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» Executive Summary

 Introduction

e Problem Statement and Solutions

« System Requirements and Validation
» System Analysis

 System Design

e Simulation

« System Integration and Testing
 Validation

e Conclusion and Lessons Learned
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Mid 1990s Honda C32A Engines
Fuel Economy
Increased Power
No aftermarket programs available
Start from Scratch

» Wanted to see if it could be done!
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[
Project: C32A ECM Modification
Revision: 4
Date: 20-Apr-16

irement Data
Requiremaont Type Should
Tha systom shall incroase the H P of the CI2A Acura engine Test 15-Apr-15
Operational [The system shall increase the torgue of the C32A Acura engine Test 15-Apr 16
Operational The system shall not change nonmal amissions of the G324 Acura engine Test 16-Ape-16
Oparaticral Tha system should increase the el eficiency of the CI2A Acura engme Damonstration

Varitication
Method -

Operaticnal The system shall not change the shat controls of the C32A Acura transmission| Demonstration

Funchonal The systern shall control the Fuelifur rabio of the CI2A Acura engine Test
Funchional Tha systam shall control the kgniian Teming of the CI2A Azura anging Test
Functional The system shall read the engine RPM from the ECM Tast
Functicnal [Tho systom shall read the engine 1emperaturs from the ECM Tost

Functional The system shall read the engine thiottle posation fom the ECM Test

Funchonal The systern shall read the engine mass ar flow sensor from the ECM Test
Fareemance The system shall not hinder the vehicle's normal ECM processing speed Test
Performance The system shall not hinder the vehicke's normal ECM functionality Test
Parfoemancs [Tha eystem should incraase the Suel sMiciency by %15 Tast 16-Apr-16
Padoemance [Tha system should increass HP by %10 Tast

Peformance The system should increase torque by % 10 Test

Physacal The syster shall cccugy the same amount of memory as the stock code Inapection

Physscal Tha system shall replace stock ECM PROM with remevabls PROM Inspacticn
E I |he system shall run at % up to 130T [
Emironmantal | The systam shall run at temparatures down to -20°F Demanstration

Emaronmental The system shall function in normal automotee SV conditions Demonstration
The system should be able 1o be implamanted mo all CIZA Acura sgine
ECMs

Emarenmensal Demansiration

10/12/2016



10/12/2016

REQUIREMIENT 4

The system should increase the
fuel efficiency of the C32A Acura
engine.

Fuel Economy Tests
Test Run Gas Usage Miles Driven Miles/Gallon
Stock 1.4 31 22.14285714
Modified 0.9 30.95 34.3BEB888E9

Difference: 12.24603175

PROJECT DESIGN &
IMPLEMENTATION

 ECM disassembly

* De-soldering PROM chip

» Soldering new socket in place

* Programming stock calibration
onto new PROM chip
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SOFTWARE DESIGN &
IMPLEMENTATION
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STOCK ECM PROM
CALIBRATIONS

FUEL MAP 1 - PART THROTTLE

Fuel Injector Pulse Width (uS)

Throttle Position (%) e : s Engine RPM

Inj.P.W.= f(T.P%/RPM)
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FUEL MAP 2 — PART THROTTLE
EGR ACTIVE

FUEL MAP 3 - Pan Thionss, EGR Attive

Fuel Injector Pulse Width (uS) _

Throttle Position (%) e - Engine RPM

Inj.P.W.= f(TP%/RPM)

FUEL MAP 3 - POWER ENRICHMENT &
WIDE OPEN THROTTLE

FUEL MUP 1 - Pewar Ensichmant and WOT

Fuel Injector Pulse Width (uS)

Throttle Position (%) = .. = 7 Engine RPM

Inj. P.W.=f(T:P%/RPM)
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IGNITION TIMING TABLE 1 - MAIN

Throttle Position (%) B, G Al Engine RPM

I.T.= f(T.P%/RPM)

IGNITION TIMING TABLE 2 - EGR ACTIVE

Ignition Timing Table § EGR Active

Throttle Position (%) . " .- e ~  Engine RPM

I.T.= f(T.P%/RPM)
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MODIFIED ECM PROM
CALIBRATIONS

FUEL MAP 1 - PART THROTTILE

Throttle Position (%)  * -+ ~  Engine RPM

Inj.P.W.= f(T.P%/RPM)
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FUEL MAP 2 — PART THROTTLE
EGR ACTIVE

FUEL MAP 7 - Part Throttle, EGR Active

Fuel Injector Pulse Width (uS)

Throttle Position (%) - Engine RPM

Inj. P.W.=f(T:P%/RPM)

FUEL MAP 3 - POWER ENRICHMENT &
WIDE OPEN THROTTLE

FUEL MAP 3 - Power Enrichment and WOT

Fuel Injector Pulse Width (uS)

Throttle Position (%) -~ - . : Engine RPM

Inj.P.W.= f(T.P%/RPM)
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IGNITION TIMING TABLE 1 - MAIN

Throttle Position (%) T Engine RPM

I.T.= f(T.P%/RPM)

IGNITION TIMING TABLE 2 - EGR ACTIVE

gniticn Timing Table 2EGR Astive
Ignition Timing (degrees)

Throttle Position (%) *° Engine RPM

I.T.= f(T.P%/RPM)
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DIFFERENCE IN FUEL MAPPING

Fuel Injector Pulse Width (uS)

Throttle Position (%) = = = . “ ™ Engine RPM

DIFFERENCE IN MAIN IGNITION TIMING

Ignition Timing Table 1 Main

Fuel Injector Pulse Width (uS)

Throttle Position (%) =~ .. . Engine RPM
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DIFFERENCE IN IGNITION TIMING
EGR ACTIVE

Fuel Injector Pulse Width (uS)

Throttle Position (%) T e ' Engine RPM

SYSTEM
INTEGRATION
& TESTING
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 BACKFEEDING ECM PNS
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CONCLUSION

e Success!

 Increased Fuel Efficiency
 Increased Engine Power

* Project Went Smoothly the Whole
Way Through

 Lessons Learned

Fuel Economy Tests
Test Run GasUsage MilesDriven Miles/Gallon
Stock 1.4 31 22.14285714
Modified 0.9 30.95  34.38888889

Difference: 12.246023175
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AMBIENT AIR TEMP.
STOCK CAL. - BLUE
MOD. CAL. - RED

VEHICLE SPEED
STOCK CAL. — BLUE
MOD. CAL. - RED
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ENGINE RPM
STOCK CAL. — RED
MOD. CAL. - BLUE

! Lmq' WMW :';:% |

THROTTLE POSITION
STOCK CAL. — BEUE
MOD. CAL. - RED
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ENGINE COOLANT TEMP.
STOCK CAL. — BLUE
MOD. CAL. - RED
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QUESTIONS?
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