VTI Instructions (May 2008)
Fridge instructions modified for VTI by T. Martin, M. Fuechsle, W. Pok
Before you start:
Order one 4He gas cylinder, one N2 gas cylinder, check if the leak tester is free and order a 250L dewar of liquid 4He. Another dewar needs to be ordered one week after the first (don't forget to order liquid 4He one week in advance). Record each change on the system in the log-book. 

During a fridge run, you will need:

· protection gloves

· safety plastic mask for the refilling of liquid N2
· rubber bladders,

· screw drivers & wrenches

· a heat gun

· a N2 dewar

· coaxial cables and electronic equipments (check all cables and connectors before)

· rubber hoses & bungs

· plastic caps for pumping lines

Day 1: Cooling cryostat from RT to 77K with LN2

1) Check oil in the pumps. If it is low then the oil must be refilled. This must be checked every month. Pump the OVC with the turbo pump. Continue to pump the OVC while doing the next steps.
2) Put a bladder on the λ-plate valve (to act as a pressure gauge).

3) Disconnect main bath return line.

4) Put a one way valve on main bath and blank the return line hose.

5) Disconnect magnet leads and switch on magnet power supply (only matters if sample is in, since switching on the magnet power supply with sample loaded may damage sample.)

6) Remove He probe meter 

7) Check that the main bath is sealed

8) Connect N2 gas cylinder to back of IGH (to the speed valve marked “vent”) with thin black plastic tubing. 

9) Put yellow exhaust hose out the window. Close pump to recovery line, open pump to exhaust line.
10) Open “vent” speed valve
11) Check pressure of N2 gas cylinder by doing the following:
a. Open purge valve (in middle of black plastic tube)

b. Set pressure to ~10 psi
c. Close purge valve

12) Check that N2 gas is flowing by doing the following:

a. switch on 4He pump (check that “FAIL” light on mains board doesn’t light up); you should be able to hear the rotary pump

b. open 5A, then close it.

c. check that vent valve at the back of IGH is open

d. open 2A, then close it.

e. open 5A (you should see rise in the pressure), then close it.
13) Do a PUMP sequence. This is outlined as follows:

PUMP SEQUENCE

MAIN BATH:

a. Check that IGH speedivalve (between exhaust and bath) is closed
b. Start to pump the line with the He pump (open 4A and 1A => lights switch on when valve is OPEN). This pumps the line from IGH to speedivalve.

c. Start opening the IGH recovery speedivalve slowly and try to keep the pressures P2 < 200mbar and G3 < 100mbar. This pumps the main bath.

d. When the valve is fully open wait until G3 ~10 mbar

SAMPLE SPACE:

e. Slowly open the valve from the sample space to the main bath

f. Once P~0mbar, close the valve from sample space to main bath

λ-PLATE:

g. Open λ-plate speedivalve.

h. Open λ-plate N/V (see how balloon contracts), thus pumping down the λ-plate.

i. Close λ-plate N/V 

j. Stop the He pump

k. Open main bath to one-way valve

14) Do a FLUSH sequence. This is outlined as follows:
FLUSH SEQUENCE

MAIN BATH:

a. open 5A and 2A (sound)

b. wait until G3>1000mbar and gas will flow through one way valves


λ-PLATE:

c. open  λ-plate N/V and see how the balloon expands

d. close  λ-plate N/V 

e. close all the valves (1A, then 4A, then 5A, then 2A)

f. close IGH recovery speedivalve

SAMPLE SPACE:

g. open N/V (open to approx. 35%)

h. flush the main bath with N2 again (open 4A then 1A)
i. Close all valves (1A, then 4A, then 5A, then 2A)) and IGH speedivalve.

j. Start the 4He pump 

k. Open 4A & 5A (just to evacuate lines)

l. Close 5A and 4A

15) Repeat PUMP (13) and FLUSH (14) sequence 3 times. After the last flush, stop when you have achieved positive pressure.
16) Stop turbo pumping the OVC and start turbo pumping the IVC. This is outlined as follows:
a. close black OVC screw valve

b. turn on “brake enable” and “vent enable” on turbo pump. (press both arrow buttons simultaneously to enter into menu, then toggle to select the correct option, then again both arrow buttons simultaneously to engage.)

c. switch off turbo pump, wait to wind down

d. disconnect turbo line from OVC, blank OVC

e. attach turbo line to IVC

f. pump down turbo line to ~2E-4mbar (with valve to IVC still closed)

g. slowly open valve to IVC (don’t open it all the way; no more than 5 turns or it will screw off!)

h. wait 30min for IVC to pump down to approx. 1.5E-5mbar

i. close valve to IVC tight

j. switch off turbo pump and wait for it to run down
17) Now to fill the cryostat with LN2. Insert metal tube (for liquid N2 transfer) without a bung into 4He transfer port, ensuring tube end is screwed into the cone. See that gas blows off the transfer tube by pressure of N2 gas and bung the top
18) From now on, check and note down the magnet, R1, R2, R3 resistances every 15min during cooldown of the cryostat.

