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J1 Clutch J2 3 fric o dw
1—J+ _ Pa&mers ocl;)Zparts_rut_friction_new [FRZR000-1] _J 1 ’ J2 pa ra meter Cél E_:|I
Title Walue Unit

signal input: 1 fraction £0.17 of max, 2 normal force M 3 friction torque--- 1
invalid signal input: 1 use extreme value 2 stop simulation 1

|
|
|
|
~option 1+ maximum Coulomb (dynamic) friction torque 100 Mm
option 2: Coulomb {dynamic) friction coefficient 0.1 null .
option 2: diameter on which friction acts 100 mm C|UtCh, aCt pI’OfI |e pa rameter
A Profil ratary stick velocity threshold 1 rew/min ol EF'
ct, Profile i H =
@ Pararmeters of signal03 [LDO0-1] :
Jl=1kgm*2 J2=2kgm"2 @ !
; : o A .
wl=0RPM w2 =100RPM 110 Villim || Ui Run ¥ J1, )2 £ & =29l
inumber of stages 3 .
Parameters of rotaryload?_1 [RLOZ-2] cyclic no (Run Parameterso‘"A-l Prlnt
time at which duty cycle stans 0s |- .
@ output at start of stage 1 0 null | Interval 0001 = Settlng)
Title alue Unit output at end of stage 1 0 null |
@ shaft speed part 2 100 rev/min duration of stage | 3s :
moment of inertia 2 kgm++2 output at start of stage 2 0 null |
output at end of stage 2 1 null |
duration of stage 2 1s |
output at start of stage 3 1 null I
output at end of stage 3 1 null :
] duration of stage 3 le+lf = I
100 — |
i —_1 [null] — signall3 - user defined duty cycle output [null] |
80 — —1 10— o :
1 ) |
50 | [ 0 I
1 X = 5,408 7 |
40 - y_1=66.66667 06+ I
S 5 7 |
- ¥ _ 00,0000 s Ull‘l _ I
20 i |
1 0z :
S T A S S R I
0n

¥: Time [s] é 1 &: é Ib |
¥ Time [s] |
|
|
|
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Sk 2 A
Fric = den xtanh( Z)—j » Foi. = den ><tanh(2><(a)1 _0)2)) @ = = T3
@ |

Tfric :Tmax X I:fric
(o] E=|
=T, xFy,xtanh(2x (o, — o tanh func. table &
g bAain | Signal Attributes | an ( ( ! 2)) EE = )“ A|'o 7|'o)
Yector of input values: [-10:10] (0 <F ayn < 1)

Tahle data: tanhiZ«[-10:10])

o, — a)z\J: tanh (2x (@, - ®,))

g)—*_}, Nes

wi
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act. profile parameter &=

Yy
ke

clutch subsystem T4
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Hardware Implementation
Model Referencing
Simulation Target

Type: |Variab|e—step

- Code Generation w Additional options
Simscape
Simscape Multibhody 1G Max step sizer 0,001

+ Simscape Multibady . i
Min step sizer auto

MK system 74
K-
radZrpm :
=i e | I A I @rad/s ~ RPM H#1Z
Ground —‘ parameter & &
e T2 w2 a2 T2 T2 w2 |
|
Inertial Clutch ‘ Inertia N .
Run & J1, )2 £ & =0
=T ) (Solver ParametersOf A Max
oun .

| step size 0.0012 #g)
:
|
|
|
S Configuration Parameters: clutch_tinhlfczonfiguiaﬁon{:C\t_:tivej —_— EW = |ulEl &1 :
% Commaonly Used Parameters | = All Parameters | File Tools Wiew Simulation Help ~ :
= » [ID ™ = +] |+ = = |
Select Simulation time = 0 = - £ & :

Sol A

D:t;ellr'npur‘t/Expur‘t Start ime: 0.0 :
- Dptimization ) |
. Diagnaostics Solver options I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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@ Engine i

%_ _____ . Torque @Torque Map block
a1 | sl Man N Jeng fuluteh e | A (function of two inputs)
| o= = '
B @ i @ block Lf2t0|E 7Y
i i W-eNg i .
S

null APS Teng = f (APS, RPM)

