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Primary Mirror Forcesfrom a
Distributed Hydraulic " Axial" Support System

Introduction

One can imagine that a thin meniscus mirror 8.2m in diameter will deform easily when
subjected to forces. These forces are due to such factors as changing gravity orientation, wind
loads, active and support forces, thermal expansion, etc. It is the role of anaysis (analytical,
finite-difference, finite-element, etc.) to predict the mirror surface distortions for a given set of
boundary conditions; imposed displacements along with internal and external forces. This report
deals only with predicting forces on the mirror, not with the resulting distortion due to these
forces.

A number of simplifying assumptions will be used for this report. This should make the
material easier to follow while not sacrificing the basic ideas necessary for an understanding of
such a system. The actual analysis for the telescope will not always use the same assumptions
and will be somewhat more complicated.

First we will ssimplify the geometry for menisus mirrors by neglecting the curvature and the
central hole. Figure 1 shows the simplified mirror geometry. The mirror surface isindicated and
we assume that no support will be allowed on this surface. The telescopeis Alt-Az, and the
mirror rotates relative to the gravity vector about the x axis. The x-y-z coordinates are fixed to
the mirror.

“«—— 8.2 m diometer —*

upper (mirror) z
surface j‘
[ > X
£ ,
back (axial support) surface 2 m thick

Figure 1. Simplified geometry for the meniscus mirror.
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Themirror is shown in Figure 2 at some zenith angle, 6. The range of 0 for the telescopeis 0
<0< 75° Theweight of the mirror is called W, and W = 225,000 N or 50,000 Ibs. The
weight-gravity vector, W is shown and has a resultant at the geometric center of the mirror
("c.g"). For convenience, we can resolve into its "axia" component, W cos9, and its "lateral”
component, W sinf. Some system of forces must support these weight-gravity forces along with
any other forces applied to the mirror. We will assume that forces on the back surface (Figure 1)
will take care of W cost aswell as any other forces in the axial direction. These are the "axial
supports' discussed here. The lateral forces, W sind, along with any other force perpendicular to
the axis will be taken care of by a"lateral support” system. These lateral supports will be
assumed but not discussed here.

local zenith
T axis of mirror
|
|

|
|
|
|
|
| /
|
|
|
|
|

Figure 2. The mirror in relation to the gravity-weight vector, W.

At zenith about 80% of the axial weight component, W cos9, will be supported by a uniform
air pressure' over the back surface. The other 20% of the weight plus any external loads will be
resisted by a distributed hydraulic system. The forces applied to the mirror through this hydraulic
system are described by this report. However, not only must the axial supports resist these loads,
but they must do it in such away that the mirror surface does not distort past its specification
(poor "figure"), nor doesit tilt or piston (rigid body motions) past some specified amount.

! Myung Cho and Ronald Price, "Optimization of Support Point Locations and Force Levels of the Primary
Mirror Support System™ (RPT-0-G0017), October 1993.
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Some of the forces will change with time. Examples are: slewing the telescope, wind
buffeting of the mirror, vibrationsin the telescope structure, etc. These time-dependent val ues,
both fast and slow variations, will not be addressed here. Only static, or "quasi-static”, with a
bandwidth of less than .02 Hz will be assumed.

A review of the major assumptions are:

(a) Boundary conditions (displacements and forces) are predicted, but no resulting mirror
distortions are presented.

(b) The mirror geometry has been simplified to aflat meniscus with no centra hole.

(c) Only "axid" loads are considered. The hydraulic unitsto be described carry only = 20%
of the axial weight and the external axial loads.

(d) Only static forces are analyzed.

A. ldealized static cases
Case 1. 3-point support at 120° intervalsand radiusr.

There is an axia support at each of the positions shown in Figure 3. The (x,y) coordinates
are shown in terms of the radius r and the angles. At each of these "points’ there is a hydraulic
unit that might look like the unit sketched below (Figure 4).

The load cell measures the force applied to the mirror. The piston ison aroll diaphragm
("bellowfram™) which is sealed with afluid inside. The fluid has aweight density, g, and is
"incompressible”. Neglect the weight of the load cell (L.C.) and piston, and assume the diameter
of the unit is very small compared to the mirror size. The "effective area” of each unitisA, (i=1,
2, 3 the unit number). In practice, this areais intermediate in size between the piston area and the
area defined by the wall constraining the fluid. Then the force output read by L.C. isrelated to
the pressure and area by

FE=Ap
where p. is the fluid pressure in the sealed unit.

