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Abstract

BKM has developed and demonstrated a unique electronic fuel injection system
known as the Single Plunger System (SPS). The SPS is currently being applied
to a low cost, single cylinder two-stroke engine that is applicable to mopeds,
small outboard marine and utility engines.

The unburned hydrocarbons found in the exhaust of conventional two-stroke
engines are due to the basic design and operating principles of the engine.
These engines produce from 10 to 15 times the levels of unburned hydrocarbons
compared to four-cycle engines. In the conventional carbureted two-stroke
engine, the fuel/air mixture is pumped into the cylinder during a portion of the
cycle in which both the intake and exhaust ports are open. This is known as the
scavenging cycle, or removal of combustion byproducts from the previous engine
cycle.

The SPS direct fuel injection system has demonstrated that it is capable of
reducing unburned hydrocarbons emissions by approximately 80% by eliminating
the scavenge loss of fuel, therefore meeting the 1999 CARB emissions
standards for utility engines.

BKM formed a consortium of industry and governmental agencies to provide
funding for the program by offering non-exclusive license agreements to the
industry members. Current members include:

BKM, Inc. CARB

Honglin Mach. Factory (PRC) - Yamaha Motor Corp. USA

Suzuki Motor Corporation Tohatsu Corporation

Tanaka Kogyo Co. Ltd. Taiwan Motorcycle Company who wishes

to remain anonymous
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Executive Summary

Suzuki Moped Engine Tanaka Utility Engine

Description

BKM, Inc. is an engineering and product development company with a 22-year
history, which includes the design of both commercial two-stroke engines and
state-of-the-art high pressure fuel injection systems. BKM has developed a
unique Electronic Direct Fuel Injection (EDFI) system that is applicable to low
cost, single cylinder two-stroke engines. BKM has developed and demonstrated
a prototype of a single cylinder engine based on a novel EDFI system tailored to
small, low cost and high production volume two-stroke engines. BKM is currently
operating a 46c¢c utility engine for developmental test purposes and is in the
process of installing an EDFI engine in a moped.

Specifications

A 46c¢cc handheld equipment engine, manufactured by Tanaka Kogyo, Ltd. was
selected for the prototype fuel system application design and performance
demonstration. Performance goals included:

Power: Equal to standard carbureted engine

Exhaust Emissions (SAE J 1088):

THC CO NOx

g/kWehr 67 : 174 5.4

vii




Performance and Emissions (Test Results):

Power, kW BSFC THC CO NOx

7,000 rpm g/kWehr g/kWehr g/kWehr g/kWehr
Baseline tbd tbd tbd tbd tbd
EDFI tbd tbd tbd tbd tbd

— - =N

Sponsorship

The funds required for the initial stage of the program were secured by forming a
consortium and offering non-exclusive license options to several engine builders
as well as securing funding through the ARB's ICAT program. The consortium
members who have secured a technology license option include the following:

Honglin Mach. Factory (PRC) Yamaha Motor Corp. USA
Suzuki Motor Corporation Tohatsu Corporation
Tanaka Kogyo Co. Ltd. Taiwan Motorcycle Company

(anonymity requested)

Additional Details
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BKM's EDFI System
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BKM's Electronic Direct Fuel Injection system operates as follows: Fuel pressure
is provided to the fuel injector by means of a single plunger pump integrated into
the design and timed to the engine cycle.

Due to the compressibility of the fuel, the mass of fuel in the accumulator
increases as the accumulator pressure increases. When the accumulator
pressure and the inlet pressure equalize at the maximum inlet pressure value, a
check valve at the accumulator entrance closes, thereby trapping high pressure
fuel within the accumulator.

A solenoid valve is the interface between the injector and the electronic
controller. When the solenoid is energized, pressure on top of the needle valve
is vented, and a pressure imbalance is produced across the needle valve, which
lifts the needle and opens the nozzle tip to the fuel stored in the accumulator.

Injection takes place until the pressure in the accumulator drops to the needle
valve closing pressure, preset by spring force. Injection duration depends on
total nozzle flow area and the pressure drop from peak closing pressure to
needle closing pressure.

The hydraulic system includes a single plunger pump providing pressurized fuel
to the injector, and a return fuel line from the injector to the low pressure side of
the system. Engine power or injection delivery is controlled by regulation of the
charging pressure or by the "skip fire" sequencing of injection events.

The advantages of this operating principle include the following:

1. High operating speeds can be attained, since injector charging occurs over a
large portion of the engine cycle.

2. Injection timing is optimized at all speeds and loads with electronic control.

3. Skip-fire control provides part load combustion improvement.

4. Spray quality at starting and low engine speeds is maximized because
injection pressure and duration are independent of engine speed.

5. A non-coalescing "expanding cloud” injection spray results from the
decreasing injection rate during the injection event.

6. Injection can occur mechanically, for starting without electric power.

Direct Applications

This technology is applicable to all low cost gasoline fueled two-stroke engines.
Applications include but are not limited to the following:

Utility Lawn & Garden Mopeds Snowmobile Engines
Personal Water Craft Scooters Portable Generators
Outbaord Marine Engines  Motorcycles Aircraft



Applications Under Development

* Handheld Utility Engine (46cc)
e Moped (50cc)
e Motorcycle (125cc)

Emissions Reductions

The BKM direct fuel injection system has demonstrated that it is capable of
reducing unburned hydrocarbon emissions by approximately 80% by eliminating
the scavenging loss of fuel. Further reductions are feasible with the addition of a
small oxidation exhaust catalyst.



1. Introduction
1.1. Scope and Purpose
This project has demonstrated a low emissions, small two-stroke engine

designed for compliance with Air Resources Board (ARB) 1999 utility engine
emissions requirements. This goal is being accomplished by developing and

demonstrating an innovative and low cost fuel injection system applied to a small

single cylinder two-stroke engine. The system will be feasible for serial
production utility lawn and garden engines as well as motorbike and marine
engines.

1.2. Background

Due to the light weight and simple construction of the two-stroke cycle gasoline
engine, it has been instrumental in the development of the handheld power
equipment industry, including applications such as lightweight chainsaws, string
trimmers, hedge trimmers and blowers, as well as the two-wheeler transportation
market. However, the exhaust emissions from conventional two-stroke engines
are very high due to the basic design and operating principles of the engine.
These engines produce from 10 to 15 times the levels of unburned hydrocarbons
compared to four-cycle engines.

In November, 1991, the U.S. Environmental Protection Agency (EPA) completed
the Nonroad Engine and Vehicle Emission Study in compliance with the Clean
Air Act, section 213(a). According to the Nonroad Study, nonroad engines and
vehicles contribute an average of ten percent of volatile organic compounds
(VOC's) in the 19 ozone nonattainment areas included in the study. Small spark
ignition engines are the source of half of those nonroad VOC emissions.

On December 14, 1990, the California Air Resources Board (CARB), approved a
two-tier exhaust emission standard for small utility engines less than 25
horsepower. The first tier, which took effect in 1995, has been met by some
manufacturers using refinements to conventional technology. Existing engines
have demonstrated the 1995 emissions levels by lean adjustment to carburetion,
improved tolerance control, porting modifications, carburetor quality control and
adjustment restrictions.

In a conventional, carbureted two-stroke engine, the fuel air mixture is pumped
into the cylinder during a portion of the cycle in which both the intake and
exhaust ports are open. The primary activity during this portion of the engine
cycle is the scavenging, or removal of combustion byproducts from the previous
engine cycle. This process results in the loss of approximately 30% of the fuel,
which escapes out the exhaust port prior to ignition. This loss of both fuel and
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fresh air is referred to as “scavenge loss”. Figure 1 illustrates the scavenge loss
of a contemporary two-stroke utility engine.

Combustion The high level of exhaust
Chamber emissions and poor fuel

economy typical of small
. 30% of fuel piston ported two-stroke
.. escapes H H H
Fresh charge : unburned spark ignited engines
is pumped mandates the need for
from Fresh ‘ improved combustion
crankcase to Air/Euel over the operating range
combustion Mixture of the engine. Direct, in-
hamber by . S

¢ cylinder injection has
downward

been demonstrated to
significantly reduce
unburned hydrocarbon
emissions by timing the
Figure 1 - Two-stroke Engine Scavenging Loss injection of fuel in such a
way as to prevent the

piston motion

escape of unburned fuel
from the exhaust port during the scavenging process.

Research, by Sato and Nakayama of Fuji Heavy Industries (1), Nuti from Piaggio
(2), Plohberger et al from AVL (3) Kuentscher from University of Engineering,
Zwickau (4) and Heimberg of FICHT GmbH (5), has provided confirming data to
support the use of direct injection to improve two-stroke emissions and fuel
consumption. These research programs generally applied high pressure liquid
fuel injection systems similar to those used by diesel engines, but modified to
produce small droplets of gasoline. The fuel injection systems applied in these
research programs are cost prohibitive for small low cost engines due to the
sophistication and complexity of the hardware and control system. Nevertheless,
the data supports the technical merits of the fuel injection concept. Sato and
Nakayama of Fuji Heavy Industries reported an 87% reduction in unburned
hydrocarbons using this technique. Nuti reported similar results. The Servojet
Common Rail fuel injector developed by BKM is another alternative and is
described in United States Patent No. 4,628,881 "Pressure Controlled Fuel
Injection For Internal Combustion Engines”. In addition, Orbital Engine Company
of Australia has developed an injection system that requires the addition of
compressed air injection control to help atomize a low pressure injection of fuel.
The cost and complexity of this system may be unreasonable for low cost utility
and moped/motorcycle engines. lllustrations of these various research systems
are shown in Figures 2 through 7.
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Figure 2 -- Gunma University Research System
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Figure 3 - AVL Research System
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Figure 4 - Zwickau (GDR) University Research System
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Figure 6 - BKM Common Rail Fuel Injector and System
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Figure 8 illustrates the typical relationship between exhaust emissions and the
air/fuel ratio, defined by the excess air factor lambda (A). Lambda is the ratio
between actual air/fuel ratio and stoichiometric air/fuel ratio. Stoichiometric
air/fuel ratio is the theoretically perfect ratio for most efficient and complete
burning. Lambda less than 1.0 is a rich mixture and lambda greater than 1.0 is a
lean mixture.

_ (Az'r / Fuel)actual
B (Ail’ / Fuel )stoichiometric

In a naturally aspirated engine such as the low cost two-stroke, air supply is
dependent on the piston motion and engine power is proportional to the amount
of fuel burned. Therefore, a rich mixture increases power and a lean mixture
reduces power.

As shown in Figure 8, most contemporary two-stroke engines operate in the
range of 0.70 to 0.75 lambda in order to optimize power and reduce combustion
temperature. Unfortunately, this condition resulits in very high CO emissions as
well as adding to the already high unburned HC emissions. The Oxides of
Nitrogen (NOx) emissions however, are very low due to the low temperature of
this rich combustion mixture.

<—» Current typical Range

NOx

i [
Bl

Low Emissions
Range

coO
HC

/

0.70 0.75 0.80 0.85 090 0.95 1.00 1.05 1.10 1.15 1.20
Lambda

Figure 8 - Influence of Excess Air Factor, Lambda, on Emissions
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Exhaust emissions can be minimized if lambda is very lean (greater than
approximately 1.5). Such lean air/fuel ratios may be achievable using direct
injection of fuel as proposed. However, without additional air charge boosting,
maximum engine power is reduced to an unacceptable level. In the range of
lambda 0.85 to 0.95, emissions can be minimized without significant power loss.
It has been demonstrated that the combination of in-cylinder fuel injection
(reduced scavenge loss) and operation in this air/fuel ratio range (A=0.85-0.95)
results in emissions levels within the range of CARB regulations for small two-
stroke utility engines.

Compounding the basic two-stroke inefficiencies described above, it is normal for
crankcase scavenged two-stroke engines to misfire at part load. Part load
operation of spark ignited engines involves reducing both the fuel flow and
throttling the air flow through the engine in an attempt to maintain an ignitable,
stoichiometric air/fuel mixture. Misfire at part load in a two-stroke engine is
caused by the presence of residual exhaust gas, degraded scavenge efficiency
and resulting degraded air/fuel ratio control. This part load misfire contributes
greatly to added unburned fuel emissions and increased fuel consumption. Both
Sato and Plohberger presented data confirming that direct in-cylinder injection
alone did not solve this part load misfire problem.

The dynamic fueling range is another challenge for small engine fuel injection
equipment. The fuel injector must accommodate both the full load fueling rate,
as well as the minimum fueling rate required to idle the engine. A major difficulty
with conventional fuel injection concepts for small two-stroke engines is the
inability to provide precise well-atomized fuel sprays at these very small fuel
deliveries, particularly as fuel consumption and emissions are reduced. These
required idle fuel deliveries can be as low as 1.0 cubic millimeter of gasoline per
engine cycle.

1.3. Technical Approach

A cost effective hardware concept and control method has been devised to
operate low cost two-stroke spark ignited engines, which are fueled by
electronically actuated accumulator type fuel injectors. This system is referred to
as a Single Plunger System (SPS) to differentiate it from the contractor’s
previous Common Rail System (CRS) development for multi-cylinder engines.
During the project, the injection system hardware has been dramatically
simplified compared to existing concepts, for compatibility with small engine
market requirements. Prior to the ICAT program, BKM was granted U.S. Patent
Number 5,438,968, which completely describes this low cost fuel system
solution. In addition, BKM has been instrumental in the design and development
of small two-stroke engines for the outdoor power equipment industry, under
contracts to original equipment manufacturers. Combining these two areas of
experience was a natural motivation for this program and has already resulted in
demonstrable benefits for the small two-stroke engine.
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1.3.1. Injector Operation

The BKM SPS electronic gasoline injector consists of three elements:

1. Solenoid valve
2. Accumulator
3. Nozzle tip

These elements are shown schematically in Figure 9.

SOLENOID VALVE

' boo o
~%— FUEL PRESSURE
bo ofo

ACCUMULATOR AND CONTROL
VOLUME PRESSURIZED
VENT
CHECK
VALVE
SPRING
ACCUMULATOR
CONTROL 0
VOLUME
|
NEEDLE
NOZZLE

- g S

Figure 9 - Injector Schematic

Fuel pressure is provided
to the injector by means
of a single plunger pump,
integrated into the engine
design and timed to the
engine cycle. Due to the
compressibility of the
fuel, the mass of fuel in
the accumulator
increases as the
accumulator pressure
increases. When the
accumulator pressure
and inlet fuel pressure
equalize at the maximum
inlet pressure value, a
check valve at the
accumulator entrance
closes, thereby trapping
high pressure fuel within
the accumulator. The
solenoid valve is the
interface between the
injector and the electronic

controller. When the solenoid is energized, pressure on top of the needle valve
is vented, and a pressure imbalance is produced across the needle valve, which
lifts the needle and opens the nozzle tip to the fuel stored in the accumulator.

Injection takes place until the pressure in the accumulator drops to the needle
valve closing pressure, preset by spring force. Injection duration depends only
on total nozzle flow area and the pressure drop from peak pressure to needle
closing pressure. The hydraulic system includes a single plunger pump
providing pressurized fuel to the injector, and a return line from the injector to the
low pressure side of the system. Engine power or injection delivery is either
controlled by the regulation of the rail pressure or by the “skip-fire” sequencing of
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injection events. For pressure regulation, a portion of the pump plunger motion
is wasted by holding the solenoid valve open longer than necessary from the
previous injection event, thereby limiting the pressure buildup to a calibrated
value based on solenoid valve timing. This patented control method provides for
both injection timing as well as injection quantity on a cycle-by-cycle basis. The
injector charging event and control by pressure regulation are illustrated in Figure

10. ‘

Accumulator
Pressure

Pressure g

Injection
Quantity
Needle
Closing

Wy

I‘ Wy Pressure
l\
T

~«—— Charge Event —»I-a——»- Injection

Duration

Time, msec

Figure 10 - Injector Charging and Pressure Metering

As mentioned
above, the
“skip-fire”
sequencing of
injection events
can be used for
control
purposes. In its
basic form, skip-
fire is also used
to provide
improved
combustion
efficiency at part
load operation.
In this
demonstration
program, skip-
fire has been

limited to provide improved efficiency at idle only, with good results.

The SPS injector spray characteristic produces very small droplets of gasoline,
which promotes good fuel and air mixing and consistent combustion. These
small droplets are maintained by means of non-uniform velocity with respect to
time, as illustrated in Figure 11. The first droplets leaving the nozzle have the
fastest injection rate, followed by progressively slower rate droplets. BKM refers
to this non-coalescing spray characteristic as "expanding cloud" fuel injection.
The result is a finely atomized spray and optimized mixture preparation.

Advantages of this operating principle include the following:

1. High operating speeds can be attained, since injector charging occurs
over a large portion of the engine cycle.
2. Injection timing is optimized at all speeds and loads with electronic

control.

10
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Figure 11 - Droplet Velocity
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rate during the injection event.
6. Mechanical starting, without electricity, has been provided by including a
control volume venting passage which opens as the cam driven plunger
reached its lowest position. Venting with the electronic solenoid valve prior to
this mechanical opening provides direct electronic timing control.
7. Cycle-by-cycle control of fuel delivery and injection timing.

3. Skip-fire control provides part

load combustion
improvement.

. Spray quality at starting and

low engine speeds is
maximized because injection
pressure and duration are
independent of engine
speed.

. A non-coalescing “expanding

cloud” injection spray results
from the decreasing injection

An overall scheme of the fuel system is illustrated in Figure 12.

Accumulator
Check Valve

Accumulator
Nozzle

Piston

&

Eccentric
Cam

-
Flywheel (( @__f

—

High Speed
" Solenoid Vent

Valve

_/ \~Single Plunger

—

Magneto

Pump

Load
Selecting
Switch and
ECU

Figure 12 - Single Plunger System (SPS) Configuration
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2. Materials and Methods
The program was divided into the following tasks:

Bench Test and Development of Major Components
Design the Prototype Development Engine
Development of sensors, controls and software
Prototype Manufacturing

Test Planning and Setup

Performance and Emissions Optimization

Durability and Emissions Degradation Testing
Reports / Meetings

ONOGAWN =

2.1. Bench Test and Development of Major Components
2.1.1. Fuel Injection System

System concept design included the definition of basic fuel injector and pump
components as well as variations to be evaluated, such as methods to control
injection quantity. Another alternative related to the ability to initiate injection
hydromechanically for starting. In each case, these design alternatives offer
advantages and disadvantages which were evaluated.

An injection system bench test rig was designed and constructed for the
functional development and parametric studies of injector and pump system.
The objective of this unit was to provide a flexible test rig capable of determining
the optimum placement of components, the advantages and disadvantages of
design configuration variables, as well as establishing design criteria for the
sizing, timing and tolerances to be used for subsequent engine design. Some of
the design configuration variables were discussed above. Additional alternatives
which merit study, such as the location of the injector solenoid valve related to
the nozzle, were included in the design of this flexible test rig.

A schematic for this injection system test rig is illustrated in Figure 13. The detail

design, including cam drive and solenoid valve location alternatives, is shown in
Figures 14 and 15.

12
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Figure 13 - Fuel Injection Bench Test Schematic
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Figure 14 - Fuel Injection Bench Test Rig Design

A series of pump operational tests were conducted on the fuel system bench test
rig. Results were encouraging, as the cycle-to-cycle peak pressure appeared to
be controllable by a pressure relief valve as planned. These tests were
conducted with the fuel lines to the injector blocked, to isolate the pump
evaluation from the rest of the system. Problems with the inlet check valve, air
entrainment (priming problems) and miscellaneous leaks were incurred and

14
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either corrected or compensated for, with solutions proposed for future design

activity.
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Figure 15 - Alternative Cam Drive Design and Solenoid Valve Location

The system successfully demonstrated injection of fuel under engine starting
conditions as well as high speed operation. Initial design changes were
incorporated and retested relating to cam and plunger durability improvement
and cost reduction. Four areas of required development were identified and
have been addressed in subsequent engine design activity.

15




1. The sensitivity of the adjustable peak pressure control regulator indicates that
peak injection pressure control and therefore injector calibration will be
difficult to achieve consistently with the current design. A less sensitive
pressure relief valve design could be developed by revising the relief valve
spring rate, seat area and the adjustment thread pitch. However, the need
for rapid, cycle to cycle fuel delivery adjustment emphasized by commercial
project partners has led to a revised fuel quantity control strategy using the
existing solenoid valve. In this strategy, a portion of the pump plunger motion
is wasted by holding the solenoid valve open longer than necessary from the
previous injection event, thereby limiting the pressure buildup to a calibrated
value based on solenoid valve timing. This revised strategy was
subsequently patented and incorporated in the control design.

2. The prototype solenoid valve appeared to stick open and fail to close under
some operating conditions. This problem has been resolved by revised
electronic driver circuit design and was determined not to be a solenoid valve
hardware issue. However, detail setup dimensions for the valve, such as
spring pre-load, were determined to be critical for consistency of operation.

3. Priming the system with the original design of fluid passages proved to be
unacceptably difficult. The addition of a check valve at the pump outlet
provided self-priming capability and was also been incorporated in the
subsequent engine application design.

4. The addition of the self-priming check valve eliminated an important feature
required for starting engines without the need for battery power. To
compensate for this loss, an alternative hydromechanical starting feature
requiring drilled holes in the pump housing was incorporated in the engine
application design.

In order to prevent undue delay in the engine application design as well as risk to
the project budget, the improvements proposed to the bench test injection
system rig were incorporated directly into the test englne design for validation
during subsequent engine testing.

2.1.2. High Speed Solenoid Valve

The high speed solenoid valve and a breadboard driver circuit for injector
activation was designed in prototype form for development testing. Sample
prototype valves were manufactured for testing. For this design, the following
specification was developed:

Type - 2-way normally closed
Rated pressure - 14 MPa (2,000 psi)
Minimum Flow Area - 0.5mm?
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Function

Liquid compatibility
Life expectancy
Timing precision
Response time
Operating frequency
Voltage

Power requirement

Storage temperature
Operating
temperature
Mechanical shock

Mechanical vibration
Humidity

Cost, including
royalties

(production rate
greater than 500,000
units/year)

Accumulator injector vent

Gasoline

4.0 x 108 cycles

*+ 25 microseconds

Less than 2.0 milliseconds -

10 to 250 Hz

12 VDC

Less than 8 watts at 5 % duty cycle
Less than 50 watts at 30% duty cycle
-50 to + 105 °C

-40 to + 200 °C

100 g

50 gat5to200Hz
100 %

Less than $4.50
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An instrumented test block was manufactured to allow testing with hydraulic
pressure applied. Results of this initial test were encouraging as the frequency
capability of the valve exceeded 300 Hz, which was faster than required for
injector operation.

As previously discussed, the solenoid valve appeared to stick in the open
position as well as fail to completely close under some injector operating
conditions. The problem was symptomatic of an electronic driver circuit problem,
which resulted in revised component specifications in the circuit design.
Subsequent testing did not indicate continuation of the problem.

After initial functional testing, additional tests were conducted to study total
energy consumption requirements for coordination with alternator power
generation specifications and development testing targets. In addition, the
revised fuel delivery control strategy previously mentioned warranted further
study of valve opening and closing accuracy and delay periods. These tests
were subsequently conducted with satisfactory results.

2.1.3. Lubrication System

Two different lubrication concepts were evaluated.

17



s

1. For the lowest cost handheld engines, a venturi effect system was
considered. This calibration involved determining a proper size inlet orifice
between the oil supply sump and the engine intake air passage. A simple,
low opening pressure check valve was placed in the oil supply line between
sump and venturi. This system was similar in concept to the basic fuel
control concept of a carburetor. The fuel injected project engine, based on
an existing 46¢cc Tanaka brush cutter engine, was equipped with this lube oil
system and calibrated for the required oil flow during subsequent engine
testing.

2. In the case of motorbike or marine engines, several candidate engines for
fuel injection already utilize a separate oil injection pump and oil reservoir.
For these engines, no further design integration activity is anticipated other
than calibrating the pumps for minimum oil flow rate requirement. This will be
an engine specific calibration and will be delegated to individual engine
builders.

A small, potentially low cost model of the oil injection pumps found on the more
sophisticated engines was eventually identified. This pump is currently used on
a 25cc Kioritz utility engine produced for applications in Japan. Coordination
with the vendor Mikuni and Walbro have resulted in identifying the models
applicable for these handheld utility engines and samples were obtained. A
design to integrate this pump into the Tanaka prototype fuel injected engine was
completed.

2.1.4. Electronic Control Unit (ECU)

During the preliminary work on this project, prior to the CARB ICAT contract, a
developmental circuit board had been designed. In the course of the ICAT
program, revisions to controller specifications related to control strategy resulted
in reconsideration of the controller design. In addition, a more conservative
approach to providing a controller in the early stages of fuel system development
resulted. In order to accelerate availability of a development controller and to
concentrate on software calibration and validation, a decision was made to
conduct initial testing with an existing, commercial multi-cylinder engine controller
designed specifically for control flexibility and laboratory calibration. In parallel
with the calibration development using this large ECU, a new prototype small
engine ECU was designed. This design activity was initiated by reviewing the
cost and performance trade-off of several candidate microprocessors.

