Decision 16:  Tunnel Electronics Options

What are the options?

Consider two main options:

1. Two-tunnel model with all electronics including power supplies and RF in the support tunnel, with waveguide and short sensor cables running between the tunnels (Fig. 1(A)).

2. Two-tunnel model with RF in the support tunnel and virtually all the front end instrumentation electronics in the beam tunnel, very short cables to the sensors, and high speed serial data from beam tunnel to Gigabit communication nodes in the support tunnel (Fig. 1(B)).

In Option 1, all electronics is constantly accessible for maintenance by personnel. If all critical electronics is designed in standard modules, robotic servicing is also an option.

In Option 2, costs may be reduced by eliminating all long-haul sensor cables, at the cost of increased risk of failure due to radiation of Commercial Off-The-Shelf (COTS) components. Electronics must be protected since custom design of radiation hardened components of high complexity is prohibitively expensive except in very simple applications.
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Fig. 1. Two-Tunnel Options

Pros and cons of Option 1 vs. 2 

Many of the following arguments are identical to Decision 6, Tunnel Options.

Cost: favors 2.  A Fy2000 study (post-Lehman CD0.4 study) of the warm machine instrumentation showed a possible $135M out of $253M (53%) cost reduction by packaging frequently recurrent functional modules along the Linac in Tunnel Electronics Enclosures (TEE’s). See Fig 2. The original $253M was about 5% of TPC, so savings would be 2.5%. Radiation protection was achieved by mini-crates in small holes about 70cm deep in the concrete walls. Wall thickness proved marginal for complete protection. The tunnel was not continuous but was segmented every 235 meters with protective equipment alcoves. With the continuous parallel equipment tunnel, cost savings will be less since average cable runs are shorter than 235/2 meters. In addition, damping rings are a more hostile radiation environment not amenable to this protection scheme, so there we would assume alcoves are required.
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Fig. 2. Lehman ($253K) vs. CD 0.4 ($118K) Cost Reduction $135M (53%)

The cold design instrumentation model has changed considerably in numbers of instruments in the Linac portion. A preliminary block diagram of main Linac instrumentation is shown in Fig. 3. Included is a concept an instrument package modeled after the ATCA (Advanced Telecom Computer Architecture) system commercial standard. This package features core dual redundancy of controls and communications,
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Fig. 3. Preliminary Instrumentation for ~1m Cavity & ~40m modules

as well as hot swap capability at both module (carrier board) and daughter card (mezzanine module) levels. Many key advances since the Lehman review make High Availability (HA) design economically feasible: 

1. High density plug connectors up to 5 GHz  available (ATCA) – interface on rear adapters

2. High Availability standard architectures (ATCA)

3. Hot swap modules demonstrated (ATCA)

4. New cooling options available including liquid leak-less plugs on backplane (Rittal, ATCA)

5. Gigabit communications w/ embedded processor chips, $5 Wireless chips, high speed 12-14 bit sampler ADC-DAC commodity products, etc.

6. Feasibility of robotic servicing.

Existing packages not designed for HA will be inadequate to meet system reliability.

Availability risk: favors 1. Option 2, all front end electronics in beam tunnel, contains many of the features of a one-tunnel design, which according to T. Himel’s Monte Carlo simulated availability is about 15% worse than the 2-tunnel design (or 5% worse assuming totally modular design and robotic repair). The availability risk is clearly higher so components must be designed using high availability (HA) design principles of system, unit and sub-unit redundancy and depending on criticality, hot-swap capable where feasible. To quote from Himel, “… to see if a design is successful will require building many of the components and running them for several years.  This may not always be possible; hence the risk of having too low an MTBF and hence too low an availability.”

Commissioning: favors 1.  Himel has stated the arguments well:

“Subtle electronics problems that require hands on with a scope and beam to understand will be very slow to solve.  

“BPMs and LLRF are two examples of systems that may work perfectly in offline tests but could have troubles due to ground loops, RF pickup, or noise induced on power supplies when used in the real accelerator environment.  While best efforts will be made to have internal diagnostics, our foresight is not 20-20 and it is a virtual certainty that some hands-on debugging will be necessary.  This will be very difficult and slow if the electronics are in the beam tunnel.”

Radiation: favors 1. Radiation damage and single event upset to electronics in the accelerator tunnel will pose a challenge. In Damping Ring areas, electronics will need thicker shielding so holes in concrete will be inadequate.

Cycling through electronic improvements: favors 1.  Himel: “Minor improvements to electronics modules such as BPMs and LLRF can be done gradually a few modules at a time during the run when there are 2 tunnels.  If there is only 1 tunnel, such improvements will be either much slower or much more expensive as one doesn’t have access to the electronics modules during the run.  Note that a robot in the tunnel would ameliorate this problem.”

Commissioning/upgrade: favors 1.  Himel: “For the 2 tunnel case, installation in support tunnel can go on while commissioning/running occurs in accelerator tunnel.”


Fig. 4. Two-Tunnel Model With Robotics Service Options

Fig. 4 shows both options, with all Front End electronics in the support tunnel (left) or in the beam tunnel (right), both options potentially serviced robotically. Besides offering twice the access during construction, installation and commissioning, the former model makes all electronics accessible at all times for minimum response time to problems (MTTR) without requiring machine interruption. The latter model adds costs and risks for radiation protection which are avoided in the former, and is inherently lower availability. Robotic servicing should be evaluated in both cases since long tunnels with limited egress require special safety precautions for both equipment and personnel.

Recommendation for the BCD

The 1 vs. 2 tunnel decision has recommended 2 tunnels as the BCD. The instrumentation and controls have never been evaluated for exactly this model. However the more conservative of the two options is to have all front end and controls electronics in the protected equipment tunnel with cables and waveguides through penetrations to the beam tunnel. Thus the BCD recommendation is:

1. All electronics and power electronics in the support tunnel.

2. All electronics and power electronics to be designed with High Availability 1/n redundancy, and core controls communications with full redundancy, along with hot swap capability for critical functions that would interrupt the machine.

3. Continuing cost development of all systems including robotic servicing (optional for this option).

Recommendation for the ACD

As a second priority continue R&D on the model in which all front end electronics resides in the beam tunnel. The needed steps are:

1. Model solution to radiation protection of COTS electronics.

2. Model robotic servicing solution (mandatory for this option).

3. Evaluate potential cost benefits vs. risks compared with new BCD.
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