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Introduction.
This is a report about connecting rods also known as conrods. Conrods are the pieces that connect the piston head to the crankshaft. This report will focus directly on the forces that conrods undergo and how they differ in relation to certain conditions such as the length of the conrod, mass of the piston, size of the crank radius and the revolutions per minute.
This data will be derived from values retrieved from a table and numerous graphs that will be produced in a Microsoft excel document. The baseline data will be that of research but to see how different conditions effect the conrods experimenting and changing some values are necessary.

To begin the engine chosen for research is a standard stock Honda b16a vtec engine. This engine was chosen because of its wide use and large popularity, hoping there would be extensive and easily available information about the engine. Not to mention it was the first Honda engine fitted with the renowned and innovative variable valve timing & lift electronic control (vtec) system.



Research/literature review.
Before starting this report it is prudent to have some background information about the engine to help with this study into conrods. It would also greatly help in understanding the graphs and how to analyse them. The research will be done primarily through the internet as it’s so accessible. Research into this engine has led to finding out that the engines compression ratio 10.2:1, its engine power is 160bhp, the engine torque is 112lb/f, it has cylinder bores that are 81mm and the engines where in production from 1988 to 2000 as stated in the article (Desjarlais, H. (2012), ‘Honda B16A 1st Gen 88-91 JDM Engine Specs’).

The Honda B16 series engine was one of the company’s most successful models in its modern series. The B16’s popularity was based around Honda’s decision to use the platform to showcase its evolving dual-overhead-camshaft and variable timing/lift electronic control technology as said by (Autos.com Editor. (2013), ‘A Brief History of Honda’s Two Most Successful Engines‘). 

Research into this engine led to a service manual with a lot of useful information, most of which was irrelevant in helping understanding and analysing the graphs produced for this report because it was mostly service information such as, where to lift the vehicle (Honda civic) the engine or where to find the vehicle identification number in the engine bay. There is also useful information such as the height and warp tolerance as seen in appendix 1. (Honda motor co.,LTD (1990), ‘shop manual‘)




Methodology.
Before analysing the data and graphs research into the engine and its piston assembly, which includes the conrods the gudgeon pin and the piston head is needed. The research is needed to understand the size, mass and forces that will act upon the conrods. 
The report uses a predetermined Microsoft excel program and inputted data from the earlier research to produce accurate graphs, from which values can be produced and analysed.
[image: ]Using the research values will be entered into cells B2-B6. With these values entered the set formula and calculation will change to produce three graphs, from these three graphs we can then determine what is happening the height of the piston, what its velocity is and also its force and acceleration.
[image: ]Next alter these values to different conditions and specifications, such as if the engine was at idle speed or the connecting rod was a different length etc. This will alter the graphs and from there, discuss and analyse the findings accordingly.









Analysis.

Graph 1 Height:

Starting with the baseline values figure one shows the height of the conrod at top dead centre (TDC). This condition would either mean the cylinder is on its compression or exhaust stroke. The overall height from the centre of the crankshaft to the top of the conrod is 172.7mm. This value is the length of the conrod (134mm) plus the crankshaft radius (38.7mm). the overall height can be seen in figure 1 under cell C16. This is the beginning point on the first graph labelled height.

Figure two shows the conrod at bottom dead centre (BDC), this means the cylinder will be on either its induction or ignition stroke. The height from the centre of the crankshaft to the top of the conrod is 95.3mm. This measurement is indicated in figure two in cell V16. this measurement is the size of the conrod (134mm) minus the size of the crankshaft radius(38.7mm).

Figure three is a graph showing the oscillations of height between top and bottom dead centre. The oscillations are regular as it goes through the multiple strokes. One engine cycle takes approximately fifteen milliseconds(0.015 seconds). Figure four is the same graph as figure three but the conrod length is increased in its size by 10mm (144mm). This graph shows that the oscillations between top and bottom dead centre are longer but take approximately the same time to complete a full cycle.

Graph 2 Velocity:

Figure five shows the velocity of the conrod under normal working conditions.
Figure six shows the velocity of the conrod when the crank radius is increased by 10mm(48.7mm). 
Figure seven shows the velocity of the conrod when the engines maximum RPM has been increased to 9000 RPM.
The frequency is the same but the oscillations differ in length according to specific factors.

Graph 3 Force and Acceleration:

Figure eight shows the graph for force and acceleration under standard working conditions.
Figure nine shows the same graph with the piston and gudgeon pin weight increased by 0.2kg (0.499kg).
With the 0.2kg of added weight figure nine now shows that the acceleration will remain the same but the force at which the conrod is accelerating increases substantially.

Maximum tensile strength:
Figure ten shows the conrods normal standard working maximum tensile strength. Figure eleven shows the maximum value of tensile strength of the conrod if it was modified to be much larger and heavier. As shown by figure eleven the tensile strength has increased extensively.





Conclusion:
In conclusion to push an engine to reach higher velocities and have more acceleration with increased force and engine would have to be modified with larger and heavier piston/conrod assemblies. If the unmodified conrods reached the statistics that the modified conrods operate at then the tensile and compressive forces acting upon the conrods would make them stretch, distort and become brittle to the point that they would end up snapping and more than likely tear a hole in the side of the engine block.

Recommendations for further study: 
Author: Mahle GmbH, Editor. (2016), ‘pistons and engine testing ‘ publisher: Springer Verlag
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A 5 < o 3 3 s H ] K L % N o 3 Q R s T u v w x v z[

