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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 



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. 

The objective of this activity was to study the relevant use of product-oriented cost 
estimating and cost control by nonrnarine 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/or 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 infoxmation is available from PODAC Cost 

l~ppendix A includes a list of the foundation reference material related to activity based costing (ABC). 



Model Development - Phase I Final Re~0x-t.~ 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 article3 (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 article4 (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. 

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

Clements, Ronald B. and Spoeda, Charlene W., "Trane's SOUP Accounting," Management Accounting, 
June 1992, p: 46-52. 

Jones, Lou F., 'Roduct Costing at Caterpillar," Management Accounting, February 1991, p: 34-42. 



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 trylng 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 SITEVISITS 

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. 

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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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 1 1). 

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 CEPPD 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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Direct Material 

Calculating A Current Cost 

Cost Rough 
Per Weight1 

Pound X Piece 

031 2-1 26-855 Bar $0.160 20.0 

Direct material used is indicated on the production routing 

L ogis tics Rough 
Rate X Weight1 

Freight 0.02454 
~ar iab ie  Receiving & Storage 0.00386 
Period Receiving & Storage 0.05443 
Variable Material Movement 0.0041 6 
Period Material Movement 0.00205 

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

G/&k&-.n*u-.y-.sJ 
Genera/ Overhead 

L Mfg. 
Rate X Cost 

Direct 
Material 

- - Cost 

Logistics 
- - . Cost 

General 
Overhead 

- Cost 

General Overhead 0.1 1750 $23.604 $2.773 I 
Adding the general overhead cost to the manufacturing cost provides the normal 
plant cost 





Calculating A Current Cost 

Cost Summary Sheet 

Part No. 1 A l  

Variable Costs 

Direct Material $3.200 
Labor 5 .630 
Machine 2 .243 
Logistics 

Freight 0.491 
Receiving & Storage 0 .077 
Material Movement 0 .333 

Total Variable Costs $1  1 .974 

Period Costs 

Machine 
Logistics 

Receiving & Storage 
Material Movement 

Total Period Costs 

Manufacturing Cost 

General Overhead 

Normal Plant Cost 

32 



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 
CWBS 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 terns 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. 



5. FINDINGS 

5.1. USE OF ACTIVITY BASED COSTING 

There is sigdicant 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. 

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 infoxmation 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 a l l  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 baniers 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. 



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 nongovemment 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 



the laboratories, and identified the policies and statutes that represented impedments 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. 
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factors that affect cost, 3. ongoing awareness of tbe cost 
inplications of events as they occur, 4, working knowledge of the 
tools available to manage cost, 5 ,  tiuely action, and 6. an overall 
plan to imple~ent life-cycle cost mnage~ent . 
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Abstract: With the proliferation of PC/Hacintosh-based estiating, 
schedulinq, and accountinq software packages, there is a growlng 
trend toward the integration of these packages to fora a continuous 
feedback loop of infornation, iron initial estinate to schedule of 
values to accounting, and finally back to updating or fine-tuning the 
estinating data. The nanagenent of this infornation is central to 
the vision of total cost nanagement, In order to integrate the 
estimating, scheduling, and cost accounting functions, Construction 
Specifications Institute (CSI) Wasterformat nunbering system should 
be adopted, Usinq CSI coding as the basis for this systen offers 
-dvantages, including: 1. It is recognized and accepted prinarily in 
~ r t h  Anerica, but is gaining international acceptance. 2. It is 

the foundation of the project documents upon which bids are based, 
3. Host of the major estimating databases are directly set up in, or 
at least cross-reference, CSI coding. 
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Abstract: Host of the estimating effort expended in tbe IJK is geared 
toward the pricing of bills of quantities (BQ), which are detailed 
and accurate docunents that list every item of work in a standardized 
fornat, with quantities neasured using strictly adhered to 
aeasurenent rules. They provide a vast data bank of infomation for 
every project. An overview is presented describinq a BQ. It is 
suggested that the BQ nethod of preparing contract docunentation 
warrants a serious exanination by AACE International and associated 
~rofessional organizations as an alternative to tbe generally 
:cepted norn of issuing a set of drawings and detailed 

specifications to arrive at a bid price, 
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Abstract: Developaents in computer technology have made available 
hardware and programs that can assist and i~prove project management. 
hong the advantages of project manageaent are better visibility of 
efforts and results, shorter project completion times, better 
71stoner relations, lower project costs, and improved coordination 
.id control of workers1 efforts. For conputerized project control to 

be successful, the following areas must be addressed: planning, 
monitoring, control, cost infornation, and cormunication . 
Computer-based project management packages are highly structured and 
usually require users to adapt their working practices to the 



structure of tbe software. Anong tbe features that should be 
available are ease of use, resource leveling, sort and report, and 
the ability to handle what if scenarios, 
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Abstract: With the current economic conditions facing the US and 
nost of the world, construction cost data is being denanded even nore 
llickly, and even though estimators are given less design 
Information, greater accuracy than ever before is expected. Cost 
overruns are no longer acceptable or affordable, since these 
industries are being forced into a new era of accountability. 
Ultimately, this transition will result in more precise coapetition, 
better products and productivity, and hopefully, a cleaner 
environment. It is therefore critical to develop methods that 
enhance the accuracy of early construction costs so that they can 
stand on their own throughout the design process. Guidelines are 
presented that may belp to remove sore of the obstacles that confront 
all mechanical estinators, 
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Abstract: In Hexico, the Construction and Conservation Subbureau of 
Airports and Auxiliary Services (ASA) requires a system that pernits 
,lanninq and budgeting the conservation of buildings, facilities, and 
paved areas of its large disseainated airport network. ASA manages a 
total of 51 airports that had 35 million passengers and one rillion 
aircraft operations during 1989, Three types of evaluation missions 
to airports have been nade - exhaustive, quick inspection visits, and 
monitoring. To determine tbe maintenance costs of the different 
elenents and airports of the network, an investigation into various 
sources inside the subbureau was made. S o w  sources of docunents 
consulted were construction bids, mission reports from the airports, 
and historical costs. Four methods were elaborated for the 
calculation of the conservation expenses for each airport and for the 
entire network: 1, the nethod of the survey, 2, physical dimensions 
( paraneters) , 3 ,  correlation with operations, and 4 ,  conservation 
managers consensus. 

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

Access No: 00905780 ProQuest ABI/INFORH (R) Global Edition 
Title: Project management using intelligent 3-D CAD 
Authors: Dharwadkar, Paraanand V; Song, Bin; Gatton, Thonas H 

.rnal: American Association of Cost Engineers Transactions (AEE) 
ISSN: 0065-7158 
Date: 1994 p: CA2.1-CA2.6 Illus: Charts; References 

Subjects: CAD; Expert systens; Object oriented programing; 
Construction; Cost estimates; Project nanagelaent; Systems 
integration; Models 

Geo Places: US 
Codes: 9190 (United States); 8370 (Construction & related 

industries); 5240 (Software h systens); 9130 
(Exper iwntal/theoretical ) 

Abstract: There is a clear need for an intelligent conputer nodel to 
bridge the gap between various CAD, cost estimating, and scheduling 
applications, Using object-oriented relational models, integration 
of these stand-alone software programs is possible. Suggestions have 
been nade for various types of intelligent CAD nodels and sone 
systens have been developed to denonstrate the advantages of such 
types of systens. The existing systens such as PLANEX and OARPLBN 
have used CAD nodels to integrate drawing and scheduling information. 
An overview is presented of major research projects that have been 
developed pertaining to construction planning with the assistance of 
knowledge-based systens . In addition, a knowledqe-based 
object-oriented 3-D CAD project nodel is described. This nodel may 
be used in a colnputer integrated construction system to assist 
project managers to plan and visualize the construction process. 
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Abstract: In pursuit of continuous inprovenent , cost estinators 
continue searching for w r e  effective neans to prepare building 
conceptual cost estinates for project budqets, Owners are askinq 
questions about ranges, options, risks, and trade-offs - complex 
questions that the cost estinator is expected to answer quickly and 
for little expense. Parametric estimating, which includes a broad 
class of nethods such as capacity factoring, eguipnent factoring, and 
cost modeling, has much to offer the owner in this regard. Eastnan 
Kodakts capital estinating departnent has developed a cost estinatinq 
system for buildings that can answer those types of questions quickly 
with a tested accuracy range of -5% to 15% for total buildings and 
-15% to 308 for any building systea, By cobining eleaents.of 
tandard square foot unit estinatinq with paranetric techniques, the 
bystem can be used to quickly estimate the cost of most common 
buildings, yet it only has about 100 cost records in its database and 
resides on a small spreadsheet. 
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%tract: Construction owners and engineers are often faced with 
!cisions involving the choice between nodular and traditional 

approaches to project design and construction. In addition to 
various qualitative factors that determine the feasibility of a 
nodular approach, this decision is based on the econonic inpact of 
nodularization. The technology of nodularization, as well as the 
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Abstract: One of the najor difficulties in estinating piping costs 
is to evaluate the complexity of labor in prefabrication and 
construction activities. An expert couputerized systen (EXPERTW) is 
presented, which through its detailed estisate nodule calculates all 
the accessories and pipe material costs, calculates the labor 
nanhours for prefabrication, construction, and other related 
activities, and the total cost using unitary rate by nanhours 
?thodology, and through its parametric nodule calculates all the 
dajor paraneters of labor and cost based on actual detailed 
calculations and calculates conceptual cost estinates of labor and 
naterial. The purpose of the EXPERTUB systen, the systen 
description, the input data, and the program output are examined. A 
detailed estimate module prototype of the EXPERTW program has been 
developed in Lotus in order to test the different modules, comparing 
with actual detailed estinates. The next phase of the systen 
development is to program the nodules in DBASE. 
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Abstract: A security professional nust have a broad knowledge of 
systen engineering, the design profession, and the construction 
industry to be proficient in preparing a construction cost estinate 
(CCE). A CCE can snooth the way for naintaining adequate funding by 



providing a basis for project evaluation, project planning, and bid 
evaluation. Three basic conponents nust be considered in developing 
a CCE: 1. labor, 2. naterials, and 3. equipment. Additional 
~ r o  ject costs and costs of implementation are also factors. 
heparation of the CCE can be broken down into the following steps: 
1. Identify subtasks, 2. Establish a bill of materials. 3. 
Establish aaterial prices. 4. Ponulate work crew productivity. 5 ,  
Fornulate required equipnent rates. 6. Conbine the cost estinate 
with the bill of materials. 
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Abstract: A methodology is presented for creating preliminary 
estinating nodels for heavy construction activities. Bridge widening 
projects are used as case studies to present the methodology and 
exanine the adequacy of the resulting nodel. The proposed node1 is 
the result of a statistical analysis of past bids received by the 
Alabana Highway Departnent for bridge widening projects. It consists 
of 9 separate simple regression models, each of which predicts the 
cost of one of the seEcred work items, including old bridge reaoval, 
concrete pavement, steel reinforcement, and superstructure. Tbe best 
available testing nethod was to use the model to estimate past 
projects and compare the results to the bids received. Each model 
was created using data fron all bidders. However, the intent of the 
study is to predict the lowest bidder. 
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Abstract: A survey of tbe nenbers of tbe Federation of Civil 
Engineering Contractors (PCEC) confins the inportance of estinatorsr 
experience and expertise within the estimating and tendering process. 
Sone 56% of the respondents surveyed currently use sone forn of 
computer-aided estimating (CAE). The benefits of these systens are 
limited priaarily to the arithwtic functions relating to an 
estimator's tasks. The use of expert systens would appear to offer a 
route for inprovinq existing conputer-aided estinating systens. If 
progress in using comtputers for estimating and tendering for civil 
engineering works is to be achieved, new generations of computer 
systens should be designed to accommodate existing CAE structures. 
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Abstract: Managers frequently choose the a~ounts to expand in 
various activities simultaneously rather than sequentially. When 
nanaging quality, decisions to invest in different types of 
prevention activities are made jointly. A study was motivated by 
field observations at an autonobile lanp nanufacturing plant. Two 
observed effects were estimated: 1. the influence of lanp design on 
the consumption of overhead resources during mufacturing, and 2. 
the interdependence among supervision, naintenance, and scrap costs. 
In activity-based costing, simultaneous effects of costs are not 
estinated. In the study, interdependencies anon9 activities were 
sinultaneously estinated. Instead of supervision hours, naintenance 
hours, and physical scrap level, product and process design variables 
were used as cost drivers of supervision, wintenance, and scrap 
costs, This estimation procedure recognizes that maintenance costs 
sffect supervision costs and vice versa and that both costs are 
:fected by product and process design choices. 
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Abstract: A sequential block approach is proposed for the design of 
a computerized cost estimation system. The system constructs cost 
estimates by defining each step of the production process as a block 
for a specific product. Tbe sequence of blocks is then linked as a 
tree structure to represent the whole production process, The 
approach allows the user to obtain a cost estinate for each operation 
and material used and simultaneously to represent the process 
routing. The design of the systen is illustrated using the 
estimation of the manufacturing cost of a typical plate-fin type 
autonotive evaporator. The advantages of the sequential block 
approach to cost estimation include the following: 1. flexibility, 
2, the ability to have varying degrees of completeness, 3. 
expansibility, 4, intuitive building of cost models, and 5, a wide 
~plication base. 
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Abstract: Concurrent engineering is the simultaneous design of a 
product and the processes required to produce it and support it, 
When implemented, concurrent engineering can belp to reduce product 
'avelopnent cycle tine for the introduction of hiqh quality products 

. low cost, Often, the traditional cost estinating systens are 
utilized in the concurrent engineering environaent, The traditional 
cost estimating systens are not structured for concurrent 
engineering, An integrated cost estinatinq systen specifically 
designed for concurrent engineering (ICESCE) is designed to work in 



tbe concurrent engineering environnent and to enhance the pwer of 
concurrent engineering. The design of ICESCE consists of 4 rodules: 
a database nodule, a central processing nodule, an interface W e ,  
ud a utility nodule. The construction of a prototype of ICESCE is 
ning initiated at the University of Louisville. Tbe database 
nanaqenent utilities . will use relational database techniques and 
conform to structured query language standards. 
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Abstract: The potential of the stock of $2-billion York 
International Corp., a manufacturer of large home and coaarercial air 
wditioners, is discussed, 
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Abstract: Air conditioner (A/C) manufacturers are designing quiet 
into r w n  air conditioners, with attention paid to naterials, airflow 
treatment, compressors, and other noisecontributing elements, In 
Idit ion, appliance aakers are using sophisticated testing procedures 
, evaluate noise levels. Design and testing notwithstanding, one , 

iuportant ingredient in the process is ussing: a unifora rating or 
scud standard that tells consumers in laynanls language tbe best 
&!a1 they are getting in a noise-free roon air conditioner, Witbout 
a rating or sound standard system, aanufacturers rely on such cliches 



as super or ultra to convey quiet to tbe consumer, Tbese click are 
pronotional hype without a rating systen to back then up, A far less 
tangible characteristic and, hence, not so easily solved as sound 
itself is the quality of sound. The low-profile design for 
rigidaire Co.'s Quiet One couples a polycarbonate cabinet with a 
compressor and fan motor outside of a bulkbead for quiet operating. 
Carrier Corp, uses a polypropylene cabinet for its Siesta model to 
help ~linirmize noise, 
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tract: Extreme heat and humidity in the Western and Eastern 
novinces and dry, hot weather in the Central Province have helped 
nake Saudi Arabia the largest narket for air-conditioning and 
refrigeration compressors in the Hiddle East. Imports of compressors 
plunged fron $46.4 nillion in 1988 to $27.3 nillion in 1989 but noved 
up to an estimated $30.3 million in 1990. The Saudi market for 
compressors consists of 3 seguents: 1. local nanufacturers and 
assembly plants, which account for 60% of Saudi purchases of 
air-conditioning and refriqeration compressors, 2. operation and 
maintenance companies, which represent 25% of the Saudi narket, and 
3. spare parts dealers, which represent 15% of the narket, 
Compressors are typically distributed through manufacturers of 
air-conditioning and refrigeration systens and by traders and 
wholesalers dealing in air-conditioning and refrigeration spare 
parts . 
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Abstract: Conpaniestbat plan to do business in overseas larkets, 
including those in the European Community, nust address each as an 
individual mrket, understand their inberent tribal characteristics, 
and make allowances for them in their marketing strategies, There 
are key strategic questions that need to be addressed before nakinq 
an investment in overseas manufacturing capacity, The decision of UK 
nanufacturer Colt to begin nanufacturing and narketing its products 
in Germany was made because conventional wisdom suggested it would be 
impossible to trade successfully in a foreign country without a local 
aanufacturing capability. The situation is now different, with 
product distribution between countries substantially easier. If a 
company does manufacture on a local basis, the potential is unleashed 
for local nanagement to adopt the company's products to suit their 
local requirements, which results in a disparate product portfolio. 
It is most important to put in place sound indigenous ~anagement 
whose first priority should be the effective narketing of services 
and products in the ~arkets, rather than their manufacture, 
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Abstract: West Bend Hutual Insurance Co. Is (West Bend, Wisconsin) 
new 150,000 square-foot headquarters building - winner of the 1992 
Intellex Building for Excellence Award - boasts a wide array of 
integrated mechanical and electrical system tied together through a 
sophisticated direct-digital-control automation system. At the heart 
of the building's design is a relatively new concept in air 
distribution known as enviromentally responsive work stations ( E R N ) ,  
Building occupants in open-office areas can individually control 
temperatures and airflow within their spaces through vents and 
radiant heaters built into their furniture. The ERWs used at West 
Qend Mutual require air to be distributed via an under-floor plenum 
?neath a raised floor. The raised-floor schene substantially 

reduced the number of variable-air-volme boxes and amount of the 
ductwork required. The building-autonation systen nakes use of 
digital control to tie together heating, ventilatinq and air 
conditioning, security and fire-protection systems, and many of their 



subcomponents . 
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Abstract: Visitors to Colonial Williansburg, Virginia, experience 
the buildings, crafts, lifestyle, and food of the 18th century with 
little or no indication of 20th-century heating, ventilating, and 
air-conditioning (HVAC) systens. Despite appearances, buildings 
within the 173-acre historic district incorporate a wide array of 
'nnovative, energy-efficient mechanical and electrical technology. 
1% Colonial Williamsburg Foundation has an 18-person, in-house staff 
of architects and engineers who work closely with outside consultants 
and sometimes handle design projects internally, A commitment to 
authenticity often presents design challenges for nechanical and 
electrical engineers. One of the biggest challenges facing engineers 
in renovating Shields Tavern was aeeting the restaurant's 48.25-ton 
cooling load without using exposed cooling towers or condensers that 
would detract fron the historic anbiance. The problen was solved by 
using 14 water-source heat pumps located throughout the facility. 
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;tract: With the current economic conditions facing the US and 
dost of the world, construction cost data is being denanded even nore 
quickly, and even though estimators are given less design 
information, greater accuracy than ever before is expected, Cost 
overruns are no longer acceptable or affordable, since these 
industries are being forced into a new era of accountability, 
Ultimately, this transition will result in more precise competition, 
better products and productivity , and hopefully, a cleaner 
environment. It is therefore critical to develop methods that 
enhance the accuracy of early construction costs so that they can 
stand on their own throughout the design process, Guidelines are 
presented that may help to remove some of the obstacles that confront 
all mechanical estimators. 

