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Road test (PEMS):
$250k_170kg
Less accurate (than CVS)
Road_weather
Complexity

. . Road test (mini-PEMS)
Road drive Road drive $40k_40kg (sensor_based)
L e e - | Less accurate (than PEMS)

{ . : y for mass/distance
Self_simulation test (cell_dyno_CVS_bench):

|
Controlled initial_boundary condition & method (CFR) :
Good accuracy_repeatability (batch only) :

Long history Cert & In-use test database [
Emission control dynamic behavior not recorded :
Lack of road drive reality & ' :

Real road drive:

Self_simulation Road test (SD):
test (...+ SD): $10k_Tkg
Sensor_accuracy
D ari CVS + Control dynamig ANN* — control quality
no arive behavi fr ‘
Y ehavior_re Plus road drive Simplicity & real world

Mass/distance measurement accuracy: CVS_bench > PEMS_bench > miniPEMS_sensor
Bench analyzers are not easily applied to road drive test
Sensors' accuracy is worse than bench but great to describe control behavior & (ANN) predict state-space* & NH; index

ECM “QBF”

Sensors Inc. EOL Tester



1 MPH OVER THE LIMIT?







DO WE NEED A 1066 LAB TO FIND THIS?
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Emissions Report

Vehicle Description Fuel Spec Cert Bin Drive Cycle Score
Make Chevrolet Ethanol 9% T3B50 -
Maodel 1500 Stoich 1414 1
Year 2022 Weakest Element
VIN
OBD Check Drive Cycle Validity
Mileage 11310 MIL OFF Cold Start 0K
Note SEMA Garage CCM Urban Distance oK
Fuel Sys. Hwy Distance oK
o2 Stops Fail
Catalyst
Misfire
Bvap
"u"S{I-cm)ll h)
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Cert. Emissions Bin




Mini-PEMs vs Cert Bin

Cert. Emissions Bin




TIERED INSPECTION
SCRUTINY
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FORENSIC
INVESTIGATION
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Misfire DTCs

Q\(} Etf .“ft._; $ General Aiflow
p In Rate i DTC | Description
-] Temperature Control P0137 | 02 Circuit Low Vokage (Bank 1, Sensor 2)
£-7] catalyst Protection P0138 | 02 Circuit High Voltage (Bank 1. Sensor 2)
; : nable PO13A | 02 Sensor Slow Response - Rich to Lean (Bank 1and Sensor 2)
* Lean / Fuel-saving
iy Sip'ark P013B | 02 Sensor Slow Response - Lean to Rich (Bank 1, Sensor 2)
e =] Advance P013C | 02 Sensor Slow Response - Rich to Lean (Bank 2, Sensor 2)
¥ Retard P013D| 02 Sensor Slow Response - Lean to Rich (Bank 2, Sensor 2)

¥ Torque Management
-l.%n Engine Diagnostics
) Airflow
--=| Throttle Position Sensor
12 P2101 Throttle Error Positive
12 P2101 Throttle Error Negative
= Mass Airflow Ssensor
12 PO101, P0O106, P0121 Perf Test - Min ECT
12 PO101, PO106, PO121 Perf Test - Max ECT
+-=] manifold Absolute Pressure Sensor
¥ Airflow correlation
S Misfire
= Cylinder Mode
Fmisfire cylinder Mode Event Time - Idla™s
T misfire cylinder Mode Event Times®™ Normal

J-{0) DTCs
= List
+ Transmission

P013E | 02 Sensor Delayed Response - Rich to Lean (Bank 1 Sensor 2)
P013F | 02 Sensor Delayed Response - Lean to Rich (Bank 1 Sensor 2)
P0141 | 02 Heater Circuit (Bank 1, Sensor 2)

P014A | 02 Sensor Delayed Response - Rich to Lean (Bank 2 Sensor 2)
P014B | 02 Sensor Delayed Response - Lean to Rich (Bank 2.Sa¥isor 2)
P0151 | 02 Circuit Low Viokage (Bank 2, Sensor 1)

