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Abstract

The Integral Temperature Method for the evaluation of the scoring
load capacity of gears is described. All necessary equations for the
practical application are presented. The limit scoring temperature for
any oil can be obtained from a gear scoring test, For the FZG-Test
A/8.3/90 acc. DIN 51 354 and the Ryder Gear Test acc. FTM STD
Nr. 791, graphs for the direct evaluation of the scoring temperature as
a function of oil viscosity and test scoring load are given.

The method is compared with the Total Contact Temperature
Criterion acc. Blok (1)—the alternate procedure to the Integral
Temperature Method as standardized in 1SO DP 6336 part [V—and
the Scoring Index Method acc. Dudley (2). Comparative calculations
for practical gears with and without scoring damages showed good
correlation with experience for the Integral Temperature Criterion.

Introduction

In different fields of application, the load carrying
capacity of gears is limited by scoring damage.

In highly loaded, case carburized turbine gears, the
normally used mineral oils with rust and oxidation
inhibitors do not always give sufficient scoring protec-
tion. On the other hand, the necessary EP-additives
adversely affect the anti-oxidation, anti-foam, etc. prop-
erties, so that the life of the oil may be reduced.

In the case of carburized marine gears with diesel
engine drives, motor oils are frequently also used for the
gears. These oils do not always provide sufficient scor-
ing load capacity.

Also, in some types of locomotive drives, the same
lubricant is used for the hydraulic torque converter and
the gears. For high efficiency of the hydraulics, low
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Fig. 1—Scoring Damage of Tooth Flank

viscosity oils have to be used. Because of then reduced
film thickness between the gear flanks, EP-additives
have to compensate for viscosity.

In these cases, a reliable scoring load calculation could
help to define the necessity of EP-additives and their
percentage. :

The type of damage occuring in the range of medium
to high speed gears is the so called “warm” scoring (Fig.
1), which is covered by this paper. “Cold” scoring,
which can be observed in the area of low speed, low
quality, through hardened gears of low hardness, has to
be handled with some different method.

Integral Temperature Method
Principle

Derived from hundreds of tests with different gear
oils, different gear geometries, materials, operating
speeds, temperatures, etc. in back-to-back gear test rigs
of center distances a = 91.5; 140 and 200 mm, a mean
surface temperature on the engaging flanks has been
established as a governing criterion of the scoring dam-
age.

For an assumed load distribution along the path of
contact as shown in Fig. 2, the flash temperature distri-
bution acc. Blok (1) can be calculated. The sum of the
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Fig. 2—Load and Temperature Distribution acc. Blok (schematic)

mean flash temperature (multiplied by a weight factor)
and the gear bulk temperature is defined as the integral
temperature. The weight factor accounts for the certain-
ly differing influences of the real bulk temperature and
the mathematically established mean flash temperature
on the scoring damage (3).

The integral temperature of a practical gear must not
exceed a critical value which is independent of the
operating conditions and constant for a given material-
lubricant combination. This limiting value, the scoring
temperature, can be calculated according to the same set
of equations introducing the parameters of any gear
scoring test of the oil under consideration. If both, the
actual gear and the test gear, differ in material or heat
treatment, empirical correction factors have to be intro-
duced.

Integral Temperature Rating
The integral temperature is calculated in the trans-
verse section of the gear pair.

) = By + G+ Vi (1)

+) For symbols and units see table 1.

++) For gears with internal power distribution (e.g.
planetary gears) a non uniform load distribution has
to be considered. In these cases F, K, has to be

replaced by F, K, K,.

«+» ) The evaluation of a load quotient can be approxi-
mated by

= Wima _ Osiw — O
S Wit O — D

The weight factor, as described above, has been
determined from test results C; = 1.5.

The mean flash temperature, 9, can be approxi-
mated by the determination of the flash temperature at
the tip of the pinion, 9, g, for a contact ratio, €, = 1.0 (no
load sharing) and the contact ratio factor X, (see Fig. 2).

Vi = Ve Xo (2)

The nominal flash temperature, 9y, g, at the pinion tip
is calculated acc. Blok (1)

3)
(E-K,\-Ku-l(...-l(;)‘-v“
b Y

lal* « Xq * Xe

.

