, insufficient or sub-

'stitute materials or supplies

applied to a shop order.

The vehi¢1es for expediting, deexpediting, or repri=--

oritizing shop orders are the shop order routing and operatibn

priority code techniques, the monitoring of shop. floor conformance

to the priority signals, the perpetuél‘status and exception. ‘

signaling to dlspatchers and work control statlons, and the -

capablllty to sxgnal to the shop floor a need for 1mmed1ate action

on a partlcular operatlon or to signal the desired action to be

taken. For example:

(a)
)

 (d)

Expediting an operatlon is A
achieved by raising its priority.

Deexpediting is achieved by
lowering priorities.

Stopplng further work on a shop
order is achieved by changing

- the priority to a hold status.

:Alternative work center, labor

skill certification, tools, or

* Kearney: Management Consultants
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GSE are signaled by a‘routing
operator substitution transac-
tion. :
(e) ,Varlationé in operations se-
quences are signaled by routing
Operatlon sequence change trans-
_actions. .
(f)- Addition of operations, such as
TPSs, PRs and DRs are achieved
by routing operations add1t1on
transactions. : v
The SRB production control environmént:requires that
Operations Control}accommodate three unique shop floor'management
requirements. ,Th¢5é are refurbishment operaﬁions control, con-
figuration data-acéuhulatibn,'ahd distributed shop]floor work
control stations for data collection and dissemihation. Each of
these is discussed on the following pages.
~ Refurbishment operations’ control requires that the
refurblshment order bllls of material and routlngs be updated
based on test results. This will be achieved by test results
being translated into a component kit "accept or reject" transac~-
tion. These transactions will be triggered from a test results
.matrix which will list all tests to be completed and all component
kifs which could be replaced. The rejected compbnents'would be
entered into the SRB production cohtrol'system which would add
the components and parts needed to replace the rejécted components
and would add the routing operations to dismantle the old parts
and components and install the replacemeht parts and components.

Also, dispoéition_tickets would be generated to. track the status

of dismantled'parts and components. The'accepted'components.would'
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trigger an update of the refurbishment "as built" éonfigurati6ﬂJ
data by répeggihg.the previous "as built" componéﬁ;.cbnfiguration
to the new "as built".next higher.assembly.configﬁration; o

Configu;étion data aédumulation requiies that actﬁa;$,
component installation be tracked by componéht serial numberlgnd
actual shop leorArouting sequence and that resource consumptibn:-
~and inspection éuthority be tracked by operatiqn. Component |
inétallétion Qén:be assigned to é location on thg-drawing where
.duplicate componehts are installed with the same touting-‘ This
will simplify_life cycle history tracking whgfe_a componeht-is-
in the primaryytsecondary, or tertiary poéitioh_§f redundant
voperating systems. - |

| It‘will also be neceséary foriweight‘and balancei‘
calculations i§~a hybrid SRB.assembly'usgs-the_éame fﬁngtion
components of:différéng weighﬁs, The'Uniquel"éS-built“ cbnfi-
_gurétion data control for refurbishment was described’in the  
preceeding péragraph. . ‘ |

Diétfibuted shop floor work control stations are:re—
guired to disseminate‘data to, and collect d?ta from, the work
centers. Fu?ther; the neea for volumes of hard copy drawings and
work instructions makes it>necessary to set u§ mu1tiple work

control stations on :hefshop floor which'are iqcated near the-

work centers.

2;“Majpr Fuhctions.
(a) Disseminate job packet informa-

tion by operation or at the
beginning of each shift.
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Gather shop order resource con-
‘'sumption data by operation or at
shift end.

- Enter resource consumption data

"into the automated shop floor
management system.

Communicate shop order priorities

- to shop floor supervisory
- personnel.

Gather shop order exception infor-
mation from shop floor superv1sory

personnel.

Enter exception data into the
automated shop floor management

‘Alert dispatching7£o exceptions.

)
(d)

(’(e.) :

(£)

- (9)

Work centers logged onto an
operation.

(b)
(@)
(d)
(e)
(£)
-‘ system.
(g)
Key Inputs.
(a)
(b)

Work centers logged off of an :
operation.

Worker with a specific labor
skill certification clocked on
to an operation.

Worker clocked off of an opera-
tlon.

GSE logged out to an opération.
GSE logged in from an operation.

Subcontractors logged on to an
operatlon.

Kearney: Management Consultants

IV - 23



.

IV - 24

(h) _Subcontractors.lbgged off of
an operation. L

(i) Priority charges.

(3) Supplies disbursed to anlopeta-
© tion.*

(k) Materials per picking list or
.- special requisition released to
a routing.*
(1) Tools logged out to an operation.?
(m): Tools logged in from an operation.*

4. Key Outputs.

(a) Shop order status reports.
(b) Exception alert reports.

A(c)"Priority compliance reports.

5. Kefibata File Requirementég
(é) Shbp order dispatch scheduleé.
(b) Shop order routings.
" (¢) Shop order bills of materiai;

(£) Perfofmance,!
Analysis ’

i

1. Summary Narrative. Performance_aﬁalysis.is-designed

to measure the performance of production planning, scheduling

* These inputs will be made through'subsystemsi_
managing supplies; materials and tools.
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and operations.‘ The primary objective is to compare_actual'per-<
formance and "as built" configurations to each level of plan-
ning. These levels include:

(a) Daily shop floor dlspatch
schedules.

(b) "As planned" routings and
resource plans by operation.

(c) "As designed" bill of materlals.”
- configuration.

(d) Capacity requirements planned
resource loads.

(e) Materials requirements planning
schedules of material needs. .

(f) Master scheduling resource
' plans. :

(g)' Master scheduling operations
budgets and assumptlon mllestones.

Performance analy51s w1ll be reported as- a shop order
routing is,completed and then summarized on a perlodlc basxs,v¢
Period summary information will be maintained to‘track performance>
from one period to the next.

Shop order performance analy51s w1ll report labor
productivity, resource utilization and materlals usage agalnst
standards. Cost variances would also be reported. This informa-
tion would be duplicated‘on low-cost, low-access.etorage media,
such as microfiche,.for configuration data history accumulation,
This would be done forteach level of assembly, tnen repeated
through off-line data capture, for all componenteiand lower
levels of eaCh-higher'aasembly up- to the SRB flight set. These

performance data will remain available on-line up to the "buy-off
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prCCédure", and_will_assiét "buy-off" inspéctors id‘idéntifyiﬁfggf
‘any unusuallperfOrmdnce that should bé examined?in'more detail.,f}
For example, the deta1led BOS or OMI may be pulled on an excéptldn”
basis to analyze the detail procedures. Any dev1at1ons from
detailed WADs wodld‘have'been recorded in routing operatlon m%go;
- notes and would also be available on-line.

Period-performanée analysis would be used todrepdrt
resource prbductiviry, cost performance and planning assumption
‘tracking. Thislinfbrmation would be transmittedlﬁo_operations.'
budget tracking and the performance monitoring subéystéms. These
~ data would ihclude} |
(d)jiActqal cost data. ‘

(bf Actdal output dara (launchéé);

(c) 'Mllestones and.- performance as-
sumptlons, such as:

(1) Actual labor utilization
- (percent time on standard).

(2) Actual labor productivity
C (percent actual time versus
standard)

(3) Actual overhead to 1abor
R ratio.

(4) Actual work center utlllza-4
tlon.

(5) Actual versus standard-
'value added per launch..

(6) Actual versus planned value
- added to inventory.

" (7) Actual inventory turhs.'

(8) Launch schédule compliance.
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(9)
(10)
©(11)

(12)

(13)
(14)

- (15)

- (16)

Iv

Aisle tranefer schedule com-
pliance.

Dispatch schedule shop floor

-compliance.

Actual versus. standard pur-
chase variance. :

Actual excess 1nventory due
to hedge or minimum order
buying.

Actual materials shortage.'
rate.

Actual labor shortage ratef‘-
(by skill certification)..

Actual work stoppage cost’
(special code shop order
value added) for material,
labor, tools, GSE or sub-
contractor scarcity.

Actual preventive mainte-

. nance value added.

(i?)
(18)
';(19)

S (21)

(2é);

.'(23)‘

(24)

Actual SRB recovery loss
rate.

Actual component attrition
rates. ‘

Actual attrition dlsp051—'d
tion rate to rework. :

Actual attrltlon disposi-
tion rate to vendor rework. .

Actual attrition disposi-
tion rate to parts tear-
down and recovery. :

Actual attrition deposi%

“tion rate to disposal.

Actual design attrition
cost.

Actual learning curve sav-
ings from materials cost
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3.

4.

.' Iv. - 28

reduction programs (design
engineering changes).

(25) Actual learning curve

: savings from methods or . _
process cost reduction! - e
programs (production pro-
cess engineering changes).

Major Functions. . ‘ B

(a)

(b)

(c) .
- including:

(@)
- . operations budget tracking and

(e}

‘Report shop order performance
upon completion of each shop
order.

Off-load detail operations
"as built" data to off-line

'storage (or system; e.g., ACMS).

Report period summary performance,

(l) Worker utilization (t1me
' on standard).

(2) Worker product1v1ty (time
on actual versus standard)

- (3) Work center utlllzatlon. e

Summarize period data for

performance monltorlng.

n'Prov1de "data pack" lnformatlon'

for "buy-off" analysis (may not

- be in form of sufficient deta11

for actual "buy—off“)

Key;Inputs.

_(a)
- (b)-

Shop order completion.

Period cut-off dates.

Key Outputs. |

(a)
(b)

Shop order performance reports.

SRB, major assembly, subassembly
and component "as built" con-

" figuration detail data for storage

(e.g., microfiche, ACMS, etc.) .
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(e).
(@)

Key

Iv .

Period performance reports.

Operations budgeting and'per-
formance monitoring subsystem
data.assimilation (initially

- in physical units).

Data Files Required.

(a)
(b) -

(c)

(a) .
(é)_
(f)
(g)
(h).
(i)
(3)
(k)

"As built" configuration data.
‘Worker master file.

Labor skill certification master
file,

Labor department master file:,'
Work center master file.

‘Work center group master fiie;
invehtory part master file.

.Supplles and tools part master .
'flles.

GSE master file.
Subcontractor master file.

‘Orlglnal shop order schedule dates
for-

ﬂ;(l) Launches.

(1)

(rr})‘
(.n)-
V(q)

(p)

(2) Alsle transfer.

.{3) Daily dispatch order comple-
"~ - tion dates.

Oﬁerations budgeting planning |
assumptions. -

Inventory data.
Hedge buy inventory data.

Materials shorted temporary -
work file.

Labor skill certifications
shorted temporary work file.
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-(q) tSpec1al shop orders for w0rk
. 'stoppage. :
(r)"Preventlve maLntenance shop
-orders. - : :

ANCILLARY SUBSYSTEMS

REY.

(a) Launch
" Scheduling

Summary Narﬁative. Launch scheduling is the primary
input-to the SRB automated production control (APC) system. It

is the planned launch date for each flight.

‘The objecti&es of the APC system are tog
1. Determine if the launch schedule;isﬁ"doable",
2. Define'the resources needee te.aghieQe the iauﬁch.
schedule. . | | | |
3; Mahage_the available resources to aéhieve the‘r'
launch.schedule... |

(b) Refufbishment
Scheduling

Summary Narrative. Refurblshment schedullng is de51gned

to provide a schedullng bas1s for- refurblshment.¢ Ihe subsystem
‘will use standard lead times for scheduling recovery,_cleaning
and dlsassembly, ‘and refurblshment to establlsh major assembly
earliest: avallable date for alsle transfer.- Each refurbishable

major assembly w1ll have its own refurbishment cycle time.

| Refurbishmenfsschedules will be adjusted based on aisle

transfer requirements for each launch.
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(c) Resource Planning
Bill Maintenance

Summary Narrative. Resource planning bill maintenance

is designed to maintain gross resource requirements per launch,

per recovery, cleaning and disassembly of a spent SRB, or per new

~ or refurbished major assembly aisle transfer.'

These resources would be time phased over the production

cycle times. This will allow the projection of resources required

period by period over the planning horizon. Resource projections

by period would sum resources needed for every proddction activity

scheduled to be in-process at that time,

The rééources developed in this planning bill will include:

(a)
(b)

(c)

(d)

(e)

(f)

'(g)
(h)
(1)
(3)
(k)

Critical materials,

Other materials by'commodity
class. _

Critical work centers.

Like work center groups (not
critical). :

Labor skill certifications.
Supplies.

Critical tools.

Other tools;

Critical GSE.

Other GSE.

Critical subcontractor activities.
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(l)' Other subcontractor activities.:

(m) ‘Overhead items directly related’
to production.

(n) Other resources dlrectly related
'to production.

(d) Resource‘
Availability.
Plan Maintenance

Summary'Narrative. Resource availability plan'maintenance
is designed to record tne time~-phased resource plans-needed to
achieve the launch schedule. These plans would include all.
resources that would»be costed ogt to produce an operations
budget (or any resource that would be inCIuded in the POPs).

(e) Bill of Material
Maintenance

- Summary Narrative. Bill of Material (BOM) maintenance_iek

designed to provlde'tne information needed to schedule materials
through production'to‘launch. This scheduling coordinatee mate- -
fials receipts,-fework, subassembly, assembly, staeklné,}etc.,
with specific natetials, or production outputs planned to be »
available at the eame time as they are needed for the nekt pro-
dnction activity;:,Thus, the eubsystem's purpose is to provide
the information needed_to plan a fully coordinated materials
flow from materiale reoeipt, through production and to launch.
The BOM is structured_to.flow materials through wofkfin—process
with no idle inventofy or wait time between shop order comple:
tlons and the next requ1rement. -Contingencies to counter risk

of unusual events are not prov1ded for in the BOM but would be
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in inventory policy,'and shop floor expediting capabilities."

The BOM 1is structured to identify the components.required
for the manufacture ot"assembly of each level of ptoduction and
to sum that production upwlevel by level to the final SRB flight
set.A This results in a "tree-structured" network of materials

through each level of production, up to the final SRB flight-eet,

This "tree-structure"” may differ between design engineering,
and manufacturing.';For proper scheduling and work—in-process
inventory management, the engineering BOM must be converted to
reflect the flow of'the manufacturing process. This'is accom-
plished by inserting'"pseudo levels" into the BOM- by inserting
‘manufacturlng deflned semlcomplete assembly level components,

or by flagging components or BOM levels as englneerlng only.

~The SRB production control systems environmentcreqnires that
BOM maintenance accommodate five unique planning requ1rements.‘
These are conflguratlon control, launch effect1v1ty control,
refurbishment attrltlon materials planning, component locator
cross-referencingfto theldrew;ng, and engineering'change status

and authorization management. These are discussed. below.

Configuration control requires that the 1eunch structured

- BOM (generation breekdown)-track'with the buildup_of.the flight
set. The original BOM would be frozen as the i'a:s designed” when
-work ‘is initiated on the flight set. The "as built“;confignration

would be built up. as. work is completed, but the frozen "as
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designed” will not be chénged. Engineérihé'changes to the orfginal
"as designed" BOM would be communicated to the frozen "as aesignéd"
shop order. Then manual inclusion or exclusion décisions can be
made. When work,isbcompleted.thé data paék would ihélude workv
done, "as designed" engineering cﬁanges incofporatéd and thoSQ 
not incorporated. Furthefmore, the cdnfiguration ";s buiit*- '
.vérsqs "as'designea" deltas would include the engiﬁeering change

actions to bring the "as designed" to the current specifications.

Launch effectivity_control requires that_fhe'production
‘control system~facilitdte managemeht of an evolving SRB flight .
éet design. Enéineeriné changes will be mostly‘difectedvat
.future launcheé or series of launcheslrather than haviﬁg 6n1y one
active design.- The engineering changes for.fu;ure SREs will be
éategorized by need, énd some changes-will be optiona1.  For:
example, éome éhanges may be mandatory for improved flight-
wofthinéss, buf-otﬁer changes may be optionél;fgr cost or weight
~reduction. These factors make it necessary-;o'COntrol engineering
changes by launch effectivity and to identify changes by the date
aﬁthorized. -Therefofe, the "as designed" will relate to specific
launch, but éngiheering changes ‘to that effectivity can be -

identified by authorization date.

Attritidh materials planning requires that refurbishment
bills of matefial incorporate the probabilities of replacing a
compohent. These probabilities are represented in fractional

requirements. For'multiple refurbishments having the same

Kearney: Management Consultants



Iv f 35

components, theée fractional requirements are sﬁmmed to project

the next full component requirement. Orders would beﬂiﬁitiated

for the first fractional requirement which is not-coveréd_by a
previous,order.' If an order is placed for a ffactidnal requi:ément
which is not uséa; then that order will Qover‘followiné fractional
' requirements and succeeding orders would be rescheduled té a -

later period.

Attrition‘materials planning must also be,@dgnizant_éf
effectivity evol@tions. Where a part changes effectivity too
often, attrition légic would place too many orders. Thereforé,_'
attrition. orders éhould be temperéd by the expected component.'

design evolution.

For exampie,‘if an order is placed to covef-a 10% p:ébability
of requiring a'componegt for twé refurbishments and the.compg— |
nentAeffectivi;j’éhanges, a system would placelah order to cover
a 20% probabilityiof needing the component. A manual'decisibn»
should be made on that order. Other contingency_faétofs would
be considered in this decision, including: |

1. The ability to rework attritionlcomponent.
'2.. Thé effectivity upgradability of the'component.
3.. The.éubstitutability of other effeétivity compo-

}
nents,

Component locator cross-referencing to the drawing requires
that each component depicted on the drawing cartoon be identified

by a reference number. This component location on a drawing would
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‘be included in the BOM to be used to assist life history management
in identifying théffunction of a component which.hay be used in
primary or redundant operations modules. This ldcationlcould:¢v¢

also be used to identify weight and balance factors (if héeded).

Engineering change status.and authorization management
reqbires that plaﬁned engineering changés be included in the BQML
but that an engiheéring sfatus code identify itsjanticipated_
effectivity. This’is necessary so that all.plénned engineering
" changes be communicated to all functions whidh.are dependent‘on
this information. For example, purchasing must ¢6nsider.materials
requiréments two:and three years into the futﬁre. Therefore,kif_
a change is plénnéd within that time, they neea to know. It is
also impoftant ﬁhat the change authorization prbéess milestones‘
be tracked. ThiéJis needed to ensure'pfoper communicétions'aﬁd

on time final authorization.

(f) Inventory Control

Summary Narrative.» In&entory contfol is designed Eo manage
and control matérials, subassembly work-in-pfoceés, and spent
major assembly inventories. -The managemeht acfivities of inven-
tory control afe ih&entdry'transaction'accounting, iocation con-
trol, in-transit éontrol, pianned receipts control, receiving
and inspection,Apﬁféhasing revalidation of receiving, planned
disbursements {(part reservation or'allocatiéh) control, cycle
counting, audit.trailAtransactiOn ﬁracking,'éfror correction, 

and performance measurement.
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Inventory transaction accounting is recordingiﬁhe “iné“
and "outs" (receipts and disbursemehts) of'inventory.l Receiptg
can be véndor receiving'or production and reworkAcompletion.'
Disbursements are issues to shop orders, to vendor rewofk orders
or to disposition 6rders. In addition, any invenﬁofy_adjust—A

ments would be recorded.

Location control is the identification of the physical
space in an inventéry segrega;ion area where the‘part resides.
This could be a sﬁdrage bin locator or a spot 6n thé floof,
This location control requires a "move" transactioﬁ for each

time a part moves from one location to another location.

In-transit control is the identification of bérts which?_”
afe movingAfroﬁ Oné segregation area to_another;: This'would.
use the inventory:loéator to identify the réute‘of_the in-. |
transit move.  For_ekample a "move part XYZ from area Al23 to
A-B" would recdrd an‘in-transit frqm locétion 123 of seéregation<
area A to segregaﬁion area B, It should be notea that work-in-
process moves wodlé Se routing operétions, not inVentory'location

moves.

"Planned receipts-contr§1 is the linkingbof estimated.time of
completion of shop orders and estimated arrival time of vendor
shipments to the part or serial number. This aildws the APC
system to time phase piénned'receipts of parts so that future

receipts can be allocated to. specific shop orders..
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Receiving ané inspection are inventory activities which °
record receipté against purchase order recei&ing documents or
shop order compleﬁion rgceiving documents. For purchase order
receiving, the pérts,wéuld be moved to an inspection activity
for part disposition. This disposition could be flightworthy,
rework required ér return to vendor. For shop orders, inventoryA
would be moved té a segregation storage area or to a ‘component

kit awaiting disbursement to another shop order.

