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[bookmark: _Toc448500571]Course map
CONTEXT AND PURPOSE
Greenpower / Target audience / Pre-requisites / Aims / Objectives/Instructions


THE BIG PICTURE



Session 3 – Gearing calculations
Description – Using mathematics to quantify the performance of gearing systems.
Learning Goals – Understand how mechanical systems are specified.
Why is this important? – Mathematics is key to understanding and predicting the performance of mechanical systems.
Session 2 – Gearing systems
Description – Overview of different gearing systems with advantages and disadvantages.
Learning goals – Awareness of different gearing systems and their (dis)advantages.
Why is this important? – Efficient and affordable products require appropriate sub systems.
Session 1 – Introduction to mechanical systems
Description – Introduce concepts of mechanical systems as a means of transmitting energy.
Learning goals – Awareness of gearing systems and how they transmit forces.
Why is this important? – Mechanical systems trade movement and force and are fundamental to engineering.








Session 8 – F24 chain drive
Description – Students set up the F24 Greenpower chain drive in Solid Edge.
Learning goals – Show how to set up, and use the results of a chain drive system to suggest design improvements.
Why is this important? – Students will be able optimise their own designs.
Session 7 – Design improvements
Description – Using gearing systems to inform design changes in a racing car drive system.
Learning goals - Understanding gearing simulations will inform design changes.
Why is this important? – Making design changes early in the product development process saves money and shortens the time to market. 

GEARING IN ACTION
Session 4 – Gearing in Solid Edge
Description – Guided hands-on tasks using Solid Edge.
Learning goals – Experience using gear creation, mechanical connection and simulation tools in Solid Edge.
Why is this important? – Competence using Solid Edge will help students optimise their designs saving materials and time.

Session 5 – The physics of movement. 
Description – Learn about the physics of objects and movement.
Learning goals – Understand objects and what makes them move.
Why is this important? – Controlling the motion of objects is central to understanding and being able to design products containing mechanical systems.

Session 6 – Modelling chain drives with Solid Edge
Description – Using Solid Edge to create gear and sprocket pairs.
Learning goals – Through hands on tasks, develop the skills of creating gear and sprocket pairs using Solid Edge.
Why is this important? – Optimising transmission systems is central to developing efficient and cost effective products.

THE POWER OF GEARING
Session 9 – Case studies and presentations
Description – Learn about commercial uses of gearing systems and an opportunity to present what you have learned to your class.

[bookmark: _Toc448500572]Greenpower overview
The Institute of Mechanical Engineers set up the Greenpower Challenge in the UK in 1999 and this STEM project is now running in five countries; UK, USA, Poland, China, and South Africa (as of April 2016).
	As part of the Greenpower Challenge, students design, build, and race an electric-powered car with the focus on energy efficiency.  There are different Greenpower categories covering the full range of education from primary school through to University and graduate/apprentice schemes.
Many teams getting involved for the first time use the Greenpower Challenge Formula 24 Kit Car as a starting point
	[image: C:\Users\TimB\Documents\01 Curriculum\Designs\Greenpower\SolidEdge\Images\GP_F24_kit.jpg]



[bookmark: _Toc448500573]Target audience
	This guide is aimed at adults mentoring teams of students taking part in the Greenpower F24 and F24+ Challenges.
Mentors should familiarise themselves with this guide and plan when to introduce each session.
Mentors should explain each task and personalise the delivery with their own examples and experiences.
Students will then be able to use the resource as a reference supported by mentors.
	[image: Green Power electric car]
www.aston.ac.uk


[bookmark: _Toc447209629]
Students taking part in the official Greenpower challenges must be:
F24 Challenge - age 11-16
F24+ Challenge - age 16-25.
[bookmark: _Toc448500574]Mentor pre-requisites
· Detailed understanding of the Greenpower F24 challenge.
· In-depth knowledge of the current F24(+) rules.
· Completion of the Siemens Solid Edge tutorial - Introduction to 3D modelling
· Completion of this tutorial.
· Awareness of the underlying principles of mechanical systems and how these are implemented in Siemens Solid Edge.
[bookmark: _Toc447209630][bookmark: _Toc448500575]Student pre-requisites
· Awareness of mechanical systems.
· Siemens Solid Edge installed on your computer. Register here
· Completion of the Siemens Solid Edge tutorial - Introduction to 3D modelling
[bookmark: _Toc448500576]Course aim
Develops students’ awareness and understanding of gearing systems and the way 3D computer modelling can help optimise them.
[bookmark: _Toc448500577]Course objectives
In this course, students will:
	
· Learn about mechanical systems and how they apply to automotive transmission systems.

	[image: ]


	· Learn how to specify and optimise mechanical systems for specific applications.

	[image: ]


	· Use Solid Edge to create and edit mechanical systems.

	[image: ]


	· Set up and run mechanical system simulations and animations using Solid Edge.

	[image: ]




[bookmark: _Toc447209633][bookmark: _Toc448500578]Downloading files
The files for this exercise are contained in the zip file with this document.   For the full set of material for this project and for other projects, please visit www.siemens.com/plm/academic/greenpower
[bookmark: _Toc448500579]Format of instructions
The following conventions have been used in this booklet to clarify the information being presented and help you follow the steps.
	Across the top of the Solid Edge window, select L1 the Simulation tab.
	Numbered paragraphs are instructions you should carry out using Solid Edge software.  Within the paragraphs, Bold text signifying an action such as numbers/text to be typed, selections to be made or mouse clicks.

	Animate [image: ]
	Bold text is used for commands with screen Icons inserted alongside.  Some of the command names are only visible as pop-up tool-tips when you pause the mouse over the icon.

	[image: ]
	Red outlines draw your attention to information on images and in some cases identify fields where information has to be typed.

	L3
	Bold red text in the instructions and on diagrams use L, M and R to signify clicking the left, middle or right mouse button and a number to signify the sequence.  So, L3 is the third step in a sequence and requires a left mouse click.

	
	Arrows are used for three purposes; linking test with images, showing forces or the direction of movement.



Class activity – These panels describe hands-on activities that complement the software knowledge and skills you are learning and often involves working in small groups.

Homework task – These panels suggest tasks for home to reinforce learning and prepare for future sessions.



[bookmark: _Toc448500580]Session one – Introduction to mechanical systems
	Mechanical systems are used to match the input from a power source to an output creating force and movement.

	
One of the simplest mechanisms is a lever.


	EFFORT
LOAD



	Turning forces (moments)
If the lever is balanced, the forces multiplied by the distances on each side of the pivot or fulcrum will be equal.
	50 N x 0.2 M = 10 N x 1 M
Turning force is also described as torque. 
	50 N
10 N
0.2 M
1 M




Class activity: Use a metre ruler or strip of timber as a beam to set up a lever like the one above. Place a load on one end and use a force meter on the other.  Pull on the force metre to balance the beam recording the load, force and distances.
Carry out a moments calculation like the one above to show the two sides of the equation are equal.
Repeat the investigation with different loads and fulcrum positions.