One = po * Xm * Xog * Xog

The scoring temperature is evaluated using the same
equations for the conditions of a gear oil test

Osiw = Ovr + G+ X1 * Dttt (4)

The safety factor against scoring damage is defined as
a temperature quotient

Ss = Bsim / Din S s

From recalculation of practical gears, safety factors,
less than unity, refer to a high risk of scoring, while
safety factors over 2.0 indicate a low scoring risk. Gears
with calculated safety factors between 1.0 and 2.0 are of
a borderline type. They can be operated without scoring
damage when a good load distribution across the face
width, smoothed, run-in surfaces, etc. are obtained. In
cases where, e.g., new manufactured flanks without a
run-in process are operated under nominal load, scor-
ing can occur.

Influence Factors
The coefficient of friction, us, is calculated as a mean
value along the path of contact. It can be approximated
by introducing the parameters of the pitch point

Eﬂ-'Q' -_IS!;-Ka 02. - .
m=amﬂ ¢f§ : ] 70" - Xa
(6)

= P+ (Kap + Kao)™ with p, = 0.2

Fi/b = 150 N/mm is introduced for F,/b = 150 N/mm.

Eq. (6) for the evaluation of the coefficient of friction
has only been introduced in the DIN standard, not yet
in the ISO document. Recent investigations showed a
good correlation of u, with practical experience and
measurements of gear power loss and efficiency (Fig. 3)
so that Eq. (6) can also be used for the determination of
absolute frictional losses in gears (4).
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The overload factors K,, Kgs and Kg, can be deter-
mined acc. ISO DP 6336 Part 1 for surface durability Ky
and Ka.

The rolling speed on the pitch circle is

Vie = 2 - v - sinoty, (7)

For the speed range v below, 1 m/s and above 50 m/s
the evaluation of ug becomes uncertain and is no longer
based on experimental data. In this range us is assumed
to be constant, withv =1.0m/s forv< 1.0m/sand v =
50 m/s for v > 50 m/s to be introduced into Eq. (7). The
radius of curvature in the normal section is

tan=, u ®8)

pcn = 0.5 cosP, u+1
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Fig. 3—Comparison of Calculated Coefficient of Friction and Test

Results

a centre distance mm
b facewidth mm
c mesh stiffness N/(gm mm)
¢! single stiffness N/(zm mm)
C,  amount of tip relief pm
Cl.! constants -
d reference diameter mm
d,  base diameter mm
dy, effective tip diameter mm
E Young's modulus N/mm?
F, tangential force, reference circle N
F,  tangential force, base circle N
K.  application factor -

Ks. transverse load distribution factor -
Kss  logitudinal load distribution factor -
Kp, helical load distribution factor -
K, load distribution factor for more

than one mesh -
m module mm
R,  arithmetic average roughness (CLA) pm
Sy safety factor, flash temperature -
Ss  safety factor, integral temperature -

T,  pinion torque N m
u gear ratio f,/f, = 1 -
v linear speed at reference circle m/s
vy  rolling speed m/s

w,  specific load including overload N/mm
Xpe  geometrical factor, pinion tip -
Xca  tip relief factor -
Xu  thermal flash factor K N*s"m™*mm
Xg  rotation factor -
Xz roughness factor -
Xs lubrication factor e
Xw  welding factor -
X angle factor -
X.  contact ratio factor =
z number of teeth -

Table 1: Symbols, Terms, and Units

a pressure angle

B base helix angle

€ addendum contact ratio of pinion
& addendum contact ratio of wheel
€, transverse contact ratio

€ total contact ratio

¥  instantaneous contact temperature
s  flash temperature

Jue flash temperature, pinion tip

Y im mean flash temperature

¥  integral temperature

vy  bulk temperature

94  oil temperature

s Scoring temperature

ns  dynamic oil vicosity at 9,

us  coefficient of friction, scoring

un  mean coefficient of friction

v Poisson’s ratio

vy  kinematic viscosity at 40 °C
p radius of curvature
Suffixes

b base circle

C pitch point

eff effective values
E pinion tip
max maximum

n normal section

t transverse section
T test gear

w  working

1 pinion

2 wheel

Ill%fgﬁﬁ(‘gﬂ'ﬂxﬁtlll B

53
3@
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The roughness factor accounts for surface roughness

Xz = 3.8 (R/dy)® (&)

with R, = 0.5 : (R;; + Ra) (10)

In Eq. (10) the CLA-values of the new manufactured
flank have to be introduced. An amount of normal
run-in is included in Eq. (9).

