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	1.0
	INTRODUCTION



	1.1
	Purpose

The purpose of this procedure is to define pyrotechnic operations in support of pyrotechnic shock testing in the Pyrotechnic Shock Facility in Building 4619.

The Pyrotechnic Shock Facility is located in Rooms 170, 170A and 170B of Building 4619.  Room 170A is designated as the Control Room.  The area between Room 169 and 170 is used for storage of secondary pyrotechnic devices.  Room 170B is used for storage of initiators.  All detonation of pyrotechnic devices will be in Room 170.
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	1.2
	Scope



	
	This document contains the steps to prepare the facility, conduct the pyrotechnic portion of a test, and steps to follow in the event of a misfire.


	1.3
	Definitions

The following definitions are for use in this procedure only.



	
	Initiators - The primary stimulus component or detonation initiating device in pyrotechnic and explosive devices and systems.  Initiators include items such as blasting caps, NASA standard initiators (NSIs) flight part number SEB26100001 or SEB26100107, and NASA standard detonators (NSDs) flight part number SEB26100094.

Pyrotechnically Actuated Device - All devices and assemblies operated/

actuated by propellants and/or explosives but which do not have the propellants or explosives installed including items such as separation bolts and nuts, pin pullers, guillotines (cutters), and valves.  

Pyrotechnic Devices - All devices and assemblies containing propellants and/or explosives including items such as initiators and secondary pyrotechnic devices, but specifically excepting large rocket motors.

Secondary Pyrotechnic Device - All devices and assemblies containing secondary propellants and/or explosives that require an initiator to reliably detonate.  These devices include items such as mild detonating fuse (MDF), flexible linear shaped charge (FLSC), safe and arm devices, cartridges, linear separation systems, and transfer assemblies. 


	2.0
	SAFETY



	
	The following phone numbers will be used in the event of an emergency:

     MSFC Medical Center          4-2390

     Ambulance                             911

     Fire                                         911

     Security                                4-4357

     Safety                                   4-0046

See Section 10.0 for emergency procedures.


	
	All detonation of pyrotechnic devices will be in Room 170.  

The Test Engineer will be responsible for all activities occurring in the 

Pyrotechnic Shock Facility and for the safety of personnel involved in the test 

activities.  It is the responsibility of each individual in a test program to fully 

comply with the requirements of this document and to report any individual not 

complying.  Failure to do so could lead to serious personnel injuries or deaths.

The Test Engineer will assure that operations involving pyrotechnic devices are 

restricted to certified personnel in accordance with MWI 3410.1.

Before handling pyrotechnic devices, operational personnel must:

a.   Be wearing 100 percent cotton clothing.

b.   Be wearing conductive shoes, or leg or wrist straps connected to SRM/BSM

      grounding system.

c.   Be wearing safety goggles and hearing protection.

d.   Remove and store all matches, lighters, jewelry, and all battery-powered 

      devices such as electrical wrist watches, calculators, portable radios, 

      two-way radios, two-way pagers, cellular phones, etc.

e.   Remove all static generators such as foam cups, snack food bags, etc.  

      Adhesive tape should be unrolled slowly and monitored for a static charge

      with an ACL300B Electrostatic Locator or equivalent.  Placing the tape on 

      the grounded plate before using it to attach pyrotechnic devices to the plate 

      or test fixture will dissipate the charge.  The tape can not be used if the

      static charge approaches 1000V.


	3.0
	DOCUMENTS

     

	3.1
	Applicable Documents



	
	ET23-SHK-FOP-002   Calibration of Accelerometers Used in Shock Tests

MWI 3410.1                 Personnel Certification Program



	3.2
	Reference Documents



	
	ET23-SHK-SOP-001   Pyrotechnic Shock Facility

MPR 8715.1                 Marshall Safety, Health, and Environmental (SHE) Program

MSFC-STD-1800         ESD Control for Propellant and Explosive Devices


	4.0
	GENERAL REQUIREMENTS

	
	

	4.1
	The Test Engineer will be in charge of all test preparations and activities.

	
	

	4.2
	All test activities will be coordinated with the Test Engineer.

	
	

	4.3
	The Test Engineer will notify Industrial Safety prior to all tests involving pyrotechnics.



	4.4
	All changes to the procedure before testing begins and deviations during testing will be coordinated with the Test Engineer and Industrial Safety. 


