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1.0 Introduction

The 1A-9a and 1A-9b tests were the culmination of two years worth of effort on the part of the original team to successfully test fire the first and second MaCH-SR1 hybrid rocket engines.  The tests used all of the major subsystems that had been developed thus far, and integrated them into one system.  

1.1 Purpose

· Demonstrate the technology that had been developed as a concept for future teams to build from towards the final launch vehicle goal

· Test the subsystem hardware together at the system level

· Determine repeatability and reliability of the hardware design

· Verify procedures for future tests

· Verify the fuel grains were capable of igniting and burning

1.2 Success Criteria

The test can be considered successful if:

1. Nobody is injured.

2. The engine does not explode and cause harm to Lockheed Martin’s facility

3. The igniter succeeds in heating the fuel enough for ignition when oxidizer is introduced into the combustion chamber

4. The precombuster and postcombuster survive and keep their respective engine chamber sections cooler than 500 deg F

5. The joints in the fuel grains do not fail

6. The three stainless steel flange gaskets do not leak combustion gasses

7. The nozzle does not crack, break, or otherwise fail catastrophically

8. The nozzle plate does not fail as a result of heat and stress 

9. The system sustains stable combustion

2.0 Test Setup

2.1 Location

The test was conducted at the Lockheed Martin Facility in Littleton, Colorado.  It was performed in Cell 3 of their T-5 building.

2.2 Duration

Setup started on June 19, 2002 and both tests were completed on June 27, 2002.  Total duration for setup and testing was 7 days.  This accounted for approximately 200 man-hrs, or 23.7 work-days worth of work.

2.3 Equipment

See Appendix A: Equipment Listing

2.4 Description

** need a top-view picture

3.0 Procedures

3.1 Pre-Fire Checklist

See Appendix B

3.2 Lox Fill Procedure

See Appendix C

3.3 Hot-Fire Procedure

See Appendix D

4.0 Test Results

Data for both tests are presented below:

4.1 Quantitative Data

This is data that has numerical results associated with it, and that was collected from instruments of some sort.

4.1.1 Data Acquisition

A DataQ model XX was used to collect engine data during the test.  

4.1.1.1 Lox Mass vs. Time
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4.1.1.2 Lox Feed System Pressure vs. Time
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4.1.1.3 Chamber Pressure vs. Time
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4.1.1.4 Thrust vs. Time
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4.1.2 Video

Five video cameras were used to take footage of the test fire.  Lockheed Martin supplied one portable digital camera that viewed from behind and to the side.  Their other two cameras were fixed-mount cameras installed at the T5 test building.  One was almost square behind the nozzle, and the other got wide-angle shot from high above.  The two team-supplied cameras watched the lox system and the injector.  All the recordings from all five cameras for both tests (10 recordings total) were consolidated onto one video for easy access.

4.1.2.1 Chamber Pressure

This data is derived from transcribing the gauge readings from the video onto a graph.

4.1.2.2 Lox Feed System Pressure

4.1.3 Still Photography

Two still cameras were set up to be remotely operated from the viewing window of the test cell.  One team member was responsible for taking pictures continuously during the test.

4.1.3.1 Mach Diamonds

One of the pictures from test 1A-9b shows visible mach diamonds in the exhaust plume.  This photo was enhanced in Photoshop to show the mach diamonds more clearly.
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4.1.4 Pre-Fire Measurements

4.1.4.1 Ambient Conditions

4.1.4.2 Lox Mass

4.1.4.3 Initial Fuel Dimensions

4.1.4.4 Initial Fuel Masses

4.1.5 Post-Fire Measurements

4.1.5.1 Final Fuel Dimensions

4.1.5.2 Final Fuel Masses

4.2 Qualitative Data

5.0 Data Reduction and Analysis

5.1 Thrust

5.2 Regression Rate

5.3 O/F Ratio

6.0 Conclusions

7.0 References

8.0 Appendix A: Equipment Listing

Following is a list of equipment that was either loaded up at CU and brought down to Lockheed Martin with us, or procured there.