	A lever can be described as mechanical systems like this:

	Input
	Process
	Output

	Power source
(Large movement 
with a small force)


	Action
(Lever)

	Motion
(Small movement with a large force)




	
	Input
	Process
	Output

	A pair of spur gears can be shown as two levers.
The blue lever moves through a large angle (180o) a force.
The end of the red lever moves through a smaller angle (120o) with the same force.
The radius of the red force is larger so has greater torque
This gearing system has traded an increase in torque for a decrease in angle moved.
	[image: ]




[bookmark: _Toc448500581]Mechanical systems – Input
	Energy in: wind, water, physical effort, fossil fuels, air/fluid pressure. Force and movement from a previous mechanical system

	[image: ]	[image: ]	[image: ]


[bookmark: _Toc448500582]Mechanical systems – Process
	Water wheel, windmill, gearbox, turbine, electric motor, clockwork, fluid power (hydraulic/pneumatic).Lever, gear, cam-follower, escapement, regulator, brake, clutch.

	[image: ]	[image: ]	[image: ]


[bookmark: _Toc448500583]Mechanical systems - Output
	Motion – linear, rotary, reciprocating, oscillating, intermittent movement and force.

	[image: ]	[image: ]	[image: ]



Class activity – Work in pairs and, for each of the mechanical systems listed on the worksheet, complete the input and output columns. 
Sessions 1 - Mechanical systems.docx
 
Homework task – Use the internet to research companies that use Solid Edge to develop new products that include mechanical systems and use the information you find to create an illustrated presentation.

[bookmark: _Toc448500584]Session two - Gearing systems
A summary of gearing systems and their advantages and disadvantages will help focus on potential solutions for a Greenpower car.
	[bookmark: _Toc448500585]Belt drives
Flat – Flat belts are now rare but were common in the industrial revolution where they were used to transfer power from overhead shafts to individual machines. The outer surface of the pulleys is barrelled to keep the belts central.  Belts could be crossed over to reverse the direction of rotation.
Wikipedia - Hagley Museum

	[image: ]

	V - Loops of flexible material linking two pulleys.
Belts rely on surface area to transmit motion and, compared with flat belts, V belts have a larger surface area in a compact space.
Although flexible, the belt must not stretch to ensure tension and friction between the belt and pulleys is maintained. A woven flat textile runs through the middle preventing stretch and flexible rubber either side provides the flexibility to wrap around the pulleys. 

	[image: ]


	Round - Round section belts are useful in small, low torque applications.
	[image: ]


	Poly V – The drive surface of these belts has several small ‘V’ groves that match the surface of the pulleys.  Commonly used in automotive applications to drive pumps and cooling fans.
Acorn industrial services ltd
	[image: http://www.acorn-ind.co.uk/_assets/images/series/poly_v%20belt-med2.jpg]


	Toothed – A non-sipping drive belt often used in automotive applications to drive the camshafts and ignition or fuel injection giving them the common name of ‘timing belts’.
This illustration shows the toothed belt used in the drive system used on the Greenpower Goblin car.


	[image: ]


	[bookmark: _Toc448500586]Chain drive
Roller chains transfer power between toothed sprockets. Teeth on the sprockets engage with rollers in the chain to prevent slip which makes chain drives suitable for indexing and timing applications in machinery and automotive applications.
Duplex/triplex – Chains with two or more sets of parallel rollers and links are used in high torque situations.
The illustration on the right shows the chain drive on the F24 kit car.
	[image: ]


	[bookmark: _Toc448500587]Gear drives
	

	Spur gears
Gears have teeth or cogs which engage with adjacent gears to transmit motion and power. The tooth shape on most gears uses involute geometry to ensure smooth operation. The simplest type have teeth parallel to the axis of rotation.
Helical – Teeth are cut in a helix and are quieter in operation but generate an axial thrust which must be dealt with in the design of bearings.
	[image: ]


	Bevel gears
Conical shaped teeth allow the axes of the shafts to cross.  Bevel gears are commonly used to transfer motion between shafts at right angles.
Spiral bevel – The teeth on these gears are curved to make them smoother and quieter in operation.
Hypoid – Similar to spiral bevel gears, hypoid geometry allows the axes to be offset enabling larger diameters to be used in small spaces.
	[image: ]


	Worm and pinion
Helical teeth geometry transfer energy between the two shafts which are at right angles. A worm and pinion will only drive in one direction which is often used as a safety feature in screw jacks. The ratio of a single start worm is set by the number of teeth on the pinion.
1 start worm + 20 tooth pinion = 1:20 ratio
Multi-start – These geometries offer different gear ratios in the same size gears. 
2 start worm + 20 tooth pinion = 1:10 ratio
4 start worm + 20 tooth pinion = 1:5 ratio
	[image: ]


	Rack and pinion
Rotary motion of the pinion is converted into linear motion of the rack to transfer energy.  A rack and pinion cannot provide continuous operation offering only linear motion along the length of the rack.
Applications include linear actuators in industry, steering racks in cars and rack railways in mountainous regions.
	[image: ]



Class activity: Working in pairs, experiment with the ‘hidden’ mechanisms. For each mechanism observe the direction, range of movement (distance travelled) and force at both input and output recording these on the sheet. Session 2 - hidden mechanisms.doc
Based only on your observations, hypothesise which type if mechanism is inside the box and record this in the centre column or the table. NO PEEKING INSIDE THE BOX! Pass your mechanism to the next pair.
Once you have completed all mechanisms, exchange your list with another pair.  The card covers can now be removed and all answers checked. Swap your lists back and see how well you did.

