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SUMMARY 

The purpose of this investigation was to determine the 

region of lubrication within which the bearings in a plain 

cast-iron bolster type cotton spinning spindle operate so as 

to facilitate the choice of a proper lubricant for optimum op­

erating conditions. 

In accomplishing the above it was necessary to develop 

the apparatus capable of accurately measuring the magnitudes 

of the variables involved in the theory of hydrodynamic lubri­

cation. An attempt was first made to adapt a dynamometer pre­

viously developed for research pertaining to the measurement 

of the power consumption of a cotton spinning spindle. The 

dynamometer proved inadequate because it had to measure many 

friction losses besides the bearing losses. All significant 

figures were lost in the attempt to separate the bearing fric­

tion from the total friction measured. 

The present friction torque measuring device is capa­

ble of measuring only the friction in the bearings of the 

spindle. This was accomplished by mounting the spindle bear­

ings on a "frictionless'1 mount so that the friction force ap­

plied to the spindle bearings was measured as a restraining 

force on the outside of the bearings. This restraining force 

was applied by means of a small cantilever beam equipped with 

two SR-4 electrical strain gages and a thread which was wrap-
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ped around the fixture holding the spindle bearings. A con­

tinuous recording was made with a strain time recording in­

strument. Once this piece of apparatus was calibrated, the 

strain reading on the recording chart was directly propor-

ional tc both the friction torque and friction force on the 

spindle bearings. Since the friction on the journal, rather 

than the bearing, is desirable a simple relationship involv­

ing the eccentricity of the journal with respect to the bear­

ing was used, to convert the measured value to journal fric­

tion. 

The plain cast-iron bolster type of spindle contains 

two bearings. One is a plain journal type while the other is 

a conical pivot type, called the step bearing. The friction 

on these two cannot be measured separately. After consider­

ing the type of loading on the spindle, the assumption was 

made that the step bearing consumed a relatively sma.ll amount 

of the spindle power. This assumption proved to be justifi­

able. 

The bearings were analyzed by comparing their oerform-

ance with the hydrodynanic theory of lubrication and published 

experimental data for the two types of bearings. A theoreti­

cal solution of the step bearing does not exist. Considering 

the two bearings as one unit, use was made of the Sommerfeld 

curves to determine if the unit was operating in the hydrod.y-

namic or boundary region of lubrication. This was sufficient 

to accomplish the purpose of the investigation. 

The results obtained indicated that the journal bearing 

sma.ll
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was operating hydrodynamically, while the step bearing was 

operating in the region of extreme boundary lubrication. Un­

der these operating conditions a boundary tyoe lubricant 

would be necessary to decrease the wear and power consumption 

of the step bearing. 

Since during this investigation the spindle was not 

subjected to all of its normal operating loads, it is recom­

mended that the ivork be extended to include all of the gener­

ally encountered operating conditions. In addition it is 

suggested that consideration be given to the theory of oil 

whip. 

In this way only, may the proper selection of a lubri­

cant be ma.de. 

ma.de
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CHAPTER I 

INTRODUCTION 

In any plant where large machines are used a relative­

ly large amount of power is expended for no useful purpose. 

This power is used to overcome the friction in bearings, the 

energy being dissipated as heat. 

It is seldom obvious to the owners of these machines 

that such a large portion of their overhead is due to bearing 

friction. For this reason a great deal of work has been done 

toward educating those directly responsible for the mainte­

nance of the machines. They are generally told which lubri­

cant is best suited for a particular bearing. In many cases 

this procedure is adequate because a bearing that has been 

properly designed and is continuously subjected to the pre­

dicted load needs only to be properly maintained to insure 

optimum operating characteristics. However, there are an un-

estimable number of bearings in service today that, for var­

ious reasons, are not operating at their optimum. The rea­

sons may be that the bearing was originally Improperly de­

signed., or that the load or speed is other than predicted• 

To overcome faults of this type the bearing needs to be re­

designed. Much too often this is accomplished oj the pro­

duction of a newer model machine; yet the old machines,are 

still in operation, performing under the up-to-date speeds 
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and loads. 

