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VOLUME II ATTACHMENTS

ATTACHMENT 4

VACUUM AI\D PROCESS CALCULATIONS

TITLE

Vacuum Calculations

Pressure Drop in Vacuum Header

Turbomolecular Pump Intermediate Pumpdown

Main TMP Port Conductance

Station Pumpdown & Ultimate Pressure

Flange Annulus Conductance

80K Pumps

80K Pumps - Heat Load Calculations

80K Pumps - Heat Steady State LN2 Consumption

80K Pumps - Roughdown Pressure Drop Analysis

80K Pumps - Regeneration System Process Calculations

80K Pumps - Regeneration System Pressure Drop Analysis

80K Pumps - Relief Valve Sizing

Bakeout System

Bakeout System Heat Transfer Analysis

Bakeout Control System Functionality

Utilities

Equipment Power Requirements

Cooling Water Requirements

Instrument Air Requirements

Cooling Water Line Sizing

Instrument Air Line Sizins
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PROCESS SYSTEMS INTERNATIONAL. INC, ENGINEERING
CALCULATIONS

NO: V049-l-006
WESTBOROUGH, MA PAGE I OF 14
REV DEO# DATE BY: CHECK TITLE:

PRESSURE DROP VACUUM HEADER LINES
ROUGHING PUMPS EDWARDS' EDP2OO
with EH2600 ROOTS BLOWER

0 0007 r0126/95R. Than DMW
I t0t3y95 R. Than
2 o t z l 04116t96R.Than D.lEt|t

BY: R,THAN DEPT:744
PROJECT: LICO PROJECTNO: V59049

PURPOSE:
To determine the intermediate header size required to operate one (l ) roughing pump set

METHOD:
Viscous Regime
Turbulent flow: Colebrook formula, "Moody chart"
Laminar fl ow: Hagen-Poiseuille Flow
Free molecular regime: Long tube formula

ASSUMPTIONS:
See calculations

INPUTS:
Pumping speed curves: EDP-200 / EH2600 COMBO
Equipment layout drawing V049-5-001

REFERENCE:
Theory and Practice of vacuum Technology, ISBN 3-528-08908-3
Perry's Chemical Engineers handbook, 6th edition, McGrawHill, 1984

CALCULATIONS:

see Attachments

CONCLUSIONS: 6" line is required for a single pump in order to operate the roots blower to a suction
Dressure of 0.05 mbar.

NOTES:



PROJECT: LIGO BY: R.THAN DEPT: _744-.

PROJECTNO: V59049 DATE: l0l3ll95

TITLE: PRESSURE DROP VACUUM HEADERS PAGE: ?

A 6 inch (150 mm) line is required to operate the roots blower EH2600 at a suction of 0.05
mbar. The compression ratio required will be about 10. Pressure drop at higher pressures is less
than a few percent with this configuration. At a header pressure of 0.1 mbar, the ultimate
pressue ofthe backing pump is being approach, with the roots blower operating at a suction of
0.01 mbar. But at this point the chamber pressure is low enough for the turbo to operate at
sufficient capacity.

Pump Chamber Header Heade
r

operarng Pressure Pressure Flow
rate

AP APIP

mbar mbar mrlhr mbar
EDP200+EH2600 1000 *1000 300 5 0.5Vo
EDP200+EH2600 100 -140 300 0.8 0.8%
EDP200+EH2600 l 0 -40 290 0.4 1.0Vo
EDP200+EH2600 9 286 0-23 23%
EDP200+EH2600 0 . 1 I 1 8 0 0 . 1 5 145%
EDP200+EH2600 0.05 0.5 107 0.09 173%
EDP200+EH2600 0.02 0.2 28 0.02 110h

The current piping configuration allows at least one pump to pump on any beam-manifold,
vertex or diaqonal section.

l 4

Revision: I
Doc no: V049-l-006
Page 2 of 14



PROJECT: LIGO
PROJECT NOi V59049
TITLE: VACUUM HEADER
ROUGHING LINE ROUTES

LEFT BEAM MANIFOLD

ROUGHING LINE

DIAGONAL SECTION

RIGHT BEAM MANIFOLD

Revision:2
Doc no: V049-1006
Page 3 of 14

BY: R. THAN
DATE:
PAGE

VERTEX SECTION

up 3.6 m down 3.6m



PROJECT: LIGO

EH2600

BY: R. THAN
PROJECT NO: V59049 DATE:
TITLE: ROUGHING PUMP INTERMEDIATE PAGE

HEADER DP
of

5 mbar

EDP2OO

Revision:2
Doc no: V049-1-006
Page 4 of 14
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PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING
CALCULATIONS

NO: V049-l-007
WESTBOROUGH, MA PAGE I OF 13
REV DEO# DATE BY: CHECK TITLE:

TURBO PUMP INTERMEDIATE HEADER
PRESSURE DROP ANALYSIS

0 0007 t0/28t9sR. Than DMW
10t31/95R. Than

2 o rL? 04t16t96R.Than o.t-rrt-)

BY: R.THAN DEPT:744
PROJECT: LIGO PROJECTNO: V59049

PURPOSE: Pressure drop calcs for vacuum header for 1400 L/s Main turbo molecular pumps
with QDP80 dry backing pump.

METHOD:
Viscous Regime: Tutbulent flow: Colebrook formula, "Moody chart"
Laminar flow: hagen-Poiseuille flow
Free molecular regime: Long tube formula

ASSUMPTIONS:
Operation of one main TurboMolecular Pump into header

INPUTS:
Per equipment layout, 4 inch header

FGFERENCE:
Theory and Practice of vacuum Technology, ISBN 3-528-08908-3
Perry's Chemical Engineers handbook, 6th edition, McGrawHill, 1984

CALCULATIONS:

see Attachments

CONCLUSIONS: 4 inch pipe header is adequate to handle flow of 90 mjftr
( Edwards' QDP80 dry backing pump)

NOTES:



PROJECT: LIGO BY: R.THAN DEPT: 744

DATE: 04/17196PROJECTNO: V59049

TITLE: MAIN TMP VACUUM HEADER DP PAGE: 2 oF \3

Pressure drop calculations were done with the cunent piping layout using 4 inch headers,2.5
inch flexline fiom the turbo discharge to the header.

The pressure drop in the I mbar range is about 0.33 mbar. To meet the through put of5 Ton-
L/s or 6.5 mbar-L/s at a backing pressure of 1 Ton (1 .3 mbar), the backing pump needs to
have a capacity of 6.5 L/s or 24 m3/hr at a suction pressure of I mbar.

The pressure drop through the lines at a header inlet pressure of I mbar is 0.33 mbar at a
through put 11 mbar-L/s. Pumping speed curves of the QDP80 indicates that the pump has a
speed of 6l m3/h at suction pressure of 0.66 mbar.

Revision: 2
Doc no: V049-l-007
Page 2 of 13
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PROCESS SYSTEMS INTERNATIONAL. INC, ENGINEERING
CALCULATIONS

NO: V049-l-044
WESTBOROUGIT MA PAGE I OF 5
REV DEO# DATE BY: C}TECK TITLE:

MAIN TURBO MOLECIJLAR PUMP
PORT 250 mm (10")

U O t 2 - b 4117196R. Than D.h^/rlJ

BY: R.THAN DEPT: 744
PROJECT: LIGO PROJECTNO: V59049

PURPOSE:
Determine allowable length for 250 mm (10") main turbo port, for Turbo pump STPFD000,
with vibration isolator, gate valve, by-pass / gauge spool piece

METHOD:
Free molecular regime: Long tube formula /
Monte Carlo simulations

short tube formula

ASSIIMPTIONS:
1400 L/s sneed for N2

IMUTS:

REFERENCE:
Theory and Practice ofvacuum Technology, ISBN 3-528-08908-3

CALCI.JLATIONS:
see Attachments

CONCLUSIONS: A overall length of no more than 2l inches is allotted to meet the net speed of 1000 L/s
for nitrogen through the 10'' port. This include the nozzle, gate valve, vibration isolation spool, and by-
pas#gauge spool.

NOTES:



PROJECT: LIGO BY: R. THAN
PROIECT NO: V59049 DATE.02108/96
TITLE: MAIN TURBO PORT. 250 mm

Pumping speed

To meet the required pumping speed of 1000 L/s for the turbo, the allowable length ofthe
pumpout port configuration needs to be less than 2l inches.

The by-pass / gauge spool is required at the end and mid stations for roughing ofthe vacuum
volume with the QDP80 backing pump.

Vibration isolation bellows

The allowable lensth for the vibration isolation bellows is about 5 inches.

Revision: 0
Doc no, V049-l-044

Page 2 of 5



PRoJEcT: LlGo
PRoJECT NO: V59049
TITLE:MAIN TURBo PoRT, 250mm

BY: R. THAN
DATE: 0208/96
PAGE of

6" GATE VALVE: WEIGHT: 40S5 Lbs
10'GATE VALVE: WEIGHT: 100 -'t30 Lbs
BELLOWS: WEIGHT: 50 Lbs
Turbo Pump will be supported vertically to take
weight off nozzles, but axially will be supported
with the bellows onto nozzle / chamber wall.

PUMP

Revision: 0
Doc no. V049-l-044
PageR off

VIBRATI
ISOLA
BELL

BY-PASS &
GAUGE SPOOL

10" GATE VALVE
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PROJECT: LIGO BY: R.THAN
PROJECT NO: V59049 DATE:218/96
TITLE: MAIN TTJRBO PORT

1400

800

MAIN TURBO PORT 250 mm Diameter

|_
a_'r Short Tube Formuli

Long Tube Fomul€

Mor:e Ca 10 Sirrulati,
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Revision: 0
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llOflTE CARLo SIl,lULATIel

TUQBo poRT 250 i{fl DIA||E]ER. 550 r{r.r LOXG

ETITER IIUI'IBER OF TRIALS 30000

IIUIIEER FRACTIOiI 90% ERROR LII,IIT
REfTECTED 24711 ,8244695 3.6037088-03
c pluRED ,261 . i755305 3.603708E-03
IHRd,GH O O O
totAt TRIALS 30000
NO COIITACT TRIALS 2A

PRIIII BOUI.ICE TABLE ? Y/N
8q,NCE S TIiROJGH
0 0

SOJTCES THROTJGH
41  0
1 2 0

0
0

CAPTURED REFIECIEO
0

2
3

0
3

1 0

6.555338

: 1400 L/S

1
2

6
7

1 0
'11

1 3

1 5
1 6
1 7
1 8
'19

20
21
22

25
26

29
30
31
32
33

35

t7

40

CAPTURED
487

446
440

38r
328
?95
?55

202
178
171
1?A
150
100
92
94
73
66

32
2a

34
20
20
20
1 3

fi

4
1 0
1 0
0

4

0
7 1 1 8
3693

| 861
1378
1 1 2 9
949
809
713

519
5 1 1
244
2t
224
179
166

109
87
80
77
58

58

3?
31
't9

20
,

t 3
1 1
t 4

. 5773 LIS

: 101f L/S

5
8
5
1 o
I

3
l 7

1 7 0
4 4 0
4 9 +  0

RUII T IiIE O

TURBO II I IROGEI{ SPEED

VOLUI.IETRI C SPEED

IIET CAPTURE;RACTIOII

NEI SPEED

PUIfP CAPIURE FRAcTIox , 0.243
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PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING
CALCULATIONS

NO:V049-l-078
WESTBOROUGH, MA PAGE I OF 4q
REV DEO# DATE BY: CHECK TITLE:

STATIONS
PUMPDOWN & ULTIMATE PRESSURES
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BY: R.THAN DEPT:744
PROJECT: LIGO PROJECTNO: V59049

PUMOSE:
Pumpdown ofthe End Station
Pumpdown of the Mid Station
Pumpdown of Vertex & Beam manifold isolatable section WA Comer station
Pumpdown of Vertex isolatable section WA Comer station with only I roughing and I main turbo system.
Pumpdown of Vertex & Beam manifold isolatable section LA Comer station

with selected vacuum system.

METHOD:
Computer simulation
Standard calcs

ASSUMPTIONS:
See calculations

INPUTS:

REFERENCE: See page 9

CALCULATIONS: see Attachments

CONCLUSIONS: Pumpdown of stations isolatable sections to a total pressure of less than 2X10-8 Ton

NOTES:
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PR-ESSURE MEASUREMENT

Partial pressure ofgasses will vary depending where the pressure gauge / RGA is located relative to the
pumps. Partial pressures will be measured at the ion pumps. Because the attainable partial pressure of
water is based on the pumping speed ofwater at the cryopump, the partial pressure of water at other
locations will be higher. Thus measurement of the partial pressure of water at the ion pumps may not be
representative of the outgassing rates for water. Rather measurements at two locations one at the ion
pumps and one at the cryopump is recommended.

OUTGASSING RATES

Outgassing from Viton O-rings

The available data on outgassing of unbaked and baked O-ring material is limited.

The following table contains selected outgassing data for Viton-A Aom W.G. Perkins' "Permeation and
Outgassing of Vacuum Materials," Journal of Vacuum Science & Technologt,Yol. 10,No.4, 1973.
Outgassing experiments were also done by L. de Csematony with o-rings in their grooves and outside
their grooves, see article: L. de Csernatony, "The properties of Viton "A" elastomers lll", Vacuum ,Yol.
16. No.5. 1967.

Pumpdown time
hours

Outgassing Rate
I Orr-L/S-Cm-

Dominant Species

Unbaked samoles
Unbaked Pumpdown
Viton-A

51 1 X  l 0 - / H2O, H2, O2, N2

Baked Pumpdown
(200 "c)
Viton-A

24 20 x  10-ru Hzo

Pumpdown time
hours

Outgassing Rate
Torr-L/s-cm2

Dominant Species

Pre-baked samples
air-exposed for 0.5 hr
Unbaked pumpdown
Viton-A

5 I  .5 X lo-d Hzo

Baked Pumpdown
(200 "c)
Viton-A

l 2 I x  l 0 - r u H2o

Revision: 0
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The total outgassing rate ofa Viton o-ring can be reduced to I X 10-10 Torr-L/s-cm2 through baking
under vacuum. Since the vacuum system needs to be re-opened, the total outgassing rate will vary
depending on the amowrt of time the o-ring is re-exposed to air. The outgassing ofabaked Viton o-ring
which has been re-exposed to normal air will be dominated by water. Since the vacuum system is purged
with dry air when open for service, the re-adsorption of moisture can be minimized; however the
readsorption of other gasses will be dictated by exposure time. For shon exposure times to air, the
amount of gases other than water that are readsorbed is minimal. Water outgassing dominates for short
exposure times, such as 0.5 hour. However, since in practice the O-rings are re-exposed to air for a
longer period than 0.5 hour, the actual amount ofgasses readsorbed can only be determined from further
experiments.

Ifre-exposure is limited to a short time the outgassing rate ofa baked O-ring will be about 1.5 X 10-8
Ton-L/s-cm2, mostly water, after 5 hours. Assuming the outgassing is dictated by diffrrsion, i'e. the
decay behaves as function of time to the -0.5 power, the outgassing rate for water will be about 3 X l0-9
Ton-L/s-cm2 after 100 hours ofpumping. Since the outgassing rate for short term re-exposure is
dominated by water, assuming that the total outgassing rate for the other gasses is no more than l0olo of
that of water, the outgassing rate ofthe other gasses will be approximately 3 X 16-10 1er-175-gm2.

L. de Csematony (Ref.13,14) experiments with baked o-ring without re-exp^osure gives a rate of 2 X
10-10 Ton-L/s-cm2 after 25 houis for an o-ring in the chamber and 8 X l0-9 Ton-L/s-cm2 after 25
hours with the o-ring in the groove.

The o-ring grooves are designed with vents to vent the trap volume in the o-ring groove. This will
prevent the outgassing ofthe o-ring to retard and allow the outgassing rate to approach ihat ofan o-ring
inside a chamber.

Revision:0
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Outgassing from Stainless Steel.

Various sources provide data on outgassing ofhydrogen from stainless steel for unbaked and baked
specimens.

G.Moraw and R. Dobrozemsky report a total outgassing rate of about I X 10-12 Torr-L/s-cm2 after a
2O-hour vacuum bakeout at 100 "C, with Hr dominating at a rate of 7 X I 0- 12 Torr-L/s-cm2 ,and CO
outgassing at a rate of less than 4 X l0- I3 ion-Lls-cm2 , and CO2, CH4, and water each at less than I
X I 0-13 Torr-L/s-cm2.

Calder and Lewin report a total outgassing rate of 1.4 X 10-1 1 Ton-L/s-cm2 after 40 hours ofpumping
for a specimen bake in vacuum at 350 oC for 2 days and re-expose to air for 3 hours.

Barton and Govier report a total outgassing of '1 X 10'12 Torr-L/s-cm2 after a 100 hours of pumping
for a specimen that has been prebaked in vacuum at 400'C and re-exposed to air for 24 hours with water
being the predominant outgassing specie.
For an utrbaked vapor degreased sp-cimen the total outgassing rate was about 1 X 10-1 I Ton-L/s-cm2
after 100 hows of pumping, with water being the predominant outgassing specie. Partial pressure
measurements after 70 hours indicated that about 600/o was water and about 30% CO and COr.

Dylla et al. report outgassing rates of between 6 X l0-11 to I X 10-11 Torr-L/s-cm2
after 100 hours of pumping for specimens baked at 150 'C for 48 hours and re-exposed to air. The
predicted decay and outgassing rates at the end of 100 hours vary depending on exposure time to air, and
dew point of the air. Analysis ofspecies after 100 minutes into pumpdown indicates that the outgassing
rate is dominated by water, with CO, CO2, and CH4 contributing less than 10% to the outgassing rate
(5o/o,3o , and 2% respectively).

S. Rezaie-Serej and R.A. Outlaw report for a baked stainless steel specimen the amount ofhydrogen
desorbed is about 38 times the amount of CO desorbed. No outgassing rates were given.

Okamura, Miyauchi, and Hisatsugu report a total outga.ssing rate approaching 5 X 10-13 Ton'L/s'cm?
for finely polished stainless steel surface and a I X 19- 12 1oo-17t-.-2
for a standard electropolished surface after 100 hours of pumping preceded by an 8O-hour vacuum bake-
out at 250 oC. H2 dominates with water being the next dominant specie, and with CO and CO2
contributing less than 20% to the outgassing rate.
( 2 X 10-13 Ton-L/s-cm2 ).

Santeler nredicts an outsassins rate of stainless steel based on a diffusion model of about 2 X l0-l I

Ton-L/s-cm2, with a 260 hou"r, 150 oC bake, and 6 X l0-12 Ton-L/s-cm2, with a 20 horu.250 "C

bake.
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Outgassing rates:

Stainless steel

H2: l.0X 1g-11 1oo-17t-"tn2

H20:
Re-exposure to air
Time a
min. Torr-L/s-cm2
l0 7x l0-8
100 5x lO-e
1000 3.5x 10-10
1440 2.4X 10-10
6000 5x l0-l l

Other gasses: l0o/o of water rate.

Viton:

H20:
Short Re-exposure
to air. (Ref.l )
Time a
min. Torr-L/s-cm2
300 l.5x l0-8
6000 3x 10-e

Other sasses: 10o% of water rate.

No Re-exposure
Time a
min. Ton-L/s-cm2
10 2.8X 10-e
100 5.6X 10-t0
1000 l . l x  10-10
t440 8.6X 10-11
6000 3.0x 10-l t

No Re-exposure
(Ref.1)
Time a
min. Ton-L/s-cm2
720 lX 10-10
6000 4x 10-l l

Revision:0
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END STATTON / MID STATION PUMPDOWN

Pumpdown of the End station section using one the QDP80 dry pump set, and one main turbomolecular
pump and I Main ion pump.

Roughing pump

The QDP80 pump is used to rough down the end or mid stations. It also serves as the backing pump to
the main turbo: STPH2000.

Turbo pump

The main turbo, STPH2000, is tumed on when a pressure of I mbar has been reached using the QDP80.
The bypass is closed across the turbo pump and the turbo pump starts pumping. The STPH2000 is a
wide range turbo which has a drag stage to pump at high inlet pressures. The backing pump of the main
turbo is located in the mechanical room.

Main lon pump

The main ion pump is a 2500 L/s (N2) Varian Ion Pump with a 350 mm inlet tube, which can be isolaled
by a 350 mm (i4 inch) gate valve. The End Station and Mid Station are each equipped with one Main
ion pump.
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Doc no: V049-l-078
Page 6 of lf



PROJECT: LIGQ BY: R.TIIAN DEPT: _744_

PROJECTNO: V59049 DATE:

TITLE: PUMPDOWN & ULTIMATE PRESSURES

CORNERSTATION PUMPDOWN

Pumpdown of the corner station sections is accomplished using two the EDP200/EH2600 dry pump set,
and two main turbomolecular pump and several Main ion pumps.

WA CORNER STATION
The WA comer station has two roughing cart sets, two turbomolecular pump sets, and 8 main ion
pumps. 4 Main ion pumps are on the Vertex section, one each on the beam manifold sections, and two
on the diagonal (offset) section.

LA CORNER STATION
The LA comer station has two roughing cart sets, two turbomolecular pump sets, and 4 main ion pumps.
4 Main ion pumps are on the Vertex section.

Roughing pump

The roughing system is separated in two skids. The EDP200 is located in the mechanical room, and the
EH2600 Roots blower is move around the detector building. Two 6 inch headers runs in the detector
building back to the mechanical room.

Turbo pump

The main turbo, STPH2000C, is tumed on when a pressure of0.l Torr has been reached. The backing
pump of the main turbo is located in the mechanical room.

Main lon pump

The main ion pump is a 2500 L/s (N2) Varian Ion Pump with a 350 mm inlet tube, which can be isolated
by a 350 mm (14 inch) gate valve.

Revision:0
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Pumpdown curves:

END STATION PTIMPDOWN

Figure V049-l-078-la: 0-100 hours
Figure V049-1-078-1b 0-32 hours

MID STATION PUMPDOWN

Figure V049-1-078-2a 0-100 hours
Figure V049-1-078-2b 0-32 hours

WA. CORNER STATION PUMPDOWN

Figure V049-l-078-3a 0-100 hours
Figure V049-l-078-3b 0-32 hours

LA. CORNER STATION PUMPDOWN

BY: R.THAN DEPT:

DATE:

744

Figure V049-l-078-4a 0-100 hours
Figure V049-l-078-4b 0-32 hours

WA. VERTEX ISOLATABLE SECTION. CORNER STATION PUMPDOWN

Fisure V049-l-078-5 0-24 hours
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PROJECT: LlGo BY: R.THAN DEPTT 744
PROJECT NO: V59049 DATE:
TITLE: VITON O-RING AREA END STATION

FLANGE SIZE Length Area
INCH Qtv' m cm^2
104 1 8.54 937
84 0 6.94 0
72 I 5.98 657
60 4 5.03 2206
48 0 4.07 0
44 4 3.75 1646

BonneUGate 6 3.51 2311

7757
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PROJECT NOr-\{5ggtL OATE:
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PRoJECT: LIGO BY: R.THAN DEPT:744
PROJECT NO: V590t19 DATE:
TITLE: VITON O-RING AREA MID STATIoN

FLANGE SIZE Length Area
INCH Qtv' m cm^2
104 8.54 937
84 0 6.94 0
72 1 5.98 657
60 4 5.03 22ffi
48 0 4.O7 0
44 8 3.75 3292

BonneUGate 1 2 3.51 ,1623

117'�t6

Revision: 0
Doc no:v049-1-078
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PROJECT: LIGO BY: R.THAN DEPT:744
PROJECT NO: V59049 DATE:
TITLE: VITON GRING AREA CORNER STATION ,WA

RIGHT/LEFT BEAM MANIFOLD
FLANGE SIZE Length Area

INCH Qtv' m cm^2
104 8.54 937
8.+ 0 6.94 0
72 5 5.98 3283
60 4 5.03 2206
48 3 4.07 1340

BonneVGate 3.51 2697
44 4 3.75 1646

TOTAL 12109

VERTEX
FLANGE SIZE Length Area

INCH Qtv' m cm^2
104 c 8.54 2E10
84 1 2 6.9{ 9141
72 0 5.98 0
60 23 5.03 12686
48 2 4.07 893
44 0 0

TOTAL 25s30

DIAGONAL
FLANGE SIZE Length Area

INCH Qtv' m cm^2
104 8.54 937
u 6.94 9141
72 0 5.98 0
60 1 5 5.03 8274
48 4 4.07 1786

Bonnet 3.51 770
44 0 3.75 0

TOTAL 20908

DIAGONAL 20908
VERTEX 25530
RIGHT BEAM MANIFOLo 12109
LEFT BEAM MANIFOLD 12109

70655

Revision: 0
Doc no:V049-1-078

Pase)\ot /f .



