TRD Gas System Summary

U. Becker, J. Burger, P.Fisher

Concept
The 44 TRD modules are connected through manifolds to the Box C, containing Controls, monitors, and recirculation pumps. Box S contains all gas supplies with a limited mixture volume and a feed control activated by computer and the density monitor. The general layout is shown in Figure 1. Schematic Arrangement of the AMS-TRD gas system. All pressures are given at 25 C..  The 44  sealed TRD containers of approx. 130 cu in are at 17.4 psi,  box C  of estimated 150 cu in at < 29 psi and box S  is decribed below.






Figure 1. Schematic Arrangement of the AMS-TRD gas system. All pressures are given at 25 C.

Box S

Box S contains the resupply system to ensure up to 7 l/day of gas may be provided to the TRD system.  The schematic of the system is shown in Figure 2. A components list is also shown.
Box S Operations

Filling Ground state: Vessel cleaned. Xenon at slight overpressure(>30 psi). Connect to Xenon filling port. Close container and reducer valves V1and V2, evacuate the fill lines. Tranfer liquid xenon into container. Stop when weight = 109lb. Close V1, check pressure P1. Record temperature and pressure for 4 hours. Repeat procedure for CO2(CF4).



Operation Once per day:  By computer control open V1, and V3. Operate  V2 on-off until desired partial pressure is reached  in the daily supply buffer (B). Cross check with the mass flow controller. Shut off V1, V2, V3. Repeat procudure with CF4(CO2) branch.

Transfer Several times per day V4 is opened under computer control to re lease fresh gas from the buffer volume (B) into the control module BOX C containing the circulation system. Transfer is limited to < 7l at 1 atm/day in normal mode.
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Figure 2. Box S - TRD gas supply.

Box S Components List

1. Xe  Vessel ARDE D4636, 17+109lb Xe, 1680 in3, MEOP=MDP=3000psig, ISS

2. CF4 Vessel ARDE D4683, 9.5+18lb CF4 ,813in3, MEOP(650C) = 3200 psig, X33

3. P1a,b pressure monitors, 3000psi

4. RV1a,c  reliefvalves, 3000psi

5. RV1b,c  reliefvalves, 2700 psi

6. V1a,b solenoid valves (current opens valves for typ. 3 minutes)

7. V2a,b solenoid valves (current opens valves for typ. 3 minutes)

8. V17a,b manual valves. After filling the line gets plugged.

9. R1a,b pressure reducer 3000 to 100psig fixed, Marotta RV29WA-6d, 1.1lb

10. 1RV2a,b relief valves, 200 psi

11. V3a,b solenoid valves (current opens valves for typ. 3 minutes)

12. P2a,b pressure monitors 200psi

13. D Vessel ARDE ???? 1liter/ 9bar or equivalent. 

14. V4, V5 low pressure solenoid valves (current opens valves for typ. 3 minutes)

15. O1a,b orifices 0.14 mm iD. Flow approx. 50l/h

16. RV3 relief valve,150psig

17. O2 orifice 0.3mm iD, limits flow to approx 7l  in 4-6 minutes

18. V20a,b solenoid valves equivalent to V1 to provide redundancy in routing gas

Box C

The schematic for Box C is shown in Figure 3.  The circulation pumps serve to move the gas through the system to ensure a uniform environment.

Box C Operations 

Normal – gas circulates through the straws, no purification.

Gas cleaning – on earth to remove oxygen and water from gas.

Daily filling – replace gas lost in normal operation.

System pressure test – check for loss anywhere in straw system by looking for pressure change when closed.

Segment pressure test – isolate single segment and monitor pressure while isolated.

System filling – initial loading of Xe into storage/recovery system.

Recovery Xe from AMS – remove Xe from AMS Xe storage tank in Box S.

AMS filling – transfer Xe from storage/recovery vessel to AMS

Gas composition check – check for contamination of gas with residual gas analyzer.

Operations before launch

1. System should be filled and circulating through the purifier well before launch.  Circulation should continue until as close to launch time as possible.

2. Before power off for launch, all segment valves should be open.  Box C and Box S valves should be set as specified.
Operations after launch at startup

1. Isolate all segments

2. Check PNNa-b for losses in each segment.

3. Open all working segments.

4. Start CP1, begin normal operation.

Operations for return

1. Stop CP1/2.

2. Close VNNa-d.

Goto landing mode.






Figure 3. Box C - TRD gas recirculation system.

Straw Tube Segements

From the Box C,S assembly, 6mm stainless steel gas lines run to the top rim of the TRD where input and output manifolds are located. The 5000 tubes of the TRD are grouped into 44 separate segments, each separately attached to the input and output manifolds Figure 4. Each segment is small enough so as not to be considered a pressure vessel ( 1bar(7liters=0.7kJ). Each manifold is connected to the 44 TRD segments via  pressure controlled isolation valves  Error! Reference source not found.. 3mm steel tubing runs from the isolation valves to the segment inputs and outputs, where it is joined to PEEK tubing via RWTH Aachen designed special connectors. Where other connections need to be made, Cajon VCR fittings are used.

The isolation system works in two modes. 

In case of a sudden pressure drop, the control computer will shut all four valves automatically to prevent further gas loss.

In case of  an increase in gas consumption, or as a periodic check, the computer will close all four valves and monitor the pressure. This will be used to detect slow leaks.

