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“hhe PIR Insbrument s

Meaeurcrcn} s \ee;_zr 1en+ of I’nc’clon by Means of B

.j.#,

.—? g Frlnwommeaswemanta Wme oo ued ous, mth 'l:he oJ.l test instrumen'l:

which. had beon davelopsd. by ﬂie PR vr‘-h the halp’eof ‘the- DVL: ond_which had -
been_nev Ly . anw..ued in "'no ‘.IlS'LcI'.ouCG B35, The va*'mt*on m the. rosults cculd

be mprcved by uhf).nglng thé origiml ox pariznnnw.v cenditions,

‘cf fricbicm was nu‘baecuen'blj measured Tor a m...noar_of Subs*ancos,

oi"wvo 01-s -h-.. was ccnc '\1'. u°har tomverature
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II Taproving 'l:l.e reprod1 -mnc-' b" cqm‘glng tho experlmento.l

‘ cond'v'blons, ‘L

[II Mensw'emont of’ the eneffici ont of fr-c’cmn of various liqu'.\ds

c.ccord:.ng to the sector. nu'bho\l

IV. Su:mrary.

I Experimen‘bal unpurutus and Ter ormnce

. "The.-instrument emplcyed in the *mestlvatlons ho.s 'been developed
by the Physico Technical Reicheanstals (PIR) for the determination of the
coefficients of frichtion of lubricents. A stecl needle glides on o thin
£ilm of-the -oil under nvesulgo.tlon on o plane disc which is lnpped before.
each’ exporiment, - The force is. moasured with which the uniformly roteting
disc tonds to drag the tnoeedle with it, - This force sorves 0s G 'TOASUre of . the
frictionnl quantity hetween disc ond needle in tho layer of oil under
1n»estlga't10n. The ingtrumont as well o.s the worklng method hes

already. been--

dadnribed in detall ot o dlff‘erent place. It is. 'hherefore not” necessnry 'bo

L gntar ﬁr'Lo it here, ,
. / '

Flra’b the e}.perimentul orror Fad. to- 'be

whlch hed been nowly instzlled in the DVL, For this purpose the~

0ils Rotring D (as o purely minoral 0i1l) ond Kémprossol (as o very fatty oil)

were chpsen, ~These two have ‘very different cnom“iu,o.l eonst:.but:.ons tmd ‘both

have the ‘seme. viscosity (18°E/ '=0°).

found for the instnﬁnen‘b‘

two -motor . _

«. .. TIn the ccurce of numeroas trmls it was. foﬁgg*ti:ﬁﬂe':repredﬁcibil-

1uy wos very bad ul though the experi’nen'cal condli'ions in

dicated. by the PTR

were kept to stristly, . Thig is shawn oy the curves in figs, 1 and 2,

mrticularly in %he rogion: L]
for aifs erel.’c +rm»~ LES J +he zome oIl

‘
{

)5 oeisios was: there o lo.rge varia.tion

T, Improwne; t‘:.e repro ucihih*.y ‘b c.‘m;mmg ths exporimantal conditions

From the chove wos derived the te %

of the dive, length of meedle),

‘D, Pressure.; . ’ ' \

of nnyrowing down the range _
of dlstmbutlon o7 cheuging the onperlmen*ﬂf conditions (i.ncluding pressure -
, stote of the oil fﬁlm, moterial of the. dlSC, grlndmg majerinl, cleunlng

7

The strong inchm-l-,uon of seme cvrv‘os 8a@9m3 - to indieate thc.t the
lude hydrodynamic lubrieation,
According to o1l oxperiences gaoined sd far tho cgbfficiont of friction hes to—

pressure~of 185- kg/om?-wns lnuuf‘flule'l‘t S0 exo

. remin constant for ¢ll velocltms in the case

imiting friction,

Thig moans

- that the ourve would hnve to run hora.-cr.ta;.. When t‘xe pressure wos ra:.sed



:_g;-, : |

“to 328 kg/cm" 'ths con'i_mo vas. more neo.rly f'ulfilled o The curves in figs.
3.and 4 ere acnsidrrably “tintber than those shown in fizs, land 2, this -
also narrows down the renze 01 ¢ 1otr] .*mt* on 1*1 ’che reglon of higher
elocu:ies,tf-p R R L T T e e

