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[57] ABSTRACT 

Primary Examiner—John F. Niebtmg 

A method and an apparatus art provided which can 
quantitatively measure the corrosion-inhibiting ability 
of thin films of materials such a« lubricants. A galvanic 
cell it created on a sensitiv« surfte« using alternating 
layers of anodic and cathodic mstrrisH such as steel and 
-opper, which are electrically isolated by an insulatim 
matrix. The surface is then coated with a Rim of the 
material to be tested which b then allowed to drain 
therefrom. The surface b then cooled to bdow the dew 
point of the surrounding environment to cause conden- 
sation on the thin film. The galvanic current between 
the anodic and cathodic materiab b then monitored for 
the .first indication of environmental penetration 
through the film, le, corrosion. 

23 Chums, 2 Drawing Slseta 
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  detect the slight changes in corrosion rites that occur in 
METHOD AND APPARATUS FOR MEASURING response to changes in environmental conditions 

CORROSION BENEATH THIN FILMS Galvanic cell-type corrosion probes are currently 
  "»«d to determine the corrosivity of a surroundins me- 
STATEMENT OF GOVERNMENT INTEREST     3 dium. Such probes have been used on naval aircraft 
The invention described herein may be manufactured carriers to monitor the corrosivity of the sea environ- 

and used by «ad for the Government of the United racm due to "»«we and salt and are used in the ab- 
Sutes of America for governmental purposes without sence of *"? protective films. In operation, a thin film of 
the payment of any royalties thereon or therefor.          .„ w*,er from the environment in question, usually in the 

10 form of sea spray, contacts the bare probe, acting as an 
BACKQRO'JND OF THE INVENTION electrolyte to complete the galvanic cell formed by two 

This invention relate« generally to a method and an dissimilar metals in the bare probe separated by insula- 
appararns for measuring corrosion and more partial- *HL ^ otner word*. th» film of water acts as a pathway 
larly to a method and an apparatus for measuring the ,« for atntat 1°* between the surfaces of the dissimilar 
corrosion beneath thin films of material.                           ' r"t*l»-Such probes have only been used bare and only 

The destructive effects of corrosion are weU known to "****** ••» corrosivity of the environment. Their 
and efforts to minimize those effects are ongoing. The "" |°r ««««™? the corrosion-inhib^ng abilities of 
naval aircraft-carrier environment is a particularly cor- co»tings has not  <*n contemplated, nc.- »re they struc- 
rcatveoc*. with sulfur from aircraft<arrier stack gases» tur*Uy *uiuble for ,uch "*«• 
combinmf with sea spray to provide a hostiW environ- Sin <MARY OF THE INVENTION 
roent which undermines the structural integrity of naval „ .    .     . 
aircraft Corrosion of aircraft hydraulic piston», engine "." tnerefoce *n object of the present invention to 
components, and bearings is a particularly urious prob- P™™* * method *nd an apparatus that can quantiu- 
lem. The corrosk» protection of such parts relies 23 avely .meMOfe. ^ corrosion-inhibiting abilities and 
greatly on toe formation and stability of thin lubricant <*™*I?*V of *« Rims of materials such as lubricants 
films which remain on the metal surfaces after the lubri- "f.ST'^ls.   ~v                ■*    ... 
cant drains, and act as barriers to the hostile environ- "« •»»«*« object to provide a highly sensitive sue. 
ment The cc^oswn-tnhibrong ability of these thin lu- *^|^                exhlb,U good reProduc'Wity of test 
bricant films is therefore of considerable importance. 30 re?~r-   
For example, naval aircraft turbine engine bearings "»» »ore particular object to provide a rnethod and 
have exhibited severe corrosion problems due to the *" aPP*r"'tt* wroch. wül detect «■• miriarion of corro- 
harsh aircraft-carrier environment «id have relied on ^ZZfSZ!*"       ^ 
lubricant for corrosion protection. Work has been done JSST^TJ*     provide ■ probe with enhanced 
in the area of developing lubricant oils for these bear- " fen*mv?tv wmch does not require an aggressive artific- 
ings which have the necessary thermal stability for such ^^^T^LT*^* * ~™b!? VDOWt °f 