19) Change recovery line connection from one-way valve to 10” “special” rubber hose for limiting gas flow rate.
20)  Stop flushing: Close all IGH valves, and also close the IGH recovery speedivalve.
21) Bung special long rubber hose immediately. Attach N2 dewar to main bath entry by connecting the rubber hose to the metal transfer tube in the 4He transfer port.

22) Flush while cooling: open N/V to 30% and flush with LN2; equalize pressure between sample space and main bath, switch off sample space pump

23) Remove Bung from 10” “special” rubber hose, and then start gas/liquid flow. Care is needed as magnet coils are fragile under cooling. We want to keep the pressure in the N2 dewar below 250 mbar (cooling rate of 4-9 ohms​/hr on the magnet resistors). Make sure dewar pressure stays below line. This will take 3-4 hours.

24) When magnet resistance is ~31 Ohms (roughly 77 K), then check the N2 level with a stick without glove on the top. Liquid spits out the top at the interface.
25) When it is about 6 -10 cm above the top of the magnet it is necessary to raise the transfer tube about 20 cm higher. This is done as follows:

a. Stop liquid flow

b. Warm up the plastic hose

c. Raise the transfer tube 20 cm higher.

d. Remove rubber hose and attachment from recovery, and replace it with short rubber hose (6”) with a bung; venting dewar

e. Start liquid flow back again (pressure slightly less than 1 bar). 

26) When the dewar gets empty pressure drops and hose starts to warm up

27) If the dewar empties during the middle of a transfer, do the following:

a. warm up the hose and disconnect it from the transfer tube

b. put bung on transfer tube

c. close return line speedivalve, put one way valve on main bath return, and then open return line speedivalve.

d. Fill the LN dewar (75%)

e. Restart LN2 transfer by connecting plastic hose to LN dewar and transfer tube

f. Disconnect one way valve (put “special” short rubber hose back on)

g. Start liquid flow back again (pressure slightly less than 1 bar)

h. Wait until liquid will comes through the return  

28) When it’s finished stop the LN2 flow

29) Remove metal transfer tube carefully and put a bung the hole straight away. LN may come out of the He transfer port whilst this is happening.

30) Put one way valve back on recovery line.

31) Shut down speedivalve at the back of the IGH (vent)

32) Close λ-plate speedivalve.

33) Open λ-plate N/V
Day 2: Cooling cryostat from 77K to 4K with He
34) First we need to remove the LN2 from the main bath. Close valve to recovery line.

35) Insert transfer tube in to He port letting gas blowing out of the top of the tube (to get rid of the air) and then put a bung on top of it; screw tube into cone receptor tube at the bottom by twisting the tube 

36) When the boil off settles remove the bung and attach the plastic hose to the tube

37) Pump out P2 line (in case air got in overnight)

38) Take off the top from LN2 dewar and put the other end of plastic hose close to the top (to monitor liquid flow)

39) Attach the N2 gas cylinder with the rubber hose to the main bath return and pressurize the bath with approx. 2 - 3psi.

40) When the liquid stops flowing increase nitrogen flow rate for 5 min (to flush gas through the main bath) ~4 - 5psi

41) Warm up the plastic hose

42) Stop gas flow

43) Remove the plastic hose from the LN dewar, and put a bung on the end of the hose

44) Remove rubber hose from main bath return

45) Put one-way valve back

46) Remove transfer tube from the He port (single movement, otherwise it’ll ice up and get stuck and you’ll need to heat it to remove it.)

47) Put a bung on it and leave for 45 min to warm-up slightly 

48) Pump and flush main bath with He gas. Refer to (13Error! Reference source not found.) and (14Error! Reference source not found.), except use He gas instead of N2.
49) If it holds in the ~ 100mbar region – STOP (this means you still have LN2 in the cryostat, which will freeze solid if you pump it.)When main bath is full and gas is flowing through:

50) Now for the LHe transfer: Attach the extension to the short siphon. Put it into He port and slot it down.
51) remove one-way valve and connect return to the gas meter

52) Put He probe in 

53) Connect the He probe cable, and switch ILM to fast mode. 

54) Close all the valves

55) Shut vent valve at the back of the IGH

56) Write He meter reading and dip the dewar

57) Shut λ-plate speedivalve

58) Open λ-plate N/V
59) Transfer liquid 4He in the main bath slowly 10L/5s (set the rate with a balloon on the dewar’s vent port). Note the magnet, R1, R2, R3 resistances during the He transfer

60) When ILM starts to read positive values raise the syphon about 20 cm above the bottom and increase rate by plugging He cylinder to the dewar’s vent port

61) When the sorb T gets below 25 K switch on the sorb heater (set T=25K)

62) Finish transfer

63) Open IGH recovery and valve 1A.

