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1.0
SCOPE

2.0
DRAWINGS

The drawings in this engineering note are for reference only. Please contact document control for latest revision of all drawings.

2.1
SAXS System Drawings

	26A272
	DETECTOR STAGE

	26A281
	BASE PLATE

	26A282
	BRACKET PLATE

	26A291
	FRONT FLANGE (DRIFT TUBE)

	26A292
	BACK FLANGE (DRIFT TUBE)

	26A293
	DRIFT TUBE APERTURE TEST SPOOL

	26A294
	FILTER SUPPORT WELDMENT

	26A296
	BE WINDOW FLANGE (1.00)

	26A297
	BE WINDOW GLAND (1.00)

	26A299
	BRACKET TOP (FILTER CROSS)

	26A300
	BRACKET BOTTOM (FILTER CROSS)

	26A301
	BRACKET BOTTOM THREADED (FILTER CROSS)

	26A302
	FILTER RETAINING FRAME

	26A303
	FILTER FRAME

	26A309
	FILTER CROSS SPOOL

	26A312
	4-JAW APERTURE CHAMBER

	26A313
	PUMP-OUT TEE SPOOL

	26A314
	BE WINDOW FLANGE (0.50")

	26A315
	BE WINDOW GLAND (0.50")

	26A317
	FILTER SUPPORT FIDUCIAL PLATE

	26A318
	FILTER SUPPORT FIDUCIAL BAR

	26A321
	LID (HE BOX)

	26A322
	RAFT PLATE

	26A323
	1/2 IN STRUT BOSS

	26A324
	RAFT WELDMENT

	26A325
	1/2 IN STRUT BASE

	26A326
	1/2 STRUT BASE WELDMENT

	26A327
	VACUUM CHAMBER (HE)

	26A340
	STRUT STANDOFF, 3.00" OD

	26A341
	GUSSET PLATE

	26A342
	SHEAR PLATE

	26A343
	SHEAR PLATE

	26A345
	ANGLED CROSS BRACE

	26A346
	BEARING MOUNTING PLATE

	26A349
	OPTICAL TABLE SUPPORT (WELDMENT)

	26A350
	BASE PLATE, SUPPORT NO.1

	26A351
	HOR. STRUT SUPPORT NO.1

	26A352
	BASE PLATE, SUPPORT NO.2

	26A353
	HOR. STRUT SUPPORT NO. 2

	26A355
	MACOR SUPPORT BLOCK

	26A356
	ANODE

	26A357
	GUARD

	26A358
	SIDE PANEL

	26A359
	WINDOW

	26A361
	WINDOWFRAME

	26A362
	WINDOWFRAME

	26A364
	COLLECTOR

	26A394
	THREADPIECE (LH)

	26A396
	1/2-20UNF ROD END, STRUT

	26A397
	1/2 IN. BASIC TURNBUCKLE STRUT

	26A398
	THREADPIECE (RH)

	26A399
	THREADPIECE (LH)

	26A402
	2.75" OD FLANGE, PORT ALIGNER

	26A403
	HINGE ARM 1

	26A404
	HINGE ARM 2

	26A405
	BOTTOM LUG - 2.75" PORT ALIGNER

	26A407
	TOP LUG - 2.75" PORT ALIGNER

	26A408
	BUSHING - 2.75" PORT ALIGNER

	26A409
	BELLOWS WELDMENT PORT ALIGNER

	26A410
	SLIT BLADE ADAPTOR ROD

	26A411
	APERTURE-VB ASSY

	26A412
	VERTICAL SLIT PADDLE (LOWER)

	26A413
	VERTICAL SLIT PADDLE (UPPER)

	26A414
	HORIZONTAL SLIT PADDLE

	26A415
	HEAT SINK

	26A416
	BEARING MOUNTING PLATE

	26A417
	TABLE HARD STOP

	26A418
	SPRING HOUSING

	26A419
	SPRING PLUNGER

	26A420
	SPRING RETAINER

	26A421
	TOOLING BALL PLATE

	26A422
	DRILL TEMPLATE

	26A423
	DRIVE SCREW

	26A424
	DRIVE NUT MOUNTING PLATE

	26A425
	DRIVE NUT SPACER PLATE

	26A426
	DRIVE NUT

	26A427
	BUSHING

	26A428
	CLEVIS

	26A429
	NOTCHED BAR

	26A430
	BEARING HOUSING COVER

	26A431
	BEARING HOUSING

	26A433
	GUSSET (FIRST ANGLE)

