
Application of Miners Rule to Indus °rial Cear Drives
Donald R. McVittie, Cear Engineers, Inc., Seattle, WA

Robert L. ErricheHo, GEARTECH, Albany, CA

Introduction
We need a method to analyze cumulative fatigue damage

to specify and to design gear drives which will operate under
varying load. Since load is seldom eonstanf, most applica-
tions need this analysis.

Service and application factors have been used to approx-
imate the effect of variable load, but they can give poor results
when we extrapolate experience with one design, such as a
through-hardened parallel shaft reducer, to a replacement
design of different configuration or material, such as a car-
burized planetary reducer to drive the same machine. They
can also be unreliable in estimating the size of gear reducers
required For a new application, as in the following wind tur-
bine example.

One of the reasons for this weakness is that the slope of the
S-N curve affects the fatigue life and the amount of damage
done at each stress level. When we change steels, we should
change service factors.

VJhen existing similar drives are satisfactory and no change
in design concept is contemplated, service factors can be an
adequate method of sizing industrial gear units. When we
make changes from the design or operating conditions which
generated the original service factors, we need to be very
conservative.

When operating conditions or material properties are bet-
ter known, Miner's rule provides a superior method of
estimating gear size and performance,

Miner's Rule
Although Fuchs and Stevens (1980) called theconcept of

cumulative fatigue damage a "useful fiction" ,experience has
shown that components subjected to varying loads do, in
fact, fail in a manner which is consistent with cumulative
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fatigue damage ..The hnear-cumulative-fatigue-damage rule
was fir~t proposed by Palmgren (1924) for predicting ball
bearing life and independently by Miner (19415) for predicting
the fatigue liI·eof aircraft components. They introduced the
simple idea that if a component is cyclically loaded at a stress
level that would cause fatigue failure in lOScycles, then each
cycle consumes one part in lOS of the life of the component.
If the loading ischanged toa stress level that causes failure in
104 cycles, each of these cycles consumes one part in 104 of
the life, and so on ..When the sum of the individual damages
equals 1.0, fatigue failure is predicted. In equation fmm,
Miner's Rule is

n2 + ... + ni= I
N2 Nj

(1)

where:
n, = number of cycles at the ith stress.
N, =number of cycles to failure at the ith stress.

n· - - - --
--.!. = damage ratio at the ith stress.
Nt

If the fraction of cycles at each stress is known rather than
the actual. number of cycles, the cycles are given by

nj = Ilj*N (2)
where

III = cycle ratio (fraction of cycles at the ith stress),
N = resultant fatigue life (total cycles).

Miner's Rule may be rewritten as

III *N + 1l2*N + ... + Ilj*N = 1
Nl N2 Ni

which may be solved for the resultant life:

(3)

(4)+ Ilj

N·-' -J

The cycle ratio may be obtained from the load spectrum
by

ni
Ili. =-

En;
(5)

where
n; = number of cycles at the ith load in the load

sp ctrum.
rni = total number of cycles in the load spectrum.



It is important to note that as the loads are grouped, the in-
dividual loads are aU assumed to be the same value as the
maximum for that group. In the interest of acceracv. the sub-
divisions of groups should be narrow for higher loads where
most of Ith fatigue damage is done.It is also important to. in-
dude oecasicnal peak loads, since they can be very damaging.

Various cyde-counting techniques such asth Range-Parr,
Rainflow and Racetrack methods are described by Nelson
(1978) and Fuchs (1980) to convert complicated load spec-
trums into simplified histograms, Most of these methods were
developed forana1ysis of structural members where stress
does not return to zero. at each application of the load. For
gear teeth it is usually sufficiently accurate to count each load
application as a cycle. Fig. 2- Wind turbine/i:l'nl'r.attll'"

The number of cycles at each lead is calculated from

where
Wi = 'speed at the ith load (rpm).
ti= time at the ith load (hour).

The equivalent (baseline) speed is given by

1
Wb = ,,=""-~~---~-
. ctl + ct2 + + aj

WI Wz Wi

The resuiJant life in hours is

L=~
6O"Wb

The use ,ef Miner's rule for gears was described by
Hapeman (1971). Appendices to. AGMA 170.01-1976,
"Design Guide for Vehicle Spur and Helical Gears," and
AGM_A 218.0l~1982, "Rating the Pitting Resistance and
Bending Strength of Spur and Helical Involute Gear Teeth,"
also. describe its use.

Method
The application ·of Miner's rule to gear drives requires

knowledge of the load, usually aeyclic, repetitive pattern
which can be closely analyzed; actual gear geometry from
a trial design or the final design; gear material S-N curve.

The repetitive pattern of the load data. allows it to be
divided arbitrarily into sections, summing the leads and cy-
de counts into. a. load spectrum. Fig 1. shews the results
graphically. It is assumed that the pattern is repeated
throughout the life of the gear set. The load spectrum is
shewn in form suitable for computer input in Table 1.

Table 1
Load pect:rum arranged for computer input.

loadSpK1ril~1 HOO AMI' Lm.1

L"..d Segment Sp!Ctrum 1 S~lru", 5 S~trum ]2 Awug. Cycl ..
In P'"

1(1PS Time, Sec ... Ti~ ... Ti"", ... '" Ind ....

120>100 3.0 8.11 2.0 5.41 1.2 3.24 55'1 19.33
100;:>80 \/,0 24.32 6,5 ]7,57 5 ..0 ]3,51 18.47 63.90
80>60 11.8 31.89 lS.3 4l.l5 128 34.50 35.\15 124..37
60>40 6.0 16,22 6,8 16,22 9.0 24"J2 18.92 65.46
40>0 7.2 1946 7.2 19.46 9.0 24.32 2].08 72.114
Total J7,0 1.00,00 37.8 100.00 37,8 100,00 10000 J46.oo

(6)

In most transmissions it is possible ~forthe same tooth to see
the peak lead at each repetition of the load spectru...m.Insam
low speed gears, such as the final drive gear ef the micr wav
antenna in Example 4, the peak load. may not be applied to
the same tooth at each repetition.

