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MODULE HVTRANSFC
definition of data structure for engine
body , test cycle, fuel maps

transmission

odule hvtransfc

TYPE SSPEC

vehicle specification

type sspec
real (8) mua
real (8) mur
real (8) rt
real (8) tcl
real (8) bw, bh
real (8) w0
real (8) wid
real (8) wt
real (8) gvw
real (8) ric

integer crew
end type sspec

TYPE SENG
engine specification

type sengine
real (8) nex

) nrate

) nidle

) nes

) nec

), pointer ::

end type sengine

nel (3)

TYPE SGDAT
gear setting ( for each position )

type sgdat
real (8) gr

) egr

) tmargin
real (8) dw

end type sgdat

TYPE stransmission
transmission

type stransmission
integer at
integer grs
integer grb
integer skiplimit
integer ngr
integer nmgr
integer nsgr
real (8) fgr
real (8) efgr
type (sgdat), pointer ::
end type stransmission

gri(:)

TYPE STQCURVE
torque curves ( for maximam, frictional )

type stqourve
integer ndata
real (8), pointer ::
real (8), pointer ::
end type stgcurve

rev(:)
tq (o)

TYPE SCYCLE
definition of test cycle for evaluation

type scycle
integer ndat
real (8), pointer :: v(:)
real (8), pointer :: grade(:)

end type scycle

TYPE SFCMAP
fuel map (measured data for input)

type sfcmap
real (8) fcidle
integer ndata

real (8), pointer :: rev(:)
real (8), pointer :: tq(:)
real (8), pointer :: fc(:)

end type sfcmap

air drag coefficient, N/ (km/h2)
rolling resistance coeff, N/kg
tire radius, m

tire circumference, m

body width, height, m

empty weight, kg

load capacity, kg

test weight, kg

GWW, kg

highway traveling ratio(0 - 1)
capacity, persons

max speed, rpm

rated speed, rpm

idling speed, rpm

starting speed, rpm

clutch cut speed, rpm

minimum speed, rpm(for each gear)

ratio

transmission efficiency
| torque margin

rotating mass, kg

torque converter AT or not
starting gear

bottom gear

limit of skip shift

number of gear (main x sub)
number of gear (main)
number of gear (sub)

final ratio

efficiency of final gear
array of gear setting

number of point
engine speed, rpm
torque, Nm

number of test cycle data
test cycle, km/h
grade, %

idling fuel consumption, L/h
number of data point

engine speed, rpm

torque, Nm

fuel consumption, |/h



I TYPE SGRIDMAP
I grid interpolated fuel map (calculated in the simulation)

type sgridmap
real (8) fcidle
integer nx
integer ny
real (8), pointer :: rev(:)
real (8), pointer :: tq(:)
real (8), pointer :: fc(:,:)
end type sgridmap

idling fuel consumption, |/h

number of point in X-axis(eng speed)
number of point in Y-axis (torque)
engine speed, rpm

torque, Nm

fuel consumption, |/h

end module hvtransfc
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% MAIN PROGRAM convDFC

?ROGRAM convDFC

This program uses the GETARG function to acquire the

command |ine option. Please change this part by a suitable

method for your fortran90 compiler to use GETARG
——for Compaqg, Intel compiler—
USE DFLIB, ONLY:GETARG
———7for Fujitsu compiler—-
USE SERVICE_ROUTINES, ONLY:GETARG

use modconst

use hvtransfc

use testcycle

use vehicleparams
use msubfc, only :
use dataio

use mshiftp, only :
implicit none

calcfc, calcave, fcgrid
runmode, maxtqlin
type (sspec) :: spec

type (sengine) :: eng
type ( stransmission ) :: tm

type ( stgcurve ) :: tqec, ftgc

type ( sfcmap ) :: fom

type ( sgridmap ) :: gfem

type ( scycle ) :: vpat, vpat2

character ( len = 1024 ) :: specf="", engf="", tmf=""
character ( len = 1024 ) :: tqf="", ftgf="", mapf=""
character ( len = 1024 ) :: outf=

character ( len = 1024 ) :: vhname="', tpname='

real (8), allocatable :: vu(:), vh(:)

real (8), allocatable :: neu(:), neh(:), nneu(:), nneh(:)
real (8), allocatable :: teu(:), teh(:), nteu(:), nteh(:)
real (8), allocatable :: fou(:), fch(:)

integer, allocatable :: spu(:), sph(:)

integer i, spp, spi, theld

real (8) vi, vp, eti, evi, verr, maxt
integer grs

real (8), pointer :: gr(:), sgr(:)
real (8) eu, eh, et, ece

real (8) avvu, avvh, avvt

integer tsout

Get Specification filename

call GETARG(1, specf)
call GETARG(2, outf)
if ( specf == ") then
do while ( specf =="" )
write( *, ' (A, $)’ ) 'TYPE FILENAME FOR INPUT : °
read ( *, * ) specf

end do
end if
if (outf =="") then
do while (outf =="")

write( %, ' (A,$)" ) 'TYPE FILENAME FOR OUTPUT :

read ( %, * ) outf
end do
end if

read input data

vehicle specification
engine

transmission

maximum, frictional torque
measured fuel map
interpolated grid map

test cycle

spec, engine, transmission filename
maximum & frictional torque, map filename
output name

vehiclename, typename

vehicle speed (km/h)

engine speed(rpm), normalized
engine torque (Nm), normalized
fuel (L/h)

gear position

start gear
gear ratio (main, sub)

output time series data(1:Yes, 0:No)

call readspecfc ( 11, specf, spechrt, tm%fgr, tpname, vhname, engf, tmf, tsout )
call readgear ( 12, tmf, tm%nmgr, gr, tm%nsgr, sgr, grs, tm%at )
call readengfc( 13, engf, mapf, tqf, ftaf, enghnidle, eng%nrate, englhnex )

call setparameters( tpname, spec, eng, tm, gr, sgr, grs )

call readtafc( 14, trim(taf), tqc)
call readtgfc( 15, trim(ftaf), ftagc )
call readmapfc( 17, trim(mapf), fcm )

call fcgrid( gfem, fom, ftoc )
call showinputdata( spec, eng, tm, vhname, tpname )

set test cycle for urban

vpat¥%ndat = nurban

vpat%v => vurban

vpat%grade => gurban

allocate ( vu( vpat%ndat ) )
allocate ( spu( vpat%ndat ) )
allocate ( neu( vpat%ndat ) )
allocate ( teu( vpat%ndat ) )
allocate ( nneu( vpat%ndat ) )
allocate ( nteu( vpat%ndat ) )
allocate ( feu( vpat%ndat ) )

maximum torque

frictional torque

fuel map

calculate grided fuel map
display input dataset

calculated speed

shift position

engine speed (rpm)

engine torque (Nm)
normalized engine speed (%)
normalized engine torque (%)
fuel consumption (l/h)



calculate all gear position

spp = tm¥ngr

theld = THOLD
vp = vpat%v (1)
verr = 0.0_8

call runmode ( 1, vpat, vp, spp, theld, THOLD, spec
eng, tm, tac, evi, eti, spi, vi, verr)

do i =1, vpat%ndat

spp = spi
vp = vi
verr = 0.0_8

call runmode ( i, vpat, vp, spp, theld, THOLD, spec
eng, tm, tac, evi, eti, spi, vi, verr )
maxt = maxtglin ( tgc, evi )

vu(i) = vi
neu(i) = evi
teu(i) = eti

nneu(i) = ( neu(i) - eng%nidle )
/ ( eng%nrate — eng%nidle ) * 100.0_8
nteu(i) = teu(i) / maxt * 100.0_8
spu(i) = spi
end do

calculate average fuel consumption

call calcfc ( neu, teu, spu, fcu, vpat%ndat, ftac, gfcm )
call calcave( vu, fcu, vpat¥%ndat, avvu, eu )
call calcave( vu(645:), fcu(645:), 766, avvt, et )

set test cycle for highway

vpat2%ndat = nhighway

vpat2%v => vhighway
vpat2%grade => ghighway
allocate ( vh ( vpat2%ndat ) )
allocate ( sph ( vpat2%ndat ) )
allocate ( neh ( vpat2%ndat ) )
allocate ( teh ( vpat2%ndat ) )
allocate ( nneh( vpat2%ndat ) )
allocate ( nteh( vpat2%ndat ) )
allocate ( fch ( vpat2%ndat ) )

calculate all gear position

theld = THOLD

spp = tm%ngr

vp = vpat2%v (1)

verr = 0.0_8

call runmode ( 1, vpat2, vp, spp, theld, THOLD, spec
eng, tm, tac, evi, eti, spi, vi, verr )

do i =1, vpat2%ndat

spp = spi
vp = vi
verr = 0.0_8

call runmode ( i, vpat2, vp, spp, theld, THOLD, spec
eng, tm, tqc, evi, eti, spi, vi, verr )
maxt = maxtqlin ( tac, evi )

vh(i) = vi
neh (i) = evi
teh(i) = eti

nneh (i) = ( neh(i) - engknidle )
/ ( engbnrate — eng%nidle ) * 100.0_8
nteh (i) = teh(i) / maxt * 100.0_8
sph (i) = spi
end do

calculate average fuel consumption

call calcfec ( neh, teh, sph, fch, vpat2%ndat, ftac, gfcm )
call calcave( vh, fch, vpat2%ndat, avvh, eh

I highest pos

| calculate initial state

&

I sum-up fuel consumption
I average (URBAN)
I average (MID-TOWN)

