PGU-28/B (SAPHEI)

INTRODUCTION:  The U.S. Navy and Air Force have both placed their PGU-28/B 20mm inventories in a condition code restricting its use to emergency wartime only.  This action is based on reduced confidence in the safety of the round as a result of recent mishaps.  This paper attempts to pull relevant information from numerous sources and present it in one place to assist aircrew in understanding the risk involved with the use of PGU-28/B ammunition.

I. FIELD EXPERIENCE WITH PGU-28/B

      A.  PERFORMANCE:  From a performance perspective, the PGU round is a vast improvement over the M-series ammunition it replaced.  Range, lethality and accuracy were all significantly improved.  Ask any pilot with experience in shooting both rounds and his opinion will be very clear that the M-series round is not even in the same league as the PGU.  

B. SAFETY:  From a safety point of view, PGU ammunition is both good and bad.  On the good side, the PGU mishap rate for hangfires was well below the M-series rate.  On the bad side, PGU-28/B ammunition brought with it a propensity for projectile premature function (both low and apparently high order detonations) in the gun barrel.  With the M-56 round there were only two documented instances (1 Navy, 1 Air Force) of premature detonation.  There have been 24 recorded premature detonations with the PGU-28/B.  Additional detail is provided in Table 1.

TABLE 1 - PGU-28/B Premature Detonation Mishaps

	Date/Service
	Lot #
	Evidence of Event
	Concluded Cause

	1989/OLIN
	OL89H002A001
	Fragments impacted witness panels during first article LAT
	Unknown, all possible causes evaluated with no conclusions reached

	Feb 91/USN
	OL90E007-035
	Round exploded in gun
	Unknown

	Feb 91/USN
	OL90F002-007
	Blast diffuser torn/overheated, radome interior nicked
	Unknown, most likely plugged bore due to light propellant load

	Apr 91/USN
	OL90K002-013
	Holes in radome with damage
	“mirrors plugged barrel due to light loads mishaps and believed to be so”

	1991/USAF
	Not positively known
	Apparent projectile function in front of aircraft during ground qualification testing. 
	Ammo was from same lot identified by USN as having rounds with light propellant loads assumed to be the cause (normal velocity projectile overtook slow projectile)

	Feb 93/USN
	OL92E004-016
	Barrel blown apart/ ruptured w/damage
	“mirrors plugged barrel due to light loads mishaps and believed to be so”

	Date/Service
	Lot #
	Evidence of Event
	Concluded Cause

	Sep 93/USN
	OL87H001-010
	Blast diffuser torn, barrel tip missing
	“most likely plugged bore due to light propellant load or hangfire”

	Dec 93/USN
	OL91K001-008
	Damaged barrels
	Unknown, most likely plugged bore due to light propellant load

	Jul 94/USAF
	OL91J004-001

OL91K004-002
	All USAF incidents report common damage: dents, gouges and chipped paint along fuselage with two incidents of major damage to AOA probe.  No barrel damage occurred.
	Unknown

	1995/USAF
	OL92C004-010
	See Jul 94/USAF
	Navy investigation “nose cone gap likely cause”

	Aug 95/USN
	LC94H232-021
	Premature detonation
	“most likely caused by movement of internal parts or large gap between aluminum windscreen and projectile body”

	Aug 95/USN
	LC93K005-019

LC94A232-008
	Premature detonation
	“most likely caused by movement of internal parts or large gap between aluminum windscreen and projectile body”

	1997/USAF
	OL91K004-002
	See Jul 94/USAF
	Navy investigation “nose cone gap likely cause”

	1997/USAF
	OL94M007-004
	See Jul 94/USAF
	Unknown, no incident report filed

	1997/USAF
	LC96G233-001
	See Jul 94/USAF
	Unknown, no incident report filed

	Dec 97/USN
	OL93B005-001

OL93K005-019
	Mushroomed barrel,

barrel blast diffuser and muzzle clamp damage
	Cause determined to be plugged barrel due to light loads

	Feb 98/USN
	OL93K005-019

OL93B005-001

OL92F004-017
	Barrel blast diffuser and muzzle clamp damage
	Cause determined to be plugged barrel due to light loads

	1998/USAF
	OL92C004-010
	See Jul 94/USAF
	Unknown, no incident report filed

	1998/USAF
	LC96H233-003
	See Jul 94/USAF
	Unknown, no incident report filed

	1998/USAF
	LC96H233-003
	See Jul 94/USAF
	Unknown, no incident report filed


	Date/Service
	Lot #
	Evidence of Event
	Concluded Cause

	1999/USAF
	OL92C004-009
	Hole in AOA probe, dents, chipped paint


	Unknown, incident occurred in combat, no report filed

	May 00/USN
	OL93J005-016
	Mid-barrel rupture
	Unknown; gun, barrels, and handling system not a factor

	Aug 00/USN
	OL93K005-021
	Ruptured barrel, damage to aircraft and radome
	Unknown; gun, barrels, and handling system not a factor