	26A435
	BOTTOM PLATE (FIRST ANGLE)

	26A436
	BACK PLATE (FIRST ANGLE)

	26A437
	BOTTOM PLATE (SECOND ANGLE)

	26A438
	BACK PLATE (SECOND ANGLE)

	26A439
	GUSSET (SECOND ANGLE)

	26A440
	KM TOP PLATE

	26A441
	KM BASE PLATE

	26A442
	KM LOCK PLATE

	26A464
	BEAM STOP SLIDE SUPPORT

	26A466
	BEAM STOP ADAPTOR PLATE

	26A467
	BEAM STOP FLANGE

	26A468
	BEAM STOP SHAFT (FLANGE)

	26A469
	BEAMSTOP FLANGE WELDMENT

	26A470
	BELLOWS FLANGE (103-55-3-EE)

	26A472
	BEAMSTOP BELLOWS

	26A473
	BEAMSTOP FEEDTHRU FLANGE

	26A474
	GLAND (BE NIPPLE)

	26A475
	FLANGE, NW50, SAXS BE WINDOW #2

	26A476
	SAXS BE NIPPLE #2

	26A477
	CLAMP RING

	26A480
	O-RING FLANGE (3RD BE WINDOW SPOOL)

	26A481
	3RD BE NIPPLE (WELDMENT)

	26A483
	FLANGE, FRONT, FIRST SPOOL

	26A484
	FLANGE, BACK, FRONT SPOOL

	26A485
	FIRST SPOOL (FIRST POSITION)

	26A488
	PORT ALIGNER, 2.75 IN.

