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Current problem

eMotor (ECU)
e Tailpipe

GPS

« Different response times

Motor

—— Involves: N  Measurements before and after

0 combustion
Signal — (Caused by:

offsets « Time differences in the
instrument's activation/ start

e Exhaust flow

* Pollutant . .
concentration » Physical distances between
PEMS measurements points
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OBJECTIVE &

* Process measurements realized in vehicles applying different synchronization
methods

 Establish criteria for comparing these synchronization methods

 |dentify the most appropriate and reliable synchronization methods

 Evaluate and identify the effects on the results obtained for emission factors by each

method
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Methodology

Emission
Factors

AN
4 N

AN
. N Maximize R2 C02 CO  NOx
EcoStar parSYNC

. N
GPS  PEMS  OBD Speed

Dynamic W)
I Calculate

determination — Between:

coefficient Fuel flow
rate
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Scope

L m;

Location Vehicle Instruments
« CDMXand Toluca - Heavy - duty * GPS
Mexico  Buses « (OBD
* Bogota - Colombia e Trucks  PEMS

@
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Equipment @)

Table 2. Technical specifications of PEMS used

EcoStar ParSync

Pollutants measured | CO, CO2, NO, NO2 . CO, CO2, NO, NO2

Particles measured - PM, PN
Size (cm) 43.7 x 40.6 x 23.4 12x22x13
Weight (kg) 19.8 4.1
Energy supply 12V Internal, 12V Battery

NO: 0-3000ppm NO: 0-5000ppm

NO2: 0-500ppm NO2: 0-300ppm

Measurement range

C0O2: 0-20% C0O2: 0-20%
CO: 0-8% CO: 0-15%
NO: 0.3ppm NO: 1-2ppm
SEMTECH ECOSTAR Accuracy Par SYNC
Figure 6. PEMS used in México CO2:0.01% CO2:0.3% Figure 7. PEMS used in Colombia
Source: Sensors, Inc. - Innovative Gas Source: https://3datxlCom/parsyncl
Measurement Solutions (sensors- CO:0.001% CO: 0.02%
inc.com)
Exhaust Flow YES NO

1 1
1 1
1 1
1 1
1 1
I I
1 1
T T
I I
1 1
I I
I I
T T
1 1
I I
1 1
I I
1 1
1 1
1 1
I I
1 1
I I
1 1
1 1
1 1
I I
1 1
I I
1 1
1 1
1 1
I I
I I
I I
I I
1 1
1 1
I I
I I
I I
I I
1 1
1 1
I I
I I
I I
| |
1 1
1 1
I I
1 1
I I
1 1
1 1
. .

measurement (EFM)
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Synchronization methods

1. Speed
2. Maximizing R2
3. Dynamic



1. Speed synchronization

@
@ — @

o~
T
o~
=
S v
~
=
I
~
N
S vy

At
Figure 8. Identification offsets between two signals Figure 9. Synchronized signals

Raw Data R?=0.3155 12

Synchronized data  R2-( 7742

®
o~
o
O
0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02
Fuel flow [L/s] Fuel flow [L/s] 9
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2. Synchronization maximizing R2

The signal is shifted while:

2 2
R = R;_4
A A
A UAN ,
_/ : @ X ! Rfax
L §* - f
! t t
At Figure 10. Initial signals Figure 11. Synchronized signals

Synchronized data R2 = 0.7664

12 Raw Data R?=0.3155 12
10 o
— 8 o®
= o
5 §
< 4
2
0 —_—
0 0.005 0.01 0.015 0.02
0 0.005 0.01 0.015 0.02 Fuel flow L/s]
Fuel flow [L/s] It must be done using two physically related 10

A signals, for example: €0, and or CO, and
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3. Dynamic Synchronization —_— ] N

m = pvA Qb

A 4

A

/\ Atyar
/™\
/ K@/\‘RZ Aty = Ateee + Atyarn
| | ! 1 1

1 1 o
t1leslt2 th1 le—sl tho t Atvar = a- m Atyar = ,3 : V
Aty =t; — t, Aty =ty —
Raw Data 2 _
12 R*=0.3155 :
. Synchronized data R? = 0.8019
0.02
X =
b 7]
§ ~ 0.02
3 0.01
E 0.01 |
0 0.005 0.01 0.015 0.02 0L 1'2
Fuel flow [L/s
[ ] -0.01 COZ[%] 11
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Determination coefficients (R2)