Reading the output of the load cell, or measuring the pressure, p,, would require the hardware
involved. We can predict the forces from static principles once the axial weight component, W,
Is known. For static equilibrium we know that

F,+F,+F,-W,=0

The moments about the c.g. are also zero: therefore,

Fx,+FX+FXx;=0
Py v Ry, + Ry, =0

Using the x,y components given; then
F1+F2+F3=+Wa
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-F, r cos 30° + F, r cos 30°
F,rsn30°+F,rsin30°-F,r=0

(sin30° = ) and solving,
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While the forces depend on position and the value of Wa, they are not dependent on either p,
or A.. SinceF, = A, p, then the pressure in each unit could be found by

Wa . _ Wa — Wa

plzal ’pZ_KZ P = 3As
and for equal areas, A, = A, al the pressures would be the same, p. = Wa‘i . However, if the areas
were unegual, the pressures would also be unequal but the forces would remain the same.

These three axial supports are an example of "displacement"” supports. If weincrease W, the
force increases while its position remains almost unchanged. The other type of support, "force"
or "astatic", would maintain an approximately uniform force even while changing position. These
displacements supports "define" the mirror position relative to the structure.

Question 1. What would happen if all three units wereinterconnected by fluid lines?

For example, connect #1 to #3 and #3 to #2 as
shownin Figure5.

Answer. The mirror would tilt uncontrollably.
(Certainly bad for a mirror). Since the reason
would not be obvious to everyone, some
explanation follows. (Assume al assumptions

above that led to constant pressures, p = % )

Theroll diaphragms would allow the piston to
move up or down with ideally no spring rate force
so that fluid could be transferred from one unit to
another, thereby causing the mirror to tilt. Why
would the fluid transfer from one to another if the
Figure5 pressureis equal in each unit? The answer is that

: the hydrostatic head of fluid in the fluid lines
causes a pressure difference. Assume the mirror
has a positive rotation about the x axis. Then the vertical position of unit 3 islower than units 1

and 2 byanamountzérsin g- Then

P;=p,+yrsno
P, =P,

The force F; is now > % , and the mirror is no longer in static equilibrium and will move up

at point 3. Note that even though the pressure is greater in 3 than 1 or 2, the fluid does not move
in that direction because the static head of fluid would have to be overcome. That is, the fluid

moves from point 3 to point 1 or 2 only if p,>p, +y§ rsin@.
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If we found away to requirethat p, = p, + y% r sin O for equilibrium (and this could be

accomplished in more than one way), would we want this interconnected system? NO! Thereis
no spring rate in the three units when the pistons can move up or down, and any external load or
change in the system would cause mirror tilts (undefined mirror).

Note: The following questions pertain to the original independent (non-interconnected) units.

Question 2. What happensif thereisaleak in the bellowfram unit?

Answer. Then the mirror tilts until it comes to rest on the mechanica unit/cell. Small leaks
can be overcome by building in a positive supply that can force fluid into or let fluid out of the

system in response to amirror tilt. A supply is needed for each of the three units. These supplies
can also be used to adjust the mirror position whenever needed.

Question 3. What happensif aforceis
applied to the piston of one unit?

/ For example, put a1 unit load at number 3
mirror (see Figure 6).

o2 e ]n 3 Answer . The L.C. reading does not change.
J_’/\ L~ | The mirror does not know that an "active" force

was applied. However, the pressure p, is now
reduced to

Wa
3 FA

Ps=""n

cell

The combined force of F, and the pressureis

Figure®6. WT‘* for equilibrium.

Thereisaso asmall tilt of the mirror. The sealed unit has a high spring rate, but the pressure
change would mean that the piston would move up slightly in response to the upward force F,.

Question 4. How does the system respond to forcesthat are applied to themirror
(external forces)?
For example, apply an axial load, F, at the coordinates (

—r
cos30

0) asshown in Figure7.

Answer. From statics we can find the changes, DF,, at each unit (i.e., F, = % + DF). This

uses the same equilibrium relations as before. SF = 0; SM, = 0; SM, = 0. Setting up the equations
and solving leads to

DF,=-1; DF,=3; DF,=- %
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y This set of forces (the external load
and the change in support forces which
will be noted by the load cells) will
cause two changes to the mirror:

1. The mirror surface will distort.

2. The mirror will tilt and/or piston.

>
>

The former will depend only on the
mirror stiffness, while the latter will
depend only on the combined stiffness
of the hydraulic pads and the cell
stiffness.

Question 5. What happensto the
mirror if the cell warps (changes
position in a differential way between
thepoints1, 2 or 3)?

Figure7. Answer . The mirror will tilt/piston
accordingly, but there would not be any

distortion of the mirror surface.

Summary of Case 1

Using just three supports for 20% of the mirror weight and all axial externa loads would not
really be considered due to the large mirror distortion that would surely result. However we can
consider these useful idess:

1. The mirror would have a defined position (subject to the actual spring rate of the devices).
2. Severa basic ideas were presented that will be the basis of other more complex systems.

