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1. Conceptual design and operation

Focal Plane

Three probes cover the entire @ 120” (87.24 mm) Field of View.

Each probe is mounted on a 2 degrees of freedom articulated arm composed of a crank arm and a lever
arm, driven by 2 corresponding rotation motors: The crank and lever motors. (See Fig. 2)

Any position in the OSM field of view can be acquired by calculating appropriate values for theta and
phi, noting that two possible solutions could be found due to symmetry.

The crank motor is secured to the Sensor and rotates the crank arm, precisely about the rotation axis of
the crank motor referred to as the theta axis. The lever arm motor provides the necessary second
degree of freedom by rotating the lever arm and all associated optics, about the phi axis.

Each probes are a at a different distance from the Focal plane, 15mm apart, with the closest probe 5
mm upstream from the focal plane. This design allow each probe to freely roam the entire field without
risk of collidinginto an other probe. (See Fig. 1) OSM #3
1.2 Field of View:

The Field of View at the Focal Planeis @ 5” (3.635mm)

The Field of View at the probe is defined by it’s distance from the Focal Plane / f# (See Fig. 2)

Wide Field of View
" 8724 mm (01207

Probe FoV = al / i# A, Crank Am

—LeverAm ——
Fig. 2

Position Accuracy

Total Position Accuracy of 30um at 300 mm arm extended length requires a crank and Lever rotation accuracy of:

sina =30um /300 mm =.03 /300 =.0001 =» a = 0.0057° = .0057 rt / 180 = .0001 rad

The 250 mm lever arm motor is 86 % longer than the 40mm Crank arm

Crank motor rotation accuracy: 0.0057° x 86% = 0.0049°

Lever motor rotation accuracy: 0.0057° x 14% = 0.0008°

OSM #1

Fig.1 OSM #2

1.1 Basic Design requirements:

Mechanism Type: ¢/6

Patrolled Field: @ 120” (87.24mm)
Focal Plane FoV : @ 5” (3.635mm)
Acquisition accuracy: 40 mas (30um)
Stability: 5 mas / 3600s (1 um)
Positionknowledge: <1 um (TBC)
Minimum Incremental motion: TBD

Operating Temperature: -10°C +/- 0.3



2. Optical Equation
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Fig. 3

Optical Layout (Fig. 3) is optimized when the following equations are verified:

21)a=b&c=d

22)a+b=x(c+d)

Keeping the AO Focus away from the Probe mirror (FM1) gives:

23)a=a; +a,

Keeping each Lever arms on a different plane to avoid collision between each other gives a different value of al for each OSM

The Lever Arm Length previously determined gives:

2.4) Lever Armlength=b + a,
Replacing 3.3 & 3.4in 3.1 gives: a =b =» a, + a, = Lever Arm length - a,

Solving for a, = 2a, = Lever Arm length - a; & a, = (Lever Arm length - a,)/2

2.5)Witha=b =120

OSM# ay p=a-a; a=b=a; +a Arm=b +a,
I 10 110 120 230
I -5 125 120 245
n -20 140 120 260

PO
Focus



3) Sizing the Probe -

3.1) Probe FoV size depends directly from it’s distance from the Focal plane.

Light from Focus

= O

of

The probe Fold Mirrorintercept the light beam at a 45 degree angle creating an elliptical projection at a
distance al from the Focal plane. el
The minimum diameter of the mirror needs to be larger than the Ellipse Major Diameter.
The Larger Fold mirror will be at the furthest distance from the Focal plane OSM #1 (al = -20)

Lightto L1

& Each Probe FoV is a potential vignetting of an other probe. FM1

3.1.1) Largest FoV at the Fold Mirror #1 (FM1) is at OSM #1 (al = -20) Probe

Ellipse Minor Diameter: . . . )

d=datFocus Plan + (a1 / f#) [ ElliPse Major Diameter
=5X0.727 + (20 / 13.66) D =721 mm Probe
=3.635+1.464 i

d =510 mm

3.1.2) Smallest FoV at the Fold Mirror #1 (FM1) is at OSM #2 (al = -5) Probe

Ellipse Minor Diameter: . . . )
d =d at Focus Plan + (al / f#) gﬂipile \/1;/[:]:\72[) lameter:
=5X0.727 + (5 / 13.66) D = 5.66 mm
=3.635 + .366 i
d =4.00 mm