	26A489
	TUBE SUPPORT

	26A490
	TUBE SUPPORT BRACKET

	26A492
	BRACE

	26A494
	BACK FLANGE, FIRST SPOOL, 2ND POSITION

	26A495
	GLAND, FIRST SPOOL, 2ND POSITION

	26A496
	FIRST SPOOL, 2ND POSITION

	26A497
	NIPPLE, ADAPTOR, NW40 - NW50

	26A498
	1 IN. RISER BLOCK

	26A499
	SLIT SUPPORT, 2ND POSITION

	26A500
	DRIFT TUBE SUPPORT BLOCK

	26A501
	DRIFT TUBE SUPPORT #1

	26A502
	DRIFT TUBE SUPPORT #2

	26A506
	BREADBOARD, ELEVATED PLATFORM

	26A507
	LASER MOUNTING PLATE

	26A509
	TOOLING BALL HOLDER, 1/2-13

	26A510
	TOOLING BALL HOLDER, 1-8

	26A512
	SAXS ENDSTATION SUPPORT INSTALLATION

	26A522
	BL 12.3.1 METALLIC FILTER CROSS

	26A555
	OPTICAL_TABLE_SUPPORT_INSTALLATION

	26A560
	LINEAR BEARING ASSEMBLY

	26A561
	OPTICAL TABLE CRANK

	26A566
	OPTICAL TABLE TRANSLATION HARDWARE

	26A577
	4-JAW APERTURE - HE BOX ASSEMBLY

	26A580
	PX EVACUATED TUBE

	26A586
	SAXS DETECTOR SUPPORT

	26A597
	SAXS DRIFT TUBE ASSEMBLY

	26A612
	PS COOLING FLANGE

	26A641
	FRAME CHANNEL

	26A642
	FRAME STOP

	26A643
	APERTURE SHEET

	26A652
	FRAME ADJUSTMENT BLOCK

	26A653
	MANIFOLD SUPPORT BRACKET

	26A654
	DRIFT TUBE APERTURE SPOOL

	26A658
	SAMPLE SUPPORT BRACKET

	26A660
	SAMPLE BASE

	26A665
	CLAMP BAR

	26A666
	TAPPED ARM

	26A667
	SLOTTED ARM

	26A669
	FIBER HOLDER

	26A670
	UNBENT SPRING

	26A673
	SAXS SAMPLE HOLDER

	26A714
	BPM BRACKET

	26A775
	BEAMSTOP WIRE HOLDER

	26A777
	BEAMSTOP WIRE

	26A778
	SAXS BEAMSTOP ASSEMBLY

	26A784
	SAXS SPLIT ION CHAMBER

	26A902
	EPS SWITCH MOUNT BAR

	26A904
	EPS SWITCH CAM

	26B059
	STANDOFF - FIBER HOLDER

	26B060
	FIBER HOLDER

	26B062
	SPACER BAR

	26B063
	LASER LIGHT SHIELD


2.2
Sample Positioning System Drawings
	26A329
	AIR BEARING ROTARY POSITIONER, VERSION 2

	26A371
	GONIOMETER MOUNT ASSY

	26A487
	CARRIAGE WELDMENT ASSEMBLY

	26A511
	STAND BASE WELDMENT

	26A520
	3/4-10 STRUT BOSS X 1.75 LG

	26A521
	3/4-10 STRUT BOSS X 1.63 LG

	26A526
	SAMPLE MOUNT PLATFORM

	26A552
	ENDSTATION ELECTRICAL LAYOUT ASSY

	26A572
	COLLIMATOR VEE BLOCK MOUNT

	26A648
	TOP BREAD BOARD CUT

	26A656
	MIDDLE BREAD BOARD

	26A657
	TOP BREAD BOARD

	26A664
	STRUT TAB

	26A671
	STAGE ANGLE BRACKET

	26A674
	CLAMP BAR

	26A710
	MICROSCOPE POSITIONING ASSY - MOUNT

	26A717
	MICROSCOPE POSITIONING ASSY - BASE SUPPORT

	26A726
	GIMBAL ASSY - TOP PLATE

	26A728
	BACKSTOP SUPPORT FRAME

	26A746
	COLLAR

	26A747
	NW40, MODIFIED FLANGE

	26A758
	BE WINDOW GLAND .500 MODIFIED

	26A767
	PRIMARY OPTICS MOUNT

	26A781
	SAMPLE MOUNT FINGER

	26A785
	2.75 CFF-NW40, 4 WAY CROSS ASSY

	26A816
	KINEMATIC BASE PLATE

	26A818
	COLLIMATOR INFINITY MITUTOYO ASSY

	26A819
	GONIOMETER ASSEMBLY

	26A820
	SUPPORT ASSY

	26A866
	SAMPLE ASSY

	26A880
	SAMPLE POSITIONING ASSY

	26A881
	DIAGNOSTIC ASSY

	26A884
	HELIUM BOX ASSY

	26A885
	SCINTILLATOR MOUNTING ASSY

	26A933
	15MM PRISM EDSCI K45 593 MOD

	26A967
	5MM PRISM MOUNT


2.3
PX Detector Positioning System Drawings

	Main Support Frame

	26A319
	Gantry Guide Raft Weldment

	26A320
	Main Frame Weldment

	26A366
	Temporary Frame Brace, Side

	26A368
	Temporary Frame Brace, Front

	26A369
	Detector Support Assy Bracing

	26A370
	Ball Screw Bearing Mount

	26A372
	Euchner 2000MM Trip Rail, Modified

	26A373
	Euchner Limit Switch Mount Plate

	26A374
	Bearing Support Subframe Weldment

	26A375
	Compumotor Mounting Bracket Assy

	26A376
	Compumotor Mounting Bracket, Vert. Plate

	26A377
	Compumotor Mounting Bracket, Horz. Plate

	26A378
	Compumotor Mounting Bracket, Gusset

	26A380