a Mghtemr^ture applied witho«**^g good %™££t £??? MdC*n.afn*T * "^ m !" 
-f*»^  Effort, have *? ES ZEttStyZl ***** "*"* Whe" ** 
made to develop additives to make existing oils more ,„     Sli„ .ZJZT^JZT. ^ u ,   ,      ■ 
corroskMHnhibitive. Means are necesawy brmk, «he *° tJS^^M^^ ?     P^± * ^^ ° **"? „-.^■. . ....   . , .j__ ' . ?... luoncants wmen simulates tne actual urainauc cuntii- effectrveness of these new lubricants as corrosion inhib,-       üota m wmch ^ Iubncamj      „^        "a8C wm" 

well as in te*»g «AS», as cTÄS* 4i ^Z^<£^Jl^^ *"" 

lubricant-coated specimen m a standard humidity caln-       such as lubricants and paints. A galvanic cell is created 
net and measunag the amount of time required for for- „ on a sloped sensitive surface beSeen^rtaSTS 

nteSl^^,« 1Z22Z ^"^T? Z^aZ? iUTfKe b ^ ^^ with a film of the material to be 
££Ä ££T2?     ^^T ."I         r teStRd Which b then «llowed to drain «herefrom, and measure the («»gthof time reyared for imttation of then cooled to below the dew point of the surrounding 
v-We corros^L These method, lack good reproduc- „ environment to cause cc^dens^n on the^Tm  Th! 
^"•« ^t,U?ve- They ^rdy on vuu^l ^^current ^^^ the„^^ c-^ 
identification of spots, whereas corrosion is actually rials is then monitored for th- first indication of envi- 
present before u beco«nes v^ble. ronmenul penetration through the film, i.e., corrosion. 

A more recent development in measuring the corro- These and other objects, advantages, and novel fea- 
sion-inUbtting characteristics of lubricanu  involves «j tures of the invention will become apparent from the 
s«r<ndmg aJ^ubncant-coated steel test specimen ./er following detailed description of the invention when 
boiling  acidifled   water  and   measuring   the  weight considered   in   conjunction   with   the   accompanying 
change tn the specimen as a function of hours of expo- drawings wherein: 
sure. Although this method is quantitative, the corro- 
sive test conditions represent an acidic type of corrosion 65 BRIEF DESCRIPTION OF THE DRAWINGS 
process not reflective of the type of corrosion which FIG. 1 is a diagrammatic view of the probe of the 
actually occurs in typical manne or tropical environ- corrosion-monitoring apparatus of the present inven- 
ments. These methods also lack sufficient sensitivity to tion; 
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FIG. 2 is a diagrammatic view of the sensitive face of 
the probe shown in FIG. 1; 

FIG. 3 is a diagrammatic view of the corrosion moni- 
loripg apparatus of the present invention showing the 
current measuring means; 

FIG. 4a is a plot of corrosion current versus time 
obtained from using the invention with a cooled p;obe; 
and 

FIG. 4b is a plot of corrosion current versus time 
obtained from using the invention with an uncooled 
probe. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention provides a method and appara- 
tus for determining the coirosion-uihibiting properties 
and the corrostvhy of thin films of materials such a* 
lubricants, hydraulic fluids, greases, and solid films. The 
method and apparatus are based on the measurement of 
thy ptHTnfM* rvTT~l gm-Tf^i thrtrvr hf r8—"y >*y « M «ca anodic plate, which forms one each of snips 16a, 
galvanic cdl beneath the thin (Dm. TMa current is «tt-      *•*»««• Vc of surface area 1« oa sensitive bee 14. 
rectly related to the film's effectiveness m preventing Also e^->dded wi^ matru 22 are a pluraltty, for 
corrosion and, in some cases, its tendency to cause cor-      f»««^3. of j^ 2««-2*V of cathode nuterial. Ca- 
fo|ioii tbodw plates Knenin alternating relationship with 

Referring now to the drawings wherein like chsrac- M ™?*?l?a ^L^t^0^.^,M b ttccaicaiiy 

with 360- and 600-grade silicon nitride paper follow»] 
by alcohol cleaning provides sufTicient smoothness. 

Probe 12 is configured so thai sensitive face 14 slopes 
to form an angle with the horizontal ranging from 10 to 
80 degrees, preferably about 60 degrees, permitting 
drainage of the lubricant from the face. This feature 
simulates the actual conditions under which the lubri- 
cant b providing corrosion protection on parts such as 
aircraft turbine engines and automobiles and also pro- 
vides consistency of film thickness and better reproduc- 
ibility of test results. Probe 12 may also have a horizon- 
tal rating surface 20. 

