INTERNATIONAL ISO
STANDARD 14104

First edition
1995-12-15

Gears — Surface temper etch inspection
after grinding

Engrenages — Contréle(par attaque chimique des zones revenues lors
de la rectification

= — Reference number
— ISO 14104:1995(E)


https://standardsiso.com/api/?name=9b99b068b26429b5c0c1d43e6fe9cf01

ISO 14104:1995(E)

Contents Page

SCOPE e e
EQUIPMBNT .o
REAGENES e
ProCeduire ...
INSPECHION CIItEMIA .eieieiieeeiiie et
Rework|of surface-tempered parts ..........coooeeeeeeeiiiiiieieieieeeeeeen,
Temper|etch removal .........ooooiiiie e

Mainternlance and CoONtrol . ...

W 0 N O G & W N -
DA O A T AN =@ @ -

Safety gnd environmental precautions ..........ccccceeeveeeeeiieeeennen...

© 1SO 1995

All rights reserved. Unless otherwise specified, no part of this publication may be
reproduced or utilized in any form or by any means, electronic or mechanical, including
photocopying and microfilm, without permission in writing from the publisher.

international Organization for Standardization
Case Postale 56 e CH-1211 Genéve 20 e Switzerland

Printed in Switzerland


https://standardsiso.com/api/?name=9b99b068b26429b5c0c1d43e6fe9cf01

© IS0 ISO 14104:1995(E)

Foreword

ISO (the International Organization for Standardization) is«a

worldwide

federation of national standards bodies (ISO member bodies), The work of
preparing International Standards is normally carried jout thfough ISO -

technical committees. Each member body interested.in a
which a technical committee has been established has the

represented on that committee. International organizations, go
and non-governmental, in liaison with 1SO, also 'take part in the

ubject for
ight to be
ernmental
work. ISO

collaborates closely with the International (Electrotechnical Cpmmission

(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted“by the technical comnpittees are

circulated to the member bodies for voting. Publication as an I
Standard requires approval by at{least 75 % of the member bod
a vote.

ternational
es casting

International Standard 1S©O,14104 was prepared by The Amefican Gear

Manufacturers Association (AFMA) (as ANSI/AGMA 2007-B92)

and was

adopted, under a spegcial “fast-track procedure”, by Technical Committee

ISO/TC 60, Gears;.iparallel with its approval by the ISO membsq

r bodies.

The AGMA mfetallurgic committee undertook a revision of the former

temper etch-procedure (AGMA 230.01-1967) in 1989. It wag
“Surfacestemper etch inspection after grinding” for better def

renamed
nition, the

contents reorganized, and obsolete procedures deleted. Thie revision

AGMA 230.01 was redesignated AGMA 2007-B92, and was af
the"AGMA membership in February 1992.

An industry-wide survey was conducted to establish common {
time that were acceptable to the greatest number of users. The
environmental precautions were included therein for those n
with storage, handling, use and disposal of concentrated acids,

proved by

olutions in
safety and
ot familiar
alkalis and

solvents. These precautions, however, do not supersede the latest appli-

cable requirements.
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Introduction

This Interngtional Standard explains the materials and procedures necess-
ary to detgrmine, evaluate and describe localized overheating on ground
surfaces. A system to describe and classify the indications produced dur-
ing this ingpection is included. However, specific acceptance or rejection
criteria are |not contained.
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Gears — Surface temper etch inspection after grinding

1 Scope

This Interng
cedures and
fication of lo
chemical eta

Some meth
no longer 1
changed to
Standard. THh
to changes
testing meth

This Interna

tional Standard specifies standard pro-
requirements for the detection and classi-
Calized overheating on ground surfaces by
h methods.

ds which have been used in the past are
ecommended. Specifications should be
use the methods in this International
ese etching methods are more sensitive
n surface hardness than most hardness
ods.

onal Standard applies to steel parts such

as gears, shafts, splines and bearings, but is not appli-

cable to nitri

NOTE 1 This
should not bd

as “nital etch{.

The surface
after grinding

Hed parts and stainless steels.
process, although at times called “nitaleteh”,
confused with other processes also_known

emper etch procedure is té be performed
and before additional finishing operations.

2 Equipment

2.1 Conta

Container m
contained, n

iner materials

pterials ‘shall not react with the solutions
br damage the parts to be processed. All

containers sl]nall be labelled with the solution contained
and covered When not in use.

