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Abstract  

The growing utilization of liquefied petroleum gas (LPG) in 

both residential and commercial environments highlights the 

vital requirement for dependable gas detection systems to 

guarantee security. In this project, an Arduino-powered LPG 

gas detection system is designed and put into operation. 

This project's main goal is to create a reliable, affordable system 

that can identify LPG gas in the environment and send out early 

alerts to stop possible dangers. The device uses an Arduino 

microcontroller interfaced with a gas sensor to continuously 

monitor the quality of the air. When more than a certain amount 

of LPG gas is detected, the system sounds an alarm and initiates 

a notification system. 

Two crucial components of the project are the MQ series gas 

sensor and the Arduino Uno. 

The MQ series gas sensor, an Arduino Uno microprocessor, and 

an audiovisual alert system are important parts of the project. 

The Arduino processes the analog output from the gas sensor 

and subsequently regulates the alarm system. Furthermore, the 

system's user-friendly design makes it simple to calibrate and 

customize alarm thresholds. 

The effectiveness of the LPG Gas Detection System in quickly 

identifying LPG gas leaks has been shown by thorough testing 

in simulated real-world circumstances. The system is a 

workable way to improve safety in both home and commercial 

settings because of its low cost, ease of use, and dependability. 

 

By providing a workable answer to the urgent need for reliable 

LPG gas monitoring systems, this initiative advances the field 

of gas detection technology. The Arduino platform is a 

significant instrument for boosting safety and minimizing 

potential disasters linked with LPG gas leakage because of its 

versatility, which ensures adaptability to varied circumstances. 

Keywords: Deep Learning, Computer Vision, Real-Time 

Object Detection, Video Analysis, Model Optimization  

1. INTRODUCTION  

The improvement of living conditions has been greatly 

aided by the increased usage of liquefied petroleum gas (LPG) 

as a flexible energy source in both the household and industrial 

sectors. LPG's inherent flammability, however, presents a 

concern if not used with extreme caution. Unintentional LPG 

leaks might result in hazardous circumstances, underscoring 

the vital significance of dependable gas detection systems in 

guaranteeing the security of individuals and assets. 
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This project offers a complete solution—an Arduino-powered 

LPG gas detection system—to meet this pressing requirement. 

This system's main objective is to proactively identify the 

presence of LPG gas in the surrounding area and to sound an 

early warning system to reduce any potential problems.The 

system's architecture is predicated on the application of 

Arduino technology, which provides an economical and 

accessible method of gas detection. The system's essential 

component is the integration of an Arduino microcontroller 

with a gas sensor, notably the MQ series. The gas sensor is 

designed to continuously check the quality of the air. Should 

it detect quantities of LPG gas beyond certain limits, the 

system will sound an alarm and send out a notification. Apart 

from fundamental features, the project emphasizes ease of use, 

enabling simple adjustments and flexibility in various 

environments. The adaptability of the Arduino platform 

guarantees the system's scalability and usefulness in a variety 

of scenarios in addition to adding to its robustness. 

By exploring the intricacies of the LPG gas detection system, 

this project seeks to advance the field of gas detection 

technology with a workable, affordable, and dependable 

solution. Through the improvement of LPG safety protocols, 

this system can avert mishaps, preserve human life, and 

safeguard priceless possessions. 

This introduction lays the groundwork for a thorough analysis 

of the project that covers its phases of design, implementation, 

and testing, eventually emphasizing its significance within the 

larger context of technology and security. 

2. LITERATURE STUDY 

Microcontroller-Based Leakage Detector for LPG Gas 

sensors, GSM/HC05 BLUETOOTH/HC05 BLUETOOTH 

Module, and microcontroller are utilized in this system. If the 

concentration of gas increases, the gas sensors will detect gas 

leakage and relay that information to the microcontroller. The 

microcontroller that receives the connection between the 

GSM/HC05 BLUETOOTH/HC05 BLUETOOTH module and 

itself is then programmed to terminate the main supply. The 

technology is very safe, impenetrable, and dependable. Over 

time, the expense of upkeep is economical. It is quite precise. 

