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[bookmark: _Toc500253042]1.0 Introduction
In this assignment we have been tasked with picking from a selection off-road buggy’s produced by an engineering director of a company that design buggies for the recreational and entertainment sector. We will be producing a typical off-road course with 20m of climb included this is too simulate a typical duty cycle that these buggies will undergo. Things that will be accounted for are the surface travelling upon and speed at each second throughout the course. Selection of buggy will be determined by the buggies top speed, acceleration and grade-ability.
A course will be designed that represents a typical off-road hill climb course that will include a 20m climb throughout the course. Throughout this course a number of variables will be recorded and placed into a excel spreadsheet that will be designed by myself. This spreadsheet will include variables such as Time, acceleration, vehicles speed, Gradient, rolling resistance and aerodynamic resistance. 
Using the spreadsheet that will be designed by myself we will perform a number of calculations including all resistive forces, total tractive force, power requirement (for each section), maximum power and average power requirements. The calculations needed to fine these values will be found via literature review. We will also be using literature review to find surface co-efficient.  

[bookmark: _Toc500253043]2.0 Problem identification
The reason of designing a typical off-road hill climb course is to recover data on a typical duty cycle that the buggy will undergo. Using the values recorded we are able to calculate required information such as total tractive force and total power required. By recording this data it will then be possible to hand the buggy production company these data sets so that they may make improvements upon the buggy so it may perform as optimally as possible














In this section of the paper we will look at the calculations researched in order to progress with the work within this assignment. We will also be conducting research upon the appropriate buggy to use for the course designed.
[bookmark: _Toc500253044]2.1 POLARIS Hammerhead GTS 150cc USA SPEC Platinum
Using the blitz world site provided there were a number of choices to pick from for our course. However one buggy in particular stood out the POLARIS Hammerhead GTS 150cc USA spec platinum this buggy has adequate power to provide a fun experience and its cost is at the middle ground of the choice of buggy’s coming in at £2,795. It is suitable for ages 12 and up and is able to accommodate and adult also. It also provided sufficient safety for the passenger with a 5 point harness system. A full list of specs are seen below.
	 Engine 

	 Motor Type:
	 4 Stroke

	 Displacement:
	 149.6cc

	 Cooling:
	 Oil & Fan

	 Bore x Stroke (mm):
	 57.4 x 57.8

	 Transmission:
	 Automatic CVT w/reverse

	 Power:
	 7.4kW(10hp) @ 7500rpm

	 Torque:
	 17.6N.m @ 5500rpm

	 Brakes 

	 Front Brakes
	 Double Disc

	 Rear Brakes
	 Disc 

	 Safety
	 

	 Seat Belt
	 5 Point Haarness 

	 Steering Column
	 Adjustable height 

	 Brush Cage
	 Blitzworld side bars for extra strength 

	 Dimensions
	 

	 Length
	 2160 mm 

	 Width
	 1506 mm

	 Height
	 1458 mm














(Figure 1)( http://www.blitzworld.co.uk/hammerhead-plat-i2325.html,2017)






[bookmark: _Toc500253045]2.2 Analysis, Calculations and coefficients
Below we see a table of various rolling resistance co efficient that we will need for our calculations later on in this paper.

	Rolling Resistance Coefficient
	 

	c
	cl (mm)
	

	0.001 - 0.002
	0.5
	railroad steel wheels on steel rails

	0.001
	
	bicycle tire on wooden track

	0.002 - 0.005
	
	low resistance tubeless tires

	0.002
	
	bicycle tire on concrete

	0.004
	
	bicycle tire on asphalt road

	0.005
	
	dirty tram rails

	0.006 - 0.01
	
	truck tire on asphalt

	0.008
	
	bicycle tire on rough paved road

	0.01 - 0.015
	
	ordinary car tires on concrete, new asphalt, cobbles small new

	0.02
	
	car tires on tar or asphalt

	0.02
	
	car tires on gravel - rolled new

	0.03
	
	car tires on cobbles  - large worn

	0.04 - 0.08
	
	car tire on solid sand, gravel loose worn, soil medium hard

	0.2 - 0.4
	
	car tire on loose sand



[bookmark: _Toc500253046]2.1.1 Duty Cycle

Here we see the duty cycle of the buggy upon the track we developed. We can see the velocity the buggy is travelling at throughout the course.

[bookmark: _Toc500253047]2.1.2 Gradient radians

After creating the duty cycle next we must find all resistive forces that the vehicles is experiencing throughout the course. Firstly we must find the gradient of the track in order to find the forces acting upon the vehicle when going up an incline or down a decline. To find our gradient we must divide the elevation of each slope by the distance travelled. Once we have found this we must then convert this value into a degree value. The following equation allows us to do this: Degrees=Tan-1(Slope/100) (Calcunation, 2017)
Onward from this we must then convert the degree value into a radian value. To do this we simply multiply our value by 0.017.
Lastly we must now find the gradient resistance. We are able to do this with the equation MG SIN θ this will then give our value for gradient resistance in newton’s (N).

