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lNTROCllCTIO:-J 

My experience of quali t:v manu:lls has been primu.rilv of U.0sc devc.• onn.d 

at the Physics and Enc;ineerj_ng Laboratory (PEL) of the ;-'"':>:ntr:12nt tJf 

SciNitific .:rnd ::ndi.1strial Re:;c;irch (DSIR) in Nc·.-1 Ze<?.1 and. The~· are 

specific to the operations of PEL and a~e not necessa~ily 1~plic~bl8 

to the situation in Brazil, oc indeed to that at other in~titu~ions 

in New ZEalar.d. 

'fherefore, it is not 1:1y intl;ntion to write such a manna:: fer ~ r~MCI 

since it would he impertinent of me to attempt to imoosc PEL 

procedu!:"es O!i CE!,iCI operi1tions. 1-~y input to the Cit•iCI qu.:, . .i.ty r c:nu.:.il 

should be limited to a di~~cu~;sion of items which mi9_tit bG su=_t.-:)le 

for inclusion. The dc:taih,d :.1e:r··r<ltion must be chne by tht: SLilf" 

.H::-1~.selves the contents ar.d 

In this connection, I cannot emphasize too strongly that the 

'• succes~~ ful :i.r:·:plcrnent<.:1tion . ,f Cl q'.J.a li t.y manual de:ncnds en i- ireiy ,_,n 

the enthusi~sm and good will of the staff concerned. A q~nuinc 

desire to develop a quality op0r.ation must cxi:.t ri~iht ::::: the shi-t. 

It is much more difficult to "build-in" this desire at t1 : ;: ::er st.:y1:!. 

'fhis report consists of two kinds of inforrr:ati_on: 

That which might be of general use to all aspects of CEMCI's 

operations, and that which might be useful to a speci fie <U-•~2. lf 

measurei11c~nt. In dis cussing these aspects, I hc)pe to <l0nonstr« ·:c ti•e 

possible conscqu0nccs of not developing a set of oper:aU.ng yi;._cc .hn-es. 

In many c~ses I have Jrawn from n0rsonal ~xocrience to illustrJt0 

the prublerr·s which c;;:-.n, and do, arise. 'l'hat these a1 e frcq11e11ti.'{ 

arnusin9 i.r; !10t inti:·n<lP.d to diminish their import<:mc~, but rat~1c~· L) 

~ pro~uc0 a ~orr lively and interesting text. 

7'.ny qui1li.ty r.;;in11;1l sho11ld CCJ!'1rrJ('.nce v:ith a <;t.:i!.r·mcnt of the oir~.", 

rcr~pon~dbi.litiof;, and Op('raUuns CJf the on;iini!;;iUon. l;n r·x·cL: 'nL 

ove~vicw of tLe ;:1ctivitics of CEMCI is contai11cd i.n the :,.1iblic;.' i:_,r, 
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"JNMETRO, Institutional View, 13rasil 1984", pac;es 7-9. It is 

recommended this su;;t·i'l~!ry form the bi1sis of the general dt?Scriution of 

CEMCI tc be :reproduced at the beginning of the quality manual. Very 

little editing would be required, although it would be useful to add 

de~criptions of the: proposed Optics group and the more "non-technical" 

groups like CO'l'EC and DA.TAD. Some indicilth•n of present and proposed 

staffing lev::ls in .:ill CE:·1CI groups should be given. 

Tr.c tables pr·~sc-nted on pilgcs 9-11 of "Instl tutional View" could be 

repio<luced in the rnanDal after appropriate updating. These, together 

with the operational swarary, provide a very clear ~icture of the 

Frcsent situation at CEMCI and will be v~luable t~aining ~ids for 

new members of staff. 

The data g~ vcn in the t.:1hl0s should be checked carefully. In my 

English laPi;ua.ge version, I noticed some numbers which were obviously 

incorrect, but these mav h~ve resulted during translation fLJm the 

orig .. 1al. llso, staff nay care to re-appraise the accuracies 

quoted fo1: Cfertitin !n('Cl~jl_l;·r~mcnts. In c;encral, it is better to 

undcrst;:ite tl·,c .capabi] ity of an or<Janisi'ation rathcx than to over!;tate 

it. 

My own institution has been err,barrilssed on occasion when it has beer. 

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

state>d previously that such <tccuracy was possible. 

Some yc<1rs ago, a priv~te l~boratory in New Zealand soug~t 

re<Jj stra U en undor the l\us tn1li an .Jeered i ta ti on scheme, NATA. I 

h~ppcncd to Le prc1ent in tl1c NA~A office when the managing director 

of the parent comp~nv of the laboratory presented a beautifully 

pr.lnt.c,d 1Jrcd·,•. 1 n·~ of t.hr~ 1 abora l~ory 's "c<tpi.lbi 11. ty" in support: of the 

appJ ic,1 ti on. Tht~ broch1.1n~ conL.li.O('d dnt<1 j ls of rl w:ry liltrJC L nnge 

of calibr11!:ir:1ns ;ind tc:;ts which the l<:bn1.,1tory c:;laimcd :_t could 

p(:rfc1·m. :·.·: .. ,. ,,: .. ~; .. :11·;·,; :::·;r.r !·fi1f( Wf~ro r1v-·1i l"!,1c· lo rJo tl,c '.: 1-i•'r., ll: 

rn;1n:1g.inr; ,:~ ,., .-::.1: :: dd i!., ,.,, .:\~rt! 3 l"11ll--l.i.i:,1.~ .~t.lff ;.:i1d 1:1,·it_ :;v 1 •~ 

of lhc ·iO--:;fi,,nJ j'>·ilcnt C•.i:1;_,;1n1 could liclp nut-. 011 a pai.·t---tjrne b,:i:~is 

·.-1h<'n tr:qi:-ir1·cl. I ;>ointec1 <:>nt U\,;,•..: pi-;r, ·:Ji.th a full-time !~Liff of 200 

wouJd be prr·;1.-,rcd lo 11nc1c1·L1kP only 10':. of tLc L(·r;ts det·,,11 led in Lile 

brochure! 
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1. 3 - General Bous<.·1'.cening 
--- ·-------------~--·--------L-------

In r.ietrology laboratorie>s, cleanliness is synonymous with "Godliness"! 

Good housekeeping procedurPs arc essential to preserve a clean 

laboratory en•1i ronr:.ent for measurements of great accuracy. 

Consequently, it is not always good practice to permit access by 

contract cl0aning staff since they are unlikely to be experienced in 

the care of precision n:easur.i ng equipnicnt. Unint2ntional or rough 

handling of certain instrument~ can ruin their calibration, reduce 

their potenti<:.l accuracy, and cause contamin.:ttion. 

For j_nstance, the 1 rcscncc of just one fingPrprint on a r.tass standard 

can increase its wei<jht by several microgrammes. In uddition, the 

sweat associated with a fingerprint is very corrosive and can cause 

rusting of steel equipment in a few days. 

Therefore, it may be necessary for staff in some laboratories to 

undert~kc their own cleaning and other housek~eping. Provided the 

laboratory air-conditioning system works effectively, cleaning can te 

confined usually to a daily dust ~nd mop with damp cloths. For steel 

and other oxidisable surL:ices, an<:! electrical equipment:., the cloth 

should be wetted with benzene or other organic solvent, never water! 

The ·~10ar.i ng of p:rotecti ve rubber Jloves is recommended during this 

operation since contact with orgQnic solvents can destroy skin 

1.i.pids and cause denr.ati tis. 

Placement of antist~tic mats at entrances to laboratories, and the 

wearing of cotton ov~rshocs or other indoor foolware, considerably 

reduc<~s the .transfer of dust or di.rt from outside. Equi pmcnt should 

always be put awily after use, glassware cleaned, and any used 

chemicals <lispos0d of. Otherwise, sooner or later, sornethjng will 

get knocked 0•1er:, c:nd val·~able cquiprn~nt ciarr·ac;cd or mcasun·1,ent 

records ~;poi 1 en. Once each week (prefc:rcibly Fdday cl.ftc~rnCJon), t.ime 

shouJ d be '1llOW('U fur a general til1y--up of the J <:1bor~t lory. 

Food cr.wnbs can :ruin a r~.cchanjc;1l n:r-;1~;urcrnent; fruit <ind bcvcr.ar1cs 

c~n cau:-.~ corrn::;iun .·rnd other cont«:rnindtion of r·<111Jprn(•nt. Jn my own 

.ins ti tuU on, I c•in remember an occri:d on whc·n il ;,peck of ~ood on some 
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measurement results was subsequently transcribed as a decimal point! 

Tobacco smoke can h 01ve disastcrous ef fee ts on measurement accuracy, 

and sril.:ikc.t-s should be pcrmi t ted breaks uway from the laboratory. This 

is particula~ly so in density 6r viscosity measurements, where the 

surface tension is required to be known (and constant). ·.;.ars and 

other hych:oci?rbor.s in the smoke are surface acti vc agents, and wi 11 

condense on sost solid and liquid surfaces. One result is to reduce 

the mez:isurcd surface tension of water by between 5!6 and 10%. 

In my mm J aoor<t lory I !'ave rnc.~1sure:d the effect of just one puff of 

sr.1oke on surface tension. Clean .,,,ater exhibits a surface tension of 

72.75 rnN m-1 at 2ooc. After contamination, this figure can drop 

belo~ 69 mN rn-1. 1~ere are two reasons for this. One is the effect on 

the water surfuce itself. The other is the effect on the measuring 

device (in rny ca~e, a glass Nilhclmy plate). Srnoke renders an 

otherwise clean glnss surface slightly hydrophobic. Hence the 

contact angle between water and glass departs from t.he ideal zero. 

It then must be mcasu~ed and allowed for in suhsequcnt calculations. 

Again, sncike frr;n a non cri t.-Lcal area can be transmitted to a 

critical one via the lnboratory air-conditioning system. If 

laboratories arc equipped wiLh smnke detectors for fire alarm 

purposes, this can have inter.es ti rig rcsul ts. l\ f cw months ago, one 

of my staff was assembling ~n electronic circuit in the laboratory. 

Smoke from his soldering iron activated a highly sensitive detector 

and resul tcd in an unw0lcoi1~c visj t f .com the local fire hrigaoe ! 

Needless to say, we reduced the sensitivity of the detectors after 

that. 

The s0curity and ~0nfidrntiality of information ohtain~d during the 

course of a prorJI"<!li·'liQ of work for a particular cl icnt !;;hould be 

m<linL1inP<1 .:-.tall t:.imcs. Clients' wo:rk which i~; not cu·r-rcnt:ly under 

test ~>1io111c1 ;JC'~-< ;1l· in ,:j r:lo;;c·rl C'·•~.>i.ncl·, Di~;r:"•·~ jc·, :;;:,_ll!-ld Le 

CXl~rc:i~;•:d ·..:ith rr.·J.inl to c.li•::if.~_;' ':Jur·k 1ir•d<'r lc~.;i-. -,.Len vi:;itrJr·:; i"IJ"<: 

The rear;on for this js l!;;Jt tlu~ i.11:ormaUon c1hlai.ncd du·cin<J the 

calibr.a ti on or tc!;t hcl ong::; to lhc cl i.ent, who is of ten pr1ying for 

the service p~ovidcd by the laboratory. 
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ln my o·>'ln co-~y, there have be~n cases of attempted industrial 

espionage during such wcrk, usually in the area of product testing 

rather thiln instrument calibration. It should always be remembered 

that the cliEnt comes to the laboratory because he relies on the 

quality of the service provided. Part of that quality assurance is 

the understanding that the measurement results have not been given to 

ariyone else. 

The only inssi~le exception in New Zealand is where testing is 

required for a process of litigation. In this case, we undertake 

such work after the client has agreed that the results be: made 

available to all p.:irtics before thP. court hearing. Otherwise the 

results could be classified as unfair evidence in a court of law, and 

possibly ruled as jnadmissible. 

Occasionally, my staff desire to publish clients' test data in the 

scientific jOltrnals. In such c&scs, they must first obtain pennission 

to do so from their client(s). 

Ii~ New Zealand, public servunts must sign a written undert.=ikin9 (the 

Official .~ccrets l\ct) never to d:i sclcse inforr..;;,tion obtaint:>d during 

the course of their official duties unless permission to do so is 

first obtained from t~eir supervisor. This is almost al~ays given 

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

.sensitive or strategic nature. Occasionally, however, certain 

(usually younger) members of staff feel that even this minor 

restriction is unnecessary and that scientjfic information should be 

freely givPn to everybody. 

In such cases, I r~rnind them of a situation which aiosc at PEL some 

years ngo. A certain mcffibnr of our staff ~~s "moonlighting", that is 

• working after hours as a "private" consultant. He rel ca:;r'd offi_c-1r1l 

infonrHt"ion Lo his "clir:nl" which subscquenLly w.:is provod to .b,Q in 

error. 'l'hc client then s11cd PEL Lel:i~ving, wrongly, th-1t the sLaff 

n:r;i<;'1'1i 'i<_,n ur public dif,11·,;~;~;'-ll. lkt<l the jnfor:i:.1t.ion iwr:n of 

stratc:(Jic i1n1Jort;;ncc, he wo11l<l have been li<ihlc al~;o Lo a court 

fine, a pri!><Jl1 tf·nn, r)r buth. 

I once heard the Chief Scicnt ist for ICI state, during a lecture on 
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qu~ljty assurance, that information comes in one of three c~tegories. 

IL is cithc~r t:seftil, in which case P1oney is made out of it; or it is 

interc~~tillg, so it j s pub Li shed; or it is funny, in which case one· 

l~ughs ~t it! I think that sums up the subject very well. 

CEVCI will have its own wall·-established procedu~es reg~rding the 

handU ng of inw<1rds and O:.ltgoing corresponcknce and associiltcd 

filing. It is ·:mrth inc] uding those procerlures in the Quality :-:cinu.0d 

as resource mat~r·i~l for new staff. 

It is often useful for an officer receiving or originating 

correspondence to maintilin his/her own filing system in addition ta 

that of the central registry. This provides a rapid r2ferral system 

and is val "\..iable dm: ing subsequent corrcspo:1dc~nc:e or tclephor~e 

conversations regarding a particular job. In such cases, the original 

letter shollld be copied for the officer's own file before being 

returned to the registry. 

\'lith increasing c:rrphasis c;.ri"<~ccountc1.bility" in the Pub~.ic Se::c::i.cc, 

job costing is becoming usunl practice in the central raeasurc1~ent 

10bora.to.cics of 1n0ny countries, New Zealand's included. Govcrn;;;c•nts 

are comn·: i.l: ted to reducing the level of public expGndi ture. 

tonsequently, at PEL for example, the level of government funding 

in 5 y0ars time will be less than 70% of that for 1986. Therefore 

it is becoming c~;sential for llS to rr.a'ke up the ballrnce by cn'lnJing 

for work done for our clients. Othcrwise, those governwent funds 

will be steadily eaten away by service work to the detriment of 

other act.iviti~s like 1naint.r>1v:rnce of the ni1tional sland;u<ls • 

Even i.f r~uch rolic:es bavc not been initiated i.n Brazil, pr<>p<:J." 

job costing is sti 1.1 ~1ood pr~cticc for a hi']hly profc~;f;)onol 

or.1yini.~:.:d:ion Li.kc cr;!.~'~T. :rt is a E<!d but i r 11c fact Uut the q11<1J Uy 

' '. ' i ( · r: i_ i 

p:;ychrilo<jy Ls :;uch lli,tt, if ~,,jrn,.:t!1.in·J tq,}.">>J~; to i<>~_;I ir10 .:..itt"I.(~, 

then it is b0l.i.r.:v0d U1.::rc must be ~;c1111ct.hiw; -,.>rong wit.hit! Jn l.h•~ 

par;t, t.hPre hr:vt~ been occ<1~~j(ms ;it PEL whC'r.c pot.Ci)t.i.:?l cuslr 1 :~1e:r:;; 

lwvc lost intr~n:st. lwc:n1;;c our ~~c·r.vices 1.-1en~ too chr"ip. Thr:y have 

then 9onc to a pr:i. vu tc on;ani :;at ion and p.i.i.r\ two 0r l hree U 1ricr; as 

• 
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1tmch for an inferior proch.:ct. \\hi le this muy have red~1c~d our 

calibration a;1d testing loud, it did our reputation no good ilt 211: 

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 accou~~: 

a) The cost of the pPrson doing the work. In New Zealand, this is 

estimated on an hourly or <laily basis by taking the officer's 

rate of pay and multiplying by the factor 2.5. Looked at 

another ·.1ay, lhe <lai ly rate will be annual salary di vi clcd by 100 

assuming an average of 250 working days a year. This multiplier 

is userl to account for "invisible" costs such as pension schcr1cs, 

an~ual le 1ve, sick leave, etc., plus overheads like administrati~n, 

electricity 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 me.Jsurernents. Tn addition, there is the 

time nssociated with any specimen or equipment pr~pariltioP, 

working out rc-sul ts of a inr~asurc11.ent, chec;.;.i ng those results, ar::~ 

preparing the report. Sor.ie of my own stoff have found that, ·.-1he?: 

they have a~scssed these additional factors, the total time for 

the calibr<it.i_on or test can he up to three times as lons as their 

estimate for the measurement alone! 

b) The replc::c:ement cost of any 2quipment used for the rneasuri:::H~Cr! 

In my own laboratory, we use a formula based cm 20 c.;ents per 

$ 1000 of replacement cost per hour of use. In this way, the 

cha ·rge for equipment costing $ 100, 000 would be $ 20 per hou::. 

c) 'J'he cost of ony special jigs or fittings th<1t ne~d to be m2dc fc:: 

a particular job. 

d) The cost of any raw materials used during the job, such as shce:".:. 

nir!tal, ch(·rnicr1Jr..;, photo9c.-iplilc p·.:tper etc. 

c) The co~;l (Jf tra11:;port. If a job L· rf!quir0d to be .Jone C1W<1y fro:-. 

of fi.cc~r i nvol vc(l. 

f) The cor:;t of typj n<.J the r.•c,i:;urcmt>nt report c1nd any nf;~_;ociatcd 

corresponde>ncc. 
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I must confes::, th;.,t j t is onJ.y during the last 6 months thc:!t PI:L 

has been attempting to assess all these factors in preparing 

estimate~ for work done for our clients, so we are still on our own 

"learni~g curve" in this respect. 

Having 3one through this initi~l estimation process, the various 

components should be suirL111ed and the client adv:i sed of the likely cost 

of the work. If, at this stnge, the client wishes the work to proceed, 

his acceptance of the quote should be in writing and should include 

an order number vgainst which the work can be chetrged. This will 

help st:bscqucnt invoicing wlH~n the job is complete. 

I& is very important to obtain this written confirmation. At PEL, 

there have been a number of occasions when this was overlooked, The 

result was that clients later denied they had r~quested the work 

to be clone, or stated they were given to understand there would be no 

charge. Jn one instance, the client was a major government 

department, and a large areount of correspondence about the 

misunderstanding was generated: After two years, PBL d~cici?d tl~e 

expenditure on this clerical effort w:s greater than the cost of 

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

cost against experience! 

In general, it is considered unpr0fessional to quote one fee, and 

then attempt to recover another (high~r) sum if the estimate was 

in erro:r. E~perience helps to overcome this p:;:oblern. 

However, there will be occasions when staff are asked to quote for 

work of a complex or long term nature in which the various cost 

components arc more difficult to assess. In such cases, PEL )btains 

the client's pr.i.or agreement that work only np to a certain value 

will be undertaken. If th.is is insufficient to comph"'te the job, 

the client is then given lhc option of accepting any Jnteri1n rc~~lts 

or of providing ildditional finance to cn~blc s2tlsf~ctory coffipJction. 

l1ssocl0lr·d ':.:itl1 this "pr<1f(':.~simv1l" approad. t0 0stj1.v1l:.ing lhr. co~,;t 

of a job i.s Lhc need to provJdt? an iU!miscd invoice when lhat job 

is complete. Clients ~re often rPquired to p~y a considerable amount 

for a high qu;dity calH..1rr.ition or tf~st. Therefore, they arc entitled 

to know exactly how that money has been spent. A simple statement 
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of the total f~e due is insufficient: In all cases, the various 

co1:1poncnts in the totc:il should be detailed. In other '..;ords, t.h·~ 

invoice should be of the same quality as the job! 

1.7 - Care of Items Submitted for Calibration or Test 

-9-· 

Clearly, it is the client's responsibility to adequately pDck any 

instruments or test ~~mples before tl1ey are sent to the laburatory. 

HcMever, on .~1rri val, these should be checkc<i for darnaye which may 

have occurred in tr~nsit, and the customer advised of any 

unserviceable it~os. At PEL, we occasionally repair the damage but, 

more usually, return unserviceable items and reduce our charges 

accordingly. We do not charge for work which cannot be done: 

Servicc.:ible i terns are tlwn allocated to the appropriate officer fo.c 

calibration or testing. At this stage, a unjquely idrintifia~le job 

number should be allocated to the work. CEMCI will have its own 

procedures for doing this. \·~her~ a job consists of many similar 

components, such as calibration of a batch of thern~:netcrs, each 

item ~_;l10uld be identified. 

The serial number of the item is suffjcient for this identification. 

However, if there is no serial number, a ::;ui tublc mark or. nu'.nber 

should be E::tchcd or er.graved on it !_:>e~.9!:~ me<lsurement. If penn2ner1t 

marking is inappropriate, a tic-on or adhesive label can be used as 

a last resort. 

When it is not possible for the work to proceed immediately, the job 

plus any Cl~;sociated p2perwork should be carefully and securely ston::d 

untjl the work can proceed. Although laboratori~s frequently 

di~claim responsibility for any loss or damage which miyht occur 

during the time items remain in their core, it is clearly 

,. undesirable to g;_i in a r<'p11t;1ti.on for careless h<:tndling ! 

Once the job is due to co::1mence, any nc~ccssary ch.:anj nq, dcgr(~asing, 

on othr:r l'n~·par<Jtir;n ~,1·icn: 1_0 r;r'ri~·:'ir:c·;.:.,1t r;honJ.d be r1n.1c•ri.;1kc~n with 

~rcat c,nc~. Steel ·j Lc·F1f_; ~;l,uuld be :re:,_;: -~;i::;ed ir:-.r:~c:di.alr·Jy ,·1Ch~r 

m0a.>urc~111ent to l:,rccl ~ic1c dllJ' ru!>ting. 

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

laboratory until the calibration or test report has been written and 
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checke~ for accuracy. It is very b~d practice to release items ~nd 

then to h<~ve to n-·c.:lil them bE'cause the n1easerer.•ents •.,•c.-re l.Jtel" 

found to be in error. This is likely to attract the dissatisfaction 

of the client, especially if he needs the items to continue his 

operations! 

Prior to despatch, completed items should be repacked carefully to 

avoid any damage on the return journey to the client. 

Origi11ally, many measurement laboratories recorded their test data in 

numberrd, h~rd-covercd work books which were retained by the section 

doing t-hc work. There is nothing wrong with this practice since it 

prcvidcs a perman0nt, rc~dily av3ilablc record wl1ich is often nc0dcd 

for reference purposes at a later date. 