-
r

-
i

L
'i;� 

- 
v

>
3

I6
p

<
i!

;
E

:
'<

&
tx

u
<

FFo
Hf,

€
*

H
fl<

 
o

i
J

A
A

<
q

6
 t

<
tg

a

Jqg
Y

A
O

1
2

1
F

F
<



PROJECT: LIGO BYr E-MIL DEPf :744
PRoJECTNO:v590l9 DATE:
rrrLE: !4-QOEN-EESIAI9!_PBE9SUBES

CORNER STATK'N, LA
PARAMETERS

CORI{ER STANON TLAI VERTEX A AM MANIFOLD ISOTATABLE SECTIOI{ Wtth tOK PU|DP
Qtv' LerEth Area ume Weioht

m m^2 m kt
Looo 8OK CrvoDump chamb€{ 4.2 m 31.67 19.00 1747.45
Lonq 80K Cryopump sudace m fi.2
183 cm beam manifold m 212.72 11738.06
'122 cm intercon sPool m 23.m 7.O1 8.98
I 1 6 cm intercon sDool '| m 3.54
BSC 4 m 171,U 1 9471.30
HAM 6 m 164..40 67.53 9071.55
76 cm cleaner tube 24 m 57.30 't 0.8s) r.05
Total 79.90 m 495 0t 38661

vAcuun svsfE Pump Total Tot: Decific Specilic
oty Speed Net SD€€d Speed Nrl SDeed speed/ Vol sDe€d/ Area

ION PUMPS . 0.5m intercon Us U6 ys l/E Us-m^ l,€.m^2
N2 2500 2m0 1(mo 25.86 t l 52

4 2350 1900 9400 s.52 .94
4 2940 21fi 1 1760 8600 12.38

cH4 4 2650 zffi 10600 8800 8.5 12.67
4 21W 1700 8400 a.a3 9.79

HE 4 29s 2SO 1 180 '! '150 r.89 1,67
4 2& m 3.17
1

47m 4M 't 8800 16800 56.i11 24.19
H20 ?340 24ffi o.m

TURBO MOLECUL 1 1500 1(m 1500 1000 3.36 1.44
' NitroS€n 6peed

ROOTS 10 Ton - 0.01 Ton 2 600 4p 1m .94
ROTARY 7@ Ton - 10 Torr 2 138 tm n6 2m 0.29
8OK CRYOPUMP ' 142000 142000 14?frn 1A?ftr 476 20,'U

Water speed

Revision 0
Doc no: V049- l -076
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PROJECT: LIGO BY: R.THAN DEPT:7,14
PROJECT NO: V59049 DATE:
TITLE: LA. CORNER STATION PRESSURES

CORIiIER sTAnO?{. l-A
PARAIIiETERS

CORNER STAT0N fLAl Gntlr.3tatbn rvlth EoK PumD3
otv' Length fuea Volume Weight

n n^2 m^3 kg
Lono 80K cryopump chamber 4.2 m 63.33 38.m 3494.89
Lono 80K CryooumD surface m 60.44
193 om beam manifold m 344.95 157.41 't 9034.69
1U cm intercon spool 9.5 m 36.41 1 1 . 1 1 M.Z2
1 1 6 cm inlercon spool 0 m 0.@ o00 0.m
BSC 4 m 171.U 95.01 9471.30
HAM 6 m 164..r0 67.53 9071_65
76 c|]l cleaner tube 24 m 57.30 10 31 6a.G5
Total 1'14.90 m t98 tt0 16�24

yAcuuif svstEtt Pump Toaal Total Specific Sp€cific
Qty' Spe€d Net SDeed Speed Net Soeed sDaed/ Vol spe€d/ Arca

ION PUMPS .0-5m irdercon 4 Us us l/6 Us Ys-m^3 l/6-m^2
4 2500 2000 t00m 80@ 21.03 8.90
1 9400 76@ 19.98 Era6
4 ?s40 21fi t17@ 8600 n.61 9.57

cH4 4 2650 m 10600 8800 23.14 9.79
4 2100 17ffi 8400 6800 17.88 7.57
4 295 80 1180 1160 1.29
4 590 550 ?360 2200 2.15

H2 47m 4N 18800 16800 I E.70
H20 2940 24m o.m

TURBO MOLECULAR ' 1 1500 1000 '| 500 r 000 2,Gl
' Nitroqen sp€€d

ROOTS 10 Ton - 0.01 Ton 2 6m 438 1200 e76 0,97
ROTARY 760 Ton - 10 Ton 138 lo0 276 400 0.53
8OK CRYOPUMP " 2 142000 1420fo w 284000 746.58 316.09

Water speed

Revision 0
Doc no: V049-l -078
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PBOJECT: LIGO BY: R.THAN DEPT:744
PROJECT NO: V59O49 DATE:
TITLE VITON O-RING AREA, CORNER STATION ,LA

RIGHT/LEFT BEAM MANIFOLDGII I /LEI- I I'tsAM Iy|ANII-ULI.,

.ANGE SlzE tengtn i Ar""
i t ' t c H o t v ' m t c m ^ 2

FLANGE SIZE

- - 4 8 - i 4 . o 7 , + + t

Bonnet/Gate 7 3.51 ': 2697

72

l q 1  1 8 . 5 4 :  9 3 2
84 0 6.94 0" I
72 5 5.98 32835 ,  5.98 3283
6 0 0 , 5 . 0 3 . 0--48- 

i 4.o7 ++t

.  3.75 : 1q4q

TOTAL I 9OO9
;

14!qE qLzE Lglsi! _ &q9
INCH Oty '  m cm^2
1o4  3  8 .54  __18 .19
8 4  1 ?  6 . 9 4  9 1 4 1

VEniEx
RIGHT BEAM MANIFOLD
LEFT BEAM MANIFOLD

25530
9009
9009

43549

Revis ion:0
Doc no:VO49-1-078
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INPUTS:

REFERENCE:
, Theory and Practice ofvacuum Technology
ISBN 3-528-08908-3

NO: V049-l-012

TITLE:
ANNULUS CHANNEL SIZING

ANNULI MANIFOLDING. ION PTJMP

BY: R,THAN DEPT:744
PROJECTNO: V59049

PURPOSE: Sizing: Annulus channel, External Tubing, Manifold, Beamtube-Manifold Annuli header

PROJECT: LIGO

Circular section, Rectangular section.

ASSUMPTIONS:
Minimum 0,20 Lls pumping speed at any location in annulus
75 L/s Ion pump per chamber

CAICULATIONS:

see Attachments

CONCLUSIONS: Some flange annuli requires multiport pumpout configuration (104") to meet pumpinlr
speed in annulus and to keep annulus channel at reasonable size. A 0.687 inch X 0.500 inch or a 0.687 \
0.375 inch annulus channel size is used, depending on flange sizes.
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FLANGE ANNULI

Annulus Channels

To minimize diffirsion of gasses from atmosphere through the double Vton o-ring seal, the space
between the two o-rings is pumped out and maintained at a certain vacuum pressure using an ion
pump. There are 7 sizes offlange connections which require a double Viton o-ring seal:
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inches
30
44
48
60
72
84
104

cm
76
1t2
722
152
183
213
,LO+

Diffusion rate

A diffirsion rate of 2 x 10-6 lTorr - L/s]'[m/mz -bar] is used for diff:sion of air through Viton. A
nominal o-ring diameter of l/4 inch (6.35 mm) was assumed in the calculation of the amount of
gas diffirsed through the o-rings.

Annulus Pressure and Pumping Speed

To achieve a diffirsion rate into the ultra-high vacuum (UHV) side, which does not require a
significant pumping speed on the IJHV side, a certain pressure must be maintained in the annulus
space. A difrrsion rate per o-ring on the order of 1 x 10-5 Torr - l-ls is expected from the
atmospheric side. The annulus channel was sized to meet the specified pumping speed ofO 20 L/s
anywhere in the annulus channel. With a pumping speed of 0.20 L/s and a difussion rate of 1 x
l0-5 Ton - L/s, the annulus pressure will be on the order of 5 x l0-5 Torr. This gives a diffirsion
rate into the UHV section on the order of 1 x 10-12 Torr - L/s. The high pumping speed in the
channel would allow a leak rate from the atmosphere of I x l0-4 Torr - L/s and still maintarn a
rate into the UHV side on the order of 1 x l0-ll Torr - I-ls.
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Annulus Channel Size

The annulus channel was sized for a pumping speed of 0.20 L/s anywhere in the annulus.

Annulus port

The diameter ofthe annulus pump out port must be large enough to allow a pumping speed of
over I l,/s. The port is sized at 0.62 inch diameter, the same size as thejumper.

Annulus Interconnecting jumper to header
Because ofthe location ofthe annulus channel the the interconnecting jumper tube to the header
cannot be too large to allow space for welding. A0.75 tube jumper is used with an ID of 0.620
inch, the allowable length should be no longer than 6 inches.

Annulus Pumpout Interconnecting tubing / Pump Manifold
A typical vessel is about 2.8 m diameter. Because of space limitations the pump may need to be
located away from the chamber. The length ofthe tube from the annuli ports to the manifold
could therefore be a longer than 5 m. The size ofthe tube that runs from the annulus pump out
port to the manifold where the auxiliary turbo pump and ion pump are connected will need to be
approximately I to 1.5 inch diameter (25 mm - 38 mm) to prevent the conductance ofthis path
from dominating the overall conductance. In order to have an effective speed at the annulus port
the pumping speed at the pumpmanifold needs to be l0 L/s. A 2.5 inch manifold is proposed

Pump Size and Capacity

A 75 L/s pump is proposed for each manifolded annuli group: BSC, TMC, HAM, 183 Beam
manifold, A separate 25 liters/s Ion pump is proposed for the 122 / 111 cm Gate valve's gate-
seals and flange annuli. This would give a pump life ofabout 40,000 hours with an average gas
load of 1 x 10-5 Torr - L/s per annulus. With a higher gas load due to high leakage, the pump life
will be shortened.

Valving

Each manifolded annuli group has an single roughing port 63 mm FIV valve for pumpout using
the auxilliary pumping cart. An isolation valve separates the Ion pump from the pump manifold.
A separate roughing valve is provided for the ion pump, either on the pump housing or offthe
spool piece.
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Annulus Speed

The net speed / conductance is calculated for a point that is midway between two exit ports. This
will give the minimum conductance between this point and the pump. All gas molecules at other
points in the annulus will have an equal or higher probability. In the case of a single port this
point would be located 180 degrees across from the exit port.

The probability (conductance) that a gas molecule from this point reaches the pump is determined
by all possible gas path back to the pump. So for the BSC 104" annulus the conductance
calculated from the midpoint between two exitports back to pump via one port is about 0.12 L/s.
But gas molecules at this point has twice the probability ofreaching the pump, because ofthe
other parallel path through the othef 60" flange. The effective speed for a point in the 104 inch
annulus is therefo r 0.24L|s. Note that for a point closer to the port, the effective speed would
remain almost unchanged because for one path the probability has increased (approximately
linearly, long tube formula) for the other path the probabilty has decreased.

For the flanges with a single port, the parallel path is only for the section ofthe path in the flange
until the molecule reaches the exit port, where it becomes a single path to the pump.
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Annulus channels sizes for flanqes

Amulus Annulus No
Width Height ports
inch (rnm) inch (mm)
0,6875 (17 .s  )  o .soo (12  7)  1 (2)
0.687s (17.s ) 0.37s (12.7) 4
0.6875 (17.s ) 0.500 (12.7) I
0.687s (17.s ) 0.s00 (12.7) 1
0 6875 (17.s ) 0.375 (9.53) I
0,6875 (17.s ) o.soo (r2.7) I

0.687s (17.s ) 0 37s (e 53) I

0.687s (17.s ) 0,37s (9,53) 1

0.3750 (9.s3 )  0  410 (10 41)  2
0.3125 (7.e ) 0 s00 (12.7) 2

PROCESS SYSTEMS
INTERNATIONAL. INC.

Interconnecting
Piping LD. inch

r37
0.87
t . 3 7
t . )  |

1 . 3 7
1.20 (tube)
2.37" (header)
(headerl0m
Iong)
t . t 2

1 . t 2

1 . 1 2
' t  t )
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BSC 60" *

BSC 104" ' *
HAM 84'
HAM 60'
HAM 30'
B-M 72'

Annulus
Speed
L./s
0.24
O.l2 x2=0.24
0.21
o.25
0.25
o.23

GATE-VALVE
48"
GATE VALVE
44'�
GATE Bonnet
GATE Seal

0.26

n ' t t

0 . 1 8
0.22

* BSC 104" flange in series with 60" flange

Terminolog;r used in tables:

Orifice conductance
Effective conductance
Orifice speed
Effective Speed
Tranmission Probabilitv

Lo
Li
So
Si
P



PROJECT: LIGO BY: R.THAN DEPT: 744

PROJECT NO: _V59049_DATE: _03/28196

TITLE: ANNULUS CHANNEL. MANIFOLDING

O-ring grooves vents

To ensure that there are no trapped volumes that could serve as virtual leaks, the O-ring grooves
needs to be vented. The vents need to be sized such that they can allow the trapped O-ring
volumes to be evacuated to the same pressures during the roughing cycle.

The cross sectional area of the trapped O-ring channel (on the UHV side, dovetail side) is
approximately 0.01 in2 or 0.07 cm2.

rl '-)

For the corner station there is about 300 m of o-ring length. The total trapped o-ring volume is
therefore about 2.1 liters.

The ratio oftrapped o-ring volume (2.lx10-3 m3) to corner station volume (196m3) is
approximately lxl0-5.

The required pumping speed is about lxl0-5 X 2000 L/s = 0.02 L/s for total trapped volume.

Per meter length ofo-ring the required speed is 0.02/300= 7Xl0-5 L/s per meter o-ring.
For efiicient pumping the conductance should be about l0 times the required speed or 7Xl0a
L/s per meter o-ring.

Conductance of trapped o-ring channel.

The hydraulic diameter of the trapped channel is about 10 mm.
The conductance ofthis channel is approximately O.OO27 L/s per m lengh ofo-ring.
The requirements for venting based on roughing ofthe trapped volume is a vent ev€ry 3 to 4 m of
o-ring length.
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The proposed vent dimension of0.0l5 inches high by 0.500 inches wide has a conductance of
about 0.08 L/s which is sufficient compared to the trapped channel conductance.

Outgassing.

The outgassing ofthe o-ring is on the order of 1x10-8 Torr-L/s-cm2 .
With about 3 m of o-ring length the outgassing rate would 3o0xl0-8 Torr-L/s-cm2
The pressure in the channel at the vent location would be in 10'5 Torr range and at the far end
between vents the pressure in the channel would be in the l0-3 Torr range.

The same size vent is used for the vent for the trapped volume ofthe annulus side ofthe UHV o-
ring. The same size vent is also used for the annulus side ofthe atmospheric o-ring. A vent for
the atmospheric side ofthe atmospheric o-ring is not required.

Flange size Flange size Circumference No vents
inches m m

30 0.76 2.39 I
44 l .r2 3.52 2
48 1,22 3.83 2
60 1.52 4.78 3
72 1.83 5.75 3
84 2.13 6.69 3
104 2.64 t.29 4
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CATALOC OF SELECTED CONFIGURATION
( 5 r e 1 e \

FACTORS 789 r

{ He.-.tL )
25 Two conccnraic cylindcrs of same

finitc lcngth.

R = 2  t =  I
rr rr

A = L 2 + R 2 - l

B = L 2 - R 2 + l

a-, = j - *a{,* 'H) - }l^ttnzr=o**"-,(*3) . "", '(*) - a, ]}
Fz-:=,  - i *4,""- ' (+)

. *{ry,r"-, [4(R'-+)..*rn'"tg+R" 
- ,)]

-"t.-'(HHHHHHHHHHHHHHHH�) -ifTu -,)j
whclc fgr any a.gumcnt {:

- i < s i n - ' f < i

0 < c o s - l f < '

5t'.".1 fu"^f ? R = 4 o '
A L '

L = ag/g,

A =  \ . 5 ? +

ts  :  t .5a-

c-"'-'(+) =
- t t R \co5 Lffi I

, - t  1 l
€ t n  (  , a

l . z 5

=  \ . 5
\ , ? 6 1 -  I  - -  A . B l

r . 2 5 " +  r  =  1 , 6 9

.11- t

=  \ . o 6 1

\

)  =  ' 1 ? 1
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r - r l'  2-r - t.-Lq T(lzr)

Y l ,o6?
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A , F , o :  A r F = ,

l= , "  = A.  t r'-r- 
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.tr.-

zr) - Ta.gnl
7 J \

t*-1 gr,^p )

,,.?\qE, -  I  l l

: .  F , -z  =  (%)( ,ars)

F , o  =  ' B b 9
--\/^.r,-.!--...--.\-+t-.r+

Fz- ,  i  to^ - ' ( ry )  = , f tF1
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. 6 1 5  + , j 1 8

Q-.  *  F.-q

Fr-z  +  F, -s  - t  E-c  =  l .  o

f  , - .  n  zF, - :  =  l .  o

.? ,61 +z i -=- -  l .o

A rF* = A3f -.
F3-z  = ,  (a r l '1 ( ,o r  )  =  .o  6  L

F r . , + F . - . + F r - n = \ . o
j ,  F . -q  =  .5e6 d  q- , '  ,56L

+ Zlt-t = l. o

F.-,
F z - q  <  ' o l

f , - ,  =  .oL5€
F , - 4  =  . o L 5 €

- (-.zta)+

( u r *  . o  r )

r l - l F

f i  r F , - > :  f r a f l - r

Fr. ,= /GJl \ f . "' l . l - ?  / r
= .3 i .6
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= l ,o  d ,e< t - -
f"..*.1- o{f erto,

P l r e  J z t

t.r
F
o
!
,

tF
f
c



Ebs = a(aof -- ?,1 ,^:l,an

Ebz = Eu"  - -  Ebq= g(3"" \ ' l  =  46o * / *L

' -  T '  , *  , J :  j
- t  t "  ,  cba  , o  E

l - . o c
E?F. ra) -  L '  t ' u

Js " Jq b3 :3*"'^r*,1(Jn ktt".^-r '. :

. , _ Z F =
t5A5

I  -  ! .
l r A r .

\ - t L
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I =
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ff.F.q
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ArFEc
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7  ' 5 r 1
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=  . l 1 V  o

1- €r.l

2r  Ar

I

A t r
t ' t ,  l . b

I = 2.155
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t r t t r 4
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L.zzl.oess)

I

t,Y\(fsL)
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCI.JLATIONS

NO:  Vo49 - l -  o ' 1? - .
PAGE I OF 15

REV. DEO # DATE BY: C}IECK TITLE: 8ok P,r*.p Ko13hi"'.r-
t:,' ( C''n"a l!-l.p+'t-.�

o 1/t q/oA nvw K \Tlu .

PV Flqwirl Mmre DFPT . 744

PROJECT: LIGO PROJECTNO: V59049

PURPOSE: Determine if any sienificant pressure differential exists across the 5/d' gap separating the
low e liner and the thermal radiation shield in the 80K pump during pumpdown which could structurally
damage either ofthese components.

METHOD: Computer simulation of the roughdown of the 80K pumo chamber volume. The computer
program is a finite difference code which utilizes the Newton- Raohson method to solve the system
equations.

ASSUMPTIONS: The gap which separates the low e liner and the radiation shield is modelled as a short
pipe ofequivalent diameter with entrance and exit losses equal to 1.5 velocity heads. The rouehing

process is assumed to be executed with the turbo backing oumo. whose speed (90 cu. m./hr.) is
approximately constant during the pressure range of interest.

IMUTS: Inout file attached.

REFERENCES:

CAICULATIONS : Related calculations attached.

CONCLUSIONS: Delta P across the qap is insignificant. No significant structural loads.



Roughdown of Short 80K Pump
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FLUID BCD 3GENERAL
BCD 9 PRESS. VS TIME IN 8OK PIJMP CHAMBER
BCD 9 ROUGIIDOWN CHAMBER WITH TURBO BECKTNG PTIMP
END
BCD 3PRESSI]RE DATA
REM NODE #, ELEVATION. INIT PRESS; ETC.

- L ,  0 .  .  7 6 0 .  $
5 .  0 .  .  7 5 0 .  $
1 0 ,  0 . ,  7 5 0 , $
9999, 0.  ,  1.0 $ DIIMMY PRESSITRE NODE

END
BCD 3T['BE DATA

C ABS TT'BE #, INIT NODE, TERM NODE, A(REF #, ARRAY DATA)
T U B  1 0 ,  7 ,  5 ,  A 1 ,  0 . 0 $
T U B  3 0 ,  1 ,  5 ,  A 1 ,  0 . 0 $
P M I  - 2 0 ,  5 ,  1 0 ,  A 5 ,  0 . 0 9
EIID
BCD 3CONSTA]ITS DATA

cRAv=32 .2  $
GC1=89.5505 $CONVERSION TO TORR
cc2= l_ .0  $
USRFLO=0.1  $

C SPARE6 =  0 .  (1 . )  CAUSES I 'DEBUc f i  TO BE .FA ITSE.  ( .TRUE. ) .
SPARE5 = r ,  $

c  SPARET =  0 .  (1 . )  CAUSES ' lNOFERRl l  TO BE .FALSE.  ( .TRUE. ) .
SPARET = 1. $

C THE FOI,LOWING LINE CAUSES ORDER REDUCTION TO BE SUPRESSED.
ID(JTJ  VJ l  =  Z

C THE FOLLOWING PAXAMETERS COIiTTROL CONVERGBNCE FOR THE FLUID
C NETfiORK SOI.,UTION AND OVERRIDE THE DEFAULT VATUES ...

