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condition monitoring techniques are used such as:

• thermography which is used on cables and switchgear to show 
up hot spots, it produces an infra red image of the subject which 
can be recorded by photograph or computer;

• acoustic emission, a well established technique for the detection 
of cracks and weld faults in pressure vessels, it can also be used 
for monitoring low speed bearings and uses transducers 
attached to the subject;

• oil analysis which examines lubricating oil for signs of wear, 
contamination, etc.;

• vibration analysis which uses an accelerometer to measure 
vibration which is processed and presented in the form of a 
graph, the graph is integrated and transformed to a spectrum 
over a frequency range;

• pressure monitoring, flow, temperature, load and wear.

Predictive maintenance is not always appropriate, but where it is 
it permits the shutdown of machinery before damage occurs, 
maintenance work to be planned and organised more effectively, 
and production to be reorganised accordingly.

TPM Principles
The initial stages of TPM implementation are really quite straight-
forward and are more to do with attitudes and practices than 
clever techniques, although many businesses find it beneficial to 
use an external, independent party to help introduce TPM to the 
business. At the very heart is the motivation, participation and 
enhancement of shop floor personnel.
The first step addresses the need to instil the values of CAN DO 
into the business; from an operator’s point of view this stands for:

Cleaning: all machines thoroughly, starting with the key machines; 
all equipment, fixtures and tools thoroughly; the cell floor, cabi-
nets, shelves, etc.

Arranging: remove any items not needed; of equipment, tools, 
material, etc. for both easy access and operation; list and display 
all tools, equipment, materials etc. used for the job; a place for 
everything and everything in its place.

Neatness: by hanging up tools, equipment, etc. on shadow boards 
or in racks or in cupboards; maintained equipment and tools; keep 
the work place clean - remove used wipes, cigarette packets, cof-
fee cups, etc.; the whole workplace neat and tidy.

Discipline: read and understand the procedures that exist for 
cleaning, lubricating, bolt tightening and inspection; make sure 
you stick to the procedures and make them a habit; understand 
what information you have to gather and why, where it comes 
from and always collect it; agree working practices and proce-
dures and stick to them.

Order: don’t let anyone mess up your machines or cell; do things 
in the order that the procedures say; if you can improve them, then 
get them changed; make sure that you are given time to do your 

TPM activities; keep things simple but organised in detail.

The goals of the CAN DO activities are to:

• make it a nice place to work;

• make life easier for yourself;

• make it look good, take pride in your machines and cell;

• be in control of your own workplace.

All TPM activities are aimed at eliminating the six big losses 
which are:

• breakdown losses;

• set up and adjustment losses;

• idling and minor stoppage losses;

• reduced speed losses;

• quality defects and rework;

• startup losses.

These six big losses affect the parameters of availability, perfor-
mance and quality, with the overall machine effectiveness being 
the product of these three parameters.  Many simple steps can be 
taken to reduce these losses by checking, lubricating, bolt tighten-
ing, etc.

It is well understood that there can be no improvement if there is 
no measurement and this is very true when applied to mainte-
nance. There are various measures which can be used such as:

• overall availability of machinery/equipment;

• total number of breakdowns;

• overall cost of maintenance;

• average response time;

or at an individual machine level such as:

• overall machine effectiveness (OME);

• uptime availability;

• machinery performance;

• scrap;

• number of breakdowns;

• mean time between failure;

• mean time to repair;

• cost of spares, etc.

It is very important that the measures of performance chosen are 
both appropriate with respect to that business and practical to 
implement. Mechanisms have to be put in place to capture the 
information necessary and regularly update the measures of per-
formance.  These should be regarded as indicators of the improve-
ments that are made within the maintenance area.
One of the most important measures of performance that is used 
by Japanese business is that of overall machine effectiveness 
(OME) which is the product of availability, performance and 
quality.
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Safety & Standards

Work Equipment Regulations 
compulsory from January 1997

At the recent AILU General Technical 
Meeting at Liverpool University, David 
Price alerted members to the requirements 
of these regulations, which affect practi-
cally all equipment, old and new, used in 
the working environment.

The Provision and Use of Work Equipment 
Regulations 1992 (PUWER) is the UK 
implementation of EU directive 89/655/
EEC.  The twenty seven regulations in 
PUWER are designed to ensure the provi-
sion of safe work equipment and its safe 
use and are based on the principle that, to 
quote the HSE Guidance on the regula-
tions*, “work equipment should not give 
rise to risks to health and safety, irrespec-
tive of its age or place of origin.”

