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Development of Smart Camera Network Platform using

Pineapple Program for the CCTV System of Provincial Police Region 4
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Abstract

This study aims to develop a CCTV system based on geographic information.
The design and development of the computer program aligns with the usage requirements
and data analysis by comparing the efficiency of the program with other programs.
The results showed that the Pineapple program, the smart camera network platform of the
Provincial Police Region 4 is a computer program that is utilized for the purpose of showing
the locations of closed circuit cameras that have been installed in various locations on a
variety of geometrical information maps. These maps include Google Map, Bing Map,
and others. The following characteristics are possessed by the program: 1) It displays
details and an unlimited number of spots and positions of closed circuit cameras that
have been registered with the system. 2) It displays the video clips recorded by all
cameras in the system simultaneously at real time and flashback; 3) It downloads video
files from all cameras at the time that is set; and 4) It is compatible with all brands of

closed circuit cameras.

Keywords : Closed circuit camera, Police, Platform, Video
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Development of Electronic Fuzing
System Prototype for Kamikaze Unmanned Aerial Vehicle
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Abstract

Fuze systems are integral components of numerous weapon systems, including artillery
shells, rockets, missiles, and nuclear warheads, enhancing target engagement effectiveness.
The current trend involves the development of armed kamikaze UAVs for both offensive and
defensive applications. These UAVs can be deployed in swarms for second-wave attacks, targeting
fleeing enemy forces, striking troop concentrations, or intercepting incoming missiles and aircraft.
This necessitates a thorough investigation into the operational mechanisms of electronic fuze
systems within the context of kamikaze UAV integration. This research focuses on the design
and development of an effective and safe electronic fuze system for seamless integration with
kamikaze UAVs. The study involves compiling existing knowledge and developing a design that
ensures efficient and reliable operation. The resulting design of the electronic fuze circuit adheres
to MIL-STD-1316 military standards. It comprises two independent, concurrently operating systems,
with key components including a safe & arming circuit, a storage system, a sensing system, and
a detonation system. The fuze system employs a two-stage arming sequence. The initial stage
involves monitoring acceleration data following the kamikaze UAV's takeoff. Once predetermined
parameters and durations are met, the first safety mechanism is disengaged. Upon the UAV's
approach to the target within a specified range, the remaining safety mechanisms are released,
activating the fuze. Upon target impact, the explosive charge is immediately detonated. Based
on this operational analysis, an electronic board has been designed to simulate the arrangement
of real-world electronic components. This prototype serves as a foundation for further research

and development efforts.

Keywords: Kamikaze drones, Loitering Munition, Electronic fuze, Safe and arm
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2.1.3 53Uy Event Sensing

32UV Event Sensing #383UUATIANU
Whvane Taonsliimumeslunisngeimngas
dwmsumsansvesruuanullvhnueeneysel
Faaranunsadvualiviieunoufatmane
vidavhemudensgnudimang vievhaundsann
nsgnuthuvnedlenavitulumusseaandls
AMYUALIANTEUUBINDNTS LAETEUUURRSY
UL UUEEUNE WU Msldainduuunnnseny
v dedansnssnudhmnewdaginis
Unszuuthmslinszualnarulugasingauuule
Tnwszuusng @ Tusuuuudusmudiumsiszuundes
BN TTUUNADIBUNTUAA(R) NUTZUUDH LU
DSP (Digital Signal Processing) s UURALLSAM FM-CW
FaanuszgnduazUszananavinlissuurua

Defence Technology Academic Journal, Volume 6 Issue 14 / July - December 2024 Al6



Fsuiimnuvannanglumsthluldanuiiinntu
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Abstract

This research aims to investigate and analyze strategic factors influencing the export of
Thailand's security products to foreign markets. It compiles a comprehensive database detailing
the opportunities and demands of potential target countries for importing these products and
provides guidelines and recommendations for relevant agencies. Employing a qualitative research
method, this study introduces nine strategic factors influencing arms export decisions. These factors
were applied to a thorough analysis of nine countries, offering a framework for assessing the
strategic ramifications of arms export decisions. The studly is structured into three main sections.
The first section provides an overview of strategic environments, including economic, political,
technological ownership, social factors, and international relations. The second section analyzes
the strategic environments and opportunities influencing export potential, considering the specific
needs and industry base of target countries. The third section presents a summary table of
prioritization and recornmendations of defense products suitable for the target countries. The research
indicates that the Philippines are the best-prepared and most suitable export destination among
Southeast Asian nations to export, while Myanmar and Cambodia are difficult destinations and
are the least prepared and suitable choices. This document serves as a valuable database for
agencies involved in defense industry exports, providing strategic decisions and actions related to
the export of defense products. It focuses on countries with established diplomatic relations with
Thailand and a moderate to low level of domestic defense industrial development, especially in
Southeast Asia, aiming to enhance export potential and international cooperation in the defense

sector.

Keywords : Security products, Export, ASEAN countries
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Research and Design of Multi - purposed 4x4 Wheeled Armored Vehicle
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Abstract

The research and design of the 4x4 multi-purpose wheeled armored vehicle
focused on developing a vehicle to the needs of the Army using a systematic engineering
approach. The project began with the collection of user requirements, followed by design and
analysis of vehicle dynamics and protection performance. Upon meeting the specified criteria,
subsystems were designed, developed, and assembled into a complete vehicle. Verification
involved specialized field tests and functional evaluations to ensure the vehicle met defined
operational standards. The results confirmed that the 4x4 multi-purpose wheeled armored
vehicle fulfilled mission requirements, exhibiting modern and efficient performance. It proved
to be well-suited for rugeed terrains, equipped with user-friendly features, smooth suspension,

capable of transporting personnel and achieving desired speeds as specified by the users.