8.1 Tools

All the tools that the team owns must come to the test site, but the following MUST be present for testing to occur:

	Quantity
	Description
	Purpose

	1
	Torque wrench (150 ft-lb)
	CC bolts/nuts

	2
	Complete wrench sets from 1/8” to 1”
	Everything

	2
	3/8” Allen wrenches
	CC bolts/nuts

	2
	5/16” Allen wrenches
	Injector bolts/nuts

	1
	1 1/8” Wrench
	Gas regulators

	1
	Solder station
	Repair electrical parts

	1
	Leverage pipe
	Mini-Chamber bolts

	1
	Hacksaw
	1/8” tubing, etc

	1
	Power drill
	Misc.


8.2 Safety/PPE Equipment

	Quantity
	Description

	3
	Safety goggles

	2
	Face shields

	3
	High temperature gloves

	4
	Leather working gloves


8.3 Engine Components

	Quantity
	Description

	1
	Injector upper plate

	2
	Injector lower plates

	18
	3/8” x 2.5” stainless steel injector head screws

	Many
	Gortex injector head gaskets

	2
	Injector head check valves

	3
	Combustion chambers

	3
	Mini-chambers

	3
	Pre-combustor phenolic insulators

	30
	Mx1-L grains

	3
	Post-combustor phenolic insulators

	4
	Nozzles

	Many
	Combustion chamber gaskets

	Many
	½” x 1.5” screws, nuts, and washers

	Many
	½” x 2.25” screws, nuts, and washers

	2
	Combustion chamber end plates

	5
	Bottles of Rubber Cement


8.4 Engine Support Equipment

	Quantity
	Description

	1
	Thrust stand

	1
	Engine stand

	1
	Thrust ring

	2
	Engine stand bearing assemblies

	1
	Thrust stand load cell

	1
	Ground station control panel

	3
	12 vdc Batteries

	4
	100’ Ground station extension chords

	2
	Extra 100’ extension chords

	2
	Aluminum grain-loading rods

	All
	EPDM rubber

	2
	Rail Road tie engine stands


8.5 Injector Head Components

	Quantity
	Description

	2
	Check valves for igniter

	2
	¼” NPT-F to 1/8” swage fittings on check valves

	1
	¾” NPT nipple for LOX

	1
	¼” NPT to 1/8” swage for sparker

	1
	Pressure sensing assembly


8.6 Igniter/Purge Equipment

	Quantity
	Description

	3
	Solenoid valves (N2, GOX, Propane)

	Sufficient
	1/8” Stainless steel tubing for igniters (GOX + Propane)