[bookmark: _Toc500253048]2.1.3 Gradient resistance








[bookmark: _Toc500253049]2.1.4 Rolling resistance

Here we see the rolling resistance results throughout the course. Throughout the course there are two different surfaces travelled upon gravel and field. We can see that the gravel has a much lower rolling resistance. The track is gravel until around 45 seconds in where the buggy crosses into a field we can see this due to the large jump in rolling resistance. We can see throughout the graph that the buggy switches between the two surface types further on in the track. To find rolling resistance we multiply our vehicle mass by the surface co efficient and then multiply this value by gravity to give us the total rolling resistance. A table of surface co efficient is shown previously in the paper. An example of this formula is: ((233.6x0.02)x9.81) = 45.8N. Here we see the rolling resistance for gravel calculated.
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In this next graph we aerodynamic resistance. In order to find this we must use the formula: 


With air density of 1.2m2 and a co efficient of drag found to be 0.3
To find our vehicles frontal are we need only multiply the height of the vehicle by the width.
With all the values found for the formula this should then give us the aerodynamic resistance at each velocity recorded throughout the course.
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In the graph above we are able to see the acceleration force throughout the course recorded in newtons. In order to find the acceleration force we must use the formula: f= ma
Where M is mass and A is acceleration
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In the graph above we see power required throughout the course. We can see upon the graph where the inclines begins as we see large spikes in power requirement. To find power requirement we added all resistive forces together and then multiplied that value by the velocity of the vehicle at the time. Throughout the course the largest power requirement was 2,398W which gives a good heading on what parts will be needed in the next part of the assignment.











[bookmark: _Toc500253053]2.1.8 Total tractive effort


The graph above shows us the total tractive effort experienced throughout the course. This value is gathered by adding Aero resistance, Gradient resistance and rolling resistance together to find the total resistance experienced by the vehicles. We can see that the resistance increase substantially when the vehicle is going up and incline in the track with this graph we are able to see that it clearly mimics that of the duty cycle with it showing large spikes where inclines are included on the track. To find tractive effort we used the equation seen below:

TTE [N] = RR [N] + GR [N] + FA [N]
TTE = total tractive effort [N]
 RR = force necessary to overcome rolling resistance [N] 
GR = force required to climb a grade [N] 
FA = force required to accelerate to final velocity [N]



[bookmark: _Toc500253054][bookmark: _GoBack]3.0 Conclusion
In conclusion to this report I believe that the correct calculations have been researched and the correct values have been gathered. However I do believe that the course developed may need more work before the second part of the assignment. I say this as I believe that the power requirement values gathered seem very low for the buggy chosen with the max power requirement only reaching 2398w the buggy chosen supplies 7.4kw of power and so it feels as though the buggy may be under used when out on the track developed although this would bring a longer life to the buggy as it has less work to do. Possibly an inclusion of steeper incline and travelling at higher velocities may bring out the buggy’s full potential. However in the next part of the assignment where we design and electrical buggy it may be found that the amount of power available is not as much as an ICE buggy and therefore the track may find itself suitable for an electrical buggy in the second part of the assignment.
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Rolling resistance v Time

Rolling resistance	Time (s)	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	229.16159999999999	229.16159999999999	229.16159999999999	229.16159999999999	229.16159999999999	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	45.832320000000003	229.16159999999999	229.16159999999999	229.16159999999999	229.16159999999999	
Resitive Force (N)




Aero Resistance(N)
Aero(N)	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	0	11.52375	16.594200000000001	16.594200000000001	11.52375	11.52375	11.52375	7.3751999999999995	7.3751999999999995	7.3751999999999995	7.3751999999999995	7.3751999999999995	11.52375	11.52375	11.52375	11.52375	11.52375	11.52375	11.52375	11.52375	11.52375	37.336949999999995	37.336949999999995	11.52375	0	Time (s)

Aero(N)

Acceleration force (N)

Acceleration force	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	0	46.72	0	-46.72	0	0	-46.72	0	0	0	0	46.72	0	0	0	0	0	0	0	0	186.88	0	-186.88	-233.6	0	Time (S)


Force (n)




Power Required (W)
Power Required (W)	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	0	286.78035	841.95871953061999	1075.4896703768052	1259.5447913647072	286.78035	286.78035	212.83008000000001	-98.76965302041333	-410.00921144827964	634.54746697958672	634.54746697958672	1203.4267500000001	1592.9264162755167	1981.9758643103498	1259.5447913647072	286.78035	286.78035	676.28001627551669	870.88914198067096	1259.5447913647072	2398.4869499999995	2398.4869499999995	1203.4267500000001	0	Time(s)

Power Required (W)

Total Tractive effort (N)
Total TE (N)	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	45.832320000000003	92.552320000000009	123.73225325510333	115.9340783961342	240.38520827294141	45.832320000000003	-0.88767999999999603	45.832320000000003	-32.067613255103332	-109.87750286206992	151.26166674489667	197.98166674489667	229.16159999999999	307.06153325510331	384.87142286206995	240.38520827294141	45.832320000000003	45.832320000000003	123.73225325510333	162.6540783961342	427.26520827294144	229.16159999999999	42.281599999999997	-4.4384000000000015	229.16159999999999	Time(S)

Total TE (N)

Duty Cycle
Velocity (M/s)	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	0	5	6	6	5	5	5	4	4	4	4	4	5	5	5	5	5	5	5	5	5	9	9	5	0	Time (S)


Gradient (RAD)
Gradient (RAD)	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	0	0	3.4000000000000002E-2	5.1000000000000004E-2	8.5000000000000006E-2	0	0	0	-3.4000000000000002E-2	-6.8000000000000005E-2	-3.4000000000000002E-2	-3.4000000000000002E-2	0	3.4000000000000002E-2	6.8000000000000005E-2	8.5000000000000006E-2	0	0	3.4000000000000002E-2	5.1000000000000004E-2	8.5000000000000006E-2	0	0	0	0	Time (s)

Gradient (RAD)

Gradient Resistance(N)
Gradient Resistance(N)	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	0	0	77.899933255103335	116.82175839613419	194.5528882729414	0	0	0	-77.899933255103335	-155.70982286206993	-77.899933255103335	-77.899933255103335	0	77.899933255103335	155.70982286206993	194.5528882729414	0	0	77.899933255103335	116.82175839613419	194.5528882729414	0	0	0	0	Time(s)

Gradient Resistance(N)

