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TuIa Technology:
A Controls/Software Company
 Develops Patented DSF° Technologies
for Sophisticated Powertrain Controls
to Help Engine Work Smarter
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Tula Technology — The Company

™~

AR R - A

Founded in 2008 in Silicon Valley,
Tula has grown to 64 team

members/EH. T-2008 4 1ERER T,
B K fE 26444 A P\ Al

110 issued patents/11035 &5 & L

— Granted patent coverage in the US,
China, Japan, Korea, Germany and

India/7E36EH . FEH. HA, #HE. EEH
AVER BE 3R AT A R

— 120+ patents pending/120+% F] IE4E
18

Investors include/# % # 4.,

— Financial (#4#%): Sequoia Capital (
2K % A), Sigma Partners, Khosla
Ventures and Franklin-Templeton (7%
=5 T AR )

— Strategic (fii#% 4 %): General Motors(

75 %), Delphi Technologies (4 /K45
FH)
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Customer support in Detroit, Europe, and China
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Technical Staff
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36% 37%
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Tula’s DSF Technical Integration Ecosystem
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What is Dynamic Skip Fire?
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DSF in action
DSFJHE

Valve deactivated
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Dynamic Skip Fire Attributes
B AT HLFFAE

» Determination of whether a cylinder’s torque is required is made immediately prior to firing

TE 5K CHT Y B e — 2 HS — UL
* Firing Decisions are made on an event-by-event basis: “Dynamic Downsizing”
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* Firing Density (FD) is chosen to optimize fuel consumption and/or others, subject to certain constraints
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Firing Pulsetrain
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Torque Demand

Fires = 131
Skips = 136
Ave. FD = 49%
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2019 Silverado V8 with Dynamic Fuel U

Management
HANSEVEHTIAER2019 R 2/ 72 v8

) “...the most impressive thing about the engine is the ) «_..props to the Silverado‘s

new Dynamic Fuel Management system. trick cylinder deactivation for

KENHL S N RIEA I —HISRMEERG” putting the 6.2 ahead of a 3.5

liter in fuel economy, both
with and without a trailer
WEWEREELE, Silveradoft)fEiT
FARAE6.2F K BHLATRM S m T
3.5 FHEIEREAK) R

— Road Show by CNET

“Industry first individual
cylinder deactivation system

Al A S AT L R 4

— Engine Technology International

- Car and Driver

) “The (cylinder) shutdowns are
so seamless, you can‘t tell how

many are firing at any given
time

IR P ASEL BB an b P, AR TGV A
FEARAT 45 7€ K I [A) A 25 A LA kUK.

— Motor Trend

“The 6.2L V-8 uses DFM to achieve a 1 mpg increase in fuel economy in the
EPA city cycle and 2 mpg real world... Those MPG numbers are nothing to
sneeze at, with the latter translating into more than a 13% gain in efficiency

WARDS.

Y/ 10 Best

Eng INEeS. 6.27F V-8 £/5 DFM 7 EPA 1T /65K MM F 4271 T 1mpg, L7 8 0LH T 2mpg #2
/ﬁ ,/f% _I_ 1£ Ziijj * Fveno BIENXLE mpg 15—, B4 2mpg ZE1%E FA525T13% LLL B8 K FE12H-”
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Technology Roadmap
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China VI Emission Standards for Heavy Duty Vehiclesg®T
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Source: The International council on Clean Transportation (icct): www.theiccct.org

Engine test cycle ESC, ETC WHSC, WHTC, WNTE

emission  NOy (@/kWh) <:::>[:::> 1‘!"

limits on

sranslant PM (9/kWh) 0.03 0.01

cycle PN (#/kWh) No limit BE+1

PEMS test No Yes

Emission  NO, (g/kWh) N.A. 0.69 (CF=1.5)

limits for

PEMS Qe =5 o 1.2E+12
Saat PN (#/kWh) N.A. No limit No limit (CF=2.0)

e China VI emission standards mandate 77% reduction in NOx emissions

from China V standards. More effective NOx aftertreatment system
would be required to meet the new standards. More efficient exhaust
gas thermal management technologies would become critical in ensuring
high conversion efficiency of the NOx aftertreatment system to meet both
emissions and fuel consumption requirements.