Each gear in the machine is checked to find w.h1chhas the
shortest life. The authors know no shortcut way to do this.
A computer is indispensable to handle the volumineus
calculations ef bending stress, pittmg stress, resuJtant lives at
those stresses and the summation of those lives for each
loading condition and each gear in the 'transmission.(7)

(8)

Example 1: Wind Turbine Speed Increaser
A wind turbine, Fig. 2, must tum at a constant peed to

maintain the correct frequency of the electrical power that it
generates. The wind speed is Iar Irorn constant and many
gusts exceed 50 miles per hour. The inertia of the wind tur-
bine rotor smooths small wind gusts, but larger variations in
wind speed are usually accommodated by pitching the blades
of the rotor, Ma.I1.ywind turbines ha ve a computer to.contr I.
the generator speed ito less than 1 % variation.

A gearbox is used to increase the rater speed (typkalIy less

0100 200
I'INON oeus

Fig. 1- Typical load ~~ irum
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than 100 rpm} to the speed of the generator (usually 1800
rpm). The gearbox loads are non-uniform due to wind gusts
and aerodynamic turbulence of the rotor, causing theentire
system of rotor, drive train, generator and tower to vibrate.
Each time a rotor blade passes the "shadow" of the tower. the
gearbox experiences a torque pulsation. Because the vibration
is so severe, standard industrial practice cannot be used for
a wind turbine gearbox ..

At one wind farm, several thousand gearboxes of two dif-
ferenr designs were installed side by side. One of the designs
survived, but the other failed prematurely, Inspection of the
failed low-speed gears has shown that they were manufac-
tured with excessive lengthwise crowning, which reduced the
effective race width and increased the load on the central por-
tion of the teeth. As part of the failure analysis, the low-speed
gear set was rated per AGMA 218.01 using actual measured
loads.

Field measurements of the load on a wind turbine were
made over a four month period. The reaction torque was
measured by applying strain gages to the torque arm of the
shaft-mounted gearbox. Data was collected on a self-
contained, microprocessor-based recorder. The transducer
was calibrated by statically loading the rotor with known
loads. Data were collected by storing the number of peaks oc-
curring in fifteen discrete bins of equal increments of torque.
The strain signal from the torque arm transducer was con-
verted to shaft torque by mulitiplying by the calibration
constant.

The load histogram is included in Appendix 1.The load
ratio was calculated by dividing the torque at each of the
sampling bins by the torque corresponding to 100 kw
generator output power. The cycle ratio was calculated by
dividing the number of counts in each bin by the total number
of counts.

The expected life of the drive is 50,000 hours. The Miner's
Rule rating of the low-speed gear indicates that its pitting and
bending fatigue life should be more than adequate if its helix
is properly modified ..However, with excessive crown the load
distribution factor increases from Cm = 1.3 to as high as Cm
= 2.6, and both pitting and bending fatigue lives drop to ap-
proximately 100 hours. These calculatedresults correlate with
Heldexperience where gears with proper crowning survive for
years of operation. whi.le those with excessive crown fail in
a few hundred to several thousand hours.

Example 2: Container Crane Main Hoist
The gearing for the main hoist of a container crane, Fig. 3,

has a spectrum of loads because some of the time it must lift
only the spreader (the device which attaches to the top of the
container), and at other times it must lift both the spreader
and a container which ranges from 10 to 40 long tons,
depending on its size. Some main hoist systems consist of dual
cable-winding drums with twin drive trains. In these cases,
the load on one of the gear trains is increased if the loads in
the container are off center. The duty cycle also influences the
loads on the gearing. sometimes the container crane wil1only
be used to either unload or load a ship, while at other times
it will both unload and load. In the first case, the gearing is
only fully loaded for one half the time, while in. the second
case it is loaded all the while the trolley travels from the ship
to the dock and back again. .

The Federation Europeene de la Manutention "Rules for the
Design of Hoisting Appliances" gives the load spectrum
shown in Fig. 4. It considers hoisting motions with and
without useful loads. In the figure, 0 represents the useful.load
of container and its contents, and 'Y represents the weight of
the spreader, head block, sheaves and portions of the lifting
ropes. Fig. 4 is based on a typical application where

s = 90,000 Ib (40 T container)
l' = 30,000 Ib (spreader, head block, etc.)

o + 'Y = 120,000 Ib
2/3*0 + 'Y= 90,000 Ib
1/3*0 + 'Y = 60,000 Ib

Fig. 4 also shows an actual load spectrum determined from
records of container weights for a particular crane at the Port
of Oakland obtained over a one-year period. It shows that the
F.E.M. spectrum is conservative Ior this example because
fully loaded, maximum size containers we:re rarely
encountered.

The following example demonstrates a load spectrum for
a main hoist where the motor speed varies with the lifted load.
(See Table 2.) It is based on the percent times given in the
F.E.M. specification, and it shows that percent time is not the
same as percent cycles when the speed varies,

Table 2
Main Hoist Load Spectrum

Load Power Speed Time Torque Cycles Load Cycle
No. P w, T n, ROlio/l, RalioO'j

(kW) (rpm) (hr) lib-in) 00'1 (T,ITm"i n/!:n.

I 560 650 3750 nno 1.4625 1.0000 0.0831
2 560 850 3750 55610 1.9125 0.7647 0.1087
3 560 1L40 5000 38120 3.7200 0.5242 0.2114
4 340 1400 12500 20260 10.5000 0.27& O,SqOS

Fig ..J-Container crane. 1:\ - 2soo:J !:n• - 1.7595xlO· 1.0000
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The main hoist cable-winding drum is driven by a DC elec-
tric motor through a parallel shaft. single helical, three stage
peed reducer. The overall ratio is 23/l.

The load histogram. (See Appendix 2.) was calculated based
on ItheF.E.M. specification. Required life is 25,000 hours.

Equiv.alent (baseline) speed:

1
Wb - --------

~+~+ al +~
WI W2 WJ W4

1------------------------------------
.08:31
650

.2114

1240
+ .5968

1400
.1087+ +
850'

- 1173 rpm

Baseline power:

P
b

= (Tb)(Wb)

63025

:= (72720)(1173) = 1354 hp
63025 .

The Miner's Rule rating shows that % time is not the same
as % cycles, i.e.,

Load % time % cycles
No. tl/):tl n/Enj

1 0.15 0'.0831
2 0.15 0'.1087
3 0.20 0'.2114
4 0.50 0.5968

Miner's rule shows that the cubic mean load cannot be used
for gearing; i..e.,

(9)

o '0.:1 o..t
" TL_ •. ,./[·t.

'. e,
0

=Ii:C) 0.4

'"0'
.i!