However, · ... 1i th the present trend to cl eclronic c.:: "t:_a c<:tpturc and 

processing, and i'lssociatccJ computer printout, the informa lion can no·,,. 

,, })e st_ored rnore easily on f lor)PY dj_scs. At ti1e sLt1ne tir.:e, it is 

prudent to r;:aintain any worksheets C1nd computer pri ntonts with 2 

copy of the final report on an appropriate laboratory file. This 

insures against any loss of electronicallj stored data becau~e of 

some malfunction in the computer or worc-p~ocessing system. A friend 

of mine in another DSIR division once spent tw~ years p~inst~kingly 

compiling an inventory of New Zealand native flora. All the 

information was stored on a VAX 11/780 computer. There was a 

"disc cri1sh" and he lost cv· -,;thing, and had to start his work 

all over again! 

In all cases, the results should be identified by the job nrniibcr, 

serial number (or other identification) of the itcm(s) under test, 

the date ,, •n tlw work w;1s done and by whom. l·;ork~;J10e:Ls should be 

single ~;idcd <'1nd nnrr:Lercd. Manu.'ll rccordillg of h::st data rr.ust be in 

permanent f(Jun, th;-~t _is h<illpoint pen or ink, ncvc:r prmcil. 

Corr0cf ion~; •:\.n11ld be• 11-iilc by crCJ:-;~;i_ng out incorn·ci: d.-i.ta <t1H1 tho 

data. Edch ~; 1 H'c t ;ind nny corrccUons shnuld i)C j n_! l:i idlc•d by Lhe 

officer do.iny the work. 

In addition, it is good practice to maintain a register of ~11 work 
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carried out by the secti0n. This is a useful cross refer~nce. 1~i~ 

register should contain the following information about each job: 

- the CEMCI job number, or other number ur.iqt:ely identifying 

the work, 

- date the work was done, 

customer' 3 name, address, and crder nmnb~r, 

- details of item(s) tested, together with the serial m::;r,ber{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 contnining copy of final raport, 

- name of officer who carried out the work 

This register should be kept permanently by the section. 

1. 9 - Checking of Calculaticms and Drita Tr.::insnosi tions 
-- ·--------------------------------------- _ _£ ___________ _ 

Having obtained all the measurement data necessary for working out 

the results, and assuming the measurements have been made correctly, 

there is still 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). Select5vc 

checks should be m;idc by another officer, and the appropriate 

worksheets inttiu.lled by him/her to show this has been done. All da.f:a 

transpositions should be checked by the person concerned nnd another 

officer. Similarly, the final report should be checked over by the 

other off) c:er <.rnd each page Jni tiallcr1 by hir::/hcr before the report 

is stgncd by the person who did the work. A further check on r.hc 

report shouJ cl be rr:;ide by the co11ntP.rsj gning oi'ficer, '..Jho is t1s1:.3 l ly 

Jn olher words, the ,Japanese principle of "c1ua 1 i ty ci rel cs" should 

be applied to th~ calculation of results and their subsequent 

presentation in a calibration certificate or tc5t report. After ~11, 

that document is supposed to be the quality cmd·-product of all 

the Qh procedures used in the laboratory! 
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Of r.ourse, even with all these s<.tfety dwcks! it is still possiblE 

for soreething to go wrong. On one occasion at PEL, we were rather 

cml>2rrassP.d wloen a client pvinted out that. our calibration certific.o..-:e 
l 

for the G·i- digit DVM he had 5i<cmit.ted stated one izinge in MV not 

nN. A simple typographical error, but it made all the difference in 

the .,..orld! 

On an0ther occasion, fortunutely before the report was sent to the 

client, I managed to spot that one of my staff had listed the 

calibration of an anemometer in units of metres per seco11d instead 

of metres per minute. I asked her how she had obtained these figures 

since we did not possess a supersonic wind tunnel! 

Fortunc1tely, hu..:cver, good check ilVJ procedures make such occlaT.:~ncez 

the exception rather than the rule. 

Measurement results should be reported in writing always. 

Oral rcportin'J is dise:otir;:,gea becau:=-.e there is a much greater chr::.tnce 

of error. In addition, any ambiguities in conversation can cause 

the client to rnisunderst~nd, or wrongly interpret, the results. On 

one occasion at PEL, a very senior of ficcr (who should have known 

better!) advised a client by telephone that his scale w~s readable 

to plus or minus one tenth of the interval between small divisions. 

The client confused read a bi li ty with accuracy whE:n, 5-n fact, the 

scale had a cumulative error in excess of two s~all divisions over 

its entire length. That the client subsequently won a contract on 

the husis of the supposed accuracy of his measuring equir:menl: made 

the situation all the j11ore embarrr.issing ! 

If, for reasons of urgency, the client insist3 on an oral report, it 

11\ust be emph<.":i zed to him/her that the jnforma Lion is gi vcn "without 

prcjudice 11 , t:1<1t .i.t is n0t offici.al, and thnt it will be conf1rmed 

Pn:p:•ration of the wriltQn rc·port sho11Jd be done by the officer who 

carried out th" mcas11rcmcnts. Norrn~lly, a handwritten draft will be 

r.;ubr:i.itted for typing. 'l'he typed draft is then checked by the 
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origin~tor <.\nd another officer. necc;use wri ttcn reports are 1L~9al 

docm111~nts, tr.::n~;cri pt ion errors car.not be .J.menf!eod l:.y 11 \-.hi ting out" 

and liping over. Consequently, even one small error will require a 

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

on th~ typist: kno·.Ning that you must 1~ot make a mistake in-..1ariably 

means that ycu wi 11 make at least 0ne ! With sorr.e of PEL' s niore cornplcx 

reports, our typists used to become quite paranoid.on occas5-on. One 

of them, after six false starts, finally had to take 5 days l~ave 

before beinJ able to produce a "clean" orig_irial! 

Fortunatel~, word processors have now removed this problc1c. Jn 

addition, the report can be stor0d on floppy disc so that, if the 

client ever loses the original. a replacement can be produced 

quickly. 'l'his is especially irnport<mt whr;re a report s required in 

a legal action, since the courts ~rcnerally do not accept xerox copies. 

Once a satisfactory report h<.ls been typed, and l!:e required number 

of xerox copies m;ide for filing puqx>scs, everything s!lould be 

~ initialled and/or signed as suggested in section 1.9, or as laid 

down in CEMCI's procedures. The quality of presentation of 

infornation in reports should pay due regard ~o any typi~g or word­

processing guidelines adopted Ly CEVi\:r, but it is most impcrtant th<:t 

the repar~s should display all the attributes of good reporting 

practice. That is, they must be unders~andable to the end-user, 

they must be concise, and they must be unambiguous. That they must 

also be correct goes without saying! 

Considering the report in its final fonn, the following should apply. 

The front page of the report should be typed on official letter head 

paper or format sheet similar to th;it already used by the Rede 

Nacjon;il de Col)bra<;ao, RNC (see p::.ge 24 of the RNC man11i1l, 

publ.i:;hcd by JNME'l'RO, 1984). It shouJd bc~r a unique report nun1ber 

and any relevant CEMCI file number. The report number, p.:ige number, 

.rnd chtc of i~:~:"l'! ~;hnn1< 1 }·,.::> f:'J·r•·d (.;1 P:1ch ri·>.rJC! of t.h~ n'port. A 

J.5 of the 

~ " (Jf. • • • 

Also en pag.e on0, the title of the report should be given. At PET., 

we une t.he 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 continue as foll0ws, preferably but not 

necessarily in the order given: 
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customer identification; that is, the client's name, address, 

and order nu~ber. 

- description of the article(s) examined, together with existing 

identification marks or serial numbers. In addition, with the 

client's permission, PEL often ad<l~ its own identifying number 

(usually the report nvmber) to the article(s). In such cases, 

our r 1~rts include the statement: "the ..• has(have) b~en 

marked with the nijmbcr(s) ... in reference to this report". 

\'ihen SC\'Cral ar ticlcs are tested under the same report number, 

0ach i.s marked with that nur.iber followed 0y (1), (2), (3) etc 

as appropriate. l'Jh('n adhesj_ve or tic-on labels have to be 

used, our reports state: "Samples are not permanently 

identified. ~t is the customer's responsibility to ensure 

continued iaentjfication". 

- examination carried out. Brief details of the client's 

requirements and the test method used should be given. Major 

items of equipment used for the measurements should be included. 

- results of cxa~ination. _This part of the report should provide 

the detailed rcsul ts in the form required by the client. 'fhj s 

may be tabular, graphical, 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 1:1easurcm0nt. No measurement is ever exact. 

Therefore an associated uncertainty must be quoted in all 

cases, together with the app~opriate confidence level. 

Non:1aJly, in stancJ,1r.c1s l<iboratnries, the 99.9% (3<1) confic](·nc:c 

lr:v(·l is 1-·;ocJ, h,d tlr·:r> '.ViJl }.p r .. .,-·;1c.inn'~ wi1cn c)'.)% l/.r;l 1;r 

f1Vcn 'JO~ (lo} .is ,ipp1upriat.e. This .is cp1i.te C1cccrtahlc so 

long as it is state~. 

- enviro:1rnc:ntal condi Lions. The arnbient temperature rind, whcr8 

applicable,pressure and humidity applying at the time of 
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test should be stated in all ci"l::;Cs. h'here results h2ve ~•-en 

corrected to standard conditions (for example, 200C), t j~ 

should also be stated. In certain force, pressure, a1 i 

vihration calibrations, the value of ''g"- (gra-~itation._1.l 

acceleration) is required to be known. In such ~ases, it ; 

useful to include a formula embodying "g", so thdt the cl2~r: 

can t'se the value for his "local gravity" (if k.r·own). 

- date of C'Xcun) natio:-i. The .date (s} of examination ~:~ould be 

recorded in all cases, together with when the item was 

previc;1sly te!.3ted at CEMCI. With i terns each as sets of rr ..., ,.. c.· • c . . . --~ .... ') 

or 0augt_! bJocks, multi-r<1nge voltmeters, etc, thc~e may r •r l 

to be c~Jlbratcd over a period extending to several ~eeks. 

In such cnsns, PEL stales "the examination w~s carried OUL 

between •.. , 19 .. ,1nd ... , 19 .. ". 

ccrti fying signil. tu res. As mentioned in section 1. 9, PEL rt~ports 

bear two signatures on the fjnal page: that of thr officer whc 

performed the measurements and that of the countersigning 

officer. The initials of the third party who checked the 

report arc also included. All three officers usually initial 

any other pases (without signature)~ I note that the otherwise 

admirable I~i~C report forms appe:ar to make provision for only 

one signature (Assinatura Autorizada). It is suggested these 

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

that _,ml tiple checking of their contents has been undertaken. 

- conditions against mis-use of report details. I am impressed 

by the conditions stated at the bottom of the RNC report forms. 

Only occa~d.onul ly does PEL s Late that the results apply only 

to the particular item(s) under test. Again, RNC goes further 

than PEI, by insisting that 11 
••• reproduction }-_!:1_~~!::"!..~ 

~r--=-i-~__P.~-~-~ requires the previous authorization of HNC". Dy 

corn par is on, PEL pcrmi ts reprocluction in total, ~~_:t: ___ ~.9!_.:!.? __ J:'n~.! 
wi lhout the pcrrnis~;j on of the di rector. pgL can prof,i t 1 /rom 

RNC procedures in this respect. 

Clf~,1rly, n .. ·,tricticin must be p.laced on the u~.:c of report 

inf,, nn<·l ti on. 'l\·H'n t: y v r":,-=i rs i'l'JO, PEL w,::w tcs ting Cl l mn i.r i urn 

l;:-tt1dcrs for a loc<;l manufaclu~·cr. The tests were \inckrtuY..en in 

accordance with a rr.,-...0ntly publ ishcd 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 ne:w specification. llo· . .;cver, he omitted to state that his 

L1dde:rs had fai lc<l ~ Needless to say, we i nvi ll"'d him to wi thdr-:.·,; 

the advertisement or face court action. The advertisement 

did not appear again: Rut without that printed condition on 

our report, we would have b..:cn powerless. 

I have gone into s0me detail about the format and contents of the 

"ideal" rq.>0rt. However, as I have already said, this is the end 

product of a laboratory's quality management programme. The 

laboratory's reputation ultimately depends on the quality of its 

reporting procPdurcs. Therefore, these must be correct, invariLlble, 

and completely reliable. 

Even '.vi th the r~ost rigorous of checking procedures, mistakes wiJ 1 

still occur, and reports containing errors released occasionally. 

The errors usually arise in one of t~o ways. 

The first is when mistc::kes occur in transposition or calculation from 

the ori9innl fJata, or when the wo;-cling of the rcr;ort is ambiguoc!S 

(.:tnd c~n ~~'-':!!>e errors in interpretation). In other words, the error 

is confined to the report itself and <loes not arise from incorrect 

measurc1:1ent. 

In such cases, ~he client should be advised of the error and requested 

to return the report. On its receipt, it a~d all copies held by CEMCI 

should be destroyed and a new (correct) J.·cport issued. 

The second situation is when subsequent work or discussion reveals 

a mistake th3t was made during the original examination of the item(s) 

1mder test. In such cases, the client shoufd be requested to return 

the report .<'~nd the itern(s) for rc-f•xamination. Agai.n, all copies of 

that L·c:port sho1ild be ckslroycd, the work rcpr.atc<1, and a corrc:ct 

report if,;~;ucrl. 

In ;tll ~'.i!111t:r;nr; rcq11iri_nc; thir.; J.:j11d ut ru·'.c·Jl,11 ;11.ti.on, t.ho c;-;t 

of l.hc "r.-r:"'';:,dy" ~;hould be borne by CEMCT. Remember alf;o lb.it it is 

no clisgrrice to ndmtt to error. It is just one u1ore <kmonstrat.ion of 

the .i.rnporLincc placed on quality hy the laboratory (provided, of 

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

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

R€cords of all measui.ernent results, reports, associated correspondence 

etc sh~rnld be retained by CE.MCI for at least 10 years, and preferablJi 

for ever. 

1~cre arc several reasons for this: 

a) Records are essential to the resolution l>f any subsequent dispute 

between the labor~tory and the client. 

b) They provide a mc~ns of detecting errors in proc~durcs, 

rneasurei;1cnts, <ind calculations. 

c) They comprise the behavioural history of items submitted for test. 

For instdnce, only by comparing previous calibration cert{ficates 

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

d) The records are necessary for any quality auiit of a laboratory's 

staff and mc~surement procedures. They indicate the level of 

performance of the laboratory, and hence its ability to provide 

a reliable 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 pre~icting how these operations 

might devc:~p in the future. 

As mentioned in section 1.11, the only occasion when records should 

be destroyed is when lhey ;,re shown to be in error and need 

replacement by correct information. 

sn~I~(~ yC(trs aero, ,, PJ-'.f, clerk \'.'(JS ;)!"Kfd by 011r i"1rhin5.~~1·.rat.ion offic•·:r 

lo rcrnove s(Jn,e 011t-of-datc fi. lcs from the r.c><J.U,t-.ry in orlicr Lo rndkc~ 

room for the c;1rrcnt ones. \·le have a stack room for arcll:ival mulcri<il 

of this nature. Unfortunritely, the clerk mlsunderstood the inslructio1 

and loaded 'the files on a truck to be taken to the local rubbish 

dump: Before we realised wh<lt had happened, all those files had been 
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buried under 3 metres of rubbish by a bulldozer. Consequently, PEL 

has few detailed records of its activities prior lo 1965. 

Fortunutely, all the original calibratjon certificates for our 

instruments are retained in a fire- and blast-proof strong room. 

Otherwise the clerk would have had those as well: 

CEMCI will have its own procedures for the copying, distribution, 

and retention of records. However, in the case of l'l.boratory test 

reports, it is good practice to take three xerox copies before the 

original is sent to the clie~t. At PEL, we generally advise the 

client to retain the ori1inal for at least five years. With the 

copies, one is re taincd .)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 

rnisplacc~ent of the laboratory or file copies, and has saved PEL 

from some cmharrassmer.t on several occasions. 

In any organisation, it is important to know who to contact for 

advice regarding procedural matters, disputes, client rcquiremc_nts, 

and (esvccially) 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. Therefore, 

it is· useful to include in the quality manual some details of the 

holders of senior positions in the organisation. 

In the c~se of CEMCI, it is suggested that the names of the 

following senior staff should be included: 

Director, 

Technical Coordinator (COTEC), 
' -·,· 

RNC coordinator (CORNC), 

Coordinator of A~ministration nnd Technical Support (DATAD), 
..... "? . 

Chief of Electrical MP-asuremcnts, 

Chief of Heat and Temper.<llure Mcasurcr11r.Jnts, 
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Coordinator for Optical Measurements. 

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

in an appendix to part 1 of the manual. 

SPECIFIC PROCEDURES: THE Q0ALITY MANUAL, PART 2 

In t~1e 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 manuals of 

all technical groups can be based. 

During the preparation of these sections, I have relied heavily 

on information provided by my colleagues in the follo~ing CLMCI 

iab0ratories: 

DC Voltage and Current (LATED) 

Low FrC;qnency Voltage and Current (LATEP.) 

Electrical Resistance (LARES) 

Electrical Capacitance and Inductanc~ (LACAP) 

current and Voltage Transformers (LATRA) 

Electrical Power and Energy (I,A'l'ENE) 

I would like to express my gratitude to the staffs of those 

labora tori cs for their ac1vice, constru.::tl ve c0mrnents, and endless 

patience during this phase of my assignment. 

2.2 - Job Descri1~tions of St~ff 
--- - ·-------~--~--- ---·--·----·-------- ---- -
Before any qtw l i. ty manugc:rr.c·nt pro';cdurcs can be j ntroducc:cl to the 

the or<Junisaf:ion, nnd of llic ~,wa:;un.'.~;e:nts for whjch they ore 

responsible. Otherwise, new members of staff will not know what they 

are suppose.a to be doing (or i1ppreci a tc fully the Jrnplica ti ons of 

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

detailed joh prescriptions makes it easier to n1ove to different 

fields of mc~surcment, or to assume positions of responsibility in 

the organisation. 

The pr~sent staff ceiling of the P.lectrical group is 17 full-time 

officers (7 professional and 10 technical}, plus 1 part-time 

consultant. The following paragraphs attempt to detail their 

responsibilities: 

a) ~h~~_J: __ o_f _ _!?_~~~~1E: Responsible to the Director, r~EMCI for all 

.:.-o -

ma. ttcrs of pol icy and general managemc:nt of the electrical group. 

He/She should act as quality rnan~ger, and be responsible for 

quality assurance and its proper maintenance within the electrical 

laborutorics. 'fhr rcsponsibU i U cs should include: 

- prcp~ration and introduction of the Q.A. manual, part 2 

(c1cctrical), 

- any subsequent amendments, 

- guidance of staff in the implementation of the manual, 

- con~ucting regular quality 2udits of the electrical laboratories, 

including the staff (staff evaluation}. 

b} ~I:iy~j5:_i_~~_!___LATEQ_: Deputy to Chief of Group. Also responsible 

for day-tc-day running of LATED including: 

- allocation of work and ensuring this is within the cornp~tcnce 

of the officer concer~ed, 

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

- aulhorisatjon of job opcnirig and closure, 

- maintaining a record of work completed, 

- maintaining a record of J~TED income and expcndit~re. 

Technical responsibilities of this officer include: 

-- r n:;ini n·"] th0 intr~rn:1Ur rw.l t_:r<1cl'ilbi i ity of Brilzil 1 <_; pri1r1<;ry 

::~Lii!~d'lrd of volti:1gc vl.1 rc<Jular ovc:r·scas calibration <Hid 

intc rTornpnr i son, 

- ensuring corresponding trac0abilily of reference and working 

st~ndards of DC voltage, 
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p~ovision of associatrd calibr~tion services, 

- undertaking DC current and volt<lge calibrations and tests as 

required. 

c) Technicians, LATED (~): Responsible for: 
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- 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) Ph~'s_i~~~_!:j~:n~i~?5:~2-~~M:l\P: Responsibl.; for du.y-to-c1ay running of 

LACAP (see prescription for ~ATED, paragraph 2.2 (b) ). Technical 

responsibilities include: 

ensuring the international traceability of Brazil's primary 

standa~ds of capacit~nce And inductance via overseas calibrations 

and/or intercomparisons, 

- enfn;:cing corresponding traceability of reference and \IOrking 

impedance standards, maintenance of laboratory equipment, 

- provision of associated calibration services, 

- planning for measurement services for magnetic quantities, 

- measurements of capacitors and inductors, impedance bridges, 

and other measur~ng instruments, 

- preparation of associated reports. 

e) ~l!_¥_:c;~C:!.!3.!.L_I.,_ACAP: •rechnical responsibilities as given in 

paragraph 2.2 (d). 

f) !:'_hy~j <:}-st.!.!~·''}~·:?._: Rc~~pon~:;iblc for day-to-day running of Ll-;RES 

(Hee paragraph 2.2 (b) ) . Techn.i.cnl responsibilities include: 

- Lnsuring intcrnatlcnal traceability of nrazil's primary 

- ensuring corresponding traceability of reference and working 

standards of resist<lncc, 

- provision of calibration services for resistance and conductance 



measurements. 

g) Technicians, LARES (~): 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 briCges 

etc (all technicians), 

- preparation of associated reports. 

h) ~_ngineer, LA'l'EA: Responsible for day-to-day running of LA'l'EA 

(see paragraph 2.2 (b) ). Technic~l responsibilities include: 

- maintenance of Fluke AC-DC transfer standards, 

- Lew frequency (60-400 Hz) current and voltage measurements, 

up to 1000 V, 

- calibration of AC ammeters and voltmeters, 

associated report preparation. 

-22-

i) ~~~~ni<?i~_,_L~~EA: Technical responsibilities as per paragraph 

2.2 (h) plus calibration of oscilloscopes· and AC sources. 

j) !'Jl_ysicist, I~ATRA: Responsible for day-to-day running of LATR~ 

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

of measuring transformers. 

k) ~ech!~ica~ff~cer, LAENE: Responsible for day-to-day running of 

LAENE (see ~aragraph 2.2 (b) ). Responsible for calibration of 

energy and power meters, and for type approval testing. 

1) !_t::ch_!l~~-~9_ns J_J:._~_!JE ( 3} : Tcchnj_cal responsibilities include: 

- maintenance of measuring equipment (technicians 1 and 2), 

- calibration of energy and power meters (technicL.rn 1), 

-- 1.rc>l.otype kWh <rnd kVA meter. ty pc·-approvu l testing ( t:cchn i.cian 2} , 

- user calibrations, assist technicians 1 and 2 (technician 3), 

- preparation of ilssociated reports (technicians 1 and 2). 
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m) Cons1Jltant: Former chief of electrical group, now retired. Works 

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

when requ:ired. 

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

detailed job descriptions based around my 11 Summaries 11
• By sharing 

the load in this way, the job will be done quickly and will not be 

too onerous. Staff 0f other CEMCI groups should do likewise, using 

these electrical descriptions as guidelines. 

