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 SYLLUBUSSpur gear Terminology and definitions-Fundamental Law of toothed gearing and involute gearing-Inter
 changeable gears-gear tooth action Terminology - Interference and undercutting-Non standard gear teeth- Helical,
 Bevel, Worm, Rack and Pinion gears (Basics only)-Gear trains-Parallel axis gear trains-Epicyclic gear trains-
 Differentials
 SPUR GEARSGears are used to transmit power between shafts rotating usually at different speeds.
 Some of the many types of gears are illustrated below :
 1. A pair of spur gears for
 mounting on parallel shafts. The
 10 teeth of the smaller pinionand the 20 teeth of the wheellie parallel to the shaft axes
 2. A rack and pinion. The
 straight rack translates
 rectilinearly and may be
 regarded as part of a
 wheel of infinite diameter
 3. Like spur gears helicalgears connect parallel
 shafts, however the teeth
 are not parallel to the shaft
 axes but lie along helices
 about the axes
 4. Straight bevel gears for
 shafts whose axes intersect
 5. Hypoid gears - one of a
 number of gear types for
 offset shafts.
 6. A worm and worm
 wheel gives a large Speed
 ratio.
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 TERMINOLOGY OF SPUR GEAR:
 Fig. 1: Terminology of spur gear
 v A pair of meshing gears is a power transformer, a coupler or interface which marries the
 speed and torque characteristics of a power source and a power sink (load).
 v A single pair may be inadequate for certain sources and loads, in which case more
 complex combinations such as the above gearbox, known as gear trains, are
 necessary.
 v In the vast majority of applications such a device acts as a speed reducer in which the
 power source drives the device through the high speed low torque input shaft, while
 power is fed from the device to the load through the low speed high torque output shaft.
 v Speed reducers are much more common than speed -up drives not so much because
 they reduce speed, but rather because they amplify torque.
 v Thus gears are used to accelerate a car from rest, not to provide the initial low speeds
 (which could be accomplished by easing up on the accelerator pedal) but to increase
 the torque at the wheels which is necessary to accelerate the vehicle.
 These notes will consider the following aspects of spur gearing :-
 v Overall kinetics of a gear pair (for cases only of steady speeds and loads)
 v Tooth geometry requirements for a constant velocity ratio (eg. size and conjugate
 action)
 v Detailed geometry of the involute tooth and meshing gears
 v The consequences of power transfer on the fatigue life of the components, and hence
 v The essentials of gear design.
 v Some of the main features of spur gear teeth are illustrated. The teeth extend from the
 root, or dedendum cylinder (or colloquially, "circle" ) to the tip, or addendum circle:
 both these circles can be measured.
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 v The useful portion of the tooth is the flank (or face), it is this surface which contacts
 the mating gear.
 v The fillet in the root region is kinematically irrelevant since there is no contact there,
 but it is important insofar as fatigue is concerned.
 CONDITION FOR CONSTANT VELOCITY RATIO OF TOOTHED WHEELS(LAW OF GEARING)
 v Consider the portions of the two teeth, one on the wheel 1 (or pinion) and the other on
 the wheel 2, as shown by thick line curves in Fig. 2.
 v Let the two teeth come in contact at point Q, and the wheels rotate in the directions as
 shown in the figure. Let TT be the common tangentand MN be the common normal to
 the curves at the point of contact Q.
 v From the centres O1and O2 draw O1M and O2N perpendicular to MN. A little
 consideration will show that the point Q moves in the direction QC, when considered as
 a point on wheel 1, and in the direction QD when considered as a point on wheel 2.
 v Let v1 and v2 be the velocities of the point Q od the wheels I and 2 respectively. If the
 teeth are to remain in contact, then the components of these ye locities akng the
 common normal MN must be equal.
 v From above, we see that the angular velocity ratio is inversely proportional to the ratio
 of the distances of the point P from the centres O1 and O2, or the common normal to the
 two surfaces at the point of contact Q intersects the line of centres at point P which
 divides the centre distance inversely as the ratio of angular velocities.
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 Fig. 2. Law of gearing.
 v Therefore in order to have a constant angular velocity ratio for all positions of the
 wheels, the point P must be the fixed point (called pitch point) for the two wheels.
 v In other words, the common normal at the point of contact between a pair of teeth must
 always pass through the pitch point. This is the fundaniental condition which must be
 satisfied while designing the profiles for the teeth of gear wheels. It is also known as law
 of gearing.
