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Figure 1.4

Introduction 
In this report I was tasked with researching a chosen piston engine to analyse and report the forces that the conrod or rather the connecting rod undergoes, inside a vehicle engine. The engine I have chosen for this task is a 1jz engine manufactured by Toyota. The 1jz engine used an inline 6 with a 2.5litre cubic capacity producing 280bhp at 6200rpm and 363nm at 4800rpm. 
What I hope to gain from completing this task is a further understanding on how the forces of the conrod or connecting rod is affected by the following values:
· Crank Radius 
· Conrod Length 
· RPM
· Mass of Piston/Piston Pin

Research 
By researching into the subject and into my chosen piston engine I was able find the values required to analyse the forces on the conrod. From the research I also found some information relating to the history and performance of the 1jz engine and its successor the 2jz. 
1Jz 
[image: Image result for 1jz engine]The 1Jz Engine was introduced in the early 90s to be used in the Toyota Supra, Chaser, Cresta, Soarer and Mark II Toyota models. The engine layout was transversely mounted because of its six piston in design. The 1Jz displaced 2491cc with 86mm bore x 71.5mm stroke. The engine was made with a cast iron block housing with aluminium alloy pistons that had an 8.5:1 compression ratio. An aluminium alloy head was used with a pented roof combustion chambers and direct fire ignition for increased combustion efficiency. Pent roof was used because of its greater volumetric efficiency and reduced emissions. The 1Jz was belt driven with dual cams and four valves per cylinder and high cc injectors to pump the necessary fuel to the engine. 1Jz were produced until 1996 and were equipped with parallel mounted twin CT12A Turbochargers, which breathed through a front mount intercooler. The engine produced 280bhp at 6200 RPM and 363nm of torque at 4800 RPM. (As Referenced By Http: 1).
In 1996 1Jz had a major overhaul. Both camshafts were featuring Toyota’s Variable Valve Timing (VVT-i). The water jackets were modified for improved cooling. The twin CT12A were replaced by a single CT15B unit, to suit the new turbocharger the head and exhaust manifold was revamped. These improvements did not improve the 1Jz power output as the 1Jz was already running 280bhp and was the limit according to Japanese Automobile manufacturers. How ether torque was increased from 363nm to 379nm at 2400 RPM. The production of the 1Jz seized in 2007. (As Referenced By Http: 6).
Engine Data
Crank Radius – 35.75mm (As Referenced By Http: 4)
Conrod Length – 125.25mm (As Referenced By Http: 4)
Mass of piston/Piston pin – Piston 407g/Piston pin 132g (As Referenced My Http: 5)
Maximum RPM – 7,000/7,500 (As Referenced By Http: 1)

Then came the 2Jz engine which was again transversely mounted with 6 pistons and much larger than the 1Jz, instead of a 2.5 litre engine the 2Jz had a 3.0 litre capacity and produced 220bhp at 5,600 RPM and 294nm of torque at 3,600 RPM. Although the engine was modified for exporting with larger injectors, intercoolers and better more improved turbochargers and is considered the better of the Jz engines. (As Referenced By Http: 2 and 3)
Engine Data
Crank Radius – 43mm (As Referenced By Http: 4)
Conrod Length – 142mm (As Referenced By Http: 4)
Mass of piston/Piston pin – Piston 407g/Piston pin 132g (As Referenced My Http: 5)
Maximum RPM - 6,800/7,200 (As Referenced By Http: 3)

Methodology
[image: ]The methods used to properly analyse the forces on the conrod was Excel. How I undertook the analysis was first finding the appropriate information on my chosen piston engine. E.g. The Crank Radius, Conrod Length, Maximum RPM and the Mass of the Piston/Piston Pin. By using a pre-developed Excel program provided I then transferred the researched data into the Excel program. Also by using and changing the information on the spreadsheet associated with the Crank Radius, Conrod Length, Maximum RPM and the Mass of the Piston/Piston Pin I was able to analyse how the conrod is affected at e.g. different RPM’s. 










1st Graph
The Y axis on the graph represents the height of the conrod and the x axis represent the time in seconds.









2nd Graph
The Y axis on the graph measures the velocity of the conrod in m/s and the x axis represents the time in seconds.










