DESIGNING AND TUNING HIGH PERFORMANCE FUEL INJECTION
SYSTEMS

DESIGNING AND TUNING HIGH PERFORMANCE FUEL INJECTION SYSTEMS IS A CRITICAL PROCESS FOR ACHIEVING OPTIMAL ENGINE
EFFICIENCY, POWER OUTPUT, AND EMISSIONS CONTROL IN MODERN INTERNAL COMBUSTION ENGINES. THESE SYSTEMS PLAY A
PIVOTAL ROLE IN DELIVERING PRECISE AMOUNTS OF FUEL AT THE RIGHT TIME AND UNDER VARYING CONDITIONS, ENSURING
SUPERIOR COMBUSTION AND PERFORMANCE. MASTERY OF FUEL DELIVERY DYNAMICS, INJECTOR SELECTION, CONTROL STRATEGY,
AND CALIBRATION TECHNIQUES IS ESSENTIAL FOR ENGINEERS AND TUNERS WORKING ON HIGH-PERFORMANCE APPLICATIONS. THIS
ARTICLE EXPLORES THE KEY PRINCIPLES, COMPONENTS, AND METHODOLOGIES INVOLVED IN DESIGNING AND TUNING THESE
ADVANCED FUEL INJECTION SYSTEMS. T OPICS INCLUDE SYSTEM TYPES, INJECTOR TECHNOLOGY, FUEL MAPPING, SENSOR
INTEGRATION, AND DIAGNOSTIC TOOLS. UNDERSTANDING THESE ELEMENTS ENABLES THE CREATION OF FUEL INJECTION SYSTEMS
THAT MEET STRINGENT PERFORMANCE DEMANDS AND ADAPT TO DIVERSE OPERATING ENVIRONMENTS.
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FUNDAMENTALS OF HIGH PERFORMANCE FUEL INJECTION SYSTEMS

HIGH PERFORMANCE FUEL INJECTION SYSTEMS ARE ENGINEERED TO DELIVER FUEL PRECISELY AND EFFICIENTLY TO AN ENGINE’S
COMBUSTION CHAMBER. UNLIKE CONVENTIONAL CARBURETORS, FUEL INJECTION SYSTEMS USE ELECTRONIC CONTROLS TO
REGULATE FUEL DELIVERY BASED ON REAL-TIME ENGINE PARAMETERS. THIS PRECISION ALLOWS FOR IMPROVED POWER OUTPUT,
FUEL ECONOMY, AND EMISSIONS CONTROL. DESIGNING AND TUNING HIGH PERFORMANCE FUEL INJECTION SYSTEMS INVOLVES
UNDERSTANDING THE UNDERLYING PRINCIPLES OF FUEL ATOMIZATION, INJECTION TIMING, AND MIXTURE FORMATION.

INJECTION METHODS

SEVERAL INJECTION METHODS EXIST, INCLUDING PORT FUEL INJECTION (PFI), DIRECT INJECTION (DI), AND DUAL INJECTION
SYSTEMS. PORT FUEL INJECTION SPRAYS FUEL INTO THE INTAKE MANIFOLD OR PORT, FACILITATING BETTER MIXING BEFORE
ENTERING THE COMBUSTION CHAMBER. DIRECT INJECTION INJECTS FUEL DIRECTLY INTO THE COMBUSTION CHAMBER, OFFERING
SUPERIOR CONTROL OVER FUEL DELIVERY AND COMBUSTION CHARACTERISTICS. DUAL INJECTION COMBINES BOTH APPROACHES
TO OPTIMIZE PERFORMANCE ACROSS DIFFERENT OPERATING CONDITIONS.

FUEL ATOMIZATION AND SPRAY PATTERNS

EFFECTIVE ATOMIZATION IS ESSENTIAL FOR COMPLETE COMBUSTION. HIGH PERFORMANCE INJECTORS PRODUCE FINE FUEL
DROPLETS WITH CONSISTENT SPRAY PATTERNS, ENHANCING VAPORIZATION AND MIXTURE UNIFORMITY. THIS LEADS TO FASTER
COMBUSTION, INCREASED POWER, AND REDUCED EMISSIONS. INJECTOR NOZZLE DESIGN AND OPERATING PRESSURE ARE CRITICAL
FACTORS INFLUENCING ATOMIZATION QUALITY.