P0152 | 02 Circuit High Voltage (Bank 2¢8Ensor 1)

P0153 | 02 Circuit Slow Raggfise (Bank 2, Sensor 1)

P0155 | 02 He=4g#Circuit (Bank 2, Sensor 1)

PO15399%5 £ Circuit Low Voltage (Bank 2. Sensor 2)

P0158 | 02 Circuit High Voltage (Baok 200080 2)

H P0O15A | 02 Sengew@¥iayed Response - Rich to Lean (Bank 1 Sensor 1)
ru15B | 02 Sensor Delayed Response - Lean to Rich (Bank 1 Sensor 1)

” | PO1RC O3 Lo s Sl SN Sc - icn 10 Lean (Bank 2 Sensor 1)

P015D | 02 Sensor Delayed Response - Lean to Rich (Bank 2 Sensor 1)

P0161 | 02 Heater Circutt (Bank 2. Sensor 2)
PN171 | Sustem Tnn | ean (Rank 11

|FOR OFF ROAD USE ONLY!

I[ECM] 50 - Master DTC List: Tampering with emissions control devices can be illegal. Please check your local laws as well as EPA rules and regulations for legal
|modffication. Disabling emissions controls should be used on off road use only vehicles. It is illegal to modify diagnostic test results in order to pass emissions testing.
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"Nc Emor Reported
MIL on Second Ermor

No Emor Reported
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Input

B Unimportant Important

Results

“What does CLEAN look like?”

B Unimportant Important
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CHALLENGES FOUND IN EARLY MINIPEMS TESTING

Testing Noise Factors Match Real World Usage
(Nobody actually drives the cycle!)

®* Weather Changes
s Trafflc

Y



CHALLENGES CONT’D...

to Access

Barriers

® Cost




CHALLENGES CONT'D...
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Random Fuel Quality oo Wi

® Local Blends
* Summer /Winter Blend

* Ethanol Content




CHALLENGES CONTD...
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Sensing Limits
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®* NOx Sensor Warmup Drift
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* Ammonia vs NOx? .
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* Potentially Long F i



CHALLENGES CONT’D...

I

Exhaust Leaks are Inevitable

®* Weep Holes
®* Open Exhaust Tips

® Joint Leaks

- |e Tube Reversion

.



CHALLENGES CONT’D...
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ECU Connectivity for ModeS01 data
® CAN Channel vs Generic OBD —
® Unique Channel IDs per OEM ,»» |

®* Need to Connect Prior to Test . \

®* Unavailable Channels
—— Narrow/Wideband 02

sing Vehicle Speed PID




Cumulative Emissions
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DYN‘AMOMETER




Baseline

Final
Test
Result
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CASE STUDY — MODIFIED CORVETTE

2009 6.2L Manual Transmission

* Aftermarket Turbochargers

®* 3WC Retained, Relocated

Larger Cam, Ported Heads
Flex Fuel

ECU Recalibration

Mini-PEMSs vs Cert Bin

Mini PEMS Overall Score




CASE STUDY — MODIFIED MIATA

2013 2.0L Manual Transmission

* Aftermarket Turbocharger

®* 3WC Retained, Relocated

* Unmodified Long Block A-H-e r /'.7

® 91 Octane Fuel
® ECU Recalibration
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Superchargers

CARB EO# D-231-31
The Whipple Supercharger kits listed below, if installed per
Whipple’s specifications, meets California and Federal emission
requirements in all 50 states. California Air Resource Board
Executive Order # D-231-31.

‘mnm,-.(,_%_____,-
= . FORD KIT NUMBERS
4 ) = WIK-5.4L-4VGT WIK-5.4L-4VGT500




JUST LEAVE ME
ALONE; OKAY?2




CONTRIBUTIONS
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® On-site and Virtual Training

® Emissions/Performance Consulting
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