3rd Graph 
The y axis on this graph measures the acceleration and force acting on the conrod and the x axis represents the time in seconds. 










Analysis 
From the researched data and the pre developed excel program provided by inputting the values for the 1Jz engine which produced the results on Figure 1. At 7000 RPM the conrod had a max tensile force on the conrod of 13266.58nm. Throughout the analysis the conrod height reached 161mm which is the conrod length (125.25mm) plus the crank radius (31.75mm) TDC (Top dead centre) and 89.55mm which is the conrod length (125.25mm) minus the crank radius (31.75mm) BDC (Bottom dead centre) giving relative positions of the conrod/piston (Figure 1.1). The velocity that the conrod underwent though the four stroke cycle was 27.2m/s at 7000 RPM (Figure 1.2). 

Changing in Conrod Length
By increasing the length of the conrod from 125.25mm to 130mm the maximum tensile force on the conrod decreased see (Figure 1.3) and by decreasing the length of the conrod from 125.25mm to 120mm the maximum tensile force on the conrod increased see (Figure 1.4). Increasing the length of the conrod decreased the tensile force on the conrod because there’s more material to be stretched and by decreasing the length of the conrod it reduced the material therefore increasing the force applied to the conrod. Changing the length of the conrod also increased the height therefore increasing the stroke.
Also by changing the length of the conrod the velocity, force and acceleration changed. The velocity reduced when the conrod length was increased from 125.25mm to 130mm and increased when the conrod length was decreased from 125.25mm to 120mm.
The Acceleration of the conrod decreased when the conrod was increased from 125.25mm to 130mm and increased when the conrod length was reduced from 125.25mm to 120mm. This is correct because when working out the acceleration you use the formula (change in velocity ÷ time) then by reducing the conrod length you’re increasing the acceleration because of the reduced distance travel. 
The force acting on the conrod when the conrod is increased from 125.25mm to 130mm decreases because it’s subjected to less force because of the increased material. When the conrod is decreased from 125.25mm to 120mm the force on the conrod is increased because of the reduced material. 
RPM
By increasing the RPM of my chosen piston engine from 7000 RPM to 7500 RPM changes the values in the Velocity, Acceleration, Force and also the maximum tensile force on the conrod. By increasing the RPM the Velocity, Acceleration, Force and the maximum tensile force increase when the RPM is increased and decrease when the RPM is decreased. 
Mass of piston/piston pin
From increasing the mass of the piston/piston pin only one value changes in the excel program and that is the force acting on the conrod and the maximum tensile force. By increasing the mass from 0.539kg to 1kg the force acting on the conrod increased and by decreasing the mass of the piston/pin the force on the conrod reduces. 


Conclusion 
From the analysis I conclude that if the conrod was to surpass the maximum tensile strength it would break. And By increasing the length of the conrod the velocity decreases and the acceleration. Also when the conrod is increased in length the force acting on the conrod was reduced because of the increased material. By decreasing the conrod length increased the velocity and acceleration because of the reduced distance travel. The force was increased when decreasing the conrod length because of the reduced material. And by increasing the RPM the Velocity, Acceleration, Force and the maximum tensile force increase when the RPM is increased and decrease when the RPM is decreased. 


Recommendations for further study 
Recommendation for further study into the subject:
Http: 7, By N.L. Marina, Stress-Strain State of a Connecting-Rod bolt, Online, Available:https://link.springer.com/content/pdf/10.3103/S1068798X15030107.pdf 4/12/2017
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130 mm
7000|rpm o 733.0383
0.0002
0.539 Max tensile force on rod 13159.31
0 0.0002 0.004 0.006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018  0.002
0 0.146608 0.293215 0.439823 0.586431 0.733038286 0.879646 1.026254 1.172861 1.319469 1.466077
0 8.4 16.8 25.2 33.6 2 50.4 58.8 67.2 75.6 84
0 5.222468 10.33289 15.22161 19.78375 23.92141918 27.54585 30.57927 32.95661 34.62685 35.55416
0 0.040173 0.079484 0.117089 0.152183 0.184010917 0.211891 0.235225 0.253512 0.26636 0.273494
0 0.040184 0.079568 0.117359 0.152776 0.185065501 0.21351 0.23745 0.25631 0.269615 0.277023
d crankshaft) 165.75 165.2615 163.8129 161.4533 158.2627 154.3475735 149.836 144.8718 139.6069 134.1942 128.7805
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3 120 mm