Copyright (c 

Access No: 
Title: 

) 1994 by university Hicrofilms, Inc. All rights reserved. 

00921160 ProQuest ABI/INFORH (R) Global Edition 
How Carrier does it 

Authors : Herrington, Hike 
Journal: Across the Board (CBR) ISSN: 0147-1554 

JJ 
Vol: 31 Iss: 9 Date: Oct 1994 p: 36 

panies: Carrier Corp DUNS: 00-131-7072 
~ujects: Case studies; Appliance industry; Total quality; Awards & 

honors 
Geo Places: US 
Codes : 9000 (Short Article); 9190 (United States); 9110 (Company 

specific); 8650 (Electrical, electronics, instrumentation 
industries) ; 5320 (Quality control) 

Abstract: Carrier Corp, has used the Halcolm Baldrige National 
Quality Award Criteria as the conerstone for awarding the in-house 
Willis 0. Carrier Global Quality Award for several years, Carrier's 
development of its award is discussed. 
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Abstract: Carrier is the largest manufacturer of beating, 
wtilating, and air conditioning IHVAC) equipment in the world, with 
~nnual sales exceeding $4 billion, While Carrier can clain ~rarket 
leadership in all regions of the world, the conpetition is still 
fairly stiff with all the biq-tine players wantinq a share of the 
$24-billion HVAC market. With strong downward pressure on prices 
throughout the 1 9 8 0 ~ ~  cost containriient becane a priority for 
purchasing. Allen Alexander, Carrier's vice president of corporate 
purchasing and logistics, began advertising for procurenent 
specialists that had a bent for value analysis (VA), creating 6 new 
slots within corporate purchasinq that would concentrate exclusively 
on reducing product costs. In 1992, Ute new group, led by VA expert 
Sung Cho, undertook a systeaatic review of Carrier's purchases, 
looking for projects with a high payback that could be inplemented 
quickly and with nininal investnent, Cost savings inplenented by the 
VA group are discussed. 
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Abstract: Purchasing's 1992 survey on supplier partnering results in 
2 conclusions: 1. A very large percentage of conpanies have nade 
overtures toward the development of closer relationships with key 
suppiers. 2. Only about half of those conpanies saying they have 
programs aimed at improving supplier quality have anything in place 
that can conceivably be terned an aggressive progran. A nunber of 
companies are dealing with specific aspects of the drive to develop 
world class supplier partners, including Hazda Hotor Manufacturing, 
Black & Decker Corp., Carrier Corp., and Wang Laboratories. Supplier 
workshops are at the core of Hazda Motor's partnering relationships. 
The company uses them for a variety of purposes, including to educate 
-ew suppliers about systens and procedures and to keep suppliers 
~sted on corporate plovements, At Wang Laboratories Inc., the 

quality leadership process introduced to employees in February 1990, 
and to suppliers in April 1991, provides a perspective and an 
environment for continuous improvenent . 
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The University of Michigan 
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Report." 
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--Trane's SOUP 
Accounting 

It's a system of utter practicality! I 
I 
I 

BY RONALD B. CLEMENTS AND CHARLENE W. 
SPOEDE. CMA 

M RP 11, JIT, CIM, TQC, TQM, SPC, ABC, and 
TCM' are just a few "cures" that are supposed 
to bring American lnanufacturers to "world- 
class" manufacturing status in the 1990s. Which 

"pilln o r  comb*tion dose of pills is the real remedy, and 
how do we design a cost accounting system to support this 
new wave of alphabet soup solutions? 

Whcn faced with this dilemma at the Trane Co., we blend- 
ed some oi  the new ideas with traditional approaches to c r e  
ate a cost accounling system for our business. Our system 
may not work for others. We learned through our experi- 
ence that there is no recipe that will work for all companies, 
but our approach may provide a guide to how you can design 
your own system to meet your own goals with simplicity and 
low cost. The  mechanics of our cost system may seem rel- 
atively easy when compared with the management decisions 
that are required to change , 
and improve your business. / The  Tranc C o  is an oper- 

, a t i~ ig  st.~tor of American 
Stantlard, a leading world- 
wide prod~lcer of air condi- 
tioning systcnis, bath- 
roorn/kitchen fixtures arid 
fittings, and a major Europe  
an m a ~ ~ u f a c t ~ ~ r e r  of com- 
mercial vehicle braking sys- 
terns. Sales for 1991 were 
$3.6 billion. l i e  Trane Co. 
plant in I'ueblo, Colo., pro- 
duces water chillers for 
coninlrl cia1 slid industrial 
building air co~lditioning a p  
plications. 

Trane busiriess systenls 
and nia~~ufactur-ing process- 
e s  use ingrediclits from all 
of the alphabet soup solu- 
tioils just nlentioned. \Ve 
are not dedicated to any sin- 
gle onc because we have 
found we callnot totally ig- 

I nore ally of the approachcs. 
1 Each cunccpt lias sorile ad- 

vantages that can in~prove 1 manufactorin, urocerses 

l 
our new manufacturing efforts as  demand flow manufactur- ' 

ing (DFM), a variation of just-in-time UIT) to which we have 
added our own unique features. Because our manufacturing 
system uses many of the alphabet soup philosophies, we r e  
fer to our new accounting system, developed in tandem with 
new manufacturing procedures, as  SOUP (system of utter 
practicality) accounting. 

i 
Any project of this magnitude requires the complete s u p  

port of top management and the entire management team. 
Inasmuch as  the cost system interacts with all other func- 
tional areas, cooperation, con~promise, and willingness to 
consider new ways of doing things are required in order to 
make major changes. The common mission of "worldclass 
manufacturern must be shared by the entire leadership 
team, and company culture must be favorable to change. 

As we wanted to move quickly, we decided to develop our 
new manufacturing procedures and our SOUP accounting 
system in a brand-new environment. Our objective was to 
start up a plant in Pueblo, Colo., using everything new-hu- 

- .  1 dramatically. We refer to I l a n e  employee shows one of the water chiller units, produced vU demand flow manufacturlnp 1 
I I I 
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man resource philosophy, products, processes, technology, 
and business systems-at a new location with new people 
~ n d  a culture of continuous improvement We wanted to give 
ur ideas every opportunity to succeed. 

, Of course, whatever can be done in a new plant can be 
done in an existing facility also. The only differences are the 
priorities of what must be done and the additional time that , may be required to convince all members of the team to em- 
brace the ideas and help develop the new system. Priorities 
will vary based on the specifics of a particular manufacturing 
facility and are determined by spotlighting where the great- 
est benefits can be achieved. In an existing facility the major 
obstacle to change often is the attitude, "We have been do- 
ing fine," and "If it ain't broke, don't fix it." Unfortunately, a 
financial disaster often is required to create the survival en- 
vironment where people are impelled to break old patterns 
of behavior. 

Our Pueblo plant is designed to manufacture four distinct 
product lines, each in six to eight size ranges. Additionally, 
we produce four different subassemblies, also in six to eight 
size ranges, for affiliated plants. Our business is a custom 
sales order business in which we build each unit to a unique 
order based on the customer's selection of standard features 
and options from a large number of possible combinations. 
A potential customer could order one of 60 million distinct 
product configurations. 

Our overall business philosophy is to deliver a quality 
product in minimum time while controlling work in process 
through the use of our DFM system, which pulls materials 
as needed similar to the way a JlT KANBAN system oper- 
ates. This philosophy is supported by a quest for simplicity 
and lowest total cost. Our cost accounting system must com- 

lement and support this philosophy. Thus the expense to 
collect detailed cost information must be justified and truly 
must add value. In addition, the cost system to support this 
new business must support our external reporting require- 
ments as defined by the Securities & Exchange Commis- 
sion, the Internal Revenue Service, and generally accepted 
accounting principles. 

POLICY DECISIONS 

A fter much discussion, we decided to retain a standard 
cost system. Our preference for a standard cost sys- 
tem is driven by corporate policy and our tax conven- 

tions with the IRS but, more important, from our desire to 
monitor cost changes. Most of our product cost consists of 
materials. A standard cost system exposes material cost 
changes, especially material costs as a result of bill of ma- 

i terial changes and part substitutions. 
In addition, the use of conversion labor and overhead 

i standards allows for easy unit-level conversion costing. The 
key considerations when developing conversion (labor and 
overhead) standards are: 

1 Our guiding motto is "approximately right" or "close 
enough." 

2. You don't need a significant amount of engineering input 
3. An annual review for each cost pool should be adequate. 

' In the past, considerable time and effort-had been devot- 
.d to achieving precise labor and overhead costs We decid- 
..d that the hme and resources devoted to ach~eving t h ~ s  pre- 
mous degree of precision was not cost-benefit effective and, determine the total costs of any pool, including direct costs ( 
in fact, ehtauraged a-misguided level of confidence in the and any allocation methodolog? Once l lpu have th> total I 

final numbers Although engineers traditionall! have been costs you need to decidr only how many units will be pro- 1 

--- -- - 
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OPERATING RULES FOR 
COST SYSTEM DESIGN 

1. We will use a frozen standard cost system based on a b  
sorption accounting. Full absorption will be at 85% of ca- 
pacity (corporate policy). 

[ n i s  met our need for consistenq within the corporation 
and reporting to external entities. Also, it matched ourpref- 
erence for a standard cost system.] 

2. AU labor and overhead required to convert raw material 
into finished goods are defined as conversion cost and 
added only at major subassembly points or upon comple- 
tion of the units. 

[We need to cost a completed unit as it ships out the door to 
relieve inventory and match costs-wi'th revbues, but we do 
not need a cost for each individud part or subassembly. At 
this point, most people ask the question, What about service 
parts?' We decided to design thesystem as ifwe did not have 
service parts. Then we came back later and added the com- 
plexity needed, but only forthe service parts, not all the parts 
in the system.] 

3. There will be no detailed labor reporting because direct 
labor is less than 5% of product cost. 

[Our experience told us that the cost-people and comput- : 
en-required to track actual labor would neverpayfor itself 
in the fonn of savings. 1 I 

4. Purchased parts will be issued by backflusing at major as- 
sembly points or  for completed units. All plant materials 
are stored at point of use. There is no stockroom. 

[This reduces the material handling cost and eliminates the 
need fm stockroom personnel, who add no value to the pro- 
cess. ] 

5. All lowcost items (nuts, bolts, screws, labels, and the 
like), which represent 76% of our part numbers but only 
3% of the total cost of the product, will be carried on the 
bill of material as $.00 cost  These items are expensed to 
manufacturing overhead when received. 

[ 7hk  means we don't review standard. each year and we 
don't measure any purchase variationfiom standard. At the 
same time, we left these items on the bill of matcrial so our 
MRPII system will plan them and they are atlailable forser- 
vice parts analysis, Because historically we had shown labor 
and material costs to four decimal points on the bill of ma- 
terial, this was one of the more controversial decisions we 
made. 1 

6. Conversion costs will be grouped by cost pools that bear 
a direct relationship to distinct processes within our 
plant. The number of cost pools will be minimal. rn 

used to develop overhead standards, you, as a financial man- 
ager, should have access to all the necessan information to , 

$ 

I 

t 



W ith this background, we set out to design a cost 
systcm with the following objectives and philose 
phy. Our major guidelines to achieving these o b  

jectives are keep it simple, and keep it low cost. 

cessed through the cost center to absorb the cost and.what 
*driverM within tile cost center will be used as the base to 

I The cost system is a subset of the business philosophy. 
It must fit and complement the business philosophy and 
reflect plant operating characteristics. 
I The cost accounting system should be simple. 
I The cost accounting system operation should be low cost. 
I The system should eliminate artificial, unnecessary r e  

porting steps. 
I The system should not reward production for building in- 

ventory. 
I Accounting exactness does not equal accurate product 

/ 

cost. 
W Cost the unit but not each individual part 
M Eliniirlate dctailcd labor rcpotting-labor and overhead 

are combined into coilversion cost. 
YI Apply conversion cost based on total product cycle time 

(or somc other base you deem appropriate). 
5 Tile cost system illust meet the external reporting re- 

quire~ne~lts  as set forth by the SEC and the 1RS and must 
mcct GMP. 

allocate the costs to the units. Most of these choices are pol- 
icy decisions. 

Clearly the standards are not precise, and you expect 
some variation, so there is no need to update them constant- 
ly. We have found that, unless major changes occur, an an- 
nual review of the pools and the allocations within each cost 
pool are adequate to provide sufficiently accurate infonna- 
tion for our financial statements. Rather than rely on unit 
variance information, most managers base overhead control 
decisions on total costs incurred. 

Our business computer system included a prepackaged, 
integrated, closed-loop system. We decided that the me- 
chanics of our cost system must operate within the capabil- 
ities of this software without program modification. The use 
of an integrated database software improved our ability to 
eliminate redundancy in our cost system. Transaction data 
needed to be entered into the system only once. In addition, 
we found we can eliminate 80% of the paper and transaction 
detail if we so desire. A model of our cost and management 
system structure is shown in the illustration in Figure 1. 

COST ACCOUNTING SYSTEM OBJECTIVES, 
PHILOSOPHY, AND IMPLEMENTATION 

Based or1 these objectives, overall philosophy, and guide- 
lines, we dcvelopcd the detailed operating nllcs discussed 
in the sidebar on page 47. Once we had established these 
guideli~ies and rules, wc procecded with implementation. As 
you might expect, all rules and guidelines weren't fully de- 
veloped at first. Some of them evolved over time as we got 
into more detail and understood the limits of our software 
and the limits of our bill of material stnictures. 

While we were developing the cost systcm, Tranc's ma- 
terials pcoplch wc1.c tlcsigning a \)ill of rnaterial that u'is mod- 
ular and flat (four levels maximum). I t  had iione of [he tra- 
ditional bill of matcrial subasscnibly  elationsh ships. Look at 
Figures 2 and 3. Figure 2 portrays a tri~ditional bill of matc- 
rials for a wagon, while Eigure 3 shows a "flattened" version. 

With a traditional organization, Trane's bill of materials 

* - 
FIGURE ~'ICLOSED-LOOP BUSINESS 1 

. # .  

.L . 
4; .0  

System characteristics: 
: ! '  . . 

I. Online purchase order, material receipt, and accounts 
payable match (quantity and prices). I I 

2. No paper used between purchasing, receiving, and 
accountlng. I I 

3, Integrated for material standards, purchase price 
variation, inventory valuation, unvouchered liabllltles, ' 

and voucher interface to the general ledger. 

might have 10 to 12 levels, which are indicative of the num 
ber of levels of subassembly. Manufacturing, engineering, 

Trane's production managerilent uses no computerized shop floor 
cor~trol or labor reporting system. Employees work on individual 
units as a whole. 



I I FIGURE 2/lRADITIONAL BILL OF MATERIALS 
I 

I Wagon I 

r I I 
Stamped 

Bed Paint Decal 

I 

F] 
Assembly . 

Parts Parts Steal ., 

I 

and finance no longer needed these relationships to be de 
fined in the bill of material. Each funclianal area had deter- 
mined independently and jointly that the expense of main- 
taining these traditional relationships in the bill of material 
did not provide any value to the business. Thus they were 
abandoned in favor of the modular BOM. 

Many benedts resuhed from de ignkg  a fkt bill of materials 
Business operations were sinlplifid, and the ongoing cost of run 
ning the business ms d u i w l .  ?he new bin of materials daign 
reduced the number of p t  n u m b  in the r n m ,  the number 
of engineering drawings and the nulnber of pts to cost 

Many times tliuirg the knplcrnentation pmcm we found our- 
~ h e s  rtdcing decisions that could have added complexity to the 

, system We resisted these ten~ptations as best we could. Any ftrlture 

or ofion that might have been added to the m r n  was kft out if 
it didn't get a usnge fartor of to 9%. For example, if a repetitive 
p ~ 0 c . e ~ ~  applid to only 10% to 20% of our units, we did not atlnnpt 
to track the cost of the double promsing to the &c units. Also, 
we left out mything that we "might1' need in the future because we 
felt we could ahrays add f e a t u ~ ~  to the system, but we knew from 
expcricnce that we would never take them out of the system 

-- - .- . 
COST POOLS 

W e defined the plant's conversion cost pools as illus- 
trated by the plant layout in Figure 4 .  Our manu- 
facturing plant is extren~ely capital intensive. Cost 

pools are differentiated nlostly by capital intensity and are 
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brokcn dt)\r.11 I)!. t1istinc.1 prtr Unf0dU a financial ' rang- produced. 
crsses. Eat-li co.;t pool rcprr- 
scnts the completion of a major , asscmhly o r  the crltirc process 

PERF0 RXIAN CE disaster often is required to ,,,,,, / to assemble a complete prod. I 

.. create the survival uct.. Ir, T he issue of performance 
o u r e f l o " * . ~ f G ! a d d  ... eYluirOlzment where P ~ ~ P E ~  .. . measures in our new en. 1 I by three factors: ..'.' vironment created an 

The conversion cost pool is a grouping of costs that are 
representative of a distinct process in the plant The costs 
included and the magnitude of these costs are illustrated by 
the Cost Conversion Pool-Widget (R) in Table 1. As you can 
see, there are sonie allocations (for example, from engineer- 
ing) to the cost pool, but, for the most part, these costs are 
actual direct costs based on a representative sampling or an 
extrapolation of actual cost at a lower production volume 
base. Table 2 shows how the total costs from the Cost Con- 
version Pool-Widget (R) would be allocated to the different 

' additional challenge. We want. 
1. Our plant has very few a s  ~ are impe11ed to break Old ed to. carehl not to put a, 

sets that are used in multi- patterns of behavior. 
I ries of measures in place in the 

ple proccsses or products. organization that would lead to 
Our assets are set up by pro- , optimization of local areas to 
cess, and parts are not the detriment of the manufac- 
trucked throughout the plant. 1 turing system as a whole. Our criteria for performance mea. 

FIGURE 4lPLANT LAYOUT AND COST 
CONVERSION POOLS 

The arrows indicate flows. 

The numbers 1 through 5 represent the total number of 
cost pools in the plant that reflect one cost pool for each 
product. 

* 

2. We have been very aggrcssive to outsource as many "low 
tech" parts as possible, which simplifies our n~anufactur- 
ing plant and supports our demand flow philosophy. 