2.4 Cleaner

An alkaline cleaner, vapour“degreaser, solvent wash,

or equivalent cleaning pfodess should be ug

3 Reagents

All chemieals shall be technical grade or bet

3.1 Cleaning materials

Cleaning materials shall be used which are
ensuring removal of all dirt, grit, grease an
tain a “water break” free surface. A “wjg
free surface is one which maintains a
water film for a minimum period of 15 s g

ed.

ter.

capable of
1 oil, to ob-
ter break”
continuous
fter having

been rinsed in clean water at a temperature below

40 °C.
3.2 Nitric acid, p = 1,42 g/ml.
3.3 Hydrochloric acid, p = 1,19 g/ml.

3.4 Alcohol

Methanol or denaturated ethanol, clean a

nd free of

contaminants such as oil, should be used.

2.2 Inspection area

3.5 Water, clean and free of contaminants.

3.6 Alkaline solution

The area to be inspected shall be sufficiently illumi-
nated to be free of shadows and reflections. Light
capable of ensuring 3 200 lux (300 foot candles) at the
inspection level is recommended.

2.3 Timing device

A suitable timing device shall be used for the uniform
processing of all parts in a group.

A solution such as 4 % to 6 % sodium hydroxide in
water with a minimum pH value of 10, or 13 % to
17 % ammonium hydroxide in alcohol, should be
used.

3.7 Rust-preventive oil, which does not mask the
results of etching.


https://standardsiso.com/api/?name=9b99b068b26429b5c0c1d43e6fe9cf01

ISO 14104:1995(E)

© SO

Cleaning
I E
Dyes and 0Oil, grease Soaps and Oxides
inks and wax soils
! ]
Part shall be
“water break” clean
Type 1 Type 3
(obsolete) Carburized or High-alloyor

low-alloy steels

tool steels

Rust-preventive oil

Inspection

Clean/if
baking required

Bake if required

Rust-preventive oil

4 Procedure

Figure 1 — Procedure flowchart

by the absence of "water breaks” on t{he cleaned

As shown in figure 1, first clean the part (see 4.1 and
table 1) then etch it using one of the procedures
shown in either table 2 or 3, as appropriate for the
type of steel being inspected. Unless otherwise spe-
cified, selection of the specific procedure shall be at
the supplier's option.

4.1 Cleaning

Proper cleaning is mandatory for parts to be etched
and inspected. Satisfactory cleaning will be evidenced

parts when rinsed In water. The cleaning procedure
shall be chosen by the supplier. The exact method
depends on the type of contaminant present. Table 1
lists contaminants and corresponding methods of
cleaning in common use.

It should be noted that additional processes may be
required to remove residues from the parts prior to
etching. Thorough cleaning of parts prior to etching is
imperative in order to obtain good results. Improper
cleaning will result in non-uniform discoloration and
staining, which may lead to difficult interpretation of
etching results. Typical (recommended) cleaning pro-
cedure consists of:
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a) vapour degreasing or solvent cleaning;

b) abrasive cleaning: select particle size and blasting
procedure to maintain surface finish and dimen-
sions; handle parts with clean white gloves;

c) alkaline or ultrasonic clean; examine for water
breaks and repeat if water break occurs.

Table 1 — Examples of cleaning methods

ISO 14104:1995(E)

etching should be chosen based on the material to be
inspected and the ease of handling.

Type 2 etching (see table 2) is generally accepted as
a good production inspection method. Type 2 is nor-
mally used for inspecting carburized steels and can
also be used for surface-hardened areas of through-
hardened steels. Type 3 (see table 3) is normally used
for inspecting tool and high-alloy steels, and can be
used in place of Type 2. When the Type 3 etching
procedure is used, abrasive cleaning is not required.

Parts which cannot be immersed in tanks can be

or equivalent

QOil anpd grease

Vapour degreasing

oaps

Alkaline cleaner
(60 °C to 80 °C)
or ultrasonic cleaner

4.2 Etchjng

The follow|
aration for

ng etching techniques are effective prep-
surface temper inspection. The type of

T of - -
contaminant Vethod of cleaning etched using cotton swabs, using the sa
and techniques described either in_tabte
Dyed and inks Alcohol, methyl ethyl ketone, swabbing technique is difficult to control 4

therefore, tank immersion is préferred
tical. Use of a swabbing technigue shou
upon by the customer and supplier.

mne materials
2 or 3. The
nd interpret,
\where prac-
d be agreed

Inspect parts immediately following the complete etch

procedure.

