
GEORGIA INSTITUTE OF TECHNOLOGY 

Commander 

ENGINEERING EXPERIMENT STATION 

ATLANTA. GEORGIA 

Wri~t Air evel opment Center 
Wright .,..Pa tter on Ai.r l r ce se, Ohio 

Attention~ WCLSM~l · 

Subject~ Letter Repor t O o 1, Pr ject Noo A=331 

June 6, 

Covering t he peri od f r om Apr il 15 to J une l~ 1957 
Contract N o AF33 (616)-5191 

ear Sir~ 

I 0 Experimen:tal P:ro£ess 

MAY 31 1962 

An ou l ine of the wor k carrl ed on d r "' g t hi s interval is as follows ~ 

'r ips were made to the l eading airc.raft brake and friction .materials 

manufacturers in accor dance wit h Phase l of' this cont:ractQ The manu

facturers that were vis ite d and t he i r r'epresentatives who were con

tacted are a s follow~ 

1. -~ o Le Dassie 
Auto Specialt es 
St J oseph, Michigan 

2 0 Messrs .. Bill Du Boi.s and Bob Herron 
endix Prod cts Divis ion 

· ndix Avla.t i on Corporat ion 
Sout h Bend , · ndiana 

3 o Mr o C b P ., Afanador 
Bo .F o Goodr i ch Company 
Wheel and · r ake Pl ant 
. r oy, Oh:i.o 

4" Messr s o ·· o !L Hi ghley and J im Wells 
oodyear Aircraft Corporation 

Akron , Ohio 

Al l of these pr od cers ~Dd t hei r representatives were very cooperative 

in showing their facilities and dis cuss ing t heir ideas of the desired 

properties for brake f r 1ct i.on mat erials o 
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he e ighth Ann .al Airplane Wheel, Brake and Ti re Clinic ., sponsored by 

t he Goodyear Ti.re and R b ber Company, was a t ended. ons i.dera.ble time 

was spent with t he tecl"J.nical per sonnel of Goodyear in discussing this 

pr oJect 0 Of part i cular intere t was t he te£~t equipment wh ich should be 

used in evaluating brake fri.ctlon terials. ~The Goodyear Company i.s 

using a laboratory type tes ting i.ns t ru::nent which has provided them wi.th 

test data which cor relate very well with actual service da.ta.Q Complete 

drawings and recommended modifications for constructing ~uch an instru

ment with improved characteristics will ·be provided by Goodyear. Ben

dix Aviation Corporation has alf;o supplied complete drawings for their 

laboratory type tes ting instrument for use in evaluating brake friction 

materials. 

The Wheel, Brake and Tire Clinic provided an ,excellent review of air

craft brake systems , :friction materials and associated problems. 

Of cons iderable interest were t he recent attempts to cool aircraft 

braking .systems by air and water. Water held by far the greatest 

potential in solving the problema · he greatest diffi.culty came in 

getting t he water uniformly dis'tr:Lbuted over the braking surfaces 

without excessive weight from the connecting hoses, water reservoir; 

etc " ·t i s of interest to note t hat it was planned to use a porous 

fri.cti.on mater ial filled with water in the study of this project" 

he water would tend to keep the heat, produced as a result of the 

braking, from rai s i ng t he t empera t ure of the system beyond the cri ti.

ca.l point o 

I 0 Proe;:r~1 for the Next nterval 

Fr om t he two laboratory-test-equipment des igns, Qoodyear~s a.nd Bendixts, 

an instrument will be designed and built for evaluating brake friction mate

ri.als .. 
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A literature survey will be made for ceramic materials which can be used as 

friction materials for aircraft brakeso 

W~t C 0 Whitley, Chief ~ 
Chemical Sciences Division~ 

-Respectfully submitted~ 

0
. -

Jo Do Walton 
Project Director 

no .D. rUU.LUI:) 

Assistant Research Engineer 



GEORGIA INSTITUTE OF TECHNOLOGY 
ENGINEERING EXPERIMENT STATION 

ATLANTA. GEORGIA 

Commander 
Wright Air Development Center 
Wright-Patterson Air Force Base, Ohio 

Attention: WCLSM-1 

Subject: Letter Report No. 2, Project No. A~33l 

July 10, 1957 

Covering the Period from J une l to J uly 1, 1957 
Contract No. AF33 ( 616)~5191 

Dear S.ir~ 

I • EXPERIMENTAL PROGF.ESS 

An outline of the work carried out d.~ring this interval is as follows~ 

Pertinent data were compiled on specific aircraft for the purpose of determining 

the magnitude of the important parameters i.n a high~speed high-inertia braking 

process. The planes inves.ti.gate d were - the C~l30 and the F~84F. Although 

the F~84F might not be con8idered as a harsh test on friction materials, due to 

the fact that the kinetic energy absorbed per unit area of material is low, it 

was used primarily to give an idea of the operating values in the braking pro

cess. Maximum values were used in all calculations to give fairly reliable re~ 

sults . This facilitated establishing what requirements were needed in the test

ing device proposed in the contract. 

A device similar to those of the Goodyear Aircraft Corporation and Auto Special~ 

ties was tho~to give the most reliable test for small friction samples. These 

testers place a dynamic test on the sample rather than a drag test and therefore 

more closely simulate the braking process. 'The producers in the aircraft brake 

industry seem to all agree that it is necessary to test the properties in com

bination rather than individually. 1 

1ASTM Subcommittee I I I-D, General Note ... of Meeting of January 14, 1957. 
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JUL 1 0 1957 

·July 2, 1957 

Another trip was made to the Goodyear Aircraft Corpor~tion for the purpose 

of obtaining operating data on their test device. The Goodyear personnel 

were very helpful in telling how the apparatus should be set up and the tests 

run. A few of the shortcomings and some proposed modifications were discussed. 

The data compiled for the project was of the correct order of magnitude and com

pared favorably with that of the actual testing device.. After conferring .with 

Dr., .Vidosic, of the Georgia .Tech Mechanical Engineering Department, it was de

cided that a tester would be designed similar to that of Goodyear's incorporat

ing their suggested modif'ications and a few of our own. 

A literature search was carried out and it was found that little is known about 

ceramics as brake friction materials. All articles found were of the general 

nature and little information of value to the project wa.s obtained . 

. II • PROGRAM FOR . THE NEXT INTERVAL 

Work on the designing and building of the tester will continue througout the 

next .interval. 

, A-- -~-~--.=.-

w~~ l.;. :wnl"t.Ley, lJll1ei- 1 
C~ical Sciences Divisio 

Respectfully submitted, 

(_/J" D. Wa.lton 
.Project Director 



GEORGIA INSTITUTE OF TECHNOLOGY 
ENGINEERING EXPERIMENT STATION 

ATLANTA. GEORGIA 

August 7, 1957 

Commander 
Wright Air Development Center 
Wright Patterson Air Force Base, Ohio 

Attention: WCLSM-1 

Subject: Letter Report No. 3, Pr ject No. A-331 covering the 
period from July 1 -August 1, 1957. 
Contract No. AE33(616) - 5191 

Dear Sir~ 

I. Experimental Progress 

An outline of the work carried out during this interval is as 
:follows: 

The design of the testing device was continued and integral 
parts were speci:fied by the Designing Engineers. These parts 
include drive .motor, vee belt power transmission, bearings, shafting, 
flywheel, generator, tachometer, air ram and instrumentation~ These 
parts are either on hand or have been ordered. 

