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A COMPARISON OF A SPECIAL CORED BRAKE DRUM 
WITH ONE OF CONVENTIONAL DESIGN 

INTRODUCTION 

The development of the cored brake drum tested in 

connection with this project was one of many attempts to 

improve the braking facilities on logging equipment and 

other types of vehicles. Because of difficult operating 

conditions the logging industry is particularly interested 

in these developments. 

The general ocerating conditions and loads vary con- 

siderably, with aporoximate maximum conditions of 20 per 

cent grades, with trailer arid log load of 47,000 pounds, 

and with a speed of about 16 miles per hour. In order to 

just control the velocity of the vehicle under these con- 

ditions, each drum would have to exert about 2,000 lb-ft 

of torque. This problem would not be so great if all or 

most of the water which is applied to cool the brake drum 

could be turned to steam in order to absorb this energy. 

Another problem is that of drum breakage, which oc- 

casionally occurs in the conventional type of drum leaving 

the vehicle either without brakes or with braking seriously 

impaired. One manufacturer, Page and Page Company of 

Portland, Oregon, developed a special cored brake drum not 

as an answer to the braking problems but to improve the 
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heat dissipating prooerties of the conventional design. 

The soecial cored brace drum was constructed with 100 

one-fourth inch cored holes in the circumference of the 

drum on each side of the centers Figure 5, page 27. 

These holes were cored and at an angle of 30 degrees 

with the axis of the drum so that the receiving vanes 

at the center of the drum lead the outside edges. This 

cored system allows more surface area, giving more ef- 

ficient heating of applied coolant than the conventional 

system using a smooth drum, such as that shown in Figure 

4, page 25. 

The purpose of this research was first to determine 

satisfactory methods and angles of coolant application, 

nd second, to determine if use of the special brake drum 

brings about an increase in the heat dissipation. 3ince 

cooling by vater presents several major oroblems, it was 

also desired to determine if the use of forced air as a 

coolant would be oractical. 



CURRENT LITERÀTUR 

Basically the brake drum is oart of a mechanism that 

converts energy of motion into heat. Trie brake linings 

are good insulators (1, p 41), therefore the brake drum 

has to dissipate the heat through conduction, convection, 

and radiation regardless of design. (io, p 256) 

One of the main fields to be concentrated on should 

be increased braking through improved cooling metnods. 

(12, p 57) The amount of toraue develo7ed by the brake 

is a minor oroblem, as the maximum bracing of a vehicle 

occurs when sliding of wheels is impending; from this 

point an increase or decrease in braking pressure reduces 

the effective braking. An increase of braking pressure 

causes sliding and the kinetic coefficient of friction is 

less than the static coefficient of friction. (9, p 387) 

Service reports and develooment prolects on brake 

drums bring out the following facts (3, p 33) 

1. Cast iron apparently produces the best 

combination of relatively high coefficient of friction 

and resistance to heat checking. 

2. Most drums removed from heavy duty service 

failed by heat checkin,. 

3. Many drums are removed due to excessive 

wear. 



4. Some failures have been due to insufficient 

strength either at elevated or atmospheric temperatures. 

Trakce drum failures result from a number of causes which 

are difficult to separate. 

Service reports indicate that the two main problems 

in braking are heat dissioation and material. Most braces 

used at present dissipate their heat to the surrounding 

air (11, p 212), but one of the main trends is toward 

forced cooling (, p 186). The maximum safe speed of a 

vehicle is governed by the amount of heat the brakes can 

dissioate. Since wheel brakes cannot conveniently be 

much larger to provide more surface area, the enormous 

amount of air needed to dissioate so much heat cannot be 

circulated through a wheel brake. (7, p 44) 

The logging industry is one of the few industries 

that has made widespread use of applying water to the 

brake drums to aid cooling. Logging vehicles are subject 

to severe service conditions and the brake drums are sub- 

ject to frequent overheating. Overheating may cause 

scoring, distortion, thermal cracks or heat checks, and 

finally it may cause fracture.(lO, p 259) Overheating 

also makes the lining subject to rapid disintegration. 

s the temperatures increase the tensile strength, the 

thermal conductivity, the modulus of elasticity, and the 

wear resistance are reduced and thermal checking becomes 
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critical. 

This thermal checking or cracking is a visible net- 

work of cracks ori the surface of the drum. The cracking 

is due to the rapid heating on the braking surface of the 

drum as the braie is aoplied while the outside is still 

cold. This action sets u stresses within the metal which 

may exceed the tensile strength of the metal. (10, p 260) 

As the metal becomes hotter the braking surface may under- 

go an uneven volume change in passing from a1ha to gamma 

iron, and this may set up stresses within the metal. 

(3 2 33) 

The degree of thermal checking in drums sublect to 

rigid heating and cooling is in direct relationship to 

the quantity and form of the graphite; the graphitic irons 

being superior for resistance to thermal cracking, hut 

subject to rapid wear. 

Alloys of cast iron containing carbon (3.0 to 3.8 per 

cent), nickel, cooper, molybdenum, and small amounts of 

chromium, with a minimum amount of cementite, are recom- 

mended for heavy duty drums which require high strength 

and high resistance to thermal checking and scoring. 

The above is true even though steel has approximately 

22 per cent greater conductivity than cast iron. 

(lO, o 406, 595) However, no material seems to be 

ideally suited and reauirements are difficult to satisfy 
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with any composition or strcture.(3, p 32) 

The following reauisites must be considered before 

attempting to recommend or produce a suitable material 

for heavy duty brsce drums (3, p 33) 

1. Relatively high coefficient of friction. 

2. Ability to resist scoring. 

3. Good wear resistance. 

4e High strength at all temperatures. 

5. High modulus of elasticity. 

6. Resistance to thermal checking. 

7. .bility to retain its original character- 

istics. 

8. Resistance to plastic deformation. 

Trake drums on logging trailers being operated in 

mountainous areas reouire hard, long-wearing cast iron. 

The difficult service produces severe wear and premature 

thermal cracking. These drums should have a fine pearl- 

itic structure, which is thermally stable, and a uniform, 

wellistributed graphite content. (lo, o 598) The 

special brake drum used in these tests was one of a ser- 

ies that was made with varying compositions. This partic- 

ular one contained the follovving 

Còpoer ----- 9.88 per cent 

Carbon - - - - 2.57 per cent 

Silicon - - - 1.40 per cent 
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Chromium - - - 0.43 cer cent 

Manganese - - 0.39 per cent 

Phosphorus - - 0.310 per cent 

Sulphur - - - 0.088 per cent 

There are various methods of measuring temperatures 

in the braking systems with rotating drums, some of 

which are outlined in the following paragraphs. 

In one experiment on brake drums and tires, the temp- 

eratures in the rotating parts were obtained by means of 

coper-constantan thermocouples, the leads of which were 

soldered to corresponding pairs of copper and constantan 

slip rings carried on a fixed frame outside the wheel as- 

sembly. A pair of copoer-constantan brushes on the ap- 

proriate pair of slip rings was coupled to a potentio- 

meter by means of copper and constantan leads. (14, p 38) 

This system gave a continuous copper and a continuous 

constantan lead from the welded point of the thermocouple 

to the cold junction at the potentiometer. This was, how- 

ever, unnecessary and the commutators could have been of 

a different material since it may be shown that the inser- 

tion of a different metal in a thermoelectric circuit 

produces no effect upon the total emf if both ends of the 

introduced metal are at the sanie temperature. (4, p 21) 

No indication of accuracy was given for the method, how- 

ever the author apoarently assumed it was quite 



8 

sati st ac tory. 

Another method was indicated but the author suggested 

that it was inaccurate. This was rotating the drum in a 

liquid and recording the temperature of the liquid. 

The change in microstructure due to heating the 

metal of the drum may be used to give an indication, 

within limits, of the temperature attained by a brake 

drum as a result of service in the field or in the lab- 

oratory. (10, p 261) 

One set of tests on brake drums was conducted by 

taking the temperature through the shoes. (2, p 51) 

This system, however, would not give very accurate re- 

suits since the brake linings are good insulators and 

the temperatures reached in the shoes are much lower 

than those reached in the drums. (2, p 52) 

The heat dissipating ability of drums might be im- 

oroved by cladding the outer surface with aluminum or cop- 

per (12, o 73) or by banding aluminum fins on the cast 

iron drums. (13, p 6) 

Other imorovements in braking might be brought 

about with different types of brakes. One type that might 

'ce used could be a disk brake similar to the one developed 

by the udd Company for railway equipment. In railway 

service the main problem was also that of heat dissipa- 

tion. The brake was designed not to exceed a certain 



temperature to orevent heat checking and disintegration 

of the brake lining. The disk was made with a large cool- 

ing area inside with multiole fins that served as a cen- 

trifugal blower and the heat was dissipated with air. 

(1, p 41) This brake was designed for high soeed oper- 

ation and since logging equipment is usually operated at 

slow speeds the brake would not be satisfactory. 

An eddy-current brake might be of value to assist 

the present type of braking system. (7, p 44) 

The fact tnat this brake has no slip rings, brushes, 

or rotating windings orovides ror low maintenance costs. 

The brake can increase the maximum safe speed. The eddy- 

current brake can dissipate heat more easily since it 

may be mounted in the open and the rotor can be made to 

act as a fan. The main disadvantage is the original cost 

of mounting the eddy-current brake on the trailer. 
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DEVELOPLIENT OF TEST EQUIPLNT 

The development of testing equipment used in this 

work was an evolutionary process. The setup consisted of 

three main sections, the power unit, the gear reduction 

unit, and the test stand. (Figure 1, p ii) Power w.s 

developed by a 6 cylinder 4 x 5 Buda Diesel engine rated 

at about 50 hp and was transmitted through a truck trans- 

mission for speed reduction and then applied to the hub 

and brake drum mounted on the test stand. 

The testing stand (Figure 1, p ii) was constructed 

of heavy I-beams to insure minimum distortion under oper- 

ating conditions. Since the Diesel engine was mounted 

on 6" x 6" I-beams, the test stand base was made of the 

same size material to facilitate alignment and connection. 

