Crankshaft diagram

The motion of a non-offset piston connected to a crank through a connecting rod as would be
found in internal combustion engines , can be expressed through several mathematical
equations. This article shows how these motion equations are derived, and shows an example
graph. The crankshaft angular velocity is related to the engine revolutions per minute RPM :. As
shown in the diagram, the crank pin , crank center and piston pin form triangle NOP. By the
cosine law it is seen that:. The equations that follow describe the reciprocating motion of the
piston with respect to crank angle. Example graphs of these equations are shown below.
Position with respect to crank angle from the triangle relation, completing the square , utilizing
the Pythagorean identity , and rearranging :. Velocity with respect to crank angle take first
derivative , using the chain rule :. Acceleration with respect to crank angle take second
derivative , using the chain rule and the quotient rule :. The equations that follow describe the
reciprocating motion of the piston with respect to time. Velocity with respect to time using the
chain rule :. Acceleration with respect to time using the chain rule and product rule , and the
angular velocity derivatives :. Note that dimensional analysis shows that the units are
consistent. The velocity maxima and minima occur at crank angles where the acceleration is
zero crossing the horizontal axis. The velocity maxima and minima do not necessarily occur
when the crank makes a right angle with the rod. Counter-examples exist to disprove the idea
that velocity maxima and minima only occur when the crank-rod angle is right angled. Then,
using the triangle law of sines , it is found that the rod-vertical angle is Clearly, in this example,
the angle between the crank and the rod is not a right angle. Summing the angles of the triangle
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Download as PDF Printable version. A crankshaft is a shaft driven by a crank mechanism,
consisting of a series of cranks and crankpins to which the connecting rods of an engine are
attached. In a reciprocating engine , it translates reciprocating motion of the piston into
rotational motion, whereas in a reciprocating compressor , it converts the rotational motion into
reciprocating motion. In order to do the conversion between two motions, the crankshaft has
"crank throws" or "crankpins" [ clarification needed ] , additional bearing surfaces whose axis
is offset from that of the crank, to which the "big ends" of the connecting rods from each
cylinder attach. It is typically connected to a flywheel to reduce the pulsation characteristic of
the four-stroke cycle , and sometimes a torsional or vibrational damper at the opposite end, to
reduce the torsional vibrations often caused along the length of the crankshaft by the cylinders
farthest from the output end acting on the torsional elasticity of the metal. They were used for
silk-reeling, hemp-spinning, for the agricultural winnowing fan, in the water-powered flour-sifter,
for hydraulic-powered metallurgic bellows , and in the well windlass. A crank in the form of an
eccentrically-mounted handle of the rotary handmill appeared in 5th century BC Celtiberian
Spain and ultimately spread across the Roman Empire. Evidence for the crank combined with a
connecting rod appears in the Hierapolis mill , dating to the 3rd century; they are also found in
stone sawmills in Roman Syria and Ephesus dating to the 6th century. A rotary grindstone [18]
operated by a crank handle is shown in the Carolingian manuscript Utrecht Psalter ; the pen
drawing of around goes back to a late antique original. The first depictions of the compound
crank in the carpenter's brace appear between and in northern European artwork. The crank had
become common in Europe by the early 15th century, as seen in the works of the military
engineer Konrad Kyeser â€”after Pisanello painted a piston-pump driven by a water-wheel and
operated by two simple cranks and two connecting-rods. The 15th also century saw the
introduction of cranked rack-and-pinion devices, called cranequins, which were fitted to the
crossbow 's stock as a means of exerting even more force while spanning the missile weapon.
