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•

• Run Ground Electronics and MCFS, Find Leaks, Set Regulators

•

• Injector Pressures, Valve Timing, Adjust Regulators

•

• Mass Flow, Reconfirm Prior Results, LFS Fuel Fill Precision

•

• High Pressure Leak Test, Fill and Vent Times, Orifice Sizing, Hysteresis

•

• Reconfirm Prior Results, Remaining COPV Volume, Purge
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System Checks Short Water Flows

Long Water Flows

COPV Fill Test

Full Water Flows

Data Review

Data Review

Data Review
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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
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•

• 2 way solenoid, NC, 5000 PSI MOP

•

• Relief Valve, 4750 PSI, 6000 PSI MOP

•

• 5000 PSI Pressure Transducer

•

• Pneumatically Actuated 
Ball Valve, 6000 PSI MOP
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•

• PNREG – 70-90 PSI
• MVREG – 500 PSI
• FSREG – Depends on FREG
• OSREG – Depends on OREG

•

• FREG – 385 PSI
• OREG – 320 PSI

•
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•

• SVPRISO - 5/2 way solenoid, 145 PSI MOP
• PRISO/OVNT - Inversely actuated by SVPRISO

•

• SVOMV – 3/2 way solenoid, 6000 PSI MOP
• SVFMV – 3/2 way solenoid, 6000 PSI MOP
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•

• Aluminum
• Welded, Rods
• 390 PSI MEOP, 3.6 FOS based on 

stress analysis
• Proof tested to 700 PSI, 1.8 FOS

•

• Stainless Steel
• Welded
• 325 PSI MEOP, 4.1 FOS based on 

stress analysis
• Hydrostatic Proof Tested to 600 PSI, 

1.8 FOS
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•

•

• K-Bottles secured to LFS Fluids Box
• Pressurant Fill Line Runs along metal 

structure and hose is secured with 
hose clamps shown in green

•
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•

• 4500 PSI Initial 2700 PSI Final 
• 2000 PSI Initial 520 PSI Final
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•

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

•

• 850 seconds
• ~14 minutes
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•

• Run Ground Electronics and MCFS, Find Leaks, Set Regulators

•

• Injector Pressures, Valve Timing, Adjust Regulators

•

• Mass Flow, Reconfirm Prior Results, LFS Fuel Fill Precision

•

• High Pressure Leak Test, Fill and Vent Times, Orifice Sizing, Hysteresis

•

• Reconfirm Prior Results, Remaining COPV Volume, Purge
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• Verify ability to acquire data and control system accurately using our custom-made Master Computer 
Flight Software (MCFS) along with our ground electronics systems including the Data Acquisition Device 
(DAQ) and Engine Controller (EC).

• Ensure FFS and LFS hold low pressure. Fix leaks so that FFS has a leak rate no more than 3 PSI/min 
when it is isolated from LFS. FFS should be tested for leaks with PRISO both closed and opened.

• Regulators should be set to expected operating pressures within their acceptable ranges.
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Regulator Acceptable Pressure Range

PNREG 60-90 PSI

MVREG 450-600 PSI

FSREG Dependent on FREG

FREG 385 PSI (±10 PSI)

OSREG Dependent on OREG

OREG 320 PSI (±10 PSI)

1. Set Up
1. MCFS and Ground Electronics
2. FFS and LFS

2. Click Checks

3. Horizontal Leak Check
1. Pressurize, Check Reg Pressure, Depressurize, 

Adjust Regs, Repeat
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• Determine pressure drop from tank PTs to 
injector PTs so that FSREG and OSREG can be set 
to obtain flight like pressures in both the LOX 
injector (308 PSI) and fuel injector (365 PSI).

• Quantify the delay between fuel and LOX 
entering the injector and adjust the fire auto-
sequence so that both propellants enter the 
injector at the same time.
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1. Set Up

1. MCFS and Ground Electronics

2. FFS and LFS

4. Click Checks

5. Go Vertical

6. Fill Tanks

7. Water Flow

1. Flow for 3 sec 3 times, Purge, Refill, Repeat 3 more 
times

1. Record the pintle to see delay between fuel and LOX

8. Go Horizontal

1. Adjust Regs and Valve Timing

9. Repeat Procs with adjustments (likely on another day)



• Reconfirm test results from short water flows 
including injector pressures and valve timing.

• Obtain flight like mass flow through the injector, 
0.53 kg/s for fuel and 0.955 kg/s for LOX.

