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an International Standard ("state of the.art"y for example).

vord

r bodies). The work of preparing International Standards is normally carried™out through 1SO
tees. Each member body interested in a subject for which a technical committég-has been establishg
be represented on that committee. International organizations, governmental and non-governmental
O, also take part in the work. 1ISO collaborates closely with the International Electrotechnical Commis
hatters of electrotechnical standardization.

ain task of technical committees is to prepare International Standards, but in exceptional circum
al committee may propose the publication of a Technical Report'af one of the following types:

pe 1, when the required support cannot be obtained for.the publication of an International Standar
peated efforts;

be 2, when the subject is still under technical development or where for any other reason there is a futy
mediate possibility of an agreement on an Intefnational Standard,;

be 3, when a technical committee has collected data of a different kind from that which is normally pu

cal Reports of types 1 and 2 arg Subject to review within three years of publication to decide whethel
A they provide are considered-to be no longer valid or useful.

10064-4, which is acFechnical Report of type 3, was prepared by Technical Committee ISO/TC 60, G

art 1. Insp€ction of corresponding flanks of gear teeth

art 2 Inspection related to radial composite deviations, runout, tooth thickness and backlash
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sformed into International Standards. Technical Reports of type 3 do not necessarily have to be revigwed until
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064 consists ofthe following parts, under the general title Cylindrical gears — Code of inspection practce:

— Part 3T Recommenaartions relative to gear blanks, shaft centre distarice and parallelisim of axes

— Part 4: Recommendations relative to surface texture and tooth contact pattern checking
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Introddction

In the coprse of revising 1ISO 1328:1975, it was decided that descriptions and numerical values relative to surface
texture and tooth contact pattern checking should be published under separate cover as a'Technical Report, type 3.
For the general replacement of ISO 1328:1975, a system of documents as listed in clause 2 (References), tpgether

with this Technical Report, has been established.
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pmmendations relative to surface texture and tooth contact patt
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hrt of ISO/TR 10064 provides recommendations on measurement considerations for surface rough
bntact pattern checking of gear flanks.

cal values given in this document are not to be regarded as strict ISO accuracy criteria, but may s
br mutual agreements, for steel or iron components.

ferences

:1998, Cylindrical gears for general and heavy-engineering — Standard basic rack tooth profile.

02:1992, Technical drawings — Methods:of indicating surface texture.

28-1:1995, Cylindrical gears —. ISO System of accuracy — Part 1: Definitions and allowable
bns relevant to corresponding flanks of gear teeth.

28-2:1996, Cylindrical gears — ISO System of accuracy — Part 2: Definitions and allowable
bns relevant to radial composite deviations and runout.

74:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method —
feristics of contact (stylus) instruments.

87:1997\Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, defin

surfac

textureparameters.
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erve as a

values of
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itions and
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assessment of surface texture.

rocedures

ISO 11562:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Metrological

charac

teristics of phase correct filters.

ISO 13565-1:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method; Surfaces having
stratified functional properties — Part 1: Filtering and general measurement conditions.

ISO 13565-2:1996, Geometrical Product Specifications (GPS) — Surface texture: Profile method; Surfaces having
stratified functional properties — Part 2: Height characterization using the linear material ratio curve.
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3 Symbols and definitions

3.1 Symbols

Symbols used for deviations of individual element measurements are composed of lower case letters, such as “f”, with
subscripts, whereas symbols used for “total” deviations, which may represent combinations of several individual
element deviations, are composed of capital letters, such as “F”, also with subscripts. Only symbols for quantities used
in this part of ISO/TR 10064 are given in Table 1.