	5.0
	ACCELEROMETER CALIBRATION

   
	

	5.1
	For each measurement location select an accelerometer of a type suitable for the amplitude expected.

   
	_____

	5.2
	Calibrate each accelerometer per ET23-SHK-FOP-002.
	_____


	6.0
	PRETEST FACILITY CHECKOUT 
	


	WARNING!

NO PYROTECHNIC DEVICES IN ROOM 170 DURING PRETEST FACILITY

 CHECKOUT.  NONCOMPLIANCE MAY RESULT IN MAJOR EQUIPMENT

 DAMAGE, SEVERE PERSONAL INJURY, OR DEATH.




	6.1
	Verify that no flammable solvents, paints, gases, etc., are present in the hazardous area except those kept in a flammable cabinet in the control room, and verify that all static generators such as foam cups, snack food bags, etc. have been removed from the hazardous area.


	_____

	6.2
	Verify that a conductive floor mat is placed under the junction box and pyrotechnic loading area and that the floor mat and test, checkout, and assembly hardware are connected to the SRM/BSM grounding system.


	_____

	6.3
	Using a ACL 375, or equivalent, verify the resistance of the floor mat is between 105 and 107 Ohms.


	_____

	6.4
	Verify that no leads are connected to the junction box terminals, and move the junction box switch to the “BULB” position.  

  
	_____

	6.5
	Connect 12 Volts to the firing panel, and verify that the firing panel meter indicates 12 volts.

  
	_____

	6.6
	Insert the arming key, switch the arming key to "ARM" position, and verify “READY TO FIRE” light is illuminated.

  
	_____

	6.7
	Open red cover, flip “FIRE” switch, and verify bulb on junction box illuminates.

  
	_____

	6.8
	Close red cover and switch arming key to "SAFE" position.


	_____

	6.9
	Move junction box switch to "METER" position.

  
	_____

	6.10
	Switch arming key to "ARM" position and verify “READY TO FIRE” light is illuminated.

  
	_____

	6.11
	Open red cover, flip “FIRE” switch, and verify that meter on junction box indicates 12 Volts.

  
	_____

	6.12
	Close red cover, switch the arming key to "SAFE" position, and disconnect voltage source.  
	_____


	6.13
	Verify that there are 0 volts on the junction box meter with the junction box switch in the meter position.  If voltage is indicated, all blasting activities will be curtailed until the voltage source is removed.

  
	_____

	6.14
	Move junction box switch to "BULB" position and verify that the junction box bulb is not illuminated.  If bulb glows, all blasting activities will be curtailed until the RF source is removed.
	_____


	7.0
	CHECKOUT, INSTALLATION, AND HOOKUP OF PYROTECHNIC DEVICES


	

	7.1
	Verify Class 1 signs and signs below are posted on the outside walls of Room 170.

     RESTRICTED AREA    CLASS 1.1 (or 1.4) EXPLOSIVES    KEEP OUT

     TURN OFF TWO WAY RADIOS    EXPLOSIVE DEVICES IN AREA


	_____

	7.2
	Verify that no severe weather or electrical storms are predicted within 10 miles of the immediate vicinity during the time required for the hazardous operation.  Severe Weather Check phone number: 876-2465


	_____

	7.3
	Verify that no flammable solvents, paints, gases, etc., are present in the hazardous area except those kept in a flammable cabinet in the control room, and verify that all static generators such as foam cups, snack food bags, etc. have been removed from the hazardous area.


	_____

	7.4
	Install Pyrotechnically Actuated Device(s) if specified.


	_____

	7.5
	Verify all non-essential personnel are clear of the hazardous area.


	_____

	7.6
	During periods of connecting initiator(s) and secondary pyrotechnic device(s), a maximum of two people (to be designated by the Test Engineer) will be permitted to remain in the area.


	_____

	7.7
	Verify operational personnel are :

a.   Wearing 100 percent cotton clothing.

b.   Wearing conductive shoes, or leg or wrist straps.

c.   Wearing safety goggles and hearing protection.


	_____

	7.8
	Remove and store all matches, lighters, jewelry, and all battery-powered devices such as electrical wrist watches, calculators, portable radios, two-way radios, cellular phones, etc.
	_____


	7.9
	Test straps using an EN425 Analyzer or equivalent.  Test conductive shoes using an EN452 Footwear Tester or equivalent.

  
	_____

	7.10
	Verify that the firing panel voltage source is not connected and remove arming key from panel.  The key is to be kept in the possession of the person installing the pyrotechnic device(s).


