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J1 Clutzh Jz

1)
x tanh| 2 x —<L
dw

T

fric :T

dyn

==

-ameters of Zpats_rot_friction_new [FRZFR000-1]

—+
. 3|3 @
Title [value  |Unit
signal imput: 1 fraction (0,13 of max. 2 nomal force N 3 fiction torque 1
invalid signal input: 1 use extrerme value ? stop simulation 1
optian 13 maximurn Coulormb (dynamic) friction tarque 100 W
option 2: Coulornb {dynamic) friction cosfiicient 0.7 nall
option & diamser on which fickion acts 100 e
ratary shck walacily thrashold 1 m@wdmin
&ct, Profile
@ Pararmeters of signal03 [LDO0-1]
=1 kgm”2 J2 =2 kgm”2 @
w1 =100 RPM w2 = 0 RPM Titls value _[Unit
inumber of stages 3
Parameters of rotaryload?_1 [RLOZ-2] cyclic na
time at which duty cycle stans 0s
@ output at start of stage 1 0 null
Title Yalue output at end of stage | 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
output at end of stage 3 1 null
duration of stage 3 le+0E =
[rev/min]
100 —mMm—— [null] — signall3 - user defined duty cycle autput [null]
— shaft speed port 2 [rew/min] 10—
30 - — shaft speed port 2 [rev/min] i -
& -
60 — 05 -
10 | 04 -
0z
20
0n
0 : i i o
0 ,‘1_ J‘ é 1'9 #t Time [5]
®: Time [5]
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J1, J2 parameter 2 &
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(Run ParametersO| A Print
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J=1kgm2  J2=2kgmr2 @n inertia B2 LA
w1 =100 RPM w2 = 0 RPM

@ Iy i
O~ | @Jz inertia B8 P U =

W 7] &= 2= (100 RPM)

|
o v |
Initial conditior: D -

100/30+pi @ @ inertia subsystem T8

T2
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@_> 1 "D ——
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Q)
T. =T, xtanh|2x—" »
fric dyn ( da) j

Clutch activation

@ Number of table dimensions: |1

Data specification:

Table data:

Breakpoints specification:

Breakpoints 1:

Table and breakpoints

tanh(2+[-10:10])

Explicit values

[-10:10]

T 100

2 “NJ-D T(u)

tanh (2x (@, —

T

fric

=T ¥ Fy x tanh (2% (o, — @

max

O0< F

dyn

@,))

o

1-D Lookup
Table

P
X

X

<)

Lg

Product1

Tfric

Constant

@ Parametars

Tirme values:
(03410

Cutput values:
oo 1]
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Tt
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Clutch1

@ Sk pE A

|
@tanh func. table &4 &
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@ act. profile parameter &=

@clutch subsystem T4




P " ]
radZrpm
W
Ti W | o w1 Ti Ti wi J
Ground —‘
(| T2 w2 el 02 T2 T2 Wil —
Inertial Clutch ‘ Inertia rad2mp

hdain
Ground Gair:

30/pi

3

oy Configuration Parameters: chutch_tanh/Configuration (Active)

-

4

* Commonly Used Parameters

Selact:
Solver
Data Import/Export
Optimization
Diagrnostics
Hardwara Implementation
Modeal Referencing
Simulation Target
Code Generation
Simscape
Simscape Multibody 1G
Simscape Mulibody

= Al Farametars
Simulation time
Starttime: 0.0

Salvar options

Type: |Mariable-step
+ Additional options

Max step size: 0.001

Min step size!  aulo
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rad/s — RPM HZ
parameter 2 &

Run % J1, )2 £ & 290
(Solver ParametersO| A| Max
step size 0.0012 B 4)



@ AT/BiK| 2E 7Y
@ Engine :
%V- ----- : Torque
R i =N LI |
| [oo==CH o= |
© i @ block Tr20] & 47

&ct, Profile

Clutch  J_weh

-

APS

T = f(APS,RPM)

eng

Torque y

=
=

RPM

Parameters of asciifofzy [FxyYall-1]

