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1. EXECUTIVE SUMMARY

In assessing the use of product-oriented cost estimating and cost control in
nonmarine industries, this task has identified that a major issue is to determine the expected
business use of the envisioned cost estimating and control approach. Companies observed
were Trane Company, Caterpillar, Inc., and the Boeing Company (Space & Defense
Division).

The systems observed were noted to be either for internal use at Caterpillar and
Trane or for both internal and customer requirements at Boeing Space & Defense. In all
cases, the cost estimating and cost control approaches were process-based systems in
which similar products used similar processes. The major observed difference in approach
occurred at Boeing where the product development was currently in a prototype phase with
strong project management procurement control from the DOD customer.

All companies indicated that their cost-control approaches for product
manufacturing had changed from labor-oriented control to volume product throughput
controls. Direct product labor was reduced to the point that it no longer was the most
effective measure of performance or cost control. While direct labor cost is still an
important cost constituent, the cost of labor is no longer used to allocate other portions of
total cost. Activity-based costing approaches are used to allocate indirect costs and,
product throughput within individual processes was seen to provide a more accurate and
lower cost approach to cost control. Key indicators of these approaches include:

« flattened organizations;

« traditionally direct functions reporting directly production cost centers;

+ increased production automation with the requisite decrease in direct labor cost and
increase in indirect support cost.

Specifics of the management implementation of new cost estimating and control
approaches varied due to the individual company's product, business plan, competition,
legacy cost systems, and customer. However, in all cases, the approach was based on a
thorough understanding of the delivered product, the interim or subproducts, and the
processes through which the interim products pass. Processes include all added-value
steps required for the life cycle of the delivered products.

The parallels with foreign shipbuilding companies are very high. Foreign
shipbuilding use of process and interim product knowledge for both high level and detail
level production control has been consistently documented as a major driver in lowering
both product cycle and product cost. Further, increased levels of process automation are
also reported in foreign shipbuilding, especially in the fitting and welding of hull
structures.

These parallels seem to indicate that cost estimating and control approaches in
nonmarine industries, which draw on product and process knowledge as their major
driver, may also be appropriate in U.S. shipbuilding. However, major unresolved issues
of business planning or strategy remain in the use of these approaches.

2.  BACKGROUND

Product-oriented, work-definition approaches in foreign shipbuilding have been
observed and documented, primarily in Japan, since the mid 1970s. These approaches
appear to have significantly enabled reduced product cycles and reduced product cost.
These approaches have been available to U.S. shipbuilders who have failed to keep pace
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with the productivity levels of foreign shipbuilders. Part of the difference is thought to be
related to U.S. Navy procurement practice and requirements, which remain ship-systems
based rather than interim-product based.

This task was intended to assess the use of similar product-oriented approaches in
domestic nonmarine industries. The assessment was to observe and report any effective
business strategies that would allow adoption of effective cost-estimating and cost-control
approaches more easily between U.S. Navy and U.S. shipbuilders.

3. OBJECTIVE

The objective of this activity was to study the relevant use of product-oriented cost
estimating and cost control by nonmarine companies that design and manufacture products
of similar complexity or scale to ships, and to report on approaches that may be of interest
to the Navy or to shipbuilders in the implementation of product-oriented cost estimating
and cost control.

4. APPROACH
The approach of the study was to:

+ Identify at least three (3) suitable nonmarine companies that are using product-oriented
or activity-based costing methods.!

+ Obtain and study information related to their operations and cost approaches.

» Develop a set of questions appropriate for each company's situation that investigates
the relevant issues of the objective.

» Synthesize the findings of all visits into a summary report indicating important concepts
concerning costing approaches that should be considered in ship acquisition and
construction.

 Provide immediate input to the project manager on items that appear to be novel and of
significant importance to cost approaches for ships.

4.1. INDUSTRY SELECTION
Company Selection Criteria

The objective of the study dictated that the specific companies selected for detailed
review and visits would; (1) manufacture and assemble complex and large scale
commercial products, and (2) have in place advanced cost estimating and/er management
control systems.

These criteria were logically established to assure that there was direct relevance to
shipbuilding products and to assure that only companies using competitive approaches to
cost issues would be considered.

4.1.1. LITERATURE SEARCH AND INFORMATION SOURCES
Literature Searches
The literature searches conducted in support of the Product-Oriented Design and

Construction (PODAC) Cost Modeling Project were done to identify potential companies
that met the criteria identified above. This information is available from PODAC Cost

1Appendix A includes a list of the foundation reference material related to activity based costing (ABC).
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Model Development - Phase I Final Report.2 These literature searches had been conducted
through the University of Michigan library system, including the library at the Department
of Naval Architecture and Marine Engineering and the NSRP library system at UMTRI,
and the Society of Manufacturing Engineers library system. Literature search abstracts
totaled more than 400 pages and only selected citations are included in Appendix A of the
PODAC report. Pat Cahill is currently on staff with UMTRI-MSD and assisted Mark
Spicknall in the literature search for this task. Very few of these articles identify specific
companies that meet the criteria identified above.