&
| calculate initial state

o

I sum-up fuel consumption
I average (INTERCITY)

print¥, ”
if (tmbat == 1) then
eh = eh * 0.96_8
eu =eu * 0.91_8
et = et ¥ 0.91_8
end if
ece = 1.0.8 / ( (1.0_8 - speck%ric ) / eu + spechric / eh )
print " ( 2A,F8.4,A, F0.1 )", “ URBAN, “ "FC(km/1) : “,eu, ”, Ave.Speed(km/h) : “, avvu
print ' ( 2A,F8.4,A FO.1 )", “ HIGHWAY, ~, “FC(km/I) : “,eh, “, Ave.Speed(km/h) : ”, avvh
print " ( 2A,F8.4 )", “ AVERAGE, ”, “FC(km/1) : ”, ece
print *
print ' ( 2A,F8.4, A FO.1 )", “ MID-TOWN, “, “FC(km/I) : “,et, ”, Ave.Speed(km/h) : ”, avvt

output calculation result

print*

print * ( ” OUTPUT FILE : ”, A)’, trim( outf )
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call outaveragefc ( 21, outf, specf, vhname, tpname, engf, &
tmf, tm%fgr, spechrt, avvu, eu, avvh, eh, avvt, et, speclhric, ece )
if( tsout == 1) then
call outtimeseriesfc (21, outf, vpat, vu, neu, teu, nneu, nteu, spu, fcu, "URBAN")
y g$ll outtimeseriesfc (21, outf, vpat2, vh, neh, teh, nneh, nteh, sph, fch, 'HIGHWAY")
end i

nullify ( vpat%v, vpat%grade, vpat2%v, vpat2%grade )

deallocate ( vu, spu, neu, teu, nneu, nteu, fcu )

deallocate ( vh, sph, neh, teh, nneh, nteh, fch )

deallocate ( eng%nel, tm%gri)

deal locate ( tac%rev, tqc%tq, ftqc%rev, ftacl%tg )

deallocate ( fcm%rev, fem%ta, fom%fc, gfombrev, gfem%ta, gfem%fc )

printx, ' complete.

end program convDFC
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module vehicleparams

interface

subroutine setparameters( tpname, spec, eng, tm

use hvtransfc
character (len=*) tpname
type (stransmission) tm
type (sengine) eng
type (sspec) spec
real (8), pointer :: gr(:), sgr(:)
integer grs
end subroutine

subroutine showinputdata( spec, eng, tm, vhname

use hvtransfc
type (sspec) spec
type (sengine) eng
type (stransmission) tm
character (len=x) vhname, tpname
end subroutine showinputdata
end interface

end module vehicleparams

g

r,

sgr,

tpname )

grs )

} READ SPEC DATA, VEHICLE, ENGINE, TRANSMISSION, MAX&FRICTION TORQUE

subroutine setparameters ( tpname, spec, eng, tm, gr, sgr, grs)

use hvtransfc
use modconst
implicit none

character (len=%) tpname

type (stransmission) tm

type (sengine) eng

type (sspec) spec

real (8), pointer :: gr(:), sgr(:)
integer i, j, X, grs

real (8) dwt, dwe

real (8) nerange

real (8) beta

I spec

call setvehicletype( tpname, spec )

transmission
engine
vehicle spec
gear ratio

rotational inertia
nrate - nidle

EEA I AL EEDHERE

spec%tcl = speclhrt * 2.0_8 * 3.14_8 I tire circumference (m)
spechgvw = specw0 + spechwld + REAL (spec%crew, 8) * PSGW ! GVW (kg)
select case ( tpname(1:1) )
case ('T
spechwt = spechw0 + speckhwld / 2.0_8 + 55.0_8
speckmur = ( 0.00513_8 + 17.6_8 / spechwt ) * 9.8_8
Ser%mu? = (0.00299 * spec%bh * spechbw - 0.000832_8 ) * 9.8_8
case
spechwt = spechw0 + spechcrew * 55.0_8 / 2.0_8
speckmur = ( 0.00513_8 + 17.6_8 / spechwt ) * 9.8_8
spechmua = ( 0.00299 * spec%bh * spec%bw - 0.000832_8 ) * 0.680_8 * 9.8_8

case default
write (0, " (3A)")

&
” Vehicle Type Error, [ “, trim(tpname), ” 1 is not defined.”

stop
end select
|
I engine
!
nerange = enghnrate - enghnidle
eng%nes = PMEET * nerange + eng%nidle
eng%nec = PRELEASE * nerange + eng%nidle

I transmission

tmhgrs = grs * tm%nsgr
if( tm%at == 1) then

tmbgrb = 1
else

tm%grb = ( GRB - 1) * tm¥%nsgr + 1
end if

tmyskiplimit = ( skiplimit — 1) * tm%nsgr
tm%efgr = EGR_ND
tmhngr = tm%nmgr * tm%nsgr

I parameter setting for each gear

allocate ( tm%gri( tmbngr ) )
allocate ( enghnel ( tm%ngr ) )
dwt = spec%w0 * PDWT
dwe = spec%w0 * PDWE

I T10, T, TN EERIE EEHIE

nrate - nidle
clutch meet, rpm
clucth off, rpm

start gear

bottom gear

limit of skip shift
efficiency of final
total number of shift position

for gear ratio

for minimum speed

rotational inertia of tire
rotational inertia of engine

12



if ( tpname == "TT1" .or. tpname == 'T10" .or. tpname == 'T11" ) then
if ( tm¥nsgr == 1 .and. tm%nmgr == 7 ) then
if (gr(7 ==1.0_8) then
beta = 0.6_8
else if (gr(6) ==1.0_8 ) then
beta = 0.81_8
else
beta = 1.0_8
end if
else if ( tm¥nsgr == 2 .and. tm%nmgr == 6 ) then
if (sgr(2 ==1.0_8 .and. gr(6) == 1.0_8 ) then
beta = 0.6_8
else
beta = 1.0_8
end if
else
beta = 1.0_8
end if
else
beta = 1.0_8
end if
x =1 | parameter setting for each gear
do i =1, tm%nmgr
do j =1, tm¥%nsgr
tmbgri (x)%gr = gr (i) * sgr(j | gear ratio
tmberi (x) %dw = dwt + dwe * ( tm%gri (x)%gr * beta )*x2 | rotational mass
if (egr(i) ==1.0_8) then I transmission efficiency
tm%gri (x)%egr = EGR_DIRECT
se
tmbgri (x) %egr = EGR_ND
end if
if ( spechgvw >= 8000.0_8 ) then I torque margin
if (i>=grs+2) then I GW >= 8t
tmhgri (x)%tmargin = tmup8t (3)
else if (i <= grs ) then
tm%grl(x)%tmargln = tmup8t(U
tm%gri(x)%tmargin = tmup8t (2)
end if
else
if (i>=grs+2) then I G < 8t
tmlbgri (x)%tmargin = tmunder8t (3)
else if (i <= grs ) then
tm%gri (x) %tmargin = tmunder8t (1)
se
tml%gri (x)%tmargin = tmunder8t (2)
end if
end if
if (i >=grs+3) then
engbnel (x) = nmins(4) * nerange + eng%nidle I minimum speed
else if (i <= grs) then
I eng¥nel (x) = nmins(1) * nerange + enghnidle
else
engbnel (x) = nmins (i—grs+1) * nerange + eng%nidle
end if
X =x+1
end do
end do

end subroutine

17 I ppp—

SHOWINPUTDATA
Display vehicle spec & input parameters

subroutine showinputdata ( spec, eng, tm, vhname, tpname )

use hvtransfc
implicit none

type (sspec) spec

type (sengine) eng

type (stransmission) tm
character (len=x) vhname, tpname

integer i
print*, ”
print " (2A)", “ Vehicle Name “. trim(vhname)
select case ( tpname(1:1) )
case ('T" )
print * (A)’, “ Vehicle type : TRUCK”
case ( 'B )
print " (A)’", ” Vehicle type : BUS”
end select
print " (2A)", “ Category “, trim(tpname)
if( tmat == 1) then
I print " (A)', ” Transmission : Torque Converter AT”
else
print * (A)’, ” Transmission : MT, AMT”

13



end if
print " (A,F0.2,A)’, ” HIGHWAY RATIO : ”, speckric * 100.0_8, ~ [%]1”
print*

print*
print '(A F8.2,A)", ” GWW =", spechgvw, “[kgl”
print ' (A F8.2 A F8.2, A) “ Weurb =", spec%w0, “[kgl, Wtest =", spec%wt, “[kgl”
print ' (A'F8.3 A FS.3 A F8.3,A)", ” Width =", spechbw. &
“[m], Height- , spec%bh “[m], Tire radius=", spechrt, “[m]”
print " (A, 13)",” Crew =", specYcrew
print*
print ' (A,F8.2, A F8.2 A F8.2,A)’, “ Nidle =", eng¥nidle
“[rpm], Nrate =", eng%nrate, “[rpm], Nex =", englbnex, “[rpm]”
print ' (A,F8.2,A,F8.2,A)", ”“ Nes =", eng%nes
“[rpm], Nec =", eng%nec “lrpm]”
print ' (A,F10.6,A)", ” MuAir =", spectmua, “ [N/ (km/h)"2]"
print " (A,F10.6,A)", ” MuRoll =", spec%mur [N/kg
printx

print ' (A 13)", ” NUMBER OF GEAR =", tmingr
print " (A)", “ GEAR RATIO EFFICIENCY TORQ MARGIN DW[kgl”
do i =1, tm%ngr
print '(I4,A,F8.3,F10.3,F12.3,F15.5)', i, tmhgri () %er, &
4 do tm%gri (i)%egr, tml%gri (i)%tmargin, tml%gri (i)%dw
en
print ' (A,F8.3,F10.3)", “ FIN: “, tm%fgr, tm%efgr
print*

end subroutine showinputdata

|
| SUBROUTINE TOUPPER

I convert small letters to capital letters
: buf : converted strings
s

ubroutine toUpper ( buf )
implicit none
integer strlength, i
character ( len = x ) buf

striength = len( buf )
do i =1, strlength
if( ichar (buf (i:i))>=97 .and. ichar (buf(i:i))<=122 ) then
buf (i:i) = char (ichar (buf (i:i))-32)
end if
end do

end subroutine

|

I SUBROUTINE SETVEHICLETYPE

I set parameters from standard vehicle category name
I typename : vehicle category name

: spec : vehicle spec
s

ubroutine setvehicletype( categoryname, spec )
use hvtransfc
implicit none
type (sspec) :: spec
character (len=¢) :: categoryname

call toUpper ( categoryname ) I convert category string to capital

select case ( categoryname )
I TRUCK TRACTOR, “TTx”
case (“TT1")
spechw0 = 10525.0_8
spechwld = 24000.0_8
speckhcrew = 2
spechbh = 2.927_8
spechbw = 2.490_8
speckric = 0.2_8

