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FOURTH QUARTERLY
PROGRESS REPORT .
STUDY ON REDUCTION OF ACCESSORY
. HORSEPOWER REQUIREMENTS

1.0 INTRODUCTION

This is the fourth quarterly technical progress report submitted
in accordance with requirements outlined'in Attachment B, Reports and
Reviews, Energy ReSearch'and”Deveiopment Administration (ERDA) E[04-3]-
1095. This report covers the period:from April 1, 1975 through
July 15, 1975.

The program was initiated in July, 1974, under Contract 68-03-2119,
for the Environmental Protection Agency, Advanced Automotive Power Sys-—
tems Division. The contract defines an automotive accessory drive
development program consisting of three design phases and an optional
fabrication test phase. Phase I, Conceptual Design, and Phase II, Pre-
1iminary Design, have been completed. Phase III, Detail Desigﬁh has
been completed, and Phase IV, Fabrication and Test, is outlined herein.
ERDA will direct the program through the Advanced Automotive Power
Systems (AAPS) Division (formerly w1th EPA) The new contract humber
is E[04-3]-1095.

The program objéctive is to evolve and define an accessory drive
system that wili minimize system power consumption of driven accessories
on an internal combustion engine in a passenger automobile. The initial
three program phases established concept feasibiiity, determined poten-—
tial fuel savings, and selected a drive systém design for concept mech-
anization. Phase IV will carry the program through prototype fabrica-
tion, -bench tests, engine tests, and vehicle tests. The final pfogram
objective will be a detail drive mechanization design and a demonstrated

overall vehicle fuel sav1ngs potentlal

74-310860(12)
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The accessory drive prograﬁ is being approached as a twofstep
development involving accessory drive mechanization and improvement of
accessories, The drive is intended to be adaptable to 1979 internal
combustion engines, utilizing standard automotive accessories, result-
ing in initial ovefall vehicle economy improvement with minimum intro-
ductory impact. The second step involves accessory performance, inte-
gration, and design improvements associated with limited speed drive.

Phase Iv con51sts of three primary development tasks, from the
analysis and design definition of Phase III to a functional prototype
system evaluated in a baseline vehicle. The three tasks comprising

Phase IV are listed below, with scheduling as shown in Figure 1.

Task 1 - Design, fabricate, component test, and laboratory.
engine test a pre-prototype drive and selected pre-prototype

advanced accessories.

Task 2 - Computer modeling and computer drive-cycle analysis

of a,eompact car utilizing an accessory drive system and
advanced accessories. Modify drive system design, as'reqﬁired,.
to adapt to the baseline compact car.

Task 3 = Design, fabricate, component test,'engine test, and
vehicle system test a prototypeAdrivefand prototype advaneed'
accessories. Finalize system analysis, drive design, acces=-
sory modification recommendations, and prepare the total

development program final report.

Analysis and design modifications for a baseline compact vehicle,
in Task 2, will be derived from work completed-on the Nova intermedi-
_ate.size baseline vehicle in Phase III. Baseline compact vehicle
selection wili be mutually determined by ERDA and AiResearch in the

initial segment of Task 2.

1 73-310860(12)
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The baseline vehicle utilized in Task 3 will be the compact car
selected for Task 2. The vehicle will be equipped with the engine,
accessories, and drive train options as mutually determined by ERDA and

AiResearch,
1.1 Content

'This quarterly report encompasses the following major accomplish-

. ments:
o Selection of cahdidate belt-drive concepts
o Completion of Phase III baseline vehicle drivé systems
physical and operational envelopes
‘o ' Completion of analysis for a mechanically controlled
"direct-operated belt drive with input programming '
K Completion of design layout and analysis for a hydro-

mechanically controlled, servo-operated belt drive

with output-speed sensing.

A review of program direction and accomplishments since inception
is contained in the technical summary preéented as Appendix I of this
report. The summary was presented to the ERDA/AAPS Contractors Coor-
dination Meeting on May 6, 1975 at Ann Arbor, Michigan.

74-310860(12)
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2.0 VARIABLE-RATIO BELT CONCEPTS

Nine major accessory-drive systems were evaluated. Three systems
were selected for additional consideration; split-path hydromechanical,
variable-ratio belt, and variable-ratio traction. A trade-off study
of the three candidate systems resulted in the variable-ratio belt sys-
tem being selected as the most practical for near-term automotive appli-

cations. The selection process is illustrated in Figure 2.

Primary considerations favoring the variable~ratio belt-drive
system are relative simplicity, minimum impact on existing engine com-

partment layout, and high power-transfer efficiency.

A primary program task was to summarize various methods of mechan-
izing a variable-ratio belt drive and to analyze each method for prac-
tical automotive accessory-drive applications. Several types of
variable-speed drives available, within the general classification, are
presented in Figure 3. Configurations one through twelve were con-
sidered possible drive-problem solutions. A preliminary review of each
system was conducted and those with obvious disadvantages were elimin-
ated, as indicated on Figure 3 by cross marks. A summary matrix of
selection logic is shown in Figure 4. This process eliminated all but
three systems. Option nine, paired split pulley with direct-operated
input programming, has been selected as the initial concept. Option
eight, servo-operated speed-sensing system, has been selected as a

backup design.

2.1 Drive System Envelope

The basic drive system envelope definition has been completed.
The baseline engine (1974 Chevrolet Nova, 350-V8) accessory section is
shown on Figures 5 and 6. Numerous variable-ratio, paired, split-
sheave drive configurations were considered, and two basic configura-
tions, that represent minimal accessory compartment envelope reconfig-
uration impact, were selected.

