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12 V Mild Hybrid — use case and battery requirements, EFB results

ntext

Production Forecast [South America] *  Emerging markets must reduce fuel consumption and emissions without

Evolution of Light-Duty Volume (pcs/month) the cost and complexity of full hybrids or Evs

* In Brazil, national regulations require hybrid vehicles to include energy

2,9 .
storage systems with nominal capacity = 2% of the energy generated

during combustion
* The 12V mild hybrid (mHEV) architecture offers:
*  4-7% fuel consumption reduction, depending on control
strategies
* Minimalimpact on existing powertrain architecture

* Lowtechnological risk and fast payback

2024 2025 2026

* As aresult, OEMs in these markets favor regulation-compliant,

mmMHEV 12V mmm MHEV 48V HEV mmPHEV mmmBEV EV cost-effective electrification solutions
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Objectives

* Instrument a 12V mild-hybrid vehicle to capture key battery and powertrain signals

* Generate experimental data under representative urban and extra-urban driving

conditions

* Develop a data-driven simulation algorithm based on measured vehicle behavior

Vehicle & Test cycle

FIAT PULSE T200 MILD HYBRID (MHEV) ARCHITECTURE

Energy Component Location and Function

Located P
under the 4
driver’s seat \

ENGINE COMPARTMENT

1. Lead-Acid 12V Battery (68 Ah)
for Starting and Conventional
System

12V MHEV Li-lon Battery

- Manages power for the BSG

- Compact design

- Does not affect interior space

LEGENDA:
R Do e Comentionsl Buzery
{Lead-Acid) - Starting and Acoessories.

Vibeant Orange: Hytric Eats c,: Flon)
Torque Assist and Recove:

4 Ebﬂnul?ﬂnfﬂnllﬂl Betwesn
== batteries and electric motor (BSG).

== Mechanical Power Flow: Between electric
> motar (B5G) and internal combustion engine

1. Lead-Acid 12V Batt - )
otk —_ E-ASSIST SYSTEM FUNCTIONALITY:
- a 1 \ = Acceleration/Assist: Li-lon Battery (3) powers

2. Multif ion E 9 BSG (2) for extra torque (E-Assist).

. Multifunction Electric Moto « Braking/Regeneration: BSG (2) acts as a generator,
(BSG - 3kW / 4cv) assists lhp | recharging the Li-lon Battery (3) and the Leteria de
engine and recharges batteries. = Chumbo (1)

& « Start-Stop: BSG (2) restarts the engine smoothly.

Fiat Pulse 2025 dual battery (68 Ah EFB +
11 Ah LIB), belt starter-generator (BSG)
Urban Dynamometer Driving Schedule
(UDDS)

Data acquisition: Vector instrumentation

Vehicle Speed, mph
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EPA Urban Dynamometer Driving Schedule
Lersgth 1369 seconds = Distance = 7.45 miles = Average Speed = 19.59 moh
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total steps per phase

h[stogram DCH loCHA hiCHA l h d d
0.360s 15 23 7 oops with durations in seconds
(event COUnt) 350...10242 43 65 24 p
50 1024.1363s 27 32 5
. . loop1: 3* loop2: 6* loop 3: 5*
Operations mode Variable: e 8 [ 120 | % P P P
o e 120s 111s 67s
DCH loCHA hiCHA
° Recup (thHA, +2): UBSG > 14.8 v zg 0.360s 015 2404 282 loCHA 42.2 loCHA 1.8 loCHA 0.5
20 360..1024s 3717 2409 50,5 DCH 0.4 DCH 2.1 DCH 0.4
* Normal (loCHA, +1): I;;5 > 10 and Ugg; <14.8V 15 1024..1363 13291906 149 loCHA | 6.0 loCHA | 16.7 loCHA | 1.8
’ 56 10 5960|6719 | 585 hiCHA | 1.9 DCH 6.4 DCH 2.1
* Boost(DCH, -1): discharge at I;;5 <-10V . L *‘55:”;;;"”:*’;;:*: loCHA | 16.7 loCHA | 0.5 loCHA | 0.5
s  1..3s 3.10s 10..30s >30s 0..360s| 6,1 JAOY 40 DCH 6.4 hiCHA 5.1 hiCHA 3.0
360..1024s BE | 37 21 loCHA 6.0 loCHA 8.3 loCHA 16.7
" OCH TechA mhcHA 10241353 SRR 30 DCH 2.1 DCH 2.1 DCH 6.4
) 20 |56 1 26 loCHA | 05 loCHA | 1.8 loCHA | 6.0
Algorithm development steps: hiCHA | 7.5 hiCHA | 0.8 DCH 15.2
. 1strun /18 19 Mar 2026 loCHA 6.5 loCHA 1.8 loCHA 10.8
o . ® | ” | P | F' J' ﬂ J J J 0 DCH 4.2 DCH 6.4 DCH 0.4
*  Filtering and preprocessing of measurement data - _{ 4 T T TR 0E 1 U LT LT A oCHA 122 ocHA 160 oCHA 118
. Segmentation of operation into SOC phases(rising / falling / 5 DCH 174 E)%HHA 515'1 DCH 2.1
I :
stable) 8 6 M E;cc;;iA 1754
=3 - -
. Identification of energy balance per phase = N hiCHA [ 1.9
=0 i loCHA | 0.5
. Extraction of control-relevant patterns g3 1] DCH 6.4
g loCHA | 0.5
> 2 hiCHA | 0.6
:D—‘J -180
12 -240
15 -300

