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measuroment procedures uscd by the section. Since thes

se, themsclves,
are often cornlex decuwnents it is not considerad feasikle that thoy
Lecone port ¢f the quality manual as such. It is sujgested that the
avprepriate  technical manual %e used in conjunction with the quality

manual wheon any calibration or test work is undertaken.
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INTRODUCT IO

My experience of quality manuals has been primarilv of ilinse devel!onnd
at the Physics and Engineering Laboratory (PEL) of the I'~partment of
Scientific and Industrial Rescarch (DSIR) in New Zealanc. They are
specific tc the operations of PEL and ave not necessarily 3pplicable
to the situation in Brazil, or indeced to that at other instjitucions

in New Zealand.

Therefore, it is not my intention to write such a manual fer 7coMCI
since it would be impertinent of me to attempt to impose PEL
procedures on CEMCI operations, My input to the CeNCI qui. ity Frnual
should be limited to a discussion of items which might be suit-ble

for inclusion. The detailed Licyp-ration must be done by the scaf®

concerned. They must Jecide for aemselves the contents ard

arcancenecnt hest suited to their onerations.

In this connecticn, I cannot crmphasize too strongly that the
successful implementation f a guality manual denends enivirely on
the enthusiasm and good will of the staff concerned. A ¢=nuine
desire to develop a quality operation must exist rioht zi the stert.

It is much more difficult to "build-in" this desire at a :ruler st.oye,

This report consists of two kinds of infermation:

That which might be of general use to all asPécts of CEMCi's
operations, and that which might be useful to a specific area Hf
measurement. In discussing these aspects, I hope to denonstrate the
possible consequences of not develeping a set of operating procelures,
In many cases I have drawn from personal exoperience (o illustyrate
the problems which can, and do, arise., That these are frequentiy
amusing is not intended to diminish their importance, but rather L5

produce a more lively and interesting text.

AENERLT, PROCEDURES:  UHE QUAT Y MANDAT, PART 1

1.1 - General COvervicew of the Orgenication

Any quality manual shonld commence with a statement of the aine,
responsibilities, and operations of the organisation, &n ex-el!l ont

overview of the activities of CEMCI is contained in the publicasion




"INMETRO, Institutional View, Brasil 1984", pages 7-9. It is
reconmended ithis summary form the basis of the gencral descriotion of
CEMC1 tc be reprocduced at the beginning of the quality manual, Very
little editing would be reguired, although it would be useful to add
decriptions of the proposed Optics group and the more "non-technicai”
groups like COTEC and DATAD. Some indication of present and proposed

staffing levals in all CEMCI groups should be given.

1.2 - Measurement Capability of CENCI

The tables presented on pages 9-11 of "Institutional View" could be

veproduced in the manval after appropriate updating. These, together

rresent situation at CEMCI apd will be valuable training cids for

new members of staff.,

The data given in the tables should be checked carefully. In my
English larcuage version, I noticed some numbers which were obviousiy
incorrect, but these may have resulted during trarslation from the
oriqg’ *al. I'lso, staff may care to re-appraise the accuracies

quotcd fov certain measurements, In gencral, it is better tec
understate the capability of an organisation rather than to overstate

it.

My own institution has been embarrassed on occasion when it has been

unable to meet the accuracy required by a client, even though we had

stated previously that such accuracy was pessible,

Some years ago, a private laboratory in New Zealand sought
registraticn under the Australian accreditation scheme, NATA, T
happened to be present in the NATA office when the managing director
of the parent companv of the laboratory presented a beautifully
printed brechvre of the laboratory's "capability" in support of the
appliecation. The brochure contained details of a very large range

of calibrations and tests which the laboratory claimed 't could
perform, e asked how saavy claff were availeble to do thae work, 11
managing drovocior zaid thoee gere 3 Ml l-tine staff oand that sone

of the 40-stiong parent conpony could help out on a part-time basis
when requiced, T pointed out thet PEL with a full-time stoff of 200
would be prensared to vnderbtake only 109 of the Lests detailed in the

brochure!
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1.3 - General Housckeeping
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In metrology lokoratories, cleanliress is synonymous with "Godliness"“!
Good housekeeping procedures are essential to preserve a clean
laboratory environment for measurements of great accuracy.
Consequently, it is not always qgood practice to permit access by
contract clcaning staff since they are unlikely to be experienced in
the care of precision measuring equipment. Unintentional or rough
handling of certain instruments can ruin their calibration, reduce

their potential accuracy, and cause contamination,

For instance, the jrescence of just one fingerprint on a mass standard
can increase its weight by scveral microgrammes, In addition, the
sweat associated with a fingerprint is very corrosive and can cause

rusting of steel cguipment in a few days.

Therefore, it may be necessary for staff in some laboratories to
undertake their own clecaning and other housekeeping. Provided the
laboratory air-cerditioning system works effectively, cleaning can k2
confined uvsually to a daily dust and mop with demp cloths. For steel
and other oxidisable surfaces, and electrical eguipment, the cloth
should be wetted with benzene or other organic solvent, never water!
The wearing of protective rubber jloves is recommended during this
operation since contact with organic solvents can destroy skin

lipids and cause dermatitis.

Placerent of antistatic mats at entrances to laboratories, and the

wearing of cotton overshoes or other indoor fooiware, considerably
reduces the transfer of dust or dirt from outside. Equipment should
always be put away after uvse, glassware cleaned, and any used
chemicals disposed of, Otherwise, sooner or later, something will

get knocked over, and valnable equipment daraged or measurerent
records spoiled. Once cach week (preferably Friday afterncon), time
should be allowed for a general tidy-up of the laboratory.

Tn addition to noveal houerkeeping, it is ¢ood practice o discourar:

cnoking and Lhe comuumption of {ood or boverijes in laboratory oreas.

Pood crumbs can ruin a mechanical measurement; fruit and beverages
can caure corrosion and other contamination of equipment, In my own

institution, I can remember an occasion when a speck of food on some




measurement results was subsequently transcribed as a decimal point!

Tobacco snroke can have disasterous effects on measurement accuracy,
and smokers should be permitted breaks away from the laboratory. This
is particularly so in density or viscosity measurements, where the
surface tension is required to be known (and constant). uars and

- other hydrocarbons in the smoke are suxface active agents, and will
condense on rmost solid and liguid surfaces. One result is to reduce

- the measured surface tension of water by betwcen 5% and 10%.

In my own laboratory I have measured the effect of just one puff of
smoke on surface tension. Clean water exhibits a surface tension of
72.75 mN m~1 at 200C. After contamination, this figure can drop

below 69 mi m~1, There are two reasons for this. One is the effect on
the water surface itself, The other is the effect on the measuring
device (in my case, a glass Wilhelmy plate). Smoke renders an
otherwise clean ¢gloss surface slightly hydrophobic. Hence the

contact angle between water and glass departs from the ideal zero,

n Tt then must be mcasured and allowed for in subsequent calculations.

Again, sncke frem a non critical area can be transmitted to a
critical one via the laboratory air-conditioning system., If
laboratories are egquipped with smoke detectors for fire alarm
purposes, this can have interesting results. A few months ago, one
of my staff was assembling an electronic circuit in the laboratory.
Smoke from his soldering iron activated a highly sensitive detector

) and resultcd in an unwelcoie visit from the local fire bhrigade!
Needless to say, we reduced the sensitivity of the detectors after
that.

1.4 - Sccurity and Confidentiality of Tnformalion

The security and confidentiality of information obtained during the
course of a programmae of work for a particular client should be
maintained ot all times. Clients' work which is not currently under
test shonld he hept in 4 closed eabinet, Digoreticn should be
exercisnd with resard to clicnts’ work under Legt whon visitors arc

admitted to the lohoratory,

The reason for this is that the information obtained during the
calibration or test belongs to the client, who is often paying for

the service provided by the laboratory.
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In my own cousdy, there have be.n cases of attempted industrial
espionage during such wcrk, usually in the area of product testing
rather than instrument calibration. It should always be remembered
that the client comes to the laboratory because he relies on the
guality of the service provided. Part of that quality assurance is
the understanding that the weasurement results have not been given to

anyone elsge,

The only possihle exception in New Zealand is where testing is
required for a process of litigation. In this case, we undertake

such work after the clicent has agreed that the results bhe made
available to all parties before the court hearing. Otherwise the
results could be classified as unfair evidence in a court of law, and

possibly ranled as inadmissible.

Occasionally, my staff desire to publish clients' test data in the
scicntific journals. In such cases, they must first obtain permission

to do so from their client(s).

In New Zcaland, public servants must sign a written undertaking (the
Official sccrets Act) never to disclese information obtained during
the course of their official duties unless permission to do so is
first obtained from their supervisor. This is almost always given

wvhen the information is not for a specific client and is not of a

sensitive or strategic nature., Occasionally, however, certain

(usvally younger) members of staff feel that even this minor
restriction is unnccessary and that scientific information should be

freely given to everybody.

In such cases, I remind them of a situation which arose at PEL some
years ago, A certain member of our staff was "moonlighting”, that is
working after hours as a "private" consultant, le relcased official
information Lo his "client" which subsequently was proved to ke in
error. The client then sued PEL Lelieving, wrongly, that the staff
nember was acting in his official PEL capacity. Needless to say, we
disciplinad it olficcr, e was given the choice of fomedrare
resicnation or public diowissal, Had the information boeen of
strategic importance, he would have been liable also Lo a court

fine, a prison term, or both,

I once heard the Chief Scientist for ICI state, during a lecture on
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quality assurance, that information comes in one of three categories.

It. is cither useful, in which case roney is made out of it; or it is
intercsting, so it is published; or it is funny, in which case onc

laughs at it! I think that sums up the subject very well,

1.5 - Correspondence and Rssociated Filing

CFMCI will have its own well--established procedures regarding the
handling cf inwards and outgoing correspondence and associated
filing. It is worth including those procedures in the Quality Manual

as resource material for new staff.

It is often usefvl for an officer receciving or originating
correcspendence to maintain his/her own filing system in addition to
that of the central registry. This provides a rapid referral system
and is valuable during subseguent correspondence or telephone
conversatiocons regarding a particuiar job. In such casos, the original
letter should be copicd for the officer's own file before bLeing

returned to the registry.

1.6 - Job Costing for Estimating and Tnvoicing

With increasing crwphasis on'aceountabilivy” in the Public Sexvice,
job costing is becoming usual practice in the central measurenent
laboratories of many couniries, New Zealand's included, Governments
are comritted to reducing the level of public expenditure.
Conseqguently, at PEL for example, the level of government funding
in 5 years time will be less than 702 of that for 1985, Therefore
it is bhecoming essential for us to make up the balance by cnarging
for work done for our clients. Otherwise, those gevernwent funds
will be steadily caten away by service work to the detriment of
other activities like maintenance of the natioral standards,

Even if such policies have not been initiated in Brazil, proper

job costing is still good practice for a highly professional '
organication like CEMCT, Tt is a sad but trne fact that the qnality
ef e et s cafton ceas oo d iy e e of 3 ener ) Hhoman
poychology is such that, if comething appoaas o cost oo little,
then it is belicved there must be something wrong with it! In the
past, there have been occazions at PEL where potential customer:s

have lost interest because our services were Ltoo cheap, They have

- then gone to a private organisation and paid two or three times as




much for an inferior product. While this may have reduced our

calibration and testing load, it did our reputation no good at alll

Therefore, it is important to derive the true cost of a job (but not

to overcharge for it). Several factors need to be taken into accour®:

a) The cost of the person doing the work. In New Z2ealand, this is
estimated on an hourly or daily basis by taking the officer's
rate of pay and multiplving by the factor 2.5. Looked at
another way, the daily rate will be annual salary divided by 10%
assuning an average of 250 working days a year. This multiplier
is used to account for "invisible” costs such as pension schenes,
annual lc.wve, sick leave, etc., plus overhecads like administration,

clectricity and other utilities, and maintenance of buildings.

It should be remembered that the time taken to do the job is not
just that for the actual measurcments., In addition, there is the
time associated with any specimen or equipkent preparation,
working out results of a wmeasurement, checking those results, and
" preparing the report, Some of ny own staff have found that, when
they have asscssed these additional factors, the total time for
the calibration or test can bhe up to three times as long as their

ocstimate for the wmeasurement alone!l

b) The replacement cost of any equipment used for the measuremen
In my own laboratory, we usc a formula based on 20 cents per
$ 1000 of replacement cost per hour of use. In this way, the

) charge for equipment costing $ 100,000 would be $ 20 per hou:r,

c) The cost of any special jigs or fittings that need to be made fcr

a particular job.

d) The cost of any raw matcrials used during the job, such as shcet

metal, chemicals, photographic paper elc,

e) The cost of transport, If a job ir required to be Jone away fron

. . -

the loboroiocy, o - c.ooe of gotding (o and fyom (he woosmronent
site should bo auncessed togoether with the travelling time of the

of ficer involved.

f) The cost of typing the meosurement report and any associated

correspondence,
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I must confess that it is conly during the last 6 months thet PEL
has been attempting to assess all these factors in preparing
estimates for work done for our clients, so we are still on our own

"learning curve" in this respect,

Having gone through this initial estimation process, the various
components should be summed and the client advised of the likely cost
of the work, If, at this stage, the c¢lient wishes the work to proceed,
his acceptance of the quote should be in writing and should include
an order number against which the work can be charged. This will

help subseguent invoicing when the job is complete.

1% is very important to obtain this written confirmation, At PEL,
there have becen a number of occasions when this was overlooked., The
result was that clients later denied they had requested the work

to be done, or stated they were given to understand there would be no
charge. Tn one instance, the client was a major government
department, and a large amount of correspondence about the
misunderstanding was generated! After two years, PEL decid=>d the
expenditure on this clerical effort w:.s greater than the cost of

the original job. In such cases, it is prudent to "write-off" ihe

cost against experience]

In gereral, it is considered unprofessional to guote one fee, and
then attempt to recover another (higher) sum if the estimate was

in error, Experience helps to overcome this pioblem,

However, there will be occasions when staff are asked to guote for
work of a complex or long term nature in which the various cost
components arc more difficult to assess, In such cases, PEL >bhtains
the client's prior agrcement that work only up to a certain value
will be undertaken., If this is insufficicent to complete the job,

the client is then given the option of accepting any interim recualts
or of providing additional finance to cnable satisfactory completion,
Associated with this "professional” approach o estimating the cost
of a job is the neced to provide an itemiscd invoice when that job

is complete, Clicents ece often required to pay a considerable amount
for a high guality calibration or test, Therefore, they arc entitled

to know exactly how that money has been spent, A simple statement
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of the total fee due is insufficient., In all cases, the various
conmponcents in the total should be detailed. 1n cther words, the

invoice should be of the same quality as the job!

E;Z - Care gf Items_$g§§}tted for Calibration or Test

Clearly, it is the client's responsibility to adeguately pack any
instruments or test sanples becriore they are sent to the laboratory.
However, on arrival, these should be checked for damage which may
have occurred in transit, and the customer advised of any
unserviceable items. At PEL, we occasionally rerair the damage butg,

more usually, veturn unserviceable items and reduce our charges

‘accordingly., We do not charge for work which cannct be done!

Serviceable items are then allocated to the appropriate officer f{or
calibration or testing. At this stage, a uniguely identifiable job
number should be allocated to the work. CEMCI will have its own
proccdures for doing this., Where a job consists of many similar
components, such as calibration of a batch of thermometers, each

item should be identified.

The serial number of the item is sufficient for this identification.
However, if there is no serial number, a suitable mark or number

should be etched or ergraved on it before measurement., If perinanent
marking is inappropriate, a tie-on or adhesive label can be used as

a last resort,

When it is not possible for the work to procced immediately, the job
plus any associated paperwork should e carefully and securely stored
until the work can proceed. Although laboratories frequently
disclaim responsibility for any loss or damage which miyht occur
during the time items remain in their care, it is clearly

undesirable to gain a reputation for careless handling!

once the job is due to commence, any necessary cleaning, degreasing,
on other preparation mriov Lo veagurcront gshould be unlertaken with
great cave, Stecl items should be reg: raged inpediately after

measurcment to preclude any rusting,

Once the work is complete, the item(s) should be retained by the

laboratory until the calibration or test report has been written and
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checked [or accuracy. It is very bad practice to release items and
then to have to recail them because the measuvrements were later
found to be in error. This is likely to attract the dissatisfaction
of the client, especially if he needs the items to continue his

operatjons.

Prior to despatch, completed items should be repacked carefully to

avoid any damage on the return journey to the client,

1.8 - Recording of Measurcment Data

Originally, many measurcitent laboratories recorded their test data in
numbern~d, hard-covered work hooks which were retained by the section
doing the work, There is nothing wrong with this practice since it
prcvides a pexrmanent, readily available record which is often needed

for reference purposes at a later date.
3 I

However, with the present trend to electronic data capture and
processing, and associated computer printout, the information can now
be stored more easily on floppy discs, At the same tire, it is

PRy '

prudent to maintain any worksheets and computer printouts witl

o}
]

.

copy of the final report on an appropriate laboratory file. This
insures against any loss of electronically stored data because of
some malfunction in the computer or word-procassing system. A friend
of mine in another DSIR division once spent two years painstakingly
compiling an inventory of New Zealand native flora. All the
information was stored on a VAX 11/780 computer. There was a

"disc crash" and he lost ev -ything, and had to start his work

all over again!

In all cases, the results should be identified by the job number,
serial number (or other identification) of the item{s) under test,
the date v -n the work was done and by whom. Worksheects should be
single sided and numbered, Manual rccording of test data must be in
permanent form, that is ballpoint pen or ink, ncver poncil,

Correct ions «bemid he made by crossing out incorrect data and the
corrected figmee writton aleng side, above, or Lolow ihe oranos deons

data. Fach shect and any corrections should be initialled by the

officer doing the work.

In addition, it is good practice to maintain a register cf all work
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carried out by the section. This is a useful cross reference, This

register chould contain the following information about each job:

- the CEMCI job number, or other number uniquely identifying

the work,
- date the work was done,
~ customer's name, address, and crder number,

- details of item(s) tested, together with the serial nunmber(s)

or other identification,
~ brief description of work done,
—~ work book or worksheet identification,
- time taken and charge for the work,
~ number of registry file containing copy of final report,

- nane of officer who carried out the work
This register should be kept perinanently by the section.

1.9 - Checking of Calculations and Data Transpositiicns

Having obtained all the measurement data necessary for working out
the results, and assuming the mecasurements have been made correctly,
there is s5till the possibility of errors being made during

subsequent calculations,

Therefore, the person carrying out the work should perform each
calculation at least twice (and on different occasions). Selective
checks should be made by another officer, and the appropriate
worksheets initialled by him/her to show this has been done. All data
transpositions should be checked by the person concerned and another
officer, Similarly, the final report should be checked over by the
othex officer and each page initialled by hir/her before the report
is signed by the person who did the work. A further check on the
report should be wade by the countersigning officer, who is usually

the diycctor or a conior member of the labovotory,

In other words, the Japanese principle of "quality circles” should
be appiied to the calculation of results and their subsequent
presentatioh in a calibration certificate or test report, After all,
that document is supposed to be the quality end-product of all

the QA procedures used in the laboratory:
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Of course, even with all these safety checks, it is still possible

for something to go wrong. On one occasicn at PEL, we werce rather
einbarrassed when a client pointed out that our calibration certific:z:e
for the 6% digit DVM he had submitted stated one range in MV not

mV. A simple typographical error, but it made all the differenze in
the world!

On ancther occasion, fortunately before the report was sent to the
client, I managed to spot that one of my staff had listed the
calibration of an anemomrecter in units of metres per second instead
of metrecs per minute, I asked her how shce had cbtained these figufes

since we did not possess a supersonic wind tunnel!l

Fortunately, however, good checking procedures make such occurrances

the exception rather than the rule.

1.10- Reporting of Calibrations and Tosts

Mcasurement results should be reported in writing always.

Oral rcporting is discouraged because there is a much greater chance
of error. In addition, any ambiguities in conversation can cause

the ciient to misunderstand, or wrongly interpret, the results. Op
one occasion at PEL, a very senior officer (who should have known
better!) advised a client by telephone that his scale was rezdable
to plus or minus one tenth of the interval betwean small divisions.
The client confused readabkility with accuracy when, in fact, the
scale had a cumulative error in cxcess of two small divisions over
its entire length, That the client subsequently won a contract c¢n
the basis of the supposcd accuracy of his measuring eguipment made

the situvation all the nmore embarrassing!

If, for recasons of urgenc the client insists on an oral report, it
’ G Y,
must be emphasized to him/her that the information is given "without
prejudice”, that it is not official, and that it will be confirmed
Jater in wribind, 8o staff iorbor shoold over consunicate vesults

3 \Y 4,

otally wilhout the pricr copsent of a senior officer.

Preparation of the written report should be done by the officer who
carricd out the measurcments, Normally, a handwritten draft will be
submitted for typing. The typed draft is then checked by the
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originator and another officer. Because written reports are legal

documentis, transcription errors carnot be amended by "whiting out”

and t,;ping over. lonseguently, even one small error will require a

complete retype of that page of the report. This puts grcat strain

on the typist: knowing that you must rot make a mistake invariably

means that ycu will make at least one! With some of PEL's nmore comnplex
- reports, our typists used to become quite paranoid on occasion. One

of them, after six false starts, finally had to take 5 days leave

before beiny able to produce a “"clean" original!l

Fortunately, wovrd processors have now removed this problemw. In
addition, the report can be stored on floppy disc so that, if the
‘client cver loses the original, a rcplacement can be produced
quickly. This is especially important where a report 's required in

a legal action, since the courts generally do not accept xerox copics.

Once a satisfactory report has been typed, and the reguired number
of xerox copies made for filing purposes, everything should be

" initialled and/or signed as suggested in section 1.9, or as laid
dowri in CEMCI's procedures. The quality of presentaticn of
infornation in reports should pay due regard to any typing or word-
processing guidelines adopted by CEMCI, but it is most impcrtant that
the reports should display all the attributes of good reporting
practice. That is, they must be understandable to the end-user,
they must be concise, and they must be unambiguous. That they mus

also be correct goes without saying!
Considering the report in its final form, the following should apply.

The front page of the report shouvld he typed on official letter head
paper or format sheet similar to that already used by the Rede

. Nacional de Calibragio, RNC (sce page 24 of the RNC manual,
published by INMETRO, 1984), It should bear a unique report number

- and any relevant CEMCI file number. The report number, page number,
and date of iacue shonld ko typed on each page of the report. A

-

suit- hle forat or continuncion shects is shown on page 25 ol the

RNC 1anual. Page numbers should be expresced as "page... of...".

Also on page one, the title of the report should be given, At PEL,

we use the words “"Report of Examination of....", where the name

‘ (and quantity) of the item(s) examined is inserted in place of ".,..".
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The reports should continuve as follows, preferably but not

necessarily in the order given:

customer identification; that is, the client's name, address,

and order number.

description of the article(s) examined, together with existing
identification marks or serial numbers. In addition, with the
client's permission, PEL often adds its own identifying number
(usually the report nvmber) to the article(s). In such cases,
our 1 ports include the statement: "the... has(have) beecn
marked with the number(s)... in reference to this report”.
When several articles are tested under the same report number,
cach is marked with that number followed by (1), (2), (3) etc
as appropriate, Vhen adhesive or tic-on labels have to be
used, our reports state: "Samples are not permanently
identified. It is the custoicer’'s responsibility to ensure

continued identification".

examination carried out. Brief details of the client's
requirements and the test method used cshould be given. Majorx

items of equipment used for the measurements should be included,

results of cxamination. This pert of the report should provide
the detailed results in the form required by the client. This
may be tabular, graphjical, or both. In appropriate instances,
the results of any visual examination might be mentioned,

and reference make to conformation (or otherwise!) with a
specification. However, care should be taken to state only
factual information., Opinions should not be expressed in the
report, but may be contained in a covering letter, In all
reports, the appropriate SI units of measurement must be
stated.

uncertainty of measurement, No measurement is ever exact,
Therefore an associated uncertainty must be quoted in all
cases, together with the appropriate confidence level,
Normally, in standaras laborvatories, the 99,9% (30) confidence
Level is vaed, bid there will be coraciong wien 95% (260 or
even 70% (l0) is appiopriate, This is quite acceptable so

long as it is stated,

environmental conditions, The ambient temperature and, where

applicable,pressure and humidity applying at the time of
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test should be stated in all cases. Where results have ooen
corrected to standard conditicns (for example, 200C), t i
should also be stated. In certain force, pressure, ar}d
vibration calibraticns, the value of "g" (grasitational
acceleration) is required to be known, In such cases, 1t 7.
useful to include a formula embodying "g", so that the cl:or™

can vse the value for his "local gravity" (if krown).

date of examination. The date{s) of cxamination c¢hould Lbe
recorded in all cases, together with when the item was
previcusly tested at CEMCI. With items each as sets of m-onu-s
or gauge blocks, multi-range voltmeters, etc, these may roed
to be calibrated over a period extending to several weeks.

