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Memorandum August 7, 1996

To: E. Anderson co: S. Callahan
S. DeRigne
J. T. Williams
From: B. Cuerden

Subject: MMT/Magellan Cell Counterweight Drawing Completion

This memo contains information needed to detail the counterweight assemblies. Included are

the fouowing:

Breaizaway assem]:vly spring data and installed compression (re£ Table 1).
Counterweight system error budget (ref Table 2)

Installation procedure draft deiining alignmen’c tolerances, tooling requirements and an
alignment procedure able to meet the tolerances incorporated in the error iwudget (ref.

Addendum 1}.

Breakaway mechanism design information (see Figure 1).

The breakaway mechanism (iesign now incorporates a conical seat for the "piston” and iarger
diameter rods wiiere possi]ale. These features improve_ ’che stiffness of the asseminiy. The most
compliant component in the draft drawings was bending of the rod if the piston (1"D) were
loaded at one point on the OD (18,500 lb/in with a 1/4D rod and 288,000 lb/in with a 1/2D
rod). With the spherical seat, the piston always contacts in at least two places. Hertzian
stiffness appears to be ample at an estimated 631,000 lb/in (compared to 229,000 Ib/in for 6"
of 1/4D rod).

Two of the breakaway devices will require that the spring be compressed and held before
t}lreading the assemi:iy ’cogether. These are the tension i)reaiaways for HP 1-3 zenith, and the
tension breakaway for HP #3 horizon pointing. The remaining breakaways are preloaded by
threading the assemi;iy together. '

It is proposed that the countemeight weight be trimmed i)y locating the HP mirror end in its
nominal position (+/- 1.5 mm), using two acijusta]:)ie, load cell equipped links, and adding trim
weight to prevent motion. By trial and error we will find trim weights that just over compensate
and just under compensate and spli’c the difference. This is estimated to result in the weight
error ]Jeing about half the friction level.



Table 1 Counterweight Spring Complement

Design Data (SG 7-19-996) Century Spring Data
Preload Travel Des. U Rate Max Defl | Max F .
1-3ZC 35 0.65 0.75 D1113 30 1.75 53
1-3ZT 116 0.65 0.75 D1131 48 2.75 132
1-2HC 80 0.44 0.5 D1141 96 2.5 240
12HT 232 0.44 0.5 D1241 144 1.85 266
3HC 40 .88 1.0 D1119 28 3.0 84
X2
3HT 116 .88 1.0 D1129 32 4.5 144
X2
Cwt ID Free Installed | Installed | Max F at | Equiv. CWorst + Spring
Length Defl. Preload Travel Max ¢'s ase g Overload

Cwt F

1-3ZC 3.50 1.17 35.1 54.6 0.6539 | 1.6539 yes

1-3ZT 5.50 2.42 116.16 | 147.36 | 1.7648 | 1.7648 yes

1-2HC 5.00 0.84 80.64 122.88 | 0.7358 | 1.7358 no

12HT 5.00 1.62 233.28 | 296.64 | 1.7763 | 1.7763 yes

3HC 6.00 1.43 40.04 64.68 0.7746 | 1.7746 no

3HT 9.5 3.62 115.84 144 1.7246 | 1.7246 1no

Supported Weight = 167 (basis for mirror stress
calculations)




TABLE 2a Hard Point Counterweight Assembly Error Force Budget, Assumes CWT
System is Trimmed if the Mirror Operational Position is more than 1.5 mm fom
Nominal (See Table 2b for errors over the full +/-3mm of mirror motion)

Error Source Flc];::e #[owt NEtllljsorce
Cwt Assy Support Force Error .
Cwt Beam Main Pivot Friction 0.08 1 0.08
Cwt Beam, Rod End Pivot Friction 1.6 1 1.6
Rod End Friction at HP end 0.21 1 0.21
Geometrical Effects (deflected position) 0.64 1 0.64
Weight Error (50% of friction) 0.87
Net RSS Error in CWT Rod (lbs) = 1.94
Net Error at Mirror Interface (Ibs) = 0.78
Net Unpredictable Error at Mirror Interface (lbs) = 0.65
Cwt Assy Lateral Force Errors (Perpend. to rod ax.)
Rod End Pivot Friction 0.64 2 0.91
Rod End Friction at HP end 0.64 2 0.91
Geometrical Effects 1.98 2 2.80
Hardoint Flexures (Force at Mirror) 0.34 ill 0.34
Net RSS Error in CWT Rod (lbs) = 3.08
Net Error at Mirror Interface (Ibs) = 1.28
Net Unpredictable Error at Mirror Interface (tbs) = 0.36

