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INSPECTION -AND QUALITY OONTROL

QOF GEABRS AND GEAR REDUCERS

OBJECTIVES

The objectives of the visit (summarising the UNIDO job description)
were :

a) To introduce the latest western developments in gear measuring
techniques.

b) To describe current western organisational methods for gear
qQquality control.

c) To give lectures on the above two topics.

q4) To make suggestions regarding the establishment of the China
National Centre for Inspection and Quality Control of Gears.

e) To suggest ways in which ZRIME can become more involved with
international organisations in this field.

TIMETABLE

Sunday 26 February : arrive in Zengzhou.

Monday 27 February : brief tour of the Institute and introductory
lecture.

Tuesday 28 February - Friday 3 March : in the gear measuring
laboratory.

Saturday 4 March : tour of noise and vibration laboratory,
testing laboratory and discussion.

Monday 6 March - Saturday 10 March : lecture programme.

Monday 13 March -~ Tuesday 18 March : final discussions.

Tuesday 18 March : depart from Zengzhou

LECTURE PROGRAMME

Objectives 1, 2 and 3 wers covered by lectures on the following
topics :

- Introduction ‘

= A review of gear quality control in Europe and USA
- Management of Guality (total quality control)

- Statistical process control

- Causes of gear errors




Trends in gear measuring equipment

Gear measuring accuracy, calibration and traceability
Gear kinematics

Profile and lead correction of gears

Quslity and the gear designer

Gear transmission error and vidbration

Gear noise

Papers on most of these topics had been sent to Zhengzhou in
advance, while others plus overhead projector films of lecture
meaterial were all photocopied at the time of presentation.

OBSERVATIONS IN THE GEAR MEASURING LABORATORY

a)

b)

Main iteus of equipment

Involute, and involute and lead testers
Klingelnberg PFSU 1200 involute and lead tester
Zeiss involute tester

Goulder Mikron portable involute tester

Pitch tester :
Attachment to Klingelnberg PFSU 1200

Single flank tester :
Klingelnberg PSKE 900

Hob tester :
Klingelnberg hob testing machine PWP 250

Miscellaneous :

Dual flank measuring machine
Moore indexing table

Master gears and artefacts
IBM~-compatible personal computer

Klingelnberg PFSU 1200 involute and lead tester

Although this machine is about 12 years old it appears to be in
good condition, and ite design is fundamentally sound.

Its chief drawback 1is that the presentation of the measured
errors is done on a strip recorder, and the curves have to
analysed by hand. By comparison, modern CNZ” machines and
co-ordinate measuring machines present the errors of a number
of teeth, both involute and lead errors, on s convenient sheet
of AL or A3 size paper. Moreover, they anslyse the error
parameters and give print-outs of their numerical values.

It may dDe possidble to update this machine to provide a modern
form of output, but in the longer term the obJjective should be
to obtain a modern CNC or co-ordinate measuring machine.




c)

a)

e)

£)

g)

h)

Zeiss involute tester

This is also a sound machine, but suffers from the same output
limitations as the Klingelnberg machine.

Goulder Mikron portable involute instrument

This instrument is based upon a very o0ld mechanical principle
of generating an approximate involute curve. This method is
very approximate and compares unfavourably with modern portable
involute measuring instruments such as the Maag ES 201, which
is effectively a small co-ordinate measuring machine. The
mechanical method 1is also very susceptible to set-up errors, is
inconvenient to use, and its further use is not recommended.

Pitch testing attachment to Klingelnberg PFSU 1200

The pitch testing attachment for the Klingelnberg machine
appears to be satisfactory, but the automatic electronic
analysis equipment is inoperative. This means that all data hsas
to be observed and calculated manually, with risk of error and
a less satisfactory form of presentation (it was necessary to
show the operators how to do this in a satisfactory manner).

It is suggested that the sutomatic analysis equipment should
be repaired by Klingelnberg. Alternatively, it should be
possible to program a personal computer to do this.

Again in the longer term, a modern CNC or co-ordinate measuring
machine would solve this problem.

Klingelnberg single flank tester PSKE 900

This machine was only installed last year, it is excellent in
design and performance. Some training was given in the
interpretation of the output curves, and on methods of
assessing the accuracy of the machine.