Purchasing ?evalidations of receiving is designed to.pfOVide
a cross check to receiving accuracy. This is done through the
validatioh of vendoriinvoices_to purchase receiviné and in-
spection documenﬁs, Corrections (if any) may'érigger.inventofy_
cycle counting or audit controi to confirm tﬁe éccutacy of the

correction.

"Planned disbursements (part reservation or allocation)
control is thé assignment-of inventory on~hand, or1pf planned
receipts, to a spécific shop order. This may be-a‘suggested
assignment which WQuld be manually épproved._ The ménha1 approval

or an alternative assignment is made for serialized parts.

Cycle cduntinglis the process of'physical inventory count
control. This is.necessary to: |
vl.ﬁ.Measure inventory éccuracy.
2. beack.down suspected inventory érrors;"
3. Mpnigdr critical or problem inventory items'(e;g.,

pilferage or perishable items).
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Audit tfailftréhsaction traéking ié fhé'procéss of review-
ing.all transaction activity on a part. This'isAdéed to visually
spot.unusual transéctiqns (such .as exceptionally high qﬁantitieé'
or moves to unusual locations):and to review all transactions

: . P :

which could have caused a suspected or known inventory error

(such as a part not located where it was reported td be located).

Error correction is the process of determining‘the cause
of an inventory error and making necessary corrections. ?or
example, some'invehtory errors may include:

1. 'Locétion errors.
2. Efféétivity errors.
3. Flightworthiness status errors.
4, Par£ quantity on-hand errors.
5. Serial number errors.
6. th'éontrol number errors,
7. Part identification of tagging errors.
8. Piéking errors. |
9. Reéeiving errors.
10. Inspection errors.

" 11. Transaction recording errors.

Performance meésutément is the monitoring of the overall
performance -of inventory (as affected by many functions such as
engineering BOM accuracy, MRP, and purchasing) and inventory

management and control activities. For example, some inventory
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performance measurements would be:
1. Actual{inventory cost (purchased, depréciatea‘aﬁd'
valdye added) versus standard costs. |
2. Inventory turns, which would be the aétdal or stan-
- dard value of lauhched SRBs divided by the actual or'standard
inventorj value ‘this valuation would be determined by NASA
program costing).

3. Inventory shortage valuation, which.Qould be the
total cost of inVentbry shortages as a percentage of total cost
of items disbursed.b Shortages should be valued higher as the
- shortage ages. For examplé, if the shortage is thfee weeks
old then the value of the shortage could be.calculated as three
times the standard cost of that component. |

| 4. invéntory overage valuations which Qould be the.

total cost of inventory parts nbt allocated to a materials
requirement plus'invéntory parts allocated buﬁ which will wait
in inventory mQre.than ;wo to four weeks. This'oVerage could_bé
segregated intbfthtee classifications. Thesebare:
| (a) bPurchase decision overages which
‘ may be caused by hedge buying or

vendor minimum order requirements.
(b) Safety_stock.overagés which are

management decisions to maintain

‘spares to protect against the risk

of stock-out or part inspection

rejections.

(c) Unplanned excess inventory. -

The SRB production control environment requires that in-

ventory control accommodate unigue management control

Kearney: Management Consultants



IV - 41

requirements. These are serial number control,-eendor prqduction
lot number control, part effectivity control, part flightworthi-
- ness eontrol, serialized part life cycle managemeht.and.control,
"as built" configuration BOM and routing data-paek.tracking,'

and Sefialized patt'value added cost accumulatioa. eEach of these

"is reviewed below.

Serial number control requires that a serial number con-
trolled part be traceable throughout the inventory system. This
includes item locations, all inventory transactions, audit '

control, and "as built" configuration data.

Vendor production lot number control requires that lot
numbers be traced in a similar manner as serial numbers. How-
ever, it allows for the quantity per lot trace transaction to be

greater than one.

Part number effectivity contrel requires that the effectivity
of a serialized part become a suffix to the part number if the |
effect1v1ty 1s upgradable to the higher effect1v1ty. This
sufflx would be ignored by MRP so that a part of an alternate
effect1v1ty could satlsfy the MRP requirement. The allocation
of -an alternatlve effect1v1ty would trigger reeommended upgrade
shep order to affect the effectivity upgrade.. This effectivity
assignment wouid then require manﬁal_authorization prior.to
its releaee'to CRP or dispatching. If an effectivity change
is not upgradable then the part number 1tself should be changed,

SO that the system w1ll not assume upgradablllty
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Part flightwo?tbiness control requifes'that fligﬁtworthi_
ness status be identified for each serializeé part. This
statusacouid be fewotk‘required, test and'dispositiOn required,
nbnusable, or flightready. If the part is not flighgready,
then before it is éllocated to an MRP requirement, a rework
order will be triggered,‘and back-scheduled to plén the receipﬁ

- of the part in flightready status.

Serialized paft life cycle management and contﬁol requirés
that a part history summary féllowAthe part. That.is, thé
serializea part would be in the inventory file from,i;s receipt
from the vendor to iﬁs final disposition. Its:USefui life would
be identified in number of flights or an expiratibn'date,

Actual aétivity woﬁid~be tracked-to signal 1life cycie action_such
-as special £ests of part expiration dispdéition. -This method of
life cycle management will facilitate projectibh'bf_refurbishment
reguirements by.uédating part life for planned iaunchesAand e*—
peéted refurbishmeht-and-relaunch‘time and by updating part life

status.

"As built" configuration BOM and routing data pack tracking
requires that serialized parts be assigned to a shop order and
that assembled parts in inventory have an "as built" configuration

BOM and routing associated with its buildup.

Serialized‘part, value added cost accumulation, requires
that the "as built" configufation BOM and rbuting be costed to

give part cost‘elements.‘ For example, the following elements
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would be included:
1. Materiais costs.
2. Labor value added.
3. Labor overhead value added.
4, Fac;liﬁy equipmentvand GSE overhead value added,.

5. Administrative overhead value added..

(g). Purchasing

Summary Narrative. Purchasing is designed to acquire mater-

ials needed to meetvproduction requirements with the,hinimum inven-
tory énd purchase cost investmenﬁ. These requiremehts will be.
7tommﬁnicatéd to purchasing through MRP net reqqifements'and

- inventory policy material requirements (e.g., safety stock or
spares inventory).'ﬁThe cost tfade-oﬁf betweeh inthtory and
purchase cost would be balanced by determining the cost of

carrying inventory @ntil'required by production andfby comparing
tbis cost with the‘pétential purchase cost savings from early.

or quantity purchases.

The purchasing:syétem will assist management in the follow-
ing ways: | -- 1
1. Recommend purchase orders. The system will
recommend the placement of a purchase order, bésed qn.production
requireﬁents and standard purchase data, such as hinimum order
qhantities, priméry yendor source, and vendor lead éimes.
Purchasing Vill»manually authorize, or change and'authofiie_eéchl

recommended purchase order.
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2. Determine vendor delivery schedule. The system
will provide the date of a production requirement and the Vendor
' vdellvery schedule performance. This gives the purchase order
need date and the time buffer needed to ensure vendor dellvery
on' time.

3, >Identify inventory overages attributable to purchase
decisions. The systen will identify types of purchase decisions
causing inventory to exceed production or inventory-policy requiref 4
ments. These typesvof decisions include:

(a) Vendor minimum order quantities;

(b) Hedge buying or early buys because
- of future price -increases.

(c) Quantity buys to take advantage of
'4pr1ce breaks. : .

4. Facilitate vendor progress tracking. ‘This will
51gnal purcha51ng of vendor production milestones to be reported.
| 5. Fac111tate purchase order expedltlng and deexpedltlng. 
The system will report purchase order status relatlve to production
requirements and inventory policy requirements. It will also update
vendor delivery targets. An exceptlon purchase order status report
will identify 51gn1f1cantly early or late targeted dellverles.
These exception reports would also be generated to monltor open
purchase orders.where‘exceptions'resulted from purchase decisions.
_Purchase_decisiOn tjpes were discussed in a.preuiOus point;
| | 6. Facilitate'open purchase order coordination of late
engineering change.orders. The system will_maintain a cross-

reference.of open "as designed" shop orders to‘open purchase

Kearney: Management Consultants



IV - 45

orders satisfying material requirements. Changes to the "as
designed” wiil fléé all open purchase orders affected through én
exception report which also references the relevaht‘chénge»order.

7. Cooréiﬁage receiving of vendor delivefiés. The
system will authorize the receipt of vendor deliverieé based on
open purchase orders and approved delivéry $chedulés.

8. Croséécheck receiving accuracy.'-fhe sYstém will
provide a match of receiving reports to vendor invoiéés. Excep-
tions will be rebo;ted, signaling the need for manual error
analysis. |

9. Meéasure vendor performance. The system will
mpnitor: H |

(a) Vendor delivery performance;

(b)" Vendor product quality perfofmance
: (inspection reports).

(c) -Vendor shipping error perfbrﬁanCe.

' (d) Vendor invoicing error performance.

The SRB prbdﬁgtion control enviroﬁment requirgé‘tﬁat purchas-
ing accommodate~thfee unigque pufchésing requirements. These are
vendor data paékrinformation:requirements, purchase réquiéitioning
fpr fréctional_atfrition requirements, andAthe'return of parts

to vendors for rework.

Vendor data pack information requirements require that the
pertinent information be recorded in the "as built" configuration.
This information will track the life of a'se;ialized part or

lot-controlled parts.
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Purchase requisitioning for fractional attrition'requiré;;
ments requifes that materiél be ordered to cover”attritioﬁ
requirement probabilities. Timé—phased fractional.requiréments
will”be summed to determine the next purchase':equirgmentt
Caution must be exér¢ised on parts where part effectivity or
design attrition is high. This will require maﬁual decisidns

on reordering.

Parts returned to vendors for rework require that vendor
rework be treated as an off-site work center. The ihventory
,locator system would lbcate the part in an MRP nonnetting
_chation, and the production control system would génerafe a
vendor rework shop order. Thié allows serialiied.part hisﬁory-
ﬁfacking as well aéﬁvendor targeted delivery coordinétionf
Receiving would receive parts;on these vendor rework brders.

(h) Preventive:
Maintenance

Summary Narrative., ~Preventive maintenancé (PM)  is deéigned

to provide the capébility to schedule PM shop orders at the same
time as manufactufing‘shop orders are scheduled. The work
centers, labor skills and resources required for PM will draw

on the same resources used for manufacturing shop orders.

Capacity requirements planning and dispatching for PM will be-

handled together with manufacturing shop orders.

PM écheduling'will.rec0mmend‘schedules with.assignéd prij

orities., Dispatching may adjust these schedules if the priority
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allows. For exampie;'if the PM shop order priority indicateé
that the work has to be done before a given date, then dispatching
will attempt to schedule PM work when resources woulﬁ otherwise

be idle, but.béfore the due date.

PM shop orders in a work centef job qﬁeue will”automaticaliy

queue based on work briority. For example: |

1. TIf PM work is mandatory before a work center can
work on any other task, the critical ratio will be fixed at
~"zero". 'This job will then automatically be seﬁ'aﬁ the top of
the priority quepé; |

2. If,PM work is required before aAspecific date, theﬁ
a normal‘due date will be set for the job. This job will then
automatically advan@e in the priority queue-as the due date ap-
proaches.‘ | | |

3. If éﬁ work is to be done on a speéific date, then.
a dﬁe date, start da£eAand a special code will be set for the job.
This job will ﬁhgn automatica1;y advance in the quéue priority:
but it will not be allowed to start before its.s;art date.

4. if~PM work ig discretionary, suchiés optional work
if idle time is a§ai1ab1e; then the critical ratio will be £ixed
at the highest ﬁumber. Tﬁis job will then remain at the lowest

priority in the -queue.

The uses of the standard shop order logic will facilitate:
1. PM scheduling.

2. PM resource requirements determination.
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3. PM resource assignments,
4. PM performance monitoring.

5. PM costing.

Preventive maintenance shop orders will be treated as a dif-
ferent class of shop order, but will use the standard production
control logic.

(i) Routing and Work

Authorization
Document Maintenance

Summary Narrative. Routing and work authorization document

ﬁaiﬁtenance is designed to:

1. Providg;detailed process instrdction and buy-pbint
dchmentatioh-forAproduction.

"2.' ﬁéfine the sequence of operatibn§ tb be performed
on a shop order} N |

3. identify the resources required to accomplish each

operation.

The detailed process instructions are contained in OMIs and
BOSs. These work authorization documents (WADs) are extremely
detailed step-by-step worker instructions with NASA and/or USBI

guality assurance inspection sign-offs (buy-points) for many steps.

This level of detail is not required for production control, but
is requiféd for instruction of production workers, as well as
~being reqﬁired to support "data pack" buy~offs. WADs will be
orgaﬁized_to follow the process flow of bperations for assembly

or manufacture.. That is, a routings of operations, representing
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WADs or WAD sectioné( will track the éssembly or manufacture of
each leyel'in the bill of materials. There will be a routing
for each parent lével in the BOM. There will élsoAbe routings
and WADs for upgrades of component effectivities ahd.for rework

and testing of spent components to flightworthy status. :

WADs will change as the production processes and methods
improve. Because of the WADs' detail and volume, the degree of
of change, the need for hard copy at the work site, and the need

for WAD summaries to be used in the SRB/APC system, WADs for both

_KBAC and MBAC should probably be maintained on word processing
equipment.

WAD summarieéi-or WAD section summaries, will become opera-
tions in the routing. The WAD contains the process information

to support the operation.

WADs in the new APC routing environment dd not need to con?
tain parts lists, as these picking lists will be creaﬁed-and
maintained in the BOM. The pick lists Qould accompany the parts
to thé work centér and serve as an identity check upon installa-
tion. The original pick list would be returned to the work

control statipn_andﬂbecome part of the data pack.

.Resouréerrequiréments will be identified for each operation
in the routidg.f These will include:
1. .Work center (WC) where the work is to be performed

and the time the WC is required.
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2. Alternate WC for the operation if.&ork can be
performed at any other wc;

3. Othef WC for operations which require neighborihg
WCs'tQ be blocked;_lFot examplé, hazardous operatioqs woﬁld
block a section of the production facility.

4., WC grouping such as a_shop floor department or
facility. |

5. Labor skill certifications (L;C.)'requifed to
perform the work and the standard time required. If multiple
workers of the‘samé skill are requifed, then muitiple require-
ments would be identified. ‘ |

6. Altérhate_L.C. for the operation if a>higher'L.C.
could be used to pefform the work, | a

7. L.C. grpuping such as a labor deparﬁméﬁt orlbudget.
éétegory (e.g., hydréulic engineéring’or'electric51 engineering).

8. 'SuéplieS'needed'during an dperation'(e;g., special.
clothing, screens;'br curtains). o |

‘9. Tools, with the time needed.

. 10. -Gsﬁ,7With the time needed ahd the source.

11. ‘Subcohtractors, with the time needed. -

The time reQuired f6r each resource of an opefétiod is cri-
ticai to capacity pianpihg,_ Work center duration;ahd labor
certification,sténdafd times, exploded for a time—pﬁése production
plan, will pﬁoject~theﬁloads on each. _Therefdre,_it is important

that accurate resource timing be maintained.
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Resource time maintenance will be an industrial énginéeriﬁg '
activity. Because'df the low repetitiveness of operat;ons,
traditional time-and motion standard time development may not.
be appropriéte or.coét effective. Therefore,'initial‘"educéted_
:guesé“ Benchmarks'for'“standard“'times need to-beAénAiyzed and
updated based on actual experiences. This makes‘iflﬁecessary_.ﬁ'
ﬁhat the SRB/APC system contain "as planned" and "aé built".
performance analyses and feed back these data to industrial
engineering; Industrial engineering may then updéte-time bench-

marks based on actual results and learning curve projections.

The SRB production control envirbnment requifés‘that the
routings accommodafe six planning and contfol reqﬁifements.
These are: |

1. RefufSishment 6perati§ns routings‘éﬁd resource
planning.
| 2. Configuration and data pack operations tracking.
3. Routihé opefations.network étructgrihg.

4. fre&eﬁtive maihtenanée routing‘for GSE.
5. Offjéténdard-and nonproductive work tracking.
6. Excepﬁion operations for problem resolution or

process changes (é.g‘y TPS/PR/DRs).

Refurbishment operations routings.require thét the routings
follow three stages of development. These stages are:
1. Fractional resource load routing based on the

forecasted attrition BOM.
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2. "Semifirm" routing of part fractional resource
loads and firm loads‘based on component life ekpiration or rework.
progectlons and on component effect1v1ty upgrade rework needs.

3. Post-test, firm routlng of all component dlsassembly

and replacement installations.

‘The staged refurbishment routing will be tied to the attrition
'BQM.ziThe forecasted attrition rates of an LRU willibe associated
with the assembly installation kit of parts. This BOM kit attri;
tion will be associated with the LRU dismantling operations and‘
replacement installation operations of'the refurbishment routing.
The attrition rate (e.g., 20% probability of replacement) is
‘ exploded through the operatlons resource requ1rements to glve
a planned loadlng of resource capacity. Although only a percentage
of the operatlonvresources is pro;ected, summlng these will be
the best estimate-of resource needs and work-duration.' To ‘exclude
refurbishment‘workhresource requirements'would grosslytunderstate
tlme—phased resource capacity loads. Similarly, the inclusion:
of all p0551ble refurblshment work resource requlrements would
-grossly overstate tlme—phased resource capacity loads. The

attrition loaded routlng, although a statistical guess,lis-the

most plausible tool'for”forecasting resource capacity-loading{

The next. stage is- flrmlng the refurblshment routlng, and
resource capac1ty loadlng can be achieved weeks or months ahead
of refurblshment for components requiring effect1v1ty upgrades

or replacement due to component llfe expxratlon.»
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The final stade'of firming tne refurbishment reuting is
acconplished aftef~testing of the major assembly,.dpen reeovery
of theASRB, Test results will signal the need to replace com-.
~ponents. This will~trigger deletion of attritieniteseureeipro-
jections for components not replaced, and firm‘up;operations full

resource requirements for components being disassembled and replaced.

Configuration and data pack operations tracking reqdiree
that the actual routing operations sequence and resource usage
be recorded. This.will allow later comparisons to'the planned
routing and resddfce'requirements.. This capabilityvis required
for many reasons;..FOr example:

1. To~pfovide industrial engineering'aetinities nith

actual resource usage by operation.
| 2. . To monltor actual production value added against
standards.

3. To track exceptions to planned routing operation
sequences or to planned resource requirements  so that "buy-off“
analysts can'identlfy exceptions which may requ1re detail ana1y51s
of hard copy WADs@_ This assumes that "buy -off£" analysts will
'aecept that qdalified'inepector OMI buy points have been validated'
by qualified docdment'inspection authority,at the werk eentrol
'station.. - o N

4. To}ttabk;exceptions so that industtial engineering
can identify potential Cr'required process instrdction changes.

5. To identify paftially complete routinge whete the

effectivity upgrade might not be fully completed. For example,
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fouting operatioﬁs-may be classified as mahdatory:of'optionai{ “
therefore, optional pperations-(sucﬁ as weight or éost'feductioﬁ
.éngineering chargesf may be excluded.v These upgraded compohénts
‘may be flightworthy ‘but not fully upgraded to the new effect1v1ty.

6. To record effect1v1ty improvements to a prev1ous
‘"as built” conflgu;atlon of a fllghtworthy part of a lower

effectivity.

Routing operaﬁions nétwork structuring requiféé that opera-
'tions‘sequencingxwithin a routing be strhctured_similarly to a
CPM/PERT netwofk}v.Eor example, Figure IV-2 shows a hypothetical
refurbishment-fOQting. | | )

Figure IV-2

Refurbishment Routing XY2

Install B

Test

Reinsulate

-~ REAREY: MRRAGETEN ESRSNANNG



IV -.55

This network opefation structure for roufings'Will'facilitate
production control4for tne following activitiese
1. Paraliel work operations for.one roUting; These
could be WADs .for different engineering operations which can be
performed at the sane time on the same shop order routing. |
2. Multipie paths of refurbishment operations routings'
which disassemble components for parallel testing or rework in

back shop operations.