Basis for Hard Point Counterweight Assembly Error Estimates:
Supported weight < 180 lbs

Main Pivot Bearing: load @ 5:1 = 1.2*180 = 216 Ibs
Dia = 1.125, Mu = .0015, Seals Removed



Minimum lever arm = 2.32"
Ti = 216'0.0015°1.125/2 = 0.19 in * Jbs /
F. = T¢2.32 = 0.08 bs
s
Rod End Pivot Friction: Load = 180 1bs ~6C8
Dia u‘ﬁn Mu = 0.085~
Mlnmug:n, arm = 2 32" (min rod L. = 6")
F.. = 180".088 E/ﬁ;/Z 32 = lw@ﬂ’i Tz 2. 19 (e -y
(Flae. = 180, 985 (0 ”‘3?2)/6 Oﬁ) G4
Rod End Friction at HP end _, ?g’ =
Load = 180 Has
Dia = .5, Mu = 0.085
Minimum lever arm (rod length) = 6.0 " (HP 1 Z)
Maximum Cwt heam pivot offset = 0.75 (HP 1 Z)
Minimum Lever Arm = 2.32"
F 180".085"(.5/2)/6 = 0.64 lbs (Acts normal to rod length)
F.. = Foffset/2.32" = 0.21 lbs

Geometrical Effects {deflected from nominal position). These errors are calibratable.

(value) prevaﬂs if the cwt rod alignments are not re-acljusted if the
mirror operating position is more than 1.55mm from nominal.

Mirror position shift = 1.5 mm (3mm)
HP CWT attachment lateral shift =0.4* mirror ,
= 0.6bmm (1.2mm)
Mirror axial motion = 1.5 mm (3mm)
HP attachment shift = 0.014 (0.028)
(HP 35.99 deg from vertical, 28.34" between
flexures, HP length increase is between CWT and
mirror)
Installed errror:
rods plumb to 0.060" (0.6 deg over 6")
cwt beam level to 0.030" over 6" (0.3 deg)

Minimum rod lengt]n = 6"

Max rod angular deviation effect:

RSS of position errors = 0.060 & .028 = 0. 066 {(0.081)

' Lateral Force error = 180".066/6 = 1.98 lbs (2.43)

Induced axial error =1. 98* 75/2.32 = 0.64 lbs (0.79)
180 1b*(1-c0s(0.62 deg) effect = 0.01 lbs (negligible)

Weig}lt Error:



Weiglﬂ: will be adjusted by locating HP mirror end in nominal position
(+/- 1.5 mm) and adding trim weight to prevent motion. By trial and
error we could find trim Weights that just over compensate and just under
compensate and split the difference. This is estimated to result in the
weight erTor being about half the friction level. (The table value is
automatically calculated as 50% of the RSS force error totals above this

entry). :

Hardpoint Flexural Stiffness Effect: L R

o .l—f"* ras Yu = OLF A
Flexure = 0.031x.18x3.15" peest W= T e
Distance between Flexures = 2;85.:,%;‘#///7 10771
Mirror end location = 0.059",Call end = M RSS = O_Qé@-

v.0lo
Interface angle error = 0.003 rad, flexure to end = 4.92"

[
Rotational Stiffness = = - : ; =

[

071 071 oL S
For end offset of 0-866, Flexure angle = 0-666/28.35 = 0-:00234
and Flexure moment = 285 in-lb (628 '

jaﬂl . l-—&. LGS

221
End Shear = 2-85/28.35 = G:ths (6:2-1bs)

For end angular error of 0.17 deg {estimated) or 0.003 rad
(estimate based on correcting an 0.5 deg wedge angle error
implying that the angular error should he no more than 1/3 of
is).

Position error = 0.003°4.92 = 0.015 (Fshear = 0.023)
Angle = 0.003+4.92/28.35"0.003 =-0.0035 ,»
Fshear = (.0035/.dgié;)*.llz 05 1bs

Moment = 1220°.0035 = 437 in-lbs
jJro Yo

V =sqet(2t 124451524 47 0233 = 3deths—42)
(.1 based on total end to end offset)

M= 28524274, *492=894m-b (9.57)
(8:-Mirtbs="TUIZ N-mm vs budget of 8000 N-mm

uwal:le‘s%my{omes).
NJ:J‘ JA‘AI‘“ = './e_“.L‘f'.""' I‘-i JL fh-es ,ﬁ}'{-/\/

N -
H {f?ffl + L{(,Lz_:l' :i_j‘r(jgr}, — CV:/{I,/&H




Table 2b Hard Point Counterweight Assembly Frror Force Budget, No Adjustment to
Operational Mirror Position

