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Purpose/Goal of the Review:

e Assess the completeness of the physics and engineering requirements for the CXI
Detector Stage and 1 micron Precision Instrument Stand

e Review the preliminary design of the CXI Detector Stage and 1 micron Precision
Instrument Stand and evaluate how well it meets the requirements

e Review the interfaces that have been identified and how well they have been
communicated to the relevant parties (includes controls and software interfaces, safety
review committees)

o Assess plans for fabrication, assembly, testing and inspection, and maintenance

e Review the cost estimate and schedule.

 Identify high-risk elements and evaluate plans to mitigate the risk.

o Identify safety issues

Form AP-391-000-59-0 Design Review Report




Comment on whether the component design is ready to proceed to final design

Introduction and outcome summary of the review:

The 1 micron Precision Instrument Stand and Detector Stage position the 1 micron Sample
Chamber and the Detector for the CXI instrument. These devices must be precisely aligned with
respect to one another and also with respect to the LCLS FEL photon beam. The system must
accommodate different configurations of the CXI instrument that support forward scattering and
time-delay holography experiments using focused and unfocused photons.

The Preliminary Design Review confirmed that the physics requirements for the 1 micron
Precision Instrument Stand and Detector Stage are documented and understood by the design
team. The design of the 1 micron Precision Instrument Stand is well advanced and appears to
meet the documented requirements. Some minor issues remain to be investigated, but the
reviewers do not anticipate that this will lead to any substantial changes to the presented design.
Although the engineers working on the design of the Detector Stage appear to have made good
progress in the time that they have been involved with the project, it is not clear that the
requirements for the stability of the detector position have been met. The reviewers encourage
the design team to continue to pursue the presented design while looking to quantify anticipated
detector motions. The CXI detector was identified as a high value item; the presented systems
look to protect this item from damage as the instrument is configured for specific experiments.
The CXI team has incorporated manufacturing, assembly, and servicing considerations into the
presented designs.

Findings/Action Items:
None
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Concerns:

The presented design shows the beamline valve as a manual valve. The decision process to
determine whether this valve should be manually or pneumatically actuated was not described.
The two actuation options should be evaluated. This evaluation should consider what interlocks
will be needed (the detector must be protected from a closing valve and also from motion of the
detector into a closed valve). The effect of a power interruption to the control system should be
considered.

1 micron Precision Instrument Stand

The ESD for the 1 micron Precision Instrument Stand should be updated to reflect the fact that
45 degree mounting of the mirrors is no longer being considered.

There was some uncertainty in the understanding of vendor statements concerning the accuracy
of the slide/ball screw assemblies; the engineering staff should confirm their interpretation of
theses statements with the vendor.

The effects of lateral seismic loads applied to the rod ends supporting the 1 micron Precision
Instrument Stand may lead to failure of the rod ends. This does not appear to present a hazard to
personnel safety; the effect of this failure mode on critical hardware (particularly the detector)
should be explored.

The ball screws in the slide stages in the micron Precision Instrument Stand may be able to be
back-driven (particularly under seismic loads). This possibility should be evaluated and, if found
to be a problem, the use of right-angle driven screws to resist this should be explored.

The roll of the 1 micron Precision Instrument Stand during X and Y positioning will be
controlled in software. Excessive roll could damage bellows, so the software will need to be
robust and well tested.

A procedure to reposition hard stops when the 1 micron Precision Instrument Stand is relocated
needs to be developed. It may be possible to design spacers or alternate stops that could be easily
and reliably installed and removed when the stand is relocated.

The stage support plates holding the main support struts may bow under loading. If this becomes
an issue, the plate could be mechanically stiffened.

The positioning of the feet for the 1 Micron Position Stand was not discussed directly. These
supports could be bolted nominally centered on the focused K-B beamline, or the unfocused
straight-thru beamline, or somewhere in the angle between the two. It appears that the stages in
the X direction were shown nominally centered. The CXI team should check the travel/offset of
the X-stages of the main stand and confirm that the selected positioning is consistent with the
physics requirements and that appropriate travel exists for all desired operating conditions.
Details of the anchorage of the 1 micron Precision Instrument Stand to the floor should be
completed.

Detector Stage

The current ESD requires the ability to adjust the position of the Detector Stage with respect to
the 1 micron Precision Instrument Stand while placing demanding limits on the amount of
vibrational motion of the detector. These requirements tend to work in opposition to one another.
The CXI team should reconsider the need for separate adjustment of the Detector Stage. Each
rail for these secondary adjustments makes the system less stiff. The reviewers are of the
opinion that alignment of the three sets of rails in the presented systems could probably be
achieved with sufficient accuracy.

The envelope of possible detector motions can interfere with the valve aperture. The present plan
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is to prevent this through software controls. These controls must be robust to ensure protection of
this critical device. As an option, the design team could explore a collar fitted with limit switches
that could sense interfering motions without damage to the detector or valve.

Modal analysis of the Detector Stage reveals a first mode at 35 Hz. As no information on the
forcing function for this system exists, the design team cannot evaluate whether the present
design will meet the specified vibrational stability. It may be possible to collect data on the
vibrational environment from the Near Experimental Hall and apply it with some confidence to
the model. A likely more accurate determination could be made by mocking up the system and
measuring the actual vibration, however this will require the procurement and fabrication of parts
for the mock up. Current funding regulations do not appear to allow for a mock-up.

No mention was made of fiducializing the detector to the exterior to the detector chamber. Plans
for detector fiducialization should be incorporated into the Detector Stage design.

Observations:

The K-B mirrors are fixed in position, so focus cannot be adjusted. Changing from unfocussed to
1 um focus beam requires vacuum chamber translation requires rearrangement of vacuum
chambers. To probe the focus beam width requires moving the the vacuum chambers along the
beam path.

The 1 micron Precision Instrument Stand system weighs ~ 8000 Ibs. The frame is primarily a
structural steel tubing weldment with post-weld machining to bring the detector rail attachment
points into proper alignment with beam axis.

The application of limit switches and hard stops to limit extreme motion of the 1 micron
Precision Instrument Stand appears to be a well chosen solution.

The UHV version of the in-vacuum Micos slide will be selected.

The reentrant bellows will need to be restrained during handling/leakcheck of the main chamber
prior to final assembly of the Detector Stage system.

Cost and schedule information appears to be reasonable at this time. The recent experience of
the AMO group in preparing similar items at SLAC may be of interest to the CXI team.

Both the Precision Instrument Stand and Detector Stage look much stiffer in design than the
original concept drawings.

Report No:TR-391-003-19 Page 4 of 4




LUSI Design Review Attendance Record

Review Title:

Bystm: Date:
[Coharent X-ray maging [Datoctar Stage and 1 micron Procision Instrument Stand 08-15-09
|Praliminary Dasign Review
Name iation Job Titl
] = leclsS /L YST =K
NAT STESART Akt PES g 0ESsgm I
: lus frust o
Slegzear Jrkiq L §/Lps Mech. fugy
S SAL AT By it
SeoT DeRaret [oes
’ﬁm.jgw_ LELs /LUsST fech, Gngince
L hael Ffolmes Lebs CHEM ]
pe LUS/ Meca Cngr
A = LUS / ot Map
Daylon Gen-et! Lradsps Deci'on ech. Engr
Erond | peahaus DESIGN O ER.
SEBASTIEn RguTET Lust Plysicidd
Page 1 Design-Review-Attendance-Record. xls



CXl 1 micron Stand and Detector Stage
Preliminary Design Review
WBS 1.3.5.1.1

Sébastien Boutet - CXIl Instrument Scientist

May 15, 2009
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—+6LE— Outline

CXI Overview
Experimental Configurations
Detector Stage Physics Requirements

1 micron Precision Instrument Stand Physics
Requirements

E Summary
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—&LS Coherent Diffractive Imaging of Biomolecules

One pulse, one measurement

. P_arttiple =
injection o
LCLS a5

Noisy diffraction
pattern

Wavefront
sensor or
second
detector

Data Frames Combined Data Set
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XCS cX/
Endstation
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Lole Far Experimental Hall

l
Hutch #6

| X-ray Correlation Spectroscopy Coherent X-ray Imaging
Instrument Instrument
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CXl Instrument

Optics
& Diagnostics

Diagnostics &
Wavefront Monitor

1 micron Sample
Environment

0.1 micron KB &
Sample Environment

1 micron KB

Reference Laser
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—Lolc CXl Instrument Overview

Particle injector s

1 micron Sample Chamber
(Reviewed on March 4 2009)

1 micron Precision

Detector Stage

) Instrument Stand
(Reviewed today) (Reviewed today)
CXI Detector Stag v Sébastien Boutet
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—4ElS Unfocused and 1 micron Focus Positions

Precision Stand

Sample Chamber Detector
Interaction Point

¢ Two beam directions
s Unfocused
= 1 micron KB
= Beam deflected by 6.8 mrad in x and y

¥ 1 micron Sample Chamber and Detector Stage must align
with the beam for both cases

= The 1 micron Precision Instrument Stand is used to accomplish this
task
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—=GLS Configuration 1: Forward Scattering

Detector —
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¢ Direct beam passes through hole in the detector
¥ Detector mounted downstream of sample chamber

r  Configuration used with direct beam and beam deflected by 1 micron KB
System
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—=6Le—  Configuration 2: Time-delay Holography

Mirror Sample

Direct Beam

Reflected Beam —

¥ Detector placed upstream of the sample
= Turned 180 degrees to face the downstream end of the beamline

¥ Beam passes through the hole in the detector, then hits the sample
¥ Configuration used with direct beam and beam deflected by 1 micron KB System
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—<=6so—  |Ime-Delay Holography with Hard X-rays

object

-/ reference

Soft X-rays

CXI Detector Stage & Stan
Preliminary Design Revie
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t=0

t=l/c

t=2l/c

Hard X-rays
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=£6L€—  CXI Detector Stage Requirements