Q.lI

Fig. 4 - Container crane load spectra.

(10) Using e -. 3 (cubic mean) gives
Pefl = 1354 [(1)3(.0831) + (,7647)3(.1087)

+ (.5242)3(.2114) + (.2786)3(.5968)iI' 3
=757 hp

Usinge = 1/2(.056) = 8.93 (AGMA218.01 Fig. 20, lower
curve) gives

Peff = 1354[(1)8.93(.0831) +(.7647)8.93(.1087)
+ (.5242)8.'13(.2114)
+ (.2786)8.93(.5968) j1 8.93

= l038np

Hence, using cubic mean load undere timates the effecI ive
load by a factor of 1.37.

(11)

Example 3: Train. Positioner
Unit trains of about 100 cars, carrying 10,000 metric tons

of coal and powered by five locomotives, Fig. 5, are used t
haul coal to power stations and to the ports. The' trains are

He'at I'reating and more, ... from ShoreK
"iManaged by experienced metallurgists "Minimize distortion
• Exc!us.ive4~sta!le nitridinglprocess for precise ,control
"Contr,oUed ,atmosphere, capabilities include caJ'buri~ng. carbon Irestoration.

decarburizing. carbon itriclinll. hard'eningl, anneal ing. normalizing and
ferritic niuoca:rburizing

"Cryogenic treating. straigl1teniing, and more
-lMelaliagraphic Lab ,
• Statistical Process Conlrall (S'PC)

Forma" SSHORE ElM VlEATING, INC.
mfofI/laliol!. 5475 . vlon PaJk DrM! •. Cleveland. OH ".1.143,
COntacl' ," (216)413-2020 .• FIIC (216)473!.0047

CIRCLE .A~llli ON REAlOER REPLY CARD
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more than 70;)0 feet long ..The coal is dumped by rotating the
cars, one 01' two at a time, around their couplings. The train
is automatically positioned by a winch For each dumping se-
quence. A direct current mill motor drives the cable drum
through a 6811 ratio parallel shaft, single helical three-stage
gear reducer. Four years after it was installed, the high speed
pinion failed.

fig. 5 - Unit coal train.

% CYCLES

Il. I

I

- ::-1

L....-

... --

2.

II

'" ..0 10' 10

Fig.6- Load histogram tor train positioner.
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A load histogram was abstracted from field measurement
of load fora 106 car train. (See Appendix 3.) Motor current
was measured with a recording ammeter which was
calibrated against actual cable tension by a load cell in the
cable anchor. Three sections, each representing one "car" of
the complete ammeter recording, were analyzed. The graph
was divided into zones representing 20 % load bands. The
time at which the measured load was in each band was
measured from the charts and the three sets of data were
averaged. Fig. 1 shows a similar load spectrum. The load
histogram is shown in Fig. 6.

The required life was 10,000 trains = 1.06 x 10° cars =

3.6)( loB pinion cycles under load.
Using Miner'srule, the calculated lives and modes of failure

are:

Gear ModeCalculated Life
Cycles Hours
7.37 x.107 1580
3.02 x 107 3050

1st Pinion
1st Gear

Pitting
Pitting

Only the input mesh is included in this example. The first
input pinion failed by tooth fracture with heavy pitting after
moving approximately 1400 trains or 5.6 x 107 pinion cycles.
The calculated life of 7.4 x 107 cycles agrees reasonably well,
indicating that this was an overload failure.

The first pinion in a second drive was removed from serv-
ice a year after the firstpinion failed. It. had moved approx-
imately the sante number of trains and was heavily pitted.
(See Fig. 7.)

The designer of the positioner had made a cubic-mean-load
analysis of the expected load spectrum and had sized the elec-
tric motor and the gear drive on the resulting load, with a
service factor of 1.6. The electric motor has been maintenance
free in this application, probably because it is thermally
limited and has enough time to cool off between torque peaks .
The pinions, which easily meet the 1.6 service factor rating,
just weren't big enough to handle the load. The gear rating
had to be increased by 50% to survive in this service.

The original through-hardened pinions have been replaced
with carburized and ground parts, and the load has been
reduced 30% by limiting the motor torque. Miner's rule
predicts that with these changes the drive will give satisfac-
tory service.

Example 4..Microwave Antenna.

Large microwave antennas, Fig. 8, whether they are used
for satellite communication or for radar, are subjected to
variable loads. toad spectra for theseantennas come from
historic weather data, combined with occasional high ac-
eeleration requirements to reach the stowage position and to
pick up new satellites. Tracking antennas and radars are sub--
jected to varying inertia loads as well. The forces required to
achieve the required accelerations are established by measure-
ment (strain gage or motor current) on the same or similar
machines ..The accelertion requirements, severity and Ire-
quency are usually established by a performance specifica-
tion, based on the intended use of the machine.

The following example is typical of many antenna drives
which see the heaviest loads on just a few teeth. It is an



azimuth-elevation mount, with a yoke which rotates on a
verticalaxis (azimuth motion) supporting the antenna on a
horizontal axis (elevation motion) ..Separate ring gear sectors
for each mo'tionare driven by pairs of OPPO ing gear drives
to eliminate backlash. Direct current servomotors are con-
trolled by a pointing system to sweep back and forth through
a 105D sector of the sky.

In order to investigate the feasibility of convert ing a surplus
antenna mount for this application, a Miner's rule study of
the proposed gear train was undertaken. The load spectrum
was estimated :from the friction and inertia portions of a
similar existing antenna's load spectrum. ]t is shown as Fig.
9. Both antennas are in endo ures, so no aerodynamic loads
af1eencountered.

]n this antenna, a right angle enclosed special gear reducer
drives an exposed pinion which meshes with an external spur
gear cut integral with a large roller bearing. The overall ratio
is 30011.

The required lif,eis 3800 "scan cycles" of 56 tooth azimuth
gear travel in each direction per day for llXXJ days or approx-
imately 14,000 loaded hours.

A graph of load vs. position (Az. gear tooth number! was
calcul a ted from operating test results on the identical anten-
na mount and adiusted mathematically for the higher ac-
celerations required for this service. The graph was divided
into zones representing acceleration and velocity steps. (See
fig. 9.) Th pinicnloadsare different by th amount of torque
bias required to control backlash.