 INTERFERENCE IN INVOLUTE GEARS
 v Fig. 3 shows a pinion with centre O1 in mesh with wheel or gear with centre O2.
 v MN is the common tangent to the base circles and KL is the path of contact between
 the two mating teeth.
 Fig.3. Interference in involute gears.v A little consideration will show, that if the radius of the addendum circle of pinion is
 increased to O1N the point of contact L will move from L to N.
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 v When this radius is further increased, the point of contact L will be on the inside of base
 circle of wheel and not on the involute profile of tooth on wheel. The tip of tooth on the
 pinion will then undercut the tooth on the wheel at the root and remove part of the
 involute profile of tooth on the wheel.
 v This effect is known as !nterference, and occurs when the teeth are being cut. In brief,
 the phenomenon when the tip of tooth undercuts the root on its mating gear is known as
 interference.
 v Similarly, if the radius of the addendum circle of the wht l increases beyond O2M then
 the tip of tooth on wheel will cause interference with the tooth on pinion.
 v The points M and N are called interference points. Obviously, interference may be
 avoided if the path of contact does not extend beyond interference points. The limiting
 value of the radius of the addendum circle of the pinion is O1N and of the wheel is O2M.
 v From the above discussion, we conclude that the interference may only be avoided, if
 the point of contact between the two teeth is always on the involute profiles of both the
 teeth. In other words, interference may only be prevented (f the addendum circles of the
 two mating gears cut the common tangent to the base circles between the points of
 tangency.
 Maximum length of path of contact,
 MN = MP + PN = r sin +Rsin =(r +R) sin
 OVERALL KINETICS OF A GEAR PAIR
 Fig : 4 Overall kinetics of a gear pair
 • Analysis of gears follows along familiar lines in that we consider kinetics of the overall
 assembly first, before examining internal details such as individual gear teeth.
 The free body of a typical single stage gearbox is shown.
 • The power source applies the torque T1 to the input shaft, driving it at speed 1 in the
 sense of the torque (clockwise here).
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 • For a single pair of gears the output shaft rotates at speed 2 in the opposite sense to
 the input shaft, and the torque T2 supplied by the gearbox drives the load in the sense
 of 2.
 • The reaction to this latter torque is shown on the free body of the gearbox - apparently
 the output torque T2 must act on the gearbox in the same sense as that of the input
 torque T1.
 • The gears appear in more detail in Fig 5( i) below. O1 and O2 are the centres of the
 pinion and wheel respectively. We may regard the gears as equivalent pitchcylinders which roll together without slip - the requirements for preventing slip due to
 the positive drive provided by the meshing teeth is examined below.
 • Unlike the addendum and dedendum cylinders, pitch cylinders cannot be measured
 directly; they are notional and must be inferred from other measurements.
 Fig: 5 spur gear assembly
 • One essential for correct meshing of the gears is that the size of the teeth on the
 pinion is the same as the size of teeth on the wheel.
 • One measure of size is the circular pitch, p, the distance between adjacent teeth
 around the pitch circle Fig 5 ( ii); thus p = D/z where z is the number of teeth on a
 gear of pitch diameter D.
 • The SI measure of size is the module, m = p/ - which should not be confused with
 the SI abbreviation for metre. So the geometry of pinion 1 and wheel 2 must be such
 that :
 D1 / z1 = D2 / z2 = p / = m
 • That is the module must be common to both gears. For the rack illustrated above, both
 the diameter and tooth number tend to infinity, but their quotient remains the finite
 module.
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 The pitch circles contact one another at the pitch point, P Fig 5( iii), which is also
 notional. Since the positive drive precludes slip between the pitch cylinders, the pinion's pitch
 line velocity, v, must be identical to the wheel's pitch line velocity :
 v = 1 R1 = 2 R2 ; where pitch circle radius R = D/2
 • Separate free bodies of pinion and wheel appear in Fig 5(iv).Ft is the tangential
 component of action -reaction at the pitch point due to contact between the gears.
 • The corresponding radial component plays no part in power transfer and is therefore not
 shown on the bodies. Ideal gears only are considered initially, so the friction force due
 to sliding contact is omitted also.
 The free bodies show that the magnitude of the shaft reactions must be Ft, and that for
 equilibrium :
 Ft = T1 / R1 = T2 / R2 in the absence of friction.
 The preceding concepts may be combined conveniently into :-
 1) 1 / 2 = T2 / T1 = D2 / D1 = z2 / z1 ; D = mz
 v That is, gears reduce speed and amplify torque in proportion to their teeth numbers.