KMAX=100 $
PRSABS=O.001  S
PRSREL=o .001-  $
FLOABS=0 .0001  g
FLOREL=0 .0001  S
NDIM= lOOOOS
NFL,OOP= 10
PRLXCA= 0.001
E P S = 0 . 0 1 -
PMPTOIJ= O . O05
1=0.0 $ TOTAL MASS OtIIFLOW, OtIrER CHAM. VOLIIME
5=O.O $ TOTAL MASS OI'TFLOW. INNER CI{AM, VOLI]ME
10=760. $ pRESSURE rN OUIER CHAM. VOLIJME (TORR)
50=760. $ PRESSI'RE IN INNER CHAM. VOLI]ME (TORR)
60=0 '  $  DELTA P
100= 0'0 $ ELAPSED TIME
200= .0662 $ PIJMP FLOW
T000--2627. $ TNTTTAL AIR MASS, OUTER CHAM. VOLUME, cM.
2=L5.O $ TIME COUM|ER
3=.075 $ INITIAL AIR DENSITY
5= .125  $  r rMr  STEP (sEc . )

END
BCD 3ARRAY DATA
R E M  L ,  D , K ,  E / D  ,  F I V E  E M P T Y  F I E I J D S

7 , . 7 2 5 ,  . 6 2 4 ,  1 . s 0 ,  . 0 0 0 1 8 ,  0 . 0 ,  0 . 0 ,  0 . 0 ,  0 . 0 ,  0 . 0 ,  E l r D $ A N N u L u s
C--- PI]MP CHARACTERISTICS
C--- MASS FLOW RATE VS. (DOWNSIREAM - UPSTREAM PRESS. )

5 ,  .  0 ,  15  .  ,  1  .  0 ,  15  .  ,  END
C--- PUMP DOWN SURVE

7 ,  4 . ,  . 0 0 0 4 , 1 3 . ,  . 0 0 1 t - .  2 2 , ,  . O O 1 9 , 2 7  . ,  . O O 2 4 , 3 4 . ,  .  0 0 3 0  
V l , , { r ,  -  t  - - o f  ?
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4 3 . . . 0 0 3 7 , 5 3 . ,  . O O 4 7 , 6 7 . ,  . 0 0 5 8 , 8 5 . ,  . 0 0 7 3
1 3 s . ,  . 0 l - 1 7 ,  7 7 O ,  ,  ,  O t 4 9  , 2 2 O .  ,  . 0 1 9 0 . 3 5 5 . ,  . 0 3 1 0
4 6 0 . ,  . 0 3 9 8 ,  5 9 0 . ,  . 0 5 7 2 , 7 6 0 . ,  . 0 5 6 2 , E N D

END
BCD 3EXECIIT]ON

C.--- OBTAIN PI]MP MASS FLOW FROM EHAMBER PRESSI]RE
D1DEG1 (XK1O,  A7 .  XK2  OO)

F OPEN (IJNIT=7, FILE= ' PRESS , OUT' , ACCESS=' SEQUEItrIAL ' ,
F + STATUS= 'OLD | , FORM= ' FORMATTED ' )
F  WRITE (7 ,50 )
F  50  FORMAT(5X,  'T rME (SEC)  '  , 5X .
F  +  ' D P ( T O R R )  ' . 1 X ,  r P 1  ( T O R R )  ' , / )
F ]-OO CONTINT]E
C---- SET PT'MP MASS FLOW
M W20=XK200
F CONIINI'E

FIJDSOL
F CAIL PMPF].,O
M  I F  ( P 1  . G E . 2 5 O .  O )  T H E N
F COI{IINUE
M  I F ( X K 2 , L E . O ,  )  T H E N
F CALL DATPRT
F ]-05 CONIINUE
F EI{D IF
M XK2=XK2- l - . 0
F co To 100
F ELSE
F CONTINI'E
F END IF
F CLOSE (IINIT= 7 )

END
BCD 3VAXIABLES F

c

REM DYNAI,II C VISCOSITY IJNITS = I.,BM/FT-SEC
T t  B E  ( 1 0 ,  . 0 0 0 0 1 2 3 . K 3 ,  8 0 .  )

TUBE (20 ,  . 0000123  ,  K3  .  80  .  )
T U B E  { 3 0 .  . 0 0 0 0 1 2 3 , K 3 ,  8 0 .  )

EIID
BCD 3VARIABLES 1.
END
BCD 3VAR]ABI.,ES 2
END
BCD 3OUTPI]:T CALLS

I F ( X K 2 . I , E . O . ) T H E N
EATL PPRINT
CAI.,L WPRINT

ELSE
CONTINUE

END IF
IF  (XK6O .G8 .2  ,  O)  T I {EN
WRITE (7 ,  800 )  XK100 ,  XK50 ,  PL

ELSE
CONTINUE

END IF
F O R M A T ( 5 X ,  "  " F 9 . 2 , " " F 8 . 2 ,  l ,  " F 8 . 2 )

END
BCD 3SINROUTINE PMPFLO

C.--. COMPUTE MASS OIITFLOW DIIRING SELECTED TTME STEP
M  X K L =  ( W 1 0 + W 3 0  )  * X K 5 * 4 5 3 . 5
M XK5=W20*XK6*453  .6

M
F
F
F
F
F
CM
CM
cT4
CM
CM
F  8 0 0

vo.q 9
4 o-Q t5( ,



M
C

C---- COMPUTE DELTA P ACROSS GAP
M XK60=ABS (Ps -  P1)
C.-__ COMPUTE NEW PRESSURE IN CHAMBER OTITER VOLt'ME
c
C---- OIITER VOLUME
M XK10= .289*  (XK1000-XK1)
M p1=XK10
c
C---- COMPTITE EI,APSED TIME
M XK100=XK100+XK5
C---- COMPUTE REMAINING AIR MASS
M XK1000=XK1000-XK1-
CM XK5000=XK5000-XK5
C--- COMPIITE AIR DENSITY
M XK3=XKLOO] /34926 .
C----- UPDATE PI]MP FIJOW RATE

D1DEG1 (XK10 .  A7. XK200)
w20-xK200

END
BCD 3SINROUTINE DATPRT

I F ( X K z . I . , E . O . ) T H E N
XK2 =15 .  0

END IF
w R r T E ( 6 , 2 0 0 ) X K 1 , X K s
w R r r E ( 6 , 3 0 0 ) x K 1 0 0
wRr rE  (6 ,400 )  xK l_000
wRrTE (6 ,700 )  XK I -o
w R r T E ( 6 , 5 0 0 ) X K 2 0 0
v iR ITE  (5 ,980 )  XK3
WRITE (  7 ,  800  )  XK100 ,  XK60 ,  P1
COli|]IINUE

2OO FORMAT( / ,5X ,  'MASS OITTFLOW FROM OI ITER VOL.=  I ,F lO .4 , I  GRAMSt ,
+ /,5x, 'MAss ourFl,og{ FRoM INNER vol,, = , , F10,4, , cRAMs' ,,/)

300 FoRMAT (5X, I  ELA,PSED TIME = '  ,  F1-0 .3,  '  SBC. '  )
400  FoRMAT(5X, 'REMATNING MASS,OUTER CHAM.=  "  F10 .2 , '  GRAMS' )
5OO FORMA"(sX, 'REMATNTNG MASS, TNNER CIIAM. = ' , F10.2, ' GtrLAMS ' )
500  FoRMAT( / .5X ,  'PUMPFLOW= "F1 ,0 ,4 ,  '  LBM/SEC ' )
7OO FORMAT( / ,5X ,  I  OUTER CHAMBER PRESS= ' ,F10 .4 )
8 0 0  F o R M A T ( 5 X ,  "  " F 9 . 2 , " , , F L 0 . 4 ,  "  " F 8 . 2 )
980 FORMAT (5X, I  ArR DENSITY= r ,  F5 .4,  1X, '  LBM/FT^ ̂ 3 '  )

END
BCD 3END OF DATA
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PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING
CALCULATIONS

NO:  vo4g -  t -  o9L
WESTBOROUGH,MA PAGE I OF 12

REV. DEO # DATE BY: CHECK TITLE: Regen. System Process Calculations
4 l t 9  l q 6 galemol ) l.,t 4,

RY D Mrrrre DEPI.:744

PROJECT: LIGO PROIECT NO: V59049

PIIRPOSE: Determine process requirements for the 80K pump regen. heaters, and to estimate the
warmup time (time to reach 150 deg. C) for the pump under wintertime conditions in Washington.

METHOD: Standard heat transfer manual calculations and on spreadsheet format

ASSUMPTIONS: Used weather conditions for Kennewick, washington: 15 deg. F dry bulb (Above

this temperature 97.5% of the time,)

INPUTS: Max. regen flowrate: 100 gm/sec for long pump; 50 gm/sec for short pump. N2 temperature
from the vaporizer = -5 deg. F (20 deg. F approach temp. specified by mfg.)

REFERENCES:

CALCULATIONS: See attached.

CONCLUSIONS: Long pump heater size: 25 kw adequate. Short pump heater size: 12 kw adequate,
Estimated warmup times, including liquid vaporization: long pump = 16.75 hrs., short pump = 8.0 ht's.
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Long Pump Regen.
Warmup Time
Winter Conditions

Initial Final ElaPsed
Cp of N2 N2 in N2 out Cp alum. alum. temp alum. temp. Alum. mass time
fi/sm-K) (K) (K) (/sm-K) (K) (K) (sm.) (sec)

N2 flow
(gm/sec)

1 .05
1.05
1 .05
1 .05
1.05
1.05
1 .05
1.05
1.05
't.05

1 .05
1.05
1 .05
1 .05
1.05
'1.05

1.05
1.05

Time to vaoorize LN2 =
Total warmup time =

50
50
50
50
E N

E A

50
100
100
100
100
100
100
100
100
100
100
100

2C5

253
253
253
253
253
253
436
436
436
436
436
436
436
436
436
436
436

2.3
16.75

0.357
0.481
0.58
0.654
o.713
0.76
0.797
0.826
0.849
0.869
0.886
0.902
0.918
0.934
0.934
0.934
0.934
0.934

1341000
1341000
13/.1000
1341000
1341000
1341000
1341000
1341000
1341000
1341000
1341000
1341000
134'1000
1341000
1341000
1341000
1341000
1341000

1054.2
2660.22
4EEE.O2
7844.66
1176't.2
17079.7
24761.9
25738.7
26845.1
28't06.3

29557
3125'�t.1
33272.5
35757.6
38896.7
43156.e
49783.8
52020.4

80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420

80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420

100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
423

hours
hours

P1 to  J  re
" V0{9- l- o9C crv,



Short Pump Regen.
Warmup Time
Winter Conditions

lnit ial Final
Cp of N2 N2 in N2 out Cp alum. alum. temp alum. temp. Alum' mass
(/sm-K) (K) (K) (/sm-K) (K)

N2 flow
(gm/sec)

50

50
50
50
50
50

|.r'l

50
50
4n

50
t n

50
5n
4n
Rl.\

1.05
1.05
1.05
1 .05
1.0s
1 .05
1.05
1.0s
1.05
.i nt

4 n E

1 .05
1.05
1.05
1.05
1 .05
1.05
1 .05

(gm.)

398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
396000
398000
398000
398000

Elapsed
time
(sec)

312.879
789.537
1450.73
2328.25
3490.66
5069.16
7349.16
7928.97
8585.73
9334.34
10195.5
11201.1
12400.9
13875.1
15739.4
18268.2
22201.8
23529.5

253
253
253
253
253
253
ta3
436
436
436
436
436
436
436
436
436
436
436

80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420

(K)

100
120
'140

160
180
200
220
240
260
280
300
320
340
360
380
400
420
423

0.357 80
0.481 100
0.58 120
0.654 140
0.713 160
0.76 180
0.797 200
0.826 220
0.849 240
0.869 260
0.886 280
0.902 300
0.918 320
0.934 340
0.934 360
0.934 380
0.934 400
0.934 420

Time to vaporize LN2 =
Total warmuP time =

1.5 hours
8.036 hours

P g r r J r z
" V O 4 q -  t - O 9 6 n r u r



E I I

c o o
c r 9 0

[ !\6.gh*nenT t ,

Table C-t (Cont,)

slAlroN
DB

97|,X
o6
z,rrl 2!,x

3 l

34
30

3 l
29

34
2A

34

2A
3a

25
r 1
1 9

25
30
23

24
t 8
32
26
1 9

97
96

100
98

1 @
97
98

100
98
92

99
97
9e

100
99
97

96
99

100

12
a0
79

17
79

l1
f2
ao

f1
fa

7A
79
76
79
J8
t6

26
20
2 \
26
22
20

27
26
t 9

24
r 9
22

22
2 1

t 8
22

UIAII

38

40
3a

6
7

3
?6

- 6

9 1
9 1
9€
92
9 r
93
92

r02
!,4
&t

64
65
65
65

66
65
70
66
63

33

33
33

32
32

- 1
a

u
a5
85

-t2
13

1 3
23
23

3a

3a
3a
3 l
36
31
31
37
3a
39

1 5

9
r 9
23
I B
r a
I B

90
92
92
90
9 ?
91

93
91
90
92

77

,8

76
1A
79
7e'15
'77

23
2 1
21
23
2r
r a
20
21
23
23
2 l

4a
2l
t 8
4

a0
74
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89

6 1
65
66
65

r 6
t 9

34
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79
8 1
90
a r
96
92
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4
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30

32
t 8
24
t 9
22
28
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27

36
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39
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39
39
3A

6
1 0

5
1 {

1 2
9

88
a6

90
84
93
94
8€
9 1
89

75

22
22
2D

22
22
2 r
2?
2 l
2 1

46
4 2

43

4Z

45

43

6

- 3
- l l

7

- a
- 5

0
_ | ?
- 2

a7
83
90
8a
a1
85
8€
aa
a6
a6
81
88
a7
a,
a9
a6

7?

72

23
24

23
73
22
22
2 1
20
? l
2 1
20

23

42

4 3

42

- 5
2

- 9
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87
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90
ao
@
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92
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@
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59
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH,MA

ENGINEERING
CALCIJLATIONS

N O :  V o 4 9 -  l - o 9 r
PAGE I OF 4

REV. DEO # DATE BY: CIIECK TITLE: Pressure Drop Calculations
for 80K Pump Lines

d  |  7 "L { ' l t1l1h IYwhac

DFvt-744

PROJECT: LIGO PROJECT NO: V59049

PURPOSE: To determine ifregeneration and GN2 vent lines are adequately sized for the intended
service.

METHOD: Use of in-house computer program for pressure drop analysis.

ASSIIMPTIONS: l) The length of each of the lines are equivalent to 60 ft. of straight pipe.
2) Regen. flow rate is 100 gm./sec.

IMUTS: Regen, heater delta p = .35 psid max. (vendor data)
Vaporizer delta p = 2 psid ( budget imposed on vendor)
Estimated Cv for l-112" clobe valve in reeen line = 3 1.66

REFERENCES:

CALCULATIONS; Calculations performed for :
Case l) 80K pump normal operation ( long pump, frosted)
Case 2) Long 80K pump cooldown from l50C (423K)
Case 3) Regen oflong 80K PumP.

CONCLUSIONS: Case l): Delta p = .0017 psid for 7-ll2 in. vent line.
Case 2): Delta p = .1392 psid for l-ll2 in. vent line.
Case 3): Delta p = 9 413 psid from LN2 dewar to exit of vent line

(by inspection, the 80K short pump system is adequate for 50 gm/sec.)
Conclusion: The lines are adequately sized for their intended service.-

FILED:\F\TEMPLAIE\ENCFORITI$EN@AL
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PROCESS SYSTEMS INTERNATIONAL. INC.
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ENGINEERING
CALCULATIONS
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REV. DEO # DATE BY: CHECK TITLE: Relieving rEuirements for 80K oumo
vacuum shell relief dwice.

a otLq aI7t1L trfyhoon T) i* {uJ

BY: D Moore DEPT : 744

PROJECT: LIGO PROJECT NO: V59049

PURPOSE: To determine the relieving requirements for the vacuum shell of the 80K
pump so that in the event ofa failure ofthe 80K pump reservoir, the vacuum shell and the
large gate valves in the beam tube are protected from overpressure.

METHOD: Standard thermodyramic and heat transfer analyses, and the use of standard
API formula for sizins relief valve orifice.

ASSUMPTIONS: See calculations

INPUTS: Maximum delta p allowed, 1.75 atm., is based on highest pressure differential the large
gate valves were designed for.

REFERENCES API 520

CALCULATIONS: See attached.

CONCLUSIONS: Relieving device should be sized to handle a flow rate of 6524 lbm/hr for
tl0yo of the set pressure. This requires an orifice size of L506 sq. in.



( l
C-*r.t € so^3i{". lo< =' zt\\ .etief

n
l. LecL rvr \lde-

e-^T\re Durrnar l

f r a l
tro\ Vo.t{e \e

a. C^toet $,rc rutture "+ L\J. ce=eiVo\F
{.l,.tf: e".tirc^\,p.I rnvey;Lor,1 ..t \$,€
bott"r* ,{ *R* 

tv,...,,.^ 
6h;l( V""rt

pcerrlv,ted[ b[ocL"o[ *,tA ,ce ,

fegecr/orr r{ptor€e Aurr,t-l coot-

M***(' -otlo-".. uo(ue'rt roo?-

GN.z Ve(t 15 ope* , =."... it
not hcve- had Su€Frcre.n{ t , ine

tce up, a-nol :. pcorile-r a^o{hrc
relraVrn{ p^*4.  C,,  &,re le:5 $e\tete
-r*,*^ +,;+ t-o cLee.'.
LN. reaecvorr r.:gt.rre+ d.u..T f€ffrl,

a2cle u.lha,\ pu.,'.g r9 *.,0-r*i".1 \Je, Uo

\e".A i,^ t-€.bervo\r . fV1"rt (\o-,o Soc
t l
v .

rea€v1 \ e to 5oo 5cF+'l (-toc: tb.^/ lrc\ ,

JP., ca.e€ i5 \e:t se'te. **f,:* \0,-

*rrsf ?- c.+ee5 "%19;,; 1f *"(

deu,." --

I I I

c c 0

LU. t-Erervorr cp.tg \4.
t  t l

Va-aLrsnt she-[|. to BoE . Co".-

si+e.\ {-oc ̂ gpco*, 9 \t* /h..,',t pllt * r,6.,Q,L;t r\e i^ 'tAi. *x.% i

a , LN.

do*^ "
o )e',n

I

r,u r l[

To

A ,



(l

t - t
o o o

l { d

@

Co-ce ; A \eok ,^'t0..e Ll*t. rerervoir c.oo\s

*Q" €*\trr€, Vcr.4uur\^ clra",rber s[e[t

to ?oK (v'.6tt1 u"l'l.rt5): f+e*t re
\#e,, trn^s$e.."J,. $.o"r.. -tRu, gnyr;-oh6ns;t

lo -tQe sL,,e-t[ . -FR. re\rev,*1 /.eu.."
wr,r+t tfl"* p^e5 -tQ. {-tt.-i*1 *to,*r
ra.te (t*u atto.\1sr+ , Att...h,..,{{ f ):

o

Q = hu*, k**-' ferred' \(-Er'v\
e.ra,V,fo,n*re {t

to cp\d. Va-cuuv
+ h e  i [ .

Lr) -- <;pe'1,(i Ln ̂-t\  -e Nz_

?, :  . lotu*e C*{{r-
t" cie,^1 o*

€Vir^ tato -'zl

vo17 - t  -o94 l -Zv
Pyl  " *  2



Apo.or,*o-1"^ Su.fn.o A.eo :"  
CL . . , 3  Po *? \ . ,

146 '  > l

fl ''"
n -I- 0- -- 4D

l a : r ?
l t r
o o o
{ t 0 0

41" d
T

C1\,Jnr, crr€q =ll(a")(,0.)= lLfi l  tx

Po,ts'. a-(e^ = z (ri-)(++)( 5) = 4rqr

) ' :h t ' {  heaats  
f ;=  z* rT( f * [ ' )

:  zT ( 1o'+(12 V.)1. \

+ - l l
I o-14. I : 4 t  t  q a

/ ro ro r I

4 l 1 - t
t  I  ^  2 . c* = ' B ; t ; ^ :

(2 ,  s+6  x Cuvr \

'/.

V o { 1 . t - - o 9 4 W u
Pn < of tz

-++-

Fle.t tra-^sf.."uo( +, c'1,4 =hel[ (g"c tr^it aceq ) :
, r r" \ l  " t  Ve(us,r , .  =[ .  l l

8oK
. 4
( t14 "E l

T .  Tenviro. .
\s t r1r( ' )  = ?93r (  szr  "e\

-l t- + " (.ozoc 4+ )



- r )  t  a A z  ( 5 z r {  -  T t  )

) 4
l ' l

Cq l  t v t$ r
J

l-r

q,a ffi1",
(o e". 8o r< )

-9, 4 =-a 
-\

l 5 ? - 7  -  I  I
\ ,

Vp/t9- r -- o14 W
P n 5 . t t Z

OLr 
'(

AI
lr

. r
tC'. U\
i +  r'  . , |

4 ''.
l l l  r  I

t
A =  I . o
?  = - l ,

\ :  O ' z - r

t= ol..
\ ,  (

\ l a \
\  / s t r - T \  =
/ -  t

* 4  \  1 1r ) tL--

, \ ' 1  \ 4 ) ( \ c

- B /  4
,  I  - ^ -

+  . l ? t q Y t 0  ( 5 / - I  -

J
1

T ' )

- [=  
\46" fz

ba[z.rtcg ?

(T -  r+a )  :  i f l ( sz r

Ez-r -T--T**
f^

a

, l )

(rz-, -r) 't (szr -T )
-a -  r  d

. \ - l l { x  \O  
-  

( 5? - l  
' -

r4{) -- , r-r [5zr - -)t/t *

5 o\ ,\ , *'., ',

\
t 

'/4
_ 1  l / t  /  !, - t - t b y

.  Bt"r

(

t
0,?-1

+ s

+

, r r  ( s z

t { 4 \ :

4,8 (-r- r<q\
J

n\ ' l^4. .

F
L:nerg 1

A q
t

& rr-
1

2?Jr  , i1 lT-

q - -

a

o o oI r 0 0

a{ a{ ar



J- Q1"t-[ = A t .  f  S r e f  t \4tB f iq1z '  ( ; ; - ,

r5o, 5 b9 f i t .^
h r

r t . 1  p = r < \  4 l q < ' R

r  |  ' W t
If ( tr=r )s

tta

I

L  p 5 \ q
r f i

l./ 
-

I t -

0 c o

t v l

=  . o o - 1 g a  , l , k

Cp = .21 6t.._ / \t* - 'rr

( t 5 o 5 o . s 1 ( ' o o r a f )

1 1

4 4  o t -
h r

( , -zz \b"* \'  s e c  I
\b,-,

t"T  6*: 
vohe', *.t ."rtt o{ puraf .:rced.errgn.l {or 171 fr^, l,f -

fe r r^ t ' ,o ' {  Qr t *ue- ,

\ ,11 C4, r ) :  z .5 .1a:  !+ro .  (  r r  gs ig)

A\ i r " - rV i t  c ' t e r? tQ t t J ( c  =  \ \ o  " / ' i r

. \
. i "  f f  c \  1q n' .  q f  r . ' '  r i ,J( .  ? \ ,  |  (?5,11)

\  = Lt, . j  p5 io

v 0 4 9 -  r - o 9 4
?6 6 ot tt-



fa.se Z'- Crt^strophic- rugture o{ LN. reeervo\c,'

LNa i^ve$.1 c,\\*f. t [.tto,r, df
l t

Va.CuUw\ LhAAn!2eil,

Va-cr.ruys, ch,.*ter

Rese.vo,. (ceto"ae- €"\\ \

ev\er 
1l storel, r,r

vop".'rze e \ ia',d,' u
F F F

c c c| n o o

1 . . 1 , \ 7 ;  )

z

A /

A -- 'Tr ( 21,?15

la.cupm c\o.h,.bec. . ,
w r'lilr Cgget- ,ro\ c \ ra.rra{
\ \ven torq  q !  b$ t to^ r ,

\-,

*  =  a 1 1 . 4  , n L

A = . . ."  (e -  sin e\

ree .q = | (sr.rr)t(" -

S o \ r t , . r , " -  0 =  \ , 5 o 3

5i"', € )

raA,

A.n-1"*d3., e i S - -  c e
= a t . - t= ( r ,SoeJ
=  5 1 , 1 1  "

vo{1- l -o9{ cev,  d
P 6 r u * t z



I I I

o o 0
6 C 0

o'o f,t^L e(e^ o.t the- \,qu,.l /vo-uu,^rl^e-\l ,nt*rf
i s a.pf coy,*atutg u

eYCEes

( r+o t ) (  + ) ( s r , r 4 i ^ )  
=  \ 0 . , 03 (  i na

l6r'e +f )

{. \8")ue {o -tH" \".9g tev'npercitute
( tr"t  -  (-azo"r\)t ,  tR. 