PUWER came into force on the 1st of 
January 1993 as mandatory for newly sup-
plied equipment, that is, equipment which 
was first delivered to a company’s premis-
es from that date onwards.  For equipment 
first provided for use, whether commis-
sioned or not, prior to 1993 there is a tran-
sition phase until 31st of December 1996 
during which employers are required to 
bring equipment into compliance with the 
regulations.

PUWER builds on the duties of employers 
under the Health and Safety at Work Act, 
1974 “To provide and maintain, so far as is 
reasonably practicable, machinery, equip-
ment and other plant that is safe” and 
“systems of work that are safe”
Note that:-

• Duties of employers also apply to equip-
ment provided by employees when so 
required by employers.
• Duties of employees are still covered by 
Section 7 of the Health and Safety at Work 
Act 1974 and by regulation 12 of the 
Management of Health and Safety at Work 
Regulations 1992. Employees “must take 
reasonable care for their, and others’ safety” 
and “must inform employers of hazards”.

Most new work equipment now has to 
comply with what are known as the Article 
100A Directives.  These directives - the 
Machinery Directive, EMC Directive and 
other particular product directives - place 
duties on the manufacturer and supplier to 
ensure, before the equipment is put on the 
market, that it meets the essential health 
and safety requirements laid down in the 
directives and that it is CE marked to indi-
cate coformance. Employers should check 
to see that the equipment is CE marked, as 
appropriate, and they can request a copy of 
the Declaration of Conformity from the 
supplier.  These product directives are not 
retrospective and not all equipment is cov-
ered by directives yet, so employers must 
turn to PUWER when, for example, pur-
chasing second-hand equipment, hiring or 
leasing equipment, or purchasing new 
equipment which is not required to be CE 
marked.

Work equipment can be anything from 
ladders to lasers, from axes to x-ray 
machines, but private cars are excluded as 
are substances (e.g. chemicals, slurry, 
cement), structural items (e.g. stairs, walls, 
roof), and livestock.

Particular emphasis is placed in PUWER 
on the need for appropriate and adequate 
guarding of machinery and for the assess-
ment and treatment of risks which might 
arise in the course of use, maintenance and 
repair of equipment. 

Note: a draft standard is being prepared on 
the guarding of laser processing machines, 
as a supplementary part of IEC 825 and BS 
EN60825. Further details are available 
from Mike Green at AILU.

Many existing laws will be affected from 
the end of this year as PUWER takes over.  
Certain sections of The Factories Act 1961, 
of The Offices Shops and Railway 
Premises Act 1963, and of the Mines and 
Quarries Act 1954 will be repealed, and 
many industry-specific regulations in agri-
culture, shipbuilding, and manufacturing 
will be revoked. A complete list is given in 
the HSE Guidance on the Regulations*. 
PUWER incorporates much of the previ-
ous requirements of the superseded regula-
tions and existing equipment will already 
comply with the bulk of the new ‘hard-
ware’ requirements as a result, but it is as 
well to check that equipment does comply 
while there is still time to bring it up to 
date.
* - Health and Safety Executive, Provision 
and Use of Work Equipment Regulations 
1992, 
     Guidance on Regulations L22. Published 
by HMSO, ISBN 0-11-886332-0.
 David Price
 MLC

COMMENTS 
Risk Assessment - Review of a case study
Erol Harvey, Exitech Ltd.

A serious task with important implications, but surprisingly by 
keeping the exercise light, and the paperwork clear and simple, 
the process can indeed be FUN as we recently discovered.

The team This should be a team exercise, although of course 
finally only the Safety Officer gets to put his name to the form ! 
By involving as wide a cross section of those involved as possible 
the Risk Assessment ends up being more balanced, more focused 
and its actions more likely to be enforced. We had representatives 
from Management, Engineering Design, Installation Technicians 
and Operators, about 6 people in all.

The start Everybody entered the session with great apprehension, 
and some trepidation. Feelings such as: “I’m too busy for this” 
“How much extra work is this going to involve?” “Will I be told 
off for not doing something?” “Will I understand the discussion?” 

“Will I be found out to be an unsafe worker?”.“Can I stay awake 
through all of this!”

A brain storming session gave the meeting the right feeling at the 
outset. As with all brain storming sessions no ideas are too silly 
not to be written down. It gives everybody a chance to contribute, 
and can be done very light heartedly. 

Before finally starting to fill in the forms, a quick review of haz-
ards listed in the Standards ensures that all bases have been cov-
ered.

The Assessment This slips by easily and again the group involve-
ment is very important. Operators feel that they have a say in their 
work practices and soon realise that Safety is not something 
imposed on them from above. Machine designers realise that 
Safety guidelines are not annoying instructions in standards, but 
really are things helping to improve the end product or activity. 
Equally important is the feeling that all views are valid and con-
tribute usefully to the safe running of the company.
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Journals
Literature Review
In this section we review some of the 
popular laser magazines, listing rele-
vant papers. Each issue from January 
to March 1996 has been scanned and a 
list of titles, authors and key words 
provided.

