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PREFACE

Pioneer Engineering has conducted a cost study of components affected by:

• FMVSS 201 - Occupant Protection in Interior Impact

• FMVSS 203 - Impact protection for the Driver from the Steering Control

System

• FMVSS 204 - Steering Control Rearward Displacement

• FMVSS 210 - Seat Belt Assembly Achorages

This work was performed under Contract DTNH22-83-C-06007. The objective of

the study was to develop cost trends of the components required to meet these

Standards. These costs were developed by selecting a sampling of automobiles that

are produced in a relative high volume and were representative of a majority of those

sold in the United States. Components from the sample vehicles were obtained and

detailed cost were derived through reverse engineering analysis and detailed processing.

The resulting cost data indicates the magnitude of the economic impact on the industry

and the consumer from the implementation of these Standards. All cost data were

based on on third quarter 1984 economics.

This contractor, Pioneer Engineering and Manufacturing Company, has conducted

numerous previous "teardown" analyses for the NHTSA and private industry. The

methodology for both conducting the "teardown” analysis and determining the estimated

costs from actual part manufacturing process analysis has been developed and perfected

by over 15 years experience in this type of work. The cost estimating techniques

employed in the analysis are based on current automotive industry practice to assure

real world consumer price values.

The contractor acknowledges the contributions of its staff, the automotive manu-

facturers, the Motor Vehicle Manufacturers Association and automotive trade publica-

tions. Special acknowledgement is made to the Contract Technical Manager, Mr.

Warren LaHeist, for his contributions and helpful reviews throughout the program.
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f :

' p-K;- A'pl'ilfl

• i :

'

“fs

:

. - ::

!

' ' '(j.

'

• r - ' : •

> tj ; -.Ajisb

.

* -
- ’• •-

“
r '

i

1

• „ ..
:

"* ’ '
.

~

’
•

' -'
> I .<;

:

;r
:

l
' '

i ! :

' '

' / -

. .

' '

"•* >*
- -



INTRODUCTION

The objectives of this contract were as follows:

• Determine the cost effect (trend cost) that Federal Motor Vehicle Safety

Standards:

•• FMVSS 201 - Occupant Protection in Interior Impact

•• FMVSS 203 - Impact Protection for the Driver from the Steering

Control System

•• FMVSS 204 - Steering Control Rearward Displacement

had on 1983 automobiles and also to make a determination of the affect

of downsizing, weight reduction and front wheel drive may have had on

the cost of implementing these Standards. These Standards were

implemented in 1968.

• Develop Pre, Post and Trend Cost Comparison of:

oo FMVSS 210 - Seat Belt Assembly Anchorages

for full, mid, compact, sub-compact, foreign cars, multi-purpose vehicles,

and both standard and light-weight pickup trucks.

The basis for the above price determinations is the "teardown” and analysis of

system components from selected vehicles representing comparable makes/models prior

to and after the effective date of the Standards. All of the cost information is

therefore compiled from actual changes made by the manufacturers to assure compliance

with the requirements specified in the FMVSS.

The analysis of design changes between comparable vehicles highlights those

resulting from implementation of the Standards and those made for other reasons, such

as styling, cost reduction or other functional improvements not associated with the

requirement of these Standards. The analysis also provides the material type and

weight of all components in the systems. For those components identified as changed

because of the Standards, a detailed, or Micro-Cost Analysis, was conducted to determine

the variable manufacturing costs. This analysis is based on a complete manufacturing

process study which provides material, labor and burden costs for each part plus the

costs of assembly operations.

A Macro-Analysis of the major U.S. automobile manufacturer’s financial statements

was utilized to determine the ratio of cost of goods sold to income from sales which

- 1 -



in turn provided an average ratio of variable manufacturing cost to manufacturers

wholesale price. An analysis of dealer discounts in the automotive industry provided

a typical ratio of wholesale price to consumer price. A summation of the component

consumer price changes for each set of comparable vehicles provided the net consumer

price effect of the specified Standards.

The quantity of pages generated by this effort has dictated that this report be

presented in three (3) volumes. This volumes includes text for the entire report, and

the data for Standard 201. Volume II contains the data for Standards 203 and 204;

Volume III contains text for Standard 210.

