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on the prosram pro-
metiod, and surtoca
The motivation for

discussed in detzil

gating the Determinants of Modulus »f Rupture of Fused Silica", July 1960.

Figure No. 1 presents in pictorial form the overall procedural flow. Tiis

Release 2002/07/30 : CIA-RDP67B00944R000100050001-2
-1 -

caents a surmary of toe work that hoe beon done to

ent iy in progress to letermine the ctlfncts of grind

quiality cn the modulus of rupture of fused
1 J 1§

stveh a study as well as the overall objectives ar

in the document titled "A Proposed Program for Iaveosti-

.

i

e

report concerns itself with the results of Lreaking the group labeled

"Set A,

PROCEDURES

. [

A,  Grinding and Polishing

o

o - ‘ K

:L --.‘»A r R L ‘, “

Sixty funed sillca disks, 4"

in diameter and 1/4"

thick, were

numberad for identification and cloth polished on one surface.

were then comen

ground and poli

abrasives:

Tle abrasi
polizh schodule

recently.

hard - 150 grit diamend (100 micron particle)

Pine griad - 2F z2luminum oold
Plre prind - 3¢ aluminum oxd

ted to blocks in grouns of six and the otihnr surf
r .

A

shed in a conventionnl manner using the following

Jde (50 micron particle
de (20 micren particin
srind - KH alumdnum oxide (L4
rind - KO aluminum exide (12 micron particia)

\

Tl - Barnesite Rouoe

1

Tuey

aca

ve saquence was detevmiined from the fine iind and

followed on other rused silica structural pieces

(1
mnaae

Ti=2 overall grinding procedure was uncontrolled in the

sense that the amount of material to be removed with ezcn abrasive

= was left entir2ly to the discretion of the opaerator.
g .
29
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Bl

dewniled histery of obragsive oo, natericl ronoved iu o .ob

R |
o

operation, tir.w of remcvel, ate,, was &Kot fov ewch samplie, Al

fine grinding and poliching was done Ly e same optician on the 2ame

machine to remove the poscibility of operarvor skill or machine cnarac-

e ..‘i L i‘

s

teristics as an influence on resultant strength.

B. Inspection and Classification

s i N

Upon completion of the poiishing operation, the samples were

cleaned and sent to Quality Control for Lnspection. The surface area

oo

of interest was found to be free from iuspectable defects in almost all
cases. Controlled surface scratches, thevefore, were purposcly

A-introduCed to approximately 2/3 of the sample pieces, selected at

Bl i ,,'1?

~random, and the samples were returned for further inspection., All
samples were inspected a minimum of twe times by cach of two inspectors

making a total of four inspections. Samples whose final classification

b was still in doubt were inspected z;ain by each of the inspectors
] ' » for a total of six inspections.

Each sample was then placed in one of three groups according

to its surface quality within the surface area of interest. The groups

are defined as tdlows:
A} Croup Scrnten
, I: 0-60
‘g II: €0-100
A ITI: 100~160
} Scratch specifications described in U, S. Guvernment Specification

MIL-0-13830 are defined by an arbltrary master at Frankford Arsenal,
Pennsylvania and refer to the appearance of all defects which are
of a long nature, Duplicates of this master are used for visual cide

by side comparison with the optical element being tested under the

L light from a standard 40 watt ilncandescent lamp.
- Apprfov;é.‘d For_Re_Iea.sé 2002/07/30 : CIA-RDP67B00944R000100050001-2
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In cure whers tihe roper grour clasci’lcotion ©f o oo ls wan
in doubt hkecruoe o sle variatiocn In Q. C. scrateh Jdocignations, it
was placed in t.ie jroup for which 1t rwas oripinally fntended by vict e
of the controlled scratch nreviously introduce.!
C. Test Equiément
figure 2 is a photopraph of.the Qquipment used for breaking the o
test pieces. Load is applied to the aampln by the extgn ion of the
spring attached to the and éf the lever -arm. Louding rate éan Ee

cadjusted to any desired value by varying the voltage to the drive

i;mdtor.‘ Motor speed is indicated by 2 tachometer mounted gn the motov
sha :ft, and may be kept constant as load increases by fine adjustment
_églmotor Qoltage. -

