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CHAPTER I 

INTRODUCTION 

) 

The property of a liquid which makes a load-supporting film possible in a 

bearing is viscosity.1 It is a measure of resistance to flow and m.ay be re-

ferred to as internal friction. The friction or power lo~s in a mechanism in--
creases as the viscosity of the lubricating oil increases. In hydrodynamical.ly 

lubricated bearings the ideal type of lubrication prevents the sliding sur-

faces from coming within contact with each other and is synonymously termed 

nuid-film, thick-film, hydrodynamic, complete, perfect, or stable lubrication. 

Usually viscosity. of a lubricant is the chief property of i nterest, how-

ever, pressure and temperature effects may not be neglected. Studies to in

vestigate the effect of pressures on lubricating oils2 have shovm that oils 

thicken with increasing pressure and that there is an apparent relationship to 

the viscosity index of the oil • ... Everett3 4 has reported data which shov1s that 

a low viscosity index oil, which would be expected to have a l ow viscosity at 

high temperatures, and low frictional resistance, has high f rictional resistance 

under pressure in comparison with an oil having a high viscosity index. The 

operating temperature of a bearing has been of interest5 for the most part 

because of effects on viscosity, bearing fatigue strength, and bearing clearance. 

1 Shaw, Milton c. and Macks., E. Fred., Analysis ~ Lubrication .Qi. Bea.rinis, 
p. 144. 

2 Georgi, Carl w., ~ ~ a.ns1 Eniine Lubrication, P• 59. 

3 'Everett., H. A., 11High Pressure Viscosity as an Explanation of Apparent 
Oilinese11 , Society of Automotive Engineers Journal, (1937), Vol. 40. 

4 Everett., H. A., "Lubrication Phenomena Shown in the Performance of Oils 
in Bearings", Oil Gas Journal, (June 17, 1937), 93. 

5 Shaw, Mil ton C. and Macks, E. Fred, _sm. cit., p. 261. -



2 

Actually, operating temperatures of bearing are assumed from maai.-i values 

of inlet and outlet temperatures a.11.d generally construed as the mean film 

temperature·, whereas maximum temperatures found in bearings are considerably 

greater being limited only by the lowest melting point of the two metals.6 

These ~high temperatures will occur when the relative speeds of the moving SUI

faces are high and the oil film is very thin. Such conditions may be referred 

to as boundary lubrication. 

Different oils of similar viscosity and viscosity index1 which might be 

e:r.pected to show similar friction values in te~t apparatus, have actually in-

dicated considerable differences in friction values. Usually such tests are 

conducted with bearings loaded and bearing temperatures maintained at a con-

stant value. From tests of this type a definition of 11 oiliness11 may be ob-

tained as follows: 110f t'WO oils having similar viscosities, the one showing 

the lowest friction values by a given test method may be considered as having 

greater "oiliness . 117 The definition adopted by the Society of Automotive 

Engineers is as follows: · 11 0iliness is a t erm signifying difference s in fric-

tion greater than can be accounted for on the basis of viscosity when oo~al'

ing different lubricants under identical teot conditions.'1 

These definitions of "oiliness" should apply equally well to results of 

tests oonduoted with zero load ano varying temperature . It would be expected 

that oile of similar vieooeity and vieeoeity inde,~ would have similar friot:l.on 

value,:, and tha.t of tw oila having similar 11 oiJ.1ness" the tompera.ture .. , 

ooe.f'fi cient of f':ri otion ourves would bo similar. 

6 Drillh'> , I cnri, "Tho Infl uenoc of' Increase of Tempeire.ture, of. Oilinees, 
and ot Surt'ao Oondit:lone on Viaooeity, " The Institutic,n of Mlllohanioal 
Eng:ineore (O ,Jt1 'ber, 19.37), Vol. 2, pp, 241 ... ;:a53, 

? Gt1orgi, Oa2·1 .w., ~· ~., 210. 
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The scope and material of this thesis is to verify expected tempera.tu.re 

effects a.nd to study characteristics o.f temperature-coefficient o.f friction 

curves. 



CI.APTER II 

PREVIOUS INVESTIGATIONS 

Published information on characteristics of t emperatu~e-friction coeffi-

cient curves of various engine oils are limited . A paper by Burwell and 

Camelford8 on "Oiliness in Relation to Viscosityn shows curves of t \.JD SAE 

30 oils, one a straight petroleum oil and the other tr~ated with an additive. 

Shown also are some bearing pressure-coefficient of friction curveso The 

object ~f these tests was to study oiliness by comparison of coefficients of 

kinetic friction. The general conclusions from these and other e:xperiments 

were as follows: 

"(l) Transition from full ' fluid film to adsorbed or oiliness film 
is normally gradual. Specific instances do occur where this 
broad conclusion does not hold true , for exaT!lple, ·where a 
highly refined oil such as a white oil has been compounded 
with an additive agent to increase film strengt h or oiliness . 
Another notable instance is where Diesel fuel oils are "doped" 
to ensure adequate lubrication and protection of injection 
pumps. 

(2) Adsorbed or oiliness films may be of any density or physieal 
condition--solid, viscous, or extremely fluid. 

(3) Whether or not a bearing is operating under conditions of 
full fluid-film lubrication the assumption that the viscosity 
of the lubricating film is identical with the pressure
viscosity of the lubricant as a whole can not be justified 
(Everett 1937) • 

(4) A lubricant can function i n three distinct regions without 
permitting complete breakdown:--

(a) Full fluid film regi on. 

(b) Adsorbed film or oiliness region. 

(c) A region in which t he lubricating film is repeatedly 
ruptured and reformed, and metal-to-metal contact 
occurs without necessarily causing beari ng seizure . 

4 

8 Burwell, A. W. and Camelford, J. A. "Oiliness in Relation t o Viscosity ,11 

The Institution of Mechanical Engineers, (October, 1937), Vol . 2; ppo 261-273. 



In this region, however, abrasion occurs, resulting 
in eventual destruction of the bearing sur:faces.," 

5 



CHAPTER III 

STATEMEN'I' OF PROBLEM 

The purpose of this investigation was to determine some characteristics 

of the temperature - friction coefficient curves of eng:tne oils in journal 

bearings. 

Temperature effects irere determined to provide fundamental information 

in the behavior of some engine oils under identical conditions., The only 

variable factor studied was tempera·tti.re o 

6 
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CHAPTER IV 

EQUIPMENT 

A mechanism was designed and constructed which essentially oonsisted of a 

shaft with two journals mounted in a tank, two connecting rods, a heat er and 

scales to measure friction change. Pictures of the apparatus are sho"wn in 

Fig. 1 through 4. 

The shaft material was rolled mild steel, not heat treated, and the 

journal had a ground finish. The diameter of the number one journal measured 

2.2993 inches and the number two, 2.2996 inches. The connecting rods were 

Ford, stock number ?HA-6200. The inserts were standard size measuring , after 

being used, as follows: 

Bearing No. Size Remarks 

1 2.302 Used with oil A, 
2 2.301 tests l through 5 

1 2.300 Used with oil B, 
2 2.303 tests 6 through 10 

1 2.300 Used with oils A, B, C, 
2 2.300 D, E, tests 11 through 16 

One heater was a 1200 watt, 115-120 volt, Chromalox Electric Range unit, 

and the other a Cutler-Ha.'!J'lil'ler 500 watt 108-115 volt, immersion heater. 

Temperature measurements of the oil bath were obtained from a 30-760 

degree F thermometer. Connecting rod insert temperatures were obtained from 

iron-constantin thermocouples, motu1ted in the inserts close to the rubbing 

surface, and a Wheelco Portable Potentiometer. The apparatus was driven by a 

t hp, 1760 rpm electric motor and av-belt drive to obtain a sha~ speed of 

approximately 144 rpm. The shaft speed was a matter of convenience and not 

purposely selected. 



Each connecting rod was fastened to one end of a beam scale by a chain 

and during operation balance of the beams was maintained by two weights, one 

1 lb and the other 1/50 lb. Adjustable counter-balances were a part. of each 

beam for initial adjustments. 

s 
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Fig . Ho . 2 . Con.'1ecting Hod Attnched to Scale - Ther"".ocouple Position 
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Fig. lTo . 4. Apparatus and Accessories 
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CHAPTER V 

PROCEDURE 

Oils used in these experiments were heavy duty., premium and regular, 

grades of SAE 20, available commercially. Three. gallons were used in each 

test. 

For the first three oil samples new inserts were care.fully installed 

and tightened to 40 :f'Llb. The bearings were run-in in the oil sa.mple to 

be tested. Tests were started when steady oonditions \.Jere obtained as 

evidenced by constant temperature of the inserts and constant beam reading 

which required approximately 70 hours run-in. The third set of bearings 

were used in all of the other tests. After each test the bearings \.Jere 

carefully inspected and thoroughly wiped w.f:th a coarse cloth. Data obtain

ed is listed in Tables 1 through 16. It should be noted that load values 

shown are not absolute loads and are indicated as load decrements, which 

occur tram triction only. The connecting rode were not loaded, therefore, 

the onl.7 load other than .t'riotion is due to that portion of the oom1eoting 

rod weight that bears directly on the journal, 

The heat input to the tank wa.s regulated to provide an approxtmately 

steady rate in ton;,orature increase, Initially the larger heater operated 

under the tank until a temperature of 240° F to 250° P' was reo.ohed, than 

the heater was immersed in the tank. In the initial tests a temperature ot 

only 320° P' was obtr,.inodJ in later tests the 500 watt immersion heater 

enabled temperatures or 400° P' to be reached, 

A.t the beginning of eaoh test the scales wre adjusted to o tain appro:io

~mately equal readings bi" adjusting the oomter-balm1cee. As t l :, oil bath 

was heated the scales wre kept balanced with the l lb and 1/50 lb sliding 

13 



weights and readings recorded at approximate 10° intervals. W.i. t h e ach scale 

reading the temperature of the particular bearing insert, as indicated by the 

potentiometer, was also recorded. 

The five oils tested are identified in results under t he letters A to E. 

14 

Three tests were made using oil A and two using oil B. Only one test was made 

of each of the other oils. 

The type oils used were as follows : 

Oil ~ 

A Heavy Duty 

B Regular 

C Heavy Duty 

D Regular 

E Premium 

The second test conducted with oil A varied from all others in that upon 

reaching a temperature of 300° F ,. the bath was mainJ-ained at approximately 

300° F, within the limits of plu~ 2.6° and rninus 5.3°, for 4 ho.tT'So 

In each experiment the quantity of oil used wa s sufficient to completely 

cover the shaft. The same procedure was used throughout i n order tc obtain 

comparable data. 