Another aspect of the overall ECU design was the driver circuit for the two-way
latching solenoid valve developed for the fuel injector actuation. A breadboard
version of this driver circuit was developed and used successfully for operation of
the solenoid valve. It was also used:
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a) for optimization of component sizing, such as the capacitors used to
magnetize and de-magnetize the latching solenoid

b) to develop turn-on and turn-off dwell times for minimum energy consumption

c) to establish compatibility with “alternator only” variable voltage electrical

supply.
2.1.5. Electrical Power Generator

Attempts were made to take advantage existing flywheel mounted ignition
system magnets as a potential energy source for providing power to the ECU
and solenoid valve. Several iterations of simple coil and core assemblies were
constructed and tested using the 46cc test engine flywheel magnets. In all
cases, electrical power generation fell far short of the estimated requirement.

A small alternator assembly using a full circle magnet group and tailored to fit on
small engines was obtained for evaluation. This alternator was adapted to a
variable speed test rig for initial fuel system and solenoid driver circuit
development and also adapted to the prototype engine design. The alternator
provided up to 90 watts of power at 10,000 rpm. In conjunction with solenoid
and solenoid driver circuit design, it was determined that the minimum alternator
speed to activate the solenoid was approximately 2,500 rpm. This performance
was compatible with the 3,000 rpm 3,000 rpm idle speed for the prototype
engine. Note that the fuel system design still allows for engine starting without
activation of the solenoid valve. Although this alternator provides a comfortable
margin compared to the predicted high speed power consumption, the minimum
speed to provide solenoid actuation power is considered the critical factor.

The test alternator is self contained, including a steel cup used to house the
circular magnet group. It is anticipated that this magnet group may also be
integrated into the flywheel design on production design applications. Value
engineering to minimize coil windings, core mass or magnet group strength will
be postponed until all other system functions are validated.

2.2. Design the Prototype Development Engine

A decision was made early in the project to consider basing the prototype engine
design on an existing production engine in order to maximize the use of available
parts not related to the fuel system integration. Evaluation of possible engine
types revealed that the handheld utility engines presented the largest number of
challenges. A decision was made to answer these challenges by selecting this
engine type. These challenges include the lubrication system, as most other
engine types already use oil delivery pumps, and the electrical power generation
system, as several other applicable engines already use battery systems with
recharging alternators. Although these recharging alternators may require size
increase to add power capacity, the constant voltage output of the battery is not
as severe a challenge for the fuel system control design as the variable voltage
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output of a simple alternator. A Tanaka 46cc engine was selected for the
prototype design basis. '

The prototype fuel injection and ancillary systems design was competed for this
46c¢c utility engine. Key views extracted from the design layout are shown in
Figures 16 thru 18. The lower, crankcase section of the engine includes
installation of the alternator, cam driven fuel injection pump and a crankcase
pressure pulse driven fuel transfer pump. Several iterations of the fuel injector
design were evaluated for cost and size comparison. The features evaluated in
these designs include number of parts, number of machined surfaces (including
lapped surfaces for high pressure sealing), spring design and ease of assembly.

——
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Figure 16 - Cross Section Through Engine Cam and Solenoid Valve
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Figure 18 - Cross Section Through Crankcase, Flywheel, Alternator and Pump

Two separate analytical tools were developed to provide engine builders with a
design tool as well as to assist with evaluation of development testing results.
These programs will be transferred to system licensees as a design aid to
various engine configurations. The following is a description of both calculations.

1. A static, preliminary calculation was created in the form of a spreadsheet
(Microsoft Excel) which includes all major dimensions, volumes, spring
settings and so on which determine injector calibration and performance.
This is a very handy tool for establishing and verifying initial design details for
the injector. The variable values which can effect the injector output, duration
and pressures can be selected within practical ranges.

2. A dynamic injection system simulation program was created to aid in the

determination of design arrangement and dimensions for the specific engine
to be tested. This FORTRAN based program results in time based graphical
results of pressures, motions and flow rates for critical areas within the
system. This tool is extremely valuable for predicting injector performance
and for identifying potential imperfections in system design or operation prior
to fabrication and testing. Sample outputs from this program are shown in
Figures 19, 20 and 21 for a fuel delivery and injection timing sensitivity study.
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In addition to the design activity, an extensive market survey was completed.
This report will assist with future commercialization activity. The survey involved
collecting technical information worldwide regarding utility engine specifications
and application details in order to assist in the prioritization of marketing
opportunities for the low emission two cycle engine. A summary of this market
survey is included in Appendix A.

2.3. Development of sensors, controls and software

As previously discussed, the development and demonstration testing of the fuel
injection system will be controlled by a commercially available laboratory ECU
with flexible calibration features. The design of a prototype, small single cylinder
ECU based on low cost components was competed. A “wire wrap” or non-
printed circuit board version of this controller was constructed for design
validation. Adequate interface software was generated for validation of ECU
function and for diagnostic purposes. The development of this ECU involved
considerably more effort than presented in the ICAT proposal, partly due to the
change in solenoid valve type and fuel delivery control strategy introduced after
initial design activity. As a result, actual engine operation software was not
completed within this program. BKM will continue with the development of this
software and hardware subsequent the ICAT schedule. The availability of the
commercial laboratory controller for calibration and demonstration removed the
urgency to complete this production intent controller.

Sensors for engine speed and position, throttie position, engine temperature and
barometric pressure were identified and coordination meetings with vendors
were conducted. During fuel system development, standard available
components were used, as vendors were understandably reluctant to invest in
engine specific sensor tooling prior to production commitments. Discussions
indicate, however, that the sensors may be value engineered for size and cost
pending results of the program and commercialization activity.

2.4. Prototype Manufacturing

Drawings for major engine and fuel injector parts were completed and released
for manufacturing. The commercial partner Tanaka provided crankshaft
assemblies and completed engine cylinders with injector mounting provisions.
The crankcase casting was produced by a California prototype casting firm and
machined by the contractor. Most machined components for the injection
system were produced by BKM. The injector nozzie assemblies, which require
specialized tools for grinding were coordinated with both domestic and overseas
vendors. Spare parts were manufactured or procured on a part by part basis.
Component quantities varied according to cost, complexity and risk of
developmental changes.
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The unique latching high speed solenoid valve developed for this program is
being supplied by Sturman Industries in Colorado. Completion of the solenoid
valves included test and serialized documentation of function, including
oscilloscope pressure traces and response times. As previously mentioned, the
development test ECU is being provided by the BKM. In parallel, the prototype
small engine ECU was fabricated for functional testing.

2.5. Test Planning and Setup

A S hp eddy current dynamometer was provided by the contractor for engine
testing. The overall test stand layout was designed as well as detail hardware
required for engine mounting and dyno coupling. The test cell electronic
controller for the engine was setup and connected for engine operation as well
as for the monitoring of engine control software.

Initial engine development test plans were formulated These plans include
items in the following outline:

I.  Debug system and fix leaks
Il. Motoring tests
A. Verify pump function
1. measure peak pressure, various speeds
B. Verify mechanical injection
1. Measure injection quantity
2. Measure injection timing
3. Measure injection duration
C. Electronically control the injection event
1. Measure fill delay
2. Measure vent delay
3. Measure injection quantity for various fill times
4. Measure injection duration for various fill times
5. Check for consistency of injections
[ll. Engine calibration :
A. Hardware preparation
1. Calibrate throttle position sensor
2. Install CO probe into engine exhaust
3. Verify oil pump flow control, 0.2 to 0.7 cc/min
B. Starting
1. Adjust throttle to obtain best starting
2. Adjust mechanical injection timing to obtain best starting
C. Initial calibration of injection timing
1. Good conventional idle
2. Safe WOT sweep, near rich misfire limit
3. Estimate timings for remainder of map
D. Transfer pump
1. Determine transfer pump flow requirement
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E. ldle calibration
1. Find optimum idle throttle position, # of cycles skipped and rpm, all
with optimum injection timings
2. Investigate closed loop idle speed control with number of cycles
skipped as the control parameter
F. WOT Calibration
1. Find peak power with baseline CO emissions
2. Evaluate reduced air/fuel ratio, until 2% CO emissions. Consider
power, temperature, fuel consumption, piston condition (seizure)
G. Part load calibration
1. Adjust map for combustion quality and minimum fuel consumption
H. Future combustion development ‘
1. Spray variations
a) Location
b) Direction
c) Cone angle
d) Pressure combinations
2. Combustion chamber
a) Piston bowl
b) Squish velocity

2.6. Performance and Emissions Optimization

Note: At the time of this draft report, engine performance and fuel consumption
optimization testing of various injector and combustion chamber designs was still
underway. Results have been encouraging, with startability, power and engine
response equal to or better than the standard carbureted engine. However, full
emissions testing has been withheld pending completion of test matrix iterations
and conclusion regarding best injection spray, injection timing, combustion
system design and ignition characteristics.

The first operation of the 46¢c fuel injected engine occurred on August 23, 1997.
As a result of the initial engine testing, the following design revisions were
implemented.

1. Due to pump leakage in the area of the spill port, the prototype pump
efficiency is lower than anticipated, resulting in lower pressure than required
for full power fuel delivery. In parallel with efficiency improvement changes, a
cylinder/plunger assembly with increased displacement was designed and
fabricated to allow for continued testing and power development. A revision
to the internal volume of the injector nozzle, which results in increased fuel
delivery capability was also accomplished.

2. Due to percolation of the fuel in low pressure passages of the plumbing

circuit, caused by high temperatures associated with the aluminum
crankcase, it was decided to provide back pressure by installing a pressure
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relief valve at the venting outlet of the solenoid valve. Various values of back
pressure were tested. Presently, it has been determined that a value of 80
psi is very effective in preventing fuel percolation during engine running and
soak back temperature conditions.

3. Based on visible evidence on the piston crown subsequent to engine running,
it has been decided to prepare variations in piston crown shape for testing, to
encourage retention of the fuel spray and fuel air mixture in the center portion
of the combustion chamber. Carbon buildup near the piston crown perimeter
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indicates that some fuel adheres after initial contact, then disperses across
the piston crown until reaching the outer edge, near the cylinder wall. An
improvement will be accomplished by designing a combustion bowl or cup in
the central area of the piston crown. A design which does not change the
compression ratio of the engine will be developed for initial testing.

Subsequent testing has resulted in design changes to the pump design, location
(for heat isolation), fuel spray, piston crown and combustion chamber design.
Several fuel spray and combustion bowl arrangements have been evaluated in
order to achieve best fuel/air mixing and fuel distribution within the combustion
chamber. Evaluation of spark ignition timing, ignition duration and spark energy
have also been included in the test program. Whereas the results of this test
program represent a best combination of parameters for the particular 46¢cc
engine application, similar studies may be required for engines of differing
physical and performance characteristics.

Performance goals included:

Power:

Exhaust Emissions (SAE J 1088):

Equal to standard carbureted engine

THC CO NOx
l g/kWehr 67 174 5.4
Performance and Emissions (Test Results):
Power, kW BSFC THC {0) NOx
7,000 rpm g/kWehr g/kWehr g/kWehr g/kWehr
Baseline tbd tbd thd tbd tbd
EDFI tbd tbd tbd tbd tbd

Test summaries and comments are included in Appendix B.
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2.7. Durability and Emissions Degradation Testing

Formal durability and degradation testing has been withheld pending completion
of performance and emissions optimization and validation. This testing is
extremely important to both BKM and the engine manufacturers involved in the
project funding and licensing. This testing will be conducted independently by
BKM at the conclusion of performance demonstration. BKM is considering the
involvement of College of Engineering - Center for Environmental Research and
Technology (CE-CERT), University of California, Riverside for this test activity.

2.8. Reports / Meetings

During this two year program, BKM has held three program review meetings at
approximately six month intervals. These participant “summit” meetings were
attended by ARB representatives, as well as engineers and executives from the
consortium funding manufacturing companies. Minutes and presentation
materials from each of these meetings is available on request.

Comprehensive presentations by BKM engineering staff on all technical aspects
of the project were provided at these meetings. In addition, these meetings
provided a forum for interchange and discussion between BKM, the
manufacturers and ARB. Equally interesting was the interaction between
competitive manufacturing company representatives.

The consortium final program meeting will be scheduled in late July or early
August 1998 for presentation of project results. All consortium members will be
invited.

3. Results

Note: At the time of this draft report, engine performance and fuel consumption
optimization testing of various injector and combustion chamber designs was still
underway. Results have been encouraging, with startability, power and engine
response equal to or better than the standard carbureted engine. However, full
emissions testing has been withheld pending completion of test matrix iterations
and conclusion regarding best injection spray, injection timing, combustion
system design and ignition characteristics. .

Performance goals:

1. Power: Equal to standard carbureted engine

2. Exhaust Emissions (SAE J 1088):

THC Co NOx

g/kWehr 67 174 54
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Performance and Emissions (Test Results):

Power, kW BSFC THC CO NOXx
7,000 rpm g/kWehr g/kWehr g/kWehr g/kWehr
Baseline tbd tbd tbd tbd tbd
EDFI tbd tbd tbd tbd tbd
4, Discussion

A detail discussion of the technology and how it works has been provided in
Section 1.3.. Applying this technology allows manufacturers of 2-stroke
handheld utility engines to comply with the California tier 2 standards for
handheld utility engine exhaust emissions. This technology also provide
manufacturers of 2-stroke engine powered motorbikes, marine engines and
other applications to significantly reduce exhaust emissions.

As discussed in the following Section 6, the degree to which this technology will
provide environmental, economic and industrial benefits to California and to the
BKM will depend on acceptance of the results of this demonstration program by
the engine manufacturers. Therefore, the next phase of the commercialization
process will be to repeat the previous manufacturer contacts for the purpose of
presenting these results and discussion of their concerns, costs, sources and so
on.

Assuming the technology is generally accepted, licensed and produced for the
utility engines sold in California, the optimistic projection of impacts on California
are significant, as outlined in the proposal for this ICAT program. These impacts
may be summarized as follows:

Utility lawn and garden equipment engine (ULGE) applications in which two-
stroke engines are typically used includes chainsaws, string trimmers, leaf
blowers, lawn vacuums, small generators and pumps, and walk behind mowers.
Two-stroke engines dominate applications requiring a lightweight highpower
powerplant. The BKM fuel injection technology is universally applicable to all
current two-stroke powered products. In addition, the technology applies equally
well to larger applications such as two-stroke mopeds, scooters, motorcycles and
outboard engines. In these more sophisticated and demanding applications, the
addition of catalytic converters may also be applied.

This technology focuses on pollution prevention by reducing emissions at the
source. Emissions from small two-stroke engines will be dramatically reduced by
redesigning the engine and its systems. In particular, emissions of HC, NOx and
CO will comply with CARB regulations set for 1999 production handheld utility
engines. This program will have broadbased application since technology
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licensing and engine sales will apply worldwide to all low cost two-stroke engine
applications.

a) Environmental: From the study generated by Booz * Allen & Hamilton for

b)

CARB in support of the CARB utility engine emission regulation, it can be
shown that handheld two-stroke equipment and chainsaws are responsible,
in California alone, for approximately 43 tons per day of unburned
hydrocarbon (HC) and 495 tons/day of carbon monoxide (CO) emissions. By
complying with the CARB tier 2 regulations, this technology is capable of
reducing these figures by 30 tons/day HC and 110 tons/day CO within
California. The fuel consumption of these engines will also be reduced by 30
to 50%. '

According to the Nonroad Engine and Vehicle Emissions Study, completed
by the EPA in November 1991 (docket A-91-24), nonroad engines and
vehicles contribute an average of ten percent of the summer Volatile Organic
Compounds (VOC) in 19 ozone non attainment areas. Small spark ignited
engines are the source of half of these VOC emissions. In 16 CO non
attainment areas, nonroad engines and vehicles account on average for nine
percent of winter CO emissions. Small Sl engines contribute 56 percent of
these CO emissions. According to published EPA estimates, a chainsaw
operating for one hour produces as much CO as a car driven 230 miles, and
an outboard motor running for one hour releases as much HC as a car driven
2,500 miles. The proposed technology will potentially reduce the contribution
of these emissions from two-stroke engines by 70 to 75 %.

The actual impact on air quality in California will obviously depend on the
market penetration of this technology on the engines sold in California.

Technical: As demonstrated during previous testing by the EPA, this
technology can meet or exceed the 1999 CARB HC, CO and NOx exhaust
emissions regulation for handheld two-stroke engines, which are compared to
the CARB 1995 standards in the following table:
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HC, g/bhp-hr ~ CO, g/bhp-hr NOx, g/bhp-hr
1999 CARB Regulation 50 130 4.0
1995 CARB, 20 to 50cc 180 600 1.0
Required Reduction 72% 78% 0%
1995 CARB, ® 50cc 120 300 1.0
Required Reduction 58% 57% 0%

During EPA testing of a similar, but not production oriented fuel injection
system, it was demonstrated that this fuel injection technology does not
require the addition of a catalytic converter, and will therefore meet the
exhaust gas and skin temperatures limits of 288 ° C required by the U.S.
Forestry Service.

c) Economic: For portable power equipment, this program demonstrated a
viable technology capable of meeting CARB utility engine regulations as well
as the Forest Service exhaust gas temperature requirements. This program
also demonstrated a viable technology for two-stroke mopeds, scooters and
motorcycles. Current cost projections indicate that the incremental impact on
engine manufacturing cost is on the order of $25 to $30 per engine cylinder if
components are produced at rates higher than 500,000 units per year. This
does not include mark up to the end customer or the cost to implement
distribution and technician training. To achieve these rates, it is desirable to
apply the system components to as many manufacturer's engines as
possible.

5. Summary and Conclusions
(Pending completion of emissions testing)
6. Commercial Plan

In the original ICAT proposal, BKM outiined a commercialization plan headed by
its marketing affiliate Environmental Engines Corp. (EEC). EEC was formed in
the period between formulation of the ARB utility engine regulation and the
regulation negotiation meetings between the Federal EPA and industry, which
were held for the purpose of enacting similar utility engine exhaust emissions
standards. When it became obvious that EPA was not intending to immediately
follow the lead of ARB, EEC found it very difficult to continue fund raising and to
attract the interest of utility engine manufacturers. EEC was eventually
dissolved, returning all rights to the BKM technology back to BKM.

In the early marketing attempts, both EEC and BKM recognized that functional
demonstration as well as economically feasible design would be required to
attract further interest. This ICAT program has provided the opportunity to
present this information.
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The marketing challenge resulting from the lack of a Federal equivalent to the
ARB standards remains the primary obstacle for introducing this technology to
the utility engine industry. However, worldwide need for clean 2-stroke
technology in the 2-wheeler transportation and marine engine industries has
provided an opportunity to continue the system development. In conjunction with
this ICAT program, BKM formed a consortium of engine and component
manufacturers willing to participate in the funding of a demonstration in return for
non-exclusive license options.

The impact on California by introducing the clean 2-stroke in these other
industries will be minor compared to the utility engine potential. However, by
taking advantage of these more immediate opportunities, BKM should achieve
credible market experience and resolve technical, manufacturing source, and
cost issues. This will allow BKM to approach the “wait and see” utility engine
manufacturers with a production and market proven system. The degree to
which the utility engine market adopts this fuel system will then be dependent on
factors such as competitive technologies (catalytic converters, 4-stroke engines
and so on) as well as the percent of total sales impacted by ARB equivalent
exhaust emission standards.

It is projected that a minimum commitment level of 300,000 units per year spread
over the population of licensees will be required for production costs of key
components to be reasonable. At the present time, the companies listed below
hold license options on the technology. These license option holders have until
June 30, 1999 to exercise their license option without incurring additional costs,
so that an indication of immediate production potential should be available at that
time. Current projections by these companies regarding potential annual
quantities is also shown.

Manufacturer Annual Quantity
Complete systems:
Yamaha (motorbikes) 2,000,000
Suzuki (motorbikes) 310,000
Tanaka (handheld utility engines) 50,000
Tohatsu (marine engines) | 50,000
Anonymous Taiwan Manufacturer (motorbikes) 240,000
Components:
Honglin - China market 5,000,000

Total 7,650,000

In the initial phase of commercialization, BKM will collect royalties of $2.00 for
each engine cylinder using the technology, regardless of the source of parts.
This royalty represents a potential, based only on the current license option

33



holders and a conservative potential to secure 20% share of the engine listed
above, of $3.06 million in annual revenue or an optimistic estimate of $15.3
million at 100% share. It is conceivable that this level of income could be
generated within 3 years.

A subsequent opportunity to supply components to the licensees will also be
explored. As a requirement in all license option agreements, engine builders
have insisted on the option to manufacture components internally. As a practical
matter, they also understand the benefit of procuring components from a single
source, to take advantage of part commonality and large production volume cost
structure. Therefore, the opportunity for parts manufacturing is very real and
desirable.

It is BKM’s objective that a single reputable supplier, with worldwide customer
support capability, shall become the supplier of record for the entire system,
even though certain components may be supplied by specialized second tier
manufacturers, including BKM. BKM has discussed the supplier opportunity with
several prominent manufacturing companies. It is somewhat premature for any
to commit resources and reputations on the system which is at this
demonstration phase, but the level of interest is encouraging. As an example, a
letter received from Walbro indicating their interest to become the supplier is
included in Appendix C. Obviously, interest in the fuel system by a major engine
manufacturer would be beneficial to negotiations with potential suppliers.

The ultimate opportunity to supply complete engines is difficult to predict at this
time. If a Federal utility engine regulation existed making this technology
desirable for the entire U.S. market, the potential for engine production would be
reasonable. Similar worldwide regulations would increase the opportunity.
Should these incentives come to pass, a 20% market share of the nearly 5
million engines manufactured annually for sale to equipment assemblers would
represent approximately $75 in annual sales.

One of BKM’'s commercial partners, Honglin Machinery Factory, has
independently designed test hardware and conducted development testing of the
fuel injection pump and injector system. The purpose of this activity was to
become intimately familiar with the fuel system design and hardware calibration
challenges, as well as to complement the work by BKM. Honglin then
incorporated the design into a 125cc motorbike engine and has brought this
hardware to BKM for integration of electronics, training on software calibration
procedures and operational testing of this motorcycle on a BKM motorcycle
chassis dynamometer. The engineers and hardware will then return to China for
continuation of performance optimization and for demonstration to potential
licensees.

Similarly, Suzuki and BKM have completed an application design for a
commercial 50cc moped for functional testing and training at BKM. This
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hardware will also return to the manufacturer for continuing study and
optimization. An illustration of this design is shown in Figure 22.
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Figure 22 - 50cc Moped Application Design
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List of Inventions Reported and Publications Produced
Patents:

No new patents have been issued as a direct result of this ICAT funding.
Existing patents which formed the basis of the ICAT proposal and licensing
opportunities with the consortium member cofunders include the following:

I Patent Number 5,438,968 - Two Cycle Utility Internal Combustion Engine
Il. Patent Number 5,685,273 - Method And Apparatus For Controlling Fuel
Injection In An Internal Combustion Engine

Publications:

No publications have been created yet as a result of this ICAT funding.
However, BKM intends to explore an opportunity to publish a paper on the
results of this project for presentation at the Small Engine Technology
Conference (SETC), to be hosted by Society Of Automotive Engineers (SAE) in
the fall of 1999.

Glossary of Terms, Abbreviations, and Symbols

)]
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Expanding Cloud
HC

ICAT

ARB Air Resources Board

CARB California Air Resources Board

CATS Clean Air Two-Stroke

CO Carbon Monoxide

CRS Common Rail System -

ECU Engine Control Unit

EDFI Electronic Direct Fuel Injection

EEC Environmental Engine Corporation
- EPA Environmental Protection Agency

Non-coalescing fuel spray
Hydro Carbons

Innovative Clean Air Technologies
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MPa
Nox

Scavenge Loss

SPS

A

VOC

Mega Pascals
Oxides of Nitrogen

Removal of the combustion byproducts from
the previous cycle

Single Plunger System

Lambda, Lambda is the ratio between actual
air/fuel ratio and stoichiometric air/fuel ratio.

Volatile Organic Compounds
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RECOMMENDED ENGINE SPECIFICATIONS

A stated objective of the California Air Resources Board's
Innovative Clean Air Technology (ICAT) program is to assist
companies to develop technologies that will support the ARB's
clean air goals and also result in job creation in the state
of California. ©Under its contract, BKM, Inc. is to develop
a two stroke engine that will reduce emissions and also reduce
fuel consumption.

Prototype Engine Specification Recommendation

Displacement

Prototype engines will be used to demonstrate low emissions
and reduced fuel consumption.

These features, while important to several major high Volume
engine markets, impact them somewhat differently.

Low emissions. are a major concern to the hand held Utility and
Lawn and Garden Power Equipment market because of impending
emissions legislation.

Low fuel consumption is a major economic benefit to markets
for powered two wheel vehicles.

To make prototype engines most practical for evaluation in both

- of these markets, engines with a displacement in the range of

2.8 cubic inches (45.9 cc) to 3.0 cubic inches (49.1 cc) is
recommended.

Range of Displacement Options

The basic design for the prototype engines should be produceable
in a full range of displacements.

Excluding chain saws, 93% of all models of hand-held engine
products are in the 1.0 to 3.0 cubic inch displacement range.
73% are in the 1.0 to 1.99 range and 20% in the 2.00 - 2.99
cubic inch range.

Prototype design, regardless of displacement selected, should
permit use of the low emission, low fuel consumption technology.

