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FOREWORD

The User's Manual provides the user with enough information
to allow him to use the program which resides on National CSS Timeshare.
Detailed information is conveyed b& the use of several simulation
examples and an explanation of the results of these examples (on a

line~by-line basis) as required.

Except for a brief description of the road load equations, this

User's Manual does not include descriptions of the math models.

A complete report of the ELVEC simulator is being prepared by the
Vehicle Systems Modeling Task Area Team of the Electric and Hybrid
Vehicle System Research and Development Project at the Jet Propulsion
Laboratory. This report should be available to those wishing a complete
program description by October, 1978. However, it is not necessary to
possess this information in order to conduct electric and hybrid vehicle
performance simulations using ELVEC. Flow charts and source listings are
available for those wishing to review the coding. This information
should be requested through T.A. Barber, Project Manager, Electric and
Hybrid Vehicle System Research and Development Project, Jet Propulsion

Laboratory, 4800 0Oak Grove Drive, Pasadena, CA 91103.
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I SECTION I

PROGRAM ACCESS

A. GENERAL

ELVEC is a general-purpose electric and hybrid vehicle simulation
program which resides on the NCSS Timeshare system. As such, it can be
accessed by a local call in most major U.S. cities. ELVEC was designed
as a tool for detailed parametric studies of electric and hybrid
vehicles. The simulator can be used interactively and can guide the
user in a manner which requires only an elementary knowledge of computer
simulation programs. This simulator can also be used in the batch mode,

although not easily on the Timeshare network.

The reader will find simulation examples in Section II; Variable
Dictionary List, Appendix A; Output Variables Description, Appendix B;
Data Stored for Heat Engines, Appendix C; Road Load Model, Appendix D;
NCSS Timeshare Phone List, Appendix E.

The remainder of this section provides the user with the informa-

tion and procedures required to access the simulator.

B. USING THE NCSS TIMESHARE NETWORK

To access the network, the user needs to know:

1) The NCSS local telephone number
2) His demand terminal speed

3) The NCSS computer hostname

4) A user ID

5) A user password

Appendix E is a nationwide listing of phone numbers the user may
use, depending on his geographical location. For example, from the
Los Angeles area, the user dials 277-7942 (a Century City phone number),

although the computer used is located in Sunnyvale, CA.



Demand terminals normally operate at the speeds indicated in
Table 1-1., After dialing the phone numher, obtaining the high frequency
tone, and placing the telephone handset in the acoustic coupler, the
user types the keyboard character that designates the speed of the term-
inal and the "return" key. The correct keyboard character is indicated
next to the speed in Table 1-1. See Appendix E for autospeed and fixed

speed phone numbers.

c. TIMESHARE ARRANGEMENTS AND COSTS
Information regarding the use of the Timeshare network can be
obtained by writing or phoning the corporate headquarters of:
National CSS, Inc.
187 Danbury Drive
Wilton, CT 06897
(203) 853-7200

Arrangements can be made with the Department‘of Energy and the Jet Propul-
sion Laboratory to transfer the ELVEC object.code to a prospective user's
NCSS account. This can be accompiished in a matter of minutes, after

the user has arranged for an account on the network. Typical costs,
including connect charges, storage charges, fixed charges, and actual

CPU charges should not exceed 67 dollars an hour. Approximately 15 to

20 simulations can be performed in an hour's time,
D. GENERAL TYPING CONVENTIONS
Each input line must end with a carriage return, which allows the

current lime to be transmitted. When the line has been accepted by

Table 1-1. Terminal Speed and Designator

Speed
Character/sec Baud Rate Designator
10 110 S (Letter)
30 300 0 (Letter)
120 1200 < (Back Arrow)




the system, the input prompt ">" is printed, indicating that the

system is ready to accept further input.

To correct typographical imput errors (before the carriage return),
use either the character-delete symbol "@" or the line~delete symbol "[".
A "@" deletes the preceding character in the input line plus itself.

Five consecutive @'s (@@Q@E@) delete the five characters immediately
preceding the @'s and the @'s themselves. A "[" deletes the entire

current input line and itself.

E. TIMESHARE SIGN-ON
System and user responses are indicated in Figure 1-1. A line-by-
line description is given below: (Note that user response is shown in

lower case letters in all examples.)

The user types the letter 0, designating a 300-Baud (30 characters
per second) terminal, then types a return. The system responds as
indicated on line 2. The user types line 3, where L SUNY is the computef
hostname. The particular computer on which ELVEC is resident is
located in Sunnyvale, CA. GRCUSER is the user identification (USER ID).
The system prints lines 4 and 5. At the end of line 5, the system does
a carriage return, but no line feed. This allows the user to type the
password on top of line 5. This is done to prevent non-authorized
personnel from determining the password should they obtain a copy of the
output. The system asks for accounting information on line 6. The user

types the initial letter of his first name and his last name in full.

F. ESCAPE FROM AN EXECUTING PROGRAM
If, for some reason, the user desires to terminate execution of
the program before the appropriate place to type QUIT, he can use the

method outlined below:

1) Push the BREAK key - machine will echo VP, return, > (prompt)
2) Push the BREAK key again — machine will echo another >




3) Type KX following the prompt - machine will type KILLED! ‘
and then reinitialize the system. Then it will type the
standard CSS prompt with the time, XX.XX.XX >

4) The user can then restart the program or log off.

If the user inadvertently pushes the BREAK key, the machine will
stop execution and enter the VP mode as above. To restart the program
with only a line or so of output lost, follow the above procedure, only

type RT instead of KX.

G, NORMAL EXIT
To exit from ELVEC after a simulation run, type QUIT or STOP. To

exit from the timeshare network after a normal exit from ELVEC, type
LOGOUT,
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85 ONLINE - La2

F1 suny arcuser

passwords

b

A/ INFO:

p.chapman

SUNY READY AT 09.09.54 ON 23JUNE7B.
£55.3062 01HAYZE

09.10.07 SET CORE 440
£55.302 01HAY78

09.10.10 SET CORE 4490

( 448 1P 587 (000313 LEFT)

ELVEC CAN ACCESS A NUNBER OF SETS OF VEHICLE PARAMETERS. TO USE
(OHE OF THESE, TYPE THE KEYWORD BEFORE THE VEHICLE NAHE:

ELVKIPP ... RIPP ELECTRIC (ALL ELECTRIC)

ELVGE ..... GENERAL ELECTRIC VEHICLE (ALL ELECTRIC)

ELVAIR .... GARRETT/AIRESEARCH VEHICLE (ELECTRIC - FLYWHEEL)
ELVCHLD ... CHILDS VAN (FIXED OPERATING FOINT HYBRIIV

09.10.30 elvripp
EXECUTION:

GRC ELECTRIC VEHICLE/BATTERY SIHULATION. VERSIONI.2A4  B/MAY/78 -

SPECIFY DESIRED OUTPUT UNITS ~ METRIC OR ENGLISH . . .
e
INITIATING BULK READ-
FEDRAL CYCLE. 1372 VALUES READ.
HIWAY CYCLE. 766 VALUES READ.

CHANGES FOR THIS AND FOLLOWING RUNS-

WE=1300LE WT=3288LE ACLFAC=1.0 EFFCR=1 CDA=9.48FT2
ATIREF=1.2 EFFRC=.85 EFF(T=.9,.9,.%,.9
EFFCH=0.82 EFFCD=.75 HANCYC=J2270 HREGEN=2
GEAR=3.757,2,169,1.404,1.0 RATIO=.29,%.9,1
VELSCO=3,81,10.28,14.75 EFFCFU=0,422
CH=3.178,-0.7279,~-0.05863
NCELLS=40 PURHEN=7300. PIMAX=150. EFFALT=.75
END DATA
WARNING . . .THE VARIABLE DICTIONARY HAS REEN CHANGED FOR THIS VERSION
(VERSION 3.2 10/HAR/78) OF ELVEC, A NEW DRIVING CYCLE IS AVAILABLE--
MAXACL (MAXIMUM ACCELERATION BEGINMNING AT SPEED VINIT). ALSO FOUR TYPES
(OF CLUTCHES ARE AVAILARLE--DIRECT COUPLING, MANUAL, TORQUE CONVERTER,
AND CURT. THE BATTERY STATE LIMITS CAN NOW RE SPECIFIED (BTSHIH AND
BTSHAX).
NAMES DF AVAILABLE HEAT-ENGINE HAPS . . .
B5400 ON782 6M3735 HN14600 (MVEGAT40  TR7
TURECDSL NADSL INIDSL CUSTRATROT NSUAUDIROT
BULK READ COMPLETE-

INPUT CHARGES FOR NEXT RUN-
Fpum

INPUT COMFLETE FOR THIS CASE

IHPUT A 1-78 CHARACTER TITLE FOR THIS CASE-
sarample Tovewesoasdriving cycle simulation, all electric

Figure 1-1., Accessing the Network
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SECTION II
SIMULATION EXAMPLES

A. GENERAL

This section of the User's Manual provides eight examples of sim-
ulation runs. The actual computer printout is annotated with line num-
bers to clarify the explanations. These examples are just that. The
components, values of variables chosen, and strategies selected are for
illustrative purposes only to help the user understand how to use this
simulator. One must be careful not to come to any conclusions with

regard to the results of the examples.

B. EXAMPLE 1. DRIVING CYCLE SIMULATION, ALL-ELECTRIC
(Figures 1-1, 2-1)

Figure 1-1 indicates how to access the network (described in detail
in Section I). 1In order to start the program (start execution), one of
four codes is used: ELVRIPP, ELVGE, ELVAIR, or ELVCHLD. These differ
only in the stored default data parameters (see Table A-1, Appendix A).
ELVRIPP starts the program with the Ripp electric parameters; ELVGE
starts the program with the General Electric vehicle parameters; ELVAIR
starts the program with the Garret AiResearch vehicle parameters; and
ELVCHLD starts the program with the Energy Research & Development Corp-
oration (Child's) van parameters. Use of line 20 indicates that the Ripp
electric vehicle parameters were selected. Line 21 indicates that execu-
tion is commencing on the ELVEC program. The first question asked of the
user is on line 23. In this case, the user requested English units, "E",

on line 24. An "M" would have initiated the use of metric units.

On line 25, the "bulk read" process is begun. It is in this file
that all the bulk data resides. First, the values of speeds for the
EPA urban and highway driving cycles are read. On line 28, ELVEC
prints '"changes for this and following runs," indicating that this is
the section of the program where the user can make changes. First,
however, the rest of the bulk data is printed (the vehicle parameters —
the Ripp electric vehicle in this example). Line 36 indicates that the
vehicle data part of the bulk data file has been read. Lines 37 through

45 are reserved for messages to the user about the current version of

2-1




the program. This section can vary in length according to how many
lines are necessary to print the message. Line 46 indicates that the

bulk data file reading operation has been completed by ELVEC.

Line 47 indicates that ELVEC is now ready to accept user changes
to the data, and the user types RUN, without changing any of the bulk

data values.

ELVEC responds on line 49, indicating that it is now starting the

run and asks for the run title, which the user inputs on line 51.

Figure 2~1 shows the output for this run, starting with the title
on line 1. (A complete description of ELVEC output is contained in
Appendix B.) Lines 2 and 3 show the date and time of this run for

fecord—keeping purposes.

Lines 4 through 7 are data concerning one cycle of the particular
driving scﬁedule selected by default from the bulk data file: The SAE
J227a/D schedule. Information printed includes the cycle length in time
and distance, road energy required without and with regenerative braking,

and the maximum road power required on this cycle.

Lines 8 through 11 show the apportionment of the energy required
from one cycle, in watt-hours and as a percentage of the total for the
simulated vehicle on the selected driving cycle. Note that in this

example no energy goes into the brakes due to regenerative braking

Lines 12 through 15 summarize the energy required from and returned
to the battery and the maximum power density required from and returned

to the battery.-:

Finally, lines 16 through 19 print the cumulative data for the
simulated vehicle, running repeated cycles of the selected driving
schedule until the battery is discharged. The line of asterisks indi-

cates the completed run.
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C. EXAMPLE 2. DETAILED OUTPUT (Figures 2-1, 2-2A, 2-2B)

ELVEC requests parameter changes for the next run on line 21. On
line 22, the user has changed the printing flag for a detailed printout
(i.e., DETAIL = 1) and the ending time of the detailed printout to
97 seconds (i.e., TFTRC = 97). (Appendix A contains the definitions of
all-user selectable variables). The starting time for the detailed
printout remains at the default value of zero. Then, the user types two
spaces and RUN to initiate the run with this data. Note that the
vehicle data has not been changed, only the detail of output was changed.
Also, ELVEC always uses the most recent values of an input parameter.
Previous, bulk data or default values are not restored at the end of a

simulation run.

The response on line 23 indicates that ELVEC is now ready to start
the run as soon as the user types a title on line 25. After the user
types this line, ELVEC spaces down a few lines and, on line 26, starts

the output.

Figures 2-2A and 2-2B show the detailed printing output. The left-
hand coclumn shows the time (in one-second intervals throughout the J227/D
schedule) followed by the vehicle speed at that time. Next, is the
acceleration of the vehicle in feet per second per second. This is fol-
lowed (to the right) by the transmission gear in use (in this case, a
four-speed transmission) and the road lcad power, which is zero during
coast or idle and negative during braking. The next two columns show
the output and speed of the electric motor, followed by three columns
indicating the output, speed, and fuel flow of the heat engine. The
final column shows the battery state. In the all-electric mode, the
heat engine and battery state columms remain unchanged. Road load power
is defined as the power required at the drive wheels to move the vehicle
in the prescribed manner specified by the particular driving schedule

selected.

D. EXAMPLE 3. ALL ELECTRIC CONSTANT SPEED (Figure 2-3)
Example 3 (Figure 2-3) shows the changes made to turn off detailed
printing and initiate a constant speed run. The same vehicle parameters

are'being used with a constant speed of 35 mi/hr. Note that line 12
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shows a 60-second "driving cycle". The energy summary on line 15 shows
no energy going into the brakes because braking did not occur. Likewise,
the battery parameters on line 20 indicate that no energy is returned to

the battery because braking is not used during constant speed.

E. EXAMPLE 4, FXOP HYBRID CONFIGURATION
(Figures 2-4, 2-5A through 2-5H)

The hybrid series configuration is called FXOP (Fixed Operating
Point). In this configuration, the motor propels the vehicle and an
auxiliary engine drives an alternator (or genmerator) which can charge
the batteries. The engine can either be on or off during the simulation,

depending upon the user-~specified battery state variables,

The special user-defined variables particular to this configura-
tion are indicated in Table 2-1. Other variables associated with the
physical vehicle can be changed as required, as previously illustrated
in this section and in Appendix A. The FXOP block diagram is illustrated

in Figure 2-4.

Example 4 (FXOP Series Hybrid Simulation) is shown in Fig-

ures 2-5A thru 2-5H and is described below.

The first part of Figure 2-5A shows the new variable values
for this series hybrid case. Line 10 is the means by which heat engines
are scaled. The user types CHGENG, and the system prints line 11l. The
engine to be scaled is the BS400 (a Briggs and Stratton 400-cc displace-

ment engine).

The horsepower in this case (element 11 of the Kathe array) is to
be scaled from 13 hp to 16 hp, as seen on lines 13 thru 16, The

elements of the Kathe array are defined in Appendix C, Table C-3.

Lines 26 through 37 indicate the energy distribution parameters
for one J227a/P cycle. These parameters are defined in Appendix B. The
user has the option of simulating additional cycles, as indicated on

lines 38 thru 41. 1In this example, he chooses two additional cycles.



Table 2-1. FXOP Special User-Defined Variables

Variable Description

BTSMAX The maximum fraction above which the battery will
not be charged by the heat engine/generator
BTSMAX < 1.0 The default value of BTSMAX is 0.8

BTISMIN The battery will start to be charged by the heat
engine/generator when the battery state reaches
or falls below this fraction: BTSMIN < 0.999.
The default value of BTSMIN is 0.

NAMCLC Name of clutch. For example, for a manually
operated clutch, NAMCLC = MANUAL.

NAMHE Name of the heat engine to be selected to drive
the alternator or generator (see Table C-1),

NAMHYB Name of this hybrid configuration. NAMHYB = FXOP

PWRHEN The normal output in watts of the engine driving
the generator (or alternator) which charges
the batteries under charge conditions. For
example, PWRHEN = 9740 (13 hp).

SPDHE Speed (in radians/s) of the fixed operating point
of the heat engine. If specified in rpm, include
units. For example SPDHE = 3600RPM.

EFFALT The efficiency of the generator (or alternator)

expressed as a fraction < 1.0. For example,
EFFALT = 0.77 implies that in order to supply
7500 watts to the batteries, it would require the
heat engine to develop 13 hp, if the efficiency
of the gemerator is 77Z.

Figure 2-5B illustrates detailed output from the simulator, start-

ing at the 265th second and ending after the 300th second in the third

J227a/D cycle. Note that on the 280th second of the simulation, the

heat engine turned on to charge the batteries, since the battery state

dropped below 0.8 BTSMIN. Starting in Column 8 (counting from the

left), the heat engine power, speed, and fuel flow are indicated, unlike

an all-electric simulation. The last column of the detailed output

indicates battery state. The fraction 0.794 means that 79.4% of the
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battery remains for use. After the brief detail output, the user requests
an additional 20 J227a/D cycles, making a total of 1 + 2 + 20, or
23 cycles.

Figure 2-5C indicates that the test (simulation) was terminated
when the battery was depleted in the 20th J227D cycle. The effective

fuel consumption was 23.0 mi/gal.

Figure 2Z-5D shows that the user selected a different driving
schedule (the J227B); in addition, the variable BTSMIN was set at 0.999,
effectively forcing the heat engine to stay on most of the time. One
J227B cycle is run, and the user requests 49 additional cycles, as seen

on lines 21 thru 24.

The detailed output is seen in Figures 2-5FE and 2-5F in the 50th
J227B cycle between the 3529th and 3580th second. The heat engine was
cycling on and off, as the battery state fell below 0.999 and rose to
1.0. At the 3540th second, the heat engine came on to charge the
batteries. The output in Figure 2-5F captures the heat engine shutting
down after the 3577th second. Note that there are two values at 3576 sec-
onds. This is true for all J227-type schedules which have discontinuous
power requirements at the beginning of the cruise, coast, and braking

phases.

Figures 2-5G and 2-5H illustrate an FXOP constant-speed simulation,
with detailed printout from the 50th through the 60th second. Normally,
only 60 seconds of constant speed are simulated: In the case of hybrid
vehicles, however, the user may wish to "drive" additional’cycles in
order to observe the changes in battery state. A cycle in this case

refers to 60 seconds at constant speed.

F. EXAMPLE 5. CBTOUT HYBRID CONFIGURATION
(Figures 2-~6, 2-7A, through 2-7G)

ELVEC implements a constant-battery-output parallel hybrid config-
uratioh as illustrated in Figure 2-6, and shown as examples in Fig-
ures 2-7A thru 2-7G. This strategy is such that the heat engine will

come on if:




1

2)

If the heat

1)

2)

In essence,
battery are

supplies it,

The required battery power density exceeds the user-specified
PDMAX, the maximum allowable battery specific power density,
or

The battery state drops below the user-specified BTSMIN,

the minimum battery state allowed prior to charging.
engine is on, it will turn off if:

The battery state exceeds the maximum allowable state,
BTSMAX,

The specific power density of the battery during regenera-
tion exceeds the maximum allowable specific power density,

PDMAX.

the heat engine does the load-leveling. When the motor and
unable to provide the necessary power, the heat engine

When the vehicle stops, there is no way to charge the

battery with the engine, as in the FXOP hybrid strategy, because the

motor is coupled directly to the wheels. Table 2-2 indicates the

special user-defined variables for this strategy.

Table 2-2. CBTOUT Special User-Defined Variables

Variable Description

BTSMAX (See Table 2-1)

BTSMIN (See Table 2-1)

FRCHEP Fraction of maximum power at which engine is to
operate when battery is being charged. Default
value is 0.6. However, the engine can operate
at any power load up to its maximum if required
by the driving schedule,

NAMCLC (See Table 2~1)

NAMHE (See Table 2-1 and Table C-2)

NAMHYB Name of this hybrid configuration NAMHYB = CBTIOUT

PDMAX Maximum allowable battery specific power density

for either discharge or charge.




Figure 2-7A indicates that the user sets PDMAX to 95 watts/kg
(a no~units indication always defaults to metric), selects a 50-hp
naturally aspirated diesel engine (Table C-1, Appendix C), selects the
CBTOUT hybrid strategy, and sets BTSMIN (the minimum battery state before
charging occurs) to 0.75. This is indicated in lines 2 and 3 of
Figure 2-7A. The entire 50th J227D cycle was also selected for detailed
printout (Detail = 1, previocusly set, start of trace TSTRC = 6100 sec-
onds, trace fimal TFTRC = 6222). Lines 10 thru 21 are the energy
summary data based upon one J227D cycle. The user is asked if he wishes

to drive additional cycles, and requests 49 more (line 25).

If the vehicle had gone the full 50 cycles, the detailed printout
(the trace) would have appeared after line 25. However, the battery
state fell to zeroc during the 32nd cycle, as seen by the note on lines 30

and 35. Therefore, the heat engine summary appears after line 25.

A detailed output of the first cycle is shown in Figures 2-7B, C,
and D, through the 98th second. Note that the heat engine starts on the
20th second of the simulation because the power density required of the
battery exceeds PDMAX. This is apparent in that the battery state was
0.981 at 20 seconds, and BTSMIN was previously set to 0.75. As can be
seen from the 20th thru the 28th second, the motor power stays constant
at 46.88 hp, and the heat engine provides the remainder of the required
road load power to meet the acceleration portion of the driving schedule.
In the cruise portion of the cycle, the road load requires 18.17 hp.

The heat engine supplies 24.33 hp, of which 4.14 hp is used to drive the
ﬁotor as a generator, 18.17 hp is used to meet the road load requirements,
and the remainder is lost due to the efficiency factors. The battery
state increases a small amount during the cruise and the coast phases.