However, the automatic crank described by the Banu Musa would not have allowed a full
rotation, but only a small modification was required to convert it to a crankshaft. Arab engineer
Al-Jazari â€” , in the Artuqid Sultanate , described a crank and connecting rod system in a
rotating machine in two of his water-raising machines. The Italian physician Guido da Vigevano
c. Around , the early medieval rotary grindstone was improved with a treadle and crank
mechanism. Cranks mounted on push-carts first appear in a German engraving of His
wind-powered sawmill used a crankshaft to convert a windmill's circular motion into a
back-and-forward motion powering the saw. Corneliszoon was granted a patent for his
crankshaft in Reciprocating piston engines use cranks to convert the linear piston motion into
rotational motion. Internal combustion engines of early 20th century automobiles were usually
started with hand cranks, before electric starters came into general use. The Reo owner's

manual describes how to hand crank the automobile:. Large engines are usually multicylinder
to reduce pulsations from individual firing strokes , with more than one piston attached to a
complex crankshaft. Many small engines , such as those found in mopeds or garden machinery,
are single cylinder and use only a single piston, simplifying crankshaft design. A crankshaft is
subjected to enormous stresses, potentially equivalent of several tonnes of force. The
crankshaft is connected to the fly-wheel used to smooth out shock and convert energy to
torque , the engine block, using bearings on the main journals, and to the pistons via their
respective con-rods. The crankshaft has a linear axis about which it rotates, typically with
several bearing journals riding on replaceable bearings the main bearings held in the engine
block. As the crankshaft undergoes a great deal of sideways load from each cylinder in a
multicylinder engine, it must be supported by several such bearings, not just one at each end.
This was a factor in the rise of V8 engines , with their shorter crankshafts, in preference to
straight-8 engines. The long crankshafts of the latter suffered from an unacceptable amount of
flex when engine designers began using higher compression ratios and higher rotational
speeds. High performance engines often have more main bearings than their lower performance
cousins for this reason. The distance the axis of the crank throws from the axis of the
crankshaft determines the piston stroke measurement, and thus engine displacement. A
common way to increase the low-speed torque of an engine is to increase the stroke,
sometimes known as "shaft-stroking. In compensation, it improves the low speed operation of
the engine, as the longer intake stroke through smaller valve s results in greater turbulence and
mixing of the intake charge. Most modern high speed production engines are classified as "over
square" or short-stroke, wherein the stroke is less than the diameter of the cylinder bore. As
such, finding the proper balance between shaft-stroking speed and length leads to better
results. The configuration , meaning the number of pistons and their placement in relation to
each other leads to straight , V or flat engines. The same basic engine block can sometimes be
used with different crankshafts, however, to alter the firing order. This type of crankshaft was
also used on early types of V8 engines. See the main article on crossplane crankshafts. For
some engines it is necessary to provide counterweights for the reciprocating mass of each
piston and connecting rod to improve engine balance. These are typically cast as part of the
crankshaft but, occasionally, are bolt-on pieces. While counter weights add a considerable
amount of weight to the crankshaft, it provides a smoother running engine and allows higher
RPM levels to be reached. In some engine configurations , the crankshaft contains direct links
between adjacent crank pins, without the usual intermediate main bearing. These links are
called flying arms. This arrangement reduces weight and engine length at the expense of less
crankshaft rigidity. Some early aircraft engines were a rotary engine design, where the
crankshaft was fixed to the airframe and instead the cylinders rotated with the propeller. The
radial engine is a reciprocating type internal combustion engine configuration in which the
cylinders point outward from a central crankshaft like the spokes of a wheel. The radial
configuration was very commonly used in aircraft engines before turbine engines became
predominant. Crankshafts can be monolithic made in a single piece or assembled from several
pieces. Monolithic crankshafts are most common, but some smaller and larger engines use
assembled crankshafts. Crankshafts can be forged from a steel bar usually through roll forging
or cast in ductile steel. Today more and more manufacturers tend to favor the use of forged
crankshafts due to their lighter weight, more compact dimensions and better inherent damping.
