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The following is quoted from the Foreword of Ref. [10.1]:

This AGMA Standard and related publications are based on typical or average data,
conditions, or applications. The standards are subject to continual improvement, revi-
sion, or withdrawal as dictated by increased experience. Any person who refers to
AGMA technical publications should be sure that he has the latest information avail-
able from the Association on the subject matter.

Tables or other self-supporting sections may be quoted or extracted in their entirety.
Credit line should read: "Extracted from ANSI/AGMA #2001-C95 Fundamental Rat-
ing Factors and Calculation Methods for Involute Spur and Helical Gear Teeth, with the
permission of the publisher, American Gear Manufacturers Association, Alexandria,
Virginia."

This reference is cited because numerous American Gear Manufacturer's Associa-
tion (AGMA) tables and figures are used in this chapter. In each case, the appropri-
ate publication is noted in a footnote or figure caption.

10.1 INTRODUCTION

Helical gearing, in which the teeth are cut at an angle with respect to the axis of rota-
tion, is a later development than spur gearing and has the advantage that the action
is smoother and tends to be quieter. In addition, the load transmitted may be some-
what larger, or the life of the gears may be greater for the same loading, than with an
equivalent pair of spur gears. Helical gears produce an end thrust along the axis of
the shafts in addition to the separating and tangential (driving) loads of spur gears.
Where suitable means can be provided to take this thrust, such as thrust collars or
ball or tapered-roller bearings, it is no great disadvantage.

Conceptually, helical gears may be thought of as stepped spur gears in which the
size of the step becomes infinitely small. For external parallel-axis helical gears to



mesh, they must have the same helix angle but be of different hand. An external-
internal set will, however, have equal helix angle with the same hand.

Involute profiles are usually employed for helical gears, and the same comments
made earlier about spur gears hold true for helical gears.

Although helical gears are most often used in a parallel-axis arrangement, they
can also be mounted on nonparallel noncoplanar axes. Under such mounting condi-
tions, they will, however, have limited load capacity.

Although helical gears which are used on crossed axes are identical in geometry
and manufacture to those used on parallel axes, their operational characteristics are
quite different. For this reason they are discussed separately at the end of this chap-
ter. All the forthcoming discussion therefore applies only to helical gears operating
on parallel axes.

10.2 TYPES

Helical gears may take several forms, as shown in Fig. 10.1:

1. Single
2. Double conventional
3. Double staggered
4. Continuous (herringbone)

Single-helix gears are readily manufactured on conventional gear cutting and grind-
ing equipment. If the space between the two rows of a double-helix gear is wide
enough, such a gear may also be cut and ground, if necessary, on conventional equip-
ment. Continuous or herringbone gears, however, can be cut only on a special shap-
ing machine (Sykes) and usually cannot be ground at all.

Only single-helix gears may be used in a crossed-axis configuration.

70.3 ADVANTAGES

There are three main reasons why helical rather than straight spur gears are used in
a typical application. These are concerned with the noise level, the load capacity, and
the manufacturing.

10.3.1 Noise

Helical gears produce less noise than spur gears of equivalent quality because the
total contact ratio is increased. Figure 10.2 shows this effect quite dramatically. How-
ever, these results are measured at the mesh for a specific test setup; thus, although
the trend is accurate, the absolute results are not.

Figure 10.2 also brings out another interesting point. At high values of helix
angle, the improvement in noise tends to peak; that is, the curve flattens out. Had
data been obtained at still higher levels, the curve would probably drop drastically.
This is due to the difficulty in manufacturing and mounting such gears accurately
enough to take full advantage of the improvement in contact ratio. These effects at



FIGURE 10.1 Terminology of helical gearing, (a) Single-helix gear, (b) Double-helix gear, (c) Types
of double-helix gears: left, conventional; center, staggered; right, continous or herringbone, (d)
Geometry, (e) Helical rack.
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FIGURE 10.2 Effect of face-contact ratio on noise level. Note that
increased helix angles lower the noise level.

very high helix angles actually tend to reduce the effective contact ratio, and so noise
increases. Since helix angles greater than 45° are seldom used and are generally
impractical to manufacture, this phenomenon is of academic interest only.

10.3.2 Load Capacity

As a result of the increased total area of tooth contact available, the load capacity of
helical gears is generally higher than that of equivalent spur gears. The reason for
this increase is obvious when we consider the contact line comparison which Fig.
10.3 shows. The most critical load condition for a spur gear occurs when a single
tooth carries all the load at the highest point of single-tooth contact (Fig. 10.3c). In
this case, the total length of the contact line is equal to the face width. In a helical
gear, since the contact lines are inclined to the tooth with respect to the face width,
the total length of the line of contact is increased (Fig. 10.36), so that it is greater
than the face width. This lowers unit loading and thus increases capacity.

10.3.3 Manufacturing

In the design of a gear system, it is often necessary to use a specific ratio on a specific
center distance. Frequently this results in a diametral pitch which is nonstandard. If
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FIGURE 10.3 Comparison of spur and helical contact lines, (a) Transverse sec-
tion; (b) helical contact lines; (c) spur contact line.

helical gears are employed, a limited number of standard cutters may be used to cut
a wide variety of transverse-pitch gears simply by varying the helix angle, thus allow-
ing virtually any center-distance and tooth-number combination to be accommo-
dated.

70.4 GEOMETRY

When considered in the transverse plane (that is, a plane perpendicular to the axis of
the gear), all helical-gear geometry is identical to that for spur gears. Standard tooth
proportions are usually based on the normal diametral pitch, as shown in Table 10.1.

