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1. Preface

1.1. Purpose of guidelines-compatible model

The guidelines-compatible model is based on the Plant Modeling I/F Guidelines for Vehicle Development, which
promote the distribution of models between businesses. Actual use of this model will lead to a deeper understanding
of these Guidelines. In addition, by replacing and running the subsystem models with your own models, the IF
guidelines-compatible model can be used as a pre-emptive guidelines checker and problem identifier when changing
models.

1.2. Requirements of guidelines-compatible model

The functions and structures of a vehicle have been abstracted so that even those without basic knowledge
of vehicles can easily understand the model. Physical domains include motion systems (rotation, translation)
and electrical systems. *Other physical domains will be discussed in the future.

The model assumes that the vehicle has an engine displacement of 1.3 L with a continuously variable
transmission (CVT) as its transmission type.
It is based in Matlab® Simulink®, a programming language often used in vehicle development.

1.3. Functions of guidelines-compatible model

@ Controlling function
*Idling stop/Idling control
*Fuel cut control
*Regeneration contorol during the decelearation /Constant power generation control
* Torque converter lock-up control
* Gear shift line control

@Plant
*Engine
* Alternator
= Starter
CVT
*Differential gear
*Brake
= Tire
*Vehicle
* Battery
*Electrical load
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2. Operating/Usage environment

Operating requirement and usage environment of the guidelines-compatible model is shown below.

2.1. Operating requirement

The guideline-compatible model is proven to the operation in the following environmentand conditions.

< OS environment >

oS Windows 7  64bit

PC specification 64bit Memory 6GB or more

< Model usage environment>

Tool name MATLAB/Simulink

Tool ver. 2015a (64bit)

Types Six

Library

(Except for Simulink | METI_Lib_vehicle_model.slx
standard library)

< Caluculating condition of model >

Type of solver Fixed step ode8 (Dormand-Prince)

Sampling time 0.0025[s]

Max. step size -

Min. step size -

Allowable error -
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2.2. Usage environment

The simulation environment, file structure, and folder structure of the guidelines-compatible model is as

follows.

< Simulation environment of the guidelines-compatible model >

The simulation environment of the guidelines-compatible model is as shown below.

The CVT fuel consumption simulator is made up of a model file and a library file.

Mode-driving data, parameter data, and other data are read as inputs for settings, and the simulation is run.

Input

o —

Mode driving data
(CSV file)

Parameter data (m file)

Fi

C J

%_\\ y,

External environment

|

Model file (slx file)
Library file (mdlfile)

g. 2.2.1. Simulation environment

< File composition of the guidelines-compatible model >

No | File Name Description
1 | METI_CVT vehicle_ver00_2015a.slx Simulator
2 | METI_Lib_vehicle_model.sIx METI Library
3 | init_setting.m Script for initial setting/setting parameter data/setting pass
4 | (subfolder)params Parameter data folder
5 | (subfolder)pictures Block image data folder
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3. Usage

3.1. Execution of simulation
3.1.1. Launch MATLAB
Launch MATLAB 2015a.

3.1.2. Initial setting

Run "init_setting.m", then set a path, a parameter, and set up the simulation model.

4\ MATLAB R2015a - i X
HOME ME L BDSe B @ISearch Documentation ¥el
EI‘ ;j T Lz, New Variable |sf Analyze Code o ) |:,_§ Community
ﬂﬁ - L] Find Files @7 H—E‘ ) \=a) E {0} Preferences U
Li7» Open Variable ~ é? Run and Time 5’ Reguest Support
New New Open £'J Compare Import Save Simulink  Layout ﬁ Set Path Help
Script - - Data Workspace I"._’} Clear Workspace [fg Clear Commands ~  Library - - i Add-Ons «
FILE VARIABLE GODE SIMULINK ENVIRONMENT RESCURCES
FEpEA b G b Users b AZ287 b Deskiop b 20170331010-1 -l
Command Window @ | Workspace ®
Name Jx > Name Val

param
picture

Click here

[*al METI_C\ Open Enter

3‘ TL Ll RTINS}
Run [:]
ST =

Show in Explorer

Create Zip File

Rename F2
Delete Delete
init_setting.m
‘Compare Against >
= pasE iy
Cut Cirl+X
Copy Cirl+C

Cirl+V

~ Indicate Files Not on Path

3.1.3. Select control to use

Controls can be chosen by setting in
COMMON _set params.m inside the params folder. P vy T ———

wmne mc gz SEEC MUET MG @i g xe xAT g awes znsn
S T e mme o e - v mcss sxoty
7 e 1 Lot ar H

@I1dling-stop | oL
flag idle stop exe = 1.0; {075 et

1:1dling-stop H
0:Idle Speed Control (ISC) R L st

W= ALTONT Flagdisable kaisei = 0.0

(@Regeneration control (Increase voltage when

decelerating and using F/C)
flag disable kaisei = 0;
0:Regeneration cotrol is active
1 :Regeneration control is deactive (constant
power generation)
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3.1.4. Start simulation

Click the Start Simulation button on Simulink to begin the simulation.

Click here

P METLCVT_vehicle_ver01_20170315_2015a - Simulink — [u] e
file Edit View Display Diagram Simulation Analysis Code clp
E-8 e fHe-=2-= 4 [~ [ondtine ] [fecslretor ~| | @)
Model Brawser = METLOVT.vehicle_verl1 201 X Vehicle BKPNT
Bl METLOVT vehicle verl 20 [Pa] METLCVT wehicle ver01.20170315 20165 b -
> [Pal Driver
e — -
> Monitar Q
v [Fa) Vehicle
Pa] ALT.CNT =}
> [l ALTPNT =
BK_CNT
BK_PNT =
PNT Lo -
DF_PNT
ELPNT
i O
ENGONT
ENGLPNT Lo e
STPNT
TMLONT
THLENT pre—r Eer=rry
TRPNT
VLPNT
4 e
S
PRI |
p
e ey
i
< >| € ¢ >
Ready View 1 warning 80% odes
P METICVT_vehicle ver01_20170315_2015a - Simulink — [u] X
File Edit View Display Diagram Simulation Analysis Code Tools Help
B-dles |Bme-Ee@r ®B- .
Mode! Browser = METLOWT.vehick verl] 201703152015 % Vehicle BICPNT
~ [l METLOVT vohiclover0 20| [[5g]METLOVT vebicle verti 20170315 2015 b -
Q
i}
=
=
O
==
= =5
T
oz |
I
pe— Er
e T
]
5| € [ >
I Running || View diagnostics 80%. | o W A odes

\ \

Shows “Running” Shows the length of time the
simulation has been running for

The simulation is finished when it stops showing "Running".
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3.2. New energy block setup

This chapter contains the steps to modify the model to add an energy block are described. In addition, refer to
the energy blocks in the library.

3.2.1. Copy energy block

Copy an existing energy block. Any energy block can be copied.

Copy

Doreescfion Portd

3.2.2. Set appropriate physical quantity

Select the type of energy and output / loss from the drop-down menu.
Electric and Output selected.

& Function Block Parameters: P_cal X & Function Block Parameters: P_cal X

Subsystem (mask) (link) Subsystern (mask) (link)

Parameters

Parameters
Domain_of Energy |Electric Dorrainof Eneregy | Electric -
Outputloss CutpHeat Output,Loss |Output -
Workspace Nare |Rotational Wnrkspacej\lw
Th PNT MEGH P | [T MECK LR |

Power_\Workspace_MName Fower _Workspace Name

Po_Tht PNT_MECK_LUP Po_Tht PNT_MECK_UP

Across_Variable_Workspace_MName Acrogs Variable_Warkspace MName

'V _Th_PINT MEGH UP W _TWPINT_MEGK UP
Through Variable Workspace MName Through Variable Workspace Mame
LTMPNT MECK P LTM PNT MECK P
GCancal Help Apply Cancel Help Apply

Press OK or Apply after
selecting the parameters

The Block icon will change

o3)

Corrachn Portl
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3.2.3. Set energy name

The power, across variable, and through variable are automatically set when a Workspace Name is entered
and OK or Apply is clicked. Measurement results will also be left in the workspace.

"4 Function Block Parameters: P_cal
Subsystern (riask) (link)
Parameters

Dormain_of Energy | Electric

Output,Loss | Output

Workspace_MName

JTra Pt ELES

FPower _Workspace_ Mame
Po_Th PMT MECK UP
Acrozz_Variable_Workspace_MNarme
W_Thi PIHT MECK UP
Through_Variable_Workspace Name
LTh PHT MECK LIP

Cancel Help

Apply

"l Function Block Parameters; P_cal

Subsystern (riask) (link)
Parameters
Domain_of Energy |Electric

Output,Logs | Output

Workspace_MName

Thi PMT ELEC

Enter a new Workplace Name
and click OK or Apply

Power Workseace [arne

Po_Thi PMT ELEC

Acrozs_Variable_Workspace_MName

W_Th_FMT ELEC

Through_Wariable_ Workspace Mame
LTh PNT ELEC

The variable name will change to
match the chosen quantity of energy

v—>V
F—ol

Across variable:
Through variable:

Cancel Help

Apply
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4. Basic structure of guidelines-compatible model

The structures and system of the guidelines-compatible model's first —layer (top) and secnd-layer are described

below (those separated by Simulink's subsystem into each function).

4.1. Structure of first-layer

The structure of the first-layer (entire model) of the guidelines-compatible model is shown below.

rireki

) sers vLPNT

sens VL_PNT

ctrl ENG.CNT

External environment

ctrl ENGONT | Driver rput |

otrl TMONT ctr TMONT

Fig. 4.1. Structure of the guidelines-compatible model’s first-layer

The function overview of first-layer system in the guidelines-compatible model is described.
A, B, C, D of the No. column on the table refer to the systems in Fig. 4.1.

Table 4.1. Each system and function overview of the guidelines-compatible model’s
first-layer (entire model)

No. System Function Overview
Name
A Driver Read the mode-driving pattern (JCO8) and operate the accelerator and brake.
B Vehicle Read the accelerator and brake operations, and calculate the vehicle velocity by controlling the
engine output and transmission ratio.
External -
C environment <Implementation T.B.D.>
D Monitor Monitor each variables in the vehicle system.
Other | rireki Describes the model change history.
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4.2. Structure of second-layer

The structure of each system of the second-layer in the guidelines-compatible model is shown below.

4.2.1. Structure of [A: Driver] system

The structure of the second-layer driver system in the guidelines-compatible model is shown below.

et
pT——

Vo

= 1
E[ i LT ki

'Vehicle velocity

Target
—-||m

stats g

state diving

state diving cd

——3

Target vehicle velocity

peracc

Teaerpose?

tBame aasd

I B
H ey T I atiol
Acceleratar opening
A1l0

Responding to driver
model errors

Vehicle velocity

Target vehicle per.brake
velocity

accint

brake

A20

perace

g eiar
sigckiver

tSaaps frede

Fig. 4.2.1. Structure of second-layer driver system

The structure and the functional specification of second-layer driver system in the guidelines-compatible

model is described.

The numbered elements (A10, A20) in the figure represent the system shown in Fig 4.2.1.

Table 4.2.1. Each system name and function overview of second-layer driver system

No.

System Name

Function Overview

Al0

Accelerator opening

The accelerator opening is calculated based on the sum of FF control and FB control. The FF
control calculates the required driving force based on the target vehicle velocity, and
calculates the accelerator opening from the gear ratio and the engine rpm.FB control
calculates the accelerator opening based on the difference between the target vehicle velocity
and the actual vehicle velocity.