In such cases, PEL states "the examination was carried ouun

betlween ..., 19.. and..., 19..".

certifying signatures. As mentioned in sectjion 1.9, PEL repoxrts
bear two signatures on the final page: that of the officer whe
performed the mecasurcnents and that of the countersigning
officer. The initials of the third party who checked the

report are also included. All threce officers usually initial
any other pages (without signature). I note that the otherwise
admirable EBNC report forms appcar to make provision for oniy
one signature (Assinatura Autorijzada). It is suggested these

be suitably amended since, at present, they contain no proof

that .wltiple checking of their contents has been undertaken.

conditions against mis-use of report details, I am impresscd
by the conditions stated at the bottom of the RNC report forms.
Only occasjonally does PEL state that the results apply only

to the particular item(s) under test. Again, RNC goes further
than PEL by insisting that "... reproduction in total

or in part requires the previous authorization of RNC", By

comparison, PEL permits reproduction in total, but not in part

without the permission of the director. PEL can profit, from

RNC procedures in this respect,

Clearly, restriction mast be placed on the use of roport
information, ‘Twoenty vears aqgo, PEL was testing alumirium
ladders for a local manufacturer, The tests were undertaken in
accordance with a roeently published New Zealand standard
specification, One week later, the manufacturer advertised in

the newspapers that his ladders were the only ones tested to
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the new specification. However, he omitted to state that his
ladders had failed! Needless to say, we invited him to withdraw
the advertisement or face court action. The advertisemcent

did not appear again! But without that printed condition on

our report, we would have been powerless.,

I have éone into some detail about the format and contents of the
"ideal" report, However, as I have alrecady said, this is the end
product of a laboratory's quality management programme. The
laboratory's reputation ultimately depends on the guality of its

reporting procedures., Therefore, these must be correct, invariable,

and completely reliable,

1.11- Withdrawal ard Reissue of Reports

Even with the most rigorous of checking procedures, mistakes will
still occur, and reports containing crrors released occasionally.

The errors usually arise in one of two ways.

The first is when mistakes occur in transposition or calculation from
the original data, or when the wo:rding of the report is ambiguous
(and can cause errors in interpretation). In other words, the error
is confined to the report itself and does not arise from ircorrect

measurecment,

In such cases, the client should be advised of the error and requested
to return the report. On its receipt, it ard all copies held by CEMCI

should be destroyed and a new (correct) report issued.

The second situnation :s when subsequent work or discussion rceveals

a mistake that was made during the original examination of the item(s)
nnder test, In such cases, the client should be requested to return
the report and the item(s) for re-cxamination. Again, all copies of
that report should be deslroyed, the work repeated, and a corrcct

report issued.

In 41l «itnabions requiring this kind ot remedial action, the cist

of the "reoawcdy” should be borne by CEMCI, Remember also that it is

no disgrace to admit to error. It is jusf one more demonstration of
the importance placed on quality by the laboratory (provided, of

course, the mistakes do not become too numerous!). In fact,
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institutions who claim to never make mistakes are either dishonest

or unaware of their errors. It is wise to beware of such institutions!

1.12- Retention and Disposal of Records

Records of all measurement results, reports, associated correspondence
etc should be retained by CEMCI for at least 10 years, and preferably

for ever.

There are several reasons for this:

a) Records are essential to the resolution of any subsequent dispute

between the laboratory and the client.

b) They provide a means of detecting errors in procedures,

measurcrnents, and calculations,

c) They comprise the bechavioural history of items submitted for test,
For instance, only by comparing previous calibration certificates

for an instrument can its stability (or otherwise) be determined.

d) The records are necessary for any quality avidit of a laboratory's
staff and measurement procedures, They indicate the level of
performance of the laboratory, and hence its ability to provide
a feliable service. In the event that a laboratory accreditation
scheme is introduced in Brazil, such records will form the basis
of any assessment to determine the acceptability of a laboratory

under the scheme,

e) The records represent the history of a measurement laboratory's
operations and are useful in precdicting how these operations

might develop in the future.

As mentioned in section 1.1), the only occasion when records should
be destroyed is when they «rxe shown to be in error and nced

replacement by correct information.

Seme years ago, 2 PEL clerk was asked by our advinistration oflicer
to remove some out-of-date files from the registry in order to make
room for the current ones. Ve have a stack room for archival material
of this nature, Unfortunately, the clerk misunderstood the instructiol
and loaded the files on a truck to be taken to the local rubbish

dump! Before we realised what had happened, all those files had been




o

buried under 3 metres of rubbish by a bulldozer., Consequently, PEL
has few detailed records of its activities prior tc 1965.
Fortunately, all the original calibration certificates for our
instruments are retained in a fire- and blast—pioof strong room.

Otherwise the clerk wculd have had those as well!l

CEMCI will have its own procedures for the copying, distribution,
and retention of records. However, in the case of labcratory test
reports, it is good practice to'take three xerox copies before the
original is sent to the client. At PEL, we generally advise the
client to retain the original for at least five ycars. With the
copies, one is retained »y the PEL section which did the work, one
is filed by the registry, and, of course, one is deposited in the

strong room,

Apart from anything else, this procedure insures against loss or
nisplacement of the laboratory or file copies, and has saved PEL

from some cmbarrassment on several occasions,

1.13- Details of Senior Personnel at CRMCI.

In any organisation, it is important to know who to contact for
advice regarding procedural matters, disputes, client requirements,
and (especially) personal problems. After all, the quality of a job
depends mainly on the performance of the staff doing the work. And
performance depends on knowledge and personal well-being. Therefcre,
it is useful to include in the quality manual some details of the

holders of senior positions in the organisation,

In the case of CEMCI, it is suggested that the names of the

following senior staff should be included:

Director,

Technical Coordinatoxr  (COTEC),

RNC coordinator (CORNC),

Coordinator of Administration and Technical Support (DATAD),
Chief of Reowstyos vl Uibration,

Chief of Mechanical Measurements,

Chief of Electrical Measurcments,

3 4 - N -
chief of Heat and Tewmperature Measurcments,

~18-
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Coordinator for Optical Measurements,

This inforration could be given in either tabular form or a diagram

in an appendix to part 1 cf the manual.

SPECIFIC PROCEDURES: THE QUALITY MANUAL, PART 2

2.1 - Application to Metrology Operations

In the following sections, I attempt to develop those aspects of the
Q.A. scheme which would be suitable for a specific area of
measurement at CEMCI. However, although the scheme is centred around
the present operations and procedures of the electrical measurement
group, it is intended as a model upon which the quality menuals of

all technical groups can be based,

During the preparation of these sections, I have relied heavily
on information provided by my colleaéues in the follcwing CLICI

iskoratories:
DC  Voltage and Current (LATED)
Low Fregnency Voltage and Current (LATE2.)
Electrical Resistance (LARES)
Electrical Capacitance and Inductance (LACAP)
Current and Voltage Transformers ({(LATRA)
Electrical Power and Energy (LATENE)

I would like to express my gratitude to the staffs of those
laboratories for their advice, constructive comments, and cndless

patience during this phase of myv assignment,

2.2 - Job Descriptions of Staff

Before any quality management pro-zedurcs can be introduced to the
labortory, te staflf must have o clonr pieture »f fhedn place din
the organisation, and of the measurcaents for which they are
responsible, Otherwise, new mcmbers of staff will not know what they
are supposed to be doing (or appreciate fully the implications of

their work), and any attempt to develop staff training programmes
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will be unsuccessful,
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For experienced staff the existence of

detailed job prescriptions makes it casiecr to move to differcent

fields of reasurement, or to assume positions of responsibility in

the organisation,

The present staff ceiling of the electrical group is 17 full-time

cfficers (7 professional and 10 technical), plus 1 part-time

consulitant, The following paragraphs attempt to detail their

responsibilities:

a) Chief of Group:
matters of policy
He/She should act
gquality assurance

laboratories., The

- preparation and
prej

{clectrical),

Respensible to the Director, CEMCI for all

and general management of the electrical group.
as quality manager, and be responsible for
and its proper maintenance within the electrical

responsibilities should include:

introduction of the Q.A. manual, part 2

- any subscquent amendments,

- guidance of staff in the implementation of the manual,

- conducting regular quality audits of the electrical laboratories,

including the staff (staff evaluation).

b) Physicist, LATED:

Deputy to Chief of Group., Also responsible

for day-tc-day running of LATED including:

allocation of work and ensuring this is within the compctence

of the officer concerned,

- on-the-~job training of new or inexperienced staff,

- authorisation of job opening - and closure,

- maintaining a record of work completed,

- maintaining a record of TATED income and expenditure.

Technical responsibilities of this officer include:

€

-~ rnouring the internaticnal traceability of Brazil's primary

standard of voltage via regular overscas calibration and

intcrcomparison,

- ensuring corresponding traceability of reference and working

standards of DC voltage,
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- provision of associatrd calibration sexrvices,

- undertaking DC current and voltage calibrations and tesis as

required.

¢} Technicians, LATED (2): Responsible for:

maintenance of standard cells and their enclosures (technician 1)
- maintenance of associated measuring equipment (both technicians),

- measurements on DC current and voltage sources, voltmeters,

potentiometers, and ammeters (both technicians),

- preparation of associated calibration or test reports.

d) Physicist/Engineec, LACAP: Responsible for day-to-day running of

LACAP (sce prescription for TLATED, paragraph 2.2 (b) ). Technical

responsibilities include:

-~ ensuring the international traceability of Brazil's primary
standa:ds of capacitance and inductance via overseas calibrations

" and/ox intercomparisons,

- ensuring corresponding traceability of reference and werking

impedance standards, maintenance of laboratory equipment,
- provision of associated calibration services,
- planning for measurcment services for magnetic quantities,

~ measurements of capacitors and inductors, impedance bridges,

and other measuring instruments,

- preparation of associated reports.

e) Physicist, LACAP: Technical responsibilitiecs as given in

paragraph 2.2 (d).

f) Physicist, LARES: Responsible for day-to-day running of LARES
(sce paragraph 2.2 (b) ). Technical responsibilities include:
-~ ¢nsuring internaticnal traceability of Brazil's primary
slondard of resistance via cvercoss ondibaariong sol/og
inteyrcomparisons,
- ensuring corresponding traccability of reference and working

standards of resistance,

- provision of calibration services for resistance and conductance
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g)

h)

i)

3)

k)

1)
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measurements,

Technicians, LARES (3): Responsible for:

maintenance of resistance standards and associated equipment

(technicians 1 and 2),

calibration of instruments and equipment such as resistance
meters, meggers, decade resistance boxes, wheatstone bridges

etc (all technicians),

preparation of associated reports,

Engineer, LATEA: Responsible for day-to-day running of LATEA

(see paragraph 2.2 (b) ). Technicel responsibilities include:

maintenance of Fluke AC-DC transfer standards,

Lcw frequency (60-400 Hz) current and voltage measurements,
up to 1000 V,

calibration of AC ammeters and voltmeters,

associated report preparation.

Technician, LATEA: Technical responsibilities as per paragraph

2.

2 (h) plus calibration of oscilloscopes and AC sources,

Physicist, LATRA: Responsible for day-to-day running of LATRA

(see paragraph 2.2 (b) ). Responsible for calibration and testing

of measuring transformers. .

Technical Officer, LAENE: Responsible for day-to-day running of

LAENE (see paragraph 2,2 (b) ). Responsible for calibration of

energy and power meters, and for type approval testing,

Technicians, LAENE (3): Technical responsibilities include:

-

maintenance of measuring cquipment (technicians 1 and 2),
calibration of energy and power mecters (technician 1),

prototype kWh and kVA meter fype-approval testing (technician 2),
user calibrations, assist technicians 1 and 2 (technician 3),

preparation of associated reports (technicians 1 and 2),
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m) Consultant: Former chief of electrical group, now retired. Works

part-time as consultant to group and helps with calibration load

when required.

It is suggested that each of the above personnel write their own

detailed job descriptions based around my "Summaries". By sharing .
the load in this way, the job will be done quickly and will not be
too onerous. Staff of other CEMCI groups should do likewise, using

these electrical descriptions as quidelines.

2.3 - Staff Training and Evaluation

Many of the staff at CEMCI have undergone a post graduate course in
general metrology. Some senior officers of the electrical

) measurements group have received additional training in the
appropriate laboratories of NBS (USA), PTB (FRG), ETL (Japan), and
elsewhere. These senior people can, and do, provide in-house training

for new or inexperienced staff,

However, it is recommecnded th it details of the techniques covered
during this in-house training be documented in the quality manual,
rather than taught on an "ad hoc" basis. This is to ensure the
continued availability of the information in the event that the
officer responsible for training in a particular topic is unavailable.
Such training should always centre on the appropriate measurement
procedures. For instance, in any discussion of measurement
uncertainties, the source(s) of random and systematic errors in,

' say, resistance measurements will be different from those applying

to the interferometric calibration of gauge blocks,

When such training is not given, or is not properly documented,

things can go wrong. For instance, during a recent international

intercomparison of 1 ohm resistance standards, both Australia (NML)

and New Zealand (PEL) claimed that the travellin, standards wecre

- unstable devices since they appeared to change their value with time,
However, further measurements indicated this change was an artifact
resulting from the particular mnethod of measurement used at NML and
PEL!

Both organisations arc experienced in the use of Leeds and Northrup,

and Thomas-type resistors. The travelling standards were Tinsley

’




devices, When the latter were connected into the bridge in the normal
or fully interchanged configuration, the results agreed to 1 part in
10°. But when a partly interchanged configuration was used, the
results were 3-4 ppm higher,

It is interesting that this property appears to be peculiar to the
Tinsley design, and is not experienced with other devices. We beliave
it is due to the generation of a Seebeck emf in one of the internal
lead wires of the Tinsley resistors. This emf appears to be induced

by Peltier heating or cooling when current flows in a separate, but

thermally coupled, lead wire,

Subtle problems of this nalure (and some not so subtle!) will always
arise through lack of experience, The first step towards gaining the

necessary experience is a properly documented training programme.

Allied to this business of staff training is the need for well
established staff evaluation procedures. Staff cvaluation is the most
important part of the gquality audit process. It helps maintain a
continued high level of pexformance by staff, and exposes any

problems associated with inexperience or inadequate training. Clearly,
the guality of performance of an organisation depends first on the
quality of its staff, Without good staff, the organisation will fail,

no matter how much money is poured into facilities and eguipment.

Since INMETRO is currently devising a set of internal rules
pertaining to the céreer structure of the organisation, staff
promotion criteria etc, it is appropriate that some consideration be
given by INMETRO to the most suitable method of staff evaluation,.
Any quality audit of staff within CEMCI will nced to be arranged so

as to complement, rather than conflict with, those internal rules,.

The system used at PEL is far from ideal, but it does provide such
evaluavion at reqular (2 ycars) intervals., Promotion within PEL
(and DSIR generally) is by merit., So we have to rate our scientists

and ftechnicians according to scveral critesia, such as:
- scientific knowledage
- experience

- performance and output
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- ability in problem solving
- significance of work done
- ability in supervision of staff

- client and staff relations etc.

The most important of these is undoubtedly performance., Here the
emphasis is on gquality, rather than quantity, of work completed
during a 2 year period. However, it is-always amusing to see the
significant incres=e in output of some of our scientists as evaluation

time approaches!

Having rated our scientists and technicians, we then must rank them by
order of merit. We have 100 scientists at PEL anéd a similar number of
technicians. To put those 100 scientists in the currect order of

merit from the best to the worst is always a difficult, and often
unpleasant, task. The promotion prospects, rate of promotion, and
ultimate "career grade" of each one of those scientists depends solely
on their position on the order of merit list. It is a time consuming
process and not one to be undertaken lightly. It is always worth
bearing in mind that an organisation's most precious resource is its

human one., It is important that this resource be managed properly.

2.4 - Details of Eqguipment

Details of major instruments and equipment held by each laboratory

should be included in the manual.

This is not merely for use by the staff, It is also one of the first
things requested during any quality audit. For instance, it is an RNC
requirement that such a list be available for inspection before any
application for accreditation can be considered. CEMCI/RNC should not
require of others what it is not prepared to do itself!

The list should provide the identity of each item, when last
calibrated, and when due for recalibration, As a guide to what can be
involved, pages 26-28 of tihe prescnt document list the equipment. of
one of my laboratories at PEL, Using that model, I have included on
pages 29-31 an incomplete list of LATED equipment. It is left to LATED
staff to provide the missing details before this is used as an

examplc throughout CEMCI,
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SERIAL

EQUIPMENT NUMBER

CALiBRATICN
STATUS

REPORT No.
OR
CERTIFICATE No.

CAL I BRATED
BY

DATE LAST
CALIBRATION

CAL IBRATION
INTERVAL

Standard ceiis enclesure,
Guildline {12+12 cciis),

9152712
Standard celi ove=, JAL
(3 ceils), SCO 156

Standard cells (4), cppley,
121

Pico ampere scurce, KeZth?ey,
261

Nanovoit source, Keliaiey,
260

BC current source, J-iL,

DCS 105

DC voltage reference, PPM

ti2 o

DC power supply, Hewiett
Packard, &2¢8 8

Current shunt,
Guildline, 921 A

Direct current comzarator
potentiometer Gui.gliine,

9930

DCC potentiometer system,
Guildline, 9536
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EQUIPMERT

SERIAL
NUM3ER

CALIBRATICN
STATUS

REPORT No.
OR
CERTIFICATE No.

CAL | BRATED
BY

" DATE LAST

CALIBRATION

CALIBRATION
INTERVAL

DC voltage caiibrato-, Fluke,

343 A

DC voltage/current caiibrator,
luke, 332 A

Programable constant current/
constant vo.tage ca:.orator,
Fluke, 3.330 3

Calibrator, Fluxe, 5..30 3

Meter caiibrator, Fiun2,

760 A

Precision digitai vc tmeter,
Guildline, 9577

Digital volimeter, nawlet
Packard, 3455 A

"Calikbration system, Fiuke,
7105 A

-0C voltage stancarc,
éifferentiai voltreter,
null detector, riuxe,

335 A

~High impedance vo:tmeter,
null detector, Fluke,
845 AR

-Keivin=Varley voitege
divider, Fiuxke, 720 A
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SERIAL
NUMBER

CALIBRATION
STATUS

REPORT No.
OR
CERTIF.CATE No.

CALIBRATED
BY

DATE LAST
CALIBRATION

CALIBRATION
INTERVAL

-Lead compensator, Fiuxe,
721 A

-Reference divicar,
Fluke, 753 A
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2.5 - Egvripxent Calibration Schedules and Reminders

fach leboratory at CEMCI should keep a record of the calibration

history of its instruments, tcgether with some reminder system

vhich indicates when recalibration is normally due. It is often

convenicnt to incorporate the reminder in the equipment inventory as
propozed in section 2.4-provided of ccurse that this inventory is
updated at regular irntervals and not left to gather dust in somebody's

desk drawer or f£iling cabinet!

Jt must be remembered that no instrument will remain "in calibration®
for ever. Instruments in every day usc normally require recalibration
nore frequently than will those used for refercnce purposes. However,
since I am not conversant with the amount of use given to specific

items of cquipment at CEMCI, no firm rules can he given as o when

a porticuler instrument should be recalibrated.

In general, any inctrument which has required repair or routine
maintenance should be recalibrated before being put back in service,
Sonctimes, the performance of an instrument will lcad one o
suspact its accuracy, in which case it should be recalibrated A
inmediately. So it is always good practice to check that an instrunent

is operating satisfactorily before its use.

I have a colleague at PEL who, although an excellent research
scientist, is extremely naive on matters of calibraticn and
traceability.Last yecar, he did some work in Antarctica on the
properties of sea ice. This work was highly rzlevant to the
opzrations of the American Deop-Freeze prograim at McMurdo Sound
where they have built a runway for C-~130 aircraft on the ice., My
friend took with him an uncalibrated thermometer. When he got to
rutarctica, he measured the temperature of the ice as +60C! Clearly
inpossible. The thermometer had a large zero ervor which he had not

noticed before leaving New Zealand,

Another less amusing story concerns a colleocue who calibrated sonc
crd bars for on Avsthralian erganisation, The aocuracy he inteaded

to guote in his report was higher than the cevtified accuracy of the
standards he had used for the measurements, iiorcover, those standards
had not been calibrated for 12 years., Neadless to say, I was able to

impress upon him the seriouvsncess of the situation and those standards
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were recalibrated invr . ately!

Different laboratories within CEMCI will have {or should have) their
own programmes for instrument calibration. However, experience
indicates that instruments used for measuring mechanical quantities
are usuvally more stable than those for electrical or temperature
measurements. So a calibration schedule for various instruments. might
be as follows (the intervals given are the maximum which should be

contemplated) :

QUANTITY INSTRUMENT REg;&;égé:ﬁION
Mass Primary Kilogramme 15 years
" Reference standards 5 years
" Working standards 2 years
Force Elastic proving devices 2 years
Length End gauyges (calibfation grade) 4 years
" " (wérking grade) 2-4 years

(dépending on use)
" Lasexr interferometer 1 year

Voltage Standard Cells ' . .. 3 years
Digital voltmeters 1 year
Temperature | Thermometers:-Full calibration 1 year

Qiéc—point check before use

2.6 - Limitations on Use of Reference Fquipment

Instruments and equipment constituting the primary or reference
standards of measurement should be used only to assure the international
traceability of secondary or working standards. They should never be

uscd for routine calibrations of clients' measuring instrurents.

Since the accuracy of all traceable measurements made within a
couniry depends on Lhe accuracy of the primary and reference
standards, the latter should be treated with great care and uscd es
little as possible, Otherwise, there is every chance that their

accuracy will be significantly degraded before their next

international calibration or intercomparison is due,
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However, it should be remembered that it is just as futile to never
use those standards as to use them too often. In one countrxy I
visited some years ago, its national measurement organisation
possessed ceopies 1 and 2 of the international prototype Kilogramme.
Those beautiful platinum-iridium standards had never been removed
from their containers during the 80 years they had remained in the
organisbtion. Occasionally, one or other was returned to France for
recalibration against the prototype. Instead of using them to calibrate
the national reference masses, the organisation regularly purchased
sets of secondary standards from Germany and relied on the
manufacturer's calibration., Whenever it was decided that a particular
set was "out of calibration” (usually every 4 or 5 years), that set
was retired and a new set purchased. That organisation sincerely
believed that ownership of copies 1 and 2 conferred respectability

on its opecrations!

This example illustrates the wrong way to effect traceability in
measurement, Clearly, it is important to restrict the use of reference
equipment, but not to ban its use entirely. The procedures developed

by LATED illustrate the correct use of such equipment.

For instance, Brazil'é vé]t is defined by means of two scts of
standérdcellS(IZ cells in each). One set (the reference) is used
only to check the other (working) set. The reference set is itself
calibrated against the PTB (FRG) volt via a 4-cell travelling
standard. Once again, the only use of the travelling standard is to
transfer the volt from PTB to CEMCI.

The working sct of 12 cells is used to calibrate other voltage
sources and precision potentiometers. LATED's Guildline 9936
potentiometer system is then used to calibrate its 9577 precision
DVM which, in turn, is used for calibrating high quality equipment

submitted by outside customers,

So it can be seen that there are varying degrees of use given to
cquipment throughecat LATED's voltage weasurament "chain®, At the top
end of the chain (primary and refercence standards), use is very
restricted, but at the bottom (lower accuracy) end there is more

freedoin,
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In addition to liriting the amount cf use given to certain equipment,
LATED has defined who should use it, For instance, only the Fhysicist
in charge cf LATED is authorised to check the performance of the two
sats of cells using the laboratory's Guildline 9930 potentiometer
‘dedicated to that purpose, Agaein, only one of LATED's techniciarns

has the responsibility to maintain the standard cell enclosures

and ovens,

These kinds of procedures illustrate the precautions which rust be
taken to assure the satisfactory operation of reference equipment.
The loan, or other unauthorised use of such equipment must never be

contemplated if its continuing accuracy is to be beyond doubt.

