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1.0 Abstract

This report describes the results of a finite element model of an E-6 wedge used to attach
the six defining hardpoints to the mirror.

The model shows that a) the maximum stress in the wedge is well below the endurance
limit of the glass used in the wedge; b) the axial stiffness of the hardpoint is not signifi-
cantly reduced by the stiffness of the RTV bond layer or wedge; c) the stress concentration
at the wedge-mirror interface is low.

2.0 Introduction

A wedge has been designed to provide a rigid coupling of the steel components of the
hardpoints to the 6.5 m primary mirror (Figures 1 and 2). The hardpoints are bonded to
this wedge with a 100 min diameter layer of RTV, 0.5mm thick.

A finite element model of the wedge, glue, and steel components has been made to deter-
mine the maximum stress, axial stiffness, and pressure concentrations of the current
wedge design (Figure 3).

3.0 Model Parameters.

The apparent modulus of elasticity of RTV has been measured at Steward Observatory for
a 100 mm diameter glue layer 1.5mm thick. An FEA model was then created to simulate
the test set-up used in the measurement. The modulus of elasticity used in the model for
the glue was adjusted to give the model glue joint the same stiffness as the measured stiff-
ness. The final value of the RTV modulus of elasticity, 0.93MPa, was then used in the
models of the wedge.

The thin layer of optical cement that bonds the wedge to the mirror is not included in the
model. The wedge is assumed to be rigidly constrained at the wedge-mirror interface.

The wedge in this model is perforated by six holes to reduce the thermal mass.




4.0 Model results

4.1 Maximum Stress in E-6
When 3000N loads, the maximum anticipated, are applied to the wedge with a 100 mm

diameter puck, the maximum principal stress in the wedge is 0.34 MPa (50 psi), well
below the 0.7 (100 psi) maximum stress specification for the E-6 glass (Figure 4).

4.2 Axial Stiffness

The model predicts that the axial stiffness of the wedge and 0.5 mm thick glue joint is
1360 kN/mm.

4.3 Stress concentration at the mirror-wedge interface

The maximum stress at the mirror interface is 0.34 MPa. This is equivalent to the maxi-
mum stress applied to the mirror by a loadspreader puck with a pressure concentration fac-
tor equal to 3.

The average pressure applied over the base of the wedge is 0.30 MPa. The ratio of the
maximum pressure to the average pressure is 1.32.

5.0 Summary

If the maximum axial force applied to the hardpoint is 3000 N then the maximum stress in
the glass wedge is safely within the 0.7 MPa (100 psi) endurance limit determined by
Steward Observatory Mirror Lab. The axial stiffness is high enough to not significantly
degrade the performance of the hardpoints. The stress applied to the mirror is safe and
well distributed across the bottom of the wedge.

6.0 List of Figures

Figure 1. Wedge layout on the mirror.
Figure 2. Detail views of wedge.
Figure 3. Finite Element model of the wedge.

Figure 4. Principal stress in the wedge.




7.0 References

1) Gray, PM.,, “Experimental Investigation of Silicone Adhesives for Mirror Support™.
Report #1. Steward Observatory 10/14/93.




‘T a4nBi 4

SR WG

1183 01 3UawWyoozlv juindpaoy yooidA |

afipas juawysviin juodpaop




1 = g BRI gy o i
oK = . A EIADIY HETM
OSO0LWWE | D SINIJ 5 2unB
" YIWIE _. t4
= TOM DHIPARE | 3FTE LT mm.odmu @ _ u
i g W3l
T RN |
abpam 3utodpuoy W1 3w SOEKNIT
FUUTL 4B NIBD S h_nh_.“_u::«. o u_u.n
GoGl-129 209 12{GHE DuChy UoEIn) AT SeEowds  TwWIEE
AMOLYANISHED 340058331 ¥ONEIN IHILTTAR - — o WO SIMyEI0L
NOUNLISR NYNOSHLNG W YNDERMY 30 AUSHIANG | "™ dee| > - ke wis
S WIHILYK: O AR

] [EIrEk T3]
__u:_ _ ™ 9A0 0 Lava |G

TGV I |




SETTRE D

[SESLE D
e : —=
Pacans 0
. g =
LLELLET D =
GEE90°0
e ; =
EO-HEDE D
# T |
Fas890 "0
1 S |
FLELERE "0 |-
HST90EZ "0~ -
SFTORLE D
L1798 " D=HXHE
LETRRE (= ¥HS5
£E0° [==dNHE
SPERLE 0-= NHE
I86EFD Q= XHWHA
IOAN] 15
T="HH I,
[= =I5
[=dM.LE

NOILOTOS "IYUO0N
I YoM LOTd
EE 00T

FE6T 6T HI¥W
05 SASNY

ssaxly [eRdioutid

‘7 BIOBTA