Taking the preceding facts into consideration, it ap­

pears justifiable to investigate the bea.rings in overburdenned 

machinery in an attempt to reduce wasteful power consumption 

as well as to improve general performance, 

C&e of the largest industries today that has found it 

necessary to continue to onerate their old machinery is the 

textile industry. It is true that recently several credita­

ble improvements have been incorporated into the latest tex­

tile equipment. A. certain amount of the improvement has been 

on the bearings which exist by the thousands in textile ma­

chines. Nevertheless, due to the abnormal competitive nature 

of the Industry and the never ceasing demands for their pro­

ducts, much of the original machinery remains in constant use. 

It seems logical, therefore, that a great deal of power is 

being used needlessly to overcome friction in bearings that 

were not designed for their present operating conditions. 

A piece of ancient textile equipment is found in the 

spinning room where a larger portion of the plant's power is 

consumed. It is the cotton spinning soindle, which is located 

on the spinning frame. Since there are usually several thou­

sand spindles operating in one spinning room it appears logi­

cal to investigate the bearings in the spindle. 

The spindles generally encountered in cotton mills are 

of the following types: 

1. opindles with plain cast-iron bolsters, and cast-

iron steps and guides; 
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2. Spindles with plain steel tubing bolsters, and 

with porous-metal inserts for steps and guides; 

3. Spindles with plain steps and ball- or roller-

bearing guides; 

4. Spindles equipped entirely with ball-bearings. 

Many of the new frames are equipped with the ball­

bearing spindles. However, thousands of the first two types 

of spindles are in operation today and are being sold as re­

placements. kt this time the plain bolster type of spindle 

is predominant. 

When attempting to investigate a lubricated bearing, 

the basic theory of lubrication must be considered. The so-

called "perfectly" lubricated bearing is one that functions 

according to the hydrodynamic theory of lubrication. Bear­

ings that do not function thusly are considered to operate 

with boundary lubrication. The types of lubricants to be 

used in either case can be radically different. 

It is quite possible that the proper type of lubri-

crnt could not be picked at random. In the case of a hydro-

dynamic bearing the viscosity of the lubricant is generally 

the property to be considered. The bearing and journal are 

completely separated by a fluid film, the source of friction 

being the viscous drag imposed by shear within the lubricant. 

However, if the bearing is operating in the boundary region 

of lubrication the surface finish and the physical and chemi­

cal properties of the surfaces and the lubricant become im­

portant. Boundary lubricants are generally oroduced by the 
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addition of a relatively small quantity of a polar organic 

chemical to a hydrocarbon lubricating oil. 

In the past investigators have obtained power curves 

for plain bolster spindles, but this information alone is not 

sufficient for determining the true running conditions of the 

bearings. Four graduate students at the Georgia Institute of 

Technologyl»2>3,4 have participated in research work connect­

ed ^̂ Tith the power consumption of the plain bolster spindle. 

A check of this and other published data shows considerable 

disagreement* Actually, this is understandable because there 

are so many variables that affect the performance of a lubri­

cated bearing. It would be difficult to accurately reproduce 

the same results, even when using the same test-apparatus. 

Jones^ has found that vibration or wobble of a spindle very 

decidedly affects the power consumption of a spindle. The 

magnitude of this vibration is very difficult to control for 

test purposes. 

The plain bolster contains two bearings, as indicated 

before. The step or thrust bearing Is of the conical type. 

The other is a plain journal bearing. According to Jones, 

the power consumed by the step bearing increases as addition­

al weight is added to the spindle or package. There appar­

ently is no data giving .the actual magnitude of the power 

consumed by the step bearing or the journal bearing, alone. 

There appears to be no published theory for a lubricated con­

ical pivot bearing, and also no data exists showing the rela­

tionship between power and belt tension, which would, be an 
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indication of the rate of change of power consumption in the 

Journal bearing. 

Performance of bearings.—As mentioned previously a bearing 

operates either in the boundary or hydrodynamic region of lu­

brication. This is diagramatically illustrated by the curve 

in figure 1. This curve is essentially a plot of the coeffi­

cient of friction against the Sommerfeld number^. The Som­

merfeld number is a dirnensionless combination of the variables 

r, c, u, N and P that appears in the theory of hydrodynamic 

lubrication in the following form: 

r2 uN 

C2 * P 

where r = radius of journal 

c = radial clearance between journal and bearing 

u s absolute viscosity 

N = speed, rps 

P = Load per unit projected bearing area, 

The coefficient of friction is defined by the expression: 

IL 
f s w 

where F* r friction force on the journal 

W = total load on the bearing. 