*Failure of any of the shutoff valves or pressure sensors cannot cause MDP to be exceeded.

*The shutoff valve/pressure sensor assembly will be potted inside a magnetic shielding box to preclude any leak from the gas system volume.
Backup Information :

The isolation valves will be Burkert Type 6123 2/2 Way Flipper Valves (specifications attached). Closed, they hold 3 bar in either direction and have been leak tested to better than 0.1 ml/day loss, 1 bar to vacuum through a closed valve. They can be flipped from open to closed and vice-versa by a 12V, 100ms pulse, and otherwise consume no power. They are located near the top flange of the TRD in a region of low magnetic field.

The pressure sensors are Honeywell type 24PC (specifications attached).



Figure 4.  One of 44 TRD straw tube segements.
HV, Monitoring, and Control

The HV Monitoring and Control system consists of a monitoring and control computer which can execute commands, close or open emergency isolation valves, provide housekeeping data, store calibration constants and adjust the HV to regulate gas gain.

It will condition and perform analog to digital conversion for over 100 pressure sensors and at least  64 temperature sensors distributed around the TRD and gas system.It will also control two recirculation pumps and provide logic control for about 200 gas valves.

The HV system consists of 88 HV boards Error! Reference source not found., distributed around the TRD close to the readout cards and two HV boards in the gas system box for the two dedicated gas gain tubes. The tubes analyze the pulseheight spectrum from a weak (approximately 1(Ci, 37kBq) Fe55 source to monitor the quality of the gas with a gain measurement. 

The control computer, HV boards, and gas gain tubes are doubled to provide single fault tolerance.The scheme of the HV system is shown in Fig. 3 (TRD High Voltage, block diagram). The HV converter boards are distributed around the TRD at the ends of the sectors of tubes according to the scheme shown in Figs. 27 and 28 (from Aachen TRD PDR report). Each provides +1650V (+700 to +1750V) with a maximum output current of 100(A. Since the boards are located at the ends of the tubes to which they supply HV, there is no exposed HV or HV cabling.

Gas recovery System

Cryogenic system for recovering the xenon and CO2/CF4 gases is shown in Figure 5.  The purpose of the system is to recover and store the fill gases fro the TRD gas system in the event the gas must be removed for safety or repair.  The recovery system is not part of the flight hardware.  The system also has a controlled leak and resiudal gas analyzer for checking the composition of the gas to ensure its purity.


Figure 5. TRD gas recovery and storage system.

Gas system safety

Safety Box S

1. Pressure relief valves CV1 on vessel set to 3000 psig, another connected to filling device( not shown). Indicator P1 gives status. Liquid gas transfer from 109lb prefixed weighted volume excludes overfilling.

2. Checkvalves CV1 3000psig, CV2  and CV3 at 60 psig, controlled valve V5 opens automatically whenever pressure P3 > 60psig. V1, V2, V3 closed normally. V1, V2 are redundant. V3 and the fixed pressure reducer make four independent stoppers for high pressure propagation. V3, V4 , and the valve V5 in box C protect the low pressure part.

3. The total transfer of limited 7l into the TRD volume of 350l can at most cause  a 2% pressure increase.

4. Relief valve failure: failure of any of the relief valves in Box S will release gas into the surrounding area (into the payload bay of the shuttle for example).  The gas flow rates are summarized in Error! Reference source not found..  The flow rates assume the relief valves are at the end of 1 m of 0.6 mm pipe. At STP, the entire contents of the xenon storage bottle occupy a volume of 8.3 m3 (302 ft3); the entire contents venting into a volume of 50 m3 (1800 ft3) (comparable to half filled shuttle payload pay) would increase the pressure by  0.16 bar (2.4 psia) in the worst case and would take several minutes.  Flow rates from relief valves RV2 and RV3 would be substantially less.

5. All systems in Box S are two fault tolerant; no part of the system goes above its MOP when any two components fail.

6. Trapped volumes: in the event of  closure of all the valves in the Box S, gas would be trapped at high pressure in tubing between the valves.  In no case does the trapped volume exceed 0.001 m3 (0.04 ft3).


Xe
CO2
CF4

Velocity m/s (ft/s)
32 (106)
79 (261)
55 (182)

Mass flow kg/s (lb/s)
0.29 (0.64)
0.13 (0.29)
0.18 (0.40)

Volume at STP m3/s (ft3/s)
0.05 (1.8)
0.06 (2.2)
0.05 (1.8)

Force N (lb)
9 (4)
10 (4.5)
10 (4.5)

Table 1 Flow rates from RV1 valves in Box S.

Safety Box C

Box C operates below 1.4b (20.4 psia) and is two fault tolerant. The total gas volume contained in Box C is 0.011 m3 (0.5 ft3) (excluding the TRD Straw volume, each segment of which is protected by two valves) and the release of all gas would not cause a substantial change in the press in the shuttle payload bay. Box C is protected from higher pressures in Box S by valves V4 and V6 in series.

Safety in Straw System

The straw volume is divided into 41 segments, each one of which is protected by automatic, double redundant valves as described above for mission success reasons.  The rupture on any segment would release about 0.007 m3 (0.25 ft3) of gas if the segment is successfully protected by the segment valves.  The volume of the entire straw system is 0.3 m3 (11 ft3), the release of which would not change the pressure in the payload bay substantially.
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