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Introduction & Background:
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Ballistics in Perforating assembly

AExplosive Components
In a TCR5unSystem
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CriteriaFor Ballistics

Factorsn aharsh
hightemperatureenvironment

A Safety

A Systenreliability not justcomponent
reliability

A Performance

U Test InitiationSystem
Initiator-BoosterDetonatingCord

U Test Performancef shapedcharges
after/duringtemperatureexposure
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High Temperature Initiatio@omponents

ADSCDifferential Scanning
Calometry Analysidor HNS:

A CurrentPercussion Initiators
are limited by both the
primary Ex. (Pbl andthe

mainbaseload HNSto approx
300°C.

U Alternativesto PbN, & HNS
with ahigherthermal
stabilityand equivalent
ballisticoutput
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Gerst NETZSCH DSC 204 Probe: HNS, 2.027 mg. Modus Messart : DSC/ Probe
Diatei: HNS Ch. 2015012 HBD.... Referenz leer,0.000mg Segmente: n
Projekt: HNS Materal Tieget: Pan Al, pieroed lid
Versuchs-| HNS HBD Ch2015012 Ko Temp kal: 1 Al_Kal42014_2 10K _N2tdd Ammosphare: —i— I N215
Distum/Zeit 10.02.2015 06:30-43 Emgf Datsi- A Kal42014_2 10K_N2edd Korr Bereich: 00045000 v
Labor: Explosivstofianalytik Bereich: 50.0:20.00K/min)/400.0 Bemerkung:
| Cperator Anaiytk Probentr/TC: DSC 204 t-sensor | E

Lab Analysisourtesyof DynitecGmbH
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High Temperature Initiatio@omponents

DSC fjmiimg) Defl ag ration
T Exo

ADSAnalysidor PYX: ~372C
higherthermal stability PYX |

|
U PYX BDirectional |‘|
Booster i

U PYXDetonatingCord

i PYXasedPlusinga 4_ /|
PbN, alternative [,
appearsto havea ' [ -
potential for higher B ) J
thermal stabilility Z 2 & 7 & & %

Peak: 1720T

Temperatur 1T
Wmtyth 15022015 0256
Gerdt MNETZSCH DSC 204 Probe: Pyx, 1.862mg Modus Messart : DSC / Probe
Distei: Py gk Ch. 2015-400... Referenz leer,0.000 mg Segmente: m
Projekt Pyx Material: Tiegel: Pan A, pierced lid
Versuchs-D: Pyx gek_ Ch. 2015-001 KorrJTemp kat 1 AL KalD42014_2_10K_N2 tdd Atmosphire: —i—IN215
DatumiZeit 20.01.2015 09:27:51 Empf Datei: Al_KalD42014_2_10K_M2 edd Ko Bereich: 0005000 pv
Labor Explosivstoffanalytik Bereich: 50.005.00(Kiminy400.0 Bemerkung:
Operator EMA Probentr/TC: DEC 304 t-sensor [ E

Lab Analysisourtesyof DynitecGmbH
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High Temperature Initiatio@omponents

A NewHigh-Temp-Primary (HTP)free of PbN, ,with higherthermal stability (approx 350°C)
U Percussionnitiator with HTPandPY X Baskoad
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Lab Analysisourtesyof DynitecGmbH
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Initiating Systemlesting

AHTRt . - t SNDdzZAaaAA2Yy5ANBORA HI2IND
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PYX Detonating Cord
A Expected loss of approx-386VoDduring exposure

A PI function and higlorder transfer to exposed booster &
detonating cord confirmed witFPbwitness plate

PY>cord

Exposure VoD(m/Sec) % Reduction
Ambient 6340 0%
290°C/ 2hrs 6125 3,40%
250°C/100hrs 5934 6,40%
250°C/200hrs 5890 7,1%
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Initiating Systemlest Results

AverageOutputBore
A Setsof Percussion ExposureConditions |Diameter(") Result
4 None 0.2 UnusedStatus

|nltlatOI’S, Boostersir_]d None/Ambient 0.252 High Order Transfer
Cordweretested durlng 290°C/2hrs 0.248 High Order Transfer
& after exposureto 22(°C/250hrs 0.239 High Order Transfer
temperature 250°C/100hrs 0.244 High Order Transfer

250°C/200hrs 0.230 High Order Transfer

A Changesn explosive
outputofPicanbe (SN
observedin output Percussion Initiatorg output side
bore-diameter /“"\
Pta

