


Abstract
This report will investigate the effect’s engine variables such as RPM (revolutions per minute) con rod length, piston weight, big end diameter and the temperature of the engine can all effect the forces that are exerted onto a conrod. The report shows how the engine runs differently when it’s cold compared to when its hot. It shows how the engine idles slower to reduce stress on the engine components such as the con rod. The report looks into how the tensile strength of the conrod is affected when the bike is at maximum RPM (13,400rpm)
This report includes screenshots of a calculator created in excel that allows values such as RPM to be adjusted and hundreds of calculations to be made and graphs to be created instantly. This makes it easy for data to be compared when adjusting values such as piston weight.
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Figures

i. KTM 350sxf 2019, this is the vehicle that is used in this report

ii. Cold engine Idle, the screenshot is showing calculations when the RPM is set to 1100 which is the idle speed when the engine is cold 


iii. Engine at max RPM, the screenshot is showing calculations when the engine is at 13400 rpm 

iv. Standard KTM piston, this graph is showing calculations if the standard piston in in the engine at a weight of 0.23kg


v. ProX piston, this graph is showing calculations if the standard piston in in the engine at a weight of 0.29kg




1. Introduction 
 This report will be analysing the forces that a connecting rod undergoes inside of a KTM 350sc-f 4 stroke engine. The report looks at how the engine speed, mass of piston, conrod length and the crank radius all affect the forces on a the conrod.
This report will be looking at data crated by a spreadsheet document, the spreadsheet allowed me to change figures such as RPM and then see how the graphs change. The report will be comparing these graphs with different engine speeds and then analysing the differences. Also, calculations such as the tensile and compressive forces will be compared when adjusting the RPM values. 

2. Research 

2.1 The Vehicle to be used
The vehicle that has been chosen is my own motorcycle. This has been used for the bassline for the report. The bike is a KTM 350SXF 2019 4-Stroke motocross bike. The bike has 50 horsepower at 9000rpm and only weighs 99kg 
2.2 [image: ]   Engine Specifications 
Small End Diameter = 18mm
Big End Diameter = 40mm
Total length = 141.30mm
Piston weight = 0.23kg
Centre to centre = 102mm
Engine weight = 29kg
Max BHP = 57i. KTM 350SXF 2019 

Max RPM = 13,400	(2.Motocrossaction)
(3.ProX)






3. Methodology 
To undertake the analysis, the combination of Microsoft Excel and Microsoft word was used. There have been screenshots taken of my finding from the spreadsheet and the graphs on Excel. The screenshots are then copy and pasted into my report on Microsoft word and set out under titles and subtitles. To make the screenshots more specific to what was being spoke about, the use of the crop tool to focus in on a certain graph and to resize to make the image clearer and easier for the reader.
Google chrome was used to find out specifications of the con rod and engine of the KTM 350. These figures were then entered into an excel document which compared many different calculations instantly and adjusted graphs according to results. This made it very easy for the data to be compared.





















4. Analysis

4.1 Engine when started cold 1100RPM compared to normal idle speed ii. Cold engine idle 

[image: ]

When the KTM engine is started cold the idle speed is about 300-400 rpm lower than when the bike is up to full temperature. The engine is programmed to do this so there is less load on the engine when it’s cold, this decreases the engine wear. We can see that the engine is under lees load by looking at figure ii above. The Max tensile stress on conrod figure is 69.6664N. However, if the RPM is increased to normal idle speed of 1500 the figure is 129.498N. This confirms there is less load on the conrod when the engine is cold, and the RPM is lower. 







4.2  Engine at max RPM
Sometimes When a rider goes over a jump just before the rider lands, they will put the engine to max RPM before the bike lands to ensure maximum power to the wheels on landing. If 13.400 rpm is put into the calculator on the excel document, it is obvious to see that the con rod is put under its maximum load. 
[image: ]iii. Engine at max RPM  


In Figure iii The max tensile force has gone up to 10248.5N compared to the 69.664N at a cold idle. The graphs show how fast the con rod is moving, the middle velocity graph shows that the conrod can be moving as fast as 28m/s at max rpm, however at idle the conrod only sees speeds of 2.3m/s. 
The closer together the waves are on the graphs the more revolutions are being displayed on the graph, showing a rough guide to what the RPM is. The height graph on the left is measuring the distance between the top of the con rod and the crankshaft, there figures never change. However, as the RPM increases so does the frequency of the graphs. 
The force/acceleration graph on the right is showing the rate in which the conrod accelerates and slows down throughout its stroke. The peaks on the blue line get taller with a greater RPM and velocity. Its noticeable that the velocity graph and the acceleration graph change in proportion with each other. For example, if the velocity of the conrod increases then so does the acceleration. It’s also observed that the frequency of all three graphs change at a very similar rate when the RPM is increased. 
4.3 Calculations with an upgraded piston 
ProX upgraded high compression pistons can weight up to 0.29 kg compared to the standard 2.34 kg, this is because they are more heavy duty and are usually made with better materials and more webbing for added strength. (4.Proxpistons)
iv. Standard KTM piston  (Fig.iv)  