With forged crankshafts, vanadium microalloyed steels are mostly used as these steels can be
air cooled after reaching high strengths without additional heat treatment, with exception to the
surface hardening of the bearing surfaces. The low alloy content also makes the material
cheaper than high alloy steels. Carbon steels are also used, but these require additional heat
treatment to reach the desired properties. Cast iron crankshafts are today mostly found in
cheaper production engines such as those found in the Ford Focus diesel engines where the
loads are lower. Some engines also use cast iron crankshafts for low output versions while the
more expensive high output version use forged steel. Crankshafts can also be machined out of
a billet , often a bar of high quality vacuum remelted steel. Though the fiber flow local
inhomogeneities of the material's chemical composition generated during casting does not
follow the shape of the crankshaft which is undesirable , this is usually not a problem since
higher quality steels, which normally are difficult to forge, can be used. These crankshafts tend
to be very expensive due to the large amount of material that must be removed with lathes and
milling machines, the high material cost, and the additional heat treatment required. However,
since no expensive tooling is needed, this production method allows small production runs
without high costs. In an effort to reduce costs, used crankshafts may also be machined. A
good core may often be easily reconditioned by a crankshaft grinding [39] process. Severely
damaged crankshafts may also be repaired with a welding operation, prior to grinding, that

utilizes a submerged arc welding machine. To accommodate the smaller journal diameters a
ground crankshaft has, and possibly an oversized thrust dimension, undersize engine bearings
are used to allow for precise clearances during operation. Machining or remanufacturing
crankshafts are precision machined to exact tolerances with no odd size crankshaft bearings or
journals. Thrust surfaces are micro-polished to provide precise surface finishes for smooth
engine operation and reduced thrust bearing wear. Every journal is inspected and measured
with critical accuracy. After machining, oil holes are chamfered to improve lubrication and every
journal polished to a smooth finish for long bearing life. Remanufactured crankshafts are
thoroughly cleaned with special emphasis to flushing and brushing out oil passages to remove
any contaminants. Remanufacturing a crankshaft typically involves the following steps: [40].
The shaft is subjected to various forces but generally needs to be analysed in two positions.
Firstly, failure may occur at the position of maximum bending; this may be at the centre of the
crank or at either end. In such a condition the failure is due to bending and the pressure in the
cylinder is maximal. Second, the crank may fail due to twisting, so the conrod needs to be
checked for shear at the position of maximal twisting. The pressure at this position is the
maximal pressure, but only a fraction of maximal pressure. In a conventional piston-crank
arrangement in an engine or compressor, a piston is connected to a crankshaft by a connecting
rod. As the piston moves through its stroke, the connecting rod varies its angle to the direction
of motion of the piston and as the connecting rod is free to rotate at its connection to both the
piston and crankshaft, no torque is transmitted by the connecting rod and forces transmitted by
the connecting rod are transmitted along the longitudinal axis of the connecting rod. The force
exerted by the piston on the connecting rod results in a reaction force exerted by the
connecting rod back on the piston. When the connecting rod makes an angle to the direction of
motion of the piston, the reaction force exerted by the connecting rod on the piston has a lateral
component. This lateral force pushes the piston sideways against the cylinder wall. As the
piston moves within the cylinder, this lateral force causes additional friction between the piston
and cylinder wall. In a paired counter-rotating crankshaft arrangement, each piston is connected
to two crankshafts so lateral forces due to the angle of the connecting rods cancel each other
out. This reduces piston-cylinder friction and therefore fuel consumption. The symmetrical
arrangement reduces the requirement for counterweights, reducing overall mass and making it
easier for the engine to accelerate and decelerate. It also eliminates engine rocking and torque
effects. An early example of a counter-rotating crankshaft arrangement is the Lanchester
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Engine A journal is the part of a shaft that rotates inside a bearing. As can be seen above, there
are two types of journal on a crankshaft - the main bearing journals form the axis of rotation for
the crankshaft, and the connecting rod journals are secured to the ends of the connecting rods,

which run up to the pistons. For extra confusion, the connecting rod journals are abbreviated to
rod journals and also commonly called crank pins , or big-end journals. The rod journals are
connected to the main journals by webs. The distance between the center of the main journal
and the center of the crankshaft pin is called the crank radius , also called the crank throw. This
measurement determines the range of piston travel as the crankshaft rotates - this distance
from top to bottom is known as the stroke. The stroke of the piston will be twice the crank
radius. The rear end of the crankshaft extends outside the crankcase and ends with a flywheel
