
HE
1 8.5
.A34
no

.

dot-
TSC- —
NHTSA-
79-19

/
EPORT NO. DOT-TSC-NHTSA-79-1 9 HS-803-842

vy

ANALYSES OF SELECTED AUTOMOTIVE PARTS AND
ASSEMBLIES FOR COSTAND MATERIAL IMPACTS

Robert W. Reinhardt

Pioneer Engineering and Manufacturing Company
2500 East Nine Mile Road
Warren, Michigan ^8091

DOCUMENT IS AVAILABLE TO THE PUBLIC
THROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE. SPRINGFIELD,
VIRGINIA 2216 1

Prepared for

U.S, DEPARTMENT OF TRANSPORTATION
/// /-*

NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRA
Office of Research and Development

Washington DC 20590

'Tat^sp

ION

/



NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern-
ment assumes no liability for its contents or use
thereof.

NOTICE

The United States Government does not endorse pro-
ducts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the object of this report.



Technical Report Documentation Page

1 . ft«port No.

HS-803-042

2.

Government Acceinon No.

3.

Recipient’s Catalog No.

1

4.

Title and Subtitle

ANALYSES OF SELECTED AUTOMOTIVE PARTS AND
'ASSEMBLIES FOR COST AND MATERIAL IMPACTS

5. Report Date

March 1979
6. Performing Orgonizotion Code

7. Authors)

Robert W. Reinhardt

8. Performing Organization Report No.

DOT-TS C-NHTS A-7 9-19
9. Performing Organization Name and Address

Pioneer Engineering and Manufacturing Company*
2500 East Nine Mile Road
Warren, Michigan 48091

10. Work Unit No. (TRAIS)

HS927/R9404
1 1 . Controct or Grant No.

DOT-TSC-1045 MOD .

3

12. Sponsoring Agency Name and Address

U.S. Department of Transportation
National Highway Traffic Safety Administration
Office of Research and Development
Washington DC 20590

13. Type of Report and Period Covered

FINAL REPORT
March 1977 - August 1978

14. Sponsoring Agency Code

15. Supplementory Notes

*Under contract to:

U.S. Department of Transportation
Research and Special Programs Administration
Transportation Systems Center
Kendall Square. Cambridge MA 02142

16. Abstract

This is a study of selected automotive parts and assemblies analyzed to determine the

elements of manufacturing cost & methods of production. Parts from the 1975 Ford
Pinto, 1975 Chevelle, 1976 Audi 100LS, and the VW Rabbit are included in the selectior

of engine and transmission parts used for analyses of costs and materials.

In order to make the costing procedures more understandable a review is included of

generally accepted cost analysis techniques used by automotive companies to develop
comparative, or target, costs. The various methods using the cost data bank informa-
tion, detailed manufacturing process cost techniques as well as design variance
studies are discussed. The selected vehicle and engine/transmission parts are studiec

for comparative material cost. Process descriptions include the number of process

operations, material, grade of material, rough and finished part weight, cost of raw

material, variable cost, and other elements of cost.

Groupings by physical characteristics, "i;il ' or1, >-1
.

Qr| d manufacturing- processes are used

to study the cost effects for various types of ^rom
In addition, other studies are included to i 1 p

materials on various components.

Mflv 3 0 1979

LIBRARY

17. K«y Word* Direct Material, Direct
Material Cost, Alternative Materials,
Material Grade, Part Form, Process, Con-
dition, Variable Manufacturing Cost,
Direct Labor, Tooling, Variable and Fixed
Burden, Comparative Costs, Comparative
Costs of Similar Parts

different vehicles
iacts of alternate

18. Distribution Stot«m#nt

DOCUMENT IS AVAILABLE TO I HE PUBLIC

THROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFIELD,

VIRGINIA 22161

19. Security Clotsll. (of this raport)

Unclassified

20. Security Clossif. (of this poga)

Unclassified

21. No. of P ogss

4 64

22. Price

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



.

'fe i



PREFACE

This report presents manufacturing cost data, including all

of the elements of cost (fixed, variable, tooling), as well as

production processing information for a wide variety of automotive

components and assemblies. A representative vehicle, a 1975

Chevelle, was disassembled and analyzed on a part-by-part basis.

The various elements of cost which comprise the total manufacturing

cost were calculated, applicable processing methods were determined,

material analyses were completed, and other pertinent information

was reported.

The process, cost, and material information is presented in

various formats. All information reflects the current automotive

production methodology. Also, comparisons of costs and materials

of similar components of different vehicles, foreign and domestic,

are included. The results of this study may help to determine and

explain automotive production procedures and cost methodology and

data for all motor vehicle components. The knowledge thus devel-

oped can be applied to new motor vehicle technological improvements

or can be used to evaluate similar information from various sources.

This can be valuable in determining the economic impacts of new

automotive systems and technology.
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1. METHODOLOGY OF AUTOMOTIVE COST ANALYSIS STUDIES

1.1 GENERAL

The multiple objectives of this project were to develop exten-

sive data on components cost and material content for selected

automotive parts and assemblies. Also, this developed data was

used to arrive at cost impacts when alternate materials were sub-

stituted for the current ones. An effort was made to retain form

and function while the effects of the material changes were

assessed

.