480 540 600 660 720 780 840 900 960 1020 108011401200 1260 1320 1380 1440 1500 1560 1620 1680 1740 1800 1880
t/s
—Voltage [V] —Cycle[] —AhAccu[Ah] —Series5 —Current[A]
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SOC control Strategy: Trip Inner Loop 1 Trip Inner Loop 2 Trip Inner Loop 3
outer loop DCH | 1oCHA | hiCHA DCH | I1oCHA | hiCHA DCH | LoCHA | hiCHA
o . s0C A A A s0C A A A 50C A A A
* Definition of target SOC window based on real 5x /week ] OK=0 LC] Lll 2[42, oK=0 LC] 531] 2[43, K=o QC] 531] 2[42,
. trip &= M1=<-1%| 1.5C 81 240 |[M1=<-1%| 1.5C 81 240 |M1=<-1%| 1.5C 81 240
operation PAU 35h M2=<2%| 1C 81 200 |M2=<2%| 1C 81 240 |M2=<2%| 1C 81 240
. M3=<-3%| 0.5C 81 240 |M3=<-3%| 0.5C 81 240 [M3=<-3%| 0.5C 81 240
* Adaptation of control parameters: AhPark4th M4 = <-4%| -0,1 81 240 |M4=<am| -01 81 240 |M4=<-a%| -01 81 240
e | i hen SOC is | PAU 12h
ncrease regeneration when IS lOW SUB Ah Trip Inner Loop 1 Trip Inner Loop 2 Trip Inner Loop 3
S DCH | IoCHA | hiCHA DCH | loCHA | hiCHA DCH | IoCHA | hiCHA
* Increase assist limitation when SOC decreases s0C V] V] V] s0C V] V] V] s0C V] V] V]
PAU 48h DK =0 g 13,1 15 OK =0 9 13,6 15 OK =0 9 13,1 15
* Rule-based strategy to maintain positive energy Mi-<1%| 9 135 15 [M1-=<1%| 9 14 15 |Mi=<1%| 9 13,5 15
M2=<2%| 9 13,9 15 | M2=-<2%| 9 14,4 15 |M2=<2%| 9 13,9 15
balance over cycles M3=<-3%| 9 14,4 15 |M3=<3%| 9 14,8 15 |M3=<3%| 9 14,4 15
Md=<-4%| 9 15 15 |Ma=<-4%| 9 15 15 |Md=<-4%| 9 15 15
Trip10 Trip1ll Trip12
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Conclusion: Recuperation/Assist - EFB vs LIB
2.0
1.5 A
. i ~ 0,
A refresh standard EFB supplies more than ~80% of ol 4// /\\ -\n%’tests
fuel-economy-related loads £ o5l ’\// on g0
) DETAILED ”
* Energy balance and SoC control define system < oo ®‘ANA“S'S
f 05 Fuel Economy Loads (Assist - Recuperation)
performance - 20
+ Charge acceptance is the main limiting factor l‘”M " i Torque assist
T T T T < T T T T
. . . . 1 8 15 22 ¢ 85 92 99 106 113 120
* Single-battery architectures are technically plausible 2
% 100 | E 0.0 |
Next Steps: £ <00
= 80 - =
? -1.0
+ Refine SoC control strategies to better prioritize key S I = = /.
5 A
operating modes § 01 /,/_///
* Evaluate advanced lead-acid technologies and alternative 2 ‘ \\\,lfﬂ/
_‘ct‘ {
battery chemistries £ 00 10 20 30 40 50 60 70 80 90 100 110 120
Days

* Assess long-term performance and aging behavior under Fuel Economy Loads Supplied by a LAB [%]

mHEV operation
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