Case 2. 6-point support @ 60° intervals on a common radiusr .

If the six units were located at aradius of .681r  instead of three (see reference 1), then the
drms distortion for W, would have far less distortion of the mirror surface, an improvement of
about 8x over the 3-point result. Assume that we want six hydraulic support unitsin the
configuration as shown in Figure 8. Use the same general assumptions as for the unitsin Case 1.

Question 1. What would be expected if 6 independent unitswereinstalled for the axial
supports?

Answer. We no longer have a"kinematic" (3-point) support, and if the cell deflects
differentially, then the load carried by each unit will vary, and there will be distortions of the
mirror surface. Thisis a"displacement” support where the displacements and spring rates control
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the forces. The mirror would be "defined" but with the possibility of a poor figure. Thereisa
possible solution for the non-uniform forces and that would be as follows. Assuming that thereis
afluid supply for each unit, the amount of fluid could be metered in and out of the unit to
maintain for force output (as measured on the load cell) to the desired value (here assumed to be
equal forces on al six units, but it could also be controlled to maintain some other set of forces if
desired).

Question 2. What would happened if the units wereinterconnected in pairs as shown
below (Figure 9)?

cell

Figure8.

The units are designated asi, j wherei = 1, 2, 3 corresponding to the three units of Case 1,
andj =1, 2 for theindividuals of apair. Again, assume a positive zenith angle rotation about the

X axis of 0.

Answer. There are very few drawbacks to this system. In fact, the only disadvantage is a
distortion of the mirror surface since the forces at 1,1 and 2,1 are higher than those at the others
because of the hydrostatic head between those units (see Case 1). The good points are:

1. Cell distortions are accommodated by transfer of fluid between the pairs. There will be
some small tilt of the mirror if the sum of the displacements of each pair are different, but

! Nelson, et al., Telescope Mirror Supports, Plate Deflection on Point Supports, Report 74R, 1982.
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thiswill beless, in general, than that of a three-point-support due to averaging over each
pair.

2. The head pressure does not cause an uncontrollable tilt of the mirror since the units of
higher pressure are located at y = O.

y 3. Themirror is stable (with regard to rigid
r body motions) and is thus "defined".
Each interconnected pair can rotate
about the midpoint of the pair by
transferring fluid from one unit to the
other, but the midpoint does not movein
space. These three midpoints play the
same role as the three independent pads
> X inCase 1.

Note: It should be noted that the distortion
of the mirror surface due to the increased |oad
at 1,1 an 2,1 may in fact be beneficial. Some
mirrors (particularly concave mirrors) have a
distortion due to the lateral supports that
. produces a high at the top and bottom, and a
Figure9. low at 1,1 and 2,1. Thus the effect of the
increased force there can help compensate this
lateral distortion; both effects are proportional to sin 6. One can set up the static equations and
find that the forces are:

F,=F,= ng cosO+ yAr, cos30°sin6

F,=F,=F,=F,= ng Ccos O - %yArl cos30°sinH

Question 3. If the increased force at 1,1 is objectionable, it is possible to passively
compensate the system to make all the forces equal ?

Answer. Yes. (see Figure 10) A back-to-back unit can be installed with a stiff bracket to
transfer the load of the compensation unit to the mirror.

All the support interconnection lines are duplicated by the compensation interconnection
lines. These compensation lines/units can be vented to the atmosphere (zero bias) or not for some
level of bias. While for this case it would be possible to install just the double (*compensated")
unitsat 1,1 and 2,1, and a hydraulic line of the same length as the interconnection lines to the 1,2
and 2,2 positions, in general there would be a"compensated” unit at each position of amore
complex system (or for an equatorial mount).
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7
W mirror
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T (o +4p) A [ TH )
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. l il J > -,
W, + ApA = (p + AP)A
or W, = pA
Figure 10.

Question 4. Can active forces be applied to the hydraulic units?

Answer. Yes, and one possibility is sketched below for each type of unit (Figure 11).
The active force (aforce under our control) isindicated as F, and is applied to the load
transfer bracket.

Question 5. If a unit activeforceisapplied to a hydraulic unit, isthisforce then
registered on the L.C. asbeing applied to themirror?

Answer. No. The added load must produce an effect that still satisfiesall of the static
equilibrium relations. This can be demonstrated by a couple of examples.

Example 1. Giventhat F,,, =1; F,;=0.1,j 1.1
What is AF”, the changes in the forces as measured by the L.C.’s to the mirror?