Key COMPONENTS AND TECHNOLOGIES

THE DESIGN OF A HIGH PERFORMANCE FUEL INJECTION SYSTEM INCORPORATES MULTIPLE COMPONENTS WORKING IN HARMONY.
THESE INCLUDE FUEL INJECTORS, FUEL PUMPS, ELECTRONIC CONTROL UNITS (ECUS), SENSORS, AND FUEL RAILS. EAcH
COMPONENT CONTRIBUTES TO THE SYSTEM’S OVERALL PRECISION AND RESPONSIVENESS.

FUEL INJECTORS

FUEL INJECTORS ARE PRECISION DEVICES RESPONSIBLE FOR DELIVERING FUEL IN CONTROLLED QUANTITIES. HIGH PERFORMANCE
INJECTORS FEATURE SUPERIOR FLOW RATES, RAPID RESPONSE TIMES, AND DURABLE CONSTRUCTION TO WITHSTAND HIGH
PRESSURES AND TEMPERATURES. SELECTING THE CORRECT INJECTOR SIZE IS FUNDAMENTAL TO MATCHING FUEL DEMAND ACROSS
THE ENGINE’S OPERATING RANGE.

ELecTroNic ConTroL UNiT (ECU)

THe ECU MANAGES FUEL INJECTION TIMING AND DURATION BY PROCESSING INPUT FROM VARIOUS SENSORS SUCH AS THROTTLE
POSITION, ENGINE SPEED, AIR MASS, AND OXYGEN LEVELS. AbvANCED ECUs ENABLE PROGRAMMABLE FUEL MAPS AND ADAPTIVE
TUNING, ALLOWING FOR TAILORED PERFORMANCE CHARACTERISTICS AND REAL-TIME ADJUSTMENTS.

SENSORS AND FEEDBACK SYSTEMS

SENSOR FEEDBACK IS VITAL FOR CLOSED-LOOP CONTROL OF FUEL INJECTION. OXYGEN SENSORS MONITOR EXHAUST GASES TO
MAINTAIN OPTIMAL AIR-FUEL RATIOS, WHILE MANIFOLD ABSOLUTE PRESSURE (MAP) AND MASS AIRFLOW (MAF) SENSORS
PROVIDE DATA ON ENGINE LOAD AND AIR INTAKE. TEMPERATURE SENSORS AND CRANKSHAFT POSITION SENSORS FURTHER REFINE
INJECTION TIMING AND QUANTITY.

SvysTEM DesiGN CONSIDERATIONS

DESIGNING HIGH PERFORMANCE FUEL INJECTION SYSTEMS REQUIRES CAREFUL CONSIDERATION OF ENGINE SPECIFICATIONS,
OPERATING CONDITIONS, AND PERFORMANCE GOALS. BALANCING FUEL DELIVERY, RESPONSE TIME, AND DURABILITY IS PARAMOUNT
TO CREATING AN EFFECTIVE SYSTEM.

INJECTOR S1ZING AND FLOW RATE

PROPER INJECTOR SIZING ENSURES THAT THE FUEL SYSTEM CAN MEET PEAK ENGINE DEMANDS WITHOUT CAUSING LEAN OR RICH
CONDITIONS. FACTORS INFLUENCING INJECTOR SELECTION INCLUDE ENGINE DISPLACEMENT, MAXIMUM HORSEPOWER, BOOST
PRESSURE, AND FUEL TYPE. OVERSIZED INJECTORS CAN CAUSE DRIVABILITY ISSUES, WHILE UNDERSIZED UNITS LIMIT PERFORMANCE
POTENTIAL.

FUEL PreSSURE AND DELIVERY

MAINTAINING CONSISTENT FUEL PRESSURE IS CRITICAL TO INJECTOR PERFORMANCE. FUEL PUMPS AND REGULATORS MUST
SUPPORT THE REQUIRED FLOW RATES AND PRESSURE STABILITY. HIGH PRESSURE FUEL RAILS ARE OFTEN USED IN DIRECT INJECTION
SYSTEMS TO ACHIEVE OPTIMAL ATOMIZATION AT ELEVATED PRESSURES.