All displacement variables will be contained within the short
block to provide a maximum of flexibility in engine components.

Commonality to Industry Standards

Most OEM engine users currently design their products to conform
to the PTO mounting configurations of currently available engines.
This provides interchangeability of engine sources and also




creates optional engine models when required for marketing or
price variations.

Major engine suppliers, Kawaski, Mitsubishi, Fuji Robin,
Komatsu Zenoah, U.S. Engines and Tecumseh offer small engine
models that are compatible to these standards. :

This commonality not only gives flexibility to OEM product
producers, but also gives them the competitive advantage of |,
economy of scale to participate in the high unit volume products
like trimmers, brushcutters, blowers, etc. '

Engine Mounting Considerations

General industry standards provide two options for clutch or
other mounting dimensions. The specific dimensions are detailed
in the section "Mounting Details".

Basically, engines under 2.0 cubic inches (32.8 cc) use a smaller
clutch and require a mounting bolt circle of 3.23 inches (82mm).
Engines larger than 2.0 cubic inches require a mounting bolt
circle of 3.94 inches (100 mm).

Manufacturers of Engines for Interplant Transfers.

The standard industry specifications may or may not be compatible
with equipment manufactured by companies that produce their
Oown engines.

However, since these companies have demonstrated the desire
and capacity to design, tool and produce their own engines,
they can reasonably be expected to license the technology and
produce low emission, low fuel consumption engines if the market
requires it. In addition, as they now do, these companies can
purchase standard OEM engines for their low volume product lines
(i.e.) Poulan uses some Kawasaki and Fuji engines; Makita uses
Fuji Robin, Tanaka uses some McCulloch engines, etc.

Commonality of Parts

The design of the short block and engine configurations should
focus on maximizing the commonality of parts.

On the short block, it would be desireable for each short block
design to provide two engine displacements with only a change
in the bore diameter and the piston and ring, plus any change
that may be required in the accumulator, etc.

This maximization should also apply to engine components, such
as blower housings, air cleaners, mufflers, starter handles,
starter hubs, pawls, etc. Such commonality provides a strong
selling point for the engines for parts and service distributor.
They see and sell benefits in reduced inventory requirements.
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Piston Rings

A single piston ring is acceptable on engine models with a
displacement of 2.0 inches (32.78cc) or less.

4

Pistons on engines in excess of 2.0inches should include two
rings. .

Cylinder Casting

On the castings for engines that exceed 2.0 cubic inches in
displacement, it is recommended that the casting include a boss

in the proper location for the optional mounting of a
decompression valve.

Power Ratio

It is recommended that the power of the prototype engines be
in excess of .8 horsepower per cubic inch of displacement.
Maximum output should be achievable in the 7000 - 8000 RPM range

Weight
The weight should not exceed 3.3 pounds per cubic inch.

Engine Assembly

OEM engine applications require a number of configurations.

To provide these economically, it is recommended that the design
of the engine include components that can be asembled in a
variety of configurations rather than separate engines. Under
this proposal, there would be no changes in the short block
except for crankcase ends. All other changes would be
accomplished by assembly variations and optional attachments.

In other words, engine variation would include a common set
of conponents that can be assembled to provide any one of four
confiqurations

These include:

»
N N N Nt

Standard Model (FIGURE 1)
Vertical Model (FIGURE 2)

Pump Equipped Model (FIGURE 3)
Brushcutter Model (FIGURE 4)
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B. SCOPE OF STUDY

POWERED HAND HELD PRODUCTS

304 models of; trimmers, brushcutters, blowers, cultivators, edgers, drills,
augers, pole saws, pumps, vacuums, pruners, hedge trimmers, sprayers and
high pressure washers, produced by 24 manufacturers for their own products
were reviewed. Specifications, to the extent contained in literature, were ,
recorded. A print out of specifications on all models is included in this section. .

Many of the models in each manufacturers section included duplicate
displacements. Models where the variables were in attachments only, were
eliminated. For example; Ryobi offered a total of 10 models of trimmers but all
used the same engine. Thus all but one model were eliminated. The net total of
displacements was 130. A separate print out of this modified list is included.

GAS POWERED CHAIN SAWS

A total of 142 models of chain saws, offered by 16 manufacturers are included in
the print out for this section. Chain saws, in addition to variations in
displacement, may also vary by other features such as; decompression valves,
automatic oilers, fuel and chain oil capacity. Only displacements, not including

variable features, were eliminated in the second print out. This modified print out
includes a total of 121 models.

ENGINES FOR ORIGINAL EQUIPMENT PRODUCTS

This section contains Specifications on 78 models of 2-cycle small engines
produced by 14 manufacturers. Included are manufacturers of engines produced
exclusively for OEM use, as well as, engines produced by manufacturers of

engines for their own product lines. Some of these are also offered on an OEM
basis.

This list includes two print outs covering the same 78 engine models. In the first
print out models are sequenced in an ascending order by cubic inch of
displacement. The second print out is sequenced in ascending order by horse
power produced per cubic inch of displacement.



Sheet1

Chain Saw Models By Cubic 1‘Inch Displacement
Displacement | No. of Models
1.0 -1.99 C.LD. 4
2.0-2.99 C.ID. 62
3.0-3.98 C.ID. 43
4.0-499 C.ID. 17
50-5.99 C.ID. 12 |
6.0-6.99 C.ID. 1 |
7.0-7.99 C.ILD.
8.0 and up 1
Powered Product Models By |Cubic Inch Displacement

Displacement | No. of Models
Under 1.0 2 r
1.0-1.99 222 |
20-299 62
3.0-3.99 14

4.0 and above .. 4

Suggested Retail Prices

Hand Held Powered Products | (Except Chain Saws)

Price | No. of Manufacturers No. of Models
Under $100 | 5 \ 13
$100 - $199 | 10 | 52
$200 - $299 13 42
$300 - $399 12 56
$400 - $499 13 63

$500 and over 10 78
Suggested Retail Prices ' Chain Saws

Price | No. of Manufacturers No. of Models
Under $200 | 5 21
$200 - $299 1 7 22
$300 - $399 13 30
$400 - $499 11 16
$500 - $599 8 14

$600 and over 14 29

Page 1
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Number

Sheet1
Hand Held Powered Products (Except Chain Saws)
80 'e
EINo. of Manufacturers
[INo.of Models

$399
Suggested Retail Price

Page 2




HAND HELD POWER EQUIPMENT

(EXCEPT CHAIN SAWS)

Manufacturer Model No. | CID -Max RPM @ HPICID | PW Products
Output Max. | _Rado
Dolmar MS-340 2.01 CID/ 224 FIP 1.110/CID; 150! BC
Dolmar MS-3300 2.01 CID| 2.24 HP 1.110/CID| -120} BC
Dolmar MS—4000 2.37 CID 2.52 HP 1.660/CID| .140] BC
Dolmar MS-4500 2.74 CID 3.22 HP 1.176/CID| .180] BC
I | E
Echo GT 2000 1.29 CID .80 HP| 8,000 .620/CID| 086/ STR
Echo SRM 2100 1.29 CID .80 HP 8,000 .620/CID| 071] -BC
Echo SRM 2110 1.29 CID .80 OP 8,000 620/CID| 063! TR-BC
Echo PE 2000 1.29 CID .80 0P| 8,000 .620/CID| 065 ED
Echo PB 2100 1.29 CID 80 HP 8,000 .620/CID! 090! BL
Echo PB 210E 1.29 CID .80 HP 8,000 .620/CID! 086/ | BL
Echo HC 1500 1.29 CID .80 P 8,000 .620/CID| 081 HT
Echo HC 1600 1.29 CID| .80 HP 8,000 .620/CID! 069/ - BT
Echo HC 2000 1.29 CID| BOHP| 8,000 .620/CID)| L069! HT
Echo ES 2100 1.29 CID| .80 HP| 8,000 .620/CID| L088] vC
Echo. GT 2400 1.44 CID| 1.0 HP 8,000| .694/CID| 095 TR
Echo SRM 2400 1.44 CID| 1.0 HP 8,000 .694/CID| .078; TR-BC
Echo PE 2400 1.44 CID 1.0 HP 8,000 .694/CID| .075] ED
Echo PB 2400 1.44 CID 1.0 HP 8,000 .694/CID/ 014 BL
Echo HC 2410 1.44 CID 1.0 BHP 8,000 .694/CID! 072 HT
Echo ES 2400 . 1.44 CID 1.0 P 8,000 .694/CID| 059 vC
i
Efco E 8260 LAV 1.58 CID 1.0 HP 7,000 632/CID] 090 TR-BC
Efco E 8260 TA 1.58 CID 1.0 HP 7,000 .632/CID| 090 TR-BC
Efco E 8260 DAV 1.58 CID| 1.0 HP| 7,000 .632/CID| 073| TR-BC
Efco E 8260 BAV 1.58 CID| 1.0 HP| 7,000 632/CID| 079 TR-BC
Efco E 8350 LAV 2.13 CID| 1.48 HP| 7,500 694/CID/ 102 TR-BC
Efco E 8350 BAV 2.13 CID 1.49 HP| 7,500 .694/CID! 091 TR-BC
£fco E 8460 BAV 2.56 CID 1.8 HP| 6,700 .703/CID! .101 TR-BC
Efco E 8510 BAV 3.06 CID 2.1 0P 6,700 686/CID/| 117 TR-BC
Fradan BB 50 2.50 CID BPB
Fradan ST 30 1.86 CID| ST
Fradan SE 30 1.86 CID| ED
Fradan BC 30 1.86 CID BC
Green Machine 2600 1.37 CID! 1.0 HP 7,500 .720/CID/ 100 ST BC
Green Machine 2500 1.59 CID| 1.3 HP 7,500 .810/CID! .100; ST BC
Green Machine 3000} 1.59 CID 1.3 HP 7,500 .810/CID| .080! ST BC
Green Machine 3000 B 1.59 CID 1.3 HP| 7,500 .810/CID| 070 ST BC
. |Green Machine 4000 ) 2.47 CID| 2.0 HP) 7,000 .800/CID! .110/ ST BC
Green Machine 4000 B 2.47 CID 2.0 HP 7,000 .800/CID! .100] ST BC
Green Machine 1940 1.83 CID 1.13 HP 7,500 L601/CID| .080] ST BC
Green Machine 2840 1.59 CID 13 HP 7,500 810/CID/| 090} ST BC
Green Machine 45600 BP 2.45 CID| 1.85 0P 7,000 .755/CID| .100: BL
Green Machine 3000 OB 1.83 CID| 1.13 HP! 7,500 .810/CID! 100! BL
Green Machine 2600 H 1.59 CID: 1.3 0P 7,500 .810/CIDI 090| ouT
Green Machine 1900 1.37 CID} 1.0 BP 7,500 .720/CID! 070! ED
| i
Hoffco PH 980 5.2 CID 4.1 HP 5,000 .788/CID! 130 AV
Hoffco PH 1700 A 6.0 CID! 3.8 HP 4,500 .683/CID! 090! AV
Hoffca {LI'l Hoe 2.0 CID| 1.6 HP 6,000 .800/CID! 060! CU
Hoffco WW 88 5.2 CIDI 1.10P 5,000 .788/CID| 150/ TR BC
Hofico GT 21 1.29 CID! .80 HP 8,000 L620/CID| 060! TR
Hoffco GT 211 A 1.29 CID! .80 HP 8,000 .620/CID! 060 TR
Hoffco JP 220 F 1.49 CIDi 1.2 HP| 7,000] .805/CID| 100 TR BC
Hoffco TP 260 C 1.29 CIDI .80 HP! 8,000]  .620/CID! .0601 TR BC
Hoffca TP 200 F . 1.49 CID! 1.2 HP! 7,000! .BO5/CID: 090! TR BC
Hoffco JP 390 C : 1.86 CID 1.8 HP 7,000i .816/CID: 130 TR BC
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Hoffco JP 490 3.0 C1Ib 1.6 BHP 6,000 -800/CID 090 TR BC
Hoffco SE 301 F 1.35 CID 1.1 gp 7,000 .814/CID 070 ED
Homelite hx 16 98 CID 45 HpP 6,000 A39/CID HT
Homelite ht 22 .98 CID 43 HP 6,000 459/CID HT
Homelite Z 725 ee 1.52 CID .85 HP 7,500 559/CID 078 TR-BC
Homelite Z 725 cea 1.52 CID 85 HpP 7,500 359/CID 053 TR-BC
Homelite hit 15 1.52 CID 85 HP 7,500 S59/CID 089 TR-BC
Homelite hb 100 1.52 CID .85 HpP 7,500 .359/CID 088 BL
Homelite d 25 mhv 1.52 CID .85 HP 7,500 .559/CID 077 BL
Homelite Z 25 ehv 1.52 CID .85 HP 7,500 .359/CID 070 BL
Homelite st 385 1.83 CID 1.13 HP 7,500 .617/CID 086 TR-BC
Homelite d 830 oca 1.83 CID 1.13 HP 7,500 -617/CID 070/ ° TR-BC
Homelite d 830 sbha 1.83 CID 1.13 HP 7,500 617/CID 070 TR-BC
Homelite d 630 ed 1.83 CID 1.13 HP 7,500 617/CYD 113 TR-BC
Homelite d 830 sd 1.83 CID 1.13 yp 7,500 617/CID 094 TR-BC
Homelite d 83u sb 1.83 CID 1.13 HP 7,500 .617/CIC 086 TR-BC
Homelite PLT 3400 1.83 CID 1.13 BP 7,500 617/CID 086 TR-BC
Homelite PLT 3600 1.83 CID 1.13 HP 7,500 617/CID 083 TR-BC
Homelite d 30 mha 1.83 CID 1.13 HP 7,500 -617/CID - 103 BL
Homelite d 30 mhy 1.83 CID 1.13 HP 7,500 617/CID .103 BL
Homelite bp 250 1.83 CID 1.13 HP 7,500 617/CID 088 BL
Homelite hte 12 1.83 CID 1.13 HP 7,500 617/CID 047 CL
Husqvarna {21 LCN v’ 1.3 CID .60 Hp 7,500 460/CID 070 TR CL
Husqvarna |Mondo v 1.3 CID .70 HP 9,000 .538/CID 076 TR CL
Husqvarna 32 L 20CID .90 HP 7,500 450/CID 072 TR CL
Husgvarna © 132 1LC 2.0 CID .90 HP 7,500 450/CID 072 TR CL
Husqvarna 122 L 1.4 CID .70 HP 10,800 300/CID 073 TR CL
Husqvarna 225 L 1.5 CID 1.2 HP 11,000 -800/CID 076 TR CL
Husqvarna 2251D 1.5 CID 1.2 HP 11,000 .800/CID 074 TR CL
Husqvarna 225 R} 1.5 CID 1.2 HP 11,000 -.800/CID 074 TR CL
Husgvarna 225 RD 1.5 CID 1.2 HpP 11,000 .800/CID 069 TR CL
Husqvarna 225 R 1.5 CID 1.2 HP 11,000 .800/CID 076 TR CL
Husqgvarna 232 L 1.9 CID 1.5 HP 10,800 .789/CID 117 TR CL
Husqvarna 232 R 1.2 CID 1.5 HP 10,800 .789/CID .107 TRCL
Husqvarna 235 R 2.2CID 1.8 HP 11,000 .810/CID 115 TR CL
Husqvarna 240 RBD 2.2CID 1.8 HP 11,000 .818/CID 062 TR CL
Husqvarna 240 R 2.4 CID 2.4 HP 12,500 818/CID 062 TR CL
Husqvarna 245 R 2.7CID 2.7 HP 12,500 1.000/CYD .147 TR CL
Husqvarna 245 RX 2.7 CID 2.7 HP 12,500 1.000/CID 150 TR CL
Husqvarna 250 RX 3.0 CID 3.3 0P 12,500 1.100/CID 170 TR CL
Husqvarna 265 RX 4.0CID 4.7 HP 11,000 1.175/CID 200 TRCL
Husqvarna 18 B 1.1 CID HT
Husqvarma 25 H 1.6 CID HT
Husqvarna 26 H 1.6 CID HY
Husgvarna 250 PS 3.0 CID 2.4 HP 11,000 .800/CID 147 rS
Husqvarna 235P 2.2 CID| 1.8 HP 10,500 818/CID 110 PS
Husqvarna 122 HB 1.3 CID .70 HP 9,000 -338/CID 063 BL
Husqvarna 132 HBY 1.9 CID 1.5 HP 10,800 789/CID |- 121 BL
Husgvarna 140 B 2.4 CID 2.4 BP 12,000 1.000/CID 123 BPBL
John Deere T30c 1.83 CID 1.3 HP 7,500 .617/CID 125 TR
John Deere T30s 1.83 CID 1.3 HP 7,500 ©617/CID 104 TR
John Deere T 30 sb 1.83 CID 1.3 HP 7,500 .617/CID/| 098 TR
John Deere T23s 1.38 CID 1.0 HP 7,500 .720/CID 080 TR
John Deere T 26 sb 1.59 CID| 1.3 HP 7,500 .810/CID .100 TR
John Deere T 40 sb 2.47 CID| 2.0 HP 7,000 .800/CID! .100 TR
’ !
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Jonsered RS 51 PRO 3.1 CID 34 HP 9,300) 1.096/CID 175 TR-BC
Jonsered RS 44 2.7 CID 2.7 HP 9,000]  1.000/CID 150 TR-BC
Jonsered GR 50 PRO 2.97 CID 2.94 0P 9,000 .989/CID 154 TR-BC
Jonsered GR 41 2.45 CID 2.52 HP 9,000/ 1.028<CID 132 TR-BC
Jonsered GR 36 2.2 CID 1.7 HP 9,000/ .772/CID 140 TR-BC
Jonsered GR 32D 1.9 CID 1.6 HP 9,000 .842/CID 115 TR-BC
Jonsered GR32L 1.9 CID 1.6 HP 9,000 842/CID 13 TR-BC
Jonsered GR 26D 1.6 CID 12 HP 9,000 .750/CID 126]  TR-BC
Jonsered GR 26 L 1.6 CID 1.2 0P 9,000 .750/CID 095 TR-BC
Jonsered GR 26 Combi 1.6 CID 1.2 HP 9,000 .750/CID .095] TR BC ED HT
Jonsered GT 24 L 1.29 CID .98 HP 9,000 .759/CID .092 TR-BC
Jonsered GT 22 L 1.29 CID .98 HP 9,000 .759/CID 098 TR-BC
Jonsered GT21L 1.29 CID .98 BHP 9,000 .759/CID 103], TR
Jonsered HP 36 1.9 CID 1.6 HP 9,000 .842/CID 101 PR
Jonsered BP 40 Combi 1.9 CID 1.6 HP 9,000 842/C1D 101 TR ED HT
Jonsered HT 24 1.29 CID 1.03 0P 8,000 .798/CID 091 BT
Jonsered HT 22 1.29 CID 1.03 BHP 8,000 _798/CID .091 HT
Jonsered HT 2 1.09 CID .84 HP 6,500 .770/CID 088 HT
Jonsered BV 32 1.93 CID 01 HP 6,500 A71/CID 072 BL
Jonsered WP 25 1.29 CID 1.03 HP 8,000 .798/CID 083 PU
Makita RBL 250 1.9 CID 1.2 HP 7,000 .805/CID 250 BL
Makita RBC 221 1.32 CID 1.0 HP 7,000 .757/CID 227 TR
Makita RST 250 1.9 CID 1.2 HP 7,000 .805/CID 127 TR BC
Makita RBC 251 1.49 CID 1.2 HP 7,000 .805/CID .133 TR BC
Makita RBC 25 A 1.49 CID 1.2 AP 7,000 .805/CID 120  TREBC
Makita RB25A 1.49 CID 1.2 HP 7,000 .805/CID 121 TR BC
Makita RBC 25 B 1.49 CID 1.2 P 7,000 .805/CID 124 TR
Makita RBC 252 1.49 CID 1.2 HP 7,000 .805/CID 120 BC
Makita REE 250 1.9 CID 1.2 HP 7,000 .805/CID 250 ED
Makita RBC 310 1.86 CID 1.5 HP 7,000 .806/CID —.108 ED
Makita REBC 311 1.86 CID 1.5 BP 7,000 .806/CID .108 ED
Maruyama BC 201 1.2 CID TR
Maruyama BC 320 1.94 CID TR
Maruyama BC 260 H 1.54 CID BC
Maruyama BC 320 H 1.94 CID BC
Maruyama BC 420 H 2.53 CID BC
Maruyama BC 500 H 3.06 CID BC
Maruyama HT 2300 1.38 CID HT
Maruyama HT 230 1.38 CID HT
Maruyama HT 230 L 1.38 CID HT
Maruyama HT 260 1.55 CID HT
Maruyama ED 261 1.55 CID ED
McCulloch GLE 2380 1.29 CID| 80HP| 8,000 .620/CID 059 ED
McCulloch 2000 1.29CID| .80 HP 8,000 .620/CID .182 TR
McCulloch 2250 1.53 CID TR
McCulloch 2310 1.29 CID .80 HP 8,000]  .620/CID .100 TR BC
McCulloch 2030 1.29 CID| .80 HP 8,000 .620/CID| -  .076 TR
McCulloch 2560 1.53 CID TR BC
McCulloch 2565 1.53 CID TR BC
McCulloch 3000 1.83 CID TR BC
McCulloch 2360 1.29 CID/| .80 HP 8,000 .620/C1ID 059 TR BC
McCulloch 3900 2.32 CID| \ TR BC
McCulloch GLE 2580 1.53 CID ] ED
McCullach GHT 24 1.29 CID .80 HP 8,000  .620/CID| 065 HT
McCulloch GHT 30 } 1.29 CID .80 HP 8,0000  .620/CID. .063 HT
McCullach 'PB 250 f 1.53 CID| i ; BL
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Otympyk ﬁOL 8260 LAV 1.58 CID 1.0 4P 7,000 632/CYD 090 TR BC
Olympyk OL 826 TA 1.58 CID 1.0 HP 7,000 632/CID 090 TR BC
Olympyk OL 8260 DAV 1.58 CID T.OHP| 7,000  .632KCID 073 TRBC
Olympyk OL 8260 BAV 1.58 CID 1.0 HP 7,000 .632/CID 079 TR BC
Olympyk OL 8350 LAV 2.13CID 1.48 HP 7,500 694/CID .102 TR BC
Olympyk OL 350 BAV 3.13 CID LASHP|  7,500]  .694/CID 091]  TRBC
" [Olympyk OL 8460 BAV 2.56 CID 1.8 HP 6,700 .703/CID 101 TR BC
Olympyk OL 8510 BAY 3.06CID 2.1 HP 6,700 686/CID 117 TR BC
Poulon/Weed Eater 113 1.28CID R
Poulon/Weed Eater 114 1.95 CID TR
Poulon/Weed Eater 115 1.28 CID ™R
Poulon/Weed Eater 165 1.28 CID TR
PoulonyWeed Eater i85 1.95 CID TR
Poulon/Weed Eater 200 2.45 CID 1.85 HP 7,000 255/CID 088 TR BC
Poulon/Weed Eater 442 2.45 CID 1.85 HP 7,000 .755/CID BPB
Poulon/Weed Eater 452 MVB 1.95 CID BL VU
Red Max BT 2000 1.38 CID 1.2 HP 7,500 869/CID .109 TR
Red Max BC 2001 DL 1.38 CID 1.2 HpP 7,500 869/ CID 111 TR BC
Red Max BC 2600 DL 1.55 CID 1.4 P 8,000 903/CID J22 TR BC
Red Max BC 342 DL 2.05 CID 1.7 9P 7,000 .829/CID A1 TR BC
Red Max BC 442 DWM 2.53CID 2.2 HP 7,000 .869/CID 119 TR BC
Red Max EB 431 2.53 CID 2.2 HP 7,000 B69Y/CID 125 BPB
Red Max ERBRA 430 2.53CIb 2.2 HP 7,000 869/CID .103 BPB
Red Max EB 441 2.53CID 2.2 HP 7,000 8695/CID 116 BPB
Red Max EBA 440 2.53CID 2.2HP 7,000 S[69/C1ID 097 BPB
Red Max CHT 230 DL 1.38CID L2 HP 7,500 .869/CID 104 HT
Red Max HE 2300 1.38 CID 1.2 xp 7,500 .869/CID A51 BL
Red Max CHT 2300 1.38 CID 1.2 HpP 7,500 .869/CID 112 HT
Red Max HT 2300 1.38 CID 1.2 HP 7,500 869/CID 107 HT
Red Max HT 2300 L 1.38 CID 1.2 HP 7,500 869/CID 092 HTY
Red Max AG 230 1.38 CID 1.2 HP 7,500 869/CID 107 AU
Red Max AG 431 2.53CID 2.2 HP 7,000 869/CID 110 AU
Red Max ED 230 1.38 CID 1.2 HP 7,500 869/CID 15 DR
Red Max SG 220 DL 1.38 CID 1.2 Hp 7,500 .869/CID 085 TRED
Red Max HE 2600 L55 CID 1.4 HP 8,000 903/CID 108 ED
Robin America NB 252 1.49 CID 1.0 HP 7,000 B71/ICID Jd16 TR BC
Robin America NB 27 1.66 CID 1.2 gp 7,000 723/CID 092 TR BC
Robin America NE 31 1.86 CID .S e 7,000 806/CID 115 TR BC
Robin America NB 351 2.09CID 1.7 HP 7,000 .813/CID 108 TR BC
Robin America NB 411 2.45 CID 2.0 P 7,000 S16/CID J24 TR BC
Rabin America NB 50 3.15CID 2.5HpP 7,000 793/CID J31 TR BC
Ryobi 700 r 1.89 CID 1.0 HP 8,000 .529/CID 105 TR
Ryobi 705 r .89 CID 1.0 HP 8,000 S529/CID A1l TR
Ryobi 725 r 1.89 CID 1.0 HP 8,000 .529/CID 095 TR Combo
Ryobi 790 r 1.89 CID 1.0 HP 8,000 529/CID| - 066 TR
Ryobi 780 r 1.89 CID 1.0 P 8,000 .529/CID 066 TR BC
Ryobi 775 ¢ 1.89 CID 1.0 HP 8,000 529/CID 090 TR Combo
Ryobi 765 ¢ 1.89 CID 1.0 HP 8,000 .529/CID 090 TR
Ryobi 750« 1.89 CID 1.0 °HP 8,000 .329/CID 083 TR
Ryobi 740 ¢ 1.89 CID 1.0 HP 8,000 529/CID 083 TR BC
Ryobi 767 r 1.89 CID 1.0 4p 8,000 329/CID 090 TR
Shindaiwa 220 1.3CID .8 HP 6,800 .615/CID 068 TR
Shindaiwa 210 1.3 CID .8 HP 6,800 615/ CID 068 TR
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Shindaiwa T 27 1.7 CID 1.5 AP 8,500 .882/CID 081 TR
Shindaiwa T 250 1.5 CID 1.2 HP 7,000 .800/CID 109 ™’
Shindaiwa T25 1.5 CID 1.4 Op 8,000 .933/CID 113 TR
Shindsaiwa T 230 i.4 CID 1.1 HP 7,500 .785/CID 115 TR
Shindaiwa F 230 1.4 CID 1.1 BP 7,500  .785/CID 113 TR
Shindaiwa T 20 1.3CID 1.1 Hp 7,500 .846/CID 113 TR
Shindaiwa LE 250 1.5 CID 1.2 HP 7,000 800/CID 097  ED
Shindaiwa LE 230 1.4 CID 1.1 HP 7,500 785/ CID 092 " ED
Shindaiwa RC 45 2.5 CID 2.3 HP 8,000 .920/CID 128 BC
Shindaiwa B 45 2.5 CID 2.3 HP 8,000 .920/CYD 128 BC
Shindaiwa BP 35 2.1 CID 1.8 HP 7,500 .857/CID 087 BC
Shindaiwa C35 2.1 CID 1.8 HP 7,500 857/CID Jd27 BC
Shindaiwa C 27 1.7 CID 1.5 HP 8,000] .882/CID J21 BC
Shindaiwa C 250 1.5 CID 1.2 3P 7,000} .800/CID 130 BC
Shindaiwa C 230 1.4 CID I.IHP| 7,500/ _785/CID .108 RC
Shindaiwa HT 20 1.3 CID| 1.1 AP 7,500 .846/CID 092 HT
Shindaiwa EB 240 2.4 CID 1.2 HP 8,000 .500/CID 129 BL
Solo 414 3.29 CID 2.5 HP 7,000 739/CID 47 TR-BC
Solo 127 1.53 CID 1.33 HP 6,500 869/CID - .092 TR
Solo 130 1.83 CID 1.96 HP 7,000 1.07/CXD 135 TR-BC
Solo 639 2.33 CID 2.66 HP 7,000 1.14/CID 268 TR-BC
Solo 645 2.70 CID 3.08 P 7,000 1.14/CID 311 TR-BC
Solo 423 4.13CID 3.64 HP 7,000 .881/CID 143 TR
Stihi FS 36 1.84 CID .93 HP .505/CID 086 TR-BC
Stiht FS 40 1.84 CID 93 HP 505/CID 079 TR-BC
Stihl FS 44 ) 1.84 CID .93 HP .505/CID 075 TR-BC
Stihl FS44 R 1.84 CID .93 P S05/CID 092 TR-BC
Stihi FS 160 1.82 CID 93 HP .510/CID 059 BC
Stihl ¥S 106 AVE 2.10 CID 1.5 HP .714/CID 094 BC
Stihl FR 106 2.10 CID L5 HP .714/CID 063 BC
Stihl FS 180 2.15 CID 1.54 AP .716/CID 098 BC
Stihl FS 280 K 2.38 CID
Stihi FS 360 AVEZ 3.15CID
Stihl FS 88 AVRE 1.35 CID 12 OP .774/CID| 092 TR-BC
Stihl FS 88 AVE 1.55 CID 1.2 2P .774/CID| 084 TR-BC
Stihl FC 72 1.45 CID .95 HP .635/CID/| 075 ED
Stihl ¥FC 44 1.84 CID .93 HP S505/CID 069 ED
Stihl FS 74 AVE 1.45 CID .95 HP .635/CID 110 TR-BC
Stihl FS 86 AVRE 1.45 CID .95 HP .655/CID 075 TR-BC
Stihl |HS 72 1.45 CID .95 HP .655/CID 081 HT
Stihi [HS 74 1.45 CID .95 HP .655/CID 079 HT
Stih} HS 76 1.45 CID .95 HP L655/CID 086 HT
Sthl BG 72 1.45 CID .95 HP .655/CID 105 BL
Stihi BR 400 3.44 CID 3.5 HP 1.017/CID 189 BPB
Stihl S 400 3.44 CID 3.5 HP 1.017/CID 145 BPB
Stihl BR 106 2.1 CID 1.5 HP 523/CID 063 BPB
Sthd BR 320 2.73 CID 2.8 HP 1.03/CID 51 BPB
Stihi BR 320 L 2.73CID 2.8 0P 1.03/CID d41 BPB
Stihi SR 320 2.73 CID 2.8 HP 1.03/CID 117 BPB
Tanaka TBC 4000 1.2 CID 1.0 HP 8,000 .833/CID 091 TR
Tanaka TBC 4500 1.2 CID 1.0 HP 8,000] .833/CID 090 BC
Tanaka TBG 220 1.3 CID 1.1 HP 8,500/ .840/CID 096 TR BC
Tanaka TBG 250 1.4 CID 1.2 HP 8,000 .857/CID|- 103 TR
Tanaka TPE 250 1.4 CID 12 BP| 8,000 .857/CID! 090 ED
Tanaka TBC 265 1.56 CID 1.3 HP 9,0001 .833/CID| 114 TR BC
Tanaka TBC 300 1.8 CID 1.5 HP 8,500 .B33/CID| .118| TR BC
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Tanaka TBC 355 2.1 CID 1.8 HP 8,000 .857/CID ,066 TR BC
Tanaka TBC 422 C 2.4 CID 2.1 HP 7,500 .958/CID 116 TR BC
Tanaka TBC 500 2.8 CID 2.5 HP 7,000 .892/CID 125 TR BC
Tanaka AST 5000 1.2 CID 1.0 HP 8,500 .830/CID 076 TR BC
Tanaka AST 7000 S 1.2CID 1.0 HP 8,500 .830/CID .076 TR BC
Tanaka THT 210 1.3CID 1.0 HP 8,000 .769/CID .099 AT
Tanaka THT 2120 1.3CID 1.0 HP 8,000 .769/CID .090 ~HT
Tanaka THT 240 1.3CiD 1.0 HP 8,000 .769/CID .890 Ty y
Yanaka TCP 210 1.3CID 1.0 5P 8,000 .769/CID .890 PU
Tanaka TCP 381 3.06 CID 2.1 HP 5,500 .677/CID .100 PU
Tanaka TEA 500 3.06 CID 2.1 HP 5,500 .677/ICID .056 AU
Tanaka TLE 550 3.06 CID 2.1 HP 5,500 ,677/CID 024 ED
Tanaka TED 210 1.3CID 1.0 HP 8,000 .769/CID 101 - PU
Tanaka I'TYA 340 1.86 CID 1.3 ap 8,000 .698/CID 073 AU
Tanaka THT 262 1.6 CID 1.38P| 8,500 812/CID 131 BT
Tanaka TED 262 L 1.6 CID 1.3 HP 8,500 812/CID JI18 DR
Tanaka TED 262 R 1.6 CID 1.3 AP 8,500 .S12/CID 118 DR
Tanaka TED 262 DM 1.6 CID 1.3 8P 8,500 SI12/CID .095 DR
Tanaka TBL 505 2.62 CID 2.1 HP 7,500 1.06/CID 122 BPB
Tanaka TBL 4600 2.6 CID 2.8 HP 7,500  1.08/CID 129 BPB
TMC KPW 2523 1.38CID .80 P 7,000 379/CID .060 BC
TMC ¥PW 2528 1.71 CID BC
TMC KPW 2525 1.47 CID .80 BP 6,500 .544/CID .066 BC
TMC KPW 3410 2.03 CID 1.2 5P 6,500 .590/CID .080 BC
TMC KTBL 2300 1.38CID .80 HP 7,000 .579/CID .080 BL
TMC PHT 3550 A 1.38 CID .80 HP 7,000 .579/CID .070 HT
TMC KTBL 5600 3.45 CID BPB
Vandermolen L2035 G 1.24 CID .70 P 7,000 .564/CID 068 TR
Vandermolen L2415 G 1.47 CID 80 HP 6,500 .544/CID 067 ™R
Vandermolen L2815 G 1.71 CID BC
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HAND HELD POWER EQUIPMENT WITH DUPLICATE DISPLACEMENT DELETED