Keywords : Armour vehicle 4x4, Ballistic protection, Multi - purposed vehicle
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Research and Development of Chatbot in National Defense Information
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Abstract

A chatbot is a type of Artificial Intelligence (Al) that falls within the field of Natural Language
Processing (NLP). It is a machine learning technology that enables computers to interpret, manage,
and understand human language. Nowadays, organizations have large amounts of data from various
communication channels such as emails, text messages, social media news feeds, videos, audio, and more.
They use NLP software to automatically process this data. Currently, Large Language Models (LLMs),
which are technologies trained with large datasets to generate text similar to what humans write or
speak, can create reasonable and natural - sounding text like that produced by humans. However,
because LLMs are trained on vast amounts of existing data, their responses to specific, current
information may not always be accurate, a phenomenon known as “Hallucination”. This hallucination
is a significant challenge in the development and improvement of LLMs, as it may lead to users
receiving incorrect information and developing misunderstandings. The purpose of this research is to
experiment with a chatbot using information from the DTech (Thailand Defence Technology Journal)
to determine its accuracy in providing knowledge and answering questions about defense technology
information to external individuals. The chatbot applies Retrieval-Augmented Generation (RAG)
technology to address the issue of hallucinations in large language models (LLMs). The experimental
results showed that the chatbot utilizing RAG technology was highly effective, accurately answering
questions 93% of the time, demonstrating a high level of correctness in responding to questions

based on the DTech articles.

Keywords : Chatbot, Artificial intelligence, Natural language processing, Large language model,

Retrieval-augmented generation
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1. Pre-trained Model Lungdusunis
Suduld LM desanniduizineuasUszudnna
pgslsimu msiansantadesne o wu wueves
Tuwanawninensseuuiigesnsldau aldane
Fdntuanmsidluea venldesu Computing
Resource wazAldgadmsulunaditdududd
e Ussiiumuanududguiuazanulaondy
vosdoya Wletoyagnadluss APl vedluinanieuen
29ANT szmeLﬁ‘&nﬁ”U “Hallucinations” Fsmnefis
Tunaasdeyaviorneuiiliazsioumuaiwie
liiRendesiuteyaillésu

2. m3tnelaunsiieus (Transfer Learning)
Wumahdeyeluenges Pre-trained Model anuuusi
(Fine-tuning) é’aaﬂﬁa;&aﬁmwwmwm wioandem
fegaiu Hallucinations wagJgvauaundu
dusrestoya Wiy msSeuinisaelou 9aeli
TunanavaussefaumIomuefianzianzasly
At 1wy msulana Llama 7y Pre-trained Model
uldlnenssnalalinadnifinlunivilng usdn
Transfer Leaming fhedeyantwilnefiiamzianzas
Tuinaanuisavinuienadwsfiisadouiniy
wenanii msAilsfansieTendeyadviu Transfer
Learning Willassadnafiwianzauiu Pre-trained
Model wasU§ulidnfunmenieusuniigosnsime

n153aLnseutayad1niu Fine-tuning
TuLLMm ﬁl‘ﬁﬂm‘ﬂmﬂﬂﬁu Transformer il “Attention”
Junalandndizaelimlumaanunsaiunasfinnny
awddagvestmaudng 9 ludeaald nalnildae
Tilunaausauszsnanateyaiidudoutazidila
Wunveserulaity
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M5 Fine-tuning lunszIunsTS U UL
Pre-trained Model Tiidniunuvieudumanis dslu
nsruumstinwansaveslnalunisidnaln
Attention 3zgnUulviliriudeyalnisients
Fine-tuning Lﬁa‘[ﬁﬁiuLmaﬁfﬂuiﬁ'ﬁmﬂﬁﬁmﬁm,l,az
fnudanu wagauaAgesinauluuiun
fllamglangaanniu n1sdnnseudeyadmsu
Fine-tuning Tu LLM fasandunisegesounay
WieShwiaavane (Semantic Meaning)

Fomsszimdnde wadaildlu NLP wuy
Saudu 1wy Stop-words Removal, Stemming,
Truncation 819¥" W4 aAugaiduAunIneg
fufasele Faegrnay nsdnAuIeuszlon
(Truncation) 970 “dladilsululseZeu uazwui
Afdelsitny” Ty “dedhdsululsaSeow” vils
gudeUsziiundnueaiiessn Wudy

mmm’sﬁnmﬁﬁag’l@w’ﬂqaﬂl,l,é"mmmmmm
909 LLM annsalivsslonildntugneizsnislénou
foonuuuinegeiangy Tnefidhed el

1. GenRead [7] ¥ Prompt ffu LLM iite
a%wu%wLmuﬁmﬁﬂ%’ﬂ%ﬁuﬁﬁaga (Retriever)
Fauandliiiui LLM ansafsenuimelulasns
T4 Prompt Tneft Prompt Aedeauiiaddiiiu LLM
Tngmanidli LLM soundunieiieslsuisesns
mufiideanis Tag Prompt 19axUsznauluiy

AEa Aoy viseudlusinsueniameteya

2. ReAct [8] oz Self-Ask [9] WaunNa1u
Chain-of-Thought (CoT) adumnafiafiasus
monufidudeusenidudiuges q Mdunsine
Fadeuwvvrniuerudaiiduddusarnsidneu
(Interactions) seliu API uaNAN ReAct 87¢fe
\ieen13a919 Prompt windu fedu ReAct
duitugrulmidmsunudddney

3. Demonstrate-Search-Predict (DSP) [10]
Amualudlan (Pipeline) Aidudouszsing LLM uag

Retriever %d&i’mﬂﬂ ReAct mdﬁ DSP Hauweau
Prompts d3Unsdangusiee1e (Demonstration
Bootstrap) Uoniuiiaa1nn1s Multihop Breakdown
lag Retrieval (Multihop Breakdown tkag Retrieval
Wunszuumsiulu Al NLP ifeyaazgnaausu
warduATeRtuuIunvSendInIug Tnewiendos
fumadealesiumounsensusng 4 delildrmney
finseungu Heiwmsinlauagmsuitigm)

whsiirnuemeniumsie LLM TAdumd
wiouSuRsAiisadnios wiluursadangiinssu
909 LLM fisnduferusundauann feuunmaudle
fdululirenssereselumavunadniianunse
Al umtvdedunds LM Tnelumavunndnt
Shugunilmamnriinesvesszuuiiannsauiuuss
agvanden (Fine-tuned) wiensusulimunyay
(Optimization) 61