Therefore, it is very important that all CEMCI laboratories fully
document any restrictions on the use, and the users, of specific
items of equipment. This should be done in the appropriate copy of
the guality manual. Otherwise, soonef or later, misuvse will cccur,
and the repercussions could be unfortunate for Brazil as a whole,
n

2.7 - Checks on New and Everyday Equipment

All new equipment should be thoroughly checked over and calibrated

on its arrival at CEMCI. In New Zealand, we frequently take poszession

of equipment which is then found to be faulty. It is unfortunate

when the fault is discovered after the guarantee has run out! The

calibration is necessary because we have found it unwise to rely cn

the manufacturer's figures - they have been known to be wrong! It is
)~ recommended that CEMCI include some cautionary note to this effect

in its quality manual.

I have already stated that the more freguently an instrument is used,
the nore rapidly it is likely to go out of calibration. Therefore,
although recalibration of the reference standards might be at

intervals of several years, some working standards may require

recalibration every 6 months or sooner., Equipment in daily use should
be checked cven more often. Tn fact, it is good practice to check

such equipment every time before use,

Such checks should take note of any warm-up time required for the
instrument to reach an acceptable level of stability. Depending on

the circumstances, it may then require complete or partial
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calibraticn, or spot checks according to the manufacturer's
instructions (such as range and zero checks and adjustments).

A laboratory's experience of its own equipment will enable the
appropriate recommendations to be included in the quality manual,

The idea here is prevent as far as possible any traps for the unwary!

2.8 - Periodic Maintenance of Equipment

No item of equipment will last for ever. Normally, its "working” 1life
will be limited by the amount of use, but can be extended beyond
normal expectations by careful handling and regular maintenance, Thus,
routine maintenance of equipment is an c¢ssential part of a
laboratory's operations, particularly where financial and geographic
considerations preclude the rapid replaccment of unserviceable

items,

In the electrical area, such maintenance might consist of replacing
the kerosene in temperature-controlled baths or enclosures, remcving
oxide layers from terminals, cheéking printed circuit boards, edge
connectors, cord anchorages étc. In temperature measurement, the

0il used in high temperature baths will oxidise and neecd quite
frequent replacement; the windings on fixed point furnaces may need
attention from time to time; and the metals of the fixed points

themseclves become contaminated with use.

-In the mechanical area, the ever present menace of corrosion of
gauge blocks and other steel instruments needs to be prevented by

) careful cleaning and regreasing, Any burrs or scratches on micrometer
anvils will reqguire removal by a mild abrasive, Large items like
CEMCI's Zeiss coordinate measuring machine will require an annual
check and recalibration of its scales -~ usually by the firm's

representative,

Whatever maintenance is required, it should be documented, ‘along

. with a timectable for the work. Nothing is mwore annoying than to
find an instrument is unscrviceable when neceded - especially if the
problei conld have becen solved with a little care and attention at

the proper time.

Timetabling enables customer calibrations to be scheduled so as to

“not conflict with maintenance operations, This improves efficiency,
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customer relations, and the overall quality of the service. Remember,
regular periods of maintenance can prevent the occurrance of major
problems which might otherwise result in a complete shut-down of

operations,

Each laboratory should detail its maintenance requirements and

procedures in its copy of the quality manual.

2.9 - Replacement or Repair of Equigmeht

Even with the best maintenance procedures, there will be occasions
when the replacement or major repair of equipment is necessary.

Repair which can be performed "in-house" should be detailed in the
guality manual. The real problems arise, however, when an outside

) agency is called upon to repair or replace unservicecable items

Knowing something of the inadequacy of manufacturers and service

agencies in New Z%caland, I can appreciate the difficulty in solving

such problems in Brazil. Even so, these problems can be minimised by
” detailing the procedures to be followed in the event of a major
breakdown of equipment. Knowing whom to approach for advice is the
first step in solving a problem beyond the experience of laboratory
staff., Often with the proper advice, the staff can then effect their

own repairs.

In the distant past, when I imagined I had some ability for research,
I was measuring the dynamic properties of protein monolayers at

)_' the air/water interface. Part of my apparatus consisted of an
electronic microbalance of 500mg capacity. This developed a rather
disturbing fault which manifested itself in the form of severe
oscillations of the beam bearing the small weighing pans. Apart
from making measurcment impossible, the oscillation caused the
beam to ﬁit its end stops, and there was a distinct danger of

distorting its light aluminium components,

I telephoned the local agent and requested the instrument be checked
over, After 3 days of inactivity, I again telephoned the agent only
to be told that they had no experience with my type of instrument,
So I then telexed the UK manufacturer, described the fault, and
requested a solution, The telex was sent one I'riday morning,

New Zealand time. The reply was sent that same Friday afternoon,
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UK time, It said "change amplifier A3". The fact that this particular
integrated circuit had to be ordered through another agent, and tock
2 vieeks to be airmailed from the US, in no way detracted from that

advice. When A2 was replaced, the problem was solved and the

‘equipment worked perfectly for the next 2 years.

The fact that I had documented that train of events enabled a
colleague who continued my work to solve the prcbhblem very rapidly

when it occurred again,

With certain types of equipment (for example, standard cells and
laser tubes), it is possible to predict their useful lifespan. In
such cases, this should be documanted so that re-ordering can be
arranged well in advance of the anticipated demise of the instrument
or component, It is always much more convenient to have the
replacement waiting on the shelf than to have to cease operations

for a time.

Again, the continuity and reliability of your services, together

with customer satisfaction, are the reasons for such documentation,

2.10- Precautions Against Damage of Equipment

I have already mentioned (section 1.7) that it is important to take
great care of items submitted for calibration or test, Nothing is
more embarrassi. g than to have to return instruments in a worse
condition than when they were received. After all, there really is
no excuse for careless handling by an organisation committed to

good quality management procedures,

Of course, occasional accidents will happen no matter how much care
is taken, Sometimes this is simply because somebody has forgotten a
trivial detail, such as reading the instructions relating to an
item's use, lLast year at PEL, we were asked to perform some
photometric tests on a very special lamp. When the (usuvally
meticulous) officer went to do the tests, he did not check that the
lamp was iectended for use at 110 vV, and so applied 230 V to it. 1In
trying to dissipate more than 4 times the maximun rated encroy,

the filament glowed briefly like the mid-day sun before -eternal

darkness seotb in! .
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In such circumstances, broken or damaged items should be replacad
wherever possible - even though the labcratcry may be under no
obligation to do so. This is to preserve both a good QA image and
cordial relations with the customer. Therefore, there should be

some procedure whereby any associated expenditure can be authorised.

However, it is more important for each laboratory to document its
handling procedures so as to minimise the risk of accidental damage
to both its own and other people's equipment. For instance, in
dimensional metrology, I have already mentioned the need to protect
against corrosion of stecel samples. Such samples shculd always be
protected with a suitable grcase while awaiting test., They should
be clecaned with a solvent such as X55 immediately before, and again
after, use. Finally they chould be regreased or dipped in a rust

inhibiting solution before their return to the client.

With sets of masses, these cannot be greased. So they should be
stored in the dry environment of the calibration laboratory. This is
good practice from the point of view of the calibration itself since
if will reduce the "soaking” time required for.the masses to come

to the temperature of their surroundings. It is obvious that masses
mast alwavs be handled with tongs or a chamois leather glove to

prevent contamination,

Volumetric glassware and liquid-in-glass thermometers always present
problems. The fragile nature of instruments like pipettes,
hydrometers and pycnometers requires very delicate cleaning and
handling procedures, They should always be supported at two points
along their length dQuring cleaning, and no undue load should be

appliéd to then during their calibration or use,

with thermomecters, breaks can occur in the column. Although gas
filling helps minimise column breaks, it also mekes it more
difficult to rejoin them when they do occur. Conversely, a
thermometer with a vacuum space will have its mercury column easily
browen, bLut very easily rojoined, Also with thomsomeicrs, the
accaracy of the calibration depends Lo a large part on the way

the instrument is handled. The main cause of instability (apart from
dropping!) arises from the thermomcter bulb, Since this contains

about 6000 scale degrccs.of mercury, and glass is very elastic,




-40-

small changes in bulb volume can cause significant changes in the
calibration. For instance, a volume change of 1 part in 10°% will
cause the calibration to change by 0.05°C,
As illustrated by my example, it is very important in the electrical
arca to check an instrument's operating conditions (voltage, current,
and frequency rating, source impedance etc). Also, that it is
protected from moisture and extremes of temperature during any
storage, and that it has adequaée ventilation during use, Standard
cell containers must be stored the correct way up, otherwise the
calibration will be worthless, Electronic instruments and components
should be protected from stray electrostatic or RF fields.
Conscquently if any maintenznce or circuit modifications are
required, these should always be done while wearing an earthing

wristhand.

Clearly, cach laboratory will have a number of handling problems
which are unigue to a specific field of measurement. These problems

" and their means of prevention should be documented.

2.11- Taboratory Accommodation

The amount of space allocated to each laboratory should be noted
together with details of special facilities like anechoic or
reverberation rooms, Faraday cages, environmental chambers etc. The
floor plan of each laboratory showing the physical locaticn of
equipment and facilities should be included as an appendix. Apart
from enabling new staff to familiarise themselves with the
accommodation, such details provide essential planning aids when
extensions to laboratories and/or facilitics are contemplated. As a
general rule of thumb, each officer needs a minimum of 25 m? of
laboratory space (otherwise people bump into each other!) and ahout
10 m? of office accommodation,
. In addition to this information, any environmental details should be
listed. The following are examples of those for PFL's length

standards Jaboratory:

- Temperature: 20 + 0.50C

~ Humidity : 50 + 10% RH




%

Dust levels : "Good housekeeping® standards only.
Cleanliness provided by filtered and
overpressured air, .air lock to laboratory,

‘antistatic mats.

Lighting level: 500 lux

Water

filtered and deionised, pressure 150 kPa
(gauge)

Power Supply : 400 V 3 phase, 230 V single phase.

2.12- Monitoring of Ambient Conditions

All measurements are affected by changes in ambient temperature,
pressure, and humidity. Therefore, it is essential that these
paramecters be mcnitored throughout the duration of a measurement -using

instruments which are themselves in calibration!

Some years ago, PEL developed a pfototype gauge block calibration
system based on our HP laser interferometer, For some time we were
puzzled over one serious source of error in the results. This weas
finally tracked down to changes in temperature as small as 1 1K, We
therefore concluded that the apparatus was a very sensitive

thermometer and that some re-design was necessary!

On another occasion, I was preparing for a mass calibration when I
began to fecel uncomfortable. A glance at the thermometer showed the
room temperature was 28°C. A logic fauit had occurred in the
temperature control system such that, although if. was calling for

cool air, the heaters were operating at full power.

CEMCI wiil have its own procedures for monitoring the environment
but the details pertaining to various types of calibration should be
noted. For instance, although an instrument of the "thermohygrograph”
type is adequate as a rough measure of the temperature and humidity,
and provides a complete week of recordings, it is not adcquate for
precision work, Yor instance, a therrometer reading to better than
0.019C is required to monitor temperature during interferometric
calibration of gauge blocks. Where a picce of complex measuring
equipment is in operation, it may be nccessary to monitor the

temperature at several points simultancously using guartz or
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platinum resistance thermometers coupled to the electronic data

precessing system,

Remember also, that it is the temperature at the point of measurenent,

-and not that at the other side of the room, which is important, For
this reason, whenever one of PEL's officers has to leave any equipment
for a while, we replace him/her with a 100 W lamp so that the
temperature does not change significantly during that break. This is
- particularly important during mass calibrations where the operator

is often close to the balance and acts as a reasonably efficient

radiatox!?

Of course, the same kind of "hyperfine" variations do not occur
with pressure or humidity. So a central measuring point for those

) parameters is usually sufficient.

2.13- Staff Lists

Having documented the various geheral and technical procedures which
constitute théAquality manual (and, by now, wishing you had never
started!), there remains one final task before the document can be
considered complete. That is a list of present staff in a

particular area of measurement, This serves two purposes. It is an
essential aid to staff evaluation, and it also provides a useful
guide as to the qualities to be looked for in potential members of
staff.

The biogyraphical details can be quite short, and I have developed a
list for the staff of the electrical group by way of example:

~ Electrical Measurements Group

s Chief: Sebastiao (physicist): BS, PTB (FRG) training (6 months),

25 years metrology experience.

LATED: Vinge (physicist): BS, post graduate conrse in genersl
metrology (1 year), PPB (FRG) trairing (1 ycar),

10 years metrology cxperience,

Victor (technician): electlronics, 5 years metrology

experience,
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Luis (technician): BE, 5 years metrology experience.

LACAP: Mauro (physicist and electronics engineer): BS, BE, post
graduate course in general metrology (1 year), PTB
(FRG) training (15 months), 10 years metrology

experience,

Dulce (physicist): BS, post graduate course in general
. ] metroloqgy (part-complete), 5 years metrology

experience,

LARES: Macoto (physicist): BS, post graduate course in general
netrology (1 year), LCIE (France) training (1 year),
10 years metrology experience.
Aﬁgelica (technician): 3 year diploma in digital electronics,
will have training at LCIE in 1987 (6 months),
12 years metrology experience.

L

Ricardo (technician): electronics, studying for BE in
electronic engineering, 5 years metrology

experience,

Janice (technician): electronics, studying for BS in
physics, 2 years metrology experience.

LATEA: Joana (electronic engineer): BE, post graduate course
in general metrology (1 year), ETL (Japan)
training (6 months), studying for ME, 12 years

experience,

Edson (physicist and electronics technician): BS,
3 years experience at CEPEL, 2 years metrology
experience,
‘
LATEA:  Walmirx {physicist) s BS, post gyradualte course in gencrel
metrology () year), PIB (FRG) training (1 year),

11 years metrology experience.
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LAENE: Ivan (technical officer): 3 year electronics diploma,
Landsgyr (Switzerland) training (2 months),

13 years metrology experience.

Roberto (technician): electronics, studying for EBE in
electronic engineering, 2 years metrology

experience,

Paulo (technician): electrical, studying for BS in

physics, 8 years metrology expcrience.

Amaral (technical assistant): electrical, ex-driver at

INMETRO, 3 years metrology experience.

Consultant: Isabel {physicist): BS, training at NPL (UK) NBS (USA)
and PTB (FRG), rétired chief of electrical group,

30 years metrology experience,
As for the job descriptions (section 2.2), it is suggested each staff

member supply his/her own biographical details to supplement these

summaries.

CONCLUDING REMARKS

It is clear from the contents of this document that there is nothing
highly technical or innovative about a guality manual. Most of the
information will be obvious to all who read it. Many will realise
they have been performing the various operations for years (albeit,
perhaps unconsciously). The important things to remember with any

quality assurance operation are:

a) Nothing should be left to chance, .

b) Everything should be performed the sare way on cach occasion.
If the docunented pros lures in the CEMCI quality manual are complene
and correct, and the staff adhere to them 100% of the time, a high
quality operation is assured, Being a very imperfect "expert”, I am
sure therc are aspects of CiMCI's operations which I have omitted

to cover, The staff will be in a better position than I to determine
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what these are, and to include them in the manual.

The term "quality assurance” is accepted waorld w as being
synonymous with reliability. The success of Japan's industries is
due entirely to their very effective quality assurance procedures.
The purchaser of goods and services is no longer satisfied with
having faults fixed under guarantee, and will always look for the
supplier most likely to provide the guality in the first place.

Because of this, the so-called consultants in quality management
sustems are in great demand at the present time, But there is rnothing
they might propose which is other than common sense, It can be

argued that the main purpose of such consultants is to open

managenment's eyes and to teach it how to think!

Therefore, it is open to debate whether such consultants are really
worth the high fces they can command, After all, even Duran and
- Demming built up their impressive reputations by advocating

» procedures which they had found successful in their own operations,

So it is worth remewbering that anyone can do it, given the will to

do so., I wish CEMCI every success in this task.
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Comnenrts on the Study Report:

DISSEMINATICN OfF TIME AND STANDARD FREQUENCIES IN BRAZIL

Pr. J. . Buckingkam

UNIDO Consultant in National Calibration Services

13 Auvgust 1980

1l - As it stands, the report is based on the premise that there are
potential users of time and freguency information of higher
accuracy than is currently available, This may be correct but,
unfortunately, there is no information in the report which
demonstrates that such a need for higher accuracy and better

coverage exists. The report will stand or fall on this point.

2' - The following questions need to be addressed:

- Are the "pctential users"” referred to in the report likely to
eventuate? That is, has there been an actual survey of the
needs of "real" and "potential" users?

- How many existing users are dissatisfied with the present
accuracy of dissemination?

\ - Would actual and potential users be prepared to contribute to
the annual operating cost of the proposed installation at
. Brasilia? Does this estimated cost include the salaries of
‘all staff required to man the station?

~ Has the cost of ongning maintenance and replacement of
equipment been allcwed for in the estimates?

- Is it considered likely that users (and potential users)
reguiring the highest accuracy would establish operations in
areas of poor radio reception? If they werc unwise enough

. <o, presurmably they would maintain thair own caesivn

Lr runidren vasour stendards which are wmore accuoate Lhon

broadcast freguencies,

3 - If satisfactory answers to the above guestions can be obtained,

then the proposal to establish the Brasilia station ie probably
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1 :asonable. From my limited experience of time and frequency
measurements, the technical content of the report appears quite
satisfactrry. However, perhaps more emphasis could be placed on
extending existing calibration services for frequency generating

and measuring equipment.

I agree that the accessibility of certain space platforms can.
be a problem., However with GPS, for example, receivers are
readily available at a cost of about US$ 30,000 each. I
understand also that the United States Naval Observatory (USNO)
is prepared to make available the GPS receiver design data to

many organisations wishing to construct their own.

Brazil's present methods of disseminating standard time and

frequency appear identical with, but more developed than, those

of New Zealand.




MEASUREMENT TRACEABILITY IN BRAZIL: FIRST IMPRESSIONS

Dr. J.H. Buckingham . .
UNIDO Consultant in National Calibration Services

06 Agygust 1286

SUMMARY

This report to UNIDO/UNDP represents my initial impressions of Brazil's
measurenent infrastructure after the first 10 days of my assignment
with the Naticnal Institute of Metrology, Standardization, and
Industrial Quality (INMETRO). It details the present method of

assuring the accuracy of the national standards of measurement
maintained by the Centre for Scientific and Industrial Metrology
(CEMCI) at Xerém. It cautions against the introduction of research
programmes in state-of-the-art metrology, but suggesté developmental
work which may be necessary to cope with an increasing numbker of
calibration requests received by CEMCI. It comments on the

desirability of developing a quality manual covering CEMCI's onerations
and concludes with a recomnendation that all branches of INMETRO
arrange traceability to the national standards c ' measurement.

Appended to this report are my comments on 2 papers about metrology

in Brazil which were written by Dr. K.G. Kessler of the United

States' National Bureau of Standards. '
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INTRODUCTION

Measurement traceability is a process whereby the accuracy of a
measuring instrument is assures through a hierarchy of calibrations
against acceptable standards of measurement, It is the first step in
the process of industrial quality assurance, and is as important for
consumer. protection as it is for the economic health of a nation.

Brazil became a signatory of the "Convention du Métre"” in 1875, Since
then, her measurement infrastructure has envolved with the intention
that all industrial and scientific measurements made in Brazil be
traceable to the national standards of measurement. Currently CEMCI
has responsibility fcr maintaining the standards for all physical

quantities except time interval and ionizing radiation.

I understand that, at present, vér§ few laboratories throughout Brazil
can claim that the measurements they make are traceable to the

" national standards. These laboratories form the core of a National

" Calibration Network (RNC), which is organised by CEMCI. A similar

" network covefing those laboratories concerned with industrial

product testing is in the process of being implemented. ¥ have been
advised that an Aust: lian expert is due to arrive during August,

and that he will assist in developing this scheme. I anticipate that
he and I will be working together to introduce laboratory
accreditation procedures for testing organisations.

As far as I am aware, there is as yet no formal requirement that the
. reference standards of Brazil's legal metrology system be traceable
to the national standards of measurement. I hope to be able to
demonstrate the desirability of such an arrangement during the course
of my assignment,.

Traceability of Measurement Standards

.

Kessler (1985) considers that Brazil is an industrialized, not a
developinr~, fouﬁtry. T agree, Prazil's present level of
industrialization is similar to, and in some areas greater than, that
of Australia or New Zealand. Ccnsequently, the international
traceability of industrial measurements is necessarv if Brazilian

products are to have access to world markets, This is particularly




sO in cases where Brazilian firms might undertake contract work on
behalf of overseas companies. Only by means of international
traceability can it be ensured that comoonents made in different
countries fit when they meet for assembly.

CEMCI has gone about achieving such traceability for its operations
in an eminently sensible manner. The regular calibration of Brazil's
national standards by overseas organisations, like the US National
Bureau of Standards and Germany's Physikalisch Technische

Bundesanstalt, ensures their continued accuracy.

Until Brazil's industries develoo to the point where they are in
competition with overseas firms in very "high tech" areas (such as
aerospace, or advanced electronics and communications), there
apvears to be no need to establish "absolute" stcendards, which are
of thc highest possible accuracy and independent of overseas
calibration. Any proposal to establish such standards in Brazil

i should be viewed with great caution,. Providing'the accuracy of a
standard is sufficient to ensure a required level of accuracy in
measurementé at the work face, the method by which this is achieved

is largely irrelevant,

In most cases, the ultimate accuracy of tﬁese absolute standards is
far greater than that necessary to assure the guality of industrial
measurements in even the most industrialized of nations. That such
standards have been develoved at all has been due vartly to a desire
to advance the science of measurement for its own sake, partly to
intellectually challenge the more innovative of standards scientists,
and partly to enhance the international reputati..n of their parent
organisations. Only in a few instances is calibration against these
new devices more convenient than by traditional methods, For instance
it is simpler to calibrate a laser measurement system by means of

a stabilised 1laser than by using end-, or line-standards. In
generai, however, it would be true to say that few of the recent
advances in standards science have been because of demands from

industry for greater accuracy.

Consequently, a very careful cost-benefit analysis should be
undertaken before Brazil considers embarking cn such research

activities, ’



Of greater importance at the present time is the need to arrange
traceable calibration of all the secondary standards of measurement
deployed throughout Brazil. Since this will mean an ever increasing
work load for CEMCI, that organisation could profit from the current
trend towards automation in measurement techniques. Not only does
automation speed up the calibration process and make working conditio:
more tolerable for the calibration staff, but also it frequently .
removes the greatest potential source of error in the measurement -
man himself,

For example, in my own laboratory, my staff have automated their
technique for calibrating linear scales (Hurst and Sutton, 1982).

Our laser measurement system is now under computer ccntrol, and can
calibrate all divisions on a scale in under 2 minutes., It used to
take an observer several hours to calibrate only 10% of those divisio
Thus, throughput is increased, staff no longer suffer from eyestrain
and, because the computer also prints the calibration certificate,

i there is no possibility of transcription errors.

One further advantage of developmental work of this nature is that
it (like work on basic standards) is intellectually challenging.
Therefore, it contributes to the retention of the bfightest staff,
who otherwise might be tempted to seek employment elsewhere. Such
activities could increase the attraction of working at CEMCI, while,

at the same time, being inherently useful to the centre's operations,

Quality Manuals

One of the main terms of reference of my assignment is to assist with
the preparation of a quality manual for CEMCI. Such a manual is an
integral part of any reliable calibration activity. However, it must
be stressed that the manual must detail the system which works for -

CEMCI. There is little point in an outside "expart" attempting to
impose procedures familiar to him if these are inaovpropriate to
CEMCI's operatiocns,

The case for quality manuals is being promoted in many countries
since it is considered that such a manual is a guarantee of the
guality of a process, Nothing could be further from the truth! Given
that the manual is correct, and appropriate to the operation in hand,




L it can only achive the desired result if staff adhere to it 100% of
the time., Therefore, if the scientists and technicians who perform
the calibrations are to fully support the manual, they must ke
consulted at every step in its preparation. A sy;tem which is imposed
on staff by an insensitive or autocratic management is doomed to
fzilure,

Also, the preparation of a quality manual is a laborious and complex
process, involving all concerned in a great deal of work. So it is
important to ensure as far as possible that the first draft is not
too different from the final version. This requires careful
planning.

My own organisation is well aware of this and, only now, is it
commencing work on a document which details its overall activities.
So far, individual sections of my laboratory have developed quality
manuals covering their own specialised fields of calibration. Two
examples will be passed to CEMCI's director, Dr. Alexandre Sette
Camara. I stress that they are intended as illustrations only, and
should not be construed as ideal formats for CEMCI's operations. At
best, they will serve to indicate the type and range of information
that quality manuals should contain. . . )

In general, a quality manual should detail such things as:

- the measurements, calibrations, or tests which are within
the competence of a laboratory,

- distribution of staff throughout the laboratory and/or its
sections,

- responsibilities, qualifications, and experience of staff,
- plans of the laboratory and its facilities,
~ "housekeeping" procedures,

- the humidity and temperature control essential for the
satisfactory operation of the laboratory,

- the equipment whirh is available,
- procedures for care and maintenarnce of the equipnent,

- the calibration history of the equipment and the recalibration

timetable,
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- procedures for checking, recording and reporting of measurement
results,

- procedures for maintaining confidentiality of work done for
clients,

as well as the detailed procedures for perforning the measurements anc
working out the results. Examples of some cf the measurement procedur
used in my laboratory will also be passed to the director of CEMCI.