A HTPstableup to |
250°C/250hrs, PYX loses W=
performance Nl

HighTemperature Shotat ambient Beforeloading
Exposed Temperature
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Confirmation of Thermdbtability Data Points

Temperature PC]

Thermal Stability of Oilfield Explosives
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Propertiesof Ollfield Explosives Shaped Charges:

Thermal Deflagration Theoretical
Explosive Name Acronym DecompositionPoint Q) Max Density(g/cm3) VoD (m/s)

9100

Octogene

6900

Pycrlaminodinitropyridin

1,3,5triamino-2,4,6tinitrobenzene PTB (P¥-XATB) 355 7613
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Properties of Ollfield Explosivesshaped Charges:

Theoretical DetonatiorVelocity [m/s]

Velocity [m/s]

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

8750 9100 8730
7613
7100 6900 l I
RDX HMX HN LLM-105 PTB (PYX-

TATB)
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Analysis of LLMO5

Deflagration .o
-35pC [

ADSC & TG Analysis:
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publishedin literature | 'w‘
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Exothermicevent

LR
—
EY 100 150
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Gerdt NETZSCH DSC 204

Diated: LLM 105 gek Ch. 2016... 3

Projekt Projekt :

Versuchs-ID: LLM gek.Ch. 2018-D02 Ko Temp kal: 7 A_Kall12015_108_N2.tdd are: —I—IN215
Datum/Zeit: 15.02.2018 09:52:21 Empf.Datei: Al_Kal112015_10K_N2.edd Kom Bereich: DDIVED00 p\
Labor: Explosivstofanalytik Bemeich: 50.0v5. 00k min 4 5000 Bemeriung:

| Operator: Anahtk Probentr/TC: DSC 204 t-sensor | E
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Analysis of LLMO5

5% 5
ATG Thermogravimetrig Analysis:
LLM105 ExposureConditions TG Weight Loss
190°C / 72hrs 5% = i 200
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2803C / 15hrS 93% Mu:dc; - f,l_),om. 1000 1500 zooésemmmzsoc 3000 3500 4000
A Constantweightlesgoutgassing at high P R [
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High

Temperature DS

[Cohmparison

DSC AmW/mg)
T Exo TATB Peak: 372.0 T
14 - ) . Peak: 362.1 T
A PYX, TATB & LEMD5 Deflagration Points
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12
10 4
s J Peak: 351.1 t‘.‘
6
44
2
2]
0 _ I - R T —— N
e— — S _— —_—
[ — I — —
/
5‘0 160 1%0 260 Zéﬂ 360 Eéﬂ 460 4%0
Temperatur /T
|analytik 15-04-2016 10:03
[#] Gerat Datei Versuchs-1D Probe Datum Masse Segment Bereich Atmosphare Kormrektur
[2] NETZSCH DSC 204 LLM 105 gek Ch. 2016... LLM gek.Ch. 2016-002 Projekt 15.02.2016 09:53:21 1.984 mg 1 50.0/5.00(K/min)/450.0 -—/— [ N2/15 0oo
[3] NETZSCH DSC 204 Pyx gek. Ch. 2015-00... Pyx gek. Ch. 2015-001 Pyx 20.01.2015 09:27:51 1.862 mg 17 50.0/5.00(K/min)/400.0 -/ N2/15 000
[4] NETZSCH DSC 204 TATB Ch. 2016-001 10 TATB Ch.2016-001 TATB 08.04.2016 12:03:59 2.076 mg 171 50.0/10.00(K/min}400.0 -—i— [ N2/15 000
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Performanceat Ambient& HighTemp Conditions

Shaped Charge Performance
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Summary

A Certaincritical function points on the ThermalStabilityGraphwere confirmedfor
systemfunctionalitywith PY>XandHTP Percussion Initiator.

A Booster &DetonatingCordperformancewasconfirmedduring& after exposure

A SignificanPerformance Degradatioof shapedchargesafter exposureto high
temperatures(250°C).

A Potentialapplicationfor LLM105 liesaboveRDX & HMX buielow HNS & PYX.
Vacuumstability testsindicatesthat an applicationup to 190°C/longterm
exposuremaybe possible LLM105exhibitslarge outgassing220°C.

A Possiblya potentialapplicationfor the alternative PTB material aftéarther
refinementof the synthesigrocess
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