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Introduction

Construction of the VLHC Stage 1 accelerator will require the fabrication of several thousand magnets. The largest and most numerous of these are the combined function arc magnets. This note describes the factory needed to fabricate the magnets, and shows the throughput needed for the required number of magnets to be fabricated in the time allotted for magnet production.

Illustrations of the complete magnet assembly are shown in Figures 1 and 2.  An isometric view of the drive transmission line is shown in Figure 3.  Figure 4 shows cross sections of both the drive and return transmission lines.    For a detailed description of the magnet design, refer to the Design Study for a Very Large Hadron Collider, Chapter 5. 
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Figure 1.  Transmission Line Magnet Pictorial
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Figure 2.  Transmission Line Magnet Cross Section
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Figure 3.  Drive Transmission Line with Cryostat 
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Figure 4.  Drive and Return Transmission Line Cross Sections

Factory

3136 magnets, each 67.5 meters long, must be fabricated over a period of three years. It is therefore necessary that approximately two magnets be completed per day.  Two factories will be constructed, each of which must produce one magnet per day.  A floor plan of a proposed factory, and a schematic representation of an elevation, are shown in Figures 5 and 6. 

The factory consists of 14 “areas,” each devoted to a specific step in the fabrication process. Each fabrication area includes one or more stations needed to achieve the required throughput for a specific operation.  Each area will work autonomously and have the capability of locally storing one week’s production. The facility will be manned 24 hours per day (three shifts) five days per week. Two shifts (shifts 2 and 3) will do production at the assembly stations. One shift (shift 1) will be used exclusively to move product between the various stations, stage components at the stations and provide routine maintenance. More information concerning the factory is included in the Design Study for a Very Large Hadron Collider, Section 5.1.6.
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Figure 5.  Transmission Line Magnet Assembly Factory Floor Plan
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 Figure 6.  Transmission Line Magnet Assembly Elevation

Manpower Required


Table 1 lists the fourteen “areas” necessary to construct the magnet, and the amount of technician labor required per day for each area.  This is “touch” labor only, not including management, documentation (travelers), or night (first) shift activities (moving components between stations, equipment repair, etc.).  The table is based on two, 8 hour shifts per day. 

Table 1.  Manpower Required for One Factory

[image: image1.png]



The “stations in area” column in Table 1 lists the number of separate workstations required in a given area to achieve the necessary thruput.  The stations shown in table 1 are shown in the floor plan (Figure 5) as gray rectangles within each yellow “area”.  

The “techs per operation” column in table 1 lists the number of technicians needed at each station.  In most cases, then, the “techs assigned to area” column equals the “techs per operation” times the “stations in area”.  This is true for all areas except numbers 5 and 11.  In these areas, leak checking takes place, so some stations are not occupied by technicians while components are being pumped down.  At area 5, there are 3 stations, but only one is being occupied by technicians at any given time.  At area 11, there are 5 stations, but only four are being occupied at any time.

“Tech time used per operation” is simply the length of time required to complete each individual operation in an area.  “Total tech hours per day” equals the number of technicians per operation times the tech time used per operation times the number of operations per day.

Even though the magnet construction period for the factory operates for 16 hours per day, the required technician time for each operation is not 16 hours.  For some areas, (the “critical path” areas), 16 hours per day is required to complete enough parts for one magnet.   For others, less time is needed.  Consequently, the total “tech hours per day” of 552 is less than the total “techs assigned to area” times 16 hours.  (Note:  an identical table in the Design Study for a Very Large Hadron Collider, Chapter 5, shows 536 total hours.  The 552 hours shown here is a result of a reassessment of the time required to perform the beam tube bakeout and leak check operation at area #10.)    

Table 2 shows, for each area, the amount of estimated time required per day in each area (defined as the number of total tech hours per day divided by the number of techs assigned to the area from Table 1).  The areas which do not require 16 hours per day may get ahead of the others.  Technicians could therefore be moved between areas that do not require the full 16 hours, or move to “cover” other areas which may be behind.  Some critical path areas may require another, “spare” station, if this is deemed necessary to keep up with production in other areas.  
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Table 2.  Time Required at Each Area per Day.
Tables 3 through 16 describe, individually for each area, the times required to complete enough parts for one magnet.  Total times are broken down into the individual operations required.