] 7S HE SO 1 ZE SR NOXHF B B Tk F [ R77% . X il BERAE H B8 24
SELHE RS, N7 IXREES G0 5 FENOxL #1225 1=y L[R2 HEBOR 3
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Advantages of Dynamic Skip Fire for EYTULA
Diesel Engines

SR TH R ZNAL BN S AF FLHIIL S

2 bar BMEP
360 : \ \
. . ~—FD=1.00
DIESE|. DSF offers two major 0B 129 BSFC Improvement
benefits to diesel ICEs: Z
AR THSMPA IR RE | 8
B 2 Q
280 -
s Imprpved fuel consumption 260\L | — |
oA 3E VT FE 1200 1600 2000 2400 2800
. . . 300 I \ \ \ I
0 EEEEUC":Q ';%p“mp'”g 952 ) 65-70°C Improvement
o Improvement in combustion o
T B =
V]

* |Increased exhaust gas temperature

v BB U B (PT RO )

150

o Increased cylinder load 1200 1600 2000 2400 2800
$ﬁﬂ:ﬁ‘ %szijﬂ] Engine Speed (RPM)

o Decel cylinder cut-off
PR AT i
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[FIEl/ 2.0L Light Duty Diesel DSF Simulation &9y
BRI BB AR B o

Baseline Engine & Exhaust A/T
System Assumptions:

SR L& TR AL B R G

2.0L, I-4 Diesel,
Spec. RP 60 kW/L

HP- & LP- EGR,
Single-stage VNT

ENG

EAS Cc(DOC & SDPF) & Uf SCR

Cylinder Deactivation
Strategy:
1?%15!%5%‘

Low pressure exhaust spring
(LPES) trapping

*  Dynamic skip fire

* NVH limit derived from light
duty vehicle

C
[——4
>

Simulation Steps:
P BT IR

1. Driving cycle: \ —\C / 2. Vehicle Mass:

» WLTP cycle / > Mid-size SUV

» RDE cycle . ED' o > C-Seg Compact
| _~ DYNAMIC | g
T SKIPFIREN 41 G =a=n
| L \ X a e ‘ = %
\ ‘%{’7 ‘r) - / | ‘
4 PWT N 3. Gear Shift Schedule:
Electrification: ) _
48V BSG system (P0) CO, Optimal vs Aggressive

Engine load

Engine Speed

© 2019 Tula Technology, Inc. All rights reserved. 16
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2.0L LD Diesel Transient Cycle Investigation 2,11
P SLpIN 7N FEE N L)

Simulated Tailpipe NO, and CO, Emission Benefits for dDSF Technology
R ARAE R SNO FICO, HERURL 2 i1 B 45 IR

X
D
)
o
L
)
()
T

WLTP: No Gear
Shift Optimization

WLTP: With Gear
Shift Optimization

T A
« ' 1 Ub.n}
-

dDSF provides simultaneous
reductions in NO, and CO,
emissions

BNASFEL AT [F] I PN O A CO, ]
HEH

Significant tailpipe NO,
reduction from:

JBUNO,HFBU 2 2 ok B T

o Lower engine-out NO,
JZNO, Y FEAR
o Increased NO, conversion

efficiency in catalyst
supported by higher
exhaust gas temperature
AT 8 =L e SR ) Jim Ab 2
RGNINOFE # R () HE 15

WLTP: No Gear
Shift Optimization

WLTP: With Gear
Shift Optimization
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IFIEW/ 7.7L MHD Diesel DSF Simulation >
T A SEH AL BN SR R 47

Baseline Engine Assumptions:
FEHE RSB :

7.7L1-6 MHD Diesel

17.6 Compression Ratio
HP-EGR

2400 bar Max Inj Pressure
Single stage, Wastegate Turbo

Simulation Process:
f EAAILFE :

Load

eYTTIT
" @1 UL
\ 4

Cylinder Deactivation
Strategy:
o O S -
* Low pressure exhaust spring

(LPES) trapping
* Dynamic skip fire
+ Constant EGR rate
« Stringent NVH limit and

minimal NVH limit

N _—HC -

Cco | —Uesorr

NOy }l——Ds SDPF

PN :—DsSCR

Temp. ]

T heel/
—Tscr / v/ N
sz J"\JJW.‘J:E,
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’_FEEM 7.7L MHD Diesel Steady State Investigation A0
» = ' >
R ST AR SR D <
. BSFC %l Delta BSFC map (FD 0.5 - FD 1)/FD 1 [%]
| | -50
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Engine Speed [rpm]

* This graph shows the difference in BSFC when comparing 6-
cylinder versus 3-cylinder operation
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BMEP [bar]

17

.7L MHD Diesel Steady State Investigation
DL LA SR

Delta T4 map (FD 0.5 - FD 1) [°c] /& i/ 27l
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750 1000 1250 1500 1750 2000 2250
Engine Speed [rpm]

