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Diagnostics requirements

• Ex-vacuum vessel magnetic sensors (job 3101):
– Flux loops on external surface of vessel to sense stellarator-symmetric 

and non-symmetric modes
• 205 Flux loops on external surface of vacuum vessel subassemblies (VVSAs)
• 20 Flux loops on vacuum vessel spacers

– 4 toroidal loops on vessel to measure loop voltage
– 62 Flux loops co-wound with modular coils, TF coils, solenoid, and PF 

coils to sense flux through coils for feedback control
– 3 Rogowski coils to measure plasma current
– General requirements on these sensors:

• Reliability and longevity
• Redundancy in case of failure
• Tolerance to bakeout temperature (350 C) and liquid nitrogen temperature

– Field cables and instrumentation (integrators, digitizers, crate, and PC) 
to support data acquisition from 8 sensors for first plasma

– Extension and termination of thermocouple leads (348) and heater tape 
leads (96) in boxes at ends of large vertical ports (job 3101)
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Diagnostics requirements-cont.

• Visible TV camera system (job 3601)
– Capable of observing plasma shape during first plasma operation

• Electron beam field line mapping system (job 3801):
– Capable of field line mapping following first plasma

• Diagnostics integration (job 3901):
– Management of WBS 3 jobs
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Interfaces

• Ex-vessel magnetic sensors:
– Vacuum vessel (WBS 12)
– Conventional coils (WBS 13)
– Modular coils (WBS 14)
– Cryostat (WBS 17)
– Data acquisition (WBS 53)
– Field period assembly (WBS 18)

• Extension and termination of thermocouple and heater tape leads:
– Vacuum vessel (WBS 12)

• Visible TV camera system:
– Vacuum vessel (WBS 12)
– Data acquisition (WBS 53)

• Electron beam field line mapping system:
– Vacuum vessel (WBS 12)
– Data acquisition (WBS 53)
– Cryostat (WBS 17)
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Vacuum vessel flux loops & voltage loops status

• Installation and termination of VV flux loops complete 
• Final electrical check of terminated loops planned to be complete by Aug. 2008
• Loop segments installed on vacuum vessel subassemblies (VVSAs)
• Voltage loop leads to be protected in boxes on modular coils until assembly
• Connection of voltage loop segments to be done during final machine assembly

– Low technical risk but a critical path activity
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Spacer flux loops status

• Plan to start design Jan. 2009 and complete installation April 2009
– Fits availability of experienced engineer
– Does not affect critical path

• Low risk: design and installation technique similar to VV flux loops
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Co-wound flux loops status

• 36 MC, 18 TF coil, and 2 PF coil
flux loops complete. Need to make
6 more PF coil and solenoid flux
loops. Plan to complete by Aug.
2008

• Check leads of installed loops by
Feb. 2009

• Low risk
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Rogowski coil plan

Rogowski coil

• Wound from mineral-insulated cable on stainless steel mandrels with 
protective sheath

• One coil installed on each of three VVSAs for redundancy
• Leads twisted and terminated in flux loop junction boxes
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Rogowski coil status

• Fabrication of winding station and prototype winding complete
• Fabrication and installation of all 3 coils in progress and planned to 

be complete by end of May 2008
• Low risk due to extensive prototyping
• Instrumentation for 8 sensors:

– Start design in October 2008
– Low risk: will re-use hardware currently in use on NSTX
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Extension and termination of TC & heater tape leads

• Complete on 2 VVSAs
• Plan to complete on third VVSA by end of April 2008
• Low risk
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Visible TV camera plan

• Will view along one 
vacuum vessel period
– Requires window 

mounted on neutral 
beam port and camera 
mount

• Camera and data 
acquisition hardware to be 
re-used from NSTX

Camera
view
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Visible TV camera status

• Start design in October 2009
• Low risk: simple system similar to installations on NSTX
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Electron-beam field line mapping plan

• Injected low energy electrons follow field 
lines and emit visible light when they 
strike a swept fluorescent rod or 
stationary screen. Visible camera 
images rod to provide map of field line 
structure in poloidal plane.

– Hardware will be borrowed from 
Auburn University/University of 
Wisconsin.

– WBS 3 and WBS 5 responsible for 
vacuum interface and control/data 
acquisition hardware
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Electron-beam field line mapping status

• Design not started
• Medium risk: interface between hardware and NCSX not well 

defined-could be complex
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Diagnostics integration status

• 10% LOE support by one physicist to manage diagnostic work in MIE 
project

• Sufficient based on experience so far
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Estimates to complete

• Estimates to complete based on:
– Ex-vessel magnetics: experience to date on these tasks; vendor quotes
– Visible TV camera: experience with similar systems on NSTX; vendor quotes
– Electron beam field line mapping system: discussion with Auburn University 

personnel, in-house estimates for specific components; vendor quotes
– Diagnostics integration: experience to date

Job
Mech. 
Eng. 
(hrs)

Sr. 
Mech. 
Tech. 
(hrs)

Mech. 
Tech. 
(hrs)

Design.
(hrs)

Elect. 
Tech. 
(hrs)

Elect. 
Eng. 
(hrs)

Comp.
Eng.
(hrs)

Res. 
Staff 
(hrs)

Travel 
(k$)

M&S 
(k$)

Ex-
vessel 
Mag.

1023 1816 460 188 128 32 0

0

300

0

0

300

Visible 
Camera 40 0 88 80 16 0 0

29.70

0

3.0
E-beam
Mapping

160 0 576 196 16 8 480

0

3.5

19.0

0
Diag.
Integ.

0 0 0 0 0 0

3.0 52.2

778

TOTAL 1223 1816 1124 464 160 40 1258
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Risks and mitigation plans

• Electron beam mapping system design not started-could be complex
– Mitigate risk by starting design soon-summer 2008
– This job will be transferred to ORNL in collaboration with Auburn 

University and University of Wisconsin
– Plan takes advantage of extensive shared experience in field line 

mapping at Auburn, UW, and ORNL, who worked as a team on this task 
for ATF

• There is some risk of damage to VV flux loops, spacer flux loops, 
Rogowski coils, and heater and thermocouple leads when modular 
coil three-packs are placed over VVSAs and during machine 
assembly. Repairs could be on the critical path.
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