Table 3.  Area #1 Thruput 

[image: image9.wmf]Area 

Operation

Techs per 

operation

Tech time 

used per 

operation 

(hrs)

Number of 

operations 

per day

Total 

Tech 

hours per 

day

Techs 

assigned 

to area

Stations 

in area

1

Tube Welding

2

3

8

48

4

2

2

Transmission Line Subassembly

2

4

2

16

2

1

3

Ball Swaging of Lines

2

4

2

16

2

1

4

Cryostat Assembly

2

16

1

32

2

1

5

Leak Checking of Components

2

2.7

6

32

2

3

6

Drive Line Bending

2

8

1

16

2

1

7

Cryopipe Subassembly

3

16

1

48

3

1

8

BT/Vac Cham Azimuthal Weld

2

4

4

32

2

1

9

BT/Vac Cham Seam Welding

2

4

2

16

2

1

10

BT/Vac Cham Bakeout & Lk Chk

2

8

2

32

2

1

11

Iron & Struct Support Installation, 

End Assembly, Leak Check Vac 

Vessel

3

56

1

168

12

5

12

Warm Magnet Measurements

2

32

1

64

4

2

13

Cold Magnet Measurements

2

80

0.1

16

2

1

14

Beam Tube/Vac Cham Install

2

4

2

16

2

1

Total

552

43

22


Table 4.  Area #2 Thruput
[image: image10.wmf]1 magnet's work at Area #1 

Duration 

(Hours)

Stand A Drive Inner Tube Construct

3.00

Setup Drive Inner Tubes for Welding

1

Weld Inner Tubes

1.25

Inspect Inner Tube Welds

0.5

Move to Storage

0.25

Stand A Return Inner Tube Const

3.00

Setup Return Inner Tubes for Welding

1

Weld Inner Tubes

1.25

Inspect Inner Tube Welds

0.5

Move to Storage

0.25

Stand A 6.5K Return Tube

3.00

Setup 6.5K Tubes for Welding

1

Weld 6.5K Tubes

1.25

Inspect 6.5K Welds

0.5

Move to Storage

0.25

Stand A 40K Shield Supply Header

3.00

Setup 40K Tubes for Welding

1

Weld 40K Tubes

1.25

Inspect 40K Welds

0.5

Move to Storage

0.25

Stand B 70K Shield Return Header

3.00

Setup 70K Tubes for Welding

1

Weld Inner Tubes

1.25

Inspect Inner Tube Welds

0.5

Move to Storage

0.25

Stand B Drive Outer Tube Weld

3.00

Setup Drive Outer Tubes for Welding

1

Weld Drive Outer Tubes

1.25

Inspect Drive Outer Tube Welds

0.5

Move to Storage

0.25

Stand B Return Outer Tube Weld

3.00

Setup Return Outer Tubes for Welding

1

Weld Return Outer Tubes

1.25

Inspect Return Outer Welds

0.5

Move to Storage

0.25

Stand B Drive Line Cryostat Weld

3.00

Setup Cryostat for Welding

1

Weld Cryostat

1.25

Inspect Cryostat Welds

0.5

Move to Storage

0.25

Total Time needed per day at Area #1 - 12 Hours

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16


Table 5.  Area #3 Thruput
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Table 6.  Area #4 Thruput
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Table 7.  Area #5 Thruput
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Table 8.  Area #6 Thruput
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Table 9.  Area #7 Thruput
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Table 10.  Area #8 Thruput
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Table 11.  Area #9 Thruput
[image: image17.wmf]Duration 

(Hours)

Beam Tube Seam Weld

8.00

Transport beam tube #1 to weld area

0.25

Install getter pumps

1.5

Setup to make seam welds

0.5

Weld beam tube  #1

1

Inspect seam welds on beam tube #1

0.5

Transport beam tube #1 to storage area

0.25

Transport beam tube #2 to weld area

0.25

Install getter pumps

1.5

Setup to make seam welds

0.5

Weld beam tube  #1

1

Inspect seam welds on beam tube #1

0.5

Transport beam tube #1 to storage area

0.25

Total Time needed per day at Area #9 - 8 Hours

13

14

15

16

9

10

11

12

5

6

7

8

1

2

3

4


Table 12.  Area #10 Thruput
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Table 13.  Area #11 Thruput
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2

16

9

BT/Vac Cham Seam Welding

16

2

8

10

BT/Vac Cham Bakeout & Lk Chk

32

2

16

11

Iron & Struct Support Installation, 

End Assembly, Leak Check Vac 

Vessel

168

12

14

12

Warm Magnet Measurements

64

4

16

13

Cold Magnet Measurements

16

2

8

14

Beam Tube/Vac Cham Install

16

2

8

Total

552

43


[image: image20.wmf]Duration 

(Hours)