Klingelnberg hob tester PWP 250

This machine has become the standard method of testing hobs,
almost universally. The design has not changed for many years,
but it is still satisfactory, and modern CNC machines do not
offer any significant advantages.

This particular machine was not examined in detail, but it
uppeared to be in good condition.

ellan [ ]

The Moore indexing table 1is a highly accurate and valusable
plece of equipment.

Not all the master gears and reference artefacts are
satisfactory, since they do not have reference diameters or
faces. Without these, they cannot be used with confidence. Many
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new master gears will bz needed, with the sdvent of the single
flank tester.

i) Measuring uncertainty and traceability

Satisfactory methods are used to establish measuring
uncertasinty and traceability of involute and lead measurement,
via the nstional laboratory in Beijing. However, the analysis
should be done in more detsil in terms of parameters measured
sand statement of uncertainty. As work progresses it may be
possible to identify and eliminate some systematic errors.

No work has been done on accuracy of pitch measurement, snd a
method was suggested which utilises the Moore indexing tsble.

A method of assessing the accuracy of the single flank tester
was demonstrated, and the machine appears to be satisfactory.
Xt is a criticism of Klingelnberg that they have not provided
any means or suggestions to do this.

J) Personnel

The laboratory personnel appeared to be skilled in handling the
equipment, but needed some training in interpretation of the
results. It 1s suggested that some more senior engineers be
involved in this laboratory to help with measuring uncertainty,
which 1is a continuous and painstaking process, and 1in
maximising the potential of the single flank tester.

OTHER GEARING ACTIVITIES AT ZRIME

The research work on gear vibration and noise, and on tooth
corrections, appears to be of & very high quality, by international
standards. Equipment for gear noise and vibration measurement, and
rig testing, is also excellent.

By comparison, activity in the field of gear metrology asppears not
to have had the same priority in terms of personnel and management.
A truly national centre for gear measurement must address thie
problen..

The fact that so much go0od work is being done in other ereas of
gearing should bDe a great assat in developing a national gear
measuring centre. There should be more cross-fertilisation of ideas
and movement of personnel to take advantage of this situation. For
example, the relationship bDetween single flank errors and gear
performance should be studied. .

FUNCTIONS OF A NATIONAL LABORATORY

It might be helpful to list the main functions of & nationsl gear
measuring latoratory, and to comment on the current position at
ZRIME in performing these functions. The list is not necessarily in




strict order of priority.

a)

b)

e)

da)

e)

£)

s)

Measuring facilities

To provide comprehensive and precise measuring facilities for
industry, with known uncertsinty of messurement, traceable to
national standards. Some work needs to be done on uncertainty
and traceablility, particularly for pitch measurement.

Advice

To give advice to industry on gear measuring problems. b 4
understand that this is being done.

Arbitration

To arbitrate in cases of measurenment dis-agreement between
industrisl organisations. I understand that <Chis 1is being
done.

Avwareness

To maintain awareness of current developments in gear
measurement, and to disseminate this knowledge to industry
through literature, training courses, consultancy and personsl
contacts. This is a continuous process.

Demonstration

To be able to demonstrate tc industry the best techniques and
equipment for gear measurement. In this respect the laboratory
needs some new equipment and some updating of existing
eqQquipment.

Also, although the standard of ‘housekeeping' 1in the
laboratory is satisfactory, the approach routes to the
laboratory are not in keeping with the image of precision.

Quality mansagement

Tc offer advice to industry on quality menagement, not just of
gears, but of total guality mansgement. Total qgquality
management is a subject which might be considered in more
detail at ZRIME, but this is beyond the scope of this project.
However, it should be pointed out that 1t is difficult for an
organisation to offer advice on this subject 1if 41t i1s not
fully practised by that organisation. Detailed study of the
recommendations of the IS0 standard 9001 is suggested.

Research

To carry out research into gear messurement, with particular
emphasis on the practicsl needs of industry rather than
‘academicslly interesting' subjects. A list of possible topics
is given in the next section.




Advantage should be taken of the fact that the gesr measuring
laboratory 1is part of a complete gear design, manufacturing
and research organisation. This gives it a first cleass
opportunity to work in a stimulating and highly relevant
environment.