Traceable Measurements Throughout INMETRO

In order for a traceable measurement system to be completely effectiw
the organisations which promote the system must themselves adhere to
it. In other words, it is important that they be seen to lead by
example. Hence, CEMCI has recognised the need for a quality manual
covering the services it performs for customers from INMETRO, other
government departments, and industry.

The other elements of INMETRO, namely the directorates for legal
metrology (DIMEL), standardization (DINOR}. and industrial quality
control (DQUAI), all make use of CEMCI's calibration and testing
services - either directly, or by customer referral. Although, a£
present, there is no formal requirement that all measurements
associated with the operations of DIMEL etc. be traceable to the
national standards, the value of procedures advocated by Internaticna.
Organisation of Legal Metrology (OIML! is generally recognised.

For example, DIMEL relies on CEMCI fcr type approval of many of the
weighing and metering devices used in conmerce. However, this
excellent procedure will be largely negated unless there is some kind
of follow-up activity to ensure the continuing accuracy of thdse
devices, Naturally, such activity would need to be undertaken using
measuring instruments which were themselves traceable to the national
standards,

According to an LigN raport (1985), no office of the legal metroclogy
network has ever sent itg mass standards to CEMCI for calibration,

Consequently there is no guarantee that the weights and measures used
in one state conform with those used in another. A regular calibratio
programme for the local standards of those weights and measures would




overcome this problem.

It is recognised that a formal calibration orogramme for all the
standards used in the legal metrology network would be bevond the
present resources of CEMCI. Hence, to overcome this traceability
problem for commercial weights and measures, some consideration

might be given to the possibility of DIMEL staff undertaking some of
the associated calibration work at CEMCI. I understand this is already
dorie in some type aporoval testing. Alternatively, DIMEL might
consider the establishment of its own reference laboratory under the
guidance of CEMCI. In this case only DIMEL's reference weights and
measures would need to be calibrated by CEMCI, DIMEL staff could then
undertake the ca.ibration of the various States' measurement standards
against those reference standards.

With regard to the activities of DINOR, there appears to be scme
_ overlap between its responsibilities and that of the Brazilian
. Association for Technical Standards. At the time of writing, I am
unable to appreciate the differences between these two organisations.
However, it is self-evident that any tests performed to a written
specification should be with equipment which is in calibration. If
not then there is every possibility that the test, or the product
being tested, will not conform to that specification.

Finaily, one of DQUAI's prime responsibjlities will be accreditation
of laboratories and inspection agents in the érea of industrial produc
testing, If Brazil follows an accreditation orogramme which is simila
to those operating overseas, then accreditation should not be

granted unless the avplicant laboratory has established traceability
for its measuring equiovment back to the national standards.

Presumably this will be either by calibration at CEMCI directly or at
one of the laboratories of the National Calibration Network (RNC).
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O SISTEMA DE CALIBRACXO EM NOVA ZELANDIA

Dr. J. H. Buckingham
Perito da UNIDO, INMETRO/CEMCI

Eu gostaria de falar sobre o Sistema de Calibragdo da Nova Z2Zelidndia

para garantia da qualidade de medigdes.

O Sistema da Nova Zeldndia & paralelo ao Sistera Australiano. Espero

poder comparar este Sistema ccm o do Brasil.

Na Nova Zelandia, o principal laboratdrio & o Laboratdrio de Fisica e
Engenharia (PEL) do Departamento de Pesquisa Cientifica e Industrial
(DSIR).

O PEL & responsavel pelos padrdes nacionais.

As rastreabilidades internacionais s3o feitas através do Bureau Inter
nacional de Pesos e Medidas (BIPM) em Sévres, prdximo de Paris, Fran

¢a. O BIPM & o Laboratdrio dos padrdes internacionais de grandezas fi
sicas de:

1) Comprimento (metrq)

2) Massa (protdotipo do quilograma)

3) Tempo (segundo)

4) Corrente Elétrica (ampére) .
5) Temperatura Termodinimica (kelwvin)

6) Quantidade da Substdncia (mol)

7) Intensidade da luz (candela)

Na Nova Zeldndia, esta rastreabilidade é obtida atravéds de materiais

- . L S S . . il - - [ g . T e .1 -, . N .o . - - -
Sxoref o cTaucdin ¢ Tonlrenos Go iTn s L L Taamcaal . Tl e i, o neelro

&

& obtido através da velocidade da luz (c¢) e uma freg#éncia Sptica. Si

milarmcnte, o volt @ obtidc através do efeito de Josephson; o farad,

através do Teorema de Thempson e Lampard; o kelvin através do ponto



triplice da dgua; o segundo, através de tré€s reldgios de Cesio; e ‘
candela, através da radiometria absoluta. Somente o quilograma dev
ser calibrado contra o prototipo internacional do BIPM,

Abaixo do PEL (conforme diagrama 1), temos os laboratdrios credenc
ados do TELARC (Conselho para Registro de Laboratdorios de Ensaios) o
quais deverao estabelecer rastreabilidade aos padrGes nacionais. (
TELARC & equivalente ao NATA (Associag@o Nacional das Autoridades e
-Ensaios) na Australia.

Esta rastreabilidade € uma garantia da qualidade dos instrumentos d
medi¢des para ensaios industriais, ensaiocs em medicina, pesquisas C
entificas, agricultura, horticultura, sistemas de transportes, prod

¢ao da energia, defesa militar, etc.

Uma outra parte do sistema de calibragao na Nova Zelandia garante
qualidade da rede de metiologia legal. Todas as medigdes comerciai.
deverdo ter rastreabilidade aos padrOes nacionais. Isto garante a qu
lidade dos pesos e medidas de lojas, bombas de gasolina, taximetros

medidores de energia elétrica, etc.

Na Nova Zeldndia, os padrdes nacionais sao "absolutos”, com  excega

da massa. Mas nao & importante estabelecer padrdes absolutos.

No Brasil, a calibragdo internacional dos padrdes nacionais & sufic.
ente para uma garantia da rastreabilidade. Mas, & muito important
que as medigdes no Brasil sejam rastreadas aos padrdes nacionais!

Hoje, no Brasil, pouquissimos instrumentos de medidas da indistria
da rede de metrologia legal estdo calibrados! Esta calibragao dev
estar rastreada aos padrées do INMETRO/CEMCI.

Quando estas rastreabilidades para todas as medigces forem realizada
no Brasil, a qualidade das medigOoes serd melhor. Isto & muito  impo
tante para a economia; para a exportagdo; para a substituigao de i

portagdes; e para o bem-estar das pessoas,




. DIAGRAMA 1: O SISTEMA DE CALIBRAGAO EM NOVA ZELANDIA
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COMMENTS ON PAPERS PREPARED BY DR. K.G.KESSLER, NS (USA)

a) Metrology support in Brazil (january, 1984) .
b) An evaluation of CEMCI (september, 1985)

By Dr. J.H. Buckinghanm,

UNIDO Consultant in National Calibration Services, 28 july 1986.

2) Metrolegy Surport in Brazil

1. Kessler states that the Brazilian .= measurement system must hav

four goals:

1.1-Its calibration services must enable uniformity of manufacturec
prcducts and assure their quality.

I agrce. This is essential in any modern industrial operation.

1.2-It must ensure compatibility between Brazilian and overseas
products. _
1 agree. This is obvious if Brazilian products are to conpete
successfully in internatioral markets. Such compatibility is
essential in cases where Brazilian firms undertake sub-contract

work for overseas companies.

1.3-Brazil’s central measurement laboratory needs to develop new

' measurement techniques by exploiting modern technology.
I partly agrece. Brazzil does not need to develop new measurement
techniques per ‘se. It is sufficient to adopt, or adapt, those
technigues which are required to satis{y the needs of Brazil's

industries,

1.4-The central measurecment laboratory should undertake basic
research 1in metrology.
I disagree. State-of-the-art research in neasurement science is
best left to overseas institutiens like NBS (USA). NPL (UK),

PTB (FRG), etc. Reccarch on the sc-calied "absclute’ standarcds
O onad Lo anG o Teevlamen.al Jhsleal oo stents e e

required in Brazil at the present time, or is it likely to be

in the forescecable future.

Such resesrch is very expensive and requires highly qualified
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. Personnel.From my experience of some countries in the Asia/
Pacific region, whose industrial development is similar to that
of Brazil, such rescarch is neither well done, nor does it
contribute greatly to the measurement infrastructure required
by their industries. In my own institute (PEL, New Zealand), it
is debatable whether our research in measurement standards has
had any effect on the quality of New Zealand products. Moreover,
if proposais to commence such research were made now, they would
be unlikely to obtain support from the New Zealand Government.
This research was commenced when our economy was buoyant. At the

resent time, 1t is a luxury which New Zealand cannot really
afford.

Consequently. I believe that Brazil cannot, and should not,

attempt to encourage research aimed at giving the central
laboratory an international reputation in measurement science.
Any funding from the World Bank, or elsewhere, would be better
spent on the provision of facilities, personnel, and equipment
. to support those calibration and testing services essential for

continued industrial growth.

1f any research is undertaken, it should be to improve those
services, or to solve problems associated with industrial
produc:s or processes. Such research would contribute to the
intellectual environment of the central measurement laboratoery.
This,. in turn, would assist the recruitment and retention of
good scientific staff. -

2. Kessler states that the Brazilian infrastructure required to

achieve the goals 1.1.-1.4 should include the following:

2.1-An effective tie to international measurement standards.
I agree. However, it is sufficient for Brazil to maintain this
tic via overseas calibration of her primary measurement standards
and by sarticination in "round-reobin' interconmnaricon experimont

The Jatter have the additional advantage that they




. help to demonstrate any deficiencies in calibration and
measurement procedures,
‘v
2.2-Brazil must have a single laboratory'coordinating the country's

calibration services,

I agree. Those services should be alvays "traceable" to the
primary standards of measurement. This applies as much to the
calibration service of the legal métrology network as it does to
those of industry.

2.3-Measurements requiring the highest accuracy should be performed

in the central measurement laboratory.

I agree. Problems of uniformity can arise where more than one
institution attempts this task,.

2.4-The central measurement laboratory must coordinate the

.. . calibration base of all secondary laboratories.
1 agree. My comments in paras 2.2. and 2.3. apply.

2.5-The central laboratory must be familiar with new international
developments in metrology. )

1 agree. However, the emphasis should be on an awareness of,
rather than expertise in, such developments. In other words, the
central laboratory should first rely on overseas expertise

as much as possible,

2.6-Indéstry must have access to well equipped and competently
operated secondary measurement laboratories.

I agree strongly. Without this infrastructure, Brazil's

industries cannot hope tc compete on egual terms with overseas
companies. Al<a, reliable secondary laberatovriss are needed to
take some of the calibration load from the central laboratory.

Otherwise, the time will come when the central laboratory will

be unable to kee ace with the demand for its services,
p Ppac¢




Kessler has discussed the present status of Bra:zil's measurement
cystem. I cannot comment on all his findings since I have as

yet no first hand experience of the measurement infrastructure
existing in the country. From my limited experience I would

have to agree that the central laboratory, CEMCI, is somewnat
understaffed at the present time. However, I understand that
attempts are being made to rectify this problem, together witH

those associated with facilities and equipment.

Kessler states that there is an urgent need for CEMCI to recruit
staff at Pn.D. level. Unfortunately, he tends to equate the
attainment ¢f a Ph.D with technical competence and innovative

ability. Certainly, this is true in some cases. However, from

my experience, most Ph.D. holders take just as leng to train in

the art of accurate méasurement as do staff at-graduate level.

Some of the most reliable and innovative staff in my own

institution are those I have recruited at graduate level.

In addition, there is a problem of retaining overqualified staff
in that the work environment may not necessarily provide
sufficient stimulation - at least for a number of years. Again,
Ph.D. level recruitment could lead to CEMCI becoming too academic
and "remote" from its industrial customers, It is worth bearihg
mind that a rumber of the world's major standards laporatcries
have tended to become too "ivory towered”. This has resulted in
the trauma of cutoacks in their support by governments concerned
at the lack of relevance of the work to the measurement probler
facing commerce and industry. I cannot emphasize too‘strcngiy
that a national measurement laboratory should exist to serve the

needs of its customers, not vice versa.

I understand that a World Bank loan for upgrading tne operation:
at CEMCI was negotiated some time ago, but that this loan is
conditional on the recruitment of a number of Ph.D,qualified
staff. 1 regard this condition as a little unfortunate. It shoul
not be the intention to develop CEMCI in the image of ap overses

national measurcment laboratory. Rather, CEMCI must be wha

ct
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needed by Brazil and her industries.
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country, and what may te considered '"desirable” in overseas eyes.
Unfortunately, the latter often look first to the situation in
their own countries, and believe sincerely that what works well

- for them must work well everywhere. This is seldom the case in
reality. Consequently, there have been some institutions
established overseas which have been subscauently of little
relevance to the problems facing the industries they were set up
to serve. This has been accompanied by a stagnation of the

academically overqualified staff of those institutions.

Therefore, I believe that the staffing condition of the loan
should be relaxed to one which requifes professional recruitment
from candidates who, first and foremost, have a definite interest
in, and a potential aptitude for, high quality measurement and
calibration work. That some of these may be Ph.D.gualified
should be incidental to, and not a prerequisite for,

any consideration for appointment at CEMCI.

. However, it might be worth examining the possibility of
arranging Ph.D. students to undertake their practical work at
CEMCI. This scheme works well overseas in that the student's
experimental program is arranged to be of relevance to the host
institution,rather-than just of prime interest to the University
Supervisor. In addition to their Ph.D.studies, such students
could be encouraged to take an active part in the normal work at
CEMCI. This would not only provide expefience in measurement
techniques, but would also enable those students to decide
whether they would be interested in employment at CEMCI at the
conclusion of their studies. In addition, such a scheme could

heln foster an increased research "atmosphere” at CEMCI.

4, 1 am in broad agreement with Xessler's other comments regarding
staff training, further academic study for existing staff, and
attendance at overseas conferences and institutions. I also
agree with his very constructive comments regarding equipment
maintenance. Tn addition, [ suggest some capacity for
glassworkiasyg would be an advantage, and would complement the
mechanical machine shop and the proposed electronics equipment

repair facility.




My initial impression of CEMCI's existing equipment is that, with
some exceptions, it is reasonably adequate. I too would question
the proposed level of funding for new eguipment. In my owr
institution, such funding would represent purchases extending
over 20 years or more. Also, there is little point in purchasing
large amounts of new equipment if there are no staff available t«
operate it. Staff recruitment and training must be the first
consideration. At this stage in its operations, I do not believe
CEMCI needs to have aicapability for the design of prototype

measuring equipment.

Granted that the Xercm site is rather remote from Rio de Janei.o
(although ne mecre so than, say, NPL Is from central London) it
does have the alivantage that there are fewer problems in
maintaining a clean environment. Once the move to the new
accommodation is complete, CEMCI will have excellent metrological
facilities.

b) An Evaluation of CEMCI

I have already commented that I doubt that CEMCI needs to
establish absolute standards for the base units of the
International System (S.I.). With iegard to some of Kessler's
specific points:

1. His statement that CEMCI possesses ohly two standard cells

is incorrect. Brazil's volt is defined by two sets totalling 24

cells in all. These could be complementec with the pﬁrchase of a
Guildline Transvolt and/or a Cropico electronic cell to
facilitate overscas calibrations and intercomparisons. A veltage
standard based on the a.c. Josephson Effect is not necessary,
any more than is a calculable capacitor cf the Thompson-lLarpard
type for defining impedance standards. With regard to the "Von
Klitzing", or quantized Hall Effect, NPL (UK) has been working
on the apparatus for a number of years and has yet to realize

the ohm in this manner.

2. The recent rce-definition of the metre in ter- s of the veloci

of light and an optical freguency has, to my kn -~ .cdge, not

negated the use of secondary standards such as - taln spelira




lines of Hg!'®® and Cd''*. The wavelenghts of these lines are
known to parts in 10°%, which is more than adequate for
interferometric calibration of gauge blocks. Line standards can
be calibrated by laser interferometfy to better than 1 part in
10%. Only if higher accuracy is required should the laser
interferometer be calibrated using an iedine - or methane-
stabilized laser. A Moore table and photoelectric auto-
-collimators can define angle to better than 0,5 arc sec.

3. There is a need to establish certain IPTS fixed points at
CEMCI to facilitate the calibration of resistance thermomcters.
Some capacity for spectrophotometry is also required to assure
colorimetric standards required by industry. However, light
intensity standards can be realized via overseas-calibrated
lamps. There 1is no neceséity to establish an absolute

electrically calibrated radiometer at CiMCI.
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SUMMARY

This report discusses the present situaticn pertaining te laboratory
accreditation schemes in Brazil, and how these might develop in the
futuse. It makes a nurber of recommendations which are intended to
supplement those contained in a more detailed report by Mr. A.J.

Russell, UNIDO censultant in laboratory accreditation systens.




(i)

LATZOPZTORY ACCREDITATION IN BRAZIL

RECOUNENDATICNS

This cdiscussion of labcratery accreditation in Brazil includes a

nurbexr of recorawendations. These are summarised below:

1. That RNC and RNLE activities be coordinated by a single authority,
Rede Nacicnal de Laboratérios, RNL,

2. That RUVL concentrate initielly on 1 or 2 fields of testing vital
to Brazil's econony, .

3. That RNL concentrate on the quality, rather than quantity, of
potentially accreditable laboratories.

4. That RVL recruit the services of advisers and lakoratory assessors

frem instituticns outside of INMETRO,

5. That these advizers develop detailed crlterla for accreditation

and procedures for laboratory assessment.

6. That RNL scek a significant increase in gevernmant funds to
support an enlarged secretariat.
7. That RN¥L maintain close ties with CEMCI

C. That INNETEQ purblicise CEMCT and encourage Brazilian industr
to use CEUCI calitr:ztion services in preference to thosz of

ovargeas institutions,

9. That INMETIO advortise the aing and activities of RNL.
10, hat KuL fally dnvestigate soveral aver;eas acoredibabtinn schene:s

Yoo T v At ey 1 qrm fegnem e e 4 131 4 dessps
pofov: deeiding on the systen most suited to Doazil.,

1i. Thaco BV and RNLE staff vigit NHALGLRE, NVLAP, WNATAL and TELARC to

ohzzove vheir opsvations,
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INTRODUCTION

Brazil has established a national calibration network (Rede Nacional
de Calibrag3c-RNC), which is organiscd -by INMETRO/CEMCI (Centro  de
Metrologia Cientifica e Industrial) at Xer&m-RJ. Currently, INMETRO
is in the process of setting up a corresponding system for industrial
product testing. Plans for this system (Rede Nacional dco Laboratdrics
Ensaios-RNLE) have been develcoped by INMETRO's Directorate for
Industrial Quality Assurance (DQUAI} in close association with the
RNC secretariat at CEMCI,

A recent prcpcsal by IMNMETRO is that RNC and RNLE should come under
a single accreditation autherity (Rede Nacicnal de Laboratdrics-RNL),
whose fuicticn would he to coocrdinate calibratior. and testing
activitics throughout Brazil, RNL would be responsible for assuring
the quality and reliability of all services provided by the member
laboratories of RNC and RNLE,

Thus, RNL would be similar to the National Association of Teéfing
Authorities (NATA) in Australia, and the Testing Laboraitcries
Registration Council (TELARC) in New Zealand. A similar arrancement
(1)

occurred recently in Britain when NKAMAS, the ! at*onal Measurenen

Accreditation Service, was formed by merging the British Calibration
Service (BCS) arnd the National Testing Laboratory Accredltatlon
)

Schema (NaTL2

wm

r

or a Erazilian laboratory accreditation

rh

The dotaliled propcsals

(%]

scherc ave currently being pr epaled by Mr, 2.J. Russell, a UN

n(2)

consultanc from the Australian NATA organicsati . Therefore, the
present document will not include 2 lengthy discussicn of
accreditazicn dxaﬁedu“b,. Sulfice it tc say that NATA was the firsc
full laborotory accreditation system in the World, and that TELARC
(New Zééland) was the second, The procedures of thase organisations
are very similar,

This report exanines the present sitvatiorn with regard o RUIC anid
RNLE, togsiicer wiivh: the cirengths and weaknezoes of gonz the

ieable labkorctories of Loth

T tions of leborotory acoreditzoicn in
generalk, the m2ihoeds of cparaticn of accerediiciion scheoues, t

resourées that are reguired, and how existing schewmes in Loaz




might be combined and cocrdinated.

It makes a number of suggesiions for the successful promotion and
enhancement of labcratory accreditation ir Brazil, and describes

the potential advantages to the economy and to the general well-beinc
of the people.

THE PRESENT SITUATION IN BRAZIL

INMETRO staff have worked very hard to establish the RNC and RNLE
schemes, and have achieved a great deal in a relatively short time.
Much of the documentation needed to operate these scherm=s has
already been produced, as has that for the proposed RNL system.
CEMCI and DQUAI are to be congratulated on intrcducing laboratory
accreditation to Brazil rather more quickly than was possible in
either Australia or New Zealand.

However, the secretariats cof koth RNC and RNLE would be the first

to agree that their schemes are still in their infancy and that much
work remains to be done. The production of documentation for an
organisation is always easier than the implementation of its
procedures. In other words, one always knows what to do. The hard
the resources reguired are

14
.oy & =1 : 1 LA ] 3 b 4 [ S
wa than originally envisaged. Alsgc, with laborztory

always greater than o
accreditation a great deal of promotional activity is required to

convince the calibration and testing community that it should invest
in scmething which is going to cost it money! Then there are all the
educational and training aspects to be considered - not cnly for the
secretariat staff but also for the staff of pcotentially accreditahle

laborztories.

Conseqgucintly, although RMC and RNLE schemes are envisaged as
erbracing all aspccts of calibration and testing, it is wise to
stop short of the ideal and concentrate on what can be achieved in
practice., It is better teo have a scheme involvirng a gmall nurmber of

competant and relicbhble lcboritorics, rether fthan ona which is L

¥

.
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selective, less able to guarantee the quality of its services, ard,
hence, unlikely to gain recognition and respect, If a hich quality
operation is established at the outse!, it vill cain momentum and

grow, pcovided its resources grew at the sems rate, Conversely, an




ill-conceived, low guality oporation will be short lived. It will nst
attract the necessary resources, and all the excellent preparatory

work will have been for nothirng.

Currently, RNC consists ¢f 7 laboratcries, 2 of which are directly
sub-contractad to CEMCI to maintain the paticnal standards of timc
and ionizing radiation. Of the other 5, 2 are accra=dited for length
metrologyy, 2 for electfical, and 1 for aerophotogrammetry and camera
calibrations. In acdition, there are 11 potentially accreditable
laboratories: 5 for length, 5 for pressure, and 1 for electrical.
With its smail full time staff (3 professional and 2 secretarial).
RXC is already under a heavy work load, and, at present, would findg
the assessment(and reassessment) of some 18 laboratories a dauntin

task.

Apart frcm arranging laboratory assessments RNC staff. organise
measurement intercomparisons (proficiency testirg) among the member
labcratories. The work involved in this and in subsequent analyses
of results is not inconsiderable. Remember, there are only 24 hours

- L
in a day!

As I understand it, the situation with RNLE staff is similar.
Currently, it has 12 accredited laboratories spread among a nurber
of fields of testing {(chemical, health, food, etc). In addition,
nN b ¥
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are called upon to "trouble shoot"” wnhen proolems occur in procduction
s

invectigation into the cause of contaminated klcood intenced for

.ransiusion purposes,

Clearly, there is a donger that the resources c¢f both RIZ and RNLE
will become too thinly spread to be effective if steps are not talen
to linit activities or, alternatively, to increase staff numbers in

the near future,

So f{2r, T have visited very fow calibration ard testing

!

P T U B 1. man e e s ea e - 4 P S A syt - e, I

itaunratsries and therseiore am not in a rozition o ¢ain an ovonal
’

pilcturs of tho teliabilily cr oflccliiveness of

the sexvices periornaas

by the cceredized laboratorics of KUIC and ., It weuld be fair Lo

: say thet somn proolems erist in 311 the inst otions I hove visited,
3

3 especinlly as far as moasurensnit Dractability ard the dotermisation
i
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of uncertainties are concerned. These are due partly to the
inexperience of =ome laboratory staff, partly to a lack of appreciati
of the services CEMCI can perform, and partly to an absence of
certain facilities and experience within CEMCI itself. However, I
should point out that similar problems existed in Australia and

New Zealand for many yearc (and, in some cases, still exist!)