(June-2015, A. Sood, B. Sonkar, A. Ranjan, Mr. A. Faisal) 

A system that offered protection against burglars, leaks, and 

fire mishaps. When that happens, this system texts the 

emergency number it has been given. "LPG gas monitoring 

and automatic cylinder booking with alert system" is how the 

suggested system is set up. The detection of economical fuels, 

such as petroleum and liquid petroleum gas, is the main topic 

of this paper. We have built a system called "LPG gas 

monitoring and automatic cylinder booking with alert system" 

for this purpose. The identification of economical fuels such as 

petroleum, liquid petroleum gas, and alarm systems is the main 

topic of this paper. The identification of economic fuels, such 

as gasoline, liquid petroleum gas, alcohol, etc., is the main 

topic of this paper. (A.Kushwah, K. Asthana, H. Rawatt, and 

AShivhare, 2014) Liquefied petroleum gas (LPG) is a 

chemical that ignites easily. Both at home and in the 

workplace, liquid petroleum gas (LPG) is utilized as fuel for 

burning. LPG is utilized for heating, industry, and other 

purposes. Among the internal parts of the sensor that prevent 

malfunction and false alert signal are a heater and a gas-

sensitive resistor. When steam exceeds a predetermined gas 

concentration, the alarm sounds. In order to protect public 

safety, this device is used to provide an early notice of a 

problem. Safety, health, and materials fields all require LPG 

and gas sensors. This integrated device sends out an SMS 

notice to users when it detects potentially dangerous gas. (Mrs. 

R. Shiyana, A. 

The Arduino Uno R3 microcontroller is the one used in this 

project. R3 is the Arduino Uno's third and most recent 

iteration. A microcontroller board based on the ATmega328 is 

called the Arduino Uno. The ATmega328 is a 32 Kbyte single 

microchip controller (the boot loader occupies 0.5 Kbyte of the 

total). In addition, it has I/O pins, an AVR microcontroller 

chip, a power jack, a USB connection, an ICSP (In-Circuit 

System Programming header), reset button, and SRAM and 

EEPROM that can be written to and read using the EEPROM 

library. In short, a USB cable is used to connect it to a 

computer. Because the Arduino has a clock speed of 16 MHz, 

it can complete a task faster than other processors or 

controllers. No matter what a code does, the AVR chip never 

stops ticking at 16 MHz, hence the amount of current it uses is 

largely unrelated to the code that is run. (Dr. Bayan M. Sabbar 

; June 2016; A. I. Ali). 

3. PROPOSED METHOD  

A controller-based LPG gas detection system proposal must 

include a description of all the system's essential parts, how 

they work together, and how the system operates as a whole.  

1. Gas Sensor Selection: 

Start by choosing the right gas sensors that can identify LPG 

leakage. Take into account variables including operational 

conditions, response time, sensitivity, and selectivity. 

Select sensor technologies that are compatible with LPG 

detection and have the performance characteristics you need, 

such as infrared, catalytic bead, or semiconductor-based 

sensors. 

2. Controller Integration: 

Connect a controller unit, such as a microprocessor or 

programmable logic controller (PLC), to the chosen gas 

sensors. Verify that the input requirements for the controller 

and the sensor output signals are compatible. 

Create or make use of digital or analog communication 

protocols to create a smooth data transfer between the 

controller and the sensors. 

1. Controller Algorithm Development: 

2. Create a controller algorithm that will efficiently 

handle the sensor data. For this method to reliably 

identify the presence of LPG, sensor readings need be 

analyzed. 

3. Use signal processing methods to lower false alarms 

and improve the accuracy of LPG detection, such as 

data fusion or filtering. 

4. Based on the examination of the sensor data, establish 

thresholds or criteria for setting off alerts or starting 

safety procedures. 

5. 2. Integration of Alarm Systems: 

6. In order to send out timely alerts in the event that LPG 

is detected, integrate an alarm system with the 

controller. 

7. Depending on the needs of the application, choose the 

right alarm types, such as buzzers, email or SMS 
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alerts, or visual indicators (LEDs) for remote 

notifications. 

8. Set up escalation protocols and alarm activation 

criteria to guarantee a timely reaction to LPG spills. 

9. 9. System Testing and Calibration: To maximize 

detection sensitivity and reduce false alarms, calibrate 

the gas sensors and adjust the controller algorithm. 

10. Perform thorough testing in both simulated and actual 

environments to verify the system's functionality, 

correctness, and dependability. 

