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‘f Investigation of suitability of IGENIL as,am
’ T beariug material R :

by Halder. 10 1.39”’;

Iganil aa a baaring material possesses good sliding properties and
: »showa 1ittle wear. - It is -very brittle’ and creacks easily. " On account
- of the last property“it 1s unsuitable as -} bearing material.: T

',‘Object of Tests.

It waa dasired to test the proparties cf Iganil as a- bearing material. j
Igenil is’a filler-freo condensation product of aniline end formaldehyde -
‘manufacdtursd by the' ‘Dyes Division of I.G. Farbonindustrie Ludwigshafen, I
It is mainly uSOQ in the press-forming tcchniqua. Tho following synthetios,'
Were comparad. 8 T . AR

Igonil from I G. Farbenindustries A G Ludwigsharon o, Rhain
‘Dytron =~ " v R Lot W projgdorf
Garolith " tho firm of H. Rommler A.G. Sprembarg.

”wo tust installations wers built for thase tasts.'

LTy abéarixi’g ‘test machins with rotating shaft.
\II) a: "knoe 1av Fo (Khiehcbel) machin :

I) 22§E§_22_§§ Rotatin shaft Boarin iast Machina
A. Agnaratus ‘ e L

: ' The de31gn of -this machino =as based on the oonsideration that
_ endurance teating of the bsarings should be. done. before procesding to tha
estimation of friction torque. = For this Toason it wes not ettompted to
. measurs the torque.  Tho design of the machine ‘is shown in Plates 1° and

3 end is briafly deseribed as follcws: A hardened: ﬁoliahed taat ahaft is
mounted in 5 ball beerings. - The two tost boarings ars situetcd betwsen =
bearings 2 and 3, and 4 end 5,‘rfspoctivoly. " Modified ball-baaring hous-~
ings were adepted for the test beerings so that thoy oould bo uscd for e
split end solid beering shells. Prcssure circulation lubrication, ring .1;
'-lubrication or groase lubrication cen be. usad es. dosirad. ' ‘ RS

The loading of tha bcarings is applied by neens of weights and g

o 3—1otor system with & 50:1 ratio,  Wita a shaft diamater of -50 mm, and. a -

-+.‘bearing length of 50 mm., a maximum spooific surfaco praaaure of. llo kg/cmz ,
S may be applied. - ' AN : L

| - Ehﬁ ball-bearing 8 - are lubricatad by & continuous circulation eil
system, - Thc bsarings ars at the samo time cooled by this. mathod an
important factor in tha teating of aynthetic bearings.., .

. The drive is from a 12 H.P., 2000 r.p.m. 3-phasa motor, through
;'an automatic gear-box and & doublc ves~belt pulley drive. L With-this
’arrangoment tha tost shaft spaad cﬂn be. varied bctroen 50 and 4000 r.p.m._

B. Teats

For taat purpcsos beerinc ahells of Igcnil end Dytrnn were manu-
factured with a beering play: of- 0.5 ‘mm,, as, is necessary for- aynthctic
fbeprings cf these dimansiona. _ Eefora arectinn the baaringa were waighed

S



fiand measured. Ges machine 011 wes chosen as lubricanx and a ring ,
‘§lubricet10n system adopted, Beth beerangs were tested ‘on’ the same shaft
' 'end under the- sems. losding.¢ After end ‘8 hour-: run-ln ‘at zoo,r.p.m. ‘end
o100 kg/sq.cm. load, the loed wes incroesed  (by 10" kg/sq.cm..every four_, S
jhours) at the samo: speed end the! -0il temperature measurod 6Very hour.: o
“After: reaching the msximum losd of llO kg/sq.cm., ‘the. beerings WGTe disr",l
mentled and cxamined; Damaged beerings’were repleeed and the test Tem
peated at a ‘different: speed. :In order to eliminaste eny peculierities due a
to the machine tests TOro. repested with. the bercring shells. exchengods
the Igenil: beering shell from bepring No.I wss mounted in N .II, 9nd the
.Dytron mounted in be“ring No.I. o . PR A