A20

Brake (opening)

The brake pedal stroke is derived from the difference between the target vehicle velocity and
the actual vehicle velocity. Pedal misapplication prevention control that prevents the brake
from being applied while accelerating.
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4.2.2. Structure of [B: Vehicle] system

The structure of the second-layer vehicle system in the guidelines-compatible model is shown below.

BIGC B20C :
Q' ity
B30C B20P @
B60OP | I
— & Qﬂ' | ~B61P
ﬁ 5 B40C B4oP : —0

Fig. 4.2.2. Structure of second-layer vehicle system

The functional specifications of second-layer vehicle system in the guidelines-compatible model are
described.

The numbered elements in the figure represent the system shown in Fig 4.2.2. The C at the end of B10C

stands for Controller, and the P at the end of B10P stands for Plant.

Table 4.2.2. Each system name and function overview of second-layer vehicle system

No. S&/;:ﬁ? Function Overview
B10C | ENG_CNT Controlling engine and starter.
B20C | TM_CNT Controlling CVT and lock-up clutch.
B30C | ALT_CNT Controlling alternator.
B40C BK_CNT Controlling brake.
B10P ENG_PNT Generate engine shaft torque and calculate fuel consumption.
B20P TM_PNT Shift gears toward engine rpm and torque.
B21P DF_PNT Decelerate from transmission output to drive shaft.
B30P ALT_PNT Generate electricity, and output negative torque to the engine shaft.
B31P ST_PNT Generate current consumption during the engine starting process.
B40P BK_PNT Generate brake torque on the drive shaft.
B50P BT_PNT Supply voltage according to SOC.
B51P EL_PNT Generate current consumption of low voltage electrical loads.
B60P TR_PNT Convert rotational motion into linear motion of drive shaft.
B61P VL_PNT Calculate running resistance and vehicle velocity.
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4.2.3. Structure of [C: External environment] system

The structure of the second-layer external environment system in the guidelines-compatible model is shown

below.

(H—»

simtime

Uphill. Wind, temperature, humidity + -« -

Fig. 4.2.3. Structure of second-layer external environment system

*This system will continue to have systems and functions added to it in the future.
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4.2.4. Structure of [D: Monitor]| system

The structure of the second-layer monitor system in the guidelines-compatible model is shown below.

Spaed orror D] '

tScope_ansel
ctB T t wehicle speed (kn'h]
(el 10w JCOG Tar ket vehicle speed (Rerple)Currant
feshme——
ostosh —= Torvant wvie s spest ]
T
P foi = 1
Soope Nlerpie
FRuning O istznee (k]
Fuel sconaary [kn/L]
Fuel sonsunption(L]
Guard zero Deice
ope_Fuel i
[ roresimt e Fos T consunpt on L]
[ Soope_aocei e
[ sseorecsscnn Aecelrator_openini ]
Soope brashs
[ soesperaa

[ tseimraen

Soope_Crt io_ws

1

Braking Force i)

T Reduction ratio

[rmmcomrors

[

Soope_ROT_Yar iator e

|

Torque c¥Converter

Gutiat ratation speedlrenl

[ s

U outlat rotation speed [rpn]

Seors F lyshes 1o

Soapa Conver ter_tra_we

Fiywhse! wtist torqi (i)

[ramveommr

[ resmnan

Scope VT _tra_us

Toraue Conwer ter wtlet torae (irl

Scape pul leyloss_trave

B wtlet tor e il

[ i

[ o

J

Seors VT lvss fra e

Alternator Pulley Loss Power [

wilet torae

el 1ow) = (Parp 1) >CCyan)

[ seweonr

T pulley Tes

Senpe sLochp 1z

Power (1]

Loss Power (vl lowi— (Ferple)

Goape_nid Istap

Lockup Stata [OWOFF]

[

[ oo

Soopa_Fue ICut s

1
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Td1a Stop [0W7OFF] © O—>Engine stop
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Fig. 4.2.4. Structure of second-layer monitor system

Alter nator Raganer ate Vol taxeli]

This system monitors the signals calculated from the driver, vehicle and (external environment) systems.

It does not have any deeper system layers.
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5. Functional Specifications of guidelines-compatible model

5.1. Functional specification of first-layer

The functional specifications of the first-layer (entire model) in the guidelines-compatible model are described.

5.1.1. Abstract

The operating amount of the accelerator and brake is calculated by the driver model in accordance with the
mode-driving pattern (JCO8). The vehicle model receives these operation and calculates behaviors such as
acceleration and deceleration. Information such as the vehicle velocity is sent to the driver model and used in
calculations for operating the accelerator and brake.

External environment block is used to set driving environment in which the vehicle is running.

Monitor block is used to monitor the various variables in the driver model and vehicle model.

5.1.2. Data flow diagram

The data flow diagram of the entire the guidelines-compatible model is shown below.

rireki

) sens vLPNT

sensVLPNT |

“ ctrl ENGGNT
Driver Irput [y - £~ bt External environment

ctr] ENG.GNT
P

ctrl TM.ONT ctr TMONT

Fig. 5.1.2. Data flow diagram: first-layer (entire the guidelines-compatible model)
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5.1.3. Input/output specification

The input/output specification of the entire the guidelines-compatible model is shown below.

Input

Name Unit Area Description
V_tgt km/h [0200] Target of vehicle velocity (JCOS)
v_VL PNT kmph km/h [0 200] Vehicle velocity
n_eng rpm rpm 0 ormore | Engine rpm
ratio CVT - TBD CVT pulley ratio

Output

Name Unit Area Description
v_VL PNT kmph km/h [0200] Vehicle velocity
per_throttle % [0 100] Throttle opening
flag_IdleStop - [01] Idling stop flag
flag fuelcut - [0 1] Fuel cut flag
fuel ratio g/s 0 or more | Fuel consumption rate
timing_ignition CA [0360] Ignition timing from MBT (BTDC)
n eng rpm rpm 0 or more | Engine rpm
flag ON_Starter - [01] Starter active flag
flag Lockup - [01] Lock-up instruction of torque converter
omg_Slip_rpm - TBD Target rpm of lock-up slip
ratio CVT - TBD CVT pulley ratio

5.1.4. Parameter specification

The parameter specification of the entire the guidelines-compatible model is shown below.

Variable name Setting value | Unit Description
ALT_CNT_Alter_V_Kaisei_V 14 \Y Target regenerative voltage
ALT_CNT_Alter_V_BASE_V 135 \% Standard target alternator voltage value
ALT_CNT_V_Battely Kudo_V 12 \Y Alternator lower limit voltage value
ALT_CNT_ALT ON_RPM_HYS_rpm 1000 rpm sEtg?tiFl-?yrsF;g et?irse;r;glcé Stsr:?]tg ,)Alternator power generation
ALT_CNT_ALT_OFF_RPM_HYS_rpm 600 | rpm Er;gg:fggp(mﬁsggstﬁggimg;or power generation s
ALT_PNT_Gain_Alt_v_del 100 - P gain for calculating alternator target current value
ALT_PNT_eta_pulley_alt 0.97 - Alternator pulley efficiency
ALT_PNT ratio_pulley_alt 1.12 - Pulley ratio
ALT_PNT_ALT GDCurrent A 07 A \(I:aulLr:nt for calculating alternator required torque guard
ALT PNT_ALT GDVolt V 125 v yaollut:ge for calculating alternator required torque guard
ALT_PNT_Tau_Alternator_V_tgt_s 0.05 sec Time constant for Alternator target voltage delay
ALT_PNT_Tau_Alternator_trqg_Nm 0.01 sec Time constant for Alternator torque delay
ALT_PNT_trq_alter_output_ LL_Nm 0 Nm Alternator torque lower limit value
ALT_PNT_Alter_trq_Nm_map_x_rpm <1x18> rpm Alternator shaft torque MAP  Alternator rpm
ALT_PNT_Alter_trq_Nm_map_y_Current_A <1x12> A Alternator shaft torque MAP  Alternator current
ALT_PNT_Alter_trqg_Nm_map_z_Volt_tgt_V <1x3> \% Alternator shaft torque MAP  Alternator target voltage
ALT_PNT_Alter_trq_Nm_map <18x12x3> Nm Alternator shaft torque MAP  Alternator torque
ALT_PNT_Alter_limit_Current_V_table_x_rpm <1x14> rpm Alternator current limit MAP  Alternator rpm
ALT_PNT_Alter_limit_Current_V_table <1x14> A Alternator current limit MAP  Alternator current
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Variable name Setting value | Unit Description

BK_PNT_Tau_brake 0.85 - Brake plant model Time constant for braking force

BK_PNT_Pow_UL 5000 N Braking force upper limit value

BK_PNT Pow LL 0 N rl?qr(;i(lj(;?sg force lower limit value  Also used in driver

BT_PNT_Lo_Capa_lo_batt F 52 Ah Battery capacity Equivalent to 55D

BT_PNT_Lo_SOC_START_lo_batt 100 % Battery SOC _initial value

BT_PNT_Lo_SOC_MAX_lo_batt 100 % Battery SOC_maximum value Also used in ALT

BT_PNT_Lo_SOC_MIN_lo_batt 0 % Battery SOC_minimum value

BT_PNT_Lo_ocv_SOC_lo_batt OCV_V_table x_SOC [0,100] % Battery OCV calculation TABLE x - SOC term

BT_PNT_Lo_ocv_SOC_lo_batt OCV_V _table [10.5,12.3] \Y Battery OCV calculation TABLE

BT_PNT_Lo_R_lo_batt_ohm 0.0425 Q Battery internal resistance  Also used in ALT_PNT

BT_PNT_Lo_V_start_ocv 125 \Y Battery initial voltage

DF_PNT_DF_gear 53 - Reduction gear ratio of differential gear

DF_PNT _eta DF 0.98 - Differential gear efficiency

DF_PNT_Driveshaft_Inertia 0.1 kgm”2 Drive shaft inertia

DF_PNT_Driveshaft_spring 10000 - Drive shaft  Spring coefficient

DF_PNT_Driveshaft_zeta 10 - Damping coefficient for secondary lag system

DF_PNT_Driveshaft_damper [*1] - Drive shaft Damper coefficient

DF_PNT_Driveshaft_delta_radps_UL 0.1 rpm Drive shaft rotational deviation  Upper limit value

DF_PNT_Driveshaft_delta_radps_LL -0.1 rpm Drive shaft rotational deviation Lower limit value

ACC_P_Gain 15 - Feedback control P gain value

ACC_I_Gain 0 - Feedback control | gain value

ACC_D_Gain 0 - Feedback control D gain value

ENG. rpm <Ix8> rpm ﬁa?*ﬁk calculation map of throttle position X - engine

ENG_trq_ rev <1x49> Nm 31?# tcoarlqcttjjéatlon map of throttle position y - engine

