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Within this report is the research of existing dataloggers and components and the design of a new datalogger in line with the scope of work. The data logger is to be designed to accumulate data on a two-hour test drive of a vehicle that is targeted for the family saloon market. The datalogger design must also be able to be portable and reusable on other vehicles on the market. The datalogger will use sensors to monitor different behaviours of the vehicle such as the speed, suspension, and RPM (revs per minute) for example. Data loggers are widely used in vehicles, especially in the car racing industry. They’re used to track the car’s performance and to tweak them in the correct areas where they may be lacking. If the data isn’t being measured, then the vehicle cannot be controlled. Almost every racing vehicle contains a data logger, and they can highlight the effects of different road conditions and causes of failures to the vehicle. [1]
























[bookmark: _Toc151732491]Comparison of Existing Products and Parts

Research was carried out on existing data loggers that are currently on the market. While researching these data loggers, an insight into what is needed while designing one can be found, such as the common communication protocols used, how memory is stored and collected, the compactness of the systems and the wiring techniques. Below in Table 1 is the comparison of three existing data loggers.
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	Device -
	AIM Evo 5 Car racing data logger
	2D-Recording Stick logger V5
	AiM MXS 1.3 TFT Digital Display and Data logger

	Inputs and Outputs -
	8 Analog Inputs
2 Digital Outputs
4 Speed Inputs + Coil RPM (5 Digital Inputs)
	4 Analog input channels (1 input can be switched to hybrid input) 
Digital output
	2 Digital Outputs
8 Analog inputs
6 Digital inputs

	Communication protocols -
	CAN
RS232
K-Line
CAN II
	32 Online Can Channels with a 200Hz sampling rate

	CAN Output
Wi-Fi Connectivity
CAN II
RS232
K-Line

	Price -
	£1600
	Unknown
	£2050

	Memory Module -
	SD Card holder that can connected to the CAN-bus with the Logger
4GB Internal Memory
	Data stored directly on to 1000GB USB
	4GB Internal Memory


	Special Features -
	· Compatible with easy software such as Race Studio 3 where data can be gathered and analysed easier.
· Option for channel expansion.
· Choice of displays to show the Data in real time.
· Ingress Protection of IP65

	· 3 Can lines up to 5Mbit/s each
· Optional extras such as waterproof, USB, WIFI and also ethernet feature
· Can have an extra increased sampling rate of 2000Hz to all channels
	· Module can be expanded to add the likes of Smarty Cam HD cameras, TC HUB (4 k thermocouples)
· Channel expansion to add 4 analog inputs, or 2 analog and 2 digital.
· GPS module for real-time data
· Features 5” Compact Display
· Ingress protection of IP65


Table 1 – Comparison of Existing Data loggers



Upon researching existing data loggers, a wide range of designs can be seen. Different designs use different methods of connecting sensors to the logger, such as using wiring harnesses or individual cables. Each data logger has a high ingress protection to protect them from the harsh environments they will endure. Internal components must be able to withstand levels of shock vibration that will occur, and the types of plugs use clips and locking mechanisms. CAN bus is widely used in existing data loggers but the data logger that is to be designed will be required to not be patched into the existing vehicles BUS and ECU.


Research was then carried out to compare different components that would be used while designing a Datalogger. In Table 2 a comparison of speed sensors was carried out.
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	Device -
	
[image: A black and red device

Description automatically generated with medium confidence]
Honeywell Flange Mount Hall Effect Sensor Barrel Body - SNQ-QPLA-000  [5]
	[image: Close-up of a button on a cable

Description automatically generated]


Monit Inductive Wheel Probe – PR001 [6]
	[image: A black cable with a blue cap
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2D-Recording inductive Speed Sensor SD-V01M8-000 [7] 

	Terminal Details -
	4 wire cable end 
	Not Specified
	Binder 719 4PM

	Vehicle Compatibility - 
	Universal
	Universal to any Vehicle
(Signal taken from bolts etc)
	Universal to any Vehicle (Signal taken from bolts etc)

	Price -
	£56
	£32.90
	Not specified

	Cable Length - 
	Not specified
	2m Cable with option for additional cable length
	30cm (Can be extended on request)

	Additional info -
	· IP69K
· -40 to +150 Temp Range
· Voltage range of 4.5 to 26V
· 3Hz to 20kHz switching frequency

	· Max Detection Frequency of 500Hz
· Sensing distance of 2-3mm
· Supply Voltage of 12V
	· Optimum distance 1 to 2mm
· Switching Frequency of 800Hz
· Supply Voltage of 12V


Table 2 – Comparison of Speed Sensors




Three-speed sensors were chosen that could be used within the vehicle to measure the speed and log the data onto the microcontroller within the data logger. Each sensor was universal to different vehicles which is in line with the scope of the project. The switching frequencies were high enough to monitor the speed at the sample rate required. Two of the sensors are 4-wire with one already using a Binder 719 4PM plug end. The chosen sensor was the Honeywell Flange SNQ-QPLA-000 sensor. The price of the sensor is £56 but the sensor has an ingress protection of IP69K which is what’s needed for the sensor to be mounted in a road vehicle as per the standards “ISO 20653:2023 Road Vehicles – Degree of protection (IP code)”. [8] [9]


RPM (revs per minute) Monitors were next to be researched and compared. 3 different styles and modules of RPMs were used in table 3 to be compared with the chosen monitor used for the design.
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	Device -
	[image: A close-up of a waterproof device
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DC 8-24V Hall Tachometer Digital Speed Meter [10]
	[image: A close-up of a device
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Digiten 4 Digital LED Tachometer RPM Speed Meter+Hall Proximity Switch Sensor NPN Blue [11]

	[image: A black and red device
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Honeywell Flange Mount Hall Effect Sensor Barrel Body – SNQ-QPLA-000 [5]

	Measuring Accuracy - 
	±0.1%
	Unspecified
	Unspecified

	Range - 
	10-9999RPM
	5-9999RPM
	No range as no reading on a tachometer

	Price -
	£22.77
	£16.99
	£56

	Refresh Rate -  
	3Hz
	0.2-0.5s at 120-1200RPM
0.25-0.06s at 2400-9999RPM
	High switching frequency capability of 3Hz to 20kHz