Preventive maintenance routings for GSE and“buildup_stands
'irequire that these~operations be fecorded‘in the'eame form as
_shop order routings and'resource requirements‘idenﬁified. Part
master numbers would be reserved to facilitate'eeheduling control
<using the same;method'as production echeduling)'and to facilitate
preventive maiﬁtenence‘cost trackiné (part mestef‘value added

"information).

Off-standatd_and'nonproducﬁive work tracking requires epe-
cial category part master numbers and dummy shop order routings.
Whenever unusual dr'nonstanda:d,work (e}g},‘eieanup or idle tine)-
occurs, the time would be recofded.against a_epeCial cetegory
Shop order. 'Aetual.time wonld be recorded egainst the'dummy
shop order‘and'Value'added recorded against the part number .
‘Monthly or periodic repofting would be abie';e recerd the occur-

"rence and éoSt-o£ these exceptions by category.

Exception operations for problem resolution or process

changes (e.gu, TPS/PR/DRs).require the addition of an operation

Kearney: Management Consultants



IV - 56

' to the shop order-foqtihg.' This may also inelude.the disassemﬁiy 
and reinetallatioﬁ of ahy component. Exception parts used‘wouid',
be fecordeq againstvthe shop order and exceptioh tesources used -
recordedeagainst the routinngpefatioh of the-éhop”erder. Cenﬁi
figuration delta 1iets Qould highlight these exceptions eo indps-
_-ﬁfial engineeringlﬁhich'would be responsibie for effectieg any’
WAD‘chaﬁges or any manufacturing BOM changes necessary, and for
alerting design engineering of any engineering édM changes
necessary. | | |

(3) Configdrétioh
Management

Summary Narrative. Configuration‘management is designed to
provide the capability to]compare "as built" materielsland work
performed to "as designed" materials and "as.planhed" work struc-

tures.

ComparisénerfA;as-built"Zwork performed §eﬁeus "as planned"
work st;uctureéfis curreﬁtly cdnducﬁed thtdughfiﬁe data peck
buy-off analysie. Within_the automated produétion control en-
§ironmeht foriehe SRB operations phase, this could be simpiified.
The simplified daté‘pack-buy¥off could be a ebmpérisoh of theﬂ"as
planned“ routing to thef"as built" work performea. This:automated
assist to dateapack.eomparieen could produce a delta list identi~
fyihg the following. | | |

B 1 1. Routings'wiﬁh:operations not hevihg prope;eWAD buy

point‘authorizatiohs.
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2. Opefafiéns sequehcé changes and sho§ floor supervisor
inspector notes of reasons for the change.

3. Operations with alternative wdrk centers .and shop
floor supervisor of'inspéctér notes of reésons for the chénge.

4. Operations with alternative labor skill éertifiéa—,
tions used, and nofes.

5. Opefétions with alternative spécialvresources (é,g.;
supplies, tools, GSE-and subcontractors) used, and no£es.

6. 4Operétions deleted and notes. '

7. Operétions added with cross-refétences éo PRs, DRs,
or other exception WADs, and notes.

B shduié 5e noted that LRU dismantle and reinstallation
for any reason,onidjrequire additional operations to be incorpo-
rated to the routihg:‘ |

8. Standéfd time variance analyéis for operation time
at.a work center.:‘:“«1 |
9. Standard time variance analysis for opération_time

work by labor skill.

Thié data pack buy-off could be required to close a shop order;
therefore shop ordérs with no work remaining will be queued for a

buy-off decision.

Comparisons of "as built" matefials versus fas,désigned".is
a comparison of,the_bill of materials for a part efféctivity to
the actual ma;eriais_used. This reduires "as built" configuration
par£ ipfofmaﬁion suéh as:-

1. Part,effeétivity.

| Kearney: Management Consultants
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2. Part flightworthiness status.
3. Part life cycle history.
4. Part source, (vendor) information.

5. Part serial number.

Materials configuration comparisons could generate materials
delta reports. These reports could be used for‘the following pur-
poses. R

1. To,assist in buy~off analysis.

S 2. To'compare "as designed" configurations across
multiple effectimities.

3; To compare "as de51gned" requlrements to "as bu11t"
-conflguratlons of spent major assemblies to be refurblshed. This
analysis could 1dent1fy components to be dlsassembled for de51gn

modifications or life cycle reasons.

Effectivity.management and life cycle management require that
configuratiOn”management have the capability to initiate the "as
built" data capture during the prerelease assignment of serialized

parts to a specific shop order.

For each manufactuted.and serialized part in inventory; an
"as bUIlt" conflguratlon could be malntalned. This configuration
should be readlly acce551ble (e.g., on-line) to engineering, effec-
tivity management, 11fe cycle management, quallty assurance,-and

productlon control.

It is, however,,anticipated that the level of detailed
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1nformatlon ma1nta1ned by tHe: APC system would not be suff1c1ent o

for NASA's current reeds . and that 1f those"spec1f1c needs cont1nue,1~

.ZACMS or an equivalent would be necessary

(k) 'Labor Control

Summary Narrative. Labor- control is designed to track labor

applled to a shop order or other work categories.:

This will faciirtate productivity and}cdst}anaiysis¢:.Some;@r

labor productivity‘and cost analysis capabilitieS‘are:

1. WorkAtaSk and worker standard time variance or
productivity ana_ljsief |

2. Workercutilization analysis (percentage'of time
on stahdard work). | -

3. Labcr cepartment productivity analysis.

4. Department utilization. |

5. SRB direct labor variance analysis.

6. Invehtory labor value-added analysis;}

7. Data collection to interface with PMS analysis..
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SUBSYSTEM
OBJECTIVES

The automated:production control‘system is éoﬁposéd of the
subsystems described_iﬁ the previous section.. Each of the siig
key subsystems (higﬁlighted‘in the System Overview Flowchart,
Figure IV-1) are further described in this seétiqn; 'The key
subsystem specificétions'wﬁich follow are intendediﬁo support and
further amplify the ‘previous descriptions. _Each:offtheAsubsystems
"is described in thé'following manner: |
| 1. SubsYstem flowchart.

2. Key subsystem narrative.
3. Key input soﬁrce definition and'da£a'elements.

4. .KéjVOutput definitions and datavelehénts.

Identificatithpf'data eleﬁenté'is iimited:tq'ﬁhelname'bf the
‘data elements. Mbre-detailed descriptidns of;eaEh.data element,
such.as.field size_and data type, are found in:Seétibh‘V, Coﬁputer
éystems Requireﬁéhts. The numbefs in the text cérfespond with

the accompanyihg-subsystem flowchart.

(a) Master Scheduling

The master scheduling Subsystem defines a-th*levei mastér
production schedule. ‘The'first'level defines tﬁe]finaliassembly
(stacking) and chéck—out of the SRBs’(KBAC bpérétiéns)_basedvupon
launch-scheddlés ptbviged by NASA. The second léyei defines the

major components. (aft skirt, frustum, etc.) and parts kits required
for aisle transfer .in order to meét the launch schedule (MBAC).

ThiS‘subsystem'"pegs" the two. levels; i.e., traces the major
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component requirements back to the discrete stocking shop.order
in order to maintain total SRB refurbishment/subassembly/stacking

schedule integrity. -

1. Subsystem Narrative. The flowchart'shown in Figure
IV-3 indicates thé‘primary subsyatem logic. Launch schedules (1),
provided by NASA ara used for two purposes. First, a single
level, time-phased explosion (2) of major components is developed
for KBAC, considerihg the estimated time required_for each stacking
and check=-out operation. The manufacturing bill of materials (3)
is used for this explosion. The result of this activity is a-
tiﬁe—phased major component, gross requirementslséhedule (4)
(not considering majbr componeats already in the system of MBAC).

Secopd, the launch schedule drives a refgrbishment"
schedule (5) which is the anticipated due date af fefurbished
major componeata;‘ This planning phase (6) is based on the
cycle ﬁimes for recovery, cleaning and disasaembling (KBAC), and"
refurbishment and subassembly (MBAC). |

Next~a‘"netting" activity (7) takes'piace via an inven-
tory file (8) (oh-hand and planned) where gross requireﬁents are
coﬁpared to Qn;hand or planﬁed inventory receipts‘in order to-
determine if a:fefgrbished'componant is available or planned to
be available (95. If,a refurbished major component is not
available or planned to be available, the subsystem will check
the availabilipy'éf a new assembly (10). If'a new assembly ia
»not available, a new.build manufacturihg order (l11l) will be created.

for the assembly of the major component. If a new assembly 1is
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avéilable, the subsYstem will.allocate (reserve)'én—hand major
components and reschedule the open ménufactufing orders (12)
in order to comply with the new assembly fequirement.A

| If in the "nétting" and inventory chéCking actiQity a
refurbished maior component is available, it is reServed.and ref
revised schedules are created to comply.with the time require-
ment (13). |

>Based on requirements for refurbishéd'components (13),

new components already available (12) and new compdnents which.
must be created (l1), a gross capacity check is made (14). Tﬁis
is accomplished by adding the time-phased requitéments for key
resources (labgr, materials, facilities, GSE, été,) and-comparing
these capacity reqhirements to a summary file of'résoufces avail-
éble (15) in order to determine if "gross capacities" have been
excéededf If they have nOt'been exceeded, the méster schedule
is assumed to be_aéceptable and a "verified" ﬁastér schedule is
created (16). 'If the precéding logic will not perucé a verifiable
master schedule,.an exception report (175 will beigenefated
indicating that'gfoss capacity for a specific resource (e.g.,
Hot Fire Test Facility), is exceeded and that thg’launch
schedule'(l} as defined cannot be mét. |

2. Key Input Soufce and Data Elements. Figure IV-4

shows a summary of the key inputs required for the Master Sched-
uling Subsystem.. The'"topical reference” refers to the major
subsystem input indicated on the flowchart.

‘Table IV-2 indicates the key data elements associated

. Kearney: Management Consultants
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. Table IV-2-

 Master Scheduling Subsystem

qu Input'Data Element

Subsystem Input ' Key Data Element

Launéh Schedule ' Launch Number
Launch Date

Manufacturing Bill of ' Part Number
Material Extract . ' Part Description
' ‘ Final Assembly Lead Time

Inventory (On-Hand and Planned) Part Number
' Quantity On-Hand/Planned
Due Date (If Planned)

Summary Resource Availability .Major Assembly Number
(Planning Resource Bill) Major Assembly Description
_ - ' Resource Number (Type)
Resource Description '
Resource Quantity Needed by Tlme
Unit of Measure

Summary Resource ‘Availability Resource Number (Type)
(Availability Plan) Resource Description
. Resource Quantity Needed by Time
Unit of Measure. .
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‘with‘each of the inputs identified.

3. Key Output Definitions and Data Elements. Figure

IV-5 shows aISQmmaty of the key outputs provided by the Master
Scheduling Subéystem. The "subsystem output” reference refers
to either a report, CRT screen, file update or a ‘combination of

the three.

Table IV-3 indicates the key data elements associated

with the subsystem output.

Keafney: Management Consuliants



67

v -

ad&l @oanosay * -

paatnbay sv Yyjuow 00T 008°‘% suotidadxy
NSH-149sn yuoy ° ueyy ueyy : K3yoede)
buyuuetd asanosay adil ad%anosay saeak ¢ S831 5597 paaynbay sy 56029
osi-148n
/T0a3juo) uolildnpoad
os83-14Sn
/aasuybua ssadoad
NSH-19sn K1quessy aoley °*
/12auybug ubisaq ~93eq ana
NSH-I4SN a3eqg ang ° oTnpayosg
/buyuueid 3adanosay L1quassy aofley saeak ¢ 0zI 000°9 paaynbay sy a933I8eN
. Jsi-14sn K1quassy aoley * 523pao
/10a3u0) uot3ldnpoad ajeg ang fuyanjoejnuey
ASH-I9SN ?3eq ang ° i Atquassy
/bujuuerd adanosay Kiquassy aofey saeak ¢ 0zZ1 000°‘9 paaynbay sv aofew
ajyeq
aajsuea) 2SIV ° :
oSM-14sn juauodwo) iofen sjuawaaynbay
/10a3u0) uolI3dnpoad juauoduo) 58019
~ NSH-Idsn . aofey ° : - : : o . A1quassy
/butuuetrd adanosay aajsueal aysyv. saeak ¢ 0zI  000‘9 paaynboy sy aofen
uorjedon aouanbasg 330day paiaao) sabed sauln Kouanbaag Ind3Ing
/uo¥aInqiraysiq potaad 2WNTOA wa3ysksqng
. pajewylisdy

Kaewwng 3ndanQ

wa3sAsqng burTnpayoss . 133sel

G-AI 2anbtg

Kemneyh&vuganavtonﬂmams_



. Master Scheduling,subsystem,

Table IV-

3

Subsystem Output

Major Assembly Gross
Requirement -

Major Assembly _
Manufacturing Order

Master Schedule

GrOSS‘CépaCity Exceptions

v -

 Rey Output Data Elements

68"

Major

Major

Major
Major
Major
Major

Key Data Element

Assenbly
Assembly
Assembly

Assemblf
Assembly
Assembly
Assembly

Number
Description:
Due: Date:

Number’
Description
Serial Number
Due Date

STS Flight Number

Order Type (Refurbishment or

Major
Major
Major

Assembly
Assembly
Assembly

Numbe
Description
Serial Number

- Major Assembly Due Date
STS Flight Number -
.Order Type (Refurbishment or

" Resource

Resource

Resource Number.
‘Resource Description
Resource. Quantity Required

Quantity Available

: Quantity Over Gross

Capacity -
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(b) Material
Requirements
Planning

The material requirements planning subsystem (Figure IV-6)
uses the master séhgaule in order'to further define the detailed
requirements of MBACf These requirements, based on aisle transfer
dates, will be in the form of time-phased schedules for refurbish-
ment and subassemblyiactivities needed in order té meet those
aisle transfer dates. | |

1. Subsystem Narrative. The "verified" master

schedule (1) generated in the Master Scheduling Subsystem is
passed to the Maﬁerial Requirements Subsystem for a»defailed
explosion (2)Aof the:major components (aft skirt; efc.) into‘
théAsubgssemblies,*LRUs;vetc., required to meet the aisle transfer
dates. 4This detailed explosion process uses the manufactufing
bills of mate;iél“(ﬁ), developed from the engineering desigﬁ (4),
as well as forecastéd attrition (5) based‘oh historical occurrences.
Quality assurance'will also provide estimates for ﬁhe attrition
bills of material in the form of forecasted attrition rates by
assemﬁly or subassehbly.

The output of the detailed explosion is the gross
requirements (6)'of'éach assembly, subassembly, or LRU. These
gross requiremenis are compared (7) to available and planned
inventory (8).ini6rder to determine net parts requirements
(parts néeded but not on-hand or planned). ‘The,ihventory file
is maiﬁtained based on inVentpry t;ansactions (9) from reqeiving,
,puréhasing (planned_receipts),'és well as receip;s and disburse-.

- ments from the various stocking locations (10). .
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Inventory policies (11) relating to such things as safety stocks,
etc., are also used. '

| In addition to the net requirements being pro&ided by
the inventory netting calculation, planned<orders} rescheduled
firm orders, released orders, requests for purchase orders and
expedite reports are also generated.

2. Key Input Sources and Data Elements. Figure IV-7

shows a summary oﬁ'the key inputs required for the Material
Requirements Planning Subsystem. The "topical reference" refers
to the major SQbSYStem input indicated on the flowchart.

~Tab1§jIV-4 indicates the key data elements associated
with.each of the inputs identified.

3. Key Output Definitions and Data Elements. Figure

IV;B shows a summary of the key ohtputs préViaed'by the Material
Requirementé,Planning Subsystem. The "subsystem output” reference
refers to either-a report, CRT screen, file update or a combination
of the three.

Table iV-S indicates the key data elements associated

with the subsystem output.
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Table IV-4

Material Requirements Planning Subsystem

Key Input Data

Subsystem Input Key Data Element

Master Schedule Major Assembly Number
' » Major Assembly Description
- Major Assembly Serial Number
- ' ' S Major Assembly Due Date
- STS Flight Number
Order Type (Refurb or New)

Manufacturing Bill of Material Parent Part Number
, T , Component Part Number

- _ - o o Quantity Used

S : Unit of Measure
Effectivity (STS Numbers)
Engr. Change Number
Engr. Change Date

L Drawing Number
- - _ Find Number

Inventory - - : Part Number
' Part Description
Effectivity
R Class Code
~ . - ABC Code
o ' Source Code
Unit of Measure
Inventory Account Number
Reorder Point
o Reorder Policy Data
e : ‘ Last E.O0O. Change Number
Quantity on Hold
Safety Stock
Part Status
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Table IV-=5

Material Requirements Planning Subsystem

Subsystem Output’

Key Output Data Elements

Net Requirements

~

Expedite Repor£

Manufacturing Orders

Key Data Element

Part Number/Serial Number

Part Description

Quantity Required by Date

Quantity Required by
Requirement Number

Quantity Allocated by
Requirement Number

Planned Receipt Date

Planned Receipt Quantity

Order Status (planned, firm,
released) .

Order Number

Launch Number

Part Number/Serial Number

Part Description
Quantity Required by Date

Quantity Required by

Requirement Number
Quantity Allocated by
Requirement Number

‘'Planned Receipt Date

Planned Receipt Quantity

Order. Status (planned, firm,
released) '

Order Number

Launch Number

Part Number/Effectivity
Planned Quantity

Due Date

Start Date.

Launch Number

Next Higher Assembly
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(c) Capacity
Requirement - , .
Planning . U

The capacity réqdirements planning‘subsystem (Figure_iV¥9)’
provides the infbrﬁétion'necessary to identify capaqitylcdnStraint.
overloads and helé management resolve such conflicts. Caﬁaciﬁies
for key resources aré loaded based on schedule requirements and
overloads are noted‘by_resource. Resources includé”work-centers,
labor cértification; GSE unique to USBI, and major tools. When
overloadé are identified, the overloaded resource will be noted;
in addition to all the'ac;ivitiés, by opefétion humber, contribu-
tiﬁg to that overload.

1. SubsYStem Nartative._.Manufacturingfdrde:s (1) from

the’Materiai“Requirements Planning Subsystem wili be passed.to
this subéystem. Rogting data:(2) are combined in an activity
which translatesimanufgcturing ofders,into shop'otdérs (3) by
6perati¢n timesléhd resource needs. ThisAtrénslatiqn is then
used to develop a detailed schedule (4) through-fhelinéorporation
of GSE preventivé-@aintenance process documents‘(S)‘exceptiOn
proceés documeﬁts (e.é., TPSs, PR/DRs, etc.) (6), as well as
prbéess constraintsA(7).. |

Detaileé schedules are then.converted'to load summa-
ries (8) by using erk cghter'cépacities (9)Aand_:ésource>skill
capacitieé (10) in order to provide capacity load reports (11),
labdr‘load?repotts (12),-and resource requirémeﬁts.reporté (13).
These repérﬁs;'wﬁi¢h_includé capacities'of each resource (e.g.,

IWOrk'centers, etc.) will be used by management (14)Atb determine
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Figure 1IV-9

Capacity Réquirements Planning Subsystem
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if major or minor fe$chéduling is required. 1If miﬁcrlreSChedul—
ingAis required, mandai changes (15) to the detailed schedule are
input. If, however, major rescheduling isArequiréd, management
will have to make changes to the master schedule (16).

If reschéduliné is not needed due to qapaéity,oVet1¢ads,

detailed productiqn7schedules (17) can then be reléased.

2. KexﬁInéut Sources and bata Elements. Figure IV-10
shows a summary ofjthe key inputs required for;thebCapacity' |
.Requirements Planning Subsystem. The "topical refé?ence" refers
to the major sUbsystém input_indicated on'the~flowchart.

Table IV-6 indicates the key data elemen## associated

with each of the inpgts'idehtified.

3. Key Output Definitions and Data Eleménts.
V,Figure IV-li shows a summary of the Key outputs pfovided by the
Capacity.Requiremehté Planning Subsystem. The ?sﬁ@sYStém outpﬁt“
réfefence‘refetsito:either.a report, CRT screen, filé update, or
é>COmbination of ﬁhe'three. |

Table IV-7 indicates the key,data eiemehts SSSociated

~with the subsystem output.

