Lens mount interface
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Introduction

In lens mount, there is a high stress near the contact area. Tensile stress will occur just
outside the contact area and will form crack into subsurface of the Yladst”
suggested not make any damage to dglass, which means the tensile stress can not
exceeding about 1000 psi . However, this suggestion may be too consehaineed

to answer the questiont damage does occur, will the component survive subsequent

applied stresses? How does contact danadigct the strength of glass?

The project is to analysis this phenomena using finite element method and predict its
effect on the glass strength with experimental data. More spes#iajse asimulated

lens mounting ring to load the gla3she objective is to make sure that due to common
sharp corner radiuand loads R=0.01, F=50 and 200 Ib), the strength of the g(a&s

double ringstrengthtest®) won't degrade, because there is no deep enough flaws.

Background knowledge

1, Herzian contactfor cylindersyl
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tensile stress ffrst principle stress;). The important feature of the indentation stress
field for the initiation of a conical fracture is the tensigion near the specimen surface

just outside the areaf contact.
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Fig 1 (a)Hertzian cone crack paramet&rgb)Principle normal stress fiefd

2. Strength of glas¥

Glass does not possess a single charatteggength. The strength of the material is

dependent on the distribution of cracks or surface flaws.

Stress intendity factor
Looking at a single flaw in a material the maximum bending strength deparitis size
of the flaw and geometry in the matdriFor example in case of a flaw witlslaort depth
in a thick plate with tensile forces acting normal to the crack plane one canalstiess

intensity factor Kby:
K, ° 2s,4a
So the nominal stress perpendicular to the stress plane

a depth of the flaw

A flaw will result in a fracture if K> fracture toughneds,c

Weibull distribution



Basing on laboratory tesesults obtained under well defined conditions one can edcul
design strengths for loadsd conditions posed by special applicatiequirements.
F(s)=1 -exp( ¢s/ SJ')

F(s) Probability of failure at bending stress s

So Characteristic strength (&) = 63,21 %)

m Weibull factor (scatter of the digbution.)

FEA model analysis
1, Contact damage
First, | tried to use COSMOSWorks in solidworks to do the analigsisin the particular

situation, contactadius is less than 42in. the finite elemennheshingneed to be really
small and the contact prepty is hard to defineln addition, thephenomenons a non
linearprocessit took more than 12ours to run a simple 3D model. Thus, | turn to Brian
Cuerden, who is expert BANSYS. With ANSYS, we can make a 2D cressction model,

which can save a laime, and the contact of two mategalan be well defined.

In fig 2, the left edge is the center of the contact.alest half thestress fields shown
because othe symmetry The vertical pink arrows is the response #®rfrtom the he
glass sample, witlengthrepresenting the relative value of the fortlee color contour is
the tensile stress fieldJnder 50 Ib/in load with0.01 incontct radius the maximum
stress i966 psi. The numbers to the left of the fig is the depth of tleenent in micre

inch. And the numbers at evenpdes arejustnode numbers.
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Fig 2 ANSYS FEA modebf tensile stess field

We can see that from Fig 1&2he contour is match from FEA and theory calculation.
Thehigh tensile stress field is just outside the contact &eaeone thing need to mention
is the maximum stress will change when we refine the nidsiitmeans smallefinite
elemens will get higher maximum stress on the surfddesre is a maximum stress point
acting as a singularity, which is due abrupt material change at the edfjlee depth of

thestress field is less than 0.5um, which will not change when mesh is changed.

Herztian contacassunes that two materigis contacting without anfriction I, which

is not the real ca¥& So with Briarss help we make a model with friction coeffant

while performing static load. Tensile stresswill decrease wile friction coefficient
increasesin my opinion, this is due to different Poisson ratio between glass and steel. As
we known, glasg0.21) has a smaller Poisson ratiban steel(0.28 does.When two
materials are pressed together, they both are trying to squee&teelitends to expand

more but theycannotslide from each othdrecausef friction. So glass will get a radial



force from contact center to the edge, which will mitigate the tensile stress just outside

thecontact area.

In another case, when we apply a shear force to the indshtling), tensile stress will
increasen one sideThisis a simulation whetemperature changeswo materials will

get a shear force when the coefficient of temjpeeaexpansionSince | have not enough
sample to test this situation, I just try a few samples which will describe in the following

section.