flange. This precision machined flange is bolted to the flywheel , whose heavy mass helps
smooth the pulsation of the pistons firing at different times. Through the flywheel, the rotation
makes its way, through the transmission and final drive, to the wheels. In an automatic, the
crankshaft is is bolted to the ring gear , that carries the torque converter, passing drive into the
automatic transmission. The front end of the crankshaft, sometimes called the nose, is a shaft
which extends beyond the crankcase. This shaft will be locked to a toothed gear which drives
the valve train through a timing belt or chain [or in highly technical applications, gear sets], and
a pulley which provides power through a drive belt to accessories such as the alternator and
water pump. The main bearing journals , or just main journals, are clamped into the engine
block and it is around these journals that the engine rotates. All crankshaft journals will be
machined perfectly smooth and round, and often hardened The main journals are secured into
saddles, in which a replaceable bearing insert will sit. The bearing is softer than the journal, and
can be replaced as it wears and is designed to absorb small amounts of contaminants, if there
are any, to save damaging the crankshaft. A main bearing cap is then bolted over the journal
and tightened to an exact torque specification. The journals run on a film of oil which is forced
into the space between the journal and the bearing through a hole in the crankshaft saddle and
a corresponding hole in the bearing insert. With the correct oil pressure and supply of oil, the
journal and the bearing should not make contact. Confusingly, they are commonly also called
crank pins or rod bearing journals. A feed of pressurised oil comes through an angled oil
passage drilled from the main journal. Some connecting rods have an oilway drilled through
them to to allow oil to be sprayed onto the cylinder wall. When this is the case, the connecting
rod journal bearings will have a groove to allow a feed of oil into the connecting rod.
Metal-to-metal contact is the enemy of an efficient engine, therefore the main journals and rod
journals both ride on a film of oil that sits on the bearing surface. Supplying oil to the main
journal bearing is easy: Oil galleries from the engine block lead to each crankshaft saddle, and a
matching hole in the bearing shell allows this oil to reach the journal. The rod journal bearings
require the same lubrication but they are rotating around the crankshaft at an offset. To get the
oil to these bearings, oil passageways run inside the crankshaft - through the main journal,
diagonally through the web, and out through holes in the rod journals. A groove in the main rod
bearing allows oil to be continually forced down the passageway to the rod journals, assisted
by being flung outwards by the centrifugal force of the rotating crankshaft. The clearances
between the journals and bearings are the main source of oil pressure in the engine. If the
clearances are too high then oil flows out freely, and pressure is not maintained. Clearances
that are too low will cause high oil pressure and risk metal-to-metal contact. It is therefore
essential that the clearance between the bearings and journals are measured when an engine is
rebuilt. The crankshaft is subject to strong rotational forces, and the mass of the connecting rod
and piston moving up and down exerts a significant force. Counterweights are cast as part of
the crankshaft to balance out these forces. These counterweights allow for a smoother running
engine and higher RPM. A crankshaft will be balanced at the factory. In this process, the
flywheel is attached and the entire assembly is spun on a machine which measures where it is
out of balance. Balance holes are drilled in the counterweights to reduce weight. If weight needs
to be added, a hole is drilled and then filled with heavy metal or mallory. This is repeated until
the crankshaft is balanced. At some point along its length, two or more thrust washers will be
installed to prevent the crankshaft moving lengthways. On the illustrated crankshaft, there are
thrust washers on both sides of the central journal. These thrust washers sit between machined
surfaces in the web and the crankshaft saddle - maintaining a specified small gap and
minimizing the amount of lateral movement available to the crankshaft. The distance that the
crankshaft can move from end-to-end is called its endplay and an acceptable range will be
specified in the service manuals. Some engines have these thrust washers formed as part of the
main bearings, others, generally older types, use separate washers. Both ends of the crankshaft
extend beyond the crankcase, so some method of preventing oil escaping these openings must
be provided. This is the job of the two main oil seals, one at the front and one at the rear. The
rear main seal is installed between the rear main journal and the flywheel. It is commonly a
synthetic rubber lip-seal. The seal is pressed into a recess between the engine block and the oil
pan. The seal has a shaped lip which is held tight against the crankshaft by a spring called a

garter spring. A failed oil seal is a major problem because they are adjacent to main journals
which receive, and need, a good supply of pressurised oil. Combined with the spinning of the
crankshaft, this leads to rapid loss of engine oil through any breach of an oil seal. The front oil
seal is similar to the rear, although its failure is less catastrophic and it is more easily accessed.