11. To increase overall system efficacy, iterate on 

enhancements based on user feedback and testing 

findings. 

12. 10. Setup and Implementation: 

13. Install the LPG gas detection system in the target area 

at the proper spots, taking into account things like 

possible leak sources and the characteristics of gas 

dispersion. 

14. To preserve system operation and integrity, make sure 

that the wiring, mounting, and environmental sealing 

are done correctly. 

15. To make system maintenance, troubleshooting, and 

operation easier, provide user documentation and 

training. 

16. Monitoring and Maintenance: 

Establish a routine for maintenance and observation to 

guarantee the gas detection system's continued functionality. 

Check for signs of wear, damage, or malfunction in sensors, 

controller parts, and alarm systems on a regular basis. 

Periodically calibrate and test the system to ensure that it 

continues to meet safety regulations and legal requirements. 

17. Ongoing Enhancement: 

Encourage a culture of ongoing development by asking 

users and stakeholders for input on the functionality and 

performance of the system. 

As sensor technology, controller algorithms, or 

communication protocols progress, include them to gradually 

improve the LPG gas detection system's capabilities. 

Keep abreast of industry advancements and developing 

patterns to tackle changing safety issues and legal requirements 

in a proactive manner. 

4. SYSTEM ARCHITECTURE   

 

1. Arduino Uno Arduino is an open-source electronics 

platform that makes it easier to create interactive 

electronic projects by combining hardware and 

software. The Arduino ecosystem revolves around 

microcontroller boards, like the widely used Arduino 

Uno, Mega, and Nano. Because these boards have 

input and output pins, users can connect a variety of 

parts and sensors to make a wide range of projects. 

2. MK-06 Sensor :- 

3. 1. Detection Range: Parts per million (ppm) is the 

standard unit of measurement for the concentration of 

flammable gases to which the MQ-6 is sensitive. 

4. 2. Sensitivity: It is extremely sensitive to 

hydrocarbons, including LPG. 

5. Heating Element: 

The detecting material is heated by a heating element built 

within the sensor. The concentration of the target gas affects the 

detecting element's resistance. 

Diode For Light Emitting In Power Cut System :- 

The basis for how LEDs work is the electroluminescence 

principle, which states that when an electric current is applied 

to a material, it emits light. 

Their basic component is a semiconductor material that, when 

current passes through it, generates light. These materials are 

frequently composed of gallium arsenide, gallium phosphide, or 

related compounds. 

Module for GSM/HC05 Bluetooth/HC05 Bluetooth: ETOOTH) 

module is a hardware component that facilitates communication 

via a mobile network. It enables electronic devices to connect to 

a cellular network and communicate with a central server or 

with one other. 

 

1. Objective: 

Create an effective, affordable, and user-friendly LPG gas 

detection system with Arduino to improve safety in both 

residential and commercial settings by detecting gas leaks early. 
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2. Components: 

MQ Series Gas Sensor: To identify LPG concentrations, use an 

appropriate MQ series gas sensor. 

Arduino Microcontroller: Use the Arduino platform to 

implement the control mechanisms, user interface, and logic for 

gas detection. 

Visual and Aural Alarms: Include buzzers and LEDs to alert 

users right away if any gas leaks are discovered. 

User Interface: Create a calibration and monitoring interface 

that is easy to use. 

The GSM/HC05 BLUETOOTH/HC05 BLUETOOTH Module 

is utilized to notify the user via mobile device. 

3. Functionalities: 

Gas detection: Accurately and consistently measure the 

concentrations of LPG gas. 

Establish and modify predetermined gas concentration criteria. 

User Interface: Make the system's calibration easy to use. 

Provide visual cues regarding alarms and system condition. 

Put in place user controls for adjusting thresholds. 

 

Alarm Mechanism: When LPG concentrations surpass 

predetermined thresholds, visual and auditory alarms are set 

off. 

Make sure users receive an accurate and timely notice. 

recording data to analyze patterns in gas concentration over 

time. 

 

4. Safety and Compliance: 

Construct the system in accordance with applicable safety 

guidelines and laws pertaining to gas detection systems. 

Make sure the system prevents potential hazards related to LPG 

gas leaks and provide early warnings to improve safety. 