	Bearing Support Subframe, Arm

	26A381
	Bearing Support Subframe, Horz. Plate

	26A382
	Bearing Support Subframe, Vert. Plate

	26A383
	Bearing Support Subframe, Gusset, Long

	26A384
	Bearing Support Subframe, Gusset, Short

	26A385
	Raft Mount Shim Plate, Center

	26A386
	Raft Mount Shim Plate, Upstream

	26A387
	Raft Mount Shim Plate, Downstream

	26A388
	Compumotor Mount Bracket Shim

	26A389
	Upstream Bearing Mount Shim

	26A390
	Ball Nut Mount

	26A391
	Renishaw Encoder Mount Plate, Long

	26A392
	Renishaw Encoder Mount Plate, Short

	26A487
	Carriage Weldment Assembly

	26A513
	Washer Plate

	26A514
	Detector Support Assembly

	26A539
	Detector Support Installation

	26A893
	Hard Stop, Front

	26A894
	Hard Stop,

	26A980
	Front Hard Stop Sub-base

	26A981
	Front Hard Stop Spacer Plate

	Gantry Assembly

	26A596
	Gantry Assy - Gantry Side Frame

	26A602
	Gantry Assy - Bottom Plate

	26A668
	Extension Shaft

	26A712
	Gantry Shelf Assembly

	26A700
	Shelf Side Plate

	26A703
	Shelf Bread Board

	26A709
	Shelf Brace

	26A731
	Bracket, Euchner Hole Type Limit Switch

	26A733
	Euchner Switch Trip

	26A734
	Lower Trip Dog Mount, Euchner Switch

	26A735
	Upper Trip Dog Mount, Euchner Switch

	26A824
	Gantry Assembly/Installation

	25K066
	Whisper Drive Spacer Plate

	25K077
	Motor Support Bracket

	25K079
	Coupling

	Cradle Assembly

	26A736
	Pillow Block Preload Shim

	26A737
	Vertical Limit Switch Mount Plate

	26A738
	Rotary Axis Pillow Block

	26A743
	Detector Rotary Axis Cam

	26A756
	Rotational Safety Limit Switch Arm

	26A768
	Pillow Block Bearing Shaft

	26A770
	Driven Shaft, Gudel Worm Gear

	26A773
	Gudel Reducer Mount Plate

	26A776
	Cradle Side Plate, Driven

	26A793
	Gudel Mounting Gusset, Bottom

	26A795
	Gudel Mounting Gusset, Top

	26A803
	Gantry Cradle Base Plate

	26A805
	Cradle Follower Side Plate Gusset

	26A806
	Cradle Driven Side Plate Gusset

	26A808
	Cradle Side Plate, Follower

	26A814
	Failsafe Rotary Limit Switch Mount Plate

	26A815
	Primary Rotary Limit Switch Mount Plate

	26A816
	Kinematic Base Plate

	26A839
	Right Cradle Triangle Plate

	26A840
	Left Cradle Triangle Plate

	26A841
	Cradle Rear Brace Bar

	26A842
	Turbo Pump Mount Plate

	26A843
	Turbo Pump Cradle, Rear

	26A844
	Turbo Pump Cradle, Front

	26A845
	Rotary Limit Switch Angle Bar

	26A847
	Kinematic Mount Stud Sleeve

	26A848
	Cradle Installation Assembly

	26A850
	Kinematic Mount Stud


2.4
Miscellaneous Drawings

	26A998
	Vertical Cable Carrier, Moving Mount Plate

	26A268
	SLIDING DOOR ASSY 48 IN LHO

	26A273
	HUTCH RAD SHIELDING 12.3.1 AND 12.2.2

	26A284
	LASER SAFETY COVER

	26A285
	LASER BLACKOUT WINDOW COVER, INTERIOR WALL

	26A406
	HUTCH TAPE DETAIL

	26A465
	HUTCH DOOR INSTALLATION ASSY

	26A478
	HUTCH DOOR INSTALLATION ASSY

	26A599
	NEWPORT MOUNT ANGLE CLIP

	26A601
	2IN PRISM MOUNT BLOCK

	26A604
	CLAMP DOG

	26A609
	INFINITY MOUNT BAR

	26A610
	INFINITY AND PRISM MOUNT BASE

	26A614
	K2 INFINITY MICROSCOPE AND PRISM ASSY

	26A649
	PX SAMPLE BASE STAND INSTALLATION ASSY

	26A704
	LEAD COVER HALF SHIELD FOR 1-1/8 OD

	26A705
	LEAD COVER HALF SHIELD FOR 1-5/8 OD

	26A706
	RAD SHIELD SPLIT FOR 1-5/8 OD

	26A707
	RAD SHIELD SPLIT FOR 1-1/8 OD

	26A751
	INSIDE DOOR HANDLE

	26A961
	AXAS DETECTOR HEAT SINK PLATE

	26A962
	ROTARY MOUNTING PLATE

	26A991
	CAMERA TO HE BOX MOUNT PLATE

	26A998
	VERTICAL CABLE CARRIER, MOVING MOUNT PLATE

	26B000
	MIRROR MOUNT HOLDER

	26B001
	MIRROR MOUNT HOLDER BASE

	26B005