Table 3. R2 coefficients obtained by different synchronization methods

CO, vS Myye R’ Original R? Speed R? maxim R? Dyn

ES 1| 018393 0.18684] 07257 07469

ES_2 0.30694| 0.30683 0.6942 0.7193
ES_4 0.7182 0.7147
ES_5 0.4086

EcoStar | ES 6 0.31552
ES_7 0.24503
ES_8 0.31268| 0.35209

FS 9| 0.30164| 0.46341
FS 10| 0.33551| 0.33551
PS 1| 0.30390| 0.30371
parSYNC| PS 2 | 0.28988| 0.28977
PS_3

ES #{=] Data obtained by EcoStar for the trip number #
PS #{=]Data obtained by parSYNCfor the trip number#

12
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Percentual differences probability

cO2 | N
0.8
> —e—Speed
4
= 0.6
el =0—R2 Max
8
=o—Dyn 1.0
e Y 0.4 NOXx h
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Percentual difference
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Percentual differences probability

1.0

CO2

0.8

> —e—Speed
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©
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o
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Percentual differences probability

1.0

cO

0.8

Probability

-16% 11% 6% -1% 4% 9%
Percentual difference
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Percentual differences probability

NOXx 1.0

Probability

16% 11% 6% -1% 4% 9%
Percentual difference
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Preliminary Conclusions

e Synchronization methods do affect the results obtained for
emission indexes, with differences of up to 10% between each
method analyzed.

* Preliminary results indicate that dynamic synchronization is likely
to be the most reliable method.

* The most sensitive pollutant to the methods has been NOx, more
analysis is required to establish if this is a repetitive behavior.

18
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Future Work

* Obtain results for all measurements realized with

I
parSYNC. i/-w—\g
&

* |[dentify and evaluate more refined interpolation
methods for dynamic synchronization.

 Interpret the differences found between the \E /
results and their effects on the determination of & a2 - &Jﬂb
environmental performance.

19
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Literature review

A PEMS study of the emissions of gaseous

Reference
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natural gas refuse trucks
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Vehicles evaluated

Table 1. Technical specifications of vehicles evaluated

México Bogota
Size(m) 12.85 x 3.6 x 2.6 7.425 x2.2x2.5
. 49 Passengers @
Capacity 2100kg 5000-8000kg
Fuel Diesel Diesel
Curb vehicle
weight(kg) 13850 10400

comimins M 425 1suzy 4nk1-Tec,
cyIinaers, "84 4 cylinders, 5.2L,

2102 Nm ratio17.5, 187HP,
509.95Nm
Tires 305/75/R24.5 235/75/R17.5
Model 2012-2014 2022
e Er?ﬁi'ﬁ:o‘fé’;';m' USEPA 2004 EURO IV . . . .
Figure 4. Vehicle evaluated in Mexico Particle filter NO i Figure 5. Vehicle evaluated in Colombia
Source:https:/movilbus.blogspot.com/2011/07/buss EGR VES VES Source:https://www.ayuramotorchevrolet
car-visstabuss-elegance-360.html .colvehiculos/chevrolet-frr-forward
DOC NO YES
SCR NO -
Frontal Area (m2) 8.47 -
Drag coefficient 0.64 -
Rolling re.5|§'rance. 0.06
coefficient -

Motivation | Objective | Materials and Methods | Partial Results | Conclusions



Em iSSion fa Ctors CO2 3 o B RawData W Speed Sync B Max R2 Sync M Dyn Sync

WO
N
[oe elie]
m&ﬁﬂ
©
g o of
— L v
ey
oY
HoH
™
0o o SO e 8
RN o 500 g%@ﬁ ODSS o s
NBO | 832N | o 985T a0 | on, | 3353 5eo®
0ol ANOS | oD | ©oNIn 0038 NS | SO 88%8 @00
QOAgq | 00 @@Nw NN ©OwR 06 | 000 fipre X
ONAIN ™~ et OONN 632
eI~ Q0o BB~ @wng
—_
c 10
-
AV g ©
~ o )]
) B | B %
s 2 MR
©ON ~ N
= =i o™
(@) — foHio)
+— QR
= A
LQ ES 1 ES_2 ES_4 ES_5 ES_6 ES_7 ES_8 ES_9ES_10PS_1 PS_2 PS_3
C
%)
% CO
€ o | g 32 o 32 =
™ © | mmn ©ci o9 I
N B8 o 8%®$ IR | 99LL | NNm© | IN o | OO ooﬁ'N NG
{ ) oM [To]¥e] B o< ™ i @ N ~o [{e]le}
L O oog— LDLOOOLD GoRw | %0 NNoN | 555 '-“'-""“ NNG® | GO !
500 ﬁﬁﬁm = mmvm mmvm vam mmmm “ ‘ “ ‘
PS_1 PS_2