	Sufficient
	1/8” Stainless steel tubing for N2 purge

	1
	Oxygen regulator

	1
	Nitrogen regulator

	1
	Propane bottle

	1
	Propane bottle adaptor fitting (Propane to ¼” NPT)

	1
	¼” NPT to 1/8” swage fitting for propane tank

	1
	Sparker assembly

	Supple
	Alligator clips

	3
	Sparker plugs


8.7 Liquid Oxygen Equipment

	Quantity
	Description

	1
	Liquid Oxygen Feed System with stand

	Sufficient
	¾” Copper feed line

	1
	Main LOX valve

	1
	Main LOX check valve

	1
	¾ “ NPT Hex nipple

	1
	Nitrogen tank


8.8 Gasses

	Quantity
	Description

	1
	Dewer of LOX

	
	Helium gas

	1
	Nitrogen gas K-bottle

	1
	Oxygen gas K-bottle

	1
	Propane gas tank


8.9 Data Acquisition

	Quantity
	Description

	All
	Temperature sensitive paint

	2
	Pressure Guages (0 – 1000 psi)

	2 
	Pressure Transducers

	1
	DataQ system

	1
	100 foot serial cable

	1
	Laptop computer

	2
	Camcorders

	10
	VHS tapes

	2
	Camcorder batteries

	1
	Digital camera

	1
	Film camera

	1
	Digital camera battery and recharger

	2
	Digital camera memory cards

	1
	Bathroom scale

	2
	TV/VCRs

	1
	Calipers

	2
	Tape measures

	1
	Thermometer

	3
	Stopwatches

	2
	Film cameras, remotely operated

	Sufficient
	Film


8.10 Paperwork

	Quantity
	Description

	4
	Procedures

	1
	Equipment list


8.11 Miscellaneous, Cleaning,  Spare, and Extra Parts/ Supplies

	Quantity
	Description

	3
	Rolls of duct tape

	1
	Dolly

	3
	Calculators

	1
	Box of dry erase markers

	2
	Talkabout radios

	2
	Rolls of Saran Wrap

	4
	Rolls of shop towels

	6
	Rolls of Teflon tape

	1
	Flashlight

	Many
	Extra flashlight batteries

	
	

	
	


9.0 Appendix B: Engine Pre-Fire Checklist

9.1 Purpose: 

This checklist is used to verify that the engine is completely set up and ready to fire before each test-fire occurs, and records important parameters.  It is an aid in making sure that no details are forgotten, resulting in a failure of the test.  Valves will also be put into appropriate positions for safe Lox loading at the end of this checklist.  

9.2 Personnel:

At least one person is required to perform this checklist.  If more people are available, separate sections can be performed by different people.  Do not have multiple people doing different parts of the same section of the procedure.  Persons performing this checklist must be sufficiently knowledgeable about the section that they are checking out.

9.3 Equipment:

1. Engine system

2. This procedure

3. Toolbox

4. Torque wrench

9.4 Initial Conditions:

The entire system is set up and in place.  If this is being performed right after a previous test, be careful of very hot parts on the engine, and very cold parts on the liquid oxygen system.

9.5 Additional Information:


This procedure does not necessarily have to be done in the order listed, although it is probably more convenient to do most of it roughly in the order shown.  Common sense will dictate if a step has to be performed before another, as it will be obvious, since most steps are inherently parallel.

9.6 Checklist

9.6.1 Test Data

Engine:


___________

(ex: Mx-1-L-2)

Test number:


___________

(ex: 2a)

Chamber:


___________

(ex: 1b)

Nozzle:


___________

(ex: 1000a)

Expected burn time:

___________ sec

Expected He reg press:
___________ psi

Expected Lox volume:
___________ gal

Expected Thrust:

___________ lb-f

Expected Gox reg press:
___________ psi

Expected N2 reg press:
___________ psi

Expected N2 purge time:
___________ sec

9.6.2 Test Stand

· Thrust stand, engine stand, and thrust ring are aligned

· Thrust stand I-Beam bolts are torqued to:
(100)
______________ ft-lbs

· Engine stand I-Beam bolts are torqed to:
(100)
______________ ft-lbs

· Engine stand and thrust stand are bolted together

· Load cell is mounted securely to the thrust stand

· Load cell safety stops are adjusted correctly

· Slider bar shaft collars are tight

· Bearing mount block bolts/nuts are tight

· Engine sits horizontally in engine stand

· Engine slides smoothly on bearings

· Bearing mounts are sitting in the center of the slider bar

· Thrust ring plate is tightly mounted to thrust ring bars with a washer under the head of each of the four bolts

· Thrust ring is in contact with the load cell

· Engine is mounted tightly in the bearing cradle assembly

9.6.3 Engine

· Five fuel grains fastened together with rubber cement on aluminum rod and allowed to dry for 2 hours minimum

· Fuel is installed in combustion chamber and grain designation recorded above

· Engine is mounted onto engine stand

· Mini-chamber installed onto main chamber

· Lock-washers installed on one side of middle flange

· Engine gaskets installed:



(circle one)

· Injector flange




  new/used

· Main Chamber/Mini-Chamber flange

  new/used

· Nozzle flange




  new/used

· EPDM Gasket number and thickness:

· Nozzle Gasket:



____ x ________ in

· Nozzle/Post-combustor:


____ x ________ in

· Post-combustor/Fuel:



____ x ________ in

· Fuel/Pre-combustor:



____ x ________ in

· Pre-combustor/Injector:


____ x ________ in

· Phenolic EPDM insulator thickness:

· Pre-combustor:



______________ in

· Post-combustor:



______________ in

· Nozzle installed on nozzle plate

· Nozzle and nozzle plate installed into post-combustor

NOTE: ensure that the grain port diameter has been measured prior to this step and recorded in the Data Acquisition section of this procedure

· Lock-washers installed on chamber side of nozzle flange

· Nozzle throat taped shut to eliminate foreign debris

· Middle flange bolts torqued to:
(115)

______________ ft-lbs

· Nozzle flange bolts torqued to:
(115)

______________ ft-lbs

9.6.4 Injector

· Bottom plate is cleaned of foreign objects

· Gortex gasket is in place between top and bottom plates, and holes verified to line up correctly

· All six tapered bolt gaskets are in place

· Injector bolts torqued to:

(75)

______________ ft-lbs

· Gox and propane check valves are installed tightly with Teflon tape

· Gox and propane check valve adaptors are installed tightly with Teflon tape

· Pressure sensing fixture is installed tightly with Teflon tape

· All Pressure sensing fixture Swagelok fittings are tight

· Spark plug is installed tightly with Teflon tape

· Spark plug EPDM insulator is installed on bottom plate

· Lox feed hex nipple is installed tightly with Teflon tape

· Lox feed check valve is installed tightly onto hex nipple with Teflon tape

· Brass tee is installed into Lox feed check valve tightly with Teflon tape

· Brass plug is installed on brass tee

· Copper Lox feed line installed on tee in direction of Lox feed system

· Lock-washers installed on chamber side of injector flange

· Washers installed on injector side of injector flange

· Injector flange bolts torqued to:
(115)

______________ ft-lbs

· Thrust ring bars are tightly mounted to injector plate

9.6.5 Igniter

· Gox, propane, and N2 gas bottles staged on opposite side of engine as Lox feed system

· Propane bottle adaptor installed tightly

· Gox regulator installed on Gox bottle and leak-checked

· Gox bottle pressure >500 psi

· N2 regulator installed on N2 bottle and leak-checked

· N2 bottle pressure >500 psi

· Gox, propane, and N2 1/8” lines connected to regulators and blown free of particles

· Gox/N2 Swagelok tee fitting tightened

· Gox/N2 tubing installed tightly to Gox check valve adapter on injector

· Sparker box staged by Gox, propane, and N2 gas bottles

· Sparker box connected to sparker battery

· Sparker wire connected to spark plug on injector securely

· Sparker ground wire connected to injector securely

9.6.6 Liquid Oxygen Feed System

· System is clean

· System is sitting on opposite side of test stand as igniter gas bottles

· Helium bottle is staged near system

· Small air tank staged near system

· Lox dewar is staged near system

· LN2 dewar is staged near system

· Lox and LN2 transfer lines are staged near dewars

· Stand is sitting on scale contraption

· Teflon seals are installed in both tanks

· Brass manifold/tank fittings are installed very tightly into manifold with 5 full wraps of Teflon tape