	Additional info -
	· 4 Digital display
· Compact
· IP68 Waterproof grade
· 1m Cable length
	· 10mm Detection Range
· Proximity output current of 200mA
· Pulse signal, NPN 3 wires N/O
	· 4 wire cable end
· IP69K
· -40 to +150 Temp Range

	Voltage Range -
	· 8-24V
	· 8-15V
	· 4.5 to 26V 


Table 3 – Comparison of RPM Monitors



The Chosen RPM monitor for the design was the same sensor used to monitor the speed. The sensor has all the features required to read and transmit the data as needed. The two other RPM sensors chosen that were potentially to be used are supplied with tachometers that read the RPM value onto a digital screen, this isn’t required in the design. The refresh rate of the Honeywell SNQ-QPLA-000 is a lot larger than the others, the first chosen RPM monitor refresh rate would not be able to keep up with the chosen RPM Sample rate. The voltage range of the two unchosen monitors is also a lot larger than the voltage that’ll be available in the designed data logger.

Engine sensors were researched and the most compatible three were chosen for comparison in table 4 before a final decision was made. 
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	Device -
	[image: A close-up of a gold and black electrical component
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AEM Water/Coolant/Oil Temperature Sensor Kit [12]
	[image: A close-up of a gold and black plug

Description automatically generated]
NTC Temperature Sensor M6/8/10 [13]
	[image: A close-up of a black cable with Willis Tower in the background
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AIM Motorsport Oil / Water (coolant) temperature sensor [14] [15]

	Measuring Accuracy - 
	<2°C
	±0.5% of full range
	Not specified

	Operating Temperature Range - 
	-40C to 200C
	0 to 150C
	0 to 150C

	Price -
	£48
	Unavailable
	£70

	Supply Voltage -  
	5Vdc
	5Vdc
	Not specified

	Connection type -
	Termination is a connector with mating connecter, pins & pin lock
	Binder 719 5PM

	Male 4 pin Black 719 Binder plug

	Additional Information -
	· Brass Sensor body
	· IP67
· Differet Models available. M10 Brass, M8 Plastic, M6 Stainless Steel
	· Sensor cable length 25cm (optional extra length cable)


Table 4 – Comparison of Temperature Sensors



Three temperature sensors were chosen which all had similar specifications. The chosen sensor was the AEM temperature sensor kit due to its large range of operating temperature. The measuring accuracy isn’t as great as the other sensor, but the accuracy of temperature can be marginally swayed. The sensor’s supply voltage is available in the design.
A gyroscope is required within the datalogger to monitor the yaw, pitch, and roll of the vehicle. A comparison table was carried out as shown in table 5.
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	Device -
	[image: A blue circuit board with many small black and white objects
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Gyroscope module 3-axis L3G4200D [16]
	[image: A close-up of a computer chip
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SCHA634-0D3 XYZ-axis gyroscope and XYZ-axis accelerometer for automotive [17]
	[image: A black rectangular device with three ports
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Signal Quest SQ-GIX
-2094 [18]

	Communication Protocol -
	SPI and I2C
	Digital/SPI
	RS232
RS485
CAN-BUS

	Resolution - 
	0.2° 
	Not specified
	0.1 (pitch, roll)

	Range -
	Either ±250, ±500 or ±2000 degrees per second
	±300°/s
± 6g Acceleration Range
	Pitch =  -64.0° to +64.51°
Roll = -64.0° to +64.51°
Yaw = -180° to +180°

	Supply Voltage -
	2.7-6.5V
	3.0V to 3.6V
	5-36V

	Shock Survivability -
	Not Specified (High shock survivability)
	Not specified
	1000g

	Additional info-
	· -40 to +85C temp range
· High shock survivability
· 800Hz response
	· Targeted for advanced driving assistant systems
· Amplitude response of 13,20, 46 or 300Hz
	- Temp range -40C to 85C
- IP68/IP69k
- Output data rate 0.015 to 
100Hz
-M12 male and female 
connectors 5 pin

	Price
	£24.85
	Not specified
	Not Specified


Table 5 – Comparison of Gyroscopes





Each gyroscope had its pros and cons. All of the gyroscopes had a large enough number of degrees per second required for the monitoring, the temp ranges were within the needed amount and all of the response times that were required to monitor each angle which was 50Hz were met. The chosen gyro was the L3G4200D due to its ease of connectivity, and its use of I2C. The initial choice was the SCHA634-0D3 chip, but the chosen microcontroller did not have enough SPI Chip selects available therefore I2C was required to be used. The gyroscope also had a high shock survivability which is important while installing within a vehicle.

A potentiometer is required to be used for monitoring each of the four suspensions of the vehicle. In Table 6 3 different models of potentiometers were compared.
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	Device -
	[image: A close-up of a metal pipe
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AIM Car Suspension Potentiometer with Pop End Fitting [19]
	[image: page1image1476902704]

LPPS-22 Series Linear Potentiometer Position Sensor with rod ends [20] [21]
	[image: A grey cylinder with a black wire

Description automatically generated]
OBP Motorsport Dual Signal Linear Potentiometer [22]

	Connection plug -
	4PIN Binder 719 male Connector Plug
	3 core cable
	6 Core Cable

	Sizes - 
	50mm, 75mm, 100mm, 150mm
	25mm to 300mm Stroke length
	Not specified

	Communication protocol -
	Can be connected to any analog channel
	3 wire Analog Signal

	6 wire Analog Signal (Dual track)


	Supply Voltage -
	Max 40Vdc
	Max 36Vdc
	Max 40Vdc

	Operation Speed -
	10m/s max
	5m/s
	10m/s max

	Additional info-
	IP65
30cm cable length (option to extend)
Temp Range: -40°C to +125°C
Essentially infinite Resolution
	Automotive Compatible
IP64
Anodized Corrosion resistant housing 
Temp range = -40°C to +95°C
20g vibration rating
50g shock rating
Infinite Resolution
	Automotive compatible
Essentially infinite Resolution