74-310860(12)
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Prime Configuration-

o]

Driving (speed control) -sheave on engine crank
shaft

Driven sheave on water pump/fan shaft
Air conditioner compressor and air pump driven
with single belt from Water.pump'at'fixed speed

ratio

Power steering pump and alternator driven with

single belt from water pump at fixed speed ratio

NOTE:

The air conditioner compressor and alternator

" exchange positions to balance belt loads.

Secondary Configuration

Driving (speed control) 'sheaveé on engine crank

shaft

Driven sheave on power steering“pump.shaft'

Air ‘conditioner compfessof and water pump/fan driven
with 51ngle or dual belt from power steering pump at

fixed ratlo

Alternator and air pump driven with single belt from

water pump at fixed ratio

74-310860 (12)
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Design analyses for ‘the two conflguratlons are 51m11ar, w1th j

speed and load relatlonshlps the major considerations.

A sectional view of the bagseline vehicle crank- shaft and'water
pump/fan configuration is presented on Flgure 7, which shows the avail-
able fore and aft drive-system -envelope. Flrst-order design sizing
estimates indicate an additional half-inch will be required, which may
be obtained by moving the radiator and/or fan forward. A water pump

modification may also provide the additional envelope,

f2.2 Drive System Load and’spéed:-‘

The maximum specified(l) accesSpry load iSishown on Figure S'as
crankshaft driving sheave torqueéuerSus engine Speed "Drive—system
speed-ratio and’ drlven-sheave torque curves ‘are -also’ shown.' Speed-
‘ratio characterlstlcs have been assumed for initial. de51gn analy51s and
may be con51derably dlfferent at flnal de51gn.~ The peak low-speed
torque requlrement results in hlgh drive-= belt ten51on and control sys-
tem force levels that may cause the selected 1500 rpm constant—speed
level to increase. Increa51ng the water pump -and fan constant—speed
level above 1250 rpm requlred ex1st1ng accessorles deratlng to control

input- power requlrements.

2.3 Drive System Ratio

Envelope and drive-~belt data place certain restrictions on sheave
size, and de51gn-speed requlrements dictate ratlo. The optimum drive
system size is shown on Flgure 9 for the restrlct;Qns listed below.

o Crank shaft—t07Water pump center'distance = 7.38 inches

e Sheavevto-SheaVe.clearance = O;SO’inch'

(1)

Design specification for._the accessory drive system is AlResearch
Report No. 75-311125,

- 74-310860(12)
."Page 12
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o Minimum belt-pitch diameter:

Water pump, 4.00 inches (envelope restriction)
Crank shaft, 3.00 inches (belt restriction)

o Maximum belt,width = 1.00 inch
o Sheave groove angle = 26°
o’ | Constant output speed = 1500 rpm from 1000 to 3000

englne rpm

74-310860(12)
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3.0 VARIABLE RATIO BELT ANALYSIS.

Two paired, split pulley, drive system concepts were selected for

analysis and practical automotive application:

(a) Mechanically controlled, direétly operated, with

input programming

(b) Hydromechanically controlled, servo-operated, with

output speed sensing

Both concepts would be mechanized with torque sensing sheaves to

achieve proper belt tension over the entire load range.

The mechanicallconcept preliminary analysis results indicate that
this system will not meet speed control requirements over the total
required speed ratio and load range. It may be possible to meet
system design goals with hybrid mechanical concepts if complexity can

be minimized.

3.1 Mechanical Concept Analysis

There are two basic methods of mechanizihg the speed controller
for a direct-operated-mechanical, variable-ratio belt system. Hybrid
combinations of basic methods may also be applied to specific drive-

system requirements.

Type I - Utilizes a speed-sensitive regulator at
the driven sheave that adjusts pulley
width to maintain the driven shaft at an
essentially constant speed beyond the pre-=
determined break point

74-310860(12)
Page 17
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Type II - Utilizes a speed-sensitive regulator at

the driver sheave that programs the driver
sheave width in accordance with a prede-
termined schedule selected to achieve the

desired constant speed at the driven shaft

'

From an accuracy standpoint, control at the driven shaft (Type I)
is the obvious choice since it is directly sensitive to the controlled
variable, (output shaft'speed). The difficulty with mechanizing a
- direct-operated ébntrdller at this location is the high gain required.
It maust have enoﬁgh sénsitivity and power to drive the moveable sheave
throngh required ﬁotal travel witlh winlmum erro¥ signal. The control-
ler must also be stiff enough to maintain pbsiiion when subjected to

widely varying axial forces created by belt torque loading.

Locating the controller at the driver sheave (Type II) simplifies
the mechanization task, since the speed range, over which the con-
troller must produce sheave motion, is much wider. This approach
basically requires a controller that converts speed into ?osition with
enough stiffness to be insensitive to the side force created by the
belt.

If the consideration is limited to a direct-operated mechanical
-control, the Type II system appears to be best for accomplishing a
practical set of hafdware.‘.The analysis presented in the following
sections presents sizing data and performance predictions for an
‘auto-accessory drive using the Type II system. '

The selected system is shown in Figure 10, and the analysis is
directed to the ehgine crankshaft mounted pulley (driver pulley). It
is assumed that the driver pulley may be mechanized with torque sen-
sing or simple spring loading to transmit all required loads.

74-310860(12)
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APhysicallpulley diameter and engine speed relationships, to
achieve required accessory speed control for optimum vehicle fuel
economy, are as shown in Figure 9. . Three load lines that represent

the following vehicle operating conditions are shown in Figure 11.