' t '1"rJ 
$['a'iJ u.'i,\[ {or*n a-

I ' lVa.por b\an.F.dt between \t
{urcA u,.Jr \t to{-v\n a
t \

'"{ +la vacuu,n \

c|tq"utt.-, cestllt,*1 ,, {,[,* Ltr[,^-1 ,

(gQ"..,*1 -to p"b\':\eJ bo,\,^1 da*.. l"r
J  \ . n

rrrrro3€n I ]qe heot {1,.;x * tqt 'p €*(ah9
taanperat*re il Booo Et*lt -4+'

or Qtt [ 
= Aooo (a:.Of)

=  551F?e Bf  - /hr

| 't"qor 
ffinerafrnn 

t5

.^:^ -  5E1 )EZo Ot*/hc;: - .l!]s 
a-$fr7ib"-

= G,6 : . .q  lb , ^  /h " .

V o 4 1 - t - o 9 {
P3s of tz



I T I

o o o
6 0 0

SrLe- ce[1gs,*1 Aevrce *or 6524 lb^ /h...

\t"s
p
r l

C 1.. k,. . . .
t '  \

l -8 ' \ ic .v  r ' - ' i '

CJn"\.,^1 
'r^ 

*, .e\ieu,".-1 A.v,,e oLC$ccr

*\ne ̂  tL*'o * do-*.*"eo* *o updce**,.-

I(€+.rrlre r5 i

-* ' / t-r
\ + \  =  , 5 a
l-x.'t t -1

' i l  
+

w r \ \  o L c $ (  1 q - l

f 'rr". l  . tre ,

f *=:
I \ rZ-

A ! ----:-- "'\ r{

3 e l ZcB,s fs io*

i .  r (€o.  t .1 ' {  { - .  . . \ ie$ dev,ce

I { -

c k{ P, Kro

€6Lq \! , '  /h.
1 5 U  f  T a f " \ e  q ,  A f  I  " - z n  \

o .q l  f

za, _a, f{.\a
\ , o

r 4 4  " R  ( 3 " o * e * g  ,  \
\ . ( )

f/r : zG.o ? .,''. . \c " ut.n *1 \

t \

t -

F-.cl =

+ '

r - b  *

z =

(  t ' . f  ;  APt  ; zo ,
5 € c T  1  , 7  ' L

t+ ( . )  )

VA19 - t -"01.{
(3 9ot tL



E : I
c c o

d . i d

/'-E \ai,

A -- 652r.' \ 
q%'(,?'u)GG'irl

A  :  \ , g o b  
' , ^ t

0rr$,eg A.o*,.- ter I t

d. -_

1. "85  \v . . ,

\ o 1 g -  t -  o 9 4 e e
P6 to af ra

t4{ (t,c)
?.6.D?



Atf..h*"t !

a . t
o o o
a o o

at a,t al

.h-q+*J-!--.--

<)lr--rlz"t1iil .. -

#f'u

= - r'C} d m+ -P4 e :2
d t  d f  ,

t 
-- +.*atc ?!aa."

- - - f -

,L 1 + ,  1
n " l-- i  -T r .
-/E d:' t r  

A
:  

- 1 -  
l -

c r  4 r ,
1 l

= .  C P T
d 1 /

i
i -  i L p  I

; 
-1_ _1 -!r-

t 4
1 ' - t  f -

i l

I ; til,
Iu

l u
' i

i  '  i  i .--+ -+ -,9-
i i | /rt'-T-- -i -r-

I

' t
: ,

I

I  
- t  

1 - 1

UdV 0 1 9 -  I  -  a q 4
P6 rt "f tz



But bg Aet'^,t o^ ,

Y= t(H,,
e \ y
qo ---* -

rn

cp-T-: i r lvt
, t r \ a r tF F F

+ g g
c c r o

ca ct tt

C,=

r

O (

lo lq-  t -o34
P 6 e t  e



PROCESS SYSTEMS INTERNATIONAI. INC. ENGINEERING
CALCULATIONS

NO: V049-l-065
WESTBOROUGH. MA PAGE I OF 60
REV DEO# DATE BY: CIIECK TITLE:

BAKEOUTBLANKETS
HEAT TRAII{SFER ANALYS$

0 4n7t96 RTHAN > au)

BY: R.THAN DEPT. 744
PROJECT: LIGO PROJECT NO: V59M9

PURPOSE: Determine power density, blanket thermal insulation requirements:
For : general vacuum vessel shell section; support legs; end effects; blanket failure;
thermocouple patch, warmup time, cooldown time.

METHOD: Finite difference models. Radiation network models.

ASSUMPTIONS:

IMUTS;

REFERENCE:
-ASTM Annual Book of ASTM Standards, Section 4 Construction, Vol 0.406, Thermal Insulation;
Environmental Acoustics.

-J.P. Holman, Heat Transfer, l98l McGraw-Hill.
-M.N. Ozisik, Heat Conduction. 1980, Iohn Wiley & Sons.
-Siegel and Howell, Thermal Radiation Heat Transfer, McGraw-Hill.

CAICULATIONS: See attached

CONCLUSIONS: See section 3.0 page 8

NOTES:
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PROJECT NO: V59O49

BY: R.TllAN
DATE:

TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

2. FINITE DIFFERENCE MODEL

Several finite difference models were setup to model the heat transfer ofthe blanket/vessel system.
This was used to generate warmup, cooldown, steady state, blanket failure gradients, and thermal
couple patch gradients and support leg gradients.

2.1 Blanket Model on Shell Section

A finite difference model was used to calculate temperature gradients for the failure ofone blanket
surrounded by other blankets. The model was also used to determine warmup and cooldown
transients and steady state requirements. The blanket was modeled in cylindrical coordinates with the
thickness ofthe blanket in the z-direction and the size ofthe blanka in the r-direction (circular blanket).
The axisymetry gives the effect in the third direction, thus a simulation ofa failed blanket surrounded by
operating blankets.
The boundary conditions on the surface ofthe blanket takes into account the convective and radiative
losses, The boundary condition on the shell side is adiabatic (vacuum)

2.2 Support Leg Model

The support leg for the BSC was modeled with a blanket to determine the power density requirements
for the blankets on the legs to maintain the appropriate bakeout temperature on the BSC. The support
leg which is a square tube was modeled as a circular tube with the same material cross sectional area (

length in z direction and thickness of blanket in the r direction. The legs on the B SC are 8 inch square
tubes with 0.63 inch wall thickness. The internal boundary conditions was modeled as an adiabatic
boundary condition. The radiation losses ofthe internal surface was ignored, but this is less than 20%

of convective losses.
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PROJECT: LIGO
PROJECT NO: V59049

BY: R.TllAN
DATE:
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TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

.2.3 Gate Valves End Effect Model

Because ofthe end effects additional blankets beyond the isolatable section may be required to
maintain a minimum temperature ofthe vacuum envelope wall or the gate. There are 4 cases that
mav be considered.

48 inch valve closed. Maintain gate temperature to ensure bakeout of gate
48 inch valve open. Maintain vacuum envelope wall temperature.
44 inch valve open with cryopump cold. Maintain vacuum envelope wall temperature on the

beam manifold side ofthe gatevalve.
44 inch valve closed, Maintain gate temperature to ensure bakeout ofgate

A finite difference model was used to model the heat transfer around the gatevalve for
case l. The model consist of 2 D cylindrical section finite difference grid similar to the previous model
with a radiation network model to solve the radiation among the boundary surlaces ofthe finite
difference elements and the endbores ofthe cylindrical vacuum envelope.
The model consist ofa layer ofsteel, heater, and insulation. The R coordinates is in the direction ofthe
steel and blanket thickness and the Z coordinate in the direction of the lengh of the cylindrical section.
The radiation heat transfer model among each finite difference section of the steel (vacuum side) and
the endbore areas is solved by a radiation network model. During each iteration of the finite difference
grid (steel, heater and insulation), the radiation network is solved to determine heat transfer among the
finite difference sections boundary surfaces(vacuum side ofthe steel). The iteration continues until tbe
solution converges.
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PROJECT NO: V59049

BY: R.TIIAN
DATE:

TITI,E: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

3. RESULTS OF THE ANALYSES

a. With a design margin of 2 for the insulation performance ( using fiberglass or calcium silicate) the
required power density required to hold a temperature of l70C is 350Wm2.

b. Warmup of a 1.5 inch thick steel at a power density of 3 50Wm2 takes about 48 hours.
Since this is the thickest piece the entire system will follow the warmup ofthe thickest piece.

c. Cooldown. With the insulation performing well, cooldown to 40C can take a full 72 hours.

d. Blanket failure. The resulting temperature gradient is dependent on the thermal contact ofthe blanket
with the vessel, the insulation performance and the thickness ofthe vessel wall. For a 0.25 inch thick

vessel wall the temperature gradient is about 70C for a well performing insulation. For a poor
performing insulation the gradient could be as high as 100C.
With an additional insulation over the dead blanket the temperature gradient drops by 30C to 70C for
poor insulation to 40C for a well performing insulation.

e. Thermo couple patch unheated spots will cause approximately 2'C (gradient) lower temperature
reading at the patch-

f Support legs. For the BSC support legs the required power density for the blankets on the support

legs should be 600 Wm2 or higher.

g. Gate valve end effects.
48" valve: For case where the adjacent spoolpiece is the shortest.
Gate closed: To be able to maintain the gate sufficiently warm, a blanket system on the 0.3m spool
piece adjacent to the gate valve is required which has a heater power density of about 1700 Wm'�.

Gate open: Ifa heating blanket is used on the 0.3 m spool piece adjacent to the gate valve (unbaked

section) an additional power density of 75 Wm'�is required for the blankets on the spoolpiece on the

bakeout side ofthe gatevalve to maintain the desired temperature. Ifno heating blanket is used on the

spoolpiece on other side of the gatevalve, an additional power density of 160 Wm'� is required for the

blankets on the spoolpiece on the bakeout side of the gatevalve to maintain the desired temperature

44" valve: The power density ofthe blanket system adjacent to the gate valve on the beam manifold
side requires an additional 200Wm2 to maintain a vessel temperature of 423K. Because of the low e
liner in the cryopump side adjacent to the gatevalve, heating ofthe vacuum vessel wall next to the
gatevalve does not have a significant effect on the requirements for the blanket system on the other

beam manifold side of the gate valve. However, a heating blanket is required on the cryopump side to
minimize conductive effects on the gatevalve body. A blanket rystem with a normal power density is

sufficient to maintain a 423K temperature of the shell on the cryopump side.

e. Pressure gauge pair bakeout jacket recommended power density to reach 250oc with 2 inch
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e. Pressure gauge pair bakeout jacket recommended power density to reach 250'C with 2 inch
fiberglass insulation or equivalent is about 600 Wm2. To ensure that the temp€rature on the gauge is
not excceeded each pressure gauge requires its only temperature control loop. If a thinner insulation
thickness is used a higher power density is required.

f Tuftopump bakeout. The turbopump is allowed to be baked to l20oC To ensure that this
temperature is not exceeded the bakeout band on the turbopump should be independently controlled to
at a setpoint no higher than l20oC. The blanket system for baking the turbopump isolation bellows
could be controlled at l50C without affecting the temperature on the turbopump.
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3.1 Steady State

Insulation Thermal conductivitv and Thickness

Inzulation thermal conductivity of fiberglass or a similar material has a value of about 0,05 W/m-K at
ambient conditions.The apparent thermal conductivity increases with increasing temperature.
In order to have adequate margin for insulation performance and degradation a design margin of at least 2 is
recommended.

Convective coefficient and radiant losses

In order to determine the sensitvity of the convective conditions a parametric study was carried out . The
power density was determined to hold the vessel at 443K (170'C) for various insulation values while
varying the convective conditions.

Figure 3.1-1 indicates that with forced convection over the blanket the required power density required for
reaching 443K (170'C) is about 400 Wm, for a insulation thermal conductivity of 0.15 Wm-K and a
blanket surface emissivity of 0.9. For an k value of 0.05 Wm-K the theorectical required power density
for the blanket system is only about 150 Wm'�,

Figure 3.1-2 is a parametric study ofthe maximum operating temperature vs insulation thermal conductivity
at three power densities.

Figure 3.1-3 is a graph of maximum operating temperature vs. power density with insulation k as a function

oftemperature and with a design margin of2 for the k value. Two set ofcurves were generated, one with a
low surface emissivity and low convective heat transfer, and one with a high emissivity and high convective
values. In order to reach the operating temperature of 150 oC with a design margin of2 the required power

densitv is about 250Wm'�.
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3.2 Warmup Anelysis

Because ofthe temperature uniformity requirements warmup ofthe vessel will be dictated by the cornponent
that has the largest mass per unit surface area. The control system will control warmup to maintain
uniformity, This means the entir€ system will track the warmup of the slowest heating component. This will
most likely be the large flanges. Warmup will be dictated by the flanges, power density and insulation
performance. In order to speedup the warmup, the power dorsity for the flange heater blankets needs to be
increased,

Figure 3.2-l
Warmup curves are plotted for three different steel thicknesses at two insulation/convective values.
One set uses a design margin of2 for the insulation's thermal conductivity along with a high convective
coefficient. The other set uses a flo margin for insulation's thermal conductivity along with a low convective
coefficient.

Figre 3 .2-2 and Figure 3 . 2-3
Warmup curves for 1.5 inch thick steel section, with heater and blanket surface temperature plotted
for two insulation performance values,
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3.3 Cooldown

During cooldown, the control system is also operating to maintain temperature uniformity. Again this
will result in the flanges dictating the cooldown of the entire system. With the insulation performing well
cooldown will take 72 hours or more.

Figure 3.3-1
Cooldown of 0.25 inch thick steel section with good insulation values,

Figure 3.3-2
Cooldown of 0.50 inch thick steel section with good insulation values,

Figure 3.3-3
Cooldown of 1.50 inch thick steel section with good insulation values,
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3.4 Blanket Hecter Fsilure

The blanket/heater/steel system was modeled, as described in section 2, to determine the temperature
gradients developed under heater failure conditions. Calculations were done for two effective insulating
values on 0.25 inch steel shell.

Figure 3.4-l Blanket heater failure with poor performing insulation for 0.25 inch thick wall. The
resulting gradient is about 100"C.

Figure 3.4-2 Blanket heater failure with well performing insulation for 0.25 inch thick wall. The
resulting gradient is about 70"C.

Figure 3.4-3 Mditional insulation above failed blanket with poor performing insulation for 0.25 inch
thick wall. The resulting gradient is about 70"C.

Figure 3.4-4 Additional insulation above failed blanket with well performing insulation for 0.25 inch
thick wall. The resulting gradient is about 40"C.

Revision: 0
Doc no: V049-1-065

Page 22 of 60



o
o

o
z . i;
e

3
*

0
0

6
! ;>

:
'

i
E

'

o
o

s
r 

p
E

$
0

0
1

.I

0
0

zt

tr
0

0
il 

gz
o

o
o

r qt-

0
0

6
 

xJ

Y(''$rltlEg

F

.groc{IEE
r<

 vt 
I

€
r

lu
=

=
f

ip
-. 

O
 

'..' 
.:a

p
;

5
P

fi -;E
E

il-- 
g

 
6

X
v

>
t

'* o. 
b 

>

E
t

E
E

*
-

(
l

)
(

!
U

)Y@Ntloo
F

*
tb,\-IE

n
-

F
-"

T+

.9t
.

B
F

rI

LrJ
E=Ju-dLrJ
Ft.U
-Il--->LrJ
Jtr 

r-
(

-
5

;,, 
rLll

o
_

 
'bq)

lrl 
J

FaolrJ
Fo

I

J<
.,

r{)
(oo

II
o,.rfo!!.q

,
LL

Fo
o

o
r 

E

u
u

L
 

o5(u.o
u

u
c 

(!€

0
0

r

I
\o 

,F
.

o\ 
!-r

d
f

!

o
r

l

e
 E

 
€

l=
\

!C
 <

 
.-,-rl 

\
t-

A
 

\/tl 
c

r
.

9
.. 

!t 
o

,

^.r 
O

\ 
!l 

\r 
o

E
I 

:

a
 

..,!l 
o

ra)
a

)
r

l
X

 
.. 

-\rl !.
\

J
A

V
I

 
-

)
z

h
F

a
J

H
trl 

t!
=

.
i

4
r

S
 ls 

tu
e

p
u

n
o

q
 

clB
q

e
lp

v

0
0

9
r

0
0

9
 t

0
0

tt

0
0

e
r

0
0

8

0
0

1
.

ooil

0
0

9

0
 h

l{
9

3
R

, ',' 
fu

e
p

u
n

o
q

 
ctle

q
e

tp
v

G
 lC

 (u
ru

) ss
a

u
lc

rq
l

t-lrl
vz{

tlllFluIoluJu-



o
0

o
z

 . J
t

0
O

6
f 

c
r' 

\
O

o
'

6
s

'

ra
 o

r 
i 

g
 

g
o

i
x

F

001. t

Y(tq$tlE

F

.gtr)
(\t

IEE
t

t
Y

^
Y

E
I

T
tr 

't 
zr 

tl)

;=
*

e
c

T
 5

€
;

-
 t

P
F

Y
:

'
!

:
r

:
"F

 
€

9
a

'E
.o

 b
 

=
S

E
?

A
P

Y
-

(
l)

r
L

(
,o

t!

6
T

EIE
F

\"!Oi+
!

N
-I
R

L"
---:-

*-rl€
t \

A
ll+rl€

l
ll r
F

I

o
il

oEc=o-o.9o.q

0
0

t

\oo\o'.di

Z
s

)
<

 
F

.i
E

<

tm
O

\

r^' 
)

)
z

F
-. F

Y
X

A
r

-

frl 
O

-

fu
 lt 

tu
e

p
u

n
o

q
 

cle
g

B
tp

v

ttl
tfJLLt]UFuJ--1-=I.IJ
Jl

l
^

o 
,e-

u
 

'ii
o

-
'

6!D

F
I

J

FoouJFaNa(f)I
rO(ooo,$oirit-

.q
,

T
L

0
0

9
t

009 r

00f r

0
0

e
 I

0
0

zt

E
o

o
il 

gz
0

o
o

! 
It-

0
0

6
 

xJ

0
0

8

0
0

1
.

*\0
0

9

:<@@c!tl.g.cIE(0
F

*H

^
t

l
, 

h
lr

?
g

R
. i' 

fu
e

p
u

n
o

q
 

clle
q

e
lp

v
N

 It 
tu

u
rl sso

u
>

lclq
l

(\l

FU
.J

Yz6

E
.

uJFU
J

IotJJ
JLL

FU
J

Yz5



I
Y

f
\

0
o

o
z

 oJ
\

i3
:;

0
0

6
r ;>

;
g

e
i

n
^o

r 
i 

s 
g

,)
&

d
d

0
0

1
,I

s ls 
^JE

p
u

n
o

q
 

clle
q

e
lp

v

.groC
\I

IEE

Y
 Y

t
;

5
E

;B
p

?
5

E
i

-
 

.
=

O
l

N
 

-
6

c
_

,'.- €
 E

-
'* o. 

b 
>

E
?

 E
 E

r
-

(
r

)
[

g
)Y@@NrL.E@

F

c.o

6

ooo

o

*I

Y
d

'--:_Th+IE

t:
---:-

F
l

*t \
^,il+tlll 

v
,

F
t 

-

a
ll

o.v,c-g-oocoa-
Eo-c'=IUu.-l 

l-

?
r

L
L

 
lLo

t
c

llJ 
rz*

FllJIIFLrJ
Jll-oE(L(t,I

c(f)I
lr)(oo

I
o,tfoh

i.o
E

O
\

.o
)a

lr 
.a'.';

Z
a

<
F

!
c

<

/t/n 
O

\

o\
g

)
Q

A
)

z
i

F
9

H
,

ir
-

4
X

00s I

0
0

' I

0
0

9
t

00e r

0
0

zt

0
0

8

0
0

1
.

o
o

\

0
0

9

E
0

0
tl 

gz
o

o
o

! 
It-

^^a 
(JoJe(Efo.o.9([-o.gE

0
0

r

" 
ts

l+
r

\
)

l
-

o
-

C
T

O
O

O
F

(
o

|
o

1
(

9

, ',' 
fu

e
p

u
n

o
q

 
crle

q
e

lp
v

tr: | .ir
''r t' 

(u
trx

) ss
g

u
lg

ttll

o
o

F
O

FuJYzso



\o,
.

a
0

0
0

2
 o

^
\

Y
O

-

0
0

6
r I >

'"-
9

E
r

'S
 

o
 

9
).

{J{Ja I 
O

 
O

 
;f

t4 
l\ 

ta-

0
0

1
,I

{re
p

u
n

o
q

 clle
q

B
tp

V
tl

'\l's

6-v.
(u

 
'=

E
R

E
e

6
e

F
_

E
g

 
t

r
x

 
s

(
o

;
 

Y
^

Y
3

[
=

t
r

'
i

:
a

U
)

i 
;=

ig
q

 
e

 '!f E
-JJ

 
F

r-r 
=

 
6

 
E

#
 F

 €
- ; =

N
 E

 E
?

 E
 E

f.lJ 
-v" 

r2- 
i; 

O
- 

A
FIU:E

\<@@c{rLc.co
Fo-€=

-tIUJ
.

-
=

t
L

*
f.l 

*S
t

T
L

.
,

$
{

I
 

F
B

V
 

F
r

c'j 
-l-

| 
!"\)

lf,@
o

o
+

t
-

'
E

o
{

3 
F

.'.'
t

U
s

 
.S

3
o

, 
\.-:-

iI 
..i 

-h
a

t
l

'7
 

,,; 
E

l
?

F
 

$
\

i4
 <

 
n

\l
L

l
.

\
v

l

ta
.

r
€

l
iD

 s 
E

l\
d

 
^!l

o
1

 
\Jrl

ra)
A

>
,:l( 

,. 
c\rl 

.<
ri

\J
 

^ 
v

'r 
'

)
z

i 
!--.

U
V

I! 
F

]
-

;
A

\
J

Y

&
4

9i 
r*

0
0

9
 t

m
?

t

0
0

c I

009 r

0
0

2
I

0
0

8

o
o

L

d
n

o
t

0
0

9

E
0

0
r 

gz
o

o
o

r 
IF

^A
a

 
()oJE

.
(It
ECo0.9o=

0
0

t

o
 

s
'i^

'\J
 

| 
!

8
0

R
 I

 
3

I
 

3
, 'i 

A
e

p
u

n
o

q
 clle

q
e

lp
v

B
: l.t!

'\1
" 

(u
u

j) s
s

a
u

lc
l.l1

EU
J

Ft!IollJ-)IL



PROJECT: LIGO
PROJECT NO: V59049

BY: R,TTIAN
DATE:

TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

3.5 Thermal Couple Patch (3 inch X 3inch)

The unheated patch where the thermocouple is mounted will cause the thermocouple to read a lower

local temperature. The case of a poor insulation performance was calculated to determine the gradient.