interpolation type

linear data out of range mode
discontinuity handling

output value

name of ASCI file

out of range input action
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4 LMS Amesim Student Edition - [C#AMETest#clutch.ame #] i . =
File Edit ‘iew Modeling Settings Simulation Analysis | Tools Model Mgmt Windows Help E: Table Editor - - TOOIS — Table edltor EI
D = Q & o Eh Ej CE ¢; o @ ﬂi‘ Python cornrand interpreter, . E _
id (] clutch, ame - Scripting | | D & Q a‘}o Eh Ld_} * @ i
2 IE CTEE YR Un rE:, Create new table . Llﬂ 2 !
| Expression editor,., .
e :at.leedt.:.,-m F Select the dy forrmnat for the table: @ F||e — NeW %éll 2D Table
e B . Torque en con degignet,,, QD T bl E o
- PS xqp — : IFP CaD... 1 (2D Table | Al_'| _||'| 2 0K
0 : IFF' Combustion Fitting, .. . |
N ; ; ‘ [] Create in new tab? !
- 7 S e S .
@ | Swnemesst, X1 . 2: XZ . 6 H 7 T OK
“El Act, Profile Start AMELIbChecker. ., “ T |
Start Matlab... |
|
|
rE:. Table size ) W PE QAR ¢+ +HE .
nname = Q hi ] E. AH A‘l EI tableo-” APSQ'— RPM
’ : , = =)
Diecton.| Nunhesolvaluee Format: 20 Table [si] , of o2 torque ot €3
we £ 200 E : .l_.Ll'OI x‘lxl'
Lo |2 II (YUY 9 MR =l
¥ |
§ 0 1 |
= 150 4 I
1 o 0 |
2 10000 -18 I
[ (0]:8 J[ Cancel 1004 |
| 3 1800 -22 |
4 20000 -5 [null] |
1 |
 2h00) -30 |
B 3000 -35 . |
|
|
|
|
|
|
|
|
|
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Title Value L
-+ [ table AMETable )
interpolation type linear
i linear data out of range mode extrapolation
5P discontinuity handling active
W output value

narne of ASCH file
out of range input action

|.,-’T[2!ma|:|.|:|at
LI [E

( }’ T Thﬂraqp“'? J_eng Clutch J_veh
APS +—b | +—
i 1={lE=
| 4
| i
i i
i i
T, S
st Profi Parameters of slgnall3 [UDO0-1]
ct, Hrofile
aE
™ J_eng = 0.1 kgm"2, w_eng = 0 RPM @ L — I
- - ] r
@ J_veh =50 kgm”2, w_veh = 500 RPM cyclic o
P At = time at which duty cycle starts 0s
@ clutch friction torque = 200 Nm ouiput i stort of civge | .
output at end of stage | 1 null
duration of stage | 10 s
output at stan of stage 2 1 null
output at end of stage 2 0 ol
duration of stage 2 1z
[nuil] — signall3 - user defined duty cycle output [null] |:||J|.F|L|1 ot Stort cf StaQE' 3 0 null
" oulput at end of stage 3 0 rsll
o — duration of stage 3 23
08 output at start of stage 4 0 rsll
1 output at end of s1age 4 1 null
i duration of stage 4 13
04 output af start of stage 5 1 null
1 output at endl of stage 5 1 null
0.2 o duration of stage 5 le+lE 3
o I R 5 & " Parameters of signall3 [UDOO-11 | Walch parameters
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J_eng, J_veh, clutch
parameter 7f &

APSOf| S parameter 4/
ol =2
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r

= pun Parameters

Run ParametersO| A Final
time, Print interval setting

------- i Torgue @
( j % ' Map J_eng Clutich J_weh :
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APE i ol — b i +—
1 e 1
General | Standard opfions | ! = HCDZGHEIEGEZ Run % Engine, Vehicle
. 1 @ H RPM 20

Parameter  Value Unit i ! i |
. i i P w_eng ; |
Start time Oseconds i S T i |
Final time clseconds I % I
Print interval 0,001 seconds , I
&ct, Profile I
|
|
|
|
|
|
(& aqgpot -1 SE) |
Curve (2 [ ﬁ@n Wiew Tools Help ) :
General @ Q @i * + ﬂ E EEE- E:G’ D E @ Ié @ :
Title: ’[Urt;,’}jfii?z'smﬂ speed port 2 ‘rew/mind — Engine RPM [rev/min] :
Type: 20 curve ?/>\aun 7 - wehicle RPM [rev/min] o :
Display: [2D line -] P q ] - I
@ Line 9(@ - -_ :
Color: - (GO ] I
Style: . / 500 — |
Thickness: - 400 __ |
: |
[] Symbals 300 __ |
Calor: [ ] 200 — :
Style: + 1m0 :
Size: 1 1 I
Density: 1002 0 0 ) j ) j é j ) j j 1|ﬂ j j j j 1% j j ) j EIU :
= Time [5] |
H |
Help ][ Ok ][ Cancel ][ Apply E:, |
|
|
|
|
I
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APS

Torque

:
i @ RPM

@® J_eng =0.1 kgm*2, w_eng =0 RPM

30/pi

rad2rpm
-
= T1 wi
QO r—
APS T2 w2
Lookup
Table (2-0) Inertial

Block Parameters: 2-D Lookup Table
Lookup Tahkle (n-D)

Perform n-dimensional interpolated table lookup includic
of a function in M variables. Breakpoint sets relate the in)
corresponds to the top (or left) input port,

Tahle and Breakpoints | Algorithm | Data Types |

Number of table dimensions: 2

Table data: [456161920:101823]

Breakpoints spesif-ation: [Explicit values
[1:3]

[1:3]

Breakpoints 1:

Breakpoints 2

Edit table and breakpoints...]