After the con:q:,letion of tests on the first sample. of oil A., the bearings 

were found to be not adequately t i ght ened, t herefore, data obt ained i n t he se 

test s was not considered comparable with o·!;he r dat a. but i s i ncluded because 

it varies but litt l<.:=; from t .e other test r e svJ.ts. 
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Table 1 

E::xperimental Data 

Test No. 1 Date ~ April 20, 1951 
Oil A Sample No. 1 Shaft SEeed 144 ~m 

Bearing No. 1 Bearing No •' 2 

Oil Room Scale4 Load Seal.ea Load 
Time Te~ Te32 DIV' Te52 Readini Decrement DIV' Te52 Read.in~ Decrement 

12 :00 93 78 1.73 92.0 5.0-12.0 1.3;i.oo 1.73 92.0 5.0-12.0 1.3100 
12:20 100 78 1.85 96.0 4.9-11.0 l.2800 1.85 96.0 4.9-11.0 1.2800 
12:50 120 78 2 • .38 ll5.3 4.6-10.4 1.2020 2.38 115.3 4.6- 7.5 1.1875 
1:05 1.30 80 2.63 122.9 4.5- 9.7 1a7.35 2.6.3 122.9 4.5- 7.3 1.1615 
1:12 140 80 2.89 131.8 4.4-10.4 1.1520 2.89 131 • .3 4.4- 7 . 7 1.1385 
1:22 150, 80 3.18 141.3 4 • .3-12.5 1.1375 .3.18 1/l.3 4 • .3- 8.4 1.1170 
1:36 160 81 3.50 152.0 4.2-1.3 • .3 1.1165 .3.48 151 • .3 4.2- 9.9 1.0995 
1:47" 170 81 .3.81 162.5 4.2-11.2 1.106o .3.77 161 .0 4.2- 7.9 1.0895 
1:57 179 81 4.03 170.0 4.2- 8.4 1.0.320 4.00 169. 0 4.2- 5.9 1.0795 
2:06 190 82 4 • .31 179.4 4.1-11.8 1.0840 4.28 178 .4 4.1- 7.7 1.0635 
2:12 200 82 4.61 189.4 4.1-11.8 1.0840 4.53 186.7 4.1- 8.8 1.0690 
2:20 210 82 4.89. 199.0 4.1-11.2 1.0810 4.82 196.7 4.1- 6.6 1.0580 
2:.32 220 82 5.29 212 • .3 4.1-11 • .3 1.0815 5.18 208.6 4.0- 3 • .3 1.0465 
2:40 230 82 5.65 224.0 4.1-10.5 1.0775 5.60 222 • .3 4.0- 8.6 1.04.30 
.3:02 240b 82 5.9.3 2.3.3 • .3 4.1-11.8 1.0840 5.91 2.32.6 ,~ .o- 8.9 1.0445 
3:·15 250 82 6.1.3 240.0 4.1-11.8 1.0840 6.13 240.0 4.0- 8.9 l.OM,5 
3:2.3 260 82 6.52 252.6 4.1-11.8 1.0840 6.52 252.6 4.0- 9.7 1.0485 . 
.3:.31 270 84 6.80 262.0 4.1-10.4 1.0770 6.78 261.3 4.0- 8.2 1.0410 
3:41 280 84 7.18 274.6 4.1-10.9 1.0795 7.18 274.6 4.0- 6.6 1.03.30 
.3:50 290 84 7.45 28.3.6 4.1-11.6 ·1.08.30 7.40 282.0 4.0- 5.9 1.0295 
4:00 .300 84 7.75 29.3 • .3 4.1- 9.3 1.0715 7.75 293 • .3 4.0- 5.0 1.0250 
4:12 .310 86 s.12 305.7 4.1- 8.9 1.0695 8.10 305.0 3.9- 9.9 1.0245 
4:30 320 86 s.35 312.9 4.1- 7.9 1.0645 8.35 312.9 3 .9- 9.2 1.0210 
4:51 328 87 8.?o 324.5 4.1- 6.5 1.0575 8.68 323.9 3.9- 9.0 1.0200 

a The first number in this column ie the reading of the 1 lb wei,ght and 
the eeoond number is the reading of the l/50 lb weight. This notation applies 
to all tables. 

b Vap9r coming off oil between 230°F and 2400F. 
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Table 2 

Experimental Data 

Test No. 2 Date: April 21, 1951 
Oil A Smw;,l~ m:l1 l Shaft S12eed 144 mm 

Bearing No. 1 Bearing No. 2 
Oil Room Scale Load Scale Load 

Time Te!!!E Te!!!E mv Te!!!E Reading Decrement mv Temp Reading Decrement 
9:00 89 78 1.59 87.0 5.2-13.3 1.3665 1.59 87.0 5.2-13.3 1 • .3665 
9:25 100 78 1.78 9.3.8 5.0-11.1 1 • .3055 1.78 9.3.8 5.0-10.5 1 • .3025 
9:.37 110 80 1.99 101.0 4.9- 6.9 1.2.345 1.99 101.0 4.8- 9 • .3 1.2465 
9:48 120 80 2.2.3 109.0 4.7- 7.8 1.2140 2.2.3 109.0 4.7- 7 • .3 1.2115 
9:57 1.30 81 2.6.3 122.7 4.5-10.7 1.1785 2.6.3 122.7 4.5- 9.2 1.1710 

10:00 142 81 2.74 126.4 4.4-11.7 1.1585 2.74 126.4 4.4- 9.5 1.1475 
10:04 150 81 2.94 1.33.0 4 • .3-1.3.9 1.1445 2.94 1.33.0 4 • .3-11.1 1.1.305 
10:08 16o 82 .3.32 146.0 4 • .3- 9.8 1.1240 .3.26 144.0 4.2-11.6 1.1080 
10:15 170 82 .3.52 152.7 4 • .3- 7.2 1.1110 .3.48 151.4 4.2- 8.7 1.09.35 
10:19 180 83 .3 .8.3 16.3.0 4.2-10.4 1.1020 .3.79 161.7 4.2- 7.2 1.086o 
10:25 190 83 4.1.3 17.3.4 4.2- 8.6 1.09.30 4.12 17.3 • .3 4.1- 9.8 1.0740 
10:32 200 84 4.52 186.4 4.2- 7.5 1.0875 4.44 18.3. 7 4.1- 8.4 1.0670 
10:40 210 85 4.93 200 • .3 4.2- 6.4 1.0820 4.87 198.4 4.1- 5 .. 8 1.0540 
10:50 220 85 5.2.3 210 • .3 4.1- 9.8 1.0740 5.19 203.0 4.0- 9.5 1.0475 
11:02 230 86 5.55 220.6 4.1- 8.8 1.0690 5.50 219.3 4.0- 8.9 1.0445 
11:14 240a 87 5.87 231 • .3 4.1- 8.2 1.0660 5 •. 78 228 • .3 4.0- 8.2 1.oa.o 
11:26 250 87 6.16 24]..0 4.1- 7.8 1.0640 6.11 2.39 • .3 4.0- 7.8 1.0.390 
11:42 26o 87 6.98 251.3 4.1- 7.0 1.0600 6.42 249.6 4.0- 7 • .3 1.0.365 

a Vapor coming off oil between 230° F and 240° F. 
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Table 3 

E:xperimental Data 

Test No. 3 Da+e: Apri l 29, 1951 
Oil A Sample No. 1 Shaft SEeed 144 !Em 

Bearing No·. 1 Bearing No . 2 
Oil Room Scale Load Scale Load 

Time Te!!!Q Te!!!Q mv Te!!!Q Reading Decrement l1IIT Tegm Reading Decrement 

3:00 86 80 1.56 86.o 5.5-12.1 1.4355 1.56 86.o 5.5-11.7 1.4335 
8:00 95 80 1.73 92.1 5.0-15.7 1.3600 1.73 92.1 5.0-15.4 1.3270 
9:04 100 80 1.80 95.7 5.0-11.6 1.3080 1.80 95.7 5.0-11.6 1.3080 
9:15 111 80 2.00 101.4 4.9- 7.4 1.2620 1.99 101.0 4.9- 6.1 1.2555 
9:24 120 81 2.30 111.4 4.6-14.2 1.2110 2.28 110.7 4.6-12.5 1.2125 
9:32 130 81 2.59 121.4 4.5-12.9 1.1895 2.58 121.0 4.5- 9.9 1.1745 
9:40 140 82 2.85 130.0 4.4-12.6 1.1630. 2.82 129.l 4.4- 9.4 1.1470 
9:48 150 82 3.09 138.0 4.3-13.0 1.1400 3.08 127.7 4.3-10.9 1.1295 
9:57 160 82 3.40 148.7 4 •. 2-14.3 1.1215 3.38 148.0 4.2-11.4 1.1070 

10:03 170 83 3.60 155.3 4.2-12.8 1.1140 3.59 155.0 4.2- 9.0 1~0950 
10:09 180 83 4.00 169.0 4.1-15.1 1.1005 3.93 166.7 4.1-11.1 1.0805 
10:15 190 84 4.25 177.4 4.1-14.1 1.0955 4.23 176.7 4ol- 9.5 1.0725 
10:25 200 84 4.60 189.0 4.1-12.8 1.0890 4.53 186.7 4.1.- 7 .4 1.0620 
10:32 210 84 4.83 196.7 4.1-11 • .3 1.0815 4.82 196. 4 4.0-11 .3 1.0565 
10:.38 220 84 5.18 208.6 4.1-10.4 1.0770 5.09 205.7 4.0-10.4 1.0520 
10:46 2.30 85 5.49 219.0 4.1- 9.4 1.0720 5.48 218.6 4.0- 9.4 1.0470 
10:57 243a 85 5.89 232.0 4.1- 8.4 1.0670 5.89 2.32.0 4.0- 8.1 1.0405 
11:06 250 86 6.17 241.3 4.1- 8.1 1.0651 6.08 2.38 • .3 4.0- 7.7 1.0385 
11:14 260 86 6.40 249.0 4.1- 7.8 1.0640 6.39 248.6 .l. .0- 7 .3 1.0365 
11:20 264 86 6.64 257.0 4.1- 7.8 1.0640 6.52 252.6 4.0- 7.1 1.0.355 

a Vapor coming off oil between 230° F and 240° F. 
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Table 4 

