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PREFACE

This r=port consists of the development of a manufacturing cost data
base of a group of emission systems and components as specified by the
Environmental Protection Agency. The cost methodology is included for
each system. 2 dollar amounts presented ipn this report are in terws
of 1977 dollars.
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A.

Scope of Work

The contractor shall provide all of the necessary facilities, equipment, personnel,
analysis, and reporting required to complete the following tasks in an efficient
and effective manner.

Task 1 - Cost of Components/Svstems

1.

The contractor shail provide cost estimates for the emission control or
emission contral related components/systems listed in Attachrnent A for 4,
6, and B-cylinder engines with further cost breakdowns of these
components/systems where indicated on the attachment. These individual
costs shall include but not be limiiad to the following: a) material costs; b)
labor costs; c) overhead costs, including indirect labor, supplies, electricity,
heating, plant and equipment repairs, supervision, plant and equipment
depreciation, insurance; and d) appropriate markup rates or factors.

These costs shall reflect economies of scale, current material, labor, and
overhead costs, appropriate manufacturing processes, and shall be ranged to
reflect a 3-year or a 12-year writeoff of investment.

The Project Officer must approve the choice of production volume used in
calculating the effect due to economy of scale.

Task 2 - Description of Methodology

1.

The contractor shzll provide a detailed description of the methodclogy used
to determine the estimates in Task 1 above. Where possible, more than one
method shall be used to increase the assurance of the estimates' accuracy.

RATH & STRONG
INCORPORATED
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12.

13,

14,

15.
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17.
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Attachment A

Components/Systemns to be Cost-Estimated

PCV valve

TCS (thermal control switch)

OSAC (orifice spark advance control)

Deceleration valve

Anti-dieseling solenoid

Air injection system (breakdown by: pump, dump, lines, exh. man. mods.}
Air switching system (breakdown by: apprax. 3 foot of tubing, 2-way valve’
Reed valve air system

EGR system (types: sonic-electronic with and without cooler, sonic-pneumatic
with and without =ooler, back-pressure modulated, venturi vac amplified)

Pelleted oxidation catalyst (as a function of volume. noble metal loading, and
composition)

Monolithic oxidation catalyst (as a function of volume, notle metal loading, and
composition)

Pelleted reduction catalyst (as a function of volume, noble metal loading, anc
composition)

Monolithic reduction catalyst (as a function of volume, noble metal loading, and
compasition)

Monolithic start catalyst {as a function of volume, noble metal loading, and
composition)

Monolithic 3-way catalyst (as a function of volume, noble metal loading, and
composition)

Metallic reduction catalyst {as a function of volume, noble metal loading, and
composition)

Oxygen sensor (as a function of Pt loading)

Electronic fuel metering system (breakdown by: actuators, regulator, filters,
tubing, pump, nozzles (## of cylinders plus one), vol air flow gensor (L-Jetronic
and K-Jetronic type), mass air flow sensor (Chrysler type)
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19.
20.

21.

23.

24,

25.
25.

27.

28.

32,
33.

34,

35,
36.

37.

Thermal reactor (types: insulated with core, insulated without core)
Exhaust manifold (stock)

Port liners (types: cast in, inserted air-gap with and without locater ribs)
Radiator (types: stock, with 20% weight reduction)

Quick heaE manifold (breakdown by: EFE valve with vacuumg motor actuation and
with 25 in” wavy steel heat transfer surface replacing 25 in® of cast iron)

Super early fuel evaporation (breakdown by: 2 valves, heat transfer surface,
tuding)

Electric heated choke
High energy ignition

Breaker point ignition (breakdown by: centrifugal advsnce system, vacuum
advance system)

Improved exhaust system (cost per foot of stainless steel from exhaust manifold
to catalyst)

Standard steel exhaust system (cost per foot of low carbon steel frcm exhaust
manifold to approximate catalyst location)

Insul ated exhaust pipe (cost per foot ¢f double wall stainless steel)

Carburetor modifications for altitude compensation (breakdown by: aneroid,
linkage)

Carburetor modifications for feedback contro! unit (1, 2, 4 barrels)
Standard Carb (1, 2, 4 barrels)

Electronic control unit (with sensor inputs for controlling modulated AIR,
modulated EGR, modulated A/F, modulated spark advance)

Air modulation system (with vacuum control)
Spark knock sensor (with piezo-electric accelerometer or pickup)
Transducers + Sensars (types: lebo temperature, inlet air temperature, throttle-

position, engine speed, engine [bad, fuel flow, transmission gear, EGR pintol
position, crank angle, humidity)
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Introduction

In its regulation of the heavy duty truck industry, the U. S,

Ervironmental Protection Agency Is frequently confronted
with the Issue of cost to the consumer of systems installed
on automobiles for the purpose of controlling emissions,
ldeally, it would be desirable to determine the economic
impact on the consumer for any emission standard proposed
and on any vehicle for which such a standard would be
applicabtie, Since such a task would involve a very high
level of effort, a more realistic goal would be to determine
an aggregate cost estimate representative of the cost of

ali components or systems of a simllar nature, for example,
EGR valves or EGR systems. This would necessarily imply
that many individual components or systems could be expected

to cost more or less than the aggregate or weighted average

Cos: estimate.

In most situations a full cost, as opposed to a differential
cost approach is more appropriate for determining the true
cost of producing a particular component, This means that
al! components comprised by gatruck must reflect a

share of fixed overhead and corporate level costs such as

RATH & STRONG
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salaries, maintenance, Insurance, heat, power, lighting,

and so on, This approach is consistent with changes made

to a vehicle which are expected to be of a relatively long-
term nature whereaﬁ the differentlal cost approach of merely
reflecting the addition of direct material, direct labor,
and variable overhead costs due to an added component is

adequate only for relatively short-term purposes.

Taking into account all of the varlations in industry makeup
which exist in the real world would present a very complex
problem. For example, the number of suppliers supplying

a corporation with a given component varies not only among
the different components on a given vehicle but among the
different vahicle manufacturers as well, Some suppliers

are in turn supplied by other suppliers. Some suppliers
supply components to more than one manufacturer, These
varrations Influence production volume which in turn in-

fluences the economies of scale attainable by a manufacturer.

To make tne problem more manageable, assumptions have been
made which help simplify the cost estimate task. Figure 1,

pelow, depicts the industrial makeup assumed in this study.

2
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Judicious choice of production volumes helps minimize

cost differences due to the reliance upon more than one
supplier. (Truck manufacturers are sometimes supplied
a given component by more than one supplier as a precaution
against Jabor strikes or other occurrences which might in-

terrupt that supply.)

/A
/;? Dealer Level
l\ Y
Full Component/System . §\ " Corporate Level
Cost to Consumer ' O\Q] (vehicle Assembly)
(Retail Price Equiv.) 1AMy
771
AR
///‘
& & Manufacturer Level
g (Supplier, Vendor, or

!
i?&?} Division)
3

Figure 1 = 3-Level! Industriai Makeup

!t should also be noted that supplier (or vendor) and division
can be used synonymously since the cost to the corporate

level will be the same even though the division is a part

of the corporation. This is because the division is managed

as a profit center, that is, the corporation has placed the

RATH & STRONG
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division In competitlon with other suppliers as a means of
assuring a high level of efficiency. Therefore, the division's
transfer price as it is called is the same as an independent

supplier's price to the vehicle manufacturer.

With the three levels of industry making up the major elements
of cost to the consumer, or, as used in this study, recail

price equivalent, the basic formula is:

Retail = Direct Direct Fixed &
Price Material Labor Variable
Equivalent Overhead

-
x {14+ 0.2 for Corporate + 0.2 for Supplier|] + Tooling + Land & '\
Allocation Profit Expense Buildings
Expense J

x {1+ 0.2 for Corporate + 0.2 for Corporate
Allocation Profit

+ 0.4 for Dealer| + Research & + Tooling
Cverhead & Development Expense
Profit J

Or, in abbreviatesd form:

RPE = {@M + DL + ou][l.a] + TE + LBE}{I.S} + RD + TE

4
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Direct materials entail those materials of which a given
component is comprised. Where possible actual weights of
materials were used, but in some instances, estimates based
on drawings and sketches were made necessary because of a
lack of data. To determine the cost of materials, prices

per unit weight as quoted in American Metal Market® were

used plus 10%*% to account for material waste and scrappage.

Direct labor includes the cost of laborers directly involved
in the fabrication of a given component. It has been det-
ermined by using standard industriai engineering data and

procedures,

Overhead includes both the fixed and variable components of
overhead., The fixed portion includes supervisory salaries,
building maintenance, heat, power, lighting, and other costs
which are substantially unaffected by production volume while
the variable portion inciudes small expendable tools, devices,
and materials used in production, repairs and maintenance

made to machkinegs directly involved, and other overhead costs

Metal Working News Edition
**%* Two exceptions are noteworthy: 1) exhaust systems assume
approximately 35% scrappage, and 2) noble metals used
in catalysts assume no waste oOr scrappage.

5
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which tend to vary with production volume, A straight 40%
of the direct labor amount (s used to determine all overhead

COStS.

A figure cf 20% applied to the sum of material, labor, and
overhead costs is used to determine corporate allocation,

in other words, the amount needed to cover the supplier's
support from its front office. Also to the sum of material,
labar, and overhead costs, a figure of 20% s applied to
determine the supplier's profit, approximately half of which
is used to pay corporate taxes with the remaining portion
being divided between dividend disbursements to stockholders
and retained earnings, which are used to finance working
capital requirements (increases in current assets and/or
decreases Iin current liabilities) and/or new capital ex-

penditures (leng-term assets).

Tooling expense consists of four components: one year re-
curring tooling expenses (tool bits, disposable jigs and
fixtures, etc.); three year non-vrecurring tooling expenses
(dies, etc.); twelve year machinery and equipment expenses;
and twelve year launching costs (machinery foundations and
other incidental set-up costs) which have been assumed to

be 103 of the cost of machinery and equipment.

6
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The construction of new production facilities has been
assumed in some cases and their cost is amortized ovar

LD years. 1In most lnstances, however, space in existing
facilities was assumed to have been made avalilable for
production purposes and, hence, is covered in the overbead

costs.

The sum of the atove costs, that is, material, labor, plant
overhead, tooling expense, corporate allocation, and profit,
makes up the price (or, in the case of a division, transfer
price) which the supplier charges the vehicle manufacturer
for a given component. Ar the vehicle assembly level, 20%
of this price is charged or ellocated for the vehicle
manufacturer's corporate level support and 20% for corporate
profit. To this is added research and development costs.

(R & D may not wholly reflect all vehicle certification
costs.) Also, a figure of 40% is applied to the supplier
price to account for the dealer's margin which includes

sales commissions, overhead, and profit.

Because of the need, in many instances, to make modifications

to the engine or body to incorporate a component and to assemble
it into a vehicle, these have also been accounted for at the
division level and transferred to the corporate level at

vehicle assembly.

7
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Production volume is a very important assumption since it
dictates not only over what number of units costs will be
amortized or spread but also on what scale production will
take place, in other words, the types and costs of machinery
and equipment that wili be involved. For this reason, the
retail price equivalent estimates detearmined in this study
are meaningless unless they are qualifled with their asso-
ciated production volume and are accurate only within some

relevent range of volumes around that production volume.

In some instances, more than one production volume is
assumed for the various individual parts making up a given
component or system, This results from the assumption of
necessary econcmies of scale for these parts where thsa
vehicle manufacturer is not the only customer for whom they
are produced. For example, hoses are frequently produced
at higher unit volumes in order tc satisfy more than just

a single customer or market,

By discounting aftermarket selling prices, when available,
by between 1/4 to 1/5, bracketing of the supplier's price
had been expected to serve as a check against these estimates,
However, because of differences between the assumptions in-
herent in this study and in actual producticn, variations

may exist. It is assumed that these differences result from

8
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a given component either being of a somewhat proprietary
mature and hence priced higher than assumed here (possibly,
at what the market will bear) or are a result of subtle
changes, for whataver reason, which do not allow full
maximization of available economies of scale or a com-

bination of the above two reasons,

Al] of the RPE estimates contained herein are by definition
subject to some error. Where little physical description
was available, a "best guess' effort was made and naturally
these estimates are subject to more error. But, in general,
those shown in greater detail are expected to be somewhat
more accurate. To those critics who have significant dis~
agreaments with these estimates, it can be assumed that
either their production assumptions are not at these assumed.
economies of scale or else they vary with respect to other
specific assumptions made in this study regarding tooling
costs, amortization schedules, profit level, etc., however,

it is expected that a number of vehicle manufacturers may

be below these estimates and o0 similar number above.

9
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IA - SECONDARY_ AIR INJECTION SYSTEMS
HEAVY DUTY GASOLINE ENGINES

The detailed descriptions and calculations following this page apply to passenger
car parts, reprinted from a previous report £PA - 78 - 0C2, March, 1978, The
costs shown therein have been adjusted by using factors, described later in this
report, that reflect differences in size and in manufacturing volume (economy of
scale) between astomobiles and trucks. The EOS used far automobiles is 350,000
per year; for trucks, 50,000,

The resulting retail price equivalent costs for trucks are shown below.

1. Air Pump System

Automobile EOS*

Unit Cost Factor
Material 7.83 1.3
Labor and Overhead 3.00 2.7
Equipment .30 2.4
Tooling .66 3.4
Weighted EOS Factor 1.8

X Automobiie Retail Price Equivalent $31.88
= Truck Retail Price Equivalent $57.38

* 350,000/50,000 = 2.81 Doublings

10
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Air Injection System

Air Pump Systems--American Motors Air Guard, Chrysler Air Injection,

Ford Thermactor § General Motors Air Injection Reactor (A.l.R.)

Aill air pump systems, Figures 1 and 2, consist of an air injection pump,

air injection tubes (one for each cylinder), a mixture control or backfire
by-pass valve (added in 1966, '87), a diverter or air by-pass valve

(added in 1968), check valves (one for in-line engines, two for V-8 engines]),

air manifolds, pipes and hoses necessary to connect the various components.

Carburetors and distributors for engines with an air pump system are
designed especially for these engines; and, they should not be interchanged
with, or replaced by, carburetors or distributors for engines without the air
pumps.

- -
The air injection pump, Figures 3, 4, and 5, coripresses the air and injects
it through the air manifolds, hoses, and injection tubes into the exhaust
system, in the area of the exhaust valves. The fresh air burns with
the unburned portion of the exhaust gases, thus minimizing CO anc Y4C

content of the exhaust.

The mixture control or backfire by-pass valve, when triggered by
2 sharp increase in manifold vacuum (as when the throttle is suddenly closed),
supplies the intake manifold with fresh filtered air, to lean out the fuel-air

mixture and prevent exhaust system backfire.

The diverter or air by-pass valve, Figures § and 7 ,when similarly triggered
by a sharp increase in manifold vacuum, shuts off the injected air to the
exhaust ports; and, helps to prevent backfiring during this period, when the

mixture is exceptionally rich. During engine overrun, all the air from the

11
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pump it dumped through the muffler on the diverter or air by-pass valve.
At high engine speeds, the pump produces mcre air than the engine can
use, and tha excess is dumped through the pressure relief valve, when that
valve is part of the alr pump, Figures 3 and 4, or, through the diverter or

air by-pass valve when the pressure relief valve is part of that valve, Figure 7.

The check valve or valves prevent exhaust gases from entering and damaging
the air injection pump, as back flow can occur even under normal operating

conditions.

When properly instalied and maint2ined, the system will effectively reduce
exhaust emissions. However, if any system components or any engine
component that operates in conjunction with the air pump system should

malfunction, exhaust emissions might increase.

Because of the relationship between engine operating condition and unburned
exhaust gases, the condition of the engine ind tune-up shouid be checked
whenever the air pump system seems to be malfunctioning. Particular care
should be wken in checking items that affect fuel-air ratio, such as crankcase

ventilation system (PCV), the carburetor and carburetor air cleaner.

12
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Alr Injection Systems

AR 5]
PUECTION =X -
PUMP @)}‘!j. 1““

IN LIRE

MIXTURE
CONTROL
VALYE

Fig.1 Typical installation of an air pump system with a mix-
turc control valce, otherwise known as a backfire by-pass valve

CIVEXTER VALVE

Fig.2 Typicul installation of an air pump system with a diverter
valve, otherwise known as an air by-pass valve. 1968-73

13

RATH & STRONG
INSORPORATEZD




Alr Injecticn Sysiems

~amp
Cover

N

i)
]
1
7, Q‘\ 1 EXHAUST
. ‘5 \’J 1 Tl.JlES
./7 H
e :\J ;‘
HUb R > W
= T T T ' - \
PRESSURE L. ] wTace
REUEF VALVE L g TuE
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Air Injection Systems
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Air Irnjection Systems
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Alr Injection Systems

Pontiac

"Fig. 10 = AR PUMP SYSTEM~CONTD
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Air Injection System

BILL OF MATERIAL

Mat Labor M{g
Material Weight Costs Labor Overhead Costs  Reference

Pump Assem Assem 7.690 - . 1250 . 0500 . 1750 07817806
Housing Atum 3.500 . 2.1000 .1250 . 0500 2.2750
Hub Steel .200 . 0400 .0625 .0250 L1275
Shaft Steel .090 .0180 .0312 .0125 .0617
Cover Alum 1.000- .6000 . 0625 .0250 .6875
Rotor fr Steel .309 .0600 .0312 .0125 .1037
Bearings Steel .400 .2000 .0625 . 0250 .2875%
Vanes PM .300 .1200 . 0625 . 0250 . 2075
Vane Stoes PM .100 .0400 .0312 .0125 .9837
Shoe Springs Steel .050 .0100 .015% . 0062 .0318
Carbon Seal PM .100 . 0400 .0156 . 0062 .0618
Tubes Steel .300 .0600 . 0156 . 0062 .0818
Relief Valve Steel . 150 .0300 . 1250 .0500 .2050
Hardware Steel .200 .0400 .0156 .0062 .0618
Fan Plastic 1.000 .8000 . 0625 .0250 . 8875

4.1580 ,8435 . 2373 5.3388
Air Manifold Stee! 2.000 1.0000 .0625 .0250 1.0875
Hoses Rubber 0.500 .1000 .0312 .01258 . 1437
Pipes Steel .300 . 0600 .0156 .0062 .0818
A | Tubes Steel 1. 000 . 5000 .0312 .0125 . 5437
Pulley Steel . 950 . 1900 .0625 . 0250 .2775 03927116
Mtg. Brkt Steel 2.590 .5180 .0625 . 0250 L6055 4027214
Hardware Steel 1.500 .3000 .0156 .0062 .3218
A P Bracket Stecl .250 .0500 .0312 .0125 . 0937
AP Belt Rubber .230 . 0450 .0156 . 0062 .0678 4027350
_— 2,740 321749 1311 3.2230
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Alr Injection System

Valves and Filter

B!LL OF MATERIAL

Mat Labor Mfg
Part Material Weight Costs Labor Overheac Costs Referance
Air Pump Filter Assem .300 .0312 .0125 .0437 See Sketch

Air Horn Sieel .100 , 0200 . 0625 . 0250 .1075
Filter Faper .100 . 0400 .0312 .0125 .0837
Body Steel .100 . 0200 . 0156 .0062 .0418
Q8aa L1405 0862 2147

Mix Contr. Vlv Assem . 890 - .1250 .0500 .1750 3769895

Valve PM . 090 .0360 .0625 .0250 L1235 27.95
Valve Spring Steel .100 . 0200 .0156 . 0062 .0418
Housing Steel .200 . 0400 .0625  .0250 1275
Ciaphragm Copper .100 . 0800 .0312 .0125 . 1237
Cap Steel .200 . 0400 .0312 .0125 . 0837
Diaphragm Spr Steel .100 .0200 .0156 . 0062 .0418
Pin Steel .100 .0200 .0625 . 0250 .1075
L2880 L4061 . 1624 .8245

Diverter ¢ Assem .230 - L1250 . 05090 L1750 7043229

Relief‘Valve 14,80

Housing Steel .500 1000 .0625 . 0250 .1875 3671044

Pin & Valve Steel .250 .0500 .0312 .0125 .0937 16.60
Spring Steel .125 .0250 .0156 .0062 . 0468
Diaphragm Copper .125 . 1000 L0312 . 0125 L1437

Relief Valve PM .052 . 0200 .0312 .0125 L0837 04974265

Rel Vive Sor Steel .063 L0120 .0156 . 0062 .0338 4.80
Rel Vive Cover Steel .115 . 0230 .0312 .0125 .0667
- . 3300 «3435 .1374 .8109

19
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Air lnjection System and

Bii! of Material (cont'd)

Mat Labor Mf3
Part Material Weight Costs Labor Overhead Costs Reference

Valve Hoses Rubber 1.000 .2000 . 0625 .0250 . 2875
Clamps Steel .200 . 0409 .0156 ".0062 .0618
Vzhicle Assem - - - .3759 .1500 . 525G
Engine Mod - - - .1250 .0500 .1750
Assem Vehicle .24 1.0423
Total Vehicle

A |-System 2.2111
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Air_Injection System--Tooling Costs--Amorlization Per Part

} Year 3 Year Non- 12 Year 12 Year 40 Year Amortization
Economic Recurring Recurring Machinery Launching Land ¢ Per
Part Volume Tooling Tooling £ Equip Cosls Buildings Piece
.0200 .J3333 . 0400 . 0040 . 0250 .1223
Pump Assem 5,000,000 100, 000 500, 000 2,400,000 240,000 5,000,000
. 0400 . 0667 .6223 . 0283 1983
Housing 5,000,000 200,000 1,000,000 5,000,000 500,009
.0100 . 0200 .0100 .5010 .0410
Hub 5,000,000 50,000 300,000 600, 000 60,000
. 0020 . 0020 .09020 .C0u2 .0062
Shaft 5,000,000 10,000 30,000 120,000 12,000
.0100 .0167 0187 L0017 .045)
Cover 5,000,000 50,000 250,000 1,000,000 100,000
. 0040 . 0020 .0020 .0002 .0082
Rotor 5,000,000 20,000 30,000 120,000 12,000
.0050 . 0050 .0083 . 0008 .0191
Bearings 10,000,000 50,000 150,000 1,000,000 100,000
.0040 .0080 .0267 .0007 .0193
Vanes 15,000,000 60,000 360,000 1,200,000 120,000
.0010 . 0040 .0033 .0003 .0086
Vane Shoes 30,000,000 30,000 360,000 1,200,000 120,000 .
.0007 .0013 . 0007 .0001 .0027
Shoe Springs 1¢.000, 000 20,000 120,000 240,000 24,000
.0020 . 0020 .0020 . 0002 .0062
Carbon Seal 5,000, 000 10,000 30,000 120,000 12,000
.0013 .o00c8 .0003 - . 02238
Tubes 15,600,000 20,000 36,000 60,000 6,000
.0100 . 0080 .0060 . 0006 . 9246
Rellef Valve 5,000,000 50, 000 120,000 360, 000 36,600
.0067 L0307 .0056 .0005 .0194
Hardware 15,000,000 100,000 3oo,0n0 1,000,000 100,000
.0040 .0024 .0020 .0002 . 0086
Fan 5,000,000 20,000 16,000 120,000 12,000

.5323
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Air Iniection System--Tooling Cosls--Amortization Per Part

1 Year 3 Year Non- 12 Year 12 Year Amortization
Economic Recurring Recurring Machinery Lauziching Per
Part Volume Toollng Tooling € Equip Costs Buildings Piece
.0100 .0067 .0042 L0004 .0212
Air Manifold 1,000,000 10,000 20,000 50,600 5,000
. 0040 .0017 . 0025 RUTIN L0084
Hoses 5,000,000 20,000 25,000 150,000 15,000
b 1] .002¢ .goos .0008 .000) .0038
_>| Pipes 5,600,000 10, 000 12,500 50,000 5,000
5 8 . 0060 . 0060 .€020 . 0002 .0142
w3 A ! Tubes 5, 000,000 30,000 S0, 000 120,000 12, 000
! .@100 . 0050 . 0025 .0002 .0177
4+ Pulley 2,000,000 20,000 30,000 60,000 6,000
g .0100 .0050 . 0025 .0002 .0177
2 Mug Bracket 2,000,000 20,000 30,000 60,000 6,000
] .0100 .0040 . 0020 . 0002 . 0162
Hardware 5,000,000 50,000 60,000 120, 000 12,000
.0100 . 0050 . 0025 .0002 L0177
A/P Bracket 1.000, 0900 20,000 30,000 60,000 6.000
. 0020 . 0020 .0010 . 6001 .0051
A/P Belt 5,000,000 10,000 30,000 60,000 6,000
L0640 .0362 .0200 , 0018 L1220
.0020 . 0020 .0010 . 0001 . 0051
Alr Pum) Filler 5,000,000 10,000 30,000 60,000 6,000
. 0040 .0o4o0 . 0020 . 0002 . 0162
Air Horn 5,000,000 20,000 60,000 120, 000 12,000
. 0040 . 0040 . 0020 . 0002 .0102
Filter 5,000,000 20,000 60,000 120, 000 12,000
. 0040 . 0040 .0020 .0002 L0102
Body 5,000, 000 20,000 69,000 120,000 12,000
L0140 L0141 L0670 , 0007 . 0357
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® Air Injection System--Tooling Costs--Amortization Per Part

I Year 3 Year Non- 12 Year 12 Year 40 Year Amorlization
Economic Recurring Recurring Machinery Launching Land & Per
Volume Tooling Tooling € Equip Costs Bulldings Plece
.0100 .0100 . 0020 .0002 .0222
Mix Cont Valve 2,500,000 25,000 75,000 60,000 6,000 -
.0100 0100 . 0040 .0004 . 0244
Vaive 2,500,000 25,000 75,000 120,000 12,000
. 0020 .0020 .0010 . 0001 .0051
Valve Spring 5,000,000 10,000 30,000 60,000 6,000
.0100 .0100 .goue . 0004 L0244
Housing 2,500,000 25,000 75,000 120,000 12,000 r
. 9040 . 0040 .0020 .0002 .0102
Diaphragm 2,500,000 10,000 38,000 60,000 6,000
ATH . 0100 .0020 . 0002 .0222
Cap 2,500,000 25,000 75,000 60, 000 6,000
.0100 . 0020 .0010 . 0001 .013}
Diaphragm Spr 5,000,000 50,000 30,000 60, 000 6,000
. 0020 .0020 .0006 . 0001 .0047
Pin 5,000,000 10,000 30,9000 36, 000 3,600
04980 0500 L0166 L0012 L1263
. 0100 .0100 . 0020 . 0002 .0222
Div & Rel Valve 2,500,000 25,000 75,000 60, 900 §,000
.0100 .0109 . 0040 . 0004 .0244
Housing 2,500,000 25,000 75,000 120,000 12,000
. 0200 .0200 . 0040 . 0004 .ouny
Pin € Valve 2,500,000 59,000 150, 000 120,000 12,000
.0020 .0020 .0010 . 000} . 0051
Spring 5,000,000 10,000 30,000 60, 000 6,000
.00%0 . 0040 .0n20 .0002 .0102
Diaphragm 2,500,000 10,000 30, 000 60,000 6,000
.0100 .0100 . 0020 . 00602 .0222
Rellef Valve 5,000,000 50,000 150, 000 120,000 12,000
. 6020 ,0020 .go10 . 0001 .0051
Rel Valve Spr 5,000,000 10, 000 30,000 60,000 6,000
.0040 .0 )
Rel Vive Cover 2,500,000 10, 000 30, (()"l;(()) 60,00?)50 6', 8(%)2 -0102
.0620 .0620 .0180 L0018 Al
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Alr Injection System

Teoling Costs

Amortization Per Part

1 Year 3 Year Non- 12 Year 12 Year 40 Year Amortization

Economic  Recurring Recurring Machinery Launching Larnd & Per
Part Volume Tooling Tooling & Equip Costs Buildings Plece
. 0020 .0020 .0020 .0002 .0062

Valve Hoses 5,000,000 10,600 30,000 120,000 12,000 -

R

. 0050 . 0050 .0030 .0003 .0133

Clamps 10,000,000 50,000 150,000 360, 000 36,000 -
.1060 . 1000 L1070 .0101 . 3100

Vehicle Assem 300,000 30,000 90, 000 360, 000 36,000 -
. 1000 .1000 . 1070 -0100 .3100

Engine Mod 300,000 30,000 90,000 360,000 36,000 ~
Assem Vehicle .6395
Total A | System 1.592%




Alr Injection System

TOTAL MANUFACTURING COSTS

Plant L20MC Mfg/
Over- Plant Tooling .20 MC  Corp Vendor

Part Mat Labor Head Costs Exp. inv. Corp Profit Costs
Pump 3.3280 .5310 L2124 h.o714 L2085 .1k89 .B8B143 .8143 6.0574
Pump Assem .0000 .1250 .0500 .1750 .0523 .0690 .0350 .0350 .3672
Relief Valve .0300 .1250 . 0500 .2050 .0180 .0066 .0410 L0410
Fan .8000 .0625 . 0250 .3875 2054 .0022 L1775 L1775 )
Air Manifold 1.0000 .0625 .0250 1.0875 L3167 .0046 .2175 .2175 1.5438
lHoses .1000 .C312 .0125 . 1437 »,3057 .0027 .0287 . 0287 .2095
Pipes & Tubes .S600 .0468 . 0187 . 6255 L0148 ,9031 .1251 L1281 .3936
Puiley .1900 .0625 . 0250 . 2775 .0150 .0027 .0555 . 0555 Lhob62
Belt .0460 .0156 . 0062 .0678 . 0040 L0011 .0135 .0135 .1600
Mktg. Brkts. .5630 .0937 .0375 .6992  .0300 0034 .1398 .1398 1.0143
Hardware .3000 .0156 .0062 .3218 L0140  .0022 L0684k 0BLY LU6E7
Air Injec ¢ Pump ¢ 9000 ) 1714 . LESS 8 56419 3864 2485 12.6215
Air Pumg Filter .0800 .14G5 . 0562 .2707 .0280 ,0077 .0553 .0553 A23
Xix Contr Vive .2560 .4061 .1624 .8248 .1089 .,0183 .1649 .1649 1.2206
Diverter £ +3300 3835 y39u -BYO9 o240 L019R L1622 L1622 1.2791

Relief Valve
Vaive Hoses .2000 .0625 .0250 . 2875 L0040  .0022 .Q575 .0578 .4087
Clamps .0400 .0156 . 0062 .0618 .0100 .0033 J0124 L0324 .059¢
Total Al System [=.TT2¢
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Air Injection System
RETAIL PRICE EQUIVALENT
AT THE VEHICLE LEVEL
Plant Tools Vehicie
Vendor & Corp. Corp. Dealer Retail Price
Part Costs ReD Equip Alloc Profit Marlkup Equivalent
Al Pump 12.5215 1.000 2.5242 2.5242 5.0489 23,7137
Al Valves 3.4913 - - . 3933 . 8333 1.29345 £.e343
Vehicle Assem .5250 - W3195 . 1050 . 1050 .2100 1.2850
Engine Mod. .1750 - .315%0 .0350 .0350 .0700 L5252
Total Vehicle 31.8839

Retail Price

Equivalent

R & 0 is estimated to be $300,000 per year. Allocated over 300,000

vehicles per year results in $§1.00 per vehicle.
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Alr Injection System

Cost Cocmparison to Aftermarket Selling Prices

Using the afto~market discount data and the aftermarket selling prices,

the Air Injection System costs are:

Air Pump Assembly
Pulley

Bracket Assembly
Diverter Valve

Mixture Controi Valve

Disc

/s
62.95 15.74
2.64 .66
3.60 .90
11.80 2.95
14. 900 3.50
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Disc
1/5

12.59
.53
.72

2.36
2.80

Estimated
Vendor
Costs

7.9874
4062
1.0143

1.2791
1.2806

A



Air Injection System

Cost Methodoloay

The weight data were obtained from both the Chrysler data and the Oidsmmobile

data books. The material costs are campiled using the AMM mill prices.

The labor costs are estimates based on mass production tooling and equipment.
The economies of scale are specified in the tooling estimates. The averhead data

are based on the information supplied from one of the automabile companies.