	Price
	£225 (150mm Version)
	£180 (175mm Version)
	£300.90


Table 6 – Comparison of Suspension Monitoring Potentiometers





Each of the suspension potentiometers in table 6 had key features. All the potentiometers read out a analogue signal with different speeds. The prices ranged from £225, £270 and £300. They each have a max which is within the limits. The chosen potentiometer was the LPPS-22 series linear potentiometer. This is due to the large vibration and shocking rating, the large 175mm range is large enough for the measured range, the high IP rating of IP64 and the lower cost of £180 were all factors.
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	Device -
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RS Pro toggle switch, Panel mount, On-Off, SPDT, Solder Terminal 28Vdc [23]
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SPST Mini Rocker Switch – PPW01080 [24]
	[image: A round black switch with a white text

Description automatically generated]
Sinolec Waterproof round rocker switch, ON OFF Single pole [25]

	Connection type - 
	Solder Terminal
	Solder Terminals
	TAB Terminals

	Rating -  
	5A @ 28V DC
	3A 250VAC
	10A 250V
IP65 Rated switch

	Switch Type -
	SPST Latching miniature toggle switch
	SPST Latching
	Latching

	Operating Temperature -
	-30C to 85C
	Unspecified
	Unspecified


Table 7 – Comparison of Switches



A switch was required for isolation. The chosen switch was the Sinolec waterproof switch due to its IP protection which will be required for the design.
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	PIC18F25J50 [26]
	PIC18F24J50 [27]
	PIC18F26J53 [28]

	Family
	8-bit MCU
	8-bit MCU
	8-bit MCU

	CPU Type
	8-bit PIC MCU
	8-bit PIC MCU
	8-bit PIC MCU

	Max CPU Speed (MHz)
	48 MHz
	48 MHz
	48 MHz

	Operation Voltage
	(2-3.6V)
	(2-3.6V)
	(2-3.6V)

	 Temp Range
	(-40 to 85)
	(-40 to 85)
	(-40 to 85)

	Pin Count
	28
	28
	28

	Program Memory Size (KB)
	32 Flash
	16 Flash
	64 Flash

	SRAM
	3.7109375 KB
	3.7109375 KB
	3.7109375 KB

	Low Power
	Yes
	Yes
	Yes

	ADC Input
	10
	10
	13

	Max ADC Resolution (bits)
	10
	10
	12

	UART
	2
	2
	2

	SPI
	2
	2
	2

	I2C
	2
	2
	2

	No of USB Modules
	1
	1
	1

	USB Interface
	FS Device
	FS Device
	FS Device

	Max 8-bit Digital Timers
	2
	2
	4

	Max 16-bit Digital Timers
	3
	3
	4

	Hardware RTCC/RTC
	Yes
	Yes
	Yes


Table 8 – Comparison table of Different Microcontrollers



Above in Table 8 are the comparisons carried out on different microcontrollers suited for the data logger design. Each microchip has 28 pins which is enough and room for expansion if need be. They all have SPI, UART, I2C pins, and a USB module to read sensors and transmit data. They all have a size RAM of 3.7KB which will be sufficient for the data logger. The CPU speed is more than capable of reading the data at the speed required. The main difference between the three chosen is the ROMs (read-only memory). Where one has 32 Flash KB, one has 16 Flash KB and one with 64 Flash KB. The PIC chosen to progress with is the PIC18F25J50. The 32 Flash KB is a balanced amount between the three microcontrollers. The 10-bit ADC resolution is all that’s needed with the number of bits being used by analog sensors therefore there is no need to size up to a 12-bit ADC resolution if using the PIC18F26J53.




For the microchip to store the data while the test drive is being carried out, an external ROM is to be connected which will be an SD card. The memory size of the selected data must be able to withhold the amount of data that is to be stored there within the 2-hour test drive. A calculation was carried out to decide on the memory required. As we know, the amount bytes between all the measured sensors amounts to 12, and the bytes/sec for all sensors amounts to 3902 bytes/sec. We know the test drive is 2 hours long therefore the calculation was carried out below in equation 1.








Equation 1 – Calculation to find out how much ROM is required to store the date from the test drive
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All the components for the Datalogger design were chosen prior to designing the PCB. Each sensor was compared with other sensors and chosen based on compatibility with the needs of the data logger. 

The chosen components to monitor the measurements were as selected in the previous section “Comparison of existing products and parts”:

· Suspension - LPPS-22 Series Linear Potentiometer
· RPM & Speed - Honeywell Hall Effect Sensor – SNQ-QPLA-000
· Roll, Pitch & Yaw - Gyroscope module 3-axis L3G4200D
· Engine Temperature - AEM Temperature Sensor Kit
· Microcontroller - PIC18F25J50
· Switch - Sinolec waterproof round rocker switch

Other parts had also been chosen to complete the design for the Datalogger such as:

· TP4056 Micro USB Lithium Battery Charger Board Module. Used to charge the 3.7V battery after the test run using a micro-USB. [29]
· RS PRO, 3.7V, 18650, Lithium-Ion Rechargeable Battery, 2.6Ah. The 2.6Ah battery life is more than enough to power the battery for the 2-hour test run. [30]
· Battery Holder with Wires. Used to hold the battery in place. [31]
· TPS63020 – Buck-Boost Used to voltage regulate the 3.7V to 3.3V for the microcontroller. [32]
· Micro SD Memory Card Reader Module Used to connect an SD Card which will store the data collected on the test run. [33]
· RS PRO Red Panel Mount Indicator IP67 – Ingress-protected indication light to show that the datalogger is turned on. [34]
· Weidmuller Receptacle, USB, Type A, Panel, IP65 – Ingress-protected USB port to collect the data from the SD card after the test run has been completed. [35]
· 1TB San Disk Micro SD Card – Covers the required memory that will be logged. [36]

Panel Plug, Cables and Cable connectors are as below –
· 6x Circular Threaded Panel Mount Connector Socket, 4-Pole, IP68. Datalogger mounted 4 pin female plug for each suspension sensor and both the RPM sensor and Speed Sensor. [37]
· 6x Circular Threaded Connector Inline Socket, 4-Pole, 5-8mm, IP68. Male Cable end to connect to datalogger. [38]
· 16-2-4C 4 Core Screened Cable, 0.2mm, Black, 25m – Cable to be used between the data logger and the 4 suspension monitors, speed monitor and RPM monitor. Screened cable to minimise electrical interference [39]
· 1x Circular Threaded Panel Mount Connector Socket, 2-Pole, IP68 – Datalogger mounted female plug for the temperature sensor. [40]
· 1x Circular Threaded Connector Plug, 2-pole, 5-8mm, IP68 – Male plug for the cable end for the temperature sensor. [41]
· 7-2-2C 2 Core Screened Cable, 0.2mm, Black, 25m – 2 core cable used for connecting the temperature sensor to the data logger.