Also, as part of this task, a keyword literature search was conducted using sources
and databases available at the University of Michigan Kresge Business School library and
at the Navy's Best Manufacturing Practices office. Copies of these abstracts are also
included in Appendix A.

Two articles identified highlight companies that meet the criteria identified above.
The first article® (Appendix B) addresses Trane’s development, implementation, and use of
an activity based costing and accounting system. Trane is a producer of large scale heating
and air conditioning components and systems for commercial and military use. The article
reviews the costing processes at one of Trane’s equipment manufacturing plants where the
activities, processes, and problems encountered have some direct parallels to the
shipbuilding environment.

The second article* (Appendix C) reviews the history of the development and
implementation of an activity based costing system used by Caterpillar to estimate and
control the costs of manufacturing heavy construction equipment. Although the scale of
production in terms of product size does not exactly match that of shipbuilding, the basic
premises of group technology and work center-oriented manufacturing and assembly are
employed. The article explains how the cost estimating and cost control functions are
integrated into a single Cost Information System, or CIS. The CIS is part of a larger
Computer Integrated Manufacturing (CIM) environment, which allows Caterpillar to access
and update cost information at every stage of its design and production process.

Other Sources of Information

In addition to literature searches, several other sources of information were utilized.
Michigan Business School professors with expertise in managerial accounting and cost
estimating were consulted independently and asked to identify companies meeting the
required criteria. Dr. James Noel, Assistant Professor of Accounting, voluntarily
coordinated this effort. Again, Caterpillar and Trane were continually mentioned as two
manufacturing companies that were widely known to have implemented advanced costing
and accounting methods and systems. The Business School professors attempted to
identify a domestic manufacturer of large scale machine tools that had implemented
advanced costing and accounting methods and systems, thinking that this industry would
be close to shipbuilding in complexity, scale, and scope. However, they were
unsuccessful in uncovering any domestic manufacturers involved in these activities.

2 by Howard M. Bunch, Patrick D. Cahill, Alan Behning, and Jeffrey Kappel, The University of Michigan,
January 1995, Appendix A - Relevant Literature Review.

3 Clements, Ronald B. and Spoeda, Charlene W., “Trane’s SOUP Accounting,” Management Accounting,
June 1992, p: 46-52.

4 Jones, Lou F., “Product Costing at Caterpillar,” Management Accounting, February 1991, p: 34-42.
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Relevant Harvard Business School case studies were reviewed to identify
companies that met the required criteria. While this effort identified many manufacturing
companies that have implemented advanced costing and accounting methods and systems,
none of these companies manufactured and assembled products at the scale and scope
considered adequate for relevance to this effort. A list of the case studies reviewed is
included in Appendix D.

NAVSEA's Advances Through Commonality (ATC) program material identified
Boeing as a major implementor of product-oriented design and construction, and,
potentially, costing. Contact was made with Boeing Defense and Space Division, which
expressed an interest and a willingness to participate in the project. There is significant
similarity between the group technology-based production processes used at Boeing and
those used in the shipbuilding industry.

Navy sources involved with the Mid-Term Sealift Technology Development
Program suggested that Caterpillar and General Dynamics, Fort Worth, might be
companies worth visiting. Currently the General Dynamics Fort Worth Division builds F-
16 fighter aircraft with very little or no commercial work going on.

Based on the combined literature searches and other information sources available,
Boeing, Caterpillar, and Trane were identified as companies that most closely met the
selection criteria for the task.

4.1.2. DIRECT CONTACT, QUESTIONNAIRE, AND DISCUSSIONS

After selecting the three target companies, Boeing, Caterpillar, and Trane, points of
contact were identified and phone conversations initiated to assess their suitability as site
evaluation candidates, and to determine their willingness to participate. In conjunction with
the telephone contacts, a questionnaire (Appendix E) was developed to help focus the data-
gathering effort and alert the selected companies as to the type of information that was
being sought for the project.

Mr. Harv Martin, the comptroller at Trane’s Pueblo, Colorodo manufacturing
facility, was identified as the point of contact for more information on Trane’s SOUP
(System Of Utter Practicality) accounting system. Once initial contact was established, the
questionnaire was faxed to Mr. Martin along with a visit request. Mr. Martin responded
several days later that he could not support a visit on the dates requested. In addition, he
declined to answer the questionnaire stating that he felt the questions were too detailed and
would be delving into proprietary and confidential information. However, he was willing
to clarify some relevant issues verbally.