N, Te}
00 o o <+ ~c0)
1000 oL O ~ T}
i = NN -
w‘mN mm”m ~ SY¥-o | 99Ny | AN S priwle]
©Ln PO RN NGBS MR
SR ) O Bhen €8N 00 N

©
g ®
PR
Soes
ES_ 1 ES_2 ES_4 ES_5 ES_6 ES_7 ES_8 ES_9 ES_10 _ PS_3
qw‘\'“’ N(\ﬁ: §§§§ <r:\|<,. §§Nm §$§$ mmNN
QBT F&:'r%

ES 1 ES 2 ES 4 ES 5 ES 6 ES 7 ES 8 ES_ 9ES_10PS_1 PS 2 PS_3

Motivation | Objective | Materials and Methods | Partial Results | Conclusions



B Dyn Sync

SGTY6 I
T9ZV6 I——
81298 I
G9G°//8 I

¢/'98¢T I ——
0G°¢SCT I

68°0CTT
0G'CGCT

B Max R2 Sync

OC V2ot I ——
6T'GEOT I
Y2 ocyT I

TG 778G |

¢G'006 I
€2.°006 I
/T8'6S8 I
/T8'658 I

M Speed Sync

TO'00/ N
€65°00, N
6595799 I
jelojepeicien |

B RawData

YT'EV8 I
€EE'CA8 I
¢SL'TT8 I
6/.°TT8 I

Or'7¢. I
¢92'8Z/ IN———
T/€°689 I
G0€'689 I

CO2

8Y'66. II—
TOC'V18 I ——
7€0'89/. I
Y67'89/. I

CSVT/. ——
TV LT/, —
9/'T89 I
9/'T89 I

L2°/8/ —
C8'66/ I —
1009/ I
9¢'09/ I

80'978 I
8T'G98 I
TC' /28 I
G2'/28 I

factors

LT'2C/. I——
9C'V¢/. I
07289 I
98'989 I

ission

(W /B)s10100) UOISSILIT

Em

PS_2

PS_1

ES_10

ES_9

ES_8

7

ES

6

ES

5

ES

ES_4

ES_2

ES_1

Conclusions

Partial Results

(72]
=]
o
i
Jr—
(e5)
=
=)
c
©
i
(4°)
=
(«b)
-
(1°)
=

Objective

Motivation




B Dyn Sync

B Max R2 Sync

M Speed Sync

B RawData

factors

ission

Em

CO

(W /B)s10100) UOISSILIT

GE'CT I
Pyl
€6'TT I
OT'¢T I

2

PS

1

PS

ES_10

ES_9

8

ES

7

ES

ES_6

ES_5

ES_4

2

ES

Conclusions

Partial Results

(72]
=]
o
i
Jr—
(e5)
=
=)
c
©
i
(4°)
=
(«b)
-
(1°)
=

Objective

Motivation




B Dyn Sync

75’9 I

68T'S I
852’90 I
7829 I

Ve LT I ——
L6ZVT I——
S62' 7T I
OGT LT

B Max R2 Sync

TO6T I
SYCoT I——

806 0T |
GOY G

92’9 I

VLTS I
50’9 I
¢S0'9 I

M Speed Sync

¢E'S I

C6EY N
9€2'S I
6v¢’'S I

B RawData

9T'9 I

8ET'S NI
0S6'S I
0S6'S I

NOX

€T'S I

CrC'y I
CT6'7 I
176’7 I

9C'S I

€67’V I
122'S I
9¢¢'S I

or'S I

Ea
€0S'S I
€0€'S I

9/'S I

IZ7a.
EVS'S I
PSS I

9SG I

6<8'7 I
769G I
G69'G I

0T'S I

V6TV I
9€6'V I
SE6'Y I

factors

ission

(W /B)s10100) UOISSILIT

Em

PS

2

PS

1

PS

ES_10

ES_9

ES_8

7

ES

6

ES

ES_5

ES_4

2

ES

1

ES

Conclusions

Partial Results

(72]
=]
o
i
Jr—
(e5)
=
=)
c
©
i
(4°)
=
(«b)
-
(1°)
=

Objective

Motivation