ENG_throttle_rev <8x49> % Back calculation map of throttle position

Brk_PGain -2500 - Brake force Gain

e e e g (T

Driver_Brake_Const3 0 - Brake stepping position during the acceleration

Driver_Brake_Switch_Const2 0.1 km/h Stopping detection during driver brake model

Driver_Brk_sh 0.01 | km/h/sec | Acceleration detection

Thresh_Stop_vCar 0.1 km/h Vehicle stop condition

drivmode_STOP 1 - Driver condition  1: Stop

drivmode_ACC 2 - Driver condition ~ 2: Acceleration

drivemode_Deceleration_Acc 3 - Driver condition  3: decelerating (power running)

drivemode_Deceleration_Brk 4 - Driver condition  4: decelerating (regenerating)

drivmode_CONST 5 - Driver condition  5: Steady driving

fuel_Oguard 0.002 L Blocking Fuel consumption under 0%

fuelcomsnp_0 0 km/L Fuel consumption under the condition of =0%

Brk_UL 5000 N Braking force upper limit value value

Brk_LL 0 N Braking force lower limit value value

EL_PNT_R_bodyelec_lo_ohm 0.72 Q Electrical load resistance at low voltage side

ENG_CNT_ldleSpeed_Const 550 rpm Target engine idling rpm

ENG_CNT_per_isc_max 20 % ISC MAX opening

ENG_CNT_per_isc_min 0 % ISC Min opening

ENG_CNT_gain_p_per_isc 0.1 - Operation value for ISC rpm control (P gain value)

ENG_CNT_per_throttle_isc_fb 0.1 % Throttle upper limit for ISC rpm F/B

ENG_CNT_V_car_idlestop_kmph 0.1 km/h Vehicle velocity condition that idling stop is turned ON

ENG_CNT_brak_idlestop 0.01 % Brake condition that idling stop is turned ON

ENG_CNT V. vhicle_fuelcut_kmph 1 km/h ?ﬁzzl)cle velocity threshold that turn fuel cut ON(more

ENG_CNT_omg_eng_fuelcut_rpm 750 rpm Engine rpm threshold that turn fuel cut ON(more than)

ENG_CNT_per_throttle_fuelcut 0 % Based throttle position that turn fuel cut ON(less than)




Model handbook

22 /71

Variable name Setting value | Unit Description
ENG_CNT_Accel_UL 100 % Accelerator opening upper limit value
ENG_CNT_Accel_LL 0 % Accelerator opening lower limit value
ENG_CNT_Throttle_ UL 100 % Throttle opening upper limit value
ENG_CNT _Throttle_LL 0 % Throttle opening lower limit value
ENG_CNT_Starter_timer_Const_s 0.8 sec Starter operation time after idling
ENG_PNT_FuelCon_gps_map_x_pri_rpm <1x13> rpm Fuel consumption rate map  x- engine rpm
ENG_PNT_FuelCon_gps_map_y_trq_Nm <1x8> Nm Fuel consumption rate map y- engine shaft torque
ENG_PNT_FuelCon_gps_map <8x13> g/sec Fuel consumption rate map
ENG_PNT_trq_Nm_map_x_rpm <1x8> rpm Engine shaft torque map x- engine rpm
ENG_PNT_trg_Nm_map_y_throttle <1x8> % Engine shaft torque map y- throttle opening
ENG_PNT_trg_Nm_map <8x8> Nm Engine shaft torque map z- torque
ENG_PLT_trq_fluc_Nm_table_x_spk_tim <1x11> BTDC Torque fluctuation table  x- ignition timing
ENG_PLT_trq_fluc_Nm_table <1x11> Nm Torque fluctuation table
ST_PNT_Starter_Res_ohm 0.12 Q Starter resistance value (100A at 12V)
TM_PNT_Flywheel_Inertia_kgm2 0.06 kgm”2 Flywheel inertia
TM_PNT_Flywheel_Init_radps 0 radps Initial angular velocity value for Flywheel
TM_PNT_n_TC_min_rpm 3 rpm Torque converter minimum rpm
TM_PNT_w_ROT_T_C_UL 10000 rpm rpm upper limit guard
TM_PNT w_ROT T C_LL 1 rom L%r:olntflxzr Iigmoig/g uard of rpm (preventing from
TM_PNT _ratio_w_ROT_T_C_UL 1 - Rotation ratio upper limit
TM_PNT_ratiow ROT_T_C_LL 0 - Rotation ratio lower limit
TM_PNT_torque_ratio_table_x_speed_ratio <1x11> - Torque amplification ratio table x- velocity ratio
TM_PNT_torque_ratio_table <1x11> - Torque amplification ratio table
TM_PNT _torque_capacity Nmprpm2_table_x_speed_ratio <1x11> - Capacity coefficient table x- velocity ratio
TM_PNT_torque_capacity_ Nmprpm2_table <1x11> - Capacity coefficient table
TM_PNT_ConvUnit 1.00E-06 - Unit conversion X 10°-6
TM_PNT_Tau_CVT _ratio_s 0.3 sec CVT pulley ratio delay time constant
TM_PNT _tau_LU_Clutch_s 1 S Lock-up delay time constant
TM_PNT_Gain_LU_spring_Nmprad 200 | Nm/rad | Spring coefficient at lock-up
TM_PNT_Gain_LU_zeta 2 S Damping coefficient for secondary lag system
TM_PNT_Gain_LU_damper_Nmsprad [*2] - Damper coefficient at lock-up
TM_PNT_Driveshaft_Inertia_kgm?2 0.1 kgm”2 Drive shaft inertia
TM_PNT_Driveshaft_lInit_radps 0 radps Drive shaft angular velocity initial value
TM_PNT _eta CVT 0.82 - CVT loss
TM_CNT_Gain_CVT_ECU 0.01 - P gain value for calculating CVT rotation ratio
TM_CNT_LU_Clutch_RelayON_rpm 500 rpm Instruction rpm when lock-up is ON
TM_CNT_LU_Clutch_RelayOFF_rpm 150 rpm Instruction rpm when lock-up is released
TM_CNT_LU_slip_rpm_map_x_speed_kmph <1x8> km/h Target slip rpm MAP -x  Vehicle velocity
TM_CNT_LU slip_rpm_map_y TVO <1x8> deg Target slip rpm MAP -y Throttle valve opening
TM_CNT_LU_slip_rpm_map <8x8> rpm Target slip rpm MAP
TM_CNT_CVTpritgt_rpm_table_ x_TVO <1x9> deg Primary target rpm table —x  Throttle valve opening
TM_CNT_CVTpritgt_rpm_table <1x9> rpm Primary target rpm table
TM_CNT_CVT_radpmin_min_rpm [*3] rpm CVT input lower limit rpm

Pulley lower limit guard value
TM_CNT_CVT ratio_LL 0.43 - There is a variable with the same name in the accelerator
opening FF term on the driver side.
TM_CNT_CVT _ratio_ UL 2.38 - Pulley upper limit guard value
TM_CNT_delta_CVT _ratio_LL -0.001 - Pulley displacement lower limit guard value
TM_CNT_delta_CVT_ratio_UL 0.002 - Pulley displacement upper limit guard value
VL_PNT_Vehicle_Const 0 - Hill climb coefficient
VL_PNT_V_wind 0 m/s Wind velocity
end_time 1210 S Simulation time
sampling_time 0.0025 s Sampling period
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Variable name Setting value | Unit Description
num_tws_mabiki 1 - Effect ToWorkspace thinning number
ENG_CNT _flag_idle_stop_exe 1 - Idling stop operation active flag (ON=1, OFF=0)
- e
g 9.8 m/s2 Gravity acceleration
Fuel_dencity 733 glL igﬁﬁgign%r;\g]t;/ of regular gasoline (from JARI
ON 1 - ON
OFF 0 - OFF
ZERO 0 - Zero value
ONE 1 - 1
percent2mujigen 0.01 - % — dimensionless
mujigen2percent 100 - dimensionless — %
radpsec2rpm 9.55 - rad/sec — rpm
kmph2mps 0.28 - km/h — m/sec
mps2kmph 3.6 - m/sec — km/h
h2sec 3600 - Hour — sec
sec2h 0.0003 - sec — Hour
mps2kmps 0.001 - m/s — km/s
g2L 1/Fuel_dencity - g — L Gasoline
jc08 <12041x2> km/h Target vehicle velocity table
rou 1.166 kg/m3 Air density (20°C. 1013hPa)
M 1000 kg Vehicle weight
myu 0.0075 - # Rolling resistance coefficient
Cd 0.29 - Air resistance coefficient
A 2.1 m2 Frontal projected area
tire_r 0.28 m Tire dynamic radius
vel_max 200 km/h Maximum vehicle velocity (for divergence prevention)

]
[*3] 3*radpsec2rpm
]

5.1.5. Other information

None.

Parameters in the white boxes are common to all systems.
[*1] 2*DF_PNT Driveshaft zeta*sqrt(DF_PNT Driveshaft spring*DF PNT Driveshaft Inertia)
[*2] 2*TM_PNT_Gain LU zeta*sqrt(TM_PNT Gain LU spring Nmprad*TM_PNT Flywheel Inertia kgm?2)

[*4] http://www.jari.or.jp/portals/0/jhfc/data/report/2005/pdf/result ref 1.pdf
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5.2. Functional specification of second-layer model

5.2.1. Functional specification of [A: Driver] system

The functional specification of the second-layer driver system model in the model are described.

5.2.1.1 Abstract

The abstract of this model is shown below.

@D Modelized object
The driver model for fuel economy evaluation.

@ Modelized level

The model to operate the accelerator and brake which need for the mode-driving pattern (JCO08).

® Modelized function

The function to calculate the operation amount of the accelerator and brake.

5.2.1.2 Data flow diagram

The diagram of this model is shown below.
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Fig. 5.2.1.2. Data flow diagram: second-layer driver system
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5.2.1.3 Input/output specification
The input/output specification of this model is shown below.

Input

Name Unit Area Description
V_tgt km/h [0200] Target vehicle velocity (JCOS8)
v_VL PNT kmph km/h [0200] Vehicle velocity
n_eng_rpm rpm 0 or more | Engine rpm
ratio CVT - TBD CVT pulley ratio

Output

Name Unit Area Description
per_acc % [0 100] Accelerator opening
per_brake % [0 100] Brake opening

5.2.1.4 Parameter specification
The parameter specification of this model is shown below.

. Setting . o
Variable name Unit Description
value
ACC_P_Gain 15 - Feedback control P gain value
ACC_I_Gain 0 - Feedback control | gain value
ACC_D_Gain 0 - Feedback control D gain value
Driver_ENG_throttle_map_x_rpm <1x8> rpm Back calculation map of throttle position  x - engine rpm
Back calculation map of throttle position y - engine shaft
Driver_ENG_throttle_map_y_trq_rev <1x49> Nm
torque

Driver_ENG_throttle_map <8x49> % Back calculation map of throttle position
Brk_PGain -2500 - Brake force Gain
Driver_Brake_Constl 1 ) \S/;i;?gli:% gltcj)i?tt)i/t%; %fklz]:ilf)e pedal while stopping (target
Driver_Brake_Const3 0 - Brake stepping position during the acceleration
Driver_Brake_Switch_Const2 0.1 km/h Stopping detection during driver brake model
Driver_Brk_sh 0.01 | km/h/sec | Acceleration detection
Thresh_Stop_vCar 0.1 km/h Vehicle stop condition
drivmode_STOP 1 - Driver condition  1: Stop
drivmode_ACC 2 - Driver condition  2: Acceleration
drivemode_Deceleration_Acc 3 - Driver condition  3: deceleration (power running)
drivemode_Deceleration_Brk 4 - Driver condition  4: deceleration (regeneration)
drivmode_CONST 5 - Driver condition ~ 5: Steady driving
fuel_Oguard 0.002 L Blocking Fuel consumption under 0%
fuelcomsnp_0 0 km/L Fuel consumption under the condition of =0%

5.2.1.5 Other information
None.
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5.2.2. Functional specification of [B: Vehicle] system

The functional specifications of the second-layer vehicle system model in the guidelines-compatible model
are described.
5.2.2.1 Abstract

The abstract of this model is shown below.

