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	Abstract

This specification describes the interfaces for the IR1/IR5 Neutral Beam Absorbers (TAN) to tunnel positioning and alignment, subassembly rigging, installation, the vacuum beam tube, vacuum bakeout and instrumentation.  Information is also given on the configuration of the TAN absorbers.
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1. overview

In this document the interfaces for the Neutral Beam Absorber (TAN) are described.

The technical requirements and design parameters for the TAN are described in the Neutral Beam Absorber (TAN) Functional Specification [1].

1.1  TAN DESCRIPTION

The TAN is a 30 Tonne absorber that is assembled from 8 subassemblies.  Each subassembly is 5 Tonne or less in weight and the assemblies are located in position with pins.  The configuration and dimensions of the TAN are shown in Figs. 1 and 2.

The inner assembly of the TAN is the Absorber Box. The copper vacuum beam tube is at the center of the Absorber Box and is surrounded by a copper clamshell and then a steel box.  The OFHC vacuum beam tube has a large tube facing the IP which transitions smoothly to two tubes going away from the IP.

Five steel assemblies surround the Absorber Box: the Lower Base Plate, Upper Base Plate, Cryo Side Shielding, Aisle Side Shielding and the Upper Shielding.

On the IP end of the TAN there are two marble subassemblies, the Cryo Side Marble and the Aisle Side Marble, to reduce the tunnel radiation exposure.

The TAN absorbs 315 W at ultimate luminosity (2.5 X 1034cm-2sec-1) and is cooled by the ambient tunnel air.


Reference Drawing:
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TAN CONCEPTUAL DESIGN – 140 m from IP
LHCTAN__0001 (LBNL 24C4236)
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Fig 1 TAN Elevation View

[image: image2.jpg]Taylor-Hobson Spheres
" i Junction-
ik S o X
0 Side
Marble
o &,
1 e
@

570

1100 0P §
950 [P 5

|
Lower:

Walkway E;,f:

—ISR Jacks





Fig 2 TAN End View – IP Side – Looking Clockwise from IP

1.2 List of INTERFACES

This document describes the following interfaces for the TAN.

	Interface
	Section

	Tunnel and Alignment
	3

	Subassembly Rigging
	4

	Installation
	5

	Vacuum Beam Tube
	6

	Beam Tube Vacuum Bakeout
	7

	Instrumentation
	8


1.3 Coordinate system

Local coordinate systems are used in this specification for describing the positions of the TANs in the LHC tunnel. A local coordinate system is defined using the IP as the origin, the Z axis is perpendicular to the plane of the LHC and the LHC two-beam centerline defines the longitudinal axis (Y). The positive Y-direction is clockwise along the two beam centerline and the positive Z-direction is upward. The definition of a right hand coordinate system is completed with the positive X axis pointing radially toward the inside of the ring. A local coordinate system is shown in Fig 3.  A positive slope in the longitudinal direction corresponds to a positive Z displacement when moving in the positive Y direction.   A positive slope in the transverse direction corresponds to a positive Z displacement when moving in the positive X direction.





Fig 3  Local Coordinate System for TAN

2. TAN SUBASSEMBLIES

Material, nominal dimensions and weight of the eight TAN subassemblies are tabulated below.

  Reference Drawing:
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TAN CONCEPTUAL DESIGN – 140 m FROM IP
LHCTAN__0001 (LBNL 24C4236)

	No.
	Subassembly
	Material
	Nominal

Height

(mm)
	Nominal

Width

(mm)
	Nominal

Length

(mm)
	Weight

(kg)