Experimental Data 

Test No. 4 Date: May 25, 1951 
Oil A Sample No. 1 Sha.ft Speed 144 rpm 

Bes;J:ing No 1 1 Bea,ri_ng No 1 2 
Oil Room Scale Load Scale Load 

Time Te!!!l2 Te!!!l2 mv Te!!!Q Reading Decrement mv Temp Reading Decrement 

.3:00 94 82 1.78 93.8 5/3-12.6 1.3880 1.78 93.8 5.1-12.2 l.J36o 

.3:10 104 82 1.80 94.5 5.2-15.5 1.3775 1.80 94.5 5.0-15.3 1 • .3265 
3:20 110 82 1.88 97.1 5.2- 8.8 1.3440 1.89 97.4 11- .9-12. 7 1.2885 
3:27 124 83 2.13 105.6 5.0- 8.2 1.2910 2.10 104.7 4 .8-10.3 1.2515 
3:34 130 83 2 • .32 112.0 4 .• 9- 6.7 1.2585 2.35 113.0 4 .6-10.2 1.2010 
3:42 144 84 2.69 124.7 4.7- 7.2 1.2110 2.61 122.0 4.5-10.8 1.1790 
.3:47 150 84 2.90 131.7 4.6- 8.0 1.1300 2.95 133.4 4.4- 6.5 1.1325 
3:50 16o 84 .3.17 141.0 4.5- 9.1 1.1705 3.11 138.7 4.3- 9.5 1.1225 
3:54 170 84 3.27 144.3 4.5- 7 .8 1.1640 3.30 145.3 4.3- 7.3 1.1115 
.3: 57 180 84 3.59 155.0 4.4- 9.8 1.1490 3.47 151.0 4.2- 9.5 1.0975 
4.:05 190 85 .3.86 164.3 4.4 .. 9.0 1.1450 3.86 164.3 4.1-10 .9 1.0795 
4:10 200 85 4.20 175.7 4.3-12.1 1.1355 4.05 170.7 4.1- 9.8 1.0740 
4:15 210 86 4.51 186.0 4 • .3-10.3 1.1265 4 . 48 185 .0 4.1- 7.4 1.0620 
4:27 215 86 4.90 199.3 4.2-13.4 1.1170 4.78 195 .3 4.0-10. 9 1.0545 
4:.33 224 87 5.20 209.3 4.2-12 • .3 1.1115 5.22 210 .0 4 .0- 9.1 1.0455 
4:45 240a 87 5.85 230.7 4 .2-10.4 1.1020 5.74 227 .0 4.0- 7. 5 1.0.375 
4:55 250 87 6.19 242.0 ll-.2-10.4 1.1020 6.18 241 .7 L, .0- 6. 6 1.0.330 
5:03 260 87 6.58 255.0 4.2-10.4 1.1020 6.45 250 .3 4.0- 5.8 1.0290 
5:12 270 87 6.8.3 263.0 4.2-10.4 1.1020 6.83 263 .0 4.0- 5.8 1.0290 
5:20 280 88 7.13 273.0 4 .• 2-10.2 1.1010 7.04 270 .0 4.a-. 5. 5 1.0275 
5:27 290 88 7.94 28.3.5 4 .2-10.2 1.1010 7.38 282 .3 3. 9-10 .0 1.0250 
5:37 300b 90 7.72 292.3 4.2-12.4 1.1120 7. 65 290 .0 3.9-10.0 1.0250 
5:45 310 90 8.00 301.6 4.2-11.0 1.1050 7. 97 300.6 .3.9-10.0 1.0250 
6:00 320 91 8.38 313.9 4.2-10.2 1.1010 8 • .32 310.9 . . 3.9-10.0 1.0250 
6:15 330 91 8.62 .321.9 ~ .• 2- 8.6 1.09.30 8 .57 320 • .3 J .9- 9 • .3 1.0215 

a 
Vapor coming off oil at appro:ximately 240° F. 

b 
Load on both bearings varying slightly -- beam vibrating with even and 

regular amplitude. 
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Table 5 

Experimental Data 

Test No. 5 Date ~ ~,ay 26, 1951 
Oil A Sample No. 1 §ha.ft Speed l!J_ rpm 

Begring No 1 1 Bearing No, 2 
Oil Room Scale Load Scale Load 

Time Temp Te£!E mv Temp Readin~ Decrement mv Temp Readinl:! Decrement 
4:18 232a 90 5.63 223.3 4.2- 5 .3 1.0765 5.52 219.7 4.0- 9.9 l.OL,95 
4:22 244 b 91 6.oo 235.6 4.1- 9.5 1.0725 6.oo 235.6 4.0- 8.5 1.0425 
4:27 • 256 91 6.43 249.7 4.1- 9.5 1.0725 6.32 24.6.3 4.0- 8.2 1.0410 
4:31 270 '91 6.89 265.0 4.1- 9.5 1.0725 6.89 265.0 4.0- 7.3 1~0365 
4:42 286 92 7.34 280.0 4.1- 9.5 1.0725 7.40 282.0 4.0- 6.7 1.0335 
4:48 296 92 7.65 290.0 4.1- 8.7 1.0685 7.65 290.0 4.0- 602 1.0310 
4:53 306 92 7.95 300.0 4.1- s.4 1.0670 7.95 .300 .0 3.9- 9.8 1.0240 
4:59 314 93 8.26 310.0 4.1- 7.7 1.0635 8.26 310.0 3.9- 9.7 1.0235 
5:09 324 93 8.56 320.0 4.1- 7.0 1.0600 8.56 320.0 3.9- 9.2 1.0210 
5:20 333 93 8.87 330.0 4.1- 6.3 1.0565 8.87 330.0 3.9- 8.6 1.0180 
5:32 342 93 9.18 340.0 4.1- 6.3 1.0565 9.18 340.0 3.9-. 8.7 1.0185 
5:44 352 94 9.48 350.0 4.1- 6.3 1.0565 9~1,8 350.0 3.9- 8.9 1.0195 
6:00 362 C 95 9.79 .360.0 4.1- 7.0 1.0600 9.79 360.0 3.9- 9.8 1.0240 
6:26 372 96 10.10 370.0 4.1- 8.5 1.0670 10.07 .369.0 3.9-10.5 1.0275 

a The 1200 watt heater was iimnersed at the start of test~- load reading 
desired only at 'higher temperattll'e. 

b Ve.pore off oil at approximately 240°- F. 

0 Load inoreasing eteadily -~ both bea:m:3 vibrating slightly. 
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Table 6 

Experimental Data 

Text No . 6 Date s Jun.e 3, 1951 
Oil 

Time 
11:30 
11:50 
12:00 
12:07 
12:17 
12: 25 
12:35 
12 :45 
12:55 
1:05 
1:13 
1:23 
1:30 
1:40 
1 :50 
2:10 
2:23 

B Sample No. 1 Shaft ...§Eeed 1M1• rpm 
Bearins No . 1 _!3earing No o 2 

Oil Room Scale Load Scale 
Tegm Temg mv Te!J:92 _ Res1,ding Decrement mv Temp Re~dir..g 

96 81 1.83 95 • .'.:> 6.1- 7 .o 1 . 5600 1 .81 94.7 6.1- 7.0 
110 81 1 . 96 100. 0 5.8-10. 3 1.5015 1 . 96 100.0 5.8- 9.8 
121 82 2.26 110.0 5.5- 7. 5 1 .4).25 2 . 26 110.0 5. 5- 9.8 
131 82 2.55 120.0 5.2-10.2 1 .3510 2. 55 120.0 5/3-lle2 
141 8.3 2.85 130. 0 5 . 2~· 7 .3 1.3365 2.85 130 .0 5.2-12 .. 1 
149 84 3.14 140.0 5 .1~- 7 .4 1.3120 3.14 140.0 5. 2- 7o4 
150 84 3.44 150.0 5.0- 8.4 1.2920 3.44 150.0 5.1- 7. 9 
160 84 3.74 160.0 5.0- 9.7a 1.2985 3.74 160.0 5.0- 8.4. 
178 84 4.03 170.0 5 .0-12.oa 1 .3100 4.03 170.0 5o0- 6. 5 
194 85 4.33 180. 0 4.8-11 .7 1 .2585 4.33 180.0 4.9- 8. 6 
200 86 4.62 190. 0 4.8-13 .2 1.2660 4.62 190.0 4.9- 7. 5 
212 86 L,.92 200.0 L, .8- 7 .4 1.2370 4. 92 200 .0 4.8- 3 ,.6 
222 87 5.22 210.0 4.7-10.9 1.2295 5.22 210.0 4.8- 9.9 
232b 87 5.53 220.0 4.7- 7.0 1.2100 5.53 220.0 4.8-10.5 
242 87 5.8.3 230.0 4.6- 8.2 1.1910 5.83 230 .0 4.8-10.2 
248 83 6.13 240.0 4.5- 6.o 1.1550 5.13 240.0 4 ,.8- 7o4 
250 89 6 • .32 246.3 4.4-11.0 1.1550 6.30 245 .7 4.8- 8.8 

8 Load on No. 1 be~ing unsteady and increasing slightly. 

'b Vapor eoming o!:f oil e.t app:roxtmately z.:300 F. 

