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[bookmark: _Toc532580341]Mateusz Skoczylas 1704045 (Mechanical drive and propulsion)
Overseeing the mechanical drive and propulsion, I have started to look into electric motors, control systems and the clamping system. This research will be used to create detailed designs which will be evaluated against specification in the next part of the assignment.
I have set out several requirements (apart from the general specification) for the mechanical drive and propulsion system.
· The results need to be repeatable. We don’t want the system to fail or to be underperforming when it is competing.
· The system needs to perform well yet be as least complex as possible. This reduces the making cost, design time, and its chances of failure.
· The system needs to be adapted to its environment e.g. the pipe tolerance needs to be considered.
· Calculations, research and analysis are the key to making a system that meets the above three points.
[bookmark: _Toc532580342]Drive & control system
The information below is a summary of initial research. 
Two pole DC motor (chosen for evaluation & prototyping
Low cost option compared to servo and stepper motors – usually between £2 and £5
Control system required: 555 Timer (no decoder needed). Very cost effective (£0.28 @ RS components). No need for decoder or Arduino (advanced control system) unlike stepper and servo motors. This also means that there is no need for coding, making the system simple.
Problem 1:
(this problem can be solved)
The 555 timer chip can only supply between 4.5v to 15V and output current up to 200mA. The electric motor might exceed this specification. As a solution, a 4 pin relay can be used instead (about £1.50-£2)
Problem 2: 
(This problem can be solved)
A 2 pole DC motor does not have position tracking. A double pole double throw momentary limit switch can simply be implanted to reverse polarity once the motor reaches the top of its travel. Note: using this system the switch has to be returned to its original position for every run.
Problem 3
(This problem can be solved)
A typical 2 pole DC motor operated at very high RPM (roundabout 8000rpm-16000rpm), and produces very little torque at low RPM (and as the result very little power) compared to stepper and servo motors. Furthermore, speed of the motor can only be controlled by voltage but as a side effect it will drastically reduce relative torque produced. We can assume that our application will require high torque and low rpm (translating to a large amount of driving force). As a solution, a gear system can be used.
Problem 4
(This problem can be solved)
Due to the motor requiring a lot of current in the initial stage of it being powered up, the voltage might dip so a capacitor can be used to compensate.

Stepper and Servo motors
The idea for using stepper and servo motors was quickly disregarded, mainly because of the cost (motor: £11-£30, decoder shield and control system (Arduino): £15), the need for the programming of the control system (more time spent), and because their advantage of position tracking over a two pole dc motor is not important for our application. 

[bookmark: _Toc532580343]Combined system ideas
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[bookmark: _Toc532580344]Future work
· Weight v.s. power & torque for the load carried must be considered (choosing an exact motor that achieves balance and is suitable for our purpose). This needs to be discussed with the power and generation leader, as the power source will need to be adapted for the control & drive system.
· Detailed evaluation against specification
A circuit and system schematic & prototype

[bookmark: _Toc532580345]
Laith Alkadim - Control Systems
I have researched different types of switches for the control mechanism and have found that a switch could be mounted on the top of the pipe crawler, so when it reaches the top the unit can either cut the power going to the motor or reverse the polarity to the motor, so that it will start to descend. I have investigated momentary stop start switches which could be mounted to the top of the unit and when it reaches the top of the pipe could be activated. The top of the button would need to be mounted so that it is proud, so it could be activated when reached the desired height. (hub, 2015) 
Doing some research for the power switch a single pole single throw switch for off and on so that power can be supplied directly to the motor in order to start the crawler.
[bookmark: _Toc532580346]Robustness
Looking into direction change, the motor could be reversed and start to descend under control. The other option would be to have the switch cut the power and having the unit free fall from the height. The first option of having a controlled descent could be better as it would put less load on the structure of the design and has less issue with the health and safety aspect of the task as could decrease the chances of parts breaking and becoming a projectile.
[bookmark: _Toc532580347]Reliability
Researching into the reliability of the machine and cause an issue if the machine will be falling then some type of damper system will be needed to absorb some of the impact to stop it damaging components. This could be done by using either springs / rubber on the bottom of the machine to absorb some of that impact. (Anon., n.d.)
Also looking at reliability and electrical connections that need to be either soldered or crimped to stop against and vibrations or loads applied to the wires that could cause them to break.
Looking at the reference below I have investigated the reliability of the electrical connection and the routing of the cables will be important not to have them rubbing or coming in contact with moving parts i.e. gears moving. (MCL, 2017)
Having adjustability in the part will affect the repeatability of the crawler by having either the clamping system around the pipe or the mesh of the gears should be adjustable to any wear can be accounted for and keep the device operational.
 Having the battery easily replaceable and accessible is also a requirement with some type or battery holder using contacts so throughout the use of the machine freshly charged batteries can be swapped without taking apart the machine. 
The lighter the machine can be the less strain and torque that will be required in order to lift the payload making the machine faster. Ideally the machine will be as light as possible but will still have enough strength so that it can withstand the forces that will be applied to it. If using a controlled descent using the motor, then less parts will need to be added to absorb the shock and the machine will be lighter overall.
[bookmark: _Toc532580348]Payload
If decided not to free fall the machine and have it descended under its power, then gear tolerances and free play will need to be controlled to stop any gears slipping under the increased load on the decent.
A chain must be attached to the device the attachment point would need to be removable and flexible to reduce the chance of the chain getting caught up for tangled while the climber is ascending. A swivel hook could be used and would need to be supported through a solid mount of the body of the device to ensure a secure connection. The placement of this mounting Point also needs to be considered as having it closer to the centre will help reduce any extra offset load on the machine. (Anon., 2018)








[bookmark: _Toc532580349]Oksana Gomzjakova Types of Motor and power storage
[bookmark: _Toc532580350]Motors. 
There are 3 types of motors- Direct current (DC) and Alternating current (AC) and Special motors (Fig.1)
[image: ]
Figure 1: Classification of motors (Unknown, 2012)

In any electric motor, its operation is based on electromagnetism. A current-carrying conductor generates a magnetic field; when this is than placed in an external magnetic field, it will experience a force proportional to the current in the conductor, and to the strength of the external magnetic field. (Seale, 2016)
For our project we have decided to choose a DC motor.
The internal configuration of a DC motor is designed to harness the magnetic interaction between a current-carrying conductor and an external magnetic field to generate rotational motion.