[image: ]
The Figure.iv graph is with the standard piston weight set to 0.23kg. it is obvious to see the force curve only reaches a max level of 3400N 


v. Prox piston  (Fig.v)

[image: ]

The Figure.v graph shows the results with the ProX upgraded piston and it weighs 0.29kg, the highest force value is around 4400N



Therefore, with the slightly heavier ProX piston there is more force, this is because the extra weight causes the piston to have more inertia as its rotating. This also shows how the conrod is put undo more force.  having a heavier piston will mean the bike will have more torque lower down the rev range. However, the engine wont rev up as quick because more energy will be needed to move the piston through its stroke.
The heavier piston will be more suited to an enduro bike so they can ride over obstacles and have more power available lower down the rev range. The lighter piston will be found in a motocross bike for better throttle response. 





5. Conclusion 
	
From the analysis, the results show that the higher the RPM the more load is put through the connecting rod. However, what is significant is how much load the con rod can come under when at max rpm. The results showed the max tensile force to risen by 10000 newtons compared to the force exerted at 1400 rpm.
The results then showed how changing the piston can have a big effect on how much torque the engine has, and also how much more force is put on the con rod. When changing to the ProX piston of 0.29kg the calculation for force on the con rod increased. The heavier piston will be more suited to an enduro bike so they can ride over obstacles and have more power available lower down the rev range. The lighter piston will be found in a motocross bike for better throttle response and a faster revving engine. The results were very predictable as its an obvious outcome. The more rpm the more load that the engine components must deal with. 

6. Recommendations for further study

Introduce load onto the engine. Having the engine set up on a dyno and put it through a step test to see if the tensile force changes. It would be interesting to see how the engine components would respond to having maximum load on the engine through a gearbox. Then run more test with varied gearing. It would also be an improvement if there were comparisons between different materials used to make conrods. For example, the use of carbon composite con rods etc. It would also be interesting to test some HGV engine components and con rods.
[bookmark: _GoBack]Other improvements to my own report would be to get some clearer screenshots in my report as the figures are difficult to see in some images. Also, to complete more research on the weighs on the conrods and see what would happen if the conrods were to be machined lighter and see if this would make a difference to how the engine behaves.  









7. References 

1.(JamSport) No Author. (2013). PEC SIGMA 1.6 FORGED PISTONS & CONROD KIT. Available: https://www.jamsportstore.co.uk/products/pec-sigma-1-6-forged-pistons-conrod-kit. Last accessed 27 november 2019.

(2.Motocrossaction) No Author. (2018). MXA RACE TEST: THE REAL TEST OF THE 2019 KTM 350SXF. Available: https://motocrossactionmag.com/mxa-race-test-the-real-test-of-the-2019-ktm-350sxf/. Last accessed 27 november 2019.

3.(Prox) No Author. (2012). Prox Con Rod Racing Parts . Available: https://www.pro-x.com/prox-connecting-rod-dimensions-brand/prox-connecting-rod-dimensions-ktm/. Last accessed 27 november 2019.


(4.Proxpistons) No Author. (2018). Prox piston racing parts . Available: https://www.pro-x.com/product-line-category/pistons/#product-line-115. Last accessed 27 november 2019.
Page | 2

image2.jpeg




image3.png
Callum Evan:

File  Home Insert  Pagelayout  Formulas  Data  Review  View  Help & share | 7 Comments

G2 - % -
A 8 c D E F G H J K L 1) N o P [o} R s T U V-

1

2 |crank Radius (mm) 20 mm

3 |Conrod Length (mm) 141 mm

4 |RPM 1100 rpm ® 115192

5 |Compute Time Interval 00002

6 |Mass of Piston/gudgeonpin etc (kg) 023 Miax tensile force onrod 69,6664

7

8 |Time (s) 0 00002 00004 00006 00008 0001 00012 00014 00016 00018 0002 00022 00024 00026 00028 0003 00032 00034 00036 0.0

9| Crank Angle (radians) 0 002304 004608 006912 009215 0115191731 013823 016127 018431 020735 023038 0.25342 027646 02995 032254 034558 0.36861 039165 041469 0.43

10 |Crank Angle (degrees) 0 132 264 39 528 66 792 924 1056 1188 132 1452 1584 1716 1848 198 2112 2244 2376 2!

