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Bolt & nut: stainless steel

Density 8030kg/m~3
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Regenerative No, EV mode
braking mode

@ PSR>1 —>| Recharge mode

Engine only

Driving mode

Motor assist

A B Als 242 A8t Ao €Y s

O stol22|= C|A-H7| E=o| HE& ISG HEt
o

- e Oolg M2 Stk 1SGel 284 &¢l

- AZE 13 AlS Al 0.2277 g2 ¥=EI} &~2=10, idle Al 0.1480 g/s<l
7t AR E
- 2% ol&eof AX FX[Aof ISG= o=
]
30 =
25 -—-w, / 100 RPM
——1T. / Nm
20 IUSr'n'uh‘fi
40y / (g/s)
157
10|
5_
|

60 62 64 66 68 70 72
Time / s
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2 4% AE Als2 Off E
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Yes

Drive mode

Mechanical &
Regenerative brake

Only Mechanical brake

<32 122> S A JA A= Blending &1 2&
- Sl Ms iz|Ee Msel ofMMEs 112{s5tod ABS (Anti—-lock brake
system) 2! ESC (Electronic stability control) 2| XIM|XMO{ A|AEIO| 7Hlet
[m]

P RS SEE A

O iz Alol2oM HH M-S X & 2|ld ol HX| 24

B T S 23 sHoMel oY = = oz M=
Stof olulgka 3 BiEVIA LA SHOE Wi 2¥ HAS HESHE At
22 ®H NS 2 SRS sl
- OE AtOIS0lM FSS 2As 23} o3 Zo| MA M5 U Y NS

5 Z#2E 2ol
- BMAE LTRSS Sof ol HE 2 Ab0|2
b

2 ™A HMs=Ee 31.26%,
UDDS AlO|E2 35.43% 5 =M oHXx|2 M&ter = U=

Total break
Regen break

3000 g
= 2500 | -
..§ 2000 -
g 1500 [ g

| I T Y1 I

500 [ ‘ | -
I ANV |
AA&ﬂ AM Q Al AAQ& : ,\/ L 4 Jhale
50

(o} 100 200 300 400 o]
time (s)

Total brake and Regen force on UDDS
T T T

~

Total brake and Regen force on E1HH CH = 2 & ALOI 2
T T T

3000 T

Total break
Regen break

2500

2000

1500

Brake force(N)

1000

500 - N
\

(o} 100 200 300 400 500
time (s)
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o[22 = B{RE-MY| Efol| HE& 2dHS Mol M=t

O
ol

Efol A

- 3|dME SE 7ol HEEE d2o 2dHMs A

- kMol ZiE ahEollA (o7t SElol ot ML Fof ofd mf, =ZEJ} I
drs2 &
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- 2UAE ME HES ahSol AdAMEHH Fd YMS 20 AVt O 2
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S| MHE =ax 2EALET
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<2y 124> S|BA|E Ao Al=f

® =& P2t 2 =3 2o "Hjg Z2H L1025 N
O =& A& (Dynamic Programming)2 0|8t =X &0 A|E2fo|M Aotz EEH
O

Mol Metg F&5t0] 2|8 715 2= & =3 24 H[E(Power Split Ratio, PSR)
J

1l

- Hibf fE 2 Ato[2o wWE =HH Mo ZIUZEFH
EFo 2 F35 2E & =94 =l vHlg 24 g2
ot H{W5to] oAH| B HiT[TtA HlE dsEdE 2l

- MAx|AMst TV|Hel X AHE ALESto] ofznt Zo| stolER|l=E CfE-M
71 mlEsfelel =M MO E &

- Sto|EE|= C|A-M7| mtelEeele| A HOE 2t S& AEH2 ot &

of #o| T4

- = DN S EE HH[E F0l1 Hi7|7iA HfEFEES =0l stol=E2[=E KR -
7| melEgele JH= Zls H MO Zls2 JHEEo U2z HIEEFE
of2fet Zo|l H7 2T uiT|JtA sl EE, X Als 52 goz Fo

b8 B A2 22 (g/s) + PM BiEF (g/s) + NOx HHEH
i (g/s) + QUZl A= 3l
A el AlO[E2 Abe| AlZE
Mo Biz= X EF, A5 ZE(EV, HEV BE)
AEf B HiE{2| R (SoC)
=7| Hiee| & = =[F ofe{2] R
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Driving Simulation
T T T T T

]
S

Driving ey
o Vehicle spead -
o S0C Ch)

— — — Gear"10
= Engine an

Venide speed (kmth)

1000
Time (s)

<3y 125> 34 AFYES o]t A4 Aol Aui(Hu] thx 23 AtolF)

- SH AEYE2 O 2 Atol22] FOIT HEER Al 0|5t 2zl &
Moz ZZiMel AAZE LBl Moo= =27tsstEE AM Ao HEE

b o o On/Off, slo|EE|E 2=
(EV, assist, recharging &), =3 =2t H&8 Zd3s57| fst MO Ruleg &
£35101 Rule 7|Et HolE 3lo|E IE Cl™M-M7| E=gof| M2

- melM S5 AEgel ZHo

- MAAOIA I Bo| Al2E[= g (Toyota Prius, Honda Insight §)22 &
ot 1|50 M2 AMFECE SHEH MOE 7 & = UL FH
Hd| dsg =2 F o, 20| ™eolE 7|& Fd mH o|el &AHot
el Erel 2ol 217t U= AFoM= Ms0o| 3% stEE = US

s -
1, \
: * Required power, P,
Rule extraction
PSR = 2.406-0.1906- SOC — 694 10'<P +156v 10'“ SOC P +7.148-10°P* (P, > u,))
O(P 1.”))
where P, =10kIW.
<3 126> 54 AFwe] ZaE o] &5t Ao Rule =&
O ECMSE o8¢t z& & 2E & = ZHf Moi7|= 7H