Considerable thought has been given to the design o:f the test~ 
sample holder. All concerned agree upon a holder consisting of 
four cylindrical samples having a cr ss sectional area of 0.25 sq. in. 
These are spaced at 90° around a circle so as to match a steel mating 
surface having a 5 1/2" o.d. and a 4 '7/8" iod. It is present ly 
thought that seamless steel tubing will be shrink-fi.tted around t hese 
samples to prevent the samples fr shatteringo 

I I . Pr gram for the N~xt Interval 

Construction of the device will continue wit h a target date of 
completion set for September 15, 195·7'. Fabricati on techniques f or 
making samples will also be s t udiedo 

Approved~ , n 

wyat{t jt;. Whi tl.ey, (.;h:ie!· ~ . \ 
Chem.'i.eal Sciences Div:i.siOt,U 

"'--/ J. D. Walton 
Pro_iect Director 

-
N. E. Poulos 
Assistant Research Engineer 

J 



Commander 

GEORGIA INSTITUTE OF TECHNOLOGY 
ENGINEERING EXPERIMENT STATION 

ATLANTA. GEORGIA 

-wright Air Development Center 
Wright Patterson Air Force Base, Ohio 

Attention~ WCLSM-1 

Subject~ 

Dear Sir~ 

Letter Report No. 4, Project No. A-331 covering the 
period from August 1 to September 1, 1957 
Contract No. AF33(616) - 5191 

I . Experimental Progress 

September 9, 1957 

MAY 31 1962 

An outline of the work carried out during this interval is as follows: 

The design of the laboratroy testing device was completed. The major 
components are on hand or have been ordered. No delay in the delivery of com
ponents or materials is anticipated. All machine shop drawings are essentially 
complete and the manufacturing of parts is progressing with some of the sub
assemblies having been completed. 

Requests have been sent to four of the leading ai.rcraft brake and friction 
materials manufacturers for samples of proven aircraft brake friction materials. 
We expect to fabricate samples to be utilized in some preliminary runs upon the 
completion of our device. It is hoped that the data obtained from these tests 
will be comparable to data obtained from an actual brake dynamometer test. A 
copy of the torque-time curve obtained will be sent to the suppliers of the 
material for comment . 

The ceramic group at Georgia Tech has been engaged in the studying and 
developing of materials for high temperature use . The results of this work 
indicate that fused silica and thermitic cermets are two ceramic materials which 
offer enough promise to be considered as friction materials in the early stages 
of our test work. Thermitic cermets are mixtures of metal oxides and aluminum 
which are pressed into the desired shape and ignited at a relatively lo~ temper
ature. The resulting thermitic reaction produces temperatures in excess of 
5000° F, thereby producing cermets which should have a higher melting point than 
cermets which are produced by conventional techniques. The fused silica does not 
have as high a melting point as the cermet. Extremely high resistance to thermal 
shock, the ease with which this material can be molded or pressed into desired 
shapes and its flexibility to design changes are considerations which make this 
material desirable for study i.n a high energy breaking application. 
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It is intended that fused silica and thermitic cermets be two of the five 
ceramic materials to be selected for prelimi.nary evaluation as brake friction 
materials. 

II. Program for the Next Interval 

All machine shop work involvi.ng parts of the testing device will be completed. 
Assembly of the testing device should be completed to the point where calibrations 
can be made . Fabrication techniques for making samples will be studied. 

Approved: 

WyatlJ C . Whitley_, Chief ff 
Chemical Sciences Division 

Respectfully submitted~ 

uJ.-D. Walton 
Project Di~ector 

W. F . Zeh~ni 
Research Er.gi.neer 



GEORGIA INSTITUTE OF TECHNOLOGY 
ENGINEERING EXPERIMENT STATION 

ATLANTA. GEORGIA 

October 7, 1957 

Commander 
Wright Air Development Center 
Wright-Patterson Air Force Base, Ohio 

Attention: WCLS.M-1 

Subject~ 

Dear Si.r: 

Letter Report Noo 5, Proj.ect Noo A-331 
Covering the Period from September 1 to October 1, 1 
Contract No. AF33 (616)-5191 

I . Experimental Progress 

MAY 31 1962 

An outline of the work carried out during this interval is as follows: 

Machine shop and assembly drawings of the laboratory friction material testing 

device were co:rnpleted. · The Georgia Tech machine shop completed the manufacturing 

of the parts. Subassemblies are presently being .completed, and it is expected 

that the device will be completely assembled and moved from the shop to the test 

site by October 15. 

All the purchased components, including instrumentat~on, are now at hand. One 

hnndred steel friction rings were received from the Goodyear Tire and Rubber 

Company. These rings will be used as the mating surface for our ceramic fric

tion material. The American Brake Shoe Company has shipped sample pieces of 

aircraft brake material from which samples will be fabricated for testing on our 

machine. Test results from this material will be compared with the results ob

tained :from an actual brake dynamometer test. 

II. Program for the Next Interval 

The testing device will be completely assembled and moved from the shop to the 

test site. The machine will be tested to insure proper functioning of all com

ponents, including instrumentationd Preliminary tests, without the use of the 
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Commander -2- October 7, 1957 
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friction parts, will be made in order to enable personnel to become familiar 

with the operation of the testing device. 

APProved~ 

Wiatt C. Whitley, Chief( / 
cb.'e'mical Sciences DivisM 

Respectfully submitted; 

U
-

J. D. Walton 
Pr6je6~Director 

W.. F. t/inoni 
Research :mngineer 



GEORGIA INSTITUTE OF TECHNOLOGY 

Commander 

ENGINEERING EXPERIMENT STATION 

ATLANTA. GEORGIA 

Wright Air Development Center 
Wright-Patterson Air Force Base, Ohio 

Attention: WCLSM~l 

Subject: Letter Report No. 6, Project No. A-331 

November 

Covering the Period from October 1 to ·November 1, 
.Contract No. AF33 (616)~5191 

Dear Sir: 

I. Experimental Program 

An outline of the work carried out during this interval is as follows: 

The Georgia Tech Machine Shop completed the assembly of the laboratory 

friction material testing device. ·Figure 1 shows the device installed at 

the test site. 

The various components of the machine were checked out separately to insure 

proper functioning of these parts. Full scale operational tests, with the 

exception of the friction parts, were made to check out the machine as a 

whole and to enable personnel to become acquainted with the operation of 

the unit. 

The machine includes a 7-1/2-hp high torque motor which is mounted to the 

concrete floor, rather than to the frame which .supports the machine, to 

avoid introducing motor vibrations in the test. The motor drives the fly

wheel shaft by. the use of vee belts. An electric clutch is used between 

the driven vee belt sheave and the flywheel. When the flywheel ·attains a 

desired speed, and therefore, a desired kinetic energy, it is disengaged 

from the motor drive through an electric clutch. The flywheel is made in 

three segments in order that the kinetic energy may be varied. A varia

tion in RPM can also be used to change the kinetic energy. Tbe end of the 

flywheel shaft is designed to hold a 17-22-A(S) Timken steel ring that is 
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used as a mating surface for the friction material. The machine was designed 

to operate up to 3500 RFM and deliver a. maximum kinetic energy of 125,000 ft 

lb. 

The friction material to be tested is mounted in the sample holder. Pro

visions have been made to handle fou_r cylindrical samples 0.625 inches in 

diameter,, spaced 90° apart on a 4-inch diameter circle. The sample holder is 

connected to an air cylinder which is used to force the friction material 

against the rotating steel mating surface, causing the braking .action. The 

braking load can be varied from zero to 2000 lb by . changing the pressure on the 

air cylinder. 

A load arm fastened to the sample holder transfers the braking torque to a 

load cell which, in turn, sends a signal to an amplif"ier. The signal is re
corded on a Brush Direct Writing Oscillograph. 

Figure 2 shows torque curves obtained with our testing device using a conven

tional aircraft friction material. A flywheel speed of 2000 RPM and a braking 

force of 850 lb/sq inch were used in these tests. Curves A and B are the re

sults of samples which were unsupported in the holder. Curves C and D are re

sults of samples enclosed in seamless steel tubing. Since some of our ceramic 

materials will .probably be enclosed, i t was felt desirable to compare the torque 

curves of conventional aircraft material enclosed in a steel jacket with the 

curves of completely unsupported material. 

II. Program for the Next Interval 

Fused silica samples will be fabricated and evaluated for use as a ceramic fric

tion material in a braking ~pplication. Fabrication techniques utilizing other 

ceramic materials will be studied. 