Er oo, : Eﬁ;ce #/owt Netl]];orce
Cwt Assy Support Force Error
Cwt Beam Main Pivot Friction 0.08 1 0.08
Cwt Beam, Rod End Pivot Friction 1.6 i 1.6
Rod End Friction at HP end 0.21 1 0.21
Geometrical Effects (deflected position) 0.79 1 0.79
Weight Error (50% of friction) 0.90
Net RSS Error in CWT Rod (lbs) = 2.01
Net Error at Mirror Interface (lbs) = 0.80
Net Unpredictable Error at Mirror Interface (lhs) = 0.65
Cwt Assy Lateral Force Errors (Perpend. to rod ax.)
Rod End Pivot Friction 0.64 2 0.91
Rod End Friction at HP end 0.64 2 0.91
Geometrical Effects 2.43 2 3.44
Hardoint Flexures (Error force at mirror) 0.42 1 0.42
Net RSS Error in CWT Rod (lbs) = 3.67
Net Error at Mirror Interface (Ibs) = 1.53
Net Unpredictable Error at Mirror Interface (lbs) = 0.51




ADDENDUM 1 Counterweight System Alignment

Excerpted from MAGELLAN CELL ASSEMBLY (document under development)

The £ollowing proceclure defines tooling requirements and achievable installation accuracies. The
error budget for the counterweights incorporates the installation tolerances defined below

9.0  Hardpoint Counterweight System Trimming

Tooling: 100 b load cell installable at a link end

Links with end universals and a turnbuckle.
HP end mass simulator/link interface (simulate mass and CG and
provicle link attachments at glass Wedge interface plane. If we need
to be able to do this with the mirror in, we need to shift the link
attachment down and adjust cwt mass to obtain a speciﬁc - non-
zero force.).

Level and right angle levels for a&jus’cing cwt rod
otientations to +/-27? degrees.

Note: Do we want to measure force along the elevation axis (i.e. in the other

1in1e?).
SUMMARY OF HP INSTALLATION TOLERANCES
Cell end Position - +/-0.020" (0.5 mm)
Mirror end Position +/-0.020" (0.5 mm)*
Connecting Rod Alignment +/-10 milli-radians

Counterweight Beam Alignment +/-5 milli-radians
Torque Applied to HP by cwis +/-22.5 in-lbs

* With the mirror at nominal operating position.

9.1 Install Hardpoint with end mass simulator attached. Connect at cell end
and restrain mirror end with links (the links are 20" long 1/4 D rods
with universal joints (Allied DBC3 if installation relies on the universals
to protect the lower HP flexure, DBC25 otherwise - lower flexure must
not be over-flexed during installation. It is essential that the mirror end
restraints, the links provide adequate support at least until the cwt system
is instaﬂe&).

9.2  Position HP end at nominal operating position +/- 0.020" by adjusting
the links.

9.3 Adjust the zenith cwt links to be perpendicular to ground +/-0.060" over



9.4

9.5

9.6

9.7
9.8

6" or 10 milli-radians (two tilt directions)(Can this be tightened to +/-
0.020" ... 3 mrad). Adjust horizon pointing counterweights to be parallel
to ground +/~ 10 milli-radians and paraﬂelto the zenith clocleing ’cooling
balls to +/-10 milli-radians.

Note: Current error budget based on 0.060" plumb error,

Adjust the horizon pointing coﬁnterweight beam to be vertical +/-5
milli-radians. Adjust the zenith pointing counterweight bearn to be
horizontal +/- 5 milli-radians.

Measure the force (in the cross lateral direction) at the end mass
simulator using the instrumented (load cell equipped) hard point. Adjust
zenith cwt mass by adding or removing trim weighi:s to obtain zero force.
Adjust turnbuckle to move harclpoint end in the cross lateral direction
and adjust weight until the average force for positive and negative motion
(lengthening and shortening rod) equals Zero.

Rotate the cell to 45 deg {or more) and adjust horizon cwt force to zero
using the proce&ure described above. '

Return to level and re-check rod force.

Repeat for the remainiﬁg 5 hardpoints (or is tilting the cell difficult
enough to warrant ])uilding 6 sets of HP end masgses, linles, link anchor
plates and load cells?). '
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