_?~ - ?ta_f__!_~£~aining_ and_Evalua!_~~ 

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. 

,11 ... ~·· • 

However, it is recommended th1t details of the techniques covered 

during this in-house training be documented in the quality manual, 

rather than taught on an "ad hoc 11 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. !-'or instance, during a recent internatlonal 

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

and New Zealand {PEL) claimed that the travellin~ standards were 

unstable devices sinc0 they _a_pp_C?_:~ed to change their value with d me. 

HowcvCJr, further r.ica s uretrnents indicil tcd this change w;1s an art i L1ct 

resnl Lin'] frrnn the parl.J_cu.1 ._lr rn<~lhod of rnc<isln-Prlf:nt used tt t NML and 

PETJ: 

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

and Thomas-type resistors. The travelling standards were Tinsley 
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devices. Mien the latter were connected into the bridge in the normal 

or fully interchanged configuration, the results agreed to 1 part in 

10 8
• But when a partly interchanged configuration was used,the 

results were 3-4 ppm higher. 

It is inte•esting that this property appears to be peculiar to the 

Tinsley design, and is not experienced with other devices. We believe 

it is due to the generation of a Seebeck emf in one of the internal 

lead wires of the Tinsley resi;::;tors. This emf appears to be induced 

by Peltier heating or cooling when current flows in a separate 1 but 

thermally coupled, lead wire. 

Subtle problems of this nature (and some not so subtle!) will always 

arise through lack of exi~ericnc~. ·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 evaluation is the most 

~ inportant part of the quality audit process. It helps maintain a 

continued high level of performance by staff, and exposes any 

problems associated with inexperience or inadequate training. Clearly, 

the quality 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 equipment. 

Since INMETRO is currently devising a set of internal rules 

1 pertaining to the care~r structure of the orgvnisation, 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 need to be arranged so 

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

The system used at PZL is far from ideal, but it docs provide such 

evalua~ion at regular (2 years) intervals. Promotion within PEL 

(and DSIR generally) is by merit. So we h~ve to rale our scinntjsts 

- scientific knowledge 

- experience 

- performance and output 
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- ability in problem solving 

- significance of work done 

- ability in superv~sion of staff 

client and staff relations etc. 

The most important of these is undoubtedly performance. Here the 

emphasis is on quality, rather than quantity, of work completed 

-2S-

during a 2 year period. However, it is always amusing to see the 

significant incre?~e in output of some of our scientists as evaluation 

time approaches! 

Having !"~ated our scientists and technicians, we then must rank them by 

order of merit. We have 100 scientists at PEL and 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 thcjr position on the order of merit list. It is a time consuming 

process and no~ 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 Equipment 

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 qualjty 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 prepar8d to do itself~ 

The list should provide the identity of each item, when last 

calibrat0d, an<l wh0n due for rec~libration. As a g11ide to what c~n be 

invol VC?d, pll<JCS 26--28 of t_i.e pre~'.c·nl clocu111l'nt list the cquj pmc·nt of 

one of my laboratories at PEL. UGing that model, I have incl~ded on 

pages /.9-31 an incomplete list of LATED equipment. It is left to I.A'l'ED 

staff to provide the minsing detnils before this is used as an 

examplu throughout CEMCI • 
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REPOi\T No. 1

! I~ I II :r, ·o ~:::_____:~~~~---,------1 .. OR 
CERTlrlCATE No. 
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CALIBRATION 
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av 
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CALIBRATION 
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INTERVAL 

EQUl?M~~i 
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Standar·d eel ls (lt), C:ppley, 
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Nanovo1t source, Ke::~ley, 
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DC current source, J~L, 
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DC voltage reference, P?~ 
412 D 

DC power sw~9;y, Hcwiett 
Packard, 8260 a 

Current shu:;t, 
Guildline, 92il A 

Direct current co~~a;ator 
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EQU IPM::t-.;T 

DC voltage calibrate~, Fluke, 
343 A 

DC voltase/current ~a: :~rater, 
Fluke, 3o2 A 

Progra~able constur~: c~rrent/ 
constant vo; tage ca; : o ra tor, 
Fluke, 3.330 a 

Calibrator, Flu"-~. 5.; JO o 

Meter ca1 ibrator, ;:~~e. 
760 A 

.Precision digitai vo t~eter, 

Gu i l d 1 i ne , 9 5 77 

Digital vo: t~ete:-, :1::wiett 
Pack.ard, 3<.56 A 

·calicration syste~, Fluke, 
7105 A 

-DC voltage sta~L~rc, 
differential vo'. t~cter, 
null detector, r:~~c. 

335 A 

-High impedance vo:trneter, 
null detector, ~:uke, 
845 AR 

-Kelvin-Var!ey vo: ta;c 
divider, F1u~e. 72G A 
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NUM3ER 
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EQUIPMENT 

-Lead com~cnsato~. r;w~e. 

721 A 

-Reference divide~. 
Fluke, 75.'.: A 
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2. 5 - !:~E~~y.r.er.t Calj_bration Schedules a;id Reminders 

Each l~boriltory at CEMCI should keep a record of the calibration 

history of its instruments, together with some reminder sy~tem 
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\~ich indicates when recalibration is normally due. It is often 

convenient t.o incorporate the reminder in the equipment inventory as 

proposed in sectian 2.4-provided of course that this inventory is 

updated at regular intervals and not left to gather dust in somebody's 

d0sk dr~wcr or filing cabinet! 

It 1:r.Jst be rcrr11:ombered that no instrument will remain "in calibration" 

for ever. Instruments in every day use normally require recalibration 

more" fr0(1ucntly than wi 11 those used for refer._,ncc purposes. However, 

since I ~rn not conversant with the amount of use given to specific 

it~ms of equipment at CEMCI, no firm rules can he given as to when 

a pi"J rt1ct1 liJ r ins trum<:nt should be recalibrated. 

Jn general, any instrume.nt which has required repair or routine 

maintenance sl1ould be recalibrated before being put back in service. 

Sometimes, the performance of an instrument will lGad one to 

susp2ct its accuracy, in which case it should he recalibrated 

inrr.'-""dLitely. So it is always good practice to check that an i:r.s trc;.:t.::nl 

is operating satisfactorily b0fo1-:_c:_ its use. 

I have a colleague at PEL who, although an excellent research 

scientist, is extremely naive on matters of calibration and 

traceability.Last year, he did some work in Antarctica on the 

p~opcrties of sea ice. This work was highly r~levant to the 

op~rc:.tions of the l\rnerican Deep-Freeze program at HcMurclo Sound 

where they have built a runway for C-130 aircraft on the ice. My 

f ricnd took with him an uncul ibrated therrnomeU~r. When he got to 

./\1itarct.i Cii, he r.1casured the tonperatm:e of the .ice as +Goe: Clearly 

irnp0ssibl c. 'fhc therrnoinelcr hod a large zero (>r.i:or which he had not 

noticed before lc~ving New ~Paland. 

l\nolhcr J r·:•s <iI:n~:-; ing· :,; tor.y concerns a co lJc·<:i•_;ue> who c<i J ibrah:cl :;u1::c 

lo quote~ in hj s n.:port WilS hic;ihcr thdn the ce:···tif.ic>d ;1ccuracy cf the 

f;tancl~nls he: had used for the rncn&urcrncnts. !·;01·cover, those st.=rnc1ar-ds 

h.ud not hc·cn ca 1 j bratNl for. 12 yenri:::. Ncecll 1:ss to say, I WilS f!hle to 

lmprPss u;: 1on him the scri ou~;ncss of the si t11ation and those 8l~rndards 
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were recalibrated imr ately! 

Different labo:catories within CE;.~cI will have tor should have) their 
. . 

own programmes for instrument. calibration. However, experience 

indicates that instruments used for measuring mechanical quantities 

are usually more stable tha~ 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): 

---------------------
QUAN'flTY INS'i'RUMENT 

RECALIBRATION 
IN'l'ERVAL 

--1---- ·-----
Mass 

II 

II 

Force 

Length 

" 
Voltage 

Temperature 

Primary Kilogramme 

Reference standards 

Working standards 

Elastic proving devices 

End gauges (calibration grade) 

" " (working grade) 

Laser interferometer 

15 years 

5 years 

2 years 

2 years 

4 years 

2-4 years 
(d~pending on use) 

1 year 

Standard Cells 3 years 

Digital voltmeters 1 year 

Therrnomcters:-Full calibration 1 year 

~---~--~--------i_c_c~-poin_t~c-h_e_c_k ___ .._ __ ~~-for~ us~_______J 

2. 6 .• Li~~!:_ations_°-!!_-~~~-~ RP.f~rcnce F_:51u~_p!ne_:-~1:_ 

Instrnrnent5 and equipment constituting the primary or reference 

stand<.4rds of measurement should be used only to assure the international 

traceability of sP-condary or working standards. They should l!~Y-er be 

used for routine calibrations of clients' measuring instruwcP~s. 

Since the nccuracy of all traceable measurements made wilhin a 

C\J1.mi.ry dc..:pl·n.-1.-;; on the ;iccu:racy of the l'rirn;a·y and refc1c:r1Ct~ 

standilrds, the lotter ~;hould be treated wif-h great c.:-1.re anrl used as 

little as possible. Otherwise, there is cVC!ry chance that their 

accu~acy 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 country I 

visited some years ago, its national measurement organi8ation 

possessed c0pies l and 2 of the international prototype Kilogramme. 

Those beautiful platinum-iridium standards had never been removed 

from their cont&incrs during the 80 years they had remained in the 

organisation. Occ~sionally, one or other was returned to France for 

recalibration against the prototype. Instead of using them to calibratt 

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 rcspectabiJity 

on its op~rations: 

This example illustrates tl1e wrong way to effect traceability in 

measurerr,ent. CJ early, it is important to re.:>trict the use of refer.ence 

., equipment, but not to ban its use entirely. The procedures developed 

by LATED illustrate the correct use of such equipment. 

) . 

For instance, Brazi~. 's voJ t is defined by means of two sets of 

standard cells (12 cells in each). One set (the reference) is used 

onl:x_ 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 set 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, j n turn, is used for calibrating high quality cr1uipment 

submitted by outside custrnners. 

So it Cd n he seen that there arc varying clcgrt:>Ps of use given to 

cquip:nci»t 1")yr:ou(Ji1C<Jt JJ:,'J'J-:D's vulL1gc it1Casin·c,m,:nt "ch •. i:in". /\i; lhe Lop 

end of Lhc~ c:h.1i:n (prjinary and rC!fcrcmce standdtc1s), u~;c :is very 

restricted, but ~t the bottom (lower accuracy) end there is more 

freedom. 
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In addition to li~itin9 the amount cf use given to certain equipment, 

LA'l'ED h.:is defined who should use it. For instance, only the Physicist 

in charge cf J~A'fED is authorised to check the performance of the two 

s2ts of cells using the laboratory's Guildline 9930 potentiometer 

dedicated to th~t purpose. Again, only one of LATED's technicians 

has the responsibility to maintain the standard cell enclosures 

and ovens. 

~1ese kinds of procedures illustrate the precautions which rrust be 

taken to assure the satisfactory operation of reference equipment. 

The loan, or other unauthorised use of such equipm1:>nt must i1_i;::~~ be 

contemplated if its cont:inuing accuracy is to be beyond doubt. 

Therefore, it is very important that all CEMCI labordtorics fully 

document any restrictions on the use, and the users, of specific 

items of equipraent. This should be done in the appropriate copy of 

the quality ma:-iual. Otherwise, sooner or later, misuse will occ;.ir, 

and the repercussions could be unfortunate for Brazil as a whole. 

All new equipff1cnt should be thoroughly checked over and calibrated 

on its arrival at CEMCI. In New Zealand, we frequently take poss2ssinn 

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

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

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

the manufacturer's figures - they have been known to be wrong! It is 

J. · recommended that CEMCI include some cautionary note to this effect 

in its quality manual. 

I have already stated that the more frequently an instrument is used, 

the more rapidly it is likely to go out of calibration. Therefore, 

although recalibration of the reference standards might be at 

intcrvill-s of several years, some working Ftilndards muy require 

recalibration every 6 months or sooner. Equipment i!'l daily use should 

be cl1ccknd c;e>n more often. Tn fact, it is IJOOd i=·r:icl ice 1:0 clwck 

Such checks ~;hould take note of any warm-up time required for the 

instrument lo reach an acccpt~blc level of stability. Depending on 

the circumstances, it may then require complete or partial 
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ca.libration, or spot checks according to the manufacturer's 

in6tructions (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. 
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The idea here is prevent as far as possible any traps for the unwary! 

No item of equipment will last for ever. Normally, its "workir.g" life 

will be limited by tlie amount of use, but can be extended beyond 

normal expectations by careful handling and regular maintenance. Thus, 

routine maintenance of equipment is an essential part of a 

laboratory's operations, particularly where financial and geographic 

considerations preclude the rapid replacement of unserviceable 

items. 

In the electrical area, such maintenance might ~onsist of replacing 

the kerosene in temperature-controlled baths or enclosures, removing 

oxide layers from terminals, checking prjnted circuit boards, edge 

connectors, cord anchorages etc. In temperature measurement, the 

oil used in high temperature baths will oxidise and need quite 

frequent replacement; the windings on fixed point furnilces may need 

attention from time to time; and the metals of the fixed pojnts 

themsc l ves become conta-mina ted with use • 

. Jn the mechanical area, the ever present menace of corrosion of 

gauge blocks and other steel instruments needs to be prevented by 

) · careful cleaning and regrcasing. Any burrs or scratches on micrometer 

anvils will require removal by a mild abrasive. Large items like 

CEMCI's Zeiss coordinate measuring mac~ine will require an annual 

check and recalibration of its scales - usually by the firm's 

representative. 

M1atcvar majnlcnancc is required, it should be documented, ·al0ng 

with a timetable for the work. Nothing js more annoying tl1an to 

find an in~l:rur.icnt j s 1msc:rviccu.b1e when needed - f·~_;p0cially if the 

problcr.i cniJld 1:.tve Lc<·n solved with a li t:tlc care and atluition at 

the proi)i~1: tirn(~. 

Tirnctablin9 enabl0s customer calibrations to be scheduled so dS to 

not conflict with maintenance operations. This improves efficiency, 
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customer relations, and the overall quality of the service. Remerr~cr, 

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. - Replacement ~! Repair of -~_9uipm~nt 

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 

quality manual. The real problems arise, however, when an outside 

) agency is called upon to repair or replace unserviceable items 

,, 

Knowing sometl1ing of the ina~eq~acy of manufacturers and service 

agencies in New Zealand, 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 rr.casuring the dynamic properties of protein monolayers at 

) the air/water interface. Part of my apparatus consisted of an 

electronic rnicrobalance of 500mg capacity. This developed a rathe~ 

disturbing fault which manifested itself in the form of severe 

oscillations of the beam bearing the small weighing pans. Apart 

from making measurement impossible, the oscillation caused the 

beam to hjt its end stops, and there was a distinct danger of 

distorting its light aluminium components • 

I tclq>honcd the local a.gent and rcqucst~d t'hc insh:um('nt be chr_'cJ.:rr1 

over. /\ft~r 3 d;;ys of JnacU vi. ty, I again tel r::phoned thP dgcnt onJy 

to be told that they had no cxperi cnce with my type of instrument. 

So I then telexed the UK manufacturer, described the fault, and 

requested a solution. The telex was sent one Yriday morning, 

New Zealand time. The rep!~ was sent that same Friday afternoon, 
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UK time. It said "change amplifier Al". The fact that this particular 

integrated circuit had to be ordered through another agent, ar!d look 

2 weeks to be airmailed from the US, in no way detracted from that 

advice. When A3 was replaced, the problem was solved and the 

equipment worJ".ed 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 problem 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 documented 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. 

~ ~gain, the continuity and reliability of your s0rvices, together 

with customer satisfaction, are the reasons for such documentation. 

2.10- Precautj_ons 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 emba:crassi.g than to have to return instruments in a worse 

condition than when they were received. After all, there really is 

) no excnse for careless handling by an org<rnisation conuni tted to 

good quality management procedures. 

Of course, occasional accidents will happen no natter how much care 

is taken. Soraetimes this is simply because somebody has forgotten a 

t~ivial detail, such as reading the instructions relating to an 

item's use. Last year at PEL, we were asked to pe:rform some 

photornct:d.c f·ests on a VP.ry special lamp. When the (usually 

1neti.c11.lous) officer went t'J do the tests, he' nid not check that ihe 

J<-;.mp w;:is 111L1:n(k.J for l.l';e at 110 V, and so <'ippli<:d ;?'30 V to it. ln 

trying to rlis!;ipatc more th<1n 4 tirnes thG max:i.rcclln rated cncr0y, 

the filament glowed b·cicfly like the mid-day sun before ·eternal 

darkness r;;Pt: in! 
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In such circumst~1~es, broken or damaged items should be replaced 

wherever possible - even though the laboratory may be under no 

obligat)on to do so. This js to preserve both a goo<l QA image and 

cordial relations with the customer. Th~refore, there should be 

some procedure wher~by 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 accidtntal damage 

to both its ONn and other people's equiprncnL. For instance, in 

cUmensional rr.etrology, I have already mentioned the need to protect 

against corrosion of steel samples. Snch samples should always be 

protected with a suitable grease while awaiting test. They should 

be cleaned with a solvent such as XSS immediately before, and again 

after, use. I-'inillly they ~hould be rcgreased 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 

must always 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 ell.ways be supported at two points 

along their length during cleaning, dnd no undue load should be 

applied to lhe~:l during their caJ ibration or use. 

With thermometers, breaks can occur in the column. Although gas 

fi 11 ing helps 11i nimis0 column breaks, it also mc::kcs it more 

difficult to rejoin them when they do occur. Conversely, a 

th(:rmornctc~r with a vacuum space will have it;; mr·.rcury column easily 

b1n~:<'!'1, Lul: '.:cry e.:::-;i.J.y rr!joinc.,·l. .r._1,;o wdh t.l!cr:v11r.::t.r.1.'>, fl,c 

iJCc•1.r<1cy of Uw ca] i.ln-;1t:.ion dr>p,;nr1s Lo a lilrgc p:1rt on the •::ay 

the instrument is handled. •rhe mai.n couse> of inst~btlity (ap;1rt from 

dropping!) arises from the thermOP'\C!lcr bulb. Since this conU1ins . 
about 6000 scale degrees of mercury, and glass is very elastic, 

-- ~ -
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small changes in bulb volume can cause significant changes in the 

calib..cat.ion. For instance, u. volume change of 1 part in !Os will 

cause the calibrdtion to change by 0 .osoc •. 
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As illustrated by my example, it is very important in the electrical 

area 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 adequate ventilation during use. Standard 

cell containers must be stored the correct way up, otherwise the 

calibration w Lll be worthless. Elect_ronic instruments and components 

should be protected from stray electrostatic or RF fields. 

Consequently if any mainten;::.;nce Ol. circuit modifications are 

required, these should always be done while wearing an earthing 

wrist.band. 

Clearly, each laboratory will have a number of handling problems 

which nre unique to a specific field of measurement. These problems 

and their rr:eans of prevention should be documented. 

The amount of !?Pace allocated to each laboratory should be noted 

together with details of special facilities like anechoic or 

reverberation rooms, Faraday cages, environmental ch~mbers etc. The 

.floor plan of each laboratory showing the physical location 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 faciiitics are contemplated. As a 

general rule of thumb, each officer needs a minimum of 25 m2 of 

labonitory spilce (otherwise peopl c bump into each other!) and about 

10 m2 of office accommodation. 
., "'4 1' 

In addition to this information, any environmental details should be 

listnd. The follo~ing arc cx~mpl~G of those for PPL's length 

- Tc~mp(:ra turc: 20 + o.soc 

- Humidity 50 + 10% RH 
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- Dust levels "Good housekeeping" standards only. 

Cleanliness provided by filtered and 

overpressured air, .air lock to laboratory, 

~ntistatic mat~. 

- Lighting level: 500 lux 

- Water 

- Power Supply 

filtered and deionised, pressure 150 kPa 

(gauge) . 

400 V 3 phase, 230 V single phase. 

All measurements are affected by changes in ambient temperature, 

pressure, nnd humidity. Therefore, it is essential that these 

parameters be mcnitoredthroughoutthe duration of a measurement -using 

instruments which are themselves in calibration! 

Some years dgo, PEL developed a prototype 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 was 

finally tracked down to changes in temperature as small as 1 I'.rK. 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 feel uncomfortable. A glance at the thermometer showed the 

room temperature was 2soc. A logic fault had occurred in the · 

temperature control system such that, although if. was calling for 

cool air, the heaters were operating at ful! power. 

CEMCI will have its own procedures for monitoring the environment 

but the details pertaining to various types of calibration should be 

noted. For instance, al though an instrument of the "thermohygr.'.>graph" 

type is adequate as a rough measure of the temperature and ht~idity, 

and prov:i des a comp letc week of recordings, it j s not ridcqu<l tc fi::ir 

precision work. Yor instance, a thcrr«>m0ter reading to bettor lh~n 

0. 01oc is required to rr:oni tor tempera tur.e during interferometric 

calibration of gauge blocks. i·niere a piece of complex mC>asurtng 

equiprr:cnt is in operation, .it may be nccc:~sary to monitor the 

temperature at several points simultaneously using quartz or 
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platinum resistance thern;0rr.eters coupled to the electronic data 

processing system. 

- .. 2-

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

·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 of ten close to the balance and acts as a reasonably efficient 

radiator! 

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 general and technical procedures whjch 

constitute th~ quality 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 ~ 

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 ~e~~ers of 

staff. 

The biographical 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 

Chief: Scbastiao 

Ll\'PED: Vi.nge 

Victor 

(physicist): BS, PTB (FHG) training (6 month:3), 

25 years metro logy experience. 

(physicist): BS, post g~:=iduate c:onrsc in g f' :H'' t'<5 l 

melrology (l ye<1r), F·'l'B {FRG) t.r<li r:ing (1 yo.ff), 

10 yc~rs metroJogy cxpc~ience. 

(Lechnician): clcclronics, 5 years metrology 

experience • 



Luis 

LACAP: Mauro 

• 
Dulce 

" 

LARES: Macoto 

I 
/ 

Angelica 

Ricardo 

Janice 

LA'fEA: Joana 

Edson 

' 
• 

JJi'fHA: Will.mi r 
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{technician): BE, 5 years metrology experience. 

(physicist and electronics engineer): BS, BE, post 

graduate course in general metrology (1 year), PTB 

(FRG) training (15 months), 10 years metrology 

experience • 

(physicist): BS, post graduate course in general 

metrology (part-complete), 5 years metrology 

experience. 

(physicist): BS, post graduate course in general 

rnetrology (1 year), LCIE (France) training (1 year}, 

10 years metrology experience. 

(technician): 3 year diploma in digital electronics, 

will have training at LCIE in 1987 (6 months), 

12 years metrology experience. 

(technician}: electronics, studying for BE in 

electronic engineering, 5 years metrology 

experience. 