Figure 3.5- l Temperature profile in steeV blanket with unheated thermocouple patch. Poor performing

iniulation on 0.25 inch thick walt. The temperature in the patch is l.3K lower than the other end ofthe

blanket.

Figure 3.5-2 Temperature profile in steeV blanket with unheated thermocouple patch. Poor performing

iniulation on 0.50 inch thick wall. The temperature in the patch is lK lower than the other end ofthe

blanket.
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3.6 Support Legs Analysis

BSC support leg
The legs are made of carbon steel, which have a much higher thermal conductivity than stainless steel.
The support leg heating blanket system was modeled with a specified boundary temperature of288K

at the floor/leg interface and a power density suffrcient to maintain a temperature of423K at an
insulation thermal conductivity of 0. 1 5 Wm-K. A solution was sought that gave a zero heat flux at the
vessel wall / leg interface. A minimum heater power density of 600Wm'� is required to satisfy the
above conditions.

Figure 3.6-l Temperature profile at 600Wm2.

Ham support leg
The supports for the HAM is much shorter than for the BSC. The shortest section is about 330mm-

A minimum heater power density of approximately 3000 to 3500 Wm2 is required for a zero heat flux

solution and a vessel wall temperature of423K (150C).
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3.? End effects Gate Valve Analvses

48 inch gate valve.
For the 48 inch gate valve, which is located between two BSC's or 48" tube interconnect between the
vertex and diagonal sectioq the spool piece on the other ofthe gate valve needs to be blanketed to
keep the gate sufficiently hot when the gate is in the closed position.
The shortest spool piece (A-15) isabout0.3 mlong

l.Gate valve closed
With the gate closed the blanket on the other side (0.3 m spoolpiece) ofthe gate requires a power
density of 1700 Wm2 to maintain the gate at 400K. A large portion of the enerry is lossed through
conduction to the uninsulated section ofthe vessel. From the simple network model analysis (case I)
only about 210 Wm'� is lost to radiation.
2. Gate valve open.
From the simple network model analysis (case II): Ifa heating blanket is used on the 0.3 m spool piece
adjacent to the gate valve (unbaked section) an additional power density of 75W/m2 is required for
the blankets on the spoolpiece on the bakeout side ofthe gatevalve to maintain the desired
temperature. Ifno heating blanket is used on the spoolpiece on other side ofthe gatevalve, an
additional power density of 160 Wm2 is required for the blankets on the spoolpiece on the bakeout
side ofthe gatevalve to maintain the desired temperature,

44 inch gate valve
For the 44 inch gate valve at the cryopump, there are a few cases to be considered:

1. When the beam manifold isolatable section is being baked out the cryopumped may be used to
cryopump the gasses. The gate is open and the shell near the gatevalve and the gate valve loses heat
by radiation cooling to the 80K surface, To maintain the spoolpiece on the beammanifold side at 423K
the additional power density required for the blankets on this spoolpiece is 200Wm'�.
2.When the beam manifold isolatable section is being baked out and the cryopump is not used to pump
water vapo, the gate is closed. The gate loses heat by radiation cooling to the cryopump side. In this
case however the cryopump could be left at ambient. It would make sense to bakeout the cryopump
also.

Figure 3.7-l Gate valve end effects. Gate at 393K with l700Wm'power density on the other side
ofgate and high convective coefficient, The convective coefficient is very conservative

Figure3.7-2 Gate valve end effects. Gate at 413K with l500Wm'�power density on the other side
ofgate and low convective coefficient.

I. Simple radiation network model case I 48" gate valve closed.
IL Simple radiation network model case I 48" gate valve open.
III. Simple radiation network model case I 44" gate valve open with low emissivity liner.
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I i lSULATtott T|{IC ESS 1
LE}IGTI T
LEIGTI'I 2
LE}IGTII 5
BLATXET SURFACE E}IIIISIVIIY
LEFT IIEATER POIJER DEXSITY
RIGIIT IIEATER POIER DEIISITY
]EHPENATURE AXBIENI
DIAI{E]ER VESSEL

50.000 ml
1500.000 |rm

50.000 ml
900.000 ml

0 ,m0
t?5,000 v/r.t^2

1700,000 e/x^z
29f,.000 K

1.270 rl
OLEII BORE
OGATE
ORIGHT BORE

r -4.435 u
: - 188.482 I
: -399.769 I

IE}PERATURE LEFI BORE :
IEIIPERAIURE GAIE LEfI S'RFACE:
IEIIPERAIURE GAIE RI6HT SURFACE:
TETPERATURE RIGHI BORE :
El l lSSlVlIY SHELL 3

Xihsutat i  on=z'F(T )
[ai.  -  100 l ,J/m^z
9a[t thickness 0.25 inch

4 2 3 . 0 0 0  K  E : 0 . 9 0
! 9 1 . 1 0 2  K  E : 0 . 3 0
5 9 f , . 1 0 2  X  E : 0 . 3 0
2 9 3 . 0 0 0  K  E : 0 . 9 0

0.70
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1 2
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46
47
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51
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53
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59
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66
67
66

71
72
E

75
76
n
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n
80
E1
82

LOCATt0ll

0 .00
15.00
45.00
75.00

105.00
135.00
't65.00

195.00
2?5.OO
255.00
285,00
3 1 5 . 0 0
345.00
375.00
105.00
435.00
465.00
495.00
525.00
555.00
585.00
6t  5 .00
545.00
675.00
705.00
85.00
765.00
795.00
825.00
855.00
885.00
915.00
945.00
975.00

1005,00
1035.00
1065.00
1095.00
'1125.00

1155.00
1185.00
1 2 1 5 . 0 0

TEI'|PERATURE
K

o.o0 424.4506
0.00 424.4506
o.o0 424.4525
o.o0 121.4556
0.00 424.4591
o,00 121.1626
0.00 424.4651
o.o0 424.4693
o.oo 124.4721
o.oo 424.1715
o.oo 424.1765
0.00 424.4780
0.06 421.4n0
0.00 121.1797
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0.00 4?1.1802
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o,o0 121.4 3
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0.0a 424.1971
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TEI.IPERATURE
K
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o.oo 3T1.6942
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0.00 309.3670
0.00 301.5976
0,00 297.9092
0.00 296.3607
0.00 ?9�5.&76
0.00 295.2939
0.00 295,0957
0.00 29/..9656
0.00 291..8662
0.00 294.7812
0.00 2%.7015
o,oo 294.6294
0.00 294.5559
0.00 291.4780
0.00 294.3859
o.oo 84.25&
0.00 ?94.0357
0.00 293.5955
0.00 293.0000

LOCAT IOII

1245.00
1275.00
r305.00
r3r5 .00
1365.00
1395.00
1125.00
1155.00
1485 .00
15 '15  .00
1545.00
1575.00
1605.00
1635.00
1665.00
1695.00
1725.00
1755.00
r 785.00
t815.00
1845.00
1875.00
1905.00
1935.00
1965.00
1995.00
2025.00
2055.00
2085.00
2 1 1 5 . 0 0
2145.00
2175,00
2205.00
2235.00
2265.OO
2295,00
2325,OO
2355.00
2345.00
241r.00
2430.00
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lNsuLA oi l  rHlcKilEss I
LENGIH 1
LEIIGTH 2
TEIIGTH 3
SLAIKEI SWFACE Ell t l lSMTY
IEFI 'IEATER POIJER DENSI'Y
RI6HI HEAIER FOTIER DEIISITY
TE|IPERATURE AIiBIENT
DIATEIER VESSEI
oLEFI BoRE : -156.212 lJ

50.000 fln
1500.000 rn

30.000 m
900.000 r,n

0.300
140.000 ll/r.r^2

1500.000 r/r.r^2
29f,.000 K

t .270 H

4 2 3 . 0 0 0  K  E : 0 . 9 0
4 1 2 . 4 m  K  E : 0 . 3 0
4 1 2 . 4 m  x  E : 0 . 3 0
2 9 3 . 0 0 0  X  E : 0 . 9 0

0,70

OGAIE t -148.772 I
oRIGHI BORE : -827.104 tJ
IEIIPERATURE LEFT BORE :
TEI.IPERAIURE GATE LEFT SURFACE :
TEI.IPERATURE GATE RIGHT STJRFACE:
TEI.IPERATURE RIGHT SORE :

Ef.r lsslvl tY sf lELL :

Ki nsu t at i on= 1* F ( T )
H6i. = 2 Uln^z
trat t  thickness 0,25 irrch

1

1
5

J
1 1

1 3

1 5
1 6

t9

23

30
31

,

40

LOCAT I OIJ

0 ,00
1 5 . 0 0
4 t . 0 0
75.00

1 0 5 . 0 0
135,00
165 .00
'195 .00
225.00
255.00
285.00
315.00
345,00
375.00
105.00
435.00
465.00
495.00
525.00
555.00
585.00
6 1 5 . 0 0

675.00
705.00
2J5.00
765.00
795.00
825.00
855.00
885.00
915.00
945.00
975,00

1 005 .00
1035,00
1065.00
1095.00
'| |25.00
I  t55 .00
1 '�t85,00

1 2 1 5 . 0 0

L@AT I O|l

1245.00
1275.00
'1305 .00
'1335.00

1355.00
'1395.00

1425.00
'1455.00

1485.00
1 5 1 5 . 0 0
1545.00
1575.00
1605.00
1535.00
1665.00
1695.00
1725 .00
1755.00
1785 .00
1815.00
1845.00
1875.00
1905.00
1935.00
1965.00
1995.00
2025.00
2055.00
2085.00
21 15  .00
2'�]45 .00
2175.00
2205.00
2235.00
2265.00
2295.00
2125.00
2t55.00
2385.00
2415.00
2130.00

tEIIPERAIURE
K

0.00 429.0842
0,00 429.0842
0.00 429. | 180
0.00 429. 1751
o.oo 129.2190
0.00 429.3358
o.oo 429.4127
0.00 429.5!80
0.00 429.6502
0.00 429.7685
0.00 429.8920
0.00 430.0203
0.00  430.1530
0,00 430.2897
0,00 430.4303
0.00 430.5748
0.00 130-7231
0,00 430.8754
0,00  431.0320
0.00  43 t .1951
0.00  43 t .3593
0.00  431.5310
0.00  431.7091
0.00  431.8913
0.00 412.0878
0.00 132.2m6
0.00 432.5043
0.00 432, rjos
o.oo 432.9712
0.00 433.2286
0.00 433.5054
0.00 455.8046
0.00 434.1298
0.00 434.4850
0.00 434.8749
0,00 435.1050
0.00 455.7815
0.00  456.3116
0,00 4!6.9036
0,00 437.5666
0.00  438.3116
0.00  439.1502

IEI,IPERA]URE
x

0.00 440.0959
o.oo 441.1624
0,00 442.3658
0.00 443.7'187
0.00 L15.2324
o.o0 116.9097
o.oo 448.7369
o,oo 150.6n
0.00 452.5944
o.o0 411.3216
0.00 452.8546
0.00 452.7483
0.00  451.0192
0.00 453.'|597
0.00 452.4727
0.00 451.9569
0.00 450.2308
0.oo 447.4691
0.00 443,3279
0.00  437.2351
0.00 428,202s
0,00  414.516t
0,00 397.0903
0.00 383.6293
0.00  37J .  t45 l
0.00 t64.8459
0.00 558.'|531
0.00 352.6582
o.oo 317.9749
0.00  541.9110
0.00 340.2444
0.00 336.8058
0,00 333.4453
0.00 330.0?04
0.00 326,3860
0.00 52?,3844
0.00 317.8544
0.00  312.5198
0.00 306. r762
0.00 298.4579
0.00 293.0000
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TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

I. Simple Radiation Network Model 48" Gate Valve Closed
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TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS
Areas

r a d ,  = 9 . 6 4 ' I n  r a d 2 : = 0 . 6 4 m  r a d 3 : = 0 . 6 4 m  r a d 4 : = 9 . 6 4 -

h 2  = 1 . 2 . m  h 5 : = 0 . 3 m  
o  = 5 6 . 7 . I O e .  * a ( t

2 , , 4
m n

PROJECT: LIGO
PROJECT NO: V59049

A , : = 7 * 6 t 2

\ ,= tr'2 rad 2'h z

\ ' = t ' " d 3 2

Ao =\

A , : = r ' 2  t r . t  n t

Au =Ao

Emissivity

e,  =0.9 ez:=O.7

BY: R.THAN
DATE:.1/06196

rad 5 = 9.64 - r a d 6 : = 0 6 4 ' m

Ar = I 287'm2

4 = +.azs'n2

4=t zzt'"?

At= 1.287'n?

\ 
= 1.206'm2

Ae = I '287'm2

e,  -  0 .3 €4 r= 0-3 e,  =0.7 06 :=0.9

Viewfactor parallel circular disks

rad 1
R  l  , - - -  R  I  

= 0 . S g l  R R 2 : = R R  I
D 2

1 . 1 R R 1 2
X l  = l  +

RR l '

I
F .  -  . = 0 . 5 .  X  r  - Fr , ,  =  0.188

F r , r  - 1 - F , , ,  F 1 , 2 = 0 8 1 2

rad A
R +  = j  R R 4 = 2 . 1 3 3  R e  = R +

n 5

l . + R R 1 2
X ;  = 1 . +-  oo '
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TITLE: BAKEOUT BI-ANKETS HEAT TRANSFER ANALYSIS

View factor algebra

F.  ̂  =  0.188

F.  ̂  =  0.812

E  - n
'  

t , l  
- "

t  - E
' 3 , 1  - ' 1 , 3

F " , - ' . F , "  F . ,  = 0 . 2 1 7
- 2

F ^ ^  = F - .  F ^  "  = 0 . 2 1 7

t  - t - t  . t  |  = u ) b /' 2 . 2  '  - 2 , 1  - 2 , 1  ' 2 , 2  - -

PRoJECT: LIGO
PROJECT NO: V59049

BY: R.THAN
DATE :'[OGl96

' 1 , 5  - " l , e  ' 4 , 5  " -  -

E  . - E  F  = O K ' I' - 6 , . 1  - ' + , 0  '  
6 J  

v ' v L E

F  -  ' . F  F  = 0 1 9 f ,' 5 . 4  - ; ' 4 . 5  -  
5 , 4  

" "

E  - F  E  = O 1 ? )' c , J  - ' + , 5  ' 6 . 5  -  -  -

r  - F  F  = n ? o A' s , e  - '  
5 , 1  

'  
5 - 6  

"  ' - -

' s , s  - ' - ' s , 4  ^ 5 , 6

T, := 400.K Tu := 323.0 K

F. .  =0.0

F  _ F' 3 , 2  '  
t , 2

i  : =  1 . . 6

T. -423K
I

j : : 1 , . 6

T, := 423.9.6

F =

0  0 . 8 1 2

0.217 0.561

0.188 0.8t  2

0 0

0 0

0 0

0.188 0

0.2t7 0

0 0

0 0

0 0.396

0 0.628

0 0

0 0

0 0

0.372 0s28

0.207 0.396

0.372 0

t.287

4.825

1.287

| .247

t.206

1.287
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TITLE: BAKEOUT BLANKETS HEAT TMNSFER ANALYSIS

i : = 1 . . 6  j : = 1 . . 6

- ,  / - \ 4ro. = o. l\t ..J

E. r= 6. 86.

Node I

B . . = l l - e . ) F . .
r . J  \  r /  r . J

B r , ,  = l - F , , , ( l - " , )

Node 2

"r,,  -  ( t  -  "r).Fr, i

Br,,  =l -F2,2.11 - e2)

Node 3 and Node 4 radiant balance

e - .  -  / l - e ^ \ ' r - .
, , J  \  r /  r . l

B ^  -  = l  _ F ^ ^ . / l - € ^ )  o . s . s .
3 , 3  r , r  \  J , /  r

Br ,o  -  ( l -  e . ) .F . ,n -  os  e ,

Node 5

er , .  := -  ( l  e r )  F r , ,

Br,,  := I  -  nr,r '  ( t  -  er)

e ,  = -  / r  -  e - )  r -
o,J \  o/  o.J

Be,. ,= I - fu,u. (t - eu)

Bo, i  =-  ( l  -  to) .Fo, t

Bn,o -  l  -  Fa.a ( l  €a)  0.5 '8a

B n , .  = -  ( l  -  c . )  F o , r - o . s . e o
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PROJECT NO: V590.19

BY: R.THAN
DATE:4/06196

TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

B =

1 -0.081

-0,065 0.83
-o.l3l -0.569

0 0

0 0

0 0

-0.019 0 0 0
-0.065 0 0 0

0.85 -0.15 0 0
-0.15 0.85 -0.26 -0.44

0 - { .119 0.938 -0.1 19

0 -{.063 0.037 I

r.or+. r d
| .27l,lo'

0

0

l .ole.  t  o3

555.438

kg'sec-3E =

J : = 3  l . U

T . :

t . 8 t 2 . t 0 3

t ,8o+. t 03

L 6 i . t o 3

1.039.103

1 . 3 .  1 0 3

669.O17

= o.s (t, + lo)

Eb.

/eu, \ntt
l - . . l
\ o i

423

423

393.1?6

393.t26

400

watl

2
m

Fh

l e .  Io'  = l ( ,  , ,J lo '  ( t ' ,  t )

a=

42.592

l 3 l . 4 4 3
-l-14.034

174.O34

426.6t1
-600.645

Revision: 0
Doc no: V049-1-065 ;

Page 3.7.1- 5 of  ; r

+o



PROJECT: LIGO
PROJECT NO: V59049

BY: R,THAN
DATE:4/06/96
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II. Simple Radiation Network Model 48" Gete Velve Open
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TITLE: BAKEOUT BLANKETS HEAT TMNSFER ANALYSIS

Areas
rad 1 :=0.64, In rad 2 = 9.64. .  rad3:=0.64.m rad4:=0.64 'm

PROJECT: LIGO
PROJECT NO: V59049

h 2  : -  1 .2 .m h  3  :=  9 .3 -111

A, := I rad 12

\ = r ' 2  r a d  2 h z

\  
= r ' 2 r a d 3 h 3

An := 2"t6 oz

Emissivity

e ,  =  0 . 9  e 2 : = 0 . 7

x l

h 4 : = h 2 + h 3

€3 =  0 .7 en -  0 .1

BY: R.THAN
DATE:/t/06/96

X 3 '

- - - . ^ . 9  w a t t
d  = ) o . /  l u  -

,n2 Kn

Viewfactor parallel circular disks

rad 1
nn f  =  

f , ,  
R t  =0 .S l l

,  l . + R R 1 2
= 1 . + -

R t '

t
F 1*u,. :-  0.5.1X 1

'  1,2 '  '  lgaLe F , , ,  =  o  8 l 2

RR 2 :=RR t

Calculate view factor to imaginary gate surface

F 1*u1" 
= 0.188

rad .r
RR, = '  RRr =0.42?

t l r

1 . + R R a 2
X ,  .  l .  +

P.R 4'

rad a
o t  = d  R r = 2 t l l

= t . *  
t  n o "

RR 3t
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TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

PROJECT: Llco
PRoJECT NO: V59049

View factor algebra
F , , l  , =  I  -  F r , ,  F r , n

F , , r ' = o

a  t , z' 2

E  :  |  -  1 . F

, 4 . 2  - ' 4 g a t e  ,  4 , 1

F  - ]  E' 4 , 3  - ' - '  
4 g a t e

.)

p = --l.p' 3 , 1  
I ' r , 3

' J , a  - ;  '  a , l

F =

- 4 , t  
e  

- 1 , 4

Fn,n := o o

BY: R.THAN
DATE:4/06/96

Fr, ,  = 0 396

T: = 300.K T4 =293.0K

F

' 3 , 3  ' - ' : , 1  ' l , z  -  ' 3 , 1

T. =423K T- = 423.0 K
t 2

0 0.812 0.052 0.136

0.217 0.567 0.085 0.131

0.055 0.341 0.207 0.396

o.t36 0.492 0.372 0

I t.zar I
i 4.825 | "

A = l.m'

L 1 206 I
| 1 287 l
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TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

i  : =  1 . . 4  j  =  1 . . 4

Eb :: ar' /1.)r

E. := e. Eb.

Node I

B .  .  = - / l  -  e . l . F .  .
r . J  \  r /  r , J

8 , , ,  = l - F , , , . ( l - e , )

Node 2

Br, t  , - -  ( l  -  "r) .Fr, j

Br.,r'=\ - F2, t (l 
- 02)

Node 3 and Node 4

I J ^ . : , l l  a - l f - .
J . J  \  J /  J . J

B - -  = l - r ^ -  / t - e ^ l
J , J  \  J l

Bo,,  =-  ( l  eo) .F0, .

b l , l  = l - f + , o . t l  e , r /

Revision: 0
Doc no: V0491-065 ,,

Pase 3.7 .2- 4 ot j2

4i
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B =

J  =B- r 'E
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r.zee.ro'

.  l l . 7 s s . l o '' = ]  
r r * * r r  

-
|  1.283.10"

t - .  r  0.25
i t s D , l

T  - t  ' l
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l -0.081 -0.005 {.0r4
-0.065 0.83 -0.026 -0.039

-0_017 -0.102 0.938 -o.n9
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r.ol+.ro'
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TITLE: BAKEOUT BLANKETS HEAT TRANSFER ANALYSIS

m. Simple Radiaton Network Model 44" Gtte Vdve Open with low e liner
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3,8 Prcssure Geuge Peir Bakeout

The pressure gauge pair will be baked out at 250oC. Since the gauge pair is mounted on a 1.5 inch
conflat tee that is in tum mounted on a 14 inch nozzle conflat blank, the thermal path to the l50oC mass
is reasonably long. To ensure that temperature is reached at the gauge the entire tee along with the
gauge pair is heated to 250"C. With the temperature sensor mounted at the gauges, the gauges are
insured to reach temperature. A temperature gradient will develop along the tee fro m 250oC to
150'C. The required power density required to reach 250oC with 2 inch thick fiberglass insulation is

about 600 Wm2.
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r.tle! SPECIFICATION FOR BAKEOUTCART SYSTEM CONTROL FUNCTIONALITY

1.0

BAKEOUT CONTROL SYSTEM

SCOPE

This firnctional specification covers the monitoring and control requirements ofthe
LIGO Bakeout Cart Systenr. The System includes up to (7) indMdual carts.

PROCESS SYSTEM OVERVIEW

Each Bakeout Cart has rhe following heater blankets available:

A) (76)ChamberBlankets
B) (16) Aux. Blankets
C) (4) Gauge Blankets

The 76 Chamber blankets on each Cart can be networked together via the PLC Data Highway Plus
network to form a "Configured System'. The Configured System will communicate and control all
chamber blankets to ramp at the same ratg and stay within the J-20 Deg C temperature differential
required. A master cart will be selected and this cart will control the Mode / Sequence for all the
other carts on the Configured System.

The 16 Aux. Blankets and 4 Gauge Blankets on each cart will work independently.