64) Leave the system to cool down overnight
Inserting sample into the IVC
65) Make sure sample space temp is approx. 150K; use Cernox resistor to read sample temp.

66) To warm sample space, first make sure there is no condensed liquid He in the sample space

a. close speedy valve to pump
b. turn on pump and pump line
c. slowly open speedy valve
d. open N/V to approx. 5%
e. turn on heater manually and slowly increase up to 15
f. wait for temp to go above 150K

67) close N/V

68) close speedy valve on pump line

69) decrease heater to 10

70) wait for pressure to rise

71) vent to bath; check for overpressure

72) before introducing a sample, make sure the magnet power supply is running

73) open baffle plate and insert sample (use gloves); make sure that there’s a non-conducting PLASTIC O-ring installed to reduce noise
74) Once the sample is in, the gas needs to be pumped out fairly quickly:
a. close vent valve to bath
b. start pump, pump line
c.  open speedy valve to sample space
d. wait for a few minutes to pump out air
e. connect Cernox (if it isn’t connected yet) to check resistance

f. open N/V to 4-6%; it will take about one minute for the pressure to rise, if the pressure doesn’t rise, open N/V further => it will take about 30 to 60 min for the sample to cool down

1.2K operation
75) make sure Cernox and Kelvinox resistors are consistent

76) turn heater off

77) open N/V to 10-15%

78) close speedy valve to increase pressure in sample space to approx. 50mbar

79) after about 10min (or when sample cools), open pump speedy valve again and lower n/V to 2% => T should drop below 2K 

High temperature operation
80) make sure to remove liquid:

a. close n/V

b. turn on heater manually to about 6

c. for pressure to rise, but stay below 25mbar

d. when liquid is gone, pressure will instantly drop and temp will rise rapidly

e. heater off immediately (otherwise it might burn out)
81) if the temperature fluctuates, make sure the PID parameters are correct for the set temperature (refer to Oxford manual)

Appendix 1: liquid 4He transfer 

Before starting: check if the small security valve on the 4He dewar is opened and check the pressure of the dewar. Don't forget to put back the in the appropriate box the fittings and seals for the transfer.

1) Measure 4He level of the 4He dewar by dipping the thin metallic tube cover at the top by a rubber glove attached with a small black rubber seal. Take off the top of the 4He dewar and open the main valve. Measure the level by putting a finger on the membrane formed by the rubber glove, dip the tube, the 4He level should be when the vibration is changing from low (liquid) to high frequency (gas). Use the small plastic cable tide to mark the vibration difierence. Measure the level on the tube from the top without the larger part to the small plastic cable tide.

2) Disconnect the 4He dewar and close the recovery system valve. Place the 4He dewar close to the cryostat.
3) Open the 4He syphon port: take off the seal and replace it by the extension, seal and washer made for the 4He syphon. Put the screw and the plastic seal on the cryostat syphon. Close almost completely the manual 4He recovery valve (the big red one) and insert slowly (check the gas counter) the cryostat syphon in the 4He syphon port. Close the syphon with a rubber cork.
4) Check the 4He dewar pressure.
5) Press on the rate button on the 4He level controller to be in fast mode.
6) Open the 4He dewar, open the cryostat syphon, close the small 4He dewar safety valve and insert slowly the dewar syphon. If the dewar is almost empty, don't forget to use the extension (catch it in the NML). The 4He gas fiow will increase and become more and more cold and white: when the gas will form a "flame shape" insert quickly the extremity of the 4He dewar syphon in the cryostat syphon and screw them well. Open the manual 4He recovery valve. The gas counter will become crazy for few seconds. The 4He level should decrease a bit at the beginning and then increase.
7) Plug the hose of the 4He gas cylinder to the 4He dewar to increase the pressure, i.e. increase the rate transfer. Check the pressure, keep it around 1.5 psi, don't put more than 2 psi. Check if the gas counter rate is about 5.10-3 m3/sec.
8) When the 4He level is about 70 %, stop to use the 4He gas cylinder to increase the pressure in the 4He dewar and wait for the 4He level reach 85 %. Then open the small 4He dewar safety valve and check if the pressure in the dewar is at the minimum, wear the protection gloves, unscrew the two syphons and put out the dewar syphon from the 4He dewar and close the main valve (keep the small 4He dewar safety valve open of course...). Then put out the cryostat syphon from the cryostat, replace the transfer seal set-up by the normal one the syphon port and close it. Press on the rate button on the 4He level controller to be in slow mode. Reconnect the Check the 4He level in the 4He level dewar and open the recovery system valve.  

