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Title: SPECIFICATION FOR BAKEOUT SYSTEM

1.0 SCOPE

This specification covers the minimum requirements for the design, materials, fabrication, assembly,
inspection, testing, preparation for shipping, and shipment of the bakeout blanket system for the LIGO

vacuum system.
All attachments are part of this specification.

The specified equipment is intended for use as part of the Vacuum Equipment supplied for the Laser
Interferometer Gravitational-Wave Observatory (LIGO). LIGO, which is operated by Caltech and MIT
under an NSF contract, includes two installations at widely separated sites: near Hanford, WA and
Livingston, LA. Each installation contains laser interferometers in an L shape with 4 km arms, a
vacuum system for the sensitive interferometer components and optical beams, and other support

facilities.

Only one bakeout blanket system is required. It must be designed to work on either the Washington or
the Lousiana installation. The PLC control system and power controls will be provided by the buyer.
Information contained in this specification and its attachments is proprietary in nature and shall be kept
confidential. It shall be used only as required to respond to the specification requirements, and shall not

be disclosed to any other party.
20 SCHEDULE

2.1 Blankets shall be provided as follows:

HAM Chamber
tit Date
PSI (Westboro, MA) 2 9/1/96
Washington Site 4 9/1/97
BSC Chamber
vanti Date
Washington Site 3 9/1/96
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1
1 Prototype BSC Chamber

Quantity  Date
PSI (Westboro, MA) 1 4/30/96

i . Prototype Flange Covers (Per Sketch)

I tity Date
{
| PSI (Westboro, MA) 4 4/30/96
|
Mode Cleaner Tubes
Quantity Date
PSI (Westboro, MA) 5 9/1/96

Beam Tube Manifold Sections

tit Date
PSI (Westboro, MA) 5 9/1/96
Washington Site 4 9/1/97

. 2.2 Additionally, the Vendor shall supply bakeouts for the following items. Detailed dimensions are not yet
defined, but approximate information is given.

Bellows (152 ¢m x 100 cm}
Quantity  Date
PSI (Westboro, MA) 2 9/1/96
Washington Site 4 9/1/97
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Gate Valve (152 cm)
Quantity  Date
Washington Site 4 9/1/97
Gauge Sets (Per Sketch) (to 250 C)
Quantity  Date
PSI (Westboro, MA) 6 9/1/96
Long 80 K Cryopump (Per Sketch)
Quantity Date
PSI (Westboro, MA) 1 9/1/96
Short 80 K Cryopump (Per Sketch)
Quantity  Date
PSI (Westboro, MA) 1 9/1/96
Main Ion Pump
Quantity  Date
PSI (Westboro, MA} 1 4/30/96
Washington Site 4 9/1/97
" Valve
uantit Date
PSI (Westboro, MA) 1 4/30/96
Washington Site 3 9/1/97
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.I
1

2.3

30

4.0

4.1

4.1.1

412

k2]

v
Quantity  Date

PSI (Westboro, MA) 1 4/30/96

Washington Site 4 9/1/97

Acceptances at the sites (the start of Vendor’s warranty periods) are expected to occur on a staggered
basis, with final acceptance expected to occur no later than May 31, 1998. Portions of the equipment
may be accepted earlier.

EQUIPMENT REQUIREMENTS

The bakeout system is used for initial conditioning of the LIGO vacuum vessels and components, and
for 0pc:riodic reconditioning. The blankets will be used to heat the system to 150°C +20°C (@ a rate of
1.8"C/hr. For design purposes, the blankets shall be capable of heating the vessels and components to
200°C in 48 hours. The blanket control system shall be capable of ramping the setpoint temperature to a
desired target temperature at a desired rate, and maintain the target temperature +/-20C for all vessel or
component surfaces. Several smaller blankets are needed for bellows, gate valves and vacuum gauge
pairs, as noted in Section 2.3, above. Also note that bakeout blankets are needed for the main ion
pumps.

The buyer will provide the programmable controls, power distribution with overload protection, and

interconnecting cables.

DESIGN REQUIREMENTS
Mechanical Requirements

Heating blankets shall be of durable construction, designed to be installed, removed and reinstalled on
the vessels without degradation.

Materials shall be non-shedding and designed for installation, removal and storage in a Fed. Std. 209
Class 50,000 cleanroom.
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4.2.1

Insulation sizing shall result in a cost-effective system design (2 inch min.). The Vendor shall indicate
the design heat loss with his proposal. K thermal conductivity, Cp specific heat and density data of the
insulation shall be provided.

Components shall be identical to the maximum possible extent to minimize the number of required spare
parts.

Each blanket shall be sized (area) so it is easily installed without requiring special equipment.

Each blanket shall be capable of being secured properly on the vessels/piping in any position (horizontal,
vertical) without sliding off its desired location.

Each blanket shall be properly identified with a non-removable tag. Tagging shall be on the blanket
outer section. Blanket identification shall match the bakeout blanket layout configuration as shown on
Vendor’s provided drawings. Tagging numbering method shall be coordinated with PSI.

Each blanket shall have approximately a 3” x 4” removable patch to allow the installation of the TC’s
onto the metal surface. This patch shall be in the middle of the blanket.

Outer and inner blanket cover material shall be submitted to the customer for approval prior to
fabrication. Outer jacket shall be the low emisivity type.