(.technician): electronics, studying for BS in 

physics, 2 years metrology experience. 

(electronic engineer): BE, post graduate course 

in general metrology (1 year), ETL (Japan) 

training (6 months), studying for ME, 12 years 

experience. 

(physicist and electronics technician): BS, 

3 years experience at CEPEL, 2 years metrology 

experience . 

!i:-'liy;-:i.ci~_,L) ~ ns, pof;t <Jiadu.::i.te cuurse J11 (J1.:nc.r;·l 

mctrology (1 year), PTB (rRG) training (1 yc~r), 

11 years rnctrology experience. 
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(technical officer): 3 year electronics diploma, 

Landsgyr (Switzerland) training (2 month5), 

13 years metrology experience. 

(technician): electronics, studying for EE in 

electronic engineering, 2 years metrology 

experience • 

(technician): electrical, studying for BS in 

physics, 8 years metrology experience. 

(technical assistant): electrical, ex-driver at 

INME'fRO, 3 years rnetrology experience. 

Consultant: Isabel (physicist): BS, training at NPL (UK) NBS (USA) 

and PTB (FRG), retired 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 

summories. 

CONCLUDING REMARKS 

It is clear from the contents of this document that there is nothing 

highly technical or innovative about a quality manual. Most 0£ the 

information will be obvious to all who read it. Many will realise 

they have been performing the various opE.rations for years (albeit, 

perhaps unconsciously). The important things to remember with any 

quality assurance operation are: 

. - """", . 

b) E~crvthing should be performed the sane way on each occ~sion. 
-~--- .. - i)_. ----- ---··-· --- -- ------·--- -··- - ----- ---- -·-···------·-----------· ----------·-· - -------· - ·-· 

If the dut:liiiC:ntcd po:,· 1ur.cs in the CEMCI quality manual an~ corr.p lt:,1:c 

<tnd correct, and the staff ildhere to them 100% of the time, a hiqh 

quality operation is assured. Being a very imperfect "expert", I am 

sure there are aspects of CEMCI'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. 

'i'he term "quality assurance" is accepted world " as being 

synonymous with ~eliabiiity. 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 faul'ts fixed under guarantee, and will always look for the 

supplier most likely to provide the quality in the first place. 

Because of thi~, the so-called consultants in quality management 

sustems are in great demand at the present time. But there is nothing 

they might propose which is other than common sense. It can be 

argued that the main purpose of such consultants is to open 

management'_s eyes and to teach it how to think! 

Therefore, it is open to debate whether such consultants are really 

worth the high fees 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 remembering that ~~-~:me can do it, given the will to 

do so. I wish CEMCI every success in this task. 
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Corn..':ler.ts on the Sti.;dy Repe>rt: 

DISSE~HNATIG:-.; Of TIMl~ AND STAi·~DAPD FREQUENCIES IN BRAZIL 

Cr. J. H. Buckingham 

UNIDO Consultant in National Calibration Services 

13 August 198G 

l - As it stands, the report is based on the premise that there are 

potential users of ti~e and frequency 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 "potential 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 

~11 staff required to man the station? 

- Has the cost of ongoing maintenance and replacement of 

equipment been allowed for in the estimates? 

- Is it co~sidcred likely that users (and potential usersl 

requiri~g the highest accuracy would establish operations in 

areas of poor radio reception? If they were unwise enough 
1

1 c:o, pr.e:-;t;'."'C<bly they •t1ould ri.a . .intain thAi. r o·,o1n caGsi un 

;.,...:r" rL;..11•-il 1 •• :."1 · 1 /C.;~i.:,ur ::·.tandrtr(]S '"dhi.r!!1 a.ce :ta)re r_~~cc·._ 1 r rl.tC 1_b,Ji:. 

broadcast frequen~ies. 

3 - If satisfa~tory answers to the above qu~stion3 can be obtdined, 

then the proposal to establi~h the Br2si!ia station is probably 
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i1asonable. From my limited experience of time and frequency 

measurements, the technical content of the report appears quite 

satisfactr.ry. However, perhaps more emp"1asis could be placed on 

extending existing calibration services for frequ~ncy generating 

and measuring equipment. 

4 - 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. 

5 - Brazil's present methods of disseminating standard time and 

frequency appear identical with, but more developed than, those 

of New Zealand • 



MEASUREMENT TRACEABILITY IN Bl>...~ZIL: FIRST IMPRESSIONS 

Dr. J.H. Buckingham 

UNIDO Consultant in National Calibration Services 

06 August 1986 

SUMMARY 

This report to UNIDO/GND? represe~ts my initial impressions of Brazil's 

measurenent infrastructure after the first 10 days of my assignnent 

with the National 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 Xerem. It cautions against the introduction of research 

prograrr~es in state-of-the-art metrology, but suggests developmental 

work which may be necessary to cope with ari increasing number of 

calibration requests received by CEMCI. It comments on the 

desirability of developing a quality manual covering CEMCI's operations 

and concludes with a recoITtl:lenda.tion 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 Mitre" in 1875. Since 

then, her measurement infrastructure has envolved with the intention 

chat all industrial and scientific measurements made in Brazil be 

traceable to the ~ational standards of measurement. Currently CEMCI 

has responsibility fer maintaining the standards for all physical 

quantities except time interval and ionizing radiation. 

. . . 
I understand that, at present, very few laboratories throughout Brazil 

can clairn that the measurements they make are traceable to the 

national standards. These laboratories form the core of a National 

Calibration Network (RNC), which is o~ganised by CEMCI. A similar 

network covering those laboratories concerned with industrial 

oroduct testing is in the process of being implemented. T 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. 

Traceabili tx__!?_! Measurement Star:iards 

Kessler (1985) considers that Brazil is an industrialized, not a 

devel opj '.'", n)u:1try. T. og:cc1~. '?razil' s pres~nt level of 

industrialization is similar to, and in some areas greater than, that 

of Australia or New Zealand. Consequently, the international 

traceability bf industrial measurements is necessarv if Brazilian 

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



so in cases where Brazilian f irrns ~ight undertake contract work on 

behalf of overseas companies. Only by means of international 

traceability can it be ensured that com9onents made in diff~rent 

countries fit when they meet for assembly. 

-· .j-

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 develo9 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 

appears to be no need to establish "absolute" st~ndards, which are 

of the highest possible accuracy and independent of overseas 

calibration. Any proposal to establish such standards in Brazil 

should be viewed with great caution. Providing the accuracy of a 

standard is sufficient to ensure a required level of accuracy in 

measurements at the work face, the method by which this is achieved 

is largely irrelevant. 

. 
:n most cases, the ultimate accuracy of these absolute standards is 

far greater than that necessary to assure the quality of industrial 

measurements in even the most industrialized of nations. That such 

standards have been develo9ed at all has beeri-due 9artly to a desire 

to advance the science of measurement for its own sake, partly to 

intellectually challenge the rnore innovative of standards scientists, 

and partly to enhance the international reputati· in 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 sirn?ler to calibrate a laser measurement system by means of 

a stabilis~d laser than by using end-, or line-standards. In 

general, however, it would be true to say that few of the recent 

advances in standards science heve been because of demands from 

industry for greater accuracy. 

Consequently, a very careful cost-bencf it analysis sliouJ.d be 

undertaken before Brazil considers embarking on s~ch research 

acti vi tics. · 
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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. N_ot only does 

automation speed up tr..e calibration process and make working conditio1 

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 control, 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 divisio1 

Thus, throughput is increased, staff no longer suffer from eyestrain 

and, because the computer also prints the calibration certificate, 

there is no possibility of transcription errors. 

One further advantage of develo9mental work of this nature is that 

it (like work on basic standards) is intellectually challenging. 

Therefore, it contributes to the retention of the brightest staf~, 

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 th_': system whic~ work~-i~ 

CE~!.· There is little point in an outside "expart" attempting to 

impose procedures familiar to him if these are inaopropriate to 

CEMCI's operatio~s. 

The case for quality manuals is being promoted in many countries 

since it is considered that such a manual is a guarantee of the 

quality of ~process. Nothing could be further from the truth: Given 

that the manual is correct, and appropriate to the operation in hand, 



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 be 

consulted at every step in its preparation. A system which is imposed 

on staff by an insensitive or autocratic management is doomed to 

failure. 

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 fo~ 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 laborato:ry, 

- 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 0qulpmcnt whirh is ~vail~ble, 

- procedures for care and maintena~ce of the cquipi~cnt, 

- the calibration history of ihe equipment and the recalibration 

timetable, 
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• 
- procedures for checking, recording and reporting of rneasurenent 

results, 

- procedures for maintaining confidentiality of work done for 

clients, 

as well as the detailed procedures for perforning the measurements and 

working out the results. Examples of sorr.e cf the measurement procedure 

used in my ltlboratory will also be passed to the director of CEMCI. 

Traceable Measurements Throughout IN~ETRO 

In order for a traceable measurement system to be completely effectivE 

the 9rganisations 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 

rnetrology (DIMEL), standardization (DINOR}. and industrial quality 

control (DQUAI) ,· all make use of CEMCI 's ~alibration and testing 

services - either directly, or by customer referral. Although, at 

present, there is no formal requirement that all measurements 

associated with the operations of DIMEL etc. be traceable to the 

national stalidards, the value of procedures advocated by Internaticna: 

Organisation of Legal Metrology (OIML! is generally recognised. 

For example, DIMEL relies on CEMCI fer type approval of many of the 

weighing and metering devices used in contrnerce. However, this 

excellent procedure will be largely negated ur.less there is some kind 

of follow-up activity to ensure tte continuing accuracy of those 

devices. Naturally, such activity would need to be undertaken using 

measuring instruments which were themselves traceable to the national 

standards. 

Accordtng to an fr,~)! :.:-::;:.>rt cl985) / no office of the legal rnetrolc.·gy 

network has ever sent its muss standards lo CE:.!CI 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 
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• overcome this problem. 

It is recognised that a formal calibration programme 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 

dor.e in some type approval testing. Alternatively, DPiEL might 

consider the establishment of its own reference laboratory under the 

9uidance of CEMCI. In this case only DIMEL's reference weights and 

measures would need to be calibrated by CEMCI. OIMEL 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 appea1s 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 oifferences 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, on~. of DQUAI's prime responsibjljties will be accreditation 

of laboratories and inspection agents in the area of industrial produc 

testing. If Brazil follows an accreditation ~rogramme which is simila 

to those 09erating overseas, then accreditation should not be 

granted unless the a~plicant laboratory has established traceability 

for its measuring equi9ment 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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0 SISTEMA DE CALIBRA9AO EM NOVA ZELANDIA 

Dr. J. H. Buckingham 

Perito da UNIDO, INMETRO/CEMCI 

Eu gostaria de falar sobre o Sistema de Calibra¥ao da Nova Zelandia 

P?ra garantia da qualidade de medi¥6es. 

0 Sistema da Nova Zelandia e paralelo ao Sisteria Australiano. Espero 

poder comparar este Sistema cc~ o do Brasil. 

Na Nova Zelandia, o principal laboratorio e o Laboratorio de Fisica e 

Engenharia (PEL) do Departamento de.Pesquisa Cientifica e Industrial 

(DSIR) • 

0 PEL e responsavel pelos padroes nacionais. 

As rastreabilidadcs internacionais sao feitas atraves do Bureau Inter 

nacional de Pesos e Medidas (BIPM) em Sevres, proxirno de Paris, Fran 

9a. 0 BIPM e o Laboratorio dos padroes internaci~nais de grandezas fi 
sicas de: 

1) Cornprirnento (metro) 

2) Massa (prototipo do quilograrna) 

3) Tempo (segundo) 

4) Corrente Eletrica (ampere) 

5) Temperatura Terrnod~n§mica (~elvinl 

6) Quantidade da Subst~ncia (mol) 

7) Intensidade da luz (candela} 

Na Nova Zel<lndia, es ta ra streabi. l i<fode e o:)ticfa atraves •1c ma teri a is 

§ obtido atr~v5s da velocidad8 da luz (c) e u~a freqfl€ncia 6ptica. S! 

milarrncnte, o volt ~ obtido atrav~s do efeito de Josephson: o farad, 

atraves do Teorema de Thcmpson e Lampard: o kelvin atraves do ponto 
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triplice da aqua; o segundo, atraves de tres rel69ios de Cesio; e 

candela, atraves da radiornetria absoluta. Somente o quilograma dev1 

ser calibrado contra o prototipo internacional do BIPM. 

Abaixo do PEL (conforme diagrama 1), temos os laboratorios credenc 

ados do TELARC (Conselho para Registro de Laboratorios de Ensaios) o 

quais deverao estabelecer rastreabilidade aos padroes nacionais. 

TELARC e equivalente ao NATA (Associa~ao Nacional das Autoridades ei 

Ensaios) na Australia. 

Esta rastreabilidade e urna garantia da qualidade dos instrumentos d1 

rnedi~oes para ensaios industriais, ensaios em medicina, pesquisas c. 

entificas, agricultura, horticultura, sistemas de transportes, prod: 

~ao da energia, defesa rnilitar, etc. 

Urna 0utra parte do sislema de calibra~ao na Nova Zelandia garante 

qualidade da rede de met1ologia legal. Todas as medi9oes comerciai: 

deverao ter rastreabilidade aos padroes nacionais. Isto garante a qu! 

lidade dos pesos e rnedinas de lojas, bornbas de gAsolina, taximetros 

rnedidores de energia eletrica, etc. 

Na Nova Zelindia, os padr6es nacionais sao "absolutes", com 

da rnassa. Mas nao e importante estabelecer padroes absolutes. 

excec;ac 

No Brasil, a calibrac;ao internacional dos padroes nacionais e sufic: 

ente para uma garantia da rastreabilidade. Mas, e muito importantc 

que as •edi~oes no Brasil sejam rastreadas aos padroes nacionais! 

Hoje, no Brasil, pouqu!ssirnos instrumentos de rnedidas da industria 

da rede de metrologia legal estao calibrados~ Esta calibra9ao devc 

estar rastreada aos padroes do INMETRO/CEMCI. 

Quando estas rastreabilidades para todas as medic;6es forem realizadai 

no Brasil, a qualidade das medi9oes sera melhor. Isto e muito impo~ 

tante para a economia; para a exporta9ao; para a substitui~ao de iI 

porta9oes; e prtra o bem-estar das_p~~sorts. 
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DIAGRAMA 1: 

Metro logia 

Legal 

.---±--------. 
Dept! do Trabalho, 
Dept! da Energia:. 

Pad roes 
Referencias 

,, 

Calibra~ao de Pa 
droes Trabalhos -
de: 

- lnstitutos de Pe 
sos e Medidas(cT 
dades) 

- Autoridades Ener -gia 
(Eletrica e Gas} 

Cal ibra~oes Para: 

- LoJas 

- Bombas de Gasoli 
na 

- Ta:.<.l.:ctros 

- Medidores de 
Energia Eletrica 

- ETC. 

0 SISTEMA DE CALIBRA<;AO EM NOVA ZEIANDIA 

BIPM 

NBS (US) 
ETC. 

- Padroes Internacionais 

- Copias do Quilograma 

- Padroes Nacionais (N.Z.) PEL, Nova Zelandia .--~~---~~~ 
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• co~.:~lE~TS 0\: PAPERS PREPARED BY DR. K.G.KESC::LER. ~~s (~:SA) 

a) Metrology support in.Brazil (january, 1984) 

b) An e·raluation of CH1CI (septem!:>er, 1985) 

By Dr. J.H. Buckingham. 
U~IDO Consultant in National Calibration Services. 28 july 1986. 

,1 Metrologv Su~port in Brazil 

1. Kessler states that the Brazilian 

four goals: 

measurerr:ent sys tel:! must havi 

1.1-Its calib:-ation sen·ices must enable uniforr.:ity of sa:i.ufacturcc 

prc<lucts and ~ssure their quality. 
I agree. This is essential in any m6dern industrial operation. 

1.2-It must ensure compatibility between Brazilian and overseas 

products. 
I agree. This is obvious if Brazilian products are to compete 

successfully in international markets.· Suen compatibiiity is 

essential in cases ~here Brazilian firms undertake sub-contract 

work for overseas companies. 

1.3-Brazil 's central measurement laboratory needs to cicvelop new 

meas;.irer.ient tech:-tiques by exploiting modern technology. 

I partly agree. Brazil does not need to develop ne~ ~easurement 

techniques per~e. It is sufficient to adopt, or ad~pt, those 

techniques ~hich are required to sati~fy the needs of Brazil's 

ind1:stries. 

1.4-The central ~easurcment laboratory should undertake basic 

research in ~etrology. 
L_Q_t~:~g~~e. State-of-the-art rese~rch in T:":easurement science is 

best left to overseas institutions like SBS (USA). XPL (UK), 
PTB (FRG), ere. Rc~e~r;:h on :he c::o-cal "ied "ahso1uu:'' st;inciarr~s 

. '..t. •. :· _J .~ t.c ·~ ,, ~ ····~ ~::.~;1r_;L . . 1. 
~ ! . 

required i:~ Sra::il ;Jt :he :Hesc:it r.iGc, .1r lY. it .1.i~:cl;: :0 be 

in the foreseeable futilre. 
Such rese~~rci1 is very expensive and rcqt:i~·es highly c;:;~Jifier.l 
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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 research 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 proposals to conmence such research were made no,..-, they would 
be unlikely to obtain support from the Ne~ Zealand Government. 

This research w3s cor-...rnenced when our economy was buoyant. At the 

present ti~e. it 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. 

If any research is undertaken, it should be to improve those 

services, or to solve problems associated with industrial 
produc:s or processes. Su~h research would contribute to the 

intellectual environment of the central measurement laboratory. 
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 
t5c via overseas calibration of her primary measurement standards 

The latter have the addition~l a~vantagc th~t they 



help to demonstrate any deficiencies in calibration and 

measurement procedures. 
. .. 

2.2-Brazil must have a single laboratory coordinating the country's 

calibration services. 

I agree. Those services should be always "traceable" to the 

primary standards of measurement. This applies as much to the 
calibration service of the legal metrology network as it does to 

those of industry. 

2.3-Measurcrnents requiring the highest accuracy should be performed 

ic the cc~tral 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 laboratoriei. 

I 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. 

I agree. However, the emphasis should be on an awareness of, 

rather than expertise in, such developments. In othe~ words, the 

central laboratory should first rely on overseas expertise 

as much as possible. 

2.6-Industry must have access to well equipped and competently 

operated secondary measurement laboratories. 

I agree strongly. Without this infrastructure, Brazil's 
industries cannot hope to compete on equal terms with overseas 

co mp a '.> i c s . Al «1 , r e li a b 1 r: s e co n '1 ~1 r v 1 a b G r :.i t o r .; ·: s <l. r e n t: e ll i:! d t o 

take some of the calibration load from the central laboratory. 

Otherwise, the time will come when the central laboratory will 

be unable to keep pa~c with the demand fo~ its services. 
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3. Kessler ha~ discussed the present status of Bra:il's measurement 

system. 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 somewhat 

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 CE~CI to recruit 

~taff at Pn.D. level. Unfortunately, he tends to equate the 

attainment cf 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 j~st as long to train in 
the art of accurate measurenent as do staff at· graduate le\·el. 

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.CENCI becoming too academic 

and "remote" from its industrial custome:rs. It is worth bearing 

mind thEt a ~umber of tne world's major standards laboratories 

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 measurenent ~roblerr . . 
facing comnerce and industry. I cannot e~phasize too strc~gly 

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 oue~ation! 

at CEMCI was negotiated some time ago, but that this loa~ is 

conditional on the recruitment of a number of Ph.D.qualified 

staff. I regard this condition as a little unfortunate. I: shoul 

not be the intr?r:tirrn to develop CDl(I in the ili1Jge of an .. :\icrsu 

national 1;,eas1He::1ent Li.bornt.ory. R:ither, CE>!CJ :::t.:s~ Le 1,:~~;.t is 

!1_c_e_~_cj b~'._-~!~z_i_J -~11i_ hc!._)n_r~1~s t r_i~2. 

It is important to differentiate between what is e~~e~tiai for 
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country, and what n.ay l:;e ccnsideted ''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 we11 everywhere. rhis is- sei<lom the case in 

reality. Consequently, there have been some institutions 

established overseas which have been subsequently of little 

relevance to the problems facing the industries they wer~ set up 

to serve. This has b~en 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 requires 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. qualified 

should be incidental to, and not a prerequisite for, 

any consideration for appointment at CE~CI. 

However, it might be worth examining the possibility of 

arranging Ph.D. _st_~1i_~nts to l.!ndertake t~eir practical work at 

CDlCI. This scheme works well overseas in that the student's 

experimental program is arranged to be of relevance to the host 

instit~tion,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 

technique.s.. 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 

hel:-i foster an increased research "atr.,osphere" at CEMCI. 

4. I am in broad agreement with Kessler's other comments regarding 

staff training, further academic st~dy for existing staff, and 

attendance at overseas conferences and institutions. I also 

agree with his very constructive commects regarding equipment 

r.:;'l};itc·nancc. In 1ddition, I suggest some C8pacity for 

gL:s';workii·;g \\culd be an ;1dvant1ge, and v;o11ld cnmplc::H.,nt the 

mechanical machine shop rtnd the proposed electronics cquiprne:nt 

r c pair fa c i 1 it y. 
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My initial impression of CE~CI's existing equipment is th3:, witt 

some exceptions, it is reasonably adcq~atc. I too would question 
the proposed level of funding for new ~quipmcnt. In my o~c 

institution, such funding would represent p~rchases exten~ing 

over 20 years or more. Also, there is little point in purchasing 

large amounts of new equipment if there are no staff available tc 

operate it. Staff recruitment and training must be the first 

consideration. At this stage in its operations, I do not believe 

CE~CI needs to have a capability for the design of prototype 

measuring equipnent. 

Granted that the Xcr6rn site is rather re~ote from Rio de Janei_o 

(although no nore so tha~. say, ~PL ~s frorn central London) it 

does have the &Jvantage that there are fe~er problems in 

maintaining a clean environment. Once the move to the ne\.; 

accommodation is co~plete, CE~CI will have excellent metrologicaJ 

facilities. 

b) An Evaluation of CEMCI 

I have already commented that I doubt that CEMCI needs to 

esta')lish absolute standards for the base units of the 

International Syst~m (S.I.). With regard to some of Kessler's 

specific points: 

1. His statement that CEMCI possesses only two standard cells 

is incorrect. Brazil's volt is defined by t\\O sets totallir:g 24 

cells in all. These could be complementec with the purchase of a 

Guildline Transvolt and/or a Cropico electronic cell to 

facilitate overseas calibrations and intercomparisons. A voltage 

standard based on the a.c. Josephson Effect is not necessary, 

any more than is a calculable capacitor of the Thompson-La~pard 

type for defining jrnpedance standards. Kith 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 oh;n in this mannc:·: 

2 . Th c recent r c - def j n i t ion of the met:- c in te t .. r. of th c ·: c 1 o c j 

of light and an optical frcque:ncy has, t.J my kn .·.:·dgc. nc:: 

n c g a t c d t he u s c o f s e c o :i d a r y s t;:-1 n J a r d s s ~-: c h a s 
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lines of Hg 1 ' 8 and Cd 11 \. The wavelenghts of these lines are 

known to parts in lOe, which is more than adequate for 

interferometric calibration of gauge blocks. Line standards can 
. . -

be calibrated by laser interferometry to better than 1 part in 

10 6 • Only if higher accuracy is required should the laser 

interfer0meter be calibrated using an iodine - or methane­

stabilized laser. A Moore table and photoelectric auto­

-collimators can define ang~e 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 thermometers. 