A separate load spectrum was developed for the gear teeth
because one gear tooth would 'only see Ithe maximum load
every "scan cycle" if the antenna were always trained. in one
direction. ~or this analysis, the antenna is assumed to be

'Fig. 9 - toad spectrum for radar antenna.

trained in random directions, averaging the load over the g ar
teeth. This is accomplished by the large "unload" block in the
gear load spectrum.

In addition to the operating cycle, ill. maintenance cycleIs
included in the load spectrum. The loads are lighter 'than 'the
operating cyde, so i.t does little damage to the gear teeth.

The load hi togram i included in Appendix 4.
Only the output mesh is included in thi .example. Th

through-ha.rdened output pinion had a calculated piuinglife
of less than 10Cl0hours under the predicted loadpectrum, so
the substitution of a carburized pinion was investigated. Th
carburized pinion has a satisfactory projected life, but the
through- hardened azimuth gear limits the expected life of the
drive to 6400 hours.

Significance ,of Peak Load
The damage ratios shown in the examples, (Appendices

1-4) show that peak loads are very damaging, even if they
operate for short 'times. They also show that peak loads are
relatively more damaging to the bending f.atigue lile than to
the pitting fatigue life. For this reason, gear tests thatare ac-
oelerated by increasing the load are likely to accentuate bend-
ing fatigue.

Conclusions
• Miner's rule can be ueces fully applied 10 industrial gear

drives.

'. Peak loads cannot be ignored in gear life calculations
because th y frequently do the most damage even if they
operate for short times,

• Peak loads are much more damaging to Ithe bending fatigu
life than th - pitting faltigue life. For thi reas n, gear tests
that areaccelerated by increasing the Ioad ar likely 10 ar-
centuat bending fatigue.

• [f the operating speed varies, percent time does not equal
percen tcycles.

• The "cubic mean load" applies to ball bearings, but n t to
gears because their S-N curves have diff r nt hapes.

(continued Ot1 PQg 26)
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G,..,American Gearmakers demand maximum production, highest quality, mini-
mum downtime and fast payback from their equipment suppliers, That's exactly what
CIMA~USA delivers ... with global technology and state-of-the-art controls on each and
every gear hobber.

From stand alone units ....to semi-automatics ... to fully automatic bobbers (for FMS
Cells), elM A-USA brings World Class bobbing machine designs tathe gear industry with
operator-friendly, easily maintainable componentry and controls.

Built tough to withstand rigorous gear making conditions, erMA-USA hobbers
employ double ribbed wall meehanite construction for maximum stiffness and re istanee
to torsional and bending stresses. The worktable is composed of casehardened and
tempered steel for maximum durability. AU moving and stationary components are

designed with one thing in mind ... years and
years of optimum performance.

CrMA-USA offers an abundance of
tandard features like: 6 axis operation, full

thermal compensation. air-conditioned cabi-
netry,4 ynchronized software controloption •
and semi-automatic hob changing. With
options for differential feeding. fully autornaric
hob changing. automatic fixture change and a
host of loading configurations, CIMA-USA can
cusrern-build a machine to match your exact
specifications.

Product innovation constitutes the future
at CIMA-USA. To keep Great American
Gearrnakers competitive in II rapidly changing
marketp]ace. ClMA-USA recently introduced
the Model 160, a compact. 6 axis bobber
teaturmg higher table and hob head peed .
New model • soon to be introduced include a
larger diameter hobberand a highly specialized
grinder for cost-effective production of
"ground quality" gearing.

CIMA-USAis proud to serve 'Great
American Gearrnakers with equipment. Lhat
REDUCES CYCLE TIMES, IMPROVES or
MONITORS QUALITY and INCREASES
SHOP PROFITABILlTY. And. we support
equipment with unparalleled spare parts &
service capability .. .if it's ever required.

Ask our sales repre emative for further
details or contact C[MA-USA. Division of
GDPM Inc .. 501 Southlake Blvd., Richmond,
V A 23236. Phone (804) 794-9764.
FAX (804) 794-6187, Telex 6844252.

CIi\>U•.260

CIMA350

Global 'Iechnologywith a U.S. Base
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APPLICATION OF MINER'S
(continued from page 23)

Appendix 1
Data Em Example ] - Wind Turbine

Gear Geometry Data

Pari A - lnput Data Summary

Tooth Number
Net Face Width (In.)
Outside Diameter (In.)
.!l1tE'TIlal Gear 1.0. (In.)
Normal Diametral Pitch
Normal Pressure Angle (Deg.)
Standard Helix Angle (Deg.)
Operating Center Distance (In.)

Gear Geometry Data. For Pnd - 1.0
Addendum Modification Coefficient
Thinning For B cklash Delta (snl), Delta (snz)
Stock Allow. Per Side For Finishing

Tool Geometry Data For Pnd - ].0

Tool Normal Tooth Thickness
Tool Addendum
Tool Tip Radius
Tool Protuberance

Materials/Heat Treatment Data
Modulus of Elasticity (PSI)

Poisson's Ratio
Brinell Hardness
Material (Code)
Material Grade
Heat Treatment (Code)
Induction Hardening Pattern

Load Data
Transmitted Power (HPJ
Pinion Speed (rpm)
Gear Blank Temperature (Deg. F)
Reliability
N umber of Contacts per Revol ution
Reversed Bending?

Derating Factors
Application Factor For Pitting Resistance
Size Factor For Pitting Resistance
Surface Condition Factor
load Dist. Factor For Pitting Resistance
Dynamic Factor For Pitting Resistance

Runtime Options
Option Chosen For Calculating mN
Type of Analysis Chosen
Curve Chosen
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NP.NG ..
Fl, £=2-
do, Do"

Dj-
Pnd ...

PHl(c) -
PS!(s) ...

C-

Xl. X2-

Us]. Us2 -

Icel, tee2-
haol.hao2 ...
r'Iel, rTe2-

Deltatot). Deltatoz) ..

EP,EG -
MU(Pl, MU(G) ...

HBP, HBG-

P-
n[?) -
Tb-
R-

Ca -
Cs -
0-

Cm -
Cv-

Pinion

21.
4.7500
4.3180

5.5000
25.0000

15.0996
11.7700

0.0000
0.0240
0.0086

1.5536
1.3570
0.2670
0.0110

30.000.000'.
0.3000
654

Steel (1)
2

Carburized (4)
N/A

134,.0000

362.0000
200.