1
2 |Crank Radius (mm) 387 mm
3 |Conrod Length (mm) 134 mm
4 [rem s000pm o s37.758
5 |Compute Time Interval 0.0002
6 |Mass of Piston/gudgeonpin etc (kg) 0259 Max tensile force on rod 1042713
7
& [Time (s) 0 00002 0000a 00005 00008 0001 00012 00014 0006 00018 0002 00022 00024 00026 00025 0003 00032 0003 00035 00038  0.004 00042  0.0044 0
9 |crank Angle (radians) 0 0167552 0335103 0.502655 0.670206 0.837758041 100531 1172861 1340413 1507964 1675516 1843068 2010619 2178171 2.345723 2513274 2680826 2.848377 3.015929 3183481 3351032 3.518584 3.686135 3.853
10 |Crank Angle (degrees) 0 ss 192 288 a4 w576 672 768 864 % 1056 1152 148 134 144 156 1632 1728 1824 192 2016 2112 %
11 |pistance x 0 645395 1272714 18.64387 2003842 2875970475 3267549 35.6761 376775 3862363 38488 37.27439 3501681 3177847 27.65009 2274729 17.20738 1118553 4850396 -L62059 -B.0dG1S -14.2464 -20.0476 -25.2
12 finv sine phi 0 0048164 0038579 0.139133 0.179391 0.214624662 0.243847 026624 0281175 0288236 0.287224 0278167 0261319 0237153 0.206344 0165756 0.128413 0.08347 0.036157 -0.01209 -0.06005 -0.10632 -0.14961 -0.18
13 |phi (radians) 0 0048182 0095122 0.139585 0.180368 0.216307521 0.246331 (026949 0285019 0292384 0.291327 0281885 0264389 0.239434 0.207837 0170562 0.128769 0.083571 0.036205 -0.01209 -0.06008 -0.10652 -0.15017 -0.18
1
15

16| Height (dist between top of conrod and crankshaft)
17 |Velocity mm/s
18 |velocity m/s

] 172.0025 169.3416 1666097 162.1552 1567726993 150.6915 144.1604 1374311 130.7429 124.3085 118.3042 112.8662 108.0907 104.0393 100.7462 98.22653 96.48407 9551735 95.32415 95.9039 97.25813 99.38926 102.2
-10304.7 -16659.3 -22272.9 -269123 -30405.81373 -32655.8 -33646.2 -33440.9 -321725 -30021.4 -27190.1 -23877.4  -20257 -16465.5 -12598.3 -§712.33 -4833.6 -966.005 2898761 677142 10655.38 14536.95 1837:
48734 -10.3047” -16.6593” -22.2729" -26.9123” -30.40581373” -32.6558 -33.6462” -33.4409” -32.1725” -30.0214 -27.1901” -23.8774” -20.257” -16.4655 -12.5983” -8.71233” -4.8335" -0.966” 2.898761  6.77142” 10.65538 14.53695  18.37

19 Acceleration -34086.8 -31772.9  -28068 -23197.3 -17467.4 -11249.9461 -4952  1026.37 6342.278 10755.59 14156.14 16563.69 18102 18957.48 19336.17 19429.64 19393.62 19338 19323.83 19363.29 19419.82 19407.82 19193.8 18607
20 Force 10192 -9500.00 839232 -6935.99 -5222.76 -3363.733884 -1480.65 306.8348 1896341 3215.023 4232686 4952542 5412.498 S668.287 S7SLSI6 5809.463 S798.693 S782.061 5777.824 5789.625 S806.526 5802.04 5738.946 5562,
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2 |Crank Radius (mm) 387 mm
3 |Conrod Length (mm) 134 mm
4 [rem s000pm o s37.758
5 |Compute Time Interval 0.0002
6 |Mass of Piston/gudgeonpin etc (kg) 0259 Max tensile force on rod 1042713
7
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9 |crank Angle (radians) 0 0167552 0335103 0.502655 0.670206 0.837758041 100531 1172861 1340413 1507964 1675516 1843068 2010619 2178171 2.345723 2513274 2680826 2.848377 3.015929 3183481 3351032 3.518584 3.686135 3.853
10 |Crank Angle (degrees) 0 ss 192 288 a4 w576 672 768 864 % 1056 1152 148 134 144 156 1632 1728 1824 192 2016 2112 %
11 |pistance x 0 645395 1272714 18.64387 2003842 2875970475 3267549 35.6761 376775 3862363 38488 37.27439 3501681 3177847 27.65009 2274729 17.20738 1118553 4850396 -L62059 -B.0dG1S -14.2464 -20.0476 -25.2
12 finv sine phi 0 0048164 0038579 0.139133 0.179391 0.214624662 0.243847 026624 0281175 0288236 0.287224 0278167 0261319 0237153 0.206344 0165756 0.128413 0.08347 0.036157 -0.01209 -0.06005 -0.10632 -0.14961 -0.18
13 |phi (radians) 0 0048182 0095122 0.139585 0.180368 0.216307521 0.246331 (026949 0285019 0292384 0.291327 0281885 0264389 0.239434 0.207837 0170562 0.128769 0.083571 0.036205 -0.01209 -0.06008 -0.10652 -0.15017 -0.18
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1
2 |Crank Radius (mm) 387 mm
3 |Conrod Length (mm) 134 mm
4 |Rem 000mpm o 837.758
5 |Compute Time Interval 0.0002
6 |Mass of Piston/gudgeonpin etc (kg) 0299 [Max tensile force on rod 102713
7
8 [Time (s) 0 00002 00004 0.0005 00008 0001 00012 00014 0006 00018 0002 0002 00024 00026 00028 0003 00032 00034 00035 00038  0.004 00042 0.0044 0
9 [crank Angle (radians) 0 0167552 0335103 0.502655 0.670206 0.837758041 100SIL 1172861 1340413 1507964 1675516 1843068 2010619 217817 2.345723 2513274 2680826 2.848377 3.015929 3.18MS1 3351032 3518584 3.686135 3.853
10 |crank angle (degrees) o ss 192 88 34 4 576 672 768 84 % 1055 152 148 144 14 1536 132 1728 1824 12 2016 212 2
11 |pistance X 0 645395 1272714 18.64387 2003842 2875970475 32.67519 35.6761 376775 35.62363 38488 37.27439 35.01681 3177847 27.65009 22.74723 17.00738 1118553 4850396 -L62059 -5.04618 -14.2464 -20.0476 -25.
12 finv sine phi 0 0045164 0038579 0.139133 0.179351 0.214624662 0.243847 0.26624 0281175 0288236 0.287224 0.278167 0261319 0.237153 0.206344 0165756 0.128413 0.083474 0.036157 -0.01203 -0.06005 -0.10632 -0.14961 -0.18
13 |phi (radians) 0 0048182 0035122 0.139585 0.180368 0.216307521 0.246331 (026349 0285013 0252384 0.291327 0.281885 0264389 0.239434 0.207837 0170582 0.128769 0.08357L 0.036205 -0.01209 -0.06008 -0.10652 -0.15017 -0.13
1
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16 |Height (dist between top of conrod and crankshaft) | 172.7 172.0025 169.3416 166.6097 1621552 1567726993 150.6915 144.1604 1374311 130.7429 1243085 1183042 112.8662 108.0907 104.0393 100.7452 9822653 96.48407 95.51735| 95.32815] 95.9039 97.25818 99.38926 102.2
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18  velocity m/s

