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Background

• CAD/PAD are items that use energetic materials to perform 

functions in a weapon system

– Aircraft (Fire suppression, egress, stores release)

– Weapons (Cutters, thrusters, valves, severance)

– Stand alone items (Life support, inflators )

• Many CAD/PAD items use nitrate ester (NE) propellants

– Double base and single base are unstable

– Instability is controlled by use of stabilizers
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Background

• Three items are focused on in  

this presentation 

– XW50 Multi purpose impulse 

cartridge

– MT29 Parachute Deployment 

Rocket Motor (PDRM)

– WB15 Primary Cartridge or 

Ejection Gun Initiator (EGI) 

• Fourth item mentioned is 

– MT88 drogue bridal release (similar 

propellant configuration to XW50)
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Background 
Ejection Seats

• SJU-5/6 Seat                                     SJU-17 Seat

XW50

MT29

WB15

MT88
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Background
PDRM (MT29) Incident

• A 2007 auto ignition of a parachute deployment rocket motor 

(PDRM) initiated a reassessment of nitrate ester propellants 

used in CAD/PAD.

• This presentation addresses some of that reassessment 

focusing on 3 items (DODICs: MT29, WB15, XW50). 
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Background
PDRM (MT29) Incident

• Incident Details

• Date/Time:  5 July 2007   1630 Local Time

• Location:  Naval Air Station – China Lake, California

• Local Conditions:  Sunny, 112oF (44oC)  Peak 117oF (47oC)

• Aircraft: F/A-18D (2 seat)

• Age of Motor:  Manufactured in 2001.  Installed time 33 months.

• Incident Findings

• The PDRM housing was fragmented near the top of the housing.

• Other energetic components were not initiated

• PDRM fragments and propellant strewn about cockpit 

• PDRM fragments/nozzle fractured canopy

• No injuries or fatalities/aircraft was not in use at time of incident

• Follow on testing of stabilizer showed 0% 2-NDPA and 0% effective 

stabilizer from sister unit in forward seat

• Accident caused by auto ignition of the DB grain in the PDRM 
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Post Incident Activity 

• Actions Taken Post Incident

– Thermal environmental study on similar aircraft

– Inventory Study on all CAD/PAD items in USN inventory

– Rearranged Quality Evaluation Schedule to assess NE items

– Service life reductions on at risk items (MT29 and WB15) to 24 

months installed (45% change out in 2 months)

– Technical Review Enhanced

• Updated Specifications to require more strict review of using DB 

propellants

• Established Technical Review Board for CAD/PAD to address safety and 

suitability

• Incorporating SYSCOM System Engineering Technical Review (SETR) 

Process.  

• Established CAD/PAD safety position (Principal for Safety) to better 

manage safety issues

– Initiated design change of MT29 (PDRM) from double base to HTPB 

propellant
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Post Incident Activity

Thermal Environment Study

• F-18 aircraft from same 

squadron at China Lake 

• Compare peak temperatures
– uncovered PDRM

– PDRM covered with a seat box 

cover.4

• Instrumented various seat 

components/locations  

• PDRM temperatures 

reaching up to 170.1oF  

(77oC) with ambient 

temperatures peaking at 

104oF(40oC). 

• Previous three days had 

seen temperatures up to 

110oF. (43oC).  The local 

record high is 120oF (49oC)

• Note points
– High    145-165oF (63-74oC)

– Mid     135-155oF (57-68oC)

– Low    135-145oF (57-63oC)
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• The entire inventory of CAD/PAD items was reviewed and rated 

as potential auto ignition risk items to one of three levels

– GREEN – Items containing no NE propellant

– YELLOW – Items containing SB and/or DB and items not in higher 

temperature zone in application

– RED – Items containing DB and in hotter install points

• Items were then evaluated on install location and service life.