The front oil seal will be behind the pulleys and timing gear. An oil seal itself is a cheap part, but
accessing it requires a lot of labour in removing the transmission, clutch, flywheel and possibly
the crankshaft. The basic crankshaft shown above is from an inline 4-cylinder engine. Other
crankshaft designs will depend on the engine layout. This is a topic covered in more detail in
the article about engine layout. But one point of note is that in V-shaped and W engines two
connecting rods may share a single rod journal. Some typical crankshaft layouts are shown
below. A V6 crankshaft is somewhat specialist because it requires rod journals to be split to
maintain an even firing interval. This necessitates the rod journals being split, or splayed, in
what is known as a split-pin or split-journal design. The crankshaft, being very sturdy, is a
reliable component and crankshaft failures are rare unless an engine is subject to extreme
conditions. Without enough oil pressure, the crankshaft journals will make contact with the
bearing surfaces gradually increasing the clearance and worsening the oil pressure. Taken to
an extreme, this can lead to destroyed bearings and cause serious engine damage. Where
journals are worn to below their service limits, or are no longer perfectly round, they will need to
be ground as described below. Constant forces on the crankshaft can lead to fatigue fractures,
usually to be found on the fillet where the journals join to the web. A smooth radius of this fillet
is critical to avoid weak spots leading to fatigue cracks. A crankshaft can be inspected for
cracks using magnafluxing. Journals wear over time. They may develop a rough surface, or
become out-of-round or tapered. In these cases their surface can be restored in a process
called crankshaft grinding. When a crankshaft is ground its journals will be reduced in diameter
and so oversized, thicker bearings will need to be installed. The cylinder capacity can be
increased by moving the pistons over a longer stroke. The stroke of an engine is determined by
the crank radius, being the distance of the rod journals from the main journals. A crankshaft
with a larger crank radius will produce a longer stroke and a greater cylinder capacity - this is
known as a stroker crankshaft. Shorter connecting rods will be required when a stroker crank is
installed. Otherwise the pistons could travel too high in the cylinder - causing unacceptably
higher compression or impacting on the cylinder roof. Stroker crankshafts for frequently
modified engines are sold in a kit with shorter connecting rods and pistons. A stroker kit for the
Mazda MX5 Miata 1. An alternative to installing a stroker crankshaft is to grind the rod journals
to a smaller size, at an offset - thus moving the center of the journal away from the crankshaft
centerline. This is illustrated above. It can be seen that by moving the center of the rod journal,
the crank radius has been increased leading to a longer stroke. This is specialist machining and
the increase in stroke that can be achieved will depend on the thickness of the journals. Most
production engines use a cast iron crankshaft which is made by pouring molten iron into a
mould. Forged crankshafts are used in some performance engines. A forged crankshaft is made
by heating a block of steel until red hot, and then using extremely high pressure to form it into
shape. Once a crankshaft has been forged or cast, its journals and bearing surfaces are
machined perfectly smooth. Oil passageways, or oilways, are drilled. Production engines will
generally leave the webs with their original rough casting finish but performance engines will
machine every part of the crankshaft to reduce oil drag. The journals must be harder than their
bearings to ensure that any wear occurs on the replaceable bearings and not the crankshaft,
which should last for the lifetime of the engine. The manufacturing process will include
hardening of these areas through nitriding or heat treatment. Extremely high performance and
custom crankshafts, are machined from a block of solid material, producing a billet crankshaft.