- 2 -



SUMMARY

The purpose of FMVSS 203 is to minimize chest injuries by limiting to 2,500

pounds, the force that can be exerted on a driver’s chest as it strikes the steering

wheel at a relative velocity of 15 MPH in the course of a frontal collision. The

purpose of FMVSS 204 is to minimize chest injuries by limiting the amount of rearward

movement of the steering wheel to 5.0 inches in the course of a 30 MPH frontal

barrier collision.

Each manufacturer has his own idea of the most effective way to build a steering

sytem that meets both Standards. Generally a break-away column mounting bracket

and collapsing or telescoping steering shaft and column are used to satisfy Standard

203 and an intermediate steering shaft with a universal joint at each end is used to

prevent rearward displacement of the steering shaft (Standard 204). However, most

designs have components that serve either or both Standards depending on the type of

accident. This makes it difficult to assign a group of parts, or a particular part, or

even an operation on a part, as a penalty to a particular Stafety Standard.

The study included four vehicle with worm and recirculating ball type steering

systems (Chevrolet Caprice and Malibu, Ford Crown Victoria and Chrysler Fifth Ave.).

The remaining eight cars had rack and pinion steering. Four had floor shifts as standard

equipment (Ford Mustang, AMC Alliance, Toyota Tercel and Nissan Sentra) and required

no shifting tube, the average shifting tube cost was $2.50. No specific cost trend was

evident from the study. Choice of design appeard to have more affect on the cost

tyan the type of steering system used or the size of the vheicle. Of the ’’big three”

domestic manufacturers, Chevrolet had the least costly system on their standard and

intermediate cars and the most costly systems of the three compacts.

- 3 -



MAKE AND MODEL IDENTIFICATION OF VEHICLES

USED IN COST SAMPLING PLAN FOR

FEDERAL MOTOR VEHICLE SAFETY STANDARD 203 <5c 204

NUMBER MAKE SIZE* MODEL

01 Chevrolet Standard Impala-Caprice

02 Chevrolet Intermediate Malibu

03 Chevrolet Compact Cavalier

04 Ford Standard Crown Victoria

05 Ford Intermediate Fairlane-LTD

06 Ford Compact Mustang

07 Chrysler Standard 5th Avenue

08 Chrysler Intermediate "E" Class

09 Chrysler Compact Valiant-Reliant

10 A.M.C. Subcompact American, Gremlin, Alliance

11 Toyota Subcompact Corona, Tercel

12 Nissan Subcompact Sentra

Size Classification Per Automotive News

- 4 -



STEERING SYSTEMS

PRE-STANDARD DESIGN

The steering shaft end column depicted in Figure A is a typical, Pre- 203 Standard

system used by most auto manufacturers in cars built prior to 1967. The steering

column jacket was a one piece tube mounted solidly to the dash and instrument panels.

The shifting tube and steering shaft rotated independently, on bearings, within the

jacket. The steering shaft was a straight one piece, solid steel bar that extended

from the steering wheel to a ’’rag” or "pot 1
' type coupling between the steering shaft

and the steering gear. One purpose of the coupling was to compensate for any

misalighment between the body mounted steering column and the chassis or frame

mounted steering gear. Another was to isolate the driver from some of the engine

and road noise and vibration.

This was a very efficient, trouble free steering system, but it presented a huge

threat to the driver. A sudden loss of forward motion of the car threw the driver,

chest first, onto the steering wheel. If the steering wheel gave way, the driver’s luck

went from bad to worse; the steering shaft remained as a blunt, solidly mounted spear.

Unrestrained drivers often suffered severe or even fatal chest injuries from relatively

low speed frontal collisions.

POST-STANDARD DESIGN

The first generation of changes the auto manufacturers made to comply with the

standard are represented in Figure B and were typical throughout the auto industry.

The steering column mounting brackets were secured to the instrument panel with

friction slides between the brackets and the fasteners. At a given downward force,

the mounting brackets slid out from under the retainers and allowed the steering

column jacket, which had been systematically weakened by a series of diamond shaped

perforations, to collapse at a given rate. As the column jacket began to collapse, a

larger portion of the downward force was diverted to the shifting tube and steering

shaft. The shifting tube was a three piece assembly; the two end sections had an

outside diameter just slightly larger than the inside diameter of the center section.