Torque y

=
=

vien EED
RPM . @

I Title Value | I
-+ 1 table AMETable £

interpolation type linear

linear data out of range mode extrapolation

discontinuity handling active

output value u

name of ASCI file TOmap.data

out of range input action ignore

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
= |
|
|
: Farameters of asciifofxy [Fxyal0l-1] :
|
:
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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4 LMS Amesim Student Edition - [C#AMETesticlutch.ame +]
File Edit ‘View Modeling Sefings Simulation Analysis
DEeHE&|lADh@AE9e @B
id (] clutch,ame -
-“’E
A
=
"JJ’ ....... : Tﬁ;qpue J_eng »
4PS * oo !
= =L ﬂ—H
E : o} }
i i wi_eng !
& _____________________ H
% Act, Profile
@
P B
EL Table size @lﬂ
Direction  Mumber of values
%1 2
we £
[ (0]:8 J[ Cancel
b

Tools Model Mgmt Windows Help EL Table Editor

@ Python cormmand interpreter, ﬁ

DEHEADEK O

<) Compare systemns,,, Un

Scripting

( .
[EL Create new table

[i.] Expression editar.., F
€] Table editor,.,
# Icon designer,

IFF C3D... 1
IFP Combustion Fitting, .,

Select the deg?
(2D Table

i 9
Mo interface blocks in system D g I iz b
Start AMECustorn, ,, [
Start AMESet,,,
Start AMELibChecker. ..
Start Matlab,.,,

8] ][ Cancel ]

i I

[Umamez | 71| BARQQG ¢+ + 4 BE

Format: 20 Table

200
|2 II
vl 1
ol 150 4
1 00
2 1000 -18 ]
3 1500 -22
4 2000 -25 o
5 2500 -30
5 3000 -35 D
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Title Value L

-+ [ table AMETable )
interpolation type linear
= linear data out of range mode extrapolation
5P discontinuity handling active
w7 output value .

name of ASCI file |.,-’T[2!ma|:|.|:|at
out of range input action SO0 E

@*{D— ------- v Torgue
. |, Map

AP

J_eng Clutch  J_weh

act, Profile

® J_eng=0.1kgm”2, w_eng =0 RPM
@ J_veh =50 kgm”2, w_veh = 500 RPM
@ clutch friction torqgue = 200 Nm

Farameters of signal(3 [UD00-1]

[null] —— signal03 - user defined duty cycle output [null]
1.0

0.8 —
06 —
04—

0.2 4

0.0

£ i i3 @
i Time [s]

%

@

Title Yalue Unit
nurmber of stages 5
cyclic no
time at which duty cycle starts 0=
output at start of stage 1 1 null
output at end of stage 1 1 null
duration of stage 1 10 5
output at start of stage 2 1 null
output at end of stage 2 0 null
duration of stage 2 1=
output at start of stage 3 0 null
output at end of stage 3 0 null
duration of stage 3 2 s
output at start of stage 4 0 null
output &t end of stage 4 1 null
duration of stage 4 1s
output at start of stage & 1 null
output at end of stage & 1 null

duration of stage & le+lE =

Paramneters of signal03 [UDOD-1] | Watch parameters |
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. Run ParametersO| A Final

BL2un Parameters . . . .
_______ T time, Print interval setting
i hnf:;rque J eng Clutc:h J_weh |
APE o b +— '
i |
General | Standard options | : = i @Run % Engine, Vehicle
! i A [=130)
Parameter  Walue  Unit i i i | RPM =21
Start time Oseconds ! e, S ! W‘Eng : I
Final time 20seconds T, « | |
Print interval 0,001 seconds . |
&ct, Profile |
|
|
|
|
|
|
) . r;ag ot - 1 SE) I
Curve (2 [ FEile it Miew Tools Help @ :
General [.-E Q @i * + ﬂ E EEE. E:G’ E E @ Ié @ :
Tile: E?g}’,ﬁ;ﬁlz_smﬂ sheed port 2 rev/min] /#— Engine RPM [rev/min] :
Type: 2D curve \BDD — == ‘Yehicle RPM [rev/min] _ I
Display: [20 line - 49% / - :
ine 0 - ——— |
lL ‘ X L B0 I
alor: A - 4 |
Style: . / 500 — |
Thickness: e 400 __ |
: |
[] Symbals 300 __ |
Color: ] 200 < :
Style: + 1m0 :
Size: 1