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carried in a position parallel to the longitudinal axis of the crankcase and is generally supported
by a main bearing between each throw. The crankshaft main bearings must be supported rigidly
in the crankcase. This usually is accomplished by means of transverse webs in the crankcase,
one for each main bearing. The webs form an integral part of the structure and, in addition to
supporting the main bearings, add to the strength of the entire case. The crankcase is divided
into two sections in a longitudinal plane. This division may be in the plane of the crankshaft so
that one-half of the main bearing and sometimes camshaft bearings are carried in one section of
the case and the other half in the opposite section. Figure 1. Typical opposed engine exploded
into component assemblies. The crankshaft is the backbone of the reciprocating engine. It is
subjected to most of the forces developed by the engine. Its main purpose is to transform the
reciprocating motion of the piston and connecting rod into rotary motion for rotation of the
propeller. The crankshaft, as the name implies, is a shaft composed of one or more cranks
located at specified points along its length. The cranks, or throws, are formed by forging offsets
into a shaft before it is machined. Since crankshafts must be very strong, they generally are
forged from a very strong alloy, such as chromium-nickel-molybdenum steel. A crankshaft may
be of single-piece or multipiece construction. Figure 2 shows two representative types of solid
crankshafts used in aircraft engines. The four-throw construction may be used either on
four-cylinder horizontal opposed or four-cylinder inline engines. The six-throw shaft is used on
six-cylinder inline engines, cylinder V-type engines, and six-cylinder opposed engines.
Crankshafts of radial engines may be the single-throw, two-throw, or four-throw type,
depending on whether the engine is the single-row, twin-row, or four-row type. A single-throw
radial engine crankshaft is shown in Figure 3. No matter how many throws it may have, each
crankshaft has three main partsâ€”a journal, crankpin, and crank cheek. Counterweights and
dampers, although not a true part of a crankshaft, are usually attached to it to reduce engine
vibration. Figure 2. Solid types of crankshafts. Figure 3. A single-throw radial engine crankshaft.
The journal is supported by, and rotates in, a main bearing. It serves as the center of rotation of
the crankshaft. It is surface-hardened to reduce wear. The crankpin is the section to which the
connecting rod is attached. It is off-center from the main journals and is often called the throw.
Two crank cheeks and a crankpin make a throw. When a force is applied to the crankpin in any
direction other than parallel or perpendicular to and through the center line of the crankshaft, it
causes the crankshaft to rotate. The outer surface is hardened by nitriding to increase its
resistance to wear and to provide the required bearing surface. The crankpin is usually hollow.
This reduces the total weight of the crankshaft and provides a passage for the transfer of
lubricating oil. On early engines, the hollow crankpin also served as a chamber for collecting
sludge, carbon deposits, and other foreign material. Centrifugal force threw these substances to
the outside of the chamber and kept them from reaching the connecting-rod bearing surface.
Due to the use of ashless dispersant oils, newer engines no longer use sludge chambers. On
some engines, a passage is drilled in the crank cheek to allow oil from the hollow crankshaft to
be sprayed on the cylinder walls. The crank cheek connects the crankpin to the main journal. In
some designs, the cheek extends beyond the journal and carries a counterweight to balance the
crankshaft. The crank cheek must be of sturdy construction to obtain the required rigidity
between the crankpin and the journal. In all cases, the type of crankshaft and the number of
crankpins must correspond with the cylinder arrangement of the engine. The position of the
cranks on the crankshaft in relation to the other cranks of the same shaft is expressed in
degrees. This type is used in a single-row radial engine. It can be constructed in one or two
pieces. Two main bearings one on each end are provided when this type of crankshaft is used.