Kearney: Management Consultants



1lv

Keq aad ag

4 o 8p10233Y .X,. 08 saj3yoede)d
bujinpayds  pIujwaalag adAL/8ddan083Yy LX, . : osa-1asn 148 £ H)
patielaq ag ol sad&], @2anos3ay 08 paajnbaa sy / *abug-buyssadoad o114 pu® 3danosay
buyInpayss pautwaalaq paujwaalag ag ol Jsy-14sn
paiieaaq ag oy, 8123uU3) YIO0M 00T paajnbaa sy /+abug-buyssadoad say3yoede)
. : : ar1d 233UdD YaAOM
. g3uawndoq
bujTrpayds ~ paujwialag buy3noy A osy-18sn 83U}Ra38UOD
patielag ag ol s® dues - paaynboa sy /*abua-buyssadoad 9114, - 6882014
) . Keq aad R
8pa0O3Y G7 JSA-1USN
: A1tea /*3bugz-buyesddoaq
buy 1npayss 831s/23d 00z Jsia-18sn sjuaundoq
patielaq 008°L s3ybyt1a oz /3001y doys 31Vd 8832014 uoyidadxg
Keg 1ad 3¢
buyInpayss pauTwadlIaq sSpaoday 00§ sjuauwndoq
patryelag 98 0L 1W0/Bbutinoy 1 osN-18sn £8982024
SINO °*W°'d 00S paajnbay se - 3aJupudjuley aduguajuyew
Atyeq 9ayIuUdADIAg 2114 aayjuUaAlda4d 359
Keq 2ad 3¢
SPI0DdY XeW X 0Z
3141399333
uojjesue] /sbuyinoy ,x,
18pap paujwadalaq SIWO 008 JsA-14dSn
puyanjoejnuey 2g ol s34P¥YId 02 A11eq /*abugz-buyss3d00agd 2114 buyinoy
Keqg 23d sg
SPA0DIY o X0Zw wa3ysksqns
Co Iyby1a : T . Bujuueid
uojiersueld] /8393ys buyjnoy ,x, paajnbay se e sjusuwaajnbay
1apio paujwiajag (syauow g) ao ) " pajeaauadn Tejaajen §13p1Q
bujanioejnuey ag ol 83YybI14d 02 L1xaapM aajnduwo) woag bujanyowjnuey
‘pasn Tenuuy Kouanbaag 1ag Xouanbaag uoj3ed0 e3eq ERDEREFE
229YM awWNnoA pajeuyisg /eieg jo 3o 1eoydoy, .
aojeuybyjao 3d%2anog . :

Laeuuns 3ndujg

wa3sAsqns butuueld sjuswaarnbay X3roede)

0T-AI 8ambig

Kearney: Management Consuttants



IV - 80

Table IV-6

Capacity Requirements Planning Subsystem

Key Input Data Elements

Subsystem Input

‘Manufacturing Orders

Routings

GSE Preventive Maintenance
Process Documents
Exception Process Documents '

Process Constraints

Work Center Capacities

Resource and Skill Capacities

Key Data.Elémént:

Part Number/Effectivity
Planned Quantlty

Due Date
.Start Date’

Launch Number
Next Higher Assembly

Fill from CSR Sheet

Fill from CSR Sheets
for Routing without Setup

Fill from CSR Sheets
for Routing.Without Setup

Part Number/Routlng Number
Operation Code .
Network Structure Code

See CSR Sheet for WCC
Resource Numbér

Resource Desctiption
Same as WCC from CSR

_ Ke;\mey: Management Consultants
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Table IV=7"

Il

Capacity Requirements Planning Subsystem

:Key Output Data Elements

Subsystem Odtput ' Key Data Element
Work Center Capacity Load Work Center.Dépértﬁént
Reports and Reschedule Work Center Number
Recommendations - v Work Center Description

Work Center Capacity
Work Center Load
Time Period . .

Labor Skill Loads - Labor Department
SR Labor Skill Certification Code
Labor Skill Certification
- Description -
Labor Skill Certification Capacity’
Labor Skill Certlflcatlen Load
Time Period )

Resource: Requ1rements - Resource Group
Reportsv_' . Resource Code .
- Resource Description
Resource - Requ1rement Time -
Time Period :

Detailed Productlon o Shop Ordér Number

Schedules B o ' ’Part/Effect1v1ty/Ser1al Number
: Operation

Operation Start Date
Operation Due Date
Quantity '
Resources

Kearney: Managernent Consultants
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(d) Shop Floor
Management

The shop floor'mépagement subsystem (Figure IV—lZ) has'fwo
primary functions. First, is the preverification of all resoﬁrceé
needed for completion of a shop order. These resohrées include
material and parts, labor, GSE and tools, etc. This ié the final

check for "floor availability" before a shop order is released.

Second, the.subSystem actually releases the shop orders to
the work control stations for subsequént release to the work cen- -
ters, along with otﬁer paperwork from the word pr0ceésing éenter,
such as OMIs, BOSs, etc.

1. Subsystem Narrative. Detailed prodﬁction

schedules (1) ffqm tﬁe Capacity Requirements Planhing Subsystem

are péssed to this subsystem where inventory data (2) and resource
schedule informaﬁioh (3) are combined to provide'a final check (4)
of "floor availability“. The logic provides for a material on-hand
verification (5) wﬁere-if material is not physically available, a
material expedite (6) is created and the shop order is placéd |

"on hold" (7). 'If material is available, a cheéi is then made for
the current availability of other resources (8) éuch as labor by
,certification,.GSE by houis, etc; If any of these resources are
not available, a'reéﬁurce,expedite (9) is created and the shop order
is placed on‘hold_(7).IJShop'orders that are placed on hold due
td'material or resource shdrtﬁges must be manually rescheduled (10)
when,thé nonavailable‘itém'becbmes available. If all material

and resources are found to be available, shop orders are created

Kearney: ManSgemem Consultants
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Fidure IV=12
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at the work control stations along with a daily dispatch
-schedule (11).

A dispatch package (12) will be provided along with
material (l3) éﬁd resoﬁrce requisitions (14). - Labor may then be
assigned (15), GSE and other resources (16) may then be acquired
and parts kitting (17) may then be accomplished.

A finél check (18) is made prior-fo-the actual start of

work to make sure that all requirements are "in hand".

2.>_Key Input Source and Data Elements. Figure IV-13
shows a summary of the key inpu;s required for the Shop-Floor
Management S@béystem. vThe~"topical referencé" refefs to the major
subsystem input indicated on the flowchart. .

Table IV-8 indicates thé key data elements associated
with each of the inputs identified.

3. Key Output Definitions and Data Elements. Figure

IV—14 shows é summary of the key outputs provided by the.Shop '
Floor Manééement Subsystem. The "subsystem output" reference
refers to either a report,'CRT screen, file update, or a combination
of the threé. ‘
.'Table IV-9 indicates the key data elements associated

with the subsystem output.

Kearney: Management Consultants
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Table IV-8

Shop Floor Management Subsystem

Key Input Data

Subsystem Input- | Key'Data Element
Detailed Production Shop Order Number
Schedule Part Effectivity/Serial Number
' Operation

Operation Start Date
Operation Due Date:
Quantity

Resources

Inventory _ Part Number

: Part Description
Effectivity
Quantity On Hand
Last E.O. Change Number
Part Status

Resource Schedule Resource Code
Resource Description
Resource Requirement Shop
Order Operation
Resource Requirement Load
Factor
Time Period

Kearney: Management Consultants
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Table IV-9

Shop Floor Management Subsystem

Key Output Data Elements

Subsystem Output Key Data Element

Dispatch Packages Shop Order Number

Part Number/Effectivity/
Serial Number

Part Description
Operations Code ,
Operations Description
Operations Start Time
Operations Due Date
WAD Cross-Reference
Drawing Cross-Reference
Work Center Information
Labor Tickets
Resource Information
Picking List Cross-Reference
Previous Operations
Parallel Operations
Succeeding Operations

Resource Requisitions Resource Code ,
Resource Description
Shop Order
Operations Code
Operations Description
Resource Delivery Time/Date
Resource Time Required
Resource Return Time/Date

Material Requisitions Shop Order (parent part)
Pick List Release Code
Part/Effectivity/Status
Serial Number
Storage Location
Quantity
Part Find Cross-Reference

Number on Parent Drawing

Kearney: Management Consultants
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(e) Ope;aﬁions Control

The primary functions of the Qperations Control Subsystem -
(Figure IV-15) are to.track the resources expénded to a gn@g grder,
including labor, material and parts, GSE @ﬁd tbolg,fetgl, and g@
track the status of open shop orders, |

1. Subsysteﬁ Narrative:' A dispatch package (1) from

the Shop ﬁloor Management Subsystem is passed to this subsystem.
All resources utiiized, including materials (2) labor (3), and
other resources (4), as well as exception materials issued (5)
and exception processes and rework, are loggéd.againgt-ghe shop
orders (7). This provides information to update shop order sta-
tus (8)‘and to compare actual ACtivity and resdurge usage to
the production schedule (9). |

There are two outputs of this comparisen, shop order
status reports (10) and exception réportg (ll),‘ The exception
repbrts provide management with summary informatien on resource
usage variances, and dvetdue operatibns‘ If management does not
see a need for schedule gbanges (12), the exception reports that
have been issued are logged in as shep order work agtivity. If,
however, it is deterﬁined that rescheduling is necessary (13), the
degree of impact (14) on the detailed production schedule (15), the
master schedule (16), ana/or.the launch schedule (l?) néed to be
defermined. Thus, réscheduling can range from a manqalladjustm@nt
of shop flbbf priorities ér a revision in the target dates in the
automated production control system, depending on the needs seen

by managemént.

Kearney: Management Consultants
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Operations Control

Figure IV-15
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2. Key Input Source and Data Elements. Figure IV-16

shows a summary of the key inputs required for the’Opera;iohs
CohtroI*Subsystem. The -"topical réference" refers to the major’

subsystem input indicated on the flow chart. !

Table IV~10 indicates the key data elements associated
with each of the inputs identified.

. 3. Key Output Definitions and Data Elements.

Figure IV-17 shows a summary of the kéy édtputs provided by the
Operations Control Subsystem. The "subsystem output" reference
refers to either a report, CRT screen, file update, or a combina-=
tion of the three. |

.Table'IV—ll indicates the key data elements associated

with the subsystem output.
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Table IV-10

Operations Control

IV. - 94

Subsysteml

Key Input Data

Subsystem Input

Dispatch Packages

Material Releases

Exception Material Issued

Resource Usage

Labor Reports

Exception Processes and
Rework

Kearney: Management Consultants

Key Data Element

Shop Order Number

Part Number/Effectivity/
Serial Number

Part Description

Operations Code

Operations Description

Operations Start Time

Operations Due Date

WAD Cross Reference

Drawing Cross Reference

Work Center Information

Labor Tickets

Resource Information

Picking List Cross Reference

Previous Operations

Parallel Operations

Succeeding Operations

Shop Order (parent part)

Pick List Release Code

Part/Effectivity/Status

Serial Number

Storage Location

Quantity

Part Find Cross Reference
Number on Parent Drawing.

Shop Order (parent part)

Pick List Release Code

Part/Effectivity/Status

Serial Number

Storage Location

Quantity

Part Find Cross Reference
Number on Parent Drawing

Resource Code

Resource Description

Shop Order

Operations Code

Operations Description
Resource Delivery Time/Date
Resource Time Required
Resource Return Time/Date

‘Worker Clock Number

Labor Skill certification

Shop Order

Operations

Time Clocked on the Operation
Time Clocked off the Operation

Shop Order Code

Operation Code

Operation Description
Operation Seguence

Reésource Delivery Time/Date
Resource Time Required
Resource Return Time/Date



95

v

JSA-14SN
10a3u0) ALaojuaaul
2SM-149S0 uotjeaado
10a3u0) suorieaado /aspago doys
JSA-1USN /233u3d) YaoMm
putysiyedsiqg
JSH~-14Sn uotjexado $5300ad
1023U0) uoT3IdNpoad /29pao doys S —uT-XaoM 01 00S paainbay sy sjaodoy sniyeas
apo)
92anosay
ao
JS8H-14dSn Jzxed
10a3u0) Aaojuaau] ao §351N0SaYy
J8M-148N T113S 20qeT] a3430
1013u0) suoriexadg a0 letraajen
-JSA-14Sn d33Ud) Aa0M loqeq] °
butyojzedsiqg ao SNdO 23e7]
JSM~14Sn uorjeaado $s950ad pautwaaljaqy pautwaalaqg s3aoday
1023U0) uor3onpoad /a3pap doys —Uul-YaoM ag oL ag oL A1veq uoyjydaoxg
J8A-14SN
1013u0) Aaojzuaaul
JSA-14sn
1033u0) suotijeaadQ
J2S8A-14SN
butyojedsiqg uoytieaado arnpayosg
JSA-18SN aapao $S900ad uoylonpoad
10a3u0) uoT3IdNpoad doys/a3eq -uT-)aoM o1 00S paainbaa sv pajepdn
uor3es507] asuanbag p21aa0) sabeg Saul ~Kouoanbaagy anding
/uoTinqralsiq 33o0day polaad "3WNTOA pa3jewylsy wajsAsqng

Aaewunsg 3ndinQ

LT-AI ®anb1g

wajysdAsqng [oajuo) suorljzeaadp

Kearney Managemen: Consultants



IV - 96

Table IV-11

Operations Control Subsystem

Key Output Data Elements

Subsystem Input Key Data Element
Updated Production Schedules Shop Order Number
Part Vumber/Effect1v1ty/Ser1al
Number

Operation Code
Operation Description .
Operation Start Date
Operation Due Date

Quantity

Exception Reports

. Late Operation : Shop Order Number
Part Number/Effect1v1ty/Serlal
" Number

Operation Code
Operation Description
Operation Start Date
Operation Due Date
Quantity

~Actual Time 3Started
Actual Time Completed
‘Supervisor Notes

. Labor Shop Order Number

Part Number/Effectivity/Serial
Number

Operation Code

Operation Description

Operation Start Date

Operation Due Date

Quantity

Labor Skill Certification Re-
qguirements

Labor Skill Certification Standard
time

Labor Skill Certification Actual
Time

Supervisor Notes

Kear : Management Consultants
ney 3
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Table IV-11

Operations Control Subsystem

Key Output Data Elements (Cont'd.)

Subsystem Input

. Material

. Other Resources

Status Reports

Key Data Element

97

Shop Order Number

Part Number/Effectivity/Serial
Number

Operation Code

Operation Description

Operation Start Date

Operation Due Date

Quantity

Material Pick List

Shorted Material

Extra Materials Released

Shop Order Number

Part Number/Effectivity/Serial
Number

Operation Code

Operation Description

Operation Start Date

Operation Due Date

Quantity

Resource Required

Resource Time Required

Resource Actual Time

Shop Order Number

Part Number/Effectivity/Serial
Number

Operation Code

Operation Description

Operation Start Date

Operation Due Date

Quantity

Kearney: Management Consultants
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(f) Performance
Analysis

The Performance Analysis Subsystem (Figure iV—lB) is desigﬁed
to track performance 6ﬁ shop orders on a periodic basis or as
requested by management. Some of the reports.which are available
to mahagemént include:

- .Planned versus actual schedule perfprmance.

- Planned versus actual labor performahce.

-~ Planned versus actual work center performance..

- Planned versus actual costing performance.

= Planned versus actual opérating budget performance.

I. Subsystem Narrative. Upon a request from manage-

ment (15 for one or more specific performance reports (or on a
periodic basis), the performance analysis éubsystem requires the
updated statusiof shop orders (2), shop order activity files (3),
and the detailed, updated, productioh échedgle (4). One of the
meéﬁanié@S'of the subsystem 1is to purge and'summarize the acti-
vity'filés (5) to create more useful pérformance reports. This
summarized information 1s then cycled'back through the activity.
data files. |

The cohparison of planned performance to actual perfor-'
mance (6) produces a series of.performance reports (7).ohrschedu1e,
labor,.work centers, cost and operating budgets;

2. Key Input Sources and Data Elements. Figure IV-19

shows a summary of the key inputs required for the Performance

Analysis Subsystem. The "topical reference" refers to the major

Subsystem input indicated on the flowchart.
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Figure 1IVv-18
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‘Table IV-12 indicates the key data elements associated
with each of the inputs identified. : e

3. Key Output Definitions and Data Elements. Figure

IV-20 shows summary of the key outputs provided by the Performance
Analysis Subsystem. The "subsystem output" reference refers to
either a report, CRT screen, file update or a combination of the
three.

Table IV-13 indicates the key data elements associated

with the subsystem output.
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Table IV-12

Performance Analysis Subsystem

Key Input Data

Subsystem Input ‘ o Key Data Element
Performance Request Request Code (Type)
Report Date
Shop Orders Completed Shop Order Number
: Operation

Operation Time Log
Exception Operations

Activity Data Files Shop Order Number
' Operation
Operation Time Log
Work Center Number '
Work Center Standard Duration Time
Work Center Actual Time
Labor Certification Numbet _
Labor Certification Standard Time
Labor Certification Actual Time
Supplies Requisitioned
Supplies Used
Tools/GSE/Subcontractor Number
B Tools/GSE/Subcontractor Standard
/ Duration Time

Tools/GSE/Subcontréctor Actuai'Time'

Detailed Production Shop Order Number
" Schedules Operations Completed
' Operations Time Log

Kearney: Management Consultants
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Table IV-13

Performance Analysis Subsystem.

Key Output Data Elements

Subsystem Input

Schedule Performance

Labor Performance

Work Center Performance

Cost Performance

Operating Budget
Performance

Key Data Element

Date

Shop Order

Operation Number

Operation Scheduled Start
Operation Actual Start
Operation Scheduled Due Date
Operation Actual Due Date

Date

Shop Order Number

Operation Number _

Labor Certification Code

Labor Certification Standard Time
Labor Certification Actual Time

Date

Shop Order Number

Operation Number

Work Center Code A
Work Center Standard Duration Time
Work Center Actual Duration Time

Date
Shop Order Number

Operation Number

Resource Code
Resource Standard Cost
Resource Actual Cost

Period

Budget Element

Budget Element Description
Budget Element Budgeted Cost
Budget Element Actual Cost
Budget Element Variance
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SRB/APC INFORMATION FLOW

" The SRB production control system information flow is shown

in Figure IV-21. It is described in the paragraphs below.

(a) Launch
Schedule

The launch schedule is the primary criteria for production
planﬁing and scheduling; Refurbishment scheduling uses the
planned recovery schedules based on the launch schedule. Resource

planning uses the information from the launch rate, launch dates,

and the refurbishment schedule to plan resource requirements.

An objective of the SRB/APC system is to provide management

with needed information with sufficient lead time to make decisions

which ensure mission compliance.

(b) Design
Engineering

The design engineering function (sustaining engineering)
is responsible for the creation of and/or changes to:
1. Drawings.
2. Engineering bills of material.

3. Part master.

The impetus for design engineering changes and, therefore,

information flows, will come from:

1. Analyses of operations performance and exceptions.
2. Industrial engineering requests.

3. Flightworthiness improvement programs.
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4. SRB and component useful life improvement programs.

¥ 5. Weight reduction programs.

6. Cost reduction programs.

7. Purchasing and vendor regquests.

Design engineering information and the manufacturing BOM

Awill be used to trigger creation of, or changes to, WADs.

(c) Drawings

The drawings are the graphic representations (cartoons) of
the physical part or assembly. Drawings will be developed for
each .item to be inventoried, and will be communicated from design

engineering to the engineering bill of materials.

Drawings are used for the following purposes.
1. Communications with vendors regarding part dimensioné
and specifications. |
| 2. Definition of part effectivity changes.
3. Graphic representation of engineering BOM com-
ponent installation location.
4. ‘Production operationé support information. The

drawings would be included in the job packet.

(d) Engineering BOM

The engineering BOM is a structured parts list (generation

breakdown). This list will identify each level of assembly and

the components of that level. For example, the SRB flight

Kearney: Managerment Consultants
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set would be one level, an SRB another levél, and the aft skirt

another level.

Engineering changes to drawings or part specifications would
require changes to the engineering BOM, thus requiring an informa-
tion flow.

(e) Manufacturing
BOM

The manufacturing BOM is a revised structured parts list
based on the engineering BOM. This restructuring is required
to coordinate the materials flow to the productioh operations

flow.

This restructuring will include creation of new levels to
the BOM, or exclusion of some engineering BOM levels from the

manufacturing BOM.

The manufacturing BOM is the primary data source for the
time-phased material requirements explosion of the production
master schedule, and therefore must be communicated to produc-

tion planning and scheduling.

WAD and routing maintenance will use these manufacturing
BOMs as reference materials. Each level of the BOM will re-
quire a routing. Each operation of a routing will require a

WAD or a section of a WAD.