3. Production nianagcment did not want or need any form 
of colnputcrizcd shop floor control system or labor r e  
porting system. Protluction flow is regulated by a series 
of KANBAN-type systems, is synchronized by the pro. 
ductio~i inaster schedule, and opcrates based on a phi109 
ophy of onc-piece flow. That is, the transfer batch be- 
tween stations is one unit. 

1. Sales Per Employee. This measure is simple and is one to 
which all employees can relate. It emphasizes the output 
of the entire system versus some other measures that 
tend to emphasize local optimization rather than optimi- 
zation of the entire system. 

2. 1)lventoty Turnooer. This is a measure of the velocity of 
the system and a trend indicator for cash flow. It reflects 
the rate of conversion of purchased materials to cost of 

sures were: 

1. They should be few (five or fewer). 
2. They must be understood clearly by all employees. 
3. Thcy should be calculated from readily available data. 
4. If the measurement were a true global measure, the a b  

solute number is not of primary importance. The trend 
rate and the rate of change are significant 

We finally settled on the following six measures: 

1 I TABLE 1lCOST CONVERSION 
WIDGET (R) 

DETAILED COST ANALYSIS' . .  ., A s ~ : l  .I 0 1 
Cost Category Basis Annual Cdit;! I 

Building Square Foot (%) $ 94,000 

' Number of widgets produced 1,000 
Capacity 1,175 

' Based on an extrapolation of actual costs charged to the 
conversion cost pool. 

' The total cost to produce1,000 widgets is $2,810,000, or an 
average conversion cost of $2,810 per widget 

De reciation 
Lachinin I 
~ s s e r n b q ~  Assets 517,000 , 

GeneralIFactoryl 
Maintenance Square Foot ( O l e )  23,000 ', 

Taxes Capitalization 166,000 ,': 

Labor and Benefits Number of People 1,035,000 ': 

Engineering Number of Engineers 371,000 ; 
Maintenance Extrapolation2 45,000 :. 

Hard-to.Measure 
Materials, Supplies, 
Spoilage, Waste, 
Disposal, Other Extrapolation2 559,000 

Total $2,810,000 

Average conversion cost per widget $ 2,810' -- 

! 
I 
1 
I 



I TABLE 2MIIDGET COSTING ANALYSIS'*2 I / 
UNIT MIX ANALYSIS 

No. of Units Cycle Total 
Size - Oh of Total Produced Time Basis3 Cycle Time 
10 15% 150 100 15,000 
20 35% 350 100 35,000 
30 30% 300 110 33,000 
40 20% 200 120 24,000 

1,000 107,000 

Conversion Cost 
Per Unit 
$2,626 
$2,626 
$2,888 
$3,151 
$2,810 (average) 

$2,810,000 1 I Total Cost = $26.26 Each conversion allocation unit for 1,000 widgets is costed at 
1 07,000 626.26 per widget.) 

Defined capaaty of widgets is 1,175 per year. 
Costing policy is 85% of capacity. 1 a Cycle tine refieas machine time plus line assembly l m e  Size 10 is the basis of the calculation, and size 40 takes 20% more 

/ machine and assembly time. 

-- 

TRANEIS PLANT OPERATING 
CHARACTERISTICS 

I Standard options/features equal 60 million possible corn- ' 

binations. .-. 
1 

/ I No inspectors. 

Cyck Time 
I Order processing, one to two days, 

Outsource Aggressively 
I All sheet metal, 
I Manufacture where you add value, 
I Rings of defense. 

Overall Plant Philosophy 
I Flat organization, 

i I Hold overhead to absolute minimum (lower costhigher 
risk), , , 

A Err on the side of simplicity (KISS), . .. 
, I Challenge every assumption, 
I The only constant is change. 

Wmk Cells 
I Equipment grouped by product not process, 
I Limited supervision (50 to I), 
I Work cell leader rotates every 60 days, 
I Only three labor grades throughout plant, 
I Job rotation is a requirement for everyone, 
I No shop floor labor reporting. 

Reduce Work-in-Process 
I Velocity driven, not batch driven, 
I No repair stations, 

/ Reduce/Streamline Material Handling 
I Receive/ship at point of use (13 trucking doors), 
I No central stockroom-materials stored at point of use, 
I Cycle count regularly-top 50 dolloar items monthly. 

Material Requirements Planning (DFM) 
7 MRP gets material to plant-DFM/MPS controls flow 

within plant. 
1 I Shallow bill ofmaterial..(four to five levels maximum), 
I Rill of mat@&gmracy goal equals 99%. 
I Onl) one company bill'~f material. 
I Sale. ortl:~; b:l.;il~rc. (six to 10 order.; a day) .  

I Material planning, 30 to 50 days, 
I Production, six to 16 days (25% to 50% of industry aver- 

.' age), .. ,, 
I Widget manufacturing on continuous shift (seven days a 

. week, 24 hours a day). 

Production Management 
I Master production schedule is bible (what to 

make-build parts to schedule), 
I No computerized shop floor control (KANBAN type con- 

trol), 
I Flow manufacturing-tooling and futtures-visual aids 

standardization (how to make), 
I Minimum shop paper (no route sheets), 
I No production control departmentho industrial engi- 

neering department/no quality department/no time- 
keeliing department, 
I Visual shop floor control system (KANBAN style). 

1 THE COST ACCOUNTING SYSTEM PROCESS / 
I Material, which is 70% of product cost, is backflushed at 

unit completion. 
I Conversion cost (labor and overhead combined) is a p  

plied at unit completion. 
I 'Ihere is no labor reporting. Efficiency and rate variations 

are not tracked. 
I hwcos t  parts expensed to overhead: 

4% of BOM (bill of material) cost equals 76% of total 
BOM parts. 

96% of BOM cost equals 24% of total BOM parts. ' I Work-in-process estimates are adjusted quarterly to re- 
flect culrent production rate and manufacturing cycle 

1 time. 
I Bill of material is modular, with a direct relationship be- 

tween sales features and options, and reflects "pile of 
parts" concepts 



'sales. 
Customer S t n ~ ~ c e s  
Costs as a Percent of 
Sales. This is the cost 
of field service on 
shipped products dur- 
ing a .lZmonth war- 
ranty period. 
Manufacturing Cycle. 
This measure tracks 
the time in days it 
takes to convert raw 
material and pur- 
chased parts into a fin- 
ished product. (Order 
processing was not an 
issue as it already had 
been reduced to one 
to two days.) 
On-Time Shipping 
Percent. Tne percent- 
age of time we ship 
customers' orders 
when we sav we will 
ship them i s  revealed 
by this measure. 

6. Return on Net Assets 
(RONA). This is pre- 
tax income divided by 
the average net assets 
employed in the busi- 
ness. 

These performance 
measures meet our re- 
quirements. Only RONA 

In Trane's SOUP accounting, the units (such as this water chiller) are 
costed, not the individual parts. 

Any new cost system, no matter 
how simple or streamlined, should 

not compromise your audit or 
internal control requirements. 

needed a significant 1 
amount of explanation to 
bring all of our employees up to speed on the various per- 
formance calculations and their meanings. 

EFFICIENCY AND CONTROL 

W hen you are developing a new cost system, you 
need to understand that the move toward simplic- 
ity and the reduction of accounting transaction de- 

tail does not mean a lack of control. In fact, we believe it is 
just the opposite. Our previous obsession with accounting 
exactness and direct labor reporting to the minute and to the 
nearest cent distracted us from what really was important. 
To retain the reporting of direct labor efficiencies or indirect 
labor ratios-or any other traditional form of labor report- 
ing-will guarantee your DFM efforts will fail. These report- 
ing ~nechanisms encourage your production organization to 
build parts that aren't needed or to build parts before they 
are needed. As you eliminate excess inventory and drive 
down the dollars of inventory in work in process, your tra- 
ditional manufacturing efficiencies measures will get signif- 
icantly worse in the initial stages of the implementation. 
Consequently, the first time you point out to the production 
organization that labor efficiency is declining, you will have 
torpedoed your entire DFM project. Also, any new cost sys- 
tem, no matter how siniple or streamlined, should not com- 
promise your audit or internal control requirements. It is just 
that these elements of your business are now viewed from 
a different perspective. 

\.Ye believe you need 
to examine all of the tech- 
niques availablfin the al- 
phabet soup library and l 

apply only those tech- 
niques that fit p u r  busi- 
ness goals and objec- 
tives. Trane's ' .plant ' 
operating characteris- 
tics, as developed in re- 

niques adopted, are 

i 
sponse to the new tech- I 

summarized in the side- 
bar on page 51. Once 
plant operating charac- 
teristics have been de- 
fined, your cost system 
must be designed to pro- 
vide the information re- 
quired to support the 
manufacturing system. 
The sidebar also outlines 
a description of Trane's 
cost accountinn Drocess. 
Whatever you ldo, in de- 
signing manufacturing 
processes or in design- 
ing cost accounting sys- 
tems, you cannot over- 
emphasize the need for 
simplicity. I 

Ronald B. Clements is 
vice president and general 

I manager of the Commer- 
cial Self Contained Busi- 

ness Unit of the Trane Co. in Macon, Ca. When he wrote this 
article, he was controller of the Water Chiller Business Unit 
in Pueblo, Colo., where he sewed as a member of an eight-per- 
sonfast-track new-plant startup team with responsibility for all 
aspects of business development, including defining the busi- 
ness management/human resource philosophy, the plant oper- 
ntij~g characteristics, and thefinancial system. He holds a B.A. 
dcgree in accountingfrom Winona State University. He may 
be reached at (912) 781-6495. 

Charlene W Spoede, CMA, CPA, Ph.D., is a professor of 
accouj~ting and the co-director of the Center for Manufacturing 
Excellerrce at Baylor University. She also is an academic as- 
sociate of the Avraham Y. Goldratt Institute. She holds a Ph.D. 
degree in business adntinistration from the University of Texas 
at Austin. She is a member of the Central T m  Chapter, 
throtrglt which this article was submitted. She may be reached 
at (81 7) 755-3536. .'LJ7 t_; 

'For a refresher: MRP I1 is manufacturing resource planning. JIT is just-in-time. 
CIM is computer-integrated manufacturing. TQC is total quality control. M M  is 
ti,~al quality rnanagemenL SPC is statistical process control. ABC is activity-based 
costing, and TCM is tolal cost management. 

Is this anicle of interest to vou? If so, circle Yes No 
appropriale number on Reader Service Card. 54 55 









Appendix C 

Product Costing at Caterpillar 





PRODUCT COSTING AT 

It's a vital link in an entire business process. 

I The scraper is one of Caterpillar's popular large, complex products. I 

BY lOU F. JONES 

Certificate of Merit, 1989-90 

oday's competitive environment 
makes it imperative for manu- 

I ' T  facturers competing globally to 
I know their costs. ?hey need to 

understand costs at several levels, the 
activities that are driving costs, the 
link between management decisions 
and subsequent costs incurred, and 
the areas where improvement oppor- 
tunities lie. A topnotch costing system 
is one of the most powerful informa- 
tion tools a management team can 
have, especially if it provides a clear 1 picture of the activities that are driving 
costs and the ways individual products 
and processes consume resources. 

, At Caterpillar we use costing in 
three distinct ways: standard costing, 
for inventory valuation; operational 1 controls, for tracking and managing 

operating costs and other key operat- 
ing characteristics; and product cost- 
ing, for a variety of longer-term strate- 
gic decisions. 

Standard costing is a bookkeeping 
activity for valuing inventory in the fi- 
nancial reporting cycle. The standard 
cost system has been kept simple, and 
we update standard costs only every 
five or six years, using variances to 
keep them updated to actual levels. 
(Remember-we use them for inven- 
tory valuation only, not cost manage- 
ment!) To update standard costs, we 
simply extract information from the 
product cost system data files and 
make necessary GAAP financial re- 
porting adjustments. 

Operational controls and product 
costing are.cost management' tools. 
Our major efforts through the years 
have been in the development of and 
ongoing improvements to operational 
control and product costing systems. 

Although our three cost systems 
have different missions, they are 
linked through a common 
database-the budget. The budget is 
"tapped into," and each system em- 
ploys unique subroutines to format the 
information for its intended use. With 
operational control formats, the infor- 
mation is ordered so that actual mate 
rial prices and operating costs can be 
compared to budget and targets. Our 
rolling budget process allows this re- 
port to recognize changes in product 
mix, volume, and other operations. 

PRODUCT COSTING 

aterpillar's financial people long 
ago recognized the need for and 
potential competitive advantage 

of having the ability to cost products 
reliably. Caterpillar produces a variety 
of large, complex products (several 
kinds of heavy equipment, for exam- 
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ple) at varying volume levels using 
many manufacturing processes and 
sources of supply. A simple cost sys- 
tem would not provide the level of ac- 
curacy required for sound cost man- 
agement on these products. 

Simple cost systems are accurate 
enough for assigning costs that are 
easily traceable to the production pro- 
cess, such as production material and 
direct labor, but they don't specifically 
assign costs such as machine tool en- 
ergy consumption, setup, machine re- 
pair, perishable and durable tooling, 
and manufacturing support activities. 
Such systems also fail to recognize the 
product-by-product cost effects of vol- 
ume, product and process complexity, 
product design, and the different val- 
ues of capital assets used in the pro- 
duction process. 

Simple systems are fine for valuing 
inventories, but if used for cost man- 
agement they misstate the costs of 
manufactured products, especially at 
the part, component, major activity, 
and cost element level. Directionally 
accurate costs are needed at this level 
of detail if a cost system is to come 
alive as a powerful tool for internal cost 
management, 

A good cost system mirrors the 
manufacturing process and related 
support activities and quantifies them 
product by product. The more corn- 
plex and inconsistent these processes 
are the more difficult it is to assign 
costs to products accurately. Thus, the 
cost system becomes more complex 
as it attempts to compensate for the 
lack of simplicity of the manufacturing 
processes. The complexity of manufac- 
turing operations "drivesn the com- 
plexity of the cost system. 

Conversely, as manufacturing oper- 
ations are simplified, costing becomes 
simpler. When processes are simpler, 
repeatable, generate a consistent pat- 
tern of resource consumption, and pro- 
duce consistent quality, then costing 
becomes easier. "Simple" cost systems 
are desirable, but "simplistic" systems 
in a complex manufacturing environ- 
ment usually will generate misleading 
product cost information. 

Such considerations led Caterpillar 
to develop a product costing system 
separate from its standard cost sys- 
tem. This managerial costing system 
is a variation of what is popularly called 
an "Activity-Based System." 

We have a common system world- 
wide. As an international manufactur- 
er, we must be assured of comparabil- 
ity when analyzing the cost of identical 
products produced at multiple loca- 
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ACCOUNTING VISIONARY *' 'y*' 
One of the most popular debates in ac- 
counting today is the appropriateness 
and usefulness of existing cost infor- 
mation. Critics point out that most cost 
accounting systems have not kept up 
with the changing business environ- 
ment, yet there are some companies 
that have focused on continually im- 
proving the quality of cost information 
provided to management for strategic 
and tactical decision making. 

One such company is Caterpillar 
Inc. For more than 40 years, Caterpil- 
lar has dedicated significant resources 
to providing good cost information to 
management and has continually u p  
dated its cost system to reflect the o p  
erating conditions in the factory. In the 
late 1940s, Caterpillar dismissed the 
relevance of a product costing method 
that many companies still rely on to- 
day: a single plantwide overhead rate 
based on direct labor. Caterpillar had 
found this method of overhead alloca- 
tion inadequate, given the machinein- 
tensive nature of its manufacturing 
processes. While direct labor and re- 
lated overhead still represented a sig- 
nificant cost, depreciation, mainte- 
nance, utilities, tooling, and other 
machine-driven costs constituted a 
large share of factory overhead. To 
match these costs to products proper- 
ly, the company implemented its MBU 
(Machine Burden Unit) System. 

This system was significantly differ- 
ent from most companies' cost sys- 
tems in at least three respects: (1) The 
MBU System classified factory over- 
head into two primary categories: ma- 
chine burden, or overhead expense be- 
lieved to vary with the machines used, 
and man burden, or overhead expense 
believed to vary with direct labor on a 
plantwide basis. (2) The different ma- 
chimes that were required to produce 
a variety of parts presented the need 
for separate machine rates (in terms of 
MBUs), which were calculated for sev- 
eral cost centers including assembly 
l i e s  and large groups of like ma- 
chines such as lathes and drills. (3) 
The MBU System, which was devel- 
oped to provide product costs, operat- 
ed independent of the existing stan- 
dard cost system that was used for 
inventory valuation. This separation, 
which has continued to the present, 
laid the foundation for the develop 

ment of a cost accounting function au- 
tonomous from financial accounting at 
Caterpillar. 

This system was implemented un- 
der former CEO William H. Franklin 
while he was assistant controller. It 
emphasized the "allocation of over- 
head based on the plant activities caus- 
ing the expenditure," Mr. Franklin fos- 
tered the development and use of 
accurate cost information until he re- 
tired as chairman of the board in 1975. 

He said that good cost systems pro- 
vided several benefits: W e  were set- 
ting our parts prices much better. We 
found we were selling some parts way 
below cost When we got [the parts] 
really costed right, some were [priced] 
way above cost . .  If you don't look out, 
you11 be wondering why you're not 
making any money on these parts or 
not getting any of the business. It costs 
quite a bit to have a good cost system. 
. .The investment in the system and in 
the people to support it ought to bring 
back more than its cost.. .I'm afraid 
most companies don't appreciate the 
value of what accounting can do for 
them." 

In the August 1951 issue of the 
NAG4 Bulletin, Mr. Franklin pub 
lished an article on "Allocation of Over- 
head Costs-a Short-Cut" in which he 
described Caterpillar's first attempt to 
cost products based on the specific ac- 
tivities and related costs that each con- 
sumed in the production process. 
When asked to discuss readers' re- 
sponses, he said, "I don't think there 
was any reaction at all. I don't think I 
ever received a letter from anyone." 
When asked why so few companies 
took the lead in improving their cost 
systems, he replied, "I don't know why 
they didn't listen. Maybe I didn't make 
it plain." Anyone who knew Bill Frank- 
lin would disagree. I 

This sidebar was based on an interview 
by Stephen Soucy and Marcus Moore of 
Howell Management Corp. for a 'case 
study on Caterpillar Inc. Their research 
was sponsored by the Financial Execu- 
tives Research Foundation and will be 
published later this year along with sev- 
eral studies of other leading companies' 
cost management practices. 



tions. How could a company make 
good cost decisions if it had different 
cost systems from one location to an- 
other? 

The objective of Caterpillar's cost 
system is to identify the activities con- 
sumed by products and through a log- 
ical, reliable, and consistent process 
assign the related costs properly to 
each. 

