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Abstract 

 The integrated automatic charging system developed offers the capability to operate an 

electric golf-cart and simultaneously charge its batteries. The automated nature of the design 

makes operating the system rather simplistic, however due to the plethora of individual 

components it is best to be familiar with the how the various sub-systems come together. 

Additionally despite the best design efforts some problems may occur which require 

troubleshooting. As such it is best to know the likely methods of failure and how these issues can 

be fixed. In order to ensure that issues occur less frequently regular maintenance by the user is 

required. Again in order to prevent user injury during both maintenance and operation it is the 

responsibility of the user to familiarize themselves with the system as detailed in this manual. 
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1 Introduction 

 Many semi-truck drivers sleep in their truck cabins and power the cabins heating and 

cooling systems off of the truck battery. This forces the drivers to waste fuel by leaving their 

engine on or to go without the systems. In harsh weather conditions where heating and AC are 

necessities this presents a safety risk. As such Cummins would like to sell a battery-engine 

package that would activate or deactivate the engine as needed. Cummins provided an electric 

golf cart to model a solution. The design developed integrates a battery monitoring system into 

the golf cart. The system consists of a microcontroller that continuously monitors the voltage of 

the batteries. Based on these readings the microcontroller will activate a generator that is 

mounted to the cart. This generator powers the cart’s onboard battery charger as well as its DC 

motor and electrical systems. When the batteries are charged the microcontroller will turn off the 

generator and switch the motor power supply back to the batteries. In addition to monitoring the 

voltage of the batteries their temperature will also be continuously measured to ensure that they 

are at their optimal operating temperature. If the batteries are cold the microcontroller will 

activate the generator to power heating pads wrapped around the batteries as well as power the 

cart’s motor. When the batteries are warm the microcontroller will shut off the generator and 

switch the motor back to battery power. Additionally if the batteries become too hot the 

microcontroller will activate the generator which will then power only the motor. This will 

ensure that there is no load applied to the batteries, allowing them to cool to an acceptable 

temperature. Once they have cooled the microcontroller with turn of the generator and switch the 

motor back to battery power. A more detailed explanation of how various parts of the system 

operate are outlined in the subsequent section. 

2 Functional Analysis 

 The design developed consists of many different components in order to satisfy the 

design requirements. A simplified system diagram which includes the major components is given 

on the following page in Figure 1. 
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Many of the parts in Figure 1 as well as additional minor components can be categorized into 

one of four sub-systems, which include the Power System, the Control Circuit, Auxiliary Loads, 

and Sensor Inputs.  

2.1 Power System 

 As its name implies the power system involves which device(s) power the golf cart’s 

5,000W DC motor and other electrical systems [1]. The two possible motor power sources are 

the cart’s six 8v lead acid batteries and a Cummins QG2800 Generator. The generator outputs 

AC power however the motor is DC so two RSP-1500 48V power supplies are used to convert 

the generator output into the necessary motor input. The motor power source is controlled via 

two high power double pole double throw relays that are controlled by the microcontroller. 

When the relays activate during operation there will be a voltage spike that could potentially 

damage the power supplies and/or batteries. In order to prevent this both the battery and power 

supply outputs are routed through high power diodes. Relevant technical information regarding 

the generator and power supplies are covered in the Product Specification section. 

Figure 1. Simplified diagram of how the system operates.  
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2.2 Control Circuit 

 The control circuit is the heart of the design as it is responsible for controlling power 

distribution through the system. A schematic of the control circuit is given in Figure 2: 

 

The control circuit consists of a system of transistor-relay pairs that are activated by the 

Ruggediuno microcontroller. The relays in the design control the activation/deactivation of the 

generator, the motor’s power source, and when power is supplied to auxiliary loads such as the 

cart’s on-board charger and the installed heating pads; these latter two components will be 

addressed later. When a relay needs to be activated a corresponding pin on the microcontroller 

applies a voltage to the base of the connected transistor allowing current to flow across it. As can 

be seen in Figure 2 the relay coil is connected in series to the transistor so that when the 

transistor is activated the relay coil is energized flipping the relay load switch. All of these relays 

as well as the Ruggeduino itself are powered off of the generator’s 12V battery. In addition to 

controlling the relays the Ruggeduino is also responsible for powering the sensors as well as 

reading their respective outputs. The details of these sensors are outlined in the following 

section. Relevant technical information regarding the microcontroller is covered in the Product 

Specification section. 