	1
	Lower Base Plate
	Steel
	190
	1100
	3000
	4900

	2
	Upper Base Plate
	Steel
	190
	1100
	3000
	4900

	3
	Absorber Box
	Steel/

Copper
	370
	444
	3800
	5000

	4
	Aisle Side Shielding
	Steel
	545
	323
	3000
	4100

	5
	Cryo Side Shielding
	Steel
	545
	323
	3000
	4100

	6
	Upper Shielding
	Steel
	350
	1100
	3000
	5000

	7
	Aisle Side Marble
	Marble
	920
	550
	450
	700

	8
	Cryo Side Marble
	Marble
	920
	550
	450
	700

	
	Total
	
	
	
	
	29400


3.  TUNNEL POSITIONING AND ALIGNMENT

3.1 TAN TUNNEL LOCATIONS 

Reference Drawings:
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Drawing Number

Schematic Cross Section A RR13/17 (10400
LHCLJ1R_00013C

Schematic Cross Section A RR53/57 (10000
LHCLJ5R_00013C

Layout of LSS V6.3 - IR1 Left,Cells C1.L1 TO C7.L1
LHCLSX__0001

Layout of LSS V6.3 - IR1 Right,Cells C1.R1 TO C7.R1
LHCLSX__0002

Layout of LSS V6.3 - IR5 Left,Cells C1.L5 TO C7.L5
LHCLSX__0009

Layout of LSS V6.3 - IR5 Right,Cells C1.R5 TO C7.R5
LHCLSX__0010

TAN  ELEVATION  REGION 1 - 140 m FROM IP
LHCTAN__0007 (LBNL 24C4286)

CROSS SECTION REGION 1  -  140 m FROM IP
LHCTAN__0004 (LBNL 24C4256)

TAN  ELEVATION  REGION 5 - 140 m FROM IP
LHCTAN__0006 (LBNL 24C4276)

CROSS SECTION REGION 5  -  140 m FROM IP
LHCTAN__0003 (LBNL 24C4246)

	TAN #
	Interaction Region
	Tunnel Location *
	TAN Longitudinal Distance from IP ** (mm)
	TAN Front Flange Reference Distance from IP (mm)

	1
	IR1
	RI 13
	-144 700 +/-2
	-140 000

	2
	IR1
	RI 17
	+144 700 +/- 2
	+140 000

	3
	IR5
	R 53
	-144 700 +/- 2
	-140 000

	4
	IR5
	R 57
	+144 700 +/-2
	+140 000


*   In the vertical and transverse directions, the center of the TAN vacuum beam tube is

     centered on the LHC two-beam centerline

** The longitudinal distance from the IP to the TAN is measured to the upper steel plate

     at the end of the Absorber Box facing away from the IP.

3.2  tUNNEL INFORMATION FOR TAN DESIGN

Reference Drawings:
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Drawing Number



LAYOUT OF LHC INSERTIONS IR1, IR2, IR3, IR4

 – OPTICS VERSION 6.3



LHCLSXG_00010



LAYOUT OF LHC INSERTIONS IR5, IR6, IR7, IR8

 

– OPTICS VERSION 6.3



LHCLSXG_00030



Schematic Cross Section A RR13/17 (10400

LHCLJ1R_00013C


Schematic Cross Section A RR53/57 (10000

LHCLJ5R_00013C

The tunnel floors in the region of the TANs are sloped in the longitudinal direction but not in the transverse direction.  The installed TANs lie in the LHC lattice, which follows the longitudinal tunnel slope in the TAN locations but in addition is sloped in the transverse directions as indicated below in the table.

	Parameter
	Interaction Region IR1
	Interaction Region IR5

	Tunnel radius (mm)
	2200
	1900

	Maximum TAN Available Width (mm)
	1150
	1150

	TAN Width (mm)
	1100
	1100

	TAN Transverse Tunnel Position to Tunnel Centerline (mm)
	-350
	-350

	TAN Height above floor (mm) *
	1640
	1490

	Nominal Beam Height from Tunnel Floor (mm)
	1100
	950

	Nominal Longitudinal Tunnel Floor Slope (%)
	+1.236
	-1.236

	Nominal Transverse  Tunnel Floor Slope (%)
	0.0
	0.0

	Longitudinal TAN Slope (%)
	+1.236
	-1.236

	Transverse TAN Slope (%)
	+0.73
	-0.73


* Excludes the forward Taylor-Hobson Alignment Sphere.