[Pa! ' ~abup Table Editor: engine/Engine/Lockup Table {2-0}

F 3 it  Plot  Help
# =2 xE :l| o l{\_’/‘ I
Models: : Viewing "2-D Loockup Table" : data [T(,]:
|ﬂ| engine vi = Breakpoints Column i 2
Table blocks: Row “-"'"""'---.. a
2] clutcht (1) 0 0 0
- & Lookup Table 2) 1000 -18 129
] Engine 3) 1500 -22 161
ST Lookup Table (2-D) (4) 2000 -25 136
| TPS (5) 2500 -30 186
(6) 2000 -35 161
b B
w_out [
W T_in
Engine1
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2-D lookup tabled} O|ZH0f|
T3t inertia subsystem=
0|85l +4
2-D lookup table 2
Edit table 2 &

=1
=

—_
(=)
T

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

APS2} RPM ! torquedt

3, 2tF F engine
subsystem 24-d
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@ O|Fofl T4 clutch
model A Act. profile £

BT | 2 HE (YEHeR B R)
X :
) ' " @ clutch subsystem ‘44
1-D Lookup
Table

100 5%

>

Constant
Product

W

Repeating
Sequence

10 Tlu)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Productl |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1-0 Lookup
Tabde

) —
Goman -
& Aet 1qh
p I
Y act T2 p

clutch friction torque = 200 Nm
Clutch2

13
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@ MK block diagram 4

{ 1O

dz2
e @ TPSZt ¥ H, clutch profile
| APS | o =9
w_out o=l T T Wi
AP »{T i ‘
_in |—I-w2 —‘ Run Eltl =|J_|_|. =13e] (20 S)
Engine act T2 T2 w =
\ |—. Clutch1 ‘ Inertia2
|

\ . J_veh =50 kgm*2, w_veh = 500 RPM

F'arameters
Time values: (T =
[EIIIZIH 1314 30]
Eile Tools Wiew Simulation Help u
Dutputualues G- NP> S E}"Eﬂ’ £ g -
| [110011] @

X Clutch Slip Model

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

tanhi 2«30/ pi=u)
14

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.



Gear Z& 19
Taorque _;I Clutch G ®J1=1 kgm"2 @
@ J2 = 1 kgm”2 @ |
@ Torque =1 Nm @H, J2, Torque, Clutch

ST
(0=

@ @>_ @ Clutch = 1000 Nm / Parameter, Act. Profile =
® Gear Ratio = 2 |

Act, Profile ®) Act. Profile @ 7|0{H| &= (GR)

Pararmeters of signall3 [UDO0-1] i
2. Output t & d 2 :
m - Julputiorque & spee Title |Walue | Unit !
g R o : nurnber of stages 3 (m]| 747k SO
T--t.J'HJ' —j;” XGR cyclic no Run =x RPM EJ—l- %L I_I

Wwe = a;‘pha * Wi time at which duty cycle stars 0s (1 O S)
e output at start of stage 1 0 null I
W1 :W2/a|pha maru - output at end of stage 1 0 null 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 Unit 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 '
. — 08 I
0 [—u — | |
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 |
% Time [s] |

15
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@ Gear 2 & 14
i
|

@ Gear ratio &8 (out/in)

N B
- 12>

w2
T2 ‘ InartiaZ
Q
At

16
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— GEARUNENEEEEEN S

12 w2 F—wi Ti radZrpm RPK
Inertia T2 —‘
w2

Act

X
(71w I-I_’ ]
:

S PR
@ J2 =1 kgm”2

_é_—l @ Torque =1 Nm
(@) Clutch = 1000 Nm

Parameters 4 RPM - O X
Time values: oUE =M 27N AEHM) ESTH)

1 = =1 (i = o
[(03410] = —

G- BdOP®| - A& B FH-

Cutput values!
(anot1]
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|

@ Zt 29 parameterdt Y

@ Clutch Act. Profile &=
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TRANSMISSION

Rotary Mechanical Node

— A
J2+;2 kgm#A2 @

= (=

A 2E 7
(Rotary Node+= 2 portZ...)

L

|
Shaft ParameterO]| stiffness2}

@ dampingzt &3 (rigid shaft3
- BARSH| flef 2 3F YY)
|

J2l30F 20| Inertia, Torque
Parameter & &

Run

 E

5 RPM & Torque &
20l (10 s)

1~ rev/min 1 Dyramic Bloc o
/[d— M Enter thie value of the siruchrsl
— paramater for
= [ — =% FEYIMIN dynamic rotary node
. ]__ = | re/min
=+ rev/min — o= Mm number of ports af fght 2 & | / IE]—
\E—I rev/min wd —=a E
= 1 & Lancsl 12—
ID—- —J3
5
6
— 4 -
4= T : = M 2 RPM
— 1T - = e/ Trin 0] I ] 5 h
X Time [s]
|F'ararneiars of rotaryspringdamper [RSD00-1] o
B E e ] — =
3 — ]2
3 (tle | Yalue | Unit I . — 3
i@ relative anaular displacement 0 degree '
stlﬂness le+07 MNm/degree 0.4
damper rating 100000 Mm/rev/mind 1
' Torque
k=1e7, c=1e5 001 T I T I o)
®: Time [s]
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TRANSMISSION