The program was divided into a series of six tasks to perform

the analyses. Data was gathered from the cost estimating data

banks developed at Pioneer from the teardown and analysis of four

(4) vehicles. This teardown work was performed under contracts

from the Department of Transportation and did not entail additional

teardown of vehicles for this contract. However, some disassembly

of engine and transmission components was required for detailed

analysis

.

One of the initial tasks (Task IX) was a continuation of work

performed under another phase of the program. This portion of the

project required a material study of a 1975 Chevrolet Chevelle for

the vehicle components not previously studied. This new data was

added to the initial study information and consolidated into a

total material study for the vehicle.

In another phase of the project, the four engines and trans-

missions from the 1975 Chevrolet Chevelle, 1975 Ford Pinto, 1975

Audi 100LS and the VW Rabbit were analyzed. This data was developed

for these major assemblies to reflect the state that exists when

these components are shipped to the assembly plant. The engines

are called "short blocks" because items added at the assembly plant

are excluded. These items are the fan, pulleys, accessories, car-

buretor, linkages, filters, pipes and hoses. An adjunct to this

project was the development of the material costs for these engines

1



and transmissions. The type, grade and weights, i.e., raw and

finished, of the aterials used in the manufacture were outlined

in this study.

In order to study the automobile components in a logical

manner, a coding system currently in use in the automotive industry

is used to simplify grouping of related parts. It identifies major

assemblies and components by functional areas called Product

Planning Groups (PPG). These groups include the following:

PPG TITLE

IA Body- in-White

B Front End Sheet Metal

C Glass

D Paint, Sealers, and Deadeners

I IA Front Bumpers

B Rear Bumpers

1 1 IA Grille and Front Lamps

B Rear Lamps

IV Exterior Ornamentation

VA Instrument Panel

B Steering Wheel

VI Interior Trim

VI IA Power Plant

B Final Drive

C General Chassis

D Electric

Within each of the Product Planning Groups, there are sub-

groups called Uniform Parts Grouping (UPG) to more clearly define

each PPG. To illustrate this sub -grouping
, the PPG-I group has

been outlined, Included in this group are the following:

2



PPG UPG DESCRIPTION

IA Body- in-White

01A01 Underbody

02A01 Windshield, Cowl and Dash

04A01 Side Panels

05A01 Deck Opening, Shelf, Stone Deflector

06A01 Roof

07A01 Doors

09A01 Deck Lid

IB Front End Sheet Metal

10A01 Front Fenders

11A01 Hood

12A01 Structural Sheet Metal

IC Glass

02F01 Windshield

04F01 Rear Quarter Window

06F01 Backl ight

07F01 Door Glass

ID Paint, Sealers, and Deadeners

26 Solder and Sealers

Again, within the sub-groups, the detail parts can be defined,

if needed. In a complete vehicle cost estimate, this system is

used for the detail breakdown, the sub -assembl ies ,
and the complete

assembly. It provides a very logical vehicle for the determination

of the detailed costs.

Similar systems have been used by all the major automobile

manufacturers. Minor variations are found within the sub-systems,

but major categories remain the same, or are very similar.

The sections of this report are arranged in a logical pattern.

Basic methodology is presented to acquaint the reader with the

normal procedure used by automotive cost estimators. From that

point, the estimates of the material costs, engine and transmission

costs and the import of alternate material on components is

developed. In addition, the relationship of process to certain

3



parts is analyzed. The report concludes with the analysis of

selected parts by various criteria and with the cost impacts of

alternate materials on a group of potential candidates for material

substitution

.

1.2 INTRODUCTION

This study involves the development of a narrative to high-

light the automotive cost analysis methodologies currently being

used. It should not be construed that this information includes

all of the available data on cost analysis for automotive vehicles.

Entire books have been written to explain the techniques, and

volumes of data have been gathered by the cost estimators in the

field to assist in obtaining more accurate data. In addition,

these professionals have absorbed thousands of man hours of "hands

on" experience in order to develop meaningful cost results. Cost

estimating cannot be learned from a book only; there is a require-

ment for seeing, feeling and doing in the various manufacturing

facilities. It is interesting to note than many estimators have

only one specialty, for example, screw machine work or stamping.

Other persons have developed a broader experience and are able to

analyze the complete manufacturing systems for automobiles. These

estimators have either worked in the various other field, or know

where to get the required cost data. An expert in this field must

have the capability to do general manufacturing processing, and to

analyze and break out details in good industrial engineering

fashion. In addition, he must have the nature of an accountant

with the same love for detail and accuracy.

1.3 METHODOLOGY

The cost estimators' approach to the determination of costs

follows one or more paths to the required information. These paths

are: 1) using the technical staff and their previous experience

with similar products; 2) referring to the cost data bank at

Pioneer; 3) having discussions with industry; or 4) using the

detailed cost development methods currently being used by industry.

(See Figure 1.)