– Most items rated GREEN

– Forty one items rated YELLOW

– Six items rated RED

• MT29, WB15 (Upper install positions)

• XW49, MT88 (Upper mid level install points)

• JL58, MG58 (Other factors related to age)

Post Incident Activity

Inventory Study
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Post Incident Activity 

Quality Evaluation (QE)

• The USN (including CAD/PAD) conducts Quality Evaluations on 

items returned from service use

– Monitor Performance

– Extend/shorten useful life

• USN CAD/PAD Program Stability Program conducts stability tests 

on propellants it provides to select manufacturers (GFM)

– Stabilizer is monitored every 2 to 3 years

• As a result of the MT29 incident stabilizer testing was 

incorporated in QE projects for select items

– MT88, XW49(XW59), MT29, WB15

– JL58, MG58 Planned for FY12
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QE – MT88

• Configuration

– electrical pressure 

cartridge 

– Ignites 8 KU disks

– Drogue piston 

release cartridge

• Findings

– Stabilizer values well 

within safe levels

– Install time still good 

out to 72 months +

MT88     At time of Manf. Test Date July 2009 Propellant 

Age

Install 

Time

Propellant Lot % 2NDPA % ES % 2NDPA % ES

970127351 1.90 1.90 1.4 1.47 70 16

944-106548 1.90 1.90 1.52 1.56 94 73

895-97297 2.00 2.00 0.95 1.03 119 70

843-90497 2.00 2.00 1.04 1.11 128 67

Propellant Safety Limit 0.1 0.2

KU propellant contains

Nitrocellulose, nitro-glycerin, Triacetin, 

lead and cupric oxide, candela wax and 2 

nitrodiphenylamine (2-NDPA)
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QE -XW50

XW50 QE Stabilizer Data – Slug 

Propellant and Disk Propellant

XW50               

Slug
At time of Manf Test Date OCT 2009 Propellant 

Age (mo.)

Install 

Time 

(mo.)

Install 

Location

Propellant Lot % 2NDPA % ES % 2NDPA % ES

L719B64 2.0 2.0 0.07 0.44 168 96 TRM

L719B64 2.0 2.0 0.39 0.57 168 97 TRM

L78054570 2.0 2.0 0.06 0.40 149 91 TRM

973127546 N/A N/A 1.39 1.39 79 N/A MOR

973127546 N/A N/A 1.50 1.50 79 N/A SEAT

XW50               

Disk  
At time of Manf

Test Date OCT 

2009
`

Install 

Time 

(mo.)

Install 

Location

Propellant Lot % 2NDPA % ES % 2NDPA % ES

L624 1.9 1.9 0.1 0.37 168 96 TRM

L624 1.9 1.9 0.44 0.54 168 97 TRM

L739 N/A N/A 0.1 0.39 149 91 TRM

151131759 N/A N/A 1.44 1.44 79 N/A MOR

151131759 N/A N/A 1.46 1.46 79 N/A SEAT

• Findings

– Stabilizer values from 

two cartridges showed 

low stabilizer levels

– Note differences from 

install location
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QE – XW50 Addition 1

XW50               

Slug / Disk 
At time of Manf

Test Date April 

2010

Propellant 

Age (mo.)

Install 

Time 

(mo.)

Install 

Location

Propellant Lot % 2NDPA % ES % 2NDPA % ES

L78054570 2.0 2.0 1.60 1.60 168 96 MOR

L78054570 2.0 2.0 1.60 1.60 168 97 MOR

L78054570 2.0 2.0 1.50 1.50 149 91 MOR

L739 N/A N/A 1.50 1.50 162 91 MOR

L739 N/A N/A 1.50 1.50 162 94 MOR

L739 N/A N/A 1.50 1.50 162 97 MOR

XW50 QE Stabilizer Data - Additional Units

• Findings

– Stabilizer values well 

above acceptable levels

– Note: all from same install 

location
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QE –XW50 Addition 2

XW50              

Propellant 

At time of Manf Test Date OCT 2009
Propellant Age 

(mo.)

Slug % 2NDPA ES % 2NDPA ES months

929106548 N/A N/A 0.84 1.10 127

973127546 N/A N/A 0.69 0.97 89

973127546 N/A N/A 1.70 1.70 89

973127546 N/A N/A 1.20 1.30 65

973127546 N/A N/A 0.92 1.20 110

973127546 N/A N/A 0.79 1.20 110

973127546 N/A N/A 0.74 1.10 110

L719B64 2.0 2.0 1.70 1.70 182

L719B64 2.0 2.0 1.70 1.70 182

L78054570 2.0 2.0 0.94 1.10 168

792-64556 N/A N/A 1.70 1.70 161

Disk % 2NDPA ES % 2NDPA ES months

933107377 N/A N/A 0.88 1.00 128

151131759 N/A N/A 0.74 0.95 88

151131759 N/A N/A 1.70 1.70 88

151131759 N/A N/A 1.20 1.30 65

151131759 N/A N/A 0.83 1.10 108

151131759 N/A N/A 0.77 1.20 108

151131759 N/A N/A 0.75 0.97 108

L624 1.9 1.9 1.60 1.60 233

L624 1.9 1.9 1.60 1.60 233

L739 N/A N/A 0.89 1.10 176

811-77181 N/A N/A 1.60 1.60 155

XW50 Lot Retained Stabilizer 

Data

• Findings

– Expected uniform values

– Two distinct groups

– Investigation found some units 

had been pre-conditioned for lot 

acceptance testing at 200oF 

(93oC) >>Pre Ageing
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QE - XW50 Supplement