Regarding accounting for government and commercial products within the same
facility, Mr. Martin stated that their products were priced to the customer as end products
only, requiring no in-process accounting or differentiation among customers within their
cost management system. He further stated that whatever was necessary to put their
products on a certified or qualified pricing list for the government was handled outside of
the product manufacturing arena, and that he was not familiar with the specifics. In
reference to estimating the cost of new products, Mr. Martin stated that products were
estimated primarily on the basis of material content, as labor cost is such a small percentage
of end cost that it is not considered. Indirect costs are allocated to products on an activity
basis. Variations of their products are also costed based on material content. Customers
specify particular performance attributes, and Trane determines the component changes
necessary to deliver that product with the cost differential based on the material costs. As
described in detail in appendix B, this plant supplies millions of product variants.




Contact with Caterpillar was somewhat more successful than with Trane. Mr. Lou
Jones, the author of the article reviewed, was identified as the point of contact in
Caterpillar’s Peoria facility. Mr. Jones was immediately open to the suggestion of a site
visit. In fact, Caterpillar has had so many calls as a result of his article that they have a
standard presentation prepared. Although he declined to answer the questionnaire in
specifics, he felt that the visit would be comprehensive enough to cover, at least in general,
all of the issues of concern to this project.

Contact with Boeing, which also has a standard presentation, was through Mr. Joe
Lewis and Mr. Rick Fichera of the Boeing Defense & Space Group. Their initial reaction
to the UMTRI questionnaire was that many of the issues addressed in the questionnaire
were ones that they were still trying to solve within their own organization. However, they
were still open to a site visit to discuss the issues in further detail and provide some
additional insight as to how Boeing does business.

4.2  SITE VISITS

Two site visits were conducted based on the initial discussions described above.
These were at Caterpillar on March 14, 1995 and at Boeing on March 15, 1995. Appendix
F contains the agenda for each visit, the persons contacted, and the trip report of Howard
M. Bunch, who accompanied Richard C. Moore on the visits. Also included in Appendix
G is a copy of the presentation on Shipyard Estimating Methods used to introduce the
participating company personnel to cost estimating and control as practiced in U.S.
shipbuilding companies. This material helped establish a common understanding of cost
estimating and control issues and has fostered effective communications.

All companies selected for detail study were highly successful commercial
producers of internationally competitive products. All had been under intensive
competitive pressure, which forced extensive changes in management thinking to remain
profitable and viable in their industry. Caterpillar had lost significant market share to
Komatsu of Japan, was not cost competitive in many product segments, and had lost touch
with customer requirements. Figure 1 provides a brief overview of the changes Caterpillar
initiated following its "wake-up call” in the mid 1980s. Boeing has undergone significant
change following commercial competition from Airbus, and also due to customers’ needs
for lower operating cost and purchase price. Defense and space spending cutbacks have
forced similar rationalization of its Space & Defense business. Trane’s competitive
pressures were not as well identified due to the lack of direct questioning and
presentations. However, Trane bases its customer satisfaction on delivering a full
spectrum of 60 million distinct products within four product lines, each within six to eight
size ranges. All of these product configurations are manufactured in a single plant on a
single lot order basis, and all are competitively priced.

Cost estimating and control in these companies is a part of a wider management
approach to significant reductions in product cycle, product cost, and associated cost of
business normally considered beyond the scope of product and process improvements in
domestic shipyards. These companies saw that to remain viable their entire approach to
every aspect of business had to be reexamined. Automation of many processes had led to
low levels of direct labor cost relative to total cost. Indirect cost, outside the traditional
control of line production management, had become a large part of total cost, and many
internal products of indirect functions (such as drawings, purchase orders, cost data,
accounting records, etc.) directly affected product delivery and quality without appropriate
consideration in the production process.
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All of the companies considered in this task have directly involved production
management in new forms of cost estimating and cost control. These new forms are based
on wider utilization of human resources coupled with throughput based control systems.
These changes have required intensive employee education and training with management
involvement to fully understand the impact of the changes and totally incorporate the
changes into the operation of the entire organization. Generally, these changes have led to
fewer total employees and the elimination of all but essential tasks. Many management
systems have been adapted to these changes and now perform similar functions in a far
different environment. For example, manufacturing resorces planning (MRP) was
formerly used for material and process task definition only and has now integrated this
information into a total cost information system. Detailed work instructions are developed
to provide worker required information, but work control does not include detail labor cost
tracking.

Specific observations concerning each visit are provided in the following sections.
4.2.1. CATERPILLAR INC.

The discussions at Caterpillar were hosted and led by Mr. Lou Jones. Following
an introductory presentation describing Caterpillar's recent business environment and the
interest of U.S. shipbuilding in cost estimating and control, Mr. Bob Polizzi provided a
detailed discussion concerning cost management. This presentation is provided in detail in
Appendix F. Specific slides are used in this section to fully describe important concepts.

