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Sensors
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KEY Features Include: ““ﬁ”#*—-

-

1. Regulatory Compliance 1 «
2. Size, Weight and Power :
3. Ease-of-Use, Fast InstaIIa ' , 1 ;
4. > 7 =
> i-\---!--'-"-- Iiriguration i > A nside —out ) % o~ =
: pport (repair, data proc / e, test I’OU .‘,,S|gn, etc.) \ '
Ny Integration with’ot_ . / 3"d par y o uipment, test cells ‘
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RDE-LC

VERIFYIN

The following criteria are current , D\WProcedures amending Reg
’J., § - - '///"/ 1 H 1
692/2008. For the last 4 years, thi: | ecificz s has been a moving target making it diff

. haust Flow Measure ent/
- GPS, ECU Conneetion, Auxilic
— . i .

, Zero Response, Rise Time, Spa
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Sensers ~ Diffusion Charge Systems
o CPC Based Solutions Other Ma 4 o iy :
PN PE ‘_, NanoMet 3 assists you from engine
¢ .- development to vehicle certification

4 . ~
&
4 » NanoMet3 provides easy and cost-effective access to valuable data such as:
& HORIBA T
=+ Average particle diameter [nm]

Autornotive Test Systems ” . + Calculzted particle mass (mg/m’]

+ Lung deposition surface area (um/cm?) g
Communication -

+ Easy recording on «Secure
Digital Memorycardn

+ 2USBports

+ RS23Z port

+ AOport

+ LAN/Ethemet part

+ WLAN (Optional)

* AK Protocol

Raw data can be stored in internal HD, exported
by SO-card or directly read by a host computer,

* Modular Heated Line (SSr"' ' 4 AJlmlnrl:i'.e
* Primary Diluter (10-20:1 S @/EF‘:I:E;:}LH
* Heated Catalyst(250-30C P h ‘

.
* Secondary Diluter (50-100: ' (L[N
Mixing CPC (n-Butanol)
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o
sensc.)rs PN EU

Regul;*:

@
¢ Total RT< 205 (7)) pammprce
oo EEEcEs
R To Venturi
Dilution air e \
PNC
Full flow PTS
+10% accuracy RTtoPND_1<3s
Top <98 d;, =8 mm
CE,; = 0.50+0.12 Re <1700
CE,,=20.9 |
PND_2 (Not required) Evaporation Tube PND_1
t to PNC <35°C 300-400°C wall temperature | | DF >10

UNECE Reg. 83

no RT restriction

PND_1 t,,,>150°C

30 April 2015

RTto PNC < 0.8 s (d,, 24 mm)

Source - Feasibility study on the extension of
the Real Driving Emissions (RDE)
procedure to Particle Number (PN), JRC 2014
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P4 Technology: -Diffusion Chargers (DC) or
Sensors Condensation Par icle Counters (CPC)

Relationship between active surface area and particle size. From Bau et al.
(2012). /

Size range Authors Type of particle Exponent x in dp "

* Particle Size - CPC dp”0 (CPC) or DC dp”1.4 -

Ku & Maynard (2005) Ag agglomerates =
* Morphology, Existing charge, Di e SiUeted B :
constant ... etc :

20-100 nm Bau etal. (2012) Al
Cu
Fuchs' theory

Jung & Kittelson (2005) r;?)(:"

Poly
\ 100% c
30-150 nm Al
B o Bau et al_ (2012)

———

—
cr ———

H

L

—

o

(|

150% -
Mono

W

LY
AR\

50% o S Ag”
Fuchs' theory

Ku&Maynard (2005) _Ag (sintered + not sintered)
Al*

Cu**

Ag™

Fuchs' theory
Ku (2010) _PSL and DEHS

100-900 nm s
o Fuchs' theory

-100% - 100-520 nm - Bau etal. (2012) .
GMD or dp [nm] Fuchs' theory

\

0%

80-200 nm Bau et al. (2012)

Difference from PMP

-50% -

Source - Feasibility study on the extension of no data above 120 nm, ** no data above 100 nm

the Real Driving Emissions (RDE)
procedure to PartigefNimeer (PN), JRC 2014
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SENSOors SEMTECH PN PEys (with CPC Module)

: /

0| VDC, )
30 x H 180 x D'3

Weight: 15 kg %

Key Components: &

|
i

* PrimaryBiluter (10-20:1

. o;,\~~." 0-300 C]
“._* Secondary Diluter (50-100:1)
»__Mixing CPC (n-Butanol)
COSTAR and SEMTECH RDE/LDV
compatible
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sensgrs Integrated CPC Module

: / —

Internal Pumps (3)

Internal HEPA
Filtration

. 5 ]
A
'
|
% | iy
\ N X
""I i Ry
\ - ]
3 .
i3

Heated Stage 1
Dilution

CPC Module
Heated Catalyst
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Fill / Drain
Butanol
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. Butanol Tank =