Parts lists previously included in the WAD could also now be

maintained in the manufacturing BOM. A time-phased release of

- Kearney Management Consultants
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parts in multiple pick lists will be coordinated by a release

off-set lead time.

(f) WAD Maintenance

Work authorization document (WAD) maintenance is the main-
taining of current production process instructions. These docu-
ments are. detailed narrative descriptions of every work step

required to perform a task.

‘Design engineering changes or production process changes
will require WAD rewrites or modifications. The volume of

narrative is not needed for production control purposes, but

hard copy WADs are needed on the shop floor to provide instruc-
tions to labor and to record quality inspection "buy—offsﬁ. As
a result of these needs for these voluminous documents and as a
consequence of frequent design or process engineering changes,
it appears to be most practical to maintain WADs on some type

of word processing equipment.

WADs relating to the assembly of one level in the manufac-
turing BOM are grouped into a routing network. Each WAD, or WAD

section, is summarized in a routing operation.

Hard copies of the WADs about to be released to the shop

floor are maintained in the work control station.

(g) Routing
Maintenance

Routing maintenance is the organization of production

operations needed to complete an assembly and includes the

Kearney: Management Consultants
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the identification of resourceés required to perform each operation.
Production operations will be organized into a network of parallel

and series work activities.

Resourées required by an operation will include:
1. Work centers.
2.. Labor by skill certifications.
3. Supplies. |
4, Tools,.
5.' GSE.
6. Subcontractor support.

7. Alternate resources.

Routings may be adjusted because of WAD or manufacturing
BOM charges. 1In addition, a routing operations Sequence may
be changed based on feedback from production operations or in-

dustrial engineering.

Routings are the primary data source for 1oading and sched-
uling production resourées. The time required at a work center
and the iabor skills needed are scheduling conétraints. The
scheduling of a shop order routing is adjusted to ensure that
scheduled work does not exceed the'available capacities of. con-

strained resources.
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(hy Production N
Planning and
Scheduling

Production planning and scheduling is the core of the pro-
duction control system. This activity includes:
l. Master scheduling.
2. Materials requirements planning.
3. Capacity requirementsAplanning.

4. Shop floor dispatching.

Master scheduliﬁg takes the launch schedule and translates
it into a production schedule of new and refurbished major
assemblies. This subsystem module then validates that the
production resources required to meet the proauction schedule

will be available.

Materials requirements planning explodes the master sched-

ule into time-phased detailed materials requirements.

Capacity requirements planning explodes the materials
requirements schedule of production shop orders into detailed
time~phased resource requirements, including work center, labor,

tools, supplies, GSE and subcontractors.

Shop floor dispatching assigns available resources to each
production shop order and schedules the release of each shop
order. Shop orders are released to the shop floor through a

production work control station.
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The production and scheduling activity also incorporates
the various feedback loops in the system, and is therefore driven
by production operations and preventive maintenance scheduling,

performance monitoring and resource availability.

(1) Purchasing

Purchasing receives purchase requisitién information from
materials requirements planning. These requisitions are satis-
fied by placement of vendor purchase orders. Drawihgs and part
specifications would accompany.purchase orders when they are

placed.

Purchase orders and due dates would be recorded as a plan-

ned inventory receipt of materials.

(3) Inventory

Inventory is the central coordination point for SRB/APC
operations information. Each launch date, dictated by the launch
schedule, is a requirement for an inveritory controi item; i.e., an
SRB flight set. The shop order to stack this flight set is a
"replenishment order" which satisfies a launch date, but requires
major assemblies. Major assembly shop orders satisfy major
assembly requirements and so on down to material requirements,

which are satisfied by purchase orders or on-hand inventory.

The materials flow is coordinated- through the inventory

system, and scheduled by exploding the manufacturirg BOM.
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Inventory receipts recording data are accomplished with
purchase and shop order receiving documents. The purchase order
receiving documents would be_released to receiving in hard copy.
form as a receipt arrives. These receiving documents, which
may include part identification tags, then are sent with the'
materials to inspection. The receiving personnel would enter
receiving information into a CRT. This information would include
purchased items received per planned receipt, date received and
by whom, serial number information, and the location of the
items (e.g., inspection). This automated record of receipts

would be used by purchasing to verify vendor invoices.

-Inspectionvwould receive a hard copy of the receiving doc-
ument plus the part "data pack" from the vendor. Inspection would
verify part flightworthiness, or determine rework needed to
make the part flightworthy. A rework shop order would assign a
rework status to the part; e.g., hold for rework, reﬁork immedi-~
ately, return to vendor, etc. Later allocation of that part to
a requirement would schedule the rework shop order to be due
Qhen the part is required. Inspection would also review the
vendor data pack and enter relevant information into ihe part

"as built" configuration information file.

The shop order receiving documents will be included in the
job packet. This would be an input document used to signal the
completion of a shop order, and the location to which it was

moved. This location could be an inventory segregation area or
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another work center if the shop order routing provides that

instruction.

Inventory disbursemenﬁs recording daté are:accomplished
with picking lists. Picking lists of materials required by a
shop order are controlled by the manufacturing-BOM."When a shop
order is to be released to the production floor fheftiméﬁphased
release of materials associated with the shop order creates a
series of pick lists. These pick lists are used to disburse

parts to production as required.

Dispatching and the work control station activitiés will pre—:
verify that the inventory is on hand to satisfy each pickihg list.
Shbr;ages, or potential shortages, will be expedited two to four
weeks in advance. Picking lists on which a part'is,shorted -€an
be released by a manual authorizatioen, and the shorted patt

would then be expedited and a shorted parts picking list created.

Pick lists would accompany the parts to the shop floor,
where parts and part serial numbers received would‘bé rechecked
against the pick list and'acceptance would be indicated on the
list. The signed-off pick list would then be turned in to the

work control station to become part of the "as :built” hard |

copy backup.

Pick lists would be printed in advance of picking to pro-
vide a capability to manually control picking activities needed

for shop floor activities. This manual control capability is
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necessary to provide backup in case the SRB/APC system "goes

down".

Production planning and scheduling activities, purchasing
activities and shop floor activities will shift planned receipts
and disbursement schedules. Therefore, the documentation needed
to support receiving and disbursement will not be created until:.
needed. However, the information would be available through on-
line terminals, when requested.

(k) Work Control
Stations

Wofk control stations are the major shop floor data collec-
tion and information distribution and control points. The activ-
ities performed in these stations will support shop floor
supervisors by supplying information needed to coordinate "people,
parts, and paper" (or information in a paperless environment) and
will support the SRB/APC information update needs by recording

data from the shop floor.

These work control stations will be located on the produc-
tion shop floor, close to the work being performed. These work
control stations would function similarly to the current "TAIR"

stations.

The work control station activity priorities will differ
based on the type of work being performed. For example, work
control station activities include WAD issuance, as built

configuration data collection, resource assignments, etc.,
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while théAmajor activities of the work'céntrol stations aref
1. Assembly of job packet information.

2. Prerelease verificatibn of resource availability .
and resource assignment to each shop order.

3. Monitoring and control of shop floor operations.

4.' Gathering of data to support SRB/APC system needs
and to provide configuration backup in hard copy, as well as input
to other systems such as ACMS, ADRS, etc. ‘

The critical nature of work control activities makes it

necessary to have job.packets and resources vefified4early

enough to provide manual backup in case the SRB/APC system

"goes down".

(1) Production Resources .

Production resources are the resources needed to perform
work. Production planning and scheduling will provide work

scheduling capacity loading or requirements for these resources.

Work scheduling will be performed for each work center.
Production shop order operations will be queued at each work

center based on the shop order priority.

Capacity loading will be performed for work centers, and
labor certification. The time period (weekly) regquirements will
be compared'against the resource capacity available. Requirements

will be specified for tools, supplies, GSE and subcontractors.
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Work control stations will reverify the assignment or .com-
mitment of resources to a shop order, then release requisitions
to acguire these resources.

(m) Production
Operations

Production operations is where work is performed. This activ-~

ity is also responsible for reporting progress and exceptions.

Production operations supervisors receive job pétket informa-
tion from the work control station. Inventory, and produétion
resources Qould be scheduled to be delivered to the appropriate
work center as work begins. This scheduling would be coordinated
by the work control station, but work center selection of opera-
tions from the queue would be directed by the prodﬁétion super§

visor.

The production supervisor's performance will be monitored
against the operations queue priorities. Special circumstances
may require that the supervisor select other than top priority
operations. The system will identify most of these exceptions.
For example, some exceptions might be:

| 1. Material kits not picked.
2. Resources schedule delivery conflicts which may"
cause adjustments to work center operations priorities.
3. Certified labor not available.
4. Need to expedite work for work centers of subsequent

operations. . (This should adjust the shop order priorities.)
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Actual work performed will be tracked throudgh data captureé
of operations progress, resource usage, and production exceptions.
This information is reported back to the work control station

i
which updates the SRB/APC system.

PM scheduling will also use exception information, as wéll

as GSE usage history, to plan maintenance.

(n) PM Scheduling

PM scheduling plans maintenance based on GSE usage, main=
tenance logs and production exceptions. These scheduled PM

shop orders must be supported by WADS and routings.

PM orders use the same work centers and labor skill cer=
tifications as productioo shop orders. Therefore, Capacity
loading and work scheduling will be performed by the same pro-
duction planning and scheduling activity. |

(o) Performance
‘Monitoring

Performance monitoring will report the following:
1. Shop order schedule compliance.
2, Shop order .labor skKill certification productivity.
3. Shop order work center utilization.
4. Configuration deltas.
5. Shop order exceptiOns.A
6. Period schedule compliance.
7. Period labor productivity.

8. Period work center utilization.
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9. Subcontractor'schedule com?liance.
10. GSE schedule compliance.
11. Materials shorted.

12. Cost variance analysis.

13. GSE history report.

These performance reports will provide feedback to design
engineering and process engineering, so that potential improve-
ments can be analyzed. In addition, these reports may trigger
PM work to be scheduled.

SRB PRODUCTION OPERATIONS

FLOW EFFECTS ON WORK
CONTROL STATIONS

The work control station emphasis changes based on the types
of work being performed. The following sections will describe
SRB/APC activities performed within each type of work. The SRB
production operations flow is illustrated in Figure IV-22 on the
fdllowing page.

(a) Recovery
Operations

The work control stations for recovery operations have four
major functions:
1. To assemble recovery order job packet.
2. To record changes to the recovery due dates.
3. To record recovery loss of an SRB.

4. To record actual time and labor against an operation.
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({b) Clean and
Disassemble
Operations

The work control stations for clean and disassemble operations
have the major objective of meeting a delivery schedule to provide

spent refurbishable major assemblies.

The work performed may be less critical than refurbishment,
and the labor skills may be more flexible; therefore, less control

of these resources may be needed.

The work control stations' major functions are:
1. To assemble clean and disassemble order job packets.
2. To schedule capacity of critical work centers.
3. To record changes to the spent assemblies due dates.
4, To record.exceptional damage status for non-

refurbishable major assemblies.

5. To record actual time and labor against an operation.

(c) Critical
Dimension Check

The work control stations for Critical Dimension Check opera-
tions have the major objective of recording Dimension Check results
which will determine materials needed and production resources

needed to perform refurbishment.

The work performed may not require materials but does require
special work centers, labor skill certifications and testing
equipment. Therefore, control is centered on work centers, labor

and tools.
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The work control stations' major functions are:-
1. To assemble testing order job packet information.
2. To schedule capacity of work centers (including hot
fire). |
3. To schedule capacity of labor skill certifications.
4. To schedule tool requirements.
5. To record results of activities performed.
(a) Components to be replaced.
(b) Component test results.
(¢c) Probable component disposition.
6. To record changes to due dates.
7. To record actual time and labor against an operation.

(d) Refurbishment and
Buildup Operations

The work control stations for refurbishment and'buildup
_operations have two major objectives. These are to meet aisle
transfer schedules and to manage the utilization of scarce re-

sources.

The work to be performed uses critical work centers, labor

skill certifications, tools, GSE and subcontractors.

Work centers must be scheduled by operations priorities to
maximize work center utilization, and to achieve shop order due

date targets.
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Labor skill certification must be scheduled by operations
priorities to maximize labor productivity and utilization (time

on standard measured work).

Tools, GSE and subcontractors must be supplied to scheduled
operations. The commitment schedules of shared GSE and subcon-
tractors may change schedule operation priorities for preceding

operations of the same shop order.

The work control stations' major functions for this type-of
work are;
l. To assemblé refurbishment and buildup order job
packets.
| 2. To schedule capacity of work centers.
3. To record shop order priority changes.

" 4. To provide current shop order priority and status
and to provide resource status information to shop floor super—
visors.

‘5. To record shop floor activity information.

(a) Work center start time.
(b) Work center stop time.
(c) Work center substitutions.

(d) Worker labor certification.actual
clock time on an operation.

(e) GSE and subcontractor time, logged
by operation.
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6. To provide shop floor supervisors with the following
information:
(a) Work center utilization.’
(b) Labér productivity.
(c) Shop order schedule compliance.

(e) Back Shop
Operations

The work control stations for back shop operations have the
major objective of creating or reworking components (LRUs) to
flightready status, as required by refurbishment or buildup
shop orders. This may also include effectivity upgrades, rework
requested by inspection, rework reduested by life management, and

spent component rework..

The work performed requires materials, labor; and work prior-
ity management. The materials for rework will not always be known
»uﬁtil rework is in process. Labor loads will also be difficult
to plén'for each order because the amount of rework required is
difficult to project. Work priorities will primarily be set
based on part due date commitment to a refurbishment or buildup
shop order. Some back shop orders may be upgraded to inventory

stock, and may have a low priority.

The work control stations' major functions are:
l. To assemble back shop order job packets.

2. To record shop order priority changes.
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3. To provide current shop order ériority and status
changes to shop floor supervisors.

4. To input';ework inventory requisitions to be communi-
cated to the inventory segregation area. |

5. To alert shop floor supervisors and dispatchers to
potential work center or labor skill capacity problems.

(£f) Stack and Mate
Operations

The work control stations for stack and mate operations have
two major objectives. These are to meet work schedules which are
dictated by launch schedules and to manage the utilization of

scarce resources.

The work performed uses critical work centers, labor skill
certifications (including inspection certifications), tools, GSE

and subcontractors.

The scheduling difficulty of shop order operations is com-
pounded by resource availability, hazardous operations, and inte-

gration with other contractors.

The work control stations' major functions are:
l. To assemble stack and mate order job packets.
2. To schedule capacity of work centers.

3. To record shop order priority changes.

4. To coordinate resource assignments and shop order

operations priorities.
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5. To provide current shop order_priority and status to
shop floor supervisors.

6. To record- shop floor activity information.

.7. To provide shop floor supervisors with performance
information.

(g) Launch Pad
Operations

The work control stations for launch pad operations have the
major objective of coordinating work and resources with contractor

integration requirements.

The criticality of time aveilable to perform anAoperation

mandates that resources be ready prior to start of that operation.

The work control,stations‘ major functions are:
l. To assemble launch pad order job packets.
2. To ensure 6n—site arrival of all required resources
at the time needed.
3. To provide current shop order priority and status
changes to shop floor supervisors and dispatchers.
4. To coordinate schedule changes with contractor inte-

gration management.
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V - COMPUTER SYSTEM DESCRIPTION

INTRODUCTION

In this section, Kearney's recommendations for the APC Computer
System are presented. Hardware requirements are defined in Section

VIII.

Section V is organized as follows:

- Computer System Rationale - A discussion of key issues

considered in the computer system design.

- High Level System Design - The proposed design is
presented in flowcharts and narrative.

- File Definitions -~ The files identified in the high-

level design are described.

- Evaluation of Existing NASA Systems - Eighteen

existing or proposed NASA systems are reviewed for their applica-
"bility to the APC.

- Conceptual Integration - A discussion of the conceived

integration or interface of ten NASA systems with the APC.

COMPUTER SYSTEM
RATIONALE

1. Centralized versus Distributed. The two major loca-

tions with processing requirements are Huntsville (HSV) and Kennedy
Space Center (KSC). The ideal processing solution would be to
distribute the processing capacity'(i.e., computer configurations)
and inforﬁation capacity (i.e., data files) to the location with

primary responsibility for each activity associated with the
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automated production control system.

For example, USBI/KSC could utilize its own computer to
process activities thap primarily occur there (e.g., inventory
control, detailed capacity requirements planning, shop floor
reporting) and USBI/HSV could utilize its own computer to pro-
cess the activities that primarily occur there (e.g., master
scheduling, material requirements planning, purchasing, mainte-
nance to the manufacturing bills of material).

This approach would call for a distributed data base
capability to allow a singular automated production control
system to process data independent of file location. The
potential benefits of this approach would include reduced com-
munication costs, smaller COmputefs in each location which could
provide reflective backup capabilities, and reduced risk of
total data base failure.

-However, some of the difficulties posed by this apprdach
include data base concurrency control, security, administration,
and recovery;~ The risks associated with these problems would
have to be weighed carefully against the potential benefits before
making the design decision.

The vendors offering manufacturing resource planning
sof tware were each gueried as to their capability to process in
a distributed data base environment. No vendor indicated that
they could. Thus to our knowledge, there is no existing software
on the marketplace which would support such a concept. Indeed,

distributive data base processing is a relatively new art and much
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progress remains to be made before it is through its pioneering
stage.

'Consequently,othe approach recommended by Kearney util-
izes a centralized data base. This greatly facilitates control,
administration, security, and recovery of the data base.

The added communications cost is not significant since
the recommended location of the hardware is at KSC, where the
majority of processing occurs. The data base will be distributed’
over multiple disk units to reduce the risks of total failure.
Backuthardware is provided to reduce the risks of processing fail-
ure.

2. Interactive versus Distributed Processing. The

recommended hardware architecture calls for interactive processing
from all distributed peripherals. It 1is recognized that there is
an opportunity to distribute some of the processing to peripherals
supported on-line by minicomputers or intelligent controllers.
This may be appropriate with the inventory control and shop f;oor
reporting subsystems. Primary transactions (e.g., lissues, receipts,
labor reporting) could be collected interactively on minicomputers
and batched on a daily basis to the central computer(s). This
would relieve some of the communications load and central computer
processing requirements. The risk of processing interruptions
would be transferred from the potential failure of the communica-
tions network/central computer to the distributed minicomputers.
This could potentially reduce the risks of processing downtime.

The trade—offs to this approach are that it would call

Kearney. Management Consultants



for customized programming at the minicomputer level, and increase
the problems of data contrQl, backup, and security,

The recommended approach utilizes the design philosophy
of existing large-scale manufacturing resources planning software
packages, and offers the greatest control over data transactions
and communications. The question of whether it may be more ad-
vantageous to distribute some portions of the system data entry
can be more concisely anéwered'during the detail technical design
phase of the project.

3. Location of Central Computing Site. The recommended

location of the central computing site is Kennedy Space Center
for three primary reasons:

(a) Approximately 85% of the distrib=-
uted peripherals are located in
Kennedy Space Center,

(b) There do not appear to be major
requirements to interface with
NASA/MSFC systems after the SRB
design responsibility is trans-
ferred to USBI (estimated to be
1983).

(c) Theré could be significant require-
ments to interface with KSC systems
(e.g., KDMS, AUTOGQSS, Sims II) in
the years 1983 and beyond.

4. Backup/Contingency Proyision;. The hardware
architecture, described in Section VIII, depicts backup disk storage
and access, tape storage and access, cenfral processors and main
memory, printers, and communication controllers. This approach
is deéigned to minimize the risk of the failure of any critical

centralized hardware component that would cause system failure,
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The distributed hardware (i.e., communication control-

lers, video display units, andvprinters) are user replaceable in

the field, should hardware failure occur there and not be restor-

able in an adequate time frame.

It is recommended that a safety

stock (one or two each) of these equipment types be maintained in

the event of equipment failure.

The following section also defines levels of file

requirements according to the critical nature of the files.

levels are defined as follows:

(a)

(b)

(c)

High: Requires continuous audit
trail transaction register, stored
off-site on daily basis. Requires
copy of complete file made on
weekly basis and stored off-site.

Objective: File recovery within
four hours if needed.

Medium: Requires continuous audit
trail register, stored off-site on
weekly basis. Requires copy of
complete file made on semimonthly
basis and stored off-site.

Objective: File recovery within
eight hours if needed.

Low: Requires continuous audit
trail register, stored off-site on
weekly basis. Requires copy of
complete file made on monthly basis
and stored off-site.

