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1.1

ENGINE SPECIFICATIONS

Engine Specifications

Table 1: KTM Duke 200 Specifications

Bore. B 72mm
Stroke, S 49mm
Connecting Rod. 1 98mm
Crank Radius, r 24 Smm
Idle Speed 3000rpm
Power Max 18.6425 kW @10000rpm
Torque Max 19.2 Nm (@ 8000rpm

Compression Ratio

8.6:1
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Plot of Gas Pressure vs. Crank Angle
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Figure 1: Cylinder Pressure vs. Crank Angle
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Cylinder Pressure vs. Volume (CC)
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Figure 2: Cylinder Pressure vs. Volume (CC)
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1.3 Gas Torque vs. Crank Angle

In a different excel sheet, the other parameters are calculated. Firstly. the gas pressure 1s
converted from Bar to Pascal. Then the Gas Force (N) 1s calculated using equation 1. Followed
by Piston Position (m) using equation 2. The approximate Gas Torque (Nm) 1s the product of
Gas Force and Piston Position. To obtain the Exact Gas Torque, equation 3 is used.

(Gas Force (N)

F,= ; Py . B*? Equation 1

Piston Position (m)

x=r.(sin9—|—(1+%cos€) Equation 2
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Approximate Gas Torque (Nm)

Tg,,1, = Piston Postion (m) .Gas Force (N)

Exact Gas Torque (Nm)

rsing

t.Jl—Gsin 9)2

Zetta, D = atan

2

X=r.cos@+1L. 1—G sinﬂ)

T921. = Fy .tan (9).X
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Excel Input

Pfired(Bar) P(Pa) Gas Force (N} Piston Position (m) Approximate Gas Torque (Nm) Zetta X ExactGas Torque (Nm)
0997732562 99773.3 406.227 0.0735 2935770054' -3.05287E-1 7-| 0.0735 -9.14503E-16
0.999770275 99077 407.057 0.074655134 30.38888575 -0.0217880954 0.073592 -0.652824807
1.005316664 100592 409559 0.075976802 31.11701182 -0.043412192 0.0738713 -1.314247615
1.016272523 101627 413776 0.077455658 32.04927491 -0.064705249 0.0743328 -1.992927729
1.03100935 103101 419.776 0.0790681352 33.19644403 -0.08550616 0.0749739 -2.697649328
1.05037479 105037 427 561 0.080842567 34.57317464 -0.105656687 0.07579 -3.437385817
1.074700636 107470 437565 0.082727074 36.19845598 -0.125003514  0.0767747 -4.22136798
1.104413768 110441 449563 0.084721791 38.09621364 -0.143399415 0.0779207 -5.059156659
1.140050612 114005 464.172 0.086812842 40.2960969 -0.160704371 0.0792193 -5.960721542
1182275869 118228 481.364 0.088985636 4283449074 -0.176786639 0.0806608 -6.936527652
1.231906519 123191 501.571 0.091224937 45.755805 -0.191523755 0.0822337 -7.997630951
1.289342429 128994 525.201 0.093514856 49.11410989 -0.204803473 0.0839268 -9.155783958
1.357605304 135761 £§52.750 0.09583244 52.97520753 -0.216524624  0.085727 -10.42355109
1.436388239 143639 584.826 0.098181768 57.41925644 -0.226597892 0.0876207 -11.81443113
1.528118824 152812 822174 0.100525061 52.54409965 -0.234946504 0.0895935 -13.34298026
41.635039607 163504 665.707 0.102852284 58.469490012 -0.241506817 0.0016304 -15.02402231
1.75991078 175991 716.548 0.105146367 75.34245986 -0.246228817 0.0937159 -16.87722195
1.906141292 190614 776.086 0.107390314 33.34414087 -0.249076497 0.0958343 -18.91807882
2077955995 207796 846.041 0.109567331 92.69841377 -0.250028143 0.0979694 -21.16677258
2280507941 228061 928.550 0.111660945 103.6828211 -0.249076497 0.1001049 -23.64324448
2520545855 252065 1026.282 0.113655127 116.6422099 -0.246228817 0.1022247 -26.36723156
2.306246299 280625 1142.564 0.115834418 132.0055039 -0.241506817 0.1043125 -28.3506624
31475157090 314762 1281.553 0.117284048 150.3057259 -0.234046504 0.1063524 -32.62485572
3.557455222 355746 1448 419 0.118890063 172.2026673 -0.226597892  0.108329 -36.17582277

Figure 3: Excel Input Example
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1.3.1 Piston Position vs. Crank Angle

Piston Position (m) vs Crank Angle
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Figure 4: Piston Position vs. Crank Angle Graph obtained from Excel Output
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1.3.2 Approximate Gas Torque vs. Crank Angle

Approximate Gas Torque vs Crank Angle
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Figure 5: Approximate Gas Torque vs. Crank Angle Graph obtained from Excel Output
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1.3.3 Exact Gas Torque vs. Crank Angle

Exact Gas Torque vs Crank Angle
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Figure 6: Exact Gas Torque vs. Crank Angle Graph obtained from Excel Output
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1.4 Inertia Torque
1.4.1 Piston Head Design & Mass Properties