4



o Acquire Data - Description, Schematics, Drawings and

Photos

o List Major Components

o Identify Materials

o Establish Manufacturing Processes

o Determine Required Costs

oo By Previous Experience

oo By Referring to Cost Data Bank

— Similar Components

oo By Having Discussions with Industry

oo By Developing Cost According to Pioneer Methodology

FIGURE 1. GENERATION OF COST DATA

5



When using the first method, the cost estimating engineers

refer to similar products that they have encountered in their past

experience. The relationship between these previous studied com-

ponents and the ones currently under study permit an educated

estimate of the products' true value. An example would be the

automotive gas turbine engine. A number of the staff members have

worked on gas turbine projects in this field. This experience,

plus schematics of the new gas turbine being studied, as well as

years of automotive engineering exposure permit the accurate

determination of the cost.

Using the cost data bank of a series of automobiles, costs of

similar products are compared to the one under study. In this way,

products that have similar characteristics and/or materials can be

related so that more accurate cost estimates are obtained. The

costs in the data bank are updated to reflect the economic changes

up to the current period when they are properly maintained in the

computer record files. Outdated prices reflect inaccurate results

and can result in decisions being made on poor information.

Industry sources are a major help in verifying information on

new products, processes, or techniques under study. It is a known

fact that data of this type is available in Detroit, because the

largest concentration of technical automotive knowledge is located

there

.

The Pioneer methodology for cost estimating on new products

represents a very meticulous teardown of components. The manufac-

turing costs of these components are processed by current manufac-

turing methods and rate of production. Using industry standards

for labor and burden rates, the costs are found. After each

assembly is completed, an overall cost and markup are developed,

as shown in Figure 2.

To give a better understanding of the nature of these costs,

a series of definitions has been developed to clarify the dif-

ferences. In addition, the various expenses encountered in a

manufacturing operation have been isolated and can be found in

F igur es 3 and 4 .

6
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VARIABLE COST

FIXED COST

Incremental costs associated with

production as volume changes. Included

are the following elements:

+ DIRECT LABOR

+ DIRECT MATERIAL

+ VARIABLE BURDEN

* Set-up costs

* Inbound freight

* Manufacturing Scrap

* Perishable Production Tools

* Othe r

Portion of total manufacturing product

cost that does not vary with volume.
Included are the following elements:

+ INDIRECT LABOR

+ INDIRECT MATERIAL

+ FIXED BURDEN

* Taxes

* Insurance

* Depreciation on Building

* Depreciation on CAPITAL EQUIPMENT-
Included are cost of all capital

equipment required to start produc-
tion of a product. Building costs

are not included.

* Maintenance and Repairs

* Othe r

FIGURE 3. COST DEFINITIONS (Sheet 1 of 2)



MANUFACTURING COST - Unit Manufacturing cost includes

the following elements:
+ VARIABLE COST
+ FIXED COST

TOOLING COST For this study, the apportionment
of the total expense for special

tooling to manufacture a specific

component or assembly.

OTHER COST & PROFIT - Included in this are engineering
and warranty, selling and admin-
istration. Other Miscellaneous
Costs and Corporate Profit.

DEALER MARK UP Included in this item is the portion
allocated for dealer lost expenses
and profit.

CONSUMER COSTS Included in this item are all the

associated unit costs of manu-
facture, i. e. manufacturing cost,

tooling cost, other costs plus

profit, and dealer mark-up.

FIGURE 3. COST DEFINITIONS (Sheet 2 of 2)
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A. Variable Expense (Variable Burden Rate)

Variable burden rate is that portion of manufacturing expense not

of a fixed or non-variable nature, which increases or decreases in

relationship to or in increments to the increase or decrease of

production volume-.

B. Non-Variable Expenses

Non-variable expenses are indirectly related to production, but do

not change significantly with normal shifts in production volume.

Some of the non-variable expenses that continue even after production

ceases are certain management salaries, fire and plant protection

expenses, portions of utility bills, etc.

C. Fixed Expenses

Fixed expenses are more or less independent of production quantities;

therefore, they would not be affected for most changes in labor.

Fixed expenses include depreciation, amortization, taxes, insurance,

and rentals of a permanent nature.

FIGURE 4. CLASSIFICATION OF EXPENSES (Sheet 1 of 3)
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The following is a list of some of the various types of expenses considered

in burden. Many of these expenses have portions classified as fixed, non-

variable and variable.

Indirect Labor
(a)

Supervision

Clerical

Inspection

Material Handling

Paint Mixers & Handlers

Janitors

Union Activities

Building & Equipment Maintenance

Tool & Equipment Maintenance

Indirect Material

Perishable Tools

Maintenance Supplies

Fuel

Miscellaneous Supplies

Other Expenses

Spoilage & Rework Material

Taxes

Amortization

Insurance )
Permanent Natui

Rental )

Telephone, Teletype, Etc.

Inter-Plant Transportation

Utilities

Fixed & Non-Variable

Variable

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

FIGURE 4. CLASSIFICATION OF EXPENSES (Sheet 2 of 3)
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Variable

Fixed £ c Non-Variable

Fringe Benefits Fixed Non-Variable

Cost of Living Allowance X

Vacation & Holiday Pay X

Pensions X

Thrift Stock X

Sub Contributions X

Hourly Shift Premiums X

F.I.C.A. X

(a) Indirect Labor (hourly and salary) represent auxiliary work
formed in connection with the product manufactured. It is

labor that is not engaged in changing the form of the product,
but which performs essential services. Areas of inspection
and material handling are sometimes considered direct labor.