CONTROL SYSTEM HARDWARE

The LIGO Bakeout Cart System consists ofup to (7) seven Allen-Bradley PLC 5/30 controllers
networked via Data Highway Plus cable spanning over any isolatable section ofthe Vacuum Vessel
System. Each ofthe (7) seven carts contains a PC operator int€rface which is connected directly to
the individual cart PLC. An individual Cart Control System layout is shown on the following
drawings and specifications:

PLC IPC /Data Acquisition Configuration Drawing V049-3-014
Cart Assembly Drawings V049-3-013 6 Sheets
Electrical Sohematic, Control System Drawings V049-3-01I I Sheets
Electrical Schematic, Heater Power Drawing V049-3-012 2 Sheets
Fabrication ofBakeout Control Svs Cart Spec V049-2-068

A)
B)
c)
D)
E)

S P E C I F I C A T I O N
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Title: SPECIFICATION FOR BAKEOUT CART SYSIEM CONTROL FITNCilONALITY

The following is a list of station numbers for the PLC network :

A) Cart #l PLC Station # 0l
B) Cafi#zPLC Station # 02
C) Caxt #3 PLC Station # 03
D) Cart #4 PLC Station # 04
E) Cart #5 PLC Station# 05
F) Cart #6PLC Station# 06
G) Cart #7 PLC Station # 07

Each ofthe (7) swen carts contains a PC operator interfac€ which is connected directly to the
individual cart PLC via a Allen-Bradley Communication card (l 771-KTD. The Operator interface
system consists of Intellution FD(-DMACS for Windows NT software running on Pentium-l2O
PC's. Each Operator Interface is a FD(-DMACS stand alone SCADA node.

The following is a list of station numbers for the PC SCADA Nodes :

A) Cart #l SCADANode Station # 11
B) Cart #2 SCADANode Station # 12
C) Cart #3 SCADA Node Station # 13
D) Cart ll4 SCADANode Station # 14
E) Cart #5 SCADANode Station # 15
F) Cartli6 SCADANode Station# 16
G) Cart#7 SCADANode Station# 17

I.3 BACKGROUND SUBROIITINESRUNNINGCONTINUOUSLY

Reference drawing Dwg V59049-0-029 Sheet I in Appendix 2 for a flowchart describing how the
Background tasks operate.

The following operations will run continuously in the background of the PLC program :

a) The alarming system will be called every scan.

b) The Cart to Cart System lnter-Communication routine will be called
every 5 seconds.

c) The Duty Cycle subroutine (1-l12) will be called every 100 seconds.
@wg V59049-0-029 Sheet 2 in Appendix 2)

S P E C I F I C A T I O N
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Tlfle: SPECII'ICATIONX1ORBAKEOUTCART SYSTEM CONTROLFIJNCTIONALITY

d) The Setpoint Deviation zubroutine (l-76) will be called every 10 seconds.
@wg V59049-0-029 Sheet 3 in Appendix 2)

e) The Setpoint Dwiation subroutine (93-l 12) will be called wery l0 seconds.
@wg V59049-0-029 Sheet 4 in Appendix 2)

D The T/C Range Check and Alarm Filter zubroutine (l-l12)will be called every
time there is a T/C system heartbeat transition (oGon)
@wg V590a9-0-029 Sheet 5 in Appendix 2)

g) The Mode/Sequence operations ofBlankets l-76 will be called every scan.
@wg V59049-0-028 Sheet I in Appendix 3)

h) The Mode/Sequence operations of Blankets 93-112 will be called wery scan.
@wg V59049-0-030 Sheet I in Appendix 5)

i) PID loop control (l-112) will be called every scan.
@wg V59049-0-029 Sheet 6 in Appendix 2)

) Relay control (l-112) will be called every scan.
(Dwg V59049-0-029 Sheet 6 in Appendix 2)

I.4 BLAi\IKETS 1-76 MODE.SEOTJENCE OVERVIEW

The Mode-Sequence overview for Blankets 1-76 will describe how the hdividual caxts will operate
Blankets l-76 in various Mode-Sequences and how the operator will access these Modes-
Sequences. Each individual cart will have series of Modes that will determine the operation
required for blankets l-76 and with-in each Mode are a series of Sequences which will control
where blankets 1-76 are with-in a Mode. An example of a Mode would be RAI,IP-LJP and with-in
RAMP-LJP there are (4) Sequences Initialize, Operatrng, Hold and Target.

Reference drawing Dwg V59049-0-028 Sheet I in fupendix 3 for a flowchart describing how the
Mode-Sequence tie together.
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1.4.1 BI./\NKET T-76 MODE-SEQTIENCE SELECTIONAND DISPI,AY

The operator interface screens for Blanket 1-76 Mode Operarions will comain
the following Mode / Sequence indication and control access items:

A) A display showing the "CURRENT MODE'. This will indicate which
Mode the Blankets l-76 are currently in. (i.e. OFF, RAMP-LJP, and RAMP-
DOWI..D

B) A display showing the "CIJRRENT SEQLIENCE'. This will indicce in what
sequence ofthe Mode the dock is currently in.

For OFF MODE no sequences exist:

For RAMP-UP MODE (4) sequence exists:

i) Initialize
ii) Operating
u) Hold
rg Target

For RAMP-DOWN MODE (4) sequence exists:

D Initialize
iD Operating
iii) Hold
iv) Target

C) Software buttons providing the operator arcess to control which Mode-Sequence
Blankets l-76 can be in.

From OFF Mode the following Modes-Sequences can be initiated :

i) RAMP-uP-Operating
ii) RAMP-DOWN-Operating

From RAMP-UP-Operating the following Modes-Sequences can be initiated:

i) RAMP-UP-HoId

S P E C I F I C A T I O N
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From RAIvIP-UP-Hold the following Modes-Sequences can be initiated:

D OFF
iD RAMP-UP-Operating
iii) RAMP-DOWN-Operating

From RAMP-UP-Target the following Modes-Sequences can be initiated:

D OFF
ii) RAMP-DOWN-Operating

From RAMP-DOWN-Operating the following Modes-Sequences can be initiated:

D RAMP-DOWN-HoId

From RAI\rIP-DOWN-HoId the following Modes-Sequences can be initiated:

D OFF
ii) RAMP-DOWN-Operating
nD RAMP-UP-Operating

From RAMP-DOWN-Target the following Modes-Sequences can be initiated:

r) OFT

D) Displays showing all permissives and interlocks required for that Mode-Sequence,
along with the status of each.

E) Displays showing and allowing access to the following Blanket 1-76 information :

D All alarming
ii) Set-Up Information
nD Configured System information from other carts

S P E C I F I C A T I O N
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1.4.2 BL\ITTKET 1-76 MODE AND SEQT}ENCE DESCRIPfiONS

1.4.2.1 BLANKET T-76 OTT'MODE

This MODE will not allow any Blankets (1-76) to operue.

a) A[ Blanket (l-76) PID controllers will be in manual with an output
of CV(control variable) =0% open (Duty Cycle={ Seconds).

b) All necessary Blanket 1-76 alarming ftnctions will be active.
(See section 1.6 for alarming overview.)

This Mode waits for the operator to initiate another Mode-Sequence as described in
section 1.4. l.

The operator will input the following cart set-up and system confguration
information in OFF Mode :

a) Ramp-Up Rate 1.0 Deg C / noor Semnds
b) Ramp-Up Target Setpoint rco< Deg C
c) Ramp-Down Rate 1.0 Deg C / noor Seconds
d) Ramp-Down Target Setpoint lm< Deg C
e) Which Blankets are Active
0 Selection of all carts in the

Configured System 1,2,3,4,5,6,7
g) Selection ofwhich cart is the

Master

1.4.2.2 BLANKET I-76 RAMP.UP MODE

This MODE initializes, operates and shuts down Blankets 1-76 and aclivates and
de-activates SP Ramping .

S P E C I F I C A T I O N
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L.1.2.2.1 BLANKET1-76RAMP-IJP-Initialize

The Mode-Sequence is accessed from OFF or from RAI4P-DOWN-
Hold.

Reference drawing Dwg V59049-0-028 Sheet 2 in Appendix 3 for a
flowchart describing how this Mode-Sequence operates.

The following occurs when RAMP-UP-Initialize is initiated:

a) The Cart Higlr/Low T/C Subroutine will be called.
@wg V59049-0-028 Sheet 5 in Appendix 3)

b) A 30 Second delay will occur to allow all carts on the
Configured System to Communicate Cart lfigh/Low values.

c) The Configured System High/Low and Delta temperature
will be determined.

d) The Configured System starting Ramp Setpoint will be
determined and loaded into Blankets l-76.

e) Advance to RAMP-UP-OPerating

At any time during RAMP-UP-Initialize if any of the interlocks
trip the associated alarm will activate and the Mode-Sequence will
advance to OFF

See Appendix 4 for a listing ofthe Interlocks.

L.4.2.2.2 BLAIIKETSl-76RAMP-ltP-Operating

The Mode-Sequence is accessed after a successful RAMP-LJP-
Initialize has occurred or from RAMP-UP-HoId.

Reference drawing Dwg V59049-0-028 Shea 4 in Appendix 3 for a
flowchart describing how this Mod+ Sequence operates

S P E C I F I C A T I O N
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The following operations will occur with-in RAMP-UP-Opoating :

a) All Blanket (l-76) PID controllers will be placed into urto
and the CV will be d*ermined by the Background Duty
Cycle zubroutine.

b) After a heartbeat signal is received from the T/C syster4
the Cart High/Low T/C subroutine (l-76) wil be catled.
@wg V59049-G028 Sheet 5 in Appendix 3)

c) Upon completion of item b,
the Configured System Highllow and Delta temperature
will be determined.

d) Upon completion ofitem c,
Selection of Control T/C subroutine (l-76) will be called.
@wg V59M94428 Sheet 6/7 in Appendix 3)

e) Upon completion of item d,
Descaling of Control T/C subroutine (l-76) will be called.
@wg V59049-0-028 Sheet 8 in Appendix 3)

f) Upon completion of item e,
the T/C system heartbeat sigrral will be res€t and goto item b.

C) If TDA_168 { Ramp-Up SP subroutine (l-76) will be
called, if TDA_168=I no ramping of Setpoint will occur
@wg V59049-0-028 Sheet 9 in Appendix 3)

RAMP-UP-Operating will continue until either the operator selects
and acknowledges the access button for RAMP-UP-HoId from the
operator interface screen or all active blankets achieve their target SP
or a interlock trip occurs putting Blankets l-76 into OFF. When a
interlock trips the associated alarm will activate.

See Appendix 4 for a listing ofthe Interlocks.

S P E C I F I C A T I O N
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1.4.2..2.3 RAMP-IIP-Hold

The Mode-Sequence is accessed from RAMP-(JPOperating.

Reference drawing Dwg V59049-0428 She€t 4 in Appendix 3 for a
flowchart describing how this Mode-Sequence operates.

The following operations will occur with-in RAMP-UP-Ho!d :

a) All Blanket (l-76) PID controllers will be placed into auto
and the CV will be determined by the Background Duty
Cycle zubroutine.

b) After a heartbeat signal is received from the T/C syster4
the Cart HighA.ow T/C subroutine (l-76) will be called.
@wg V59049-0-028 Sheet 5 in Appendix 3)

c) Upon completion of item b,
the Configured System High/Low and Delta temperature
will be determined.

d) Upon completion of item c,
Selection ofControl T/C subroutine (l-76) will be called.

@wg V59049{-028 Sheet 6/7 in Appendix 3)

e) Upon completion of item d,
Descaling of Control T/C subroutine (l-76) will be called.
@wg V590a9-0-028 Sheet 8 in Appendix 3)

f) Upon completion of item e,
the T/C system heartbeat signal will be reset and goto item b.

RAMP-UP-HoId will continue until either the operator selects and
acknowledges t}e access button for RAMP-LJP-Operating from the
operator interface screen or the operator selects and acknowledges
the acc€ss button for OFF from the operator interface screen or a
interlock trip occurs putting Blankets l-76 into OFF. When a
interlock trips the associated alarm will activate.

See Appendix 4 for a listing ofthe lnterlocks.

S P E C I F I C A T I O N
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t.1.2..2.4 RAMP-IIP-Taryet

Thc Mode-Sequence is accessed from RAMP-UP-Operating when
all active blankets in the "Configured System" achiwe their target
setpoints.

Reference drawing Dwg V59049{428 Sheet 4 in Appendix 3 for a
flowchart describing how this Mode-Sequence operates.

The following operations will occur with-in RAIvIP-tIP-Targa :

a) All Blanket (l-76) PID controllers will be placed into auto
and the CV will be determined by the Background Duty
Cycle subroutine.

b) After a heartbeat signal is received from the T/C systeq
the Cart High/Low T/C subroutine (l-76) will be called.
@wg V59049-0-028 Sheet 5 in Appendix 3)

c) Upon completion of item b,
the Configured System High/Low and Delta temperature
will be determined.

d) Upon completion of item c,
Selection of Control T/C zubroutine (l-76) will be called.
@wg V59049-0-028 Sheet 6/7 in Appendix 3)

e) Upon completion of item d,
Descaling of Control T/C subroutine (l-76) will be called.

@wg V59049-G028 Sheet 8 in Appendix 3)

0 Upon completion of item g
the T/C system heartbeat signal wifl be reset and goto item b.

RAMP-UP-Target will continue until either the operator selects and
acknowledges the acccss button for RAMP-DOWN-Operating from
the operator interface screen or the operator selects and
acknowledges the access button for OFF from the operator
interface screen or a interlock trip occurs putting Blankets l-76 into
OFF. When a interlock trips the rssociated alarm will sctivate.

See Appendix 4 for a listing
ofthe lnterlocks.

S P E C I F I C A T I O N
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1.4.2.3 BI,AIYKET T.76 RAMP-IIOWN MODE

This MODE initializes, operates and shuts down Blankets 1-76 and Activates and
de-activates SP Ramping .

1.4.2.3.1 BLANKETT-76RAMP-DOWN-Initialize

The Mode-Sequence is accessed fiom OFF or from RAMP-IJP-
Hold.

Reference drawing Dwg V59049-0-028 Sheet 3 in Appe'ndix 3 for a
flowchart describing how this Mode-Sequence operates.

The following occurs when RAMP-DOWN-Initialize is initiated:

a) The Cart High/Low T/C subroutine will be called.

@wg V59049-0-028 Sheet 5 in Appendix 3)

b) A 30 Second delay will occur to allow all carts on the
Configured System to Communicate Cart lfigh/Low values.

c) The Configured System lfigl/Low and Delta temperature
will be determined.

d) The Configured System starting Ramp Setpoint will be
determined and loaded into Blankets l-76-

e) Advance to RAMP-DOWN-Operathg.

At any time during RAMP-DOWN-Initialize if any of the interlocks
trip the associated alarm will activate and the Mod+Sequence will
advance to OFF

See Appendix 4 for a listing ofthe Interlocks.

S P E G I F I C A T I O N
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1.4.23.2 BLAITTKETS 1-76RAMP-ItOWN-Operating

The Mode-Sequence is aocessed after a zuccessfirl RAMP-DOWN-
Initidize has occurred or from RAIT,IP-DOWN-HoId.

Rderence drawing Dwg V59O49-0-028 Sheet 4 in Appendix 3 for a
flowchart describing how this Mode-Sequence operates.

The following operations will occur with-in RAMP-DOWN-
Operating:

a) All Blanket (1-76) PID controllers will be placed into auto
and the CV will be determined by the Background Duty
Cycle subroutine.

b) After a heartbeat signal is received from the T/C systen\
the Cart High/Low TiC zubroutine (l-76) will be called.
@wg V59049-0-028 Sheet 5 in Appendix 3)

c) Upon completion of item b,
the Configured System lfgblLow and Delta temperature
will be determined.

d) Upon completion of item g
Selection ofControl T/C subroutine (l-76) will be called.
@wg V59049-0-028 Sheet 6/7 in Appendix 3)

e) Upon completion of item d,
Descaling of Control T/C zubroutine (l-76) will be called.
(Dwg V59049-0-028 Sheet 8 in Appendix 3)

D Upon completion of item e,
the T/C system heartbeat signal will be reset and goto item b.

C) If TDA_168 =0 Ramp-Down SP subroutine (l-76) will be
called, if TDA_168=I no ramping of Setpoint will occur.
@wg V59049-0-028 Sheet 9 in Appendix 3)

S P E C I F I G A T I O N
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RAI,IP-DOWN-Operating will continue until either the operator
selects and acknowledges the access button for RAMP-DOWN-HoId
from the operator interface screen or a interlock trip occurs putting
Blankets l-76 into OFF. When a interlock trips the associated alarm
will aciivate.

See Appendix 4 for a listing ofthe Interlooks.

1.4.2..3.3 RAMP-DO\ilN-Hold

The Mode-Sequence is accessed from RAMP-DOWN-Operating.

Reference drawing Dwg V590494-028 Sheet 4 in APpendix 3 for a
flowchart describing how this Mode-Sequence operates.

The following operations will occur with-in RAMP-DOWN-HoId :

a) All Blanket (1-76) PID controllers witl be placed into auto
and the CV will be daermined by the Background Duty
CYcle subroutine.

b) After a heartbeat signal is received from the T/C systert
the Caa High/Low T/C subroutine (1-76) will be called.
@wg V59049-0-028 Sheet 5 in Appendix 3)

c) Upon completion of item b,
the Configured System Highfi,ow and Delta temperature
will be determined.

d) Upon completion of item c,
Selection of Control T/C subroutine (l-76) will be called.

@wg V59049-0-028 Sheet 6/7 in Appendix 3)

e) Upon comPletion of item d,
Descaling of Control T/C subroutine (1-76) will be called

@wg V59049-0-028 Sheet I in Appendix 3)

S P E C I F I C A T I O N
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t.4.2..3.4

f) Upon completion of item g
the T/C system heartbeat signal will be reset and goto item b.

RAMP-DOWN-Ho!d will continue until either the operator selects
and acknowledges the access button for RAIvIP-DOWN-Operating
from the operator interface screen or the operator selects and
acknowledges the access button for OFF from the operator
interface screen or a interlock trip occ rs putting Blankets 1-76 into
OFF. When a interlock trips the associated alarm will activate.

See Appendix 4 for a listing ofthe Interlocks.

RAMP-DOWN-Taryet

The Mode-Sequence is accessed from RA}vlP-down-Operating when
all active blankets in the "Configured System" achieve their target
setpoints.

Reference drawing Dwg V59049-0-028 Sheet 4 in Appendix 3 for a
flowchart describing how this Mode-Sequence operates.

The following operations will occur with-in RAMP-DOWN-Target :

a) All Blanket (1-76) PID controllers will be placed into auto
and the CV will be determined by the Background Duty
Cycle subroutine-

b) After a heartbeat signal is received from the T/C systenL
the Cart HighlLow T/C subroutine (l-76) will be called.
@wg V59049-0-028 Sheet 5 in Appendix 3)

c) Upon completion of item b,
the Confgured System Highll-ow and Delta temperature
will be determined.

d) Upon completion of item g
Selection of Control T/C subroutine (l-76) will be called.
(Dwg V59049-0-028 Sheet 6/7 in Appendix 3)

S P E C I F I C A T I O N
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e) Upon completion of item d,
Descaling of Control T/C subroutine (l-76) will be called.
@wg V59049-0-028 Sheet 8 in Appendix 3)

f) Upon completion of item e,
the T/C sysem heaxtbeat signal wil be reset and goto item b.

RAMP-DOWN-Target will continue until either the operator selects
and acknowledges the access button for OFF from the opoator
interface screen or a interlock trip occars putting Blankets l-76 into
OFF. When a interlock trips the associated alarm will activate.

See Appendix 4 for a listing of ttre [nterlocks.

1.5 BLANKETS 93-112 MODE"SEOIJENCE OVERVIEW

The Mode-Sequence overview for Blank€ts 93-l 12 will describe how the individual carts will
operate blankets 93-112 in various Mode-Sequences and how the operator will access these
Modes-Sequences. Each individual cart will have series of Modes that will determine the operation
required for blankets 93-l 12 and with-in each Mode are a series of Sequences which will mntrol
where blankets 93-l 12 are with-in a Mode. An example of a Mode would be RAMP-UP and with-
in RAMP-UP there are (4) Sequences Initialize, Operating Hold and Target.

Reference drawing Dwg V59049-0-030 Sheet 1 in Appendix 5 for a flowchart describing how the
Mode- Sequence tie together.

1.5.1 BLAI{KET 93-112 MODE-SEQIIENCE SELECIION AND DISPLAY

The operator interface screens for Blanket 93-112 Mode Operations will contain
the following Mode / Sequence indication and control acc€ss iteins:

A) A display showing the "CIJRRENT MODE . This will indicate which
Mode the Blankets 93-l 12 are cunently in. (i.e. OFF and RAMP-LJP)

B) A display showing the "CURRENT SEQUENCE'. This will indicate in what
sequenc€ ofthe Mode the dock is currently in.

For OFF MODE no sequences exist:

S P E C I F I C A T I O N
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ritle: SPECIIICAIION FOR BAKEOUT CART SYSTEM CONTROL TUNCTIONALITY

For RAMP-LP MODE (4) se4uence ocists:

i) Initialize
ii) Operating
iii) Hold
tD Target

C) Software buttons providing the operator access to control which Mode-Sequence
Blankets 93-l 12 can be in.

From OFF Mode the following Modes-Sequences can be initiated :

D RAMP-LlP-Operating

From RAMP-UP-Operating the following Modes-Sequences can be initiated:

i) RAMP-UP-HoId

From RAMP-UP-HoId the following Modes-Sequences can be initiated:

i) oFF
ii) RAMP-IJP-Operating

From RAMP-UP-Target the following Modes-Sequences can be initiated:

r) OFF

D) Displays showing all permissives and interlocls required for that Mode-Sequence,
along with the status of each.

E) Displays showing and allowing access to the following Blanket 93-l 12 information
:

i) All alarming
ii) Set-Up Information

S P E G I F I C A T I O N
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rltle: SPECIFICATION FOR BAKEOUT CART SYSIEM CONIROL FIINCTIONALITY

1.s.2 BT"aNKET 93-112 MODE AND SEQIIENCE DESCRIPIIONS

1.5.2.1 BTANKET 93-112 orF MODE

This MODE will not allow any Blankets (93-112) to operate.

a) A[ Blanket (93-112) PID controllers will be in manual with an
output of Cv(control variable) =#/o open @uty Cycle{ Seconds).

b) All necessary Blank et 93-112 alarming functions will be active.
(See section 1.6 for alarming overview.)

This Mode waits for the operator to initiate another Mode-Sequence as described in
section 1.5.1.

The operator will input the following cart set-up and system configuration
information in OFF Mode :

a) Ramp-Up Rate 1.0 Deg C / looo< Seconds
b) Gauge Ramp-Up Taxget Setpoint >oc Deg C
c) Which blankets are Active
d) Blanket:ao< (:oot = 93 thru 108)

target SP xo< Deg C
d) Blanket xo< (>oor = 93 thru 108)

TH setpoint no< Deg C

1.5.2.2 BI,ANKET 93-112 RAMP-I'P MODE

This MODE initializes, operates and shuts down Blankets 93-l 12 and Ramps
Setpoints.

r.5.2.2.r BLAI{KET93-1I2 RAMP-ttP-Initirlize

The Mode-Sequence is accessed from OFF.

Reference drawing Dwg V59049-0-030 Sheet 2 in Appendix 5 for a
flowchart describing how this Mode-Sequence operates.

S P E C I F I C A T I O N
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Title: SPECIIICATION F.OR BAKEOUT CART SYSTEM CONTROL flJNCTIONALITY

The following ocq.rrs when RAMP-IJP-Initialize is initiated:

d) The starting Ramp Setpoints wi[ be d*ermined and loaded
into Blankets 93-l 12

e) Advance to RAMP-LJP-Operating

fu any time during RAMP-uP-Initialize if any ofthe interlocks
trip the associated alarm will activate and the Mode-Sequence will
advance to OFF

See Appendix 6 for a listing ofthe lnterlocks.

1.5.2.2.2 BLAhIKETS93-112RAMP-UP-Operating

The Mode-Sequence is accessed after a successfirl RAITP-UP-
Initialize has occurred or from RAMP-UP-HoId.