»  Purpose

= Center the detector hole on the direct beam

= Position the detector at the appropriate distance from the interaction region
¥ Performance Requirements

= Range along the beam : 50-2600 mm

= Non-continuous
Minimum continuous range sufficient to retract the detector past the gate valve

m  Possible to mount the detector stage upstream of the Sample Chamber

= Include a photodiode and screen behind detector for alignment using a visible laser
r  Size Requirements

= Allows detector to be reentrant into the Sample Chamber
*  Positioning Requirements

= Detector face perpendicular to beam within 2 degrees

. Nominal . .. | Vibrational Thermal
Motion Position Range Resolution Repeatability Stability Stability
- Out Df_ 0 -5 mm < v < 5 mm 10 pm 10 pm 1pm 10 pm
vacuum vl
- Qut of 0 -Smm <X < 5 mm 10 um 10 pm 1 um 10 um
vacuum x1
- Out Df_ 0 -5 mm < ¥ < 5 mm 10 pm 10 pm 1 pm 10 um
vacuum vl
- 50 =z < 2600 mm - -
In-vacunm z 50 mm in steps of 600mm 30 um 30 pm 1pm 10 pm
Yaw (x 2
combination) 0 +20 mrad 100 prad 100 prad 10 prad 10 prad
Pitch (Y 2
combination) 0 +20 mrad 100 prad 100 prad 10 prad 10 prad

Table 1: Motion requirements for the Detector Stage. The vibrational stability represents stability over a period of a
few seconds. The thermal stability represents the stability over a period of a few hours.
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+6L8—~  CXI Detector Stage Requirements

¥ Vacuum Requirements
= Vacuum better than 10 torr

=  Can vent Sample Chamber with Detector Stage under vacuum
= Large gate valve

¥ Controls Requirements
= Everything remote controlled
= Follow SLAC and LCLS standards to the extent possible
¥ Safety Requirements
= [nterlock to prevent gate valve from closing on the detector
= Diagnostics behind the detector for alignment
¥ Interfaces
m  Gate valve and Sample Chamber
= 1 micron Precision Instrument Stand
= At 2 locations
= Vacuum line downstream
= 6 inch flange
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Lo1Q CXIl Detector
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CXlI 1 micron Precision Instrument Stand Requirements

¥ Purpose

= Position the 1 micron Sample Chamber and Detector Stage along the unfocused or 1 micron focus beam
¥ Size Requirements

= Large enough for the Sample Chamber, Detector Stage, all spacer spools and Detector Stage on upstream side
¥ Positioning Requirements

= Places the 1 micron Sample Chamber 8 m downstream of mid-point of the KB mirrors
F  Interface Requirements

= 1 micron Sample Chamber

= Detector Stage

= Sample viewer microscope
¥ Controls Requirements

= All motions remotely controlled
*  Motion Requirements

= Changing between unfocused and 1 micron beam can be achieved with a vacuum break

Motion Range ;35:;11 Resolution | Repeatability "g‘::l?;?:ﬂl g::l;‘]ﬂ];;:l
% position | -10 mm < x = 70 nun 0 mim 50 pm 50 pm 01 um 20 pm
v position | -10 mm <y = 70 nun 0 mm 30 pm S0 pm 0.1 pm 20 um
zposition | -10mm <z < 70 mm 0 mm 50 pm 50 pm 0.1 um 20 pm

Yaw -0.1% < yaw = 0.5° 0® 30 urad 30 urad 5 wrad 5 urad
Pitch -0.1% < pitch = 0.5° 0° 30 prad 30 prad 5 urad 5um

Table 1: Motion requirements for the 0.1 micron Precision Instrument Stand. Translations refer to the motion of the

mteraction point and rotations are around the interaction point.

Sébastien Boutet
outet@slac.stanford.edu
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CXl 1Imicron Precision
Instrument Stand

Bill Olson, Mechanical Engineer
Nat Stewart, Mechanical Designer

May 15, 2009
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+6LE— Outline

r Key documents

F Requirements

¥ Design Interfaces

¥ Preliminary Design

¥ Component Hardware
r System Loading

E Controls

r Safety

F Summary
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—+0LS Key Applicable Documents

PRD# SP-391-000-28 Physics requirements for the CXI Detector Stage

PRD# SP-391-001-41 | physics requirements for the 1 micron CXI Sample
Chamber

PRD# SP-391-001-42 | physics requirements for the 1 micron CXI Precision
Stand

ESD# SP-391-000-70 CXI Detector Stage

ESD# SP-391-001-43 | CXI Sample Chamber

ESD# SP-391-001-44 CXI 1 micron Precision Instrument Stand

SLAC-I-720-0A24E-001 | seismic Design Specification for Buildings, Structures,
Equipment, and Systems

Et al

CXlI 1 micron Precisio 3 Bill Olson
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—LGLS Requirements

I Requirements for the 1um Precision Instrument Stand are
from SP-391-001-42 RO and SP-391-001-44 RO, with the
goal of providing a stable precision positioning stand for the

devices.
Motion Range Eg;?tiir:)ar: Resolution | Repeatability Vistlgat::ﬁ:yal ;?:gms
X position -10 mm < X <70 mm 0 mm 50 um 50 um 0.1 um 20 um
Y position -10mm <Y <70 mm 0mm 50 pum 50 um 0.1 um 20 um
Z position -10 mm <Z <70 mm 0 mm 50 um 50 um 0.1 um 20 um
Yaw -0.1° < Yaw < 0.5° 0° 30 prad 30 urad 5 prad 5 prad
Pitch -0.1°< Pitch < 0.5° 0° 30 prad 30 prad 5 prad 5 prad

CXlI 1 micron Precisio 4 Bill Olson
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P ——

Requirements (2)

Design of the Precision Instrument Stand must provide a range of travel that allows for 6.8 mrad in
both X and Y directions from the reflecting mirror point 8 M up-beam. The table below gives the
resulting displacements for the key points of interest.

Precision Stand

Sample Chamber
Interaction Point

Detector

Required plus motions for 6.8 mrad in each X & Y

Preliminary Design Re

Distance From Mirror Range of Motion Nominal

Motion |Location Inches |Millimeter Inches Millimeters Position
X Upstream Slide 295.491 7505.5| -1 <X < 2.009| -10<X < 51.04 0
Sample Chamber 314.961 8000.0|-1 <X < 2.142| -10 <X < 54.40 0
Detector Chamber 417.323 10600.0|-1 <X < 2.838| -10 <X < 72.08 0
Downstream Slides 465.051 11812.3|-1 <X < 3.162 -10<X < 80.32 0
Y Upstream Slide 295.491 75055/ -1<Y< 2.009| -10<Y < 51.04 0
Sample Chamber 314.961 8000.0|-1 <Y < 2.142| -10<Y < 54.40 0
Detector Chamber 417.323 10600.0(-1 <Y < 2.838 -10<Y < 72.08 0
Downstream Slides 465.051 11812.3|-1 <Y < 3.162| -10 <Y < 80.32 0
Z All 465.051 11812.3| -1<Z< 2.756 -10<Z< 70.00 0

CXI 1 micron Precisio 5 Bill Olson
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Lole Design Interfaces

¥ Sample Chamber and its auxiliaries

E Detector Stage and its auxiliaries
= Primary location downstream of the Sample Chamber

= Secondary location immediately upstream of the Sample
Chamber

E Interconnecting Spool/Pipe supports
¢ Anchoring System to the Building

CXI 1 micron Precisio 6 Bill Olson
Preliminary Design Re Ison@slac.stanford.edu




LoLS Key Dimensions

The Sample Chamber mounting surface distance from the beamline establishes
the top surface of the Precision Instrument Stand.

=

MOMIMNAL BEAM C L. == - - - i - - - - - - - - - -

55.12(1 .4m
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Lgle Preliminary Design

Evolution from the original concept to the current concept was necessary to accommodate increased loads,
which require a more robust structural frame and higher load capacity actuators and support components. Also
added to the structural frame is extended structure to support an upstream Detector position and a slide rail
system to make moving the Detector in Z easier.

Original Concept

Upstream Detector Position

Current Concept

Bill Olson
olson@slac.stanford.edu
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—LGLS Precision Stand With Instruments

Upstream Detector Location Sample Chamber

Vacuum Spools

/ Detector

X Stage
Z Floating Slide

X & Z Stages

Structural Frame
3X Structural Support

Column & Y Actuator

CXI 1 micron Precision In 9 Bill Olson
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—+6L€ . 1 micron Precision Instrument Stand

Upstream Detector Location Slides allow Stand

Sample Chamber Mounting
Location

to Floatin X & Z

Detector Mounting Location

Movable Carriage System for indexing the
Detector along the Z-axis keeps the alignment
in any Z position

X Stage,
Floating in Z

3X Structural Support
Column & Y Actuator

Structural Frame X & Z Stages ]

All Horizontal Stages & Slides are hard mounted to the Frame, which means Z
movements can be made without moving instruments off beamline.

CXI 1 micron Precision 10 Bill Olson
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—LGLS Precision Instrument Stand Frame

2X Profile Rails

4X Thomson Carriages
For easy repositioning of
the Detector

4X 3500# Casters

Top Plate Drilled & Tapped Every 6”
For Spool support brackets & multipurpose use

CXI 1 micron Precision 11 Bill Olson
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—LGCLS Typical Y-Support Column

Thomson 2HB20M Profile Slide \
Floating Profile Slide Stage
Hard Stop Not Shown \

Spherical Rod End & Clevis
Arrangement allows 17 degrees
off axis movement

Absolute Encoders For
Control Feedback

Structural Support
Duff-Norton 2 Ton Ball Screw
Actuator

Vertical Profile Slide Assembly
Provides Lateral Stability

CXlI 1 micron Precision | 12 Bill Olson
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Stage Travel Limit Switches

Floating Profile Slide Stage
Hard Stop Not Shown

Spherical Rod End & Clevis
Arrangement allows 17 degrees off

axis movement Vertical Profile Slide Assembly

Provides Lateral Stability

Vertical Hard Stop

Structural Support

Duff-Norton 2 Ton Ball Screw Actuator

CXI 1 micron Precision 13 Bill Olson
Preliminary Design Revi plson@slac.stanford.edu




Component Hardware

¥ Duff-Norton Actuator
= Upright Rotating
= 2 Ton Capacity
= 0.25” Pitch Ball Screw
m 24:1 Worm Gear Ratio

= Full Load Torque
= Starting: 25 in-lbs
= Running: 20 in-lbs

CXI 1 micron Precision |
Preliminary Design Reviée

2 Ton Capacity
2800 Series

14

Ball Screw
Actuators

i

.