Table 1 — Symbols used within ISO/TR 10064-4

Symbol Term Units
we amplitude of undulation i
cl larger length of contact pattern %
2 smaller length of contact pattern %
cl larger height of contact pattern %
2 smaller height of contact pattern %
Ir sampling length for roughness profile m
In evaluation length (Default is normally In=5 x Ir mn
— see ISO 4287:1997, table C.2 and I1SO 4288:1996, 4.4.)
Mr material length mn
Mr1|& Mr2 | material portion %
Ra arithmetical mean deviation of the roughness prefile i
Rk core roughness depth i
Rpk reduced peak height —
Rvk reduced valley depth —
Rz maximum height of the roughness-profile (see ISO 4287) i
A(X) ordinate value i
A wavelength mn
\C wavelength cutoff (and short wave cut-off for waviness) mn
\s short wavelengthutoff for roughness mm
3.2 Termps and definitions
3.2.1 Ggneral terms
3.2.11
surface Igy
The direction.ofithe predominant surface pattern (see Figure 1a).
NOTE Hace-lay-is-ordinarily-determined-by-the production-methed-used-

3.2.12

roughness

The irregularities of the roughness profile (see 3.2.2.1). It is the component of surface texture inherent in the production
process but excluding waviness and deviation of form.

3.2.1.3

waviness

The irregularities of the waviness profile (see 3.2.2.2). That component of surface texture upon which roughness is
superimposed (see Figures 1a, 1b, 1c). In general, for machined gear tooth surfaces the waviness spacing is
significantly greater than the roughness spacing.
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1
Key
2 \\v 1 Lay (direction of dominant pattern)
[Y VLY v vﬂ\f"vl\v MAATAY/ 3 2 Waviness
- 3 Roughness
J A Dnllghnocc crr_\::r\ing
4 5 Waviness spacing

Figure 1a — Surface characteristics and terms

Key

1 Waviness spacing
2 Roughness spacing
3 Working tooth depth

Figure 1b — Enlarged example of the surface texture profile of an involute tooth

Key
1 Distance equal to working topth depth

2—Wavimess

w

Roughness
Working tooth depth

D

Figure 1c — Enlarged example of the surface texture profile along a tooth
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3.22 Te

3221

rms associated with the assessment of surface profile

roughness profile
The transmission band for roughness profiles is defined by the Ac and As profile filters (see ISO 11562:1996, clause 3),
see Figure 1.

NOTE 1 The roughness profile is the basis for evaluation on the roughness profile parameters.

NOTE 2 The default relationship between Ac and As is given in ISO 11562:1996, clause 3.2.

3.2.2.2
waviness
The perig

3.2.23
mean line

The mean line is the long wave profile component suppressed by the profile filter Ac (see ISO 11562:1996, 3.2.1).

NOTE TH

3.224
ordinate \
The heigh

3.225
sampling
The lengt

profile
dic part of the long wave component after the use of the profile filter Ac.

for the roughness profile

e mean line for the roughness profile is the reference line from which the profile ordinate Z(x) is measured, see F

Z(x)

A 1

Iy ‘A Is | I “A ls Key
‘ | i/2 1 Mean line

2 Sampling lengths

A

In

3 Evaluation length

3

Figure 2 — Measurement lengths

alue
t of the assessed@rofile at any position x.

length, _{r,for roughness
h in thesdirection of the x-axis used for identifying the irregularities characterizing the profile under eva

The sam;Eling length for roughness Ir is numerically equal to the characteristic wavelength of the profile filter }

ISO 428

3.2.2.6

evaluation length, In
The length in the direction of the x-axis used for assessing the profile under evaluation. The evaluation length may
contain one or more sampling lengths (see 1ISO 4287).

3.2.2.7

cut-off wavelength, Ac, of profile filters (phase, correct, gaussian)
The wave length of a sinusoidal profile of which 50% of the amplitude is transmitted by the profile filter (see
ISO 11562).

©1SO

gure 2.

uation.
c (see
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cut-off ratio
The ratio of the long wave length characteristic cut-off to the short wave length characteristic cut-off of a given

transm

ission band (see ISO 11562).

3.2.3 Terms related to surface roughness parameters

3.23.1

maximum heights of roughness profile, Rz
The sum of the height of the largest profile peak height, Zp, and the largest profile valley depth, Zv, within a sampling

length

NOTE
of five S

3.2.3.2

arithmetical mean deviations of the roughness profile, Ra

The ar

)

where
Ir

Z

NOTE
and 1SQ

1O 49072.10072-A4-4.2 PN o)
QLT 1OV SF£07. L9997, F.L.0 AllUTTYUItc Jj.