The thermal flash factor Xy, depends on the elastic and
thermal properties of the gear materials. For gears made
out of steel, mean values of conductivity Ay = 50
N/(s.K); density p = 7.85 kg/dm’, specific heat capacity
cm = 485 N m/(kg.K); E = 206,000 N/mm?, and v = 0.3
can be introduced

Xu=50K-N*-s* - m"* . mm (11)

For non steel materials for pinion and/or gear see ISO
DP 6336, Part IV.

The geometrical factor Xp: takes account for the
Hertzian stress and the contact time at the pinion
tip E.

1Z Vper — Vpezlu

Xue = 0.5y u + 1)~ 2088 (12)
with pg = 0.5 - Vdia — dy; (13)
and pgz = a - sinx,, — pg (14)

in the transverse section. Egs. (12, 13, 14) are valid for
internal and external cylindrical gears.

The angle factor X,; accounts for the recalculation of
the acting normal load to the circumferential load at the
pitch cylinder.

X = 1.22 sin®x,, - cos"f, (15)

cos™“=x, - cos’x,,

For approximate calculations and a pressure angle
a = 20°, X,; can be set unity.

The helical load distribution factor, Ks,, accounts for
the empirical decrease of scoring load capacity for
increasing total contact ratio.

Ks, = 1.0 for e,s20
Ke, =1+ 0.2 Ve, - 2)(5 - e,)for2 <e, <35 (16)
Ks, =13 for  &,=35

The rotation factor, Xq, considers the effect of a simulta-
neous load impact and high sliding at the beginning of

the mesh. For gears with normal addendum modifica-
tion

Xo = 1.0 for 1/1.5 < gy/e; < 1.5 (17a)

\ 2
with 8, = '—%;ﬂ \/(%’i‘f) -1 - tan=,, (18)

In the case where the approach path of contact of the
driving partner exceeds 1.5 times the recess path, X is
set 0.6.

Xq = 0.6 for driving pinion and & = 1.5¢ (a7b)
Xq = 0.6 for driving wheel and ¢ = 1.5¢

In all other cases Xg = 1.0.

The tip relief factor Xc, accounts for the benefit of a
profile modification in the area of high sliding (Fig. 4)
acc. Lechner(5). Tip relief is only effective up to the
amount where it compensates tooth deflection under
load

Xo=1+155-10% épi - C, (19)

with €., as the maximum value of € or & acc.
Eq. (18)

= &

Epa = Max {s;} (20)
The effective tip relief C, .4 can be approximated by
C, = Fy - KJ/(b « ¢) for spur gears

C,t = Fi - Ki/(b - ¢,) for helical gears

with the stiffness values ¢’ resp. ¢, acc. to ISO DP 6336
part L

(21)
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Fig. 4—Influence of Tip Relief
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A profile modification increases scoring load capacity
only when it is applied to the area of highest risk. In
gears with normal addendum modification, the ap-
proach path with the load impact of the ingoing mesh is
more dangerous. For extreme addendum modification,
a tip relief has to be applied to the recess path.

For driving pinion:

C, = min {g‘l} fore; > 1.5 &
c':“ 22
C, = min {C"} fore; =15 g
aeff
For driving gear:
C, = min {g.z] fore; > 1.5 - g
C"" (22b)
C, = min {C"} fore; <15 g
aeff

The contact ratio factor, X,, recalculates a mean flash
temperature along the path of contact from the maxi-
mum temperature, ¥, g at the pinion tip for €, = 1.0.
The equations are valid for a load distribution acc. (Fig.
5) and an approximately linear increase of the flash
temperature towards the tooth tip and tooth root

(Fig. 2).

For g, < 1.0:

= 2 2
X, = a6 (e + &) (23a)
Forl =g, <2.O (23b)

g and e; < 1.0

1
2e, 8

X, =

[0.7(812 o 322) > 022 R -9 +
0.52 - 0.6¢, - Bz]

E10r g = 1.0

1
2s, + &8

xc - I(O-IBE!.ZP . (0-732.1)1 0 i 0.828]'2 e

0.5282_1 == 0.38183]

with the first index for ¢ = 1.0 and the second index for
€ = 1.0.
(23¢)

For 2.0
X, =

;l.= g, < 3.0 and g, and &; less than 2.0
[(0.44€,:)* + (0.59€21)* + 0.3e), — U.3B2,I1

28, g

0.15¢, - &)

with the first index for € > e and the second index for e
-~ &,
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Fig. 5—Approximated Load Distribution as a Function of Contact
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The gear bulk temperature, fy, is the temperature of
the tooth surface before the mesh. It can be measured or
calculated according to thermal network theory(6) or
finite element methods.