11 |Distance X 0 046073 092121 13812 184046 229874301 275581 321141 36653 411725 456702 501436 545904 590082 6.33947 677476 7.20645 7.63431 8.05813 8.47

12 |inv sine phi 0 000327 000653 00098 001305 0016303142 001954 002278 0026 00292 003239 0.03556 003872 004185 0.04496 004805 0.05111 0.05414 005715 0.06

13 |phi (radians) 0 000327 000653 0.0098 001305 0016303864 001955 002278 0026 00292 00324 003557 003873 004186 0.04498 004807 0.05113 005417 005718 0.06

14

15

16 |Heizht (dist between top of conrod and crankshaft) 161 160,994 160976 160.945 160.903 160.8487157 160782 160.704 160.614 160511 160.398 160.272 160135 159,986 159.826 159655 159.472 159279 159.074 158,

17 |Velodity mm/s -30301  -90.88 15139 2118 -27205 -332102439 39192 -45L45 -510.65 -569.49 -627.91 -685.88 -743.36 -800.31 -856.68 -912.44 -967.55 1022 -1075.7 -1l

18 |Velodty m/s 7 0.0303” -0.0009” -0.1514" -02118" -0.272 -0.33210244” -0.3919” -0.4514” -0.5107” -0.5695” -0.6279" -0.6859” -0.7434” -0.8003" -0.8567” -0.9124” -0.9675" -1.022" -1.0757” -1.1

19 |Acceleration -302.9 -302.57 -302.02 -301.25 -300.27 -299.067952 -207.65 -296.02 -294.18 -202.13 -280.87 -287.4 -284.73 -281.86 -278.79 -275.53 -272.08 -268.44 -264.62 -26

20 |Force -69.666 -60.591 -69.465 -60.288 -69.062 -68.785629 -68.46 -68.085 -67.661 -67.180 -66.669 -66.102 -65.488 -64.828 -64.122 -63.372 -62.578 -61.741 -60.862 -59.

21 300

= height ! velocity

24 180 0.5 200

2 160

% 100 0 100

o fggs

28 100 05 RS S s 0

29 80 ——height a1 — velocity

30 & -100

31 40 15

32 20

33 DC|N<rmmqummNqumqumquqmm 2 -

3 555555555522 225258888858

35 B e e e e = = = == = = = = = 25 -300

36 =
Sheet1 | Sheetz | Sheet3 ® < v





image4.png
lurn Evan:

Fle  Home Inset  Pagelayout  Formulas  Data  Review View  Help ¢ Share  ©3 Comments
Time_Inte... ~ £ | oo B
A 8 c D E F G H J K L 1) N o P [o} R s T U V-

i
2 | crank Radius (mm) 20 mm
3 | Conrod Length (mm) 141 mm
4 |RPM 13400 rpm ® 1403.24
5 | compute Time Interval 0.0002
6 _|Mass of Piston/gudgeonpin etc (kg) 023 Miax tensile force onrod 10246.5)
]
8 |Time (s) 0 00002 00004 00006 00008 0001 00012 00014 00016 00018 0002 00022 00024 00026 00028 0003 00032 00034 00036 00
9 |Crank Angle (radians) 0 028065 05613 084195 11226 1403244719 168389 196454 224519 252584 280649 308714 3.36779 364844 392000 420973 449038 477103 505168 533
10| Crank Angle (degrees) 0 1608 3216 4824 6432 804 9648 11256 12864 14472 1608 17688 19296 209.04 22512 2412 257.28 27336 289.44 30
11| Distance X 0 553959 106457 149188 18,0246 1971992074 19.8722 184696 156217 115515 657733 108855 -44854 -9.7084 -14172 -17.526 -19.509 -19.966 -18:86 -16.
12 inv sine phi 0 003920 00755 010581 012763 0139857504 014094 013099 011079 008193 004665 000772 -0.0318 -0.0689 01005 -01243 -0.1384 -0.1416 01338 01
13 phi (radians) 0 00393 007557 010601 0.12818 0140317594 014141 013137 011102 008202 004666 000772 -0.0318 -0.0689 01007 -01246 -0.1388 -0.01421 01342 -01
14
15
16 | Height (dist between top of conrod and crankshaft) 161 160109 157529 153529 14850 14294990 237335 132112 127643 124199 121959 121,025 121438 12318 126174 130271 13524 140751 146389 151
17 | Veloaity mm/s 44567 12839 20000 25093 27802 -28070.4994 26117 22343 17221 11201 -4667.7 206329 6708.25 14968.8 204897 248431 27557 261896 264378 22
18 |Velodity m/s 7 445677 -12.309"7 207 -25.0937 -27.302" -28.0704994” -26.117” 22.3437 172217 -11.2017 -4.6677” 2.06320” 8.70825” 14.9638” 20.4897” 24.84317 27.557” 281896 26.4378"7 22
19 Acceleration -42212 35507 25465 -13545 -1340.1 9767.864165 18868.6 25610.9 30098.6 32668.1 33654.9 33224.8 31302.8 27604.2 21767.3 13560.2 3163.05 -8758.8 20974 -31
20 |Foree -9708.7 -8166.6 -5856.9 -3115.4 -308.22 2246.608758 4339.77 5890.51 6922.68 7513.66 7740.62 764171 7199.65 6348.95 5006.49 3120.91 727.501 -2014.5 -4824.1 -73
21 40000
2 height e
3 30000
247 180 30
% 140
e 120 1 10000
2% 100 , .
29 | 80 —height o ——velocity
30 60 10 2 -10000
31 40 =
327 20 -20 -20000
B RN e e SR e T s -0 30000
34| 2383235858538 888s¢883¢
3 °se°e S°2°° =222 ©°2°°2 =°°° -40 -a0000
36 |

