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•

• 2200 psi K bottles regulated to 100 psi
• Choke orifice to limit flowrate
• Relief valves sized accordingly

•

• 6000 psi K bottles immediately regulated to 4500 psi
• Choke orifice to limit flowrate
• Relief valves sized accordingly

•

• 100 psi pneumatics regulated to 15 psi
• 50 psi crack pressure relief valve

• Tank has been proofed to 60 psi

•

• One manual and one remote vent valve
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•

•

• Selected 35 scfm @ 2200 psi

•

• RV crack pressure: 150 psi
• RV flow rate: 130 scfm @ 150 psi

• FOS of 3.7 on relief
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•

• 35 thou - flowrate @ 6000 psi:  99 scfm
• 78 thou - flowrate @ 6000 psi: 493 scfm
• 93 thou - flowrate @ 6000 psi: 700 scfm

•

•

• Flowrate range of 300-400 psi @ 4500 psi per manufacturer
• For this reason, 2 have been used on the system => 600-800 psi
• Min FOS:

• 35 thou: 6.06 (will be filling with this for high pressure tests)
• 78 thou: 1.22
• 93 thou: 0.86 (will not use on high pressure fill)
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•

• 230 psi, 230 L LN2 dewar

•

•

• Handles both trapped volumes

13

Overview

LFS

FFS

Electronics

Test Objectives

Configuration

Risk Avoidance

Procedures

Contingency Plan



•

• Safes system in case of power loss

•

• Looking for an alternative
• Operator can then approach system to open GOVNT-1 and safe the 

cryo lines
• If power is lost during integrated cryo flow, PRVNT will vent COPV 

pressure and ORV will prevent overpressing due to boil off
• If QD is disconnected during power loss there is no safe way to vent 

the system
• For this reason we will not test cryo fill with QD disconnect until cryo

vent is made NO
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•

•

• 35 Thou – 76 seconds 
• 78 Thou – 16 seconds
• 93 Thou – 11 seconds

•

• 142 seconds
• ~2.3 minutes
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•

• COPV, Fuel and LOX Tanks

•

• IT1 – High Pressure, Pneumatics, Fuel Tank Components
• IT2 – LOX Tank Components
• IT3 – Main Valves, Fill Ports, Engine Feed

16

Overview

LFS

FFS

Electronics

Test Objectives

Configuration

Risk Avoidance

Procedures

Contingency Plan



•

•

•

•

•

•

•

17

Overview

LFS

FFS

Electronics

Test Objectives

Configuration

Risk Avoidance

Procedures

Contingency Plan



18

Overview

LFS

FFS

Electronics

Test Objectives

Configuration

Risk Avoidance

Procedures

Contingency Plan



•

• Aluminum
• Welded, Rods
• 425 PSI MEOP, 3.3 FOS based on 

stress analysis
• Proof tested to 700 PSI, 1.65 FOS

•

• Stainless Steel
• Welded
• 355 PSI MEOP, 3.75 FOS based on 

stress analysis
• Hydrostatic Proof Tested to 600 PSI, 

1.7 FOS
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•

• Fill and Vent Rate, Temperature Change, Leak Rate

•

• Hysteresis, Validate COPV Sizing

•

• GOFILL Actuation, GOVNT Actuation, Chill-In Times

•

• Fill Time, Boil-Off, Insulation Validation

•

• OQD Disconnect, OMV Timing, Collapse Factor
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• Confirm the COPV and IT1 can hold 4500 PSI of 
GN2.

• Measure the fill time with various sized orifices 
(GPRORF) on LFS, options include a 35 and 73 
thou orifice.

• Measure the temperature change during and 
after fill to calculate the change in pressure as a 
result of temperature rise (as opposed to 
leaking).

• Measure the effects of hysteresis on the flight 
regulators by comparing their changes in outlet 
pressures as a result of an increasing or 
decreasing inlet pressure.

• Find the time to vent COPV from 4500 PSI to 0 
PSI through PRVNT.
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1. Set Up

1. MCFS and Electronics

2. FFS and LFS

2. Click Checks (COPVTC and ORFTC)

4. COPV Fill

1. Fill 4500 PSI with LFS

2. Hold Pressure for 5 minutes

3. Vent with PRVNT to 4000 PSI

4. Refill COPV to 4500 PSI

5. Hold for 1 minute

6. Vent to ambient, wait 3 minutes

7. Switch Orifice and Repeat
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• Reconfirm test results from low pressure water 
flows.

• Find the remaining pressure in the COPV, 
starting with 4500 PSI, after a complete 11 
second.

• Compare the remaining pressure in the COPV 
when there is no top off from LFS after opening 
PRISO and when there is a top off filling back to 
4500 PSI.

