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Frank Whiton ς GM Development 
Engineer 

ωCrew Chief ς GrandAM Cobalt & Camaro 

ωLead Engineer ς GM ΨwŀŎŜ ǾŜƘƛŎƭŜ ŜƴƎƛƴŜŜǊƛƴƎΩ 

ωDevelopment Engineer ς HPVO High 
Performance Vehicle Operations 

ωHybrid integration Battery & EGHR 

ωaŜŀǎǳǊŜƳŜƴǘ 9ƴƎƛƴŜŜǊ ά5ŀǘŀ Dǳȅέ 

ωRaced GT3, GT1, S2000 & Cobalt Rally 

 

 



            Data logger function 
ωA physical parameter is converted by a sensor 

to an electric signal captured and stored by 
the data logger in a digital format. 

ωData logger inputs are in the form of: 

ïVoltage ς single ended or differential - press, 
temp, position 

ïVoltage pulse/Frequency ς RPM, wheel pulses, 
injector pulses 

ïCAN, Ethernet, serial linked to other modules 

ωAnalysis & post processing recorded data 



Basic setup  

Ground loop 



Goal of data acquisition 

ωGather information to make informed 
Engineering decisions based on data 

ωProvide driver performance feed back during 
the Race/event 

ï[ŀǇ ǘƛƳŜǎΣ ǎǇƭƛǘ ǘƛƳŜǎ ΨǊŜŦ ǇǊŜ Ǌǳƴǎ ƻǊ ǘƘŜƻǊŜǘƛŎŀƭΩ 

ωProvide the driver alarms when critical 
ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ŜȄŎŜŜŘŜŘ άƘŜŀƭǘƘ ŎƘŜŎƪΩ 

ïOver temp, low oil press, excessive displacement 
etc. 



Development of Data acquisition  
system - FSAE development testing 

Define duty cycle 

FSAE Dynamic events ς Practice area 

Vehicle health 
monitoring 

Powertrain Brake 

Design a test plan ς group input 

Driver 

Performance 
Cooling 

Select a Data acquisition system to meet 
testing needs 

Select sensors to meet testing 
requirement 

Design wiring and sensor installation 



5ǳǘȅ /ȅŎƭŜ Ψ±ŜƘƛŎƭŜ 5ȅƴŀƳƛŎ 9ǾŜƴǘǎΩ 

ωFocus in on what events are important and 
rate by most value in winning!   

ïAcceleration event 

ïSkid-Pad event 

ïAutocross 

ïFuel Economy 

ïEndurance 

ïBraking 

ïPractice events ς need planned test setup 



Test Plan Design άǿκŀƭƭ ŘŜǾŜƭƻǇƳŜƴǘ ŜƴƎƛƴŜŜǊǎέ 
Purpose of test:   Driving at 100% performance simulated SAE dynamic events in K-Mart parking lot 

ά5ǳǘȅ /ȅŎƭŜέ . Determine vehicle operating parameters and  performance . 

Goals:  άǿƘŀǘ Řƻ ȅƻǳ ǿŀƴǘ ǘƻ ŀŎŎƻƳǇƭƛǎƘέ 

ω Vehicle health check performance ς άƴŜŜŘ ǘƻ ǿŀǊƴ ŘǊƛǾŜǊΚέ 

ï Engine, transmission & diff. running temperature, Brake lining & fluid temps 

ï Engine oil starvation ς pressure drop outs 

ω Drivers performance  

ï Lap time comparison, Driving line vs slip time 

ï Braking rate & gear selsction 

ï % time at full Throttle, steering wheel angle input rate 

ω Vehicle performance ς  

ï Shock position , spring & bar tuning options , Understeer / oversteer, Grip levels ς vector 
acceleration 

ï Engine power levels , Spark advance  

ï Gear ratio selection - Tractive effort optimized for track 

ï Brake energy ς cooling options 

ï Cooling - Radiator shrouding options 

ω Build a matrix of test events to run ς άCƻƭƭƻǿ ǘƘŜ ŀƎǊŜŜŘ Ǉƭŀƴ ƻǊ ƴƻǘ ŜǾŜǊȅƻƴŜ ǿƛƭƭ ƎŜǘ 
ǘƘŜƛǊ Řŀǘŀέ Analysis provides as many answers as it does questions -Try not to do 
what-if testing you will  get off track! 



Start with a basic setup 

ωVehicle speed 

ωEngine RPM 

ωAcceleration lat & long 

ωEngine & Trans temperatures 

ωThrottle position  

ωSteering wheel angle 
ωMost engineers start data logging with basic channels  then extend step 