@D Modelized object
The vehicle model for fuel economy evaluation.

@ Modelized level
The model to calculate the fuel consumption in the mode-driving after the engine has warmed up.

® Modelized function
The function to track the mode-driving pattern which the driver accelerates and decelerates the vehicle
by operating the acceleration and brake.
The function to calculate fuel consumption in the mode-driving.

5.2.2.2 Data flow diagram

The diagram of this model is shown below.

Fig. 5.2.2.2. Data flow diagram: second-layer vehicle system
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5.2.2.3 Input/output specification
The input/output specification of this model is shown below.

Input

Name Unit Area Description
per_acc % [0 100] Accelerator opening
per_brake % [0 100] Brake opening

Output

Name Unit Area Description
v_VL PNT kmph km/h [0200] Vehicle velocity
per_throttle % [0 100] Throttle opening
flag_IdleStop - [01] Idling stop flag
flag_fuelcut - [0 1] Fuel cut flag
fuel ratio g/s 0 or more | Fuel consumption rate
timing_ignition CA [0360] Ignition timing from MBT (BTDC)
n eng rpm rpm 0 or more | Engine rpm
flag ON_Starter - [01] Starter active flag
flag Lockup - [01] Lock-up instruction of torque converter
omg_Slip_rpm - TBD Target rpm of lock-up slip
ratio CVT - TBD CVT pulley ratio

5.2.2.4 Parameter specification
The parameter specification of this model is shown below.

Variable name Setting value | Unit Description
ALT CNT Alter V Kaisei V 14 V Target regenerative voltage
ALT CNT _Alter V_BASE V 13.5 V Standard target alternator voltage value
ALT _CNT_V Battely Kudo V 12 \Y Alternator lower limit voltage value
ALT CNT_ALT ON_RPM_HYS_rpm 1000 rpm Engine pm threshold tha_t Alternat_or power
generation start(Hysteresis processing)
Engine rpm threshold that Alternator power
ALT_CNT_ALT_OFF_RPM_HYS_rpm 600 rpm generation is turned OFF(Hysteresis
processing)
ALT PNT Gain_Alt v_del 100 ) \P/a?slen for calculating alternator target current
ALT _PNT eta pulley alt 0.97 - Alternator pulley efficiency
ALT_PNT ratio_pulley alt 1.12 - Pulley ratio
ALT PNT ALT GDCurrent A 07 A Current for calculating alternator required
- - = = torque guard value
ALT PNT ALT GDVolt V 125 v Voltage for calculating alternator required
- - = = torque guard value
ALT PNT Tau Alternator V. tgt s 005 sec ;il'é tl“gf/ constant for Alternator target voltage
ALT PNT Tau_Alternator_trg Nm 0.01 sec Time constant for Alternator torque delay
ALT_PNT _trq_alter_output LL_Nm 0 Nm Alternator torque lower limit
ALT _PNT_Alter_trg Nm_map_x_rpm <1x18> rpm Alternator shaft torque MAP _ Alternator rpm
ALT_PNT_Alter_trqg_Nm_map_y_Current_A <1x12> A Q::?é:?tor shaft torque MAP  Alternator
ALT_PNT_Alter trq_Nm_map_z_Volt_tgt_V <1x3> v Alternator shaft torque MAP  Alternator
target voltage
ALT PNT Alter_trq_Nm_map <18x12x3> Nm g'rtgﬂzator shaft torque MAP  Altemator
ALT_PNT_Alter_limit_Current_V_table_x_rpm <1x14> rpm Alternator current limit MAP _ Alternator rpm
ALT_PNT_Alter_limit Current_V/_table <1x14> A CAU':::?OF current limit MAP - Alternator
BK_PNT Tau_brake 085 ) E)rrilze plant model  Time constant for braking
BK_PNT Pow UL 5000 N Braking force upper limit value
BK PNT Pow LL 0 Br'aklng force lower limit value  Also used in
- - - driver models
BT _PNT Lo Capa lo_batt F 52 Ah Battery capacity Equivalent to 55D
BT _PNT Lo _SOC_START lo_batt 100 % Battery SOC _initial value
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Variable name Setting value | Unit Description
BT _PNT Lo _SOC_MAX_lo_batt 100 % /IiaLt_tlfery SOC_maximum value Also used in
BT _PNT Lo _SOC_MIN_lo_batt 0 % Battery SOC_minimum value
BT PNT _Lo_ocv_SOC_lo_batt OCV_V._table x_SOC [0,100] % E?qury OCV calculation TABLE  x-SOC
BT _PNT Lo ocv_SOC lo_batt OCV_V table [10.5,12.3] V Battery OCV calculation TABLE
Battery internal resistance  Also used in
BT_PNT_Lo_R_lo_batt_ohm 0.00425 Q ALT PNT
BT PNT Lo V start ocv 12.5 V Battery initial voltage
DF PNT _DF gear 5.3 - Reduction gear ratio of differential gear
DF PNT eta DF 0.98 - Differential gear efficiency
DF _PNT Driveshaft_Inertia 0.1 kgm”"2 Drive shaft inertia
DF_PNT_Driveshaft_spring 10000 - Drive shaft Spring coefficient
DF PNT Driveshaft zeta 10 - Damping coefficient for secondary lag system
DF_PNT_Driveshaft_damper [*1] - Drive shaft Damper coefficient
DF_PNT _Driveshaft_delta_radps_UL 01 rpm \l?;lll\J/: shaft rotational deviation ~ Upper limit
DF_PNT Driveshaft_delta_radps_LL 01 rom \?Jlll_\j/: shaft rotational deviation Lower limit
EL_PNT_R_bodyelec_lo_ohm 0.72 Q Electrical load resistance at low voltage side
ENG_CNT _IdleSpeed Const 550 rpm Target engine idle rpm
ENG_CNT per_isc_max 20 % ISC MAX opening
ENG_CNT_per_isc_min 0 % ISC Min opening
ENG_CNT _gain_p_per_isc 01 ) \(/)aphe;gtlon value for ISC rpm control (P gain
ENG_CNT per _throttle_isc_fb 0.1 % Throttle upper limit for ISC rpm F/B
ENG_CNT_V_car_idlestop_kmph 01 km/h Vehicle velocity condition that idling stop is
turned ON
ENG_CNT _brak_idlestop 0.01 % Brake condition that idling stop is turned ON
ENG_CNT_V_vhicle_fuelcut_kmph 1 km/h Vehicle velocity threshold that turn fuel cut
ON(more than)
Engine rpm threshold that turn fuel cut
ENG_CNT_omg_eng_fuelcut_rpm 750 rpm ON(more than)
ENG_CNT per_throttle_fuelcut 0 % Based throttle position that turn fuel cut
ON(less than)
ENG_CNT_Accel UL 100 % Accelerator opening upper limit value
ENG_CNT_Accel_LL 0 % Accelerator opening lower limit value
ENG_CNT Throttle UL 100 % Throttle opening upper limit value
ENG_CNT Throttle LL 0 % Throttle opening lower limit value
ENG_CNT _Starter _timer _Const s 0.8 sec Starter operation time after idling
ENG_PNT_FuelCon_gps_map_X_pri_rpm <1x13> rpm Fuel consumption rate map _ x- engine rpm
ENG_PNT_FuelCon_gps_map_y._trg_Nm <1x8> Nm E)urzluzonsumptlon rate map y- engine shaft
ENG_PNT_FuelCon_gps_map <8x13> g/sec Fuel consumption rate map
ENG_PNT _trg Nm_map_x_rpm <1x8> rpm Engine shaft torque map X - engine rpm
ENG_PNT_trg_Nm_map_y _throttle <1x8> % Engine shaft torque map _y- throttle opening
ENG_PNT_trg_Nm_map <8x8> Nm Engine shaft torque map  z- torque
ENG_PLT trg_fluc_Nm_table x_spk_tim <1x11> BTDC Torque fluctuation table  x- ignition timing
ENG_PLT trg_fluc_Nm_table <1x11> Nm Torque fluctuation table
ST_PNT_Starter Res_ohm 0.12 Q Starter resistance value (100A at 12V)
TM_PNT_Flywheel_Inertia_kgm2 0.06 kgm”2 Flywheel inertia
TM_PNT_Flywheel Init_radps 0 radps Initial angular velocity value for Flywheel
TM_PNT _n_TC_min_rpm 3 rpm Torque converter minimum rpm
TM_PNT w ROT T C UL 10000 rpm rpm upper limit guard
rpm lower limit guard of rpm (preventing from
TM_PNT_w_ROT_T_C LL 1 rpm becoming =0%)
TM_PNT ratio w ROT T C UL 1 - Rotation ratio upper limit
TM_PNT ratio w ROT T C LL 0 - Rotation ratio lower limit
TM_PNT_torque_ratio_table_x_speed_ratio <1x11> - ;I;ctlirgue amplification ratio table - x- velocity
TM_PNT _torque ratio_table <1x11> - Torque amplification ratio table
TM_PNT _torque_capacity Nmprpm2_table x_speed_ratio <1x11> - Capacity coefficient table  x- velocity ratio
TM_PNT _torque_capacity Nmprpm2_table <1x11> - Capacity coefficient table
TM_PNT_ConvUnit 1.00E-06 - Unit conversion % 10°-6
TM_PNT Tau CVT ratio_s 0.3 sec CVT pulley ratio delay time constant
TM_PNT tau LU Clutch_s 1 S Lock-up delay time constant
TM_PNT_Gain_LU_spring_Nmprad 200 | Nm/rad | Spring coefficient at lock-up
TM_PNT_Gain_LU_zeta 2 S Damping coefficient for secondary lag system
TM_PNT_Gain_LU_damper_Nmsprad [*2] - Damper coefficient at lock-up
TM_PNT_Driveshaft_Inertia_kgm2 0.1 kgm”2 Drive shaft inertia
TM_PNT_Driveshaft_Init_radps 0 radps Drive shaft angular velocity initial value
TM_PNT eta CVT 0.82 - CVT loss
TM_CNT_Gain_CVT_ECU 0.01 - CV/T rotation ratio calculation P gain value
TM_CNT_LU_ Clutch_RelayON_rpm 500 rpm Instruction rpm when lock-up is ON
TM_CNT_LU_Clutch_RelayOFF rpm 150 rpm Instruction rpm when lock-up is released
TM_CNT_LU_slip_rpm_map_x_speed_kmph <1x8> km/h Target slip rpm MAP -x _ Vehicle velocity
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Variable name Setting value | Unit Description
. Target slip rpm MAP -y  Throttle valve
TM_CNT_LU_slip_rpm_map_y_TVO <1x8> deg opening
TM_CNT_LU slip_rpm_map <8x8> rpm Target slip rpm MAP
TM_CNT_CVTpritgt_rpm_table_x_TVO <1x9> deg EE)L}T]?% target rpm table - -x Throttle valve
TM_CNT_CVTpritgt_rpm_table <1x9> rpm Primary target rpm table
TM _CNT_CVT radpmin_min_rpm [*3] rpm CVT input lower limit rpm
Pulley lower limit guard value
TM_CNT_CVT _ratio_LL 0.43 - There is a variable with the same name in the
accelerator opening FF term on the driver side.
TM_CNT_CVT ratio UL 2.38 - Pulley upper limit guard value
TM_CNT delta CVT ratio LL -0.001 - Pulley displacement lower limit guard value
TM_CNT delta CVT ratio UL 0.002 - Pulley displacement upper limit guard value
VL _PNT Vehicle Const 0 - Hill climb coefficient
VL _PNT_V wind 0 m/s Wind velocity

5.2.2.5 Other information
None.
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5.2.3. Functional specification of [C: External environment] system

The functional specifications of the second-layer external environment system model in the guidelines-

compatible model are described.

