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Real world emissions
- Development of low emissions

ngines
Challenqes with existing PEMS

- Size - Power consumption
- Weight - Complexity
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Simpler and more user-friendly
tools have a role to play



m[arget position

Cost PEMS = Emission certification

$100,000

over
$50,000
to 30,000 Our system
= Vehicle R&D
$10,000 | single meters e

- Monitoring etc. e
Garage use tool Repeatability

- No real time
measurement

We think there is a place for systems with lower accuracy than
existing PEMS, but that are highly portable and cost effective.
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DC 12V/24V Battery v Simple and easy use

less than 10Amp MAX. : :
(()r AC 100_240Vp ) v Light weight (<15kg)
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mPurpose of this presentation

NCEM has good accuracy and repeatability in case of high
emission concentrations on a chassis dynamometer.

- PEMS workshop 2016 --------------=-—-—---"-“-"-—~—~——~—~—~———— -
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PEMS workshop 2017
Evaluation of NCEM performance under expected actual use

# conditions.
e On-road driving emissions

e Pre-DPF environment on an engine dyno
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NTK test
(PM comparison : concentrations between 1-2mg/m3)
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Real time PM measurement during urban route [s]

Error -10.7%

We confirmed good correlation with a PEMS in the case of
high emissions levels.
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NTK test (PM comparison at low concentrations)
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Lack of resolution 2013MY
There was not enough resolution for low concentration o
measurements. - PM ~0.01mg/m3. (LEVI)

= Need to improve
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TeSt resu Its at U CR Table 2 Summary of route emission levels for freeway and local driving

NCEM NCEM NCEM AVL
: AVL (g/mi) : AVL (mg/mi) ' :
—NTK {g/s) —AVL {g/s) Results (g/mi) (mg/mi) (#/mi) (#/mi)
030 NOX NO,  NO, NO/NOx PM  PM-soot PM PN PN
Freeway
0.25 2.17 226 | 27% 0.086 0.108 0.110 4.15E+11 2.22E+10
- Arterial_1
S
< 0.20 LA Down
£ 2.30 226 | 34% 0.401 0.148 0.205 1.94E+12 3.07E+10
Z 0.15 Town_1
IS LA Down
Y 510 2.47 239 | 35% 0.470 0.166  0.212 2.27E+12 4.46E+10
6 Town_2
=
0.05 Idle, Creep 5.76 6.36 17% 0.800 0.368 1.056 3.87E+12 7.62E+10
0.00 Freeway
. : 2.29 233 | 28% 0.114 0.109 0.131 5.49E+11 3.32E+10
1] 5000 10000 15000 20000 25000 Arterial_2

Time (sec)

Error less than 10%

NOx comparisons:

Measurements were consistent with PEMS in each test.
Error between NCEM and PEMS was less than 10% over a
mixture of highway and city driving.
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TeSt resu Its at U C R Table 2 Summary of route emission levels for freeway and local driving

0.140 0014 NCEM AVL (g/mi) NCEM AVL (ma/mi) NCEM AVL
\ I g/mi mg/mi
P M —— NTK({mg/s) ——AVLMSS (mg/s) Results (g/mi) (mg/mi) (#/mi) (#/mi)
0.120 | 0.012 NO, NO, NO,/NOx PM PM-soot PM PN PN
Freeway
0.100 1 0.010 2.17 2.26 27% 0.086 0.108 0.110 § 4.15E+11 2.22E+10
_ _ Arterial_1
‘% a LAD
0.080 { 0.008 own
£ £ 2.30 2.26 34% 0.401 0.148 0.205 F 1.94E+12 3.07E+10
= A Town_1
0.060 < = 0.006 e
E 2.47 2.39 35% 0.470 0.166 0.212 § 2.27E+12 4.46E+10
0.040 0.004 Town_2
Idle, Creep 5.76 6.36 17% 0.800 0.368 1.056 || 3.87E+12 7.62E+10I
0.020 0.002 S
: 2.29 2.33 28% 0.114 0.109 0.131 F 5.49E+11 3.32E+10
0.000 0.000 Arterial 2
0 5000 10000 Time [sec] 15000 20000 25000 : i
e (sec) PM: Maximum error 68%

PM/PN comparisons: PN: One order of magnitude higher
Significant deviation from the PEMS was observed at these very low
tailpipe concentrations. - PM <0.02 (mg/m3) - PN <1E+04 (p/ccm)
Cause: the output current offset introduces significant error.

= Need to improve
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Resolution and noise reduction
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: = 0. 2
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Good repeatability (FTP run, 3 times) |

with PN PEMS under threshold of 6E+11 (p/km)
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Offset variation reduction

= «@== Previous circuit

"?n"; ? = = = Improved circuit

& :

o |

e |

fs:’ -81%  Problem Large deviations from PEMS were observed

3 - at very low concentrations because of offset

— i current variation.

a =

g Solution : Improved the PM/PN module circuit.
10 PM/PN sensors G .
Current offset Effect : Offset varlatlgn could be reduced by 81%.
(2 measurements) PM offset noise : < 0.01 mg/m3

PN offset noise : < 5E+04 p/ccm
(In case of particle size 60nm configuration)
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*Damaged

Engine test (pre-DPF and post-DPF)

We performed engine tests to confirm the possibility of pre-DPF
PM and PN measurements.
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- NCEM PM output had good correlation with PM
PEMS
at nre-DPF condition. (R2=0.97)
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—Pre-DPF — After-DPF
50
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T o _
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PM by 68%.

- We confirmed NCEM has the potential for real-time

measurement
of DPF efficiency.
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Next development products

I. PM/PN module for pre-DPF measurements
Pomp capacity is not sufficient for high exhaust pressure

conditions.

II. Mass flow module
To calculate distance specific emissions with NCEM alone.

Il. Other sensors (CO2, etc.)
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sensor signal Upper range Resolution Repeatability
PM/PN PM 50 mg/m3 0.005
(particle size 60nm = 0.001 mg/m3
configuration) +10%

PN 1.0E+8 #/cm3 10000

= 125 p/ccm

NOX NOX 1500 ppm 0.5 ppm
AFR 02 27.7% 0.01%

v NOx performance was good compared with current PEMS.

v PM/PN performance was sufficient to measure concentrations below the emissions
threshold.= NCEM has the potential to be a valuable screening tool.

v In addition, we confirmed NCEM has the potential to be used for measurement of DPF
efficiency.

We expect that NCEM will be a good development tool.



Thank you for your attention.
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