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COATING CHARACTERIZATION 

For Research and Development, and for 
Production control in the field of coatings 
there is need for simple, reliable and fast 

methods to measure/control characteristics 
of CVD/PVD Coatings 

The presentation deals mainly with the 
following: 

COATING THICKNESS 

COATING ADHESION 

SURFACE CLEANLINESS 
EVALUATION 

and 

HARDI~SS MEASUREMENT 
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NOTES 

DETERMINATION rapidly and accurately 
of layer thickness at different places on the 
specimen surface 

PRECISION essentially depends on roughness 
(coating and/or substrate) an~ on the accuracy 
of the optical measurement system. 
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PRATICAL MEASUREMENT 

STARTING 

• Sample mounting and positioning 
• Preparation 
• Instrument settings 

• then, Motor ON and Power ON 

ST AND ARD SETTINGS are: 

• 0 ball 30mm 
• Motor speed between 5 and 7 

SAMPLE POSITIONING and MOUNTING 

ball 

rotational 
axis 

I GOOD POOR 

I -.===_ 

1 ~SFm 
I 
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PRATICAL MEASUREMENT 

PREPARATION 

• Apply diamond lapping paste with a drop 
of oil on the ball (grade 0.5, 1, 3 µm etc). 

• Add alcohol (isopropanol) to clean the 
rotation axel. 

The action of the diamond coated ball rotating 
against the specimen creates a small crater. 

ERODING THE CRATER THROUGH THE COATING 

Depending of the coating/substrate system: 

• stop the rotation after a few seconds 

• examine the crater with a loop to see if the coating 
has been penetrated. If not, continue the erosion (if 
necessary, do a chemical etch). 

CALO TEST 
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PRATICAL MEASUREMENT 

CHEMICAL ETCH (if necessary) 

• for Steels .. Marble solution 

I • for Cemented carbides .. Murakami solution 

I 
I 
I 
I 
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• Others 

MEASUREMENT 

XY 
E:: -

I 2R 

I 
I 
I 
I 
I .=a:. 

I ~(SEm 
I 

-\. 

CALOTES'f 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i!ES:..'!'!E : 
Su,. !a ~a!.e w'un :.H··tr..c::e ..::!ln1,1. :-:: -~:::-- .! :-~~ ::. .. ;ctr:~-:. l:O:ar,11 ~:r.cle cour 'a ~sw~ 

,..a;nce at ccuC!"ltS si.icerf~c-:ei~es. ·_.,, :·i~e 'l?n. !c·e .... ~"'=-~:e :e :.itt !:ras1ve est er:ralnee 

'"rotation sur' l'fchlntillon l IOl!si;r,r. :., o:tte"-t ""' ;em;:"''"t' '" ~cme d' calott' spllfrique 

dent 2 vilr'UDles. '"rapport ilYeC 1, a1ametP"e ce ;a :·le• :'l'T'IPtte"t de calcul,,. raptdetnrnt l'f

oa1ss,ur du revit-nt av'c ~~' ~recis1cn rel'lar'C:Ja:!e. 

un b~f e-xoose conce-mant 11 tl'l~one tt le :>rH'IC~:e : ... :!"~c~=e es:. s:..~ .. n G'u!"!C? si::r!e tt'e•etr.oies 

illustrant les poss1~tlttes ol! cette ~tn~e e' nes1.r~. 

:N7RODUCT!O~ 

7uut's les P'"onnes travilillant dar.s le dc.r.aine dts revit""ents su

perficiels sont fr'fqu-nt confrantks au problene ars ~sur'fs a·~

paisseur di! couches. 

£iles cnt a leu,. disposition plusieu" ~thodes cont on peut cittr 

ltS ol~S iOICOrtilnteS : dissolution cnilli(lut. 25Ur'f ~·au91'lentatic• ::J 

~oic:s. coupe ~et111~ra:!'ti:::ut. caulamftr'ie. rayons :. ma'?n~t1s"" "!C. 

~ouve~t ''s :"Hr.oo's for.t !ooel au• :roortet!s ··:~··s<c~es :es -a

~er·a:.;z ~si..r~~. cnacune .?~ant lim1:te ! :;uel:~es :_..:es :e oeoO:s. 

_a -e:~oce ::iar- aoras1on sp~tr;que d!cr1:.e ic1 n'a :as 1a :>n!ter-:::r 

.!e "'!'""':la:er ~!':e cu ~1;.;s"i~:.irs des teehr.iQurs ~e nes:-re ,~1s!a .. t'?!. 

·-:~~ ~,. .. :···:1~t J .. :_.:· .. :=rt 

.. , 
......... 

. ,p ~.l .. i;!'", i 0 -=" ··;"''!' 

F"i9 2 :litai 1 di! 1·1ppareil, 110t1trant 

la ~illt. le ~orte tcnanttllon 

~~ 1 ·~:~ant: llon 

·'? o:- .., ce · i ~ .. r ;a~tor 

.. - . ; .. , ~ : :-
_:_ __ · _ ._-_:__._ .. 

.. ,.!'.'~"I'°':]':!~ .. "'".,,··.~ ·~r 1'"':' 



~ J • "' ;;er:"~"c1 ,:.., i a:""'! ':?'S: :.;"": •!:-~e i ~e t · ~ ~•C!t c~strvtt au ::n crc-

s c:>"" .! ~tie 1r:a1cut its 2 \'~r1!:::e'i 1 tty ut1ltstts 'our !e c•1,ul .:e 

: ·e::a1~se'-r tn ,..•D::or: ?vtc ~! J ct la ~1lle. 

.J <;Jj! en couoe 1110ntrt le suostrat. 11 couc~e et 11 bille 11ns1 Que 

:es ~•fff-entes nria~les utilistts a1ns Jes ;Jlculs. 

le rtsultlt ootenu par cette rn!thocle peut itre coq11rt I ctlu1 obte

"u i !"aide a'une coupe oolique, !'angle fo..- I 11 jonction couclle

suostrat-~1lle 1y1nt une valeur (~rise entre ~.7° et 3.4° pour des 

'oucnes a 11 ant de 1 I 2~.m. 

!!L.! Sdlk.1 d'une t1111reinte spllfrique 

vue pe,,,.ndicul1ire et en c:oupe 

=u ce si~lts relations 9fodtr;ques. on peut eJ1prilll!r 1·~pa1sseur 

~e la caucoe :: , de la fa~on suivante : 

=VR2 • •• 

-r .. •. I ! i 
.J 

.. .. 
:!rs .e ::!s :u1 ~ous :reocct.':le. :'est-1-~;re auand t !St ::e l':>ror-! 

:e O.S a ::.m, ;iour " • ::;"'"·a: ;;Z et e2 R2 sent 1nffrll!urs a 10·; 

-: i 'on ;ieu; :roceaer a •me s•m:il;ficat1on Jasee sur l'eouation su1-

.ante : 

••.• "(r~i · 3 
' 

=:ur :es ·esures d'fpaisseu~ de coudle l'on considfre sr.ulement ~es 

:e~x ~·em1e~ ternes c'est·l·dire : 1 • nc. 

1 
I !R 

!J.. 
• 2R 

'·' .. 

.a ~'"'oi11·cat1on Ntllematique introduit une flible erreur dans l'e

:a111eur ~surfe. Pour des couellts tntre O.S et 20.111, cette erreur ~st 

".~e,.,~ure ! J.S: (2). 

. ~,.r-~11,.. ... :!"'~Cu1te a1rs1 ~!r '! s·..,:il1~1:atlon ,,1t~t1t1at1o~e es~ :e 

· ;1n :rf~ .. ·~i,,.:rt ! C!lle oro\lenant :e ia 1ecturt !u ,.,,croscc:>t aes 

• .ileur~ ' ~~ J. rn ef'-!:. '.ts ~'!ats ::e s;.irface i:u si..:cstrat e: ~u rt· 

.ete~t"t. 'turs ::>r:tras:ts -?~ 1 ! :w•l1'!i I!:. rr.1c,.,scooe ''r.t :;ut 1·,,... 
~ert''!;;~e :ans 1a lec::.11··! 1e. !t , :el,,jt at:e1ncre: ! . ~ciur C!es 

;::;C"ttS '""'!'"lfures au "':1cro"'t :!t'!e ·rcerti'!:.ie!e =-eut s'~lever .J : 1~·. 

:e :J1 est ··~'.JSt .. ~ ~Jr la 
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!!!..! Dispersion des mesures en foncticn de 1 "fpusseur de 

la coudlt en ': et tn u (3) 

Cttte figure llOfttrt que la dispersion des f"tsult1ts des 111tsures en i, 

diminuc quand 1 'fpaisseur du rtvfu.tlt a119111111te, tandis que la dis

persion en ~• augmente avec 1 'tpaisstur cit 11 coucllt. 

Le {I total d'une e11111reinte, et par -;onstquent, Jes dilltnSions dt x et 

y, ne sont pas fixes Nis sont fonction cit 11 profandtur d'abrasion. 

11 n'est done pas possible c!~ tracer une cour11e unique indi;:iuant le 

9 d'une e1111reinte en fonc:tion cit 1 'fpaisseur pour 11111! bille dftenainft. 

La fig 6 reprtsente scllfllltiq-nt 3 e1111reintes obttn•s sur le lllllt 

ec'1ant11Jon avtc des profonclturs d'abrasion difffrentes, dlOiSitS &rbi· 

trairtlN!flt, de telle fa~on que le rapport e"ltre x et 1 soit respective

ment, 1 il , 5 et 2. 

1 r 101 

~ s !.ao .. 
y. s. 
Js11.;..0-

tDG1SStur :1 10 ;-oucnt ~ .,11 

l E s ; ~· : ...__ 

~ ·:1riat1on du diametre de I 'ttllPrtinte en fonc:tion de la 

~rofonaeu• a'abrasion pour une mime couc:11e 

:onine la :rtc1s~cn f;"'aie dep•nd de l 'erreur de lecture qui ;>eut af· 

'ec:er •et y, 11 est rtcOlll!llnde de c~otsir, lors des esn1s, des e111-

~reintes Drtsentlnt un raopart ~ c.:oworis entre 2 et 10. L 'opti-, 

~ue e.otrimenulement. se sH1•t tntre 3 et 5. 

La figure i "Gntre au'tl est par contre possible de tracer ors couro•; 

indiauant le If d'emore1nte en fonction de l 'fp1isseur pour unt b•lle 

~e 0 donne et des rapports y/x dfttl"lllints. 

:n y '01t :ut pour une couCllt dt lOu•, par uf"ll)lt, le II de l'empreinte 

:tut "·ar1 er entre l et : :nm. 

:·acres "1 :1mens1ons. :1 est poss1olt oe Otttl"lllintr dins quellt me· 

sure la mttnooe ortsenue ic1 peut itre cons1dtrtt c:- destructive 

::>u non. 

:e "':ere :•es ·rel1t1f d~Peno avant tout des 011111nsions et de l'usa91 

1e la D•tct ~ mrsurer. 

~, unr oofte oe montrr est end0111U9•1 oar •int tlllllrt1ntt 0'111111 dt f, 

.;ne ~iece 'lus ll'IOOrta~tr Dourra recrvoir urt 111111rt1Mt dt 311111 dt If, 

~n ceno~ :rs :onts fcnct1onntllts. :ans :ous les cas, :outefois, irs 
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~ t de l '111Preinte en fonction de 1 'fpaisseur de 11 cauclte 

paur difflrenus profoncleurs. d'1bras1an, nee bHle I 3()111 

Procedure de lie sure 

la proc~re I suhre lors de la .sure d'un revi~nt sur un 

ecr.ant1llon est brit-nt dlcrite ct-"'"5 : 

- l 'tel11ntillan fid de f1;an ri9fde Rf' le porte-tchutillon est rAP

~rocne de 1 'artlre pourwv d'1111 profH n Y ; la dfstance entre ces deull 

~epenc :e 11 force que 1 'on W'lllt fatre aercer par 11 bille sur l 't

c~ant1 llon. 

- On place une b11le en acier (acfer pour raul_,.ts a billes • 100Cr6) 

:e cillllttre JOm sur le Yet en contact awe l'tch..itillon ; ce 9 est 

:ons1c:tre c- opti- par uptrience. Une bille plus petite ne ser1 

;as usu laurde paur cbUnir une e1111reinte dans un tt1111s tecepta~le. 

_r.e =•:le ;ilus 9rt1sse sera encoct1r1nu sans offrir ~e grands avant1ges 

?• ~•vuu c:e la ;irecision. 

- -•~•Ile enouite d'une cite de di-nt (~rains 1,3 ou 6;.11) est •ise 

:e ro:a:ion oar l'intennediaire de l'ue tournant ! une vi~l!SSe fhh 

; ·. ·2~ :>u 1500 ':lftl en fcnct1on ~e la natwre de T~ ccuc~e (durete, 

.:-:a": SS!;..!" :resuMet'. 

:;:: :· .~ ~ .. :ss~~,.~ ~: :..;"e ·r"::esse ttevff. :~;,,,r """".":'" :· ... !c :..;""e :!!:e 

.. i .;.,! : -:?~:·'! .·:esse . 

.. :"'?S · : ... ~e:..: ~:""! ·"':!!" .. :~:>ue ;:>!"SQ;. .. "'e e-i:,..!'~"':! :;l le ~..;e 1• 

- · .;.: .. :::e .. :..~ .: .... ·-~ ;· . .:.:r~s r"!':!::1a~!. :? -~s ... re ~es 

• #~ :~ .... .:-. -~-o - . ;:..1.-

Fig 8 Influence de l 'atUque dlilrique du substrat 

sur 11 lecture de \ '111Preinte 

•l avant att.que b) aprts attaque 

C'est tgalement le cu pour les •Urllua suiY.,.ts 

- lllodiWll/acier 

- llic1tel/1tier 

- Cuilnl"e/l&iton 

Enfin tllaque fois que cela est possible, - atuque chiaique est 

saulla1Uble en vut d'- •illeure prtcision de lecture. 

La prt;ision de 11 •sure dfpend fgll-t dt 1 'itlt de surface du 

s~strat et parfois clu re.tu.Rt dont les irr19Ul1riUs tftfttuelles 

pev..ent entr1f11tr - aificatiOft de 11 glalttri• de 1 'llllS!reinte. 

Cette influence est d'autant plus gnnde que la couc:he est •ince. 

fi9ure 9 reprtsente un re.tu.Rt cit TfC (-6•) sur llttal dur dont 11 

rugosiU 1 provoqut la dtf-tion de l 'llllS!rtinte et rendue 11 •sure 

i1111rtcise. 

f..!.i....! Influena de la rugosiU sur la glalttrit de 

1'-re1nte 

-< '·;ure 10 donnt un t•~lt 1'troorejntt Obtenue 111ec un revetement 

..,,.,e :toose sur une ••rface polie. :i s'191t d'unt coucne cse ~i'I oe 

: .l."' sur l'ltta l our. :ans ce cas. 1 a 11tsure est facil I tie. 

:•e"'Olt 1t cout"I •nnce sur suostrat 0011 '.to.~.?-"': 
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_! -.,:-:;~ :1r 111r1s1Qft s1111tr1que est 1r:ctt:iena1ntt C@~ ;ro::r1eus ~•s 

-a:t"' l:o• ""<!S~rrs au !Ir ltvr mooe d'tllbor1t1on. 

~o" l;~l :c1t1on prut ftre rnwiugte p1rtout ooi 1111 COlltrlilt r•o•dr 

:·~:••sse··r :e COUClles est nfasuire : 

91h1nOPl&Sti• (Au. Cu. Ni, Ag, All ttc ••• ) 

- tlo111ge 

- rewi'-'!t dli•ique (Ni •.• ) 

- tr1i'-'!t de surf1ce pu CYD. PYO (TiC. "rill) 

traiie.nt syperficitl des Kiers 

- etc •.. 

~iie ~ut etre 1;1Pliauee soit directement sur des ~rtlts - fonc

:'o""ti Its :e oifces uttles soit sur dH te.ains a::ittnus :ans lts 

~s c:w1c'it1ons. 

~::.,: ~!: ~g•lemtnt ~•?~e dins les c1s oU i'>Jn ~s 111ttr11u.a est non 

-c:~:·~.:;.ae .ceraa11a~. :ilas:ic~ ':c ... :. 

:"' :tssous :e 0.5.-. h rotsure rrste :intic1olt 111is ?1 orkision :t

:ot~:: fortemtnt de l 'tUt de surf1ce. 

;" :tSSJS de 20 ou J0..11. selon 11 duretf • 11 durte d'lllr&siOft devitnt 

:i~s "'Dor.:oar:te et une co.111t mtU1lr.qr1plliQut titut ftre prt!fr1blt si 

~lle est oossiblt. 

:~ ;;lus ae son ;apcillc1tion principoalt l !;a 11esurt d'tp1isstur. 11 •

:,cae est frtQ-11t uti list. pour ti,.iner - coucile !!rice l 11 

::iu:ie 'nciintt !ouMtt ~ar I '1br1Sian spnfrique. 