3.1.3) Medium FoV at the Fold Mirror #1 (FM1) is at OSM #3 (al = 10) Probe

Ellipse Minor Diameter: . . . )

d=datFocus Plan+ (a1 / t#) | EMliPseMajor Diameter
=5X0.727 + (10 / 13.66) D=618 o
=3.635+.732 i

d =4.37 mm



4) Probe Analysis

4.1) Design Features Common to all Probes

310l
50

[4.57]
= .18

17.64]
h= .30 .

e Base

e Probe Cross Section

/8
73 ,ré:}

e Fold Mirror



4.2) Frequency Analysis

List Modes

Study name: Frequency

tMaode Mo. | Frequency(Rad/sec) | Frequency(Hertz) | Period[Seconds) |
1480.3 235.59 0004244
2 2512 393.79 0.0025013
3 3407 1497.2 0.00066732 o
OSM #1 4 15592 24816 0.00040236
5 40735 0.00024543

List Modes

Study name: Frequency

Mode Mo, | Frequency(R ada"sec]| Frequency[Hertz) | Perind[Seconds) |
19116 304.24 0.0032863
2 32465 5167 00019354
3 12159 19351 000051677
O S M #2 4 19832 3156.3 000031683
5 29325 4BE7.2 000021426

List Modes fz

Study name: Frequency

Frequency[ﬂad!secﬂ Frequency(Hertz) | Period(S econds) |
25145 400.2 0.0024987
2 37065 58949 0.0016952
OSM #3 3 16237 2884.2 0.00038696
4 22491 35795 0.00027937
5 32890 52346 000019103




4.3) Probe Deflection, at rest, under it's own weight:

Deflection analyzed on the longest Inclined probe (OSM #2)

7.29

-Mass of the probe w = mg = 0.01 Kg x 9.81 ms2= 0.098N
-Moment of Inertia: | = bh3/12 = 4.57 x 7.643/12 = 169.8 mm?*
-6061-T6 Module of Elasticity: E = 68,800 N/mm?

-Max Deflection: v = wL3 / 8EI

v =0.098 X 1003 / (8 X 68,800 X 169.8)

v =98000/ 93457920

v=0.001mm

Probe Deflection

—l—

Probe Length

URES (mm)

1.3642-003

1.251e-003

1.137e-003

. 1.023e-003

. 9.098e-004

. 7.958e-004

6.522e-004

5 655e-004

4.548e-004

. 3411e-004

2.274e-004

1.137e-004

1.000e-030




5) Mass and CG

5.1) Lever Arm Assembly

Total Mass: 1,625 grams, CG located at the Axis of rotation, 41 mm above the Lever motor Interface.

Mass Properties

Tip Tilt
p [ Print... ] [ Copy ] [ Close ] [ Options... ] [ Recalculate
PIS-334
65 grams Output coordinate system: | — default - T
Probe Assy O5M 2 downstream Stages al =-5

% in dia Collimator
Lens
1gram

Selected items:

Include hidden bodiesfcomponents
Show output coordinate system in carner of window

I:‘ Assigned mass properties

Mass properties of Probe Assy OSM 2 downstream Stages al = -5 small lens { Assembly Con
Qutput coordinate System: -- default --

Mass = 1625.43 grams

‘Wolume = 51713124 cubic milimeters

Surface area = 122078, 70 milimeters~2

Center of mass: { milimeters )

x=-0.21
¥=41.33
Z=-0.00

Principal axes of inertia and principal moments of inertia: { grams * square millimeters )
Taken at the center of mass.

Ix = (1,00, 0.01, -0.00)  Px = 144986805

Iy = (-0.01, 1.00,0.003 Py = 7973721.55

Iz = (0,00, -0.00, 1.00) Pz = B576461.11

Moments of inertia: { grams * square millmeters )
Taken at the center of mass and aligned with the output coordinate syskem.

Lyox = 1450764, 32 Liey = 7646113 Lz =-177.42
Lyx = 7646113 Lyy = 797282541 Lyz =274.82
Lzx = -177.42 Lzy = 274,82 Lzz = E576460,07

Moments of inertia: { grams * square millmeters )
Taken at the output coordinate system.

Micro-Switch CG Location Ix = 4227828,54 Ty = 6231793
Iyx = 6231703 Iyy = 797280747 !
Honeywell 85L125 T = -175.95 Iy =13 [2z = 11353597.19
476 grams ] Il | =]
Lever Arm
1,100 grams



5.2) OSM #1 Assembly

Total Mass: 5,920 grams, CG located at the Crank Axis of rotation, 58 mm above the Lever motor Interface.