(b) Indirect Non-Production Materials are those material items used
in plant operations, but do not become part of the product.

FIGURE 4. CLASSIFICATION OF EXPENSES (Sheet 3 of 3)
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Cost analysis, by the teardown analysis method, requires a

very logical study of each component and assembly. To better

isolate the technique, samples of process and summary sheets

currently being used are attached, Figures 5 and 6. In addition,

a descriptive narrative of the solumns is given in Figure 7.

In Appendix A, a sample study of a piston and connecting rod

assembly as a part of the V-8 engine has been detailed to show the

estimating rationale. Each component was processed, in detail,

showing the manufacturing processes, burden and labor costs to

produce the part. A careful study reveals the way a cost estimator

must approach the problem to obtain accurate results. Minor errors

in developing future production costs can have a major effect on

consumer prices, and ultimately, the corporate profit structure.

For these reasons, the position of cost estimator in an automotive

company is very sensitive.

13



FIGURE 5. SAMPLE PROCESS SHEET FOR COST ESTIMATING
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FIGURE 6. SAMPLE SUMMARY SHEET FOR COST ESTIMATING
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An explanation of the colum headings on the estimating sheet read-

ing from left to right is described as follows:

OPERATION Operations number, the different operations are
numbered sequentially. Operating sheets are num-
bered 10, 20, 30 in place of 1, 2, 3 so additional
sheets can be added without renumbering operations,
for example, Operation 15 can be added as second
operator in the sequence.

OPERATION
DESCRIPTION

A brief description of each operation being
performed

.

TYPE OF
EQUIPMENT

A list of any machinery necessary to perform this
operation

.

M/P The number of persons necessary to perform this
operation

.

PCS/HR The number of parts that can be performed in one
hour

.

MINS. The number of minutes or decimal part of a minute
that is required to perform the operation on one
piece

.

LABOR
COST

The cost of labor to perform the operation on one
piece (labor rate per minute times the time
required to perform the operation on one piece).

LABOR
RATE

The cost of labor to perform this operation for
the time period of one minute.

OCC. HOURS The number of hours or decimal part of an hour
that is required to perform the operation on one
piece

.

BURDEN RATE Burden applied to a particular machine or process
on both variable and manufacturing.

BURDEN
COST

Burden rate times the occupancy hours of the part
in the machine

VARIABLE
COST

Burden cost plus the labor cost.

FIGURE 7,

(Sheet 1

DESCRIPTION OF COLUMN HEADING ON ESTIMATING SHEET
of 2)

16



MANUFACTURING Manufacturing burden cost plus the labor cost.
COST

TOTAL
VARIABLE
§ BURDEN

Sum of the variable cost of the previous opera-
tions .

TOTAL
MANUFACTURING

Labor and burden is the sum of the manufacturing
cost from the previous operations.

Material Cost is based on the weight of the work piece times the
cost per pound.

Scrap equals 1 percent of the material cost based on historical
experience data.

Total Variable Cost of the work piece is based on the total vari-
able labor and burden plus the material and scrap allowances.

Total Transfer Cost is derived by adding the total manufacturing
labor and burden to the material cost and scrap allowance. This
cost item is referred to as the manufacturing cost of the component
being studied and is shown in the summary sheets included in this
report

.

FIGURE 7. DESCRIPTION OF COLUMN HEADING ON ESTIMATING SHEET
(Sheet 2 of 2)
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2. MATERIAL COST STUDY ON A 1975 CHEVROLET CHEVELLE

Under Task IX, a study was conducted of the material cost

related to the 1975 Chevelle Study performed for the Department of

Transportation.

Technical Data presented is in chart form with the following

content and definition:

1. PART DESCRIPTION - this is the part name as stated on the'

original report. The parts are separated into groups and

coded with a five digit descriptor and an assigned name.

2. NUMBER OF OPERATIONS - this is the number of operations

necessary to manufacture the part usage as well as usage

on the vehicle.

3. ANALYSIS

A. MATERIAL - this is the major material in the part.

Material is stated as:

STEEL

PLASTIC

ZINC

RUBBER

B. GRADE OF MATERIAL - this is coded as follows:

CRCQ - cold rolled commercial quality

CRDQ - cold rolled draw quality

HRPO - Hot rolled, pickled and oiled

ZINCRO - Zincrometal (Registered trademark-

Diamond Shamrock Corporation)

GALV. - Galvanized

POLYRPO - polypropylene

HSLA - high strength low alloy

TERNE - long terne steel

19



C. FORM-

COIL

SHEET

GRANULATED

CASTING

TUBING

WIRE

D. CONDITION - process used in manufacturing of the part

STAMPING

MACHINING

INJECTION MOLDING

FORMING

DIE CASTING

ROLLED FORMING

4. WEIGHT

A. ROUGH - the weight of the blank used in manufacturing

the part.

B. FINISHED - the weight of its finished part.

5. DIRECT MATERIAL COST

A. RAW - cost of the blank used in manufacturing the part

B. SCRAP - cost of material allowance for unacceptable

parts: this allowance is 1 percent of the

raw material cost.

C. OTHER - cost other than that of the major material

cost such as paint, plating, weldments, etc.