Cost management focuses on internal management needs, not on external needs.
Where defense procurement occurs, special requirements for product costing are obtained
directly from the cost management system and summarized by the sales force to meet DOD
requirements. Cost management functions supported by Caterpillar's computer systems
are listed in Figure 2. In this slide, the largest area of support is analyze design, process,
and sourcing decisions. This area supports Caterpillar's integrated product and process
development (IPPD) approaches, and five separate cost/profit trade-off at each stage of
product development from a single cost management system (as opposed to 50 different
systems at GM). Product percent cost split is 50/30/20 (material/labor/overhead). This is
compared to Japanese competitors, where material is 85 percent due to supplier
involvement arrangements.

Figure 3 is very important as it identifies that the basis of cost allocation is planned
production volume. All expenses, summed department, material purchases, and plant
overhead are allocated by planned product throughput during the period. Figure 4 shows
the specifics of business plan cost allocation to product costs. The entire company has
adopted a single view of "normal plant cost methodology" (see Figure 5). This approach
provides a set of product/process data, which is consistent with the accumulation of cost
shown in Figure 6 (see Figures 7, 7a, 7b, 8, and 9 for additional examples of this
accumulation approach, which is consistent with Activity Based Costing (ABC)). Each
plant is able to make internal decisions about its specific "drivers" for some types of
allocation, such as general overhead, within the company methodology ( see Figure 10).
These decisions are made with support from the Headquarters Cost Management Staff.
The full overhead rate (applied to Normal Plant Cost - Figure 6) is said to be 5-10 percent.
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CATERPILLAR COST METHODOLOGY
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FRINGES ON ABOVE HOURLY LABOR

PLANNING

PLANNING DEPARTMENT LABOR & FRINGES
(INCLUDING WORK STANDARDS)

MACHINE REPAIR

REPAIRS—MACH TOOLS (0067/1067)
MAINT.—MACH TOOLS (0029/1029)
EQUIPMENT REPAIRS (0066/1066)
FRINGES ON ABOVE HOURLY LABOR

OTHER PERIOD MACHINE

PROVING NEW MACHINE TOOLS (0028/1028)

REARRANGING FACILITIES (0033/1033)

INSTRUCTING (0039/1039)

REPAIR & REPLACEMENT OF INSPECTION
EQUIPMENT (0041/0042/1041/1042)

OTHER SPECIAL ORDERS (0094/1094)

OTHER INDIRECT LABOR (0090)

FRINGES ON ABOVE HOURLY LABOR

RENTALS OF VARIOUS EQUIPMENT
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GUIDELINES FOR DISTRIBUTING

Description

DEPARTMENTAL EXPENSES TO BURDEN POOLS

Tk Runwm,
Toul Design,
Mach. Repair

Tovls &

Sagplies,
Disbursing
& Grinding

Machine

Shope
Eac.
Cleaning

Direct Labor

Special Direct Labor

R. Orders

Install. of Anach. & Box

riable Labor

- -

riable A

oolosiolo
ool1/1011
0012
0013

Special Order-Def. Prod.
Eng.Orders-Towmotor
Clerical & Stock Follow-Up
Inspecting

P Bidg
P Bldg

S.G &A.
'Engineering
vMB
VMB

0014/1014
0015
0016/1016
0017

Product Eval. Testing
Intraplan: Matl. Handling
Material Cleaning
Interplant Matl. Handling

P Bldg
P Bldg

Ve

briod Assembly
VMB
vMB

jable Material

0018
0019/1019
0020
0021/1021
0022/1022

Plant Protection

Capital Add’'ns - Canada
Housekeeping

Forge Shop Dies

Repairs & Maini. Vehicles

Pgriod Building
General Burden

VMB
e Shop Variable
PMB

0023/1023
0024/1024
0025

0026/1026

Capital Add'ns. - Burlington
Eng. Orders - Decatur
Operations Not on Base Time
Repairs & Maint. D. Tool

kneral Burden
Engineering
VMB

Perioyt Machine Burden

0027/1027
0028/1028
0029/1029
0030/1030

Capital Add'ns - Davenport
Proving New Machines

Maint. of Machine Tools & Equip.
Capital Add’ns - Aurora

General Burden
Periog Machine Burden

PMB

(kneral Burden

0031/1031
0032

0033/1033
0034/1034
0035/1035

Capital Add'ns - G.O.
Altering Product for Shipping
Rearranging Facilities
Experimental - Qualifying
Eng. Orders - Solar

P Bldg

(Ggneral Burden
Pdriod Asssembly

PMB
Engineering
FEngineering
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Bills of activities are standard company-wide, available to all employees, and used
to support plant and cell cost management decisions and cost understanding. A bill of
activities consists of 50 pages and is the equivalent of a typical business "chart of accounts”
(see Figure 11).

The cost information system (see Figure 12), developed and used to support the
cost management approach, draws heavily on legacy management systems used at
Caterpillar. These include engineered work standards to machine operation level,
engineered bills of material for MRP, and returned cost history. The legacy systems have
been refined to regularly obtain and return data consistent with "normal plant cost
methodology.” MRP routing files are used to integrate operations-level detail labor
estimates. Figures 13 through 16 provide an example of the summary of detail and
presentation provided by the cost management system.