To establish the type of lubrication a bearing is op­

erating with the Sommerfeld number and. friction force should 

be determined exoerimentally, using them to plot a curve simi-
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lar to the one In figure 1. The type of lubrication present 

should then be evident. 

Oftentimes in this type of experimental work the fric­

tion force on the bearing rather than on the journal is meas­

ured. One may be converted to the other by the following re­

lationship: 

F« l+2n2 

This exp res s ion may be obtained from the two equa t ions 

invo lv ing the f r i c t i o n f o r c e s on the b e a r i n g and j o u r n a l . 

They a r e : 

r uN ( 2 + n 2 ) ( l - n 2 ) i r uN (2+n2) 

c Fj 4TT2(H-2n2) c F£ ' 4TT2{l-n2)^ 

where Fj = friction force on journal per unit projected bear­

ing area 

F-̂  s friction force on bearing per unit projected bear­

ing area 

n s attitude of the journal. 

Values of n can be obtained for a full journal bearing from 

the following equation, by calculating values of the Sommer-

feld number for various values of n and plotting an s-n curve. 

(2+n2)(l-n2)^ 

12lPn 

Limitations on obtaining necessary data. — The design of the 
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plain bolster .orohibits the measurement of the friction forces 

of the two separate bearings. The friction measured is the 

total friction force for both bearings. If the bearings ap­

pear to be operating hydrodynamically, an approximation of 

the individual friction forces may be obtained by using theo­

retical equations to calculate the friction in the journal 

bearing. 

Published experimental data? on conical thrust bearings 

indicates that the step bearing can operate hydrodynamically. 

Therefore, the preceding suggested method, seems feasible. 

The absolute viscosity of the lubricant, as it appears 

in the theoretical equations, is the average viscosity of the 

oil film in the bearing. To determine this viscosity it is 

necessary to determine the temperature of the oil film. A 

method for doing this is suggested "oy Muskat and Morgan8. 

They mounted thermocouples in the surface of the bearing in 

question and measured the temperature directly. Due to the 

relatively small size of the bearings in the spindle it would 

be very difficult and possibly detrimental to the operation 

of the bearings to attempt to imbed thermocouples in the bear­

ing surface. However, it seems feasible to measure the tem­

perature on the back side of the bearing, assume the heat 

dissipated through the bearing, arid use heat transfer theory 

to establish an approximate oil film temperature. 

When in actual service, the bearings in the plain bol­

ster are subjected to complicated end varying loads. The step 

bearing carries not only the thrust load, but also a radial 
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load due to the tension in the thread. The journal bearing 

is subjected to the belt tension and thread tension load. Al­

so a certain amount of wobble or vibration of the spindle 

takes place due to the unbalance of the bobbin. Jones-̂  shows 

that the power consumption is increased considerably with an 

increase in amplitude of spindle vibration. For this partic­

ular investigation, however, an attempt wrill be made to keep 

the amplitude of vibration at a minimum. Also no thread ten­

sion load wrill be applied to the spindle. These conditions 

will be left for further investigation. 

Purpose of investigation.—The purpose of the investigation 

is as follows: 

1. To develop the apparatus which is capable of meas­

uring the variables involved in the hydro-dynamic theory of 

lubrication; 

2. To obtain the necessary data for attempting an 

analysis of the plain bolster type bearings; 

3. To compare the experimental results with the hydro-

dynamic theory; 

4. To attempt to establish the region of lubrication 

in which the plain bolster swindle operates. 

It is hoped that in the future the investigation will be ex­

tended to include the thread, tension load and. vibration ef­

fects. In this way it may be possible to determine an opti­

mum range of operation, and an a'opropriate type lubricant, or 

possibly a design modification. 
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CHAPTER II 

INSTRUMENTATION AJ}TO EQUIPMENT 

In 1949 Robert L. Newell2, a graduate student at the 

Georgia Institute of Technology, with the aid of technical 

personnel at the West Point Manufacturing Company developed 

a dynamometer for the purpose of measuring the power consump­

tion of a cotton spinning spindle. The dynamometer is capa­

ble of measuring the total input power, which includes the 

belt windage losses, the idler pulley bearing and windage 

losses, and the bearing and windage losses of the spindle, 

This dynamometer was used by three of the Georgia Institute 

of Technology graduate students2>3»4 referred to previously. 