0.9900

N

1.0000
1.0000
1.0000
2.6000
0.9000

Accurate
Miner's Rule
tower

Geil1
104.

4.7500
19.9490
0.0000

0.0000
0.0240

0.0086

1.5536
1.3570
0.2670
o.cno

30,000,000.

0.3000
543

Steel (1)

1
Ind'. Hard (3)

A(l}

1
N



Case [dent: Example 1Wind Turbine
Program AGMA218 v.1.068

Analysis Option: Miner's Rule

Pari B - Herman life - Pinion

Example Wind Loads

Load Cycle Hertzlan Cycles To Damage
Ratlo Ratio Stress Failure Rallo
2.15 2.67E.06 295254. 7.810+004 1.35D-003
2.01 3.3E-07 285479. 1.420+005 9.170-005
1.87 .000007 275358. 2.710+005 1.020-003
1.72 .00015 264083 . 5.72D+005 1.040-002.
1.58 .00279 253108. 1.220+006 9.030-002
1.44 .0184 241634. 2.80D+OO6 2.60D-001
1.29 .0653 228703 . 7.470+006 3.460-001
1.15 .1079 215936. 2.080+007 2.050-001
1.01 .1161 202366. 6.64D+007 6.9.20-002

.86 .0944 186735 .. 2.79D+OO8 1.340-00'2

.72 .0978 170861. I.36D+OO9 2.84'0-003

.57 .1146 152-025, 1.100+010 4.130-004

.43 .1402 132042 . 1.36D + 011 4.080-005

.29 .1416 108437 . 4.580+012 1.220-006

.14 .10075 75343 . 3,050+015 1.310-009

1.0000 1.0000

Baseline Hertzian Stress Sc = 2,010+005. Resultant Hertzian Life Nc - 3.960+007 Cycles '. Resultant Herman life Nc - 1.820+003 Hours

ParI C - Bending life - Pi..nlon

Example Wind Loads
toad Cycle Bending Cycles To Damage
Ratio Ratio Stress Failure Ratio
2.15 2.671:-06 138092. 1.390+004 1.13D-003
2.01 3.3E-07 129100. 2.450+004, 7.960-005
1.87 .000007 120108 . 4.490+004 9.210-004
1.72 .00015 110473. 9.050+004, 9.790-003
1.58 .00279 10]481. 1.840+005 8.930-002
1.44 .0184 92489 . 4.020+005 2.700-001
1.29' .06:5.3 82855 . 1.010+006 3.810-001
1.15 .10'79 73863 . 2.650+006 2.400-001
1.01 .1161 64871. 1.060+008 6.49D-003

.86 .0944 55237 . 1.530+010 3.640-005

.72 .0978 46245 . 3.750+012 1.540-007
.57 .1146 36610 . 5.190+015 1.3OD-010
.4.3 .1402 27618 . 3.200+019 2.590-014
.29 .1416 18626 . 6.330+024 1.320-019
.14 .10075 8992 . 3.92D+034 1.520-029

1.0000 1.0000

Baseline Bending Stress SI = 6.420+004.' Resultant Bending Life Nt - 5.900+006 Cycles '. Resultant Bendi.ng Lire Nt - 2.720+002 Hours
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Part D - Hertizan Life - Gear

Example Wind Loads

Load Cycle Hertzian Cycles To Damage
Ratio Ratio Stress Failure Ratio
2.15 2.67~-06 295254. 1.000 + ()()4 1.190-004
2.01 3.3E.Q7 285479. 1.00D+OO4 1.48D-005
1.87 .000007 275358 . 1.000+004 3.130-004
1.72 .00015 264083 . HIOD +004 6.710-003
1.58 .00279 253108 . 1.370+004 9.09D-002
1.44 .0184 241634 . 3.150+004 2.620-001
1.29 .0653 228703 . 8.400+004 3.480-001
1.15 .1079 215936 . 2.340+005 2.060-001
1.01 .1161 202366 . 7.470+005 6.960-002

.86 .0944 186735 . 3.140+006 1.350-002

.72 .0978 170861. 1.53D+OO7 2.850-003

.57 .1146 152025 . 1.230+008 4.150-004

.43 .1402 132042 . 1.530+009 4.100-005

.29 .1416 108437 . 5.150+010 1.230-006

.14 .10075 75343 . 3.43D+013 1.31D-009

1.0000 1.0000

Baseline Hertzian Stress Sc - 2.010+005 '.' Resultant Hertzian Life Nc= 4.470+005 Cycles s Resultant Hertzian Life Nc = 1.020+002 Hours

ParI E - Bending Life - Gear

Example Wind Loads

Load Cycle Bending Cycles To Damage

Ratio Ratio Stress Faihne Ratio
2.15 2.67E-06 116571. 1.420+003 1.030-003
2.01 3.3E-07 108981. 2.490+003 7.250-005

1.87 .000007 101390 . 4.560+003 8.390-004

1.72 .OClOl5 93257 . 9.200+003 8.920-003
1.58 .00279 85666 . 1.880+004 8.14D-002

1.44 .0184 78076 . 4.090+004 2.460-001

1.29 .0653 69943 . 1.030+005 3.470-001

1.15 .lQc79 62352 . 2.700+005 2.190-ooL

1.01 .1161 54761. 8.0ID+005 7.930-002
.86 .0944 46629 . 3.330+006 1.550-002

.72 .0978 39038 . 8.150+008 6.560-005
.57 .1146 30905 . 1.130+012 5.560-008

.43 .14·02 233]4 . 6.950+015 1.100-011

.29 .1416 15724 . 1.380+021 5.630-017

.14 .10075 7591. a.510+mO 6.480-027

1.0000 1.0000

Baseline Bending Siess St = 5.420+004 • Resultant Bending Life·t = 5.470+005 Cycles' Resultant Bending Lif I·~ 1.250+002 Hours

(continued 01'1 page 30)
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APPLICATION Of MINER'S .
(continued from page 28)

Appendix 2
Example 2 Main Hoist

Gear Geometry Data

Put A - Input Data. Summary

TQ(lth Num~r
Net Face Wid'th (In.)

Outside Diameter (In.)

Internal Gear tD. Un.)1Ji =

Normal Diametral Pitch
Normal Pressure Angle (Deg.)

Standard' Helix Angle (Deg.)
Operating Center Distance (In.)