4. RePlug [11] Qmaualﬁa Fine-tune
§1 Retriever LUU Dense @1%5U Frozen LLM %39
laifpsnsusum LLM Tu Retrieve-then-read Pipeline
#1 Retriever lasunisiinnieldnisguaves LLM
WieSutenansinzandmsu LLM sneqauszasd
\ieafiu Directional Stimulus Prompting [12]
THuuusassuadniionssdu LLM 1y fddny
(Keywords) dmiunisasy wien1sailunig
aumndmsunmsaimsmeuaues Selisunmsstian
AuAzuUUYes LLM 1usiinun

2.2 Retrieval Augmented Generation (RAG)
Wumedianldusuugeuszaninmues
LLM TiRau Tneasnstonnnuilesunsnisitendu
1% = & aa g v o A o
Joya Fuluisnisnldgrudeyanmeueniiioteli
Tumanievuialugainisaaitetaniuidainu
gndssuazianuvannvaneld Ineundalunaildly
masuderuaziiendeyailasunistnduniive

519900ty we RAG nseaun1Tvinaudl
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Fulusndu laemstumdeyafiietosangudeya
yunlvgiiou wdhiddtoyatuduiugnlunis
a51970aM

RAG fimswamnesneringmdsant 2020
\dlefinsUdos GPT-3 uay ChatGPT senin Fadu
T,uLmamw’mmmimﬁﬁﬁmmmmsaqﬁLLmﬁwﬁﬂ
d@uUsznm Ao Naive RAG, Advanced RAG Way
Modular RAG %@LLmﬂ@mﬁ’umﬁ%msL%'aﬂﬁu%a;ﬂa
WnsadravernunarisnisuTulsslunag Fal
n31deiFesiidenauisiagtu Tay RAG §
dulsznoUnan 3 @ Ao 1. Retriever 2. Generator
Wae 3. Augmentation Method Faflwmelulad
vieneee i iluusiaye i Embedding, Re-ranking,
Compression, Alignment, Adapter, Validation 16

N37N9UTes RAG amnsawtsesntdu
2 Fumeundn 9 W

1. funaunsfududoya (Retrieval Step)

TuwaazumtoyaiiAeidesangruniug
Mewen Wy s1udeyatenueeulal lonas vive
Hulwdsng 9 lelfiduteyadeudliiuluna
ansternsnguioyavielenansiite lasendurm
viausgloatildsudhuduugiih

2. Fupsumsadnediona (Generation Step)

%’a;gaﬁlﬁmﬂ%umaumsﬁuﬁutﬁaagamgaﬁwm
\Wudunalumsaetemmiluel Tasedelunadi
fanwannsalunsiSeusidedn (Deep Leamning)
wagimAlla NLP (Natural Language Processing)
Wierndnderuiiaiedeuandusssumi wu
Transformer %39 GPT (Generative Pre-trained
Transformer) ImaﬂuLmaméﬂﬁ%gﬂﬂﬂlﬁlﬁﬂmmz
assteanuladiuvans § Ussan Wi wlan1w
a9musTene uazmsnauAnny Wud

Fefinmssumsaadennuuarnisfuiu
%mﬂamdwﬁvﬁﬁaaﬁu Tunadildaedanuansn
Tumsethademiifenudetolfnntu lnediamsg

L.Laz%au“amﬂgmmmimﬂuamﬁuﬁawﬁqﬁuaq
\Womitadadu n1sneumnulaglideya
ngeSleiiua e ruimdeioiniu
w%amia%ﬁwwmm‘[mai%%auﬂaﬁié’mﬂmiﬁum
Joyavnguteyaoaulal

RAG annsausvandanuluvianeueundiedu
U MsneURaLSRlLTR msasademanuive
Fudinsadaunmamieseny SeeRues RAG
fAemsfianunsanantonnufiuiuuazsingity
Imamﬁ’a‘ﬁagaﬁﬁmmﬁmsﬁmqa lndumeadia
finauladmumsiauiliea Al lusuan
AsiUSeUiBUsERINg RAG AU Fine-tuning

RAG (Retrieval Augmented Generation) &
Fine-tuning 1 umadiaaosuuuiilduiuls
UssAnSamues LLM wafiisnsvhaudiunnsaiu
Tnedi RAG Adnetun1stilunadeunmisde vl
mmsmﬁ%aﬂﬁu%yjam’mﬁwmm’ﬁ'Lawmmsmlﬁ
Fnsimunvdmiuaaiunisalilunadesnis
noumauTlanIziarzaseutlvnwieaiu
nsisenAudeya Imsimma%ﬁq%a;gaﬁﬁm%d
mmma'aszj”a;&amauaﬂLLaz%’LSinzTaagaﬁﬁqm
Wieadradeniny

# Fine-tuning tJunsusulaea LLM
fifeglagldyndoyaamzlamy TunavziFous
nnshegslugndeyaiimingdmivauaniy
wu laea LLM #61un15 Fine-tuning YUY
ToYaunANNT amsndeuunANNIIlaAnT
Fine-tuning #1n15U3uuddluinadied
Tneldrpdeyafiannzinzasivnuidesms oy
wsfiwesvesuadlinzauiunuty q sl
nsusuusdlunaliiuszansangeanluau
idoans Tnglisdusediteyannuvdeguansg
ABuen sty RAG uag Fine-tuning agUldsil

Fine-tune Lﬁ'aﬁaqmsﬁﬁa;&a Wadeg
(rnuslusuanie dladvedunaninuaands
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Tuguuuuremadns 1)