Load measurement is accomplished by means of an Emefy hydraulic
lecad cell which trancmits a pressﬁrc tipnal to a Honewell pressure
transducer. Tho cransducer in turn comverts this to ac olectrical
signal which i« fad to a pen recorder, Thus u pernancnt vecord is wmade
of lecad versus time tor ecach sample.

Calibrotion of load cell-tronsducar wscanbly was by means of
application of known leads messurel by i Morehouse rving. Accuricy

was found o he within 2% in the test loal ranye.
I3

ANALYSIS
A, Breaking Stre:zn
“ipure 3 i o photograph of a test sanple being broken between
the upper and lever rings of the test appavatus, he apparatus

loads the cawple as foll)ws.

kr~+ l | a = 1.75"

31%1// T T )b T 20s

0.625"
RerEESE'20+2/07I30 CIA- RDPG7BO%44R000180050001 -2
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Within the concentric area of radius rL, radial ang tanpyential
bl
4 1
- stresses nre cjual in magnitude, and may be expressed by the zquatioen:
§ Oy = G = (
2O +T K\c\.r
‘ik\': where K and K1 are coefficients based on material properties (Puisson's

ratio, modulus of elasticity) and test apparatus dimensions (a and r_).
W is total load (1b.).
For the tests under discussion, K= .0.77 and Ky = 0.32, the

equation may be reduced to:

. ».7oéw
q"‘ = G_t = £+

The. double ring test is used, rather thaﬁgthe conventional knife-

edge method with rectangular samples, because the former produces

i;fi

maximum stresses of equal megnitude throughout the concentric area

.,

' of radius t, while leaving the edges relatively stress free. The
use of the knife-edge method would have rosulted in large stresses

[

% at the edgec of each sample and necarczitated the grinding and polish-
ing of the edges of the test zswmples to the same legree of pevtection

At

as the ~outer. Moreaver, stress at toe seratch would be deperncient on
exact scratcen luocutlon and crientition., In the double ving tost
however, so lone as the <ziraten is wituln the concentric arca of
radius r

, the resultnnt strass at tne =crarca 1s independent of
O

scratch locotion er wrientation,

i _f,

B, Long Time Strocss

Figure 4 is a representative curve for the breaking stress of

o=

s
v 2
srlass at rooem temperature as a function of time duration. Shand
g I

e .’N i

Roark, '"Formulas for Stress and Strain', McGraw-Uill, 1954, Pg. 194

1

2 Shand, "Fracture Velccity g& ’aL icue Ranze er. Soc,,
January ﬁﬂﬁroved For Re ease 0 IO7 CIA-RDP67 00944R000100050001 2’
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Pttt

L

states that for a particular glass trpe, the ftress concentration

2
factor at the crack rip varies with the one-haltl vower of the crack
P t

depth. e further states that witi the sume {aitial crack tip stress,

the time duration tor fracture (strese Jduration) will vary directly

N

with the initial depth of the crock.

Thus: Q. - Q"!L . t.

a. g-\l *,

.oy
sl

where ay and a, = initial crack depths

nominal'applied tensile stresses

a1 and ([

ti and t, = time durations to fracture, or stress duration.

Therefore, by selecting any point (g7, tl) on the stress-time curve,

. - L
“and any other point (g~,, t.) such that :EL_.:-jiL- a line
o 2 2 g €.
. \ .
;3 o drawn through these two points will represent the locus of equal values
3 of crack tip stress for different magnitudes of initial cmick depth.