· Tanks are installed tightly onto manifold

· Brass end plugs are installed tightly into manifold with Teflon tape

· Main feed line is installed tightly into manifold with Teflon tape

· Main feed line connected to injector tightly

· Helium feeds are installed tightly into manifold with Teflon tape

· Fill/Drain fitting is installed tightly into manifold with Teflon tape

· Plug installed tightly on fill inlet

· Plug installed tightly on drain outlet

· System is sitting on stand with plastic insulators

· Tanks are strapped tightly to stand with hose clamps

· Vent valve is connected and Swagelok fittings are tightened

· Fill valve is connected and Swagelok fittings are tightened

· Pressure feed valves are connected and Swagelok fittings are tightened

· Adapter for gauge is installed tightly into tee with Teflon tape

· Adapter for transducer is installed tightly into tee with Teflon tape

· Swagelok fittings on 1/8” line for gauge and transducer are tightened

· Helium bottle regulator installed and leak checked

· Helium bottle pressure >1500 psi

· Helium bottle connected to Lox feed system and Swagelok fittings tightened

· Relay/air valve board tightened to stand

· DC/DC adaptor connected to data acquisition battery and feeding into relays

· Air tubing connected from Lox solenoid air valve to main Lox valve actuator

· Air tubing connected from He vent solenoid air valve to He vent valve actuator

· Insulation is installed on the tanks

· System is purged with helium

9.6.7 Ground Station

· Ground station battery is connected to control panel power cables

· Ground wire is connected to battery and run out to test area

· Control cables are run out to test area

· Control panel checked for power, and each light bulb checked for operation

· All control panel switches in the ‘off’ positions

· Laptop is staged on top of control panel

· Both monitors are staged at ground station

· Lox fill procedure staged at ground station

· Hot Fire procedure staged at ground station

· Two-way radio staged at ground station

· Control cables connected: (check off)

control

ground

· Main Lox air valve:



    (

    (
· Helium vent air valve:



    (

    (
· Helium pressurant solenoid valves:

  (  (

    (
· Gox solenoid valve:



    (

    (
· Propane solenoid valve:


    (

    (
· Sparker box:




    (

    (
· N2 solenoid valve:



    (

    (
9.6.8 Data Acquisition System

· Data Acquisition battery staged near Lox feed system

· 120 VAC power cable run out to test area

· Video A/V cables run out to test area and connected to cameras

· Load cell amplifiers are staged near load cells

· DataQ system is powered

· Lox pressure transducer is powered

· Lox pressure transducer output and ground connected to DataQ channel 1

· Engine pressure transducer is powered

· Engine pressure transducer output and ground connected to DataQ channel 2

· Thrust load cell is powered

· Thrust load cell output and ground are connected to amplifier

· Thrust load cell amplifier output and ground connected to DataQ channel 3

· Lox mass load cell is powered

· Lox mass load cell output and ground are connected to amplifier

· Lox mass load cell amplifier output and ground connected to DataQ channel 4

· Engine combustion chamber is marked with temperature sensitive paint: (circle all that apply)

· Pre-combustor area:


350 400 450 500 550 600 650 700

· Fuel area, 2 locations:


350 400 450 500 550 600 650 700

· Post-combustor area:


350 400 450 500 550 600 650 700

· Fuel port diameter:




______________ in

· The Lox pressure gauge and engine pressure gauge are bundled near the injector

· Video cameras are powered

· Video camera times are set within one second of each other and computer

· Video camera dates are set the same as each other and the computer

· Video cameras aimed at:

· Camera 1:


________________________________

· Camera 2:


________________________________

NOTE: the following data are to be taken just prior to the Hot Fire procedure

· Ambient air temperature:



______________ deg F

· Ambient air pressure:




______________ psi

9.6.9 System Operational Checkout

Ensure that the power to the control station is on, and perform the following system checks.  This section requires two people with radios: one at the control station and one in the test cell.  The following subsections begin assuming the valves in the system are in the normal positions.  It is recommended that this entire section be done in order.

Lox/Helium Systems:

This subsection verifies proper operation of HE-1 and HE-2, HE-4, HE‑5, LO‑1 and LO‑7, LO-2, LO-3 and LO-8, LO-4, PX-1 and PG-1, and associated control panel switches.

WARNING: Some steps in this subsection will vent helium to the atmosphere and will make a loud noise. Operator may wish to wear ear protection.  Keep clear of the vent paths.

NOTE: HE-3 is not checked in this procedure.

· Check that GS-T-4 has between 110 psi and 120 psi nitrogen in it.

· Turn the control panel on if it is off.

· Open HE-4 and slowly increase the setting on HE-5 to 900 psi.  Ensure that HE-1 and HE-2 remain shut.

· Shut HE-5 and cycle HE-1 and HE-2 to vent the regulator.

· Set HE-5 to 100 psi.  Open HE-1 and HE-2 for five to ten seconds.  Ensure that LO‑3 closes.

· Place the He Pressurize/Vent switch on the control panel to the Vent Shut position and make sure that LO-3 stays shut and that HE-1 and HE-2 shut.

