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Origin of Requesb and Objsct of Tnvestlgstilon:

N February 25bh, 142, the Britiskh Admiralty
Technical Mission, Otitaws, Onterio, submiited samples off Two
besring matala and requested an capresalon of opinlon concerns=
ing their relatlve frictional properitles, These metals wers
P.M.G.2 and PB=16, Thils work is authorized by a letber, dated
1

Pebruary 2Bth, 1942, from Li,-Commander (B) H. Greenwoeod,

Inspector of Naval Gun Moumabtiags for the Brivish Admiralty



{Origin of Re st and ObJeet of jovestigetion, conbtid) -

Tochnical Misslon, OLuawa,

Chemlecel Analyaglz of Sawmn

AP AT S ST
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Toble T cives bthe chemlical snalvels of thase two
£ Y

metels.

Table T, = Chom

FIAT Aa e AR T A B

(Per conh)

rnso .

Copper = 0, 87,6
Tin. - None

Zinc - &L.0% Qong
Fhosphorus = O,La Q80
Lesd = None 0,68
Silicon e & D Nonsa
Mangenass - O &l None
Tron = 2,082 2 ,r0
Nickel - Wone 0,07
ALluminivm = Jone 0,28

The hapdness vaiuves of the two metels, as determinsd

with a 1/16% dism, ball and a LE0<-kilogram load, are:

-

CPLMLG.2 = Rockwell B, €0
PE-L0 = Rockwell B, 45

Gpecimens LY x 27 x T/LEY in size were oblalined
feom the bushing ceazbings submaibtited, Those were pulled along
W

o level smooib etas)l suefoce by & thread pasalng over a puiley

3

at the snd of the steel stvip and carrying a pan on which

welghta could ba placed,
The atecl surfacs was rubbed down gmooth wiith fine
sandpaper and washed with ether and alcohol to remove all
greasa,
The bronze LLoeks w&fe rubbed ovar the steal in
ardsr Lo woareln matehing

N P 8
¢ surfaces,

Weights were added to the psn uvntll the block




(Friction CGompavizon, conb?d) -

Q

just atarted to alide, The equipnent wsed was nob agansiviva
enough to show any difference batwoen the force wequlre QA B0
start movement snd the forcee reguirved to sunball wmovemsni,

The fooree Lumuivéd Ho svart movement was dotermined
for thres conditlons;

1. To move the bloek only,

2, To move the bloek carrying o leed of 50 grams
35° r.p(\ 0 1] 3 i by B i1 100 be&“h‘ .

The sress of the biocks in conbtact with thie steel,

the total forces acting to oress the bronze againsh the steel,
and. the unit foreces soting to press the bronse apainet the

asteel are given in Table ITT.

Tabhle TI.

L e )

P M .GoB PR~L6
AE LR R ERTm

Area of surlace in contact with stesl - 1,98 saq.in, 2,02 ag.lin,
Total iluterfacial pragsure load - LOT prams 108 grame

" " %, B0egram load _ 387 n 155 "

W " o L00-gram w @07 @ 203 K
Tnit interfacial pressure (g *mMQ pan

80, n‘;
Mo ioad - D4 Bi
H0-gram logd e T84 Th
10Q=gran lozd = 104 8B graam 100.5 grams

The forces veguirsd to start movemeni are glven

in TPable TIT,

(Sea Tebls IIL on next pags)



{(Frictlon Comparisoin, copbid) -

)
Tnterfeclal Ty T
Iresgure, Grams 3 2

per sguare inch, : : ,
N ) 3 2 ¢ :

8l : 3 =0 2 3 0,338
54 2 o i : O 2t 5

7O, 4 3 3 B34 R B 0, 258
TO.4 : 5E 1 H 0. 4L? H

100,585 3 ; B2 3 2 Qo0
104.5 : 5O 3 H 0,478 3

; e s e e g St e 5 8 S

The welzbive areas of the sobtual contact surlace
were debtermined by the wse of bluing. There waa net 100 per
cent contact bubt the areess in Loth cases appeared Lo be very
nearly aqusal,

Discussion of Results:
The results obitailned can not Le considered as
\ indicative of actusl bearing bohaviour,
| The comparative dats relative o the friciional
|
| prapertiss of P,M.G.2 wetal agalnzt stesl and PR~-LG matal
| ?
|
‘ againat steel would appear tto Javouwr P, 3.2 webal, I¢
shouwld be emphesized that thease tests were carvied oub 4duy,
unslog no lubrilcant,

The eguipment used was not particulacly sensitlve
and wo consistent results could be obtalned Tor the forces
raguired Lo suatalin motlon,

i . - y 5 i -
! Hed the above tests been dupliceted csinz oll o
K lubricate the surfaces, bthe results would Love mersly ahown

the lubricating properiies of the 011 alnce the actual netal
surfaces would not have been in coubact,

Finlah, lubrication, bearing design, aperating
temperature and lond sre all ewuslly as imporbant as the

o -

coefficient of friectlion in Jdetevmining the poeriformancs of



{(Discussion of Results; conttd) =

e bearing assembly. A bearing wsually dess not fall unless
the lubrication either fails or ls ireffective, This may be
caunsed by any cwne of the followling conditlons:

L. RBailure 1n supply of lubprilcant,

fda

2. Punchure of oll fMilm by rongh bearing suriace,
() 400

B, Dirt getting luvo bearing.