In the radial-type engine, one throw is provided for each row of cylinders. Excessive vibration in
an engine not only results in fatigue failure of the metal structures, but also causes the moving
parts to wear rapidly. In some instances, excessive vibration is caused by a crankshaft that is

not balanced. Crankshafts are balanced for static balance and dynamic balance. A crankshaft is
statically balanced when the weight of the entire assembly of crankpins, crank cheeks, and
counterweights is balanced around the axis of rotation. When checked for static balance, it is
placed on two knife edges. If the shaft tends to turn toward any one position during the test, it is
out of static balance. A crankshaft is dynamically balanced when all the forces created by
crankshaft rotation and power impulses are balanced within themselves so that little or no
vibration is produced when the engine is operating. To reduce vibration to a minimum during
engine operation, dynamic dampers are incorporated on the crankshaft. A dynamic damper is
merely a pendulum that is fastened to the crankshaft so that it is free to move in a small arc. It is
incorporated in the counterweight assembly. Some crankshafts incorporate two or more of
these assemblies, each being attached to a different crank cheek. The distance the pendulum
moves and, thus, its vibrating frequency corresponds to the frequency of the power impulses of
the engine. When the vibration frequency of the crankshaft occurs, the pendulum oscillates out
of time with the crankshaft vibration, thus reducing vibration to a minimum. The construction of
the dynamic damper used in one engine consists of a movable slotted-steel counterweight
attached to the crank cheek. Two spool-shaped steel pins extend into the slot and pass through
oversized holes in the counterweight and crank cheek. The difference in the diameter between
the pins and the holes provides a pendulum effect. An analogy of the functioning of a dynamic
damper is shown in Figure 4. Figure 4. Principles of a dynamic damper. Email This BlogThis!
The efficiency of IC has come a long way since , with much to be said for two different types of
shaft that are perfectly designed to help initiate the engine cycle and to transmit the torque
created by the combustion down the line to the transmission. Camshafts are made from cast
iron or steel and can be mostly found in the head of an engine, nestled above the cylinders.
They are generally found in two orientations:. Running along the shaft are lobes which are
manufactured to sit at different angles. These lobes are positioned in such a way that â€” when
the camshaft is rotated â€” they come into contact with rocker arms that then open the engine
valves. The valves themselves are spring-loaded, meaning that once the lobe has done its job of
opening the valve, it naturally closes as the spring becomes uncompressed. The timing of the
camshaft is all operated through the cambelt or timing belt which is synchronised with the
movement of the crankshaft. While a SOHC system has a camshaft that completes both the
intake and exhaust stroke valve movements, a DOHC system has two camshafts above each
bank of cylinders â€” an intake camshaft and an exhaust camshaft. The most extreme
camshafts come in the shape of those featured on the Bugatti Veyron. With a W16 to keep in
shape, the Veyron employs a quad-cam setup with a total of 64 lobes. Crankshafts are generally
made from steel and sit below the cylinders and pistons in the engine block. Their job is to
convert the vertical movement of the pistons into a rotation to be transferred through to the
flywheel and then the transmission. The rotation of the crankshaft is then transferred through to
the flywheel which sits at the end of the shaft to balance it in case of irregular engine pulses
and to complete the torque conversion from the internal combustion occurring in the cylinders.
This is the big reason why the V8 engine took over from an engine configuration like an in-line
eight, due to its relatively small and controllable crankshaft setup that stops any unwanted
flexing occurring. They essentially start and end the engine cycle - from inlet stroke to exhaust
stroke - keeping the different mechanical processes of each cycle in perfect harmony through
their belted connection. Please confirm you agree to the use of tracking cookies as outlined in
the Cookies Policy. Sign in or register. Michael Fernie 4 years ago Remind me later. Share Tweet
Email Whatsapp. This CAD render shows the camshaft and its lobes green and their
relationship with the rocker arms red and the valves grey. Crankshafts The beautiful crankshaft
from the W16 Veyron. A DOHC and crankshaft in their respective positions. Sort by Best Sort by
Latest. Show Comments. Sign in to your Car Throttle account Before you sign in Please confirm
you agree to the use of tracking cookies as outlined in the Cookies Policy. I agree. A crankshaft
i. It converts the reciprocating motion to the rotating motion. It transmits power to the Flywheel.