Line A-B on Figure 4 is such a line,
Thus, by shifting the represcentative curve aleng line A-B so

that it passec through the test point of interest, this single curve

-y
5 ) may be made applicable to samples having any initial crack depth.
;; ' The erfactive load duration was taken as that required for tue

final 10% ircrease tefore fracture. This relutionship is based on
g actual computarions by Shand from teste conducted by him.
7 IV, TABULATION OF TEST RESULTS
o . . . o .

Table 1 is a tobulation of surface quality inspection results for
1Y
3 the test samplec. The last column indicates the group in which the sample
:
3.4

3 S

) ’ Shand: Verbal communication, June 1960
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was placed ws a roooit of cuace Lospactions.e It showl! he uotas tiat

>

, - z
P S

WLl

in almest 21l vizes where o scratch wa: pres o, thers wis auasioorable

ﬂ variation between tlLc¢ various Q.C. cluruifications for a :-iven sample
illustrating the n:e!d for a more conslistent menner of cotablishing
surface quality,

Table 2 is a tabulation of breaking stress for the test samples

arranged by groups. Column 1 shows the actual breaking stress. Column 2

indicates the time in seconds for the load to rise from zero to the break-

ing load. Column 3 shows the calculated long time stress,

o

DISCUSSION OF DATA

A. Significance of Results -

¢

il i  :': | ‘

4 "
An analysis of variance perfermed on the breaking stress data

resulted in thp conclusion that there was ne significant difference
between the results of group IL and group IIL. There was, however,
definitc‘signiﬁicance between the results of proup I and each of tun
cther groups, ond betweon group I and the composite of groups IL and III,
Groups II and IIT, therefere, are treated as a combined sample hence-
forth in this repore,
B. Breaking Strecs

“igure 5 15 4 chart of madulus of ful.ture versus frequency of
occurrence fer the test groups.

The data for these distributions are uninodal with averages of
8600 psi for Group I and 7040 sl for Groups IT and III and a range

of values on either side of the averages ot 2000 pei for Group 1 and

M e hswrivd [T, Lisanedt AT ecaics

3000 psi for Groups IT and IIL. The distributions were tested to

determine their fit with the normal distribution. The plot of the

4 Waugh, A.E., "Elements of Statistical Variance“, McGraw-Hill; 1943; P236-252

. M"-—
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£

™ data cn probability paper appeaved to be Yrepracontative f a4 nermal
distribution. herefore, tae nermcl distrvibhution parametric pra-

1=y

diction techniques were usced to determine the lower modules of rupture
values,
C. Long Time Stress
Figure 6 shows the frequency of occurrence of calculated long
time stress. Introductions of time as a parameter in the calculations

of the long time stress has tended to weight the values., When plotted

e

on probability paper, the data appears to be normally distributed,_

[N

o

Group I shows a mean value of 3000 psi wvhile the mean for the composite

of groups II and IIL is 2250 psi.

D. " Lower Limit Stress Values

We may compute lower limit stress values with varying degrees

P ,‘}‘- ‘mn, 5‘5‘

of reliability according to the formula

LV = X - tS

where LV lower limit stresas value, psi

-

X - sample mean stress, psi

t = & device for computing the lower limirt

S standard deviation

-

. 5
Values of t were cobtained frum tables prepared by Lieberman for

various reliabilities and percentages of the distribution telow the
lewer limit value. Reliability is the assurance atforded by tic

formula that the lower limit valuec computed will be exceeded that

percentage of the time. The t values are shown in Table 3 and the

lower limit values for breaking stress and long time stress

_I’ ;

are shown in Tables 4 and 5 respectively. The data of the tables

e s

S_G. J. Lieberman, 'Tables for One-Sided Statistical Tolerance Limits',
Ind. Qual. Control, April 1958 :
ne- IApprPc;:ledoFor gle-ase 2002/07/30 : CIA-RDP67B00944R000100050001-2
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j@ are progsanted o s vanhical Lo da Fioures 7 and S, in hoth tiguyes,
the lower lindita for toe brecking strocs are chvan in conparsison with