	_____

	7.11
	Turn on flashing light outside Room 170A.


	_____

	7.12
	Verify switch on junction box is in "BULB" position, and verify that the junction box bulb is not illuminated.  If bulb glows, all blasting activities will be curtailed until the RF source is removed.


	_____

	7.13
	Install Secondary Pyrotechnic Device(s) as specified.


	_____

	                                                                  WARNING!

           IF DUCT TAPE OR EQUIVALENT IS USED DURING THIS STEP OF THE 

           PROCEDURE IT SHOULD BE UNROLLED SLOWLY AND MONITORED FOR 

           STATIC WITH AN ACL300B ELECTROSTATIC LOCATOR OR EQUIVALENT.  

           PLACING THE TAPE ON THE GROUNDED PLATE BEFORE USING IT TO 

           ATTACH SECONDARY PYROTECHNIC DEVICES WITH AN EXPOSED GRAIN 

           TO THE PLATE, TEST FIXTURE, TEST ARTICLE, ETC. WILL DISSIPATE THE

           CHARGE.  THE TAPE CAN NOT BE USED IF THE STATIC APPROACHES 1000V.  

           NONCOMPLIANCE MAY RESULT IN MAJOR EQUIPMENT DAMAGE, SEVERE 

           PERSONAL INJURY, OR DEATH.




	7.14
	For NSI-NSD(s) only - Short open ends of the firing line(s) with 2 shorted alligator clips and connect to SRM/BSM grounding system.
	_____

	
	
	

	7.15
	In Room 170B, check the storage and shipping containers for static charge using an ACL300B Electrostatic Locator or equivalent.  If the static charge approaches 1000V, ground the containers until the static charge is dissipated or provide a better ground to the installation area.  Verify that the initiator shorting coil(s) or faraday cap(s) is in place and is undamaged before removing from the storage container.

  
	_____

	7.16
	Remove initiator(s) from storage container, place initiator(s) in a shipping container, and hand carry to Room 170.

  
	_____

	7.17
	In Room 170, verify that wrist or leg straps are in place or that conductive shoes are being worn.  Connect the straps, if used, to the SRM/BSM grounding system.  
	_____


	7.18
	Verify that there are 0 volts on the junction box meter with the junction box switch in the meter position.

	_____

	 WARNING!
            If voltage is indicated, the lines to the firing panel are Either

            Connected to a voltage source or are picking up voltage From

            Radiation caused by a nearby source.  The INITIATOR should be

            left SHorted OR FARADAY CAPPED and returned to Room 170B 

            storage cabinet.  All blasting activities will be curtailed until 

            the voltage source is removed.  NONCOMPLIANCE MAY RESULT IN 

            MAJOR EQUIPMENT DAMAGE, SEVERE PERSONAL INJURY, OR DEATH



	7.19
	Verify switch on junction box is in "BULB" position, and verify that the junction box bulb is not illuminated.


	_____

	WARNING!
IF BULB GLOWS, THERE IS SUFFICIENT RADIO FREQUENCY IN THE AREA TO POSSIBLY CAUSE DETONATION OF THE  INITIATOR.  THE INITIATOR SHOULD

BE LEFT SHORTED OR FARADAY CAPPED AND RETURNED TO ROOM 170B STORAGE CABINET.  ALL BLASTING ACTIVITIES WILL BE CURTAILED UNTIL

THE RF SOURCE IS REMOVED.  NONCOMPLIANCE MAY RESULT IN MAJOR EQUIPMENT DAMAGE, SEVERE PERSONAL INJURY, OR DEATH.




	7.20
	Check the shipping container and area of initiator installation for static charge using a ACL300B Electrostatic Locator or equivalent.  If static approaches 1000V, ground the container until the static charge is dissipated or provide a better ground to the installation area.


	_____

	7.21
	Verify arming key is in possession of person installing the pyrotechnic devices.


	_____


	7.22
	For blasting cap(s) - Install blasting cap(s), install an alligator clip across both cap firing line leads, press shorting coil firmly against SRM/BSM grounding system for 1 second.  Release from ground and remove shorting coil.
For NSI-NSD(s) - Install NSI(s) or NSD(s) hand tight, remove faraday cap(s), torque the device, and install the firing line connector(s) into the initiator(s).
   
	_____


	                                                             WARNING!