The tooling costs are based on mass production estimates of die, mold, and
fixture costs. The equipment estimates are based on the current costs of new
equipment. The land and building estimate is based on published information, on

an actual production facility for General Motors.

Air Injection System

The installations in various engines, depending upon company, vary significantly.
Therefore, each system cost can be constructed from the priar detail data. See

the installation sketches to confirm the data.

28

RATH & STRONG

INCORRORATED



2‘

HEAVY DUTY GASOLINE ENGINES

Air Switching System

The detailed descriptions and calculations following this page apply to passenger
car parts, reprinted from a previous report £EPA - 78 - 002, March, 1978, The
costs shown therein have been adjusted by using factors, described later in this
repart, that reflect differences in size and in manufacturing volurne (economy of
scale) between automobiles snd trucks. The EQS used for automobiles is 350,000
per year; for trucks, 50,000.

The resulting retail price equivalent costs for trucks are shown below.

Automobile EOS

Unit Cost Factor
Material .163 1.3
Labor and Overhead .410 2.7
Equipment .025 2.4
Tools 033 3.4
Weighted Factor 2.4

X Automobile Retail Price Equivalent $2.08

= Truck Retail Price Equivalent $4.99

29
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The alr swltching system Is a subsystem and is usually
associated with the 3-way plus oxidation catalyst
system, An alr switching valve Is added to the air
injJection line which sugplies air to the exhaust

ports. When engine coolant temperature reaches a
predetermined level, the TVS allows & vacuum signal to
be sent to the switching valve which in turn diverts
the alr being Injected into the ports to a point
downstream of the 3-way catalyst and just upstream of
the oxidation catalyst. In vehicles utilizing electronic
contro!l units (ECU), the ECU may receive signals from

d temperature sensor that indicates whea engine temper-
ature is high enough at which time the air is diverted

downstream by a solenoid switching valve,

Alr Switchin? Sysf’cm

Same as Air Inpetion Syrfon. axcept:

- wire from CT5 Yo ECV/

- wire frem ECU to sthenocd
—-srhoajsuﬁhbafu@/wL

- &ir Acs@ To point abunsTream

rFums
M
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Air_Switching System

BILL OF MATERIAL

MANUFACTURING COSTS

Component Material Weight ::A:;ts Labor Overhead gcfgts Reference
Solenoid Valve Steel .31€ .0634 . 2620 . 1948 .4302 Sketch
Electric ¥Wiring Plastic .050 .C400 .0010 . 0004 _.0414  and EPA

Copper Data
Hose Rubber . 300 . 0600 . 0300 .012¢ .1020
Tota!l .1634 . 2930 L1232 _L273°%
Vehicle Assembly . 0625 . 0250 . 0875
Engine Modification . 0312 . 0125 . 0437
Total Vehicle - 7048
31
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Air Switching System--Tooling Cosis--Amoriized Per Part

Economic 1 Year 3 Year Non- 12 Year 12 Year 40 Year Amortization
Volume Recurring Recurring Machinery Launching Ltand ¢ Per

Part Per Year Tooling Tooling Equipment Costs Bulldings Plece
.0100 .0167 .0200 .0020 .0487

Solenuid Valve 5,000,000 50,000 250,000 1,200,000 120,000 -
. 0004 .0002 LY. .0000 .0003

Wiring 5,000,000 2,000 2,500 15,000 1,500 -
. 0040 .0017 . 0925 .0002 .0084

Hose 5,000,000 20,000 25,000 150,000 15,000 -
Total .0148 .018c 0223 .0023 0579
.0083 L0167 .0023 .0003 .028)

Vehicie Assembly 300,000 2,500 15,000 10,000 1,000 -
.0167 L0011 .0028 .0003 .0308

Engine Modification 300,000 5,000 10,000 10,000 1,000 -
. 1168

Total

Research and Development Estimate:

$210, 000 over 3 Years, or 570,000 per year

for 300,000 vehicles per year, or .2330 per vehicle
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Air Switching System

TOTAL MANUFACTURING COSTS

Plant
Plant Mfg .20/MC .20/MC Mfg/
Over- Costs Tooling Corp Corp Vendo
Part Mat Labor Head (M) Exp. inv. Costs Profit Costs
Solenoid .
Valve L0634 .2620 .1048 . k3592 .9257 0220 .5%63 .0330 .65%9
Wiring &
Hose .1000 . 0310 .0124 1434 REX L2029 L2227 J_27 L2100
Total L8453
33
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Alr Switching System

RETAIL PRICE EQUIVALENT
AT THE VEHICLE LEVEL

Plant Vehicle
VYendor Tools Corp Corp Dealer Retail
Costs and Allocation  Profit Markup Price
Part {(VC) ReD Equip .20 VC .20vC 40VvC Equivalent
Solenoid Valve ,6509 . 2330 - ,1302 .0302 .2604 1.4044
Wiring & Hose .2100 - - . 0420 . 0420 . 0840 .3780
Vehicle .0875 - .0231 0175 L0175 .¢330 L1356
Assembly
Engine . 0437 - .0308 .0087 .0087 L0175 L1395
Modification
2.9777
Tota' RPE
34
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Alr Switching System

Cost Comparison to Aftermarket Selling Prices

This particular valve design does not have an aftermarket price in
our source data (1977 catalogs). We can estimate the relative selling
price by comparing selling prices for diverter valves and FCR valves

($14.00 - $18.05) .

Diverter EGR
Aftermarket Selling Price $14.00 $18.08
Discount (1/4 Selling Price) 3.50 4.51
Discount (1/5 Selling Price) 2.80 3.61

The vehicle retail price ecuivalent (RPE) is estimated to
be 2.0777 while the manufacturing costs are .860S for the

valve and hoses (.650%9 for the valve),
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Alr Switching System
Cost Methodology

The weight data Is estimated using similar valve data. The valve design

was zssumed to be solenoid actuated.
The labor costs are estimates of production costs, using today's technology
and assumed economies of scale. The txoling estimates are based on

knowledge of the mass production processes and equipment.

The assembly costs and the engine modification costs were included in

the costs at the vehicle leve!l.

Air Switching System

Apglications in Various Engine Configurations

This air switching system isassumed to be unaffected by 2ngline size.
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HEAVY DUTY GASOLINE ENGINE

Reed Air Valve

The detailed descriptions and calculations following this page apply to passenger
car parts, reprinted from a previous report EPA - 78 - D02, March, 1978." The
costs shown therein have been adjusted by using factors, described later in this
report, that reflect differences in size and in manufacturing volume (economy of

scale) between automobiles and trucks. The EQS used for automobiles is 350,000
per year; for trucks, 50,000.

The resulting retail price equivalent costs for trucks are shawn below,

Automobile EQS

Unit Cost Factor
Material ' .880 1.3
Labor and Overhead .335 2.7
Equipment .024 2.4
Tooling 077 3.4
Weighted Factar 1.8

X Automobile Retail Price Equivalent $4.64

= Truck Retail Price Equivalent $8.35
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Reed Ajr Valve

Pulse Air System

The pulse alr system is a simplified reed valve system
that providgs an alr supply to the exhaust manifold to
help oxidize unburned hydrocarbons and carbon monoxide.
The alr suction valve takes air from the air cleaner
and Imposes a pulsated alr flow at the exhaust valve,
In some applications, this system is used In place

of an air pump system when lesser amounts of air are
required than which would be provided by an air pump

system,
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CANISTER PURGE LINE\ ,
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CARE A A
BOWL /
VENT EGR VALVE
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== PORTED VACUUM

(1) FOR TRAPPED VAC, STFARK & SEC. CHOKE PULL-OFF,

(2) FOR ECit COLD OVERRIDE,

\— PULSE AIR VALVE

140 CID. 2-8BL

EMISSION  CONTROL
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PULSE AIR VALVE ™~ A

CRANKCASE VENT PIPE -

FRESH AIR INTAKE

on

PAIR RESTRICTION
3/8" hola In cylinder head (typical 4 places)
SECTION A-A

1977 PULSE ATRR SYSTEM 140 C.1.D, L4 ENGINE




Alr Suction Valve

from Air Cleaner

]ﬁJ

~ ' rD Aflr Suction Plpe

y |
to Exhaust Port ‘ ! to Exhaust Port
| !
:—7<—,!— Valve Stopper

pRf g

\Ree..
Valve Scat

Vavle Housing

- Calibratious : Flow resistance ; 190 - 200 4/min/-500 inniAq
Leak : Max, 0.2 Z/min. /250 mmAq
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Reed Air Valve

Pulse Air System

BILL OF MATERIAL

MANUFACTURING COSTS

4-CYLINDER ENGINE

Mat Labor Mfqg
Ccemponent Material Weight Costs  Labor Overhead Costs Reference
Manifold Alum. .50 .300 .0416 .0146 .3582 Figure B37
Steel
Reed Valve Bronze .25 .100 L1250 .0500 . 2750
Steel
(6 ft) Suction Pipes Tubing 1.00 .300 L0312 .0125 .3837
Fittings Steeal .30 . 120 .0312 .0125 1637
Steel
Air Intake Tubing .20 . 060 .0100 .0040 . Q740
2.25 . 880 . 2390 .03955 1.2155
Modify Engine Head - - - . 0625 . 0250 .0875
Vehicle Assembly - - - . 1250 .0500 .1750
Total Vehiclae
Installation 1. 4771
42
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Reed Air Valve--Tooling Costs--Amortization Per Part

TR 4 T

1 Year 3 Year Non- 12 Year 12 Year 40 Year Amortization
Economic Recurring Recurring Machinery Launching Land & Per
Part Volume Tooling Tooling ¢ Equip Costs Buildings Piece
. 0100 .0100 . 0050 .0004 L0254
Manifold 2,000,000 20,000 60, 000 120,000 10,000 -
.0200 .0100 . 0100 .0008 .0408
Reed Valve 2,000,000 40,000 60, 000 240,000 20,000 -
.0020 .0010 .0010 . 0001
Pipes 10,000,000 20,000 30,000 120,000 16,000 = . o0ul
. 0050 . 0040 L0100 20012
Fittings 10,000,000 50,000 120,000 1,260,000 150, 000 - .D202
.6100 . 0050 .0012 . 000%
Alr intake 2,000,000 20,000 30,000 24,000 2,000 - . 0161
Total . 0470 . 0300 .0270 .0026 . 1066
.0500 . 0250 . 0250 . 0025
Engine Head 400,000 20,000 30, 000 120, 000 12,000 - . 1025
.0250 . 0250 .0075 . 0008
Vehicle Assembiy 400,000 16,000 30, 000 36, 000 3,690 - . 0583
L2674

Total Vehicle

"ReD estimates $900,000 for 3 years, or $,75 per vehlcle,



Reed Air Valve

TOTAL MANUFACTURING COSTS

Plant Plant .20 MC  Mfg/
Over- Mfg Tooling .20 MC Corp Vendor
Part Mat Labor Head Costs Exp. inv. Corp Profit Costs
{MC)
Reed Valve . 880 .2390 L0255 1:2146 9779 .92235 L2829 2429 1.8270
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Reed Air Valve

RETAIL PRICE EQUIVALENT
AT THE VEHICLE LEVEL

RATH & STRONG

Plant Tools Corp. Corp. Dealer Vehicle
Vendor £ Alloc. Profit Markup Retail Price
Part Costs R&D Equip 20VC .20 VC .40 vC Equivalent
Reed Valve 1.8579 .7500 - L3614 3614 .7228 b.0227
Engine Mod . 0875 - . 1025 .0175 .0175 .2350 .2%00
Assembly 1750 - . 0583 . 0350 .0350 .0700 .3733
Total Vehicle
Retail Price
Equivalent h.&3%¢
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Reed Air Valve

Cost Comparison to Aftermarket Selling Prices

1Jsing the estimated costs, the aftermarket seliing prices could vary
between $8.95 and $17.80. No aftermarket data was available at

this writing.

Reed Air Valve--Cost Ms*hodology

The weight data was estimated using the sketches supplied by EPA.

The material costs are compiled using the 1977 AMM mill prices.

The labor costs are estimates of production costs using today's
technology, and the assumed economies of scale. The tooling costs are
estimates of the expendable teols and the machinery and equipment

required to produce the components in 2 mass production environment.

The assembly costs and the engine modification costs were included in

the costs at the vehicle level.

Reed Air Valve~~Apolications of the System

The applications of the Reed Air Valve systems are on
b-cylinder engines as a substitution of the fan air

pump normally used on some 6-cylinder and 8-cylinder
engines, We have assumed that this design is limited

to becylinder engines,
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B - EXHAUST GAS RECIRCULATION SYSTEMS
HEAVY DUTY GASOLINE ENGINES

The detailed descriptions and calculations following this page spply to passenger
car parts, reprinted from a previous report EPA - 78 - 002, March, 1978. The
costs shown tharein have been sdjusted by using factors, described later in this
report, that reflect differences in size and in manufacturing volume (economy of
scale) between autnmotiles and trucks. The EOS used for automobiles is 350,000
per year; for trucks, 50,000,

The resulting retail price equivalent costs for trucks are shown below.

1. EGR System

Automobile EOS
Unit Cost Factor
Material .573 1.3
Labor and Over.head 1.148 ' 2.7
Equipment .068 2.4
Tooling .209 __ 3.4
Weighted EQS Factor 2.4
X Automobile Retail Price Equivalent $7.02
= Truck Retail Price Equivalent $16.85
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Exhaust gas reclirculation |!s use&, primarily, to lower peak
cumbustlion temperatures, and to control the formatlon of NOx.
NOx emission at low tzmperatures Is not severe; however,
when the temperature exceeds about Z,SOOQF, the production
of NOx In the combustion chamber, is rapidly accelerated

to high levels, Peak combustion temperatures can be reduced
by retarding the spark, or, by introducing an inert gas

such as exhaust gas to dilute the fue! mixture,

A small amount of exhaust gas is required to rapidly éool
peak combustion temperatures. Tnerefore, the hole in the
EGR valve is, necessarily, very small even when open to

full capaclity,

Chrysler, at one time, had one of the simplest exhaust
recirculation systems, [t had the floor jet under the
carburetor, In this system, holes were drilled into the
bottom of the intake manifold; then, calibrated jets were
screwed into the holes, These holes penetrated the exhaust
cross=-over passage, allowing exhaust gases to enter the
intake manlfold constantly. The difflculty inherent in

that system was exhaust gas recirculation at !dle spaeds.
This was not only unnecessary for proper emissions contro!:
but, unnecessarlly caused rough idling engines. Most
Chrysler engines now use a separate EGR valve, similar to

thosz employed by all other manufacturers.,
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EGR valves are normally mounted on the intake manifold. When

the valve opens, exhaust gases are allowed to pass usually from
the crossover passage into the throat under the carburetor. The
EGR valve is vacuum operated, by intake manifold vacuum on some

engines, and by ported vacuum on others.

The ported vacuum systems are the simplest. At idle speeds, the
port is avove the throttle blade, keeping the EGR valve closed,
When the throttle is opened, vacuum acts on the port, and, the
EGR valve opens, At full throttle, there Is no Intake manifold

vacuum. This closes the EGR valve, giving the engine maximum power.

The EGR valve, on some vehic{es, is operated by intake manifold
vacuum. These valves use an amplifier in the circuit, The
amplifier, which Is controlled by venturi vacuum, operates the
valve, A small hole in the carburetor venturi picks up vacuum,

when the airflow through the carburetor is sufficient enough, and,
sends the vacuum signal to the amplifier., The amplifier then opens,
to allow manifold vacuum to act on the EGR valve, This amplifier
system is used to obtain precise timing of EGR valve operations;
additionally, exhaust recirculation does not commence, until

erngine speed is considerable above idle.
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However, these systcms, were found to be sensitive to outslide

air temperatures as well; and, were discontinued after March 15, 1973,
as a result of the EPA order,

ford uses a temperature control which resembles a PVS valve, except
that it has two nozzles., This control shuts off the vacuum, to

the EGR va.ve, at low temperatures.

When Chrysler stopped locating thelir air temperature sensor within
the plenum chanber, they began using a valve, similar to Ford's,
except mounted In the radiator. The Chrysler valve has two nozzles,
with a hose connected to one, and a foam filter on the other. At
low temperatures the valve opens, allowing alr to enter. This

weakens the vacuum, thus keepling the EGR valve closed,

Buick has changed their EGR temperature regulation considerably,
In 1972, they did not use a temperature control, In 1973 models,
they used a temperature switch, located in the hose that shut off
the vacuum to the EGR valve, at low temperatures, This switch was
sensitive to engine compartment temperature, and was judged to

be a defeat device by EPA, By March 15, 1973, Buick changed the
switch to a coclant temperature switch, working with a vacuum
solenoid. At low temperatures, this coolant switch caused the
solenoid to shut off the vacuum to the EGR valve. In 1974,

Buick eliminated the electric components in their system, and
empioyed a straight coolant-vacuum switch, closing off the vacuum

to the EGR valve, at low engine temperatures,
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Cadillac used a switch in the hose similar to Buick's first switch,
After March 15, 1973, they enclosed the switch in a housing; so that,
it was more sensitive to engine temperature, rather than underhocd

temperature,

Chevrolet does not use temperature control for their EGR system,
This is surprising, considering all other General Motors divisions
do use a temper2ture control., Oldsmobile uses a mechanical

temperature control valve in the hose to the EGR valve, similar

to what Cadillac uses.

Pontiac probably has the most complicated system of all. Before
March 15, 1973, the EGR system was tied in with the transmission
control spark system, The two systems were hooked together,

so that, when vacuum spark advance was allowed, there was no EGR,
When EGR was allowed, there was no vacuum spark advance, This
complicated system was eliminated on March 15, 1973; and, from
then.on, the EGR and the transmission control spark systems were

separate,

51

RATH & STRONG

INCORFORATED



EGCR Systerns

CALIERATED
CARBURETOR
SIGNAL PORT

EGR VALVE

o /
CARBURETOR ¥

THRQOTTLE VALVE

»)

AT

INTAKE
MANIFOLD

EXHAUST GAS

T L
IR R S

1Hott cors use an EGR system wrth a valve ard 3 poried vacuum 9503l 88 Shawn hers. Some cary

use venturi vacuum wrth & separste amphifier 1 operats the vaive

Yaluum tuld COme{CTID

DiAPHAAGM 10 FOAT me CARBMEITOR
covim T ’
BPRING. b

ACTUATING
(1]
VALV SnarY OiaPnAAGM
d o ==

4

S vawve OPtN

VALVE SCAT — '...;_ /S
vn:ltnuﬂn!\ .- L‘:.} :Y- 1XnAUNT GaS

Vg

10 InTaxe \4 \ rr L/"'u' ponr

namrmn\//{. v }‘/ .
j Js “ CA

cuen--y of a typwer! Genc:al Motors LGR valve. The
Chrysier and Fusd vawves are simiar

staL

52

RATH & STRONG

INCORPORATED



EGR Systems
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Valve
Position
Actuator

{

EGR Systems

BILL OF MATERIAL

MANUFACTURING CGCSTS

RATH & STRONG

Mat Labor Mfg
Part Material Weight Costs Labor Overhead Costs Reference
EGR Valve Assy Assem. . BBU - .1250 .0500 .1750 17053105
| or
Diaghragm Cover Steel o 0400  .1250 .0500 .2150 W 170523€4
Diaphragm Sprir .. cu: <0u 209  .0625 .0250 .1075 $18.05
l.arge Dia. ¥ o=x, LRTER .0%0 .00 .0312 .0125 .0617
Diaphranr Flialbaee .050 0200 .0156 .0062 .0418 S 5713
Smail ¢« .. ¢ est0n St LD 0180 .0312 .0125 .0617 3130, of
Vac. Tute: Conm. Giend 30,0200 .0156 0062 .o41g | Total MC
S=zal Stes? .050 0200 .0156 . 0062 L0418
- Fisoa <
Vzive Shaft Sieei .100 .8200 .03732 .0125 .0637
Valve P Metal .050 L0330 .0156 . 0062 . 0468
Valve Seat ° Metal . 050 .0250  .03156 . 0052 . 0468
s ' _.._-2260  .4841 . 1935 .9036
FEGR Velve Adaptor  Steel 1.320 . 2640 .0625 .0259 .3515 416499
Hoses Rubber . 050 .0100 .0156 .0062 .0318
Gaskets Ast .030 .0120 .0156 .0062 .0338
.2860  .C937 .0374 N
Exhaust B.P. Assem .304 - . 1250 .0500 .1750 551083
Transducer
Valve Cover Steel . 064 .0128  .0156 .0062 . 0346
Filter . Steel . 060 .0120 .01S6 .0062 .0338
Spring Stezl . 060 .0120 .0156 . 0062 .0338
Piston Steel .020 L0040  .0078 . 0031 .0149
Probr Steel .100 .0200 .0625 . 0250 .1075
.0608  .2421 .0967 .3996
Total ‘ 1.7203
54



v, ECR System

BiLL OF MATERIAL

Mat Labor Mfg
Part Material Weight Costs tLabor Overhead Costs Reference
Vehicle Assem - - - .2500 .1000 .3500
Engine Muod. - - - .0625 . 0250 . 0875
Total Vehicle 2.1578
Installation
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~uR Systems--Tooling Costs--Amortization Per Part

. 1Year 3 Year Non- 12 Year 12 Year 40 Year Amortization
Economic  Recurring Recurring Machinery Launching tand £ Per
Part Voliume Tooling Tooling £ Equip Costs Buildings Plece
.0200 .0200 .0100 .0010 .0510
EGR Valve Assy 1,006,000 20,000 60,000 120,000 12.000
.0050 . 0050 . 0025 .0002 «03127
Diaphragm Cover 2,000,000 10,000 30,000 60,009 6,000
.0020 .0020 .0010 . 0001 .0051
Diaphragm Spring 5,000,000 10,0900 30,000 60, 000 6,000
.0025 .0050 .001§ .N0602 .0092
Large Dia. Piston 2,005,000 5,000 30,000 36,000 3,600
.0050 . 0040 .0ot1o0 . 0001 0101
Diaphrsgms 5,000,000 25,000 60,000 60, 000 6,000
. .0025 . 0050 .0015 .0002 .0092
Small Dia. Piston 2,000,000 5,000 30,000 36,000 3,500
.0025 .0010 .0005 .0000 0040
Vac. Tube Cann. 4,000,000 106, 000 12,000 24,000 2,400
.0025 . 0025 . 0012 . 000¢% . 0063
Seal 4,000, 000 10,000 30,000 60,000 6,000
.0050 . 0025 .0025 . 0003 .0102
Valve Shaft 4,000,000 20,000 30,000 120, 000 12,000
. 0040 .0020 .0020 .0002 .0082
Valve 5,000, 000 20,000 30,000 120,000 12,000
.0040 . 0020 .0020 .0002 .0082
Valve Seat 5,000,000 20,000 30,000 120, 000 12,000
.0550 .0510 .0257 . 0026 2 1343
.0200 .0i00 .0100 .0010 .0u10
EGR Vlive Adaptor 1,000,000 20,000 30,000 120, 000 12,000
. 0040 . 0017 .2Gz5 .0002 .,0084
Hoses 5,000,000 20,000 25, 000 150, 000 15,000
. 0040 L0017 .0025 . 0002 .0084
Gasketls 5,000,000 20,000 25,000 150, 000 15,000

.0578




9.2 EGR Systems -Tooling Cgsls—-Amurlizaliqn Per Part (Continued)

1 Year 3 Year Non- 12 Year 12 Year 40 Year Amortlzation
Economic Recurring Recurring Machinery Launching Ltand ¢ Per
Part Volume Tooling Tooling £ Equip Cosls Buildings Piece
.0200 .0t00 .0050 . 0005 .0355
Exh BP Transducer 1,000,000 20,060 30,000 60,000 6,000
. 0050 .0050 .0025 .0002 0127
Valve Cover 2,000,000 10,000 30,000 60,000 6,000
. 0050 . 0050 .0015 . 0002 L0017
Filter 2,000,000 10,000 30,000 36,000 3,600
.0020 .0020 .0010 . 0001 . 0051
Spring 5,000,009 10,000 30,000 60,000 6,000
. 0025 .0050 20015 .0002 .0392
Piston 2,000,000 5,000 30,000 36,000 3,600
3
0742
.0333 L0657 .0167 L0017 - .1183
- Vehicle Assem 300,000 10,900 60,000 60,000 6,000
. 0667 .0667 .9333 . 0031} - .1700
Engine Mod 300,000 20,000 60,000 120, 000 12,000
Total EGR System
.5546

on Vehicle

ReD Estimate: 500,000 for 2 years, or $1,11 per vehicle for a 3-year payback.



EGR System

TOTAL MANUFACTURING COSTS
Plant Plant .20 MC Mfg/
Over- Mfg Tooling .20 MC Corp Vandor
Part Mat Labor Head Costs Exp. Inv Corp  Profit Costs
EGR Valve L2260 .4841  .1935 . 9036 .1060 .22%3  ,1807 .1807 1.39%95
EGR Valve .2640 .0625 .0250 .3515 .0306 .0110 .0703 .0703 5331
Adaptor .
Hoses & Gaskets .0220 .0312 .0124 .0656  .0113 ,0'54 .0131 0131 .i195
BP Transducer .0608 .2421 .0967 .3996 L0615 <9127 9795 0799 «6335
| . J
Total Vehicle 5728 1.1475 .20B8 .0684 2.6857
Mfg Costs
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ECR Systems

RETAIL PRICE EQUIVALENT

AT THE VEHICLE LEVEL

Plant Tools Corp. Corp. Dealer Vehicle
Vendor & Alloc. Profit Markup Retail Price
Part Costs ReD Equip vz _ V(e 4 VC Equivalent
ECR Valve 1.39395 1.1111 - .2793 2739 .5598 2.6302
EGR Adaptor .5331 - - . 1066 . 1066 L2132 .3595
Hoses & . 1195 - = .023% 0233 .0476 L2151
Gaskets
BP Transducer ,6336 - - L1257 L1287 2534 1.1408
Vehicle Assem  .3500 - L1183 . 0700 .0700 1400 -T433
Engine Mod . 0875 .1700 .0175 L0175 . 0350 .3275
Total Vehicle p
Price Equivalent 7.0212
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EGCR System —
Cost Comparison to Aftermarket Seiling Price

Using the aftermarket discount data and the aftermarket selling price,

the following analysis is projected:

Chiiton
Aftermarket
Selling Price Reaference
EGCR Valve 18.05 17052364
Discount 1/4 4.51 or
Discount 1/5 3.61 17053105

The estimated vendor costs arel ., 3935and the vehicle retai! price

equivalent is3.6302. This figure includes $1.11 of RED allocation.
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EGR System==-Cost Methodology

The weight data were obtained from tne Oldsmobile computer
printout. The material costs are compiled using the 1377 AMM

mill prices,

The labor costs are estimates of productlon costs using today's
technology and the assumed economies of scale, The overhead
data are from a company communication., The tooling costs are
estimates of expendable tools, fixtures, and dies, as well

as estimates of equipment and machinery, to produce the components,

It was assumed that no new buildings were required to produce

these parts.

The vehicle assembly costs and the engine changes were included

in the costs at the vehicle jevel.

EGR System==Application of the Systems

Many domestic vehicles have engines equipped with an EGR
valve similar to the dasign used in the estimate. The
various applications to engines are numerous, due to

the differences in locations in the 4, 6, and 8 cylinder
engines., The hoses will vary due to the differences in

locations.
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IC - CATALYTIC CONVERTERS
HEAVY DUTY GASOLINE TRUCKS

GENERAL

For clarity of presentation, the varinus catalytic converters have been grouped

into two major categories, Monolithic and Pelleted.

The Monolithic ones are:

. Monaolithic Oxidation Converters
. Manolithic Reduction Converters
. Maonolithic Three-way Converters
. Monolithic Start-up Converters

These are all aimilar physically, being cylindrical in configuration. They differ
primarily only in their catalytic reagents. There can be different sizes, or

capacities, in each type.

The Pelleted ones are:

. Pelleted Oxidation Converters

. Pelleted Reduction Converters

Here, also, the physical configurations are similar--a flat pan-shzped

enclosure. The noble metals are different, and each can vary in size.

The cost estimations quoted herein were calculated primarily by applying
appropriate economy-of-scale factors to those costs estimated in detail and
presented in the previous report on cars, EPA - 460/3 - 78 - 002, Costs are in
1977 dollars.
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OXIDIZING CATALY TIC CONVERTERS

The oxidation of HC and CO in the exhaust stream can be accomplished at lower
temperatures than the thermal reactor by using an appropriate catalyst. The
catalyst is contained in a casing which directs the exhaust flow through the
catalyst bed and protects the catalyst from mechanical damage. Compared with

a thermal reactor, a catalytic converter can be placed further from the engine.

Catalytic converters require the use of fuels with very low levels of lead,
phosphorus, and sulphur; small amounts cof these contaminants lead to rapid

deterioration of catalvst performance.

The catalyst consists of a thin layer of active material deposited on an inert
support material. The catalytically active material is usually a noble metal such

as platinum or a combination of transition metal oxides.

To obtain effective performance as rapidly as possible after engine start--up, the

density of the support material is kept as low as is practical.

There are two basic configurations for the support material in oxidizing catalytic

converters:

(1) Pellets of Alumina

(2)  Monalithic Honeycombs of Alumina
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MONOLITHIC CONVERTERS

Monolithic Oxidizing Catalyst

The monolithic oxidizing catalyst converter consists of a noble metal wash coat
on a ceramic or paper substrate mounted in an insulated metal container
supported by a wire mesh screen. This construction is usually mounted close to
the exhaust manifold ahzad of the fire wall as an integral part of the exhaust

pipe (either the Y-pipe or the straight pipe that connects to the muffler).

Its function is to convert the HC and CO gases to HZO snd COZ in the exhaust
system.

A 63 cubic inch unit is used as a base to develop the detailed cost estimations.
Such a unit is used on 6-cylinder, 250 cubic inch California cars. Costs for other

sizes can be estimated according to the formulae presented.

Ford monsithic convertar —Cutawsy view
(€ Ford Motor Co)
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MANIFOLD CONVERTER

63 cu. in. substrate volume

METAL MESH

SHELL ASM

SUBSTRATE-
CATALYST
COATED (Upper)

4.00 DIA —1==

SUBSTRATE-
CATALYST 9.64
COATED (Lower)

METAL MESH

NOTE:
ALL DIMENSIONS
ARE IN INCHES

RATH & STRONG

INCORPORATED

65



MONOLITHIC OXIDIZING CATALYTIC CONVERTER, 62 CU. IN. SUBSTRATE

Specifications:

A.

EO

Catalyst Supplier: Washcoat and Active Material Applied by:
AC Spark Plug Division Engelhard Mineral and Chemical Corp.
1330 N. Dort Highway 529 Delancy Street

Flint, Ml 486566 Newark, New Jersey 07105

Number of converters used per vehicle: One

General Type: Oxidation

General Location: Attached to exhaust manifold

Substrate

1. Configuration: Monolith

2. Construction Technique: Extruded

3. Composition: Major phase - Cordierite
Minor phase - Mullite

4. Supplier: AC Spark Plug

1300 N. Dort Highway
Flint, Ml 48556

Washcoat: Alumina

Active Materials:

lﬂ
2.

Compaosition - Platinum and Palladium in 5.2 ratio

Total Loading - .029 troy oz.
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H.

Container:

1-2
3
4-6

See Schematic
Volume - 2100 mi
The container is constructed of steel by forming and welding.

monolith is contained by metal mesh.

Canner: A( spat' Piug
(a) Insulaticn: None
(b)  Shielding: None

Physical Description (of substrate)

woE s

Dimensions: 2 pieces 3.66" diameter x 3" long

Weight: 1.9 Ibs. (Madified to 1.3 per Corning Glass data)
Volume: 63 cu. in.