RAG Wiladainisliaimauiininuduasa
(Fneusipignsins Joyaideuiuasey Anausios
a Y a o v a o ) Yala
§in391989 fveuwaniraiuludmiuanuiig

a & @ 14 Ao w & % v a [
w3 fiwes iUusiy) Mdhdyfe hyndeyativualng
ninennsnandudmsunisiinyseyinns Finetune
Tuimanaivualve) WUl RAG Way Fine-tuning
aunsaasuiule Greiiuanuanusavesluna
Tuszauane 9 TuusanIunIsaln I SNALNKNEI

a | & ° v o caaa
wiallagedeg1alarunsavililanadws ndan
N3EUIUNMINLUTUUTIME RAG Uag Fine-tuning
19f eI vaesaUie Tl NaansAuInela

RAG Framework UWUUN5398 Naive RAG
LARIDIENTHINSUNLRSUANNTELDE9N N9V
$899NNN5LY ChatGPT ag19nsnansy Naive RAG
UAURRIUNTEUIUNITUUUALLANTUSENOUA Y
Msdmvidell nsSendu waznisasne feddu
“Retrieve-Read” Framework ASZUIUNISYINNIU
U89 RAG Usenaumeduneaunan 9 Aulseandu
3 umau Lawn

1. Indexing (NM53A&53AYL)

\Wemildlunsasie (Generation) 9zgndn
@ v a ~ 4 o = v
vl 3luguuuuvesdiall Welvianansavinnsdudiu
Ihegafivszdnsnm doyaiidmiuludviianunse
I3 1% 1 = G 123 A = 4
udernuegnufevierideyanmmiodeila
Wialiaunsaltlunszulunis Generation tnagna
wannviane laevharuazetnuasuendeyasanitu
Toanusssumiilidlassaing wavuusdeyasen
gy 9 fomaviiusslevdwsuluealumslidnu
nniuldiileyanideniiieuuastoyaimaniy
Dugduvunnmes nuliluguuuudeiideya

2. Retrieval (nN158uUAw)

Wudumeuiissuuaziinisduiudeya
P o = o v A oA A o
anuliludstinudfumusedeaulanniinue
Wielildloyiieadounniian nsdufuilanunse

5nsee 9 16wy nstdaAuniBudeninu
nsldnmtudeyadnielunisfum Waaudinseins
mslésrenmsilemiifiilerumdnandiu Wudy
Retrieval a¢lddayaifiaiudiutunou Indexing
LﬁaﬁnﬁwmmaaQ‘lﬁﬁuazL‘%ﬂﬂﬁul,aﬂmsﬁﬂé’wﬁu
Hgennasinnuadeadeiiimualy unanasi
Viﬁaﬂ%ﬁa Cosine Similarity, EuclideanDistance,
DotProduct %m@iasLﬂmv‘lﬁ%’aéﬂugmmwmﬁum
3. Generation (N158314)
leteyafiifendesgnaufuasdentuin
%umaum'alﬂﬁamﬁa%"wuﬁawﬂw'mﬂﬁﬁa;gaﬁ
Qﬂﬁuﬁummﬁy’u maa%wﬁmﬂﬁmmamsFsau%juaq
%03 (Machine Learning) Witeaaiformniiiiana
auvmaukakazdinnnm lngliteyaiilinniuney
Retrieval \Wudeyadneda
Tudupeunsidenenansiiazddlsity LLM
annsovhlalaefinnsandiolui
1. AwdnAzy (Importance)
lnansiitinddygegadmiumavie
nuiitndsiiiuns arudfvesenansannse
TalsanAzluLMIAUAY (Retrieval Score) ANELIWLS
fumanuiiruadenndeadiedafumonuty 9
2. a3nuunanuang (Diversity)
wnansfisinumannnaneluienn Ll
Toyafirdoufuuiniiuly nsldionarsiid
Ansvenveneaztheli LM [iusssesiivennyiany
3. auen (Difficulty)
denenansiifissiunnuenniivangauiu
LLM sntenansenniull 9129l LLM lilananse
eumalimuiigesnis
4. a4 (Length)
NAITUIANYIVOUBNATT WINLONATT
#1731n 19FeeRAEnTeeLielinefiU Context
Window ¥4 LLM Taen1sidenienansiimnzas
AW5U LLM foaiiansananudfgy mnumvainvans
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AMUYIN LATAUYIING LBl LLM @1u1se
asndeanuiisianugniesiazasoungula

2.3 n1seanwuuAldantdlunisiagnsnulaea
(Prompt Engineering)

Tusvuu Artifidial Intelligence (A) fisiAduanan
Natural Language Processing (NLP) 1{unisain
wawUFuUsetunaunsaie Pompt Welvanzau
dmfunisdanisluiaa LLM 19 ddszansan
wntu Tng Prompt Engineering {egndasiunis
Wuvnvswavwaialunsvhanudila n1ssidn
AENSe wasmsiuUsyavsnmeedna LLM
madausedueiudisdenis Wedsmslisu
Al Tngs1eazideniianunazgnaimoglu Prompt
VaFnds USum faeene 33ms FULUUYBMATNS Uag
ToAy Input Tuguiuumany

ek Al e LLM Lﬂuﬁgmauﬁwmﬂﬂaﬁ"ﬂﬂ
Prompt Engineering azifunsulasseasiden
vasues ) Wiy yadaya Prompt wiseul dmsu
Tlunrswmsulumanisnrwliianuaiuisa
nEduisTunLiesnns Senth “Prompt-Based
Learning” 38 “Prompt Learmning” Inenfate Prompt
Engineering fitaula léud