Load 
Decrement -· 
1.5600 
1.4990 
1.4240 
1.3810 
1.3605 
1.3370 
1.311,5 
1.2920 
1.2825 
1 .2680 
1.2625 
1.2480 
1.2495 
1.2525 
1.2510 
1.2370 
1.2440 
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Table 7 

Experimental Data 

Test No. 7 Date • June 4, 1951 
Oil B Samole No. 1 Shaft Speeq ll,.4 rpm 

Bearing No. 1 Bearing :tfo . 2 
Oil B,oom Scale Load Scale Load 

Time Te!!JI2 Te!!!l2 mv Te!!J!l Reading Decrement mv Te:!fil2 Reading Decrement 
5:05 93 77 1.71 91.4 6.1-11.9 1.5845 1.71 91~4 6.1-11.9 1.5845 
5:25 112 79 2.01 101 .7 5.6-12.4 1.4620 2.01 101.7 5.6-12.4 1.4620 
5:.32 121 79 2.26 110.0 5.4- 7.9 1 • .3805 2.26 110.0 5o4- 9.,0 1.3950 
5:40 1.30 80 2.55 120.0 5.2-10.2 1.3510 2.55 120.0 5o2- 9o3 1.3465 
5:50 140 81 2.85 130.0 5.0- 9.1 1.2955 2.85 130.0 5 .. 0-1005 1 .3025 
6:00 151 81 3.14 140.0 4.9- 5.8 1.2540 3.14 1,~0 .0 4.9- 808 1.2690 
6:07 164 82 3.44 150.0 4.7- 9.8 1.2240 3.44 150.0 407-12.0 1.2350 
6:14 174 82 3.74 160.0 4.6-10.9 1.2045 3.74 160.0 4.6-13.4 1.2170 
6:21 184 82 4.03 170.0 4.6- 8.0 1.1900 4.03 170.0 4.6-10.5 1.2025 
6:28 194 83 4.33 180.0 4.5- 9.5 1.1725 4.33 180.0 4 .• 6- 800 1.1900 
6:34 204 83 4.62 190.0 4.5- 7 .8 1.1640 4.62 190.0 4.6- 605 1.1825 
6:40 212 84 4.92 200.0 4.4-11.3 1.1565 4.92 200.0 4.5-11.3 1.1815 
6:49 222 84 5.22 210.0 4.4- 9.6 1.1480 5.22 210.0 4.5-10.2 1.1760 
6:55 . 230 b 85 5.53 220.0 4.4- 8.7 1.1435 5.53 220.0 4.5-10.2 1.1760 
7:07 240 86 5.83 230.0 4.4- 8.0 1.1400 5.83 230.0 4.5,-, 9.oa 1.1700 
7:20 248 86 6.13 240.0 4.4- 7.JC 1.1365 6.13 240.0 4.5- 7.9 1.1645 
7:33 257 87 6.44 250.0 4.4- 6.2 1.1310 6.41.,. 250.0 4.5- 7.8 1.1640 

e. 
Load on No. 2 bearing varying - beam oscillating. 

b Vapor ooming off oil between 2.30° F and 240° F. 
C 

Load q_n No. l beam varying -- beam oscillating. 
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Table 8 

Experimental Data 

Test No. 8 Date : June 5, 1951 
Oil B Sample No. 1 Sha.ft SEeed 144 !]ID 

Bearing No 1 1 Bear ing No 1 2 
Oil Room Scale Load Scale Load 

Time Te!l!? Te!!!E mv Te!!!E Reading Decrement mv Te!!!£ Reading Decrement 

10:15 89 76 1.63 88.5 6.2-13.7 1.6185 1.63 88 . 5 6.2-13.7 1.6185 
10:40 112 76 1.96 100.0 5.7- 7.0 1.46oo 1.96 100.0 5.7- 7.2 1.4610 
10:50 120 77 2.26 110.0 5 .4- 6.8 1.3840 2.26 no.o 5.4- 9.8 1.3990 
11:00 128 78 2.55 120.0 5.1-10.5 1.3275 2.55 120.0 5.2- 9.8 1.3490 
11:15 136 78 2.85 130.0 4.9-12.0 1.2850 2.85 130.0 4.9-14.0 1.2950 
11:33 148 78 3.14 140.0 4.8- 8.0 1.2400 3.14 11,.0.0 4 .8-11.0 1.2550 
11:42 158 79 3.44 150.0 4.6-12.6 1.2130 3.44 150.0 4.7-11.6 1.2330 
11:52 172 79 3.74 16o.o 4.5-12.6 1.1880 3.74 160.0 4.6-11.6 1.2080 
12:00 183 80 4.03 170.0 4.5- 9.7 1.1735 4.03 170.0 4.6- 804 1.1920 
12:07 196 80 4.33 180.0 4.4-12.0 1.16o0 4.33 180 .0 4.5-10.3 1.1765 
12:12 202 81 4.62 190.0 4.4- 9.6 1.1480 4.62 190 .0 4.5- 8.5 1.1675 
12:20 210 81 4.92 200.0 4.4- 8.4 1.1420 4.92 200.0 4.5- 6.6 1.1580 
12:28 220 82 5.26 211.3 4.4- 7.0 1.1350 5.22 210.0 4.4- 9.8 1.1490 
12:37 230 82 5.53 220.0 4.4- 6.3 1.1315 5.53 220.0 4.4- 9.2 1.146o 
12:50 240a 83 5.83 230.0 4.3- 9.6 1.1230 5.83 230.0 4.4- 9.8 1.1490 
1:03 247 84 6.13 240.0 4.3- 9.8 1.1240 6.13 240.0 4.4- 8.8 1.1440 
1:20 255 85 6.44 250.0 4.3- 9.0 1.1200 6.44 250.0 4.4- 8.4 1.1420 

a Vapor coming off oil between 230° F and 240° F. 
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Table 9 

Experimental Data 

Test No. 9 Date: June 5, 1951 
Oil B Sample No. 1 Shaft Speed 144 rpm 

Bearing No. 1 Bearing No. 2 
Oil Room Sea.le Load Scale Load ... 

Time Tem:e Tem:e mv Temp Reading Decrement mv Tem:e Reading Decrement 

8: 50 96 80 1.84 95.7 5.9-11.2 1.5.310 1.84 95~7 5.9-11.2 1;5.310 
9:10 116 80 2.ll 10~.o 5.5- 8.5 1.4175 2;11 105.0 5.5- 8.5 l.4].75 
9:18 126 80 2.11) 115.0 5.2-10.0 1 • .3500 2;40 115.0 5.2-ll~2 1..3560 
9:27 125 80 2.70 125.0 5.0-12.0 1.3100 2.70 125.0 5.0- 8;8 1;2.340 
9:.35 146 80 .3.00 1.35.0 4~8-1.3.0 1.2650 .3.00 135.0 4.8-11.,8 1;2590 
9:42 155 80 3.29 145.0 4;7-ll;2 1.2.310 3;29 145;0 4;1?-11;0 1;2.300 
9: 50 164 80 3.59 155.0 4.6-11.4 1.2070 .3.59 · 155.0 4;6-12;2 1;2110 
9: 58 174 81 .3;88 165.0 4.5-13.4 1.1920 .3.88 165.0 4.5-14;8 1;1990 

10:08 186 81 4.i8 175.0 4.5- 8.8 1.1690 4.18 175;0 4.5- 9;4 1.1720 
10:15 196 81 4.48 185.0 4~4--11..3 1.1560 4;48 185.0 4;4-n;8 1a590 
10:21 206 81 4/7-7 195.0 4.4-- 9;6 1.1480 4.77 195;0 4~4-10;2 1a510 
10:27 214 81. 5.07 205.0 4~4- 8.6 1.14.30 5.07 205.0 4;4-- 8;9 1~1445 
10: .3.3 220 82 5~37 215.0 · 4.4-- 7.6 1.1380 5;37 215;0 4;4- 8;0 1.1400 
10:40 2.36 82 5.68 225~0 4;.3- 9;4 1 .. 1220 5;68 225~0 4;.3- 9;8 1a240 
10:45 246a ~,2 5~98 2.35~0 4;.3- 9.0 1.1200 5;98 2.35;0 4;.3- 9.8 1~1240 
10:48 256 82 6;28 245~0 4;.3- 9;0 1.1200 6;28 245;0 4;.3_ 9;4 1.1220 
10: 52 264b 82 6.58 255.0 4;.3- 9;0 1.1200 6;58 255;0 . 4;.3- 9;.3 1;1215 
10: 58 276 · 82 6.89 265.0 4;.3- 8;8 1.1190 6;89 265;0 4;.3- 8;8 1;1190 
11:0.3 284 82 7.19 275;0 4~.3- 8;9 1.1190 7;19 275.0 4.3- 8; 7 l;ll85 
11:10 294 8.3 7.50 285.0 4;.3- 7.2 1.1110 . 7.50 285;0 4;.3_ 8;4 l;ll 'it> 
11:16 303 8.3 7.80 295.0 4;3_ 6;6 1.1080 7~80 295.0 4;.3- 8.0 1.ll50 
11:2.3 3ll 84 8;10 .305.0 4;.3- 6.4 1.1070 8.,10 .305.0 4 • .3- 8.8 l.ll90 
11:.30 .320 84 8.41 .315.0 4;.3- 5;4 1.1020 8.41 315.0 4;3- 7.0 1.1100 
11:40 .330 84 8;72 .325.0 4 • .3- 6.4 C 1.1070 8;72 .325.0 4;2- 9.8 1;0990 
11:54 .3.37 85 9;02 .335.0 4;3- 8;8 1.ll90 9.02 3.35.0 4.2- 8.8 1.0940 
12:17 .346 85 9' • .3.3 .345.0 4.4-10.2 1.1510 9.3.3 345.0 4.3-10.2c 1.1260 

a Vapor coming off oil between 2.30° F and 240° F. 

b Load occasionally increases suddenly then returns to normal -- both 
bearings arfected. 