HE
« Equivalent Consumption I\/Iinimization Strategy(ECMS)= =

N A"y ze
Mo #xsiol g2l oo F Yol AEsHA YUE AL ANEE U
- ojhel Fu Mol °|+aw RIE 2Ab AN HHE E5ET & Ucke
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2Mat 2Ho WeEAUS MAIZCE FiE WA07| W20l a4 XN
2RERE gonl M2 m2loleel Aol A (SOC feedback)ol w2t X of
Aot o2 DY Wetchs ShEo| T T mEo] bhElE Aol ol
mietolefe] Kol #xl &g

min J = i (u(e))d : { min st (1(0)) + AP, (u(1))
oou() n i u(t) 7 f
D st . s.t. ;:Imeq, Equivalent fuel
i : . consumption
X)) = f(x(@),u@), : X(t) = [ (x(@0).u(@)),
\!'ﬂlﬂ S \(r) < \ma\ '\.ﬂlin S '\‘(r) S xma‘(
.\(ro)_,\(rf),
: Pb.min S})b([)SIDbmu’ ‘ Pbmin SP([)S B)max’
: I;minST’(t)ST’ r:.mi <T(T)<];mm(
w, min WO W i=em. Wimm SW(O)Sw, L i=em.
Global optimization Instant optimization

soc

A=A +K egoc + K, J.e dt,
where e, . = SOC(t) - SOC(t,)

<132 127> Equivalent Consumption Minimization Strategy(ECMS)

ECMS2| MAEelE S5t A-ECMS ¥112|& 7He

- 7|&2| ECMSE AT MEH(MEE) IYoME EV 2EJL MEHE[X| 22
T+ Ae =HFEOl US

THE FofE Soll AX MEH AAoM= X ALBE ZLsStSEE & F
ol=

AA O

olgf g &2 %FESEE SH 7|8t 2 equivalence factor, A& Z&5HH
x| Msflofl AR = A1 0| Adaptive-ECMS(A-ECMS)2| =&t

m, + AP, (P, )
. o q . leq th
1, =1 + AP, » {

i, (P, <P,)

: req
N&E Je

A
e

0z

€ ol

/= ay(w) +a(w )T, + ay(w )T

/
.
B, S
Ly T ’
* } E? " g
I, =argmin, = SB Fe 2 ) where (1) = 1 ),“i—al
- T, ! 0 (Pleq < rh) 202 7 7m

T2 128> ECMSQ] x|A Q]
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@ xtoff SHA oMol slolE2[= utelEsel Mo ¥ielE 45
O Xt S=HA Mol M2l AXt HAE J[HF nte/Eael Mol L1e|

HerEl melEaol YIS Mx HES S8 Mo Ynel

N

) = it

k=1
4
*ZZ tivg i + APy szf-"
i=1 keU; =3 keU;

=Jo+ h(A) + L2(N) + J3(N),
—— Should be minimized !

TR
A" =2, where J(4)=0

> 2,2 0)?

| DI
J(A)=0-, ="_LZ— '

kel

Rechargmg mode0lll~1_| meq°[ A’“'OI AS.
Z, 710l 2] Hitol| £34E 23] 9.

= =

a2 129> A|A AR EEQ A EE

where
Uy = {k|Preq.re > Py and T, > Tyq } .- Techarging mode
Uz = {k|Preg i = Pin and T < Treq } »: assist mode
Us = {K|0 < Pregx < P }» : EV mode
Us = {k|Preqi <0}, : regen. braking mode
and
N
o ; LS| B K22
Jo="tivgi(we, T,
L g 1k _—rts)\|o|a|j=1-)\_gar
TN =Y At + APy, i =1,2,
keU, :SIO|EB|EREER
BN == 3 ting (e Treg). olst Az AT Bz}
keUs
Ating g = tiggo(we. Tp ) = titg g (Wes Treq)-
3 i,
cf. j_‘ k4
72 Pb,?r
kel
n-1 R
> Argy (f(Ak))
)
Mp=t— (14)
=Y B (f(An)
k=0
n—1
Pinn = Pino +lsoc Y, (SOCk — SOCy),  (15)
k=0
* Atn) (P, > Pinn)
e = [ 10Gan) (Pregn > Pinn) a6
s { 0 (Pregn < Penn)
where

L { zr (k€ Uy)
= (k¢ Uh)

[ Uniqueness of the stable equilibrium ]

Theorem 1 If the iteration (14) has more than two equilib-
rium points, there exists only one stable equilibrium point.

[ Convergence to the stable equilibrium]

Theorem 2 Suppose the iteration (14) has the stable equilib-
rium point. Then, the iteration (14) converges to the stable
equilibrium point Ay if each iteration is close to A\, with the
error bound defined by (34).