An approximation is given by

aM = (’3oil + c]ﬁﬂllnl) . xS (24)

where C; = 0.7 has been determined as a mean value
from test results. For gears with more than one engage-
ment on their circumference, higher bulk temperatures
than calculated may occur.

The lubrication factor Xs accounts for the better heat
transfer in splash lubricated gears compared with jet
lubricated. From experience it can be assumed
Xs = 1.0 for splash lubrication and 25)
Xs = 1.2 for jet lubrication

The choice of the lubrication system, of course, has to
be made due to other considerations, e.g., pitch line
velocity.

Xw = 0.45 for austenitic steel (stainless steel)

Xw = 0.85 for steel with content of austenite more than
average

Xw = 1.00 for steel with normal content of austenite

Xw = 1.15 for steel with content of austenite less than
average

Xw = 1.50 for bath and gas nitrided steel
Xw = 1.50 for copper plated steel
Xw = 1.25 for phosphated steel

Xw = 1.00 for all other cases (e.g. through hardened
steel)

Table 2—Estimation of Material Factor Xy



Scoring Temperature Evaluation

The scoring temperature, ¥ ., can be determined
according to the same set of equations (2) through (25)
introducing the actual parameters of a gear oil test run
with the oil under consideration. For differences be-
tween the materials or heat treatments of the test and
actual gears, a relative correction factor has to be intro-
duced.

Osim = Ovr + G+ Xweei 7 * Oaion 7 (26)

with Xwer = Xw / Xwr (27)

Empirical data on the influence of the material resp.
heat treatment are summarized in the welding factor Xy
acc. table 2.

From our experience, only scoring tests on test gears
can be correlated with the scoring performance in practi-
cal gears. Comparative tests with different gear oils, as
well as milk and beer, have been made by Vogelpohl(7)
and Wirtz(8). Different test principles are shown in Fig.
6. From the results as shown in Fig. 7, it is evident that
frequently used test methods as Four Ball Test and
Timken Test, do not correlate with the scoring proper-
ties in gears. Therefore, only data from oil tests on gears
can be introduced into the evaluation of the scoring
temperature.
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Fig. 6—Gear Oil Test Machines, Principles

An often used method is the FZG-Test A/8.3/90 as
standardized in DIN 51 354 (see also AGMA 250.04).
From the pinion scoring torque, Ty, or the damage load
stage, Sy and ¥ 1, can be taken from Fig. 8 for
introduction into Eq. (26).

For computer calculations, the curves can be approxi-
mated by

O =80+ 023 - Ty (28)
o
Vtamr = 0.2« Tyy - (‘l’g) (29)
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Fig. 7—Evaluation of Scoring Load in Different Test Rigs

The welding factor Xyr = 1.0 for the FZG-Test.
Starting from a Ryder Gear Test acc. FTM STD Nr.
791, and introducing the constant parameters of gear
geometry and of operating conditions to the Egs. (2)
through (25), Fig. 9 is obtained.
The curves can be approximated by

Saer = 90 + 0.0125 (Fu/b) (30)

\ G
B = 0.015(Fub)r - (12) (31)
with the Ryder scoring load (F,/b); to be introduced in

Egs. (30, 31) in ppi and the welding factor
XW'[= 1.0.
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Fig. 9—Scoring Temperature 8, for Ryder-Gear-Test

Thus, test results of different test methods can be
used as basic “strength” values. One of the major
differences between FZG-Test and Ryder Gear Test is the
pitch line velocity.

For high speed application, Ryder results obtained at
v = 46 m/s and for low to medium speed application,
FZG results at 8.3 m/s are somewhat closer to practical
gear conditions and would be preferred, if available.