Rotary Mechanical Node

‘Torque

RPM # . - 4. RPM

Torque :
_ZI@I:. m) Torque
RPM
| Q .."r*leﬁ ._..
@ wi T
o 1 —r’J L »(=
f'
w2 Integrator 1

@ Wi T —-@—»
wi T1

rigid shaft ‘
»(2)

¥
o
.
ra

w2 T2
| w1 Ti
CGO—— ()
w3 — T3
rigid shaft1
T1=T2+T3

wl=w2=w3
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¥4

W4

CAE

@ rigid shaft 22 7+ (7|
d spring&damper 22 0|8
|
|

@ M Y T (A AE)

@ subsystem ‘&
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TRANSMISSION

Rotary Mechanical Node

J1 =1 kgm~*2
= T1 wi _.'5
2 w2 - 1 J2 = 2 kgmA?2 @
1 =] 12 T2 B T1 wl =
o E] TiR —_—
T2 w2 »—]
rotay_node - C]
2 —>
T
—_
=T W _ - C]
—_—
= T2 w2 = radZrpm RPM
. J3 = 3 kgm~?2
4 RPM — O b2 4 19 - O X

nEep =0 2N AMEAHNEDN =SEH) N

- 0P ® = A-E-|FA-

nEep =0 2N AMEAHNEDN =SEH) N

G-la®@ @

2 a- - FE-

Hi M 28 T=10.000

=
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@ Rotary node2| RPM1}
TorqueOf| scope -4
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TRANSMISSION

oM 23 9
2-speed TM

Clutch

Zt B & parameter &=
(shaft: rigid 2% H8)

Engine Torque, Clutch Act.
profile /&

@"! J2 ® 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: 1st (4), 2" (2)

Engine Torque Clutch1 Clutch2
Parameters of signal03_2 [UDO0-1] Pararneters of signal03 [UDOO-1]
@ @ BE o
Title Value Unit | Title | Value Unit Tille [Value | Unit
number of stages 2 nurnber of stages 4 number of stages Il
c.:s"C“C . na cyclic na cyclic na
time at which duty cycle st Os time at which duty cycle starts 0s time at which duty cycle starls 53
output at start of stage 1 0 null output at start of stage 1 0 null autput at start of stage 1 0l
output at end of stage 1 250 null output at end of stage 1 1 null output at end of stage 1 1 rull
duration of stage | 25 duration of stage 1 0.2 s duration of stage 1 0Zs
output at start of stage 2 250 null output at start of stage 2 1 null output at start of stage 2 1 null
output at end of stage 2 250 null output at end of stage 2 1 null output at end of stage 2 1 nuil
duration of stage 2 le+lb = duration of stage 2 48 duration of slage 2 4.8 s
autput at start of stage 3 1 null output at start of stage 3 1 null
output at end of stage 3 0 null output st end of etage 3 0 null
duration of stage 3 0.2z duration of stage 3 0.2
output at start of stage 4 0 null oulpul &t skart of staga 0 null
output at end of stage 4 0 rull
output at end of stage 4 0 null durstion of stage 4 leslE s
duration of stage 4 le+lb 5

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Parameters of signal03_2 [UD00-3] |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

21
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TRANSMISSION

X
=]
gL,
o

2-speed TM

i
|
Engine Tq. Clutch 1/2 :
|
[null] [null] |
300 1.2 - _ :
250 ] 1.0 4 o |
3 . 08 — Clutchl :
E — Clutch2 |
] 06 | I

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

0 , , , , : 0.2 , , , ‘ ,

b : } 5 i i ) ! ! ! ! 1o |
: Time [s] % Time [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

@ Transmission2|

® J_eng = 0.1 kgm”2 2= ot EF Ql=E At
2 J_1/2=0.01 kgm”2 29

3 J_out = 50 kgm”"2

@ Clutch1/2: 1000 Nm

@ (® Gear Ratio: 1st (4), 2nd (2)

P

T_eng e Lz w2 ' T2 +, rad2rpm  RPM_out

g W2
Clutch/Gear1 Spring/Damper1
Act1

| w1
T

(D
+
—» T2
w2 wl . . T
Hﬂm | res Ln w _J

Act2 ClutchiGear2 2 T2

J_eng

T2 w2 —

Spring/Damper2

J_out

4. RPM_eng - O * 4| RPM_out — O *
e =0 279w MEHEn ESE2EH ¥ oaE =0 E=E7N ASEHNAD E2EH v
G- AOP® - aA-|E-FE-| @O |- A K- F P