Total Surface Area (BET): 10,300M2

Approximate Active Surface Area: 8,9UOM2
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Monolithic Oxidizing Catalyst, 63 cu. in. substrate

BILL OF MATERIAL
MANUFACTURING COSTS

(63 cu. in. volume)

Mat l_abor Mfg.
Part Material Weight Costs Labor Overhead Costs
Converter Assem Assem 7.800 - .68 .27 .95
Shell 409 SS 2.000 1.08 17 07 1.32
Ring 409 SS 1.000 .54 .08 .03 .65
Iniet Cone 409 SS 1.000 .54 .08 .03 .65
Outlet Cone 409 SS 1.000 .54 .08 .03 .65
Inlet Pipe 409 SS 1.000 .54 .08 .03 .69
Flanges 409 SS .250 .14 .04 .02 .20
Mesh 409 SS .150 .08 .04 .02 14
Hardware Steel .100 .03 .04 .02 .09
Substrate Ceramic 1.300 6.32 .34 .14 6.80
Washcoat ALZCJ3 .81 .17 .07 1.05
Sub Total 10.62 1.80 .73 13.10
Platinum Platin. .02075 T. oz 3.46 .06 .03 3.55
Paladium , Palad. .0083 T. oz .97 .03 .0l .61
Total 14.65 1.89 .77 17.31
Vehicle Assem - - - .13 .05 .18
Body Modification - - - .13 .05 .18
Total Venicle 14.65 2.15 .87 17.67
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Monolithic Oxidation Catalyst--Tooling Costs--Amaortization Per Piece

(VOLUME AND $ INVESTED EXPRESSED IN THOUSANDS)

QIiVEOdBGINI

ONOXIS ® HILiIVY

69

1 Year "3 Year Non- 12 Year 12 Year 40 Year Amortization
Recurring Recurring Machinery Launching Land & Per
Part Volume Tooling Taoaling & Equip Costs Buildings Piece
.30 .30 .08 .01 .01 .70
Converter Assem 5S¢ 15 45 50.4 5.0 500

.30 .30 .08 .01 .69

Shell 50 15 45 50.4 5.0
.07 .05 .01 - .13

Ring 100 7.5 15 16.8 1.7
.15 .10 .03 .0l .29

Inlet Cnne 50 7.5 15 16.8 1.7
.15 .10 .02 - .28

QOutlet Cone 50 7.5 15 16.8 1.7
- 15 .10 .03 - .28

Inlet Pipe 50 7.5 15 16.8 1.7
.05 .04 .01 - .10

Flanges 1c0 5.0 11 7.C 0.8
.15 .10 .03 - .28

Mesh 50 7.5 15 16.8 1.7
.01 .01 .01 - .03

Hardware 250 2.5 8 8.4 0.8
Subtotal 1.33 1.10 .31 03 .01 2.78
.30 .30 13 .01 .74

Substrate 50 15 45 84 8.4
.10 .10 .05 .01 .26

Washcoat 50 5 15 33.6 3.4
.10 .10 .05 .01 .26

Platinum S0 5 15 33.6 3.4
.10 .10 .05 .01 .26

Paladium 50 p) 15 33.6 3.4
Subtotal .60 .60 .28 .04 1.52
.30 .30 .23 .02 .85

Vehicle Assem 50 15.3 46 136.8 13.7
.03 .03 .02 - .08

Body Modification 50 1.5 5 13.7 1.4
Total 5.23




Monolithic Oxidization Catalyst, 63 cu. in.

TOTAL MANUFACTURING COSTS

(63 cu. in. vol.)

Plant Plant .20MC  Mfg/
Over- Mfg Tooling .20MC  Corp Vendor
Part Mat Labor Head Costs Exp. Inv. Corp Profit Costs
Converter - .68 .27 .95 .60 .09 .19 .19 2.02
Assem
Converter Can  3.49 .61 .25 4.35 1.83 .23 .87 .87 8.15
Substrate 11.16 .60 .25 12.01 1.20 .32 2.40 2.40 18,33
Total 14.65 1.89 .77 17.31 3.63 64  3.46 3.46 28.50
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RATH & STRONG

INCORPORATLID



ST

ST e e

Monolithic Oxidation Catalyst, 63 cu. in.

RETAIL PRICE EQUIVALENT

AT THE VEHICLE LEVEL
Plant Tools Corp Corp Dealer Vehicle
Vendor & .2 VC L2 VC 4 MC Retail Price
Part Costs R&D  Equip Alloc Profit Markup Equivalent
Converter 2.02 4.00 - .46 40 .80 7.62
Assem
Converter Can 8.15 - - 1.63 1.63 3.26 14.67
Substrate 18.33 - - 3.67 3.67 7.34 33.01
55.30
Vehicle Assem .30 - .85 .06 .06 .12 1.39
Body Mod. .30 - .08 .06 .06 .12 .62
Total Vehicle 57.31

Price Equivalent
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Monolithic Oxidation Catalyst--63 cu. in. Cost Methodology

The weight data were obtained from the EPA and Chrysler data base. The
material costs were computed using 1977 AMM mill prices.

The labor costs are estimates of procuction costs using today's technology and

assumed volume of 50,000 per year.

The: tooling costs are estimates of expendable fixtures, dies, and molds. The
machinery and equipment are separate estimalzs based on 1977 costs of rew
equipment.

Scme new building expenditures were included in the estimates since no prior

capacity existed to produce the ceramic substrates.

Some modificatinons to the body structure were included in the estimates of labar

and tooling.
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CALCULATION SHEET FOR
PLANT MANUFACTURING COST

AND RETAIL PRICE EOUIVAL.ENT
OF MONOUITHIC CATALYTIC CONVERTERS

F

Plant Manufacturing Cost

ISTRUCTURAL
COMPONENTS;

ey

Plant Manufacturing Cost =

$4.05 ¢ .l44 x volume

TOTAL PLANT MANUFACTURING COST

FORM A

VOLUME]
an.3)

TOTAL
CRAMS

LOADING
{CM/FT)
Pt/P-. Ratio = Pt/R\ Ratio
{Pt+FP ') Portion = {(Pt+R ) Portion
i Price |
per
) &terial Qram
Flatinum 5.369
i . [Rhodium 14.628
,‘ ; Paliadium 2.220
| &
{ S |Rhenlum 1.709
E Ruthenlum 1 2.009
3 ()
i 3] Nicke! .005
| =
o]
:5 Total Grams -
5 Labor ¢ O.H. x .14 =

2.52

$13.75 415

R.P.E_
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Monolithic Oxidation Catalyst--Application of the Systems

Refer to the enclosed schematic which illustrates the locations by engine type.

TYPICAL INSTALLATIONS CATALYTIC CONVERTER

IN-LINE ENGINE V-8 ENGINE
SINGLE CONVERTER SINGLE CONVERTER

g

\

CATALYTIC CONVERTER —>

V-8 ENGINE

TWO CONVERTERS

<7 P 4

e CATALYTIC ot

CONVERTERS

ALTERNATE QUAL
EXHAUST

e

(>

V-8 ENGINE
S5INGLE CONVERTER

4 CATALYTIC
COMVEATER

|

ALTERNATE DUAL
\ EXHAUST
b i

Y A




MONOLITHIC OXIDIZING CATALYTIC CONVERTERS . SIZE GRADUATIONS
FORMULAE FOR MANUFACTURING COST AND RETAIL PRICE
EQUIVALENT ESTIMATIONS OF MONOLITHIC CATALYTIC CONVERTERS

Form A, attached, is, in effect, an equation relating noble metal composition,

loading, and volume to manufacturing cost and retail price equivalent.
Form A applies to:
a. Monolithic oxidation catalysts.

b. Monolithic reduction Catalysts.
Monolithic 3-way catalysts.

[¢)
.

d. Monolithic start catalysts.

Derivation of the Form A equation for plant manufacturing costs.

Catalytic components--plant manufacturing costs.

Grams of each ingredient are precisely defined when proportions,

volume, and loading are specified.

Prices are based on 1977 published quotations:

Platinum (Pt) $167./Troy oz.
Rhodium (Rh) $455./Troy oz.
Palladium (Pd) $ 69./Troy oz.
Rhenium (Re) $53./Troy oz.
Ruthenium (Ru) $ 62./Troy oz.
Nickel (Ni) $2.23/1b.

Copper (Cu) $0.75/1b.

Labor and overhead, $.14/gram, is used as a constant; taken from the
63 cubic inch converter previously estimated in detail. (See Appendix

A for detail calculations)
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Structural components--plant manufacturing cost:s.

The preceding estimate for the 63 cubic inch oxidizing catalytic

converter is used as the base for graduations to other sizes.

To conform with the impused maximums on diameter ard length, 6"
and 24" respectively, two diameters have been incorporated. FfFor
volumes up to 150 cubic inches, a 4" diameter shell is specified:
above 150 cubic inches up to 400 cubic inches, a 5.4 inch diameter is
specified. (Work sheets appended)
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Other variations of these dimensions would have minimal effect aon

the final costs.

The weights of the individual structural components of the basic 63
cubic inch unit were extrapolated on the geometrical ratios
applicable to other volumes. These ratios were (where D = Diameter,

L = Length, and V = Volume):

DZ
Shell - (D x L) + (a—-)

Rings - D ; (one per 5" length)
Inlet Cone - D

Outlet Core - D

Inlet Pipe - O

Flariges - D

Mesh - D x L

Hardware - D

Substrate - V

Wash Coat - V

Material costs per pound were maintained as used in the basic unit.

Labor costs fof the components were computed on the generalized
relationship that the rate of change of labor input is 60% that of the

rate of change of weight, algebraically expressed:

r
[aN]

W, Wy
=1+0.6( 2-1)=0.4+06 ==
W Wy

|

r
—

Labor overhead held consistent at 40%.

Plant manufacturing cost is the sum of materia! cost, labor cost, and

labor overhead.
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Using the above guides, the plant manufacturing costs for seven sizes

were calculated: (Work sheets appended) Results were:

Volume (ln3) Plant Manufacturing Caost

10 $ 5.42

63 (Basic) 13.15
100 18.25
150 25.68
200 33.31
250 39.87
300 47.42
400 61.48

Applying linear regression, a best-fit line was found.

Plant Manufaceturing Cost = $4.05 + ($.144 x Volume)

A graph, appended, of the data points and the best-fit line indicates

the error band around the line.

(See Appendix B for details)

Derivation of the Form A equation for converting plant manufacturing

to the Retail Price Equivalent.

The equation is:

Retail Price Equivalent = (Plant Manufacturing Cost x 2.52) + $13.75

The cost elements added to convert from plant manufacturing cost to retail

price equivalent are:
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Plant Expense Tocling $3.63

Manufacturing Plus Investment Tooling b4
Cost Vendor G & A 20% of Mfg. Cost
Vendor Profit 20% of Mfg. Cost
Equals Vendor Cost 1.4 (PM.C.) + $4.27
R&D 4.00
Vehicle Assembly . 1.39
Vendor Cost Plus Body Madification .62
Vehicle Corp G & A 20% of Vendor Cest
Vehicle Corp Profit 20% of Vendor Cost
Dealer Markup 40% of Vendor Cost
Equals
Retail Price Equivalent 1.8 (V.C.) + $6.06

= loe (104 hd-c:-+ 4.23) $6-06
= 2.52 (M.C.) + $13.75
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Monolithic Reduction Catalyst (as a function of volume, noble meta)

loading and compostion)

Reduction of nitric oxide in the exhaust gas in the presence of carbon maonoxide
and hydrogen can be accomplished with a suitable catalyst at typical exhaust-gas

temperatures.

The catalyst is usually made up of a small mass of active material such as noble
metal or a combination of transition and non-transition metals deposited on
therma:!v stable support materials such as alumina. To prevent loss in catalytic
activity due to mechanical damage, small spheric pellets or a honeycamb
(monolithic structure) have been fcund the most suitable geometries. The
catalyst is contained in a metal casing designed to direct the exhaust flow

through the catalyst bed. Self-supporting metallic catalysts are alsu being
developed.

For high convession efficiency throughout the test cycle, the catalyst must
attain its "light-of ™ temperature* as soon as possible after engine start-up.
Considerahle development work has, therefore, been done to reduce the density
of the support material and increase the surface area of the active components.
To maintain high catalytic activity with many of the catalysts being develaped,
the fuels employed must be low in concentration of various catalyst poisons such
as lead, phosphorus, and sulfur.

Because maximum NOX reduction occurs in a reducing atmosphere, the reducing
converter must be placed upstream of the final oxidation catalyst or reactor, and

the enginz must be operated with a fuel-rich fuel-air mixture.

Same calculation as for oxidizing catalyst, except for loading.

*The temperature at which the catalyst becomes effective.
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Morolithic Three-Way Catalyst (as a function of volume, nable metal loading
and compaosition.)

When the exhaust gas composition is close to stoichiometric (just enough air is
present in the fuel-air mixture to fully burn the fuel) the simultaneous removal
of HC, CO, and NOx can be achieved with a suitable catalyst material. These
catalysts are similar in construction to the nable m:tal reducing and oxidizing
catalysts. The three-way catalyst requires precise ccntrol of air-fuel ratio to

maintair high conversion efficiencies for all three pollutants.

Same calculation as for oxidizing catalyst except for loading.
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3-WAY CATALYST EMISSION CONTROL SYSTEM |

EXHAUST GAS RECIRCULATION
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Monolithie Start-up Catalyst

The start-up catalyst, or the warm-up catalyst, is designed to provide
catalytic conversion during the first two minutes of the engine warm up. It
is during this period (quick light off) that major emissiongs of HC + CO are
created. The start catalyst is designed to provide conversion at 400 degrees
F or less while the main catalyst is still heating up. These catalysts were
provided for California cars where standara formula HC + CO + NOx was

more stringent than the Federal standard.

Same calculation as for oxidizing catalysts, except for leading.
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WARM-UP CATALYST DESCRIPTION®
AMC (California) used or: 304 and 360 cu. in. engines

Catalyst Features, such gs:

b)
c)

d)

e)

f)
g)

h)

Catalyst supplier and address: Engelhard Industries Division
(Sole supplier)
430 Mountain Avenue
Murray Hill, New Jersey 07974
Number of catalysts us=d per vehicle: 1 for 6 cyl, 1 for V-8 Hornet/Pacer
2 for V-8 Matador
General Type: Oxidation
General Location: At exhaust manifold
Sutstrate:
(i) Cunfiguration - Monolithic, segmented
(i)  “ onstruction Technique - Extruded
(iii) Composition - Corderite
(iv) Supplier and Address: Corning Glass Works Division
(Sole supplier)
Corning, New York
Washcoat: Stabilized activated coating proprietory to manufacturer
Active Material:
(i) Composition of active constituents - Pt/Pd - 2/1
(ii)  Total active material Inading (gms. or Troy oz.) - 58 gm/ft.3
Container:
(i)  Configuration - Cylindrical
(i) Dimensiors - 3.87 dia. x 6.6 overall length

(iii) Volume - 48.8 In.”
(iv) Materials used - 409 Stainless .054" min.
(v) Technique of containment & restraint - Compliant wire mesh
Mounting rings
(vi) Canners Maremont Corporation
(Sole supplier)
250 East Kehoe Boulevard
Carol Stream, Iilinois 60187
(viii) Insulation and shielding (catalyst and/or vehicles) - None
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i

Physical Description:
(i) Dimensions: 2 pieces, 3.66 dia. x 1.25; (3.31 EFF dia.)

(ii)  Weight (Ibs): Catalyst only, 0.61 Ibs. (Modified to .53 lbs.

per corning Glass Data)
(i) Volume: EFF Catalyst 21.5 In.”, Total - 26.3 In.
(iv) Active surface area (BET): Proprietory to manufacturer
Catalyst Assembly Part Number: To be supplied
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TWC Catalytic Converter Assembly
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PELLETED CONVERTERS
PELLETED OXIDIZING CATALYST

The pelleted oxidizing catalyst converter consists of alumina pellets which have
wash-coated with noble metals packed in a metal container which is in turn

encased in an insulated outer metal shell.

This construction, resembling a flat pan, is generally mounted beneath the flcor
board in the exhaust stream. Its function is to convert the HC and CO gasses to
HZO and COZ.

A 260 cu. in, bed volume unit is used as a base to develop the detailed cost

estimates.

Cost for other sizes are estimated according to the formulae given. The
methodology used in developing these formulae is analagous to that described in

detail under Monolithic Converters.
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UNDERFLOOR CONVERTER - FULL FLOW
260 CU. IN. BED VOLUME

_—

//
WEIGHT = 26.7 LBS. 18.70

_//’;onvmsa SHELL

INSULATION
\ OUIER WRAP

Linver s

[ . OUTLET GAs
CATALYTIC PELLET COMPOUND
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EMISSION CONTROL SYSTEMS
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Pelleted Oxidation--Catalyst 260 cu. in.

BILL OF MATERIAL
MANUFACTURING COSTS

(260 cu. in. volume)

Mat. Labor Mfg
Part Material Weight Costs L abor Overhead Costs
Converter Assembly Assem 26.20 - 3.10 1.24 4.34
Outer Wrap 409 SS 8.00 5.36 .92 .37 €.65
Shell 409 SS 4.00 2.68 .92 .37 3.97
I/G Pipes 405 55 2.50 1.66 .27 <11 2.06
Bed Support 409 55 3.77 2.53 .52 .37 3.82
Insulation Fibre 1.50 2.01 .C5 .02 2.08
Glass
Pellets Alumina 6.43 12.79 .05 .02 12.86
PT
Total 27.05 6.23 2.50 35.78
Vehicle Assembly - Co- - 34 .14 .48
Body Modification - - - .17 .07 .24
Total Vehicle 27.05 6.74 2.71 36.50
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(Volumes and Investment $ Expressed in 1,000s)

Pelleted Oxidation Cstalyst--Tooling Costs--Amortization Per Piece

1 Year 3 Year Non- 12 Year 12 Year 40 Year Amortization
Economic Recurring Recurring Machinery taunching Land & Per
Part Volume Tooling Tooling & Equip Costs Buildings Piece
1.75 3.49 2.69 .27 1.62 9.82
Converter Assem 50 40 540 1,600 150 3,200
1.75 3.49 2.69 .27 8.20
Outer Wrap 50 90 540 1,600 160
1.75 1.75 1.35 .14 4,99
Shell 50 90 270 800 80
.17 .17 .13 .01 .48
1/O Pipes 100 18 54 160 16
1.75 3.49 2.69 .27 8.20
Bed Support 50 90 540 1,600 160
) W35 .35 .40 - .04 1,14
Insulation 50 18 54 240 24
.35 .35 .65 a7 1.42
Pellets 50 18 54 400 40
Total Caonverter 7.87 13.09 10.60 1.07 1.62 34.25
.30 .09 .a7 .01 .47
Vehicle Ascem 50 15 15 46 5
.49 .49 .05 .05 1.08
Body Modification 50 13 37 17 2
Tatal Vehicle 35.80



Pelleted Oxidation Catalyst--240 cu. in.

TOTAL MANUFACTURING CQOSTS

(260 cu. in. volume)

Plart Plant .20 MC  Mfg./
Over- Mfg. Tocling .20 MC  Corp Vendor
Part Mat Labor IHead Costs Exp. Inv, Corp Profit Costs
Converter - 3.10 1.24  4.34 5.24 4.58 .87 .87 15.90
Assembly
Converter 14.26 3.08 1.24 18.58 15.02 7.99 3.72 3.72 49.03
Can
Pellets 12.79 .05 .02 12,86 .70 .72 2.57 2.57 19.42
Total 27.05 6.23 2.50 35.78 20.96 13.29 7.16 7.16 B4.35
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Pelleted Oxidation Catalyst--260 cu. in.

RETAIL PRICE EQUIVALENT

AT THE VEHICLE LEVEL

(260 cu. in. volume)

~lant Tools Corp Corp Dealer  Vehicle

Vendor & .2 VC .2 VC 4 vC Retail Price
Part Costs R&D Equip Alloe Profit Markup Equivalent
Converter 84.35 1.80 - 16.87 16.87 33.74 153,43
Vehicle Assembly .48 - .47 .10 .10 .20 1.35
Body Model .24 - 1.08 .05 .05 .1C 1.52
Total Vehicle
Price Equivalent  85.07 1.0 1.55 17.02 17.02 34.04 156.30
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PELLETED OXIDATION CATALYST

Cost Metﬁodology

The weight data was obtained from the reference sketch. The pellet weight was
also obtained from the sketch. The companent weights are estimated by
proportional methods.

The labor costs are estimates based on knowledge of the actual plant processes
and manning. The ecanomy of scale was established using the General Motore

Milwaukee plant as the model.

The tooling and equipment costs are estimates using the General Motors plant as

the reference.

The vehicle assembly costs and the body changes ars added to the converter
costs at the vehicle level.
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PELLETED CATALYTIC CONVERTERS - SIZE GRADUATIONS

SIZE GRADATION CALCULATIONS

The configuration is regarded as two rectangular boxes, one centrally located

within the other. The outer box is the housing and the inner is the catalyst.

From the referenced sketch, these dimensions for the 260 cubic inch converter

are used as basic:

Height Width Length Area Volume
Housing 3.5 12.3 18.7 677 -
Catalyst 1.9 10.5 13.0 362 260

In graduating the dimensions to accommodate varying volumes, the catalyst
height is held constant (to give maximum cross-flow contact and also to fit tail
pipe). Length and width of catalyst are held in the same proportion, 13.0/10.5.

The niousing length is constantly 5.7 greater than the catalyst length; the width
differential is held at 1.8.
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PELLETED CATALYTIC CONVERTERS - SIZE GRADUATIONS

FORMULAE FOR MANUFACTURING COST AND RETAIL PRICE EQUIVALENT
ESTIMATIONS FOR PELLETED CATALYTIC CONVERTERS

Form B gives the equation relating noble metai composition, loading, and volume

to plant rnanufacturing cost and retail price equivalent.

It applies to:

a. Pelleted oxidation catalysts.

b. Pelleted reduction catalysts.

The calculations are based on extrapolation of the values given in the detailed

estimate made on the 260 cubic inch under-floor oxidation catalyst.

The noble metal prices and the overall logic employed are the same as presented

in the section on monolithic catalysts.

Work sheets are attached.
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CALCULATION SHEET FOR FORM B
PLANT MANUFACTURING COST
AND RETAIL FRICE EQUIVALENT
PELLETED CATALYSTS

—————
LOADING voLYME TOTAL |
DATA: (CM/FT?) (IN.7) GRAMS
+ 1728 x y =
Pt/Pd Ratio = P1/Rh Ratio =
(Pt « Pd) Portion = (Pt + Rh} Portion =
1 Pro- } Price | $
por- Crams per per
Material : tions Reg'd Cram Unit
‘;’ Platinum 5.368%
Z |Rhodium 14,628
Zz
2 (Palladium | 2.220
Z {Renium ! 1.709
(®) Y
0 |(Ruthenium ! 2.009
E Nickel ! .005S
> I
O [Total Grams - - --
Labor £ O.H. ] x .=
Plant Manufacturing Cost $
I -
P2 g Plant Mznufacturing Cost =
56
. g £1$7.97 (.057 x volume) $ ,
e © ]
s U 3
T T .  RP.E
TOTAL PLANT MANUFACTURING COST | § x | 2.5 | ,.l s7.u66] =] s
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PELLETED CATALYTIC CONVERTERS

DERIVATION OF THE FORM B EQUATION
FOR MANUFACTURING COSTS

Catalytic Components

Same as described under Monolithic Oxidizing Converters.

Structural Components

The preceding estimate for the 260 cu. in. converter is used as the base for

graduations to other sizes.

Part weights were graduated by the appropriated geometrical parameters.

Material costs per pound held constant.

Labor costs graduated at 60% of the weight graduation. Overhead constant at
40% of labor.

Manufacturing costs on 5 sizes were caleculated, and on linear regression, best fit,

equation was found:

Mfg. Cost, Structural Comps. = ($.057 x vol.) + $7.97
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PELLETED CATALYSTS

DETERMINATION OF THE FORM B EQUATION FOR ESTIMATING
THE RETAIL PRICE EQUIVALENT

The following costs must be added to plant manufacturing cost to get the vendor

cost.

Expense Toocling 20.96
Investment Tooling 13.29
Vendor G & A 20% of Plant Manufacturing Cost
Vendor Profit 20% of Plant Manufacturing Cost

Vendor Cost = 1.4 (Manufacturing Cost) + 34.25

To the vendor cost the following must be added to get Retail Price Equivalent.

R&D $1.60
Vehicle Assembly 1.35
Body Modification 1.52
Vehicle Corp. G & A 20% of Vendor Cost
Vehicle Corp. Profit 20% of Vendar Cost
Dealer Markup 40% of Vendor Cost

Retail Price Equivalent = 1.8 (Vendor Cost) + 4.47
=1.8] 1.4 (M.C.) + 34.25] + 4.47
= 2.52 (Plant Manufacturing Cost) + 66.12
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PELLETED CATALYSTS--DIMENSIONS

CATALYSTS HOUSING
Vol. Hagt. Wdth. Lgth., Area Area Vol. Hgt. Wdth. Lgth. Area Area
(in.j) . (in.) (in.) (in.) (in.z) Ratio  Ratio  (in.) (in.) (in.) (in.z) Ratio
260 1.9 10.5 13.0 362 1.00 1.00 3.5 12.3 18.7 677 1.00
320 1.9 11.6 14.4 433 1.20 1.23 3.5 13.4 20.1 773 1.14
400 1.9 13.0 16.1 530 1.46 1.5%4 3.5 14.8 21.8 901 1.33



Appendix A

FORMULAE FOR CALCULATION OF THE COST PER GRAM
OF CATALYTIC COMPQUNDS

Conversion Factors - Weight

The material prices are typically quated in varying units of weight. Herewith is

a list of factors by which to convert each to grams.

Avoirdupnis pounds x 453.5924 = grams
Avoirdupois ounces x 28.3495 = grams
Troy pounds x 373.248 = grams
Troy ounces x 31.104 = grams

Conversion Factors - Volume

Cubic feet x 1728 = cubic inches

Square feet x 144 = square inches

Cost Per Gram of 2 Composition of Materials (Exact Method)

To calculate the compound cost in dollars per gram, use the following format:

Quoted Conversion Pro- Compound
Price to $/Gram Portion
Conv. in
Material $ Unit Factor $/Gram  Compound $/Gram
A-1 B cC D E ¥ H
A-2
A-3
Ete.
G J
Total Campound 1.00
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A-1, A-2, Etc, - List ingredients

B & C - Quoted $ and units in which quoted

D - Appropriate conversion factor from 1.1

E - Divide B by D

F - List proportion as decimals (10% = 0.10)

G - Sum of column F must equal 1.000

H - Multiply F by E

J - Sum of column H equals compound cost per gram
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Example 1

What is the cost per gram of a compound which contains 2% rhemium; 0.4%

ruthenium; 3% nickel; and in which the platinum-to-rhodium ratio is 25:17

Solution: Rhenium = .020
Ruthenijum = 004

Nickel = .030
SUBTOTAL = .05
Remainder = 1.000 - .054 = ,946

. 25 _
Platinum 7T X .946 = .910

1

Rhodium m X 946 = .036
TOTAL 1.000

Quoted Conversion

Price to $/Gram Pro- Compound
Material $ Unit Factor $/Gram  Portion $/Gram
Platinum 167 .00 T. oz. 21.104 5.369 .910 4,886
Rhodium 455,00 T. cz. 31.104 14.628 .036 .527
Rhenium 775.00 Av. ib. 453,5924 1.709 .020 .034
Nickel 2.23 Av. lb. 453,5924 .005 .030 -
Tctal Compound 1.000 5.447
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Cost per Gram of a Composition of Substrate Materials (Approximation Method)

This short-cut method, within the proportion limits proscribed, will deviate no

more than 2% from the exact methad describe4 above.

Procedure

1.

3.

Calculate the cost per gram as if platinum and rhodium were the only
ingredients (Pt + Rh = 100%).

Multiply this by the proportion represented by the sum of platinum and
rhodium.

Add ta this the product of the remaining preportion times $.67.

Example 2 (Appraximate method)

What is the cost per gram of a compound which contains 2% rhenium; 0.4%
ruthenium; 3% nickel; and in which the platinum-to-rhodiurn ratio is 25:17

10

2.

Platinum 25 parts x $§ 5.369 = $134.275

Rhodium lpart x 14.628 = _ 14.628

Totals 26 parts $148.853
148.853

Cost/gram of mix = $5.725

26

Platinum 91.0%
Rhodium 3.6%
SUM 94.6%

.946 x $5.725 = $5.416
(1.0C0 - .946) x $.67 = $.036

$5.416 + $.036 = $5.452 (answer)
(Compare with $5.447 gotten by Exact Method, Exampie 1.}
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Discussion

The short-cut method is made feasinle because of two factors:

a) Platinum and rhodium constitute 64.5% or more of the mixture, and

b) The unit price af these is much geater than of the other constituents.

Typical Extreme Calculation

Platinum to Rhodiuni = 2:1 {(upper cost ratio)

Platinum & Rhodium 84.5% (lower limit)

n

Rhenium = 5.0% (upper limit)
Ruthenium = .05% (upper limit)
Mickel = 10.0% (upper limit)
100.0%
Platinum $5.369 x 2/3 x .B45 = $3.025
Rhodium 14.628 x 1/3 x .845 = 4.120
Subtotal $7.145
Rhenjum 1.709 x .050 = .as8s
Ruthenium 2.00% x .005 = .010
Nickel .005 x .100 = .001
$7.241

Note that the last three ingredients which represented 15.5% of the total weight
added only $.096 to the subtotal cost of Platinum and Rhodium,

The short-cut formula substitutes 15.5% x $.67 = $.104 for the caiculated $.096,
creating an error of $.008, which is only 0.11% of the total.
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CALCULATION OF THE WEIGHT OF CATALYTIC COMPQUND
USED PER CONVERTER

Veolume used is expressed in cubic inches.

Loading is spoken of in grams per cubic foot. For ease of calculation this is

converted to grams per cubic inch.
1 gram/ft> x 1/1728 = .0005787 gm/fin-
Total weight equals volume times ioading.
weight (grams) = volume (in3) x loading (gm/ftB) « 1728

The matrix following gives grams required for various combination of volume and
loading.
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GRAMS OF COMPOUND REQUIRED FOR VARIOUS VOLUMES AND LOADINGS

LOADING (Gm/Ft°)

1 S 1C 15 20 30 40 50 60 70
1 .00058 .00289  .00579  .00868  .01157 .01736  .02315 .02894  .03472 .04051

10 .00579  .029 .058 .087 .116 174 .231 .289 .347 .405

20 .01157 .058 116 174 .231 347 463 .579 .694 .810
50 02894 145 .289 634 .579 868 1.16 1.45 1.74 2.03
100 .05787  .289 .579 .868 1.16 1.7 2.3l 2.89 3,47 4.05
150 .08681  .434 .868  1.30 1.74 2.60  3.47 4.34 5.21 6.08
. 200 .11574  .579 1.16 1.74 2.32 3.47  4.63 5.79 6.94 8.10
~ 250  .14468 .723  1.45 2.17 2.89 436 5.79 7.23 8.68 10.13
300 .17361  .868 1.76 2.60 3.47 5.21 6.9 8.68  10.42 12.15
350  .20255 1.01 2.03 3.04 4.05 6.08  8.10 10.13 12.15 14.18
400 .2314B 1.16 2.32 3.47 4.63 6.94  9.26 11.57 13.89 16.20

Grams required = Loading (gm/ftj) x Volume (in’) =- 1728



CALCULAT!ON OF _THE COST OF CATALYTIC COMPOUND
DER CONVERTER

Cost per converter equals grams reguired times the cost per gram of the
compound.

ror purposes of ready reference, a table is presented giving substrate compound
costs at selected values of platinum-rhodium ratio, grams required and total

platinum-rhodium content.

In this table the following material prices are used:

Platinum $ 5.369/gm = $167/Troy oz.
Rhodium 14.628/gm = 455/Troy oz.
Rhenium 1.709/gm =  53/Troy oz.
Ruthenium 2.009/gm =  62/Troy oz.
Nickel .Q05/gm = 2.23/av. 1b.

Intermediate values may be interpolated, or calculated directly.

Equation for calculating cost of substrate material per converter.

VL
COST = (Pp + Pr) 167;?; Iozsspr + [1 - (Pp + Pr)] 67 =55

when (Pp + Pr)2 .B45

where Fp = Percent Platinum ~- 100
Pr = Percent Rhodium = 100
\' = Volume in cubic inches
L = loading in grams per cubic foot
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COST OF SUBSTRATE MATERIAL PER CONVERTER

% Platinum + % Rhodium = 100%
(See Note 3 if 100%)

Total Ratio Platinum to Rf:odium and Cost Per Gram (Note 2)

a3lvN04¥03IN?

