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[bookmark: _Toc35697308]Introduction 
This report will look into research on handling and comfort and how that differs depending on the vehicle and the application, once that section is covered then the next area of the report will look at the spreadsheet of results from the vehicle data shown in the assignment brief. When the research has been looked at and calculated, then the analysis will look at the data gathered, after that a conclusion of the overall report will be set out at the end. 
[bookmark: _Toc35697309]Research into handling and comfort 
[bookmark: _Toc35697310]Different vehicle setups 
Different types of vehicles can be adjusted in a variety of ways to suit a curtain style of driving or to suit a curtain application of use. Below will look at different setups and how they affect handling and comfort.
[bookmark: _Toc35697311]Caster and camber: The first area of the handling and comfort that will be looked at is caster and camber. This is when the vehicles wheel angle is adjusted to different positions in order to suit an application or style. In terms of comfort and handling, this can be seen by where the tyre contact patch is, depending on where the wheels are sitting on the vehicle is where the ware will occur, this can have a uncomfortable effect on comfort and make handling difficult as the vehicle will pull to the side that has the most positive camber. In a racing vehicle setup you would need to have the caster and camber setup correctly to prevent steering issues during a race, with regards to supercars and road vehicles caster and camber are adjusted by manufacturers to preform certain task, whether that would be day to day driving on the road or out on race track. 
(Caster,Camber & Toe Explaned, 2020)
[bookmark: _Toc35697312]Vehicle ride height: The ride hight of a vehicle can cause huge factors with a vehicles handling and comfort especially when there is load. In terms of racing vehicle ride high is important as depending on where the centre of gravity is will impact cornering and braking forces on the track. There is a high amount of down force created with race vehicles, therefor decreasing ride high for this application is positive as there is less body roll to compete, due to the less weight travel. this setup is acceptable as it optimises performance out on the track. For normal road vehicles and supercars, ride height is be looked at for more comfort, but does keep handling in mind. Most modern vehicles now use what’s known as partially loaded and fully loaded systems. Through electronic means of sensors, hydropneumatic springs are used on partially loaded systems to control ride height through air bellows. This is done to help handling when traversing over rough or poor road surfaces. 
(GMBH, 2018)
[bookmark: _Toc35697313]Vehicle suspension type: Depending on the type of vehicle suspension setup that your vehicle has will have differing effects on handling and comfort. For example, having steel springs such as leaf or coil springs, then their comfort when driving can be affected by load. In a racing vehicle the suspension type will be subject to application, e.g. rally race, drag race, NASCAR racing. For each of these applications the suspension will have different setup to help with handling when out on the track, specifically with rallying coil springs with dampeners will be applied as they can be adjusted to be stiffer and stronger to withstand bump and rebound of the road. With regards to road vehicles and supercars, the suspension type used will be subject to the manufacturer of the vehicle. This means that more common vehicles will have simple setups such as leaf springs. 
(Zammit, 1987)
[bookmark: _Toc35697314]Anti-squat, anti-dive: These terms are more centred around racing vehicles but can factor into road cars and supercars too. Anti-dive is how much the vehicles front end travels when braking force is applied. The centre of gravity height will affect this as the weight from the rear wheel’s transfers to the front when braking. Anti-squat is the opposite as it is the amount the rear area of the car travels under acceleration lift. If there was 100% Anti-squat, then the vehicles suspension could be damage with would make it uncomfortable to drive and handling would be a lot loose which would make the vehicle harder to control. 
(Raj, 2019)
[bookmark: _Toc35697315]Results table 
Stage 1 
The first stage of results looks at calculating static vertical loads for each contact patch for all four wheels. Using the data this is what was produced when calculating. 
	SL Front left 
	SL Front Right 
	SL Rear left 
	SL Rear Right 
	Unit

	1476.714996
	1418.8
	1665.23
	1599.93
	N


Figure 2-1 Static vertical loads at each contact patch table (Bradley, T. 2020)  
Stage 2 
The second stage which looks at aero load acting on the vehicle produced the following figure. 
	Aero load 
	-409.46


Figure 2-2 Aerodynamic load (Bradley, T. 2020)  
Stage 3 
The third stage of the data is broken into Four different graphs, the first two look at the vertical load both lateral and longitudinal compared against G force. The last two graphs are again vertical load both lateral and longitudinal, but they are compared against velocity. 