=t

T84
11845 MAX 314 234
OVER RETURN DiA.
Juees 112
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T

10 ke 3178+ BAISE 41118
Upright Rotating: KUM-2803

IR MAX
OVER RETUSN
TuBes
-
i
U i Py
— VI St

Inverted Rotating: KDM-2803
: Lifting screw is not keyed. Top should be secured to a lifting
member to prevent rotation. When a Bellows Boot is requined, see

Bill Olson
olson@slac.stanford.edu



Component Hardware (2)

Phone: 1-800-554-8466 Phone: 1-800-554-8466
AccuSlide* 2HB Website: www.linearactuators.com bsite: www.li tuators.com AccuSlide* 2HB

AccuSlide* 2HB e e L
Continuously Supported ProfileRail*System,
with Carriage and Integral Ball Screw Assembi_y ZHBMI0OYPG | 1657 0025 | =0005 | 100 60 70 60 | 105 | 4215 | M5 M5 60 El
Metric 2HBMIOOYPH | 16x10P | 0025 | +0005 | 100 60 70 60 | 105 | 4715 | M M5 60 3
IHBM200YPL | 25x5F 0015 | £0005 [ 200 8 145 | 88 | 205 | 696 | M0 | M8 %0 45
IHBM200YPM | 25x10F | 0,025 0005 | 200 £l 5 | e8 | 205 | 696 | mw | M8 ‘ %0 45
s : ZHBM200YPN | 25x25P | 0,025 £0,005 | 200 8 145 | 88 | 205 | 696 | M0 | M8 %0 45
Specifying this Thomson System: E BT L o + - 28 . = #
1. Determine the proper system for your load and life requirements.  ProfileRail System with | Ball 5¢ embl ri _(Dimensions in mm)
Part Nominal D5 D& o7 DE BE 87 H H1 HE HY T
2. Select the part number. N bR |

Fostres 3. Add the letter “L" followed by the overall length in millimeters, — - - - :

3 * 4 " £ . i 3 = 3 2HE-M10 | 10 | 105 £ 3 | 5 10 15 1] 3l | 15 13 100
Used in continuously supported applications that require as a suffix to the part number (choosing a standard length will I 2HB-M20 0 165 81 3 4 155 225 90 45 125 | 20 200
high stiffness and rigidity reduce costs and speed delivery). e - L — [ ).

* Singl is al i i ; i ;

Single part number is all that is required 4. Place your order with your local authorized Danaher Motion A

« Equipped with high load and moment capacity AccuGlide* ProfileRail* System distrib _(Dimensions in mm).

n X Y Max. Stroke

* Protective shroud available with no reduction of stroke length Part Numbering System Number Central Len;:h\':'l;tnhwl

| Ballows

Components 2HB-M20-0YP L L685 X s T 7o T s T 75 T 1% 125 20 265 1100 i iLs 1125

* 1 double ProfileRail Assembly with T-Slots for mounting ease g::‘;:mn | f:f:‘:' 2HB-M20 | 89 | 88 85 1945 | 275 | a5 | 275 [ 20 105 | 40

* 1 carriage with 4 mounting holes Nominal Diameter— | | L-Type of Ball Screw - -
—Type of Carriage 25 | 86| %0 | W5
* 1 Integral Ball Screw Assembly Type of Support L. n
o o
Dimensions (Metr,'c} For Motion Control Options refer 10 the Motion Cantral Section on page B 6.
For Motee Cougling seciliations, sae page B.56.
For Befiows Way Covers, see page 852
Fou Limit Switch Packacges, see pacges B-63
i 5 @ For Radial Mount Ball Screw Shatt Extenders, see page 8-58
o Sgeieeg Set electric beakes, see page B-61
For INUT mounting hardware, see page B-53.
T -] 1 & l!/r _f
o i Y o e
t Y .| l e
2= = = 8 I NN S S . ‘Custom length systens are svailabe. Lengths exceeding MAX kength wil require bt joints. For special sequirements,
L T x_J | | e contact the Danaher Motan Syvless appcation engisserss) department
Nim = N -
I —L- = Maximum Stroke Length MO0 10000 100000
o B T o is determined by subtracting Aoquired Travel Life (k)
e « - i T 3 7T the carriage length
.L 1 @ 1 HZ H4 £ - =1 H4  (T1) and 2 times the end block
(R —— L L Ll L=t |ength (L3) from the total n'k\-;ka.n:';:rar{u:vmnm
o b o ucptable Tavel Rabe. audate massrasm
gt L= Lis system length (L), b Maximum Allowable e gy by v o
rrpered Pasmu S peed i) by Be
Image depicts optional shroud cover. Travel fater Comn ey comesgpondeng rystem bal srew lead (mives
T E — e the char W the e st ez
1t mawe st ot i rtationsl sgeed. et the
T ——— P et e T Tt
s A F Compestive load o the bl e b 3 ey
- I \.... R . ki Lot s the s st i
i | bR ket b 4 el e
- ot comperitien laad o the et ide of the
B chart. Using St ength asd comprrisen
T- ) Ko E e Fuassmam lkable ComgiTivat
g 50 Honce e e sight chart. Select the Syssem with
2 rated masTmm eTpreLve Wi above
it you have e
T-Siots § 1 Eovinin o sy e, sl
£ oo Yo, s g
drartrunt
H1 1 - Mete: Ball unew ihondd reves eacend
o 100 Fricreaed it e
System Length (mm) Mass on Carriage (kg) System Length (mm)
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Component Hardware (3)
* Newall Absolute SHG-A2 Linear Encoder

Specifications

Output Signal RS232
Accuracy/Meter +0.0004", £+0.0002", £0.0001"(x10pm, +5um, £3um)
Resolutions 10pm, 5pm, 1um or 0.5pum

Scale Travels

4" t0 137.8" (102mm to 3.5m)

Scale Diameter

0.601" (15.25mm)

Reader Head Dimensions

2.05"H x 5.16"L x 1.10"D (52mm x 131mm X 28mm)

Reference Marker

n/a

Maximum Traverse Rate

n/a

Power Supply

5VDC +5%, <350mA

Shock (11ms)

100g (IEC 69-2-6)

Vibration (55-2000Hz)

30g (IEC 68-2-27)

Sample Period

50us

Environmental Rating

IP67, fully submersible (IEC 529) - Exceeds NEMA 6

Operating Temperature

32° to 131°F (0° to 55°C)

Coefficient of Expansion

12 x 10°K

Scale Material

316 stainless steel

Overall Scale Length

Scale travel length + 10.2" (258mm)

Standard Cable

15 core, 11.5' (3.5m) armored

Maximum Cable Length

65.6' (20m)

Standard Connector

15 pin "D" type

EMC Compliance

BS EN 61000-6-2 and BS EN 61000-6-4

Options

Resolutions

Custom resolutions available

Non-Armored Cable

PUR (polyurethane)

Connectors

* Honda PCR-E20FS (Fanuc)

«1IP67 (NEMA 6)

* None (flying lead)

Cable Lengths

22' (7m) or 19.68" (0.5m)

16
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—LGLS Component Hardware (4)

Rod End

- 1 38" —a
—— " _.-|
I e
{ [Tt |
17* Ball Swivel __-___ [oz== 1|' 178"
T — | K ‘
]
;. N '
512"
1
hotes: M<MASTER-CARR @ |,
Zinc-Plated Steel Housing AN TCR-S A, e L hﬁ%ﬁiﬁﬁﬂ
Chrome-Plated Steel Ball with Heat-Treated Stainless Steel Race © 2006 Mckdaster-Car Suppty Compary | ____ Bl Joink Rod End_ -
CXI 1 micron Precision Ins 17 Bill Olson
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Component Hardware (5)
Thomson 512 Slides

500 Series Roller

512 Style Aand B

512 W
Style & 1 512 T
) . X StyleB | %
Locksen = 1 L=
Y
v
. . 4
o "
| B 1 A4
L ?
a '3 L}

512 Style A — Standard Roller

500 Series Roller

512 Style A and B

Dynamic Load and Moment Ratings
C=Dynamic load rating

M, =Dynamic pitch and yaw moment rating
Mg =Dynamic roll moment rating

Static Load and Moment Capacities

Cp=Static load capacity

Mg, =Static pitch and yaw moment capacity

M;=Static roll moment capacity

| Rolber

Mg Mgy My . il
w o Y o )
Rail Piach @
e [ T | e — T | _i ’—| ] :‘; ( 3
. . —
— :’ I | tfp— L & ;{‘ I 1.1 |
LU i I SO S = —
|
Loading Capabilities Moments Weights
Size & Ce c Mag My Mg M, Carriage Rail
e ) ] () 0 ] lig) tign)
8A 43800 mma 733 08 a7 265 or
258 70300 9100 1035 576 36 521 04 34
IsA 43400 52000 2008 18 1189 662 16
358 128500 71500 12 1537 214 1232 22 65
454 167500 3400 L) 577 219 1556 a2
458 224500 127800 6333 3587 5161 kil 43 o
554 237000 131900 m 435 4738 37 50
558 324000 180500 10624 5419 8745 4872 68 152
658 530000 295000 w912 11640 17560 9980 135 25