Reference drawing Dwg V59049-0-030 Sheet 2 in Appendix 5 for a
flowchart describing how this Mode-Sequence operates.

The following operations will occur with-in ITAMP-UP-Operating :

a) All Blanket (93-112) PID controllers will be placed into auto
and the CV will be determined by the Background Duty
Cycle subroutine.

b) Selection ofControl T/C subroutine (93-l 12) will be called.
@wg V59049-0-030 Sheet 3 in Appendix 5)

c) Upon completion of item b,
Descaling of Control T/C subroutine (93-112) will be called.
(Dwg V59049-0-030 Sheet 4 in Appendix 5)

d) If TDA_168 ={ Ramp-Up SP zubroutine (93-112) will be
called, if TDA_168=I no ramping of Setpoint will occur.
@wg V59049-0-030 Sheet 5 in Appendix 5)

S P E C I F I C A T I O N
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ritle: SPECIFICATIONIORBAIoOUTCARTSYSTEM CONIROLFTTNCIIONALITY

t,5.2..2.3

RAMP-lJP-Operating will continue until cither the operator selects
and acknowledges the access button for RAMP-UP-HoId from the
operator interface screen or all active blankAs achiwe their target SP
or a interlock trip occurs putting Blankets 93-l 12 into OFF. When a
interlock trips the associated alarm will activate.

See Appendix 6 for a fsting ofthe Intulocks.

RAMP-UP-Eold

The Mode-Sequence is accessed from RAMP-UP-Operating.

Reference drawing Dwg V59049-0-030 Sheet 2 in Appendix 5 for a
flowchart describing how this Mode-Sequence operates.

The following operations will occur with-in RAMP-UP-HoId :

a) All Blanket (93-l 12) PID controllers will be placed into auto
and the CV will be determined by the Background Duty
Cycle subroutine.

b) Selection ofControl T/C subroutine (93-112) will be called.
@wg V59049-0-030 Sheet 3 in Appendix 5)

c) Upon completion of item b,
Descaling of Control T/C zubroutine (93-l12) will be called.
@wg V590a9-0-030 Sheet 4 in Appendix 5)

RAMP-IJP-HoId will continue until either the operator selects and
acknowledges the access button for RAIT,IP-UP-Operating fiom the
operator interface screen or the operator selects and acknowledges
the access button for OFF from the operator interface scroen or a
interlock trip occurs putting Blankets 93-l 12 into OFF. When a
interlock trips the associated alarm will activate.

See Appendix 6 for a listing ofthe Interlocks.

S P E C I F I C A T I O N
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Tltle: SPECIFICATIONfORBAKEOUTCARTSYSTEM CONTROLFIJNCTIONALITY

r.5.2..2.4 RAMP-UP-Taryet

The Mode-Sequence is accessed from RAlvlP-LJP-Operating when
all active blankets achieve their target setpoints.

Reference drawing Dwg V59049-0-030 Sheet 2 in Appendix 5 for a
flowchart describing how this Mode-Sequense operates.

The following operations will occur with-in RAMP-UP-Target :

a) AIl Blanket (93-112) PID controllers will be placed into auto
and the CV will be daermined by the Background Duty
Cycle subroutine.

b) Selection of Control T/C subroutine (93-112) will be called.
@wg V590a9-0-030 Sheet 3 in Appendix 5)

c) Upon completion of item b,
Descaling of Control T/C subroutine (93-l 12) will be called.
@wg V59049-0-030 Sheet 4 in Appendix 5)

RAMP-UP-Target will continue until either the operator selects and
acknowledges the access button for OFF from the operator interface
screen or a interlock trip occurs putting Blankets 93-112 into OFF.
When a interlock trips the associated alarm will activate.

See Appendix 6 for a listing ofthe Interlocks.

S P E C I F I C A T I O N
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rftle: SPECIFICATIONFORBAKEOUTCART SYSTEMCONTROLTUNCTIONALITY

1.6 SYSTEMALARMINGOYERVIEW

See Appendix I for a summary of cart alarms.

The Bakeout Cart alarming system will alert tle operator ttrough an alarm horq alarm light and
the cart PC of any abnormal conditions.

I.6.1 AII\RM DISPLAYS

All alarms will be displayed on the operator interface screen where it is required. The alarms
will be broken down into areas : a) Individual Blanket alarms 1-76

bj System Blankets alarns 1-76 and Configured
System alarms

c) Individual Blanket 93-l 12
d) System Blanket alarms 93-l 12
e) Control System llardware alarms

An alarm window showing the last 3 alarms with a time and date rhar fie alarm occtrred
will be displayed on the bottom ofeach operator interface screen.

An alarm summary screen will be provided showing a listing of all the current alanns, with
the time and date that the alarm occuned. A new alarm to the summary screen will be
flashing on this screen until it is acknowledged by the operator. When acknowledged the
alarm will stop flashing and remain on the summary screen until the alarm condition has
cleared.

1.6.2 DOCK EORN AI{D LIGHT FT]NCTIONS

Each cart has its own Alarm Horn and Light attached to the caxt The Hom and light will
activate each time an alarm occurs associated with the individual cart. The operator can
silence the hom by either pushing the alarm acknowledge button on the front panel or
though the operator interface screens.

The cart light wiil remain on until the alarm condition has cleared.

If the alarm occurs acain after the horn has been silenced, the hom will re-activat€.

S P E C I F I C A T I O N
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Tltle: SPDCIFICATION FOR BAKEOUT CART SYSTEM CONTROL flJNCTIONALITY

1.7

1.6.3 AIIIRM EORN A}TD LIGHT TESTING

Each cart has a alarm Testing Button through the operator intcrface screen. When this
button is activated the cart Hom and Light wiil activate for a period of:o< seconds.

1.6.4 ALARMACKNOWLEDGMENT

Each alarm will be detected by the FD(-DMACS operator interface $ystem , trigger the
beep function in the PC's where the alarm occtrred and be displayed on the Alarm Summary
Screen and other required screens.

Each alarm that is a process interlock will have a latching function in the PLC that wil
remain active until the operator acknowledges the alarm through the operator interface
screens. The latching function is necessary to catch the alarms that occur and clear at a high
rate of speed. See Appendix I for a listing of alaxms thet require the'?C-Button'' to reset
the alarm.

EMERGENCY SEUTDOWN SYSTEM (ESD) OVERVIEW

The Bakeout System emergency shutdown system (ESD), when activated will de-energize all
heater related outputs for the entire "Configured System'. A individual cart ESD system is a hard
wired system that does not rely on any software to de-energize the outputs. Any other cart on the
"Configured System' will rely on network communcations and software for the ESD to de-
energize the outputs.

Any alarming functions that require outputs such as the alarrr light and alarm hor are located on a
separate circuit that is not effected by the ESD system. All alarming functions through-out the
Bakeout System would remain operational in the event ofan ESD activation. All discrete inputs
would remain operational in the event ofan ESD activation.

S P E C I F I C A T I O N
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Tftte: SPECIFICATION FOR BAKEOUT CART SYSTEMCONIROL FIINCIIONALITY

APPENDD( 1

AI-ARM STJMMARY
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Tltle; sPEcrFrcATroN FORBAKEOUT CART sysrrM coNTRoL FIJNcrroNALITy

APPENDD( 2
BACKGROTIND SUB-ROUTINES

RT]NNING CONTINUOUSLY

A) Background Subroutine Summary V59049-O-029 Sheet I of6
B) System Duty Cycle Subroutine VS9049-0-029 Sheer 2 of6
C) SetpointDeviation Subrouine (l-76) V59049-0-029 Sheet 3 of6
D) SetpointDeviationSubrouine(93-lt2) V59049-0-029 Sheet4of6
E) Temp Range Alarm Filter Subroutine (l-112) VSgO4g-O-O2g Sheet 5 of6
F) Individual Blanket PID Inop and Relay Control VSgO4g-O-O2g Sheet 6 of6
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ritle: SPECIFICATION FOR BAKEOUT CART SYSTf,M CONIROL FUNCTIONALITY

A)
B)
c)
D)
E)
F)
G)
rD
D

APPEhIDX3
BLANKETS 1-76 MODE / SEQTIENCE

STJB-ROUTIFIES

Control System MODE / SEQLJENCE (t-76) V59049-0-028Sheet I of9
Sheet 2 of9
Sheet 3 of9
Sheet 4 of9
Sheet 5 of9
Sheet 6 of9
Sheet 7 ofg
Sheet 8 of9
Sheet 9 of9

Ramp-Up (Initialize) ( I -76)
Ramp-Down (Initialize) ( I -76)
Ramp-Up and Ramp-Down Modes (1-76)
Cart High / Low T/C Subroutine (1-76)
Selection of Control T/C Subroutine (l-76)

v59049-0-028
v59049-0-028
v59049-0-028
v59049-0-028
v59049-0-028

$election ofControl T/C Subroutine (l-76) (Con| V59049-0-028
Descale Control T/C Subroutine (l-76) v59049-0-028
Ramp-Up /Ramp-Down Setpoint Subroutines (l-76)V59049-0-028
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Title: SPECIFICATION FORBAIGOUTCART SYSTEM CONTROLFI,INCTIONAIJTY

A)
B)
c)
D)
E)
F)
G)
FD
D
D

APPEFIDIX 4
BLANKET 1-76 MODE / SEQI]ENCE
PERMISSIVES Ah[D INTERLOCKS

RAMP-IIP <lnitializP Permissives
RAMP-UP <Initialize> Interlocks
RAMP-DOWN <InitializP Permissives
RAMP-DOWN <Initializ* Interlocks
RAMP-UP <Operating> Interlocks
RAMP-DOWN < Operating> Interlocks
RAMP-LJP < Hold> Interlocks
RAMP-DOWN <rlold> Interlocks
RAMP-IJP <Target> Interlocks
RAMP-UP <Target> Interlocks
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ritle: SPECIflCATION FOR BAKEOUT CART SYSTEM CONTR.OL FIJNCTIONALITY

A) RAMP-UPclnitialize>Permissives

l) All Cart Configuration Permissives must be OK for all Carts in the "Configured System'

XA_154 (Master-Slave) is OK
XA_155 (Cart Selection) is OK
XA_156A (RAMP-UP rate) is OK
XA_157A (RAMP-UP target SP) is OK

2\ No Active Minor Alarms for an individual Cart in the "Configured System' as follows :

i) No Thermocouple Range Alarms active

IA_roorA (where :oo< = I thru 76) none active
IA_rood (where :oo< = I thru 76) none active

iD No Chamber Blanket Alarms active

SPDAIO-:oo< (where )oo( : I thru 76) none active
SPDAl5-ro< (where po<: I thru 76) none active

iiD No Blanket System Alarms active

IDA 168 and TH 165 not active

iv) No PLC Hardware Alarms active

XA_141 (Bad Battery) not active
XA_142A (Chan 1A Queue Full) not active
XA-1428 (Chan 18 Queue Full) not active
XA-l5lA (Forces presenVenabled ) not active

S P E C I F I C A T I O N
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Title SPECIXICATION FOR BAXEOUT CART SYSTEM CONTROL NJNCTIONALITY

v) No Minor Alarms from any other cart in the "Configured Systent"

XA-161A (Cart #l has one or more Minor Alarms) not active
XA_1618 (Cart #2 has one or more Mnor Alarms) not active
XA-161C (Cart #3 has one or more Minor Alarms) not active
XA_l6lD (Cart #4 has one or more Minor Alarrrs) not active
XA_16IE (Cart #5 has one or more Minor Alarms) not active
XA_l6lF (Cart fl6 has one or more Minor Alarms) not active
XA-l6lG (Cart #7 has one or more Mnor Alarms) not active

3) No Active Major Alarms for an individual Cart in the "Configured System" as follows :

i) No Data Acquisition Alarms active

XA_I34, XA_I35, and XA_l36 not active

n) No Chamber Blanket Alarms active

SPDA20_roo< (Where )oo( - 1 thru 76) none active

iiil No Chamber Blurkets System Alarms active

TDA_169 and THH_165 not active

r") ESD Alarm YA_160 not active for an cart on the "Configured System'

v) No PLC Hardware Alarms active

XA-143 @ad Program File) not active
XA_144 (Bad Address) not active
XA_145 (Program Enor) not active
XA_146 (Watchdog Timeout) not active
XA_147 @ad System Config) not active
XA_148 (Hardware Enor) not active
XA_l52A @ack 0 Fault) not active
XA-I528 (Rack I Fault) not active

vi) All Carts in "Configured System" must be in Run mode

)fl_149 @un Mode) is active
XA_I50 (Program Mode) not active S P E C I F I C A T I O N
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ritle: SPECIFICATION FOR BAKEOUT CART SYSTEM CONIROL FUNCTIONALITY

B)

vii) No Major Alarms from any other cart in the "Configured System'

XA_I62A (Cart #l has one or more Major Alarms) not active
XA_l628 (Cafi #2 has one or more Major Alarms) not active
XA_162C (Cart #3 has one or more Major Alarms) not active
XA_162D (Cart #4 has one or more Major Alarms) not active
XA-1628 (Cart #5 has one or more Major Alarms) not active
XA-I62F (Cart #6 has one or more Major Alarms) not active
XA_162G (Cart #7 has one or more Major Alarms) not active

RAMP-IIP <Initialize Interlocks

Any Active Major Alarms for an indMdual Cart in the ' Configured System ' as follows :

t) Any Data Acquisition Alarms active

XA_134, XA_135, or XA-136 active

ii) Any Chamber Blanket Alarms active

SPDA20_po< (Where )oo( = 1 thru 76) any active

iiD Any Chamber Blank€ts System Alarms active

TDA-169 or TTIH-165 active

i,o) ESD Alarm YA_160 active for any Cart on the "Configured System'

v) Any PLC Hardware Alarms active

XA_143 @ad Program File) active
XA_144 @ad Address) active
XA_145 (Program Error) active
XA_146 (Watchdog Timeout) active
XA_147 @ad System Config) active
XA_148 Qlardware Error) active
XA_152A (Rack 0 Fault) active
XA_152B @ack I Fault) active

vi) Any Cart in "Configured System' not in RUN mode

)il_149 @un Mode) is not active
XA_150 @rogram Mode) active

S P E C I F I C A T I O N
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rhle: SPECIFICATION FORBAKEOUT CART SYSIEM CONTROL FTTNCTIONALITY

vii) Any Major Alarm fiom any other cart in the "Configured System"

162A (Cart #l has one or more Major Alarms) active
162B (Cafi #2 has one or more Major Alarms) active
l62C (Cart #3 has one or more Major Alarms) active
l62D (Cart #4 has one or more Major Alarms) active
l62E (Cart #5 has one or more Major Alarms) active
l62F (Cart #6 has one or more Major Alarms) active
l62G (Cart #7 has one or more Major Alarms) active

O RAMP-DOWN<Initialize>Permissives

1) All Cart Configuration Permissives must be OK for all Carts in the "Configured System'

XA_154 (Master-Slave) is OK
XA_155 (Cart Selection) is OK
XA_1568 (RAMP-DOWN rate) is OK
XA_1578 (RAMP-DOWN target SP) is OK

2) No Active Mnor Alarms for an individual Cart in the *Configured System' as follows :

D No Thermocouple Range Alarms active

TA_no<A (where xo< = I thru 76) none active
TA_)oo{B (where loo< = I thru 76) none active

ii) No Chamber Blanket Alarms active

SPDAI0_rco< (where rco< = I thru ?6) none active
SPDAIS_:oo< (where )oo( = 1 thtu ?6) none active

iiD No Blanket System Alarms active

TDA 168 and TH 165 notsctive

xA_
xA_
XA-
XA-
xA_
xA_
XA

S P E C I F I C A T I O N
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ritle: SPECIFICATION FOR BAKEOUT CART SYSTTM CONTROL FTTNCTIONALITY

iv) No PLC llardware Alarms active

XA_l4l @ad Battery) not active
XA_142A (Chan lA Queue Full) not active
XA-1428 (Chan 1B Queue Full) not active
XA-l5l A (Forces presentienabled ) not active

v) No Mnor Alarms from any other cart in the "Configured Systern"

XA_161A (Cart #l has one or more Mnor Alarms) not active
XA_161B (CLrl #2 has one or more Minor Alarms) not active
XA-l6lC (Caxt #3 has one or more Minor Alarms) not active
XA_l 6 I D (eafi #4 has one or more Minor Alarms) not active
XA-l6lE (Cart #5 has one or more Minor Alarms) not active
XA_161F (Cart #6 has one or more Minor Alarms) not active
XA-161G (Cart #7 has one or more Minor Alarms) not active

3) No Active Major Alarms for an individual Cart in the "Configured System' as follows :

i) No Data Acquisition Alarms active

XA_134, XA-I35, and XA_136 not active

ii) No Chamber Blanket Alarms active

SPDA2O_roo< ffiere too( = I thru 76) none active

iii) No Chamber Blankets System Alarms active

TDA_169 and THH_165 not active

iv) ESD Alarm YA-160 not active for any Cart on the "Configured System'

v) No PLC Hardware Alarms active

XA_143 @ad Program File) not active
XA_144 @ad Address) not active
XA_145 @rogram Enor) not active
XA_146 (Watchdog Timeout) not active
XA 147 (Bad Svstem Confic) not activeXA_147 @ad System Config) not active
XA_148 (Hardware Error) not active
XA_152A (Rack 0 Fault) not active
XA_1528 @ack I Fault) not active

S P E C I F I C A T I O N
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rltle: SPECIFICATION FORBAKEOUT CART SYSTTM CONIROL fiINCTIONALITY

vi) AIl Carts in "Configured System' must be in Run mode

)fl_149 (Run Mode) is active
XA_I50 (Program Mode) not active

viD No Major Alarms from any other cart in the "Configured System'

KA_I62A (Cart #l has one or more Major Alarms) not active

s_i!;i liil fi3 H: ::: :: ilr: ffii:; frffii ill :$il:
fn_l62D (Cart #4 has one or more Major Alarms) not active
XA_1628 (Caft #5 has one or more Major Alarms) not active
XA_162F (Cart #6 has one or more Major Alarms) not active
XA_162G (Cart #7 has one or more lvlajor Alarms) not active

D) RAMP-DOWN<Initializelnterloc}s

Any Active Major Alarms for an individual Cart in the "Coofigured System' as follows :

r) AnV Data Acquisition Alarms active

XA_134, XA_135, or XA_136 active

iD Any Chamber Blanket Alarms active

SPDA2o_>oo< (Where )oo(: I thru 76) any active

iiD Any Chamber Blankets System Alams active

IDA_169 or TTIH_165 active

iu) ESD Alarm YA-160 active for any Cart on the "Confgured System'

v) Any PLC Hardware Alarms active

XA_143 @ad Program File) active
XA-144 (Bad Address) active
XA_145 @rogram Enor) active
XA_146 (\ilatchdog Timeout) active
XA 147 @ad System Config) active
XA_148 (Hardware Error) active
XA_I52A (Rack 0 Fault) active
XA_1528 @ack I Fault) active

S P E C I F I C A T I O N
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rltle: SPECIFICATIONFORBAIGOUTCART SYSTEM CONTROLFUNCTIONALITY

vi) Any Cart in "Configured System' not h RUN mode

)fl_149 (Run Mode) is not active
XA_150 @rogram Mode) active

viD Any Major Alarm from any other cart in the "Configured System'

XA-162A (Cart #l has one or more Major Alarms) active
XA-I628 (Cart #2 has one or more Major Alarms) active
XA_162C (Caft #3 has one or more Major Alarms) active
XA-162D (Cart #4 has one or more Major Alarms) active
XA_162E (Cart #5 has one or more Major Alarms) active
XA,_162F (Cart #6 has one or more Major Alarms) active
XA-I62G (Cart #7 has one or more Major Alarms) active

E) RAMP-IJPcOperating>Interlocks

Any Active Major Alarms for an individual Cart in the "Configured System' as follows :

D Any Data Acquisition Alarms active

XA_134, XA_135, or XA-136 active

ii) Any Chamber Blanket Alarms active

SPDA20-:oo< (Where >oo< = I thru 76) any active

iiD Any Chamber Blankets System Alarms active

IDA 169orT[IFI 165 active

iv) ESD Alarm YA_160 active for any Cart on the "Configured System"

v) Any PLC Hardware Alarms active

XA_143 @ad Program File) active
XA_144 @ad Address) active
XA_145 (Program Error) active
XA_146 (Watchdog Timeout) active
XA_147 @ad System Config) active
XA_148 (llardware Error) active
XA_152A (Rack 0 Fault) active
XA_152B (Rack 1 Fault) active

S P E C I F I C A T I O N
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ritte: SPECIflCATION FOR BAKEOUT CART SYSTEM CONTROL TUNCTIONAIITY

vi) Any Cart in "Confgured System' not in RUN mode

)il_149 (Run Mode) is not active
XA_150 (Program Mode) active

vii) Any Major Alarm from any other cart in the "Configured System '

XA_l62A (Cart #1 has one or more Major Alarms) active
XA_162B (Cart #2 has one or more lvlajor Alarms) active
XA_162C (Cart #3 has one or more Major Alarms) active
XA_I62D (Cart fl4 has one or more Major Alarms) aaive
XA_162E (Cafi #5 has one or more Major Alarms) active
XA_162F (Cart il6 has one or more Major Alarms) active
XA_162G (Cart #7 has one or more Major Alarms) active

E) RAMP-DOWN<Operating>Interlocks

Any Active Major Alarms for an individual Cart in the "Confgured System' as follows :

D Any Data Acquisition Alarms active

XA_134, XA_135, or XA_136 active

iD Any Chamber Blanket Alarms active

SPDA2O_no< (Where mt = I thru 76) any active

iiD Any Chamber Blankets System Alarms active

TDA_169 or TFIFI_165 active

iv) ESD Atarm YA_160 active for any Cart on the "Confgured System"

v) Any PLC Hardware Alarms active

XA_143 @ad Program File) active
XA_144 @ad Address) active
XA_145 (Program Error) active
XA_146 (Watchdog Timeout) active
XA 147 (Bad System Config) active
XA_148 (Hardware Error) active
XA_152A (Rack 0 Fault) active
XA_1528 @ack I Fault) acive

S P E C I F I C A T I O N
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Title: SPECFICATION FOR BAKEOUT CART SYSIEM CONTROL FLTNCTIONALITY

vi) Any Cart in "Confgured System" not in RUN mode

K_149 (Run Mode) is not active
XA_I50 (Program Mode) active

vii) Any Major Alarm from any other cart in the "Configured System'

)(4_162A (Cart #l has one or more Major Alarms) active
XA_I628 (C^rt #2 has one or more Major Alarms) active
XA_162C (Cart #3 has one or more Major Alarms) active
XA-l62D (Cart #4 has one or more Major Alarms) active
XA_I62E (Cart #5 has one or more Major Alarms) active
XA_I62F (Cart #6 has one or more Major Alarms) active
XA_l62G (Cart #7 has one or more Major Alarms) active

G) RAMP-UP <Hold> Interlocks

Any Active Major Alarms for an individual Cart in the "Configured System" as follows :

D A"y Data Acquisition Alarms active

XA_134, XA_135, or XA_136 active

iD Any Chamber Blanket Alarms active

SPDA2O_:oo< (Where )oo( = I thru 76) any active

iiD Any Chamber Blankets System Alams active

TDA_169 or TTIH_165 active

iu) ESD Alarm YA_160 active for any Cart on the "Configured System'

v) Any PLC Hardware Alarms active

XA-143 (Bad Program File) active
XA_144 @ad Address) active
XA_145 (Program Error) active
XA 146 (Watchdog Timeout) active
XA_147 @ad System Config) active
XA_148 (Hardware Enor) active
XA_152A @ack 0 Fault) active
XA_152B (Rack I Fault) active S P E C I F I C A T I O N