An attempt was made to adapt the same apparatus for 

this investigation. It was found., however, that after sepa­

rating the bearing power from the total input power all signi­

ficant figures were lost. 

It then became necessary to design a torque measuring 

device that would measure only the friction torque of the 

bearings in the bolster. This was accomplished by mounting 

the oil reservoir on two ball-bearings as showni in figure 2. 

The turning moment of the reservoir due to the friction force 

on the spindle bearings was restricted by a thread wrapped 

about an extension at the base of the oil reservoir. The 

other end of this thread was fastened to the free end of a 
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Figure 3 

Spindle Dynamometer - Assembly 

1. Lou nt i nr; 3a se 

2 . Mercury Reservoir 

3. Thermocouple Leads - Oil Reservoir 

4. Thermocouple Leads - Journal Bearing 

5- Thermocouple Connecting Poat 

Chord for _0? intaining Belt Tension 

7. Friction Torque I~.e a auring; Device 

8. Pulley used in Calibrating Friction Torque 

Measuring Device 

9. Thrust Bearing Assembly 
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Figure 4 

Spindle Dynamometer - Operating Equipment 

1. Dynamometer 

2. Chord for maintaining belt tension 

3. Spindle Drive Belt 

4. Idler Pulley 

5. Stroboscope 

5. Nine Speed Transmission 

7. Cast-iron Rubber Mounted Ease 

3. Point of Journal Load Aopiication 

9. Thrust Bearing Adjustment 
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Figure 5 

Spindle Dynamometer - Operating Equipment 

1 . Voltage Regulator 

2 . Ammeter in Driving Motor C i r c u i t 

3 . By-pass Switch t o Ammeter 

4 . Point of Journal Load App l i ca t i on 

5. Synchronous Motor 

5 . Mechanism for Adjust ing Thrust Bearing 
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Figure 6 

Spindle Dynamometer - Component parts of Spindle and Friction 

Torque Measuring Device 

1. Cantilever Housing 

2. Strsin Measuring Element 

3. Spindle and Mercury Reservoir 

4. Cast-iron Bolster with Journal Bearing Thermo-

c ouple 

5. Special Spindle Oil Reservoir 
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F i g . 6 
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Figure 7 

Spindle Dynamometer - Controls and Recording Instruments 

1. Foxboro 3R-4 Strain-Time Recorder 

2. Foxboro portable Indicator (Potentiometer used 

with Thermocouples) 

3 . Rheostat and Switches for Controlling Air Condi­

t ioner 

4. Stroboscope 

5. Heating HUements and Fan Housing 

5. Regulated Voltage Switch and Cutlet 

7. Thermocouple Selector Switch 



2 1 



22 

small cantilever beam that had two SR-4 electrical strain 

gages cemented to it. The beam was made of 75ST-Aluminum. 

The strain gages used were SR-4 (A3-7) gages. By using two 

gages, one on either side of the beam, a reading of twice the 

actual strain was obtained. A Foxboro SR-4 strain time re­

cording instrument was used to record the strain. Its power 

supply was furnished through a voltage regulator for more ac­

curate results. Naturally, this type of apparatus must be 

calibrated to eventually give an equivalent friction torque 

reading, The component parts of the strain measuring device 

are shown in figures 5 and 7, Figures 11, 12, 13 and 14 are 

samples of the recording charts. The time for one complete 

revolution was thirty minutes. 

The bearings which support the oil reservoir were 

mounted in a bulky cast aluminum base for the purpose of damp 

ing vibrations. See figures 2 and 3* This base was then 

mounted on a large ball-type thrust bearing in such a manner 

that the center of rotation of the spindle was located a cer­

tain distance from the center of rotation of the thrust bear­

ing. In this way a load could be applied to the base that 

would create tension in the spindle driving belt. This force 

was applied hy a cord attached to the base and passing over a 

pulley, the other end having various weights applied for var­

ying the load on the spindle journal bearing. The cord is 

shown in figure 4. The place for applying the weights is 

shown in figures 4 and 5« The line of action of the applied 

load was in the same vertical olane as the action line of the 
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load on the spindle and was parallel to the latter so that 

the load on the spindle was equal to the applied load, neg­

lecting the friction in the pulley and thrust bearings. The 

friction was found to be negligible. 