The change at any pad unitis
AR, =F,, + Ap, A,

where Ap;; is the change in pressure in the support unit due to the application of an active force.
For convenience we can assume that the areas, Aij’ are the same for al units and

Dp A F
10 19 TP
For the interconnected pairs, we know
it Fp12 Frof Pt Fpal s
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/ /

mirror mirror

T
T i Ik

uncompensated compensated

Figure 11.

sincethe pressure will be the same at each pad of the pair. We also have the equations of static
equilibrium
SDF =0; SDF..x..=0; SDF..y, =0
1Q 1) 17
after writing the relations and solving we find that:

and therefore,

DF =t- 1=1; ¢F =o0- 1l-.
2 Z z

N L

N

DF21 :DF22: LE; Ang ° F32: -

The forces on the mirror are indicated b&BIFE  dforF = 1; FAiZJO; hj 1.1

Thus, whilethereisadeterministic relation between the active forces and the mirror forces, it is
not a 1:1 transfer function.

veeoaen Nfhat would be the forces onthemirror if Fy = F,, = 1; F Ai:j 0 otherwise?

This system could be solved (from "scratch™) as was the previous example. We can aso find
the solution in other ways from previous information.

Souton. se superposition and symmetry arguments (iaue 19 ),

; Fl DE Figure 13a
Then by adding [A i i“+[ Jg( )
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active forces, F, mirror forces, AF,

Figure 12,

The result of adding 1 unit force from the active control at 1,1 and 1,2 produces no mirror
forces at al. While the first example produces mirror surface distortion, the second does not.

Soltion 2. If we return to the 3-point case of independent hydraulic units (answer to
guestion 3), it was noted that applying an active force to the unit did not change the force on the
mirror, just the pressurein the unit. Here is the same situation. The 1 unit forces reduce the
pressure in the pair, but do not affect the system otherwise.

Question 6. If an external load of 1 unit isapplied directly to the upper mirror surface
at the x,y position corresponding to unit 1,1, what will be the effect on the mirror and
support system, assuming that all active forces are zero?

The external load on the mirror surface at x,y of (-r,, 0) is F. = -1 (Figure 14).

Sincedl F

Aij

=0,thenAF. =F ..
S

After setting up the static relations and solving, the result is (Figure 15

The loads D Fij on the mirror would cause distortion of the surface and some small tilt.

>N XM &G $22050 X S5l MK BT O[0%L 59 7=/ Xe 77 BOTe¢ el
FraErs Xe [Fry @OON X0+ DO +$X0O 0=

Answer. \We can add the two systems and find that the L.C.’s read as follows:

All L.C.'sare zero except for ° F,=1@location 1,1 (“/ %0, 7%
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Figure 13.

Figure 13a.

Theload cell would bein compression and read 1 unit. The mirror would also be in compression,
and there would be some small distortion at point 1,1 — otherwise, none.

Summary of Case 2
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Figure 14.

FEij

Figure 15.

The three pairs of interconnected units tend to act much like the three independent units. The
mirror is defined even though there is some distortion when the hydraulic head is not
compensated.

The compensation units are essentially the same hardware as the support units. This adds
some cost to the system, but the ability to maintain forces for any zenith angle can have many
advantages al so.
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no pressure
change

AF,

ij

Fo, = +1

Figure 16.
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Case 3. General ease of three zones of interconnected hydraulic units; n supports in each

zone

One can continue to reduce the mrror surface distortion by increasing the nunber of support
units in each zone. For the 8 2mmirror, it has been proposed that each of the three zones would
have about 40 supports (120 total for the mirror). For the previous cases of n =1 and n = 2, the
relations were easily resolved, but the idea of n = 40 would suggest nore formalism to avoid

errors in the predicted forces. For this case the ground rules are:

1. There should be three independent zones of pressure supports. This will insure definition
of the mirror.

2. Al pressure supports in any one zone are interconnected. This will avoid overconstraints
(cell deformation print through).

3. Hydraulic head pressure conpensated units are used so that the pressure variation in a zone

does not vary the force output.

For Case 1 of three points (n = 1) the three static equilibrium relations could have been

witten in matrix form as:

¢ 1 1 1 F. W a
gX 1x 2 X 3 F, ¢+=. o
g Y1 V2 3 Fs 0
o7 %
& o @ ¢
2l ODIHE & e
1 1 1
B=—lcos 30 1 Cos 30 o
5l 5a -r

whilethe force vector F = {E_F, F } and the weight vector W ={W , 0, 0}. Solving therelation
forFis 8
F=B-1w

B should then be inverted, and the result can be found to be:

1 1
13 - 2r cos 30 3r
Bl=|13 sy =
2[ (os 30 3r2
1/3 0 ST

and therefore,
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These are theload cell readings for just the weight component, W

For the case of the external load of F = +lat x_=- ﬁr?D ,Ye = 0, thethree equilibrium
equations for the mirror are
BF+F £ g ¢

':::/’Zg”zlzzﬂE EFEXEF EEEE

Then, solving for F gives,

I
I
=
=
\
M

Therefore,
N . i Wa 1 ) 1
-} Fl? i Wa -1 }l T V& f Zcoi 230
I L _ 4l L _ ! 1
1F2y=e "1 g3 Y_}__3_'3+-2L(I)523)
1B b R | LS
i b -3

However, cos 230° = 3/4, and the vector then %é{f 1, ‘—’% D

3

The change in force at the L.C.'s are then

°F ={-1, +1/3,-13}
the same result as before.