In order to flnd the mexlmum permissible 1oed for Igenil,v SO

bearing shells of this nmoterinl wers finally tested in both heus1ngs.
«In the«lest testMvTcst No.? the beering pley res reduced from 0 3 tc
.l mm. Ny : v

G Test Results .ﬁ.“"z,:v°}f fi":y i~>',‘7- f o T
-'—"_"'—_—". AL [ Qe L .' N [
From the. tebuletadi esults in Table I it will be ‘seon that them" '
: four Igenll shells from Te sts 1= 4 are rendered unserviceeble by tho- ]
- formetion of cracks on the pressure side,  Of the tvo Dytron- shells which :
“wore both run for twice es lcng £s the Igenil .shells, only one. WPS un=
serviceable, exter running et 1000 r.p.m. et 3 high tempereture. Sy

Ly

ﬁt recuced 1osds, Tcsts 5 snd 6 crecks egsin eppeared in the
-Igenil 'shells, ' This could nct bo proventee by the use of & smsller
beering pley (Test 7) ’ .

' A conclusi “n mey be (rawn es to the caefficlcnt of friction, from -

‘ the running oil temporwturcs attaincd, - The oil temperature ey’ through-“
out the test At some 5 =~ 10°C higher with Igenil then with Dytron. . The . ©
“run of these temperetures for the two 8-hours duration is shosn* in. ri& 6.
' The' coerflcient of friction is thus greater for Igenil then for Dytron,
but is still regerr’efq £8 permissible. - - R , R

After it wes foun fram these cndursnce runs that Igenil was
‘net suiteble a8k bearing material awing: to the formation of- crecks, the :
determlnstion 1 the frictien caefficient wss net cerried sut. :

II. Tests on the Knce-lcver machlne. o
A. Test Apparatus - ' '

In ﬂrder to test the suitsbility ef beerins meter1els fnr high
pressures and lovi sliding velocities under penﬂulum motion, as met G.8.
in eutomotive road spring: shackles, thu 1fying mechine wes built
(see also fiasﬁ 2 and 3) : : i ,"’ L :

A
-8 -

‘ The steel brspket ¢ is given » reciprﬁcsting mbtion by 2 connectingmlw

: red e (see fig.2) the metion boing linesrly constrained by the plunger

g mechenism dy 2. This bracket e is cannected to the right end laft by - 1
rods b to spring loaded sliding piscss f. ~ The sheckles under test con~
sist of hercenéd belts of 16 mm. ¢lam, fixed st both ends cof the trens-

- Yerse’ rods and mcuntec in synthetic besrings.

, The essembly shown in fig.z is: mcunt*d et one end of 3] belt-driven o

shsft cerrying a fly-wheel, snd en-identical -assembly. mcunted 8% the

5 other end. (See phots., fig.3). - Thus there are in all 8 test sheckles
.on ‘tho mschine of which each pair is exectly oquelly longed, ‘being ot
‘- opposite ends of tho seme rodl.- (1' end 2', 3' end 4' 1" eng 2", 3" snd

- 4%)." Greese lubrication is usel TR o : ¥

, 'I’he crive censists of. n 2 H.P, 3-phase moter, giving speeds bot 76



B. Test Methoé'

B IgeniI shackle beerin&'shells v 3Te clmppred with 4 Dytrcn shells -
and 4 Gerolith shells..‘ The' shells wera ﬂlstributea 50 thet eech trnns~‘.
verse roe was supporten in two aifferent shackla boaring materiels. : Inf
this way the unevo1dable Piffdrences betreennthc springs .8Tre elimineted s
(and ‘diréct comparisons betwsen-the ‘meteriels’ obtslned., ‘Before essembly

~“the weighf ‘of the shells eni’ the ‘belt dismoters’ worc moesured..~ Aftoer -

-every -8 hours: the shPckles wEre. freshly lubricnteﬁ with "Mﬁtanal" ree.,“
< Fer 1osding 4 sprlngs with sprlna ‘conistents of 195 kg/cm. nere: used,--~ g{
precompressed to- gzve e ‘specific besring load ef 100 ng/éq.cm. Tho .../