On the positive side, I have detected an attitude of enthusiasm and
a wi’’’ wcness to learn wherever I have visited in Brazil, This
appli.s equally to CEMCI, DQUAI, and the accredited (and potentially
accreditable) laboratories., This suggests that most of the presant
"teething” problems with the BENC and RNLE schemes will be overcore

in tire,

THE IMPLICATIONS OF LABORATORY ACCREDITATICHN

~In recent years, there has been a large nurmber cf publications about

laboratory accreditation to support the establishment of programs

oy
m

in manv countries, Much of this literature has been produced by t

Interrational Laboratery Accreditation Confarence (ILAC), Like mest

ul

"snecialist" organisations, ILAC has developed its own peculiar.
terminclogy. So one frequently hears references to terms like

"task forces", "peer group assessment”, "proficiency testing" etc,
instead cf "committees", "examination by people of similar experiecrnce
"interlaboragory measurements”®, and so on, It is always a nystery

to me why it is considered that a special language represents maturit:

in an organisation, tend to t:e reverse opinion.

Unfortunately, thiroughout this mass of informatiocn, I have never bcen
able to find a truly satlsfactory definition of the most importunt
term of all: "Laboratory Accreditation”! I believe this is the reacon
the words are often used yglibly (especially by applicant
laboratcries) without realising their implication foc lakoratory
practice, As a vesult there can exist the naive belief that an

accronitarion svshtem i3 zome kind of alup, werlicpship @ whdch

radvically confers “"raspectability” on a labsratery's operations,
thus idading o increzsed demand for its services and a consajuent

imprcvement in iiz incona zupecltations!

This attitude still persints in some private sectos Iaboratoxies in

]




Australia and New Zcaland, even though thosa countries have had

. accreditation schemes operating successfully for many years.

In reality, laboratory accreditation is a quality assurance scheme
for laboratories in both the public and private sectors. It is the

means wherehy the quality of performance of a labcratory is improveg,

with the resuvlt that the measurements and tests underitaken become

more consistent and reliable, As I have stated elsewhere(“'S),

a
laboratory accreditation scheme is analogous to a specification
standard (norm) which prescribes the gquality of a product, except

that the product "under test" in this case is the laboratory itself.

Like all gcod guality assurance schemes, laboratory accreditation

should guarantee the integrity of:

a) The raw materials - that is, the competence and ethics of

the staff, and the .reliability of the equipment used;

b) The production process - in this case, the method of test,

determinaticn of measurement uncertainties, and the methods

of recording and checking the results;

c) The end product - that is, the test certificate.

Thus, an elfective lsboratory accreditation program is one which will

approve a laboratory's application for "mexbership” when, aad cnly

wnen, the variocus components conform to the reguired specification.

n
[N

In other werds, a bland endorscment of a laboratory's operations is
insufficient, The laboratory must comply with a number of guite
stringent conditions of entry, not merely pay any membership fzes

winich ray be levied,

Recaontly, it has been suggested(E) that the existence of docurmzntaitioc
such as organcgrams and quality manuals is a useful weasurz of the
ality of perfcrimance of testing laboratories in Brazil. I do not
agr2e, Some oI the least ccmpetant laboratories in my ovn country
PAave proderes Lo posh Deawtisul Jdocuneentation in support of theirx

aprlicai ions for acoreditaiiion uvnder the TELARC scheme, On the othor
hand, sonre of the beot have no time (or inclination) to develep
organcerars and detad

<2 guality manunals, This is because they arc

ten basy catcvine fov the needs of custonzrs who are already aware




of the reliability of thec services provided by those laboratorics!

Consequently, although many accreditation programs require applicant
laboratories to produce written evidance of their procedures, this

should never be the main criterion for acceptability.

In practice, the determination cf acceptability under an accreditatiol
scheme should involve an extremely thorough investigation of every
espect of an aprlicant laborztory's affairs. The crganisers of

the scheme shcould be just as ready to turn dswn an application from

a well-docunented, but incorpetant, laboratory as to accept that

from a poorly documented but cbviously reliable one,

Againr, the schemz chonid be corpletely "independent” of outside
pressures tc accept or not accept a particular laboratory. It should
be just as reedy to refuse admission of a government laboratcry as
to admit a private one {and vice-versa). The emphasis must élways

be on the quality of a laboratory's operatiors and never on the

importance of that lavboratory's contacts,

OPERATION OF ACCRESITATION SCHEMES

A =) AT & 2 3 Ta
G ke covered, Althcocugh the

The first step in any accreditation scheme is to decide what areas
= 3 1
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/or calibrati
organisers of the scheme may wish to cover all conceivable aszects
of measurement, the available rescurces usually preclude this

possibility. Conseguently, sowe careful theought should be given as

to where the scheme should beain,

In Brazil, there dppear to be two ogptions:

-,
- b

1. To concentrate initially on one or two fields of testing (

cxample, mechanical and elcctrical), The most important
conzideraticns here wwould scem to be:
a) Thvien Sl b oare sont vital to the econcny,

b) Arc therve laloratoriecs vwith cstablished reputations for

reliabilicy aiready operating in these 1fields?

Such laporateories could form the fowrdarion on which to balld




the schemz. The Rede Nacional de Calibragio (RNC) has already
adopted this approach and, as a result secms likely to become a
very valuable part of the national quality assurance system,

2. To concentrate on tes*ing of specific products which have good
export potential (for example, textiles or shoes). This approach
can be more difficult since product testing can invelve several
fields of testing. Consequently, an interdisciplinary approach
is required and assessment of 1aboratory competance can be a

complex exercise,

On balance, accreditation by discipline rather than by product is
simplest to arrange, This is the system adopted by the United
Kingdom, Australia, and New Zealand. However, in the United States,
a product oriented approach has been adopted. Both types of scheme
have advantages and disadvantages. Brazil must decide what is best

suited to the economy and available expertise,

Having established the scope of the accreditation scheme, the next

(2)

step is to prepare the specifications with which applicant
laboratories must cocmply before accreditation can be granted. This
is dene in exactly the same way as the preparation of AENT norms
for a product or method of test, Groups of experts decide, by
concensus, the criteria for acceptability of laboratories
operating in a specified field of testing, Clearly these "experts"
‘must nave wide knowlieage and practical experience of the
technologies involved., The aim is to develop specifications which
will improve the parformance and reliability of laboratories, not
to make it impossikle for them to operate, After all, many norms
have been promulgated and subsequently found to be impossible in

practice)

Once these specifications, or requirements for accreditation, have
been developad, the scheme has reached the point where the
erxanination, cr "assessment" of applicut laboratories can be

considered,

In any exaninazion of a lahorctory's operations, the most important
aspect is the s=aff, Do they hava tihe neccezary knowladge and

g

expcrience to gerform the measurcmenis to the stated level of

accuracy? Ara trhev "professional" in their activities - that is, aie




they rclickile, horecst, and un-biassed in their approcach to their
vwork. hiso, are they complaccnt, or are they self-critical of theix
&hility? This is important since the best staff are usually those
who are never satisfied with their pexrformance and who, thercfore,

try always to improve their knowledge and their technigues.

The next meost important considerations are the laboratory's
facilities and equiprent, Are these adegquate for the job in hand?
Are the instruments in calibration and "tracceahle" tc standards cf
neasurenent? Is the environmental control sufficient to guarantee
the quality of the services performed? Are the working conditiones

suitable for the staff to perform their duties efficiently?

Thirdly, are the recording, checking and documentation prccedures
') adequate? Is the identity of items submitted for test assured?

Are the methods of recording the results likely to minimise errors?

How long are records kept after a job is completed? Are the results

checked by a third party? Is the test certificate complete in its

information? Does it indicate the uncertainty in measurements,

details of the environment, etc?

If the answers to all these questions are satisfactory, a final check
is to select at random a mermber of staff and have him/her perform’

an actual measurement or test. This can often provide a better
irndicaticn of perfeormance than any amount of oral or written

examination,, It is a case of "a picture telling a thousand words".

- Having assessed the level of competance and reliability of a
laboratory, a decision can be made as to whether that laboratory
should become accredited and, if so, for what tests, Since one of
the mzin objectives of an accreditation scheme is to improve
laboratory performance, the labocratory should be given a reasonable
amount of time to rectify any problems which beccme apparent

during the assessment. The emphasis here should be on constructive

criticism, not on harsh negativity, so some degree of diplomacy is
i

often required, Otherwise, epplicant laboratories will lose

intercst in the scheme, and no usefvl purpose will have been szrved

by the exercise,

Again, once laboratorjes have been assessed and accredited, an
ongoing program of reasscssment should be instituted, Otherwise




there is no guarantee that a laboratory will continue to perform
satisfactorily. Rcassessments at regular (one or two year) intervals
enable the asccreditation authority to check whether any
recommendations have been implemented. Also, it is often a failing
of human nature that the best operations are only achieved when

working to a deadline!

RESOURCE REQUIREMENTS OF ACCREDITATION SCHEME

An accreditation scheme such as outlined is dependent on a number

of resources:

1. A full-time administration

This miéht consist of:
(i) senior management staff;

(ii) a nunber of technical staff, each of whom would be

"responsible" for one or more fields of testing;

(iii) editorial and secretarial staff;

(iv) publicity staff;
(v) typists;
(vi) 1library and, possibly, data processing staff,

The functions of this administration are to:
(a) publish the aims and activities of the accrediting authority;

(b) recruit the resource pool of experts for the advisory groups

and technical assessmants:

(¢) conduct pre-assessiment visits of applicant laboratories

" 8 v Y 1 B ] B 1 - oQ 3 e
¢ ide ) ces £ ;
order to provide briefing notes for assessors

(d) arrange assessments and reassessrents and generally liaise

with applicant or accredited laboratories;
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(e) seleci ¢nd krief asscscors;
(f) convene meetings of the advisory panels and other groups;
(g) advise applicant laboratories of the assessment result;

(h) collect assessment and annual nmembership fees;

(i) encourage accredited laboratoriec to issue repcrts endorsed
in the name of the autbority;

(j) encourage and sponsor inter-laboratory tests to improve the

consistency of test methods and results;

(k) arrange technical workshops and training courses for staff of
applicant and accredited laboratories;

(1) generally promcte the adrancement of laboratcry practice;

(m) keep records and publish détails of accredited laboratories

and the tests for which they have been granted accreditation;

(n) mairtain a library of material pertaining to laboratory

accreditation schemes operating at home and overseas;

(0) corresponé with similar organisations in other countries in
an effort to promote the international acceptability of tests
. performed by the accredited laboratories;

(p) participate in the activities of the International Laboratory
Accreditation Conference (ILAC).

Financial Resources

It can be seen from the extensive list itemised above that the
organisation of an accreditation scheme is not something which
should be done in a "piecemeal” fashion by people alrezdy busy
with other responsibilities, It must be their full time
occupation if it is to provide a real service to the testing

and measurement community in Brazil,

Consequently, considerable financial resources are fequired to
support the organisation during its formative stages, Central

government is the lcgical source of such finance. Funds are
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regquired for stiif salaries, administraticn and cperating expensar,
priri{ing end publicity, assessment (and rezssessment) costs,
p&.-parati

to pay ices, as well as travelling expenses, tc peopla invclved in

on of docunmentation etc., In addition, it may be necessary
an advisory or assessment capacity.

Nene of the existing schemes anywhere in the world could survive
without government funding, and there is no reason to believe
Brazil's will be eny different. After a while, it may be possible
to reduce the level of that funding when a significant income is
derived from assescment and accreditation fees, But it is unwise
to assure that complete dependence on such fees is possible, Any
attempt at this would reguire fees far in excess of those which

would be acceptable to applicant and member laboratories.

For example, in Australia, over 50% of NATA's funds come from
central government, in New Zealand the figure is even higher {70:),
&nd that is with a voluntary workforce of advisers and assessors.
RATA estimates that withcut such voluntary assistance, an
additional A$ 500,000 per year would be reguired to pay the feer

of assessors etc., This would reguire a doubling of the prr =

fees levied on member laboratories. Without government support,

therefore, this fee structure could increase four-fold.

Brazil should address this problem very carefully when ccneidering
the coordination of, and extensions to, its existing accreditation

schenes,

Advisers and Assessors
The most important human resource is the reservo: scientists,
engincers, and technologists which is reguired fu. - :& _.ractical

implementation of the scheme, These people are the guarantors of

the quality of the service provided by the member laboratories,
Not only are they important to the developrent of trchnical

supp~ ' docurentaticn (recuirements for rocisis letails of
test “cgories and a2ssociated rmeasurement proce , technical
notes «a ietrologe ~.., ' —y are essential in a  izboratory

assessme:

Congeyue .+, their selection should be made very cr~~fully.
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Idcally, they should be people of wide knowledge and expericnce

of the relevant technology. Th2y should be capable of "conceptual"
thought, and thzy should bz critical of their own performance.

At present, RNC relies heavily on technical advice provided by
metrology staff at CEMCI. However, there is always the danger that
such staff will ke used too often to the detriment of their own
work, Also, if conly CEMCI personnel are used, this could result

in an in-bred, inward-looking organisation which was not amenable
to outside influences and, therefore, is resistant to change. Both
REC and RRNLE need to be more outward looking if they are to be of

real value to Brezil's dynamic industrial econcmy.

Therefore, both schemes should attempt to obtain technical
advisers from the universities, research institutions, hospitals, .
state-owned industries, and the private sector (although the
latter are likel§ to require fees in payment for their services).
Ancther likely source of expertise lies within the accredited
laboratcries themselves, The technological personnel of such
institutions are obviously sympathetic to the aims of the scheme.
Otherwise they would have not sought accreditation in the first
instance., Also, since nobody is periect, such personnel can
benefit from their experience of other laboratories, and, as a

result, improve their own procedures,

Urgent copsideration should be given to the development of this
resource pool of knowledge if the RNC and RNLE schemes are to
grow at the rate reguired. It is s "~ested that, in the first

ingtarnce, an attempt be made to x: 1t the support of suitably
gqualified personnel from the following institutions:

- IPT and IE-USP (S3o Paulo)

-~ CEPEL (Rio de Janeiro)

~ CETEC (Belo Horizonte)

These institutions are elready corversant with the activities of
RNC and BNLE, Thus, they are more likely to support any regqguest

for expert advice and assistance than would other orqanisationé’
at the present time,
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4, Reliakle Mcasurement Base

Since membership of an accreditation scheme implies quality
assurance in measurement, such assurance can only be guaranteed
if a system of national measurement standards already exists.
Fortunately CEMCI, Servigo da Hora (SDH), and Instituto
Radiometria e Dosimetria (IRD) have ensured the reliability of
Brazil's national standards through their regvi-r overseas

calibration or intercomparison.

At present, the only areca where problems could arise is that of
colour and photometric te<*‘ng. Otherwise, I have no criticism
of the methods used in R for arranging international

traccability. The problem of colour and photometric measurerent

(e)

is addressed in another report in this series
However, I am concerned at the apparent lack of ewareness in
Brazil of the services which CEMCI, SDH, and IRC can perform. At
present, only a few institutions throuchout the country submit
instruments for calibration against the national standards.
Therefore, some effort should be made.to promote the activities
of CEMCI etc. Perhaps INMETRO could consider the possibility of-
television and newspaper advertising to overcome this problem,

In this ccnnecticn, it is interesting that some Brazilian
companies, go to considerable expense to arrange overseas
calibration of *heir equipment. In most 'cases, CEMCI can offer an
equivalent (or be“ter) calibration at less cost and with a shorter
turn-round time, The other obvious advantage of local calibration
would be that pay~>nt would be made in cruzados and rnot
international cur.ency!

COORDINATION OF EXISTING SCHEMES

I am in favoar of the wresen®t proposal to bring RNC and RNLE onder &

single cocordinating authority (RWL)., However, care should be taken

to ensure that two possible problems do not arise,

Tho first is that RNL might be considered more remote from the
tev.mnological arm of iNMETRO than is the present situation with RNC,
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The "symbiotic" relationship between RNC and CEMCI works very wcil
because REC cperates from within CEMCI itself, Consegquently, RNC is
able to druw on the resources of CEMCI whenever required. CEMCI
staff provide RNC with advice and calibration services, and act as
assessors of applicant laboratories. It would be most unfortunate if
RKNL was established in such a way as to make it less easy for RNC

(and RNLE) to enlist this essential support.

However, I wish to emphasize that this is only a potential problem
which, with care, can be easily avoided. For instance, it did not
arise in Australia or New Zealand because the national laboratcries
of those countries (NML and PEL) were instrumental in establishing
the NATA and TELARC schemes., These schemes have retained the full
support of NML and PEL because the staffs of those institutions
appreciate the amount of calibration and test work done on their
behalf by the accfedited lakoratories. Without such delegation of
responsibility, NML‘and PEL would be unable to cope with the present
demand for measurement services in Australasia. Similarly, they
would have less time to concentrate on their primary responsibility
of maintaining the national stardards. ’ )
In the United Kingdom and the United States, the ties are even

closer. The accreditation schemes of those countries (NAMAS and NVLAP)
are operated by NFL and NBS respectively. Therefore, it is
recommended that, if established, KNL maintain the closest possible
‘links with CEMCI,

The other problei which could arise from amalgamation of RNC and

temptation co rely too much on each other's experience and expertise,
Although "cross~fertilization" of ideas can ernhance the operaticn

of a joint accreditation service, care should be taken to avoid an
excess reliance on each other's resources. Otherwise, those resources
will become insufficient for the job in hand. This is a particuiar
problem where the technological strengths of two orcanisations are

A 4o vont, Thoe ctreng crgarnisation will be called vpom to nelp tr»

weak one until the former is unable to cope with its own work lcad.

Therefore, I believe that the role of RNIL should ke restricted to a
cocrdinating one, Clearly, come coordination of RNC and RKNLE
activities is essential, Otherwise, it is always possible that there
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could be.cverlapping responsibilities. This, in turn, could result in
unnecessary duplication of resources, irnefficient utilisation of

existing resources, and a situation of conflict, rather than harmony,
betwecen the two. Sensible (and sensitive!) coordination should result

in optimum performances by both RNC and RNLE,

Associated with any proposal to amalgamate RNC and RNLE, there is the
question of whether other accreditation schemes should be brougnt
under the umbrellz of RNL, For example, I understand that separate

schemes operate for medical testing and foods.

Although, in principle, the incorporation of such schemes may be
‘desirable in the long term, and would undoubtedly lead to an
improvement in their operation, any attempt to achieve this would
require a significant increase in resources, Conseguently, I doubt
that RNL would be able to cope with a sudden increase in work load
at the present tinme.

Therefore, I recommend that RNLE determine the number of laboratories
which cculd be involved, and apply for additional resources before
finalising any necotiations with these oﬁher schemes, Since the
acqguisition of additional staff is particularly difficult at the
present time, I suggest that any moves towards incorporation of
schemes other than RNC and RNLE be deferred for at least 2 or 3 years.

PROMOTION OF LABORATORY ACCREDITATICN :

It is very important to widely advertise the aims and activities cf
a labocratory accreditation scheme if it is to have a real chance

of success,

When NATA was first established, the organis:irs made a fundamental
error by not publicising their activities. Consequently, for the
first 4 or 5 yearsof its operation, NATA attracted little support
and a grent derl of suspicion, Potentially accraditable liobeoratories,
particularly thoze in the private sector, mistakenly believed that
NATA was an unofficial arm of the Australian Government, and that it
had been established for the prime purpose of enabling increased
governmgntdl control of industry's affairs(9) |

only after NATA had undertaken a vigorous publicity exercise in 1952

. Conéequently, it was
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that thc schewe bzgan to receive the support it deserved.

Therefore, a clear statement of the aims of any natione. scheme for
Brazil should be made at its outuet., Although secrecy is often
required for strategic reasons in the public service, it would spell
disaster for an accreditation scheme. Kew Zealand learnt from
Pustralia's mistakes and the publicity associated with the launching

of TELARC ensured its immediate popularity.

Unfortunately, TELARC had a different kind of teething problem. I
mentioned earlier the need to establish a reputation for quality,
rather than quantity of accredited laboratories. Although organisers
of accreditation schemes may wish to establish early credibility
(particularly withi sceptical government funding agencies!), the
temptation té achieve this by accrediting large numbers of
laboratories should be resisted. When TELARC commenced in New Zealand,
the problems detected during certain laboratory assessments were
understated in order to register those laboratories. As a result,

13 years later, TELARC still experiences difficulty in convincing
certain of its member laboratories that their cperations are not

good enouch,

Anc ther problem with inadequate laboratories is that their customers
will associate poor perforwmance with the accreditation scheme itself.
This will generate adverse puklicity for the scheme and, in the

user's mind,,will negate all the good peoints about laboratory

accreditation.

On the other hand, a properly organised and managed scheme will:
(a) Improve the competence and professionalism of laboratory staff;

(b) Improve the reliability of test equipment through an insistence
on regular calibration against recognised measurement standards;

(r) Ersure that the tests, for which accreditation has been granted,

are condicled properly;
(d) CGenerally :Improve laboratory performence;
(e) Cunfer status on accredited laboratories;

(f) Guarantee the reliability of, and increase public confidence in,
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the reports produced by accredited laberatories;

(g) Generally improve the quality of products tested by accredited
laboratories;

(h} Increase import substitution;

(1) Increase exports.
These points should be emphasized during any promotional campaign

since they are of considerable importance to the national economy

and to the well-being of all people in Brazil.

"TRY BEFORE YOU BUY"

As I have said, all.existing schemes have advantages and
disadvantages. Similarly, they have all made errors of judgement at
one time or another. Therefore, I urge Brazil to carefully appraise
all schemes before deciding on a particular course of action, At this
stage, I am not prepared to recomwended any one scheme to Brazil

since it may not be entirely appropriate to local conditions.

Brazil has a golden opportunity toc develop a scheme which will rank
with the best anywhere in the world., By drawing together all the

positive and relevant aspects of existing schemes, and ignoring the

bad, Brazil will be able to develop a laboratory accreditation
service suited to its own needs; not those of Australia, New Zealand,
oxr elsewhere,

In this connection, I believe funds should be allocated to enable
RNC and RNLE to observe at first hand the operations of NATA, TELARC,
NAMAS and NVLAP, Arrangemenfs are already in hand to visit NATA and

I do not envisage any obstacle to a visit to TELARC., In addition,

I will be happy to discuss with NAMAS officers the possibility of
TWMETRO staff observing their operations., I propose to do this on

14 November 1986 during a brief visit to the uUnited Kingdom,

RNC and RNLE staff already have details of, and contacts in, NATA
followi. g the visit to Brazil of Mr. A.J. Russecll, Should they
require full details of the other accreditation schemes to which I
refer in this repori, these can be obtained from:




1. KAMRS: Mr, John D. Summerfield
Head of NAMAS
llational Physical Laboratory
Teddington, Middlesex TW 11 OLW
England.

2, NVLAP: Mr, John W. Locke
Coordinator of NVLAP
United States Department of Commerce
National Bureau of Standards
Washington DC 20234
usSa

3. TELARC: Dr, Jack Garcside
Director of TELARC
P.o.Box 37042, Parnell,
Auckland
New Zealand

From personal experience of these pecple, I am sure they will be

pleased to assist Brazil with its accreditation scheme,
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REPORT ON VISITS TO ADRIANOPOLIS, PETROPOLIS,

BELO HORIZONTE, MONTES CLAROS, AND FLORIANOPOLIS

8-29 OCTOBER 1986

Dr. J.H, Buckingham
UNIDO Consultant in National Calibration Services
INMETRO/CEMCI, Xerém-RJ, Brasil.

Noverber 1986

SURMAPY

The purpose of these visits was to increase my knowledge of Brazil's
present and potential measurement services, Visits to several
industrial laboratories were inclucded at my request in order to
assess the level of quality assurance operations in the privaﬁe
sector., In addition, on 23 October, I presented a paper in Montes
Claros on the basic concepts of scientific and industrial metrology.
This presentation was part of a UNIDO Seminar on standardisation,
metrology and quality assurance, The original oral presentation was
in Portugnuese., I have included an English language version as an
appendix to this report. -

The institutjions and industrial companies visited were:

1, Centrxo de Peséuisas de Energia Elétrica-CEPEL (Grupo Eletrobras),
Electrical Equipment Laboratories, Adriandpolis. (8 October.