BNONLS ¥ Hi1VM

601
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Grams
Substrate

Required 2:1 5:1 7:1 9:1 11:1 19:1 25:1 30:1
(Note 1) $ 8.455 $ 6.912 6.526 6.295 $ 6.141 $ 5.832 $ 5.725 $ 5.668
.029 $ .25 $ .20 .19 .18 ¢ .18 $ .17 $ .17 $ .16
.058 .49 40 38 37 .36 .34 .33 32
.116 .98 .80 .76 13 .71 .68 .66 .66
.174 1.47 1.20 1.14 1.10 1.07 1.01 1.00 .99
.289 2.44 2.00 1.89 1.82 1.77 1.69 1.65 1.64
.579 4.90 4.00 3.78 3.64 3.56 3.38 3.31 1.28
1.16 9.81 8.02 7.57 7.30 7.12 6.77 6.64 6.57
1.74 14.71 12.03 11.36 10,95 10.69 10.15 9.96 9.86
2.31 19.53 15.97 15.08 14.54 14.19 13.47 13.22 13.09
3.47 29.34 23.98 22.65 21.84 21.31 20.24 19.87 19.67
4.05 534.24 27.99 26.43 25.49 24,87 23.62 23.19 22.96
5.21 44.05 36.01 34.00 32.80 31.99 30.38 29.83 29.53
6.08 51.41 42.02 39.68 38.27 37.34 ‘35.&6 34,81 24,46
6.94 58.68 47.97 45,29 43.69 42.62 40.47 39.73 39.34
7.23 61.13 49.97 47.18 45.51 44,40 42.17 43,39 aGg.%8
8.10 68.49 55.99 52.86 50.9% 49074 47.24 46.37 45.91
9.26 78.29 64.01 60.43 58.29 56.87 94.00 53.01 52.49
10.13 85.65 70.02 66,11 63.77 62.21 59.08 57.99 57.42
11.57 97.82 79.97 75.51 72.83 71.05 ¢7.48 66.24 65.58
12.15 102.73 83.98 79.29 76.48 74.61 70.86 69.56 68.87
13.89 117.44 96.01 90.65 87.4¢ B85.30 B1.01 79.52 78.73
14.18 119.89 98.01 92.54 89.26 B87.08 82.07 gl.18 80.57
16.20 136.97 111,97 105.72 101.98 99.48 94.48 92.75 91.82



Note 1:

Note 2:

Note 3:

Determine grams required from the table or formula below it. Locate
nearest line (or interpolate between two lines) and read $ in appropriate
ratio column.

Cost per grarn calculated at Platinum $167/Troy oz. = $5.369/gram
and Rhodium $455/Troy oz. = $14.628/gram.

When Rhenium, Ruthenium of Nickel are also included in the compound,
multiply the value from the table by the combined percentages of
Platinum and Rhodium; add to this the remaining percentage times $.67

times total grams required.
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NOBLE METAL PRICES

per Troy QOunce*

Metal Wholesale Retail
Platinum $162 $172
Iridium 300 310
Rhodium 400 410
Paladium 60 65
Ruthenium 60 65

*Troy Ounce = 31.1035 grams

Source: Matthey-Bishop, Inc.
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MFG. COST CALCULATIONS - NONCATALYTIC COMPONENTS, MONOLITHIC CONVERTERS

Vol. - 63 (Base) Dia.-4 Lgth.-7.2

IMat Mfg.

Purt Mat'l Weight  Cost 2 abor  OH  Cost
Cvtr, Assy. - .68 .27 .95
Shell 409 SS 2.00 1.08 .17 .07 1.32
Rings (no.) 409 SS 1.00 .54 .08 .03 .65
In. Core 409 SS 1.00 .54 .08 .03 .65
Out. Cone 409 SS 1.00 .54 .08 .03 65
In. Pipe 409 SS 1.00 .54 .08 .03 .65
Flanges 409 SS .25 .14 .04 .02 .20
Mesh 409 SS .15 .08 .04 .02 .18
Hdwr. Steel .10 .03 .04 .02 .09
Substrt. Ceramic 1.30 6.32 34 .14 6.80
Wash Coat AL, O - .81 .17 .07 1.05
TOTALS 1G.62 1.80 .73 13.15
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Vol. - 10 Dia. - & Lgth. - 2.1

Mat'| Mfég.

Weight Cost Labor OH Cost
.76 41 .51 .20 .71
.50 .27 04 .02 .33
1.C0 .54 .08 .03 .65
1.30 54 .08 .03 .65
1.00 .54 .08 .03 .65
.25 .14 .04 .02 .20
04 .03 .02 .01 .06
.10 .03 .04 .02 .09
21 1.03 .17 07 1.27
14 .08 .03 .25

3.67 1.25 .50 5.42
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Vol. - 100 Dia. -~ 4 Lgth. - 10.6

Cvtr. Assy. 9.46 - 77 .31 1.08
Shell 409 SS 2.83 1.53 .21 .08 1.82
Rings (no.) 409 SS 1.00 54 .08 .03 .65
In. Cone 409 55 1.00 54 .08 .03 .65
Out. Cone 409 SS 1.00 .54 .08 .03 .65
In. Pipe 409 SS 1.00 .54 .08 .03 .65
Flanges 409 5SS .25 .14 -04 .02 .20
Mesh 409 SS .22 .12 .05 .02 .19
Hdwr, Steel .10 .03 .04 .02 .09
Substrt. Ceramic 2.06 10.03 .46 .18 10.67
Wash Coat Al Oy 1.28 .23 .09 1.60

TOTALS 15.29 2.12 .84 18.25
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Vol. - 150 Dia. - 4 Lgth. - 15.4
12.27 - .93 37 1.30
4.00 2.16 .27 .11 .54
1.50 .81 .13 .05 .99
1.00 54 .08 .03 .65
1.00 54 .08 .03 .65
1.00 .54 .08 .03 .65
.25 14 .04 .02 .20
.32 .18 .07 .02 .28
.10 .03 .04 .02 .09
3.10 15.08 .62 .25 15.95
1.95 31 .12 2.38
21.97 2.65 1.06 25.65
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MFG. COST CALCULATIONS - NONCATALYTIC COMPONENTS

Vol. - 200 Dia. - 5.4 Lgth., - 12.5

Mat'l Mfg.

Part Mat'l Weight Cost. Labor OH Cost
Cvtr. Assy. 15.60 - 1.11 A4 1.55
Shell 409 SS 4,56 2.46 .30 .12 2.88
Rings (no.) 409 SS 2.93 1.09 .15 .06 1.36
In. Cone 409 S5 1.35 .73 .10 .04 .87
Out. Cane 409 55 1.35 .73 .10 04 .87
In. Pipe 409 5SS 1.35 .73 .10 .04 .87
Flanges 409 SS .34 .19 .05 .02 .26
Mesh 409 SS W35 .19 .08 .03 .30
Hdwr. Steel .14 04 .05 .02 .11
Substrt, Ceramic 4.13 20.09 .78 231 21.18
Wash Coat Alz O3 2.57 .39 .16 3.12
TOTALS 28.82 3.21 1.28 33.31
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Vol, - 300 Dia. - 5.4 Lgth., - 18.3

Cvtr. Assy. 20.40 - 1.39 .56 1.95
Shell 409 SS 6.47 3.50 .40 .16 4.06
Rings (no.) 409 SS 2.70 1.46 .20 .08 1,74
In. Cone 409 SS 1.35 .73 .10 .04 .87
Out. Cone 409 SS 1.35 T3 .10 .04 .87
In. Pipe 439 5SS 1.35 .73 .10 .04 .87
Flanges 409 SS .34 .19 .05 .02 .26
Mesh 409 SS .51 .27 .10 .04 .41
Hdwr. Steel .14 .04 .05 .02 .11
Substrt. Ceramic 6.19 30.11 1.10 44 31.65
Wash Coat Al2 03 3.86 .55 .22 4,63

TOTALS 41.62 4.14 1.66 47.42
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Vol. - 250 Dia. - 5.4 Lgth. - 15.4

Mat'] Mfg.

Weight Cost Labor OH Cost
17.67 - 1.22 .49 1.71
5.52 2.99 .35 14 3.48
2.03 1.09 .15 .06 1.30
1.35 .73 .10 .04 .87
1.35 .73 .10 .04 .87
1.35 .73 .10 .04 .87
.34 .19 .05 .02 .26
.43 .23 .09 .04 .36
.14 .4 .05 .02 .11
5.16 24.84 .94 .38 26.16
3.22 .47 .19 3.88

34.79 3.62 1.46 39.87
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Vol. -~ 460 Dia. - 5.4 Lgth. - 23.9

25.14 - 1.67 .67 2.34
8.31 4.49 .49 .20 5.18
3.38 1.82 .26 .10 2.18
1.35 .73 .10 .04 .87
1.35 .13 .10 .04 .87
1.35 .73 .10 -04 .87

34 .19 .05 .02 .26

.67 .36 .13 .05 .54

14 .04 .05 .02 .11

. 8.25 40.14 1.42 .57 42.13
5.14 .71 .28 6.13

54,37 5.08 2.03 61.48

Equation: Mfg. Cost = $4.05 + $.144 (Vol.)
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DETERMINATION OF SUBSTRATE AND SHELL DIMENSIONS
FOR MONOCLITHIC CONVERTERS

Imposed Space Limits to Shell

Diameter Shel! - 6.0"
l.ength Shell - 24.0"

Implied space limits to substrate contained in shell.

Diameter - 6.0 - 0.5 {(metal mesh) = 5,5"
Length - 24.0 - 1.1 (endcap) = 22.9"

Two shell diameters were selected to accomodate the range of iubstrate volumes:

(refer to graph)

Vol (in) Dia (in) Length (in)
0-150 4.0 0-15.1
151-400 S.4 ¢.7-24.0

Length of shell required at given substrate volume.

Substrate Dia. Shell Length Shell

Volume (in) (incl. mesh) (incl. cap)
1 4.0 .10+1.1= 1.2
10 4.0 «.95+1.1= 2.1
20 4.0 1.90+1.1= 3.0
50 4.0 4.75+1.1= 5.9
100 4,0 9.50+1.1=i0.5%
150 4.0 14.2¢+1.1=15.4
151 5.4 8.63+1.1= 9.7
200 5.4 11.43+41.1=12.5
250 5.4 14.29+1.1=15.4
300 5.4 17.15+41.1=18.3
350 5.4 20.00+1.1=21.1
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Volume
Substrate

In.

0-150
151-400

DETERMINATION OF RING DIAMETER

Dia. Ring

In.

4.0
5.4
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ID - AIR-FUEL METERING SYSTEMS
HEAVY DUTY GASOLINE ENGINES

The detailed descriptions ond calculations following this page spply to passenger
cer parts, reprinted from a previous report EPA - 78 - 002, March, 1978, The
costs shown therein have been adjusted by using factors, described later in this
report, that reflect differences in size and in manufacturing volume (economy of
scale) between automgbiles and trucks, The EOS user for sutomobiles is 350,000
per year; for trucks, 50,000.

The resulting retail price equivslent costs for trucks are shown below.

Electronic Fuel Injection

Interpolation far an EOS of 50,000 from Table 1, using the .914 decrement

factor:

Truck OEM Cost = $162.62

Adding Mark-ups (x2.2)

Truck Retail Price Equivalent $357.76
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System: Fuel metering - Gasoline

K-Jetronic components

The cone in which the sensor
plate rises can be shaped for
individual specifications of air-
fuel ratios for various load levels.
Plate position is transmitted di-
rectly by lever to the fuel-distribu-
tor control plunger.

Plunger movement is countered
by a hydraulic fuel force which
can be modulated by the warm-up
regulator for mixture enriching.
Full-load enrichment is also
possible.
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System: Fuel metering - Gasoline

K-Jetronic from Bosch:
Continuous Injection System (CIS)

a7
(G Cold start valve

Injectorf

ps r
Auxiliary air valve

Fuel accumuiatery

Schematic of K-Jetronic

In the K-Jetronic, the air-flow
through the induction system is
measured directly without elec-
tronics or mechanical drive.

-l l..‘:.' v
% M frxs

Fuel filter

s

Electric fuel pump

In the mixture control unit, the
air-flow sensor plate is deflected
against the hydraulic force of
regulated fuel pressure. The fuel
is continuously metered by con-
trol slits and downstream dif-
ferential-pressure valves.
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Warm-up regulator

At each cylinder, fuel is in-
jected continuously at the proper
rate through an injector at the
intake port.
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Electronic Fuel Metering System

(Bosch, Bendix, and Chrysler System)

The EFl=L (Electronicaliy=Controlled Fuel !Injection Systwm,
Alr=-Flow Sensitive), is an intermittently operating system,
with, low=pressure Injection of fuel into the intake manifold.
In this system, the quantity of air drawn in by the engine is
measured directly, and Is used as the main control parameter
for the quantity of fuel required. The fuel lsvmetered by
solencid=operated injection valves, These valves are under
constant ue! pressure, and, their optimum cpening period,
which is proportional tc the amount of fuel injected, is
determined for every operating function of the engine by the
electrusic control unit on the basis of information received

from various electrical sensors.

The electronic fuel injection systems for gasoline piston engines
are primarily a development of European technology, although

the Bendix Corporation in the U,S.,A., has a cross licensing
arrangement with Bosch in Germany for technology exchange.

No mass productlon manufacturing facility exists in tﬁe U.S.A.

te produce electronic fuel injection and electronic emission

control subsystems for gasoline piston engines,

Fuel Pumps (39 PSIG)=~=-an electrically~driven motor coupled to

& constant=flow rotary pump,

Fuel Filter==a close tolerance filter that eliminates particles
that would clog the fuel nozzles.
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Fuel intake manifold with provision for mounting the fuel rall.

Fuel nozzles~~-a precision solenold operated by the electronic

control unit,

Throttle body=~=the basic alr control unit that includes a

throttle sensor and a cold=start air control,

Speed sensor unit--the magnet assembly equipped with a reed

swlitech assembly for sensing the engine R.P.M,

Electronjc control unit and subsystem=-thlis system provides
the control signais and the feedback response from water and
air sensors pressure sensors, and a fuel pressure regulator,
When combined with most three-way catalyst systems, the £CU
includes the capability of receiving feedback from an oxygen

sensor and adjusts the air-fuel ratio accordingly.

Oxygen=-sensor~-the platinum-cocated ceramic sensor located in
the exhaust stream. This is normally included only with three~

way catalyst systems,

The EFl system coupled with a 3-way catalyst system is currently
being installed In some European vehicles sold in the U.S.A.

most of which are sold In the State of California.

128
RATH &4 STRONG

INCDRPORATED



Currently, these uiits are manufactured and bought In
relatively small! annual quantitlies; and, consequently, unit
costs are higher than they would be If guantities were
increased by several magnitudes., In order to arrive at a
logical and consistent method, for realistically estimating
future costs at higher purchase quantities, a learning curve

methodology has been employed.

Escimates of prices on 5,000; 200,000; and 500,000 lot

sizes were solicited from U.S5.A. and Eurcpean sources.

(These are shown In the flrst three columns of Table 1.)
Analysis of these figures indicates a learning curve of

91.4%, with individual ltems deviating, but not significantly,
in the overall, (A 91.4% curve means an 8,6% decrease in

unit cost for each doubling of the quantity.)

The last two columns in Table | are mathematical extrapolations
of the 500,000 price by .914 and ,742 respectively to estimate

prices for 1,000,006 and 5,000,000 units,
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The plan for production of electronlic fuel injection systems

at varlous volumes was proposed as:

Year Vo lume
1975 5,000

1976/77 200,000

1978/79 500,000

1979/80 1,000,000/
5,000,000

Productlion Plan

Purchase all the components from

known U.S.A., and European sources,

Start manufacturing nozzles, throttle
devices, fuel pumps, and ECU units,

Purchase mass production loading.

Redesign the ECU using integrated
circuits and combine some of the o
external serve functions into the ECU.
Provide for mass producticn facilities
of the major components, include the

major valves as manufactured Items,

Pevelop a new cost reduction design

and Include the balance of the items

in the manufacturing program, Tool

up the final mass production facilities

for all components.

The total investment for such a facility to producc 5,000,000

units per year would be $55,000,000, which includes launching

costs and equipment costs. Over $1!,300,000 would be expended

for tooling the nozzles,
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Table ' - OCM COSTS--8-CYLINDER SYS'f'EM

industry Estimates Projected Estimates
Quantity 5K 200 K 500 K 1,000 K 5,000 K
Injectors $ 56.00 $ 40.00 $ 32.00 $ 29.25 $ 23.74
02 Sensor = 6.00 4.50 2.36 2.16 1.75
ECU 75.00 45.00 45.00 41.13 33.39
Air Temperature 1.75 1.7% 1.25 1.14 .93
HZO Temperature 1.75 1.75 1.25 1.14 .93
Throttle Switch 3.00 3.00 2.30 2.10 1.7
Fuel Pump Assembly 15.00 15.00 12.00 10.97 8.90
Fuel Pressure Regulator 3.00 2.90 .57 2.35 1.91
Fast Idle Valve 5.00 3.5 2.00 1.83 1.48
Throttle Body 10.00 8.78 5.00 4.57 3.7
Air Solenoid Valve 4.00 3.25 2.00 1.83 1.50
Fuel Filter 3.50 2.00 1.00 .91 .74
Fuel Rail 8.50 6.00 5.00 4.57 3. N
Speed Sensor 1.50 1.00 .75 .69 .56
Intake Manifold
Wiring Harness 25.20 10.00 5.00 §.57 3.7
$219.20 -+ $148.48 $119.48 $109.21 $ 88.67

*Normally used with three-way catalyst systems only.
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The sticker price contribution for feedback controlled
EFI systems Installed In various size vehicles and engines

at a production volume of 5,000,000 units would be:

Vehicle Cyl. CID Mfg. Cost Markup Sticker Price
Subcompact b - 140 $76.80 1.8 $138.00
Compact 6 - 250 82,97 2.0 166.00
Standard 8 ; 350 88.67 2.2 195.00

When making comparisons to feedback controlled carbureted
systens for these same engines, the control valves, sensors,
and feedback controls must be Included. Also, a more
sophisticated carburetor, valued at $18 to $24 manufacturing
costs, has to be considered. The author has created the delta
costs to achieve several levels of emissions, When making
comparisons of feedback controlled EFi and carbureted systems,
to achleve the same levels of emisslons, the cost deltas are

not significantly different at the vehicle sticker price level,
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Electronic Control Unit

The Electronlc Control Unlt Is the heart of the EFI system,
its function 1s to dellver fuel to the engine at a rate which
is a functlon of continuously measured engline Input and output
parameters. The current production model ECU also preovides
fuel pump power control, engine start auzillary alr control,

and exhaust gas recirculation (EGR) cn/off control,

The circult design architecture of the Electronic Control

Unit, relies on several production technologies. Four custom
bipolar Integrated clrcults implement the core control law
function that is common to all ECU calibrations, These circuits
are contained on & ceramic thick=film substrate module. Unique
circuit functlons are implemented using standard bipolar
integrated clircuits and discrete componerits, Thick=film laser
trimmed passive resistor networks are incorporated to realize
base calibration, and each individual production unit is final
trimmed to meet performance specifications. Additional components
Include the Intake manl!fold pressurs sensor, two power relays,
and a custom hard mounted connector. All components are mounted
on two printed clircult boards, which are conformal coated for

environmental protection.

The Electronic Control Unit Is Installed in the passengar
compartment behind the dash panel, It Is designed to function
at a maxImum temperature of 185°F (85°C). In the current
production model, no attempt was made to maximize compactness;
rather, functional and calibration flexibility were deliberately

desigred Into the unit to acccmmodate anticipated changes and

improvements which were indeed made during the development stage.
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Sensors

Intake manifold absolute pressure is messured with an accuracy of + 1 percent,
using an aneroid, linear variable differential transformer sensor device. This
sensor is mounted on the ECU printed circuit board to implement concurrent
calibration of sensor and ECU and to increase reliability by minimizing the

number of electrical connections between the sensor and the computing circuits.

Engine speed is sensed using two magnetic reed switches mounted on the
ignition distritbutor casting, adjacent to the drive shaft. Installed on the
drive shaft is a magnet assembly. This sensor provides engine phasing as

well a3 engine speed dzla.

Engine water temperature anc intake manifold air temperature are sensed
using a high temperature cosfficient precision resistor, formed from nickel
wire wound on a bobbin, which is epoxy encased. The sensor output is

precise and iinear over the temperature range encountered.

Data on throttie position and rate of change of throttie motion are provided by
a rolating shaft sensor. Mechanica! contacts on the gshaft slide over a printed
circuit board on which electric current cérrying tracks are mounted. Rotational
information is reaiized when tracks are crossed &s the throttle moves. The

. discrete voltage levels ssnsed are processed in.the ECU (o yield the required
data.

injectors

The fuel valving, metering, and atomizing functions are performed by the
injectors, which are located, one for each cylinder, in the vicinity of

the intake valves. These Injectors are essentially solenoid actuated on/off
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poppet valves incorporating pintles designed for metering and atomization.
Since 3 constant fue! prassure d!ffe.'antial is maintained across the injector,
the rate of fuel deiivery is proportional to the injector open time, which

varies from 2.5 to 10 milliseconds.

Air Flow Calculating Versus Air Flow Sensing EFI Systems

The first generation of Bosch EF! systems were called the D-Jetronic, where

D stands for Druck, which means pressure in German. This name is derived
from the fact that one of the maln inputs to this sytem is intake manifold
pressure. In this system the fuel loop consists of the fuel pump, the fuel

filter, and the fuel pressure raguiator. With constant fuel pressure applied

to the idjectors, the amount o/ fuel injected on a per stroke basis is proportional
to the timing of the reguistor which can be contralled. Air flow can bhe
calculated using displacement, engine speed and manifold density, and the

desired air/fuel ratio can be obtained by changing the injector on time.

The next generation of Bosch EFl system was the L-Jetronic system, where

L stands for Euftmengenmessung, which means air tiow measurement in German.
In this system the fuel loop is basically the same as in the D-Jatronic system
except that the fuel pressure regulator is connected by a hose to the intake
manifold so that the fuel pressure is a function of the manifold pressure and

the pressure loop across the injectors is thus kept constant.

Also, in this system, tne air fluw rate is measured by an alr
flow meter whose moveable measuring plate Is opened by the air

stream against the force of a spring. The position of the
measuring plate s sensed by a potentiometer, Its voltage Is
proportional to the volume of air flow and is one of the main

input signals inte the electronic control unit, The seacond
input Is ens.ne speed taken from the distributor.
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Measurement of alr flc'v is sald by Bosch to exhibit tha following advantages.

1.

Compensation of tolerances which are due to wear, deposits in the

combustion chamber, or changes in the vaive adjustments.

2. Compensation of engine speed-dependent volumetric efficiency.

3. No necessity of acceleration enrichment because the air flow signal
precedes the filling of the cylinders.

4. Improved idiing stabllity.

5. [Insensitivity to changes in the exhaust back pressure caused by thermal
or catalytic reactors.

6. Insensitivity of the system to EGR because only the fresh air portion

is measured.

Closed Loop/Electronic Fuel Injection Systems

The term closed lcop requires some discussion. One use of the term closed

loop is to describe adaptive systems where feedback of output directly influences
the input. This is so called extremum seeking adaptive controi. Another use

of the term closed loop Is to describe systems where the output is used for error

correction to some programmed parameter. Current closed Icop fuei

management systems are of this latter type. -

138

RATH & STRONG

INCORPORATED



AN NORRAERATTY

HEAVY DUTY GASOLINE ENGINES

3. Standard Carburetor

The dotailed descriptions and celculations following this page apply to pussenger

car parts, reprinted from a previous report EPA - 78 - 002, March, 1978. The

TERFN

costs shown therein have been adjusted by using factors, described later in this

g

report, that reflect differences in size and in meanufacturing volume (economy of
scale) between automobiles and trucks. The EOS used for automobiles is 350,000
per year; for trucks, 50,000.

The resulting retail price equivalent costs for trucks are shown below.
}
]
: Automabile EOS
: Unit Cost Factor
Material 3.78 1.3
a Labor and Overhead 6.75 2.7
Equisment 1.58 2.4
Tooling .40 3.4
Weighted EOS Factor 2.3
Carb-1 Carb-2 Carb-3
X Automobile RPE $22.60 $26.62 $35.15
= Truck RPE $51.98 $61.23 $80. 85
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Standard Carburetor

The standard carburetor is a complex system of components that provides
appropriats mixtures of air and fuel to the intake manifold throughout the various
driving cycies of the vehicle.

One of these carburetors is the Holley Model 1945. This carburetor is a single
venturi concentric downdraft carburetor equipped on 225 CID 6=-cylinder

engines. It consists of tha following subsystems:

1. Fuel inlet system

2. ldle system

3. Main Metering system

4, Power enrichment system

5. Accelerating pump system

6. Automatic Choke Vacuurn Kick system

The dusl barrel carburetors suck as Carters BBD and the Holley 2245 include an

added subsystem called the idle enrichment system. This carburetor is used on 318-
v8 CID engines.

The Carter TQ carburetor is a 4-barre] carburetor designed for 360, 400, and 440
CID V8 engines. The subsystems include both low and high speed performance
circuits. This carburetor is also designed to incorporate an gltitude compensation
system. This system will be treated separately In another section of this

report,
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The uasic data for 197% vehicles are:

Carburetor Part No. List Price $ Weight Ibs.
3830576 $112.00 5.550
3830565 79.35 4.510
3830563 87.24 6.710
Choke Part No. List Price $ Weight ]bs,
3830549 $ 10.22 .250
3830512 7.25 .190
3751476 12.55 .250

Yehicle

Valiant 225
Satellite 318
Fury 364Q

Vehicle

Valiunt

Satellite

Fury (et al)

Scurce: Chrysler Data

The costs will be gross estimates since a complete analysis involves estimating

between 100 to 230 components.

These carburetors provide an interface subsystem for EGR systems.
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Carburetor 1
Primary Parts
Secondary Parts

Total

Carburetor 2
Primary Parts
Secandary Parts

Total

Carburetor §
Primary Parts
Intermediate Pts

Secondary Parts

Total

Choices

Standard Carburetor
Manufacturing Caosts

Bill of Material

Material {_abor L_abor Manufacturing
Material Weight Costs Costs Overhead Costs
4.510
Alum, 4.014 2.4084 3.5000 1.4000 7.3084
496 0992 ,4000 ~ ,1600 .6592
2.5076 3,9000 1.5600 7.96176
5.500
Alum, 4,895 2.9370 4.,2000 1.6800 8.8170
.605 .1210 .5000 .2000 .8210
3.0580 4.7000 1.8800 9.6380
6.710
Alum. 5.472 3.2822 5.2500 2.1000 10.6322
Phenolic .500 .3500 .3000 .120G .7700
Steel .738 .1476 .70C0 .2800 1.1276
3.7798 6.2500 2.5000 12.5298
Steel .250 .050 .3500 .3400 .5400

Reference



qlAvEQeN0IN)

ONOHLS ¢ HLAYY

el

Part

Carburetor 1

Carburetor 2

Carburelor 4

Standard Carburetor

Tooling Costs

Amortization Per Piece

3

12 Year
1 Year 3 Yeor Machinery 12 Year 40 Year Amortization

Economic Recurring Nonrecurring and Launching land and per
Volume Tooling Tooling Equipment Costs Building Piece

.1000 .2000 1.0000 , 1000
1,000,000 100,000 600,000 12,000,000 1,200,000 1.4000

. 100D «1333 1.0000 .D6265
2,000,000 200,000 800,000 24,000,000 1,500,000 1.2955

.1500 .2500 1.5000 <0833
2,000,000 360,006 1,500,000 36,000,000 2,000,000 1.9833
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3 Standard Carburetor
Total Manufecturing Costs

Corp.

Plant Tooling Corp. Mig.
Material Labor Plait Mfqg. Alloc. Profit Vendor
Costs Costs Overhead Costs Exp. Inv. 20MC ,20MC  Costs
Carburetor ) 2.5076 3.9000 1.5600 7.96176 .3000 1.100 1.5935 1.5935 12.5546
Carburetor 2 3.0580  4.7000 1.8800 9.6380 .2333 1.0625 1.9276 1.9276 14.7890
Carburetor 4 3.7738 6.2500 2.5000 12,5298 .4000 1.5833 2.5060 2.5060 19.5250
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Standard Carburetor
Retail Price Equivalent at the Vehicle Level

: Tools
Vendor and Ailoc. Profit Markup Price
Part Costs R&D Equip. .20VC* .20VC*  ,40VC* Equivalent
Carb 1 12,5546 - - 2.5109 2,5109 5,0218 22,5983
Carb 2 14,7890 - - 2,9578 2.9578 5.9156 26.6202
Carb 4 19,5250 - - 3.9050 3,9050 7,8100 35,1450
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Standard Carburetor

Cost Comparison to Aftermarket Selling Prices

Using the aftermarket prices and the discount data we can make the following
comparison to the me  :facturing cost estimates.

Estimateas
List Price $ Discount Vender Cost RPE
1/4 1/5
Carb 1 79.35 19.84 15.87 12.55 22.60
Carb 2 87.24 21.81 17.65 14,79 26,562
Carb &4  112.00 28.00 22.40 19.52 35.14

Standard Carburetor

Cost Methodology

The weight and selling price data were obtalned from Chrysler snglneering

data and sales catalogs.
The costs are estimates based on judgment. The estimates are not supported by
detail costs of each component. Therefore, these estimates are gross estimates

using weight data and material type selections.

Standard Carburetor

Applications

As stated previously, the 1, 2, & &4 barrel carburetors are usually associated with
225 CID, 318 CID, 360 CID and over engines. In recent years, domr 4 barrel

applications have been replaced by 2 barrel carburetors.

The altitude compensation and electrc;nic feedback subsystems have been treated

separately,
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HEAVY DUTY GASOLINE ENGINES

3a Carburetor Modification For Altitude

The detailed descriptions and calculations following this page apply to passenger
car parts, reprinted from a previous report EPA - 78 - 002, March, 1978, The
costs shown therein have been adjusted by using factors, descrised later in this
report, that reflect differsnces in size and in manufacturing volume (economy of
scale) between automobiles end trucks. The EOS used for automobiles is 350,000
per year; for trucks, 50,000,

The resulting retail price equivalent costs far trucks are shown below.

Automubile EQS

Unit Cost Factor
Material .272 1.3
Labor and Overhead 1.629 2.7
Equipment .080 2.4
Tooling .132 3.4
Weighted EOS Factor 2.6

x Automobile Retail Price Equivalent $5.58
= Truck Retail Price Equivalent $14.51
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Carburetor Madifications faor Altitude Campensation

In order to maintain the appropriate fuel/air mixture while under the infiuence of a
thin atmosphere, &8 main system altitude compensation circuit has been incorpo-
rated into the design of the Thermo-Quad carburetor for most California models,

The modification affects the primary metering systems as follows:

A small cylindrical bellows chamber mounted an the front of carburetaor, is vented
directly to atmosphere. Atmospheric pressure changes expands or contracts the
bellows. A small brass tapered-seat valve requlates air flow when it is raised off
its seat by the expanding bellows. A esmall spring is positioned on top aof the
tapered valve between the valve and housing. The function of the spring is to help
maintain the valve in the closed position when the systemn is exposed to a marginal
pressure head (one which is neither sufficient to hold the valve at the proper
altitude), and to mechanical vibrations which would tend to unseat the valve during
the above condition. When the appropriate environment is encountered and extra
air is required, (as determined by the bellows) it is supplied ta the primary main air
bleeds through a calibrated orifice that meters the proper amount of air to the air
bleed.