. drive sheft: speaa WS fixed et 200 ‘TePemms The veriation cf the spocific

bearing p:bssure end the: circumferentlel spcndLare shown on fig.4, for .
twa. revolutions.;f After 100 hours the test wes end ed,‘aﬁd‘tnevshells L
"’Gigned enf shackle-—bolt diameters checked._ R S e TR e T

-——-——ﬂkrtm@er ﬁu investtgete—the~buheV1our ﬁf the beerlng m_terials hen
starved of lubricpnt the shells were immersed in greese ‘at =1209C for l
2 hours Pnd assembled without further lubr1c9tion.A\ The test is. continue**’
until individuel shells fcil.n - :

f{ G. Test Results

As shuwn cn fig.e the wear - ef thn ngnil shells wes: 1ess than “that .

~10f'the Dytror shells. ‘Ths weer. of the relevant sheckle~bolts geva the

‘seme picture.  The enmprriscon with Gerolith wes inecnclusive. . This

-~ eould ba treceﬂ tn ‘thé fact thet the filler use? in Gerclith-is: very

corrso, end thet, in such smell boerings, ifferences cen: ensily—eppeer..
in the quelity of tho running surfeces.. & e :

_ In the lost test thu I,enil shells sw elleﬁ baﬂly ﬂftor the 2 hcur '
" hot soek in grepse, end hed ¢t be re-mechinsd. = The tost v with these

" ‘shells wes terminsted sfter 21 hours ¢ue to eracking oand wear nf the '

Igenil. - 4X1.the other synthetics v wore. Tit ‘for further running et this

'“stege, as thoy appvrently hevo 5! grueter capacity fnr teking up the grenee.

Lo

"f. ‘ (Signec) Helder.
. Teble T = : ‘

i Tebuletion of Tost, Rnsults on Ecnring Test Machlne _‘~‘ I
| Tost)__ Test eonditions = i Beering I | - BenringL;;, o
Noe jR.P.M.;Leeding Duration) -« Dismentler conditions R
mins, | kg/om®! pne. ' : |
T o . Dytrn shell Nu.l Igenil “SReil N
B . 200 110-110 40 A rood ' Sl gooﬁ R
' 100 {50-11C | - B~ | - TR
- 50 ; €0=110. L I . gooﬂ ‘ g , good :
-.300 30-110 L 38 8008 leracks on press. side
2 R R Igenil shell No.6 - Dytron shell No.z
3 - FRC Ionil-shell Nel? Dytron Bhell §o.2.
© 11000 720 1 on press. side crrcks|on press. side surface
= WE R d.£Dd Doroug surface | carbon—costad .
4 SRR B | _Iegonil shell No.8 "} Dytron shell No,1 |
8 - 400 | 20~110 Bl . .icrecks on press. side good S
R U CEE R S Igonil shell No.9 | Igenil shell Vo.l ,
S I ggg : gg-“' jiggbg crecks ‘on press. side|erecks on’ pressq side f"f
L Ul (AT PUE Igenil sholl No.ll Igenil sholl No,1
. ' 'gggf- ,ig‘ AL 'eng ‘crecks on press. si ,cracks;cn whole circumf.‘
2R RS PR R _Igonil shell No.ls “ Igenil shell No.,1
' 200 | 10~ 40Qv 24 1 good . P good
§. 200 ;40- 70| 22 ;‘)!‘l, .go0d A.;~ o o-good

20Q '70-110 - R goc* : o cracks on press. side
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" Diegrem Titles -

Diagram of bearlng test mech1na :

.{Fig.z - Diagram of'Khea~levor meehlnei:

-‘Flg 3 - Photograph”of bearlng test machlne:

f“ig,4 Photograph of Khae—levcr machlne_"w

,fdlg 4 ~ Carve - Véristlon cf 8% *d;ng Vuloc*ty and speuif*cibearing”
B *0ad1ng dnring 2. crank revolutions on Khee-lever machine'

/'-

bfb - Vé:19t1on of oil temperatures durlngj  day test With
' JTgenil” and- Dryton.,,,uv‘ﬁ i »

-Wear. test after 100 hr, Tun . on knee-lever machlne. , 
Waar of synthetic shells, - :»..;a,\