e e St

'b, : S"a-:x'be oi).::;e oi’l_fi"ma’,, e

L "‘hv sto, e of tne 0il, fl.f.m aiso prcved 'bo ‘be of‘ :unporto.nce. Thick

) i‘;o‘un:r fllms gave lower- i‘ucm.qu quentibios then thin- fllms This is.
especm.!.ly true for Rotring fase figs, 1 to 4), The couvse of this my-be - -
that Snthick £iims there moy viillobe some Icenl nyurody-nnmical friction,
Very thin Fiime s the other mﬂ which have not been wiped sometimes
yield very h.Lg valucs for the frivticn: - Théce immediotely went: down to -
rormn 1 wher Mg maraper wal” .:~1;;:ed moist with oil, This shows, what has
besn conf ,L, r oy experiments , that parsd r'u_nrly in the case of 'bh:l.ck

ls ik is rhout o provide. the trzek of the nsedle with new -oil

t“‘ 5. LU -

conbinvously 1,;, ,,uwmp, dows +he soraper, Othaywise one my p0851b1y ge'h .
-dry fricticn, IF shouid te podnsed oubt iz ihis commsction that, part:iculo.rly
after use for o Pathy oll, oas r,..eu_'.a el

h thne gore por cfxrefully mth e
su:.to.ble solven'c. : : A R S .

o In cons:.derc.‘b:.on of "-he expc—n iences mds so for we ‘obtnined the
follew:.ng distribution limits for two series of control tria 1s with Rotring
and Kompressol (compare Pig.5), - : SRR

o “, R TR Roumng o v -K/om'pre'ssol
for 1 em/sec, = .4« .8, 1 .08z 0,20 .1 0,15 = 0,16 -
for 8 cm/sec, = -0, 17 20,19 10,145 - 0,156
Renge of distr, © . # a,a ‘ e 3%
for 1 cm/sec P R : e -\ .
- for 8 cm,/sec‘ L \‘1 "i‘ 6%_ ‘ - u 4% . Y
Type oﬂ dls : cot ', .0 ‘

T The curves did still ao" show o comple’cely horizontnl course, this
me:mt that  one was not dealmg with pure limiting frietion, A different type -
cof dise (6,19) was therafcra orderéd ot the PIR in place of the’ previously
uged. 05, This .-u;m are 414 not however meet with the desiredesuocess,

d, Abmsic-ns, - - i o _‘ o '

Succesy wos reached only v..hen nccordmv %o c.._pnopesal of the PTR
Op olit 6 was usaed as on abrasive instead of Oguo it 2, Om the' ‘surface which.
was now noticecbly rougher one now obtained o mean hor1zontn1 course at
. velocities above 2,3 cn/gecp,. or Roteing D and fabty oil Aero Shell which wo's"
now employed (Fig.., 6 o.nd 7) .The limifs of distribution. change 8. follows.

. ' Rotri S ' Kcmpressol
" at 2.5 cm/ue"- - .. . Ta7z - 0,182 . . 0,168 - 0,180
" 8 cm/sec .4y 0,172 - 0,182 - - 0,168~ 0, 180
R...nge of dis 'ribu'i;ion RS ,_1”', ' " ; + 4%

It ‘thus became pous.n.b %o atbtuin pure b\.-il&f‘.!fy nu‘orn sation if 01l exper:.ence
- mnde ‘8o ib.r wWiLS carefully uséd, . be limits of distrmutlon could be lowc:'ea.
dcwn to *3 'to 4,0, . .

e, - Cleunlng, -

» " As regerds the’ cleaning it hace become appg};ggt\ that it is not :
necessary to grind with Optoiit 6 altér mvery trial, A thorough treetmsnt
“with suitable ersily volatile solvents (grsolene or benzene and distilled 7
‘petrol ether” purified over nluminiw: uxide if the other is not sufficient) was
, found to be quite satisfachory, Tho dize was covered succossively with ‘
_Rotring - Fottol - Rotring (with intormedirty clenning); the final Rotring
value was tho samo as tho initicl valius, ’\To aftor effec‘l:’is no'bioed when
Autokollag or Tricresylphosphate woro o3ds



£, Longbh of ihe noedle,

e

A suitablo length for tho.needle was 2 om, If the meedle is shorber -

 '°111' édsily.craéps into the noedl¢ mounting, ' This entails a change in the

© orogs-soction of the gliding arec and +therefore in the specific. prossure,

171, ‘Mersuromont of the Cooffisisnt of Fricticn of various Liguids sccording .