5.2.3.1 Abstract
The abstract of this model is shown below.

@D Modelized object

TBD

@ Modelized level
TBD

@ Modelized function
TBD

5.2.3.2 Data flow diagram
The diagram of this model is shown below.

©—> simtime

Uphill. Wind, temperature, humidity - - -

Fig. 5.2.3.2. Data flow diagram: second-layer external environment system

5.2.3.3 Input/output specification
TBD »%In the current specification, input/output in this system.

5.2.3.4 Parameter specification
TBD In the current specification, no parameter in this system.

5.2.3.5 Other information
None.
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5.2.4. Functional specification of [D: Monitor] system

The functional specifications of the second-layer monitor system model in the guidelines-compatible model

are described.

5.2.4.1 Abstract
The abstract of this model is shown below.

@D Modelized object
None.

@ Modelized level
None.

@ Modelized function
None.

5.2.4.2 Data flow diagram
The diagram of this model is shown below.
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5.2.4.3 Input/output specification

The input/output specification of this model is shown below.

Input
Name Unit Area Description
jcO8(V_tgt) km/h [0200] Target vehicle velocity (JCOS8)
v_VL PNT kmph km/h [0200] Vehicle velocity
tScope_Fuel g/s 0 or more | Fuel consumption rate
tScope_xFuelCut - [01] Fuel cut flag
tScope_accel % [0 100] Accelerator opening
tScope_break % [0 100] Brake opening
tScope_CVTratio - TBD CVT pulley ratio
tScope_ CVTLoss kw TBD CVT mechanical loss
tScope_pulleylLoss kW TBD Pulley 1 mechanical loss
tScope_Lockup - [01] Lock-up instruction of torque converter
tScope_xIdleStop - [01] Idling stop flag
tScope_SOC_Batt % [0 100] Battery SOC
tScope V_ALT A" TBD Alternator voltage
w_Torque Coverter2 rpm TBD Torque converter outlet rpm
w_Variator radps pm TBD CVT outlet rpm
trq_Flywheel2 Nm TBD Flywheel outlet torque
Output
Name Unit Area Description
None None None None

5.2.4.4 Parameter specification
No parameter in this system.

5.2.4.5 Other information
None.
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5.3. Functional specification of third-layer

5.3.1. Functional specification of [A10: Accelerator opening] system

The functional specifications of the third-layer accelerator opening system model in the guidelines-

compatible model are described.

5.3.1.1 Abstract
The abstract of this model is shown below.

@ Modelized object
The model for evaluating the operating amount of the accelator by the driver.

@ Modelized level
The model to calculate the accelerator position which needed to track the target vehicle velocity of the

mode-driving pattern (JC08).

® Modelized function
The FF control that calculates an accelerator position to output an engine torque snitable for vehicle

inertia and running resistance, and FB control that adjusts the accerator opening based on the

difference between the actual vehicle velocity and target vehicle velocity.

5.3.1.2 Data flow diagram

The diagram of this model is shown below.

1
Vehicle velocity

2

FB

e

ditgtiiosl

peracs FB

Target vehicle velocity

@

ore erg

Vit

o

ratinZ

perace FF

FF

Fig. 5.3.1.2. Data flow diagram: third-layer accelerator opening system
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5.3.1.3 Input/output specification

The input/output specification of this model is shown below.

Input

Name Unit Area Description
V_tgt km/h [0200] Target vehicle velocity (JCOS8)
v_VL PNT kmph km/h [0200] Vehicle velocity
n_eng_rpm rpm 0 or more | Engine rpm
ratio CVT - TBD CVT pulley ratio

Output

Name Unit Area Description

per_acc % [0 100] Accelerator opening

5.3.1.4 Parameter specification

The parameter specification of this model is shown below.

Variable name Setting value | Unit Description
ACC_P_Gain 15 - Feedback control P gain value
ACC_|_Gain 0 - Feedback control | gain value
ACC_D_Gain 0 - Feedback control D gain value
ENG_rpm <1x8> rpm Back calculation map of throttle position  x- engine rpm

Back calculation map of throttle position y- engine shaft
ENG_trg_rev <1x49> Nm
torque

ENG_throttle_rev <8x49> % Back calculation map of throttle position
Brk_PGain -2500 - Brake force Gain
Driver_Brake_Constl 1 ) \?;ﬁi)gli:?/ ggi?tt)i/t%/s %1?;7:?; pedal while stopping (target
Driver_Brake_Const3 0 - Brake stepping position during the acceleration
Driver_Brake_Switch_Const2 0.1 km/h Stopping detection during driver brake model
Driver_Brk_sh 0.01 | km/h/sec | Acceleration detection
Thresh_Stop_vCar 0.1 km/h Vehicle stop condition
drivmode_STOP 1 - Driver condition  1: Stop
drivmode_ACC 2 - Driver condition ~ 2: Acceleration
drivemode_Deceleration_Acc 3 - Driver condition  3: deceleration (power running)
drivemode_Deceleration_Brk 4 - Driver condition  4: deceleration (regeneration)
drivmode_CONST 5 - Driver condition  5: Steady driving
fuel_Oguard 0.002 L Blocking Fuel consumption under 0%
fuelcomsnp_0 0 km/L Fuel consumption under the condition of =0%
Brk_UL 5000 N Braking force upper limit value
Brk_LL 0 N Braking force lower limit value

5.3.1.5 Other information
None.
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5.3.2. Functional specification of [A20: Brake (opening)] system

The functional specifications of the third-layer brake (opening) system model in the guidelines-compatible

model are described.

5.3.2.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The model for evaluating the operating amount of the brake by the driver.

@ Modelized level

The model to calculate the brake pedal position which needed to track the target vehicle velocity of the

mode-driving pattern (JC08).

® Modelized function

The ratio control to calculate the brake pedal position based on the difference between the actual

vehicle velocity and target vehicle velocity.

The pedal misapplication prevention control not to step the brake pedal during acceleration

simultaneons pedal stepping.

5.3.2.2 Data flow diagram
The diagram of this model is shown below.
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Fig. 5.3.2.2. Data flow diagram: third-layer brake opening system
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5.3.2.3 Input/output specification

The input/output specification of this model is shown below.

Input

Name Unit Area Description
V_tgt km/h [0200] Target vehicle velocity (JCOS8)
v_VL PNT kmph km/h [0200] Vehicle velocity
per_acc % [0 100] Accelerator opening

Output

Name Unit Area Description

per_brake % [0 100] Brake opening
5.3.2.4 Parameter specification
The parameter specification of this model is shown below.
Setting
Variable name Unit Description
value
ACC_P_Gain 15 - Feedback control P gain value
ACC_|_Gain 0 - Feedback control | gain value
ACC_D_Gain 0 - Feedback control D gain value
ENG_rpm <1x8> rpm Back calculation map of throttle position  x- engine rpm
Back calculation map of throttle position y- engine shaft
ENG_trg_rev <1x49> Nm
torque

ENG_throttle_rev <8x49> % Back calculation map of throttle position
Brk_PGain -2500 - Brake force Gain
Driver_Brake_Constl 1 ) \Snt;;;(;:)li:?, e%i:m; %fktr);?rlf)e pedal while stopping (target
Driver_Brake_Const3 0 - Brake stepping position during the acceleration
Driver_Brake_Switch_Const2 0.1 km/h Stopping detection during driver brake model
Driver_Brk_sh 0.01 | km/h/sec | Acceleration detection
Thresh_Stop_vCar 0.1 km/h Vehicle stop condition
drivmode_STOP 1 - Driver condition  1: Stop
drivmode_ACC 2 - Driver condition  2: Acceleration
drivemode_Deceleration_Acc 3 - Driver condition  3: deceleration (power running)
drivemode_Deceleration_Brk 4 - Driver condition  4: deceleration (regeneration)
drivmode_CONST 5 - Driver condition  5: Steady driving
fuel_Oguard 0.002 L Blocking Fuel consumption under 0%
fuelcomsnp_0 0 km/L Fuel consumption under the condition of =0%
Brk_UL 5000 N Braking force upper limit value
Brk_LL 0 N Braking force lower limit value

5.3.2.5 Other information
None.
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5.3.3. Functional specification of [B10C: ENG_CNT] system

The functional specifications of the third-layer ENG_CNT system model in the guidelines-compatible model

are described.

5.3.3.1 Abstract
The abstract of this model is shown below.

@ Modelized object
The engine controlling ECU model for fuel economy evaluation.

@ Modelized level
The control model that contributes to the fuel consumption in the mode-driving after the engine has warmed

up.

® Modelized function
The engine rpm control during idling.
The fuel cut (FC) control during deceleration.
The idling-stop system instruction control.

5.3.3.2 Data flow diagram
The diagram of this model is shown below.
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5.3.3.3 Input/output specification

The input/output specification of this model is shown below.

Input
Name Unit Area Description
per_acc % [0 100] Accelerator opening
per_brake % [0 100] Brake opening
n_eng_rpm rpm 0 or more | Engine rpm
v_VL PNT kmph km/h [0 200] Vehicle velocity
flag Lockup - [01] Lock-up instruction of torque converter
Output
Name Unit Area Description
per_throttle % [0 100] Throttle opening
flag IdleStop - [01] Idling stop flag
flag_fuelcut - [01] Fuel cut flag
fuel ratio g/s 0 or more | Fuel consumption rate
timing_ignition CA [0360] Ignition timing from MBT (BTDC)
n_eng_rpm rpm 0 or more | Engine rpm
flag ON_Starter - [01] Starter active flag

5.3.3.4 Parameter specification

The parameter specification of this model is shown below.

Variable name Setting value Unit Description
ENG_CNT_IdleSpeed_Const 550 rpm Target engine idling rpm
ENG_CNT_per_isc_max 20 % ISC MAX opening
ENG_CNT_per_isc_min 0 % ISC Min opening
ENG_CNT_gain_p_per_isc 0.1 - Operation value for ISC rpm control (P gain value)
ENG_CNT _per_throttle_isc_fb 0.1 % Throttle upper limit for ISC rpm F/B
ENG_CNT_V_car_idlestop_kmph 10 km/h ON Vehicle velocity condition that idling stop is turned ON
ENG_CNT_brak_idlestop 0.01 % Brake condition that idling stop is turned ON
ENG_CNT_V_vhicle_fuelcut_kmph 1 km/h Vehicle velocity threshold that turn fuel cut ON(more than)
ENG_CNT_omg_eng_fuelcut_rpm 750 rpm Engine rpm threshold that turn fuel cut ON(more than)
ENG_CNT_per_throttle_fuelcut 0 % Based throttle position that turn fuel cut ON(less than)
ENG_CNT_Accel_UL 100 % Accelerator opening upper limit value
ENG_CNT_Accel_LL 0 % Accelerator opening lower limit value
ENG_CNT_Throttle_UL 100 % Throttle opening upper limit value
ENG_CNT_Throttle_LL 0 % Throttle opening lower limit value
ENG_CNT_Starter_timer_Const_s 0.8 sec Starter operation time after idling

5.3.3.5 Other information
None.
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5.3.4. Functional specification of [B20C: TM_CNT] system

The functional specifications of the third-layer TM_CNT system model in the guidelines-compatible model
are described.