The bottom race of the thrust bearing could be moved 

parallel to the load, line by means of a screw attachment 

shown in figures 4 and 5. In this way the direction of all 

loads could be maintained, during the run, as the driving 

belt stretched or contracted without changing the magnitudes 

of the loads. This is essential since a constant and accu­

rately determined load is required for a bearing analysis. 

Temperatures within the oil reservoir were measured by 

means of two thermocouples. One was silver soldered in a 

groove on the outside of the journal bearing, while the other 

was positioned loosely in the lower portion of the reservoir. 

The exact location of these thermocouples are shown in figure 

2, A switching unit was used in conjunction with a. Foxboro 

portable indicator to give direct temperature readings. 

The ambient temperature was controlled by installing 

the equipment in a specially built air conditioning unit that 

controlled only the dry bulb temperature. Hea.ting elements 

with a fine rheostat control were used since temperatures a-

bove 75 F were desired. A circulating fan was used to keep 

the temperature uniform throughout the enclosure. In this 

way temperatures could be regulated with negligible deviation. 

Controlled speed of the spindle for such an investiga­

tion is also essential. This was accomplished hy driving the 
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bel t with a synchronous motor through a specia l ly b u i l t nine 

speed t ransmission. The output speeds of the transmission 

were from 2,000 to 6,000 revolut ions per minute with an in ­

put speed of 1,800 revolut ions per minute. The "belt nulley 

r a t i o provided spindle speeds of approximately 4,000 to 12,000 

revolut ions per minute with increments of 1,000 revolut ions 

per minute. The minimum allowable be l t tension to avoid s l i p ­

page was calculated to insure constant speeds. 

In order to minimise v ibra t ion of the spindle an a lu ­

minum reservoi r was b u i l t to replace the bobbin. The rese r ­

vo i r was to be f i l l ed with weighed amounts of mercury to pro­

vide various th rus t loads on the conical th rus t bear ing. A 

screw f i t t i n g in the rese rvo i r could be adjusted so that the 

mercury could not climb the walls of the p a r t i a l l y f i l l e d r e s ­

e rvo i r . 

To insure a smooth running b e l t , an i d l e r pulley was 

mounted r ig id ly t o run on the slack side of the b e l t . 

All of the running equipment was mounted on a heavy 

cas t - i ron p la te , which was designed for the purpose of e l imi­

nating the t r ans fe r of v ib ra t iona l ef fec ts to the spindle . 

3ee figure 4 . The p la te has mounting holes for Mewell's or ig­

ina l t e s t apparatus so tha t fur ther data may be obtained on 

windage losses with similar environmental condi t ions . 

Some of the apparatus as shown in figure 7 was designed 

t o be used with Newell!s apparatus . That part of the appara­

tus wi l l not be discussed here . 
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CHAPTER III 

EXPERIMENTAL PROCEDURE 

Calibration of torque measuring device.—It was necessary to 

calibrate the torque measuring device because as the thread 

wraps around the base of the oil reservoir, with increasing 

frictional torque in the journal bearings, the direction of 

the cantilever beam changes slightly, .Also to be considered 

is the fact that strain readings obtained with 3R-4 strain 

gages on relatively thin sections cannot be accurately con­

verted "ay strength of materials theory to give the applied 

load. 

A small amount of static friction exists in the ball­

bearings supporting the oil reservoir. If the torque measur­

ing device is not calibrated correctly, this static friction 

will give incorrect results. 

The first step in the calibration is to clean the 

ball-bearings thoroughly with a solvent. Then one or two 

drops of very light oil should be placed on the inner and 

outer races and the bearings rotated to distribute the oil. 

The purpose of the oil is to prevent oxidation of the metal. 

Any more oil tends to increase the static friction. 

The next step is to wrap a thread around the base of 

the oil reservoir in a similar manner to the way the thread 

connecting the cantilever beam is wrapped, only in the oppo-
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site direction. This thread is then run over a ball-bearing 

pulley attached to the spindle mounting base. The pulley is 

shown in figure 3. Khov/n weights are then applied to the 

thread to produce torques covering the expected range. In 

this way a calibration curve of torque versus strain can be 

obtained. 