	HORIZONTAL CABLE CARRIER MOUNTING ADAPTOR

	26B007
	CAMERA COVER ASSEMBLY

	26B008
	HE BOX PRISM COVER

	26B010
	VERTICAL CABLE CARRIER, STATIONARY MOUNT BLOCK

	26B011
	VERTICAL CABLE CARRIER, STATIONARY MOUNT BASE

	26B014
	VERTICAL CABLE CARRIER, MOVING MOUNT BLOCK

	26B042
	BEAMSTOP, TUNGSTEN SUPPORT BLADE

	26B044
	BEAMSTOP, BLADE MOUNT BLOCK

	26B045
	BEAMSTOP, ALUMINUM DISK

	26B046
	SAFETY SWITCH MOUNT PLATE

	26B172
	MICROSCOPE JACKING SCREW BRACKET

	26B173
	MICROSCOPE CLAMP RING


Copies of all drawings are included in the Appendices.
The drawings in this engineering note are for reference only. Please contact document control for latest revision of all drawings.

3.0
DESIGN OVERVIEW

3.1
SAXS Design Features 
Filter Cross

· Filter cross to provide five places for filters on pneumatic TLI linear feedthroughs as on BL 8 PX End station

Four Jaw Aperture

· Aperture to be designed similar to the assembly on BL 8 PX End station utilizing TLI linear actuators driven by step motors.

· TLI linear actuators will be mounted on port aligners to precisely match the jaws to the beam

· Top and bottom jaws to be curved to match the beam shape.

Helium Box 1

· First helium box to consist of a Be window (25 micron), a split ion chamber (BPM111) housed in a stainless steel enclosure, a personal safety shutter valve as offered by MDC, a current monitor (BPM112), and a water cooled photon shutter from NM Laser with a CCD camera for remote viewing, X-Y slits from XIA, and another Be window. The current monitor and photon shutter will be housed in an aluminum enclosure as will the XIA slits. The use of a second set of XIA slits will be incorporated into the design for illuminating the sample at a distance closer to the detector. Both Be windows will provide isolation of the helium from the atmosphere and vacuum.

SAXS Sample Region

· A kinematically mounted sample holder will be mounted on an X-Y stage with a total stroke of one inch in each direction for alignment and capable of supporting 20 lbs. Sample holder must accept current SSRL samples as currently used by Hiro Tsuruda.

· Sample holder to mount to Newport optical rail to accommodate different distances to the detector.

Modular Flight Tube

· A modular flight tube will be constructed from the sample to the detector to accommodate placing the sample at two positions along the Z-axis. 

· The upstream end will have a Be window and a short section of tube immediately downstream of the sample position in order to accommodate sample holders of different thickness. 

· The downstream end will have a 200mm wide by 300mm high Kapton window. This section will also contain a beam stop adjustable in the X and Y axes and accommodate different sizes of stops.

Detector and support

· The detector length will be approximately 750 mm long and will be supported by a linear positioning stage that will allow for 8 inches travel in the vertical direction.

Optical Table

· The sample holder, modular flight tube and detector will be mounted on an optical table approximately 36” wide by 96” long. The table will be mounted on a linear bearing rail system that will allow the entire SAXS component arrangement to move out of the beam in the X direction, allowing use of the PX end station.

· An evacuated tube will mounted to the table to take the place of the SAXS end station for PX operation and will be located behind the SAXS end station when viewed from the hutch entrance.