4, Pallure of il Tilwm due to heavy loed,
S, TFaillure of oil film due to high temperature .,

4

6, Tmproper grads of lubricent for specific bearing
application,
ne of the prime reguirementa of a good Dearing
L8 its sbllity to acqguire = smoothh surface,

The hordneass of thse mstel wlll also bave soms

23]

effect on the performance of o bhearing, pariiculerly in
running 16 in, When a relabtively soft metal 1s uwsed the

alligmment and tolerances reguired arve not as critlcal aa

>

when & harder metal is uwasd, 1L will deform and woar-in
quieker, Therafore, with a herd metel a bettsre finlsh,
closer tolerances, and more accurabte alignment are necessary,
The subatitution of wetals which do nobt contaln
Lin in bearing appllcatlons isg wmore fully dealt with in
Report of Investigation Fo, L1172, "Some Suggestions fov
Tin Comservation In Cerbain Non-Ferrous Appllcations,® belag
lgsued by the Ore Dhressling and Metallwrgical [aborabtories,
Othtawa ,
Some comnarative ﬂaﬁa o1 the‘b@aring propertles
of P.M.G, metal va, phosphor bronze are glven by H, N,

Basaehbt im his bookx, "RBeoring Metals and Alloys,” pub-

lished by Edward Arnold & Co., Londoa, On page =294 of



o

(Discussion of Res

At

of this boolk the author statos:

"mpdobion tests which wers made compoved P.il.¢.
metel with phosphor h“”hﬁﬂp uuAQW palf ~Doavings on 5
nlekel steal shaft wnder & i of ib. par sguars
inch, the bearings belng wun- bolfore the test, The
phosphor broose alloy was made witlh L0 per cant or
phosphor tin and the compaszition was approriuwaiadly S0
copper, 8.5 tin and 1.5 phospusrus, The coaftlicisnt
of friction Cor the P.M.G. astal was 00,0054 whilst
that for tha pnoaphor Lronne wWas OubGGa 3
ature rise wes practleally bthe sane, belog
tha Fehouu motal and 18 ¢, For the phosph

i

O %}Qn&@o
The latber shoved signs of wear alter § hours? run-
€

ning whilst the former

ves proactically unchanged.

P MG, metrl wan substituted Lor phosphor bronne
and gumetal o the connecbting-rod brass (big and) of
o shunting locometive and afber slx moenths? dally use
showed no signs of wear, whersas the gunmebal wee worn
out at the end of thet pericd and phosphor bronse only
lasted & year,?

Tn a paper enbliled "Coppsr-Sillicon-Iroen Dronpes--

O

Their Foundry Wuslities and Physical Consbants,” by B. G

Jennings and FHerold J, Roast, the anthors stabe, In an

=3

addendum to Paregrapl. 44:

"Recange of the following comparatlive beat ol
Teaded Bronze versus Phosphor Bronze, Gun Meval, and
PoMoGo Silicmv Bronze, we do not recommend any bub
Leadad Pronze for high speed bearings with Uine clear-

ances with or wlthout naavy toadd,

not over 200 and the claar-
.lauaaﬂdbhu9 P.MoG,, Gun
nould te satiasfacitory.

Where the R.P.M. is
anca is noL leas fhuJ 8AVE
Metal, and Phosphnopr Drongze

U
&5

?.‘»'..'

D@d (si?‘i.f} t.t? 97 (.}. \ J r.‘i‘,‘":St i

ez A N T e

Ji

A revmlving axle made of vallway asiteel Is uss d
Tubrication is the railway oll used for pecking i earing
hoxes. Arss of the specimen Ls 17 xm %, or % q...‘
inch, and the load iz 190 pomnds D.8,1, Bpeed of the
revolving axlo ia 17H0 H.FP.M, ALl speclmens ave caro-
JUlEy peound in, cleaned, mnd welghed helore the teat
is sharted,

i}

Besults -

in the case of I ‘iﬂd Brovze, Shat ls Lead L84,
Tin 9%, Zinc 3%, QOL wip balancs, we ware able Lo .
a conbtinuous btwenty wmillion Po“alv“inn teat, abt Lho
end of which veriod there wes no sign of scoving of
the axle., 1Tn the case of the other three sllioys

® pressnted before a non-ferrous gassion abt the 45th
Anmael A.F.A. Convenbion, New York Oity, N.¥,, May
13, 1941, Copies available from Canada Bronze Co, LLA,
MonuvoPL Quenac,
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{Discussion of Results, contid) -

referved to, Gun Mebal (88% Coppor, 10% Tin, 2% Ziwe)
atarted to mcore at 1,850,000 revolutions, Phogphoy
Broaze (104 Tin, 0,3% Phoaphorus, balance Coppor)
started to score at 1,500,000 revolutions and P.M.G.
No, 2 started to score at 1,650,000 revelutions while
P.M,G, No, 6 started %o score at 2,200,000 revolubtions,
48 each of these three aliloys starited to acore the
shaft, we were not able %o complete the twenty wlllion
wear test,v

Gonclusions s
I. The fricticmal properilies of P.M,(3.82 and PB-L6
wnder the conditions of the test described in the report
appear Lo be simillar,

2, Pending further developments, In view of the
research dabte at present avallable, it would be considered
inadvisable to subatitubte P.M,G, metal for leaded hronses

in high speed bearings with fine clearences with or wlvthout

heavy loads,
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