[ Existence of the positive Py, |
Theorem 3 The power threshold determined by the adapta-

tion law (15) is always positive if A, has converged to ;.

v 2 FE) wet g

7] 130> A-ECMS Aojxia

3xfA ol 7HeE 2A2 HE 2R =2, o MENAME state2

=

= H=

0 A o

=

| o
TS,

of WX|X| 2== Z2I5IA state machine & & ZHX| 7|58 MA
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Clutch disengaged Clutch engaging Clutch engaged Clutch disengaging
[cs=1] [cs=2] [cs=3] [cs=4]
Engine(ldeling) Engine(Sync)
Non Gear St = Vi o = Ve HEY mode HEV to EV mode
shifting Ar.cel mnde 1 Accel mode 1 = _;:E = 0(udle).
[DS=1] Tsje = Tasmans Tijs = Taemand = Taemana
Brake: Ty...
= =
11 1T
Gear shifting ’L;CCE" T;fng = TVT= 0
o Fae Lpraie = dayd
[Ds=2] Clutch: €5:4 —1
Shifting mode 1 g
= | Shifting mode 2 Hhifting piote 3
Neutral Gear e = Bpme] o s—1
< Wepreshold C5:4 — 1 (Shifting mode 3 = 1) Shifting mode 1
[D5=3] then, T,, = 0
Brake: Ty o = Thyer
= = =
ISG{Engine Off) + Auto Hold
Stop Se=l.loeceeseseeeseeereeseenll Lessesessessmse ey
[Ds=4] Engine Ideling ! s
il ] Non-existing state
Ty = Tetop b |
"""""""""""" 4
I 1

<73 131> 2] 2L 7]oje] Yejol o2 s el Ao} A e

G5 HE meE S HO| uEl TAS U UKl YSsiof 2B
AUl (50km/holLl) (BHRTEP| 28 2XIWHA), B2 (WHAl RAT 2X5
CUEAl BT $2E) HAE +u ow

<33 132> 7Y slo|He]c EujEY HAE

Ach SHA YoM AXF HAE J|H ool Edel Mol €25 z[Hst
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%55} 24
- 54 HE oY: ujefal SOC ¥ Crate A, RPM 2 chof ot 314 X
= 2y
- IF-ZE £3 ohE: sief2] Y, X FS0| ©E DE-AF £3 e =
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- HM5t MY A SHA MolM 521(3
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- 2RIt 22 dEfolAM AZI2 fuel-cut A7 RE{EICE 32

22| = utelEafel Mol Yue|Ee dsd52 ?ld 24 &
X

M-= cfate] Xt S2AH A" S KATRI 2 TENERGYO!A

- 7‘] -

i

7':
A
e

TE5

1]
o

[s13
=



- HHE=FAOIZ & 724 X A2

<E 27> 924 RFHZEI 20119A)9] jB2Z7AM0|Z A2
(TENERGYOA] A]H)

T2 = A = # Heg [%]
AH| [km/I] 6.266 11.161 78.1
CO2 [g/km] 410.375 229.438 —44 1
NOx [g/km] 1.577 1.025 -35.0
PM [g/km] 0.1032 N/A N/A
PN [#/km] 1.042e+14 5.161e+13 -50.5

- HiEe2| M2 Z 0.783 kWh AtEstR 20 odH|/MH| S7HAIT (2F 6.36 &4,
I:IlE 8.44 km/|0||:|1 34 .7 %_c_)_l Ol_:'tl|7HA._-| il_

<® 28> 925 AFRHEE 201494)0] fm2FATO|Z Al@ZTHKATRIONA A]%)

. M=~ M= = PP E=)
- 1% o} g 1%} ox} B [%]

olt|

[km/I] 6.336 6.486 6.411 11.795 11.885 11.840 84.7
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[g"}%] 0.5979 | 0.6118 | 0.6049 | 0.4002 | 0.3992 | 0.3997 | -33.9
[gF/’l'(V'm] 0.0094 | 0.0090 | 0.0092 | 0.0035 | 0.0043 | 0.0039 | -57.6

- HiE{2] M2S 0.604 kWh AESIR20d oAd|/MH| SIHAl= (o 6.36 43,
A £Y) HE5E 4 EYAH[E 9.4 km/Io|0f 45 %2 AB[THM =l

Eﬂil% - 31.0 %2 EI=(SFEEAN)
|_
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< 29> ©.25 AFHE LI 20149 A1)0] T E-22At0]2 A]3 AIHTENERGYOA A]3)

. HE EX Ve
1%} o} B3 1} ox} Ha [%]
[#E’i\‘m] 1.077e+9 | 5.577e+8 | 8.175e+8 | 3.731e+8 | 3.337¢+8 | 3.549¢+8 | -56.6

- AAMBHZ(NOX)ZF RFA

- O] AMAM2 = M 725 XFE2| NOx HH%

- QIXIAL BEl2 2249 K25 X} EHBH Cf
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- PM2 = ©-F 25 =X ZEH| resolution LHOIM ==X = X| g
- NOx= 10.6 % §7|' IF9S. NOx= AZAI=2 S7tof w2l o sjE=ZFo| 7}
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AP E2 2HHH] 7|E RE
X =

o A

w25 AHHOM ZZf 34.7 %, 45%E =

N

’
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T o] MM ez Y| 2
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<® 30> =24 AFF(ZEI 2011HA)e] FTP-75 AldZ 1}
(TENERGYOA] A])

T& M= A M= # Hg [%]
AH| [km/I] 12.379 13.756 111
CO2 [g/km] 217.088 195.261 -10.1
NOx [g/km] 0.4603 0.5093 10.6
PM [g/km] N/A N/A N/A
PN [#/km] 2.434e+8 1.052e+8 -56.8

st= d&o| A=, stolEE|= 2E F recharging ZE=0Me| AEEZ F
72 Qs NOxZF &7tgt AZe =z motE . o= o= tHEESFIAIR UPSE
SIOIEE|E EEH AMSAIE ZIoAME B0z 441 [1].
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Remark 1: This remark gives a systematical means of
finding an optimal observer gain of L.. To this end, an
optimization problem is considered as:

max e, (12)
e=0,0=0"Y

with the BMI constraints:

QAT (wri) — YT +A(wr)Q—Y +2:Q <0,  (13)
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Numerical solver for Case 1
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Algorithm 1 Offline auto-calibration algorithm

Choose parameters £, £;, Wy, W™, and p;
Set initial values of Py and ¢y
while ||w,,| —w},| > £,,, do
Speed control: |u‘,,,| — W
end while
Current control: 74,7y — 0:
while u‘m\ > wit do
if [ig| < =; and |iy| < £; then
Obtain 77y and r’;’u,k using (13), (14), and (15);
end if
end while 7
11— ik, Bo — ok
H“‘f grens — (maw, + 6y ):

1 - I
Pk:;lm 1= Pect B (04 Zi Pt 2T ZiPivi),

(13)
Yo = PJ,Z; (14)
Ok = Op—1 + Yele — Zidr—1), (15)
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- BHHHXIZFE C|” EZo| Slo|EE|= JHE Al, MY| 2H FSS flof HEHBE B2
T2o| HiE2|7} ALZEl=d|, ol2{et B2 HiH2|E 28822 Ho{stl &2|5t| 2
of HHE{Z| #2| A[AR ZHEret
« HiE{Z| 22| A[ARI2 MAXIMALS] MAX178232 0|&5t01 Mt 25 S HiE2]| A2
el E E'«IH%'?LT’_ UART 8412 AtEsl0] tiE{2| Ao =2+ daisy chain A2
Z MAX178232 2dZ st MAX178412 &35t01 MCU STM32F7220| MEE F|
of tHig2| 22[E +HSIEE dAHE Tlde
O HHE{2[Z HZF AtF & 4
+ 20184 (2AtA L)
- Cell: Samsung SDI 18650-25R (3.60V/2.50Ah/8C_Max)
- Battery Module: CBM+Cell(14S6P), 756Wh (50.4V/15Ah)
- Battery Pack: CBM+Cell(14S6P)*4=56S6P 3.024kWh (201.6V/15Ah)

An
ol

Can [E PACK-1 | PACK-2 | PACK-3 | PACK-4
12v BMS + PRA |CBM + | CBM + | CBM + | CBM +
<3 BATTERY | BATTERY | BATTERY | BATTERY

(14S6P) | (14S6P) | (14S6P) | (14S6P)

200v

P_OUT[H_ | O R S

25 202> viEf]H $174(2018)

<J3 203> BMS PCB(2018) <9 204> CBM PCB(2018)
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<2 205> HiE 2] + BMS ASS’Y (2018)

+ 20194 (3RAE)
- Cell: Samsung SDI 18650-25R (3.60V/2.50Ah/8C_Max)
- Battery Module: CBM+Cell(12S6P), 648Wh (43.2V/15Ah)
- Battery Pack: CBM+Cell(12S6P)*5=60S6P 3.24kWh (216V/15Ah)

T

<73 209> vjEl2] + BMS ASS'Y (2019)
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+ 20204 (4XtAX)- 3XtAT S H{EZ[H ALE
- Cell: Samsung SDI 18650-25R (3.60V/2.50Ah/8C_Max)
- Battery Module: CBM+Cell(12S6P), 648Wh (43.2V/15Ah)
- Battery Pack: CBM+Cell(12S6P)*5=60S6P 3.24kWh (216V/15Ah)

O BMS, CBM 3 2&

Al

5
»

" -
r.

S o |

<J™d 211> CBM 3]2% (2020)

O BMS (Battery Management System) &2 7|s
- I}=M HE 5 (Over charge Protection

- AEMOE olF M wE BYRRe Hxle ®oo| UM, S s

— o [y — |
He 39 38s X
« 2EkM H 5 (Over discharge Protection)
- fakMo 2 oIt MX|e| £aks Y| 2fs £ T ols A wWHs M|
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O

H
rx

= 2 5 (Over current Protection)

- 7171 72 ¢ls ™X[of H|™PAAel =2 M7l S50 U= EF
FE Ao
ct2t 2 S (Short-circuit Protection)
- HiE{2| Bo| o|f cratoz ols cCigel MBIF 55 Y wUNHo=
MFE Rtcotet

Cell Balancing

- HiE{2|E 02| 7 A HEZ AISEH= 49 2 A2
Ztel Met xto| efgh HiHE| +=H tHE 2 2X[sH|
FXI5H7| 215101 Cell balancingS &

HiE{2| 215 AlE (2019, KATRI)
5t et Al

AUSFA ATAIE

HEM CHHAIH

o FH A

chat oHM Al

s HEAH

A QHUA[H

HfE{2| M2[M A& (2020, SGS KOREA)
EMC, EMI(KN41) AlEl A=A

g(_‘ Q “Tes Repar Moz FESOS01-RF-EMTIONNEZ0
Ol iy
TEST REPORT
AN Ba FE90501-RF-EMH000A20 HENE He
I ® (oUT)  Frvich
Model Name FECECL]
ot Plan B3 w04 108 7E
i un
ECEE] = B
L L LR PURLL
NS DHA JEZ HEY T UE SES(SBE)
FEER) | 565 Korea Co L (Giheung Laborstory)
[ [ CE]
62 200 HiEY PEW e BON BL0 G &5 Complinses
|53 w3 anux =8 see= o= &= gh 23 Compiaree
541 SR HALY A Conpliasce
443 B3 B8R 8 Complinast
143 80 @AY TR GRE% 3% 88 U8 N8 Compliee