The "A" sections of the test stand were made of 

3" x 5" I-beams, The brace drums were mounted on a 17,000 

pound Timkeri trailer axle, complete with braKing and bear- 

ing setup as if it were mounted upon a trailer. The 

17,000-pound axle is round heavy-gage pipe five inches in 

diameter, with considerable camber which introduced a 

problem of alignment. 

The brake drum and hub were free to rotate on the 

axle when the braKe was off. The brake shoes were of the 

internal expanding type, expanded by an operating cam 
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WhiCh in turn was actuated by an air cylinder mounted on 

tie axle. The hrae shoes were mounted on the axle and 

when the brake was aoplied it oroduced a tendency for 

rotation in the axle. The toraue in the axle was used to 

measure the torque exerted by the brace. .n arm was weld- 

ed to the axle and the rotation of the axle was restrained 

by a hydraulic piston and cylinder assembly ("D," Figure 1, 

p 11) held by an inverted "U" made of a pair of 3*1 x 5" 

I-beams with a i 3/4" x 5" channel across the top. 

(Figure 2, p 13) A 2" x 4" piece of lumber was bolted in 

this channel and used for mounting several of the instru- 

ments. The hydraulic system included a pressure gage 

("C," Figure 1, p li) which indicated the amount of 

torque. The illustration on page 13 shows a close-up 

view of the torque system. Before installation the 

oressure system, which included a ?eacock Brothers steel 

tube gage, was calibrated on a 30,000-pound Tinius Bisen 

testing machine. The calibration data are included in 

the Appendix, page 85. 

On top of each pair of I-beams w:iich made the "A" 

parts of the test stand was mounted a oiece of heavy gage 

ipe cut in half to cradle the axle and ta act as a bear- 

ing surface. This surface was iept oiled to produce a 

minimum of friction. ach half of each section of the 

split pipe had a piece of steel welded to either side to 
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allow for bolting the pieces of pipe together. The bolts 

could be tightened to hold the axle and thus facilitate 

working on the aoparatus. 

The brake was applied with air pressure which was 

available in the building. An oxygen regulator (tB,H, 

Figure 1, p 11) as used to give a constant pressure, 

but the pressure used was determined by the torque as 

shown on trie hydraulic pressure gage. The safety valve 

was removed from the regulator and a petcock instilled as 

an exhaust for releasing the brake. 

The speed of the drum was determined by knowing the 

gear ratio of the transmission and by having a tacnomoter 

on the engine. Thus, by knowing the torque and speed the 

horsepower could be calculated and power conditions could 

be held fairly constant for the comoarison of the two 

types of drums. 

The water was applied to the brake drum under air 

oressure up to 40 psi. Air pressure applied to the water 

tank was governed by another oxygen regulator (A", Fig- 

ure 1, p ii), forcing the vter through a hose from the 

oressure tank (," Figure 1, p 11) to the drum. The 

water height in the pressure tank was regulated with a 

float valve and could be checked by the glass level gage. 

In testing at 40 pounds per square inch, however, the 

system was soon out of water, as the air pressure 



exceeded that of tne incoming water. 
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The preliminary tests showed that the high oressure 

was unnecessary and that very close to maximum cooling 

could be obtained with about 24 osi wnen the drum was ab- 

sorbing approximately 38 horseoower. This led to abandon- 

ing the oxygen regulator and using the height of the 

water as the head. This was done by venting the top of 

the pressure tank, tien raising and lowering the oressure 

tank to obtain the desired oressures. The water line 

leading to the pressure tank was made flexible by using 

a piece of hose to allow for lowering and raising the 

tank easily. A water hose from the pressure tank ended 

with a 1/8" pipe. This pipe was held in place for appli- 

cation of the water with an adjustable iron stand which 

had sufficient adjustments in any direction. The original 

holdin&r device as shown in the illustration (Figure 1, 

p 11) was not rigid enough and later had to be changed. 

The measurement of tne temoeratures of the rotating 

drum presented a maor problem. This problem was first 

attacksd by attempting to take the temperature of the 

drum by having a spring loaded thermocouple ride on the 

drum through the brake shoe. This proved to be inaccur- 

ate and very slow in reacting because of the low conduc- 

tivity and insulating qualities of the brake linings and 

the indefinite heat transfer from the drum to the thermo- 



16 

couple caosule. .Also, very shortly the brace lining dust 

"welded9 or oacked around the thermocouple capsules so 

that there was no force n the drum, finally making this 

system inoperative. 

The readings were indicated on the rown electric 

pyrometer ("E," Figure 1, p il), reading directly in 

degrees Fahrenheit. 

Tue system of measuring drum temperatures was 

changed to include thermocouples drilled down through 

the drum and welded on the inside, then the potential was 

taken through slip rings mounted on the universal joint 

shaft (about 3 inches in diameter) which was between the 

transmission and the brake drum hub. Th universal joint 

came with the transmission and bolted directly on the 

hand brake disk. The other end of the universal joint 

«:as welded to a flat plate 1 inch larger than the bolt 

circle of the brake drum hub. This allowed bolting of the 

universal joint to the brake drum hub. (Figure 3, p 17) 

The slip rings (Figure 3, p 17) were made by placing 

mica sheets around the universal joint shaft and winding 

heavy coDper wire around these and fi1lin the spaces be- 

tween the wires with solder. Two bands were made in this 

fashion with a lead wire passing under the one closer to 

the drum, thus attaching one lead of the thermocouple to 

the ring furthest from the drum. The bands were insulated 
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from each other and from the universal joint in this man- 

ne r. 
The brushes used were copper strips (Figure 3, p 17) 

and were spring loaded, with about 4 pounds pull, to in- 

sure constant contact and wear, to prevent corrosion, and 

to Keep contacts clean. The length of contact was about 

120 degrees around the slip rings. The introduction of 

different material is permissible as long as the two ends 

of the introduced material are at the same temperature, 

and since they were close together and not fastened sol- 

idly to any material, but stood in free air, the readings 

should he acceptable. (4, o 21) 

The uooer ends of the straps were held by a bracket. 

Thus, in operation the iron-constantari thermocouple had a 

lead going to each ring and there the voltage from each 

ring went to a strap, and from each strap back to an iron 

or constaritan wire and over to the cold junction in a 

thermos bottle. From the thermos bottle c000er leads 

went to the otentiometer. Thus the materials on one leg 

from the welded tip to the cold junction were iron, cop- 

2er, then iron. The other circuit was made up of con- 

stantan, cooper, then constantan, and copper finished 

the circuit to the ootentionieter in each case. The poten- 

tiometer indicated the temperature in millivolts and had 

a compensator for the cold junction, so all readings 
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could be converted into degrees Fahrenheit directly the 

same as if the cold junction was at O degrees Fahrenheit. 

This fact aided in plotting the curves. 

The transmission was connected to the engine through 

the flexible coupling that came with the engine. The 

transmission input shaft was splined. n internal splined 

fitting was used to bolt to an adapter to make the corìnec- 

tion between the solined fitting and the hole in the flex- 

ible couoling. The transmission mounting was made with a 

base of 3" x 5" angle irons which were bolted to the en- 

gine frame and supported the brackets for the transmission. 

Also, tiiey were welded to the test stand and helped to 

hold it in alignment and. steady it under load. The base 

angle irons later had to be tacKed to the engine base for 

greater rigidity. 

The front brackets were uprights made of 30 x 5° 

angle iron and the bell housing of the transmission was 

bolted to slotted holes in the uprights. The back trans- 

mission mount was constructed of 3" x 5° I-beams for the 

uprights and 1 3/4" x 5" channel across the top. Two 

mounting bolts were on too of the transmission and these 

were used by outting them through slotted holes in the 

channel. The slotted holes of the transmission mounting 

made it oossible to adjust the transmission while align- 

ment was being made. fter the alignment the washers on 



the front uDrights were welded to the uprights for greater 

rigidity. 

The adapter for attachment of transmission to the 

engine and the plate on the universal joint were both 

turned true on a lathe and the bolt circles were in- 

scribed on each at the time of turning to insure greater 

accuracy. 

2he transmission was rented for the purpose of run- 

ning these tests arid was definitely stated to have torque 

capacity exceeding the 2,000 lb-ft torque desired, but 

during preliminary runs the output shaft failed. This 

failure was partly due to a bending moment because of in-. 

adequate holding down of the test stand, and partly due 

to seizing of the braKes which caused the torque to vary 

as much as 1,000 lb-ft, however it was mainly due to the 

fact that the transmission was too light. The broken 

parts of the shaft were sent away for repair. The shaft 

came back improperly repaired with not all the fractured 

material removed, and it also was crooked. The crooked- 

ness was in the overhang outside the bearings, so the 

plate that bolted on the shaft was turned true with the 

bearing surfaces and the bolt circle rerun. This opera- 

tion provided a true running universal joint and would have 

been satisfactory if the checks in the shaft had not 

caused a second failure. replacement shaft was obtained 
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and. not stressed above 1,000 lb-ft in accordance with cal- 

culations for the 1 5/8 inch splined shaft and no further 

trouble with this tart was encountered. Also, the front 

side of' the test stand was bolted to the concrete floor 

and two 3" x 5" I-beams were placed on the back end and 

weighted down. 

The plate that was bolted to the brake drum hub and 

welded to the universal joint was left partly loose to 

act as a second universal joint by not tightening the 

bolts. During the alignment period and preliminary runs 

it was discovered that threads were oressed into the plate 

by the bolts thus holding the plate firm with respect to 

the hub. This caused a slight misalignment to show up by 

giving a wobble to the axle and the transmission. The 

bolts were replaced by bolts that had 1/2 inch next to the 

head untnreaded. This gave a smooth bearing surface for 

the plate, correcting the previous condition. 

During the preliminary runs it was discovered the 

Diesel engine would develop a maximum of about 40 horse-. 

ower instead of the desired 100 horsepower. The engine 

was checked to determine the cause of the low power outout 

but everything checced out normally. however, the fuel 

injector pump was a combined pump that is not ordinarily 

used on engines over 50 horsepower. (5, p 227) The engine 

was probably designed for efficiency in the operation of 
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the 30 i1owatt generator tat had been connected to it. 