High ingress-protected equipment has been used to protect the circuitry. The connectors for the sensors are threaded to ensure they cannot be disconnected from the vibrations of the data logger while on the test drive.

The Enclosure housing the PCB and datalogger internals will be mounted under the hood of the vehicle via m6 fixings. The enclosure will be exposed to a lot of vibration therefore the PCBs within will be mounted using the below to dampen the vibration present-

· 24x Anti-Vibration mounds [42]

All the passive components have been carefully selected by calculation to ensure they are the correct size for the components. The chosen sizes are displayed in the schematic diagram in Figure 2 and in the bill of materials in Figure 23

The suspension potentiometers will be mounted parallel to the suspension of each wheel. The Speed sensor will be fixed to the axle of one of the front wheels. The sensor will receive a signal in pulses from a fixed-point rotating past the sensor as the wheel spins. The gyro scope will be mounted within the datalogger and will be calibrated beforehand to ensure all the axis values are correct. The RPM sensor will be mounted on the crankshaft and will count the number of revolutions the crankshafts make per minute.
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Figure 1 - Chosen Enclosure for Datalogger [43]

Figure 1 is the chosen enclosure for the datalogger. The enclosure was chosen as it was large enough for the PCB size, 112mm x 114mm. The panel sides were also large enough to house all the panel-mounted components and plugs. The box also has an IP rating of IP54.





Oliver Bunyan				        		UWTSD – Electronic System Design 
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Figure 2 - Designed Data Logger Wiring Schematic

The schematic for the data logger is shown in figure 2 in the previous page. Each of the sections are broken up and described below.




[image: A diagram of a micro usb charger

Description automatically generated]Figure 3 - Battery, TP-4056 Charger Module and MT-3608 Voltage Booster from the datalogger schematic diagram




Figure 3 shows the micro-USB charger and MT-3608. The module is used to convert a 5V micro-USB charge to 3.7V. A latching switch is used as the on/off switch of the data logger. The MT-3608 module is used to convert 3.7V to 5V.





[image: A diagram of a car

Description automatically generated]	Figure 4 displays two of the 4 suspension monitors. Each of the 4 potentiometers uses a different analogue pin. A voltage divider Is used to limit the voltage to the pin to 3.4V as shown in the equation 5. A Zenner diode with a reverse breakdown voltage of 3.4V is used. The signal goes through a low-pass filter to filter out any unwanted noise. The measured signal is 500Hz therefore a 250Hz FC (frequency cut-off) was used due to the Nyquist theory to calculate the capacitor value shown in equation 2. [53]
Figure 4 - Schematic Diagram of Suspension potentiometers







						

		        Equation 2 – Low pass filter for suspension measurement




The closest Capacitor to 192nF is 20uF. Each of the 4 suspension potentiometers uses the same components and sizes.



[image: A diagram of a micro sd card reader

Description automatically generated]Figure 5 shows the RPM and Speed sensor as well as the MICRO SD Slot. RPM and speed sensor is a digital signal. Each is filtered to remove unwanted noise and use an overvoltage protection such as figure 4. R15 and R16 are to limit the current to each of the sensors to 40mA as per the datasheet. The RPM is measured at 200Hz therefore a FC of 100Hz was chosen. The equation below was carried out in equation 3 to find the needed capacitor value. Figure 5 - RPM and Speed Sensor + SD Module on Schematic








						

Equation 3 – Low pass filter for RPM measurement


















The speed sensor was measured at 500Hz therefore the same FC of 250Hz was used as used previously in figure 4. The Micro SD card used the SPI Protocol and required a Chip Select, Serial clock and 2 data lines to transmit and receive data from the SD card.
[image: A computer circuit diagram with many wires

Description automatically generated with medium confidence] Figure 5 shows the microchip and Gyro. The Gyro uses the I2C protocol. I2C protocol is synchronous therefore the bits sampled by the microchip are synchronous to the output of bits received from the SD card. A serial clock is also connected that carries the clock signal. [52]


Figure 6 - Snippet of the Datalogger schematic diagram showing the Microchip and Gyro chip



[image: A diagram of a power converter

Description automatically generated]7 - Snippet of the Schematic Diagram showing the Buck-Boost convertor, LED and USB Port




Figure 6 displays the Buck-boost converter, USB port and LED. The LED illuminates when the circuit has power. The buck-boost converter is used to step down the battery's 3.7V voltage and regulate a 3.3V voltage to the microchip so that when the battery life fluctuates, the microchip will still have the desired voltage for functioning. 
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Figure 8 - Temperature sensor within the schematic diagram



Figure 7 displays the Temperature sensor. The temperature sensor gives an analogue signal, which goes through a voltage divider. The calculation is carried out in Equation 5. A low pass filter is also used to limit the noise with a FC of 0.5Hz. The calculation in equation 4 was used to calculate the needed capacitor for the correct frequency cut-off.



													

							
91uF is the closest Capacitor size.
						
         						   Equation 4 – Low pass filter for Temperature Sensor




The equation used to calculate the resistors required to get the desired output voltage from the voltage divider is shown below in Equation 5.


					

								



















6.4k was the closest resistor value.

         Equation 5 – Equation used to calculate 3.3V output value for the voltage divider
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Upon researching and reading the datasheet for the chosen microcontroller the pinout below in Figures 8 and 9 is what was used to wire up the circuitry to the microcontroller. 