ity B 0 T T T T R :
Density: 1002 0 é 1n 1% a0 |
#: Time [s] |
e ance I
Help | [ OK ][ Cancal |[ Apply @ I
|
|
|
|
I
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l 30 pi
Torque
Wl =  k=p radZrpm
Py
= H—; & :
‘r'JTt >
! RPM P71 wi
! i
e i ————— n .
APS T2 w2 1)
Lookup
w_out
Table (2-0) Inertial -
D
T in
F 1 [
Block Parameters: 2-D Lookup Table up Table Editor: engine/Engine/Lockup Table (2-D)
Lookup Table (n-D) ( -
Fil 3 Edit  Plot  Help
Perform n-dimensional interpolated table lookup includic
of a function in M variables, Breakpoint sets relate the ing | |\ ) =0 =& :ll A |f\_,/\ I
corresponds to the top (or left) input port,
. 4 Viewing "2-D Lookup Table" data [T(;,2]:
Table and Breakpoints | Algorithm | Data Types | MDdElS'. . i
) ) "l engine ¥ | & | Breakpoints Column 1) 2
Number of table dimensions: 2 : :
Table data: [46B1619201018 23] Table blocks. Row 0 1
able data.
2B Clutch1 (1) 0 0 0
Breakpoints spesification: [Explicit values POLE Lookup Table (2) 1000 -18 129
Breakpoints 1: [1:3] =B engine @) 1500 -22 161
Breakpoints 2 [1:3] T | ookup Table (2-D) (4) 2000 -25 186
Edit table and breakpoints...] ) 2500 -30 186
(6) 2000 -35 161

bV

APS

bV

T in

Engine1
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2-D lookup tabledt O[T 0f
T3t inertia subsystem=
0| &35t +4
2-D lookup table 28 =
Edit table 2 &

toolbox2| add/remove
row/columne 0| &3}0]
6X2 table A

APS2} RPM & torquedt

2™, 22 F engine
subsystem 24-d
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tanh(2x (o, - ®,))

=
CO—>— >
e _ o X D
Logkup Teble Froduct] ™
Tmax -
e
w2 1o " Product? =z
Mz Clutch Ty
Froduct
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Repesating
Sequence
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@ MK block diagram 4

@ rI_} [:] |
— - |
rad2rpm Rk .
@TPSZ;E 22, clutch profile
o APS | J 2 3Y
w_out L:-m T T Wi :
| - ol Zz4 7} 3+O|
aLA
Engine |—bact T2 T2 w2 @ Run 3 2 |- = (20 S)
\ Clutch1 ‘ Inertia2
|
Parameters
Time values: = — = .
(01011 1314 30]
Eile Tools Wiew Simulation Help u
Cutput values: G- O P@®| = - ’E:H’ £ F-
[(11o0o11] A

X Clutch Slip Model

I, il
>_J|_> } flu) o
Lok up Tabler Fen
Parameters
Expression: -

tanhi 2«30/ pi=u)
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@ Gear 2 & 74
Torque +J Clitch ® J1 =1 kgm”2

' @ J2 = 1 kgm"2 @ |

@ @ Torque =1 Nm @H, J2, Torque, Clutch
: () Gear Ratio = 2 |

(@) Clutch = 1000 Nm Parameter, Act. Profile & &

Act, Profile . ol
(6 Act. Profile 710{H| &= (GR)
Pararmeters of signall3 [UDO0-1] i
@ |
|| 2. Qutput torque & speed — [Valus TR |
g S : nurnber of stages 3 S
T:J‘Hf —j;” x GR C'_.,.'C”C no Run DXI RPM 7E:IJ_-'-|- %ll-o|_|

Wwe = a;‘pha * Wi time at which duty cycle stars 0s (1 O S)
1 2 | h e output at start of stage 1 0 null |
WIil=W a a (i) - i output at end of stage 1 0 null I
/ p i GR duration of stage 1 I3 |
output at start of stage 2 0 null I
Parameters of reducer [RMNOO0-1] output at end of stage 2 1 null :
duration of stage 2 1s I
@ output at start of stage 3 1 null :