;! "Dye, -iet tn tv1ee,ce des :C111es :rh 11inces qui seraient :rts :if

''" :es a ~:lStrwtr 5.,,. une coutit vert1c1le. 

.n e•emcle est fourni ~1r 11 fig,re 11. II s'19it d'une tp1isse coucne 

., --: , .ZO.•) sur icier, 1.ec une coudl• prtlilrin1ire de Cr r~;.11) et 

:;s ::nes 1nterwldlaires. 

:~i...!.!_ :•el!':lle oe coucnes ,.;nces success1ves "''SfS 

,. tv•df"ct '" !Jr&S•on so~er•~ue. 

!S '!'•f""'!>lts :'"tctc:e,,ts. ~;"''a ttt cue~:H,,, -::,,1t !! ,.~v~:e-

. ' · ,:·:;e :!:r•te ''' tst t91l-"t v1llble pour la mesure ·Je r!ve'.!· 

... · ,r :!s p1tces cyllndriques. 

: . 

.1:ru~ • H '/ srrunt !u olc"I ae l '!n11sse,r sont ·e· 

·' .! ~rind llt ae l'11lipst, :e or1nc1i:ie restlnt le~-

· ·~.- ·.-:rs surfactS spntr•Qurs revttues. ~our auunt Que ,_ .. 

: ·.roure soit 11r9r,,,.nt suptr•tur ~ ctlu1 de h D•llr. 

·· • ·• : ~~nne un !•lfl1Plr d'lf!1pr1•"tf 0Dt1nue Sur un cyl1narc ··• 

.' ..;..,,., r!-:::-.vtrt !'""' coucne ee "41c~el de· 6 .. n. 

Fig 1? ~Hite sur Ull cyHnare de I E -

[COUC.'f .._ 6..ca) 

~1 f:~r! iJ re:ir~sente u~ e111re1nte Obtenue sur une cca.ironne de re

llOfl:o1r en 11itOll recca.iverte d'or. l'irrf!ul1ritt '*' DOUrtOUr I 11 li

•lte or-l1iton est trts Prollllll_,,t Ml dH dffMlts gtcllttriques 

~e l;a sur"fur de 11 cou.._. 

Fig 13 Couc11e .i 'Au sur une cca.irOllM de .--toi r 

:O"ICL"-S ::·;s 
~·1pc;are1l ::tent ici offre un 190yen r101ae de •surer 1 '!D&H~eur 

~·une 9r1nde v1r1ftt at rrvit-nts su;1trficiels 1vec une i:rfcision 

relativ_..t ,r1nae. 

.! "":fS..i:'"f :'!' ... : e:r! -tf~c::.e! C!"1 iJl""~'"~"'-:! ::~r:s ,:'·4r.: !C .. !nt1!lon 

~:: ..... "~s;.s .. : 1;~s1 :es •l~!·.Jrs locales :1.t -.,~~~nes. 

:i: :: .. s • .:!::-e -•t~oc;e !!:!. ·ra!?oena:1n:e .:e ·! riitt:..r-t '!!S r.iattria1.a; '.""f

~ ,.,..es. 

:;ari:a9-t:.ae""'!er.t C"':•Jue ~01s .:u·-r.e c::.;:i,t -!-:&i lc.~rJ:J'\lQwt r. est ~as 

:-:!':.u.···e : ... ·1 es-;. :ts ~i!lilSl:lilt. 

.ous rt""'t .. c ! :>rs ·~r ,; ~;,ltd :,our 1 ', .,::>ort!• :e c~l"ltr~ :Out 1 on Qu · 11 l 
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CLEANING MACIDNES: 
Industrial and Laboratory types 

emulsion 
pure solvent 

vapor 

Industrial system 
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Soxhlet extractor 
( Laboratorv device) .. 



S<>I~ VEN'l'S li'()R Cl"'EANING PURPOSES 
Aliphatic (Alkylic) Hydrocarbons 

Petrol ether 

Benzine 
(range 80 - 95c) 

Benzine 
(range 110 - 140°) 

White spirit 

Kerosene 

Volatility index 

Toxicity 

Boiling point Density Volatility Toxicity Flash point oc Index MAC (ppm) oc 
35 - 40 0.64 1.5 1000 - 40 

80 - 90 0.69 7.5 500 - 15 

110 - 140 0.73 -15 300 0 

150 - 180 0.76 30 300 15 

200 - 230 0.76 50 300 40 

evaporation tin1c compared to diethylether = 1 at room temperature under 
same conditions 

1naximal admissible concentration in parts by million (volume) in 
working roon1s 

__________________ _._ 



--------------------
SOI-' VEN"rS FClR CLEANING PURPOSES 

Aron1atic (Arylic) Hydrocarbons 

Boiling point Density Volatility Toxicity oc Index MAC (ppm) 

Benzene 80 0.879 3 25 

Toluene 11 () 0.867 6.1 200 

Xylene (1nixture 137 - 140 0.86 13.5 200 
of ison1ers) ----
Volatility index Dicthylcthcr = I 

Flash point oc 

- 10 

+4 

+27 



S()l.J VEN,.rs F<>R Cl.JEANING PURPOSES 
Alcohols and cetones 

Boiling point Density Volatility Toxicity oc Index MAC (ppm) 

Methanol 65 0.792 6.3 100 

Ethanol 78 0.791 5.3 1000 

lsopropanol 82 0.785 8.5 400 

n - Propanol 97 0.804 12 200 

n - Butanol 116 0.810 33 100 

2-Mcthoxyct11anol 124 0.964 35 25 

Acetone 56 0.792 2 1000 

Volatility index Diethylether = I 

Flash point oc 

+ 11 

+12 

+12 

+ 15 

+ 29 

+ 36 

<0 

--------------------· 



--------------------
SOI_J VENTS FOR CLEANING PURPOSES 

Chlorinated solvents 

Boiling point Density Volatility Toxicity oc Index MAC (ppm) 

Trichlorelhylcne 87 1.462 6 100 

Perchlorethylene 121 1.611 13 100 

1 , 1 , 1 74 1.319 3.5 200 
Trichloroethane 

Carbon tetrachloride 76 1.594 5 10 

Chlorofonnc 61 1.480 4.2 25 

Methylene chloride 38 1.325 3 250 

1, 1, 1 Trichloro - 47 1.568 2.9 500 
1,2,2 trifluorocthanc 

Volatility index Diethylether = I 

Flash point oc 

-

-

-

-
-
-

-
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POLARITY OF MOLECULES 

non polar molecule 

polar molecule 

8 and e represent the center 

of gravity of positive respectively 

ne2ative char2es -- ..... 
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EQUILIBRIUM OF A DROPLET 
ON A LIQUID 

Y LAV = Surface tension of liquid A 

Y Ls V = Surf ace tension of liquid B 

Y LA Ls = Interf acial tension between liquids A and B 



EQUILIBRIUM OF A DROPLET 
ON A SOLID SURFACE 

'YLV 

YSV YSL 

Y Ly = Surf ace tension of the liquid 

Y SY = Surface tension of the solid substrate 
(depending on the adsorbed products) 

Y SL = lnterfacial tension between liquid and 
substrate (negligible in a first approximation) 
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TENSIOACTIVE AGENTS 

Action on water-soluble or oily products 

Sorbitan Trioleate 

Hydrophile - Lipophile 
Balance 

1.8 

Esters Palmitate/Stearate of Ethyleneglycoi 2.7 

Glycerol - monostearate 

Alkyl - aryl - sulf onate 

Oleate of Triethanolamine 

Oleate of Potassium 

Laurylsulf ate of Sodium 

3.8 

11.7 

12 

20 

4C 

Lo\v values of "Hydrophile - Lipophile - Balance" are 
suitable for emulsions "water in oil" and high values 
for emulsions "oil in \vater". 



TENSIOACTIVE AGENTS 
Different Types 

1 ANIONIC AGENTS 

Soaps 
Salts of long-chained fatty acids and alkalies or 
organic basic components (e.g. amines) 

~o 
C-C-C·······C=C·······C-C 

'0 Na 
+ 

Sodium palmitate 

,o 
C-C·······C=C·······C-C ,o 

'0-N-C-C 

Sodium salt of oleyl - sarcosine 

The anion has tensioactive properties 
Limitation of use: alcaline range 

'0 
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Na 
I + 
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TENSIOACTIVE AGENTS 
Different Types 

2 CATIONIC AGENTS 

Salts of long-chained base and acid without 
tensioactive properties. 

Example: Ethosulfate of cetylethylmorpholine 

. , 

0 
/' 
c c 
I I 
C C 0-C-C 
'/ I 

/ 
c 

N ····------~·--- 0 - S = 0 

' c 
II 
0 

. ' c c 

+ -

The cation has tensioactive properties 
Range of use: acide solutions 

Use of \Vetting agent in solutions with low pH-values 
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TENSIOACTIVE AGENTS 
Different Types 

3 NON IONIC AGENTS 

Tensioactive character of the whole molecule. 
The electrolvtic dissociation does not matter • .. 

Action of alcohols phenol, amine or mercaptan 
on Ethylene - oxide. 

C -C ········C -C -O -c.-C-O ········C-!: -OH 
I 
c 
I 
c 

+ c-c 
'/ c 

········CO-C-C-OH + C-C 

' / 
0 

a.s.o 

Mechanism of reaction with Ethylene - oxide 

Miscibility \Vith water decreases by heating. The temperature 
where the solubility limit in aqueous solutions in overpassed is 

the "cloud point". 
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CLEANING SOLUTIONS 
Different types 

2. "First" cleaning bath 

Composition 

Aqueous solution containing 

- about 5% oleic acid, eventually partially oleic soaps of sodium or 
potassium 

- ammonia (25% in water) 5% 
- alcohol or acetone 20% 
- rest: water 

Workin2 conditions 

-Temperature 20°C - 40°C 
- Ultrasounds 

Use 

To clean metallic parts (especially copper and copper alloys). 
The product removes copper or zinc oxides and altered residues 
of oils or greases present in traces on surf ace. 
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CLEANING SOLUTIONS 
Different types 

3. Optimizated "First" cleaning bath 

Composition 

Apueous solution containing 

Oleylsarcosine 
Di-iso-propylamine 
Diethylene triamine 
Auorinated tensioactive agent 
Ethylealcohol or acetone 
water to complete to 

Working conditions 

- Temperature 20°C - 40°C 
- Ultrasounds 

20 g/l 
25 g/l 
5 g/1 
0,5 g/l 
50 g/l 

1 I 

To clean different metallic parts especially copper and copper alloys 
from traces of oxides, altered residues of fatty oils or water-soluble 
residues. 

Remark 

By increasing the proportion of amines the mixtures become more 
active, but the corrosive effect is also increased. 

I 
I ,¢5Em 
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CLEANING MACHINES 
Industrial types 

1 RINSING POSmON WITH SEVERAL RINSING BATHES PUMPED 

- Advantage 

- Disadvantage 

Simplified apparatuses 

The solvents are spoiled quickly 
because the transfer of dissolved 
products is relatively important 

2 SEVERAL RINSING BATHES WITH TRANSFER OF THE ITEMS 

TO BE RINSED FROM ONE TO THE NEXT 

- Advantage 

- Disadvantages ..... 

The transfer of dissolved products 
is less important and the rinsing bathes 
can be in use for a longer time before 
they have to be changed. 

More important apparatuses 
Higher loss of rinsing vapours 

3 SYSTE~I t:SING VAPOURS FROM LAST RINSI~G BATH 

- Advantage .... best rinsing process, even when the last 
rinsing bath has a too high value of not 
volatile residues. (normally limited 
to 10 mg/I) 

I ,Qsem 
I 
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CLEANING PROCESS 

Non polar solvents : Aliphatic hydrocarbons 
Arylic hydrocarbons 

Low polar solvents : Perchlorethylene 
Trichlorethylene 
Methylene Chloride 

Polar solvents : Mt!thylisobutylcetone 
Isoamylacetate 
Dimethylcetone (Acetone) 

High polar solvents : Isopropanol 
Ethanol 
Methanol 

Very high polar : Water 
Alcaline aqueous solutions 

~ 
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CLEANING PROCESSES 
Influence on the behaviour of lubricants 

To A VOID SPREAD OUT OF LUBRICANTS 

• finish the cleaning process with polar solvents such 

as alcohols, cetones 

• add to the last rinsing bath special additives, such as 

- carboxylic acids (e.g. stearic acid) 

- phenolic compounds (e.g. hydroquinone) 

- partially polymerized perfluoro- poly- ethers or - polyesters 

- treat the cleaned surf aces with special silicone products; 

the end of the polimerization can be done on the surf aces 

themselves (baking at temperatures till I 80°C). 

I ~q:SEm 
• • 
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CLEANING PROCESSES 
Regeneration of solvents 

control of solvents 

REGENERATION 

• Separation solvent I water 

• Distillation of the solvents 

• Addition of stabilisators 
(especially for chlorinated compounds) 

• Filtration (if contaminants are most solid) 

CONTROL OF SOL VE~TS 

• Acid reaction (from decomposition especially 
chlorinated compounds and esters in contact with water) 

• Non volatil contaminants (evaporation and weight of residue) 

• Contaminated by light or high temperatures 
(important for halogenated compounds) 

Test with steel plates let into the vapour phase or 
liquid phase in the rinsing bathes and transferred to 
humide environment. The apparition of general rust 
in many fine points is the sign of a contamination. Such 
a solvent can no longer be regenerated in the working plant. 

~ 
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Alpha - Kit 

Non polar liquids for tests with increasing 
surface tension 

LIQUIDS COLOR KINETMATIC SURFACE TENSION 

1 colorless 0.35 19.7 

2 clear red 0.70 21.9 

3 dark red 0.54 23.1 

4 yellow 0.36 29.1 

-~ or en 
" 

0.47 34.6 

6 blue 0.97 41.6 



ALPHA-KIT 

Nature of liquids for tests 

Liquid 

1 

2 

3 

4 

5 

6 

Nature 

Perfluorinated polyether 

dimethylpolysiloxane 

methylalkylpolysiloxane 

partially liquid 3 partially hydrocarbon 
with ether groups 

partially hydrocarbon with ether group and triester 
of phosphoric acid 

triester of phosphoric acid 

~ I 
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• BEHAVIOUR OF SURFACES 
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Steel I brass weil ~leaned 

Behaviour 

Liquids 1-4 
Liquid 5 
Liquid 6 

spread out totally 
spreads out partially 
does not spread out but contact angle < I 0° (low) 

I Steel I Brass treated with stearic acid I hydroquinone 

Liquids 1-2 
Liquid 3 
Lio·Jids 4-6 

spread out 
spreads out partially 
does not spread out (contact angle increasing from 
4-6) 

I 
I 
I 
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Ruby well cleaned without other treatment 

I 
I 
I 

Liquids 1-3 
Liquids 4-5 
Liquid 6 

1 _¢sfw 
I 

spread out totally 
spread out partially 
does not spread out (contact angle> 25°; high) 
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Steel I Brass 

Liquids 
I 
2 
3 
4-6 

Steel I Brass 

Liquids 
1 

2-6 

BEHAVIOUR OF SURFACES 
Effect by chemically similar products 

treated with silicone polymenized in situ 

does not spread out 
spreads out quickly (chemical similitude) 
spreads out partially (contact angle approx 6°-10°) 
do not spread out (contact angle in general high) 

treated with perfluorinated ethers/ esters 

contact angle low< 5° spreading out nearly 
complete 
no spreading out high contact angles (> 25°) 
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TESTS WITH ALPHA-KIT 

Put from bottle a few drops into the oil-container and with the 
special cleaned oiler put droplets of about 0,5 - I mm in diameter 
on the surf ace to be tested. 

Consider the surface area of the droplet after about I 0-15 min, time 
to be entered into the internal specifications of the factory. 

CSEM - Institute is at your disposal to interprete the results. 

1¢sml 
I 
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ALPHA-KIT 
(A DEVICE FOR !HE CONTROL OF THE CONDITION OF CLEANED SURFACES) 

The behaviour of a drop of ail deposited onto a surface depends 
in a large extant an invisible films. which remain after the 
cleaning process. The same is also true for the conditions of 
friction and seizure. To avoid haphazard work the person respon
sible for the cleaning process must have at his disposal a method 
of control which allows him to make the presence of superficial 
films of various types conspicuous. 

The first ~dea. that comes to mind is to deposit drops of the 
watch oil. that one intends to use. In this manner a direct re
sult could be obtained. but woulj be difficult to interpret. be
cause the usual watch oils contain polar products. which themsel
ves produce films on the cleaned surfaces. By working with non
polar and non-volatile liquids. an interaction with the cleaned 
surface need not be feared. The shape of the drop depends on the 
surface tension of the liquid and the apparent surface tension of 
the solid surface. The latter can be detennined within relatively 
narrow limits when there is at one's disposal a set of liquids. 
with graduated surface tensions. 

LSRH has developed an apparatus which enables this technique to 
be applied to the control of surface cleanliness. This device is 
covered by a patent pending. 