E) AtP_,4.Doc Pag6 l0 of -!L



Titte: SPECIFICATION FOR BAKEOUT CART SYSIDM CONTROL FUNCTIONALITY

vi) Any Cart in *Configured System' not in RUN mode

)fl_149 (Run Mode) is not active
XA_I50 @rogram Mode) active

viD Any Major Alarm from any other cart in tle "Configured System'

XA_162A (Cart #l has one or more Major Alarms) active
XA_1628 (Caft #2 has one or more Major Alarms) ac'tive
XA_162C (Cart #3 has one or more Major Alarms) active
XA_162D (Cart #4 has one or more Major Alarms) active
XA_162E (Cart #5 has one or more Major Alarms) active
XA_162F (Cart 16 has one or more Major Alarms) active
XA_162G (Cart #7 has one or more Major Alarms) active

H) RAMP-DOWN <Hold> Interlocks

Any Active Major Alarms for an indMdual Cart in the "Configured System' as follows :

D Any Data Acquisition Alarms active

XA_134, XA_135, or XA_136 active

iD Any Chamber Blanket Alarms active

SPDA20_no< (Where ,oo( : I thru 76) any active

iiD Any Chamber Blankets System Alarms active

TDA 169 or THH 165 active

iv) ESD Alarm YA_160 active for any Cart on the "Configured System"

v) Any PLC Hardware Alarms active

XA_143 (Bad Program File) active
XA_144 @ad Address) active
XA_145 @rogram Error) active
XA_146 (Watchdog Timeout) active
XA_147 @ad System Config) active
XA 148 (Hardware Error) activeXA_148 Qlardware Error) active
XA_l52A (Rack 0 Fault) active
XA_152B (Rack I Fault) active S P E C I F I C A T I O N
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Title: SPECFICATION FORBAKEOIIT CART SYSIEM CONTROL FTTNCTIONALITY

vi) Any Cart in "Configred System" not in RUN mode

)fl_149 (Run Mode) is not active
XA_I50 (Program Mode) active

viD Any Major Alarm from any other cart in the'€onfgured System"

XA_I624 (Cart #l has one or more Major Alarms) active
XA_l628 (Cart #2 has one or more Major Alarms) active
XA_162C (Cart #3 has one or more Major Alarms) active
XA_I62D (Ca;rt #4 has one or more Major Alarms) active
)<A_162E (Cart #5 has one or more Major Alarms) active
)(A_162F (Cart #6 has one or more Major Alarms) active
XA_162G (Cart #7 has one or more Major Alarms) active

I) RAMP-UP <Target> Interlocks

Any Active Major Alarms for an individual Cart in the "Configured System' as follows :

D Any Data Acquisition Alarms active

XA_134, XA_I35, or XA_136 active

ii) Any Chamber Blanket Alarms active

SPDA2O_roo< (Where )oo( : I thru 76) any active

iiD Any Chamber Blankets System Alarms active

mA_169 or TIIH_165 active

iv) ESD Alarm YA_160 active for any Cart on "Configured System'

v) Any PLC Hardware Alarms active

XA_143 @ad Program File) active
XA_144 @ad Address) active
XA_145 @rogram Error) active
XA_146 (Watchdog Timmut) active
XA 147 (Bad Svstem Confis) activeXA_147 (Bad System Config) active
XA_148 (flardware Error) active
XA_l52A (Rack 0 Fault) active
XA_152B (Rack I Fault) active S P E C I F I C A T I O N
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Title: SPECIFICATION FORBAKEOUTCARTSYSTTMCONTROLFIINCTIONALITY

vi) Any Cart in "Configured System' not in RUN mode

)il_149 (Run Mode) is not active
XA_150 @rogram Mode) active

vii) Any Major Alarm from any other cart in the "Configured System"

XA-162A (Cart #l has one or more Major Alarms) active
XA_162B (Cart #2 has one or more lvlajor Alarms) active
l(A_162C (Cafi #3 has one or more Major Alarms) active
XA_I62D (Cart #4 has one or more Major Alarms) active

tr-l :3F 8tr ff ltr ;ff ;: ffi: H# f;ffii :ff:
>(A_162G (Cart #7 has one or more Major Alarms) active

J) RAMP-DOWN <Target> Interlocls

Any Active Major Alarms for an individual Cart in the "Configured System" as follows :

i) Any Data Acquisition Alarms active

XA_134, XA_135, or XA_136 active

ii) Any Chamber Blanket Alarms active

SPDA2o_>oc< (Where ,oo( : I thru 76) any active

iiD AnV Chamber Blankets System Alarms active

TDA_169 or THH_165 active

lv) ESD Alarm YA-160 active for any Cart on the "Configured System'

v) Any PLC Hardware Alarms active

XA_143 @ad Program File) active
XA_144 @ad Address) active
XA-145 @rogram Error) active
XA_146 (Watchdog Timeout) active
XA 147 (Bad System Config) active
XA,_148 (Hardware Error) active
XA_I52A (Rack 0 Fault) active
XA_1528 @ack I Fault) active

S P E C I F I C A T I O N
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Title: SPECIFICATIONFORBAKEOUTCART SYSTEMCONTROLTUNCTIONALITY

vi) Any Cart in 'Configured System' not in RUN mode

)fl_149 (Run Mode) is not active
XA_150 (Program Mode) active

Any Major Alarm from any other cart in the "Configured System'

XA_l62,4' (Cart #l has one or more Major Alarms) active
XA-I628 (Cafi #2 has one or more Major Alarms) active
XA_162C (Cart #3 has one or more Major Alarms) active
XA_162D (Cart #4 has one or more Major Alarms) active
XA_L628 (Cart #5 has one or more Major Alarms) active
XA_162F (Cart #6 has one or more Major Alarms) active
XA_l62G (Cart #7 has one or more Major Alarms) active

viD

S P E C I F I C A T I O N

D APP-4mc Pdge 14 of 14



Title: SPECINCATION FOR BAKEOUT CART SYSTEM CONTROL FTJNCTIoNALITY

APPEhIDD( 5
BLANKETS 93-rr2 MODE/ SEQUENCE

SUB-ROUTINES

A)
B)
c)
D)
E)

Control System MODE / SEQUENCE (93-l 12)
Ramp-Up (Initialize/ Ramp-Up Mode (93-l 12)
Selection ofControl T/C Subroutine (93-112)
Descale Control T/C Subroutine (93-l 12)
Ramp-Up Setpoint Subroutines (93-l 12)

v59049-0-030
v59049-0-030
v59049-0-030
v59049-0-030
v59049-0-030

Sh€et I of5
Sheet 2 of5
Sheet 3 of5
Sheet 4 of5
Sheet 5 of5

S P E C I F I C A T I O N
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ritle: SPECIICATIONFORBAKEOUTCARTSYSTEM CONTROLFIINCTIONALITY

A)
B)
c)
D)
E)

APPENDIX 6
BLANKETS 93.IT2 MODE /SEQI.JENCE

INTERLOCKS AND PERMISSTVES

RAMP-UP <lnitializP Permissives
RAMP-UP <Initializ* Interlocks
RAMP-UP <Operating> Interlocks
RAMP-UP <Hold> Interlocks
RAMP-UP <Tarset> Interlocks

S P E C I F I C A T I O N
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D t\rP 6.Dot:

ritle: SPECIHCATION IIORBAKEOUT CART SYSTEM CONTROL FIINCTIONALITY

A) RAMP-UP<Initidize>Permissiver

l) No Active Mnor Alarms for an individual Cart as follows :

i) No Thermocouple Range Alarms active

TA_nod (where por -- 93 thru I 12) none aclive
TA-loo<B (where :os( = 93 tlrru I 12) none active

iD No Aux. / Gauge Blanket Alarms active

SPDAlO_>oo< (where rco< = 93 thru I 12) none active
ITI_no< (where )oor = 93 thru 108) none active

ni) No Aux. / Gauge System Alarms active

TH_167 not active

iv) No PLC Hardware Alarms active

XA_l4l @ad Battery) not active
XA_142A (Chan lA Queue Full) not active
XA_1428 (Chan lB Queue Full) not active
XA_151A (Forces present/enabled ) not aaive

2) No Active Major Alarms for an indMdual Cart as follows :

i) No Data Acquisition Alarms active

XA_134, XA_I35, and XA_136 not active

ii) No Chamber Blankets System Alarms active

THH 166 and THH 167 not active

iii) ESD Alarm YA_160 not active

S P E C I F I C A T I O N
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ritle: SPECIFICATION XIOR BAKEOUT CART SYSTEM CONTROL FITNCTIONALITY

rv) No PLC Hardware Alarms active

XA_143 @ad Program File) not active
XA_144 @ad Address) not active
XA_145 @rogram Enor) not active
XA_146 (Watchdog Timeout) not active
XA_147 (Bad System Config) not active
XA_148 (Hardware Enor) not active
XA_152A (Rack 0 Fault) not active
XA,_1528 (Rack I Fault) not active

B) RAMP-UP <Initielize Interlocks

Active Major Alarm for an indMdual Cart as follows :

i) Any Data Acquisition Alarms active

XA_134, XA_135, or XA_136 active

ii) Any Aux. / Gauge Blankas System Alarms active

Any

iiD

w)

THH_166 or TTIH_167 active

ESD Alarm YA_160 active

Any PLC Hardware Alarms active

XA_143 (Bad Program File) active
XA_144 @ad Address) active
XA_145 @rogram Error) active
XA_146 (Watchdog Timeout) active
XA_147 @ad System Config) active
XA_148 (Hardware Enor) active
XA_152A @ack 0 Fault) active
XA_152B (Rack I Fault) active

S P E C I F I C A T I O N
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r:tle: SPECIFICATION FORBAKEOUT CARTSYSTEM CONTROLFTTNCTIONALITY

c) RAMP-UP <Operating> Interlocks

Any Active Major Alarm for an indMdual Cart as follows :

Any Data Acquisition Alarms active

XA_134, XA_135, or XA_136 active

Any Aux. / Gauge Blankets System Alarms active

THH_166 or THH_167 active

ESD Alarm YA_160 active

Any PLC Hardware Alarms active

XA_143 (Bad Program File) active
XA_144 (Bad Address) active
XA_145 @rogram Enor) active
XA_146 (Watchdog Timeout) active
XA_147 @ad System Config) active
XA_148 (Hardware Enor) active
XA_152A (Rack 0 Fault) active
XA_152B (Rack 1 Fault) active

RAMP-UP <Hold> Interlocks

Any Active Major Alarm for an individual Cart as follows :

D AnV Data Acquisition Alarms active

XA_134, XA-135, or XA_136 active

ii) Any Aux. / Gauge Blankets System Alarms active

TIIH_166 or TTIH-167 active

iii) ESD Alarm YA 160 active

iD

iir)

iv)

D)

S P E C I F I C A T I O N
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TitIe: SPECIFICATIONFORBAKEOUTCARTSYSTEM CONTROLFT'NCTIONALTTY

E)

l9 Any PLC Hardware Alarms active

XA-143 (Bad Program File) active
XA_144 (Bad Address) active
XA_145 (Program Enor) active
XA-146 (Watchdog Timeout) active
XA-147 (Bad SYstem Config) active
XA-148 ft{ardware Error) active
XA_152A (Rack 0 Fault) active
XA_1528 (Rack I Fault) active

RAMP-UP <Terget> Interlocks

Any Active Major Alarm for an indMdual Cart as follows :

r) Any Data Acquisition Alarms active

XA-134, XA-135, or XA-136 active

iD Any Aux. / Gauge Blankets System Alaflns active

THH-166 or THH-167 active

iii) ESD Alarm YA-160 active

rv) Any PLC Hardware Alarms active

XA-143 @ad Program File) active
XA-144 @ad Address) active
XA-145 (Program Enor) active
XA-146 (Watchdog Timeout) active
XA.-147 @ad SYstem Config) active
XA-148 (Hardware Error) active
XA-152A (Rack 0 Fault) active
XA-152B (Rack I Fault) active
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO:V049-l-010
PAGE I OF2

REV. DEO # DATE BY: CHECK TITLE: Cooling Water System Heat Loads
at3t 2t4 -D,L 

k )

BY: S.Motcw DEPT :

PROJECT: LIGO PROJECT NO; V59049

P(IRPOSE: Summary of coolinq water requirements for LIGO proiect.

METHOD: Table

ASSUMPTIoNS: coolins water available oressure= 65.psiq (5-5bar)-temperature : 68.F(20c)

INPUTS: Vacuum pump and clean air comple$gor requireloentr

REFERENCES: Edwards High Vacuum Inc.

CALCULATIONS: NA

CONCLUSIONS: See table

NOTES:Table will be uodated with final clean air system cooling water reouirements.
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LIGO Vacuum

Preliminary Instrument Air Requirements
Reference: P&lD V049-0-001 Rev 0
Supply Pressure:
Dewpoint

Equipment Instrument Air Requirements

D- A. McWilliams
Feb 1 ,1996

80 to 120 psig
- 6 0 c

Air Consumption (SCFM)
Continuous Intermittent Peak

( 5 minute
duration)

Corner Stations
WA
80 K Pumps

WCPl
WCP2
Gate Valves

WGV5
WGV6
WGv7
WGVS
Roughing carts
WRCl
WRC2
Turbo Carts
WTCl
WTC2
Station Total

WA Midstations
80 K Pumps

WCP3 or 5
WCP4 or 6
Turbo Carts
WTC3 or 4
Station Total

End Stations
WA
80 K Pumps

WCPT or 8
Turbo Carts
WTCs or 6
Station Total

LA

LCPl
LCP2

LGV3
LGV4
LGV5
LGV6

LRCl
LRC2

LTCl
LTC2

LA

LCP3 or 4

LTC3 or 4

1 . 5
1 . 5

0.6
0.6
0.6
0.6

0.6
0.6

o.7
o.7

0.7
0.7
5.8

1 ,5
1 . 5

0.7
3.7

1 . 5
1 . 5
n 7

3.7

N A

0.6
il.8 10.6

0.6
0.5

0.6
0.6

.t.3

'1.3

VO49-1-043 Rev 0 pl of 1



PROCESS SYSTEMS INTERNATIONAL. INC. ENGINEERING
CALCULATIONS

NO: V049-l-034
WESTBOROUGH. MA PAGE I OF /5
REV DEO# DATE BY: CIIECK TITLE:

COOLING WATER LINES SZING
CORNER STATION
END/MID STATION

0 o042 oltos/96R. Than DMW
o t L b 04/12/96R.Than DV-( t { )

BY: R.THAN DEPT:744
PROJECT: LIGO PROJECTNO: V59049

PI.IRPOSE:
Determine cooling water lines / header sizes requirements

METHOD:
Turbulent flow: Cole brook formula, "Moody chart"
l-aminar flow: Hasen-Poiseuille Flow

ASSUMPTIONS:

IMUTS: Budget 35 psi drop for equipment

Main flow fiom the cooling water system is provided in the mechanical room
Flow is distributed from the mechanical room to the interferometer room

MFERENCE:

CALCULATIONS:

see Attachments

CONCLUSIONS:
Corner stations: 3" Tube size Main supply into mechanical room, l" or l%" Tube header in Interferometer
room. A 65 psid head is required from the cooling water system at the mechanical room battery limits
End / Mid stations: l%" Tube size Main supply into mechanical room, 0.5" Tube header in Interferometer
room.. A 65 psid head is required from the cooling water system at the mechanical room battery limits

NOTES:



PROJECT NO: V59049

BY: R.THAN DEYIT -744-

DATEI

TITLE: CoOLINC WATER LINE slzEs PACE : - OF -

CORNER STAT]ON

TUBE SIZE Flowrate
GPM

Flowrate
kg/s

AP
Budget

psid

AP
Budget

kPa

Header
Velocity

fVs

Header
Velocity

m/s
3" Tube

Mechanical
Room

Main Supply

50 3 .12

1" Tube
lnterferometer

Room

I 0.50 1 7 1 1 7 3.2 0.98

Equipment
Budqet

2 A 69

Margin 1 3 90
Required

from LIGO
65 215

TUBE SIZE Flowrate
GPM

Flowrate
kg/s

AP
Budget

psi

AP
Budget

kPa

Header
Velocity

fUs

Header
Velocity

m/s
1/2" Tube

Mechanical
Room

Main Supply

1 5 0.94

/z" Tube
lnterferometer

Room

1 . 3 0,08 4  7 E 0.53

Equipment
Budoet

35 69

Maroin 23 158
Required

from LIGO
65 276

Revision:l I
Doc no: V049-l-034
Page 2 of ti



PROJECT: LIGO BY: R.Than
PRoJECT NO: V59049 4/1?/96
TITLE: COOLING WATER LINES SIZING

COOLING WATER LINES

CORNER STATION
Qtv' Each Total

Hechanical Room Umin Umin GPM kg/s

EDP200 Rouqhing cart 1 0 5.33 0.33
QDP80 Main Turbo backing Pump 6 12 3.20 0.20
Purge Compressor 1 70 70 18.67 1 . 1 7

102 27.20 1.70

Design 128 31.00 2.13

tntefierometef Room

EH2600 Roughing Blower 2 o 1 2 3.20 0.20
STPH2000 Main Turbo ? 6 1.60 0 .10
Aux Turbo cart 1 0.53 0.03

2A 5.33 0.33

Deslgn 25 6.67 0.42

STATION TOTAL 153 40.67 2.54

END/MID STATION
otv' Each Total

Mechanical Room Umin Umin GPM kg/s

QDP80 Main Turbo backing Pump 1 o o I .60 0 .10
Purge Compressor 1 JC 35 o ? ? 0.58

11 10.93 0.68

Design 51 13.67 0.85

tnbrterometer Room

STPH2000 Main Turbo 3 ? 0.80 0.05
Aux Turbo cart 1 0.27 0.02

4 r.07 0.07

Design 5 1.33 0.08

STATION TOTAL 56 15.00 0.94

v049-1-034
3  o f l fPage



PROJECT:LIGO R.THAN
PROJECT NO: V59049 4l'12196
TITLE: COOLING WATER LINES SIZING

3 Umin

3 Umin

6 Umin

6 Umin

3 L/min

6 Umin

6 Umin

Doc no: V049-l-034
Page I of l{
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PROCESS SYSTEMS INTERNATIONAL. INC. ENGINEERING
CALCULATIONS

NO: V049-l-093
WESTBOROUGH, MA PAGE 1 OF 4
REV DEO# DATE BY: CFIECK TITLE:

INSTRUMENT AIR LINES SIZING
CORNER STATION

U O I)JE 041r2196R. Than }l . \r- ruj

BY: R.THAN DEPT.744
PROJECT: LIGO PROJECTNO: V59049

PURPOSE:
Determine instrument air lines / header sizes reouirements

METHOD;
Turbulent flow: Cole brook formula, "Moody chart"
l-aminar flow: Hasen-Poiseuille FIow

ASSUMPTIONS: Line leng of 300 ft

INPUTS:
Comer station:
End/lVfid station:

Air
Air

20 SCFM @ 70 psig
l0 SCFM @70 psig

REFERENCE:

CALCIILATIONS:

see Attachments

CONCLUSIONS:
0.5 inch ID copper lines gives for Corner station a pressure drop of l8 psi
0.5 inch ID copper lines gives for MidlEnd station a pressure drop of4 psi

NOTES:



PROJECT: LIGO

PROJECT NO: v59049

CORNER STATIONS
SCFM

1.5

1.5

1.5

0.6

ENDA{ID STATION
SCFM

1.5

1.5

BY: R,THAN DEPT:

Total
SCFM

3

1.5

4.5

_144_

Cryopump
valve
Roughing
cart purge
Turbocart
pu rge
44t48
gatevalves
Total

CrXopump
valve
Turbocart
purge
Total

Qty'

2

t

,

4

Qty'

2

I

"^*, |f,th ( -

Total
SCFM

3

3

3

2.4

tt.4

With a margin of 2 the pressure drop thru a 0.5 inch ID line are the following:

I.D. Flowrate Flowrate AP AP
inch SCFM ksls psl bar

CORNER STATION 0.500 20 0.01 I t t.2
END/II{ID STATION 0.500 l 0 0.005 4 0.3

Revision.0
Doc no: V049- l-093
Page 2 of 4
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LIGO Vacuum Equipment Hazards Analysis

Below is a release ofthe PHA sheets that constitute the Hazards Analysis required

by the LIGO System Safety Plan. The major types ofequipment and operations

were analyzed with respect to hazards that result in damage to equipment or the

environment or injury to personnel. The principal engineers were involved in the

review of equipment and operations for which they are responsible. The analysis

rates the hazards according to hazard probability and severity using the guides found

inMIL-STD-882C section4.5.1 and4.5.2 which are also found in Tables 3.1,3.2,

and 3.3 of the LIGO Project System Safety Plan. The relevant definitions are

referenced in the lower left hand comer ofthe PHA sheets. The Hazard Risk Index

is given below for convenience. No hazards were found which fall in the

Unacceotable or Undesirable catesories.

Hazard Risk Index

The PHA sheets completed are listed in the index below. This is a complete set of

those sheets we anticipate being required. PSI will provide any other PHA sheets as

needed.

Hazard Risk Index Risk Code Criteria
lA. iB. lC. 2A" 28. 3A Unacceptable
l D . 2 C . 2 D . 3 8 . 3 C Undesirable (Proiect Manager Decision Required)
lE, 2E. 3D. 3E. 4A 4B Acceotable with review bv Proiect Manager
4 C . 4 D . 4 E Acceotable without review



Index of PHA sheets comoleted

Equipment:

L An isolatable section

2. Beam Splitter Chamber

3, Horizontal Access Module

4. Roughing Pumps

5. TurbomolecularPumps

6. Auxiliary Turbo Cart

7. Ion Pumps

L Annulus Ion Pumps

9. 80KCryopumps

10. Laree Gate Valves

I I . Small Gate Valves

12. Blanket Bake Out System

13. Clean Rooms

t+. Clean Air Svstem

Operations:

l. Bake Out

2. Back to Air (Repressurization)

3. CryopumpRegeneration

4. Roughing

5. Turbo/Roughing

o. Hieh Vacuum Operation
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LIGO Vacuum Equipment Failure Modes, Effects, and Criticality Analysis

Below is a release of the FMECA sheets that constitute the Failure Modes, Effects,

and Criticality Analysis required by the LIGO System Safety Plan. The FMECA

was performed following the procedures described in Section 4,7 of Guidelines for

Hazard Evaluation Procedures- 1985 Edition published by The Center for Chemical

Process Safety ofthe American Institute of Chemical Engineers. Issue # I ofthe

P&ID's in conjunction with the PHA sheets was used to prepare the FMECA

sheets. The analysis rates the hazards according to hazard probability and severity

using the guides found in MIL-STD-882C section 4-5.1 and 4.5,2 which are also

found in Tables 3 1, 3.2, and 3 .3 ofthe LIGO Project System Safety Plan. The

relevant definitions are referenced in the lower left hand corner ofthe FMECA

sheets. The Hazard Risk Index is given below for convenience.

Eazard Risk Index

Hazard Risk Index Risk Code Criteria
lA. 1B. lc,24,, 28, 3A Unacceptable
rD .2C ,2D ,  38 ,3C Undesirable (Proiect Manager Decision Required)
lE. 28. 3D. 3E, 4A,.4B Acceptable with review by Proiect Manager
4C,4D,48 Acceptable without review
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