. , output at end of stage 3 1 null

Title Yalue nit Tags Mame duration of stage 3 {e0E < :
alpha I
[null] — zignal03 - user defined duty cycle outpat [null] :
rev/min] 1.0 o o |
80 1 '
- — 0 - |
0 [—u — | I
g | y 05 :
50 1 I
] 04 - |
40 i |
10 4 0z | I
20 4 $ :
104 ' 2 i ; 5 iy |
o % Time [s] |
S S T S S |
i Time [5] |

15
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@ Gear 2 & 14

@Gear ratio €& (out/in)

F’mt 12 —wT1 W
- 2>

Clutch @ I_"' T2 w2 i

w2
T2 ‘ InartiaZ
Q
At
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@ MK block diagram 4

Act

U
:

FParameters
Time values:

[03410]

Cutput values!
(anot1]

-
I—b - Zt 23 parameterdf & =
wi Ti rad2rpm RPK
T2 —‘
At "2
Gear? ‘

2 J2 =1 kgm”2

@ Torque =1 Nm

@ Clutch = 1000 Nm Run % RPM Z1} &0l

(10 s)
4| REM — O X

oYE =M 27NV ASHLQ E2H) v

G- BdOP®| - A& B FH-

y ® J1 =1 kgm"2 @ Clutch Act. Profile & &
i
|
|
|
i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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TRANSMISSION

A el A
Rotary Mechanical Node (Rotary Node= 2 portZ...)

|
|
- A
@ J1 =1 kgm~2 I J2+—uz kgm*2 @ @JE'W Z0[ Inertia, Torque

B © (= Parameter &

@ Shaft ParameterO] stiffness2}
dampingzt &3 (rigid shaft3

| BALSEY| floh 2 gt AE)
I

4 Dynamic Block l T al
=% raEy/min R n x
3 — R Enter the value of the structural r
- parameter for J__[ 9_'. o

g I

RPM & Torque &
(10 s)

— M =S — FEYSIN dynamic rotary node
— |
- [EWITIN E'_—ﬂ: £ ] number of ports at right 2 E rev/min] :
e 16 —
\E—I rev/min wd = =!I
= [ 12 | :
L m__ —3 |
g :
E_, :
— 4 -
= "7 = M ]
s o | 3 RPM |1
— 12T - = FEy i 0 5 I I I v
: Time [s] :
Parameters of rotaryspringdamper [RS000-1] ] I
1.0 — |1
m ® ] —a | |
ne — I
Title |Walue | Unit L] L] — |
i# relative angular displacerment 0 degree ' I
- gtiffness le+07 MNm/degree nd :
~damper ratin 100000 MrAreymin y
p q Areny i 02 Torque :
— — |
k=1e7, c=1e5 001 T ] T T Lol
= Time [2] |
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TRANSMISSION

Rotary Mechanical Node

‘Torque

‘ 4=m RPM

ZI@I:l # Torque
RPM

RPM #.

Torque

@ '—“'95 *—*

wl T1
o L —r}J D
"l s

Tz

w2 Integrator 1

| w2 T2

@ Wi T —-@—»
wi T1

rigid shaft ‘
()
w2 T2
| w1 Ti
CGO—»e 2———C)
w3 T3
rigid shaft1
T1=T2+T3

wl=w2=w3
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¥4

W4

CAE

rigid shaft & T4 (7|&
sprlng&damper 23 0|8)

subsystem ‘&

yx HRY A (A AE)
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TRANSMISSION

A 22 -4
Rotary Mechanical Node

Rotary node2| RPM1}
TorqueOf| scope -4

@ @ Run 3 A1}

FO|

—

ok

T2 w2

¥

wi T —

w2 T2

w3 T3 —
rotay_node —> C]

¥
3
=
|

J1

L3R ;

¥
i
L ]
L

Jz —_—

—
M1 Wi — O
—
—_— » T2 w2 . j rad2rpm RPM
Ja

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

4 REM - m] X 4 T - a X I
|

¢E SO 2N AMSHOHY S2ZHE) v| | TYE SO BN AMSAHY ESZH) |
o P |
G- BOPE | =-A-EH-FH-| - OO |- A |E-|FH- |
- | - | |
|

|

|

|

|

|

|

|

|

|

|

|

|

|
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TRANSMISSION

@Z‘_ﬂﬂ ooy

@” 23 parameter &=
(shaftE rigid ot H-&)