Objective: File recovery within
24 hours 1if needed.

backup

The

Levels of backup requirements and specific plans to

accommodate these needs should be reviewed and refined during the

detail design phase.

5. Physical Security Requirements.

Kearney. Management Consultants
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be physically protected from illegal access. Requirements fbr
the central computer site should include:

(a) Guards monitoring installation
accesses,

(b) All personnel required to wear
badges.

(c) Sign-in and sign-out logs.

(d) Man-traps (i.e., dual doors for
singular access).

(e) Electronic video observation equip-
ment,

Security reguirements for off-site storage need 6nly
include items (b) through (d).

6. Access Security Reguirements. Access security

requirements for the data base files which are discussed in the
following section are defined below:

(a) Critical: Requires terminal key,
authorized terminal identifier,
log-on password and data base
password for read access.
Requires two data base passwords
for write access. Produces
logging trail of access which
must be reviewed by USBI security
officer. ‘

(b) High: Requires terminal key, log-
on password and data base password
for read/write capability.

(c) Médium: Requires terminal key,
and log-on password for read
capability. Requires data base
password for write capability.

7. Contingency Requirements. It is not recomménded
that detailed backup manual methods be developed for SRB automated

production control contingency requirements. These contingencies
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" 'should be accommodated by processing key activities (é:g;}

_printihg material réquisitionsﬁ,:outings) at least eidﬁt hours

in advance of need.
The hardware manufacturer service'lévels should be
established for on-site call within two hours of system failure.

8. Existing NASA Processing Capacity. The processing

requirements of the APC system were reviewedvagainst existing
capacity at KSC, NASA/MSFC, and Slidell. None of these locations
has or can make available adequate processing requirements to
accommodate the APC reguirements.

HIGH LEVEL
SYSTEM DESIGN

In this section, a flowchart and accompanying narrative de-
picts system interfaces, inputs, updates and outputs for each of
the following mainstream subsystems:

- Master Scheduling Subsystem.

- Material Requirements Planning Subsystem.
- Capacity Requirements Planning Subsystem.
- Shop Floor Management Subsystem.

- Operations Control Subsystem.

- Performance Analysis Subsystem.
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(a) Méster
Scheduling
Subsystem

The master scheduling subsystem is depictéd in Figure V-1,
The.launch schedule (1) is input into the systeh via CRT or
punched cérds. This file is used to determine and anticipate
scheduled receipts of major assémbly refurbished units by applying
the standara lead times to refurbish each unit (2), and creates a
file with this data in it (3). The automated pfoduction conttol
system provides the bill of materials (4) from which the major
assembly bill of materials file is extracted (5). The launch
schedule is exploded by using the major assembl? bill of materials
to meet the-launch schedule (6). Thése are known as the major
assembly gross requirements and are stored in a working file (7).
The current inventory status of major assemblies (9) is extracted
from the automated production control systém inventdory status
file (8). A file of scheduled receipts of new build major assem-
blies (10) is extracted from the automated production control sys-
tem new build orders file (ll). The availability of inventory to
meet the major assembly gross fequirements over a time-phased
schedule is checked (12), by comparing the time-phased gross.requirgi
ments (7) with the inventory status of major assemblies (9), sched-
uled receipts of new build major assemblies (10), and scheduled
receipts of refurbished major assemblies (3). The SRB major as-
sembly manufacturing order file (13) is created, reflecting the
orders to build new and/or refurbished major assemblies to meet

the launch schedule. This file is processed with the summary
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Kearney: Management Consuliants

wajlsAsqng burrnpaydos asjisey

wa3skg TOA3UO0) UOTIONPOAJ PI3ewoliny

TI-A @anb1y

*SAS *TULD ,
*aoud 0L >l . FOVAYAINT
“Q3HDS MILSVH @1naands .
! ¥aLSYH ° O ) O
ter) * te1)
_ A
L3anane BNO1L430X3 ) SYIAHO SINGWIYINDIY a1NA3N0S
ONI1LVE3O ALIDVAVD ‘NNYH_ A1GSSY SSOUD aunJay 104200
SSOY9 §5040 LYW/ 84S A78SSV ' CVW A71BHISSY HOLVH
L " . L (e ) ) J () A
o~ (1)
ON1130a08 210GIHIS
SNdO GNV NY1d AMOLNIANI cumwuwﬂm“w ednJad auvadn
ALIIVAVD 550U *DIND 9837 21ON1S ANINUILIG
(91) y ¥4 ¢) Lr (9) .; (z) Ar
> Allllla - (v) -
1 <= L
ALTI8VIIVAY SININAY IN0IY . AYOLNIANT STVIHILYN
378N0S3y4 30HN0S3Y niwummmm ! ANBWYND . 40 1116 31NQIHIS ANdNT
AHVRHNS XyvYHing ATAHSSV *CVM KTENESY LV / A18SSY *rvw oKV
. (sT) (r1) (o1} t6) (s) ITe)
543080 Q7109 AYOLNJANY STIVIYILYH
MIN WALSAS 1NIHNND *SAS ' 20 1118 *SAS
“T44 “uoud “THL) Q0¥d LS "00¥d FIVAHILNT
) an te) 1Y)
5530044



vV - 10

resource requirements file (14) and the summary resource availa-
bility file (15) to determine the gross capacity plan and gross
operating budgets (16) which are produced as reports (17). Based
on acceptability of the gross operating budget and groés capacity
plan, the solid rocket bboster major assembly manufacturing ordefs
file (13) is passed to the material reguirements planning subsys-
tem of the automated production control system, as the master
schedule (18). This master schedule is also available as a gomputer
printout (19).

(b) Material

Reguirements

Planning
Subsystem

The master schedule (1), produced in the master scheduling
subsystem, is input into the material requirements pianninglsubsys—
tem-(Z), depicted in Figure V-2. The master schedule‘is processed
with ﬁhe manufacturing bill of materials file (3), to produce a
detailed explosion (4), which identifies all of the gross material
requirements necessary to build the major assemblies and SRB (5).
The manufacturing bill of material file is maintained with the
engineering data base and pending effectivities for new parts/
components (6), and the refurbishment forecasted bill of materials
estimates (7). The groés material reguirements file (5) also be~
comes (by firm order) the "as designed" configuration for each launch
(8). This file will be used later to‘produce the "delta" report
between the "as designed" configuration and.the "as built" configu-

ration. The inventory module (9) transactions provide for a current
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inventory status file for all parts associated with the solid
rocket booster (10). The purchasing function (li) transactions
create an open purchase order file (12) which reflects the sched-
uled receipts of parts. An inventory file (13). is maintained of
inventory policies which may dictate stock levels (e.g., safety
Stock). The gross material requireﬁent file is then processed (14)
with the inventory policy file, the inventory status file, the
open purchase order file, and existing manufacturing orders of
work-in-process (21) and an inventory look-up and‘allocation is
performed (15) to determine the current availability or scheduled
availability of parts to meet the gross material requirements. As
a result of this process, expedite reports may be generated (16)
to expedite the scheduled receipts of parts on current open pur-
chase orders. A report showing ﬁet requirements (i.e., part
requirements beyond current on-hand and scheduled receipts to meet
the gross material requirements) (17) is produced. Requests.for
purchase orders (18) are producéd to acquire the necessary parts
which are bought to meet the net requirements. Existing manufac-
turing orders are updated and new manufacturing orders are created
to build all of the various components and assemblies of the SRB
to meet the launch schedule (19). This file becomes the manufac-
turing orders file (20) which is passed to the capacity require-

ments planning subsystem.
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(c) Capacity
Requirements
Planning
Subsystem

The manufacturiné orders produced in the material require-
ments planning subsystem (1) are input to the capacity requirements
planning subsystem (Figure V-3) as manufacturing orders (2). These
manufacturing orders are then translated into detailed shép orders
(3) by processing the manufacturing orders file with the routings
file (4). The routings filé is maintained with the work authori-
zation document module (5). The output of this process is a file
of time~phased shop orders (6). This file is then merged with
preventive maintenance requirements file (75 which is created and
maintained by preventive maintenance transactions (8), the excep-
tion process documents file (9) which is maintained by the auto-
mated production control shop floor operations subsystem (10),
and the process consfraints file (11). The detailed scheduling
process is then performed (12) to schedule not only the time-phased
shop orders but also preventive maintenance and exception processing
requirements within the limits of process constraints. This pro-
duces the detail scheduled shop orders file (13). These detailed
scheduled shop orders (14) are then brocessed with the work center
capacities file (15) and the resource and skill capacities (16)
and a load summarization (17) process is performed producing se-
veral outputs, The labor skill loads are reported (18), as are
the resource requirements (19). The work center capacity load and
rescheduling rcecommendations (20) report is produced and utilized

by the capacity planners to determine the extent of rescheduling

Kearney: Management Consultants
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required (21). Should there be a requirement for rescheduling, =
the shdp orders are rescheduled and reinput with the time-phased
shop orders (22) and the detailed scheduling module is reexecuted.
The major'output of the capacity requirements planning subsystem
is fhe detailed production schedule'fiie (23) which is then passed
to the shop floor management subsystem (24).

(d) Shop Floor

Management
-Subsystem

The detailed production schedule (1) from the capacity re-
quirements planning subsystem is input to the shop floor management
system (Figure V-4) as the detaiied production schedule (2). fn
order for ‘prerelease verification to take piacé‘(J), the detailed
production schedule is cbmpared with current inventory statuélof
parts (4) to determine if the required materials are available,
and with the resource schedule file (6) to determine if the re-
quired resources are available. The inventory status file is main-
tained in the automated production control system (5). As a
result of the prerelease verification module, several outputs are
produced. Expedite messages (7) are produced to expedite the
availability of parts or materials required for the detailed pro-
duction schedule. A dispatch package is printed to authorize
work to begin on operations in a detailed pfoducﬁion schedule for
which parts or materials and resources are available (8). Resoufce
requisitions are printed (9) to draw upon resources; and materials
requisitions are printed (10) .to draw the materials requiréd for the

shop orders. Should some materials or resources not be available,

[
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then thére is a requifement to reschedule the.shoé order (11) ang
the shop order will be reinput in its rescheduled mode at the
beginning”of thé'shop_floor management subsystem. The released
shop orders (12) are then passed to the operations control sub-
system (13), |

(e). Operations

Control
- Subsystem

The released shop orders (1) are passed to the operations con-
trol system (Figure V-5) from the shop floor management subsystem
(2). All activity against éhe released shop order is posted to
the shop order file. ?his includes materials released for the
shop order (3), exception material issued to the shop order (4),
‘resource usage against a shop order (5), labor expénded_fpr a
shop order (6), exception processés apd réwork for the shop order

(7),_and schedule changes to the shop orderb(B). These activities
are posted against the shop order file (9), A file of materials
installed against the shop order (10) ig maintained and utilizéd-
by the automated configuration management system to produge.the
"deltaﬂ reports showing variances bétweed.the "as designed" configu-
ration and the "és built"* configuration (11), Exception reports
are produced as necessary (12), status reports of the shop orders
are produced (13)f Files are maintained of updated shop orders

(14),_completed shop orders (15), and all activity posted against

* This comparison between "as built" versus "as designed" will
probably not be in sufficient detail to satisfy the NASA
buy-off requirements. As a result ACMS, or a similar system,
will probably be needed. : -
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the shop orders (16). These files are passed to the pefformance
analysis subsystem (17).
(£) Performance . ,

Analysis
Subsystem

Thé operations control subsystem provides three files (1) to
the performance analysis subsystem (Figure V-6). These files are
the updated shop orders completed shop orders and activity data.
These three files are input to the performance analysis subsystem
(2) and are used to comparé actual performance against the plan
(3). Various reports are produced, including the scheduled per-
formance geport (4),.the labor performance report.(S), the work
center performance report (6), the cost performance report (7)_

and the operations budget performance report.

FILE DEFINITIONS

‘Each of the files depicted in the high—leVel flowcharts is

described in more detail in this section.

Each file is described as follows:
1. Purpose. The reason for the file's existence.
2. Source. Which functional organization creates and/or

’

maintains the file.

3. Mode of Input. The type of input medium used to

create and/or maintain the file.

4. Key Data Elehents. The primary data fields associated

with the file and estimated field lengths. The total of the field

*

-4
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lengths is'the‘éstimated record length of the file. It is recog-
nized that in actual operaﬁion the record may contain additional
data fiélds for other internal or external system purposes. The

probable key(s) to each file are denoted.

5. Number of Records. An estimate for the number of
records each file will contain.

6. File Size. The record length times the estimated
number of records.

7. Processing Location. Where in the system the file’

is created, processed, and/or maintained.

8. Peripheral Requirements. The noncentral hardware

requirements required to create/maintain and print the file. Each
piece of hardware is designated with a code number which will be

referred to in Section VIII.

9. Access Requirement. The time frame during the day
when the file must be accessible for on-line use.

'10. Criticality of Response Time. An estimate of the need

for quick response to use of the file.

11. Security Requirements. A classification of the meas-

ures that should be used to prevent unauthorized access to the
file. The classification scheme is described in a previous section.

12. Backup Requirements. A classification of the actions

that should be taken to ensure the capability to restore the file
should the need occur. The classification scheme is described in

a previous section.

Besides presenting an overview of the APC data requirements,
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disk storage requirements in Section VIII. A*Summaty of the files

completes this section."

(a) Launch Schedule
File

Purpose

This file is input to the master scheduling module. It
represents the customer's orders for which material, labor, and
other resources will eventually be scheduled to build the re-

quired solid rocket boosters.

Source

NASA provides the launch schedule to USBI.

Mode of Input

It is anticipated that the Master Scheduling Subsystem will
be manual during the early project stages. When the subsystem ié‘
automated at a later date, the mode of input would be direct

entry through a CRT or punched cards.

Key Data Elements

Name Estimated Field Length
1. .Launch Number (Key) N3
2. Launch Date ' N6
Total ' 9 Bytes

Number of Records

One per flight; total number dependent upon number of flights
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being Séheduled. For purposes of estimating‘rélétéd-filés, it is
assumed that 200 flights are being scheduled (representing a

five-year time frame).

File Size
200 records x record length of 9 = 1800 bytes = .002

mégabytes (MB).

Processing Location

Entry to be done at USBI (Resource Planning).

Peripheral Requirements

One CRT (designated Al); one printer (désignated P1).

Access Requirement

As required.

Critipali;y of Response Time

Medium.

" Security Requirements

Medium.

Backup Requirements

Low.

(b) Major Assembly

' Manufacturing -
Bill of
Materials

Purgdsé-

This file is input to the master scheduling module and is
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used with the launch schedule file to determine the due dates for

each of the major assemblies associated with each flight.

Source

This file is extracted from the automated production

control system manufacturing bill of materials.

set.

Mode of Input

Interface from Automated Production Control System.

Key Data Elements

Name Estimated Field Length
1. Part Number (Key) Al5
'2. Part Description A26
3. Final Assembly Lead
Time : _R3
Total 44 Bytes

Number of Records

Estimated to be thirty major assemblies per SRB flight

File Size

30 x 44 = 1,320 bytes = .001 MB.

Processing Location

In the central computer.

Peripheral Requirements

None.
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Access Requirements

As required.

Security Requirements

Medium;

Backup Reguirements

Low.

(c) Major Assembly
Inventory File

Purpose

This file is used to determine if major assemblies currently

exist in stock.

Source

This file is extracted from the automated production control

system inventory status file.

Mode of Input

Interface from Automated Production Control System.

Key Data Elements

Name N 'Estimated”Field Length
1. Part Number (key) Al5
2. Quantity-on-Hand/Planned R2
3." Due Date (if planned) _N6
_Tbtal | 23 Bytes
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Number of Records

Thirty (one for each major assembly) per flight sét x 200

flight sets = 6,000.

File Size

6,000 x 23 = 138,000 bytes = ,138 MB.

Processing Location

Within central computer.

Peripheral Requirements

None.

Access Requirements

As required.

Security Requirements

Medium.

Backup Reguirements

Low.

(d) Major Assembly
New Build Orders
File

. .Purpose

This file is used to provide the scheduled receipt dates

of new major assemblies.

Source
This file is extracted from the automated production

control system new build order file.
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Mode of Input

Interface from Automated Production Control System.

Key Data Elements

Name | Estimated Field Length
1. Part Number (Key) ~ AlS
2. Scheduled Completion Date N6
3. Quantity To Be Completed _R2
Total 23 Bytes

Number of Records

Dependent upon number of new assemblies being built.

Probably would not exceed 100 at any given time.

File Size

100 x 23 = 2,300 bytes = .002 MB.

Processing Location

Within central computer.

Peripheral Requirements

None.

Access Requirements

As required.

Security Requirements

Medium.

Backup Requirements

Low.
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(e) Major Assembly
Refurbishment
Schedule File

Purpose
This file is used to provide the estimated scheduled receipt

dates of refurbished major assemblies.

Source

This file is created in the master scheduling module by
calculation. For each refurbishable assembly, "x" days
are added to the launch date for SRB recovery, and then the
average refurbishment lead time is added to determine the
estimated date for scheduled receipt of the refurbished

major assembly.

Mode of Input

None; this file is created.

Key Data Elements

Name Estimated Field Length
1. Part Number (Key) Al5
2. Scheduled Receipt Date _N6

Total 21 Bytes

Number of Records

Estimated to be 10 per launch. For the assumption of a

200~launch horizon, there would be 2,000 records.

File Size

2,000 x 21 = 42,000 bytes = .042 MB.
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Processing Location

Within central computer.

Peripheral Requirements

None.

Access Requirements

As required.

Security Requirements

Medium.

Backup Requirements

Low.

(£) Major Assembly
Gross
Reguirements

Purgose

v

30

This file represents the due dates for completion of major

assemblies to accomplish the launch schedule.

Source

This file is created in the master scheduling module by

due dates of major assemblies and activities.

Mode of Input

None, this file is created in the master scheduling module.
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Key Data-Elements

Name - Estimated Field Length
1. Major Assembly Number (key) Al5
2. Description A26
3. Due Date | N6
Total 47 Bytes

Number of Records

30 per launch. Assuming a planning horizon of 200 launches,

there would be 6,000 records.

File Size

6,000 x 47 = 282,000 bytes = .282 MB.

Processing Location

Within central computer.

Peripheral Requirements

None.

Access Requirements

As required.

Security Requirements

Medium.

Backup Requirements

) Low.
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(g) Summary Resource
Requirements File

Purpose

The purpose of thié file is to provide forleach major
assembly the time~phased estimated resource requirements
(e.g., labor by skill levél, material, facility, and ground

support) for gross capaciﬁy planning and operations budgeting.

Source

Provided and maintained by USBI (Resource Planning).

Mode of Input

One time setup via terminal or punched cards; ongoing
on-line maintenance through terminal with estimated volume of

30 transactions per quarter.

Key Data Elements

Name Estimated Field Length
1. Major Assembly Number AlS5
2. Resource Type Number®* 80 x R2
2.1 Resource Quantity
Needed by Time 6 x R2
(months)
2.2 Unit of Measure R2
Total 1,295 Bytes

Note: (*) Includes Labor by Department and Critical Skills (10),
Critical Work Centers (10), Facilities (10), Materials
Commodity Class (15), Supplies (5), GSE Class (10),
Subcontractors (15), Other (5).
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Number .of Records

30.

“File Size

1,295 x 30 = 38,850 bytes = .039 MB.

Processing Location

Input via CRT from USBI headquarters, Huntsville.

Peripheral Requirements

One CRT (designated Al); one printer (designated Pl).

Access Requirements

0800-1700 Daily.

Criticality of Response Time

Medium.

Security Regquirements

Critical.

Backup Requirements

High.

(h) Summary Resource
Availability File

The purpose of this file is to identify planned availability

of resource by time period (monthly for five years).

Source

Provided and maintained by USB1l (Resource Planning).
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Mode of Input

One-time setup via terminal or punched cards; ongoing
on-line maintenance through terminal with estimated volume

of 4,800 transactions per year,

Key Data Elements

Name. , Estimatgg Fielqrpgngth
1. Resource Type ‘ R2
2. Resource Description A26
3. Quantity Available R2
4., Month ' N6
5. Unit of Measure _R2
Total _ 38 Bytes

Number of Records

4,800 (1 per resource type (80) per month (60)).

File Size

4,800 X 38 = 182,400 bytes = .182 MB.

Processing Location

Input via CRT from USBI Headquarters, Huntsville.

Peripheral Requirements

One CRT (designated Al).

Access Reguirements

0800-1700 Daily.
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Criticality of Response Time

Medium.