It is of utmost importance that the driving motor be 

running during the calibration. The resultant vibration is 

responsible for jarring loose the static friction in the ball­

bearings. This condition would then be similar to the actual 

test condition. 

Calibration of the ball thrust bearing*—If this bearing is 

kept clean as described above, there is no need for a calibra­

tion. The static friction is jarred loose oy the slight a-

mount of vibration in the table. As a result the load, devia­

tion due to static friction is negligible. 

Speed determination.—Though the spindle is driven with a syn­

chronous motor, it is necessary to determine the speed of the 

spindle with a stroboscope. This is because the belt pulleys 

do not give the exact speed ratios as indicated by the pulley 

diameters. As long as no slippage of the belt occurs the 

spindle speed will remain constant. Therefore, only one speed 

determination needs to be made for each output speed of the 

transmission. Frequent checks can be made during a run to 

verify the initial calibration and to check for belt slippage 

which might result from an oily belt or insufficient belt 

tension. During this investigation some belt slippage was 
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allowed, but the speed, remained constant. 

Ambient temperature control.—The ambient dry bulb temperature 

is controlled by means of four heating elements, one of which 

is in series with an external rheostat. Each heating element 

is controlled by a separate switch. 

Because of a considerable time lag in the temnerature 

control, it is necessary to warm up the apparatus to the de­

sired temperature some time before the test runs are made to 

attain thermal equilibrium. This must be done with the spin­

dle running. As the power consumption of the spindle in­

creases the output power of the heating elements must be de­

creased. 

Oil temperature and viscosity determination.—The length of 

thread on the end of the cantilever beam should bs adjusted 

so that, when the oil reservoir is in equilibrium with all 

the loads, the thermocouple on the journal bearing will be in 

the area of the maximum pressure region of the oil film. This 

will insure a maximum temperature reading, when the thermo­

couple leads are connected. The temperatures .may be read only 

after thermal equilibrium has been reached, and only when 

torque readings are not desired. When the thermocouples are 

secured to the connecting, post on the top of the spindle base, 

they interfere with the torque readings. 

After calculating the approximate temperature of the 

oil film, the average viscosity of the journal bearing oil 

film can be read directly from the ASTM chart which was plot­

ted from the data given for the various oils. 
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Test procedure.—The test procedure was as follows: 

1. The oil reservoir was first filled with the most 

viscous oil to avoid the possibility of burning, out the bear­

ings at high speeds before most of the data could be obtained. 

2. The synchronous motor, heating elements and cir­

culating fan were turned on for the purpose of obtaining ther­

mal equilibrium at the desired running temperature. During 

this time the thermocouples in the journal bearing and oil 

reservoir were connected so that thex̂ mal equilibrium could be 

checked in the spindle. Thermal equilibrium was checked in 

this manner before each run. In the case where the loads on 

the bearings were varied, the loads were added before attempt­

ing to establish thermal equilibrium. 

3. When thermal equilibrium was attained, the thermo­

couple leads were disconnected from the connecting post in 

order to free the oil reservoir for strain readings. The 

strain was then recorded on the time recorder for approximate­

ly twenty minutes. 

At the end of each run the thermocouples were again 

connected, the reservoir positioned to obtain the maximum 

temperature reading, and the reading recorded. This was for 

the purpose of rechecking the thermal equilibrium. 

Types and order of runs.—Two series of data were desired for 

this investigation. They were obtained by: 

1. Varying the speed with constant loads for five 

different oils; 

2. Varying the load on the journal bearing using the 
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lowest speed aid l eas t viscous o i l . 

The data were obtained in the same order as l i s t e d 

above. 
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CHAPTER IV 

DISCUSSION OF RESULTS 

Performance of equipment> — One of the main purposes of this 

investigation was to develop the apparatus capable of accu­

rately obtaining the necessary data. Though not much time 

was left for proving the capabilities and accuracy of the 

equipment, the little data that was obtained indicates that 

accurate and reproducible data can be obtained. Several cal­

ibrations of the torque measuring device show that the static 

friction in the bearings supporting the oil reservoir is neg­

ligible, if special care is taken to keep the parts clean. 

Also, to obtain best results excessive tension in the driving 

belt should be avoided so as not to increase the load on the 

bearings. 