= to the “Sector Mothod"y " - -

. In spito of the most careful Sbtention to tho new experimental

condibions the 1imits of distribution wers still toowide to allow of reprod=..

ucible measurements to be taken when it wes necessery to dctefﬁﬂne;thg,:;ﬁmilf’>
difforences between oils of the same type, 'A simplified "sector method” wes

therefore worked. out for ccmparisorn purposes,. Helf of the disc is covered with

Rétring D as crmuerison 0il »ni the other helf is covered with the oil under

~ test.. Zi ordér to oresext ~ay dregging over of one oil into the other there-
- 15 & short distence between the two hrlves which is not covered ut.cll,  For -

- the sutme reason one hes to take cure that no oil creeps up the needle into -

the mounting; this 'is po.rticulé.rly prone -to cccur ‘with thick oils, The test )

_volocity is taken at from 2 to 4 cm/sec, n = 300 to 600 revs/min, At lower
" velocities thoro is o disturbing effect of the curvature tending to the value
" of the ndhesion friction, A% higher velocitios there 'is not enough time

£o allow the pendulum to come to rest on any one of the sectors, ..o

S The coefficients of friction-were now messured.for e number of
‘substances; the results have been summarized in Teble 1, 'From it, it emerges -
that it is possible to determine  even smnll differences between the coeffi- .
‘cients of friction, One heos to reanlize however that the values determined
thus cre only relative, They cen bé considered absolute only where distri--

bution of from 3 to 4% is taken into account, -

. Mention should dlso bo made hore of the results:obtained with
evaporating gasolino, benzene, and petrol ether, The. deflections of the . - .
galvonomoter hovo been plotted as o function of time, in:fig, 8, -4 remsrkedle
charectéristic of these curves if that an increase -of the friotional value

_ocours immedintely after the test - moterial has been put on to-the dry disec,

For this there is no explanation as yet, The decrense which occurs aftermrds -
mey. be explnined by on enrichment of the heavier constituents having. better -
lubricating-qualities coaussed by the ‘eveporation of the lighter ctnstituents,
‘Subsequently friction incroases again because the part due to dry friction
goins in importancc as compared with the port due to the very small oil
residues, . S : i o
Finally, it wes investigeted whether one could also-observe certain
-phenomene. with the PIR instrument; this included the sudden change in the

. adhesion, observed by Tobor, which oscurred on éoxceeding 2 certain-critical

- temperature which was different for oach oil, No change in tho o oefficient

of friction was observed for Retring I and Derop-Dieseloil when prol iminary
exporimentc with improvised henting were carried at temporatures up to 80°c,

v, Summnry o o -

"It wes found that there was little differenge (within the limit of _
error of the instrument) between the coefficients of friction of numerows . =~~~

-minercl mobor 1u‘pricants which havo the same viscosity but which heve d:i.fferenil:'

origins; Additions such os ‘grophite, trioresylphosphate and caleium chloro-

stearnte did not effect any chenge in the coefficient of friotion; oils with .

fatty cdditions show lower velues, @ Raising the ‘tompsrature up to 80°C had no

giafsuia’g}i effect an the coefficients of friction of Rotring D and Derop =
esel 011, . S ‘



' TABIu

Coeff‘lc* snts - of Fr;ci:lon Conver'bed o
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Glycerin - . 0.21T e Mo owigo2 0 0,220
Petroleum - - 0,180, 19 N R S T
: -Petrol_eum EL? 161" (-0 0, 23 ; ‘ e R PR
Dist Water . = 0 29 ' o

 Dry friction . 0,30-0, 35

- - 8 s = o e o - - o —— W S - P S S s P W G o . D o WD o S B8 G -

.f. E

‘Plate 1, -Friction ivb.lues- of Po1~ mg D in dependence of: _the glldlng velocity
PInte 3, Friction values of Kompressol in dependence of the gliding velocity
Tlote 5,  Friction values of notmn’r Das a funct:.on of the glzdmg veloc:.ty
RO ot :mcz'eused londs, - Cen
Plote 4, Friction values of Kompressol us 0y func‘cion of the gl:.d:.ng velocrby
ot incrensed loads,
"Plate 5, ' Friction curves of Rotr:.ng; D and Kompressol for determmmg the

~ . - limits of distribution, ' L
"Plate 6,  Gliding velocities of Rotr:.ng D and 03::1‘1 after o rouéher abmsive
- had been vsed, .

Pla'ée 7, ‘Fricbion curves of Aero Shell 0ils af‘ber using the ubmswe Opoli'b 6
Pinte 8, Friction characteristiss. of G'e.sohne s benzene and petrol ether as ;o
' R fun~t10n of time, - | : » : -