This graph shows the impact on exhaust gas temperature when
comparing 6-cylinder versus 3-cylinder operation
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BMEP [bar]

7.7L MHD Diesel Steady State Investigation Q)11
7 S AR A @

Delta BSNOx map (FD 0.5 - FD 1)/FD 1 [%] [ UNOx %7

- - - - N
i A S
| | | |

-
—
\

750 1000 1250 1500 1750 2000 2250 2500
Engine Speed [rpm]

* This graph shows the impact on engine-out NO, emissions
when comparing 6-cylinder versus 3-cylinder operation
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BMEP [bar]

Delta BSFC map (FD 0.5 - FD 1)/FD 1 [%]
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.7L MHD Diesel Transient Cycle Investigation
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Delta BSFC map (FD 0.5 - FD 1)/FD 1 [%]
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FEI.V Z.7L MHD Diesel Transient Cycle Investigation “T' I

Exhaust Gas Temperature Comparison over HD FTP Cycle
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Firing Density
o
(6]
|

0 L| | | .
o 1001 Baseline | | o !
W —— DSF stringent NVH
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W 200 - ra—eft=—
a)
@ Significant increase in exhaust gas
= 0 | | temperature over most of the cycle
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I_EI./ i/ 7. 7L MHD Diesel Transient Cycle Investigation A,

100%
80%
60%
40%
20%

NO, Emissions (%)

0%

100%

98%

96%

CO, Emissions (%)

94%

/Eh*ﬂx Mluf}ﬁﬂ‘@%m g’ ULA

Simulated Tailpipe NO, and CO, Emission Benefits for dDSF Technology
A EHL AT BB NO, M CO, HEMU RS H 4 H 45 R

-32%

-50%

HD FTP

-2.4%

-3.5%

HD FTP

-29%

-49%

WHTC

-1.6%

-2.4%

WHTC

Exhaust AT System Assumption:
RS E b B R G

O Baseline

O dDSF —stringent NVH limit DOC DPF | SCR |ASC

O dDSF - minimal NVH limit

e dDSF provides simultaneous reduction
in NO, and CO, emissions

245 LA [F] I FERNO, AN CO, I HEX

* Significant tailpipe NO, reduction from:
JFEUINO AR B3 PR H T
o Lower engine-out NO, due to higher
EGR rate
I EGREFEAN 1 L ANOHIHEK

o Increased NO, conversion efficiency in
catalyst supported by higher exhaust
gas temperature

iU IR T R AL B B INO, FE R
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I_EI./ i/ 7. 7L MHD Diesel Transient Cycle Investigation A,

100%
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NO, Emissions (%)
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100%
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96%
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94%
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Simulated Tailpipe NO, and CO, Emission Benefits for dDSF Technology
N AMEHL AL B ANO, FCO, HEMU S H 4 H 45 R

-32%

-62%

HD FTP

-2.4% -2.4%

HD FTP

-29%

-40%

WHTC

-1.6% -1.6%

WHTC

O Baseline

@ dDSF—w/ EAS #2

Exhaust AT System (EAS #1)

RAJEEE RS #1

w/ Stringent NVH Limit

Exhaust AT System (EAS #2)

AR AL R Gt #2
DOC SDPF| SCR IASC

Tailpipe NO, benefit with dDSF technology
can be affected by exhaust aftertreatment
system assumption due to the system’s
sensitivity to exhaust temp profile

&S Ja A B R G AR B B i B A AT L
ARAERSINO AN E&as, XA ARG
%ﬁ%%%ﬁ%ﬁ%%ﬁﬁﬁ@@
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FE[I/ Tula Offers technology of industry leading value & ' {

in improving fuel consumption and emissions
Pz 78 PR RO B0 i #8077 THT R it BT A7 Mk e
(ARERNESZN
Tula’s DSF offers significant CO, and NO, reductions for diesel engines at a
compelling cost

337 ) B A A5 B B R AE S AL b n] 8 2 B CO, MINO HF K, H A AR

Tula’s DSF technology can be applied to Light-Duty, Medium-Duty and Heavy Duty
diesel engines to help meet China-VI emission standards

B3z s soR rl R A, B K B A SR R S L 3 B 31 [ 7S HE b 1

Tula welcomes opportunities to work with OEM’s and Tier 1’s to integrate DSF onto
target engine and vehicle platforms

BB B RGN — RN SRR, R DSFERE S 2 H s R SR80 65 1
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