3.3 tan JACK LOCATIONS IN THE TUNNEL

Three 15 Tonne ISR Jacks are used to support each TAN in the LHC tunnel.  These ISR jacks are mounted on two floor plates that are grouted and attached to the tunnel floor.

Reference Drawings:
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Drawing Number

CERN, VERIN MECANIQUE 15T ENSEMBLE

CERN Drawing No. 232-268


TAN  ELEVATION  REGION 1 - 140 m FROM IP
LHCTAN__0007 (LBNL 24C4286)


CROSS SECTION REGION 1  -  140 m FROM IP
LHCTAN__0004 (LBNL 24C4256)


TAN  ELEVATION  REGION 5 - 140 m FROM IP
LHCTAN__0006 (LBNL 24C4276)


CROSS SECTION REGION 5  -  140 m FROM IP
LHCTAN__0003 (LBNL 24C4246)

Jack center locations, based on the local coordinate system in this specification, are given

in the table below.

	Jack No.
	Longitudinal Position from IP (Y)

(mm)
	Transverse Position from the two-beam centerline (X)

(mm)

	1
	+/- 140 560  +/-2
	0.0  +/-2

	2
	+/- 143 350  +/-2
	+/- 318  +/-2

	3
	+/- 143 350  +/-2
	-/+ 318  +/-2


  Floor plate size, plate load and unit floor loading are given in the table. The plates are to be aligned to the reamed 10 mm holes in the plates that give the center locations of the Jacks.

	Floor Plate No.
	Jacks on Plate
	Floor Plate size

(mm x mm x mm)
	Load on Plate

(Tonne)
	Unit tunnel loading (MPa)

	1
	No.1
	500 x 500 x 50
	11.0
	0.43

	2
	No. 2 & 3
	950 x 500 x 50
	18.4
	0.38


3.4 TAN ALIGNMENT FIDUCIAL LOCATIONS

Three CERN provided Taylor-Hobson alignment fiducial mounts are provided for positioning each TAN.

Reference Drawings:
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       Drawing Number

TAN  ELEVATION  REGION 1 - 140 m FROM IP
LHCTAN__0007 (LBNL 24C4286)


CROSS SECTION REGION 1  -  140 m FROM IP
LHCTAN__0004 (LBNL 24C4256)


TAN  ELEVATION  REGION 5 - 140 m FROM IP
LHCTAN__0006 (LBNL 24C4276)


CROSS SECTION REGION 5  -  140 m FROM IP
LHCTAN__0003 (LBNL 24C4246)


BLOCS D’ALIGNMENT POUR MIRE ENSEMBLE
LHCGIMSA0002


(REFERENCE SOCKET ASSEMBLY)

Alignment Fiducial Locations:

The nominal positions given below are for design. The actual locations of the fiducials are to be determined during the assembly phase of TAN construction.

	Fiducial No.
	Nominal X Location

(mm)
	Nominal Z Location

(mm)
	Nominal Y Location

(mm)

	1
	0.0
	710
	+/- 140 960

	2
	+/- 380
	710
	+/- 143 960

	3
	-/+ 380
	710
	+/- 143 960


4.   SUBASSEMBLY RIGGING
Rigging provisions are provided for each of the eight TAN subassemblies, the completed TAN assembly, and for the Transport Housing (Section 8.2).  Safety Engineered Hoist Rings (Hoist Rings), which have a lifting hoop that can pivot 180 degrees and swivel 360 degrees, are used for the rigging hardware attached to the subassemblies. 