The end sections were attached to the center section with an interference (presss) fit

which enables them to telescope into the center section at a controlled rate. Torsional

strength is maintained by a longitudinal key and slot system.

- 5 -
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Figure

A

Typical

Pre-Standard

Steering

System



Figure

B

Typical

Post-Standard

Steering

System

(Early

Trend)



CURRENT DESIGN

All of the cars studied have made extensive changes since the original Post-

Standard vehicles. Every car in the sample used an intermediate steering shaft and

two universal joints. The advantages of an additional universal joint and shaft assembly

are: manifold, misalignment correction, more efficient torsional effort transfer, steering

gear location much less critical, more efficient noise and vibration isolation, more

positive deterrent to steering shaft intrusion into the passenger compartment (Standard

204), and the intermediate shaft and two universal joints are necessary components of

a rack and pinion steering system because of the relative position of the steering

column and the pinion shaft (Figure C).

All of the manufacturers have developed their own method of providing a closely

controlled energy absorbing column. Most of the methods used involve shearing a

plastic pin or ring as downward loads approach 2,500 pounds (Standard 203’s maximum

limit), and then some form of metal deformation as the load continues to telescope

the column downward (Figure D). Apparently, automobile manufacturers found that

shearing forces are much more dependable than frictional forces and are not as severely

affected by oily or rusty surface conditions, and required less stringent tolerances.

-8 -
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SHIFT TUBE ASSEMBLY

Four of the cars studied use a standard floor shift (Mustang, Alliance, Tercel and

Sentra) and no column shift tube is required.

The three Chevrolet and three Chrysler models have shifting tubes of similar construction

and cost, approximately $2.00 each.

Ford’s LTD and Crown Victoria use a solid steel bar for a $1.50 penalty, in place of

the lower shift tube used by Chevrolet and Chrysler. Ford's Crown Victoria's design

calls for an additional lower shifting tube bearing for an additional $.75 penalty.

- 11
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TABLE 2

SHIFT TUBE ASSEMBLY

A B
SAFETY NO. OF

VEHICLE VEHICLE SYSTEM VEHICLES
MAKE/MODEL NO. COST PRODUCED

Chevrolet
Caprice

1 $2.16 676,907

Chevrolet
Malibu

2 2.11 978,105

Chevrolet
Cavalier

3 1.74 1,168,189

Ford
Crown Victoria

4 4.37 152,454

Ford
LTD 5 3.50 420,858

Ford
Mustang

6 — 219,159

Chrysler

Fifth Ave.
7 1.94 123,684

Chrysler

"E" Class
8 1.94 119,009

Plymouth
Reliant

9 1.94 338,652

AMC
Renault/Alliance

10 — 142,205

Toyota
Tercel

11 — 147,965

Nissan

Sentra
12 — 209,889

4,697,076

Safety System Weighted Average Cost = $1.88.

Safety System Weighted Average Cost - Column B Total Divided By

C

WEIGHTED COST
(A X B)

$1,462,119

2,063,801

2,032,648

666,223

1,473,003

239,946

230,887

656,984

$8,825,611

Column A Total.
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MOUNTING BRACKETS AND COLUMN JACKETS

Steering column mounting brackets for most current vehicles are designed to hold the

column in place under any reasonable load other than a downward axial load approaching

2,500 pounds at which point it is stripped away from the instrument panel and allows

the steering shaft, column jacket and shifting tube (if there is one) to collapse at a

controlled rate.

Ford’s lower column mounting bracket is fastened securely to the instrument panel and

under a given load (approximately 2,500 pounds) the steering column jacket moves

through the mounting bracket which forms (6) grooves in the jacket thus absorbing

energy and reducing impact forces on the driver’s chest in a frontal collision.
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TABLE 4

STEERING COLUMN MOUNTING BRACKET ASSEMBLY

A B C
SAFETY NO. OF

VEHICLE VEHICLE SYSTEM VEHICLES WEIGHTED COS
MAKE/MODEL NO. COST PRODUCED (A X B)

Chevrolet

Caprice
1 $0.79 676,907 $ 534,754

Chevrolet
Malibu

2 0.76 978,105 743,360

Chevrolet

Cavalier
3 0.78 1,168,189 911,187

Ford
Crown Victoria

4 2.02 152,454 307,975

Ford
LTD 5 2.02 420,858 850,133

Ford
Mustang

6 2.02 219,159 442,701

Chrysler

Fifth Ave.
7 1.49 123,684 184,289

Chrysler

"E" Class
8 1.49 119,009 177,323

Plymouth
Reliant

9 1.52 338,652 514,751

AMC
Renault/Alliance

10 0.22 142,205 31,285

Toyota
Tercel

11 1.28 147,965 189,395

Nissan

Sentra
12 0.43 209,889 90,252

4,697,076 $4,887,138

Safety System Weighted Average Cost = $1.04.