Load . Condition " Percent Time at Load
Minimum continuous A/C off, 20 amp alt. 50 percent
Design continuous A/C max., 30 amp alt. 48 percent
Ultimate '~ A/C and P/S peak 2 percent

The basic, direct—dperated, pulley consists of a governor . that
generates a force proportional Lu enygine speed squared, which is
i countered by a spring force. The difference in spring and governor
force is set.to equal the movable pulley—face normal‘force caused by
drive-belt loading at each discrete pulley poéition and speed. This
prdduces an open-loop control system, with speed-droop characteristics,

depending on load variation from the design condition.

Maximum continuous 1oad‘was selected as the design condition
'because of close totai range mideload approximation. The belt, spring,
and governbr—force relationship, required to meet desigh conditions for
mid-load analysis, is presented in Figure 12. Spring and governor
characteristics may be shaped by a variety of techniques to satisfy

detail design requirements, not considered at this stage of analysis.

A computer program for driver pulley physical and functional
relationships was used to determine load capacities at various speed
‘and ratio positions, representing the actual 6perating.range. This
data is presented in Figure 13 where the maximum and minimum permis-
sible "traction coeffigients" ( = 0.85, =.0.2) establish usable léad
ranges for any speed and ratio position. A possibleé drive system in-
~stability in the 500 to 2000 rpm range is indicated, where loads alohg
any giveh pulley ratio pdsition from one to six may be transmitted at
"more than one speed condition. '

74-310860(12)
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Driver speed (lic) relationship to driven speed (Nw/p) for various
driver-pulley ration positions, within the design ratio range of 3:1,
is presented in Figure 14. Design load conditions, load capacity, and
speed-ratio curves in Figure 11, 13 and 14 have been cross=-plotted to
establish Figure 15, which shows drive-system speed and torque sensi-
tivity. "This figure also shows that effective speed control exists
only for the maximum—-continuous design load condition. Also, the
drive is incapable of transmitting ultimate loads below 1950 rpm.
Ratio change (speed control) does not occur at speeds less thén 1750
rpm when the minimum continuous load is applied to the drive. The
drive system, with this performance, would be totally ineffective dur-
ing A/C off operation in urban and suburban driving. This condition
could be improved by increasing spring and governor force levels, re-
lative to belt-generated force, to reduce system sensitivity to input
torque variations. However, these improvements would result in an

unreasonably large mechanism.

3.2 Hydromechanical Concept Analysis

Design layout L-3621560, included as an attachment to this report,
presents a proposed mechanization of a hydromechanically controlled,
servo-operated belt drive with output-speed sensing. This concept
utilizes a closed-loop system for speed and torque control. Speed and
torque control logic are independent functions; therefore, the system
may be designed to achieve specified performance without concern for
the control function interrelationships described in the mechanical

concept analysis (except maximum load capacity).

The driven sheave (L-3621560, Sheet 2) has a self-contained, speed
sensitive, servo-operated, hydromechanical control system hermetically
sealed through use of a bellows at the servo output and a magnetic
drive coupling at the pump input. Speed control is achieved with a
governor valve located perpendicular to the axis of rotation to use

centrifugal force for control sense. Belt pinching forces are applied
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to the moveable sheave flange with a leaf type, spider spring that
also prohibits angular rotation of the flange. The servo piston
balances the spring force over the total accessory input-torque range
to maintain sheave sbeed at the governor set pouint. The governor~is
set to maintain a driven-sheave speed of 1500 rpm over an engine-speed
range of 1000 to 3000 rpm. The drive system is saturated at engine

speeds below 1000 rpm and above 3000 rpm.

Engine - RPM 'Speed Ratio ‘(Driven/Engine)

1dle - 1000 ©1.5:1 (fixed)
1000 - 3000 1.5 to 0.5:1 (wvariable)

3000 - 5000 0.5:1 (fixed)

Hydraulic pressure is generated by a double element gear pump with
sufficient capacity (0.5 gpm) to achieve full ratio change in 0.5
second at a pump speed of 1500 rpm. System response at speeds less
than 1500 rpm lags to prevent accessory overspeeds during fast tran-
sient engine accelerations. Pump relief-valve pressure is set at 225
psi minimum; which is approximately;SO psi above the maximum required
working pressure, to assure stiff control response at all . operating
éonditions. The pump is driven through a magnetic coupling consisting
of coaxial ring magnets withiten.poleé each. The magnet drive is sized
to provide 5 lb-in. torque or 150 percent of the torque required for
pump operation at the maximum relief-valve setting. The torque margin

is required for cold day start—-up where hydraulic fluid viscous effects

must be overcome.

The -driven sheave is shown mounted on the water pump and engine
cooling=fan drive-shaft and also carries the fan shroud and grounds
the outer magnetic-drive-coupling ring. This configuration allows
~fan-shroud tip clearances to be greatly reduged, which increases fan

efficiency. The shroud is attached to the radiator via a flexible

boot.
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All hydraulic failure modes are in the direction to reduce acces-
sory speeds to the mlnlmum poss1b1e ratio, except one that requires

the governor valve to jam in the low-speed (full-pressure) position.

First Order Failure Mode - Resultant cheSSory'Speed
(L) No pﬁmp pressure Minimum
- (2) Relief valve jammed open Minimum
(3) Relief valve jammed élose : Normal operation until

magnetic drive slips, then
condition (1) exists

(4) Governor valve jammed in
bypass mode Minimum

(5) Governor valve jammed in

full pressure mode 1 . Maximum
(6) Loss of hydraulic fluid .7 Minimum
(7) Magnetic drive slips " Minimum

Note: ‘IfAmagnetic drive coupling slips or disengages, it will
automatically re~engage when the engine is shut down."