[bookmark: _Toc448500588]Comparison of gearing systems
	Gearing system
	Advantages
	Disadvantages

	Belt drive (V)
	· Low cost
· Copes with small misalignment
· High operational speed
· No lubrication needed
· Quiet and smooth in operation
	· Low belt life
· Belt slip at high torque
· Requires careful tensioning
· Replacement or ratio changes require dismantling (assumes a one piece belt)
· 95% efficient

	Chain drive
	· No slip
· Easy to replace
· Easy ratio change (cassette/split sprockets, i.e. bicycle derailleur gears)
· Ability to transmit to several shafts by one chain.
· 98% efficient
	· Requires accurate mounting/alignment
· Medium cost
· Medium life


	Spur gears
	· No slip
· Long life
· 98% efficient
	· Compact
· Precise alignment essential
· Lubrication required 
· High cost
· Hard to change ratios

	Bevel gears
	· No slip
· Long life
· 98% efficient
	· Compact
· Precise alignment essential
· Lubrication required 
· High cost
· Hard to change ratios

	Worm and pinion
	· No slip
· Long life
· 20 – 98% efficient
	· Compact
· Precise alignment essential
· Lubrication required 
· High cost 
· Hard to change ratios

	Rack and pinion
	· No slip
· Long life
· 98% efficient
	· Compact
· Precise alignment essential
· Lubrication required 
· High cost
· Hard to change ratios
· Linear not rotational output



Homework:  Follow the link below to view the video on making gears then list the key steps in manufacturing a gear: https://www.youtube.com/watch?v=XZgsV0AZJJ0 
[bookmark: _Toc448500589]Session three – Gearing calculations
Choosing the correct gearing system and ratio is critical to creating the optimum system for a particular application. Key to this is understanding a number of parameters. Gearing systems let you trade one parameter for another, typically:
	Increase in force		Reduction in distance moved
	Increase in distance moved		Reduction in force
	Increase in rotational velocity		Reduction in rotational velocity
Notice the arrow points in only one direction. You cannot get something for nothing. Gearing systems always trade one parameter for another.
[bookmark: _Toc448500590]Gear ratio
For simple gear and pulley systems the ratio describes the difference in rotational speed of the two pulleys or gears and is expressed as a ratio such as 2:1 and pronounced “two to one”.
The ratio can be calculated by measuring the diameter of pulleys and gears or by counting the number of teeth on gears.
	2:1 gear80  : 40 

	2:1 pulleys80  : 40 


	[image: ]40t : 20t

	[image: ]



[bookmark: _Toc448500591]Torque
	A pair of spur gears can be drawn as two levers from the axes of rotation to the point where the gear teeth touch.
Because the teeth are pushing against each other the force will be the same.
Turning force or torque is a force acting at a distance from the axis of rotation and the torque of each lever is.
60 x 10 = 60 Newton mm
60 x 15 = 90 Newton mm
	[image: ]60 N
60 N mm
15 mm
10 mm





[bookmark: _Toc448500592]Mechanical advantage
The term mechanical advantage describes and quantifies the increase or decrease in forces between the input and output of a mechanical system. In the next example we consider the ‘ideal’ situation with no losses in gear system.
	This diagram shows the difference in torque for a gear pair with a gear ratio of 2:3
Input torque = 750 Newton mm
Output torque = 500 Newton mm

MA =  output torque = 500
input torque	       750
Mechanical Advantage = 2:3
The torque has reduced.
		Input 	output
[image: ]30mm
20mm
30T
20T
120o
180o
25 Newtons
25 Newtons





[bookmark: _Toc448500593]Velocity ratio
	The velocity ratio describes the difference between the rotational velocities of the input and output to the gear system.

VR = Output RPM	=	180
Input RPM		120
Velocity Ratio = 3:2
The rotational velocity has increased.
The ‘ideal’ mechanical advantage and velocity ratios will be the same for all mechanical systems.
		Input 	output
[image: ]180 RPM
120 RPM







[bookmark: _Toc448500594]Efficiency
	Mechanical efficiency refers to the difference between measured output and ideal output and is expressed as a percentage.
In this example the measured output is 49 N mm which is less than the ideal output of 50 N mm.
Efficiency = 	Measured output
	Ideal output
Efficiency = 	49 x 100	=  98 %
	50
Efficiency = 98 %
The 2% losses are likely to be due to friction causing noise and heat.
		Input 	output
[image: ]49 Newton mm
50 Newton mm





Class activity – In pairs, set up the arrangement below using a pair of Lego spur gears lifting a load.
Using a Newton force meter, one student should pull the string on the input shaft to steadily lift the load. At the same time the second students should read the force and make a note of input v output. 
Repeat the experiment several times with the same load and average the results then repeat with a different load. 
For each load, convert to Newtons and calculate the efficiency of the gearing system.
Hint: the input and output are a combination of force and distance.
	Efficiency = 	Measured output
	Ideal output (input)

Efficiency =                      x 100	=  98 %
	

Efficiency =                %

	[image: ]




Homework - Complete the worksheet of efficiency calculations.
Worksheet: Session 3 – Efficiency.docx

Homework task – If you have not already done so, use the link below to register, download and install Siemens Solid Edge software on your computer.  Register now

[bookmark: _Toc448500595]Session four – Gearing in Solid Edge
Solid Edge contains tools that make it very easy to create gearing systems customised for a number or parameters including rotational speed, power and torque.
[bookmark: _Toc448500596]Automatic gear creation
Once you know the parameters for your gear system, the workflow looks like this:
Create an assembly


Start the gearing wizard


Input system parameters


Use the wizard to calculate the gears


Review the results


Change any parameters if required


Create the geometry


Save the assembly


Class activity - Follow the link below to learn how to create a spur gear pair to meet design requirements.
Engineering reference – spur gear tutorial.
https://docs.plm.automation.siemens.com/tdoc/se/108/help/#uid:index_xid718565:xid721892:xid719613

[bookmark: _Toc448500597]Testing mechanical systems
The Drag Component tool in Solid Edge allows you to test the operation of mechanical systems and there are three modes of operation. 
· No analysis – Parts and sub-assemblies will move according to any un-constrained axes of movement built into the model.  This option is used to explore simple kinematic motion and ignores collisions between object. This mode would be used as a first test to check rotation and ratio of the sprockets driving the rear axle of a Greenpower car.
· Detect collisions – This mode tests motion and at the same time looking for collisions between parts. If any are found, the parts are highlighted and an alarm sounds.  Detect collisions might be used to check whether the front wheels contact the bodywork when the steering is turned.
· Physical motion – This option detects contact between parts and, if they are found, dynamically applies temporary constraints between the parts to simulate motion.  If the car was being modified to accommodate a taller driver, a manikin could be in the car and legs straightened to push the footrest into a suitable position.

Class activity: Follow the instructions below to learn about the Drag component tool in Siemens Solid Edge.

The following exercise will help you understand the Drag Component tool.
	1. Open the file Drag_component.asm.
1. In the Home tab, Modify group, click Drag Component [image: ].
	[image: ]



No analysis
	1. In the Drag Component command bar, make sure the L1 No analysis and L2 Rotate [image: ] options are active.
[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML403f7c9f.PNG][image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML403f7c9f.PNG]	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML403cdad5.PNG]L2
L1



	
1. Click to select the yellow crank arm as the component you want to drag.
1. Click L1, to choose the X arrow for the rotation axis.
1. Click and drag a point L2 on the yellow crank to rotate it.
	[image: ]


	
As the crank revolves, it moves the connecting rod which pushes and pulls the green slider along the bar. 
When extended, the green slider overlaps with the red block


	[image: ]


	

At the other end of its travel, the green slider overlaps the blue frame.
	[image: ]



Detect collisions
	1. In the Drag Component command bar, change the No analysis option to Detect collisions.
1. Re-select the crank and drag to explore the motion.
When the green slider collides with the blue frame or red block you will hear a warning sound, the parts will be highlighted and the intersecting volume shown.
	[image: ]






Physical motion
	1. In the Drag Component command bar, change the Detect collisions option to Physical motion.
1. Re-select the crank and drag to explore the motion.
When the green slider collides with the blue frame it prevents the crank being rotated any further in that direction.
	[image: ]


	
When the green slider collides with the red block it pushes the red block along the frame.