Next, the Case 2 of six supports. The six supports are at radiusr,. The three equilibrium
equations were:
F11+F12+ F21+F22+ F31+ F :W

a

F X +F12 12 FZ 22+F x3]4: 332 -0
1¥11+ F1¥1§ 21 9] 22 22+F31y F 32 0

Since there are six forces, F., and only three equations, we could not solve directly for F..
without some additional knowIéng For the examplesin Case 2, it was assumed that !

N e
11 1221 22 31 *
and with these relations, all the forces were found. We would like to allow for the possibility that

not all forces in a zone are equal. We can assume that some relation exists between the forces in

each zone and define

F1= Fu + Fio; Fs = F21+ Fap F3 = Fgy + Fy
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owvo

S — Fuxaa +FJ2
X1 = —Fl‘l— ETY.

m DL 2

Then the equations are:
% ~ x
F1+r2+F3=Wg
X1 5L XoT o+ Warg =

y 1F1* + _E‘ZFZE"' \_V3F3* :

or

BF*=W
where B is
6 1 1 1
=CE X 2%
SVl y2 )7

the same as before with xreplaced byx, , etc. Thisreducesthe equationsto three, but one would
still have to know Xjand-y to find a solution. Assuming that the force is proportional to some

constant pressure in the whole zone then

q)”' a pp

where A ,./.isthe control (effective) areaat that support and is known. Then

X1 - TAXI+PAR X2 _ AL xu
T pAll AR T A1

With the position and areas known, then all the Xiand V values can be found.

Therefore,
F=B -W
and when an external load is given

P=B  _{W-F }

If we want just the effect of F , then

*

Dr ¢ =B Y{-FE
I DDE DI W =REFOLEI 7D XM HE 6D B
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tF — Y _J-F x,-F ={+1,-r ,0
EE = % £ EYE} { O
The areas in Case 2 were all equal and the values of Xi, yiare

X 1 =-rcos30,x2=rc0s30;x3 =
)_/ 1:rsin30,)_/2:r sin30;)_/3:-r

andr=r  cos30°. (Note: this is not the same r as the Case 1 unless the three supports were located
with this radius value). The result is

TR ={+1,-1/3,+ 13}

We then know that
DF_ +DF _ =
E1l E12

etc. For equal area (and constant pressure) the forces are

Fei= DFElf v2
=DF ___=-1/6

E21 | _E22
+DF__=+1/6

DFE31 E32

Tnece ape TNE YNOVYES vV TNE Aoad XeAA peoc&vyc@i‘ié“%wﬁithe previous rests.

Question 1. What effect does an active force have when applied at one of the support

units?

The active forces are not applied to the mirror directly. If they were, you could calculate their
effect by calling them an external force and use the same relations above. It is almost the same
except that the active force is applied through the load cell, and only at these specific locations.
For asingle active force at one actuator ab (eg., a=1, b=1intheexampleof Case?2), theload
cell reading will differ from the external force value only at the unit where it is applied and

. Fab= D%B‘ Dy

"= opp L Db

We can illustrate this with the example of Case 2 where ab =11and a + 1 force was

while

applied. This is the same position as the external force above but of opposite sign. For this case,

the result for an external load would be

brr. = {-1, +1/3, -1/3}
and
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b F@ég E12 = -1/2
DF D H Erryes
5 E21 gQFEZZ
g ==
E31 E32
Howe®ep, DQ = @F +F =12+1=1/2
1 11 A1l

while the others are those values given above.

Now, instead of looking at n = 3,4. . . etc. we can just take the general case. Zones1, 2 and 3
(Figure17)  are each assumed to have "n" supports, and each support is interconnected and
compensated for hydraulic pressure. All the area are equal.

For each zone, i, (i = 1, 2, 3), we can define

" JS:]_FE)«p _ JEJ_FKM

Fie e e T W

Then for static equilibrium with no external loads on the mirror or active forces, the

equations are:

Y o A o S v
F=B- S[V; B = x 1 X 2 X
Y1 y2 y.