In the preferred embodiment, probe 12 comprises a 
matrix 22 of insulating material which electrically iso- 
lates the anodic and catbodic materials. Embedded 

/ithin matrix 22 are a plurality, for example three, of 
plates 24o-24c of anodic material. Each anodic ?!ate 24 
b r ectrically isolated from the others by bd t com- 
pk tly surrounded by matrix 22, except one  *lge of 

ten GJtignate like or corresponding part* throughout 
the several views, there b shown in FIGS. 1.2, and 3a 
corraöotwnonitoring apparatus 10 of the present inven- 
tion. Essentially, the apparatus 10 provides a probe 12 
having an essentially flat sensitive surface or face 14 on 
which the film, such as lubricant, (not shown) to be 
tested b disposed. Sensitive face 14 b configured so as 
to expose thereon electrically isolated surface areas 14 
and IS of an anodic and a catbodic material, respec- 
tively, so that when the lubricant b dbpoard thereon 
and exposed to a corrosive environment, current b 
generated between the two materiab when corrosion 
occurs. Under these circumstances, to the extent that 

30 

33 

isolated from the other catbodic plates and anodic 
plates 24 by being completely surrounded by matr* 22. 
except one edge of each catbodic plate, which fort» 
one each of strips Ma, ISA, and 18c of surface are* IS os 
sensitive face 14. 

The selection of anodic and catbodic materials is 
governed by their relative electrochemical potentials. 
The greater the electrochemical potential difference the 
greater the corrosion in a given environment. A pre- 
ferred anode-cathode combination b an iron aiJoy cou- 
pled with a copper alloy, respectively. 

The insulating materii! of matrix 22 may be v^.y good 
insulator which b water-impenetrable and forms a good 
bond with plates 24 and 26. to prevent seepage of the 

the lubricant bib to inhibit corrosion, condensation 40 |ubricant or electrolyte between the plates. For exam- 
£f*_r «"d^cswwa»» breaks thro»-h or      ^miSi. „       te_ or „.^cloth ■ 
penetrates tje lubricant and comes into contact with MeA „^ „ cpoxy To ^ ^ $^n between 
^native face 14, actmg as an electrolyte, or combines pUuel 24 and 26, the matrix may also comprise teflon 
with the lubricant »form an emulsion which acts as an plates <IIC< shown) embeAled m the epoxy «id posi- 
electforyte. creating a galvanic cell between the anodic 43 tioned in alternating relationship with the plates. 
and catbodic materiah, The magnitude of the corrosion 
current thus generated directly relates to the amount of 
oxidation occurring at sensitive face 14. The current 
value and the known value of anodic surface area 16 can 
be used to calculate the amount in mass of anode cor- 
roding. Further manipulation of known data provides 
the corrosion rate in mass per surface area of anodic 
material corroding and the corroxk» rate over time. 

Sensitive face 14 b best configured to achieve thb 

A cooling means 28 may be operatively connected to 
sensitive face 14 for cooling the face to a temperature 
below the ambient dew point temperature. Cooling 
means 28 may be a hollow tube, such as of aluminum. 

30 embedded within matrix 22 with the open ends thereof 
external to the matrix, for carrying liquid therethrough 
which has a temperature below that of the dew point of 
the surrounding environment. Any means which will 
cool sensitive surface 14 so as to cause condensation 

purpose by orienting a plurality, for example 3. of long 55 thereon will suffice. Cooling face 14 accelerates the 
narrow strips 16o-16c of anodic surface area 16 in aller- onset of corrosion as well as provides better reproduc- 
nating relationship with a plurality, for example 3, of ibility of test results. 
long narrow strips ISa-ISc of catbodic surface area IS. To measure the corrosion current generated between 
Strips 16a-16c and Mo-lScare electrically isolated each surface areas 16 and 18, plates 24 are each commonly 
from the others and are preferably parallel to one an- 60 connected to a first conducting means or wirs 30 and 
other and also to the horizontal The spacing be. een piates 26 are each commonly connected to A second 
adjacent strips of surface areas 16 and 18 should be close conducting means or «.ire 32. Wires 30 and 32 are elcc- 
enough to permit droplets of electrolyte to bridge the tncally connected to a means 34 for measuring the cur- 
gap therebetween. A distance of about 0.8 mm has been rent therebetween. Current measuring means 34 may be 
found to be effective. Sensitive face 14 should desirably 63 any means for measuring relatively small a ounts of 
have a highly smooth surface to minimize the effect of current, the smaller the current 'hat can be mc <ure the 
rough spots in accelerating the breakdown of the Film. n-.ore sensitive the device to the first signs of corn-ion. 
For example, preparing face 14 by hand polishing it For example, as shown in FIG. 3. current rr.tasuring 
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7£?*™y, ~* *ro
u
re*'*'*nc« «mmetcr comprising       vide the resting surface 20 at » «O-degree angle with 