Manufacturer ‘Maodel No. CID \ Max . RPM@ | HP/CID P/W | Products

‘ ] Qutput | Max. | | Ratio |
Dolmar iMS-340 ! 2.01 CID: 2.24 P! |  L.110/CID! 150! BC
Dolmar | MS-4000 2.37 CID: 2.52 HP! 1.060/CID! 140 BC
Dolmar :MS-4500 : 2.74 CID! 3.22 HP 1.170/CID! .180 BC

: t i | |
Echo ‘GT 2000 : 1.29 CID: .80 HP! 8,000] .620/CID | 086! . TR
Echo ‘GT 2400 1.44 CID: 1.0 HP! 8,000 .694/CID! 095, - TR

‘ | i ‘ 1 |
Efco ‘E 8260 LAV ! 1.58 CID! 1.0 HP! 7,000 .632/CID! .090: "TR-BC
Efco E 8350 LAV | 2.13 CID: 1.48 Xip' 7,500 .694/CID ! 102 TR-BC
Efco E 8460 BAV 2.56 CID; 1.8 HP! 6,700/ .703/CID: 101, TR-BC
Efco ‘E 8510 BAV 3.06 CID; 2.1 HP! 6,700 .686/CID! JA17 TR-BC

| | | ;
Fradan ‘BB 50 2.50 CID: f ‘ BPB
Fradan ST 30 1.86 CYD! i i ST

: 3 5 i i
Green Mach. 2600 1.37 CID: 1.0 BP| 7,500 .720/CYD: .100; ST BC
Green Mach. 12800 1.59 CYD! 1.3 HP! 7,500 .810/CID' .100; ST BC
Green Mach. {4000 J 2.47 CID; 2.0 HP! 7,000! .800/CID .110] ST BC
Green Mach. i 1940 1.83 CID, 1.13 HP! 7,500 .601/CID! ..080! ST BC
Green Mach. ;4600 BP 2.45 CID: 1.85 HP! 7,000] .755/CID' .100: BL

a - ! l i 1 E
Hoffco {PH 980" 5.2 CID: 4.1 HP' 5,000/ .788/CID! .130! AV
Hoffco PH 1700 A 6.0 CID: 3.8 P 4,500! .683/CID: .090 AV
Hoffco !LI'T Hoe J 2.0 CID: 1.6 HP! 6,000/ .800/CID' 060’ CU
Hoffco {GT 21 | 1.29 CID: .80 HP! 8,000/ .620/CID: 060, TR
Hoffco JP 220 F \ 1.49 CID, 1.2 HP! 7,000] .805/CID' .100: TR BC
Hoffco JP390C 5 1.86 CID| 1.8 HP; 7,000} .816/CID" 130 TR BC
Hoffco JP 490 l 3.0 CID: 1.6 HP! 6,000 .800/CID: 090 TR BC
Hoffco {SE 301 F | 1.35 CID/ 1.1 HP! 7,000 .814/CID¢ 070 ED

| | | ‘1 |
Homelite ihx 16 f .98 CID; .45 HP! 6,000 .459/CID HT
Homelite |Z 725 ee i 1.52 CID: .85 HP! 7,500 559/CID! .078 TR-BC
Homelite (st 385 | 1.83 CID! 1.13 HP! 7,500 .617/CID 086 TR-BC

\ E | i i
Husqvarna 21 LCN : 1.3 CID| 60 HP' 75000 .460/CID 070  TRCL
Husqvarna {Mondo | 1.3 CID: .70 HP: 9,000 .338/CID 076 TR CL
Husqvama 132 L | 2.0 CID! .90 HP' 7,500 A450/CIDi 072, TR CL
Husqvarna (122 L | 1.4 CID| .70 HP' 10,800 .500/CID .073. TR CL
Husqvarna 1225 L | 1.5 CID! 1.2 HP! 11,000/ .800/CID 076 TR CL
Husqvarna 1232 L i 1.9 CID| 1.5 HP! 10,800] .789/CID/ 1174 TR CL
Husqvarna 1235 R | 2.2 CID| 1.8 HP' 11,000/ .810/CID: 115, TR CL
Husqvarna {240 R | 2.4 CID! 2.4 HP: 12,500! .818/CID 062! TR CL
Husqvarna [245 R [ 2.7 CIDI 2.7 HP: 12,500| 1.000/CID: .147 TR CL
Husqvarna 1250 RX | 3.0 CID! 3.3 HP! 12,500} 1.100/CID! 170! TR CL
Husqvarna 1265 RX | 4.0 CID! 4.7 HP! 11,000 1.175/CID: .200! TR CL
Husqvarna {18 XX i 1.1 CID: ! ' | | HT
Husqgvarna 25 H | 1.6 CID: ! 1 ; HT
Husqvarna 1250 PS i 3.0 CID; 2.4 HP 11,000, .800/CYD! 147 S

é i i ‘; l E !
John Deere ' T30c | 1.83 CID, 1.3 HP 7,500: .617/CID' 125 TR
John Deere ‘T23 s 1.38 CID! 1.0 HP: 7,500 .720/CID: .080: TR
John Deere 'T 26 sb | 1.59 CID 1.3 HP: 7,500 .810/CID: .100 TR
John Deere , T 40 sb i 2.47 CID; 2.0 HP: 7,000} .800/CYD .100 TR

; | 1 5 J ?
Jonsered ‘RS 51 PRO ; 3.1 CID 3.4 HP' 9,300/ 1.096/CID 175 TR-BC
Jonsered ‘RS 44 ‘ 2.7 CID: 2.7 QP 9,000 1.000/CID! 150 TR-BC
Jonsered ‘GR 50 PRO i 2.97 CID’ 2.94 P 9,000 989/CID. 154 TR-BC
Jonsered ‘GR 41 2.45 CID: 2.52 HP 9,000! 1.028/CID 132 TR-BC
Jonsered ‘GR 36 2.2 CID 1.7 HP' 9,000! 772/CID .140 TR-BC
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Manufacturer Model No. CID Max RPM @ | HP/ICID P/W Products
Output Max. Ratio
Jonsered GR 32D 1.9 CID 1.6 HP 9,000 .842/CID 115 TR-BC
Jonsered GR 26D 1.6 CID 1.2 HP 9,000| .750/CID 126 TR-BC
Jonsered |GT 24 L 1.29 CID .98 HP 9,000/ .759/CID 092 TR-BC
Jonsered HT 2 1.09 CID .84 HP 6,500 .770/CID -088 HT
Jonsered BV 32 1.93 CID .91 HP 6,500 -471/CID 072 BL
Makita RBL 250 1.9 CID 1.2 HP 7,000 .805/CID .250 ~BL
Makita RBC 221 1.32 CID 1.0 BpP 7,000 .757/CID 227 " TR
Makita RST 250 1.49 CID 1.2 HP 7,000 .805/CID -127] TR BC
Makita RBC 310 1.86 CID 1.5 HP 7,000 -806/CID .108 ED
Maruyama BC 201 1.2 CID TR
Maruyama BC 320 1.94 CID TR
Maruyama BC 260 H 1.54 CID BC
Maruyama BC 420 H 2.53 CID BC
Maruyama BC 500 XX 3.06 CID BC
Maruyama [HT 2300 1.38 CID HY
McCulloch GLE 2380 1.29 CID .80 HP 8,000 -620/CID .059 ED
McCulloch 2250 1.53 CID TR
McCulloch 3000 1.83 CID TR BC
McCulloch 3900 2.32 CID TR BC
Olympyk OL 8260 LAV 1.58 CID 1.0 HP 7,000 -632/CID .090 TR BC
Olympyk |{OL 8350 LAV 2.13 CID 1.48 HP 7,500 .694/CID .102 TR BC
Olympyk |OL 8460 BAV 2.56 CID 1.8 HP 6,700 -703/CID 101 TR BC
Olympyk OL 8510 BAV 3.06 CID 2.1 HP 6,700 .686/CID 117 TR BC
Poulon/W E 113 1.28CID TR
Poulon/W E 114 1.95 CID TR
Poulon/W E 200 2.45 CID 1.85 HP 7,000 -755/CID .088 TR BC
Red Max |BT 2000 1.38 CID 1.2 HP 7,500 -869/CID 109 TR
Red Max /BC 2600 DL 1.55 CID 1.4 HP 8,000 .903/CID 122 TR BC
Red Max /BC 342 DL 2.05 CID 1.7 HP 7,000 -829/CID 111 TR BC
Red Max [BC 442 DWM 2.53CID 2.2 HP 7,000 -869/CID 119 TR BC
Robin Amer. NB 252 1.49 CID| 1.0 HP 7,000 -671/CXD 116 TR BC
Robin Amer. NB 27 1.66 CID 1.2 HP 7,000 .723/CYID 092 TR BC
Robin Amer. NB 31 1.86 CID 1.5 HP 7,000 -806/CID 115 TR BC
Robin Amer. NB 351 2.09 CID 1.7 HP 7,000 -813/CID 108 TR BC
Robin Amer. NB 411 2.45 CID 2.0 g 7,000 .816/CID 124 TR BC
Robin Amer. NB 50 3.15 CID 2.5 HP 7,000 -793/CID 131 TR BC
|
Ryobi {700 r 1.89 CID 1.0 HP 8,000 .529/CID .105 TR
Shindaiwa 220 1.3 CID .8 HP 6,800 -615/CID 068 TR
Shindaiwa 210 1.3 CID .8 HP 6,800 -615/CID 068 TR
Shindaiwa T 27 1.7 CID 1.5 HP 8,500 -882/CID 081 TR
Shindaiwa 'T 250 1.5 CID 1.2 HP 7,000 -800/CID .109 TR
Shindaiwa T 25 1.5 CID 1.4 HP 8,000 .933/CID Jd13 TR
Shindaiwa T 230 1.4 CID 1.1 HP 7,500 .785/CID 115 TR
Shindaiwa RC 45 2.5 CID 2.3 HP 8,000 .920/CID 128 BC
Shindaiwa BP 35 2.1CID 1.8 HP 7,500 -857/CID 087 BC
Shindaiwa EB 240 2.4 CID 1.2 HP 8,000 .500/CYD 129 BL
Solo 414 3.29 CID| 2.5 HP 7,000 .759/CID 147 TR-BC
Solo 127 1.53 CID 1.33 HP 6,500 .869/CID 092 TR
Solo 130 1.83 CID 1.96 HP 7,000 1.07/CID 135 TR-BC
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Manufacturer [Model No. CID Max | RPM@ | HP/CID P/W Products
Output Max. ] Ratio
Solo 639 2.33 CID 2.66 HP 7,000 1.14/CID .268 TR-BC
Solo 645 2.70 CID 3.08 HP 7,000 1.14/CID 311 TR-BC
Solo 423 4.13 CID 3.64 HP 7,000 -881/CID .143 TR
Stihl FS 36 | 1.84 CID .93 HP| .505/CID 086 TR-BC
Stihl FS 160 | 1.82 CID .93 HP .510/CID .059 BC
Stihl FS 106 AVE | 2.10 CID 1.5 HP .714/CID 094 "BC
Stihl FS 180 [ 2.15 CID 1.54 HP| .716/CID 098 "BC
Stihl ¥S 280 K \ 2.38 CID |
Stihl FS 360 AVEZ | 3.15 CID | -
Stihl FS 88 AVRE 1.55 CID 1.2 HP| .774/CID .092] - TR-BC
Stihl |EC 72 1.45 CID .95 HP! .655/CID 075/ : ED
Stihl |BR 400 3.44 CID 3.5 HP 1.017/CYD .189 BPB
Stihl BR 106 2.1 CID| 1.5 HP .523/CID | .063 BPB
Stihl |BR. 320 2.73 CID| 2.8 HP 1.03/CID| 151 BPB
Tanaka [TBC 4000 1.2 CID 1.0 HP 8,000 .833/CID 091 TR
Tanaka TBG 220 1.3 CID 1.1 HP 8,500 .840/CID 096 TR BC
Tanaka TBG 250 1.4 CID 1.2 HP 8,000 .857/CID .103 TR
Tanaka TBC 265 1.56 CID| 1.3 HP 9,000 .833/CID 114 TR BC
Tanaka TBC 300 1.8 CID 1.5 HP 8,500 .833/CID 118 TR BC
Tanaka TBC 355 2.1 CID 1.8 HP 8,000 .857/CID .066 TR BC
Tanaka TBC 422 C 2.4 CID 2.1 0P| 7,500 .958/CID 116 TR BC
Tanaka TBC 500 ; 2.8 CID 2.5 HP| 7,000 .892/CID 125 TR BC
Tanaka TCP 381 \ 3.06 CYD 2.1 HP, 5,500 .677/CID .100 PU
Tanaka TIA 340 | 1.86 CID 1.3 HP| 8,000 .698/CXD .073 AU
Tanaka THT 262 | 1.6 CID 1.3 HP| 8,500 .812/CID 131 HT
Tanaka TBL 505 \ 2.62 CID 2.1 5P| 7,500 1.06/CID 122 BPB
Tanaka | TBL 4600 [ 2.6 CID 2.8 HP| 7,500 1.08/CID | -129| BPB
\
TMC [KPW 2523 1.38 CID .80 0P 7,000 .579/CID! .060 BC
TMC |KPW 2528 1.71 CID BC
TMC [XPW 2525 1.47 CID .80 HP 6,500 .544/CID 066 BC
TMC KPW 3410 2.03 CID 1.2 )P 6,500 .590/CYD .080 BC
TMC [KTBL 5600 3.45 CID BPB
[
Vandermolen |L 2035 G 1.24 CID .70 HP 7,000 .564/CID .068 TR
Vandermolen L2415G 1.47 CID| .80 HP 6,500 -544/CID 067 TR
Vandermolen L2815 G 1.71 CID| BC
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CHAIN SAW MODELS IN ALPHABETICAL ORDER