TT1 GVW <=20t

case (“TT2") TT2 GVW >20t
speckw0 = 19028.0_8

speckwld = 40000.0_8

speckhcrew = 2

spec%bh = 2.890_8

spechbw = 2.490_8

spechric = 0.1_8

I — GENERAL TRUCK, “Tx”
case ("T17)

speckw0 = 1957.0_8
spechwl!d = 1490.0_8
spechcrew = 3

specthbh = 1.982_8
spechbw = 1.695_8
speckric = 0.1_8

case ("T27)
spechw0 = 2356.0_8
spechw!d = 2000.0_8
spechcrew = 3

T1 3.5t< GW <= 7.5t
Payload <=1.5t

T2 3.5t< GWW <= 7.5t
1.5t < Payload <=2t
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speckbh = 2.099_8
spec%bw = 1.751_8
spechric = 0.1_8

case (“T3")
spec%w0 = 2652.0_8
spechwld = 2995.0_8
speckhcrew = 3
spechbh = 2.041_8
spechbw = 1.729_8
spechric = 0.1_8

case (“T4")
spec%w0 = 2979.0_8
spechwld = 3749.0_8
speckhcrew = 3
speckbh = 2.363_8
spechbw = 2.161_8
spechric = 0.1_8

case (“T5")
spec%w0 = 3543.0_8
spechwld = 4275.0_8
speckhcrew = 2
spechbh = 2.454_8
spec%bw = 2.235_8
spechric = 0.1_8

case (“T6")
spec%w0 = 3659.0_8
spechwld = 5789.0_8
speckhcrew = 2
speckbh = 2.625_8
spechbw = 2.239_8
spechric = 0.1_8

case (“T7")
spec%w0 = 4048.0_8
spechwld = 7483.0_8
speckhcrew = 2
spechbh = 2.541_8
spec%bw = 2.350_8
spechric = 0.1_8

case (“T8")
spec%w0 = 4516.0_8
spechwld = 7992.0_8
speckhcrew = 2
speckbh = 2.572_8
spechbw = 2.379_8
spechric = 0.1_8

case (“T9”)
spec%w0 = 5533.0_8
spechwld = 8900.0_8
speckhcrew = 2
speckhbh = 2.745_8
spechbw = 2.480_8
spechric = 0.1_8

case (“T10”)
spec%w0 = 8688.0_8
spechwld = 11089.0_8
speckhcrew = 2
spechbh = 3.049_8
spechbw = 2.490_8
spechric = 0.1_8

case (“T117)
spec%w0 = 8765.0_8
spechwld = 15530.0_8
speckhcrew = 2
speckbh = 2.934_8
spechbw = 2.490_8
spechric = 0.3_8

————— ROOT BUS, CREW>=11persons

case (“BR1")
spec%w0 = 5186.0_8
speckwld = 0.0_8
speckhcrew = 39
spec%bh = 2.880_8
spechbw = 2.072_8
speckric = 0.0_8

case (“BR2")
spechw0 = 6672. 0 8
speckwld = 0.0_8
speckhcrew = 46
spechbh = 2.947_8
spechbw = 2.301_8
speckric = 0.0_8

case (“BR3")
spechw0 = 7324.0_8
speckwld = 0.0_8
speckhcrew = 62
spec%bh = 2.949_8

“BRX”

T3 3.5t< GWW <= 7.5t
2t < Payload <=3t

T4 3.5t< GVW <= 7.5t

3t < Payload

T5 7.5t< GVW <= 8t

T6 8t< GVW <= 10t

T7 10t< GWW <= 12t

T8 12t< GWW <= 14t

T9 14t< GWW <= 16t

T10 16t< GVW <= 20t

T11 20t< GVW

BR1 6t< GVW <= 8t

BR2 8t< GVW <= 10t

BR3 10t< GVW <= 12t
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spechbw = 2.304_8
spechric = 0.0_8

case (“BR4")
spec%w0 = 8654.0_8
speckwld = 0.0_8
spechcrew = 77
speckhbh = 2.969_8
specYhbw = 2.385_8
spechric = 0.0_8

case (“BR5")
spec%w0 = 9790.0_8
spechwld = 0.0_8
spechcrew = 79
speckhbh = 2.962_8
spechbw = 2.490_8
spechric = 0.0_8

I GENERAL BUS, CREW>=11persons, “Bx”
case (“B1”)

spec%w0 = 3543.0_8

spechwld = 0.0_8

speckhcrew = 29

speckbh = 2.593_8

spechbw = 2.027_8

spechric = 0.1_8

case (“B2”)
spec%w0 = 5622.0_8
speckwld = 0.0_8
speckhcrew = 2
speckbh = 3.0
specthbw = 2.1
speckric = 0

case (“B3”)
spec%w0 = 6608.0_8
speckwld = 0.0_8

BR4 12t< GVW <= 14t

BR5 14t< GVW

B1 3.5t< GVW <= 6t

B2 6t< GVW <= 8t

8

B3 8t< GVW <= 10t

spechcrew = 49

speck%bh = 3.105_8
spechbw = 2.314_8
spechric = 0.1_8

case (“B4”)
spec%w0 = 8022.0_8
spechwld = 0.0_8
speckhcrew = 58
spec%bh = 3.160_8
spechbw = 2.399_8
spechric = 0.1_8

case (“B5”)
spec%w0 = 9774.0_8
speckwld = 0.0_8
speckhcrew = 60
speck%bh = 3.168_8
spechbw = 2.490_8
spechric = 0.1_8

case (“B6”)
spec%w0 = 12110.0_8
spechwld = 0.0_8
speckhcrew = 62
speckbh = 3.320_8
spechbw = 2.490_8
speckhric = 0.35_8

case (“B7”)
spec%w0 = 14583.0_8
speckwld = 0.0_8
speckhcrew = 51
speck%bh = 3.668_8
spechbw = 2.490_8
spechric = 0.35_8

B4 10t< GWW <= 12t

B5 12t< GWW <= 14t

B6 14t< GVWW <= 16t

B7 16t< GWW

case default
write (0," (3A)') “ Category Error : [ “, trim(categoryname), “ ] is not defined.”
stop

end select

end subroutine
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module mshiftp
interface

recursive subroutine runmode ( i, vpat, vp, sp, sht, nr, spec, eng, tm, tqc, evi, eti, spi, vi, verr )
use hvtransfc
type ( sspec ) :: spec
type (sengine) :: eng
type ( stransmission ) :: tm
type ( stgcurve ) :: tqc
type ( scycle ) :: vpat
real (8) vi, evi, eti, vp, verr
integer nr, i, sp, spi, sht
end subroutine

subroutine sftdwn ( i, vpat, vp, sp, spec, eng, tm, tac, cnt, spout, verr )
use hvtransfc
type ( sspec ) :: spec
type (sengine) :: eng
type ( stransmission ) :: tm
type ( stgcurve ) :: tqc
type ( scycle ) :: vpat
integer i, sp, spout, cnt
real (8) vp, verr
end subroutine

subroutine sftuptm ( reacc, i, vpat, vp, sp, spec, eng, tm, tqgc, cnt, spout, verr )
use hvtransfc
type ( sspec ) :: spec
type (sengine) :: eng
type ( stransmission ) :: tm
type ( stgcurve ) :: tqc
type ( scycle ) :: vpat
integer i, sp, spout, cnt, reacc
real (8) vp, verr
end subroutine

subroutine sftup ( reacc, i, vpat, vp, sp, spec, eng, tm, tac, spout, mkt )
use hvtransfc
type ( sspec ) :: spec
type (sengine) :: eng
type ( stransmission ) :: tm
type ( stgeurve ) :: tqc
type ( scycle ) :: vpat
integer i, sp, spout, reacc, mkt
real (8) vp
end subroutine

integer function startgear ( i, vpat, spec, eng, tm, tqc, stime )
use hvtransfc
type ( sspec ) :: spec
type (sengine) :: eng
type ( stransmission ) :: tm
type ( stqcurve ) :: tac
type ( scycle ) :: vpat
integer i, stime
end function startgear

subroutine engstat ( ev, et, sp, spec, eng, tm, tqc, vdest, grade, vp, vv, maxt, sw )
use hvtransfc
type ( sspec ) :: spec
type (sengine) :: eng
type ( stransmission ) :: tm
type ( stgcurve ) :: tqc
real (8) ev, et, vdest, maxt, vp, vv, grade
integer sp, sw
end subroutine engstat

function drvfrc ( spec, tm, sp, v1, v2, grade )
use hvtransfc
type ( sspec ) :: spec
type ( stransmission ) :: tm
integer sp
real (8) drvfrc, v1, v2, grade
end function drvfrc

real (8) function maxtqglin( tac, rev )
use hvtransfc
type (stgcurve) :: tgc
real (8) rev

end function maxtglin

end interface

end module mshiftp

SUBROUT INE RUNMODE

qalculgtion of gear position & vehicle running conditions
i o index

vpat : test cycle

vp : past speed (km/h)

sp : past gear position

theld : gear holding time (s)
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recursive subroutine runmode ( i,

nrecur : recursion counter
spec : vehicle spec

eng : engine data

tm : transmission data

tac - max i mum torque curve
evi : output englne speed
eti : output engine torque
spi . output gear position

vi : output vehicle speed (km/h)
verr : cumulative velocity error

vpat, vp
evi, eti, spi, vi
use modconst
use hvtransfc
use mshiftp, only :

implicit none

sftup, sftuptm, sftdwn,

(scycle) ::
(sspec) ::
(sengine) :: eng

type (stransmission) :: tm
type (stgcurve) :: tqc
integer i, sp, theld, nrecur

real (8)

real (8) errmin

integer sw

integer stime

real (8) maxt

real (8) dv

integer reacc

integer spi2, theld2, ct, sw2, s2
real (8) ev2, et2, vi2, verr2
integer mkt

type
type
type

spi

vp, evi, eti, vi, verr

sp, theld, nrecur
verr )

startgear

DETECT END OF RECURSIVE CALCULATION

ct = nrecur - 1

if(ct <0 .or
spi = sp
verr = verr
return

end if

i > vpat¥%ndat ) then

===== VDEST(l) = 0, VEHICLE STOPS

if ( vpat%v(l) <=0.0_8 ) then
vi = vpat%v(n
evi = enghnidle
eti =0.0_8
spi =0
verr = verr
+ ( vpat%v (i-1) + vpat%v(i) ) / 2.0_8
- (vi+vw) /2038
return
end if