The probability of 6vérspeeding accessories, due to governor valve
jamming in the low-speed position, can be minimized through proper
design. The centrifugal, spring, and accessory vibratory input forces
acting on the valve, tend to preclude jamming. Internal contamination
sources will be held to a minimum and all ferrous parficles will be
stored on the magnetic drive coupling inner ring; External cohtamina-
tion sources do not exist because the unit is hermetically sealed.

Sheet: 3 of L 3621560 shows the drlver, or crankshaft—mounted-
sheave, representlng the torque-sen51ng dere—system member. The
driver sheave utilizes a cam action to translate applied ‘belt~tension
forces into belt—pinching'forcés.' This boot=strapping tensioh-control
technique has proven effective on variqus belt-drive designs currently

in service. The design presented in'this'analysis uses twin cam rollers

74-310860 (12)
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to share a nominal load of 60 - 100 lbs each. All moving and ldaded
surfaces are internal and grease-packed to provide low hysteresis and
good wear characteristics. The cam ramp-angle has been set to provide
belt tension for transmitting 10 to 75 lb-ft torque and the cam spring
will supply belt tension for torques of 10 1b-ft or less.

This belt drive design has been heavily biased to maintain the
highest possible system efficiency. This has been accomplished by
applying optimum design and control techniques to maintain a high

system—-traction coefficient.

Minimum
‘ Average ' Theoretical
Load Condition Traction Coefficient Efficiency
Ultimate 0.86 98%
Design continuous 0.74 - 97%
Minimum continudus 0.45 ' - 91%

Speed control is not a function of accessory input'loads;
therefore, deviations from a specified speed requirement will be
determined by governor valve droop characteristics.. A special effort
‘must be made during detail design of this valve to eliminate stiction
and dead band.

4,0 OTHER CONFIGURATIONS

The hydromechanical variable ratio belt system, discussed in Sec-
tion 3.2, represents an ideal concept that treats design requirements
in the mosﬁ direct and accurate manner. Mechanization of the bésic
concept.may be achieved with various configurations to find the best

possible application within any specific vehicle.
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A configuration that physically combines hydraulic controlled
driven sheave and power steering pump functions is currently being

evaluated in an. attempt to:

o Eliminate repeat- of basic components such as pumps,

housings and bearings ‘
'o Produce bette; installation.flexibility
.o  Reduce cost'and weight
e) Increase serviceabil;ty
o Better ret#ofi# éépabiiity -

o Reduce‘sensitivity to belt length tolerance by

ihcorporating an adjustable sheave center distance

74-310860 (12)
Page 30



APPENDIX I . *




AIRESEARCH MANUFACTURING COMPANY OF ARIZONA .

A DIVISION OF THE GARKE'T CORPORATION
PHOENIX, ARIZONA

APPENDIX I
IMPROVING AUTOMOTIVE FUEL ECONOMY
. WITH
ACCESSURY DRIVES

.PRESENTED TO ENERGY RESEARCH AND. DEVELOPMENT AGENCY,
COMMITTEE ON ALTERNATIVE AUTOMOTIVE POWER SYSTEMS
MAY 6, 1975 AT ANN  ARBOR, MICHIGAN
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INTRODUCTION (Figure A)

' The Garrett Corporation is conducting a study to develop an
optimum automotive accessgory drive system for the ERDA committes

on Alternate Automotive Power Systems. This presentation summarizes
the current study progress. '
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(Figure B) .
OBJECTIVE

Minimize accessory power consumption and maximize overall vehicle

fuel economy.
APPROACH

Study variablé'speed drives and APUs ﬁtilizing system load matching

techniques and improved accessory designs.
FACTORS (Prime and Secondary)

o Prime: Factors other than fuel economy were considered to

achieve a viable drive system,

o Secondary: Initial cost, complexity, maintenancé cost, noise,
installation flexibility, weight, and durability.

' The study considers éngineland vehicle accéssories that are
normally belt driven from the engine crank pulley: '

Engine Cooling Fan )

Water'

AIternator 

Air Cconditioning Compressor

Power Steering Pump

Emission Contfol Air Pump

74-310860(12)
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(Figure 1)

" The significance of the composite accessory load on vehicle fuel
economy is apparent when acécessory and total engine power rcquirements
are compared. The engine power required to sustain a cruising speed
of 55 mph is approximately 40 hp, while the combined accessory power
reqﬁirement is 11 hp, or 26 percent of the developed power, Unfor-
tunaﬁely, the accessory-to-engine ratio of required power worsens as
vehicle speed is decreased. This is caused by the accessory imposed
loads remaining relatively high while the road loadsc diminish rapidly.
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(Figure 2)

' The accessory power requirements are reflected in vehicle fuel
economy. A degradation in fuel economy of 12 to 18 percent may be

attributed to the accessories for steady-state vehicle operation.

Objective

The 1n1t1a1 study effort was concentrated on determining how well

ex1st1ng accessories are load matched and descrlblng areas for. 1mpr0ve-

‘ment that would reflect the largest payoff.
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IMPROVED AUTOMOTIVE ACCESSORY DRIVE PROGRAM
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FIGURE 2

74-~310860(12)
Appendix I -
 Page ‘8 '

"o TYPICAL Accsssoay sysn-:m T



el AIRESEARCH MANUFACTURING COMPANY OF ARIZONA
VS A DIVISION OF THE GARRETY CORPORATION -

PHODENIX, ARIZONA -

(Figure 3)