Gear Geometry Data For Pnd ~ 1.0
Addendum Modification Coefficient
Thinning For Backlash Delta (snl), Delta (sn2)
Stock Allow. Per Side For
finishing Usl, Us2 -

Tool: Geometry Data For Pnd = 1.0
Tool Normal Tooth Thickness
Tool Addendum
Tool Tip RadJuJO
Tool Protuberance

Materials/Heal Treatment Data
Modulus of Elasticity (PSI)
Poisson's Ratio
BrineU Hardness
Material (Code)
Material Grade
Heat-Treatment (Code)

Load Data
Transmitted Power (HP)
Pinion Speed (rpm)
Gear Blank Temperature ([)eg. Fl
Retiabili Iy
Number of Contacts per Revolution
Reversed Bending?

Derat i:ng Factors
Application Factor For Pitting Resist.
Size Factor For Pltling Resistance
Surface Condition Factor
Load Dist. Factor For Pitting Resist.
Dynamic Factor For Pitting Resistance

Runnme Options
Option Chosen For Calculating mN
Type of Analysis Chosen
Curve Chosen

30' Gear Teehno:logy

NP.NG -
n,F2-
do,Do -

Pnd -
PHI(c) -
PSI(s) -

C-

xi. Xl-

tcel. tce2 -
haol,hao2 -
r'Tel, rTe2-

Delta(ol). Delta,(02) -

EP,EG-
MU(P), MU(G) -

HBP. HBG-

P-
n(P) -
1b-
R-

Ca-
u-
Cf-

Cm-
Cv -

Pinion
24.
4.1700
7.5880

3.6286
20.0000
12.0000
11.0236

0.5000
0.0240

0.0310

1.5088
1.3000
0.4500
0.0410

30,000,000.
0,3000

654
Steel (1)

2

Carburized (4)

1,354.0000
1.173.0000

180.
0.9900
1
N

1.0000
1.0000
1.0000
1.4OO!l
0.9160

Accurate
Miner's Rule
Lower

Gear
54.

4.1700
15.S6JO
0.0000

-0.3680
0.0240

0.0310

1.5088
1.3000
0.4500
0.0410

30,000,000.
0.3000

654
Steeli (1)

2
Carburized (4)

1
N



Part:O - Hertzian tife - Pinion

Caseldenf: EXample 2 Main Hoist
ProgramAGMA218 v.L 068
Analysis Option: Miners Rule

Main Hoist Loads
Load
Ratio
1

.7647

.5242

.2186

Cycle
Ratio
.0831
.1087
..2114
.5968

Hertzian
Stress

173902.
152072.
125908 .
91790.

CydesTo
Failure

9.950+008
1.090+010
3.18D+011
8.980+013

Damage
Ratio

·6.870-001
1.060-001
7.060-003
7.060-005

1.0000 1 ..0000

Baseline Hertzian Stress Sc - 1.740+005. Resultant Hertzian We Nc - 1.060+010 Cycles. Resultant Hertzian We Nc .. 1.510+005 Hours

Pari C - Bending We - Pinion

Main Hoist Loads

Load
Ratio
1

.7647
.5242
.2786

Cycle
Ratio
.0831
.1087
.2114
.5968

Bending
Stress
44495 .
34026 .
23325 .
12396.

CydesTo
Failure

1.240+013
5.010+016
5.9BO+021
1.890+030

Oamas
Ratio

1.000+000
3.230-~
5.260-009
1I.71D-017

1.0000 1.0000

Baseline Bending Stress SI "" 4.450+004.' Resultant Bending Life Nt = 1.490+014 Cycles '.' Resultanf Bending Life Nt - 2.120+009 Hours

Part D - Hertizan Life - 'GeM

Main Hoist Loads

Load
Ratio
1
.7647
.5242
.2786

Cycle
Ratio
.0831
.1087
•2114
.5968

Hertzian
Stress

173902.
152072.
125908 .
91790.

(:vd To
Failure

9.950+008
1.09D+010
J.18D+011
8.980+013

Damage
Ratio

8.870-001
1.060-001
7.060-003
7.06D-OOS

1.0000 1.0000

Baseline Hertzian Stress Sc ... 1.74D+OO5'. ResuJtant Hertzian We Nc - 1.06D+OI0 Cycles '. Resultant Hertzian life Nc .. 3.39D+ 005 Hours

Pa:.rt I - Bending Life - Gear

.7647

.5l42
.2786

Cyde
Ratio
.0831
.1087
.2114
.5968

Main Hoist Loads
Bending

Stress

55431 .
42388.
29057 .
15443.

Cycles To
Failure

1.370+010
5.560+013
6.640+016,
2.10D+027

Damage
Ratio

l.ooD +000
3.230-004
5. 26D - 0ClJ9
4.71D-017

Load
Ratio

1

1.0000 1.0000
Baseline Bending Stess St - 5.54D+004· Resultant BendLng Life Nt = 1.650+011 Cycles. Resultant Bending Life Nt = 5.280+006 Hours
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Tooth Number
Net Face Width (In.l
Outside Diamet r (ln.)

lntemalGear LD. (ln.)

Normal Diametral Pitch
Normal Pressure Angle (Deg.)

Standard Helix A:ngle [Deg.)
Operating Center Distance (In.I

Appendix 3
wmple 3 Positioner

Part A - Input Data Summary

Gear Geometry Data

Gear Geom try Data For Pnd - 1.0
Addendum Modific tion Coefficient
Thinning For Backla h Delta (sn'l), Delta (m2]

Stock Allow. Per Side Fo.r Finishing Us], Us2 -

Tool Nonnal Tooth Thickness
Tool Addendum
Tool Tip ,Radius
ToolProtubem:nor

Modulus of E1a licity (PSn
Poisson's Ratio
Brinell Hardness
Material (Cod )
Matertal Grade
Heat-Treatment ~Codel

Transmitted Pow r (HPJ
Pinion Speed (rpm)

Gear Blank Temperature (Deg. F)
Reliability
Number of Contact per Revolution
Reversed Bending]

Application Factor For Pitting Resist.
Size Factor For Pitting Resistance
Surface Condition F ctor
Load Dist. Factor For Pitting Resist.
Dynamic Fador For Pitting Resistance

Option Chosen fief Calculating mN
Type of Ana.lys.is Chosen
Curve Chosen

Tool Geometry Data For Pnd - 1.0

Materials/Heat Treatment Data

Lead Data

Derating Factors

Runtime Options.