                      [image: A diagram of a circuit board

Description automatically generated] [image: A table of electronic components

Description automatically generated]Figure 8 - Microcontroller Pinout occupied pins
Figure 9 - Microcontroller Pinout occupied pins


Figure 9 displays the 28 pins available on the microcontroller. Figure 8 is taken from the datasheet and is the microcontroller pinout. Due to the SPI and I2C both needing to use pin 26. The SPI signal moved to another pin which is a remappable peripheral pin 27 - RP9. Upon reading the datasheet on page 269, I2C must use the dedicated I2C pins, and the SPI can use remappable pins. [44]
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Figure 10 - Datalogger sensors, Resolution, Bits, Bytes, Sample Rate in HZ and Bytes a second

Figure 10 shows the sample rates and how many bytes per second each sensor will produce. Using this table, an SD module size could be chosen as well aiding with the microchip selection. Each sample rate was chosen carefully to ensure the microchip was sampling at a quick enough rate to capture the required measurement changes.
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Firstly, using the Easy PC software, a schematic was created to allow the PCB design to be made as shown in figure 10. The schematic was required to be made within Easy PC for the PCB circuit to be designed. 
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Figure 10 - Easy PC Schematic Diagram


[image: A computer screen shot of a circuit board
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Figure 11 - A closer look at the Schematic within Easy PC
Figure 11 shows parts of the schematic. Connectors are used to connect things like the LED, switch, Battery, and USB port. Each Sensor and part that’s external to the PCB is connected using Molex connectors which plug into the PCB and clip in securely. This is shown throughout Figures 10 to 13.
[image: A yellow circuit board with many wires
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Figure 12 - Closer Look into the Schematic for the Easy PC Design
[image: A yellow circuit board with many wires
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Figure 13 - Further closeup image of Easy PC design





 layout could be  
When transferring the schematic into a PCB within EASYPC the circuit board layout could be set up shown in figure 14, tracks made between each connection, and then copper poured to link out all the ground connections. The copper pouring also helps minimise noise on the circuit board. The fixings holes are 6mm wide to correspond with the vibration dampeners it’ll be mounted too. 
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Description automatically generated]Figure 14 - Easy PC PCB Design of the Datalogger Circuit Board
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Figure 15 - 3D View of the top of the Datalogger PCB Design



After the circuit PCB design was made it was transferred into a 3D model for viewing which is shown above in Figure 15.
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Figure 16 - 3D view of the bottom of the Datalogger PCB Board

Figure 16 displays a 3D model of the bottom of the PCB board.
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Description automatically generated]Software Design and Structure/Flowchart

	 Flowcharts were created to show the flow function of processes within the datalogger. Figure 17 shows the process of reading data from each sensor and writing  the data to the SD card.





























Figure 17 - Flowchart to show process of transmitting data from sensors to the SD card
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Description automatically generated]Figure 18 shows the flowchart process of taking data from the SD card and transmitting it to the USB.
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Description automatically generated]Figure 18 - Flowchart of Transmitting Data from the SD card to the USB

Figure 19 - Flowchart of setting up Road speed and RPM sample rate


Figure 19 shows the flowchart of setting up the sample rate of the RPM and speed sensor. Figure 20 shows the flowchart of setting up the sample rate for the four suspension potentiometers, Figure 21 shows the flow of setting up the gyroscope and Figure 22 shows the setting up of the Engine temperature.
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Figure 20 - Flowchart showing setting up the sample rate for the suspension potentiometer
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Figure 21 - Flowchart to show setting up sample rate of Roll, pitch and Yaw
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Figure 22 - Flowchart to show the setting of sample rate on the temperature sensor
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Figure 23 - Bill of materials for the datalogger, continued from the previous page




The overall cost of the Datalogger amounted to £1,471.55 as seen in Figure 23. This cost included the labour and materials. This is a reasonable cost for a good standard datalogger.
[bookmark: _Toc151732508]Suggested Improvements

Overall, the data logger design went well. Improvements to the design would be carried out if the datalogger had to be redesigned. The first improvement would be to use a large wiring harness that would contain all the sensor wiring in one. This would be a neater approach for the datalogger, and it would take up less room on the datalogger enclosure’s outer casing. In future designs all the components and PCB components would be at the same voltage range would minimise the need for voltage converters and extra components on the PCB. This would minimise the enclosure size and cost of the PCB. In future, a minimal amount of layers on the PCB would be more beneficial to keep down the cost of the datalogger. The designed datalogger has enough of a specification to fulfil the tasks and points set out of the scope of the project.
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Figure 25 - TPS63020 Voltage Regulator Datasheet
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Figure 26 - L3G4200D Datasheet
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Figure 27 - LPPS-22 Linear Potentiometer Datasheet
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Figure 28 - SNG-Q Series Speed and Direction Sensor Datasheet
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Figure 29 - Weidmuller USB Port Datasheet
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Figure 30 - Microchip Datasheet
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Figure 31 - RS Pro li-ion Battery Datasheet
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Figure 32 - Male IP68 Connector Plug
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Figure 33 - Dataloggers Enclosure Datasheet
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“Tum on Datalogger

Drive vehicle at siow speed

i

‘Check if there's any feedback from Speed Sensor and RPM Sensor

!

Is there feedback from Both Sensor?.

Check all connections are correct and Sensors are installed correctly

‘Set Sampling Rate For Road Speedto 500Hz and RPM to 200Hz.
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“Tum on Datalogger

‘Apply minor pressure to allfour Suspensions.

i

Check i there's any feedback from Suspension Potentiometer

!

s there feedback from Suspension potentiometers?

vEs

‘Set Sampling Rate to 500Hz.

Check all connections are correct and potentiometer is installed correctly /
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Tum on Datalogger

Drive vehicle at slow speed, with tums and stopping

A 4

Check if there's any feedback from Gyroscope:

v

Is there feedback from Gyroscope? Check all connections are correct and Sensors are installed correctly

Set Sampling Rate For Roll, Pitch and Yaw to 250Hz
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“Tum on Datalogger

Run Enginge for 10 minutes

i

Checkif there's any feedback from Temperature Sensor

!

Isthere feedback from Temperature Sensor?.