Usually this parameter is measured as a mean value of five adjacent sampling lengths. The evaluation length’thg
ampling lengths (see Figure 3).

[ R Ty

T M T o AR A
VVVVVVVVVVVVVVvVVVWVVV WV\[VV\J
f o i
- T 1
- - Key
1 Evaluation length,

2 2 Traversed length

Figure 3 — Maximum height of roughness profile

thmetical mean of the absolute ordinatevalues Z(x) within a sampling length (see ISO 4287:1997, 4.2.

1
a=1 £|z( x)| dx

is the sampling.length for Ra;

X), Z; are the ordinate values.

The arithmetical mean deviation, Ra, is determined by an evaluation length of five adjacent sampling lengths (s4
4288).

Z(x)

:1998(E)

BN consists

-

n

)

e Figure 4

IRa

Key

- WMVJ\W}\WNWJA v7d7/8
| \'\/V VW\/\/ % \1

r 1 Mean line

Figure 4 — Arithmetic mean deviation of the roughness profile, Ra
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3.2.4

gear tooth undulations

Undulations are periodic waviness in a tooth surface. A special form of undulations meets the following criteria:
— the lay is approximately parallel to the lines of contact (with the mating gear);

— the number of waves projected on a pitch circle (in a plane of rotation) is an integer, see Figure 5;

— they are a likely cause of noise.

|

Key

1 Projections on pitch cylinde

2 Crests of undulations
(with lay approximately pardllel
to lines of contact)

Path of contact

PNy,

Angle of roll between undulations
Pitch circle

Base circle

N o o b~ W

Section in plane of rotation

Figure 5 — Undulations in a helical gear

4 Surface texture

Experimgntal investigations and service experience indicate that a relationship exists between grades of surface
texture amd aspects of gear load capacity. The influence of surface roughness on the pitting resistance and Qending
strength ¢f gearteeth is addressed in 1ISO 6336, Parts 2 and 3 respectively; its influence on scuffing is discugsed in
ISO/TR 1B989.

As well as Toughness, waviness and other features of suriace texture can influence the surface fatugue resistance of
materials. Because of this, it is prudent to make an unfiltered profile recording of the surface texture of the teeth of
gears when high standards of performance and reliability are demanded.

In this Technical Report no recommendations are made concerning the grades of surface roughness, waviness and
form or type of lay suitable for specific purposes, nor are causes of such irregularities identified.

CAUTION It is strongly recommended that before prescribing limits for features of the surface texture of gear teeth,
designers of gears and gear engineers should familiarize themselves with ISO standards and other literature on the
subject. See references in clause 2.
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The functional characteristics of gear teeth that are affected by surface texture can be separated into categories:

— transmission accuracy (noise and vibration);

— surface load carrying ability (such as pitting, scuffing, and wear);

— bending strength (root fillet condition).
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Tooth
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5.3 E

The m
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ransmission accuracy

b texture can be described as having two major forms: roughness and waviness.
nission errors can be caused by surface waviness or undulations in the tooth surface. Fheleffect depen
n of the lay of the waves relative to the instantaneous line of contact and its path._If the lay of the
to the instantaneous line or area of contact (perpendicular to the path of contact), a high pitched
N the gear mesh (ghost harmonics above mesh frequency).

v cases, surface roughness can make a difference in the character of gear noise (smooth vs. rough
bt normally contribute to the noise occurring at gear mesh frequency and its harmonics.

oad carrying ability
b texture can affect the gear tooth endurance in two gengeral areas: surface deterioration and tooth breg
Surface deterioration

b deterioration is described in terms of wear, ‘seuffing or scoring, pitting, etc. Surface roughness and
tooth profile is of concern. The surface texture, temperature and lubricant determine the elasto-hyd
film thickness, which affects the endurance of the tooth surface.

