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bevel gear testing gages, completely auto-
matic spline and cluster shaft inspection
systems and a full range of clamping :
arbors, chucks and nests for inspection -
and machining applications. Mytec rup- :
ture-proof arbors and chucks are ideally :
suited to precision applications. Mytec
provide normal
runouts under .00012" for grinding, hob- :

arbors and chucks

bing, shaving, shaping and inspection of
gears. The Euro-Tech Power Block III :

SEE US AT IMTS BOOTH #A1-8733
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mounts directly to your bench or work :
: table to make tool changes easy and risk-
free. Vertical and horizontal axes allow !
access to the bottom of the toolholder.
Either axis may be outfitted with like or
different receptacles to accommodate any
¢ standard or custom toolholder tapers,
 including HSK. ,

Gleason Pfauter Hurth (Booth B1-
7150) will exhibit several new products :
for gear manufacturing. The new Power
and compound application technology.
i Gleason-Pfauter will exhibit for the first
time the new (16") P400G profile
i grinder with integrated gear measuring
{ and integrated CNC wheel dressing.
Gleason-Hurth will demonstrate the
© capabilities of the ZH125 CNC spheric
honing machine for hard finishing cylin-
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Dry Cutting process for bevel and
hypoid gears will be demonstrated on the
new Gleason 175HC Power Dry Cutting
machine. The 175HC will demonstrate
face milling and face hobbing on bevel
gears. Gleason will also premier the new
600HTL Hypoid Turbo Lapping

. machine for hard finishing bevel and

hypoid gears. The turbo lapping process
(ultra high speed) is possible due to
Gleason advances in machine dynamics

: drical gears using an internal abrasive
honing tool. The machine will be shown
i with automation. Gleason and Pfauter
will also exhibit, for the first time, a new
: joint engineering and manufacturing
© cooperation in machine design with a
new gear manufacturing machine to be
¢ unveiled at IMTS.

Gold Star Coatings (Booth EIl-

2701), a subsidiary of Star Cutter Co.,
will feature thin film coatings used to
! either improve tool life on cutting tools
and dies or improve wear life on parts.

H.B. Carbide Co. (Booth E1-2700) a

subsidiary of Star Cutter Co., will feature
¢ its line of carbide pre-forms used to man-
i ufacture finished tools and wear parts.

Holroyd (Booth B2-6516) will show,

¢ for the first time anywhere in the world,
the TG150E thread grinder. This is a ‘sis-
i ter’ version of the TG350E launched two
years ago as the first in a planned new
i generation of machines. The TG150E has
been specifically designed for grinding
¢ smaller components, with profiles up to
¢ 70 mm wide and less than 300 mm in
diameter (the TG350E has a maximum
¢ 350 mm capacity and 110 mm profile
width). An important feature of the new
: machine is integrated 3D component pro-
file measurement with automatic machine
{ compensation to all axes. Also on display
will be a range of worm gears, screw
: compressor rotors and other helical prod-
* ucts manufactured by Holroyd’s subcon-
- tract facility.




Kapp Sales & Service L.P. (Booth
B1-6981) represents the Kapp and Niles
product lines of internal and external
grinding machines featuring stock divid-
ing, on-board measuring, dressable wheels

internal and external spur and helical
gears, ball screw tracks, worms, compres-
Sor rotors, rotary pistons (root type), pump
spindles (IMO type), pump rotors (gerotor
type), vane pump rotors, constant velocity
tracks (CVT and the like) and more.

Koepfer America, L.L.C. (Booth :
B1-6961) will display a new high-speed, :
eight axis gear hobbing machine with
computer controlled flexible automation.
The Koepfer Model 160 is designed for
shaft, pinion and gear work up to 60 mm

and 2.36" diameter.

arm positions to reduce setup time and ‘:
improve overall efficiency. A unique
slant bed design provides ideal chip flow
and allows the user the choice of wet or
dry hobbing. High spindle speeds (cutter
up to 5,000 rpm and work spindle up to
1,000) allow optimum use of coated car-
bide cutting tools even when hobbing
parts of small diameters or low numbers
of teeth. The automation allows loading

of a part in two seconds.

M&M Precision Systems Corpor- :
ation (Booth B1-7149) will feature :
metrology systems for parallel axis and :
spiral bevel gears, gear cutting tools,
thread gages and turbine blades. 3515
and 200 Series CNC inspection systems
for gear manufacturing process control,
running a full complement of inspection :
software, will be networked to a remote
workstation with M&M’s GearNet™
software. M&M will highlight multiple
probe technology with demonstrations of :
ID, 3D and laser probe scanning. New
LMS laser measuring systems will show-
case non-contact scanning for thread
gages and turbine blades. The GRS-2
double flank gear roller system and ‘:
durable ODM-8 dimension over pins

gage will also be shown.