	[image: ]

	Change the design
1. Lengthening the conn-rod.par to 90mm sorts out the collision with the blue frame.
	[image: ]


	
Here you can see the green slider no longer collides with the circular section of the blue frame.

The parallel section of the blue frame is long enough for the red block to slide further along so requires no modification.
	[image: ]



[bookmark: _Toc448500598]Visualisation and recording
Manually dragging components is perfect for testing movement but not very suitable for showing a mechanism operating at the designed speed of operation.
Solid Edge has the facility of adding motors to drive the mechanism at a known speed and capture also capturing the result as a movie file. A rotational motor already exists in this assembly.
Class activity: in this activity you learn how motors can be used to drive a mechanisms and the resulting motion can be captured as a video.

Motors
	1. Drag_component.asm should still be open in Solid Edge.
1. In the Home ribbon, Motors group, click Simulate Motor [image: ].
The Animation timeline will open across the bottom of the screen.
	[image: ]


	1. Use the playback buttons to run the motor and see the mechanism operating.  
	[image: ]

1. Rewind the animation to play it again.
1. Experiment with the other playback controls.
	[image: ]




Class activity - Learn how to add motors to Solid Edge mechanisms here: https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012455/index.html?goto=motor.htm 
Recording a video
1. In the folder for this exercise, double click on the file Drag_component.wmv to view a video of the mechanism operating.

Homework - You have learned about the Drag component tool which has three modes. Describe three different modelling scenarios, one for each of the modes, explaining how the test will help the engineer test their design. 

[bookmark: _Toc448500599]Session five – The physics of movement
How quickly we can move an object is governed by the force being applied and its mass. Next you will gain a clearer understanding of density and mass.
[bookmark: _Toc448500600]Density mass and weight
We describe density as how much mass there is in a unit of volume of material. At 4oC water has a density of 1 meaning 1 cm3 has a mass of 1 gram. The symbol used for density is r (rho).
Here is a list of common materials for you to compare the density.
	Material
	Density (r)
	Mass (gram) of 1cm3

	Water
	1.0
	1

	Air
	1.2
	1.2

	Magnesium
	1.74
	1.74

	Concrete
	2.0
	2

	Aluminium
	2.7
	2.7

	Diamond
	3.5
	3.5

	Titanium
	4.54
	4.54

	Steel
	7.75
	7.75

	Brass
	8.6
	8.6

	Lead
	11.34
	11.34

	Gold
	19.32
	19.32

	Platinum
	22.45
	22.45



The mass of an object is governed by the density of the material it is made of and how much of it there is in the object. 
For simple shapes mathematics enables us to work out the volume and mass.
Class activity – Either long-hand or using a calculator, work out the volume and mass for each of the solids.  To help you, the worksheet contains the formulae you need.
Document: Session 5 – Volume and mass.docx
After completing the sheet, swap it with one of your classmates and check their work against the Answers: Session 5 – Volume and mass – Answers.docx

The answer sheet contains the working and answers for the formulae as well as the results of a Solid Edge analysis using the the Inspect > Physical Properties tool. 
For some of the solids, there is a difference between the calculated value and the volume reported by the Inspect tool in Solid Edge.  Why do you think this is?
If you used the p value stored in a calculator, you may have arrived at a value closer to the Solid Edge measurement. Why do you think the calculator and Solid Edge measurements differed from the calculations shown in the list above?
	For complex solid objects it would be impossible to use mathematics to work out an accurate volume.  
Imagine calculating the volume of this engine block using a calculator! 
Fortunately, the inspect tools in Solid Edge can calculate the volume of any solid shape.  
In this example engineers would need to know the volume of aluminium to make sure the die-casting machines could supply enough molten metal for each cast part.
	[image: http://www.cadalyst.com/files/cadalyst/nodes/2008/11235/0908SolidEdge_01.jpg]



Class activity – Complete this tutorial learning how to use the Inspection tools in Solid Edge:
https://docs.plm.automation.siemens.com/data_services/resources/se/108/help/en_US/selfPacedExt/xid1012449/xid292832.htm

The mass of an object is constant no matter where the object is.  The mass of the ‘Eagle’ lunar lander that carried Neil Armstrong and Buzz Aldrin to the surface of the moon had the same mass on earth as it had on the moon.
Weight
Weight is the force acting on an object due to gravity so the Eagle lunar lander weighed differently on earth and on the moon.
	[image: http://www.homemade-preschool.com/image-files/lunar-module-eagle-bw.png]
	[image: http://www.homemade-preschool.com/image-files/lunar-module-eagle-bw.png]

	Mass on Earth = 15,200kg
	Mass on the Moon = 15,200kg

	Earth gravity = 9.8 m/s2
	Moon gravity = 1.622 m/s2

	Weight on Earth = mass x gravity
Weight on Earth = 148,960 Newtons
	Weight on the Moon = mass x gravity
Weight on the Moon = 24,654.4 Newtons



	To be scientifically correct, we should always describe our weight in Newtons.
Picture a person standing on bathroom scales on Earth seeing 80kg displayed on the scales.
Depending how well the scales have been calibrated, the person’s mass will be around 80kg
	[image: http://earthobservatory.nasa.gov/Features/10thAnniversary/images/blue_marble_10th.jpg]


	If the same person could take the same scales to the Moon and stand on them, they would see a reading of 12.98 kg!  
What a great way to lose weight!
Clearly their mass hasn’t reduced, only the force of gravity has changed.
www.nasa.gov 
	[image: ]


	The F24 kit car with batteries has a mass of:
		80 KG
A typical pupil has a mass of:
		50 kg
Total mass = 	130 KG
	[image: ]




Class activity: work out your weight in Newtons and next time someone asks you your weight, tell them in Newtons and see how they react.
Weight (Newtons) = Mass (Kg) x 9.81 (force of gravity)
Weight (Newtons) = ________ (Kg) x 9.81 (force of gravity)
Weight = __________ Newtons

[bookmark: _Toc448500601]Motion
	
Motion is a change in position of an object.
Motion can only occur when a force is applied to an object.  
The vase shown here will slide along the surface of the table if a force is applied large enough to overcome friction.