Rt

_i . the simflar values tor the lony tlme strasz, ¥For cxanrle, there is

r 957 assurance that a vilue 07 S120 psi or lues «ill cause rupture 1/

o of the time in quartz with a 60 scratch or less, This is equivaleat

to a 1225 psl long time stress, [n quartz with greater than a 60
sératch, the breaklng stress is 3 70 pst aud the long time stress

580 psl for the same rrliability avd percent of the d[h~1*bution

NVbelow the 1ower limit, i'- ’ i ‘ o U

-Th& modulus of rupture for quartz ground and rolishad according to

i

'f¢ur prﬁunnt tcthLquo was cowputod for sample of dlEferent surface quality.

B A i . ,
The e¢ffect of fatigue on the uodulus of runture was caleculated, It was
found that cthe data frov: samples having 2 surface quality equal to or

.
better than a 60 scrarch was significautly differeut from those with &

i
surface quality of 30 scratch or wovrie,

. with 997 reliabllity L% was found that only ouce in a hundred times

H ' could we expect faiiwe in the guartz Lo occur Haelow 4050 pel 1Y LEa sur-

. 5

;%: face qual ity was bester chon a 80 scrateb, on helow 297 psl Ly ilIs surisc
guality was aun 20 sloe aoralch o joo.at, “he (ffect of fatian Lo to

% ' ceduce these wvalurs £o 130 pui sal o0 i respectively Trontould be

} noted agaln that thaesc arse calcalated values, aad ohnt the effcct of

bl © fatipue on modulus of rupture has oot leen decerninad experinentatly

thus £ar in this nropianm,
Future plaas call for the testing of anothar set of sanples, this
time ground and polishaed according to coutrolled procedures designed to

mlnlm‘zu restdual cracks remalalng benczath Ld? sur face of the quartz as a

rvsult Répkgoc
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60 SAMPLES SAMPLES POLISHED 20 SAMPLES CHOSEN TO BE

| N CONVENTIONAL  FITTED INTO EACH OF 3
MANNER SURFACE GROUPS
CRADNG | QUALITY. CONTRO! FITTING

SAMPLES GROUND | SAMPLES CLASSFIED | SAMPLES FITTED INTO APPROPRIATE
IN CONVENTIONAL |INTO 3 SURFACE GROUPS BY SCRATCHING OR POLISHING

o MAN[\‘JER ! GROUPS. 3 Q
IO ) .
OO — 00—~ "
‘)

O0) |
O SN 18 1
20sampLes( (1 | LOlAD p%gl PEN o)
OO0 | E?izawﬂ“@R
e .
=S | LOAD CELL -
OO JT | QSOMPQS cl
| | ) 120 SA ANALYSIS
a1 < | > OO | STATSTICAL DISTRBUTION OF MODULL
V\ ey ’ \ ~ OF RUPTURE FOR FUSED SILICA.
OC __ | OO = 2. EFFECT OF CONTROLLED V5 CONVE
OO @ & OO0 G TIONAL GRINDNG PROCEDURES
NIPANSY o / z 3 DEPENDENCE OF MODULUS OF RUPTL
ON SURFACE SCRATCHES & DIGS
| SAMPLES GROUND 4 ESTABLISHVENT OF CONSISTANT SUR
i ACCORDING TO CON- ACE CODE
l TROLLED PROCEDURES 5 REPRESENTATIVE SAMPLES OF EACH
e CUALITY GROUP STORED AS STAN-
SETB DARDS
60 SAMPLES
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SUMMARY OF SURFACE QUALITY INSPECTION RESULTS
]

oo | - j

DATE 10/3/60  10/5/60  10/13/60  10/14/60  10/18/60  10/18/60
INSPECTOR” A B A B A 3

PIECE NO. ' GROUP
Y 160 100 100 100 80 80 1

:E:;1;){'izﬂf,- | 80 80 80 100 1
4, 100 100 160 120 160 120 III
j TR 80 100 100 100 11
5 80 100 100 160 160 160 1981