5.3.4.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The transmission controlling ECU model for fuel economy evaluation.

@ Modelized level
The transmission control model that contributes to the fuel consumption in the mode-driving.

® Modelized function
The lock-up clutch control
The CVT transmission ratio control

5.3.4.2 Data flow diagram
The diagram of this model is shown below.
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LockupClutch_ EGU
|
® per_throttle
ratio CWT e

E D omg_pera

sers.,TMFNT I <n TH_PNT out rpm>
CVT_ECU

Fig. 5.3.4.2. Data flow diagram: third-layer TM_CNT system
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5.3.4.3 Input/output specification
The input/output specification of this model is shown below.

Input

Name Unit Area Description
per_throttle % [0 100] Throttle opening
v_VL PNT kmph km/h [0200] Vehicle velocity
n TM PNT out rpm rpm TBD Torque converter outlet rpm

Output

Name Unit Area Description
flag Lockup - [01] Lock-up instruction of torque converter
omg_Slip_rpm - TBD Target rpm of lock-up slip
ratio CVT - TBD CVT pulley ratio

5.3.4.4 Parameter specification
The parameter specification of this model is shown below.

Variable name Setting value Unit Description
TM_CNT_Gain_CVT_ECU 0.01 - CVT rotation ratio calculation P gain value
TM_CNT_LU_Clutch_RelayON_rpm 500 rpm Instruction rpm when lock-up is ON
TM_CNT_LU_Clutch_RelayOFF_rpm 150 rpm Instruction rpm when lock-up is released
TM_CNT_LU_slip_rpm_map_x_speed_kmph <1x8> km/h Target slip rpm MAP -x  Vehicle velocity
TM_CNT_LU_slip_rpm_map_y_TVO <1x8> deg Target slip rpm MAP -y  Throttle valve opening
TM_CNT_LU_slip_rpm_map <8x8> rpm Target slip rpm MAP
TM_CNT_CVTpritgt_rpm_table x_TVO <1x9> deg Primary target rpm table -x  Throttle valve opening
TM_CNT_CVTpritgt_rpm_table <1x9> rpm Primary target rpm table
TM_CNT_CVT_radpmin_min_rpm [*3] rpm CVT input lower limit rpm

Pulley lower limit guard value
TM_CNT_CVT _ratio_LL 0.43 - There is a variable with the same name in the accelerator
opening FF term on the driver side.
TM_CNT_CVT _ratio_ UL 2.38 - Pulley upper limit guard value
TM_CNT_delta_CVT_ratio_LL -0.001 - Pulley displacement lower limit guard value
TM_CNT_delta_CVT _ratio_UL 0.002 - Pulley displacement upper limit guard value

5.3.4.5 Other information
None.
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5.3.5. Functional specification of [B30C: ALT CNT] system

The functional specifications of the third-layer ALT CNT system model in the guidelines-compatible model

are described.

5.3.5.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The alternator controlling ECU model for fuel economy evaluation.

@ Modelized level

The alternator control model that contributes to the fuel consumption in the mode-driving.

® Modelized function
The normal power generation control
The forced regeneration control
The power generation prohibitive control

5.3.5.2 Data flow diagram
The diagram of this model is shown below.
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Fig. 5.3.5.2. Data flow diagram: third-layer ALT CNT system
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5.3.5.3 Input/output specification

The input/output specification of this model is shown below.

Input
Name Unit Area Description
flag_fuelcut - [01] Fuel cut flag
flag IdleStop - [01] Idling stop flag
fuel ratio g/s 0 or more | Fuel consumption rate
SOC BT PNT Lo PCT % [0 100] Battery SOC
Output
Name Unit Area Description
V_ALT tgt v TBD Alternator target voltage

5.3.5.4 Parameter specification

The parameter specification of this model is shown below.

Variable name Setting value Unit Description
ALT_CNT_Alter_V_Kaisei_V 14 \Y Target regenerative voltage
ALT_CNT_Alter_ V_BASE V 135 \Y Standard target alternator voltage value
ALT_CNT_V_Battely Kudo_V 12 \% Alternator lower limit voltage value
ALT_CNT_ALT_ON_RPM_HYS_rpm 1000 | rpm Etg?ti(r:j;sﬁg:;?i;e;?;’lg;g%?'temator power generation
ALT_CNT_ALT OFF_RPM_HYS._rpm 600 rpm Engine rpm threshold that Alternator power generation

is turned OFF(Hysteresis processing)

5.3.5.5 Other information
None.
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5.3.6. Functional specification of [B40C: BK _CNT] system

The functional specifications of the third-layer BK_ CNT system model in the guidelines-compatible model

are described.

5.3.6.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The brake controlling ECU model for fuel economy evaluation.

@ Modelized level
The control model that contributes to the braking in the mode-driving.

® Modelized function
The braking function

5.3.6.2 Data flow diagram
The diagram of this model is shown below.

1)

(D ’i <per_brake’

per_brake

h 4
—T—

Fig. 5.3.6.2. Data flow diagram: third-layer BK_CNT system

5.3.6.3 Input/output specification
The input/output specification of this model is shown below.

ctrl BK_CNT

Input
Name Unit Area Description
per_brake % [0 100] Brake opening
Output
Name Unit Area Description
per_brake % [0 100] Brake opening

5.3.6.4 Parameter specification
No parameter in this system.

5.3.6.5 Other information
None.
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5.3.7. Functional specification of [B10P: ENG PNT] system

The functional specifications of the third-layer ENG PNT system model in the guidelines-compatible model

are described.

5.3.7.1 Abstract

The abstract of this model is shown below.

@D Modelized object
The engine model for fuel economy evaluation.

@ Modelized level
The model to calculate the output torque and fuel consumption after the engine has warmed up.

® Modelized function
The output of the engine shaft torque

The calculation of the fuel consumption

5.3.7.2 Data flow diagram
The diagram of this model is shown below.
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Fig. 5.3.7.2. Data flow diagram: third-layer ENG_PNT system
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5.3.7.3 Input/output specification

The input/output specification of this model is shown below.

Input
Name Unit Area Description
per_throttle % [0 100] Throttle opening
flag_fuelcut - [01] Fuel cut flag
flag_IdleStop - [01] Idling stop flag
timing_ignition CA [0 360] Ignition timing from MBT (BTDC)
w_ENG _PNT radps rad/s TBD Engine rpm (based on rad)
Output
Name Unit Area Description
n_eng_rpm rpm 0 or more | Engine rpm
trqg ENG_PNT Nm Nm TBD Engine shaft torque

5.3.7.4 Parameter specification

The parameter specification of this model is shown below.

Variable name Setting value Unit Description
ENG_PNT_FuelCon_gps_map_x_pri_rpm <1x13> rpm Fuel consumption rate map  x- engine rpm
ENG_PNT_FuelCon_gps_map_y_trq_Nm <1x8> Nm Fuel consumption rate map y- engine shaft torque
ENG_PNT_FuelCon_gps_map <8x13> glsec Fuel consumption rate map
ENG_PNT_trg_Nm_map_x_rpm <1x8> rpm Engine shaft torque map  x- engine rpm
ENG_PNT_trg_Nm_map_y_throttle <1x8> % Engine shaft torque map - throttle opening
ENG_PNT_trg_Nm_map <8x8> Nm Engine shaft torque map  z- torque
ENG_PLT_trg_fluc_Nm_table_x_spk_tim <Ix11> BTDC Torque fluctuation table  x- ignition timing
ENG_PLT_trg_fluc_Nm_table <1x11> Nm Torque fluctuation table

5.3.7.5 Other information
None.
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5.3.8. Functional specification of [B20P: TM_PNT] system

The functional specifications of the third-layer TM_PNT system model in the guidelines-compatible model
are described.

5.3.8.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The transmission model for fuel economy evaluation.

@ Modelized level
The inertia and the gear changing fuction after the engine has warmed up.

® Modelized function
The engine-side inertia and the differential-side inertia of the transmission
The gear changing fuction from the torque converter
The gear changing fuction of CVT
The loss of torque due to CVT efficiency
The lock-up function of torque converter by the lock-up clutch

5.3.8.2 Data flow diagram
The diagram of this model is shown below.

Fig. 5.3.8.2. Data flow diagram: third-layer TM_PNT system
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5.3.8.3 Input/output specification
The input/output specification of this model is shown below.

Input

Name Unit Area Description
flag Lockup - [01] Lock-up instruction of torque converter
omg_Slip_rpm - TBD Target rpm of lock-up slip
ratio CVT - TBD CVT pulley ratio
trqg TM_PNT in Nm Nm TBD Torque converter inlet torque
trqg TM_PNT out Nm Nm TBD Differential gear inlet torque

Output

Name Unit Area Description
w_ENG _PNT radps rad/s TBD Engine rpm (based on rad)
n TM_PNT out rpm rpm TBD Torque converter outlet rpm
w_TM_PNT out radps rad/s TBD Torque converter outlet rpm (based on rad)

5.3.8.4 Parameter specification
The parameter specification of this model is shown below.

Variable name Setting value Unit Description
TM_PNT_Flywheel_Inertia_kgm2 0.06 kgm”2 Flywheel inertia
TM_PNT_Flywheel_Init_radps 0 radps Initial angular velocity value for Flywheel
TM_PNT_n_TC_min_rpm 3 rpm Torque converter minimum rpm
TM_PNT_w _ROT_T_C_UL 10000 rpm rpm upper limit guard
TM_PNT w_ROT T C_LL 1 rpm LZTO:E}I:{.? Iign”(l)it Oz;Jard (preventing from
TM_PNT _ratio w ROT_T_C_UL 1 - rpm ratio upper limit
TM_PNT _ratio_w_ROT_T_C_LL 0 - rpm ratio lower limit
TM_PNT_torque_ratio_table_x_speed_ratio <1x11> - :;:ircc)]ue amplification ratio table x- velocity
TM_PNT_torque_ratio_table <1x11> - Torque amplification ratio table
TM_PNT_torque_capacity_Nmprpm2_table_x_speed_ratio <1x11> - Capacity coefficient table x-velocity ratio
TM_PNT_torque_capacity Nmprpm2_table <1x11> - Capacity coefficient table
TM_PNT_ConvUnit 1.00E-06 - Unit conversion x 10”-6
TM_PNT_Tau_CVT _ratio_s 0.3 sec CVT pulley ratio delay time constant
TM_PNT_tau_LU_Clutch_s 1 S Lock-up delay time constant
TM_PNT_Gain_LU_spring_Nmprad 200 Nm/rad Spring coefficient at lock-up
TM_PNT Gain_LU_zeta 2 s SDya;r:;ﬂng coefficient for secondary lag
TM_PNT_Gain_LU_damper_Nmsprad [*2] - Damper coefficient at lock-up
TM_PNT_Driveshaft_Inertia_kgm2 0.1 kgm”2 Drive shaft inertia
TM_PNT_Driveshaft_Init_radps 0 radps Drive shaft angular velocity initial value
TM_PNT eta CVT 0.82 - CVT loss

5.3.8.5 Other information
None.
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5.3.9. Functional specification of [B21P: DF_PNT] system

The functional specifications of the third-layer DF_PNT system model in the guidelines-compatible model

are described.