As before, the values of i)@ nd [are

.s A}h ; g

A| = SlA gi= Yi= —p—

The change in forces® F"_due to an external load is
PPy =B _{-FJ
8 1R
where {-F }={F Jay} For an active force at ab , thereisboth an effect as an external

force and as anEddmonal force at tthpp
some unit i, j is given by

ﬁn in question. Theindividual force change at

DfF_= %J .
FEIJ DF g
At the unit ab wherethereisan active force
DF = +F
I:ab DFE\b reb
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whereDF_  istheeffectol pdsan external load. Asafinal note, the changein load cell reading
D i
LCabls
De =
ab I:)(I)ab

since a positive force (upwards) will cause a compression (negative) of the load cell.

zone 3

Figure 17.

Summary of Case 3

(in supports in three independent zones)

The case of n supports per zone is reduced to the same matrix equation as a three-point

support by substituting the centroid il fO]r E_,ian d y—1 for y The inversion of this 3x3 matrix is

known analytically and is known to be non-singular for all "practical" cases (e.g., each zone is
approximately 120° of the surface area). The values of x| and , are determined from the areas
and positions of the support units.

Wlﬂh Uh@ kHOWH V@dUG C)ﬁt@ sum of any known external or active forces can be related
directly to the pressure in the three zones. These distributed forces can be related directly to the

pressures in the three zones. These distributed forces can then be proportional to each support
unit. The active forces add (at the unit where applied) to their effects as an external force.

B-SWl  Bry



Primary Mirror Forces from a Distributed Hydraulic "Axia" Support System RPT-S-G0038

Multiple Active/External Forces

The previous cases n = 2, 3, . . . specified the effect of a single external load or active force
In practice, there will be many such forces applied sinultaneously. One technique to deal with
many forces has already been nentioned: superposition of individual forces cases. The

superposition of |inear equations can al so be expressed as

b
. 1 FErn u
%D: £4 }'1 ]1 mtmzl i
iof [ y=-B7, S| Fenmx BN,
1 DF it ¥
1 2] mt
b s FEmyEm i
1 M= p
where mt is the number of external forces.
We can define
e nm E
| mS:]_ EL
ITL

*

Me o, FErEm
* 0 F
Wi iy Froveo

B ezl <O OX NEISNORSe LOTNN <= $==l <O +S0$SHe [ K¢/ TmTSe OO0
KON +@09Sme [ XH)INTe OLONES SHOG $==1 [K SOExe3<a= N +ON M) #l] @<

Question 1. What is the result on the systems when multiple external forces are introduced

simultaneously so that
FY @ =@M * =0
- y X
that is, whatever forces are applied have a net axial force of zero and zero moments about x

andy?

Answer. H Mpcom NN M @F){é.'@ao&h}ﬁ@t&ﬁ% that there is no change in
pressure of any zone. The load cells would not change the reading.

Question 2. What is the result on the system when a multiple set of active forces is
applied with the above requirements (i.e., sum of forces and moments are zero):

Considered as external forces, the result is the same as above (i.e., D(Ijk _ 0) BDT ™me 7\,00(6
E
YEAAG peOd BAAVEG 0
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_D &
D@E - FEij EIAij
and sTmg8 ©F ¢=I enma Niee: <Xee NHROELN B 458ltheFifvidRABEME
forces (but with the opposite sign). This almost sounds like a trivial re'éult but, in fact, it is the
only set of "pure" active forces that produce this result. As will be seen later, all active force
systems devised to distort the mirror surface will have this zero sum and moments.

Question 3. What happensif all the active forces are equal over awhole zone?

Answer. This is the extension on the previous examples of 3- and 6-point support. The
pressure changes for that zone, but the load cells do not change, and no force is changed on the
mirror. As an example, let the n active forces in zone 1 all be +1 unit and assume that all the

areas are equal and the units are symetric in the zone. Then,

F* —p
E
-M* = -nr cos 30°
5= n
Mz "2
Then
* ¢ reB m—— 1w
1Dy v P ZaE D3 g0 0
[ DF% = HE @ 1/3 m 3 Gi -Nrces so =~ O;
1 D@:C:' é - 2 l,l'l. 18 ) O'l'
| 5 o 13 0 -3 i v Uy
Therefore, in zone 1, each °F_ = -f'=-1

Eij

D = D F F =-1+1=0
2 PE1pATe

and inthe other zoneAF_ =D _=0aF . -0
E2 E3 '

Qe yov ovppoptle Py coylvy TNOT TNEPE 1G O TPOYXEIVPE TO deTEPULVE TNE ynovye v AX.

peadvyo, BT TNE PEGLAT WOVAS VOT CAWOYG BE LVTLLTIDEAY OBTLOVC. ZOUE GTEYLUA Y UCEC YIEAD
ot ape Botn 0oy T0 peUEUPEP OV TPOLYTUYOA.