===== VDEST(I) > 0

mkt = THOLD
errmin = 0.0_8
reacc = 0

dv = vpat%v (i) -

PAST SHIFT POSITION WAS NEUTRAL
p::

if (vp==0.0_8) then
spi = startgear ( i,
theld = THOLD - stime

call engstat ( evi, eti, spi

) t
===== VEHICLE STARTS TO MOVE, DETERMINE GEAR POSITION ==
vpat, spec, eng, tm, tqc, stime )

spec, eng, tm, tgc, &

vpatl%v (i), vpat%grade(i), vp, vi, maxt
===== REAGCCELERATION MODE
else if (dv >=0) then
reacc = 1
theld = THOLD
spi = tmbgrb |
=T=== DECELERATE WITH NEUTRAL POSITION =================
else
vi = vpathv (i)
evi = enghnidle
eti =0.0_8
theld = THOLD
verr = verr &
+ ( vpathv (i-1) + vpathv (i) ) / 2.0_8 &
- (vi+v) /208
return
end if
=T=== PAST SHIFT POSITION WAS NOT NEUTRAL
else
————— check engine speed
ev2 = vpat%v (i) * 60.0_8 * tm%gri (sp) %er &
* tm%fgr / ( 3.6_8 * spechtcl )
if ( (dv>=0.08) .and &
( ev2 < eng%nel (sp) ) .and &

(sp > tm%grs ) ) then
spi = tmbgrb

spec, eng, tm, tqc, &

minimum error

engine condition return code
starting time length
maximum engine torque
velocity difference
reacceleration (0:0FF
for recursion

1:0N)

estimated minimum keep time

vehicle stops

reacceleration

sw2 )

shift to bottom gear

acc>=0

ev2 < lower limit

sp > start gear
shift to bottom gear
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CALCULATE ENGINE RUNNING CONDITION
call engstat ( evi, eti, spi, spec, eng, tm, tqc, &
vpat%v (i), vpat%grade(i), vp, vi, maxt, sw )

CASE THAT CANNOT CHANGE GEAR, DECELERATION
if ( (theld < THOLD ) .or. (dv < 0.0.8) ) then

) then

spi =0
theld = THOLD !
return

end if

if (sw 2 .and. spi < tm%ngr ) then
vi =0.0_8
return

end if

if (sw==4 or. sw==

verr2 = verr
+ ( vpat%v (i-1) + vpat%v(i
- (vi+vw) /2038
theld2 = theld + 1
call runmode ( i+1, vpat, vi, spi, theld2, ct, spec, &
eng, tm, taqc, ev2, et2, spi2, vi2, verr2)

Qo o

)) /2038

verr = verr2
theld = theld + 1 !
return

end if

CASE THAT CAN CHANGE GEAR POSITION

REACCELERATION

if (reacc == 1) then

TRY SHIFT- UP (WITH TORQUE MARGIN) -———————————

call sftuptm ( reacc, i, vpat, vp, spi, spec, &
eng, tm, taqc, ct, spi2, verr2)

if (spi < sp|2 ) then

spi = spi2
————— FIND OPTIMAL GEAR THAT CAN KEEP 3 SECONDS ———————-
else
call sftup( reacc, i, vpat, vp, spi, spec, &
eng, tm, tac, s2, mkt )
spi = s2
end if

OVER RUN. SHIFT-UP REQUIRED
else if (sw==2 then
if (spi< tm%ngr )t
TRY SHIFT- UP (WITH TORQUE MARGIN)

call sftuptm ( reacc, i, vpat, vp, spi, spec, &
eng, tm, tac, ct, s2, verr2)
————— FIND OPTIMAL GEAR THAT CAN KEEP 3 SECONDS --—-
if (spi ==s2) then
call sftup( reacc, i, vpat, vp, spi, spec, &
eng, tm, tagc, s2, mkt )

.r:

ENGINE RUNNING CONDITION
call engstat ( evi, eti, s2, spec, eng, tm tac, &
vpat%v(l) vpat%grade( ), vp, Vi,

spi = s2
theld2 = 1 + ( THOLD - mkt )
theld2 = theld + 1 !

.f:
CALCULATE CUMLATIVE ERROR
verr2 = verr

+ (vpathv (i-1) + vpathv (i) )

/208~ (vi+vw) /208
call runmode ( i+1, vpat, vi, spi, theld2, ct, spec,

eng, tm, tqgc, ev2, et2, spi2, vi2, verr2

errmin = verr2

ALL OTHER CASES

KEEPS SAME GEAR POSITION

theld2 = theld + 1

verr2 = verr &
+ ( vpat%v(l 1) + vpathv (i) ) &

/208- (vi+vp) /2038

else

o oo

call runmode ( i+1, vpat, vi, spi, theld2, ct, spec, &
eng, tm, tac, ev2, et2, spi2, vi2, verr2)
errmin = verr2

TRY SHIFT-UP (WITH TORQUE MARGIN) —————————
call sftuptm ( reacc, i, vpat, vp, spi, spec, eng, &
tm, tqc, ct, spi2, verr2)
if (spi2 > spi .and. errmin >= verr+verr2 ) then

spi = spi2

errmin = verr+verr2
end if

maxt,

| reacceleration mode ON

I normal condition

clutch of f (SW=4) or lower |imit (SW=3)
neutral
enable gear change

overrun (SW=2)
cannot continue calculation
(RETURN ABNORMAL RESULT)

increment gear hold time

W)

top gear
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e TRY SHIFT-DOWN
if (sp==spi.and. sw==1) then
call sftdwn ( i, vpat, vp, spi, spec, eng, &
tm, tqc, ot, s2, verr2)
if (spi > s2 .and. errmin >= verr+verr2 ) then

spi = s2
errmin = verr+verr2
end if

end if

end if
I ===== FINAL RUNNING CONDITION
call engstat ( evi, eti, spi, spec, eng, tm, tqc, &
vpatl%v (i), vpat%grade(i), vp, vi, maxt, sw)

if (dv>=0.0_8 .and. evi < enghnes ) then I reacc by bottom gear

evi = enghnes | keep starting speed
else if (evi < eng¥nec ) then I clutch off

evi = enghnidle

eti =0.0_8

spi =0
end if
if (spi ==0) then I neutral

theld = THOLD I enable gear change
else if ( sp /= spi ) then

I theld = 1 + ( THOLD - mkt ) | reset hold time

else

theld = theld + 1 I increment hold time
end if

verr = errmin

end subroutine runmode

|

I FUNCTION STARTGEAR

I calculation of starting gear
I i index

I vpat : test cycle

I spec : vehicle spec

I eng : engine data

I tm : transmission data

I tgc : maximum torque curve

I stime : time length of starting
: startgear : starting gear

integer function startgear ( i, vpat, spec, eng, tm, tqc, stime )
use hvtransfc
use mshiftp, only : engstat
implicit none

type (sspec) :@: spec

type (sengine) :: eng

type (stransmission) :: tm
type (stgcurve) :: tqc

type (scycle) :: vpat

integer i, stime

integer 12, flg, flg2, sp, sw
real (8) ev, et, vi, maxt

flg2 =0
do sp = tmhgrs, 1, -1 | test starting gear

i i
flg =0
stime = 0
startgear = sp
do while ( flg ==0)
stime = stime + 1 I predict running condition
call engstat ( ev, et, sp, spec, eng, tm, tqgc, vpathv(i2), &
vpat%grade (i2), vpat%v(i2-1), vi, maxt, sw)

if (sw==0.or. sw==2) then

flg =1 I normal (0) or overrun(2)
flg2 =1 I fix startgear
else if (sw==1 _.or. sw==3) then
| flg =1 I lack of torque(1), out of range(3d)
else
i2=1i2+1 I continue
end if
end do
if (flg2 ==1) exit I exit loop
end do

end function startgear

SUBROUTINE SFTUPTM

calculation of shift-up (with torque margin)

reacc : reacceleration mode ( 1: reacceleration, 0: non )
i o index

vpat : test cycle

vp . past speed

sp . past gear position

spec : vehicle spec
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I eng

I tm
I tge
I eont :
|

!

|

spout :

miner

© engine data

transmission data

: max imum torque curve

recursion counter
output gear position
r . cumulative error

subrouti
use
use
impl

type
type
type
type
type
inte
real
inte
real
real

spou
mine

do s

end

end subr

ne sftuptm( reacc, i, vpat, vp, sp, spec, eng, tm, tqgc, cnt, spout, minerr )

hvtransfc
mshiftp, only : engstat
icit none

(sspec) :: spec
(sengine) :: eng
(stransmission) :: tm
(stgecurve) :: tac
(scycle) :: vpat
ger reacc, i, sp, cnt, spout
(8) vp, minerr
ger s, SW, X
(8) verr, vold, vv, tgmargin
(8) ev, et, maxt

t = sp
rr =0.0_8

=sp + 1, tm%ngr
verr = 0.0_8

if ( (s> sp+ tmhskiplimit ) .and. (reacc == 0) ) then

exit I check skip limit

end if

call engstat( ev, et, s, spec, eng, tm, tqc, &
vpat%hv (i), vpatlgrade(i), vp, vv, maxt, sw)

if (sw==2_.or. sw==23.0or. sw==05) cycle I overrun(2), out-of-range(3)

if (et>0.0.8) then

togmargin = maxt / et I torque margin

100.0_8 1 if (te <0)

else
tgmargin
end if

if ( tomargin >= tm%gri (s)%tmargin .and. sw == 0 ) then ! try shift up

vold = vp

do x =0, cnt I predict running condition

call engstat ( ev, et, s, spec, eng, tm, tqgc, vpat%v(i+x)
vpat%grade (i+x), vold, vv, maxt, sw)
if(sw==2 .or. sw==3) exit
verr = verr &
+ ( vpat%hv (i+x) + vpat%v(i+x-1) ) / 2.0_8 &
- (v +vold) /208
vold = vv
end do

if(sw==2.or. sw==23) then

cycle I overrun(2), out-of-range(3)

else if ( spout == sp ) then

spout = s I update gear position
minerr = verr I update error

else if( minerr >= verr ) then
spout = s
minerr = verr
end if
end if
do

outine sftuptm

SUBRO
calcu

reacc :

vpat :

!