· Ensure that PX-1 and PG-1 read similar values.

· Place the He Pressurize/Vent switch on the control panel to the middle position and ensure that LO-3 opens.

· Remove LO-P-1.  Shut or check shut LO‑4.  Open HE-1 and HE-2 for five to ten seconds and set the He Pressurize/Vent switch on the control panel to the Vent Shut position.  Verify that LO-4 remains shut and does not leak.  Cycle LO-4 open and shut to verify that it operates properly.  If LO-4 is leaking or does not operate properly, take corrective measures to repair it.

· Cycle LO-1 and listen for helium entering the engine to verify that LO‑1, LO‑2, and LO‑7 are working correctly.

· Place the He Pressurize/Vent switch on the control panel to the middle position and ensure that LO-3 opens and the system vents.

· Shut HE-4 and cycle HE-1 and HE-2 to vent the regulator.

· Check that GS-T-4 is between 110 psi and 120 psi.

· If not moving directly to the next subsection, turn the control panel off.

Sparker System:

This subsection tests the sparker box and the spark plug for proper operation.  

WARNING: Since this procedure creates an ignition source for combustible gasses, it should be completed before the Gas Service system is checked out to avoid the risk of having residual propane and oxygen in the engine together when the spark is initiated.

· Turn the control panel on if it is off.

· Shut or check shut GS-6 and GS-7

· Verify that the propane and Gox switches on the control panel are in the off position and the associated lights are off.

WARNING:  If oxygen and combustible gasses are present when the spark is initiated, a small but loud explosion will be created in the combustion chamber. Operator may wish to wear ear protection.

· Open GS-8.

· Set GS-10 to 100 psi.

CAUTION: Do not keep GS-3 open for more than 30 seconds at a time in order to prevent damage to the valve by overheating.  Allow an equal amount of cool down time as operation time.

· Open GS-3 and purge the engine with nitrogen for 2 minutes.  Verify that only nitrogen is escaping the nozzle of the engine. 

CAUTION: Monitor the panel for excessive temperatures during this step near the nitrogen purge switch and light, and especially the resistor for the indicator light.

NOTE: Nitrogen gas is colorless and odorless.  Propane smells like propane and is very distinct.  If oxygen is in the gas, it is fine.  There is no way to distinguish between nitrogen and oxygen without sensors, and oxygen without a combustible gas will not ignite.

WARNING: The next step involves the use of 40,000 volts.  Do not touch the engine, injector, spark wire, or spark box when the spark is energized to reduce the risk of electrical shock

· With GS-3 still open, initiate the spark from the control panel.  Listen to ensure that it is operating.

NOTE: A faint buzzing should be heard near the injector head and the nozzle.

· Release the spark pushbutton on the control panel and shut GS‑3.

· Shut GS-8 and cycle GS-3 to vent the regulator.

· If not moving directly to the next subsection, turn the control panel off.

Gas Service System:

This subsection will test the proper operation of GS-1 through GS‑10.  

WARNING: Since this procedure puts propane gas and oxygen gas into the engine, it should be performed after the Sparker system checkout is completed to avoid a possible small but loud explosion in the combustion chamber.

· Shut or check shut GS-6, GS-7, and GS-8.

· If the control panel is off, turn it on.

· Verify the spark light is off on the control panel.

WARNING: Do not allow the spark pushbutton on the control panel to be pushed during the next step.  Initiating the spark while propane gas is present in the engine could cause a small but loud explosion in the combustion chamber.

· Open GS-6.  Open GS-1 and listen for propane flow through the injector.  Verify that only GS-1 and GS-4 opened.

· Shut GS-1.  Shut GS-6.

· Open GS-8.  Set GS-10 to 100 psi.  Open GS-3 and listen for nitrogen flow through the injector.  Verify that only GS-3 and GS-5 opened.

· Purge the engine with nitrogen for 1 minute to clear out any propane gas that may remain.

· Shut GS-3.  

· Open GS-7.  Set GS-9 to 100 psi.  Open GS-2 and listen for oxygen flow through the injector.  Verify that only GS-2 and GS-5 opened.