Approved: 

Wy~t~1 C. 'Whitley, Chiefr::1r 
Ch~al -gciences Divis~~ 

Respectfully _submitted: 

W. F. -4e1ioni 
Projeci:Y'Director 



Figure 1. Laboratory Friction Material Testing Device. 
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GEORGIA INSTITUTE OF TECHNOLOGY 
ENGINEERING EXPERIMENT STATION 

ATLANTA. GEORGIA 

Commander 
Wright Air Development Center 
Wright-Patterson Air Force Base, Ohio 

Attention: WCLSM-1 

Subject~ Letter Report No. 7, Project No. A-331 

December 4, 1957 

Covering the Period from November 1 to December 1, 1957 
Contract No. AF 33 (616)-5191 

Dear Sir: 

I. Experimental Program 

An outline of the work carried out during this interval is as follows: 

The effort during this interval was directed toward the fabrication of ceramic 

base samples to be evaluated as friction parts in a braking application. Fused 

silica grain and zirconia were used as the main ceramic body in the samples. Sam

ples were fabricated from materials which are presently being used in aircraft 

brakes. 

Fused silica, -100 mesh grain, was used as the main body of all silica samples. 

Enough colloidal silica was added to the dry grain to give a mix which could be 

handled during the pressing operation. The silica sample composition was varied 

by the addition of purified copper powder and chopped copper turnings in amounts 

of 20, 40 and 60 per cent by weight . The copper was added in various proportions 

to indicate possible trends. 

Specimens of the vari ous compositions 9/16 inch in diameter and 5/16 inch long 

were prepared by pressing in a punch and die set at 6000 psi. 

All samples were dried at 225 ~ F and then placed in a furnace at 1800° F for one 

hour. The samples containing copper were fired in lampblack to prevent oxida

tion. All samples were impregnated with Shell resin X-131 under a vacuum and 

then pressurized to insure proper penetration of the resin throughout the sample. 

Samples were also prepared from a commercially available zirconia base filter 

powder to which was added 25 per cent by weight of li~uid binder. The mixture 
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is allowed to chemically set at room temperature. This combination resulted in 

a low expansi.on mass which would withstand temperatures in excess of 2000 ° F. 

Composition of the zirconia base samples was varied by the addition of purified 

copper powder and chopped copper turnings ln amounts of 20, 40 and 60 per cent 

by weight. These samples were made by pouring the zirconia base mix into a 

copper sleeve 5/ 8-inch OD~ 9/ 16-inch ID and 5/ 16-inch long, and allowing the 

mix to set at room temperature. The material bonds to the copper sleeve result

ing in an integral piece which fits the sample holder. 

Samples were also fabricated from Haveg Rocketon and Missileon. Sheet stock sam

ples were received from Haveg Industries, 1nc., Wilmington, Delaware. Rocketon 

and Missileon are presently being used in rocket and guided missile work where 

high temperature resistance is required. They are composed of a high melting 

silicate with an organic binder. These materials in combination with other ad

di ti.ves may possibly lend themselves to use in a high energy braking application. 

II. Program for the Next Interval 

A test program wi.ll be i.ni tiated to evaluate the samples that have been~ fab

ricated. Ceramic samples will be tested on our laboratory testing device under 

varying conditions of kinetic energy and breaking force. Torque curves of the 

ceramic samples will be compared with those obtained from the samples fabricated 

from friction material which is presently used on aircraft brakes. 

Fabrication of ceramic samples will be continued with emphasis being placed on 

tnermitic cermets . 

Approved: 

C../!.. D. ~alton, Head 
Ceramic Branch 

~~t C. Whitley, Chief c-r
~ical Sciences D:Lvision "\J 

Respectfully submitted, 

W. F e Zenoni 
Project Director 



GEORGIA INSTITUTE OF TECHNOLOGY 

Corrunander 

ENGINEERING EXPERIMENT STATION 

ATLANTA. GEORGIA 

Wright Air Development Center 
Wright-Patterson Air Force Base, Ohio 

Attention~ WCLSM-1 

Subject~ 

Dear Sir~ 

I. Experimental Program 

J anuary 2, 1958 

1958 

An outline of the work carried out during this interval i s as follows ~ 

Fabrication of samples to be evaluated as fri.ction parts was continuedo 

Cermet samples, having zirconiwn disil.icide and alumina as principal components, 

were prepared from a thermiti.c cermet m:i.x. The mix consisted of 53.8 per cent 

zirconium silicate, 21.2 per cent powdered alumi.num and 25 per c _.nt aluminum 

oxide . The zirconium silicate and al uminum is considered t he thermite mix and 

the aluminum oxide acts as a throt tl.i.ng agent t o gi. ve some control over the re

action in addition to aiding as a.n lnternal lubrieant and binder. Ten per cent 

by weight of a saturated solution of aluminum hydroxide was t hor oughl y mixed wt.th 

the thermi te and alumi.num oxide t o give a mix wt ich could be handl.ed in a pres

sing operation. 

Specimens 3/4 inch in diameter and 3/4 inch long were prepared by pressing in a 

punch and die set at 10,000 psi" Stearic acid was used as a mold lubricant. 

The samples were dried f or 2 h urs and pl aced :in a laboratory dryer at 110 o C 

overnight. The samples were then conta:i .. ned in a stee . b x filled with magnesium 

oxide and placed in a furne.ce at 1800 ° F for one hour . The magnes ium oxide was 

used as a shrouding agent to help retain the heat generated by the thermitic 

reaction. The thermite ignited at a temperature l over than 1800° F and the 

resulting reaction produced temperatures in excess of 4000 ° F. 

The cermet samples were mach:i.ned to 5 /8-i.nch a.:i..ameter and 1/2 inch long by the 

use of a diamond saw. 
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Preliminary evaluation tests of ceramic materials for use in a braking applica

tion were conducted during the period. Samples evaluated included fused silica, 

zirconia, thermitic cermet, Haveg Missileon and samples fabricated from two ma 

terials presently being used in aircraft brakes. Each sample,9 wi.th the exception 

of the c-erme-t, was enclosed in a copper sheath . 

A laboratory type inertia dynamometer was used to evaluate the samples. A con

siderable amount of time and effort was expended in the design and fabrication 

of this tester o This tester places a dynamic test on the sampl e rather than a 

drag test and, therefore, more closely simulates the braking actiono I t is felt 

that the braking action of this tester can point out defi.cienci es in mater i als 

being tested for use in a high-energy braking application o 

Tests utilizing actual samples were made in order to observe the test equipment 

under varying conditions of flywheel speed. These initial tests proved t o be 

instructive and pointed out several items which had to be taken into considera

tion in establishing an operating procedure. I t was found t hat better surface 

contact between friction surfaces could be obtained, at the start of a t est, if 

the samples were ground to length in the test position and if the mating rings 

were surface ground to correct for a slight wa:rpageo A 6-inch diameter carb -

rundum wheel was adapted to fit on the end of the flywheel shaft, normally the 

position for the mating surface . The samples, in testing posi t .: on, were brought 

in contact with the carboru._n.dum wheel and gr und to the same length. This was 

easily accomplished by hand turning the flywheel . An attempt was made t o use 

four samples spaced 90° apart on a 4-inch diameter circle. Samples ex.hibited 

very erratic braking action after only two r t hree runs at relatively l ow fly ~ 

wheel speeds. A considerable improvement was noted when two samples diametri

cally opposed were used. I t was also noted that motor vibrati ons were intro

duced .at certain flywheel speeds o Consequently :i.t was necessary to insure that 

the drive motor was stopped before the braking acti n was started. From these 

early tests, ~n operating procedure was evolved whi.ch was used for all tests. 

Briefly, the operating procedure was as follows~ Tw·o samples having a combined 

area of 0.61 square inches were located in the sample holder ~ Metal spacers 

were used to compensate for the difference in length between the samples and the 
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cavity in the sample holder. When the samples were in place they were rigidly 

clamped with approximately 1/8 inch of sample length extending beyond the face of 

of the sample holder. This portion of the sample was used for testing. The sam

ples were ground to equal length by use of the carborundum wheel. The mating sur

face was then placed in position. The samples were then brought tc within 1/16 
inch of the mating surface by the use of a hand wheel. At this point the electric 

clutch was energized, thereby engaging the flywheel to the drive motor. The 

motor was turned on and allowed to bring the flywheel to the desired speed, 

thereby imparting a desired kinetic energy to the steel mating surface. The 

clutch was disengaged and the motor turned off. Samples were forced against the 

rotating mating surface by opening an air valve which permitted air to flow t o 

the air cylinder which was connected to the sample holder. An air regulator was 

used to control the air pressure which produced the braking force. A load arm 

fastened to the sample holder transferred the braking torque to a pressure cell 

which transmitted a signal to an amplifier which was connected to a brush re

corder. The recorder was turned on just prior to opening the air valve. When 

the tachometer indicated zero rpm, the run was completed and the friction sur

faces were separated by releasing the air pressure. 