\j_ 16 160 120 100 100 160 160 111
17 80 100 80 100 11

i 18 100 100 80 100 I
i 19 80 100 100 100 _ 11
| 20 80 160 100 120 - 160 140 111
E o 160 100 120 120 160 160 111
W‘ 22 100 - 120 100 100 111
jzf., 23 80 120 80 80 80 80 11

80 80 . 11

0 0 ' I

0. , o
2002/07/30 : CIA-RDP67B00944R(001
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DATE o Abatoced ForHKelERe 200907148 c|A-H5ﬁ§4§%0944w&tg{€6’0500&1°-9g/ 80
PIECE NO. GROUP
27 0 0 0 ‘0 1
28 0 0 0 0 I
29 0 0 0 0 I
30 40 60 40 60 1
31 0 0 0 0 1
80 LI
o RS
0 ;
o 1
00 B
120 100 _f;,ioof 1
39 E 80 3¢ II
- ;'éo'H 160 120 120 120 111
41 80 100 80 100 11
42 160 160 80 120 160 160 III
43 160 80 80 120 120 120 i
A 160 120 160 160 11T
45 80 100 80 100 11
46 160 100 160 80 80 80 1T
47 80 80 100 20 . 1T
48 80 100 80 80 11
49 80 100 100 160 160 120 111
50 100 80 80 80 i1
51 0 0 0 0 I
52 60 120 80 100 80 80 IT
80 100 160 160 120 ITI



l;w.a.; i < _~ i - R .ir - . Moo z-‘

10/5(60

?g:gmm ],'O%ﬁrlc?\?ed For Rglease 2008/(;173/‘[180 CIA-}Q0 F%é%%OQM’RO({OI(i‘( (?(?0500(}10-/212/60
PIECE NO. GROUP
54 80 100 100 100 II
- 55 30 120 80 120 100 100 I1
56 0 0 0 %40 I
57 80 120 160 160 160 160 1981
58 80 150 160 120 160 160 IIT

11X



“Plece  Breaking

Number Stress, PSI

7050
8500
“11150
8625
8900
7700

© 8000
9650

9900
8650
5100
8425
7750
9200
8850
7300
8075
10150
6500
8125

8675 |

GROUP 1

Time, Long Time

Sec

* o o+ e » o

N MWD W RN
PO LOWNNOHPUVRROVONOUVLO W

WhNhMNNORNNDNDND

IR

Stress, PSI

2250
2900
4500
3000
2500
2500
2550
3500
3000
3800
3000
3300
23800
2500
3300
3100
2300
2750
3800
2250
2800

3000
- 543
21

ApproYF

Piece = Breaking
Mumber Stress, PSI

1 6600

g 8125
10 8425
12 7650
14 8040
17 7200
18 5675
19 6850
23 -8850

24 -
32 5125
37 9450
39 5850
41 7875
45 6375
47 5750
48 6175
50 . 7325
52 10125
54 7075
55 6275
46 6225
% 7200
s 1263

N 21
R = Mean

S = Standard Deviation

N = Sample Size

ce’

/%~ GROUP III

: v:Bteaking
umber - ‘Stress, PSI Sec

Time,

‘6875 23.2 2200
© 7100 .22.3 2350
6950 17.6 2100
27950 ©26.4 2650
6150 21.6 1800
7200 22.6 2350
#7850 24.8 2600
2150 57125 22.9 2300
3050 7550 23.0 2450
- 4250 12.7 1050
1450 8850 26.4 3100
3300 5050 16.2 1375
1700 Y o -- -
. 8100 31.5 2950
; 7375 29.5 2450
1650 5400 19.9 1500
’ 5325 14.7 1400
6830 2160
1180 572
16 16
' GROUP IT AND III1 COMPOSITE
" Breaking Long Time
 ‘Stress, PSI Stress, PSI
£ 6830 - 160
$ 1235 - 562
N 37 37