• Test Program

– Units from four 

deployed F-18s

• Hot deployed 

locations

• Units from same 

seat/aircraft

• Findings

– Stabilizer values at 

upper location 

(TRM) show greater 

depletion than 

lower points

– Trend shows early 

difference that 

widens with age

Propellant Lot Slug Disc

Slug Disc Location Time (mo) %2NDPA ES %2NDPA ES

973127546 1511311759 TRM 4 1.78 1.8 1.77 1.8

973127546 1511311759 SI 4 1.82 1.8 1.82 1.8

973127546 1511311759 MOR 4 1.8 1.8 1.79 1.8

973127546 1511311759 TRM 19 1.55 1.6 1.51 1.5

973127546 1511311759 SI 19 1.8 1.8 1.78 1.8

973127546 1511311759 MOR 19 1.77 1.8 1.74 1.7

973127546 1511311759 TRM 77 0.38 0.54 0.456 0.57

973127546 1511311759 SI 77 1.65 1.6 1.58 1.6

973127546 1511311759 MOR 77 1.53 1.5 1.51 1.5

973127546 1511311759 TRM 72 0.31 0.5 0.39 0.52

973127546 1511311759 SI 72 1.64 1.6 1.56 1.6

973127546 1511311759 MOR 72 1.57 1.6 1.516 1.5

Supplemental XW50 Stabilizer Data
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QE – MT29 
T-45 Aircraft Only

• T-45 stationed at only 

3 locations

• Units tested at 

various ages

• Findings

– Stabilizer values 

acceptable out to at 

least 48 months

– Users use mitigation

– Lower units had 

seen hot magazine 

storage at least 

120oF (49oC) >> 

(pre-ageing)

T-45 MT29 Stabilizer Data
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QE – WB15
T-45 Aircraft Only

• Tested only 2 of 3 

locations

• Fewer units and less 

variation in install time

• Findings

– Trend appears 

similar to MT29

– Trend supports 48 

month life

• Recommendation

– Increase life on both 

items to 48 months 

– Continue study for F-18 

where data is more 

scattered

T-45 WB15 Stabilizer Data

Install Time (months)

%
 2

N
D

P
A
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Risk Discussion

• Hazard being accessed is 

ignition due to auto catalysis 

of nitrate ester propellants

• Assessment is made on 3 

groupings.

– Non nitrate ester materials

– Single base and composites

– Double base propellants

• Naval Air System Command 

guidance is to rate risk based 

on flight hour methodology

– Alternate subjective 

methodology considers the 

hazard exists anytime and 

uses time and temperature 

as the drivers

The single PDRM incident taken over the 

last 10 years (Pe=6.1 x 10-8)  <  0.1 x 10-6
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Risk Discussion

• Non nitrate ester materials

– Energetic materials without 

nitrate esters are not 

subject to autocatalysis due 

to stabilizer depletion

– Decomposition 

temperatures well above 

180oC are typical in these 

materials.  

– Repeated excursions above 

170oF (77oC) in a hot 

cockpit do not “deplete” 

stabilizer since none is 

used.  

– The history of these 

materials does not show 

any auto ignition events in 

the temperature 

environments they are 

fielded in.

• Single base and composites with 

NC

– SB propellant has a higher energy 

threshold for disassociation of the 

NO2 group than does DB. 

140KJ/mol vs.109KJ/mol suggest 

temperatures below 90oC can be 

survived without accelerated 

decomposition

– CAD/PAD use small grains that are 

better able to dissipate heat and 

decomposition gases that can fuel 

further decomposition

– A proven track record in CAD/PAD 

and other devices has show no 

issues

– For composites the percentage of 

NC to other ingredients is much 

smaller than for SB alone. 
• Heat dissipation into more thermally stable 

material
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Risk Discussion

• Double base propellants

– Double base propellants are more prone to 

stabilizer depletion than SB materials 

– Pre-ageing of the material can result in less 

stabilizer being available for further protection 

thereby shortening useful life.