0 Load increasing steadily. 
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Table 10 

Experimental Data 

Test No. 10 Date: June 7~ 1951 
Oil B Sample No. 1 Shaft Speed 144 rpm 

Bearing No. 1 I, Bearing: No. 2 
Oil Room Scale Load Scale Load 

Time Te~ Tem:e mv Te!32 Rea.din~ Decrement mv Temp Reading: Decrement 

9:45 94 77 1.79 . 94.0 6 • .3- 9;6 1.62:30 1/79 94.0 6;.3- 9~6 L62.'.30 
10:00 104 77 1.96 100~0 6.o- 9.2 1.5460 1~96 100.0 6;0-10.1 1~5505 
10:20 118 77 2.26 110.0 5.5-10;2 1~4260 2.26 110;0 5;6-10~2 1~4510 
10:27 124 77 2.55 120.0 5~.'.3- 9;8 1 • .'.3740 2.55 120.0 5;4- 9.6 l~.'.3980 
10:37 136 77 2~85 130~0 5;1- 9;7 1~3235 2~85 l.'.30.0 5;2-10~8 1~3540 
10:47 144 7'7 3~14 140;0 5.0- 9;6 1.2980 3~14 140~0 5;1-10~6 1/3280 
11:10 156 76 3;44 150.0 4~8-13~8a 1.2690 .'.3.44 150~0 4.9-14~2a 1~2960 
11:30 167 76 3.74 160~0 4;9- 9~0 b 1.2r;uo .'.3~74 160~0 4~9- 8~4 1~2670 
11:45 l '79 76 4.03 170.0 4~8-14.oa 1~2'iUO 4.03 170~0 4.8-10~4a 1~2520 
3:25 170 82 4.03 170~0 5~0-12.5 . 1.3140 4~03 170.0 4;8- s.o 1~2400 
3:35 194 84 4~46 184 • .'.3 4~9-12 • .'.3 1.2865 4~44 183~7 4~ 7-10~5 1~2275 
3:42 200 84 4;62 190.0 4.9-16~0 1 • .'.3050 . 4~62 190;0 4~ 7-10;5 1;2275 
3: 50 208 84 4;92 200;0 5~2-11.7 1.3585 4~92 200.0 4. 7-11~5 1~2.'.325 
3:55 220 84 5.22 210.0 5;0-12.4 1~3120 5.22 210~0 4.6-1.3~0 1~2150 
4:00 232 84 5~53 220.0 4~9-12;2 1.2860 5~53 220~0 4~6-13~0 L2150 
4:03 240c 84 5~83 230.0 4.8- Q~8 1.2490 5~83 230~0 4~6-14.2 1~2210 
4:07 250 85 6~13 240.0 4/7-12.0 1.2350 6.13 240~0 4~ 7-11~2 1;2310 
4:12 258 85 6'~44 250.0 4;6-1.3.5 1.2175 6.44 250;0 4.7-10~$ . 1~2290 
4:18 268 85 6~74 . 260.0 4;6-10;0 1.2000 6.74 260;0 4.7-12~0d 1~2350 
4:23 276 86 7.04 270;.o 4~5-13;4 1.1920 7.04 270.0 4~ 7-13.2d 1~2410 
4:30 284 86 7/34 280~0 4;~ 9.8 l.1740 7~34 280~0 4~ 7-1.3~8d 1~2440 
4:37 296 87 7.65 290.0 4;5- 7;8 1.1640 7~65 290~0 4~7-14~6 1.2480 

, 4:45 305 87 7.95 300~0 4.4- 9.8 1.1490 7.95 300~0 4.7-14~6 1~2480 
4:49 314 88 8.26 310.0 4~4- 8~0 1.1400 8~26 310~0 4~ 7-12.5 1.2390 
5:05 323 88 8;56 320.0 4.4- 6.3 1.1315 8.56 320;0 4~7-ll;5 1.2325 
5:20 332 89. 8.87 330.0 4~3- 9~8 1~1240 8.87 330.0 4~7- 9~6 1~2230 
5:40 31/J 90 9.18 340.0 4;3- 9.5 1.1225 9as 340~0 4;7_ 9;5 1~2225 
5:55 346 90 9;33 345.0 4;3-11~oe 1.1.300 9;33 345;0 4;7-12;5e 1;2375 
6:15 350 90 9;48 350;0 4;3-15~4 1a520 9.48 3~.o 4.9- 9.0 1.2700 
6122 352 90 9.52 351.3 4.4-12.5 1.1625 

a Load on both bearings unstable -- beams vibrating. 

b Load on No. 1 bearing inoreasing gradually -- unstabili'ty continued 
oooasionally. 

0 Vapor ooJning ofroil bath bet"Ween 230° F and 240° F. 

d. Load. on No. 2 'bearins V-aJ."1ing ...... beam vibrati1'lg. 

' Load steadily inoraaeing, 
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Table 11 

Experimental Data 

Test No. 11 Date: June 14, 1951 
Sample No. 2 Shaf't §Eeed . lM: !:Em Oil A 

Bearins: No 1 J. Bearing No 1 6 
011 Room Soc.le . Load Sea.le Load 

Time Temp TemE mv Te!!i Read ins Deor2ent mv TemE Readini Decrement 

l:.30 88 79 1.59 87.0 6.;.. s.o l.6650 l.59 87.0 6.;.. s.o 1~6650 
1: ;8 109 80 1.96 100.0 ;.s..11.0 1. ;050 1.96 100.0 5.9-11.0 1.5300 
2,06 120 80 2.26 110.0 5.5- 8.o l.4150 2.26 110.0 ;.6-10.; 1.4;2; 
2:14 128 Sl 2.;; 120.0 5.2-12.0 1 • .3600 2.55 120.0 5.4-12.0 1.4100 
2:24 139 81 2.s; 1.30.0 ;.0-12.5 1.3125 2.8; 1.30.0 5~2-14~2 1.3710 
2:34 148 82 .3.14 J.4().0 4.9-11.4 1.2820 3.14 140.0 5.1-1.3.6 1.3430 
2:48 158 82 .3.44 150.0 4.S-10.0 1.2500 .3.44 150.0 5.0-1.3.0 1.3150 
3:00 170 82 3.74 160.0 4.7- 9.0 1.2.200 3.74 160.0 4.9-13~4 1.2920 
.3:10 180 8.3 4.03 170.0 4.6-10.6 1.20.30 4.0.3 170.0 4.8-15.6 1.2'780 
.3:19 190 84 4 • .3.3 180.0 4.;..1.3.2 1.1910 4 • .3.3 180.0 4~8-13.4 1.2670 
.3:27 198 84 4.62 190.0 4.;..12.0 1.1850 4~62 190.0 4~·8-11.6 1~2580 
.3:42 207 85 4.92 200.0 4.;..:1:0.0 1.1750 4.92 200.0 4~8- 9.6 1.2480 
.3: 50 220 85 5.22 210.0 4.4-12.2 1.1610 5.22 210.0 4.7-12.8 1.2390 
.3:58 2.30 86 5.53 220.0 4.4-12.2a 1.1610 5.53 220.0 4~7-12.8 1.2.390 
4:05 240b 86 5.83 2.30.0 4.4-13.2 1.1660 5.8.3 2.30~0 4.7-11~4 1~2.320 
4:11 248 87 6.1.3 240.0 4.7-10.0° 1.2250 6.1.3 240.0 4.7-10.6 1~2280 
4:20 258 87 6.44 250.0 4.6-11.s 1.2090 6.44 250.0 4~7-10~2 1~2260 
4:28 25.3 88 6.5.3 25.3.0 4.7-11.4 1.2.320 6.44 250.0 4.7-11.8 1~2.340 
6:22 140 86 3.18 141 • .3 4.9-10.0 l.2750 .3.18 141 • .3 5~2- 9.4 1~3470 
61.34 16.3 86 .3.44 150.0 4.7-10.4 1.2270 .3.44 150.0 5.1- 7~2 1~3110 
6138 176 S6 3.74 160.0 4.6-10.6 1.2030 .3.74 160.0 4.9-14~0 1~2950 
6142 186 S6 4.03 170.0 4.;.11'.6 1.18.30 4.17 174.7 4.9- 9;8 1~2'740 
6147 196 S7 4 • .3.3 1so.o 4.;. a.a l,1690 4 • .3.3 180.0 4.9- s.o 1~2650 
6151 205 S7 4.72 193.4 4.4-11.6 1.1580 4.72 193~4 4.8-10~6 1;2,.30 
6154 214 S7 4,92 200,0 4.4-10~; 1.1;2; 4.92 200.0 4.8- 9.6 1.2480 
6159 223 S'7 ;.22 210.0 ,~.4- 9.0 l.1450 ;.22 210.0 4.S- 8~4 1;2420 
7:04 2.32 S7 ;.;; 220.0 4.4- 7.6 l,1.380 5.53 220.0 4.s- 7.4 1.2370 
7:09 240 88 ;.8.3 2.30.0 4 • .3-10.8 l.1290 ;.a; 2.30~0 4. 7-11.8 1.2.340 
7114 248 88 6.1.3 240.0 4 • .3-ll.8 1.1.340 6,1.3 240.0 4.7-11.0 1.2300 

a Load decreased from provious reading then increased to so.me value. 
Bearing No. 2 temperaturo was behind No , 1 temperature by approximately 
2 minutes. 

b Vapors coming off oil between 230° F ·and 240° F. 

0 Load on bearing No . 1 increased gradually. 
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Table 11 

Experiraental De:. ta 

Test No. 11 Date: June 14, 1951 
Oil A ~le No. 2 Sh~' t Speed Vi:4 rEm 

Bearing No 1 1 Bearing No, 2 
Oil Room Scale Load Scale Load 

'fime Tem;e TemE mv Temp Readin~ Decrement mv Tel"£_ Reading Decrement 

7:20 258d 88 6.1+4 250.0 4.3-12.4 1.1370 6.44 250.0 4. 7-10.6 1.2280 
7:27 266 88 6.74 260~0 4 • .3-12.4 1.1.370 6.74 260.0 4~ 7-10.0 1.2250 
7:36 275 89 7.04 270.o 4.3-12.4 1.1.370 7.04 270.0 4. 7- 9.6 1.22.30 
7:44 284 89 7.34 280.0 4 • .3-11.6 1.13.30 7.34 280.0 4.7- 9.2 1.2210 
7:54 294 89 7.65 290.0 4.3-10.s 1.1290 7.65 290.0 4. 7- 8.8 1.2190 
8:08 302 89 7.95 300.0 4 • .3- 9.6 1.12.30 7.88 296.0 4. 7- 8.8 1.2190 
8:20 .300 89 7.95 300.0 4.3-10.8 1.1290 7.91 ';!!98. 7 4. 7- 9.6 1.22.30 
8:30 300 89 7.95 300.0 4 • .3- 8.4 1.1170 7.91 298.7 4. 7- 8.6 1.2180 
8:40 296 89 7.80 2!95.0 4 • .3- 9.0 1.1200 7.79 294.7 4.7- 8.7 1.2185 
8: 50 302 89 7.95 300.0 4 • .3- 8.o 1.1150 7.90 298 • .3 4.7- 8.7 1.2185 
9:00 300 88 7.95 300.0 4 • .3-10.8 1.1290 7.92 299.0 4. 7- 9.2 1.2210 
9:10 298 88 7.95 300.0 4.3-10.0 1.1250 7.92 299.0 4.7- 9.2 1.2210 
9:20 300 88 7.95 .300.0 4.3- 7.6 1.11.30 7.91 298 .7 '~· 7- 8.4 1~2170 
9:30 295 88 7.88 296.o 4 • .3-10.4 1.1270 7.81 295.3 4. 7- 9.2 1~2210 
9:40 299 88 7.92 299.0 4 • .3- 6.2 1.1060 7.90 298.3 4. 7- s.4 1.2170 
9: 50 .304 88 8.03 302.6 4 • .3- 7.4 1.1120 s.oo 301.6 4.7- 8.2 1.2160 