19 Acceleration -34086.8 -31772.9  -28068 -23197.3 -17467.4 -11249.9461 -4952  1026.37 6342.278 10755.59 14156.14 16563.69 18102 18957.48 19336.17 19429.64 19393.62 19338 19323.83 19363.29 19419.82 19407.82 19193.8 18607
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1
2 |Crank Radius (mm) 387 mm
3 |Conrod Length (mm) 134 mm
4 |Rem 000mpm o 837.758
5 |Compute Time Interval 0.0002
6 |Mass of Piston/gudgeonpin etc (kg) 0299 [Max tensile force on rod 102713
7
8 [Time (s) 0 00002 00004 0.0005 00008 0001 00012 00014 0006 00018 0002 0002 00024 00026 00028 0003 00032 00034 00035 00038  0.004 00042 0.0044 0
9 [crank Angle (radians) 0 0167552 0335103 0.502655 0.670206 0.837758041 100SIL 1172861 1340413 1507964 1675516 1843068 2010619 217817 2.345723 2513274 2680826 2.848377 3.015929 3.18MS1 3351032 3518584 3.686135 3.853
10 |crank angle (degrees) o ss 192 88 34 4 576 672 768 84 % 1055 152 148 144 14 1536 132 1728 1824 12 2016 212 2
11 |pistance X 0 645395 1272714 18.64387 2003842 2875970475 32.67519 35.6761 376775 35.62363 38488 37.27439 35.01681 3177847 27.65009 22.74723 17.00738 1118553 4850396 -L62059 -5.04618 -14.2464 -20.0476 -25.
12 finv sine phi 0 0045164 0038579 0.139133 0.179351 0.214624662 0.243847 0.26624 0281175 0288236 0.287224 0.278167 0261319 0.237153 0.206344 0165756 0.128413 0.083474 0.036157 -0.01203 -0.06005 -0.10632 -0.14961 -0.18
13 |phi (radians) 0 0048182 0035122 0.139585 0.180368 0.216307521 0.246331 (026349 0285013 0252384 0.291327 0.281885 0264389 0.239434 0.207837 0170582 0.128769 0.08357L 0.036205 -0.01209 -0.06008 -0.10652 -0.15017 -0.13
1
15
16 |Height (dist between top of conrod and crankshaft) | 172.7 172.0025 169.3416 166.6097 1621552 1567726993 150.6915 144.1604 1374311 130.7429 1243085 1183042 112.8662 108.0907 104.0393 100.7452 9822653 96.48407 95.51735| 95.32815] 95.9039 97.25818 99.38926 102.2
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1
2 |Crank Radius (mm) 387 mm
3 |Conrod Length (mm) 144 mm
4 |Rem 000mpm o 837.758
5 |Compute Time Interval 0.0002
6 | Mass of piston/gudgeonpin etc (ke) 0299 [Max tensile force on rod 1026551
7
8 [rime (s) 1 0 00002 00004 0.0005 00008 0001 00012 00014 0006 00018 0002 0002 00024 00026 00028 0003 00032 00034 00035 00038  0.004 00042 0.0044 0
9 [Crank Angle (radians) 0 0167552 0335103 0.502655 0.670206 0.837758041 100SIL 1172861 1340413 1507964 1675516 1843068 2010619 217817 2.345723 2513274 2680826 2.848377 3.015929 3.18MS1 3351032 3518584 3.686135 3.853
10 |crank angle (degrees) o ss 192 88 34 4 576 672 768 864 9 1056 152 143 134 144 1536 1632 128 1824 192 2016 2112 %
11 |pistance X 0 645395 1272714 18.64387 2003842 2875970475 32.67519 35.6761 376775 35.62363 38488 37.27439 35.01681 3177847 27.65009 22.74723 17.00738 1118553 4850396 -L62059 -5.04618 -14.2464 -20.0476 -25.
12 finv sine phi 0 0041813 0088383 0.123471 0.166933 0.198720172 0.226913 0.047751 0261643 0.25522 0.267278 025885 043172 0.220684 0.192015 0157967 0.11949 0.077677 0.033683 -0.01125 -0.05588 -0.03893 -0.13922 -0.17
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1
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3 |conrod Length (mm)
4 [RPM o 837758
5 |Compute Time Interval 0.0002
6 |Mass of Piston/gudgeonpin etc (kg) 0.299 [Max tensile force on rod 13878.72]
7
8 [Time (s) 0 00002 00004 0.006 0.0008 0001 00012 00014 00016 00018 0002 0.0022 00024 0.0026 00028 0003 00032 00034 0003 00038  0.004 00042 00044 0.
9 |crank Angle (radians) 0 0167552 0.335103 0.502655 0.670206 0.837758041 1.00531 1.172861 1.340413 1507964 1.675516 1.843068 2.010619 2.178171 2.345723 2.513274 2.680826 2.848377 3.015929 3.183481 3.351032 3.518584 3.686135 3.853
10 |Crank Angle (degrees) 0 9.6 19.2 28.8 38.4 a8 57.6 67.2 76.8 86.4 9 1056 1152 1248 1344 144 1536 1632 1728 1824 192 2016 2112 2
11 Distance X 0 8121638 1601581 234614 302499 36191153 4111877 44.89474 4741329 4B.6039 48.43322 46.90602 44.06508 39.98997 3479482 28.62514 2165373 14.07585 6103728 -2.03934 -10.1253 -17.9277 -25.2279 -3L.
12 |inv sine phi 0 0.060603 0.119521 0.175085 0.225745 0.270083231 0.306856 0.335035 0.353831 0.362716 0.361442 0.350045 0.328844 0.298433 0.259663 0.21362 0.161595 0.105044 0.04555 -0.01522 -0.07556 -0.13379 -0.18827 -0.23
13 |phi (radians) 0 0.060646 0.119807 0.175992 0.227708 0.273479474 0.311838 0341643 0.361663 0.37118 0.363814 0.357619 0.335079 0.30305 0.262673 0.215279 0.162307 0.105238 0.045566 -0.01522 -0.07563 -0.13419 -0.1834 -0.23
1
15
16 |Height (dist between top of conrod and crankshaft) 182.7 181.7717 179.0306 174.6063 168.7068 1616068157 153.63 145.1276 1364522 127.9325 119.8503 1124258 105.812  100.1 95.33011 9150771 88.6177 86.6372 85.54493 85.3272 85.98112 87.51521 89.94753 93.3(
17 |Velocity mm/s. -4641.71 -13705.4 -22121.5 -29457.2 -35500.1 -39883.87143 -42512.4 -43376.9 -42598.4 -40410.7 -37122.6 -33068.9 -28560.4 -23849.3 -19112 -14450.1 -9902.48 -5461.36 -1088.65 3269.603 7670.456 1216159 16767.83 214
18 |Velocity m/s 7 apm71” -13.7054" -22.1215” -29.4972” -35.5001” -39.88387143” -42.5124" -43.3769” -42.5984" -40.4107” -37.1226” -33.0689" -28.5604” -23.8493" -19.112” -14.4501" -9.90248 -5.46136 " -1.08365 " 3.269609” 7.670456 12.16159” 1676788 21.4
19 Acceleration -45318.5 -42080.3 -36878.6 -30014.5 -21918.8 -13142.81896 -4322.52 3802.488 10938.85 16440.16 20268.93 22542.27 23555.54 23686.65 23300.36 22738.06 22205.6 21863.55 21791.29 22004.24 22455.69 23031.42 23540.11 23707