	[image: ]


	An object, when dropped, will move towards the ground due to the force of gravity and its velocity will increase. The vase will accelerate towards the floor.
[bookmark: _Toc448500602]Acceleration
Acceleration describes how quickly the velocity of an object changes.
The vase falling off the table has a mass of 0.8 kg and gravity is acting vertically down with a magnitude of 9.81 m/sec2.  From these the force acting on the vase can be found.
	Force = mass x gravity  or F=mg
	F = 0.8 x 9.81 = 7.848 Newtons

	[image: ]7.848 Newtons



	A rocket leaves the launch pad due to the force from the rocket engines overcoming gravity.  
The mass of this rocket at launch is 15,000 kg.
	F=mg	F = 15,000 x 9.81	
	Force due to gravity = 147,150 Newtons
The rocket motors provide a thrust of 180,000 Newtons so the resultant force moving the rocket upwards is:
	Force (engines) – Force (gravity)
	Resultant force = 32,850 Newtons
So, how quickly will the rocket accelerate off the ground?
	F=ma	
	32,850 = 15,000 x a
a = 32,850
15,000
	a = 2.19 m/sec2
	[image: ]


	This doesn’t seem like a very high figure but remember, nearly 60% of the mass of a rocket is fuel. As fuel is burnt the rocket mass will reduce and so it will accelerate faster.

	

	The force making a Greenpower car move is located at the contact point between the tyre and the track.  
Once this is known it is possible to calculate how quickly the car will accelerate.

	[image: ]Motion
Force




Class activity – Using the information below work out:
The turning force (torque) at the tyre.
	Torque at the motor (5 Nm)
	Gear ratio = 1:6
	Wheel diameter = 0.496 m
	Drive system efficiency = 90%
If the combined mass of car plus driver is 130 kg, how fast will it accelerate.
Document: Session 5 – F24 acceleration – answer.docx
[bookmark: _Toc448500603]Inertia
	Inertia is the resistance an object has to a change in position or motion. 
A fit adult has no problem pushing a small car on a flat surface but do you think the same person be able to push a truck?

	A competitive Greenpower car must accelerate, brake and change direction as quickly as possible so a key goal should be reducing inertia. The key to this is keeping the mass as low as possible. 
Colin Chapman pioneered light structures in his Lotus racing cars in the 1960s and described one secret of winning:
“Simplify then add lightness”.



[bookmark: _Toc448500604]Light structures
	Space frame
The F24 chassis is a good example of a space frame structure. 
Straight tubes are connected at ‘nodes’ and other points where components and sub-assemblies are attached.
There may be sections of the space frame with low stresses where thinner sections could be used.  
	[image: ]


	The F24 chassis is manufactured from cold finished electric resistance welded steel tubing. Substituting a higher specification steel in thinner sections would be just as strong and lighter.
However, higher specification steel would increase the cost of the chassis.

	Perforated beams
The stresses in ‘I’ beams are concentrated in the flanges at the top and bottom with minimal stress along the centre of the vertical web. This allows engineer to remove material in this area to save weight and cost.
Perforated beams like this have the added advantage of allowing cables and wires to be routed through the cut-outs.
	[image: ]


	Butted tubes
The tubes in frame structures are often under maximum stress where they join to adjacent tubes.  Engineers often make the tubes thinner in the middle to remove material and reduce cost.  The tube on the right has been cut away to show the thicker end.
The end of solid rods can also be butted.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML48dd82d.PNG]


	Cardboard honeycomb sheet
Cardboard honeycomb with card or veneer facing creates a very strong, light and inexpensive board-material that is also environmentally friendly.
	[image: Afficher l'image d'origine]
http://timberhunt.com/product/technology16.html

	Aluminium honeycomb sheet
Developed originally for the aerospace industry, this sheet material is very strong and light.
	[image: ]
www.alustrong.com

	Woven carbon fibres
Individual carbon fibres are incredibly strong in tension. 
Weaving them into a mat and impregnating them with epoxy resin makes a very strong but light composite material. 
Cutting and fitting the mat around a former allows complex curved shapes to be created.
	[image: Afficher l'image d'origine]
http://www.easycomposites.co.uk/

	Glulam beams
Glued laminated timber, also called glulam, is a type of structural timber product comprising a number of layers of wood bonded together with durable, moisture-resistant structural adhesives.
By laminating a number of smaller pieces of wood, a single, larger, stronger, structural member is manufactured from smaller pieces. These structural members are used as vertical columns or horizontal beams, as well as curved, arched shapes.  
	[image: View the original image]
http://tranduchomes.org/glulam/



Homework – Light structures
The table of lightweight structures above is reproduced in the worksheet for this homework. Research examples of the products which use the materials and paste a picture in the right hand column next to each material.
Document: Session 5 - Lightweight structures.docx


[bookmark: _Toc448500605]Session six – Modelling chain drives with Solid Edge
[bookmark: _Toc448500606]Modelling sprockets
	Sprocket geometry must accurately match the pitch of the chain, roller diameter and sprocket diameter. 
Some of the geometry needed to create the tooth profile is shown here.
Fortunately Solid Edge has powerful tools to generate sprockets automatically.
	[image: ]



[bookmark: _Toc448500607]Spur gears
The concepts and procedure for creating a chain drive are very similar to spur gears.
Class activity: Complete the spur gear creation tutorial here: 
https://docs.plm.automation.siemens.com/tdoc/se/108/help/#uid:index_xid718565:xid721892:xid719613 

[bookmark: _Toc448500608]Chain drive
Class activity: Now use the same technique to create a pair of sprockets using the instructions and parameters below
1. Use the same procedures to create a pair of sprockets using these parameters and options.
· Input power = 700 W
· Input speed = 1800 rpm (6900 degrees sec-1)
· Gear Ratio = 6.0
· Gear Material = Structural steel 32
The menu choices for Solid Edge sprocket designer are listed below.
Design parameters
	Chain type: A – Normal series
	
	Sprocket 1
	Sprocket 2

	Chain number: 06C
	Number of teeth on sprocket
	12
	72

	Efficiency: 0.92
	(HD) Mounting hole diameter
	19.91
	25.4

	Number of sprockets: 2
	
	
	

	(Sn) Number of chain strands: 1
	Centre distance between
	159 mm
	

	Speed: 6900 deg/s
	
	
	

	Torque: 5.8 N-m
	
	
	

	Service factor: 1
	
	
	


Options
	Design Criteria
	Design method

		Based on center distance
		Based on sprocket teeth

	Load calculation
	Number of chain links

		Calculate Power
		Only even



When you calculate the parameters you may receive an error. 
This is due to Solid Edge trying to create an optimum design for running 8 hours a day six days a week for weeks on end.  For occasional use in Greenpower races, the chain and sprocket arrangements will work fine.
[bookmark: _Toc448500609]Animation
Earlier in this guide you used the Drag Component tools in Solid Edge to test for collisions between parts.  At the end of that exercise you opened an animation and used a motor to operate the mechanism. 
Class activity: You will now learn how to add a motor to the sprockets assembly and set up an animation.
	Add rotational motor

	1. The sprockets assembly should be open in Solid Edge.
In the Home menu, Motors group, select Rotational Motor [image: ].
Select the small sprocket.
Select the axis on the small sprocket.