10:00 304 88 8.0.3 302.6 4 • .3-10.2 1.1260 8.02 302~.3 4~ 7- 9.2 1.2210 
10:10 .302 88 8.0.3 302.6 4 • .3- 8.4 1.1170 7.99 301.3 4~ 7- 8~8 1.2190 
10:20 304 88 8.oo .301.6 4.3- 6.o 1.1050 7.93 299~3 4. 7- 8~2 1~2160 
10:30 300 88 7.95 300.0 4 • .3- 7.s 1.1140 7.89 296.3 4. 7- 8~2 1~2160 
10:40 .302 88 8.02 302.3 4 • .3- 9.0 1.1200 7.98 .301.0 4~'7- 8~6 1~2180 
10: 50 .302 88 8.oo .301.6 4 • .3- 7.8 l.ll40 7.95 .300.0 4~7- 8~4 1~2170 
11:00 .302 89 7.98 .301.0 4 • .3- 7.8 1.1140 7.92 299 ~0 4. 7- 8.4 1~2170 
11:00 .302 89 7.95 .300.0 4.3- 7.8 1.1140 7.90 298.3 I+• 7- 8~4 L2170 
11:20 .300 89 7.92 299.0 4 • .3- 7.8 l .11Li0 7.88 296 .0 4~ 7- B~L~ 1.2170 
ll:30 .303 89 8.01 302.0 4.3- 7.2 J..1110 7.95 .300.0 4. 7- 8~4 L2170 
11:40 .303 89 8.01 .302.0 4~.3- 8.2 1.1160 7.95 .300 .0 4. 7- s.4 1.2170 
11:50 .301 89 7.95 300.0 4~.3- 6.6 1.1080 7.88 296 .0 4;7_ 8~4 1.2170 
12:00 .301 89 7.95 300.0 l+ • .3- 7.2 1.1110 7.88 296.o /+o 7- 8.4 1.21 ?O 

d A sulfur odor otimj.ng from oil. 
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Table 12 

Experimental Data 

Test No. 12 Date: June 15,- 1951 
Oil A Sa.m12le Not J Shaft §Eeed .144 mm 

Bes.ring No . 1 Bearing No. 2 
011 Room Seale Load Scale Load 

Time TemE Tem:e mv Te~ Reading Decrement mv Te!!!J2 Reading: Decrement 

1:45 84 79 1.4.3 7.5-12.0 1.9350 1.4.3 7.5-12.0 1.9350 
2.07 98 80 1.67 90.0 6~9- 8.8 1 .. 7690 1.67 90.0 ? ~1- 8~2 1.8160 
2:16 108 81 1.96 100.0 6~3-10.0 1.6250 1..96 100.0 6.,5-12.0 1.6850 
2:27 119 81 2.26 110~0 5.8-13.8 1.5190 2.26 110.0 6.4,- 8.4 1.6420 
2:.35 128 82 2.55 120~0 5.6-11.6 1.4580 2.55 120.0 6.1-13.4 1.5920 
2:46 1.38 82 2.85 130~0 5~2-12.6 1.36.30 2.85 130~0 6.0- 8. 2 1~5410 
2:54 150 8.3 .3.14 140.0 5~1- 8.6 1 • .3180 3.14 140~0 5.8-11.6 1.5080 
.3:01 160 84 .3.44 150.0 4.9-1.3.2 1.2910 .3.44 150.0 5.7-ll.4 1.4820 
.3:08 170 84 .3. 74 160~0 4.8-15.0 1.2750 .3.74 160~0 5.6-12.0 1.4600 
3:16 179 84 4.0.3 170.0 4.a-11.s 1.2590 4.0.3 170.0 5.6- 9.0 1.4450 
3:24 188 85 4 • .3.3 180.0 4.8- 9~6 1.2480 4 • .3.3 180.0 5~5-11.8 1.4.340 
.3:.31 198 85 4.62 190.0 4.7-11~2 1.2.310 4~62 190~0 5.5- 9~6 1.42.30 
.3: .37 208 86 4.92 200~0 4~ 7- 7.0 1.2100 4.92 200.0 5.5- 7.4 1.4120 
3:42 219 87 5.22 210.0 4.6-13.2 1.2160 5.22 210.0 5.4-11~2 1.40€1:J 
3: 48 228 87 5.5.3 220.0 4.6-11.s 1.2090 5.53 220.0 5.4,,-10.0 1.4000 
3:55 2.388 87 5.8.3 2.30.0 4.6-11~6 1.2080 5.8.3 230.0 5.4- 9. 2 1.39€1:J 
4:03 247 87 6.1,3 240~0 4.6-10.4 1.2020 6.13 240.0 5. 4- 8.4 1 • .3920 
4: 59b 258 89 6.44 250~0 4~4-11.s 1.1590 6.44 250 .0 5.8- 9.8 1.3740 
5:08 266 90 6.74 260.0 4.4-1.3.4 1.1670 6.74 260~0 5.:5- 9.8 1.3740 
5:21 276 90 7.04 270.0 4.4-10.2 1,1510 7.04 270.0 5. 3- 9~2 1 • .3710 
5:35 286° 91 7.34 280.0 4.5- 6.6 1.1580 7.34 280.0 5.3- 9. 2 1 • .3710 
5:44 298 92 7.65 290~0 4.4- 7.2 l.l.360 7.65 290~0 5 • .3- 8~4 1..3670 
5:57 .307 92 7.95 300~0 4.4- 8.8 1.1440 7.95 .300.0 5.3- s.2 1.3660 
6:07 316 92 s.26 .310.0 4.4- 8.8 1.1440 8~26 310.0 5.3- 7~2 1 • .3610 
6:22 .327 93 8.69 .324.0 4.4,,- 7.4 d 1.1.3?0 8.56 .320~0 5.3- 7 ~2 1 • .3610 
6:.34 334 92 8.87 .3.30.0 4.4,,-, 6. 4 1.1.320 8.87 3:30.0 5. J- 6~L~ l~.35?0 
6:56 .348 92 9.18 340~0 4 • .3- 7.4 1.1120 9.18 .340.0 5. 2-11.0 1. 3550 
7:04 :358 92 9;48 .350~0 4~3- 7.0 1.1100 9.48 '350~0 ; . 2 ... 11. :, 1.3560 
7~10 368 92 9.79 360.0 4.:3- 9.2 1.1210 9.79 .360.0 5. ~-J-2.0 1 • .3600 
7:16 376 93 10.10 .370.o 4.4- 9.2 l.U.60 10.10 .3?0 .0 5. 2-12. ,~a l.;620 
7:23 386 9.3 10~40 J$0~0 4.4-10~6 1.1540 10~40 380.0 5.2-11.6 l~.3580 
7:33 396 93 10~71 390.0 4,4" 9.6 l .1480 10. 7J. 390.0 5.2 ... 12.0 1.3600 
7:4'3 JJ:)4 93 11.02 400.0 4.tr s.4 l.1420 11.02 l.,00 .0 5, 2-12.4 1.362 . 

a Vapor coming off oil bet-ween 230° F and 240° F. 
b Fuse burned a..:f'ter p~evious reading"- 27° temperature drop in oil before 

starling again. 
0 1200 watt heated immersed a:f"ter this roe.ding and 500 watt heater turned 

on. 
d Load on No . l bearing increased to 1.152 then decreased. 
e Load on No. 2 bearing var,ving -- beEllll vibrating. 
f Hard, thin, flaky carbon -- like deposit on heaters ·-·" black (carbon) 

granules found in bearings after test. 
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Table 13 

Experimental Data 

Test No. 1.3 Date: June 16, 1951 
Oil 

Time 

2:25 
2:40 
2:44 
2:48 
2: 53 
2:57 
.3:01 
3:05 
3:10 
3:14 
3:19 
3:24 
3:27 
3:.33 
.3:.38 
3:45 
3: 53 
4:03 
4:10 
4:14 
4:19 
4:2.3 
4:28 
4:.33 
4:38 
4:46 
4: 5.3 
5:03 
5:12 
5:.30 
5:37 
5:48 
5:54 

B Sa.mEle No. 2 Sha.ft SEeed 144 :!:Em 
Bearing: No. 1 Bearin~ No. 2 

Oil Room Scale toad Scale 
Temp Temp · mv Te~ Readin~ Decrement mv Temp Res.ding 

9.3 86 1.67 90.0 6.5-10;0 1.6750 1.67 90~0 6~5-10~0 
116 87 1.96 100.0 5~9- 9.6 1.5230 1.96 100.0 6a-10~0 
124 87 2.26 110~0 5.5-12.6 1.4.380 2~26 110~0 5~8-17~5 
1.34 88 2.55 120.0 5~3- 9.2 1 • .3710 2.55 120~0 5~8-10~0 
144 88 2.85 130.0 5.0-1.3.4 1..3170 2.95 130.0 5.6-1C>~5 
154 88 3.14 140~0 4.9- 9.6 1.27.30 3.14 140~0 5~5- 7.2 
165 89 3~44 150.0 4.7-15.0 1.2500 .3.44 150.0 5.3-12~2 
175 89 .3.74 160.0 4.6-16.6 1.2.330 3.74 160~0 5~2-13~0 
184 89 4.03 170.0 4.6-1.3.4 1.2170 4~0.3 170.0 5~2- 9~8 
192 90 4.3.3 180.0 4.6-10.4 1.2070 4.37 1so.o 5.1-11~6 
204 90 4.62 190.0 4.6- 6.4 1.1870 4.62 190.0 5.1- 8~8 
212 91 4.92 200.0 4.5- 9.0 · 1.1700 4~92 200.0 5.1- 7~4 
220 91 5.;22 210.0 4.4-13.0 1.1650 5.22 210.0 5~0-11~4 
228 92 5.5.3 220.0 4.4,-11.2 1.1560 5.53 220~0 5~0-10~2 
2.38a 92 5.8.3 2.30.0 4.4,- 9.8 1.1490 5.8.3 230.0 5~0- 9~4 
246 92 6.1.3 240.0 4.4- 8.8 1.1440 6.1.3 240.0 5~0- 8~4 
256 92 6.44 250.0 4.4- 7~6 1.1.380 6.44 250.0 5~0- 7~8 
266 9.3 6.77 261.0 4.4- 7.4 1.1370 6.77 261~0 5o0- 7.4 
278b 94 7.04 270~0 4.3- 8.6 1.1180 7.04 270~0 4.9-10~8 
288 94 7 • .34 280.0 4.3- 8.0 1.1150 7 • .34 280~0 4.9-10.2 
298 94 7.65 290.0 4.3- s.o 1.1150 7.65 290.0 4~9-10~8 
,308 94 7.95 300.0 4;.3- s.o I.1150 7.95 .300.0 4~9-11~0 
315 95 8.26 310.0 4~.3- 8~0 1.1150 8.26 .310.0 4.9-11.0 
.326 95 8.56 320.0 4~.3- 8.8 1.1190 8.56 320.0 4.9-11~0 
3.35 95 s.s7 .3.30.0 4 • .3- 9.6 1.12.30 8.87 330.0 4~9-11~0 
.345 96 9.18 340~0 4 • .3- 9~8 1.1240 9~18 340~0 4.9-10~6 
352 96 9:48 .350~0 4 • .3- 8.0 l.1150 9.48 .340~0 4.9- 9~6 
.362 96 9.79 360~0 4 • .3- 7.4 1.1120 9~79 .360~0 4;9_ 9~2 
,368 96 10.10 .370~0 4~3-10.0 1.1250 10.10 .370 ~o 4.9- 9~0 
386 96 10.40 3$0.0 4~5-12.4 l.1870 10.40 380~0 4~9- 9-~o 
394 9S 10~71 390.0 4~7 .. 12.4 1.2370 10.71 .390~0 4.9- 9.0 
JIJ4 98 11~02 400.0 4.7 .. 7.8 1.2140 11.02 400~0 4~9- 9~0 
4J.O 100 11.17 405.0 4.4- 9.8 1.1490 11.13 403.4 4.9- 9.0 