1) Zero-shot \Jumeilanilsludunou
Prompt Engineering l#lumsadns Prompt FaLLM

Goufuazitlafauvieddsiilsineiiuinnou
Iﬂﬂlﬁiéfadﬁﬁﬁagaﬂm’%auitﬁuLaﬂuﬂizmumimw
Tuanunsal Zero-shot lunaazsowinsiseu;
waziinlanndaumderdaidnuluvas ey
oguAlugULULBY Prompt Wiy
luinaagnerguesuieniensulagld
Atlaen Prompt wigdeenafies Inglsifideya
msSeudifisfuiidninmelunssuiumsBeuiuie
msU (Train) [13] fog1adu nsalues Sentiment
Analysis @snsaldnany § genth (Paragraphs)
FfeuAaTiusety uay Label Tuusas Classes
f\]’mﬁ?u Train Model (151 RNN "Recurrent Neural
Network" ﬁuﬁaga%mmméwﬁ) wiesutonu
Input Triadnsms Classify \Ju Output Fsagmuh
Tuwasenanldannsauudsuld wnswia
Class Tuy %dﬂﬁﬂiﬁimma%éfaqgmmuiuﬂ
TaeseatnsmsuSumames Zero-shot LLaﬂaéﬁ’agﬂﬁ 1
2) Few-shot #1889 N1sENLULAaNTD
szuusetoyaffidiuiudiotsfosun 9
\enadounLansavesly walun1siseuiiay
aseenuinlalnisedeyalvdvesnisinlineanis
[14] fhognaiu GPT-3 vive FLAN msiinuuu Few-shot
fﬂﬂ%‘ﬁayjaﬁaaﬂmLﬁmhiﬁé’aaEml,mﬁ?ﬂmwiaz
ngunuiseyndeya dsenaifuilsmansdiogis

Finetune on many tasks (“instruction-tuning”)

Input (Commonsense Reasoning) = Input (Translation)
Here is a goal: Get a cool sleep on Translate this sentence to
summer days. Spanish:

How would you accomplish this goal? | The new office building
OPTIONS: was built in less than three

~Keep stack of pillow cases in fridge.) | Months.
-Keep stack of pillow cases in oven. Target

Target El nuevo edificio de oficinas
keep stack of pillow cases in fridge se construyo en tres meses.
Sentiment analysis tasks
Coreference resolution tasks

Inference on unseen task type
Input (Natural Language Inference)

Premise: At my age you will probably
have learnt one lesson.

Hypothesis: It's not certain how many
lessons you'll learn by your thirties.

Does the premise entail the hypothesis?

OPTIONS:
-yes | (-itis not possible to tell | (-no

FLAN Response
Itis not possible to tell

U 1 msusuadilagld FLAN Zero-shot [13]
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=2 o '

faasssiageangunu Insunfuditoyasiogns
Aa o v & | ° ) =}

Asurudestionaliiiganad niulananan
Tumseuduuuinaewiall winisinlueauuy
Few-shot F1glvlumaiseuslalagainuaiunse
lumsinuuised Tddeyatesniinisinuuy
UnAlaedIuNIN F998M19910 Zero-shot 59
Zero-shot a¢laifivayasegeus Few-shot a¢il

v o 1

Uoyasiae1911nNNI1 Zero-shot AsiIBE195UN 2

Zero-shot

The model predicts the answer given only a natural language
description of the task. No gradient updates are performed.

Translate English to French: task description

cheese => prompt

Few-shot

In addition to the task description, the model sees a few
examples of the task. No gradient updates are performed.

Translate English to French: task description

sea otter => loutre de mer examples

peppermint => menthe poivrée
plush girafe => girafe peluche

cheese => prompt
Ui 2 Msvaueed Few-shot iewiguniy Zero-shot [14]

3) Chain-of-Thought (CoT) JuAS#ls
Tuwatudlalunmruwesingusrasdludn
WAy Aeuiiarlufsadnsfidesns Tneitis CoT
azihmsuanaududuges 9 wiazduazihde
Mndupeurounth lunsinzdelilumadile
amringUszasdvesnuuazidenlosauiile
st eyavatedeyaludiduvesdiniy
uaNITaYIUIEnInaUAInURDlUANESU
vowmmsaFRUl fenslileatioassnena
N warn sl CoT Prompt ansatelilanea
dnlaemléit uavassrneuiiuiug aswUszdiu

1nTu Yreufindszansaminesauwes LLM
ilimungdmsunisinludssendldluy
ﬁuaﬂﬂwma [15] lmendnni1svinauaes CoT
Prompt ﬁmam‘lugﬂﬁ 3

Standard Prompting

Chain-of-Thought Prompting

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis bals. Each can has 3 tennis balls. How many
tennis balls does he have now?

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis bals. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: The answer is 11.

A: Roger started with 5 balls. 2 cans of 3 tennis ball
gachis 6 tennis balls. 5+ 6 = 11, The answer is 11.
Q: The cafeteria had 23 apples. If they used 20 to

make lunch and bought 6 more, how many apples
o they have?

A x _
j : The

answeris 9.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have?

FUA 3 19111975989 CoT Prompt (latiieuivis
Prompt laeniald [15]

3. BoMsAdums
3.1 Data Collection

Data Collection B NSEUMNSLAUTIUTI
Toyaanunasing q ewaltlunsiingei
Usvanara vodadudiolilunsinduls maiv
Tayaanusevilemanes i mié’mmwaiélﬁmﬂﬁm
msdTasuuaeuay mafiudeyanngudeya
ooulatl viomsiiudeyannmsiinszvideyadil
DL miLﬁuﬁagaﬁgﬂﬁmLLazLﬁmwaL{Ju?qéﬁzy
TunslideyaliAnUsslevigeanlunisyhasiely
dmsunuAdeildimatusunadoyauneny
TunsanswaluladUosiusewne e DTech (Thailand
Defence Technology Journal) 314U 5 Las Waaglau
ssfmrsunaufiiieidesiumalulad ety
Usend Tl 22 unanny %ﬂfﬁa;ﬂawmmag
TugUuuulad pof wlevhanuuashutesaiiogluguuuy
84 Plain Text euitazthluldlutunausely