For the above reasons the original plan of running 

the tests at the horseoower aporoximately equivalent to 

field conditions had to be abandoned. 
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TESTING PROCEDURE 

Many checa runs were made to determine if and where 

cnanges were needed in equipment and instrumentation, 

The adjustments of equipment consisted mainly of 

alignment of units. The rough unfinished surfaces of the 

equipment and the great amount of rigidity needed made the 

alignment particularly troublesome. 

The method of applying water to the special drum was 

determined experimentally by constructing various sizes of 

jets. These jets were made by drilling 1/a-inch pipe caps 

with different angles between the divided stream. À single 

stream was found to be unsatisfactory at trie outset. Var- 

ious angles before top center and various angles with re- 

spect to the horizontal plane were tried. The best system 

found for all the conditions was that of using two 1/16- 

inch lets with the streams of water 90 degrees apart. The 

jet was placed about 100 degrees before top center, with 

streams of water set about horizontal. 

Before tests could be made the irater flow was cali- 

brated. This was done by choosing water pressures of 15 

inch head of water, about 2 pounds per square inch, and 

about 5 pounds per square inch pressure. For the special 

drum, using the jet, water heads of 15 inches, 5.8 feet and 

11.5 feet were metered to determine the rate of flow. The 
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rates of flovv were determined by the time of flow per gal- 

ion. These rates were determined with the aid. of a stoo 

watch and several check runs were taken. Tne rates were 

determined as being 0.20, O.281and 0.41 gallons per mm- 

ute, resoectively. Tae water was applied to the conven- 

tional brake drum through the 1/8-inch pipe at top center 

or uo to 20 degrees before top center, either with the 

stream of water set parallel to the axis of the axle or 

slightly turned to direct the water stream against the 

direction of rotation. The position finally selected for 

the testing was about 20 degrees before top center and 

about oarallel to the axis of the brace drum. The head 

for the 1/8-inch pipe with open end for application on the 

conventional drum was determined by trial and error to 

give an eauivalent flow, and the heights were determined 

as 8 inches, ll inches, and 21 incries for rates of 0.20, 

0.28 and 0.41 gallons per minute, respectively. 

The speeds were chosen to include most operating con- 

ditions. The drum soeeds used were 100 rpm and 164 rpm. 

This is approximately equal to 12 miles per hour and 20 

miles per hour, respectively, with a 10:00 x 20 tire (41.7 

inches in diameter). The equivalent engine speeds were 

1220 rpm and 2000 rpm, resoectively. Twenty miles per 

hour is considered higher than most speeds used on the 

steep grades. It was decided that using t:ìis seed would 
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be desirable, however, since the effect of the centrifugal 

force throwing off the coolant is a major factor. As more 

water is thrown off, less heat will be absorbed. 

The brake drums were both 20,000 pound drums and were 

mounted on a 17,000 pound axle and hub, the only differ- 

ence in the 20,000 and 17,000 pound brake drums being in 

the diameter of the large hole in the closed end ol' the 

drum wnich bears the load under ooerating conditions. The 

bolt circles are the same. The fact that there was some 

play around the mounting bolts may have caused tne drum 

to be off center and contributed to the seizing of the 

brake lining. The seizing was counteracted by aoplication 

of oil to the brake lining during operation. These apoli- 

cations smoothed out the operation of the brake but radi- 

cally changed the coefficient of friction and the air ores- 

sure aoplied to the booster (air cylinder) had to be changed 

continually to keep the torque constant. This changing 

torque had its effect upon the engine speed. 

The conventional drum is shown in Figure 4, page 26. 

The iron-constantan thermocouple may be seen mounted on the 

drum. The drum has an inside diameter of 161 inches and a 

braking width of 7 inches. ach of the two brake shoes 

covered an area of about 7 x 18 inches. 

The special cored brake drum is illustrated in Fig- 

ure 5, page 28, showing the receiving vanes as originally 



Figure 4. Conventional 9rake Druni 
t') 

o.. 



27 

constructed, the direction of rotation, the angle of the 

cored holes, and the mounted thermocouple wires. 

The thermocouple wires in both drums were mounted 

in the same positions with respect to the brake shoes. 

considerable trouble was encountered in attaching the 

thermocouples to the drums, since the theriocoupie wires 

were of small diameter as compared to the thickness of 

the drums and attempts to weld the wires to the castings 

with the arc welder failed because the heat burned the 

wires off. 

The use of a carbon arc ooerated from a battery was 

attempted but this failed to stick the wires due to insuf- 

ficient heat. The acetylene torch also created too much 

heat and the wires burned off. Therefore, a large area 

around the thermocouple was heated with the torch and the 

wires were silver soldered to the casting. This system was 

satisfactory and the depth of the silver solder in the 

hole was controlled by the insulation on the wires, al- 

though the depth probably was not extremely important 

since the temoerature gradient within the metal along the 

thermocouple could not be great. The excess silver solder 

and an area about 2 inches in diameter were ground with a 

portable grinder to insure that only conducted heat in the 

drum would be recorded, 3efore installation the thermo- 

couple wires and instruments were calibrated in the 



Figure 5. $oecial Trake Drum 
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laboratory by checking against the biling point of water 

and freezing points of several pure metals. 

Early in the preliminary tests it was determined 

that the cored special drum receiving vanes could be im- 

oroved upon, since the lands and grooves were aproxi- 

mately the same area in t.ie receiving groove at the cen- 

ter of the drum. (Figure 5, o 28) The application of 

the water was observed with a stroboscope and it seemed 

to splash on the lands. This greatly hindered the normal 

entrance of the water into the holes. The receiving vanes 

were modified to reduce the area between the holes. This 

was done by drilling with a portable drill and enlarging 

the ooenings. The modified brace drum is shown in Fig- 

ure 6, oage 30. This illustration shows the direction of 

rotation, the angle of the cored holes, and the results 

of drilling. The modification was made by drilling with 

three sizes of drills, 5/8 inch, 1/2 inch, and 11/32 inch, 

tacing care to leave the back surface of the hole smooth 

to make less resistance for the entrance of the water. 

The actual running of the tests was comparatively 

simple after the oreliminary runs had ironed out many of 

the difficulties, After the rates, methods of' water ap- 

plication, torques, and speeds had been standardized, the 

first series of tests was run at 100 rpm of the drums, or 

with an engine speed of 1220 rpm. 
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Conditions vere held as nearly constant as oossible, 

but t!Iere were rnny more or less variable factors. The 

engine soeed 'sas difficult to read; this condition \as 

improved by moving the tachometer from the engine to re- 

duce vibration. The torque at times was difficult to 

read and regu1ste. This was oartially remedied by re- 

peated addition of' oil to the brakes. ccurate measure- 

ment of the water head was difficult due to unevenness of 

the floor. 

The governor on the engine gave an occillating en- 

gine speed. This was partially corrected by taking it 

aùart and cleaning. 

The second set of readins was tacen with an engine 

speed of 2,000 rpm. This soeed was not within the range 

of the governor, therefore it had to be disconnected and 

the engine soeed directly controlled by the hand throttle. 

This introduced another source of error since any change 

in torque would c:ìange the engine speed and vice-versa, 

therefore the conditions required constant attention. 

1l tests were run with conditions controlled as 

closely as Dossible, and each test continued until the 

temperatures appeared to have become stabilized. 

The temperatures in the brake drums could not be 

checKed accurately, however rough checks were taken occas- 

ionally with the thermocouple mounted in the shoes and 



32 

and with "Tempilsticczst' manufactured by ti'e Temoil Coror- 

ation. These sticks have definite melting points reores- 

ented to be accurate within i oer cent. They are available 

from 125 degrees Fahrenheit to 1600 degrees Fahrenheit. 

They were made ue of by mar'zing on the hot drum with a 

sticc. If the line melted, te temperature of the drum 

was above te rating marked on the stick, and if it did 

not melt the temperature could be considered below tnat 

marked on the sticc. In this manner the temperature could 

be aproximated fairly closely. The temoerature in the 

region adjacent to tne termocouole could not be checced 

very accurately, however, since it was difficult to get 

inside the drum that far and the temperature on tne out- 

side was of no value. Also, further indications of mac- 

curacy v'ere noted by watching the galvanometer in the pot- 

entiometer. 7hen there were any breaKs or shorts in the 

circuit the galvanometer would not register or would fluc- 

tuate erratically. These effects were noted once when 

the thermocouple broke lcose in the drum, and also when 

the contacts on the slip rings were corroded or oiiy. 

In macing these tests, three runs were made for each 

condition with each drum. The data for these runs are 

given in the aoendix. The data for each test and for 

each drum were plotted, then a representative curve was 

drawn for use in the comparison of the drums. 
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RESULTS AND CONCLUSIO:S 

Maximum effectiveness in aoplying water to the spec- 

ial brs.ke drum was obtained, with a maximum of 40 horse- 

power, by using two 1/16-inch jets of water 90 degrees 

apart, the et being so placed that streams of water were 

directed horizontally and placed about 100 degrees before 

top center. 

The water pressure applied to the speci1 brake drum 

seemed to have very little increased advantage above 2.5 

pounds per square inch, but heating increased very raidly 

below 2.5 pounds per square inch. 

Under actual field conditions a larger jet size 

would probably have to be used and the pressure increased 

to keep the same velocity, because more power would have 

to be absorbed. 

The water when applied to the soecial brake drum 

went through the cored holes only when the drum was warm 

and tne hotter the drum became te better the water seemed 

to flow through, largely indeoendent of the pressure ap- 

olied. This effect was probably brought about by the con- 

densation of steam envelope on the surface of tho holes 

reducing the resistance to the flow of the water. 