Some capacity for spectrophotometry is also required to assure 

colorimetric st;::ndards required by industry. However, light 

intensity standards can be reali:ed via overseas-calibrated 

lamps. Ti1ere is no necessity to establish an absolute 

electr;~ally calibrated radiometer at CE~CI . 
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Dr. J.H. B'-lcki~gham 

UNIDO Consultan~ in National Calibration S~rvices 

IW.1ETRtJ/Ct:!·1CI, X€r~rn-RJ, Brasil 

Octc:.:er l? C6 

This rGport discusses the present situation pe~taining to laboratory 

accreditation schemes in Brazil, and how these might develop in the 

futm:2. It makes a nu:rber of recorr,rnendations which are intendeJ to 

suppit:;ii.ent those contained in a r.1ore detailed report. by Mr. A.J. 

Russ~Jl, UNIDO consultant in laboratory accreditation systcrr:s. 



This c.~isc1..:.ssion of labcratory accreditation in Brazi 1 includes a 

nt1r.,b:::r of recor.J~endations. These are sum.11arised below: 

C.i.i) 

1. T:1at RI~C ar.d RNLE activities be coordinated by a single authority, 

Rede Nacicnal de Laborat6rios, RNL. 

2. That R~L concentrate initially on 1 or 2 fields of testing vital 
to Brazil's econor:r}'. 

3. That RN~ concentrate on the quality, raLher than quantity, of 

potentially accreditable laboratories. 

4. That RYL recruit the services of advisers and latoratory assessors 

frc'.':". i'1st:.tnticr.s o~tside of INMETRO. 

5. Th.:i.t these ac!·.;i2ers develop det~iled cr.i teria for acc;..-2.i.:'... ta.tic;; 

and proc.:=du:ccs for laboratory assessne;~t. 

6 Th~t RNL ~eek ~ ~ignificant incr~ase ~n gcvern~ent f~nds to 

support an enlarged sccret~riat. 

7. That R~~ ~~intain clos2 tics with CENCI. 

3. That r:-::.!~??O pt'.oli:::ise CE:·'.C!: and encourac;e Brazilinn indus::ry 

to use CL:CI ca Hi..:r·~.tion sec..-ict~s in pre fercnce to thos;:: of 

ov~rscaJ institutlo~s. 

9. '!ha c HJ;.:~I':;.o aC:v(::ctisG t:10 ai::s Clnd acti vi tic.:; of RNL. 

U .. Th~.c :;::ca.:-.:.-: Er·:;~E st1ff VLE;:it !:1·1il>S, !aL.:\?, Ni1'i';, and 'j'J:r_,,\RC to 

ol;s:::··-..r: f-::f..::i1~ 0p:;-;;LjrJr.S. 
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IN'fRO:>UC7!0:J 

Bra:~il has established a national calibration network (Rede Nacion.:il 

de CaHbra'f;ic-RNC), which is organised ·by Im·tETRO/CEMCI (Centro de 

Metrologi: Cientificu. e Industrial) at Xcrem-RJ. Currentlr, n;;.1E~RO 

is in the process of setting up a corresponding system for industrial 

product ~esting. Plans !or this system (Rede Nacional de Laboratories 

Ensaios-RNLE) have bee;1 developed by INr-~E·rRO' s Directorate for 

Industrial Quality Assurance (DQUAI) in close association -:...,,i th the 

PNC secretariat at CEMCI. 

A rece:1t proposal by nmETRO is that RNC and RNLE should come ur.dcr 

a single accreditatio~ authority (Rede Nacional de Laborato~ios-RNL), 

whose fm:cticn woulcl be to coordinate calibrc:.tior. and testing 

acti vi tics throughout Brazil. Rl,!L would be responsible for assuring 

the quality and reliability of all services provided by the mer<.he::; 

laboratories of RNC and RNLE. 

Thus, Ri'-~L would be similar to the National Association of Te.:;ting 

Authorities (t-!ATl\) in Australia, and the Testing Laboratcries 

Registration Council (TEL.l\RC) in Ne·.-1 Zeal and. A similar arrar.gel!'.ent 

occt:.rred recently in Britain ( 1' when ~JAHAS, the i-Jational t--!easurer.1er. t 

Accreditation Service, was for~ed by merging the British Calibratio~ 

Servic3 (BCS) and the National Testing Laboratory Accreditation 

Sche~e ',!·:."-.'I'L.11.s) • 

ThG cbt.:.'..lcd p!'."cp:::sals for a E!'.'azilian laborat0ty accre!'.:ita.tion 

schen:(. an~ currently being prepared by Mr. A.J. Russell, a u:HDO 

consnltc!~ ~ fro2 the 1\ustl.·alian N.<;TA org_anis.:ition ( 2 ). There.fore, tfl.e 

present d'.:'c1;:'.'.ent will not 

accred,t_:t<:c:icn :,;rocedurcs. 

include a lengthy discussion of 

it to sai' that t'I~TA -r.·1as 

full labor;:.tori' a~creditntlon systera in the i·:or-ld, and t~at TELl ... HC 

(New Zealr:n:i) was the second. The procedures 0£ thc:?se org~nisa i:i0ns 

ar~ very simi1.ar. 

accrcdi tc:: :·· nd ::::o ·_r;ntia J. ly .;iccr.::di C.-::'.)10 l~b0::.·,· .. t1jri.es cf tot!-. 

sy:>tr..:m~-· I" a.::.~:cuf-.:.:'.C?S the impl.icattr;l1S of 1.<.:-:,~·.:.itory .:1C::'.!'C:di t;_:-.ic:-: .i.r. 

gE;ner.:tf, t.l.e ;-;-,-2'..::1cc"is of q.1'.n<1 ti-:)r; of r-·ccre'.1~. :: c..: Li.on &·::7h-:: .. c::, t' 
"'"' 

rcs'.)ur~2s 
;~ 

~·· 
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might be combined ar:d cocr-dinated. 

It makes a nwnber of suggestions for the successful prorr.otion and 

enhancement of laboratory accreditation in Brazil, and describes 

the potential edvantagcs to the economy and to the general well-bein~ 

of the people. 

THE PRESE~~T SITlJATION IN BRZ\ZIL 

INMETRO staff have worked very hard to establish the RNC and RNLE 

schemes, and have achieved a great deal in a relatively short tir.:e. 

Much of the docu~entation needed to operate these sc~e~3S has 

already been produced, as has that for the proposed RNL systeffi. 

CEMCI and DQUAI are to be congratulated on introducing 1.-.boratory 

accreditation to Brazil rather more quickly than was possible in 

either Australia or New Zealand. 

However, the secretariats of both RNC and RNLE would be the first 

to agree that their scherr.~s are ~till 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 alw~ys knows what to do. The hard 

part is to actually do it! For instance, the resources required are 

al~ays greater than ~lso, wit~ lab~ratcry 

accreditation a great deal of ~romotional activity is required to 

convince the calibration and tzsting comrr,uni ty that it should invest 

in scmething which is going to cost it money! Then there are all the 

eclucational and training aspects to be con5idered - not only for the 

secretariat staff but also for the staff of pct0nti2.lly accredi. t.2ble 

laboratories. 

Conseqt:.::ntly, although R~·lC and RNLE schem~s are envisa<:red as 

embraci:-ig all aspects of calibration and testing, it is wise to 

stop short of the ideal and concentrate on what can be achieved in 

practice. It is bE:lter to have t. schcrr.3 involvir:q a sr:iull nu1rJJ2r- of 

selccti~c, less fible to g~~~antec the qualit~ of its s0rviccs, a~d, 

hence, unli:<ely t-.o g.1 in rPcogni tioa ;:.nd ref::pccf:. If a high qu.i.~:;. ty 

oper<.lt ion is es t;-ibJ.is!:ed "1t t!1e ot1b.;ei;, it ~ .. u J. gain ino:;o..::?1t\.4r.1 <;r.(~ 

gro•11, p:covided its n~s.ourr.t:s gt:ow L1t th!~ r;2.1,v.:: r«tE:. Con\12i:sP.ly, <tn 
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111-conc~ivcd, 10·.1 quality operation t·lill b.:- !;hort lived. It will n·::t 

attract the necessary resoun:es, and all the excellent prep.:-trato::y 

work will have been for nothir.g. 

Currently, RNC consists cf 7 laboratories, 2 of waich are directly 

sub-contract2d to CEMCI to maintain the national standards of tirna 

and iollizing radiation. Of the other 5, 2 ~re accr·~<lited for length 

metroloyy, 2 for electrical, and 1 for aerophotogr3mmetry and camera 

calibrations. In aGdition, there are 11 potentially accrecitable 

laboratories: 5 for length, 5 for pressure, ar:.d 1 for elet;trical. 

With its sr..all full time staff (3 professional and 2 secretarial). 

m·:C is alrGady unck:r- a heavy work load, and, at present, would fir.d 

the assessr<cnt (and reussess1:~c:it) of sorc1e 18 L~boratories a daunti!!g 

task. 

Apart from arranging laboratory assess;r.ents R!!C staff organise 

rneasure::nent intercoi:i1parisons (proficiency tes tir.gj among the w.embe:r 

laboratories. The work involved in this and in subsequent analyses 

of rcsul ts is not inconsiderable. Rer_ne!flber, tl:ere are only 24 hours 

in a _,::.,,I 
l.i.-.!. 

As I understand it, the situ~tion with RNLE staff is similar. 

Currently, it has 12 accredited laboratories spread asong a nurr.!Jer 

of fields of test.:i.r:g (chemical, health, food, etc). In addition, 

DQU~! ~t~ff conduct a product quality certif~cation program and 

are called upon to "trouble shoot" wi.v:n proi::>lems occur in proC:uct::.011 

pro~esses. For instance, one officer is currently involved in an 

inva&tig~tion into the cause of contaninated blood int2nded for 

_ransfusion pur~o~cs. 

Clearly, th2re iG a c!.n1ger that the re!::Ources of bqth .R:;c and RI:<L~ 

will become too thinly spread to be effective if steps are not t&~en 

to li:.1i~ activi.tles or, altc~rnatively, to inc:rc.:tsG: staff nuri:bers i.!1 

the ne.::ir future. 

So f:-:ir, I l~a:_r,-~ ._.;_J~i·.cd very f.-;·~; ca1'..traU.o;i ·'"'·'·:i test in;.; 
; 

l~tiJr>.·;:(tt-.'")j-_it::S I ~ i.:i~··:d '..:lli.::~e[.:;:·f:. a.1""i'i r,ot i!1 a r·Q~~..:.t..~.<)n ·i~v ,_;.):.;-). (-jf: , __ i,_~~·:~·~!: 

by th'..! 2ccrr~Ji':\~(1 lc~!::-Gr"-l:.~Jrh.:s of ;~:;c and ;·:;;:. · .. It v:r.uL1 0c f<;:i !' ~o 

sa~' 1;:·~r·.t so·~/; ~)~.-c~~ lt:::-.s f:;·i~;·~- ~.:1 .1J.l t::c i n:.~t· ... ~tions I 1·1.t- vc~ 1 ... -~ ::.~i ~.:.r::1, 
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of uncertainties are conccrnFd. These are due partly to the 

inexperience of ~ome laboratory staff, partly to a lack of appreciati 

of the services CEM:I can per .form, and partly tu an absence of 

certain facilities and experience within CEMCI itself. HowevAr, I 

should point out that similar problems existed in Australia and 

New Zealand for ~any year~ (and, in some cases, still exist!) 

On the positive side, I have cletected an attitude of enthusiasm and 

a wi 11
' :~ness to learn wherever I have visited in Brazil. This 

appli· .::; equally to CEMCI, DQUAI, and the accrcdi ~ed (and potenti::i.lly 

accreditable) laboratori2s. This sug5ests tha.t r:iost of the presGnt 

"teething" problems with the RNC and RNLE scher:;es will be ov::::rcor::G 

in time. 

THE IMPLICATIONS OF LABORATORY ACCR.8DITl1TION 

In rec0nt years, there has been a large n~ber of publications about: 

laborGtory accreditation to support the establishment of programs 

in ~any countries.Much of this lit0rature has been produced by_the 

Inte:::-:·au onal L.::.bc,rat0ry Acsredi tation Conf2rence (ILAC). Lik.e me: st 

"s?ec:i alis t" organisatior.3, ILI~C has developed its own peculiar_ 

terminology. So one frequently hears references to terms like 

"task forces", "peer group assessrnen t", "proficiency testing" et.c, 

i~st.ead of "cc::~.mittees", "exa!!lination by people of similar experic:-.ce' 

"in"Cerlaborat.ory measurements", and so on. It is always a myster.y 

to me why it is considered that a special language represents rnaturit~ 

in an organisatj_on. I tend to t' .e reverse O!?inion ! 

Unfortunately, throu~hout this ~ass of information, I have never b~en 

Jble to find a truly satisfactory de~inition of the Dost importbnt 

term of a 11: "Laboratory Accreditation"! I bcl icvG this is the reason 

the woras ara of ten used glibly (especially by ~pplicant 

lab:)~.:: tor ies) 1,<·i th out realising their irapUcation foe labor a f.:ory 

practice. As a ~csult there CQn ~x~st the ~aive beli0f that an 

tlius lio!adi n~; \:.o incrc<J.:rncl dc:r.krnd f:o:t. .!.ts S•J:::-v.!.r:,~s and a conc:.~.]ut::nt 

iL·:prc;,•cr;1~!1 L in ii.::.; iricoi"·~ c::;:pE.t:l:at.i.o:.s ! 

Thi~ a~tit~dc still p0~si~ts i~ so~c priv~~e s2ctc~ l~boratori0:· in 
I 



Austr~lia and New Zealand, ~ven thocgh t~ose countries have h~d 

accreditation schemes operu.ting successfully for many years. 

In reality, laboratory accreditation is a quality assu~ance scheme 

for laboratories in both the public and private sectors. It is the 

means whcr~b:t the g_uali ty of perfor~r:.nce of a labcratory is imoro,red, 

with the result that the measurements and tests undertaken become 

rnore consistent and reliable. As I have stated else:where (., ' 5 ), a 

labora~ory accreditation sc~e~e is analogocs to a specification 

standard (no:rm) which prescribes the quality of a product, ex(;<::pt 

ci1at the product "un~er test" in this case is the laboratory itself. 

·Like all sc:::id quality cssnrancc schemes, laborato!:"y accreditation 

should guarantee the integrity of: 

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

the staff, and the .:i:::eliability of the equi:_:;ment used; 

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

determination of measurement uncertainties, and the methods 

of recording and checking the results; 

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

Thus, an e~fecti ve 131:.ora tory accredi ta t.:..on program is one w:1ich w:tll 

approve a la~•):Catory 's application for "mcr:.!)ership" when, a:;d c::::..:::· 

va:rious com?onents conform to the required specification. 

In other ·.;eras, a blund endorscrr.er.t of a labor a to::-y' s oper,:..tio!".s is 

insufficie~t. The laboratory must comply with a nu~ber of quite 

str:'_ngent condi tior:s of entry, not merely pay any· mea.bership ~ees 

which reay be levied. 

RecQntly, it has been suggestcd(c) that the existence of docu~sntatio 
s1!ch C\S o::gancg:rain:::; arid qu3.li ty manuals is a useful rne.c.i:;ur'3 of the 

qu.1li ty of )_:Gr:cr;:'la.nc~ of testing laboratories in Brazil. I do not 

.::i.gr·?I":~. Sor,c 0: tLe lC'.'.'St cci~pcf:.Ant J.~bor<1.l0r:Lcs in r-::y o··m cour:try 

:··"l'.•: pi.···:.>··:·::-: ·_;_._ i"'~::>\. L''1i:U.f 1.1L •. 10c11 .. :r:nt·.<;tion in !;lJPI-''nt uf their 

"F::l.i.c."":i Jon~; :or .:.cr:;1(:'.:i..':<1;:ioJl i:riclr~.i::- ;_he 'ITL7\1~.C sc"ieme. On the oth,·r 

hnnd, sor.1P of th::! bc·c::'.-. !iA.7C no t.~r;:e (or- inclination/ to ck~vclop 
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of the reliability of the services provided by those laborator!0s! 

Consequently, al though n1any accreditation programs require appLi c:1nt 

laboratories to produce writ~en evid~nce of tl1eir procedures, this 

should ~~ be the m~in c:::-i te!"ion for acceptability. 

In practice, th~ determination cf acceptability under an accreditatioi 

schem~ should involve an exi:rer.:~ly thorough investigation of evc-!'"v 

espect of an appli~ant laboratory's affairs. The organisers of 

the sc~~·:ie shcu} C: bn just as rPady to tur!'l u~, .. m an application from 

a well-ti.ocur::cr.t.ed, bu.t incor.petant, laboru.tory as to accept that 

from a poorly docu:::ented but obviou~ ly reliable one. 

Ag: air., tho schf!rr:: ~honld be corr:plet.::iy "ind.::Fendent" of outside 

pressures tc .:l.CC!=pi: or not accept a particular laboratory. It should 

be just as ready to refuse aGnission of a govern~ent laboratcry as 

to ad~it a private one (and vice-versa). The emphasis must always 

be on t~e quality of a laboratory's operatio~s and never on the 

importanca of that laboratory's contacts. 

OPEP~\'1'IGN OF f..CCREDI'i'J~Trmz sca:i::-rns 

The first step in any accreditation sch2me is to decide what areas 

of testing a~d/or calibr~tion ahc~!d be cov2rc~. 

organisers of the scheme may wi3h to cover all conceivable as~ects 

of me3sure~ent, tte available rescu~ces usually preclude this 

possibility. ConsequGntly, so~e c2:rcful Lhought should be gi ve:1 as 

to wh~rc the sc~eme should begin. 

In i3rc..zil I there:: appear tu be t-10 02tions: 

1. To concentrc~te initj 2lly on o~e or two fields of testing {=c.r 

exaffiple, nechanical and electrical). The most i~portant 

cons id2!'."a tier.!.; lwre ;:ould seem to be: 

b) l\rc:. tbf~ 1~ c lnLr) r.:i. -:...or. .i c :;; ·,.· i tl'. cs tub _L-: ~;b ·~:l rc~pt"· t.:. ~.: i0ns for 

rcliabilil:y a~re<.dy opcr2'.:ins· :i.n UJ;r.;c ii.t~lds? 



• 
the sche::i~. The Rede N,1cional de Calibra\-~O (RNC) has already 

adopted this approach and, as a result seems lik0ly to bccoffie a 

very valuable part of the national quality assurance system. 

- i-

2. To concentrate on tcs'-ing of specific products which have good 

export potential (for example, textiles or shoes). This appro.J.ch 

can be more difficult since product testing can involve several 

fields of testing. Consequently, an interdisciplinary approach 

is required and assess1i1ent of laboratory co:ilpetance 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 State~, 

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 

step is to prepare the specifications(z) with which applicant 

laboratories fficst c0mply before accreditation can be granted. This 

is done in e:-:actly the same way as the preparation of ;\ENT norms 

for a product or method of test. Groups of experts decide, by 

concensus, the criteria for acceptability of laboratories 

oper~ting in a specified field of testing, C~early these ttexpertsh 

must nave wip.e ~nowleage and practical experier.ca eif U.e 

technologies involved. The aim is to develop specifications which 

will improve the performance and reliability of laboratories, not 

to nake it impo3sible for them to operate. After all, many norms 

have been pror.::1!..gated and subsequently found to be impossible in 

practice~ 

Once th€:se spc-:i fications, or requirements for accr.ccH la ti on, have 

been cjcvi::.lop~d, the schc-::ie has rcuchcd the point who!'.'C the 

ex~Dination, c~ 11 assessmenttt of applic11t l~boratorios can be 

COIJS i_rJI? n~d, 

In ai"1'J r:>:wni:~a ': :.01: of a L1bor..:::. tory 1 s opera t- ion~;, t-.hc nior; t import:il'Yt 

aspr:ct .:s th~ ,,'.-:_,-:iff. Do tlH~y hav~ t;v~ nec-::L;:",;.~·y kno•.-;lc:d<::iC c:ird 

1-~;.:pc:.r.lenc8 to r:;·::rfo:rrr: the rr .. ~<::surcr~o:-.:.s to ~;1,--,~ stated 1ovcl of 

ac:cL1rc.c1? Ar2 ~:-.ev "p»ofc-r-;:-;ion<AJ." in their ,;.cti':itii:.:> ·-that 1s, <-'-'-'~ 



• wo1:k. !.lso, are: they co:1:placcnt, or are thei self-cr.i.ticc.1 of the-i~: 

cJ)ili ty? Th.is is imp~rtan'!.· s:i.ncc the best staff are usually those 

v:ho are ncve!' satisfied \Ji th their performance and who, therefore, 

tr~' always to ir:.prove their knowledge and their techniques. 

The next most important conBiderations are the laboratory's 

facilities and equip~ent. Are these adequate for t~e job in hand? 

Are the instruments in calibration z.nd "tracea'Dle" to standards of 

measurer.1ent? Is the environmer!tal control sufficient to guarantee 

the quality of the services performed? Are the working con~itions 

suitable fer the staff to perform their duties efficiently? 

Thirdly, are the recording, checking and documentation p1ccedures 

) adequate? Is tt!e identity of i terns submitted for test assured? 

) 

Are the methods of recording the results likely to r11inimisc 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 

infor~a~ion? Does it indicate the uncertainty in measurements, 

details of the environment, etc? 

If the ans\<!ers to all these questions are satisfactory, a final check 

is to select at random a merr.ber of· staff and have him/her perform· 

an actual measurement or test. This can often provide a better 

ir.dicaticn of performance d1an 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 n 

laboratory, a decision can be made as to whetht:r that laboratory 

should become accredited and, if so, for what tests. Sir.ce one of 

the main objectives of an accreditation scheme is tr. improve 

laboratory performance, the laboratory should be given a reasonable 

amount of time to rectify any problems which become apparent 

during the assessment. The emphasis here sho1Jld be on 9_~:.~~ructi ve 

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

o fte.n rc·c:p:ired. Otherwise, c:ppli c.:rnt laborato1~ics \-!ill lose 

interest in t:-ie schem'~, ;.rno r.o US(~ful purpose wj_ll bave been ;;;'~rvcd 

by the exercise. 