In our factories, each machine tool, 
manufacturing cell, and assembly area 
has distinct owning and operating 
costs. As products pass through these 
areas they consume differing amounts 
of these costs. We establish specific 
cost rates for these areas and develop 
logical bases upon which the appropri- 
ate amounts of cost can be assigned to 
individual products as they move from 
area to area. These two concepts, spe- 
cific costing rates and bases for . apply- . 
ing them to products, are at the heart 
of Caterpillar's product cost system. 

Our system is forward looking. The 
process begins with the business plan 
for the upcoming six months. The fore- 
casted schedule of products and the 
resources to produce them are trans- 
formed into an operating budget. The 
budget is distributed into pools of 
costs as the initial step in establishing 
cost rates. 

SpecBc costing 
rates and bases 

for applying them 
to products are at 

the heart of 
Caterpillar's 
product cost 

system. 

Some costs are included in product 
cost pools, and some are not. Included 
are direct material, production labor, 
and all manufacturing-related over- 
head. Labor and overhead are further 
subdivided into logistics, manufactur- 
ing, and general overhead cost pools. 

Excluded are: 

I Research and development cost re- 
lated to future products. Engineer- 
ing related to current products is in- 
cluded in product costs. I I Parts distribution costs for 

The multi-axis assembly platform in Gosseiles, Belgium, which allows the assembler to 
position machine for ease of assembly. 

warehousing and merchandising 
replacement parts. 
I Selling, general, and administrative 

(S, G, &A) costs that do not support 
plant operations directly. 

I Other costs of doing business such 
as interest, income taxes, warranty 
expenses, and abnormal costs. 

Although excluded from unit-of-one 
product costs, these costs are included 
in profitability studies, investment 
analyses, and other analyses that re- 
quire consideration of all "life-cycle" 
costs. 

NORMALIZING IS NECESSARY 

T he next step in Caterpillar's prod- 
uct costing system is called "nor- 
malizing." Normalizing smoothes 

the upanddown effects that volume 
changes can have on unit period costs. 
Period costs exist for future levels as 
well as for today's level of business. 
We do not manage period costs to 
short-range volume swings, so if they 
aren't normalized, they could distort 
the inherent cost of products as vol- 
umes increase and decrease. Normal- 
izing is accomplished by spreading pe- 
riod costs over long-term average 
volumes rather than current volume 
levels. 

Another aspect of normalizing is 
the exclusion of abnormal costs such 
as start-up, learning curve, major fac- 
tory rearrangements, and unusual lev- 
els of education and training. Normal 
costs are not "ideal" costs. These 
costs, such as desired efficiency, usual 
on-the-job training, and such, are treat- 

ed as normal if they typify longer-term 
operations. Abnormal costs are not 
swept aside and forgotten, but they are 
quantified and kept in front of manage- 
ment. 

Normalizing is necessary because 
most product decisions are long term 
and can involve product design, man- 
ufacturing process, logistics, capital in- 
vestment, and supplier selection. At 
Caterpillar we are spending hundreds 
of millions of dollars on start-up to 
modernize our factories. Including 
these one-time-only expenses in cost 
rates would misstate the inherent 
costs of our products. 

Obviously, normalized costs differ 
from actual costs incurred. When busi- 
ness is constant or growing and inter- 
nal operations are relatively stable and 
to plan, actual and normal costs will be 
close. In a downturn, when operations 
are not stable, or if there are significant 
changes occurring in factory opera- 
tions, actual and normalized costs can 
be quite different. 

The cost analyst must stay attuned 
to the operations to normalize costs 
properly. If there are abnormal costs 
that aren't eventually managed out or 
that otherwise become normal to the 
operations, then they will be borne by 
the product. Therefore, the practice of 
normalizing requires close attention. 

ASSET DEPRECIATION 

A nother important aspect of Cat- 
erpillar's costing approach is 
the specific assignment of de- 

preciation to cost rates. Depreciation 
is assigned to cost rates based on us- 



age and assumes an indefinite life for 
major productive assets. Basing depre 
ciation on usage has the effect of re- 
moving the costs of unutilized ma- 
chine capacities from current costs. 

Setting cost rates involves taking 
normalized expenses from the budget 
and distributing them into variable and 
period cost pools for logistics, manu- 
facturing, and general overhead activ- 
ities. 

LOGlSTlCS ACTIVITY POOL 

C aterpillar products are large and 
heavy. They are made from great 
amounts of plate steel (unformed 

material), castings, and forgings in ad- 
dition to a wide variety of purchased 
components. It is costly to buy, trans- 
port, receive, and handle this material. 
Even when our factories are fully 
transformed into a just-in-time (TIT), 
synchronous flow mode of operation, 
logistics will be a major expense. Over- 
simplification in this area would great- 
ly distort product costs. 

Average monthly costs of logistics 
activities are assigned to five subpools. 
Costs of obtaining unformed material 
are grouped under "unformed weight 
base costs." Costs for moving the ma- 
terial to and from points of use in the 
factory are grouped under "unformed 
weight moved costs." In the same way, 
costs for castings and forgings are 
grouped into weight base and weight 
moved cost pools. Finally, the costs of 
buying, receiving, storing, and moving 
purchased finished material are 
grouped together. 

Within the weight base cost pools 
are the activities on the shipping 

TABLE 1 

Varlable 
Unformed-Wt. Base 
Casting/Forging-Wt Base 
Unformed-Moved 
CastlnglForging-Moved 
Subtotal 
Purchased Finished 
Total 

Perlod 
Unformed-Wt. Base 
CastingIForging-Wt; Base 
Unformed-Moved 
CastingIForging-Moved 
Subtotal 
Purchased Finished 1 Total 

Coal Rate Bare Rate - 
.OX)O/# 
.0300/# 
0045/# 
.005W# 

Period rate bases are set on longer-term volume ten&. I 
I 

docks, in the receiving areas, and in 
the storage areas. The weight moved 
cost pools are for the intraplant han- 
dling of material as it moves through 
the production process. 

The variable pools for these rates 
include costs such as freight on pre  
duction material, material cleaning, r e  
ceiving inspection, material handling 
labor, and fuel and electricity for oper- 
ating material handling equipment 

Period cost pools include purchas- 
ing personnel, specific depreciation 
and maintenance on material handling 
equipment, utilities, insurance, proper- 
ty taxes, maintenance, and clerical 
support 

For unformed material, castings, 
and forgings the various expenses are 

distributed to the appropriate logistics 
cost pools and aggregated. Rates 
based on product weight are calculat- 
ed using the poundage of material that 
will be used to produce product in the 
upcoming period. For weight moved, 
the poundage is multiplied by the num- 
ber of times the material moves in the 
production process. 

For purchased finished 
parts-those ready to be assembled 
into the product upon receipt-the 
rate is based on material prices. We do , 
not have weights for all of these parts 
in our data files, but we are in the p re  1 
cess of establishing a weight database 1 
for these items so we can improve this 
area. We believe weight is agood basis 
for assigning logistics costs to our : I ~roducts. Table 1 illustrates the rate , 
calculations (not real numbers). 

( Wheel loader assembly process In Aurora, Illinois. ( tems. I 

MANUFACTURING ACTIVITY POOL 

I n the manufacturing activity pools 
are costs associated with operating 
machines, manufacturing cells, 

work stations, assembly, test, painting, 
and shipping areas. Expenses are cat- 
egorized on a period and variable basis 
and are assigned to individual cost cen- 
ters by specific cost element. 

Establishing the manufacturing ac- 
tivity rates is the most challenging as- 
pect of our cost system. Typically, a 
Caterpillar factory has hundreds of 
cost centers for which rates are set 
The logistics cost rates and the many 
manufacturing cost center rates are 
the unique elements that set Caterpil- 
lar's system apart from simple cost sys- 
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"Mini-budgetsn of estimated ex- 
penses are prepared for each cost cen- 
ter. In each machining and fabricating 
area are three rates: a variable man 
rate, a variable machiie rate, and a pe- 
riod machiie rate. To aid in the rate- 
setting process for each area, cost in- 
formation is entered.on appropriately 
formatted data sheets. Ultimately it is 
entered into the computerized cost 
system for use in product costing. 

The variable man rate is simple. It 
contains the pay rate and fringe bene- 
fits of the direct labor worker. No oth- 
er expense is assigned to a product 
based on direct labor hours. 

The variable machine rate includes 
costs related to operating the machine. 

expense 
not only the tools--such as drills, taps, 
and cutting tools-but also a portion of 
the costs of operating the tool crib and 
grinding reusable tools. Power ex- 
pense is based on the energy con- 
sumed while the machine is running. 
Other consumables, such as gas, p re  
pane, shot peening, cleaning materi- 
als, and weld flux, and the costs of han- 
dling them are included. Spoilage and 
rework, quality auditing, first-line su- 
pervision salaries, and other variable 
support costs complete this rate. 

The period machine rate contains 
the depreciation for the specific ma- 
chine or machines and other equip 
ment in each cost center. Also includ- 
ed in this rate are the costs related to 
building occupancy, which are treated 
as a rental charge. These costs are as- 
signed based on the floor space occu- 
pied by the cost center and include the 
depreciation on the building, heat and 
lights, plant security, and building 
maintenance and repair costs. The du- 
rable tool element includes the depre- 
ciation and expenses related to dies, 
jigs, and fixtures and the costs for stor- 

TABLE 2 
VARIABLE MAN RATE 

Machine or Cell Area No. 
Machine Class 

M25 

Section NO, 
D8R (Drill) 

100 
Operator Class A500 
TOP  ate of Classification $15.00 
Frin Benefits 

(gation, Holiday, etc.) - 8.00 
23.00 

Efficiency Factor 92?A 
Rate Per Man Hour E!! - 

PERIOD MACHINE RATE 
Depreciation $30.00 
Ocarpancy Cost 
Durable Tooling 7.00 

~ ~ ~ ~ ~ ~ ~ $ ~ g  4.00 6.00 
Other Pe"od Maline Expense 3.00 
period bbor 2.00 . per h i  Hour a - - 

ing and maintaining them. The repairs 
to machines, tooling, and equipment 
and related supervisory and manage- 
ment costs are based on machine re- 
pair and maintenance records. Plan- 
ning expenses are based on the 
salaries of the industrial engineers 
who support each area. Other period 
machine expenses and period labor 
complete this rate. 

The man rate is based on the direct 
man hour. The variable and period ma- 
chine rates are based on the machine 
hour. The calculations in Table 2 illus- 
trate the rate calculations (not real 
numbers). 

ASSEMBLY ACTlVlW POOL 

T he other manufacturing activity 
center rates are set for product 
assembly. Rates are set for each 

of the assembly areas and the related 
test, paint, and 
shipping areas. 

VARIABLE MACHINE RATE 
Perishable Tooling $10.00 
Energy Consumpti on 3.00 
Indirect Materid: 

GaslPropane N/A 
Shot Peening N/A 
Cleaning Material .50 
Weld Flux N/A 
Material Handling FUA 

Spoilage and Rework .50 
Quality Auditing 2.00 
Supervision 3.00 
Other Variable Labor Support 1 .OO - 

Rate Per M i n e  Hour $20.00 - - 
.per,ol no b.u u, a rr18n volume 
trends. 

sonnel. Other costs are for clerical sup 
port, quality assurance, housekeeping, 
factory accounting, handling of prod- 
ucts, tooling, indirect material and ex- 
penses, power, gas, supervision, and 
other support costs. 

The period rate takes in specific de- 
preciation on productive assets, occu- 
pancy costs, training, tool and equip 
ment repair, and other supervisory 
and management costs. 

Expenses are distributed to the as- 
sembly, test, paint, and shipping areas, 
and rates are set for each. The bases 
for determining the rates are the aver- 
age monthly hours to assemble, test, 
paint, and ship product in each area in 
the upcoming period. Table 3 illus- 
trates assembly area calculations (not 
real numbers). 

Costs traceable to the production 
process are assigned to logistics and 
manufacturing activities. Assigning 
these costs properly involves exten- 
sive data gathering, functional sur- 
veys, and ongoing interaction with fac- 
tory and support personnel. A good 
cost system must be flexible enough to 
accommodate changes in the operat- 
ing environment Support activities mi- 
grate as products mature, new prod- 
ucts come on stream, and manu- 
facturing processes stabilize. The con- 
sumption of these activities by prod- 
ucts will change over time, and cost 
rates must be adjusted accordingly. 

GENERAL OVERHEAD 

M any cost elements such as di- 
rect labor, energy, machine 
depreciation, and maintenance 

TABLE 3 
Expense Assembly Rsle 

Varlable Hours &!E!! 
A $ 5001000 $50.00 
B 300,000 5,000 
C 800,000 20,000 60.00 40.00 
D 700,000 10,000 70.00 

Total $2,3OO,OoO 

Period 
Assembly Line A $ 240,000 12,000 20.00 

B 180,000 6,000 ,,,, 
c 600,000 24,000 25.00 
D 480,000 12,000 40.00 

Total $ l,s00,000 

I ' Period rate barres are set on bnger-term volume trend. 

The attribution of 
costs involves a 
process similar to 
that used for man 
and machine rates, 
Variable and peri- 
od rates are set 
based on average 
monthly expenses 
for each area and 
related support ac- 
tivities, 

Variable rates 
include the costs of 
assemblers, test 
people, painters, 
and shipping per- 



can be identified reliably and assigned 
specifically. Others require more ef- 
fort The further removed an activity is 
from identification with a specific man- 
ufacturing process the more difficult it 
is to assign costs reliably. At the far 
end of this spectrum are costs that are 
so general in nature that it is difficult 
to identify with a product on any reli- 
able or consistent basis. These costs 
go into general overhead activity pools 
and include some of the period ex- 
penses for accounting, employee rela- 
tions, labor relations, plant administra- 
tion, medical services, scheduling, and 
inventory control. Two rates are estab 
lished--one for in-house manufac- 
tured parts and one for purchased fin- 
ished material. These pools of cost are 
small in relationship to the total. 

These costs are assigned to prod- 
ucts based on a percentage of the total 

- - -- 

The entire 
organization must 

"own" the cost system 
and be involved in 

keeping the 
databases accurate 

and up to date. 

I 

of all other costs, including production 
material. Parts costing the most will 
absorb a larger portion of general over- 
head. Table 4 illustrates these calcula- 
tions (not real numbers). (We are cur- 

ply, rough weight quantity 
per piece, and parent part 
number. 

8 Production Routing File 
(work order)-Provides 
man and machine time by 
operation, machine num- 
bers, setup times (if any), 
lot size indicator, and other 
key information. A separate 
file contains the product as- 
sembly, test, paint, and ship 
times. 
I Requirements File-Pre 

-- 

TABLE 4 
GENERAL OVERHEAD 

Work4  Purchaud 
Material Flnlahd 

Overhead 
Expense $2,000,000 $1,800,OOo 

ToU Material, 
md 

bnufamring 
Cost Base 20,000,060 24,000,000 
Rate Per $ .too0 0750 

vides the production r e  
quirements (quantities) for all prod- 
ucts, attachments, replacement 
parts, and interplant material to be 
produced. 
I Product Structure-Level-by-level 

bill of material. 

It is vital that the entire organization 
"own" the cost system and be involved 
in keeping the databases accurate and 
up to date. A good cost system is more 
than an accounting responsibility. 
These files are updated monthly. 

COSTING THE PRODUCT 

T o understand the costing of an in- 
dividual part is to understand 
product costing at Caterpillar. 

Table 5 explains the process, using 
part number 1Al housing made from 
an iron casting as an example. 

The table shows how the LA1 cast- 
ing goes through the production pro- 
cess, drawing costs to it as it moves to- 
ward completion. The appropriate 
rates assigned costs based on how the 
product consumed activities along the 

I 

I 

I 

1 
way and assigned the costs to each o p  
eration. 

In this example, the logistics costs 
were significant which is typical of the 
handling costs on large components. 
Also there was a wide variation in the 
costs of operating the various ma- 
chines used to produce the part. These 
differences in resource consumption 
illustrate why simplistic cost systems 
that don't recognize such differences 
will distort product costs. 

The cost system has the capability 
to take W costs and the costs of all 
other parts, components, and assem- 
blies and roll them up to produce the 
total cost of a complete salable prod- 
uct The system uses a level-by-level 
bill of material to accomplish this roll- 
UP. 

HOW COST INFORMATION IS USED 

A standard cost system accumu- 
lates and reports costs for prod- 
ucts as they move through the 

production process. The need for this 
information is driven by the financial 
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reporting cycle. To  satisfy this need, 
the day- tday stream of manufactur- 
ing events activates the standard cost 
system. 

Our managerial cost system has no 
such repetitive driver. It is "activated" 

by requests for cost information on 
specific parts, products, and process- 
es. In this regard it is a "database in 
waitingu-a computerized cost consul- 
tant  It is used only when its services 
are requested. If no questions are 

manufacturability, and manufacturing 
process alternatives. 

OTHER CONSIDEMTIOH$ 

A ny costing system, regardless of 
its quality, provides a "formula 
cost" If from a good system, this 

cost can be very useful for cost man- 
agement But cost systems, as any oth- 
er  management tool, have limitations, 
and the formula approach is not appro- 
priate for all cost management issues. 

"Unit of one" costs, for example, ig- 
nore economic factors such as idla. 
tion; time value of money; currency 
fluctuations; S,G,&A; R&D; parts dis- 
tribution costs; new capital investment 
requirements; working capital; and in- 
come taxes. Other methods of analysis 
are needed. 

Finally, cost systems are tools-no 
more, no less. Even the finest cannot 
assure cost management success. To 
be successful, a company must b t  
have a cost management philosophy 
that is brought to life through a well- 
conceived, clearly understood cost 
management strategy. And, the entire 
organization must be involved. Addi- 
tionally, the management accountants 
must understand the company's prod- 
ucts, processes, engineering systems, 
suppliers, customers, and competi- 
tors-and be part of the team. If these 
things aren't in place, a cost system 
can't compensate for the lack of them. 

A cost system is just one part of the 
equation. If the other elements are in 
place, then the cost management p r e  
cess becomes a powerful force for irn- 
provement and for competitive advan- 
tage. I 

Lou Jones is business measurements and 
system managerfir Caterpillar Inc He 
is a member of the Central Illinois Chap- 
ter, through which this article was s u b  
mined. 

"IlIroughout this srticle I have used the expression 
'cost managementw for descriptwe purposes be- 
cause it is a commonly used term But cost manage 
men1 and companion terms such as cost reduction, 
cost control, and cost wnbunment haw onerous im- 
plications for an organation and do not squarely ad- 
dress the issue. What rally needs to be managed 
are the key business procases across the enbre VPC 
ue chain When they are managed well. then e f f w  
hve use of costs and mts is a natural consequence. 
For example, manufacturing is a major business p m  
cess. When this p n m s s  is s~mplided through p m  
g m n s  such as JIT and flow manufacturing, then cost 
benefits follow. 