– This pre-ageing can occur after temperature 

excursion above 60oC related to the NO2

disassociation level of 109KJ/mol.  

– With proper understanding and management 

of thermal environment and monitoring of 

stabilizer to determine end of life, DB can be 

acceptable for use in CAD/PAD 

• Can support an HRI=12

• Too severe a temperature in storage or service 

can reduce life and if not monitored can result in 

the possibility of a mishap and increase the risk 

rating from a 12 to a 8. 
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Conclusions

• The overall use of NE propellants, including DB, is still warranted in USN 

aircraft.  Items used in areas of high thermal exposure are at a greater risk of 

auto ignition than components installed in cooler positions.  These higher 

thermal environment units are limited in life by the higher thermal threat. The life 

of these items could be longer if mitigation methods were employed to reduce 

thermal exposure.

• Stabilizer depletion rates are greater in higher thermal environments.  The 

thermal environment varies by aircraft, seat location (forward/aft), deployed 

location, and the use of mitigation techniques.

• Propellants can be pre-aged with uncontrolled storage so that available 

stabilizer is diminished thereby shorting the useful life and potentially increasing 

the risk of auto ignition.

• Monitoring stabilizer content in service returned assets is useful to measure 

useful life and safety of an item
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On going work

• Quality Evaluations (QE) are incorporating stabilizer testing on items returned 

from service use, and targeting specific aircraft and cockpit locations.

• Design changes are ongoing to replace some NE propellants.

• A thermal study is underway to model geometry of propellant grains to verify 

smaller grains are inherently safer than larger grains by allowing diffusion of 

heat and reaction products from the grain.

• A study is planned to determine threshold temperatures where depletion rates 

accelerate.  Use of heat flow calorimeter tools paired with stabilizer testing 

would help establish these thresholds.  Part of this study would be to determine 

the role that temperature cycling plays in measuring depletion rates rather than 

the conventional methods where the propellant is held at a constant temperature 

for a certain number of days. 
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Recommendations

• Continue monitoring stabilizers in service use by conducting QEs and doing 

special studies of aircraft to evaluate stabilizer depletion especially in units 

installed in high seat locations.

• Determine stabilizer content of lots upon delivery verses accepting on 

certification that a lot has a published level of stabilizer. 

• Replace propellants in HIGH install points with propellants that are not prone to 

auto ignition.

• Minimize pre-aging activities such as machining of grains, heat treating grains, 

and  storage of propellants in warm temperatures. 

• Use mitigation methods such as sheds, seat covers, and canopy venting to 

reduce temperature in cockpits.

• Introduce health monitoring features in cockpit or on risk items to monitor 

stabilizer, temperature history, or other key parameters. 

• Expand the monitoring and temperature analysis to other aircraft that use NE 

propellants.  
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Questions
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Design & Procedural Changes

• Design Changes

– MT29 (PDRM) is being redesigned with a 

composite propellant

• HTPB

• New nozzle

• Nozzle inserts
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Design & Procedural Changes

• Design Changes

– Other SJU-17 items seeking 

second source with no double 

base propellant
– MT13 Multi Purpose Initiator

– MT89 Drogue Chute Deployment 

Cartridge

– MT98 Barostatic Release Unit

– MT88 Drogue Bridal Release

– MT16 SMDC to Gas Initiator

– MT91 Seat Initiator Cartridge

– WB16 Secondary Cartridge

• Procedural Changes

– Added stabilizer 

measurement required 

as part of receipt of 

material

– Restrict use of DB in 

new items

– Monitor service life and 

environment more 

closely
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Propellant Grain

Rocket Motor

Igniter Cartridge

Primary Cartridge

(Electrically Initiated)
Secondary Cartridge

(Gas Initiated)

Retaining Screw

Body

Rocket Motor Nozzle

Rocket Motor Tube
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MT29

WB15

WB16

MT88

MT89

MT13

MT98
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Abstract

• Recent risk assessment activity involving the use of nitrated ester 

propellants in CAD/PAD items is discussed.  Focus is on use of double 

base propellants in aircraft egress systems and the evaluation of the 

thermal environmental conditions and resulting effect on double base 

propellants in service use.  Risk mitigation actions are described and 

the results of that activity are presented.  Surveillance and test data are 

provided and analyzed that support decisions regarding mitigation 

efforts.  
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Backup 
DB Components

• SJU-5/6 Seat                                     SJU-17 Seat

XW50

MT29

WB15

MT88