Again, once laboratorjcs·have been assessed and ~ccredited, an 

ongoing program of reasse!':;~;ment should be inst:i. tuted. Other.vise 



there is no guaranb~e that a laboratory will continue to perform 

satisfactorily. Reassessments at regular (one or two year) intervals 

enable the ciccreditation authority to check whether any 

recor.unendations 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 REQUIREr-1ENTS OF ACCREDITATION SCHEME 

An accreditation scheme such as outlined is dependent on a number 

of resourc::=s: 

1. A full-time administration 

I 

This might consist of: 

(i)· senior management staff; 

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

"responsi;:,le" for one or more fields of testing; 

(iii) editorial and secretarial staff; 

(iv) publicity staff; 

(v) typists; 

(vi) library and, possibly, <lata processing staff. 

The functions of this udministrati?n are to: 

(a) publish the aims and activities of the ace re di ting authot:i ty; 

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

and technical Asscssm2nts; 

(c) c,.,;; :Ll<;t pr:c-;1s~;ess1;,ent visits of appl.ic.::tn.t J;J.bura.t.od<:::; 

order to provide briefing notes for assessors; 

(d) .=~ rrange as sessr.ients and reassess?~,en ts and generally li ai sc 

with appU.cant or accredited laboratories; 
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(f) conve~e meetings of the adYisory ?anels and other groups: 

(9) advise appl~cant laboratories of the assessment result: 

(h) collect a~sessment and annual ncmLership fees; 

. , 
-.; ·'· 

(i) encourage accredited labora~oriec to issue reports endorsed 

in the name of the authority: 

(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 promote the Cld!ar,cement of laboratory practice; 

(rn) keep records and publish details of accredited laboratories 

and the tests for which they have been granted accreditation; 

(n) malntain a library of material pertaining to laboratory 

accreditation schemes operating at home and overseas; 

(o} correspond with similar organisations in other countries in 

an effort to promote the international acceptability of tests 

perf~rrn~~by the accredited laboratories; 

(p) participate in the activities of the International Laborat0ry 

Accreditation Conference (ILAC). 

2. 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 already busy 

with other responsibilities, It must be their full time 

occupation if it is to provide a real service to the testing 

and measure;mcnt community ir.. Brazil. 

Consequently, considerable financi~l resources are required to 

support the organisation during its formative stages. Central 

government is the logical source of such finance. Funds are 
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p:r ir' ~ i'",g 2.nd publicity, asscssrner.t (a:-id re~ssessment) costs, 

P~-p~r2tion of <l~cuLlentation etc. In addition, it may be necessary 

to pay fees, as well as travelling expenses, to people involved in 

an advisory or ass0ss1r.ent capacity. 

None· of the existing schemes anywhere in the world could survive 

without government funding, and there is no reason to believe 

Brazil's will be any different. After a while, it may be possible 

to reduce the lEvel of that funding when a significant income is 

derived from assessrr:ent and accredi ta ti on fees. But it is unwise 

to assume that complete depe!1dence on such fees is possible. Any 

attem~t at this would require fees far in Excess of those which 

wouJd 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 fig~re is even higher (70r). 

And that is with a voluntary workforce of advisers and assessors. 

NATA estinates that vithcut such yoluntary assistance, an 

ad0i t.ional A$ 500: 000 per year would be re~uired to pay the fee"" 

of assessors etc. This would require a dot:!:> ling of the prr -,: 

fees levied on me~ber laboratories. Without_governrnent sup~ort4 
therefore, this fee structure could increase four-fold. 

Bra~il should -address this problem very carefully when cc::sider.ing 

the coordination of, and extensions to, its existing accreditation 

scheI7'es. 

3, Advisers and Assessors 

Tbe most ir.1portbnt human re[;ource is the reserve' scientists, 

engineers, and technologists which is required f\.. .,, .-ractical 

irnplerrientati.on of the sche:-aP.. These people are the 9-~E!:.?!1.!~E_s __ of 

_the __ g~~~-~~_!Y of the service provided by the rn~tnber laboratories. 

Not only are they important to the c1evclop:·cnt nE trchnical 

cgorics and ~~sociatcd ~Prlsurem0nt proct , technical 

~Y are essenti a 1 in a. i.~:bora tory 

a S Sf?S SJ7iC: : 

thc.i.r selection shot1ld be mace very c;n·.--.fully. 



) 

-- .! /. 

Idc<::.lly, t.~w~,' should be p0oplc of wick: J:aowl~dgi;: ~nd cxpcrie:r,ce 

of the relevant technology. Th~y should be capable of "conccptu.:i.l" 

thought, and thzy should b~ critical of their own perforrna:ice. 

At present, RNC relies heavily on technical advice provided by 

metrol09"Y staff ut CEMCI. However, there is alwa~1 s the danger that 

such staff will be used too often to the detriment of their own 

work. Also, if only CEMCI personnel are used, this could result 

in an in-bred, inward-looking organisation which was not amenable 

to outside influences and, theredore, is resistant to change. Both 

RNC and Rt·~LE need to be r.;ore outward lookinq if they are to be of 

real value to BrEzil's dynaraic 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 likely to require fees in payment for their services). 

Another likely source of expertise lies within the accredited 

laborc.tcries themselves. The technological personnel of such 

ins'l:itutions are obviously sympathetic to the aims of the schem8, 

Otherwise they would have not sought accreditation in the first 

instance. Also, since nobody is perfect, such personnel can 

benefit from their experience of other laboratories, and, as a 

result, impr0ve their own procedures. 

Urg2nt consideration should be given to tr.e development of this 

resource pool of knowledge if the RNC and R.~LE schemes are to 

grow at the rate required, It is s· ·,rested that, in the first 

i:-:sta:-.ce, a!! attempt be made to r~ i.t the support of suitably 

qualified personnel from the following institutions: 

IPT and IE-USP (Sao Paulo) 

- CEPEL (Rjo de Janeiro) 

CETEC (Belo Horizonte) 

·:chcse 1 ns ·l) ti;, t ion~; nre clrcady corvc~:r s;,;1Jt .,.,1th the acti vi tie.:; of 

RNC and PNLE. 'I'l·J.us, they are more liY.ely to st.pport any regue~t 

for expert advice and ~ssistance than would other orqanis~tions 

at the present time. 
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4. Relia~lc ~c~suremcnt Dase 

Since membership of an accreditation scher:-1e ir:iplies quality 

assurance in measurement, such assurance can only be guaranteed 

if a system of national measurement standards already exists. 

Fortunately CEMCI, Servi~o da Hora (SDH), and Institute 

Radiometrizi e Dosimetria (IRD) have ensured the reliability of 

Brazil's national standards through their regvt-'.r overseas 

calibration or intercomparison. 

At pr8sent, the only area where problems could arise is that of 

colour and photonetric te~~~ng. Otherwise, I have no criticism 

of the methods used in B for arranging international 

traceability. The problem uf colour and photometric measurer::c::nt 

is addressed in another report in this series(p). 

However, I am concerned at the apparent lack of awareness in 

Brazil of the services which CEMCI, SDH, and IR~ can perform. At 

present, only a few institutions throughout the country submit 

instruments for calibration against the national standards. 

Therefore, sol"!le 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 ccnnccticn, it is interesting that some Br3zilian 

companies, go to considerable expense to arrange overseas 

calibration of ~heir equipment. In rnost"cases, CEMCI can offer an 

equivalent (or bc~ter) calibration at less cost and with a shorter 

turn-round time. The other obvious advantage of local calib.!'ation 

would be that pay~,nt would be made in cruzados and not 

international curLency! 

COORDINATION OF EXISTING SCHEMES 

I F.lTn ·in f;tvo·p· of '·}~r> ;,r2~(-,n~: pr:..;pu:;al t~o bring RNC and RNLE ,;r,,~cr D 

single r,oordinat:ing ai.;thori ty (H!~L}. However, care should be taken 

to ensure that two possible proble~s do not arise. 

'l'h'-• first .ls that RNL might be considered :-nore remote from the 

te"'''nological arm o"f INMETRO than is the present si tt:.ation with RNC. 
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',;.'he "sy1:ibio-::ic" rcla·i:ion~hip between RNC and c:s:-~CI work5 very wc:l 

beC<lUSC:: nt-:C cper.:ttes from within CEMCI itself. Consequently, Rl'~C is 

able to ar.:..w on the resou1-ces of CENCI whenever required. CENCI 

staff provide R!~C \':i th advice and calibration services, and act as 

assessors of applicant laboratories. It would be most unfortunate if 

Rl~L \·1as 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 A~stralia or New Zealand because the natior.al laboratories 

of those countries (!'~!·IL and PEL) were instrumental in establishing 

the NF.TA and TELARC schemes. The:;e schemes have retained the full 

support of K~ffi and PEL because the staffs of those institutions 

appreciate the ar1.ount of calibration and test work done on their 

behalf by the accredited laco~atories. Without such delegation of 

responsibility, NML and PEL would h~ unable to cope \d th the present 

demand for measurement services in Australasia. Similarly, they 

would have le:s time to concentrate on their primary responsibility 

of maintaining the national standards. · 

In the United Kingdom and the United States, the ties are even 

closer. The accreditation schemes of those countries (NAM.AS and NVLAP) 

are operated by NFL and NBS respectively. Therefore, it is 

recor.~ended that, if established, RNL maintain the closest possible 

links with CEMCI. 

The other problem which could arise from amalgamation of RNC and 

RNJJE is ar: U!:.ir;tentional weakening of both resulting from the 

temptation co rely too much on each other's experience and expertise. 

Although "cross-fertilization" of ideas can enhance the operation 

of a joint accreditation service, care should be taken to avoid an 

~xc~ss reJiance on each other's resources. Otherwise, those resources 

will become insufficient for the job in hand. This i.s a particular 

problem where the technological strengths of two organisc:.tions arc 

•'i ,.r. ,'<''•t. 'Tr,., <-+ 'l'.'(':;q -::r-;r:r:{ sation wi 11 be r:a) )f'd 'T,'•~' tri help ti·"' 

wcnk on<:! unU.l the forr:ier is unable to cope with its own ·~:or.k lead. 

Therefore, I belie~e.that the role of RNL should be restricted to a 

coordinating one. Clearly, some coordination of RNC and RNLE 

activitic3 is essential. Otherwise, it is always possible th3t thc:re 
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could be o·,,erluppir.g r~sponsibili ties. This, in turn, could result i.n 

unnecessary duplicu.tl on of resources, inefficient utilisation of 

existing resources, and a situation of conflict, rather than harmony, 

between the tv-;o. Sensible {and sensitive!) coordination should result 

in optimum perfor1r.aaces 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 brought 

under the umbrella of RNL. For example, I understand that separate 

schemes operate for nedical testing and foods. 

Al though, in principle, the incorporation of such scher..es may be 

desirable in the long term, and would undoubtedly lead to an 

improver.1ent in their operation, any attempt to achieve this would 

) require a significant increase in resources, Consequently, I doubt 

that RNL would be able to cope with a sudden increase in work load 

at the present time. 

) 

Therefore, I recommend that RNLE determine the number of laboratories 

which cculd be involved, and appli for additional resources before 

finalising any negotiations with these other schemes. Since the 

acquisition 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 LABOR!-.TORY ACCREDITATICN 

It is very important to widely advertise the aims and activities cf 

a laboratory accreditation scheme if it is to have a real chance 

of success. 

When NATA was first estabU.shed, the organis·~rs nade a fundamental 

8rror by not publicising their activities. C0nsequently, for the 

first 4 or 5 years of its operation, NATA attre1cted little support 

<•nd a gre·lt dr-;>l of '-; 1;s;p; r.j on. Pote ii U ally accrc.di tab} e L;,bor a \:.or j ._:s, 

particularly tho20 in the private sector, mistakenly believed tbat 

NATA was an unofficial arm of the Australian Government, and that it 

had been established for the ?rime purpose of enabling increased 

government~! control of industry's affairs(')· Con~equcntly, it was 

only after NATJ\ had' undertaken a vigorous publicity exercise in 1952 
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• th~t the schc~c bsg~n to receive the support it deserved. 

The:::-efore, a clear statement of the aims of any natione:... scheme for 

Brazil should be m.:lde at its out~:et. Although secrecy is often 

required for str<ltegic reasons in the public service, it would spell 

eisaster for an accreditation scheme. New Zealand learnt from 

~ustral-ia' s mistakes and the publicity associated with the launching 

of TEL.ARC ensured its immediate popularity. 

Unfortunately, TELJ>.RC had a different kind of teething_ problem. I 

mentioned earlier the need to establish a reputation for quality, 

rather than qt:ar.tity of accredited laboratories. Although organisers 

of accreditation schemes :nay wish to establish early credibility 

(particularly witli sceptical government funding agencies!), the 

l temptation to achieve this by accredj ting large numbers of 

laboratories should be resisted. When TELARC commenced in New Zealand, 

the problems detected during certain laboratory assessments were 

un~erstated 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 operations are not 

good enough. 

~nether problem with inadequate laboratories is that their customers 

will associate poor perforroance with the accreditation scheme itself. 

Thi::; wi 11 ge:1erate adverse public! ty for the sche~e and, in the 

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

accreditation. 

On the other hand, a properly organised and managed scheme will: 

(a) Itnprovc the competence and professionalism of laboratory staff; 

(b) Improve ttn reliability of test equipment through an insistence 

on reg~lar calibration against recognised ~easurement standards; 

(r.:) Er.sure that the tests, for which accreditation has been granted, 

"T(:. CC;J.C) :i.r.:lcc1 !JJ'.Oj?Crly; 

(d) G(:nerally :'..mprove laboratory performa.nce; 

(e) Confer ctatus en accredited laborat0ries; 

(f) Guarantee the i-ellabi 1i ty 0f, arid increase public confidence i:n, 
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the reports produced b~ accredited l~~orato~ies; 

(g) Generall"y ir::prove the quality of products tested by accredited 

laboratories; 

(h) Increase in~port subs ti tu ti on: 

(i) 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 reco™Jended ~ny one scherne to Brazil 

since it may not be entirely appropriate to local conditions. 

Brazil has a golden opportunity to develop a scheme which will rank 

with the best anywhere in the world. By drawing together all the 

J:'Os.it.i-ve and relevant aspects of existing schemas, and ignoring the 

bad, Brazil will be able to develop a laboratory accreditation 

service suited to its own nee~s; not those"of Australia, New Zealand, 

or elsewhere. 

Jn 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. Arrangements are already in hand to visit NATA and 

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

I will be happy to discuss with NAMAS officers the possibility of 

I~METRO staff observing their operations. I propose to do this on 

14 Now"rnbr::r 1986 d.1rin9 a brief visit lo tbe J.)rutcd Kingdom. 

RNC and RNLE staff already have details of, and contacts in, NATA 

followL·.g the vlsit to Brazil of Mr. A.J. Rm:;sc>ll. Should they 

require fui'l details of the other accrcdi ta ti on schemes to which I 

refer in this report, these can be obtalned from: 
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2. NVLAP: 

3. TELARC: 

Mr. John D. Su~merfield 

Head of NA1'1AS 

l~atior,al Physical Laborc::;.tory 

Teddington, ¥.iddlesex TW 11 OLW 

England. 

Mr. John W. Locke 

Coordinator of NVLAP 

United States Department of Commerce 

National Bureau of Standards 

Washington DC 20234 

USA 

Dr. Jack Garside 

Director of T~RC 

~.o.Box 37042, Parnell, 

Auckland 

New Zealand 

From personal experience of t.lJ.ese people, 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' Xerem-RJ' Brasil. 

Noverrber 19 86 

The purpose of these visits was to increase my knowledge of Brazil's 

present and potential measurement services. Visits to several 

industrial laboratories were included at my request in order to 

assess the level of quality assurance operations in the private 

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 Portuguese. I have included a~ English language version as an 

appendix to this report. 

The institut~ons and industrial companies vis~ted were: 

1. Centro de Pesquisas de Energia Eletrica-CEPEL (.Grupo Eletrobras), 

Electrical Equipment Laboratories, Adrian5polis. 08 October. 

2. Companhia Eletromecanica-C~LMA, Petropolis. 16 October. 

3. Institute de Pesos e Medidas de W nas Gerais-IPEM-MG, Belo 

Horizonte. 20 October and p.m. 24 October. 

4. Centro Tecnol6gico de Minas Gerais-CETEC, Belo Horizonte. 

21 October. 

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

7. Centro Regional de Tecnologia em Inform5tica de Santa Catarina, 
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Florianopolis. 28 and 29 October. 

Air travel for the visits to Belo Horizonte, Montes Claros and 

Florianopolis was arranged by INMETRO. 

-2-

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 Calibra~ao (RNC), Rede Nacional de Laboratorios Ensaios 

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

1. Centro de Pesquisas de Ene~gia Eletrica, Adrian6oolis 

Principal Contacts 

- Marcelo Appel da Silva, Chefe da Divisao de Medi9ao. 

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

·Potencia. 

Sections Visited 

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

testing. 

Impressions 

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

are employed at the Adrianopolis site. The scale of operations at 

CEPEL 's electrical equiprrient laboratories is impressive by 

world standards. For example, tests up to 800 kV are undertaken 

in a 27 metre high laboratory, and up to 1500_ kV ,outside. The 

hi9h power laboratory uses a high current circuit of up to 

144 MVA, Ss, 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 square metres of laboratory and testing 

faclli tic~5. The electrical equipment laboratories perform studies, 

rcse,_,;d-1_ ;:nd cr:~ve'!..opment projects, ar:J b;sts in the a.rcas vC: 

- Lines and Substations 

- Electrical Equipm~nt 



The facilities are available to manufacturers as well as 

government and, currently, are fully committed for the next 

12 months. 

- .... 

CEPEL is a meTt'ber laboratory of RNC and maintains traceability 

to CEMCI via a Fluke Electronic Voltage reference. The rnetrology 

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 expc:::-t.. 

New laboratories for explosion proof testing are nearing 

completion. Partly financed by Petrobras, 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 i~garding the operation of the 

electrical equipment laboratories. Brazil is indeed fortunate 

to have such magnificent support for its electricity supply 

industry. 

2. Co~_eanhia'_ Eletromecanica, Petropolis 

- A.S. Ecimar, Eng9, Test Cells 

G.D.P,S. Jose, Eng9, Helicopters 

- Eduard G. Stumpf, Eng9, Metrology 

- Renato M. Scares, Eng9, Metrology 

- Rica cc1o Centi l, Eng<? / Noi1 des tr 11cLi ve t<:s ti ncJ. 

Sections Visited 

Engine inspection and repair, engipe testing,non-destructive 
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testing, heat treatment, plasma metalisation, electric arc 

erosion, and rnetrology. 

Impressions 

. ~· 
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CELMA employs a staff of 1600, of which over 300 are qualified 

eng~neers. The company services and tests aircraft engines to CTA 

and FAA specifications for Br~zil: 

- For~a Aerea Brasileira, VARIG, VASP, Cruzeiro do Sul, 

Transbrasil, Rio Sul, Tobd, Votec, Nordeste, Orgaos 

Governarnentais, Empresas Privadas. 

- Other Countries: 

Uruguai, Peru, Argentina, Chile, Equador, Colombia, Panama, 

Venezuela, Costa Rica, and France. 

In addition, in 1987, CELMA will comme~~~ manufacture of 26% of 

the components of the Rolls Royce SPEY-. 807 jet engine for the 

A.~X aircraft project. 

All but the very large power plants '1 as tr.e General Electric 

CF6-80 (for Boin9 767 aircraft} can b~ tested at CELMA. During my 

visit a J85 motor from a military rcraft was under test. 

This company has over 20 years ex~~rience 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~ques 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 recommended that 

staff of RNLE visit CELMA to gain experience of the quality of 

mechanical te~ting whi~h can be obtAlned in Brazil. 

PJ?i~C:_'.pal Conta~ts 

- Eng9 Helio Oliveira de Souza, Diretor Geral 



- Dr. Roberto Guimaraes, Diretor 

Sections Visited 

Mass and balap~es, length, volume, electrical, densitometry, large 

volume (petrol tankers), testing of petrol and alcohol fuel 

dispensers, taximeters, data processing and storage. 

Imoressions 

IPEM-MG is a well organised _.nd efficient component of B1:azil' s 

legal metrology network. Its 180 staff, are innovative and hard 

working, and perform an excellent service. Currently over 97,000 

tests oi all kines are perfor=ec 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 under~eight it~rns in shops etc, much tirr.e now has to 

be given to investigative work instead of merely assuring the 

accuracy of trade weights and measures. Consumer complaints have 

incre~sed by 80% since February 1986 and IPEM staff estimate that 

these now produce an extra 16 hours of work per person each week. 

Consequently, IPEM staff are concerned that possible new legal 

metrology requirements will increase this load further. INMETRO 

staff at Xerem 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 

t'.1ese proposals, I doubt whether their practical implementation 

is possible because of the extra work which will be involved. If 

IPEM staff co have to measure temperature as well as other 

parameters, this will further dilute their already their weakened 

resources. 

Therefore, INMETRO 5hould look very carefully at the wisdom of 

measuring temperature if the tolerances a!e already sufficient to 

ensure the s~le of temperature-dependent quantities within legal 

li.rni.V, 

At the present tlme, the lack of trace~ility of trade weights 

and measures is of far 9reater importance. Although INMETRO 

. ' 
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organises intercomparisons be ::ween some IPEMs, the experiments 

do not cover all states. Ag~in, these experiments do not involve 

test pieces which are t!1ernselves traceable to the national 

standards maintained by CEMCI. Consequently,-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, ~hat any are correct: 

I believe that institutes su.:.:1 as IPEM-MG have an important role 

to play in this area. If, for example, IPEM-MG could be 2.llocated 

extra staff, th~n it could serve as a secondary calibration 

authori tj for IN!·JETRO/DIMEL. Certai !>ly, the competence and 

experience exists wi 1-~in IPEM.·-MG. In this case, it ·.·10uld be 

sufficient for the latter to have its reference ~tandards 

) callbrated by CEMCI once every l-wo ye_ars. Traceability of the 

reference stan'3ards used in other states then could be assured 

by .their calibration a•3ainst those of IPEM-MG. 

) 

4. CENTRO TECNOLCGICO DE MINAS GERAIS 

- Dr. Joao Lopes Faria Neto, Presidente do CETEC 

Eng9 Jose Eustaquio da Silva, Setor de Tecnologia Metalurgica 

- Prof. Harry Gomes, Dept9 de Quimica OrgaPica 

- Ora. Sonya Calil, Matematica, Dept9 d~ Medi~oes de Agua. 

Sections Visitej 

Chemlstry, atmospheric pollution, water quality, engine testing, 

metallurgy, force measurement. 

Before visiting these sections, I delived a ~eminar on Br~zil's 

~res~nl~~ion about the work undertaken by CETEC. 

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 si tuati<>I? should 

improve early 1987. The quality of the work that I saw was 

excellent, and I have no criticism of the technical procedures 

used at CETEC' •. 