Is 'his of interest Yes N o  
to you? If so, circle 86 87 
appropriate number on 
Reader Senice Card 

asked, the system sits 
there, like the lonely 
Maytag repairman, wait- 
ing for a call. But be as- 
sured, unlike the situation 
of the Maytag man, the 
phone is always ringing. 

Caterpillar's system is 
called the "Cost Informa- 
tion System" or CIS. A va- 
riety of product cost and 
descriptive data are avail- 
able on-line as printed out- 
put or in user files. In each 
of these applications the 
user can select the infor- 
mation desired, from the 
cost of an individual ma- 
chining operation to one 
part to any level up to and 
including a complete prod- 
uct  

The system also in- 
cludes an "estimated cost* 
module for use in estimat- 
ing new product costs. 
This system soon will be 
augmented by another 
costing tool called "predic- 
tive costing," which will 
provide the design and in- 
dustrial engineers with 
quick turnaround on the 
estimated costs of various 
design and processing al- 
ternatives. It is crucial that 
product cost estimates be 
provided at the earliest 

Of 

Most of a product's 
is locked in during the 

develo~ment~haset  so it is 
vital that cost targets are 

. attained. The "pay me lat- 
er" rendition of cost man- 
agement is expensive and 
disruptive. 

Cost information from 
system is 

used by individuals and 
teams for pur- 
Poses such as product de- 
velopment, component 
and piece part design deci- 
sions, sourcing decisions, 
quality and cost improve- 
ment analyses, investment 
justification studies, pric- 
ing analyses, competitive 
C O S ~  analyses, 

TABLE 5 
Part number 1Al hwsing made from an iton casting. 
Material Cost $500.00 
Variable Weight Base 
Logistics (.0300 x 1,000 Ibs.) $ 30.00 
Variable Man: 

Man Hrr. Rat. Cort 
Per P r  P r  

Operation Piece Hour Piece --- 
5 Mill .52 $23.00 $12.00 

10 Drill .27 22.00 6.00 , 
15 Turn .34 24,00 8.20 
20 Bore .42 28.00 11.80 
25 Clean -10 20.00 2.00 $ 40.00 

Variable Machine: 
Mach Hra. Rat. Coat 

Per Per Per 
Operation Piece Hour Piece --- 
5 Mill .So $16.00 $8.00 

10 Drill .25 30.00 7.50 
15 Turn -30 25.00 7.50 
20 Bore .40 20.00 8.00 
25 Clean a10 10.00 1.00 $ 32.00 

Material Cost 
N ~ ~ ~ :  v&ble - hours lnd& a mation of time8 
baaed on average lot sizes. ~~rieble machine hours do not 
Indude wup because machiwrdeted expenses are 
corurumed only when he machine h Nnning. 

Varkbk Weight Moved Logirtla: 
(Moves are one from receiving area to the 
manufacturing cell, five between machining 

one ch*utareal One to the 
next cell or assembly area.) 
8 Moves X 1,000 Ibs. 
= (8,000 Ibs. X ,0050) 

Tolrl Varkble Cortr $ 642.00 
Period Weight Base Logistic8 
(.01!iO X 1,000 Ibs.) $ 15.00 

Period Machlne: 
"achHrr. Rat. Cort 

P u  P r  P r  
Operation P i  Hour Piow --- 
5 Mill .52 $61.50 $32.00 

10 Drill .27 37.00 10.00 . 
15 Turn .34 88.25 30.00 
20 Bore .42 05.25 40.00 
25 Clem .I0 30.00 3.00 $ 115.00 

Mabrkl Coal 

Period Weight Moved Logirtla: . 
8 Moves X 1,000 Ih. - (8,000 Ibs. X .OOIO) $ 8.00 - 
Total Manufaduring 

Related Period Costs $ 138.00 
Total Manufactured Costs 

(Variable & Period) 780.00 
General Ovehead @ 10% 78.00 - 
TOU~ Plant Coot $ 858.00 - - 

r 









Appendix D 

List of Case Studies Reviewed 





Harvard Case Studies reviewed related to cost accounting and estimating: 

9-190-085, Bridgeton Industries, Automotive Components and Fabrication Plant, fuel tanks, 
manifolds, doors, exhaust systems, oil pans. 

9-189-084, Seligram, Inc. Electronic Testing Center. 

9-1 87-048, Mueller-Lehmkuhl GmbH, Geman producer of apparel fasteners. 

9- 187-107, - 108, John Deere Component Works. 

9- 187-194, American Bank. 

9-190-002, Kanthal, Swedish producer of electric heating products and bimetals for thermostats, 
circuit breakers, and household appliances. 

9-1 88-142, - 143 , Tektronics - Portable Instruments Division, oscilloscopes. 

9- 187-098, Polysar Limited, Canadian chemical company. 

9-189-096, HCC Industries, producer of hermetically sealed electronic devices and 
microelectronic packages. 

9-1 89-083, Digital Communications, Encoder Devices Division, 

9- 194-032, Ford Motor Company, Romeo Engine Plant. 

9- 184-047, Chemical Bank. 

9- 189- 146, Metabo GmbH & Co. KG, manufacturer of power hand tools. 

9- 186-302, Fisher Technologies, manufacturer of experimental vanes and foils for turbines. 

9- 1 86-050, -05 1, Schrader Bellows, manufacturer of pneumatic and fluid power components. 

9- 193-03 1, Euclid Engineering, engineering, design, and rapid prototyping for automotive 
industry. 









Appendix E 

Direct Contact, Questionnaire, and Discussions 





UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE (UMTRI) 
MARINE SYSTEMS DIVISION 
2901 Baxter Road 
Ann Arbor, MI 48109 

F A X  C O V E R  S H E E T  

DATE: March 2, 1995 TIME: 2:05 PM 

TO: Rick Fichera PHONE: 206-773-3485 
The Boeing Company FAX: 206-773-3787 

FROM: Patrick Cahill PHONE: 31 3-763-2465 
UMTRIIMSD FAX: 31 3-936-1 081 

RE: Richard Moore's March 16 Visit 

Number of pages including cover sheet: 4 

Message 
Per our phone conversation yesterday, find attached a list of questions that we 
developed to support our benchmarking study. Many of them may be answered 
by the presentations that you have prepared. Some may be more specific than 
you intended to get. I have marked the ones the will probably be addressed. I 
hope this aids you in your preparations. Feel free to call if you have any 
questions. 





Cost Estimating and Control System Benchmarking 
ad=, Q c L x  1 spla C-ca~p 
I 

Customer Base 

1. Is your customer base commercial, government or both? Do you have different 
products for the different customers, or different versions of the same product? What are 
the percentage breakdowns? s s*,b\ L D J ~  ',- 5 1 =,, 3 
2. Are your prices set at the product level with no variation between customers, or are 
they negotiated per customer on a volume or other basis? Is this driven by financial 
concerns, marketing issues or some other factor or factors? 

?m5;\+ L.J-D~,I\ -516n I q:--n. 
_I 

Product Development 

3. How much customer input goes into new product development? Do you design a 
product to market to customers, or market your product capability to customers and then 
design to their specifications? 

4. What percentage of your product development effort is spent on the development of 
"all new" products versus products that are incremental evolution of existing products? 
How often is an "all new" product developed? 

5. To what degree, generally, do your "all new" products utilize existing standard 
components and subassemblies? Mb 1~ c-dwd 

'-1 \b8,\S 5 C L A , ~  0 

6. How are product design alternatives compared relative to cost? 
Are absolute cost estimates developed for each alternative, or is a comparative 
analysis done based on the relative "producibility" of specific product attributes? 
Or is another approach used? 

7. Do in-process design changes (change orders) occur or are products built to an end 
spec and sold as designed and built by your company? 

Estimating Direct Labor m3 cQutsl-ec\ ;r, . S ~ S U Q , ,  

8. During product development, how are direct labor costs estimated? 
For evolutionary products? 
For "all new" products? 

9. Are there direct labor cost standards (cost or labor hours per product attribute, 
example- 0.3 labor hours per of pipe piece assembled) available for existing production 



processes? Do the standards have material attribute driven variations (i.e. size and 
thickness of pipe) within each process? 

10. How were existing direct labor cost standards, if any, developed, or where did they 
come from? 

11. How are direct labor cost standards developed for anticipated future production 
processes? 

12. Are direct labor cost standards applied automatically to a computer-based product 
model based on attributes of the product, or are standards applied through some manual 
analysis and manipulation of data? 

13. How did the process of estimating direct labor costs evolve in your organization? 
What were the forces affecting the development of this estimating process. 

14. Are direct material cost estimates developed and applied during product development, 
and, if so, how are they developed and applied? 

Estimating Indirect Costs CQ-& ' Q 2 ', 3n 5- 1;- 

15. If absolute cost estimates are generated during product development, do they include 
an estimated allocation of indirect costs to the product? If an absolute cost estimate does 
not include an estimated allocation of indirect costs, is some effort made to identify how 
different design attributes might effect indirect product costs? How? 

16. If absolute cost estimates are not generated and only an attribute-based comparative 
producibility analysis of design attributes is done, does this comparative analysis take into 
account the potential effects of design amibute on indirect product costs? How? 

17. If absolute cost estimates are generated during product development that include an 
estimated allocation of indirect costs to products, how are indirect costs allocated to 
products? What indirect cost pools have you defined and why, and what cost drivers have 
you defined to allocate costs between indirect functions, cost pools, and products? 

18. Are indirect cost pools used in day to day cost management practices which are 
affected by market fluctuations, or are the cost pool estimates normalized and used more 
for strategic decision making? 

19. Do you feel that accurate estimates of anticipated production volume are required to 
make indirect cost allocation estimates meaningful? Why or why not? For which indirect 
cost functions or pools? 



Capacity Questions 

20. Do you consider your operation, for cost estimating and control purposes, to be: 
a. one-off type production 
b. multiple lot production of a small number of significantly different products 
c. multiple lot production of a large number of different products 
d. large scale production line style multiple lot production 
e. something different? 

21. Are 100% of capacity costs (direct and indirect) charged to products regardless of 
whether future product volumes are expected to utilize full production capacity? Why or 
why not? 

22. How much would you normally expect actual production volume over the life of a 
new product to vary from initial estimates of volume? 

Cost Collection Questions i3.c cosrer'\q 24.7J~ = ~ s L \ - n  

23. What type of cost collection scheme or job order numbering system, if any, is used for 
charging and accumulating direct labor hours? How is it tied to organization, system and 
production processes within engineering, planning, production, quality assurance, 
accuracy control and logistics support? 

24. Does the job order numbering system tie into collection of indirect costs? 

25. What type of system is used to identify material and equipment procurement, 
warehousing and handling costs? 

26. What physical method, if any, is used to log hours? Timecards, tirnesheets, bar codes, 
mag stripe badges etc.? How does it relate to the job order numbering system? 

27. What type of cost data, if any, is submitted to the customer? What form is it in both 
physically (paper, disk etc.) and structurally (data elements)? 

28. How are return costs fed back into the cost estimating system? 







Cost Estimating and Control System Benchmarking Questions 
Caterpillar 

Customer Base 

1. Is your customer base commercial, government or both? Do you have different 
products for the different customers, or different versions of the same product? What are 
the percentage breakdowns? 

2. Are your prices set at the product level with no variation between customers, or are 
they negotiated per customer on a volume or other basis? Is this driven by financial 
concerns, marketing issues or some other factor or factors? 

Product Development 

3. How much customer input goes into new product development? Do you design a 
product to market to customers, or market your product capability to customers and then 
design to their specifications? 

4. What percentage of your product development effort is spent on the development of 
"all new" products versus products that are incremental evolution of existing products? 
How often is an "all new" product developed? 

5. To what degree, generally, do your "all new" products utilize existing standard 
components and subassemblies? 

21- 6. How are product design alternatives compared relative to cost? 
Are absolute cost estimates developed for each alternative, or is a comparative 

'"< analysis done based on the relative "producibility" of specific product attributes? 
Or is another approach used? 

7. Do in-process design changes (change orders) occur or are products built to an end 
spec and sold as designed and built by your company? 

Estimating Direct Labor 

8. During product development, how are direct labor costs estimated? 
For evolutionary products? 
For "all new" products? 



An estimated cost module and a predictive costing tool have been added to the Cost 
Information System. Details are unknown. 

9. Are there direct labor cost standards (cost or labor hours per product attribute, 
example- 0.3 labor hours per of pipe piece assembled) available for existing production 
processes? Do the standards have material attribute driven variations (i.e. size and 
thickness of pipe) within each process? 

The only place direct labor comes into play is in the Manufacturing Activity pool. It is a 
variable man rate based on the classification of a worker in a particular manufacturing 
cell. The rate contains the pay rate andfringe benefits for the worker. Costs are 
alllocated to the products based on the hours spent working on the product within that 
particular cell. It wuld appear that return cost collection establishes the standards to use 
for different products. 

10. How were existing direct labor cost standards, if any, developed, or where did they 
come from? 

11. How are direct labor cost standards developed for anticipated future production 
processes? 

12. Are direct labor cost standards applied automatically to a computer-based product 
model based on attributes of the product, or are standards applied through some manual 
analysis and manipulation of data? 

13. How did the process of estimating direct labor costs evolve in your organization? 
What were the forces affecting the development of this estimating process. 

In the 1940's former CEO William Franklin recognized that product costing with a single 
plantwide overhead rate based on direct labor was erroneous. He implemented the 
Machine Burden Unit system, which evolved into the Cost Infonnation System 

14. Are direct material cost estimates developed and applied during product development, 
and, if so, how are they developed and applied? 

Direct material prices are obtainedfrom the Purchase Order File, which provides the 
price based on the latest purchase order. 

Estimating Indirect Costs 

15. If absolute cost estimates are generated during product development, do they include 
an estimated allocation of indirect costs to the product? If an absolute cost estimate does 
not include an estimated allocation of indirect costs, is some effort made to identify how 
different design attributes might effect indirect product costs? How? 



16. If absolute cost estimates are not generated and only an attribute-based comparative 
producibility analysis of design attributes is done, does this comparative analysis take into 
account the potential effects of design attribute on indirect product costs? How? 

17. If absolute cost estimates are generated during product development that include an 
estimated allocation of indirect costs to products, how are indirect costs allocated to 
products? What indirect cost pools have you defined and why, and what cost drivers have 
you defined to allocate costs between indirect functions, cost pools, and products? 

18. Are indirect cost pools used in day to day cost management practices which are 
affected by market fluctuations, or are the cost pool estimates nomalized and used more 
for strategic decision making? 

Period costs are normalized by spreading them over long term average volumes. 

19. Do you feel that accurate estimates of anticipated production volume are required to 
make indirect cost allocation estimates meaningful? Why or why not? For which indirect 
cost functions or pools? 

Capacity Questions 

20. Do you consider your operation, for cost estimating and control purposes, to be: 
a. one-off type production 
b. multiple lot production of a small number of significantly different products 
c. multiple lot production of a large number of different products 
d. large scale production line style multiple lot production 
e. something different? 

21. Are 100% of capacity costs (direct and indirect) charged to products regardless of 
whether future product volumes are expected to utilize full production capacity? Why or 
why not? 

22. How much would you normally expect actual production volume over the life of a 
new product to vary from initial estimates of volume? 

Cost Collection Questions 

23. What type of cost collection scheme or job order numbering system, if any, is used for 
charging and accumulating direct labor hours? How is it tied to organization, system and 
production processes within engineering, planning, production, quality assurance, 
accuracy control and logistics support? 

24. Does the job order numbering system tie into collection of indirect costs? 



25. What type of system is used to identify material and equipment procurement, 
warehousing and handling costs? 

26. What physical method, if any, is used to log hours? Timecards, tirnesheets, bar codes, 
mag stripe badges etc.? How does it relate to the job order numbering system? 

27. What type of cost data, if any, is submitted to the customer? What form is it in both 
physically (paper, disk etc.) and structurally (data elements)? 

28. How are return costs fed back into the cost estimating system? 



UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE (UMTRI) 
MARINE SYSTEMS DIVISION 
2901 Baxter Road 
Ann Arbor, MI 48109 

F A X  C O V E R  S H E E T  

DATE: March 2, 1995 TIME: 3:18 PM 

TO : Harv Martin PHONE: 71 9-585-381 1 
Trane FAX: 71 9-585-3896 

FROM: Patrick Cahill PHONE: 3 13-763-2465 
UMTRIIMSD FAX: 31 3-936-1 081 

RE: UMTRI Cost Estimating Benchmarking Study 

Number of pages including cover sheet: 4 

Message 
Per our phone conversation earlier, find attached a list of questions that we 
developed to support our benchmarking study. 

UMTRI is under contract to the U.S. Navy to evaluate the cost estimating and 
control systems used in industries other than shipbuilding as part of a Product 
Oriented Design and Construction (PODAC) Cost Model development project. 
The study involves "benchmarking" the systems used in at least three non- 
shipbuilding industrial manufacturing facilities. Our preliminary research led us 
to select Caterpillar, Boeing and Trane as a diverse cross section of world class, 
commercially competitive manufacturers who have successfully implemented 
innovative cost control and estimating systems. 

Mr. Richard Moore, the head of the UMTRI Marine Systems Division, will be 
making site visits to Caterpillar's Peoria, IL facility on March 14, and Boeing's 
Everett, WA plant on March 16. If it is at all possible, he is very interested in 
seeing first-hand how Trane has implemented their cost control system at the 
Pueblo facility and could work in a visit on either March 15 or 17, 

If a site visit is not possible, we would greatly appreciate it if you could take a 
few minutes of your time and respond to the questions provided. If you require 
some form of non-disclosure agreement we will be happy to comply, 

I can be reached at the number listed above if you have any questions, 
comments or suggestions. Mr. Moore will be back in the office tomorrow 
morning and can be reached at the same number if you would like to speak with 
him. 

Thank you for your time and consideration. 