Security Requirements

Critical.

Backup Requirements

High.

(i) SRB/Major
Assembly
Manufacturing
Orders File

PurEose

This file represents the manufacturing orders necessary
to meet the launch schedule and is passed to the detailed

scheduling module of the automated production control system.

Source
This file is created in the master scheduling module
using the major assembly refurbishment schedule, gross re-

gquirements, current inventory, and new build orders files.

Mode of Input

None; created in master scheduling module.

wf
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Key Data Elements

Name

'i;:'Major Assembly/Number (key)
2., Due Date

3. STS Number (key)

4. Order Type (new or refurb)
5. Major Assembly Serial Number

Total

Number of Records

vV - 36

Estimated Field Length

Al5
N6
R2 -
Al

A10

34 Bytes

Assuming a launch horizon of 200 flights, and 30 major

assemblies per flight, there would be up to 6,000 records

(some major assemblies may be in stock or be work-in-process).

File Size

6,000 x 34 = 204,000 bytes = ,204 MB.

Processing Location

Within central computer.

Peripheral Requirements

None.

Access Requirements

As required.

Security Requirements

Medium.
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Backup Requirements .

To be backed up immediately after each creation.

(3) -Manufacturing.
Bill Of Material
File

Purpose
The Bill of Material (BOM) File provides the parts and

their relationship to higher/lower assemblies data necessary
to explode the major assembly requirements into. the components
and parts that make up those assemblies. It also provides

the lead time necessary to acquire or assemble a part/component.

Source
The current engineering BOM is maintained in the engineering

data base. The manufacturing BOM is extracted from that data

base.

Mode of Input -

None; the file is maintained through an integration with

" the engineering data base.
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Key Data Elements

Name Estimated Field Length

1. Parent Part Number als
2, Component Part Numbgr Al5
3. Quantity Used _ R4
4, Find Number 12
5. Effectivity (by STS Numbers

From/To) 2 x I3.
6. Unit of Measure 2 X 12
7. Engineering Change Number R2
8. Engineering Change Date N6
9. Drawing Number ' __Al0

Total ' 64 Bytes

Number of Records

There are an estimated 250,000 items in the bill of
material, assuming effectivity changes by line item or component

record.

File Size

250,000 x 64 = 16,000,000 bytes = 16.0 MB.

Processing Location

USBI/HSV Design Engineering; USBI/KSC Process Engineering;

USBI/KSC Quality Assurance.

Peripheral Reguirements

3 CRTs (designated A2, A3, and Kl1l); 2 Printers (designated

Pl and P2).
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Access Requirements

24 hours per day.

Criticality of Response Time

High.

Security Requirements

High.

Backup Requirements

High.

(k) Inventory File

Purgose

Thié file is a multipurpose file. In addition to tracking
inventory levels throuéh issues, receipts, cycle cdunts, and
adjustments, the inventory data base provides the key record for
storing other records (e.g., serialized part information, configu-

ration data).

Source
The file is primarily maintained by the inventory control

function of the production control system.

Mode of Input

Aésuming 50,000 controlled parts per SRB, there are likely
to be 1,000,000 transactions in the system on an annual basis

(i.e., 12 flows + additional stock). Therefore, the mode of
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input will be through CRT with transaction volumes as follows:

Issues : 1,000,000/Year = 3,200/day
Receipts :  1,000,000/Year = 3,200/day
Inspections ' : -1,000,000/Year = 3,200/day
Moves/Adjustments : 1,000,000/Year = 3,200/day
Total 12,800/day
Key Data Elements
Name Estimated Field Length
1. Part Number : AlS5
2, Effectivity (STS From/To or
i Date) : 3 x I2 or N6
3. Part Description A26
4, Class Code _ : Il
5. ABC Code ' A2
6. Source Code . : A2
7. Unit of Measure A2
8.. Inventory Account Number
9. Reorder Point R2
10. Last Engineering Change Order Al5
11. Issue Date " 12
12. Received Date 12
13. Last Cycle-Count Date I2
14. Quantity-on-Hand R4
15. Usage Data 5 X R2
16. Material Cost Data 5 X R2
17. Labor Cost Data 5 X R2
18. Order Policy Data 5 X R2
19. Lead Time Data 2 X R2
20. ©Safety Stock R2
21. MRP Level Code 12

Total 129 Bytes

Number of Records

There are approximately 6,000 parts being tracked by current
inventory systems. However, a subrecord for serialized parts
will also exist. It is estimated that 50,000 controlled parts

will be required for each flight. Assuming a flow of 10 to 12
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flights, there will be 500,000 to 600,000 records.

File Size

600,000 x 129 = 77,400,000 bytes = 77.4 MB.

Processing Location

Inventory Segregation Areas (KSC).
USBI Headquarters, Huntsville,

Peripheral Requirements

Based on 12,800 transacﬁions per day, and a 20—hour day,
the processing rate would be 640 transactions per hour. Assuming
a'throughput of 60 transactions per hour per terminal, 11 CRTs
would be required. An additional 6 CRTs would be provided
for inguiry and maintenance for a total of.l7 CRTs, 14 in
KSC (designated K2 through K15), and 2 in Huntsville (designated
A4, A5). Two printers (P3, P4) would be needed at KSC; printer

Pl can be used for Huntsville.

Access Requirements

24 hours per day.

Criticality of Response Time

High.

Security Requirements

High.

Backup Requirements

High.
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(1) Purchase Order
Request File

Purpose

In addition to its:use in a purchasing system (off-=line),
the purchasiﬁg order request file would be used by the MRP
module to provide data related to scheduled recéipts of

materials.

Source

Interface from purchasing subsystem (off-line).

Mode of Input

None; extracted from purchasing subsystem (off-line).

Key Data Elements'

Name o EStimated_Fieldgﬁengtb
1. Part Number (key) Al5
2. Purchase Order Number | AlO
3. Order Quantity R2
4, Purchase Order Unit Cost R2
5. Due Date I2
6. Vendor-Promised Delivery Date 12
7. User-Specified Delivery Date I2
8. Quantity Returned to Vendor R2
9. Vendor Code ' ' Al0
10. Account Number , . _ Al0
Total ' 57 Bytes
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Number of Records

Estimated to be about 1,000 open P.O.'s.

File Size

1,000 x 57 = 57,000 bytes = .057 MB.

Processing Location

USBI/HSV (Purchasing).

Hardware Requirements

Two CRTs for purchasing designated A4 and AS5. One

printer (designated Pl).

Access Requirements

24 hours per day}

Criticality of Response Time

Medium.

Security Requirements

Medium.

Backup Requirements

High.

(m) Gross
. Requirements File

T Purpose

The gross requirements file contains all the assemblies/parts

required to meet the master schedule.
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Source

Created in the MRP module.

Mode of Input

None; it 1s a created file.

Key Data Elements

Name Estimated Field Length
1. Part Number/Effectivity (key) Al5
2. Required Quantity ' R2
3. 'Required Date 12
4, STS Number ' R2
5. 'Next Higher Assembly Al5
6. Serial Number ‘ _ Al0
Total : 46 Bytes

-Number of Records

‘Assuming a launch horizon of 120 flights and 50,000

assembly parts per flight, there would be 6,000,000 records.

File Size

6,000,000 X 46 = 276,000,000 bytes = 276 MB.

Processing Location

Within central computer.

Peripherals Required’

None.

Kearney: Managerment Consultants



vV - 45

Access Requirements

As required.

Security Requirements

High.

Backup Requirements

High; this file should be backed up immediately

after creation.

(n) Manufacturing
Order File

Purgose

The purpose of the manufacturing order file is to provide
the information regarding the due dates of assemblies required

during the manufacturing process.

Source

This file is created through the netting logic of the MRP

module.

Mode of Input

None, it is created by the Material Requirements Planning

Subsystem.
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Key Data Elements

Name A ~ Estimated Field Length
.l. Part Ngmber/Ef?ectivity tkey ) AlS
2. Pianned Quantity- 3 R2
3. Start Pate ' . E2
4tl Due Pate | | 12
.5. Next Higher Assembly ¢ AYS5
6. Launch Number 2
Total 38 Bytes

Number of Records

Assuming a launch horizon of 120 flights, and up to 50,000
manufacturing orders required per flight, there could be up to

6,000,000 records.

File Size

6,000,000 x 38 = 228,000,000 bytes = 228 MB.

Processing Location

Within central computer.

Peripheral Requirements

None.

Access Requirements

24 hours per day.

Criticality of Response Time

High.-
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Security Requirements

High.

- Backup Requirements

Critical.

(o) Routing File

PurEose

The routing file provides the detailed operations for each
shop order, showing work centers, operations, GSE requirements,

‘tooling requirements, and labor requirements by skill.

There would also be routings to: (1) upgrade the effectivity
of a part; (2) .rework a part to flightworthy status; and

(3) other purposes as required.

Source

This file is maintained in conjunction with the Work

Authorization Document system by USBI/KSC (Process Engineering).

Mode of Input

. Batch one time setup. On-line maintenance (daily).
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Name Estimated Field Length
1. Part Number (key) Al5
2. Segquence Number 12
3. Operation Code {(key) Alo0
4, Operation Description A30
5. Tool Numbers 5 x Al0
6. Work Center Al0
7. Standard Setup Hours R2
8. Standérd Run Hours R2
9. Standard Transit/Queue Hours | R2
10. GSE Reguirements 5 x A20
11. Labor Skill/Certification
Requirement S x A30
Total 373 Bytes

Number of Records

20 Flts x 250 Routings = 5,000 Records + 1,000 Baseline
Routings = 6,000 records x 5 operations pér routing =

30,000 xecords.

File Size

30,000 x 373 = 11,190,000 bytes = 11.19 MB.

Processing Location

Used within central computer; maintained by USBI/KSC

Process Engineering.

Kearney: Management Consultants



vV - 49

Peripheral Requirements

1 CRT (K60.)

Access Requirements

24 hours daily.

Criticality of Response Time

Medium.

Security Requirements

High.

Backup Requirements

High.

(p) Exception Process
Documents File

T Purpose
To provide work orders for exception processes (TPS, DR, PR)

for incorporation in the scheduling module.

Source

dr ‘USBI/KSC Shop Floor and USBI/KSC Process Engineering.

Mode of Input

CRT.
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Key Data Elements

Name . _ Esﬁimated Field Length
"l.&'Part Number (key) Al5 |
'2,4 Sequence Number .IZ

3. Operation Code'(key) AlQ
4. Operation Description A30Q
5. Tool Numbers 5 x AlD
6. Work Center AlDQ
7. Standard Setup ‘Hours N R2
8. Standard Run Hours R2
9. Standafd Transit/Queue Hours- ' R2
10. 'GSE Requirements ' | _5 x A20
11. Labor Skill/Certifipation
Requirement 5 fwéig
Total | 373 Bytes

Number of Records

Estimated to be 4,000 recordsg; ongoing maintenance estimated

to be 25 records per day.

File Size

373 x 4,000 = 1,492,000 bytes = 1.49 MB.

Processing Location

USBI/KSC Shop Floor and Process Engineering.

Peripheral Requirements -

2 CRTs (K1, K16), in addition to shop floor terminals.
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Access Requirements

24 hours per day.

T Criticality of Response Time

High.

Security Requirements

High.

Backup Requirements

High.

(g) Process
Constraints
File

Purgose

To identify specific routings that prohibit the simultaneous
performance of other routings due to the nature of the specific

‘routing.

Source

USBI/KSC (Process Engineering).

Mode of Input

CRT.
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Name .

I
¢

Estimated Field Length

1: - Part Number/Routing Number
2. Operation Code

3. Network Structure Codes

Number of Records

To be determined.

File Size

To be determined.

Processing Location

. Within central computers

Peripheral Reguirements

1 CRT (Kl).

Access Reguireménts

24 hours per day.

Criticality of Response Time

Medium.

Security Requirements

High.

Backup Requirements

Medium.

A15
a10
_ X (Te be devérmined)

X (To be determinéd)
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(r) GSE Preventive
Maintenance Work
Orders

PUI.’EOSG

To provide work orders for preventive maintenance for

scheduling purposes.

Source

Input by USBI/KSC (Preventive Maintenance).

Mode of Input

By CRT daily.

Key Data Elements
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Name Estimated Field Length
1. Part Number (key) AlS
2. Sequence Number 12
3. Operation Code (Key) AlQ
-4, Operation Description -A30
5. Tool Numbers 5 x AlO
6. Work Center Al0
7. 'Standard Setup Hours R2
8. Standard Run Hours R2
9., Standard Transit/Queue Hours ‘R2
10. GSE Requirements S x A20
A 11. Labor Skill/Certification -
' Requirement 5 x A30
Total 373 Bytes
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Number of Records

500 (Estimated).

File Size

500 x 373 = 186,500 bytes = ,187 MB.

Processing Location

Input at KSC (Preventive Maintenance); processéed in

central computer.

Peripheral Requirements

One CRT (Kl7) at KSC.

Access Requirements

24 hours per day.

Criticality of Response Time

Medium.

Security Requirements

Medium.

Backup Requirements

Medium.

(s) Work Center/
" Capacity File

Purpose
‘The purpose of this file is to describe a unique work

center and its capacity.
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Source
Created on a one-time basis; maintained thereafter by'

USBI/KSC Process Engineering.

Mode of Input

Maintained through CRT.

Key Data Elements

Name - Estiﬁated FiéidﬂLeng;h
1. Work Center Number AL0
2. Description ' A30
3. Capacity'Hours/Day ‘ ' R2
4. Setup Rate R2
5. Labor Rate , 4R2f
6. Utilization Data 52 X R2
7. Reserved A20

Total - 170 Bytes

Number of Records

Estimated to be lOOIrecords.

File Size

100 x 170 = 17,200 bytes = .017 MB.

Peripheral Requirements

1 CRT (K60).
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(t) Resource Skill.
Capacities File

Purpose _

The purpose of_this file is to identify the capacity
levels by resource type.

Source

Created and maintained by USBI/KSC Process Ehgineering,

Mode of Input

CRT.

Key Data Elemeits

Name Estinated Field Length
1. Resohrcg Number | A . :Alo-
2. Descriptién B | 5A3Q
3. Capacity Hours/Day ~ R2
4. Setup Rate - _ _ . .. R2
5.- Labor Rate | - ':RZ
6. Utilization Data | 52 k'Rz
7. Reserved | _”“;M2p
Total | N | 170 Bytes

Number of Records
One each per resource type (80) and labor skill (100) =

180 records.

File Size

180 x 170 = 30,600 bytes = .031 MB.
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Processing Location

Maintained by Process Engineering/USBI.

Peripheral Requirements

1 CRT (K1).

Access Regquirements

24 hours per day.

Criticality of Response Time

Medium.

Security Requirements

High. 

" Backup Requirements

High.

(u) Time-Phased
Shop Orders

(Scheduled Detail Shop Orders)
(Activity Data File)
(Detailed Production Schedule)
(Completed Shop Order File)
PurEOSe
The purpose of the shop order file is to provide the detailed -

operations/shop order for scheduling, posting, and performance

analysis.

Source

This file is created by applying the manufacturing orders
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to the routing file, then updated in the'detailed:écheduling module,
and updated through the rescheduling process. It'isAalso updated

in the operations control subsystem,
~ .

Mode of Inpdt'

None; this file ie created and maintained by'Vaﬁious inpgq

transactions.

Key Data Elements

Name Estlmated F1eld Length

1. Shop Order Number (Key) . - AlO;
2. Sequence. Number - - : Il
3. Operation Code (Key) . ' , A7
4. Work Center (Key) AT
5. Quantity Required ~ R2-
6. Quantity Completed - R2:
7. Start Date Offset : 12
8. End-Date:Offset 12
9. Standard Setup Hours R2.
10. Actual Setup Hours ‘ R2
'1l. Standard Run Hours : "R2
12, Actual Run Hours R R2
13. Labor Skill Certifications 'R2
14, Labor Skill Standard Names R2
15. Supplies . ‘ “R2
"16. Supplies Quantlty : R2
'17. Tools : : -R2
18. Tools Time Requlred R2 -
19. GSE S - .R2
20. GSE Time Required ‘ R2 -
2l. Subcontractor - 'R2
22, Subcontractor Time Requlred _ : R2 ‘
23, Start Date _ R2.
24. Latest Complete Date 12
25, Priority ' Il
26. Part/Effectivity/Serial Number A30
Total = 96. Bytes

1

Number of Recordsf

Assuming 1,000 per SRB (12) = 12,000 + additional for

‘preventive maintehance, TPS, PR, DR (40%) = 16,800,
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File Size

16,800 x 96 = 1,612,800 bytes = 1.61 MB.

Processing Location

Created within central computer. Modified by USBI/KSC

(Production Control).

Hardware Required

i

Five CRTs (designated K61 through Ké65) and one printer

(designated P5) would be required at KSC.

Access Requirements

24 hours per day.

Criticality cf Response Time

"High.

Security Requirements

High.

Backup Reguirements

High.

(v) Resource
Schedule File

Purgose

This file provides data relating to the availability of re-
sources required to work a shop order at the time of prerelease
“verification, in order to ascertain that those resources will be

.available at the time the shop order is releaSed to the floor.
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Source

Generated by'proddction scheduiing functions.

Mode of Input_

None; maintained within central computer.

Key Data Elements

Name ‘ Estimated Fieideength
1. Resource Code'(key) AlO.A
2. Resource. Description ' - A30
3. Resour¢é Requirement _ RZ:

4. Resource Requirement

Load Factor : #2
S;I‘Time,Period _ §2" 
6. 'Shop'O;der Operation - 5;9'
Total o SS,Bytes

"~ Number of Records

80 (one'ﬁor each resource type) for each time period
(12 per day x 30 days) = 360.
File Size

80 x 360 = 28,800 bytes = .029 MB.

 Processing Location

"Within central computer.

Peripheral Reguirements

None.
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Access Requirements

24 hours per day.

Security Requirements

High.

Backup Requirements

High.

(w)  Resource Usage
File '

Purpose
The purpose of this file is to clock the utilization df<?‘

‘tools, GSE, and other equipment against a shop order.

Source

USBI/KSC (Operations Control).

Mode'of'Input

CRT.
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Key Data Elements

Name | Estimated Field Length

1. Shop Order Number | Al5

2. Date '_A E | ulg

3. Resburce Type ' _ 56

4. Date Started | 12

5. Time Started 12 .

6. Date Compiete 22

7. Time Complete ;12 :_ ' .
8. Work Cénter: A6

9. 'Operatioﬁ Code : ~§2

Total . .. 44 Bytes

Number of_gederds

".Esiimated to be 500 per day.

. File Size

500 x 30 x 44 = 660,000 bytes = .66 MB,

Processing Location

Data entered through operations control work centers.

Peripheral Requirements

1 CRT per work center (K18-K59).

“Access Requirements

24 hours daily.

Criticélity-gf Response'Time‘

- High.
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Security Requirements -

High.

Backup Requirements

High.

(x) Exception
Processes And
Rework File

Purpose

To create additional shop orders to accommodate additional

work requirements.

Source

USBI/KSC Operafions Control.

Mode of Input -

CRT.

. Key Data Elements

‘Name Estimated Field Length

l; Shop Order Number (key) AlS
2. Operation Code (key) ' Al0
3. Operation Deséription | A30
4. Operation Sequence I2
5. Operation Work Center Al0
6. Operation Labor Certifications 5 x A30 -

7. Operation Resource Requirements 10 x AlS

8. Special Notes ‘ To Be Determined

To Be Determined
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Number of Records

To be determined.

File Size

~To be determined.

Processing Location

USBI/KSC Process Engineering.

Peripherals Required

5 CRTs (K61-K65) in addition to operations control

work stations,

- Access Requirements.

 High.

Criticality of Response Time
High.

]

‘Security Requirements

High.

Backup Requirements

High.

(y) Labor Reporting
: File - .-

Purpose
This file is used to report labor against a‘shop order.

)
.
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Source

The source of data is from USBI/KSC Operations Control.

Mode of Input

While the expected mode of input is through'a CRT, it
will be advantagecus in the future years to utilize a coded

cards (magnetic strip or equivalent) input.

Key Data Elements

Name Estimated Field Length
1, Shop Order Number Al5
2, Date "_' I?
3. Shift ‘ ‘ ) o I2-
4. fime Clbcged On = R2
5. Time Clocked Off . R2
6. Employee Identification 'AS
“ 7. .Work Centér | | A6
- 8. Operatibns.Code a7
9. "Labor Skill Certification _A3
Total | 45 Bytes

Number of Records

‘Assuming 1,500 direct workers, and five operations each
' per day, there would be 7,500 records per day x 30 days of
on-line access = 225,000.