I
=
io
ro
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DRAG FORCE

powertrain library L{
Gradient vehicle model M|&

1
F' = ECdA rpairl/vih

ai

" : longitudinal 2| vertical
—_ o W i
Eron = 1,40, 8 = @ = WK Speed pitch! & 20| 3

FL =m bodyg S1n ggrad ::r:)errctéa

F;zcc =ma= Jeqawth

tire I Rolling I
Friction

1Real parameters

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

| Title |
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 I
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 I
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 I
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 I
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 I
23  windage coefficient for pitch rwvehy N/(m/s)2 0 :
|
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CAE

DRAG FORCE

D= @ A 2E Y
—
meZmh T _..I_.I:I ;
Ccomp !
(/s - % & parameter?} drag Al
] AFAl Ol 24
Parametars velocity Air Drag . H =
, | Dot |
Slope: Fu) :
2 Roiing Oreg &S 7H0f| parameter 4/
3 ) H9
fartt grad p  fu 1 - clear all; close all:
1 — Py 2 -  Cd=0.25; 4=2; nu_rol1=0.01;
Initial output: 3 - grad=0.5+pi/180; M_body=1500;
i
Ao 27
1 Farameters = Eh
2 - EH A 2
= — Expression:
F:zir CdA P air Vveh " HH cd 0.2500
2 0.5+Col=dn1, 2262072 EH grad 0.0087
HH M_body 1500
B m

Parameters

Eoll :Iurmbodyg @ Expression:

mu_roll=h_body+3 81 stanhiu)

why?

Parameters

F; = mg Sin eg”ad gExpressiun:

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

u_roll 0.0100 :
|

|

|

|

|

|

|

|

|

|

|

b _body+3.81 «sinfu) :
|
|
|
|
|
|
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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

26
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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 oo ——— |
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

Tile Value  Uni Kp=1, Ki=0, Kd=0

@ dummy state variable for estimati--- 01/s
@ integral part 0 nwll |
controller type & FID |
lirmit cutput & no '
proportional gain 1 mull (=} 2 AlHl &= k=1 3e]|
intearal gain 0 null :rL _I-I %’ = -” =L =2t
derivative gain 0 null errordf 20l
time constant tor first order lag used t- 2001 mull
AMEPlat - 1 i e | AMEPlot - 1 (el [ |
File Edit Miew Tools Help @ File Edit Mew Tools Help @
Ra@ ¢+ + 4 O 0 DAY B RRQ@ ¢+ +4 Oz o UDAW B
[null]
10— o 04 o o
— Target Velocity —_— 03 i —
e — Real Velocity o
5] 02
01—
4 - |
00—
27 014
0~ -0,2 __
-2 . . . . 03 . . . . .
: ] 5 8 1o b : i 5 i iy
¥ Time [s] »: Time [2]
o5) o
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DRIVER CONTROLLER

Kp=10, Ki=0, Kd=0

AMEPlot - 2 ] B [ | 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 !
004 —
= Kp=10, Ki=5, Kd=0
—— Real Velocity B
0,02
B j
00l
4 1 |
0.00 | |
2 ] .
001
0 e — H—- —
= Kp=10, Ki=5, Kd=5
2 -0m
8 1 I 5 i i : i ) i T
¥ Time [s] %: Time [s] -
) [ :
AMEPIot - 2 [E=E—) AMEPIot - 1 =) :
Eile  Edit Mew Tools Help @ Eile  Edit Miew Tools Help @ I
Beaa + +4 O o DEGE B Baaa + +4 Bk o UENG®E |
[nuil] |
- 004 B |
—— Target Velocity — 0.03 — errar I
e o [ |
oo |
e 0w |
4 0o :
5 002 |
-0.03 |
0 004 :
-2 -0.05
o i ] i i i ) i i 4 a I
i Time [s] #: Time [s] |
) D |
|
AMEPIat - 2 E=EER ) AMEPIat - 1 ) |
File Edit Mew Tools Help el File Edit Miew Tools Help © I
Maa@ + +8 O o DERQR B Haaa + +4 08 o DIEAR R :
[null] |
0.0 _ |
o] =] |
0,01 - :
00 |
001 |
0.0z | :
08 |
M |
S ST SR B |
*: Time [s] |
D
|
|
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DRIVER CONTROLLER

Mof 23 9

L]
o -1<u<1 k=100 m=10 kg :

O e o D s e E S yﬂ% 45, 87 8, 2 g

- . Terminator olZ
target ‘ FID Colller  Saturation Zain E = 2 = —:ll

Ground |
mass :

yparameters Kp, Ki, KdZf2| Hzt0]| 2|ot

Time values: \ bain PID Advanced Data ) 7E:|J_.'_|' %'l'ol_l
[035810] M ] Caotroller parameters

Output values velocity irce: |internal

[0D10550] ~~portional (P} 1
Integral (I}: 1]
Cerivative (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 AH|5| 4= 2[ct 4-speed
g i ANTI+s Ak 2 E