 In practice, rotational speed is described by N (rev/min or Hz) rather than by (rad/s).
 v There exists a host of shapes which ensure conjugacy - indeed it is possible, within
 certain restrictions, to arbitrarily choose the shape of one body then determine the
 shape of the second necessary for conjugacy.
 v But by far the most common gear geometry which satisfies conjugacy is based on theinvolute, in which case both gears are similar in form, and the contact point's locus is a
 simple straight line - the line of action.
 Fig : 6 The involute tooth
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 v One method of generating an involute is shown in Fig 6. A. A generating cord, in which
 there is a knot C, is wrapped around a fixed cylinder - the base cylinder (idiomatically
 circle ) of radius Ro.
 v When the taut cord is subsequently unwound as shown in this animation, the knot
 traces out an involute whose polar coordinates may be expressed implicitly in terms of
 the variable generating angle , reckoned from the radius through the initial knot
 position, C'.
 v The coordinate origin is taken at the circle centre, O, with a fixed reference direction
 defined at some constant angle , also from the initial radius.
 The tangent, TC, is normal to the involute at C, and since the tangent length TC is equal to the
 arc length TC', the polar coordinates of C ( r, ) are :-
 2) r = Ro ( 1 + 2 ) ; = - + arctan
 v In order to see how the involute leads to gear teeth and conjugate action, we place a
 slightly different interpretation on the above model. The cord is wrapped around the
 base cylinder which in Fig 6.B is now free to rotate about its centre as the cord is pulled
 off in a fixed direction.
 v This fixed cord direction forms the line of action, tangent to the base cylinder at the fixed
 point T, and clearly satisfies conjugacy by cutting the fixed reference at the fixed pitch
 point P through which the pitch cylinder passes.
 v The line of action is inclined to the pitch point tangent at the pressure angle, . The
 knot C always moves along the line of action, tracing out an involute with respect to the
 rotating cylinder.
 The relation between the base and pitch circle radii is evidently :-
 3) Ro = R cos
 v Extending this to two cylinders - representing meshing gears, 1 & 2 Fig C - the taut cord
 winds off one base cylinder and onto the other to form the line of action inclined at the
 pressure angle .
 v The knot, C, on the mating involutes coincides with the contact point and moves along
 the line of action as the gears and base cylinders rotate. The pitch cylinders extend to
 the pitch point P situated at the intersection of the lines of action and of centres.
 v Evidently the distance between the cylinders does not affect the speed ratio since the
 base cylinder diameters are fixed.
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 The distance between knots - ie. between tooth flanks along the line of action, Fig C - is the
 base pitch, po, given by :-
 4) po = Do / z = p cos = m cos . . . . . from ( 1 )
 v For continuous motion transfer, at least two pairs of teeth must be in contact as one of
 the pairs comes into or leaves mesh. The teeth in Fig.6.C are truncated in practice to
 permit rotation.
 v Involute generation by knotted cord is all very well conceptually, but hardly practicable
 as a basis for manufacturing.
 v Only one of the many methods of gear manufacture is considered here - the rackgeneration technique is fundamental to the understanding of gear behaviour.
 CONJUGATE TOOTH ACTION
 Fig : 7 Conjugate tooth action
 v We have seen that one essential for correctly meshing gears is that the size of the teeth
 ( the module ) must be the same for the two gears.
 v We now examine another requirement - the shape of teeth necessary for the speed
 ratio to remain constant during an increment of rotation; this behaviour of the contacting
 surfaces (ie. the teeth flanks) is known as conjugate action.v Consider the two rigid bodies 1 and 2 which rotate about fixed centres, O, with angular
 velocities . The bodies touch at the contact point, C, through which the common
 tangent and normal are drawn.
 v The absolute velocity v of the contact point reckoned as a point on either body, is
 perpendicular to the radius from that body's centre O to the contact point.
 v For the bodies to remain in contact, there must be no component of relative motion
 along the common normal, so that from the velocity triangles :-
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 v2 cos 2 = v1 cos 1 where v1 = 1 . O1C ; v2 = 2 . O2C
 Note that the tangential components of velocity are generally different, so sliding must occur.
 For the speed ratio to be constant therefore, from the above and similar triangles :-
 5) 2 1 = v2 . O1C/v1 . O2C = O1C.cos 1 /O2C.cos 2
 = O1 C1 /O2 C2 = O1 P / O2 P ie. this ratio also must be constant.