The system operates as follows: Some time during engine operation a thin
atmosphere is encountered, producing an increasingly rich fuel/air mixture. At a
mechanically pre-determined point the bellows begin to #xpand allowing additional
air ‘to enter the main air bleeds. The auxiliary sir, coupled with the present air
source, provides the systemn with the proper amount of air necessary to maintain
the correct fuel/air mixture. The system supplies varying amounts of additional air
depending upon different aititudes. When sufficient atmospheric pressure is again
restared, the valve closes and the system returns to its normal mode of operation.
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CARBURETOR MODIFICATIONS FOR ALTITUDE COMPENSATION
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Carburetor Modificaitons for Altitude Compensation

Manufacturing Casts Bill of Material

Materia! Labor {.abor Manufacturing

aliveo<s0Int

ONOULS ¥ HLVY

TSI

Part Material Weight Costs Costs Overhead Costs Reference

Altitude Caomp. -

Asm, ,400 - .1250 .0500 1750 Chrysier
Carburetor Mod .100 .0600 +2500 .1000 4100

Aneroid Copper 120 .0960 .2500 .1000 4460

Valve Steel 050 .0100 1250 .0500 .1850

Cup Steel .050 .0100 .0625 .0250 0975

Valve Hisg. Alum 150 .0900 .3500 .1400 .5800

Hardware .030 .0060 .0010 .0004 .0074

Total 1.900%
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Carburetor Modifications for Altitude Compensation
Tooiing Casts Amortization Per Piece

12 Year
1 Year 3 Yesr Machinery 12 Year 40 Year Amortization
Economic Recurring  Nonrecurring and Launchinz Land and
Part Volume Toaling Tooling Equipment Costs Building  Per Piece
.0100 .0100 .0020 .0002
Alt. Comp. Asm. 1,000,000 10,000 30,000 24,000 24,000 - .0222
.0200 .0200 .0200 .0820
Carburetor Mod 1,000,000 20,000 60,000 240,000 24,000 - .0620
.0300 .0300 .0100 .0010
Aneroid 1,000,000 30,000 90,000 120,000 12,000 - .0710
.0100 .0100 .0100 .0o10
Valve 1,000,000 10,000 30,000 120,000 12,000 - .0310
.0100 .0100 .0100 .0010
Cup 1,000,000 10,000 30,000 120,000 12,000 - .0310
.0300 .0300 .0200 ,0020
Valve Hsg. 1,0uD,000 30,000 90,000 240,000 24,000 - - 0820
.0010 .0010 .0o10 .01001
Hardware 10,000,000 10,000 30,000 124,000 12,000 - .0031
Totial <3623

Research & Development - $250,00 per year for 3 years for 1,000,000 units per yeer - .25 per carburetor.



Carburetor Modifications for Altitude Compensation

Total Manufacturing Costs

Tooting Corp. Corp. Vendor
Plant Mfq. Alloc. Profit Mig.
Part Material Labor Overhead Costs Exp. Inv. .20MC* .20MC* Ccsts
Alt. Comp. Asm. - .1250 .0500 1750  .0200 .0022 .0350 .0250 .2672
b1 Carburetor Mod . 0660 .2500 .1000 4100 .0400 .0220 .0820 .082C .6360
.>q Aneroid .096G .2500 .1000 4460  .0600 .0110 .0892 .0892 .6954
E i: — Valve .0l00 .1250 .0500 .1850  .0200 .0l110 .0370 .G370 .2900
™ W
2 p M Cup .0100 .U625 .0250 .0975  .0200 0110 0195 .0195 1675
é ; Valve Hsg. .09090 +3500 .1400 .5800  .0600 .0220 1160 .1160 .8340
g Hardware .0060 .0010 .0004 .0074  .0020 .0011 .0015 .0015 0135
"} , — ~— ~
.272 1.6289 .182 . 0803 2.9636

Tnlal
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..= Carburetor Modification for Altitude Compensation
Retail Price Equivalent at the Vehicle Level

Vehicle
Plant Tools Corp. Corp. Dealer Retail
Vendar and Alloc. Profit Markup Price
Part Costs R&D Equip.  .20VC* .20VC*  .40VC* Equivalent
Alt. Comp.Asm. 2.9636 .2500 - 5927 .5927 1.1854 15,5844
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Carburetor Maodification for Altitude Compenstion Cost Comparison

to Aftermarket Selling Prices

The only data obtainable for the delta increase in carburetor aftermarket selling
prices is to compare the California 1977 system with the 49 state carburetor

system.

The 2 barrel carburetor prices shaw a delta of about $20 or abuut $5.00 if the 1/4
discount is used. The manufacturing/vendar estimate is $2.9636 and the RPE
$5.5844, Since we do not know what the deita price includes this comparison is not

conclusive.

Carburetor Modification for Altitude Compensation Cost Methodology

Using the Chrysler sketch the unit weight of the components was estimated. The
materials are also estimated. The costs are based on an ecomony of scale of

1,000,000 units per year.

Carburetor Modification far Altitude Compensation Applications

It can be assumed that the altitude compensation system will be similar for 1, 2,
and &4 barrel carburetors. The costs per system might be slightly less but not

significant for this study.
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HEAVY DUTY GASOLINE ENGINES

3b Carburetor Modification for Feedback Control

The detailed descriptions and celculations following this page apply to passenger
car parts, reprinted from a previous report EPA - 78 - 002, March, 1978, The
costs shown therein have been adjusted by using factors, described later in this
report, that refiect differences in size and in manufacturing volume (economy of
scale) between automobiles and trucks. The EOS ysed far automobiles is 350,000
per year; for trucks, 50,000.

The resulting retail price equivalent costs for trucks are shown below.

Automobile EOS

Unit Cost Factor
Material .B7 1.3
Labor and Overhead 2.00 2.7
Equipment .10 2.4
Tooling .26 3.4
Weighted £05 Factor 2.4

X Automaobile Retail Price Equivalent $8.17

= Truck Retail Price Equivalent $19.61
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Carburetor Modifications for Feedback Control

The pictorial schematic Iin Figure 2 shows the system elements of the basic system.
The 02 sensor, located in the exhaust stream between the engine and the catalys?,
produces a voltage of about 800 millivolts in the absence of oxygen in the exhaust.
This voltage decreases to zero as the oxygenin the exhaust stream increases from O
to 14%.

The voltage signai from the senscr is the prime control input to the electronic control
unit which provides a square wave output signal of constant frequency, but of variable
pband width depending on the 02 sensor voltage. The ECU is designed so that at low
values of oxygen in the exhaust (highest level of sensor voltage output), the output
signal band width is the greatest. Conversely, as the oxygen concentration increases

in the exhaust and the sensar voltage decreases, the band width decreases.

This variable width output signal operates the vacuum control valve, which serves to
modulate the vacuum that is applied to the carburetor from the vacuum storage
canister. Because the "on time" of the valve is a function of 02 sensor signal, the

modulated vacuum resulting from variable "on time" is also a function of 02.

The sensor shows the two systems in the carburetor that are controlied by the
modulated vacuumn. The idie systemn is controlled by providing a variable air bleed
parallel with the normal air bleed to control idle metering forces.

Control of the main system is accomplished by varying the fuel orifice in parallel
with the main metering jet. This construction is a refinement of today's pawer
enrichment system.

In operation, when a high vacuum is applied to the carburetor, it will tend to meter
lean. This is sccomplished when the solenoid has a high percentage of "on" timae.
Conversely, when the solenoid is off or operating at a low "on'" time level, the control

vacuum is low and the carburetor metering will enrichen.
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FIGURE 2

HOLLEY FEEDBACK CARBURETOR ENGINE SYSTEM

VACUUM CONTROL VALVE
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PATENT PENDING 1976 HOLLEY CARBURETOR DIVISION
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Carburetor Modifications for Feedhack Control Unit

TOOLING COSTS

Amortization per Piece

Ecanomic 1-Year 3-Year Non 12-Year 12-Year 40-Year Amortization
Volume Recurring  Recurring Machinery Launching Lend & Per
Part Per Year Tooling Tooling Equipment Costs Buildings Piece
.0500 .0500 .0200 .0020
Mod Cerb Assy 1,000,000 50,000 150,000 240,000 24,000 -- .1220
.0500 .0500 .0500 .0050
Mod Carb 1,000,000 50,000 150,000 600,000 60,000 -- 1550
: .0050 .Q0s0 .0010 .0001
Fix ldle Bleed 1,000,000 5000 15,000 12,000 1200 -- L0111
.0100 .0100 .0100 ,0010
Idie FB Valve 1,000,000 10,000 30,000 120,000 12,000 -~ .0310
.0100 .0ioa .0109 .0010
FB Main Valve 1,000,000 10,000 30,000 120,000 12,000 -- .0310
.0050 .0050 .0010 . 0001
Contl Vac Conn 1,000,000 5000 15,000 12,000 12,000 --
Total 1300 .1300 .0920 .0092 <3612

R&D - 300,000/year for 3 years for 1,000,000 uniis/per = $.30/unit



Carburetor Modifications for Feedback Control Unit

TOTAL MANUFACTURING COSTS

Plant
Plant Mfg .20/MC .20/MC  Mfg/
Over- Costs Tooling Corp. Corp. Vend
Part Mat Labor Head (MC) Exp. Inv. Costs Profit Cost:
F.B. Carburetor .8700 1.4250 .5700 2,.8650 .2600 1012 .5730 .5730 L.3722

Carburetor Modifications for Feedback Control Unit

RETAIL PRICE ZQUIVALENT AT THE VERICLE LEVEL

Vendor Tools Corp Corp Dealer RPE
Costs and Allocation  Profit Markup Vehicle
Part (vC) R&D Equip .20 YC .20 VC .40 vC Level
FB Carburetor 4,3722 .3000 -- .8744 .8744 1.7489 8.1700
160

RATH & STRONG

INCORPORATED



Carturetor Modification for Feedback Control Unit

COST COM=ARISON TO AFTERMARKET SELLING PRICES

No aftermarket selling prices are available for a feedback carburetor.

An estimated aftermarket delta might be: 4 x (VC Costs) =4 x (VC Cos ts) =
L x 4,37 = $17.49,

Carburetor Modification for Feedback Control Unit

COST METHODOLOGY

Since we are dealing with a delta change for the carburetor modifications to provide
feedback capabilities, all the costs are based on assumptions.

The weight and cost data are estimates based on judgments using the Thrysler
sketches.

Carburetor Modification for Feedback Control Unit

APPLICATIONS

The feedback carburetor Is associated with the 3-way catalysts
systems, The appllcations to various engines Is similar

to the design nresented by Holley,
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FIGURE 3

FEEDBACIK CARBURETOR SCHEMATIC DRAWING
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1.

IE - HEAVY DUTY GASOLINE ENGINES

Electronic Control Unit (Microprocessor)

The detailed descriptions and calculations following this page apply to passenger
car parts, reprinted from & previous report EPA - 78 - 002, March, 1978, The
costs shown therein have been adjusted by using factors, described later in this
report, that reflect differences in size and in manufacturing volume {economy of
scale) between automobiles and trucks. The EOS used for automobiles is 350,000

per year; for trucks, 50,000.

The resuiting retail price equivslent costs for trucks sre shown below.

Automobile

Unit Cost
Material 18.00
Labor and QOverhead 21.70
Equipment -
Tooling .09

Weighted EOS Factor

X Automobile Retail Price Equivalent

= Truck Retail Price Equivalent

EQS
Factor

1.3
2.7
2.4

3.4

2.1

$101.21

$212.54
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Electronic Contro! Unit (with sensor Inputs for controlling moduiaizd

AlR, modulated ECR, moduiaied A/F, ancemoduiated spark advanze)

Electronic Contral Unit

MANUFACTURING COSTS

Bill of Material

Mat

Costs Mfq.
Rart Purch. Labor Overhead Costs
ECU Aassy 15.50 6.200 21.70 Test
Power Transistor 2.00 2.00
Rectifier 1.00 1.00
T2L 14 Pin DIP 2.00 2.00
Low Pawer Trans .80 .80
Signal Trans 2.00 2.00
Carbon Resist .80 .80
Capacitor 2.00 2.00
Ceramic Resistor .50 .50
PC Boards 2.00 Z2.00
Conn ang Pins 1.00 1.00
Press Transducer 1.00 1.00
Quter Shell 1.00 1.00
Other 1.90 1.90
Totals 18.00 15.50 6.20 39.70

Based on current technalagy--not on LSI technolagy--LSI technology would probably
be 30 to 50% less.
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Clectronic Control Unit

TOOL NG COSTS

Amortization per Piece

Economic 1-Year 3-Year Non 12-Year 12-Year 40-Year Amortization
Volume Recurring Recurring Machinery Launchirg Land & Per
Part Per Year Tooling Taooling Equipment Costs Buildings Piece
.0100 .0100 L0625 .0062 Lean
ECU  Unit 2,000,000 20,000 60,000 1,500,000 150,000 -- .0887 Burn



Electronic Control Unit

TOTAL MANUFACTURING COSTS

Mfg. Corp. Corp. Plart/
Mat. Labor Over- (MC) .20MC  .20MC  Vendor
Costs Costs  Head Costs Tooling Alloc Profit Costs
ECU 18.00 15.50 920 39.70 .0887 7.540  7.940  55.67
21.70
R & D - 2,000,000/year for 3 years for 2,000,000/year = 1.0300 ReD per vehicle.
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Electronic Control Unit

RETAIL PRICE EQUIVALENT AT THE VEHICLE LEVEL

Vendor/ Vehicle
Mfg. Tools Corp Corp Dealer Retail
Costs and Allocation  Profit Markup Price
(v2) R&D Equip .20 vC .20 VvC .40 VC Equiv.
ECU Unit 55.67 1.00 -- 11,13 11.13 22.27 101,21

This estimate is based on today's technology. Using learning curve data from the electronics
industry, we can assume a28% cost improvement for every doubled quantity. {Includes LSI

technology).

i Volume RPE
% 2,000,030 101.21
4,000, C00 72.87
| 8,003,000 52.47
| 16,000,000 37.78
i
32,600,000 27.20
|
|
&
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Electronic Control Unit

AFTERMARKET ANALYSIS

The ECU units are being sold for $60 to $90 in the aftermarket with the VW unit at

$222. The discount formula of & computes the following:

1/4 Discount

AFT SP $60.00 15.00 {modulator)
AFT SP 20.300 25.00 (Ford moduiator)
AFT SP 222.00 55.50 (VW - ECU)

Electronic Control Unit

COST METHQOOOLOCY

The material cost data are estimates from a plant visitation. The tooling and

process data were obtalned from the same source,
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Electronic Zontrol Unit

COST METHODQOLOGY
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20 1 I §
10
) L
< -
-
- -
Q9
3 5 |-
-
z
:
) L
r4
z L
2
g r
z L
:2
b L
a
b
g
wl
]
= L
S
5 L
i — I
2.
, by -LlLL'IL'l:I bt ey
1 2 5 10 20 50 100 200 500 1.000 2.000

INDUSTRY S ACCUMULATED EXPERIENCE (MILLIONS OF UNITS)
PRICES OF INTEGRATED CIRCUTTS have conformed 1o an ex- measured by the sumber of wally produced) It is the pardcuiarty rup-

pericace corve commoa to many Industries, declining sbout 28 pers i gro’ th of the microelectrosics ind urtry that has made the rate of
ceat with each doubling of the industry's cumulative experisacs (a8 decline la pricas appear 1o be higher thaa the rate in other industrien
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Fig. 1 Operational Flow Diagram

Operation

Incoming
Inspection

Automatic i
Component insertion

individual semi~automatic
insertion of power, semi -~
conductor & iC's

Flow Soider
1st unit test (parts test)
and print out for trouble

shoot

2nd unit test
{functional)

(10)

Board 1 Board 2

(35)

(7)
(2)

(2)

(2)

Laser trim of ceramic resistor
(trim to functional performance

§ trouble shoot)
Automatic potting
Post pat test

ECU Assembly
Test

Burn in

Test

Rack & Ship

(8)
(4]
(2)
(6)
(2)
(2)
(2)

(2)
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Remarks

100% temperature test
of all semiconductors

about 50 parts per board, 1
part per station

Silicone

85° ¢

85°C 8 hrs

Total production operators
per shift (63)

+ undefined of 12 = 75 total

Y



Test Equipment Estimate

Incoming Inspection

1st unit test - parts

2nd unit test

Laser rasister term

Post potting test

Burn in racks ¢
test monitor

Total unit test

171

Table |

6 units at 40K each

2 units at 40K

$240,000
80,000

2 units plus computer 100,000

1 unit

2 units at 25K

4 at 30,000
1 at 30,000

+ undefined

RATH & STRONG

75,000
50, 000

120,000

30,000

655,000

305, 000

1,000, 000

B



Table I}

Estimated Production Equipment

Automatic parts insertion 100 @ 1000 sach 100,000
Parts insertion transport line 2 220,000 80, 000
Automatic Potting line 1 @590,000 50,000

Flow Soldex Machire
{2 paralle! lines in 1 machine) 30,000
Special stepping, assembly stations 100, 000
320,000
other undefined 180,000
500,000

172

RATH & STRONG

INCORPORATID



Electron Control Unit

APPL1CATIONS

The variations in costs of ECU unlits will be deperdent on the
number of cyllinders. The deltas will not be significant at this

stage of technology.
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IF - SENSORS, HEAVY DUTY GASOLINE ENGINES

1. Oxygen Sensor

The detailed descriptions and calculstions following this page apply to passenger
car parts, reprinted from a pravious report EPA - 78 - 002, March, 1978. The
costs shown therein have been adjusted by using factors, described later in this
repart, that reflect differences in size and in manufacturing volume (cconamy of
scale) between automobiles and trucks. The EQS used for automobiles is 350,000
per year; for trucks, 50,000.

The resulting retail price equivalent costs for trucks are shown below.

Automabile EOS

Urit Cost Factor

Material 484 1.3
Labor and Overhead 131 z.7
Equipment .090 2.4
Tooling 033 3.4
Weighted EDOS Factor 1.8

X Automobile Retail Price Equivalent $2.78
= Truck Retail Price Equivalent $5.00
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The oxygen sensor ls an essential component of most
three-way catalyst systems and Is used to maintain

¢ contrel of air-fuel ratio at or near stoichiometric.
With most catalysts, thls "window'" for effectlve
performance is exceedingly narrow, being the order

of + 0.1 A/F ratic units, The oxygen sensor provides

a feedback loop to an electranic control unit.
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Oxygen Sensor

BILL OF MATERIAL

Labor
Mat Over- Mfg
Part Material Weight Costs Labor Head Costs Reference
Oxygen Sensor Assem 160 - L0312 0125 . 0437 Bendix
Air Inlet Brass .020 .J3200 .01S8  .gQ062 .0418
[nsulator Plastic .015 .0150 .0078 .00 . 9259
Nut. Body Brass .050 .0500 .0156 .0062 .0718
Electrodes Copper . 005§ L0169 .0078 . 0031 .0209
Zirconium Dioxide ZrO2 .010 .0500 .0078 .0031 . 0609
Platinum Platin . 000016 .0387 .0078 . 0031 .0506 See RHF 2/77
Total . 1847 . 0936 .0373
Hose . 160 .i00 - - . 1000
Electric Wire & .200 .200 - - .2000
Insulator
Total Oxygen + 2156
Vehicle Assem - - .0312 .0125 . QU437
Engine Mcdification - - .0625 .0250 . 0875 ECU Unit
Total Vehicie .7h68
Installation —
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8L1

Oxygen Sensor System--Tooling Costs--Amortization Ter Part

1 Year 3 Year Non- 12 Year 12 Year 40 Year Amortlzation
Economic Recurring Recurring Machinery Launching Land ¢ Per
Part Volume Tooling Toollng ¢ Equip Cosls Bulidings Plece
. 0160 . 0650 . 0020 . 0002 - .M72
Oxygen Sensor 5,000,000 50,000 75,000 120,060 12,000
. 0040 . 0040 . 0020 . 0002 .0102
Alr Inlet 5,000,000 20,000 60,000 120,000 12,000
. 0040 . G040 .0020 . 0002 .0102
Insulator 5,000,000 20,000 60,000 120,090 12,000
. 0100 .0100 . 0040 . 0004 .02484
Nut-Body 5,600,000 50,000 150,000 240,000 24,000
.0020 . 0020 . 0010 . 0001 005
Electrodas 5,000, 000 16,006 30,000 60,900 6,000
. 0020 .0020 .0010 .00 . 0051
Zr0 5,000,000 10,000 30,000 60,000 6,000
2 .0100 . 0100 . 0040 . 0004 .0204
Platinum 5,000,000 50,000 150,000 240,000 24,000
Total . 0420 .0370 . 0160 . 0016 . 0966
. 0040 .0017 .0025 . 0002 .0084
Hose 5,000,000 20,000 25,000 150,000 15,000
. 0080 .0017 .0025 . 0002 .0084
Electric 5,006,000 20,000 25, 000 150,000 15,000
Total System .
.0167 .0333 .0056 - 0006 .0562
Vehicle Assem 300,000 5,000 30,000 20,000 2,000
.0333 .0222 .0083 ., 0006 «0644
Engine Modiflcation 300,000 10,000 20,000 30,000 2,000
Total Vehicle Systems .2340

ReD Eslimates: $600, 000 for 3 years, or .67 per vehicle for engineering development.



Oxygen Sensor System

TOTAL MANUFACTURING COSTS

Plant Plant

.20 MC Mfg/

Over- Mfg Tooling .20 MC Corp Vendor
Part Mat Labor Head Costs Exp. Inv. Corp Profit Costs
Oxygen Sensor .1847 . 0936 L0374 .3157  .0790 .0176 V0631 .0631 .5385
Hose .100 - - .1000 ,0057 .0027 .0200 .0200 LV484
Electric . 200 - - .2000  ,0057 .0927 .0400 .0400 .2884
Total System . 2722
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Oxygen Sensor System

RETAIL PRICE EQUIVALENT
AT THE VEHICLE LEVEL

Plant Tools Corp Corp Dealer Vehicle

Vendcr & Alloc Profit Markup Retail Price

Part Costs RED Equip .20 VC .20 VC .40VvC Equivalent
Oxygen Sensor .5385 « 5667 - 1077 1077 .2154 1.6360
Hose J1484 ~ - .0297 .0297 0594 2671
Electric .2884 - - .0577 .0577 .1154 «5131
Vehicle Assem ., 0437 - .0562 .0087 .0087 .0175 <1349
Engine Mod . 0875 - L0644 . 0175 .0175 . 0350 «2219
Total Venicle 2.7790

Price Equivalent
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Oxygen Sensor System

Cost Comparison to Aftermarket Selling Prices

Using the aftermarket selling prices obtained fromn various company

sources and aftermarket discount dat:s, the foliowing analysis is projected:

Mathey

Bishop

M/B
Oxygen Sensor 6.00
Discount 1/4 1.50
Discount 1/5 1.40

Mearcedes

M/B

12.00
3.00
2.40

The estimated vendor costs are.5385. The retail price equivalent for

the valve on the vehicle is 1.5360.
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Oxygen Sensor System

Cost Methodology

The welght data was obtained using a Chrysler weight
table for a spark plug, The material co3ts are

compiled using the 1977 AMM mill prices.

The labor costs are estimates of productlion costs
using today's technology and the assumed economies
of scale, The platinum loading was obtaired from
EPA (Mr, Field) computatiaons, The tooling costs are
estimates of the expendable tools and the machinery

and equipment required to produce the components,

The assembly costs and the engine changes were

Included In the costs at the vehicle level,

Oxyger Sensor System

Applications of the CJ2 System

The Bendix and Bosch systems are similar designs. We have assumed
that this sensor will not vary by engine size although it is possibie that

more than one sensor could be used in an electronically controlled

three-way catalyst system,
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S

HEAVY DUTY GASOLINE ENGINES

2.  Spark Knock Sensor

The detailed descriptions and calculations following this p:.ge apply to passenger
car parts, reprinted from a previous report EPA - 78 - 002, March, 1978. The
costs shown therein have been adjusted by using factors, described lster in this
report, that reflect differences in size and in manufacturing valume (economy of
scale) between automobiles and trucks. The EOS used for sutomobiies is 350,000
per year; for trucks, 50,000.

The resulting retail price equivalent costs for trucks are shown belcw.

Weighted EOS Factor 2.1

Automabile Retail Price Equivalent $60 - 90

Truck Retail Price Equivalent $126 - 189
183
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Spark Knock Sensor (with piezo electric accelerometer or pickup)

The data for these systems are very limited at the time of this report.
Detailed bills of material are not available so only a graoss estimate is

feasible. It is only a judgement cost estimate based on experience.

Spark Knock Sensor

The manufacturing costs of the knock sensor based on the schematic

drawing indicates that a $40 to $60 cost will be a likely cost.

The RPE costs including the accelerometer is estimated to be $60 to $90

per unit,

No aftermarket data are available at this date.

Further work is necessary to develop specific cost data.
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KNOCK SENSOR
(Nonproduction ltem)
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i ~HEAVY DUTY GASOLINE ENGINE

3. Sensors and Transducers

The detailed descriptions and calculations following this page apply to passenger
cai parts, reprinted fram a previous report EPA - 78 - 002, March, 1978. The
costs shown therein have been adjusted by using factors, described later in this
report, that reflect differences in size and in manufacturing volume (economy of
scale) between sutomobiles and trucks. The EOS user for automobiles is 350,000
per year; for trucks, 50,000,

The resulting retail price equivalent costs for trucks are shown below.

Aizcomicbile EQS Truck

Sensor RPE X Factor = RPE

Air Temperature $1.67 2.1 $3.51
Water Temperature 1.67 2.1 3.51
Pressure Requlator 3.43 2.1 7.20
Speed 1.00 2.1 2.10
Throttle Switch 3.07 2.1 6.45
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Trarsducers and Sensors

(Types HZO temperature, inlet air temperature, throttle ooslclion,

transmission gear, EGR pintol position, crank angle, humidity.)

Some of these sensors are inciuded in the cost analysis of EFI

and ECU data,

37.: Transducers and Sensors

37.2 Transducers and Sensors

37.3 Transducers and Sensars

37.4 Transducers and Sensars--Manufacturinrg Costs and RPE Costs

Using data from the Electronic fuel metering system , we have:

5000 K

Sensor Mfg./Vendor RPE
0, Sensor 1.75 3.15
AiLr Temperature .93 1.67
HZO .93 1.67
Pressure Regulater 1.91 3.43
Speed Sensor .56 1.00
Throttle Switch 1.71 3.07

These data include tooling amortization.
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Transducers and Sensors

The aftermarket cost comparison data are limited to foreign car data and

are not useful for analysis.

Transducers and Sensars

Cost Methodology. The learning curve analysis was used in these units.

Applications

The engine applications are similar except for the number of injectors.
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ELECTRONIC ENGHE CONTROLS

THROTTLE POSITION
EGR SOLENOID VALVE

SONIC EGR VALVE

INJECTCRS

SONIC THROTTLE BCCY
BY-PLSS ACTUATCOR

YOLIAGE DiSTRIBUTOR ASSEMELY
PURGE EGR VALVE

CONTROL POSITION SENSOR

MANIFOLD PRESSURE
R SENSOR
‘-‘\-—_

RANK POSITION ™~ ~

SENSOR ———-‘ .
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x COOLANT

TEEY 1A\, /. TEMPERATURE
Hifre A SENDER

=Sl o EcecTRowe
BN LAl ENGINE CONTROL
h s S '
INTAKE CHARGE ‘ L ’/; i rlf-?')’*. MOOVLE
T3 cONTROLLER  / TEMPERATURE SENSOR §oxy
B2 SECONGARY AIR- - B_ ™ e i
ki SENSORS L a/k RaTIO SWITCHING o S50 "
SENSOR VALVE : ==
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OEM COSTS--8-CYLINDER SYSTEM

Industry Estimates Projected Estimates

Quantity 5 K 200 K 500 K 1,000 K 5,000 K
Injectors $ 56.00 $ 50.00 $ 32.00 $ 29.25 $ 23.74
O2 Sensor 6.00 4.50 2.36 2.16 1.75
ECU 75.00 45.00 45.00 41.13 33.39
Air Temperature 1.75 1.75 1.25 1.14 .93
HZO Temperature 1.75 1.75 1.25 1.14 .93
Throttle Switch 3.00 3.00 2.30 2.10 1.7
Fue! Pump Assembly 15.00 15.00 12.00 10.97 8.950
Fuel Pressure Regulator 3.00 2.90 2.57 2.35 1.91
Fast Idle Valve 5.00 3.51 2.00 1.83 1.48
Throttle Body 10.00 8.78 5.00 4.57 3.7
Air Solenoid Valve 4.00 3.25 2.00 1.83 1.50
Fuel Filter 3.50 2.00 1.00 . 91 .78
Fuel Rail 8.50 6.00 5.00 §.57 3.7
Speed Sensor 1.50 1.00 .75 .69 .56

Intake Manifold
Wiring Harness 25.20 10.00 5.00 4,57 3.7
$219.20 $148.44 $119,48 $109.21 $ 88.67
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Sundstrand Data Control,Inc. £7a
e \ A
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PIEZOTRON®

* UL, Patent No. ),589,747

c Fressure Gages

- - T - v ——— e -
,_/:«‘\“‘-g
~N T A 208 SERIES
. = \\ B ] I : pRESSURE
,\\ N ' ‘\\ 5. . (’ GAGE
f \ .;. ~—2 174 1, D. LINE . l
i =3
- s Eyl | \/— ADAPTOR
t . gl o
f";\\ .\\ .A [A ot .?‘ 3 \ .'.
™ a sr \ .
’ . ._;' f’ &.J TLLLLLl il 77 ISRV ININ
<O
: 7 ST ENINNIR 7[1\[\\\\" LI LIl 77
Features bire tha stability, wide frequency response and
e RUGGED & RELIABLE~— high resolution ot a quartz element with a high leve!
100,000 000 CYCLES output signa!, compatitie with most readout equip-

* SMALL SIZE—~MOUNTS iN 1/4” LINES

¢ HIGH LEVEL OUTPUT—-
5 VOLTS FULL SCALE

e HIGH RESOLUTION
MEASURES 10,000 t0 0.5 psi, or
1.090 to 0.05 with one sensor

* EASE OF INSTALLATION

The 205 Series Hydraulic Pressure” Gage was
specifically designed FOR DYNAMIC HYDRAULIC
PRESSURE MEASUREMENTS. Practically inde-
structitie, with a hardened 17-4 PH stainiess stee!
body, and tested for 100,000.000 cycles, t' ey com-

ment. This is made possible with our revolu-
tionary Piezotrun concept whereby a miriature cir-
cuit i= built into the housing tc convert the quartz

~ piezoelectric-generated charge to a robust, low

impedances voltage.

UNLIKE A STRAIN GAGE, the 205 Gages are
designed for flush mounting in lines as small as
1/4” 1.D., where its sensing surface “sees™ the
pressure changes you need to know, thereby elim-
inating cavitation elfects. A truly dynamic instru-
ment, with natural frequency of more than 250,000
Hz, IT DOESNT MISS HALF YOUR DATA. A 25,000
to 1 eignal-to-noise ratio with an output of 5§ volis
tull acale allows you to read your whole dynamic
pressure spectrum, accurately, with one sansor.

Designed to Measure Pump Ripple——Hydraulic Line Surges
Pipe Line Pulsations—Actuator Performance—Fuel Injection Pressure
Brake Systems Efficiency—Hydraulic Controls—Tubing Endurance
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IG - ACTUATORS--HEAVY DUTY GASOLINE ENGINE

1. EGR Valv: Position Actuator

This is included in Section [B-1, EGR systems, representing 33% of the

system.
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IG - HEAVY DUTY GASOLINE ENGINE

2.  Turbocharger Wastegate Position Actuator

This is a portion of the turbocharger estimate, Section IK.
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IG - HEAVY DUTY GASOLINE ENGINE

3. Secondary Air Modulation, Vacuum Control

The detailed descriptions and calculations following this page apply to passenger
car parts, reprinted from a previous report EPA - 78 - 002, March, 1978. The
costs shown therein have been adjusted by using factors, described later in this
report, that reflect differences in size and in manufacturing yolume (economy of
acale) between aytomobiles and trucks. The EQS used for automobiles is 350,000
per year; for trucks, 50,000.