Lever Arm Assembly

11625 gra ms 31! Mass Properties
[ Print... I [ Copy ] [ Close ] [ Cptions... ] [ Recalculate
Qutput coordinate system;  Coordinate Systeml -

05M 2 Assembly downstream stages a= -5 smal

Selected items:

CG Location

Includs hidden bodies/components
Show output coordinate system in corner of window

[ Assigned mass properties

Mass properties of ©5M 2 Assembly downstream skages a= -5 small lens { Assembly Config
Output coordinate System: Coordinate System1

Mass = 5919.76 grams

Yolumne = 137349262 cubic milimeters

Surface area = 383163.05 milimeters~2

Center of mass: { milimeters )
=1.05

Principal axes of inertia and principal moments of inertia: { grams * square millimeters )
Taken at the center of mass,

Lever Motor

Newport URS75CC Ix = (0,93, -0.04, -0.35) Px = 12010958.86
Ty = {-0.36, -0,02, -0,83) Py = 35451205.51
]_,804 grams 1z=(0.03, 1.00, -0.03) Pz = 39944147 43
Moments of inertia: { grams * square milimeters )
Taken at the center of mass and aligned with the output coordinate system.
Lxx = 15000615.50 Lxy = -1040639.41 Lxz = -7756292.26
Ly 104063941 Ly = 396964590, 64 Lyz = 469621.40
Lzx = -7736E92.26 Lzy = 469521.40 Lzz = 3250920542

LeVer Ada ptor Moments of inertia: { grams * square milimeters )

668 rams Taken at the output coordinate system,

g Ix = 35088133.35 Loy = -1017472.24 Ixz = -7397310,59
Iy 1017472.24 Iyy = 59907378, 10 Iyz = 1755281 .19
Izx = -7397310,59 Izy = 175528119 Izz = 32598327.03

< i | |
Periscope Assy

77 grams

Counterweight
1,097 grams Crank Adaptor

590 grams
& 9



6) Lever Motor: Newport Stage URS75

Newport URS Series Precision Rotation Stages

Design Details

Dimensions Base Material Hardened steel with aluminum body
Dirmensions in inches (millimeters) Bearings
MODEL URS100B Dirive Ground worm gear with sel-compensating preload. Additional 1:2.748 drive belt with
Mechanism URS-CC versions (no belt on URS-PP versiohs)
. 4HOLES 031 [07.6)° Worrn Gear )
. .EB(JﬂF.Dﬂ.dSl[I 11.5) ON $0R P Ratio 1:490
§ SUB-D15 MALE o Feadback CCrWarm mounted rotary encoder, 8,000 ctairey, index pulse.
[:EINNEETEIR - i eedbac PE: Mone
= Limit Switches | Two independently adjustahle optical limit switches
". Crigin Qptical, fixed at position 0°. Typical 0.0005° repeatability for URS-CC and 0.04" repeatahility
- § for URS-PP
ap 238 Manual ) [
m;. Adjustment Wia allen wrench atthe end of the worm screw. Allen wrench is included.
\ Mot CCUE34CT DC sero moatar
- } otar PF: UE34PF Twno phase stepper motar, 1 full step=0.02"
Cahle
G
Y ; Y
4 HOLES M4 THD ON L, USABLE DEPTH: & 4HOLES @ HTHD Specifications
NOTE: ON URSTS08 VERSIONS, THE POSITION ON SOR J, PP cC
OF THESE 4 HOLES 1S TURNED OF 45° USABLE DEPTH: K MODEL SHOWN: URS 100BPP Tvoical G ieed Tvnical G teed
DIMENSIONS IN INCHES ypical uar anteed ypical uar antee
i Ba 1 {AND MILLIMETERS) Travel Range () 360 continuoust™
i T 5] il T i Resolution (% 00002 0.0005
1_3%? @ : o — | URS-BPP: 140 (35 Minimurm Incremental Motion (%) 0.0002 0.002
' {l 0z O | 72— URS-BCL: 1.5a138 Uni-directional Repeatability ) 0.0M 0.002 0.001 0.002
x -ni":" | e — @ . (18.3) Y Reversal Walue (Hysteresis) (% 0.006 0.01 0.002 0.004
i [y Absolute Accuracy (%) 0.016 0.030 0.012 0.023
- E s Maximurm Speed (/s 40 a0
BOTTOM VIEW OF THE URS100BCC Wobhble {prad) 20 50 20 50
Eccentricity {um) 3 3
SUB-D15 MALE
1; LEINNE1[.T[IH MTEF 20,000 hat 25% load and with a 30% duty cycle
A