4.1 SAFETY ENGINEERED HOIST RINGS

The rated load capacity and dimensions for metric Hoist Rings are given in Fig. 4. The small size Hoist Ring is for use with the Copper Bar Transport Housing.  The TAN subassemblies will use Hoist Ring - Part No. 24042.  Lifting of the 30 Tonne assembly will use four Hoist Rings - Part No. 24050.  Lifting of the Transport Housing assembly will use two Hoist Rings - Part No. 24008.  The different Hoist Rings have different sized bolts preventing interchangeability.
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	Part No.
	Rated Load

(kg)
	A

mm
	B

mm
	C

mm
	D

mm
	E

mm
	F

mm
	G

mm
	K

mm
	M

mm
	Rec.

Tor.

N-m
	Wt.

(kg)

	24008
	400
	10.9
	40.9
	18.0
	9.5
	17
	67.8
	M8 x

1.25
	19.1
	32.1
	9.5
	.14

	24042
	7000
	44.5
	152.4
	53.6
	31.8
	66
	221.7
	M30 x

3.5
	81.3
	106.3
	637
	6.7

	24050
	11000
	57.2
	203.2
	71.4
	44.5
	69
	316.7
	M36 x

4.0
	106.7
	164.8
	1086
	15.3


Fig 4. Hoist Ring Information

4.2  SUBASSEMBLY LIFTING LOCATIONS  

One Hoist Ring, Part No. 24042, will be mounted at the center of gravity and on the top of each subassembly.  It is the intention that these hoist rings remain permanently in place but they can be removed if necessary.  To aid remote handling, a stop will be placed on the Hoist Ring hoop to keep it roughly in vertical position.  In addition to the permanently mounted Hoist Ring, the larger subassemblies will have tapped holes on the center of gravity axis and near the ends of the subassemblies for two additional Hoist Rings.  These additional Hoist Rings are for non-remote handling.

Reference Drawings:

TAN CONCEPTUAL DESIGN – 140 m FROM IP
LHCTAN__0001 (LBNL 24C4236)

	No.
	Subassembly
	Weight

   (kg)
	Subassembly Length

(mm)
	Permanent Hoist Ring Location *

(mm)
	Additional Hoist Ring Locations *

(mm)

	1
	Lower Base Plate
	4900
	3000
	1500
	600

	2
	Upper Base Plate
	4900
	3000
	1500
	600

	3
	Absorber Box
	5000
	3800
	1900
	240

	4
	Aisle Side Shielding
	4100
	3000
	1500
	600

	5
	Cryo Side Shielding
	4100
	3000
	1500
	600

	6
	Upper Shielding
	5000
	3000
	1500
	600

	7
	Aisle Side Marble
	700
	450
	225
	

	8
	Cryo Side Marble
	700
	450
	225
	


* Measured from either end of a subassembly.

4.3 FULL ASSEMBLY LIFTING LOCATIONS

The fully assembled TAN can be lifted when four Hoist Rings, Part No. 24050, are installed on the two long sides of the Lower Base Plate (See Figs. 1 & 2).  For convenience, these four Hoist Rings are stored (hung) at the back end of the TAN when not in use. When needed, they are secured in the tapped hole (M36 x 4.0 mm) locations in the Lower Base Plate as given in the table.

	Hoist Ring No.
	Hoist Ring Locations for lifting the entire TAN Assembly (mm)**

	1
	479

	2
	2822

	3
	479

	4
	2822


** Measured from the IP end of the Lower Base Plate.

5  INSTALLATION

The TAN is designed for installation in the LHC tunnel as a single unit or by the eight subassemblies. In this section the installation of the TAN as a single unit is described.