Figure 2. Circuit diagram of control circuit. The relay control coils are represented by 

the inductors. The leftmost box is the microcontroller while the three leftmost boxes 

are voltage regulators. 
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2.3 Input From Sensors 

 As previously mentioned the system will monitor the battery voltage and temperature. 

The voltage is monitored using a voltage divider that proportionally scales down the sum voltage 

of the cart’s batteries to a voltage that the microcontroller can safely measure. The Ruggeduino 

then uses this value to calculate the actual voltage of the batteries. Due to the simplicity of this 

monitoring method there is little chance of hardware failure. The temperature is monitored using 

a TMP36 temperature sensor that is placed near the battery terminal connected to the motor. In 

addition to the voltage and temperature monitoring the output current of the charger is also 

monitored using DFRobot 50A Current Sensor. The current is monitored in order to confirm that 

the batteries are being charged. The measured current is a critical parameter that has a significant 

effect on the operation of the installed system, due to how the software on the microcontroller 

was programmed. As such relevant technical information regarding the current sensor can found 

in the Product Specifications section. 

2.4 Auxiliary Loads 

 The auxiliary loads in this design are the cart’s onboard 1200W QuiQ 912-48xx charger 

and the two 160W heating pads [2-3]. Both the charger and heating pads run off AC power so 

they are connected in parallel to the generator output as they do not need to be converted to DC 

via the power supplies. The load ends of the relays used to control the charger and heating pads 

are connected to the positive AC input wires of the respective devices. The charger datasheet can 

be found in Appendix A. 

3 Project Specification 

 Careful consideration had to be taken when selecting the various components for the 

design. The operational parameters of the critical design components, which include, the 

generator, the power supplies, high power relays, the microcontroller, and the current sensor are 

outlined in the following sections. 



Team 2                                                                                               Electric Vehicle Optimization 

5 

 

3.1 Generator 

 The Cummins QG2800 outputs a maximum current of 20.8A at 120Vac, this equates to 

2,500W of power [4]. The power supplied to the motor will be approximately equal to this value 

if the batteries have overheated, however if they require charging or if they are too cold the 

supplied power will be less. This is because the generator simultaneously powers the motor and 

either the 1,200W charger or the combined 320W heating pads. It was previously mentioned that 

the cart’s motor is 5,000W therefore when the cart is operating off of generator power it will 

have a reduced maximum speed. This is a concession made due to the fact that a generator that 

could fully power the motor and charge the batteries, 7,200 W total, would be far too large to 

mount to the golf cart. If additional information on the generator is needed its operational 

manuals can be found online. 

3.2 Power Supplies 

 As previously mentioned the motor in the cart is 5,000W, this means that when operating 

off of the combined cart battery voltage of 48V the maximum current to the motor will be about 

104A, however during normal operation the actual current supplied to the motor will be about 

70A [5]. The most amount of power supplied to the motor when operating off of generator power 

will be the generator’s full output of 2,500W, assuming ideal conditions with no power loss. This 

power if supplied to the motor at 48VDC corresponds to a conservative current estimate of about 

52A going through the motor. The power supplies must be able to output current of this 

magnitude, however the RSP-1500 power supplies used can only output a maximum current of 

32A [6]. In order to reach the necessary amperage the power supplies are arranged in parallel for 

a combined maximum output of 64A @ 48VDC. The actual nominal operating current will 

depend on what systems the generator is powering and will range from ~25A to ~47A. If 

additional information on the power supplies are needed the datasheet is in Appendix A. 

3.3 Microcontroller & Current Sensor 

 The Ruggeduino analog pins are used to measure the inputs from the various sensors in 

the design. The AD channels are 10-bit and can handle an applied voltage up to 5.0V, yielding an 
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effective resolution of  ~0.005V. The current sensor has can measure current ranging from -50A 

to +50A with an output of 0.04V per 1A. The overall resolution accounting for both that of the 

Ruggeduino and the sensor itself is about 120mA. This is an acceptable value since the charger 

outputs a current ranging from ~3.4A to ~20A, both well above the minimum resolution. 