Safety System Weighted Average Cost - Column B Total Divided By Column A Total,
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This

chart

contains

a

list

of

parts

whose

costs

have

a

significant

effect

on

the

cost

difference

of

the

safety

features

between

car

lines.

Other

costs

include

those

remaining

components

whose

cost

varies

little

from

car

to

car.



TABLE 6

STEERING COLUMN JACKET ASSEMBLY

A B C
SAFETY NO. OF

VEHICLE VEHICLE SYSTEM VEHICLES WEIGHTED COST
MAKE/MODEL NO. COST PRODUCED (A X B)

Chevrolet

Caprice
1 $3.12 676,907 $ 2,111,950

Chevrolet
Malibu

2 3.06 978,105 2,993.001

Chevrolet
Cavalier

3 3.26 1,168,189 3,808,296

Ford
Crown Victoria

4 3.41 152,454 519,868

Ford
LTD

5 3.31 420,858 1,393,040

Ford
Mustang

6 2.90 219,159 635,561

Chrysler

Fifth Ave.
7 1.93 123,684 238,710

Chrysler

"E" Class
8 1.93 119,009 229,687

Plymouth
Reliant

9 1.93 338,652 653,598

AMC
Renault/Alliance

10 1.13 142,205 160,692

Toyota
Tercel

11 1.68 147,965 248,581

Nissan

Sentra
12 1.64 209,889 334,217

4,697,076 $13,337,203

Safety System Weighted Average Cost = $2.84.

Safety System Weighted Average Cost - Column B Total Divided By Column A Total.
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STEERING (UPPER) AND INTERMEDIATE SHAFTS

In previous studies and in manufacturer’s part manuals, the steering shaft and inter-

mediate or lower shaft have a separate bill of material, and are purchased as separate

assemblies. This kind of part grouping is good for comparing different years of the

same make and model, however, when comparing costs across carlines, it may be easier

to consider the steering shaft and intermediate shaft as one cost unit.

The systems in this sampling all have a steering (upper) shaft, an intermediate (lower)

shaft and two universal joints. The three Chrysler cars, Toyota and Nissan include

their upper universal with the (upper) steering shaft because the upper yoke of the

universal is welded to or forged integral with the steering shaft. The other seven

cars include both couplings with the intermediate shaft. There are five different types

of universal joints. The most expensive is the forged cross joint ($3.00 to $4 .00 ) used

for both joints on the Cavalier, Fifth Ave., Sentra and Tercel, and for the upper joint

on the Alliance. A "pot" type joint ($1.62) is used for the Chevrolet Caprice and

Malibu.

Chrysler’s "E" Class and Reliant use a block and cross pin type for both intermediate

shaft joints, they are similar in design to the forged cross joint but slightly less costly.

Ford uses a block and cross pin type for the upper joint on the LTD and Mustang. A

"rag" type (actually fabric reinforced neoprene or plastic) ($1.75) coupling is used for

the lower joint on the three Ford models and Caprice and Malibu.

The Alliance is by far the least expensive in this area ($1.25 under the Mustang and

$5.30 less than the Cavalier). Alliance’s cost advantage is due to some very effective

cost reductions. It’s the only car with a one piece steering shaft, and instead of upper

and lower shaft to jacket bearings, Alliance uses a pair of metal sleeves bonded inside

rubber bushings to maintain concentricity and reduce friction. Their one piece

non-collapsable column jacket is the least expensive and $1.47 under the average sample

column. Alliance is one of four cars in the study with standard floor shifts (Mustang,

Tercel and Sentra are the other three), which eliminates the need for a shifting tube

assembly.