At 78 seconds when the coast phase begins, the entire engine oufput is
used to drive the motor as a generator and 24.33 hp, less losses, is
returned to the battery, as no power from either the motor or heat engine
is required tro move the vehicle. During braking, however, the specific
power density returned to the battery exceeds PDMAX, and the engine shuts

off.




. Figures 2-7E and 2-7F show that during the 31st J227D cycle the
battery is about depleted, and during the 31lst cycle the batteries are
depleted, giving an effective 26.5 mi/gal.

Figure 2-7G illustrates the simulator output for 10 seconds dur-
ing a constant speed run at 35 mph. The motor is able to supply the
road load power below the battery maximum allowed specific power den-
sity. Therefore, since the battery state had not dropped below 0.75
(BTSMIN = 0.75), the heat engine is off during this time period.
Eventually, the battery state would drop below 0.75, and the heat
engine would come on, supplying the required power to move the vehicle

at 35 mph and the additicnal power to charge the batteries.

G, EXAMPLE 6. FORDB HYBRID CONFIGURATION
(Figures 2-8A thru 2-8D and 2-6)

ELVEC is able to simulate a modified version of the Ford Motor
Company "Ford B" parallel hybrid strategy.* In this configuration (see
Figure 2-6), the battery/motor provides initial vehicle acceleration,
The Ford B strategy uses a direct coupling between the engine and motof.
The engine valves are closed when the engine is not operating to avoid
pumping losses. When the engine speed reaches a user-specified rpm, the
heat engine starts. At that point, the motor may or may not stay on,

depending on the following logic.

If the battery state < BTSMIN and JBTCHG = 1, the motor is
operated as a generator; or if the road load requirement > than
the heat engine can supply, then the motor supplements the heat

engine.

The above logic is dependent on the user specified values of FRCHEP,

JBTCHG, KATHE(14) and BTSMIN.

*"Hybrid Vehicle for Fuel Economy", L.E. Unnewehr, J.E. Auiler,
L.R. Foote, D.F., Moyer, and H.L. Stadler, Society of Automotive
Engineers, No. 760121, 1976.
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Figures 2-8A through 2-8D illustrate the FORDB strategy and are ‘

described below; Table 2-3 defines the special variable.

Lines 2, 3, and 4 of Figure 2-8A indicate the special user-defined
parameters necessary for this parallel hybrid configuration. The user
selects a turbocharged Volkswagen, 70-hp diesel engine. The vehicle
parameters are those of the vehicle used to illustrate the FXOP and CBTOUT
strategies. Note that for this run, ACLFAC has been set to a value of

less than 1 to allow non-linear acceleration.
Lines 11 through 22 indicate the energy summary based upon one
J227D cycle. The user requests 9 additional cycles at line 26; Fig-

ures 2-8B through 2-8D show the detailed output of the 10th J227D cycle.

Table 2-3. FORDB Special User-Defined Variables

Variable Description
BTSMAX (See Table 2-1) |
BTSMIN (See Table 2-1)
FRCHEP (See Table 2-2)
JBTCHG Flag set to 1 if engine is allowed to recharge

battery, or to 0 (zero) if recharge comes during
regenerative braking. JBTCHG = 1 (default)

KATHE (14) Minimum engine speed, rpm. Engine will turn on
at this speed. Default is specified in the heat
engine catalog array, element 14, for each
engine. See Table C3.

NAMCLC NAMCLC = DRCOUP only
NAMHYB NAMHYB = FORDB for this strategy
NAMHE (See Table 2-1 and Tables C-1 and C-2)




The heat engine starts during the third second of the simulation
when the engine speed reaches 800 rpm (KATHE (14) = 800). The motor and
engine move the vehicle up the acceleration ramp. Just before cruise
(1126th second), the road load requirement drops to the point where the
motor is not required and so shuts off. The vehicle is propelled by the
heat engine, consuming diesel fuel at the rate of 1.31 gallons per hour.
During braking, energy is returned to the battery through regenerative
braking (NREGEN = 2), and the heat engine turns off (BTSMAX = 1). The

effective mileage is 33.4 mpg in this configuration.

H. EXAMPLE 7. ALL-HEAT ENGINE VEHICLE
(Figures 2-94A, 2-9B)

ELVEC is able to simulate an all-heat engine vehicle by setting
PDMAX = 0 and NAMHYB = CBTOUT. An engine and clutch must also be

selected.

Figures 2-9A and 2-9B illustrate this capability. In this example,
the constant battery output strategy was chosen with a turbocharged
normally aspirated Volkswagen engine with an automatic transmission.
Note automatic scaling of the torque converter to match the selected

engine (lines 10 - 15).

I. EXAMPLE 8. MAXIMUM ACCELERATION AND PASSING
(Figures 2~10A through 2-10F)

Wide~open throttle and passing time and distance are features of
the ELVEC simulator. Table 2-4 indicates the special user-defined
variables for these simulation modes. Figures 2-10A through 2-10F

indicate the implementation procedures.

Figures 2-10A and 2-10B indicate the input parameters and results
of simulating wide—open throttle performance of a Datson 1200 chassis
with a Triumph TR7, 4-cylinder, 86-hp engine ané 20-hp electric motor.
The user specifies 0 to 60-mph performance, using the heat engine only
(PDMAX = 0), shifting at 15, 30, and 50 mph. Figure 2-10B shows the
results. The column headings are self-explanatory. For best results,
the time step has been set to 0.1 seconds (DELT = 0.1) and the printing
step set to 10 (NPRINT = 10). This gives one-second spacing in the

output, but better calculation resolution.
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Table 2-4. Wide~Open Throttle and Passing — Special
User Defined Variables

Variable Description

BTSMAX (See Table 2-1)

BTSMIN (See Table 2-1)

DELT Integration time step. 0.1 s recommended
DTSHFT Time delay to shift gears. Default = 0.2 s
NAMCLC (See Table 2-1)

NAMCYC NAMCYC = MAXACL for wide-open throttle

NAMHE Any engine

NAMHYB Any configuration

NPRINT Number of time steps between printing. Default

is 1. 10 recommended if DELT = 0.1

PDMAX PDMAX = O for all-heat engine only
SPEED Final speed
VINIT Initial speed

*For O to 30, VINIT = 0, SPEED = 30 mph. For passing, 30 to
48 mph, VINIT = 30 mph, SPEED 48 mph.

i

Figure 2-10C is a passing~time and distance example, where the
user wishes to know the time and distance to pass another vehicle (or
accelerate), starting at 20.7 mph and ending at 35.2 mph. Again, this

is an all-heat engine case, since PDMAX was previously set to zero.

In Figure 2-10D, the motor is éllowed to work by setting PDMAX
to 150 watts/kg. In Figure 2-10E, the user asks for acceleration
performance from 0 to 30 mph, using both the motor and the engine.
This can be compared to Figure 2-10F, where only the heat engine is

allowed to work over the same range of acceleration speeds.
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EXAMPLE 1.ovvaconss DRIVING CYCLE SIMULATION, alL ELECTRIC
DATE 06/23/78
TINE 09.18.04

TINE/ RANGE/ ROAD ENERGY  HAX ROAD DBRIVING
€YyC CYCLE U/0 RGK W RGN FDUER SCHEDULE
SEC Ml HH/HI KW

122 0.961  226.3 143.6 29.9 J2270
ENERGY SUMMARY BASED ON INFUT TD CHARGER AND FUEL TANK USING FRCTUT HMODEL-
AERD  TIRES  BRAKES DRVLNE WTR/CNTR STR DEV CLUTCH HT EN6 BATT 8YS

WH- 81 73 0 30 )
PRCNT 20.8 19.2

———————————————— BATTERY==mnmmmmmm e

ENR DUT ENR IN PD OUT HX PD IN HX
WH/NT W/LE
106.7 46,3 3.1 26.5
TOTAL ELECT CONSM  ELECT COST FINAL STATE
RANGE AT WALL (AT 4.0C/KWH)  BATT STR DEY
HI WH/HI WH/ZMISTON /M1 WH
49. 1 408 248 1.63 0.0 1000,

w*m***w*w***m*$*$$$***m$******mgm***m*mwt$*$g$¢$$$*mt#*$**t*$$*#*$*&*#**t{#**$

INPUT CHANGES FOR NEXT RUN-
rdetail 1 tfirc 97 run

INPUT COMPLETE FOR THIS CASE

INFUT A 1-78 CHARACTER TITLE FOR THIS CASE-
revanple 2.ca. seesd@tail output of example 1

EXAMPLE 2..... saeas BETAIL QUTPUT OF EXAMPLE 1
DATE 06/23778
TIHE 69.19.36

Figure 2-1. Driving Cycle Simulation, all Electric
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TIME  SFEED  ACCL GEAR ROAD LI --~--NOTOR----- ----HEAT ENGINE---  RATTERY
SEC  HI/H  F1/82 HE PU,HF  SPD,RPM  PUW,HP RPH FL,GPH  STATE
0 0.0 2.3 1 0.0 0.0 0 0.0 0 0.0 1,000
1 1.6 2.3 1 1,22 1.35 344 0.0 o 0.0 1,000
3 3.2 2.3 1 2.44 274 489 0.0 0 0.0 1.000
3 4.8 2.3 1 3.46  4.07 1033 0.0 0 0.0 1,000
4 6.4 2.3 1 4,89 5.44 1378 0.0 0 0.0 1,000
5 8.0 2.3 1 .13 6.81 1723 0.0 0 0.0 1.000
6 9.6 2.3 1 7.37  8.19 2067 0.0 o 0.0 1.000
70 4t.2 2.3 1 B8.43  9.58 2412 0.0 0 0.0 1.000
B 12.8 2.3 1 9.89 10.99 2757 0.0 0 0.0 1.000
9 14,4 2.3 2 1117 12441 1790 0.0 0 0.0 1,000
10 16.0 2.3 2 12.44 13.85 1989 0.0 0 0.0 1.000
1 17.6 2.3 2 13.77 15.30 2188 0.0 0 0.0 1.000
12 19,2 2.3 2 15.09 16.77 2387 0.0 0 0.0 1.000
13 20,8 2.3 2 16.44 18.27 2586 0.0 0 0.0 1.000
14 22,4 2.3 2 17.81 19.79 2785 0.0 0 0.0 1.000
15 24,0 2.3 3 19.20 21.33 1931 0.0 0 0.0 1.000
16 25.6 2.3 3 20.61 22.90 2060 0.0 0 0.0 1.000
17 27.2 2.3 3 22,05 24.50 2189 0.0 0 0.0 1.000
18 28.8 2.3 3 23.51 26.13 23118 0.0 0 0.0 1.000
19 30.4 2.3 3 25.01 27.79 2446 0.0 0 0.0 1.000
20 32,0 2.3 3 26.54 29.48 2575 0.0 0 0.0 1,000
2 336 2.3 4 28.09 31.22 1926 0.0 0 0.0 1,000
22 35.2 2.3 4 29,69 32.99 2018 0.0 0 0.0 1.000
23 36.7 2.3 4 31.32 34.80 2109 0.9 0 0.0 1,000
24 38,3 2.3 4 32,98 36.45 2200 0.0 0 0.0 1.000
35 39.9 2.3 4 34.68 38.54 2293 0.0 0 0.0 1.000
26 41.5 2.3 4 34.43 40.48 23184 0.0 0 0.0 1.000
27 430 2.3 4 38.22 42.46 2476 0.0 0 0.0 1.000
28 44,7 2,3 4 40.05 44.49 2568 0.0 0 0.0 1.000
28 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
29 44,7 0.0 4 10.62 11.80 2568 0.0 0 0.0 f.000
30 44,7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
I 44,7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1,000
312 44,7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
33 447 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
34 44,7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1,000
35 447 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
36 44.7 0.0 4 10.62 11.80 2548 0.0 0 0.0 1.000
37 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1,000
I8 447 0.0 4 10.62 11.80 2568 0.0 0 0.0 1,000
39 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
40 44.7 0.0 4 10,62 11.80 2568 0.0 0 0.0 1,000
41 44,7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
42 44,7 0.0 4 10.62 11.80 2568 0.0 o 0.0 1.000
43 447 0.0 4 10.62 11.80 2548 0.0 0 0.0 1,000
44 44,7 0.0 4 10.62 11.80 2548 0.0 0 0.0 1.000
45 44,7 0.0 4 10.62 11.80 2548 0.0 0 0.0 1.000
46 44,7 0.0 4 10.62 11.80 2548 0.0 0 0.0 1.000
47 447 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
48 44,7 0.0 4 10.62 11.80 2548 0.0 0 0.0 1,000
49 44,7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
50 44.7 0.0 4 10.62 11.80 2568 0.0 o 0.0 1,000
Figure 2-2A. Detail Output, Driving Cycle Simulation, all Electric .
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TIME  SPEED  ALCL GEAR ROAD LD ~---MOTOK--—-~ ~~-~HEAT ENGINE--~  BATTERY
SEC  MI/H  FT/82 HP FU,HP GPD,RPH  PU,HP RPM FL,GPH STATE
g1 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
32 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
53 44.7 0.0 4 10.62 11,80 2568 0.0 0 0.0 1.000
54 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
55 44.7 6.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
36 44.7 0.0 4 10.62 11.80 2568 0.0 ¢ 0.0 1.000
57 44.7 6.0 4  10.62 11.80 2568 0.0 ¢ 0.0 1.000
38 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
59 44.7 0.0 4 10.62 11,80 2568 0.0 0 0.0 1.000
40 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
41 44,7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
62 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
61 44.7 0.0 4  10.62 11.80 2368 0.0 ¢ 0.0 1.000
64 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1,000
65 44,7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
. 66 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
67 44.7 0.6 4 10.62 11.80 2548 0.0 0 0.0 1.000
48 44.7 6.0 4 10.62 1t1.80 2348 0.0 ¢ 0.0 1.000
&9 44.7 0.0 4 10.62 11,80 2568 0.0 0 0.0 1.000
70 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
71 44.7 0.0 4 10.62 11,80 2568 0.0 0 0.0 1.000
72 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
73 44.7 0.0 4 10.462 11.80 2568 0.0 0 0.0 1.000
74 44.7 0.0 4 10,62 11,80 2548 0.0 0 0.0 1.000
75 44.7 0.0 4  10.62 11.80 25468 0.0 0 0.0 1.000
74 44.7 0.0 4 10.62 11.80 2568 0.0 0 0.0 1.000
77 44.7 6.0 4 10,62 11.80 2548 0.0 0 0.0 1.600
78 44.7 0.0 4 10,62 11.80 2568 0.0 0 0.0 1.000
78 44.7 -0.8 4 0.0 0.0 2568 0.0 0 0.0 1.000
79 44,2 -0.8 4 0.0 0.0 2535 0.0 0 0.0 1.000
80 43.6 -0.8 4 0.0 0.0 2503 0.0 0 0.0 1.000
g1 43.0 -0.8 4 0.0 0.0 2471 0.0 0 0.0 1.000
82 42.5 -0.8 4 0.0 0.0 2439 0.0 0 0.0 1.000
83 42,0 -0.8 4 0.0 0.0 2408 0.0 0 0.0 1.000
84 41.4 -0.8 4 0.0 g.0 237 0.0 ¢ 0.0 1.000
85 40.9 ~-0.8 4 6.0 0.0 2347 0.0 ¢ 0.0 1.000
84 40.4 -0.8 4 0.0 0.0 2317 0.0 ¢ 0.0 1.000
87 39.2 -0.7 4 6.0 0.0 3288 0.0 0 0.0 1.000
88 9.4 -0.7 4 0.00 0.00 22359 0.0 0 0.0 1.000
88 39.4  -6.4 4 -42.48 -56.41 2259 0.0 ¢ 0.0 1.000
89 35.0  -6.4 4 -Gé4.46 -50.82 2008 0.0 6 0.0 1.000
90 30.6  -6.4 3 -49.98 -44.99 2467 0.0 0 0.0 1.000
91 26,2 -6.4 3 -43.27 -38.9% 2114 0.0 ¢ 0.0 1.000
92 2.9 -6.4 2 -36.36 -32.73 2722 0.0 0 0.0 1.000
93 i7.5 -6.4 2 -29.29 -26.36 2177 0.0 ¢ 0.0 1.000
94 13.1 -6.4 2 -22.08 -19.88 1633 0.9 0 0.0 1.000
935 8.7  -6.4 1 -14.78 -13.30 1886 0.0 ¢ 0.0 1.000
96 4.4 -6.4 1 =741 -6.46 943 0.0 0 0.0 1.600
97 0.0 -6.4 1 -0.00 -0.00 0 0.0 6 0.0 1.000
97 0.0 6.0 1 0.0 0.0 0 0.0 6 0.6 1.000

. Figure 2-2B, Detail Output, Driving Cycle Simulation, all Electric (Cont'd)
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12

15
16

20

INPUT CHANGES FOR NEXT RUN-

>detail 0 vamcye conspd  speed 3Smph rum
IHPUT COMPLETE FOR THIS CASE
INPUT A 1-78 CHARACTER TITLE FOR THIS CASE-

»eranple Jeessecenaasconstant speed simulation using vehicle from example 1

EXAMPLE 3.vc0ueess CONSTANT SPEED SIMULATION USING VEHICLE FROH EXAMPLE 1

DATE 06/23/78
TIHE 09.27.30

TIME/ RANGE/ ROAD ENERGY  HAX ROAD DRIVING
CYC CYCLE WH/0 RGN U RGN FPOUER SCHEDULE
SEC HI HH/KI KW

40 0.583  173.4 173.4 4.9 CONGPR

ENERGY SUMMARY BASED ON INPUT TO CHARGER AND FUEL TANK USING FRCTUT HOREL-

AERD  TIRES  BRAKES DRVLMNE MTR/CNTR STR DEV CLUTCH HT ENE

WH- 43 57 0 1 24 0 0 0
PRCHT 20,4  26.6 0.0 5.2 11.5 0.0 0.0 0.0
-------------- BATTERY--==memmmmmm e
ENR OUT ENR IN PD OUT MX PD IN HX
WH/MI /LB
235.0 0.0 5.1 0.0
TOTAL ELECT CONSM  ELECT LOST FINAL STATE
RANGE AT WALL (AT 4.0C/KUH)  BATT STR DEV
HI WH/ZMI  WH/ZMI*TON  C/MI WK
92.8 348 224 1.47 0.0 1000.

BATT §YS

7

36,

~d

3

YL N e L T I R E R R E PR LI P R R FE E R S R R RS PRI SRR B2 S 22 24

Figure 2=3. Constant Speed Simulation, all Electric
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Figure 2-4., FXOP Series Hybrid Configuration




1  INPUT CHANGES FOR NEXT RUN-
>ub 10401b wt §1301b ativef 1.4 cda 15.73ft2 effcm .78
rbtemax 1.0 bismin 0.8 effalt .77 wnregen 1
>nashe bs400 namshyb fiop nramcle manual  spdhe 3600rpM
ragar 3.80,2.06,1.22,0.82
>ratio 0.33,4.125,0.0
>velscd 10mph, 20mph, 30mph
>purhen 9740 detail 1 tstop 10000
>tstre 243 tftrc 274
10  >chgeng
WHICH ENBINE(TYPE =HONE= IF FINISHED)-
*bs400
BHICH ELEWERT OF KATHE ARRAY TO BE CHANGED (1-18)-
>11
INPUT REU VALUE FOR KATHE(11, 1)
»16
WHICH ENGINE(TYPE =HONE= IF FINISHED)-
none
run
20 INPUT COMPLETE FOR THIS CASE
INPUT A 1-78 CHARACTER TITLE FOR THIS CASE-
>fxop series hybrid simulation, [227-d driving cycle..cecocass

FXOP SERIES HYBRID SIHULATION, J227-1 BRIVING CYCLE......
DATE 06/23/78
25 TIME 09.40.18

TIME/ RANGE/ ROAD ENERGY  KAX ROAD DRIVING
CYC  CYCLE U4/0 RGN W RGN POUER SCHEBULE
SEC Kl UH/HKI KW

122 0.950 379.3 284.0 47.8 J2270

30 ENERGY SUMKARY BASED ON INPUT TO CHARGER AND FUEL TAMK USING FRCTUT HOBEL-
AERD  TIRES  BRAKES DRVLNE MTR/CNTR STR DEY CLUTCH HT ENG EBATT S§Y5

WH~- 132 - 137 90 49 112 0 27 0 291
PRCNT 15.8 16.3 10.8 5.8 13.4 0.0 3.2 6.0 34,7
--------------- BATTERY=mmmmmmmmm e mam

35 ENR OUT ENR IN FD OUT KX PD IN HX

WH/H1 Y/LE
540.2 0.0 45.5 0.0
DO YOU UANT TO CONTINUE WITH HORE CYCLES...
ryes

40 HOW MANY MORE CYCLES...
>3

Figure 2-5A., FXOP Series Hybrid Simulation, J227D .
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TIKE  GPEED  ACCL GEAR ROAD LD -~—-NOTOR-~~-- ~-=~HEAT ENGINE---  BATTERY
SEC  NWI/H FY/82 HP PU,HP SPD,RPM PU,HP RPN FL,GPH STATE
265 33.6 2.3 4 44,917 49.90 1448 9.0 6 0.0 0.841
266 35.2 2.3 4 47.47 52.74 {338 0.0 ¢ 0.0 0.838
267 346.7 2.3 4 50.08 55.64 1608 0.0 6 0.0 0.834
268 38.3 2.3 4 52.75 58.61 1677 0.0 0 0.0 0.829
269 39.9 2.3 4 55.48 61.45 1747 0.0 ¢ 0.0 0.824
270 41.3 2.3 4 58.28 464.76 1817 0.0 ¢ 0.0 0.818
271 43.1 2.3 4 41.13 67.94 1887 0.0 ¢ 0.0 0.812
272 44,7 2.3 4 64,09 7.2 1957 0.0 9 0.0 0.804
273 44.7 0.0 4 18,17 20.19 1957 6.0 6 0.9 0.804
273 44.7 9.0 4 18.17 20.19 1957 0.0 ¢ 0.0 0.803
274 44,7 0.6 4 18.17 20.19 1957 6.0 6 0.0 0.803
273 44.7 6.0 4 1B.17 20.19 1937 0.0 ¢ 0.0 0.802
276 44,7 0.0 4 1B.17 20.19 1997 0.0 o 0.0 0.802
277 44.7 0.0 4 iB.17 20.19 1957 0.0 6 0.0 0.801
278 44,7 0.0 4 18.17 20.19 1957 0.0 ¢ 0.0 6.800
27% 44,7 0.0 4 18.17 20.19 1957 0.0 0 0.0 0.800
280 44.7 0.0 4 18,17 20.19 1957 13.06 3600 1.39 0.799
281 44,7 0.0 4 18.17 20.19 1957 13.06 3800 1.39 0.799
282 44,7 0.0 4 18.17 20.19 1957 13.06 3600 1.39 0.799
283 44.7 0.0 4 18.17 20.19 1957 13.06 3600 1.39 0.798
284 44.7 0.0 4 iB.17 20.19 1957 13.06 3600  1.39 9.798
285 44.7 6.0 4 1B.17 20,19 1957 13.06 3600 1,39 0.796
286 44.7 0.0 4 18.17 20.19 1937 13.06 3600 1.39 0.798
287 44.7 0.0 4 18.17 20.19 1957 13.66 3400 1,39 9.797
288 44.7 0.6 4 18,17 20.19 1957 13.06 3600 1.39 9.797
289 44.7 0.0 4 18.17 20.19 1957 13.06  34G0 1.39 0.797