20 Force 135502 12582 -11026.7 897434 -6553.73 -3920.702868 -1292.43 1163.854 3270716 4915.608 6060.409 6740.139 7043.107 7082308 6969.499 G798.679 6639.474  6537.2 6515.506 6579.267 671425 6886396 7038.494 7088,
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ﬁ?"m Calbri Z 9 SwepTe General - £ | Normal Bad Good Neutral Calculation &= %( i é“““““ Ay O
ER) Copy - - Fill-
Paste Iu- 5 %4 g8 Conditional Formatas Explanatory ... [Input Linked Cell __ [Note - Insert Delete Format Sort& Find &
- ¥ Format Painter Formatting~ Table~ - - - Ll Fiter - Select -
Clipboara 5 Font 5 Aignment 5 Number 5 stytes cels diting -
Time_inte... ~ % | 00002 v
A 8 c ) 3 3 G H ] K L M N o 3 a R s T u v w x Y z[-
1
2 |crank Radius (mm) 38.7 mm
3 |conrod Length (mm) 134 mm
4 [RPM 00pm @ 5424778
5 |compute Time Interval 0.0002)
6 |Mass of Piston/gudgeonpin etc (kg) 0.299 [Max tensile force on rod 13183.59]
7
8 [Time (s) 0 00002 00004 0.006 0.0008 0001 00012 00014 00016 00018 0002 0.0022 00024 0.0026 00028 0003 00032 00034 0003 00038  0.004 00042 00044 0.
9 |crank Angle (radians) 0 0.188496 0.376391 0.565487 0.753982 0.42477796 1.130973 1319469 1.507964 1.69646 1.884956 2.073451 2.261947 2.450442 2.638938 2.827433 3.015929 3.204425 3.39292 3.581416 3.769911 3.958407 4.146302 4.33:
10 |Crank Angle (degrees) 0 108 216 324 32 54 6.8 75.6 86.4 97.2 108 1188 1296 1404 1512 162 1728 183.6 1944 205.2 216 2268 2376
11 Distance X 0 7.251657 1424642 20.7365 2649157 3130895768 35.01681 37.48417 38.62363 38.39484 36.80589 33.91307 29.81886 24.66831 18.64387 1195896 4850396 -2.42999 -9.643 -16.4777 -22.7473 -28.2111 -326755 -35.9
12 |inv sine phi 0 0054117 0.106317 0.15475 0.197701 0.233648938 0.261319 0.279733 0.288236 0.286529 0.274671 0.253083 0.222529 0.134092 0.139133 0.089246 0.036197 -0.01813 -0.07182 -0.12297 -0.16976 -0.21053 -0.24385 -0.26
13 |phi (radians) 0 0054143 0.106518 0.155374 0.198012 0.235828813 0.264389 0.283516 0.292384 0.290602 0.278247 0.255865 0.224408 0.185148 0.139586 0.089365 0.036205 -0.01814 -0.07189 -0.12328 -0.17058 -0.21212 -0.24633 -0.27
1
15
16 |Height (dist between top of conrod and crankshaft) 172.7 1718182 169.2229 165.0613 159.5662 153.0383065 145.8215 138.2747 130.7429 123.5312 116.8872 110.9937 105.9718 1018309 98.7836 96.6594 95.51735 95.35433 96.16976 97.96622 100.7462 104.5047 109.2185 114.
17 |Velocity mm/s. -4409.03 -12976.4  -20808 -27475.2 -32639.6 -36084.14395 -37733.7  -37659 -36058.7 -33220.2 -29467.3 -25109.6 -20404.2 -15536.7 -10621 -5710.27 -815.084 4077.152 8982319 13899.8 18792.69 23569.09 28067.91 32
18 |Velocity m/s 7 240823 -12.97647 -20.808" -27.4752” -32.6396” -36.08414995” -37.7337” -37.659” -36.0587  -33.2202” -29.4673 -25.1096 " -20.4042” -15.5367” -10.621” -5.71027" -0.81508” 4.077152" 8.982319” 13.8998" 18.79269 23.56909 " 28.06791” 32.
19 Acceleration -42835.7 -39158.2 -33336.1 -25822.1 -17222.5 -8247.550668 373.4524 8001.317 14192.78 18764.29 21788.26 23527.19 24337.33 24578.71 24553.64 24475.94 24461.18 24525.83 24587.42 24464.45 23882 22494.06 19934.3 1589
20 Force 12807.9 -11708.3 -9967.51 77208 -5149.53 -2466.020341 1116623 2392394 4243.642 S610.522 6514.688 703463 7276.86 7349.033 731538 7318.306 7313.893 7333224 735L638 7314.871 7140718 6725725 5960.354 4753,
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ﬁ ?E“‘ . Calibr -[n W ®-  SwepTet General - D Normal Bad Good Neutral Gleulation ] - gﬂﬂ %( il é:‘f“”‘ Ay p
Paste E‘raww o BIU- s 3 Condiional Formatas Explanatory ... [IApUL Unked Cell __ [Note © Insert Delete Format '(“ | soa Fnda
" Fommat Painter oo o - - &l e Seect-
Gipboard 5 Font 5 Aignment 5 wme 6 syies Cets ating ~
s - % S
A 3 c o 3 3 ® H 3 K L M N o 3 Q R s T u v w x v z [~
1
2 |Crank Radius (mm) 387 mm
3 |Conrod Length (mm) 134 mm
4 |rem 000pm o 837.758
5 |Compute Time Interval 0.0002
6 | Mass of piston/gudgeonpin etc (k) 0299 [Max tensile force on rod 104273
7
8 [Time (5) 0 00002 00004 0.0006 0.0008 0001 00012 00014 00016 00018 0002 00022 00024 00026 00028 0003 00032 00034 00036 0.0038 0004 00042 0.00M O
9 |Crank Angle (radians) 0 0167552 0335103 0502655 0.670206 0837758041 100531 1172861 1340413 1507964 1675516 1843068 2010619 2178171 2.345723 2.513274 2.680826 2.848377 3.015929 3.183481 3.351032 3.518584 3.686135 3.853
10 [Crank Angle (degrees) o 95 192 28 324 4 576 672 768 864 % 1056 152 148 134 14 1536 1632 1728 1824 192 2016 212 %
11 |Distance X 0 645395 1272714 18.64387 24.03842 28.7570475 3267549 35.6761 37.6775 38.62363 38.488 37.27439 3501681 3LT7BA7 27.65009 2274729 17.20738 1118553 4850396 -L62059 -.04618 -14.2464 200476 -25.2
12 |inv sine phi 0 0048164 0054979 0139133 0175351 0.214624662 0.243847 026624 0.281175 0.288236 0.287224 0.278167 0.261315 0.237153 0.206344 0.165756 0.128413 0.083474 0.036197 -0.01209 -0.06005 -0.10632 -0.14361 -0.18
13 |phi (radians) 0 0048182 0.035122 0139586 0.150363 0216307521 0.246331 0.26349 0.285015 0.292384 0.291327 0.281885 0.264389 0.23434 0.207837 0.170582 0.128769 0.083571 0.036205 -0.01209 -0.06008 -0.10652 -0.15017 -0.18
14
15
16 |Height (dist between top of conrod and crankshaft) 1727 172.0025 169.9416 166.6037 1621552 1567726993 150.6915 144.1604 137.4311 130.7425 124.3085 118.3042 112.8662 108.0907 104.0393 100.7462 98.22653 96.48407 95.51735 95.32415 95.5039 97.25818 99.38926 102.2
17 |Velocity mm/s 308734 -10304.7 -16659.3 -22272.9 -26912.3 -30405.81373 -32655.8 -33646.2 -33440.9 -321725 -300214 -27130.1 -23877.4  -20257 -16465.5 -125%8.3 -§712.33 -4833.6 -966.005 2898.761 677142 10655.38 14536.95 183"