The resulting retall price eguivalent costs for trucka are shown below,

Automobile EQS

Unit Costs Factor
Material 460 1.3
Labor and Overhead .574 2.7
Equipment .027 2.4
Tooling .152 3.4

Weighted EOS Factor 2.3

X Automaobile Retail Price Equivalent $3.22
= Truck Retail Price Equivalent $7.41
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AIR MODULATION SYSTEM WITH VACUUM CONTROL

The alr modulation system provides an approprliate volume of
secondary alr to fhe exhaust ports (or to a polint between

tha 3-way catalyst and the oxlidatlion catalyst) dependent

upon both englne speed and load or, In other words, the
volume of englne exhaust, Thls system attempts to more
nearly match thls alr supply with engine needs for optimum
nxidatlion of HC and CO while minimizing the cooling effect
thls alr has on the exhaust gases. 1[It consists of a diverter
type valve that Is actuated by a vacuyuim signal from Intake

manifold that In turn provides alr to the exhaust stream.

. .v." .
Sigais  Tyg Air Modula?ion ,S:ygv;’em

Vae,
Lowrvoir

Aer Purs " cmuit Oty

Same as alr [njection systen except:
- yae, (ime ¥s> TVS
- TVS
= vac, (iue to Vac. Les.

- Vae. Reos. (2 me us showe)

- vAe. (rne from Var. E:s ‘s
Mod. Vale

= Hedulation VYalve (same as
diverter wa/ve excest weth

calibreted :on'-’ rate and
more durable d;'lﬁhrjjm)
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Air Madulation System

Tooling Costs--Amertization Per Part

12 Year
1 Year 3 Year Machinery 12 Year 40 Year Amortization
Economic Recurring Nonrecurring and l_aunching Land and
Part Volume Tooling Tcoling Equipment Costs Building  Per Piece Reference

Diverter Valve 2,500,000 .0580 .0580 «.0167 . 0017 - + V343 6.2
2 145,000 435,000 500,000 50,000
»
4 Converter Hose 2,500,000 .0040 .0016 .0026 . 0003 .0085 Dlverter Valve
I 10,000 12,0690 78,000 7,800
» 5
mm Vacuum Hose 2,500,000 .,0004 .0002 .0003 .0001 .0010 Tooling Data
- 1,000 1,500 7,800 3,000
n
9 . 0200 6160 .0050 . 0005 .0355 "
]

Alr Manlfold 2,500,000 50,000 75,000 120,000 12,000

Total .0824 .0698 L0247 . 0026 .1793
Vehicle Assem. 500,600 - - - - -
Engine Hod. 500,000 - - - - -

Research and Development Estlmate:

$150,00C for 3 years, or $.1000 Per Plece
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Part

Diverter Valve
Converter Hose
Vacuum Hose
Air Manifold
Total

Vehicle Assem,
Engine Mod.
Vehicle Total

Material

Steel
Rubber
Rubber
Steel

Air Modulation System
Bill of Material

Manufacturing Costa

Weight

1.230
.500
.050
.100

Material Labor Labor Manufacturing
Costs Costs Overhead Costs
.3300 3435 1374 .8109
.1000 .03%i2 .0125 1437
.0100 NIy .0012 .0143
.0200 L0312 .0125 .0637
1.0326
- 0625 .0250 U875
- .0156 .0062 .0218
1.1419

Reference

Sketch and
EPA Datas
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Part

Diverter Valve
Converter Hose
Vacuum Hose
Air Manifold

Total

Air Modulation System--Total Manufacturing Costs

Plant Tooling
Plant Migq.

Material Labor Overhead Costs Exp. Inv.,
.3300 3435 1374 .8109 .1160 .0184
-1000 .0312 .0125 L1437 .0056 .0029
.0100 .0031 .0012 L0143 .0006 .0004
.0200 0321 .0125 0637 .0300 0055

Corp. Corp. Vendor
Alloc. Profit Mfg.
JZ0MC*  20MC* Costs
.1622 .1622 1.2657
.0287 .0287 .2097
+0029 .002% .0210
.0127 .0127 1247
1.6251
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Air Modulation System Retail Price Equivalent At The Vehicle Level

Plant
Vendor
Part Costs
Air Mod. System 11,6251
Vehicle Assem. .0875
Engine Mod. ,02'8
Total RPE

Vehicle
Tools Corp. Corp. Dealer Retail
and Alloc. Profit Markup Price
R&D Equip. L20VC* L20VC*  ,40VC*H  Equivalent
.1000 - .3250 3250 .6500 3.0252
- - .0175 L0175 .0350 .1575
- - .00‘{“ .00““ 00087 00392
3.2219



AIR MODULATION SYSTEM CGST COMPARISON
TO AFTERMARKET SELLING PRICES

An assumption was made that the air modulation valve would be similar to a

diverter valve. (See E.P.A, sketch)

A diverter valve is priced at $18.05
1/4 discount = 4.51
1/5 discount = 3.61

The RPE estimafe is 3.0252 for the valve and the hoses, The
manufacturing (vendor) estimate is 1.6251 for the valve and an

.added .1093 for the engine and assembly costs,

AIR MODULATION SYSTEM COST METHODQOLOGY

The estimates were based on the diverter valve costs developed in the air injection

section 6.0.

Otner costs af the engine modifications and the assembly are estimates of the

Incremental changes requlred for this system,

AIR MODULATION SYSTEM

APPLICATIONS TO VARIQUS ENGINES

No significant engine-to-engine costs are evident,
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I'H - THERMAL REACTOR
HEAVY DUTY GASOLINE ENGINE

The detriled descriptions and calculations following this page apply to passenger
car parts, reprinted from a previous report EPA - 78 - 002, March, 1978. The
costs shown therein have been adjusted by using factors, described later in this
report, that reflect diftzrences in size and in manufacturing vojume {economy of
gcale) between automobiles end trucks. The EOS used for automobiles is 350,000

per year; for trucks, 50,000.

The resulting retail price equivalent costs for trucks are ehown below.

Automobile EQOS

Unit Costs Factor
Material 12.93 1.3
|l_.abor and Overhead .52 2.7
Egquipment €5 2.4
Tooling _ .43 3.4
Weighted EOS Factor 1.5

Automobile Retail Price Equivalent $37.62
Truck Retail Price Equivalent $56.43
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Thermal Reactor (Insulated With Core and Insulated Without Core)

Thermal reactors have been used to promote the gas-phasa oxidation

of hydrocarbons and carbon monoxide. Excess oxygen and high
temperatures are required to insure efficient oxidation. Early versions
have required a fuel-rich e.<haust and air injection to insure that high
thermal-reactor temperatures could be maintained. Such a system was
particularly suited to the rotary engine because of its inherently high
hydrocarbon exhaust levels. Unfortunately, the requirement to operate
the engine fue! rich necessarily results in decreased fuel economy.
Better dasign of the thermal-reactor system appears to allow use of a lean
thermal reactor which would not suffer the fuel economy penalty of the
rich thermal reactor. Air injection might still be required to insure that

the oxidizing mixture is available at all engine operating conditions.

Many lean~burn engines also include a simple thermal reactor, often no
more than 3 somewhat eniarged, thermally insulated exhaust manifold.
Because of the lower exhaust temperatures of the lean-burn engines,
thermal reactor performance is limited but usually adequate to give
approximately a 50% reduction in hydrocarbons. Since the introduction
of the oxidation catalyst, therma! reactors are now found primarlly on

totary, lean-burn, and stratified-charge engines.
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From Exhaunt Pon

Insuletior

Thermal Reactor

Thernal Reactor Conficuvration

Ceramic Liner

From Ehausi Port

Heat Controt Valve

To Exhaust Pipe
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Thermal Reactor Manufacturing Costs
Bill of Material

4-Cylinder Engine

Material Labor Laber Manufacturing

Part Material Weight Costs Costs Overhead Costs Reference
Exhaust Manifold Cast Iron 14.75 4.4250 1250 .0500 h.6000 .30/1b. EPA sketch
Liners Ceramic 2.00 4.0000 L0413 .0165° 4,0578 $2/1b.
Core Liners H.T. Steel 2.00 2.0000 L0413 .0165 2.0578 Si/lb.
Core H.T. Steel 3.00 2.0000 1250 .0500 2.1750 31/1b.
Insulation Asbestos i.00 . 5000 L0413 L0165 __.5578 $50/1b.
Total 13.448%
Vehicle ASM .1250 .0500 1750
Eng. Mod L1250 .0500 . 1750

Total ) 13.7984
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Part

Exhaust Manifold

Liners

Coare Liners

Core

Insulation

Total

Vehicle ASM

Engine Mod

Research & Development - $4€0,000 per year for 3 years for 400,000 pieces per year or $1.0000 per vehlcle.

Amortization Per Piece

Thermal Reactor Tooling Costs

12 Year
1 Year 3 Year Machinery 12 Year 40 Year  Amortization
Economic Recurring  Nonrecurring and Launching Land and per
Vaolume Tooling Tooling Equipment Cosls Building  Per Picce
L1250 .1250 . 5000 .0500
400,000 50,000 150,000 2,400,000 240,009 - .8000
.0200 .0200 .0200 .0020
1,000,000 20,000 60,000 240,000 24,000 - .0620
.0l100 .0l00 .0100 .0010
1,000,000 10,000 30,000 120,000 12,000 - .0310
.0500 .0500 .0500 .0050
400,000 20,000 60,000 240,000 24,000 - <1550
.0100 .0100 .0100 .0010
1,000,000 10,400 30,000 120,000 12,000 - .0310
1.0790
.0250 .0250 .0250  °.002%
400,000 10,000 30,000 120,000 12,000 - 775
.0250 .0250 .0250 .0n25
400,000 10,000 30,000 120,000 12,000 - .0775
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Thermal Reactor Total Manufaciuring Costs

Plant
Plant Mfq.

Part Material LLabor Overhead Costs

Exhaust Manifold 4.4250 1250 .0500 L.6000

Liners 4.0000 0413 .0165 4,0578

Core Liners 2.0000 0413 .0165 12,0578
Core 2.0000 1250 .0500 2.1750
Insulation . 5000 0413 /0165 .5578

Total i3.44RY

*MC = Maenufacturing Costs

Tooling Corp. Corp. Vendor
Alloc. Profit Mig.

Exp. Inv, L20MC*  20MC# Costs
.2500 .5500 .9200 ,5200 7-2400
.0400 .0220 8116 .811¢ 5.7429
.0200 .0110 CH116 JH1ES 2.9119
.1000 .0550 4350 4350 3.2000

.0200 .0110 116 L1116 .8119
19.9067
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Thermal Reactor Retail Price Equivalent

Vehicle
Plant Tools Corp. Corp. Dealer Retail
Ver.dor and Alloc. Profit Markup Price
Part Coests R&D Equip. .20VC* .20VC* .40VC* Equivslent

Thermal Reactor 19,9067 1.000 - 3.9813 3.98i3 B/9627 36.8321
Vehicle .1750 .07715 .0350 .0350 .0700 <3925
Engine Mod .1750 0775 .0350 .0350 .0700 « 3925
Total 37.6171

The uninsulated thermal reactor costs are $35.37 excluding vehicle assembly and englne modlflcatlons.

*VYC = Vendor Costs



Thermal Reactor Cost Comparison To Aftermarket Selling Prices

The Mazda Rotary Engines are selling the thermal reactors for $186.93 to $255.19

for RX-2 amd RX-J ¢ngines. This selling price includes a five year warranty.

Using discount data:

186.93 Est. Vendor Costs Retail Price Equivalent
Discount 1/4  4&.73

Ciscount /5  37.40 19.83 37.49

The exhaust manifold on a CVCC Honda sells for $79.20. WUsing the discount

formula, the vendor cost is 79.20 4+ 4 = $19.80.

Thermal Reactor Cost Methodology

The weight data are estimates based on 4 cylinder exhaust data. The material

costs are estimates based on material selections.

The design data are from the sketch in 15.0.
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Il - IGNITION SYSTEMS
HEAVY DUTY GASOLINE ENGINE

1. Breaker Point Ignition System
The detailed descriptions and calculations following this page apply to passenger
car parts, reprinted from s previous report EPA - 78 - 002, Marchk, 1978. The
costs shown therein have been adjusted by using factors, described later in this
report, that reflect differences in size und in manufacturing volume {economy of
scale) between automobiles and trucks. The £0S used for automabiles is 350,000
per year; for trucks, 50,000.
The resulting retail price equivalent costs for trucks are shown below.
Automobile E0S
Linit Costs Fzctor
Material 2.35 1.3
Labor and Overhead 6.41 2.7
Equipment .0% 2.4
Tooling ' .33 3.4
Weighted EQS Factor 2.4
X Automobile Retail Price Equivalent $23.28
= Truck Retail Price Equivalent $55.87
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Breakerpoint Ignition System

The breakerpolint distrlibutor has been the malnstay of Ignltfion
systems., The advent of the emlsslons requlirements created the

need for Improvecd designs such as the electronic Igitlon system
deflned In 26.0,

|

e, e COVER, Dirmibutor Cap CAPACITOR, Disrisutor
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(IM SCREW, ighitis» Coil Attach,

ﬁ
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LEAD ASSY,, Diniributor
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D POLE PIECE, w/Pinte
o [
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SRR SCREW
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o ot 1 .
L J——HAR.\'ESS.\‘.:AMlm Coil CONTROL ASSY., ~- -_\:‘: :H IL.LD,SD::;-bm
- Distributor vacuum L © "';'\ ouaing Sp!
e = o STREV, Dittiibutor Madule ATES, -+ -7 XY ODULE, Districu:
. ,\i_/ao*roa ASSY,, Distributor _:—?"\
- , Y5} HOUSING ASSY.. Disubuter
’_774- STRING, Dirrbuicr Weight =
o
S &
C’ ‘-——--\' T'GHT, Disribur e |
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. (F-_ ! WASHER
v Z CZAR
\J' SHAFT ‘\/——”' PIN
Ll

B CAM, v/\Veight Faate
\, J

Exploded view of H.LI @ dritwtor (Typieal). ARt erest Cadilise wiS i lelveaion

Reprcduced from W

best available copy. N 212

RATH & STRONG

INCORPORATLID



Breakerpoint Ignition System

MANUFACTURING COSTS

Bill of Material

Overhead Mig.
Mat. Labor Labor Plant
Part Mat. Weight Costs Costs  Costs Costs
Distributar Plastic
Assembly Steel 2,000 1.000 2.800 1.1200 4.9200
Cap Plastic  .150 1200 .3500  .1400 .6100
Plastic
Rotor Copper  .050 .0100 .1000 .0400 .1500
Breakerpoints Copper  .010 .0080 .1200 .0480 .1760
Plastic
Condenser Copper .050 .0400 .1100 .0440 1940
Vacuum Steel
Control Copper .200 .1000  .3500 .1400 .5900
Ignition Copper
Ceil ©lastic 1,780 1.0680 .7500  .300Q 2.1180
Total 8,7580
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Breakerpoint Ignition System

TOOLING COSTS

Amortization per Piece

Econemic 1-Year 3-Year Non 12-Year 12-Year 40-Year Amartization

Volume Recurring  Recurring Machinery L aunching Land & Per

Part Per Year Tooling Tooling Equipment Costs Buildings Piece
' .0500 .0500 .0500 .4050

Distributor Assembly 1,000,000 50,000 150,000 600,000 60,000 -- .1550
.0100 .0100 .0100 .oo1o

Cap 1,000,600 10,000 30,000 120,000 12,000 - .0310
.0050 .0100 .0050 .0005

Reotor 1,600,000 5000 30,000 60,000 6000 -- .0205
.0050 .0l100 .0050 .0005

Breakerpoints 1,000,000 5000 30,000 60,000 6000 -- .0205
.0300 .0300 .0050 .0005

Cconderser 1,000,000 30,000 90,000 60,000 6000 -- .0655
.0230 .0300 .0050 .000S

Vacuum Contl 1,000,000 30,000 90,000 60,000 6000 -- 0655
.0300 .0300 .0050 .0605

Ignition Coil 1,000,000 30,000 270,000 60,000 6000 -- 0655

Total 4235
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Breakerpoint Ignition System

TOTAL MANUFACTURING COSTS

Plant

Plant Mifg .20/MC  .20/MC Mfg/

Over- Costs Tooling Corp. Corp. Vendo

Part Mat Labor Head (MC) Exp. Inv. Alloc. Profit Costs
Dist. Assembly 1.000 2.800C 1.1200 4.3200 .1000 .0550 .984L0 .9840 7.0430
Cap .1200 .3500 .1400 .6100 .0200 .0110 .1220 ,1220 .8850
Rotor .0100 .1000 .0400 .1500 .0150 .0055 .0300 .0300 «2305
Breaker Points .0080 .1200 .0480 .1760 .0150 ,0055 .0352 .,0352 ,2669
Condenser .0400 .1100 .0440 .1940 .0600 , 0055 .0388  .0388 «3371
Vacuum Coil .1000  .3500 .1400 .5900  .0600 .0055 .1180 .1180  ,8915
Ignition Coil 1.0680 ,7500 .3000 2.1180 .0600 .0055 L4236 L4236 3.0307
Total 8.7580 12.6847
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Breakerpaint Ignition System

RETAIL PRICE EQUIVALENT AT THE VEHICLE LEVEL

Vehicle
Vendor Tools Corp Corp BDealer Retail
Casts and Allocation  Profit Markup Price
(VC) Ra&D Equip .20 VC .20 VC .4c vC Equiv.
Dist. System 12.6847 -- o= 2,5369 2,5369 5.,0739 22,8325
Vehicle Assy .2500 .- .- .0500 .0500 .1000 L4500
Total RPE 23.2825
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Breakerpoint ignition System

Breakerless Distribution Assembly

Group 2 (Chilton)
Ignition System (Chrysler :'ata)
Aftermarket Selling Price Analysis

High Energy Ignition

1972 Data 1977 Data
Total Assembly
Six Cyl 39.80 45.00
8 Cyl 318 46.25 47.55
8 Cyl 400 53.15 54.75
6 Cyl a_Cyl 6 Cyl 8 Cyl
Distribution Cap 4.25 4.85 3.81 4.85
Points 3.30 3.30 -- --
Condenser 1.60 1.60 -- -~
Dist Lead Wires .82 .82 -- --
Rotor 1.25 1.25 1.92 1.92
Reluctor -- -- 1.92 1.92
Pick up and Plate -- -- 13.45 13.45
Breaker Plates 10.50 10.50 -- --
Vacuum Contro! Unit 5.35 5.35 5.35 5.35
Coil 14.92 14.92 -- --
Resistors 2.55 2.55 -- --
Governor Shaft Assembly 14.95 14.95 14,95 14.95
Dist Housing 6.07 8.69 6.07 8.69
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Breakerless Assembly
(1972 car data)

Breakpoint Ignition System
Analysis of Aftermarket Selling Prices
Group 2 (Chilton} G. M. Data

6§ Cyl 8 Cyl

Electronic Ignition
(1977 car data)

¢ Cyl 8 Cyl

Distributor As;embly

Condenser

Breaker Plate

Vacuum Control

Less ‘Shaft

54.05 58.30 (Total Distributor) 138.75 170.50

3.68 5.60
1.71 1.71
1.35 2.31
4.07 6.55 Cap

Cover
16.40 16.40 Coil
>.00 3.2% Pole Piece & Plate
4.02 4.02

Shaft (Included in Assy.) 23.50 23.50

Included Item 1

111.78 121.¢68
23.50 _23.50

48.28 98.18
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3.45 3.90
8.53  11.65
3.09  3.09
32.96  27.80
20.70  20.70
5.85  5.85
23.50  23.50
2.67  2.67
15.70  53.10
14.90  20.25
9.80  9.80

128,75 170

.50
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Breakerpoint Ignition System

COST METHODOLOGY

The weight data was obtained from Chrysier data. The cost estimates are gross; not
based on a part by part operational analysis.

The anelysis of verious systems--breakerpoint versus electronic--provides a top down
reference cost.

Breakerpoint Ignition System

APPLICATIONS

Using the aftermarket data, the delta difference by engine size is proportional to the
number of eylinders. o
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HEAVY DUTY GASOLINE ENGINES

2. High Enerqgy (Electronic) Ignition System

The detailed descriptions and calculations following this page apply to passenger
car parts, reprinted from a previous report EPA - 78 - 002, March, 1978. The
—usts shown therein have been adjusted by using factors, described later in this
report, that reflect differences in size and in manufacturing volume (economy of
scale) between asutomabiles and trucks. The EOS used for automabiles is 350,000
per year; for trucks, 50,000.

The resulting retail price aquivalent costs for trucks &re shown below.

Automobile EQS

, Unit Costs _ Factor

’ Material 2.68 1.3

;} Labor and Overhead 17.45 2.7

’ Equipment .28 2.4

| Tooling .62 3.4

i Weighted EOS Factor 2.5
X Automobile Retail Price Equivalent $53.13
= Truck Retail Frice Equivalent $132.83
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High Energy Ignition

Group 2 - ELECTRONIC IGNITION - Parts
Port Re. Price
Sembuter Assy.
Ouvrolet
': Xeng!
i 9 —w AT e #1112863 13478
. 0 | B G $1110666 140.00
4 Seng)
3 19T —exc below e, 1112977 170.50
- Caif wAT. v 1112999 180.00
; Weng!
R 2 RN 1112880 170.50
@ eng)
1974=2 bbl e 1112866 180.00
4bol ... 1112368 18000
12 70 - TR, 1112382 180.00
Sengt

1574=2 bbi (Calif)) .........1 12527 170.50
F7578. e aeneenn 1112886 170,50

Carvette
1V 5—exc below .. ....1112888 170.50
»/Sp b perf .. ~1112883 180.00
CUMf, coomrcrermmsieen ...111295Q 17229
¥'6TT —exc below ......... 1103200 180.00
TN, S 1112979 180.00
1) Cover Part Ne. price fart Na Price
S SRS 187060 309 | (3} chaty 1875Calil. oo, 1891284 23 50
Chavralst 1576—w/Sp hi pert
A laod Assy. osTelss &5 | @0eng LY A 1801719 23.50
T e 1977—e1c below ..o, 1691145 2350
. wi/lntevl bd ...oovvnnee 23130 .
aal (w/1110166 dast) 2500| (B) Retainer
‘19"&. T—exc below ...... 01878894 27.60 (men‘) Chevrolet
At L T T — 01115444 2280 [T T 1292078 27.00 -T2 S SO 0830446 25
. (350 en Corvene
#)Seal 19-,,,'7‘)5 ,,,,,,,,,,,,,,,,,,,,,,,,,, 836072 23.50 Y- o S NL.
FTETT e ssneens 0187562 2.51 (400 eng)
e 1974—2 bbl. 1880113 2350 (9) Pole Piece & Plate Assy
Jitep - 4bbl..... ...1380115 23.50 19T6TT eeceenrreenens $1873981 2070
11.65 A Wag .o 1876324 2350
868 | («S4eng (10) Module
1974—2 bbl (Calif.) ......... 1676404 2350 1674-TT—cxc balow...... #1875900 %310
1975-77 530121 23.50 1977250 eng ..oorrrme. #1880040 1570
3.6% Corvette
3.65 1975-TT—ezc below..—.... 830185 2330 (11) Capocitor
3.90 Sphiperf . ._.830110 23.50 120 o 18768154 267
Price Part Ne Price L TR,
g:) Vi.:vum Contre! {13) Seal 1977—-250 eng lew
(2.50‘::;:' T 175 o SO 01850568 .00 wilnteylhd ... 01982675 gqp
1977 —e1c below............. 81571550 3.30 | (14) Heusing wilnteylMd.............. 0196208 514
qum ylhd e 19738517 588 14
(3 350enzs) Py H 80
1977 vrevsnsaemrrerenen $197T3517  5.88 ' mﬂwm 30
(400 eng) (15) Harners (350, 400 engs! 8s
1976 TT—cicbelow..... 81876018 980 | 197476 *8908ss| ¢y 0
~ 1973807 383 1977~250 eng......ooonr 01850021 9.80 | (45¢eng) b en
. 1973 (Caif ) oo, 8D 19646 ¢33 o
olemas17  sas | (16) Washor an o0
: 19737 cemnernreme 01837617 07 | Corveite s
19750‘.7_“‘_ below....... 1973482 498 | (17 Wosher 112 S F 8908567 G o
wi/Dist no : 30
o Lmqﬁb""""""'"ﬁﬂru” 588 (l :‘;";:' -------------------------- 81965864 41 | wonitien Switch
1O eng (Cal ) 1974-77—e1c belo e H
w/S‘p  hi perf 1973508 5.8 1974-T7—exc below. 41958590 5.15 tilt whi.......e...... i olmm :}3 15
....... 2+ WA DT -
— AT . 90

Reproduced Trom - RATH & STRONG
best_available copy. &y INCORPORATED
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Part

Distrib. Asm.
Cap
Cover

Coil
Pole Pc & Plastic

Vacuum Cont
Shaft

Capacitor
Medule

Housing

Harness

Material

Placstic
Plastic
Copper
Plastic

Copper
Iron

Steel
Copper
Steel

Plastic
Copper

Copper
Plastic
Ceramic

Plastic
Copper

High Energy Ignition System

Manufacturing costs
Bill of Material

Material [_abor l_abor Manufacturing

Weight Costs Costs Overhead Costs Reference
2.000 - 3500 .1400 .4900 Electronic test

.200 .1600 .4000 .1600 .7200 See sketch

.100 .0800 .1500 . 0600 .2900

.200 .1600 2.2500 9000 3.3100

. 100 .0800 1.2500 .5000 1.8300

.200 . 1000 .8500 .3400 1.2900

.3000 .1200 .7500 .3000 1.1700

. 1000 . 5000 . 5000 .2000 1.2000

.2000 1.0000 4.0000 1.6000 6.6000

.4000 . 3200 .7500 3000 1.3700

. 2000 . 1600 .5000 .2000 .8600

19.1300
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Parlt

Distrib, Assem.

Cap

Cover

Coil

Pole Pc & Plaie
Vacuum Cont
Shaft
Capatitor
Module
Housing

Harness

R&D 1,500,000/year for 3 years for 1,000,000 units per year or $1.50 per piece.

High Eoergy lgnition System

Tooling Costs

Amortization Per Piece

12 Year
1 Year 3 Year Machinery 12 Year 40 Year  Amortization

Economic Recurring Nonrecurring and Launching Land and
Volume Tooling Tooling Equipment Costs Building  Per Piece

.0500 .0500 .0500 .0050 .1550
1,000,000 50,000 150,000 600,000 60,000

.0200 .0200 .0200 .0020 .0620
1,000,000 20,000 60,000 240,500 24,600

.0100 .0100 .0100 .0010 .0310
1,000,000 10,000 30,000 120,000 12,000

.0300 .0300 .0050 .0005 L0655
1,000,000 30,000 90,000 60,000 6,000

.0300 .0300 .0050 .000% .0655
1,000,000 30,000 90,000 60,000 6,000

.0500 .0500 .0500 .0050 .1550
1,000,000 50,000 150,000 600,000 60,000

.0200 .0200 .0100 ,0010 .0510
1,000,000 20,000 60,000 120,000 12,000

.0100 .0100 .0100 .0o10 .0310
1,000,000 10,000 30,000 120,000 12,000

.0500 .0500 .looo .0100 .2100
1,000,000 50,000 150,000 1,200,000 120,u00

.0300 .0300 .0300 .0030 .0930
1,000,000 30,000 90,000 360,000 J6,000

.0100 .0100 .0100 .0010 .0310
1,000,000 10,600 30,000 120,000 12,000

Tatal . 9500




QliVECHNO0INI

ONONHLS ¥ HLVY

vZe

Part

Dist.
Cap

Assem.

Cover

Coil

Pole Pc & Plate
Vacuum Cont
Shaft
Capacitor
Module
Housing

Harness

High Energy Ignition System

Total Marnufacturing Costs

Plant Tooling
Plant Mfg.
Material Labor Overhead Costs Exp. Inv.

- .3500 . 1400 .4900 .1000 .0550
.16¢00 4000 . 1600 .7200 .0400 .0220
.0800 1500 .0600 2900 .0200 .0110
1600 2.2500 1.9000 4. 3100 .0600 .0055
.0800 1.250 .5000 1.8300 .0600 .0055
.1000 .8500 .3400 1.2900 .1000 .0055
.1200 .7500 .3000 1.1700 .0400 .0110
.5000 .5000 .2000 1.2000 .0200 .0110

1.0000 4.0000 1.6000 6.6000 . 1000 .1100

.3200 .7500 .3000 1.3700 .0600 .0330
.1600 .5000 .2000 .8600 .0200 .0110

20.1300

Corp. Corp. Vendor
Alloc. Profit Mfqg.
L20MCe  ,20MCH* Costs
.0980 .0980 .8410
. 1440 . 1440 1.0700
. 0580 .0580 .h370
.6620 .6620 5.6995
« 3660 . 3660 2.6275
.2580 .2580 1.9115
L2340 .2340 1.6890
.2400 .2400 1.7110
1.3200 1.3200 9.4500
.2740 .2740 2.0110
.1720 .1720 1.2350
28.6825
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High Energy Ignition System

Retail Price Equivalent at the Vehicle Level

Vehicle
Plant Tools Corp. Carp. Dealer Retail
Vendor and Alloc. Profit Markup Price
Part Costs R&D Equip. .20vCH L20VC*  .40VC*  Equivalent
HE ignition 28.6825 5.7365 2,7365 11.4730 53,1285



High Energy Ignition System

Cost Comparison to Aftermarket Selling Prices

The manufacturing vendor costs for the system is $ 27.6325. Usling the 4 to
Discount the estimated aftermarket comparison price is $117.7428. The Chilton
price for this system can vary betweer $138.75 for the 6 cylinder to $170.56 for 8
cylinder engines.

High Enerqgy Ignition System

Cost Methodolagy

The weigt data and material costs are estimates. The labor costs are estimates
for a given economy of scale (1,000,000 units/year). The bill of material data was
limitad to the G.M. Chilton data.

High Enerqgy Ignition System

AEElications

The applications of these costs to engines will be proportional te the number of

cylinders per engines.
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IK - TURBOCHARGER
HEAVY DUTY GASOLINE ENGINES

The detailed descriptions and calculsations following this page apply to passenger
car parts. The costs shown therein have been adjusted by using factors,
described later in this report, that reflect differences in size and in
manufacturing volume {economy of scale) between automobiles and trucks. The
EOS used for automobiles is 350,000 per year; for trucks, 50,000.

The resulting retail price equivalent costs for trucks are shown below.

Automobile Unit Costs

EOS
100HP 220HP 250HP 350HP 450HP Factor

Material 8.98 20.21 21.89 23.57 24.13 1.3
Labor & O.H. 7.57 13.25 14.10 14.95 15.23 2.7
Equipment .94 .94 .94 .94 .94 2.4
Tooling .66 .66 .66 .66 .66 3.4
Weighted EOS

Factors 2.0 1.9 1.9 1.9 1.9

X' Auto RPE 46.47 88.70 95.09 101.45 103.56

= Truck RPE 92.94 168.53 180.67 192.76 196.76
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Engine Coverage With AiResearch Turbocharger Models
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The r?@of the
'S

Technological advances resulting from aggressive devzlopment
programs have provided and are expected to continue to provide:

B Reductions in turbocharger weight relative to engine horsepower
B Reductions in turbocharger cost relative to engine horsepower

| Improvements in application techniques and turbocharger configurations to permit
efficient use of a small number of models on a wide range of engine sizes

e e ——
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— vie ,,....,- .,-_Whﬂ.w- ..
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\
hY

A Y
\\ RELATIVE WEIGHT PER ENGINE H.P.