Distributed External Forces

Tne xoce 00 eETEPVAA LOOIO 1G ELTNEP EOGLEP OP LOPE SLOPLY VAT SETEVILVY OV OVEIG TTOLVT OO T
Tne oyTOe GOPYECS WEPE OMMALED TNPOLYN TNE GURATOPT LVITC (TNEY WOLAD VOT MOME TO MNODE
OMTALED LV TNIC HOvVeEP, PBUT TNEV Tne peEANTIOV MOVAS Nale Peev dtddepevt). Tnuo e oy TBE Ho
NOomE YOOPOLVOTES LV YOUUOV LTI TNE NMYOPOLALY GUTTOPTC, v TNELP VLUPEP 1o AULTES TO
Lo&uop. Tne eEtepvad ALoodo xov Be anmAled oavymnepe ov TNE Lppop cvpdaye (op ov e Poy
GLPYOXE OP GLOET, ETY.), OV MEPE ME MIAA ALULT TNE SO VLOCLOV TO EETEPVOA DOPYE YOUTOVEVTG 1V

Page 23



Primary Mirror Forces from a Distributed Hydraulic "Axial" Support System RPT-S-G0038

SOIXIHIG®  2HTN XM SSOC0e)n 2 ¢ ¢V OO0 OXOOOT +e07Sph<0 [l §HEksSoOes O
oaocemnL LHE $u e XmLe<h

PHEL OO0 e #TN FON #2000 +SOXSMHIO  HSE QAL y, SAGETHIN 2 dQ5% pRessure
with some spatial distribution x, y and some changing funXMon of time, t. ‘IWe continuous
distribution does not correspond to the discrete point locations, but it can be approximated by
some finite grid of points, which in the limit, would approach the continuous distribution. If we
let each grid point represent an area of DxDy, then

F(x,y) = -p(x, y) DxDy

The negative sign is needed since a positive pressure will produce a negative forcein our
coordinate system. Then the forces could be defined as

* 0

FE [-pE.y)A Dy

dgodrs

-My° S [-Xpa,y)pE Dy :

% @e0ints
etc.

Another representation istheintegral of the pressureas

X
FE® & - P(x,Y@xdy
are

*
-my® - O, yackay
areda

M*y° & -yp(x,y)dxd

aea

ZLVYE OVP OPEDL 1O XPYLAOP, TNE &, ¥ PEMPECEVINTIOV 1G VOT VEXECCOPIAY TNE LOOT XOVIEVIEVT.
Youvy moAap y00pdVOTES MLTN

X =rcCos
y = rsinq
dA = rdrdq
™ev,
p ol
Floz - . & P(r,gyrdrdc
SO
p L2
-My=-4§ 4 p(ra)r?cosqd rdc
-p O
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p WZ

gzl OO e @00 =S B iy Gl XS ol Hgpsuissprmy] « s then
s DE * 2D * .,
10 g 2 By
[ DFp = -Ble-6yy
} pF E3 ;:I M X ij

There will be change in the pressure of each zone that is calculated from this relation. If one
wanted to know the surface distortion, then the mirror would be analyzed with the pressure loads
on the top surface and the 3n loads on the bottom surface. It should also be noted that in the
absence of active forces, the LC's will al read the same for eaCh zone of equal area supports.
That is to say that the spatial distribution information has been "lost" except for its overall force

and moment. Each load cell in a zone, i, will be

.
[ Cu= - D >

To analyze what the static pressure does to the system without active forces, we can assume
the static pressure spatial distribution could be represented by a polynomial such as

P(p, Q) » ¢0+ C1rcoSe + caf vinQ+e3(r2 - 1
+X,4 (r 2 B0O) + c 5r %sin 2Q)

onepep= 2p/A. TG 16 TNe ZepViKe GePLEC mpepane vopuoiled padivo opop 0 1o 1. Now eoym
tepl xov Be avoryled cenapotedy. Tne VIEYPOAGC xov Be x@Bepted TO

p 1
FE:% 3 TC(r,q)rSr(
-p O
w1l
—M;:-—[gb bp(r,q)rzsva]drS
=T 0
. 3P
MX:'-DS'() 6p(r,q)r25inqdr(
-D o

forC s pg @ e My Sk = O

The vectorj Co 'iT)Z, 0,0 } plays the same role as gW), 0}, avod eoyn Love oG oV VY PEOCE LV
c .Aslong as C No DZ 4 <<aFEW/7Z &M e $:290¢ #2255 OO [Ox7 #2250 »X}EL OO0 @01 eXee

resisted without much mirror surface distortion. Because of the orthogonality of the Zer:
series QS also the only term that FE . 0.

pressure of
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For C rcosq; >7<:0; - g* QLP%‘; *=0
7% FE ¢y E T M

There 1s an equal and opposite pressure in zone | and 2 and zero pressure n zone 3.