 This indicates that, since the centres are fixed, the point P is fixed too.
 In general therefore, whatever the shapes of the bodies, the contact point C will move
 along some locus as rotation proceeds; but if the action is to be conjugate then the body
 geometry must be such that the common normal at the contact point passes always through
 one unique point lying on the line of centres - this point is the pitch point referred to above, and
 the pitch circles' radii are O1 P and O2 P.
 v There exists a host of shapes which ensure conjugacy - indeed it is possible, within
 certain restrictions, to arbitrarily choose the shape of one body then determine the
 shape of the second necessary for conjugacy.
 v But by far the most common gear geometry which satisfies conjugacy is based on theinvolute, in which case both gears are similar in form, and the contact point's locus is a
 simple straight line - the line of action.
 Fig : 8 The involute tooth
 v One method of generating an involute is shown in Fig 8 .A. A generating cord, in which
 there is a knot C, is wrapped around a fixed cylinder - the base cylinder (idiomatically
 circle ) of radius.Ro.
 v When the taut cord is subsequently unwound as shown in this animation, the knot
 traces out an involute whose polar coordinates may be expressed implicitly in terms of
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 the variable generating angle , reckoned from the radius through the initial knot
 position, C'.
 v The coordinate origin is taken at the circle centre, O, with a fixed reference direction
 defined at some constant angle , also from the initial radius.
 The tangent, TC, is normal to the involute at C, and since the tangent length TC is equal to
 the arc length TC', the polar coordinates of C ( r, ) are :-
 6) r = Ro ( 1 + 2 ) ; = - + arc tan
 In order to see how the involute leads to gear teeth and conjugate action, we place a slightly
 different interpretation on the above model.
 v The cord is wrapped around the base cylinder which in Fig.8.B is now free to rotate
 about its centre as the cord is pulled off in a fixed direction.
 v This fixed cord direction forms the line of action, tangent to the base cylinder at the fixed
 point T, and clearly satisfies conjugacy by cutting the fixed reference at the fixed pitch
 point P through which the pitch cylinder passes.
 v The line of action is inclined to the pitch point tangent at the pressure angle, . The
 knot C always moves along the line of action, tracing out an involute with respect to the
 rotating cylinder.
 The relation between the base and pitch circle radii is evidently :-
 7) Ro = R cos
 v Extending this to two cylinders - representing meshing gears, 1 & 2 Fig C - the taut cord
 winds off one base cylinder and onto the other to form the line of action inclined at the
 pressure angle .
 v The knot, C, on the mating involutes coincides with the contact point and moves along
 the line of action as the gears and base cylinders rotate.
 v The pitch cylinders extend to the pitch point P situated at the intersection of the lines of
 action and of centres. Evidently the distance between the cylinders does not affect the
 speed ratio since the base cylinder diameters are fixed.
 v A pinion tooth touches a wheel tooth at the contact point C (the knot) which moves up
 the line of action and along the teeth faces as rotation proceeds.
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 v Since contact cannot occur outside the teeth, it takes place along the line of action only
 between the points Q2 and Q1 on the line of action and inside both addendum circles.
 The line segment Q2 Q1 is named the path of contact.
 PATH OF CONTACT:
 Fig : 9 The path of contact
 The Figure shows clearly :
 • the contact point marching along the line of action
 • the path of contact bounded by the two addenda
 • the orthogonality between line of action and involute tooth flanks at the contact
 point
 • how load is transferred from one pair of contacting teeth to the next as rotation
 proceeds
 • relative sliding between the teeth - particularly noticable at the beginning and end
 of contact
 • guaranteed tooth tip clearance due to the dedendum exceeding the addendum
 • a significant gap between the non-drive face of a pinion tooth and the adjacent
 wheel tooth
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 v The gap between the non-drive face of the pinion tooth and the adjacent wheel tooth is
 known as backlash. If the rotational sense of the pinion were to reverse, then a period
 of unrestrained pinion motion would take place until the backlash gap closed and
 contact with the wheel tooth re-established impulsively.
 v Shock in a torsionally vibrating drive is exacerbated by significant backlash, though a
 small amount of backlash is provided in all drives to prevent binding due to
 manufacturing or mounting inaccuracies and to facilitate lubrication.
 v Backlash may be reduced by subtle alterations to tooth profile or by shortening the
 centre distance from the extended value, however we consider gears meshing only at
 the extended centre distance.
 v The average number of teeth in contact is an important parameter - if it is too low due to
 the use of inappropriate profile shifts or to an excessive centre distance for example,
 then manufacturing inaccuracies may lead to loss of kinematic continuity - that is to
 impact, vibration and noise.