As act~ally used, the set of liquids =onsists of 5 oils with the 
following characteristics: 

Oil N° Colour code Kinematic viscosity surface tensior 
at 20°, stokes dvnes/cm 

I colourless 0,35 19,7 
!I clear red 0.70 21.9 

III dark red 0,54 23.1 
IV yellow 0,36 29.1 
v green 0,47 34,6 
VI blue 0.97 41,6 

The oil N° I is a fluorinated compound. The oil N° II and III 
are silicones. The oils NO IV. V and VI are non-~olar. base 
compounds. which are usually found in watcn oils. 

In going from N° I to N° VI, more rounded drops !re obtained. It 
is necessary to take into account ~he ;act that the drops do not 
reach an equilibrium state immediately. Usually one drop of the 
series is at the limit of spreading out. For the lower numbers 



I 
- 2 -

I 
spreading is more likely to occur. It is possible to determine I 
above which number the absence of spreading is guaranteed, even 
after one or two days. The apparent tension of t~e solid sur-
face then corresponds approximately to t~e tension for the drop I 
showing the first signs of spreading. 

This apparent surface tension is characteristic of the condition I 
of a cleaned surface. Once a cleaning technique has been elaborated 
and gives quite favourable results, one can define this condition 

I 
I 
I 

by the apparent surface tension. The person responsible for the 
cleaning process tries to maintain this tension. He is warned, 
if a change has taken place in ~he cleaning process by the condi
tion of the deposited drops on the cleaned pieces. 

When a surface has received a treatment such as to form a film 
Can epilame for axample), its apparent surface tension is changed. 
The difference can serve as a control of the treatment. However, 
it is necessary to consider a property, which can be the origin 
of errors. When an oil is deposited on to a film with quite distinctl 
chemical properties for example a fluorinated oil on an epilame 
which is also based on fluorinated compounds, spreading out pheno
mena are sometimes observed, which are not in accordance with the 
surface tension of the oil, but are caused by an interpenetration 
between the oil and the film. This is the reason why different 
types of oil are used for the first items of the series. On a 
stearic epilame the first three oils will not spread out if the 
treatment has been well made. On an epilame based on silicone 
comoounds. the drops of the oils NO II anc III are less rounded 
than the drops of the oil N° I. The results are the opposite for 
a fluorinated epilame. These considerations allow an appreciation 
to be mace of the na~ure of the epilame filn. 

On the surface of a metal or a mineral oxide which is perfectly 
cleaned and dried, the oils N° I to V spread out. The last oi! is 
just at the limit. The apparent surface tension is about 40 dynes/ 
cm. 

On a quite clean plastic support, the apparent surface tension 
does not always reac~ this value. It is necessary to take in 
to consideration a possible chemical relationship between the 
plastic and the oil. which leads to the described spreading-out 
phenomena.Furthermore the hygrometric state of the plastic has 
a relatively high imoortance. 

(-see fig. 1, page 6) 

The figures eve~ show by 4 examoles the described conditions. 
In each case a ~teel olate has been prepared by delicately bru
shing under water with subsequent degreasing in a Soxhlet extrac
tor using a mixture of toluene and tertiary butylic alcohol. After 
t~is preparation the aifferent treatments mentioned below have 
been made. 
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The two lines of drops shown consist of: 

At the top: 2 drops of Synt-A-Lube oil and 2 drops of Chronax 
0 oil. 

At the botto~: The drops of the LSRH series of oils N° I to VI 
(from left to right). 

The following commentary can be made: 

A): No further cleanin2 process 
All of the drops with the exception of the oil NO VI 
spread out; the apparent surface tension is about 40 dynes/cm. 

8): Ultrasonic cleaning in a solution of amine soap 
The behaviour of Synt-A-Lube oil is only a little better. For 
the other oils, the result is practically the same1 apparent 
surface tension: 40 dynes/cm. The polar character of Synt-A
Lube oil pennets the anc~orage of a layer which avoids sprea
ding. 

C): l;pilaming with Aretol 
All of the oils remain at their position with the exception 
of the drop NO 1, which is not wall rounded; the apparent 
surface tension is about 19 dynes/cm. 

Cleaned in the Soxhlet-extractor 
with no further treat~ent. 

Ultrasonic3lly cl~anec in a solution 
of amint? soaps. 

Cleaned and treatad wi~h ARETOL. 

Treated with ARETOL-Epilame, then 
ultrasonically cleaned in a solution 
of amine soaps. 

fig. A 

fig. 8 

fig. ~ 

fig. 0 

OJ: Tr~~t~ent with Aretol-Epila~e, followed bv ultrasonic 
cl2anin2 in a solution of amine-soacs: 
The watch oils like the oil Nu VI do not spread cut. The 
drop N° Vis at tha limit. The drci:i;N° I to IV spread out; 
tha apparent surface is nearly 36 dynes/crn. 
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Directions for use. 

The test is preferentially made on plan£ surfaces, which should 
be as large ~s possible. On watch-stones it is better not ta 
work in the oil-bearing holes, but on the plane surfaces. 

In the case of pieces with several surface conditions: brushed, 
polished, sandblasted, etc, the drops must be deposited on each 
surface. 

The surface must not be treated by a further cleaning process 
before examination. It is only permissible to blow away dust 
with an air jet. 

With the aid of an oiler of the corresponding colour, a little 
drop of oil of the set is selected with the knowledge of tha 
surface condition. According to the behaviour of this oil, drops 
of two or three other oils directly preceeding or following the 
first are tested, until it is possible to define the limit bet
ween the spreading oil and the oil which does not spread out. 

It is seldom necessary to use the whole set. When the aim is 
to control an epilame, one works mostly with the first numbers. 
When testing a cleaning process, the higher numbers are used. 

An initial visual examination is made a few minute after the 
drops have been deposited. Moreover, in all cases, where it is 
possible, another exa~ination is made the next day after about 
twenty hours. 

Interoretati~n. 

1) When the ai~ is to su~ervise a cleaning ~recess, the first 
requirement is that there is no change between two succsssive 
observations Jf the pieces treated by the same technique. It 
is act~ally rare, that a given apparent surface tensicn of a 
support is prescribea, but it would be desirable to arrive at 
that, especially when a certain experience in the applicaticn 
of the CESN-method has been made. 

It is possible tc say, that a watch cil, ~ith a given surface 
tensicn will remain at tha deposit8c place as well as a liquid 
of the CESN-serias, having the same surface tension, but the 
reverse is net tr~~. the watch oil can be ~etter. 

2) If the ~im is to control an epil:me treatment, usually the 
first three cils ~re deposited. If thay do not spread out, the 
epilama treatment is quita in arder and the layer presents no 
chemical reiations~i~ with the oils Jf the set. 
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If the oil N° I spreads out while the cils N° II and III do not, 
then the epilame is on a fluorinated case. 

If the oil NO I dces not spread out. while the oils N° II and III 
spread out a little. then it is pr:~2ol2. that the epilame is en 
a silicone base. The confirmation may be given with the ~il N° IV. 
the drop f~cm which must be well rcunded. 

Remark: Tha application of this rneth~d is particularly easy for 
an operator accustemed to depositing dr~ps of watch oils. However 
the interpretation is limited to a certain pratical experience. 
because the observations made at CSEM, where this method has been 
used for two years. show that there is a large variety in the 
surface condition of pieces, cleaned industrially. 

During the introduction period, CSEH is quite prepared to aid 
the practicioners who wish to apply this method, by furnishing 
information which makes the interpretation of the results easier. 
If necessary please contact the 

CENTRE SUISSE D'ELECTRONIOUE 
ET DE MICROTECHNIOUE S.A. 
2007 NEUCHATa rSUISSEi 

Systems, Instruments and 
Engineering Section 
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~sem CENTRE SUISSE D"ELECTRONIOUE ET DE MICROTECHNIQUE SA 
- Recherche et Developpement -

CSEM MALADIERE 71 CH-2007 NEUCHATEL (SWITZERLAND) 
TEL 038/24 01 61 TELEX 952 664 (CSEM) TELEFAX 038/25 40 78 

ALPHA - KIT 
for Surface Cleanliness Evaluation 

Effective surface cleanliness is a far.tor of particular importance in many 
processing steps of microtechnology. In order to provide a reliable vay of 
supervising cleaning processes, CSEM has developed a simple device to obtain 
qualitative information about the surface state of a vide variety of materials. 
The technique vhich has been used successfully for over a decade relies on the 
visual observation of the spreading out of droplets of carefully selected 
liquids on the surface to be inspected. 

-. ' 

The behavior of a drop of oil deposited on a surface is governed by the surface 
tension of the oil and the apparent surface tension of the surface, ~hich in 
turn is strongly influenced by othervise undetectable films remaining after 
insufficient cleaning processes. Thus the observation of the shape of droplets 
of a set of liquids having graduated and knovn surface tensions enables one to 
detect the presence of unvanted surface contamination. 

Alpha-Kit consists of a collection of six oils containing non-polar and non
volatile molecules vhich serve to make superficial films on most metal and 
plastic substrates conspicuous. 



The characteristics of the oils 

I 
! Oil N° Color code 
I 

I 
I I colorless 
I II clear red 
I III dark red 
I IV yellov 
I v green 
I VI blue 
I 
I 

selected for Alpha-Kit are as 

I Kineaatic viscosity I at 20°C (centistokes) 
I 

35 
70 
54 
36 
47 
97 

follovs: 

surface tension 
(llN/a) 

19.7 
21.9 
23.1 
29.1 
34.6 
41.6 

I 

I 
I 
I 
I 
I 
I 

Available Apparatus I 
The Alpha-Kit vorking plate carries all the necessary material to perform quali-
tative tests in the field, that is: I 

- 6 oil cups 
- corresponding oilers I 
- oiler cleansers (elder-pith) 
- 6 bottles of oil 

Application Notes I 
The tests are preferably done on a plane surface. As the oil number increases, 
ever rounder drops are obtained after they have reached equilibrium. The 
apparent surface tension of the solid surface then corresponds approximately to 
the value of the drop vhich shovs the first signs of spreading. It is not 
necessary to use the vhole set. 

Interpretation is subject to a certain practical experience, especially due to 
the large variety of surface conditions and industrial cleaning processes. 

The photos belov illustrate three equilibrium conditions of the same substrate 
after test: 

I 
I 
I 

A , ••.•• • • I a I C) 0 0 0 0 

2 3 4 5 6 2 3 4 5 

...___ ___ ,: 
L~ c c e ,. .... - • I -~ -........ 

2 3 4 5 6 

A) ultrasonic cleaning in amine soap solution, 
B) cleaning and treatment vith antispreading solution, 
c) treatment B folloved by ultrasonic cleaning in amine soap solution. 

JFC/HTa/ARe/cbr 
August 1989 
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CENTRE SUISSE D'ELECTRONIOUE ET DE MICROTECHNIOUE S.A. 
- Recherche et Developpement -

CSEM MALADIERE 71 CH-2007 NEUCHATEL ISWITZERLANDI 
TEL_ 038'205 l11 TELEX 952 66C ICSEMI TELEFAX 0381205630 

CSEM REVETEST® 
Automatic Scratch-Tester 
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AE 
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RE VE TEST® 
Adhesion characterization 



INVESTIGATION METHODS 

The REVETEST® provides three different means of analyzing 
the scratch: 

• 2 methods ON-LINE: FT AND AE 

AE 

Le A pp lied Load 

• and thereafter optical observation through 
a microscope. 

REVETEST® 
Adhesion characterization 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

/ 

STARTING AND PREPARATION 

STEP 1 Power ON 
wait approximately 30 min before using the instrument 

STEP2 Instrument settings 

• Progressive or constant load 
• Load range ( 100 or 200 N) 
• F min and F max 
• Loading rate 
• Scratching speed 
• Sensitivity of AE signal 
• set button located on the REVETEST® machine 

in position AUTO-RETURN. 

STEP3 X-Y Recorder 

• connection to Control Unit 
• set button "PEN" in position AUTO 
• paper 
• X and Y scales 

i 
i 

STEP4 Sample mounting and adjustment 

• fix the sample in a sample holder 
• adjust the sample at approx. 0.5 to 1 mm 

from the indentor tip 

STEP5 Off set at 0 of: 

• FT 
• Distance 

--

=_:[SEm REVETES;'T.) 
Adhesion charactt• :~,-:..a ti on -' 

"I 

.) 
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POSSIHLE SCALE OF THE DIFFEitENT CHANNELS are: 

in progressive mode X -
in constant mode X -
for both modes Y 1 = 

Y2= 

0.1 
5 

10 
0.05 

V/cm 
mm/sec 
mV/cm (AE signal) 
V /cm (FT measurement) 

REVETEST® 
Adhesion characterization 
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PRACTICAL RECOMMENDATIONS 

• Control the diamond tip with a loop (for example) 

Good 

Eroded Broken 

• Clean the indentor with alcohol after each scratch (some 
transfer of material could occur) 

• Sample has to be cleaned. i.e. grease and particles removed 

RE VE TEST® 
Adhesion characterization 
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PRACTICAL MEASUREMENT 

I 
I • the sample is under the diamond indentor 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• Press "RUN" and the test begins 

• Stop the test by pressing RESET 
or wait until it is finished 

• Observe the scratch under the microscope and determine 
the optical critical load and correlate it with the AE and/or 
Ff graphs 

• Change the instrument settings if it is necessary 

• Clean the indentor with alcohol 

V' e recommend a mini um of 3 scratches per sample 

I ~(SFm REVETEST® 
Adhesion characterization -I ~ 
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MECHANICAL AND ELECTRONICAL 
CONCEPTS 

1. General Specifications 

2. Mechanical devices 

• Loading system 
• Acoustic Emission detection 
• Microscope 
• Friction force measurement 

3. Electronic Control-Unit 

• Electrical functions distribution 
(PCB Nr 1,2,3,5 and 6) 

4. Summary diagnosis of the electrical functions 

• Signal measurements .... 
on the 64 pins connector 

5. Interfaces/ Accessories 

• X!Y recorders 
• PC-INT accessory 

- PC requirements 
- Printers/plotters 

• Video Camera Adaptation 

Support 

D.U. p.14 

Drawing 
D.U. p.ll, 18-21 
M.D.U. p. 1-7 
F.D.U. p. 1-9 

D.U. p. 28-38 
F.D.U. p. 10-13 

D.U. p. 23-25, 39 

D.U. p. 7-9 
For inf onnation 

II 

II 

II 
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I 
I 

D. U Directions for use I 
M.D.U : Measurement Microscope Equipment Directions for use 
F.D.U Device for Friction parameter Determinations for use 

REVETEST® 
Adhesion characterization 
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2 column 
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·1 load driving motor 
5 1noxin1i1y switches 
6 movement slops 
7 trnnsla1ion screw 
K lllll 
9 lo;ad spring 

10 poi111 lift command ro<l 
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11 lever ann 
12 beam 
13 load cell 
14 spherical bearing 
15 sliding poinl holder 
16 diamond tip 
17 sample 
18 sample lahle 
19 sample lahle driving motor 
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b 
SCRATCH-TESTER 

PCB1: AEMETRE 

PC82: MEASURE FN 

PC83: FRICTION MEASURE FT 

PCB4: NOT USED 

PCB5: LOGJCAL+MOTOR DRIVER 

PCBS: SUPPLY 

+WIRiNG CF: 

FRONT PANEL 

t=:;EAR PANEL 

MECHANICAL PART 



SCRATCH-TES:: R CSc.M 
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0.0 TO •2.5Vl5.0J 

0.0 TO •2.5Vl5.0J 

0.0 TO •1.0V 

OV ON.•1.2V OFFllF .• I 

•0.5V ON.•24V OFF 
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• · !\ ON. OV OFF 

av CN. •12V CF"' 

OV 0"1. -12v OFF 
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1.eo;;-:- •5. eov 
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ONO ANALO:: 
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FN 

FT 

AE 
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2 - - 2 ::N:l ANALO:; 
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ANALOG 
r-----------------------
1 

I A c 
ONO ANALOO 

ONO AIULOO 

•IS VOLTS 

-15 VOLTS 

1 - - 1 ONO Al'i.t.LO:i 

2 - - 2 ONO ANALOO 

3--3 __ •15 VOLTS 

4 - - 4 __ -15 VOL TS 

__ 1"111'1 ---- 5 

6 

5 _____ l"IAX __ 
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I I I 1 
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0.0 TO •2.SVl5.0J 

SC~rlTCH-TESIE~ 

ANr\LOG 
r-----------------------. 
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FN 

FT 
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I 
CHAPTER GENERAL INFORMATION 

1-1 Introduction to The PCL-718 

?C~-718 is a high per:or~ar.ce, high speed, multi-function data 
ac~uisition card for the IBM PC/XT/AT or comp~tibles. The high
cnd sµeci:ications of :his full size card and complete software 
supporc frora third-par~i vendors r11ake it ideal for wide range 
a~plications in the ihdustrial and laboratory environment, like 
daca ac~uisition, process control, automatic testing and factory 
autc:nation. 

T~e ~e;r feat~res of this incer:ace control card include: 

Switch selectable ~6 single-ended or 8 differential analog 
in~ut channels. 

