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Abstract

Successful operation of the Spalation Neutron Source (SNS) Facility in Oak Ridge,
Tennessee depends on providing guide systems that channel neutrons to each experimenta
indrument pogition with aminimum lossin flux. These guide sysems originate
goproximately 1m from the moderator and pass through Shutter Gates. The guide sections
passing through the Shutter Gate, cdled Shutter Inserts, dign with features separate from the
Shutter Gate. These features are located on the first guide section called the Core Vessdl
Insert. Thisarrangement accommodates accurate aignment of the guide system without
requiring accurate aignment of the heavy Shutter Gate. These Core Vessd and Shutter
Inserts are being devel oped for the SNS Facility and will be tested in the Design Vdidation
Test Stand (DVTS). This paper addressesthe DVTS Core Vessd and Shutter Inserts.

Overview and Design Objective

The Spdlation Neutron Source (SNS), being congtructed in Oak Ridge, Tennessee
will be aworld-cdlass facility with the world's most powerful pulsed neutron source. The
High Power Target Station will provide (up to 24) different pulsed neutron beam lines
alowing the use of awide range of neutron scattering instruments for experimentersto
conduct research. Most of these neutron beam lines are equipped with guide systems that
originate gpproximatdy 1m from any of the four moderators. The first guide sections, closest
to the moderators, consist of two subassemblies known as the Core Vessdl Insert and the
Shutter Insert. These sections, that will be tested in the Design Vdidation Test Stand
(DVTY), areillugrated in Figure 1. Inthe SNS Facility, these work in conjunction with the
Shutter to turn the neutron beam off and on to alow the replacement of samples and
instruments. The Shutter Gate blocks the neutron beam when the Shutter Gate isin the upper
postion. The neutron beam passes through the Core Vessdl Insert and the Shutter Insert
when the Shutter Gateisin the lower podgition. The Core Vessd Insert and the Shutter Insert
must be digned with the beam center line within £ 1 mm when the Shutter Gateisin the
open position (Shutter Gate down). The Core Vessd Insert is mounted to the Core Vess
flange and is accurately postioned by two dignment dowd pins. A specid dignment system
is provided to accuratdy dign the Shutter Insert.

Design Philosophy

Alignment is one of the mogt chalenging issues involving the Shutter Insert design.
Severd factors prohibit precise dignment of the Shutter Gate from being a viable option for
providing dignment of the Shutter Insert. Fird, the Shutter Gates weigh as much as 39,000
kg, making pogitioning of the Shutter Gate extremdy difficult. Second, the Shutter Gate is
guided in rallswith a clearance of 3 mm and a draightness of only £ 3 mm. In addition, each
end of the Shutter Insert must be positioned to within £ 1 mm. Obvioudy, this dignment



requirement is nearly impossible to meet if the Shutter Insert is mounted rigidly in the Shutter
Gate. A smple solution to this Stuation isto alow the Shutter Insert to float within the
Shutter Gate and to use an independent set of alignment supports to provide accurate
aignment when the Shutter Gate isin the open (down) position. Verifying the operation of
this design is the main objective of the DVTS.

i lg v_‘%y—\
I N,
L Mi EI.
; . i SINGLE SHUTTER
T =i} INSERT ASSEMBLY
SINGLE CORE YESSEL ,
INSERT ASSEMBLY I

N ' H

= : '\\\\“xSHUTTER INSERT

F\\\\\\fDJUSTMENT ASSEMBLY
SHUTTER GATE OUTBOARD

GUIDE RalL

RN

éfff T

Figurel. DVTSCoreVessd Insert and Shutter Insert Installation

The Shutter Insert rides inside a stepped through-hole formed in the Shutter Gates.
This stepped through-hole has a cross section thet is gpproximately 25 mm larger in width
and height than the cross section of the Shutter Inserts. This arrangement alows the Shutter
Insert to move (float) within the Shutter Gate through this hole, dlowing the dignment
supports to engage when the Shutter Gate lowers to its open position. When the Shutter Gate
isin the down position, the neutron beam passes through the Core Vessdl Insert and the
Shutter Insert dlowing researchersto perform their experiments. When the Shutter Gate rises
to its upper position, the beam is completely blocked by the Shutter Gate. This position
alows replacement of samples and instruments.