· Shut GS-2.

· Shut GS-7 and cycle GS-2 to vent the regulator.

· Open GS-3 and purge the engine with nitrogen for 1 minute to clear out any oxygen gas that may remain.

· Shut GS-8 and cycle GS-3 to vent the regulator.

· Turn the control panel off.

9.6.10 Final System Configuration

This section puts the entire system into a known and safe configuration.  The entire system will be ready for Lox system cool down and/or Lox system filling.

NOTE: Do the He/Lox system valve lineup with the control panel on.

NOTE: HE-3 is not and cannot be set or checked in this procedure.

9.6.10.1 He System Valve Lineup

· HE-1 and HE-2 shut

· HE-4 shut

· HE-5 shut

9.6.10.2 Lox System Valve Lineup

· LO-1 shut

· LO-3 open

· LO-4 open

· LO-5 shut

· LO-6 shut

· LO-P-1 shut

· LO-P-2 shut

· LO-P-3 shut

9.6.10.3 Gas Service System Valve Lineup

· GS-1 shut
· GS-2 shut
· GS-3 shut
· GS-6 shut
· GS-7 shut
· GS-8 shut
· GS-9 shut
· GS-10 shut
· GS-T-4 at 110 to120 psi with nitrogen
9.6.10.4 Ground Station Switch Lineup

· Lox switch and light off

· He Pressure/Vent switch in vent open position with both lights off

· Gox switch and light off

· Propane switch and light off

· Sparker pushbutton not depressed and light off

· Nitrogen purge switch and light off 

· Power switch off

9.6.10.5 Data Acquisition System Lineup

· Video cameras powered and feeding video to ground station video monitors, not recording

· Laptop computer on with WindaQ software running and showing appropriate data

· Average circuits for WindaQ opened

10.0 Appendix C: Lox Fill Procedure

10.1 Purpose:

This procedure provides the method for filling the Liquid Oxygen Feed System with liquid oxygen prior to a test-fire of the engine.

10.2 People:

1. Reader: Reads the procedure to the performer, and makes sure that all steps are followed correctly

2. Performer: Actually performs all of the manipulations in the procedure

3. Control Panel Operator: Stands by at the control panel and operates any valves that need to be operated remotely during the procedure.  Also monitors the data acquisition for proper response

10.3 Equipment:

1. Lox dewar with at least twice as much liquid oxygen in it as what is required to go into the Liquid Oxygen Feed System

2. Protective clothing for the Reader and Performer

10.4 Initial Conditions:

1. Engine Setup Procedure is completed

2. LOX System Pre-chill procedure is completed or system is sufficiently cold from a previous run

3. There is only atmospheric pressure in the system

10.5 Additional Information:

10.6 Procedure:

· Shut or check shut HE-4 (helium shutoff valve)

· Shut or check shut LO-P-2 and LO-P-3 (Lox drain and vent plugs)

· Shut or check shut LO-1 (main Lox feed valve)

· Check shut LO-5 and LO-6 (dewar liquid supply and vent shutoff valves)

· Open or check open LO-3 (Lox vent valve)

· Shut LO-4 (Lox fill isolation valve), open LO-P-1 (Lox fill plug), and reopen LO‑4

WARNING: If the Lox system has any pressure built up inside of it, cold stuff may be forced out of the fill line.

· Connect Lox transfer line between liquid port of Lox dewar and the Lox system fill line

· Open LO-5 (dewar liquid supply valve)

· Fill system to desired level by monitoring the change in system mass

· When tanks are at desired mass, shut LO-5 (dewar liquid supply valve)

WARNING: Crack the fitting taper between the Lox transfer line and the Lox system fill line before performing the next step to prevent having an enclosed space filled with  a cryogen, which is an explosion hazard.

· Shut LO-4 (Lox fill isolation valve)

· Remove Lox transfer line from the fill line

· Close LO-P-1 (Lox fill plug) when there is no more Lox upstream of LO-4.