1ne Plain Text Ain AMUULIENIINGINT
poufinmes Wudennuiiidnvarvesiisnys
sy3ua fdnusuuuUnAlUTliTimsdaguuuln o
WU Audee Myl nMsTaEula wIensdnuin
wuuURLey udu
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3.2 Data Preprocessing

rouflazthdeya Plain Text fldluldany
adesindunmislutuneunisioutoya (Data
Preprocessing) Lduriou Fsnawnioudeyavaneds
nshanudilanazaTIdeuRNAMYDITRYA
videyaliogluguuuuiignies ieusuiasu
Treglugunuuimngan elvitoyaogludnuns
v3osuuuuiiannsoiluldnuseludunoudu
ataliuse@vnm mnwiseudayalifnedzdina
Tkan1sInTeivson1sinuInnisindoya
IdRalUMnTimsndu Sdumsidedlsmubuns
widsdeyanudunoudl

1. ATRdUANNNADIIEITEYA UaXNIS
ALNAAT

2. A5I19@0ULAZYINAIINATEIAT DALY
Tnen1sauniomune wiodydnvaldng q 1wy
wsesmnesdllunmadeunsisunsufisng 9
wionsuanang HTML 1Jusu

3. agdeliinsudaussiinseninelaniny
ﬁag”luﬂawﬁw (Paragraph) Wigariu

a. sywrsgoniilsidudenstuussvialsl
Tnodegnisinioudoyadauandlugui 4
Slowtesdeymesumemanismeiidndenieuiosud
Toyadudeznaeidundedoyaionarsdiniy
nsasmneumematia RAG dely

ANSENS Prompts

Prompts LJudearudignasliiuluiaa
e idilsimaneundurievheslsunseenwuiiie
#99M13 B3 Prompt eazUszneuluierds e
wioudusnisuenaidaedeya 10u Prompts
Mnsansiieafumnaluladlesiulsemaiidai
Tnganntuwalulagtosiulszma (@) wisdnueag
83 Prompts saniu 5 &nvay Kl

1. onsiimeeuseyluensns (Extraction Test)

FI0ENAININ WU “Yusuddiusnuesuseindlng

EXPLORER

¢ RAG [DEV CONTAINER: DTI.cHATE... [} BT O &)

» _pycache__
> deveontainer
~ data

> DTech Issue 31

» Dlech Issue 45
~ DTech_all

ue 31.txt

ssue 44 txt

-105 DTech Issue 38.txt
03-DTech-Issue-45.txt

U 4 shumisiaghoalilawnes (Folder Path) ismAvlie
Plain Text lun13%1 Data Preprocessing

aetulud we. ezls uaxiidedinosls asusseny
ANANYLVBIVUEUARIAING 1IN “BNFIeE
Msfamsmmsvesssuveuliauty”

2. mnufdmeuszylulenansusidealy

v '

Yoyarae o druluenasuitienou (Logic Test)

4
AIBENAININ LYY “YUUALAURFINITOUTIND
Aawosiindn 81 Alandu levdely uazanunsavheu
sorilsun 11 $2lus enFelsl” “anrflnuuuisees
mmiaa%ﬁﬂmﬂiﬁﬁuamwmﬁamaaﬂwﬁﬁﬁmg

(@ nautBnauusuaiiousss) leusaly”
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3. dranuiliidineuszyeglutenans
(Hallucination Test) faag19A0NY W “SEUU
Tumsiglvbnussdmsuusuitiouugy vie Sevy
Bot Smdnnisedsls” “5 Suduussmaiiiidnau
uazTnuaIsavesnisNsnTigalulan”

4. fanuiifesnsmmeuLUULANLAIUAYY
sUUszlearanu (Robustness Test) fegedny
W “susuimusnuesssmalnegnadistuludla
wazifeduninerls wioutseSurednumeisiu
vouusuRue” “any. Iiifannuasaisuuuy

v
o ~1

ugudnlddmiunugdouasd Ingszidaduin

v Al

ovuaigu fulataiilédsunsiaun”

5. Moufiiimneuszylulenansusisesns
Ameunuiuugiiiinue 1wy Wneuuniw
Ssnqu WnAadevesdiney (nstruction Test)
Freg1ad 01w WU “uusiAsUssAvgfiamns
il#lunsdsauuvioduiiusasfessud
fnmenidunnenldviemsiald” “nguniden
AMANYUZLA LD UBUR ATITNT1TAIVUIALAN

3u NOONAR Version 4 11 3 9”

3.3 Data Testing

TuiEmsnedeunaveslunatiuaziinisinng
el

1. wndinisneudiaiugnianuaagld
AZLUY 1 AZLUY AD 1 A0

2. MNININBUANNRAUNEIUNTOREU
mauliasuiuaglanguuy 0.5 ATLUY fo 1 Aa

3. wnfinsnaudiauAnnanunasle
AZULUL 0 AZLLU §iD 1 A0

*wnemn AauUssanlifidneussyey
Tutenans (Hallucination Test) iniinisnauluds
A ldnumneuluenans azla 1 avuuuy
mnmeuuenwmeand axld 0 ALuY dauAsuLL
0.5 axlsliAnluanuuseiand

o

@un13s Accuracy \Weulanadl

%Accuracy=100 X Z—g 6)

\fe
Total score of answers (TS) = NAAZLUUTIUVDIAGDU
All questions (AQ) = AIOUYINALIA

UL %Accuracy AU
Feaunisii (1) Aethezuunluwsasdounsiuiy
deuiumamninmn Tngluwafldhlsmaildimme
Chunking tJu Default wag Semantic

3.4 Model Testing

msvagouarly Llamaindex Faiu Data
Framework 813Ua519 LLM waUnaiadu Llama
Index ﬁLﬂ'%laqa'jaﬁmi"urmﬁwﬁﬁaya el
LaENSEUANEMNSU LLM 52184 RAG laevinis
fnds Llamalndex Wulausi3lu Python uas
Tunsnnaouaziinsiuuamsfieed dil