ENGINE CALIBRATION AND FUEL MAPPING

FUEL MAPS DICTATE THE INECTOR PULSE WIDTH AND TIMING ACROSS VARIOUS ENGINE LOADS AND RPM RANGES. DESIGNING



THESE MAPS INVOLVES ANALYZING ENGINE BEHAVIOR UNDER DIFFERENT CONDITIONS AND ADJUSTING FUEL DELIVERY TO OPTIMIZE
POWER, EFFICIENCY, AND EMISSIONS. CALIBRATION MUST ACCOUNT FOR TRANSIENT CONDITIONS SUCH AS ACCELERATION AND
DECELERATION.

TUNING TECHNIQUES FOR OPTIMAL PERFORMANCE

TUNING HIGH PERFORMANCE FUEL INJECTION SYSTEMS DEMANDS PRECISE ADJUSTMENTS TO FUEL DELIVERY PARAMETERS TO
MAXIMIZE ENGINE OUTPUT WHILE MAINTAINING RELIABILITY AND EMISSIONS COMPLIANCE. EFFECTIVE TUNING ENHANCES THROTTLE
RESPONSE, POWER DELIVERY, AND FUEL EFFICIENCY.

STATIC AND DYNAMIC TUNING

STATIC TUNING INVOLVES SETTING BASE FUEL MAPS AND INJECTOR PARAMETERS UNDER CONTROLLED CONDITIONS, OFTEN USING
DYNAMOMETER TESTING. DYNAMIC TUNING ADJUSTS FUEL DELIVERY IN REAL-TIME BASED ON SENSOR INPUTS AND DRIVING
CONDITIONS, UTILIZING ADAPTIVE STRATEGIES AND CLOSED-LOOP FEEDBACK.

AIR-FUEL RATIO MANAGEMENT

MAINTAINING THE IDEAL AIR-FUEL RATIO (AFR) IS ESSENTIAL FOR COMBUSTION EFFICIENCY. HIGH PERFORMANCE ENGINES
TYPICALLY OPERATE NEAR STOICHIOMETRIC OR SLIGHTLY RICH CONDITIONS FOR MAXIMUM POWER. W/ IDEBAND OXYGEN SENSORS
PROVIDE ACCURATE AFR MEASUREMENTS DURING TUNING, ENABLING PRECISE ADJUSTMENTS.

IGNITION TIMING COORDINATION

FUEL INJECTION TIMING MUST BE COORDINATED WITH IGNITION TIMING TO OPTIMIZE COMBUSTION. ADVANCED TUNING STRATEGIES
SYNCHRONIZE INJECTOR PULSES WITH SPARK EVENTS, IMPROVING COMBUSTION SPEED AND REDUCING KNOCK TENDENCIES. THis
COORDINATION |S ESPECIALLY IMPORTANT IN FORCED INDUCTION AND DIRECT INJECTION ENGINES.

DiaGgNosTIC AND CALIBRATION TooLs

MODERN HIGH PERFORMANCE FUEL INJECTION SYSTEMS RELY ON SOPHISTICATED DIAGNOSTIC AND CALIBRATION TOOLS TO ENSURE
PROPER FUNCTION AND FACILITATE FINE-TUNING. THESE TOOLS ENABLE DETAILED ANALYSIS AND REAL-TIME ADJUSTMENTS.

ENGINE MANAGEMENT SOFTWARE

SPECIALIZED SOFTWARE PLATFORMS ALLOW ENGINEERS AND TUNERS TO MODIFY FUEL MAPS, INJECTOR PARAMETERS, AND SENSOR
CALIBRATIONS. THESE PROGRAMS OFTEN INCLUDE SIMULATION FEATURES, DATA LOGGING, AND ERROR CODE ANALYSIS TO
STREAMLINE THE TUNING PROCESS.

DATA LOGGING AND ANALYSIS

DATA LOGGING CAPTURES REAL-TIME ENGINE PARAMETERS SUCH AS FUEL FLOW, AFR, BOOST PRESSURE, AND TEMPERATURE.
ANALYZING THIS DATA HELPS IDENTIFY PERFORMANCE BOTTLENECKS, DETECT FAULTS, AND VERIFY TUNING ACCURACY. HiGH
RESOLUTION DATA ENABLES ITERATIVE IMPROVEMENTS TO THE FUEL INJECTION SYSTEM.