5. Calibration: 

Describe a calibration process that takes the environment and 

changes in sensor response into consideration. 

Make it simple for people to adjust the system. 

6. Documentation: 

Create thorough documentation that addresses the following: 

architecture and system design. 

Hardware elements and connectors. 

Arduino code and programming. 

Methods of calibration. 

User guide for upkeep and operation of the system. 

7. Testing: 

Evaluate system performance via extensive testing in simulated 

real-world conditions. 

Check for accuracy, dependability, and responsiveness in a 

range of environmental circumstances. 

8. Knowledge Sharing: 

Present research results, documentation, and code to the public 

via talks, publications, or open-source repositories. 

Promote information exchange to advance our understanding of 

gas detection systems. 

9. Timeline: 

Establish a project schedule that includes checkpoints for 

testing, design, development, and documentation. 

10. Budget: 

Set aside money for the purchase of parts, equipment, and other 

requirements. 

      

Initially, the GSM/HC05 BLUETOOTH/HC05 BLUETOOTH 

module receives a signal from the microcontroller. If the 

module is correctly attached to the microcontroller, it responds 

with an acknowledgement signal. The gas sensor unit then uses 

the MQ-6sensor to detect any gas leaks in the MO sphere. The 

microcontroller's ADC unit receives a signal from the sensor 

unit when it detects gas leakage, and it uses this signal to 

activate other external devices that are attached to it, including 

the buzzer and GSM/HC05 BLUETOOTH/HC05 

BLUETOOTH module. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                                      © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882 

IJCRTAC02013 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 64 
 

5. FLOWCHART 

 

 

 

 

6. ALGORITHM 

Step 1: Initialization:  

Set up the microcontroller and any peripheral devices that are 

required (display unit, alarm system, sensors). 

Step 2: Adjustment 

Carry out sensor calibration: 

Gas sensors should be exposed to known LPG concentrations. 

As necessary, adjust the sensor's sensitivity. 

Save the sensor values that have been calibrated for later use. 

Step 3: Primary Loop 

To keep an ongoing eye on the surroundings, enter the main 

loop. 

Step 4: Read sensor data 

Utilize the gas sensor(s) to read the LPG concentration. 

Transform sensor readings into useful units (such as 

percentages or parts per million). 

Step 5: Threshold Comparison: Evaluate the LPG 

concentration by comparing it with the predetermined threshold 

levels. 

Maintain monitoring if the LPG concentration is below the safe 

level. 

Go on to the following step if the LPG concentration is higher 

than the predetermined threshold. 

Step 6: Set Off the Alarm 

Turn on the alert system: 

Make an audible alarm sound (siren, buzzer) to notify people. 

Use LED flashing visual indicators to draw attention. 

Put cautionary notes on the display device. 

Step 7: Precautionary Actions 

Adopt safety precautions: 

If necessary, give directions for a safe evacuation. 

If you need immediate assistance, call them. Step  

8: Error Handling: 

To identify and recover from sensor failures or communication 

issues, put error handling procedures in place. Display error 

messages or take corrective actions as needed. 

Step 9: Power Management:  

To save energy when the system is not in use, activate power-

saving functions. 

Verify that, if necessary, the system can run dependably on 

battery power. 

Step 10: Loop's End: 

To keep an eye out for LPG gas, go back to the main loop's 

beginning. 

Step 11: Validation and Testing 

Carry out comprehensive testing in a range of scenarios to 

guarantee the efficiency and dependability of the system. 
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Verify how the system reacts to emergency situations and 

simulated gas leaks. 

Step 12: Record-keeping: 

For the sake of reference and upkeep, record all algorithmic 

steps, including inputs, outputs, and interactions 

7. DESCRIPTION OF METHODOLOGY 

We adhere to a workflow for the duration of the project. There 

are six steps in this process. 

They are as follows: Figure 1: This project's workflow 

Analysis, Design, and Development of Requirements Our 

project's primary goal is to detect any LPG gas leaks and send 

a signal to the designated mobile number via SMS at that 

precise moment. It is now time to create the hardware and 

develop our concept after we have incorporated the numerous 

GPS system and architectural functionalities. System 

prerequisites The Arduino, GSM/HC05 BLUETOOTH/HC05 

BLUETOOTH module, buzzer, and LCD make up the system 

we wish to build. The Arduino is responsible for processing the 

data received from the GSM/HC05 BLUETOOTH/HC05 

BLUETOOTH module and controlling the signal. The 

GSM/HC05 BLUETOOTH/HC05 BLUETOOTH module 

sends the SMS to the mobile phone. To properly complete this 

project, the following hardware and software requirements 

must be met.  