. \ S
For Czl'smq; FEZO? -MyZO; Mx = Q%_

Here pressurein zones 1 and 2 are equal to each other and are half the pressure of zone 3.
Zone 3isoppositein signto 1l and 2.

For Q(Zrz- 1) and al | higher order terns. F’é - M; — M;( =0.

Thereisthusno pressurein the zones due to these terms. Wihdasor M ! 0, the pressure
in the hydraulic system resists the moment due to the wind, but the actual distribution of support

pressures is not adequate to prevent distortion of the surface. When M{% M; =0, there is no

pressure induced in the Supports. The mirror distorts much the same way as for the active force
systemswhere Fs= M, = Mx = 0 as noted earlier. The cell/supports do not resist in any way.

For the three non-zero terms FE(CQ). M, (C and m x(C.)) above, the LC's will have asmall
reading in each zone and there will be some coupling to the call. For all therest of the Zernike
terms there will not be any L C readings (for static pressure patterns)

The Role of Pressure Bias in the Head Compensation System

With reference to Figure 11, it is obvious that the pressure (positive pressure only) in the
compensation unit produces aforce that has the same effect as a negative value of F . Not all
systems need hydraulic head compensation*, but those that do could produce the head correction
with the active force system. The disadvantage of doing thisis the added requirement to the
active system and lack of a passive support mode for the mirror. One advantage might be that the
added cost on the active system would be less than the cost of the compensation unit.

Once the compensation system has been included as part of the support system, there are
several options to consider.

1. Each of the three zones has a compensation system with the same units and plumbing
pattern as the support units. The upper unit (Alt-Az only) is vented to the atmosphere.

2. Each of the three zonesis asin No. 1, but the units are sealed and a pressure (bias) can be
added to each system.

3. All units of the compensation system are interconnected and vented to the atmosphere.

4. All units are interconnected asin No. 3, but pressurized with abias.
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Question 1. Wh at advantages and disadvantages are there in using a bias?

Answer. The major advantage is the change in spring rate for the hydraulic support units.
The spring rate of the collective set of a zone affects the definition of the mirror and the
frequency response of the system. We would like the highest spring rate possible. Pressure bias
in the compensation units adds to the pressure in the support unit. Once the bias is more than the
equivalent of the axial load carried (~ W 3 the spring rate of the total system will be about
doublethat of the support unitsalone.

The disadvantages are as follows. The support units must carry a pressure about double the
unbiased value. Supplies must add fluid at this higher value. A small leak in an unbiased
compensation system would not affect the system for a long time, but in a biased system it will
be noticed almost immediately. To change the mirror position in piston requires that supplies of
both systems be accomplished simultaneously.

We choseto use a biasto double the spring rate and will work around the practical problems.

>N XM B Pz N P FR2eE$SWlle O = @0 pOOLON e SXOR e[ [T
FOM v

Answer.

Tne owyle Love peBuipes ovAY ove OALLE GURTAY voTeod od tnpee (pop tpee Love
AMNGO, 10 o owvyle youmevoatiov Love 16 VoeD, TNE dhpdepevTlod Tpecvpe Petweev Te LOVES WIAA
xnowvye ot {evitn avyAe.
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BOXOSOA #X0000 <O0mi+ X000 S 40X QeMN 2 PELOSEOXN S<KYRHID €3 aMAHITIE- I #1 O

EZEXYTICE ZYMMAPY

Tne uevioyvo pippop MAA Be cuPeexted T0 Lavy dopyeT, fotn dtoTputed ovo
xovxevipoted. Tne drvod dryvpe Tnot Tne Uippop €ENPLTC 16 GEVOLTIDE TO EWMEV CULOAA
®oPLOTIOVE WV Gopye Ae®eL. Tne oWOAYOoLG XOTUPIMTY €£l0TC TO XOAYVANTE TNE UIPPO
OloTOPTIOV GOp O NWEV GET 00 Ppopyes ovd PBouvvdopy yovotpouvts. Tne mpomoced
NYOPOLALY SloTPLPLTES GLRTOPT GYOTEUL WAL pediatpifute popyes unoced Py eEtepvonr
AO0WOG, TNE OYTIDE POPYE CYOTEW, ETY. LV MONWYOC TNOT ULYNT VOT OA®MOWYG € VTULTIDEAY
of®iovc. Tnio pemopt eEMANIVE TNE WOPKIVYS 00 SLoTPLPuTed dedpvivy GYOTEUS OvVO
WOLOTEC WOWYG 00 TPESLYTLVY TNE PEGLATOVT Gopxe OYoTEL Gpop oTOTly, €BLIMPPLLU
YOVALTIOVG.
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