Aon & K o3 oyl oy oy L XNy x5 FRRRB|E B K %N e P
—
25 |% 0 7 235 95 M5| & 45 a0 60 30 |57 M8 ME B8 7 1 11 | 32 9 65 13 55 15 11§
3 |48 100 B 33 a0 30| 09 62 52 B0 40 | & MW M8 85 8 15 15 | 45 12 10 15 1 8 2
45 |60 120 45 IS5 50 40 | 1305 B0 60 T4 SRS | 100 MIZ MIZ W05 M N 18 5 W N N 8 W 0S5
S5 |70 140 53 435 57T 45 | 1635 95 M0 120 60 |16 MM MI4 125 16 M 20 | 6 18 135 % 9 12 M5
512 Style B — Standard Long Roller
Size| Dimensions (mm| Roller
OO T SO TS BTN VR T R [ O G SO S S N IV S S
—
2% [3% T 23 235 295 M5(1034 45 80 794 30| 5 M8 ME B8 7 1 11| 32 8 €5 13 55 15 17§
< . - L I O O -
45 (60 120 45 35 S0 40 | 1725 B0 B0 135 525/ 100 MIZ MIZ W05 WM 20 B[ 5 15 1M 2 8 10 ;05
S5 |70 M0 53 435 5 4 | XES 85 M 162 60 | 16 MM Mia 125 1B M B W8 135 % 4 12 S
B5 |90 170 @ S35 75 8 (1 10 B2 0 75|42 MIE_MIE M5 18 % 2| 7 23 19 32 13 15 S5

= Standard tolerance shown, special lower tederances are available
upen request. Please consult application engineering for additional
information.

**When using sdditiomal modular seals o lubrcation plates, the
total length L will increase. Consull page 61-62 for additional
informatian.

www.danahermotion.com

CXI 1 micron Precision Inst
Preliminary Design Review:

Length of rad to be specified at time of arder, Yy =3 unless specified
otherwise at time of order.

1. The dynamic load and moment ratings are based upon 100 km travel
life. When comparing these load ratings with other bearings take
into c ion that some ers dynamic and moment
ratings are based on 50km travel life. In order to compare with
bearing dynamic and moment ratings based on 50km travel life,
divide the dynamic capacity of the bearing rated for S0km by 1.23
to get an accurate comparison.

Bearing Travel Life Comparison

L = (C/F}" x 100km

where:

L = travel life, km

C = dynamic load rating, N
F = applied dynamic load, N

Coi = F (LY

i (soa)

Cinin = minimum required
dynamic load rating, N

F = applied dynamic load, N
L = required travel life, km

18

2. The static load and moment rating are the maximum radizl load and
moment load that should be applied to the bearing while there is no
relative motion between the carrage and rail,

Dperating Parameters:
Maximum Velocity:
Maximum Acceleration:
Temperature:

wholson@slac.stanford.edu

Max peak:

-4°c

8 C

120° C short time*
*without bellows

Bill Olson



—+ELS System Loading

System loading is determined by calculating the center of gravity (cg) of the Frame with instruments for loads on the
horizontal actuators/slides and then calculating the cg for the whole Precision Stand system for the loads on the
vertical actuators at floor level. Seismic loads were then calculated per SLAC-1-720-0S24E-001 and SLAC Seismic
Design Standard-26Sep08 by S. DeBarger. Results are tabularized below with the basic seismic formulae from the
SLAC Seismic Standard shown on the next page. The actual calculations required modifications to the formulae
shown for the uniqueness of the Precision Stand. The modifications to the formulae were made to transfer the
torsional moment at the downstream support to the upstream supports.

Detector Downstream Configuration Front (upstream) Detector Configuration
Seismic Seismic
Static| Vertical Horizontal| Static| Vertical Horizontal
Location Pounds 1.5m 0.7*Ws|Pounds 1.5m 0.7*Ws
Downstream Horizontal Slides 2,223 3,335 4,281 1,119 1,678 3,990
Downstream Vertical Actuator 3,150 4,725 5,443 2,044 3,065 5,152
1.5m+E| 0.6m+E 0.7m 1.5m+E| 0.6m+E
Upstream Horizontal Slides
Right 1,860 1,913 239 0] 2,185 4,021 568 0
Left 2,032 3,925 342 2,724 2,396 4,337 695 3,207
Upstream Vertical Actuators
Right 2,410 6,003 -942 0| 2,742 6,452 -694 0
Left 2,575 6,251 -843 3,490 2,935 6,741 -579 3,974
All values in pounds
CXI 1 micron Precisio 19 Bill Olson
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System Loading Formulae

When is 0.6 * Dead Load More Demanding than 1.5 *

1.5*m
|

C.G. at
(a,2*a)

Consider an element of mass m, length 2*a and
height 4*a
E=0.7*m
>M E*2*a+1.5*m*a-Fby*2*a=0
0.7*m*2*a+1.5*m*a-Fby*2*a=0
1.4*m*a+1.5*m*a=2*Fby*a
2.9* m=2*Fby
1.45*m=Fby
2F 1.5*m — Fby-Fay=0
1.5*m — 1.45*m=Fay 0.05*m=Fay

CXI 1 micron Precision
Preliminary Design Revi

Dead Load?

0.6*m
|

C.G. at
E — (a,2*a)

Consider an element of mass m, length 2*a and
height 4*a
E=0.7*m
ZM E*2*a+0.6*m*a-Fby*2*a=0
0.7*m*2*a+0.6*m*a-Fby*2*a=0
1.4*m*a+0.6*m*a=2*Fby*a
2.0*m=2*Fby
m=Fby
2F 0.6*m — Fby-Fay=0
0.6*m —m=Fay -0.4*m=Fay

20
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—LGLS Structural Frame Safety Factors

Calculations were made on a conservative basis.
eLoads were rounded up to the next 100 pounds
*Simply supported ends instead of fixed ends were used for the cross beam at the

downstream vertical support

*The reaction load at the upstream actuators was used at both the Sample Chamber and

Detector locations, but averaged to be equidistant from Frame supports

CXI 1 micron Precision
Preliminary Design Re

ltem Tensile Yield | Stress | Safety Factor Deflection
Psi Psi On Yield Inch Millimeter
Frame Bending 46,000 711 64.7 0.0043 0.110
Outriggers, Upstream Support 46,000 2,946 15.6 0.0030 0.076
Cantilever, Downstream Support 46,000 3,112 14.8 0.0030 0.077
Cross Beam, Downstream Support 36,000 1,004 35.9 0.0006 0.016
21

Bill Olson

Ison@slac.stanford.edu




—+GLS Controls

¢ Controls issues are being addressed in partnership
with the Controls Group

F IMS stepper motors will be used to drive
slides/actuators

= To ensure commonality within LUSI
¥ Encoder feedback to remote control system
E Limit switches on driven components

CXI 1 micron Precisio 29 Bill Olson
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Lols Safety

¥ Corners and sharp edges will be radiused or chamfered
where possible

e Safety covers will be used on moving elements to prevent
“pinch-hazards”

¥ Limit switches will be provided on all driven hardware, as well
as hard stops on driven and non-driven components

» To comply with OSHA/DOE regulations, all electronics will
have certification either through a National Recognized
Testing Laboratory (NRTL) or the Authority Having
Jurisdiction (AHJ) as per the SLAC Electrical Equipment
Inspection Program

CXlI 1 micron Precisio 23 Bill Olson
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—=6LS— Summary

¢ Precision Stand preliminary design is well advanced

¥ Controls issues are being addressed in partnership with the
Controls Group

¥ Interfaces are closely coordinated with respective design
teams

¥ To Do list

Finalize the structural support and floor anchor design

Final interface adjustments/modifications

Develop an alignment plan

Detail the control system in partnership with the Controls Group
Seismic peer review

Seismic committee approval

¥ Design ready to advance to final design

CXlI 1 micron Precisio 24 Bill Olson
Preliminary Design Re son@slac.stanford.edu




Preliminary Design Review of the CXI Detector Stage

15 MAY 2009
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Pegasus Design, Inc.

608-D Main St.
Pleasanton, CA 94566
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The Starting Point
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INITIAL CONCEPTUAL DESIGN: (developed at SLAC)

FIGURE-1

Here we see the initial conceptual design developed at SLAC.
It uses paired lift-table/translation stage sub-assemblies to
provide X,Y, pitch & yaw motions for fine adjustment. Coarse
adjustment of the vacuum chamber is by the familiar six-strut
rod-end adjustment system. The detector assembly moves in
the Z-axis by means of a long-travel stage in the chamber.




INITIAL CONCEPTUAL DESIGN: (continued)
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FIGURE-2

This early-stage conceptual design helped define the problem of
moving the 25-pound detector assembly by pointing the way to the
use of a MICOS Long Travel stage.
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INITIAL CONCEPTUAL DESIGN: (continued)

From our study of the initial concept, we learned the major
problem to solve is the stability of the ‘optical bench’. As you can
see in this illustration, the legs look long and spindly. Couple that
with the 25-pound detector and its’ 2-foot cantilever, and you can
imagine how the weight of the detector will be trying to lift the
single leg out of its’ kinematic mounting socket.

FIGURE-3




INITIAL CONCEPTUAL DESIGN: (continued)

This simplified representation shows how the structure might react
to lateral loads. It's resonant frequency is about 28-hertz*

*Double click the
Illustration to see the
flexural response:
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FIGURE-4




INITIAL CONCEPTUAL DESIGN: (continued)

The kinematic mounts as shown in the initial concept appear to be
overloaded with regard to the Hertz contact stresses. The
detector assembly with translation stage and all it's
accoutrements could weigh at least 100-pounds. A seismic
restraining system is needed as well.
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INITIAL CONCEPTUAL DESIGN: (continued)

Another significant problem comes from having the center-of-
gravity of the detector above the two lift-tables. When you
consider the 45-arc-sec pitch/roll tolerance of the lift-tables, the
detector can roll to either side by about +/- 80 microns.