SGS KOREA CO., LTD. (G:heung Laboratory)

EMCSH-GLIC01-11-13)1)

T 212> KN41 Al ZdAIA

I s) Ale - A
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RESE  SGS RS KRN
Page 171

SGS ANEy¥HA

wHus :  SGS-R21-0236-KR0OO

res :  DTRC2010001892VI

BESES s (FrEEERUa

AAFL : AIS FEN DHR 148 W 17, HIE 616 & YES
nEY : SoidEs mEE =

=1 4} : HEV BATTERY PACK

AlERIT D021 01TH 198 ~2021E 1 E 1R

s . ES9S400-10P: 2015 RIETE EWII7] 24 AR
NBRREE  © ga21 28 Tl AIE, 6322 =8 Jia AE)
AERD : Page7 BE

8= : BT 3R

0 M4 A UES UBIB0 AN WS A0 S0, BT OIS AES BRUD

2T 4’7 JleHT
L —/J//r/\l 4 Z:ep =2 ﬁ
4 @95 = Z

2021.01.26.

@ stolE2|= EXE uEr el SeA 07| JHe
O

- Stol=zls melsdel AHoY|(SEFRE)S] F J5e T
2t AT REfS] HEF SHEHE S
© 712 T4E XY AT ECU, PCUIHE, BHE|2 BMS, CAN 9IE{m|o|A9t &
2ol Jlof By, A4 HE, =zo|3, 22X As Mol U ASX 2¥ Y=
g EAISP| 98t ClaZeol2 PAE
e X =

High-Level
Control

Powertrain Power Distribution J [ Powertrain Mode Decision J

Mid-Level
Control

Low-level ; :
Control ( Sensor Read ] [ Power-Train Control |
Lever Accel. Pedal
Engine :

HI/C\)N Brake Pedal | Clutch Pedal
[

<J9 214> S5 Alo] 25 AF &2

Condition update

L i

[ Mode Transitioning ]
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= = a _
- Mo 25 74 F elHHoOolA
1.LEVER1 5V ‘ .
e v | TracTion | | sooes | | pcu || amer || BAmTERY DESPUY BATTERY
LLEVER2 5V MOTOR INVERTER | [ BMS IGNITION
SLEVERZGND | | ‘
—— ghi‘fuﬁém 1.BATTERY+ 1.BATTERY+ 1.BATTERY+ 1.BATTERY+
- B.0AER SW1 2.DEVICE_ON 2DEVICE_ON 2.0EVICE_ON 2)GNITION ON
[EATSWT] | sixhn sk Lme ] S0 e o
i | .CANB_| .URAT_|
1LHARD BRAKE 5.CANBL 5.CANBL 5UARTT
HAND BRAKE| | 1 aPg1 I\, APS1.0UT B.CAN_GND B.CAN_GND B.UART_GND
2APS1 6V
3.APS1 GND
ce AR BATTERY PATH
ACCEL A
6.APS2 GND IGNITION ON PATH
1400 BV
BRAKE || 26RA g e CANB_H, CANB_L
3BRAKE ADC [ECU, DEVICE_ON, ¥ T
3REGEN FOOT BATTERY#1(->#2] GANB GND PATH
FUSE BOX {
- DE0 REAY 116NN 1CAN2_H 1.6ND 1VCC 5V 1.T_BERA_N
ECU 2.CONTROL 20AN2_L 2IGN_ON 2.GND 2T_GEAR_R
- —— ND gfﬁ"ﬂn» P 3A0C
HESIAHL E 5BRAKE 1MOTOR1
56N B.6ND 2MOT0R2
B.CAN-HIGH
0BD | [(IrCANLOW &2 P CLUCH CLUCH T_GEAR
2 = | DRIVER ACTUATOR [N.R]
StH L= al hit
<19 215> & Aol By /4 E AFHolA
S = AIITEQ
- s Mol 28 ~2ZEQo 74

Driver's
Control Inputs

eMT Controller

I oo asten
ol

Accel. pedal

Regen. Brake pedal

Gearlever

Accel. Pedal sensor

Gear lever detector

Tone wheel sensor

Actuator control

Regen. Brake sensor

Low-level
Components

PCU Controller

o
oo

Aol 25

|
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O S8 Moj7| sz

<% 217> MCU, CAN, BLUETOOTH, ACCEL CONTROL 3| 2% (2020)

e
L

|

- o P oy
(& i%%w . @U%%w .
11 11 Fas

<7+ 218> CLUTCH, GEAR LEVER, RELAY CONTROL 3] 2% (2020)
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O

A e Az
HMa+Z JBL Buf S|AL AXF 2Ho=z HE, LTE 2HE ol A
5 MAIZ MEsio 2u A% HE
dxted g
a0 g
Q?Emﬁ.
KoiaVzger
= =
A 2 FH =2
Hybrid4300000 | W 20201022 M
09:00:54 ~ 09:27:43 (3,214 )
% il Feg Az 00:26:49
o BB i e
R aven | saue) || ool & 242 (km) 10772
BRI 5 ;Gznm
G i 2 = (km/h) %
A e AnA4E) 0
L A
HELRA i , . siEa
gy il 9] Hl%‘—aﬁl 4 nEoHm N
<32F 223> AR 2°8 4=
Al