	Aug 00/USN
	OL93L005-022
	Mushroomed end of barrel, hole in barrel
	Unknown; gun, barrels, and handling system not a factor


     C.  DISCUSSION OF MISHAPS:

           1.  Frequency of Mishap:  It is very likely the mishap rate reported here is less than the actual rate because most incidents, at least within the Air Force, where there was little damage were not reported through official safety channels.

               a.  In the 12 years that PGU-28/B ammunition has been in use by the U.S. Navy and Air Force, there have been 24 reported premature detonation mishaps.  In the documented history of the M-56 HEI round there were 2 such reports, 1 in the Navy and 1 in the Air Force.

               b.  The Air Force identified nine flight mishaps and one ground mishap during certification testing.  The 9 flight mishaps occurred between 1995 and 2000.  During those 6 years the Air Force fired a total of 112,370 PGU-28/B rounds resulting in a failure rate of 1 in every 12,486 rounds.

               c.  The necessary data was not available to calculate the failure rate for the Navy’s 13 incidents.

          2.  Severity of Mishap:  Although the Navy and the Air Force use exactly the same gun, barrels and ammunition, there is a significant difference in the damage that results from a mishap.  NOTE: The Air Force F-16 gun is mounted in the left wing root area aft of the cockpit while the FA-18 gun is mounted in the nose of the aircraft forward of the cockpit.

               a.  The 9 Air Force mishaps to date (all F-16) have been characterized by dents, gouges, chipped paint and in one incident a perforation of the fuselage skin forward of the gun muzzle below the cockpit along the left side of the aircraft. (See pictures below) In two cases the Angle-of-Attack probe was rendered inoperable by fragment impact and had to be replaced. 

In all 9 Air Force mishaps no damage occurred to the gun system or barrels.  In fact, after one incident the barrel set was borescoped after it had been fired twice.  It was not possible to determine which barrel had experienced the premature detonation.  

AIR FORCE F-16 FUSELAGE DAMAGE

[image: image1.jpg]VMFA-115




b. In 6 of the 13 Navy mishaps there have either been barrel ruptures or severe barrel deformation.  (See picture below).  In addition to the barrel damage, the blast diffuser and aircraft radome have been damaged in nearly every mishap.  Also, in one incident it was reported that both engines had ingested foreign material and were damaged.

NAVY FA-18 GUN BARREL RUPTURE
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4.  Mishap Risk Assessment:  Applying the techniques in Appendix 1 to the history of mishaps identified in TABLE 1 provides the following risk assessment for PGU-28/B ammunition:               

a.  TABLE A-1, Mishap Severity Categories.  If the only mishap experience to date were that of the Air Force, the mishap severity category would likely be assessed as “marginal.”  But since there are six incidents in the Navy resulting in potential “catastrophic” results, the mishap category must be determined to be category I = Catastrophic.  Since the cause(s) of the mishaps as well as their possible remedy(s) are unknown, there is no certainty that a catastrophic event will not occur in an Air Force aircraft.

            
 b.  TABLE A-II, Mishap Probability Levels.  By any method of assessment of munitions mishaps, the probability of a mishap, in terms of the fleet, must be at least B =Probable.   The Air Force mishap rate of 9 mishaps in 112,370 rounds compiled over 6 years equates to a mishap in approximately every 125 bursts fired, or one mishap in every 25 sorties when the available complement of ammunition is used.  

            
 c.  A Severity category of “Catastrophic” coupled with a Probability category of “Probable,” leaves little conclusion other than the use of PGU-28/B ammunition is “High Risk.” 

            
 d.  Even if the Air Force chose to use a mishap severity assessment of “Marginal” coupled with a probability of “Probable” the result is “Serious Risk.”

II.  CONCLUSIONS 

    A.  If the Safety System Failure Rate standard for fuzed ammunition from MIL-STD-1316, section 4.3.b (less than one in one million) were applied to PGU-28/B, the result would show a failure rate 80 times the allowable (Air Force only data).  

    B.  There are seven recognized possible failure modes for the PGU-28/B round. Except for possibly the plugged barrel scenario, it has not been possible to positively identify the failure mode that caused the mishap in the 24 Navy and Air Force occurrences to date.  

    C.  Mishaps are distributed between both ammunition manufacturers and not specific to certain production lots. Ref: TABLE 5

    D.  Recent Navy incidents portend the likelihood of a catastrophic mishap.

    E.  Mishaps will continue at an unacceptable rate placing use of PGU-28/B ammunition in a high-risk category.

APPENDIX 1

MISHAP RISK ASSESSMENT CRITERIA
. 

 Mishap Risk Assessment Standard:  MIL-STD-882D, Feb 2000, superseding MIL-STD-882C, Jan 1993 provides techniques for assessing and quantifying system risk.  