48734 -10.3047” -16.6593” -22.2729" -26.9123” -30.40581373” -32.6558 -33.6462” -33.4409” -32.1725” -30.0214 -27.1901” -23.8774” -20.257” -16.4655 -12.5983” -8.71233” -4.8335" -0.966” 2.898761  6.77142” 10.65538 14.53695  18.37

18  velocity m/s

19 Acceleration -34086.8 -31772.9  -28068 -23197.3 -17467.4 -11249.9461 -4952  1026.37 6342.278 10755.59 14156.14 16563.69 18102 18957.48 19336.17 19429.64 19393.62 19338 19323.83 19363.29 19419.82 19407.82 19193.8 18607
20 Force 10192 -9500.00 839232 -6935.99 -5222.76 -3363.733884 -1480.65 306.8348 1896341 3215.023 4232686 4952542 5412.498 S668.287 S7SLSI6 5809.463 S798.693 S782.061 5777.824 5789.625 S806.526 5802.04 5738.946 5562,
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ﬁ ?E“‘ . Calibr -[n W ®-  SwepTet General - D Normal Bad Good Neutral Gleulation ] - gﬂﬂ %( il é:‘f“”‘ Ay p
Paste E‘raww o BIU- s 3 Condiional Formatas Explanatory ... [IApUL Unked Cell __ [Note © Insert Delete Format '(“ | soa Fnda
" Fommat Painter oo o - - &l e Seect-
Gipboard 5 Font 5 Aignment 5 wme 6 syies Cets ating ~
e - % S
A 3 c o 3 3 ® H 3 K L M N o 3 Q R s T u v w x v z [~
1
2 |Crank Radius (mm) 387 mm
3 |Conrod Length (mm) 134 mm
4 |rem 000pm o 837.758
5 |Compute Time Interval 0.0002
6 | Mass of piston/gudgeonpin etc (k) 0499 [Max tensile force on rod 17a015]
7
8 [Time (5) 0 00002 00004 0.0006 0.0008 0001 00012 00014 00016 00018 0002 00022 00024 00026 00028 0003 00032 00034 00036 0.0038 0004 00042 0.00M O
9 |Crank Angle (radians) 0 0167552 0335103 0502655 0.670206 0837758041 100531 1172861 1340413 1507964 1675516 1843068 2010619 2178171 2.345723 2.513274 2.680826 2.848377 3.015929 3.183481 3.351032 3.518584 3.686135 3.853
10 [Crank Angle (degrees) o 95 192 28 324 4 576 672 768 864 % 1056 152 148 134 14 1536 1632 1728 1824 192 2016 212 %
11 |Distance X 0 645395 1272714 18.64387 24.03842 28.7570475 3267549 35.6761 37.6775 38.62363 38.488 37.27439 3501681 3LT7BA7 27.65009 2274729 17.20738 1118553 4850396 -L62059 -.04618 -14.2464 200476 -25.2
12 |inv sine phi 0 0048164 0054979 0139133 0175351 0.214624662 0.243847 026624 0.281175 0.288236 0.287224 0.278167 0.261315 0.237153 0.206344 0.165756 0.128413 0.083474 0.036197 -0.01209 -0.06005 -0.10632 -0.14361 -0.18
13 |phi (radians) 0 0048182 0.035122 0139586 0.150363 0216307521 0.246331 0.26349 0.285015 0.292384 0.291327 0.281885 0.264389 0.23434 0.207837 0.170582 0.128769 0.083571 0.036205 -0.01209 -0.06008 -0.10652 -0.15017 -0.18
14
15
16 |Height (dist between top of conrod and crankshaft) 1727 172.0025 169.9416 166.6037 1621552 1567726993 150.6915 144.1604 137.4311 130.7425 124.3085 118.3042 112.8662 108.0907 104.0393 100.7462 98.22653 96.48407 95.51735 95.32415 95.5039 97.25818 99.38926 102.2
17 |Velocity mm/s 308734 -10304.7 -16659.3 -22272.9 -26912.3 -30405.81373 -32655.8 -33646.2 -33440.9 -321725 -300214 -27130.1 -23877.4  -20257 -16465.5 -125%8.3 -§712.33 -4833.6 -966.005 2898.761 677142 10655.38 14536.95 183"