• Find the closing pressure of FMV.

• Verify filling methods into the fuel and LOX 
tanks to get accurate volumes of water in each 
tank using the LFS fuel fill system.
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1. Set Up

1. MCFS and Ground Electronics

2. FFS and LFS

2. Click Checks

3. Go Vertical

4. Fill Tanks

5. Water Flow

1. 11 seconds through FMV and OMV
1. Record video of pintle, valve timing, and injector 

pressures

2. 11 seconds through FMV

1. Measure mass flow

2. Find closing pressure of FMV

3. 11 seconds through OMV

1. Measure mass flow

6. Reset, Refill, Run each flow 2 times



• 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 78 and a 93 
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 Ground Electronics

2. FFS and LFS

2. Click Checks (COPVTC and GTC)

3. Leak Check at Low-Pressure (1000 PSI)

1. Depressurize

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. Repeat 1-6 of COPV Fill

8. Switch Orifice and Repeat



• Reconfirm test results from short and 
long water flows including mass flows, injector 
pressures, and valve timing.

• Find the remaining pressure in the COPV, 
starting with 4500 PSI, after a complete 11 
second flow and 3 seconds of fuel 
purge. 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 Ground 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, 3 second fuel purge, run 3-5 times
1. At least 1 measuring mass flow

2. At least 2 recording pintle

2. 11 second flow, purge till FMV closes, run 3 times
1. Record pintle

7. Reset

1. Vent COPV to 1000 PSI or less, Vent Tanks to ambient

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

3. Repeat Water Flow



•

• Eye Protection 
• Ear Protection 
• Hardhats 

•

• Click Checks 
• Man Safe Leak Checks at 1000 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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• Lead (Ethan): Follows procedures and makes final decisions. Directs personnel and sends 
commands to MCFS Operator.

• Critical Test Personnel (Ethan, Hudson, Gabe, Simon): Set up test and inspect system to 
ensure test readiness.

• MCFS Operator (Gabe): Sets up and controls MCFS.

• Scribes (Simon & Gabe): 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 (The MCFS Operator may act as MC Scribe).

• Go Vertical Crew: Minimum of 6 required to go vertical.

• K-Bottle Opener / Closer (Ethan): Opens and closes specific K-Bottles when directed 
by procedures and given the go-ahead by both the Lead and MCFS Operator.

• Water Fillers: Minimum of 2 required. Fill tubs of water when preparing to water flow. Fill 
LFS Fuel Tank.
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Set Up Site
Position FFS

Set Up Ground 
Electronics and 

MCFS

Valve Click 
Checks and PT 
Data Collection

Horizontal 
Leak Check

Safe System

GO / NO GO Go Vertical Fill Water
Nominal 

Check
Leave Site

GO / NO GO Pressurize
Nominal 

Check
Run Fire 

Auto-Sequence

Safe System
Depressurize and 

Empty Tanks

Refill and 
Repeat

Save Data
Go 

Horizontal
Pack Up and 

Tarp LFS



1. Move FFS into place
2. Set Up MC

1. Plug in every component to designated port

1. Electronics, LFS, and FFS Integration
2. Confirm every component and auto-sequence works

1. Test Personnel Only, PPE
2. Raise pressure gradually to 1000 PSI and Find Leaks
3. Actuate valves, run fire and abort sequences, safe system
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1. Lifting the Vertical Stand into place and securing it

1. Use LFS Fuel Fill to Fill FFS Fuel and LOX Tanks

1. Set LFS Pressures, Confirm GPRFILL Works, Clear Test Site
2. Nominal Check: Correct Valve States and PTs and TCs Reading

1. All valves closed except for OVNT. Ensure PRISO is closed.
3. Pressurize COPV to 4500 PSI
4. Open PRISO, Pressurize Tanks
5. Fire Sequence - opens SVOMV and SVFMV, then closes them
6. Abort Sequence - closes SVPRISO, closes GPRFILL, opens GPRVNT, 

opens PRVNT, opens FVNT, closes SVOMV, and closes SVFMV. 
7. Refill and Flow Again
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• Dome Loaded Pressure Regulator
• FREG – Fuel Regulator
• OREG – Oxygen Regulator

• Spring Loaded Pressure Regulator
• GPNREG
• GPRREG
• GFREG
• FSREG – Fuel Set Regulator
• OSREG
• MVREG
• PNREG

• Filter
• GPRFILT
• GPNFILT
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