SINGLE LINE OF CONTACT

MULTIPLE
CONTACT LINES



TABLE 10.1 Standard Tooth Proportions for Helical Gears

Quantityt Formula Quantityf Formula

Addendum 1.00 External gears:

^ J V Standard center distance D + d
Dedendum 1.25 2

PN Gear outside diameter D + 2a
Pinion pitch diameter NP

PN COS \p Pinion outside diameter d H- 2a
Gear pitch diameter NG

PN cos yp Gear root diameter D - 2b
Normal arc tooth thickness jr_ Bj^

^N 2 Pinion root diameter d — 2b
Pinion base diameter dcos<f>T i * ,

Internal gears:
Gear base diameter D c o s <f>T Center distance D — d

2
Base helix angle tan ! (tan \[/ cos ^7) Inside diameter d — 2a

Root diameter D + 2b
fAll dimensions in inches, and angles are in degrees.

It is frequently necessary to convert from the normal plane to the transverse
plane and vice versa. Table 10.2 gives the necessary equations. All calculations pre-
viously defined for spur gears with respect to transverse or profile-contact ratio, top
land, lowest point of contact, true involute form radius, nonstandard center, etc., are
valid for helical gears if only a transverse plane section is considered.

For spur gears, the profile-contact ratio (ratio of contact to the base pitch) must
be greater than unity for uniform rotary-motion transmission to occur. Helical gears,
however, provide an additional overlap along the axial direction; thus their profile-
contact ratio need not necessarily be greater than unity. The sum of both the profile-

TABLE 10.2 Conversions between Normal and Transverse Planes

Parameter (normal/ Normal to
transverse) transverse Transverse to normal

Pressure angle (<f>N/<t>T) ^T = tan"1 n < 7 <f>N - tan"1 (tan 4>T COS ^)
p

Diametral pitch (PN/Pd) Pd - PN COS i> PN- ^ T

Circular pitch (pN/pT) PT - - ^ 7 PN - PT COS ^
COS\p

Arc tooth thickness (TN/TT) TT - - ^ 7 TN - TT cos f
C O S ^

Backlash (BN/BT) BT - - ^ 7 BN - BT cos *
C O S ^



contact ratio and the axial overlap must, however, be at least unity. The axial over-
lap, also often called the face-contact ratio, is the ratio of the face width to the axial
pitch. The face-contact ratio is given by

PrfoFtan\|/omF = (10.1)
n

where Pdo = operating transverse diametral pitch
\j/o = helix angle at operating pitch circle
F = face width

Other parameters of interest in the design and analysis of helical gears are the
base pitch pb and the length of the line of action Z, both in the transverse plane.
These are

pfr=-£-cos<|>r (10.2)

and

Z = (rl - riy/2 + (Rl - Rl)m - C0 sin (^ (10.3)

This equation is for an external gear mesh. For an internal gear mesh, the length of
the line of action is

Z = (R2- Rl)1/2 - (r2
o - rlf12 + C0 sin <fc, (10.4)

where Pd = transverse diametral pitch as manufactured
§T = transverse pressure angle as manufactured, degrees (deg)
ro = effective pinion outside radius, inches (in)

R0 = effective gear outside radius, in
Ri = effective gear inside radius, in
§o = operating transverse pressure angle, deg
rb = pinion base radius, in

Rb = gear base radius, in
C0 = operating center distance, in

The operating transverse pressure angle tyo is

^ = cos"1 ̂  coslJ (10.5)

The manufactured center distance C is simply

C- ^ (10.6)

for external mesh; for internal mesh, the relation is

C = ̂ ^ (10.7)



The contact ratio mP in the transverse plane (profile-contact ratio) is defined as the
ratio of the total length of the line of action in the transverse plane Z to the base
pitch in the transverse plane pb. Thus

mP = — (10.8)
Pb

The diametral pitch, pitch diameters, helix angle, and normal pressure angle at the
operating pitch circle are required in the load-capacity evaluation of helical gears.
These terms are given by

for external mesh; for internal mesh,

^ = ^ f = ^ (10.10)

Also,

d=f- D-f- (10.11)
* do "do

\\fB = tan"1 (tan \j/ cos <|>r) (10.12)

V o = t a r r ^ (10.13)
COS(|>O

QNo = sin"1 (sin Q0 cos yB) (10.14)

where Pdo = operating diametral pitch
\\fB = base helix angle, deg
\j/o = helix angle at operating pitch point, deg

§NO = operating normal pressure angle, deg
d = operating pinion pitch diameter, in
D = operating gear pitch diameter, in

70.5 LOADRATING

Reference [10.1] establishes a coherent method for rating external helical and spur
gears. The treatment of strength and durability provided here is derived in large part
from this source.

Four factors must be considered in the load rating of a helical-gear set: strength,
durability, wear resistance, and scoring probability. Although strength and durability
must always be considered, wear resistance and scoring evaluations may not be
required for every case. We treat each topic in some depth.

Next Page


	Front Matter
	Table of Contents
	Part I. Machine Elements in Motion
	Part II. Machine Elements That Absorb and Store Energy
	Part III. Gearing
	9. Spur Gears
	10. Helical Gears
	10.1 Introduction
	10.2 Types
	10.3 Advantages
	10.4 Geometry
	10.5 Load Rating
	References

	11. Bevel and Hypoid Gears
	12. Worm Gearing
	13. Power Screws

	Part IV. Power Transmission
	Part V. Bearings and Lubrication
	Part VI. Fastening, Joining, and Connecting
	Part VII. Load Capability Considerations
	Part VIII. Performance of Engineering Materials
	Part IX. Classical Stress and Deformation Analysis
	Index