TIKE  SPEED  ACCL GEAR RDAD LD ~---HOTOR----- ----HEAT ENGINE---  BATTERY
SEC  KI/H  FT/82 HP PU,HP SPD,RPH PU,HP RPH FL,GPH STATE
299 44,7 0.0 4 18.17 20.19 1957 13.04 3600 1.39 6.796
291 44,7 6.0 4 18.17 20.19 1987 13.06 3600 1.39 0.796
292 44,7 6.0 4 18,17 20.19 1957 13.06 3606 1.39 0.796
293 44.7 6.0 4 18.17 20.1% 1957 13.06 3660 1.39 6.7935
274 44.7 0.0 4 18.17 20.19 1957 13.06 3600 1.39 6.793
295 44.7 6.0 4 18.17 20.19 1957 13.66 3800 1.39 6.795
296 44,7 0.0 4 18,17 20.19 1957 13.06 3600 1.39 0.7935
297 44.7 0.0 4 1B.17 20.19 1957 13,06 3400 1.39 0.794
298 44.7 . 0.0 4 18.17 20.19 1957 13.06 3600 1.39 0.794
299 44,7 0.0 4 18.17 20.19 1937 13.06 3600 1.39 ¢.794
300 44.7 0.0 4 18.17 20.19 1957 13.06 3600 1.39 0.793
DO YOU WANT TD CONTINUE BITH HORE CYCLES...

pav:T

HOW MANY HORE LCYCLES...
Fd0

Figure 2-5B. FXOP Series Hybrid Simulation, 227D {cont'd)
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rmmmmmm e HEAT ENGINE--=--=-~-nmw=mmmm-
FUEL  PUR OUT,HP AVE EFF ENGINE  HYBRID
MI/BAL  AVER PEAK PERCENT  NAME  STRATEGY

23.0 1.5 13.1  18.7 BS400 Fxop

TEST TERMINATED...BATTERY CHARGE TOO LOUW

TOTAL ELECT CONSM ELECT COST FINAL STATE

RANGE AT daLL (AT 4.0C/KUH)  BATT STR DEV
¥I WH/HI  UH/WI*TON C/ul WH
0.0 471 183 1.89 ~0.000 1000,

NOTE-RANGE NOT MEANINGFUL FOR HYBRID VEHICLE. ABOVE FIGURES BASED ON 20 CYCLES

B2 I R R R E P E L IS R R RS R R SR SR RS R R R R 222 2 S R SRR T R SR ES 2L 2L 2

Figure 2-5C. FXOP Series Hybrid Simulation, J227D (Cont'd)
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RESLIZEEEI SRR RIS 2L 2R 22 R LSRR R LR EI LS RS LI ES LS LSRRI ELES S 8

INPUT CHAMGES FOR NEXT RUN-
2 cmamcyc j227b  btsmin 999 tstrc 3529 tftrc 3580  run
INPUT COMPLETE FOR THIS CASE
INPUT A 1-78 CHARACTER TITLE FOR THIS CASE-
Muop series hybrid simulation, 227b, sain battery .999 cuceeseces

FXOP SERIES HYBRID SINULATION, J227B, MIN BATTERY .999 .cuscsceuse
DATE 06/27/78
TIKE 14.08.47

TIKE/ RANBE/ ROAD ENERGY  MAX ROAD DRIVING
CYC CYCLE W/D RGN W RGN FOUER SCHEDULE
SEC HI HH/HI Ku

72 0.187 283.2 172.9 13.4 J227B
ENERGY SUMHARY BASED ON INPUT TO CHARGER AND FUEL TANK USING FRLCTUT HMODEL-
AERD  TIRES  BRAKES DRULNE MTR/CNTR STR DEV CLUTCH HT ENG BATY SYS

WH-~ 4§ 27 20 7 16 0 8 427 0
PRCNT 1.0 5.3 4.0 1.5 3.2 0.0 1.6 83.3 0.0

EXR QUT EHR IN PD OUT HX PD IN MX
WH/M1 /LR

149.1 189.3 11.2 7.2
21 IO YOU WANT TO CONTINUE WITH HORE CYCLES...
2yes
HOW MAMNY MORE CYCLES...
24 49

. Figure 2-5D, Series Hybrid Simulation, J227B, BTSMIN = 0,999
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TIKE
SEC

3529
3330
353
3332
3533
3334
3535
S536
3337
3838
3339
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3533
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ACCL GEAR ROAD LD

He

0.90
1.81
2.71
J.42
4.33
3.45
6.37
7.29
8.22
.14
10.10
11.06
12.02
12.99
13.97
14.96
15.97
16.98
i8.01
4.65
4.63
4.45
4.63
4.45
4.63
4.45

~---HOTOR
PU,HP SPD,RPH

1.00
2,01
3.02
4.03
3.04
6.05
7.08
8.10
§.14
10.18
11.23
12.29
13.35
14.43
13.52
16.63
17.74
18.87
20.02
.17
5.17
3.7
3.17
3.17
317
5.17
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P

212

424

636

848
1060
1273
1485
1697
1909
11350
1263
1380
1493
1610
1725
1840
1955
2070
21835
2183
2183
2185
2183
2183
2185
2183

~=-~HEAT ENGINE---
PU,HP RPM FL,GPH

DO DO OO0 OO
a o
OO OO OO DO

[

13.06
13.06
13.06
13.06
13.06
13.06
13.06
13.06
13.06
13.04
13.06
13.06
13.06
13.06
13.06

DD DD OO DD DD

3600
3660
3600
3600
3600
3600
3600
3600
3600
3600
3600
3600
31600
3600
3600

B DD D DD DD D DD D

s
A
G Lo Gow

- - D DD DO OO D O
s

i.43
1.42
1.39
1.36
1.35
1.33
1.35
1.35
{.35
1.33
1.33
.39

RATTERY

S5TATE

1.600
1.000
1.000
1.000
1.000
1.000
1.000
0.999
0.99%
0.999
0.999
¢.999
0.99¢
6.998
0.998
0.998
0.998
0.998
0.997
0.9%97
6.998
0.798
0.798
0.998
0.998
0.998

Figure 2-5E, FXOP Series Hybrid Simulation, J227B, BTSMIN = 0,99 (Cont'd




TIBE  SPEEM  ALCL GEAR ROAD LD ----HOTOR----- ~-—~HEAT ENBINE---  BATTERY
SEC  HI/M  FY/82 Hp PU,HP SPD,RPM PU,HP RPK FL,GPH 5TaTE
3554 19.9 0.0 2 4.63 5.17 2183 13.066 3600 1.33 0.998
35589 19.9 0.0 2 4.63  5.17 2185 13.06 3600 1,35 0.998
3356 19.9 0.0 2 4.65 5.17 2185 131.06 3600 1.33 0.998
3557 19.9 0.0 2 4.65 3.17 2183 13,06 3600 1.33 6.998
3558 19.9 0.0 2 4.65 5.17 2185 13.06 34600 1.35 0.998
3539 19.9 6.0 2 4,65 §5.17 2185 13.06 3600 1.35 0.998
3360 19.9 0.6 2 4.65 5.17 2185 13.06 3600 1.35 6.998
RET1Y 19.9 0.0 2 4,65 5.17 2185 13.06 3600 1.35 0.998
3542 19.9 0.6 2 4.65 5.17 2185 13.06 3600 1.35 0.998
3563 19.9 0.0 2 4.3 3.17 2185 13.06 3400 1.35 6.998
3544 19.9 0.0 2 4.65 5.17 2185 13.06 3400 1.35 0.998
35635 19.9 6.6 2 4.5 3.17 2185 13.06 3600 1.35 0.998
3564 19.9 0.0 2 4.65 3.17 2183 13.06 3600 1.3 0.998
3567 i9.% 0.5 2 0.0 0.0 2145 13.06 3400 1.35 0.998
3567 9.3 -0.5 2 0.0 0.0 2145 13.06 3600 1.35 0.999
3568 1.2 ~0.3 2 0.0 6.0 2106 13.06 3600 1.35 0.999
35469 8.8 0.5 2 -0.00 0.0 2066 13.04 34600 1.35 0.999
3370 18.4 -0.5 2 6.0 0.0 2027 13.06 3600  1.35 0.999
3571 4.8 -5.4 2 -31.80 0.0 1622 13.06 3600 1.35 0.999
3571 t4.8 -5.4 2 -31.80 0.0 1622 13.06 3600 1.35 0.99¢%
3572 1.1 -3.4 2 -23.96 0.0 1216 13.06 3600 1.35 0.999
3573 7.4 -5.4 1 -16.03 0.0 1496 13.06 3600 1.35 0.9%9
3574 3.7 -5.4 1+ -B.03 0.0 748 13.06 3600  1.35 1.000
3575 6.6 -3.4 1 -0.00 0.0 ¢ 13.06 3600 1.38 1.000
3576 0.0 6.0 1 0.0 0.0 0 13.06 3600 1.35 1.000
3376 6.0 6.0 1 0.0 0.0 0 13.06 3600 1.33 1.000
3577 0.0 6.0 1 0.6 0.0 ¢ 13.06 3600 1.35 1.000
3578 0.9 8.0 1 0.0 0.0 ¢ 0.0 6 0.0 1.000
3379 0.0 6.0 1 ¢.0 0.0 ¢ 0.0 ¢ 0.0 1.000
3380 ¢.9 6.0 1 0.0 0.0 6 0.0 0 6.0 1.000
DO YOU WANT TO CONTINUE WITH MORE CYCLES...

N0

FUEL  PUR QUT,HP AVE EFF ENGINE ‘HYBRID
MI/6AL  AVER PEAK PERCENT  HAME STRATEGY

13.6 6.8 13.1  1%.4 BS5400 FXop
TOTAL ELECT CONSH ELECT COST FINAL STATE
RANGE AT WALL (AT 4.0C/KWH)  BATT STR DEV
Hi WH/HI UH/HI=TON C/Hl UH
0.0 0 ¢ 0.0 1.006 1000,

. NOTE-RANGE NOT MEANINGFUL FOR HYBRRID VEHICLE. ABOVE FIGURES BASED ON 50 CYCLES
Figure 2-5F, FXOP Series Hybrid Simulation, J227B, BTSMIN = 0,999 (Cont'd)
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INPUT CHANGES FOKR NEXT RUN-
namcyc conspd speed 35mph tstro 500 tftrc 60 vum
INFYT COMFLETE FOR THIS CASE
INFUT & 1-78 CHARACTER TITLE FOR THIS CASE-
sfrop sevies hybrid sisulation, 3% mi/Zbr constant speed......e..n

FXOF SERIES HYRRID SIHULATIOM, 35 MI/HR CONSTANT SPEED.....cu...
DATE 06727/78
TIHE 14.18.38

TIME  SPEED  ACCL GEAR ROAD LB ----MOTOR--~-- ----HEAT ENGINE-~~  BATTERY
SEC  HMI/M FT/82 KP PU,HP SFD,RPM FPUW,HP RPM FL,GFH STATE
50 35.0 0.0 4 11,30 12,56 1647 13,06 34600 1.43 0.992
51 35.0 0.0 4  11.30 12.56 1647 13.06 3600 1.43 6.992
32 33.0 0.0 4 11.30 12.56 1647 13.04 3600 1.43 0,992
53 35.0 6.0 4 11,30 12.56 1447 13.06 3600  1.43 0.992
G4 35.0 6.0 4 11.30 12.56 1647 13,06 3400 1.43 6.992
55 353.0 0.0 4 11.30 12.56 16447 13.06 3400 1.43 0.992
36 35.0 0.0 &4 11,30 12.56 1647 13.06 34600 1.43 0.992
57 35.0 6.0 4 11,30 12.56 1447 13.06 3600 1.43 0.992
58 353.0 6.0 4 11.30 12.536 1647 13,04 3600  1.43 0.992
39 35.90 0.0 4 11.30 12.56 1447 13.06 3400  1.43 0.9%91
60 35.0 0.0 4 11,30 12.56 1647 13.06 3600 1.43 0.991

TIME/ RANGE/ ROADR' ENERGY  HMAX ROAD DRIVING
CYC  CYCLE H/0 RGN W RGN PDUER SCHEDULE
SEC HI UH/HI K

60 0.865  242.1 24241 8.4 CONSPD

ENERGY SUMMARY BASED ON INFUT TO CHARGER AND FUEL TANK USING FRCTUT HODEL-
AERD  TIRES  BKAKES DRYLNE MTR/CNTR STR DEV CLUTCH HT ENG  BATT §YS