Hardware Conditions 

1) The microcontroller Arduino UNO  

2) Power supply, 12 volt DC  

3) 5 volts controlled CKT  

4) Sensor for LPG gas  

5) Software Requirements for the GSM/HC05 Bluetooth/HC05 

Bluetooth Module  

1) The Arduino IDE  

2) C++ language 

 

8. EXPERIMENTAL SETTINGS   

In order to test an LPG gas detection system with a 

controller, an experimental setup must be created in which 

possible leak scenarios are simulated. The system's performance 

in identifying and reacting to these leaks is then assessed. 

A specially created gas chamber is in the center of the 

arrangement. In order to replicate real-world conditions, LPG 

gas can be introduced into this chamber in controlled quantities. 

Its sealed construction ensures safety during experiments by 

preventing gas leaks into the surrounding region. Ventilation 

systems are included into the chamber to control gas dispersion 

and preserve a secure environment for testing. 

There are several carefully positioned gas sensors inside the 

gas chamber. The main elements in charge of identifying the 

presence of LPG gas are these sensors. To precisely measure the 

levels of gas concentration, they are arranged in the chamber at 

different heights and positions. The positioning of these sensors 

is carefully thought out to guarantee thorough coverage of the 

chamber and prompt identification of gas leakage from various 

sources. 

The controller device is mounted outside the chamber in a 

secure spot. The central processing unit (CPU) of the gas 

detection system is this device, which may be a microcontroller 

or a programmable logic controller (PLC). It gathers 

information from the gas sensors, applies preset algorithms to 

the data analysis, and, depending on the type of gas detected, 

initiates the proper actions. The controller and the gas sensors 

create communication links in order to enable real-time data 

exchange and system functioning. 

When a gas leak is discovered, the controller is connected 

with an alarm system that notifies users right away. Alarm 

indications, both audible and visual, are placed outside the gas 

chamber to rapidly notify experimenters and viewers. These 

alarms are essential safety devices that make sure that any gas 

leaks are found and fixed right away to avoid any hazards. 

An apparatus for collecting and analyzing experimental data 

is used. Throughout tests, this system logs sensor data, alarm 

triggers, and system actions. This data is organized and stored 

using data recording gear or software in preparation for further 

examination and analysis. 

To replicate various leak scenarios, LPG gas is delivered 

into the chamber under controlled conditions during the 

experiment. To test the sensitivity, response time, and accuracy 

of the system under varied settings, these releases differ in terms 

of gas concentration levels, flow rates, and durations. In order 

to evaluate the system's performance in relation to 

predetermined criteria and safety requirements, experimenters 

keep a tight eye on sensor responses and alarm activations. 

The experimental protocols, observations, and results are 

carefully recorded in a comprehensive report. This report offers 

recommendations for system optimizations or enhancements 

based on testing results, graphical representations of sensor 

data, and analysis results. 

 

9. PERFORMANCE METRICS  

Sensitivity is an important parameter that assesses how well 

the system can identify LPG gas leaks. Even low amounts of 

LPG can be successfully detected by a highly sensitive 

technology, lowering the possibility of undiscovered leaks and 

associated risks. Equality of importance lies in specificity, 

which assesses the system's ability to distinguish between LPG 

gas and other external elements or interference, hence reducing 

the number of false alerts. 

Another important performance parameter is response time, 

which shows how fast the system can identify and react to gas 

leaks. A quicker reaction time guarantees timely alerts and 
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permits immediate risk mitigation measures. On the other hand, 

a protracted reaction time could cause delays in dealing with 

gas leaks, which could result in safety incidents. 

 

A system's consistency and dependability are assessed over 

time by reliability, which takes into account many 

characteristics like sensor stability, controller robustness, and 

system integrity in varying environmental conditions. A 

dependable system lowers the possibility of faults or 

breakdowns by maintaining consistent performance and 

functionality. 