Manufacturer Model CID Max. RPM at HP/CID P/W Appl.
! Ouatput [Max. ;
Dolmar i PS-340 | 2.0I CID: 1.96 HP! .970/CID! 230! Chain Saw
Dolmar 1PS-400 | 2.37 CID: 2.38 HP! 1.000/CIDi .270i Chain Saw
Dolmar 1109 | 2.62 CID: 2.80 HP! 1.060/CID| 250! Chain Saw
Dolmar 1111 i 3.17 CID: 3.36 HP| 1.050/CID/ 300! Chain Saw
Dolmar 110 i ! 2.62 CID! 3.22 HP| 1.220/CID/| 290! Chain Saw
Dolmar 115 i | 3.17 CID: 3.78 HP! 1.190/CID| -340: Chain Saw
Dolmar {PS 6000 i ! 3.66 CID: 4.34 HP| 1.180/CID! .320! Chain Saw
Dolmar (PS 6800 i " 4.14 CID: 5.18 HP! | 1.250/CID! 380! Chain Saw
Dolmar iPS 9000 5.49 CID 6.86 HP ! |  LI50/CID! :390: Chain Saw
| ! |
Echo |CS 4400 2.66 CID' Chain Saw
Echo {CS 5000 3.01 CID' Chain Saw
Echo |CS 6700 4.07 CID: | Chain Saw
Echo |CS 8000 4.93 CID: i, Chain Saw
Echo |CS 3000 | L84CID Chain Saw
Echo ICS 3400 | 2.04 CID: Chain Saw
Echo /CS 3450 | 2.04 CID Chain Saw
| |
Green Machine Model 20 | 2.0 CID! 1.70 HP| 9,000 .850/CID 170} Chain Saw
Green Machine  |Model 30 | 3.0 CID: 2.94 HP| 10,000 -980/CID| 249! Chain Saw
l | l
Homelite 180 1.8 CID: 1.13 HP! 7,500 -627/CID | 150! Chain Saw
Homelite . 1d 3350 b | 2.0 CID:! L70 HP! 9,000} .850/CID| -170; Chain Saw
Homelite d 3850 b ] 2.3 CID: 2.10 HP| 9,000 .913/CID| 210! Chain Saw
Homelite 252 | 2.5 CID: 2.3 HP! 10,000 .920/CID! 219! Chain Saw
Homelite 300 | 3.0 CID: 2.94 HP! 10,000 .980/CID| 249! Chain Saw
Homelite Old Blue y 3.5 CID! 3.33 HP! 7,500 -951/CID| 239! Chain Saw
Homelite 8800 ! 5.60 CID. 3.46 HP| 9,000 1.037/CID| .306; Chain Saw
| F l [
Husqvarna 123 | 2.3 CID| 2.1 HP{ 11,000 -913/CID| 238! Chain Saw
Husqvarna 36 | 2.2 CID| 2.2 HP| 13,000 1.00/CID| 222! Chain Saw
Husqvarna 40 ( 2.4 CID! 2.4 HP! 12,500 1.00/CID| .222; Chain Saw
Husqvarna 41 | 2.4 CID! 2.5 HP| 13,000 1.041/CID| 252 Chain Saw
Husqvarna 42 | 2.6 CID; 2.9 HP| 14,000 1.115/CID 276! Chain Saw
Husqvarna 45 i 2.7 CID| 2.7 Hp| 12,500 1.00/CID 250! Chain Saw
Husqvarna 51 [ 3.1 CID! 3.1 HP| 12,500 1.00/CID| .267| Chain Saw
Husqvarna |55 | 3.2 CID| 3.3 HP| 12,500} 1.03/CID| 284! Chain Saw
Husqvarna 161 J 3.8 CID| 4.1 HP! 12,500 1.078/CID| 303! Chain Saw
Husqvarna 242 Xp i 2.6 CID| 3.1 HP| 15,500 1.192/CID/| 298! Chain Saw
Husqvarna 246 } 2.8 CID! 3.3 HP| 14,000 1.178/CID| 314! Chain Saw
Husqvarma 254 Xp | 3.3 CID| 3.9 HP! 13,800 1.181/CID| 327! Chain Saw
Husqvarna 257 [ 3.5 CID| 3.8 HP! 13,000 1.085/CID| -308! Chain Saw
Husqvarna 1262 XP 3.8 CID! 3.5 HP| 13,500 921/CID| 281/ Chain Saw
Husqvarna 1268 4.1 CID; 3.4 HP! 12,500 -829/CID| 250! Chain Saw
Husqvarna 272 Xp 4.4 CID! 3.8 HP! 13,500 .863/CID| 277, Chain Saw
Husqvarna 281 XP | 5.0 CID! 4.2 HP| 12,500 -840/CID| 257, Chain Saw
Husqvarna 288 Xp | 5.4 CID! 4.4 HP| 12,500 -814/CID/| 269! Chain Saw
Husqvarna 294 Xp | 5.7 CID! 7.1 HP! 12,500 1.244/CID| 417! Chain Saw
Husqvarna 3120 xp | 7.3 CID/| 9.2 HP 10,750 1.260/CID 401! Chain Saw
|
l i
John Deere 1300 CS ( 3.00 CID; 2.94 HP! 10,000/ .980/CID| 249 Chain Saw
John Deere 1350 CS ‘; 3.5 CID. 3.33 Hp! 7,500 951/CID| 239! Chain Saw
John Deere !550 CS ] 5.5 CID; 5.6 HP' 9,000 1.018/CID -306/ Chain Saw
? i ‘ l
Jonsered 12095 Turbo } 5.71 CID ‘ 7.1 HP{ 13,000 1.243/CID! 408! Chain Saw
Jonsered 2083 Turbo i 5.0 CID: 5.9 HP' 13,500/  1.180/CID| 205! Chain Saw
Jonsered 1670 4.07 CID| 4.94 HP! 13,5001 1.203/CID! .352. Chain Saw
Jonsered 630 3.8 CID! 4.4 HP' 13,0001 1.157/CID! .316: Chain Saw
Jonsered 625 XX 3.8 CID: 4.1 HP: 12,5001 1.078/CID! 301 Chain Saw
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Manufactarer Model CID Max. RPM at Be/CID P/W Appl.
Output Max.
Jonsered 2055 Turbo | 3.25 CID 3.8 HPJ 14,500, 1.169/CID 339/ Chain Saw
Jonsered 2050 Tarbo 3.0CID 3.3 HP| 12,500, 1.100/CID 311} Chain Saw
Jonsered 2041 Turbo 2.45 CID 2.7 HP/ 12,500] 1.102/CID .254| Chain Saw
Jonsered 2040 Tusbo 2.4 CID 2.6 HP 13,000 1.083/CID 262 Chain Saw
Jonsered 2036 Turbo 2.2 CID 2.2 HP 13,000, 1.000/CYD 222, Chain Saw
Jonsered (Cat) 2055 Turbo (C) 3.25 CID 3.8 HP 14,500} 1.169/CID 339, Chain Saw
Jonsered {Cat) 2054 Turbo (C) 3.25 CID 3.589P 13,000/ 1.076/CID 312! Chain Saw
Makita DCS 341 2.0 CID 1.9 ap 11,500 950/CYD .220| Chain Saw
Makita DCS 401 2.4 CID 2.3 HP 12,000 958/CID 262! Chain Saw
Makita DCS 431 2.7 CID 2.8 HP 12,500 1.037/CID .274| Chain Saw
Makita DCS 520 ! 3.2CID 3.33P 12,500 1.031/CID 317! Chain Saw
Makita DCS 6800 i 4.1 CID 5.1 Hp 12,500, 1.243/CID 369 Chain Saw
Makita DCS 9000 ] 5.4 CID 6.7 HP| 11,800 1.240/CID 385, Chain Saw
[ l
McCulloch Titan 7 2.1 CID Chain Saw
McCulloch Titan 35 2.1 CID Chain Saw
McCulloch Titan 40 2.3 CID Chain Saw
McCulloch Timber Bear 3.5 CID ' Chain Saw
McCulloch Pro Mac 700 4.3 CID Chain Saw
McCulloch Pro Mac 3205 2.0 CID Chain Saw
McCulloch 3212 2.0CID Chain Saw
MecCulloch Pro Mac 8200 5.0CID Chain Saw
Olympyk (Emak) {9350 F 2.13CID 1.7 0P .788/CTD 197! Chain Saw
Olympyk (Emak) 1941 2.53 CID} 2.3 HP| 909/CID .216| Chain Saw
Olympyk (Emak) [951 3.05 CID 34 HP[ 1.140/CYD 317, Chain Saw
Olympyk (Emak) 264 F 3.59CID 38 HP| 1.05/CID 255, Chain Saw
Olympyk (Emak) 970 4.27 CID 5.2 HP[ 1.21/CID .363| Chain Saw
Olympyk (Emak) 980 4.92 CID 5.7 HP| 1.158/CID 393 Chain Saw
Olympyk (Emak) |999F 6.16 CID 7.2 HP| 1.168/CID .325| Chain Saw
Poulon 3500 3.7 CID| \l Chain Saw
Poulon 3600 3.7 CID/| | Chain Saw
Poulon 3300 3.3 CID| Chain Saw
Poulon 3100 3.0 CID[ Chain Saw
Poulon 3050 3.0 CID! Chain Saw
Poulon 2750 2.8 CID| Chain Saw
Poulon 2500 2.5 CID| Chain Saw
Poulon 2600 2.5 CID| Chain Saw
Poulon 12550 2.5 CID Chain Saw
Poulon |2450 2.3CID Chain Saw
Poulon 12250 [ 2.2 CID Chain Saw
Poulon 2150 2.1 CID Chain Saw
Poulon 2050 2.0 CID Chain Saw
Red Max G310TS 1 1.84 CID Chain Saw
Red Max G 561 AVS | 3.25 CID Chain Saw
Red Max G 621 AVS 3.78 CID Chain Saw
Shindaiwa 695 | 4.1 CID 4.8 HP, 9,000/ 1.170/CYD| = .363| Chain Saw
Shindaiwa 575 3.5CID 4.0 HP[ 9,000 1.142/CID1 305 Chain Saw
Shindaiwa 500 2.9 CID 3.1 HP| 9,000] 1.068/CID| .264| Chain Saw
Shindaiwa 451 2.7 CID 2.8 pp 8,500| 1.037/CID 239 Chain Saw
Shindaiwa 416 2.4 CID 2.6 HP 9,000 1.083/CID 240 Chain Saw
Shindaiwa 350 2.2 CID 2.2 HP 8,500/ 1.000/CID 203 Chain Saw
Shindaiwa 345 2.0 CID 2.0 HP 8,500 1.000/CXD .188 Chain Saw
Shindaiwa 300 1.8 CID 1.6 HP 8,500 .888/CID 181/ Chain Saw
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Manufacturer Model CID Max. RPM at HP/CID PIW Appl.
Ouatput  |Max.
Solo 647 2.86 CID 3.2 HP 8,000/ 1.118/CID 256 Chain Saw
Solo 662 3.78 CID 4.3 HP 8,000 1.137/CIiD 311} Chain Saw -
Solo 680 4.88 CID 6.9 HP 8,000/ 1.413/CID 418! Chain Saw
Solo 690D 5.49 CID 7.3 HP 8,000 1.329/CID 437 Chain Saw
Solo 639 2.32 CID 2.6 HP 8,000 1.120/CID .262] Chain Saw
Stihi 009 EQZ 2.23 CID 1.6 P 448/CYD 177 Chain Saw
Sdhl 009 L 2.49 CID 2.1 HP .843/CID 233! Chain Saw
Stiht 011 AVTEQ 2.49 CID 2.1 5p 843/CID 216 Chain Saw
Stihl 017 1.84 CID 15 BpP .815/CID 180! Chain Saw
Sahl 020 T 2.13 CID 2.1 HP 985/CID 272! Chain Saw
Stihl 021 2.14 CID 2.0 gp 934/CxD .202|  Chain Saw
Stihl 023 2.45 CID 2.6 HP 1.06/CID 257! Chain Saw
Stihl 023 L 2.45 CID 1.5 He .612/CID .148| Chain Saw
Sdhl 023 C 245 CID 1.9 HP 775/CID .188{ Chain Saw
Stiht 025 2.70 CID 3.0 9P 1.111/]CID 297 Chain Saw
Stihd 026 2.97 CID 358P 1.178/CID 336, Chain Saw
Stihil 026 PRO 2,97 CID 3.5 5P 1.178/CID .336{ Chain Saw
Stihl 029 3.30 CID 3.70P| 1.121/CID 289 Chain Saw
Suihl 034 AVEQ 3.44 CID 4.1 HPI 1.19}1/CID 338} Chain Saw
Stihl 036 PRO 3.75 CID 4.6 HP| 1.226/CID 362 Chain Saw
Stihl 038 AVMEQ 4.49 CID 4.9 HP| L.IT3/CID .333! Chain Saw
Stihl 039 3.91 CIb 4.4 Hp 1.125/CYD .333! Chain Saw
Stihl 044 4.3} CID 5.4 Hp 1.252/CID 406/ Chain Saw
Stihl 044 (Htd) 4.37 CID 5.1 pp 1.167/CID 340! Chain Saw
Stiht 046 4.66 CID 5.9 Hp 1.266/CID 412, Chain Saw
Stihl 046 MARTCTIC 4.31 CID 5.4 HP 1.252/CID 406 Chain Saw
Stihl 064 AVEQ 5.17 CID 6.5 P 1.257/CID A27! Chain Saw
Stih} 064 AVREQ 5.17 CID 6.5 HP 1.257/CID 427! Chain Saw
Stih} 066 5.58 CID 7.3 5P 1.308/CID 450! Chain Saw
Stihl 066 Magnum 358 CID 7.3 gP 1.308/CID 450! Chain Saw
Stikd 084 AVEQ 7.42 CID 8.5 HP 1.145/CID 406, Chain Saw
Tanaka 120 3.8CID 3.3 HP 8,500 B868/CID 124 Chain Saw
Tanaka ECS 320 2.0 CID 1.6 HP 7,000 796/CID 177! Chain Saw
Tanaka ECS 330 2.0 CID 1.6 Hp 7,000 J796/CID 169  Chain Saw
Tanaka ECS 3500 2.07 CID 1.8 pp 8,000 869/CID 163} Chain Saw
Tanaka ECS 4000 2.43 CID 2.44 yp 8,000 987/CID 218 Chain Saw
Tanaka ECS 655 3.85 CiD 3.8 HP 8,500 987/CID 265 Chain Saw
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CHAIN SAW MODELS WITH DUPLICATED DISPLACEMENTS ELIMINATED

Manufacturer Model CID Max. RPM at He/CID P/wW Appl.
| ‘ i  Output !'Max. : i i
Dolmar PS-340 5 2.01 CID 1.96 OF: | .970/CID’ 230! Chain Saw
Dolmar PS-400 L 2.37CID: 2.38 HP; | 1.000/CID 270, Chain Saw
Dolmar 109 2.62 CID | 2.80 HP | 1.060/CID 250, Chain Saw
Dolmar 11 § 3.17 CID 336 HP 1.050/CID!: .300: Chain Saw
Dolmar 'PS 6000 i ! 3.66 CID' 4.34 HP| 1.180/CID! .320 Chain Saw
Dolmar "PS 6800 i a 4.14 CID| 5.18 HP! I 1.250/CID 380 Chain Saw
Dolmar 'PS 9000 i 5.49 CID 6.86 BP! 1.150/CID .390 Chain Saw
{ I — t |
Echo 'CS 4400 | 2.66 CID: 1 ! 5 Chain Saw
Echo iCS 5000 3.01 CID| i 3 | Chain Saw
Echo ICS 6700 4.07 CID; l | : Chain Saw
Echo ICS 8000 493 CID! | ; Chain Saw
Echo iCS 3000 1.84 CID - x 'Chain Saw
Echo 1CS 3400 2.04 CID: | | | ' "Chain Saw
! ! 1' | | P
Green Machine {Model 20 | 2.0 CID: 1.70 1P 9,000 850/CID: 1700 Chain Saw
Green Machine |Model 30 3.0 CID! 2.94 HP, 10,000/  .980/CID; .249; Chain Saw
l i t | i l
Homelite 180 1.8 CID| 1.13 AP 7,5000  .627/CID! 1501 Chain Saw
Homelite d 3350 b 2.0 CID| 1.70 HP| 9,000 .850/CID| 170 Chain Saw
Homelite Id 3850 b 2.3 CID| 2.10 HP| 9,000 .913/CID | .210° Chain Saw
Homelite 252 2.5 CID/ 2.3 HP; 10,000 .920/CID| 219! Chain Saw
Homelite 300 3.0 CID| 2.94 HP! 10,000 .980/CID .249/ Chain Saw
Homelite Old Blue ] 3.5 CID| 3.33 HP! 7,500 .951/CID! 239, Chain Saw
Homelite 8800 ' 5.60 CID! 3.46 HP 9,000/ 1.037/CID| .306 Chain Saw
Husqvarna 23 2.3 CID 2.1 HP| 11,000  .913/CID .238 Chain Saw
Husgvama 36 2.2 CID| 2.2 HP| 13,000] 1.00/CXD| 222! Chain Saw
Husqvarna 40 2.4 CID| 2.4 HP| 12,500/ 1.00/CID | 222 Chain Saw
Husqvarna 42 2.6 CID| 2.9 73p! 14,000 1.115/CID 276! Chain Saw
Husqvarna 45 | 2.7 CID| 2.7 HP| 12,500 1.00/CID .250 Chain Saw
Husqvarna 51 3.1 CID| 3.1 HP! 12,500 1.00/CID | 267! Chain Saw
Husqvarna 55 3.2 CID| 3.3 HP| 12,500 1.03/CID | 284/ Chain Saw
Husqvama 61 3.8 CID| 4.1 HP| 12,500 1.078/CID| .303: Chain Saw
Husqvarna 242 XP 2.6 CID| 3.1 HP! 15,500 1.192/CID! .298' Chain Saw
Husqvarna 246 2.8 CID| 3.3 HP| 14,000/ 1.178/CID| .314] Chain Saw
Husqvarna 254 XP 3.3 CID] 3.9 HP| 13,800 1.181/CID .327] Chain Saw
Husqvarna 257 3.5 CID| 3.8 HP| 13,000] 1.085/CID .308] Chain Saw
Husqvarna 262 XP 3.8 CID| 3.5 HP! 13,500 .921/CID 281 Chain Saw -
Husqvarna 268 4.1 CID' 3.4 9P! 12,500 .829/CXD 250 Chain Saw
Husqvarna 272 XP 4.4 CID| 3.8 HP| 12,500 .863/CID 277 Chain Saw
Husqvarna 281 XP 5.0 CID| 4.2 5P 12,500 .840/CID| 257 Chain Saw
Husqvarna 288 XP 5.4 CID| 4.4 HP 12,500 .814/CID| .269] Chain Saw
Husqvarna 294 XP 5.7 CID| 7.1 HP! 12,500; 1.244/CID 417, Chain Saw
Husqvarna 3120 XP 7.3 CID| 9.2 HP 10,750/ 1.260/CID 401 ; Chain Saw
l
John Deere 300 CS 3.00 CID 2.94 HP| 10,000 .980/CID .249 Chain Saw
John Deere 350 CS 3.5 CID 3.33 HP| 7,500 .951/CID .239 Chain Saw
John Deere 550 CS 5.5 CID 5.6 HP! 9,000/ 1.018/CID 306 Chain Saw
7
Jonsered 2095 Turbo 5.71 CID 7.1 HP| 13,000] 1.243/CID .408] Chain Saw
Jonsered 2083 Turbo 5.0 CID 5.9 HP| 13,500/ 1.180/CID! 205! Chain Saw
Jonsered 670 4.07 CID 4.94 HP, 13,500| 1.203/CID| 352} Chain Saw
Jonsered 630 3.8 CID/ 4.4 HP! 13,0000 1.157/CID 316/ Chain Saw
Jonsered 2050 Turbo 3.0 CID| 3.3 HP 12,500 1.100/CID 311 Chain Saw
Jonsered 2041 Turbo 2.45 CID 2.7 HP 12,500{ 1.102/CID| 254 Chain Saw
Jonsered 2040 Turbo 2.4 CID 2.6 HP 13,000/ 1.083/CID, 262 Chain Saw
Jonsered 2036 Turbo 2.2 CID 2.2 HP| 13,000{ 1.000/CID 222 Chain Saw
Jonsered (Cat) |2035 Turbo (C) |  3.25 CID 3.8 HP| 14,500] 1.169/CID| 339 Chain Saw
| l
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Manufacturer Model CID Max. RPM at HP/CID P/wW Appl.
OQOutput Max.
Makita DCS 341 2.0 CID 1.9 gp 11,500 .950/CID 220 Chain Saw
Makita DCS 401 2.4 CID 2.3 Bp 12,000 .958/CID 262 Chain Saw
Makita DCS 431 2.7 CID 2.8 HP 12,500 1.037/CID 274 Chain Saw
Makita DCS 520 3.2 CID 3.3 P 12,500 1.03)/CID 317 Chain Saw
Makita DCS 6800 4.1 CID 5.1 HP 12,500 1.243/CID 369 Chain Saw
Makita DCS 9000 5.4 CID 6.7 HP 11,800 1.240/CYD .385 Chain Saw
McCulloch Titan 7 2.1 CID Chain Saw
McCulloch Titan 40 2.3 CID Chain Saw
McCulloch Timber Bear 3.5 CID Chain Saw
McCulloch Pro Mac 700 4.3 CID Chain Saw
McCulloch Pro Mac 3205 2.0 CID Chain Saw
McCulloch Pro Mac 8200 5.0 CXD Chain Saw
Olympyk (Emak) 9350 F 2.13 CID 1.7 HP -788/CID 197 Chain Saw
Olympyk (Emak) 941 2.53 CID 2.3 9P .909/CID 216 Chain Saw
Olympyk (Emak) }951 3.05 CID 3.4 BP 1.140/CID 317 Chain Saw
Olympyk (Emak) [264 F 3.59 CID 3.8 P 1.05/CID 255 Chain Saw
Olympyk (Emak) ]970 4.27 CID 5.2 gp 1.2}/CID 363 Chain Saw
Olympyk (Emak) 980 4.92 CID 5.7 HP 1.158/CID 393, Chain Saw
Olympyk (Emak) 999 F 6.16 CID 7.2 HP 1.168/CID 325 Chain Saw
Poulon 3500 3.7 CID Chain Saw
Poulon 3300 3.3CID Chain Saw
Poulon 3100 3.0CID Chain Saw
Poulon 2750 2.8 CID Chain Saw
Poulon 2500 2.5 CID Chain Saw
Poulon 2450 2.3CID Chain Saw
Poulon 2250 2.2 CID Chain Saw
Poulon 2150 2.1 CID Chain Saw
Poulon 2050 2.0 CID Chain Saw
Red Max G310TS 1.84 CID Chain Saw
Red Max G 561 AVS 3.25 CID Chain Saw
Red Max G 62]1 AVS 3.78 CID Chain Saw
Shindaiwa 695 4.1 CID 4.8 0P 9,000 1.170/CID 363 Chain Saw
Shindaiwa 575 3.5CID 4.0 HP 9,000 1.142/CYD 305 Chain Saw
Shindaiwa 500 2.9 CID 3.1 HP 9,000 1.068/CID 264 Chain Saw
Shindaiwa 451 2.7 CID 2.8 P 8,500 1.037/CID .239] Chain Saw
Shindaiwa 416 2.4 CID 2.6 HP 9,000 1.083/CID .240 Chain Saw
Shindaiwa 350 2.2 CID 2.2 HP 8,500 1.000/CID .203 Chain Saw
Shindaiwa 345 2.0 CID 2.0 HP 8,500 1.000/CID .188 Chain Saw
Shindaiwa 300 1.8 ClD[ 1.6 P 8,500 .888/CID 181 Chain Saw
Solo 647 2.86 CID 3.2HP 8,000 1.118/CID 256 Chain Saw
Solo 662 3.78 CID 4.3 HP 8,000 1.137/CID 311 Chain Saw
Solo 680 4.88 CID 6.9 HP 8,000 1.413/CID 418 Chain Saw
Solo 690 D 5.49 CID 7.3 HP 8,000 1.329/CID A37 Chain Saw
Solo f639 2.32 CID 2.6 HP 8,000 1.120/CID 262 Chain Saw
Stihl 009 EQZ 2.23 CID 1.6 4P .448/CID 177 Chain Saw
Stihl 009 1L 2.49 CID 2.1 5P .843/CID 233 Chain Saw
Stihl 017 1.84 CID 1.5 Qe .815/CID] .180 Chain Saw
Stihl 020 T 2.13 CID 2.1 HP\ 985/CID 272 Chain Saw
Saihl 023 2.45 CID 2.6 HP\ 1.06/CID 257 Chain Saw
Stihl 023 L 2.45 CID L5 HP| .612/CID .148 Chain Saw
Stihl 023 C 2.45 CID 1.9 HP) .775/CID .188 Chain Saw
Stihl 025 2.70 CID 3.0 HPf 1.111/CID 297 Chain Saw
Saihl 026 2.97 CID 3.5 HP| 1.178/CYD 336 Chain Saw
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Manufacturer | Model CID Max. |RPM at | HP/ICID PW | Appl.
Output ]Max. l
Stihl 029 3.30 CID 3.7 HP| 1.121/CID .289]  Chain Saw
Stihl 034 AVEQ 3.44 CID 4.1 HP 1.191/CID 338]  Chain Saw
Stihl 036 PRO 3.75 CXD 4.6 HP 1.226/CID 362 Chain Saw
Stihl 038 AVMEQ 4.40 CID 4.9 HP 1.113/CYD .333 Chain Saw
Stihl 039 3.91 CID 4.4 HP 1.125/CID .333 Chain Saw
Stihl 044 4.31 CID 5.4 HP 1.252/CID .406 Chain Saw
Stihl 044 (Hitd) 4.37 CID 5.1 HP 1.167/CID 340 Chain Saw
Stihl 046 4.66 CID 5.9 HP 1.266/CID 412 Chain Saw
Stihl 064 AVEQ 5.17 CID 6.5 1P 1.257/CXD 427 Chain Saw
Stihl 066 5.58 CID 7.3 HP 1.308/CID 450 Chain Saw
Stihl 084 AVEQ 7.42 CID 8.5 HP 1.145/CID 406 Chain Saw
Tanaka 120 3.8 CID 3.3 HP 8,500 .868/CID 124 Chain Saw
Tanaka [ECS 320 2.0 CID| 1.6 HP 7,000 .796/CID 177 Chain Saw
Tanaka [ECS 3500 2.07 CID| 1.8 HP 8,000 .869/CID 163  Chain Saw
Tanaka [ECS 4000 2.43 CID] 2.44 1P 8,000 .987/CID 218 Chain Saw
Tanaka |ECS 655 3.85 CID 3.8 HP| 8,500/  .987/CID .265 Chain Saw