.
[

t
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Long Time
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e

il el asd

 FREQUENCY.

i 's‘."«"-'l

s
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IO 100-16 0
MEAN= 22.50 P
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TOLERANCE FACTOK: & FOR YALUES CF K AND ¥

Pcr. of D\gTR\BuT(oN EEvow ThE LOWiEgE \itw -.'T'[ A
SAWLE  $12E = 24 (Ghwr T) SRMILE gvzd = 37 (@ -:&‘:IEQILL\)
\o s \ o\ 1o s '

. | 0.1

1.750 v2.\‘1o 328 |3.971 .61 3 2.0294 2.817 | 3.710
VA4S | 2,371 4276 11718 | 2:.1501 2.973 | 3.907
x 1935 ) 2.405] 3,300/ 432}

55 Psy

S PCT OF | D1TRIBUTION | BErow The  LOWER UMY, o
GROVP T, X = 8o, §= 1047 | GReur TEIT | R= 7040, S 1235

-

{ O S 1 S0 10 5 \ O\

=

6770 | 6310 | 5430 | 4430 5050 4535 | 3560 24¢0
6605 {,6120 5180 41 30 4920 4385 3370 .2220
6255 | 5700 4650 2430 4650 4070 2970 V1720

TARLE D

LOWER LiMIT VALUES FOR LONG TIME STRESS ¢
Lv=%-tS ‘

PLT. oF CisTRIBUTIEN ZELOW Thg LoweR LimiT; A

GRawE T, Rz 3000, $= 543 GRovP M 1T X = 2250, ¢+ 8§62
10 5 i 0.1\ V0 5 \ 0.\
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‘ Results of prev1ous work as well as oeneral test procedures, hethod_
cof; analySLS,vand description of test equipment'a'e c,

’-Document 301
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I. Introduction
This report summarizes the work done during the period 1 February
1961 to 22 February 1961 on the program presently in progress to

investigate the determinants of the modulus of rupture of fused silica.

v i

ained in"

Lssued 1 February 1961

the }

§peclfieal1§,; xsxstedfof

determiurng'the modulue; nd- and pollshed

%rding.towtontrolled proce‘ures and comparlng the results ‘ith those

f\obtalned for fused 311103 ground ‘and polished in a conventlonal manner .

'The.surface quality of the subject samples (henceforth referred to

as set B) was comparable to the Group I samples in Document 301,

II. Controlled Grinding Procedure

A. Theoretical Considerations

Ground and polished glass surfaces, origlnally milled with a
diamond charged wheel, and apparently flawless to microscopic examina-
tion may reexhibit the milling pattern on being etched in acid. This
phenomenon is the result of vertical fractures, whose sides are in
optical contact, extending below the milled surface to a depth which

is a function of ‘the size of the grit used in the tool. It has been

: , : 1
-~ Approved For Release 2002/07/30 : CIA-RDP67BOO944R000100050001-2
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ig N determined experimentally by Jones1 and Preston® that the depths of

these fractures is approximately equal to three times the depth

of the holes left by chipping in the original milling. Conventional
fine grinding techniques make no attempt to insure that these effects
: haVe been removed other than an.often illuéqry yisual observation that Y

the ‘characteristic milling marks are no longer visible..

1’2Test Grinding Procedure

~In an attempt to minimize residual sub-surface. flaws in the

épécifiea‘sgéhfﬁhqt”tﬁe‘"f

‘amount of mafériél.remd&e@ with ach abrasive after milling)

ERSE - - R NI O S SRR R
. equal to three times the diameter of the average particle size of

z the/preceding abrasive. 'Specifically the schedulelwés ég fdilowsg
QEeratién Abrasive " Avg. Particle Size Material Removed
i Milling 150 grit diamond 004" .-
Fine grind 2F aiuminum oxide .OOiZ” .012"
- Fine grind 3F aluminum oxide .0008" .0036"
ZJ Fine grind KH aluminum oxide .00055" .0024"
Fine grind KO aluminum oxide .00047" .0016"
g Polish B#rnesite Rouge - ' -
ITI. Test Results