Each pair of samples was subjected to a series of test runs beginning at 1000 rpm 

flywheel speed and continuing to 3000 rpm in 500 rpm increments. It was felt 

that a series of tests of increasing severity would provide more information than 

a complete destructive test. Each sample was subjected to three stops at each 

speed if wear permitted. The friction materials were allowed t o cool between 

each stop at which time a visual inspection was performed. 

The torque time curves of the silica and zi.rconia samples wer e very similar to 

the curves of the two materials presently being used in aircraft brakes. These 

curves indicated that the stopping time and coefficient of friction of the cer

amic samples were in good agreement with those of the comparative materi.als. The 

coefficient of friction was relatively constant from 0 to 1000 rpm and from 0 to 

3000 rpm. The ceramic samples did not exhibit any defi.ci.encies which could be 

attributed to poor thermal shock or lack of compressive strength. The wear re

sistance of the ceramic materials was not as good as the comparative materials. 
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A significant decrease in wear resistance was noted after the 2000 rpm stops. 

Addition of copper in the form of powder and chopped turnings did not appreci

ably change the torque curves of the silica or zirconia base samples . 

The torque time curves of the Haveg Missileon were similar to the curves of the 

comparative material at 1000 and 1500 rpm stops. At 2000, 2500 and 3000 rpm 

stops there was a decrease in the coefficient of friction and an increase in 

stopping time. The wear resistance of the Missileon was very good. 

The thermitic cermet samples exhibited a decreasing coefficient of friction with 

increase of flywheel speed. The tor~ue time curve exhibited a fade characteris

tic and a peaking tor~ue towards the end of the stop . This is a characteristic 

of cermets which other brake material manufacturers have observed. The wear re

sistance of the cermet was very good although a chippage around the periphery of 

the samples occurred. The chipping could probably be eliminated by enclosi.ng 

the samples in a metal sheath. 

An attempt has been made to report ~ualitatively the results of the evaluation 

tests of the ceramic materials. While it is felt that considerably more test 

work needs to be done to draw definitive conclusions, the results of the tests 

were thought to be favorable. It is apparent that an intensive composition study 

of the silica base samples is needed, particularly the high temperature bond 

strength of the silica grain. Composition studies of the cermet are needed to 

eliminate the fade and peaking torque which are undesirable in a high-energy 

braking application. 

II. Program for the Next Interval 

The test program to evaluate ceramic base friction materials will. be continued . 

Approved~ 

~J.D. Walton, Head 
Cer~ Branch /) 

W~tt C. Whitley, Chief ~ 
C~ical Sciences Divisio~ 

Respectfully submitted, 

W. F. Z~ni 
Project Director 



GEORGIA INSTITUTE OF TECHNOLOGY 
ENGINEERING EXPERIMENT STATION 

Commander 
Wright Air Development Center 
Wright-Patterson Air Force Base, Ohio 

Attention~ WCLSM-1 

Subject~ :Setter Report No o 9J Project No o A-.331 

January 31, 1958 

Covering the Period from January l to February 1, 1958 
Contract No~ AF33 (616)-5191 

Dear SJ.r ~ 

I . Experimental Program 

An outline of the work carried out during this interval is as follows~ 

Brake tests conducted during De cember on ceramic base fricti.on materials indi~ 

cated that the wear resistance of fused silic a and z:i.rconia samples was not as 

gcod as the organic lining presently being used i.n aircraft brakes o The low 

wear resistance was attributed to the poor high temperature bond strength of 

the ceramic grain. 

The effort dur:i.ng the month of January was di.rec ted towards the improvement of 

the high temperature bond strength of the fused sil.:i. ca grain 0 Colloidal s i li.ca 

was used to increase the high temperat ure bond strength. A composition study of 

t he fused silica grain was also undertakeno This study was restricted t o t he 

addition of ceramic materialso 

Fused silica, =100 mesh grai.n_, was used as the main b ody of the samples o Sam

pl e composition was varied ty the addi t ion of fused al :urnt na _, ca.lc 'i.ned alumi na 

and clay. 

Specimens of t he various compositions 9/16 inch in diameter and 5/16 inch long 

were prepared by pressing i n a punch a, .. d die set at 8000 psi. 0 

All samples were dried at 225 ° F and t hen pl.aced in a furnace at 1800 ° F f or 

one hour. The samples were then soaked with corrunercially availab l e colloidal 

sili ca under a vacuum for one hour o Samples were dri.ed at 225 ° F' and fired at 

1800 ° F for one hour o All sampl.es were subjected t o two col loidal si.:::_ica soaks o 

+ 
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B. WEAR 

Wear 

(inches) 

Flywheel Speed A B c D E F G 

(rpm) 

1000 0.001 0.001 Oo002 0.001 
1500 0.001 0.001 0.001 Oa007 OoOOl 
2000 OoOOl 0.001 0.002 0.001 0.011 0.002 
2500 0.003 0.001 0.002 OoOOl 0.010 0.003 
3000 0.016 0.004 0.001 0.009 Oo004 0.015 0.004 

t Wear measurements represent the total wear for three stops at each rpmo 

c . TORQUE 

Torque t 

(ft lb) 

Flywheel Speed A B c D E F G 

(rpm) 

1000 15.8 16.3 15.8 25.0 27.1 15.8 25.8 
1500 26.7 15.0 14.3 35.0 21.3 20.0 22.5 
2000 23.3 15.0 13.5 27.5 17.6 17.5 23.3 
2500 20.0 16.3 13.5 30.0 21.3 17.5 19.2 
3000 20.0 15.0 11.3 25.8 23.1 20.8 17.5 

t measurement represents the of three tests at each rpm. Torque average 

variatl.on in the friction propertl.es of the copper enclosed and unenclosed 

Goodyear samples. Unenclosed silica samples appeared to have the same friction 

properties as those exhibited by the copper encl.osed samples . Only one stop 

was made at each flywheel speed with the unenclosed silica samples because of 

the bad chippage which occurred after each stop. It appears from the limited 

number of tests that the effect of the copper sheath is a function of the system 

being tested. 
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D. ENERGY ABSORpriON 

Energy Adsorption 

(hp/inch
2) 

Flywheel Speed A B c D E F G 

(rpm) 

1000 2.7 3.2 2.9 3.7 4.6 3.8 4.1 
1500 5~4 4.5 4.5 6.8 5.7 5 .5 5 .5 
2000 648 6.3 5.6 7 .5 6.8 6.5 7.4 
2500 8.2 7.6 7.3 10.3 9.3 8 .1 7.5 
3000 9 .7 7.9 6.5 10.8 10.7 10.4 8 .4 

t rpm Energy Absorbed in Stopping 

(ft lb) 
3000 73,500 
2500 51,000 
2000 32,700 
1500 18,400 
1000 8,150 

tEnergy was absorbed by two samples having a total area of 0.61 SQ inch . 

II. Program for the Next Interval 

The final progress report wi.ll be written during the next interval. 