I 
I 
I 
I 
I 
I 
I 

An industrial standard 12 Sit successive approximation con- I 
verter (HI-674A) to convert analog inputs. The maximum A/D 
sa.myling rate is 60 !\Hz in OMA mode. With the Option 001 
~hich supplies a faster A/D converter (HI-774), PCL-718 can I 
accc;-aplish 100 KHz sar.1pling rate in OMA r.1ode. 

• 

Swi:ch selectable ~ersacile analog input ranges. 
3i9olar: +/- 0.5V, +/- iV, +/- 2.SV, +/- 5V, +/- 10V. 
::ni~olar: +1V, +2\', +SV, T·,ov. 

?r=vide t~ree ~/D ==i;ger ~odes: Soft~are trigger, Proyram
~abla ;acer ~rigger a::d excernal trigger ~ulse trigger. 

.:. I J ..:c;:: \•e r-:ed da :~ ca:: be transferred bf program control, 
~~=err~;t ~andler ==~=:~e or JMA transfer. 

.:.:1 ::~:"~~ 32=4-2 ?!:"=g::-.:.rrimabl.a :'i.:aer/Cc~nter ~rovides 9acer 
:u:;~: ltr:gger ;~:sel at :~e race of 2.5 MHz to 71 minutes/ 
;:...:lsa == t~e ~;:. :~a :~~er :i=e base ~s swi==h selectable 
· J ~Hz ~r ~ ~Hz. Jne '.6-~ic counter c~annel is reserved for 

:~o jit ~onol~:~i= ~ulti~l;ing J/~ out~ut channels • 
::...::~:...:= :-an'ie of ) :o -Si/ can ·:e created by '..lSing the on
::oarj -3«./ r.:fere:-.ce. :'his ;r:cision reference is derived 
.:: _ _,_ -:...e '/!J "'"c-··e,...-- ..... -e.::e,...e,...ce -xter"'al 'C or DC ___ .. 1 "-•• ."\ ........ --=- - .:. - ... ;::. .. ·"' 
reie~en=e can also be ~sed =o generace ot~er D/A output 
:-ar:c...es. 

..., ...... and i6 digital outpuc 
:::a:-.::-:e.!.s. 
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Configuration des commutateurs de la carte 
d'acquisition PCL 718 revision AJ 
------------------------------------------

1 2 3 4 5 6 7 

DIPSWl off on off off off off 

8 

DIPSW2 off off on on on on on on 

SWl 1 MHZ 

SW2 BIP 

SWJ 16CH 

SW4 DRQJ 

JPl -SV(REF) 

JP2 -SV(REF) 

Configuration des collJDutateurs de la carte 
d'acquisition PCL 718 revision Bl 
------------------------------------------

I 1 2 3 4 5 6 7 a 
--------!-----------------------------------

SWl 1 MHZ 

SW2 BIP 

SW3 16CH 

SW4 DRQ3 

sws off on off off off off 

SW6 off off on on on on on on 

JPl -5V(REF) 

JP2 -5V(REF) 

6 
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CSEM - REVETEST® 
Automatic Scratch--lester 

DIRECTIONS FOR USE 
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CENTRE SUISSE D"ELECTRONIQUE ET DE MICROTECHNIQUE S.A. 
- Recherche et Developpement -

., -~'Tr ......... - -
I •----:a-. _-. . 

·--- -••••••• 
- - --'. . .... 

The :U:VETEST - Scratch-Tester - developed by CSEM is an 
instrumen: vhich enables the ~easurement of the ~echanical 
- adhesion and intrinsic cohesion - of hard and bri•tle coatings 
by chemical vapor deposition (CVD) or physical vapor deposition 
softer and tougher substrates. 

au;:omatic 
strength 
obtained 
(PVD) on 

The test consists in scratching ~he surface of a coated substrate ~ith a 
rounded diamond point. The :oad applied on the point increases 
continuously as it scratches along the surface and a piezoelectric 
accelerom~ter detects the acoustic emission ~roduced as ~he coating is 
being damdged. The apparatus also enab:es the scratching rest to be 
performed under constant :oad. 

The intensity of the acoustic emission depends on the nature of the 
damage: !evelling of asperities. cracK1ng, chipping (cohesive failure), 
flaking (adhesive failure) of the coating, etc. The acoustic emission 
signal, recorded as a function of the load applied on the diamond point, is 
a characteristic of th~ tested sample. The analysis of the obtained graph 
provides qualitative and quantitative information on the ~echanical 
strength of the coating. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CSEM-REVETEST 
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CSEH-REVETEST Page 3 
GENERAL RECOMMENDATIONS 

1 GENERAL RECOHKENDATIONS 

Please carefully read the present instructions before proceeding to any 
change. Before leaving CSEH the ~quipment has been adjusted for testing 
112" (12,7 mm) square inserts. 

The measuring system needs approx. ~hour for varming up, i.e. 
the CONTROL UNIT should not be svitched off for short measurement 
interruptions. 

- The input of the Acoustic Emission (AE) measurement system (42) is 
very sensitive and must be protected against high voltages. Such 
high voltages can be observed in statically charged cables. For 
this reason the connection cable should be discharged by a 
short-circuit before being connected to the AE detector input (2). 
For the connection of the AE detector to the CONTROL UNIT, only 
the appropriate supplied cable should be used. 

Every time the equipment is svitched on (25), the diamond support 
rod should be tapped slightly vith a metallic tool until the 
AE meter (35) shovs a deflection. 

The calibration of the AE-signal has been made using CSEH's 
instrument as a standard. The reference calibration value is set 
to 1.2 (standard AE sensitivity). It is strongly recommended to 
use this value if AE-signal intensities have to ·,e compared, The 
AE detector (Fig. 3) should never be dismounted, othervise the 
reference calibration may be lost. 

- The AE-sign31 can be plotted on an "JC'/ recorder. Normally any xy 
recorder vith an input impedance Ri > 5 kOhm and a sensitivity 
range S > 1 mV/cm can be used. 

The scratching tip should alvays be used in the same position(s), 
to be set initially by the user: depending on the wear rate <-hich 
is a function of the coating material) the scratching tip snould 
be replaced - or 180° turned - af:er a few tens to some hundred 
tasts. 

For the warranty to apply fully, CSE~ recommends not to change rhe 
settings inside the CONTROL UNIT. The possible adjustments are 
specified in section 4. 

An electrical component hos been included in the CONTROL UNIT to 
protect the mechanical >ystem if the prcximity switches fail. 
This element switches the motor pover supply off as soon as the 
torque increases abruptly (current exceeds approx. 350 mA). If 
this occurs, switch POVER (25) off and -ait approx. 5 minutes 
before starting anew. If the failure still occurs. consult first 
sec.tion 9. 
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CSEH-REVETEST 
DESCRIPTION 

2 DESCBIP":ION 

Pag~ 4 

{Unfold the double size pages at the end of this booklet to refer to the 
corresponding figures.) 

SCRA'IClllRG KACllIRB (Fig. 1 and 2) 

1. Scratching tip 

2. AE detector 

3. Load cell 

4. Load cell spirit level 

~- Point lift co1111a11d rod 

6. Load spring 

7. Scratching head vertical locking handle 

8. Load driving aotor 

9. Sample table driving aotor (y-axis) 

10. Sample table displaceaent indicator 

11. X-axis stage displaceaent knob (1 turn • 1 ma) 

12. X-axis locking handle (optional) 

13. Sample table 

14. Band-vheel for vertical adjustment of scratching head. 

15. Proximity svitch for setting sample table end-ot-stroke 

16. RESET svitch 

17. Sample table displacement svitch (y-axis) 

18. Connector board 

AE Detect,>r (Fig. 3) 

Point lift cOllllaDd rod (Fig. 4) 

19. Adjustment screv for lifting scratching head 

20. Spring setting mark 

21. Locking nut 

22. Stopper 

23. Lever 

24. Spring 
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CSEH-REVETEST 
DESCRIPTION 

CONTROL UNIT front panel (Fig. 5) 

25. POVER svitch 

26. ACCESSORY pover svitch 

27. RUN svitch (light on) 

28. STOP svitch (light on) 

29. Svitch for mode selection of applied load: 

Const: load increases until selected force is rear.bed 

Pro£ : load increases vith c~nstant speed 

30. Min: adjustment of minimum load limit 

31. Max: adjustment of maximum load limit 

32. Normal force di~play instrument: 

Upper display: Min and Max load limits 
Lover display: instantaneous applied force 

33. RANGE svitch for load display instrument: 100/200 N 

34. Chart recorder PEN lift remote control 

35. Acoustic emission (AE) meter 

36. Selector and trimmer for setting AE signal sensitivity 

37. FUNCTION selector (Vz, Vy, Fn, Ft, µ*) 

38. 

39. 

40. 

Units: Vz in N/min 
Vy in mm/min 
Fn, Ft in N 
µ*: ratio Ft/Fn 

Function digital display 

Trimmer for tangential force 

Trimmer for SET ting the speed 

OFFSET adjust::ient 

of the sample table drbin~ 

41. Trimmer for SET ting the speed of ~oad driving motor. 

CONTROL UNIT rear panel (Fig. 6) 

42. AE-DETECTOR cable 

43. Friction coefficientµ• output (to recorder) 

44. Normal force Fn output (to recorder) 

45. PEN-lift remot~ control output (to recorder) 

46. Input pover plug, voltage selector and fuse 

Page 5 

::iotor 
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CSEH-REVETEST 
DESCRIPTION 

47. ACCESSORY pover outlet 

48. TRANSDUCERS input 

49. Pover output for electrical MOTORS 

50. AE signal output (to recorder) 

51. Tangential force Ft output (to recorder) 

52. REMOTE control connector 

Page 6 
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CSEH-REVETEST 
DIRECTIONS FOR USE 

3 DIRECTIONS FOR USE 

Page 7 

I 3.1 Electrical connections 
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The CSEH-REVETEST is delivered vith all the necessary connection cables. 
After inspection of the CONTROL UNIT rear panel (Fig. 6) and the SCRATCHING 
MACHINE (Fig. 2), connect the motors (49) and transducers (48) cables to 
the connector board of the REVETEST (18). Check that connectors are 
strongly fixed to protect the instrument from short-circuits. 

Connect AE cable (42) to the AE detector (Fig. 3): AE plug is sens1t1ve to 
grease and should therefore be cleaned vith a solv~nt (freon, etc.} before 
connection to the AE detector input. For other recommendations also see 
§ 1.0. 

If required, connect the Fn (44) and AE (50} outputs (Ft and µ* in option) 
to an xy recorder by means of the appropriate cables. 

For the remote control connection of your recorder, see § 3.2. 

The po~er cable of the recorder (or microscope light in option) can te 
connected to the ACCESSORY socket (47). 

Before svitching POVER (25) on, verify the input voltage on the selector 
(46). 

3.2 Recorder 

3.2.1 Recommendations 

For a standard use of this AUTOMATIC SCRATC3-TESTER. only an xy recorder is 
necessary. CSEH offers tvo recorder models: BBC SE 790 and Linseis LY 
1700. 

For recor~ing the friction parameter, provided in option, CSEM offers a 
double vay xyy recorder, Linseis LY 18100. 

If your recorder is different from those proposed above, verify its remote 
control mode before connecting it to :he CONTROL UNIT: CSEM ~ill not 
~arrant any damage in case of incorrect cor.nection. 
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CSEH-REVETEST 
DIRECTIONS FOR USE 

3.2.2 Pen lift, chart drive reaote control 

Page 8 

Before leaving CSEH, the cable for pen lift command is connected for a 
voltage controlled input (+12 DC V) of the recorder. Any modification has 
to be executed by the user according to one of the folloving schematics: 

a. Short-circuit controlled input: (BBC SE 790) 

Plug (4f) 

1.1 t( 

¥ii 

( l J 

e 
to REtOROER 
(pen-lift, e chart drive) 

~!~.:-!!!~~9! 
Umax = 12\iOC • 

Imax ~ 30mA 

•depending on recorder 
control input iJlpe
dance 

b. Voltage controlled in?ut: (Linseis LY 1700 and LY 18100) 

•12V 

(l J 

3.3 Point lift comaand rod adjustment 

to RECORDER 
(pen- Ii ft, 

C' er.art drive) 

Hax. ratinqs : 
----------·-
Umax = fHOC • 

Imax ~ 30mA 

•depenoing on reccrcer 
control incut impe
dance 

The aim of this adjustment is to prevent :he applied load from ju~ping 
suddenly from zero to some finite value at the beginning of the test and 
also to protect the load cell against a destructive shock. 

Before leaving :SEH, the point lift command rod (5), (Fig. 1) has been 
carefully adjusi~d, but readjustment may be necessary after tran~port. For 
this, proceed as follovs: (see Fig. 4) 

1. Scratching tip up (light RUN (27) ~ust be off), unscrev tne 
tightening nut (21). 

2. Turn (5) so that the stopper (22) stands at about 1 mm from the 
transmitting force lever (23). 

3. Tighten the nut (21). 

4. Control this li~tle gap by moving the lever (23) and after several 
scratches proceed to a finer adjustment if necessary. 
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CSEH-REVETEST 
ADJUSTMENTS 

4 ADJUSTMENTS 

Page 9 

Before leaving CSEH, the folloving careful adjustments have been made. The 
user can adjust these parameters according to his vvn specifications, 
although these values are considered as standards (10 mm/min; 100 N/min). 

4.1 Sample table lengt~-of-stroke 

The displacement of the sample table is limited by tvo end-of-stroke 
svitches. They should alvays be in a functional position ! Only the 
forvard proximity svitch (15), mounted into a screv, is adjustable. 

Before delivery, the scratching length is set to 10,00 mm : 0,02 mm (for 
1/2" inserts}. Using screv (15), the stroke can be adjusted to a maximum 
of 22 mm. 

4.2 Sample table and loading speeds 

As explained above, these speeds 
Using trimmers (40) and {41) 
corresponding position, the user 
indicated in § 8.1. 

4.3 Rise of the scratching head 

are calibrated for a standard application. 
vith the function selector {37) on the 

can adjust Vy and Vz into the range 

Depending on the common user or the type of REVETEST {model vith 
microscope), it may be necessary to adjust the effort needed to rise the 
scratching head. This is done by means of screv (19), {Fig, 4): vith the 
scratching head at its upmost position, slacken the hand-vh~el (14): the 
scratching hP.ad must move dovn by about one cm. 
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CSEH-REVETEST 
SCRATCHING PROCEDURE 

Page 10 

5 SCRATCHING PROCEDURE 

Vhen the instrument is being installed, the sample table must be placed in 
the horizontal position using a spirit level instrument and the four 
adjustable rubber feet. 

Note that the sp1r1t level (4) on the lever serves to verify the 
horizontality of the load cell ~hen the applied force is about SO N 

The SCRATCHING MACHINE has been adjusted vith a pre-determined spring 
position. Before start up, check this setting vith the mark (20) (Fig. 4). 

After varming up, the scratching tip support rod must be tapped slightly 
vith a metallic tool until the AE meter (35) sho~s a deflection. 

5.1 Usual scratching procedure 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

Fix the sample to the holder under the scratching tip. For 
testing other samples than ~" sqcare inserts, pins must be placed 
at the adequate position on the sample holder. 

Loosen the scratching head by unscreving (7) and adjust the height 
by roeans of (14) so that the tip stands 1 to 2 mm above the 
surface of the sample. Tighten (7) again and initialize the 
position on the displacement indicator (10). 

On the CONTROL UNIT, select the AE sensitivity 
"1.2" pos1t1on is the standard amplification 
signal) and select the normal force scale range 
(33). 

with (36) (the 
of the acoustic 
100/ 200 ~ •.Ji th 

Using svitch (29), select the mode of the applied force: 

Prog.: the load increases regularly with the 3ample displacement 
(standard value: 10 N/mm). 
Const: the load increases until selected force (30) is reached and 
remains constant. 

Using knob (30), select the ::iini::iu:n :orce required at ::he 
beginning of the scratch and its maximum l!~it with knob (31). 

If needed, connect a xy recorder to the CONTROL UNIT and set 
svitch (34) to the correct position :or its pen-lift remote 
control (on "Auto", the pen vill go dovn as soon as the minimum 
force limit (30) is reached). 

To run the scratch. depress STOP (28) (l!~ht off). verify that 
svitch (17) is on "AUTO RETURN" and ;:iress RUN (27): the green 
light vill stay on until the end of ~he ~est. 

The scratching tip vill first go dovn until it touc:.es the sample. Tlic11 
the applied Fn force immediately starts to increase linearly with time and 
sample table motion starts ·.rhen the minimum selected force is reached. The 
instantaneous value of Fn is displayed on (32) C\nd <llso on (38) if tloe 
selector (37) is on Fn position. Scratching goes on until the maxi~um 
limit (31) is reached or "RESET" switch (16) is pressed. The scratching 
tip is thus unloaded and lifted from the sample sur:'.ace. \/hen the SC\mple 
is free, the table moves back to its origin<ll position C\t full speed. 
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CSEM-REVE!EST 
SCRATCHING PROCEDURE 

Page 11 

As soon as the light RUN (27) is off, the equipment is ready for a nev 
test. If it is to be performed on the same sample, turn (11) to change the 
test location: a minimum spacing of 0.5 mm betveen tvo scratches is 
recommended. It mainly depends on the deformation of the substrate and the 
extent of cracking in the coating. 