Page 3




[

OEM ENGINES SORTED BY DISPLACEMENT

b= sy

Manufacturer Model No. | CID Max. RPM at HP/CID Pto W Appli-  |Other Notes
Output Max. Ratio cation
~ +ji Robin ECOI ER .97 CID .60 HP| 7,000 .619/CID 0.143 OEM
itzobishi T™ 20 1.22 CID .70 HP 7,500 .370/CID 0.130) OEM
Foji Robin ECO2 ER 1.24 CID 99 HP 7,000/ .798/CID 0.225 OEM
Kawasaki TG 20 D 1.24 CID .70 HP 7.000] .564/CID 0.138 OEM
Kioritz SB4V 1.29 CID .80 HP 8,000 .620/CID 0.182 OEM
U.S. Engines 21 1.29 CID 1.0 HP 7,000  .775/CID 0.190 OEM
Electrolux 21 L 1.29 CID 1.03 HP 8,000 .798/CID 0.160] OEM .
McCulloch SI 410 1.29 CID .80 HP 8,000{ .620/CID 0.182 OEM =~
‘Fuji Robin ECO22 GR 1.32 CID 1.0 HP 7,000| .757/CID 0.227 OEM -
Fuji Robin ECO22 GA 1.32 CID 1.0 HP 7,000 .757/CID 0.227 OEM |Brush Cutter
Fuji Robin EC022 GR 1.32 CID 1.0 HP| 7,000! .7S87/CID 0.217 OEM  {Pump
{Fuji Robin ECO22 GRV 1.32 CID 1.0 HP 7,000f  ,757/CID 0.227 QEM  |Vertical
'Fuji Robin ECO2 EHR 1.35 CID 1.1 HP 7,000] .814/CID 0.250 OEM
Mitsobishi T™ 21 1.37CID 1.0 HP 7,500 .720/CID 0.180 OEM
Kawasaki TE22D 1.38 CID .80 HP 7,000 .579/CID 0.145 OEM
Komatsu Zenocah |G 23 1.38 CID 1.2 ¥p 7,500 .875/CID 0.187] OEM
Komatsu Zenoah |G 23 LH 1.38 CID 1.2 HP 7,500] .875/CID 0.261 OEM
Kioritz CT2400 1.44 CID 1.0 HP 8,000 .694/CID 0.227 OEM
Kawasaki TG24D 1,47 CID .80 HP 6,500 .544/CID 0.140 OEM
Fuji Robin ECO25 GR 1.49 CID 1.2 HP 7,000{ .805/CID 0.250! ©~ OEM
Fuji Robin ECO25 GA 1.49 CID 1.2 HP 7,000] .805/CID 0.250 OEM  |Brush Cutter
Fuji Robin ECO25 GR 1.49 CID 1.2 HP 7,000] .757/CID 0217 OEM  [Pump
Fuji Robin ECO25 GRV 1.49 CID 1.2 HP 7,000] .805/CID 0.250 OEM  |Vertical
U.S. Engines 25 1.50 CID 1.44 HP 8,000 .960/CID 0.261 OEM
Homelite 725 1.52 CID .85 HP 7,500 .559/CID 0.088 OEM
IMcCullach 2250 1.53 CID
Komatsu Zenoah | 108/G2 | 1.55 CID 1.4 HP 8,000] .903/CID 0.304 OEM
Mitsobishi ™™ 26 1.59 CID 1.3 HP 7,500{ .810/CID 0.220 OEM
setrolux 26 1.6 CID 1.2 HP 9,000] .750/CID 0.181 OEM
EMAK TS 330 1.83 CID 1.2 HP 7,200] .655/CID 0.088) OEM
Homelite 40 1.83 CID 1.13 AP 7,500/ .617/CID 0.220 OEM
Electrolux 31 1.9 CID 1.6 HP 9,000 .842/CID 0.173 OEM
Mitsobishi ™ 33 1.98 CID 1.7 Hp 7,500] .850/CID 0.260 OEM
Tecumseh TC200 2.0CID 1.6 HP 6,000 .80/CID 0.228 OEM
Kawasak{ TG33D 2.03 CID| 1.2 HP 6,500] .591/CID 0.181 OEM
Komatsu Zenoah |G-2K 2.05 CID] 1.7 HP 7,000] .829/CID 0.250 OEM
Fuji Robin ECO3 ER ! 2.10 CID| 1.8 P 7,000| .857/CID| 0.240 OEM
U.S. Engines 35 ! 2.12 CID 2.0 HP 7,500] .952/CID 0.363 OEM
Electrolux 40 i 2.2 CID 1.7 HP| 9,000, .772/CID 0.184 OEM
Homelite HBC 40 i 2.44 CID 2.2 HP 7,000/  .901/CID 0.550; OEM
Fuji Robin ECO4 ER _ 2.45 CID| 2.0 HP 7,000 .816/CID 0.250 OEM
Fuji Robin ECO4 ERV i 2.45 CID 2.0 HP 7,200] .816/CID 0.233 OEM
Kawasaki TD40D6 .f 2.45 CID 1.85 HP 6,000/ .755/CID 0.199 OEM
Electrolux 41 ! 2.45 CID] 2.52 HP 9,000/ 1.028/CID 0.229 OEM
Mitsobishi ™ 40 ! 2.47 CID]| 2.0 HP 7,000] .800/CID 0.250 OEM
U.S. Engines 41 : 2.5 CID)| 2.9 HP 8,000] 1.16/CID 0.517 OEM
Komatsu Zenoah |G-4K z 2.53 CID] 2.2 HP 7,000 .869/CID 0.271 OEM
Electrolux 44 ; 2.7 CID/| 2.7 0P| 9,000! 1.000/CID 0247 OEM
Kawasaki TD 48D i 2.97 CID| 1.85 HP 6,000/ .625/CID 0.199| OEM
Electrolux 50 [ 2.97CID| 2.94 HP 9,000/ .989/CID 0.245] OEM
 Tecumseh TC300 i 3.0 CID| 2.4 1P 6,000 80/CID 0.340 OEM
|Electrolux 51 s 3.1 CID| 3.4 HP 9,300/ 1.096/CID 0.274 OEM
EMAK 265 TTA ! 3.59 CIDi 3.8 HP| 1.050/CID 0.146 OEM
Fuji Robin ECO6 D ! 3.71 CID| 2.5 HP 5,000] .673/CID 0.149 OEM
EMAK 1000 TTA ; 3.82 CID 7.2 HP " 1.830/CID 0.226 OEM
_ji Robin ECO8 D 4.78 CID 3.3 HP| 5,300/ .690/CID 0.214 OEM
Fuji Robin ECO8 D i 4.79 CID! 3.3 HP| 5,500] .689/CID] 0.214 !
Tecumseh AH480 i 4.8 CID| 3.25 HP| 6,500 .677/CID| 0.382 OEM !
EMAK 1285 TTA , 4.94 CIDi 5.5 HP! I 1.113/CID! 0.180] OEM !
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Manufactarer Model No. Cp Max. RPM at HP/CID PtoW Appli-  |Other Notes
QOutput Max. Ratlo cation

7 “umseh AV520 5.2 CiD 4.1 0P 5,000 .788/CiD| _ 0.309, OEM

wmseh AH520 5.2 CID 2.1 8P 3,000 .404/CID| 0.182] OEM
Tecumseh AV520 5.2CID 3.0 HP 4,500) .579/CID] 0.227 OEM
U.S. Motor Power 580 5.8 CID 4.2 HP 6,000, .724/CID 0.289 OEM
Fuji Robin ECIOV 5.97 CID 4.0 gP 5,000  .670/CID 0.122 OEM
Fuji Robin EC10 D 5.98 CID 1.0 HP 5,000] .668/CID 0.133 OEM :
Fuji Robin ECIOV 5.99 CID 4.0 HP 5,000 .667/CID 0.123 OEM | Vertical
Fuji Robin ECIOD 5.99 CID 1.0 HP| 5,000]  .668/CID 0.294 OEM -
Yecumseh AV600 6.0 CID 5.0 HP| 5,500 .833/CID 0.377 OEM
Tecumseh AV600 6.0 CID 3.8 HP 4,500] .633/CID 0.316] OEM
L0 L 99 6.1 CID 4.75 HP 5,500 .778/CID OEM
U.S. Motor Power | 700 7.0 CID 5.0 HP| 5,500, .714/CID 0344 OEM .
Fuji Robin ECI3V 7.49 CID 4.2 BP| 4,000 .560/CID] 0.170 OEM | Vertical
Tecumseh AHS17 8.1 CID 5.5 HP| 6,000 .687/CID! 0.355 OEM =~
Tecumseh AHS17 8.16 CID 5.5 HP| 6,000 .673/CID| 0.355 OEM |
U.S. Motor Power 820 8.2 CID 8.0 HP| 8,000 .975/CID| 0.516 OEM
Fuji Robin ECI7D 10,68 CID 6.5 HP| 5,000 .608/CIDI 0.159 OEM
Fuji Robin ECI7V 10.68 CID 6.5 HP| 5,000, .608/CID| 0.148) OEM |Vertical
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OEM ENGINES SORTED BY HORSEPOWER PER CUBIC INCH DISPLACEMENT

| Manufacturer | Model No. | Displace- Max. RPMat | HP/CID | Pto W | Appli- Other Notes
) ment Output Max. Ratio | cation
:cumseh AH520 5.2 CID 2.1HP| 3,000 .404/CID| 0.182] OEM
| Kawasaki TG24D 1.47 CID .80 HP| 6,500] .544/CID| 0.140] OEM
"Homelite 725 1.52 CID 85 HP 7,500 .559/CID| 0.088) OEM _
Fuji Robin EC13V 7.49 CID 42 HP| 4,000 .560/CID| 0.170] OEM |Vertical
Kawasaki TG20D 1.24 CID .70 HP 7.000| 564/CID| 0.138] OEM
Mitsobishi T™ 20 1.22 CID .70 HP 7,500/ .570/CID| 0.130| . OEM
Tecumseh AV520 5.2 CID 30HP| 4,500 ,579/CID| 0.227] OEM
Kowasaki TE22D 1.38 CID .80 HP 7,000) .579/CID| 0.145] OEM
Kawasaki TG33D 2.03 CID 1L.2HP| 6,500 .S9UCID| O0.181] OEM
Fuji Robin EC17 D 10.68 CID 6.5HP| 5,000] .608/CID| 0.159] OEM
Fuji Robin EC17 V 1068CID|  65HP| 5,000 .608CID| 0.148] OEM |Vertical
Homelite 40 1.83CID| 1.13HP 7,500/ .617/CID| 0.220/ OEM
Fuji Robin ECO! ER .97 CID .60 HP 7,000] .619/CID| 0.143] OEM
McCulloch SE 410 1.29CID .SOHP| 8,000[ .620/CID| 0.182] OEM
Kioritz SB4 V 1.29 CID S0 HP| 8,000 .620/CID| 0.182] OEM
Kawasaki TD 48D 2.97CID| 185HP| 6,000 .625/CID| 0.199] OEM
Tecumseh AV600 6.0 CID 3.8HP| - 4,500] .633/CID| 0.316] OEM
EMAK TS 330 "1.83 CID 1.2 HP 7,200| .655/CID| 0.088] OEM
Fuji Robin ECIOV 5.99 CID 4.0 HP 5,000, .667/CID 0.123| OEM |Vertical
Fuji Rabin ECI0D 5.98 CID 40HP| 5,000 .668/CID! 0.133) OEM
Fuji Robin ECI0D 5.99 CID 40HP| 5,000, .668/CID| 0.294] OEM
{Fuji Robin ECIOV 5.97 CID 40HP| 5,000 .670/CID| 0.122] OEM
I*-4ji Robin ECQ6 D 3.71 CID 25HP! 5,000 .673/CID| 0.149] OEM
. _cumseh AHS17 8.16 CID 55HP| 6,000 .673/CID| 0355/ QEM
Tecumseh AH480 48CID! 325HP| 6,500/ .677/CID| 0.382] OEM
Tecumseh AHS17 8.1 CID 5.5 HP 6,000] .687/CID| 0.355| OEM
Fuji Robin ECOS D 4.79 CID 3.3HP| 5,500 .689/CID| 0.214
Fuji Robin ECO8 D 4.78 CID 3.3HP| 5500 .690/CID| 0.214] OEM
Kioritz CT2400 1.44 CID LOHP|  8,000] .694/CID| 0.227] OEM
| U.S. Motor Power |700 7.0 CID SO0HP| 5500 .714/CID| 0.344] OEM
Mitsobishi ™ 21 137CID|  1.0HP 7,500 .720/CID| 0.180| OEM
U.S. Motor Power 580 5.8 CID 42HP| 6,000 .724/CID| 0.289] OEM
iFlectrotux 26 1.6 CID 1L.2HP| 9,000 .750/CID| 0.181] OEM
Kawasakd TD40D 245CID| L85HP| 6,000 .755/CID| 0.199] OEM
Fuji Robin ECO22 GR 1.32 CID 1.0 HP 7,000] .757/CID| 0.227| OEM
Fuji Robin ECO22 GA 1.32 CID LOHP| 7,000 .757/CID| 0.227| OEM |Brush Cutter
Fuji Robin ECO22 GR 1.32 CID 1.0HP| 7,000 .757/CID| 0.217| OEM |Pump
Fuji Robin ECO22 GRV | 1.32 CID 1.0 HP 7,000 .757KCID| 0.227| OEM |Vertical
Fuji Robin ECO25 GR 1.49 CID 1.2 HP 7,000 .757/CID| 0.217, OEM |Pump
Electrolux 40 2.2 CID L7HP| 9,000 .772/CID| 0.184| OEM
U.S. Engines 21 1.29 CID 1.0 P 7,000] .775/CID| 0.190) OEM
'O L99 6.1CID| 4.75HP| 5,500 .778/CID OEM
Tecumseh |AV520 5.2 CID 41HP| 5000/ .788CID| 0309/ OEM
Electrolux |21 L 1.29CID| 1.03HP| 8,000] .798/CID| 0.160] OEM
Fuiji Robin |ECO2 ER 124 CID!  .99HP/ 7,000/ .798/CID| 0.225{ OEM
umseh TC200 2.0 CID/ 1.68P 6,000 80/CID| 0.228) OEM
I Tecumseh TC300 3.0 CID 24HP| 6,000 .80/CID| 0.340] OEM
‘Mitsabishi I'T™ 40 2.47 CID 20HP  7,0000 .800/CID| 0.250) OEM !
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Manufacturer | Model No. | Displace- Max. RPMat | HPCHD | PitoW | Appli- Other Notes
ment Output Max. Ratio | cation

“uji Robin ECO25 GR 1.49 CID 1.2 pp 7,000 S05XCID 0.250, OFEM
i:uji Rabin ECO25 GA 1.49 CID 1.2 e 7,000| 805/CID 0.250| OEM |Brush Cutter
Fuji Robin ECO25 GRV 1.49 CID 1.2 HP 7,000, .805/CID 0.250) QEM |Vertical
Mitsobishi ™ 26 1.59 C1ID L3P 7,500| .810/CID 0220, OEM

Fuji Robin ECO2 EHR 1.35 CID 1.1 gp 7,000, .8S14/CID 0.230) OEM

Fuji Robin ECO4 ER 2.45 CID 2.00pP 7,000 B816/CID 0.250, OEM

Fuji Robin ECO4 ERV 2.45 CHD 2.0 HP 7,200 816/CID 0.233, OEM

Komatsu Zenoah [G-2K 2.05 CID 1.7 5P 7,000, .829/CID 0.250, OEM
Tecumseh AV600 6.0 CID 5.0 HP 5,500, .833/CID 0.377, OEM
Electrolux 31 1.9 CID» 1.6 HP 9,000 842/CID> 0.173. OEM
Mitsobishi T™M 33 1.98 CID 1.7 4P 7,500, .850/CID 0.260! OEM

Fuji Robin ECO3 ER 2.10 CID 1.8 P 7,000, . 857/CID 0.240{ OEM

Komatsa Zenoah |G-4¥ 2.53 CID z22np 7,000 869/CID (.27} OEM

Komatsu Zenoah |G 23 1.38 CID 1.2 ¥p 7,300 B75/CID 0.187, OEM

Komatsu Zenoah |G 23 LH 1.38 CID 1.2 vp 7,500, . 875/CID 0.261{ OEM

Homelite HRBC 40 2.44 CID 2.2 4P 7,000, 901/CID 0.550) OEM

Komatsu Zenoah | 108/G2 1.55 CIb 1.4 HP 8,600, .903/CID 0.304, OEM

U.S. Engines 35 . 2.312CID 2.0 Hp 7,500 952/CID 0.363| OEM

U.S. Engines 25 1.50 CID 1.44 HP 8,000, .960/CID 0.261] OEM

U.S. Motor Power |820 8.2 CID 8.0 HP 8,000, .975/CID 0516, OEM
Electrolux 50 2.97 CID 2.94 HP 9,000, .989/CID 0.245! OEM
Electrolux 44 2.7 CID 2.7 gp 9,000, 1.000/CID 0.247] OEM
Electrolux 41 245 CID 2.52 gp 9,000, 1.028/CID 0.229, OEM

EMAK 265 TTA 3.59CID 3.8 HP 1.050/CID 0.146] OEM
Electrolux 51 3.1Cxo 34 HP 9,300 L.O96/CID 0.274, OEM

EMAK 285 TTA 4,94 CID 35 HP L113/CID 0.180} OEM

U.S. Engines 41 2.5 CID 2.985¢ 8,000 L.16/CYD 0.517] OEM

EMAK 1600 TTA 3.82 CID 7.2HP 1.830/CID 0.226; OEM

Page 2




D. COST IMPACTS OF INCREASES

The following formulas can be used as a guide to the effect of any added
increases in the MLB cost of an engine.

MLB cost times 1.30% equals total cost at OEM sales level.

Estimated Cost:

Material, Labor & Burden $30.00
Shrinkage Allowance @ 1/2 of 1% 15
Inventory Cost $30.15
G & A (Excluding Selling) 9% $ 2.71
Selling (3%) . .90
Selling Cost $33.76

Profit 11% $ 3.71
Subtotal $37.47

Discount & Sales Allowance @ 1% .37
Warranty @ 1/2 of 1% .18
Tooling $ 1.00
Total $39.02

Suggested Retail:

For 2-step Distribution
(Cost x 1.66%) $64.77

For 1-step Distribution .
(Cost x 1.50%) $58.53

For Mass Merchandiser
Contract Price
Estimated @ 1.15% $44.87

Note: For the Southern California Market and other states in the Sun Belt, costs
may be lower, at least seasonably. Since these areas offer year round sales

potential, most grass related power equipment will carry anticipation discounts to
allow manufacturers to levelize production in off season.



E. SERVICE CONSIDERATION IN ENGINE DESIGN

While the increases manufacturing cost will negatively impact the retail price of power
equipment, it is important to bear in mind that, over time, serviceability will also play an.
important part in field acceptance. :

Two things impact serviceability:

1. Replacement part cost and
2. Service time requirements

Service parts costs are basically not negotiable, but must be considered in an analysis
of an engine design for serviceability.

Parts costs are fundamentally dictated by industry practice.
Almost all small engine service parts used in the United States rely for distribution on
the Engine Service Association (ESA) practices. There are approximately 57 Central

Warehouse Distributors nationwide that control this distribution system.

The discount structure on parts is as follows:

Central Warehouse Distributor List less 65%
Service Distributor List less 55%
Stocking Service Dealer List less 40%
Non-Stocking Dealer List less 25%

To operate economically within this structure, a product manufacturer must price
service parts approximately as follows:

Paris with Material, Labor and Burden:

Cost Retail Price

.01 - .49 Ten times MLB cost
50 -.99 Seven times MLB cost
1.00 and more Five times MLB cost

Under this schedule, a parts manufacturer, using the longest discount (65%) and the
lowest multiple on cost (5 times) will have a gross margin on part sales of 75%.
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Service Time

Nationally, the Servicing Dealer shop labor rate averages $38.00/hour.

For service shops, as well as consumers, this makes it important to analyze every new ,
engine design for service cost impact.

The service shop owner/manager is concerned that he will damage his relationship with
his customers if his costs are too high. In many cases, a dealer will refuse to handle
certain products if he is concerned about high service costs. Also, a dealer who sells
equipment to commercial customers who do their own servicing. will use the low
service design as a selling point.

On low end products, many servicing dealers make it a practice to refuse to service the
item if they expect the service time to be more than one hour.

In any case, it is good practice for an engine designer to have a qualified person
specifically review the final design for serviceability.

Some of the basic steps should include making all features as consistent as possible in
type to reduce the tools required.

Also, special attention for easy access, should apply to maintenance service items like
spark plugs, air filter elements and spark arrestor screens.



REPLACEMENT UNIT SALES

In the “Industry Overview” section of the California Air Resources Board (CARB),
regulations approved December 14, 1990; Booz, Allen & Hamilton, Exhibits 1-
10, included a number of charts showing historical unit sales for some of the
high volume Utility and Lawn & Garden Products. :

For evaluation, S. J. Benton & Associates, has updated the figures to reflect
more current market conditions. These updated charts, following this section,
indicate that most of the products (except for chain saws) have reached what
appears to be a plateau.

That would indicate that future markets for these products will represent mostly
replacement buyers rather than first time buyers. First time buyers, for most
products, shop for price. On the other hand, a high percentage of the
replacement buyers are generally more discriminating and will look for better
products, more convenience features, longer life, etc. This will also include an
increasing number of buyers willing to consider environmental impact.

Price conscious buyers will tend to shift to more electric powered units. Mass
Merchandisers will tend to encourage thls trend as a means of reducing
servicing needs.

Also included is a projection on the trimmer market made by a national market

research firm in about 1987. This appears to be quite on target with projected
replacement buyers.

Chain saws will probably be an exception to the plateau pattern for the present.
While present chain saw sales continue to show growth, they, like walk behind
mowers, are not into a replacement unit pattern. With the introduction of light
weight home owner type saws in 1967, the market went from what had been a
quite stable volume of about 300,000 units per year to a ten fold increase of over
3,000,000 units per year by the mid 1970’s. This reflected a combination of the
more consumer friendly lightweight saws and the fuel energy crisis that
stimulated the use of wood burning stoves, fireplaces, etc.

Without this stimulation, the market suffered an almost 50% drop in unit sales.
Current growth is a more normal market pattern and the acceptance of the chain
saw as a standard consumer product. Growth is also being stimulated by the
increasing cost of firewood for lifestyle fireplaces plus the increasing costs of
limber and inexpensive, consumer friendly, lumber making equipment.
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EXHIBIT A

HISTORICAL* AND FORECAST GAS TRIMMER SALES, 1975-1996

INITIAL, REPLACEMENT, AND TOTAL SALES
(in millions of units)

Millions
of
Units
4.0
3.0
TOTAL UNIT
SALES
20 REPLACEMENT UNIT
- GALES
1.0
INITIAL UNIT
CALES
75 T 9 '8l '@ es ‘87 ‘89 ‘4| o3 ‘95 'q7

* Historical sales restated to conform to growth formula.

This minor revision removes meaningless irregularities
in later years.
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Appendix B - Test Results
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CATS Results Summary
Flow Bench Tests |

The injector closing pressure is at about 1250 psi.
The injection spray quality is good.
The accumulator check valve has a slight leak.

Motored Engine Tests

Initially only very low pressure was developed by the pump, much lower than predicted.
The cause for this appeared to be leakage. Leakage occurred in all of the following areas.

1. Leakage Around The Pump Plunger

The needle roller bearing selected to be used as the fuel pump plunger was slightly barrel shaped, so the
end did not seal well with the cylinder. This dimensional problem was resolved by fabricating a custom
plunger with the correct dimensions and tolerances. This leakage around the plunger was compounded by
the presence of a “spill port” at the bottom of the cylinder bore for initiating mechanical injection. Even
with a straight plunger there was still leakage past the plunger and out the spill port when the port is
supposed to be closed.

2. O-Ring Damage

In the prototype pump installation design, o-rings are used to seal the high pressure fuel sections of the
pump assembly. During installation o-ring damage occurred by passing these o-rings over intersecting
passages in the engine block. A design change was developed which can be used in the future to avoid this
problem. Currently the o-ring clearance has been increased and careful installation with grease seems to
work.

3. Leaky Check Valves

Originally custom fabricated check valves were used for the inlet check valve, priming check valve and
accumulator check valve. The seal of these custom check valves was not as good as desired. A
commercially available product line of small check valves was discovered. The pump design was modified
to allow the use of these commercial check valves for the inlet and priming check valves.

4. Fuel Delivery Tube Fitting

The design of the hydraulic fitting which attaches the fuel delivery tube to the pump outlet includes a
section with a relatively large area exposed to the pump pressure compared to the cross-sectional area of
the inner passage of the tube. This excessive area results in a large separating force, This in turn causes
flexing at this fitting. The flexing changes the control volume of the pump, thus decreasing the pump
efficiency. This flexing also eventually fatigues the fitting to the point of failure. The design of the pump
will eventually be changed so there is not a large area for the pressure to push on. For the immediate
operation of the engine an aluminum bracket was installed to retain the fuel delivery tube,

From strain gage traces the following data was gathered.

1. System delay times were measured

The peak pressure in the accumulator occurs at about the same time as in the control volume.
The fill delay was measured at .8 ms.

The vent delay was measured at .8 ms
The injection delay was measured at 1.25 ms



2. The control pressure leaks down to pump pressure. The leak is worse at low rpm. The
accumulator check valve holds peak pressure pretty well, but leaks down between injection events.