!

|

i

i

1

I vp
I sp:
|

1

|

i

i

1

|

spec :
. engine data

eng
tm
tac

mkt :

UTINE SFTUP

lation of shift-up (except torque margin)
reacceleration mode ( 1: reacceleration, 0: non )
ndex

test cycle

past speed

past gear position

vehicle spec

transmission data

. maximum torque curve
spout :

output gear position
estimated minimum gear hold time

subrouti
use

ne sftup ( reacc, i, vpat, vp, sp, spec, eng, tm, tqc, spout, mkt )

hvtransfc

use mshiftp, only : engstat
use modconst

impl

type
type
type
type
type

icit none

(sspec) :: spec
(sengine) :: eng
(stransmission) :: tm
(stgecurve) :: tac
(scycle) :: vpat
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integer reacc, i, sp, spout, mkt
real (8) vp
integer x, vy, z, sw

real (8) verr, minerr, vold, vv, maxt, ev, et

spout = sp

do x = THOLD, 1, -1
minerr = 0.0_8
doy =sp+ 1, tm¥ngr

vold = vp
verr = 0.0_8
doz=0 x-1

call engstat( ev, et, y, spec, eng, tm, tqc
vpat%v (i+z), vpatlgrade (i+z)
vold, vv, maxt, sw)

if(sw==2.or. sw==23) exit
verr = verr
+ ( vpatbhv (i+z) + vpat%v(i+z-1) ) / 2.0_8
- (v +vold) /208
vold = vv
end do
if(sw==2 .or. sw==23) then
cycle
else if ( spout == sp ) then
spout =y
minerr = verr
if (minerr == 0.0_8 .and. reacc == 0 ) exit
else if (minerr > verr ) then
spout =y
minerr = verr
end if
end do
if ( spout /= sp ) then
mkt = x
exit
end if

end do

end subroutine sftup

SUBROUTINE SFTDWN
calculation of shift down
i © index
vpat @ test cycle
vp : past speed
sp : past gear position

eng . engine data

tm : transmission data

tgc : maximum torque curve
cnt : recursion counter
spout : output gear position
minerr : cumulative error

|
!
!
|
|
!
!
: spec : vehicle spec
!
!
|
|
!
|

I gear hold time

| gear position

predict running condition

Qoo —

I overrun(2), out-of-range(3)

Qo o

I overrun(2), out-of-range(3)

subroutine sftdwn ( i, vpat, vp, sp, spec, eng, tm, tgc, cnt, spout, minerr )

use hvtransfc

use mshiftp, only : engstat
implicit none

type (sspec) :: spec

type (sengine) :: eng

type (stransmission) :: tm
type (stgcurve) :: tqc
type (scycle) :: vpat

integer i, sp, cnt, spout

real (8) vp, minerr

integer s, sw, Xx

real (8) verr, vold, vnew, ev, et, maxt

spout = sp

do s = tmhgrb, sp - 1
vold = vp
verr = 0.0_8
do x =0, cnt

I initial position

call engstat ( ev, et, s, spec, eng, tm, tqgc, vpat%v(i+x), &
vpat%grade (i+x), vold, vnew, maxt, sw)

if(sw==2.or. sw==23) exit
verr = verr
+ ( vpat¥hv (i+x) + vpat%v(i+x-1) ) / 2.0_8
- (vnew + vold ) / 2.0_8
vold = vnew
end do
if(sw==2 .or. sw==3) then
cycle
else if ( spout == sp .or. minerr >= verr ) then
spout = s
minerr = verr
end if

end do

end subroutine sftdwn

I overrun(2), out-of-range(3)

&
&

I overrun(2), out-of-range(3)

I update gear position
I minimum cumulative error
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real (8) function drvfrc ( spec, tm, sp, vl, v2, grade )

FUNCTION DRVFRC

calculate driving force
spec : vehicle spec

mis : transmission

sp : gear position

vl : current speed (km/h)
v2 : target speed (km/h)
grade : grade (%)

use hvtransfc
implicit none

type ( sspec ) :: spec

type ( stransmission ) :: tm
integer sp

real (8) v1, v2, grade

real (8) rr, mass, acc, fgrade

rr = spec%mur * spechwt + spechmua * ( v2 * v2 )
mass = spechwt + tmhgri (sp)%dw
acc = (v2-vl) / (3.6.8%1.0.38

8 )
fgrade = speckwt * dsin( datan( grade / 100.0.8 ) ) * 9.8_8

drvfrc = rr + mass * acc + fgrade

end function drvfrc

FUNCTION MAXTQLIN

liniear interpolation of torque curve
tac © torque curve

rev . input engine speed, rpm
maxtglin : interpolated torque, (Nm)

real (8) function maxtqlin( tac, rev )

use hvtransfc
implicit none

type ( stgcurve ) :: tac
real (8) rev
integer x

if ( rev1< tac%rev (1) ) then

X_

else if ( rev >= tqc%rev(tgckndata) ) then
X = tqc%ndata -1

else
do x = 1, tqgc%ndata

if (rev >= tgc%rev(x) .and. rev < tgc%rev(x+1) ) then

exit
end if
end do
end if

maxtqlin = tachtq(x) + ( taclhtq(x+1)-tgchta(x) )

* ( rev-tqchrev(x) ) / ( tac%rev(x+1)-tgc%rev(x) )

end function maxtqlin

subroutine engstat ( ev, et, sp, spec, eng, tm tqc, vdest, grade

SUBROUTINE ENGSTAT
calculate engine running condition
output engine speed, engine torque, maximum torque
vehicle speed, engine condition
ev : engine speed
et : engine torque
sp : gear position
spec : vehicle spec
eng . engine data
tm : transmission data
tgqc @ maximum torque curve
vdest : target speed (km/h)
grade : grade (%)
vp : past speed (km/h)
vv © output vehicle speed
maxt : maximum torque
sw : return code
sw=0 engine speed is in range
sw=1 lack of torque
SW=2 engine overrun
sw=3 engine speed under limit
sw=4 clutch off
sw=b starting, Ne <= Nes, shift = 1st or 2nd

use hvtransfc
use mshiftp, only : maxtqglin, drvfrc
implicit none

driving force (N)

torque curve array
input engine speed
index

rev<r[1]

rev>=r [ndata]

vp, vv, maxt, sw)
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type ( sspec ) :: spec

type (stransmission) :: tm
type (sengine) :: eng

type ( stgecurve ) :: tqc
real (8) vp, vdest, vv, grade
real (8) ev, et, maxt

integer sp, sw

real (8) dv, tadif, df, ds, tgr, tegr

integer flg

===== GALCULATE INITIAL CONDITION

vv = vdest

df = drvfrc ( spec, tm, sp, vp, vv, grade )

tgr = tmh%eri (sp)%er * tm%fgr
tegr = tml%gri (sp)%egr * tmYefgr
if (df >=0.0_8 ) then

| et = df * spechrt / ( tgr * tegr )
else
et = df * ( spechrt =* tegr ) / tgr
end if
ev= (v *x60.08)x* (tgr) / (spechtcl * 3.6_8)
dv = v - vp
decelerate

if (dv<0.0_8) then
if (ev < engknec ) then

ev = enghnidle
et =0.0_8
sw=4
else
sw=0
end if
maxt = maxtglin ( tac, ev )
return
end if
accelerate

if (ev < enghnel(sp) ) then

if (sp > tm%grs ) then
vw =0.0_8
maxt = maxtglin ( tac, eng%nel (sp) )
sw =3
return

else
ev = enghnes
maxt = maxtglin ( toac, ev )
if (et > maxt ) then

else if (ev >= eng%nex ) then
if ( sp == tm%ngr )then
ev = eng%nex
end it
vv = ev * spechtcl * 3.6_8 / ( 60.0_8 * tgr )
maxt = maxtqlin ( tgc, ev )
df = drvfrc ( spec, tm, sp, vp, vv, grade )

if (df >=0.0_8 ) then
et = df * spechrt / (
else
et = df * ( spechrt =* tegr ) / tgr
end if

tgr * tegr )

if ( (sp == tm%ngr) .and. ( et > maxt ) .and

sw =1
else
sw =2
return
end if
else

maxt = maxtqlin ( tagc, ev )
if (et > maxt .and. maxt > 0.0_8 ) then
sw =

convergence calculation of vehicle speed

ds =1.0_8
flg=0
do while ( f =0)
df = dr frc ( spec, tm, sp, vp, vv, grade )

initialize output speed
required driving force

gear ratio

efficiency

engine torque (when driving)
engine torque (when braking)

engine speed
difference of speed

clutch off
idling speed

[ RETURN CODE = 4 ] clutch off
[ RETURN CODE = 0 ] normal cond

engine speed is under lower limit
except start gear

stop running

[ RETURN CODE = 3 1 no selectable gear
start gear

starting engine speed

[ RETURN CODE

[ RETURN CODE

11 lack of torque

5 ] starting

engine speed is over upper limit
highest gear
engine speed limit

vehicle speed

engine torque (when driving)

engine torque (when braking)