D. VENDOR PROFIT - a profit of 10 percent is applied to

all parts from outside vendors.

E. TOTAL - this is the sum of all the direct material

costs

.

6. TOTAL VARIABLE MANUFACTURING COST - incremental costs

associated with production as volume changes, including

direct labor, direct material and variable burden.

20



The data presented in Appendix B has been reviewed and updated

to reflect the latest information where any changes were made. It

should be noted that certain weights were estimated when entire

assemblies were studied as complete units rather than as detailed

components. These estimated weights are shown in parentheses ( )

in rough or finished weight columns of the report.

This information has been extracted or determined

permanent Pioneer cost records and did not involve any

teardown to gather data for this presentation.

from the

additional

21/22





3. COST ANALYSIS OF FOUR PRODUCTION ENGINES AND TRANSMISSIONS

A cost study of the four production engines and transmissions

related to the previous studies was developed to show the varia-

tions and similarities of these different components.

For this study, the Chevelle, Pinto, VW Rabbit, and Audi

engines and transmissions were processed and costs were estimated.

These estimates were based on engine short blocks, which are the

engines as shipped from a typical engine manufacturing plant to an

automobile assembly plant. The short block includes all parts and

components required for hot test: all internals, blocks, head,

head covers, oil pan, water pump, fuel pump, flywheel, clutch and

clutch housing, or torque converter and engine electrical. Ex-

cluded are: fan, pulleys, all accessories, carburetor, linkage,

filters, pipes and hoses. This engine normally includes basic

engine electrical components such as coil, distributor, wiring and

spark plugs. However, this study does not include these items.

This analysis permits direct comparison with prior engine studies

conducted under this contract. Each part was estimated and the

end results include:

Direct Labor

Direct Material

Variable Burden

Fixed Burden

Manufacturing Cost

Description of Process

State of Material at Start of Process

Part Finish Weight

The transmissions, again as shipped from a typical industry

transmission plant, were processed and cost elements developed as

described for engines. The Chevelle, VW Rabbit, and Audi have

manual transmissions, and the Pinto has an automatic.

Technical Data is presented in chart form with the following

content and definition:

23



1 . PART DESCRIPTION - the part name as stated on the

original report. The parts are separated into groups

within the engine and transmission assemblies and identi-

fied with an assigned name.

2. REQUIRED PER VEHICLE - the number of parts used on each

vehicle

.

3. MATERIAL - the major material in the part. It is

stated as:

STEEL

PLASTIC

ZINC

RUBBER

4. STATE OF MATERIAL - identified in the following

manner

:

A. GRADE OF MATERIAL - coded as follows:

CRCQ - cold rolled, commercially quality

CRDQ - cold rolled, draw quality

HRPO - hot rolled, pickled and oiled

ZINCRO - Zincrometal (Registered trademark Diamond

Shamrock Corporation)

GALV. - galvanized

POLYPRO - polypropylene

HSLA - high-strength low alloy steel

TERNE - long terne steel

B. FORM-

COIL

SHEET

GRANULATED

CASTING

TUBING

WIRE

5. PROCESS DESCRIPTION - process used in manufacture of the

part, e.g.,
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STAMPING

MACHINING

INJECTION MOLDING

FORMING

DIE CASTING

ROLL FORMING

6. FINISH WEIGHT - the weight of the finished part.

7. DIRECT MATERIAL COST - the cost of the direct material

required per vehicle.

8. DIRECT LABOR - the cost of the direct labor required to

produce the detail parts and/or assemblies per vehicle.

9. VARIABLE BURDEN - that portion of the manufacturing

expense not of a fixed or non-variable nature, which

increases or decreases in relationship to or in increments

to the increase or decrease of production volume.

10. VARIABLE COST - the sum of the costs for DIRECT LABOR,

DIRECT MATERIAL and VARIABLE BURDEN.

11. FIXED BURDEN - that portion of the expenses that is more

or less independent of production quantities, therefore,

would not be affected by most changes in labor. Fixed

expenses include depreciation, amortization, taxes,

insurance, and rentals of a permanent nature.

12. MANUFACTURING COST - the Variable and Fixed costs plus

the amortization of capital equipment for the component

or assembly.

13. TOOLING COST - the per vehicle cost based upon the years

of amortization over the vehicle life cycle. Production

rates for these studies were determined to be 350,000

vehicles per year.

14. TOTAL COST - the sum of the MANUFACTURING COST plus the

TOOLING COST per vehicle.
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IS. YEARS AMORTIZED - the life of the tooling as based on

historical experience with the manufacture of similar

components or assemblies.

The data presented in Appendix C has been reviewed and up-

dated to reflect the latest information where any changes were

made. It should be noted that certain weights were estimated when

entire assemblies were studied as complete units, rather than as

detailed components.

This information has been extracted or determined from the

permanent Pioneer cost records. Some additional teardown of the

various engines and transmissions was required to gather data

under this project.

The following specifications apply to engines and transmis-

sions for analyses:

TABLE 1. ENGINE § TRANSMISSION SPECIFICATIONS

VEHICLE ENGINE TRANSMISSION

PINTO 2300 c . c . four speed automatic

4 cylinder (cruise- o-matic)

CHEVELLE 250 C ID

6 cylinder

three speed manual

RABBIT 1600 c . c

.