The vent line has a bubble in it for every time the solenoid vents. This makes it unsuitable to tee this line in

to the inlet of the high-pressure pump. Whenever the high-pressure pump ingests a bubble, pressure is lost
for several cycles.

Performance and Emissions Optimization

The first operation of the engine on injection occurred on August 23, 1997. The engine was run with one
set of injection timings, both the fill and injection timings were set for maximum fuel delivery. The engine
was started with and without mechanical injection. The throttle was adjusted to find the best A/F ratio. :
The throttle only changed the airflow, and did nothing to the quantity of fuel injected.

After preliminary operation, the following problems were identified and design changes were made.
1. Insufficient Quantity Of Fuel Available For Each Injection

In order to increase the maximum quantity of fuel that could be delivered, the spill port was plugged It
should be noted that with no spill port the pump is capable of building pressure cycle by cycle, if it is not
vented by the solenoid. The pump could theoretically build up a pressure of 48,144 psi if nothing were to
vent the pressure between pumping cycles. Currently the only thing limiting this maximum pressure
besides mechanical failure is the solenoid, which lifts of its seat at about 5000 psi.

Now the change in pressure during the pumping cycle is larger when the solenoid is deactivated. This
change in performance increases from 500 to 1000 rpm, but stays the same from 1000 to 2000 rpm. The
cause may be due to fuel vaporizing across the supply check valve, or as the control volume leaks back into
the pump chamber through the spill port passage. The peak pressure with the solenoid active is about
1500 psi. This pressure is relatively constant from 500 rpm to 4000 rpm. No improvement was seen when
the vent pressure was increased, up to 120 psi.

A larger bore plunger and pump assembly was fabricated as well as injectors with larger and smaller
accumulators in order to be able to install a system with the required fuel flow capabilities.

2. Fuel Delivery Tube Bracket

The first fuel delivery tube bracket failed. A new design was fabricated that necessitated modifying the
engine cylinder cooling fins. With this bracket installed, the injector flows increased substantially due to
the reduced flexing,

3. Heat Induced Vapor Lock

The engine would die after sustained periods of operation, and then failed to develop any pressure when
cranked with the solenoid functioning, The purmnp would develop pressure when the injector was fired
mechanically, but would stop building pressure as soon as the solenoid was put back in operation.

The cause for this loss of pressure is believed to be fuel percolating in hot fuel lines. When the vapor is
ingested into the pump, pressure can no longer be built. When the system was operated mechanically the
high pressure side of the system never had its pressure drop down to atmospheric pressure, so the boiling
point of the fuel would be higher, and therefor a higher temperature would be needed to form vapor.

This problem appears to be have been solved by installing an 80 psi pressure relief valve at the solenoid
vent. Once this was done, no more hot start problems were experienced, or loss of pressure due to
prolonged operation. The 80 psi relief valve has caused a problem in priming the pump. After disassembly
the pump can not prime itself unless the relief valve is first removed.
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4, Fuel Impingement and Deflection on the Piston Crown

The center of the piston crown is washed clean by the fuel injected. There is an outer ring of carbon build
up on the edges of the piston. From tests in the open air, observing the fuel plume striking a piston top, it is
believed that the fuel spray is striking the center of the piston, and then deflecting radially outward. This
would potentially allow the fuel to shoot out the exhaust port or collect in the ring land crevices.

To solve this problem a bowled piston dome is being look into, as well as ways to decrease the fuel spray
penetration.

5. Fuel Leakage Around the New Supply Check Valve

The design, incorporating the new supply check valve, had a press in fitting containing the check valve. :
After a few hours of operation this fitting developed a leak. After several attempts to salvage this des1gn,
new thread-in fitting containing the check valve was incorporated

6. Fuel Leakage Out the Fuel Delivery Tube Fitting at the Pump

After several hours of operation fuel began to leak out the top of the pump. It was found that the o-ring on
the fuel delivery tube had extruded out of its groove. The o-ring has been replaced with a harder durometer
viton material. So far the o-ring has not extruded again.

7. Excessive Wear on the Cam Ring

After minimal operation time the brass cam ring showed considerable wear (.010-.0207).

The pump cavity and cam ring, were modified for a better fit. An oiling hole was added to the crankcase to
drip oil onto the top of the cam ring, and two oiling holes were put in the cam ring to allow the oil down to
the cam. After this modification no obvious wear has been evident on the cam ring,

A preliminary fuel injection calibration has been completed. Excellent starting and good run quality was
achieved. A big temperature effect was noticed on the required fill timings. Good temperature
compensation needs to be developed. Numerous strip chart recordings have been taken of engine
temperatures. It has now been confirmed that the crankcase air temperature readings were taken to close to
the case wall, so they are more representative of the wall temperature than the air temperature. The
crankcase temperatures generally follow the injector surface temperature, though not exactly, and with
much smaller temperature swings. So far, the change of fuel flow with temperature cannot be accurately
measured. This is at least partially due to our fuel flow meter, which is meant for much higher flows,
doesn’t have a good averaging routine. The fuel flow readings fluctuate considerably.

A wide open throttle power sweep was taken, on fuel injection. This was repeated with the same engine,
only with the high-pressure pump disconnected, and the engine operated with the carburetor. This same
test was performed with the same engine, only this time the high-pressure pump was connected and
injecting fuel outside the engine. This was done to measure the power required by the pump. The torque,
power and fuel consumption data from these tests is compared to the published Tanaka data, and to
baseline data taken at BKM of an unmodified engine. This data is shown in the following tables and
graphs.



The injector tube still has a tendency to develop leaks periodically, and cannot seem to be run outside the
engine with out developing cracks.

There was a failure of the pump inlet check valve. This check valve is a Lee press in valve. It backed its
way out approximately 2 in the inlet fitting, increasing the control volume considerably, and thus lowering
the system’s available peak pressure. This check valve was replaced with a new one. The valve has
stayed in place so far.

The inlet fitting has shown a tendency to pinch the o-ring. This design will have to be changed if a new
system is built.

The power loss from the published Tanaka data to the DFI engine is a real problem. So a new Tanaka
engine was tested for torque and fuel flow here at BKM. This engine was run out of the box, with no
modifications to anything, including the jet settings. This engine then had parts changed on it
incrementally until it was a DFI engine. This was done to identify the source of the power loss. In adchtlon
a modified, bowled piston was testing in the carbureted engine for durability and the effect on power.

The incremental changes went as follows: 1. Factory Stock
2. External oil pump added, no longer premixed gas,
Sample probe in the exhaust, fuel delivered at 6 psi.
3. Bowled Piston
4, Stock Piston, modified cylinder
5. Modified Crankcase

Each engine configuration was run at idle, and WOT from 4000 rpm to 8000 rpm in 1000 rpm increments.
Torque, fuel flow, and %CO was taken at each point, with the exception of The Factory Stock, where onty
torque could be taken.

The primary source of the power loss seems to be from the different cylinder. There is a very large
difference in the transfer ports of the two cylinders. Although both have the same timing, the DFI cylinder
supplied by Tanaka has much less flow area than the current factory engine. The new engine has
approximately a 50% increase in flow area.
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Changed: Accumulator Volume
Closing Pressure
Injector Location
Ignition system and timings
Bowled piston

By correctly balancing the system volumes and closing pressures I appeared to be able to make the system
much more tolerant to changes in fuel temperature, enough so that no temperature compensauon or cold
start routine was needed for dyno room operation.

Upon engine disassembly patterns could be seen on the piston dome. These patterns suggest that the fuel -
spray is definitely hitting the piston, but also is being deflected by the transfer air. The fuel appears to not
be hitting the center of the piston, but to be centered on the edge of the piston farthest from the exhaust °
port. It is believed that fuel is wetting the cylinder wall, and being collected in the ring lands.

To try and eliminate this problem the injector location was moved closer to the exhaust port. This only bad
a moderate effect.

The cam ring was replaced once due to wear. The pump cavity was completely dry of oil, and had

considerable dust from wear of the ring, It is believed that the plunger may have had enough fuel leaking
by it to wash all of the oil out of the pump chamber. A new tighter fitting plunger was made, and careful
oiling of the pump chamber will be done until the engine oiling is rerouted directly to the pump chamber.

The next theory tried was to go away from a 30-degree spray cone angle, and try something narrower.

Osca flow bench study

One injector nozzle was modified to deliver a different spray configuration. The end of the pintle needle
was machined off to provide as narrow a spray angle a conveniently possible.

The resulting spray was a nice pencil stream spray. On the flow bench the behavior of the spray was
studied when hitting various shaped objects, stock pistons, bowled pistons, flat top and concave topped
cylinders of various diameters, at various distances. From this study a "target" was designed and built to
screw onto the top of the stock piston. This "target" was then incrementally trimmed to see the effect on
engine performance.

ECU problems

When the engine was last assembled for DFI several problems were discovered. The injector tube leaked.
The inlet fitting o-ring failed. The pump seemed to have developed a vapor lock problem again, though not
as severe as before the 80 psi pop-off valve was installed. The engine performed worse at WOT than
before. It seemed to be unable to inject enough fuel. Upon closer inspection it was discovered that the fill
timing, as observed on an oscilloscope, was not behaving properly. The timing was not what was
commanded, and did not change smoothly. There was a band of timing that could not be delivered around
TDC. At higher fuel flow timings the actual timing was stuck around 0 DBTDC until a timing of about 80
DBTDC was commanded, which is later than peak fuel flow timing as seen in the motoring system. A
thermister was mounted on the crankcase and the output was monitored on a strip chart. Considerable
amplitude noise spikes were seen. A filtering system will be needed. The fuel flow meter readings are
very sporadic at idle when running DFI.

The ECU problems are being solved before further running of the engine is done.

A comparison of the previously obtained DFI WOT torque and fuel flows and the Carburetted WOT torque
and fuel flows on the new engine with the same modified cylinder are shown in the following tables.



Motec ECU

To alleviate the ECU problems a Motec ECU was purchased and will be used for all further development.

A new crank position sensor and timing gear now replaces the north pole south pole sensing system. The
new gear is a 36 minus 2-tooth gear. The timing now is very steady and accurate, with almost undetectable
dither, while before it was in the neighborhood of plus or minus 5 degrees, with a shift occurring with rpm.
It is not known if the problem stemmed from the Eagle ECU or from using only 3 maguets for crank

position sensing. Further software development on the Eagle would be needed to run it with the new
timing gear.

Crankcase failure

After a few days of running with the Motec, the crankcase began to leak fuel. The cause for this was that
the o-ring sealing surface for the inlet check valve fitting had blown out into a no longer used drilling. This
was not the first time this had happened, so a new improved crankcase was built.

New Engine Design

Several new designs were incorporated in the new engine. For better cooling of the high pressure fuel
pump is separate from the engine crankcase, just bolting on to it. This eliminates all of the high pressure o-
ring seals that were problematic in the previous design. The injector tube fitting is now a thread in fitting
with minimal surface area exposed to high pressure.

To facilitate new injector locations, and combustion chamber geometries, the stock cylinder head was
machined off, and a billet head was designed to bolt onto the top of the modified cylinder.

To provide a boost pump for the system, and to improve the airflow to the engine and new throttle body
was designed. This throttle body will result in the same tuning length as with the carburetor. (The current
throttle body is considerable longer) A pulse pump will be incorporated into the base of the throttle body.
The throttle body will be made of plastic, so no separate insulator piece will be needed to shield the pulse
pump from the heat of the engine.

Although the new throttle body has not yet been fabricated the rest of the new engine was tested. First
baseline tests were run with the stock carburetor. This was done with a stock piston, and then with a target
screwed into the top of the piston.

DFI testing was done with various target geometries, 11mm flat, dished, 7mm flat, dished, 3 mm flat, and
with a bowled piston with no target.

Hot wire ignition test run with a 7mm bowled target.



Hot Wire Preliminary Test Report

The engine was run first with the HEI automotive ignition, and an NGK DPR6EA-9 spark plug at 5000 rpm
WOT. Then the Hot Wire was used with a Beru spark plug. The Beru plug was used because it was a non-
resistor plug. Then the Hot Wire was run with the NGK resistor plug. With the timings approximately
optimized the torque seemed to remain pretty constant around 20 in-lbs. The following table shows the
quickly optimized timings.

Automotive ignition Hot Wire Hot Wire

with NGK resistor plug | with Beru plug with NGK resistor plug -
Fill Timing -20 -35 -30 -
Injection Timing 260 240 240
Ignition Timing 30 30 30
Peak spark amperage 26ma 60amps 2.8amps

Initial fuel flow readings did not show any marked decrease, but this will have to be verified with long
averaging times for the fuel flow meter. Also the test should be re-run with the engine hooked up to an HC
meter to verify that the later injection times decrease the emissions.

So the summary of the preliminary results were that running the Hot Wire allowed the engine to be run
with later injection and fill timings, without losing power.

A Hot Wire was left with me for further testing. 1 was also given a higher energy coil, and left several of
the non-resistor Beru plugs. Nology was loaned a stock Tanaka coil, and flywheel cover and flywheel to
perform ignition tests. They also expressed an interest in returning again and taking the time to put
together a complete, tuned ignition system for the Tanaka. This may be done after I have completed the
rest of my engine and fuel system tests.




25696'C1 |12985.8 |F) BYPe0 G- |FIFCL G- |FPIVZL VL |0862¢ 6- |vellSS- [1PedlSS [€9854C |1YZLISS | 1EO 757 |cllsoce [29862¢) |Z68902C [2995/2 8 |92¢gry € [carpe 0l [2985/2°8 [BPPEOET €6LE1Y'0 [20Z98S) {EOIE6Y- UORONpaI Moy Ry
y0/159°0 | /0880 | 185190 [ £0t090} | 8088071 [@EBIEE™0 (8198011 | BESOEL'L ¥6/¥560 | 605200 ) | 9821560 | vB9¥Z0’| | 6560260 | 2109660 | ¥Z€956'0 | £98500°F | BESPEL’L 15186°'0 | ¥10Z91°} | 890160} | 6EELTF | €1Z7260 | 10/9€T') | BLGEED') 2454
[4:X43 £ZEL ireh €Sl EES gzl SPe'Sh Gl LEl 6%l LEY a4l x4} 59% el £l yl l £El 91t ({44} T £ §rl Moy Py
96} 186} 96’} 6 106°L 218} ¥68°L L 868’1 996"} ¥06°L are’l £l9 89°L £95°1 6rLy gl [ FlG} €St 5’ 5959') | 90¥058') | S¥8°} Riod
¥e 3 [43 53 0g ;4 8z 14 ¥ 1% 144 14 [0}4 61 y1s 9t Sl vl £l 4] 13 8 € Z #1591
00l 004 004 004 002 004 002 004 002 004 002 002 00/ 004 004 005 005 00ZL 00z} 0oZh 43 00z} srssaxd Mipop
jpUsd pge|iPied 09¢ |iPUad 09t |iPued 09¢ |IPRd DI TPU3d 03t |iP-Rd 00t |iPded pgg [Iided 08¢ [iPURd 09¢ |puad pge 00§ 00S 005 008 005 005 00S 00S 0g9g 09% [42)3 FUNPA UIaoe
¥ r ¥ ¥ ¥ r ¥ 4 Sy g SF St st Sr St Sr st Sy Sr ¥ Sy St #J0q dund
BRI [R4RD [ et BRI r38I RoR: R4 L ed 4 [ [4 Z [4 2 3 ! } I 3 I I 3 [SITEREER Y
Pa0q [abe) WAL PUS p U, [B18) LA |5 1p U | B9y W} § PRy Wi | 33015|  papeq 39015 3015 2015 J0ys| pepog| papog %30}5 EECIE 5015 3205 EESIH 33015 2015| papoq 320)8 w)sd

33035 3015 Ho018 %2015 %00]$ EERIH 0] #201$ 3018 one %20js 390)5 305 ope 90]5 one 3305 one EECIE (a0 32015 %2075 90)5 2018 W13)sAs Lo}
TBKe|  (STEUKa|  JSeLXe|  [SNEWXe|  [SNEKE| 1SNBUKS|  [SNBLKI|  JsneLxe 30]8 0015 320}8 90§ 30)5 305 30)5 %3015 33015 3j30)s #2015 3{20]5 3015 33018 20}5 go3s|  uogeao] Bnidinds
MOUPLEZ] MSUSL| meUish| Mo meusp|  meUsi[ maugsi meugst 3015 3305 EEGIE }301s 3015 }30)s 90]5 53015 3905 330)8 205 320}5 LESH 301S 9015 50j5 LLED)
[Ee] 130 [Ele] 190 [Els] 40 140 9189 14 14Q 140 130 [Els] 140 [Els] 130 140 [ELs] 140 140 140 [Ee] e R WRJsAS PRy
290Ul oejoul 910U agjoul 230w 29j0W FEYCIT 290N O 290 29101 | [J:EE] epey sp8g afie3 [J:1E] [T4E] [T:LE] FTEE] Be3 [J-LE] | ma

wife AaUfiifius AeiRiPue malufe s Em ;]8%3'8_%? LEY |

dn psuwea ARy
| 1lom

B’rod ygad




uonsnpal Moy [any % uiwyb

oc

14

0¢

Jaquinp 1sa]
Gl

ol

0¢- 1

UONONPaS MO} |9N) —H—
MO} [an} —g—

o489 —v—
Jlamod —e—

0¢

S0

Gl

G'¢

dH pue O4dsg



X I X | X [ X[ X[ X [ XXX [ X[ X[X]X][X[X[XIPXIX]X]X]X)]X]X}|X]|X TOM 1€ qIeQ G 1:gg 03 Jua{eAnba Tuonaslul IO ]
. Xiwaid |:z¢g]
: | wajsis 10
X | x [ Xx I X x I x| x| x [ X X[ X[ XX [XIX]X]|[X|X[X|X]|X|X]X]|X]|X syod Jejsuei] ebie
syiod Jajsuel] |lews
1 TapullAo
|eajuuos jenuso
epis eejul '18s)jo
X IX [ XIX | XX | X[X]X]X [esuga
uopeso| 10)2au]
|espaydsjwey [enuas
X X X I XX pug
X | X [ XXX | XXX ]| X]|X 5]
auou
uopjeao) J010afu|
195)J0 Ho0ig
1aqWieys) Udlsnquic)
X X X | X | X pajmog
X 1abley el W g
X 19De} pays|p Wi/
X jobile] Jey)) Wiy
X yeblie} paysip w1}
X | X | X 1abie} je)) W |
X | % X [ X 1 x| x X | X [ X [ X X {X]X 1aBie} ou
%9018
uojsid
1M ICH
X sBuju 3o0)s |g] eAlowoINyY
X X X X X X sbujwy paziwndo g eanouiony
X IX XX X | X[ XX |X]X[|X XXX X X X X 101 o018
we)sig uonubj
X I X[ X | X | X 0ozt
X IX X[ XXX ]X X I X | XX IX[X|[X]|X 004
X | X 005
aInssald Buisoi 10y9alu]
XX [ XX [ X | X[ X[X[X 005
X (X | X IX | XXX X | X | X X | X | X 09¢
20¢g
802
|awinjoA 10)0au|
X IX |IX X | XXX X[ X | X weans |jouad|
i X I X[ X[ x[ x| x|xX|X|XxXix|X]|X $32163p Og|
a|Bue auosy 10}03[|
140
X | X | X - qien
wajsAs jany
ve |ec. lee e |Joe |6z [gc e o2 sz | b ez ez | e joc (6L (8 |21 job G |wL el 2L 1L 0l #3is91

Arewiung ysaj




Liyeog’l (89'FL orosre’lL |PE ¥l 0008
G20.L.67) [8L) 680c86°L (9811 0004
/859¢¢c8'l (9261 €eoLl6’L [80°0C 0009
695/l |[98'6L 166429} |29°0C 0005
£2orli’l |90'8L LoOvoL'l |pE'8L Q00+

dy sq|-ul dy sq|-Ul Ldi

Jamod anh.loy Jamod anbio] paads

00.L¢ aipl 104

00¢ge a[pt wiem

0082 a|p! Pjod

qieo Alojoe)

xiwaud :2¢

auibug eYeue} H00}s mau

~ I




#808/.8"L L6l |\ree olLZlee’l 960l 96l 9g'8 LLELOP')L |$PO°LL {0008
gleye’l Ll [eL9 6.64508°) |92°Q) Ll GL9 _|9esl08') |egel {0004
I 2L9680 | gyl L85 |}I0Se’) [8€6) Syl €G . |eeskse) |eveL 10009
LE8PE0L _gc¢k  |v9Y $08/6S°1 |p1'0C yel Gy levgl9'l |v' 02 0005
L goeg8l’lL 80l |gg'e 9glyil’) |9'8) 2oL g5t ggegle’l g6 ‘@@.@me..
wdl
T TS T oo Jamod anbioy T 09 temod| " enbioy] peeds
. B . o ) . A 9% 000¢ __sIptioy
_ - e e LR (> 0gec SIpt iigMm
I I ) ] I A L 9¢ 000t | ®IPIPIoD
U 00 pasds
o A ) o qJed Aloje)
T . ) T sBuipeal moj} [N}
- B o o I " agodd sjdwiies 1sneyxa YIm J8)inll p|o
TTTTTTTTTLOAA 16 MO 18Nn) peneandieo oseq SNSIaA| | 0} 9§ U0 MOU Lo} uopasiul jlo
.................. - o Y N ) T ““eyeuE) 3o0is mMaul

4




g6l ze'8 9198bs°'L [22) 7’6l 5e'8 169985} (521 0008
gLl 98'9 00058’ L |99°9L Ll 6’9 €15198°) (9.9l 0004
2’6l c9's ggocll’'l |29'8l 5'Gl GG'S v6.68L°| {88l 0009
27¢cl L'y alerze’l |226l g'el 89’y c0L¥S'L [98) 0005
Ll 98'¢ 8/e060°1L |81°/L1L 41 8.'¢ oLLgsl’lL (€81 000¥

wdl

Tl 09 Jamod anblioy ¥l 09 Jamod enhioy paads

G'e ¥.L'e 0082 alp! 104

G'e ge'e 00,2 Sjpl WIBM

4 oL'¢ 0062 8|p! pjol

1 09 posds

yuelo mau

aseMUueID mau

pod [uj ou ‘suod Big “sepuilfo mau

| dwnd jjo

uojsid psmog

gleo Alojoe)

le




8L |s9'9 _|/gs/§90 |8LS  |§6F |99 |9.gl90 €& 10008
89l S€9 __|c90g6C’) |99 1) 69} 8¢9 86£88¢) 191} 0004
e _.esh o 'g £G048b°) 296G} ral AR 18206y} |6GL 0009
xxxxx bEL YOy |e6Co6E) |9L) _leel 90 12684y ) |98 4L 000§
L0l eg'e 8982¢66'0 [20°GL €Ll 8¢ Glo8/6'0 |ZP'GL  |0Q0¥
wdl
u 00 jemod|  enbioy T 00 Jamod anbio)|  peeds
..... ~ ) ] re e 0042 eipt 104
_ 1 ze____ |8l'E 00}z oIp| WEM
e . ze __ |lyz__|000Z 8IP! P10
] 00 poads
T T - - o B B gied Alojoe)
) N - “dwnd (10
T T ) “aseoyURIO MaU
) B - o | quelo mau
uoisid jeuliou
- ) o T Tspod (jews epuliAo peljipolu

[v




Z8l  |LE9 8659650 [L'¥ 8L £9'9 £89/99'0 (92'S 0008
eLl LL'L L6¥820°L (926 YLl gc'l 9cl010'L [L'8 0004
1'Sl v'g ogerb L |91°GL 1’6l s 1680LYL 128 ¥l 0009
8¢l N4 lc0gey’l 181 gl ¥O'v LeFSFY L 12281 Q00S
2'6 LO'E ¥12186°0 [9V'Sl £0l 6'¢ 2861€0°L (929l Qoo
wds
It 092 Jamod anbioy 1] 00 Jamod ahbio} poeds
e ¥6°¢C 0012 8jpl 10y
G'e € 00¢2 ajp! WEM
4> 5S¢ 0061 8|pi PIo9
Y 02 posds
gleo AlC1oB)
uojsid (ewou

suod |jews ‘Jepullko peljipowl

|

| dwnd |0

dwnd jany sunssaid UbIYy ou ‘aseoyuEIO PaljipoLl

| yeysiuelo payipow

J1ojeula)je ou ‘[aaum K]} ¥001s

B

i LR L]



B Z2'8l C8SLEYD |V'E €8l S.ZhPP 0 |S'E 0008

m L1 - |seovpE’O |SB L'sl _|9./B2E6'0 |78 0004

I 'Sl SLTEOV') (¥iWL |26l 8paiEy’l |1 Gl 0009
I 8cl . ve8LEL [8€LL L€l | _|elozeg’t |evLL 000§

i 86 | _jeosloby joe'Lb @by | |LOELGL} (vb8L 000¥ 4
el
T T 09 Jomod|  enbioy m “ 00| Jemod|  enhioy peeds
¢ 004} 8|plioy
,,,,,,, o € 0061 8|p1 Wiem
€ 008l | ®IpIpIoY
8| 00 pasds
- S D S gleo Alojoe]
) o [ ) [ T T T uossid jewsou
o R |7 spod jjews “iepuiiko psijipolu
F N B e T [dundie
dwnd jany sinssaJld ybiy ou ‘eseoNUERD PalIPOLL
T o ) - | jeuysyjue.o pajipoll
...... B . S T ojeweyie ou flaaym A) jools
T T T Teqoad eidwies 1sneyxe ou ypm ABp 1XaU 8y} LNl 9A0gE Se alies
| _ _ ] |9




vl 8Ge6eZ'1 (0L 0008
LGl LGLLCC) (LI 0004
gl 28vese’l [8C'vl 0009
0l G206e0e’l (5°9) 000G
8 £l80¥0°L [¥'9) Q00t

wids

m 090 Jamod anblo} poeds

eIp! 10y

alp!I Wwiem

8Ip! PIod

1 02 pasds

uojsid jelulou

spod |jews “Jspulko peiipow

| dwnd o

9SEINURII JO jjey mau

jjeysyuelo psijipow

144

L

T [ Vo T - vt v o R v o=



B . e . N I B S _.|0008
B ] Sel AT L9¥6EE’ | (9°¢] ~|0004
| I (44! 29'e 215959') |bL) 0009
L 4] PLE |8cesLiy L 1981 000§
....... o e e {eseobk |wwiub 000V
widl
........ T TTTUTTTTrTTTT YT 0 Jemod| enbiol]  poeeds
- ) , o | o __|__@piioy
- L) G'L  |ooyz € Lz 002 8'Z g 0052 9|PI UlEMm
3|Pi PIO2
T B i mm - Ummaw ?t oo Ummmw ............ in oo Ummam. T
aY0J1s 9 - oous | T ayonsz|
) T T T T T Gojeussle ou) 156
- T - uojsid [BLuloU
B e suod 61q Jepuijko peiyipoull
- 1 B S | dwnd jio
B I - 9SBOYURIO JO JjBl Mall
T I Y . ) . o JBYSHUERID paljipoll




Sev'L g98'cl 000.