At 23 eMT Hlo|E

QUE RPM(RPM) T46
A2 F=(km/h) 0
2L 2L (%) 86
ofd gzt 0
HiE 2| HE(V) 12.6
QT AEY oN

© HE[2| H

H e

2l S HEf 7

At 2% eMT HlolH
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2 (2020, SGS KOREA)
- S8 MOo{Z] EMC, EMI(KN41) Algl A&A

Test Report No.: F690501-RF-EMH000827
Page: 1/ 46

TEST REPORT
HAA B F690501-RF-EMH000827 Z2HE ¢s
AgE @uT) Hybrid Truck ‘GPEM2010001154EH
Model Name HEV EMT SN w3
Test Plan $3 NA 20208 108 272
Ag dx 20201 108 158! ~2020 108 222
ECET] KN4l
22 A & IF=2axLoy
I 2EAN DHZ 1482 17, HIS 616 B(2FE)
Ag o SGS Korea Co., Ltd. (Giheung Laboratory)
o 8 o 3
62 TI| - WARX S0 U3 SO XD Lo =3 Compliance
63 @Il - NFX ¥B WVEY UE WE YA 53 Compliance
84.1 BXHTF YAILIE AIY Compliance
843 @3 ®R eI} BC) A Compliance
845 | - BNFX $£E FES NE S UY AY Compliance
A sex
A0 LK
Test Engineer Deputy Technical Manager
+82 (0)31 8007 5304 +82 (0)31 8007 5302
Tonykwon@sgs.com Sean.hur@sgs.com

Nowwl) O] BHAS NERAE NEE GNP NEBOD B ASLIC

Now2) GAE AEES SEH0 G MU0l KO0, = NS B FAE DACEWE +HE ABBN HBOUC,

SGS KOREA CO., LTD. (Giheung Laboratory)

EMC5101-013(2019-11-13)(1)

TESTE!

A4(210mm*297mm)

4,150 1820eon-gi, Gunpo-s, Gyeonggi-do, 35040 Korea 48231 4285700 48231 4272370 WwSgsgroupkr
Member of SGS GroupiSociété Genérale de Surveilance)

<5 225> KN41 Al “dAA

- S MO JHE(ES) A" dXAM

SGS

WEET . SGS-RIE3193-KROD
Pags 1713

ANEddg3A

LEeS
s
bk
BMFL
Hae

=l 1}
AEeT
AERE
ANEdD

8=

SGS-R20-3193-KR00
DTRC2010001881V1

(FrrEdmuoz

AJi= DTA| TH2 148 AU 17, HIE 616 T GEE
BoiHElC eMT HEF

HEY sMT CONTROL

20204 109 162 ~20204 109 202

ES95400-10P: 2015 ERE ERIJ &3 AE
(6.32-1 == J1E AH 6322 B8 I AF)

Page7 BX

EE EE

0 BEK WE RS ANATAK AW WSS AEY 200, BT 0AS AEE SULD

Lk
el

Jlenun
5 @:wF 8 - |8 woe o83 %

&0 GRS M2 ST A0 YRS HAGG AEW T €S

SIR0AXIVA(F) SEAEL

2020. 11. 30

e Crarcs babica, #avy e e
iz gty ey ' et e sl s o D Cooat Ay et i B o
o e n o

Dengian myeon, H Cresnggide Koms 120920070 14 N SA0ES s sgpmcp iy

Sareaa e |2,
T

Uarber 2555 Grocs (Sociie Ganerme oo Suvelance]

<18 226> FHRIAIE) AlE HAA
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@ elHE, ZIHE S PCU 7Y
O stolEE|E ExE e, ZIHEH S8 PCU 7Y
« A HEV ¥ EVE HiEZ[2} AHETE ALZSHo] ZEE R 2| MM SSt= X
of iF=ZOIX|2t elHE{e] AE Izt 2| MSAl viez| ctHM 2
sl ZHEE ALEst= Zo| MEtHel ds Jidol ol2F. Eot JH= 51Ol
2= XFe MxE SHS LS O

Unit)2l 7Hero] 2%t

‘ Inverter

T

[ HvDC/DC |
converter

DC LINK
BATTERY DC/DC CONVERTER CAPACITOR DC/AC INVERTER

<7J9 228> PCU #&

- 7|E o e 2 HY, 7 2 EE oo Zdsts e R s5, 7
S DAt AEBEAE HAAAZ|Z] flal BF &2l 2HEZIEE wWAS HMET
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Buck mode

Boost mode

{

[—— —

Motor

i
7]
+—
-
L
=
{=o
=
=

Power
Module

: I

-

LAY

1 4]

1

1

iy

L e e e e — — — —

g IE2]8E DC/DC HYH

= 229> 3

<

o 2

A
(=}

= cizdi ®EIh 2

ZiB{E{ 2}

=
=

N

NI

Wl

ol
%l
mr
%l

K

F

M
=

2lE{2|2 DC/DCHHEZ

Al
(=

@
__OH—

ON

ON

lllllll

poreesess

b = -

ON

llllll
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-

DT,
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4

s

s

Ly

<33 230> 34 QEZBE ZAHE9 2
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- H/W sHAl E= (Capacitor, Powet Board, Inductor)