The temperatures recorded in the metal of the soecial 

drum for the 0.28 and 0.41 gallons per minute tests are 



below the boiling point of ivater in both sets of' runs, al- 

though steam was produced in all cases. (See curves, pages 

38 and 39.) This condition was due to the method of mount- 

ing the thermocouples. The inside of the drum was ground 

out around the thermocouple so that the indicated heat 

would have to be conducted heat. The thermocouple was 

mounted about 1.5 inches from the edge of the brake shoe 

and the ground area was about 2 inches in diameter, so 

for oractical purposes no heat could be developed on that 

side of the tnermocouple. The thermocouple was mounted 

in the web between two cored holes and the ground area 

was under two holes on each side of the thermocouple. 

This condition probably caused most of the heat coming 

from the sides aeroendicular to the axis of the drum to be 

absorbed by the water passing through the holes. There- 

fore, for all practical purooses the conducted heat would 

have to corne from one direction and since two holes carry- 

Ing water were 1/8 inch on either side of the thermo- 

couple, the apparent temperature gradient is to be exoect- 

ed. 

The thermocouples in both drums were mounted in te 

same relative position and both drums were made of aprox- 

imately the same material with about equal thermal conduc- 

tivity, therefore the relative temperatures between the 

two drums for purooses of tie comparison should be 
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acceptable. 

The curves on pages 35 and 

curves of the runs made with tìie 

showing the effects of different 

with all other conditions held ci 

The apparent inconsistency 

37 

36 are the representative 

conventional brake drum 

amounts of water applied 

Dns tant. 

in te set of curves on 

page 36 is the oroduct of a mistake in the head of water, 

as 2l inches of head was used instead of te required 11; 

inches, giving a somewhat greater water flow tban the 0.41 

gallons per minute. This made tie run come out with a low- 

er temperature than the run when using 0.41 al1ons per 

minute. This mista:e was not noticed until after tne set- 

u-o had been torn down, but the curve can be used for a corn- 

canson since the amount of water is on the conservative 

side. 

The curves on pages 38 and 39 are the representative 

c.rves of the runs made with the special brake drum, also 

showing tìe effects of applying different amounts of water 

with other conditions constant. 

There is another apparent inconsistency shown in the 

curves on page 38. The aolication of 0.28 gallons of 

water per minute shows a lower final temperature than does 

the curve of the application of 0.41 gallons per minute. 

This was not due to a mistake and was verified by running 

a check run at 0.28 gallons Der minute with other 
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conditions held constant. The water head, after the temo- 

erature had stabilized, was then raised to give the flow 

of 0.41 gallons per minute arid the temperature rose in- 

stead of lowering. The condition is probably brought 

about by reaching a critical value of the amount of water 

and the surface velocity of the brake drum. It is prob- 

able that the increased amount of water caused a higher 

percentage to be thrown off due to increased impact. It 

is likely that if the soeed of the drum had been changed 

for this set of tests the results would have been more con- 

sis tent . 

The special brake drum, due to the thinner sections 

arid large surface area, was suh.ect to a more severe 

quenching effect than the conventional drum and therefore 

is subject to easier cracking. Such cracking did occur 

between the cored holes and the braking surface. The 

cracks allowed the applied oil to seep into the cored 

holes and to olug arid insulate them. One of these cracks 

appeared next to the thermocouple during the preliminary 

tests. This may have caused the temperatures in the 

special drum to be recorded slightly higher than would 

have occurred normally, but for purposes of the comparison 

this condition is also on the conservative side. 

In practice the special brake drum would prove to be 

safer even though the metal is subject to a more severe 
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quench due to the larger surface area. This severe quench 

is more likely to produce cracks, however, the cracks 

seemed to he confined to the areas between the braking 

surface and the cored holes. This leaves the ooeration 

of' the brake unimpaired since the metal on the circumfer- 

ence of the drum outside of the cored holes aoparently is 

cooled more uniformly with less likelihood of cracking and 

the remaining metal apoarently is strong enough to with- 

stand fracturing from the braking pressure. 

Air was tried as a coolant for the special brake 

drum. The first trial was through the water .let with two 

1/16 inch holes with the full 120 pounds per square inch 

in the system. This gave a flow of aooroxirnately 14 cubic 

feet oer minute. (6, p 1-15) This run was not plotted 

because the coolin. effect was apoarently negligible and 

a satisfactory run without coolant could not be obtained. 

The runs made with air and the run made without coolant had 

to be interrupted for brake adjustment. 

The run with air was made again with a 1/8 inch pipe 

directed into the holes. This also was unsatisfactory 

because the storage of 21 cubic feet, or 192 cubic feet at 

120 pounds per square inch was reduced to 63.8 cubic feet 

at 30 pounds per souare inch in 8 minutes. This gave an 

average of 16 cbic feet of air per minute. The cooling 

effect was only slightly greater than In the first run 
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made with air. The data, for comparison, are included in 

the aooendix, oage 84, but they were not plotted as the 

curves would not represent the true heating curves with 

resject to time, since the tests were interrupted for 

brase adjustment. Also, the air pressure fell off con- 

siderably during these runs. 

The curves on pages 43, 44, 45, and 46 are the ul- 

timate results of the project. The curves of the comoar- 

isons of the brave drums all show definitely lower temoer- 

atures for the special brace drum, indicating a much 

greater oercentage of the applied coolant was being turned 

to steam. This should indicate that the drum will pos- 

sibly be of great value in service. 

The comparison of the drums with the application of 

0.20 gallons per minute was not made, since the amount of 

Vater was so slight that the already mentioned variables 

made too great a difference in the readings. Changes in 

any of the variables prodLced discrepancies in the curves. 

The water did not spread on either drum, therefore no ao- 

oarent reason exists for any differences between the two 

drums for these runs. 

There are several possible imrovements in the soec- 

ial cored brace drum which would orobably rnaice the drum 

even more valuable. One of these would he to move the wat- 

er admitting ring at the center toward the open side of 
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the drum 1/2 to 3/4 inch. This would help because the open 

end of the drum has less metal and surface to dissipate 

the heat, thus a more uniform temperature probably would 

be maintained across the drum. Temperature differences 

across the drum were noted by the use of "Temoilsticcs" 

as described on page 31. 

Also, if the receiving vanes were cast in instead 

of bejn drilled t.he water would have easier access to the 

holes and would be affected less by the centrifugal force. 

The cast-in vanes could have a greater angle from the axis 

of' the drum than the cored holes and the outside edges of 

the holes could be parallel to the axis of the drum instead 

of sloping as they are when drilled. 

The water admitting ring, with the receiving vanes, 

could be made inside the drum and. the water injected in- 

side the drum between the shoes or through one of the 

shoes. The water injection ooint would be changed with 

this method to 90 or 180 degrees after top center. The ef- 

fect of centrifugal force when using such a system would 

be advantageous instead of' detrimental. 

The special drum will, because of its thinner sec- 

tions, nave to be used differently. 'Iith the conventional 

system an operator frequently saves the water until the 

brake drums are quite hot before aoplying. This would be 

unsatisfactory for the special drum because of the severe 



quenching possible due to the large amount of surface area. 

The water should be aoplied concurrently with the brakes 

to have coolant on the drums all of the time they are 

heating. This would prevent excessive temperatures and 

would tend to keep heat checking at a minimum. This pro- 

cedure would also aid in prolonging the life of t;ie lining. 

In general, tnese tests seem to indicate that the 

orinciple of cared holes in brae druis as an aid in cool- 

ing could be of considerable importance. The lower oper- 

ating temperatures would tend to permit higher oerating 

speeds with a possible decrease in lining wear, scoring, 

heat checking, cracking, and complete failure of drums. 
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TE::FERATURE RECORD FOR TEST O CONVENTIONAL DRu: 
eadings in Lillivolts 30 Second Interv1s 

Torque - 2,000 lb-ft 1ater Fressure - 0.41 a1/rnin 
rum Soeed - loo rom ater Outlet - 1/8" pipe 

Run To. i Run No. 2 Run No, 3 

2.8 8.2 15.2 3.3 15,7 4,5 14,4 
3.3 8.0 15.2 4.5 15.6 5.4 14.4 
4.3 7.9 15.2 5.9 15.6 6.8 14.5 
5.7 8.0 15.2 7.0 lo.G 8,3 14.5 
6.6 7.9 15.2 8.7 15.5 9,7 14,7 
7.4 7.8 15.2 9.8 15.6 10.4 14.8 
8.0 7.7 lo.1 10.5 15.6 11.0 14.9 
8.3 7.5 15.2 10.9 15.6 11.6 15.0 
8,2 7.4 15.2 11.4 11,7 15,0 
8.0 7.3 11.9 11.8 15.1 
7.9 7.3 12.0 12.2 15.2 
7.9 7.2 12.2 12.3 15.3 
8.0 7.0 12.4 12.5 15.5 
8.3 8.5 12.6 12.7 15.6 
8.5 9.5 12.8 13.0 15.6 
8.7 10.2 12.9 13.2 15.6 
8.9 10.7 13.1 13.3 lo.7 

11.4 13.3 13.4 15.7 
9.6 11.9 13.4 13.4 15.7 

10.0 12.4 13.7 13.5 15.7 
10.5 11.9 13.7 13.6 15.7 
10.6 12.4 13.8 13.6 15.7 
10.8 12.7 13.8 13.7 15.7 
10.9 13.1 13.9 13.8 15.7 
11.1 13.3 14.0 14.0 15.6 
10.5 13.7 14.0 14.2 15.6 
10.5 13.9 13.9 14.6 15.6 
10,7 14.0 13.9 14.6 15.6 
10.8 14.2 13.9 14.5 15.7 
10,7 14.3 13.8 14.5 15.8 
10,7 14.4 14.0 14.5 15.9 
10.7 14.6 14.1 14.4 16.0 
10.7 14.8 14.3 14.5 16.1 
10.6 14.9 14.5 14.5 16.0 
10.4 14.9 14.7 14.6 15.9 
10.2 15.0 1.O 14.6 16.0 
9,9 15.1 15.1 14.6 16.0 
9.7 15.1 15.3 14.6 16.0 
9.4 15.1 15.3 14.3 15.9 
.3 15.2 15.3 14.3 15.8 