Table 1 is a tabulation of breaking stress and calculated long

1F. Shirley Jones, "Latent Milling Marks on Glass," J. Am. Cer. Soc.,
29(4), 1946 :

2F . W, Preston, 'The Structure of Abraded Glass Surfaces," Trans. Optical
Soc., 23(3) 1921-22

- 7Ap_prov9d For Release 2002/07/30 : CIA-RDP67B00944R000100050001-2
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time stress for the test pieces. Of the original sample size of 30,
?1 one block of 6 pieces was eliminated due to improper grinding procedure,

3 pieces were eliminated because of size 60 or worse scratches in the

a3
=

central area, and 5 pieces were eliminated because of fracture origin

outside the central area. This left a final sample size of 16 to be

"used for statistical evaluation of results.

\\

Flgure 1 shows the dlstribution of breaklng stress and calculated

ong. . time stress. It shouldbbe noted that the mean values of f2300

si for breaking stress and>5130 for 1ong t1me stress represent |

igniflcant merovement over thehegrrespond1ng'set A meqn valuesvof
~8600 psi and 3000 psi. As a further matter of interest it might also
be noted that of the 21 Group I, Set A samples tested, the highest

breaking stress measured (11150 psi) was over 1000 psi less than the

mean of 12300 psi for Set B.

N B The distributions were tested by plotting the data on probability
Y ) paper and appeared to be representative of normal distributions. Normal

distribution parametric prediction techniques, similar to those used

for Set A3 were used to determine the lower modulus of rupture values.

Table 2 shows the tolerance factors for a sample size of 16. Tables
_j bt. 3 and 4 show the lower limit stress values for breaking stress and
,}A;‘f long time stress respectively. The data of these tables 1is presented

in graphical form in figure 2. For a detailed description of the use

3pocument 301, p. 7
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of these tables and curves, the rcader is referred to Document 301.
7? L Here again the improvement in strength resulting from the controlled

grinding procedure is clearly shown. For example, it was found with

99% reliability that only once in a hundred times could we expect
'lfallure to occur in the set B samples below 8180 psx whereas for set

l; the corresponding value 1s 4650_psl Consxderlng the effect of

ﬂfatlgue these values are reduced to 1470 pSL and 950 p51 respectlvely

<Verificatlon

lTﬁéffo%mUlas'used forfcalculating bfeaking SCféss'were‘verified

‘by bondlng an SR-4 strain gaoe to an aluanum dqsk of sxmllar dLmenslons

tas our duartz test‘desks; and comparlng‘the stress values calculated
;eby our formulas with those calculated on.the basLs.of strain gage
reading. The results shown in figure 3 appear to be in good agreement
with each other, representing an approximate 3% difference whicn ls
believed to be due to a calibration error in the millivac instrument
used to measure load cell output for this test. It is felt that this
error would be negligible in our actual tests, as the pen recorder is

always calibrated using a precision potentiometer prior to each test

run.

V. Summary

The modulus of rupture of quartz, ground and polished according
to controlled techniques designed to minimize residual sub-surface flaws
was determined for samples having a surface quality of 60 size scratch

or better. The results were compared with those obtained for samples

P
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of similar surface quality prepared according to conventional grinding
techniques. A significant improvement in strength resulted from the

use of the controlled technique.