4 Project Assembly 

 The integrated system utilizes a QG 2800 Cummins generator to power the golf cart, via 

power supplies, when the batteries need charging or heating. This generator is fueled by propane 

and utilizes a 12 volt battery to operate. Mounts for these components were developed and their 

assembly is outlined in the following sections.  

4.1 Generator 

 The generator and propane tank mount was fabricated out 2 in x 2 in x 1/8 in steel angle 

iron. The generator mount is composed of two U shaped brackets and two support pieces. With a 

U shaped bracket bolted to each side of the generator with 5/8” bolts. Each U shaped bracket is 

connected to a piece of steel angle with a 5/8” bolt. This steel angle runs across the rear seat 

support ensuring that the generator is secure under the back seat. 

Figure 3. Photograph of the generator mount. 
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4.2 Propane Tank 

 The propane tank mount was designed to mount to the rear hand-rail that hangs off the 

back end of the cart. Utilizing the steel angle iron that was purchased for the generator mount, 

the team designed a mount to securely fasten the propane tank to the back of the cart. This design 

also allows for easy removability of the tank. The mount is secured to the golf cart’s frame with 

5/8” bolts. Protective material was added to the mount to ensure the metal does not rub against 

the tank and possibly cause sparks while in motion. 

 

Figure 4. Photograph of the propane tank mount with the 

tank inserted. 
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4.3 Power Supplies 

 These power supplies as well as the 12 volt generator battery are mounted in the golf 

cart’s battery compartment underneath the front seat. The housing, see Figure 5, for the power 

supplies and generator battery was constructed using steel sheet metal that was cut to fit in the 

region between the cart’s six 8V batteries and the wall of their enclosing compartment. A portion 

of the metal was cut out to allow the power supplies to slide into the plate. Brackets were added 

to secure the supplies to the housing.  Additionally the supplies are joined together with steel 

strips, one on either side, that are bolted to the supplies with M4 screws, as seen in Figure 6.  

Figure 5. Assembly showing how the power 

supplies (green) are fastened to the plate and how 

the battery (red) rests on the plate. 

Figure 6. Side view of the power supplies mounted in the cart. 
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5 Operation Instruction 

5.1 Starting the System 

 Due to the passive nature of the design operating it is quite simple as the majority of the 

processes are conducted by the system automatically. In addition to the instructions detailed in 

this section please consult the golf cart’s manual for additional safety and operational 

instructions. Before activating the system please ensure the following are true:  

1. The golf cart key is turned to the OFF position. 

2. The FORWARD/REVERSE switch is in the NEUTRAL position. 

3. The parking brake is on. 

4. The cart’s TOW/RUN switch is set to the RUN position. 

5. The propane tank is secured to its mount. 

6. The propane tank connections are secure and the valve is open. 

 

If all of the above criteria are true the system can be safely activated. The systems ON/OFF 

switch is located in the center of the cart between the front and rear seats. To activate the system 

simply turn the switch to the ON position. When the system activates you should hear audible 

clicking which indicates that the various relays in the system are functioning properly. If the 

batteries are below 50% in charge or are too cold the generator will activate. If the batteries are 

fine in terms of temperature and charge then the cart will continue to operate off of battery 

power. An LCD screen located next to the charger will display the voltage of the batteries as well 

as their temperature. In addition if the batteries are being warmed, charged, or have overheated 

this will also be displayed on the screen. Once you are ready to drive the cart follow these steps: 

1. Turn the golf cart key to the ON position. 

2. Set the FORWARD/REVERSE switch to the desired setting. 

3. Release the parking brake. 

4. Drive 
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5.2 During Operation 

 Due to the generator outputting less than what the motor requires to fully power it the cart 

will have a reduced maximum speed of about 6 mph when operating off of generator power. If 

the cart is moving faster than this speed when the system switches from battery power the 

generator could be overloaded. When the generator starts there is a 30 second delay before the 

relays activate and change the motor’s power source to the generator. So as not to damage the 

system, reduce cart speed to less than 5mph upon activation of the generator. For the best results 

and to further extend the lifetime of the system bring the cart to a complete stop before the power 

source changes. 