2, Companhia Eletromecinica-CELMA, Petrdpolis. 16 October,

3, Instituto de Pesos e Medidas de M‘nas Gerais-IPENM-MG, Belo
Horizonte, 20 October and p.m. 24 October,

4, Centro Tecnoldgico de Minas Gerais-CETEC, Belo Horizonte,

21 Octoker. '
5, Vedanesilo. L.A,  Minos Gerais, Belo Horizonbte, 22 Solouer,

6. Fiat S.A, Minas Gerais, Belo Horizonte, 24 Ocrtober,

7. Centro Regicnal de Tecrologia em Informiatica de Santa Catarina,




Floriandpolis. 28 and 29 October.

Air travel for the visits to Belo Horizonte, Montes Claros and
Floriandpolis was arranged by INMETRO.

This report details my impressions of the various organisations and
makes a number of suggestions on how these might be of use to Rede
Nacional de Calibragd@o (RNC), Rede Nacional de Laboratdrios Ensaios

(RNLE) , and INMETRO's directorate for Legal Metrology (DIMEL).

1. Centro de Pesquisas de Energia Elétrica, Adriandpolis

3

Principal Contacts

- Marcelo Appel da Silva, Chefe da Divisao de Medigao.

- Agenor O.F. Mundim, Chefe do Departamento de Alta Tensao e
‘Poténcia,

- Sections Visited - S e e e e .

High voltage, high power, metrology, pollution testing, explosion
testing, ' ' o

Inpressicn

The staff of CEPEL total approximately 500, of which about 240

are employed at the Adriandpolis site, The scale of operations at
CEPEL's electrical equipment laboratories is impressive by

world standards. For example, tests up to 800 kV are undertaken
in a 27 metre high laboratoxy, and up to 1500 kV outside, The
high power 1aboratory-uses a high current circuit of up to

144 MVA, 5s, with a maximum of 300 kA, and a medium power circuit
of up to 1300 MVA, Ss with a maximum of 100 kV. The constructed
area comprises 12,000 sguare metres of laboratory and testing
facilities. The electrical equipment laboratories perform studies,

resesrch and cevelopment projects, and tests in the areas ol
- Lines and Substations

- Electrical Equipment
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The facilities are available to manufacturers as well as
government and, currently, are fully committed for the next
12 months,

CEPEL is a member laboratory of RNC and maintains traceability
to CEMCI via a Fluke Electronic Voltage reference, The metrology
laboratory is well equipped and competently staffed, '

Test work includes short circuit testing of breakers,
transformers, and switch gear, dielectric and insulator tests,
and pollution tests (insulation breakdown in a salt laden
atmosphere). Tests are performed primarly on locally

manufactured equipment for use both within Brazil and for expcxrt.

New laboratories for explosion proof testing are nearing
completion, Partly financed by Petrobrds, these laboratories
should be in operation early 1987. Much of the equipment for
explosion proof testing, gas mixing, and gas analysis has been
designed and manufactured by CEPEL,

I have no criticism whatever regardiné the operation of the
electrical equipment laboratories, Brazil is indeed fortunate
to have such magnificent support for its electricity supply
industry.

Companhia’ Eletromecanica, PetroOpolis

Principal Contacts

}

A.S. Ecimar, Eng9 Test Cells

s

G.D.P.S. José, Eng?, Helicoptors

Eduard G, Stumpf, Eng?, Metrology

i

Renato M, Scares, Eng?, Metrology

-~ Ricacdo Centil, Eng?, Noa destriuctive testing.
Sections Visited

Engine inspection and repair, engine testing,non-destructive
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testing, heat treatrment, plasma metalisation, electric arc
erosion, and metrology.

Impressions

v .y

q
CELMA employs a staff of 1600, of which over 300 are qualified
engineers. The company services and tests aircraft engines to CTA
and FAA specifications for Brizil:

- Forga Aérea Brasileira, VARIG, VASP, Cruzeiro do Sul,
Transbrasil, Rio Sul, Toba, Votec, Nordeste, Orgdos

Governamentais, Empresas Privadas.

- Other Countries:

Uruguai, Peru, Argentina, Chile, Equador, Coldmbia, Panami,
Venezuela, Costa Rica, and France, '

In addition, in 1987, CELMA will commer~e manufacture of 26% of
the components of the Rolls Royce SPEY-.. 807 jet engine for the
AMX aircraft project.

All but the very lérge power plants 71 as the General Electric
CF6-80 (for Boing 767 aircraft) can be tested at CELMA, During my'
visit a J85 motor from a military rcraft was under test,

This coﬁpany has over 20 years experience of aircraft engine
servicing and has acquired an enviable reputation for quality
assurance, Nothing is left to chance, and its highly skilled
staff undergo frequent training in the latest techn.gques of '
maintenance and inspection., Much of this training is undertaken

at the engine manufacturing companies in the USA, UK, France etc,

All instruments are in calibration and traceable either to CEMCI
or to overseas measurement standards. It is recomumended that
staff of RNLE visit CELMA to gain experience of the gquality of

nechanical testing which can be obtained in Brazil,

Instituto de Pesos e Medidas, Belo Horizonte

Principal Contacts

- Eng® Hélio Oliveira de Souza, Diretor Geral




- Dr. Roberto Guimardes, Diretor

Sections Visited

Mass and balances, length, volume, electrical, densitometry, large
volume (petrol.tankers), testing of petrol and alcohol fuel
dispensers, taximeters, data processing and storage.

Impressions

IPEM-MG is a well organised .nd efficient component of Brazil's
legal metrology network, Its 180 staff, are innovative and hard
working, and perform an excellent service. Currently over 97,000
tests of all kinds axe pexrformed each year. Income from this work

is in excess of US$ 1.5 million per year.

However, with increasing numbers of consumer complaints regarding
the sale of underweight items in shops etc, much tirme now has to
be given to investigative work instead of merely assuring the
accuracy of trade weights and measures. Consumer complaints have
- increased by 80% since February 1986 and IPEM staff estimate that

these now produce an extra 16 hours of work per éerson each week,

Conscquently, I?EM.étaff are coﬁcerned that possible new legal'
metrology requirements will increase this load further. INMETRO
staff at Xerém have initiated proposals for additional temperature
measurements for certain trade purposes, such as the sale of fuel
alcohol and gasolene, Although I can appreciate the logic behind
these proposals, I doubt whether their practical implementation

is possible because of the extra work which will be involved. If
IPEM staff do have to measure temperature as well as other
parameters, this will further dilute their already their weakened
resources, .

Therefore, INMETRO should look very carefully at the wisdom of
measuring temperature if the tolerances are already sufficient to
ensure the sale of temperaturc-dependent quantities within legal

TLmibte, ‘ -

At the present time, the lack of traceability of trade weights
and measures is of far greater importance, Although INMETRO
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organises intercomparisons beliween some IPEMs, the experiments
do not cover all states, Again, these experiments do not involve
test pieces which are themselves traceable to the national
standards maintained by CEMCI. Consequeﬁtly,-there is no
guarantee at the present time that the weights and measures used
in one state are equivalent to those used in all others. Or

indeed, that any are correct!

I believe that institutes such as IPEM-MG have an important role
to play in this area. If, for example, IPEM-MG could be 2llocated
extra staff, then it could serve as a secondary calibration
authority for INNETRO/DIMEL, Certainly, the competence and
experience exists within IPEM-MG. In this case, it would be
sufficient for the latter to have its reference standards
calibrated by CEMCI once every two years, Traceability of tne
reference standards used in other states then could be assured

by their calibration against those of IPEM-MG.

CENTRO TECNOLOGICO DE MINAS GERATS

Principal Contacts

Dr, Joao Lopes Faria Neto, Presidente do CETEC

Eng? José Eustaquio da Silva, Setor de Tecnologia Metalirgica

Prof, Harry Gomes, Dept? de Quimica Orgéarica

- Dra, Sonya Calil, Matemd3tica, Dept? de¢ Medigdes de Agua.

Secgigps Visited

Chemistry, atmospheric pollution, water quality, engine testing,

metallurgy, force measurement,

Before visiting these secticns, I delived a seminar on Brazil's
vodonal calitcation couvice and watchoed an cudiovisea 1

presentation about the work undertaken by CETEC,
Impressions

CETEC is a fine institute with excellent staff and equipment,
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Currently the space allocated to certain activities, particularly
chemistry, is rather cramped. However, this situatior® should
improve early 1987. The guality of the work that 1 saw was
excellent, and I have no criticism of the technical procedures
used at CETEC.. |

1 understand that CETEC has been ne¢>tiating with RNC to obtain
accredited laboratofy status. However, until recently, the
philosophy of traceability in measurement was not appreciated by
the administration at CETEC., Fortunately, this proklem has now
desappcared, and funds have ceen made availaole to allow a
vigorous program of calibration of CETEC reference equipment by
CEMCI., For example, all the load cells used by the force
measurement section ét CETEC arc ncw in calibration. It is
interesting that the ne calibrations are significantly different
from those of the manufacturer from which the equipment was
purchased several years ago. This is an excellent illustration of
the importance of reguelar calibration, Elastic proving deQices
~are notorious for the rapidity with which their properties will

~ change,

At the present time, staff in the metallurgy section are concerned
at the lack of tfaceability in temperature measurement, and are
proposing to purchase a number of fixed point cells., However, I
have suggested- that such purchases should be made only after
consultatjon with staff in CEMCI's temperature measurement
section, In this connection, I believe such consultation would be
a valuable exercise for CEMCI since CETEC staff appear to have
more experience of high temperature measurements than do their
CEMCI counterparts,

I belizve CETEC has an important role to play in both RNC and
RNLE, For exarmple, its testing machine calibration service is
growing rapidly. Currently, staff verify more than 150 machines

in Minas Gerais each year, Two yrars ago, the number was about

75. hoain, CLUEC is very active in all forms of polluticn testing:
airborne conteminents such as smoke particles and oxides of
nitrogen, sulphur, and carbon; noise pollution; water COD and BOD
tests, levels of fluoride, cyanide, and heavy metals etc in
industrial effluents, CETEC was one of the pioneers ia the use of
alternative fuels, and is now testing the effects on automobile
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engines of the alkaline additives in fuel alcohol. It is also

looking at the possible use of vegetable o0ils as alternatives to
diesel for heavy trucks.

I recommend that the secretariats of RNC ané RNLE negotiate with
CETEC regarding the latter's early accreditation in these important

areas.

MAGNESITA S.A. MINAS GERAIS

E{incipal Contacts

- Eng? Arnaldo Lucas Machado, Chefe da Divisdo de Normas e Padroes

- Dr. Carlos Alfonso, Chefe da Divisdo de Pesquisas

Sectionsﬁyjsited

Metrology and quality assurance laboratories, manufacturing plant,

research laboratories.

Impressions

Magnesita S.A. is the sth largest producer of refractory materials

in the world. Its 7000 employees (4000 in the Belo Horizonte

factory) produce 600,000 tonnes of refractory elements each year.
Exports té 47 countries in Europe, America, Africa, Asia, and
Australasia now exceed US$ 33 million annually. The company also
exports raw materials to the USA, Chile and Poland.

The quality control procedures at Magnesita are excellent. Testing
is carried out at every stage in the manufacturing prccess, from
the raw materials to the finished products. All equipment is in
calibration, either to INMETRO/CEMCI direct, or via laboratories

of RNC such as IPT, Sao Paulo.

Some idea of the extent of Magnesita's QA procecures can be
obtained from the range of tests I saw being performed, The_e
include: '

- Compression testing up to 100 TF




- Chemical analyses,

- Porosity and density :neasurements,

- Sieve analyses, determination of dry weight and moisture content

of raw materials,
-~ Permeability tests with on-line computer analysis of results,

- Non-destructive testing (ultrasonics) to determine internal
defects in products,

- Viscosity of resins,
- High temperature testing under load, crecep tests, slag tests etc,

- Compaction of raw materials,

Magnesita designs an? builds its own presses for the manufacture
of refractory elements of various "standard" shapes and sizes.
For non-standard shapes and complex geometrical form, molds are
constructed on site, hand filled, and then heat and pressure
treated in the normal way. '

The research laboratories are some of the most impressive that

I have seen anywhere in the world. Clearly, Magnesita understands
the value to its operations of considerable investment in
equipmeﬁt.and research at the state-of-the-art level.

Magnesita's instrumentation includes computer-controlled pilot
plants for prototype material fabrication: X-ray diffraction;
X-ray, infra red and atomic abscrption spectroscopy; optical
microscopes with magnifications up to 2000 X; scanning electron
microscopy with X-ray dispersion and EDAX facilities.

Macnesita's Belo Horizonte factory and laboratories constitute an
fine example of the interface between technology and industry.

I recormend that the staff of RNLE visit Magresita to obtain

ex serience of che excellent level of quality assurance in
mezsurement and testing which is attainable in Brazilian
industries at the present time., The extremely high standards set
by this .company demonstrate the‘kind of operation which the
accredited laboratories of RNLE should attempt to achieve,




6. FIAT AUTOMOVEIS S.A.

Contact Person

- Eng? Gilvan Ferreira, Chefe do Servigo de Qualidade Fornecedores
Mecanicos.

Section Visited

- Dimensional engineering metrology

Imgressions

The FIAT plant at Rodovia Fernao Dias, Belo Horizonte,

manufactures engines, both for local use and for export to Italy.
Consequertly, there is a heavy reliance on high accuracy metrologyA
during all stages of manufacture,

The metrology laboratory is well equipped and much of the
instrumentacion is under semi automatic control with on-line data
processing. All aspects of length, argle, and form measurement
are undertaken in the laboratory, with heavy emphasis on gears,
splines, threads etc, profiles and surface finish of pistons

and cam shafts,and complete engine assemblies, Much of the work
concerns the checking of go and no-go gauges, gear cutters, etc,
-~used for on-line testing and man: facture, -

However, this laboratory is deficient in one very important area

, at the present time. Although the laboratory staff go to

considerable lengths to ensure all in-house measurements are
traceable to the company's reference standards (set of "00" grade
gaudge blocks), the latter are not in calibratioq! The reference
blocks were purchased from Mitutoyo, Japan, 5 years acgo and Fiat
uses the marufacturer's original calibration. .

I urged the metrology staff to obtain an interferometric
calibration against CEMCI's wavelength standards as socon as
poussible. In addition, Fiat wonld like 4 or 5 of its metrology
staif to visit CEMCI to look at the diwensioral metrology
facilities at Xerém. I undertock tc discuss this possibility with
CEMCT'3 actiny director,
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7. CENTRO REGIONAL DE TECNOLOGIA EM INFORMATICA DE SANTA CATARINA

Main Contacts

- Eng? Nelson Schoeler, Responsavel pelo Setor de Qualificag3o de
Instrumentos

- Ené? Arrmando Albertazzi Gongalves, Superintenderite de Ciéncia e

Tecnologia.

§§ction Visited

- Laboratlrio de Metrologia e Automatizagio (LABMETRO).

Inpressions
Unfortunately, this institute had not prepared for my visit and
my reception was noticably cool. Although the laboratory had
received advance notice (3 weeks) of my visit, the coordirnator of
LABMETRO, Prof. Carlos Schneider had another meeting ‘n Brasilia
on the same day. Conseqguently, it was not possible to discuss
future ctiviaties of LABMETRO in any detail. For some reason, the
leboratory staff were anticipating a confirmatory letter in

addition .o CEMCI's telephone calls about my visit,. -

However, I was eble to discuss with Mr Schoeler LABMETRO's
applicatipn for RNC accreditation. This application has been
pending for about 3 years and, while not wishing to lay the blare
in any particular quarter, I suggest that RNC personnel siould
treai this application with some degree of urgency. LABMETEO has
already taken part in interlaboratory tests organised by RNC, In
the area of length measurement, the results achieved by LABMETRO
agree very well with those of 1PT, Sao Paulo ({(already an
accredited laboratory).

Again, I detected some acrimony over the fact that (apparently!)
rasvEenn had boon waiting for 4 years to obhtain a CEMCI calibratic
for its 00 0 2iasitic proving divica, However, T heliewe tne
problea is gartly duz to internal difficulties at CERTI, together
with some clash of personalities and consequent inadequate
coinmunicationg between LABIETRO s’ aff and those at CEMCI,

Mevertheless, it might Le diplomaiic of CHEMCI/RNC staff to liaise




with LABMETRO to discuss these problems.

The dimensional laboratory at LABMETRO is small and, in some
areas, inadequately equipped. However, it is providing a service
to organisations in several states, including Rio de Janeiro.
Consequently, its calibrations and tests r=2ed to be placed on a
more- official footing than at present. '

LABMETRO requires new equipment in several areas before it can
operate satisfactorily. The main items being a . 3-dimensional
measuring machine and a laser interferometer for length
measur-ment; platinum resistance thermc 'eters and a triple point
of water cell for temperature measu-ement; force transducers
(load cells) over the range 2 kN - 5 MN; dead weight testers for
pressures up to 1500 bar; and associated electronic measuring
equipment (bridges, recorders, temperature controlled enclosures
etc).

I believe that a portion of the World Bank loan for upgrading
Brazil's metrology facilities should be made available to regional
organisations such as LABMETRO, IPT, CETEC etc for equipment
purchases. These laboratories will have an important role to play
in RNC in the years to come, If they are to fully support CEMCI
and accept some of the increased load of calibration work (which
otherwise will-fall on CEMCI), they must be satisfactorily
equipped., However, I suggest that World Bank funds should be used
ONLY where no other sources exist, So some degree of caution

needs to be exercised in the allocation of these funds,

CONCLUSTIONS

]-.

30

Existing laboratoriecs of RNC are competantly staffed and, for the
most part, well-equipped. They are making a valuable contribution
to the national metrology system,

Industrial organisations with proven reputations for quality, such
as CFELMA, Maonesita, and Fiat, are obvious candidates for

accreditation under RNLE.

CETFC and LABMETRO should be accredited by RNC as soon as possible
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4, 1PEM-MG should be given additional stoff to enable it to provide

a calibration service for other weights and measures institutes,

5. Some de-centralisation of World Bank funds may be necessary to
enable present and potential laboratories of RNC to operate

satisfactorily.




BASIC CONCEPTS OF SCIENTIFIC AND IHNDUSTRIAL METROLOGY

Dr. J.H. Buckinghan
UNIPO Consultant in Naticnal Calibration Services
INMETRO/CZMCI, Xerém-RJ, Brazil

Novemkber 1986

SUMMARY
This pagar was presented at the UNIDO seminar on Standardisation,
Metrolocy, and Quality Assurance, Montes, Claros, 23 October 1986, It
descrikes the need for accurate standards of measurement, the
importance of consistent measurements in mecdern industry, and the
system by which the quality of manufactured items can be assured
throughout Brazil,

The original (oral) presentation was in Portuguese, This translation

is incluézd as an appendix to my report on visits to Braziiian

industries and scientific institutions, 8-29 October 1986,




INTRODUCTION

wWhy are measurement standards necessary?

The search for suitable standards of measurement has gone on for many
thousands of years., Originally, these standards were only for trade
purposes - to overcome the traditional cnnflict between the buyer
who wants to obtain more and the seller who wants to give less,

In 1791, Tallyrand suggested to the Franch National Assembly that a
new system of weights and measures was required, The French Academy
of Sciences responded by establishing an expert committee chaired

by mathematician Jean Charles Borda. Associated with that committee

were such eminent names as Lagrange, Laplace, and Lavoisier.

Th2 committee decided on a decimel system of weights and measures
based on the kilogram (mass), the metre (length), and the second
(time). This marked the begining of the International System of
Units (SI) used throughout the World today. Responsibility for
ﬁaintaining the "prototype" standards of SI is vested in the
International Bureau of Weights and Measures (BIPM) at Sevres, near
Paris, France. All countries which have adopted SI have measurement
standards which are traceable to the internmational prototypes.

IMPORTANCE OF MEASUREMENT STANDARDS TO INDUSTRY

Before the industrial revolution of the 18th and 19th centuries,
craftsmen hand-made one-off items. Components were individually
worked to fit, so there was little need for more precise
measurements than could be obtained from the use of various linear
scales. However, modern methods of mass production, considerea to
have started with the manufacture of the colt revolver in 1350,
changed all that, Present-day industry relies on the
interchangeability of components made to the same specification in
different factories, often in different counlries.

This kind of endeavour requires the use of a bewildering variety of
gauges and instruments for rapid production line testing. Each
instrument has its own pérticular use, buvt must comply with two very
important criteria, It must be easy to use, and it must give




reproducible answers within certain limits of accuracy.

Sensible Jdesign takes care of the first requirement, but the seccnd
can be achieved only through a hierarchy of calibrations traceable to
nationél and international measurement standards. The best industrial
companies in Brazil recognise the need for such calibrations,
Consequently, their operations, and the quality of their products

are equal to the best anywhere in the world. The problem in Brazil

at the present time is that these enlightened companies are relativel)
few in number. Many others are capable of the same level of
performance, but do not appreciate the need for good quality
assurance procedures, Conseguently, there is considerable waste of
raw materiais and finished products, and export rejection is a

common experience t the present time.

BRAZIL'S MEASUREMENT SYSTEM

Brazil's primary standards of measurement are maintained by INMETRC/
CEMCI: Centro de Metrolcgia Cientifica e Industrial, at Xexém, 40 km
from Rio de Janeiro, These standards are traceable to their
international counterparts through regular ceclibration and
intercompariéon. Belcw CEMCI, accredited laboratories of the
National Calibration and National Testing Laboratory Networks (RNC
and RNLE) nerform calibrations and tests for other orcanisatior  in
Brazil, Laboratories of RNC and RNLE have their instrurents anc
equipment calibrated against the national standards at regular
intervals, V

dowever, few industries in Brazil make use of these calibration
services, In addition, some of the best industries prefer to use the
services of calibration laboratories in other countries. This
involves considerable time when important instruments are

unavailable plus unnecessary expenditure of interrational funds., In
most cases, CEMCI and the accredited laboratories of RNL and RNLE can
offer a more efficient service, at cheaper cost, and no wastage of

Grfucs s Yunda,

-




F}TENSION CF MEASUREMENT SERVICES IN BRAZIL

If Brazil's industries are to overcome their current teething problems
there must be a greater reliance on quality assurance procedures.
These procedures- are impossible to i:plement without reliable

measurements, And measurements are only reliable if they are

performed with instruments which are in calibration,

Consequently, a vigorous promotional campaign is required to advertise
the services which CEMCI, RNC, and RNLE can perform. Only by informing
Brazilian industries of the importance and availability of these
services will those industries commence to appreciate the

desirability of improving their own performance,

However, promotion by itself is insufficient. When more of Brazil's
industries begin to use the national measurement services, it will
be necessary to increase staff levels in CEMCI etc to coupe with the
demand, Otherwise, there will be delays which are unacceptable to
clients. '

Staff recruitment in the public sector is extremely ‘difficult at the
present time because the Brazilian Government is (quite rightly)
committed to reducing expenditure, However, with careful planning

and natural attrition in areas other than science and technology, the
problem is not insurmountable., I recommand some thought be given to
the possibiljty of increasing staff levels at CEMCI at the expense of
a corresponding reduction in staff levels n some other area of the
public service,

CONCTLUSIONS

Brazil's evisting measurement system is extremely good and is of
great potential benefit to the country., The staff of CEMCI, and the
labnoratories of RNC and RNLE, are competant and reliable, and the
facilities at their disposal frequently rank with the hest to be
found anywhexevin the world, I ury» Braziiian industries to aake

use of them

Finally, I have detected a mistaken sense of inferiority in some
Brazilian organisations, A similar feeling existed in New Zealand




for many years and encouraged an unhealthy degendence on the
supposedly more "developed" countries of Europe and America. We
suffered from the "buy British - It's Best" syndrome!

Today,-New Zealand is proud of its ability to produce goods and
servic2s of high quality. But they are no better than those of Brazil!

You have a wonderful country with a great future, and it has been a
privilege to be of service to you. I will follow your progress with
great interest,




EXTENSIONS TO CEMCI FACILITIES:

PROPOSALS FOR EQUIPMENT PURCHASES DURING 1987

Dr J.H. Buckingham
UNIDO Consultant in National Calibration Services
INMETRO/CEMCI, Xerém-RJ, Brasil

November 1986

This document contains lists of equipment considered important for
CEMCI's continued development. It is hoped that the major items
will be purchased by means of a World Bank loan originally allocated
for the 1986 financial year. To date, this has not been drawn upon,

and is unlikely to be before 31 December 1986.

Also included are my comments about areas of work currently outside
CEMCI's field of experience and which, I believe, should be left

to other organisations.




