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Abstract

This paper takes a brief and somewhat subjedive look at some of the isaues
which arise when ore begins to think abou the concept of “Quality” as
applied particularly to vaauum system spedficaion.

1. WHATIS“QUALITY"?

It is perhaps unfortunate that when the word “quality” is used in relation to some objed, comporent,
system or whatever, it is often assumed to mean that it is of the highest passhble standard or that it is
in some way state-of-the-art. The word therefore caries conndations of grea cae, superb
workmanship and ged expense. It isin some way used to convey a sense of “goodress'.

However, to use the word in this way is misleading. A much more gpropriate definition o
quality isfitnessfor purpose. In ather words, if ajobisaquality jobthen it will fulfil what it is meant
to fulfil but it will not excead those requirements. The standard of the job will be sufficient and nd
excesgvely high.

Quality in the sense that is going to be aumed from now on means meding the needs and
expedations of the user, that is fitnessfor the purpose of the user. Difficulty arisesin that users may
not know what they adually require. A user will often tend to over-spedfy just to be safe, but is then
unwilli ng to pay the necessary costs. It is therefore imperative that users' requirements are caefully
chedked by system designers.

2. QUALITY SYSTEMS

It is slutary to nde that most organizations and commercia undertakings now work uncer so-cdled
Quality Systems such as, for example, 1SO 9001 bu that in the main, these systems adually say
nothing abou quality in referenceto standards of work per se. They are primarily documentation and
tradng systems which will detail how a job hes been handed, athough,where gpropriate, they will
at some stage refer to the adherence of ajobtoitstechnicd spedficaion.

Quality systems are, as gated, primarily documentation systems and indead usually involve a
greda ded of documentation. In the cae of a manufaduring enterprise for example, all processes —
handling, working, treament, pading, etc. —from goods inward to dspatch are spelt out in detail and
the gopropriate tradng dacumentation and certificalion required at ead stage laid down.

Such dacumentation systems have agrea potential for becoming fosslized, bu when used
properly they provide the necessary information required to carry out audits of the process to help the
system to evolve by, for example, reducing costs withou saaificing standards, and to improve in
some way the whole process

3. VACUUM SYSTEM QUALITY

There ae two main aspeds to be borne in mind when thinking about the quality of a vaauum system,
viz., system design and system performance

3.1 Vacuum system design

To some extent this is the straightforward part of the process $nce most competently designed
vaauum systems will be designed and built to well understood engineeing standards. Fadors such as
size, shape, tolerances, stability, motions, hed disspation, etc. can al be spedfied in detail. When the
system is built, al of these can be acarately chedked by standard techniques. It is ometimes the cae



that in vacuum systems for very particular purposes, the state of the at may nat be goodenough, bt
that isadifferent story.

3.2 Vacuum system performance

Spedfying the performance of avaauum system may also be thougtt at first to be straightforward, bu
in pradice thisisnot the cae.

Firstly, it is important to nde that the mgjority of users of vacuum systems are not redly
interested in vaauum at all. It is smply that they wish to work in a @ntrolled atmosphere and that
vaaium happens to be the eaiest such controlled atmosphere to use. Examples of such uses are
particle accéerators, where bean scatering shoud be minimized; metal refiners and semiconductor
manufadurers where mntamination d the product is an isaue, etc.

4. SPECIFICATION OF A VACUUM SYSTEM

4.1 General

Fundamentally there ae two dfferent methods of spedfying the performance of a vaaium
system: spedfication by pocessand spedfication by performance The former involves the designer,
who in this case will probably either be the user or closely associated with the user, spelling ou in
detail every asped of the vaauum system, confident that provided the manufadurer sticks to
procedures, the desired result will be adieved. The latter approach simply states what the vacuum
system will do and leaves the manufadurer to deade how to med this performance, which will, of
course, be dhedked.

4.2 Spedfication by process

This approach pus the resporsibility for achieving the desired quelity firmly on the system designer.
Thisisfine so long as the system in fad meds its requirements, but gives rise to pesshble cnflicts if
the performance fals sort of requirements. Has the manufadurer not adhered to procedures
properly? Is the system under-pumped? The designer accets the csts of the design process so
manufaduring costs $oud be less However the purchaser must be prepared to supervise the
manufaduring processclosely and chedk frequently that everythingis being dore as required.