I un<lerstand that CETEC has been nes)tiating with R...~C to obtain 

accredited laboratory stati1s. However, until recently, the 

philosophy of traceability in measurement was not appreciated by 

the administration at CETEC. Fortunately, this problem has now 

desappcared, and fund~ have oeen made availaole to allow a 

vigorous program of calibration of CE'l'EC reference equipment by 

CEMCI. For example, all the load cells used by the force 

measurement section at CE~EC ar~ new in calibration. It is 

) interesting that the ne·1 calibrat.::ons are si9nificantly different 

from those of the manufacturer f rorn which the equipment was 

purchased several years ago. This is an excellent illustration of 

the importance of regtt!ar calibration. Elastic proving devices 

are notorious for the rapidity wi~h which their properties will 

) 

__ change. 

At the present time, staff in tile metallurgy section are concerned 

Qt· the lack of traceability 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 

consultation with staff in CEMCI's temperature neasurement 

section. In this connection, I believe such consultation would be 

a valucible exercise for CEMCI since CETEC staff appear to have 

more experience of high temperature measurements than do their 

CBMCI counterparts. 

I beli2ve CETEC has an important role to play in both RNC and 

RNLF.. For exanple, its u~sting machine calibration service is 

growing rapidly. Ccrrently, staff verify more than 150 machines 

in Minas Gerais each yenr. T'flo yr~ars ago, the nu.:-:'.ber was ahout 

75. Asain, CL~~c ts very dctive in ~11 for~s of pollution testing: 

airhorne contcminents such as smoke particles and oxides of 

nitrogen, sulphur, and c-'3rbon; noise pollution; w'lter COD and BOD 

tests, levels of fluoride, cyanide, and heavy metals etc in 

inoustrtal effluents. CETEC was one of the pioneers i·.1 the use of 

alternative fuE::ls, 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 oils as alternatives to 

diesel for heavy trucks. 

I recommend that the secretariats of RNC and RNLE negotiate with 

CETEC regarding the latter'searly accreditation in these important 

areas. 

5. MAGNESI~A S.A. MINAS GERAIS 

Pr~ncipal Contacts 

- Eng9 Arnaldo Lucas Kachado, Chefe da Divisao de Normas e Padrocs 

- Dr. Carlos Alfonso, Chefe da Divisao de Pesquisas 

Sections Visited -------- --- ---------

Metrology and quality assurance laboratories, manufacturing plant, 

rcsea~ch laboratories. 

Impressions 

Magnesita s.A. is the 5th largest producer of refractory materials 

in the world. Its 7000 employ€es(4000 in the Belo Horizonte 

factory) produce 600,000 tonnes of refractory elements each year • . 
Exports to 47 countries in Europe, America, Africa, Asia, and 

_) Australas~a now exceed US$ 33 million annually. The company also 

exports raw materials to the USA, Chile and Poland. 

l'he quality control proc~dures at Magnesita are excellent. •resting 

is carried out at every stage ln the r.-.anufacturin'] pr0cess ~ from 

the raw materirils to the finished products. All equipment is in 

calibration, e:1 ther to IN:-tE'l'RO/CEMCI di l'.."ect, or via laboratories 

of RNC such as IPT, Sio Paulo. 

[;c:r:c icfoa r,£ the extent of Magricsi ta' s QA procel.urcs can be 

obtai;1ed from the range of tests ::: saw bP.ing performed. The_,e 

include: 

- Compression testing up to 100 TF 
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- Chemical analyses, -· . 
- Porosity and density :neasurements, 

- Sieve analyses, determinatjon 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 terr.perature test_:_ng under load, creep tests, slag tests etc, 

-) - Compaction of raw materials. 

Magnesi ta designs ;:ir:·1 builds its own presses for the manufacture 

of refractory elemellt.S 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 valu~ to i_!:~ operations of consid~rable investment in 

equipment 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 absorption spectroscopy; optjcal 

microscopes with magnifications up to 2000 X; scanning electron 

microscopy with X-ray dispersion and EDAX fa~ilities. 

Ma.'Jncsi ta' s Be:_o Horizonte factory and laboratories constitute an 

fine example of the interface between technology and industry. 

1 n:!COl1X'.0nd that the stilff of RNLE v~.si.t Magr•l?!'dta to obt."'li.n 

e>,.ericnce of chc excellent level of quality assurance in 

me~surernent 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 laborato1ies of RNLE should attempt to achieve. 
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6. FIAT AUTOMOVEIS S.A. 

Contact Person 

- Eng9 Gilvan Ferreira, Chefe do Servi~o de Qualidade Fornecedores 

Mecanicos. 

Section Visited 

- Dimensional engineering metrology 

Impressions 

The FIAT plant at Rodovia Fernao Dias, Belo Horizonte, 

manufactures engines, both for local use and for export to Italy. 

Consequer.tly, there is a heavy reliance on high accuracy metrology 

during all stages of manufacture. 

The metroloqy laboratory is well equipped and much of the 

instrurnenta~ion is under semi automatic control with on-line data 

processing. All aspects of length, angle, and form measurement 

are undertaken in the laborG.tory, 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 rnantfacture. 

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 measur.ements are 

traceable to the company's reference standards (set of "00" gr;;de 

g~Uge blocks), the latter ~re not in calibration! The reference 

blocks were purchased from Mitutoyo, Ja~an, 5 years ago and Fiat 

uses the rnar11facturer' s original c."llibration. 

I urged the metrology staff to obtain an interferometric 

calibration against CE~CI's wavelength standards as soon as 

r:io~; .. ;ible. In :><:ditJ.0;1, r.1.at ·..:ollld Ukc 1 or 5 ot if:s met!:'Oloqy 

staif to visit CEMCI to look at: the di~r.i-.:nsior.al metrology 

facilities at Xer~m. I undertouk to discuss this possibility with 

CEMCt~~ actinJ director. 
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7. CE~TRO REGIO~AL DE TECNOLOGIA E~·l INFORMATICA DE SANTA CATARINA 

Main Contacts 

- Eng<? Nelson. ~choeler, Responsavel pelo Setor de Qualifica93o de 

Instru~entos 

- Eng9 Armando Albei::tazzi Gon~alves, Superintendente de Ciencia e 

Tecnologia. 

Section Visited 

- T..'lbocatorio de :-retrolog.ia e :\utomatiza~5o (":::,ABMETRO). 

Unfortunately, this institute had not prepared for my visit and 

my reception was noticably cool. Although the laboratory had 

:ceceivt:d advanc~ notice (3 ·.-11~eks) of my visit, the coordinator of 

L~bMETRO, P~of. c~rlos Schnei~er had another meeting ~n Brasilia 

on the same day. Consequently, it was not possible to discuss 

futl•re 1ctiv1.ties of LABMETRO in any detail. For.some reason, the 

lc-boratory staff were anticipating a confirmatory letter in 

a~ldi ti on to CEMCI' s telephone calls about my visit. 

!!c·.-:c 11er,. ! ":ras able to discuss '...lith ~r Schoeler LAB~!ET~_O's 

applicatipn for RNC accreditation. This appll.cation has been 

pending for about 3 years and, while noE wishing to lay the bla~e 

in any particular quarter, I suggest that R.'"'iC personnel s:1ould 

trea c this application with some degree of urgency. LAB:W1ET~.O has 

already ta.ken part in interlabor.~tory tests organised by a~c. Tn 

the ar~a of length ~casurermnt, the rcsul ts achieved by LAB~·1E'l'RO 

agree very well with those of IPT, S~o Paulo (already an 

accredited laboratory}. 

1\gain, I detei::ted some acrimony over the f;ict that (apparently!) 

T.l··'·YFi'FO :r~n ! .. -·:·:n •:J;L!tinr; f•H 4 :t•"1rs to 0bt.1in a ('l·:>1CI 1 ;dj'bc.:i.t·-t.c 

pr:obl·~~:l lS L>Htly <1ua to inL<~·nal rEfficulties at Cr.:RrI, togc,thcr 

with some cl~sh of personaliti~s ~nd c0nse1uent inadcqu~te 

currmuni.c:itions between LAB:1ETR0 s' aff :inri those at CEMCI. 

Ni::!verthe lc~;s, it might be diplona tic of Cl~:-.1r:I/Ri'iC staff to liaise 
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with LAB:-1ETRO to discuss these problems. 

The dimensional laboratory at LABMETRO is small and, in some 

areas, inadequately equipped. However, it is providing a service 

to organisatibns in several states, including Rio de Janeiro. 

Consequently, its calibrations and tests need to be placed on a 

more· official footing than at present. 

LAB:·1ETRO requires new equipment in several areas before it can 

operate satisfactorily. The main i terns being a . 3-d.i.mensional 

measuring machine and a laser interferometer for length 

measur.'ment; platinum resistance thermo 'eters and a triple poj_nt 

of water cell for temperature meast: ·er.iQnt; 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 

Braztl'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 (whicp 

otherwise will-fall on CEMCI), they ~ust 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. 

CONCLUSIONS 

l. Exlsting laboratories of RNC are comp(:>tantly staffed and, for the 

most part, well-equipped. '.i'hey are making a valuable contribution 

to the national metrology system. 

2. Indusf:ri.al ocgani:·.:al11)ns wi.th pr:oven reput-:·:tions for q11ality, su1.:h 

as CELMA, Hai:;nesita, and Fiat, are obvious candidates for 

accreditation under RNLE. 

3. CETf.C and LAB:·IETRO should be accredited by RNC as soon as possib J e 
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4t IPEM-MG should be given adcitional st2ff to enable it to provide 

a calihration 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. 



B.:\SIC CO~CEPTS OF SCIE:1'rIFIC .l..ND I~lDUSTRIAL ~-!E':i:'ROLOGY 

Dr. J.H. Buckingham 

UN .. !:DO Cor.sultant· in National Calibration Services 

IN~·1E7RO/c.::xcr, Xerem-RJ, Brazil 

November 1986 

';rhis p2:;,er ·.vas presented at the UNIDO se!Clinar on Standardisation, 

Metrolos-::•, and Qua.Ii ty .l\.ssurance, Montes. Claros, 23 October 19 86. It 

describes tI1e need for accurate standards of measurc::-!".ent, the 

irr:portar::ce of cor,sis tent measure.c.ents in modern j_ndustry, and the 

systc~ by which tha quality of rnJnufactured ite~s can be assured 

th.rougho~t Brazil. 

The orig~~al (oral) presentation was in Portuguese. 'This translation 

is inclt:.::sd as an appendix to my report on visits to Brazi.i.ian 

industries and scientific institutions, 8-29 October 1986. 
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I~TRODUCTION 

~'hy 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 

purpo3es - to overcome the traditional c0nflict 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 requ:i.red. The French Academy 

of Sciences responded by establishing an expert conunittee chaired 

by mathr,rnatician Jean Charles Borda. Associated with that corruni t tee 

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

Th~ committee decided on a decirnel system of weights and measures 

b~sed on the kilogram (mass), the metre (length), ar.d the second 

(time). This 1narked the bcgining of the International System of 

Units (SI) used throughout the World today. Responsibility for 

maintaining 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 international prototypes. 

IMPORTANCE Of MEASUREMENT STANDARDS TO I~DUSTRY 

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. Hmvever, modern methods of mass production, considered to 

hava started with the manufacture of the colt revolver in 1850, 

changed all that. Present-day industry relies on the 

interchangeability of components made to the same specificat.i.on in 

different factori~s, oft0n in diffnrent countries. 

This kind of endeavour requires the use of a bewildering variety of 

gauges and instrur:-.ent:s for r.api<l product1.on line test] ng. Each 

instrum·~nt has its own p2rticular use, bl1t ml!st comply with two very 

important criteria. It must be easy to use, and it must give 
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reproducible answers within certain limits of accuracy. 

Sensible design takes care of the first requirement, but the second 

can be achieved only through a hierarchy of calibrat5.ons traceable to 

national and international I!leasurernent 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 relative!~ 

few in nur:iller. Many others are capable of the same level of 

performance, but do not appreciate the need for good quality 

assurance pr-ocedures. Conse::juently, there is considerable waste of 

raw materia'Ls ar.d finished products, and export rejection is a 

cow1non experience t the present time. 

BRAZ IL' s ~·1.EASURE.ME'JT SYSTEM 

Brazil's primary standards of measurement are maintained by IN.METRO/ 

CEMCI: Centro de Metrolcgia Cientifica e Industrial, at Xer€m, 40 km 

from Rio de Janeiro. Th~se standards are traceable to theic 

international counterparts through regular czlibration and 

intercomparison. Belew CEMCI, accredited laboratories of the 

National Calibration and National Testing Laboratory Networks (RNC 

and RNLE} oerform calibrations and teGts for other organisatioc i.n 

Brazil. Labor:atories of RNC and Ri.'U.E have their ins truMents anc: 

equipment calibrated against the hational standards at regular 

intervals. 

However, fe-11 industries in Brazil make use of these colibration 

services. In addition, some of the best industries prefer to use the 

set vices of calibration laboratories i.n other countries. This 

involves consider.able time when important 1.nstru."nents are 

unavailable plus unnecessary expenditure of international funds. In 

most c.:ises, CEMCI and the accredited laboratories of RNL and R..~LE can 

offer a r<10n~ efficient ::;ervice, at d:eaper 1.;ost, a.nd no ·..vast:a•Jl" 0f 
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EXTENSION CF MEASUREMENT SERVICES IN BRAZIL 

If Brazil's industries are to overcome their current teething problems 

there must be ~ greater reliance on quality assurance procedures. 

These procedures· are impossible to i: .plement without reliable 

measurements. And_ mea_surements are_ only reliable if they are 

performed with instruments which are in calibration. 

Consequently, a vigorous promotional campaign is requi~ed to advertise 

thP services which CE:-iCI, RNC, and RNLE can perform. Only by informing 

Brazilian industries of the importanc~ and availability of these 

services will those industries commence to appreciate the 

desirability of improving their own performance. 

However, promoti Jn by its elf is insufficient. h"hen more of Brazil's 

industries begin to use the national measurement services, it will 

be necessary to increase staff levels in CEMCI etc to cc,pe with the 

demand. Othe:cwise, there will be delays which are unacceptable to 

cU.f:litS. 

Staff recruitment in the public sector is extremely"difficult at the 

present time because the Brazilian Government is (quite rightly) 

cornmi tted to redt1cing expenditure. However, with careful planning 

and natural attrition in areas other than science and technology, the 

problem is not insurmountable. I reconil!h.::nd some thought be given to 

the possiLility of increasing staff levels at CEMCI at the expense of 

a corresponding reduction in staff levels tn some other area of the 

public service. 

CONCLUSIONS 

Brazil's existing measurement system is extremely good and is of 

great potential benefit to the country. The sta(f of CEMCI, and the 

laboratories of RNC and HNLE, are competant and reliable, and the 

f.:=icilities at their di~:;pn~;al freq11•~nt.ly rank with the hcst to be 

foi;nd dfl'.{'Nhcre 1n t.:he ·11or1c1. I 1n 1.; .~ B1.,1zU.ian indu:;;L:c:i.cs t:o wake 

u:;e of th~m 

Finally, I have detected a mistaken sense of inferiority in some 

Brazilian organisations. A similar feeling existed in New Zealand 
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suffered from the "buy British - It's Bsst" syndrome! 
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Today, New Zealand is proud of its ability to produce goods and 

servic~s of high quality. E~t the~_ 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 serv.ice to you. I will follow your progress with 

great interest. 
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EXTENSIONS TO CEMCI FACILIT!E~: 

PROPOSALS FOR EQUIPMENT PURCHASES DURING 1987 

Dr J.H. Buckingham 

UNIDO Consultant in National Calibration Services 

INMETRO/CEMCI, Xerem-RJ, BI3Sil 

November 1986 

SUMMARY 

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 c11rrently outside 

CEMCI's field of experience and which, I believe, should be left 

to other organisations. 
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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. Acoustlcs and Vibration 

All areas Are somewhat understaffed. Consequently, there ~~e delays 

in the servi.ces which CEMCI can perform for its customers in RNC and 

RNLE laburaLur i.t~s, in1]u8L1.y, ef.c. It is anl:i..cip<lted that this 

vroblem will worscm unless steps dre L·1ken to i.ncrcase !:itaff nur·bers 

and/or provide more efficient methods of measun~ment. 

Present fiscal policies make staff recruitment very difficult. The 
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probJern is exacerbated through low rates of pay and a lack of 

1:-romotion prospects within the public service. As with many countries 

at the present ti~e, 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. 

comrrr::nce work ln areas currently outside of its expe:d ence. For 

instance, it has been suggested that a group be established to 

fabricate standard reference materials • .!_~_lg _Eot_~':I!ee. There already 

exists such a group at IPT (Tnstituto de Pesquisas Tecnol6gicas), 

S~o Paulo. This group has acquired an international reputation for 

the excellence of its work, and its materials are sold throughout 

the world. _It:_ ___ '-'./_?_ll}_<!_~'=--~~_!=rern_~J_y naive for INM~_TRO/Q~~~I to attempt 

to._e_::;_ta_bl_!~~~n__?l tern~_!_~ ve group at Xerem. 

Again, in the area of optical ~casurements (colour and photometry), 

CEMCI has established the position of a coordinator. However, at the 

present time, this officer has no practical ?Xperienre, staff, or 

facilities. Until this officer ~as completed his training, and has 

experience of optical measurements, I believe CEMCI should not atte~pt 

to establish a colour and photometric measurement service at Xerern. 

Currently, IE-USP (Institute de Eletrotecnica-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 0nd support from Bra~ilian industries 

which it deserves. To achieve this, CEMCI should attempt to automate 

certatn of its operAf·ions by tl1e 11r~P of mo•lern equi.prr.ent and data 

h.Jndli.ng i_r_<:h1i.ques. T:w fr)i.lowi:i<J J1sts oL pro1.)osed 0qu1pmcnt 

purchases ar.e intcnckd 1.o vrol'1ote this aim. _I_ ur9-_~-~t}_:i_~ __ l1PJ)_r_9_v_-!"_~~-~-~ 

.!'!or19 __ _!?~nk -~~~h_?riJ:_i_e~-~E._a_:>_!?Ls~~--~i ~): __ thes~ __ ]2:-1_~~-~-as~-~. 
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Priority 

1. 

2. 

3. 

4. 

5. 

6. 

1. 

8. 

9. 

10. 

11. 

12. 

13. 

CEMCI 
Code 

LAMIT 

LA REA 

Description 

Laser mcasuremept system 3518A, 
and accessories 

Photoelectric autocollimator TA81, 
and accessories 

LAMAS Electronic balances 5787, 5404 MPS, 
BFE 630Y, PFJ-761-E and accessories 

LA FOR Load cells, U 1, C3H2, C3 etc, up 
to 5 MN 

LACOM Electro mechanical gauge block 
comparator, 16.10401 and accessories 

LAMIT Dial gauge comparator, 865SE, 
and accessories 

LACOM Quartz thermometer, 2804A, 
and accessories 

LAPRE Pressure multiplier, 200-800 bar 
No 1300 

LACOM Gauge blocks, grade '00', 112 blocks, 
516.937 

LAFRU Personal computer, 858 

LACOM Gauge blocks, grade '1', 82 blocks, 
516.905 

LAPRE Reference transducers for high pressures, 
69113/6905 

LACOM Length bars, grade '00', 12 bars 
125-1000 mm 

Manufacturer 

Hewlett Packard 

Hilg~r Watts 

Satori1;s, 
Mettler 

HBM 

Tes a 

Mahr 

Hewlett Packard 

Desgranges 

Mitutoyo 

Hewlett Packard 

Mitutoyo 

Kistler 

Johan&son 

Price USS 

40,000 

16,000 

25,000 

41,000 

63,000 

18,000 

16,000 

18,000 

8.500 

10,000 

5,500 

10,000 

62.100 

Total Mechanical 333,100 

L .............................. ·····-------·- ·-- ------ -- ---- .......... LJ 
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Priority 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19, 

20· 

21. 

22. 

ELECTRICAL 

CEMCI 
Code Description 

--+----------~ -----· 

5 

Manufacturer 

LATED Portable DC Voltage standard (transvolt) Guildline 
91540/120/A 

LAENE Test systeM f0r electrical ener~y Landys & Gyr 
meters, etalogyr 4001 

LJ\CAP Standard capacitors 10 pf, 100 pf, lOOOpF General Radio 
models 1404 : B/C/9701 

LARES Stc:ndard resistors ltl, lOOn, lOkn., 
M0~els 42108, 43218, 43238 

LJ\CAP Standard inductors lOOjJH. lmH, lOmH 
lOOr1H, lH, lOH, Models 14328,F, H, 
L, P. T 

LARES Decade resistance standard, RS5925D 

LARES 10K4 transfer standard, SR1010 

LATEA High frequency thermal convertor, ASS 

LTRON Semi conductor parameter analyser, 4145A 

LATED Electronic voltage reference DC, 732A 

LATED Reference divider, 752A 

LTRON Synthesiser 6071A 

LTRON Calibrator 51018 

LATEA AC/DC transfer standard, 7100.A 

LATEA AC voltage standard, 2703 

LTRON Universal counter (time) 7261/A/331/529 
and accessories 

LTRON Digital voltmeter, 7~ digits, 8650A 

LTRON Universal counter, 5335A 

LA'rED Prograr,;ible voltage source, 33308 

f J»'I r: D 

LAThD Current ~ource, 0-1?.J\, DCS105 

LTRON AM/FM signal generator, 20/9A 

Leeds & Northrup 

General Radio 

ESI 

ESI 

Fluke 

Hewlett Packard 

Fluke 

Fluke 

Fluke 

Fluke 

C:uildline 

Valhalla 

Fluke 

Fluke 

Hewlett Packa1d 

Fluke 

I(,,.;' h, ,,y 

Marconi 

Price USS 

16,000 

74,000 

15,000 

29,000 

23,000 

9,200 

1,500 

10,000 

25,000 

4,500 

5,500 

22,500 

14,000 

8,000 

6,100 

4,000 

6,200 

4,200 

10,000 

R 'l )I) 

10,000 

7,700 j 
.Julie J 

. --- --- - -- ~ - -- - ·- --- ---·~----- ----· 
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_______ fc ____ _ 
. . CEMCI 

Pr1or1ty 
Code 

23. LATEA 

____ De•cription -~---:anufa:turer._--<,__P_r_i=~ uss I 

current shunt, AC/DC, 2575-A I Valhalla 2,000 I Active 

24. LA'l'EA V"ltage calibrator DC,'n'Jll d::!tector Fluke 8,900 I 

25. 

26. 

27. 

28. 

29. 

30. 