· Open LO-4 (Lox fill isolation valve)

· Drain the transfer line and put non-pressure-tight cleanliness cover over the free end of the transfer line

11.0 Appendix D: Hot Fire Procedure

11.1 Purpose:

This procedure provides the method for test firing the engine.

11.2 People:

1. Test Conductor: Calls out the countdown and ensures all of the switches are operated on time and in the correct order. Stops the test if a bad condition is found.

2. Lox Operator: Operates the Lox, He Pressurant/Vent, and Nitrogen Purge switches for the test.  Informs test conductor of potential problems.

3. Igniter Operator: Operates the Gox, Propane, and Sparker switches for the test.  Informs test conductor of potential problems.

4. Engine Observer: Looks out the window and watches for problems that warrant the early stopping of a test.

11.3 Equipment:

1. Engine System all set up and loaded with Lox in Test Cell 3

11.4 Initial Conditions:

1. Lox Fill Procedure is completed

11.5 Additional Information:


11.6 Procedure:

NOTE: Fill in the blanks in the procedure below with appropriate information from the Pre-Fire Checklist

· Stand with a whiteboard in front of each camcorder for 5 seconds while it is recording.  On the whiteboard put the following information:

· Engine


____________
(ex: Mx-1-L-2)

· Test Number

____________
(ex: 2a)

· Burn Time

____________ sec

· Thrust


____________ lb-f

· Open HE-4

· Set HE-5 to ____________ psi

NOTE: Set pressure in regulators carefully and slowly to avoid overshooting the desired setting.  If overshoot occurs, set regulator to 0 psi (closed), shut the associated tank valve, and crack the fitting at tank to vent gas out of the regulator to bleed off pressure.  Tighten the fitting and try again.

· Open GS-6

· Open GS-7. Set GS-9 to ___________ psi

· Open GS-8.  Set GS-10 to  ____________ psi

WARNING: The engine system is ready to fire now, with the exception of pressurizing the Lox system.  Clear the test cell immediately.

· Have Lockheed Martin clear the area, turn on the amber lights, and make an announcement

· Prepare the DataQ to record data

· Check that cameras are viewing the appropriate items

· Cross check that the gauges and DataQ are reading approximately the same values

· Begin the T-30 second countdown to fire:

NOTE: This procedure must be rehersed beforehand with people in the appropriate positions.  The wording is too long to allow for direct reading, and so must be well known by all people involved with the test.

NOTE: The test conductor should count down aloud while following a stopwatch and should announce the following steps at the time indicated.

WARNING: This will potentially make a very big flame.

00:30 

Start recording on the VHS tapes

00:25 
Pressurize the Lox system to __________ psi and immediately place the He Pressurant/Vent switch in the Vent Shut position.

00:10 
Purge the engine with Gox

00:05
Simultaneously depress the Spark pushbutton, turn on the propane switch, and pu the He Pressurant/Vent switch into the Pressurize Lox position.  Ensure the lights illuminate.  Check for visual/audible confirmation that the igniter is burning.  Once confirmed, release the Spark pushbutton.

00:00
Shut off the Propane and Gox switches at the same time that the Main Lox valve is opened.

00:__
Shut the Main Lox valve and place the He Pressurant/Vent switch into the Vent Open position.

· When chamber pressure drops below 300 psi, turn the Nitrogen Purge switch on and purge the engine with nitrogen for _______ seconds

· Stop the DataQ system recording and close the file

· Stop the VHS recording

· Turn the control panel off

· Wait for the Okay from Lockheed Martin to go into Test Cell 3

· Shut HE-4

· Shut HE-5

· Shut GS-6

· Shut GS-7

· Shut GS-9

NOTE: GS-8 and GS-10 will remain in service in order to provide an emergency nitrogen purge until it is deemed safe to disable it.

· Disconnect spark wires from injector

· Disconnect GS-T-4

CAUTION: Indicates a part of the procedure, which if not followed correctly, could result in equipment damage.





WARNING: Indicates a part of the procedure, which if not followed correctly, could result in personnel injury.





NOTE: Provides additional information about a part of the procedure that helps the operator to understand a step better.
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