Comparison with Other Methods

General

An often used method for the evaluation of the risk of
scoring damage is the Total Contact Temperature Criteri-
on acc. Blok(l). The method predicts scoring when a
maximum, local, instantaneous contact temperature,
8 mar, €Xceeds a critical value, 9. The contact tempera-
ture distribution along the flank is given by the sum of
the constant bulk temperature and the local flash temp-
erature (Fig. 10). The critical value is only dependent on
the oil-material combination and independent of geom-
etry and operating conditions. It can be expressed as a
function of oil viscosity (Fig. 11). The total contact
temperature method is also standardized in ISO DP
6336, and should be applied in parallel whenever possi-
ble. After some time of practical experience with both
methods, it should be decided which one can be
dropped.

The Scoring Index Method acc. Dudley(2) is derived
from the Total Contact Temperature Criterion. It uses
only the flash temperature part in a simplified way.
Therefore, our objections against the Total Contact
Temperature Criterion are also valid for the Scoring
Index Method, at least to the same degree. Table 3
compares the field of application of the Total Contact
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Fig. 11—Critical Contact Temperature for Flash Temperature Method

Temperature Criterion to that of the Integral Tempera-
ture Method.

In addition to the difficulties in the evaluation of local
and instantaneous parameters of load—think of dynam-
ic load distribution along the path of contact (Fig.
12)—coefficient of friction, radius of curvature under
load, etc. Quite a few test results indicate that a single

TOTAL CONTACT INTEGRAL

TEMPERATURE TEMPERATURE
{ SCORING INDEX)
Criterion maximum, local, instant - mean, weighted flank
aneous contact temperature | temperature
| ilied fasn urel
Field of straight mwneral oils straight , mild and EP
Application mineral ois, synthetic
oils
Critical Value dependent on vi y mruuwm'hl!
leg FZG or Ryder test)

Table 3—Comparison of Total Contact Temperature and Integral
Temperature Criterion
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Fig. 12—Dynamic Load Distribution along the Tooth Flank acc. Rettig

temperature flash is not sufficient for a scoring cata-
strophy. Fig. 13 shows a tooth flank with incipient
scoring of nearly the same severity, within an area of
calculated contact temperatures between 320°C and
700°C. Deeper and more severe scoring and seizure
would have been expected in the area of the tooth tip.
This indicates the validity of a mean surface tempera-
ture as a critical energy level more than a temperature
flash.

Another problem arises when tip relief is applied to
gears with their critical temperature in the second point
of single tooth contact (Fig. 14). In these cases, the
calculated maximum contact temperature is not influ-
enced by the tip relief while a strong increase in scoring
load capacity can be observed in the test(9).

A series of tests of Ishikawa(9) were evaluated with
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Fig. 13—Initial Scoring Damage
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Fig. 15—Influence of Tip Relief on Integral Temperature

the Integral Temperature Method. They showed both
steadily decreasing bulk and integral temperature, with
increasing tip relief at constant load and a constant
scoring temperature introducing the measured scoring
loads (Fig. 15).
Examples

The validity of the Integral Temperature Method has
been checked, with test results on different back-to-back
test rigs, with center distances a = 91.5, 140 and 200
mm, with different gear geometries, different oils—
straight mineral oils, compounded and EP-oils, synthet-
ic oils of different viscosities—and different pitch line
velocities up to v = 50 m/s. Fig. 16 shows the results of
the calculations. For best correlation, the calculated
safety factor for scoring conditions should be unity. The
scattering is between about 1.0 and 1.4, which indicates
a good correlation between test results and calculations,
having in mind that the overload factors for the calcula-
tions have been set unity. For realistic overload factors,
the calculated safety factor would somewhat decrease.
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Fig. 17—Comparison of Scoring Load Capacity Rating for a Condenser
Gear Drive Without Damage

But these were only test gears with scoring damages.
It still remained open if the results are comparable with
practical gears of bigger dimensions, higher speeds etc.
And also if gears without scoring problems would arrive
at calculated safety factors significantly higher than 1.0.
Imagine that it is fairly easy to arrive at a value of 1.0,
only extract often enough the square root of any figure
and you will arrive at unity.

Therefore, we collected data from all kinds of practical
gears with and without scoring damages. An example is
shown in Fig. 17 for a condenser gear drive without
scoring damages in service. The Total Contact Tempera-
ture Method calculates a safety factor of 0.4, the Integral
Temperature Method of 1.5. A change of the unrealistic
bulk temperature value, dy = 239 °C of the Total Contact
Temperature Method to 9y = 90 °C of the Integral
Temperature, doesn’t make it any better. The safety
factor, Sg = 0.5, remains still far below 1.0, indicating a
high scoring risk.