		[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTML81d7642.PNG]


	Notice the speed is set to 120 deg/s.  It will take three seconds to complete a full revolution.


	In the Motor command bar, click Finish.

The new motor will be added to a Motors group in the model tree.
	[image: ]


	Animate the motor

	In the Home menu, Motors group, select Simulate motor [image: ].
In the Motor Group Properties dialog enter 3 for the motor duration in seconds then click OK.
The Animation window will open across the bottom of the screen.


	[image: ]


	Use the playback buttons to run the motor and see the mechanism operating.  
	[image: ]
Rewind the animation to play it again.


	Saving the animation

	In the Animation window, click Save as movie [image: ].
In the Save as movie dialog, choose a folder and type a filename for the .wmv file then click Save.

Solid Edge will take a few moments to create the individual frames and save the .wmv file. 

Use Windows explorer to locate the .wmv file and double click to view the video.
	[image: ]



[bookmark: _Toc448500610]Setting up ratios
Class activity: In this activity you will learn how to create a ratio connection between two sprockets manually.

	There may be occasions when the automatic gear creation tools are not suitable.  In this situation gear connection can be created manually.
1. Open the assembly Link_sprockets.asm
Two duplex sprockets are assembled to a frame.
1. Use the Drag Component tool to confirm each sprocket can rotate independently.

	[image: ]


	1. In the Home tab, Assemble group, click on Gear [image: ].
The Gear command bar opens on screen.

	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLc1c03e6.PNG]

	1. Select the small sprocket.
1. Move the mouse until the axis for the small sprocket is highlighted then select it.
1. Select the large sprocket.
1. Move the mouse until the axis for the large sprocket is highlighted then select it.
1. In the Gear command bar, ratio fields type 1 and 1.5.
1. Click OK to complete the gear connection.
1. Use the Drag Component tool to confirm the sprockets are now linked and rotate at the required ratio.
	[image: ]




[bookmark: _Toc448500611]Chains
Chains are made up of a great many individual components and with the latest, powerful computers, it is possible to create a very complex assembly that can be animated.
Class activity: Interact with a commercial chain model to see the full potential of the mechanism tools in Siemens Solid Edge.

	1. Open the file Tracks/1-Tracks.asm
1. In the Home ribbon, Motors group, click Simulate Motor [image: ].


	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLc254172.PNG]


	1. Use the playback buttons in the animation window to run the motor and see the track operating.  
	[image: ]
1. Rewind the animation to play it again.



If your computer is low spec or has limited memory, the animation may be very slow or jerky.  Animating complex assemblies in real-time requires a great deal of computer resources. 
For these reasons, engineers would rarely animate standard components like chains.  Instead they would focus on three things:
· Making sure the chain appeared in the bill of materials (BOM)
· Ensuring there is room in the assembly for the chain to operate.
· Making sure the mass of the chain is represented in the correct location in the top-level assembly.  This ensures an accurate mass and C of G in simulations and analyses.
	In the F24 Solid Edge model a fully detailed chain was created in the correct location.  This ensures it is represented in any mass properties analysis and in the bill of materials.
The F24 chain has not been created so that it can be animated.

	[image: ]


	If it isn’t important to show the chain visually engineers might create a hidden part in the assembly with the correct mass and C of G location.
This would reduce complexity of the model and help with speed of regeneration.
	[image: ]




Homework - Research chain numbers completing the table in the document:
Document: 	Session 6 – Chain numbers.docx
		Session 6 – Chain numbers - answers.docx

[bookmark: _Toc448500612]Session seven – Design improvements
With a single gear ratio, starting from a standstill creates a lot of current and heat which can damage the motor. Most race tracks have both high and slow speed sections meaning a single gear ratio will always be a compromise. Below we explore some of the factors that will influence your choices and the design of gearing system.
[bookmark: _Toc448500613]Efficient set up
	Chain wrap
The F24 kit car chain is tensioned by pivoting the motor and clamping in position. 
If the tension is too loose, under load the chain can jump over the teeth.  This is more likely if the chain is in contact with a small number of teeth on one of the sprockets and especially if the chain and/or sprockets are worn.
The chain wrap on the small sprocket of the F24 kit is five teeth.
	[image: C:\Users\TimB\AppData\Local\Temp\SNAGHTMLed6c59d.PNG]5 teeth chain wrap



	Tensioning
Chain wrap can be increased using an idler or tensioner on the side of the chain returning to the drive sprocket. 
This could be clamped in position like the one here on a mountain bike or spring loaded to operate automatically.  Spring choice is critical to make sure chain tension is not lost when the power button is released.
	[image: http://fcdn.mtbr.com/attachments/singlespeed/194698d1157821286-pics-homebrew-chain-tensioners-orange3.jpg]
http://forums.mtbr.com/forum.php

	Shock absorber
Chain drives can generate low level vibration due to the chain links creating a polygon around the sprockets. 
A five tooth sprocket chain show this clearly.
In the diagram on the right, look at the length of red lines to the left of the blue centreline.
	
[image: ]


	Now look at the length of red lines to the left of the blue centreline when the sprocket is in a different position.
Compare the two and you will see the combined distance is slightly different.
Although the effect is less as sprocket size increases, the vibration caused can cause problems.
	
[image: ]


	To accommodate this, and any shock loads due to sudden torque from the motor, chain drives often incorporate a shock absorber between the sprocket and hub.
The diagram on the right shows a motorcycle rear wheel and part 6 is one of six rubber bushes that connect the sprocket to the rear wheel. 
http://www.madcogz.com
	[image: http://www.madcogz.com/MSTD1200s/wsm/images/MTS1200_ABS_10_7_14.55.1.23.jpg]

	[bookmark: _Toc448500614]Matching gear ratio to the track.
Swapping the motor sprocket for one with more or less teeth is the most common way of changing gear on the kit car.
Some teams use a derailleur cassette on the axle and move the motor sprocket along the shaft for precise alignment.
	Motor
Rear axle
Move and clamp sprocket to match required ratio


	[bookmark: _Toc448500615]Changing gear
Changing on the move will make sure the motor is operating at it’s most efficient rpm. Several methods of changing gear are outlined below.