Electrical Requirements

Instrumentation Requirements

14.2.1.1 Type “J”, #20 AWG stranded not grounded, shielded, 300 volts, 260°C teflon insulated control

thermocouples (2 per blanket) shall be routed in each blanket. Provide 12” of TC wiring, on the TC side,
to allow for easy installation of the TC’s in direct contact with the surface being heated. TC wiring (type
1) shall extend 3 feet minimum outside the blanket boundary. Also it shall be terminated in a TC (Type
1) male connector (one per TC). TC wiring shall be routed away from power wiring and shall be tension
relieved. Wiring shall be tagged.

4.2.2  Controls Requirements

ll 4.2.2.1 Controls for local operation will be provided by the buyer.
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i

|
14.3.3

5.0

¢

Power Requirements

14.2.3.1 The system shall be powered from 277V power system.
14.2.3.2 Each blanket shall have its power wiring extend 3 feet minimum outside the blanket boundary. Also it

shall be terminated in a male power plug. Make provisions for grounding. Wiring shall be tension
relieved and routed away from TC wiring. Power wiring shall stranded copper, 600V, 260°C minimum.
Power requirements shall not exceed 8 amps per blanket, wiring shall be tagged.

.4 2.3.3 The maximum BSC power available is 25 KW,

The maximum system power available is 180 KW.

Additional Requirements

Provide oversized blanket velcro and fiberglass thermal flaps. The thermal flap assemblies will ensure
that there are no exposed air gaps between the individual heating blankets.

Provide nylon straps and fiberglass strap loops. The nylon strap assemblies will ensure that the
individual heating blankets are cinched down tight against the BSC.

Provide two (2) thermocouple sensors per blanket as previously stated in Section 4.2.1.1.

REQUIRED DOCUMENTATION

In addition to the documentation listed in Attachment A & B, the following documentation shall be
provided prior to shipment (schedule later):

Blanket drawings detailing each blanket.

Blanket heat transfer calculations.

Blanket layout drawings for each bakeout configuration along with blanket identification (TAG
number).

Blanket tag number versus power consumption table.
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6.0 SHOP TESTING
The Vendor shall perform his standard testing. The Buyer reserves the right to witness shop testing.
7.0  INSPECTION
| The inspections called for in Attachment A & B shall be performed by the Vendor.
80 WARRANTY |

Refer to V55049-2-034 (Commercial Requirements), General Provisions, for warranty requirements.
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ATTACHMENT "A"

PAGE 1 OF |
LIGO VACUUM EQUIPMENT VENDOR: JOBNO. V59049
EQUIPMENT: BAKEOUT SYSTEM VENDOR ENG. OFFICE: . DWG. NO.:
PSI P.O. NO: VENDOR FACTORY: SPECNO: VIM9-2-009
el B — | @ = :E-é £ g Rematks: Inspectar:
TESTING INSPECTION AND 29 § 218 P x| By
DOCUMENTATION RECORD E 5 |£2|S2 é 1o -
a% < << 8 § o =

MILESTONE SCHEDULE 2 WK X 2 X
VENDOR Q.A. PLAN 2 WK X 2 X
CLEANING PROCEDURE i 2 WK X 2 X
PREP FOR SHIPMENT PROCEDURE 6 WK X 2 X
DELETED X 2 X
ASSEMBLY DRAWINGS 4 WK X 2 X
DESIGN REVIEW X X | PRIOR TO RELEASE FOR FABRICATION
CERTIFIED MATERIAL TEST REPORTS
IN-PROCESS INSPECTIONS TBD | X 2 X
OPERATION & MAINTENANCE MANUALS 8 WK 5 X
SHOP TEST PLAN X 2 X | PRIOR TO RELEASE FOR FABRICATION
SHOP TEST (WITH REPORT) X 2 X | PRIOR TO RELEASE FOR SHIPMENT
SHOP DIMENSIONAL INSPECTION X 2 X | PRIOR TO RELEASE FOR SHIPMENT
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ATTACHMENT C

VESSEL DRAWING
DRAWING NUMBER REY DESCRIPTION
V59049-4-001 Sheet | P6 BSC Details
V59049-4-001 Sheet 2 P6 BSC Details Lower
V59049-4-001 Sheet 3 P6 BSC Details Upper
V39049-4-001 Sheet 4 P6 | BSC Details Roll-Up
V39049-4-001 Sheet 5 P6 BSC Details Stiffner
V39049-4-014 P3 BSC Tower Type I1
V39049-4-019 P4 BSC 60 Flange Detail
V59049-4-022 P4 BSC 104 Flange Detail (Grooved)
V39049-4-023 P2 BSC Chamber Support Assembly
V39049-0-001 Sheet | 0 Legend
V59049-0-001 Sheet 2 0 Station Diagram - Washington
V39049-0-001 Sheet 3 0 Station Diagram - Louisiana
V59049-4-025 P1 Annulus Piping
V59049-4-044 Pl Port Locations
V59049-4-041 P1 BSC-104 Flange Detail (Flat Face)
V59049-3-019 Sheet 1 0 Heater Blanket End Connector
V59049-3-019 Sheet 2 0 Blanket TC End Connector
V59049-3-019 Sheet 3 0 TC Installation Details

VO44-2 -009 REV. |
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