<3 231> Input Capacitor(700V,100uF) =™

v:-—--—-v P — p— — M =y " -
T b i §

=

AT T

<™ 233> Power Board

e
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HEE A F2
e CHol 2 H| 1
HE oferE
A= 3
ETEE 200
alzd ot
=i s =|of v 240
o= 100
aoled HE
=4 250
=5 ©Y =+ v 300
= f 350
o= 66
=g H
T (W Bk p ﬂEH A 133
S 20
224
S B DY 40
AR E F=hOb= f s kHz 10
DIEEL B uH 120 70A
HME S PHTHAIE, C low ufF 100uF 700V
T e HnfAlE, C high uF 1000uF 700V
= % =90
o =4
<72 234> 7AYE AIYR
QI E
- 2IHE = e o 2 ALESt= 34 DC/AC QIH{E stQict. A=
—_ = = = =
M 34 ACZEIE TE3I7| 98l 23] &= galo oz 2EE 7
EESH| flall 25 Mo &€t DC MAS ACHYY st= ol =
Qs 249l



Wal-T101k

Va-1-11})

'k_ I i f-miis i . ' - =
j =, Vitll-1) : i f Pda B b g
. : [ [ [ H
3 L] L] . []
E - -
— Ia3 MMy = b 3}
i 0 L] L o 1
P ! ! i
Miil-1-1) E 4 E : ! E
it P b PWMe & T
d-axk 0 ) W n L] i H
N N
Ll L]
L P
i " [ H
e S|
IR L
- i i e e e e
Vi I-11) T2 Y 2 L2 Lz "2 T2 b
Fy - L -
{ah (b}

<33 236> 9IH]E] SVPWM

(Capacitor, Power Board, Current Sensor)

<1 238> Power Board
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<2 239> LEM jit Current sensor(hahldrw
300-s)

- olH{E| A

Q1u] E] AFt A 9]
o= chel o Clin
B (Vimse) 250
DC-link T 24 v 300
350
HEHS A rms 163
205 10=ec
28 KHz 10 7H8 F 34 017
C 25
= - ES
EW 01 Caze-to-reference
e 07
EH =R —
=z 0.93
b’ o7 1008 m, 2000rpm
e == O B HCHE S SPWM Po. sowanme) kW 50.61
UHE ZhES SVPWM Finsviwrimd R 58.44

<= 240> AW E AMYH

<= 241> IGBT Alo]E E=z2toly (2019)
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<J9 242> PCU ZAEE HE (2019)

olu{E], PAB{E| M =t

<= 243> 7AWE (2017)
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< 245> QW E (2018)
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O AZA Al
« MAtmh Hetd Al 2 3000Km F& LT+ Al (2020, KATRI)
- PCU= At & =0 #3357 2ol KATRIOIM xE otdd Hot
et SAlofl ™Atoh HMetd A, 3000Km W+ Al S5 Zdstol pCcuel
Fds 48

44

Rehan sEERCC
‘ 115
=5

1

T

< 247> AAb MY AE, 29 WA

2020, 24 g2 HMFE AZX)
T AlS XlZollM PCU H|O|E{E ofefie} Zo| X|&E™Mo=z

Ist= w2t ®MoiMel ds "7t 5 PCUS| otd

o

© A = HAE

(
- duf H2E L H|
L

Motor/Inverter/Converter

L ome [ omwes s

9 248> PCU ZUYUEH Holg
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PCU EMC, EMI(KN41) Al& AX A (2020, SGS KOREA)

- A
TEST REPORT
AHH W= F690501-RF-EMHO0080] DEEE ¢
NEE (puT) Hybrid Truck GPEM2010001 156EH
Model Name HEY PCU AEA WS
Test Plan S8 A 20208 108 DY |
NE uR 20208 108 21 - 20002 108 28
HE A KN4l
oiE 8IA FEEILIGE
UIE BEA DU U8 Y, UIE 515 &
LR G5 Korea Ca., Lid. {Gibeung Laboraiory)
oS LR
62 @I| - HABK TEU OF NN HAD HH =X Compliznce
|63 W] - @RBa 28 Busc BS @S UM S5 Compliance
845 ®I| - WURA #B WHa2A WBE BF o A Compliance
AR S0 =y
2
ER T
Test Engineer Deputy Technical Mansger
<52 (0)31 8007 5304 +82 (031 8007 5302
T olli Sean hup@sis com
Mot ) Of MEAS AMIAE NEE WAME ARane 000 el
Noiz2) HAIS AIMES) MENM 08 S0 SN, = AR AR AdE JACEFH AP AREN 2BYUD
SGS KOREA CO., LTD. (Giheung Laboratory)

<73 249> PCU KN41 A|31A4 A A

PCU EMC,EMI(KN41) Al dZAM (2020, SGS KOREA)

WWHS - SGS-R0-1191-KROO
Page  1/1

SGS ANFHHAN

weEs :  SGS-R20-3191-KR00
f-Eat-] i DTRC2010001883V1
=E- B ] P (F)PERRAUNY
BANFL : FIE FEA D2 148 B2 17, HIS 616 = BES
ey : BOIS2E DN HER R
2uy : HEVPCU
NET ¢ 202041 118 022 ~2020% 118 03Y
. ) 2
ANTABE < g A AB, 8522 w8 7 A8
L E W : Page7 &%
B 1 BE ENE
0 #%A4 A UBS MRSIZEI S8 ASE NS0 pEN, BE 099 MBS SEUD

L / AwAUR
nel g e & s w %

B0 ATAE B S0 B0 UEE =ANN AEE & FF
2020. 11.30.