	Derailleur
Bicycle derailleurs have been in use for decades and work very efficiently. Changing gear is best done when there is little load on the chain.
The latest versions are computer controlled and can be programmed for different courses.
http://e-tubeproject.shimano.com 
	[image: ]


	Expanding sprocket
Designs for these have been around for decades and one or two teams have experimented with them.  They require precision manufacture but add weight.
Changing the ratio has to be done when the quadrant is not engaged with the chain making control critical, especially at speed.
The expanding sprocket in this YouTube clip was designed and built for the car Dougal.
https://www.youtube.com/watch?v=BHjM0Olwp48 
	[image: ]


	CVT
Using a constant velocity transmission would seem to be the perfect solution. 
They maintain optimum motor RPM but at the expense of efficiency which falls below a simple chain drive and they add weight to the car.
http://www.nuvincicycling.com/ 
	[image: ]


	Differential
Most teams drive only one rear wheel allowing the other to free-wheel to accommodate turns. 
With this arrangement the overall gearing is different on left and right turns and the tyre on the driven wheel will wear quicker than the one that free-wheels.
A differential will transmit drive evenly to both rear wheels but adds weight to the car and additional gears reduce the overall efficiency of the drive system.
	[image: ]
http://www.northerntool.com 

	Free-wheel
Building a free-wheel into the drive system reduces frictional losses when the motor is off.
The closer a free-wheel is placed to the driven wheel(s), the more moving parts will be disconnected and the greater the friction reduction. 
Most bicycles use a ratchet and pawl system.  
Other freewheel systems use spring loaded rollers/balls rolling up slopes.
	[image: ]	[image: ]

https://en.wikipedia.org/wiki/Freewheel



Class activity – Use a technical construction kit like Lego to model a simple steerable vehicle with a differential.  Experiment to see how the driven wheels rotate at different rates when turning.
[image: ]	[image: http://archive.oreilly.com/network/2000/05/22/graphics/differential.jpg]

Homework - Research Harmonic drives then use sketches and words to describe how they work. List their pros and cons then give three applications where they are used.

[bookmark: _Toc448500616]Session eight – F24 chain drive
Using the system analogy used earlier, you can describe the F24 kit chain drive like this.
	INPUT
	PROCESS
	OUTPUT

	Power source 
(Electric motor)


	Mechanical system
 (Chain and sprockets)

	Motion of the car
(Rotation of wheels)



[bookmark: _Toc448500617]Outline
The table at the end of Session two lists the advantages and disadvantages of gearing systems. It is no accident that the majority of F24 teams use a chain drive. It offers a medium cost, 98% efficient, easy to adjust system. Chain drive components are readily available and changing the gear ratio is straightforward.
Having settled on a chain drive, the next task is to work out the correct ratio for a particular car and track.
[bookmark: _Toc448500618]Understanding the problem
When calculating the gear ratio, several factors need to be considered including:

[image: ]Energy in the batteries
Air resistance
Rolling resistance
Friction
Wheel circumference
Motor current and torque



	Energy in the batteries
Each car carries two 12v batteries. Data from the manufacturer lists the nominal capacity as 32Ah and, connected in series, a pair of batteries will supply 24v and the same 32Ah.
Due to variations in materials and in the manufacture, the capacity of batteries will vary and some teams test several batteries to find the ones with the greatest capacity which they save for critical races.
	[image: ]


	Experts recommend teams perform a discharge test on their batteries. Ideally all of the energy in the battery will be used up at the end of a 1½ hour race so we need to convert the one hour capacity into a current for 1.5 hours.

	1 x 32 = 1.5 x average current
1 x 32 = average current
	1.5
21.33 = average current
	

	Running out of electricity will result in a DNF (did not finish), the worst case scenario! 
Experienced participants suggest new teams gear their cars conservatively at first with an average motor current of 17amps for a 90 minute race.

	Resistance to movement
This is a combination of: 
	

	Air drag - Computational fluid dynamics (CFD) simulations will give you a figure for your shape of car. A CFD tool is available on the Chipping Sodbury School Greenpower web site: 
http://vwt.beamweb.co.uk/files/index.html 
	[image: Greenpower car in wind tunnel]


	Rolling resistance – Can be measured with a driver in the car on a perfectly flat surface. The drive chain should be removed and the car pulled with a force meter. Record the force needed to keep the car rolling at a constant, slow speed.  Repeat the test several times on different horizontal road surfaces.
	[image: ]
Force meter

	Some of the factors affecting rolling resistance include; wheel bearings are clean, lubricated and properly adjusted. Properly aligned steering (toe-in and camber), tires inflated to maximum safe pressure.


	Chain drive friction – Re-connect the chain drive and repeat the pull test. Subtract the force for rolling resistance to find the force needed to overcome friction in the drive chain.
	[image: ]


	Motor performance
Greenpower supply an Excel spreadsheet with performance data supplied by the motor manufacturer Fractional HP Motors Ltd.  
The spreadsheet is included in the download folder for this guide.
17 amps at 1800 rpm is a good starting point.

	[image: ]



The forces resisting movement are either constant or increase in proportion to speed. Air resistance increases according to the square of the speed and the power needed to overcome this is speed cubed!  Clearly, making an aerodynamic car is very important but so is reducing other factors that slow the car.
Team Rotary Racer from Chipping Sodbury School has posted detailed information on choosing a gear ratio on their blog: http://www.greenpower.beamweb.co.uk/files/TechnicalInfo/GearRatioSetting.html 
They have also created an online calculator for gearing a Greenpower car. http://portal.beam.ltd.uk/greensim/CarGearRatio.py 
Track conditions
Tracks vary greatly including type of surface, gradients, corner radii and weather conditions. Practice is an ideal opportunity to run the car and measure the current drain over a flying lap.  This information can then be used to make any gearing changes.
Note: Design changes you are thinking of making must be checked against the regulations to ensure they comply. These are complex but cover all aspects of the car. You can get a really good idea of the regulations from the MOT checklist and Greenpower recommend new teams use these as a starting point.
[bookmark: _Toc448500619][bookmark: _Toc397613090][bookmark: _Toc397693219]Gearing calculations
Greenpower experts suggest new teams set up their cars for an average speed of around 25 mph.  
Here is some useful advice in the Greenpower forum from Zacky2110
greenpower.co.uk/forum/discussion/comment/24298/#Comment_24298 

Once you have run your car, the results of those tests will help you refine the gear ratio to maximise performance.
Converting mph to kph
	mph x 8 = kph
	       5
	25 x 8 = 40 kph
	       5

Converting kph to metres per hour
1 kilometre = 1000 metres so:
	40 x 1000 = 40,000 metres per hour

Converting metres per hour to metres per minute
1 hour = 60 minutes so:
	40,000 = 666.6 r rounded to 667 metres per minute
	    60