by step as they gain experience 



Channel list from development 
plan, with logger input listed 

Recording parameters using RaceTechnology DL1 MK2  and Dash3     

Channel 
number Source Description Units 

Sample 
 Rate Owner Event req 

1 GPS  Vehicle speed kph 100 hz all all 

2 CAN  - Freq 1 LF wheel speed - optional wheel sensor kph 100 hz Tim/Jay 2 

3 CAN  - Freq 2 RF wheel speed - optional wheel sensor kph 100 hz Tim/Jay 2 

4 CAN  - Freq 3 LR wheel speed - optional wheel sensor kph 100 hz Tim/Jay 2 

5 CAN  - Freq 4 RR wheel speed - optional wheel sensor kph 100 hz Tim/Jay 2 

6 Logger Lateral & longitudinal acc - internal to logger g 100 hz all   

7 Logger Brake on-off g 100 hz all   

8 Analog 1 Brake  lining temp LF inner C 100 hz Jay 2-a* 

9 Analog 2 Oil Pressure - kPa 50 hz Brian 2-a* 

10 Analog 3 Coolant temp C 1 hz Rex 2-a* 

11 Analog 4 Trans sump temp C 1 hz Rex 2-a* 

12 Analog 5 Steering wheel angle deg 100 hz Tim 2-a* 

13 Analog 6 Throttle position - optional CAN % 100 hz Tim 2-a* 

14 Analog 7 

15 Analog  8 

16 Cam sensor Engine RPM - coil trigger - optional CAN RPM 100 hz All   

17 Logger calc Grip indicator = vector acc [lat & long acc combined] g 100 hz Greg   

18 User defined Ft wheel slip = GPS speed/wheel speed %   Tim   

19 Logger calc Engine power - Logger cal from acc  [F=ma] HP   Luke   

20 User defined Brake energy - F=ma & work=F*distance kJ   Jay   

21 User defined Understeer = turn rad - steer angle      Tim   

Note: 2 a* - 1 If temps have not stabilized   



 Data Logger Selection 
Remember when you choose a system you are getting 

into a long term relationship so spend time looking 
at various units.  

ωStart by looking at demo software 
ïIs the software intuitive? 

ïDoes it perform onboard or pre-processing of data 

ïLook at example plots to get an idea of plot formats  

ïMath channel capability 

ïFiltering 

ωSpend some time talking to mfg. Reps and users 
before committing to a system 



Data logger selection cont 

ωNumber of input channels and type 
ïVoltage, single ended, differential, frequency, counter, event, 

outputs.  

ωOperating voltage 

ï9 to 32 Volts 
ωNote: some loggers lock up when voltage drops < rated. 

ωRegulated supply voltage to power sensors 

ïTypically 5 or 10 volt ς most production sensors 
require 5 V Regulated excitation! 



Data Logger inputs/outputs 

ωVoltage ς single ended or differential 

ωFrequency counter/totalize - pulse inputs  

ωEvent state hi/low 

ωCAN/serial network inputs ς Data from 
vehicle control modules or add in modules 

ωOutputs 
ïWarning light, RS232, control   i.e. fan 



Why did I choose this one? 
Real time -  health check & active driver performance  
Å Alarms ï upper and lower warning display of any variable  
Å Programmable alarm lights to warn driver plus display message 
Å Sector time - Lap time - Delta sector time - Delta lap time - Lap counter  
Å Predictive lap time - calculation  based on your current completed sectors 
in this lap ï and displays a prediction of what lap time will be. This 
prediction is based upon the assumption that you will complete all of the 
remaining sectors in the same time that it took you during your best lap  
Å Shift lights programmable for ea. gear left 
Å Math channel calculations displays real time  
Å 5 display screen set ups 

 Hardware  
Å Built in GPS, 3 axis accelerometer . 
Å 5 Volt regulated supply ï for sensor supply 
Å 8 - 0 to 12 Volt inputs  
Å 4 -  frequency inputs & Engine RPM input 
Å up to 100 Hz sample rate 
Å 2MB Removable memory card 
Software !!  
Å Multiple GPS variable calculations 
Å Analysis software easy to use w/multiple 
page post analysis pages 
Å Math channel post processing Brake on -off  
Å Software developed for vehicle race analysis 
Å auto start/stop options 
Å Histograms, performance analysis, xy plotting, 
GPS mapping, predictive analysis 
Å Predictive Lap simulation 
Å Calculated corner radius 



Summary 

Define duty cycle 

FSAE Dynamic events ς Practice area 

Vehicle health 
monitoring 

Powertrain Brake 

Design a test plan ς group input 

Driver 

Performance 
Cooling 

Select a Data acquisition system to meet 
testing requirement 

Select sensors to meet testing 
requirement 

Design wiring and sensor installation 



Vehicle Health Monitor 
         Sensor list 

ωEngine coolant temperature  

ïUpper alarm set = 112C 

ωEngine oil pressure  

ï¦ƴŘŜǊ ǇǊŜŘƛŎǘŜŘ ƭƛƴŜ ά5ŀǎƘ ǇǊƻƎǊŀƳ-if,then,elseέ 

ωTransmission oil temperature ς 

ïUpper Alarm = 150C 

ωDiff oil temperature  

ïUpper Alarm = 150C 



Sensor selection 
ωEngine coolant ς Thermister άDaІ нмлмрмлс {ŀǘǳǊƴέ  

ï1/8 NPT w/5V reg supply range = -40 to 150C 

ωTrans Temp ς Thermister άDaІ устуурпέ 

ï 1/8 NPT w/5V reg supply range = -40 to 150C 

ωExhaust Tempς K-type 

ïOmega engineering & Race Technology amp  

ωOil Pressure ς Capacitive άDaІ мнртппло ƻǊ мнртполфέ 

ï¼ NPT w/5V regulated supply, low cost & robust 

ï10 to 90 PSI Range 

ωThrottle Position ς Connect to TPS sensor 

 



Wiring diagram  

Ground loop 



ωThermister Temperature Sensor Wiring  



$11.99  1991 ï 2001 Saturn w/1.9  



GM pressure transducer scaling  GM# 12574309 & 12574403 

Pressure PSI = 32*Vout-16 



Oil PSI 

Red = below min Press 

Binary event 
=if( oilPSI<minPSI,1,0)  

minPSI= if(RPM<=2320,(0.0300*( RPM+150) -20),(0.0072*( RPM+250)+44.66 -10)) 

Math 
Channels 