4 cylinder

four speed manual

AUDI 1588 c .c

.

4 cylinder

four speed manual
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4. MATERIAL COST STUDY OF FOUR PRODUCTION ENGINES AND TRANSMISSIONS

A study of the material cost related to the previous studies,

described in Section 4, of the four engines and transmissions has

been completed.

Technical Data is presented in chart form with the following

content and definition:

1. PART DESCRIPTION - the part name as stated on the original

report. The parts are separated into groups and coded with

a five digit descriptor and an assigned name.

2. NUMBER OF OPERATIONS - the number of operations necessary

to manufacture the part for use on the vehicle.

3. USAGE - the number of parts used on each vehicle.

4. ANALYSIS

A. MATERIAL - the major material in the part.

Material is stated as:

STEEL

PLASTIC

ZINC

RUBBER

B. GRADE OF MATERIAL - coded as follows:

CRCQ - cold rolled, commercial quality

CRDQ - cold rolled, draw quality

HRPO - hot rolled, pickled and oiled

ZINCO - Zincrometal (Registered trademark Diamond

Shamrock Corporation)

GAVL . - galvanized

POLYPRO - polypropylene

HSLA - high-strength low alloy steel

TERNE - long terne steel
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C. FORM-

COIL

SHEET

GRANULATED

CASTING

TUBING

WIRE

D. CONDITION - process used in manufacture of the part

STAMPING

MACHINE

INJECTION MOLDING

FORMING

DIE CASTING

ROLLED FORMING

5. WEIGHT

A. ROUGH - the weight of the blank used in manufacturing

the part

B. FINISHED - the weight of the finished part

6. DIRECT MATERIAL COST

A. RAW - cost of the blank used in manufacturing of the

part

B. SCRAP - cost of material allowance for unacceptable

parts; this allowance is 1 percent of the raw material

cost

.

C. OTHER - cost other than that of the major material

cost such as: paint, plating, weldments, etc.

D. VENDOR PROFIT - a profit of 10 percent is applied to

all outside vendor suppliers parts

E. TOTAL - the sum of all the direct material costs

7. TOTAL VARIABLE MANUFACTURING COST - incremental costs

associated with production as volume changes, including

direct labor, direct material, and variable burden.
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The data presented in Appendix D has been reviewed and up-

dated to reflect the latest information where any changes were

made. It should be noted that certain weights were estimated when

entire assemblies were studied as complete units, rather than as

detailed components. These estimated weights are shown in paren-

theses ( ) in the rough or finished weight columns of the report.

This information has been extracted from the permanent Pioneer

cost records. Additional teardown was required to gather data

which was derived for the cost analysis of the Audi, VW Rabbit and

Pinto engines and transmissions.
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5. SELECTED AUTOMOTIVE PARTS ANALYZED BY VARIOUS CRITERIA

For the analyses, a range of parts and assemblies were selected

from the Pinto, Chevelle, VW Rabbit and the Audi studies.

These parts and assemblies were grouped by physical characteristics,

materials and manufacturing processes. When possible, the same

parts were selected from each vehicle for comparative studies.

Direct materials, direct labor, variable and fixed burden

costs were developed for the various parts as well as the manufac-

turing cost and tooling cost per vehicle. In addition, the total

specialized tooling and years over which the tooling was amortized

has been included for each component.

5.1 METHODOLOGY

Data was selected from the previous vehicle teardown reports

by the process cost engineer and was grouped for analysis. The

data was divided into the following categories:

Stamped Steel

Die Cast Zinc - Machined

Die Cast Aluminum - Machined

Cast Iron - Machined

Glass

Steel Forging - Machined

Aluminum Extrusion

Various Plastic Processes

Rubber Processes

Steel Machined

Steel Wire - Formed

Various Fabric § Insulation
Processes

Powered, Sintered Metal Processes

Copper § Brass Processes

A top down breakdown was used to outline the various compo-

nents in the assemblies. An example is the 07A01 - Front Door -

which was used for all the various vehicles. The analysis shows

the inner door panel and all the various detail parts, then, the

outer door panel and components plus the subassemblies and final

assembly. Where possible, this procedure was followed on the other

parts being studied, which included approximately 600 detail com-

ponents .
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5.2 TECHNICAL DATA

Technical data on the parts was organized on special forms

developed for this and related tasks of this project. The informa-

tion on the charts is:

1. PART DESCRIPTION - the part name as stated on the original

report. The parts are separated into groups within the

engine and transmission assemblies and identified with an

assigned name.

2. REQUIRED PER VEHICLE - the number of parts used on each

vehicle

.

3. MATERIAL - the major material in the part. It is stated

as follows:

STEEL

PLASTIC

ZINC

RUBBER

4. STATE OF MATERIAL - identified in the following manner:

A. GRADE OF MATERIAL - coded as follows:

CRCQ - cold rolled, commercial quality

CRDQ - cold rolled, draw quality

HRPO - hot rolled, pickled and oiled

ZINCRO - Zincrometal (Registered trademark Diamond

Shamrock Corporation)

GALV. - galvanized

POLYPRO - polypropylene

HSLA - high-strength low alloy steel

TERENE - long terne steel

B. FORM-

COIL

SHEET

GRANULATED

CASTING
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TUBING

WIRE

5. PROCESS DESCRIPTION - process used in manufacturing of the

part, e.g.,

STAMPING

MACHINING

INJECTION MOLDING

FORMING

DIE CASTING

ROLL FORMING

6. FINISH WEIGHT - the weight of the finished part.

7. DIRECT MATERIAL COST - the cost of the direct material

required per vehicle.