ON-Boarp DiagNosTics (OBD)

OBD SYSTEMS PROVIDE CONTINUOUS MONITORING OF FUEL INJECTION COMPONENTS AND SENSOR OUTPUTS. DIAGNOSTIC
TROUBLE CODES (DTCS) ASSIST IN IDENTIFYING MALFUNCTIONS AND ENSURING SYSTEM RELIABILITY. INTEGRATION WITH ECU
SOFTWARE FACILITATES SEAMLESS TROUBLESHOOTING AND MAINTENANCE.

o [UNDERSTAND FUNDAMENTAL FUEL INJECTION PRINCIPLES

® SELECT APPROPRIATE INJECTORS AND COMPONENTS

® DESIGN FUEL DELIVERY SYSTEMS TAILORED TO ENGINE DEMANDS
® EMPLOY ADVANCED TUNING METHODS FOR PRECISION CONTROL

® UTILIZE DIAGNOSTIC TOOLS FOR SYSTEM OPTIMIZATION

FREQUENTLY ASKeD QUESTIONS

\W/HAT ARE THE KEY COMPONENTS OF A HIGH PERFORMANCE FUEL INJECTION SYSTEM?

THE KEY COMPONENTS INCLUDE FUEL INJECTORS, FUEL PUMP, FUEL PRESSURE REGULATOR, ECU (EnaINE ConTROL UNIT),
SENSORS (SUCH AS OXYGEN AND AIRFLOW SENSORS), AND FUEL RAILS. EACH PLAYS A VITAL ROLE IN DELIVERING PRECISE FUEL
AMOUNTS FOR OPTIMAL ENGINE PERFORMANCE.

How DOES FUEL INJECTOR SIZING AFFECT PERFORMANCE IN A HIGH PERFORMANCE FUEL
INJECTION SYSTEMP

PROPER INJECTOR SIZING ENSURES THE ENGINE RECEIVES THE CORRECT AMOUNT OF FUEL AT VARIOUS OPERATING CONDITIONS.
OVERSIZED INJECTORS MAY CAUSE POOR FUEL ATOMIZATION AND DRIVABILITY ISSUES, WHILE UNDERSIZED INJECTORS CAN LEAD
TO FUEL STARVATION AND REDUCED POWER.

WHAT TUNING STRATEGIES ARE COMMONLY USED FOR OPTIMIZING FUEL INJECTION
TIMING?

COMMON TUNING STRATEGIES INCLUDE ADJUSTING INJECTOR PULSE WIDTH, FUEL CUT-OFF POINTS, AND USING CLOSED-LOOP
FEEDBACK FROM OXYGEN SENSORS TO REFINE FUEL DELIVERY. ADVANCED SYSTEMS MAY INCORPORATE TRANSIENT FUELING
CORRECTIONS AND ADAPTIVE LEARNING FOR REAL-TIME OPTIMIZATION.

How DOES FUEL PRESSURE INFLUENCE THE PERFORMANCE OF A HIGH PERFORMANCE FUEL
INJECTION SYSTEM?

FUEL PRESSURE DIRECTLY AFFECTS THE INJECTOR FLOW RATE AND ATOMIZATION QUALITY. MAINTAINING CONSISTENT AND
OPTIMAL FUEL PRESSURE ENSURES PRECISE FUEL DELIVERY, BETTER COMBUSTION EFFICIENCY, AND IMPROVED OVERALL ENGINE
PERFORMANCE.

\WHAT ROLE DOES THE ECU PLAY IN DESIGNING AND TUNING FUEL INJECTION SYSTEMS?

THE ECU CONTROLS THE FUEL INJECTION TIMING AND QUANTITY BASED ON SENSOR INPUTS. IT ALLOWS FOR CUSTOMIZATION OF
FUEL MAPS, ENABLING PRECISE TUNING FOR DIFFERENT ENGINE LOADS, SPEEDS, AND ENVIRONMENTAL CONDITIONS TO MAXIMIZE
PERFORMANCE AND EFFICIENCY.



\WHY IS FUEL ATOMIZATION IMPORTANT IN HIGH PERFORMANCE FUEL INJECTION SYSTEMS?

FUEL ATOMIZATION BREAKS FUEL INTO FINE DROPLETS, PROMOTING BETTER MIXING WITH AIR FOR MORE EFFICIENT COMBUSTION.
IMPROVED ATOMIZATION ENHANCES THROTTLE RESPONSE, POWER OUTPUT, AND REDUCES EMISSIONS.