0.0500 0..0546
0.0240 0.0240
0.0000 0.0000

1.5708 1.5708
1.3500 1.3S00
0 ..3500 O.l5OO
0'.0000 0.0000

p-
nIP) -
Tb-
R-

ca -
Cs-
Cf-

Cm -
Cv -

Pinion Gear
NP,NG- 22. 104.
n. FZ- 10.0000 10.0000
do,Do- 6.8541 30.2479

Di- 0.0000
Pnd- 1.6286

PHI(c) - 20.0000
.1'51(5) - 14.9619

c- 18.0000

30,000 ..000.
0.3000
352

Steel (l)

1
Thru Hard (1)

Xl, X2-

tce'l, teeZ -
haol,hao2 -
rTel. rTel:-

Deh.a(oll. Delta(oZ) -

EP,EG -
MU(P), MU(GI -

HBP,HBG-

30,000,000.
O.3C()()
331

SteelOl
1

Thru H..rd (I)

960.0000
780.0000
180.

0.9900
1
N

1
N

1.0000
1.0000
1.0000
1.6000
0.8200

Accurate
Miner's Rule
lower
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Part B, - Hertzian Life - Pinion

Case Ident: Example 3 - Positioner
Program kGMA218 v, 1.06A
Analysis Option: Miner's Rule

Load
Ratio

.27

.53

.8
1.07
1.33

Cycle
Ratio
.641
.2
.059
.074
.026

Car Puller 2000 Amps
Hertzian

Stress
68343 .

95752 .
117640 .
136051 .
151683 .

Cycles To
Failure

4.190+012
1.02D+OI0
2.570+008
1.920+007
2.75D+OO6

Damage
Ratio

1.130-005
1.450-003
1.690-002
2.SSD-OCn
6.970-001

1.0000 1.0000

Part C - Bending Life - Pinion

Baseline Hertzian Stress Sc ~ 1.320+005. Resultant Hertzian Life Nc - 7.370+007Cydes. Resultant Hertzian Life Nc = 1.580+003 Hours

Car Puller 2000 Amps

Load
Ratio

.27

.53

.8
1.07
1.33

Cycle
Ratio
.641
.2
.059
.074
.026

Bending
Stress
8489 .

16664 .
25153 .
33642 .
41816.

CydesTo
Failure

5.41D+027
4.620+018
1.350+013
1.650+009
2.710+006

Damage
Ratio

1.230-020
4.49D-012
4.S6[)-OO7
4.04,D-003
9.950-001

1.0000 1.0000

Part 0 - Hertizan Life - Gear

Baseline Bending Stress St = 3.140+004. Resultant Bending Life Nt - 1.040+008 Cycles s Resultant Bending Life Nt = 2.220+003 HouTS

Car Puller 2000 Amps

Load
Ratio

.27

.53

.8
1.07
1.33

Cycle
Ratio
.641
..2
.059
.074
.026

Hertzian
Stress
6834.3.
95752 .

11704,0 .
136051 .
151683.

Cycles To
Failure

1.720+012
4.170+009
1.06D+OO8
7.870+006
1.130+006

Damage
Ratio

1.13D-005
1.450-003
1.690-002
2.850-001
6.970-001

1.0000 1.0000

Baseline Hertzlan Stress Sc = 1.32D+005. Resultant Hertzian Life Nc - 3.020+007 Cycles - Resultant Hertzlan Life Nc = 3.050+003 Hours

Part [ - :Bending Life - Gear

Load
Ratio

.27

.53

.8
1.07
1.33

Cycle
Ratio
.641
.2
.059
.074
,026

Car Puller 2000 Amps
Bending
Stress
7396 .
14518.
21913,
29309 .
36431.

Cycles To
Failure

1.351)+029
1.15D+020
3.350+014
4.120+010
4,900+00?'

Damage
Ratio

8.940-021
3.260-012
3.310-007
3.370-003
9.97D-CXn

1.0000 1.0000

Baseline Bending Stess St = 2.740+004· Resultant Bending Life Nt = 1.880+009 Cycles. Resultant Bending Life Nt = 1 ,90D +005 Hours,
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Appendix 'I
Example 1\ Antenna Azimuth

Part A - Input Data Summary

'Gear Geometry Data
Tooth Number
Net Face Width (ln.)
Outside Diameter (In.)
Internal Gear LD. (ln.)

annal Diametral Pitch
Normal Pressure Angle ({)eg. )

Standard Helix Angle (Deg.)
Operating Center Distance (ln.)

Pinion Cear
NP,NG = 17. 192,

Fl, F2 - 4"t5880 4.6880
do.Do ~ 6.3cJ.3O 64.6660

Di - 0.0000

Pnd - 3,0000
PHI (c) - 25.0000
PSl(sl - 0.0000

C- 34.8330

Gear Geometry Data. For Pnd = 1.0
Addendum Modification Coefficient
Thinning For Backlash. Delta (STIll. Delta (snl)
Stock Allow. Per Side For Finishjng Usl, Us2

)(1. Xl -

Tool Geometry Data for Pnd - 1.0
Tool Normal Tooth Thickness
Tool Addendum
Tool Tip Radiu
Tool Protuberance

tcel , tce:!. -
hao'l.haoz -
rTeLrTel-

Delta(o]), Delta(02l -

Materials/Heat Treatment Data
Modulus of Elasticity (PSI)
Poisson's Ratio
Brinel] Hardness
Material (Code)
Material Grade
Heat-Treatment (Code)

EP,EG -
MUW), MU(G) -

HBP, HOC-

Load Data
Transmitted Power (HPJ
Pinion Speed (rpm)

Gear Blank Temperature ([)eg. Fl
Rei lability
Number of Contacts per Revolution
Reversed Bending7
Spur Gear loadiflg Type

p-
n(P)-
Tb

.R-

Derating Factors
Application Factor For Pitting Resist.
Size Factor For Pilling Resistance
Surface Condition Factor
Load Dist. Factor For Pitting Resist.
Dynamic Factor For Pitting Resistance

Ca -
Cs -
Cf-

em -
Cv -,

Runtime Options
Type of Analysis Chosen
Curve Chosen

O.OOCO O.OC'OO
0.0120 0.0120
0.0000 0.0000

1.5708 1.5708
1.l5OO 1.3500

0.3500 0.3:500
O,OOCO 0.0000

30,000,000.
0.3000

341
Steel (1)

30,000,000.
0.3000

285
Steel (II

Tnru Hard (11 Thru Hard (II

39.7900

56.4700
180.