Convert metres per minute to millimetres per minute
1 metre = 1000 mm
	667 x 1000 = 667,000 mm per minute

Finding wheel circumference
The tyre diameter D = 495.85 mm
	π x diameter = circumference
	3.142 x 495.85 = 1557.96 rounded to 1558 mm

Finding wheel revolutions in one minute
Tyre circumference = 1558 mm and Distance travelled = 667,000 millimetres
	Tyre circumference = rpm
	Distance travelled	
	667,000 	= rpm	= 428.1 rounded to 428 rpm
	   1558	

Finding gear ratio
Motor rpm = 1800 and wheel rpm = 428
	Driven = Gear ratio
	Driver
	1800 = Gear ratio	= 4.2 gear ratio
	428

F24 sprockets
The F24 kit car has a 12t sprocket on the motor and a 72t sprocket on the rear axle.
	Driven = Gear ratio
	Driver
	72 = Gear ratio	= 6.0 gear ratio
	12

Changing sprockets
A change of ratio requires one or both of the sprockets are changed. Larger diameter sprockets are smoother in operation and wear more slowly but weigh more.  
The target ratio is 4.2
	Changing the motor sprocket
	Driven 	= Driver
	Gear ratio
	72 = 17.14 rounded to a 17t gear
	4.2
This would give a smoother drive with less wear on the sprockets and chain but greater in mass.
	Changing the axle sprocket (lighter)
	Gear ratio x Driver = Driven

	4.2 x 12 = 50t

This arrangement is lighter but will not be as smooth and will wear slightly faster.


Class activity – Use a technical construction kit like Lego to build a chain driven vehicle. Count the number of teeth on the two sprockets and measure the diameter of the wheel. 
Using mathematics: Calculate the number of times the input shaft rotates for one revolution of the wheels.
Calculate the distance travelled for one revolution of the wheel.
Homework task: Research how the gearing of bicycles is described today compared with the early high wheel or penny farthing bicycles.
Homework task: Use the internet to research companies that use Solid Edge to develop new products and create a case study presentation.
[bookmark: _Toc448500620]Session nine – Presentations
Review your peer’s case studies set for homework and the examples below to learn how professional designer work and new products are developed.
	[bookmark: _Toc448500621]Engineer
	[image: http://res.cloudinary.com/engineering-com/image/upload/w_350,c_limit/Rob1_az2tut.jpg]

	Philip Norman – Ross Robotics
To watch a YouTube video of keynote presentation by Philip Norm click here.
Great article on Philip Norman from Engineering.com (click here)
	



[bookmark: _GoBack]
Good luck with your designing.
 


[bookmark: _Toc448500623]Appendix one - Greenpower Challenge
The Greenpower Education Trust uses the Greenpower Challenge to advance education in the subjects of sustainable engineering and technology to young people.
	[bookmark: _Toc448500624]Huntsville Center of Technology
Huntsville Center of Technology (HCT), a public technology high school in Alabama, has been using Solid Edge® software from Siemens PLM Software in the design and drafting curriculum for over 10 years.
When HCT design drafting instructor Mike Evans heard about Greenpower Education Trust’s electric car challenge from the local Solid Edge team, he decided to get his students involved.
http://www.plm.automation.siemens.com/en_us/about_us/success/case_study.cfm?Component=214440&ComponentTemplate=1481 
	[image: Sean Webb used Solid Edge in the design of this Greenpower electric vehicle]



	For more information on the Greenpower Challenge visit their web site. http://www.greenpower.co.uk/ 

	[image: ]




[image: ][image: greenpower logo (2)]
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[bookmark: _Toc448500625]Appendix two – Battery data sheet
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RE-Series - Valve Regulated Lead Acid Battery
REC36-12

SPECIFICATIONS

Can be installed and operated in any orientation except permanently inverted

Handles
Batteries must not be suspended by their handles (where fitted)

Vent valves
Each cell is fitted with a low pressure release valve to allow gasses to escape and then reseal.

Gas Release

VRLA Batteries release hydrogen gas which can form explosive mixtures in air. Do not place inside
a sealed container

Recycling

YUASA's VRLA batteries must be recycled at the end of life in accordance with local and national
laws and regulations

Nominal voltage 12 Vv

20-hr rate Capacity to 1.75VPC at 20°C 36 Ah

10-hr rate Capacity to 1.75VPC at 20°C 32 Ah

DIMENSIONS

Length 196 (+2) mm

Width 130 (x2) mm

Height 158 (+3) mm

(height over terminals) 169 (+3) mm

Mass (typical) 11.2 kg

TERMINAL TYPE =

Female threaded terminal M5

Torque 2-3Nm Nm

OPERATING TEMPERATURE RANGE

Storage -15°C to +50°C

Charge -0°C to +40°C

Discharge -15°C to +40°C

STORAGE

Capacity loss per month at 20°C (approx) 3 | % LAYOUT

CASE MATERIAL

Standard ABS (UL94:HB) ﬁ
Option - Flame Retardant ABS (UL94:V0) e i
CHARGE VOLTAGE | | .

Float charge voliage at 20°C T — }
ey ™" . i ]

Cyclic (or Boost) charge at 20°C 1; '4522 ((:3%;3) v /\c/ell

o variatons fom the standard 2000 4 mVicell"C el B

CHARGE CURRENT I ‘

Float charge current limit 9 A @ @ ‘

Cyclic (or Boost) charge current limit 9 A N Y ¥ o

MAXIMUM DISCHARGE CURRENT

1 second 360 A

1 minute 140 A

SHORT-CIRCUIT CURRENT & INTERNAL RESISTANCE

(according to EN IEC 60896-21)

Internal resistance N/A mQ 3RD PARTY CERTIFICATIONS AY
Short-Circuit current N/A A ISO 9001 - Quality Management Systems %é
CYCLIC LIFE DATA ISO 14001 - Environmental Management Systems ‘W’
100% DOD down to 80% capacity 300 cycles EN 18001 - OHSAS Management Systems ‘@
75% DOD down to 80% capacity 500 cycles UNDERWRITERS LABORATORIES Inc.

50% DOD down to 80% capacity 600 cycles Pb
25% DOD down to 80% capacity 1400 cycles

IMPEDANCE

Measured at 1 kHz 8.7 mQ

DESIGN LIFE STANDARDS

EUROBAT Classification: General purpose 6t09 years IEC61056

Yuasa design life @ 20°C 7 years

SAFETY

Installation

ALL DATA IS SUBJECT TO CHANGE WITHOUT NOTICE
Issue No.: V.3 /Issue Date: July 2014

YUASA BATTERY SALES UK LTD.
Unit 13, Hunts Rise

South Marston Industrial Estate
Swindon

SN34TG

YUASA
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