Figure 2-3 The vertical load (Lateral) Compared against G force (Bradley, T. 2020) 

Figure 2-4 The vertical load (Longitudinal) Vs G force (Bradley, T. 2020) 

Figure 2-5 The vertical load (lateral) Vs Velocity (Bradley, T. 2020) 

Figure 2-6 The vertical load (longitudinal) Vs Velocity (Bradley, T. 2020) 
Stage 4 
[image: ]The fourth stage looks at the traction circle diagram and how different Acceleration values produce different vertical loads. 
Figure 2-7 Traction circle diagram and 2 data tables looking at lateral and longitudinal vertical loads (Bradley, T. 2020)
Stage 5 
	Wheelbase 
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Figure 2-8 varying values of Wheelbase, Centre of gravity hight and Track (Bradley, T. 2020) 
[bookmark: _Toc35697316]Analysis 
This analysis will break down each stage answering questions related to the report brief. Stage one of the excel looks at calculating the vertical loads for each one of the contact patches for the vehicle, generating these figures is vital to working out the third stage of the excel. Stage two which looks at the aero load on the vehicle, the question in the report asks what effect the aero drag has on the vehicle. The aerodynamic drag can cause the vehicle follows Bernoulli’s law which states three factors which have effects on aero, kinetic energy, potential and pressure. These factors can cause the vehicle to speed up or slow down, depending on pressure and speed. Drag I created when air pressure is increased, this effect causes the vehicle to slow down. The third stage of the excel looks at each of the vertical loads and how they compare against, G force and velocity. To answer the question what do the initial graphs show in reference to load transfers around the vehicle during acceleration, these graphs show that each corner is experiencing different load transfer amounts. Figure 2-3 and 2-4 show the different rate which each contact patch is experiencing acceleration at different G forces, for example at max 1.5G the front left contact patch of the vehicle is experiencing 1585.48N of lateral load. This is different to longitudinal because lateral is when the vehicle is cornering, whereas longitudinal is when the vehicle accelerates or brakes, also longitudinal looks at wheelbase instead of track. Figure 2-5 and 2-6 look at the vehicles static load lateral and longitudinal when compared against velocity, the velocity is increased from 0 to 30m/s and the loads are compared against it. The graphs show that as velocity is increasing the vertical loads on the front contact patches are greater and the loads on the rear decrease. This is due to the vehicle braking which would cause the load to be added to the front axles and decrease from the rear. Stage four of the excel looks at the traction circle and this relates to the question why can’t 1.5G be achieved in both lateral and longitudinal directions at the same time. 1.5G can be achieved for both as long as they meet their parameters however, they won’t because when the vehicle is cornering (lateral) braking will occur so the longitudinal G is reducing but the lateral G is increasing. The final stage five looks at changes to the vehicle’s values, this relates to the last question do chassis and suspension changes effect handling. The tables look at wheelbase, CoG height and average track, these factors can have differing effects because when the vehicle is traveling in any direction it will distribute its load. Depending on what wheelbase and CoG you have is where the mass will travel when accelerating or braking, having a high CoG means the vehicle is more likely to roll and having too little means the vehicle is more likely to bottom out. 
[bookmark: _Toc35697317]Conclusion 
In conclusion to this report, the understanding and knowledge has developed my learning when it comes to topic. I can now recognise the basic vehicle handling characteristics and explain why there might be load transfer on one side or at the front or rear of a vehicle, also my knowledge of basic aerodynamics has taught me about the force which effect the speed of a vehicle during racing applications. 
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Vertical load (Lateral) Vs Velocity 

Vertical Load FL	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	1535.3049960000001	1568.7564626666667	1602.2079293333334	1635.659396	1669.1108626666667	1702.5623293333333	1736.013796	1769.4652626666668	1802.9167293333333	1836.3681960000001	1869.8196626666665	1903.2711293333334	1936.7225960000001	1970.1740626666667	2003.6255293333334	2037.076996	2070.5284626666667	2103.9799293333335	2137.4313960000004	2170.8828626666668	2204.3343293333337	2237.7857960000001	2271.237262666667	2304.6887293333334	2338.1401960000003	2371.5916626666667	2405.0431293333336	2438.494596	2471.9460626666669	2505.3975293333333	2538.8489960000002	Vertical Load RR	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	1658.52	1622.2774222222222	1586.0348444444444	1549.7922666666666	1513.5496888888888	1477.3071111111112	1441.0645333333334	1404.8219555555556	1368.5793777777778	1332.3368	1296.0942222222222	1259.8516444444444	1223.6090666666666	1187.3664888888889	1151.1239111111111	1114.8813333333335	1078.6387555555557	1042.3961777777779	1006.1536000000001	969.91102222222241	933.66844444444473	897.42586666666693	861.18328888888891	824.94071111111111	788.69813333333354	752.45555555555563	716.21297777777784	679.97040000000015	643.72782222222236	607.48524444444445	571.24266666666688	Vertical Load RL	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	1723.82	1686.0981333333332	1648.3762666666667	1610.6543999999999	1572.9325333333334	1535.2106666666666	1497.4887999999999	1459.7669333333333	1422.0450666666666	1384.3231999999998	1346.6013333333333	1308.8794666666665	1271.1576	1233.4357333333332	1195.7138666666667	1157.992	1120.2701333333332	1082.5482666666667	1044.8263999999999	1007.1045333333335	969.38266666666686	931.66080000000011	893.93893333333335	856.2170666666666	818.49520000000007	780.77333333333343	743.05146666666667	705.32960000000003	667.60773333333339	629.88586666666663	592.16400000000033	Vertical load FR	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	1477.3899999999999	1509.5296444444443	1541.6692888888888	1573.8089333333332	1605.9485777777777	1638.0882222222219	1670.2278666666666	1702.3675111111108	1734.5071555555553	1766.6467999999998	1798.7864444444442	1830.9260888888887	1863.0657333333331	1895.2053777777776	1927.345022222222	1959.4846666666665	1991.624311111111	2023.7639555555554	2055.9036000000001	2088.0432444444446	2120.1828888888886	2152.322533333333	2184.4621777777779	2216.6018222222224	2248.7414666666668	2280.8811111111108	2313.0207555555553	2345.1603999999998	2377.3000444444442	2409.4396888888887	2441.5793333333331	Velocity 	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	Velocity m/s