A
_BT
M
_L Dlj—‘ Dimensions are ininches
C—T -
c MODEL A 8 [} D E F G H | POUNDS
-G T04B 743|150 | 823|525[3.00|435{ 873 | 63 16
Sy S
TV61 12.07 [ 3.10 |1246 | 7.341 425} 5.50 [1093 | 90 35
— _1
I //‘Q TV71 1093 (196 {1133 734} 425|550 {1093 | 950 39
e /74
\ TV81 1093 {1.96 |11.33 | 7.34 | 4.25} 550 }10.93 {100 42
L/ H
£
_% . T18A 1125|250 {1125} 9.25] 4.25| 5.75 |12.00 (100 43
L L 1
5
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TURBOCHARGER
TO3

MANUFACTURING COST

Material Labor Overhead Mfg.
Component Weight Material Costs Hrs. Labor 40% Costs
Turbocharger Assem. 17.00 - - .067 .5025 2010 .7035
Turbine Wheel .70 Cr-N.Stl. .8400 134 1.0050 .4020 2.2470
Impeller .23 Alum. .1610 .016 .1200 .0480 .3290
Shaft 1.41 Cr-N.Stl. 1.1280 .067 .5025 .2010 1.8315
Balancing - - - 134 1.0050 . 4020 1.4070
Bearings .30 52100 .3900 .067 .5025 .2010 1.0935
Impeller Hsg. 5.00 Alum. 2.1020 .050 .3750 . 1500 2.625
Impeller Hsg. Gv. .25 Alum, «1750 .0ol10 .0075 .0003 .1828
Oil 1/0 Hsg. 1.00 Cl .4G00 .0330 L2475 .0990 . 7465
Turbine Hsg. 8.61 Cl 3.4440 .083 6225 .2490 4.3155
8.638 4.890 1,953 15.481
Wastegate Viv, 1.00 Steel .2000 .0670 .5025 .2010 .90635
Wastegate Brkt. .10 Steel .0200 .00080  .D060 .0002 .0262
Wastegate Linkage .15 Steel .0300 .00C8e0 .0060 .0002 .0362
Hardware .25 Steel .0500 .00010 .0075 .0003 .0578
Hose & Fitting .20 RubStl. .0400 .0010 .0075 .0003 .0478
.340 .930 .202 1.072

Total 8.978 5.420 2.155 16.553

Summary Manufacturing Costs $16.55

Tooling 1.79

OH & Prod. 9.93

OEM Casts $28.27 at $1,000,000/Year
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703 TURBOCHARGER

TOOLING
Economy Recurring Nonrecurring Land &
of” Tooling Tooling Equipment Launching Buildings

Scale 1 vr. 3 Yrs. - 12 Yr. 12 Yr. 40 Yr. Par Piece
Turbocharger 1,000,000 36.0 360.0 1,800.0 180.0 10,000
Turbine Wheel 24.0 240.0 1,200.0 120.0
[mgeller 16.8 168.0 840.0 84.0
Shaft 12.0 120.0 600.0 60.0
Balancing 9.6 96.0 480.C 48.0
Bearings 4.8 48.0 240.0 24.0
Impeller Hsq. 7.2 72.0 360.0 36.0
Impeller Hsg. Cov. .7 7.2 36.0 3.6
Oil 1/O Hsg. 3.6 36.0 180.0 18.0
Turbine Flisg. 24.0 240.0 1,260.0 126.0
Wastegate Viv. 7.2 72.0 360.0 36.0
Wastegate Brkt. 3.6 36.0 120.0 12.0
Wastegate Linkage .7 7.2 36.0 3.6
Hardware o 7.2 36.0 3.6
Hose & Fitting 1.4 14.4 72.0 1.2
Totals 151.5 1,524.0 7,560.0 756.0 10,000
Cost Per Unit .152 .508 .630 .063 .250



Part

Turbocharger
Waste Gate Valve

TOTAL

TO3 TURBOCHARGER

VENDOR COST

Plant .20 .20
Plant Mfag. Tooling  MC Corp  Vendor
Matl Labor O.H. Cost Exp Inv Corp Pft Cost
8.64  4.89 1.5 15.48 .60 .89 3.10 3.10 23.17
34 .33 .20 1.07 .06 .05 .21 .21 1.60
8.98 5.42 2.15 16.55 .66 .94  3.31  3.31  24.77
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Vendor
Cost

Turbocharger 23.17
Waste Gate 1.60
Vehicle Assy
Engine Mod.,

RETAIL PRICE EQUIVALENT

.20 .20
Tools & Corp Corp
Ré&D Equip Alloc Profit
1.00 4.63 4.63
.32 .32
.25 .05 .05
.25 .05 .05

TOTAL RETAIL PRICE EQUIPMENT

234
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.40
Dealer
M/U RPE
9.26 42.69
.64 2.88
.10 .45
.10 .45
46.47



TURBOCHARGERS - VARIOUS SIZES

The detailed cost estimate for the TO3 Turbocharger has been shown on the
preceeding pages. To arrive at estimates for larger sizes, these principlus were

followed:
- Same economy of scale as the TO3 (1,00¢,000).
- Material costs increased by weight.

- Labor and overhzad increased at 60% the rate material was

increased.
- Tools, equipment, launching, land, and building unit costs unchanged.

- Horsepower ratings read fram chart at the 55-inch intake manifold

pressure level.
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Engine HP
Turbocharger Model

Weight (Ibs)

Material

Labor and Overhead
Plant Manufacturing Cost

Tools, Equipment, Bldgs
Corp. O.H. & Profit

Vendor Cost

R&D

Vehicle Assy Tooling
Corp. Alloc. & Profit

Dealer M/U

Retail Price Equivalent

TURBOCHARGERS

100
TO3
TO4B

16

8.98
7.57

16.55

1.60
6.62

24.77

1.00

.50

10.10

10.10

46.47
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88.

21
25

46

.60
13.

38

44

.00
.50
19.
19.

38

70
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TV71
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21.89
14.10

35.99

14.40

51.99

.50

20.80

20.80

95.09

350

Tv8l

42

23.
14.

38.

57
95

52

.60
.41

\n
A

.00

.50

22.
22.

101

21
21

.45

450

T18A

43

24.
15.

39.

15

\n
(6,8

13
23

36

.60
.74

.70

.00

.50

22.
22

.68

.56



I1B - UNIVERSAL FUEL INJECTION SYSTEM

HEAVY DUTY DIESEL ENGINES

The manufacturing and tooling costs estimates on the following pages have been taken

from a orevious report submitted to D.0O.T. They were based on passenger car quantities.

The retail price equivalents for truck quantities (50,000/yr.) are given below.

Material
Labor and Overhead
Equipment

Teoling

Weighted EOS Factors

X Automobile R.P.E.

= Truek R.P.E.

Automobile Unit Costs

4-Cyl

18.88
3.75
2.11

4.26

1.9

70.00

132.00
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6-Cyl

24.36
4.83
2.11

4.26

1.8

86.54

155.77
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EQS
8-Cyl Factor
29.96 1.3

6.16 2.7
z2.11 2.4
4.26 3.4
1.8
103.83
186.89
S,



UNIVERSAL. FUEL INJECTION SYSTEM

MANUFACTURING COST

Plant
Over- Mfg.
Material Labor head Cost
Fuel Filter (Bosch) .35 .05 .02 .42
Low Pres. Fuel Pump 1.75 .25 .10 2.10
Fuel Piping 2.10 .30 .12 2.52
HP Nozzles - 4 Cyl 4.88 .68 .27 5.83
" " - 6 Cyl 7.32 1.02 .40 8.74
" " - 8 Cy! 9.76 1.36 .54 11.66
Hi Pres. Fuel Pump - 4 Cyl 9.80 1.40 .56 11.76
" " " " - 6 Cyl 12.84 1.84 .73 15.41
rtoon " " - B Cyl 16.00 2.40 .96 19.3%6
Totals - 4 Cyl 18.88 2.68 1.07 22.63
" - 6 Cyl 24.36 3.46 1.37 29.19
" - 8 Cyl 29.96 4.36 1.74 36.06
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UMIVERSAL FUNL INJECTION SYSTEM TOOLING AMORTIZATION

Non Land

Recurring recurring Machinery Launch and Amort

Tooling Tonling Equip. Cost Building per
Part EOS (1vr) {3 Yr) (12 Yr) (12 Yr) (40 Yr) System
Fuel Filter 1,400,000 150 350 1000 200 2000 .30
Low Pres Pump 500,000 50 250 600 100 2000 .50
Fuel Piping 500,000 20 50 130 20 300 .11
Hi Pressure Nozzles 500,000 250 650 1600 300 _ 3000 1.40
Hi Fressure Pump 500,000 750 1950 4800 1000 6000 4.06
Total/System 2.25 2.02 1.25 .25 .60 6.37
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UNIVERSAL FUEL INJECTION SYSTEM

MFG/VENDOR COST

Q3ivu0d4u0anNi

ONOMLS ¥ HAVY

)74

Mfg Tooling Corp Corp Mtg/Vendor
Cost Exp Inv Cuost Profit Cost
Fuel Filter .42 .19 .11 .08 .08 .88
Low Preseure Pump 2.10 .27 .23 .42 .42 3.44
Fuel Piping 2.52 .07 .04 .51 .51 3.65
Hi Pressure Nozzies Cy! 5.83 .93 47 1.17 1.17 9.57
" " " 6 Cyl B.74 .93 a7 1.75 1.75 13.64
" " " 8 Cyl 11.66 .93 .47 2.33 2.33 17.72
Hi Pressure Pump Cyl 11.76 2.00 1.26 2.35 2.35 20.52
" " " 6 Cyl 15.41 2.80 1.26 3.08 3.08 25.63
" " " Cyl 19.36 2.80 1.26 3.87 3.87 31.16
Totals Cyl 22,63 4.26 2.11 4.53 4,53 38.06
" 6 Cyl 29.19 4,26 2.11 5.04 5.84 47.24
" 8 Cyl 36,06 4,26 2.11 7.21 7.21 56.85
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Mfqg/
Vendor

Cost

4 Cyl System 38.06
6 Cyl System 47.24
8 Cyl System 56.85

e

UNIVERSAL FUEL INJETTION SYSTEM

RETAIL PRICE

EQUIVALENT

Corp
R & D Alloc
1.950 7.61
1.50 9.45
1.50 11.37

Corp

Profit

7.61
9.45
11.37

Dealer

Mark-tp

15.22
18.90
22.74

Retail

Price

Equivalent

70.00
86.54
103.83



IIE - HEAVY DUTY DIESEL ENGINE

POSITIVE CRANKCASE VENTILATION VALVE (PCV)

The detailed descriptions and calculations folldwing this page apply to passenger
car parts, reprinted from a previous report EPA - 78 - 002, March, 1978. The
costs shown therein have been adjusted by using factors, described later in this
report, that reflect differences in size and in manufacturing volume (economy of
scale) between gutomobiles and trucks. The EOS used for automobiles is 350,000
per year; for trucks, 50,000.

The resulting retail price equivalent costs for trucks are shown below.

Automaobile EQS
Unit Cost Factor
Material $.088 1.3
L.abar and Overhead .175 2.7
Equipment .096 2.4
Tooling .036 3.4
Weighted EOS Factor 2.4
Automobile Retail Price Equivalent $1.14
Truck Retail Price Equivalent $2.74
242
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COST ESTIMATES

PCV Valve System

All engines produce small amounts of blowby gases, which seep past the piston
rings, and into the crankcase. These blowby gases are the result of the high
pressures developed within the combustion chamber, during the combustion
process, and contain undesirable poliutants. To prevent biowby gases from
entering the atmosphere, while 2llowing proper crankcase ventilation, all

engines use a PCV system .

The PCV system prevents blowby gases from escaping by routing them through

a vacuum controlled ventilating valve, and a hose, into the intake manifold. The
blowby gases mix with the air/fue! mixture and are burned in the combustion
chambers. When the engine is running, fresh air is drawn into the crankcase

through a tube or hose connected to the air cieaner housing.

The PCV valve consists of a needle valve, soring and housing. Whan
the engine is off, the spring holds the needle valve closed to stop vapors from
entering the intake manifoid. When the engine is running, manifold vacuum
unseats the valve allowing crankcase vapors to enter the intake manifold. In

case of a backfire (in the intake manifold) the valve closes, stopping the backflow
and preventing ignition of fumes in the crankcase. During certain engine
conditions, more blowby gases are created than the ventilator valve can handle.
The excess is returned, through the air intake tube, into the air cleaner and
carburetor, where it is disbursed in the air/fuel mixture, and, combusted

within the engine.
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PCV Valve System

BILL OF MATERIAL

Mat Lador Mfg

Description Material Waight Costs O verhs s Costs Refarance*
PCV Valve 9878 - .02 <942 7938

Housing Stee! 054 011 086 067

Spring Ipring .01 902 918 .06

Siae!
Needle Stea! AL . 903 .928 . 031
.18 , 140 .156
Pips Stee! .200 960 -820 . 980 4134829
Grommets Rubber . 020 . 804 N -1 - 909 398838
Crommats Rubber 0 008 .00 5L 0412128
(VC w AQ)
Total Parts 107
Vehicis Assembly - - 126 . 126
Valve - - .06]
Pipe - - . 043
Engine Modification =0- -0- -0 018 .01a
Total Marufacturing Costs .803
at Plant Lave!
“Cidsmoblie Reference Numbers
TAUTERED ol R DNTAXE

: SRANKCASE
1Y 10 Ry ST 0w BT G5
=) remTOD Ar
e $-n0W 5T 0SS
8¢ ted
Comd tanztrmy YT
Typlesl FCV ystara
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PCV Valve System--Tooling Costs--Amortized Per Piece

Econom.c 1 Year 3 Year Non- 12 Year 4 Year 40 Year Amorlization
Volume Recurring Recurring Machinery Launching Land & Per
Per Year Tooling Tooling Equipment Cosls Buildings Piece
Valve Assembly
Housing . 050 .017 .020 . 006 .093
Amortized 1,000,000 53,000 50,000 250,000 25,000 -
Spring .002 .002 .003 - .007
Amortized 3,000,000 5,000 15,000 100,000 5,000 -
Needle . 005 .002 .002 - .009
Amortized 2,000,000 10,000 12,000 50,000 5,000 -
. 057 .021 .025 . 006 .109
Valve
Pipe .005 .001 .00} - .007
Amortized 2,000,000 10,000 5,000 25,000 2,000 -
Grommels . 004 .002 .002 - .008
Amortized 4,000,000 15,000 20,000 100, 000 5,000 -
Crommets .004 .002 .002 - .008
Amortized 4,000,000 15,000 20,000 100,000 5,000 -
Total .013 .005 .035 - .02}
Vehicle Assembly .001 .001 .0003 .0023
Amortized 300,000 3,000 5,000 10,000 2,000 -
Engine Modiflication .002 . 001 .0015 - . 0045
Amortized 300,000 6,000 12,000 60,000 5,000 -
Total--Tooling/Piece .N03 .002 .0718 - .i388

Research and Development by Vehicle Manufacturing: $100, 000 for 2 Years.

Using a 3-year amortizing rule, the R/D per piece = $.022.
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PCV Valve System

TOTAL MANUFACTURING COSTS

_ Plant * Vendo

: Over- Plant .20 MC .20 MC Corp

3 Head Mig Tooling Corp Corp Sellin

Part Mat Labor 1.40 Costs Exp, Inv. Costs  Profit Price
PCV Valve .016 . 100 040 . 156 .078 .031 .030 ,030 .325

X

£ Pipe . 060 .0143 . 0057 . 080 .006 . 001 .016 .016 . 119

Crommets .012 . 0107 .004 .0267 .012 .004 .006 .00¢& . 055
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PCV Valve System

- RETAIL PRICE EQUIVALENT

AT THE VEHICLE LEVEL

Plant

i or Invest Vehicle

3 Vendor Tools Corp Corp .40sp Retail

| Selling & Allocation  Profit Dealer Price

3 Part Price RED Equip .29ve .20ve Markup Equivalent

PCV Valve 325 .022  -0- 0652 0652 .1304 .€08

gr’ Pipe 118 -0- -0- .0238 .0238 .0576 . 224
Grommets . 055 -0- -0- 0N .01 .022 .099
Vehicle .126 -0- .0023 .013 .013 . 026 . 180
Assembly
Engine Mod .04 ~-0- . 0045 .003 . 003 . 006 . 031
Total PCV System Retail Price Equivaient 1.142
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PCV Valve System

Cost Comparison to Aftermarket Selling Prices

Using the aftermarket discount data in the references, we can conclude that
the vendor selling price is about 1/4 to 1/5 of the aftermarket selling price.
This rule is applicable if the part requires a minimum of packaging and
handling costs, in relation to the value of the part and if the preduction
volumas are witain close agreement.

Using the following aftermarket prices for the PCV valve:

Chilton Sears
3.12 1.76
Vendor Cost 1/4 .78 48
Vendor Cost 1/5 .62 .35

The estimated vendor cost is $.326 for the PCV vailve. This Chilton price

is the cost to the customer at the service station.

248

RATH & STRONG

INCORPORATEID



PCV Valve System

Cost Methodology

The weight data for the components was obtained from gn Oldsmobile parts
computer document. The material costs are computed by using the 1977

mill prices, obtained from Metalworking News' metals market data. The

labor costs are estimates of production, using today's technology, with a
relatively high level of automation. The overhead and corporate cost data

was obtained from a U.S.A. company.

The toaling costs are estimates of axpendable tooling, i.e., jigs, fixtures,
molds, or dies; and machinery or equipment, launching costs, to put the

product into production at the plant level.

Judgment was used in assessing whether land or building investments were

required to put this product into production and it was concluded that
they were not,

The engine was modified to accept the valve and the piping, so, these costs

are considered as part of the total cost.

The vehicle assembly required the addition of labor to install the valve and
the piping.

Applications of PCV Valve systams to vehicle and engine configurations,

regarding 4, 6, and § cylinder models, was assumed to be equivaient.

249

RATH & STRONG

INCORPQRATED



[IG - PARTICULATE TRAP - HEAVY DUTY DIESEL ENCGINE

Retail Price Equivalents for Various Filter Materials and Volumes

Filter Volume (Cu. In.)

Filter (Base)
Price Per Lb. 1133 800 1000 1200 1400 1600 1800 2000 2200 2400
(Base)
$15 $11¢6.89 %89 $103 $119 $134 $149 $164  $179 $194  $209
$5 78 50 64 80 95 110 125 140 155 170
$10 97 70 84 100 115 130 145 160 175 190
$20 136 108 122 138 153 168 183 198 213 228
$25 156 128 142 158 173 188 203 218 233 248
$30 175 147 161 177 192 207 222 237 252 267
$35 194 167 181 197 212 227 242 257 272 287
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PARTICULATE TRAP - AR MAZE (HC -127)

Included are:

al

e.

Pictorial illustration

Bill of Materials and Manufacturing Cost Estimates for an 1133
in.3trap

Estimates of other costs and profits to achieve the Vehicle Retail

Price Equivalent (same page as b, above)
Detail of estimates of investments for tooling and equipment

Derivation of formulae for size extrapolations

Two formulae are pertinent:

L Manufacturing Cost (MC) for another size trap = $5.08 + (33.89) F where
F = new volume +1133

II.  Retail Price Equivalent = (2.52) MC + $15.48

For ready reference, a table of retail pirice equivalents for a range of sizes

and prices of filter materials is presented.

.
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PARTICULATE TRAPS - AIR MAZE, HC - 127

Derivation Of Formula For Size Variation By Adjusting Length Unly

Structural Parts

The basic costed unit has 1133 in.3 filter chamber valume. This chamber is

cylindrically shaped:

42" Long x 5.86 Diamefer = 1133 in.”

Assume that any increases or decreases in this volume will be made by changing
the tength of the cylinder (Diameter unchanged)

Then the only structural components changed will be: (a) Outer cylinder and (b)
Perforated metal cylinder.

Referring to the Manufacturing Cost Estimate:

Structural
Components Mfg. Cost Length
Quter Cyl. $ 9.77 48"
Perf. Metal Cyl. 2.73 42"
Sub Total $12.50 (=76%)
Other 3.90
Total $16.40

If we shorten the Perforated Metal Cylinder by Z%, the filter chamber volume
is reduced Z%.

Simultaneously, this shortens the Outer Cylinder by 42/48 X Z%, or 0.875 X Z%.
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e

The net effect on Manufacturing Cost of Structural Components caused by a

reduction (or an increase) of Z% in filter chamber volume will be:
$ M.C. =Ee75 ($9.77) + 52.73_} (Z%)
$ M.C.=$11.28 (Z%)

This amount, related to the M, C. of the 1133 in3 unit, can be stated as a

proportional change in the total M. C.
% change in M. C. of structural components = 11.28/16.40 2% = .69 2%

The manufacturing cost of structural components resulting from changing the

filter volume by a factor F can therefare be calculated by this equation:
Total Mfg. Cast = 1s.aoE + 69 (F - 1U
Total Mfg. Cost = 16.40 (.31 + .69F)
Total Mfg. Cost = 5.08 + 11.32 F‘
Where F = New volume+ 1133

Example:

What is the estimated total manufacturing cost of a particulate trap having an

800 in.” filter chamber?
Relative change in vol. = 800/1133 = .706 = F
Put F intc the structural components equation:

New mfg. cost of structural components = 5.08 + 11.32 (.706) = $13.07
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8dd proportional cost for filter
22.57 x .706 = 15.93

Total Mfg. Cost $29.00
Derivatian
Airmaze Particulate Trap. (HC - 127) Converting Manufacturing Cost (MC)
To Vehicle Retail Price Equivalent (RPE)

Computation

a. MC of unit . (formula)

b. + MC of Vehicle Ass'n. and Body Mad. $ .36

c. + Tooling 6.57

d. + 0. H. .20 (a + b)

e. + Profit .20 (a + b)

f. + R &D 2.00

g. + T &E .93

h. + Corp. Alloc .20 (a+b+c+d+e)

j. + Corp. Profit .20 (a+b+c+d+e)

k. + Dealer M/U .40 (a+b+c+d+e)
= RPE

Combining:

RPE EAC + .36 + 6.47 + .4 (MC + .36__)) (1.B) + 2.93

2,52 MC + 15.48 255
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962

PARTICULATE TRAP - AIR MAZE HC-127
(1133 cu. in. filter chamber)

COSTS _PER UNIT

Fin,
Waqt. Mfg. Cast Tooling Corparate  Plant/ Vehicle
Part Mat'l. (Lbs.) Matl. Labor O.H. Tot, Exp. Inv. Tot. 0.H. Profit Vendor Corp. Carp. Dealer Price
. ) (.20 (.20 Cost Toals Alloc Profit Mark-Up Equi-
Mfg. Mig. RAD Equip (.2 Vend (.2 Vend)(.4 Vend valent
Cost) Cost) Cost) Coat) Cost)
Col.# 1 2 J 4 5 6 7 9 10 11 12 13 14 15 16 17 18
Derlvin (3+445) (7+8) (6+9+10+11) (12+(13-17))
Structurai Elements '
QOuter Cylinder SS 17,7 $9.56 $.15 $.06 $9.77
Cutor End (2) SS 1.2 .65 .03 .01 .69
Inlet Pipe SS 0.6 .32 .08 .03 .43
Outlet Pipe SS 1.1 .59 .08 .03 .70
Inlet Shroud 5SS 1.3 .70 .08 U3 .81
Outlat Shroud Cyl. SS 1.3 .70 .08 .03 .81
Outlet Shroud Cap
Bot SS 0.3 Jd6 .03 .01 .20
Outlet Shroud Cap
Shoulder SS 0.2 A1 .03 .01 .15
Perf. Metal Cyl. SS 2.2 2.38 .25 .10 2.1}
£nd Sealant Ceramic 0.2 .10 ,01 - .11
Compaonents 25.9 15.27 .82 .31 16.40 3.36 .44 3.80 J.28 3.28 26.76 2.00 5.35 5.35 10.70 50.16
Assambly - .80 .32 1.12 .60 .19 .79 .23 23 2.3 .47 .47 .92 4.23
Filter - Accordion F/GLS 1.5 22.50 .05 .02 22.57 .60 .18 .78 4.51 4.51 32.317 6.47 6.47 12.95 58.26
TOTAL 21,4 37.77 1.617 .65 40.09 §4.56 .81 5.37 8.02 B.02 61.50 2.00 12.29 12.29 24,57 112.65
Vehicle Assembly .13 .05 .18 .60 .23 .8} N6 .04 1,09 .85 .22 .22 .48 2,82
Body Modificsatlon -- .13 .05 .18 .33 .04 .37 .04 .04 .63 .0¢ .13 .13 «25 1.22

GRAND TOTAL ' 37.77 1.93 .75 40,45 5.49 1.08 6.57 6.10 8.10 63.22 2.00 .93 12.64 12.64 25.2¢  116.69



AIR - MAZE PARTICULATE TRAP HC -127 - TOOLING COST AMORTIZATION PER PIECE
(1133 cu. in. filter chamber)

3 Year 12 Year 40 Year Amorti-
1 Year Non- Machinery 12 Year Land zation
(Volume And $ Yearly Recurring Recurring And Launching and Per
Expressed ir 100's) Volume Tooling Tooling Equipment Cost Building Piece
Structural Elements
.30 .30 .08 .07 .69
Quter Cylinder 50 15 45 50 5 115
.05 .03 .01 - .09
Outer Cyl. End (2) 100 5 19 10 1 26
.10 .10 .03 .01 .24
Inlet Pipe 50 5 15 15 1 36
.10 .10 .03 - .23
Outlet Pipe 50 5 15 15 1 36
.20 .17 .04 .01 42
Inlet Shroud Cyl. 50 10 25 25 2 62
.20 .17 .04 - .4l
Qutlet Shroud Cyl. 50 10 25 25 2 62
.10 .07 .02 .01 .20
QOutlet Cap - Body 50 5 10 10 1 26
.10 .97 .02 - .19
Outlet Cap-Shoulder 50 5 10 10 1 26
.30 .30 .08 .01 .69
Perf. Metal Cyl. 50 15 45 50 5 115
.30 .30 .03 .01 .64
End Seelant 50 15 45 15 5 80
.30 .30 .08 .0l .10 .79
Assembly 50 15 45 50 5 200 315
SUB TOTAL 2.05 1.91 .46 .07 .10 4.59
105 290 275 29 200 1899
Filter Elements
.3a .30 .17 .01 .78
Accardion Tube 50 15 45 100 5 165
.30 .30 .17 .01 .78
SUB TOTAL 15 45 100 5 - 165
.30 .30 .21 .02 .83
Vehicle Assembly 50 15 45 125 15 200
.30 .03 .03 .01 .37
Body Modification 50 15 5 15 2 37
2.95 2.54 .87 .11 .10 6.57

GRAND TOTAL 150 385 515 51 200 1301
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DEVELOPMENT OF USEFULLY ACCURATE
METHODOLOGIES FOR ESTIMATING MANUF ACTURING
COSTS OF AUTOMOTIVE COMPONENTS

General Discussion

[t must be recognized as a reality that the manufacturing cost of a component

can never be pinpointed.

Vendor qualifications  (quality, delivery performance, second-source
considerations) contribute to variation in the cost of the component. Interna!
operations also contribute to the variation (method changes, scrap rates,

tolerance adjustments;.

The point being made is that any estimate of a component’s cost is subject Lo

some error.

The question then becomes, "How big an error is aliowable?" ("Can 1t

be accepted??)

COST VERSUS WEIGHT METHODOLOGY

Logic dictates that, all things being equal, the manufacturing costs of parts of a
given material should bear some raticnal relationship ta their weights: there is
more material in the heavier piece; its very weight or size should tend to sicw

down the rate at which it can be preocessed.

Gf course all things are not equal. One piece is more complex than another,
requiring additional operations, thereby pushing up its cost. And this means that
although, in_aggregate, a good correlation between weight and cost does exist,
the estimated cost of a single item based on its weight alone is subject to a

measurable degree of probable inaccuracy.

To clarify a bit the laws of inaccuracy (generally called laws of probability)

ccnsider the follawing synthetic example:
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Suppose a formula says that 95% of the cne-pound pieces ccst $1.00 plus or minus
$.20.

1. This means that were you to select one piece, weigh it, find that it
weighed one pound and so cost it at $1.00, you could be incorrect by
$.20.

2. The very same formula inherently implies that were 25 different one-
pound pieces priced, the total would be in error by only plus or minus

$1.00, since some would err on the high side and others on the low.

3. The average per-piece error decreases by the square root of the number

of pieces averaged.

WEIGHT-COST CORRELATION FORMULAE

The Manufacturing Costs used in the data base are, for the maost part, derived
frcm mathematical equations that relate the weight of a piece to its
Manufacturing Cost. The equations are all linear and of the familiar slope-and-

intercept form y = ax + b.

The equations, the development of which is described in subsequent text, are
given in Exhibit 1.
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Material

Stamped Steel
Stamped Steel
Stamped Steel
Steel Wire
Aluminum
Plastic

Plastic

(he Cast Zinc

Rubber

*Beyond this limit, engineering estimates should be made.

TORMUILAE FOR ESTIMATING THE MANUFACTURING COST

O APART WHEN ITS WEIGHT 1S KNOWN

Formula Modifiers

Simple Parts:
Medium Parts:

Complex:

Light:

Heavy:

up to 4 lbs.*
up to 4 lbs.*

up to 4 Ibs.*

up to 0.1 Ibs.

over 0.1 Ibs.

wWqt
Lbs

(W
(W
(W
(W
(W
(W
(W
(W

(W

$ Cost Equals

Slope

F actor

(a)

$ .233)
*.30 )
.3617)
,439)
.238)
2.03 )
.438)
1.19 )

1.109)

Intercept

(b)

$.030
.080
13
034
46}
013
.102
144

014

1 31q1yx3



DEVELOPMENT OF THE WEIGHT-COST CORRELATION FCRMULAE

Pl

Data Sources

Three separate sets of cost estimations, each from a different source, were used
in arriving at the equations presented. On all three, the cost of a part was
established by the unfversally-used industrial engineering technique: an
experienced machine tool engineer, having a wide background knowledge of
processing methods and rates end having information on the dimensions and
configuration of a given piece, can predict its cost within close limits.

The three sources:

A. Pioneer Engineering and Manufacturing Corporation report, February
1976; Report No, DOT-HS-5-01081.

B. Budd Minicar study (DQT/HTSA).
C. Rath & Strong report (DOT/TSC 1067).

Computation Procedures - General

fach set of data was analyzed separately. The three analyses were compared
and found to be in good agreement, with some isolated instances of parts naot
fitting the overall weight-cost correlation pattern. These relatively few
significant deviaticns were individually examined and virtually all were rationally
explained. {(Main causes were (1) erroneous classification of assemblies as parts
and (2) heavier steel parts, over 5 pounds, do not exhibit a close enough
relationship between weight and cost.)

The three analyses were then amalgemated into ane best solution, resulting in

the formulae presented previously in Exhibit 1.
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COMPUTATION PROCEDURE - SPECIFIC EXAMPLES

Example 1 - Stamped Steel - Pioneer Data

(As described i the referenced Pioneer report, a 1975 Chevelle Coupe was
completely dismantled and a cetailed analysis made of each companent; weights
were recorded and manufacturing costs were estimated, using "procedures and
techniques adapted from the automative industry;” with 350,000 urits per year

and Septernber 1, 1975 labor rates and material cost as a base.)
The weight and cost figures given were first graphed into a scatter plot.

Visual analysis of the plotted points indicated that while a weight-cost
correlation clearly existed, the points were not normally distributed about any
"best-fit" central line. In other words, two families of parts existed--a so-called

bimodal distribution of "simple” and "complex" parts.

Exhibit 2, which covers the weight range from O tao 1.5 pounds, most clearly
demanstrates this bimodal characteristic. The same distinctness of families
pertains up to 4 pounds; beyond this weight the correlation of weight and cost

becomes too weak to be usaful.

Two linear reqgression lines are required; one for the "simple" family ancg one for
P y

the "camplex," as shown in Exhibit 3.

Exhibit 4 displays the 0-3.99 pounds raw 3Jata from the Pioneer report and also
the part-by-part comparisan with then- ar.d the values derived from the best fit
lines. As can be seen, 52 parts are involved which, on a one-each basis, are
estimated to cost $14.33, against which the weight-cost correlation equations
give an estimate of $14.60; a difference in total of only $.27 and the largest

single part error is $.13.
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Exhibit 2
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Exhibit 4

STAMPED STEEL--COMPARISON OF PIONEER ESTIMATES
AND WEIGHT-COST EQUATIONS VALUES (0-3.99 POUNDS)

Pioneer Pioneer
Data Weight-Cost Data Weight-Cost
{Ranked Class* Equation (Ranked Class*  Equation
by Wgt) of Diff. by Wgt) of Diff.