(maxt > 0.0.8) ) t
[ RETURN CODE

11, lack of torque

[ RETURN CODE = 2 ], engine overrun

engine speed is in range
MINIMUM <= ENGINE SPEED < MAXIMUM

[ RETURN CODE
[ RETURN CODE

11, lack of torque

0 1, normal cond
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if (df >=0.0_8) then

et = df * spechrt / ( tgr * tegr ) I engine torque (when driving)
else

et = df * ( spechrt =* tegr ) / tgr I engine torque (when braking)
end if
ev = vv * 60.0_8 * tgr / ( spechtcl * 3.6_8 ) I engine speed

if (sp> tm%grb .and. ev < eng%nel (sp) ) then

maxt = maxtqlin ( tgc, eng%nel (sp) ) | engine speed is under lower limit
else if ( ev < englnes ) then

ev = enghnes

maxt = maxtqlin ( tgc, ev )
else

maxt = maxtglin ( toac, ev )
end if

starting engine speed

tgdif = maxt - et
it (ff tqd%f < 1.0E-6 ) .and. ( todif >= 0.0_8 ) ) then ! check convergence calculation result
g:
else if ( tadif < 0.0_8 ) then
v = vv - ds

decrease target speed

else
ds =ds / 2.0_8 I increase target speed
vV = vv + ds
end if
end do

I final engine running condition

if (ev < enghnel(sp) ) then engine speed is under the lower limit

vv = 0.0_8 I cannot continue calculation

maxt = maxtglin ( tac, eng%nel (sp) )

sw=3 I [ RETURN CODE = 3 1, out of range
else if ( ev >= eng¥%nex ) then | engine overrun

vv = 0.0_8 I cannot continue calculation

maxt = maxtqlin ( tac, eng¥%nex )

y §¥ =2 I [ return code = 2 ], engine overrun

end i

end subroutine engstat

25



I MODULE MSUBFGC
: definition of fuel consumption calculating subroutine

module msubfc
interface

subroutine fegrid( gfem, fcm, ftac )
use hvtransfc
type (sgridmap) gfcm
type (sfcmap) fcm
type (stgcurve) ftac
end subroutine fcgrid

subroutine calcfc( rev, taq, sp, fc, n, ftogc, gfcm )
use hvtransfc
type (sgridmap) gfcm
type (stgcurve) ftac
real (8) rev(:), tg(:), fc(:)
integer n, sp(:)
end subroutine calcfc

subroutine calcave( v, fc, n, avv, avfc )
integer n
real (8) v(:), fc(:), avv, avfc
end subroutine calcave
end interface

end module msubfc

|
I SUBROUTINE CALCFC

I calculation of fuel consumption at every time step
I rev ! engine speed array

I tq : engine torque array

I sp : shift position array

I fc : fuel consumption array (output)

I n : number of data

I ftgc : frictional torque

: gfem © grid fuel map

subroutine calcfc( rev, ta, sp, fc, n, ftac, gfem )
use hvtransfc
use mshiftp, only : maxtqglin
implicit none

type ( sgridmap ) :: gfcm

type ( stqgcurve ) :: ftac

real (8) :: rev(:), tq(:), fc(:)
integer :: sp(:)

integer n

integer i, j, ierr

real (8) ftq

real (8), allocatable :: f(:), d2(:), d(:, 1)
logical skip

allocate( d( gfem%nx, gfem%ny ) )
allocate ( f( gfom%ny ) )
allocate ( d2( gfem%ny ) )

do j=1,n
if (sp(j) ==0) then
fc(j) = gfembfcidle I idling
cycle
end if

ftg = maxtglin( ftac, rev(j) )
if (tq(j) <= ftq ) then

fc(j) =0.0_8
else

do i =1, gfem¥%ny
call DPCHIM( gfem%nx, gfem%rev, gfem%fc(1,i), d(1,i), 1, ierr )
if( ierr <0 ) then

call errhermite (5, ierr )
end if

skip = . true
call DPCHFE( gfcm%nx, gfcm%rev, gfem%fc(1,i), d(,i), &
1, skip, 1, rev(j), (i), ierr) I torque-fuel curve
if( ierr <0 ) then
call errhermite ( 6, ierr )
end if
end do

skip=. true
call DPCHIM( gfcm%ny, gfem%tq, f, d2, 1, ierr )
if( ierr <0 ) then
call errhermite ( 7, ierr )
end if

cal | DPCHFE ( gfcm¥%ny, gfom%ta, T, d2, 1, skip, 1, ta(j), fe(j), ierr ) ! fc at tq(}j)
if( ierr <0 ) then
call errhermite ( 8, ierr )
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end if

if( fcg ; <0 ) then
end if B
end if
end do

deal locate( d, d2,f )

end subroutine

SUBROUTINE CALCAVE

calculate average speed, average fuel consumption
v : calculated speed

fc : fuel consumption

n : number of data

avv . average speed

avfc : average fuel consumption

subroutine calcave( v, fc, n, avv, avfc )

implicit none

integer n, i
real (8) v(:), fc(:)
real (8) avv, avfc, sumv, sumf

sumv = 0.0_8
sumf = 0. 0 8
doi =1,
sumv
sumf
end do

sumv + v(i)
sumf + fc (i)

avv = sumv / (real(n,8) * 1.0_8)
avfc = sumv / sumf

end subroutine

| SUBROUTINE FCGRID

generate NXxNY grid fuel map

gfem : type(sgridmap), grid fuel map

fem . type(sfcmap), input fuel map

ftac  : type(stgcurve), frictional torque

subroutine fegrid( gfem, fem, ftoc )

use hvtransfc
use mshiftp, only : maxtglin
implicit none

integer, parameter :: nx = 20, ny = 20
type (stgcurve) :: ftac

type (sfcmap) :: fcm

type (sgridmap) :: gfem

integer i, j, ierr
integer rn, tn, tnmax
real (8), allocatable :: r(:), t(:, ), f(, ), x()
integer, allocatable :: tan(:)
real (8) nemin, nemax, tgmin, tomax
(8) dne, dtq
8) rr
logical skip
(8), allocatable :: d1(:,:), f1(:, 1)
(8), pointer :: pchval (:)

allocate ( gfem¥%rev( nx ) )
allocate ( gfem¥%tg ( ny ) )
allocate ( gfem%fc ( nx, ny ) )
gfem¥bnx = nx

gfembny =

gfcm%f0|dle = fom%fcidle

nemin = minval ( fcm¥%rev )
nemax = maxval ( fcm¥%rev )
tamin = minval ( fem%tq )
tamax = maxval ( fem%ta )
rn =1

tn =1

tnmax = 1

rr = fem¥rev (1)
do i =1, fcm¥%ndata
if (rr /= femhrev(i) ) then
rn=rn+ 1
rr = femYrev (i)
if(tn > tnmax ) tnmax = tn

tn = 1
end if
tn = tn + 1

end do

I count points of input fuel map
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allocate ( r
allocate ( t
allocate ( t
allocate ( f

—~

.

=

~
I

n = maxtglin( ftac, r(j) )
n(j) ) =0.0_8
fembndata
r /=1fcm%rev(i) ) then
] = +
r(j) = fombrev (i)
tan() = 1. .
t( j, tan(j) ) = maxtqglin( ftoc
f(J, tan(j) ) =0.0_8
tagmin = min( tgmin, t(j, tan(j)) )
end if
tgn(j) = tan(j) + 1 ,
t(j, tan(j) ) = fembta(i)
f(J, tan(j) ) = fem%fe (i)
o

ri )

end d
!
dne = ( nemax — nemin ) / real (nx-1, 8)
dtg = ( tgmax - tamin ) / real (ny-1, 8)
do i =1, nx
gfem¥%rev (i) = nemin + dne * real (i-1

end do

doi=1n

y
gfem¥%ta (i) = tamin + dtq * real (i-1
end do

8)

8)

allocate ( f1(rn, ny) )
allocate ( di(rn, tnmax) )
doi=1,rn
al locate ( x(
do j =1 tan
x(J) = t(
end do

call DPCHIM( tan(i), x, (i, 1), d1(i,

1), rn, ierr )

if( ierr <0 ) call errhermite (1, ierr )

skip = . true
allocate ( pchval ( ny ) )
call DPCHFE( tan(i), x, f(i, 1), d1(

1), rn, skip

gfembny, gfem%tq, pchval, ierr )
if( ierr <0 ) call errhermite ( 2, ierr )

do j =1, ny
f1(i, j) = pchval (j)
end do

deallocate ( pchval, x )
end do

deallocate ( d1)

allocate ( di(rn, ny) )

doi =1, ny
call DPCHIM( rn, r, f1(1,i), d1(1,i), 1, ierr)
if( ierr <0 ) call errhermite ( 3, ierr )
skip = . true
allocate ( pchval ( nx ) )
call DPCHFE( rn, r, f1(1,i), d1(1,i), 1, skip

gfom%nx, gfem%rev, pchval, ierr )
if(ierr <0 ) call errhermite ( 4, ierr )
oj=1 nx
gfem%fc (j, i) = pchval (j)

end do
deal locate ( pchval )

end do

deal locate ( d1, f1, r, tan, t, f)

end subroutine

I SUBROUTINE ERRHERMITE
: error handler for hermite interpolation

éubrqutine‘errhermite (errid, ierr )
implicit none

integer errid, ierr
character (len=1024) msg
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select case (errid )

: at FCGRID
case( 1)
msg = “Error : DPCHIM ( called from FCGRID, 1st )”
case( 2 )
msg = “Error : DPCHFE ( called from FCGRID, 1st )”
case( 3 )
msg = “Error : DPCHIM ( called from FCGRID, 2nd )”
case( 4)
msg = “Error : DPCHFE ( called from FCGRID, 2nd )~
!
: at CALCFC
case( 5 )
msg = “Error : DPCHIM ( called from CALCFGC, 1st )”
case( 6 )
msg = “Error : DPCHFE ( called from CALCFC, 1st )”
case( 7))
msg = “Error : DPCHIM ( called from CALCFGC, 2nd )”
case( 8)
msg = “Error : DPCHFE ( called from CALCFC, 2nd )~
end select
write(0, "(A) ) msg
write (0, " (A 1) ) "ierr =", ierr

stop ' Terminated by error of Hermite function. Check input fuel map.

end subroutine

|
| DPCHST: SIGN TESTING OF 2 ARGUMENTS

| Returns:

! -1. if ARG1 and ARG2 are of opposite sign.
| 0. if either argument is zero

: +1. if ARG1 and ARG2 are of the same sign
r

eal (8) function DPCHST( argl, arg2 )
implicit none

real (8) argl, arg2
if ((argl ==0.08) .or. (arg2==0.0_8) ) then

I DPCHST = 0.0_8
else

DPCHST = dsign(1.0_8, argl) * dsign(1.0_8, arg2)
end if

end function

!
| DPCHIM: Piecewise Cubic Hermite Interpolation to Monotone data
|

subroutine DPCHIM ( n, x, f, d, incfd, ierr )
implicit none
interface
real (8) function DPCHST( argl, arg2 )
real (8) argl, arg2
end function
end interface

integer n, incfd, ierr
real (8) x(*), f(incfd, *), d(incfd, *)

integer i, nsec
real (8) dx1, dx2, dell, del2, dsave, dxsum, dxsumt3, dmax, dmin
real (8) wi, w2, dratl, drat2, sgn

I check argument

ierr =0

if(n<2) then
ierr = -1
return

end if

if( incfd < 1) then
ierr = -2
return

end if

oi=2n
if(x(i) > x(i-1) ) then
continue
else
ierr = -3
return
end if
end do

I — Piecewise Cubic Hermite Interpolation —————————
nsec = n -1
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) = x(1)
f(1,2) - £(,1) ) / dxi
ell

dx2 = x(3) - x(2)
del2 = ( (1, 3) -f(1,2) ) / dx2

dxsum = dx1 + dx2
= ( dx1 + dxsum ) / dxsum
w2 = —dx1 / dxsum
d(1,1) = wl * dell + w2 * de
if( gE?H?;( d(t, 1) dell) < 0 0_8 ) then

else if( DPCHST( deI1 del2 ) < 0.0_8 ) then
dmax = 3.0_8 * del1

(1,1) ) > abs( dmax ) ) then
= dmax

if( abs(d
d(, 1) a
end if
end if
do i =2, nsec
if(i /=2 )then
dx1 = dx2

dx2 = x(i+1) = x(i)

dxsum = dx1 + dx2

dell = del2

del2 = (f(1,i+1) - f(1,0) ) / dx2
end if

d(1, i) =
sgn = DPCHST

if(sg
ierr = ier
dsave = del2

else if( sgn ==0.0_8 ) then
if(del2 /=0.0_8 ) then

0.0_8
( dell, del2)

0_
de
1.0_8 ) then
T”

if( DPCHST( dsave, del2 ) < 0.0_8 ) then

ierr = ierr + 1
end if
dsave = del2
end if

else

dxsumt3 = dxsum * 3.0_8

= ( dxsum + dx1 ) / dxsumt3
w2 = ( dxsum + dx2 ) / dxsumt3
dmax = max ( abs(del1), abs(del2) )
dmin = min( abs(del1), abs(del2) )
drat1 = del1 / dmax
drat2 = del2 / dmax

d(1,i) = dmin / ( wl * dratl + w2 * drat2 )

end if
end do
wl = —dx2 / dxsum
w2 = (dx2 + dxsum ) / dxsum

n) =wl*dell + w2 * del2
|f( DE?HS;( da(t, n) del2 ) <=0.0_8 ) then

else if( DPCHST( deI1 del2 ) < 0.0_8) then
dmax = 3.0_8 * del2
if(abs(d(1,n) ) > abs( dmax ) ) then
d( 1, n) = dmax
end if
end if

end subroutine DPCHIM

| DPCHFE: Piecewise Cubic Hermite Function Eval
|

uator

subroutine DPCHFE( n, x, f, d. incfd, skip, ne, xe, fe,

implicit none

integer n
integer incfd, ne, i
real (8) x(x), f(|ncfd *) d(incfd, ), xe(¥)

logical skip
integer i, ierc, ir, j, j2, jfirst, next(2),
ierr =0

fe (%)

nj

ierr )

I — check argument
if( skip ) then
if(n<2) then
ierr = -1
return
end if
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if( incfd < 1) then
ierr =
return
end if

do i =
if(

ier
ret

end if
end do

if(ne <1) then

ierr =

return
end if

end if

I — piecewise cubic hermite function evaluator

r=-3
urn

2, n
x(i) <= x(i-1) ) then

skip = . true
jfirst =1
ir=2
do while ( jfirst <=ne)
j2 =ne + 1
do j = jfirst, ne
if(xe(j) >=x(ir) ) then
ifCir ==n) then
j2=ne + 1
else )
2=
end if
exit
end if
end do
nj = j2 - jfirst
if(nj /=0) then

call DCHFEV ( x(ir-1), x(ir), f(1,ir-1), f(1,ir)
i d(1,ir), nj, xe(jfirst)

dd,ir-1)
fe(jfirst), next

if( ierc <0 ) then
ierr = -5
return

en

dif

if( next(2) ==0) then

el

en

se
if(ir <n) then
ierr = —
return
else
ierr = ierr + next(2)
end if
dif

if( next(1) ==0) then

else
if(ir > 2) then
do i = jfirst, -
exit
end if
end do
ifCi > j2-1) then
ierr = -5
return
end if
j2 =i
doi =1, ir-1
if( xe(j2) < x(i) ) exit
end do
ir=max(1, i-1)
else
ierr = ierr + next(1)
end if
end if
jfirst =
end if
ir=ir +1

J
if(xe(i) <x(ir-1) ) then

if(ir>n) exit

end do

end subroutine

% DCHFEV: Cubic Hermite Function EValuator

subroutine DCHFEV (x1, x2, f1, f2, d1, d2, ne, xe, fe, next, ierr)
implicit none
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integer ne, ierr, next(2)

real (8) x1, x2, f1, f2, di, d2, xe(¥), fe(¥)
integer i

real (8) c¢2, c3, dell, del2, delta, h, x, xmi, xma

ierr =0

o — check arguments
if(ne <1) then
ierr = -1

return
end if

h=x2 - xl
if(h==0.0_8) then
ierr = -2
return
end if

xmi

(
next(2) =
xma =

t )
dell (dl - delta
del2 = ( a

= —(dell + dell

c2 - e
(delt +del2) /h

c3

doi =1, ne
x = xe(i) - x1
fe(i) =fl +x* (dl +x* (c2+x*x¢3) )
if(x <xmi) then
next (1) = next(1) + 1
end if
if( x> xma ) then
next (2) = next(2) + 1
end if
end do

end subroutine
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module dataio

interface
subroutine readengfc( uid, engf, mapf, taqf, ftaf, nidle, nrate, nex )
integer uid
real (8) nidle, nrate, nex
character (len=x) engf, mapf, tqf, ftaf
end subroutine

subroutine readgear ( uid, tmf, ngr, gr, nsgr, sgr, grs, swat )
integer uid, ngr, nsgr, grs, swat
character (len=*) tmf
real (8), pointer :: gr(:), sgr(:)

end subroutine

subroutine readspecfc ( uid, specname, rt, fgr, tpname, vhname, engf, tmf, tsout )
integer uid, tsout
real (8) rt, fgr
character (len=x) specname, tpname, vhname, engf, tmf

end subroutine

subroutine readtafc ( uid, taf, tac )
use hvtransfc
integer uid
type (stgcurve) tac
character (len=x) tqf
end subroutine readtqfc

subroutine readmapfc( uid, mapf, fcm )
use hvtransfc
integer uid
type (sfcmap) fem
character (len=¢) mapf
end subroutine readmapfc

subroutine outaveragefc ( uid, fname, specf, vhname, tpname, engf, tmf, &
fgr, rt, avvu, eu, avvh, eh, avvt, et, ric, ece )
integer uid
character (len=x) fname, specf, vhname, tpname, engf, tmf
real (8) fgr, rt, eu, avvu, eh, avvh, et, avvt, ric, ece
end subroutine

subroutine outtimeseriesfc (uid, fname, vpat, vreal, ne, te, nne, nte, sp, fc, comments)
use hvtransfc
integer uid, sp(:)
character (len=x) fname, comments
type (scycle) vpat
real (8) vreal (i), ne(:), te(:), fc(:), nne(:), nte(:)
end subroutine

end interface

end module dataio

!
I SUBROUTINE READENGFC
: Read engine input data (map, torque, engine speed)

subroutine readengfc( uid, engf, mapf, tqf, ftaf, nidle, nrate, nex )
implicit none

integer uid
character (len=x) tqf, ftqf, mapf, engf
real (8) nidle, nrate, nex

open (uid, file = engf, status = "old’, access = 'sequential’, err=880 )

read (uid, * err=890 ) mapf I fuel map

read (uid, * err=890 ) tqf I max torque

read (uid, * err=890 ) ftqf I frictional torque
read (uid, * err=890 ) nidle I idling speed

read (uid, * err=890 ) nrate I rated speed

read (uid, * err=890 ) nex I max speed

close (uid)

return

880 write (0,’ (3A)') ” Cannot open engine file [ ”, trim(engf), ” 17
stop

890 write (0," (3A)') “ Failed to read engine file [ “, trim(engf), “ 1”7
close (uid)
stop

end subroutine

!
! SUBROUTINE READGEAR

I Read transmission input data
|

subroutine readgear ( uid, tmf, ngr, gr, nsgr, sgr, grs, swat )
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implicit none

integer uid, i, ngr, nsgr, grs, swat
character (len=*) tmf
real (8), pointer :: gr(:), sgr(:)

open (uid, file = tmf, status = "old’

read (uid, * err=910) grs
read (uid, * err=910 ) ngr

al locate ( gr(ngr) )
do i =1, ngr

read (uid, * err=910) gr(i)
end do

read (uid, * err=910 ) nsgr
allocate ( sgr( nsgr ) )
do i =1, nsgr

read (uid, * err=910 ) sgr(i)
end do
read (uid, *, err=910 ) swat

close( uid )
return

access = 'sequential’

I transmission filename

err=900 )

| start gear
I'n of main gear

gear ratio

n of sub transmission

gear ratio

torque converter AT (0:MT, AMT, 1:AT)