     IF DUCT TAPE OR EQUIVALENT IS USED DURING THIS STEP OF THE 

     PROCEDURE IT SHOULD BE UNROLLED SLOWLY AND MONITORED FOR

     STATIC WITH AN ACL300B ELECTROSTATIC LOCATOR OR EQUIVALENT.  PLACING

     THE TAPE ON THE GROUNDED PLATE BEFORE USING IT TO ATTACH INITIATOR(S)

     TO THE SECONDARY PYROTECHNIC DEVICES, PLATE, TEST FIXTURE, TEST 

     ARTICLE, ETC. WILL DISSIPATE THE CHARGE.  THE TAPE CAN NOT BE USED IF

     THE STATIC APPROACHES 1000V.  NONCOMPLIANCE MAY RESULT IN MAJOR 

     EQUIPMENT DAMAGE, SEVERE PERSONAL INJURY, OR DEATH.




	7.23
	Install the initiator leads in junction box, move junction box switch to "ARM" position and remove alligator clip(s).

 
	_____

	7.24
	Evacuate all personnel from Room 170, close the door when the evacuation is verified, and inform Test Engineer of the status.  


	_____


	8.0
	DETONATION


	

	8.1
	Test Engineer will insure that only essential personnel remain in Room 170A.


	_____

	8.2
	Prepare data acquisition system to acquire data.


	_____

	8.3
	Connect firing panel voltage source, verify that meter indicates the appropriate voltage, and insert arming key.


	_____

	8.4
	Start tape recorder.


	_____

	8.5
	Begin Countdown.


	_____

	8.6
	On the count of 3, switch arming key to “ARM” position and verify that the “READY TO FIRE” indicator is illuminated.

 
	_____

	8.7
	On the fire command, open the red cover and flip the “FIRE” switch.


	_____

	8.8
	Switch arming key to the “SAFE” position.


	_____

	NOTE:

IF INITIATOR(S) DOES NOT FIRE, PROCEED TO SECTION 10.4.

IF SECONDARY PYROTECHNIC DEVICE(S) DOES NOT FIRE,

 PROCEED TO SECTION 10.5.




	9.0
	POST DETONATION


	

	9.1
	Disconnect firing panel voltage source.


	_____

	9.2
	Turn on the exhaust fan in Room 170 and wait a minimum of 5 minutes before opening door to Room 170.


	_____

	9.3
	Inform Test Engineer that door is to be opened.


	_____

	9.4
	Verify that operational personnel are wearing personnel protective equipment detailed in Section 7.7 and 7.17.  In Room 170, inspect pyrotechnic device(s) to insure all pyrotechnic device(s) fired properly.


	_____



	NOTE:

IF ALL PYROTECHNIC DEVICE(S) DID NOT FIRE,

 PROCEED TO SECTIONS 10.4 - 10.5.



	9.5
	Move junction box switch to “BULB” position and remove firing line leads from junction box.


	_____

	9.6
	Turn off flashing light outside Room 170A, and remove personnel protective equipment.
	_____


	10.0
	EMERGENCY PROCEDURES


	

	10.1
	During Installation and Connection of Pyrotechnic Devices
	

	
	Operational personnel will immediately stop operations and evacuate the test area when.
	

	
	
	

	
	a.  A fire is reported in the immediate vicinity.
	

	
	b.  A fire or electrical short occurs in the test area.

c.  A tornado is reported in the vicinity.
	

	
	
	

	
	Operational personnel will immediately stop operations 

when.
	

	
	
	

	
	a:  Lightning is detected within 10 miles of the vicinity.
	

	
	b:  Severe weather is reported in the vicinity.
	

	
	c:  Loss of facility power occurs in the test area.
	

	
	d:  Significant radio frequency disturbances exist in the vicinity.
	

	
	
	

	
	Any such occurrence will be immediately reported to the  ET23 Test Engineer
	

	
	
	

	10.2
	After Accidental Pyrotechnic Device Detonation
	

	
	The following actions will be taken in the event of an accidental detonation of a pyrotechnic device.
	

	
	
	

	
	a.  In the event of serious personnel injury, do not move the injured person unless necessary to prevent further serious injury.
	

	
	b.  Call ambulance and/or fire department (911) if required.
	

	
	c.  Notify ET23 Test Engineer and Safety (4-0046).
	

	
	
	

	
	DO NOT TRY TO FIGHT ANY RESULTING FIRE IF THERE ARE OTHER PYROTECHNIC DEVICES IN THE AREA.
	