Mahr Corporation (Booth D2-4437)
will present metrology products for mea- :
suring gears as well as surface texture,
form and length on a variety of parts. The '

The machine :
includes eight axes of CNC control, :
including tailstock and gantry loading

inductive comparator accurate to .000012".
. The M1 and M2 are the first of a new series '
of surface texture measurement instru-
ments designed for the shop floor. The
and CBN wheels for the manufacture of : Optimar 100 is a new bench-top calibration
system for dial indicators, dial compara-
 tors, dial test indicators, incremental probes
and LVDTs. A staff of applications engi-
{ neers and technical specialists will be on

hand to discuss the new products. © The 828 PC calibration center from Mahr Corp.
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i Extramess 2000 is a new analog/digital :

REASONS TO USE
COLONIAL SPLINE RACKS

we do that too!

Proprietary Involute splines, Production
design, helical splines, spline rolling
engineering and tapered splines, supported
manufacturing. threads. by SPC.

If you're going by the numbers, Colonial Tool Group has
o|rthe reasons you need fo have us be your spline rolling
service supplier. We're a leading designer and
manufacturer of high quality precision spline rolling racks,
with extensive prototype capability. And if you need
pre-production or production spline rolling services...

Call, write, FAX or E-mail us off our Web Site.

COLONIAL TOOL GROUP INC.

1691 Walker Road, Windsor, Ontario, Canada N8W 3P1
519-253-2461 © FAX 519-253-5911 e www.colonialtool.com
In the U.S.A. 5505 Concord Ave., Detroit, Ml ® 313-965-8480
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This is the second of a
series of articles intro-
ducing the new ISO
6336 gear rating stan-
dard and its methods of
calculation. The opin-
ions expressed herein
are those of the author
as an individual and
not necessarily those
of any organization of

which he is a member.

Comparing Standards

The keys to understanding IS0 6336-1 gear rating

Don McVittie

One of the best ways to learn the ISO 6336
gear rating system is to recalculate the capacity of
a few existing designs and to compare the ISO
6336 calculated capacity to your experience with
those designs and to other rating methods. For
these articles, I'll assume that you have a copy of
ISO 6336, you have chosen a design for which
you have manufacturing drawings and an existing
gear capacity calculation according to AGMA
2001 or another method. I'll also assume that you
have converted dimensions, loads, etc. into the SI
system of measurement.

ISO 6336 looks into more details of your design,
so it requires about 80 input values compared to
about 60 for AGMA 2001. The additional informa-
tion required includes details about things like blank
construction, root fillet finish, lubricant viscosity,
arrangement of the gear set with respect to the bear-
ings and location of light load contact pattern with
respect to the bearings. We’ll cover these differences
as they apply, section by section.

Input Data

Most of the input data is similar to other rating

standards, like AGMA 2001. The basic gear
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with zero backlash and finished gear (OAGMA)

geometry values of numbers of teeth, center dis-
tance, outside diameters and face widths are the
same. ISO 6336 requires the input of minimum
safety factors for surface contact (pitting) and
root bending stresses. The safety factors are used
in the calculation of allowable working stresses in
parts 2 and 3. While safety factors as low as 1.0
are permitted, most users will want to select a
higher value for root bending, such as 1.2 or
more. If the required safety factor is not achieved
with the input values of materials, geometry and
load, one or more of the inputs should be changed
until the required safety factor is reached.

Module, normal pressure angle and helix
angle are determined at the reference (generating)
diameter, based on a carefully defined basic rack
geometry per ISO 53. The basic rack is a gear
with an infinite number of teeth whose reference
plane is located where the tooth thickness and the
space width are equal. The basic rack is not the
cutting tool. It is conjugate to a hypothetical rack
shaped tool which defines the tooth shape.

Tooth thickness is defined in terms of the pro-
file shift factor X of a “zero-backlash™ gear pair
derived from the basic rack geometry. (See the
article in July/August 1993 and a correction to
one of the formulas in January/February 1994 for
more information on basic racks and profile
shift.) The X factor and the tool geometry—tool
addendum, tip radius, protuberance and finish
stock allowance—are critical to the calculated
result. Figs. 1 & 2, from the AGMA ISO 6336
program user’s manual, illustrate the principle. It
is important to note that the definition of tool
addendum used in ISO 6336 may not be the same
as you are using in your present gear rating pro-
gram, so that value may have to be adjusted for
input to the ISO 6336 calculation. Fig. 3 illus-
trates the ISO definition.