Subject: Cost estimating benchmarking mp 

DATE: 
TIME: 
UMTRI Employee: 
Person W C a l l i n g :  
Company: 
Phone Number: 
Fax Number: 

Notes 

March 6,1995 
4:20 PM 
Patrick Cahill 
Harv Martin 
Trane 
719-585-281 1 
7 19-585-3896 

Mr. Martin called in response to the fax sent last week with our questions and a request 
for a visit on March 15 or 17. He declined the visit request, stating that he was too busy 
during that time period and could not support the visit. 
He further declined to answer the questions sent, stating that were fairly detailed and that 
answers would be delving into proprietary and confidential information. He suggested a 
review of the article on the SOUP accounting method, and offered to clarify anything 
mentioned in the article. 
I asked for clarification on how they account for government versus commercial products. 
Mr. Martin stated that since their products were priced with a final, deliverable price and 
there was no in-process accounting to the customer required, they did not have to 
differentiate between customers'in their cost management system. He further stated that 
whatever was necessary to put their products on a cert5ed 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 new products, Mr. Martin stated that products were estimated 
primarily on the basis of material content; labor is such a small percentage of end cost that 
it is not considered. Indirect costs are allocated to the products based on large scale pools 
that are averaged out over the number of units delivered during a given time frame. 
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. 
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TRIP REPORT 
VISIT TO C A ~ P I L L ~  CORPORA~ON 

AND TOTHE BOEING COM??AI,T 
hIARCK, 1335 

* BY 
HOWAP? &I. BUXCK, BLxCH & ASSOCIATES 

I. INTRODUCTION 

This  document i s  a r e p o r t  of a  t r i p  t o  c a t e r p i l l a r  
c o r p o r a t i o n  ( C a t e r p i l l a r ) ,  Peor ia ,  I L ,  and t o  The Boeing 
Company Defense and Space Group (Boeing),  S e a t t l e ,  WA, by 
Howard M. Bunch, Bunch & ~ s s o c i a t a s ( B & ~ ) .  H e  was accompanied 
on t h e  t r i p  by Richard  C .  Moore, u n i v e r s i t y  of Michigan 
 rans sport at ion R e s e a r c h  I n s t i t u t e  ( U M T R I )  . Complete 
addresses fo r  h t h  persons are found i n  ~ p p n d i x  " A " .  

There i s  f i r s t  a  genera l  d e s c r i p t i o n  of t h e  t r i p :  t h e  
s c h e d u l e ,  and t h e  o b j e c t i v e s .   his is f o l l o w e d  by a  
d e s c r i p t i o n  of e v e n t s  t h a t  occurred  a t  C a t e r p i l l a r .  Then 
there i s  a  s e c t i o n  d e s c r i b i n g  t h e  e v e n t s  a t  Boeing. The 
f i n a l  s e c t i o n  reexamines  t h e  t r i p  on t h e  b a s i s  of f o u r  
t o p i c s :  a c t i v i t y  based  c o s t i n g ;  u s e  of  i n t e g r a t e d  
product/process des ign  (IPPD) f o r  innovat ive  c o s t  proposals;  
t h e  b u s i n e s s  approach ,  c o m p e t i t i o n ,  and c u l t u r e ;  and 
p a r a l l e l s  t o  t h e  sh ipbui ld ing  business.  

A.  sponsorship 

The t r i p  was a u t h o r i z e d  by Delivery Order 0 0 0 1  [Mod 11 
( p r o d u c t - o r i e n t e d  Cost  Tool  Development) under  C o n t r a c t  
N00140-94-D-BC08 between t h e  Naval Regional  C o n t r a c t i n g  
Center and Designers and Planners ,  Inc. 

B .  Schedule 

The t r i p  and t h e  i n t e r v i e w s  occured dur ing  t h e  per iod  
March 13-16, 1995. 

C a t e r p i l l a r  pe r sonne l  were in te rv iewed  on March 1 4 ,  
1995. 

~ o e i n g  personnel were interviewed on March 15,  1995.  
p r e p a r a t i o n  of t h e  t r i p  r e p o r t  occur red  d u r i n g  t h e  

period March 2 5 - ~ p r i l  7,  1995.  

C .  Contacts 

~ p p e n d i x  "A" g i v e s  t h e  names and addresses  of persons 
w i t h  whom meaningful con tac t  occurred during t h e  t r i p .  
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II. CATERPILLAR 

A. Interviews 

The movement t o  become a " w o r l d - c l a s s " ,  c o m p e t i t i v e  
manufacturer  was i n i t i a t e d  i n  t h e  e a r l y  1980s. I t  r e s u l t e d  
from r e c o g n i t i o n  t h a t  f o r e i g n  compet i tors ,  e s p e c i a l l y  Komatsu 
of Japan,  was p u t t i n g  comparable p roduc t s  i n t o  t h e  U . S .  a t  a  
much cheaper  c o s t .  The company concluded,  a s  t h e  r e s u l t  of 
i n v e s t i g a t i o n s  c o n d u c t e d  a t  t h e  b e g i n n i n g  o f  t h e  
r e s t r u c t u r i n g  p r o c e s s ,  t h a t  it was t o o  f u n c t i o n a l l y  
o rgan ized ,  and was t o o  b u r e a u a c r a t i c .  I t  was concluded t h a t  
t h e  f u n d a m e n t a l  c o n c e p t  t h a t  must be f o l l o w e d  was a  
"customer-driven d e l i v e r y  system." The e n t i r e  company must 
d e v e l o p  a thorough  u n d e r s t a n d i n g  of customer needs ,  and 
respond a s  a  t o t a l  u n i t  t o  those  needs. 

The f i r s t  process  t o  g e t  underway was "customer f o c u s , "  
which was d i r e c t e d  t o  r e o r g a n i z i n g  market ing;  it s t a r t e d  i n  
1983.  

I n  1987 "manufactur ing  and l o g i s t i c s "  was i n i t i a t e d ,  
w i t h  a focus  on moving fu tu re -d i rec ted  technologies  i n t o  t h e  
e n t e r p r i s e .  The p r o j e c t  continued through 1994. 

I n  1 9 8 9  t h e  f o c u s  began t o  c e n t e r  on s h o r t e n i n g  t h e  
deve lopment  p r o c e s s  o f  new p r o d u c t  development  a n d  
i n t r o d u c t i o n .  There i s  c o n t i n u i n g  emphasis on t h i s  a r e a  of 
focus .  

T h e  company began a series of  " r e e n g i n e e r i n g  
i n i t i a t i v e s "  t h a t  have con t inued  t o  t h e  p r e s e n t .  The f i r s t ,  
" S t r a t e g y  and Dec i s ion  Making," was t o  deve lop  a p l a n  t o  
r e o r g a n i z e  t h e  company i n t o  p r o f i t  c e n t e r s .  I t  got  underway 
i n  1 9 9 0  

Performance measurement sys tems were g iven  p r i o r i t y ,  
s t a r t i n g  dur ing  t h e  1990-91 per iod .  

I n  1 9 9 3  t h e  f o c u s  s t a r t e d  on t h e  b u s i n e s s  s u p p o r t  
p r o c e s s e s .  T h e  g o a l  was t o  respond t o  a  r e q u e s t  on demand, 
and t o  have z e r o  e r r o r s  i n  t h e  system. To accomplish t h i s  
"ON DEMAND, NO ERROR" t h e r e  w i l l  be s p e c i f i c  c o n s i d e r a t i o n  
given t o  t h e  fol lowing" 

o rde r  f u l f i l l m e n t  
employee p r o f i l e s  
r e c y c l i n g  
p a y r o l l  processing 
accounts payable 
procurement 
f i n a n c i a l  r e p o r t i n g  
budget ing/ forecas t ing  
one b u t t o n  product c o s t  
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The c o s t  management s e r v i c e s  group was r e s p o n s i b l e  f o r  
t h e  "one bu t ton  product  c o s t "  e f f o r t .  They worked w i t h  t h e  
bus iness  u n i t s  t o  understand t h e i r  c o s t  management needs; t h e  
technique  was t o  s i g n  p a r t n e r s h i p  agreements t a i l o r e d  t o  t h e  
s p e c i f i c  needs of each of t h e  un i t s .  

I n  a l l  of t h e  i n i t i a t i v e s ,  t h e  a c t i o n s  were d r iven  from 
t o p  management. The o v e r a l l  system i s  shown i n  ~ i g u r e  1, 
"Crea t ing  a High Ve loc i ty  C a t e r p i l l a r , "  which i s  t h e  i n i t i a l  
s l i d e  i n  a p r e s e n t a t i o n  g iven  t o  v i s i t o r s  concern ing  t h e  
e n t e r p r i s e  reengineer ing  t ak ing  place a t  t h e  company. 

I n s e r t  Figure  1 about here .  
s l i d e  387-4 from c a t e r p i l l a r  b r i e f i n g  s l i d e s  

The company h a s  deve loped  a series o f  games a s  
management t r a i n i n g  t o o l s .  There i s  a b u s i n e s s  a n a l y s i s  
game, t h a t  i s  focused  on cash  f low t r a i n i n g .  The second i s  
an a c c o u n t a b i l i t i e s  game t h a t  i s  focused  on a c c o u n t a b i l i t y  
t r a i n i n g .  The t h i r d  i s  t h e  c o s t  c o n n e c t i o n  game which 
c o n c e n t r a t e s  on c o s t  c o n t r o l  and management. The c o s t  
connection game is l inked  t o  t h e  o the r  two, and t o  management 
t r a i n i n g  programs i n  business  s t r a t egy .  

~ p p e n d i x  B .  1 c o n t a i n s  t h e  "overheads"  t h a t  were shown 
during t h e  background b r i e f i n g  t h a t  r e l a t e d  t o  t h e  h i s t o r y  of 
c o s t  management a t  C a t e p i l l a r .  

B. Cost Modeling 

The c o s t  modeling concept i s  der ived  from t h e  product 
l i f e  cycle;  and c o s t  management focuses  on i n t e r n a l  
management needs of t h e  business r a t h e r  than  on f i n a n c i a l  
accounting e x t e r n a l  requirements.  ~ p p e n d i x  B . 2  i s  a handout 
t h a t  was rece ived  t h a t  descr ibed t h e  c o s t  management system, 
and how it u l t i m a t e l y  l eads  t o  t h e  c o s t  models u t i l i z e d  by 
t h e  company. Appendix B.3 i s  a copy of a paperL t h a t  
desc r ibes  t h e  c o s t i n g  system used a t  t h e  company. Both t h e  
paper and t h e  in te rv iews  were cons i s t en t  i n  t h a t  t h e  company 
has developed a product cos t ing  system t h a t  i s  a modified 
vers ion  of a c t i v i t y  based cos t ing .  Each machine t o o l ,  
manufacturing ce l l ,  and assembly a r e a  has d i s t i n c t  owning and 
opera t ing  c o s t s .  A s  products pass through these a reas  they  
consume d i f f e r e n t  amounts of t h e s e  c o s t s .  The concepts  of 

lolProduct Costing a t  C a t e r p i l l a r ,  " Manaqernent Accountinq, February, 
1991.  

3 
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s p e c i f i c  c o s t i n g  r a t e s  and bases a r e  applying t h e  r a t e s  t o  
i n d i v i d u a l  products  are t h e  h e a r t  of t h e  company's c o s t i n g  
model. 

Ill. BOEING COMPANY 

The d i scuss ion  opened w i t h  an overview of ~ o e i n g ' s  
approach t o  c o s t  c o n t r o l .  " ~ o e i n g  i s  t r y i n g  t o  des ign  a 
system where t h e  t h e  handshake between system design and 
production i s  ~eamless . "~  The company i s  bui ld ing  c o s t  
e s t i m a t i n g  systems on t h e  basis of process  a n a l y s i s .  

The company has reorganized i n t o  a product-oriented 
s t r u c t u r e  ( v e r s u s  a f u n c t i o n a l  s t r u c t u r e ) .  They f i n d  t h a t  
t h i s  s t r u c t u r e  improves t h e  compet i t ive  pos i t ion ;  it f l a t t e n s  
t h e  o rgan iza t ion ,  thereby reducing l a y e r s  of management; it 
br ings  t o  bear t h e  maximum s k i l l s  of more people; t h e  people 
w i t h  t h e  most knowledge are doing t h e  work, and are more 
involved i n  t h e  d e c i s i o n  process .  

P a r t  of t h e  product-oriented s t r u c t u r e  i s  t h e  use  of 
a n a l y s i s  i n t e g r a t i o n  teams ( A I T ) .  These teams a r e  composed 
of r e p r e s e n t a t i v e s  t h a t  go a c r o s s  t h e  e n t i r e  product.  The 
team's major o b j e c t i v e  i s  t o  produce a program execut ion  p lan  
(PEP). The PEP i s  t h e  des ign /bu i ld  s t r a t e g y  document f o r  t h e  
product l i n e .  

The product-oriented s t r u c t u r e  looks l i k e  t h a t  shown i n  
~ i g u r e  2 ,  on t h e  next  page. The s t r u c t u r e  i s  dominated by 
i n t e g r a t e d  product teams ( I P T ) ,  w i t h  only  t h e  program suppor t  
func t ions  and t h e  AIT not  k i n g  so des ignated .  On t h e  I P T s  
t h e r e  i s  s t r o n g  customer l ink-up wi th  a c t u a l  customer 
p a r t i c i p a t i o n  and involvement i n  t h e  meetings. 

The IPT program i s  being i n s t i t u t i o n a l i z e d  throughout 
t h e  e n t i r e  co rpora t ion .  

Because of i t s  r e s p o n s i b i l i t i e s ,  t h e  AIT i s  t h e  f i r s t  
team t o  be e s t a b l i s h e d .  This  team quickly  d e f i n e s  t h e  IPT 
s t r u c t u r e ,  which i s  then  implemented. The company b e l i e v e s  
t h a t  e a r l y  s t a f f - u p  r e s u l t s  i n  a n e t  r educ t ion  i n  r e source  
requirements .  This  concept i s  i l l u s t r a t e d  i n  ~ i g u r e  3 ,  on 
t h e  next page. The product team concepts  r e i n f o r c e s  t h e  
e a r l i e r  s t a f f i n g  concept .  

 e err^ Donlin (See appendix A for complete title and address) 
4 
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~igure 2. product-oriented organizational Structure 
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One of the major decisions on the project team - - 
formulation occurred i n  1993 when senior management decided 
t h a t  product def in i t ion  and product production m u s t  be a 
seamless process, w i t h  complete integration. once t h i s  
pr inciple  was accepted, the  IPT implementation proceeded 
quickly. 

B. Cost Modeling 

The interviewees f o r  the  cost  modeling topics  were Steve 
Otrosa, Joe Hunt, and Ken Vergone. 

The sequence of developing a cos t  estimate i s  as  
f 0 llows : 

1. The function t o  be evaluated i s  defined. 
2 .  The process changes tha t  w i l l  occur a re  

highlighted. 
3 .  The t rade s tudies  are  performed. 
4 .  The t rade  s tudies  a re  documented. 
5.  Catalogue i s  developed t o  support d e t a i l  

estir .ates.  
6 .  Impact statement i s  prepared fo r  the  processes. 
7 .  New estimated is  prepared, 

There are  basic task uni t  (BTU) templates f o r  about 60 
tasks tha t  describe the  major processes. Each $emplate shows 
the  process sequence, task and products, cost  dr ivers ,  and 
charging guidance. These templates have been developed from 
h i s to r i ca l  data.  There i s  an analysis of the e f f e c t s  of the  
task  templates, which m e  then applied against some reduction 
fac tors .  The technique of analysis  i s  the following: 

1. An analogy i s  constructed using pre-established 
cost  dr ivers .  

2 .  Parametric models a re  u t i l ized .  
3 .  Cost estimating relat ionship i s  developed. 
4 .  Detailed estimate judgments are  defined. 

A compsi te  assembly fac tor  i s  then developed, which i s  
used t o  determine the  revised cost  estimate. 

One of the important aspects of the cost estimating 
system i s  the data base clear ing house. There a re  f i v e  
sections : 

1. Library 
2 .  Boeing i n i t i a t i v e s  

, 3 .  Cost analysis  of each i n i t i a t i v e  
4 .  Master matrix 

6 
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5.  oiler p l a t e  support packages. 

The company has developed a method of evaluat ing 
improvements. 

1. The suggested change i s  de t a i l ed  agains t  t h e  
ex i s t i ng  system. 

2 .  Each d e t a i l  i s  evaluated a s  t o  i t s  d i s c r e t e  
e f f e c t .  

3 .  The sum of the  changes f o r  t h e  d e t a i l s  r e f l e c t s  
t he  t o t a l  e f f e c t  of t h e  ove ra l l  change. 

A s i gn i f i c an t  comment offered  by one of t he  supervisors  
was t h a t  " ~ o e i n g ' s  commercial product co s t  est imating system 
i s  moving away from labor est imating,  and i n t o  process 
accounting procedures. " 3  

There  i s  a J o i n t  Advanced S t r ike  Technology (JAST) 
p ro jec t  o f f i c e  t h a t  i s  seeking t o  develop an improved cos t  
es t imat ing model. 

There i s  a process co s t  model da ta  base t h a t  includes 
t he  following : 

1. includes i n t e r n a l  information, E I S ,  EDIS, 
vendor quotes,  indust ry  data .  

2 .  organized by hardware category, CER category, 
operat ing environment, and program phase. 

The parametric est imating methodology is a combination 
of t h e  following techniques: 

1. co s t  models, both i n t e r n a l l y  developed and 
purchased. 

2 .  analogy. 
3 .  vendor quotes. 
4 .  d i s c r e t e  es t imates .  

Mention was made of a model based on t h e  "Marquardt" 
Theory, which i s  a mathematical technique of developing 
add i t iona l  information from a model. There was a lso  mention 
made of t he  TCM Cost Estimating Model. Their system i s  
capable of having an input  t a i l o r e d  f o r  elements ( e . g . ,  
s t r uc tu r e  modif ica t ions) ,  and a l s o  funct ions  ( e . g . ,  design 
engineering ) . 

 heir major model i s  t h e  BCCM model, using t h e  Oracle 
platform, and l i n k s  t o  CATIA. The model was developed f o r  
t h e  Airforce.  I t  w i l l  he extended t o  incorpora te  an element 
f o r  es t imat ing c o s t  of composite const ruct ion .  

Joe Hunt [see appendix for address] 
7 
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The e f f o r t  t o  develop a  cost  model f o r  composite 
construction w i l l  be based on process estimates, and w i l l  
c lose ly  mimic t h e  concept of a c t i v i t y  based cost ing.  The 
est imate t o  cons t ruc t  t h i s  model i s  about 20 man-years of 
e f f o r t .  

IV. FINDINGS 

A .  U s e  of Ac t iv i ty  Based Costing 

Both companies use a  modified form of a c t i v i t y  based 
cos t  est imating.  C a t e r p i l l a r ' s  system i s  b u i l t  around a  
machine burden un i t  system, which i s  an a c t i v i t y  o r ien ta t ion .  
The var iable  c o s t s  a r e  summarized i n t o  t h e  following 
a c t i v i t i e s :  f r e i g h t ,  mate r ia l  handling, assembly, machine, 
and labor.  The period cos t s ,  too, a r e  mostly a c t i v i t y  
or iented:  mater ia l  handling, assembly, and machine. Only 
"normal" overhead i s  t h e  only period c o s t  t h a t  i s  not 
a c t i v i t y  o r ien ted .  Appendices B.2 and B . 3  descr ibe  t h e  
d e t a i l s  of t h e  C a t e r p i l l a r  a c t i v i t y  based cos t  es t imat ing 
system. 