WH- 85 124 0 23 65 0 7 1023 48
PRCNT 6.0 8.8 9.0 1.6 4.6 0.0 1.5  72.5 4.8
~~~~~~~~~~~~~~~ BATTERY == e mmmm e
ENR OUT ENR IN FD OUT MX FD IN MX
UH/HI WALE
139.1 0.0 11.5 0.0
I'0 YDU WANT TO CONTIHUE WITH MORE CYCLES...
no
Figure 2-5G., FXOP Series Hybrid Simulation, 35 mph Constant Speed .
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FUEL  PUR DUT,HP AVE EFF ENGINE HYBRID
MI/GAL  AVER PEAK PERCENT  NAME STRATEGY

25.4 18.6 13.1 18.4 BS400 FXOF
TOTAL ELECT CONSH ELECT COST FINAL STATE
RANGE AT HaLL (AT 4.0C/KUHY  BATT SYR DEV
HI UH/HI  UH/MI=TON C/ul WH
0.0 218 85 6.87 0.991 1000,

NOTE-RANGE NOT HEANINGFUL FOR HYBRID VEHICLE. ABOVE FIGURES BASED ON 1 CYCLES

R R R R R R N R R e R R R s e s 2 L s R a2 2L 2l

Figure 2=-5H., FXOP Series Hybrid Simulation, 35 mph Constant Speed (Cont'd)
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FNGINE WHEELS
I |
¥
GENERATOR ‘
OR 8" BATTERIES ggJiQ%LLER
ALTERNATOR - ——

o == = REGENERATION
IF INVOKED

Figure 2-6, CBTOUT and FORDB Parallel Hybrid Configurations



1  INPUT CHAHSES FOR NEXT RUN-
2 spdmax 9% namhe vadsl  namhyb chlout  tstop 10000  namcyc 2274
3 statre 4100 tfirc 6222  bitsmin .79 run
INPUT COWPLETE FDR THIS CASE
IHPUT & 1-78 CHARACTER TITLE FOR THIS CaSE-
reonstant battery output (cbiout) strateqy, (22794 cycle...cccvans

CONSTANT BATTERY OUTPUT (CBTOUT) STRATEBY, J227-D CYCLE....c0cces
DATE 07/067/78
TINRE 15.02.58

10 7TI#E/ RANGE/ ROAD ENERGY  HAX ROAD DRIVIND
CYC CYCLE W/0 RGN W RGN POUER SCHEDULE
SEC K1 YH/HI kY

122 0.930 I79.1 283.8 47.8 J2270

ENERGY SUMNARY BASED ON INPUT TO CHARGER AND FUEL TANK USING FRCTUT HOBEL-
AERD  TIRES BRAKES DRVLME MTR/CHTR STR DEV CLUTCH HT ENB BATT 5YS

M- 132 137 90 49 49 0 0 1012 84
PRCNT 8.4 8.7 5.7 3.4 4.4 0.0 0.1 44.3 5.3
---------------- BATTERY~=-mommmmmmmmne
ENR OUT ENR IN PD OUT X PD IN HX

WH/HI U/LB
21 2324 6.6 43.% 13.6
B0 YOU WANT TO CONTIMUE WITH HMORE CYCLES...
>yes
HOU HANY HORE CYCLES...
25 »49

FUEL  PUR OUT,HP AVE EFF ENGINE HYBRID
MI/GAL  AVER PEAK PERCENT  RAME STRATEGY

26.6 13.6 24.3 23.8 MNADSL CBTOUT
30 TEST TERMINATED...BATTERY CHARGE TDO LOW
TOTAL ELECT CONSH ELECT COST FINAL STATE
RANGE AT BaLL (AT 4.0C/XWH)  BATT STR DEV
Hi UH/HT  UH/HI2TOM C/81 Wk
0.0 217 84 0.87 -0.003  1000.

35 NOTE-RANGE NOT HEANINGFUL FOR HYBRID VEWICLE. ABOVE FIGURES BASED ON 32 CYCLES

‘ Figure 2-7A, CBTOUT Hybrid Strategy, J227D
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INPUI CHANGES FOR NEXT RUN-
stetrc 0 tftrc 98 rum
INPUT COMPLETE FOR THIS CASE
INPUT A 1-78 CHARACTER TITLE FOR THIS CASE-
schtout hybrid strateqy, §227-d first cycle.coancuoss

CBTOUT HYBRID STRATEGY, J227-D FIRST CYCLE...... v
DATE 07/07/78
TIKE 13.06.41

TIME  SFEED  ACCL GEAR ROAD LD ~---MOTOR----- -~~~HEAT ENGINE---  BATTERY
SEC HWI/H Fi/82 Hp PU,HP SPD,RPM PW,HP RPH FL,GPH STATE
0 6.0 2.3 1 0.0 0.0 0 0.0 0 0.0 1.000
1 1.4 2.3 1 1.95  2.16 323 0.0 ¢ 0.0 1.000
2 3.2 2.3 1 3.90  4.33 647 0.0 6 0.0 1.000
3 4.8 2.3 1 3.8 46.50 971 0.0 0 0.0 1.000
4 6.4 2.3 1 7.8t 8.48 1295 0.0 0 0.0 1.000
b 8.0 2.3 1 9.78 10.87 1619 0.0 0 0.0 0.99¢9
é 7.6 2.3 1 11.77 13.08 1943 0.0 o 0.0 0.999
7 11.2 2.3 2 13.77 15.30 1229 0.0 0 0.9 0.999
8 i2.8 2.3 2 13.79 17.59 1405 0.0 0 0.0 0.998
9 14.4 2.3 2 17.83 19.81 1580 0.0 0 ¢.0 0.998
10 16.0 2.3 2 19.%0 22.11 1756 0.0 6 9.0 0.997
11 17.6 2.3 2 21.99 24.43 1932 0.0 ¢ 0.0 0.996
12 19.2 2.3 2 24.11 24.78 2107 0.0 0 0.0 0.996
13 20.8 2.3 3 26,26 29.17 1352 0.0 ¢ 0.0 0.994
14 22.4 2.3 3 28.44 31.80 1456 0.0 6 0.0 6,993
15 24.0 2.3 3 30.466 34.07 1560 0.0 6 0.0 0.992
16 25.6 2.3 3 32.%93 36.58 1664 0.0 0 0.0 ¢.990
17 27.2 2.3 3 35.23 39.14 1768 9.0 0 0.0 0.988
18 28.8 2.3 3 37.38 41.75 1872 0.0 6 0.0 0.986
19 30.4 2.3 4 39.97 44.4 1328 0.0 0 0.0 0.984
20 32.0 2.3 4 42.42 4é.88 1398 0.25 1398  0.07 0.981
21 33.6 2.3 4 44.91 44.88 1468 3.03 1448 0.38 6.978
22 35.2 2.3 4 47.47 4es.88 1538 5.87 1538 0.30 0.976
23 36.7 2.3 4 50.08 46.88 16408 8.77 1608 0.67 0.973
24 38.3 2.3 4 52.75 46.88 1677 11,73 1677 0.81 0.970
235 39.9 2.3 4 55.48 46.88 1747 14.77 1747 1.01 . 0.967
26 41.5 2.3 4 368.28 44.88 1817 17.88 1817 1.26 6.964
27 43.1 2.3 4 61,13 46.88 1887 21.07 1887 1.354 0.961
28 44.7 2.3 4 b4.0% 46.88 1957 24.33 1957  1.87 0.939
29 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.939
29 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.939
30 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.959
31 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.93%
32 44.7 0.0 4 18.17 -4.14 1957 24.33 1937 1.87 0.959
33 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.959
34 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.939

Figure 2-7B. CBTOUT Hybrid Strategy, J227D, First Cycle
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35 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.959
36 44,7 0.0 4 18.17 -4.14 1957 24.33 1957 {.87 0.95%
37 44,7 0.0 4 18.17 -4.14 1937 24.33 1957 1.87 0.959
38 44.7 0.0 4 18,17 -4.14 1957 24.33 1957 1.87 0.95%
39 44,7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.959
40 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.959
41 44,7 0.0 4 18.17 ~4.14 1937 24.33 1937 1.87 0.959
42 44,7 0.0 4 18.17 -4.14 1957 24.33 1957  1.87 0.959
43 44.7 0.0 4 18.17 ~4.14 1957 24.43 1937 1.87 0.959
44 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.959
45 44.7 0.0 4 18.17 -4.14 19357 24.33 1957 1.87 0.959
44 44,7 0.0 4 18.17 ~-4.14 1937 24.33 1937 1.87 0,959
47 44.7 0.0 4 18.17 -4.14 1957 24.33 1937 1.87 0.959
48 44,7 0.0 4 18.17 -4.14 1987 24.33 1957 1.87 0.959
49 44,7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0,960
50 44,7 0.0 4 18.17 -4.14 1957 24.33 1957 {.87 0.9460
TINE SPEED  ACCL GEAR ROAD LD ~-~-HOTOR----- ~-o~HEAT ENGINE--~  BATTERY
SEC  HI/H  FT7/82 He PU,HP SPD,RPM PU,HP RPHM FL,GPH STATE
51 44,7 0.0 4 18.17 -4.14 1957 24,33 1957 1.87 0,940
52 44,7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.940
53 44,7 0.0 4 18.17 -4.14 1937 24.33 1957 1.87 0.940
34 44,7 0.0 4 1B.17 -4,14 1957 24.33 1957 1.87 0.960
53 44,7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.960
b1 44.7 0.0 4 18,17 -4.14 1957 24,33 1957 1.87 0.960
37 44,7 0.0 4 18.17 ~4.14 1957 24.33 1937 1.87 0.940
38 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.940
39 44,7 0.0 4 18.17 -4.14 1957 24.33 1937 1.87 0.940
60 44.7 0.0 4 18.17 -4.14 1957 24.33 1957 1.87 0.940
I Figure 2-7C. CBTOUT Hybrid Strategy J227D, First Cycle (Cont'd)
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44.7 . 1817 -4.14 1957 24.33 1957  1.87 0.940
44,7 . 18.17 -4.14 1937 24.33 1957  1.87 0.960
44.7 . 18.17 -4.14 1957 24.33 1957 1.87 0.940
44.7 . 18.17 -4.14 1957 24.33 1937 1.87 0.960
44.7 . 18.17 -4.14 1957 24.33 1957 1.87 0.%40
44.7 . 18.17 -4.14 1937 24.33 1957 1.87 0.960
44.7 . i8.17 -4.14 1957 24.33 1957 1.87 0.960
44.7 . i8.17 -4.14 1937 24.33 1957 1.87 0.960
44.7 . 18.17 -=4.14 1957 24.33 1937 1.87 0.960
44.7 . 18.17 -4.14 1957 24.33 1937 1.87 0.960
44.7 . i8.17 -4.14 1957 24.33 1957 1.87 0.960
44,7 . 18.17 -4.14 1957 24.33 1957 1.87 0.941
44.7 . 18.17 -4.14 1957 24.33 1937 1.87 0.961
44.7 . 18.17 -4.14 1957 24.33 1§57 1.87 0.96¢%
44.7 . 18.17 -4.14 1957 24,33 1957 1.87 §.961
44,7 18.17 -4.14 1957 24.33 1957  1.87 0.9641

18.17 -4.14 1957 24.33 1937 1.87 0.941
18.17 -4.14 1957 24.33 1937 1.87 0.961

E -
Lol
®
(4}
§
SO DO O DO O T DTO OO OO OO DT OO O OO
® ®8 g B 8 ®
D D NN WG WL LS B DV RSO I IO DO OO0 DD
-t s ot b ot P S G B e B DRSS D DB EREDEDEDSDDSE2EDLDSEEEDSD

44,1 - 0.0 -24,33 1930 24.33 1936 1.87 0.961%
44 .1 - 0.0 -24.33 1936 24.33 1930  1.87 0,961
0.0 -24.33 1903 24.33 1903 1.84 0,942

42.%9 -0, 6.0 -24.33 1876 24.33 1874 1.84 0.942
42.3 -0. 0.0 -24.33 1850 24.33 1850 {.83 0.962
41.7 -{. 0.00 -24.33 1824 24.33 1824 1.84 0.943
41.1% -0, 0.00 -24,.33 1798 24,33 1798  1.84 0.963
40.5 -0. 9.0 -24.33 §773 24.33 1773 1.83 0.943
46.0 ~0. 0.00 -24,33 1748 24.33 1748 f.82 0.964
39.4 -0, 0.00 ~-24,33 1723 24.33 1723 .81 0.964
3g.8 -0. 0.00 -24.33 1499 24.33 1499 1.60 0.943
8.8 -4. -93.96 7.43 1499 0.0 1699 0.0 0.945
34.5 -6, -84.70 0.0 151¢ 0.0 g 0.0 0.943
30.2 -4, -75.01 0.0 1322 9.0 & 0.0 0.765
25.9 -6, -64.97 0.0 1483 0.0 g 0.0 0.945
21.6 -4, -34.62 0.0 1404 0.0 6 0.0 0.945
17.3 -4, ~44,.00 0.0 1897 ¢.0 0 0.0 0.945
12.9 -é. ~-33.18 0.0 1423 0.0 0 0.0 0.945
8.6 -6, -22.21 0.0 1730 0.0 0 0.0 0.9435

4.3 -4, -1t.93 0.0 873 0.0 0 0.9 0,965

0.0 -4, -0.00 0.0 0 0.0 6 0.0 0.945

8.0 . 6.0 0.0 0 0.0 ¢ 0.0 0.985

6.0 . 0.0 0.0 0 0.0 ¢ 0.0 0.965

Figure 2-7D, CBTOUT Hybrid Strategy, J227D, First Cycle (Cont'd) ‘
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INPUT CHANGES FOR NEXT RUN-

rtatre 3661 tfire 3689 run

INPUT COMPLETE FOR THIS CASE
INPUT A 1-78 CHARACTER TITLE FOR THIS CASE-
2cbtout hybrid strategy, §227-d cycle, 30th cycl@evcensonns

CBTOUT HYBRID STRATEGY, J227-D CYCLE, 30TH CYCLE...ccoeuee
DATE 07/07/78
TIHE 15.21.22

TIHE/ RANGE/ ROAD ENERGY  MAX ROAD IDRIVING
CYC CYCLE U/D RGN W RGN POVER SCHEDULE
SeC Hi UH/HI K

122 0.950 379.1 283.8 47.8 J2278
ENERGY SUMMARY BASED ON INPUT TD CHARGER AND FUEL TANK USING FRCTUT MODEL-
AERO  TIRES  BRAKES DRVULNE MTR/CNTR STR DEV CLUTCH HT ENE EBATY 8YS

WH- 132 137 90 49 % Y 0 §012 84
PRCNT 8.4 8.7 3.7 3.1 4.4 6.0 0.1 64.3 3.3

-------------- BATTERY~mmem e e
ENR OUT ENR IN PD OUT MX PD IN HX
WH/MI /LB

232.1 76.4 43.1 13.6

DO YOU WANT TO CONTINUE UITH HORE CYCLES...
2yes

HOW MANY HDRE CYCLES...

»30

Figure 2-7E, CBTOUT Hybrid Strategy J227D, Detail During 30th Cycle
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TIME  SPEED  ACCL GEAR ROAD LD ~----HOTOR-~--- ---~HEAT ENGINE--~  BATTERY
SEC HWI/H  FT/82 HP PU HP SPD.RPM  rU,HP RPN FL,GPH STATE
3661 1.4 2.3 1 1.93 ~2.92 323 5.08 800  0.42 0.030
3662 3.2 2.3 1 1.90 -0.47 647  5.00 800 0.42 0.030
3663 4.8 2.3 1 5.85 1.50 971 §5.00 71 0.42 0.050
3464 6.4 2.3 1 7.81 3.68 1295 5.00 1295 0.44 0.050
3645 8.0 2.3 ¢ .78 5.87 1619 5.00 1419 0.46 0.049
3666 9.6 2.3 1t 11.77  8.08 1943 5.00 1943  0.47 0.049
3647 11.2 2.3 2 13.77 10.30 1229  3.00 1229  0.43 0.049
3668 12.8 2.3 2 15.79 12.54 1405 5.00 1405 0.45 0.049
3669 14.4 2.3 2 17.83 14.8 1580 5.00 1380 0.46 0.049
3870 16.0 2.3 2 19.90 17.1% 1756  5.00 1756 0.46 0.048
3671 17.6 2.3 2 21.99 19.43 1932 5.00 1932 0.47 0.048
3872 19.2 2.3z 24,11 21.78 2107 5.00 2107 0.49 0.047
3673 20.8 2.3 3 26.26 24.17 1352 5.00 1352 0.43 0.046
3674 22.4 2.3 3 2B.44 26.60 1436 3.00 1456 0.46 0.043
3473 24,0 2.3 & 30.46 29.07 1560 5.00 1360 0.43 0.044
$676 25.6 2,3 3 32.93 31.58 1664  5.00 1664 0.46 0.043
3677 27.2 2.3 3 35.23 34.14 1768 5.00 1768 0.44 0.042
3478 28.8 2.3 3 37.38 36.75 1872  5.00 1872 0.47 0.040
3679 30.4 2.3 4 39.97 39.4% 1328 5.00 1328 0.45 0.038
3680 32.0 2.3 4 42.42 44.88 1398 0.25 1398 0.07 0.036
3681 33.6 2.3 4 44.91 46.88 1468 3.03 1448 0.38 0.033
3482 35.2 2.3 4  47.47 44.88 1538 5.87 1538 0.30 0.030
5683 36.7 2.3 4 350.08 44.88 1608 8.77 1408  0.47 0.027
3484 38.3 2.3 4 52.75 44.88 1677 11.73 1677 0.8 0.024
3685 319.9 2.3 4 53.48 44.88 1747 14.77 1747 1.0% 0.022
3684 41.5 2.3 4 358.28 44.88 1817 17.88 1817 1.26 0.01%
TIHE  SPEEL  ALCL GEAR ROAD LD ----HOTOR----- ~-~-HEAT ENGINE---  BATTERY
St HI/H F1/82 HpP PU,HP SPD,RPM PUW,HP RPH FL,GPH STATE
3487 43.1 2.3 4 41.15 446.88 1887 21.07 1887 1.34 0.016
Js88 44.7 2.3 4 44,09 44.88 1957 24.33 1957  1.87 0.013
3489 44,7 0.0 4 18,17 -4.14 1937 24.33 1957 1.87 6.013
34689 44.7 6.0 4 18,17 -4.14 1957 24.33 1957 1.87 0.013
DO YOU WANT TO CONTINUE WITH MORE CYCLES...

no

FUEL  PUR DUT,HP AVE EFF ENGINE HYBRID
MI/GAL  AVER PEAK PERCENT  NAME STRATEGY

26.3 13.8 24.3 23.8 WNADSL CBTOUT
TOTAL ELECT CONSM ELECT COST FINAL STATE
RANGE AT WALL (AT 4.0C/K4NH)  BATT STR DEV
HI WH/HD  UH/HI=TON C/HI WH
0.9 2H 82 0.85 0.020 1000,

NOTE~RANGE NDT HEANINGFUL FOR HYBRIP VEHICLE. ABOVE FIBURES BASED ON 3V CYCLES

Figure 2-7F, CBTOUT Hybrid Strategy J227D, Detail During 30th Cycle (Cont'd) ‘
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INPUT CHANGES FOR MEXT RUN-

snancye conspd  speed 3%mph tstre §0 0 tPirc 60 vum
INPUT COWPLETE FOR THIS CASE
INPUT A 1-78 CHARACTER TITLE FOR THIS CASE-

>ebtout hybrid strateqy, constant speed at 35 si/fr.cevescons

CBTOUT HYBRID STRATEGY, CONSTANT SPEED AT 35 MI/HR..........
DATE 067/07/78
I THE 15.28.08

TIKE  SPEERP  ACCL GEAR ROAD LD ~---MDTDOR-~--- ---~HEAT ENGINE--~  BATTERY
SEC  #I/W  F1/82 HP PU,HP SPD,RPM PU,HP RPM FL,GPH STATE
30 35.0 0.0 4 11.30 12.56 1831 0.0 0 0.0 0.976
1 35.0 0.0 4 11.30 12.56 133t 0.0 6 0.0 0.975
52 35.0 0.0 4 11.30 12.56 1831 0.0 0 0.0 0.975
33 35.0 0.0 4 11.30 12.36 1531 0.0 o 0.0 0.975
54 33.0 0.0 4 11.30 12.36 i331 0.0 9 0.0 0.975
33 35.0 0.0 4 11.30 12.58 1331 0.0 0 0.0 0.974
94 35.0 6.0 4 11.30 12.34 1531 0.0 0 0.0 0.974
57 35.0 0.0 4 11,30 12,36 1831 0.0 0 0.0 0.974
38 35.0 0.0 4 11,30 12.36 1531 0.0 ¢ 0.0 0.973
39 353.6 0.0 4 11,30 12.346 1531 0.0 ¢ 6.0 0.973
60 35.0 0.0 4 11.3¢0 12.36 1531 0.0 0 0.0 0.973

TIHE/ RANGE/ ROAD ENERGY  HAX ROAD DRIVING
CYC CYCLE u/C RGH Y RGN POUER SCHEDULE
SEC H1 UH/KI K4

40 0.875  242.1 242.1 8.4 CONSPD
ENERGY SUMHARY BASED ON INPUT TO CHARBER AND FUEL TARK USIHG FRCTUT NODEL~
AERD  TIRES  BRAKES DRULNE MTR/CNTR STR DEV CLUTCH HT ENG BATT 5YS

WH- 86 123 0 23 bé 0 0 0 171
PRONT i8.2 26.5 0.0 5.0 14.0 0.0 0.0 0.0 14.3

--------------- BATTERY--wmmmme o
ENR QUT ENR IN PD OUT HX PD IN HX
UH/HI W/LB
344.9 0.0 1.5 0.0

DO YOU WANT TO CONTINUE WITH MORE CYCLES...
o

TOTAL ELECT CONSM ELECT COST FINAL STATE

RANGE AT BALL (AT 4,0C/KWH)  BATT 5TR BEV
L3¢ UH/HI  UH/HIsTON C/8l1 WH
0.9 341 210 2.16 0.973 1600,

NOTE-RANGE NOT HMEANINGFUL FOR WYBRID VEHICLE. ABOVE FIGURES BASED ON 1 CYCLES

. Figure 2-7G. CBTOUT Hybrid Strategy, Constant Speed at 35 mph
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INPUT CHANBES FOR NEXT RUN-
2 Onashyb fordb nashe turbodsl namclc drcoup awclfac .7 wnamcyc j227d
3 O>frchep .6 nregen 2 jbtchg 1 bismast 1 biswin .8
4 DSdetail 1 tstre 1098 1firc 1195 tstop 10000 vrun

IKPUT COMPLETE FOR THIS CASE

IHPUT A 1-78 CHARACTER TITLE FOR THIS CASE-

>ford-b hybrid strategy, [227-d cycle, 10th cyclessvvcnase

FORD-B HYBRID STRATEGY, J227-~D CYCLE, 10TH CYCLE..........
DATE 07/07/78
TIKE 15.29.39

11 TINE/ RANGE/ ROAD ENERGY  MAX ROAD DRIVING
CYC  CYCLE W/0 RGN W RGN POUER SCHEDULE
SEC HI WH/HI Ku

122 0.991 389.1 297.8 40.1 J2270
ENERGY SUHMARY BASED ON INPUT TO CHARGER AND FUEL TANK USING FRCTUT HODEL-
AERO  TIRES BRAKES DRVLNE NTR/CNTR STR DEV CLUTCH HT ENG BATT SYS

UH- 13% 142 81 31 46 0 0 888 32
PRCNT 9.9 10.2 3.8 3.7 3.3 6.0 0.0 63.4 3.7

ENR OUT EMR IN PD OUT HX PD IN HX
HH/HI 8/LB

22 145.8 53.3 31.5 38.4
B0 YOU UANT TO CONTINUE WITH WORE CYCLES...
2yes
HOW MAMY HORE CYCLES...
26 9

Figure 2-8A, FORDB Hybrid Strategy J227D, Detail During Cycle .
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TIME  SPEED  ACCL GEAR ROAD LD ----MOTOR----~ -~--HEAT ENGINE---  BATTERY
SEC  HI/H  FT/82 HP PU,HP SPD,RPM PU,HP RPH FL,GPH STATE
10v8 0.0 6.0 0.0 0.0 6 0.0 ¢ 0.0 1.002
1099 2.2 3.1 i J.41 5.3 440 0.0 440 0.0 1.002
1100 4,3 3.1 f 6.60 0.0 8’0 7.34 870  0.57 1.002
1101 6.4 3.0 1 9.60 0.0 1289 10.66 1289 0.75 1.002
1102 8.4 2.9 1 12.41 0.0 1699 13.79 1499  0.89 1.002
1103 10.4 2.9 2 15.05 0.2 1137 146.5Y 1137 1.17 1.002
1104 12.3 2.8 2 17.54 0.39 1349 19.10 1349  1.35 1.002
1105 14.2 2.7 2 19.8%9 0.78 1556 21.33 1556 1.54 1.002
1106 16.0 2.7 2 22.11 1.64 1757 22.92 1757  1.43 1.002
1167 17.8 2.6 2 2421 2.40 1954 24.48 19354  1.74 1,002
1108 19.5 2.5 2 26.20 3.10 2146 26.01 2146 1.84 1.002
1109 21.2 2.5 3 28.08 11.39 1382 19.461 1382  1.39 1.002
1110 22.9 2.4 3 29.87 12.27 1490 20.93 1490 1.49 1.601
1111 24.5 2.4 3 3.58 13.3 1396 21.77 13596 1.55 1.001
1112 26.1 2.3 3 33.21 14.30 1699 22.60 14699  1.41 1.001
1113 27.7 2.2 3 34.76 15.2 1800 23.41 1800 1.46 1.000
1114 29.2 2.2 3 36.24 16.08 1899 24.19 1899 1.72 1.000
1113 30.6 2.1 4 37,67 22.70 1341 19.16 1341 1.36 0.999
1116 32.1 2.1 4 39.03 23.43 1404 19.94 1404 1.42 0.998
1117 33.3 2.0 4 40.34 24.13 1465 20.70 14463 1.47 0.998
1118 34.9 2.0 4 41.461 24.97 1525 21.26 1523 1.%1 0.997
1119 36.2 1.9 4 42.82 125.85 i584 21.73 1584  1.53 0.994
1120 37.5 1.9 4 44,00 26.49 1641 22.1% 1441 1.38 0.995
1121 38.8 1.9 4 45.14 27.51% 1497 22.64 1697 1.61 0.994
1122 40.0 1.8 4 46.23 28.29 1752 23.08 1732  1.64 0.993
1123 41.3 1.8 4 47,30 29.04 1805 23.51 1805 1.47 0.9%92
TIKE  SPEED  ACCL GEAR ROAD LD ----HOTOR----- -~=~-HEAT ENGINE---  BATTERY
SEC MI/HW  FT/S2 WP PW,HP GPD,RPM PU,HP RPH FL,GPH STATE
1124 42.4 1.7 4 48,33 29.77 1837 23.93 1857 1.70 0.991
1123 43.6 1.7 4 49,34 30.48 1908 24.34 1908 1.73 0.990
1126 44.7 1.6 4 50.31 31.17 1957 24.74 1957 1.7 0.988
1127 44,7 0.0 4 18.17 0.0 1957 20.19 1937 1.34 0.988
1127 44.7 6.0 4 18,17 0.0 1957 20.19 1957  1.31 0.988
1128 44.7 0.0 4 18,17 0.0 1957 20.19 1957 1.31 0.988
1129 44,7 0.0 4 18.17 0.0 1957 20.19 1957  1.31 0.988
1130 44.7 0.0 4 18,17 0.0 1957 20.19 1957 1.3t 0.988
1134 44.7 0.0 4 18.17 0.0 1957 20.19 1937 1.3 0.988
1132 44.7 0.0 4 1B.17 0.0 1957 20,19 1957 1.3 0.988
1133 44.7 0.¢ 4 18.17 0.0 1957 20.19 1957  1.34 0.988

Figure 2-8B. FORDB Hybrid Strategy, J227D, Detail During 10th Cycle (Cont'd)
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1134 44.7 6.0 4 18.17 0.0 1957 20.19 1957 1.3 0.%88
1133 44,7 0.0 4 18,17 0.0 1957 20.19 1§37 1.3 0.988
1136 44.7 0.0 4 18.t7 0.0 1957 20.19 1957 1.4 0.988
1137 44.7 6.0 4 18.17 0.0 1957 20.19 1937 1.34 0.988
1138 44.7 0.6 4 18.17 0.0 1957 20.19 1957 1.3 0.988
1139 44.7 6.0 4 18.17 0.0 1957 20.19 1957  1.31 0.988
1140 44,7 0.0 4 18.17 0.0 1957 20.19 1937 1.0 0.988
1141 44.7 0.0 4 18.17 0.0 1957 20.19 1937 1.3 0.788
1142 44.7 0.0 4 18.17 0.0 1957 20.1%9 1957 1.3% 0.988
1143 44.7 0.0 4 18.17 0.0 1957 20.19 1957 1.1 0.988
1144 44.7 0.0 4 18.17 0.0 1957 20.19 1957 1.3 0.988
1143 44.7 6.0 & 18.17 0.0 1957 20,19 1987 1.0 0.988
1144 44.7 0.0 4 18.17 0.0 1957 20.19 1937 1.3t 0.988
1147 44.7 0.0 4  18.17 0.0 1937 20.19 1937 1.3 0.988
1148 44.7 6.0 4 18.17 0.0 19357 20.t9 1957 1.1 0.988
1149 44.7 0.0 4 18.17 0.0 1957 20.19 1957 1.3 0.988
1150 44,7 6.0 4 18.17 0.0 1957 20.1% 1957 1.31 6.988
1131 44.7 0.0 4 18.17 0.0 1957 20.19 1957 1.3% 0.988
1152 447 0.0 4 18.17 0.0 1957 20.%9 1837 1.3% 0.988
1153 44,7 0.0 4 18.17 0.0 §9537 20.19 1957 1.3 0.988
1134 44.7 0.0 4 18.17 0.0 1957 20.19 1957 1.3 ¢.988
1155 44.7 6.0 4 18.17 0.0 1957 20.19 1937 1.3 0.988
1136 44.7 0.0 4 18.%7 0.0 1957 20.19 1937 1.3% 0.988
1157 44,7 0.0 4 18.17 0.0 1957 20.19 1937 1.31 0.788
1158 44.7 6.0 4 18.17 0.0 1957 20.19 1937 1.31 0.988
1139 44.7 0.0 4 18B.%7 0.0 1957 20.19 1957 1.3 0.988
1160 44.7 0.0 4 18.17 0.0 1957 20.19 1937 1.31 0.988
1141 44.7 0.0 4 18.17 0.0 1957 20.19 1937 1.1 0.988
1162 44.7 0.0 4 18.17 0.0 1957 20.1% 1957 1.} 0.988
1163 44,7 6.0 4 18.17 0.0 1957 20.19 1957 1.3 0.788
1164 44.7 0.0 4 18.17 0.0 1957 20.19 1957 1.3 0.988
1145 44.7 0.0 4 18.17 0.0 1957 20.19 1937 1.3 0.988
1164 44.7 6.0 4 18,17 0.0 1957 20.19 1937 1.31 0.988
1167 §4.7 0.0 4 18.17 0.0 1957 20.19 1987 1.31 0.988
1148 44.7 0.0 4 18.17 0.0 1957 20,19 1937 1.3 0.788
1169 44.7 0.0 4 18.17 6.0 1957 20.19 1937 1.31 0.988
1179 44.7 0.0 4 1B.17 0.0 1957 20.19 1937 1.1 0.988
1171 44.7 0.0 4 18.17 0.0 1957 20.1% 1957 1.3% ¢.%88
1172 44.7 0.0 4 18.17 0.0 1957 20.19 1937 1.3 0.988
1173 44,7 0.0 4 18.17 0.0 1957 20.19 1957 1.31 0.988
1174 44.7 0.0 4 18.17 0.0 1957 20.19 1957 1.3 6.788

Figure 2-8C. FORDB Hybrid Strateqy, J227D, Detail During 10th Cycle (Cont'd)
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TIKE
SEC

1173
1176
1177
1177
1178
1179
1180
1181
1182
1183
1164
11835
1184
1187
1187
1188
1189
1190
1191
1192
1193
1194
1193
Bo
o

Fu
MI/6

33.

SPEED
HI/H

YOU UAN

ACCL GEAR ROAD LD
F1/82 HP
0.0 4 18.17
0.0 4 18.17
0.9 4 0.0
0.9 4 0.0
-0.9 4 0.0
0.9 4 6.0
~0.9 4 0.0
0.9 4 0.00
~0.9 4 0.00
-0.8 4 0.0
-0.8 4 0.00
0.8 4 0.00
-0.8 4 0.00
-6.3 4 -B4.70
6.3 4 -84.70
6.3 4 -75.01
“6.3 3 -64.97
6.3 3 -54.82
6.3 2 -44.00
-6.3 2 -33.18
6.3 v -22.2%
6.3 1 ~11.13
-6.3 +  -0.00
T0 CONTINUE
EA{ ENGINE---