Bending strength

preakage can be the result of fatigue (high cyclic stress). Surface texture effect on stress in the fillet re
h as an influential factor.

ffect on measurement method

basurement \method instrumentation, location, direction, and analysis (filter, etc.) must be chosen to
ctional area of the tooth and the path of contact.

ds on the
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vhine can

quality). It
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waviness
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represent



https://standardsiso.com/api/?name=11bfc338700b63e01ce3be218e03f205

ISO/TR 10064-4:1998(E) ©1S0

6 Data given in drawings

When specified by the customer, or when design and operational requirements make it necessary, an appropriate
value of surface roughness for the finished condition is to be stated in the drawing as shown in Figures 6a and 6b.

/ a=Raor Rz, um
b b = production process, surface treatment etc.

3 /c(T)
e\/d ¢ = sampling length

d = direction of lay
e = machining allowance

f = other roughness values (in brackets)

Figure 6a — Symbols for surface texture

Ra25/

L |
Ra25

1

Key
B » | 1 Tooth flank excluding fillet
= 2 Tooth flank including fillet
1 2

Figure 6b — Symbgls for roughness and direction of lay

7 Measuring instruments

Stylus tyge measuring instruments are commonly used for the measurement of roughness. The measurementcan be
taken with the following equipmient, that includes characteristics that influence the uncertainty of measuremept (see
Figure 7)

a) one gkid or by-a‘pair of skids which slide over the surface to be measured (instrument with a straight reference
plang);

b) a skidavhich slides over a reference plane having the form of the nominal surface;

c) an adjustable or programmable reference line generator in combination with a skid, e. g. realized by a coordinate
measuring machine;

d) assessment of form, waviness and roughness by a skidless pickup and straight datum combined with a large
measuring range.

To comply with ISO standards, the tip radius of the stylus is to be 2 um, or 5 um, or 10 pm. The stylus angle may be
60° or 90°. Further details of instrument features can be found in ISO 3274. The report of the surface measurement
should indicate tip radius and angle of stylus.
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Honing
(external)

Shaving

Pitch line

Pitch line

(conventional)

Honing
(internal)

Dirgction of traverse Instrument type
| w
land3 Side mounted skid == 5
Instrument v
with a skid
2 Front mounted skid
|
2% Instrument with reference guide |
? preferred direction of measuring traverse

for the determination of: Rz, Ra, Rk

direction of measurement traverse for the
<a determination of additional information such

as the height of small feed marks

Figure 7 — Instrument features and directions of measurement traverse relative to manufacturing


https://standardsiso.com/api/?name=11bfc338700b63e01ce3be218e03f205

ISO/TR 10064-4:1998(E) ©1S0

For the measurement of roughness or waviness it is necessary to use a skidless pickup and a filter with a defined cut-
off, which will suppress the long wave components or the short wave components of the surface profile. Instruments
are available with only certain specific cutoffs. Refer to Table 2 for appropriate cutoff wavelengths. Care must be taken
to select the appropriate stylus tip radius, sampling length and cut off filter; see 1ISO 3274, 1ISO 4288 and ISO 11562,
otherwise a systematic error of measurement may occur.

Functional considerations of the effects of waviness, direction of lay and measuring instruments may require the choice
of a different cutoff value.

Table 2 —Filtering and cutoff wavelengths

vodule | Sendadworing | Siandard | ooy
depth

mm mm mm
15 3,0 0,2500 12
2,0 4,0 0,2500 16
2,5 5,0 0,2500 20
3,0 6,0 0,2500 24
4,0 8,0 0,8000 10
5,0 10,0 0,8000 12
6,0 12,0 0,8000 15
7,0 14,0 0,8000 17
8,0 16,0 0,8000 20
9.0 18,0 0,8000 22
10,0 20,0 0,8000 25
11,0 22,0 0,8000 27
12,0 24,0 0,8000 30
16,0 32,0 2,5000 13
20,0 40,0 2,5000 16
25,0 50,0 2,5000 20
50,0 100,0 8,0000 12

8 Measurement)of the surface roughness of gear tooth flanks

This clauge describes the preferred values of parameters, the cut off and evaluation length, and the procedures|for the

measurement of the tooth and root fillet surface textures of cylindrical involute gears.