|
|
|

ERUATNA(F) SEABAS

|

T . v

Y P Ep

pmiey

s ety

2 Cenge Moy, Gy o Keven 82 000 MI| 1o 01 M0 ks
N oSG8 G S5t il e Sureitonca)

<12 250> PCU 7HAI(FIE) A8 AAA
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@ oHA| & 2ZUET Al MY
O Atz Mefoll et ZHEHE MB|A S8 Z2ES

olOIECIE ES EmtHIOID| 2 STATESA 2 E2

0 1 2 3 4 5 6 7 8 9 10
EMT
000 0x00 0x00: NOERROR
Power on RGEAR 0x01~ OxFF: ERROR

0x01
Wait
Engine On

0x01
1GEAR

0x02
READY

0x02
2GEAR

0x02
DRIVE
Speed

0x03
3GEAR

0x03
System off

0x04
4GEAR

0x04
Power off

0x05
5 GEAR

0x06
6 GEAR

0x07
N GEAR

<14 251>

of

Al A2 &

uf

Aol 7] ete

Lo
of

olOIECIE ES EmtHIN D2t STATE S4Al I &2

(Version £ Al)

3 4 5 6 7 8 9 10

0x01

0x02

0x03

<22 252> wUE AFA] B BA

- 127 -



cF AX HAE T

O

ws ek

O olUxl 28 LB AslA Z|

<J9 253 > TUEH AH]

O tie2| DEAch HE FEA|
- HHE 2| Z BMSO|AMe| 2 F

BMS 2
1.CBM 2 C2 0msec 2 F SHGIH HH BE S
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O odXl 58 2L EZ My|A BFX| HZ
= S FS DS (ES

86% 031 km/h |
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O 2l=zld Al

* EMC, EMI(KN41) Al &dX A (2020, SGS KOREA)

Test Repart No: FAI0S01-RF-EMI000825
™ | Page: 1/ 46

TEST REPORT
ELER-F3 650501 -RF-EMHD0OA2S
A oum) Hybrid Trock
Model Name HEV Display W=k wEw
Test P B8 A ) 202014 108 279
[Ne wn 202018 108 158 - 2020 108 2280
[ELED K1
5| A H FEHTLOE
| HIE DTN DUE MBHE 17, US CIESIRNEE)
TR 508 Korea Co.. L1, (Gibeung Laboralary) B
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SGS KOREA CO., LTD. (Giheung Laboratory)
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(AD) (9IE) S=oistu: vfe2|d 22| AL dA & Y025 JHe
|

o

® HiE2| Ao MT|set EM AW 3 0l &4
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ARadET o Fx=3FE MAEX|(Structured Questionnaire)
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<E 56> H4E FAE U LRI

== sSE T& S2IHA
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Level 1 10022l 7.0339 (4.1819)
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- Slo|EZ|E JHZ=AIE &0
- R&D od7H| 2 7= 3! dHiE{g2|mH X & v
< 60> Hxg fRo] OE AY f2 X £YHIE

CHSH AMS| R |2 AR
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A2 | ey | 18O | o) | G5 a2 | R eige | ) | e
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2 500 85.6 57,925 388 7 250 38.9 26,324 124
3 450 69.9 47,301 298 8 200 17.5 11,842 59
4 400 65.2 44,121 258 9 150 4.1 2,774 24
5 350 55.4 37,489 205 10 100 0.2 135 16

A7 1} 42.3%, HiE{2] WHH[E2 40Ttz 1Y
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- ISG 7' ME AFH A SPOIEE|E =Tz HEXF et ZHAH B 24
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{ min.J = j s, (u(0)) dt  minin (u(t)) + AP, (u(1))
f s.t. s.t. ;:Imm, Equivalent fuel
: : . . consumption
X)) = (x(@),u@), : X(t) = f(x(t),u(t)), :
D X S X() < Xy : X Sx(O)<x_,.,
f x(t) = .\(tf),
B <RSP | Bia B P
T STO < T s | S HOES
wlmmgu(t)<u,m‘7—em v w mm<w(r)<w i=em.

Global optimization Instant optimization

A=y +K eso + K, [e, .
where e, . = SOC(t) - SOC(t,)

<72 355> Equivalent Consumption Minimization Strategy(ECMS)
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i=1 keU; i=3 keU;
=Jo+ Ji(A) + J2(A) + J3(N), L.
— Should be minimized !
where
= {k|Peqs = P, and Ty > T, } .: recharging mode
(_ = {k|Preqr > P and T, < Treq:} .2 assist mode
Us = {k|0 < Preqr < P }. : EV mode

Us = {k|Preqr <0}, : regen. braking mode

and
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A" =2, where J(4)=0
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) > Aring . (f(Ark))
S (4)
-3 B (f(Ak)
k=0
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Pinn = Pino +lsoc Y (SOCk — SOCo),  (15)
k=0
. An) (Pregn = Prhn)
iy f( 1, q. 16
on { 0 (Preg,n < Penyn) &
where
A (kely)
TET1 0 (k€U

[ Uniqueness of the stable equilibrium ]

Theorem 1 If the iteration (14) has more than two equilib-
rium points, there exists only one stable equilibrium point.

[ Convergence to the stable equilibrium ]

Theorem 2 Suppose the iteration (14) has the stable equilib-
rium point. Then, the iteration (14) converges to the stable
equilibrium point A\, if each iteration is close to \y with the

error bound defined by (34).

[ Existence of the positive Py, ]

Theorem 3 The power threshold determined by the adapta-
tion law (15) is always positive if Ay, has converged to .
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