         

a.  Assessment of mishap risk.  Assess the severity and probability of the mishap risk associated with each identified hazard, i.e., determine the potential negative impact of the hazard on personnel, facilities, equipment, operations, the public, and the environment, as well as on the system itself.  The tables in Appendix A are to be used unless otherwise specified.

         

b.  Review of hazards and acceptance of residual mishap risk by the appropriate authority.  Notify the program manager of identified hazards and residual mishap risk.  Unless otherwise specified, the suggested tables A-I through A-III of the appendix will be used to rank residual risk.  The program manager shall ensure that remaining hazards and residual mishap risk are reviewed and accepted by the appropriate risk assessment authority (ref. Table A-IV).  The appropriate risk acceptance authority shall formally acknowledge and document acceptance of hazards and residual mishap risk.

          

c.  Mishap severity categories are defined to provide a qualitative measure of the most reasonable credible mishap resulting from personnel error, environmental conditions, design inadequacies, procedural deficiencies, or system, subsystem, or component failure or malfunction.  Suggested mishap severity categories are shown in Table A-I.  The dollar values shown in this table should be established on a system by system basis depending on the size of the system being considered to reflect the level of concern. 

TABLE A-1.  Suggested Mishap Severity Categories

	Description
	Category
	Environmental, Safety, and Health Result Criteria

	Catastrophic
	I
	Could result in death, permanent total disability, loss exceeding $1M, or irreversible severe environmental damage that violates law or regulation.

	Critical
	II
	Could result in permanent partial disability, injuries or occupational illness that may result in hospitalization of at least three personnel, loss exceeding $200K but less than $1M, or reversible environmental damage causing a violation of law or regulation.

	Marginal
	III
	Could result in injury or occupational illness resulting in one or more lost work days, loss exceeding $10K but less than $200K, or mitigatible environmental damage without violation of law or regulation where restoration activities can be accomplished.

	Negligible
	IV
	Could result in injury or illness not resulting in a lost work day, loss exceeding $2K but less than $10K, or minimal environmental damage not violating law or regulation.


Mishap probability is the probability that a mishap will occur during the planned life expectancy of the system.  It can be described in terms of potential occurrences per unit of time, events, population, items, or activity.  Assigning a quantitative mishap probability to a potential design or potential hazard is generally not possible early in the design process.  At that stage, a qualitative mishap probability may be derived from research, analysis, and evaluation of historical safety data from similar systems.  Supporting rationale for assigning a mishap probability is documented in hazard analysis reports.  Suggested qualitative probability levels are shown in Table A-II.

TABLE A-II.  Suggested Mishap Probability Levels

	Description
	Level
	Specific Individual Item
	Fleet or Inventory

	Frequent
	A
	Likely to occur often in the life of an item, with a probability of occurrence greater than 10-1
	Continuously experienced

	Probable
	B
	Will occur several times in the life of an item, with a probability of occurrence less than 10-1 but greater than 10-2 in that life.
	Will occur frequently

	Occasional
	C
	Likely to occur some time in the life of an item, with a probability of occurrence less than 10-2 but greater than 10-3 in that life.
	Will occur several times

	Remote
	D
	Unlikely but possible to occur in the life of an item, with a probability of occurrence less than 10-3 but greater than 10-6 in that life.
	Unlikely, but can reasonably be expected to occur

	Improbable
	E
	So unlikely, it can be assumed occurrence may not be experienced, with a probability of occurrence less than 10-6 in that life.
	Unlikely to occur, but possible


Mishap risk assessment/classification by mishap severity and mishap probability can be performed by using a mishap risk assessment matrix.  This assessment allows one to assign a mishap risk value to a hazard based on its mishap severity and its mishap probability.  This value is then often used to rank different hazards as to their associated mishap risks.  An example of a mishap risk assessment matrix is shown at Table A-III.

TABLE A-III.  Example Mishap Risk Assessment Values

	SEVERITY

PROBABILITY
	Catastrophic
	Critical
	Marginal
	Negligible

	Frequent
	1
	3
	7
	13

	Probable
	2
	5
	9
	16

	Occasional
	4
	6
	11
	18

	Remote
	8
	10
	14
	19

	Improbable
	12
	15
	17
	20


Mishap risk categories with their associated assessment values are often used in grouping individual hazards into mishap risk categories.  Mishap risk categories are then used to generate specific action such as mandatory reporting of certain hazards to management for action or formal acceptance of the associated mishap risk.  Table A-IV includes an example listing of mishap risk categories and the associated assessment values.  In the example, the system management has determined that mishap risk assessment values 1 through 5 constitute “High” risk while values 6 through 9 constitute “Serious” risk.

TABLE A-IV. Example Mishap Risk Categories and Mishap Risk Acceptance Levels

	Mishap Risk Assessment Value
	Mishap Risk Category
	Mishap Risk Acceptance Level

	1-5
	High
	Component Acquisition Executive

	6-9
	Serious
	Program Executive Officer

	10-17
	Medium
	Program Manager

	18-20
	Low
	As directed
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