When measuring surface roughness, the path of the stylus should be perpendicular to the direction of the lay of the
surface. See the directions indicated in Figures 7 and 8. The measurement should also be perpendicular to the
surface. Therefore, the curvature of the tooth surface shall be followed as close as possible by the stylus.

10
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NOTE

Alterng
a skid
pitch ¢
profile

8.1 H
Directly
A para
taken 3

course,
sampli

Key

Fillet radius
Skid radius

Arc of measuren|

Rotation axis

a b~ . N

Offset of stylus 4

Figure 8 — Measurement of root fillet roughness

he roughness of the fillet surface at the root of a gear tooth is‘measured, one direction is to be at right
X, and for this, special methods may be required. One suitable arrangement is shown in Figure 8 w
) head, with a skid radius, r, smaller than the fillet radius,"R, in front of the stylus, is so mounted on g

nent

Xis

angles to
herein the
rotatable

that when turning the spindle through an angle.of“about 100°, the stylus tip describes a cifcular arc

mation of the tooth root fillet. When fillets are sufficiently large and with careful positioning of such
ess measurements can be made.

The skid radius, r, used directly on a surface shoeuld be such that r> (50 Ac) to avoid measuring uncertainty due

a device,

o skid.

tively, an inverted replica can be prepared, using a suitable casting material (resin etc.), for measurenment using

lype measuring instrument. This method is especially useful when the roughness of the tooth root fill
ears is to be measured. When'this method is used, it is important to bear in mind during the evaly
Fecordings are inverted.

valuating measurements results

measured roughness parameters can be compared directly with specified allowable values.
Mmeter value iS*usually determined as the mean of several values from a number of contiguous samplit
llong the\profile. But it should be taken into account that surface roughness can change systematically

of the gear flank. Therefore it can be advantageous to determine the roughness values for the single ¢
ng-lengths. To improve the statistical certainty of the values, arithmetic mean values can be calcul

pts of fine
ation that

g lengths
along the
pntiguous
ated from

severa

pnr:\llnl traces

Best results can be expected if the profile is measured without a skid relative to a reference. This is the case with the
equipment mentioned under point b and point d in clause 7.

Referring to clause 7, roughness, waviness, form and form deviations are assessed simultaneously.

To separate, in this case, roughness from the longer wave content of the profile, first the nominal form component has

tobee

liminated before filtering with a phase correct filter according to ISO 11562 and ISO 4288.

When gear tooth profiles are too small to make a measurement on five adjacent sampling lengths, measurement over
single sampling lengths on separate teeth is permitted (see 1ISO 4288:1996, clause 7).

11
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To prevent a loss of a part of the evaluation length by using a filter, it is possible to evaluate roughness over single
lengths without the standardized filtering procedure. Figure 9 explains the filtering effect for suppressing form,
etc., by subdividing the traced profile (without filter) in short sampling lengths, , b, k, etc. For comparable results to

sampling

the standardized method with filter, the sampling lengths should be of the same value as the cut-off value, Ac.

