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Preface

The book deals with gears that feature convex-to-concave contact of the tooth
flanks of the gear and the mating pinion. Gears of this type are commonly
referred to as conformal gearings. Novikov gearing” and Wildhaber gearing are
the most widely known examples of conformal gearing. The Bramley—Moore
(otherwise known as the Vivkers, Bostock, and Bramley gearing, or just V.B.B.-
gearing) is another well-known example of conformal gearing.

Conventional external involute gearing features convex-fo-convex contact
of the tooth flanks of the gear and the mating pinion. Because of this high
contact, stresses are observed when involute gears operate.

In conformal gearing, as well as in high-conformal gearing, the convex-
to-convex contact of the tooth flanks is substituted with convex-to-concave
contact. Due to this, the gear teeth feature higher contact strength.

The Novikov gear form is of the helical type but it only has face contact:
There is no progressive profile contact as in the involute case. The profiles of
the mating teeth at any section perpendicular to the wheel axis make con-
tact with each other only for an instant and then separate. With the Novikov
tooth, contact always occurs at a certain distance from the pitch point and
therefore the sliding velocity is constant and unidirectional (for one particu-
lar direction of wheel rotation). A number of investigators have examined
and manufactured gears of this type and load capacities of 3-6 times the
corresponding involute tooth load have been reported.

Conditions to transmit a rotation smoothly from the driving to the driven
shaft are outlined in this book. Much of the discussion is based on the mod-
ern theory of gearing.

In high-conformal gearing, the degree of conformity at point of contact
of the tooth flanks of the gear and the mating pinion is greater than a pre-
specified critical value, the threshold. This is the main difference between
conformal and high-conformal gearings. A set of conditions to meet when
designing both conformal and high-conformal gears is specified.

The principal differences between conformal gearing (as well as high-
conformal gearing) and Wildhaber helical gearing are outlined. It is shown
that Wildhaber gearing on the one hand and Novikov gearing on the other
hand are two completely different gear systems that cannot be combined
into a common gear system. Therefore, the widely used terminologies like
“Wildhaber—Novikov gearing,” “W-N gearing,” etc., are meaningless, and they
need to be eliminated from use in the engineering and scientific community.

* The Novikov gear form is named after Colonel M.L. Novikov, Dr. Eng. Sc., who was head of a
department at the Zhuokovskii Military Aero Academy in Moscow. He developed this par-
ticular gear form but it was his colleagues who published his work under his name after his
death in 1958 [19].
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xii Preface

Those who want to demonstrate their unfamiliarity with gearing in a gen-
eral sense, and with Novikov gearing in particular, loosely use the terms
“Wildhaber—Novikov gearing” and/or “W-N gearing.”

It is also shown that neither conformal gears (Novikov gears) nor high-con-
formal gears can be cut in the continuously-indexing (generating) process;
that is, they cannot be hobbed, ground by worm grinding wheels, shaved,
etc. Only form cutting tools can be used for machining conformal and high-
conformal gears: form milling cutters, form grinding wheels, etc.

It should be noted in conclusion that the discussion in this book is limited
only to the kinematics and the geometry of conformal and high-conformal
gearing. Other important topics such as gear accuracy, gear loading, gear
wear, gear lubricating, vibration generation, and noise excitation, etc., are not
addressed in this book.
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apex of the gear in intersected-axis gearing and crossed-axis
gearing

apex of the pinion in intersected-axis gearing and crossed-axis
gearing

apex of the plane of action in intersected-axis gearing and
crossed-axis gearing

center-distance

center-line

first and second principal plane sections of the gear tooth
flank, ¢

first and second principal plane sections of the pinion tooth
flank, as

indicatrix of conformity of the gear tooth flank, ¢, and the mat-
ing pinion tooth flank, <, at a current contact point, K
converse indicatrix of conformity of the gear tooth flank, %
and the mating pinion tooth flank, <, at a current contact
point, K

curvature indicatrix at a point of the gear tooth flank &
curvature indicatrix at a point of the pinion tooth flank <
Dupin’s indicatrix at a point of the gear tooth flank &