9.0 lo.2 15.6 14.3 15.8 
8.8 15.1 15.6 14.4 15.8 
8.5 15.2 15.5 14.4 15.7 
P4 15.2 15.7 14.4 15.6 



Run o. 3 (Con't.) Run No. 4 

15.6 1.9 15.6 15.5 
15.6 4.8 15.7 15.5 
15.6 5.8 15.8 15.5 
15.6 6.6 16.0 15.7 
15,6 8.8 16.0 15.9 
15.6 10.7 16.0 15.9 
15.6 11.8 16.1 15.8 
15.5 13.3 16.1 15.8 
15.5 14.8 16.1 15.8 
15.4 15.7 16.1 15.6 
15.4 17.0 16.0 15.6 
15.4 16.7 15.6 15.4 
15.4 16.7 15.3 15.4 
15.4 16.7 15.2 15.2 
15.4 16.4 15.1 15.3 
15.3 16.4 14.3 15.2 
15.3 16.5 15.6 15.1 
15.3 16.3 14.4 15.1 
15.3 15.2 14.4 14.9 
15,3 15.9 14.2 14.9 
15.3 15.8 14.3 15.0 
15.2 15.8 14.3 15.0 
15.2 15.7 14.4 15.0 
15.2 15.6 14.6 15.1 
15.2 15.4 14.6 15.2 
15.2 15.4 14.7 15.3 
15.2 15.4 14.8 15.5 
15.2 15.5 14.9 15.6 
15.2 15.5 15.0 15.8 
15.2 15.6 15.2 15.7 
15.2 15.4 15.4 15.7 
15.2 15.3 15.7 15.7 

15.3 15.7 15.7 
15.2 15.7 15.6 
15,2 15.7 15.6 
15.1 15.6 15.4 
14.9 15.6 15.2 
14.8 15.5 15.2 
14.9 15.4 15.2 
14,8 15.3 15.0 
14.8 15.0 15.0 
14.9 15.0 15.0 
15.0 15.1 15.0 
15.0 15.2 15.1 
15.0 15.3 15.2 
15.1 15.5 15.2 
15.2 15.5 15.2 
15.4 15.5 15.2 

15.4 
15.4 
15.5 
15.6 
15.6 
15.9 
16.1 
16.4 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.3 
16.0 
15.7 
15.5 
15.3 
15.2 
15.2 
15.2 
15.1 
15.1 
15.1 
15.1 
15.2 
15.2 
15.4 
15.4 
15.4 
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TEMPERATURE RECORD FOR TEST Oi'T CONVENTIONAL DRULI 
Headings in Millivolts 30 econd Intervals 
Torque - 2,000 lb-ft :ater Fressure - 0.28 gal/mm 
Drum 3oeed - 100 rom water Cutlet - 1/8" pire 

Run No i Run No. 2 

4.3 17.8 18.4 4.3 16.3 17.6 
5.4 17.9 18.4 5.6 16.3 17.7 
6.6 18.1 18.4 7.0 16.4 17.7 
8.0 18.1 18.4 8.4 16.5 17.7 
9.1 18.2 18.4 9.8 16.7 17.7 

10.0 18.2 18.4 10.7 16.7 17.7 
11.1 18.2 18.4 11.4 16.7 17.7 
11.8 18.2 18.4 11.9 16.7 17.7 
12.4 18.2 18.5 12.5 16.8 17.7 
13.0 18.3 18.5 12.3 16.9 17.7 
13.4 18.3 13.5 13.2 16.9 17.7 
13.9 18.3 18.5 13.4 17.0 17.8 
14.2 18.3 18.5 13.7 17.2 17.8 
14.4 18.3 18.5 13.9 17.2 17.9 
14.7 18.3 18.5 14.1 17.2 17.9 
15.0 18.3 18.5 14.3 17.3 17.9 
15.2 18.3 14.4 17.3 17.9 
15.4 18.3 14.7 17.4 17.9 
15.6 18,3 14.8 17.5 18.0 
15.9 18.3 15.0 17.5 18,1 
16.0 18.3 15.0 17.5 18.2 
16.2 18.4 15.2 17.6 18.3 
16.4 18.4 15.2 17.6 18.3 
16.5 18.4 15.4 17.7 18.3 
16.7 18.4 15.4 17.7 18.3 
16.8 18.5 15.5 17.7 18.3 
16.9 18.5 15.5 17.8 18.3 
17.0 18.5 15.5 17.8 18.3 
17.1 18.5 15.6 17,8 18.3 
17.2 18.5 15,6 17.9 18.4 
17.2 18.6 15.6 17.9 16.4 
17,4 18.6 15.7 18.0 18.4 
17.4 18.7 15.7 18.2 18.4 
17.4 18,7 15.7 18.2 18.4 
17.5 18.7 15.7 18.2 18.4 
17.5 18,8 15.8 18.1 16.4 
17,6 18.8 15.8 17.9 18.3 
17.6 18.8 l5. 17.8 18.3 
17,6 19.8 15.9 17.7 18.3 
17,7 18.8 16.0 17.6 18.4 
17,7 18,7 16.0 17.5 18.4 
17.7 18.6 16.1 17.5 18.4 
17.8 18.5 16.1 17.5 18.4 
17.8 18.4 16.2 17.6 18.4 

16.4 
18.5 
18.5 
18.5 
18.5 
18.5 
18.4 
18.4 
18.4 
18.5 
19.5 
18.4 
18.5 
18.5 
18.5 
18.5 
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7.2 15.5 
8.6 15.8 
9,4 16.0 

10.3 16.3 
11.0 16.6 
11.5 16.9 
11.8 17.3 
12.1 17.6 
12.2 17.8 
12.4 18.0 
12.5 18.1 
12.6 18.2 
12.7 18.2 
12.8 18.3 
12.9 18.4 
13.0 18.5 
13.1 18.5 
13.2 18.4 
13.3 18.5 
13.3 18.6 
13.4 18.6 
13.5 18.6 
13.5 18.5 
13.5 18.4 
13,5 18.3 
13.5 18.3 
13.5 18.3 
13.5 18.3 
13,6 18.3 
13.7 18.3 
13.8 18.3 
13.9 18.3 
14.0 18.3 
14.1 18.4 
14.2 18.5 
14.3 18.5 
14.5 18.6 
14.7 18.5 
14.9 18.5 
14.9 18.4 
14.9 18.4 
14,9 18.4 
15,0 18.3 
15.0 18.4 
14e8 18.4 
14.5 
14,5 
15.0 
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TEERATURE RECORD FOR TEST ON CONVENTIONAL DRUi 
Readings in Millivolts 30 Oecond Intervals 
Torque - 2,000 lb-ft '1ater :ressure - 0.20 gal/mm 
Drum Sceed - 100 rpm '1ater Outlet - 1/e" pifle 

Run No. 1 Run :To. 2 Run No. 3 

4.0 21.8 4.7 21.4 5.0 20.9 
5.4 21.8 5.7 21.3 6.0 21,1 
7.0 21.7 7.4 21.3 7.0 21.1 
9.1 21.7 3.6 21.2 8.9 21.1 

11.0 21.8 9.6 21.3 10.6 21.1 
12,2 21.8 11.0 21.3 11.6 21.2 
13.6 21.9 12.1 21.2 13.0 21.2 
l4.i 21.8 13.0 21.2 13.7 21.3 
15.7 21.7 14.0 21.3 14.6 21.4 
16,7 21.6 14.9 21,5 14.8 21.5 
17.5 21.6 15.4 21.8 15.6 21.6 
17..? 21.6 16.1 21.8 16.1 21.7 
18.2 21.5 16.4 21,8 16.6 22.0 
18.6 21.5 16.7 21.8 16.8 22.0 
19.0 21.6 17.4 21.7 17.0 22.0 
19.3 1.6 18.3 21.6 17.5 22.5 
19,5 21.6 18.8 21.6 18.2 22.6 
19.6 21.5 19,2 21.5 19.2 22.8 
19.8 21.5 19.4 21.5 19.3 23.0 
19.9 21.5 19.5 21.5 19.3 23.0 
20,0 21.5 19.5 21.5 19.5 23.0 
20.1 21.5 19.6 21.5 20.0 22.8 
20.2 21.5 19.5 21.5 20.5 22.7 
20.4 21.5 19.5 21.5 20.6 22.4 
20.4 19.5 20.6 .2.2 
20.6 19.6 21.0 22.0 
20.6 19.6 21.1 21.8 
20.7 19.6 20.0 21.3 
20.8 19.8 20.8 21.7 
21.1 19.9 20.6 21.6 
21.2 20.0 20.6 21.4 
21.3 20.1 20.6 21.4 
21.4 20.4 20.6 21.4 
21.4 20.7 20.5 21.4 
21.5 20.8 20.5 21.4 
21.6 20.8 20.5 21.4 
21.6 21.0 20.5 21.4 
21.7 21.0 20.5 21.5 
21.7 21.2 20.6 21.5 
21.8 21.2 20.7 21.5 
21.8 21.3 20.8 21.5 
21.8 21.4 20.9 21.5 
21,9 21.4 21.0 21.5 
21.9 21.4 20.9 
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TE;:F.TURE RECORD FOR TEST OI' OONVEiTIONAL DU 
Readings in Lillivolts 30 Second Intervals 
Torque - 1,000 lb-ft 7ater Pressure - 0.41 g.1/min 
Drum Speed - 164 rom ater Outlet - 1/8" cipe 

Run ::o. 1 Run No. 2 

2.1 15.6 11.7 14.0 4.8 14.0 14.5 
2.2 15.4 11.7 14.2 10.2 14.2 14.6 
2.4 14.8 11.7 14.6 11.2 14.0 14.4 
3.2 13.7 11,5 14.2 10.8 14.0 14.2 
3.3 15.2 11.5 13.4 10.4 13.7 14.2 