a Vapor coming off oil between 2.30° F and 240° F. 

b 1200 watt heater immersed and 500 watt heater turned on. 
e 

Load 
Decrement 

L6750 
1~5750 
1~5.375 
1.5000 
1.4525 
L4110 
1~3860 
1.3650 
1~3490 
1~3330 
1~3190 
l~.3120 
1.3070 
1~3010 
1~2970 
1.2920 
1~2890 
1~2870 
1~2'790 
1~276o 
1~2790 
1~2800 
1~2800 
1.2800 
1.2800 
1~2780 
1~2730 
1~2710 
1.2700 
1.2700 
1.2700 
1~2700 
1.2700 

Hard thin deposit on heater -- opaque granules found in bearings, more 
in No. 1 than in No. 2 - black off of shell when wiped. 
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Table 14 

Experimental Dnta 

Test No. 14 Date: Ju~e 17, 1951 
Oil C Sam12le No. 1 Shaft Speed 144 rpm 

Bearing No. 1 Bearing No. 2 
Oil Room Scale Load Scale Load 

Time Temp Temp mv Temp Reading Decrement mv Temp Reading Decrement 

1:26 92 86 1. 71 91~4 6.2-10.4 1.6020 1~71 91~4 6;2- 9~0 1~5850 
1:36 114 86 1~96 100.0 5.9- 7.4 1. 5120 1.96 100~0 5~9- 7 oO 1~5100 
1:41 125 86 2.26 no.o 5.4- 9.4 1~3970 2.26 110.0 5.4- 8~0 1~3900 
1:46 136 86 2~55 120.0 5.1-11.0 1.3300 2.55 120~0 5~1-11.2 1.3310 
1:49 144 87 2.85 130.0 5.0- 9.0 1.2950 2~85 130~0 5~0- 9~8 1.2990 
1: 5.3 154 87 3.14 140.0 4~8-11.2 1.2560 .3.14 140~0 4~8-12~6 1~26.30 
1:57 164 87 3.44 150.0 4.7- 9.4 1.2220 3~44 150;0 4~7-10~8 1~2290 
2:01 174 87 3.74 160.0 4.6-10.0 1.2000 3.74 160.0 4~6-11.,0 1.2050 
2:05 182 87 4.03 170.0 4.5-12.4 1.1870 4.03 170~0 4.5-1.3~4 1.1920 
2:09 192 87 4 • .33 180.0 4.5- 9.4 1.1720 4.33 180~0 4~5-10.8 1~1790 
2:14 201 87 4.62 190.0 4~4-12.0 1.1600 4.62 190~0 4~4-13.2 1.1660 
2:19 210 87 4.92 200.0 4.4-10.0 1.1500 4.92 200.0 4;4-11~6 1.1580 
2:24 219 87 5.22 210.0 4.4- 8.6 1.1430 5.21 210.0 4.4-10.4 1.1520 
2:28 229 88 5.53 220.0 4.4- 7.0 1.1.350 5.53 220.0 4.4- 9.0 1.1450 
2:33 238 88 5.83 230.0 4~3-11.0 1.1300 5.83 230.0 4~3-13~0 1.1400 
2:39 246a 88 6.13 240.0 4 • .3-10.6 1.1280 6.1.3 240.0 4~.3-11~6 1.13.30 
2:45 254 88 6.44 250.0 4 • .3-10.0 1.1250 6.44 250~0 4 • .3-12~2 1.1360 
2: 53 264 88 6.74 260.0 4/3- 9.0 1.1200 6.74 260.0 4 • .3-12~6 1.1380 
3:05 277b 88 7.04 270.0 4 • .3- 7.4 1.n20 7.04 270.0 4.3- 7.0 1~1100 
3:10 287 89 7 • .34 280.0 4.2-11.2 1.1060 7.34 280~0 4.2-12~4 l~ll20 
3:17 296 89 7 .65 ' 290.0 4.2-11.2 1.1060 7.65 290~0 4~2-12.4 1.1120 
.3: 2.3 308 89 7.95 300~0 4.2- 9~0 1.0950 7.95 300.0 4~2-11~2 1~1060 
.3:27 .319 90 8.26 310.0 4.2- 8~4 1.0920 8~26 310~0 4~2-11~1 1.1055 
3:30 .328 90 8.56 .320.0 4.2- 7.4 1~0870 8.56 .320~0 4~2-ll~4 1~1070 
3:34 .3.38 90 8.87 330.0 4.2- 7.4 1.0870 8~87 .330~0 4~2-11~6 1;1080 
~:.37 .346 90 9.18 .340~0 4.2- 7~4 1~0870 9~18 340~0 4~2-13~2c 1.1160 
3:41 354 90 9.48 .350.0 4.2- 7~4 1~0870 9~48 .350~0 4~2-1.3~2 1~1160 
3:45 .364 90 9.79 360~0 4~2- 9.2 1.0960 9~79 360~0 4.2-13~2 1a160 
3: 52 · 374d 90 10~10 370.0 4~5- 6;o 1.1550 10.10 .370~0 4~2-15~0 1~1250 
3:57 .383 90 10~40 .380~0 5.0- 8~0 1.2900 10;40 380.0 4~.3-13~oe 1~1400 
4:06 .396 90 10.71 .390.0 5~1-18.0 1 • .3650 10~71 390~0 4~6-10.0 1~2000 
4:10 400 90 11.02 400.0 5.5-12.0 1.4350 11.00 399 • .3 4.9- 8.o 1 •. 2650 

a Vapor coming off oil between 2.30° F and 240° F •. 
b 1200 watt heater immersed and 500 watt heater turned on. 
C Load on No. 2 bearing varying and steadily increasing. 
d Load unstable on both bearings -- increased sharply then decreases. 
e No. 2 reading only appro:ximately correct. 
f' Soft carbon deposit on heater -- no apparent deposit in bearings .-

black wipes off bearing. 
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Table 15 

Experimental Data 

Test No. 15 Dute: June 18, 1951 
Oil D SamEle No. 1 Sha.ft · §Eeed · 144 !J:?ffi 

Bearing No. 1 Bearing No. 2 
Oil Room Scale Load Scale Load 

Time Temp Temp mv Temp Reading Decrement mv Temp Rea.ding Decrement 
' 

3:.36 93 · 84 1~7l 91~4 6;3-12;4 1.6370 1;71 91.4 6~3-12~0 1.6350 
.3:'50 110 , 84 1;96 100~0 5~8-11.6 1.5080 1.96 100~0 5~9-12.4 1.5.370 
.3: 56 121 84 2~26 110~0 5~4-1.3~4 1.4170 2~26 110~0 5.6-12~6 1.4630 
4:01 130 85 2~55 120;0 5~2-14.0 1.3700 2~55 120~0 5.4-1.3.0 1.4150 
4:07 1.38 85 2~85 130~0 5;0-15~0 1.3250 2.85 1.30.0 5.2-14.2 1 • .3710 
4:14 148 85 .3;14 140~0 4~9-1.3.2 1.2910 3.14 140~0 5~1-12;0 1.3350 
4:20 162 85 3.44 150.0 4.8-10.2 1.2510 3.44 150~0 5.0-10.4 1.3020 
4:25 172 85 3.74 160.0 4~7-10.0 1.2250 3.74 160;0 4.9-11.8 1.2840 
4:29 180 86 4.03 170.0 4.6-13.0 1.2150 4.03 170.0 4.9-10.2 1.2760 
4:.33 190 86 4.33 180.0 4.6-10.8 1.2040 4;33 180.0 4~8-12.2 1;2610 
4:38 200 86 4.62 190.0 4.6- 7.8 1.1890 4.62 190.0 4~8- 9~8 1.2490 
2:43 208 86 4.92 200.0 4.5-11.8 1.1840 4.92 200.0 4~8- 8~2 1.2410 
2:48 218 86 5.22 210.0 4.5-10.4 1.1770 5~22 210~0 4.7-11.6 1.2330 
5:07 224a 86 5.53 220.0 4;4- 9.0 1.1450 5.53 220~0 4~7- 9.8 1~2240 
5:14 234 86 5.83 230.0 4.4- 7.8 1.1390 5;8.3 230.0 4.7- 9~0 1~2200 
5:22 244b 86 6.1.3 240.0 4~4- 7.8 1.1.390 6;13 240~0 4~7- 8~4 1~2170 
5:.33 258C 86 6.44 250.0 4.4- 6.8 1.1.340 6~44 250~0 4;7_ 7~4 1~2120 
5:.39 268 86 6.74 260.0 4.3-12.0 1.1350 6.74 260~0 4~6-12.0 1~2100 
5:43 280 86 7.04 270.0 4.3- 9.8 1.1240 7.04 270~0 4~6-ll.O 1;2050 
5:47 290 86 7;34 280.0 4 • .3- 9.2 1.1210 7;.34 280~0 4;6-10~8 1;1990 
5: 50 300 86 7.65 290.0 4;3- 9.8 1.1240 7.65 290;0 4~6-10~2 1~196o 
5:54 308 86 7.95 .300.0 4~3- 8;4 1.1170 7;95 300;0 4~6-10~0 1~1950 
5:58 318 86 8.26 .310;0 4;.3- 8;4 1.1170 8~26 310~0 4~6- 9~6 1.19.30 
5:01 .327 86 8.56 320~0 4~.3- 8.o 1.1150 8~56 320.0 4~6- 9~4 1~1920 
6:05 .336 86 8~87 330~0 4~3- 7~4 1.1120 8~87 3.30~0 4~6- 9~2 . 1.1910 
6:10 .345 86 9~18 340.0 4~.3- 6~6 1.1080 9~18 340.0 4~6- 8~8 1.1890 
6:15 354 86 9~48 .350.0 4~3- 6~0 1.1050 9;48 350.0 4~6- 8~ 5 L1875 
6:21 .364 86 9~79 .360.0 4.3- 6.o 1.1050 9~79 .360;0 4~6- 8~4 1.1870 
6:28 .37.3 86 10.10 .370~0 4;3- 6.o 1.1050 10.10 370~0 4~6- 8~1 1~1855 
6:35 382 86 10.40 380.o 4~.'.3- 5~4 1.1020 10~40 380~0 4~6- 8;o 1.1850 
6:46 394 86 10.71 .390.0 4;3- 5.4 1.1020 10.71 .390.0 4~6- 8~0 1;1850 
6:58 404 86 11.02 400.0 4 • .3- 5.2 1.1010 11.02 400.0 4.6- 8.o 1.1850 