' A typical example of accessory performaﬁce characteristics 1is
demonstrated by this altefnator map. The 60-amp alternator performance
indicates that 80 percent of the maximum output ma§ be obtained at a
speed of slightly gfeater than 3000 RPM where the input power require-
'ments are only 63 percent of the power normally required for full load

outpﬁt,

As each accéssory wés studied, it became apparent'that the
designs were heaVily influenced by potential load demands at low
vehicle and engine speeds. - The accessories are belt driven at fixed
speed ratios to achieve adequate performance at low vehicle velocity
which results. in excessive accessory speeds at high vehicle velocities.
In effect, the accessories are over-sized for engine speeds greater
than 1000 to 1500 RPM. - | :
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(Figure 4)

" The normal engine speed ratio is approximately 7 to 1, while
acceptable accessory performance can be obtained within a ratio range
of 2 or 3 to 1. As shown, a 3 to 1 ratio capability could provide
adequate accessory speed at all vehicle velpcities,ﬁthgreby conserving
accessory power losses due to excesste speed. This application shows
the accessories driven at a fixed ratio from idle to 1000 to 1200
engine rpm, then at constant speed for the remainder Qf the normal
engine operating ranye. At 3000 enginc rpm, the drive hecomes saturated

and the accessories are again driven at fixed ratio.
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(Figure 5)

'There are decided advantages, in addition to improved fuel economy,
A to be gained through accessory speed control. Acéessory optimization
to improve efficiency is possible because near constant speed operation
can be obtained. The conservation of excessive accessory power can

be reflected in smaller engines with no degradation in vehicle
perfofmance. Pollution, noise, accessory life and cost should all

reflect improvement from controlled speed operation.

Baseline Vehicle

As an aid to definitizing accessory performance, load requirements
and fuel economy, a baseliné vehicle was established. A review of
1974 auto market trend data lead:to the séleétiop;bf an intermediate
class vehicle. The selection was based on.séies volume and accessory
6ptions. The leading intermediate at the time of1§he selection was a

350 V-8 .Chevrolet Nova.
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(Figure 6)

" A baseline vehicle computer model was constructed utilizing GM
data for road load, enginé, inertia, and drive line characteristics.
The model is configured to predict vehlcle fuel economy for various
accessory performance and driving cycle condltlons.
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(Figure 7)

" Accessory data was collected from all available sources'and‘
reduced to the composite load profiles shown. The composite data
compares with Nova accessory data within 15 pefcent and represents
an accurate cross-section of most intermediate vehic1e~accessory

loads.'
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(Figure 8)

" Seven driving modes or cycles were selected for vehicle simulation.
The Federal and EPA cycles represent the driving conditions uséd to
report new car fuel economy; the four SAE cycles are used in conjunction
with nationwide "chase car data" to form a cbmposite cycie to pfedict
average, yearly fuel economy. The final cycle consists of a steady-
state or constant-speed analysis, useful for pérforming parametric

studies without complications added by accelerations and decelerations

in vther cycles.
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IMPROVED AUTOMOTIVE ACCESSORY DRIVE PROGRAM
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(Figure  9)

. It was recognized Ehat some. accessory loads are influenced by
inputs other than speed. The air conditioning system, alternator,
power steering system, and cooling fan loads are all modulated to
reflect driving cycle and ambient imposed.conditions. This figure
shows the ﬁodulated accessofy combinations uéed for eaéh driving cycle
and type of accessory drive. The highest A/C, alternator, and fan
loads'are used in the slow speed, city driving cycles. TheSe loads
are'proportionately modified to reflect suburban and.highway or A/C-.
of f driving conditions. Tﬁe speed limited aécessory system used aA
direct-drive fan, which deleted the need for a fan clutch,.and also

reflected a slightly improved, low-speed air-conditioning system.

74-310860(12)
Appendix I
Page 21



AIRESEARCH MANUFACTURING COMPANY OF A'RIZDNA

A DIVISION OF THE GARRETY CORPORATION

a
PHOENIX, ARIZONA
: TOTAL ACCESSORY POWER
mope | TveE of ALTERNATOR CONSUMPTION—HORSEPOWER
CODE | ACCESSORY | DRIVING A/C DRIVE "OUTPUT —
NO. | DRIVE'SYSTEM | CYCLE | .A/C MODE RATIO | FAN MODE (AMPS) ENGINE SPEED—RPM
: ; _ IDLE | 1000 | 1500 | 2000 | 3000
1 STOCK ALL OFF 14 |40% CLUTCHED 20 123 | 213 | 364 | 540 | 2077
FDC MAXIMUM . Cagr :
2 STOCK EREAN L oo 14 |75%cwicken] 30 387 | 625.| 979 | 1419 | 2487
HWFET ‘ o : =
3 STocK suuRBan | MATCH STERDY |, 4 160 crutchen| 30 339 | 525 | 7.89 | 1094 | 18.47
INTERSTATE | : .
4 SPEED M OFF 16 |owecrorve | 20 138 | 240 | 240 | 240 | 240
LIMITED - | : : . w2
SPEED FDC MAXIMUM i :
5 theien | ieean . 16  |DIRECT DRIVE 30 414 [ 675 | 675 | 675 | 675
6 SPEED HUBURBAN MATCH STEADY 16 | DIRECT DRIVE 0. | 359 | 560 | 570 | 575 | 5.0

ACCESSORY SYSTEM SIMULATION CONDITIONS

FIGURE 9
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(Figure 9A)

Accessory Drive Systems

Drive systems identified as having sufficient merit to warrant

first-order engineering definition were selected in two categories:

variable Speed Drive (and)

Auxiliary Power Units

Nine specific systems and various combinations were defined:

(1)

(2)

(3)
(4)
(5)
(6)
(7)
(8)
(9)

APUs with Mechanical, Hydraulic, and Electric auxiliary
drives '