2-speed TM

Clutch

+—
=== .
J_out
Engine Torque, Clutch Act.

profile & &

@® J_eng = 0.1 kgm”2

@ J_1/2 =0.01 kgm”"2

(3 J_out = 50 kgm”2

@ Clutch1/2: 1000 Nm

® Gear Ratio: 15t (4), 2" (2)

Engine Torque Clutchl Clutch2
Parameters of signal03_2 [UD00-1] Parameters of signal3 [UDO0-1] Farameters of signall3_2 [UD0O0-3]
@ @ @
Title Value  Unit | Title |value  [Unit | Title Walue Unit
numlber of stages 2 number of stages number of stages
cyclic no cyclic no cyelic no
time at which duty cycle st 0s time at which duty cycle starts 0s “time at which duty cycle starts bs
output at start of stage | 0 null output at start of stage 1 0 null output at start of stage 1 0 null
DUtDL!t at end of stage 1 250 null autput at end of stage 1 1 null output gt end of stage 1 1 rull
duration of stagf ! , 255 s I duration of stage | 0.2 s duration of stage 1 0.2 s
EEEEEE tond of sst;aggeez 250 output at start of stage 2 1l output &t start of stage 2 1 null
durstion of stage 2 e+06 s Gt ot ef”d of o 2 ] ; null output at end of stage 2 1 null
uration of stage U5 duration of stage 2 48 s
output at start of stage 3 1 null output at start of stage 3 1 null
output at end of stage 3 0 nul output at end of stage 3 0 null
duration of stage 3 0.2 duration of stage 3 0.2 s
output &t start of stage 4 0 null output at start of stage 4 0 null
U”tDL!t atend of stage 4 0 null output at end of stage 4 0 null
duration of stage 4 le+06 = duration of stage 4 Te+R =
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TRANSMISSION

X
=]
gL,
o

2-speed TM

|
|
Engine Tq. Clutch 1/2 :
|
[null] [null] |
500 1.2 _ :
S 1.0+ o |
3 : 0.8 - — Clutch :
E — Clutch2 |
] 06 | I

150 3 ]
3 0.4 - :
100 3 02 I
50 0.0 :
] 1 |

0 , , : : : 0.2 , , , ‘ ,

b ! i 5 3 o t 3 i ! ) o |
%: Time [s] % Tima [s] :
|
|
|
. |
Engine RPM Output RPM |
TERTTIT ] TERTTIT ] :
IE IE I
35 o . 1.4 - |
2 |
25 3 1.0 4 :
20 3 08 4 :
1.5 3 06 I
1.0 3 0.4 4 :
05 3 02 :
0.0 3 : , , , : 00 - . , : : : I
0 5 i 5 3 o 0 5 i 5 3 i |
% Time [g] % Time [g] |
|
|
|
|
|
|
|
|
I
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TRANSMISSION

2-speed TM

. [

Parameters
Tirme values!

[00255210]

Output values:
[01100]

T_eng 2w il Tt M / @
T eng |—> w2 T2 > T1 wi vl T1 rad2rpm  RPM_out
— | wd TiH —I |—D T2 —‘
Tz w2 . .
LT I w2 ‘|_|—: wl T J - T1 w
LeEER Gearl w2 T2
| Actt | =»Tz w2 >
w3 T3l —
rotay_niodel J_out
e T1 Wl —
—,—b wil T
T2 wZ|— T2 —‘
|—: a2
J_gear2 =
Gear2 ‘
Act? N
| N ]
Parameters
. Time values:
J gearl&2:0.001 kgm”2
- [0EE210]
Output values:
[oo11]
4. RPM_eng — O * 4. RPM_out — O *
oaE =0 27w MS=EE) =ES2H o oaE =0 E=E7N ASEHNAD E2EH v
G- G0OP® - QaA-KH-Fi- ©-0P0 - A |F -
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TAX| A28 S (AMESIim
1t CHEAH S22
| inertia =7}, why?)