It appears t h a t  Boeing uses both t h e  t r a d i t i o n a l  cost ing 
method and a c t i v i t y  based costing.  The l a t t e r  has been 
brought i n t o  play more recent ly;  it w i l l  be t h e  approach 
u t i l i z e d  i n  a  cos t  es t imat ing model being developed f o r  
composite s t ruc tu re .  With regard t o  t h i s  model, Boeing 
indicated t h e  development e f f o r t  would approach 20 man-years, 
which i s  ind ica t ive  of t he  complexity of e s t ab l i sh ing  an 
appropriate da ta  base, and l inking it up w i t h  t h e  cos t  
est imating system. 

B .  U s e  of  Integrated Product/Process Design Approaches for  
~nnovat ive  Cost Proposals 

Both companies indicated t h a t  the  cos t  management system 
i s  an independent of t he  f i nanc i a l  accounting system, and 
t h a t  there  i s  in tegra ted  product/process r e l a t i onsh ip .  
Ca te rp i l l a r  put i n t o  place a  company-wide reorganization plan 
about 10  years  ago t h a t  i s  dr iving toward a  l i f e  cycle cost 
management system w i t h  a  very strong customer feedback. 

Eoeing's approach of having mult iple c o s t  est imating 
models and methodologies gives them the  a b i l i t y  t o  develop a  
cos t  a t  any l e v e l  of accuracy, even down t o  spec i f i ca l ly  
t a i l o r e d  assemblies 01- functions.  



- - 

 rip Report of H.M. Bunch, Bunch 6; Associates, 4 /95 ,  Cont ' d  

C. ~ u s i n e s s  Approach, competi t ion and Culture 

Both companies a r e  s i m i l i a r  i n  t h e i r  business approach, 
t h e  competition, and t h e i r  c u l t u r e .  Perhaps t h e  most 
apparent s i m i l a r i t y  i s  t h e  focus  on t h e  customer. Boeing 
involves  t h e i r  customers i n  t h e  design process by i n v i t i n g  
them t o  eva lua te  prototype des igns .  c a t e r p i l l a r  has 
developed t h e i r  management dec i s ions  system around t h e  
concept t h a t  t h e  t o t a l  l i f e  c y c l e  is  w i t h i n  t h e  envelope of 
t h e i r  concern. 

Both companies cons ider  themselves a s  market l eaders ,  
and both f e e l  they are i n  a very competi t ive environment. A s  
a r e s u l t  they  p lace  g r e a t  emphasis on c o s t  management and 
c o s t  c o n t r o l ,  f e e l i n g  t h a t  t h e  c o s t s  (both  f i r s t  c o s t  and 
l i f e  cyc le  c o s t s )  are perceived by t h e  customer a s  one of t h e  
main f a c t o r s  i n  t h e  purchase dec i s ions .  The consequence i s  
t h a t  both companies have developed systems t h a t  can provide 
quick response t o  c o s t  ques t ions  a t  any l e v e l  of inqu i ry .  

The c u l t u r e  a t  both companies seem t o  emulate t h a t  found 
i n  world-class  organiza t ions .  The people have have long 
t enure ,  they view themselves a s  l i f e - t i m e  employees, and 
appear t o  have deeply ingra ined l o y a l t y .  The company, and 
t h e  employees, p lace  major emphasis on t h e  team approach, and 
a s  a consequence, t h e  i n c l i n a t i o n  of an  employee t o  be 
coopera t ive  is  viewed a s  a necessary requirement; one person 
a t  ~ o e i n g  even s t a t e d  t h a t  a "coopera t ive  s p i r i t "  i s  more 
i m p r t a n t  than  a " technologica l  s k i l l . " 4  

In  view of t h e  foregoing,  it i s  reasonable t o  expect  
t h a t  the , two  companies would be innovators  i n  implementing 
i n t e g r a t e d  design/production concepts ,  and t h a t  these 
concepts  be c l o s e l y  connected w i t h  i n t e n s i v e  c o s t  management 
and c o n t r o l  systems t h a t  can p o s i t i v e l y  respond t o  c o s t  
e s t ima t ing  needs a t  any l e v e l  of inqu i ry .  

D. P a r a l l e l s  t o  sh ipbu i ld ing  ~ u s i n e s s  

Both companies a r e  world c l a s s  e n t e r p r i s e s ,  and i n  t h a t  
r e l a t i o n s h i p  t h e y  have t h e  same p r o f i l e  a s  world c l a s s  
sh ipyards .  A world-c lass  e n t e r p r i s e  (whether it be Boeing, 
c a t e r p i l l a r ,  or a sh ipyard)  has  a v i s i o n  of t h e  f u t u r e ,  and 
i s  a b l e  t o  t r a n s l a t e  t h a t  v i s i o n  i n t o  developing p r o d u c t s  
t h a t  can  meet customer needs, and a t  a competi t ive p r i c e .  We 
saw t h a t  a t  ~ o e i n g  and a t  c a t e r p i l l a r .  We have a l s o  seen t h e  
same c h a r a c t e r i s t i c s  a t  world-class shipyards.  

* ~ a n ~ u + t  Speaker,  Boeing Corporat ion,  SNAME S h i p  Production 
Symposium, January 2 7 ,  1 9 9 5 ,  S e a t t l e ,  Washington. 
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O N  DEMAND, N O  ERROR Business Information 

ON DEMAND, NO ERROR Is ... 
a People Involvement 

a Total Quality Management 

Continued Cultural Change 

Use of  "Time" For Competitive Advantage 

Does Drive.. . . 
a Cost Reduction 

a Quality Improvement 



ON DEMAND, NO ERROR Business lnformation 

ON DEMAND, NO ERROR Is Not ... 
A Systems Driven Initiative 

The Program of the Month 

Just Getting Reports Completed Faster 

Only Financial Information 

An Employment Reduction Effort 



ON DEMAND, NO ERROR Business Information 
Supports Caterpillar's Desire To Be A High Velocity Company 

CPPD Order Fu 

Payroll 
Recycling 

Processing 

"One Button 
Product Cost" 

Employee Profiles 

Accounts Procurement 
Payable 

Financial 
Reporting 

BudgetinglForecasting 



Cost Management Services 

To Accomplish ON DEMAND, NO ERROR Cost Information,.. 

... We Will Drive Toward "One Button Product Cost" m 



















I 
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Cost Management Services 

Working as partners with the business units t o  understand 
their cost management needs.. . 

4 Assist business units with cost analysis to  understand their 
operating environment and provide training, where requested 









Cost Manaqement Services 

"One Button Product Cost" 

Today's Processes.. . 

2 Months To Develop Cost Rates 1 6 Months 
1 Month For System Updates After 

3 Months To Complete PMCM Budget? 

This Is Not Acceptable In Today's 

Dynamic Operating Environment 









Cost Management Services 

"One Button Product Cost" 
Process Improvement 

Partnership arrangement is the key to improving the 
processes.. . 

6 

5 -- 

4 -- 
Months 

3 -- 

2 -- 

I -- 

-- 

PMCM Process 

Business Unit 
PMCM Process 

System Update 

Business Unit 
Normals Process 

"One Button Product Cost" 

1994 2000 

0320-13. 

















MANUFACTURING ACTIVITY 
Labor & Overhead Cost 

Labor 
(Labor Class) /" Depreciation \ 

Depreciation A d /  \ 





CATERPILLAR COST METHODOLOGY 
RATES BY MACHINE 

[ VARIABLE MACHINE ] 
ACTIVITY BASE: MACHINE RUN HOURS 

MATERIAL HANDLING SUPPLIES 

INTRAPLANT MATERAL HANDLING (001 V1015) 

PERISHABLE TOOLING 

PERISHABLE TOOLING (0055) 
DISBURSING TOOLS (0062) 
GRINDING TOOLS (0071) 

TOTAL LABOR & FRINGES 
PERISHABLE TOOLING (1 055) 
GRINDING TOOLS (1 071) 

SUPPORT LABOR 

FIRST LINE SUPERVISION WAGES PLUS 
FRINGES 

FACTORY CLEANING DEPT. 
CLERICAL AND FOLLOW-UP (0012) 
MATERIAL CLEANING (001 6) 
HOUSEKEEPING (0020) 
OPERATIONS NOT ON BASE (0025) 
FRINGES ON ABOVE HOURLY LABOR 

PAINTIRUST PROOF (2242) 
CLEANING MATERIAL (2244) 
GAS & OIL (2245) 
WELDICUTTING GAS (2276) 
WELD ROD (2289) 
MISC. SUPPLIES (1 087) 

SPOILAGE AND REWORK 

SALVAGING DEFECTIVE LABOR (007311 073) 
SPOILAGE DUE TO LABOR (2240) 

INSPECTING (001 3) & FRINGES 
L4BOR & FRINGES FOR INSPECTION 

DEPARTMENT 

UNABSORBED DIRECT LABOR 
(FOR CELLS) 
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COMPONENTS OF COST INFORMATION SYSTEM. 

PROD RTGS 

PURCHASE 
ORDERS 

CALCULATE 
ACTIVITY RELEASING 

COST RATES 

BILL OF 
MATERIALS 

ENG DATA 
SYSTEM 

323 20 
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ILLUSTRATlON 9031A - PRODUCTION ROUTING 
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Direct Material 

Calculating A Current Cost 

Cost Rough Direct 
Per Weight/ Material 

Pound X Piece - - Cost 

031 2-1 26-855 Bar $0.160 20.0 $3.200 

Direct material used is indicated on the production routing 

L ogis tics Rough Logistics 
Rate X Weight1 = Cost 

Freight 0.02454 
Variable Receiving & Storage 0.00386 
Period Receiving & Storage 0.05443 
Variable Material Movement 0.0041 6 
Period Material Movement 0.00205 

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

General 

General Overhead Mfg. Overhead 
Rate X Cost - - Cost 

General Overhead 0.1 1750 $23.604 $2.773 

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









It's a vital link in an entire business process. 

i 

- 

The scraper Is one of Caterpillar's popular large, complex products. 
I I 

PRODUCT COSTING AT 

1 BY LOU F JONES 

/ Certificate of Merit, 1989-90 

T oday's competitive environment 
makes it imperative for manu- 
facturers competing globally to 
know their costs. They need to / understand costs at several levels. the,  

activities that are driving costs, the 
link between management decisions 
and subsequent costs incurred, and 

1 the areas where improvement oppor- 
tunities lie. A topnotch costing system I is one of the most powerful informa- 

' tion tools a management team can 1 have, especially if it provides a clear 
1 picture of the activities that are driving 

costs and the ways individual products 
and processes consume resources. 

At Caterpillar we use costing in 
1 three distinct ways: standard costing. 
1 for inventory valuation; operational 

I 
controls, for tracking and managing 

MANAGEMENT' ACCOUNTlNC/FEBRUARY 1991 

operating costs and other key operat- 
ing characteristics; and product cost- 
ing, for a variety of longer-tern strate- 
gic decisions. 

Standard costing is a bookkeeping 
activity for valuing inventory in the fi- 
nancial reporting cycle. The standard 
cost system has been kept simple, and 
we update standard costs only every 
five or six years, using variances to 
keep them updated to actual levels. 
(Remember-we use them for inven- 
tory valuation only, not cost manage- 
ment!) To update standard costs, we 
simply extract information from the 
product cost system data files and 
make necessary GAAP financial re- 
porting adjustments. 

Operational controls and product 
costing are cost management1 tools. 
Our major effons through the years 
have been in the development of and 
ongoing improvements to operational 
control and product costing systems. 

Although our three cost systems 
have different missions, they are 
linked through a common 
da tabase the  budget. The budget is 
"tapped into," and each system em- 
ploys unique subroutines to format the 
inforination for its intended use. With 
operational control formats, the infor- 
mation is ordered so that actual mate- 
rial prices and operating costs can be 
compared to budget and targets. Our 
rolling budget process allows this r e  
port to recognize changes in product 
mix, volume, and other operations. 

PRODUCT COSTING 

C aterpillar's financial people long 
ago recognized the need for and 
potential competitive advantage 

of having the ability to cost products 
reliably. Caterpillar produces a variety 
of large, complex products (several 
kinds of heavy equipment, for exam- 

I 

I 



ple) at varying volume levels using 
many manufacturing processes and 
sources of supply. A simple cost sys- 
tem would not provide the level of ac- 
curacy required for sound cost man- 
agement on these products. 

Simple cost systems are accurate 
enough-for assigning cosstharare 
~ a s i l y  traceable to the p r o m n  pre 
cess, su-d 

man- c s u p m  a c f i v 1 a  
Such systems also fail to recognize the 

(product-by-product cost effects of voF 
ume, product and process complexr, 

-prmIm- 
iies oi capital assets used m w p m  

~iZiGjZ%s are fine for valuing 
inventories, but if used for cost man- 
agement they misstate the costs of 
manufactured products, especially at 
the part component, major activity, 
and cost element level. Directionally 
accurate costs are needed at this level 
of detail if a cost system is to come 
alive as a powerful tool for internal cost 
management 

A good cost system minors the 
manufacturing process and related 
support activities and quantifies them 
product by product The more com- 
plex and inconsistent these processes 
are the more difficult it is to assign 
costs to products accurately. Thus, the 
cost system becomes more complex 
as it attempts to compensate for the 
lack of simplicity of the manufacturing 
processes. The complexity of manufac- 
turing operations "drives" the com- 
plexity of the cost system. 

in a complex manufacturing environ- 
ment usually will generate misleading 
product cost information. 

Such considerations led Caterpillar 
to develop a product costing system 
separate from its standard cost sys- 
tem. This managerial costing s 

wide. As an international manufactur- 
er, we must be assured of comparabil- 
ity when analyzing the cost of identical 
products produced at multiple loca- 

One of the most popular debates in ac- 
counting today is the appropriateness 
and usefulness of existing cost infor- 
mation. Critics point out that most cost 
accounting systems have not kept up 
with the changing b~s ine~envi ron-  
men4 yet there are some companies 
that have focused on continually im- 
proving the quality of cost information 
provided to managementfor stiitegic 
and tactical decision making:- 

One such company is Caterpillar 
Inc. For more than 40 years, Caterpil- 
lar has dedicated sigdlcant resources 
to providing good cost information to 
management and has contiiiialFup 
dated its cost sys_tem to reflect the o p  
erating conditions in the factory. In the 
late 1940s,- Caterpillar- dismissed the 
relevance of a productcos&g-method 
that many companits still r e l y ~ n e  
day a single plantxgde overhead rate 
basedpnjirect labor. C_arpillafhad 
found _th_isTtGd'of overhead alloca- 
tion inadequatTminn the machinein- 
t m i ~  nature of its mapufa=g 
processes.. -ct lab--r~ 
lated overhead still represented a slg- 
nificant cost, depreciation, mainte- 
nance, uannes-r 
m i e a n v e n  costs consntutL&a 
larae share of factory overhead. To 
match these costs to products proper- 
ly, the company ' 
0 d a - W  

This system was significantly differ- 
ent from most companies' cost sys- 
tems in at least three respects: (1) 
MBU System classified factory over- 
head into m ~ ~ E s - m a -  
-lavifi'ead expense 6e- 
lieved to vary with =chines used, 
a o a n  burden, or o ~ a b e x p e ~ s e  
believed to vafiwith direct labor on 
p m  basis.2me different ma- 
chines that were reauired to . D ~ O ~ U C ~  
a m e s e n t ~ a U ; i  
for separate m a c E z a t e s  (in terms of mii were calculated-Gsev- 
eral cost centers including-&5iii6lY 
G % i z z - t a r g e g r o u p ~ ~  

s k i t k i r i l l s .  (3) 
The MBU System, which was devel- 
oped to provide product costs, operat- 
ed independent of the existing stan- 
dard cost system that was used for 
inventory valuation. This separation, 
which has continued to the present, 
laid the foundation for the develop 

ment of'a cost accounting function au- 
. tonomous from financial accounting at I 
Caterpillar. 

This system was implemented un- 
der former CEO William H. Franklin 
while he - assistant controller= 1 
-location of over- 

. 
b p a d t h e  ~ l a n t ~ u e  

. Franklin fs 
-?and use of 1 
accurate cost information until he re- 
tired as chairman of the board in 1975. 

He said that good cost systems p m  
vided several benefits: W e  were set- 
ting our parts prices much better. We 

I 
found we were selling some parts way 
below cost When we got [the parts] 
really costed right, some were [priced] 
way above cost.. If you don't look out, 

I 
you'll be wondering why you're not 
making any money on these parts or 
not getting any of the business. It costs 
quite a bit to have a good cost system. . .The investxhent in the system and in 
the people to support it ought to bring 
back more than its cost.. I'm a h i d  
most companies don't appreciate the 
value of what accounting can do for 
them." 

In the August 1951 issue of the 
NAU Bulletin, Mr. Franklin pub 
lished an h c l e  on 'Allocation of Over- 
head Costs-a Short-Cutu in which he 
'described Caterpillar's first attempt to 
cost products based on the specific ac- 

I 
tivities and related costs that each con- 
sumed in the production process. 1 When asked to discuss readers' r e  
sponses, he said, 'I don't think there 
was any reaction at all. I don't think I 
ever received a letter from anyone." 1 
When asked why so few companies 
took the lead in improving their cost 
systems, he replied, 'I don't know why ' 
they didn't listen. Maybe I didn't make I 
it plain." Anyone who knew Bill Frank- 
lin would disagree. I 

i 

This sidebar was based on an interview 
by Stephen Soucy and Manus Moore of 
Howell Management Corp. for a'case 
study on Catwpillar Inc. nteir  research 

i 
was sponsored by the Financial Execu- 
tives Research Foundation and will be 
publhhed later this year along with s e e  
era1 studies of other leading companies' 
cost management practices. 

1 
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Spec@c costing 
rates and bases 

for applying them 
to products are a t  

the heart of 
Caterpillar's 
product cost 

system. 

- 

ome costs are inclu edinproduct I c o s w n o t .  

tions. How could a company make 
good cost decisions if it had different 
cost systems from one location to an- 
other? 

The objective of Caterpillar's cost 

-head, head.or and overhead are further . . i m  Ionistics ufactur-- 
ing,-andnene'ral o v e r h e a ~ o l s .  

1 Excluded are: 

The multi-axis assembly pl8tf0rm In Gosselles, Belglum, whlch allows the assembler to 
position machine for ease of assembly. 

I 

system is to identify the activities con- 

warehousing and merchandising 
replacement parts. 
I Selling, general, and administrative 

(S, G, &A) costs that do not support 
plant operations directly. 

I Other costs of doing business such 
as inter~st, income taxes, warranty 
expenses, and abnormal costs. 

, 

Although excluded from unit-of-one 
product costs, these costs are included 
in profitability studies, investment 
analyses, and other analyses that re- 
quire consideration of all "life-cycle" 
costs. 