©1SO

!
1 AAAMAA A
?\yvv W\VI\I\l/\vIW/{
1 =!= i b >l< h
2 Key
3 1 Filtered~with straight lingl mean
2 Amplitude
3 ¢ Unfiltered
Figure 9 — Influence of the sampling length and filterihg
8.2 Parpmeter values
Values derived from parameters are to be compared with specified values. Specified parameter values [should
preferably be chosen from the ranges shown in Tables 3 and 4.Either Ra or Rz may be used as a criteria, but both
should ndt be used on the same part.
There is no direct relation between the gear accuracy grades according to ISO 1328-1 and the roughness clagses of
Tables 3 and 4.
NOTE THe equivalent surface condition classes incthése Tables for Ra and Rz do not correspond to specific manufacturing
practices. [This particularly applies for the values listed in classes 1 through 4.
Table 3 — Recommended limit valties for Table 4 — Recommended limit values for ter
arithmetic mean deviation, ~\Ra, in pm point height irregularities, Rz, in um
Ra Rz
Clags Madule in mm Class Module in mm
m<6{ ) 6<m<25 | m>25 m<6 | 6<=m<25; m>125
1 0,04 1 0,25
2 0,08 2 0,50
3 0,16 3 1,0
4 0,32 4 2,0
5 0,5 0,63 0,80 5 3.2 4,0 5,0
6 0,8 1,00 1,25 6 50 6,3 8,0
7 1,25 1,6 2,0 7 8,0 10,0 12,5
8 2,0 2,5 3.2 8 12,5 16 20
9 3,2 4,0 5,0 9 20 25 32
10 5,0 6,3 8,0 10 32 40 50
11 10,0 12,5 16 11 63 80 100
12 20 25 32 12 125 160 200

12
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8.3 The Abbott Firestone curve (material ratio curve) of roughness profile

:1998(E)

Parameters describing the functional characteristics of surface roughness which are relevant to highly stressed contact
surfaces are defined by the material ratio curve (see 1ISO 4287).

For highly stressed contact surfaces it is also essential that prescribed limits of shape and waviness deviations be kept

to very

small values.

The parameters characterize the shape of the material ratio curve and thereby the height and nature of the roughness
profile. A fully representative, error free, filtered roughness profile is a prerequisite for the surface texture assessment

proces|

8.3.1

b) M

descrited T thefottowng paragrapts:

Terms associated with material ratio curve

fersection line: A line parallel to the mean line which cuts the roughness profile. See Figure-10a;
hterial length: The sum of those section lengths of the intersection line which _ligswithin the prof

pressed as a percentage of the evaluation length (see 1SO 4287:1997, 3.2.14 for ‘material length of
vel, ¢).

Roughness profile Materialtatio curve
bl b2 bi bn

Position of intérsection line —e

0 20 40 60 80 %100
Material ratio —e=

a) Relationships between roughness profile and material ratio curve

: 2

Ap

Rk

BA

3_

Rvk

0 20 40 60 80| %100

Mr Mr2
Material ratio —

b) Approximation of material ratio curve by 3 straight lines

Figure 10 — Characteristic values of the material ratio curve according to ISO 13565-2

le peaks,
profile at

13
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8.3.2 Structure of the material ratio curve

Coordinates of each point on the material ratio curve of roughness profile are:

a) On the x axis: The material lengths of five contiguous sampling lengths, expressed as a percentage of the
evaluation length;

b) Onthe z axis: The ordinate to the line intersecting the roughness profile. See Figure 10a.

833 P aIIIUtCID Uf thc IIIQtCI |a= lCltiU CUIrvce

a) Roughness core profile:  The roughness core profile is the roughness profile excluding the protruding, pegks and
deep valleys; see ISO 13565-2:1996, 3.1.

b) Cordroughness depth, Rk, in pm: The core roughness depth is the depth of the roughnéss core profile| (figure
10b)} see ISO 13565-2:1996, 3.1.1.

c) Matdrial portion, Mr1,in %: The material portion, Mrl, is determined for the intersection line which separgtes the
protruding peaks from the roughness core profile; see ISO 13565-2:1996, 3.1.2.

d) Matgrial position, Mr2, in %: The material portion, Mr2, is determined far the intersection line which separates
the deep valleys from the roughness core profile; see ISO 13565-2:1996, 3.1.3.

e) Redlced peak height, Rpk, in pm: The reduced peak height, <RpK, is the averaged height of the prdtruding
peals above the roughness core profile; see ISO 13565-2:1996,.:3:2.

f)  Redliced valley depth, Rvk, in pm: The reduced valley.de€pth, Rvk, is the averaged depth of the profile valleys
projgcting through the roughness core profile; see ISO 13565-2:1996, 3.3.