5.1 INSTALLATION Sequence

Reference Drawings:


Description





Drawing Number


TAN CONCEPTUAL DESIGN - 140 m FROM IP
LHCTAN__0001 (LBNL 24C4236)


TAN  ELEVATION  REGION 1 - 140 m FROM IP
LHCTAN__0007 (LBNL 24C4286)


CROSS SECTION REGION 1  - 140 m FROM IP
LHCTAN__0004 (LBNL 24C4256)


TAN  ELEVATION  REGION 5 - 140 m FROM IP
LHCTAN__0006 (LBNL 24C4276)


CROSS SECTION REGION 5  - 140 m FROM IP
LHCTAN__0003 (LBNL 24C4246)

5.1.1  Survey the locations for the jack support plates, install the plates, level the

 
 plates and grout the plates to the tunnel floor.

5.1.2 Install the jacks, survey for jack adjustment, adjust the jacks and the check the

          jack positions.

5.1.3 Install the tie rods that hold the TAN assembly together, deliver the TAN to the access shaft, lift the TAN by the hoist rings (4) attached to the TAN lower base plate subassembly, lower the TAN down the access shaft onto the transport trailer.

5.1.4 Transport the TAN to either the IR1 or IR5 location.

5.1.5 Transfer the TAN from the trailer to its nominal horizontal and longitudinal position in the lattice and lower the TAN onto the jacks.

5.1.6 Survey the TAN and adjust to its final position.

5.1.7 Connect the vacuum beam tube and the bakeout utilities.

5.2 CERN SPECIFIED INSTALLATION EQUIPMENT

5.2.1 30 Tonne shaft crane at the access shaft.

5.2.2 30 Tonne tractor-trailer combination for TAN tunnel transport.

5.2.3 30 Tonne lateral transfer equipment.

6 VACUUM BEAM TUBE INTERFACES

The vacuum beam tube of the TAN is an ultra high vacuum component of oxygen free high purity copper (OFHC) and Oxygen free with Silver (OFS).  The beam tube is designed with all metal seals and for in-situ vacuum bakeout to 200 degree C.  Beam tube fabrication tolerances have been estimated [2].  
Reference Drawing:

VACUUM CHAMBER CONCEPTUAL DESIGN – 140 m FROM IP








LHCTAN__0002 (LBNL 24C4136)

	No.
	Description
	Dimension

(mm)
	Tolerance

(+/- mm)

	6.1
	Chamber Length
	4900
	2.0

	6.2
	Large Tube – facing the IP

Helicoflex Quick Disconnect System

Class 300 - Collar reference 300D304

- Flange reference 300KF304

316LN Stainless Steel with an OFHC ring

explosion bonded into Flange 
	
	

	6.3
	Large Tube Inner Radius
	106.0
	+/- 2.1 (rad.)

	6.4
	Small Tube Inner Radius (2)
	26.0
	+/- 1.1 (rad.)

	6.5
	Small tube Centerline to Centerline Separation
	160.0
	+/- 0.8

	6.6
	Small Tube Flanges – facing away from the IP

CERN ConFlat – 152 mm OD

316LN Stainless Steel with an OFHC ring   explosion bonded to the Flange.
	
	


7.   beam tube VACUUM BAKEOUT EQUIPMENT & INTERFACES

The TAN beam tube will require a in-situ vacuum bakeout at 200 C to reach the vacuum qualification base pressure of 5 X 10 –10 Torr [1].  

The TAN is designed so that the Absorber Box, which includes the beam tube, is heated to 200 C with some losses to the surrounding steel shielding.  The bakeout heaters are sized so that the Absorber Box will reach 200 C in 24 hours.  There are twice as many heaters installed on the Absorber Box as required.  The bakeout heater leads and thermocouples are routed to the Junction Box, located on the end of the Absorber Box, facing away from the IP.  CERN heater and thermocouple connections will be made on the Junction Box side facing away from the IP.
Reference Drawings:
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TAN ABSORBER BOX – 140 m FROM IP

LHCTAN__0005 (LBNL 24C4266)


TAN CONCEPTUAL DESIGN – 140 m FROM IP
LHCTAN__0001 (LBNL 24C4236)


JUNCTION BOX LAYOUT



LHCTAN__0008 (LBNL 25I9094)