Check all connections are correct and Sensors are installed correctly

Set Sampling Rate For Temperature Sensor to 1Hz
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Part QTY Price Part No

Sinolec Waterproof Round Rocker Switch, On Off Single Pole £1.50 |R13-112A8
Parallax Inc 3-axis Gyroscope Sensor Module £24.85

Micro SD TF Memory Card Reader Module SPI interface For Arduino RaspberryPl 1 £2.99

LPPS-22 LINEAR POTENTIOMETER POSITION SENSOR WITH ROD END JOINTS (175mm) 1 £180

MT3608 - 2A DC-DC Step Up (Boost) Power Module 1 £0.79

TP4056 5V 1A Micro USB Lithium Battery Charger Board Module. New Hot R3D6 1 £3.32

AEM Water / Coolant / Qil Temperature Sensor Kit 1 £48 |30-2012

7-2-2C 2 Core Screened Cable, 0.2mm, Black, 25m 1 £11.88 |PELBO650
TPS63020 - High Efficiency Single Inductor Buck-Boost Converter with 4A Switch 1 £0.82 |COM-18356
Honeywell Quadrature Speed and Direction Sensor - SNG-QPLA-000 2 £112.72 |SNG-QPLA-000
Vishay Metallised Polyester Film Capacitor, 40 V ac, 63 V dc, +10%, 680nF, Through Hole 1 £1.62 | MKT1813468065
RS PRO Green, Red Panel Mount Indicator, 1.8 - 3.3V dc, 6mm Mounting Hole Size, Lead Wires Termination, IP67 1 £10.47 [171-3754

RS PRO, 3.7V, 18650, Lithium-lon Rechargeable Battery, 2.6Ah 1 £7.71 |880-1558
Weidmuller Receptacle, USB, Type A, Panel, IP65 1 £16.73 (1018840000
Circular Threaded Panel Mount Connector Socket, 4-Pole, IP68 - 6 £24.78 |PELR0193
Circular Threaded Connector Inline Socket, 4-Pole, 5-8mm, |P68 6 £18.54 |PELRO137
Circular Threaded Inline Connector Plug, 4-Pole, 7-12mm, IP68 12 £49.56 |PELRO158
16-2-4C 4 Core Screened Cable, 0.2mm, Black, 25m £24.45 |PELB0692
Circular Threaded Panel Mount Connector Socket, 2-Pole, P68 £4.86 | PELR0149
Circular Threaded Connector Plug, 2-Pole, 5-8mm, |P68 £4.86 |PELRO114

Anti Vibration turret mount £11.52 | 721-20845

Anti Vibration mounds male to female thread 24 £16.80 |711-101055
MCRR50104X7RK0050 1 £0.81 | MCRR50104X7RK0050
VISHAY RS02B5R000FE12 Sohm through hole resistor 3 £6.15 |1653231

TE CONNECTIVITY EP1W1K0J 1kohm through hole resistor 1 £0.18 |EPIW1KOJ

TE CONNECTIVITY CFR200J1MO0 1Mohn through hole resistor 2 £0.34 | CFR200J1MO

TE CONNECTIVITY CFR25J3K3 3.3kohm Through hole resistor 6 £0.24 |CFR25J3K3

Thick Film Resistors - SMD 1/4W 6.4K Ohm 0.25% 6 £2.16 |RK73G2BTTD6041C
22uF 25V Radial 105 deg Capacitor 3 £0.45 [22H25

10uF 100V Radial 105 deg Capacitor 2 £0.50 [10H100
MULTICOMP PRO MF50 180K resistor 1 £0.11 |MF50 180K
MONOLITHIC POWER SYSTEMS (MPS) Power Inductor (SMD), 1.5 uH, 6.4 A, Shielded 1 £0.92 | MPL-AL4020-1RS
Single 18650 Battery Holder with Wires 1 £1.75 |BH18650
VISHAY CW02B125R0JE70 WIREWOUND RESISTOR, 125 OHM, 3W, 5% 2 £2.64 | CW02B125R0JE70
Cable Assembly, Mini-Fit Jr. Plug to Mini-Fit Jr. Plug, 6 Ways, 4.2 mm, 2 Row, 150 mm 1 £17 |215327-2061
Molex 6pin Connector Head 1 £0.28 [22/01/3067
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Molex 2 way female picoblade to 2 way picoblade cable 5 £11.55 2181130201
Molex, Mini-Fit Jr Female Connector Housing, 4.2mm Pitch, 2 Way, 2 Row 5 £1.95 39-01-2025

Molex mini fit female connector head housing 3 pin 6 £2.94 [39-01-4031

Molex 3 way female picoblade to 3 way picoblade cable 6 £16.50 | 485082

470nF Kemet Capacitor 1 £0.31 [C317C470K5G5TA
CHEMI-CON EGXF351ELL910MU40S 91uF Capacitor 1 £2.25 |EGXF351ELL910MU40S
ALUMINUM ELECTROLYTIC CAPACITOR, 39UF, 400V, 20%, RADIAL 3 £10.11 |UCS2G390MND9
ALUMINUM ELECTROLYTIC CAPACITOR 20UF, 50V, 10%, AXIAL 5 £3.45 | MCAX50V206K6X13
Female Push On Crimp Terminals Blue 16Am 6.3mm, 10 Pack 3 £2.16 |PP01789

RS PRO Straight Through Hole Mount PCB Socket, 2-Contact, 1-Row, 2.54mm Pitch, Solder Termination 5 £1.55 [251-8171

RS PRO Straight Through Hole Mount PCB Socket, 3-Contact, 1-Row, 2.54mm Pitch, Solder Termination 6 £2.70 [251-8187

RS PRO Straight Through Hole Mount PCB Socket, 6-Contact, 2-Row, 2.54mm Pitch, Solder Termination 1 £87.00 [251-8216

Molex KK 396 Series Female Crimp Terminal, 26AWG Min, 22AWG Max Pack of 100 1 £7.60 |679-4717

1TB San disk Micro SD Card 1 £179.99 |SDSQXAV-1T00-GN6MN
1P54 1455 Series Black Extruded Aluminium Instrument Enclosure - 160x165x51.5mm 1 £25.76 |1455T1601BK

PCB Cost 1 23.46

Labour Cost to Build Data Logger 16 £480

Total Cost = £1,471.55
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TPS63020, TPS63021
SLVS9161 —JULY 2010-REVISED OCTOBER 2019