NOTE THe averaging process in 8.3.5 reduces the effect of eutlier values on Rpk and Rvk.

8.3.4 Material ratio curve measurement conditions

a) Matgrial ratio curve measurement \instrumentation: It is recommended that measurements intendled for

determingtion of material ratio curve(parameters be executed using stylus instruments with geometrical surface or

referencelline generator control of the)stylus path.

b) Meagurement direction; ~. The measurement path which gives the largest value of roughness is to be chosgn.

8.3.5 Ddtermination 0fthe parameters of the material ratio curve

8.3.5.1 Determination of Rk, Mr1, Mr2

In a secti

ight line

having the smallest gradlent relative to the x-axis, see Figure 11. If there are tvvo or more such sectlons W|th equal
gradient, the one nearer the higher end of the curve is determinant. The difference between the ordinates to this line at

0% and 1

14
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8.3.5.2
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Figure 11 — Determination and measurement of the characteristic values
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On the z-axis at 0% on the line segment c¢; - a; construct a right triangle ai, by, ¢; with area equal to AA.
On a parallel to the z-axis at 100% on the line segment ¢, - a, construct a right triangle ay, by, ¢, with area equal to BA.
The side ¢;- by is equal to Rpk, the side ¢, - by is equal to Rvk.

Comparison of material ratio curves for different roughness profiles gives some indication as to how these curves might
be used in the estimation of relative resistance of a given surface to surface damage.

8.3.6 The use of material ratio curve parameters Rk, Rpk, Rvk

Figure 11 clarifies that the meaning of Rk cannot only be expressed by a profile depth value, but also by.a-slopg value
of the dorhinant part of the material ratio curve.

The slopg¢ of the material ratio curve is most important. Its value indicates the increase of\the material rptio by
penetrating deeper into the core profile. Therefore Rk is significant for the load capacity of the surface.

ISO 1356h-2 parameters describe the shape of the material ratio curve by means of 3%straight lines, which supdivide
the total grofile depth in:

— the peak area (related to initial operating behaviour, such as running in and:wear);
— the qore area (related to load capacity, functional performance, etc.);

— the Valley area (related to lubrication, oil retention, etc.).

Figure 13l illustrates the separation procedure of protruding peaks and valleys from the core profile. It shows clearly a
distinct s¢paration of peaks and valleys, if Rk is equal to zero (see Figure 13a). Figure 13b shows the developinent of
an Rk value (realized by the straight line in the middle) which is excluding extreme protruding peaks and valleys on a
surface wfith nearly Gaussian distributed ordinates.

Although fthe metrological determination has beefiyno more difficult than the determination of Ra or RzY for gears, the
informatign afforded by the parameters of the material ratio curve is not yet sufficiently developed for current usg. As a
result, reqommended values cannot at present be given for those parameters.

1) Beyer, Eckolt, Hillmann, Wittekopf, Investigation of gear tooth flanks using scanning electron microscopy and stylus type surface
measuring instruments. PTB report PTB-F-2 (November 1987).
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Material ratio curve
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dure 13 — Influence and properties of the roughness core area on the determination of the amount
of protruding peaks and valleys

9 Ingpection of tooth contact pattern

In this [clause, methods of obtaining, and analyzing contact_patterns are explained. Also guidance on estimating gear
accurapy is given.

Patterr)s of contact generated between product gear pairs in their gear cases helps in the assessment of the load
distribytion between teeth.

Patterrs of contact between product gears angd-master gears can be used for assessment of helix and profile]accuracy
of assgmbled gears.

9.1 Tlest conditions
9.1.1 JAccuracy

Light-lgad contact patterhs)between product and master gears can be obtained with the gears mounted in 4 meshing
frame. |For this, it is essential that misalignment of the gear axes over a length equal to the product gear [facewidth
should| as nearly as.can be determined, not exceed 0,005 mm. It is also necessary that the facewidth of the master
gear is|not less.than that of the product gear. Usually this means that for helical gears, a special master is required. For
large gears, such a master can be a specially made sample of a product gear which is retained to facilitate production
of repITcements for gears which may have been damaged.