The designer will require an intimate knowledge and understanding o things like dhoice of
materials, manufaduring techniques, cleaning processes, handing procedures, ougassng rates,
pumping and gauging, etc.

Traditionally, accderator builders have used this approach, bu tend to muddy the waters
dlightly by also pladng performance spedfications on manufadurers.

Most of therisk here is borne by the designer/purchaser.

4.3 Spedfication by performance

Here, the user will spedfy the way in which the system is to perform with resped to important
operational parameters which might include the required presaure, pump down times, residual gases,
outgassng rates, etc., and may include the dimination d unwanted side dfeds such as particulate
production and crosscontamination.

The resporsihiliti es for ensuring that the performanceis achieved are here quite dea. They lie
firmly with the manufadurer who will design the whole system medhanicadly, spedfy the pumping
and qauging, etc. However the purchaser must be prepared to accept the wsts of doing this and most
manufadurers will also buld in contingency costs for redificaionwork if the desired performanceis
not achieved.

A potential problem lies in how the performance is to be measured and this must be dealy
understood kefore an order is placel. Performancetestingis discussed in the next sedion.

This approach has traditionally been used by indwstrial purchasers, where in-house
understanding o vaauum may be quite low. In pradice amodified version d this approach will often
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be used with the purchaser carrying ou part of the mechanicd design work, leaving the manufadurer
to dothe vaauum bits.

Most of therisk here is borne by the manufacurer but the austomer pays for this.

5. VACUUM SYSTEM PERFORMANCE AND ITSMEASUREMENT

There ae many fadors affeding vaauum system performance and its measurement, many of which
have been dedt with in detail i n this course so are simply listed here for completeness The spedfier,
the designer and the purchaser’ s inspedor will al require aknowledge of these if the finished system
is to be of suitable quality. The limitations apply equally to whichever approach to spedficaion as
discussed abowve is used: the goproach simply determines who caries the resporsibilit y.

Factors which affect performance

< Materials
» Medhanicd Properties
= Changesindwed by hea, vacuum, by what the system is used for
= Tedhniques
» Working,joining
» Outgassngrates
= What influences outgassng
= How isit measured
» Are “booK valuesto betrusted
++ Cleaning
» What isto be deaned
» How andwhy
+» Handling

Factors which affect measurement
+» Required presaure
» Measurement
= Gauge cdibration and stability
» Pumping speed and stability
» Uncertainties in measurement
+» Residual gases
» RGA cdibration and stability
» Uncertainties in measurement

6. REAL-WORLD VACUUM GAUGING

It is useful to nae that the measurement of presaure in a vaauum system is usually akey fador in any
spedficaion. It is therefore of vital importanceto know to what extent measurements of presaire can
be trusted. Much of the pubished values for gauge sensitivities, stabilities, etc.,, come,
understandably, from standards laboratories where gauges are used in nea ided circumstances.

Things are quite different in the red world of vaauum presaure measurements and nd much is redly
known abou the uncertainties inherent in such measurements. For example, there is usualy littl e time
alowed for taking such measurements, gauges are nat allowed to ougas and stabili ze and the system
may nat be in equili brium. The personnel taking the measurements have limited vacuum knowledge
and skill sand are indeal dften na redly interested in the subjed. They may have littl e experience on
which to base a1 assessmnent of whether or not a reading is ensible. There is no appredation d the
effeds of the state of the vaauum system (e.g. an external pump set) on measurements and hav the
past history of the system can affed readings.
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The problem is compounded when it comes to using residual gas analyzers. Cdlibration d such
instruments is in fad difficult and fundamentally nat well defined. Judgement is required in
interpreting the spedra. Most modern instruments are software driven and the red datais hidden from
the user. The dfeds of interpretation algorithms are often na spedfied.

However, thisis not to coursel that there is no pant in dang such measurements, simply that a
degreeof caution realsto be gplied in interpreting results

7. SUMM ARY

This paper has discussd two basic goproaches to the gplicaion o quaity thinking to the
spedficaion d vaaium systems in which the spedfier either accepts control of the manufaduring
processand the risk involved or spedfies what is required and passes the risk to the manufadurer but
pays the price

In eat case, bah spedfier and manufadurer must clealy understand whois acceting the risk
and where resporsibility lies. They must also clealy understand from the start how the asssanent of
the completed system isto be adieved and the limitations of the processesinvolved.