The repeatability of alarm activations for multiple trials of 

the same gas leak situation is evaluated using the alarm trigger 

consistency. Users are able to depend on the system for prompt 

alerts and efficient risk reduction because consistent alarm 

triggers guarantee predictable reactions. 

Recovery time is the amount of time needed to get the 

system back to regular operation following the resolution of a 

gas leak occurrence. A quicker recovery time reduces 

interruptions and downtime so that regular monitoring 

operations can be quickly resumed by the system. 

The frequency and complexity of maintenance actions required 

to guarantee the detecting system's continuous operation are 

assessed by maintenance requirements. Sustaining optimal 

functionality and reliability requires routine maintenance, 

which includes sensor calibration, controller updates, and 

system diagnostics.   

17. RESULT   

 

 

11. CONCLUSION   

To sum up, the Liquefied Petroleum Gas (LPG) Detection 

System Using Arduino project is a big step in the right direction 

toward improving safety in LPG-dependent situations. Through 

the utilization of the MQ series gas sensor's sensitivity and the 

adaptability of Arduino technology, the project has effectively 

produced an affordable, easily accessed, and user-friendly early 

gas leak detection solution. By combining visual and auditory 

alerts, possible risks like fire and explosions are reduced and 

timely notifications are guaranteed. Furthermore, the initiative 

has notable educational value because it tackles real-world 

safety concerns and fosters information exchange throughout 

the community. Going ahead, suggestions for routine 

calibration, environmental factors, and possible improvements 

demonstrate a dedication to continuous progress. The success of 

the project rests not only in its immediate safety applications but 

also in its ability to serve as an example for future iterations, 

guaranteeing ongoing progress in gas detection technology and 

creating a safer atmosphere for users. 

12. REFERENCES  

1] "Classification of Gases/odours using Dynamic Responses of 

Thick Film Gas Sensor Array," IEEE Conference on Sensors 

Journal, 2013, Sharma, S., Mishra, V.N., Dwivedi, R., and Das, 

R.  

 

2] "Selective Sensor to LPG in presence of CO using nanogold 

filter, operating at low temperature, with Pt/SNO2," Alipour, S., 

Mortazavi, Y., Khodadadi, A., Medghalchi, M., and Hosseini, 

M., Fifth IEEE Conference, 2006.  

 

[3] "Embedded system for Hazardous gas detection and 

alerting," by V. Ramya and B. Palaniappan, published in the 

International Journal of Distributed and Parallel Systems 

(IJDPS), volume 3, issue 3, May 2012.  

H. Huang, H. Bain, and S. Zhu, "A Greenhouse Remote 

Monitoring System Based on GSM/HC05 

BLUETOOTH/HC05 BLUETOOTH," in Proceedings of the 

IEEE International Conference on Information Management, 

pp. 357–360, 2011.  www.indane.co.in, www.hpgas.co.in.  

 

[4]ftp://ftp.dei.polimi.it/outgoing/Massimo.Ghioni/Power%20

Electronics%20/Motor%20control/DC/DC%20motors%20and

%20generators.pdf 

 

[5] "Embedded Based Industrial temperature monitoring 

system using GSM/HC05 BLUETOOTH/HC05 

BLUETOOTH," Murugan, T., Periasamy, A., and Murugan, S., 

International Journal of computer application, Nov. 2012. 

"Security alert system using GSM/HC05 BLUETOOTH/HC05 

BLUETOOTH for gas leakage," S. Rajitha, T. SwapnaThe 

International Journal of Embedded Systems and VLSI (IJVES) 

 

 [6] "A wireless home safety gas leakage detection system," 

Proceedings of the First Middle East Conference on Biomedical 

Engineering, pp. 11–14, 2011, by Fraiwan, L., Lweesy, K., 

Bani-Salma, A., and Mani, N. 

 

 

http://www.ijcrt.org/
ftp://ftp.dei.polimi.it/outgoing/Massimo.Ghioni/Power Electronics /Motor control/DC/DC motors and generators.pdf
ftp://ftp.dei.polimi.it/outgoing/Massimo.Ghioni/Power Electronics /Motor control/DC/DC motors and generators.pdf
ftp://ftp.dei.polimi.it/outgoing/Massimo.Ghioni/Power Electronics /Motor control/DC/DC motors and generators.pdf