Final Gear &
Veh. Body

Tam ey

Shift Map

Resistance
(Air, Friction, Brake)

Gear Actuator Control
(Up&Down shift)

i ‘

P

> S -
| %J;Hﬁsﬂﬁﬁ::ﬂﬂ it
.. Engine  T/C A/T Body
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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 Format: 1D Table
T aramaters of drv_bamen_ -
( T ] P i drv_b 2 [DRVBATIE-1] Xl ki x1 Y
T AE o 1 0 a0l |1 0 00w
1 Tite Valug on |2 10 114 2 10 0,065
— + = .
____________ — ! @ potantial &t pan 2 122y g 20 17 3 20 0,057
P ,,J: M P @ state of charge a1 port 4 0% |4 0 nal |4 0 0,056
; :M t o number of cells in seres per bafery bank 1 .
i ;viotor = Motor number of batery banks in parallel I 3 40 fel 5 10 0,053
! | Inertia number of battery banks in series 1 E &0 122 B 2] 0,052
H M discontinuity handling active 7 fil 123 7 £ 0051
- = e tables dependencies state of charge (50C) :
= I A rated capacity of the battery 10,3 &h g 0 124 g 70 0,05
" voltage ime constant 0% = q an 185 q a0 005
Battery [ = ] filename far open circuit voltage (for one cell) [ CAE/focy.data 10 a0 130 0 a7 05
" filerame for intemal resistance (for one call) [ CAE/resistance data '
Temp. (Constant) 11 100 140 1 100 0,05
4 iy IFP Drive _
=] Open Circuit Voltage Internal Resistance
@ Al . .
9 Sources, Sensars, P @ & & o0 0 ..ﬁ/_’/ : . —
» 9 Drivers L YR Y 5 ®
> Combustion Engine B e B i s e w ow w o
L - s E} RN e
e e W OB O S 1 o Gk
BI1HOOC Voer (SOC) R, (SOC)
Measm fEeEawyas» Motor
e e = = Pararneters af drv_electricmotartherm [DRYELMTOA-1]
. @E
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
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rmaximurn rotary velociy

8000 rew/min
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2. SOC calculation

-R I

bat [*

Vbat - VOCV

v, : battery volatage [V]

VOCV : open circuit voltage [V]
: equivalent internal resistance [Q]
1, : battery current [A]

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

dSoOC _ 100 SOC : state of charge [%]
dt e C, . :rated capacity [As]
SOC - SOCini 100 I bat

W —=Tw=VI (W|thout losses)

motor

Mechanical Energy : W =Tw
Electrical Energy : W =V1

4 ——mmmy

i
i
! i Title
{ b
2 input volkage
z input current
[ .

[EJ AmePlot - 1 ® 3 o[ [ |
File  Edit View Tools Help @
G +[+8 0% o DEQ® R
[%] |7 drv_battery_2 - state of charge at port 4 [%] ‘
500 — .
e
LR ;
9
€0 value Unik @z
— 45,0 —
117,486 v ]
485
85,0314 A & a‘nx - []ﬁ'u i ilo
+ Timn
rokor relative rokary velocity 99,9 rad/ =
P

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

we = VI =117.49x85.03 =9990 W

SOC : SOC = 50C,,, - [ IdtOéOO [%]
—50-4192.00— 0 _ 439259
108.3x 3600
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BATTERY & MOTOR

DRVBATO03 - battery (model using data files
with potential reference) i

l
M ;
2 i
= Description
=

This is a submodel of battery. It is an internal resistance model, which characterizes the battery with a voltage source and an internal
resistance.

The battery output voltage is calculated as follows:

V=Ww-R-T

DRVEMO3 - electric motor/generator

=Description

DRVELMTOA is a model of electric motor/generator with its converter. The output torque and power losses can be determined  either
by using data files or characteristic parameters.

—p drm
= 2 min

This model is bidirectional (motor/generator) and independant from the technology of the motor and its converter.

It differs from DRV ELM1Aby the thermal port: the power losses are the output and the  motor temperature is the input at port 1. Input
temperaiure is not used.
1

34
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Modeling
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£, Computational
@uwr CDLES
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— oUTLINENEEENEENR S S

« Lecture Goals
v" Chevrolet Bolt EV M| &2 0| 235} Simulink2 X}&2
BRSO FHALE| 0] K2 7t% dsat ol x| ARES

AlZHojd e+ As YEHSE €5

J

o

Ct.

e Content

Reference: Chevrolet Bolt EV
Model Layout

Powertrain

Driver Controller

Resistance Torque

Simulation: Driving Performance

Battery

AN NI N D N N NN

Simulation: SOC consumption
36
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CAE

REFERENCE MODEL

Chevrolet Bolt EV

= M

N 1,625 kg
HHEHHXY 2.397 m?
S5 AH 5 0.308
EfO] Of 215/50 R17 (0.323 m)
S457]014| 7.05
2= ZICHE3 360 Nm
= XIcH==e
S ZtHES 150 kW
£ N A 8,800 RPM
. x|l x| o
Battery Electric - R ST H 350V
| ;J, 8% 60 kWh (171.4 Ah)
Matar
ESSELY -II|";::‘;‘7"""'"““{ --_-_— Differantial