The input power or torque must be specified,
since the ISO dynamic and load distribution factors
are load dependent. Although the ISO standard lists
numerical application factor values which are iden-
tical to AGMAs, those values should be used with
caution. The ISO definition of application factor is
broader than AGMA’s, including many “dynamic”
effects, such as the effect of tooth spacing devia-
tions which are part of the AGMA dynamic factor.
The differences are most noticeable in the calculat-



ed capacities of large, low speed, relatively less
accurate gears, such as those found in bridges, mill
drives, train positioners and antennas. The ISO
dynamic factor estimates gear pair resonance as an
equivalent single mass system with the mesh stiff-
ness as a spring. The ISO dynamic factor is strong-
ly influenced by the ratio between the mesh pass
frequency and the calculated resonant frequency of
the single mass model. High speed, lightly con-
structed, lightly loaded gear sets have high ISO
dynamic factors and low speed, heavily construct-
ed, heavily loaded gear sets have very low ISO
dynamic factors. Many of the “dynamic” effects
which AGMA includes in its dynamic factor are
shifted to the application factor by ISO. You will
need to be careful in your evaluation of the differ-
ences and in the application factor you choose to
evaluate your gear sets. The product of K, * K
should be nearly the same in both systems if rated
gear capacities are to be comparable.
Calculating the Dynamic Factor

The ISO dynamic factor calculation estimates
the rotational moments of inertia of the pinion and
wheel from the inside diameters of their rims and
their calculated root diameters with an adjustment
for webs, if any. The gear blank geometry must be
provided for this calculation. The mesh stiffness
and root diameters are calculated from the X fac-
tors and tool geometry, so accuracy of these input
values affects the dynamic factor. A smaller por-
tion of the dynamic factor is a function of tooth
accuracy, expressed as an ISO 1328 quality num-
ber. There is no consistent way to estimate ISO
1328 quality from AGMA 2000 quality numbers,
so the actual tolerances must be known or calcu-
lated, then ISO 1328 quality numbers recalculated
from the tolerances. The fundamental equation in
ISO 6336-1 for dynamic factor is:

K,=(N*K)+1
Where:

N is the ratio of mesh pass frequency to

resonant frequency.

K represents the effect of gear tooth accuracy.

Typical values of K, for industrial enclosed
drive gears are 1.05 or less.

The basic ISO dynamic factor is Method B of
ISO 6336-1. Methods C and D are simplified ver-
sions of method B with applicability restricted by
their underlying simplifying assumptions.

The AGMA dynamic factor is included in ISO
6336-1 as alternative method E for those who pre-
fer it. If method E is used, it might be appropriate to
use a lower (AGMA) value for application factor.

Evaluating Load Distribution

Much of ISO 6336-1 is devoted to various

methods of evaluating load distribution across
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Fig. 3 — Dimensions and basic rack profile of the teeth (finished profile with undercut).

and between the teeth. Although different influ-
ence factors are defined for load distribution in
root bending stress and contact stress in the face
and transverse directions, the principal influence
on the load capacity of the gear set is KHﬁ, the
face load distribution factor for contact stress.
K
bending stress has a similar value and the trans-
verse load distribution factors K, and Ky, are
usually nearly 1.0.

The correct evaluation of the load distribution
factor is critical to obtaining satisfactory results
with ISO 6336, just as it is with other gear rating
systems, such as AGMA 2001. I suggest that you
try the various optional methods in ISO 6336
while making comparative capacity calculations

the face load distribution factor for root

with your own gear designs, to develop experi-
ence with them. Since the mathematical defini-
tion of face load distribution factor is the same in
ISO 6336 as in AGMA 2001, you should expect
similar values of this factor from either method. If
the values are not within 10% of each other, you
should investigate further and resolve the differ-
ence. It may be necessary to make an experimen-
tal investigation or a detailed calculation of
deflections under load to get the “right” answer. It
is important to consider the effects of manufac-
turing variations as well as the average meshing
conditions in this analysis. Method A is common-
ly used to evaluate KHﬁ—assuming that a mathe-
matical model gives satisfactory results. Recent
investigations by an ad hoc group sponsored by
ISO/TC60/SC2/WGH6 in which the same gear sets
are calculated by different “correct” mathemati-
cal models have shown that the value of KHB can
vary more than 10% depending on small varia-
tions in the calculation method and the underlying

| assumptions. Future editions of ISO 6336-1 are

Don McVittie

is one of Gear Technology s
technical editors. He is
president of Gear
Engineers, Inc., Seattle, WA
and a former president of
AGMA. McVittie is a
licensed professional engi-
neer in the state of
Washington and has been
involved with gear stan-
dards development for more

than 25 years.
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