5.2 AE determination of the critical load 

The AE detection dev;ce is used to determine the critical load vhen testing 
hard coatings vhich fail in a brittle manner. The occureuce of such 
failures gives rise to an important signal vhich is shovn on the AE meter 
(35) and vhich can be recorded on an xy recorder. The intensity of the 
AE-signal depends on the coating type. Selector and trimmer (3E) ~nable 
the adjustment of the sensitivitj of AE detection, in a range of 0.0 to 
20.0, corresponding to a sensitivity variation of more than 30 dB (> 30x). 
During final control of the apparatus, the AE is calibrated in position 1.2 
using the instrument at CSEM as a reference. 

Note that a change of input sensitivity of the xy recorder is not identical 
to a change of the AE measurement sensitivity by (36)! Vhile the first 
signal modification vill result only in different signal hei~hts on ti1e 
chart, the second sensitivity change vill contribute more or less to the 
detection of lov-energy AE-signals. The best results vill be obtained vhen 
the AE meter deflects to a mean value of approximately 50 r. vhen scratches 
beyond the critical load are produced. 
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6 CONTROL OF SCRATCHING TIP 

In order to ensure that the results of the test remain comparable, it is 
important to periodically check that the tip of the diamond is not damaged. 
The diamond tip should alvays remain smoothly rounded vith a radius of 
curvature equal to the nominal value. The tip of the diamor.d can be 
examined by 0ne of the folloving vays : 

a) Examination under a stereoscopic microscope 
(recommended magnification : 50 x). 

b) Examination vith an electronic microscope (S.E.M.). In this case, 
a thin gold film should be deposited on the diamond tip before 
int~oducing it into the microscope (see pictures next pages). 

c) A fev scratches should be made on a soft, uncoated material 
(e.g. annealed copper) and the shape of the scratches should be 
measured usinJ a profilometer (e.g. Talysurf). 

It must be emphasized here that the diamond tip vill inevitably vear, 
particularly vhen testing hard coatings. 

The vear tolerances are to be determined by the user since the vear rate of 
a tip is greatly dependent on the materials being tested. The diamond 
should alvays be mounted in the same ~osition. If an important vear of the 
diamond is observed, it can be turned by 180° and a nev series of scratches 
can be made. It is advised to have a standard sample vhich can be used to 
regularly check the condition of the diamond tip. At defined intervals 
(fo~ example 20 to 30 scratches) tvo to three scratches should be made on 
this standard sample to observe any variation of the critical load as a 
function of the diamond ~ear ( 1 ). 

Ne• diamonds may be obtained from CSEM. In this 
radius and the cone angle should be indicated in 
diamond holder should be sent to the supplie:. 

case. the diamond tip 
:he purchase order and a 

If coating failures are not accompanied by an Acoustic Emission. :he 
critical load has to be determined by inspecting che scratches visually. 

Uhen in doubt about the operation of the AE ietection system. check it by 
slightly tapping the diamond support rod (e.g. ~ith a metallic tool) until 
the AE meter (35) shovs a deflection. 

(
1

) "Adhesion testing by the scratch test ~ethod'' 
PAS, YTa and HEH. Thin Solid Films 154 <:?87) 



CcNTRE SUISSE o·ELECTRONIQUE Ei DE MICROTECHNIQUE S.A- Recherche et Developpement -

TIP RADIUS CONTKOL (magnification 500 x) 

RCD/2. R 0.2 mm 

D i am on d ~ o 219 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CENTRE SUISSE Cl"E!..::CTRO:\llCUE ~T DE \tlCROTECHNICUE S.A - "echercne et Oeveloppement -

TIP qADI~S CO~~~~~ (magnification 300 \) 

RCD/2. R 0.2 mr:i 
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The CSEH instrumen~ is built solidly and does not require any special 
maintenance. It is hovever recommended to store it in a dust-free place 
and to keep the sliding parts clean. Should it prove necessary, the latter 
may be lightly lubLicated vith a fine, conventional oil. 

For the replacement of any of the parts, please contact our local 
r"!presentative or CSEH under the folloving address: 

CEN'I'RB SUISSE D'ELEC'l'llONIQUB ET DB KI<llOTECBNIOUE SA 
Division Hateriaux et Micromecanique (Dept. Appareils) 
2, rue A.-L. Breguet, Case postale 41 
CH-2007 Neuc.bitel 

TEL (++41) 38 205 111 I TELEX 952 655 CSH I TELEFAX (++41) 38 205 640 
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6 SPECIFICATIONS 

8.1 General features 

1. Pover supply: 115/230 AC V, 50160 Hz 

Page 14 

Maximum pover consumption: 24 V (58 V vith microscope light) 
Fuse: 115 V - T 1 A 

230 V - T 0.63 A 

2. Translational table speed: 
range 2 < dy/dt < 35 mm/min 
calibrated value: 10.0 ± 0.1 mm/min 

3. Loading rate: 
range 20 < dz/dt < 400 N/min 
calibrated value: 100 ~ 1 N/ain 

4. Normal force range: 1 to 200 N (do not vork belov 1 N) 

5. Positioning of the sample: 

a) In the direction of the scratch, 
y: motorized (maximum displacement range: 22 mm) 

b) Perpendicular to the direction of the scratch, 
x: manual (maximum displacement range: 75 mm) 

6. Standard sample holder: (vidth x dept~): 49 rnm x 33 mm 

7. Dimensions: (vidth x height x depth) in mm 

- SCRATCHING MACHrNE: 400 x 460 x 505 

CONTROL U?-fI! 340 x 190 x 490 

8. Veights: - SCRATCHING ~CHINE: 62.S kg 
CONTROL UNIT 7.5 kg 
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CSEM-REVETEST 
SPECIFIQTIONS 

8.2 Load ~t ~-ysta 

a) Transducer: 

Precision Load Cell 

Manufacturer: Vibro-Heter AG. Fribourg/Svitzerland 

Type & Specifications: see Test Chart (next page) 

Bridge supply: .-(1.o,.QO.O V rms/5 Id!: 

OUtput signal: .Zf?.·5<1$.. mV at 20 kg 

. !:!'.2.~ .. ~ mV/ltg 

. f:<Jlf.S. ... mV/10 N 

b) Amplifier: 

Precision Strain Gauge Hoaule (oscillator/deaoaulato=) 

Manufacturer: Sangamo I Svitzerland 

Pover supply: : 15V 

Output signal: 5 V ~200 ~ (25 mV/N) 

c) Reference values: \ W"ar::.-up time .4:12.. ;.._, 
••• I 

Load Output [mv) 

[kg] [NJ :\mp.:.~ ::.e:-
( calc:.:l.) ( :neasu:;. ~ 

l.019 10 :.:o .~J.f$:. 

2.038 20 500 -~~-

:..or: ~o 1000 -~'$.. 

6.116 60 :.:co -!~Of. 

8.155 80 2000 2.Q03. 

10.194 :00 :!CO 2.S0.2 

12.:32 120 3000 J.QP.S 

14. 271 140 3500 3~9]: 

16.310 160 4000 H9.0.f 

18.349 180 4500 !+5.0A 

:o.~s7 :oo 5000 ~<XJ$. 

Page 15 
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vibro-m.eter ag II 
PAUFKARTE 
TEST CHART 

,,.. BLC-305-0 I 03 s.c 28034 

..... ..._. ---
20 kg 

150 '1 
2,0505 mV/V 

10 V DC/AC 

~ ( 0,015 '1 = ( 0,015 "L 
::::::.rNP: 415 0 OUT: 350 0 

:::.:0:. .:..:: > 5 x 10 3 MO 

- 30° + 70°C 

Zero return (30 min.) 0,0075 ~ 

5:" ·~:. 1990 

Page lb 
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SPECIFICATIONS 

8.3 Acoustic emission measurement system 

a) Acoustic emission (Al) detector 

Resonant AE detector 

Manufacturer: Br1!el & Kjaer/Denaark 

Type 8313 S/N A~~.{~f.J 

200 kB: 

b) AB preamplifier 

Manufacturer: Br11e~ ~ Rjaer/Denaark 

Type 2637 S/N . ..f.~.$.!!~ 

Octave band vidth filter: 200 kB% 

Aaplification: 40 dB 

c) AB uplifier 

Large bandvidth aaplifier: - 50 - 400 kHz 

Aaplification: 0 - 20 dB 

d) AB signal converter 

Averaging capac!:y: C = z: ~F (C9 on ?C3 1) 

Integration ti:e consta.~t: ! - l sec. 

Page 17 
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Bri.iel & Kjcer oK-350 N.€AUM_ oAHeMARK reie•on 

2. OPERATION OF AE TRANSDUCERS 

2.1. ENVIRONMENT 

2.1.1. Temperature 

2.1.2. Humidity 

The two Resonance Transducers Types 831 3 and 831 4 have an oper at1ng and storage 
temperature range from - iO°C to ·2500C. Because the Broad-Band Transducer Type 
8312 contains electronic components its operating range is limited to temperatures be
tween -100C and .55°c. ~ver the transducer will not be damaged when stored 1n 

ambient temperatures between -25°C and ·8S°C. 

Although ambient air temperatures may he within :he allowable hm1ts the transducers 
should not be attached to surfaces hav•ng temperatures outside the l:mits. In these 
cases the transducer mav be attached to the measuung point via a waveguide_ that is a 
metallic rod of suitable length to reduce the temperature at the illl1achment point Good 

couohng 1S very important. refer to section 2 2 

The ser.s.:.v•tv cal1brat1on of 1he transduce·s is performed at room temperature_ a: o?!':er 
temperatures the sens1t1v1ty can be expec:ed to vary 1n accoraance with the curve in 

t=ig 2.1 

Coa11:1al cables supplied with the Resonance Transducers Types 831 3 and 8314 can 
w11hstand temperatures up to 260°C wn1le the multi-conductor cable supplied with the 
Broad-Band Transducer Tvpe 8312 should not be sub1ected to temperatures in e•cess of 

100°C 

·•dr---------------------.-------,·•1' 

, . 
. I I: -~.._ _____ _.. ___ __..,;._ ____________ _.._ _____ l1' 

-JO -WC j ~C 90i •llO"C ·~ '1atrC ~ 
I I -• l~C 11J11l \I' C 11JIJI 

f19 2 I Typical remperattJte response curves of the AE 11ansduurs 

B & IC AE iransducers have epoxy sealed housings and are therefore impervious 10 mo•S· 
I nl offer su erfic1al protec11on and require utra pro-
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1ec11on when lhe transducer is 10 be used 1n we1 env1ronmen1s For short-term e•posure 
sufficient protecuon is gained by d1pp1ng the transducer socke1 and 1he cable plug 1n10 
silicon grease before 1he connector is assembled Wh~re e11posure 10 high hum1d11y le
vels or drrecl 1mmers1on 1n 1tqu1ds is e11pec1ed. 1he whole connector should be encapsu
!a;ed rn an acid free room-temperature vulcanising silicon rubber compaund 

Special cables are required for long-term 1."T\mers1on and for immersion 10 depths .n e11-

cess of a few meters 

2.1.3. Shock and Vibration 

Resonance Transducers Types 83 i 3 and 8314 un 1olera1e shocks of up 10 20000 m/s 
2 

( 2000 g) without damage when they are firmly an ached 10 a fla1 surface bul 11 should be 
oorne 1n mind thal the base of 1he transducers is a ceramic material which can break 1f 
maltruted Point and edge impacts which could occur when dropped onto a hard sur · 

face should therefore be a ... 01ded 
., 

Broad Band Transducer Type 8312 has a shock. and vibrauon hm11 1000m/s· (100gl 
which can easily be e•ceeded as result of careless handling Structural v1brat1on on ob· 
;ec:s likely to :::e monrtorea for acoustic em·ss•ons will rarely approach these re ... els 

2. 1.4. Nt.clur Radiation 

~E ~rar.sduce• Type e3 ! : wn1c~ ccn:arns elecrronrc components. will operate satrsfac· 
:or:iv under ~am ma r ad•at•on ;.ip re acc;;~1.:iatea aoses of 1 00 Ir.Rao Resonance T ransdu · 
cers Types 831 3 and 83 ~ 4 and their associated cables will operate sa11sfac1orily under 

gamma radiation up 10 accumulated doses of 2 M Rad 

2.2. MOUNTING OF TRANSDUCERS 

The stress waves cons:rtutrng :he A£ signal are minutely small when one considers 
:hem 1n terms of mechanical stress waves which must be transfered to the transducer 
for de1ect1on ln11mate contact between lhe measurement surla.:e and the transducer is 
therefore 1mperat1ve 1f lhe AE signal rs to be detected al all. Fonunately this is not so d1f

frcull in practice when using a coupling meo1um 

2.2.1. Coupling Medi• 

There are no known proprietary brar-as of AE coupling medium but 11 has been found 
that many vrsco1.:s or semi-llurd subs?ancts seem to work satisfactorily The coupling me
dium fills up the vallevs 1n the surlace :e•1ure of the measurement surface and the trans· 
ducer base and rn effect provides a surface-to-surface contact rather than a random crn· 
tact between peaks rn a rough surface Thrs is illustrated 1n F 19 2 2 

-·· 
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We use a h1«ihly o11SCOUS ( 700- 1000 cps al 60°CJ subSIJnce known as Dow resin No 
276-V9 made by lhe firm Dow Chemicals This is sa11sfac1ory for use up 10 aboul 
120°C The liquids and 1elhes used as couplan1s for L1ftrason1c transducers are also apph· 

cable 

Sarrsfac:ory resulrs ha11e also been ob1a1ned .... 11h lubrica11ng grease Silicon grease gives 
good results and is particularly valuable for ;ise w11h the resonance rransducers which 

may be JSed up to 250°C 

Wh1che11er substance is used 1t should be applied 1n a thin layer only so that rhe transdu· 
cer can be pressed down 1n rt to obra1n actual conract between rhe rransducer and mea

sur1n~ surface 

The measuring surface should be prepared by grinding with a fine abrasive ro remove 

pain1. mill scale eic before mounting the AE transducer 

2.2.2. Note regarding Broad-Band Transducer Type 8312 

The contact sole 1n the base of Transducer Type 8 31 2 pro1ec1s approumately 0. 3 mm 
(0.012"°) beyond lhe lower surface Of lhe transducer tO ensure good Coupling 10 the SU!· 

face W11h a light preload of a few N. rhe diaphragm. 1n the centre of which 1he con:act 
sole •S moun1ed. will deflec: slrghtlv The use of a coupling medium •S also advrsatire for 

good coupling to 1h1s transducer 

2.2.3. Transducer Clamps 

To ensure 1hat perfec: coupling is ma1nta1r.ed throughout AE measurements. some form 
of clamping arrangement for 1he transducer rs required. On magne11c surfaces perma· 
nen1 ma~me1s provide a conven1en1 means of a1!ach1ng the clamp B & I( magnets UA 
0070 available 1n pacits of s11 are especrallv conven1en1 as 1hey have a 1O·32 NF anach
menr s1ud (In coun111es where UNF rhreacs are not common remember to order 1O·32 
UNF rhread 1ap Q). 0029 and a quant11v of 10-32 UNF nu1s (YM 04141 with the mag

,,eisl 

\ ... _.....,, "" ..... ' i.;A JC10 

\ •OJ] UN:/ ~I""" .)011 

So"'"'_'_ 

\s.. ... .,,_,_ 

-F19 2 3 Some typical clamping afl;1n9em1nts 101 holding th~ Al 
r1ansduce1s m ltght contact with tht mtuur~ment sutface 
A coupling m1d1um should always be u:·td b~tw~en th~ 
11ansduc111 and rh~ m~~suremtnr surfact 
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On non-magne11c surfaces and for permanent monitoring applications the clamping ar
rangement or the transducer can be fix~ by epoxy adhesive or v•a ad1acenl screw fasten
ers See Fig 2 3_ which shows some lyp1cal clamping arrangements It rs no1 necessary 
10 apply more than a few N force 10 1he 1ransducer. 