Exhaust Gas Turbines - Both exhaust driven and engine
drive augmented

Split-~Path - Hydromechanical

Constant and Vvariable Speed Hydrostatic

Variable Ratio Traction

Variable Ratio Belt

Electric

Slip Clutches - Dry and Wet

Multispeed Gear Transmissions
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\_ J\. J\_ J \_
[ YR W ( N )
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TRACTION BELT HYDROSTATIC
VARIABLE RATIO
J BELT '
— J_ J \ . VARIABLE RATIO BELT
4 ‘W 4 W 4 Y r 1
—T1} --:.Eh.w-',,
By ..‘m‘..n‘;l
e MULTI-SPEED i A\ e
ELECTRIC L LS SEAR B :
TRANSMISSIONS o N
S,y T o J
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AN I JL L

ACCESSORY DRIVE SYSTEMS

FIGURE 9A
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(Figure 10)

- Although the study primary goal is to improve fuel economy, this
must be accomplished in a manner acceptable to both manufacturer and
customer without resorting to extreme hardware sophistication. The
drive-system trade-study criteria was developed to definitize study
goals and align the candidate systems. A general design specification
was also produced to define and establish limits for each criteria
category.

The engineering evaluation of all drive systems assumed that a
particular device could be mechanized to drive the accessories in
their optimum speed range. This assumption permitted a normalized

trade study criteria application. Three candidate systems evolved
from the preliminary evaluation.
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DRIVE SYSTEM TRADE STUDY CRITERIA

FIGURE 10
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(Figure 11)

The split-path hydromechanical drive utilizes a compact ball-
piston pump and motor with co-axial input and output shafts. The
design exhibits good installation flexibility and excellent transient
overload capability. The most redeeming feature is the integrated
power steering pump that produces the speed control signal and actua-
tion forces. The design is totally self-contained and replaces the
existing power-steering pump.
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IMPROVED AUTOMOTIVE ACCESSORY

FINNED INPUT SHEAVE

ALUMINUM -
HOUSING ‘ W:CI \ourpur SHEAVE
B-UNIT CAM RING 7/ % e
- A | RING VALVE
A-UNIT CAM RING NC N R i
AN ]
)
- 0
O
/.
=D
——
CYLINDER BLOCK L}
— . |
~ 3
FINNED POWER STEERING PUMP
ALUMINUM
SUMP

HYDROMECHANICAL SPLIT-PATH DRIVE

FIGURE 11
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(Figure 12)

Variable-ratio torque and speed-control belt drives are currently
produced in high volume for recreational vehicles and industrial
applications. The concept shown here is controlled mechanically, but
hydraulic .and electrical control schemes may be applied. This concept
exhibits low initial cost, conventional maintenance, low noise genera-
tion, minimum weight impact, good control characteristics, and
excellent installation flexibility. The concept is proven and minimum

development is required.
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FIGURE 12
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(Figure 13)

Traction drive -designs have been available for many years but
only'recently~héve advances in the disciplines of materials and
lubricants allowed feasohable applications. @ The type shown is a
variable-ratio spool drive. It is compact, lightweight, and has an
excellent speed ratio range of about 6 to 1. Contﬁol characteristics
and overload capability are good and initial cost would be moderate
in high volume production. |

-\
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(Figure 14)

The computer model flex1b111ty to perform parametrlc studles is
demonstrated. by this flgure showing the relationship of accessory
drive efficiency to vehicle fuel economy. The curve limits were set
for all driving cycles with the maximum sensitivity occurring in the
low-speed urban cyclee.

The three drive candidates were evaluated for overall system
efficiency, .and on the bases of major trade—off criteria, fuel
economy, the selectlon was reduced to:

variable-ratio belt as the‘prime concept,

variable- ratlo tractlon as a close contender, followed by”the'
Split-path hydromechanlcal
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FIGURE 14
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(Figure 15)

A Variable-ratio belt drive attributes are being defined in detail
as the design phase of the study progresses. Drive efficiency is as
high ‘as conventional "V" belts; therefore, if the drive installation
replaces one "V" belt, the total system efficiency épproachés 100
percent of the standard fixed-ratio system. The critical secondary
des1gn considerations of initial cost, malntenance and complex1ty are
inherently lower than the other drive candidates. .

variable-Ratio Belt Drives

Continuously variable ratio belt drives can be mechanized in
three design groups:

(1) Dual -groove sheaves
(2) Paired- Spllt sheaves,,(and) 4
(3) Slngle—spllt sheave with idler take up
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EFFICIENCY

INITIAL COST
COMPLEXITY
MAINTENANCE COST
NOISE
INSTALLATION
WEIGHT

LIFE—DRIVE
BELT

DELETIONS
POLLUTION

90-95%

‘UNDER $40.00

SIMPLE—EXISTING TYPES CURRENTLY IN PRODUCTION
$2.00-3.00/YEAR
OVERALL REDUCTION

. BOLT-ON CONCEPT
ADDITIONAL 8 LBS TO TOTAL ACCESSORY SYSTEM

7 YEARS
3 YEARS

FAN CLUTCH, P/S HEAT EXCHANGER, AND FLOW LIMITERS
DECREASE

VARIABLE RATIO BELT DRIVE FEATURES

FIGURE 15
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(Figure 16)

The dual-groove concept permits large ratio changes with small

input movements. The actuation mechanism is external to the sheaves

and may be operated mechanically, hydraulically, or electrically.
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IIMPROVED AUTOMOTIVE ACCESSORY DRIVE PROGRAM

ouTPUT

BELT
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PoLLEY N
WA
' 20552557, J‘er,__
(L L

77 LLLLL Il[/ 4
2%

4

FLOATING
CENTER

SHEAVE  pyat GroOVE

PULLEY
CRANKSHAFT ; .
STRAIGHT PULLEY MAXIMUM SECTIONAL
THROUGH REDUCTION '
“FEATURES” .