SOME POSSIBLE RESEARCH TOPICS

a) Sources of manufacturing error

A detailed study of measured manufacturing errors and how they
are produced in the manufacturing processes. The ultimate
objective would be to help pinpoint error sources and to
suggest ways to avoid those errors. An expert system approach
might be appropriate.

) Cutter accuracy

A particular aspect of topic (sa) would be ¢to study the
relstionship between cutter accuracy and gear accuracy.

c) Machine accuracy

A further particulsr aspect 1is to study the relstionship
between machine tool accuracy and gear errors.

a) Industrial needs

An important and valuable research topic would be to survey
industrial needs in gear measurement. In particular gear
performance and manufacturing <tolerances should be compared
with industry's manufacturing and measuring abilities.

e) Transmission error

It would be useful to investigate ways in which the single
flank tester cen be used ¢to improve gear performance.
Particular aspects might be to study and messure transmission
error under load and at running speeds, and to produce s low
cost method of measuring transmission error for use in
industry.

OLLA ATION

Although this project was a single visit to ZRIME, it appears to
have been helpful, but the maximum benefit would be obtained by @
regular relationship. I have certainly found this to be the most
fruitful form of help 4in consultancy arrangamments which I have in
the west. I would be plessed to do this 1if suitable financial
support could be obtained, possibly through UNDP/UNIDO.

It is also possibls that senior engineers from ZRIME could spend
some time in the UK. I have checked with Huddersfield Polytechnic,
where 'I do some part-time tesching and research. It would be




posible for an engineer to spend some time there. A good command of
the English language would be essential. and funding would have to
be found from 2RIME/UNDP/UNIDO for travel and living expenses. The
Polytechnic would make no charge.

Future visits to ZRIME, either by myself or other people, would
benefit from greater preparation by ZRIME in advising the visitor
in more detail what information is needed, and what facilities and
expertise slready exist. For example, copies of publications would
be helpful.

The process of obtaining a visa 1is slow and inconvenient. In my
case it necessitated some ‘last minute' visits to the Chinese
Embassy in London. A multiple entry visa would be helpful for a
regular visit arrangement.

9. CONTACTS WITH INTERNATIONAL ORGANISATIONS

10,

It appears that some good contacts already exist, for example the
international conference at ZRIME Jlast November was a good
opportunity. Also, some engineers at ZRIME are members of the
American Gear Manufacturers' Association.

Attendance at international conferences 1is a valuable source of
contacts, a personal contact is always the best.

Publication of research results, especially in the English
language, would also enhance the rsputation of Zrime. Research
publications on gear measurement are not common, and the topics
suggested sabove would be of wide interest.

SUMMARY OF RECOMMENDATIONS

a) The Klingelnberg involute and lead tester should be updated
if possible, to give & modern form of output.

b) The pitch testing attachment for the Klingelnberg machine
should be repaired so that the output can be recorded and
analysed automatically. If <this is not possidble, then the
possibility of using a personal computer for this purpose
should be investigated.

e) The longer term aim should be t0o acquire a modern CNC or
co-ordinste measuring machine for involute, lead and pitch
measurement.

da) The  Goulder Mikron portable involute tester should be

abandoned, and replaced by s mod¢e.n computer-controlled
instrument.

e) A partublo:pitch measuring 1ntrumon¢ should be acquired, such
as the Mssg or Hofler.
£) More mccto} gsears are needed, and :1t is essential that they
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g)

h)

i)

3)

K)

1)

m)

n)

have reference bands.

Efforts must be continued to determine measuring uncertainty,
and to reduce it by identifying systematic errors which can be
corrected out.

Additional senior personnel are needed in the gear messuring
area.

Purthir training is needed in the vuse of the single flank
tester and its spplications.

Total qQuality management techniques should be studied to
establish which aspects are appropriate to ZRIME,

More liaison is desirable between the gesr measuring section
and the gear research sections.

A programme of research in gear measurement should be
considered, as listed in section 7.

Further international contacts should bDe established, as
listed in section 10.

Further regular visits would be more beneficial than just the
single visit covered by this report.
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