2. Double ring test of strength

In this bending test, the vertical load apply to the sample is read by a mini load cell,
shown in fig4. After that, the load will transfer to moment apply to the glass, and then
the tensile stress on the upper surface. | @@&MOSworkmodeling(shown in fig3)

andcalculationfrom Roarks 2%, (Detail calculation steps are in the appendix).

lmliiwnlh | A A RN ;gi-l & - bend? SLDASM * L] - Sk SR ; )

» P & M. @ B o & & 5 2
WA N wmpie BB oo | wmi par B
-t M

w:Hwdl Y
Fbend:‘
Slmm
o e
4" B 1 (-Bhik-)
& E=md
8 Flar window-1
E i

FLOL W B (P (- br- - B - -8 %

4 % large ring-1
&% larga rubber ri
+ % small ring-1
" small rubber ri
U e
g1
451
I
TR e (O
W 3

=
IR
PETINE ST
o el (- BiR-
o sl (- )

Fig 3 COSMOSWorks FEA model



Table 1 tensile stress due to bending Unit: psi

30Ib 200Ib
Sample
_ Roark's COSMOSWork Roark's COSMOSWork|
thickness
1.15mm 3970 3695 26467 25750
0.9mm 6455 5800 43033 39130

Resuls are agreed well with each other. Butdue to mash refined issughe
COSMOSwork model is more likely deviation from the true valbel decide totrust
data from Rarkss.

Experiment

Generabrocedure

A piece of glass breaks when two condisacoincide. The first is the presence of tensile
stress at the surface and the second is the presence of a flaw in the region of the tensile
stressSo we first make some flaws due to contact stress on a fleess.exert different

tensile stresses to tleeacks on the glass.

The two steps
1, Make contact damagéstatic load, shock load, grind while load)

1.1 statc load

Settings are shown in fig ANSTRON hardness tesnachine provide a good vertical
load force (manually) and a platfortdse a ball tip against the ld&ell to prevent a side
force. Load cell is attachment to the indenttdse clamp fork and bamboo fork to
concentrically align the indentor, glass sample andstipportingring. The load value

will show from computer screemstantaneouslyia use interdice. The maximum

indenting load will hold for 5 seconds before release.



Fig 4 load the glass with a sharp edge indentor
Detail drawing and specs of indentors will be provided in the Appendix.

1.2 shock loa#"
Usethe bench handling procedure from MBETD 810D to do the shock load.

Fig 5 shock load test



Usetapeto clampthe indentor sample and aluminum substrate together. In case of the
irregularity on the Al plate damage the sample, put a paper between the glass and the Al.
Usingone edgeas apivot, lift the opposite edgé.etthe lifted edge is just below the

point of perfect balance, then ligte whole package drop back freely to horizontal bench

top. Repeatusing other edgder a total of four drops

2, Doublering test of strength of the glass
Settings are shown in fig. Use three clamping forks w@lign the double rings and the
glass sampleGently apply the load tilt it breakshe software will automatically record

the maximum load.

Fig 6 double ring strength test

Statistical Analysis

Now we got a sedf tensile stress dat@dhen assign a probability to each data posihg
Harrisd method and then fit thaVeibull distributiod®: F(s)=1 -exp( ¢s/ SJ')

(Detall steps are provided in the appendix.



Result and analysis

From the cracking pattern in fig, we can see that the initial crack is from the center
region of the sample, where théensile stress is applied while bendi@gcausethe
tensile stress igniforminside the smaller ring, the tral crack will occur athe location

where the deepest existing flaw is.

Fig 7 use double tape toold the crack pattern of the sample

To compare the strength bedoand after the indentatiowe need a group &5 samples

to testthe strength with any damage

Table 2 characteristic strengthandscatter of the idtributionm

characteristic

scatter of the

situation quantity _ o
strengths (ksi) distributionm

Before indentation 25 25.9 4.4

100Ib/in, R=0.01n 25 24.2 4.9

100Ib/in, RJ 0.002 in 10 21.3 4.0

Shock load 10 27.3 3.8

Grind with 25um
7 10.5 7.2

compound




Using the table of studedg distribution™, we have80% confidence to say%
degradation before and aftgrO0 Ib/in R=0.01 in)indentation is due to statistical issue.
That means thetrength of glassond degrade in the level of loa@etailsto determine
the confidence of the result is in the Appishd

40% confidence to sayl8% degradation before and aft€t00 Ib/in, R=0.002 in)
indentation is due to statistical issUdat meanshe strength of glass begins to degrade
in the level of load.