FIGURE-6




INITIAL CONCEPTUAL DESIGN: (continued)

The performance specification calls for a travel range in Pitch/Yaw
of +/- 20 mrad (approximately +/- 1-degree). The bellows
manufacturers warn users not to put twist in the bellows, but when
pressed for data, they admit to allowing about +/- 0.5-degrees.
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INITIAL CONCEPTUAL DESIGN: (continued)

Another design requirement is to route the water cooling lines in a
water-containment system. The concept shown below had two
.25-inch lines running through a 1.50-inch ID hose with 2.75-inch
conflat flanges on each end. The 1.91-inch OD and dynamic bend
radius of 11.81-inches meant that the bellows hose would not fit in
the 18-inch diameter chamber.

FIGURE-8
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DESIGN ISSUES TO RESOLVE:

The initial detector design was 10-inches in diameter. It is now
11.25-inches in diameter. There now exists only .25-inch radial
clearance around the detector. The 12-inch gate valve (with 11.75-
inch bore) is the limiting factor.

1.969 N\ i _ i§l ) ~17.764

50mm N | o (451.22mm )
I
I !
I @) // =!
=n -
= 12-inch
— N =
Gate
valve
x_R_X X A
— J 19.733
= Q . ( 501.22mm )

FIGURE-9




DESIGN ISSUES TO RESOLVE:

The range of motion specifications and request for mechanical
hard-stops were also evaluated. The +/- 20mrad for Pitch/Yaw
motions means that with the stage fully extended, the detector
could nearly hit the inner bore of the gate valve:

STROKE = 300mm
ANGULAR MOTION = 20mrad = 1.146-degrees

300mm x sin(1.146-degrees) = 6mm [.2362”]

If you superimpose the lateral adjustment requirement of +/-5mm,
you will have a collision between the detector and the valve bore.
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Mechanical hard stops would do nothing to prevent this collision.




D E S I G N R EQ U I R E M E N TS »  5.1. The CXI Precision Instrument Stand (PRD SP-391-000-63) shall be used to support the CXI

Detector Stage.

5.2. The rough alignment of the pitch and yaw angle of the detector stage to the LCLS beam
direction which depend on the focusing optics used shall be accomplished using the CXI Precision
Instrument Stand (PRD SP-391-000-69). -

P hys i CS Req u i reme nts 5.3. The detector stage shall translate in the x and y directions to allow centering of the LCLS

beam to within 50 um of the center of the hole in the detector for any of the focusing optics
SP_391_OOO_28_RO (KB0.1, KB1 and unfocused beam).

5.4. The detector stage shall move the detector in the z direction within the range described in

requirements 3.1 and 3.2 with a repeatability of 50 pm.

5.5. The detector stage shall allow fine alignment of the pitch and yaw angle of the z stage to the

LCLS to within a repeatability of 0.5 mrad.

Englneering SpeCificationS 5.6. The detector stage shall have the motorized motions listed in Table 5-1. The stability

requirement listed means over a period of a few days.
S P _39 1 _OOO_ 70_ R O 5.7. The in-vacuum translation range along the z-axis shall not be required to be continuous. A
minimum continuous range shall be at least 600 mm.
5.8. Spacer vacuum spools shall be used to span the space between the sample chamber and the
detector stage when the detector stage is not attached directly to the sample chamber.
5.9. The surface normal of the detector sensing area shall be parallel with direction of travel of
the z stage to within +2°,

Motion | Nominal Position Range Resolution | Repeatability | Stability

x 0 SSmm<x<5mm 10 pm 10 pm 1 um

y 0 -Smm<y<5mm 10 pm 10 pm 1 pm

z 50 mm 50 <z <2600 mm 50 pm 50 pm 1 um
Pitch 0 mrad -20mrad <z <20 mrad | 100 prad 100 prad 10 prad
Yaw 0 mrad -20mrad <z <20 mrad | 100 prad 100 prad 10 prad

Table 5-1: Motion requirements for the detector stage.
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Our proposed solution.
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NEW DEVELOPMENTS:

Based on what we learned from the SLAC early-stage concept,
we developed this new concept from an idea proposed by Don
Schafer, but first, let us discuss the detector slide assembly.
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FIGURE-10




NEW DEVELOPMENTS: (continued)

The Detector Slide Assembly
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NEW DEVELOPMENTS: (continued)

This first thing we did was to look for a beefier translation
stage. The MICOS LS-180 looked to be a likely candidate, but
had only 508mm [20"] travel. Upon discussion with SLAC
engineers, the travel range was deemed acceptable.

— B —

FIGURE-11
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NEW DEVELOPMENTS: (continued)
The specifications for the MICOS LS-180 are:

L OAD CAPACITY: 100kg [220-Ibs]

*PITCH-AXIS MOMENT: 132-Nm [97-foot-pounds]
*YAW-AXIS MOMENT: 125-Nm [92-foot-pounds]
*BI-DIRECTIONAL REPEATABILITY: +/- 0.2 microns

INTEGRAL LIMIT SWITCHES
*RECIRCULATING BALL DRIVE SCREW
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NEW DEVELOPMENTS: (continued)
The vacuum specifications from the MICOS website are:

“Vacuum Stepper Motors For most of our IN-VACUUM
stages , PHYTRON offers two different grades, a High vacuum
to 10-6 torr and Ultra-High vacuum to 10-9 torr. For each
grade; bearings, lubricants, adhesives, coatings, insulation and
material cleaning, handling and packaging is used. Due to its
simple design, PHYTRON stepping motor is used as the drive

for all our IN-VACUUM stages”.
\ )r

FIGURE-12
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NEW DEVELOPMENTS: (continued)

The obvious question is, “Will it fit in the chamber?”. Yes, it
appears to fit quite nicely. We have modified the original

chamber substantially, but it's nominally the same size. You
can see the D-connector at the back will be easy to access.

FIGURE-13




NEW DEVELOPMENTS: (continued)

This illustration shows the general arrangement of the slide
assembly in the retracted position:
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FIGURE-14
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NEW DEVELOPMENTS: (continued)

The GORTRAC cable guide shown in our design concept can
meet the bend radius requirement for the bellows hose. Any
doubt about the viability of their use in vacuum was dispelled
when a similar system was seen in use on the NIF-laser at the
Lawrence Livermore National Laboratory.

The NIF-diagnostic instruments (which we are also working on
for LLNL) extend from the chamber wall to almost the center of
the 40-foot diameter target chamber. Cable guides are used in
vacuum to connect the diagnostic instrument to the outside
electronics.




NEW DEVELOPMENTS: (continued)

This illustration shows the slide assembly in the fully extended
position, 508mm stroke [20"]. Shown in lavender is the 6-inch
conical clear aperture zone.
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FIGURE-15




NEW DEVELOPMENTS: (continued)

The most challenging aspect of the slide assembly is routing
the water-containment bellows hoses. We propose using
welded-leaf bellows near the end of the convoluted bellows to
allow access to the .25” VCR fittings.
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FIGURE-16
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NEW DEVELOPMENTS: (continued)

The back-shell of the detector will need to be modified as
shown to accommodate our design. The data cables will be
bundled separately from the motor power cables and routed
alongside the water containment bellows hoses. Note VCR-
fittings.

FIGURE-17




NEW DEVELOPMENTS: (continued)

The Optical Bench
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NEW DEVELOPMENTS: (continued)

The optical bench is supported by Hephaist Seiko precision
swivel joints on translation stages. Re-entrant bellows to
reduce the overall width are shown. In medium blue is the
Parker ZP200 Lift Table.
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FIGURE-18
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NEW DEVELOPMENTS: (continued)

Lift table specifications:

FIGURE-19

£P200 Specifications

Precision Standard

25 mm (limit to limit) 25 mm (limit to limit)

Travel (Z-axis)

Positional Accuracy
with no encoder 2?7
with linear encoder 387

Positional Repeatability
with no encoder”’
with 1.0 pm linear encoder®’
with 0.5 pm linear encoder®7
with 0.1 pm linear encoder &7

Lift Lead Ratio*
5 mm lead ballscrew drive
10 mm lead ballscrew drive
20 mm lead ballscrew drive

Lift Velocity
5 mm lead ballscrew drive
10 mm lead ballscrew drive
20 mm lead ballscrew drive

Load Capacity (normal)
Duty Cycle

Max Acceleration
Efficiency

Max Breakaway Torque®
Max Running Torque®
Linear Bearing — Coefficient Of
Friction

Ballscrew Diameter

Unit Weight

Top Plate Weight

Pitch”

Roll?

Input Inertia
5 mm lead ballscrew drive
10 mm lead ballscrew drive
20 mm lead ballscrew drive

8 pm 20 ym
8 um —

+= 10 um

LW oW
it iy ey o
333 3

H H W W

1.8199 mm/rev
3.6397 mm/rev
7.2794 mm/rev

110 mm/sec
220 mm/sec
440 mm/sec

15 kg (33 Ib) 75 kg (165 Ib)
100%
7.2 m/sec?
90%
0.15 Nm
0.13 Nm

0.01
16 mm
5.82 kg
2.25kg
+ 15 Arc-sec
+ 15 Arc-sec

+ 45 Arc-sec
+ 25 Arc-sec

2.32 x 10° Kg-m?
2.51 x 10° Kg-m?
3.12 x 10° Kg-m?

=

2)
3
4)

5)

Measured 38 mm directly above the true center of
the top mounting surface.

Measured using calibrated lead value (provided).
Slope correction value provided

Lift per 1 motor shaft revolution. Lift lead listed is
nominal. All units are provided with calibrated lead
value.

Torque ratings are measured with unit unloaded,
traveling upward.