48734 -10.3047” -16.6593” -22.2729" -26.9123” -30.40581373” -32.6558 -33.6462” -33.4409” -32.1725” -30.0214 -27.1901” -23.8774” -20.257” -16.4655 -12.5983” -8.71233” -4.8335" -0.966” 2.898761  6.77142” 10.65538 14.53695  18.37

18  velocity m/s

19 Acceleration -34086.8 -31772.9  -28068 -23197.3 -17467.4 -11249.9461 -4952  1026.37 6342.278 10755.59 14156.14 16563.69 18102 18957.48 19336.17 19429.64 19393.62 19338 19323.83 19363.29 19419.82 19407.82 19193.8 18607
20 Force 170003 -158547 -14005.9 -11575.5 -8716.25 -5613.723104 -247L05 512.1588 3164797 S367.041 7063.914 8265.28 9032.899 0450783 0648751 9695.391 O677.418 9649.661 9642.50 9662.284 9690.489 9684505 9577.707 9282,
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ﬁ ?E“‘ . Calibr -[n W ®-  SwepTet General - D Normal Bad Good Neutral Gleulation ] - gﬂﬂ %( il é:‘f“”‘ Ay p
Paste E‘raww o BIU- s 3 Condiional Formatas Explanatory ... [IApUL Unked Cell __ [Note © Insert Delete Format '(“ | soa Fnda
" Fommat Painter oo o - - &l e Seect-
Gipboard 5 Font 5 Aignment 5 wme 6 syies Cets ating ~
X6 - % S
A 3 c o 3 3 ® H 3 K L M N o 3 Q R s T u v w x v z [~
1
2 |Crank Radius (mm) 387 mm
3 |Conrod Length (mm) 134 mm
4 |rem 000pm o 837.758
5 |Compute Time Interval 0.0002
6 | Mass of piston/gudgeonpin etc (k) 0299 [Max tensile force on rod 104273 1
7
8 [Time (5) 0 00002 00004 0.0006 0.0008 0001 00012 00014 00016 00018 0002 00022 00024 00026 00028 0003 00032 00034 00036 0.0038 0004 00042 0.00M O
9 |Crank Angle (radians) 0 0167552 0335103 0502655 0.670206 0837758041 100531 1172861 1340413 1507964 1675516 1843068 2010619 2178171 2.345723 2.513274 2.680826 2.848377 3.015929 3.183481 3.351032 3.518584 3.686135 3.853
10 [Crank Angle (degrees) o 95 192 28 324 4 576 672 768 864 % 1056 152 148 134 14 1536 1632 1728 1824 192 2016 212 %
11 |Distance X 0 645395 1272714 18.64387 24.03842 28.7570475 3267549 35.6761 37.6775 38.62363 38.488 37.27439 3501681 3LT7BA7 27.65009 2274729 17.20738 1118553 4850396 -L62059 -.04618 -14.2464 200476 -25.2
12 |inv sine phi 0 0048164 0054979 0139133 0175351 0.214624662 0.243847 026624 0.281175 0.288236 0.287224 0.278167 0.261315 0.237153 0.206344 0.165756 0.128413 0.083474 0.036197 -0.01209 -0.06005 -0.10632 -0.14361 -0.18
13 |phi (radians) 0 0048182 0.035122 0139586 0.150363 0216307521 0.246331 0.26349 0.285015 0.292384 0.291327 0.281885 0.264389 0.23434 0.207837 0.170582 0.128769 0.083571 0.036205 -0.01209 -0.06008 -0.10652 -0.15017 -0.18
14
15
16 |Height (dist between top of conrod and crankshaft) 1727 172.0025 169.9416 166.6037 1621552 1567726993 150.6915 144.1604 137.4311 130.7425 124.3085 118.3042 112.8662 108.0907 104.0393 100.7462 98.22653 96.48407 95.51735 95.32415 95.5039 97.25818 99.38926 102.2
17 |Velocity mm/s 308734 -10304.7 -16659.3 -22272.9 -26912.3 -30405.81373 -32655.8 -33646.2 -33440.9 -321725 -300214 -27130.1 -23877.4  -20257 -16465.5 -125%8.3 -§712.33 -4833.6 -966.005 2898.761 677142 10655.38 14536.95 183"

48734 -10.3047” -16.6593” -22.2729" -26.9123” -30.40581373” -32.6558 -33.6462” -33.4409” -32.1725” -30.0214 -27.1901” -23.8774” -20.257” -16.4655 -12.5983” -8.71233” -4.8335" -0.966” 2.898761  6.77142” 10.65538 14.53695  18.37