The results of the torque measuring device calibration 

curves look very good. Calibrations were made before and 

after the test runs. The results were the same each time. 

Figure 8 is the average calibration curve used for obtaining 

the data in this reoort. It is noticed that a straight line 

was obtained. All calibration curves for this device should 

appear as such, for it signifies that the stress in the alumi­

num beam is well below the yield stress. (The major portion 

of a stress strain diagram for aluminum alloys of the type 

used is a continuous smooth curve.) The importance of the a~ 
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bove condition lies in the fact that SR-4 strain gages tend 

to creep when subjected to fairly high strains. This is most 

likely not to occur when the stress strain diagram obtained 

is a straight line. The straight line also indicates that 

the deflection of the cantilever beam did not appreciably 

change the direction of the applied force. If this had oc­

curred, the rate of change cf torque with resnect to strain 

in the beam would have changed in such a way as to make the 

instrument less sensitive at the higher values of friction 

torque. 

Most of the above conditions can theoretically be cal­

culated before making any runs. However, the test results 

indicate that the more accurate results are obtainable when 

frequent checks are made on the apparatus. 

A certain amount of vibration was detected in the spin­

dle. Preliminary runs were made with and. without the mercury 

reservoir installed. 2To difference in vibration was detected., 

Since it was intended that several runs be made with mercury 

in the reservoir the reservoir was left on the spindle for all 

runs. It is now suspected, however, that the reservoir caused 

an excessive amount of vibration. Also, when an attempt was 

made to make runs with the reservoir partially filled with 

mercury, the mercury worked its way up into the empty compart­

ment and caused considerable vibration. Undoubtedly, some 

other means for weighting the spindle will have to be devised. 

Lubrication of the bearing.—The purpose of investigating 

the swindle was to establish the tyoe of lubrication with 
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which it generally operates. The curves in figure 9 indicate 

that the two bearings together operate as a hydr©dynamic bear­

ing, This is true because the curves rise to the right. As 

is shown in figure 1 hydrodynamic lubrication exists in the 

region where the coefficient of friction increases with an in­

crease in the Sommerfeld number. 

It should be noticed that the coordinates of this curve 

are not identically the same as for the general Sommerfeld 

curve as shown in figure 1. The value L f has been replaced 

with K which is simply the time recorder chart reading. This 

can be done because the load and torque are constant. There­

fore, K is directly proportional to ̂  f. The Sommerfeld num­

ber has been replaced with the spindle speed since the load 

is constant and for each oil the viscosity is nearly constant. 

If this had not been done, only one curve would appear in­

stead of five. As shown, the curves also provide a relative 

comparison of power consumption. 

The problem of determining the type of lubrication for 

each of the two bearings separately was easily solved by re­

moving the spindle from its bearings and observing the pivot 

or pointed end. It wa,s evident that metal to metal contact 

had been taking place, creating a condition of severe boundary 

lubrication. Only about one eighth of the area of the tip 

had made contact. 

Curing the test runs it was noticed that the tempera­

ture of the oil bath near the step bearing was equal to and 

sometimes exceeded the temperature of the journal oil film. 
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Such a condition could exist only if the step bearing was op­

erating with a high coefficient of friction. 

Since the spindle used in this investigation was a new 

spindle it is possible that with sufficient running-in time 

the step bearing surface will wear down until metal to metal 

contact ceases. Actually, a ste~ bearing should operate hy-

dr©dynamically?. 

Assuming that the journal bearing consumed the greater 

portion of the power, the friction curves in figure 10 were 

plotted. The theoretical curve was obtained by substitution 

of general values in the theoretical equations for a full 

journal bearing. The experimental curve was obtained as in­

dicated on the graph. The curve is a very good illustration 

of the tjpe of lubrication attainable with a spindle. How­

ever, it is not a true representation, even if the step bear­

ing may be neglected, because, when converting from bearing 

to journal friction, values of n corresponding to a full jour­

nal bearing were used. It is evident that the experimental 

values of the coefficient are less than the theoretical in the 

hydrodynamic region. This is explained by the fact that par­

tial bearings operate with a lower coefficient of friction in 

the hydrodynamic region. Also a partial bearing operates with 

a larger attitude, n, than a full journal bearing. Using the 

larger value of n to obtain the friction on the journal, know­

ing the friction on the bearing, larger values of f are ob­

tained. This affects the boundary region more than the hydro-

dynamic slice the n values for journal bearings decrease in 



36 

12 

10 

8 

0 
,Th< 

/ Ful 
boreti< 
1 Joun 

)Q\ C l 
ml Bei 

rve 
iring 

A 
A</ 

/A 
/ 

^ . 