Measured directly over encoder on outer edge.
Pitch and Roll Specifications are measured with <1kg
load. Addition of load increases pitch and roll error by
10 arc-sec per 5 kg of load assuming the load center
of gravity is located at the center of the stage platform
Cantilaverad lnadina increases these errors more.




NEW DEVELOPMENTS: (continued)

R 4OBXR
Common Characteristics Precision Standard Precisi Standard
Performance
P ark e r 4 0 4X R Bidirectial Repeatability (um) +-1.3 +-3.0 +-1.3 +-3.0
Duty Cycle 100% 100% 100% 100%
. Max Acceleration — misec’ (in/sec’) 20 (773) 20(773) 20(773) 20(773)
translation stage oy :
Normal load — kgf (Ibs) 170 (375) 170 (375) 630 (1390) 630 (1390)
= . . . Axial load - kgf (Ibs) Ballscrew 90 (198) 90 (198) 90 (198) 90 (198)
o speC|flcat|onS' e - e
. Motor Sizing
C Drive Screw Efficiency Ballscrew 90% 90% 90% 80%
Leadscrew 30% 30%
[ro— Max Break-Away Torque — Nm (in-0z)
0 to 600 mm Travel 0.13(18) 0.18 (26) 0.13 (18) 0.18 (286)
A G600 to 2000 mm Trave! na na na 0.39 (55)
Max Running Torque — Nm (in-o0z)
C 0 to 600 mm Travel 0.11(16) 0.17 (24) 0.11 (18) 0.17 (24)
600 to 2000 mm Travel na na na 0.34 (48)
U) Linear Bearing — Coefficient of Friction 0.01 0.01 0.01 0.01
Ballscrew Diameter (mm) 16 16 Refer to chart on page 13
- oy Carriage Weight — kg (Ibs) 0.70 (1.55) 0.70 (1.55) 2.7 (5.94) 2.7 (5.94)
70/XR | Positional Straightness & Input Inertia 10 kg-m” Max Screw Speed  Total Table
G-) Travel | Accuracy (um) Flatness Accuracy (Revs Per Second) Weight (kg)
{mm) | Prec. Std. (um) Prec./Std. 5mm 10mm 20 mm Prec./Std. Prec./Std.
D 50 g 12 6 1.68 1.81 2.34 60 2.8
100 8 12 6 1.93 2.07 2.60 B0 3.0
150 10 14 9 219 2.32 2.85 60 3.3
U) 200 12 20 10 2.44 2.57 31 60 36
: 250 12 22 12 2.69 2.83 3.36 B0 3.9
300 14 24 13 2.95 3.08 3.61 &0 4.2
(D 350 14 26 15 3.20 3.33 3.87 60 4.5
400 16 26 16 346 3.59 4.12 60 4.8
m 450 19 28 18 3.71 3.84 4.37 60 5.1
500 21 34 19 3.96 4.10 4.63 60 5.4
c) 550 23 36 21 4.22 4.35 4.88 60 5.7
G_) 600 25 40 22 4.47 4.60 5.14 54 6.0
406XR | Positional @ Straightness & Input Inertia 10~ kg-m" Max Screw Speed  Total Table
Q Travel | Accuracy (um) Flatness Accuracy (Revs Per Second) Weight (kg)
(mm) | Prec.  Std. (um) Prec./Std. Smm__10mm__ 20 mm__ 25 mm Prec./Std. Prec./Std.
100 8 12 G 3.34 3.85 5.90 - 60 8.7
200 12 20 10 3.92 4.43 6.48 - 60 10.0
300 14 24 13 4.50 5.01 7.08 - 60 11.3
400 16 26 16 5.08 5.59 7.64 - 60 12.6
500 21 34 19 5.65 6.17 8.22 - 55 13.9
600 25 40 22 6.23 6.75 8.80 - 44 15.2
700 - 92 25 36.51 37.02 - 40.61 47 19.2
800 - 94 29 39.96 40.47 - 44.07 47 20.7
200 - 103 32 43.41 43.93 - 47.52 47 22.2
1000 - 105 35 46.87 47.38 - 50.97 47 23.7
1250 - 118 42 55.50 56.01 - 59.61 35 276
1500 - 134 50 64.14 54.65 - 58.24 26 314
1750 - 154 57 7297 73.28 - 76.88 20 352
2000 - 159 65 81.40 81.92 - 85.51 16 39.1

“! Positional accuracy applies to in-line motor configurations only. Contact factory for parallel motor specifications.

y Parker Hannifin Corporation
FIGURE'ZO m 1 1140 Sandy Hill Road

www.parkermotion.com Tewsio PA 16449




NEW DEVELOPMENTS: (continued)

Our Optical Bench concept uses a ‘dropped axle’ with a single
post at the back.

FIGURE-21
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NEW DEVELOPMENTS: (continued)

This transparent view shows the back leg with a large diameter
mounting flange. All three legs are threaded to allow conflat
flanges to ‘spun on’ and tightened.

FIGURE-22
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NEW DEVELOPMENTS: (continued)

The stability of the optical bench is due to the wide stance of
the dropped axle.

FIGURE-23

O
-
=
i’
(0p
D
o
)
-
V)
(S
o
D
al




NEW DEVELOPMENTS: (continued)

The dropped axle and center leg are fed through the chamber
ports. The optical bench is put in position and bolted in place.
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FIGURE-24




NEW DEVELOPMENTS: (continued)

This underside view shows the bench before installing the re-
entrant bellows and conflat flanges.
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FIGURE-25




NEW DEVELOPMENTS: (continued)

Slotted right-angle brackets are then added to provide the
attachment points for the precision swivel joints.
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FIGURE-26




NEW DEVELOPMENTS: (continued)

Here is a side-by-side
comparison of the old
and the new:

FIGURE-27
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FIGURE-28




INITIAL CONCEPTUAL DESIGN: (continued)

With the detector at full extension, the fundamental Mode-1
response is about 35-hertz*

*Double click the
Illustration to see the
flexural response:
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FIGURE-29




NEW DEVELOPMENTS: (continued)

This cut-away view shows the general arrangement of our
‘dropped axle’ concepit.

FIGURE-30
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NEW DEVELOPMENTS: (continued)

This cross-section through the re-entrant bellows shows the
spun-on Conflat flange (in medium grey), the universal
mounting bracket and the Hephaist Seiko precision swivel joint

sitting on translation stages.
FIGURE-31
=

O
-
B
X
7
D
A
%)
-
N
g0
(@)
D
al




NEW DEVELOPMENTS: (continued)

Here we see the optical bench and re-entrant bellows
assembled and ready to receive the detector slide assembly.

FIGURE-32

O
-
=
i’
(0p
D
o
)
-
V)
(S
o
D
al




NEW DEVELOPMENTS: (continued)

The Vacuum Chamber.
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NEW DEVELOPMENTS: (continued)

Shown here is the stainless steel vacuum chamber weldment.
Wire-seal end flanges are shown at both ends. The chamber is
approximately 43-inches long and 18-inches in diameter. The
wall thickness is .125-inch.

FIGURE-33
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NEW DEVELOPMENTS: (continued)

This illustration shows the chamber with all bellows assemblies
installed. The front bellows has threaded fittings to support the
bellows during servicing, and to transfer the ~1600-pound axial
load when under vacuum.

FIGURE-34
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NEW DEVELOPMENTS: (continued)

This illustration shows the coolant feed-thru flange to allow the
water-containment lines to exit out the side of the chamber.

FIGURE-35
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NEW DEVELOPMENTS: (continued)

This concept has the following features:

1)
2)
3)
4)
5)
6)
7)

MICOS LS-180 with 508mm (20”) travel

Kinematic mounting features with wide stance

Cantilever load has been removed from lift table
Cantilever load has been removed from translation stage
Detector assembly can be installed from one end

Dual hoses for water containment of detector cooling lines
Dual cable guides for bellows and electrical cables

FIGURE-36




Can we proceed with this concept?

O
-
E
X
7
D
A
%)
-
N
g0
(@)
D
al

The end.




Cost & Schedule: CXI 1 micron Precision
Instrument Stand and Detector Stage

Paul Montanez
CXl Lead Engineer/CAM
May 15, 2009
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+6LE— Outline

¥ Schedule

= Through month end April
= WBS 1.3.05.01.02: CXI 1 micron Precision Instrument

Stand
= WBS 1.3.05.01.03: CXI Detector Stage
r Cost
= Through month end March
¥ Variances
E Summary
cx1 1 micron PICCEN ] Bl Montancz, P £

Preliminary Design Rev ez@SLAC.Stanford.EDU




—LoLS Schedule Status

¥ CXI 1 micron Precision Instrument Stand

Activity Orig Total ~Eardy — Baly 0T = T =m0 [ frap

Eeerefam SRR R = R llllllllllllllllllllllllllllllllllllllllllllllllllllllllll
1.3.05.01.02 CXI Precision Instrument Stands !