(1) RATIO CHANGE RESULTS FROM TRANSLATION OF DUAL GROOVE PULLEY MOUNTING SHAFT
(2) INPUT AND OUTPUT PULLEYS ARE STANDARD FIXED GEOMETRY -
(3) LARGE RATIO CHANGES POSSIBLE WITH SMALL INPUT MOTIONS
(4) CAN BE INSTALLED WITH MINIMAL CHANGES TO CONVENTIONAL ACCESSORY CONFIGURATIONS
(5) SPEED SENSING AND ACTUATION ALTERNATES :

(a) POWER STEERING PUMP FLOW

(b) ALTERNATOR FREQUENCY-ELECTROMECHANICAL ACTUATOR

(c) CENTRIFUGAL

DUAL GROOVE VARIABLE RATIO BELT CONCEPT

FIGURE 16
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(Figure 17)

The paired-split-sheave design consists of two split-flange
pulleys. Both sheaves havée integral cgontrols to maintain belt
tension while the driver or crank-mounted sheave also produces ratio

change'tthugh a speed-sensitive device.

The Single split-sheave concept uses. one split-flange pulley
with an externally actuated idler to achieve ratio changes with belt

:take up.

Each concept is being evaluated for-installation on the baseline

vehicle. Current emphasis is on the paired¥split—sheave'design

"mounted on the crank and water pump or power steering pump shafts.
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PROGRAMMED INPUT POSITION CONTROL

. ALTERNATE -

OUTPUT
FIXED RATIO PULLEY
PATH

DRIVEN PULLEY
SPLIT WITH
POSITION
CONTROLLED AS
A FUNCTION OF
CRANK PULLEY
POSITIUN

MOVEABLE ~ CRANKSHAFT PULLEY (1) SYSTEM CONSISTS OF 2 SPLIT FLANGE PULLEYS, ONE ON-CRANK WITH

FLANGE SPLIT WITH POSITION POSITION CONTROLLED AS A FUNCTION OF INPUT RPM AND ONE ON-OUTPUT
CONTROLLED AS A -SHAFT, SPRING LOADED FOR TAKE-UP
FUNCTION OF Nc (2) CONTROL MECHANIZATIONS

(a) CENTRIFUGAL DIRECT OPERATED
(b) CENTRIFUGAL SERVOED WITH CRANK-FED LUBE OIL
(c) CENTRIFUGAL SERVOED WITH BALL-SCREW ACTUATOR

PAIRED SPLIT PULLEY

FIGURE 17
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,(Figure 18)

Fuel Economy Pay-off-

The baseline vehicle fuel economy, with and without the optimum
accessory drive system, was computer predicted for all driving cycles
and accessory load conditions. The table shows the percent increase
in fuel economy due to the accessory drive. The various dfiving

| cyclesAshow a range of fuel eqonémy improvement from 2 to 12 percent
depending on the average speed, number and maghitudg of accelerations
and decelerations and idle tiﬁe for each cycle. The four'SAE cycles
were combined with percent—miles driven data generated in recent
"chase cér'tests" to pfedict.a yearly nationwide average improvement
of 4.5 percent in fuel economy. " This imﬁfévement represents a 33-

gallon fuel savings for a 10,000-mile vehicle year.

Additional TImprovements
The full acceséory drive potential has not yet beeh‘realized.
Additional improvements were made possible by near'constantfspeed

-accessories and excess accessory power conservation.
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DRIVING CYCLE

PERCENT IMPROVEMENT |
WITH CSD -

A/COFF | A/CON

-YEARLY NATIONWIDE
, AVERAGE

' 20— 4.54%
FEDERAL (FOC) L6 . | 318 . A AL
FPA HIGHWAY FUEL - | - I 16
ECONOMY TEST (Hwfer) | - 367 | 636 | °
o | 12+ . CONSTANT SPEED
SAE URBAN 0.78 . 1.96 S CONSTANT SPEED.
- SAE SUBURBAN 319 | 514 = 8- R ,!
o s,
o iy TATE 474 8.23 | N DRIVE
SAE INTERSTATE g 0=l } 7,
(70 MPH) 4 816 ) 1234 L © YEARLY.COMPOSITE
- — 50% A/C OPERATION
CONSTANT 40 3.40 COMPOSITE DISTRIBUTION
VELOCITY 50 5 66 18.22/0 URBAN
SEGUENTS - 30,7 INTERSTATE 55
. . 0 )
(MPH) 60 8.15 5.6% INTERSTATE 70
70 9.66

ACCESSORY DRIVE FUEL ECONOMY ANALYSIS

FIGURE 18
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(Figure 19)

Driving the accessories in a narrow speed range allows each
accessory to be mechanized and sized to operate at or near maximum
efficiency. Each accessory loss source was analyzed for possible
obvious areas of improvements. It was conéluded that a general
"overall accessory system efficiency improvement of 15 £0'20 percent

could be achieved with relatively minor modifications.
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AIR CONDITIONING COMPRESSOR - |  PUMPING LOSSES, DUTY CYCLE
* POWER STEERING PUMP 'FLOW CONTROL AP |
WATER PUMP ~ - ALL EFFICIENCY IMPROVEMENTS RELATED TO
| . INCREASING LOW SPEED FLOW
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FIGURE 19
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(Fidure 20)

The accessory'driVe system conserves considerable power thfough
most of the engine speed range. At rated engine speed, the power

savings is in excess of 17 hp.
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(Figure 21)

The powerAsaved'at any engine speed must now be considered an

excess that is available for .improving vehicle acceleration margin.