The s1mples1 clamping method will usually be evident when the user rs conf:onted with 
a spec1f1c measuring s11uat1on In ~any S•t•atrons spring chps_ piastre tape or rubber 
bands will g11te satrsfac~ory results 

Note: In the case of transducer Types 8313 and 8314 the use of a rubber pad between 
the clamp and the transducer will. rn addition to holding the transducer rn place. main
tain the electrical 1nsulat1on from measuring surface (The transducer soles are made 
from an insulating ceramic material) 

2.3. CONNECTION Of TRANSDUCERS TO PREAMPLIFIEAS I AMPLIFIERS 

2.3.1. Resonance Transducers Types 8313 and 8314 

The outout signal from AE transducers has very low amplitude and power and should 
therefore be fed to Preamplifier Type 2637 which has high input impedance. low output 
impedance and 40 <:B amolrf1cat1on so that the signal is suitable for tr ansm1ss1on to mea · 
sur1ng and analysis 1ns:rumentat1on 

B & IC coa:111al connector sockets are used on these transducers. They match rhe standard 
range of cables available for 8 & K accelerometers A standard cable of 1.2 m length fit
ted wrtn plugs both ends rs supplied with each AE Transducer and this should be used 
alone. without e~1ens:on. wt-ierever possible so as to ma1nra1n the sens1t1v1ty stated on 
the transducer calibration chan 

For cable lengths longer tt;an 1 .2 m the s19r.a1 will be attenuated. changing the sens1t1v· 
1ty stated on the cahbra11on chart as shown 1n Frg 2 4 

j's, 
-'·~~, ~---------; 

-1 101t-~~~~~.--~~~~~~~~~~~~~~~~~~--l 

! ~. 70:~~~~~~~..:>o.,;~~~~~~~~~~~~~~~~~----i 
60~~~~~~~~--'"""""-?'--"'C"~~-y"'--:= 

t -~ I 
~ --4•~,......---~~~~~~~~~~-'-...:::ir--...._::-~~~~~~~~ 

- -:1 
~ ·•· •C.-~~~~~~~~~~~~~~~~--':-..._.=-"==---=-~~ 
• -ff 
-'~XII-~~~~~~~~~~~~_;_~~~~~~~~~~~__;; 

"'' -·~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-'°1'"'·~~~~~~~~~~----~~i--~~~--~~---; 
e11 o~-~~~--~~~~~~~~_.._-~~~~~~~~~~~-

f19. 2." 

o ~... !wR • 1 • ' '°"' 
0 

C..0• L ..... 

XIO 1111 IOD 

L-C-·•-

Attenuation of signal level from Resonance Tra.isducers 
Types 8313 and 8314 as a function of output cable length 
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CENTRE SUISSE D'ELECTRONIQUE ET DE MICROTECHNIQUE S.A. 
- Recherche et Deve!oppement -

DIV. MATEHIAUX ET MICROMECANIQUE 
A.-L BREGUET 2. CASE POSTALE 41 
CH-2000 NEUCHATEL 7, SUISSE 

TEL 038 205 1 tl 
TELEX 952 655 CSM 
Ttl.UAX 038 205 MO 

AuJ:iJma.:ti..c. S c.::.a.tc.h.-T e.J.t,z, 't 

FINAL INSPECTION CHECK-LIST 
(Instrument S/N 11:-.:e?:) 

Function check I calibration Checked Date Observations 

Table disolacement length " AO. r. S.f A0111m ~ o. 0 2 ,,,,,, 
iable dispiacement speed t/ .10. ~- 9-1 5' • .,., (/ ~ -10 "'"' ,,,;~ 
Lever balance adjustment v Ao.?. 9./ 
Loaaing rate speed v .lO. r. 9./ 2.9S t ~ ,(OO 1l mi,;' 
Loaa ca i ibration I/ AO. r. S-1 .:see valu4s D.t/ .JS' 
~·li n. :oao ·1a 1 ue I,/ .t!O. r. S.f CCI. +46m( (cro.1N} 
Haider .:dc:~on :ontro i 

" AO. 1'. 91 
~ =r~ ;.; . . . 

C:Jnt:--: ! . : r.ear1 :y II ,,(O. r. 9./ 
CJns:.:n: :oaa con:roi II ./o. r. S-1 
~E-~o:e~:~:~eter :inear~::: I,/ ~o. ?. 9-i ,ro9 .a ~ -1g ·~s2 ..Cl 
~E-~es~cr.se cal;brat~:n 

" AO. ":f. S.f ,,1.2 - ZRO ..Cl .... 
~E-~i;r.ai c::mtro i t/ AO. Y.. 9-f 
S::?"'~:c::- ~ i ne i i ncari :y .; AO.':/-. S-1 
7es: :er:~f~cation char: v ..JO. Y.. 9-1 - - - - - -- - - --- -- -
·~a ins f:~c::.:ation rejec:~ on t/ AO. 71-. 9./ 220 VIie (r A20/,,) 

·---'-

'·Ii C:":Sc::e ;'Tlage snif: v AO.r.3.f -~/Y-~ec:r:er c:moat~bility - -
·~· 

=ric:::n force me!surement v Ao. :r. 91 
1 
wd.~ F!t·lll --tr~ 

~~ucnatel, .jf)!y .. -:ft?., .. 1~9.1.. checked by: . -~-~~&. ... 
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9 FUNCTION CONTROL VITB REMOTE CONNECTOR 

analog digital 

1 32 
~ ••••••••••••~•o••••••••••••••••• b •••••••••••• '· .••••••••••••••••.. REMOTE 

(top} C a••••••••••• •19• • ••• • •••••••• • ••••1 (bottor.1) 
I 

DIN 41612 a + c 

+-·----+--------------------------+--------------------·------------------------+ 
I Pin I I Standard value i Control element 
+-----+--------------------------·--------------------+------------------------· 

1 I } GND analog 
2 IJ 

+-----+--------------------------·---------------------------------------------· 
3 ll PoYer supply 
4 I J 

I + lS v : 0.2 v 
I - lS v : 0.2 v 

I Trimpot RS/PCB 6 
I Trimpot R7/PCB 6 

+-----+--------------------------·-----------------------------------------··----
Sa I Minimum force limit 
Sa I Maximum force limit 

I o v to ... 2.s v 
I o v to ... 2.s v 

i ~rimpot(JO)/Front Panel: 
: Trimpot(31)/Front Panel: 

+-----+--------------------------·----------------------------------------------
7c i Fn display instr. (32) 

I Input signal 
I 

l 0 N: : 3 mV (about)! 
I Full scale:•2500mV , 
l (1001200 N) I 

·------+-------------------------------------------------------------------------
Sa I Load signal output 

I 
i 0 N: ~ 3 ~v (about)! Trimpoc "offset"/PCB2 
! 200 N: -5000 mV i Trimpot "Gain"/PCB2 

+-----·-------------------------------------------------- ---------------------· 
9a I Ft signal output (option)! n N: 0 V: 5 mV I Trimpot(39)/Front Panell 

I I 100 N: •2.5 V ~l mVI Trimpot "Gain Ft"/PCBJ '. 
+-----+------------------------------------------------------------------------· 

9c I µ*signal output {option)! 0.0 V to 1.0 V 
I I <for µ* = 1 > 

I Trimpot "Gain u*"/PCB3 
I 

+-----+--------------------------·--------------------·------------------------· 
I lOa I AE signal outpu~ 
I I 

I o.o v to 1.0 v 
I 

I Selector and trimmer 
I (36)/f _ont Panel 

·-----·--------------------------·---------------------------------------------· 
I 12c I Fn scale range selection I Scale 100 :'J: .15 V I S11i tch(3j)/Fro11t Pa11el 
I I I Scale 200 :-.J: o v I 
·-----+--------------------------·--------------------·-------------------- ----· 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CSEH-REVETEST Page 24 
FUNCTION CONTROL VITH REMOTE CONNE~'TOR 

+-----+--------------------------+--------------------+------------------------+ 
I Pin I I Standard value I Control element I 

+-----+--------------------------+--------------------+------------------------+ 
6 I I I 

7a I I I 

Sc NC (Re~erved) I I I 
11 I I I 
12a I I I 
13 I I I 

+-----+--------------------------+--------------------+------------------------+ 
+-----+--------------------------+--------------------+------------------------+ 
I 14a I Pen off } Recorder pen I 0 V on +1.2 V offl }Svitch(34) and 
I I } control I I }Contacter(32)/ 
I 16a I Pen dovn } I 0 V on +12 V off I }Front panel 
+-----+--------------------------+--------------------+------------------------+ 
I 14c I Lamp RUN I +0.5 Von +24 V off I Knob (27) 
I 15a I Lamp STOP I +0.5 V on +24 V off I Knob (28) 
+-----+--------------------------+--------------------+------------------------+ 
I 15c IJ Recorder remote control I 0 V I + 12 V 
I 16c IJ signal I (depending on the 
I I I recorder input) 
+-----+--------------------------+--------------------+------------------------+ 
I 17a I Sample table forvard I 0 Von +12 V off I Svitch(l7) and contac- I 

I I displacement I I ter(32)/Front panel I 

+-----+--------------------------+--------------------+------------------------+ 
I 17c I Progressive loading I 0 V on +12 V off I Svitch(29)/Front Panel I 
I I mode selection I I I 
+-----+--------------------------+--------------------·------------------------+ 
I 18a I Fn > min threshold I +12 V on 0 V off I 
+-----+--------------------------+--------------------+------------------------+ 
I 18c I Fn > max threshold I 0 V on +12 V off I 
+-----+--------------------------·---------------------------------------------+ 
I 19a I Reset I 0 V on -lZ V off ! Knob(l6)/Scratching 
I I I I machine 
~-----+------------------------------------------------------------------------· 
I 19c I Auto-return of the 
I I sample table 

! 0 V on 
I 

-12 V off : Svitch(l7)/Scratching 
i machine 

··-----·------------------------------------------------------------------------· 
20a I RUN I 0 V on ... 12 V off : Knob(27)/Front Panel 

·---------------------------------------------------------------------·-----·-- --
I 20c 1 STOP ; 0 V on -12 V off . Knob(28)/Front Panel 
+-----~--------------------------·---------------------------------------------+ 
I 2la i Sample table speed adjus.: see Final Insp. 
I I I Check-list 

' Trimmer(40)/Front Panel! 
i I 

+-----·--------------------------·---------------------------------------------+ 
I 2lc I Load speed adjustment i see Final Insp. ! Trimmer(4l)/Front Panell 
I I I Check-list I I 
+-----+--------------------------·---------------------------------------------+ 
I 22a I Proxim. sv1tch "Forvard" il I 

I 22c I Proxim. switch "Backvard"!) I 
I 23a I Proxim. switch "Upward" il ·12 Von 0 V off ' I 

I 23c I Proxim. switch "Downward"!} 1 I 
+-----~------------------------------------------------------------------------· 
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FUNCTION CONTROL VITH REMOTE CONNECTOR 

+-----+--------------------------+--------------------+------------------------+ 
I Pin I I Standard value I Control element I 
+-----+------·-------------------+--------------------+------------------------+ 
I 24/ I Loading motor drive I - + 3.6 V Go I I 

I 25 I I - - 22. o v Back I I 
+-----+--------------------------+--------------------+------------------------+ 
I 26/ I Sample table motor drive I - + 6.5 V Go I I 

I 2 7 I I - - 22. o v Back I I 
+-----+--------------------------+--------------------+------------------------+ 
I 28a I Sample table tachometer I see Fi~al Insp. I 

I I I Check-list I 
+-----+--------------------------+--------------------·------------------------+ 
I 28c I Loading motor tachometer I see Final Insp. I 
I I I Check-list I 
+-----+--------------------------+--------------------+------------------------+ 
+-----+--------------------------+--------------------+------------------------+ 
I 29 I Pover supply + 12 V I • 12 v : 0.2 v I Trimpot R3/PCB6 
+-----+--------------------------+--------------------+------------------------+ 
I 30 I Pover supply + 24 V I + 24 V : 2 V I Not adjustable 
+-----+--------------------------+--------------------+------------------------+ 
I 31 I GND Digital 
I 32 I 
+-----+--------------------------+--------------------+------------------------+ 

P.emarks: 

- All voltage values shovn in DC volts 

Values measured vith battery-operated precision voltmeter 

pins 1 to 12: against analog GND 

pins 13 to 32: against digital GND 
(vhere not indicated by I ) 

For instrument specific values, see "Final 
Inspection Check-list" 
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FUNCTION CONTROL VITH REMOTE co~:~ECTOR 

9.1 Suppleaentary Informations 

1. Pover supply + 24 V 

Not adjustable, level defined by a bridge rectifier (Type: 880 C 
1500 H on PCB6) 

2. Transducer pover supply 

These sinusoidal signals (5 kHz frequency) have to be set to 10 V 
RMS (load cell) and 5 V RMS (Ft) vith a convenient AC voltmeter 
(True RMS). Signals are available on the transducers output (48) 
or, more practically, on the 9 pole female subconnector D of the 
~CRATCHING MACHINE connector board (18). 

Pin 

l lo ~ ..... 
0 l••• ... j 

~ 

1 load cell - output 
2 load cell + output 
3 NC 
4 tangential force signal 
5 GND 
6 supply + } load cell 
7 supply } " " 

9 pole subconnector D 8 supply + } tangential force 
9 supply } n n 

3. Stroke limiter signals 

The 4 stroke limiters (proximity svitch type) shov ff-level 
(+ 12 V) vhen activated and L-level (0 V) ~hen not: their function 
can be tested by bringing any metallic part (pincers. etc.) into 
contact vith their extremity. 

4. Motor signals 

To obtain a regular loading rate and samole displacement, the 
driving motor signals are enslaved · according to their 
instantaneous rotational speeds: the tachometer output signal 
(pins 28) is compared vith a regulated volta~e level, adjusted 
vith a trimmer on front panel ((40) and (41)). According to the 
difference betveen those tvo levels. the speed controller (TCA 365 
op amp.) modifies the pover supplied to the motor. 
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SCRATCH-TESTER CSEM 

0.0 TO •5.0V 

0.0 TO •2.5Vl5.0I 

0.0 TO •2.5~15.01 

0.0 TO •1.0V 

OV ON. •1. 2V OFF I IF •• I 

•0.5V ON.•24.V OFF 

OV ON. •12V OFF 

OV ON. •12V OFF 

•12V ON. OV OFF 

OV ON. •12V OFF 

OV ON. •12V OFF 

A80UT •2.90V 

•12V ON. OV OFF 

• 1 2V ON. OV OFF 

ABOUT •5.IOV 

~-----------------------. 

A c 
ONO ANALOO 

0 .. 0 ANALOO 

1 - - I ONO ANALOO 

2 - - 2 ONO ANALOO 

•15 VOLTS 3--3 __ •15 VOLTS 

-15 VOLTS _ 4.--4. __ -15 VOLTS 

__ l'llN ---- 5 

6 

7 

FN 

FT 

I 

9 

5 _____ ,..,x 
6 

7 ____ _FN/2 

e 
9 •• 

AE 1 0 1 0 _____ .t.E ·- __ 

11 11 

12 12 __ /200N_ 

13 13 

/PEN OFF __ 1 4. 

_ /LAl'IP STOP _ 15 

I 4. _ /LAl'IP RUN 

15 RECORDER• 

_ /PEN OOllN _ 16 16 __ RECORDER-

__ /FORNARO 1 7 17 /FORCE PROO. 

___ >l'llN ___ 11 11 />l'IAX 

/RESET 19 19 /AUTO 

/RUN 20 20 ___ tSTCP __ _ 

SPEE!:l Y r H l 21 21 SPEED : r·n 

OETEC':'. =CR. 22 22 OETEC. !!ACK 

OETEC':'. iJP 23 23 OETEC. OOllN 

l'IOTCR• Z :VJ 24 - 24 "10TCR+ Z :v1 

l'IOTOR- z :v1 25 - 25 !'IQTOR- z :vi 

MOTOR• Y :HJ 26 - 26 MOTOR• Y rHl 

"'OTCR- Y :HJ 27 - 27 "'OTOR- Y !HJ 

TACHT• T !HJ 21 21 TACHT- Z !VJ 

•12 VOL7S 29 - 29 _ •12 VOL':'S 

30 -30_•24 VOLTS 

GNO DIGITAL 31 - 31 GND OIG:TAL 

GND DIGITAL 32 -32 GND DIGITAL 

I 

•0.2V -0.2V 

•o.2v -o.2v 
•S.OV TO 0.0V 

0.0 TO •2.5V 

0 TO 1.0VIFOR w •11 

INTERNAL USE 

OV ON.•15V OFF 

•12V 

•12VON. OVOFF!JF •• 1 

OV ON. •12V OFF 

JV ON. •12V OFF 

JV ON. •12V OFF 

JV ON. •12V CFF 

.&aOUT •2.90V 

•!2V ON. JV rFF 

-12v ON. av CFF 

1 .&B.•6.5VGr.-22VB.t.CK 

.&BOUT •2.S!OV 

•0. 2V. •0. 2V 

•2. CV. -"J. OV 

A 
N 
A 
L 
0 
G 

0 

! . 

.\ ,-. 