!
900 write (0," (3A)’) “ Cannot open transmission file [

trim(tmf), ” 1”7

stop
910 write (0," (3A)’) ” Failed to read transmission file [ ”, trim(tmf), ” 17

close( uid )
stop

end subroutine

!
! SUBROUTINE READSPECFC

I Read vehicle specification data
|

subroutine readspecfc ( uid, specf, rt, far

implicit none

character (len=x) specf, tpname, vhname

integer uid, ios, tsout
real (8) rt, fgr

open (uid, file=trim(specf), status="0LD', access='sequential’

if (ios /=0) then

write(0,*) ' Cannot open spec-file :

stop
end if
read ( uid, * ) vhname
read (uid, * ) tpname
read (uid, * ) engf
read (uid, * ) tmf
read (uid, * ) fgr
read (uid, * ) rt
read (uid, * ) tsout
close (uid)

end subroutine

tpname, vhname, engf, tmf, tsout )

engf, tmf

iostat=ios )

", trim(specf)

vehicle name

type name

engine filename
transmission filename
final ratio

tire radius (m)

time series output 0:0FF, 1:0N

i SUBROUTINE READTQFC
: Read engine torque input data

subrout ine readtgfc ( uid, taf, tac )
use hvtransfc
implicit none

integer uid
character (len=x) tgf
type (stgcurve) tqc

character (len=1024) tmp
integer i, j, gap, ios
real (8) revt, tmaxt

torque filename
torque curve

I count number of torque data

tgchndata = 0

open (uid, file = tgf, status = "old’
read (uid,’ (A)’ ) tmp

read (uid,” (A)" ) tmp

ios = 0

do while ( ios == 0)
read (uid, *

iostat = ios, err=650 ) revt, tmaxt

initialize

err=600 )

skip header
skip header

status

test reading of data set
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if( ios == 0 ) tagc%ndata = tqc%ndata + 1 count n of data

end do

I read torque data

allocate ( tac%tq ( tac%ndata ) )
allocate ( tqc%rev( tgc%ndata ) )

move to head of file
skip header
skip header

rewind ( uid )
read (uid,” (A)’ ) tmp
read (uid,” (A)’ ) tmp

do i =1, tqc%ndata
read (uid, *, err=650 ) tac%rev(i), tac%ta(i)
end do

read torque data

close (uid)

I sort in ascending order

gap = ( tgc%ndata + 1) / 2
do while ( gap /=0)
i = gap
do while (i <= tac%ndata )

J =1~ 8ap
do while ( ( j>=1) .and. ( tac%rev( j) > tackrev( j + gap) ) )

revt tachrev (j)
tac%hrev( j ) tac%rev (j+gap)
tac%rev( j + gap ) = revt

tachta( j )
tachta( j + gap )

tmaxt ]
tackhta( j )

tackta( j + gap ) = tmaxt
J =1~ gap
end do
i=1i+1
end do
gap = gap / 2
end do
return
|
= I7—xths
600 write (0,” (3A)') ” Cannot open torque data file [ ”, trim(tqf), * 1”

stop
650 write (0," (A, i0,3A)") “ Failed to read torque data. Data No.= “, &
tac¥%ndata+1, “ in [ “, trim( tgf ), “ 1”7
close (uid)
stop

end subroutine readtqfc

I SUBROUTINE READMAPFG .
mﬁij?—aqﬁﬂﬁﬁﬂjw—%y

|

|

|

1 uid KBRS

I mapf : fuel map filename

: fem D RET Yy T (HEER)
subroutine readmapfc( uid, mapf, fem )

use hvtransfc
implicit none

integer uid
character (len=*) mapf I fuel map filename
type (sfcmap) fem I fuel map

character (len=1024) tmp
real (8) idles, idlet, r, t, f
integer gap, i, j, k, ios, head, ct

I count number of fuel map data

femY%ndata = 0 I initialize n of data
open( uid, file = mapf, status = "old, err=500 )

read (uid, * err=550 ) tmp I skip header
read (uid, * err=550 ) tmp skip header
read (uid, * err=550 ) idles, idlet, fcm%fcidle idling fuel consumption(L/h)

ios =0
do while ( ios == 0)
read( uid, * iostat = ios, err=550 ) r, t, f | test reading
y éf( ios == 0 ) fcm¥%ndata = fcm¥%ndata + 1 I count n of data
end do

I read fuel map

al locate ( fcm%rev ( fcm¥%ndata ) )
allocate ( fom%tg( fecm%ndata ) )
allocate ( fem%fc ( fem¥ndata ) )
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rewind( uid )

read (uid, * err=550) tmp
read (uid, * err=550 ) tmp
read (uid, * err=550) tmp

do i =1, fcm¥%ndata !
y aead (uid, *, err=550 ) fem%rev (i), fembtq(i), fem%fc (i)
end do

close( uid)
| - SORT MAP DATA WITH ENGINE SPEED

gap = ( fcm%ndata + 1) / 2
do while (gap > 0

I = gap

do while (i <= fcm%ndata )
J =1 - gap
do while( ( j >=1

move to head of file
skip header

skip header

skip idling fuel

read fuel map

) .and. ( fcm%rev(j) > fcm%rev(j+gap) ) )
r = fem%rev (j)
fem%rev (j) = fembrev (j+gap)
fombrev (j+gap) = r
t = fem%ta (j)
fom%tq (j) = fem%tq (j+gap)
fom¥%tq (j+gap) =t
f = femhfe (§)
fem%fe (j) = fem%fc (j+gap)
fom%fc (j+gap) = f
J =1 - 8gap
end do
i=0+1
end do
gap = gap / 2
end do
I - SORT WITH ENGINE TORQUE
head = 1
r = fom%rev ( head )
ct=0
do i =1, fcm¥%ndata
ct =ct +
if ( (r /=fcembrev(i) ) .or. (i == fcm¥%ndata ) ) then
if (r /= fcm%rev(i) ) then
ct = ¢t -1
end if
gap= (ct+1) /2
do while (gap > 0)
k = gap
do while (k<=c¢ct-1)
j = head + k - gap
do while ( ( j >=head ) .and. ( fem%tq(j) > fom%tq(j+gap) ) )
r = fom%rev (j)
fem%rev (j) = fembrev (j+gap)
fem¥%rev (j+gap) = r
t = fem%ta (j)
fom%tq (j) = fem%tq (j+gap)
fom¥%tq (j+gap) =t
f = fem%fc (j)
femhfe (j) = fem%fc (j+gap)
fom%fc (j+gap) = f
J =1 - 8gap
end do
k=k+1
end do
gap = gap / 2
end do
r = fem%rev (i)
ct =1
head=i
end if
end do
return

error handling

!
!
!
500 write (0," (3A)") ” Cannot open map data file [ “, trim(mapf)

"y
stop

550 write (0," (3A)") ” Failed to read fuel map [ “, trim(mapf), “ 17
close (uid)
stop

end subroutine

|

I SUBROUTINE OUTAVERAGEFC

I Output result of average speed & fuel consumption

|

subroutine outaveragefc ( uid, outf, specf, vhname, tpname, engf, tmf, &

fgr, rt, avvu, eu, avvh, eh, avvt, et, ric, ece)

use hvtransfc
implicit none

character, parameter :: ht = char (9)
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integer uid
character (len=x) outf, specf, vhname, tpname, engf, tmf
real (8) fgr, rt, eu, avvu, eh, avvh, avvt, et, ric, ece

open (uid, file = outf, status = "unknown' )
write (uid, ' (3A) “VEHICLENAME”, ht, trim(vhname)

")

write (uid, " (BA)" ) “TYPE”, ht, trim(tpname)

write (uid, ' (3A)’ g “SPEC FILE”, ht, trim(specf)
")

write (uid, ' (3A) “ENGINE FILE”, ht, trim(engf)
write (uid, ' (3A) “TRANSMISSION FILE”, ht, trim(tmf)
write (uid, ' (2A,F8.5)" ) “FINAL GEAR RATI0O”, ht, fgr

write (uid ' (2A'F8.5)" ) “TIRE RADIUS(m)”, =~ ht, rt

write (uid, *)
write (uid, ' (4A, F8.4,3AF5 1)’ URBAN “ ht, “FC(km/1)”, ht, eu, ht, “Ave. Speed (km/h) “, ht, avvu

X
write (uid, ' (4A F8.4,3A F5.1)" ) "HIGHWNAY “ ht, “FC(km/1)”, ht, eh, ht, “Ave. Speed (km/h) ”, ht, avvh
write E uig, '(?A,F8.4,3A,F5.2)' ) “AVERAGE . ht, “FC(km/1)”, ht, ece, ht, "HIGHWAY RATIO”, ht, ric
write (uid, *

write (uid, ' (4A F8.4,3A F5.1)" ) "MID-TOWN ”, ht, “FC(km/1)”, ht, et, ht, “Ave. Speed (km/h) ”, ht, avvt
close (uid)

end subroutine outaveragefc

SUBROUT INE OUTPUTT IMESERIES
Qutput fuel consumption data of time series

|

|

|

l

subroutine outtimeseriesfc (uid, outf, vpat, vreal, ne, te, nne, nte, sp, fc, comments)
use hvtransfc

implicit none
character, parameter :: ht = char (9)

integer uid, i, sp(:)

real (8) vreal (:), ne(:), te(:), fc(:), nne(:), nte(:)
character (len=*) outf, comments

type (scycle) vpat

open (uid, file = outf, status = "unknown’, position = "APPEND" )

write (uid, *)

write (uid, ' (A)" ) trim(comments)

write (uid, " (17A)" ) "time(s)', ht, 'Vtarget(km/h)’, ht, 'Vreal (km/h)", &
ht, "Ne(rpm)', ht, "Te(N-m)’, ht, "N_norm(®%)’, ht, "T_norm(%)’ , &
ht, 'Shift’, ht, "FC(I/h)

do i =1, vpat%ndat
write (uid, ' (i0,2(a, f0.2),2(a, f0.1),2(a, f0.2),a,i0,a f0.6)") &
i, ht, vpat%v (i), ht, vreal (i), ht, ne(i), ht, te(i), &
ht, nne(i), ht, nte(i), ht, sp(i), ht, fo(i)
end do
close (uid)

end subroutine outtimeseriesfc
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