|
@%ﬂt stol
|
|
|
|
|
|
|
|
|
|
|
|
|
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DRAG FORCE

powertrain library L{
vehlcle model XS

F ir — %Cd Afrpairvvih oradeent

alr
b : lon |tud|naI52| vertlcal
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o Smg s, e

|:C = mbodyg sSIn Qgrad Inertia

Force

I:acc =Mma = ‘]eqawhl Rtire

t Rolling I
Friction

1Real parameters

| Title [ _Variable name ] __Unit__| Default value |
1 carbody mass (including engine block) mvehi kg 1500
2 carbody pitch inertia (including engine block) J kgm™*2 800
3 total unsprung mass at front smassF kg 40
4 total unsprung mass at rear smassR kg 40
5  X-position of carbody COG (Grid Frame, including engine block) xcgp mm 1000
6 Z-position of carbody COG (Grid Frame, including engine block) zcgp mm 250
7 X-position of rear wheel axis (Grid Frame) Xe mm 2400
8§  Z-position of rear wheel axis (Grid Frame) ze mm 0
9 Cx - drag coefficient in longitudinal direction Cx null 0.3
10 Cz - drag coefficient in vertical direction Cz null 0
11 Cm - drag coefficient for pitch Cm null 0
12 Sx - frontal area Sx m*2 1
13 air density rhoair kg/m**3 1.226
14 X-position of engine COG (Grid Frame) Xeng mm 1000
15  Z-position of engine COG (Grid Frame) Zeng mm 250
16 pitch inertia of engine at engine COG Jeng kgm™*2 50
17 engine mass Meng kg 120
18  X-position of the COR (Grid Frame) Xrefg mm 0
19 Z-position of the COR (Grid Frame) Zrefg mm 0
20 Z-position of front wheels centers (Road Frame) Zo m 0.3
21 windage coefficient in longitudinal direction rwvehx N/(m/s)2 0.6
22 windage coefficient in vertical direction rwvehz N/f(m/s)=2 0
23  windage coefficient for pitch rwvehy N/(m/s)2 0
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DRAG FORCE

Farameters

Slope:
2

Start t@
1

Imitial output:
0

|

1/

welocity

grad

1

F.=—C A p.
air 2 d frpalr

|:roll = /urmbodyg @

thets

b_y 1
—
msZkmh  kmh —"'. I_’ [
comp
- Flu) i
)0
Air Drag
| D_iot
flu)
Raolling Drag
S i) 1 - clear all: close all;
23 Dreg g - Cd=0.25; &=2; mu_rol=0.01;
3| = arad=0.5+pi/180; M_body=1500;
Bl
Parameters = &
2 _ EH A 2
E .
Vveh @ HRrEssion B cd 0.2500
0.5«Cd=é=1, 226" 2 EH grad o007
HH M_body 1500
—— EH mu_roll 0.0100
Expression:

mu_rall=hd_hody+9.81 «tanh(u)

why?

- Farameters
F.=mgsing,, @

Expression:
b_biody+3.81 +sinu)
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DRAG FORCE

ol 74 S
, , Run 3 24} 22120 s)
4 km/h == [#] comp = B e
File Tools View Simulation Help k] File  Tocls View Simulation Help k]
@-eOPr®| =-|a-L-FH- CMAICLA IEMENSEME RN

Ready T=20.000 Ready T=20.000

4] D_tot [E=EE >
Eile Teols Wiew Simulation Help ]

@ BOP® =-aQ-F-|FE&-

Ready T=20.000
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DRIVER CONTROLLER

a7 e a5

Mof 23 9

i PID E3 _ At
Vehicle > |
Controller

l

R:FL —'—E R:FL I%I: 7|-

/
Oolgq
H —

T —Ke@+KIﬂﬂm+K
() =V, —V5ea)