Summary: The cost management information system is a resource for decisions, and is not
the decision maker. By itself, it does nothing and drives no processes automatically. It is
accessed in every cost, process, and pricing decision made in Caterpillar. Due to the
organization of plants, the information is available by process, or product and process with
as much detail as required.

4.2.2. BOEING COMPANY - SPACE & DEFENSE GROUP

The visit to Boeing Space & Defense Group was conducted under a nondisclosure
agreement. As such, no hard copies of the presentation materials were obtained.
Additionally, the Commercial Aircraft counterparts were not available to the team, though
Boeing may being willing to provide such contact.

GENERAL

Boeing Space & Defense has adopted a process-oriented approach to product
development, product cycle, and product cost improvements. Processes are being
analyzed, documented, and refined. The objective is to recognize process similarities and
reduce the total number of different processes in use.

The reduction of the total number of different processes is directly related to the
effort required to maintain each individual process. Personnel education and training,
documentation, data organization, process interface issues, etc., are all examples of task
efforts that are required for each individual process, and total cost of these efforts increases
significantly as the total number of processes increase.

Product development at Boeing Space & Defense is being transitioned to exclusive
use of integrated product teams (IPTs) and analysis integration teams (AITs), as had
already been done in the Commercial Aircraft division for the 777 program. These two
types of teams interact in a product-build team approach. The work is controlled through
program execution plans (PEPs), which specify standard processes. The AITs and IPTs
are multidisciplinary cross-functional teams. Boeing's approach fits the definition for
concurrent engineering (CE) and DOD's term, “integrated product and process
development” (IPPD). Boeing's experience with the CE/IPPD method has shown that
process knowledge is the essential ingredient in team effective performance. PEPs contain
task definitions, estimates of resources and schedules, performance metrics, etc., all of
which heavily depend on process detail.
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Calculating A Current Cost

Direct Material

0312-126-855 Bar

Direct material used is indicated on the production routing

Logistics

Freight

Variable Receiving & Storage
Period Receiving & Storage
Variable Material Movement
Period Material Movement

Cost
Per
Pound

$0.160

Rate

0.02454
0.00386
0.05443
0.00416
0.00205

Rough
Weight/
Piece

20.0

Rough
Weight/

20.0
20.0
20.0
80.0 *
80.0 *

* Rough weight times number of moves (i.e. number of operations plus two)

General Overhead

General Overhead

Adding the general overhead cost to the manufacturing cost provides the normal

plant cost

§L&{r&&z’

Rate

0.11750

X

Mfg.
Cost

$23.604

Direct
Material
Cost

$3.200

Logistics
.Cost

$0.491
0.077
1.089
0.333
0.164

General
Overhead
Cost

$2.773

3237
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Calculating A Current Cost

Cost Summary Sheet

Part No. 1A1
Variable Costs

Direct Material

Labor

Machine

Logistics
Freight
Receiving & Storage
Material Movement

Total Variable Costs $11.974
Period Costs

Machine

Logistics
Receiving & Storage
Material Movement

Total Period Costs
Manufacturing Cost $23.604

General Overhead
Normal Plant Cost

3239



The CE or IPPD approach is being used to develop many military prototype aircraft
and aircraft components. The PEPs define the IPPD product breakdown, which is
mutually agreeable to both Boeing and the DOD customer. Boeing has learned that the
selection of the product breakdown drives contract work breakdown structure (CWBS).
Even though the CWBS form is defined by MIL STD 881A, the custom version of the
CWRBS accepted for these contracts fits Boeing's requirements in defining the IPTs needed
to match its product and process characteristics and their build strategy.

COST ESTIMATING AND CONTROL

Cost estimating for Boeing Space & Defense is adapting to new CE and IPPD
approaches. This function is also dealing with the reality that many of the components of
the vehicle and processes to build the products have no production history. However, the
DOD customer still requires supported cost estimates of both prototype and full production
product proposals. Boeing Commercial Aircraft has had to address similar issues for the
recent 777 program, but has had to support these estimates only internally for management
review.

Boeing is using standardized processes as the basis for estimates in both
commercial and defense businesses. Its approach to using standardized processes is to
validate process performance (usually in terms of cost, schedule, resources, and quality),
and describe the performance in terms of suitable metrics for a given product and product
throughput. The validated processes can then be used as baseline references for new or
modified products and processes. Suitable projection or modeling techniques are
employed to account for the differences anticipated between a reference process and a new
process. Each use of the new process is carefully monitored and documented to allow
validation of the new process as quickly as possible.

The level of process documentation and review appears to be higher in the Space &
Defense area than in Commercial Aircraft due to the significant differences in the number of
major changes in vehicle design relating to composite materials, control systems, etc., for
which Boeing has no production history other than product development prototype work.
In Commercial Aircraft, product and process differences are not so great and there is a
great deal of production volume to use in process validation.