How DO SENSOR INPUTS IMPACT THE TUNING OF HIGH PERFORMANCE FUEL INJECTION
SYSTEMS?

SENSORS PROVIDE REAL-TIME DATA SUCH AS AIR MASS FLOW , ENGINE TEMPERATURE, AND OXYGEN LEVELS, WHICH THE ECU
USES TO ADJUST FUEL DELIVERY. ACCURATE SENSOR INPUTS ARE CRITICAL FOR PRECISE TUNING AND MAINTAINING OPTIMAL AIR-
FUEL RATIOS UNDER VARYING CONDITIONS.

\WHAT ARE THE BENEFITS OF USING MULTI-POINT FUEL INJECTION VERSUS SINGLE-POINT
IN HIGH PERFORMANCE APPLICATIONS?

MULTI-POINT FUEL INJECTION DELIVERS FUEL DIRECTLY TO EACH CYLINDER, PROVIDING MORE PRECISE FUEL CONTROL, IMPROVED
THROTTLE RESPONSE, AND BETTER FUEL ECONOMY COMPARED TO SINGLE-POINT INJECTION, WHICH SPRAYS FUEL INTO THE INTAKE
MANIFOLD.

How CAN SOFTWARE TUNING IMPROVE THE PERFORMANCE OF FUEL INJECTION SYSTEMS?

SOFTWARE TUNING ALLOWS FINE ADJUSTMENT OF FUEL MAPS, IGNITION TIMING, AND INJECTOR PARAMETERS TO OPTIMIZE POWER,
FUEL EFFICIENCY, AND EMISSIONS. |T ENABLES CUSTOMIZATION FOR SPECIFIC ENGINE SETUPS, FUEL TYPES, AND DRIVING
CONDITIONS.

\W/HAT CHALLENGES ARE COMMONLY FACED WHEN TUNING HIGH PERFORMANCE FUEL
INJECTION SYSTEMS?

CHALLENGES INCLUDE ACHIEVING THE IDEAL AIR-FUEL RATIO ACROSS ALL OPERATING CONDITIONS, AVOIDING FUEL CUTOFF OR
ENRICHMENT ISSUES, MANAGING TRANSIENT FUELING DURING ACCELERATION OR DECELERATION, AND COMPENSATING FOR
HARDW ARE LIMITATIONS OR SENSOR INACCURACIES.

ADDITIONAL RESOURCES

1. HiGH-PerFORMANCE FUEL INJECTION SYSTEMS: DESIGN AND TUNING

THIS COMPREHENSIVE GUIDE COVERS THE FUNDAMENTALS AND ADVANCED TECHNIQUES OF DESIGNING FUEL INJECTION SYSTEMS
FOR HIGH-PERFORMANCE ENGINES. |T DELVES INTO FUEL ATOMIZATION, INECTOR SELECTION, AND SYSTEM CALIBRATION TO
MAXIMIZE POWER AND EFFICIENCY. THE BOOK ALSO INCLUDES CASE STUDIES AND PRACTICAL TIPS FOR TUNING VARIOUS TYPES
OF FUEL INJECTION SETUPS.

2. FUeL INecTion HANDBOOK: MODERN DESIGN AND TUNING TECHNIQUES

A DETAILED RESOURCE FOR ENGINEERS AND TUNERS, THIS HANDBOOK EXPLORES THE INTRICACIES OF MODERN FUEL INJECTION
TECHNOLOGIES. | T EXPLAINS ELECTRONIC CONTROL UNITS (ECUS), SENSOR INTEGRATION, AND MAPPING STRATEGIES TO
OPTIMIZE FUEL DELIVERY. READERS WILL FIND VALUABLE INSIGHTS INTO DIAGNOSING AND TROUBLESHOOTING FUEL SYSTEM
ISSUES.

3. ENGINE MANAGEMENT: ADVANCED TUNING AND FUEL INJECTION STRATEGIES

FOCUSING ON ENGINE MANAGEMENT SYSTEMS, THIS BOOK PROVIDES AN IN-DEPTH LOOK AT FUEL INJECTION TUNING COMBINED
WITH IGNITION AND BOOST CONTROL. |T EMPHASIZES THE ROLE OF SOFTWARE AND HARDW ARE INTERFACES IN ACHIEVING PEAK
ENGINE PERFORMANCE. THE TEXT IS IDEAL FOR PROFESSIONALS AIMING TO REFINE FUEL INJECTION PARAMETERS FOR RACING AND
STREET APPLICATIONS.