K,: proportional gain

de(t) {g(f}z 0 - accelation

dt Le(t)< 0 : braking

K, “integral gain
K, :differential gain

k=100 m=10kg _,
[ p—=(F 3 *r;’:H:H:l

Tille Value Linit Title Yalue Unit
Eﬂgibcer”f stages ng e minimum permitted value -1 null
time at which duty cycle starts 0s maximumm permitted value 1 null
output at start of stage 1 0 null
output at end of stage 1 10 null
duration of stage | Is ST |
output at start of stage 2 10 null Fie Edt Uew Toos Help o s
output at end of stage 2 5 null FBata + +4 U5 o UOG B
duration of stage 2 25 [oull) [ signali - user deined duy cycle ouraut (nul) |
output at start of stage 3 5 null " 7N
output at end of stage 3 5 null g / \\
duration of stage 3 3s 5 / M
output at start of stage 4 5 null 4 / \
output at end of stage 4 0 null 2 // \
duration of stage 4 2 . N
output at start of stage 5 0 null o — . §
output at end of stage & 0 null ¢ ", Time [S]L : b
duration of stage & 1e+06 = ]
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DRIVER CONTROLLER

Title Yalue lnit
@ durnmy state variable for estimati-- 01/s
@ integral part 0 null
controller type & PID
lirnit output o) no
proportional gain 1 null
integral gain 0 null
derivative gain 0 rull
tirme constant for first order lag used t-- 0,001 null
AMEPlat - 1 o[ [ | AMEPlot - 1 [E=REEE=)
File Edit Miew Tools Help @ File Edit Mew Tools Help

MR G@ ¢+ +8 O o DDA K

RRa@ + +4 Ot DEGR R

[null]

10 4 o 0.4 o

1 — Target Velocity —_— T -

H 0.3 - — error
8 1 — Real Velocity R -
B - 27

i o1 -
4 - J

4 0.0
5 ]

1 -0.1
0 — -0,2 -
-2 . . . -0.3 . . . .

: ! 5 3 o b } ! 5 ! i
% Time [s] x: Time [s]
D o
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DRIVER CONTROLLER

Kp=10, Ki=0, Kd=0

AMEPlot - 2 SSNACE X AMEPlot - 1 | B[

Eile Edit “iew Tools Help @ File  Edit Miew Tools Help ©

Eraa ++4 U8 o UDRY 8 Beaa t +4 0o DEG® B

[null]
0.04 —

|
|
= || ] - ng:m, Ki=5 Kd=0
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ool -
000
a0

-0.02

Kp=10, Ki=5, Kd=5

! 7 T ! ! b e I 7 I I s

¥ Time [s] ¥: Time [s]

AMEPIot - 2 [E=E—) AMEPIot - 1 =)
Eile  Edit Mew Tools Help @ Eile  Edit Miew Tools Help @
ERaa ++4 OB o DDGE B Eaeaa + +4 0o IEGY B

[nulll
0,04
0,03 |

.0z -
.01
.00
-t
-z
003
00

1 3 A I 5 b e ] ) ; I 5 b

x: Time [s] #: Time [s]

AMEPIat - 2 e = | AMEPIot - 1 | |

File Edit Mew Tools Help & File Edit Mew Tools Help &
@ ++4 08 oUW B Faaa ++48 08 o LAY S

[null]
0.03

o =]

0.0 —

oo -
01 ]
00z |
0,03

o T T T ] !
% Time [=]
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DRIVER CONTROLLER

Mof 23 9

L]
error -T<u<1 k=100 m=10 kg |

Is) ' A Sl X
M oo | S e o) yﬂ% sE, 27 3, B Y
A0 oo Saturation Gain E - Terminator Ol:l éll
Ground P |
arameers ' Kp, Ki, Kdgtol wistof 0|3t
Time values: \ bain PID Advanced Data : 7E:|J_.'_|' %'l'ol_l
[035810] M ] troller parameters
Cutput values velocity rce: lintsrnal |
[010550] ~Aportional (P 1
Imtegral (I} 0
Derivative (D) 1]
Filter coefficient (M) 100

4| velocity | SHECH X 4| error (=] B e

Fil=  Tools View Simulation Help k. Eile  Tools Wiew Simulation Help k
- dOP® | - Q-0 FA- @-|SOP® - a-C-F4-
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FULL VEHICLE MODEL

FE Calculation

""""""""" i

Inbagrate

Final Gear &
Veh. Body

[N |

Shift Map

et} |
Va-Gase At Contiel
fasantat]