~~~~KOTDR~~~~~ ~---HEAT ENBINE---
PU,HP SPD,RPM PW,HP RPN FL,GPH

0.0 1957 20.19 1957 1.3
9.0 1957 20.19 1957 1.3
11.78 1930 0.0 1930 6.0
11.78 1930 0.0 1930 0.0
11.44 1903 0.0 1903 0.0
11,12 1876 0.0 1876 0.0
10.81 1850 0.0 1850 0.0
0.0 1824 0.00 1824 0.00
0.9 1798 0.00 1798 0.00
9.92 1773 0.0 1773 0.0
0.0 1748 0.00 1748 0.00
0.0 1723 0.00 1723 0.00
0.0 1499  0.00 1699 0.00
~91.54 1510 0.82 1310 0.18
-91.54 1510 0.82 1510 0.18
~82.83 1322 9.83 1322  0.70
~77.03 1485 13.95 1485 0.90
=77.03 1404 12,32 1404 0.82
11.38 1897 0.0 1897 0.0
6.35 1423 0.0 1423 0.0
9.66 1750 0.0 1750 6.0
3.02 875 0.0 875 0.0
0.00 0 0.0 0 0.0

WITH MORE CYCLES...

> e o e T e T sy 2 900 > o

EL  PUR OUT,HP AVE EFF ENGINE HYERID
AL AVER PEAK PERCENT

4 13.

TOTAL
RANGE
i}

olo

1 26.0

ELECT
AT U
WH/KI

90

HANE STRATEGY

27.7 TURBODSL FORDB
CONSN ELECT COST FINAL STATE
aLL (AT 4.0C/KWH)  BATT STR DEV
UH/HI+TON C/NI UH
33 0.36 1.001 1000,

NOTE-RANGE NOT WEANINGFUL FOR HYBRID VEHICLE. ABOVE FIGURES BASED ON

BATTERY
STATE

0.988
0.988
0.988
0.988
0.988
0.988
0.987
0.987
0.987
0.987
0.987
0.987
0.987
0.987
0.991
0.995
0.998
1.001
1.001
1.001
1.001
1.001
1.001

10 CYCLES

Figure 2-8D. FORDB Hybrid Strateqy J227D, Detail During 10th Cycle (Cont'd)
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10

15

IKPUT CHANGES FOR HREXT RUN-
>nanhe turbodsl nashyb cbtout namclc trgow
>pdrax ¢ run

INPUT COMPLETE FOR THIS CASE

IHPUT A 1-78 CHARACTER TITLE FOR THIS CASE-
>all heat engivne example, |227-d cycle..conwsces

ALL HEAT ENGINE EXAMPLE, J227-D CYCLE.....cvw.e
DATE 07/07/78
TIRE 19.39.49

NOTE-TORQUE CONVERTER DIAMETER HAS BEEN SCALED FROM 10.0 IN. TO 7.1 IN. TO
MATCH ENGINE PONER OF 69 HP AT A MAXINMUM SPEED OF 4999 RPM. IF YOU DO WOT

WANT TO HAVE AUTOMATIC SCALING OCCUR TYPE NO AND CARRIAGE RETURN. OTHERWISE
TYPE YES

AUTORATIC SCALING...
ryes

TIME/ RANGE/ ROAD ENERGY  MAX ROAD DRIVING
CYC CYCLE @/0 RGN U RGN POUER SCHEDULE
SEC KI YH/H1 KW

122 0.991 389.1 297.8 40.1 J227D

ENERGY SUHNARY BASED ON INPUT TO CHARGER AND FUEL TANK USING FRCTUT HOBEL-
AERG  TIRES  BRAKES DRULNE MTR/CNTR STR DEV CLUTCH HT EN6 BATT 5YS

Wh- 139 142 90 31 2 0 170 1942 b
PRCNT 5.3 3.4 3.4 2.0 0.1 0.0 6.7 76.3 0.3

ENR OUT ENR IN PD OUT MX PD IN MX
UH/RI W/LB

11.9 0.0 9.7 0.0

PO YOU UANT TO CONTINUE UITH WORE CYCLES...
dyes

HOU MANY WORE CYCLES...
>9

Figure 2-9A, All Heat Engine Example, J227D
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DO YOU UANT TO CONTINUE WITH MORE CYCLES...
e

FUEL  PUR OUT,HP AVE EFF ENGINE HYBRID
MI/6AL  AVER PEAK PERCENT  NAHE STRATEGY

17.7 21.9 83.6 24.4 TURBODDSL CBTOUTY

TOTAL ELECT CONSH ELECT COST FINaL STATE

RANGE AT WaALL (AT 4.0C/KUH)  BATT STR DEV
M1 WH/HI  WH/HI«TON C/HI WH
0.0 18 7 0.08 0.991 1000,

NOTE-RANGE NOT MEANINGFUL FOR HYBRID VENICLE. ABOVE FIGURES BASED ON 10 CYCLES

. Figure 2-9B. All Heat Engine Example, J227D (cont'd)
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14,31.49 Zelvripp
EXECUTION:

GRC ELECTRIC VEHICLE/BATTERY SIKULATION. VERSION3I.284  8/#AY 78 -

SPECIFY DESIRED DUTFUT UNITS -~ HETRIC OR ENGLISH .
el
INITIATING EULK READ-~
FEORAL CYCLE. 1372 VALUES READ.
HINAY CYCLE. 746 VALUES READ.

CHANGES FOR THIS AND FOLLOWING RUNS-

WE=1300LE WT=3288LR ACLFAL=1.0 EFFCE=1 CDA=9.68FT2
ATIREF=1.2 EFFBC=.83 EFFCT=.9,.9,.9,.9
EFFCH=0.82 EFFCDH=.73 NAMCYC=J2270 NREGEN=2
GEAR=3.737,2.169,1.404,1.0 RATI0=.29,3.9.1
VELSCD=5.81,10.28,14.75 EFFCFU=0,422
CH=3.178,-0.7279,-0.05843
NCELLE=60 PURHEN=7300. FDMAX=150. EFFALT=.75
END DATA
WARNING . . .THE VARIABLE DICTIOMARY HAS BEEN CHANGEY FOR THIS VERSION
(VERSTION 3.2 10/MAR/78) OF ELVEC. A MEW DRIVING CYCLE IS AVATLABRLE--
MAXACL (MAXIMUN ACCELERATION BEGINNING AT SPEED VINIT). ALSO FOUR TYFPES
(0F CLUTCHES ARE AVAILABLE--DIRECT COUPLING, MAMLIAL, TORBUE TONVERTER,
AND CURT. THE BATTERY STATE LIMITS CAM NOW BE SPECIFIED (BTSHIN AND
RTSHAX) .
NAKES OF AVAILABRLE HEAT-ENGINE MAFS .
RS400 gN782 GMa735 HN1400 GMVEGAT40 TR7
TURBODSEL NADSL IDIDSL CUSTRATROT NSUAUDIRDY
BULK READ COMFLETE-

INPUT CHANGES FOR NEXT RUN-
snamhyh chbout naphe tr? naMc 1o manusl NEMCYE Masmc ] delt 0.1
avinit O speed &0mph welsod 19mph,30mph, 30mph pdmae O nprant 19
Arem

INPUT COMPLETE FOR THIS CASE

INFUT 4 1-78 CHARACTER TITLE FOR THIS (ASE-
ride open throttle exoample. i eeeen

WIDE OFEN THROTTLE EXAMPLE....... ...
ItavE 04/246/78
TINE 14.34.32

Figure 2-10A. Variable Selection for Wide Open Throttle, PDMAX = 0
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LIMIT RATTERY ENGINE  FLYWHL ROAD
TIKE DIST  SPEED ACCEL HMECHNSM STATE OUTFT outeY QUTFT FOUER
$ FT MI/HR GEES KW HP HP HF
0.0 0 0.0 0.0 1.00 0.0 0.0 0.0 0.0
1.00 4 6.3  0.27 ENGINE  1.00 0.9 17.4 3.0 16.0
2.00 18 1t.8 0,23 ENGINE .00 0.0 29.2 9.0 26,3
2.64 30 15.0  0.23 ENGINE 1.00 0.0 346.3 0.0 32.6
2.84 35 14.9 ~0.01 COAST 1.00 0.0 0.0 2.0 0.0
2.84 35 14.9  0.14 ENGINE 1.00 0.9 22.6 0.0 20.3
3.00 38 15.4  0.14 ENGINE  1.00 0.0 23.2 0.0 20.9
4.00 &3 18.4 0.13 ENGINE 1.00 0.0 26.8 0.0 24 .1
5.00 %2 21,2 0.13 ENGINE  1.00 0.0 30.3 0,0 27.3
6,00 125 24,0 0.12 ENGINE 1.00 0.9 33.8 0.0 30.4
7,00 142 26,7 0012 ENGINE  1.00 0.0 37.2 4.0 33.5
.00 203 29.3 (.12 ENGINE  1.00 0.0 49,4 0.9 36.6
8.26 214  30.0  0.12 ENGINE 1.00 0.0 41.5 0.0 37.3
8.46 223  29.9 -0.02 COAST 1.00 0.0 0:0 0.0 6.0
8.46 223  29.9 0.97 ENGINE  1.00 0.0 27.9 0.0 25.1
?.00 247  30.8  0.07 ENGINE 1.00 0.0 28.7 0.0 25.8
10.00 294 32.4  0.07 ENGIME  1.00 0.0 30.1 0.0 271
F1.00 342 34,0 9.97 EMGINE  1.00 0.0 It.4 0.9 8.2
12,00 3%3  35.46 0.07 ENGINE 1,00 0.0 32.6 0.0 29.4
13.00 447 37.1% 0.07 ENGINE 1.00 0.0 33.9 0.0 30.3
14.00 3502 38.6 0.07 ENGINE 1.00 0.0 35.1 0.0 31.6
13.00 560 40,1 .07 ENGINE 1.00 0.0 36.3 0.0 32.7
16.00 626 41.5  0.07 ENGINE 1.00 0.0 37.5 9.0 31.8
17.00 682 43.0  0.04 ENGINE 1.00 0.0 38.7 0.0 34.8
18.00 746 44.4  0.06 ENGINE 100 0.9 39.9 0.9 35.9
19.00 812 45.7 0.04 ENGIWNE  1.00 0.0 41.9 0.0 36.9
20.00 B8BO 47,4 0.06 ENGINE 1.00 0.9 42.2 0.0 J7.9
21.00 950  48.4  0.04 ENGINE 1.00 0.0 43.3 0.0 38.9
22.00 1022 49.7  0.06 ENGINE  1.00 0.0 44.4 0.0 39.9
22,20 1037 50.0 0.06 ENGINE  1.00 0.0 44.4 0.0 40.1
22.40 1051 49.9 -0.03 COAST 1.0 0.0 0.0 0.0 0.0
22.40 1051 49.%  0.04 ENGINE 1,00 0.0 32.5 0.0 29.2
23,00 1093 50,3 0.03 ENGINE .00 0.0 32.9 0.0 29.4
24.00 1170 51,1 0.03 ENGINE  1.00 0.0 33.3 0.0 30.0
25.00 1245 51.8  0.03 ENGINE 1.00 0.0 33.7 0.0 30.3
26,00 1322 52.6  0.03 ENGINE  1.00 0.0 34.1 0.9 30.7
27.00 139%  53.3  0.03 ENGINE 1.00 0.0 34.5 0.0 3t
28.00 1478  S4.0  0.03 ENGINE 1.00 0.0 35,0 0.0 31.5
29.00 1538 54,7  0.03 ENGINE  1.00 0.0 35.4 2.0 31.8
30.00 1638  55.3  0.03 ENGINE .00 0.0 5.7 0.0 32.2
31,00 1720 5é.0 0.03 ENGINE 1.6 0.0 36,1 0.0 32,5
32,00 1803 5é.6 0.03 ENGINE  1.00 0.0 36.5 0.0 32.9
33.00 1886 57.3  0.03 ENGINE 1.00 0.0 36.9 2.0 33.2
34.00 1971 7.9 0.03 ENGINE  1.00 0.0 37.3 0.0 33.5
35.00 2036 58.5 0.03 ENGINE 1.00 0.0 37.6 0.0 33.9
36.00 2142 59.1% 0.03 ENGINE 1.00 0.0 38.0 2.0 34.2
37.00 2229 59.7  0.03 ENGINE  1.00 0.0 38.3 0,0 34,9
37.58 280 60.0  0.03 ENGINE 1.00 0.0 28,5 G.0 3406

AT L s R R R R N R A L e R Py R R R R R R R R R R R L

Figure 2-10B, All Heat Engine Wide Open Throttle
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INFUT CHANGES FOR MEXT RUN-
rvindt 20.7mph speed 33.2mph run

INPUT COMFLETE FOR THIS CASE

INPUT & 1-78 CHARACTER TITLE FDR THIS CASE-
rpassing perfortEmnee exaMle. ciisisnca

PASSING PERFORMANCE EXANFLE. .. onnucs
fiaTE 06/26/78
TIHE 14.40.04

LIMIT BATTERY ENGINE  FLYWHL ROAD
TIHE DISYT  SFEED ACCEL HECHNSH STATE OUTFT OUTFY ouTFT FOUER
§ FT MI/HR GEES K¥ HE HP HP
0.0 ¢ 20.7 0.0 1.00 0.9 3.1 0.0 2.8
t.00 32 23.5 0.12 ENGINE 1,00 0.0 33.2 2.0 29.9
2.00 48 26.2  0.12 ENGINE  1.00 0.0 36.6 0.9 33.0
J.00 10%  28.%9  0.12 ENGINE .00 0.0 40.90 0.0 36.0
3.43 127 30.0  0.12 ENGIRE  1.00 0.0 41.4 0.0 37.3
3.63 134 29.% -0.02 COAST 1.00 0.0 0.0 0.0 0.0
3.63 136  29.9 0.07 ENGINE 1.00 0.0 27.9 0.0 2541
4.00 152  30.5 0.07 ENGINE 1,00 0.9 28.3 0.9 25.6
5.00 198 32.1 0.07 ENGINE  1.00 0.0 29.8 0.0 26.9
6.00 247  33.7  0.07 ENGINE .00 0.0 3.1 0.0 28.0
.94 294  35.2  0.07 ENGINE 1.00 0.0 32.2 0.0 29.9

Figure 2-10C. Passing-Time and Distance-All Heat Engine ‘
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INFUT CHANGES FOR NEXT RUN-
Fodmers 1500 rum

INPUT COMPLETE FOR THIS CASE

TNPUT & 1-78 CHARACTER TITLE FOR THIS CASE-
shybvid wide open throttle example...o.anaes

HYBRID WIDE OFEN THROTTLE EXAMPLE...ccvocus
[IATE 0672677
TIdE 14.41.35

--------------------------- YWIDE OPEN THROTTLE PERFORMANCE------—-r-memememmnmme
LIMIT BATTERY ENGINE  FLYWHL ROAL

TIME [DIST  SPEED ACCEL HECHNSHM  STATE QUTFT DUTRT ouTeT POUER
§ Fi MI/HR BGEES KU HF HF HE
0.0 ¢ 20,7 0.0 1.00 2.8 0.9 0.0 2.8
.88 32 30.0 0.44 ENGINE  0.99 88.5 41.5 0.0 124.9
1.08 41 9.9 -0.02 coasy 0.9%9 0.0 0.0 0.0 0.0
1.08 41 29.%  0.40 ENGINE  0.9% 88.5 27.9 0.0 112.7
1.74 72 35.2  0.33 ENGINE  0.99 B88.3 32.5 0.0 116.8

R R R T E s P T T T R T T 2 X

. Figure 2-10D. Passing Time and Distance - Hybrid Mode
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INFUT CHANGES FOR MEXT RUN-
Feinit O speed 30mph vum

INPUT COWFLETE FOR THIS CASE

INPUT & 1-78 CHARACTER TITLE FOR THIS CASE-
rhvbrid wide open throttle example coovenn.us

HYBRID WIDE OPEN THROTTLE EXAHPLE ..........
[ATE 06/26/78
TIHE 14.42.54

—————————————————————————————— WIDE OFEN THROTTLE PERFORMANCE-=-=-==n=mm=mmmmmomee

LIMIT BATTERY ENGINE  FLYHHL ROAD

TINE DIST  SPEED ACCEL MECHNSH STATE OUTPY QuTPT BUTPT POUER
5 FT MI/HR GEES K¥ HF HP HF
0.0 0 0.0 0.0 1.00 0.0 0.0 6.0 0.0
1.00 8 1.0 0.30 SLIF 1.00 51.3 0.0 0.0 50.8
1.37 13 15.0  0.50 SLIP .00 F0.3 0.0 7.0 69.3
1.57 19 14.9 -~0.01 COAST 1.00 0.0 ¢.0 9.0 0.0
1.57 19 14.9  0.50 SLIF 1.00 70.0 0.0 0.0 69.3
2,00 30 19.7  0.50 SLIF 0.99 88.5 4.4 0.0 1.5
2,97 &5 30,0  0.44 ENGINE  0.99 8B.5 41.5 0.0 124.9
3,17 74 29.9 -0.02 COAST 0.99 0.0 0.0 0.0 0.0
37 P4 29.9 0 0.40 ENGINE  0.9% 88.5 27.9 0.9 112.7
3.80 104  35.0  0.35 ENGINE 0.98 88.7 32.2 0.0 116.5

FEPITET LR R EL RS L L R I X A R R R T RS E S A RS RS XL R RS E LT 2

Figure 2-10E, Zero to 30 mph Hybrid Mode
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INPUT CHANGES FOR NEXT RUN-
im0 rUn
INPUT COMPLETE FOR THIS CASE
INPUT A 1-78 CHARACTER TITLE FOR THIS CASE-
2all heat engine wide open throttle example..........

ALL HEAT ENGINE WIDE OFEN THROTTLE EXAMFLE..........
NATE 06726778
TIKE 14.44.135

------------------------ ~~WIDE OFEN THROTTLE PERFORMANCE-=-======m=m=mmmomon oo

LINIY BATTERY ENGINE  FLYWHL ROAD
TIME DIST  SPEER ACCEL MECHNSH STATE QUTPRT GUTPT pUTRT POUER
5 FY MI/HR BEES KW HF HF HF
6.0 0 0.0 0.0 1.00 0.0 0.0 0.0 0.0
1.00 4 6.3  0.27 ENGINE 1.00 0.9 17.8 0.0 16.0
2.00 18 1.8 0.23 ENGINE 1.00 0.0 29.2 0.0 26.3
2.64 30 5.0 0.23 ENGINE 1.00 0.0 36.3 0.0 32.6
2.84 35 4.9 -0.01 CoasT 1.00 0.0 0.0 0.0 0.0
2.84 35 4.9  0.14 ENGINE  1.00 0.0 22.6 0.0 20.3
3.00 38 5.4  0.14 ENGINE .00 0.0 23.2 0.0 20.9
4.00 43 18.4 0.13 ENGINE 1.00 0.0 26.8 0.0 24.1
3.00 92 21.2 0,13 ENGINE 1.00 0.0 30.3 0.0 27.3
4.00 125  24.0  0.12 ENGINE 1.00 0.0 33.8 0.0 30.4
7.00 162 26,7 0.12 ENGINE 1.00 0.0 37.2 0.0 33.3
g.00 203 29.3 0.12 ENGINE 1.00 0.0 40.6 0.0 36.4
8.26 214  30.0 0.12 ENGINE 1.40 0.0 41.5 0.0 37.3
B.46 223 9.9 -0.02 Coasy 1.00 0.0 0.0 0.0 0.0
B.46 223 29.%  0.07 ENGINE 1.00 0.0 27.9 0.0 25.1
?.00 247 30.8 0.07 ENGINE 1.60 0.0 28.7 0.0 25.8
10.00 294  32.4  0.07 ENGINE  1.00 0.0 30.1 0.0 274
11.06 342  34.0  0.07 ENGINE 1.00 0.0 3.4 0.0 28.2
11.63 374  35.0 0.07 ENGINE 1.00 0.0 32.1 3.0 28.9

R R R R E R LR EI ST IR F R TR ERERF R LR R LT E L PL R TR R DT L LI 2L 2 E EF 30F RUE R 5 F 208 B 5 2

Figure 2=-10F. Zero to 30 mph, Heat Engine Only
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APPENDIX A
THE VARIABLE DICTIONARY

Figures Al-A through Al-E list the simulation variables (as defined
for ELVEC) which are available for the user to change. Table A-1 lists
the vehicle dependent values for the Ripp and GE electrics, and the

Garrett electric/flywheel vehicles,

All calculations are performed in ELVEC using the metric units
defined in the right-hand column of Figure Al-A, lines 32 through 46.
The user can specify different units when changing variables, but the
variable units and unit format are restricted to those given in the
left~hand column in the same figure., For example, if the user wishes to
input a new drag coefficient-frontal area product in English units, he
can type the following, where (::) is the symbol for the "return' key

(carriage return) on the terminal:

CDA 8FT2 (:)

This value of 8.0 ft2 is converted by the program to 0.743224 mz, using
the scale factor indicated on line 35 of Figure Al-A. Note that a
space must be placed between the last character of the variable name
and the first number of the variable value. A space between the last
number of the variable value and the first letter of the unit name is

optional.