a potenooiut 3« m which the potent jl between the      sensitive free 14 

•Xtled to^re«? A^ÜM (c) *™fa* '^ *" S^'ive face 14 of probe 12 wa, «hen preyed by 
^^rJl!^f".A *u?d*rd ««»«*«** box 3» a con- hand polishing it with 360- and «».grade silicoVnitride 
ZSZTZLZZ.'?™" (f) ^ lhe COUnttr (C) 5  P-pÄlowed by alcohol clewingT^SdS 
to^S^LS^^S"* ^ * P0"31^ drOJ> VMk>n "«* ,hen f°'lowed th*' Solved coVu^ facTn 
niitSS^ recordmg. Current variations of with . film of distilled water for 5 minutes, after which 
up to three orders of magnitude can be recorded easily the face was towel dried and ready for use. 

^'SZ^S^T Wft?T C!Ua8in8 *• "*■ T"- cu™» me^g meLnT^eTwu a zero 
^„^TfnrS? „refcreBce <r> ■»■ *• «««" (0 » resisunce ammeter conducted usmg7^en7k>Iu^M 

nru£g^^0
c^!0

to^^ur^-      l^^^lti^re^S^TTcr 

As stattd^wJ^ «»Present                     t 1. tentimaU to convert the current into a potential drop 
necttd^S,^ J"" ■", * ***•*"** con- for amplification and recording.            ^           P 

S^JaTSl rf0"^ **—** me*M * ''°r ""* «vironmental cr-mbe? used in the tern was 
dSdÄ^n^-   "^ «*»« ««oding by provided with a 100% relative humidity and possibW* 

«^SÄ^ctn^n^^te,nC0^,ed * "^^»^«* with water vapor ,, .TeS 
areaw3 «„.^T^LT* m ?"" ■** wfac* ««»»perature to tTow at a rate of 4.3 liters/minute 
Ä^cn^ÄLES?-00"^ ^ f0r "k^*      «»«»»«I« the chamber. This was achievedI bViSly 

lZiZT!S?.Ä      -. • WMer to «"»w impurities and then through 3 liters of 
envto^TLh^ U " ^ ** ? * COn,roUed 25 «^Ww^«ti»t^ii4(rCP^l^pE2 
£*!«Ä*^^ »tbech^ber^f^l4wMco«edwhh.fr»Po7re 
and]ta22*tav£!k ^Ü ^ The ten,Pmtnre "**»! oU to be toted, which was then allowed to 
AS^vLt^^?^^^*^ ^^-"theslopeof^f^eforSminutesllnsome 
DO^M^^^^SJT^^8 " ""t ' ka0wn oew      of «»e tests, antifreeze at 15* C. was then circulated 
Z^ZZf^JZ^^SrJ* I"" * " ^ h°"OW ,ube * —-» condenSon^S ™X,«riv, SS/*? T^S coVedi)nto P"- on the lubricant film. In other of the tests probe 12 was pared sensitive face 14 and allowed to drain off. stmulat-       left uncooled. 

reüedtno^^!^!L^[ "J^ ?* '"'"i^ b ""* ***** «*t^*d "*»* «™*<>» monitor™ ,p- 
lhotL?^ü^^,.^T,B- ^ ^ COOU,U (BOt PM*tw » »o lest the varies* mmeral oih « reÄ 
oZadeL^ä^t^?"1 thr°?gh C2oUnB meM* Ä 35 »en,ed w "OS. ^««14*. which show plo» onhc 

Z2£££ SSlS^2Sn0f ^ CWT       ?X>,ed P^ «P«»vdy- A comparison of the two 

r^s£™ES£E? ^^-ssÄrcifcÄn-^ 

S^^J^^f^ «W.««ween «Jj«xnt ones of to the fact that the film of condensation relied u™ 
tW^oiro^ * «=«*«mg g^vanic cells tberebe- 45 when using the uncooled probe results from dropleTof 
t^amo^T^rrenl' ^^«"«i«« d^tJy co»dens«ion which fall from the lid of the environment 
Ä^nlfm^«rgBSn,SCe',S,bea,n0ni- «-^^. prov^g« uneven ^ inco^.,,.^. 