	No.
	Description
	Specifications
	Quantity

	7.1
	Strip Heater

HotWatt CS-63.7 (rated to 4320 W at 240 V, 18 A)
	2000W

240V
	16

	7.2
	Thermocouple
	Type E
	20

	7.3
	Heater - Ceramic Terminal Strip

WECO – Series 560 – located inside the Junction Box
	20A

300V

500 C
	16

	7.4
	CERN Heater Connections and Panel- located on the D2 side of the Junction Box between 60 mm and 125 mm above the Absorber Box 
	20A

300V

500 C
	1

	7.5
	Thermocouple High Temperature Jack Panel

OMEGA – SHXJP-2-24-E – located on the D2 side of the Junction Box between 300 mm and 350 mm above the Absorber Box
	500 C


	1


1.  INSTRUMENTATION  interfaces

    8.1 COPPER BAR AND DETECTOR INTERFACES

The TAN has a 1000 mm long by 96 mm wide slot that penetrates the steel shielding from the top and extends between the two beam tubes in the Absorber Box. The slot is back filled with ten removable copper bars, 99 mm x 94 mm in cross-section.  This arrangement allows for detectors to be placed in the TAN when one or more copper bars are removed.
Reference Drawings:
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TAN CONCEPTUAL DESIGN – 140 m FROM IP
LHCTAN__0001 (LBNL 24C4236)

      
VACUUM CHAMBER CONCEPTUAL DESIGN – 

140 m FROM IP




LHCTAN__0002 (LBNL 24C4136)

	No.
	Description
	Dimension

(mm)
	Tolerance

(+/- mm)

	8.1.1
	Distance from the IP to the front surface of the slot
	141 226
	10

	8.1.2
	Distance from the front surface to the rear surface of the slot
	1 000
	5

	8.1.3
	Copper projected thickness to the front surface of the slot
	14.3
	0.5

	8.1.4
	Incremental copper bar length
	99
	0.5

	8.1.5
	Copper bar width
	94
	0.5

	8.1.6
	Copper bar height
	605
	0.5

	8.1.7
	Slot transverse width
	96
	0.5

	8.1.8
	Slot corner radii
	13
	1

	8.1.9
	Slot depth below the two-beam centerline
	67
	1

	8.1.10
	Slot depth from the top of the steel shielding
	607
	2

	8.1.11
	Gap between the small beam tube ODs
	98
	0.8


8.2 TRANSPORT HOUSING INTERFACES

Transport housings will be installed on top of the TAN for removing a copper bar or detector from the TAN to a suitable storage area. The interfaces for the transport housing for removing/installing copper bars is described here.

The Transport Housing has two alignment pins which fit into a series of matching pairs of holes on the Upper Shielding Assembly. These are used for positioning the Housing prior to removal of the copper bars. The Transport Housing will be lifted using two Safety Hoist Rings, Part No. 24008, rated each at 400 kg.  The hoist ring specifications are detailed in section 4.1 of this document.

Two Transport Housing Storage Bases are provided that can be mounted on the tunnel floor near the TAN in the IR1 and IR5 regions respectively.

Reference Drawings:
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Drawing Number
COPPER BAR TRANSPORT HOUSING
LHCTAN__0009 (LBNL 25I9024)

	No.
	Description
	Dimension (mm)
	Tolerance (mm)

	8.2.1
	Housing length 

(Gates closed)
	252
	+/- 2

	8.2.2
	Housing width

(with winch)
	437
	+/- 5

	8.2.3
	Housing height (without Hoist Rings)
	735
	+/- 2

	8.2.4
	Housing height

(with Hoist Rings)
	790
	+/- 2

	8.2.5
	Tapered Alignment Pin

Engaging Diameter
	14.95 max.
	+0.00/-0.15

	8.2.6
	Spacing between Alignment Pins 
	70
	+/- 0.2
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