14.9 11.5 13.1 10.2 13.6 14.1 
15.2 11.3 13.3 11.2 13.8 14.1 

9.9 15.5 11.2 14.1 11.8 13.7 14.1 
10.7 15.0 11.1 14.6 12.2 13.9 13.9 
11.5 15.3 11.1 l4. 12.8 14.5 14.1 
12.3 15.6 10.9 14.5 13.3 14.7 14.1 
12.4 15.1 10.9 14.2 13.6 14.5 14.3 
12.4 14.3 10.8 14.2 13.8 14.4 14.3 
12.4 14.0 10.8 14.2 13.9 14.1 14.3 
12,2 13.4 10.7 14,0 13.8 14.0 14.4 
11.0 13.2 10.7 14.1 13.8 13.9 14.3 
11.4 13.7 10.9 13.8 13.5 13.9 14.2 
12.5 13.5 10.9 13.8 13.3 14.0 14.1 
12.7 13.4 11.0 13.9 13.3 14.1 14.1 
12.6 13.8 11.0 l3. 13.3 14.3 14.3 
12.0 14.4 11.1 13.9 13.3 14.2 14.4 
11.8 14.9 11.4 14.1 13.1 14.2 
11.7 14.2 11.7 14.2 12.8 14.2 
11.3 13.9 11.8 14.2 12.7 14.3 
1]...2 13.4 12.0 14.2 1.2.8 14.5 
10,3 13.0 11.9 14.3 13.2 14.6 
10.6 12.5 12.1 14.3 13.4 14.2 
11.1 12.2 12.5 14.5 13.4 14.1 
11.1 12.2 13.1 15.2 13.6 14.2 
li .3 12.2 13.6 13.8 13.6 14.2 
11.8 11.9 13.4 13.9 13.4 14.2 
11.4 11.8 12.9 13.8 13.2 14.1 
11.5 12.6 12.6 14.4 13.1 14.1 
11.7 12.4 12.3 14.6 13.4 14.2 
12,0 11.8 l2.6 14.0 13.4 14.2 
12.7 11.8 12.9 14.1 13. 14.1 
12.9 11.9 13.2 14.2 13.6 14.2 
13.2 12.2 13.2 1..2 13.7 14.2 
13,2 12.5 13.0 14.3 13.8 14.2 
14.0 12.4 12.9 14.3 13.4 14.2 
14.0 11.7 13.1 14.3 13.3 14.2 
14.5 12.0 13.4 14.1 13.6 14.2 
14.7 12.0 13.2 13.8 14.3 
14.7 11.8 13.3 13.8 14.5 
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un ::o. 3 

4.2 16.7 16.1 
6.4 :15.9 15.7 
7.3 15.2 15.5 
10.2 14.6 16.0 
11.4 14.4 16.5 
11.6 14.6 16.7 
1.3 15.0 16.5 
1.3.1 15.3 16.3 
13.8 16.0 15.7 
14.3 16.7 15.3 
14.6 167 15e2 
14.7 16.7 15.2 
14.9 16.5 lo.2 
14.9 16.4 15.2 
14.9 16.3 15.3 
14.8 15.8 15.5 
14.6 15.6 16.2 
14.3 16.5 16.0 
14.4 17.4 15.7 
14.4 17.3 15.9 
14.3 16.7 16.3 
14.4 16.7 16,4 
14.4 16.7 16.6 
14.4 16.4 16.8 
14.4 16.4 16.6 
14.9 16.9 16.1 
15.0 17.2 15.9 
14.9 17.2 16.2 
14.8 17.0 16.6 
14.9 16.7 17e0 
15.2 16.4 17.3 
15.1 16.2 16.8 
15.0 16.4 16.4 
15.5 16.5 15.9 
15.9 16.2 15.7 
15.7 16.2 15.0 
15.5 15.9 14.7 
15.6 16.8 14.5 
6.0 17.2 14.5 

16.2 17.2 14.5 
16.4 17.0 14.6 
16.3 16.4 14.2 
15.9 16.1 15.4 
15.3 15.8 14.5 
15.6 15.3 14.5 
16.2 16.0 
16.8 16.1 
16.6 16.2 
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TL.1E1RÀTURE RECOPD FOR TEST O'T CONVENTIONAL DRUM 
Readings in Millivolts 30 Second Intervals 
Torque - 1,000 lb-ft 'ater Fressure - 0.28 gal/mm 
Drum Speed -164rpm ater Outlet - l/8' oioe 

Run No. i RUn No. 2 

3.7 12.4 13.0 1 .1 13.1 13.1 12.6 
4.2 12.0 13.2 3.0 13.0 13.0 12.6 
4.6 11.8 13.2 3.6 12.8 12.9 13.0 
4.9 11.6 13.1 ..8 12.9 12.9 13.0 
5.3 11.7 13.1 5.2 13.0 12.9 13.0 
5.6 11.7 13.3 b,6 13.1 12.9 13.0 
6.0 11.8 13.3 6.8 13.1 12.9 
6.4 12.0 132 7.3 13.2 13.1 
6.6 12.1 13.2 7.8 13.2 13.1 
7.0 11.9 13.0 8.2 13.2 13.1 
7.3 11.9 13.2 8.7 13.2 13.0 
7.6 11.8 13.2 9.2 13.2 13.0 
7.8 11. 13.2 9.7 13.2 13.1 
8.0 11.8 13,0 9.8 13.1 13.0 
8.2 11.7 13.0 10.2 13.2 13.1 
8.4 11.8 10.5 13.2 13.1 
8.8 11.7 10.7 13.2 13.2 
9.0 11.6 10.9 13.2 13.2 
9.3 11.6 11.1 13.1 13.2 
9.5 11.6 11.2 13.0 13.3 
9.7 11.6 11.5 12.8 13.3 
9.8 11.7 11.6 12.7 13.3 
9.9 11.8 11.7 12.7 13.3 

10.1 12.0 12.0 12.7 13.3 
10.6 12.2 12.2 12.7 13.2 
10.9 12.4 12.3 12.7 13.2 
11.0 12.6 12,3 12.7 13.2 
11.1 12.6 12.3 12.7 13.2 
11.0 12.7 12.4 12.7 13.3 
11.1 12.8 12.5 12.6 13.3 
11.2 12.8 12.5 12.6 13.2 
11.2 12.8 12.4 12.6 12.9 
11.4 12.8 12.5 12.6 12.9 
11.5 12.7 12.5 12.6 13.0 
11.7 12.7 12.5 1.6 13.0 
11.8 12.7 12.6 12.5 12.8 
12.0 12.8 12.6 12.6 12.8 
12.2 12.9 12.7 12.6 12.7 
12.5 13.2 12.8 12.6 12.6 
12.5 13.3 13.0 12.5 12.6 
12,5 13.2 13.1 12.5 12.6 
12.6 13.2 13.2 12.4 12.6 
12,6 13.2 13.2 12.4 12.6 
12.6 13.1 13.2 12.8 12.5 
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TELPEPLÀTTJRE RECORD FOR TEST ON CONVENT TONAL DRUE 
Readings in Millivolts 
Torque - 1,000 lb-ft 
Drum Sneed. - 164 rom 

30 Second Intervals 
7ater - 0.20 gal/mm 
ater Outlet - i/Bit oipe 

Lun No. i Run No. 2 

7.3 17.4 19.2 20.8 2.8 19.2 20,6 
8.0 17.7 19.1 20.4 4.9 19.4 20,3 

13,0 13,2 19,1 20,5 8.0 19.9 20.2 
13.5 18.6 19.5 21.0 9.2 20.1 20.2 
14.0 19.0 19.6 21.0 10,2 20.2 20.3 
14.6 19.1 19.7 21.0 11.0 20.0 20.3 
15.0 19.0 20.0 21.3 12.2 19.5 20.3 
15.3 18.5 20.5 21,5 14.0 l.2 20.6 
l.2 18.3 23.6 21.5 14.6 19.3 20.6 
15.5 18.0 20.6 21.3 15.7 19.1 20.5 
15.6 17.8 20.6 _l.3 16.2 19.1 20.7 
15.7 17.8 20.4 21.1 16.9 19.3 20.7 
15.7 17.8 20.1 21.' 17.2 19.4 21.0 
15,7 18.0 19.8 21.1 17.3 19.6 21.0 
15,7 18.1 20.0 21.2 16.8 19,7 20.8 
15.8 18.3 20.3 21.0 16.6 20.0 20.8 
15,8 18.5 20.3 21.0 16.4 20.2 20.8 
15,8 18.7 20.4 21.0 16.3 20.4 20.9 
15.8 19.2 20.6 21.1 16,3 20.7 20.9 
15.8 19.4 20.6 21.1 16.4 20.5 20.9 
15.8 19.6 20.5 21.1 16.4 20.1 20.6 
15.8 19.8 20.3 16,4 19.9 20.6 
16.2 19.6 20.2 16.5 19.8 20.6 
16,5 1.4 20.3 16.7 19.9 20.7 
17.0 19.3 20.5 17.0 19.9 20.8 
17.2 19.0 20.3 17.3 20.0 20.8 
17,2 18.9 20.5 17.8 20.2 20.8 
17.0 18.9 20.2 18.2 20.5 20.8 
16.8 18.8 20.2 18.5 20.6 20.7 
16.7 19.0 20.4 18.7 21.0 20.8 
17.0 19.0 20.3 19.0 21.1 20.8 
17.4 19.3 20.3 19.2 21,0 20.8 
17.7 19.4 20.3 18.7 20.5 20.8 
18.5 19.4 20.1 18.4 20.3 20.8 
18.5 19.6 20.0 1.3 20.3 20.9 
18.7 19.7 20.1 18.5 20.1 20.7 
18.8 19.8 20.3 18.9 20.0 20.9 
18.6 19.9 20.2 18.6 20.1 21.0 
18.4 19.9 20.3 18.6 20.2 21.0 
17.9 19.9 20.1 18.6 20.6 20.9 
17,5 19.8 20.3 18.6 20.8 20.9 
17,5 19.5 20.6 18.5 20.8 21.1 
17,4 19.3 20.6 18.7 21.0 21.0 
17.4 19.3 20.6 18.7 21.0 21.0 
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TEi1PERÀTURE aECORD FOR TEST ON SPECIAL DRUL 
ieadings in IIj11jVO1tS Water - 0.41 a1/min 
Torque - 2,000 lb-ft 30 Second Intervals 
Drum Speed - loo røm Water Outlet - Two 146" .jets 