Main Assembly of Magnet

56.00

Day 1

16.00

Transport cryopipe subassy to area

0.5

Align cryopipe assembly into position

1

Transport drive transmission line to area

0.5

Align drive transmission line into position  

1

Transport iron section#1 into position

0.5

Align iron section #1 for insertion

0.5

Slide sect #1over of trans line

1.5

Final adjustment of section #1 alignment

0.5

Transport iron section#2 into position

0

Align iron section #2 for insertion

0

Slide sect #2 within 5 cm of sect #1

0.75

Final adjustment of section #2 alignment

0.5

Attach section #2 to section #1 with pins

0.5

Transport iron section#3 into position

0

Align iron section #3 for insertion

0

Slide sect #3 within 5 cm of sect #2

0.25

Final adjustment of section #3 alignment

0.5

Attach section #3 to section #2 with pins

0.5

Transport iron section#4 into position

0

Align iron section #4 for insertion

0

Slide sect #4 within 5 cm of sect #3

0.25

Final adjustment of section #4 alignment

0.5

Attach section #4 to section #3 with pins

0.5

Transport iron section#5 into position

0

Align iron section #5 for insertion

0

Slide sect #5 within 5 cm of sect #4

0.25

Final adjustment of section #5 alignment

0.5

Attach section #5 to section #4 with pins

0.5

Transport iron section#6 into position

0

Align iron section #6 for insertion

0

Slide sect #6 within 5 cm of sect #5

0.25

Final adjustment of section #6 alignment

0.5

Attach section #6 to section #5 with pins

0.5

Final inspection of alignment of iron

1

Install filler between trans line & iron

2.25

Day 2

16.00

Remove filler installation tooling

1

Install bands for welding

2

Setup equipment for Weld #1

1

Weld #1

3

Visual inspection weld #1

0.5

Setup equipment for Weld #2

1

Weld #2

3

Remove welding equipment

1

Visual inspection weld #2

0.5

Connect drive trans line shield to 70K hdr

1.5

Begin assembling end components

1.5

Day 3

16.00

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16


Table 14.  Area #12 Thruput
[image: image21.wmf]Finish assembling end components

12

Fit up end domes of vacuum vessel

4

Day 4

5.00

Set up end dome weld equipment

1

Weld vacuum vessel end domes

3

Set up leak check equipment

1

Pump Down

0

Pump Down

Day 5

3.00

Continue pump down

0

Pump Down

Verify leak tight and remove equipment

2

Move magnet to staging area for testing

1

Total Time needed per day at Area #11 - 14 Hours


Table 15.  Area #13 Thruput
[image: image22.wmf]Duration 

(Hours)

Warm Magnetic Measurements

32.00

Day 1

16.00

Transport magnet to stand

0.75

Install magnet on stand

4

Make electrical connections

4

Set up probe insertion structure

2

Precise longitudinal position is verified

0.5

Insert probes into position A

0.25

Power magnet to 100kA

2

Precycle

0.5

Up ramp measurement, position A

1.5

Down ramp measurement, postion A

0.5

Day 2

16.00

Move probe insertion structure

0.5

Precise longitudinal position is verified

0.5

Insert probes into position B

0.25

Power magnet to 100kA

2

Precycle

0.5

Up ramp measurement, position B

1.5

Down ramp measurement, postion B

0.5

Measurement tooling is removed

1.75

Disconnect electrical connections

4

Remove magnet from stand

4

Transport magnet to storage

0.5

Total Time needed per day at Area #12 - 16 Hours

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16


Table 16.  Area #14 Thruput
[image: image23.wmf]Duration 

(Hours)

Cold Magnetic Measurements

80.00

Day 1

16.00

Transport magnet to stand

0.75

Install magnet on stand

4

Make cryogenic connections

4

Make electrical connections

4

Cool down transmission line

3.25

Day 2

16.00

Continue cooldown

16.00

Day 3

16.00

Continue cooldown

0.75

Set up probe insertion structure

2

Precise longitudinal position is verified

0.5

Insert probes into position A

0.25

Power magnet to 100kA

2

Precycle

0.5

Up ramp measurement, position A

1.5

Down ramp measurement, postion A

0.5

Move probe insertion structure

0.5

Precise longitudinal position is verified

0.5

Insert probes into position B

0.25

Power magnet to 100kA

2

Precycle

0.5

Up ramp measurement, position B

1.5

Down ramp measurement, postion B

0.5

Measurement tooling is removed

1.75

Warm up transmission line

0.5

Day 4

16.00

Continue warming up

16

Day 5

16.00

Continue warming up

3.5

Disconnect electrical connections

4

Disconnect cryogenic connections

4

Remove magnet from stand

4

Transport magnet to storage

0.5

Total Time needed per day at Area #13 - 8 Hours

Chart shows 16 hour, days, for only 5 days.  Since one magnet is tested only

every other week, the stand is unoccupied half the time, the equivalent of 

8 hours per day.

13

14

15

16

9

10

11

12

5

6

7

8

1

2

3

4


Table 17 shows the time elapsed, and path taken, to complete one magnet. The total number of technician hours required is equal to the 552 hours shown in the “totals” row in Table 1.

Table 17.  Production of One Magnet
[image: image24.wmf]Duration 

(Hours)

Beam Tube Installation

8.00

Transport beam tubes to magnet

0.5

Set up magnet for insertion

1

Set up insertion equipment

0.5

Insert beam tube #1

2

Insert beam tube #2

2

Inspection

1

 Prepare magnet to move to storage area

1

Total Time needed per day at Area #14 - 8 Hours

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16
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