 The average number of teeth in contact is also a guide to load sharing between teeth; it is
 termed the contact ratio, , given by :-
 = length of path of contact / distance between teeth along the line of action
 = Q2 PQ1 / base pitch, po and for extended centres with for the 20o system :
 8) ( 2 cos ) = i = 1,2 [ ( z i + 2( 1+si ))2 - ( z i cos )2 ] - [ ( z + 2 s )2 - ( z cos )2 ]
 v Gears having a contact ratio below about 1.2 are not normally recommended as the
 gears themselves, their shafts and bearings would all require especial care in design
 and manufacture to preserve conjugacy.
 v A pinion tooth touches a wheel tooth at the contact point C (the knot) which moves up
 the line of action and along the teeth faces as rotation proceeds.
 v Since contact cannot occur outside the teeth, it takes place along the line of action only
 between the points Q2 and Q1 on the line of action and inside both addendum circles.
 The line segment Q2 Q1 is named the path of contact.

Page 15
						

15
 BACK LASH
 Fig : 10. The path of contact (back lash)
 The Figure shows clearly :
 • the contact point marching along the line of action
 • the path of contact bounded by the two addenda
 • the orthogonality between line of action and involute tooth flanks at the contact
 point
 • how load is transferred from one pair of contacting teeth to the next as rotation
 proceeds
 • relative sliding between the teeth - particularly noticable at the beginning and end
 of contact
 • guaranteed tooth tip clearance due to the dedendum exceeding the addendum
 • a significant gap between the non-drive face of a pinion tooth and the adjacent
 wheel tooth
 v The gap between the non-drive face of the pinion tooth and the adjacent wheel tooth is
 known as backlash. If the rotational sense of the pinion were to reverse, then a period
 of unrestrained pinion motion would take place until the backlash gap closed and
 contact with the wheel tooth re-established impulsively.
 v Backlash may be reduced by subtle alterations to tooth profile or by shortening the
 centre distance from the extended value, however we consider gears meshing only at
 the extended centre distance.
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 GEAR TRAIN
 SIMPLE GEAR TRAIN:
 Fig. 11 .Simple Gear Train
 v The only way that the input and output shafts of a gear pair can be made to rotate in the
 same sense is by interposition of an odd number of intermediate gears as shown in Fig
 11 - these do not affect the speed ratio between input and output shafts.
 v Such a gear train is called a simple train. If there is no power flow through the shaft of
 an intermediate gear then it is an idler gear.
 COMPOUND GEAR TRAIN:
 v A gear train comprising two or more pairs is termed compound when the wheel of one
 stage is mounted on the same shaft as the pinion of the next stage.
 v A compound train as in the above gearbox is used when the desired speed ratio cannot
 be achieved economically by a single pair.
 v Applying ( 1) to each stage in turn, the overall speed ratio for a compound train is found
 to be the product of the speed ratios for the individual stages.
 Fig. 12. Compound Gear Train
 v Selecting suitable integral tooth numbers to provide a specified speed ratio can be
 awkward if the speed tolerance is tight and the range of available tooth numbers is
 limited.
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 v Unlike the above gearbox, the input and output shafts are coaxial in the train illustrated
 here; this is rather an unusual feature, but necessary in certain change speed boxes
 and the like.
 In the next section we look at a particular gear train arrangement called an epicyclicgear train, before focusing on details of gear tooth shape and manufacture.
 EPICYCLIC GEAR TRAINS
 An epicyclic train is often suitable when a large torque/speed ratio is required in a compact
 envelope. It is made up of a number of elements which are interconnected to form the train.
 Each element consists of the three components illustrated below :
 • A central gear ( c) which rotates at angular velocity c about the fixed axis O-O
 of the element, under the action of the torque Tc applied to the central gear's
 integral shaft; this central gear may be either an external gear (also referred to as
 a sun gear) Fig 13.a(1a), or an internal gear, Fig 13.a (1b).
 • An arm ( a) which rotates at angular velocity a about the same O-O axis under
 the action of the torque, Ta - an axle A rigidly attached to the end of the arm
 carries
 • A planet gear ( p) which rotates freely on the axle A at angular velocity p,
 meshing with the central gear at the pitch point P - the torque Tp acts on the
 planet gear itself, not on its axle, A.