18  velocity m/s

19 Acceleration -34086.8 -31772.9  -28068 -23197.3 -17467.4 -11249.9461 -4952  1026.37 6342.278 10755.59 14156.14 16563.69 18102 18957.48 19336.17 19429.64 19393.62 19338 19323.83 19363.29 19419.82 19407.82 19193.8 18607
20 Force 10192 -9500.00 839232 -6935.99 -5222.76 -3363.733884 -1480.65 306.8348 1896341 3215.023 4232686 4952542 5412.498 S668.287 S7SLSI6 5809.463 S798.693 S782.061 5777.824 5789.625 S806.526 5802.04 5738.946 5562,
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3 B % v
A 3 c o 3 3 ® H 3 K L M N o » Q R s T u v w x v z [~
1
2 | crank Radius (mm) 487 mm
3 |Conrod Length (mm) 124 mm
4 |rem 000pm o 9124778
5 |Compute Time Interval 0.0002
6 | Mass of piston/gudgeonpin etc (ke) 0499 [Max tensile force on rod 28743.61]
7
8 [Time (5) 0 00002 00004 0.0006 0.0008 0001 00012 00014 00016 00018 0002 00022 00024 00026 00028 0003 00032 00034 00036 0.0038 0004 00042 0.00M O
9 |Crank Angle (radians) 0 018843 0376951 0565487 0753982 0.942477796 1130573 1319469 1507964 169646 1834956 2.073451 2.261347 2450442 2.638938 2827433 3.015929 3.204425 3.39292 3.581416 3.769911 3.958407 4.146302 4.33
10 [Crank Angle (degrees) o 108 26 24 432 5 a8 756 864 972 108 1188 1296 1404 1512 12 1728 1836 1944 2052 216 2268 2376 2
11 |Distance X 0 512547 17.50767 26.05476 33.33744 3939912763 4406508  47.17 48.6039 4831599 4631645 4267614 3752399 3LO04255 234614 1504913 6.103728 -3.0579 -121112 207355 -28.6251 -35.5008 -411188 -45.2
12 |inv sine phi 0 0063371 0124458 0181214 023151 0273605053 0.306007 0.327569 0.337527 0.335528 0.321642 0.296362 0.260583 0.215573 0.162526 0.104508 0.042387 -0.02124 -0.08411 -0.144 -0.19879 -0.24653 -0.28555 -0.31
13 |phi (radians) 0 0063414 0124822 018222 023363 0277139116 0.310396 033373 0.344289 0.342165 0.327463 0.300881 0.263626 0.217279 0.163656 0.104699 0.0424 -0.02124 -0.08421 -0.1445 -0.20012 -0.2491 -0.28958 -0.31
14
15
16 |Height (dist between top of conrod and crankshaft) 1527 191548 188.15%8 1827347 1755887 1671304075 157.8276 148.1663 138.6074 125.5486 1212989 114.0695 107.9824 103.0902 99.33977 96.89501 95.5546 95.36363 9631979 98.43413 1017271 106.2173 111508 113,
17 |Velocity mm/s -5760.24_-16340.9 -27125.5 -35730.1 -42291.2 -46513.82452 -48306.7 -ATISA6 -45293.7 -41248.7 -36147.1 -30435.2 -244611 184523 -12523.8 -G702.08 -S54.849  4780.8 10572.01 16464.36 22454.21 28459.24 3429135 3964
18 |Velocity m/s 7 -5.76024" -16.5408" -27.1255 -35.7201" -42.2912” -a6.51382452 -48.3067” -47.7946. -45.2937” -41.2487” 361471 -20.4352” -28.4611" -18.4523" -12.5238” -6.70208” -0.35485  4.7808” 10.57201” 16.46436 22.45021 2845924 34.29135 39.64
12 |Acceleration 550031 -50923.5 -43022.6 -32805.8 21113 -8964.430992 2560423 12504.79 20224.95 25508.06 28550.24 20870.62 30043.95 2964263 29108.49 28736.17 28678.24 28956.07 2046174 20949.26 3002514 29160.55 26753.03 2225/
20]Force 27895.6 254108 -21468.3 -16370.1 -10535.4 -4473.251065 1277.651 6239.889 10092.25 12728.52 1425106 14905.44 1499193 1479167 1452514 14339.35 14310.04 14449.08 1470141 1493468 1498255 1455112 13349.76 1110¢
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A 8 c ) 3 3 G H ] K L M N o 3 a R s T u v w x Y z[-
1
2 |crank Radius (mm) 120 mm
3 |conrod Length (mm) 600 mm
4 [Rem ) 628.3185 <-angular velocity
5 |Compute Time Interval 0.0002 <time interval between calculations
6 | mass of piston/gudgeonpin etc (kg) 0.35| l [Max tensile force on rod 19858.41]
7
8 [Time (s) 0 00002 00004 0.006 0.0008 0001 00012 00014 00016 00018 0002 0.0022 00024 0.0026 00028 0003 00032 00034 0003 00038  0.004 00042 00044 O.
9 |crank Angle (radians) 0 0125664 0.251327 0376991 0.502655 0.628318531 0.753982 0.879646 1.00531 1.130973 1.256637 1.382301 1.507964 1.633628 1759292 1.834956 2.010619 2.136283 2261947 2.38761 2513274 2.638938 2.764602 z.ssﬂ
10 |Crank Angle (degrees) 0 7.2 144 216 28.8 36 232 504 57.6 64.8 7 79.2 86.4 93.6 1008 108 1152 1224 1296 1368 144 1512 1584 1e
11 |Distance X (between crank pin and centreline) 0 15.03999 29.84279 44.17495 57.81044 70.53423028 82.14565 92.46159 1013194 108.5792 114.1268 117.8745 119.7632 119.7632 117.8745 114.1268 108.5792 1013194 92.46159 82.14565 70.53423 57.81044 44.17495 29.84
12 |inv sine phi (this and the cell below use the sine rule 0 0.025067 0.045738 0.073625 0.096351  0.11755705 0.136309 0.154103 0.168866 0.180965 0.190211 0.196457 0.139605 0.199605 0.196457 0.190211 0.180965 0.168866 0.154103 0.136309 0.117557 0.096351 0.073625 0.049