Run No. i Run o. 2 Fun :o. 3 

3.5 3.7 o.8 4.2 6.0 
4.7 5.3 5.8 4.8 6.0 5,8 

5.2 6.4 5.9 6.0 6.0 5.8 

5.5 6.7 5.9 6.4 6.0 
5.7 6,7 5.8 6.4 6.0 5.9 

4.5 6.6 5.7 6.5 6.0 5.9 

4.0 6.5 6.4 6.0 
5.2 6.5 5.6 6.3 6.0 5.9 

5.6 6.4 5.7 6.2 6.0 5.9 

6.1 6.3 3.7 6.2 6.0 5.9 
7.0 6.3 5.7 6.1 6.0 5.9 
7.0 6.1 0.7 6.1 6.0 6,0 
6.3 6.0 5,7 6.1 6.0 6.1 
5.9 5.9 o.7 6.1 6.0 6.1 

6.1 5.9 5.7 6.1 6.0 6.1 

6,1 5.8 5,7 6,0 5,0 6.0 
6.1 5.8 5.7 6.0 5.8 6.0 
6.1 5.8 5.5 6.0 5.8 6.0 
5.7 5.8 5.5 6.0 5.8 6.0 
5.7 5.9 5.6 6.0 o,8 6.0 
o.5 5.8 5.7 6.0 5.8 6.0 
5.4 5.8 5.7 6.1 .8 6.0 
5.3 5.8 o.1 5.8 6.1 

5.2 o.8 6,1 5.8 6.2 

5.1 5.9 6.1 5.8 
5.0 5.8 6.1 5.8 

5.0 5.7 6.1 5.8 

5.0 5.7 6.2 5.8 
5.7 6.1 5.8 
5.8 6.2 5.8 
o.8 5.1 5,8 
5.9 6.0 5.8 
5.9 6.0 5.8 
5.9 6.0 5.7 
5.9 6.0 5.6 
5.9 6.0 5.6 
6.0 6.0 5.6 

6.0 6.0 5.6 
6.0 6.0 5.6 
5.0 6.0 5.6 
6.0 6.0 5.6 
5.8 6.0 5.6 
5.7 6.0 5.6 
5.7 5.9 5.6 
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TEMFÂTURE RECORD FOR TE3T ON SPECIAL DRUI 
Readis in Millivolts 30 Second Intervals 
Torque - 2,000 lb-ft W.ter - 0.28 gal/mm 
Drum Soeed - 100 rem Water Outlet - Two 1/16" 1ets 

Run o. 1 Run No. 2 Run No. 3 

6.0 8.1 5.4 5.0 5.8 6.3 6.0 
7.7 8.2 5.3 6.2 5.7 8.4 6.6 
9.0 8.5 5.3 7.5 5.7 9.3 6.9 
9.6 8.6 5.2 7.7 5.6 9.4 6.9 
9.7 8.6 5.2 7.8 5.4 9.6 6.5 
9.9 8.5 5.1 7.8 5.2 9.3 6.0 
9.9 8.8 5.2 7.8 5.1 8.7 5.8 
9.9 8.9 5.2 7.7 5.0 8.9 5.5 
2.9 9.0 5.2 7.6 5.1 9.0 5.4 
9.9 9.0 5.1 8.1 5.4 9.0 5.3 
9.8 9.0 5.1 7.4 5.4 9.0 5.1 
9.8 9.0 5.2 7.1 5.2 8.7 5.1 
9.7 9.0 5.2 6.8 5.1 8.2 5.2 
9.9 8.9 5.1 6.7 5.1 8.3 5.5 

10.0 8.5 5.2 6.7 8.3 5.7 
10.1 8.5 5.2 6.6 8.5 5,7 
10.3 8.0 5.2 6.6 8.2 5.5 
10.4 7.5 5.1 6.4 7.8 5.2 
10.5 7.1 5.0 6.4 8.1 5.1 
10.6 6.6 5.1 6.3 9.1 5.0 
10.6 6.4 5.2 6.3 9.4 4.9 
10.6 6.2 5.2 6.6 9.4 4.9 
10.7 6.2 6.8 9.2 4.8 
10.7 6.2 6.2 9.1 5.0 
10.8 6.1 6.2 9.1 5.0 
10.5 6.1 6.3 8.7 5.2 
10.0 6.2 6.2 7.5 5.1 
8.5 6.2 6.2 8.9 5.0 
8.2 6.2 5.1 9.2 5.0 
8.0 6.2 5.2 9.1 4.9 
8.0 6.2 5.3 8.5 4.9 
7.9 6.2 5.5 8.4 4.9 
7.9 6.2 5.5 8.1 5.0 
8.0 6.1 5.6 7.9 4.9 
8.0 5.8 5.6 7.9 4.9 
7.5 5.9 5.6 8.1 
7.5 5.8 5.6 8.5 
7.3 5.8 5.8 8.2 
7.2 6.0 6.2 8.0 
7.3 5.9 6.2 7.6 
7.4 5.9 6.2 7.0 
7.6 5.4 6.2 6.6 
7.7 5.4 6.0 6.2 
8.0 5.4 6.0 



(
2
 

t
-
 

.
 
-
.
.
.
.
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 

-
-
 
-
-
-
-
-
 

_IN
IIIII1IIIIIflIIIU

!i 
:IiIflIIiIIIuIu:flH

H
hIIN

uui!u: 
_
 

'
I
'
Ì
r
Ì
I
 

E
1
É
I
É
Ì
L
E
E
 

E
R
L
 



73 

TEMPERATURE RECORD FOR TEST ON SPECIAL DRUM 
Readings in i11ivolts 30 Second intervals 
Torque - 2,000 lb-ft Water - 0.20 gal/mm 
Drum Soeed - 100 rm Water Outlet - T'o 1/16" lets 

Run No. i Run No. 2 Run No. 3 

4.7 8.0 23.2 6.0 21.9 23.6 
6.0 10.8 23.1 7.2 22.5 
7.2 12.0 2.8 9.4 22.6 

.3 12.0 22.5 11.3 22.8 
10.8 10.4 22.2 14.2 22.6 
11.7 11.3 22.0 14.5 22.6 
12,0 11.9 21.9 15.0 22.7 
12.9 12.5 21.7 15.0 22.6 
13.1 12.8 21.6 15.2 22.6 
13.5 12.8 21.6 16.4 22.7 
13.7 13.0 2i.5 18.0 22.7 
13.9 13.0 21.3 18.2 22.8 
14,0 13.3 21.1 18.8 22.7 
14,4 13.4 20.8 19.3 22.8 
14.5 14.0 20.4 19.8 22.9 
14.8 15.1 19.9 19.9 23.0 
15.2 15.8 19.8 20.1 23.1 
15.6 16.4 19.8 20.2 23.0 
16.2 18.3 20.0 20.5 23.0 
16.6 19.6 20.5 20.6 23.3 
17.1 20.2 20.7 20.7 23.2 
i7.8 20.8 21.1 20.6 23.2 
18.8 21.8 21.6 20.6 23.2 
22.3 22.0 21.8 20.6 23.4 

22.3 22.5 20.6 23.6 
22.6 22.8 20.7 23.6 
22.8 23.4 21.0 23.6 
22.6 23.5 21.0 23.8 
22.9 24.0 21.0 23.7 
23.0 24.2 21.1 23.7 
22.8 24.7 21.2 23.6 
22.8 24.9 21.2 23.6 
22.8 25.0 21.3 23.6 
23.0 25.1 21.2 23.7 
22.9 25.2 21.2 23.8 
23.0 25.2 21.4 23.8 
23.0 25.2 21.5 23.6 
23.0 25.2 21.6 23.7 
23.0 25.1 21.6 23.7 
23.0 25.0 21.4 23.7 
23.1 21.3 23.6 
23.0 21.0 23.6 
23.0 21.1 23.6 
23.2 21.4 23.6 
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TEMPERATURE RECORD FOR TEST ON SPECIAL DRULI 
Readings in Millivolts 30 Second Intervals 
Torque - 1,000 lb-ft water - 0.41 gal/mm 
Drum Speed - 164 rom Thter Outlet - Two 1/16" iets 

Run No. 1 Run No. 2 Run No. 3 

3.9 6.3 3.1 5.9 5.9 2.8 7.0 
4.9 6.3 6.2 6.0 6.2 4.3 6.8 
5.7 7.5 5.9 6.1 5.7 6.8 
6.3 7.8 6.0 6.2 6.5 5.7 
6.6 7.5 6.0 6.2 6.9 6.7 
6.5 7.5 6,0 6.2 7.0 6.7 
6.5 7.5 6.1 6.2 6.9 6.7 
5.3 7.4 6.0 6.2 6.8 6.7 
6.3 7.3 5.9 6.3 6.8 6.7 
t A o.' 

,_, 2 
( ._) 

f u. / r , ' o. i o. 