· The optical table will be sized for the use of a permanently mounted laser to be used in some SAXS experiments.

· A table or rack mounted above the modular flight tube and integral to the optical bench will be built for the mounting of small equipment

· The optical table and its rail system will be mounted on a specially fabricated support utilizing six struts to precisely align the table to the beam.

Distance from the sample to the detector is approximately 1.475 meters maximum with lesser distances available as previously described.
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Figure 1.  Isometric View of SAXS End Station. Sample – detector distance = 1.5m
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Figure 2.  Isometric View of SAXS End Station with Sample detector distance at 0.75 meters
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Figure 3.  Filter and 4-Jaw Aperture Assemblies                                                      
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Figure 4.  Sample Area
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Figure 5.  Optical latch mechanism to latch between SAXS and PX. The table is manually slid to the side and the latch mechanism holds it in place.

3.2
Sample Positioning System

3.3
PX Detector Positioning System

The Detector Positioning System is located in sector 12 of the ALS on beamline 12.3.1. This is a dual-purpose beamline consisting of a SAXS (Small Angle X-ray Scattering) end station (described in a separate Engineering Note) and the protein crystallography end station described here.  The system is designed to position an ADSC Quantum 315 CCD detector in two orthogonal directions and one rotary direction.  The horizontal axis (Z-axis parallel to the beamline direction) range of motion is 120mm away from the protein crystal sample being examined to 1600mm away.  The detector can move in the vertical axis Y-axis perpendicular to the beamline direction) approximately 1000mm and it can rotate about an axis from –4° to +45° (see motion specification page listed in appendix F).

These positioning parameters are achieved by incorporating four sub-assemblies.  

These are: 1. Main Support Frame Assembly


2. Gantry Carriage Assembly


3. Gantry Assembly


4. Cradle Assembly

There are two primary design considerations for the detector positioning system.  The first is to provide for precise orientation of the ADSC Quantum 315 CCD detector during operation.  Second it must be able to carry the load of the detector and the associated motion system equipment without allowing excessive deflection.

This system includes the main support frame weldment, the gantry carriage weldment, the gantry assembly and the cradle assembly.
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3.4
BL 12.3.1 Endstation Radiation Shielding Hutch

The hutch is designed to safely contain any beamline radiation emanating from the endstation equipment.  To contain all radiation the hutch walls are approximately 2 inches thick and lined with steel panels (minimum thickness of  .120 inch) overlapping any gaps with a minimum of  .50 inch overlap.

The hutch is self-supporting and attached to the concrete floor of the ALS building.
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4.0
FABRICATION

4.1
SAXS Design Features 
4.2
Sample Positioning System Design Features  

4.3
PX Detector Positioning System Design Features  

4.3.1
Main Support Frame Assembly

The detector positioning system assembly main support frame is designed in two major sections the Main Frame Weldment and the Gantry Guide Raft Weldment (see drawing number 26A514).  The main frame supports the gantry raft and the gantry raft supports the drive system and carriage for the gantry horizontal movement.  The drive system utilizes a NSK ball screw and nut with lead of 10 and a diameter 32mm.  A Compumotor servomotor with a 5.5:1 gearhead drives the ball screw and nut.  The ball nut is attached to the carriage and drives it along the linear rails parallel to the beamline.  See appendix D for specific part information of the above components.

[image: image7.jpg]




4.3.2
Main Frame Weldment

The lower section, the Main Frame Weldment (see drawing number 26A320), is made from various sizes of rectangular steel tubing.  The frame is braced on both sides with a diamond shaped system of beams.  This approach was chosen to allow easy access to the detector gantry and detector from the side.   The frame is also cross-braced in the rear to increase its side-to-side rigidity.  The eight upper mounting pads, used to mate the Main Frame Weldment with the Gantry Guide Raft Weldment, are precision machined after all welding is complete.
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4.3.3
Gantry Raft Weldment 

The upper section, the Gantry Guide Raft Weldment (see drawing number 26A319), is also made from various sizes of rectangular steel tubing.  The raft is braced with a cross bar and gussets.  The eight lower mounting pads, used to mate the Gantry Guide Raft Weldment with the Main Frame Weldment, are precision machined after all welding is complete.  In addition the Z-axis drive motor mounting plate welded in the center of the cross beam and the linear rail mounting surfaces along the top of the long rectangular tubes are machined to ensure parallelism between themselves and to the mounting pads.