L 

c 1 >CL7.&GE IN r •• : FOR 200 "I 

L-----------------------: 
D I NL 1 6 1 2 ,\+I' ,....... .._,, 
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TI t I • 
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SI;• 1D11ww1•t Nu,... I' 

54. l 415 
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CSEH-REVETEST 
INVENTORY 

11 IKVIN'l'ORY 

1 SCRATCHING MACHINE REVETEST 

1 CONTROL UNIT SCRATCH-TESTER 

1 resonant AE detector BRUEL & ltJA.ER type 8313 

1 load cell VIBRO-HETER type BLC-305-0~03 

2 diamonds ROCRVELL C, cone angle of 120°, 

tip radius 9 .' .2• •~ 
1 standard sample holder 

1 cable for pover supply 

1 cable for resonant AE detector 

1 cable for conn~ction of SCRATCHING MACHINE motors 

1 cable for transducers 

1 cable for AE signal output to the recorder 

1 cable for force signal output to the recorder 

1 cable for pen-lift command of the recorder 

1 plug f ~r accessory 

1 screw driver 

5 hex/Allen wrenches 

1 plastic protection cover 

1 instruction manual in English 

Pqe 40 

SIN ~~J. .1.~{?,.7. 
AMI 16/297 

SIN •••••••••••• 

146'1583 
SIN •••••••••••• 

28034 SIN •••••••••••• 
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CSEK-REVETEST 
OPTIONAL MATERIAL 

12 CPTIOHAL MATERIAL 
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CSEH-REVETEST 
OPTIONAL ~ATERIAL 

CSEH-REVETEST I MICROSCOPE EQUIPMENT 

The addition of a measurement ~icroscope to the CSE~-REVETEST allo~s: 

Page .:.2 

l) The location where the scratch ~1:: be performed to be chosen ~ith 
?recision by means of a ~isual obser~ation. 

:) :'he scratch to be obser·:ed after :::e test ·,;ithout :·emo·:::::-; "hP. 
sample from its supper~ cable. 

;) 7!-:e scratch distance'..'.? :o the :::·s~ coat:.:-:g r!ama~e :.::urre::ce •o 
up to be :r:easured :,:; :::icrosco;:ie. B:; 'aking :::~o acc0u:1: ~l:e 
loading rate and the sar.ipie displacement speed. the distance can 
be related to load (critical loaci). This ~echnique allo•:s testing 
of samples vhich do not ;:iroduce aco•Jstic err.ission. ·:hen '.eSLi11g 

hard and brittle coati~gs. chis technique allows the critical :oad 
~alues obtained by acoustic emiss:.on and those obtai~ed by opt:.cJl 
:::icroscopy to be compared. 
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CSE~ -RE\.ETEST 
OPTIONAL ~ATERIAL 

CSEK-REVETEST 

DEVICE FOR FRICTION PARAMETER DETERMINATION 

This accessory enables measurement of the :angent:al force Ft and of :he 
scratching coefficient ~* during the :es:. • can be adapted :~ :~e 
CSEM-AUTO~ATIC SCRATCS-7ESTER ·..-i thou t any -::oc:: :ca: :on. 

~he 3ccessory :s co~posed ~f: 

(:) A fri:::!on :neasurerr:er.:: :,oa:-:± ::c~::.:c::C :J -~e 5CR.;-rc::-~~S7 _.\,:::?.(':.. 
UNI:. 

Tangential force Ft or scratching coeff icie~: ~~ can be ~isplaye~ 011 :he 
CONTROL :.r.-lIT (3) and can also be :-ecordeci s:.:::~l:aneousl:; ·;ith the .:..E-si;;nai 
on a xyly2 recorder. 



I CSEM-REVETEST Page 44 
REFERENCE FIGURES 

I 
13 REFEllEHCE FIGURES 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
.~ 

I 

CSEM-REVETEST 
REFERENCE FIGURES 

111"----~ 

I 
I @. 
I 

I 
I 
I 
I 
I 
I 
I 

Pagot 45 

:lg. l SCRATCHI~G ~ACHINE 
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CSEM-REVETEST 
REFERENCE FIGURES 

Fig. 3 AE detector 

Page 46 

Fig. 2 SCRATCHING MACHINE 

Fig. 4: Point lift command rod 
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CSEH-REVETEST 
REFERENCE FIGURES 
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Fig. 5 CONTROL UNIT front panel 

m 

~!i. o CONTROL UNIT rear panel 
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APPENDIX ......... . 

CSEM - REVETEST ~ 

Measurement Microscope 
Equipment 

DIRECTIONS FOR USE 

CSEM. Rue 8re9uet 2. CH - 2007 NEUCHATEL 1Sw1rzeriandl 
TEL t41 38 24 01 !11 ·eLEX 952 555 CSEM TELEFAX •41 38 25 AO 78 
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MICROSCOPE EQUIPMENT 

1 

2 

3 

4 

5 

6 

7 

TABLE OF CONTENTS 

INTRODUCTION . 

DESCRIPTION 

ASSEMBLING THE MICROSCOPE 

INITIAL POSITION ADJUSTMENT 

SAM~LE OBSERVATION . . . . . . 

CRITICAL LOAD DETERMINATION BY OBSERVATION 

PART LIST . . . . . . . . . . . . . . . . . 

JHu/JFC/gro 7 December 1988 
"MICROEMPL" 
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MICROSCOPE EQUI?ME~T rage 3 

REVETEST / MICROSCOPE EQUIPMENT 

1 INTRODUCTION 

T~e addi:ion of a ~easureme~: ~1c:=scc;e -- :he CSE~-~E~ETEST 
a2.:.::·...-s: 

.: ) 

obsen·aticn. 
- ror- • .... • -::- • - ·· -~- -·• "::y means ··isual 

The scratch to be observed af:er the test ~1chcut 
removing the sample :ram ::s support table. 

The scratch distance uo :: the :irst coati::a damage 
occurrence to be measured by microscope. ay taking 
into account the loadi~' rate and :he samole 
displacement speed, the ·distance can be :elated.to 
lead (critical loadl. Th:s technique all:~s testina 
of samples '"'hic!i :lo ::c: ::>reduce 3coust:: =m1ssic11. 
Nhen test!na ha~d and brit:~e coat:~=s, :his 
technique aliows :he cri::~al load values :bta1ned by 
acoustic emission to be c:~oared ~ith those obtained 
by optical microscopy. · 
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MICROSCOPE EQUIPMENT 
DESCRIPTION 

2 DESCRIPTION 

Page 4 

Please unfold page 7 to refe~ to the corresponding figures. 

1. Microscope stand 

2. Microscope 

3. Sample table displacement indicator 

4. X-axis translation stage (1 turn • 1 mm) 

5. X-displacement micrometer screw for slide-"'"ai 
translation adjustment 

6. X-axis locking handle of translation slide-way 

7. Switch for sample table displacement (Y-axis) 

8. Locking handle for Y-axis translation stage 

9. Y-axis translation stage Cl turn • 1 mm) 

10. Column cradle 

3 ASSE!mLING THE MICROSCOPE 

Before manipulating the microscope, please carefully read the 
instructions in the brochure of manufacturer. The mains olua 
of the illumination transformer s adapted for the ACCESSORY 
connector of the CONTROL UNIT; this allows remote switchina of 
the sample illumination from the front panel. -

4 INITIAL POSITION ADJUSTMENT 

In order to identify the scratching location precisely, the 
microscope must be adjusted to obtain good visual 
correspondance between the "work position" and the 
"observation position" (see Fig. 3 and 4). 

1. 

2. 

With the table in the "work cosition" and handle (6) 
locked, make a trial scratch on a firmly fixed 
sample. Switch (7) must be in the "AUTO-RETURN" 
position. 

Unlock (6) and bring the table in the "observation 
position". Lock handle !6!. 

Caution: when samples 
large dimensions are 
necessary to raise the 
the table and before 
the other. 

of complicated geometry and 
being tested, it might be 

microscope before translating 
changing from one objective to 
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MICROSCOPE EQUIPMENT 
INITIAL POSITION ADJUSTMENT 

Page 5 

3. Using a magnification of 200 x (objective HD 
16/0,35), focus on the surface of the sample. Adjust 
screw (5) so that the table is positioned under the 
microscope with the scratch in the centre of the 
observation field. Adjus• the y-direction by means 
of the translation stage (;) (see Fig. 2) so that the 
scratch start is situate( in the middle of the 
observation field. Firmly lock handle (8). 

5 SAKPLE O~SERVATION 

Sample translation is monitored by switch (7) (see Fig. 4). 

Position 1: "MANUAL-FORWARD": the last scratch can be observed 
through the microscope at the speed used during 
scratching in the "work position". 

Position 2: "STOP": translation of the sample stops. 

Position 3: "AUTO-RETURN": the sample moves backward at high 
speed. 

6 CRITICAL LOAD DETERMINATION BY OBSERVATION 

In the initial scratching position, set the displacement 
indicator (3) to zero. By mean~ of switch (7) translate the 
sample until the first coating damage appears and locate it in 
the middle of the observation field. Read the covered 
distance on the displacement indicator. Knowing the loading 
rate dL/dt (100 N/min as delivered) and the table translation 
speed dy/dt (10 Illlll/min as delivered), the load increase per 
unit length is easily calculated (10 N/mm as delivered). The 
critical load is therefore directly related to the 
displacement indicated by the instrument. 
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MICROSCIENCE EQUIPME~T 

7 PART LIST 

Nikon binocular Epimicroscope, including 

- 1 modular focusing unit 

- 1 binocular eye piece tube 

- 2 oculars CFW-lOx 

- l crossline reticle 

- 1 epi-illwninator with field and aperture diaohragm 

- 1 diffusing filter 

- 1 halogen lamp socket 

- 1 transf or~er XN 220 V or 110 V 

- 2 halogen bulbs 6 v I 10 W 

l quintuple noze piece 

- 1 objective MTJ 60801 - 20x 

- 1 objective ~TH 60050 - Sx 

~ec!":anical device :.tou:;.ted on t!":e CSE!l-~-?.E~."'E':'ES':' SCR.;Tc;-;I:-JG 
~C:fI~E : 

- l translat~c~ stage 
1 special sc::-e· . .: :;u~ :c::::: :.a..~:i scc~e-=. 

Page 6 
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MICROSCOPE EQUIPMENT Page 7 

Fig. 1: General view 

2: Assembling of the 
microscope, adjustment 
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MICROSCOPE EQUIPMENT 

Fig. 3: Sample support table in "work positionn 

-

·•··. :: . 

Fiq.4: Sample support table in "observation position" 
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APPENDIX ......... . 

CSEM - REVETEST ID 

Device for Friction 
Parameter Determination 

DIRECTIONS FOR USE 

CSEM. Rue Breouet 2. CH - 2007 NEUCHATEL 1Swirzeriandl 
TEL 041 38 24 01 81 TELEX 952 555 CSEM TELEFAX +41 38 25 .so 78 
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DEVICE FOR THE FRICTION PARAMETER DETERMINATION 

1 

2 

INTRODUCTION . 

DESCRIPTION 

TABLE OF CONTENTS 

3 INSTALLATION . 

3.1 Measurement Table (Fig. 3) .. 

3.2 

4 

5 

Friction Measurement Board 

MEASUREMENT . . • . . 

MAIN CHARACTERISTICS . 

JHu/JFC/gro 7 March 1989 

Page 2 

• 3 

. 4 

• 5 

• 5 

. 6 

. 8 

. 9 
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DEVICE FOR THE FRICTION PARAMETER DETERMINATION 
INTRODUCTION 

Paqe 3 

1 INTRODUCTION 

This accessory can be adapted on the CSEft-REVETEST 
SCRATCH-TESTER without any modification. It enables 
measurement of the tanqential force Ft and of the scratchinq 
coefficient p* durinq the test, as shown in fiqure 1. 

I --·- -

I 

I 
. - . ~ . 

Acousr1c EM1ss10N
1

- tolo GRAPH.+-
i -. - . - ----- .. I - -; ! i I ; . i 1 i t I --

IT! --1 i i = - I .! I 
l_i~- ----r--L ' 
: :: ! = 1 = I·-: I 
·-'.•~1-1 .. ; ,· 

: I • -I-·-
.· .1 -· I 

; I I • I 
! I ·---r···-j 

I -
I I 

0 I ·t .. , 
I 

-~~~~-- ___ _....,-v~~ ~~~ft-~n 
. . . ; ; I· 

' . I . ·- - ·-·-- v: ; ·---:-··----, ;--; 
. . - ! . - ;-- . -1 . 
. - --- :-------~-..... 

~~·::··-i-
- -- . _;_,Y_,_'1_ ~-:--- ~--· I 

N - -· ; ·--j -. :· 
. --· -- ------- - . -- .. ____ . 

I ,,,. 
--·. -·- .. 

I -·· ... - .. 
-· ---------------~ 

,,,...4'"· 
.__... ..... ·--· -·. ----- ·-·-- -· -· -· -·. - --·-·· -----------~ 
f ~1~-- ..,,..r - --· . -- -
;__;~MY-US .._ __ __.;...._-===~-~-------------.....;_---~---~---~ Ill 

Fi9. 1 

LOAD 

: Example of measurement recordings. 
Showing simultaneous recording of the 
emission signal (AEl and the tangential 
and scratching coefficient (µ*) signals. 

acoustic 
force (Ft) 

Speciaen: TiN (PVD) coating on 
substrate. 

stainless steel 
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DEVICE FOR THE FRICTION ?ARAI1ETER DE7ERMINATION 
DESCRIPTION 

2 DESCRIPTION 

l 
I . . . . . . . . . . 
- --- -5• i .. 

i io 

Fig. 2: Jevice eleme~:s 

:he accessory is co~pcsed ~f: (Fi;. 2) 

Page ~ 

A measurement table ccmbi~ed with a work base 
supporti~g the sample holder (1). 

A friction measurement board (2) to connect into the 
SCRATCH-TEST CONTROL UNIT, as exolained below. This 
board, (see illustration un page ill has already been 
calibrated at CSEM and dces not need any subsequent 
adjustemen:. 

Tangential force Ft or scratc~i~~ coef :i:ient µ* can ~e 
displayed en the CONTRCL UNI7 (3) a::~r its selection with :he 
FUNCTION selector (4). 

Signals can also be recorded on a convenient chart recorder. 
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DEVICE FOR THE FRICT!CN ?A.RA.METER DET~RMINATION 
INSTALLATION 

Page ~ 

3 INSTALLAT!ON 

3.1 fteasurement Table (Fig. 3) 

Remove the original work table by unscrewing the four M4 
screws which fix it to the slide table. 

Make sure the elastic 
its small gaps are 
clearance between the 
4 washers can be used 

base plate of the measurement table and 
clean (Fig. 4). If there is not enouqh 

slide table and the elastic base plate, 
as spacers. 

Positicn the measurement table on the slide table by means of 
2 pins and fix it with the four M4 screws (Fig. 4). 

Important: Never unscrew the work table fixed to the elastic 
base plate by the other four M4 screws: this could 
deteriorate the sensitivity of the tangential force 
measurement. 

Connect the transducer to the connector board of the REVETEST. 

transducer 

work plate 

fixation holes ~~x: 

~late 

Fig. 3: ~easurernent ~ab:e. 
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DEVICE FOR THE FRIC:'ION PARAMETER DE'!":'.R.MINATION 
INSTALLATION 

Page 6 

transducer 

pcsiticning pins (2x) 

elastic blades 

Fig. 4: Elastic base ~late and trans=~::er. 

• Friction Measurement Soard 

Thi~ elec:::cn:c bca:::i ·.marked @ :--.ee:::s :: ::e int::cduced intc 
:l;e SC?~:..:c;;-::::s: :::::~c~ :.mr: at :::e ~:s::::;n 3 reser·:ed :er 
; -- .... 

PO~E~ Jff: disconnect all :::e :ables from the rear 
pane~, exce~: the AE cable. 

Sy ~eans of the 4 sc::e~s. ::e~cve the black upper 
plate from :he CO~T~OL U~::. 

Al sc ::emc·:e :!"'.e CO:~-:"?.CL ;;:::: ::ea:: ::ane l as shc•.-:n :;n 
Fi:::. : . 

Disc:nnec: :he 9 pole po~e~ 
green y~lc·.- ground wi ::e 
marked ~) , disconnect :::e 
( 3) • 

:cnnec:or (1) and the 
· 2 l. From the board 
~ pole grey connector 

~ow :ean :he re~r panel aga:~s: the right-hand side 
(4) cf :he C8NTROL UNIT. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DEVICE FOR THE FRICTION PARAMETER DETERMINATION 
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Slide t~friction measurement board into the rail 
marked 3 as shown by the arrow on Fig. 5 {rail 
number is reserved for further options). 

Connect the little wire from PCB 3 to the socket 
marked "SYNC" on PCB 2 (see location on PCB 2 
d~awing). This is to synchronize the transducer 
oscillators. 

Connect the 3 pole blue socket,lS), and 
grey connector (6), marked~ , to 
measurement board 3 . 

Reconnect the 9 pole grey connector (3), 
wire (2) and the power connector (1). 
rear panel and upper plate on the unit. 

the 9 pole 
the friction 

the ground 
Rescrew the 

Reconnect all the cables on the rear panel. The 
equipment is ready after a warming period of about 
2.5 hours. 

Sensors supply adjustment (with a true RMS* voltmeter 
only): 

on PCB 2 , between test points TPl and TP2, 
adjust the FN sensor voltage supply to 
10,000 ±0,005 VRMS with potentiometer R2. 

on PCB 3 , between test points TPO and TP6, 
adjust the FT sensor voltage supply to 
2,500 ±0,002 VRMS with potentiometer R4. 

check those two last sett:~gs once more at least 
(and correct if needed). 