FHOLES M5 THD AT 120* ON oby,

i

URS1508: ™f -+
USABLE DEFTH: 7 (10} =

[ 108
1| 2™ e 53
™ s
oM _
RE— i 0z
c T
URST5B & URS100B:
Ao AHOLES M3 THD ON SOR N, c
£ USAELE DEPTH: .24 (&1
i
- B =
A L D E 5 b K N P
137 813 -:0" 358 180> 08 88 .. 126 M 1.3 298
it 50 (0B (5" s (w0 g M g 34 (75.5)
) 4]
N | N ¥ I K K Y (L) VLK X))
URSI00B  Tpg) 733 (@) (114) 50 (65l (26 MB (s 6l (Sala8) [S8)  (54) 1100.8)
\URS1508 518 114 25 BSO 3SCET a1 104 . 295 31 pd® 413 386 691 and6”
1215 (283 (65 (165) (30°EY (05 () (751 {8l (125 (105) 128} (150 and 152.4)°

Norgs:

“ The drive box of the URSTSECC excesds .20 in. (5 mm) from the body.
* URS 1508: 4 slots countavbored,

11With disabled limit switches
2 Equal to 17100 of a full step

See the Mation Control Metralogy Primer section (see Motion Cortrol Mettaloey Pritmer) for more information on typical and guara

Absolute Probe Position Accuracy on Field: 250 X tan 0.023 = 0.1 mm

10




6.1) Load (Qh): Component Manufacturer P/N Weight (Kg) Mass (N)

TT Mirror Pl S-334 0.065
Qh=1.625Kg =15.9N Lens Holder Newport LPV-1 0.001
6.2) Cantilever Torque: Microswitch Honeywell 8SL125 0.476
Lever Arm Caltech XXX 1.083
Distance between Lever Motor and center of Mass: D =41mm Lever Arm Assy 1.625
Total Mass 1.625 15.94
Cantilever Torque at Lever motor: 0.041m X 15.9 = 0.65 Nm
D (mm) 41
Off Center Load Requirement: Q < 200 / 2/(1 +41/25) =38 N - 16N < 38N Cz(N) 200
a(mm) 25
16N <38N => FS = 2.4 Max Off center load (N) 76
K(urad/Nm) 30
Tip deflection angle K (urad) = 30 X 0.65 = 19.6 urad: Torque (Nm) 0.65
Deflection (urad) (rad) 19.61 1.96077E-05
Proj Dist (mm) 112
Twisting of the tip (mm) 0.0022
Tip Horiz disp (mm) 0.0022

Load Characteristics Tip Vert disp (mm) 0.0000

URS7S URS100 URS150
Gz, Mormal centered load capacity (M) 200 300 300

a, Construction parameter {mrm) 25 35 jala]

ki, Transversal campliance (praditlm) 3n 10 a

Mz, Morminal Tarque (Mrmj +-0.5 +- 1 +- 32

@, Off-center load Q=Cz/{ +Dia)

D, Cantilever distance in mm

Wigight [l (ka)] [37 01D [442 [7aa8




7) Crank Motor: Newport Stage RV Series

Specifications

Travel Range (%)

360 continuous

With disabled limits, except HAT & HAHLT

+170 HAT & HAHLT versions
Resolution (%) 0.001 Except RVS80, HAT & HAHLT versions
0.00025 RVS80CC
0.0001 RVSBOPF, equals 1/100 of a full step
0.0001 RVI20HAT & HAHLT
0.00075 RV1G0HAT & HAHLT
0.0005 RVZ40HAT & HAHLT
0.00035 RV350HAT & HAHLT
Minimum Incremental Maotion (%) 0.001 Except RVS80, HAT & HAHLT versions
0.00025 RVS80CC
0.0002 RVS80PP
0.0001 HAT & HAHLT versions
Uni-directional Repeatability (°) 0.001 typical, 0.002 guaranteed Except RVSB0CC, HAT & HAHLT versions
0.007 guaranteed RVS80CC
0.002 guaranteed RVS80PP

0.00011 typical, 0.0002 guaranteed

HAT & HAHLT versions

Reversal Value (Hysteresis) (7)