a Fuse burned - wen machine started again No. 1 load was at first greater 
gradually decreased to this reading. 

b Vapor coming off oil between 2.30° F and 240° F. 
C 1200 watt heater immersed and 500 watt heater turned on. 
d Hard, thick grayish deposit on heaters -- similar substance, only ver-y 

sort, on shaft..,... no deposit in bearings. 



.31 

Table 16 

Experimental Data 

Teet No. 16 Date: June 19~ 19.51 
Oil 

Ti~ 
6145 
6157 
7103 
7110 
7116 
7124 
7136 
7142 
7147 
7153 
7159 
8104 
Sall 
SalS. 
8125 
8135 
e,45 
e,51 
Sa '6 
9103 
9111 
9121 
9131 
9139 
9143 
9147 
9152 
9158 

10,04 
10115 
10127 

E BlmEle No. 1 Shaft ~eed . ~~ rpm 

Bearing No. l 
Soiie Load 

Bearing No. 2 
So~e Oil Room 

Temp Temp 'mv Temp Readies · Deor8l'll9nt mv Temp 

100 es l.96 100~0 5.7-10.2 l.4760 1~96 100.0 
120 es 2~26 110.0 5.3-10.0 1.:nso 2~26 110.0 
130 · es 2 •. ,s 120.0 5.1- 9.6 1.3230 2.55 120.0 
140 .. es 2.s; 130.0 4.9.10.4 1.27?0 2.ss 1.'.30.0 
148 ss 3.14 140.0 4.s-10.0 1.2500 3.14 140.0 
l5S ss 3.44 .lSO.O 4.7- 9.S 1.2240 .'.3.44 150.0 
16S ss 3.74 160.0 4.6-10.4 1.2020 .'.3.74 160.0 
lSO ss 4.03 170.0 4.5-10.2 1.1760 4.0.'.3 170.0 
190 ss 4 • .3.3 lSO.o 4.4-1.3.6 1.16S0 4 • .3.3 lSO.o 
199 se · 4~62. 190.0 4.4-11.2 1.1560 4.62 190.0 
208 ss 4.92 200.0 4~4- 9.4 l.14?0 4~92 200.0 
218 es 5.22 210.0 4.4-9.2 l.l./+60 5.22 210.0 
228 ss 5.53 220,.0 4.4- s.o 1.1400 5.53 220.0 
236a se ;.83 230.0 4.4- 6;8 l.l.'.340 5.S.3 230.0 
244 89 6.13 240~0 4.4- 6,2 1.1310 6;1.3 240.0 
254b 89 6.44 2so.o 4.3-10.s 1,1290 6.44 250.0 
264 89 6.74 260.0 4.3- 8.6 l~llSO 6,74 260.0 
276 89 7.04 2?0,0 4 •. 3- 8~2 1,1160 7.04 270.0 
284 89 7,34 2eo.o 4~·3- s.2 1.1160 7 • .34 2eo.o 
294 es 7~'65 29.0.0 4,3- s.o 1.11so 7,6; 290.0 
304 se 7.95 300,0 4,3- 7,S 1.1140 7.95 300~0 
313 se e.26 310,0 4.3- 7.8 1,1140 s.26 310.0 
322 o ss s.;6 320,0 4.3. 7,S 1.1140 s.;6 320.0 
336 88 S.S7 330.0 4.2-10.2 l,1010 s.S7 330.0 
347 es 9.18 340,0 4;2-l,o.2 1.1010 9aS 340.0 
3'6 es 9.48 3,0,0 4;2-12.0 1.1110 9.48 3,0.0 
364 es 9.?9 360,0 4.2-11.e 1,1090 9.79 360.o 
372 es 10,10 3?0.0 4.2-11.e l,1090 10.10 3?0.0 
382 es 10.40 3eo.o 4.2- 9.~ l,09S0 10,40 3SO.o 
392 es 10.71 390,0 4.2- 9,2 l,09S0 10.71 390.0 
402 es 11.02 400,0 4.2-10.0 1,1000 11.02 400,0 

• Vapor 00mins ott oil botwe.n 230° 1 and. 240° r. 

b 1200 watt heater immlrotd, 

0 500 watt heater turned on. 

Read ins 
5. 7-10.2 
5~3-10~0 
5.1- S~4 
4~s-14.o 
4.7.12.6 
4.6-1.'.3.0 
4.5-12~8 
4.4-1.'.3.6 
4.4-11.0 
4.4-.S.S 
4~4- 7.0 
4~3-11.2 
4.3-10.2 
4.3. 9.0 
4.3- s.6 
4.3- 8.2 
4~3- 7~2 
4.3- 7.0 
4.2- 6;8 
4.3- 6.4 
4.3- 6;4 
4.3. 6.4 
4~3- 6.4 
4.2- 9.6 
4~2- 9.4 
4.2- 9.6 
4.2- 9.7 
4.2- 9.4 
4.2- s.s 
4.2- s.4 
4.2- s.2 

Load 
Decrement 

1.4760 
l-.37S0 
1.31?0 
1.2?00 
1.23so 
1.21so 
l.1S90 
1a6SO 
l.l5S0 
l.1440 
l~l3S0 
l.1.310 
1a260 
1~1200 
1.11so 
1.1160 
1.1110 
1.1100 
1.1090 
1.10?0 
1.10?0 
1;10?0 
1.10?0 
1.09eo 
1~09?0 
1.09eo 
1;0985 
1.09?0 
1.0940 
1.0920 
1,0910 

4 Sort 01:rbcn depocit on heater •• no o.ppo.:rent depolit :in bcar1ne;1 -
bl1ok 1ubeta.noo wipod off b11rin11, 
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CHAPTER VI 

SUMMARY 

Temperature effects on friction coefficients in this study were obtained 

by varying the temperature and measuring the change in friction with no e»

ternal load on the bearing. 

Various type oils of only one SAE grade were tested for comparative pur

poses. SAE 20 grade was chosen becau.se it is the most co:mmonly used in light 

passenger vehicles. The tests -were conducted in an oil bath using standard 

automotive connecting rod_s and a fabricated shaft, hov.ever the clearances 

were smaller than are normally found in automotive engines. 

Data obtained in these tests was plotted and used to study characteristics 

of indicated temperature-coefficient of friction curves. 

The characteristics of these curves are noticeably affected by bearing 

clearances; howver, comparisons between oils and the effect of temperature 

on any one oil can in general be obtained. 
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CHAPTER VII 

CONCLUSIONS 

A sufficient number of tests have been conducted to conclude that the 

effects of temperature can be determined by the method and procedure used in 

these e~eriments. 

Oils· A and Care similar in regard to manufacturers classification, both 

are SAE 20, heavy duty and have approximately the same viscosity and viscosity 

index. Test results for a sample , of each oil have been plotted in Fig. 'No. 9 

which indicates that the coefficient of friction for oil Chas a tendency to 

increase in the vicinity of 3500F to 36()0F. This increase continued to 4()00F 

at which point the test was terminated. Also of interest is the dissimiliarity 

in stability between bearing number 1 and bearing number 2 in the test of 

oil A. The characteristics of these t'WO oils, as indicated by the plotted re

sults, may be in part affected by difference in bearing clearance between re

spective bearings in each test and this possibility should not be overlooked; 

however, the same bearings were used in both tests and there did not appear 

to be any noticeable coating in the bearings· between one test and the other. 

The ·test results of oils B and D are compared in Fig. No. 10. These re-__.-- ' , 

sulte indicate that the coefficient of friction of oil B has a tendency to 

increase in the vioinity of J600F to ,70°F and subsequently decrease after 

e.bout 39001. Oil D is indicated to be ver, stable. The dif'i'erenoe in bearing 

clearance bet-ween bea.ring number land bee.ring number 2 in each of these tests 

is appr6x,:Lmat ly 0.000:3 inches. The tendency of the ooe.ff'ioient of friction 

of oil 'B to :l.no:roaae appeared only in bearing number l which had a clearance 

of approximately 0.0007 inehee OQmparod with bearing number 2 with a olearanoe 

of appro:x:tma.tely 0.0004 inches. It i e possible for the di!ferenoe in olearance 

to hav caused the friction coefficient to increase in oil B, however, this in 
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no way justifies the difference indicated betw~en oil Band oil D. 

An interesting occurrence is indicated in Fig. No. 79 plotted results of 

oil A, sample number 21 in which the coefficient of frictic:1 varied by a 

greater amount in bearing number 1 than bearing number 2, , :·_t h relatively 

small changes in te~erature. This effect is believed to b0 almost entirely 

due to the difference in clearance. 

From the preceding discussion and characteristics of indicated te~erature

coefficient of friction curves shown in, Fig. 5 through 10~ more tests using 

the same or greater clearances should be conducted in order to arrive at more 

specific conclusions. 

• 
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