5.3.9.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The differential gear model for fuel economy evaluation.

@ Modelized level
The transmission mechanism that reflects the transmission efficiency in the mode-driving.

® Modelized function
The gear changing fuction of the differential gear ratio.

The torqueloss from the differential gear efficiency.

5.3.9.2 Data flow diagram
The diagram of this model is shown below.
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Fig. 5.3.9.2. Data flow diagram: third-layer DF_PNT system
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5.3.9.3 Input/output specification
The input/output specification of this model is shown below.

Input
Name Unit Area Description
w_ENG_PNT radps rad/s TBD Engine rpm (based on rad)
w_DF PNT radps rad/s TBD Differential gear rpm (based on rad)
Output
Name Unit Area Description
trqg DF _in PNT Nm Nm TBD Differential gear inlet torque
trqg DF_ PNT Nm Nm TBD Differential gear outlet torque

5.3.9.4 Parameter specification
The parameter specification of this model is shown below.

Variable name Setting value Unit Description
DF_PNT_DF_gear 53 - Reduction gear ratio of differential gear
DF_PNT _eta DF 0.98 - Differential gear efficiency
DF_PNT_Driveshaft_Inertia 0.1 kgm”2 Drive shaft inertia
DF_PNT_Driveshaft_spring 10000 - Drive shaft  Spring coefficient
DF_PNT_Driveshaft_zeta 10 - Damping coefficient for secondary lag system
DF_PNT_Driveshaft_damper [*1] - Drive shaft Damper coefficient
DF_PNT_Driveshaft_delta_radps_UL 0.1 rpm Drive shaft rotational deviation  Upper limit value
DF_PNT_Driveshaft_delta_radps_LL -0.1 rpm Drive shaft rotational deviation Lower limit value

5.3.9.5 Other information
None.
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5.3.10. Functional specification of [B30P: ALT PNT] system

The functional specifications of the third-layer ALT PNT system model in the guidelines-compatible model
are described.

5.3.10.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The alternator model for fuel economy evaluation.

@ Modelized level
The model to calculate the generated current and the anti-torque on the engine shatft.

® Modelized function
The function to shift from the engine shaft rpm to the alternator shaft rpm, by a belt drive.
The function to calculate the generated current from the target voltage, alternator terminal voltage and
alternator shaft rpm.
The function to calculate the anti-torque on the alternator shaft from the generated current, alternator
terminal voltage and alternator shaft rpm.

5.3.10.2 Data flow diagram
The diagram of this model is shown below.
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Fig. 5.3.10.2. Data flow diagram: third-layer ALT PNT system

5.3.10.3 Input/output specification
The input/output specification of this model is shown below.

Input
Name Unit Area Description
w_ENG PNT radps rad/s TBD Engine rpm (based on rad)
Output
Name Unit Area Description
trqg ALT PNT Nm Nm TBD Torque for alternator power generation
I ALT PNT A A TBD Alternator current
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5.3.10.4 Parameter specification

The parameter specification of this model is shown below.

Variable name Setting value | Unit Description
ALT_PNT_Gain_Alt_v_del 100 - P gain for calculating alternator target current value
ALT_PNT_eta_pulley_alt 0.97 - Alternator pulley efficiency
ALT_PNT _ratio_pulley_alt 112 - Pulley ratio
ALT _PNT_ALT GDCurrent A 07 A S;;Lr:nt for calculating alternator required torque guard
ALT PNT_ALT GDVolt V 125 v \\//aOILt:ge for calculating alternator required torque guard
ALT_PNT_Tau_Alternator_V_tgt_s 0.05 sec Time constant for Alternator target voltage delay
ALT_PNT_Tau_Alternator_trg_Nm 0.01 sec Time constant for Alternator torque delay
ALT_PNT _trg_alter_output LL_Nm 0 Nm Alternator torque lower limit value
ALT_PNT_Alter_trq_Nm_map_x_rpm <1x18> rpm Alternator shaft torque MAP  Alternator rpm
ALT_PNT_Alter_trg_Nm_map_y_Current_A <1x12> A Alternator shaft torque MAP  Alternator current
ALT_PNT_Alter_trq_Nm_map_z_Volt_tgt_V <1x3> \Y Alternator shaft torque MAP  Alternator target voltage
ALT_PNT_Alter_trq_Nm_map <18x12x3> Nm Alternator shaft torque MAP  Alternator torque
ALT_PNT_Alter_limit_Current_V_table_x_rpm <1x14> rpm Alternator current limit MAP  Alternator rom
ALT_PNT_Alter_limit_Current_V_table <1x14> A Alternator current limit MAP  Alternator current

5.3.10.5 Other information
None.
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5.3.11. Functional specification of [B31P: ST PNT] system

The functional specifications of the third-layer ST PNT system model in the guidelines-compatible model
are described.

5.3.11.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The starter model for fuel economy evaluation.

@ Modelized level
The model to calcurate the current consumption when the starter is working.

® Modelized function
The function to calculate the current consumption when the starter is working according to the starter
terminal voltage.

5.3.11.2 Data flow diagram
The diagram of this model is shown below.

) <flag ON Starter>
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Fig. 5.3.11.2. Data flow diagram: third-layer ST PNT system

5.3.11.3 Input/output specification
The input/output specification of this model is shown below.

Input
Name Unit Area Description
flag ON_Starter - [01] Starter active flag
w_ENG PNT radps rad/s TBD Engine rpm (based on rad)
V_ BT PNT Lo V v TBD Battery voltage
Output
Name Unit Area Description
trqg ST PNT Nm Nm TBD Starter operation torque
I ST PNT A A TBD Starter current
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5.3.11.4 Parameter specification

The parameter specification of this model is shown below.

Variable name

Setting value

Unit

Description

ST_PNT_Starter_Res_ohm

0.12

Q

Starter resistance value (100A at 12V)

5.3.11.5 Other information
None.
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5.3.12. Functional specification of [B40P: BK PNT] system

The functional specifications of the third-layer BK PNT system model in the guidelines-compatible model

are described.

5.3.12.1 Abstract

The abstract of this model is shown below.

@D Modelized object

The brake model for fuel economy evaluation.

@ Modelized level

The model to generate a braking force in the mode-driving.

® Modelized function

The function to apply the braking force as the drive shaft torque.

5.3.12.2 Data flow diagram

The diagram of this model is shown below.

= BK_PNT_Pow_UL/100
<per_brake»
ctrl BK ONT

Q _cald
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EK_PNT Tau_brake s+1
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Fig. 5.3.12.2. Data flow diagram: third-layer BK_PNT system

5.3.12.3 Input/output specification

The input/output specification of this model is shown below.

&

w DF_PNT radps

;

-t
Trg BK_FNT_Nm

Input
Name Unit Area Description
per_brake % [0 100] Brake opening
Output
Name Unit Area Description
Trq BK PNT Nm Nm TBD Braking force
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5.3.12.4 Parameter specification

The parameter specification of this model is shown below.

Variable name Setting value Unit Description
BK_PNT_Tau_brake 0.85 - Brake plant model  Time constant for braking force
BK_PNT_Pow_UL 5000 N Braking force upper limit value
BK_PNT Pow LL 0 N Braking force lower limit value  Also used in driver

models

5.3.12.5 Other information
None.
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5.3.13. Functional specification of [B50P: BT PNT Lo] system

The functional specifications of the third-layer BT PNT Lo system model in the guidelines-compatible
model are described.

5.3.13.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The battery model for fuel economy evaluation.

@ Modelized level
The model that the OCV is determined by the SOC, and the terminal voltage is determined by the
addition of the voltage drop from the charge/discharge current and internal resistance.

® Modelized function
The function to calculate the SOC from the charge/discharge current.
The function to determine the OCV voltage depending on the SOC.
The function to calculate the voltage drop from the charge/discharge current and internal resistance.

5.3.13.2 Data flow diagram
The diagram of this model is shown below.
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Fig. 5.3.13.2. Data flow diagram: third-layer BT PNT Lo system

5.3.13.3 Input/output specification
The input/output specification of this model is shown below.

Input
Name Unit Area Description
I Chg Lo BT A TBD Battery input current
Output
Name Unit Area Description
SOC BT PNT Lo PCT % [0 100] Battery SOC
V_BT PNT Lo V v TBD Battery voltage
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5.3.13.4 Parameter specification
The parameter specification of this model is shown below.

Variable name Setting value | Unit Description
BT_PNT_Lo_Capa_lo_batt F 52 Ah Battery capacity Equivalent to 55D
BT _PNT_Lo SOC_START lo_batt 100 % Battery SOC initial value
BT_PNT_Lo _SOC_MAX lo_batt 100 % Battery SOC maximum value Also used in ALT
BT_PNT_Lo_SOC_MIN_lo_batt 0 % Battery SOC minimum value
BT_PNT_Lo_ocv_SOC_lo_batt OCV_V_table_x_SOC [0,100] % Battery OCV calculation TABLE x- SOC term
BT_PNT_Lo_ocv_SOC_lo_batt OCV_V _table [10.5,12.3] \Y Battery OCV calculation TABLE
BT_PNT_Lo R _lo_batt_ohm 0.0425 Battery internal resistance  Also used in ALT_PNT
BT_PNT_Lo_V_start_ocv 125 Battery initial voltage

5.3.13.5 Other information
None.
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5.3.14. Functional specification of [B51P: EL_PNT] system

The functional specifications of the third-layer EL. PNT system model in the guidelines-compatible model

are described.

5.3.14.1 Abstract

The abstract of this model is shown below.

@D Modelized object

The low voltage electrical load model for fuel economy evaluation.

@ Modelized level

The model to calculate the current consumption at the low-voltage side in the mode-driving.

® Modelized function

The function to calculate the current consumption at depending on the terminal voltage of the low-

voltage load.

5.3.14.2 Data flow diagram

The diagram of this model is shown below.

e

EL_PNT R bodyelec o ohrn ———

Low voltageside electrical load

5.3.14.3 Input/output specification

Fig. 5.3.14.2. Data flow diagram: third-layer EL_PNT system

The input/output specification of this model is shown below.

Input
Name Unit Area Description
V_ BT PNT Lo V v TBD Battery voltage
Output
Name Unit Area Description
I EL PNT A A TBD Current at low voltage side
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5.3.14.4 Parameter specification

The parameter specification of this model is shown below.

Variable name

Setting value

Unit

Description

EL_PNT_R_bodyelec_lo_ohm

0.72

Q

Electrical load resistance at low voltage side

5.3.14.5 Other information
None.
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5.3.15. Functional specification of [B60P: TR _PNT] system

The functional specifications of the third-layer TR_PNT system model in the guidelines-compatible model
are described.

5.3.15.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The tire model for fuel economy evaluation.

@ Modelized level
The model to convert the rotational movement of the drive shaft to the translational movement of the
vehicle.
Add the rolling resistance in the mode-driving.

® Modelized function
The function to convert the rotational movement to the translational movement.
The function to add the rolling resistance of the tires to the accelerating force of the translational

movement.