30 GearTechnology

Similar experiences resulted when calculated safety
factors of a variety of typical gears, out of more than one
hundred examples were compared, with their scoring
behavior in service. For the possibility of a comparison
of Total Temperature resp. Scoring Index Criteria, we
chose mainly gears which were lubricated with non
EP-oils. The range of the operating conditions is shown
in Fig. 18, and the results in Fig. 19. In cases where only
the result of the Integral Temperature Method is shown,
the other two criteria where not applicable because
of the EP-character of the lubricant used. It is evident
that the best correlation between calculated safety fac-
tors and practical experience is achieved with the Inte-
gral Temperature Method in a wide range of application.

From these recalculations, the different fields of scor-
ing risk—high, borderline, low—as defined in Intergal
Temeprature Rating, were established.
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Double Enveloping Worm Gears . . .
(Continued from Page 16)

(2) reductions at approximately 92 %-93 % overall efficiency or
three (3) reductions at about 89 %-90% efficiency. The worm
gearbox with a 20:1 ratio will have about 85%-87 % efficiency.
A 30:1 ratio helical reducer will generally require three (3)
meshes with approximately 89%-90% efficiency. The 30:1
wormgear speed reducer will have an efficiency of approxi-
mately 83 %-84%. You can see the helical box is more effi-
cient, but certainly not to the degree often claimed.

There are other inherent advantages in worm gearing which
must be considered in evaluating the application and the type
of gearing intended for that application. Double enveloping
worm gearing will take a momentary overload of 300%,
whereas helical gearboxes are only designed for 200 %, momen-
tary overload. Helical gearboxes restrict motor starting capac-
ity to 200% , whereas double enveloping worm gearboxes per-
mit 300 % . Generally speaking, worm gearboxes are smaller in
overall size and weight, and in terms of horsepower capacity,
generally less expensive. In addition, with compactness of the
double enveloping wormgear principle, double enveloping gear-
boxes are more compact and weigh less, horsepower for
horsepower, than cylindrical gear reducers.

This paper was published for the National Conference on Power
Transmissions 1979 and reprinted in “Technical Aspects of Dou-
ble Enveloping Worm Gears, a Cone Drive Publication.
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Design of the Involute . .
(Continued from page 44)

generally supposed. In other words, bearing pressures are not
greatly affected by an increase in the pressure within the usual
limits. This condition is graphically presented in Fig. 14. To con-
struct this diagram, draw a line A B at right angles to the line
of centers and tangent to both pitch circles, Then draw a line
C D tangent to the base circles and passing through the pitch
point E; this line representing the pressure angle. Now drop
a perpendicular at any point G on line A B, passing through
line C D at point F. With E as a center and E F as a radius
scribe an arc. Increases in the load on the supporting bearings
due to changes in pressure angle can be determined graphically
by noting the changes in distance H, as the pressure angle
changes. It is apparent that the load-increase is the ratio of
lengths E G to E F, and is, therefore, proportional to the secant
of the pressure angle.

The second column in Table Il gives the secants of various
pressure angles listed in the first column, and ranging from 142
up to and including 30 degrees.

The last column lists in terms of percentage, the increase in
the load as compared with 144 degrees. It will be noticed that
an increase in the pressure angle from 14 to 20 degrees, results
in an increased load on the supporting bearings of only 3

percent.
(Continued on the next page)

Scoring Load Capacity . . .
(Continued from puge 30)

Conclusion

A new method for scoring load capacity rating, based
on the calculation of a mean, weighted flank tempera-
ture, the integral temperature, has been described. The
limiting temperatures necessary, for the definition of a
scoring safety factor, can be obtained from any available
gear oil test. The method is valid for all types of oils as
straight mineral, mild and EP-oils, as well as, synthetic
oils where gear scoring tests are available. The method
was checked with more than 300 scoring tests on test
rigs and more than 100 practical gears with and without
scoring damages. A good correlation was found for the
Integral Temperature Criterion, and it was obviously
superior to the Total Temperature Method, as well as, to
the Scoring Index Method.

The method has been modified for bevel and hypoid
gears(10) and even in this field of application a good
correlation between calculated scoring factors and field
experience was achieved.
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