Stage 2 Dilution f N
50-100:1 :

2 A Dual Peltier Cooler
o’ ' ‘ N
~ Stage 2 Dilution \ Flow Control,
50-100:1 ¥
7 ,

Critical Orifices

. Opgkates exclusively

12
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Stage 1 Heated Dilution
10-20:1

Tetracontane Removal Efficiency [-]

2

extension of

Li] missiol
Heated Catalyst g CS temperature [°C] ::h RdlDt PgEt cle Nu ml()RDl(EIlN) JRC 2014

- [ 2
250-300 C —
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Laboratory Characterization

Test Set-Up

exXcess
A

Pressurized
air

PN-PEMS

Filter @

eXCeSS

Soot or PAO %
generator a

Picture - Feasibility study on the extension of
the Real Driving Emissions (RDE)
procedure to Particle Number (PN), JRC 2014

30 April 2015

Classifier

— — —! ejector
pump

\ O CPC 3772

Y CPC 3025A
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@ ~Ratic Response Senscrs CPC / TS!
A N A E— |- 7y
— 11 S
Sensors = :
O Aeroso == —— ===
To S Size Classification
@ £ : — —— ——
. Laborato ry =—————— =
Evaluatio eSS e E
\ = = =
\ - - — Particle Sizenm) —— -
Correlation Without Diluter T [
‘\_H 10000 ) - Correlation With Diluter (42:1) -
9000y ¥0.6852x7 6.8012 | EE T [
8000 #=0.9991—_ o Loss correction — #0000 y=0.7617x - 172.53 o — .,
2000 applied during Study-/....;;..-* - — - oo RZ=0.9955 — S — ;
(;OOO %:: : - 1 o ] - o o
. . U 20000
5000 — — T T — - S N o.® - i
J
4000 . § 15000
* Linearity of CPC g -
3000 . Inearity o & 10000 X
2000
L. 5000
1000 -’ oY
d' 0 e
0 0 5000 10000 15000 20000 25000 30000 35000 40000
0 2000 4000 6000 8000 10000 12000 14000 16000
-5000
TSI 3025 TSI 3025
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Environmental Chamber Testing (0-10-20-30-40-30-20 C)

Sensors

o..o.Qo

Environmental Chamber Testing
70.00 1.00E+06
== Chamber Temp Loss of Control

float.CondenserTemp - 9.00E+05
60.00

float.MainBlockTemp

- 8.00E+05 |
float.ButanolTankTemp L

“‘V

Summar! 50.00 Partrile Numher Concentration #/cm3 y

- 7.00E+05

Concentratlon #/cm?,) ‘_// x -~ 6.00E+05
J— _ o~

|
Condenser, Butanol Tank @ 4000 - ———————— ,;_/I.
. S ——
and Maln Chamber % . I L 5.00E+05
5 Setpoints I
remain.controlled over & .00 | Condenser 15C ]
the temperature range a Butanol Tank 38 C i o Amee
0to030C - Main Block 40 C
e 7 000 | - 3.00E+05
. — A ___J/\
Action Item - " " - 2.00E+05
. 10.00
ey e - 1.00E+05
Additional coo — JMUL
required to meet'4 _ 0.00 L Moo et e Sl S 0.00E+00
. oo . 4 10:48 AM 12:00 PM 1:12 PM 2:24 PM 236 PM 448 PM
ambient specification Time

i /
. -
sc?“’*-m.____, - o 30 April 2015 AECC Technical Seminar on Real Driving Emissions (RDE) - Sensors, Inc./Sensors Europe 16
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Dyno Testing

. Data obtained at JRC ISPRA
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Sensors
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- On Vehicle Testing

pe Concentration {3/cm)
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- On Vehicle Testing

-..o..o

'S

6.0E+06

oncentration (3/cm3)

TailPipe ¢

O e ¢

A g

14

=]
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- nii §, bt | NI | Ny
] CPC’s have very large cfynamlc rangeand
| — i} l accuracy: Equivalent to around 25 #/cm3
e
106706 - Il = -
R - 0 - . 0
= 11:16:48 11:19:41 11:28:19
B e i
0.0E+00 S e i 5
-~ 10:00 10:14 10:28 1107 S~——1126
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se nsc.) rs Observations — Against PMP Calibration Protocol

# >

» —
/[ -
0 y ’
V' 4 4

* Absolute losses are on the order of 25%.

e d50 should increase slightly (ca 30nm), because when the pen
is normalized to 1, the d23nm goes >50% and to mgjcch PN stems

* Heated line introduces some losses (10% at 10_0“( _O%at 15 nm).

formance during on-vehicle\tes\ting

e PMP Correlation testing (fu éhicle, cycle etc) On-going.
* Increase cooling in mbient temperature conditions to enable O- Will'investigate further

40 C operaﬁwflﬁcation _
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