[image: image9.jpg]



4.3.4
Carriage Weldment Assembly

The Carriage Weldment Assembly (see drawing number 26A487) is comprised of two 6”x 6” pieces of square steel tubing welded between three 2”x 6” rectangular steel tubes.  Steel plates are welded to the top and bottom of the tube assembly to increase its overall stiffness.  After all welding is complete the carriage is stress relieved and machined.  The completed assembly rides on top of the raft/main frame assembly using a linear slide rail system.
[image: image10.jpg]
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4.3.5
Gantry / Cradle Assembly

 [image: image12.jpg]
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4.3.6
Gantry Assembly

The gantry assembly is made up of three major fabricated parts; two gantry side frames (26A596) and the gantry base plate (26A602).  The gantry assembly is attached to the carriage with fourteen ½-13 hex bolts.  The gantry provides approximately 1000mm of vertical travel for the detector.  The vertical motion is achieved through a servomotor/gearbox/ linear slide ball screw system.  The Compumotor servomotor drives a WhisperDrive zero backlash precision worm drive gearhead.  The output of the WhisperDrive gearhead drives two Thomson Micron Dura True 90° gearboxes with a 1:1 ratio.  One of the Thomson Micron Dura True 90° gearboxes is specially built to have its output run in the reverse direction.  These two gearboxes drive two Nippon Bearing actuators. The reversed output of the Thomson Micron Dura True 90° gearbox permits it to drive the Nippon Bearing actuator in the same direction as the other (standard output) Thomson drive.  The NB actuator is a high helix lead screw driving two linear slides each.  One of the NB actuators is coupled directly to the Thomson gearbox while the other is coupled with a phase adjuster coupling.  The phase adjuster coupling permits precise adjustment of the two actuators in terms of the alignment of the vertical position of the linear slides.

[image: image14.jpg]


  [image: image15.jpg]



4.3.7
Cradle Assembly 

The Cradle Assembly is the final positioning component of the detector positioning system.  The cradle is mounted to the NB linear actuators through the Gudel worm gearbox and the pillow block.  The cradle pivots along the co-axial shafts in both the Gudel gearbox and the pillow block.  A Compumotor servomotor drives the (47:1 ratio) Gudel worm gearbox.  The CCD detector mounts to a plate that is kinematically mounted to the cradle base plate.  
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5.0
MECHANICAL DESIGN ANALYSIS

5.1
FEA Analysis for the Main Support Frame Assembly

5.1.1
Main Support Frame Assembly

The mechanical design analysis of the Main Support Frame Assembly investigates two specific areas critical to its design.  Finite element analysis (FEA) is used in the mechanical design analysis that follows.  ANSYS 7.0 was used as the FEA modeling software.

The first area of the design analyzed is the static deflection and stress of the Detector Support Frame Assembly with 1g of acceleration applied in the y-direction.  This analysis simulates the effects of gravity on the support frame in its stationary operational configuration.

Finally the natural frequencies are analyzed to determine if the Support Frame will withstand harmonic vibrations.  It is desirable to keep the natural frequency above 10Hz to avoid vibration amplification factors and transmission of those vibrations into the Gantry Support Assembly and hence the detector.

One Space Designer FEA software was used to model and analyze the Carriage Weldment Assembly.
5.1.2
FEA Model Description for Main Support Frame Assembly

The ANSYS 7 finite element model is constructed using key points and lines.  The lines are then meshed as beams (BEAM4) with cross sectional properties of: 

6" X 4" X 1/4" Wall (Horizontal)

4" X 4" X 1/4" Wall (Horizontal)

3" X 4" X 1/4" Wall (Diagonals)

2" X 4" X 1/4" Wall (Diagonals)

6" X 4" X 3/8" Wall (Vertical)

4" X 2" X 1/4" Wall (Diagonals)

4" X 3" X 1/4" Wall (Diagonals)

4" X 4" Solid (Connect Raft to Frame)

The material properties used in the Support Frame are for steel.  The approximate mass of the carriage /gantry/detector assembly is 1400 pounds.  A quarter of the mass is applied as a force (350 pounds) to the top of the frame in approximately the location of the four carriage linear slide cars.  