File Size

225,000 x 45 = 10,125,000 bytes = 10.125 MB..
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Processing Location

USBI/KSC Operations Control.

Peripheral Requirehents

1 CRT per work station (K18-K59).

Access Requiremeénts

24 hours daily.

Criticality_of Reponse. Time

High.v

Security Requirements’

High.‘

Backup Requirements

~ Low.:

" (z) Activity Data
File .

Purgose

This file contains summarized activity data beyond thé 30
days of detail kept in the-APC. It is used in the_pérfofmance

éevaluation subsystém.

Source

Created by Operations Control Subsystem.

Mode of Input

None, created from other files.
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Key Data Elements

Name

1. Shop Ordetr Number
2, Operation Time Log
3. Work Center Number

" 4, Work Center Standard
Duration Time

5. Work Center Actual Time

6. Labor Certification Number

7. Labor Cértification Standard

Time

8. Labor Certification Actual

Time
9. Supplies Requisitioned
10. Supplies Used

11. Tools/GSE/Subcontractor
Npmber

12. Tools/GSE/Subcontractor
Standard Duration Time

13.  Tools/GSE/Subcontractor

"Actual Time

Total

Number of Records

To be determined.

File Size

To be determined.

Processing Location

Within central computer.
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Estimated Field Length

Al0
"R2
A5
' R2
R2
Al0
R2

" R2
AL0
R2
'Al0
R2

-R2

61 Bytes
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Peripherals.Requiréd

None. .

Access Requirements:

As Required.

Security Requirements

High.

Backup Requirements

High. -
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The following table summarizes the file storage reguirements.
| Table V-1

File Summary

File Name . Record Length Number of Records File Size (bytes)
Launch Schedule ) 9 200 1,800
Major Assembly BOM_ 44 30 1,320
Major Assembly Inventory 23 6,000 . 138,000

Major Assembly New .
Build Orders ) . 23 100 ) - 2,300

Major Assembly Refurb

"Schedule : 21 2,000 42,000
Major Assembly Gross ) '

Requirements 4 6,000 : 28,200
Summary Resource

Requirements . 1,295 30 38,850
Summary Resource

Availability 38 4,800 .182,400
Major Assembly . I :

Manufacturing Orders ‘34 6,000 o 204,000
Manufacturing BOM 60 250,000 16,000,000
Inventory . 127 600,000 © 77,400,000
Purchasing Order Request 57 1,000 57,000
Gross Material Requirements . 47 6,000,000 © 276,000,000
Manufacturing Order File 38 6,000,000 228,000,000
Routings File o 373 A 30,000 . 11,190,000
Exception Process ‘ : '

Documents File 373 4,000 . 1,492,000
Process Constraints ' :

File : To Be Determined
P.M. Work Orders- ) 3713 500 186,500
Work Ceénter Capacity 172 2,100 ’ 17,200
Shop Orders 96 16,800 1,612,800

Resource/Skill Capacity 172 180 ' 30,960

Resource Schedule

Resource Usage 44 1,500 66,000
Exception Process and . .
Rework : To Be Determined
- Labor Reporting . 45 225,000 10,125,000
Activity Data Pile . T6 Be Determined
Total 6&2,816,330 + "TBD"
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EVALUATION OF
EXISTING NASA
SYSTEMS

A Xey consideration by the project téam was the pos¥ibility
of using existing NASA or USBI systems to perform all or & part

of the-functiohal requirements for. thé.Automated. Broéductidn.Cons
trol Systeém. ‘

Accordingly, the project team reviewed the capabiiities of

existing NASA and USBI systems to detérmine whethdr thosé systems
should:

1.

'Be integrated into the APC System and tHid& perfoim
some portion of its functlonal requlrements, or

2. Interface with tHe APC System eithér to perform oite

APC function or to prov1de a supportlng function to the APC, or

3. Be replaced by the APC Systefm; or

4.

Exist coincidentally with the APC Sy&fén for &ome othér
purpose.

The conclusions of the project team follow.

(a) SIMS/SIMS II

KSC's primary purpose in providing SIMS to 1ts contractors

was twofold: (1) to provide GSA with the ablllty té rediew cons

tractor inventory levels; (2) to provide a ¢dntrad€dr—inté§rétéd.

inventory system that may lend itself to cdntraét_éﬁappiﬁg of

needed inventory.

SIMS is a basic inventory system, processing receipts and
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issues of inventofy and producing weekly and monthly reports of
inventory status énd_activity. USBI was the first shuttle con-
tractor to utilize'SIMS; however, they utilize it iﬁ'a "parallel
mode" only and'reiy on internal systems for actual inventory con-
trol. The systemrsﬁffers from poor response time, dhe in part

to inadequate hardware resource allocation.

Additional difficulties with the system have been noted and
a new set of functional requirements for SIMS II have been issued.
It is anticipated that the current SIMS will be redeveloped and

redeployed using more current hardware and software.

It is not recommended that SIMS or SIMS II Be utilized in

place of, or to supplement, the Automated Production Control System
for the following reésons: | |

1. The inventory records are a key data base in the APC
System; it prqvides the root record for all part references through-
-éut the system. There is no saﬁisfactory alternative to providing
an inventory data base which is integrated (with many other records)
in the APC System data base. This file is crucial in design,
accessibility and integrity to the APC System. |

2. Due to the criticality of inventory transactions
in the APC systemi sufficient processing capacity must be contin-
‘ually provided to ensure timely processing of the estimated
13,000 transactions. per day. NASA/KSC has historiqally provided
oniy limited processing capacity to the SIMS application. Failure

" to provide adequate processsing capacity in the APC environment
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would severely haﬁber the effectiveness of APC System.

3. Theré'would be no cost savings, since:NASA/KSC would
have to develop software, and provide mainframe and peripheral
processing capacity;‘

4. GSA fequirements to review contractor inventories

can be met by the APC System.

(b) AUTOGOSS

The AUTOGOSS syStem-is operated at KSC by the Vehicle Opera-
tions Direcforate.,'lt is oriented to a task sfructure,'tracing
tasks and réquiréménts in SRB assembly operations. It is a work
Acontfol'syétem curfent1§ hampéred by inadéquéte'hatdware éapacity,-

funding, and technical design.

The system is not an MRP system, in that_it dbes not=geﬁerate
manufaéfuring-ordérs:baséd upon material requiremeﬁts. Once
tasks are input, it does track their status and peruces a schedule
(using the given tasks and start and end dates)._-AﬁTQGOSS has
achieved 20% of its targeted capabilities. Limited’funding |

accounts for some of this shortfall.

Future plans called for adding equipment lists, OMI/task
tracking, resource management, configuration management and other

modules.

The AUTOGOSS system represents the closest existing system
to meeting the needs of an APC System. However, the KDMS project

team has suggested that the technical design of AUTOGOSS will not
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effectively support the additional modules needed for an APC Sys-
tem. If AUTOGOSS is to be expanded in future KSC operations, it

will have to be redeveloped.

Therefore, it is not recommended that AUTOGOSé»be used as
the'éutomated production control systems for the foliowing reasons:
1. Since AUTOGOSS would have to be redeveloped to in-
corporate. all the features of the APC System described in the
business system deéign section, the development effort would es-
sentially be developing an APC System from scratch. The disadvan-
tages of ﬁhié appfoach have been previously discusséd.in this
' éection; 4. |
2. It would not be feasible to utilize AUTOGOSS as a
subsystém of the APC System since the development.effort to create

a subsystem that integrates with the APC System would be greater

than médifying the‘ekisting subsystems in the propqsed package to

meet specific requirements.

AUTOGOSS may complement the APC System by being the external
module that handles the scheduling of shared contractor resources.
(c) Kennedy  Data

Management .
System (KDMS)

The Kennedy Data Management System (KDMS) is:currently in
the requirements definition phase, which is not expected to be
completed until the summer of 1981. As of January 1981, its

scope had not yet been agreed upon.

It is not contractor specific, but instead focuses on
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existing KSC systems.' USBI management and perSohnel'weré not

scheduled for interviews to define their information needs.

It is not poSsible“to say in what way KDMS_éould be integrated
with an APC System, since the KDMS requirements have not yet been
defined. We anticipate that the final report will recommend re=
developing most éxisting KSC éystems._ This_effdrttﬁill be immense,;
both in cost and time. Given the existing uncertainties in this
effort, it is not recommended that KDMS be_cohsideféd a cost effec~
tive and timely alternative to the recommendation that existihg
software be modifiéd to meet USBI's needs.

(d) Autdmated

Drawing Release
Systems (ADRS)

ADRS is a system with a completed set of functional requirfe=

ments as of October 30, 1980.

The system's primary function is to'maintéin thé éngineering
data base, and tdimanage.engineering changes appiiéd to that data
base. It is intended to interface with NASA'S:SCIT and CMA sys-=
tems. - which p:ovide status accounting and chanée'assUrahce of
ECNs to NASA. Additionally, ADRS will provide'té ACMS the "as
designed” bill of material in order for ACMS tOfbé able to provide
the delta listings (i.ex, "as built" versus "as:designed“). Thus,

ADRS is an important function to the APC System;

Rath and.- Strong, the recommended software’vendor, have esti=-

mated three man-months of effort to modify their éxisting system

s
Y
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to incorporate the features necessary to produce the reports similar
to those outlinea in Section 3.2 of the ADRS functioﬁal requirements
document .* It is therefore recommended that many of the ADRS
functions be intégrated within the APC System pa;kage in so far as .
joint requirements of the APC System and NASA reporting are met.
However, two additional factors must be considered. First, NASA

has extremely stringent requirements for configuration and documen-
tation management. An APC System is merely a shop environment
"tool" that does not require much of the massive detail and audit

trail capabilities that ADRS (and ACMS) could prbyide.

Second, the tétal installation of the APC.System is not
scheduied until the end of 1983 (or beginning 1984). It would ap-
pear that this time frame would not be satisfactofy to meet the
short-term needs'bf NASA or USBI. As a result, éonsideration
should be given'to treat ADRS and the APC System as two separate
systems (at least for the time being) until a preliminary system
design can furthér'idéntify timing requirements and opportunitieé
for possible integration/interface. |

(e) Automated

Configuration

Management
Systems: (ACMS)

ACMS tracks part activity history (e.g., installations, re—

movals) -and provides a record for the installation of each part

(*) United Space Boosters, Inc., "Functional Requirements for
the Automat%g Documentation Release System (ADRS)",
October 30; "1980.
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in a SRB (i.e., "as built" configuration). Using the "as designegd"
configuration, it produces a "delta" listing showihg all discrep-

ancies between the "as built" versus "as designed™.

The system has recently entered production status. Howévér;
consideration is being given to redesigning the'syétem to intdgrate
it with ADRS. This will eliminate the tedious process of extracting

an "as designed" configuration'from the NASA/DRS system.

'ACMS also performs a limited inventory function, keeping track

of receipts, installations, and removals.

The system has significant value in the NASA/USBI SRB
production environment due to its capability to-ptOVide a history
for each part and also the "delta” listing of variancés between

the "as designed" configuration and the "as built“;cchfiguratibh.

Therefore, it is récomﬁended that moaificatidhs to the APC
System include incorporating, but in the short term, not replacing
the capabilities'of ACMS for the following reasdhs: |

1. Since ACMS would be redeveloped to be integrated
with ADRS, the cost of incorporating ACMS functiéns ih the ABC
System should noﬁ-represent a cost above the cos£ of redeveloping
ACMS. .

2. The ACMS data base should be integrated into the
APCASystem data base to facilitate producing the "delta" listing.
This approach eliminates problems associated with ihtérfaéihg two

systems on different computers should ACMS be reéeveloped separateiy.»
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(f) Integrat=d Parts
Status System
(IPSS)

IPSS was reviéwed for its potential to be the APC System for
USBI. We do not recommend its use for that purpose for the fol-
lowing reasons:

1. fﬁ is currently in a development bhase with completion
not expected until late 1982. It would be difficult to begin
modification of the package to meet USBI needs until the IPSS
package has accémplished some degree of compleﬁion.

2. IPSS is not MRP driven, but is work driven. This
approach was due to the many changes the external tank engineering
data base is experiencing. Also, there are no plans to stock
subassembly inVentory levels, or to purqhase/manufacture/refurbish
in economic lots.

3. ‘The system does not accommodate automatic back-
scheduling to determine an activity start-date.

4. 1IPSS does not accommodate labqr.and tools capacity
planning. |

5. Complete user documentation'aﬁd overall training
programs have not been developed.

é; IPSS does not report the status of critical parts
at vendors.'

(g) Material Control
System (MCS)

The MCS is primarily a data base which records the inventory

status of all flight hardware. Reports generated include shortage
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lists. The system resides in Huntsville and the data from KSC

is mailed to Huntsville.

The system is not sophisticated enough to peffbrm as an APC
function. It would not be desirable to utilize this system as the
Inventory Control System for the APC Systenm, since the APC System
requires inventory datavto be integrated into theAdatg base.

Thus, this system will belreplaced by the APC Systém.

(h) Drawing Release
System (DRS)

The DRS system is operated and maintained by USéI/MSFC.' The
system‘s primary pﬁrpose is to store the engineering-data base and
subsequent generation breakdown. It is our understanding.that this
system willlbe.phased out when NASA/MSFC relinquishes the SRB de-

sign responsibility..

{ o
' We do not recommend its use in the APC System since it will be

functionally replaced by the integrated ADRS funqtioh.

(i) Project Oriented
Management
Information .
System (PROMIS)

PROMIS is used.by USBI to do resource and milestone planning
at the master sched@ling level through the use of PERT or critical
path algorithms. Sihce this module of the masfer schéduling
subsystem is scheduled for implementation late inithe_project,

‘we recommend that PROMIS be retained in a mode external to the

automated production control system. It could be replaced at a
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later date by a mgre sophisticated resource planning and operations
budgeting system..
(j) Booster

Simulation Model
(BOSIM)

The BOSIM system is a shuttle program modeling technique for
SRB production requirements, used to approximate the costs of the
full program and to evaluate production policy decisions (e.g.,

spares impact, attrition forecasting).

‘There is no. functional overlap between BOSIM and the APC Sys-
tem; thus neither replaces or can replace the other.
(k) Performance

Monitoring
System (PMS)

The PMS system is intended to evaluate contractor work. It
comparés the value of work scheduled with the value of work ac-
complished. It is not being used to measure USBI during the de-

sign development, test and evaluation phase.

The operatioﬁs budgeting tracking techniques in the automated
production control system will be an upgraded version of the PMS
which could serve USBI's production management as well as NASA's
supervisory requirements. This subsystem will not become opera-
tional until late 1983. Consequently, the PMS system could be

appropriate until that time.
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(1) Standard Change
Integration And
Tracking System
(SCIT)

SCIT tracks engineering change notices from conception to
1 . .
approval by the board. It then passes this information to the

Configuration Management Accounting system (CMA).

This function was included in the Change Status System (CSS)
of ADRS and will be provided in the APC system;A Thus the SCIT
will no longer bé necessary when the ADRS featUres'of APC System
becomes operatidﬁél.

(m) Change Management
Accounting (CMA)

The CMA system tracks approved engineering change notices
through actual incorporation. These functional requirements were
noted as part of the Change Status System of ADRS, which could be

incorporatedAin the APC System.

Thus, the CMA system will no longer be reguired when the

ADRS features of the APC System become operational.

-(n) Computer Assisted
Drawing (CAD)

The CAD system is a software package uséd to facilitate
origination,énd maintenance of engineeringidrawings. The CAD
éystem wiil still be required to produce the:hecessary graphics,
and neithef'duplicates or is duplicated'by'any function.in the

APC System.
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(o) Provisioning System

This system defines the maintenance/support requirements to
engineering drawings and advises what to buy or not to buy to
support an item. Its end purpose will be to develop inventory

level policy, specifically safety stock levels.

It does  not appear to functionally duplicate or be duplicated
by the APC system. It may be used to determine inventory policy
criteria in the APC System.

(p) Central Data

Processing
System (CDS)

This system is used by KSC to sétisy NASA reQuirements for
identification'of problem areas through capturing problem reports.
This KSC requirément could be met by feeding problem reports into
it from the APC system.

(q) Problem:Reporting

And Corrective

Action System
(PRACA)

The USBI Problem Reporting System receives and stores prob-
lem reports encountered during USBI operations in the SRB assembly

process.

It is recommended that this system continue to function with
an interface with the APC System to provide it with an administrative
record of problem reports. The APC System will capture problem

reports on the shop floor.
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At a later time, it may be feasible to incorporate the admini- -

stration of problem reporting into the APC System. -
* i - ot

(r) IBM System 6

This hardware is used for;word processing aésbéiated with
generating Qork authorizatioﬁ documenis (é.g., OMIé;‘BOSs), ’
It neither duplicafés or is duplicaﬁéd by any function in the APC
System; It would be desirable for the APC system to be able to
automatically exﬁgaét routing resource require@ents_from the WADs.
The feasibility of this function should be.exaﬁinédbin the Detail
Design Phase. o o |

(s) Automatic
Check-0Out (ACO)

 This system is used by NASA and USBI for automatic check-out
of shuttle fuaniQns and processing of sensor calibration telemetry.
It neither duplicates or is duplicated by any APC function.

CONCEPTUAL
INTEGRATION

Figure V—7_de§icts the conceptual integratidh.of the automated
production control system with existing NASA/USBIAsystems. This
conceptuai integration is explained below by system:

1. BOSIM. There is no actual integration or interface
of the APC system with BOSIM. However, it is'récognized that both
systems are separately concerned with estimated costs and impacts
of prodpction.policy on the launch schedule.

2. PROMIS. PROMIS could receive the major assembly

gross requirements file from the APC System, and process it against
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the summary resource requirements file tq,prqdqge'res@gree and
milestone planning reports to the master scheduling subsystem.® ¢ .

3. Provisionigg. While there may not be a direct *- -~

interface between the APC System and the Prov151on1ng system, the
Prov151on1ng system can a551st in making 1nventory pollcy deels ions
(e.g., safety stock) that can be input to the anentgty poliey

file of the materials plahning requirements sgbsyStem,

4. éggg. ADRS could be functionallj”integgated into
the APC System to the extent :equired by the A?@ISYSEem, The
‘engineering data base could be maintained‘within the bill of
materials module.Which could maintain both the engineering and
manufacturing bills of material. The bill of'materiels module
could track current ECN status. A subsystem cdulé bevdeveloped to
track mllestones (e g., authorization points, implementation ace
tivities) of pending/approved ECNs, routing chansssz gpeblem'
reports, and other,items requiring administrati?e.acceunting,

5. CAD.' The englneerlng data base in- the APC. System
w1ll prov1de parts lists numbers to the computer-alded drawing
function. | '

6. AUTOGOSS: Manufacturing resoupgeigquipements
pertaining to contfadtqr-shared GSE equipment ¢991§ Qe'ggsseq te
AUTOGOSS, if KSC were to agree to use AUTOGOSS’er the purpose §g
scheduling shared GSE equipment. Upon schedullng the equipment,
AUTOGOSS would send the scheduled or nonscheduleQ‘requ;yement

back to the .APC System.

7. 'IBM System 6. While there may be no direct interface
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‘between the word processing eduipment regponsible fof tektl
maintenance to thevwork autﬁorizatipn documents,'these WADs aré '
needed on the shop floér at thg appropriate times. Prior Qo

these requirements, the required WADs will be identified, printed,
and distributed to the operatiohs control/dispatcﬁ areas.

8. ACMS. ACMS could be integrated into the APC System
data base (to the éxtent required by the APC system), as a replen—
ishment record.for'ah assembly linked to the reéuirement record
(explicit pegging) for a component part. Additionally, shop order
routing could be linked to the replenishment reéord, which would
iacilitate tracking of installations, removals, and problem
réports. It cbuid produce the material "delta" listing by coméaring
the requirement‘record generated by the bill of material with the
replenishment tecord of the part actually installed.
| 9. CDS/PRACA. Problem reports captured in the shop
floor operations:subsystem by the APC System will be interfaced to
the KSC/CDS system and the USBI/PRACA system. No return interface

is required.

10. Performance Monitoring System (PMS). Data required
by the PMS systém will be provided by the APC System performance
evaluation subsystem. This will be compared with data provided

by POPs and PROMIS to develop performance reports.
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