* 4~ digital voltmeter, 5 kHz minimum :requency range. 
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DEVICE FOR :'HE: FRIC':':::C~ ?ARA.:·IETE!\ JE:"::RaI:.JATION 
INSTALLATIO~ 

Fig. 5: :r::::on ~easurement board 
. . .... ,....':::..- .. ,......, _ .... .._-~--··· 

MEASUREMENT 

?r:ceed in :~e same ~ay as ~:r a :-:c:~al :est. 

Page 8 

- ..:: needed, 
::nnec: :he rt and Jw Jutputs :: a ::n~enien: :har: :ecorder. 

After a ~ar~ing periode of about :.: ~ours, set the Ft Offset 
to :ere (see rig. 2): 

~ith ruNc~:::oN selector 14' r:, se: display 131 to 
00. J by means ::f che rt o::::e: :r ::::r.ier : : ·. 
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5 KAIN CHARACTERISTICS 

Measurement table: 

Maximum tangential force 
Resolution 
Linearity error and hysteresis 
Resonance frequency 
Stiffness 

Control unit: 

Display: 

200 N 
0.1 N 
< 1 % 
- 220 Hz 
0.5 µm/N 

Tangential force Ft in N 

Normal force Fn in N 

Scratching coefficient µ*: 

Output signals: 

Tangential force Ft 

Normal force Fn 

Scratching coefficient µ*: 

Minimum µ* calculation 

resolution 0.1 N 

resolution 0.1 N 

resolution 0.01 N 

25 mV/N 

25 mV/N 

1 v -> µ* ... 1 

Fn > 7 N 
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REVETEST® and MST-CSEMEX® 

The Micro-Scratch-Tester uses the same basic scratching 

principle as the REVETESr®. 

The main differences are: 

• lower range of loads 
REVETEST 1 to 200 N 
MST 0.01 to 30 N 

• significantly increased accuracy 
REVETEST 1 N 
MST < 1 % of the full scale ( 10 or 30 N) 

depending on the surface finish 

• ~'IST and its Control Unit are entirely PC-controlled: 
- e:isy to use since it is entirely menu-driven 
- immediate display of all test parameters and graphical resuits 
- recording of all scratch r.ieasuremems results in a mass memory 

1~1 ~~~~~~~~~-~~----J 
--

MST-CSEMEX® 
Micro-Scratch-Tester 



----~~~~~~~~~~~~~I 
PRINCIPLE 
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L = L 
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Le Applied Load 
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= .;rSEm MsT-csEMEx® 1 
~ Micro-Scratch-Tester 
---~_____._-~~~~~~~~1 
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INVESTIGATION METHODS 

The Micro-Scratch-Tester pro-.rides four different means of 
analyzing the scratch: --

• 3 methods ON-LINE: Pd, FT AND AE 

AE 

• and thereafter optical observation through 
a microscope. 

I = =($ffn 
I -==--

MST-CSEMEX® 
Micro-Scratch-Tester 
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SOME TECHNICAL SPECIFICATIONS 

I 
I 
I MECHANICAL DATA 

I Dimensions of work table 
Max. scral.'.:h lcn2th (X-axis) 
Max. perpendicular displacement <Y-axis) 

I Max. Z-disolaccmcnt (Z-axis) 
.. Max. course of the indenter 

105 x 135 mm 
20mm 
25 mm 

125 mm 
2.5 mm 

- ELECTROMECHANICAL DATA 

- Display Display res. Electronic res. 
Full scale (1 di2it) (1 bit) 

' Normal load 
10 N ± O.OOlN ± 0.005 N 
30N ± O.ot N ± 0.015 N 

ION ± O.OOlN ± 0.005 N 
30N ± 0.01 N ± 0.015 N 

Dynamic resolution 
durin2 scratchinl? 

<0.1 N 
<0.3 N 

< 1% of full scale(•) 

< 0.1 N 
<0.3 N 

' FrictionaJ force 

< 1% of full scale(•) 

I Penetration deoth 50um ± 0.01 um ± 0.025 um 

p (•) depending on the surface finish 

' ' ' ' ' ' 

ELECTRONIC CONTROL UNIT includes: 

• 
• 
• 
• 
• 
• 

Sensor interfaces ~md actuator controller 
Preamplifier for AE signal 
High-performance motor conrroller 
LED-dot meter for AE signal 
Digital voltmeter switchable to sensor signals - ~ 

External output of aH sensor signals 

•-~ •\iCSEm MST-CSEME. 
Micro-Scratch-Tester 

' 
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---------------------
C<lMM<lN HAl~DNESS INDENTORS 

HIUNELL 

R = 1 to 3 1111:1 tF 
~~··:fl·,,____~ 

KNOOP 

f.t1 = 172° 30' 

a2 = 130° 

~ 

nOCKWELL 

VICKERS 

n = 0.2 mm 
a = 120° 

a. = 68° 

-rse=m CSEM-UMD Nano indentation system 



/ 

INSTllUMENTATJON 
optical 1nicroscopc 

load range, i.e. 0.05 to 5 N 
sensitivity of the ocular n1icro1neters 

etc 

' 

OPERATOR 
physiological factors related to the eyes 

physical status 
experience 

/ 
etc 

%\t~itlf.ll\l~tlt~l~li 
/ 

COATING THICKNESSES 
without innuence of the substrate 

" COMPOSITE MATERIALS 
hardness reading on individual phases 
without influence of the other phase. 

'"\f_SEm CSEM-UMD Nano indentation system 

"'I 

~ 

--------------------



--------------------
INDENTOR 

p 

t Coating 

substrate 

To measure the hardness of a thin 
coating, without being influenced by 
the substrate, it is important to respect 
the ratio (t/1l), penetration depth 
against coating thickness : 

• for a hard coating on softer substrate, 
(t/p) <JO 

• for a soft coating on harder substrate, 
(t/p) < 4 

Examination of a composite A/B: 

only the 3 first indentations give 
a correct result for the hardness. To 
avoid the influence of the environment, 
it is well known that the distance 
without influence is approximately 
3 times the indentation diagonal. 

CSEM-UMD 
Nano indentation system 



PRINCIPLE 

F 

I 
I 
I 
I 
I 

p p p I 
Contact Under After 

Indenter/Surface maximum force total unloading I 

F 
F --------------··--····--·--·-·--·-··-··-··-··--·-·-·------···········-·············--------···-·----·-···---····· 

A 
mu-

Loading 

Unloading' 

0 B p p 
m&JC 

CSEM-UMD 
Nano indentation system 
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QUALITATIVE ANALYSIS 

F 

Curve G) Plastic material 

Curve G) Elastic material 

Curve G) Elasto-plastic material 

CSEM-UMD 
Nano indentation system 



_ .. _________________ _ 

F : Force [mN) 

30 

15 -

Fmax (mN) 

Pmax [nm) 

EXAMPLES OF TYPICAL HEHA VIC> RS 

Annealed copper 

23.88 

1168. B 

T 

,· 

.I 
,I 

600 1200 

P : Depth (nm] 

Poly1ner I 0 µ111 on stainless steel 

F : Force [mN] 

10 

5 

Fmax [mN] 

Pmax [nm) 

9. 71 

239. 1 

' I 

I I I 

. I 

)I 

..--·-· ··--,------- -

150 300 

P : Depth {nm} 

CSEM-UMI) 
Nano indentation systen1 



--------------------
MODELLIZATION OF 1'11E BEllA VIOR OF AN ELASTOPLASTIC CONT ACT 

tF 

2a 

\ 

I 

I ' 
, Plastic Zone ,• 

hp ' • 
''...... ~· 

. 
l< 1gitlc Zone 

Plastic contact 

+ 

tF 

EliL\lic Zone 

Ec111ivalcnt 
Elastic contact 

--

CSEM-UMD 

tF 

2a ... •. 
I I 
I I 
I I 
I 

z3I.. I 
I 

•, PiutJc Zone ,' 
' . , 

•. : I .. -~ .... _ .. 
Elastic Zone 

Elastoplastic contact 

Nano indentation system 

hp 



--~~~~~~~~---' 
DETERMINATION OF THE PLASTIC DEPTH 

Force 

Penetration depth 

The plastic depth, hp, is obtained by extrapolating 

the tangent to the unloading curve at Fmax to F = 0. 

The tangent extrapolation corresponds to the 
unloading curve of a flat cylinder. 

CSEM-UMD 
Nano indentation s stem 
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--------------------
F : Force [mN) 

10 --, 

Fmax [mN} 

Pmax [nm) 

5 

= (SEm 
-=-----= 

EXAMPLES <>F PLASTIC DEPTH (hd) DETERMINATION 

Pure lead 

9.32 

1106.0 

600 

P : Depth [nm} 

/I 

-. 
1200 

PVD-TiN 4 µm 

F : Force [mN) 

20 

I Fmax 

Pmax 

10 

100 

P : Depth [nm) 

CSEM-UMD 
Nano indentation system 

200 
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'" 

EXAMPLES OF FClnCE/PENTRATION DEPTH CURVES 

a-C:H 2 µ111 on AISI 440C stell 

.- : Force [mttl 

10 

1 f m..ix [mtl) g_/5 
11 

Pm ax (nm) 156.9 

I - . I 

~ l 

I I 
! I 

1
1 

I I I 
I . 

. I 
I I 

I 
I 

I 
I I 

1- --

I 
I 

I I 
I 

I I 
I 

I --_ _L_ _____ I 

100 

P : Depth (nm] 

=_.,_(SEm 

----1 

200 

MoS2 2 µm on AISI 440C steel 

F : Force [mN] 

30 -

Fmax [mN) 

Pmax [nm) 

15 -

'I I I 
•' 

1' 

I. t' t I I 
--i 

CSEM-UMD 

24.38 

343.8 

, 111 l' 
1 • 

i 11 I 
, 1 I 

11 I 
, , 1 I 

, 1 , I 
, 1 1' 

1' , 1 • I 
', 1'' .1' 

I I I 
I I I 1' 

It I I 

I I 

•' I I 

---, --

200 400 

P : Depth [nm) 

Nano indentation system 

...... 

{'..._) 

l 

~ 
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EXAMPLES OF FORCE/PENTRATION DEPTH CURVES 
F.11oxy I 0 µ1n on stainless steel 

I rorcc (mN) 

l) 

J ' 

Fmax (mN) 

Pmax (nm) 

4.60 

650.2 

' . 

I 

I . 

' ' 

' I 
I 

I . 
I 

I 
' . 

I . 
I 

. .•1 
I ' I I ' I ' I 

I 

I 
I I 

' I 
I 

I . 
I 

I 
I 

I 
I . 

I 
I 

I 

' -----. --· -1 ------, -· '------·-r-- - -----T- i'OO 

350 

I' Ocplh [nm) 

Mo phase in a Zr02 I Mo (50/50 wto/o) cer1net 

F : Force [mN} 

j6 -

B 

Fmax [mN) 

Pmax [nm] 

• I I 
I ' 

' I 

I 

r : 
I . 

14.60 

239. 1 

I I 
I 

I I 
1 ' 

. I 

11 ' 

I I 
I 

I I I I 

• 11 

1' 

! . 
1 · 

I 

I 

I 

--·---·--·--r-------- r---------- ----r----- -- · 1 

150 300 

P : Deptti [nm) 

l= _[SEm CSEM-UMD 
Nano indentation system 

' 

~ 

N 

v 

- - - - ----------- - - - - -



Ir,,_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~ 

I 
I 
I 

EXAMPLES OF HV CALCULATION WITH THE CSEM-UMD 

MATERIAL 

AISI .WOC 

Annealed 
Copper 

Alz03 • Saphire 

4 JUD MoS2 • PVD 
on cemented carbide 

LOAD [mN] 

50 
100 

50 
100 

50 
100 

10 
20 

HV diag [kg/mm2] 

850<·> 
807 (9) 

66<-> 
59<-> 

3431 (9) 

3013<9i 

HV plast [kg/mm2] 

1071 
1067 

67 
61 

3553 
3278 

1125 
970 

I 
I 
I 
I 
I 
I I 

.._~~~~~~--+~~~~~~~-+-~~~~~~~t--~~~~~~--i 

I 
I 
II 
I 
I 
I 
I 

j 

l JUD MoS2 • PVD 
on AISI .woe steel 

.$ µm TiN • PVD 
on AISI .i.ioc steel 

Amorphous C:H 
on HSS 

.! um TiC - C\'D 
on ·AISI .$.$0C steel 

DLC 
on AISI .woe steel 

• "J measured by SE~I image 

10 
15 

10 
20 

IO 
:o 

:o 

IO 
10 

.:000-2500 , •• , 
for Ti:S1.o 

:900 , •• , 
for TiC1.o 

894 
583 

3407 
3041 

1162 
995 

3682 

:358 
2168 

1••1 from Literature 

,...__~------~~~~~~~ 
~ 

1 g:cse=m 
__.... 

CSEM-UMD 
Nano indentation system 
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EXAMPLES OF E CALCULATION WITH THE CSEM-UMD 

I 
MATERIAL LOAD [mN] E [GPa] I Eptast [GPaJ 

AISI .UOC IO 220 
steel so 210<'"> 198 

100 215 

Annealed IO 123 
copper so 115 (9} 121 

100 121 

AliOJ • Sapbire so 406('") 420 
100 monocriscallin 434 

4 µm MoS2 • PVD 10 285 to 378 
on cemented carbide 20 El/= 238 c•> 301to395 

2 µm )foS2 • PVD IO E1 = 52 c·' 210 to 328 
on AISI +iOC steel 15 136 to .:!09 

4 um Ti:'i · PVD 10 60()i9l ~78 [0 6i6 

i 
on .AISI +iOC steel :o ior TiNu> ~27 to 653 

I 

I .-\morphous C:H I !O 101 
I I on HSS I :o 112 

I 

2 µm TiC · C\'D :o ~j(•) 553 
on AISI +iOC steel for !iC1.o 

I 

DLC 10 

I 
304 

on AISI .i.ioc steel :o 283 

.. from Literature 

-====-

~SEm 1 
CSEM-UMD 

Nano indentation svstem .. 
\.. ' 

I 

~ 
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I 
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50000 

30000 

10000 

VICKERS INDENTATIONS (at 2 g) THROUGH 
A TiC/AISI 440C STEEL BALL INTERFACE 

HV[MPa] 

0 10 Indentation Nr 

10µ.m 
I I 

CSEM-UMD 
Nano indentation system 
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F : Force CmN] 

30 

15 

Fmax (mN) 

Pmax (nm] 

19.54 

103.B 

200 

P : Depth [nm) 

F/P DIAGRAM FROM UL TRAMICROHARDNESS TEST ON 
TIC-COATING o;: 3/32" AISI 440C/TIC·BALL. 
(Ref. B/100.605) 

HV under 2g : 35932 MPa (3663 kg/mm2) 

····· ·.··· 
400 



F : Force [mN) 

30 

15 

Fmax [mNJ 

Pmax [nm) 

---------------
19.53 

210.1 

200 

P : Depth [nm] 

F/P DIAGRAM FROM UL TRAMICROHARDNESS TEST ON 
TIC-COATING (NEAR INTERFACE) OF 3/32" AISI 
440C/TIC·BALL. 
(Ref. B/100.605) 

HV under 2g : 23059 MPa (23t;1 kg/mm2) 

. 

.coo 



F : Force [mN] 

30 

15 -

Fmax [mN] 

Pmax [nm] 
19.49 

309.3 

200 

P : Depth [nm] 

F/P DIAGRAM FROM UL TRAMICROHARDNESS TEST ON 
STEEL SUBSTRATE (NEAR INTERFACE) OF 3/32" AISI 
440C/TIC-BALL. 
(Ref. e1100.&0S) 

HV under 2g : 8021 MPa (818 kg/mm2) 

·. ~. 

400 



F : Force [mN] 

30 

15 

Fmax [mN] 

Pmax (nm] 

= -· - - ~-- - - - - - - - - -

19.48 

323.B 

200 

P : Depth [nm) 

F/P DIAGRAM FROM UL TRAMICROHARDNESS TEST ON 
STEEL SUBSTRATE (NEAR INTERFACE) OF 3/32" Ars1 
440C/TIC·BALl.. 
(Ref. B/100.605) 

HV under 2g : 7154 MPa (729 kg/mm2) 

400 

•• 
·~ 
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VICKERS INDENTATIONS (at 2 g) THROUGH 
A TiC/AISI 440C STEEL BALL INTERFACE 

.. ,. ........ ;.;· . . .. . . . . . . . .... . . '• .. 
--. .. -

• 

. -

A/SI -l40C 

CSEM-UMD 
Nano indentation system 
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-' , 

VICKERS INDENTATIONS (at 1 g) THROUGH 
A MoS2 /CEMENTED CARBIDE INTERFACE 

--- - . - - - . ·- - ----·--·----

~.J~ 
I i 
I ' 

if 
I j 
! . , / 
, I 
~ 

-~_J ;'; 

j .......... S I 

10~ .,,, ~ : 
rrc + Co 

~ ., 

o~ I I I I I I I I I I I I I 

0 10 20 
Distance ( J.al) 

CSEM-UMD 
Nano indentation system 

30 