Variou* mi«l.i ^T^g ^^ T^' whereas the cooled probe causes an even film of con- 
«neiÄdT^L   . weT^Sted •ccordi»8 to the densation to form directly on face 14. 
££Ä£Ked^S^^,,V<^LrThC W „Sonleof «^ ™«y «dva-tages «>d novel features of 

2« of cxW PUtor«;~; M^.      "tb0d,C,pU.t^ 5Unce- *" «PP^«u* and a method have been provided 
m» k^'mm^^ oV^ STT"*.* ^ f°- ««"««•«««vely me^uring the corrosion-inhibiting 
»«nK^mvolv^l^n^l^?nlJT ^       f^ C°°" fo"^ of thin film, of materials. The corr^n-monitor- 
«x^J^uZ*™^    y, P       g *" StecI ■Bd cop- " in« «PP*™«"» of the present invention can detect corro- 
^SZäLZL"^ i^,",^, m0ld 1° ^ thC ^ before "y ^^ «^ thcreof *« resent. A^dt 
XS«S ^ X" •PProx"n«,ely °-8 mm- «io"«lly i« has good reproducibility and high sensitivity 
ATto^chX.^tu30 ,0 ""? pUte M ,Bd Wire ^8 ible «o «tetect flight changes in coS« 
«vSo^^S,-^4n?BJ£ r ^Tr* « Fu"hCTmo^ «he P««« »ve»bo« does no, require S 
aroundüw m^L nl« Z ep°7 WM bmH "P *° »8«""'^ ««ificial environment to produce a measur- 
SgtSi Ä !Lf0rm K^r -20' aWe tm°UM ofoxidaüon or corrosion «d can therefore 
onTSgeofe^e^SefoTSef 11^  M   2^5       ""^ COrrOSi°n fa m°re rca,U,ic «vironments «ha« 
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the in having the benefit of the teachings presented in point temperature such that condensation forms on 
the foregoing description and drawings. Therefore, it is the thin film of lubricant; 
to be understood that the present invention is not to be a first conducting means connected to each of said 
limited to such teachings presented, and that such fur- anodic plates; 
ther embodiments and modifications are intended to be  3      a second conducting means connected to each of said 
included within the scope of the appended claims. cathodic plates; and 

What is claimed is: „«,„, electrically connected to said first and said 
1. Apparatus for monitoring the corrosion beneath a »econd conducting means for measuring the cur- 

thm film of lubricant exposed to a humid environment rent generated therebetween, the current being the 
havmg 11 known dew point temperature comprising:      10 corrosion current generated at the sensitive face 

a matrix of insulating; material having an essentially beach the thin film of lubricant 
\t ÜSÜüiT*^ f ""'Of* 1?/** Wi,h »• ""* «PP«««"» of claim • wherein the angle be- 
^J^^ ^f**?/^ 10 •t° *>,.de*ree»' °" rw--i the horizontal face and the sensitive face ranges which the thin film of lubricant is to be disposed; fr001»to 70 ^ 

'     *S^lSS^,,0,^^^er5MCfl5     iaTneiv.r5uTofcUim»whereinthe«gle-be- 
T^^^? dTd0B. **tamun ("*-< tween the horizontal face and the sensitive face is sp- a plurality of electrically isolated surface areas of r^^^mX™!                  w»uve iace     sp- 
cathodic material disposed on the sensitive face in PTTt*;J»™rU^Uim » where« .«id .«odi* ,nH 
alternating relationship with the anodic surface »^ «PP«ttus ofclaim ■ wherem said aiwdw and 
tffff.                       T                 «nwuc Hiria» cathodic plates are substantially parallel to each other. 

a first conducting means connected to each of the ^ T^ «PP«tw of c^ 11 wl^ said «vodic 
anodic surface areas;     ^^      m e"cn OI "* and cathodic plates are substantially parallel to the hori- 

asecmid conducting mera connected to each of tbe      2°??lJ!J!ce-        ..     ...   -   w ■   .u  A ■. 
cathodic surface areas; and 13. The apparatus of claim C wherein the distance on 

means electrically connected to said first and said 23 "* *en*itive &«* between adjacent ones of said anodic 
second conducting means for measuring the cur- *nd <***** P1»** is less than 1 mm. 
rent generated therebetween, the current being the R Tbe ■PP"«*M o( eWm » wherein the distance on 
corrosion current generated at the sensitive face ^ KoMw *■« between adjacent ones of said anodic 
beneath the thin film of lubricant. and cathedic plates U approximately 0.1 mm. 