Absolute Accuracy (°)

0.001 typical, 0.002 guaranteed

Except RVS80PF. HAT & HAHLT versions

0.005 guaranteed

RVS80PP

0.007 typical, 0.01 guaranteed

HAT & HAHLT versions

Except RVS80, HAT & HAHLT versions

Absolute Probe Position Accuracy on Field:
RVS80PP: 290 X tan 0.02 = 0.101 mm
RVS80CC: 290 X tan 0.015 =0.076 mm

RVS120HAT: 290 X tan 0.005 = 0.025 mm

($3983)
(S 4454)

($8920)

0.015 guaranteed RVSBOCC
0.02 guaranteed RVSB0PP
0.003 typical, 0.005 guaranteed HAT & HAHLT versions
Maximum Speed (°/s) 80 CC & HAT motor option, except RVS80CC
40 RVS80CC
20 PP motor option
16 CCHL & HAHLT motor option
2 PE motor option
Wobble (urad) 40 guaranteed RSB0
10 typical, 20 guaranteed RV120 & RV160
8 typical, 16 gquaranteed RV 240 & RV350

Eccentricity (um)

1.4 typical, 4 quaranteed

MTBF (h)

20,000

12



7.1) RVS80 Load Qv = 5.920Kg = 59.2N Component Manufacturer P/N Weight (Kg) Mass (N)

TT Mirror Pl S-334 0.065
Distance between Crank Motor and center of Mass: D=58 + 32 =90 mm Lens Holder Newport LPV-1 0.001
Cantilever Torque at Crank motor: 0.090m X 59N = 5.3 Nm Microswitch Honeywell 85L125 0.476
Lever Arm Caltech XXX 1.083
Max Off Center Load: 900/2 /(1 +90/30) =112 N Lever Arm Assy 1.625
Rotation Stage Newport RVS80 1.804
SON < 112N > FS = 1.9 Lever Adaptor Caltech XXX 0.668
< =1. .
Periscope Assy Caltech XXX 0.136
Crank Adaptor Caltech XXX 0.59
Load Characteristics Counterweight Caltech XXX 1.097
RVSs0 RV120 RV160 RV240 RV350
Tz normal centered load capaciy () 500 500 700 000 5500 Total Mass 5.92 58.08
a, construction parameter (mm) 30 40 50 70 100 D 90
b*, (mm) except HAT & HAHLT 39 53 57 50 13
b*, (mm) for HAT & HAHLT n 75 17 a CZ 900
k, radial compliance (wrad/Nm) 35 15 06 03 01 a 30
Qy, Off-center load, vertical rotation axis Qy Cz/ (1+D/a)
Qy. Ott-center load, horizontal rotation axis QyCz/27(1+Dfa) Max Off center |Oad 225
* Construction parameter = Distance between the top surface of the RV stage and the bearing center. K( u rad/N m) 3.5
Torque (Nm) 5.2
Example: Deflection (urad) (rad) 18.29 1.82937E-05
Qy at a distance of 80 mm from the top surface for a RVI60HAT rotation stage, Proj Distance (mm) 130
D =80 mm + 75 mm = 155 mm: Deflection at tip (mm) 0.0024
Qy=2700N/2/ (1 + 155 mm /50 mm) = 329 N Tip Horiz disp (mm) 0.0024
Load Rotation Axes Tip Vert disp (mm) 0.0000

Vertical Axis Hortzontal Axis T 13



6) Absolute Probe Position Accuracy on Field

- Lever Motor Newport Stage URS75: 250 X tan 0.023 =0.1 mm
- Crank Motor Newport Stage RVS80PP: 290 X tan 0.02 = 0.101 mm
- Crank Motor Newport Stage RVS80CC: 290 X tan 0.015 =0.076 mm

- Crank Motor Newport Stage RVS120HAT: 290 X tan 0.005 = 0.025 mm



NGAO VIEW




a=b=120mm & c=d=240mm

e
—

cl =96.41

1 in dia Lens

OPTICAL PATH

c2=41.80

16



OPEN ISSUES

1) The entire 200Kg LOWFS OSM should be installed on linear stages to provide the 5mm focus adjustment
necessary to compensate for the Dichroic pickoff motion. (Accuracy TBD)

2) The 1mm sag caused by the curved focus around the Probes FM1 is not solved yet.

5 mm linear motion

17



NGAO VIEW
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