The contact patterns of matched pairs of product gears may also be obtained in a meshing frame.
9.1.2 Load distribution
Light-load contact patterns between product gear pairs in their gear cases is an aid to the assessment of probable

distribution of load. When generating these, the journals of the gears should be in their working attitudes. This can be
accomplished by shimming the bearing journals.
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9.1.3 Marking compound

Suitable marking compounds include: Toolmaker's blue marking compound and other proprietary compounds. A
method of application should be chosen which will ensure that the thickness of an applied film will be between
0,006 mm and 0,012 mm.

9.1.4 Calibration

Calibration of the thickness of the marking compound is essential to interpretation of contact pattern test results. Once
an operator has developed a consistent technique, it is possible to establish the thickness of the marking compound by
shifting the—axes—of-the—gears—out-of paraitet-in—a—verticaldirection—in—the—tangentat-ptane—by—a—knewn—angle; i.e.,
shimming one bearing support and observing the change in the pattern. This calibration should be performedirggularly
to be surg that the marking compound, test load, and operator technique have not varied.

9.1.5 Tept load

The load psed in generating a light load contact pattern should be just enough to ensure that thieflanks being ingpected
remain firmly in contact.

9.1.6 Rgcording results
Contact gatterns are usually recorded as sketches, as photographs, as video recerds or by covering the pattgrn with
transparent adhesive tape which is then peeled off with the adhering contact,pattern compound, then mounted gn good
quality white card.

9.2 Operator training
Personndl required to perform the above operations should,be’trained to do so correctly and their results should be
checked periodically to ensure consistency of performance;
9.3 Intgrpretation of patterns

Contact gatterns can give an indication of the-extent of alignment inaccuracies including misalignment and wayviness;
also of profile inaccuracies. It must be emphasized that any conclusions drawn are subjective, are only apprgximate
and depehd on the expertise of the personnel involved.
9.3.1 Patterns with master gears

Figures 1# through 17 showSketches of typical contact patterns generated by product gears with master gears.

9.3.2 Gdar accuracy\and patterns

Figure 18, withsTables 5 and 6, give a general indication of the expected relationship between gear accuracy |grades

and contgct-pattern distributions when gears are checked after assembly (unloaded). It must be borne in mind that the
actual patterns do not necessarily have the same form as that shown in Figure 18. Results obtained for gears checked

in a meshing frame should be similar.

NOTE Figure 18, Table 5 and Table 6 are not applicable for tooth flanks with profile and longitudinal modifications.
CAUTION: These tables are intended to indicate the best pattern that can be obtained for gears that have been

demonstrated by direct measurement to be of the tabulated accuracy. They must not be interpreted as being an
alternative method of proving gear accuracy grade.
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Figure 14 — Typical specification, contact
Kimately b =80% h = 70%, tooth ends relieved

Figure 16 —Waviness

Figure 15 — Correct alignment, with profile dev|ati

Table 5 — Contact pattern on assembly for helical gearing

Figure 17 — Helix deviation, profile correct, with
tooth ends relieved

on

Aceuracy grade be1 hea be2 he2
A4S0 1328) O focavunidih Ol activia flanlk haiaht O focavunndih 0l activa flanl |ght
{ ) e-facewidth e-active-flank-height e-facewidth 6-active-flankHei
4 and finer 50% 50% 40% 30%
5and 6 45% 40% 35% 20%
7 and 8 35% 40% 35% 20%
9to 12 25% 40% 25% 20%
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Table 6 — Contact pattern on assembly for spur gearing

©1SO

Accuracy grade

bcl

hcl

bcz

hcz

(ISO 1328) % facewidth % active flank height % facewidth % active flank height
4 and finer 50% 70% 40% 50%
5and 6 45% 50% 35% 30%
7and8 35% 50% 35% 30%
Qta 12 2594 50% 259 30%
D(q D(Z
<

Figure 18 — Schematic distribution,of contact pattern

Key
1 Height of active flank
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