The Shutter Insert is equipped with two sets of mounts. One set of mounts supports
the Shutter Insert when the Shutter Gate isin the upper position. These mounts consist of
three bal transfers that are mounted in the bottom side of the Shutter Insart. As the Shutter
Gate rises, these bd| casters engage into counterbored contours that are formed in the Shutter
Gate stepped through-hole. The diameter of these counterbored contours are sized to dlow
the Shutter Insertslaterd motion within a 16mm diameter zone. This arrangement is shown
inFigure 2. The second sat of mounts consigts of the dignment supports. The Shutter Insert
rests on the alignment supports when the Shutter Gate is in the down position (beam open).
When the Shutter Gate is lowered to its down position, the Shutter Insert alignment supports
engage mounting surfaces on the Core Vessd Insart and the Adjustment Mechanism. The
Adjustment Mechaniam is mounted on the Shutter Gate outboard guide rail. These supports
provide accurate aignment of the Shutter Insert.
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Figure2. DVTS Shutter Insert Ball Transfer Supports
Shutter Insert

The Shutter Insert dignment supports consst of a classic kinematics mounting
system. These dignment supports areillustrated in Figures 3, 4 and 5. Three spherica
mounting surfaces are located on the Shutter Insert. These three spherica mounting surfaces
interface with mating surfaces when the Shutter Gate isin the open position. Two of these
sphericad mounting surfaces interface with mating surfaces on the Core Vessd. Thethird
gphericad mounting surface rests in the adjustment mechaniam. The two sphericd mounting
surfaces that interface with the Core Vessdl Insert rest in atapered contour and on aflat
surface. The spherica mounting surface that interfaces with the Adjustment Mechanism
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Figure3. DVTS Shutter Insert Right Alignment Support

restsin av-groove. Each mounting surface is hardened to RC 45 to 50 to insure that no local
yielding occurs. The spherica radii were Szed to insure that the maximum contact stressin
the aignment supportsisless than 135,000 PSl, assuming the Shutter Insert is completely
filled with ed shidding materid.
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Figure4. DVTS Shutter Insert Left Alignment Support
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Figure5. DVTS Shutter Insert Rear Alignment Support

Two styles of Shutter Inserts will be provided. One style will accommodate asingle
beam line and the other style will accommodate two beam lines. The Sngle beam line
Shutter Insert weighs approximately 3,700 kg. The double beam line Shutter Insert weighs
gpproximately 7,700 kg.




CoreVessd Insert

The Core Vessd Insert is attached to the Core Vessd flange by four-threaded studs
that protrude from the Core Vessd flange. A double Hdlicoflex™ metd o-ring seasthe
mating flanges. The Core Vessd flange is equipped with tubing to accommodate cooling,
vacuum and helium supply. Two lines are coolant supply and return lines, two are helium
supply lines and one is the vacuum supply between the double o-ring sedls.

The Core Vess Insart is dso equipped with mounting surfaces that interface with
two of the Shutter Insert spherica mounting surfaces. One of the surfaces conssts of a
conica socket asillugtrated in Figure 3. These surfaces are hardened to RC 45 to 50 to insure
that no loca yielding occurs.

Two styles of Core Vessd Inserts will be provided. One style will accommodate a
single beam line and the other will accommodate two beam lines. The single beam line Core
Vessd Insert weighs approximately 1,250 kg. The double beam line Core Vessd Insert
weighs gpproximately 1,900 kg.
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Figure 6. Shutter Insert Adjustment Mechanism
Adjustment M echanism

The adjustment mechanism is mounted on the Shutter Gate outboard guide rail as
shownin Figure 1. The rear spherical mounting surface of the Shutter Insert restsin av-
groove that isformed by chamfers on two diding blocks. Thisarrangement isillustrated in
Figure 6. The diding blocks are driven by drive screws and guided by a set of cam followers.
The drive screws are positioned so that the dide blocks are driven inward and outward aong
a 30-degree angle. The rear spherica mounting surface (Rear Alignment Ball) moves
verticaly when the diding blocks are driven in the same direction, either in an inward or
outward direction. Asthe dide blocks are driven inward (toward each other) the v-groove
closes inward causing the Shutter Insert rear spherical mounting surfaceto rise. Asthe dide
blocks are driven outward (away from each other) the v-groove opens outward causing the
Shutter Insert rear sphericad mounting surface to fal verticaly. When the diding blocks are
driven in opposite directions, the rear sphericad mounting surface moves laerdly. The
adjustment mechanism provides the cgpability to repogition the Shutter Insert rear spherica
mounting surface of the Shutter Insert to any position within a19 mm diameter circle. The
chamfered surfaces forming the v-groove are hardened to RC 45 to 50 to insure that no local
yielding occurs.

Construction



Both inserts are congtructed using conventional congtruction practices and materias.
Each insert is fabricated from carbon stedl welded construction and stress relieved to remove
any loca residua stresses and to diminate the possibility of loca yidding. The maximum
bending stress in these welded membersis aso limited to 12,000 PSl to iminate the
possibility of yieding. The Core Vessd flange is congtructed from gainless sed to
accurately represent the facility Core Vessd flange during sedl testing. The Core Vessd
flange and the main Core Vessd Insart flange will be fabricated with a flatness of 0.001 of an
inch to accommodate the double o-ring Helicoflex™ sed requirements. All carbon stedl
components will be nicke plated to minimize corroson.
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