An elevated-témperature bake to relie
embrittlement) is optional. The maximun
perature_Shall be at least 14 °C below tH
treat tempering temperature. A baking time
is recommended.

Table 2 — Type 2 etching

e hydrogen
h bake tem-
e final heat-
of 2hto4h

Step V) Process Solution 2) Recommended Remarks
time 3
1 Nitric acid etch 4} | Nitric acid, Exact time to develop black oxide film
3 % to 5% (by volume), will vary; time should be established
in alcohol: .....ccccovvvenee. 30sto60s and reproduced
inwater: ......coeeevieenn. 10st030s
2 Rinse Water As required To remove acid
Alcohol dip 5) Alcohol Dip and dry To remove water
4 Bleach 3 Hydrochloric acid, Part should be immersed for|a sufficient
4 % to 6 % (by volume), time to cause a uniform brownish-grey
in alcohol: ........ccc........ colour on part; exact bleaching time
iNWater: ......ccoeveue.n. 30sto60s should be established by tdst and
reproduced
5 Rinse Water As required To remove acid
Neutratize Atkatrsotutiorrwittrpt t0sto66s Agitateparts-wiitetmmersed
of 10 minimum
Rinse Water As required To remove caustic solvents
Alcohol dip 5) Alcohol Dip and dry To remove water
9 Qil Rust preventive Dip only To prevent corrosion and aid in colour

contrast

1) Uniform agitation of the parts while immersed in the respective baths and rinses is required to avoid a spotty etching condition as well
as to accomplish complete neutralization.

2) All solutions are used at ambient temperature.
3) ltis permissible to deviate from these recommended times.

4) Areas with close tolerances which do not require surface temper etch inspection should be suitably masked to avoid stock removal.
Approximately 0,003 mm of stock per surface is removed by etching each time this process is performed.

5) Optional procedure: hot water rinse at 65 °C minimum, followed by a dry air blast, may be used in lieu of alcohol dip.
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2) All solutionfs are used at ambient temperature.
3) Itis permigsible to deviate from these recommended times.

Step ) Process Solution 2) Reco!'nm%nded Remarks
time 3
1 Hydrochloric acid | Hydrochloric acid, Exact time to be established by test
clean 4 4 % to 6 % (by volume),
in alcohol: ................. 1,5 min to 3,5 min
inwater: .......cccoooeen. 30sto60s
2 Rinse Water As required To remove acid
3 Alcohol dip 5 Alcohol Dip and dry To remove water
4 Nitric acid etch 4) Nitric acid, Exact time to develop black oxide film
) 3 % t05 % (by volume) will vary; time should be estahlished
in alcohol: .................. 1,5 min to 3,5 min | and reproduced
inwater: .......ccceeeeunnn. 30sto60s
5 Rinse Water As required To remove acid
6 Alcohol dip 9 Alcohol Dip and dry To remove water
7 Bleach 3) Hydrochloric acid, Part should befimmersed for g sufficient
4 % to 6 % (by volume), time to cause\a uniform browhish-grey
in alcohol: .................. 1,5 min to 3,5 min | colour on'the part; exact bleaching time
inwater: .................... 30sto60s should(e established by test pnd
reproduced
8 Rinse Water As required To remove acid
9 Neutralize Alkali solution with pH 10sto60s Agitate parts while immersed
of 10 minimum
10 Rinse Water As required To remove caustic solvents
11 Alcohol dip 9 Alcohol Dip and dry, To remove water
12 Qil Rust preventive Dip only. To prevent corrosion and aid in colour
contrast
1) Uniform aditation of the parts while immersed in the respective baths and rinses is required to avoid a spotty etching condiffon as well
as to accompligh complete neutralization.

4) Areas with close tolerances which do not require sufface temper etch inspection should be suitably masked to avoid stodk removal.
Approximately P,003 mm of stock per surface is removed by etching each time this process is performed.

5) Optional procedure: hot water rinse at 65 °C minimum, followed by a dry air blast, may be used in lieu of alcohol dip.

5 Inspection criteria

5.1 Visual pppearance and-classification

The appearanpces of tempering indications are de-
scribed in table 4. Parts\with no temper indications
will be uniform grey_in‘eolour when properly cleaned
and etched. Uocalized tempered areas appear as dark
grey or black jareas on the etched part. Generally, the
severity of temper burns increases as the colour be-

The classification system given in table 4 should be
used to develop the acceptance or rejection priteria.