9110355 Design & Engr - CXI Precision Instrument Stand

/

START. CX 1.0um Precislon Instrument Stand o D4D1ADER —— 5t May 1
1

Generale PRD - CX1 1.0um Prec Inshr 3id 15 0512064 |DE/Z306A Pram:lrnlr!n

COMP: PRD Redeased - CX 1.0um Pres Instr 53 o DE/ZDEA

d-[:lh.l]iml’rat:lmtsh i
Arrows indicate —j o ses e agsmer il I el ;
OCT ‘08 baseline |=====treumnmpms || o o

Generale ESD (61-100%:} CXI 1.0um Prec Insfr St &~ 01264008  |D2DG05A
dates

mmhmmlmmt

Emﬂa‘l-ﬂma]-f.n mmpmc’.lrulrst

COMP: EZD Released - C¥ 1.0um Prec Instr Std 0 2DEsA—]

Esnnqum £ 1.0um Prec Wetr St

120355 Design & Engr - CXI Precision Instrument Stand

1
1
1
1
1
1
1
i
1
1
i
1
1
1
i
1
1
1
1
:
] 1
] 1
] 1
] 1
] 1
] 1
] 1
] 1
1 1
i i C_ 1 > i i
Prefim Ciesign - CX1 1.0um Prac instr Sid | & [oamimze |osHsoon ! ! ProllRDBET=E30 1.0um Prec !
i i i i i
Frelim Engr Analysis - CX 1.0um Prec Insr Sid o | 16 [oa1s0ze |osesoo : ! F'mIImE| y I Fl' - :
1 ] 1
Corirais Imertace: & Imeg - C1d 1.0um Prec In6t 4 | 7T snads\0STAe H 1 mﬁmam m1.¢um|!n-nmt H
1 ] 1
Tor POR - CX1 1.0um Prec insir Sid 7 1B |0SD608  |0SHA08 | 1 |
Frep ! ! FmpIJrPI:Iil c:lu1mmcm1rm !
1 ] 1
I 1 + I
PDR - Predim Deslgn Review - C21 1.0um Prec Inst 1 18 |osMsmz  [ossoo i | noR - er"mn - mpu proc Imst i
1 ] 1
Final Engr Analysls - CX1 1.0um Prec Ins Std o | 244 [osMaws  [oseano ! ! !
i i o MEWM c:ll‘l.u.ml’lra-eldrsh i
Final D2gign - CX1 1.0um Prec insir St 12 | 244 [oszv0e  [oensos ! ! !
! ! Eﬂruqaelm m'l.uunnecmptau !
1 ] 1 1
Generate Assy & Detall Dvegs-CX1 1.0um Prec Instr = | 244 |osmawe  |o7rooo i ! et i
i i L Gensrats """!"mm. 10um Precinstr |
1 ] 1 1 1
Prap for FDR - CX 1.0um Prec rstr Std 5 | 228 [oamawo  [osrowoo ' | | | '
1 ! .-E'I'rq:l Tor FOR - c:!l1.uu11l’mclmt3ﬂ !
1 ] 1 1
FOR - Final Design Review - CX 1.0um Prec insir 1 | 228 [oar1we  [oer1ao | | |
i i EFI:‘I! Fl'dmm m1.ﬂ1ml=mclrdr i
Frep for SetEmic Review - CXI 1.0um Frec Instr 5 | 225 [osHaws  [osezoo ! ! %H“ R -c:mu Proch !
1 ] 1 1 1
1 1 1 [ 1 1
Selsmic Peer Review - CX1 1.0um Prec Instr Std o | 225 |os2swe  |0EMaD ! ! | 57 selsadic Pear R R R !
1 ] 1 1 1
1 1 1 * 1 1
Seismic Review Approval - CX1 1_Dum Prec Instr 1 | 228 |oszon  [oeczvon | | o= -cxhmm |
1 ] 1 1 1
COMP: Committes Approval - C¥1 10um Precingr | O | 228 [EETE | {}H]III!E - "_m” procingdr |
1 ] 1 1 1
_ 1 1 1 L] 1 1
Incomp FDR Changes - £ 1.0um Prec instr Sid 6 | 225 [oaqz20s  [oaviawoo i i firicorp FOR Changse - C6 1.0um Prac Instr St i
1 ] 1 1 1
CXI 1 micron Precision | 3 Paul Montanez, P.E.
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—+6LS— Schedule Status (2)
¥ CXI Detector Stage May 1

R [ = 7 R I = 7T

Description Dur Floati Stat Fimish [TITTTIII I T IIT T[T lllllllllllllllllllllllllllllllll
1.3.05.01.03 CXI Detector Stage

9110359 Design & Engr - CXI Detector Stage

1

i

START: CXI Detector Siage 0 1A :
1

Generate PRD - CXI Detector Stage 122 1Z0307A | DEVZ3EA i
1

COMP: PRO Released - CXI Detector Stage | 0 6123034 ' | 0 Detodior stage i
1 1

Generale ESD (0-60%) - CX Debector Stage| 132 [4OUDBA [ 10031D8A :
1

1

Arrows indicate —— T
OCT '08 baseline =

COMP: ESD Released - CXI DefetirStage | 0
dates APTOE through Sep08 Plan Adustment 21
Predm Design (1-60%) - CX Detector Siage | 120

mm¢h1wﬂ-mmm

Prefm Design (61-100%) - I Detecior 3 | 13
Stage

Conirois imentace & imag - CX1 Detactor 4 19
Stage

Predm Engr Analysis - C¥I Detector Stage | 12 | 13

Prep for PO - CH Detector Stage s | 13

-
o

POR - Preiim Dieslgn Review - CX1 Detecior
Slage

Final Engr Analysls - CX| Detector Sage s | 1s1

Final Deelgn - CX Detechar Stage 25 151
Generale Assy & Delall Dwgs - X Deteclor| 50 156 (DVMDGME  [D9V1UD9
Stage
i | 1
Prep for FDR - Cxl Detector Stage 3 156 (D'i4ms [DV48039 E'PNF“HR mmm

FOR - Final Deslgn Review - CX] Detecior

151 [pw2ams  [oorzama + m wwmm €30 Dstoctor Stage

&'l'mme{:rm uqmm
;ﬂnmprmmm mmm
m’wmmm {:Illxi#(:lnrm

Incorp FOR. Changes - CXI Detector Stage | & | 151 |0ov2omo  |100Sm

Prep for Selsmic Reslew - x| Detecion 10 151 (D22ms  [O7FO3Da

Selsmic Peer Review - Tl Deteclor Stage 20 151 (DTeDGMS  [OW3UD9

3

i .'E'-Ibuwﬂamauuunqk-mmm

wmw-mm 1 151 (D6/03T8  |0ENADe HHPIIGWW mqmmm
gmwa-mm 1] 151 Dovi4ma 1 O,Wmm mmm
CXl 1 micron Precision | 4 Paul Montanez, P.E.
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—+GLS . Cost Status
¥ CXI 1 micron Precision Instrument Stand

Control Account ‘Work Package FY2008 FY2009 Y2010 FY2011 FY2012 Cumulative
1.3.05.01 CXI Room Temperature Environment
9110355 Design & Engr - CXI Precision Instrument Stand BCWS S 168) S 5,516 ||S 113,467 | S -1s -|$ 119,151
BCWP S 171§ S 10,048 ||S -S -1s -|1$ 10,218
ACWP $ 18]S 6497 |I$ -1's =18 -|$ 6664
9110356 Procurement - CXI Precision Instrument Stand BCWS S -1 S 40,747 | S -1S -|'S 40,747
BOWP | -1s -|Is -8 -3 -1s -
AcwP $ 3 B il =] 8 2ls =S -
9110357 Fab & Assembly - CXI Precision Instrument Stand BCWS S -1s -5 77,687 | $§ -1s -|$ 77,687
BCWP $ -1$ - s =] $ =8 =8 -
ACWP $ 3 B -5 =] =) =8 -
9110358 Testing - CXI Precision Instrument Stand BCWS S -1s -5 2,998 | $ -1s -1S 2,998
Bowp S | -k s els s :
acwp s -|s s s s s :
Control A t Total BCWS $ 168]$ 5516 (| 234900 $ $ (s 240584 D
ontrol Account Totals: b b - -( 3
BCWP $  171fs 10,048 |f$ =8 =8 -|$ 10218
ACWP $ 168) S 6,497 ||$ =8 =8 -|S 6,664
Control Account CUMULATIVE TO DATE AT COMPLETION
Work Package ACTUAL
BUDGETED COST COST VARIANCE
WORK WORK WORK BUDGETED ESTIMATED VARIANCE
SCHEDULED PERFORMED PERFORMED SCHEDULE COST
1.3.05.01 CXI Room Temperature Environment —
9110355 Design & Engr - CXI Precision Instrument Stand S 5,683 S 10,218 S 6,664 S (C 4535 § 3,554 pS 119,151 §$ 118,837 $ 314
9110356 Procurement - CXI Precision Instrument Stand S - S - S - S -1s 40,747 S 40,902 $ (155)
9110357 Fab & Assembly - CXI Precision Instrument Stand S - S - S - S - S -1s 77,687 S 77,687 S 0
9110358 Testing - CXI Precision Instrument Stand S - S - S - S - S -1s 2,998 S 2,998 S -
Control AccountTotals: 3 5683 S 10,218 S 6,664 S 4,535 S 3,554 | S 240,584 S 240,425 S 159
CXI 1 micron Precisio 5 Paul Montanez, P.E.