1. Chunking

Wunsznunmsuldeyaesdennuelvey
wiaenanseeniludiuges q fiFendn "Chunks”
telwanunsadanisuaryszunanalddneiy
‘lu%’umaumiﬁuﬁuﬁa;ga (Retrieval) sguuazAUM
Chunk fAsdesngudeyaiieldiiuuiun
Tunsadradomnuuaslufunaunisatreenny
(Generation) s¥uvaylddayaain Chunk fif
ﬁumLﬁamafLumiaéi”NﬂzTammﬁaugmﬁuas
donadosiutoyadifleg vuinves Chunk fvun
Imsmi”maum"m%aiwmuﬁag’lutm'aza'ausjaﬂ
vosdaya 1wu nMswlsunanulunans o dugos
Tl 100 Msedu

SLumsmaauﬁasmmsaﬁmum Chunking
18 2 wuu fie 1) Default 1138 Fixed Size WUs Chunk
Tiiunadsnusiiwtiuen 2) Semantic wUs Chunk
TagNATUIINAMIUNLNYNI BUSUNVOIVDAL

R25 215msivimsmaluladdesiuszme U7 6 avvuil 14 / nsngima - suaieu 2567



Wiolvusias Chunk fifforniitinrumnedusiug
Funsefusundidnau

2. Embedding Model

Lﬁ‘;luizumam%‘lummﬂaq%’ammﬁa‘ﬁaga
Wunnmesideninuvaneg (Semantic Vectors)
ielaunsadsyanananazldauladieiu
lunsAuRutaya (Retrieval) hagn1sasnatoninu
(Generation)

1ums‘1/|maauﬁa]zmmsaﬁmuﬂ Embed
Model 161 2 uu fle

1) bge - m3 [16] Wu Embedding Model
fiwmurlos BAAI Seflrnulanwiuly 3 dundn
(M3) @@ Multi-Linguality (s895UuansnIen)
Multi-Functionality (¥i191uldvainnaie)
Multi-Granularity (ses3urinndeya)

2) Text-embedding-3-large [17] \Ju
Embedding Model #munlag OpenAl 1awiu
Ao HUseAnSangs Tvnannwesivg

3. Generator Model

Wuluwmaniwviminfiadsdeninu
ieifumnouvesinulagefedoyaiifeain
g1udiayavido Knowledge Base lumsvnasuiifio
Poyannnsasmalulagdesiuuszna Ussnauiu
Prompt fia¥19anfaunazdeyaiiiemn

Tunsvnaeutiazanunsariviun Generator
17 2 wuu e 1) claude-3-sonnet-20240229 [18]
L‘f]uiuLﬂamwwmmmwmmzqa Claude-3
WawlaguTen Anthropic d3aLAu Ao 895U

1%

Toyanwive Tvwangiiada Tdnuuugunsal

7fUszanSandiale 2) gpt-d-turbo-preview
ulimanmunvunelvie] siannlag OpenAl Sigausi
Ao sesfudayaniwineg duszdnsnmes

lunsneseuazuuatu 4 luea lnousay
Tuwaszimunmsiiweidlumsmaaeuseluil

WUUT 1: Chunking \{ht Default, Embedding
Model 1Ju bge - m3 way Generator Model
vJu claude-3-sonnet-20240229

wuuii 2: Chunking ¥ Semantic, Embedding
Model 1du bge - m3 uay Generator Model
U claude-3-sonnet-20240229

WUUTl 3: Chunking 1 Default, Embedding
Model fhu Text - embedding-3-large e Generator
Model 1{u gpt-d-turbo-preview

WUl 4: Chunking it Semantic, Embedding
Model Ju bge - m3 Way Generator Model
Ju gpt-4-turbo-preview

4. NAN1INNADY
nadnsilaannnisnnasie ¢ luaa
Fauandlunansned 2 figed
n1sneuAInINUsELANTSiAIReUTEY
Tutenans (Extraction Test) wansliifiuinlaadi 1,
2 uag 4 amﬁamauﬁmmlﬁgﬂﬁmﬁwm
drnilunail 3 anunsaneumaulagneiag 92%
Aanufidmaussyluenatsuidesdddaya
nane 9 druluenansuitieneu (Logic Test)
wandlidiuluead 1, 2 way 4 @unsanoumay
1ﬁgﬂﬁaqwhﬁ’u‘i7i 90% d@luwmadl 3 awisa
nauAnlagnees 80%
Arauiiliddinouszyeglulonans
(Hallucination Test) wanslidiuinlaunail 2 1
Uszansamlumsneudaufiign Jeanansa
neufnulsigniosiomn danlueail 1 uas 4
aunsaneuAinwlagndeavinAuil 80%
dndluaaii 3 anansanauanulagnsas 60%
faufidesnisAmousuuRuLsUAsY
sUUszlemdny (Robustness Test) wandlyiiii
Twnad 1 fuszAnsanlunisneumniudiign
feanunsonoudnulfgndesionun diulia
fla 2uez 3 anansanauanulagnsas 919%,
86% Lag 82% MIUAWU
Aanufisidneuszylulenaisusisiosnis
AmaunuiLuzsfifun (nstruction Test)
Tunad 1 fuszdndainlunisneumniudiign

Defence Technology Academic Journal, Volume 6 Issue 14 / July - December 2024 R26



FeanunsonauAnulignees 85% luwai 2
awnsanauinulignies 80% diulueai 3
wag 4 annsanaunulagnaeaviiiui 70%