For all these reasons, cost estimating and control is process oriented. Cost
estimates are not considered valid unless the estimates are based on controllable processes.
Customer confidence in cost proposals is built up through close coordination of process
understanding and methods used to develop a modified process from a reference process.

Cost control methods used in Space & Defense are normal DOD program labor and
material controls due to the stage of the product procurement process (currently in
prototype development). In Commercial Aircraft, the Space & Defense personnel believe
that cost is measured to budget and is controlled by the volume of similar units through a
particular process in a time period. While this information could not be confirmed by direct
questions, it seems that this approach is similar to Caterpillar and Trane for volume
production. Boeing management indicated that employee involvement in process, and,
therefore, cost control, is an imperative for success. Also, they stated that labor charging
based cost control does not insure effective cost control if the process is not in control, and
that processes that are in control can have effective cost control without detailed labor
charging systems.



3. FINDINGS
5.1.  USE OF ACTIVITY BASED COSTING

There is significant use of activity based costing approaches in nonmarine
manufacturing. This use is directly correlated with enterprises engaged in competitive
product development and distribution. The major drivers for use of activity based costing
approaches include:

variation in product type and/or production volume,

high levels of capitalization and mechanization,

high degree of product and interim product sales or out-sourcing,

major cost improvement initiatives, and

management sensitivity to need for continuous product and process improvement.

® o o o o

The major tenet of activity based costing approaches is the use of accurately
allocated cost to drive effective decision making in both product and process-termed
managerial accounting. Cost information is developed for this purpose from source data
available throughout the enterprise's accounting system and presented according to "rules"
that the enterprise has rationalized to fit its internal decision-making needs. Financial and
operational cost information are developed from the same source data through appropriate
“rules" governing their use. These two uses require different types of "rules,” which are
not interchangeable and lead to different information presentations.

An example of activity based costing, used in the manner described, is Caterpillar’s
data and rules for managerial accounting. Its current use of this method directly relates to
the company's need to lower product prices while maintaining market share and profit
margin.

5.2.  USE OF IPPD APPROACHES FOR INNOVATIVE COST PROPOSALS

Both Caterpillar and Boeing have adopted IPPD or CE. Their product development
efforts, therefore, require access to accurate cost information to support product design and
production process issues and decisions. Caterpillar's cost management information
system directly supports IPPD and CE requirements. Caterpillar's cost management
information system also directly supports development of pricing proposals for commercial
and federal sales. Boeing Space & Defense is developing process-based cost estimating
techniques, which can be adapted to new product and process development. Boeing is
working to assure that their DOD customers are aware of, and concur with, the approaches
used to validate new product and process estimates.

One specific example of a comprehensive IPPD cost estimating tool is the Boeing
composite part model, which ties process information to the computer design model in
CATIA using an Oracle relational database. A prototype of the approach was developed on
the Joint Advanced Strike Technology (JAST) program. Actual implementation of the
estimating model for composites is a Boeing proprietary effort of about 20 man-years. The
result will be a tool for both IPPD and cost proposal use.



5.3.  BUSINESS APPROACH, COMPETITION AND CULTURE

All three companies considered in this task have adapted to remain competitive in
the face of significant changes to their business environments. In all three cases, the
common theme has been top-down led change, which is systemic rather than functionally
oriented. Once the systemic approach or strategy was defined or created, needed change
could be sought in functional areas such as cost estimating and control. Change included
elimination of practices that had worked previously, but that presented barriers or
impediments to reaching the new goals that the companies had determined were required
for business success.

The driving force in changing the technology was rooted in the need for the
business to be successful. Technology change usually has been accompanied or even
preceded by cultural change, which has been led by dedicated executive managers
convinced of the need to improve and redefine their approaches. Both Caterpillar and
Boeing managers interviewed described this environment as driven by the pain of having to
face the future as a significantly smaller and less viable (or nonviable) company if the
program was not successfully adopted.

5.4. PARALLELS TO SHIPBUILDING BUSINESS

The size and complexity of products delivered by the companies studied in this task
are not equal to a large ship, but have a similar scale. The characteristics of desired change
(i.e., shorter product cycle times, lower total cost, higher customer satisfaction, etc.) are
the recognized requirements for changes to bring U.S. shipbuilding into effective
competition with foreign shipbuilders, and to necessary levels of performance for defense
products.

Specific parallels for effective cost management and cost control between the
companies studied and the observed effective shipbuilding approaches include the
following:

« Increased degree of production automation leads to direct labor no longer being an
effective measure or allocator of indirect cost.

+ Increased degree of automation makes capital and facilities cost more important in each
product and process decision.

¢ Product breakdown for manufacturing is identified during product design and each
component is linked explicitly for manufacture using specific processes.