Preliminary Design Re Z@SLAC.Stanford.EDU




P ——

Cost Status (2)
r CXI Detector Stage

Control Account ‘Work Package ‘FYZOOS |FY2009 FY2010 ‘FYZOll ‘FY2012 ‘Cumulative
1.3.05.01 CXI Room Temperature Environment
9110359 Design & Engr - CXI Detector Stage BCWS S 1,699 S 133,713 |S -1s -1S -|'$ 135411
BCWP S 1,699 $ 12,121 1S -1S -1S -|'$ 13,821
ACWP S 1,699 S 2,530 S -1S -1S -1S 4,229
9110360 Procurement - CXI Detector Stage BCWS S s -0$ 107,703 | $ -1S -|'$ 107,703
BCWP $ - s -13 = $ =% =% -
ACWP |$ B s -|s -|s -1 :
9110361 Fab & Assembly - CXI Detector Stage BCWS S 1S 8,908 IS 69,305 |$ 6,892 S -|'S$ 85,104
BOWP | $ |s s -1 -|s SE :
acwp s | s s ols s -
9110362 Testing - CXI Detector Stage BCWS $ -l s -8 -|$ 1871 $ -|s 1871
Bowp s s s s -ls  -ls :
A E -|s s -l -[s -
Control Account Totals: BCWS S 1,699) S 142,620 |$S 177,007 | S 8,763 |S (é 330,090
BCWP S 1,699 $ 12,121 1S -1s -1s -|'S 13,821
ACWP $ 1,699 $ 2,530 ||$ .S =S -|$ 4229
Control Account CUMULATIVE TO DATE AT COMPLETION
Work Package ACTUAL
BUDGETED COST COST VARIANCE
WORK WORK WORK BUDGETED ESTIMATED VARIANCE
SCHEDULED PERFORMED PERFORMED SCHEDULE COST
1.3.05.01 CXI Room Temperature Environment
9110359 Design & Engr - CXI Detector Stage S 54,277 S 13,821 $ 4,229 S (40,456) S 9,592 0 S 135,411 S 133,562 S 1,849
9110360 Procurement - CXI Detector Stage S - S - S - S = -1s 107,703 S 108,113 S (410)
9110361 Fab & Assembly - CXI Detector Stage S - S - S - S - S -1s 85,104 S 84,322 S 782
9110362 Testing - CXI Detector Stage S - S - S - S - S -1s 1,871 $ 1,799 §$ 72
Control Account Totals: S 54,277 S 13,821 $ 4,229 S (40,456) S 9,592 | S 330,090 $ 327,795 $ 2,294
CXl 1 micron Precisio 6 Paul Montanez, P.E.
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LolQ Variances

¥ Performance Indices

= Schedule Performance Index (SPI) = BCWP/BCWS
= BCWP: Budgeted Cost of Work Performed
= BCWS: Budgeted Cost of Work Scheduled

m Cost Performance Index (CPIl) = BCWP/ACWP
= ACWP: Actual Cost of Work Performed

¥ CXI 1 micron Precision Instrument Stand — cumulative data through March

= SPI=1.80

= Engineering & Design effort was scheduled to start in FY10 (Oct 09) but W. Olson
joined the CXI team mid-March and started work immediately on the Precision
Instrument Stand, i.e. work was performed sooner than scheduled

m CPI|=1.53
= Documentation efforts performed as LOE activities
¥ CXIl Detector Stage — cumulative data through March

m SPI=0.26

= Engineering/Design was scheduled to start Jan ‘09 but we didn’t have resources
available until Pegasus was on-board in mid-March — behind schedule

= CPI=3.27

= Abnormally high since we weren’t spending money on design effort but rather only
on documentation (ESD & SOW) and much of that effort was accomplished as LOE

CXI 1 micron Precisio 7 Paul Montanez, P.E.
Preliminary Design Re @SLAC.Stanford.EDU




—=GLS— Summary

F Performance indices should be much improved for
the next reporting period
= April actuals will be folded-in
¥ Preliminary designs are advanced beyond what has

typically been considered “PDR ready”, this puts In
good position as far as schedule is concerned

= PDRs are a prerequisite for FIDR (to be held June 319)
= Significant “float” remaining
¥ Cost & schedule in good shape for both the CXI 1
micron Precision Instrument Stand and Detector
Stage

CXI 1 micron Precisio 8 Paul Montanez, P.E.
Preliminary Design Re z@SLAC.Stanford.EDU




End of Presentation

CXI 1 micron Precision | 9 Paul Montanez, P.E.
Preliminary Design Revie anez@SLAC.Stanford.EDU




Activity Orig Total Early

Diolifen g e N llllllllllllllllllllllllllllll
Checi & Approve Dwgs - Cx 1.0um Prec Instr Sd ] 235 |0872008 DarZ7I0e

[ Fy11
“llll“llllllllll“llllllll
Eqrm&.ﬂppmmm mimmmm '

ﬂx:?munm mmmmmm

Generate WIg Docs - Cx] 1.0um Prec instr 5d o 235 |08/23008 (D924

9120356 Procurement - CX1 Precision Instrument Stand

Procurement Preps - CI 1.0um Prec Instr St an 236 |08/23002 | 10002 @mm w-.n-.p“:mw
AWARDC PO - &l Parts T 1.0um Prec insir 32d 1 212 [10D20e  1uneoe E‘mm ﬂwmi.ﬂmﬁlﬂlﬂm'
"Wendar Effor - All Parts CX 1.0um Preg Insir 5] 212 [1u030e |03wn mm NIM[N'III‘I‘IP‘I‘BPM
RCW. All Paris CxI 1.0um Prec insdr 3id 1] 21z 031710

(}ermlnu;bm1mmmaq:|

9120357 Fab & Assembly - CX] Precision Instrument Stand

L 1
Inspect Procured Parts - CXI 1.0um Prec Instr 5t 10 | 212 |03&0  [03E0 Wmm X1 1.0um Prec instr 8t
1
1
Submi Shop OFters - CX 1.0um Prec InsT Std 1 | 235 |owezsos  |Dovzsos Emmm m,ﬂ.ﬂmmm !
1
Process MFD Ingeat - CX0 1.0um Prec insir Sid 10 | 235 |owzaos |00 !
gt M.‘nmﬁ [::q1.uumt:Ili'3h i
- 1
Wachining Processes - CX 1.0um Prec Instr Sig ™ | 235 |we20e (02020 mﬁw 24 1.00m Prec Ingtr 1
1
Wisiding - Cx1 1.0um Prec Instr Sid 15 | 235 |020310 (o@D !
m-m?mmmm i
&
RCV: Fab Parts CX1 1.0um Prec Instr St o | 235 022310 {}mmm’gmtmmnﬂrttl:
Iy !
Inspect Fain Pans - CX) 1.0um Prec Instr Std 3 | 235 |omzei0  [ozeesnD Hmmpﬁ.h mm-nlm:m-:m
AESEMble Parts - CH1 1.0um Pra Instr Sto 10 | 212 |4010 D440 Emtu-h c:lmmpm:ml::iu

1
9120358 Testing - CX1 Precision Instrument Stand i i

Firal Test - CX1 1.0um Prac Instr Sid 5 2 |05 02110 'md;—t:m.nmnmmaq'
AWAIL: CX 1.0um Prec inst Ready Far instal o 2 02110 {}mu_cquimpmmmmm
CXl 1 micron Precision | 10 Paul Montanez, P.E.
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Orig Total| Early

[ P ]
Dur Floati Start l.llll

& E i &'ﬂm;.ﬂpﬂmm-iﬁumm E
1 1 1 1 1
B 1 1 L | 1
Generate Mg Docs- CXI Delector Stage | 20 | 200 [10m3me [110ome : | 7 Ganerats Mg Docs - X Delectar Stsge :
9120360 Procurement - CX] Detector Stage ! ! ! ! :
N 1 1 b 1 1
Procuremnt Preps - Vor Pars C Detecior| 30 | 151 [101303  [11/23m0 : : mmﬁmwmmmm
g&aﬂ:m-nwmmm 1 | 151 1o [1vmam | ! | | Mm-uwi&hmmm i
1 1 1 1
endor Fab - All Var Parts X Delectoe | 120 | 151 [11250  [ssn | | i i ‘,.E'“m": i
- &1l Var Parts CX Defeétor
ﬁummmm THEE [ i i i y f" i -
: Fage ! ! ! {} RCV: AN Ventior Parts CX) Datsctor Stage
9120361 Fab & Assembly - CX] Detecror S1age | | | i i
Inspect Procured Farts-All CXI Ditector 2 [ 151 [osmann [essim | ! | .. PRp—
Subit Snop Ovders - C DefectorStage | 1 | 200 [111009 |10 | | ! | TZSunmit Shop Orders - £ Datsctor |
: : : Stop Orers -Gl Declorstage
Proosss MFD Input - CX Detector Stage | 10 | 200 191108 |1imame | | ! " mmmméumm !
i i i i i
Machining Processes - CX Detector Stage | 50 | 200 |11/2503 [o2i8ng | | ! g mﬂﬁﬂﬂ-mmm:
i i i i i
[Weiding - X1 Defector Sage B EICEEREEEEE ! P8 _cat !
: : | g O folecor sige :
Vacuum Leai Check - CXI Delector Siage. | 8 | 200 (03030 [0izg | ! ! ! A Vacuum Lask Chack - €31 Detector Siags!
1 1 1 1 1
Inspect Fab Parts - I Detector Sage 7 | 200 [oansno [oavzzio i i i * Mmh_mmm i
1 1 1 1 1
RCV: Fals Parts CX| Detecior Stage o | 200 32310 i i i o o mmm:hmumm i
1 1 1 1 1
| | | w |
Clean - C¥) Deteckor Stage 10 | 151 [esovin Josmano | i i i i
: ! ! Em1mmm !
RCV: Camel Detector from LCLS TS 1z0an : : : {}mmrnumhd{lrmm :
1 1 1 1 1
Assembie Parts - CX1 Detecior Sage 15 [ 151 [essn [omosio : : : mﬂ-m-mm%
1 1 1 1 1
REGD: Stage Comirals HW & SW [HED wzita | | | E {)E‘ﬂxmlhamiwm&m E
1 1 1 h 1
Connect Controls - CXI Defector Stage 3 [ 151 [omoeno [orosn | ! | b, Comrols - C0 Datecior
i i i s e
[Vacuum Process - 0 Desector Stage 1 | 151 [omoeno [eeosn | ! !
Procees - CXI Datachor
i i i .y e
- X Delechor 1 | 151 [omzno [eenzig
8120362 Testing - CXT Detector Stage | | | :. 1
1 1 1 1 1
Finl Test - £ Detector Sage 3 [ 15t fomsne Jomsn | | : ! EFina| Test - C30 Datector Siage |
.ggel_ Ready For Inetallation CX Detector | @ | 151 7150 E E E & Aw;._.mmlmm(%q Detector Stags
CXI 1 micron Precision | 11 Paul Montanez, P.E.

Preliminary Design Revie anez@SLAC.Stanford.EDU




—L6Le Backup Material: Schedule (3)

¥ Month end March schedule: Precision Stand
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r Month end March schedule: Precision Stand
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