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MACHINE DESIGN II



LESSON 13: CONNECTING ROD The primary function of a connecting rod is to transmit the push and pull from the piston pin to the crank pin. The connecting rods are usually manufactured by a drop forging process. The connecting rods are made of 40 C8, 37 Mn 6, 35 Mn 6 Mo 3, 35 Mn 6 Mo 4, 40 Cr 4, 40 Cr 4 Mo 3, 40 Ni Cr 4 Mo 2, etc. steels.The cross-section of a connecting rod can be rectangular, circular, tubular, I-section or H-section. For slow speed engines, generally circular section is used but for highspeed engines, I-section is preferred. The ratio of the length of the rod to the crank radius is generally kept from 4 to 5. The forces acting on the connecting rod are: 1. Force due to the gas pressure and the piston inertia. 2. Force due to friction of piston rings and piston,



The inertia force of the connecting rod has two components: longitudinal and transverse. The longitudinal component is accounted for by taking 1/3rd of its mass at the piston pin and 2/3rd at the crank pin. The transverse component acts on every part of the rod. The rod may be assumed of uniform crosssection without any appreciable error, in which case the resultant inertia force due to the acceleration of the oscillating rod will act at a distance 2 l/3from the piston pin. At the crank pin the force per unit length will have a magnitude (see-Fig. a).



3. Inertia of the connecting rod. 4. Frictional force in the big and small end bearings.



where Pe =explosion pressure. The gas pressure is a function of the crank angle and can be obtained from the indicator diagram. Force due to piston inertia, given by Eq. (.2.A) is: .................Eq.2.C Fig. : Forces on a connecting rod



where M =mass of (piston and rings + Piston pin + 1/3 rd of connecting rod) =: 4.15 x 10 6d3kg for cast iron pistons. =: 1.78 x 10 6 d3 kg for aluminium pistons. d =bore diameter, mm w = angular speed, rad/s r = crank radius, mm



As shown in Fig. b., the reactions at small and big end are :



The bending moment at a distance x from small end is :



1= length of connecting rod, mm The force in the connecting rod will be maximum when the crank angle 8 = 900. At that instant the force in the connecting rod is given by Eq. (2.B). The force of friction due to piston rings and piston is : where h = axial width of rings. i = number of rings. Pr = pressure of rings. (see Table), µ. = Coefficient of friction. =: 0.05 to 0.10. Table : Wail Pressure for Piston Rings
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where σe= ultimate stress in compression Ie= equivalent length a = constant K = radius of gyration about the buckling axis. In the plane of motion of the rod the ends are direction-free at the crank and gudgeon pins and the rod is, therefore, freely hinged for buckling about the neutral axis x -x (Fig.). In the plane perpendicular to the plane of motion, i.e., y - y, the rod has fixed ends due to the constraining effects of the bearings at crank and gudgeon pins. For buckling about y - y the rod is therefore four times as strong as for buckling about x-x. To achieve this condition for a rectangular rod the ratio of width to depth should be approximately 0.7. For an I-section rod the necessary condition for the rod to be equally resistant to buckling in either plane is;



Dimensions of Big End The big end is also designed in a similar way:



The ratio of 1c /d c=is usually 1.25 to 1.5 and Pb is taken as 5 to 10 N/nun2. The lining for the big end may be a suitable white metal. Bolts for Big End The maximum load to be taken by the bolts and cap consists only of the inertia force at top dead centre on the exhaust stroke. The explosion and compression loads and also the inertia load at bottom dead centre are compressive and hence do not affect these components. The inertia force is given by Eq. (2.C). Its maximum value occurs at θ =0 degree. The bolts are under repeated but not alternating stresses. Undue initial tightening may be avoided in order to avoid overstressing. Assuming 2 bolts, we have



A suitable bolt size may be calculated from above equation Big End Cap The cap for the big end is designed as a beam freely supported at the bolt centres and loaded in a manner intermediate between uniformly distributed and centrally concentrated loading. The maximum bending moment is:



where 10 is the distance between the bolt centres.



where h =cap thickness, 1c= width of cap = length of bearing. Fig. : Proportions of Connecting Rod The proportions of the rod as shown in Fig. b satisfies the condition given by above equation approximately. These dimensions may be taken at the middle of the rod. At the piston end the depth may be taken as 0.75 to 0.9 times and at the crank pin end 1.1 to 1.25 times. Dimensions of Small End The dimensions of the small end may be obtained from:



7.451



Lubrication The lubrication of the big end may be done either by splash or forced feed system. In the force-feed system oil is fed under pressure to the big end through holes drilled through the crankshaft, crank cheeks and crank pin. The gudgeon pin is then fed through a hole drilled from the crank pin through the web of the connecting rod to the small end. In splash lubrication the big-end cap is provided with a spout, which should be of generous proportions and set at an angle to the axis of the rod in the direction of rotation. Thus as the rod descends into the engine sump containing oil, the lubricant is forced up the spout and into the bearing.
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MACHINE DESIGN II



where z = section modulus for the rod. Due to the gas force the connecting rod is subjected to buckling. The buckling load may be calculated by Rankine-Gordon formula:



MACHINE DESIGN II



Fig : Shows the Main Parts of a Connecting Rod



Fig. : Connecting Rod



Notes



.
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