+ Reduction in company organizational complexity (i.e. number of management levels,
number of support functions, etc.) pushes cost control responsibility lower in the
organization and closer to the individual process owner.

« Production capacity is governed by process capacity and not by total available labor.

+ Direct production labor is a minor component of overall product cost.

« Indirect cost is a major cost and price driver and must be controlled and improved as
much as material and direct labor.

10



6. RECOMMENDATIONS

The findings of this task indicate that there are significant systemic differences
between these company's and U.S. shipbuilder’s business plans and strategies relative to
cost estimating and control. The use of cost estimating and cost control techniques
observed through this task, while interesting, may be of no value to either the U.S. Navy
or to U.S. shipbuilders as long as current business strategies within these two groups
emphasize direct labor as the controlling resource and cost driver in ship acquisitions. The
largely commercial view central to these companys’ operating approaches indicates that
they view product demand as a controllable portion of their business, which can be
managed for both growth and product direction.

The strategies for implementation of cost estimating and cost control appear to be
directly tied to continuous improvement in product cycle time, product cost, and product
performance as viewed by the customer. The strategies for implementation of cost
estimating and cost control are part of an environment established to meet business
objectives and are not objectives unto themselves.

The following recommendations are made recognizing the state of U.S.
shipbuilding business strategy. These recommendations assume that there could be value
in further studying nonmarine industry approaches to cost estimating and cost control.

6.1. DEVELOPMENT OF ABC EXAMPLE FOR A NOTIONAL SHIPYARD

Apply the approaches observed at Caterpillar and documented by Trane to the
Notional Shipyard developed by UMTRI-MSD in Phase 1 Midterm Sealift Research. The
goal would be to provide an example of the operational differences between a shipyard
operated under traditional cost allocation principals and one operated under ABC
principals. The effect on overall price of a vessel could be determined using typical
reported cost factor ranges available to NAVSEA 017 and a typical chart of accounts for a
U.S. shipyard. The approach could be further validated using a receptive foreign
shipbuilder as a project participant.

6.2. DEVELOPMENT OF COST ESTIMATES INVOLVING PROCESS CHANGE

Apply the approaches in cost estimating observed at Boeing Defense & Space to
processes significantly modified from traditional shipbuilding practice. The goal would be
to transfer, perhaps under nondisclosure agreement, the proprietary approaches being
developed and implemented by Boeing Space & Defense to meet DOD customer
requirements for validated cost estimates for new products and processes. U.S.
shipbuilders and U.S. Navy cost estimators have been reluctant to move very far away
from cost history in making cost estimates. Detailed understanding of Boeing's approach
could provide new methods to quantify the risk of process improvement and provide
effective estimates prior to process and product changes.

6.3 IDENTIFICATION OF IMPEDIMENTS TO ABC ADOPTION

There are many policies and statutes invoked in U.S. Navy program acquisition.
These policies and statutes are based on different business objectives than on the policies
that drive commercial companies. A recent study of U.S. Navy Laboratory Infrastructure
Capabilities, performed by a joint government and nongovernment team, considered this
topic for possible improvement of the long-term objective of the Naval Surface Warfare
Center-Carderock Division. The study provided a more commercial business approach for

11



the laboratories, and identified the policies and statutes that represented impediments to
achieving the desired commercial business approach.

The goal of this work would be to specifically study impediments to effective
implementation of ABC based on standard and validated processes. The study could use
the results of 6.1 above to provide examples of alternative approaches for cost control and
the data needed to support such an approach.

12
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peasures, and standards established on current strategic objectives
nust be dynamic and change with the internal and external
environmental conditions of the business. Finally, firms must
ievelop organizational cultures conducive to the development of

Jterorganizational and multifunctional consistency on the strategic
objectives. A case study of the self-contained systems of the Trane
Corp. 1is used to illustrate the various strategic objectives on
which manufacturing firms may compete, and to explore mechanisns of
achieving consistency within a firm.
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Abstract:  McDermott Imternational Inmc.’s plan to merge its marine
construction businesses with rival Offshore Pipelines Inc. may boost
McDermott’s financial prospects in what would otherwise be a
difficult business environment, according to analyst Carey Callaghan
of Lehman Brothers.
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Abstract:  The US economy is on the upswing and the construction
narket gradually is pulling out of the recession. Executives of
leading US design firms generally are happy with business in 1993 and

ce optinistic about the near future. However, ENR’s top 500 US
design firms as a group had $31.74 billion in design billings in
1993, a decline of almost 6.5% over $33.9 billion in 1992. A factor
in the decline of design billings for ENR’s top 500 is the increasing
owner demand for construction management at-risk and design-build



delivery systems. Top 500 design billings include traditional
engineering and architectural design, studies, plans, inspection, and
testing related to project construction. As in past years, ENR’s top
500 design firms were most active in the petroleum/industrial process
sarket, which accounted for $8.5 billion (27%) of their total fees.
HBazardous waste work.was once again the 2nd leading source of
billings at $5.77 billion (18%), followed by transportation at $4.17
billion (13%), and general building at $3.96 billion (13%).
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‘tract:  Florida Gas Transmission Co. (FGT) has chosen contractors
cor its Phase III interstate pipeline expansion and let contracts
worth a combined $320 million. Companies chosen to lay FGT’s Phase
III pipelines are: 1. H. C. Price Co., 2. Murphy Bros. Inc., 3.
Latex Conmstruction Co., 4. ®. H. C. Inc., 5. Ranger Plant
Construction Co. Inc., 6. Bluewater Constructors Inc., and 7.