If the user wishes to input several variable changes, he can
either use the return key after each selection, or he can concatenate
several variables on the same line. For example, the user can designate
changes for the drag coefficient-frontal area product, vehicle weight,
battery model, heat engine, and hybrid strategy by listing each change

separately;



CDA 8FT2

WT 1270.06
MDLBAT FRCTUT
NAMHE TR7
NAMHYB FXOP

or the user can effect the same changes by:
CDA 8FT2, WT 1270.06, MDLBAT FRCTUT, NAMHE TR7, NAMHYB FXOP (::)

Note that no units were designated for the vehicle weight (WT),
indicating that the default unit is implied, i.e., kilograms. The user
could have specified 2800LB. Also note that each variable is delimited
by a comma. There is no limit to the number of variable changes or the

number of lines. When the user is finished specifying the changes for

®

This is indicated on line 26 of Figure Al-A,

the next run, he types:

If the user wishes to reinstate all of the bulk data values, he

can type:

RESTART

as indicated on line 25. After the user specifies the desired variable
changes, and either prior to typing RUN or immediately after the simula-

tion, he may obtain a list of the variable values for the particular sim-

LIST (::)

An example of such a list is illustrated in Figure A-2,

ulation by typing:



. When the user wishes to terminate the simulation session, he types:

QUIT @
or  STOP @

and can then log off the network as previously indicated in Section I.

Figures Al-B through Al-E list all the variables and arrays, with
their definitions. Any or all of these parameters can be changed by
the user. The default values of the single variables {(Non-array

variables) are listed in the far right-hand columns of the figures.




-y

Table A-1. Vehicle~Unique Parameters

Vehicle

Ripp Electric

General Electric

Garrett AiResearch

Variable Name ELVRIPP ELVGE ELVAIR
ACLFAC 1.0 1.0 1.0
ATTREF 1.2 1.11 1.11
CDA 9.68 ft’ 5.8 ft? 8.0 £t’
EFFCFW - - 0.622
NREGEN 2 2 3
B 1300 1b 1092 1b 1040 1b
WFW — e 126 kg
WT 3288 1b 3708 1b 3466 1b
EFFCT 0.9, 0.9, 0.9, 0.9 0.9, 0.9, 0.9, 0.9 0.96, 0.96, 0.96, 0.96
(3.757,2.169,1.404,
GEAR 1
1.0 1.0, 1.0, 1.0, 1.0 1.0, 1.0, 1.0, 1.0
RATTO 0.290, 3.90, 1.0 0.281, 5.48, 0.0 0.281, 5.48, 0.0
VELSCD 5.81, 10.28, 14.75 100., 100., 100. 100., 100., 100.
EFFCM 0.82 0.82 1.0
(3.178, -0.7279, 3.3282, -0.68459, 3.337, -0.57519,
CH

-0.05863

-0.021946

-0.064065




14.46.33 »print vardir Jdats
ELVEC VERSION 3.2 08 HAY 78

THIS VERSION INCORPORATES THE HYBRID MODEL UTILIZING HEAT-ERGINE MAPS READ
FROW THE EULK DATA FILE. THE BULK DATA FILE NOW INCLUDES ALL OF
THE AVAILABLE HEAT-ENGINES. THE HYBRID HODELS ARE INVOLKEDR BY SETTING THE
NEW INFUT VARIABLE =NAMHYB= TO ONE OF THREE STRATEGIES-~--
CBTOUT CONSTANT BATTERY OUTPUT (HEAT ENGINE PEAKING)
FORDR HODIFIED FORD B
FXOP FIXED DPERATING POINT (BATTERY PEAKING)
AR IN VERSIONS 2.0 - 2.3 A HEAT ENGINE HUST BE INVOLKED WITH THE HYBRID
OPTIONS BY SETTING THE VARIARBLE =NAHHE= TO ONE OF THE HEAT ENGINES AVAIL-
ABLE (FRINTEDR AT THE BEGINNING OF THE RUN).

DICTIONARY OF KEYWORDS AND DPTIONAL UNIT-NAMES - ELVEC VERSION 3.2

KEYHORD  PROGRAH ACTION

CHOENG CHANGE ONE OF THE KATHE ARRAY VALUES FOR A HEAT ERGINE

ENR EXECUTE CASE WITH CURRENT DATA
END DATA  EXECUTE CASE WITH CURRENT DATA
HELIST LIST HEAT-ENGINE DATA FOR ALL HEAT-ENGINE MAPS AVAILABLE

(VALUES PRINTED FOR EACH ENGINE ARE SAME VALUES AND IN
SAME SEQUENCE AS READ FROM BULK DATA FILE)

LI87 LIST aLL PROGRAM VARIARLES AND ARRAYS AND' THEIR VALUES

RUIT TERMINATE EXECUTION

RESTART  IMMEDIATELY RE~INITIALIZE AND RESTART PROGRAH FROM BEGINNING
RUN EXECUTE CABE WITH CURRENT DiAaTa

aT0R TERHIWATE EXECUTION

UNITNAHE (FOLLOWED BY 1-4 CHAR. UNIT-NAME FOLLOWED BY ASSOCIATED
SCALING FACTOR) DEFINES {(OR RE-DEFINES) & UNIT-NANE

UHIT-NAME MEANING SCALING FALTOR TD COWVERT TO INTERNAL URIT
REG DEGREES 0.017453 RADIANS

FY FEET 0.3048 HETERS

FTLE FOOT-FOUNDS 1.355846 NEWTON-HETERS

F12 FEET-SRUARED 0.092903 HETERS-SQUAREDR

HF HORSEPOWER 746.0 UATTS

Ke KILOGRAKS 1. KILOGRANMS

HPH KILGHETERS/HOUR 0. 277777 HETERS/SECOND

KM KILOMETERS 1000. METERS

I.B POUNRS 0.433592 KILDGRAKS

1 HETERS 1.0 HETERS

NH NEUTON-HETERS 1.0 NEWTON-HETERS

HFH HILES/HOUR 0.44704 METERS/SECDND

PSF POUNDS/SR.FEET 4,882428 HKILOGRAKS/SR.METER
REH REVS/HINUTE 0.104720 RADIANS/SEC

SEC SECORDS 1.0 SECONDS

UBER HAY DEFINE NEW UNIT-NAMES OR RE-DEFINE OLD ONES USING THE =UNITNAHE=
KEYWORD. & HAXIHUM OF 14 MEW NAMES IS5 PERMITTEL.

Figure A1-A. Variable Dictionary
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DICTIONARY OF INPUT VARIABLES - ELVEC VERSION 3.2

YARIARLE
NAKE

ACLFAC
AH20
AKCK
ATIREF
RTSHAX

HTSHIN
oA
ELT
BETAIL

DTSHFT
ECHO

EFCVURT

FFFALT

EFFRE
EFFCE

EFFCD

EFFCFY

EFFCH

FK
ENFUHL
FFRCHEP

GRADE
INFORH
Ty

ABTCHG

NDLEAT

MOLMOT

HOTYF

BESCRIFTION

RATIO OF FINAL TO AVERAGE VALUE FOR EXFOMENTIALLY
DECREASING ACCELERATION PROFILE

20-HR AMP-HOUR RATING OF RATTERY 4

FACTOR USED IN KLECKNER MODEL 4

TIRE FRICTION COEFFICENT (PERCENT)

HAXIMUM ALLOWABLE BATTERY STATE ~ BASED ON FRACTIONAL

AMOUNT OF BATTERY WEIGHT REMAINING (HOXIE AND FRACT-

T0NAL UTILIZATION MODELS). FRATIONAL CHARGE REMAINING

(KLECKNER MODEL, BASEDR ON 20 H RATE).

MINIMUN ALLOWARLE BATTERY STATE - (BEE RTSHAX)

IRAG-AREA PRODUCT

DRIVING CYCLE TIME-STEP

QUTFUT CONTROL (O=MINIMUM OQUTFUT,1=IRCLUDE TRALE
DUTFUT) DEFAULT 1§ ¢

TIME DELAY TO SHIFT GEARS DURING IN HAX. ACCEL RUNS

FLAG (=0OH= OR =0FF= ) INDICATING WHETHER PROGRAM
SHOULD REFEAT PRINT OF USER INFUTS,

EFFICIENCY OF CONTINUOUSLY VARIABLE RATIO

TRANSHISSION

EFFICIENCY(FRACTIONAL) OF ALTERNATOR/RECTIFIER USED

WITH FXOF STRATEGY

EFFICIENCY 0OF BATTERY CHARGER({FRACTIONAL

CHARGE-DISCHARGE EFFICIENCY DF BATTERY UHEN REGEN-
ERATIVE BRAKING IS USED

CHARGE-DIITSCHARGE EFFICIENCY OF BATTERY DURING NORMAL
CHARGE~DISCHARGE CYCLES

EFFICIENCY OF TRANSHISSION COUPLING FLYWHEEL WITH
VEHICLE DRIVELINE

EFFICIENCY OF MOTOR(IF SET TO ZERO, THE WOTOR
EFFICIENCY IS CALCULATED AT EACH TIME STEF.

THIS REQUIRES THAT A RETAILEDN SOTOR MWODEL BE
FRESENT.)

FACTOR USED IN KLECKNER MOUEL 4

USEABLE ENERGY IN FLYWHEEL FOR CONST. SPEED RUNS

FRACTION OF MAXIMUM POMER AT WHICH ENGINE IS TO

DRERATE WHEN BATTERY IS BEING CHARGED (FORDE AND

CRTOUT STRATEGIES)

ROADWAY GRADIENT(TANGENT OF SLOFE ANGLE, PERCENT)

FLAG (=CARD= FOR CARD-FORMAT INPUT, =FREE= FOR FREE-
FORMAT INFUT?

INTERACTIVE MODE FLAG(O=NON-INTERACTIVE,
1=INTERACTIVE)

FLAG SET TO 1 IF ENGINE IS ALLDWED TO RECHARGE

BATTERY IN FORDEB STRATEGY (QOTHERWISE ALL BATTERY

RECHARGE COMES DURING REGENERATIVE BRAKING)

FLAG (=FRCTUT= FOR FRACTIONAL UTILIZATION BATTERY
DISCHARGE MODEL, =HOXIE= FOR HOXIE RATTERY DIS-
CHARGE MODEL, OTHER FOR KLECKNER MODEL)

=GESFEA= FOR & E SEPARATELY EXCITED HDTOR

=AIRMOT= FOR ALK RESEARCH SEFARATELY EXCITER MOTOR

FLAG (=8ERIES= FOR SERIES MOTOR, =SHUNT= FOR
SEFARATELY EXCITER KOTOR)

Figure A1-B. Variable Dictionary (Cont'd)

A~-6

DEFAULT VALUE

21.54 a-H
4.713

1.3 PERCENT
0.8

2
JOULES

HOXIE

GESPEX

SHUNT



HARTLE NABE OF CLUTCH...VALID NARES ARE-
DRCOUP  DIRECT CLOUPLING
HANUAL  HANUALLY ACTUATED
TROCNY  TORBUE CONVERTER
CVRT CONTINUOUSLY VARIARLE RATID TRANSMISSION
NAMCYC DRIVING SCHEDULE . . . J2271
=J227h=,=J2278=,2J2270=,=40270= (NEW SAE)
=HAXACL FOR HAXIMUM ACLERATION RUNS
=5AERES=,=SAEMET= (OLD SAE)
=FEDRAL= (EFA UREAN)
=CONSPD= (CONSTANT SPEEDD
=HIWAY= (EPA HIGHUAY?
HAMHE NAHE OF HEAT-ENGTIHE 70 USE (USED ONLY IF Némidrk IS SET
TD ONE OF THE ALLOWARLE OFTIONG). MUST CORRESPOND TO
ONE DF THE HEAT ENGINES READ FROM THE RULK DATA FILE,
NAKHYR FLAG FOR HYERRIDN STRATEGY-
FOR ELECTRIC OF FLYWHEEL ASSISTED VEHICLES
FORDE FOR HMODIFIED FORLE STRATEGY
CETOUT FOR CONSTANT BATTERY OQUTPUT
FXOP FOR FIXED OPERATIRG POINT
NCELLS NUMBER OF RBATTERY CELLS $ b0
HKLIRE NUMBER OF CHARACTERS/OUTPUT-LINE (PROGRAM RECOBNIZE: 79
79 AND 131

o 8

HEFPC NUMBER OF FOSITIVE FLATES/RATTERY-CELL ¢ 9

NFRINT NUKEER OF TIME STEFS BETWEEN DUTRUTS FOR DETAIL=1 1

NREGEN REGENERATION FLAG (1= NO REGENERATIVE BRANKING, 2= 1

REGENERATIVE RRAKING, 3= FLYWHEEL SYSTEM)

P IRAX HAXTHUM ALLOWABLE RATTERY SPECIFIC POWER DENSITY 150, W/KG
FOR EITHER DISCHARGE DR CHARGE (DURING YARIOUS HYBRID
HODES) .

PHHY2 FOUER LEVEL OF BATTERY QUTFUT FOR NREGEN = 3 QFTION . W

(IF UMKNDUN, THE PROGRAM ITERATES TO FIND PRAX2, RUT
THE COMPUTATION TARES LONGER .
HROHPT FROMFTING SYMROL USED BY PROGRAM (UNLESS QUER-RIDDEN
BY SYSTEM PROMFTING)
FHRHEN HEAT ENGINE OUTFUT FOWER SETTING FOR FXOF STRATEGY 7.5 KE

RF HOTOR FIELD RESISTAMCE 0.01464 OHHMS
R1 BATTERY INTERNAL RESISTANCE/FOSITIVE FLATE 0.009 OHAS
GPIHE HEAT ENGINE SPEED SETTING FOR FXOF STRATEGRY 3000. KPH
SREED SPEED FOR =CONSPD= DRIVING SUCHEDULE 13.41 K5
TCING TORQUE CONVERTER INFUT TMERTIA D tnd Kb-MZ
T0IN2 TOROUE CONVERTER UUiIFUT INERTIA 0203 ni-H2
TFTRE TIME TO TERHINATE UETAILED (DETATL=1r GTFLT 1500, 8
T0n TORAUE LOSS IN DIFFERENTIAL 0. H-H#
TSTOF MAXIMUK TIME Y0 TERMINATE COMPUTATION 1500, 8
ISTRE TIME TO BEGIN DETAILED (DETATL=1) OUTRUT 0. 8
VEWR GOLTAGE DROF ACROSS FREE-UHEELING DIODE FaRALLELING Y
MOTOR (NOT PRESENTLY USEID
UINIT INTTIAL SPEED FOR aAnr. ACCELERATTION RUNS U, P
UHINRG HINTHUM SPEED AT UHT 8 RESENERATIVE BRaY 4G DAV DULHRE O, ndy
upe HATTERT QPEN-CIRCUTIT VOLTAGE PER CELL 4 Lordd
"'SCR YOLTAGE DROP ACFOSS SILICOM-CONTROLLED RECYIFIER IN .2
CHOFFER-CONTRULLER (NOT PRESENTLY USEDD
UTHIN MINIMUN BATTERY VOLTAGE FER CELL PLAR
WE BATTERY MASS LAY B gt
WFY ARSS OV FuvdnEERL ENERGY STORAGE SyYRTEW USED oLy bog, e
OOLORPUTE POWER DENMSITEES:
g GROGS DEHIULE MARS (AG TEET- RSN E I
LB FATTID ofF EVee(iiod Td &Tally mo & it wEMICLE (A
drerre § - DSED Owir De Tl e b wEe pMufib]

Figure A1-C. Variable Dictionary (Cont'd)
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BICTIONARY OF INFUT ARKAYS - ELVEC VERSION 3.2

ARRAY
RAME GESCRIPTION \ IIMEN.
NnF21 COEFFICIENTS USED FOR DETAILED SIMULATION OF SERIES {4)
MOTOR TO CALCULATE THE CURRENT I ,AMFS) REQUIRED T0
FRODUCE TORQUE ¢T,HEUTON-METERS)
T=aF2TI01) ¢ TwCAF2I02) + T (AFZI(3) + T=aF2104)))
(NEEDED ONLY IF EFFCHM IS ZERD)
ARES COEFFICIENTS USED TO CALCULATE THE EQUIVALENT FIELD {3)
AND ARMATURE RESISTANCE (R,OHHS) FOR A GIVEN MOTOR
SFEED (S,RADIANS/SEC) AND CURRENT (I,AMPS) .
R=ARES(T)+S+ (ARES (2 +ARES (T4 {5/ 1) %2 ) +ARES (4D # (57 [ ww
{(NEEDED ONLY IF EFFCH IS ZEROD)
CF1 COEFFICIENTS GLIVING CAPACITY FACTOR FOR TORDUE (4)
CONVERTER, (HF/{(RFM+x3))
CEICH) IS CAPACTTY FACTOR AT ZEROD TORGUE RaTIO (STALL)
CFIC2),TR(2, AND SRICH) GO TOBETHER.
CFI(3) IS THE CAPACITY FACTOR AT THE COUFLING POINT
CFI¢4) I8 THE CARPACITY FACTOR AT SRIC3I)CABOUT
HALF WAY BETWEEN SRI(2) AND UNITY)
CH COEFFICIENTS USED TO CALCULATE THE BATTERY SPECIFIC hn
FOWER DENSITY (FD,UWATTS/KG: WHICH A RATTERY CAN
HAINTAIN FOR TIME (7,8EC) . . .
FI=EXF(CHON ACHOD) #ALQGCT A Z600) +DHOT) AL 0GIT/ 3600 +¢2)
DENS DEMS{1)=GASOLINE SPECIFIC GRAVITY v23
DENGC2Y=DTESEL FUEL SFECIFIC GRAVITY
FFFCT EFFICIENCY (OF TRANSHISSION FOR EACH GEAR SFEED (FRACTION) (4)
FEEQU FEEQU(1)=GASOLINE ENERGY EQUIVALENT(DEFAULT=46.7E6 J/KG? (2}
FEEQV(2)=DIESEL FUEL ENERGY EGUIVALENT(DEFAULT=45.6E6 J/KG)

GEAR TRANGHISSION GEAR RATIO FOR EACH SPEED (4)
GELON CONSTANTS HEEDED TO MODEL THE BENERAL ELECTRIC HOTOR (14)
(SEE SUBRQUTINES CNTRLR AND GEMOT FOGR THE HANNER IN

WHICH THE CONSTANTS ARE USED)
HATID RATIOCT ) =RRIVING WHEEL RADIUS, HMETERS (3

RATIOC2)=RIFFERENTIAL RATIO, INPUT-SPEED/OUTFUT-SPEED
RATID(I)=NOT CURRENTLY USED

Figure AL-D. Variable Dictionary (Cont'd)
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ER1

07
Tki

YELSCH

SPEED RATIO ARRAY FOR CFI AND TRI INPUTS

SRIC1) CORRESFONDS TO CFI(2) AND TRI(Z2)

SRIC2) IS THE SPEED RATIO AT THE COUPLING POINT
SRIC3) CORRESFONDS TD CrId4)

TORGQUE LOSS IN TRANSMISSION(FOR EACH GEAR)

TORQUE RATIC ARRAY FOKk TORBUE CONVERTER

TRIC1) IS THE STALL TOROUE RATIO

TRIC2) CORRESFONDS 10 SKRIC1) (NEAR THE SPEED RATIO FOR
MAXIHUM CAPACITY FACTOR)

TRI(3Y IS THE COUPLING PDINT TORQUE RATID

TRIC4) IS THE TOROUE RATID AT UNITY SPEED RATIO

SFEED AT WHICH 2ZNII, 3RD, AND ATH GEARS ARE ENGAGED(#/S)

Figure Al-E. Variable Dictionary (Cont'd)
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Tist

SCALED VAKIARLES FOR THIS RUN-

ACLFAC
ATIREF
Cha
IITSHFT
EFFALT
EFFCD
EX
GRALDE
JBTCHG
MOTYF
NAHHE
NELINE
NREGEN
PROWFT
Ri
TCIN
TOD
YFYD
Bt

WB
XHRAT
AF21

ARES
CFI
CH

DENS
EFFCT

FEEQY
GEAR

GECON

RATIO
SRI
o7
Tkl
YELSCD

XJ

1.000000
1.200000
0.899301
0.200000

.750000
0.750000
0.892000
0.0

1

SHLUNT

79

9
&

0.900000E~02
0.108480
0.0
1.000000
2.064000
289.669434
1.030000
0.776461E+01
0.0
$.797000E-01
0.0
0.297192E-02
0.102572£-02
0.317800E+01

0.750000E+00
0.900000E+00
0.700000E+00
0.467000£+08
0.373700E+01
0. 100000k +01
0.414000E+00
0.330000E-01
0.275000E+01
0.149200E+05
0.412300E+01
0.290000E+00

0.472000E400
0.0
0.0
0.245000E+01
0.998000E+00
0.581000E+01

0.0

AHZ0
RTSKAX
BELT
ECHO
EFFRC
EFFCFY
ENFUHL
INFORM
HILBAT
NAMCLC
NAHHYR
NPFPC
PIMAX
FPURHEN
SFRHE
TCINZ
TSTOF
VINIT
USCR
WFu

2
-

OFF
0.850000
0.622000
0.360000E+07
FREE
FRCTUT
DRCOUFR

9
150.0060000
7300.00000
314.139912
$.203400£-01
15430, 00000

0.0
1.200000
126.000000

-0.561570E-01
0.0
0.0
0.275950E-02
~0.727900E+00

0.840000E+00
0.900000E+00

0.456000E+08
0.216900E+01

0.170000E-02
0.254000E-01
0.356300E+02
0.500500E+02
0.488300E+01
0.390000E+01
0.842000E+00
0.0

0. 155500E+01
0.102800E+02

0.0

AKCK
BTSMIN
DETATL
EFCVURT
EFFCE
EFFCH
FRCHEP
Ty
HMOLHOT
HARCYC
NCELLS
NFRINT
PHMX2
RF
SFEED
TFTRC
TSTRC
UHINRG
UTHIN
WT

Figure A~2. Output from "List"
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4.713000
0.0
9.0
0.800000
1.000000
0.820000
0.600000
1

GESPEX

J2271

60
1
1.0006000
0.164000E-01
13.410000
1500.00000
0.0
0.0
1.750000
1491.41040

0.229324E~03

~-0.586300E-01

0.%00000E+00

0.140400E+01
0.730000E-01
0.800000E-02
0.314159€403
0.900600E+02
0.100000E+01
0.920000E+00
0.0

0.998000E+00
0.147500E+02

0.0



APPENDIX B

OUTPUT VARIABLE DESCRIPTION

This appnedix describes how the output from an all-electric simu-
lation is calculated. Please refer to the sample output, Figure B-1.
The different energies will be described mathematically, and the energy
data from the sample output will be derived. Remember that all calcula-
tions are performed in the metric system, but that the output is scaled
to give customary metric or English units. The variables described in

this appendix are summarized in Table B-1.