8. DIRECT LABOR - the cost of the direct labor required to

produce the detail parts and/or assemblies per vehicle.

9. VARIABLE BURDEN - that portion of the manufacturing

expense not of a fixed or non-variable nature, which

increases or decreases in relationship to or in increments

to the increase or decrease of production volume.

10. VARIABLE COST - the sum of the costs for DIRECT LABOR,

DIRECT MATERIAL and VARIABLE BURDEN.

11. FIXED BURDEN - that portion of the expenses that are more

or less independent of production qualtities, therefore,

would not be affected by most changes in labor. Fixed

expenses include depreciation, amortization, taxes,

insurance, and rentals of a permanent nature.

12. MANUFACTURING COST - the Variable and Fixed costs plus the

amortization of capital equipment for the component or

assembly

.

13. TOOLING COST - the per vehicle cost based upon the years

of amortization over the vehicle life cycle. Production

rates for these studies were determined to be 350,000

vehicle per year.
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14. TOTAL TOOLING ($000) - the total tooling requirement for

the manufacture of the component, exclusive of the capital

expenditure

.

15. YEARS AMORTIZED - the life of the tooling as based on

historical experience with the manufacture of similar

components or assemblies.

The data presented in Appendix E has been reviewed and updated

to reflect the latest information where any changes were made.

This information has been extracted from the permanent Pioneer

cost records and did not involve any additional teardown to gather

data under this Task of this contract.
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6. THE COST IMPACT OF ALTERNATE MATERIALS
ON SELECTED AUTOMOTIVE PARTS

The evaluation of the Impact of Alternate Materials on Speci-

fic Automotive Parts involved the selection and analysis of parts

that might be candidates for the use of other materials. The parts

that are analyzed in this study include: intake manifold, hood,

panel, deck lid, bumper system and grille. These parts and assem-

blies were selected from the components that were previously

studied by Pioneer Engineering and Manufacturing Company of the

Pinto and Chevelle Cost Studies for the Department of Transporta-

tion. A comparative cost analysis was performed on the various

parts by the generally accepted cost analysis methods used by the

automotive companies.

6.1 METHODOLOGY

The parts used for this study were, in general, selected from

the Pinto parts since detailed cost information was readily acces-

sible. Similar parts from other vehicles could have been used,

however, the Pinto compact size reflects the trend of the future

smaller passenger cars. It, therefore, seemd appropriate to use

these parts to represent the major study effort for this project.

For the grille comparison, the Chevelle part was used since

it was made of a zinc based alloy die casting. Cost data for this

part was also readily available.

After the parts were selected, the process engineer and cost

estimator analyzed various manufacturing methods that might be used

to make the parts. These methods were detailed out on process

sheets to determine the material usage, labor content and tooling

requirements. No design changes were considered so that a direct

cost comparison, by process, could be made. In some cases, a re-

design might be required to better utilize the material character-

istics for the specific application, and in other cases, a redesign

might be mandatory.
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It sou Id be noted that the original cost studies were com-

pleted in 1975 and reflect the 1975 economics. All prices used on

the alternate materials were back dated to reflect the same

economics

.

In these studies, the materials were selected to represent

current manufacturing technology for materials that could be used.

Plastic technology represented by the SMC (Sheet Molding Compound)

has been evolving for a number of years and continues to develop

as more applications are found. Other methods and materials, i.e.,

vacuum forming of ABS (Acrylonitrile-Butadiene-Styrene) and the

Urethane foams are possible candidates for certain parts. The

added labor for handling processing time and special finishing for

external panels have restricted their use from high volume produc-

tion jobs. With additional manufacturing research and specialized

equipment, a number of new processes and meterials will be intro-

duced. Economics justification and a competitive need to meet the

more stringent safety and fuel economy standards will be instru-

mental in the development of new manufacturing systems.

6.2 DATA ORGANIZATION

The data has been assembled on separate schedules with the

comparative information on each part that was studied. Present and

alternate methods were analyzed by rough and finished weights,

material cost, and variable and manufacturing cost, as well as

tooling costs with special remarks, where needed. In some cases,

three materials, e.g., steel, aluminum and SMC, were compared in the

analysis

.

6.3 PRODUCT COST EVALUATION

The various parts and assemblies in this study have been

analyzed as follows:

A. INTAKE MANIFOLD - Since the intake manifold on the Pinto is

currently being made of aluminum, the comparison was made

with cast iron. Due to the more expensive tooling and

added material weight, the manufacturing cost was greater
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for cast iron than aluminum even at the high per pound of

material cost. Stainless steel was considered but the

manufacturing cost was too excessive. (See Table 1).