Electronics

e echanical link

------ Electrical link

Wheels

X Ref. : Kim. D. et al, Integrated Design of In-Wheel Motor System on Rear Wheels for Small Electric Vehicle, 2010, EVS25
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REFERENCE MODEL

X m-file &S

XX input data

kKp=500; Ki=100; % Driver gain

FGR=7.05; ¥ Gear ratio

Rtire=0.323; % Tire radius [n]

m=1625; ¥ Vehicle mass [ka]

J_matar=0.1; % Motor inertia [kan™2]
mu_rol 1=0.01: 4=2.397; Cd=0.308; % Resistance
tau_filter=0.1:

brik_tg=1000; % Brake capacity [Mm]
tg_reaen=250; % Reaenerative brake capacity [Hm]
Tm=360; Pm=150; FPMm=0800: % Motor spec.
UDDS_source=impartdatal cyc_LDDS, data’ ) ;
UDDS=U00S _source  data;

% HWFET=importdatal cyc_HWFET.data }:

% HWFET(:, 1J=HWFET( -, 13)+1400;

% HWFET( -, 2)=HWFET( -, 2}/ 2. 23694 ;

% UDDS_HWFET=cat {1, UDDS, HYFET ) ;

% MEDC_source=importdatal cvc_WEDC.data');
% WEDC=MEDC_source.data;

SOC_ini=R0; % initial S0C [%]

QCYW_Y=380: % open circuit voltage [V]
R_in=0.1; % internal resistance [ohm]
C_nom=E0/350+1000; % rated capacity [&h]

Torque [Nm]

400

300

200

100

-100

-200

-300

-400

X% motor spec. Bolt
load{ ‘motor_data, mat ')
Tweight=Tn/295;
APM_l 0ss=FPH_| 0535+9/7;
T_FPH=FPH_loss:
T_max=zeros( lenath(T_RAPM). 1) T_min=zeros(lenath(T_RPM), 1);
for i=1:length{T_RPH)
if T_RPM{i)<{Pn+1000/Ti+30/pi)
T_max( i 1=295«Tyeiaht; T_min(i)=—-T_max{il;
else
Tomax (i )=Pm+1000/T_RPM(i3+30p0 (05 Tominid=—T_max(i);
end
end
T_max(end)=0; T_min(end)=0;
gff_rpm=RPM_loss:
eff_tg=T_loss+Tweight;
eff=zeros(length(T_loss), lenath(FPM_lass));
eff(:,c)=afi_map(:, :,1)+100;
load( ' eff_map_mod_Bolt mat’);

eff=eff_mod;
/ //\"“% &
RS~
4 / /l:\/) >/\92g,\858g
= é?\Q;;;;;Ejgg/66’ 90
=
AT

/
| 06~}
///’25
o

l\\% \\
AW

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
RPM
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MODEL LAYOUT

. : Input . : Output

Driver Controller Powertrain
ns=a [/} BESE

=% <
(oo oo 2@ || L=, @ | =sea
km'h LTE3 @ —L:ji/_y NI

Kt (ven QiE3 Ef g s e R F— TJJ_.T] ol

3 T _mator
ot 2 we 12 T2 w2 >%4.
1000 Gearz rigid J_veh rad/szkm/h

Resistance Torque £ F@

— X -
[vel] > fiu) e
ol I3
xI__J__I\_ Air Orag
o st
" 123 Battery
Rolling Drag
L tanh{u) . L, 20T | battery - S0C
—»
driving? u ﬁ S0C
- soc

HEED [ ZEE3 @) ’—~

DE&E tH%

rpm2radi

.—*-@J
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POWERTRAIN

140

120

100

80

Torque [Nm]

60

40

\
\ ‘7—;[18.)(
//
"4
\\
~
——

20

motor

0

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

T

motor

RPM

— min(]:’eq 2 Tmax )

— 0 ke

mot

res

Reduction
Gear

-= 1

ZcHEZa

1-D Tiu)

rad2rpm

-

D E

= T1 wi

LTZ w2

‘ 2Nz

J

2
J,, =GR

veh

_ 2
_ mvehR

veh ' GR-T

mot

tir

res

J ot

motor ve

=|J

(4

eq

r

wi

J_mator

T2

act

1r\r1

Act

Ti

Gear?