	
	
	

	10.3
	During Firing Countdown Operations
	

	
	If evacuation of the area is directed by the ET23 Test Engineer.
	

	
	a.  Switch arming key to "SAFE" position, remove arming key, and disconnect firing panel voltage source.
	

	
	b.  Evacuate the area as directed.
	

	
	
	


	10.4
	Initiator Does Not Fire

	

	10.4.1
	Check the firing circuit, as much as possible, from the control room with an Alinco Igniter Circuit Tester.  Never use a standard ohmmeter to test a pyrotechnic device or firing circuit when personnel are in the hazardous area.  If the firing circuit is open, continue procedure at Section 10.4.3.


	_____

	10.4.2
	If the firing circuit is not open, attempt to fire initiator(s) by closing "FIRE" switch and leaving engaged for 1 minute.  Repeat a minimum of three times.

If initiator fires, continue procedure at Section 9.0
	_____


	10.4.3
	Switch arming key to "SAFE" position, remove arming key, and disconnect firing panel voltage source.

  
	_____

	10.4.4
	Wait 30 minutes before entering Room 170 to allow time for the pyrotechnic(s) to stabilize.

  
	_____

	10.4.5
	Verify that safety goggles and hearing protection are worn by personnel who will be entering Room 170.

  
	_____

	10.4.6
	In Room 170, move junction box switch to "METER" position.
 
	_____

	10.4.7
	Leave room and close door.

  
	_____

	10.4.8
	Connect firing panel voltage source, insert arming key, and switch to "ARM" position.

  
	_____

	10.4.9
	Open red cover, flip “FIRE” switch, and verify voltage registers on junction box meter.

  
	_____

	10.4.10
	Switch arming key to "SAFE" position, remove arming key, and disconnect firing panel voltage source.

  
	_____

	10.4.11
	In Room 170, move junction box switch to "ARM" position.

  
	_____

	10.4.12
	Leave room, close door.

  
	_____

	10.4.13
	Increase voltage at power source by 50%.

  
	_____

	10.4.14
	Connect firing panel voltage source, insert arming key, and switch to "ARM" position.

  
	_____

	10.4.15
	Open red cover and flip “FIRE” switch.

If initiator(s) fires, continue procedure at Section 8.8.

  
	_____

	10.4.16
	Switch arming key to "SAFE" position, remove arming key, and disconnect firing panel voltage source.

  
	_____

	10.4.17
	If initiator(s) does not fire, wait 30 minutes before entering Room 170.

  
	_____

	10.4.18
	Verify that safety goggles, hearing protectors, and wrist straps, leg straps, or conductive shoes are worn by personnel who will be removing pyrotechnic devices.  Test straps or conductive shoes and connect the straps to SRM/BSM grounding system, if used.
  
	_____

	10.4.19
	In Room 170:  For Blasting Cap(s) - Short leads by twisting leads together and secure with an alligator clip.  Remove leads from the junction box terminals.

For NSI-NSD(s) – Remove firing line connector(s) and insert shorting coil(s) or use a Faraday cap.

  
	_____

	10.4.20
	Move junction box switch to "BULB" position.

  
	_____

	10.4.21
	Remove initiator(s) by using wrenches, pliers, or tongs, not your hands.  Place initiator(s) in explosive misfire container in room 170 until turned over to Army for disposal.

  
	_____


	10.5
	Secondary Devices Do Not Fire After Initiator Detonation

	

	10.5.1
	Switch arming key to "SAFE" position, remove arming key, and disconnect firing panel voltage source.


	_____

	10.5.2
	Test Engineer will insure that no one enters Room 170 for a period of 1 hour after initiator detonation.


	_____

	10.5.3
	Verify that safety goggles, hearing protectors, and wrist straps, leg straps, or conductive shoes are worn by personnel who will be removing pyrotechnic devices.  Test straps or conductive shoes, and connect the straps to SRM/BSM grounding system, if used.


	_____

	10.5.4
	In Room 170, examine secondary pyrotechnic device(s) to determine if it is feasible to detonate by use of another initiator(s).

If another initiator(s) may be used, continue procedure at Section 7.13.


	_____

	10.5.5
	Use pliers or tongs, not your hands, to remove the secondary pyrotechnic device(s) and place in explosive misfire container until turned over to Army for disposal.


	_____
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