7.2 7.2 5.9 6.2 6.7 6.5 
6.5 7.2 5.9 5.1 6.7 6.4 
6.6 7.2 o.9 6.1 6.6 6.4 
6.6 7.0 5.9 6.0 6.6 6.3 
6.5 7.0 5.9 5.9 6.6 6.3 
6.5 7.0 5.9 5.9 6.5 6.3 
6,4 7.0 5.9 5.9 6.5 6.3 
6.3 6.9 5.9 5.9 6.5 6.2 
6.3 6.9 5.9 5.9 6.5 6.1 
6.2 6.8 5.8 5.8 6.4 6.0 
6.2 6.8 5.8 5.8 6.4 5.9 
6.2 6.8 5.8 5.8 6.4 5.9 
6.2 6.6 5.8 5.8 6.4 5.7 
5.2 6.6 5.8 5.8 6.3 o.7 
6.2 6eS 5.8 5.8 6.0 5.8 
6,3 6.4 5.8 5.8 5.9 5.7 
5,3 6.4 5.7 5.8 5.8 5.7 
6.4 6.3 5.8 58 5.8 5.7 
6.3 5.3 5.8 5.8 5.8 5.7 
6.3 6.3 5.8 5.8 5.8 5.5 
6.3 6.4 5.8 5.8 5.8 5.4 
6.3 6.3 5.9 5.8 5.7 5.5 
6.3 6.3 5.8 5.7 5.4 
6.3 6.2 5.8 5.7 5.4 
5,3 6.0 5,8 5.7 5.4 
6.3 5.1 5.8 5.7 5.3 
5.3 6,1 5.8 5.6 5.3 
6.3 6.3 5.7 5.7 5.3 
6.3 6.1 .7 b.7 5.3 
6.3 6.1 5.7 5.6 5.3 
6.2 6.0 5.7 5.5 5.2 
6.3 5.9 5.7 5.4 5.2 
5.2 5.9 5.7 5.6 5.2 
6.3 5.9 5.7 7.2 5.2 
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un No. 3 (Con't) 

5.2 
5.1 
5.1 
5.1 
5.1 
5.0 
5.0 
5.0 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.2 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 



-
-
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TEMFEATURE RECORD FOR TEST ON SPECIAL DRU 
Readings in Millivolts 30 Second Intervals 
Torque - 1,000 lb-ft Water - 0.28 gal/mm 
Drum Speed - 164 rpm 'ater Outlet - Two 1/16" jets 

Run No. i Run No. 2 Run Mo. 3 

2.5 6.1 3.1 5.9 3.4 5.8 
3.0 6.0 3.6 6.0 4.8 5,8 
3.5 5.9 4.3 6.0 5.4 5.8 
4.4 5.9 4.9 5.9 6.4 3.8 
5.1 5.9 5.2 5.9 7.2 5.9 
5.5 5.9 5.6 5.9 7.9 5.9 
5.8 5.9 5.7 5.9 8.0 5.8 
6.1 5.9 5.7 6.0 8.1 5.8 
6.2 5.9 5.8 5.9 8.2 5.8 
6.2 5.9 6.0 5.9 8.1 5.8 
6.2 5.9 .9 5.9 7.0 5.8 
6.1 5.9 7_8 3.8 
6.1 5.9 7.6 5.8 
6.0 6.0 7.6 5.8 
6.0 5.9 7.3 5.8 
6.1 5.9 7.2 5.8 
6.2 5.8 7.1 5.8 
6.2 5.7 7.1 5.9 
6.2 5.8 7.2 5.8 
6.1 5.8 7.2 5.8 
6.0 5.8 7.3 5.8 
6.1 5.8 7.1 5.8 

6.1 5.8 6.9 5.8 
6.1 5.8 6.8 
5.9 5.8 6.8 
5.9 5.8 6.6 
5,9 5.8 6.5 
5.9 5.8 6.4 
5.9 5.8 6.3 
5.9 5.8 6.3 
6.0 5.8 6.3 
6.0 5.8 6.3 
6.0 5.8 6.3 
5,9 5.9 6.3 
6.0 5.8 6.3 
5.9 5.8 6.3 
5.9 5.8 6.2 
6,0 5.9 6.3 
5.9 5.9 6.2 
6.0 5.9 6.2 
6.0 5,9 6.0 
6.0 6.0 5.9 
6.0 6.0 5.9 
6.1 5.9 5.8 
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_________ RECOFD FOR TEST ON SPECI.L DR[J.: 

Readings in Lillivolts 30 Second Intervals 
Torque - 1,000 lb-ft 'Xater - 0.20 gal/mm 
Drum Soeed - 164 rm ater Outlet - Two 1/16" ets 

Run ::o. i Run o. 2 Run No. 3 

3.9 15.8 2.1 14.9 19.8 4.8 
5.2 16.1 3.3 14.8 20.0 5.4 
6.5 15.1 5.9 14.9 21.2 6.8 
7.0 15.9 7.7 15.0 22.4 8.7 

7.5 15.9 9.1 15.0 23.2 10.1 
8.4 16.0 10.1 15.1 22.2 10.7 
9.7 16.2 11.1 15.3 2.3 11.5 
11.0 16.2 11.7 15.5 21.9 11.9 
11.9 16.4 11.9 15.5 21.9 12.3 
12,6 16.7 12.2 15.5 22.0 1.7 
13.3 17.1 12.3 15.7 21.3 13.1 
14,2 17.3 1.3 15.9 21.8 13.4 
15.6 17.3 12.2 15.9 21.5 13.6 
16.3 17.5 12.4 i5. 13.7 

16.7 17.6 12.4 16.1 13.3 
16.9 17.8 12.6 16.3 13.1 
17.1 18.0 12.9 16.7 13.3 
17.3 18.3 13.3 17.1 13.5 
17.7 18.3 13.7 17.5 13.8 
18.4 18.4 13.9 17.7 14.2 
18.7 18.3 13.9 17.9 14.3 
19.1 18.3 13.8 18.2 14.7 

19.2 18.4 13.8 18.6 14.8 
19.3 18.3 13.6 18.6 14.9 
19.2 18.3 13.5 18.7 15.2 
19.2 18.3 13.8 18.3 15.4 
18.9 13.9 18.5 15.7 
18.5 13.9 18.3 16.0 
18.2 14.2 18.1 16.4 
17.5 14.4 18.4 16.8 
17.3 14.5 19.2 17.1 
17.1 14.6 18.8 17.4 
16.8 14.6 19.4 17.5 
17.1 14.2 18.8 17.4 
16.7 13.8 19.1 17.6 
16.4 13.4 19.3 17.7 

16.3 13.3 19.3 17.8 
16.3 13.6 19.2 18.4 
16.3 14.4 19.5 18.6 

16.3 14.9 19.5 18.6 

16.2 15.2 19.0 18.8 
16.2 15.6 18.5 19.2 
16.1 15.4 19.1 19.7 
15.9 15.0 19.6 20.2 

20.8 
21.2 
21.5 
22.0 
22.4 
23.3 
24.2 
25.4 
26.7 
27.2 
27.1 
26.4 
25.9 



un No 4 

2.0 15.5 19.6 
3.6 15.8 20.1 
6.4 15.6 20.1 
'3.5 15.6 20.3 
9.7 .5.7 20.2 

10.4 16.0 20.2 
10.6 16.0 20.3 
11.0 16.1 20.4 
11es 16.4 20.4 
12.3 16.5 20.6 
13.8 16.8 20.4 
4.7 16.9 20.4 
14.9 16.9 20.3 
15.2 16.9 20.3 
1.4 16.9 20.4 
15.5 16.9 20.6 
15.7 17.0 20.6 
15,8 17.3 20.7 
15,4 17.5 20.7 
14.8 17.7 20.8 
14.6 17.9 21.0 
14.3 17.9 21.2 
14.3 17.8 21.4 
14.4 17.6 21.6 
14.4 17.3 21.9 
14.6 17.5 21.5 
14.7 17.6 22.1 
14.7 17.6 22.3 
14.8 17.6 22.2 
14.8 17.2 21.5 
15.0 17.2 21.2 
15.0 17.4 21.3 
15.0 17.6 21.5 
15.0 17.9 20.9 
15.2 18.4 21.1 
15.2 19.6 20.6 
15.2 18.6 20.5 
15.3 18e7 20.5 
15.3 18.7 20.6 
15.5 18.7 20.5 
15.5 18.9 20.7 
15.5 18.9 21.3 
15.5 19.2 21.5 
15.5 19.5 21.7 
15.5 19.8 22.0 
15.6 19.9 22.1 
15.8 20.4 22.3 
15,7 19.8 22.4 

22.6 
22.7 
22.8 
23.0 
23.0 
23.0 
23.0 
23.0 
23.1 
22.7 
22.4 
22.6 
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TEMPERATURE RECORD FOR TEST ON C0NV\JTIONAL DRUM 
Readings in Millivolts 
Torque - 2,000 lb-ft 30 second Intervals 
Drum Soeed - loo rpm No Coolant Used 

Run No. i 

4.5 
5.7 
5.4 
7.3 
8,4 

9.3 
11.0 
12,5 
14.2 
16,2 
18.0 
19.8 
21 i 

22.4 
23.5 
24,4 
25.2 
25,4 

(Brake released for adjustment) 

25.3 
26.4 
27 3 

27.9 
28.5 
29.3 
30 i 

30.6 
31.2 
31.6 
32.1 
32.4 
32.8 
32.9 

83 

This run vas discontinued because outer rim of the 

drum became red hot. 
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TEM?ERATTJRE RECORD FOR TEST ON SPECIAL DRUM 

Readings in Millivolts 30 Second Intervals 
Torque - 2,000 lb--ft Cooiant Air, 120 psi 
Drum 3eed - 100 rom Run i - Two 1/16" jets 

Run 2 - One 1/8' pipe 

Run No. i Run No. 2 

4.9 4.3 - 120 psi 
6.6 5.8 
9.0 8.9 

11.3 11.9 
13.0 15.6 
14.6 17.2 - 70 osi 
15.0 18.7 
15.6 20.2 
16,7 21.8 
18.1 23.7 - 50 psi 
19.4 23.1 
21.5 23.1 
23.9 23.5 - 40 psi 
26.8 23.7 
27.0 23.6 
26.4 23.8 - 30 psi 
26.6 23.8 
27.8 24.3 
28.8 24.6 

25.0 
25.1 - 20 psi 
25.7 
26.2 
26.4 

26.3 
26.2 (Torque drop3ed to 1600 lb-ft) 
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CALIBRATION OF HYDRAULIC PRESSURE UNIT 

Tinius Olsen Feacock rothers 
30,000 pound steel tube 

testing maci-iine gage 

200 100 

400 210 

500 250 

600 330 

1000 500 

1500 740 

2000 1000 

2500 1240 

3000 1500 

3500 1750 

4000 2003 

4500 2250 

5000 2500 

5500 2750 

6000 3000 

6500 3250 

7000 3500 

7500 3750 

8000 4000 

9000 4500 