4. FUEL INJECTION FOR PERFORMANCE AND ECONOMY
THIS TITLE BALANCES THE GOALS OF INCREASING ENGINE POWER WHILE MAINTAINING FUEL ECONOMY THROUGH PRECISE FUEL



INJECTION TUNING. |T REVIEWS DIFFERENT INJECTION TYPES, INCLUDING DIRECT AND PORT INJECTION, AND THEIR EFFECTS ON
COMBUSTION EFFICIENCY. PRACTICAL ADVICE ON SELECTING INJECTORS AND CALIBRATING SYSTEMS MAKES IT VALUABLE FOR
ENTHUSIASTS AND PROFESSIONALS ALIKE.

5. DESIGNING FUEL INJECTION SYSTEMS FOR RACING ENGINES

T AILORED SPECIFICALLY FOR RACING APPLICATIONS, THIS BOOK EXAMINES THE UNIQUE DEMANDS PLACED ON FUEL INJECTION
SYSTEMS AT HIGH SPEEDS AND LOADS. |T COVERS INJECTOR SIZING, PULSE WIDTH MODULATION, AND FUEL PRESSURE REGULATION
TO ENSURE RELIABLE PERFORMANCE. THE AUTHOR SHARES INSIGHTS FROM MOTORSPORT EXPERIENCE, MAKING THIS A MUST-READ
FOR RACE ENGINEERS.

6. ELECTRONIC FUEL INJECTION: PRINCIPLES AND PRACTICE

THIS BOOK PRESENTS THE FOUNDATIONAL PRINCIPLES OF ELECTRONIC FUEL INECTION (EFI) SYSTEMS AND THEIR PRACTICAL
IMPLEMENTATION. |T EXPLORES SENSOR TECHNOLOGIES, ECUU PROGRAMMING, AND FEEDBACK LOOPS ESSENTIAL FOR MAINT AINING
OPTIMAL AIR-FUEL RATIOS. DETAILED DIAGRAMS AND REAL-WORLD EXAMPLES HELP READERS UNDERSTAND COMPLEX EF|
CONCEPTS.

7. FUEL INJECTION TUNING: MAXIMIZING POWER AND DRIVEABILITY

FOCUSED ON TUNING TECHNIQUES, THIS GUIDE HELPS READERS OPTIMIZE FUEL INJECTION TIMING AND VOLUME TO ENHANCE ENGINE
RESPONSE AND RELIABILITY. |T COVERS DYNO TESTING, DATA LOGGING, AND ITERATIVE ADJUSTMENT PROCESSES. THE BOOK IS
ESPECIALLY USEFUL FOR TUNERS WORKING WITH AFTERMARKET FUEL INJECTION SETUPS.

8. ADVANCED FUEL INJECTION SYSTEMS: INNOVATIONS AND APPLICATIONS

THIS TEXT COVERS CUTTING-EDGE DEVELOPMENTS IN FUEL INJECTION TECHNOLOGY, INCLUDING DIRECT INJECTION, DUAL INJECTION
SYSTEMS, AND ALTERNATIVE FUELS. |T DISCUSSES THE IMPACT OF THESE INNOVATIONS ON ENGINE PERFORMANCE, EMISSIONS, AND
FUEL EFFICIENCY. ENGINEERS AND RESEARCHERS WILL FIND THE CONTENT RELEVANT FOR FUTURE-ORIENTED ENGINE DESIGN.

Q. THe CompLETE GUIDE TO FUEL INJECTION

A THOROUGH MANUAL THAT SPANS THE HISTORY, COMPONENTS, AND TUNING OF FUEL INJECTION SYSTEMS ACROSS VARIOUS
ENGINE TYPES. |T INCLUDES CHAPTERS ON MECHANICAL VS. ELECTRONIC SYSTEMS, INJECTOR MAINTENANCE, AND CALIBRATION
PROCEDURES. THE BOOK SERVES AS AN ALL-ENCOMPASSING REFERENCE FOR BOTH BEGINNERS AND SEASONED PROFESSIONALS IN
THE AUTOMOTIVE FIELD.
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