Vertical Load N




Vertical load (Longitudinal) Vs Velocity

Vertical Load FL	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	1535.3049960000001	1554.659058857143	1574.0131217142857	1593.3671845714287	1612.7212474285716	1632.0753102857143	1651.4293731428572	1670.7834360000002	1690.1374988571429	1709.4915617142858	1728.8456245714285	1748.1996874285715	1767.5537502857144	1786.9078131428571	1806.261876	1825.615938857143	1844.9700017142859	1864.3240645714286	1883.6781274285715	1903.0321902857143	1922.3862531428572	1941.7403160000001	1961.0943788571428	1980.4484417142858	1999.8025045714287	2019.1565674285714	2038.5106302857143	2057.8646931428575	2077.2187560000002	2096.5728188571429	2115.9268817142861	Vertical Load RR	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	1658.52	1637.55108	1616.5821599999999	1595.6132399999999	1574.6443199999999	1553.6754000000001	1532.7064800000001	1511.73756	1490.76864	1469.79972	1448.8308	1427.8618799999999	1406.8929599999999	1385.9240400000001	1364.9551199999999	1343.9862000000001	1323.01728	1302.04836	1281.07944	1260.11052	1239.1416000000002	1218.1726799999999	1197.2037599999999	1176.2348399999998	1155.2659199999998	1134.297	1113.32808	1092.3591599999997	1071.3902399999999	1050.4213200000002	1029.4523999999999	Vertical Load RL	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	1723.82	1701.9952057142857	1680.1704114285715	1658.345617142857	1636.5208228571428	1614.6960285714285	1592.8712342857141	1571.0464399999998	1549.2216457142856	1527.3968514285714	1505.5720571428571	1483.7472628571427	1461.9224685714285	1440.0976742857142	1418.2728799999998	1396.4480857142855	1374.6232914285713	1352.7984971428571	1330.9737028571428	1309.1489085714286	1287.3241142857144	1265.4993199999999	1243.6745257142854	1221.8497314285712	1200.024937142857	1178.2001428571427	1156.3753485714285	1134.5505542857143	1112.7257599999998	1090.9009657142858	1069.0761714285713	Vertical load FR	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	1477.3899999999999	1495.9850799999999	1514.58016	1533.1752399999998	1551.7703199999999	1570.3653999999999	1588.96048	1607.5555599999998	1626.1506399999998	1644.7457199999999	1663.3407999999997	1681.9358799999998	1700.5309599999998	1719.1260399999999	1737.7211199999999	1756.3161999999998	1774.9112799999998	1793.5063599999999	1812.1014399999999	1830.6965199999997	1849.2915999999998	1867.8866799999998	1886.4817599999999	1905.0768399999999	1923.67192	1942.2669999999998	1960.8620799999999	1979.4571599999997	1998.0522399999998	2016.6473199999998	2035.2423999999999	Velocity 	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	Velocity m/s