To achieve an "equal performance" vehicle, the baseline engine wide-
open-throttle power output must be reduced by an amount equal to the
power saved by the accessory drive. The difference in W.O.T. power
befweeﬁ the baseline and equal performance engines is approximately
10 percent and a llke change in engine dlsplacement would produce

approximately the desired power reduction.
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(Figure 22)

The relationships between small changes in engine displacement
and part?throttle fuel economy are not on a one-to-one ratio: there-
fore, the baseline engine BSFC map was modified using only a 5 percent
shift in hp. 1In effect, this produces a'smaller'engine and regains
a major portion of the BS?C lost when the‘engine was unloaded by the
.aécessbry drive.
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(Figure 23)

' The computer model was modified to predict fuel eéonomy improve-
ments attributed to the compound effects of an accessory drive, 15
percent improved accessory efficiehcy and a 10 percent resized engine.
The vehicle cruise-speed analysis shown in this figure demonstrates
the full potential of accessory drive systems.
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(Figure 24)

' Driving-cycle fuel-economy comparisons of the baseline and fully
improved vehicle were computed in the same manner as described pre-
vidusly. The various driving-cycle fuel—economy impfovements show a
considerable change from 2 to 12 percent to 7 to 17 percent. The ‘
yearly nationwide average fuel economy was recalculated at 7.9 percent
improvement, as compared to 4.5 percent fdrvthe accessory-drive-only
example. The-i0,000—mile yearly fuel savings increased from 33 to

. 56 gallons. .

74-310860(12)
Appendix I
"Page 53



m : AIRESEARCH MANUFACTURING COMPANY OF ARIZDNA 4

A OIVISION OF THE nnnaevv COAPORATION - K t
PHOENIX, ARIZONA -

~ PERCENT IMPROVEMENT | .

DRIVING CYCLE : — , |
4 : A/COFF | acon | YF’."“XVE’,}L'&"W'DE

| - FEDERAL (FOC) | cass | 8w 20— 7.90%
EPA HIGHWAY FUEL - ' ‘
ECONOMY TEST (HWFET) | 690 |- 1077 . .- 16— |
_ SAE URBAN I 14 705 - IRLE B ﬁ?i‘i‘lﬁ&'«?'ﬁ%‘n‘/’:
._SAE SUBURBAN 1 sal 8.46 : S A
"SAE INTERSTATE — — - : %‘::Nz‘gégg\(
(55'MPH) . '8.08 A 12.90 - 49 DRIVE‘
SAE INTERSTATE N ' . 0 o= '
. 276 MPH 1223 | 1767 .
(70 MPH) . e YEARLY COMPOSITE
0 | . a8t 50% A/C OPERATION
 CONSTANT 40 , 756 comoposns DISTRIBUTION
VELOCITY 50 9.71 " 35.5% SUBURBAN
fﬁ%ﬂf“’s g > . 80.7% INTERSTATE 55
T 60 . 1253 N 5.6% INTERSTATE 70
0 | 13e2

RESIZED ENGINE FUEL ECONOMY ANALYSIS
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(Figure 25)
Follow-on
The follow-on program phase.consiéts of 3 méjor tasks:

(1) Pre-prototype’fabrication, bench, and engine testing of
an accessory drive system based on current study efforts.’

(2) A‘compactAcar accessory analysis conducted in the same
- manner used:for the intermediate vehicle with design
mods to the pre-prototype system for small car applications.

(3) vVehicle testing with the finalized prototype drive and

accessory hardware.
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AIRESEARCH MANUFACTURING COMPANY OF ARIZONA
- A DIVISION OF THE GARRETYT CORPORATION . R . . .
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ACTIVITY T

PHASE HI—ANALYSIS AND DESIGN-(IN PROCESS)
)| PHASE IV-FABRICATION AND TEST . - N .

A U To M OT I VE ' TASK 1—FAB AND TEST PRE-PROTOTYPE SYSTEM
‘ A - “|  ® PREPARE WORKING LAYOUTS RERON §
AC C E SSO R Y ® PROCURE AND FAB DRIVE AND ACCESSORIES
. . ® RIG TESTING )
DR'VE SYSTEM . ] ® ENGINE TESTING '

ad © DATA ANALYSIS AND HARDWARE MODS . )
DEV E LO P M E N T - © LAYOUTS FOR PROTOTYPE DRIVE AND ACCESSORIES .

TASK 2—COMPACT CAR'DRIVE SYSTEM ANALYSIS - | | : . ’ ) g
o SELECT BASELINE CAR _ ) ‘"
© OBTAIN DETAIL DATA
® EVALUATE ACCESSORIES ) )
o SELECT DRIVE RATIOS AND BREAKPOINT 1
© REPROGRAM COMPUTER FOR NEW INPUT DATA :
© COMPUTE ECONOMY PAYOFF - |8

® PREPARE INSTALLATION DRAWINGS AND DETAILS
ON DRIVE RESIZING

® COMPARISON ANALYSIS TO MI10-SIZE CAR

TASK 3—-FABRICYAiE AND TEST DRIVE IN VEHICLE
. @ FINALIZE DESIGN MODS TO DRIVE AND ACCS

© FAB AND PROCURE HOW

® TEST EQUIPMENT

COMPONENT TEST/ENGINE TEST
® VEHICLE TESTS '

@ DATA ANALYSIS

PHASE IV MASTER PROGRAM SCHEDULE

FIGURE 25
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