It is recommended that users of this Infernational
Standard set their own reference standards.

5.2 Surface hardness effects

These etching methods detect surface |hardness

comes darker. If sufficient heat is generated during
grinding, rehardening may result. The rehardened area
will contain an area of white or light-coloured untem-
pered martensite, and may be surrounded by a black
tempered area.

Any indications, especially rehardening burns (i.e. un-
tempered martensite) may affect the durability of the
part, but the part may still be functional.

It is good practice to inspect parts with temper indi-
cations by magnetic particle inspection, especially
those with class D or E indications, which are more
susceptible to cracking.

changes more readily than most hardness testing. Ex-
perience warrants reduction in allowable stress num-
ber (contact), onym, Vvalues for carburized surfaces
with localized tempering. When possible, inspection
of tempered areas should be performed using
microhardness testing methods. Because of differ-
ences in hardness testing methods, the equipment
type, loads and conversion charts used should be
reported. There are some portable microhardness
testers available that will allow hardness testing
without damaging parts. However, their proper use is
essential to ensure accurate hardness readings. Some
difficult-to-reach areas may also be inaccessible to this
equipment.
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Table 4 — Surface temper classification system

Prefix code

F = Functional surfaces; includes flanks, ground roots, bearing journals and, if specified, other areas.
N = Non-functional surfaces; includes all other ground surfaces.

Class code 1)

Class Description Visual appearance, worst area
A No tempering Uniform grey colour
B Light tempering Norrow (light) indications

(C) (Obsolete class) (Moderate tempering) (No longer used)
B Heavy-termperng Wide-{darkHndications
E Rehardening White area surrounded by black indi¢ations
Severe overheating
Suffix code

Level Maximum percentage of surface area affected 1)
1 10 %
2 25 %
3 Unrestricted

1) Measurefl on a single surface such as a tooth flank.

NOTE — Sapnple classification callouts are as follows:

functional syrface, such as a shoulder, is permitted.
FB1/ND2
FB2: Impligs no restrictions on non-functional surfaces.

surfaces.

FA/NB2: No tempering is allowed on any functional surface, but light tempering on,'up’'to 25 % of the area of the worgt single non-

FB3/FD2/ND3: Light tempering of an unrestricted amount and heavy tempering on up to 25 % of the area of the worst sirfgle functional
surface, such as a single tooth flank, is permitted. In addition, heavy tempering of an unrestricted amount is permitted on fion-functional

False indicptions which may be caused by smears,
stains, rust] or other differences in surface conditions
shall requife cleaning and retesting. Since repeated
etching maly result in appreciable metal removal, care
shall be exercised to ensure that closetolerance di-
mensions gre maintained. Stains may,often be distin-
guished frgm actual temper indications since stains
can be wiped off almost entirely,;~Temper indications
will remainl darker than the.sdrrounding area even
after wiping. It should be& noted that these etching
procedures| may be used~td discover other hardness
differences| such as theSe due to chemistry variation,
spotty or npn-carburized areas.

7 Temper etch removal

If desired, etch discoloration may be removed for
cosmetic purposes by a standard electrolytic alkaline
cleaner, vapour honing, polishing or| glass-bead
cleaning. Removal may cause associatgd stock re-
moval or surface texture changes. [iscoloration,
however, has no deleterious effects upon pperation.

8 Maintenance and control

6 Rework of surface-tempered parts

If stock permits, finish ground parts found not to be
acceptable by surface temper inspection may be re-
worked. Permission to rework parts may be required
by the customer.

Magnetic particle inspection is required before and
after rework operations.

Controlled shot peening may reduce some of the
detrimental effects caused by abusive grinding. Use
of shot peening on surface-tempered areas shall be
agreed upon by the customer and supplier.

To check solution performance, it is recommended
that parts with known temper indications be etched,
as required, dependent on solution usage, or when
new solutions are made. After etching and inspection,
the temper etch results shall be removed from the
sample as indicated in clause 7. The sample should
then be protected against rust. Such samples should
be replaced periodically.

The solutions shall be checked for concentration and
contamination at regular intervals, dependent on
usage, and appropriately documented. The preferred
method of inspecting acid solutions in alcohol is by
alkali titration.
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