Photonics Spectra
January 1996

p76 Industrial users critique photonics 
progress: an industry challenge

 Keywords: Industrial, markets
 Database entry: 2562

p94 1996 annual forecast: Lasers & light 
sources

 keywords: general, applications, 

February 1996

p18 Nd:YAG cuts tough chrome-moly 
bike tubes

 Keywords: Nd:YAG laser, cutting, 
production

 Database entry: 2555

p20 Laser coders replace ink in Puerto 
Rico pharmaceutical plant

 Keywords: pulsed CO2 laser, mark-
ing

 Database entry: 2556

March 1996

p96 Lidar measures up
 Keywords: measure/test, lidar
 Database entry: 2570

Laser Focus World
January 1996

p50 Annual review of laser markets
 Keywords: markets
 Database entry: 2557

p71 Via production benefits from exci-
mer laser tools

 Kewords: excimer laser, drilling
 Database entry: 2558

February 1996

p64 Integrated optics
 Keywords: micro-optics, micro fab-

rication
 Database entry: 2567

p115 Scanners
 Keywords: scanners, mirrors, vision 

systems
 Database entry: 2568

p137 Product focus: fibreoptic positioning 
equipment

 Keywords: fibre/waveguide, inter-
facing, computer control

 Database entry: 2569

March 1996

p167 Dual beam diode laser drives 
high-resolution printer

 Keywords: CO2, Nd:YAG lasers, 
welding

 Database entry: 2530

Opto & Laser Europe
February 1996

p26 Laser-welded parts make cars light-
er and stronger

 Keywords: CO2, Nd:YAG laser, 
prototyping, new materials

 Database entry: 2559

March 1996

p33 Rapid prototyping manufactures 
tools from hard alloys

 Keywords: CO2, Nd:YAG laser, 
prototyping, new materials

 Database entry: 2559

p23 E-beam machines write smooth 
optical curves

 Keywords: E-beam, micro-machin-
ing, micro-optics

 Database entry: 2560

Industrial Laser Review
January 1996

p12 Cutting and welding large sheets
 Keywords: land transport, cutting
 Database entry 2546

p16 Laser Safety in the job shop
 Keywords: guarding, enclosures, 

training, administrative
 database entry: 2547

p19 Implementing laser robotic welding
 Keywords: Nd:YAG laser, fibre/

waveguide, robotic control
 Database entry: 2548

February 1996

p7 Breakthroughs in excimer laser 
technology

 Keywords: excimer laser, product 
integration

 Database entry: 2524

p12 Selecting laser heat treatment optics
 Keywords: CO2, Nd:YAG lasers, 

surface modification, focusing lens-
es

 Database entry: 2525

p16 High beam quality equals advantage 
for end users

 Keywords: CO2 laser, cutting, inten-
sity profile

 Database entry: 2526

p19 Turning lasers into profits
 Keywords: CO2 laser, cuting
 Database entry: 2527

March 1996

p7 New life for laser shock hardening
 Keywords: surface modification
 Database entry: 2564

p11 Laser cutting with water cooling
 Keywords: cutting, nozzle, gas 

assist
 Database entry: 2565

p 17 Fine cutting
 Keywords: cutting, microfabrication
 Database entry: 2566

Solid State Technology
January 1996

p103 Microlithographic challenges for 
flat panel display production

 Keywords: micro-electronics, 
lithography, micromachining

 Database entry: 24











Coming up in Issue 4
Lasers in Manufacturing
An idiot’s guide Laser Beam Propagation.
Brooke Ward describes measurements and calculations 
for laser beam quality and propagation. .

Laser Marking
Erol Harvey describes the benefits of Excimer laser 
marking.

Laser Courses
What’s on Offer? We review available training courses  
for the industrial laser user..

The Laser Jobshop
Assist Gases for Laser Cutting of Steels
Jack Gabzdy reviews the effect of assist gas on quality 
and speed for laser cutting of mild and stainless steel.

Cost of Nd:YAG laser Ownership
Keith Withnall of Lumonics quantifies capital and run-
ning costs..

Cutting Stainless Steel
John Powell compares edge quality for inert gas and 
Oxygen cutting..

Measurement and Testing
Laser Scale and Thermal Compensation feedback
Paul Painter describes a laser scale system and its appli-
cation in improving the accuracy of aerospace machine 
tools.  

Safety and Standards
In-line beam monitors
We review commercially available equipment and its use 
for safety and process monitoring.
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