Approved: 

~J ~ D. Walton, Head 
Ceramic Branch 

Frederick Bellinger, Chief 
Material Sciences Division 

Respectfully submitted; 

W • F . Zenoni. 
Project Director 
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FOREWORD 

This report was prepar ed by the Engineering Experiment Station of the 
' or gia Ins t itute of Technol ogy under USAF Contract No ,. AF 33'.(61.6 )-5191. This 

cont ract was i nit iated under Project No . 1369, Under Carriage Systems Task No. 
13505, Brake Friction Materials, and was administered under the direction of 
t he Ai.rcr aft Laboratory, Mechanical Branch, WCLSM, Wright Air Deve~opment Cen
t er , wit h H. R. Chand~er acting as Project Engineero 

.1his report cover s t he period of work f r om 15 April 1957 to 14 April 19580 
Princi.pal per sonnel parti c i pating in this work tncluded J 0 Do. Walton, W 0 F 0 

Zenoni, J o P . Vl dosic , Ro · rat t er and Howard Hamilton. 
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ABS FACT 

This report summar izes the wor k completed between 15 April 1957 and 14 
April 1958 on t he study and preliminar y evalua-cion of ceramic brake friction 
materials for a i rcrafto 

A laboratory fric t ion mat erial brake tester was designed and fabricated 
a t Georgi.a Techo This test er places a dynamic test on the sample rather than 
a drag test, therefore mor>e closely simulates a braking processo 

Sa.111ples utilizing zi r conia and fused silica as the maiR ceramic body .were 
fabricated a 

An organic resin and commercially available colloidal silica were studied 
as impregnan·s .for the silica base aamplesa Silica base sample compositions 
were varied by the addition of fused alumina, calcined alumina and clayo 

Sil i ca samples impr egnat ed with colloidal silica showed considerably bet
ter ~ res i s t ance than s ilica samples jmpregnated with an organic resino 

S1lica sampl es with refractory additions showed friction properties and 
wear resist ance t hat compar ed very well .wit h those of organic friction material 
pr esently bein.g ·used in aircr aft brakesa 

A new type of cermet des:lgnated thermitic cer met, developed by the orgia 
Tech ceramic group, was included in the t est programo il'est data were insuffi
cien to permit pr oper evaluat i on of t his cermet as a brake friction materia.lo 

FOR THE COMMANDER ~ 

WADC TR 58-118 i.ii 

RANDALL Do KEA OR 
Colonel, USAF 
Chief, Air cra f t Labor a t ory 
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T.NTRODUC' I ON 

The t rend toward hi gh landing speed, high density, supersonic aircraft has 
out-paced the development of sul t able br ake friction material so Friction :rna.:.. 
t erial fai lure or malfun ·ti.on is the most frequent cause of brakes failing to 
meet specification r equirementso Present day friction liners are composed of 
several mater i als ut ilizi g an organic resin for a binder 0 T'hese organic bound 
fric t ion liners ar e t hought t o be oper a t i ng now at about their upper temperature 
limit of 18ooc F o Current .needs exist for friction liners whlch will .withstand 
service temperatures of 3000° F o I t is apparent that .new materials must be found 
to satisfy high ener gy, hlgh t emperature br aking requir ements for mode:rn aircrafto 

Ceramic ma t eri al.s , such as si .ice. and fused alumina, have been used in fr:i.c
tion par t s for :many yearso Because of their high abrasive properties, these 
ceramic mat eri als wer e used as a means of increas:i.ng the coefficient of fri ction 
of t he f r iction partso However, t he .high heat resistance of ceramic materials 
.in gener a l has not been .expl oi t ed sufficiently in frict ion parts that may in 
ser vice a ttain temper atures i n excess of 2000° F a consider i ng friction par ts 
which must wit hstand temper atur es of' 3000° F .and :possibly higher, it becomes 
necessary o compl e t ely r e-eval uat e avai abl e ma-t eri.al s in the l ight of present 
high t emperat ur e technol ogyo In t his c&se the materials must be selected on the 
basi.s of t he physica l pr oper t i e s whi ch ar e mos·t desirable :fo high temperat ure 
fri ction ma t er:i.aJ.s 0 hese proper ies are ~ 

lo High and Stabl e Coefficient of Fri ction 
2 0 High Melt:i.ng Point 
3o Good TheYwal Shock Resistance 
40 Good Wear Resistance 
5o Hi gh ompressive Strength 

Some work t o deve op cer ami fric ion mat eri a l s has been earrj_ed out under USAF 
spon.sorshipo n o der to fur t her exploit cer amic f r iction mater:i,alsp a USAF· 
contract was gr ant ed to t he Engi e e r ing Experiment Station of the Georgia Instj .... 
t ut e of Technol qgy o Contr a ct .. ·o 0 AF 33 ( 616 ) - 519 was for the s tudy and prelimi
nary evaluation of ceramic br ake :rr·qtion mat eri al s for ail'cra:fto 

In or der to car r y out t he r equi r e:rnent s of t he cont r act, the fol l owing pr o
cedure was use da 

l a During t he i ni ial period of t h s program, t ime was devoted t o becoming 
fami.l.iar w t h present and future desi gn r equi r ements for air craft brakes 0 

2o A ~iterature survey was made f or ceramic materi a. s which have desired 
pr oper t i es f or us as f riction mater i a l s for a :i.r craft brakes 0 

3o .A l aborat r y br ake t € ster was designed a.nd f"a'br ica.ted o C.eramic base 
sampl es were f abr icated and eva lua ed on the br ake t ester o 

Manus cr i pt r el eased by author s . 4 J\.pri l 1958 for publ ication a.s a WADC Tech
ni.cal Report o 
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.EXPERIMFlNTAL WORK 

1. Pregrnir1ary I nves t igation 

Duri ng the i .ni tial pericd of the program, visits were made to . the leading 
a,ircraft brake suppl iers ta obtain a working knowledge of present and future 
des i gn requirements for aircraft brake.so Visits were also made to various or
ganizations t o gain some knowledge of friction -material fabrication methods, 
and the procedures '4Sed for testing _friction nu:rterials in a .braking application. 

In searching for a testing device with which to e-valuate ceramic 
materials for a braking ,applic ·. 1 it was le~ed that the pro{J_ucers in the 
aircraft brake industry agreed that . i t was necessa;ry . to test material properties 
in combination rather than individua2ly4 As a .result of this search, it was 
dec1ded that a devi ce s imilar t o t hose of the Goodyear Aircraft Corporation 
and Auto Special t ies was thought to give the most reliable test for small fric
tion samples. These test ers place a dynamic test on the sample rather than a 
drag test and therefore mor e closely simulate the braking process. 

A trip was made to the Goodyear Aircraft Corporation for the purpose of 
obtaining operating data on their test device. The Goodyear personnel were 
very helpful in telling ho-w the apparatus should be set up and tes·ts run. The 
Goodyear organi.zat ion also agreed to furnish steel friction rings to be used 
as the mating surface for our ceramic friction material., 

A lit erature search was car ried out .and it was found that little was pub
li.shed about cer amics as bra.ke friction materialso All articles fotmd were of 
a general nature and little information of value to the project was obtainedo 
It was felt that a lar ge effort for a literature search was not warranted., 

2 Q t~s t Equ~p~ent ;md Procedur.e 

a o Equipment 

A laborato:ry type 'tnertia dynamometer, fabricated in the eorgia Tech 
machine shop, was used to eval uate the .friction -material samples. The tester 
was designed to oper a.·te up to a flywheel speed of 3500 RPM ("brake :rubbing · vel.o~ 
city 3700 ft/ :mi.n ) and deliver a maxii1lUJI1 kinetic energy of 125,000 ft lbo The 
design incorpor ates a f .. ywhee made in three segments in order to vary the kine
tic energy o (See Appendix Ao ) A var iation in RFM can also be used to vary the 
kinet:t.c energy., The flexibil i t y in design pe:rntlts the selection of a. wide .range 
of kinet i c ener gies and brake rubbing vel ocities. An a..t:r cylinder is used to 
control the braking forceo The br aking f orce can be varied from zero to 2000 
lb by changing the pressure on the air cylindero 

Figur e l shows t he br ake tester instal led a.t the test site o This testex· 
includes a 7 -1/2-.hp high tor que motor which drives t he f l ywheel shaft through 
the use of vee be 1 t s; 2 o The :mo or 1 1, is mounted to the concr ete floo:r, ra·ther 
than to the fre.me which suppor ts t he tester , to minimize the e:rfeet of motor 
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vibrations during a tes·t stop. An electric clutch, 3, is located between the 
driven vee belt sheave and the flywheel, 4, and serves to engage and disengage 
the flywheel from the motor" The end of the flywheel shaft is designed to hold 
a steel ring that is used as a mating surface, 6, for the friction material. 