 Fig 13.a : Epicyclic gear trains
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 Fig 13.b : Epicyclic gear trains
 v The epicyclic gear photographed here without its arms consists of two elements. The
 central gear of one element is an exter+nal gear; the central gear of the other element is
 an internal gear.
 v The three identical planets of one element are compounded with ( joined to ) those of
 the second element.
 v We shall examine first the angular velocities and torques in a single three-component
 element as they relate to the tooth numbers of central and planet gears, zc and zp
 respectively.
 v The kinetic relations for a complete epicyclic train consisting of two or more elements
 may then be deduced easily by combining appropriately the relations for the individual
 elements.
 v All angular velocities, , are absolute and constant, and the torques, T, are external
 to the three-component element; for convenience all these variables are taken positive
 in one particular sense, say anticlockwise as here. Friction is presumed negligible, ie.
 the system is ideal.
 There are two contacts between the components :
 • the planet engages with the central gear at the pitch point P where the action /
 reaction due to tooth contact is the tangential force Ft, the radial component being
 irrelevant;
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 • the free rotary contact between planet gear and axle A requires a radial force
 action / reaction; the magnitude of this force at A must also be Ft as sketched, for
 equilibrium of the planet.
 With velocities taken to be positive leftwards for example, we have for the external central gear
 o geometry from Fig 13.a (2a) : Ra = Rc + Rp
 o velocity of P : vP = vA + vPA
 so with the given senses : cRc = aRa - pRp
 o torques from Fig 13.a (2a) : Ft = -Tc / Rc = -Tp / Rp = Ta / Ra
 For the internal central gear :
 o geometry from Fig 13.a (2a): Ra = Rc - Rp
 o velocity of P : vP = vA + vPA so with the given senses : cRc
 = aRa + pRp
 o torques from Fig 13.a (2a): Ft = -Tc / Rc = Tp / Rp = Ta / Ra
 Substituting for Ra from the geometric equations into the respective velocity and torque
 equations, and noting that Rc/Rp = zc/zp, leads to the same result for both internal and
 external central gear arrangements.
 These are the desired relations for the three-component element :
 ( c - a ) zc + ( p - a ) zp = 0 ;
 Tc / zc = Tp / zp = -Ta / ( zc + zp ) .
 In which zc is taken to be a positive integer for an external central gear, and a negative integer
 for an internal central gear.
 v It is apparent that the element has one degree of kinetic (torque) freedom since only
 one of the three torques may be arbitrarily defined, the other two following from the two
 equations.
 v On the other hand the element possesses two degrees of kinematic freedom, as any
 two of the three velocities may be arbitrarily chosen, the third being dictated by the
 single equation.
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 From the net external torque on the three-component element as a whole is :
 T = Tc + Tp + Ta = Tc { 1 + zp / zc - ( zc + zp )/zc } = 0
 which indicates that equilibrium of the element is assured.
 Energy is supplied to the element through any component whose torque and velocity senses
 are identical. From ( 2) the total external power being fed into the three-component element is
 P = Pc + Pp + Pa = cTc + pTp + aTa = Tc { c + p zp /zc - a ( zc + zp )/zc }
 = Tc { ( c - a ) zc + ( p - a ) zp } / zc = 0
 Fig 14: planet carrier.
 v In practice, a number of identical planets are employed for balance and shaft load
 minimisation.
 v Since ( 2) deal only with effects external to the element, this multiplicity of planets is
 analytically irrelevant provided Tp is interpreted as being the total torque on all the
 planets, which is shared equally between them as suggested by the sketch here.
 v The reason for the sun- and- planet terminology is obvious; the arm is often referred to
 as the spider or planet carrier.
 v Application of the element relations to a complete train is carried out as shown in the
 example which follows.
 Fig 15: sun and wheel
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 v An epicyclic train consists of two three-component elements of the kind examined
 above. The first element comprises the external sun gear 1 and planet 2; the second
 comprises the planet 3 and internal ring gear 4.
 v The planets 2 and 3 are compounded together on the common arm axles. Determine
 the relationships between the kinetic variables external to the train in terms of the tooth
 numbers z1, z2, z3 & z4.
 v The train is analysed via equations ( 2) applied to the two elements in turn, together
 with the appropriate equations which set out the velocity and torque constraints across
 the interface between the two elements 1-2-arm and 3-4-arm.
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