B. DECK LID ASSEMBLY - This assembly has been studied in

steel, aluminum and SMC. The steel was the heaviest, as

well as the least expensive. The aluminum was the most

expensive while the SMC was more readily competitive with

the steel, but more expensive by over $1.20 per assembly.

Tooling costs were lower for the SMC but more labor in-

tensive than steel. (See Table 2.)

C. HOOD ASSEMBLY - For this larger part, it was found that

the SMC assembly was the least expensive, by approximately

$0.57. The aluminum part was far more expensive than

either of the other two assemblies. More care in handling

the parts, as well as the added tooling expense for the

needed new die welding equipment contributed to the in-

creased cost for aluminum. (See Table 3.)

D. FACE BAR - FRONT BUMPER - The comparison of the parts for

the Front Bumper-Face Bar was made using the normal draw

quality steel and the special high strength low alloy

steel. As expected, the manufacturing cost was higher due

to the higher cost material. However, the cost would be

reduced with a redesign of the higher strength steel bar

if its characteristics were considered. Also, the aluminum

extruded bumper is finding wider use by the automobile

manufacturers, but was not considered in this study. (See

Table 4.)

E. FACE BAR - REAR BUMPER - The same conditions exist for

this part as above. (See Table 5.)

F. FRONT GRILLE - RADIATOR - The Chevelle Grille was selected

because it was a zinc based alloy die casting. Substitu-

tions of an injection molded plastic part for it reduced

both weight and manufacturing cost by better than one half

(1/2)

.

Since the decorative plating on the plastic is per-

formed by vacuum plating, less nickel and chrome are used.
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This is one way to reduce the total weight and the cost of

the component. It should be noted that the grille on a

number of the new weight conscious vehicles has been con-

verted to an injection molded plastic part as part of the

overall search for fuel economy by the companies. (See

Table 6.)

6.4 OBSERVATION

This task has highlighted the need for additional study on

various other components. It appears that significant progress

in weight- saving and, ultimately fuel-savings can be made by

studies of this type. In addition, product redesign must be in-

cluded in any program to take advantage of the specific process

and material characteristics. Studies of this depth would permit

evaluation of different emerging technologies to develop new, more

fuel-efficient products for future automobiles.
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APPENDIX A

SAMPLE COST ANALYSIS STUDY
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COSTING METHODOLOGY FOR A V-8 INTERNAL COMBUSTION ENGINE

The rationale of the costing methodology for a V-8 internal

combustion engine follows the basic principle outlined in Section

1. In this case, the cost estimating engineers used their previous

experience with engines to determine the component costs. These

costs reflect the latest manufacturing techniques and materials.

The enginers updated the base cost of an earlier engine to

reflect any new design modifications. In addition, the economics

were updated to reflect the January 1978 material and labor costs.
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METHODOLOGY - 315 V8 ENGINE WITH 2 BARREL CARBURETOR

Based on breaking down the engine into component

parts and estimating the cost of each component

1. CYLINDER BLOCK $ 94.60

2 . CYLINDER HEAD $ 61.40

3 . CRANKSHAFT . FLYWHEEL - MACHINING

ASSEMBLY AND BALANCE $ 46.30

4 . PISTON AND CONNECTING ROD

ASSEMBLIES*

$ 48.00

5. MANIFOLDS $ 37.70

6. CAMSHAFT AND VALVE TRAIN $ 51.30

7 . FUEL PUMP $ 6.20

8 . WATER PUMP, FAN AND DRIVE $ 28.30

9. MISCELLANEOUS $ 71.20

10. ASSEMBLE AND TEST $ 35.00

TOTAL DOLLARS $480.00

Refer to Process Sheets.
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APPENDIX B

1975 CHEVELLE MATERIALS STUDY

DATA SHEETS
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APPENDIX C

FOUR PRODUCTION ENGINES AND

TRANSMISSIONS COST ANALYSIS DATA SHEETS

Audi Engine C-2
Audi Transmission C-ll
Chevelle Engine C-19
Chevelle Transmission C-29
Pinto Engine.... C-32
Pinto Transmission C-43
Rabbit Engine C-56
Rabbit Transmission C-64
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APPENDIX D

ENGINE AND TRANSMISSION

MATERIAL STUDY DATA SHEETS
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Audi Transmission D-17
Chevelle Engine D-35
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APPENDIX F

REPORT ON NEW TECHNOLOGY

Oue to the nature of this contract, no inventions have been

achieved during the performance of the several tasks.

However , several significant contributions and improvements to

the automotive technical literature and automotive cost estimating

methodology have been made: a) manufacturability and cost analyses

for some major motor vehicle subsystems (bumper systems, fuel

injection systems, transmissions, catalytic converters, diesel

engines) ; b) the documentation of the history and development of

the automatic machining transfer line; c) the technology utilized

by the automotive manufacturers to determine manufacturing and

development costs have been implemented to determine manufacturing

costs (labor, material, tooling) for most of the components of a

typical domestic passenger vehicles; d) impacts of the use of

alternative materials has been analyzed; and e) an explanation and

description of automotive cost estimating methods is detailed. In

addition, the principle of vehicle dynamics has been applied to

the task of identifying and quantifying those factors which affect

fuel economy.

These improvements and contributions to automotive technology

are described throughout the various tasks of this contract.

F-l/F-2
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