5.3.15.2 Data flow diagram
The diagram of this model is shown below.

| Translation < Rotation conversion

MM (torque Nm) = F (Force (N) X r (tire radius (m))

»
VL(? v WL_PNT_mps :‘ X » (T
w WL PIT prips > W DF_PNTradps e
L w_TR_PNT radps
[ -
&
Q_cak?
L
) trq_DF_PNT_Hm > ’ 2
T TR M q.DF_PNT! F_TRPNT M
omg (rpm rad/s) =v (vehicle velocity mk) /r (tire radius (m))

The side that advances the The side that advances the

vehicleis positive . " . vehicleis positive
P Torque ¢ Force conversion Rolling resistance P

Fig. 5.3.15.2. Data flow diagram: third-layer TR_PNT system

5.3.15.3 Input/output specification
The input/output specification of this model is shown below.

Input

Name Unit Area Description
Trqg TR Nm Nm TBD Differential gear outlet torque - braking force
v_VL PNT mps m/s TBD Vehicle velocity (m/s unit)

Output

Name Unit Area Description
w_TR PNT radps rad/s TBD Rotational velocity of tire
F TR_PNT N N TBD g(l)rsc-:itfi)\ig)ulsmn force (side that advances vehicle is
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5.3.15.4 Parameter specification
Only the common parameters are used in this system.

5.3.15.5 Other information
None.




Model handbook 62 /171

5.3.16. Functional specification of [B61P: VL _PNT] system

The functional specifications of the third-layer VL. PNT system model in the guidelines-compatible model
are described.

5.3.16.1 Abstract
The abstract of this model is shown below.

@D Modelized object
The vehicle dynamics model for fuel economy evaluation.

@ Modelized level
Calcuate the translational speed of the vehicle.
Add the air resistance and climbing resistance to the translational accelerating force of the vehicle.

® Modelized function
The function to calculate the vehicle velocity from its translational accelerating force.
The function to calculate the air resistance from the translational velocity of the vehicle and add this
air resistance to the translational accelerating force.
The function to calculate the climbing resistance on the vehicle and add this climbing resistance to the
translational accelerating force.

5.3.16.2 Data flow diagram
The diagram of this model is shown below.

 Vethcls Mass

(o)
£ TRFRTN
The side that advances the Climbing Vehicle
vehicleis positive resistance inertia

Fig. 5.3.16.2. Data flow diagram: third-layer VL PNT system

5.3.16.3 Input/output specification
The input/output specification of this model is shown below.

Input
Name Unit Area Description
F TR _PNT N N TBD g(i)rseitli;)\l;g)ulsion force (side that advances vehicle is
Output
Name Unit Area Description
v_VL PNT kmph km/h [0 200] Vehicle velocity

v_VL PNT mps m/s TBD Vehicle velocity (m/s unit)
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5.3.16.4 Parameter specification

The parameter specification of this model is shown below.

Variable name Setting value Unit Description
VL_PNT_Vehicle_Const 0 Hill climb coefficient
VL_PNT_V_wind 0 m/s Wind velocity

5.3.16.5 Other information
None.
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6. Description in this model

6.1. Purpose

Model description method to understand this model is as shown below.
The content written here does not regulate the usage of Matlab® Simulink®.

6.2. Precondition

The PLANT MODELING GUIDELINES USING MATLAB® and Simulink® Version 2.1, issued by the
Japan MATLAB Automotive Advisory Board (JMAAB) on December 2, 2008 [1], was used as reference to
create the guidelines-compatible model. This document will be referred to hereinafter as the Plant Modeling
Guidelines.

The methods used to describe the model here do not necessarily follow the Plant Modeling Guidelines, and are
defined to help in understanding this model.

6.3. Diagnostic parameter setting
6.3.1. Solver setting

No provision.

6.3.2. Diagnostic parameter setting

This setting is based on JP2103 "Diagnostic parameter setting" of the Plant Modeling Guidelines.

6.4. Naming
6.4.1. Awvailable character

The characters used in the label names of subsystems and signal lines are based on the usable characters for
names in JP2503 "Subsystem".

6.4.2. Subsystem name

The list of the subsystem names is shown below.




Table 6.4.2. List of subsystem names
Part Notation abbreviationl Part Notation abbreviationl Part Notation abbreviation | Part Notation abbreviation
Driver Driver |
Vehicle Vehicle Vehicle Control Vehicle Control VC Engine Control EngineControl ENG_CNT
Transmission Control  TransmissionControl  TM_CNT
Brake control BrakeControl BK_CNT
Alternater Control AlternaterControl ALT_CNT
ACG_CNT
Vehicle Plant  Vehicle Body VB Engine Engine ENG_PNT
Transmission Transmission TM_PNT Torque Converter TorqueConverter TC
Gear Gear GR
Oil Pump OilPump opP
Differential gear DifferentialGear DF_PNT
Tire Tire TR_PNT
Brake Brake BK_PNT
Vehicle VehicleLoad VL_PNT
Battery Battery BT_PNT
Alternater Alternater ALT_
PLNT
,ACG
Starter Starter ST
Electriical Load ElectriicalLoad EL
Monitor Monitor
6.4.3. Signal name
Name the signals based on the energy flow, as shown below.
Energy flow
Energy flow > l >
5
ENG > ™

@

@

e.g.: trg_engine_Nm

€)

Give the signal the Give the signals the ALT
name of the names according to
upstream system each system name
e.g.:

(Dtrg_engine_Nm
@trq_transmission_in_Nm
@trq_alternater Nm

Undivided case Divided case

Fig. 6.4.3. How to name the signals

6.4.4. Input/output terminal name

Separate plants and controls when naming them, as shown below.

Plant I/F: amount_system name (_definition_unit)
Control I/F: definition_system name_[unit]

e.g. Plant
Physical symbol: omega: rpm
System name: Option 1 What is making the output? Option 2 Give it the name of the upstream energy

system: name it "engine". omg_engine(_radps)
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e.g. Control
Engine rpm (rpm)
n_engine_rpm

6.4.5. Parameter name

Put the subsystem name at the beginning of the parameter name
System name_definition_[unit]

e.g. engine nEngine rpm
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6.5. System model structure

The structure of the plant model have below three proposal, and the IF guidelines-compatible model is based

on Option 3.

<Option 1>

Use JP3001 "Plant model structure (Model architecture)" of the Plant Modeling Guidelines as reference.

In the current Simulink Model, the control model is separated from plant model.
Because control model and plant model should be integrated originally but some suppliers have only either
control model or plant model and this guideline need to deal with that. This is a method that takes maintenance

into account.

The plantmodel architecture is described as the layer structure, as shown below.
The layers that separates the structural components and the layers that shows the
plantand controllerina 1 to 1 comparison are alternatelyplaced.

The placementofeach part model should be same as the placementofthe partin a
actual vehicle, as much as possible.

Configuration
example

The first-layer Driver Vehicle TireRoad | | Environment

The second-layer Vehicle Controller Vehicle Body
Divide into , \
controller and a <
body / N

Description ; .

The third-laver Powertrain | | Chassis
Divide into . N
components -

The fourth-ayer Powertrain Body
Divide into -
controller and _

body -

Transmission Differential

The fifth-layer Engine
Divide into
components

Fig. 6.5.1. JP3001 “Plant model structure”

< Option 2>
The plant and control model are on the same layer.
This is based on the idea that it is better to make ECU and mechanics of system into subsystem in order to

distribute this model as a base.(suppliers are concerned that their know-how might could leak outside the

company if ECU command values can be monitored).
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<Option 3>
Broadly divide plants and controls.

This architecture makes it easy to understand the relationships between plant models. This is to clarify as a

model that complies with the I / F guidelines between plant models.

The first-layer
Driver Vehicle Environment Monitor
The second-layer
Controller Vehicle Body
The e Engine T Alternator Engine /M Alternator
Controller| | Controller| | Controller J

Fig. 6.5.2. The structure broadly divides controls and plants in the same layer

6.6. Interface
6.6.1. Type

The interface is separated into @physical I/F, @sensor, @actuator and @CAN and defined as the I/F.
Follow the method detailed below.

Other control CAN .| Other control
model I model
> Control model

i v i
. Sensor Actuator i
| 3 i

Other i — Plantl &— Plant2 |« : Other

plant — | P—— plant
""""""""""""""""""""""""""""" Plant model

Low readability (hard to understand what signals are sent/received)

CAN
- ‘Sensor

Act

Fig. 6.6.1. I/F type and drawing method
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6.6.2. Bus

Buses are generally used for control, sensor, and actuator signals because input/output is too much and looks

like spaghetti structure. However, there is a demerit that the detail of inputs and outputs cannot be seen from

a higher level.
6.7. Unit

The units of variables and variates used in the model will follow the rules below..

(DPlant model

The plant model follows the unit systems of the Plant Model I/F Guidelines
However, the monitors for rpm and velocity will be output as rpm and km/h, respectively.

@Control model

Each control model will follow the I/F specifications.

Below is a list of unit systems.

Table 6.7. List of unit systems used in the model

Sl Basic unit
Base quantity Name Symbol Ali?gﬁg;:ﬁ]nc?nir;:lter
Length Meter m m
Mass Kilogram kg kg
Time Second S S
Current Ampere A A
Thermodynamic Kelvin
temperature K K
Amount of substance Mole mol mol
Luminous intensity Candela cd cd
Sl units with specific names, Sl derived units
Quantity Unit Unit symbol AISPOapr?St;(I:a;Inc:]%rj\glt er
Plane angle Radian rad rad
Frequency Hertz Hz Hz
Force Newton N N
Pressure, stress Pascal Pa Pa
Energy
Amount of work, amount Joule J J
of heat
Power, electric power Watt W W
Charge coulomb C C
Electric potential of
difference, electric Volt Vv Vv
potential
Electrostatic capacitance Farad F F
Electrical resistance Ohm Q ohm
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Celsius' temperature Degree Celsius °C dC(=degree Celsius)
Inductance Henry H H

6.8. Parameter operation

Each system parameter should have “m” file, and load each “m” file as the run file.
All of the points below should be covered:

Overall parameter management

General physical values

Overall shared parameters (changes in units, etc.)

All system parameters

It is generally not allowed to directly input parameters into the model.
Parameters should also be managed by each system.

6.9. Type

Types should follow JP5001 "Data type" of the Plant Modeling Guidelines.
Default values should be used in most cases. Do not use logical values in calculations.
State all exceptions in the model specifications.

Although not required, the points below should be kept in mind:
64/32bit for double-precision floating-point values
The need for counters, etc. in non-linear models
Floating point errors when the double type is used
Values such as the gear stage signal are sometimes stored as int. Therefore, there is a need to assume that
"this applies to physical values that interact between model components".

6.10. Others
The following opinions and issues need to be considered with regard to model creation rules:
No library other than the standard Simulink library should be used.

Stateflow should generally not be used.
(As some people might not have the Stateflow library)
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7. Reference document

[1] “ERBRETIVLTY—ILERz FMI ETILIEHEH AR5/ Ver.1.0”(Society of Automotive
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https://www.jsae.or.jp/tops/topics/1241/1241-1A.pdf

[2] “PLANT MODELING GUIDELINES USING MATLAB® and Simulink® Version 2.1” (Japan MATLAB
Automotive Board, JIMAAB 2nd Dec. 2008)

http://jmaab.mathworks.jp/doc/plantmodeling sg/PMSG english v2.1.pdf
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