Botod |

Resistance
(Air, Friction, Brake)

Gear Actuator Control
(Up&Down shift)

Tt raomt
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Electric Power System Modeling : Battery & Simple Motor (by Simulink)

1. Reference Model (AMESIm)

ocv Resistance
Motor Req. Tq Battery Format: 10 Table Farmat: 10 Table
[;] Parameters of dre_battery 2 [DRYBATO3-11 Xl ¥ x1 ki
T ®@ 1 0 a0 1 0 0.0
¥ - Title Value Unit |2 10 4|2 10 0. 065
____________ i '\ @ potential at port 2 122 v 3 20 17 3 20 0,057
i ———— .,-.': M P @ state of charge at part 4 B0 % 4 an 19 4 0 0 056
! ! - nurnber of cells in series per battery bank 1 .
: : Motor £ Motor number of battery banks in parallel 1 5 40 121 5 40 0.053
i i Inerti number of battery banks in series 1 E 50 122 G &0 0.052
; . nertia discontinuity handling active 7 Bl 123 7 £ 0051
E— = tables dependencies state of charge (50C) '
} rated capacity of the battery 108.3 ah |8 7 124 a 10 0,05
- ™ \:'Dltage time cunstalnt . 0.5 s g ai 175 g a0 0.05
Battery [ filemame for open circuit voltage (for one celly [ CAE/focv.data
e filenarne for internal resistance (for one cell) [---  CAE/fresistance, data 10 a0 130 10 50 0.05
Temp. (Constant) 11 100 140 1 100 0,05
4 iy IFP Drive _
=] Open Circuit Voltage Internal Resistance
-y Al ) .
- 3 Sources, Sensors, P © & @0 0 ,ﬁ/—’/ : i —
» 4 Drivers BB R E e 3 2
> Combustion Engine B s B _ i s e w ow w o
o T—\l Lr_|| fetc] u . L I coc 1
ba3IiiFoool Voey (SOC) R, (SOC)
L e ‘ v T ocv in
fa} £ E dn A = Motor
e e = = Parameters of drv_electricrmotartherm [DRVELMTOA-1]
D BEO
Title Walue [Jnit
@ T motor = 100 Nm @ rmotar torque at port 2 0 Mm
— data type for electric motor modeling constant values
@ J_mOtor =100 kgm2 tirne constant to determine the tarque 01 =
mmasimum power 15000 W
rmasimum torque 150 M
rmean efficiency 1 null

rmaximurn rotary velociy
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2. SOC calculation

VA — D

Ibaz
I bat [*

Vbat :Vocv - Rin

V,. . battery volatage [V]
Voey : Open circuit voltage [V]
R, : equivalent internal resistance [Q]
.. - battery current [A]

* Result (Simulation Time : 100 s)
Motor Tq. = 100 [:]

dSOC ] 100 SOC : state of charge [%]
dt e C.,. :rated capacity [As]
soc =soc,, -2 [ 1t
Cnom
W_ ... = T@=VI (without losses)

Mechanical Energy : W =T w

Electrical Energy : W =VI

[ AMEPlot - 1 R = | E
File  Edit View Tools Help @
Faaa ++4 08 o LAY B

[%] |7 drv_battery 2 - state of charge at port 4 [%] ‘

50.0

— s 15 |
am—y = ] (—
! ! e 494
1 1 H 4
i i gl Title e} Yalue Inik 4z
| k = j
i3 input volkage 117.466 ¥ 0]
| \ input current 85,0314 A e p o & o
k- rokor relative rokary velocity 99,9 rad/ : T
Al

Title € value Uit
potential at port 1 (Y
current akt paort 1 82,0314 A
potential at port 2 117,488 ¥
currenk at part 2 -39, 0314 A
open circuit voltage at port 3 121.592 Y

I skake of charge at port 4 45,9245 %I
depth of discharge 51.0752 %
charge used by the lnad 1.16445 ah

Mechanical Energy : W .. =Tw=100x99.9 =9990 W

Electrical Energy : W, . =VI =117.49x85.03=9990 W

lec
SOC : SOC =SOC, 4, — [ I dt e (1:00 [%6]
-50-4192.02— 90 _ 48925 %
108.3x 3600
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