INTRODUCTION

CEMCI (Centro de Metrologia Cientifica e Industrial) has experience

in the following areas of measurement:

1. Mechanical
- Mass and volume
- Force and pressure

- Length, angle and form

2. Electrical
- DC Voltage and current
- LF Voltage and current
- Resistance
- Capacitance and inductance
~ DC and LF power and energy
- Transformers

3. Heat

- Temperature

~ Surface tension, viscosity, density, etc.

4. Acoustics and Vibraticn

All areas are somewhat understaffed, Consequently, there &-e delays
in the services which CEMCI can perform for its customers in RNC and
RNLE labouraturies, indusiry, efic, It is anticipated that this
problem will worsen unless steps are taken to increase staff nurbers

and/or provide more efficient methods of measurement,

Present fiscal policies make staff recruitment very difficult. The




problem is exacerbated through low rates of pay and a lack of
Lromotion prospects within the public service. As with many countries
at the present time, the employment opportunities which exist within
industry in Brazil tend to attract skilled personnel from the public
service. Consequently, CEMCI's staffing problems are not easy to
solve.

Because of 'his, I believe it would be unwise for CEMCI to attempt tc
comrence work in areas currently outside of its experience. For
instance, it has becen suggested that a group be established to

fabricate standard reference materials. I do not agree, There already

exists such a group at IPT (ITnstituto de Pesquisas Tecnoldgicas),
Sao Paulo. This group has acquired an international reputation for
the excellence of its work, and its materials are sold throughout

the world. IFWWQPAQFEQNSEEEETElY naive for INMETRG/CEMCI to attempt

Again, in the area of optical measurements (colour and photometry),
CEMCI has established the position of a coordinator. lowever, at the
present time, this officer has no practical :xperience, staff, or
facilities, Until this officer has completed his training, and has
experience of optical measurements, I believe CEMCI should not attempt
to establish a colour and photometric measurement service at Xerém,
Currently, IE-USP (Instituto de Eletrotécnica-Universidade de Sao
Paulo) provides a very good service in optical measurements of the
type envisaged by CEMCI. Therefore, I recommend CEMCI delegates this
work to IE-USP, or some other institution, for a minimum of 3 years.
Precedence for such delegation has already been established. For

instance, the maintenance of the unit of time interval (second) is

the responsibili.y of the National Cbservatory, and not CEMCI,

At the present time, it is for more important for CEMCI to consolidate
its position, improve the efficiency of its existing services, and

to attract the recognition and support from Brazilian industries

which it deserves., To achieve this, CEMCI should attempt to automate
certain of its operations by the nse of modern equipment and data
handling tochrigues, The foilowing lists ol proposed equipment
purchases are intended to promote this aim., I urge the appropriate
World Bank authorities to assist with these purchases,.




1. MECHANICAL 4
EMCI . . .
Priority ¢ Description Manufacturer Price USS
Code

1. LAMIT | Laser measuremert system 3518A, Hewlett Packard 40,000
and accessories

2. LAREA | Photoelectric autocollimator TA81, Hilger Watts 16,000
and accessories

3. LAMAS Electronic balances 5787, 5404 MP8, Satoriwns, 25,000
BFE 630Y, PFJ-761-E and accessories Mettler

4. LAFOR | Load cells, Ul, C3H2, C3 etc, up HBM 41,000
to 5 MN

5. LACOM | Electro mechanical gauge block Tesa 63,000
comparator, 16.10401 and accessories

6. LAMIT { Dial gauge comparator, 865SE, Mahr 18,000
and accessories

7. LACOM | Quartz thermometer, 2804A, Hewlett Packard 16,000
and accessories

8. LAPRE Pressure multiplier, 200-800 bar Desgranges 18,000
No 1300

9. LACOM | Gauge blocks, grade '00', 112 blocks, Mitutoyo 8.500
516.937

10. LAFRU | Personal computer, 85B Hewlett Packard 10,000

11. LACOM | Gauge blocks, grade '1l', 82 blocks, Mitutoyo 5,500
5146.905

12, LAPRE | Reference transducers for high pressures,| Kistler 10,000
6903,6905

13, LACOM | Length bars, grade '00', 12 bars Johansson 62,100
125-1000 mm

, S U S —
Total Mechanical 333,100
L m - e e e e I




2. _ELECTRICAL 5

Priority nggé Description Manufacturer Price USS

1. LATED | Portable DC Voltage standard (transvolt) Guildline 16,000
9154D/120/A

2. LAENE | Test syster for electrical enerny Landys & Gyr 74,000
meters, etalogyr 4001

3. LACAP | Standard capacitors 10 pF, 100 pF, 1000pF| General Radio 15,000
models 1404 : B/C/9701

4, LARES Stzndard resistors 112, 100n, 10kn Leeds & Northrup 29,000
Models 4210B, 4321B, 4323B

5. LACAP Standard inductors lOQpH, ImH, 10mH General Radio 23,000
100rH, 1H, 10H, Models 1432B,F, H,
L, P. T

6. LARES | Decade resistance standard, RS5925D ESI 9,200

7. LARES 10K transfer standard, SR1010 ESI 1,500

8. LATEA | High frequency thermal convertor, AS5 Fluke 10,000

9. LTRON Semi conductor parameter analyser, 4145A Hewlett Packard 25,000

10, LATED | Electronic voltage reference DC, 732A Fluke 4,500

11. LATED { Reference divider, 752A Fluke 5,500

12. LTRON Synthesiser 6071A Fluke 22,500

13, LTRON Calibrator 5101B Fluke 14,000

14. LATEA | AC/DC transfer standard, 7100.A CGuildline 8,000

15, LATEA | AC voltage standard, 2703 Valhalla 6,100

16. LTRON Universal counter (time) 7261/A/331/529 ! Fluke 4,000
and accessories

17, LTRON | Digital voltmeter, 7% digits, 8650A Fluke 6,200

18, LTRON | Universal counter, 5335A Hewlett Packard 4,200

19, LATED | Programable voltage source, 3330B Fluke 10,000

20 LATED | Pigital aancvoltmeter, 148 Koi' hloy 8 119

21. LATFD | Current source, 0-12A, DCS105 Julie 10,000

22, LTRON | AM/FM signal generator, 20/9A Marconi 7,700

Y U S S S S N




2. ELECTRICAL

{Cont'd 6

. . CEMCI . R .

Priority Description Manufacturer Price US$
Code
23. LATEA Active current shunt, AC,/DC, 2575-A Valhalla 2,000 I
24, LATEA | Vrltage calibrator DC/null detector Fluke 8,900
335-A
25. LATED Multiple standard resistor, 9200 Guildline 4,400
26. LATED Calibrated current and voltage sources Hewlett Packard 13,000
6011A, 6115A, 6136C

27 LTRON Modulation meter, 2305 and accessories Marconi 17,000
28. LATED } Voltage source DC, 10000 v, 410B Fluke 5,000
29, LAENE | E+gh accuracy current transformer, TAM Landys & Gyr 3,000
30. LTRON | Logic analyser 1631/D Hewlett Packard 13,000
Total electrical 379,700




3. HEAT AND TEMPERATURE 7

; R CEMC1 . . R
Priority Description Manufacturer Price USS
Code
1. LATEM Test furnaces (3), type SES5020A Cnino Works 26,000
2. LATEM Temperature controllers for test Chino Works 36,000
furnaces (3), type SE 291
3. LATEM Accessories for tin, zinc and gold points Chino Works 28,000
4. LATEM DCC Temperature and Resistance Guildline 24,000
Bridge, 99751201
S. LATEM Cecnstant temperature oil bath, 9932 Guildline 8,500
VT/120/A0
6. LAVOC Analytical balance, 160g, HS53AR+GD Mettler 7,500
7. LAVOC Analytical balance, 3kg, 1264MP Sartorius 3,600
8. LAVOC Sets of precision masses, 1lmg-2kg Kern 6,000
9, LAVOC Constant temperature bat .s (2) Tamson 12,000
LATEM with refrigeration, TXVMB70
10. LATEM Platinum resistance thermometers (2).
162 CE Rosemount 4,000
11. LATEM Electronic -"»>ltage reference, 731B Fluke 2,000
Total heat and
157,600

temperature




4. ACQUSTICS AND VIBRATION 8
—
. . CEMCI R . .
Priority Description Manufacturer Price USS$
Code
1. LACUS Computer, 9836S, and accessories Hewlett Packard 27,000
2. LARDO | Measurement amplifiex, 2610 Bruel & Kjar 3,500
3. LARDO Measurement amplifier, 2636A Bruel & Kjar 6,500
4. LAVIB | Heterodyne amplifier, 2010A Bruel & Kjar 15,000
5. LAMBI Sound level analyser, 4427,
and accessories Bruel & Kjar 12,000
6. LAMBI Signal generator, 4224 Bruel & Kjar 10,000
7. LAVIB Storage oscilloscop~, 1741A Hewlett Packard 8,500
8. LACUS Control unit for distortion measurements, Bruel & Kjar 5,200
1902A
9. LACUS Sound level calibrators, 1562A and 1986 General Radio 2,000
10. LACUS | Measurement amplifier, 2610A Bruel & Kjar 3,500
11, LACUS { Microphones (2), 4160 Bruel & Kjar 3,200
12, LARDO Microphone for external use (2) Bruel & Kjar 10,000
4921, and accessories
13, LAMBI 1" capacitative microphone (2), 4179 Bruel & Kjar 7,500
14. LACUS Frequency meter 5316 opt 001
and accessories Hewlett Packard 3,000
15. LAMBI Audio analyser, 8903B Hewlett Packard 9,500
16, LAVIB Accelerometer calibrator, 4294 Bruel & Kjar 1,500
17, LAMBI Measurement amplifier,2610A Bruel & Kjar 3,500-J
Total écousF1cs 131,400
and vibration
Add : 1. Mechanical 333,100
2. Electrical 379,700
3. Heat and temperature 157,600
UsSs1,001.800
Add:  20% for inflation since 1985 200,360

Grand total US$1,202,160
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RECOMMENDATIONS

The lists (1-4) of equipment are considered to be the minimum
necessary to enable CEMCI to provide effective calibration and

testing services for laboratories of RNC and RNLE and for industry.

I understand that the original World Bank loan offer was US$2 million.
Therefore, I recommend that up to US$1.2 million be spent as

outlined.

The remaining US$800 000 should be apportioned among certain regional
institutions as folluws:

- Instituto de Pesguisas Tecnologicas (IPT) Sao Paulo:
US$400,000 for force measuring equipment;

- Centro Tecnoldgicode Minas Gerais (CETEC), Belo Horizonte:
US$250,000 for temperature standards and dimensional metrology;

- Laboratorio de Metrologia and Automatizaggo (LABMETRO),
Floriandpolis: US$100,000 for a three dimensional measuring
machine;

- Instituto de Eletrotécnica, Universidade de STo Paulo (IE-USP),
S3o0 Paulo: US$50,000 for colour and photometric standards and
measuring equipment.

These institutions should be invited to submit detailed proposals
to CEMCI and the World Bank as soon as possible.

A 7’
g//a 4/6

Al - Lug/o\/;dcgﬁqqﬂ
J.H. BUCKINGHAM
Wellington, New Zealand

25 November 1986




VISIT TO SAO PAULO, 15-19 SEPTEMBER 1986

Dr. J.H.Buckingham

UNIDO Consultant in National Calibration Services

September 1986

The purpose of the visit to Sao Paulo was to experience the operations
of 4 selected institutions concerncd with various aspects of
industrial research, calibration, and testing. These institutions were
selected by INMETRO/DQUAI staff as representative of accredited, or
potentially accreditable, laboratories under the RNC and RNLE schemes.
I was accoipanied on the visits by Mr. A.J.Russell, UNIDO Consultant
in Laboratory Accreditation Systems, and Mr. Luis Fernandes,
INMETRO/LQUAI staff officer. During the visits, I presented

3 seminars on the calibration system in New Zealand and assisted

Mr. Russell during his presentations on che Australian laboratory

accreditation system, NATA. The institutions we visited were:

1) Instituto de Pesquisas Tecnoldgicas do Estado de Sao Paulo (IPT),
15/16 September.

2) Instituto de Eletrotécnica, Universidade ée Sao Paulo (IE-USP),
17 Septerber.

3) Instituto de Tecnologia de Alimentos, Campinas {ITAL),

18 Septerher.,

4) Tnstiluto Maua de Tecnologia, Sao Cactano do Sul (1MT),

19 Septermber.
AL L s oG By MR The couiwond Flignt, VARIG 6172,
departed Rio at 10.10 hrs on Monday 15 Septerber. We refyurned by

flight 665, arriving Rio at 23.50 hrs on Friday 19 September.

This report details wmy impressions of the various institutions.




INSTITUTO DE PESQUISAS TECNOLOGICAS (IPT)

1)

2)

3)

Principal Contacts

- José Carlos de Castro Waeny, Assessor para Confiabilidade
Metroldgica.

- Sylvia L, Moro, Chefe de Agrupamento de Materiais de Referéncia.
- Peter J. Barry, Fisico, NQcleo de Estudos de Acistica.
- Liicia Angela de Genaro, Relagdes Piblicas.

- Anna Ramalho, Relagdes Internacionais.

SecE}9§§MV£§ited

Packaging research and testing; safety helmet testing; mechanical
testing; railway and transport engineering; standard reference
materials; mass, force and pressure measurement; acoustics and

vibration measurement,

Some of IPT's operations would rank with the best anywhere in the
world, For instance, the care taken in the preparation of
standard reference materials is excellent. The quality of these
materials is recognised internationally and samples are sent tc
many overseas customers, The work of Miss Sylvia Moro and her
group is a fine example of what can be achieved when overseas
experience is combined with meticulous attention to detail. IPT's
procedures in the area of standard reference materials serve as
an excellent example of how to achieve a high quality operation,
I congratulate them,

In the metrology laboratories, most of the equipment was in
ivbration and traceable to the national standard of length

maintained by CEMCI, Environmental control of these laboratories

was good and the laboratory space was accessed via air locks,

1 was pleased Lo sce a policy of no smokhing was siriclly vbuecved

and access limited to authorised personnel. Measurement procedures

conformed with international practice and I have confidence in the

metrological services performed. However, an apparent shortage of
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staff may preclude a rapid turr-round of items submitted for test.
In the metrology operations and the production of reference
materials it was pleasing to see the emphasis on interlabcratory
"round-robin" testing and proper statistical analyses of

measurement results,

In the area of mass measurement, IPT possesses a BIPM-calibrated
gold plated kilogram, but unfortunately this is not used.
However, IPT maintains traceability via CEMCI-calibrated

stainless-steel masses,

The acoustics work covcered a wide range of applications and
represented the great drive and encrgy of Peter Barry, Physicist
in charge. His innovative ability has resulted in novel s2lutions
to many problems and shows what can be done to overcome problems
with equipment and facilities. It is unfortunate that he was not
consulted by CEMCI during the desiqgn phase for its new acoustics
facility at Xerém, I recommend he be invited to CEMCI to pass on

his knowledge and experience,

IPT's suite of reverberation rooms are Loused in a converted
warehouse and, when complete, should provide one of the most
extensive facilities of its type that I have scen anywhere., I was
particularly impressed by the arrangement for test wall insertion
in 2-room testing. Some of the electrical equipment had

traceable calibration to CEMCI, but it is recommended that IPT
endeavours to participate in the current international round-robin
of microphones and accelerometers organised by NBS (USA), IPT
should attempt to provide the resources necessary for early
completion of its main anechoic chamber, This will enable the

full range of acoustic testing to be undertaken,

The laboratories responsible for mechanical testing, packaging,
etc had some shortcomings, For instance, the air conditioning
system in those arcas was not ¢ pable of providing environmental
control to the remuired tolerances (+ 1°C and + 5% RH), Tf such
tight corntrol i3 critiaal Lo iesis on paper b ard, it is
reconnended this situation be rectified by installing a number of
free standing air conditioning units of the large Hitachi type.
Similarly, the main environmental test chamber was old, badly
corroded, and poorly maintained. The door does not fit properly
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and it is debatable whether the chamber serves any useful purpose.
In addition, I detected a certain naivity with regard to the need
for traceable measurements, Consequently, a number of instruments

were either out of calibration or had never been calibrated.

However, the staff in these areas demonstrated the same innovative
ability which I noticed in other IPT sections. For instance, a
home-made apparatus for penetration tests on paper board was very
effective. A disused lift shaft had been converted for drop tests
on centairers. I was particularly impressed with the way a

small calculator with paper print-out had been incorporated into

a portabhle force measuring equipment,

In general, I was pleased to see the enthusiasm of staff throughout
IPT, Their desire to externd and upgrade their operations is
obvious, Dr, Waeny is a great asset in this respect., He is highly
self-motivated and, with his experience and gquidance, I am sure

IPT will make a valuable contribution to RNC and RNLE activities.

INSTITUTO DE_ELETROTECNICA (IE-USP)

1) Principal Contact

2)

- Dr, Ernesto Jodo Robba, Diretor

Sections Visited

Electrical Metrology, Electrical Instrument Checking, Cptics and
Photometry, Electrical Machine Testing, Explosion Proof Testing,

Impressions

Although the facilities at IE~USP are old (part of the original
university buildings), the staff are highly professional and, for
the wost part, supported by good instruments and cquipment, All
srarl cecoyniseod the neced for Lraceable calibration, and the
electrical metrology laboratory was a model of what can bhe
achieved in this respect. Most of the reference instruments had
current calibrations from CEMCI, although that for the

Guildline DC voltage standard will need renewing in December 1986,




IE-USP has gone to considerable trouble to ensure proper

environmental control for its electrical standards.

I must admit to a certain confusion over the terms "aferigao” and
"calibragao". As I understand it, the former means a check
without instrument adjustment while the latter involves a check,
adjustment, subsequent check, readjustment, etc wuntil the
instrument under examination reads correctly. In international
terms, both these operations are covered by the single word
"Calibration" since this implies a statement as to the reading
of an instrument when meesuring a physical quantity of "known"
magnitude ("known" in the sense that the magnitude is guaranteed
to be within certain prescribed limits of accuracy). However,
given that the words "aferigdo” and "calibragao" do have quite
distinct meanings in Brasil, the'éferiqéo"laboratory is well rnn
and competently staffed and, I believe, should be upgraded to a

calibration laboratory under the RNC system,

Similar competence is demonstrated by staff in the optics and
photometry laboratory. However, that laboratory is in need of
traceable spectroradiometric measurements., I believe IE-USP should
purchase 2 spcctroradiometric standard lamps with full NBS
calibration to overcome this problem, Although the initial cost
would be in the region of US$ 3000 per lamp, this would improve
the reliability of colour measurements for many years and would
supplement the photometric standards currently held by the
laboratory.

Unfortunately, CEMCI has no photometric or colorimetric facilities
or experience at the present time, so IE-USP and other light and
colour measuring laboratories will need to rely on overseas
calibration of their standards for some time to come, I have
suggested that IE-USP seek advice from NRC Canada and NML
Australia when considering extensions to its existiny colour and

photometric operations,

L-tUsP has difficulty in maintaining the integrity of the barium
oxide coating on integrating spheres, and I have suggested the
staff experiment with "halon" powder instead. Halon powder is a
finely divided fluorohalocarbon resin similar to PTHE and can be
pressed into place unlike barium oxide, The latter has to be




applied as a wet emulsion and tends to flake off when drying.
Halon powder is now accepted internationally as providing the same

spectral homogeneity and reflectivity as barium oxide.

The testing of electrical machines and explosion proof housings
for electrical equipment represents a large part of IE-USP
operations. Both aspects are supported by good staff and

equipment (most of which is in calibration). For instance, in
explosion testing, the constitution of various air/gas mixtures

is checked by gas chromatography, and flame propogation by high
speed electronics., IE-USP's explosion testing operations have been
approved by the Underwriters' Authority of Canada.

Tests on electrical machines, equipment, and conductors up to

10 kV (and up to 300 kVA) include brake tests, insulation tests,
weld tests, and dynamic balancing. All are competently

performed and are freguently used to support exports of electrical

equipment,

Dr. Rcbba and his enthusiastic staff are to be congratulated on
a very professional operation. As with IPT, IE-USP should become
a valuable memler of both RNC and RNLE.

INSTITUTO DE TECNOLOGIA DE ALIMENTOS (ITAL)

1)

2)

3)

Principal Contact

- Tacy dos Santos Draetta, Diretor-Divisdo de Pesquisa.

Sections Visited
ood biochemistry, organoleptic testing, general analytical

chemistry, meat processing pilot plant,
Trpressions

ITATL is a research and <eveloprent organisation which does some
product testing for the food industry. It publishes its own house
journal on its research activities, ITAL also coordinates a quasi

test-house scheme for checking the quality of food used in



educational institutions throughout Brasil.

I understand that ITAL research activities are recognised
internationally and that many of the staff have been trained
overseas, However, it was disturbing to note some ignorance of the
need to make traceable measurements in both research and testing
of foods. Although most of the sections visited maintained fairly
extensive manuals of analytical procedures, I did not see any
instruments which had been calibrated by CEMCI. Consequently,
although it could be argued that any testing is better than no
testing at all, the validity of some of the tests performed by

ITAL and its "accredited" laboratories must be open to doubt.

At this stage, it is doubtful whether ITAL would be acceptable

as an accredited laboratory under the RNLE scheme, The first step
will be to educate the staff on the importance of having their
equipment calibrated at regular intervals - especially the sets
of reference masses which form the basis of all chemical
measuremc1ts. In-house equipment checks should always be done
using instruments that are in calibration, Also, a better
understanding of measurement uncertainties appears to be required
by many of the staff. Even if it is not possible to obtain
equipment calibrations immediately, a calibration schedule should
be established prior to any RNLE assessment visit to ITAL,

ITAL has the potential to become a reliable test-house under the
RNLE scheme, Its facilities are good, most of the equipment is
serviceable, ond its staff are undoubtedly competent researchers.
However, as with many research workers throughout the world,
those at ITAL tend to the belief that their instrument readings

are correct and exact, Hence the nced for an =educational program,

INSTITUTO MAUA DE TECNOLOGIA

1) Principal Contacts

Hélio Nanni, Vice-Diretor Adjunto

- A, Octavio M. Andrade, Professor, Dept? de Engenharia Elétrica.

Edson S, Iwamoto, Engenheiro, Dept? de Engenharia Mecinica.




2)

3)

Sections Visited

Dimensional engineering metrology, mechanical testing,
metallography, paint testing, fermentation chemistry, food
technology (pilot plants), microwave engineering and researxch,

Impressions

IMT is primarily an educational institution. Privately funded, it
provides technology courses for some 2500 students, It undertakes
research and some testing for industry. As with ITAL, there are

problems of traceability in its measurement operations.

For instance, the temperature sensors in the dimensional
metrology laboratory had never been calibrated and were placed on
the walls remote from the measurement site. This laboratory also
has windows down one side which could give rise to unwanted heat
loading during sunny conditions, There was a general lack of
appreciation of the need to quote uncertainties in measurement
results or to record the temperature, The reference sets of gauge
blocks and end bars did have calibraticn certificates (supplied
by the manufacturer) and these instruments are used to check the
accuracy of a small coordinate measuring machine and other
equipment, However, as it was pointed out, the laboratory is
primarily a teaching facility, and so the emphasis is on training
in the use of measuring equipment rather than in its calibration,
The metrology laboratory is experiencing problems with shrinkage
in zinc moulds used for profiling manufactured components, This
problem appears to be associated with the high temperaturev

which occur during the moulding process, I suggested experiments
with fibre-glass moulds may overcome this problem, Most of the
equipment was fairly new and in good condition. I do not believe '
it would be difficult to arrange an acceptable calibration
schedule in this laboratory.

Similar non-traceability was associated with the proving rings
used for calibrating tensile and compression testing machines,
and with the sets of masses in the chemical laboratories, A
certain amount of equipment was unserviceable and some
laboratories appeared to be short of staff,




-9-

In the area of microwave engineering, there was some attempt to
get over the measurement traceability problem, However, with
microwave power measurements, traceability is notoriously
difficult to arrange and is proving to be the limiting factor

in the testing of microwave ovens intended for commercial use in
3rasil.