1. Road energy without regeneration, ENRGN

!

=

ENRoN j(PAERO * Pppakes t PTIRES) dt W.hr/mi (Bl.1)

where
R = range covered during one cycle of the driving
schedule, mi
PAERO = power required to overcome aerodynamic drag, watts
PBRAKES = power dissipated in the brakes
PTIRE = power required to cvercome rolling resistance, watts
C1 = dimensional constant

From the sample output and output from the case where NREGEN = 1,

E = (AERO + BRAKES + TIRES)/R  W.hr/mi (B1.2)
NRGN <
where ENRGN = (81 + 60 + 75)/0.961 W.hr/mi
= 224.8 W.hr/mi
NOTE: PBRAKES = 60 W.hr when NREGEN = 1, otherwise PBRAKES =0

The difference between the computer output of 226.3 W.hr/mi (using
equation [B1.1] and the hand calculation (equation [Bl.2] of

224.8 W.hr/mi, a difference of 0.67% is due to the roundoff of
quantities AERO, BRAKES and TIRES before they are printed.

B-1




Road energy with regeneration, ERGN

1
Erew =X JProap 9° (B2.1)
where
= Road load power

PROAD

From the sample output,

ERGN = ENRGN - [EBATIN/(EFFCM * EFFCT)] W.hr/mi (B2.2)
where
ENRGN = road energy without regeneration
= 226.3 W.hr/mi
EBATIN = energy back to battery from regeneration

= 46.3 W.hr/mi
EFFCM = motor efficiency

= 0.82
EFFCT = transmission efficiency
= 0.9
E = 226.3 - [46.3/(0.82)(0.9)] W.hr/mi

RGN
= 163.6 W.hr/mi

Energy consumption at the wall, EWALL

- %
EMC EFFCB EIN

WALL = R * EFFBC * EFFCD

E W.hr/mi (B3.1)

B-2



where

EMC = energy taken from the battery to motor/controller, W.hr

EFFBC = battery charger efficiency

= 0.85
EFFCD = battery charge/discharge efficiency
= 0,75
EFFCB = charge efficiency during regeneraticn
= 1.0
E. . = energy returned to battery from regeneration, W.hr

IN

From the sample output,

Eo - EFFCB * E

BATIN R
EyaLt = TEFFBC ¥ EFFCD W.hr/mi (83.2)
where
Eo = EMC/R W.hr/mi
and
EBATIN = EIN/R W.hr/mi
Therefore,
_306.7 - (1.0)(46.3) .
BaarL T T (0.85) (0.75) W.hr /mi
= 408 W.hr/mi
4, Energy cost, ECOST
4¢/1000 W.hr ¢/mi (3.4.1)

EoosT = ByarL

From the sample output,

= * 1
ECOST 408 4¢/1000

#

1.63 ¢/mi

B=3



Battery System losses energy, EBSL

Refer to the diagram below:

EFFCB < E
"R
r—-———"—""""""="""" T =TT == 1
| !
| REGENERATON }
{ BATTERY EFFBC N T EFFCD
! CHARGER = | STANDARD i E
| CHARGE/DISCHARGE | MC
| |
b e e e e e e e e e
B3 = 3
EW (EWALL) (CYCLE RANGE) 92 W.hr
EFFBC
EFFCD Efficiencies as described in Appendix A
EFFCB
ER = regeneration energy, W.hr
= (EBATIN) (cycle range) = 44.5 W.hr
EMC = energy to motor—controller, W.hr
Also, EMC = (ER) (EFFCB) + (Ew) (EFFBC) (EFFCD)
The battery system loss is
EBSL = Ew + ER - EMC W.hr (B85.1)
or
- - ’ & % F .2
EBSL Ew + ER (ER * EFFCB + Ew EFFBC EFFCD) (B5.2)
or
= - % : ‘ - .h B5.3
EBSL Ew (1-EFFBC * EFFCD) + ER (1-EFFCB) W.hr ( )

EMC - ER * EFFCB
= * (1-EFFBC * EFFCD
EFFBC * EFFCD ( )

+ ER (1-EFFCR) W.hr (B5.4)



1
= Eyc (EFFBC * EFFCD l) +Eg

EFFCB
EFFBC * EFFCD

* (l-EFFCB - + EFFCB) (B5.5)

and finally,

1
BSL EMC\ EFFBC * EFFCD 1) +Ep

E

EFFCB
* - T
(1 EFFBC * EFFCD) W.hr (B5.6)

From the example then,

= (U 1 B
EBSL = (306.7) (0.961) ((0.85) 0755 l)
+ (46.3) (0.961) |1 - L W.hr
: : (0.85) (0.75)
EBSL = 142.4 W.h
Battery output energy, EMC’ ER
£ = O [ s [o.2,,,] @ wone (861
ER = —CZ/R /~ MIN [O’PBAT] dt W.hr (B6.2)
where
EMC = energy furnished by the battery to the motor-
controller, W.hr
ER = energy furnished by the motor-controller (or
alternator-rectifier) to the battery, W.hr
C2 = dimension constant
PBAT = instantaneous battery output power, watts

B=5



Table B-1. DEFINITION OF VARIABLES

Energy loss due to drag, W.hr

Constant to adjust units

Constant to adjust units

Driving schedule range (see R below), mi

Energy to motor-controller = EMC/R W.hr/mi

Energy back to battery from regeneration, W.hr/mi
Battery system energy losses, W.hr

Energy cost at wall plug, ¢/mi

Battery charger efficiency, fraction

Charger efficiency, fraction

Battery charge/discharge efficiency, fraction
Motor efficiency, fraction

Transmission efficiency, fraction

Energy returned to battery (CHARGER + REGEN), W.hr
Fnergy to motor-controller, W.hr

Road energy loss per cycle, without regeneration, W.hr
Regeneration energy, W.hr

Road energy loss per cycle with regeneration, W.hr
Energy wall cost, Ew = (EWALL> (R), W.hr

Energy consumption at wall plug, W.hr/mi

Power required to overcome aero drag, watts
Instantaneous battery power, watts

Power dissipated in the brakes, watts

Power back into battery (regeneration), watts
Power required to overcome rolling resistance, watts
Driving schedule range for one cycle, mi

Fnergy loss due to rolling resistance, W.hr




OUTPUT VARIABLE DEFINITIONS.....veuus
DATE 07/24/78
TINE 10.05.37

TIME/ RANGE/ ROAD ENERGY  HMAX ROAD DRIVING
CYC CYCLE ®/0 RGN W RGH POUER SCHEDULE
§EC HI WH/KI KW

122 0.961 226.3 163.6 29.9 J227D

ENERGY SUMHARY BASED ON INPUT TO CHARGER AND FUEL TANK USING FRCTUT MODEL-
AERD  TIRES  BRAKES DRVLNE MTR/CNTR S5TR DEV CLUTCH HT ENE BATT SYS

WH- 8i 75 0 30 62

FRONT 20.8 19.2 0.0 7.7 16.0 0.0

--------------- BATTERY —-—-memmm oo
ENR OUT EMR IN FPD OUT HX PD IN #X
BH/HI W/LB
306.7 46.3 31.1 26,5
TOTAL ELELT CONSH ELECT COSY FINAL STATE
RANGE AT BaLL (AT 4.0C/KUH)  BATT

HI HH/HI  UH/HI=TON C/HI

49.1 408 248 1.43 0.0

BRI RRAEERERRBRBBEEREEIRELBRBREBELBLELPRER RO IR TP ERERERE RV AR ETRPR SRS RERER

Figure B-1, Output Variable Definitions
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APPENDIX C

DATA STORED FOR HEAT ENGINES

There are eleven heat engines available for use by ELVEC. The
operating data for these are summarized in the following figures. Any

one of these can be used when a hybrid simulation is selected.

The heat engine maps are stored as arrays within the data files of
the ELVEC program. To print these arrays, the user selects the engine
of interest from Table C-1. The user types HELIST, as indicated in
line 1 of Figure C-1. The system asks which engine, and the user types
the appropriate choice, using the proper name indicated in Table C-1.
Figure C-1 (the engine map for the Honda HN1600 engine) is used as an

example to describe the engine map array and associated parameters.

Line 4 indicates the engine name. In line 5, the number 197 is
an index number in the array named HETAB, and indicates where the data
begins for this heat engine. The next number in the row (moving to
the right) indicates that there are 10 limit boundary pairs. This can
be seen in Figure C-2, where the data from Figure C-1 has been
rearranged into a more conventional configuration. The next number in
the row indicates that there are 9 fractional rpm rows within the
actual map. Again, this can be seen in Figure C-2. The next number
to the right in line 5 of Figure C-1 (the number 10) indicates the
number of fractional power columns in the map. The next number (to the

right) is a fuel flag: 1 for gasoline, 2 for diesel.

Moving down to the next row (line 6 of Figure C-1), the 5500 indi-
cates the maximum rpm of the engine., The following numbers are defined

for this row of Figure C-1:

Number Definition
5500 Max rpm
50 Max power
1.05 Idle Fuel consumption
1.00 Torque multiplier
1000 FORDB cut=-in engine rpm
0.0117 Fuel to start engine



Number Definition

0.0400 Engine inertia
800.0 Idle rpm
0.0 Not used

Figure C-2 gives the units in the rearranged configuration.

Starting on line 7, the numbers appearing in each row are the
specific fuel consumption for this particular engine and can be correlated

with the rearranged array of Figure C-2.

Each engine map is stored in this manner, and computer rearrange-

ments are illustrated in Figures C-3A through C-13B for user information.

Certain properties of the engines can be scaled, including
maximum horsepower and maximum rpm. Other properties can be changed
by the user. Table C-3 lists the elements of the heat engine catalog.
Any element in this list may be changed, with the exception of element
No. 5, which is locked out to the user. To change an element in KATHE

(Table C-3), type "CHGENG." The program will guide the user.



€~

Table C-1, Heat Engine Map Choices

Simulator Mfg/Designation

Displacement (cm3)

HP at MAX RPM

Description

1. Briggs & Stratton BS400
2. Onan ON782

3. General Motors GM5735

4. Honda HN1600

5. General Motors GMVEGA140
6. Triumph TR7

7. Volkswagen TURBODSL
8. Volkswagen NADSL

9. British Leyland IDIDSL
(Rover)

10. Curtis Wright CWSTRATROT

11. NSU/AUDI NSUAUDIROT

400
782
5736 (350 CID)
1600
2294
2000

1471

1471

2300

983

750/Rotor
(1500 Total)

11 at 3600
14 at 3600
150 at 3800
50 at 5500
80 at 4000
86 at 6000

70 at 5000

50 at 5000

60 at 4000

75 at 4500

170 at 6500

1 Cyl Horizontal

2 Cyl Opposed

V8 (1975)

Honda CVCC

GM VEGA, 140 CID, (1975)
Slant 4 Cyl

VW Rabbit Diesel,
Turbocharged

VW Rabbit, Diesel, Naturally
Aspirated

Indirect Injection Diesel

Stratified Charge Single
Rotor Rotary

2 Rotor Rotary




Table C-2. Tabulation of Heat Engine Data

Idle Fuel
Heat
Fuel Flow Value
Engine HP CID/% RPM (1b/hr) LB/GAL (Btu/1b)

Briggs & Stratton 11 0.42 1800 1.04-1.6 6.1 18900
Onan 14.4 48 1200 1.5-2.0 6.1 18900
GM 350 CID 150 350 800 4.9 6.1 18900
Honda CVCC 50 1.64% 800 0.9~1.2 6.1 18900
GM 140 CID 95 140 850 2.2-2.7 6.1 18900
VW Rabbit
"~ Diesel TC 70 90 650 0.6 7.42 18390
VW Rabbit

Diesel NA 50 90 650 0.6 7.42 18390
Rover Diesel 60 2.32 650 1.0 7.42 18390
C~W Stratified

Rotary 75 60 500 1.0% 6.1 18900
NSU Rotary 170 3% 700 3.0 6.1 18900
TR-7 Slant 4 86 122 950 2.3 6.1 18900
* .

Add 0.4 1b/hr for accessory, e.g., air conditioning




-2

Table C-3. Kathe - The Heat Engine Catalog

Kathe Array
Element Type Descr;ption
1 -3 HOLLERITH Name of the Ith engine (up to 10 characters)
4 HOLLERITH Not used
5 INTEGER Location of start—of-data for Ith engine (not available for user change)
6 INTEGER Number of fractional peak horsepower/fractional rpm pairs in the
engine map
7 INTEGER Number of fractional rpm grid points in the engine map
8 INTEGER Number of fractional horsepower grid points in the engine map
9 INTEGER Fuel type (1 = gasoline, 2 = diesel)
16 REAL Maximum rpm
11 REAL Peak horsepower
12 REAL Idle fuel consumption (gal/hr)
13 REAL Factor for torque required to turn nomrunning engine (FORDB only), ft~1b
14 REAL Speed at which the engine starts (FORDB only), rpm
15 REAL Fuel to start engine, 1b
16 REAL Engine inertia, ft--lb—s2
i7 REAL Engine idle speed, rpm
18 REAL Not Used
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L-D

LIMIT BOUNDARY FRACTIONAL POWER vs SPECIFIC FUEL CONSUMPTION
hp/MAX hp rpm/MAX rpm .10 .20 .30 .40 .50 .60 .70 .80 .90 1.0
.24 .182 1.7 .98 | .86 .76  .655 .572 .525 .499 .489 .483
.37 .273 - - = - -] - - - - -
51 .364 1.9 .95 .79 .71  .655| .547 .451 .44]1 .443  .495
.65 455 1.5 .855 .697 .61  .554 508 | .468 .44 .44 .49
76 545 1.9 .975 .795 .687 .62 .5 .51 | .47 .47 .55
.87 636 2.0 1.02 .785 .659 .581 .54  .516 .505].5 .5
.95 .727 2.0 1.12 .85 .72 .62 .55 .516 .505 .506 | .5
1.0 .818 2.0 1.14 .81  .655 .585 .554 .535 .525 .525 .525
.99 .909 2.0 1.4  .975 .825 .725 .665 .625 .625 .625 | .625
.96 1.00 1.96 1.7 1.47 1.27 1.09 .942 .821 .729 .664 | .627
ENGINE DISPLACEMENT 1600 cc MAX rpm 5500
HETAB INDEX 197 MAX hp 50
OF LIMIT BOUNDARY PAIRS 10 IDLE FUEL CONSUMPTION | 1.05 Ib/hr
FRACTIONAL SPEED ROWS 9 TORQUE MULTIPLIER 1.0
FRACTIONAL POWER COLUMNS 10 MIN rpm 1000
FUEL FLAG (1 = GASOLINE; 2 DIESEL) ] STARTUP FUEL 0.0117 Ib
ENGINE INERTIA 0.0400 ft-s2
IDLE rpm 800

Figure C-2. Engine:

Honda CVCC (Rearranged Data from Figure C-1)




ENGINF:  BS400

g-0

FRACT POWER
e 4590
06780
» 7920
e 3680

« 9410
1.0000

1ie/
1.000

» 8520
e 1940
o 1400
« 6890
« 6700

« 6570

MAXTMUM POWER: 11,0 HP
MAXTMUM RPM:  3600,0
MINIMUM RPM: 100040
FUEL TYPE: GASDLINE
ENGINE MAXTMUM DPERATING 8AUMDARY =
RPM  POWER FRACT RPHM
1800. 5. <5000
2098, 6. <5830
2397. 70 .6660
2700, 8. . 7500
2998. 9. . 2330
3301, 10. 29170
3600, 11, 1,0000
FUEL CONSUMPTION - (LB/HP/HR)
RPM, POWER, VALUE/FRACTION
VALUE/ 2./ S/ 8o/
FRACTION . 250 500 . 750
1800,/
. 500 1.6700 1.0700  .9280
2098,/
.583 1.5900 1.0900  .8900
2397,/ :
<666 1.5100 1.0400 8340
27004/
<750 1.4100 09240  .7520
29984/
.833 1.3900  .8970 . 7400
3301./
.917 1.3600 8810  ,7370
3600,/
1,000 1.4100  .9050 7950

e 6540

Figure C-3A, Engine Map, Briggs & Stratton - BS400
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HERT ENGIN& FUEL CODNSUMPTION MRP FOR THE BS%00
NOTE THE REVERSED VALUES DN THE POWER AND RPM RXES FDR CLARITY
UNDER THE MAP CONTOUR IS THE MRXIMUM BOUNDARY PLOTTED WITH CIRGLED PDINTS

PORER (HP)

Figure C-3B, Engine Map, . ~t~
Briggs & Stratton - BS400 (Cont'® 1.0
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ENGINE:  N782

MAY IMUM POWER: 14e4 HP
MAXIMUM RPM: 36000
MINIMUM RPM:  1000.0

FUFL TYPrR: GASOLINE

ENGIME MAXIMUM ODPERATING

RP POVYER

1592, 2,
19917, 9,
2199, 10.
23297, 11,
2509, 17,
2797, 17,
2a0q, 17,
3196, 14,
3355, 14
3600, 14,

FUFL CRSUMPTION
RPM 9

VALUER/ Lo/
FRACT 16N 333
1598,/
bl 1.0500
1998,/
s D55 11500
2397/
«Hb66 1.,1700
2797,/
s 177 1.2000
3194,/
e 538 1. 2500
36006/
1.000 12600

FRACT RPM FRACT PNVFR

AOHNDARY -

o 4440 « 5680
« 5850 o H420)
.6110 « 7100
e HBAN s 1770
e (7220 s 2410
e (TT70 « 5990
0 330 « 9390
0 01310 » 9730
0 OLln) e GA3N
1.0000 1. 0000
{LE/HP/HRY
POVER . VALUE/ERACTIN
T/ 10/ 144/
« HO0 0 150 1 000

« 9300

Q500

0 G300

29250

e I650

140800

e R OO0 6 1300

e 1250 « 1D00

« 1700 s (000

e 1700 7000

+ 2150 » 71300

« 050 0 1600

Figure C-4A, Engine Map, Onan - ON782
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HEAT ENGINE FUEL CONSUMPTION MAP FOR THE DON78R
NOTE THE REVERSED VALUES ON THE POWER RAND RPM RAKES FOR CLARITY
UNDER THE MRP CONTOUR IS THE MAXIMUM BOUNDRRY PLDTTED WITH CIRCLED POINTS

POWER (HP)

Figure C-4B,. Engine Map, ‘ ~r"
Onan - ON782 (Cont'd) L.0
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ENGINE: (GM5735

FRACT POWER

« 0200
2 2840
e 3900
« 4800
o 6440
e 7410
« 8810
0 9500
1. 0000

VALUE/FRACTION

604/
« 400

«5690
5420
5120
«5520
«5300

«5250

26940

MAXIMUM POWER:  150,0 HP
MAXIMUM RPM:  3800.0
MINIMUM RPM: 1000.0
FUEL TYPE: GASOLINE
ENGINE MAXIMUM OPERATING BOUNDARY -
RPM  POWER FRACT RPM
190, 4, <0500
999, 42, 2630
1299. 58, 43420
1497, 72, 3940
1900. 6. 5000
2200,  111. 5790
2800, 132, J7370
3298, 144, . 8680
3800. 150, 1.0000
FUEL CONSUMPTION = (LB/HP/HR)
RPM, POWER,
VALUE / 4/ 15,/ 37,/
FRACT ION 2030 100 250
999,/
«263 3.4100  ,9540  .8330
1299, /
0342 5,3000 1.4800  ,6980
1497,/
«394 3,6800 1.3100  .7910
1900. /
500 3.9200 1.3600 .7150
22004 /
2579 3,5600 1.3300  ,7160
2800, /
JT37 5,0800 1.5700  .8220
3298, /
+868 4,0700 1.5400  .8830
3800, /
1,000 5,5500 1.7600  ,8040