The friction material to be tested is mounted in the sample holder, 7.. Provi 
sions .were made to handle :four cylindrical samples, 5/8 inch in diameter, spaced 9 
apart on a 4-inch diameter circle. The sample holder is connected to an air cylin 
der, 8, which is used to. force the frict,d.on material, in e. horizontal direction, 
against the rotating steel mating surface causing the braking action. 

A vertical load arm :fas-tened to the sample holder transfers the braking tor
que to a load cell which, in turn, sends a signal to an amplifier. ,The signal is 
recorded on a :Brush Direct Writing Oscillograph., 

A Tachome-ter genera tor, fastened to the flywheel shaft by a chain and sprocke· 
is used to indicate the ~lywheel RPM~ 

b~ esting .Proeedure 

In order to check out the performance of the test equipment and to 
become familiar with the type of data obtained from such a test it was decided 
that an existing aircraft brake friction material would be tested. The material 
was obtained as an aircraft brake puck and machined into four samples of the 
required dimensionso Stops were made at various flywheel speeds to observe 
the type of stop we might consider desirableo 

Early in the testing program, it became evident that the use of four 
samples exhibited a very erratic bra.\{ing action after only two or three runs 
at relatively low flywheel speedso A considerable improvement was noted when 
two diametrically opposed samples were used. 

These tests were followed by a series of' tests utilizingceramic base 
samples to observe the behavior of ceramic materials in a dynamic brake opera
.tion" The samples .were badly chipped around the periphery during testing; 
consequently, it was .decided that future samples should be enclosed in a 
metal sheath prior to testingo 

Early t ests proved that better surface contact between friction surfaces 
could be obtained at the start of the test if the samples were ground to equal 
length while in the test .position" A six-inch diameter carborundum wheel was 
adapted to fit the end of the flywheel shaft, normally the position for the 
mating surfaceo The samples, in testing position, were brought in contact 
with the carborundum wheel and grormd to equal length by hand turning the 
flywheelQ 

From these early tests an operating .Procedure was evolved which was used 
for all future tests o Briefly, the operat ing procedure was as follows~ 

(l.,) Place two samples in the sample holder diametrically opposedo Clamp 
samples rigidly in pla.ce with approximately l/8 inch of sample length extend
ing beyond the face of the sample holdero 
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(2 .. ) Locate carbo.rnndu.m wheel on end of' the flywheel -shaft and bring sam
ples in contact with the grinding .wheel. Grind samples to .equal length by hand 
turning the flywheel. 

(3.) Remove carborundum wheel -and replace with a 4.625-inch-outside~diameter 
17-22 -A ( s) Timken steel ring . (Figure 2) to be used as a me. ting surface for the 
friction material. 

(4.) Bring samples to within 1/16 inch of the mating :surface., 

( 5 .. ) Set -air regula tor. 

(6.) Energize clutch and turn .motor on .. 

(7 . ) Allow f l ywheel _to reach desired spe.ed. 

(8_ ... ) De..,energize clutch and turn motor off .. 

(9.) Turn chart recorder on. 

(10 .. ) Open air valve resulting in braking action. 

(11.) When tachometer indicates zero RPM., the run is completed and fric = 
tion -surfaces are separated by releasing .the air pressure .. 

Each pa.ir of samples was subjected to a .series of test .runs beginning a.t 
1000 RPM f l ywheel speed and continuing to 3000 RPM in 500 -RPM incr-ements .. · It 
was felt that a . seri.es of tests of increasing -severity would provide more in
formation than -a complete destructive test.. Each pair of samples --was subjected 
to three stops at eaoh speed if w-ear permitted.. The friction materials were 
allowed to cool between eaeh stop at which tiDJ.e a visual inspection was per-
-formed and wear data .recorded" 

3. Ceramic _Base Samples 

a" Introduction 

! n considering the properties desirable for a ceramic friction material 
as outlined in the introduction, it was felt that thermal shock resistance was 
the principal one which would be considered most dif'.ficult to obtain., Fused 
silica is generally considered to ha.ve the optinrum therma.l shock resistance 
among cera.I!lic materials" T\olo other ceramic materials which are frequently used 
when a lesser degree of thermal shock resistance is required are zirconia. and 
~lumina. 

Since cermets generally have good thermal shock resistance, it_was felt 
that they should be considered in the progra.tiJ" Personnel at Qeorgia. Tech have 
been .engaged in the development of a new ty}>e of cermet, designated as tner
mi tic cermets" Thermi tic cer.mets &re mixtures of metal oxides and ,aluminum 
which a.re pressed into the desired shape -and ignited at a relatively low 
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t emper a t ur e o The · e su tL~g thermi t i c r eaction produces t emper atures in excess 
of 5000° F, · hereby pr oduc ing c erme t s whi h shoul d have a higher ·melti.ng .Point 
than ce rmets whi.ch a r e p r odu ed by c onvent ional t echniques 0 I t was felt that 
t he high melting point, be· i;er t hermal shock t han the average ceramic material 
and expected high wear resistan , made these cermets a promising f ric tion 
material for a high ener gy br aking app icationo 

b ., Prepa r a t ion and abr icati o· 

_(1 Fused Sili cao :_ us e d s i l i ca, - l OO .. ·mesh gra.i.n, was used as the 
main 'body of all si.li ea s a:mpl s 0 Enough col l oi.dal si.l.ica was added to the dr y 
gra i t o gi .ve a .mix wh :ich c ou l d be ha:p.d.le d during t he p r ess i ng opera-t i on 0 The 
sil ica sampl e composition was vari ed by the addition of co:pper in the form of 
powder and chopped turnings , al :i.ned a l umina, fused alumina and clay 0 

S.Peci.mens of the various omp osit on 9/16 inch in diamete and 5/16 inch 
l ong we r e prepared 'by pr ess ing in a punch a...11d die set a -c 8000 psL, 

All samples were dried a t 225° F a l abor ator y dryer and then placed 
in a f urna ce a 1800 c; :for one hour 0 e sampl es cont~ini.ng copper were :fired 
i n l ampbl a ck t o pr event oxidation o 

An organic r e s in and commercia lly a vail abl e colloidal sili ca. were s tudied 
a.·s impr egna.nt.s t o improve t he body strength c:f the fired sampl eso Sampl es were 
i m:pr egnat e d unde r a va cuum and t hen pr essur ized to insure pr oper penetr ation 
throughout t.he s amp l es o Specimen imp;regn.a.ted with res:i.n were followed by a 
f i r ing a t 400° F f or 3 hours o Spe imens impregnated with col loidal silica. wer e 
fired at 1800° F f or one hmrr 0 Each s i li a sampl e was c ontained in a copper 
shea th o 

(2 Zirconia Bas e Sam:ples o Sampl es wer e prepar ed f r om a commerc;i.al y 
avail abl e z i r c onia bas·e powd · o wh ch was added 25 per c erJ , by weight 
of l. i qui.d b inde r o · The mix was poure d in.t a copper s l eeve 5/ 8-i.nch OD, 9/ 16-
inch IDJ and 5/16-inch l ength, and all owed · o set at r oom t emper a t ureo The zl.r
c oni.a s ampl e conwosi tion was v i ed by the addition of . copper powder 0 The ma
ter ial bonded to the capper s l eeve, r esul ing in an int e gral pi.ece which was 
r eady for te tingo 

(3 The rmi tic Cermet o C-erme t sa:m:pl ea, having z l · •conium di.silicide .and 
a l umina a s p r :inc i.p components, wer e pr e ar e d f r om a thermi tic cer et mixo 
The mix cons i sted of 53 o8 per cent zir coni um sil i ca t eJ 21 .2 per cent powdered 
a l uminum and 25 per eent al um: um oxide . The zi _ con:i.um s i i.cat e and aluminum 
i s c nsider e d t he thermi te i x and the a l uminum oxide a cts a s a thrott l ing 
a gent to give some con· ol ver the r ea c t i on in a ddJ.t ion t aidi,ng a s an int er
n a l l ubr i ant and binder o en pe:r· cent by we i ght of a .sa · urated solution of 
a l Ulllinum hydr oxi de was thoroughly mixe d wi t h t he thermit e a."ld alum.inum oxide 
t o give a mix which coul d be handled · a pr e ssing ope .... a t ion. 