- 19 -
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SHAFT

ASSEMBLY

68

£ &
< oSqU
«z
« 5UlJ
a to t-

o <
«J s

I I I

co & &i

t- 6-
Cfc CO

< oxgo
“2
OS 5 S
sgt<
o ® <
J s

J
m

J J J
£ fe £3

H
E- w
28 »
o° -
^ a

2w
D s

N N M

OS OS «
< < <
> > >

W E-

g 8
xgo
co 2
as gw «< J
£ « c
D S

J J
fe £

j
fe

ia ia m 1

IA lA IA I

d o © I

m w> \a M es

w
£

s
go
5
3 jH
<
s

&
o

OS uW „
Ou «>a

&. ©

<
a

s 2
X X

«*» «•» oe «a» «•» TO n o
**• © *3P

]

<0

*4 a=5 © © © © IO

E s E s s
S x S se as

co CO CO m CO CO CO
2

CO £ CO CO
x X X as X OS X aS £ <* X
0 O U O O O 0 0 O £ 0 O

<0£

&

0)

>
ad&

1
:«
CO
O
o

h mo
<-5 e4

to
O
o
0>

O
jC
1?

0)&

O
a

j
W

w Q
j oos
X M
W X
> <
s

os a> ® sg ® a
*s *c *3 ^ o $p u 05 o « x _ ^ ^ 3 •§

6 1? f! 13 %& ?S 1* f2 I? I« S““OfcfcfcOOa.a. O

«-
ffl

JC
V

XZH
*

- 20 -

of

the

safety

features

between

car

lines.

Other

Costs

include

those

remaining

components

whose

cost

varies

little

from

car

to

car.



TABLE 8

STEERING SHAFT ASSEMBLY

A B C
SAFETY NO. OF

VEHICLE VEHICLE SYSTEM VEHICLES WEIGHTED COS
MAKE/MODEL NO. COST PRODUCED (A X B)

Chevrolet
Caprice

1 $3.20 676,907 $ 2,166,102

Chevrolet
Malibu

2 3.40 978,105 3,325,557

Chevrolet

Cavalier
3 2.97 1,168,189 3,469,521

Ford
Crown Victoria

4 5.28 152,454 804,957

Ford
LTD

5 4.43 420,858 1,864,401

Ford
Mustang

6 3.59 219,159 786,781

Chrysler

Fifth Ave.
7 5.98 123,684 739,630

Chrysler

"E" Class
8 6.29 119,009 748,567

Plymouth
Reliant

9 6.29 338,652 2,130,121

AMC
Renault/Alliance

10 1.11 142,205 157,848

Toyota
Tercel

11 9.13 147,965 1,350,920

Nissan

Sentra
12 6.81 209,889 1,429,344

4,697,076 $18,973,750

Safety System Weighted Average Cost = $4.04.

Safety System Weighted Average Cost - Column B Total Divided By Column A Total
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TABLE 1©

INTERMEDIATE STEERING SHAFT ASSEMBLY

A B C
SAFETY NO. OF

VEHICLE VEHICLE SYSTEM VEHICLES WEIGHTED COS r

MAKE/MODEL NO. COST PRODUCED (A X B)

Chevrolet
Caprice

1 $ 7.99 676,907 $ 5,408,487

Chevrolet
Malibu

2 7.77 978,105 7,599,876

Chevrolet
Cavalier

3 11.07 1,168,189 12,931,852

Ford
Crown Victoria

4 8.08 152,454 1,231,828

Ford
LTD

5 6.41 420,858 2,697,670

Ford
Mustang

6 6.41 219,159 1,404,809

Chrysler

Fifth Ave.
7 7.13 123,684 881,867

Chrysler

"E" Class
8 7.07 119,009 841,394

Plymouth
Reliant

9 7.06 338,652 2,390,883

AMC
Renault/Alliance

10 7.62 142,205 1,083,602

Toyota
Tercel

11 4.91 147,965 726,508

Nissan

Sentra
12 5.19 209,889 1,089,324

4,697,076 $38,288,130

Safety System Weighted Average Cost = $8.15.

Safety System Weighted Average Cost - Column B Total Divided By Column A Total.
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APPENDIX A

ABBREVIATIONS FOR MATERIALS

PART NUMBERING SYSTEM

COST SHEETS AND PHOTOGRAPHS
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