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REPORT CONTENT AND ORGANIZATION

This report documents the Surrogate Plant Data Base, covering
typical manufacturing plants and facilities representing the major
types used to produce motor vehicles. This report is organized
into four separate volumes as follows:

o VOLUME I

INTRODUCTION

Appendix A describes how the surrogate plant data was de-
veloped. It also describes how a manufacturer would plan
for a new component or assembly plant including the staf-
fing functions, personnel requirements,- leadtime require-
ments, and cost requirements associated with the planning
of a new component, part, or assembly plant.

Appendix B describes how the surrogate plant data base can
be used to develop estimates of the capital cost impacts -
of developing new facilities or modifying existing facili-
ties. It includes a summary of capital cost impact data

on 39 automotive manufacturing plants plus a surrogate
Plant coding scheme and a method for identifying suppliers
to the automotive industry.

o VOLUME II

Appendix C provides capital cost data for 39 automotive
manufacturing plants broken down by major cost element:
land, building and equipment, plant facilities, machinery
and equipment, and tooling. It also contains a breakdown
of the data by major department in the plant, a summary

of the plant's size (i.e., square footage) by major depart-
ment and a diagram depicting the layout of the plant.



o VOLUME III

Appendix D provides operating manpower, manufacturing
plant budgets (i.e., labor, maintenance, utilities, taxes
and insurance expenses), and pre-production and launch
timing charts and expenses for 10 automotive manufacturing
plants. The information presented for the 10 plants is

representative of the 39 plants included in Volume II,
Appendix C.

o VOLUME IV

Appendix E discusses the major differences in manufactur-
ing light and heavy duty vehicles in terms of the pro-
cesses employed and make-up of the plant, and the need to
develop surrogate plant data on medium and heavy duty
truck assembly and component plants. It includes a 1list
of plants proposed for initial development.
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SURROGATE PLANT DATA BASE
VOLUME IV

APPENDIX E
MEDIUM AND HEAVY TRUCK MANUFACTURING

Manufacturing data for various truck assemblies and parts will

differ markedly from light-duty manufacturing data for several

reasons:

(0]

Basic differences in vehicle assemblies. The large size

and weight of heavy truck parts necessitates different
manufacturing techniques, especially in the areas connected
with material handling.

Differences in manufacturing procedures. Trucks tend to be

manufactured in lower volumes and with greater options than
automobiles. Thus the manufacturing system must be more
flexible for medium and heavy trucks than for light vehi-
cles. Assembly is done in more of a "job shop'" mode, with
much lower annual production levels.

Differences in models. Trucks come with a wide variety of

features such as engine type, axle type, body material, etc.
Many different engines, transmissions and axle types are
routinely used in assembly. Thus material storage and man-
ufacturing planning needs are quite different than with
light duty vehicle manufacturing.



o Differences in plant function. The breakdown of functions

between assembly plants, stamping plants, etc. is different
with heavy trucks than with light vehicles. The size and
weight of certain assemblies discourages the separation of
manufacturing facilities. On the other hand, the greater
variety of truck options leads to greater use of subassemb-
lies for certain items.

To investigate the capital, manpower and expenses associated
with heavy truck manufacturing, surrogate plants need to be de-
veloped for those plants that differ markedly from light vehicle
plants. These include:

o Medium duty truck assembly. Medium duty truck manufactur-

ing has many of the distinguishing features of heavy truck
manufacturing such as greater production flexibility and
slower production rates.

o Heavy duty truck assembly. Compared to a medium duty truck
assembly plant, the heavy duty truck assembly plant will
have more transmission and axle variety, a slower produc-

tion rate and more .employees (See Figure E-1).

o Fiberglass Body. Heavy trucks use much more fiberglass

than automobiles. Hoods, fenders and many interior parts
are often fiberglass.

o Frames. Truek manufacturing still places heavy reliance
on frame construction. Stamped frame parts are often as-
sembled in the final assembly, whereas light duty vehicle
frames are usually pre-assembled.

o Brake systems. Truck brake systems are much larger than

those in light vehicles and use different operating sys-
tems. Most are air operated.

0 Diesel engine (6-9 liter). Heavy duty diesel engine manu-

facturing differs from light duty diesel manufacturing in
the following ways:

- Heavier blocks
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- More massive cylinder heads
- Often turbocharging additions.

Diesel Engines (9+ liter). Heavy duty diesel engine manu-

facturigg differs from light duty diesel manufacturing in

the following ways:

- Heavier blocks

- More massive cylinder heads

- Often turbocharging additions.

Transmission. Transmissions are critical and costly com-
ponents for heavy trucks. They are large and complex and
have 10-15 speeds to cover the torque conversion require-

ments of the vehicles.

Axles. Axles are large and heavy on trucks and use stand-

ard beam axle design (no independent suspension).

Diesel engine accessory systems. Special engine systems
include turbochargers and the injection system.

Trailer Assembly.

Trailer Chassis Components.