WADC TR 58- 8 7 



Specimens 3/4 i.ncJ:-.1. tn diameter and 3/4 inch long were prepar ed by pressing 
in a punch and die set at 10,000 psio Stearic acid was used as a mold lubricanto 

rrhe samples were dried for 2 hours at room temperature and placed in a lab= 
or atory dryer at 110° C overnighto The samples were then contained in a steel 
box filled with magnesium oxide and placed in a furnace at 1800° F for one houro 
The magnesi.um oxide was used as a shrouding agent to help retain the heat gen
erated by the thermitic reactiono 

The cer me·t .samples were machLned to 5/8-inch diameter and 1/2-inch length 
by the use of a diamo d sawo 

(4) Rocket on and M:i.ssil eono Samples were fabricated from Rocketon a.nd 
i.ssileon sheet stock fur ished by the Ra.veg I ndust:ri.es, Inc 0., Wilmington, Dela

war eo The se mat erial s ar e pr esen l y being used in .rocket and guid-ed missil e 
wor k wher e hig..~ temper ature resi.stance is requi:redo They are composed of a hi.gh 
melt ing silicate wi+h an organic bindero 

40 Results of Laborat ory D7Pamomet er Tests 

ao . Pre l imi ary D;xnamometer Test Data 

A ser i es of prel iminary brake tests were conducted to develop a t est
ing procedure and to obser ve the behavior of ceramic bodies in a dynamic braking 
applicat i.ono ' orque- i.me curves wer e obta:i.ned for an organic l iner presently 
being used in aircraft br'akes in or der 'to have a basis for comparing the test 
results of the ceramic mat er ials 0 Typ:i.cal curves are shown in Appendix B 0 

The results of t hese tes ts are :reported in able Io 

The torque-t ime curves of t he sil ica and zirconia.. sampl es were very simi"ar 
to t he curves of the organi - l iner p ·esentl y being used in aircraft brakes o 

These curves indi.cated · hat the st opping time aJ+d coefficient of friction of the 
ceramic sampl es were i.n good agreement with those of the comparati.ve :material o 

e cer amic sampl es did not exhibit a:ny deficiencies which coul d be a t.tributed 
to poor thermal shock or lack o.f compr ess i ve s t rengtho The wear reslstan e of 
the cer amic ma t erials was no·i- as good as t he ompara·t ive materialo A s i gnifi.
.cant decr ease in wear r eisi tance was noted af t e: the 2000 RPM stopo 

Addi tion o copper in the form of powder and chopped turnings did not 
apprec iably change the tor que curves or wear resi.stan ee of t he silica or zir
conia base samples o 

The tor que -time cur ves of t he _aveg i ss ileon wer e similar to the curves 
of t he compar a tive material a t 1000 a d 1500 HPM: stopo At higher RPM stops 
t here was a decrease in ·the coef -i l ent of f r ict :ton and an · crease in s t op-
ping t i:me o • e wear resistance of the Mi.ssi.leon was good 0 

The thermiti c cermet sampl e s exhibit ed a decreasing coefficient of fric
t ion wit h incr ease of flywheel spee do < . e t orque-t ime curve .exhib.i ed a fade 
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~ TABLE I 
E; 
0 PREIJ I NARY DYNAMOMETER TEST DATA 
~ 
\.Jl 
CD Energy I 
f--1 Flywheel Average M€1ximum .Absorbed i.n 1-' 
CD Composi ion Speed Torquet Torquet Stop Time St oppin' Remarks 

(RFM ) (Seconds) (Hp/ I n2 

Goodye r organic 
} 500 

11 .2 13 8.6 6 o2 Two stops at 3000 
with copper 2000 8 .5 10.6 15 6.4 RIM 
sleeve . 2500 8 10.6 18.6 8 .2 

.3000 8 .5 13 21 10.4 

Goo dye r or ganic } J5 00 11.7 13 .3 8.8 6 .0 
2000 10 13 13.7 7 .1 
.3000 8 .8 14 19.4 11.3 

Fused silica , } 1500 11 13 8 . 9 5. 9 ~wo stops at 2500 
r esin impregnat~d 2000 11 . . 3 13 ll .7 8 . 9 R wear resistance 

2500 12 14 16.2 9 . 4 poor 

8o~ Fused sili ca, } 1500 11 12 .5 9 . 7 5.5 One s top at 3000 REM 
20% copper 2000 10 .8 13 12 .1 8 .0 wear resistance poor 
powder, r esin 2500 9 .8 11 .3 16.2 9 .4 
impr egnat ed 3000 8 ~ 5 10 22. 2 9 . 9 

6ocfo ed sili.ca5 } 1500 11.5 +2 .5 8 .6 6 .2 Two stops at 2000 RIM 
4o% cop e 2000 11 .3 13 11.7 8 . 3 one stop at 3000 R.PM 
owder _, r esi n 3000 8 .5 10 20.6 10 .6 wear resistance poor 

impregnated 

40;(, Fused s i lica, } 1 500 12. 3 13 .. 3 7.7 6 .8 Two stops at 2000 RFM 
6ocfo copper 2000 11 13.3 10.6 9 .2 two stops at 2500 RFM 
.owder, r es in 2500 11 .5 12o 5 14,8 10 .2 one ·stop at 3000 RPM 
impregnat ed 3000 12 14 19.8 11.1 wear resistance poor 

N~1te ~ A br aking f orce f 250 1b was used f or each test . 

(Continued) 



I-' 
0 

TABLE I (Continued) 

Flywheel Average Maximum 
Composition Speed Tor ql!-et 

(RlM) 
Torquet Stop Time 

(Seconds) 

8/J'fo Fus d silica,} 1500 11.2 13 9 .2 
20% cop er 2000 11 . 7 14 12 .1 
turnings, resi.n 2500 11.5 14 15 . 3-
impregnated 3000 10 11 20.2 

6o'fo Fused silica, } 1500 12 .5 14.5 8 .2 
4o% cop _ e~ 2000 12.1 14 .2 11.6 
~urnings , :esin 2500 11.1 12 .1 15 . 4 
1.rnpregnateo. 3000 10 11 .5 19 .2 

4o'/o Fused sili ca,} 1500 12 . 3 13.8 8 .5 
6o% copper 2000 11.3 1 3 . 5 11 .1 
turnings ·' r es i.n 2500 10 .7 12 .5 14·. 5 
impregnated 3000 10 12 18.2 

Zirconia } 1500 13 14 . 7 8 .5 
2000 11 13 . 5 1 2 .6 
2500 10 17 16.2 

80% Zi.rconi.a, } 1500 12.1 15 8 . 3 
20% copper 2000 11 13 12 
owder 2 500 9 13 16 a2 

6o% Zirconia, } 1500 14.4 15.8 6 . 9 
4ocfo copper 2000 11.5 1 2 o5 12 .0 
powder 

Not e g A braki.ng f orce of 250 lb was used f or each test . 