There ic evidence of some very innovative research at IMT. For
example, attempts are being made to measure the dielectric
constant of oil shale at 600°C. This is to determine whether
microwave heating could be used to extract the oil from the
material. Unfo tunately, at 600°C, corrosive by-products from

the oil shale seem likely to damage the S-band waveguide used

for the experiment. I have suggested that attempts be made to
gold plate the cavity tc alleviate this problem. In another
interesting experiment, attempts are being made to detect
metallic particles in absorbent pads by means of 10 GHz
microwaves, This is to solve the quality ccntrol problem a
manufacturer is experiencing in the production of baby napkins.
One of the most elegant demonstrations of waveguide modes that I
have ever seen has been developed by Dr. Andrade. Using a slotted
line and a microwave detector, the student "draws" the modes on
graph paper by a pantograph pen attachment while keeping the
amplitude of the oscilloscope trace constant, A beautifully simple
apparatus which would be of great valve in any teaching
institution,

In general, although IMT operations are not traceable to CEMCI's
standards at the present time, it could become a very valuable
member of RNLE once its equipment is in calibration., IMT produces
a brochure of its testing capability. Although, at first sight,
the number of tests which TMT claims it can perform appears
rather large, I have no doubt the facilities exist to do the
work. The lack of suitaply trained staff may be the limiting
factor,

CONCRLUSIONS

All laboratories visited have problems with traceability in
measurement. Two of them (IPT and IE-~USP) are obvious candidates for
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RNC and RNLE operations. The other institutions (ITAL and IMT) are
potentially accreditable, although it may take some time to arrange
the necessary calibration of their reference instruments. Lowever,
it should be noted that all 4 institutions are considerably more
competent than many laboratories in my own country. This competence
coupled with an obvious enthusiasm to improve performance is very

engouraging and augers well for the future of testing in Brasil.

-%.KMW:J&M

J.H. Buckingham

23 September 1986



e f-'i':,,

)

1 -

f; ASSIGNMENT WITH INMETRO/CEMCI, XEREM-RJ-BRAZIL :
: FINAL REPORT TO UNIDO

'5 Dr J.H. Buckingham

& UNIDO Consultant in National Calibration Services

December 1986

Summary

This report summarises the current situation with
regard to Brazil's national standards of measurement and how these
and associated calibration services might be improved. It
outlines my work with INMETRO/CEMCI (Centro de Metrologia
Cientifica e Industrial), together with associated activities since
¥ leaving Brazil. It should be read in conjunction with my
- detailed reports on the assignment, copies of which are attached.
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Introduction

There is a growing awareness in Brazil of the importance
of traceable measurements to industrial quality control. Brazil's
most advanced industries (aerospace, electronics, steel, etc) have
established excellent quality assurance procedures and,
consequently, are acquiring international reputations for reliability.
Their products compete well with those of other countries and are
having a significant effect on the Brazilian economy.

However, INME RO (the National Institute for Metrology,
Standardization, and Industrial Quality) is conscious that this
reputation for quality and reliability does not extend to many
industries in Brazil at the present time. INMETRO has embarked on
a vigorous campaign to improve the situation. It is hoped that
this campaign will ultimately reduce the number of sub-standard
products and increase both exports and import substitution.

My assignment with INMETRO was originally to improve the
quality and efficiency of the services performed by its centre for
scientific and industrial metrology (CEMCI). The demand for these
services is growing as industries become aware that effective quality
control depends on the use of measuring instruments whose
calibrations are traceable to the national standards of measurement.
Latterly, my work extended into the areas of laboratory accreditation,
legal metrology, and industrial quality assurance,

The initial phases of my assignment were difficult for
two reasons:

1. The briefing papers supplied before I left New Zealand
were inadequate. Consequently, my background knowledge
of Brazil's measurement problems was insufficient for
me to develop any tentative work plan prior to commencing
the assignment. Fortunately, on my arrival at INMETRO/
CEMCI, I was immediately asked to comment on some
recommendations concerning CEMCI's future activities which
had been prepared by an officer of the US National Bureau
of Standards. From then on, the problems requiring my
attention tended to present themselves. However, I do
urge UNIDO to address the question of supplying complete
background details of projects to its future consultants
and experts. Without such documentation, there will always
be the possibility of an expert prejudging a situation,
or of 're-inventing the wheel' by embarking on work
previously covered by others. Again, given the limited
duration of an assignment, background research should:
be done before the event rather than during it if UNIDO
and the recipient nation are to obtain the full benefit
of a consultant's services.

2. The level of English spoken and understood by the staff
in CEMCI is not high., This language problem was not made
clear to me prior to the assignment. Had it been, I would
have endeavoured to acquire some knowledge of Portuguese
before leaving New Zealand. Consequently, for the first
two months of my assignment, communication with my local




counterparts was difficult to say the least. Fortunately,
by virtue of considerable patience on the part of my CEMCI
colleagues and some very good friends, I was able to gain
a useful working knowledge of Portuguese in the last two
months. Communications were improved to the point where
it was possible for me to present a one hour seminar in
Portuguese without notes. However, the fact that I can
now speak, write and understand Portuguese should not

be construed as negating the underlying problem. I am
fortunate to possess a certain linguistic ability and

a desire to communicate in the language of the country

to which I have been invited. Other experts may not have
the same incentives or opportunities. Therefore, I believe
UNIDO should place more importance on language quali-
fications than is apparently the case at present.

The various phases of my assignment have already been
documented in a series of reports which I have passed to UNIDO's
chief technical adviser in Rio de Janeiro, Dr B.S. Krishnamachar.
I understand he has sent, or is in the process of sending, copies
of these documents to UNIDO headquarters in Vienna. However, 1
enclose further copies with this report in order to provide a
complete record of my Brazilian activities. The documents are as
follows (in order of preparation}):

1. Comments on papers prepared by Dr K.G. Kestler NBS (USA)
July 1986.
2. Measurement traceability in Brazil: first impressions.

August 1986,

3. Dissemination of time and standard frequencies in Brazil.
August 1986.

4, A quality manual for the Centre for Scientific and
Industrial Metrology. August 1986.

5. O Sistema de Calibragdo em Nova Zel3ndia (in Portuguese).
September 1986.

6. Report on visits to S3o Paulo, 15-19 September.
September 1986.*

7. Laboratory accreditation in Brazil. October 1986.

8. Report on visits to Adriandpolis, Petrépolis,
Belo Horizonte, Montes Claros, and Florianépplis,
8-29 October. November 1986, S S

9. Basic concepts of scientific and industfial
metrology. November 1986.

*Missing from present set. I have telexed INMETRO/CEMCI for
another copy. This will be sent to UNIDO Vienna as soon as
possible.
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Also enclosed are copies of covering memoranda to
Dr Krishnamachar and the report "Extensions to CEMCI facilities:
proposals for equipment purchases during 1987". This report was
completed following my return to New Zealand.

ITINERARY

19 Jul 86: 1900. Dep Lower Hutt (New Zealand) by car

1945. Arr Wellington Airport.

2030. Dep Wellington, NZ486.

2130. Arr Auckland, flight time 1 hour.

2359. Dep Auckland, TE002 (cross Date Line
gain 24 hours).

1655. Arr Los Angeles, flight time 11 hours 56.

1730. Arr hotel (Sheraton Plaza La Reina)
(overnight stay in Los Angeles).

20 Jul 86: 1200. Dep hotel.
1600. Dep Los Angeles, PA441 (delayed 2 hours)
2330. Arr Miami, flight time 4 hours 30.

21 Jul 86: 0130. Dep Miami, PA441 (continued).
1045. Arr Rio de Janerio, flight time 8 hours 15.
1155. Arr hotel (Riviera, Copacabana).

22 Jul 86: 0900. Reported for duty at INMETRO/CEMCI, Xerém.
At the end of my first week with CEMCI, I moved
to the Casablanca Hotel, Petropolis since this
was more convenient to Xerem.

Detailed summaries of my meetings and contacts
at INMETRO and other Brazilian institutions
have been lodged with Dr Krishnamachar.

10 Nov 86: Last day of duty at INMETRO/CEMCI.
11 Nov 86: 2350. Dep Rio de Janeiro, RG742.

12 Nov 86: 1330. Arr Frankfurt, flight time 10 hours 40.
1630. Dep Frankfurt, LH254.
1800. Arr Vienna, fllght time 1 hour 30.
1930, Arr hotel (Parkhotel Schdonbrunn)
(overnight stay in Vienna).

13 Nov 86: 0900, Debriefing, UNIDO headquarters.
: 1850.- - Dep Vienna, BA605.
1950.. Arr London, flight time 2 hours. o ;
2130. - Arr hotel’ (Coburg Hotel’, Bayswateér) - %« ore. W

14 Nov 863 1030, Conference at UK National Physical Laboratory
re - Brazil's laboratory accreditation reguirements.

15 Nov 86: Saturday. Day off in lieu of authorised rest day
between Rio de Janeiro and Vienna.

16 Nov 86 1430. Dep London, JL422.

[T




16 Nov 86: 1420, Arr Anchorage, Alaska, flight time 8 hours 50.
1600. Dep Anchorage, JL422 (continued)
(cross Date Line, lose 24 hours).

17 Nov 86: 1830. Arr Tokyo, flight time 7 hours 30.
2130. Dep Tokyo, JL775.

18 Nov 86: 1000. Arr Nadi (Fiji), flight time 8 hours 30.
1100. Dep Nadi, JL775 (continued)
1350. Arr Auckland, flight time 2 hours 50.
1550. Dep Auckland, N2z455.
1650. Arr Wellington, flight time 1 hour,.
1800. Arr Lower Hutt.

ACTIVITIES SINCE LEAVING BRAZIL

1. Debriefing at UNIDO, Vienna (13 November)

My debriefing officer was Mr Martial Comble, Assistant
Industrial Development Officer., 1 was surprised to learn that he
had not seen any of the documentation I had produced in Brazil.
Mr Comble made enquiries with other staff at UNIDO headquarters,
but nobody with whom he spoke had any knowledge of my reports.

I can only assume that these have been delayed in transit from
Rio de Janeiro to Vienna.

This is rather unfortunate since the documentation was
produced at intervals to make it less cumbersome, more easy to read,
and to keep UNIDO up to date with my activities. Also, I hoped
that, by producing a series of reports, this would enable UNIDO
to provide me with feedback regarding the progress and most
appropriate future directions for the project.

Fortunately, I had brought copies of most of the docu-
mentation to Vienna and was able to go over this with Mr Comble.
In this connection, I am pleased to report that Dr Woodward Eicke,
UNIDO consultant, who is currently working at INMETRO/CEMCI supports
my comments with regard to CEMCI's future development. Formerly
with the US National Bureau of Standards, Dr Eicke considers that
NBS's proposals for fundamental research at CEMCI are somewhat
inappropriate and that a more practical approach is called for if
CEMCI is to be of real use to Brazilian industries.

As far as CEMCI's current operations are concerned, it
is important that the staff commence to documept the procedures
used in the laboratory. The large turnover.of staff within CEMCI-
‘means that relatively inexperienced people are often required to
perform complex measurement operations. Theréefore, without written’
instructions, there is a very real possibility of error at the
present time,.

Consequentiy, I spent some time developing proposals for
quality assurance procedures within CEMCI, and advising and training
staff in their use. In preparing these proposals, I deliberately
chose as my "guinea pigs" those members of staff considered by CEMCI
director Dr Alexandre Sette Camara to be most opposed to formal




Q.A. procedures. 1 reasoned that, if I could convince them, there
would be no problem convincing other staff. I am pleased to report
that my assumption was correct, that the proposals have been well
receivad, and that they are now being implemented.

I should mention that while preparing these proposals,
I was mindful of the danger of attempting to reproduce any system
which might work in my own institution. I believe I avoided this
temptation. Great care needs to be taken to ensure that advice
is always appropriate to the local situation, and not that of an
expert's home environment. Again, gentle persuasion is invariably
more successful than a dogmatic approach -~ and, of course, the latrcer
is impertinent! Therefore, I endeavoured to write the proposals
in a form which was not only "acceptable® to CEMCI staff, but also
could be adapted easily to suit local conditions. By illustrating
the text with examples of where my own institution had made mistakes
by departing from procedures, I was able to sustain the interest
of CEMCI staff and enlist their support for the implementation phase
of the project.

The other major aspect of my work at CEMCI was in the
area of laboratory accreditation. Consequently, there was some
overlap between my responsibilities and those of Mr A.J. Russell
of Australia‘'s National Association of Testing Authorities (NATA).
Mr Russell acted as a UNIDO consultant to Rede Nacional de
Laboratorios Ensaios (RNLE), Brazil's accreditat® 'n scheme fcr
testing laboratories, while I advised the staff - - Rede Nacional
de Calibragéo (RNC), the national calibration network. The main
thrust of my work was a discussion of the full implications of
laboratory accreditation and the resources necessary to operate
an extensive program.

At this stage, I am not convinced that Brazil should model
its proposed joint (RNC and RNLE) accreditation program on only
one of the systems operating overseas. Therefore, 1 advised
Mr Comble of my intention to discuss Brazil's requirements with
staff of the UK National Measurement Accreditation Service (NAMAS)
before returning to New Zealand. NAMAS operates from the UK National
Physical Laboratory at Teddington, near London. It was therefore
a relatively simple matter to organise my homeward itinerary to
include a London stopover for this purpose.

At the present time, Brazil has only received advice about
the Australian (NATA) and New Zealand (Testing Laboratories
Registration Council, TELARC) schemes. Successful though these
schemes undoubtedly are, 1 consider that knowledge of other systems,
particularly those of the United Kingdom, and the United States
is desirable before Brazil becomes committed to a particular course
of action. I o

2. _MMeeting~§£wNPL Teddington {14 November)

1 had A most useful meeting with Mr J.D. Summerfield,
executive director of NAMAS.

The NAMAS organisation is interesting since it resulted
from the 1985 amalgamation of the British Calibration Service (BCS)




and the National Testing Laboratory Accreditation Scheme (NATLAS).
A parallel situation is envisaged in Brazil now that INMETRO has
proposed the amalgamation of RNC and RNLE into a single authority,
Rede Nacional de Laboratorios (RNL).

Mr Summerfield supports my contention that, with such
an amalgamation, care needs to be exercised to ensure that both
components receive appropriate support. Also, that one does not
sap the resources of the other. Such problems existed between BCS
and NATLAS during the formative stages of NAMAS.

At the time of our meeting, Mr Summerfield had recently
returned from the 1986 International Laboratory Accreditation
Conference (ILAC), held in Tel Aviv. Unfortunately, Brazil was
not represented at ILAC 86, although laboratory accreditation in
that country was discussed by the Australian delegation.

I discussed the content of my report on Brazil's
requirements with Mr Summerfield, and he is in broad agreement with
my recommendations. He has undertaken to supply
Mr Eduardo Luiz da Silva, co-ordinator of RNC and acting director
of CEMCI, with full details of, and documentation pertaining to,
the NAMAS system and to help Brazil in any other way possible.

I was heartened by his insistance that this documentation would

be supplied free of charge - a refreshing change from the attitude
of many organisations whose major preoccupation at the present time
seems to be one of making financial recoveries!

It is interesting to record that NAMAS has recently advised
Thailand on the implementation of a laboratory accreditation scheme.
Mr Summerfield told me that the Thai Ministry of Science, Technology
and Energy had adopted virtually all the recommendations pertaining
to laboratory accreditation which I had made during the course of
a UNESCO assignment with that organisation in 1983.

I hope the comments made during the present assignment
are of similar value to Brazil,

3. CEMCI Equipment Purchases during 1987

Since returning to New Zealand, I have prepared a series
of proposals for new equipment which I hope CEMCI will be able to
acquire by means of a US$2 million World Bank loan. I consider
that this equipment is the bare minimum which is required in order
for CEMCI to provide an efficient calibration service to the
laboratories of RNC, RNLE, industry, and other Brazilian
organisations. . : ’ .

In that report, I emphasize:the need for. CEMCI to -
consolidate its prescnt position and not to embark on areas of
measurement currently outside its experience., It is important for
CEMCI to delegate such activities and not to attempt to reproduce
resources and faciiities already wel. established elisewhere in
Brazil. Otherwise, CEMCI's staffing problems will only become
more severe, and lead to an undesirable reduction in existing
services.




I understand that under the terms of the World Bank loan,
the equipment should have been purchased before the end of the
current financial year (31 December 1986). However, since other
loan conditions were not feasible (particularly those relating to
CEMCI staff and research programs), these have had to be renegotiated.
Therefore, I am hopeful that the time limit can be extended for
a further 12 months. Should the World Bank require further comments
from me about this matter, I will be happy to supply them.

CONCLUDING REMARKS

From comments made to me by UNIDO staff in Rio de Janeiro
and Vienra, I understand that, at present, there is some discussion
regarding the continuing availability of UNIDO funds for the
project BRA/82/020. Since this project is only now beginning to
realise its full potential, I believe it would be extremely
unfortunate if the funding was not continued for at least another
two years.

Although Brazil can be considered an industrialized nation,
much work remains to te done to improve the measurement infra-
structure between CEMCI and the industrial workface. More effort
is needed in the areas of education, training, planning and resource
management to ensure the ultimate success of the project.

For instance, the whole concept of laboratory accreditation
in Brazil needs to be reconsidered. The problem of building up
a resource pool of advisors and laboratory assessors for the accred-
itation programs has yet to be addressed. Detailed accreditation
procedures and criteria for registration of accreditable laboratories
have to be developed. These activities take considerable time.

Again, CEMCI has severe staff retention problems. These
need to be overcome, and additional staff recruited to enable CEMCI
to extend its services. Other areas of INMETRO, particularly the
legal metrology network (state weights and measures institutes),
RNC and RNLE, are similarly understaffed. Given the Brazilian
Government's aim to reduce expenditure in the public service,
recruitment of additional technical staff is extremely difficult
at the present time.

Therefore, it is suygested that INMETRO investigate the
possibility of reducing staff ceilings in other areas to compensate
for the extra staff required by CEMCI etc. Given the already high
staff turnover rate in INMETRO, and normal attrition through
retirement, I believe such 'redeployment' could be achieved relatlvely
easily and without enforced redundancies. 'The problem of staff :
retention within CEMCI should be addressed at the same time.
Currently, conditions of service, salaries, promotion prospects
etc, do not compare favourably with those existing in the private
sector. Consequently many technical staff are attracted to other
instsiutions after spending less than a year at CEMCI,

One other major problem should be mentioned. <Currently,
a number of appointments within INMETRO are political in nature.
Therefore, a change of government (or minister), or a disagreement



over policy, can result in a change of certain very senior staff
in INMETRO. For instance, INMETRO has had five different presidents
during the last four years. The last to resign (Juarez) did so
in October 1986. As a consequence, CEMCI director,

Dr Alexandre Sette Camara, had to resign as well. Alexandre was
appointed by Juarez only in October 1985. A materials scientist
by training, Alexandre had been director of a nuclear materials
research laboratory prior to his CEMCI appointment. He was not
experienced in metrology and, consequently, was only beginning to
appreciate the problems associated with measurement standards and
calibration services when he was forced to resign.

Not surprisingly, the morale of the staff at CEMCI is
rather low at the present time. Such a rapid turnover in senior
management makes it gquite impossible to plan the future of an
institution like CEMCI, or to organise the activities of its staff
in an effective manner. It is usually considered detrimental to
an institution if its director does not remain in place for at least
five years. It is to be hoped that a lasting solution to this type
of problem can be found, and that the staff at CEMCI can experience
a more stable management structure. I urge the Brazilian Government
to give some thought to this matter.

In conclusion, I must say that I found my assignment in
Brazil most challenging and the staff at CEMCI and elsewhere very
receptive to my proposals. Consequently, it was unfortunate that
certain pressures from within New Zealand necessitated shortening
my time with CEMCI by approximately one month. However, I hope
that the work I have been able to complete since leaving
Xerém compensates in some way for my early departure, and that,
overall, my proposals prove to be of long term benefit to Brazil's
national calibration services and measurement infrastructure.

I thank UNIDO and the Government of Brazil for the oppor-

tunity to be of service to INMETRO/CEMCI. For me, it has been a
great privilege and a real pleasure.
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APPENDIX TO FINAL REPORT

MAJOR CONTACTS:

1 UNIDO:

Dr B.S. Krishnamachar, Chief Technical Advisor, Rio de Janeiro
Mr Martial Comble, Assistant Industrial Development Officer, Vienna
Mr C.H. Winkelmann, Project Personnel Recruitment Officer, Vienna

2 INMETRO:

Dr Alexandre Sette Camara, Director of CEMCI
Sr José Joaquim Vinge, Chief of Electrical Group, CEMCI
Sr Mauro Corréa Fagundes, Physicist, Electrical Group, CEMCI
Sra Dulce Aparecida Liechoski, Physicist, Electrical Group, CEMCI
Sr Luiz Macoto Ogino, Physicist, Electrical Group, CEMCI
Sr Ivan Marreiros de Costa, Technical Officer, Electrical Group,
CEMCI
Sr Walmir Pinheiro de Aranjo, Physicist, Electrical Group, CEMCI
Sr Marcos Aurélio Maciel, Technical Officer, Temperature Group, CEMCI
Sra Joana D'Arc de Brito, Electronics Engineer, Electrical Group, CEMCI
Sr Florisvaldo Sampaio, Physicist, Optics Co-ordinator, CEMCI
Sra Lélia Rita Monteiro, Physicist, New Buildings Co-ordinator,
CEMCI
Dr Joern Zinkernagel PTB, Adviser on Electrical Instruments, CEMCI
Dr Woodward Eicke, UNIDO Consultant in Electrical Metrology, CEMCI
Sra Maria das Gragas Cardoza, Secretary, CEMCI
Sra Iris Andrade de Carvalho, Secretarial Assistant, CEMCI
Sr Eduardo Luiz da Silva, Physicist, Co-ordinator of RNC
Sra Regina Coeli Mendes, Physicist, RNC
Sra Maria Teresa Rozeira, Physicist, RNC
Sra Isabel Laurenco Japor, Physicist, RNC
Dr Armenio Lobo da Cunha Filho, Director of DIMEL
Sra Silvia Helena Moto Rabelo, Physicist, DIMEL
Sr Lino Oliveira Marujo, Engineer, DIMEL
Sr José Eduardo Alves da Costa, Co-ordinator for International
Affairs
Dr Joseph Brais, Director of DINOR
Dr Nilo Antonio Severino, Director of DQUAI
Dr Humberto Beltramini, Executive Director, General Administration
Dr Jilio Villas Lopes, Director of Finance, General Administration
Sr Ramundo A. Razende, Engineer, General Administration
Mr A.J. Russell, UNIDO Consultant in Laboratory Accreditation
Mr D.W. Parry, Director, Philip Harris Holdings UK, World Bank
Consultant

.3 - IPT Sao Paulo

- . . -

*a

Dr José Carlos de Castro Waeny, Metrology Quality Assurance Assessor
Mr Peter J. Barry, Physicist, Acoustic Studies

Dra Sylvia L. Moro, Chief, Reference Materials Group

Sra Anna ramalna <Co-ordinator for International Relations

Sra Lucia Angela de Genaro, Public Relations Officer
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4 1IE-USP, Sao Paulo

Dr Ernesto Joao Robba, Director

5 Instituto de Tecnologia de Alimentos, Campinas

Dr lacy dos Santos Draetta, Director of Research

6 Instituto Maua de Tecnologia, S Caetano do Sul

Dr Hélio Nanni, Vice-Director
Dr Octavio M. Andrade, Professor, Microwave Engineering
Sr Edson S. Iwamoto, Engineer, Mechanical Testing

7 CEPEL Adrianodpolis

Sr Marcelu Appel da Silva, Chief, Measurement Division
Sr Agenor O.F. Mundim, Chief, High Voltage and Power Division

8 CELMA, Petrdpelis

Sr A.S. Ecimar, Engineer, Test Cells

Sr G.D.P.S. Jose, Engineer, Helicopters Section

Sr Eduard G. Stumpf, Engineer, Metrology Secticn

Sr Renato M. Soares, Engineer, Metrology Section

Sr Ricardo Gentil, Physicist, Non-destructive testing

9 Equipamentos Villares, Sao Paulo

Sr Ruy Cortez de Oliveira, Supervisor, Technical Standards

10 IPEM - Minas Gerais

Dr Helio Oliveira de Souza, Director General
Dr Roberto Guimaraes, Technical Director

11 CETEC - Minas Gerais

Dr Jodo Lopes Faria Neto, President

Dr Harry Gomes, Professor, Organic Chemistry

Dra Sonya Calil, Mathematician, Water Laboratory

Sr José Eustdquio da Silva, Engineer, Metallurgy Department

12 Magnesita, Belo Horizonte

Dr Carlos Alfonso, Head of Research Division
~ Sr Arnaldo Lucas Machado, Head of Standards Division

13 Fiat Automoveis, Belo Horizonte

Sr Gilvan Ferreira, Engineer, Head of Metrology

i4  Labmetro, CERTI, Floriandpolis

Sr Nelson Schoeler, Engineer, Metrology Section
Sr Armando Goncalves, Superintendent of Technological Research
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15 NAMAS, Teddington, UK

Mr J.D.

Summerfield, Executive Director