2. The apparatus of claim 1 wherein the angle of the 30 1S- The a|>param of claim » wherein said cooling 
sensitive face with the horizontal ranges from 30 to 70 means comprises a hollow tube embedded in said matrix 
degrees. lor carrying a liquid at a predetermined temperature 

3. The apparatus of claim 1 wherein the angle of the below ths dew point temperature. 
sensitive face with the horizontal is approximately 60 1Ä- Tb* apparatus of claim t wherein said anodic and 
degrees.                                                                      33 cathodic materials have a large electrochemical poten- 

4. The apparatus of claim 1 wherein the anodic and tial difference therebetween. 
tbe cathodic surface areas are substantially long and 17- The apparatus of claim S wherein said anodic 
■arrow in shape. material is an iron alloy and said cathodic material is a 

5. The apparatus of claim 4 wherein the anodic and copper alloy. 
the cathodic surface areas are substantially parallel to 40     *'• The apparatus of claim 8 wherein the insulating 
each other. material is resistant to water penetration and forms a 

& The apparatus of claim S wherein the anodic and «*"»« bond with said anodic and cathodic material«. 
the cathodic surface areas are substantially parallel to **• The apparatus of claim > wherein said matrix 
tbe horizontal. comprises an epoxy. 

7. The apparatus of claim 1 further comprising means 43 20- The apparatus of claim 1° wherein seid matrix 
operatively connected to tbe sensitive face for cooling further comprises Teflon plates embedded in said epoxy 
tbe face to a temperature below the dew point trmpera- and positioned in alternating relationship with said an- 
ture such that condensation forms on the thin film of odic and cathodic plates, 
lubricant. 21. The apparatus of claim S wherein said matrix 

M. Apparatus for monitoring the corrosion beneath a 30 comprises epoxy-impregnaled cloth 
thin film of lubricant exposed to a humid environment 22. The apparatus of claim 21 wuerein said r.-itrix 
havmg a known dew point temperature, comprising: further comprises Teflon plates embedded  in said 

a matrix of insulating material having a substantially epoxy-impregnated cioth and positioned in alternating 
horizontal face and an essentially flat sensitive face relationship with said anodic and cathodic plates, 
adjacent thereto and forming an angle therewith 33 23. A method for monitoring the corrosion beneath a 
ranging from 10 to 80 degrees, on which the thin thin film of lubricant comprising the steps of: 
film of lubricant is to be disposed; providing an essentially flat sensitive bevelled iace 

a plurality of plates of an anodic nvilerial embedded oriented at an angle with the horizontal ranging 
within said matrix and positioned such that each of from 10 to 80 degrees and having disposed thereon 
said anodic plates is surrounded by said matrix with 60 a plurality of electrically isolated anodic and ca- 
one edge forming part of the sensitive face; thodic surface areas in an alternating relationship; 

a plurality of plates of a cathodic material embedded coating the sensitive face with the thin film of lubri- 
within said matrix in alternating relationship with cant and allowing the lubricant to drain therefrom; 
the anodic plates and positioned such that esxh of exposing the coated face to a humid environment 
said cathodic plates is surrounded by said matrix 65 having a known dew point temperature; 
with one edge forming part of the sensitive face; cooling the coa-ed farc to » temper'.:are below the 

means operatively connected to the sensitive face for dew pob: icmpera-.jre. causing condensation to 
cooling the face to a temperature below the dew form on the thin film of lubricant; and 
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measuring the current generated between the anodic 
and catbodic surface areas, the current being the 

• corrotfc» current generated at the sensitive face 
beneath the thin film of lubricant 

34. The method of claim 33 wherein the angle of the 

10 
sensitive face with the horizontal ranges from approxi- 
mately 50 to 70 degrees. 

25. The method of claim 23 wherein the angle of the 
sensitive face with the horizontal is approximately 60 
degrees. 
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