[bookmark: _Toc532580351]Specifications of DC Motors.
· RPM
RPM is one of the most important specifications of a DC motor. RPM is the amount of times the shaft of the motor finishes a full spin cycle per minute. RPM is a vital feature to consider when speed is important.
· No Load Speed
It is a speed that the motor will turn when no weight is attached to its shaft. When no weight is attached on it, it’s able to operate at its highest maximum speed.
· Stall Torque
This is a torque produced on a motor when the output rotational speed is zero. It stalls the shaft of the motor, so that it longer spins and has rotational motion. This occurs when the torque is either equal or greater than the motor shaft torque. It is specified in g*cm. The stall torque plays the crucial role in the pipe climber device design, as well as RPM.
· Maximum Current
This is the maximum amount of current that a motor can endure passing through it without being damaged. (Unknown, 2013)
· Nominal Voltage
The voltage that correspondents to the highest motor efficiency. If the motor operates outside its nominal voltage, then the efficiency of motor goes down and also, often requires the additional current. Common voltages are 3.6.12 and 24V.
· Output Power
This is the product of the motor’s rated torque and speed. In formula it looks like : 
P = T* omega
Maximum output power occurs at 50% of the no-load speed and 50% of the stall torque. The units for it is Watts (W), and horsepower (hp). To convert hp into W, divide the power in Watts by 746. (IEEE GlobalSpec, 2018)

[bookmark: _Toc532580352]Battery Specification.
[bookmark: _Toc532580353]Type of cell
Standard cells are: AA, AAA, C and D. 2 types- primary (non-rechargeable) and secondary (rechargeable)
[bookmark: _Toc532580354]Battery Voltage
AA usually between 1.2 to 1.5 V. 
· Milliampere-hours (mAH)
Milliampere-hours show how many milliamperes of current the battery can supply per hour of use (Unknown, 2018)

[bookmark: _Toc532580355]By chemistry
There are different matters which from the batteries made (Fig.2)
	Physical Specifications of Common Cells

	Type
	Size
	Dimensions
(in)
	Weight
(oz)
	Voltage
(V)

	Li-Ion
	 
	Variable
	 
	3.7

	NiCad
	AA
	0.57 x 1.99
	 
	1.20

	NiMH
	AA
	0.57 x 1.99
	 
	1.25

	Li-Polymer
	 
	Variable
	 
	3.7

	Carbon Zinc
	D
	1.34 x 2.42
	3.07
	1.5

	Zinc Chloride
	D
	1.34 x 2.42
	3.74
	1.5

	Alkaline
	D
	1.34 x 2.42
	4.50
	1.5

	NiCad
	D
	1.34 x 2.42
	5.30
	1.25

	Carbon Zinc
	C
	1.02 x 1.97
	1.59
	1.5

	Zinc Chloride
	C
	1.02 x 1.97
	1.80
	1.5

	Alkaline
	C
	1.02 x 1.97
	2.20
	1.5

	NiCad
	C
	1.02 x 1.97
	2.50
	1.25

	Carbon Zinc
	AA
	0.57 x 1.99
	0.53
	1.5

	Zinc Chloride
	AA
	0.57 x 1.99
	0.71
	1.5

	Alkaline
	AA
	0.57 x 1.99
	0.75
	1.5

	NiCad
	AA
	0.57 x 1.99
	0.85
	1.25

	Zinc Chloride
	AAA
	0.41 x 1.75
	0.32
	1.5

	Alkaline
	AAA
	0.41 x 1.75
	0.40
	1.5

	Zinc Chloride
	N
	0.47 x 1.18
	0.23
	1.5

	Carbon Zinc
	9V
	1.03 x 1.94 x .69
	1.31
	9.0

	Zinc Chloride
	9V
	1.03 x 1.94 x .69
	1.36
	9.0

	Alkaline
	9V
	1.03 x 1.94 x .69
	1.59
	9.0

	NiCad
	9V
	1.03 x 1.94 x .69
	1.25
	9.0

	Lead Acid
	12V
	Variable
	 
	  


 Figure 2: Physical specifications of common cells (Blattenberger, 2018) 



[bookmark: _Toc532580356]Eoin Collins P150380 Team leader and specification analysis
[bookmark: _Toc532580357]Team leadership 
As a group we decided that I become the group leader as I excel in presentation skills and show some traits that lead to improved leadership skills. As team leader during this engineering design project, my objective is to keep the team motivated, on task and keeping track of deadlines and even workload.
Another aspect of my role within the team is making sure that our design stays within the specifications supplied as shown below
[image: ]Figure 1 Competition rig Specification


 















Our device must also comply with the £25 budget Set out by the ImechE regulations. After analysis of my team mates work shown above, I am happy that our design ideas so far satisfy the rules/ specifications.   After carrying out the compilation of this report I am happy that at this point we are working well as a group.
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