5.3 Stopping the System 

 In the event that the automatic activation of the generator is not desired or if the cart is 

going to be stored for an extended period of time the system can be deactivated.  

 

If the generator is OFF when attempting to deactivate the system follow these procedures: 

1. Turn the golf cart’s key to OFF position 

2. Set the FORWARD/REVERSE switch to the NEUTRAL position 

3. Ensure the parking brake is on. 

4. Turn the systems ON/OFF switch to the OFF position. 

5. Close the propane valve. 

6. Set the cart’s TOW/RUN switch to the TOW position. 

 

If the generator is ON when attempting to deactivate the system follow these procedures: 

1. Turn the golf cart’s key to OFF position 

2. Set the FORWARD/REVERSE switch to the NEUTRAL position 

3. Ensure the parking brake is on. 

4. Turn the systems ON/OFF switch to the OFF position. 

5. Press the generator OFF button located on the right side of the generator housing. 

6. Close the propane valve. 

7. Set the cart’s TOW/RUN switch to the TOW position. 
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6 Trouble Shooting 

 There are several possible reasons that the system may not start the most likely causes 

and their respective solutions are listed below: 

 

NOTE: Before troubleshooting ensure the following: 

1. The golf cart key is turned to the OFF position. 

2. The FORWARD/REVERSE switch is in the NEUTRAL position. 

3. The parking brake is on. 

4. The cart’s TOW/RUN switch is set to the TOW position. 

5. The system switch is in the OFF position. 

6. The generator is OFF. 

 

1. Generator does not start. 

a. Ensure that the propane valve is open and there is propane in the tank 

b. Ensure that the generators circuit breaker is not tripped. 

c. Ensure that the relay connections mounted on the generator are secure 

d. Ensure the generator battery connections are secure 

e. Ensure the generator has sufficient oil. 

f. If problem persists consult the online generator manual. 

2. Charger will not charge batteries 

a. Ensure the charger is plugged into the power cord. 

b. Ensure the charger terminals are connected to the carts batteries. 

c. Ensure the charger relay connections are secure. 

d. If problem persists consult the charger manual in Appendix A. 

3. Cart won’t move when the generator is on 

a. Check that the relay connections are secure. 

b. Check that the power supplies connections are secure. 

c. Check that the high power relays are functioning when 12V is applied to the coil. 
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d. If problem persists do NOT attempt to fix the problem in ways other than those listed 

in this section. Consult a trained golf cart technician. 

7 Regular Maintenance 

 The operator of the vehicle should routinely inspect the oil level of the generator. Low oil 

levels will cause the generator to be unable to start and render the system unable to function at its 

full capacity. The generator runs using 5W-30 weight oil and should not be overfilled as this can 

cause damage to the seals which in turn will make the generator inoperable as well. In addition to 

this general generator maintenance, the operator should check electrical connections and wiring 

for any loose connections or cracks in the wiring which could hinder system performance. The 

batteries of the golf cart should be checked monthly in order to ensure that there is a sufficient 

amount of acid in each one and if there appears to be a deficit, water should be added to get the 

levels back to a proper amount. The frame of the golf cart should be inspected for rust 

periodically as well. The brake fluid lines should be periodically inspected along with the brake 

fluid reservoir tank for leaks or low fluid levels, respectively. Lastly, the user should always 

ensure that the tires are properly inflated by using a pressure gauge and inflating the tires to the 

recommended levels in order to obtain the maximum efficiency and performance of the golf cart. 

8 Spare Parts 

 The system was designed to robust in order to extend the overall lifetime, however there 

may be situations that would require a component to be replaced due to damage. As such a set of 

spare parts has been assembled and includes: 

1. 4 power cable end connectors 

2. 10 zip ties 

3. An assortment of transistors and voltage regulators 

4. An assortment of nuts for the high-power relays 

5. The original generator activation/deactivation switch 

If a component not found in this list of spare parts requires replacement please contact a trained 

technician for the required replacement specifications.  
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