L9} psLL 0009

o8yl oL'gl 000

¥60'L oc'll 000V

6890 or'vl 000g

SGv'0 8¢'¥l 0002
Jamod anbJol peads

uolub| yo03s

Jojejnuwnaoe 0g¢

Jebunid mau

spod Big

144

Yo 4



e
6l

|[8MP SW 0'g 'SISIX (S UONEBLEA Yo}I|D eiemyo

- S 5 — o . ceel 10009
m 18s) 8461 0008
e 4% 8} _{oooy
o _ e L0 |LSL 000€

) N voro _ |2S¥L  |000T

S aluos _“a:oE.__._mmoamU G 1salesu

84} 0} Wwnwiido o} 1es

Jamod

anbio)

Buun uoubi sAnonpul

JOIBINWND2B 09¢
Jebunid mau

.wt.og Biq




'yl 95'¥l ecel Sl 9.6l 0009
1911 yo'LL 12 L 682’1 82'9l 000§
9’8 1g'g S¥6°0 $0°'GL 000+
¥2'9 BL'S 622 SG0°0 gel 000¢ ~
Gl el'e 6S¥0 vl 0002
1 Jamod anblo) widl
Buipeal mo)) jon} abelsae poob e 186 0} Juiod oes 1k sainulW [e1sAss LOM

Buiuuni paulgisns aAIYOE 0} pa|ie} sddiys aloul Aue

502

€6}

g1l

gL'l

Gl

0sec

66

b

86’1

0see

66

0

H

widl

a sdiys

alp!

uoisid 30018

uopubl yoo01s

wnsoe guWwegs

suod Hig

i34

|3

e —

|
LIE S

L=



dwind ay) oo JodeA o) paieedde auibus

..... _ ; ) _ — oL} £ge’) gc'ZL 1000

o . e s 998 L9'8 |pa0’L g9k  |ooQ¥y
L ) L e L9 _|B6'S g9 |669°0 19g'vl Q00¢
) ) B 1 gL'e cl'e 1E¥0 eyl Q00C

8l lamod anbio) wicll

. e _LOM

- e R Bujuuni uieisns o] pajie) sdps adow Aue

gl'e |gg¢ T4 Ve 009Z 8'6 }

o e £'e 34 AR 0ogz |86 0 -

1 wid. dy sdiys

. B - I B slpl

) B o ) uoisid ¥oois

h uonuBj wntwido snojaaid o) 19s |jemp suig uoniubl aAonpul

B WnNooe guwWQpge

.......... ) suod Big

4




2Zel B'cl Yool yLS'L (0009
G9¢l PO LL ocol el 0005
2¢'8 6’3 Z6'vl 9%6'0 000+
Le'g 8Z'S 99'¢cl ££9'0 000¢
G0t oL’ 99'¢cl eZ¥ 0 0002
1 anbuioy Jemod widi

JoMm

a|p! Je sdijs alow 10 g _.__Ewsm 10U p|No9

uoliubl yools

wnooe gWwwgos

Il

—



eech

peel

0009

. €L 0} pLOL  |8COl oL8lL  _|evrl 0009
_ . e 8 le'8 6L L cL 9L g0’} _|o00¥
B 188 PE'S 66'9 669 ge'el 9g90  [000E
L o ge 1’2 |e9¢t €80 gooe
1 anblo} Jamod wich

L o o (pazjwiido Ajsnolnaid)Bujwr uoiiuby pio ‘jany swies '|q}

I |

_

2!




‘ 0004
e0'rl 143 8ccl 6'Gl Gl 0009
gL o8’} L9l £ee | 0005
£5'6 120l 9’6 85l L00°L 0oay
68'G £6'S 1 8¥9'0 000€
PR°E cL'e 14" G¥0 0002
920Gl 8¥'0 0002
H anblo} Jamod widl
1OM
20'¢ I1Z'e 001y 9'2¢ ¥
¥4 ye'e 0082 el ¢
c0'e €0t 85¢ Q72 0042 el Z
FANEY yr'e 0062 el l
6'C 68°C 6¥'C 0022 2]} 0
LP'e St'e 0042 el 0
dd Wdy di #diys
sjp!
uoiubl 30038
(1sd oz 01 9s0j2 sem st Ajsnojaaid)ainssald Buisolo Isd QG Upm ‘J0jg[nwINgae
gWwwpQs
Gl




i} e e e (8k8L  evLh 10009
R . b ey evEl 198 L ey’ |000§
..... o o _|s86  |ye68  |6¥L  |9L9l SvO'lL Q00
R R e (¥8S|LE9 LR 95yl 1690 000E
~ . ) L I ] G8'c 1g'e lelek b0 1000
1 anbloy} Joamod wids
] I R e I LOM
,,,,,,, - R 090¢ Sk |4
..... o 0062 Gl € _
. 008¢ 0l [
) - I I R €L ¢ _ /0092 0L b
e . oe |6k 10
| i . o EE Wdd dl #dpis
||p
) I R ) N Buiwny 1599 01 188
o ) uoniubl eAnoulone

D




nos wol) suoloslul sasool|000.
LSt G8'LL lo0l oc'9L €95’ Q009
¥6°01L 1eol Vil 98¢’ | 0008
L9'8 16 9’9l L90°L 000t
¥r'S 9'¢ 9 vl 9.9'0 000¢
9g'e | |E¥'E 20yl 90 0002
J1l anbio} Jemod wida
1OM
salp|g| 3
6C¢C ge'¢ ge'c ¢9'¢ 0c5¢ 0l Z
€0t pLC 0gse 0L b
68’1 10T 00sc 0l 0
44 [EE dl #dpys
°lpl
ubi yoois
00/ INOgE JO 94 & 1o} Bulds o} swiys ,zo' peppe pue uoisid pajmog o) pabuey)
_ _ _ _ _ |21

e (LTI o=t Lrr—er L= et = = S [N A L—rs [SEREE ] [




N — N — |8} €€ Q009
- N E6 1L (9671L  |BOS) VW'l | ¥Tfeelo09
B - pe7OL VWL 8eAb JLSEL ] €r+6ei0009

Gg'g LSS 99'g  8L¥L 4980 | Z-+6¢|000¢€
. __|8¢ L6C 199l |€¥0 _L-+821000¢
1 anhio} tomod| seaw jub wdl
_ . - | 1OM
I . - Jo._Sebjok € .
. B L ] ar <

I 0} e

. ] EE Wad|  dl wdpss

el

o T “ N %001S SE 9uIes 'papuBWLLIND aaibap gz 0} Jos Buiwny
......... e - uoniubr sApowojne

..... ) D




897l €97l Ll g80'L 9y-Ch|08 0009
8¥ LL crll g8l ciy'l g¢-9¢(0v 0009
SIS Bullp |BUOISE00|£6°8 88'8 82'LL  |e60’) 9¢-v¢|G¢e 000V
19 A ¥e 9e'Gl P2l 0 LE-PE|GE 000¢
89t gL't 99'yl iy 0¢ 0¢ 000¢
1] anbloy Jamod| seaui bl "woo ubl wch
LOM
salpiol S
19’1 =N L'l R4 00¥2 o]} Z
A4 98'¢? 0082 1]} 4
£8'l L'} 0052 ol 0 ‘
EE| Wdd dl #ddis
a|pl
Buiwny paziwndo Yyum uoniub eAnowong
_ _ 61
i— s 9] La- =y 3 r=1 = e L= A b= = [} to=—_J L=t — C= wL, o=



€L L A gl'll 26'9l gLl 0009

e lSQb  (PbOL livOL vOBL (89K _ .|e00s
“syIys buiwn _mco_mmooo WLL Z8'L YLl ¢l 000y B
...... I o . B} . .|o00e
4 B I I SV AU IR N o .....Jooog
1 o:ES Jemod mmmE Wbl woo cm_ wdi
) — R . B - LOM

- 1 N ] salp| L2l €

. | | salp|L'dl e
8z't 6e'C 661 LT 008z L'e) b

(A4 g8'¢ L8'¢ 11ee 1£0°¢€ 8G°¢C 86l 0S¥ 9'cl 0 -
} ) EE Wd dL #dis
8|p!
) T } o uonubi ¥o01s
T ) “ainssaid Buisoo 1sd 0oL
o | twnooe mEEmow
ajbue m@mmc §1 B 12 |Ins 1ng 'Mod Jsneyxe syj o} meo_o “U0NES0| 1010alu) pUZ 10J %20)S Umc_uoE 18puljAD malu
T o T u0jsid %0015

loz




N T 0008
A4 LTV} g'al oF8’l 092 GlL- 0004
8Ll gL'l €02l 9.9l 8GS°|L ore Gl- 0009
veLL gLl 601 6L LS
LE'L) 90'L L ¢6'Ll L ove 0l- 0009
9¢'g le'8 99'GlL 8660 154 olL- 000+
S6'G e6'G ZLol 9LL°0 002 0 000¢
1 ahbioy lamod 1 U widl
jom
001 0z- 14 X4 91¢ 005¢ g
i Y 4 wdi dj
ajpl

|[gaym Bujwi mau

uoiubl yoois

buiso|o 1sd 004

WNooe gWW 00S

uoleoo; luy puz

uojsid ¥a01s

No3 990

%4

L=z

(R NN,

L e

Lomm—e f




) e 22'e €Lzl |pbLL p06'L 0004
) e - B gL'Zl B -
1 XA o
_ o B gL 4L 8l Ll | Q009
_ _ ) _ AN o
gl (P01 1451 oyl 000§
N N og°L o
~ ) [ PO F R b leL  199GL  |¢660 | 000¥
sdwe uwyB sq|-U| dy wickt
N e I - | I (- X -
. S . ] B} s0¢ | _
I O R PR N R [ R Y pose
sduwe I} wdl
) - ) B B ] a|p!
- T o T " uomubi yooys
N T T o o N Keids weans puad
e Bujsojo 1sd 0oL
) N i I A T Twinooke gww 0gg
T o o B - uoledo| ful puz
T R B T T T o uolsid %0018
i I R N N3 0210
1zZ




o8yl

0004

Gy L6 ¥l Y9'LL 996'|
N "
9'¢ LL'gl ¥.'81L L8l’) 0009
cl' Ll I
¥L0L
€9’/
L'e c0l 981 6%} 0009
8¢ 1Ll yo'sl G660 000t
sdwe uiwyB sq-ul dy widi
oM
98¢
4 B6LC 0092
sdwe /B wich
e[p!

uolub) snowoine

Aeids weaJ)s pousd

puisojo 1sd 004

WiNSoE guW 09g

uofleoo| [ul pug

uoisid ¥oo0is

NJ3 o390l

144

& —===4

(PR el }

eer——2

A=t




16°S) 96°9) 869’} 0004

S R - - roel i I
B Lo Loek |
‘ . lsezL__ |6'L) 90L'L 0009
S S |96 S S
I I 60°6 -
i e 8y'9 .

/26 z6'LL bl 000S

, | 08’9 [obiL |60} |ooor

e . . ,,‘:_Ea sq-ul| dy wdi

. ‘ §gT ____|00se

.... ‘ uolubl yoo3s

“Aeuds weans (ioued

Buiso|o 1sd po2

- wnooe gl pog

] Uoneooy fuj pug

- - uojsid pajmoq

N . NO3 0910l

- . i I : vz




458}

4
L'l ¥6 0 0 0042
3
0oV 09’} 9L'sl
0Z¥ 17N £8l
’ ) 06¢ Syl 8l
GEE 20’} L9l 000¥
4 dy sg| ul Luc
dweay peay Jamod snhioy wicda

ubisep pesy mau js4l)
uoljubl yoois

Aeids wesyjs |ouad
Buisolo 1sd gos
Lnooe guwiw ggg
ajdnooowlaul yum ‘apis 1sneyxa uo Bnid yeds‘uoneool ful [eajus0
uoisid 2018
qJBD

gc

(=S [ J b = [T i - L—=- ey [ W= e = == L=

[ == k- ) [Ny [ )



PP09°'L |8'8) __|ezoe ov'8l g9'/Ll sg'l 14" L -

B glegl’) 8251 B ) _|5e'51 12'Gl 6L'1 vL'8l 9 ~
€9eyL’) [55¥ €l “leoel [sBel 955 | ¥9'6L g

Lpole’) 5901 | ] p9'0L  |99°01 SL0') L ¥

uiwi/B dy sq| ul wdl

Tosal T pene| T T Jomod shblo) wdi

T B ubisep pesy mau jsiij

- B B uonuby y001s

- o Aeids weaus [ouad

Buiso)a 1sd o/

WNooe gwW pgg

a|dnooowiay) ou

‘apis 1sneyxa uo Bnid yeds uolieoo| ful el

uojsid yools

gleo

97




2oL gg'ql L
L2S'L 8¢l 9
oL 9g 'Ll g
16¥0°L geol 14
dy sq| Ul wds
Jamod enbio) widi

ubisep peay mau 1si1y

~ uoubi yoois

Aeids weans |ouad

Buisojo 1sd 004

LWNO2E SWIW 0QE

ajdnosowiay) ou ‘spis isneyxe uo Bnjd yieds‘uoneoof (Ul [BAuso

Wba wwi|

19b1e) yjbus| [Ins UM uoisid ¥ools

QJED

12

(Mg )

L)



8lg90}’L g9¥8'SlL 8.'G1 le'gl PeEL Ll 1yeg’lL 0Le Sl- ‘ L
coee8’0  goLtl - SN £ 0 T U S 1411 co8’t 09¢ 8¢ 8. }
pegtyl’ L SSP 0l . 60} L00L  |¥ES) 8021 0s 0¢- G
L19888'0 S820L 201 lZ0L  |9e'6) LES'L 0&c gz~ g
LAS0LOL SsOL'L 4 14074 ¥9'¥L €6'0 08 0g- ¥
606600°L 84’8 59'9 I8¢ 8L I§L'L 1092 0zZ- 14
aJsq 1} ane ] anbioy lamod ] U wdi
widi

uoljubl ¥oo1s

Aeids weaJs jouad

Buiso)o isd 004

WNooe gWW 09g

a|dnoooLuiey) ou ‘epis sneyxs uo Bnid ieds‘uolieoo] [u) [e5jued

- Wbely ww )| jebie) yBusy i yum uoisid ¥001s
N ‘ 1Jp 08joW

8¢




Zlo¥ol’L Le'sl 186l gL'el 808’} 0.C Gl- L
2508E6°0 Lo9lB'Cl 9L°Cl Irel gZcl 16l L8l 09¢ gZ- 9
6¥0£96'0 €0°L1L 926°01 68°0L ¥Z' L gL'sl GLG'L 0ec Gz g
gbe0cc’ L Sz 0ol L0l 26’6 cl'ol 98'0L PeLl Zal’l 09¢ 0z- L4

2J5q 1} one 1) anhlo} Jamod 1 i wdl

ubisap pesy mau jsiij

uoniubl ¥oois

Aelds weays Jiousd

Buisofo 1sd 004

tWnooe g 09¢

a|dnodowJsy} ou ‘epis axelul uo bnid sueds‘uonesol [ul [eiued

wbaiy wuwiy || yebiey yibus| [inj yym uolsid ¥o0ls

1Jp dejoll

6¢
Lot = L= s oy ke b oLt i B P e

[N



106"} L
o8l g
GRGL g
gel’l ¥
Jamod U wids
ublsap pesy mau isiij
...... “uoniub| ¥oo0js
B Arads weals [rouad
Buiso|o 1sd 0oL

NOOOULIBY) O

ybaly wuwi |

WNooe sWW Q9¢

u ‘epis 9yequl Uo Bnd yieds’uoljeoo) [uf [eljuso

usj ]I} Ypm uojsid %001

lllL] pus 850U 2] 62" € L PaUSIP]

802990'L €€'GI
G68568'0 S2ZCl
¥1PE8'0 G666
9/26/6'0 G618
2J5q 1 ane

Hp 980l




80€090'L £Z'Gl 4] PO LL Bl 0.8 Gl- L
961680 G6ECL 9¢eClL ev'clL 9e'6l 6Eg’L 09¢ G2~ 9
L2P68'0 $#0°LL LO°LL 860l LO°LL 9'0g £€0°L 092 0z- g
LPPe6'0  CEEEBS'8 L'8 9'8 Gy'8 gL'sl izl gce 0Z- 4
2Jsq 1} 8AB 1 anblo} lamod | i wdi
6L} YLl o'l 051 Sh- G'9 0see
44 1 Ld dl Wwidi a|p!
ubisap peay mau Jsil)
uoljubl ¥o01s
Aeids weadis [Iousd
Buiso}o 1sd ggs
WNooe LW ggeg
ajdnoooliay} ou ‘epis axejul uo Bnid sueds‘uoleool [ul [eljuso
WBaiy wwy 1ebue} yjbus| wnipawl yum uojsid 3003s
1Jp oajoll
le

riee——i

(S ]

=



186Lv8°0 L¥'CL ggcl 434" ca'll 06|l 0L¢ 0z- 0004
2e0868'0 £EE9LCL 67’2l 1922l Pscl 86l ge’'l 09¢ gg- 0009 B
196E16°0 6C Ll gcll  |9glhL  |eg0e  vee'h  109¢  j0¢-  |000§
$£G096°'0 €8¢ 80’6 85'8 _|¥0'6l oLg’l 09¢ 0Z- 000%
2)5q 1] ene 1] anbio} Jamod ] U wdi

ubisep peey mau 1sii

uolub) yoois

Aeids weaus [pusd

puiso|o 1sd poL

WiNooE gLl 0gg

llw pus pasoul |jeq Gz M PausIp

" g|dnooowlisy} o

U ‘epis ayeiur uo Bnid yeds‘uoneaol ful jeius

Wbsly W,

19b4e) yjbue] Whipawl Yjim couw_asv_ooum

I}p 98j0W

43




==

£15088°0 [99CZ¢cl B6C'El g8c'el LL'el 6Ll L86L 0Le 0g- L
}18626'0 GlZEl ceel 12l ZL6l 88l 0Lc 0Z- Q009
620680 S804 /801 €80l £0C 451 09¢ 0Z- Q005
£601.8°0 GO9'L A 8¢’ L9°L 6L'8 gy'8l 9l 0se gg- 00y
aJsqg 1} ane 1 anbuo} lamod N U wdi
ubisap pealy mau Jsily
uoiyubl ¥o03s
Aelds weau)s jlousad
Buisolo 1sd ooz
WNooe gWwW p9g
ajdnooouwiay} ou ‘epis 9y eul uo Bnid yieds‘uoneooj Ui [enuso
Y Wbeiy wwg 19613 yiBus| Hoys yjm uojsid 3oois
1Jp o910W
£e
5 g [ - 1] ——) o Lot [ Etat] e R L. J LN 4 - LIRS | [ SR oo -or

SRR



~ v0L1G8'0 o2k ipiel (€9l Ievel  (99LL  1967L 08¢ 0Z- 000
G/¥S26'0 SEETTEl gl'el  lecel |9zl |piel |68} 0.2 0z- 0009
8YyL16°0 160} 6601 |260L |80k |ze6L  |el5h 092 0z~ 0008
505€8°0  GO¥'L 1L L 2v'8l  |ell'h |ose g2- 000y
olsq 1 ane I anb.ol Jamod 1 il Lich
“ubisap pesy mall sii}
I8 uoiubl yo018
Aeids weans [ouad|
Buisa|o 1sd 00/
) WiNooe glULL 0QE
ajdnosowisey) ou ‘opis eyelul uo bnid yieds‘uoneoo) Tul |esued
a N “T19bie) ou ‘uojsid pemoqg
o o o i 14p 0810
1A%




L08EZ0’'lL 96l 88'Gl el L'gl 1202 062 QL- 0004
GO61¥6'0 8G'¢El vLEL Zr'el 8002 L0B'L 0.2 0z- 0009
£42166°0 L99¢e ')l At ev Ll 80'LL 261 GLG' | 092 0c¢- 0008
£e2e66'0 298 S8 62’8 c0'6 L'el gl 114 0Z- 000+
259 1) ane 1] anbioy 1amod 1 U wicl
6L 08l oLL 0 L 0052
1| 1 T dy wdi elp!

ubisap peay mau jsiiy
uouby 30038
Aeuds salbap 0
Buiso|9 1sd 004
101B|NLIN9OE CUWIWN0S
sjdnooouliay} ou ‘epls o)ejul uo Bnid Yieds uoljeoo| (Ul [eiued
1061.) ou ‘uojsid pajmoq
1Jp o8j0L
gt

[ (S L= SR SaTa o=t ] et =] e PRy | L= Yo (ST () [ et

e [ b e



glese’0 [L99geyl L VOvL jeewk  lewlk  vell 1v08L  1910°¢ 08¢ 0k |000L
yge8L8'0 |SbSCy o ....esek el  |eL6L  |se8k (0L 1§ |0009
G29118'0 |€ECE6O6 ¥L6  (GL6 696 868 |98  |688  (96%6L  [8G')  |09C S 0005
L0262.0 |S09°9 el JeSQ  8PQ j99'8)  i8VL o j0ge (st |900%
0Jsq 1} ane o _ Bl anbJoy E\s@m; H ! el
gL Sl |08} gg- L gosz |
- L H u Y d} wdl alp!

uBisep pesy mau jsii

_, uoniubl ¥00js

Arlds wesls jiouad

R _ . buisop 1sd 0oL
I 10je|NLLIN2YE EWWGHZ
ajdnogowlay} ou ‘epis axejul uo bnyd Yieds‘uonesol ful jeiuso

1abie} ou ‘uojsd pBIMOg

. S _ e 4P 99joLl

| o¢




=y

.

=i

ey

Appendix C — Walbro Letter
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B i e
ngine Managemen
s New Product Development

4144 Doerr Road J
Cass City, Michigan 48726-9309
Telephone (517) 872-2131

FAX (517) 872-1838

March 23, 1998

Bill Johnson

BKM, Inc.

5141 Saita Fe Street
San Diego, CA 92104

Dear Bill:
I have received your letter of March 5, 1998. Thank you.

Walbro remains excited about your new fuel injection system for small two-stroke
engines, and eagerly await performance and emission test results. As BKM continues
development with its customers, please keep us informed of the results and continued
customer interest.

As discussed, Walbro is committed to being the preferred global supplier of
engine management components and systems for small gasoline engines. Currently,
Walbro produces more than 10,000,000 carburetors and 5,000,000 ignitions annually for
this market, and enjoys rapid growth in components and sub-systems for EFI/DI on
motorcycles, snowmobiles, personal water craft and outboard motors. To support this,
Walbro has technology centers in Asia, Europe and North America, with manufacturing
sites in Japan, China, Singapore, Mexico, Michigan, Indiana and Italy.

With the above brief background, Walbro expresses its interest in being the
supplier of components and/or complete systems now in development at BKM. If
chosen, Walbro would consider each future customers business case individually, as well
as the market collectively, to assure most favorable pricing. Of course, the design of the
“common product” (platform) will have a great deal to do with volume manufacturing
and favorable pricing. Further, Walbro would be interested in becoming the future “Tier
I”” supplier, assuming continued engineering and development responsibility. This will
require a great deal of joint effort between BKM and Walbro to assure know-how is
transferred while customers are supported.
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In summary, Walbro will continue to expand into new technologies, views
BKM’s new technology as a “high potential winner” and may wish to be a supplier of
components and/or systems, contingent upon a successful business case.

Thank you for the opportunity to review your project, we look forward to a
mutually profitable relationship.

Sincerely,

Joboa

Ron Roche, Director
Advanced Technology