TPS6302x High Efficiency Single Inductor Buck-hoost Converter with 4-A Switches

1 Features

+ Input voltage range: 1.8 Vto 5.5V
+ Adjustable output voltage: 1.2 V to 5.5 V
« Output current for Viy > 2.5V, Vour =3.3V: 2A
« High efficiency over the entire load range
— Operating quiescent current: 25 A
— Power save mode with mode selection
« Average current mode buck-boost architecture
— Automatic transition between modes
— Fixed frequency operation at 2.4 MHz
— Synchronization possible
« Power good output
« Safety and robust operation features
— Overtemperature, overvoltage protection
— Load disconnect during shutdown
« Create a custom design using the
— TPS63020 with WEBENCH Power Designer
— TPS63021 with WEBENCH Power Designer

2 Applications

+ Pre-regulation in battery-powered devices: EPOS
(portable data terminal, barcode scanner), e-
cigarette, single board computer, IP network
camera, video doorbell, land mobile radios

+ Voltage stabilizer: wired communication, wireless
communication, PLC, optical module

« Backup supercapacitor supply: electricity meter,
solid state drive (SSD) - enterprise

Simplified Schematic
L

3 Description

The TPS6302x devices provide a power supply
solution for products powered by either a two-cell or
three-cell alkaline, NiCd or NiMH battery, a one-cell
Li-ion or Li-polymer battery, supercapacitors or other
supply rails. Output currents up to 3 A are supported.
When using batteries, they can be discharged down
to below 2 V. The buck-boost converter is based on a
fixed frequency, pulse width modulation (PWM)
controller using synchronous rectification to obtain
maximum efficiency. At low load currents, the
converter enters power save mode to maintain high
efficiency over a wide load current range. The power
save mode can be disabled, forcing the converter to
operate at a fixed switching frequency. The maximum
average current in the switches is limited to a typical
value of 4 A. The output voltage is programmable
using an external resistor divider, or is fixed internally
on the chip. The converter can be disabled to
minimize battery drain. During shutdown, the load is
disconnected from the battery.

The TPS6302x devices operate over a free air
temperature range of —40°C to 85°C. The devices are
packaged in a 14-pin VSON package measuring 3
mm x 4 mm (DSJ).

Device Information(")

PART NUMBER | OUTPUT VOLTAGE PACKAGE
TPS63020 Adjustable
VSON (14)
TPS63021 33V

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Efficiency vs Output Current

150 100
] % ~
Vi e v Vour ol
V55V v
1avgss VIN vout 23 70
IR p—— 2w
1 1Me e z
2e104F . 3228 g 50
iyt 2 40
JE— o Tha 2
e 180ka w
30
PSISYNG . % — Vin=18V, Vour=25V
L Good — Vin=36V, Vour=25V
s Pe 10 ViN=24V, Vour =45V
100 0F Power-save mode enabled | — Viy=3.6 V, Vour =4.5 V.
GND__PaND 0
1000 m 10m 100m 1

NS

Output Current (A)

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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), N/ Z Web Site: www.parallax.com Office: (916) 624-8333
L/ Forums: forums.parallax.com Fax: (916) 624-8003

== Sales: sales@parallax.com Sales: (888) 512-1024
Technical: support@parallax.com Tech Support: (888) 997-8267

Gyroscope Module 3-Axis L3G4200D (#27911)

The Gyroscope Module is a low power 3-Axis angular rate sensor with temperature data. The gyroscope
shows the rate of change in rotation on its X,Y and Z axes. Temperature output data and raw measured
angular rate is accessed from the selectable digital interface (I12C or SPI). The module is a small package
design and has an easy to access SIP interface with a mounting hole for quick connectivity to your
projects. The module is designed for use with a large variety of microcontrollers with different voltage
requirements.

Features
®  3-Axis angular rate sensor (yaw, pitch, and roll)
®  Supports I’C and SPI communications
® Three selectable scales: 250/500/2000 degrees/sec (dps)
®  High shock survivability

® Embedded temperature sensor -40 to +185 °F
(-40 to + 85 °C)

® Embedded power-down and sleep mode
® 16 bit-rate value data output
®  8-bit temperature data output

Key Specifications
® Power Requirements: 2.7 to 6.5 VDC
®  Communication Interface: I°C (up to 400 kHz) or SPI (10 MHz; 4 & 3 wire)
® Operating temperature: -40 to +185 °F (-40 to +85 °C)
® Dimensions: 0.85 X 0.80 in (2.16 X 2.03 cm)

Application Ideas
* Gaming
® 3D motion control
®  Virtual reality input devices
® Robotics
® UAV, IMU systems

Downloads & Resources

More resources, example code, the device schematic, and open-source hardware files are available from
the 27911 product page at www.parallax.com.

Copyright © Parallax Inc. Gyroscope Module 3-Axis L3G4200D (#27911) v1.0 10/24/2011 Page 10of 5
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LINEAR POSITION SENSOR

LPPS-22 SERIES LINEAR POTENTIOMETER

Position Sensor with Rod Ends

FEATURES

Compact lightweight design

Cost-effective measuring system

Stroke lengths from 25 to 300 mm (1 to 12 inches)
Industrial duty, liquid and corrosion resistant

Rod end joints for ease of mounting

APPLICATIONS

« Motorsport and Automotive R&D Testing
o Industrial Test Stands

OVERVIEW

LPPS-22 series Linear Potentiometer Position Sensors with Rod End Joints are used to monitor and track the
linear motion or position of a target. These ruggedized sensors are ideal for use in industrial and laboratory
applications including automotive R&D, motorsports, industrial, motion control, medical, military and aerospace.

Resistive potentiometric element is made from conductive plastic. The output is ratiometric; from 0% to 100%
of excitation voltage. The sensor is provided with swivel rod ends for self-alignment and ease of mounting.

The LPPS-22 series sensor is made from industrial duty materials for resistance to dust, temperature, shock,
and vibration.