0.9900
1

N
HPSTC (l)

2
N

1.0C'00
1.0000
1.1XXXl
2.0000
0.9260

Miner's Rule
Lower

(continued 01':1 page 47)
January !IFebruary 1990 35



APPUCATmON OF MINER'S ..
(continued from page 35)

PartS - Hertzian life - Pinion

Case Ident: Example 4 - Antenna Azimuth
Program AGMf\21B v . l.{16A
Analysis Option: Miner's Rule

Antenna A2 Box
Load Cycle Hertzian CydesTo Damage
Ratio Ratio Stress Failure Ratio
.0001 0 2220. 9.96.0+038 0.00.0+000
.4282 .0199 145274 . 3.750+006 1.740-002
.4593 .0199 150457 . 2.000+006 3.25D-002
.4904 .0398 155467 . 1.12D+OO6 1.170-001
.5502 .0796 164673 . 4.00.0+005 6.520-001
.1459 .2389 84799 . 5.610+010 1.39.0-005
.0861 .CXXJ2 65143 . 6.22.0+012 1.050-010
.4498 .0796 148893 . 2.420+006 1.080-001
.3947 .0398 139475. 7.760+006 1.680-002
.3684 .0199 134746. 1.440+007 4.540-003
.3421 .0199 129849 . 2.780+007 2.340-003
.4282 .0158 145274 . 3.750+006 1.380-002
.4593 .0158 150457 . 2.000+006 2.560-002
.0861 .3793 65143 . 6.220+012 2.000-007
.3947 .0158 139475 . 7.760+006 6.670-003
.3681 .0158 134693. 1.450+007 3.560-003

1.00J0 1.0000

Baseline Hertzian Stress Sc = 2.220+005· Resultant Hertzian Life Nc = 3.27D+OO6 Cycles s Resultant Hertzian Life Nc = 9.66D+002 Hours

Part C - Bending life - Pinion

Antenna AZ Box
Load Cycle Bending Cycles To Damage
Ratio Ratio Stress Failure Ratio
.0001 0 5. 3.60D+126 0.000+000
.4282 .0199 22964 . 1.320+014 1.050-004
.4593 .01.99 24632. 1.510+013 9.170-004
.4904 .0398 26299 . 1.980+012 1.390-002
.SSOZ .rJ796 29506. 5.630+010 9.820-001
.1459 .2389 7824. 3.960+028 4.190-018
.0861 .00D2 4617 . 4.890+035 2.84.0-028
.4498 .0796 24122 . 2.88.0+013 1.920-000
.394.7 .0398 21167 . 1.650+015 1.680-005
.3684 .0199 19757 . 1.390+016 9.93.0-007
.3421 .0199 18346 . 1.38D+017 1.00.0-007
.4282 .0158 22964 . 1.320+014 8.30.0 -005
.4593 .0158 24632. 1.510+013 7.28.0-004
.0861 .3793 4617 . 4.89D+035 5.390-025
.3947 .0158 21167 . 1.650+015 6.670-006
.3681 .0158 19741 . 1.43D+016 7.69D-007

l.OOCO 1.0000

Baseline Bending Stress SI = 5.360+004. Resultant Bending We Nt = 6.95D+011 Cycles s Resultant Bending Life Nt = 2.050+008 Hours

(continued orl page 48)
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APPLICATION Of MWNER'5
(continued from page 47)

Part D - Hertizan life - Gear

Antelmil AZ Gear

Load Cycle Hertzian Cycles To Damage

Ratio Ratio Stress Failure Ratio

.oooi .7083 2220 . 7.780+037 7.970'-033

.4282 .0058 145274 . 2.920+005 1.740'-002

.4593 .0058 150457 . 1.560+005 3.250'-002

.4904 .0116 155467. 8.700+004 1.170'-001

.5502 .0232 164673. 3.110+004 6.520-001

.1459 .0697 84799 . 4.370+009 1.400-005

.0861 .0002 65143 . 4.850+011 3.610'-010

.4498 .0232 14.8893. 1.880+005 1.080'-001

.3947 .0116 139475 . 6.040+005 1.680-002

.3684 .0058 134748 . 1.120+006 4.540-003

.3421 .0058 129849 . 2.170+006 2.340'-003

.4282 .0046 145274. 2.920+005 1.380-002

.4593 .0046 150457 . 1.560'+005 2.580-002

.0861 .1106 65143 . 4.850'+011 2.000'-007

.3947 .0046 139475 . 6.040'+005 6.660'-003

.3681 .0046 134693 . 1.130'+006 3.570-003

1.0000 1.0000

Baseline Hertzian Stress Sc = 2.220+005 • Resultant Hertzian Life Nc = 8.750'+005 Cycles. Resultant Hertzian Life Nc = 1.460'+003 Hours

Part E - Bending We - Gear

Antenna AZ Gear
Load Cycle Bending Cycles To Damage
Ratio Ratio Stress Failure Ratio
.0001 .7083 4 . 1.590+129 4.690-115
.4282 ..0058 16916 . 5.84D+016 1.050-004
.4593 .0058 18145 . 6.670+015 9.170-004

.4904 .0116 19374 . 8.770'+014 1.390'-002

.5502 .0232 21736 . 20490'+013 9.820-001

.1459 .0697 5764. 1.750+031 4.2.{)0-018

.0861 .0002 3401 . 2.160+038 9.750-028

.4498 .0232 17770 . 1.270+016 1.920-003

.3947 ,0116 15593. 7.280+017 1.680'-005

.3684 .0058 14554. 6.150+018 9.930'-007

.3421 .0058 13515 . 6.090+019 1.000'-007

.4282 .0046 16916. 5.840+016 8.290'-005

.4593 .0046 18145 . 6.670+015 7.270-004

.0861 .1106 3401 . 2.160'+038 5.39D-025

.3947 .0046 15593 . 7.280+017 6.66D-006
368] .0046 14542. 6.310+018 7.68D-007

1.0000 1.0000

Baseline Bending Siess SI = 3.950'+004 • Resultant Bending Life Nt = 1.050'+015 Cycles. Resultant Bending Life Nt = 1.760+012 Hours
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