{Conti.nued) 

Energy 
Absorbed in 

Stopping Remarks 
(Hp/ I n )~ 

5 . 7 Two s t ops at 2000 RPM 
8 .0 two s t ops at 2500 RPM 
~L9 one stop at 3000 REM 

10 .8 wear resistance poor 

6 c5 One stop at 3000 RPM 
8 . 4 wear resistance poor 
9 .8 

11 . 4 

6 .2 Two stops at 2500 RPM 
8.8 wear resistance poor 

10 . 4 
12 .0 

6. 2 Two stops at 2000 RR1 
7 . 7 one stop at 2500 RPM 
9.4 wear resistance poor 

6 .3 One stop at 2000 RPM 
8 .1 one stop at 2500 RPM 
9.4 wear resistance poor 

7.7 One stop at 2000 RPM 
8 .1 Wear resistance poor 



~ TABLE I (Concluded) 

0 

!;] Energy 
\.n Flywheel Average Maximum Absorbed in 
(JJ 
I Composition Speed Torq_uet Torquet StoE Time Stoppi ng Remarks 
~ 
1---l {REM) (Seconds} ( Hp/ ! na2} (JJ 

Cermet } 1500 10 14 12.1 4.4 Samples chipped around 
2000 7 15 18.6 5a2 periphery; two stops 
2500 5 l4o5 29.7 5 .1 at 2500 RPM wear 

resistance good 

Rocket on with I 1500 Sol 9.8 12 4 a4 One stop at 3000 RPM 
copper sleeve } 2000 6.8 9.1 19 .1 5.1 

2500 6.8 803 23 aJ 6a5 
3000 8 12 24.6 8 a9 

Missileon with } 1500 8.3 9 o7 ll a7 4 .5 Two s t ops at 2000 Rfl/l 
c pper sleeve 2000 7 8 o3 l7o9 5a4 two stops at 2500 REM 

2500 5a8 7.3 25.8 5o9 
1--' 3000 3a5 7 4404 409 1---l 

t in chart divisions a Torq_ue Measurements f-ire 

Note ~ A braking f orce of 250 lb was used f or each testa 



charac:te:risti.c of cermets which other brake material manufacturers have observed. 
The wear res:i.stance of the cermet was very good, although a chippage around the 
periphery of the samples occurred. 1I'he chipping cculd probably be eliminated by 
enclosing the samples in a metal sheath. 

b 0 .Further Dynamometer Test ·Data 

From the results obtained in the preliminary tests it was decided that 
remaining time avai.lable should be used to study further the silica base compo
sitiono 

Silica base samples utilizing refractory additions for composition varia
tion wer e fabricated. CoD .. oidal si.lica. was used as an im!)regnant in these sam
ples to improve high temperature strengtho 

Tests results of these sampl es are reported in Table II. 

A consi.der abl e impr ovement was noted in the wear resistance of the col.
lol.dal silica impregna·t ed sampl es over those impregnated with the organic resin. 

The addi ion of refractor y mater ials to the sili.ca base sa.lil]ple resulted 
in an increase in torque (coeffie ient of friction), and a reduction of stop
ping timeo 
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:a:: 'TABLE II 
g; 
0 FURTHER DYN-AMOMETER TEST DATA 
8 
!:d 
\Jl 
(X) Energy 1 
I-' Average Maximum Average Absorbed in I-' 
(X) Co osi t i n Torque Tor q_ue Stop .Time Wear St opping Remar ks 

~ 

(Ft Lbl (Ft Lb ) (Seconds) fillChes) (Hp/ l n .2 ) 

Goodyear I 1500 27 29.2 10.1 .0003 5 .2 
organic liner I 2000 23 29 .5 14.3 .0003 6 .8 

J 
2500 20 26 . 3 18 .8 .001 8 .1 
.3000 20 26. 7 22 .7 .005 9.7 

Fused silica , 

} 
1500 15 29 12 .4 4.3 Maximum t orque 

c l.l oidal silica 2000 15 30 l 5 o4 6.) was observed as 
i mp egnated 2500 1.6 .2 32 .7 20 .2 7 a5 a peaking at the 

I-' 3000 1.5 32 .7 27 . 9 .001 7 .8 end of the stop 
\...N 

90'/o Fuse d silica, } 1500 14-.3 27 12 .1 .0003 4.4 M.ax:i.mum torq_ue 
10% f used alumina, 2000 13.5 27 17.3 .0003 5 . 6 was observed as 
colloi.dal silica 2500 17.3 30 20.9 .0003 7. 3 a peaking at the 
impregnated end of the stop 

8o'fo Fuse d sHica,} 1500 35 50.3 8.1 6.5 Maximum torque 
20% f used alumina, 2000 27 . 5 49 .2 12 .8 .0007 7.6 was observed as 
c lloidal silica 2500 30 39 .2 14.7 .0007 10.3 a peaking at the 
impr egnated 3000 25.8 37 .5 20.3 .003 10.8 end of the stop 

70'/o se d s ilica,} 1500 21.3 33 9.6 .0003 5 .5 Maximum torq_ue 
30% fused alumina, 2000 17 . 6 34.5 14.3 .0003 6 .8 was observed as 
coll oidal silica 2500 21 .2 32. 3 16.3 .0003 9.3 a peaking at the 
impregnated 3000 23.1 30 .4 20.5 .002 10.7 end of the stop 

Note ~ A braki ng force of 250 lb was used for each test . 

(Continued) 



~ TABLE II (Continued) 
() 

;;1 
Energy 

\Jl Flywheel Average Maxi.mum Average Absorbed in (}) 
i 

Composition Speed Tor 9sue Torque St o Time ~=1tW:~ Remarks f-1 wear 
f.-l 

=-rRFM) (Ft Lb) {Ft LbJ {Seconds) (Inches ) 
--en Hp I n. 

So% Fused silica,} 1500 22 .5 34 e2 10 .0003 5. 3 Maximum torque 
20% clay, 2000 2.3 .3 37 .5 13.1 .0006 7 .4 was observed as 
col lo1dal silica 2500 J.So3 33.3 20.3 .00 7 .5 a peaking at the 
impregnated 3000 l7o 5 29 .2 25o 9 .001 S . 5 end of· the stop 

So% Fused s i lica,\ 1500 16.3 27 10.1 .002 5 o Maximum torque 
20% cl acined 

I 
2000 17o5 25 J.4o9 .00 605 was observed as a 

a].~ina, col oidaJ 2500 l7 o5 22 .5 1S.9 o003 8.0 peaking at the 
S i .J...lCB 3000 20.S 32 21 .005 1.0 .4 end of the stop 
impr egnated 

!--' Note~ A braking f or ce of 250 lb was used for each test a 
+:--



CO JC USIONS 

l. A laborator y brake tester was designed and fabricated. A great deal of 
effort was expended in the direction of obtaining a tester which could point 
out deficiencies in materials being tested for use in a high energy braking 
appli.ca tion. 

2. A tes t ing procedure was established for the evaluation of ceramic friction 
ma teri.als . 

3. Fused s.i.l.i. ca base sam:ples impr egnated wi.th .an organic resin exhibited poor 
wear resistance 0 Copper addi.tions in the form of powder and chopped turnings 
did not appreciably change the wear resistance . 

. Fused silica base samples i mpregnat ed wi.th commercially avail able colloidal 
silica showed consider ably better wear resistance than those impregnated with an 
organic resin. R.efracto:ry . additions to these samples resul ted in an increase 
of fri ction and a decrease in stopping time. The wear resistance and friction 
properties of these samples compared very well wi.th those of the organic fri.c
tion rna teri.al presently being used i n aircraft brakes. 

Ease of fabrication _, low specific gravity (2.2) and low material. cost 
should all cont~ribute to maki.ng fused silica base material.s very desir able from 
a weight and economy st~a.ndpoint. 

4. Zi.rconia base samples exhibi.ted poor wear resistance. ~rhis was attributed 
to poor bond s trength of the ceramic grain. 

5 ., Because of the li.mited t 1.me available, only one thermi.tic cermet composi
t ion was t r ied o This cermet .exhibited excellent wear resist ance but exhlb:i.ted 
a fade char a cteristic in stopping. Fur ther compos:ttion studies are n€eded to 
p r operly evaluat e ther mitic cermets as fri c tion material s. 
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RECOMMENDATI ONS 

Because of the encouraging data obtained for the fused silica base samples, 
i.t is recommended that an intensive program be carried out to .evaluate this 
material as a basic aircraft brake friction materialo 

If these laboratory evaluation tests confirm the anticipated suitability 
of this basic material for high energy brake a.ppli.cations, full scale brake 
dynamometer tests .should be initiated as a final .phase of this study a 

Studies should also be initiated to determine the factors which affect the 
desired properties which might be obtained using the thermiti.c cermet process 
as a means of producing high wear resistant brake friction materialo 
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APPENDIX A 
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Figure 5. Goodyear Organic Liner Torgue-Time Curves. 
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