SPECIFICATIONS

0to 100% of Input Voltage (potentiometer circuit)

<+2.5%of FSO
Infinite
0.01 mm (0.0004 inch)
Element Type: Conductive Plastic
Max Operating Speed: 5m/S (16 ft/S)
Operating Current: Input Voltage / Potentiometer Resistance Value (refer to chart on Page 2 for Resistance Value)
Operating Temperature: -40 to +95°C (-40 to +203°F)
Temperature Coefficient: <10.03% of FS/°C
Shock Rating: 50g (single hit) / IEC68-2-29
Vibration Rating: 20g / IEC68-2-6
IP Rating: P61
HAROLD G Bloomfield Hills, MI USA + 248-636-1515
SCHAEVITZ .
<HGSI Fsshane www.HGSIND.com + Sales@HGSIND.com

‘THE SENSOR CONNECTION. 05-2023_REV26
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INSTALLATION INSTRUCTIONS FORTHE 32309314
QUADRATURE SPEED AND DIRECTION SENSORS, Issue E
SNG-QSERIES

GENERAL INFORMATION The product is designed for applications where enhanced
Honeywell's SNG-Q Series Quadrature Speed and Direction accuracy is required to detect small target features. This
Sensors are designed to provide both speed and direction accuracy is enabled by dual differential Hall-effect sensor IC
information. Speed information is provided from digital square  technology. The SNG-Q Series is designed for a wide operating
wave outputs; direction is provided using a quadrature output  temperature range, robust electrical noise immunity and

with signals 90° phase shifted from each other. With the industry leading environmental sealing capability.

quadrature output, target direction is determined by output

This product includes an O-ring seal for pressure applications,
lead/lag phase shifting

and a fixed mounting flange for simple installation using one

fastener.

TABLE 1. ELECT! SPECI
Characteristic Parameter Comment
Supply voltage 45Vto26V =
Output signal:

type square wave Two channel, phase shifted by 90° either channel, may lead or lag.

duty cycle 50% +10% Dependent on target geometry and sensor-to-target orientation; see Figures 2, 3, 4,

5,6, 7, 8,9 for recommended orientation,
phase shift 90° +45° Dependent on target geometry and sensor-to-target orientation; see Figures 2, 3, 4,
5,6, 7, 8,9 for recommended orientation,
high >Vs-05V =
low: =
SNG-QPLA/QPCA/ <05V
QPMB/QPDB ailLyBY

load current 40 mA max. Applies to each output at all conditions.

rise time 10 us max. 1 kOhm pull-up resistor, dependent on load resistor.

fall time 5us max. 1 kOhm pull-up resistor, dependent on load resistor.

frequency 3 Hz to 20 kHz Frequencies >10kHz may be dependent on target geometry and air gap.
Short circuit protection 50 mA max. =
Supply current

normal 12mA all conditions

max. 18 mA
Reverse voltage -26 V max. 10 min duration

*Duty cycle = Time high/time total.

Honeywell
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Data sheet

Weidmiiller 3t

Industrial Ethernet
IE-FCM-USB-A

Technical data

Weidmiiller Interface GmbH & Co. KG
KlingenbergstraBe 16
D-32758 Detmold

Germany

Fon: +49 6231 14-0
Fax: +49 6231 14-292083
www.weidmueller.com

Dimensions and weights

Wall thickness, max. 3 mm Wall thickness, min. 1mm
Net weight 23g
Temperatures
Operating temperature, max. 70°C Operating temperature, min. -40°C
Operating temperature -40°C..70°C Storage temperature
Installation temperature
General Info
Connection 1 USBA Connection 2 USB A
Description of article FrontCom Micro USB Wiring

coupling, USB 2.0 Type A
Colour Black Housing main material PA UL 94 VO
Type of mounting Cabinet, Distribution box Shielding 360° shield contact
Protection degree IP67, in closed state Plugging cycles 21500
Standards
Connector standard IEC 61076-3-107 Certificate no. (cULus) E316369
Downloads
UL Approval DUXR.E316369.pdf
Classi
ETIM 3.0 EC000674 ETIM 4.0 EC000674
ETIM 5.0 EC000674 ETIM 6.0 EC001121
eClass 5.1 27-25-056-04 eClass 6.2 27-26-05-04
eClass 7.1 27-25-05-04 eClass 8.1 19-17-01-25
eClass 9.0 19-17-01-26 eClass 9.1 27-18-90-90

Product information

Descriptive text technical data

Approvals available on request

Approvals

Approvals

ROHS

c us
LISTED

Conform
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MICROCHIP

PIC18F46J50
Data Sheet

28/44-Pin, Low-Power,
High-Performance USB Microcontrollers
with nanoWatt XLP Technology

© 2011 Microchip Technology Inc. DS39931D
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Speciality Size Rechargeable Batteries EE&JEI

FEATURES

Lithurn-lon 18650 RS PRO, 3.7V, 18650, Lithium-
lon Rechargeable Battery,
2.6Ah

drical Li-ion

PCP Protected with
internal PCB volt:
protection.

2.6Ah (2600 mAH)
Capacity.

Resistance 250mQ.

.
<zt
~wo
RoZ
353
3

383
alw
e;g
30

4 =
>

Built-in overcharge
protection.

Built-in over

ischarge
protection,

Built-in over current
and short

o8 cHon RS Professionally Approved Products bring to you professional

quality parts across all product categories. Our product range has
been tested by engineers and provides a comparable quality to the
leading brands without paying a premium price.

RS Components — Buy this product from https:/uk.rs-online.com/ Page 1 of 6
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MB S CONNECT

68 CIRCULAR CONNECT!

d weipy®

1P68

Retaining Nut

* Contact

WATERPROOF CONNECTIVITY

PLASTIC

W

SP13/SP17/SP21 IP68 Threaded coupling

__Oring

Insert

Oring

* Contact =

RubberRing —

Panel connector shell

Locking Nut

Insert

__ Backshell

Compression Nut

Material and Specification

Product Type Connector Overmolded Cable Assemblies
Coupling Threaded coupling Threaded coupling
Shell material Nylon66, fire resistance: V-0 PC, PVC, fire resistance: V-0

Locking nut material: anodized aluminum

Insert material

PPS max temperature 260°C,
fire resistance: V-0

PPS max temperature 260°C,
fire resistance: V-0

Contact material

Brass with gold plating

Brass with gold plating

Termination

SP13:solder, SP17:solder/crimp,
SP21:solder/screw/crimp

Cable outer diameter range

SP131:4-6.5mm SP13 I1:5-8mm

SP17:6-10mm
SP211:4-5.7mm SP21 11:7-12mm
IP rating P68 P66
Mating cycle >500 >500
Temperature range -25°C-+85°C -25°C-+85°C
Insulation resistance mc* 2000 2000
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