NORMALIZING IS NECESSARY 

sumed by products and through a log- 
ical, reliable, and consistent process 
assign the related costs properly to 
each. 

In our factories, each machine tool, 
manufacturing cell, and assembly area 
has distinct owning and operating 
costs. As products pass through these 
areas they consume differing amounts 
of these costs. We establish specific 
cost rates for these areas and develop 
logical bases upon which the appropri- 
ate amounts of cost can be assigned to 
individual products as they move from 
area to area. These two concepts, spe- 
cific costing rates and bases for apply- 
ing them to products, are at the heart 
of Caterpillar's product cost system. 

Our system is forward looking. The 
process begins with the business plan 
for the upcoming six months. The fore- 
casted schedule of products and the 
resources to produce them are trans- 
formed into an operating budget. The 
budget is distributed into pools of 
costs as the initial step in establishing 
cost rates. 

he next step in Caterpillar's prod- 
uct  costing system is called "nor- 
malizing." Normalizing smoothes 

the upand-down effects that volume 
changes can have on unit period costs. 
Period costs exist for future levels as 
well as for today's level of business. 
We do not manage period costs to 
short-range volume swings, so if they 
aren't normalized, they could distort 
the inherent cost of products as vol- 
umes increase and decrease. k a l -  
i g n g  is accomplished by spreading pe- 
riod costs over long-t~YlRwerage 

'voIumes rather tt~an current volume 
-- levels. - 

-t of norrn-s 

I as start-up, l e a r n i n g 2  1 Research and development cost r e  &IT ream 
lated to future products. Engineer- 
ing related to current products is in- 

1 cluded in product costs. 1 H P w  distribution costs for 

we, major fac- 
,angements, and unusuLTe- 

elsof education andfIa ln ing~ormal  
C a s f S a r e m s t n i  

. s i r e d c i e n c y ,  usual 
at- 

ts, such asdt 
?Kthe-job training, and such, are tre 

ed as normal if thev typify lon~er-term w. Abnormal costs are not 
swept aside and forgotten, but they are 
quantified and kept in front of manage- 
men t . I _ _  

Normalizing is necessary because 
mo'st product declsions are long term 
a d  can ~nvolve product design, 6an- 

& W n n  process, logistics, capital i'n- 
. ~ s t r n e n t  ~ u p p J g ~ s e 1 ~ t i ~ A t  
Caterpillar we are spending hundreds 
of millions of dollars on start-up to 
modernize our factories, Including 
these one-time-only expenses in cost 
rates would misstate the inherent 
costs of our products. 

Obviously, normalized costs differ 
from actual costs incurred. When busi- 
ness is constant or growing and inter- 
nal operations are relatively stable and 
to plan, actual and normal costs will be 
close. In a downturn, when operations 
are not stable, or if there are significant 
changes occurring in factory opera- 
tions, actual and normalized costs can 
be quite different. 

The cost analyst must stay attuned 
to the operations to normalize costs 
properly. If there are abnormal costs 
that aren't eventually managed out or 
that otherwise become normal to the 
operations, then they will be borne by 
the product. Therefore, the practice of 
normalizing requires close attention. 

ASSET DEPRECIATION 

A nother important aspect of Cat- 
erpillar's costing approach is 
the-ific assignment* . . p w a b ~ ~ - t o  cost rates. Depreciation 

is assigned to cost rates basea o m  - 



age and assumes an indefinite life for 
major productive assets.SEff%@re 
ciation on usaae has the effect Pfre 
moving therasfs of unutiliized ma- 
chine wci t ies f iom current costs. -. . . . 

normalized.exwnses from the budget 
@r&stributing them into variable and 
M o d  cost 01s for logistics, manu- 
f i - t i n i i  - 

LOGISTICS ACTIVITY POOL 

illar products are d $&. They are m a d e z e a t  c amounts of plate steel (unformed 
material), castings, and forgings in ad- 
dition to a wide variety of purchased 
components. It is costly to buy, trans- 
port, receive, and handle this material. 
Even when our factories are fully 
transformed into a just-in-time UIT), 
synchronous flow mode of operation, 
logistics will be a major expense. Over- 
simplifica'tion in this area would great- 
ly distort product costs. 

a . .  Bverane monthly costs of logistics 
W e s  are assigned to five subpools. 
Costs of obtaining ugormed material 
are grouped under "ujormed weight 
base costs." Costs for moving the ma- 
terial to and from points of use in the 
factory are grouped under "unformed 
weight moved costs." In the same way, 
costs for castings and forgings are 
grouped into weight base and weight 
moved cost pools. Finally, the costs of 
buying, receiving, storing, and moving 
purchased finished material are 
grouped together. 

Within the weight base cost pools 
are the activities on the shipping 

1 TABLE 1 

Varlable 
Unfomwtd-Wt. Base 
CastinglForging-Wt Base 
Unforme&Moved 
CastinglForging-Moved 
Subtotal 

Expmm 
Dlstrlbutlon Coat Rate Base Rate - 
s 200,000 10,000,000# .02001# 

360,000 12,ooO,ooO# . . O W #  
170.000 38.000.000# 004YU 

Purchased Finished 588,000 $21.000.00 .028olt 
Total S 1,568,000 

Period . c 

UnfonnecCWt. Base $ 72,000 12,000,000 # .006WX 
CastingGorging-Wt Base 225,000 15,000,000 # .015W# 
Unfonne&Moved 43,000 43,000,000# .W1 W# 
CastinglForging-Moved 56,000 56,000,000 # .WlW# 
Subtotal 396,000 
Purchased Finished 480,000 $24,000,000 .OX)Olt 
Tokl S 876.000 

Period rate bases are set on longer-term vdume trends. 

docks, in the receiving areas, and in 
the storage areas. The weight moved 
cost pools are for the intraplant han- 
dling of material as it moves through 
the production process. 

_The vapab le .ooo l seae  rates 
include costs s u u e i n h t  on p r t  
du&n material, material cleaning, r e  . .  . a ~ns~ection%atenal h a n d l F  
labor, and fuel and elecuicjty,for_o~r- 
ating-matedal-handiing-equipment 

P & a b s t  ~ o o l s  include purchas- 
i ue r sonne l ,  specific d e F 6 Z t i o ~  
a n d m a i n t e n a n c e  handling 
equipment, utilities, insurance, proper- - 

-. ty tax.e_s,-maintenance, and clerical 
wwQ&- 

For unformed material, castings, 
and forgings the various expenses are 

I distributed to the appropriate logistics I 

cost pools and aggregated.* 
b m d  on ~ r o w a t -  , 
a u =  the poundage of m a m a t  1 
u b e  used to produce prod t in the 
upcorninepedod. r w e i g k  En-dDth+- i undage is multip ie y e n 
%times the material moves m Uie I 
p-s;- I 

For purchased hn?shed I 
par&those ready to be assembled 
into the product upon receipt-the 
rate is based on material prices. We do i 
not have weights for all of these parts 1 
in our data files, but we are in the pro- 
cess of establishing a weight database 
for these items so we can improve this 
area. W3 believe -s 1 
for assigning logistics i is ts  toour 

gmducts. 'lable 1 iflustrates the r a t e  ! 
calculations (not real numbers). 

( Wheel loader assembly pmcess in Aurora, Illinois. I terns. I 

, MANUFACTURING ACTIVITY POOL 
! 

I n the manufacturing activity pools 
are costs associated with operating 
machines, manufacturing cells, 

work stations, assembly, test, painting, 
and shipping areas. Expenses are cat- 
egorized on a period and variable basis 
and are assigned to individual cost cen- 
ters by specific cost element 

Establishing the manufacturing ac- 
tivity rates is the most challenging as- 
pect of our cost system. Typically, a 
Caterpillar factory has hundreds of 
cost centers for which rates are set  
The logistics cost rates and the many 
manufacturing cost center rates are 
the unique elements that set Caterpil- 
lar's system apart from simple cost sys- 



.- . 

r 
'Mini-budgets" of estimated ex- 

penses an prepared for each cost a n  
ter. In each m a c h i  and fabricating 
area are three rates: a variable man 
rate, a variable machine rate, and a pe 

TABLE 2 

--riod machine rate. To aid in the rate - 
setting process for each area, cost ik 
formation is entered on appropriately 
formatted data sheets. Ultimately it is 
entered into the computerized cost 
system for use in product costing. 

The variable man rate is simple. It 
contains the pay rate and Eringe bene- 
fits of the direct labor worker. No oth- 
er expense is assigned to a product 
based on direct labor hours. 

The variable machine rate includes 
costs related to operating the machine. 
Perishable tooling expense includes 
not only the tools-such as drills, taps, 
and cutting tools-but also a portion of 
the costs of operating the tool crib and 
grinding reusable tools. Power ex- 
pense is based on the energy con- 
sumed while the machine is running. 
Other consumables, such as gas, pre  
pane, shot peening, cleaning materi- 
als, and weld flux, and the costs of han- 
dling them are included. Spoilage and 
rework, quality auditing, first-line su- 
pervision salaries, and other variable 
support costs complete this rate. 

The period machine rate contains 
the depreciation for the specific ma- 

,_- chine or machines and other equip 
ment in each cost center. Also includ- 
ed in this rate are the costs related to 
building occupancy, which are treated 
as a rental charge. These costs are as- 
signed based on the floor space occu- 
pied by the cost center and include the 
depreciation on the building, heat and 
lights, plant security, and building 
maintenance and repair costs. The du- 
rable tool element includes the depre 
ciation and expenses related to dies, 
jigs, and fixtures and the costs for stor- 

VARIABLE MAN RATE 
W m e  or Cell Area No. M25 

action NO. 
D8R (Drill) 

100 
Opemtor C ~ S  ~ 5 0 0  
Top Rate of Classilication $15.00 
Frin Benefits 
(gation, Holiday, etc.) - 8.00 

23.00 
Efidmc~ Factor 92% 

Rate Per Man Hour EE!? - 
PERIOD MACHINE RATE 

Depredation 530.00 
Occupancy Cost 
Durable Tooling 7.00 
Machine Repair 4.00 

6.00 'lanning 
Other Period Machine Expense 3.00 
period ~~b~ 2.00 
.Rate Per Mechine Hour - - - 

VARIABLE MACHINE RATE 
Perishable Tooling $10.00 
Ener~y Consumption 3.00 
I"dired Material: 

Qflropanl, NIA 
Shot Peening NIA 
Cleaning Material .50 
Weld Flux NIA 
Material Handling NIA 

Spolage a d  Rewwk .50 
Quality Audif ng 2.00 
Supervision 3.00 
Other Variable Labor Suppon 1 .00 - 

Rate Per Machine Hour $20.00 - - 
nw bow rston longer.unn 

trends. 

veys, and ongoing interaction with fac- 
tory and support personnel. A good 
cost system must be flexible enough to 
accommodate changes in the operat- 
ing environment. Support activities mi- 
grate as products mature, new prod- 
ucts come on stream, and manu- 
facturing processes stabilize. The con- 
sumption of these activities by prod- 
ucts will change over time, and cost 
rates must be adjusted accordingly. 

GENERAL OVERHEAD 

M any cost elements such as di- 
rect labor, energy, machine 
depreciation, and maintenance 

TABLE 3 
Expense Assembly Rate 

Variable Dlstributi0n !!!!!2! 
Assembly A $ 500*000 10*000 $50.00 

B 300,000 5,000 
C 800,000 20,000 

'OeW 

D 700,000 10,000 
Total $ 2,300,000 

Period 
Assembly Line A $ 240,000 12,000 20.00 

B 180,000 6,000 30, 00 
c 600,000 24,000 25.00 
D 480,000 12,000 40.00 

Total $ 1,500,000 

' Perlod rate bases are set on bnger-term vdume trends. 

L 

The attribution of 
costs involves a 
process similar to 
that used for man 
and machine rates. 
Variable and peri- 
od rates are set 
based on average 
monthly expenses 
for each area and 
related support ac- 
tivi ties. 

Variable rates 
include the costs of 
assemblers, test 
people, painters, 
and shipping per- 

sonnel. Other costs are for clerical sup 
port, quality assurance, housekeeping, 
factory accounting, handling of prod- 
ucts, tooling, indirect material and ex- 
penses, power, gas, supervision, and 
other support costs. 

The period rate takes in spedic de- 
preciation on productive assets, occu- 
pancy costs, training, tool and equip 
ment repair, and other supervisory . 
and management costs. 

Expenses are distributed to the as- 
sembly, test, paint and shipping areas, 
and rates are set for each. The bases 
for determining the rates are the aver- 
age monthly hours to assemble, test, 
paint, and ship product in each area in 
the upcoming period. Table 3 illus- 
trates assembly area calculations (not 
real numbers). 

Costs traceable to the production 
process are assigned to logistics and 
manufacturing activities. Assigning 
these costs properly involves exten- 
sive data gathering, functional sur- 

ing and maintaining them. The repairs 
to machines, tooling, and equipment 
and related supervisory and manage- 
ment costs are based on machine r e  
pair and maintenance records. Plan- 
ning expenses are based on the 
salaries of the industrial engineers 
who support each area. Other period 
machine expenses and period labor 
complete this rate. 

The man rate is based on the direct 
man hour. The variable and period ma- 
chine rates are based on the machine 
hour. The calculations in Table 2 illus- 
trate the rate calculations (not real 
numbers). 

ASSEMBLY ACTlVllY POOL 

T he other manufacturing activity 
center rates are set for product 
assembly. Rates are set for each 

of the assembly areas and the related 
. test paint, and 

shipping areas. 



can be identified reliably and assigned 
specifically. Others require more ef- 
fort. The further removed an activity is 
from identification with a specific man- 
ufacturing process the more dficult it ' is to assign costs reliably. At the far 
end of this spectrum are costs that are 
so general in nature that it is difficult 
to identify with a product on any reli- 
able or consistent basis. These costs 
go into general overhead activity pools 
and include some of the period ex- 
penses for accounting, employee rela- 
tions, labor relations, plant administra- 
tion, medical services, scheduling, and 
inventory control. Two rates are estab- 
lished--one for in-house manufac- 
tured parts and one for purchased fin- 
ished material. These pools of cost are 
small in relationship to the total. 

These costs are assigned to prod- 
ucts based on a percentage of the total 

The entire 
organization must 

"own" the cost system 
and be involved in 

keeping the 
databases accurate 

and up to date. 

of all other costs, including production 
material. Parts costing the most will 
absorb a larger portion of general over- 
head. Table 4 illustrates these calcula- 
tions (not real numbers). (We are cur- 

ply, rough weight quantity 
per piece, and parent part 
number. 

I Production Routitq File 
(work order)-Provides 
man and machine time by 
operation, machine num- 
bers, setup times (if any), 
lot size indicator, and other 
key information. A separate 
file contains the product as- 
sembly, test, paint, and ship 
times. 

TABLE 4 
GENERAL OVERHEAD 

Uatuirl Flnlshd 

Expense t2,ooo,m $1 ,eoo,oao 
Total M e r i d ,  
Logistics, and 
Manufacturing 
Cost Base 20,000,000 24,000,000 
Rate Per $ ,1000 ,0750 

- - . - - - . 
I Requirements File-Re 1 '  

vides the production re- 
quirements (quantities) for aU prod- 
ucts, attachments, replacement 
parts, and interplant material to be 
produced. 
I Product Stmcture-Level-by-level 

bill of material. 

It is vital that the entire organization 
"own" the cost system and be involved 
in keeping the databases accurate and 
up to date. A good cost system is more 
than an accounting responsibility. 
These files are updated monthly. 

COSTING THE PRODUCT 

T o understand the costing of an in- 
dividual part is to understand 
product costing at Caterpillar. 

Table 5 explains the process, using 
part number LA1 housing made from 
an iron casting as an example. 

The table shows how the LA1 cast- 
ing goes through the production pre  
cess, drawing costs to it as it moves t e  
ward completion. The appropriate 
rates assigned costs based on how the 
product consumed activities along the 

I 

way and assigned the costs to each op 
eration. 

In this example, the logistics costs 
were significanf which is typical of the 
handling costs on large components. 
Also there was a wide variation in the 
costs of operating the various ma- 
chines used to produce the part These 
differences in resource consumption 
illustrate why simplistic cost systems 
that don't recognize such differences 
will distort product costs. 

The cost system has the capability 
to take lAl costs and the costs of all 
other parts, components, and assem 
blies and roil them up to produce the 
total cost of a complete salable prod- 
uct The system uses a level-by-level 
bill of material to accomplish this roll- 
UP. 

HOW COST INFORMATION IS USED 

A standard cost system accumu- 
lates and reports costs for prod- 
ucts as they move through the 

production process. The need for this 
information is driven by the financial 
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Cost Estimating and Control 

The Shipbuilder's Perspective 

University of Michigan Transportation Research Institute / Marine Systems Division March 1995 Slide 1 



Current Industry Status , 

No significant commercial ship 
construction in over 1 0 years 

a Navy funding decreasing 
Both Navy and shipyards need to 
improve business practices, including 
cost estimation and cost management 
methods 

University of Michigan Transportation Research Institute I Marine Systems Division March 1995 Slide 2 





UMTRI Benchmarking Study 

a UMTRI Marine Systems Division task: 
>> Identify three non-shipbuilding, commercially 

competitive, industrial manufacturing companies that 
have successfully implemented new or innovative cost 
estimating and management systems 

>> Evaluate those systems for applicability to the 
shipbuilding industry 

a Companies identified and contacted: 
>> Boeing 
>> Caterpillar 
>> Trane 

University of Michigan Transportation Research Institute 1 Marine Systems Division March 1995 Slide 4 



Ship Design and Construction 

Weld inverted pica1 innerbottom unit construction 
egg-box to 
inverted tank 
top assembly 

Rotate assembly 
180' 

Completed Block 
130A 

Employs group technology, with zonal design and in shop 
unit construction 

University of Michigan Transportation Research Institute 1 Marine Systems Division March 1995 Slide 5 
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Outfitting Method 

I ELECTRIC 

FIGURE 2-3: Where the Zone Outfitting Method (ZOFM) is used, design and production arc organized to specialize by fabrication and assembly prob- 
lems associated with deck, accommodation, machinery and electrical outfitting. This conforms with a basic tenet o f  Group Technology (GT). i.e.. 
matching classes of problems to sets of  solutions. 

University of Michigan Transportation Research Institute 1 Marine Systems Division March 1995 Slide 7 





Shipyard Estimating Methods 

a Parametric based on historic data 
>> Primarily system oriented (SWBS for Navy ships, 

ABS classification for commercial ships) 
>> Usually weight based 
>> Insensitive to production issues such as density, 

complexity etc.. . 

a Overhead allocated as a percentage of direct 
labor hours 

University of Michigan Transportation Research Institute I Marine Systems Division March 1995 Slide 9 