Piute Contractors Inc.
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Abstract:  Drawing from experience on nearly 600 health care
construction projects over more than 75 years, a list of the top 10



questions for trustees at health care facilities that are undertaking
construction includes: 1. What criteria will be used to select the
construction manager? 2. What do the construction manager’s
veferences say? 3. Are the construction manager and the
xchitect-engineer going to be hired concurrently? 4. Does the
hospital have someone on staff with experience on construction
programs of similar size and compleyity? 5. What is the financial
history and strength of the construction firm under consideration? 6.
HBow will the construction manager shield the hospital from the risks
of construction? 7. How compatible is the culture of the
construction management firm to that of the hospital? 8. What
process will the construction manager put in place to establish a
viable, effective partnership among the hospital, the
architect-engineer, consultants, the construction manager, and trade
contractors?
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Abstract:  Perini Corp.’s solution to the challenges presented by the
construction of the new Baldwin Bridge in Connecticut not only won
the company the contract, but brought the project in well before the
March 1994 completion date required in the Connecticut Department of
Transportation specifications. The solution proposed by Perini and
its joint venture partners, PCL Construction Group and 0 & G
Industries, was to use an overhead gantry to place the precast bridge
sequents rather than work from the water with more conventional bean
and winch construction. While use of a gantry is not unique to
either building bridges or to seguental construction, Perini was the
only company to tramslate that comstruction technology into a
proposal for the Baldwin Bridge.
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Abstract:  Total Cost Management (TCM) preaches the use of cost
engineering tools and methodology during the entire life cycle of a
project, especially at its conception when future cost management
crises can be most easily mininized. Traditionally, the role of the
cost engineer was relegated to improving costs and schedule
perfornance on a construction project. TCM seeks to expand this role
by integrating cost engineering with all aspects of a project,
including planning, estimating, and financial analysis. In order to
nanage cost before it occurs, TCH calls for 6 strategies: 1.
life-cycle perspective of management situations, 2. familiarity with
factors that affect cost, 3. ongoing awareness of the cost
inplications of events as they occur, 4. working knowledge of the
tools available to mamage cost, 5. timely action, and 6. an overall
plan to implement life-cycle cost management.
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Abstract:  With the proliferation of PC/Macintosh-based estimating,
scheduling, and accounting software packages, there is a growing
trend toward the integration of these packages to form a continuous
feedback loop of information, from initial estimate to schedule of
values to accounting, and finally back to updating or fine-tuning the
estinating data. The management of this information is central to
the vision of total cost management. In order to integrate the
estimating, scheduling, and cost accounting functions, Construction
Specifications Institute (CSI) Masterformat numbering system should
be adopted. Using CSI coding as the basis for this system offers
“dvantages, including: 1. It is recognized and accepted primarily in

orth America, but is qaining international acceptance. 2. It is
the foundation of the project documents upon which bids are based.

3. Most of the major estimating databases are directly set up in, or
at least cross-reference, CSI coding.
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Abstract:  Most of the estimating effort expended in the UK is geared
toward the pricing of bills of quantities (BQ), which are detailed
and accurate documents that list every item of work in a standardized
format, with quantities neasured using strictly adhered to
reasurement rules. They provide a vast data bank of information for
every project. An overview is presented describing a BQ. It is
suggested that the BQ method of preparing contract documentation
warrants a serious examination by AACE International and associated
professional organizations as an alternative to the generally

rcepted norm of issuing a set of drawings and detailed
specifications to arrive at a bid price.

Copyright (c) 1994 by University Microfilms, Inc. All rights reserved.

Access No: 00916547 ProQuest ABI/INFORM (R) Global Edition

Title: Business modelling techniques X ¢

Authors: Corbitt, Terry

Journal: Management Services (MNS) ISSN: 0307-6768
Vol: 38 Iss: 5 Date: May 1994 p: 22-23

Subjects:  Project management; Cost engineering; Decision making
nodels; Software packages

Geo Places: UK

Codes: 9175 (Western Europe); 5240 (Software & systems); 2310
(Planning)

Abstract:  Developments in computer technology have made available
hardware and programs that can assist and improve project management.
Avong the advantages of project management are better visibility of
efforts and results, shorter project completion times, better
stoner relations, lower project costs, and improved coordination
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