Lbs. $ Part $ (Over) Lbs. $ Part $ (Qver)
.03 $.06 S $.04 $-.02 2.81 $ .55 S $ .58 $ .13
04 .03 S .04 .01 2,81 .95 S .68 .13
.06 .02 S .04 .02 Subtotal
.09 .04 S .05 .01 $6.23 S $6.35 $ .12
.C9 .04 S .05 .01 .06 .15 C .15 -
.10 .07 S .0s -.02 .09 .14 CcC .16 .02
.11 .10 S .06 -.04 .09 .15 C .16 .01
.12 .07 S .06 -.01 .13 .15 cC .18 .03
.13 .07 S .06 -.01 .16 .16 C .19 .03
.13 .09 S .0é -.03 .22 .22 cC .21 -.01
.16 .08 S .07 -.01 .25 .25 - .22 -.03
.16 .08 ) .07 -.01 .38 .25 cC .27 .02
.20 .08 S .08 - .41 .26 cC .28 .02
.25 .12 S .09 -.03 44 .34 cC .29 -.05
.25 A1 S .09 -.02 .63 .30 cC .36 .06
.28 .07 S 10 .03 .64 .38 C 36 .02
31 .09 5 .10 .0l .64 .32 cC .36 .0s
.32 .10 S .10 - .72 .39 cC .39 -
.35 .13 S A1 -.02 .81 .35 CcC .43 .08
.50 16 S .15 -.01 .94 .48 C 47 -.01
.60 13 S 17 .04 1.75 .91 C 77 -.14
.62 19 S .17 -.02 1.91 .82 Cc .83 .0l
.94 23 ) .25 -.04 2.25 .89 C .96 .07
37 .20 S .26 .05 2.93 1.19 C 1.21 .02

1.13 .27 S .29 .02 Subtotal

1.21 .4 S Sl -.03 $8.10 c $3.25 ¢ .15

1.88 .45 S .47 .02 Grand Total

1.97 .55 S .49 ~-.06 $14.33 $14.60 $ .27

2.158 .46 S .53 .07

’ 2.38 .64 S .58 -.06
*Simple = S Complex = C



Example 2 - Plastic

The data on plastic parts given in the Pioneer report was analyzed in a manner
eimilar to that described in Example 1.

Here, the scatter-piotted points, Exhibit 5, showed a clear delineation between
the lighter (up to 0.1 pounds) and the heavier parts. Two best-fit lines describe

closely the relations between weight and estimated cost.

Exhibit 6 presents the raw data and the comparable mathematically-generated
values, On a one-each basis, both methods give a total of $3.69 for the 19 pieces

involved, and the greatest individual deviation is $.07.
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Exhibit 6

PLASTIC--COMPARISON OF PIONEER ESTIMATES
AND WEIGHT-COST EQUATIONS VALUES

Weight-Cost
Pioneer Equation
Data Weight $ Diff.
Lbs. $ Class $ (Over)
.005 $ .005 Light $ .02 $ .015
.005 .05 Light .02 -.03
.0l .00s Light .03 .025
.01 .01 l.ight .03 .02
.01 .05 Light .03 -.02
.03 .10 Light .07 -.03
.06 .15 Light ;14 -.01
.08 .17 Light .18 .01
.09 .20 Light .20 -
.05 .20 Light .20 -
.10 .20 Light .22 .02
Subtotal
$1.14 Light $1.14 -
.19 .15 Heavy .19 .04
.32 .30 Heavy .24 -.06
.34 .25 Heavy .25 -
G4 .30 Heavy .29 -.0l
47 .30 Heavy 31 .0l
.57 .30 Heavy .35 .05
.75 .50 Heavy .43 -.07
.88 .45 Heavy 45 .04
Tubtotal
$2.55 Heavy $2.55 -
Grand Total
$3.69 $3.65 -
A-10
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Budd Company Report 0323-1 {DOT-HS~-5-01215)

RESEARCH SAFETY VEHICLE PRODUCIBILITY AND
COST STUDY FOR MINICARS, INC.--November 5, 1976

Volume Basis - 300,000 Units/Year

All Costs in 1975 Doliars

Costing Data Developed from 1375 Pinto.

—+ <Data Obtained from NHTSA Contract HS -5-02153>

1975 Pinto Cost Data:

Variable Cost
$1674.59 (81.3%) Mfg. Cost
e 2059.76

Fixed Cost
$385.17 (18.7%)

Toeling Cost .
$62.58
Other Cost § Profit N
1 5$232.62 (10.46%) Dealer
Wholesale
2355.02 Consumer
| S—— Cost
2769.0¢C
Dealer
Markup
413.98
(17.58%)
A-12
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Budd Company (Continued)

Baseline data generated by Pioneer Engineering and Manufacturing Corporation,

DOT-HS-5-01153.

Each part of the Minicar reviewed as to number of operations to form it and the
tooling costs--then compared to similar Pinto parts and comparative costs

established.

In-depth study of Pinto data made to accommodate manufacturing sequence differences

between Pinto and Minicar.

A+13
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FORMULAE FOR BUDD DATA

24 GA. CRS - $/Pc

$.10 + {$.25) WCT

48 GA. CRS - $/Pc

$.20 + ($.29) WCT

FORMULAE FOR PIONEER DATA
STAMPED STEEL

0 - 2# y = .07 + .32 x
24 - S y = .75+ 0x
S# - 40# y = .14 + .22 X

Final Revision: -~

0 - 2% y = .08 + .33 x
2+#- ho# y = .30 + .22 x
A14

RATH &4 STRONG

INCORPORATED



WP, -Ado> sjqejieae isaq
2 wouy vmu:no._awm

— — -

e

=3

iy
=3

-3

A R A= e

e Rtk e R

L"T

et

[ S iyl P ST

S —— %
= ="}

==

S

A-15



PIONEER ENGINEERING ¢ MANUFACTURING CORPORATION
February 1976
DOT-HS-5-01081

{Note: This one, based on Intermediate Type Car, is not the same one referred

to by Budd, which spoke of a 1975 Pinto.)

1975 Chevelle Coupe

Car dismantled, detailed analysis of components made; weights recorded; manufacturing

costs astimated.

"Cost estimating procedures and techniques adapted from the automotive industry."

(Gives bibliography of other studies using same estimating practices.)

Final Assembly Labor = 24 Hours
Votume - 350,000 Units/Year

September 1, 1975 Labor Rates and Materials Cosis
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Graphical analysis of the "Stamped Steel” data in the Pioneer report DOT-HS-5-01081

jeads to these observations and conclusions:

1. A simple linear regression, ("best fit") line relating plece cost and

piece weight Is not a practical model.

2. The data are not scuttered about this central line in a normal distribution

pattern. Rather, they form a Bi- or Multi~Modal distribution.

3. This Multi-Modal character of the data is a natural reflection of the various
complexities of the pieces (complexity here impiies number and types of

operations as well as skeleton scrap at blanking and piercing.

4. Three ievels of complexity classification are recommended:

{a) Simple

3/Pc=%6.03 + ($.233 x Ibs.)

(b) Medium

$/Pc=56.08+ {3.30 x Ibs.)

(c) Complex

$/Pc=6.13 + ($.367 x Ibs.)

H-17
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ECONOMY QF SCALE EFFECT OM COSTS

To a large degree, this report is an extenion of an earlier one (EPA-450/2-78-002)
which dealt with emission controls for automobiles rather than trucks. Some of
the devices are identical for autos and trucks. Some are similar, but larger for
trucks.

The size differential has been reflected in the unit cost estimations on a piece-
by-piece basis, so that were size the only factar, the cost data herein would be a

relatively straightforward extrapolation of the automaobile estimates.

Angther factor, however, intrudes: that of volume. Automobile manufacturing
quantities are several times as great as truck quantities. This affects the
manner in which a product i3 most eccnomically manufactured, the larger
quantities employing mecre automated equipment and less manual work plus some
reduction in raw material costs, Overall, the unit cost is less for the high voiume

product.

Based on separate studies, the following learning curve type relationships have
been developed and have been used in this report, where appropriate, to extend

the automotive costs to caver trucks.
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For Each Doubling of Capacity,
Multiply by:

Investment Cost/Unit
Equipment 1.45 0.73
Tooling 1.30 0.65
Labor - 0.70
Material - 0.90
TOTAL - 0.80
A- 24
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DESCRIPTION OF USE OF THE FACTORS

Typical Annual Autc Capacity 350,000

Typical Annual Basic Truck Capacity 50,000

350,000

Ratio = 7.000 = 7

A multiple of 7 is equivalent to 2.81 dcublings.

[N
I}
~I

Oerivation:

xlog2=1og7

x=197 _ ;.8

22-81 _

Example

Suppose the equipment investment to make 350,000 per year of a given part is
$10,000,000. Unit cost (12 year write-off) is therefore $10,000,000 - (12 x
350,000) = $2.38.

Were this idertical part to be made at a rate of only 50,000 per year, the

resultant costs would be:

) 2.81

[nvestment - $10,000,000 <+ (1.45 = $3,520,000

Cost/Unit - $2.38 + (.73) 28} _ 5,75

A+ 25
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INFLATION EFFECT ON COSTS

All costs shown in this report are quoted in 1977 dollars. This has been done to
maintain continuity and consistency with the similar report, (EPA-460/3-78-002)
made on automobiles in 1977.

In order to convert the quoted costs to any current year basis, some inflation
rate must be selected, and the following equation used:

c-@Q +rRN

Where,

C = Current Year Cost

Q = Cost Quoted in this Report

R = Selected Average Annual Inflation Rate
N = Number of Years since 1977

A- 26
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TABLE OF TYPICAL MULTIPLYING FACTCORS (1+R)N

Average Inflation Rate (R)
% 4% 6% 8% 10%  12%

Number of 2- 1.04 1.08 1.12 1,17 1.Z21 1.25
Years 3- 1.06 1.12 1.19 1.26 1.33 1.40
(N) 4- 1.08 1.17 1.26 1l.36 1l.46 1.57

5- 1.10 1.22 1.34 1.47 1.61 1.76

6- .13 1,27 1.42 1,59 1,77 1.97

DERIVATION CF THE ECONOMY
OF SCALE, EFFECTS ON COST

For Each Ooubling of Capacity,

Summary Multiply by these Factors
Investment Cost/Unit
Equipment 1.45 0.73
(i Tooling 1.30 0.65
., Labor - 0.70
Materials - 0.90
TOTAL - 0.80
b
g;
&
3
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Equip. $/Unit

Equip. Investment(12-Yr)

Tooling $/Unit

Tooling Investment(3-Yr)

LLabor $/Unit

Material $/Unit

Tatal $/Unit

GQty. Ratios

\n

o

a

o

[o=]
i\

30

10

DATA RECAP

5,000/YR
$156.99

$9,419,400

$424.51

$6,367,650

$2,221.68

$1,927.23

$5,619.07

Doublings (IN)

2n

30 n=4.91

2" 210 n=3.71

1.58

N
1]
w
=]
[}

A- 28

50,000/YR
$58.26

$34,956,000

$82.74

$12,411,020

$1,110.48

$1,349.08

$3,044.75

RATH & STRONG

tMCORPDRATED

150,000/YR
$34.59

$62,262,000

$46.12

$20,754,000

$497.68

$1,156.33

$1,933.79



Qty. Invest.
Ratio Ratio
30 6.61
10 3.71

3 1.78
Qty. Invest.
Ratio Ratio
30 3.26
16 1.95

3 1.67
Qty. Invest.
Ratio Ratio
30 .22
10 .50

3 .45

EQUIPMENT

491
F3.7l

1.58

F4.9l

F

F1.58 _

3.32 _

= 6.61 F= 1.47
=3.71 F= 1.48
=1.78 F= 1.44
Unit Cost L-DZS- = .73
TOOLING
= 3.26 F= 1.27
= 1.95 F= 1.22
= 1.67 F= 1.38
Unit Cost lzg—o- = ,65
LABOR
= .22 F= .73
= .50 F= 81
= .45 F= .60
A 29
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Gty. $/Unit
Ratio Ratio
30 .60
10 .70

3 .86
Qty. $/Unit
Ratio Ratio
30 .35
10 .54

3 .64

MATERIAL

F431 - 60 F= .90

332 _ 79 F= .91

Fl:58 _ g F= 91
TOTAL

491 _ 35 F= .81

F3:32 _ 54 F= .83

FL-58 _ g4 Faz 75
A- 30

RATH & STRONG

INCORPLURATED

Use



R

INTRODUCTORY SUMMARY TO COVER ITEMS 10-16

CATALYTIC CONVERTERS--GENERAL

There are seven types of catalyt.c converters to be considered.

Categorized by function, they fall into four classes: 3-way, oxidation, reduction,
and start. Categorized by physical configuration, there are only two classes:

3 in-line cylindrical and under-floor pan.

£ Configuration Class

0 In-Line Under-Floor
Catalyst Function Class Cylindrical Pan
Monciithic 3-Way X
Monelithic Oxidation X
Monolithic Reduction X
Monolithie Start X
Pelleted Oxidation X
Pellieted Reduction
Metallic Reduction X

For purpcses of cost estimating, the configuration classification is by far the more

applicable, and has been used in the methodology underlying the sections following.

The first section, "Monolithic 3-Way Catalysts," presents in detailed fashion the
step-by-step logic employed in the estimations. Subsequent sections refer to this

logic where applicable, and expand only on pertinent details.

In each case, an equation is provided by which, when the catalytic content and
the volume are specified, the estimated plant manufacturing cost and retail

price equivalent can be calculated. These equations are embodied in forms A,
B, and C.

A-31
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CALCULATION OF THE COST PER GRAM OF CATALYTIC COMPOUNDS

Conversion Factors - Weight

The material prices are typically quoted in varying units of weight.
Herewith is a list <7 Jac’ors Dy which to convert each to grams.

Avoirdupois pourds x 453.5924 = grams
Avoirdupois ounces x 28.3495 = grams
Troy pounds x 373.248 = grams
Trcy ounces x 31.104 = grams

Conversion Factors - Volume

Cubic feet x 1728 = cubic inches
Square feet x 144 = square inches

Cost Per Cram of a Composition of Materials - (Exact Method)

To calculate the compour? cost in dollars per gram, use the following'
format: ‘

Quoted Conversion Pro- Compound
Price to $/Gram._, - Portion
Conv. in
Material $ Unit Factor $/Gram Compound $/Gram
A-1 B C D E F H
A-2
A-3
Etc.
G J

Total Compound 1.000

A-1, A-2, Etc. - List ingrediants

B ¢ C - Quoted $ and units in which quoted

D - Appropriate conversion facicr from 1.1

E - Divide B by D

F - List proportion as decimals (103 =0.10)

G - Sum of colurmn F inust equal 1.300

H - Multiply F Ly E

J - Sum of column H equals compound cost per gram

A 32
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Example 1

What is the cost per gram of » compound which contains 2% rheamium;
n.4% ruthenium; 3% nickel; and in which the platinum-to-rhodium ratio
ls 25:1?

Solution - Rrenium = ,020
Ruthenium = .004
Nickel = ,030
Subtotal = 054
Remainder = 1.000-.054 = .946
25
Platinum 25+1 x .946 = .910
1
Rhodiusa  25+1 x .946 = .026
Total 1.000
Guoted Conversion
Price to $/CGram Pro- Compound
Material S Unit Factor $/CGram Portion $/Gram
Platinum 167.00 T. oz 31.104 §5.369 .910 4.886
Rhodium &55.00 T. oz. 31.104 14.628 .036 .527
Rhenium 775.00 Av. Ib. 853.5924 1.709 .020 .034
Nickel 2.23 Av. ib. 453.5924 .C0S .030 -
Total Compound 1.000 S 447

Cost per Gram of a Composition of Substrate Materials - (Approximation
Method)

This short-cut method, within the proportion limits proscribed, will
deviate no more than 2% from the exact method described above.

Procedure

I. Calculate the cost per gram as if platinum and rhodium were the
only ingredients (Pt + Rh = 100%).

2. Multiply this by the proportion represented by the sum of
platinum and rhodium.

3. Add to this the product of the remaining proportion times $.67.

A-33
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Example 2

What is the cost per gram of a compound which contains 2% rhenium; 0.4%
ruthenium; 3% nickel; and in which the platinum-to-rhodium ratio is 25:1?

1. Platinum 25 parts x $5.369 = $134.225
Rhodium 1 part x 14.628 = 14,628
Totals 26 parts $148.853

138.853
Cost/gram of mix 26 = $5.725%

2. Platinum 91.0
Rhodium 3.6%
Sum 84. 6%
.946 x $5.725 = §5.416
3. {(1.000 - .945) x $.67 = $.036

4. $5.416 + $.036 = $5.452 (answer)

]}

(Compare with 35.447gotten by Exact Method, Example 1,
Section 1.3.2.)

Discussion - The short-cut method is made feasible because of two
factors:

(a) Platinum and rhodium constitute 84.5% or more of the mixture,
and

(b) The unit price of these is much greater than of the other con-
stituents.

Typical Extreme Caiculation

Platinum to Rhodium = 2:1 (upper cost ratio)

Platinum & Rhodium 84.5% (lower limit)

Rhenium = 5.0% (upper limit)
Ruthenium = 0.5% (upper limit}
Nickel = 10.0% (upper limit)
100.0%
Platinum $5.369 x 2/3 x .B4S = $3.025
Rhodium 14.628 x 1/3 x .845 T B.120
Subtotal $7.145
Rhenium 1.709 x .050 = .085
Ruthenium 2.009 x .005 = .010
Nicke! .005 x .100 = 901
$7.241

A 34
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GRAMS OF COMPOUND REQUIRED FOR VARIOUS VOLUMES AND L OADINGS

LOADWKR(GmNI%

1 5 10 15 20 30 40 50 60 70
1 | .0008 00209 | .00579 | .ooses | .onis7 | Lo173a | .@2315 .02894 | .03472 | .0405)
10 | .00579 .029 .08 _087 116 174 .231 .209 347 .405
20 | .01157 _058 116 176 .21 347 L4063 1579 694 _810
50 | -02894 145 289 ~434 579 -868 1.16 1.45 1.74 2.03
"¢ 100 | .05787 .289 7579 _068 1.16 1.74 231 2.89 3.47 4.05
= 150 | 08601 434 868 1,30 .74 2.60 3.47 4.34 5.21 6.08
€ 200 | 1574 .579 1.16 1.74 2.32 3.47 4.63 5.79 6.94 8.10
S 250 | .14468 .723 1.45 247 | 2.89 4.3 5.79 7.23 8.68 10.13
300 | .17361 868 1.74 2.60 3.47 5.21 6.94 B. 60 10.42 12.15
350 | .20255 1.01 2.03 3.04 4.05 6.08 8.10 10.13 12.15 14.18
400 | .23148 1.16 2.32 3.47 4.63 6.94 9.26 11.57 13.89 16.20

Groms required = Lomling (gm/ft}) x Volume (inj) - 1728




Note that the last three ingredients which represented 15.5% of the
total weight added only $.096 to the subtotal cost of Platinum and
Rhodium.

The short-cut formula substitutes 15.5% x $.67 = $.104 for the
calculated $.096, creating an error of $.008, which is only 0.11% of the
total.

CALCULATION OF THE WEIGHT OF CATALYTIC COMPOUND USED PER
CONVERTER

Volume used is expressed in cubic inches.

Leading is spoken of in grams per cubic foot. For ease of calculation
this is converted to grams per cubic inch.

1 gram/ft> X 1/1728 = .0005787 gm/in’
Total weight equals volume times loading.
weight (grams) = volume (in3) X loading (gm/ft3) < 1728

The matrix given in this section gives grams requlired for various
combinations of volume and lcading.
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CALCULATION OF THE COST OF CATALYTIC COMPOUND PER
CONVERTER

Cost per converter squals grams required {Section 2) times the cost per
gram of the compound (Section 1).

For purposes of ready reference, the table on the following page is presented
giving substrate compound costs at selected values of platinurn-rhadium
ratio, grams required, and total platinum-rhodium content.

Also in that table the following material prices are used:

Platinum $ 5.369/gm = $167/Troy oz.
Rhodium 14.628/gm = U455/Troy cz.
Rhenium 1.709/gm = 53/Troy oz.
Ruthenium 2.009/gm = 62/Troy oz.
Nickei .005/gm = 21.23/av. Ib.

Intermediate values may be interpolated, or calculated directly.

Equation for calculating cost of substrate material per converter.

167Pp + 455Pr pIg
COST={(PP+ Pr) 31.103 *["(Pp * Pr)-]'mj{ms

when <Pp + Pr>£ . 845

where Pp = Percent Platinum = 100
Pr = Percent Rhodium + 100
v = Volume in cubic inches
L = Loading in grams per cubic foot

A+ 37
RATH & STRONG

INCORPORATED



O3LlVED4NCIING

ONOXNLS ¥ HAVY

8¢ -

COST OF SUBRSTRATE MATERIAL PEIR CONVERTER

"

% Platinum + % Rbhodiurmn = 100%

(See Mote 3 if {100%)

Totsl Ratio Platinumn to Rhodium and Cost Per Gram (Note 2) !
Grams
Substrate
Required 2:1 5:1 7:1 9:1 11:1 19:1 25:1 30:1
Line (Note 1) $ 8.455 $ 6.912 $ 6.526 $ 6.295 $ 6.14] $ 5.832 5.725 5.668
1 .029 $ 25 $ .20 [ 3 .19 < .18 $ .18 $ .17 .17 .16
2 058 .49 .40 .38 37 .36 .34 33 <33
J A6 .94 .80 .16 .73 .71 .60 .66 .66
4 174 1.47 1.20 1.14 1.10 1.07 1.01 1.00 .99
5 .289 2.44 2.00 1.89 1.82 1.77 1.69 1.65 1.64
6 .579 4.90 4.00 3.78 3.64 3.56 3.38 J.31 3.28
7 1.16 9.81 8.02 7.57 7.30 7.12 6.77 6.64 6.57
8 1.74 14.71 12.03 11.36 10.95 10.69 10.15 9,96 9.86
9 2.31 19.53 15.97 15.08 14.54 14,19 13.47 13.22 13.09
10 3.47 29.34 23.98 22.65 21.84 21.31 20.24 12.07 19.67
11 4.05 34.24 27.99 26.43 25.49 24.87 23.62 23.:" 22.96
12 5.21 44 .05 36.01 34.00 32.80 31.99 35.38 29.83 29.53
13 6.08 51.41 42.02 39.68 38.27 37.34 35.46 34.81 34.46
14 6.94 58.60 47.97 45.29 43,69 42.62 40.47 39.73 39.34
15 7.23 61.13 49 .97 47.18 45.51 44 .40 42.17 41.39 40.98
16 8.10 68.49 55.99 52.86 5G.99 49 .74 47.24 46.37 45.91
17 9.25 78.29 64.01 60.43 58.29 56 .87 54.00 53.01 52.49
18 10.13 85.65 70.02 66.11 63.77 62.21 59.08 57.99 57.42
i9 11.57 97.82 19.917 75.951 12.83 71.05 67.48 66.24 65.58
Yl 12.15 102.73 83.98 719.29 76.48 74.62 70.86 69.56 668.87
21 13.89 117.44 96.01 90.65 87.44 85.30 g1.0¢ 79,52 78.73
22 14.18 119.09 98.01 92.54 89.26 07.08 82.07 Bl.18 80.37
23 16.20 JL 136.97 111.97 105.72 101.98 99.48 94.48 92.75 91.82




Note 1: Determine grams required from the table or formula below it. Locate
nearest line (or interpolate beiween two lines) and read $ in appro-
priate ratio column.

Note 2: Cost per gram calculated at Platinum $i167/Troy oz. = $5.369/gram and
Rhedium $455/Troy oz. = $14.628/gram.

Note 3: When Rhanium, Ruthenium of Nickel are also included in the compound,
multiply the value from the table by the combined percentages of
Platinum and Rhodium; add to this the remaining percentage times
$.67 times total grams required.
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DETERMINATION OF MONOLITHIC SUBSTRATE SHELL DIMENSIONS

Imposed Space L mits to Shell

Diamet.r Shall - 6.0"
Length Shell - 240"

Imptied space limits to substrate

Diameter - 6.0 - 0.5 (metal mesh) = 5.5"
Length - 24.0 - 1.1 (endcap) = 22.9"

Two selected shell diameters to accommndate the range of substrate
volumes: (refer to graph 8.3)

Vol (in ) Dia (in.) Length (in.)
0-150 4.0 0-15.1
151-400 s.4 9.7-24.0

Length of shell required at given substrate volume.

Substrate Dia. Shell Length Shell

Volume (in ) (inc!. mesh) (incl. cal)
1 4.0 L10+1.1= 1.1
10 R.0 .85+1.1= 2.1
20 8.0 1.90+1.1= 3.0
50 5.0 8.75+1.1= 5.9
100 4.0 - 9.50+1.1=10.6
150 5.0 18.26+1.1=15.4
151 5.4 8.63+1.1= 8.7
200 S.4 11.43+1.,1=12.5
250 5.4 14.29+1,1=15.4
300 5.4 17.15+1.1=18.3
350 5.% 20.00+1.,1=21 .1
500 5.4 22.86+1.1=23.9
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DETERMINATION OF RING DIAMETER

Volume
Substrate Dia. Ring
in. In.
0-150 8.0
151-800 5.4
;
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MFEGL COST CALCULATIONS - NONCATALYTIC COMPONENTS

Vol. - 63 (Base) ia. - 4 Lgth. - 7.2 Vaol. - 10 Dia. - 4 Lqh. - 2,1
Mal'l Miq. Mal'l Mig.,
Part Mat'l Weight Cost Labor oH Cost Weight | Cost Labor OH Cost

Cvtr. Assy. - .2500 | 1000 . 3500 - .1884 | .0Q754 .2638
Shell 4es5 55 2.00 .80 0625 .0250 LBu795 .16 .30 .0393 L0157 3550
Rings (No.) 409 SS 1.00 .40 L0312 | .0125 4437 .50 .20 0156 | .0062 .221e
In. Cone 409 5SS 1.00 .40 L0312 | .0125 4437 1.00 .40 .0312 | .012% L4437
Out. Cone 409 SS 1.00 .40 L0312 | .0125 4437 1.00 .40 .0312 | .0125 L4437
In. Pipe 409 SS 1.00 .40 0312 | .0125 L4437 J.00 .40 0312 | .0125 8437
Flanges 409 SS .25 10 L0156 | .0062 .1218 .25 .10 ,0158 | .0062 .1218
Mesh 409 S5 .15 06 0156 | .0062 .0818 .0t .02 .0088 | .0035 .0323
Hdwre. Steel 10 .02 0156 | 0062 04186 .10 .02 .0156 | .00S2 .0418
Substrt. Ceramic 1.30 h.68 | .1250 | .0500 [4.8550 W21 .76 .0618 [ .0247 | .8465
Wash Coat AI2 0} - .60 625 | LG40 .6875 .10 .0309 | .0124 1433

TOTALS 7.86 | .6716 | .2680 [B8.8002 2,70 4696 |.1878 13.3574

Voi. - 100 Dia. - 4 Llgth, - 10. Vol. - 150 Dia. - 4 Lgth, - 15.4 1

Cvlr. Assy. 9.L5 - L2857 F L1143 L4000 12,27 - 3445 | 1374 4823
Shell 409 SS 2.83 1.13 .078) | .0312 |1.2393 4.00 1.60 .1000 | .0400 | 1.7400
Rings {No.) 409 SS 1.00 .40 0312 | .0125 L4437 1.50 .60 .0468 | .0187 .6655
In. Care 409 SS 1.00 .40 0312 1 .0125 L6437 1.10 .40 0312 | .0215 L4437
Qut. (Cone 407 SS 1.00 .40 .0312 | .0125 4437 1.00 .40 .0312 ] .0125 4437
In. Pipu 409 SS .60 .40 U312 1 L0125 L4437 1.00 40 0312 | .0125 4437
Flanges 49 55 .25 .10 0156 | 0062 423 .25 .10 .B156 | .0062 .1218
Mesh 40% SS .22 .09 .0200 .0080 L1500 .32 13 .0262 L0105 .1667
Hdwr . Steel .10 .02 N1% | L0062 Daln .1 .02 1% | .0062 .0418
Substrt. Ceramic 2.06 7.42 1644 D674 |7.6558 3.10 ;11.16 .2284 0914 |14 k798
Wash Coat A12 ()5 .95 842 | 0337 |1.0679 1.43 L1142 | .0457 | 1,5899

rOTALS 11,31 L7926 4 L3170 2,919 16.24 L9849 | .3940 |}7.6189
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MEG. COST CALCUILLATIONS - NONCATALYTIC COMPONENTS

Vol. -~ 200 Dia. - 5.4 Lgth. --12.5 Vol. - 250 Dis. - 5.4 Lgth. - 5.4

Mat'l Mfg. Mat" Mfg.

Part Matl Weight Cost t_abor OH Cost Weight | Cost Labor OH Cost
Cvtr. Bssy. 15.60 - L4125 | L1650 L5775 17.67 - L4500 | 1832 .6412
Shetl 409 SS 4.56 1.82 L1105 | .0642 | 1.9747 5.52 | 2.2) .1285 | .0514 | 2.3899
Rings (No.) 469 SS 2.03 .81 L0567 | .0227 8694 2.03 .81 L0567 | .0227 .8894
In. Cone 409 SS 1.35 .54 .0378 | .015! .5929 1.35 .54 .0378 | .0151 <5929
Out. Cone 409 SS 1.35 .54 .0378 | .0151 .5929 1.35 .54 .0378 | .015) .5929
In. Pipe 409 SS 1.35 .54 .0378 |.0151 .5929 1.35 .54 .0378 | .0151 .5929
Flanges 409 SS L34 4 .0190 | .0076 .1666 .34 .14 .0190 | .0076 | .1666
Mesh 409 SS .35 .14 .0281 | .0112 .1793 .43 17 .0331 | .0132 .2163
Hdwr. Steel .14 .03 .0193 | .0078 .0571 Jda .D3 .0193 | .0078 L’ 0571
Substrt. Ceramic 4.13 14,87 .2880 .1152 15.2732 5.16 18,38 3476 | L1391 9.066
Wash Cost Al, Oy 1.90 L1460 | .0%76 | 2.1016 - 2.38 .1738 | .0695 2.6233'
TOTALS 21.33 [1.1915 |.4766 p2.998) 25,94 [1.3494 | .5398 7.821

Vol. - 300 Dia. - 5.4 Lagth. - 18.3 Vol. - 400 Dia. - 5.4 Lgth. - 23.9

Cvtr. Assy. 20.40 - L5153 ) L2061 .7214 5.14 - 6175 | .2470 | ..8645
Sheii 409 5SS 6.47 2.59 L1463 | .0585 | 2.7948 r 8.31 3.32 .1808 | .0723 | 3.5731
Rings (No.) 409 SS 2.70 1.08 L0756 [.0302 | 1.1858 3.58 | 1.35 .0945 | .0378 | 1.482)
in. Cone 4D9 SS 1.35 .54 .0376 | .0151 5929 1.35 .54 .0378 | .0151 .5929
Out. Cone 409 SS 1.35 .54 .0378 | .0151 5929 1.35 .54 .0378 | .0151 .5929
In. Pipe 409 SS 1.35 .54 .0378 | .0151 .5929 1.35 .54 .0378 | .0151 .5929
Flanges 409 SS .34 14 0190 {.6076 1666 .34 14 .0190 | .0076 1666
Mesh 409 S5 .51 .20 .0381 }.0152 .2533 .67 .27 L0480 | .0192 3372
Hdwr. Steel A4 .03 .0i93 |.0078 .0571 14 .03 .0193 | .o078 .0571
Substrt. Ceramic 6.19 .4072 |.1629 p2.8501 8.25 .5261 | .2104 L10-1436!
Wash Coat AL, O - 2.86 L2036 {.0014 | 3.1450 - 3.81 .2630 | .1052 | 4.1782
TOTALS 30.80 [1.5378 |.6150 2.952 40.24  |1.8816 | .7526 }12.874]




Noble Metal Prices

------------ rice~ceac—wa-
per Troy Ounce*

Metal Wholesale Retail
Platinum $162 $172
iridium 300 310
Rhodium 400 410
Paladium 60 65
Ruthenium 60 65

*Troy Ounce = 31.1035 grams

Source: Matthey-Bishop, Inc.
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