7lof

||
n

XES7t

wi T T
w2 T2 —|

wi

w2

T2
rigid 1_ven

rad/sZkm'h

1‘%

[Tre=]

g
E3
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@
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kmh
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POWERTRAIN

Table and Breakpoints ~ Algorithm ~ Datd
Number of table dimensions: | 1
Data specification: Table and breg
Table data: T_max
Breakpoints specification: Explicit values
Breakpoints 1: W
—»D Gain:
O e ” 5
30/pi I oy le
P e [1/4mot | & LH’B
1-D T{u) B /4_Mmo Intsgratori
Ll Tmot //
up ‘ Fain:
300 » u f ¥ > T1 (Gl
4 = ey
o | 7 | Jim_veh=R_tire™2)
T2 w2

QIFE3 0

W iy wi A1 J 1 1
300 Nm limit J-moter L’; w2 J”—p w2 T2 J ’_. 2w 4%::_ -~ ] 5

(km/h)

J_weh radfs2kmih Speed

ac J \
200 Gain:

H_tire = 3.6

S XNEgE

wi |—>w2 @
(" m7®—-ﬂ “h 200 Nm
Clutch I_'Tz \n?

T2 / Inertia
%)_ 4 2 N Gain:
Fain:
0.01
FGR
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POWERTRAIN

4| Tmot - O b

4. RPM - [m| *
oEE =0 2w AMEENEn EEEH N

@ 40 P F-a- E-|FH-

oEp 0O 2 AMSEHNE0 =EEW o

@- 4@ P Z-|a&- |- & -

=H| HE I8 | T=10.000
4| Speed - [m] >
oER =0 27w AMEEHNEn =EEH) ~

@- B0 P Z-a- Bl FE-

<

9 T=10.000
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DRIVER CONTROLLER

Farameters
Data: _
==
CyC
b
| Pl
simin B '9"_11||X|-*
From
Workspace

ol St block
SourcesOf| S

bomh

X m/s = km/h

27

PID
Controller

E3

\ 4

Vehicle

dt

= K, e(t) + K,.Iem i+ K, “0 {e(” =0+ acesiation

(e(t) =V,

real )

S

Upper limit:
b
Lower limit:

—brk_tq

nim| £h
DS +—.@—> PID(s) (TR0

Proportional (P): |Kp
Integral (I): |Ki

Derivative (D) |D

Parameters

Mumerator coefficients:

[[1]

Cenominator coefficients:

| [tau_filter 1]
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e(t) <0 : braking

-
x| A EE
\(wcr)

1
b il 4

Transfer Fcn
o= block
Continuousdf Y




DRAG TORQUE

F - +Efoll+F d e—) Tdrag:(F;zir—i_Fll_l_F d)R

dra air gra ro gra tire

< TENY < THIHME >

Rolling
Resistance

1
F;zir = E Cd Afrpairl/vih E’oll = lurmvehg

) 1

Expression: SITHAEE e M fu)
W3 aY 2R S D 3 L]
|D.5*Cd*1.ZES*A*I.LI.-'EE] 2+Htire Air Drag L
2
@ » fius)
Expression: Rolling Drag
[{mu_roll*m=@.81+tanh(u))*Rtire ®
P  tanhiu) "
@ driving?
Expression:
tanh(u) Dﬂﬂ]
HsE3
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DRIVING PERFORMANCE

Powertrain model0f|
2/Z™ port (Goto, From) block &

BEE3
rad2rpm
1-D Tiu) —F.

_
=

L

T2 w2 | |l

24E3 = J_motar T2 i J — {I—’ﬂ ‘ —I
imit N w2 ’—N“z R ’_; T2 w2 —b[>——b. N =

;

Act
1 Gear2

J_wah radfsZkm'h
act P
xgre [ I”D
km
4. Speedi — O X
oEE =M =270 AMEHAE0 ESEH ™

G- OPE - aQ- K- Fid-

2o o 2 U=

STEA &3, full APS T A} 0-100 km/h

uoos -4__/’"_ 75 A2t 6.6 5
XS E : 154 km/h

niam £
1000 - —h@—h PID(s) o

fimit1 kmih 40
= o 7|0fu| HHY7}A 228
HzZu Xz HSE)

18
] M= 3|8t [T=20.000

A
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BATTERY

100

dSOoC / 100 50
- bat SOC_initial
dt C.. — -
Constant value: N @ —
100 |'a5.3*35m © g
SOC = SOC, - j . d
@ K s
Table data: effmap e
Breakpoints specification: Explicit valu
Breakpoints 1: T
Breakpoints 2: W V4
\ 2D Tiu) |_battery - SOC
P ul
B 100/ {u+eps) [—
™ uZ S0C3
DEE3 .
S0C

ot L

: *
Ll
rpmZradi
w . =Tw=VI (without losses)

Mechanical Energy : W =T@w — ElectricalEnergy: W =VI

R_int

L

Qcw
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SOC CONSUMPTION

Simulation Time : 1400 s, Solver : ode23tb

SOC #H3s} X5 Hel(FE/ANALS
4 SOC - O x 4| Speed - O X
oaE 0 =270 MEANED ESEH ¥ OYE EM 27N ASHH) ES%Mm) ¥
B AOP® - A |FA- G- BOP® - A&- - FH-
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