Dupin’s indicatrix at a point of the pinion tooth flank @
characteristic line

fundamental magnitudes of the first order of the gear tooth
surface, ¢

fundamental magnitudes of the first order of the pinion tooth
surface, o

face width

effective face width, or the face width of the active portion of
the plane of action

tooth flank of the gear

point of contact of the tooth flanks, g-and < (or a point within
a line of contact of the surfaces, gand )

line of action

instant line of action

line of contact

desirable line of contact

fundamental magnitudes of the second order of the gear tooth
flank, 1’4

fundamental magnitudes of the second order of the pinion
tooth flank, o
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Notations

length of a path of contact

tooth number

tooth count of the input member

tooth count of the output member

axis of rotation of the gear

axis of rotation of the pinion

tooth flank of the pinion

plane of action

path of contact

current pitch point

pseudo path of contact

axis of instant rotation of the pinion in relation to the gear
(pitch line)

normal pitch

transverse pitch

operator of rolling/sliding (the operator of transition from the
plane of action, PA, to the gear, g, in crossed-axis gearing)
operator of rolling/sliding (the operator of transition from the
plane of action, PA, to the pinion, @, in crossed-axis gearing)
operator of rolling over a plane (Y-axis is the axis of rotation,
X-axis is the axis of translation)

operator of rolling over a plane (Y-axis is the axis of rotation,
Z-axis is the axis of translation)

operator of rolling over a plane (X-axis is the axis of rotation,
Y-axis is the axis of translation)

operator of rolling over a plane (X-axis is the axis of rotation,
Z-axis is the axis of translation)

operator of rolling over a plane (Z-axis is the axis of rotation,
X-axis is the axis of translation)

operator of rolling over a plane (Z-axis is the axis of rotation,
Y-axis is the axis of translation)

operator of rolling of two coordinate systems

operator of the resultant coordinate system transformation,
say from a coordinate system A to a coordinate system B
operator of rotation through an angle ¢, about the X-axis
operator of rotation through an angle ¢, about the Y-axis
operator of rotation through an angle ¢, about the Z-axis

first and second principal radii of curvature of the gear tooth
flank, &

first and second principal radii of curvature of the gear tooth
flank, o

operator of screw motion about the X-axis

operator of screw motion about the Y-axis

operator of screw motion about the Z-axis

operator of translation at a distance a, along the X-axis
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ot

operator of translation at a distance 4, along the Y-axis
operator of translation at a distance a, along the Z-axis
curvilinear (Gaussian) coordinates of a point on the gear tooth
flank, &

curvilinear (Gaussian) coordinates of a point on the pinion
tooth flank, @

tangent vectors to curvilinear coordinate lines on the gear
tooth flank, I

tangent vectors to curvilinear coordinate lines on the pinion
tooth flank, <

vector of the resultant motion of the pinion tooth flank, @, in
relation to the gear tooth flank, &

active length of the plane of action

tooth addendum

tooth dedendum

pitch diameter

base diameter of a gear

base diameter of a pinion

outer diameter of a gear

outer diameter of a pinion

root diameter

start of active profile diameter

outside diameter

total tooth height

current point of the path of contact

first- and second-principal curvatures of the gear tooth flank, &
first- and second-principal curvatures of the pinion tooth
flank, o»

module

transverse (profile) contact ratio

face contact ratio

total contact ratio

unit normal vector of the common perpendicular at point
of contact, K, of the gear tooth flank, 9 and the pinion tooth
flank, o

unit normal vector to the gear tooth ﬂank,{y

unit normal vector to the pinion tooth flank, «

base pitch

linear base pitch of the gear

linear base pitch of the pinion

operating linear base pitch of the gear pair

screw parameter (reduced pitch) of instant screw motion of the
pinion in relation to the gear

axial pitch of the gear teeth

radius of base circle/cylinder of a gear
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re pitch radius of a gear

7, pitch radius of a pinion

I, position vector of a point of a gear tooth flank, &

I, position vector of a point of a pinion tooth flank, @

N radius of the boundary N-circle in Novikov gearing and in
parallel-axis high-conforming gearing

Yo pitch radius of a gear

Ly pitch radius of a pinion

I position vector of a point of the indicatrix of conformity,
Cnf, R(ﬁ’/ )

s space width

S, normal space width

s, transverse space width

t tooth thickness

t, normal tooth thickness

L, transverse tooth thickness

ot unit tangent vectors of principal directions on the gear tooth
flank, 4

t, b, Hnitktangent vectors of principal directions on the gear tooth

ank, @

u, v, unit tangent vectors to curvilinear coordinate lines on the gear
tooth flank, &

u, v, unit tangent vectors to curvilinear coordinate lines on the gear
tooth ﬂank,(r;

u gear ratio

u, angular velocity ratio

Vy unit vector of the resultant motion of the pinion tooth flank, <,
in relation to the gear tooth flank, ¢

X, Yo Zo local Cartesian coordinate system having origin at a current
point of contact of the teeth flanks, gand e

I

Greek Symbols

y

p)
@, D,

1.pr (1)2-[1

boundary N-cone angle (in intersected-axis as well as crossed-axis
high-conforming gearing)

crossed-axis angle (shaft angle)

first- and second-fundamental forms of the gear tooth flank, &
first- and second-fundamental forms of the pinion tooth flank, «
specific sliding

slide/roll ratio for the gear tooth flank, &

slide/roll ratio for the pinion tooth flank, e