Sheet1 | Sheetz | Sheet3 ® < v





image5.png
File

Qs

Home  Insert

Page Layout

Formulas  Datz  Review  View  Help

£

1% Share

© comments

L M N o P Q R s T u v w X Y z AA AB AC AD AE =
16 137.09 133531 130271 127407 125012 123.144 121843 121135 121034 121541 122646 124329 126.553 129269 132406 135877 139.574 143372 147.131 150702
17 A7797.1 162967 -14322.9 -11973.2 9339.73 -6504.62 -3530.66 -507.749 2533.55 5527.47 841334 111227 135767 15686.5 173556 184866 18989.6 187931 17854 16167.4
1871779717 16.2967" -14.3220" 11,9732 " 933973 -6.50262” 3.53966” 0.50775" 2.53355” 5.52747” 8.41334” 11.1227” 13.5767” 156865 17.3556” 18.4866” 189896 18.7931” 17.854” 16.1674
19 750215 9868.98 11748.1 13167.5 14175.6 14824.8 15159.6 152065 14969.6 14429.4 13546.6 12270.2 10548.7 8345.72 5655.09 2515.18 -982.983 -4695.28 -8433.19 -11980.2
20| 17255 2269.87 2702.06 3028.54 3260.38 3409.7 34867 34975 3443 3318.75 311572 2822.14 2426.21 1919.52 1300.67 578.491 -226.086 -1079.91 -1939.63 -2755.46
21 20000
22—
23| 15000
2 |
25 10000
26 5000
27 |
28 0 )
/i N =] <+ 0 =3 =+ w0 ® o 0 ® < < ® —Acceleration
228 g ——velody £g EEEBSAIEALREEENAE e
05k -5000 ~F-2-2-3) coctefaa &3 =
31
32 -10000
23 -15000
34
35 -20000
36
37| -25000
38|
39|
40
41
2
43 1
a4 ) -
Sheet1 | Sheetz | Sheets ® < v
& e





image6.png
File

1% Share

Home Insert  Pagelayout  Formulas  Data  Review  View  Help & comments

B7 - fo ~
L M N o P Q R 3 T u v w X Y z AL AB AC AD AE -
13| 014119 013531 012462 010951 0.09054 0.06839 0.04385 001778 -0.00891 -0.03528 -0.06043 -0.08347 -0.10358 -0.12005 -0.13227 -0.13979 -0.14232 -0.13979 -0.13227 -0.12005
14
15
16 137.09 133.531 130271 127407 125012 123144 121843 121135 121034 121541 122646 124329 126.553 129269 132406 135877 139.574 143372 147.131 150702
17 -17797.1 -16296.7 -14322.9 -11973.2 -9339.73 -6504.62 -3539.66 -507.749 2533.55 552747 841334 111227 135767 15686.5 173556 184866 18989.6 18793.1 17854 161674
187 17.7971" 1629677 1432297 11,9732 7 933973 -6.50462” 3.53966” 0.50775” 2.53355” 5.52747” 841334 11.1227” 13.5767” 15.6865” 173556” 184866 18.9896" 18.7931” 17.854” 16.1674
19| 7502.15 9868.98 11748.1 13167.5 14175.6 14824.8 15159.6 15206.5 14969.6 14429.4 13546.6 12270.2 10548.7 8345.72 5655.09 2515.18 -982.983 4695.28 -8433.19 -11980.2
20| 2175.62 2862 3406.94 3818.59 4110.91 4299.19 4396.28 4409.89 434118 4184.52 3928.52 3558.35 3059.13 2420.26 1639.98 729.402 -285.065 -1361.63 -2445.63 -3474.27
21 20000
2
23 15000
2
25 10000
26 5000
27
28 0 )
N =3 =+ 0 w0 = W ®© o 0 © © = < @ —Acceleration
228 g ——velody SESCFEECRCAI AR ASAE e
ELIECH R 5000 YB3 e S e =] aa 3
31
32 -10000
33 -15000
34
= 20000 Chorefres Foegon B
36
37 -25000
38
39
40
a1 - A
Sheet1 | Sheetz | Sheets ® < v
E o - e




image1.jpeg