• Find the fuel purging rate, the rate that GN2 
escapes through the fuel annulus from a known 
pressure in the COPV to the minimum closing 
pressure of FMV.
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1. Set Up
1. MCFS and Electronics
2. FFS and LFS

2. Click Checks

3. Go Vertical

4. Fill Tanks

5. COPV Fill
1. Hold 4500 PSI for 1 min to quantify leak rate

6. Water Flow
1. 11 second flow Fuel and LOX sections, run 3-5 times
2. Flow / purge till FMV closes, run 3 times

7. Reset
1. Vent to ambient

1. Adjust regulators if needed due to hysteresis or pressure 
drop

2. Refill
1. Adjust Fill Volume if 11 seconds was not met

3. Repeat Water Flow
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• Validate LFS Cryo Capabilities

• Measure chill-in time

• Confirm functionality of GOVNT-2 and GOFILL
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1. Click Check

2. Reg up pneumatics and ensure GOFILL actuates

3. Open Dewar and GOVNT-1. GOFILL is closed. Chill in 
Dewar-GOFILL line

4. Open GOFILL and chill in lines up to OQD

5. Test venting of GOVNT-2

6. Measure chill rate with TCs

7. Close dewar and open vents to safe the system
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• LCH Integration

• QD Alignment

• LFS + FFS Cryo Integration

• Validate FFS Cryo Capability

• Fill Time

• Insulation Testing

• Validate Insulation Calcs

• Fuel Line Freezing

• Boil-Off Time after Flow

• OVNT Cryo Actuation

32

1. Go Vertical

2. Connect QDs

3. Open Pneumatics K-Bottle

1. Confirm GPRFILL and GOFILL Actuation

4. Open Dewar, Chill-In LFS

5. Open Pressurant K-Bottle, Leave Test Site

6. Fill LOX Tank

1. Open GOFILL, Confirm OVNT is open, OTC and Load 
Cells measure fill amount

7. Fill COPV to 1500 PSI

1. Open GPRFILL, Confirm PRISO is closed

8. Pressurize Tanks

9. Open OMV for 9 seconds

10. Vent boil-off through OVNT

11. Refill and Repeat
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• LCH Integration

• QD Disconnect

• OMV Actuation under Cryo and Valve Timing

• Collapse Factor

• Pressurant Remaining with and without refilling 
COPV after pressurizing tanks

• Boil-Off Time after Flow

• OVNT Cryo Actuation
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1. Go Vertical

2. Connect QDs

3. Open Pneumatics K-Bottle

1. Confirm GPRFILL and GOFILL Actuation

4. Open Dewar, Chill-In LFS

5. Open Pressurant K-Bottle, Leave Test Site

6. Fill LOX Tank

1. Open GOFILL, Confirm OVNT is open, OTC and Load Cells 
measure fill amount

7. Disconnect OQD

8. Fill COPV to 4500 PSI

1. Open GPRFILL, Confirm PRISO is closed

9. Pressurize Tanks

10. Refill COPV

11. Disconnect PRQD

12. Open OMV for 9 seconds

13. Vent boil-off through OVNT

14. Refill and Repeat
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•

• Eye Protection
• Ear Protection
• Hardhats
• Cryo Gear

•

• Click Checks
• Man Safe Leak Checks under 500 PSI

•

• Operated from a safe distance
• Live camera streaming of test site
• Approaching system only when upstream of GPRFILL has pressure to 

open/close K-Bottle
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• Test Responsible Engineer (TRE): Follows procedures and makes final decisions. Directs 
personnel and sends commands to MCFS Operator.

• Down Range Personnel (DRP): Set up test and inspects system to ensure test readiness.

• MCFS Flight & Ground Operators (OP): Sets up and controls MCFS. Communicates 
directly with TRE relaying data and system states.

• Note Takers: Writes down every issue, solution, delay, and change to procedure. They 
also note important values from our data, time stamps for major events, and any other 
notable occurrences. There are two designated note takers, one down range and one in 
MC taking note of MCFS.

• Go Vertical Crew: Minimum of 5 required to go vertical with water flow stand, 8 required 
for LCH Rail.

• Water Filler: Fills ground tank for "Fuel Fill" using water.

• Cryo Warrior: Wears cryo gear and opens and closes LN2 dewar
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Set Up Site
Position FFS

Set Up 
Electronics and 

MCFS

Valve Click 
Checks and PT 
Data Collection

Horizontal 
Leak Check

Safe System

GO / NO GO Go Vertical Fill Tanks
Nominal 

Check
Leave Site

GO / NO GO Pressurize
Nominal 

Check
Run Launch

Auto-Sequence

Safe System
Purge Tanks and 

Depressurize

Refill and 
Repeat

Save Data
Go 

Horizontal
Pack Up
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