Figure 7: Piston Head Design using Solidworks
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{5 Mass Properties Lo
| % [FSTONSLOPRY
| Options...
Ll
- | e -
[ Ovemde Mass Properties... | Recalculate
4 Include hidden bodies/ components
Create Center of Mass feature
Show weld bead mass
Report coordinate values relateve 10: - default - -
{Mass properties of PISTON
Configuration: Default
Coorgunate system: - default .-
Density « 0.00 grams per cubic millimeter
Mass = 147.78 grams
Volume = S4733.65 cubic millimeters
Surface area = 31927.34 iquare millimeters
|
ICenter of mass: | millimeters |
X = 5096
Y. 1355
2«09
Principal axes of inertia and principal moments of inertia: | grams * square n
Taken at the center of mass.
Ix = 10.00, -0.00, 1.00) Px = 6360139
Iy = (0.50, 027, 0.00) Py = 7386041
I: = 087, 050, 0.00) Pz = 10143215
{Moments of inertsa: | grams * square millimeters )
Taken at the center of mass and aligned with the cutput coordinate system
Lix = 94401 58 Loy = 1213368 Lz e 5494
Lyx = 1213368 Lyy = 3040088
Lov = 5494 Loy = 2833
{Moments of inertia: | grams * square millimeters )
Taken at the output coordinate system.
bex = 322552993 Iy = 108404792 b = 675656
byx = 108404792 Iy = 46439051 bz = 1942747
' Lox = £756.56 Ly = 1942747 Lz = 357838768
K . " <
Help Print.., Copy to Clpboara

Figure 8: Mass Properties of Piston Head = 147.78¢g
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1.4.2 Connecting Rod Design & Mass Properties

Figure 9: Connecting Rod Design using Solidworks
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&% Mass Properties

% engine DESIGN.3LDFRT

[ CQuerride Mass Properties... ] [ Reralculate ]

[ include nidden bodies/components
|| create Center of Mass featura
Show weld bead mass

Report coordinate values relative to:  -- default - -

Mass propertics of cngine DESIGN
Configuration: Default
Coordinate system: - default -

Density = 0.01 grams per cubic millimeter
Mass = 331.74 grams
Volume = 42152,10 cubic millimeters
Surface area = 17630.37 zquare millimeters
Center of mass: [ millimeters )

X=740

¥=129.71
Z=10.80

Principal axes of Inertla and princpal moments of Inertia: [ grams * square n
Taken at the center of mass.

Li = (097, 0.22, 0.00) Px = 5964316
0.22. 0.97. 0.00) 431880.22
Iz = (.0.00, -0.00, 1.00) Pz = 47113864

Maoments of inertia: [ grams * square millimeters )
Taken at the center of mass and aligned with the output coordinate system.

Lax = 78343.07 Lxy = 8130868 Lz =12295
Lyx = 21308 68 Lyy = 413180.324 lyz = 1787
Lzx = 122,95 Lzy = -17.67 Lzz = 471138.60

Moments of inertia: [ grams * square millimeters |
Taken at the output coordinate system.

boc = 5660132.68 by = 236950.52 Iz = 232959
Iyx = 236950.52 Iyy = 421595.85 Iyz = 3868143
I} = 2529.59 Izy = 3868145 Izz = 6070507 08
[ ] ] [l
[ [ hep | [ eont. | [ copyto cuppoara |

Figure 10: Mass Properties of Connecting Rod = 331.74¢
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1.4.3 Crank Shaft Design & Mass Properties

Figure 11: Crank Shaft Design using Solidworks
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Mass Properties . —— A=
pel

% ENG.CS5.01 (crankshaft).SLDPRT

Override Mass Properties... ] [ Recalculate ]

Include hidden bodies/components
[T Create Center of Mass feature
El Show weld bead mass

Report coordinate values relative to:  -- default —

Mass properties of ENG.CS.01 (crankshaft)
Configuration: Default
Coordinate system: —- default --
Density = 0,01 grams per cubic millimeter
Mass = 1806.12 grams
(Volume = 230078.90 cubic millimeters

Surface area = 38607.15 square millimeters

Center of mass: [ millimeters )

X =002
¥ =13462
Z=-247

Principal axes of inertia and principal moments of inertia: [ grams * squaren
Taken at the center of mass.

k= (-0.00, 1.00, -0.01) Px = 972541.69

Iy = (-0.00, 0.01, 1.00) Py = 4445413 .45

Iz = (1.00, 0.00, 0.00) Pz = 477074831

Moments of inartia: [ grams * square millimeters )
[Taken at the center of mass and aligned with the output coordinate system.
Lo = 4770746.34 by = -227.31 bz

Lyx = -277.351 Lyy = 972705.12
Lox = -796.51 Lzy = -24040.28

Moments of inertia: [ grams * square millimeters )
Taken at the output coordinate system.

Dok = 37514110.21 Ty = -5051.53 I - -707.94
Iyx = 505153 Iyy - 98374283 Iyz - 62501326
Int = 707.94 Ly = 625013.26 Izz = 37177579.57
< | T ] o
[ Help ] [ _eant. ] [ copyto clipbeara_|

Figure 12: Mass Properties of Crank Shaft = 180612¢g
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1.4.4 Engine Specifications

Table 2: Specification for KTM Duke Single Cylinder Four Stroke Oversquare Engine

r Compression Ratio 8.6
k Expansion Coefficient 1.35
Pmax Maximum Pressure (after combustion), p3 78.7456 atm
Patm Atmospheric Pressure 14.7 pst1
Ve Clearance Volume 0.0263 liters
L Stroke 49mm
D Bore 72mm
a Ratio of crank to conn. Rod length 0.25
N Engine Speed Idle 3000 RPM
Mpiston ~ Mass of Piston 0.32579 1bs
Mcrank Effective Mass of Crank Shaft ( | cylinder) 39818 Ibs
Mconn Mass of Connecting Rod 0.73136 Ibs
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