«6920

904/
« 600

«5420
4770
«5260
5000
+5380
«5270
«5860

«6290

112.7/
« 750

« 5230
« 4630
¢ 5440
«5110
« 4930
e 5320
0 5450

« 6180

Figure C-5A, Engine Map, General Motors - GM5735

150.7/
1.000

5480
« 3380
o 4420
25060
«4970
«5110
5360

«5610
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HEAT ENBINE FUEL CONSUMPTION MAP FOR THE GMS735
NDTE THE REVERSED VALUES ON THE POHER RAND RPHM RXES FOR CLARITY

UNDER THE MAP CONTDUR IS THE MAXIMUM BDUNDRRY PLOTTED WITH GIRCLED PDINTS

POWER (HP)

Figure C-5B, Engine Map,
General Motors - GM5735(Cont'd)

8.0



ENGINE: HN16DO
MAXIMUM POWER:  50.0 HP
MAXIMUM RPM: 5500.,0
MIMIMUM RPM: 1000.0
FUFL TYPF: GASOLINE
ENGINE MAXIMUM OPERATING BOUNDARY -
RPM  POWER FRACT RPM  FRACT PAWER
1001, 12, .1820 « 2400
1501, 18. 2730 .3700
2002, 25. «3640 5100
25020 B2. olP'SSO « 500
2997, 38, .5450 . 7600
3493, 43, e 6360 8700
3998, 47, L7270 « 9500
4499, 50 . 8120 1.0000
4999, 49, . 9020 . 9900
5500, 48, 1.0000 9600
v FUEL CONSUMPTION = (LB/HP/HR)
= RPMy POWER, VALUF/FRACTION
VALUE/ 5/ 10./ 154/ 204/ 254/ 30 4/ 35,/
FRACTION . 100 « 200 « 300 « 400 « 500 « A00 raelp
1001 ./
182 1.7000 9800  .8600 7600  .6550 5720 45250
2002,/
s 364 1.9000 » 9500 s 7900 « 7100 + 6550 5470 e 491D
25024/
. 455 1.5000 L8550  .A970 L6100 L5540 L5080 4680
3003,/
« 546 1.9000 9750 . 7950 s 6870 « 6200 «H 600 + 5100
3498,/
636 2.0000 1.0300 « 7250 s 6520 « 5810 e 5400 +D1A0
3998 ./
. 727 2.0000 1.1200 L8650  .7200 L6200  .5500  .5160
4499,/
<318 2.0000 1.1400 <2100  .6550  +5850 45540  .5250
4999,/
2909 2.0000  1,4000 9750  o.8250 7250 <6650 46250
5500,/
1.000 19600 1.,7000 1.4700 1.2700 1.09000 e Q420 « 21N

Figure C-6A, Engine Map, Honda - HN1600

40 ./
L800

« 4990
o 4410
0 4400
e 470N

#5050

«e5050
#5250
e 6250
2 1290

45, /
e GO0

« 4890
s 4430
s 4400
« 4700
« 5000
« 5060
« 5250

s 6250

. 6540

50 e/
1,000

04830
« 4950
0 4900
° 5500
« 5009
« 50070
e 525D
e 525

«527)
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HERT ENGINE FUEL CONSUMPTION MAP FOR THE HN1600
NOTE THE REVERSED VALUES ON THE POWER RAND RPM RAXES FOR CLRRITY

. UNDER THE MRP CONTOUR IS THE MAXIMUM BOUNDRRY PLOTTED WITH GIRGLED PDINTS

POWER (HP)

Figure C-6B., Engine Map,
Honda - HN1600 (Cont'd)




ENGINE:  GMVEGA1 40

FRACT POWER

«0300
s 2400
» 3600
« 5000
« 1000
« 8600
1.0000

VALUE/FRACTION

20/
« 250

« 9790
1. 0400
« 7760
« 7300

« 6400

MAXIMUM POWER: RO.0O HP
MAXTIMUM RpPp#M: 400060
FINIMUM RPM: 100060
FURL TYPE: GASOLINE
FNGINE MAXIMUM OPERATING ROUNDARY -
RPM  POMWER FRACT RPM
200, 2, L0500
908, 19, «2270
1364, 28, e 3410
1820, 40, <4550
2544, 56, « 6360
3272, 68, .8180
4000, 80 1. 0000
E FUEL CONSUMPTION = (LRB/HP/HR)
N RPMg POWER,
VALUE/ b4y 84/ 12,/
FRACTION <050 . 100 . 150
Q908./
.227 2.8000 1.9500 1.3200
1364,/
. 341 3,6000 1.8400 1.4500
1820,/
. 455 2.8100 1.5200 1.1100
2544,/
. 636 248500 1.4500 1.0300
3272,/
.818 2,6800 1.4900 1.1200
4000,/
1.000 2.7000 1.6400 1.1700

« 8730

406/
+ 500

« 5960
« 6310
« 5260
« 5250
« 6170

« 6060

60 o/
« 150

04610
«5000
«4 880
«4970
05230

«5530

Figure C-7A, Engine Map, General Motors - GMVEGA140

80e/
1.000

05850
«6310
« 5760
«5280
5420

«5170
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HEAT ENGINE FUEL CONSUMPTION MRP FOR THE GMVEGRL4D
NOTE THE REVERSED VALUES ON THE POWER RAND RPM RXES FOR CLRRITY
UNDER THE MAP CONTOUR IS THE MAXIMUM BOUNDRRY PLDTTED WITH GIRCLED POINTS

POWER ({HP)

Figure C-7B. Engine Map,
General Motors - GMVEGA 140 (Cont'd)
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ENGINE:  TR7

MAY TMUM POWER: B6.,0 HP

MAXIMUM RPM: 6000,0
MIMIMUM RPM:  1000.0
FUEL TYPE: GASOLINE

ENGINFE MAXIMUM OPERATING BOUMDARY -

RPM POWER FRACT RPM FRACT POMER
996, 14, « 1660 1670
1500, 25, 2500 02920
1998, 35, e 3330 04140
2507. 45. o‘?’l?o 05330
3000, 55, » 5000 06480
3408, 65, <5830 e 7630
4002, T4, e K6ETD + 8650
4500, 21, LTEN0 « G530
4998, 85, e 3330 9970
5496, 83, 9160 0 Q710
H000, 80, 1. 0000 <9360
FUFL CONSUMPTION = (LR/HP/HR)
RPH, PAWER, VALUE/ERACTINN
VALUE/ 8o/ 126/ ?1./ 30,/ 43,/ 51 o/ b4/ T77./ 8be/
FRACTION « 100 + 150 0 250 «350 « 500 » 600 2750 909 1.000
QL 4/
. 166 1.4000 1,2000 - 8500 . 7000 « 6000 05600 + 5200 <3007 L, 5100
1500,/
« 250 1.3200 1.0000 e 7500 o 6£00 « 5500 05200 « 4950 A-Tols! . 5100
1993,/
. 333 1.3000 e 9700 . 7050 « 6050 « 5250 25150 « 4850 e 4R0N . 5100
2502 ¢/
o &17 1.3000 0 9350 . 6950 » 5950 » 57250 65050 0 &4TH0 e 4T0N « 5100
30006/
. 500 11,3000 . 2100 « 6900 . 5900 « 5300 5000 4730 0 4700 . 5100
36}98 ./
« 583 1.3000 » 9000 . 6900 « 5900 * 5250 o4 950 L4720 e 47NN 0 5100
4002,/
0667 1.3000 11,0000 « 7000 « 5850 « 5250 +5000 <4800 s 4T0N . 5100
4500,/
« 750 1.3500 1.1500 7200 . 6200 e 5400 5200 4900 0 4850 « 5100
4998,/
. 833 1.5000 1.3000 . 7900 . 6600 « 5600 #5350 05150 5000 . 5300
5406,/
916 1.7000 1.5000 1,1500 « 8000 « 6500 »6000 + 5500 « 5500 « 5800
6000/
1.000 2.0000 1.,7000 1.4000 1.3000 1.,2000 1.0000 L8000 . 7NN . 6500

Figure C-8A, Engine Map, Triumph, TR7
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HERT ENBINE FUEL GONSUMPTION MAP FDOR THE TR7
NOTE THE REVERSED VALUES ON THE POWER AND RPM RXES FOR CLARITY
. UNDER THE MRP CONTOUR IS THE MRXIMUM BOUNDRRY PLOTTED WITH GIRCLED POINTS

o
4

?
L]

61

(¥H/dH 87T NOILSRNSNOD 13nd4
w + U

133
e
T

et
- |
-

e
.2:3/9

PONER (HP)

Figure C-8B, Engine Map,
Triumph, TR7 (Cont'd)
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ENGINE: TURBODS L

MAXTIMUM PDWER:

MAXTHMUM RPM:
MINIMUM RPM:
FUFL TYPE:

7

0,0 HP

500060
700.0

DIESEL

ENGINE MAXIMUM DPERATING
RPM . POWER

500,
1000,
1500,
2000,
2500,
3008.
3500.
4000,
4500,
5000.

5
12,
20
37.
43,
53.
61,
67,
69,
70

FUEL CONSUMPTION

RPM,
VALUE/
FRACT ION
1000,/
200 1,
1500./7
«300 le
2000,/
400 1.
25006/
»500 1.
30006/
«600 1.
3500,/
« 700 2o
40000 /
2800 Z2e
5000, /
1.000 20

36/
« 050

7600
4500
5600
6500
9000
1400
4700

4000

BAUNDARY -
FRACT RPM
« 1000
22000
e 3000
« 4000
« 5000
«6000
» (000
« 3000
« 9000
1.0000

{LB/HP/HR)
VALUE/FRACTION

POWER,

Te/

« 100
13900
1.2000
1.1500
1.1500
1.2200
1.7300
1.4000

1.7300

177
» 250

« 8600
7100
«6100
«6100
« 5900
« 6300
« 7100

1.,0900

FRACT PNWER

«0820
« 18240
2970
o4 T10
« 6250
e 1680
« 8810
» 9630

9900
1. 00060

284/
« 400

«6100
25300
« 4600
« 4600
«4 600
+ 4600
« 5300

+ 71600

424/
» 600

05100
4600
« 4400
4400
«4300
4300
4400

<5900

62./
0 750

« 4950
« 4400
« 4400
» 4400
« 4300
« 4300
4600

+ 5400

Figure C-9A, Engine Map, Volkswagen - TURBODSL

e/
1.000

24950
«5000
+5000
«5000
«5000
«5000
5400

5800
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MEAT ENBINE FUEL CONSUMPTION KAP FOR

THE TURBOOSL

NOTE THE REVERSED VALUES ON THE PONER RND RPH RXES FOR
UNDER THE MRP CONTOUR I8 THE HARIMUM

POWER (HP)

Figure C-9B, Engine Map,
Volkswagen - TURBODSL (Cont'd)

BOUNDRRY PLOTTED

CLARITY
NITH OIROLED PDINTS
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FMGINE S  NADSL

oo

FRACT POWFER

« 0560
2000
« 2870
«4530
e 5600
« 1070
o 8130
e 9070
° 9680
1.0000

20e/
0400

« 6100
« 5800
e 5300
o 5400
« 5400
« 5400
« 6000

» 6800

MAX ITMUR POWER: 50,0 HP
MAY THMUM RPM:  5000,0
HIMIMUN 2PM: 700,0
FUFL TYPE: YIFSEL
ENGINF MAXTMUM OPERATING ANIMNARY
RPH POWER FRACT RPM
500, Ze « 1000
1000, 10. 0 2000
1500, 14, « 3000
2000, 22e e 4000
2500, 78 #5000
3000, 35, « 6000
3500, 40, + 7000
4000, 45, « 8000
4500, 42, 2000
5000, 50, 1. 0000
FUFL COMSUMPTION - (LRB/HP/HR)
RPM, POMER, VYALUFE/FRASTION
VALUE/ 2e/ 5o/ 12./
FRACTION » 50 « 100 s« 250
1000./
« 200 1.70006 1.3800 « 8400
1500,/
. 300 1.6700 1.2300 s AF00
20004/
« 400 1.7300 1.2500 « 6900
25004/
» 500 17300 1.,2400 e 1200
3000,/
» 600 1.7300 1.,2500 s 1300
35004/
« 7100 18100 1.4000 « 1600
4000,/
« 800 23100 1.6900 « 8500
4500,/
2900 1.8600 1.6500 1.0000
5000./ .
1.000 25600 2,1800 11,1100

» 7800

30e/
+ 600

« 5700
« 5400
e 4400
« 4500
« 4700
« 4600
« 4900
« 5500

s 5900

37/
« 150

24700
« 4900
«4500
+4300
e 4400
<4500
«4700
«5300

«5400

Figure C-10A, Engine Map, Volkswagen - NADSL

500/
1.000

« 4900
« 4900
« 4900
04900
« 4900
« 4900
« 4900
« 5400

« 5400
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HERT ENBINE FUEL CONSUMPTION MAP FDR THE NRDSL
NOTE THE REVERSED VALUES ON THE POWER AND RPM RANES FOR GLRARITY
g+ UNDER THE MAP CONTOUR IS THE MAXIMUM BOUNDRRY PLOTTED WITH CIRGLED PDINTS

(¥H/dH/87) NOTLJIWNSNOD 13n4
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POWER (HP)

Figure C-10B, Engine Map,
Volkswagen - NADSL (Cont'd)



FRACT POWER

3100
0 4700
¢« 6100
» 7500
« 8500
s 9300
1.0000

VALUE/FRACTION

21e/
350

« 5800
+ 5600
e 5450
« 5600
« 5750
» 6500

« 6750

ENGINE:  IDIDSL
MAXIMUM POWERS 60,0 HP
MAXIMUM RPM:  4000.0
MINIMUM RPM: 700.0
FUEL TYPE: DIESEL
ENGINE MAXTMUM OPERATING BAUNDARY -
RPM POWER FRACT RPM
1000, 18. « 2500
1500.  28. +3750
2000, 36, . 5000
2500, 45, .6250
3000,  51. . 7500
3500, 55 L8750
4000. 60, 1.0000
i FUEL CONSUMPTION — (LB/HP/HR)
= RPM, POWER,
VALUE/ 6o/ 9./  15.7/
FRACTION  .100 o150  .250
1000/
0250  1.2000 1.0000 47150
15004/
<375  1.0000 49000 6500
2000,/
0500  1.1000  .9000 46600
2500/
<625  1.1000  .9000 46700
30004/
«750  1.1300  .9500 7000
3500,/
o875  1.1500 1.0000  .8000
4000,/
1,000  1.2000 1.0500 ,9000

30./
+ 500

« 5300
« %780
« 4700
« 4790
* 5150

« 5550

<6100

364/
« 600

«4 790
04410
04370
«4 500
4790
#5200

+5700

454/
s 750

« 4390
« 4250
04220
04320
«4570
«4820
« 5300

Figure C-11A, Engine Map, British Leyland Rover - IDIDSL

546/
«900

« 4360
<4310
<4300
«4250
04470
04710

«5000

600/
1,000

« 4400
e 4400
» 4400
o 4400
« 4550
« 4750

« 5000
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HERT ENGINE fUEL CONSUMPTION MAP FOR THE IDIOSL
NOTE THE REVERSED VALUES ON THE POWER AND RPM RXES FOR CLRARITY
UNDER THE MAP CONTOUR IS THE MAXIMUM BOUNDARY PLDTTED WITH CIRGLED POINTS

POWER (HP)

Figure C-11B, Engine Map, , 
British Leyland Rover - IDIDSL
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ENGINE: CHWSTRATROT

MAXTMUM POWER:

MAY TMUM RPM:
MINTMUKN RPH:

FUEL TYPE:

ENGIMNE MAXTHAUM OPERATING

RPM
1197,
1498,
1800,
1998,
2497,
3001,
3496,
3G96.
4500,

FRACT POWER

2050
« 3030
« 4060
s 4770
+» 6500
« 8060
« 9330
1, 0000

75,0 HP
4500,0
12000
GASOLINF
BROUNDARY -
POWER FRACT RPM
15. 0 2660
22, »3330
30, « 4000
35, s 4440
49, ¢ 5550
60, 06670
69, 0 1770
75« + 3880
70 1. 0000

FUFL CONSUMPTINN

RPi,
VALUE/
FRACTION
1197./
0 266
1498./
e 333
1998,/
o 444
2497 o/
e 555
3001./7
e 667
2496,/
e 177
3996,/
« 388
4500,/
1.000

Te/
0 100

1.5000
13500
1.2000

1.2000

12500

1.3000

1.4500

= (LB/HP/HR)
VALUF/FRACTION

PNHER,
11/
<150

1.2000

1.0500

L9500
<9000
9000
<9000

1.0500

1.2000

1867/
« 250

29000
« 7600
o 1400
e 6950
« HR00
« 1100
s 1A0N

+ 8500

9360

266/
«350

« 7200

« 6000
« 5900
« 5850
« 6000
s 6250

°« 6850

37/
« 500

e 6100
e 5400
« 5300
+ 5300
« 5300
5300
» 5400

« 5700

654/
« 600

«5800
<5300
» 5000
5000
« 4970
4970
«5200

«5500

566/
o« (50

<5000
« 4900
<4RT0
<4800
<4920
«5200

° 5400

Figure C-12A, Engine Map, Curtis Wright - CWSTRATROT

6T/
0 Q00

« 5500
+5250
« 5009
e 4950
s 4920
« 52010
«5250

5400

56/
L.000

« 5500

« 5500

« 5500

« 5500

» 5500

0 5500

« 5500

« 5500
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HEAT ENGINE FUEL CONSUMPTION MAP FOR THE CHSTRATROT
NOTE THE REVERSED VALUES ON THE POWER RND RPM RXES FOR CLRRITY
UNDER THE HAP CONTOUR IS THE MAXIMUM BOUNDARY PLOTTED WITH CIRGLED PDINTS

FOWER (HP)

Figure C-12B. Engine Map,
Curtis Wright - CWSTRATROT (Cont'd)
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ENGINE: NSUAUDIROT

MAXIMUM POWER:
MAXIMUM RPM: 65

MIMIMUM RPM:

FUEL TYPFE:

GASO

170.0 HP
00,0

2000.0

LINE

ENGINE MAXINUN DPERATING BOUNDARY -
FRACT RPM
s 2310
3080
« 3850
e 4620
« 5390
5150
« 6920
e 7690
e 8460
«9230
1. 0000

RPM
1501,
2002,
2502,
3003.
3503,
3997,
4498,
4998,
5499,
53999,
6500,

POWER
366
5‘!-0
70
88

105,
123,
137
150,
161,
168,
170

FUFL CONSUMPTION

RPMsg
VALUE/
FRACTION
1501./
0231
2002./
» 308
30034/
0462
3997,/
«615
4998,/
« 169
5999,/
«923
6500,/
1. 000

17/
« 100

1.0000
1.0000
1.0000
1.0400
1.2100
1.4000

1.7000

-~ (LB/HP/HR}
VALUE/FRACTION

POWER,

254/

. 150
« 8800
« 8600
« 8600
28470
1.0000
162000

1. 4000

424/
« 250

0 7500
» 7080
» 6450
« 6500
« 6600
29350

1,1000

FRACT POWER

«2130
* 3200
+4130
0 5190
« 6230
o 71290
«8070
« 8840
+ 9500
« 9910
1.0000

59./
« 350

« 6400
» 5840
« 5500
« 5500
o 6050
+ 6490

e 9100

85/
«500

« 5370
« 5190
« 4950
+ 4980
5280
« 5830

» 6400

102./
« 600

«5200
« 4950
«4660
+4 T30
«5060
5410

5900

127.7/
« 750

+ 4970
e 4730
4520

e 4510

« 4840

+5240

« 5500

Figure C-13A, Engine Map, NSU/AUDI - NSUAUDIROT

153,/
+ 900

0 4840
04620
0 4400
e 4490
4800
«5190

5400

170./
1.000

» 4840
« 4730
« 4620
° 4620
o 4840
« 5150

« 5300
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HERT ENGINE FUEL CONSUMPTION MAP FOR THE NSURUDIROT
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APPENDIX D
ROAD LOAD MODEL
The calculations described in this appendix are for the road load
model in ELVEC. This is intended as a summary of how the road load
parameters are calculated in this simulator.

ROAD LOAD AND ITS COMPONENTS

The basic equation used to compute road load is

P, = (F, + Fp + MG + F,V) V

where

PR = yvoad load (includes acceleration), W

FA = gerodynamic drag, N

FT = tire friction, N

MV = vehicle mass, kg

GF = gradient factor, N/kg

F2 = yehicle effective mass, kg

®
V = acceleration, m/s

V = speed, m/s
Aerodynamic drag is calculated, using

FA = 0.6125 * CDA * V * V

where
. . 3
0.6125 = standard air density/2, kg/m
CDA = aerodynamic drag-area product, m
V = speed, m/s



Note that the resulting units are kg - m/sz, which is equivalent to
Newtons (N). The power lost in aerodynamic drag is calculated from .

PLAERO = FA * V,
Tire friction is calculated, using

FTR = ATIREF/100 * 9.807 * WT

where

ATIREF

tire friction coefficent, percent
9.807 = acceleration due to gravity, m/s

WT

]

vehicle mass, kg

The default value of ATIREF is 1.2 percent. The power lost in the tires

is
PLTIRE = FTR * V
The gradient factor is equal to
Gy = sin[tan'l(e/loon * 9,808
where

8 = road gradient, percent

Note that GF is set to zero for all driving schedules except constant

speed and maximum acceleration.

The vehicle effective mass is calculated from

2
Fy=Mye * B3 I3



where

"e

XmMV , 1f the wheel, driveline, and motor inertias are set
to zero; in this case X_n should be set to about 1.03
1l

2 2 .
MV + 8111 + 8212 s 1f‘Il #0

where
Bl = 1/driving wheel radius [BETA(1)], m2
- * . . . .
82 Bl ry (r1 is differential ratio)
Il = inertial of wheels [XJ(1)], kg—m2
I2 = inertial of driveline (not including motor), kg—m2
The term B§I3 is the reflected (to the wheels) mass of the

rotating motor., Here

>
i

82 * r, (r2 is transmission gear ratio)

—
1

rotating inertia of motor, kg - m
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