Test samples are presently being prepared for use in the experi-

'°’menta1 determinatlon of the effect of fatigue on modulus of rupture,

njan attempt to verlfy our long time stress calculatlons V_Our

0

' present schedule calls for thls study to be completed for conventionally

vgroundb(set A) samples by approxrmately May 1 1961 ‘ In addltlon,’

&ground and polished according to controlled technlques wlll be

determined.
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TABLE 1

SUMMARY OF MODULUS OF RUPTURE CALCULATIONS -SET B
(UNSCRATCHED SURFACE)

2 ;
g_ . PLECE NO. BREAKING STRESS, PSI TIME, SEC LONG TIME STRESS, PSI
67 ; 14800 46.3 6800
68 13000 43.7 5700
69 13900 44.5 6200
71 15100 46.5 7200
: : 12900{ : . 41.6 5600
11700 _ 35.3 4700
10400 ] 3650 0 4100
111200 S 35.3 4400
- .. 11000 ' 37.5 : 4400
Lol 127000 0 0 40,2 5200
©10200 " L2907 3800
-~ 12500 - .. 38,6 " 5200
ﬂ;1l500‘_ ‘ = .°“f_;‘f_3h.6_ 4400 "
¢ 9600 . 28.0¢ 3600
712200 ST 3505 4900
139000 - -0 - 36.0 5900
X 12300 5130
S I 16 E 16
k¥
E s 1000 . . 890
3 '
2l
NOTE: The following samples were eliminated from test results:
4 PLECE NO. REASON
A1 61-66 Improper Grinding Technique
§
: 77, 78, 87 Scratch in Central Area
21 70, 82, 85, 89, S0 Fracture Origirn Outside Central Arca
id

4
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MOOULLS OF RUPTURE OF FUSED SILICA -SETH
(UNSCRATCHED SURFACE)

1
]

O MEAN= |273300 3!
| SAMPLE S\ZE =16
-~ STD.DEY'N. =1000 Ps\

o 16O

1o 120 130
BREAKING STRESS, PS\ X \00

ﬂ  CALCULATED LONG TIME STRENGTH OF FUSED S\LICA- SET &
: CUNSCRATCHED SURFACE)

MEAN = 51350 €3V
SAMPLE SV\ZE = \b
STO. DEV'N = 390 P35

)’
N
r4
S ou
Ly
W
8’4
u-‘,

)

o

gL V)

40 ¢ @ 70 @ 8
L LONG TIME STRESS, PSI X100 ,
.-t Approved For Release 2002/07/30 : CIA-RDP67B00944R000100050001-2
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aBLE &
‘j!‘ : . TOLERANCE FACTORS, T FOR VALUEE OF &L AND ¥
i | % DI TRISUTION BELOW LOWER LIMIT, &
7] L 1 SAMPLE SIZE={&
I CELABILITGZ] 1O 5 | O.1
] =0 (.84 2.299 3.172 | 4. 6a
P .95 | 2.032 | 2523 3,453 | 4.534

.99 | 2458 | 3028 4.124 | 5374

ABL.E 3

L.OWER LIMIT VALUES FOR BREAKU\RG STRES\Q osl
oLy = X-eS ) -
- %% DISTRIBUTION BELOW Lowsse LIMIT,
X=12,300pst - S=1,000psi
Remaxuw,ar (O 5 | o.|
R=Ye 1O, 4G0 | IO, 000 | D130 | 8,140
25 10,270 | 2,780 | 8,840 | 7,770
2D D,840 | D,270 | 8,180 | ©3B0
SR TABLE 4
4 LOWER LIMIT VALUES FOR_LONG TIME STRESS.psi
o | Lv=X-tS |
E U765 DIDTRISUTION BELOW LOWEE LIMIT, ¢
. X = 55130 ps S = B830psi
RELABUTG Y 1O 5 | O. |
e a5 | m.a%0 | =,090 | 2,30 4,430 |
DS XWy,B20 | 2,8D0 | €,0850 | 1, 100
89 2,340 | 2,430 | 1,470 ISO

Approved For Release 2002/07/30 : CIA-RDP67B00944R000100050001-2
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RELIABILITY f To DISTRISBUTION BELOW LOWER LT

i
2 5 99
RELIABILITY, 7%

BREAKING STRESS
— — — — LOMG TIME STRESS
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