13 |phi (radians) to calculate the height later on) 0 0.025063 0.045759 0.073652 0.0965 0.117829515 0.137341 0.154719 0.163679 0.181968 0.191377 0.197744 0.200955 0.200855 0.157744 0.191377 0.181968 0.163679 0.154719 0.137341 0.11783  0.0965 0.073632 0.049
1
15
16 |Height (dist between top of conrod and crankshaft) 720 718.8652 715.4874 709.9448 702.3653 692.9217177 681.8264 669.3238 655.6827 641.1872 626.1279 610.7932 595.4607 580.391 565.8217 551.9633 539.0002 527.0842 516.342 506.8739 498.7576 492.0517 486.7984 483.
17 |Velocity mm/s. -5673.83 -16889.4 -27712.9 -37897.6 -47217.8 -55476.70031 -62513 -68205.6 -72477.4 -75296.2 -76673.9 -76662.4 -75348.6 -72846.5 -69288.9 -64818.5 -59579.6 -53711.1 -47340.6 -405813 -33529.9 -26266.2 -18855.1 -113
18 |Velocity m/s 7 5.67383" -16.8894” -27.7129" -37.8976” -47.2178" -55.47670031" -62.513 -68.2056" -72.4774 -75.2962” -76.6739” -76.6624” -75.3486 " -72.8465  -69.2889” -64.8185 -59.5796 " -53.7111" -47.3406” -20.5813” -33.5299” -26.2662” -18.8551” -11.3
19 | Acceleration (change in velocity) -56077.7 -54117.6 -50923.3 -46601 -41294.7 -35181.31873 -28463.1 -21359 -14094.3 -6888.19 57.33217 6568.94 125104 17788.02 22352.1 261945 29342.82 31852.26 33796.31 35257.36 36318.31 37055.48 37533.16 3779¢
20 Force -19627.2 -189412 178232 -16310.3 -14453.2 -12313.46155 -9962.08 -7475.66 -4932.99 -2410.87 2006626 2299.129 4378.641 6225.808 7823.236 9168.074 10269.99 11148.29 11828.71 12340.07 1271141 12969.42 13136.61 1322¢
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Gipboard 5 Font 5 Aignment 5 wme 6 syies Cets Editing ~
s - % S
A 3 c o 3 3 ® H 3 K L M N o 3 Q R s T u v w x v z [~
1
2 |Crank Radius (mm) 387 mm
3 |Conrod Length (mm) 134 mm
4 |rem 000pm o 837.758
5 |Compute Time Interval 0.0002
6 | mass of piston/gudgeonpin etc (kg) 0.299 l [Max tensile force on rod 10427.13]
7
8 [Time (5) 0 00002 00004 0.0006 0.0008 0001 00012 00014 00016 00018 0002 00022 00024 00026 00028 0003 00032 00034 00036 0.0038 0004 00042 0.00M O
9 |Crank Angle (radians) 0 0167552 0335103 0502655 0.670206 0837758041 100531 1172861 1340413 1507964 1675516 1843068 2010619 2178171 2.345723 2.513274 2.680826 2.848377 3.015929 3.183481 3.351032 3.518584 3.686135 3.853
10 [Crank Angle (degrees) o 95 192 28 324 4 576 672 768 864 % 1056 152 148 134 14 1536 1632 1728 1824 192 2016 212 %
11 |Distance X 0 645395 1272714 18.64387 24.03842 28.7570475 3267549 35.6761 37.6775 38.62363 38.488 37.27439 3501681 3LT7BA7 27.65009 2274729 17.20738 1118553 4850396 -L62059 -.04618 -14.2464 200476 -25.2
12 |inv sine phi 0 0048164 0054979 0139133 0175351 0.214624662 0.243847 026624 0.281175 0.288236 0.287224 0.278167 0.261315 0.237153 0.206344 0.165756 0.128413 0.083474 0.036197 -0.01209 -0.06005 -0.10632 -0.14361 -0.18
13 |phi (radians) 0 0048182 0.035122 0139586 0.150363 0216307521 0.246331 0.26349 0.285015 0.292384 0.291327 0.281885 0.264389 0.23434 0.207837 0.170582 0.128769 0.083571 0.036205 -0.01209 -0.06008 -0.10652 -0.15017 -0.18
14
15
16 |Height (dist between top of conrod and crankshaft) 1727 172.0025 169.9416 166.6037 1621552 1567726993 150.6915 144.1604 137.4311 130.7425 124.3085 118.3042 112.8662 108.0907 104.0393 100.7462 98.22653 96.48407 95.51735 95.32415 95.5039 97.25818 99.38926 102.2
17 |Velocity mm/s 308734 -10304.7 -16659.3 -22272.9 -26912.3 -30405.81373 -32655.8 -33646.2 -33440.9 -321725 -300214 -27130.1 -23877.4  -20257 -16465.5 -125%8.3 -§712.33 -4833.6 -966.005 2898.761 677142 10655.38 14536.95 183"

48734 -10.3047” -16.6593” -22.2729" -26.9123” -30.40581373” -32.6558 -33.6462” -33.4409” -32.1725” -30.0214 -27.1901” -23.8774” -20.257” -16.4655 -12.5983” -8.71233” -4.8335" -0.966” 2.898761  6.77142” 10.65538 14.53695  18.37

18  velocity m/s

19 Acceleration -34086.8 -31772.9  -28068 -23197.3 -17467.4 -11249.9461 -4952  1026.37 6342.278 10755.59 14156.14 16563.69 18102 18957.48 19336.17 19429.64 19393.62 19338 19323.83 19363.29 19419.82 19407.82 19193.8 18607
20 Force 10192 -9500.00 839232 -6935.99 -5222.76 -3363.733884 -1480.65 306.8348 1896341 3215.023 4232686 4952542 5412.498 S668.287 S7SLSI6 5809.463 S798.693 S782.061 5777.824 5789.625 S806.526 5802.04 5738.946 5562,
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