Small Engine Gas & Diesel Components.

Other plants that should be considered in developing a heavy

vehicle manufacturing data base include:

o

(o]

Wheel
Radiator
Suspension
Complete cab

Exhaust system.



With data on these key plants and the data already developed
for light duty vehicles, it would be possible to perform the var-

ious impact studies currently done for light duty vehicles.

Presented below are 1) a detailed description of the
data contained in this report and 2) a description of the
pPlants covered.

PLANT DATA

For each piant seven categories of information are
provided:

Basic production and operating assumptions
Plant capital costs
Facility planning data
Process and components summary
Area required for each department
Plant layout
Per unit manufacturing cost.
Presented below are explanations of the information
provided under each of these categories.

Basic Production and Operating Assumptions

For each plant all the assumptions used to develop the
Surrogate plant information--the "typical" characteristics
of the plant--are covered under the heading "Basic Produc-
tion and Operating Assumptions."” These are the key
assumptions used to determine appropriate Plant size and
type of machinery and manpower. Key plant characteristics
specified in this section include: ' :

R Product manufactured
- The type of product, detailed as much
as necessary to determine the manu-
facturing processes



- The number of product variations
manufactured in the same plant. This
determines required plant flexibility
and complexity _

. Production rate

- The number of parts that are manufac-
tured in a year by a typical plant

- The number of shifts used by a typical

plant

- The amount of overtime to be exXpected
in a years production run

- The number of productive days to be
expected.

- These basic assumptions are important in interpreting
the derived plant statistics presented in the later sec-
tions. Product complexity and production rate will
directly impact manpcwer and capital reguirements.

Plant Capital Costs

For each plant a summary table of plant capital costs
is provided. The estimates indicate the costs of building
an entirely new plant to manufacture the products. Major
elements of the costs include:

& Land
i Site development, which includes clearing the

land, road construction, truck and rail areas,
lighting, storage, sewers and landscaping

o Building, which includes architectural/
englneering work, waste treatment, boilers, scrap
facilities, power house, tank farm and paint
mixing facilities

5 Building supvort facilities, which includes

electrical equipment, cooling equipment, steam,
air, water, heating, and telephone egquipment

5 Manufacturing support facilities, including paint
eguipment, heat treat equipment, conveyors,

cranes, lifts, etc.



. Machinery which includes automatic machinery,
welding equipment and related support equipment

. Tooling which includes fixtures for multiwelders,
ixtures for automatic body shop, assembly
fixtures and guages and checking fixtures.

Facility Planning Data

Data on capital and manpower regquirements by plant
function are presented under the "Facility Planning”
heading. 1In this section capital and manpower require-
ments are broken out in detail for each plant function or
acitivity. 1In some cases manpower and capital require-
ments for two different production levels are provided.
The information by plant function provides data at a level
0f detail sufficient to identify the capital and manpower
requirements by major activity within the plant. The
total of all the capital items is the cost of the entire
plant

Process and Comoonent Summary

Plant data under the "Process and Component Summary"”
heading is the most detailed available. Each major
department within the plant is broken out separately to
identify department function, capital regquirements,
manpower requirements and area. Only production facili-
ties and equipment are shown in this section, so total
capital-costs do not include building and building
facilities. 1In this section labor requirements are broken
out by direct labor which includes direct production
labor, indirect labor which includes hourly employees
associated with overhead activities and salaried labor.

Area Required for Each Department

This section presents the area requirements for the
entire plant. This includes manufacturing area, office
area and auxiliary area. Manufacturing area is broken
down to major departments.

Plant Layout

A layout is shown for each plant. The laycut shows
actual typical locations of various departments in a
plant, the approximate shape and areas of each department
and the separation of plant functions into separate
buildings or floors.



Per Unit Manufacturing Cost

For each plant, per unit labor and capital costs are
calculated using a set of assumptions for:

. Employee wage rates

. Working days per year
. Depreciation rates

. Annual production

In addition, estimates are provided for taxes and insur-
ance and other manufacturing costs (maintenance, perish-
able tools, spoilage, utilities, supplies and other
expenses). The data are assembled into a total manu-
facturing cost per unit. The manufacturing cost includes
all costs associated with the operation of the plant. It
does not include material costs or costs of ancillary
components that may be required to make the product
function in an automobile. However, when the typical
plants are linked together and adjusted to appropriate
production volumes, the costs of input materials and
components to one plant are the outputs of another
surrogate plant.

PLANTS COVERED

1. Thirteen plants are covered in this document.
The major categories are:

1 Medium duty truck assembly

2 Heavy duty truck assembly

3. Fiberglass body

4., Frame

5. Heavy duty truck braking systems

6. Diesel engine (6-9 liter)

7. Diesel engine (9+ liter)

8 Transmission

9. Rear tandem axle

10. Diesel engine components/accessories
11l. Road hauling trailer assembly

12. Trailer chassis/dead axle assemblies
13. Small engine gas and diesel components

E-9/E-10
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