/A 

T 
A 

x 

\ * / 

/ • 

A 

, m 

/ 

V 

T y i & 
X J T 

0 / 

1 
IV X 
0 0.20 0.40 0.60 

Sommerfeld Number 

©Variable Journal Load, RPM-3940, Type "E" Oil 
l t r . l l 

0.80 LO 

* Variable Speed, Journal Loads I.I Lbs. Jype E Oil 
• Variable Speed, Journal Load* I.I Lbs.,Type"C" Oil 
A Variable Viscosity, RPM-3940 , Journal Load = 1.1 Lbs. 

Fig .10 . Spindle Friction Curves 

ltr.ll


37 

magnitude with an increase in the .vommerfeld number. By trial 

and error a better fitting curve might be obtained. The crit­

ical or transition ooint would appear at the same Sommerfeld 

number, but the minimum value of the coefficient of friction 

would be greater. 

The location of the critical point is very important 

because it is an unstable region in which to operate. A small 

decrease in the Sommerfeld number could result in a very high 

coefficient of friction, which would mean excessive power 

losses and spindle wear. To obtain the critical point and 

boundary condition during the test, the load on the journal 

bearing was increased while running at the minimum speed with 

the least viscous oil. The critical point occurred, with a 

journal load of about six pounds. The Sommerfeld number was 

approximately 0.07 as shown in figure 10. It is not likely 

that such a small Sommerfeld number would be encountered in 

practice because higher soeeds are generally used in a spin­

ning room. However, it should be remembered that three var­

iables besides the dimensions of the bearings affect the Som­

merfeld number. The same relative change in any one of them 

will give approximately the same change in the coefficient of 

friction. This is demonstrated in the hydrodynamic region of 

the curve oy the olot of several points obtained by varying 

the different quantities u, H and P. According to theory, 

exact correlation should exist. 

Vibrational effects. — One of the advantages of the torque 

measuring device is that it cm record, continuously the reac-
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tion of the spindle in relation to the oil film. Figures 11, 

12, 13 and 14 are photographs of some actual records obtained 

during the test runs, 

One interesting aspect of the device is that it appears 

to be capable of indirectly measuring relative magnitudes of 

vibration of the swindle. As yet this has not been proven, 

but it is interesting to examine figures 11 and 12. Figure 11 

is a record of the spindle running with the mercury reservoir 

partially filled. During the run, centrifical forces caused 

the mercury to leak into the upper chamber of the reservoir, 

causing vibration of the spindle. The amplitude naturally in­

creased with an increasing amount of eccentrically displaced 

mercury. The figure shows this trend by means of an increas­

ingly widened inked line. The recording pen was vibrating 

with a very low frequency, which could have been a harmonic of 

the spindle frequency. 

Figure 12 is a, complete record of one oil with variable 

spindle speed. Though each recording was for only a six min­

ute duration, a sufficient length of time was allotted between 

runs for thermal equilibrium to be obtained. It is observed 

that the second torque reading is not equally spaced, radially 

as the others. 3esides giving too large a reading, the inked 

line is thicker than the rest. It is reasonable to suspect 

then that vibration of the spindle is causing the abnormally 

high friction. This is also probably the cause of the rough 

distribution of points in figures 9 and 10. Figures 13 and 

14 are very good illustrations of the effects of vibration on 
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Figure 13 
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the power consumption. These were obtained using the most 

viscous oil. There was a difference of approximately 2,000 

rprn in their speeds. Of course it is apparent that damping 

took place. The irregular damping in figure 14 indicates that 

conditions were such that a critical damping region existed. 

A condition such as this could certainly be detrimental to 

the production of uniform thread. 

A.fter several tests, it was found that the critical 

damping as shown in figures 13 and 14 occurred only for the 

two particular speeds and one oil. Since the oil used was 

the most viscous of the five, it is possible that complete 

damping took place only for the two runs, 