335-A 

LATED Multiple standard resistor, 9200 

LArED Calibrated current and voltage sources 
6011A, 6115A, 6186C 

LTRON ~odulation meter, 2305 and accessories 

LATED Voltage source DC, 10000 V, 4108 

LAENE ~~gh accuracy current transformer, TAM 

Gui ldl ine 4,400 

!-!ewlett Packard 13,000 

Marconi 17,000 

Fluke 5,000 

Landys & Gyr 3,000 

Hewlett Packard 13,000 LTRON J Logic analyser 1631/D 

--------· ---------------- -------------- ---------·--···-+--- ------------· ---------

Total electrical 379,700 
--~-- ----------- ---------
-----~-----------



3. HEAT AND TEMPERATURE 7 

Priority 
CEMCI 
Code 

Descr ipt io~-- ~~-T Manu_f __ a_c_t_u_r_e_r __ -r _P_r_i-ce-~:~ 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

LATEM 

LATEM 

LATEM 

Ll\TEM 

LAVOC 

LAVOC 

LAVOC 

LAVOC 
LA'l'EM 

LAT EM 

LAT EM 

Test furnaces (3), type SE5020A 

Temperature controllers for test 
fu1naces (3), type SE 291 

Accessories for tin, zinc and gold points 

DCC Temperature and Resistance 
Bridge, 99751201 

Constant temperature oil bath, 9932 
VT/~20/AO 

Analytical balance, 160g, H5~AR+GD 

Analytical balance, 3kg, 1264MP 

Sets of precision masses, lmg-2kg 

Constant temperdture bat ,s ( 2) 
with refrigeration, TX~~B70 

Platinum resistance thermoneters (2). 
162 CE 

Electronic --~ltage reference, 7318 

Chino Works 26,000 

Chino Works 36,000 

Chino Works 28,000 

Gui ldl ine 24,000 

Guildline 8,500 

Mettler 7,500 

Sartorius 3,600 

Kern 6,000 

Tamson 12,000 

Rosemount 4,000 

Fluke 2,000 

------~-----------

Total heat and 

!::.=-=-=-=-=-t=e=m=p=-e=r=-=-a=t-=u=r=e====l=
5
=
7 • 60 OJ 



4. ACOUSTICS AND VIBRATION 8 

------~-----~---------------------

Priority 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

,_ 6. 

17. 

CEMCI 
Code 

LAC US 

LARDO 

LARDO 

LAVIB 

LAMB I 

11\~lBI 

1.J\VIB 

LACUS 

LAC US 

LAC US 

LAC US 

LJ\RDO 

LAMB I 

LACUS 

LAMB I 

LAVIS 

LAMB I 

Description 

Computer, 9836S, and accessories 

Measurement amplifieL, 2610 

Measurement amplifier, 2636A 

Heterodyne amplifier, 2010A 

Sound level analyser, 4427, 
and accessories 

Signal 3eneralor, 4224 

Storage oscilloscop~. 1741A 

Control unit for distortion measurements, 
1902A 

Sound level calibrators, 1562A und 1986 

Measure~ent ~mplif ier, 2610A 

Microphones (2), 4160 

Microphone for external use (2) 
4921, and accessories 

l" capacitative microphone (2), 4179 

Frequency meter 5316 opt 001 
and accessories 

Audio analys~r. 89038 

Accelerometer calibrator, 4294 

Measurement amplifier,2610A 

Jl.dd 1. 
2. 
3. 

Mechanical 
Electrical 
tlcilt dnd t.er.1perat11re 

Jl.dd: 201 for Jnfldti0n since 1985 

Manufacturer Price USS 

Hewlett Packard 27,000 

Bruel & Kjar 3,500 

Brue! & Kjar 6,500 

Brue I & Kjar 15,000 

Bruel & Kjar 12,000 

. 
Bruel & Kjar 10,000 

Hewlett Packard 8,500 

Brue! & Kjar 5,200 

General Radio 2,000 

Bruel & Kjar 3,500 

Bri'.°iel & Kjar 3,200 

. 
Bruel & Kjar 10,000 

. 
Bruel & Kjar 7,500 

Hewlett Packard 3,000 

Hewlett Packard 9,500 

. 
Bruel & Kjar 1,500 

Bruel & Kjar 3,500 
----- ·----- --------- -

Total 
and 

acoustics 
131,400 

vibration 

333,100 
379, 700 

-- ~5_7 , _6 QQ 
US$l,OOt.8 1JO 

__ }g~. 3~-°-

Qr~!!.<!.._!:_o_t~l_ u-~~1._~22 .• _!.~~ 
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RECOMMENDATIONS 

The lists (1-4) of equipment are considered to he the ~inimum 
necessary to enable CEMCI to provide effective calibration and 
testing services for laboratories of RNC and RNLE and for inuustry. 
I understand that the original World Bank loan offer was US$2 million. 
Theref0re, I recommend that up to US$1.2 million be spent as 
outlined. 

The remainingUS$80qooo should be apportioned among certain regional 
institutions as follJws: 

Instituto de Pesquisas Tecnologicas ( IPT) Sao Paulo: 
US$400,000 for force measuring equipment; 

Centro Tecnologicode Minas Cera is (CETEC), Belo Horizontc: 
US$250,000 for temperature st.:mdards and dimensional metrology; 

Laboratorio de Metrologia and Autornatiza~ao (LABMETRO), 
Florianopolis: US$100,000 for a three di~ensional measuring 
machine; 

Instituto de Eletrotecnica, Universidade de Sao Paulo (IE-USP), 
S~o 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. 

Wellington, New Zealand 

25 November 19e6 
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Dr. J.H.Buckingham 

UNIDO Consultant in National Calibration Services 

September 1986 

SCM.,\1ARY 

The pm.pose of the visit to Sao Paulo vrns to experience the operutions 

of 4 selected institutions concerned with various aspects of 

industrial research, calibration, and testing. These institutions were 

selected by INME~RO/DQUAI staff as representative of ~ccredited, or 

potentially accreditable, laboratories under the RNC and RNLE schemes. 

I was accOGianied on the visits by Mr. A.J.Russell, UNIDO Consultant 

in LaboratoLy Accreditation Systcns, and Mr. Luis Fernandes, 

INME'l'HO/[:QUAI staff officer. During the visits, I pr0sented 

3 se~inars on the calibration system in New Zealand and assisted 

Mr. Russell curing his presentations on che Australian laboratory 

accreditation system, NATA. The institutions we visited were: 

1) Institute de Pcsquisas Tecnol6gicas do Estado de S~o Paulo (IPT), 

15/16 September. 

2) Institute de Eletrot~cnica, Universidade de S~o Paulo (IE-USP), 

1 7 Septerrber. 

3) Institute de Tccnologia de Ali~entos, Campi~as (ITAL), 

18 S0pte1"'."1bc!r. 

4) Insti.luto M:rna de Tecnologia, Sao Cac~tano <lo Sul (Hl'r), 

19 ScptcrnJ:)e r. 

1 r '·' 1
,_:-:-' L 

r1r·pdr:tcd ~<io ,If: i.0.1.0 I.rs on :·1ondo.y 15 ~;.-:pcer·,})(~r. We rcl.1uned by 

fli.r;ht 665, arriving Rio at 23.50 hrs on Friday 19 Scpf:c1nbcr. 

This report detai.ls my impressions of the various institutions. 



INSTITUTO DE PESQUISAS TECNOLOGICAS (IPT) 

1) ?rincipal Contacts 

- Jose Carlos de Castro Waeny, Assessor para Confiabilidade 

Metrologica. 
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- Sylvia L. Moro, Chefe de Agruparnento de Materiais de Referencia. 

- Peter J. Barry, Fisico, Nucleo de Estudos de Acustica. 

- Lucia Angela de Genaro, Rela~oes PUblicas. 

- Anna Ramalho, Rela~oes Internacionais. 

2) Sections Visited 

Packaging research and testing; safety helnet 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 a~d 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. 

Jn the metrology laboratories, most of the equipment was in 

tbration and traceable to the national standard of length 

maintained by ChMCI. Environmental control of these laboratories 

was good and the laboratory space was a~cesscd vid air locks. 

1 'ila'J pleci!,Ld l.o sec a pol1cy of no :;mul'.ill':1 v1ati s L1 j_c.;Lly uL~,~~i:vt::u 

and access limited to aulhorisPd personnel. Measurement procedures 

conformed with international practice and I have confidence in the 

rnP.trological services performed. However, an apparent shortage of 
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staff may preclude a rapid turn-round of items submitted fvr test. 

In the metrology operations and the production of reference 

materials it was pleasing to see the emphasis on interlab~ratory 

"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 CE~CI-calibrated 

stainless-steel masses. 

The acoustics work covered a wide range of applications and 

represented the great drive and energy of Peter Barry, Physicist 

in charge. His innovative ability has resulted in novel s':>lutions 

to many problems and shoT11s what can be done to overcome problems 

with equipment and facilities. It is ui1fortunate that he was not 

consulted by CEMCI during the desig11 phase for its new acoustics 

facility at Xerem. I recommend he be invited to CEMCI to pass on 

his knowledge and experience. 

IPT's suite of reverberation rooms are toused in ~ converted 

warehouse and,when complete, should provide one of the most 

extensive facilities of its type that I have seen 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 ~he resources necessary for early 

completion of i ls rnain anechoic chamber. This will enable the 

full range of acoustic testing to be undertaken. 

The laboratories responsible for mechanical testing, p,1ckaging, 

etc had some shortcomings. For instance, the air conditioning 

system in those arLas was not c .pable of providing environmental 

control to the H'~r1ii rc~d tol<:r.·1nC<)S (+ J.OC and + 51; HH). rf ~31-l<:h 

I. i.rjliL c<Jritrol i.::> 1;ci.f:i::.Jl Lo i_c':;is un iJdpt~I. L· .u:<l, .i.L is 

rPcorn11;~nr:k!d this :,; t 1 ua U_on be 1:ect i fied by installing a number of 

free standing air conditioning units of the large Hitachi type. 

Simil~rly, the main environmental lest 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 ccntainers. I was particularly impressed with the way a 

small calculator with paper print-out had been incorporated into 

a portable force measuring equipment. 

In general, I was pleased to see the enthusiasm of staff throughout 

IPT. Their desire to extend 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 guidance, I am sure 

IPT will make a valuable contribution to RNC and RNLE activities. 

INSTITUTO DE ELETROTf'.:CNICA (IE-USP) 

1) ~rincipal Cont~ct 

- Dr. Ernesto Joao Robba, Diretor 

2) Sections Visited 

Electrical Metrology, Electrical Instrument Checking, Optics and 

Photometry, Electrical Machine Testing, Explosion Proof Testing. 

Although the facllities at .IE-USP are old (part of the original 

u1ii vers i ty buildings) , the staff are highly professional and, for 

the 1110s t pa rt, s uriported by gno.-1 i.ns truments and cqui [)rnc,n t-. fl 1 l 

:~··J.Cf. -.t~l·1';;1·,;·,;cd. Uic, nu~d for traceable calibrdt.ion, dri<J the 

cJ (~c~ d cal 1nc~trology laboratory was a model of what can he 

achieved in thi.s respect. Most of the reference instruments had 

current ca U brations from CEMCI, al though 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. 

-s-

I must admit to a certain confusion over the terms "aferit;ao" and 

"calibrac;ao". As I understand it, the former means a check 

without instrument adjustment while the latter involves a check, 

adjustment, subsequent check, readjustment, etc until 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 me2suring a physical quantity of "known" 

magnitude ("known" in the sense that the magnitude is 9uaranteed 

to be within certain prescribed limits of accuracy). However, 

given that the words "aferic;ao" and "calibrac;ao" do have quite 

distinct meanings in Brasi 1, the 'fu.feric;ao" laborator'! 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 optj.cs and 

photometry laboratory. However, that laboratory is in need of 

traceable spectroradiometric measurements. I believe IE-USP should 

purchase 2 s~octroradiometric standard lamps with full NBS 

calibration to overcome this problem. Althoegh 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 

cali.bration of their standards for some ti.me 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. 

1.J~--li~)p h.:1s 1Hffjc1iJ.ty in Jni1i11trtini.n·:J lhc iot.ecJrity of Lhe bcirium 

oxide coating on integrating spheres, and I have suggested the 

staff experiment with "halon" powder 1nstead. Halon powder is a 

fi.nely divided fluorohalocarbon resin similar to PT~~ and can be 

pressed into place unlike barium oxide. The latter has to be 
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applied as a wet emulsion and tends to flake off when drying. 

Halon powder is now accepted intP.rnationally 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 0f 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 frequently 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 rneml.er of both RNC and RNLE. 

INSTITUTO DE TECNOLOGIA DE ALIMENTOS (ITAL) ________________ ,,._ 

- racy dos Santos Draetta, Diretor-Divisao de Pesquisa. 

2) Sections Visited 
-----·--·-- ---4'--··----~-

Food biochemistry, organoleptic testing, general analytical 

chemistry, meat processing pilot plant. 

3) _T rnp_r_1:: s si on?. 

I'l'AT~ is a rc~;earch and ''c ve lopmenf:. organiGa '~ion which does some 

product testing for the food industry. It publishes its own house 

journal on its research activities. I'l'AL also coordinates a quasi 

test-house scheme for checking the quality of food used in 
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educational institutions throughout Brasil. 

I understand that ITAL research activities are recognised 

internationally and that ma~y 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 si-age, 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 

mcasuremc~ts. 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 sche~e. Its facilities are good, most of the equipment is 

serviceable, 2nd its staff are undoubtedly competent researchers. 

However, as with many research workers throughout the world, 

lhose at ITAL tend to the belief that their instrument readings 

are correct and exact. Hence the need for an r->ducational program. 

INS'l'I'l'UTO MAUA DE 'l'ECNOLOGIA 

1) _Pr_inci.p!l_l Contacts 

- IIP.1 lo Nanni, Vicc·-Diretor Atljunto 

- A. Octavio M. Andrade, Professor, Dept9 de En~cnharia Eletrica. 

- Edson s. Iwamoto, Engcnheiro, Dept? de Engenharia Mecanica. 



2) Sections Visited 

Din~ensional engineering rnetrology, mechanical testing, 

metall0graphy, paint testing, fermentation chemistry, food 

technology (pilot plants), microwave engineering and research. 

3) Impressions 
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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 calibratiGn certificates (supplied 

by the rnanuf acturer) 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 measurinq 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 temperature~: 

which occur during the moulding process. I suggested experime."'ts 

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-trace~bility was associated with the proving rings 

used for calibrating t~nsile 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. 



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 

-9-

in the testing of microwave ovens intended for commercial use in 

3rasil. 

There is evidence of some very innovative research at IMT. For 

example, attempts are being made to measure the dielectric 

constant of oil shale at ·Goooc. 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 to 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 JMT claims it can perform appeilrs 

rather large, I have no doubt the facilities exist to do the 

work. The lack of suitably trained staff may be the limiting 

factor. 

CONCLUSlONS 

All laboratories visiled have problems with traceability in 

measurement. 'rwo of them (!PT 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. However, 

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 

d
ouraging and augers well for the future of testing in Brasil. 

~ . t~, """0/--
J. H. Buckingham 

23 September 1986 
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Summar_y 

This report summarises the current situation with 
regard to Brazil's national standards of measurement and how these 
and associated calibration ~ervices 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 atta~hed. 
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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, INMl.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. 

2. 

The briefing papers s~pplied 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 CEMCl'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. 

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 ~ould 
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 
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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 UNIDU'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, I 
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. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Comments on papers prepared by Dr K.G. Kestler NBS (USA} 
July 1986. 

Measurement traceability in Brazil: first impressions. 
August 1986. 

Dissemination of time and standard frequencies in Brazil. 
August 1986. 

A quality manual for the Centre for Scientific and 
Industrial Metrology. August 1986. 

o Sistema de Calibra9ao em Nova Zelandia (in Portuguese}. 
September 1986. 

Report on visits to Sao Paulo, 15-19 September. 
September 1986.* 

Laboratory accreditation in Brazil. October 1986. 

Report on visits to Adrianopolis, Petropolis, . 
Belo Horizonte, Montes Claros, and Florianowlis, 
8-29 October. November 1~86. · - · 

Basic concepts of scientific and industrial 
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: 

20 Jul 86: 

21 Jul 86: 

22 Jul 86: 

10 Nov 86: 

11 Nov 86: 

12 Nov 86: 

13 Nov 86: 

14 Nov 86: 

15 Nov 86: 

16 Nov 861 

1900. 
1945. 
2030. 
2130. 
2359. 

1655. 
1730. 

1200. 
1600. 
2330. 

0130. 
1045. 
1155. 

0900. 

Last 

2350. 

1330. 
1630. 
1800. 
1930. 

Dep Lower Hutt (New Zealand) by car 
Arr Wellington Airport. 
Dep Wellington, NZ486. 
Arr Auckland, flight time 1 hour. 
Dep Auckland, TE002 (cross Date Line 
gain 24 hours). 
Arr Los Angeles, flight time 11 hours 56. 
Arr hotel (Sheraton Plaza La Reina) 
(overnight stay in Los Angeles). 

Dep hotel. 
Dep Los Angeles, PA441 (delayed 2 hours) 
Arr Miami, flight time 4 hours 30. 

Dep Miami, PA441 (continued). 
Arr Rio de Janerio, flight time 8 hours 15. 
Arr hotel (Riviera, Copacabana). 

Reported for duty at INMETRO/CEMCI, Xerem. 
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. 

day of duty at INMETRO/CEMCI. 

Dep Rio de Janeiro, RG742. 

Arr Frankfurt, f l.ight time 10 hours 40. 
Dep Frankfurt, LH254. 
Arr Vienna, flight time 1 hour 30. 
Arr hotel (Parkhotel Schonbrunn) 
(overnight stay in Vienna). 

0900. Debriefing, UNIDO headquarters. 
1850.-·· Dep Vienna,_ BA605. 
1950. Arr ·London·, flight time 2 hours. · 
2130. -_ Arr· hotel' ·rcritiur9 ·Hotel'/ aayswafer)' · ; .• ; I.. 1 • • . ..-- ~;.: 

1030. Conference at UK National Physical Laboratory 
re - Brazil's laboratory ACCrPdi~ation r~quir"ments. 

Saturday. Day off in lieu of authorised rest day 
between Rio de Janeiro and Vienna. 

1430. Dep London, JL422. 



16 Nov 86: 

17 Nov 86: 

18 Nov 86: 

1420. 
1600. 

1830. 
2130. 

1000. 
1100. 
1350. 
1550. 
1650. 
1800. 
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Arr Anchorage, Alaska, flight time 8 hours 50. 
Dep Anchorage, JL422 (continued) 
(cross Date Line, lose 24. hours). 

Arr Tokyo, flight time 7 hours 30. 
Dep Tokyo, JL775. 

Arr Nadi (Fiji), flight time 8 hours 30. 
Dep Nadi, JL775 (continued) 
Arr Auckland, flight time 2 hours 50. 
Dep Auckland, NZ455. 
Arr Wellington, flight time 1 hour. 
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. I 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 nol>ody 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 Camble. 
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 document the procedures 
used in the labora~ory.· r~e l~rge turno~er-of. sta#f within C~MCI~ 
means that relatively inexperienced people are often required to 
perform complex measurement operations. Ther~fore~ without written· 
instructions, there is a very real possibility of error at the 
present time. 

Cur1sEquLntJ.y, I spent 8'.Hnc 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 

--··:· -··•·"&., •. 
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Q.A. procedures. I 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 
receiv~d. 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 latter 
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 
oe Australia's National Association of Testing Authorities (NATA). 
Mr Russell acted as a UNIDO consultant to Rede Nacional de 
Laboratorios Ensaios ( RNLE), Brazil's accredi tat~ 'n scheme fer 
testing laboratories, while I advised the staff '· Rede Nacional 
de Calibrac~o (RNC), the national calibration network. The main 
thrust of ~y work was a discussion of the full implications of 
laboratory accredi~ation 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, I 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, I consider that knowledge of other systems, 
particularly those·oi th~ Unit~d Kingdom, and the United States 
is desirable before Brazil becomes committed .to a particular course 
of action. '·· '!· .. · · ; · · · ,; "' ........ . 

1 had "'most USE;ful 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) 
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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 Sununerfield 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 
.:md 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 c~libration service to the 
laboratories of RNC, RNLE, industry, and other Brazilian 
organisations. 

In that report, I emphasize ·the need for CEMCI to -
consolidate its pres~nt 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 dnd faciiities already wel~ established elsewhere in 
Brazil. Otherwise, CEMCI's staffing problems will only become 
more severe, and lea~ to an undesirable reduction in existing 
services. 
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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 Vienna, 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 impr0ve 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 su~2ested that INMETRO investigate the 
possibility of reducing staff ceili11gs 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 relatively 
easily and without enforced r~dundancies. ·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. Conse1J11P.nt ly many technical staff are attracted to other: 
:~nsL Lution& ;:1fte.c 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 
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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 quite 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 rranagement 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 
Xerem 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 UNI DO: 

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 Jose Joaquim Vinge, Chief of Electrical Group, CEMCI 
Sr Mauro Correa Fagundes, Physicist, Electrical Group, CEMCI 
Sra Dulce Aparecida Liechoski, Physicist, Electrical Group, CEMCI 
Sr Luiz Hacoto Ogino, Physicist, Electrical Group, CEMCI 
Sr Ivan Harreiros de Costa, Technical Officer, Electrical Group, 

CEMCI 
Sr Walrnir Pinheiro de Aranjo, Physicist, Electrical Group, CEMCI 
Sr Marcos Aurelio Maciel, Technical Officer, Temperature Group, CEMCI 
S~a Joana D'Arc de Brito, Electronics Engineer, Electrical Group,CEMCI 
Sr Florisvaldo Sampaio, Physicist, Optics Co-ordinator, CEMCI 
SraLelia Rita Monteiro, Physicist, New Buildings Co-ordinator, 

CEMCI 
Dr Joern Zinkernagcl PTB, Adviser on Electrical Instruments, CEMCI 
Dr Woodward Eicke, UNIDO Consultant in Electrical Metrology, CEMCI 
Sra Maria das Gra~as 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 Lauren90 Japor, Physicist, RNC 
Dr Armenio Lobo da Cunha Filho, Director of DIHEL 
Sra Silvia Helena Moto Rabelo, Physicist, DIHEL 
Sr Lino Oliveira Marujo, Engineer, DIHEL 
Sr Jose 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 Julio 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 
. . . ~ ... ~ 

Dr Jos~ Carlos de Castro Waeny, Mctrology Quality Assurance Assessor 
Mr Peter J. Barry, Physicist, Acoustic Studies 
Dra Sylvia L. Moro, Chief, Reference Materials Group 
Sra J\nna t<arnalr1a Co-ordinator for International Relations 
Sra Lucia Angela de Genaro, Public Relations Officer 
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4 IE-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 H€lio Nanni, Vice-Director 
Dr Octavio M. Andrade, Professor, Microwave Engineering 
Sr Edson S. Iwamoto, Engineer, Mechanical Testing 

7 CEPEL_Adrianopolis 

Sr Marcelo Appel da Silva, Chief, Measurement Division 
Sr Agenor O.F. Mundim, Chief, High Voltage and Power Division 

8 CELMA, Petropolis 

Sr A.S. Ecimar, Engineer, Test Cells 
Sr G.D.P.S. Jose, Engineer, Helicopters Section 
Sr Eduard G. Stumpf, Engineer, Metrology Sectic.•n 
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 Joao Lopes Faria Neto, President 
Dr Harry Gomes, Professor, Organic Chemistry 
Ora Sonya Calil, Mathematician, Water Laboratory 
Sr Jose Eustaquio 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 Fia!__ Automoveis_, Belo Horizo~te 

Sr Gilvan Ferreira, Engineer, Head of Metrology 

Sr Nelson Schoeler, Engineer, Metrology Section 
Sr Armando Goncalves, Superintendent of Technological Research 
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15 NAHAS, Teddington, UK 

Hr J.D. Summerfield, Executive Director 