4 7000 rpm o 733.0383

5 0.0002

6 0.539 Max tensile force on rod 13395.04

7

8 0 0.0002 0.004 0.006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018  0.002

9 0 0.146608 0.293215 0.439823 0.586431 0.733038286 0.879646 1.026254 1.172861 1.319469 1.466077

10 0 8.4 16.8 25.2 33.6 2 50.4 58.8 67.2 75.6 84

1 0 5.222468 10.33289 15.22161 19.78375 23.92141918 27.54585 30.57927 32.95661 34.62685 35.55416

12 0 0.043521 0.086107 0.126847 0.164865 0.19934516 0.229549 0.254827 0.274638 0.288557 0.296285
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14

15

16 1d crankshaft) 155.75 155.2528 153.7785 151.3782 148.1349 144.1589481 139.5836 134.5579 129.2394 123.7862 118.3489
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1
2 |Crank Radius (mm) 3575 mm
3 |conrod Length (mm) 125.25 mm 1
4 |rem 700em o 733.0883
5 |Compute Time Interval 0.0002
6 | Mass of piston/gudgeonpin etc (ke) 0539 [Max tensile force on rod 1326659
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 0146608 0.253215 0433823 0586431 0.733038286 0.879646 1026254 1172861 1319469 1466077 1612684 1759292 15059 2.052507 2199115 2.345723 249233 2.638938 2785545 2.932153 3.078761 3.225368 3.371
10 [Crank Angle (degrees) 0 84 168 252 3 2 s0a 8 672 756 s 924 1008 1092 176 12 134 1428 1512 1596 168 1764 188  1¢
11 |Distance X 0 5222468 1033289 1522161 19.78375 23.52141518 27.54585 30.57527 3295661 34.62685 35.55416 3571864 35.11677 337646 ILGBI7S 28.92236 255424 2161442 17.22269 1246145 7432843 2044761 299148 -8.16
12 |inv sine phi 0 0.0416% 0082458 0.12153 0157954 0.130389375 0.219927 0.244146 0.263127 0.276462 0.283866 0.285179 0.280373 0.269553 0.252348 0.230317 0.203931 (0.17257 0.137507 0.099493 0.059344 0.017522 -0.02388 -0.06
13 |phi (radians) 0 0041708 0.0825%2 0.121831 0.158618 0.152169576 0.22174 0.246639 0.266262 0.280111 0.287823 0.289193 0.284183 0.272928 0.255726 0.23302 0.205372 0.173438 0.137344 0.099657 0.059379 0.017523 -0.02389 -0.06
14
15
16 |Height (dist between top of conrod and crankshaft) 161 1605076 159.0472 1566652 1534546 1495118385 144.S713 139.5792 1369 129.259 123.8346 118.5519 113.5275 108.857 104614 100.8516 97.60493 94.83496 9273227 9112072 90.06048 89.55043 89.58965 90.17
17 |Velocity mm/s 24622 730068 -11850.2 -160729 -19713.8 2270254205 -24960.6 -26445.3 27155 -27122.1 -264138 251213 233525 -212148 18812 -16233.3 -13543.3 -10813.4 -8057.76 -530117 -2550.27 196.1174 2942.893 5634,
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12 |Acceleration 201974 229425 -20913.7 -18204.5 -14943.6 -11200.18075 -7426.56 -3545.60 164.8871 3541151 6459354 B847.43 10688.22 1201387 12893.48 13417.39 1368214 13778.39 1378295 1375452 1373194 1373388 13758.91 1378¢
20]Force 130424 12366 -11272.5 -9812.25 -805459 -6085.407423 -4002.92 -1911.13 88.87414 1908.68 348L592 A768.765 5760948 G475.478 6949585 7231975 7374.675 7426552 7429.012 7413.685 7401514 740256 7416.053 7430,
21 20000
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5w /
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