It receives power from the flywheel. The crankshaft consists of the shaft parts which revolve in
the main bearings, the crankpins to which the big ends of the connecting rod are connected, the
crank arms or webs also called cheeks which connect the crankpins and the shaft parts. The
crankshaft, depending upon the position of the crank, may be divided into the following two
types :. Side crankshaft or overhung crankshaft, as shown in Fig. Center crankshaft, as shown
in Fig. The crankshaft, depending upon the number of cranks in the shaft, may also be
classified as a single throw or multi-throw crankshafts. A crankshaft with only one side crank or
the center crank is called a single-throw crankshaft whereas the crankshaft with two side
cranks, one on each end or with two or more centers cranks is known as the multi-throw
crankshaft. The side crankshafts are used for medium and large size horizontal engines. The
bearing pressures are very important in the design of crankshafts. The maximum permissible

bearing pressure depends upon the maximum gas pressure, journal velocity, amount, and
method of lubrication and change of direction of bearing pressure. The following two types of
stresses are induced in the crankshaft. Bending stress; and. Shear stress due to torsional
moment on the shaft. Most crankshaft failures are caused by a progressive fracture due to
repeated bending or reversed torsional stresses. Thus the crankshaft is under fatigue loading
and, therefore, its design should be based upon endurance limit. Since the failure of a
crankshaft is likely to cause serious engine destruction and neither all the forces nor all the
stresses acting on the crankshaft can be determined accurately, therefore a high factor of safety
from 3 to 4, based on the endurance limit, is used. The crankshaft must be designed or checked
for at least two crank positions. Firstly, when the crankshaft is subjected to maximum bending
moment and secondly when the crankshaft is subjected to maximum twisting moment or
torque. Design Procedure:. The following procedure may be adopted for designing a crankshaft.
First of all, find the magnitude of the various loads on the crankshaft. Determine the distances
between the supports and their position with respect to the loads. For the sake of simplicity and
also for safety, the shaft is considered to be supported at the centers of the bearings and all the
forces and reactions to be acting at these points. The distances between the supports depend
on the length of the bearings, which in turn depend on the diameter of the shaft because of the
allowable bearing pressures. The thickness of the cheeks or webs is assumed to be from 0. It
may also be taken as 0. Now calculate the distances between the supports. Assuming the
allowable bending and shear stresses, determine the main dimensions of the crankshaft. Based
on the material properties, we will now decide the dimensions which will be calculated from the
loads and conditions. The crankshaft is designed considering two positions of the crank:.
Step-wise procedure:. Crankpin is also subjected to shear stress due to the twisting moment.
Thus we can calculate the bending moment at the center of crankpin and twisting moment on
crankpin and the resultant moment. Stepwise procedure:. The crank web is designed for
eccentric loading. There will be two stresses acting on the crank web, one is direct compressive
stress and the other is bending stress due to piston gas load Fp. Industry Assumptions:. The
total bending moment at the flywheel location will be the resultant of the horizontal bending
moment due to gas load and belt pull and the vertical bending moment due to the flywheel
weight. Then you can find the diameter by using the Moment equation. The twisting moment on
the crankshaft will be maximum when the tangential force on the crank FT is maximum. When
the crank is at an angle at which the twisting moment is maximum, the shaft is subjected to
twisting moment from energy or force stored by the flywheel. The above design parameters can
be cross-checked for the factor of safety while designing by considering the crankshaft at an
angle of the maximum twisting moment. If the factor of safety is more than 1 then the design is
safe. Considering this, we have to various forces acting on crankshaft at different twisting
angles. Thus for studying you can refer to various design data handbooks available in the
market for Machine design. Notes :. The additional moment due to the weight of the flywheel,
belt tension, and other forces must be considered. It is assumed that the effect of the bending
moment does not exceed two
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bearings between which a force is considered. Currently, he is working in the sheet metal
industry as a designer. Additionally, he has interested in Product Design, Animation, and
Project design. He also likes to write articles related to the mechanical engineering field and
tries to motivate other mechanical engineering students by his innovative project ideas, design,
models and videos. Your email address will not be published. Save my name and email in this
browser for the next time I comment. This site uses Akismet to reduce spam. Learn how your
comment data is processed. Introduction to Seals : Oil under pressure is moving in every
hydraulic circuit. This leakage of Introduction to Slotting Machine : The slotter or slotting
machine is also a reciprocating type of machine tool similar to a shaper. It may be considered
as a vertical shaper. The machine operates Skip to content. Table of Contents. Leave a Reply
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