More load may vyield the steel, then the sharp corner will be flattened and stress is

decreased.

Steel poisson ratio isrgert han gl ass 6, if there is frictiol
to pull the glasoutward, and the tensile streasthe cotact edgewill decreaseasthe

FEA shown, for 50Ib/in, without friction, maximum tensile stress is 10ksi while With

friction coefficientis 1ksi. Another problem in FEA ithe steel stress is much less than

the Al stress, although both of them ardlyeshallow.

We can see from the Roarkds equation from afy
to the tensile stress value. And the sample thickness has a 10% variation. Unfortunatly, |
fail to measure the first half samples. So | measure all thelsarteft, and assume the

average value to be the thickness of the whole set of samples.

Conclusion

1, Opti-polish glass is really stroné.nd the surface quality of the glass is very important.
2,1t 1 s safe to say Yoderdés assumption is too

3, At 50 Ib/in static load with R=0.01 in, the strength of glass will not degrade.



4, Shock load seems doot have catastrophic effect to the glass contacting with sharp

edge.
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Appendixl

Calculation from Roarés and ompare with COSMOSWorks

TABLE 24 Fi las for flat plates of tant thick (Continued)
Case no., edge restraints | Boundary values Special cases
8h. Outer edge fixed, inner edge fixed |y =0 By=0 5=0 L =0 Ifr, =& (AT over entdre plate), all deflections are zero
4 d Ky =Ky, = —1.30 everywhere in the plate
—yil + ) ATD Gy — C3lg and Ry, = far = P
My=——— = Il v, = &, the follow bulated val ly.
) "r°'|'r_nlI vt n .0, — (sl A e ing tabul values apply.
M M ¢ = 2+ 114D Gl = Gl bra | 0.1 0.5 0.7
17wy ‘ . al CCq — €4y ria 0.5 0.7 0.7 0.9
¥l + 7 ATD Ty 00224 15241 0.2640 0.5103
My =M Dyttt — Al = L, u, . , 510
[ A = My + el 7 {t=tLa K| —rases 10903 | —16110 —1.2691
B Ky | —13848  —12671 | —1.3936 —1.2007
Q= £, | —10.4z60 —108196 | —54127  —38380 | —7.1270
| a o, ‘
i
Cases O to 15. Solid circular plate under the several indicated loadings
General expressions for deformations, moments, and shears:
M, ) .
c ' !‘*'J—“ My y=3+ Wli—ﬂ § LT,  (Vele: y, s the center dellection)
Yo ¥ B My 3 .
X = 70[1 e + LT, {Wote: M_ is the moment at the center)
|-—u——‘ Moo= M, + LTy
oDl —
M, = ;‘ﬁ + ui, (Nate: For v < 1y, M, = M, = M)
Q,= LT,
For the numerical data given below, » = 0.3 [Note: In = natural logarithim)
Case no., loading, Edge B | .
load terms restraing | oundary values Special cases
— ]
9. Uniform annular line load 9a, Simply supported | 7 =0 M, =0 8= K2 M= Kywa
—
Fr‘, w e = 2'; (!—J:u- - 2L, roda 0.2 0.4 0.6 0.8
: K, —0.05770 —0.08195 —0.00426 —0.06282
M, = waly Ky 0.07385 0.12923 014769 0.11077
[ p—— Ky 0.24283 029704 0.26642 016645
- a N
iT, = :}" Gy wrfe® — 1) |.Note: 1T+, approaches 0, see case 16)
T aD(l + va

: D
LTy = —wrG,

=Ty

7,

M. = wa(l + r)Lg
— T
My = 54a® = 13)

Fa=0

O,=10

0.2

{Nate: 17 1, approaches 0, see case 17)

nta | 0.4 0.6 0.8

Kr( = 0.02078 —=0.02734 —0.02042 = 000744
K_'r 0. 14683 0.12904 0.07442 0.02243
kj‘“: — {09600 = 0L16500 —0.19200 — LT 4400
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