Vertical Load N




Vertical load (Lateral) Vs G Force 

Vertical Load FL	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	1535.3049960000001	1538.6501426666669	1541.9952893333334	1545.3404360000002	1548.6855826666667	1552.0307293333335	1555.3758760000001	1558.7210226666668	1562.0661693333334	1565.4113160000002	1568.7564626666667	1572.1016093333335	1575.4467560000001	1578.7919026666668	1582.1370493333334	1585.4821960000002	Vertical Load RR	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	1658.52	1654.8957422222222	1651.2714844444445	1647.6472266666667	1644.022968888889	1640.3987111111112	1636.7744533333332	1633.1501955555555	1629.5259377777777	1625.9016799999999	1622.2774222222222	1618.6531644444444	1615.0289066666667	1611.4046488888889	1607.7803911111112	1604.1561333333334	Vertical Load RL	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	1723.82	1720.0478133333334	1716.2756266666665	1712.50344	1708.7312533333334	1704.9590666666666	1701.18688	1697.4146933333334	1693.6425066666666	1689.87032	1686.0981333333332	1682.3259466666666	1678.55376	1674.7815733333332	1671.0093866666666	1667.2372	Vertical load FR	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	1477.3899999999999	1480.6039644444443	1483.8179288888887	1487.0318933333333	1490.2458577777777	1493.4598222222221	1496.6737866666665	1499.8877511111109	1503.1017155555555	1506.3156799999999	1509.5296444444443	1512.7436088888887	1515.9575733333331	1519.1715377777778	1522.3855022222222	1525.5994666666666	G Force	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	G max


Vertical Load N




Vertical load (Longitudinal) Vs G Force 

Vertical Load FL	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	1535.3049960000001	1537.2404022857143	1539.1758085714287	1541.1112148571428	1543.0466211428572	1544.9820274285714	1546.9174337142858	1548.85284	1550.7882462857144	1552.7236525714286	1554.659058857143	1556.5944651428572	1558.5298714285716	1560.4652777142858	1562.4006840000002	1564.3360902857144	Vertical Load RR	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	1658.52	1656.423108	1654.3262159999999	1652.2293239999999	1650.1324319999999	1648.0355400000001	1645.9386480000001	1643.841756	1641.744864	1639.647972	1637.55108	1635.4541879999999	1633.3572959999999	1631.2604039999999	1629.1635120000001	1627.0666200000001	Vertical Load RL	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	1723.82	1721.6375205714285	1719.455041142857	1717.2725617142858	1715.0900822857143	1712.9076028571428	1710.7251234285714	1708.5426439999999	1706.3601645714284	1704.1776851428572	1701.9952057142857	1699.8127262857142	1697.6302468571428	1695.4477674285713	1693.2652879999998	1691.0828085714286	Vertical load FR	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	1477.3899999999999	1479.2495079999999	1481.1090159999999	1482.9685239999999	1484.8280319999999	1486.6875399999999	1488.5470479999999	1490.4065559999999	1492.2660639999999	1494.1255719999999	1495.9850799999999	1497.8445879999999	1499.7040959999999	1501.5636039999999	1503.4231119999999	1505.28262	G Force	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	G max 


Vertical Load N






2

image2.png
s Document? - Word A Brodiey Tomas

earcn [y— [ = S— rmageniwos 20 B

® v v

Browse
Love
Prayist ¥

[em—

This I« David Bowie

-

Starred

Fallout 3 Gale

Varous Artiss - .

brads playist

) New Playist

< D

‘—2;] brads playlist includes theme tunes and songs

n. @

3383333333 AABAAAAAAa

Orunien Lullabies &

m e v v

Blowin'Fr

Jumpin’Jack Flash - Mono.

Adicted o That Rush

Noise

T ———

The Riddie - Radio it Mix
Dallas 1P (Live In Chicage)
Rock Bottom - 2007 Remaster

‘Someihing About You - Singe Version

Garbbean Quoon (No Moro Love On the fur)
Whits Wedding

wisn

“Thats Al Digial Remastored 2007

Hear My Trin a Con

IR RT—rn

A0

Dlary of a Workingman

Kiss Me Deadly

Wishbons Ash
The Roling Stones
Mg
Nightwish
Eurythmics
Preciozo, Marvin
Sexon

uro

Level 42
b

ity ol

Stavie Wondar
Genesia

Frank Sinara

preye——

Blscidoot

Lita Fora

Argus

“The Rolling Stones In Mono (Remastere.
Big, Bage, Biggest!The Best OF M. Big
Noise

Rovenge

The Riddle

Lot Me Feet Your Power (Live)
Phenomenon (2007 Remaster)

Level Best

P ——)

Vital ol

Songs InThe Key OF Life

Genesia

Poople, Hell & Angels
[T —
A0

Marsuder

e

10 days ago

Friend Activity
Rhodri Thomas

[ne——— o

53 Carnch

Amy Wiiams o
e

- @ -




image1.jpeg
PRIFYSGOL CYMRU
Y Drindod Dewi Sant

UNIVERSITY OF WALES

Trinity Saint David