5.1.2
Static Deflection for Main Support Frame Assembly

The illustrations below are static deflection plots of the ANSYS 7 Finite Element model of the Detector Support Structure Assembly.  The assembly is constrained in all six degrees of freedom at the eight locations where it will be bolted to the floor.  The maximum deflection in the solution when the detector is in the forward position is 0.0008 inches (see image below).  The maximum deflection in the solution when the detector is in the rear position is 0.0009 inches (see image below).
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5.1.3
Static Stress for Main Support Frame Assembly

The illustrations below are of the static stress solutions in ANSYS with the detector in the forward position and in the rear position.  The frame is constrained in all six degrees of freedom at the eight locations where it will be bolted to the floor.  The maximum stress calculated in the solution is 450 p.s.i. (carriage in the forward position).
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5.1.4
Natural Frequency and Mode Shapes for Main Support Frame Assembly

The natural frequency analysis was done using ANSYS 7 finite element software.  This analysis is used to determine the natural frequencies of the structure and its mode shapes.  The first ten modes were analyzed to determine their natural frequencies.  Cross braces connecting the center of the top (raft) beams were inserted into the model to simulate the gantry carriage.  The gantry carriage will link the long horizontal beams of the raft portion of the frame.  Below is an ANSYS modal plot for the first mode shape.
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Below is a chart of the first four modes, their associated frequencies and some observations from the ANSYS plots.

	Mode
	Frequency
	Observations

	1
	30.186
	The front two vertical beams along with the top of the frame and the carriage raft move back and forth sideways.  The rear of the frame remains relatively stable.  (See ANSYS plot above)

	2
	55.693
	The top front and rear portions of the frame move in opposite directions with the middle bowing out as the frame moves.

	3
	63.324
	The frame moves forward and backwards along its long axis.  The rear cross bracing bows out and in with the movement.

	4
	70.361
	The motion is nearly identical to mode 3.  The frame moves forward and backwards along its long axis.  The rear cross bracing bows out and in with the movement.


The lowest natural frequency of the Detector Support Frame Assembly is 30.186 Hz which is above the minimum frequency of 10 Hz.

5.2
FEA Analysis for Carriage Weldment Assembly

5.2.1
Static Stress for Carriage Weldment Assembly

The illustrations below are static stress plots of the One Space Designer Design Integrity FEA model of the Carriage Weldment Assembly.  The assembly is constrained in all six degrees of freedom at the four locations where it will be bolted, through the linear bearing/rail system, to the frame.  The maximum Von Mises stress in the solution of the carriage is 9.74 MPa (see images below).   The maximum deflection is documented in the Design Integrity results page listed in appendix E.
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Figure 6.    Complete detector positioning system assembly.





Figure 8.    Complete main support frame, gantry raft and


                   servomotor / ball screw assembly.
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Figure 9    Main frame weldment assembly.
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Figure 10.    Gantry raft weldment assembly.





Figure 11.    Carriage weldment assembly.
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Figure 12.    Complete main support frame, gantry raft, carriage and servomotor / ball screw assembly.





Figure 19.





Figure 20.





Figure 21.





Figure 22.





Figure 23.





Figure 24.    Carriage weldment assembly stress analysis.





Figure 25.    Close-up of carriage weldment assembly 


                     stress analysis.





Figure 18.    Complete detector cradle assembly


(pillow block side).
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Figure 17.    Complete detector cradle assembly (Gudel gearbox side).





Figures 15 and 16    Two views of the complete detector gantry assembly.  Bottom shelf removed for clarity.
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Figures 13 and 14    Two views of the complete gantry, cradle and detector assembly.
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Figure 7.    Image of the BL 12.3.1  hutch.  The roof is removed to view the equipment inside.
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