Faenednauiild 1 azuuu fudnsuiild 0 Azuuy
franu: vusudilatnsildfusieta
seuaATuAu 2 lunsuistuiuesuduinngsy
N19A5LING TCELS IMEDBOT 2021 Innovation
Contest %130n154%9%U “The Next Normal of
Healthcare Robotics” Tul 2564
Amauiiarands: vusudvudie1ns
wazedmsuujuRaululsineiuna CARVER
Wunlagaatuinennsueudniaauy (FIBO)
WIMedemAlulaBnsEINATUYS
fnauiign (4 1 Azuu): andeyailsan
seyIugudvudtomsharedniuU iRy
Tulsenenuna CARVER Aifannlagantduineins
YusuAn1AauIy (FIBO) unnangrdeinalulag
WrI0UNASUYT Iasuseiasesusidadudiu 2
Tunsuaedy TCELS IMEDBOT 2021 Innovation
Contest 2021 - The Next Normal of Healthcare
Robotics aifunisuysdurusudifioasns
winnssumansunnglul w.e. 2564
fmauiiiin (14 0 Azuuw): usudnldnea
seuiaAtuau 2 luniswistuueuduinnssy
M35 ne TCELS IMEDBOT 2021 Innovation
Contest 1130154299 “The Next Normal of
Healthcare Robotics” 11l 2564 fie siueudilAu 2 1
PeNeEd N lean T Inen s uAnAdUY
(FIBO) uvningnaemaluladnszasunasuys

faogremnauiild 0.5 Azuuy
ANON3L: NTANEDNAIANHUAUTBIVLEUA
AFIINMIELALEN U NOONAR version 4 31 3 4o
Anaufimense: dfmeu 3 98 990 11 40
seluil

1. Uszian (lalsau Payload) 7.6 Alansu

2. uAN19911911 Remote Controlled

3. ANUSIENER 1.3 Wwas/Aund

4. 522U URANNS (Operation Range) (LOS)
300 W3

5. 528gLIa1UJURN1T (Operation Time)
2 dlaa 30 Wil

6. N§04 3 A9

7. spuvdeans ansadiuszeyldlagld
YAvedeyaT (Repeater) 4.9 - 6.2 GHz (8131150
donlFauldluguanudiimue)

8. matloniuaztlu P54

9. guUnsalussnn Track Wheel, PTZ
(Option: Disruptor, Track Extension )

10. amaanansalumssuthun 10 Alansy

11 nmeunge andiunsldiesmeludssme

fnauilld 0.5 Azuuu: andeyailliin
ANI0ATURANEN YAV UEUANTIINTR
YUIAKEN $u NOONAR Version 4 ésil

1. flvwadn agansenisuan fiaa
AReILAEYIUYIUGY osanEnsne anaoulndn
fspsunsanszumnaInmsAsn

2 asnsamuatazdimauulsmesveylna
300 s warldamilfedaeiilos 2 44l 30 W

3. H1UNITFUTOIWINTFIUIINNTENTI
nanlmrhfeszuteumaiulaududmsumsia
avansal wag/vse nsiu/vhateingsedn

wananislfazuuy: sizdidnouiign
Wigs 1 40 nfneuiinanis 11 4o fe Aneu
o 2 druimeute 1 uag 3 lildeglunndnumy
WLUDIVUEUARTIINTTAIUWIAEN U NOONAR
Version 4 fiszylutenans fmeuiiadldazuuy
0.5 AU

R27 smsinmsmalulediesiulssma U7 6 avuii 14 / nsageu - Suneu 2567



faogremnauiild 1 AzuuuaInAIanuUszAN
Liifidneuszyaglulanans (Hallucination Test)
fronu: Jevupudilasusnetasuziae
Tun1suve?u TCELS IMEDBOT 2021 Innovation
Contest 2021 - The Next Normal of Healthcare
Robotics N5uYadusueudiieadiauinnssy
an1sunng el we. 2564 Ao
Amaufinnande: Lufldmeulueonans
Fmouiign (I 1 Azuuw): veaduniu 9ndeya
flkuniuladfisnandoaierfuueudilasy
1e¥avuztaAlun1WYedy TCELS IMEDBOT 2021

Innovation Contest 2021

5. dsduazvaiusnena

A3UHANITNARBITTUUININAAUNUYN
uteyaunanailunsastesiuussma lunauuy
i 1 TszAvEmATianlunsmoumanilFeensgnios
fia 93% f1fR1sunfeAnuLiuglun1sneu
AMauufazUszn wul1 Masdisidineussy
Twenans lunadilinadeusia 4 wuu Sanuuiugh
Tun1smauRuIng 92-100% druriaudisesnts
Auuzlumsnauiinnuwiuglunisneutiosgn
Tusta 5 Ussuanenany Tnedianuusiughii 70-85%
anadumsemuusihildlulumanuilireny
grLazduFeuiinsnnaunindauUseianay

drunisfanundnisfiees a1ty
annsoaguUlded

1. Chunking

NHANIINAERY Tuaauuudi 1 fitivun
Chunking \Ju Fixed Size iisuiuluwanuuii 2
firviun Chunking 8w Semantic duwisfines
Aduvadlumans 2 wiloufy wudn msiun
Chunking 1 Fixed Size lsidmeufifianuuiug
Wnnfirnue Chunking 1 Semantic o1aidu
WAl

mulnefimududounislionnsal

Uszloaieranafinuldvatsnuy Juagiu
Tassassuseluauazusun Semantic Chunking
oiitymilumsszyngudiigndiesnnalaennsal
Tngiamzegdslulssloniidudeuvionquiaie

Semantic Chunking 3. Judaslasunsilneil
\Rendudeyafognsiuunniinguiignes
aulieInsalayAIunLg 57%@336‘1%1‘1%@8‘14?
Liwnwe a1vagliianunsoudangudnlagnaes

a3ulad1vu1Aue9 Chunking finans
UszAnSnmuesn1sAuAutayaing1¥ Chunking
FanAuly eraldansalduiuniiiisane
ust Chunking filvajAulenavinlviszuudssanana
Frasmaglininennsunniu Semsdenlmnzan
fulszianvesteyauarn1siaifesnis Chunk
Size MAnaMIBAILIING Embeddings 2l
aruntiugnndy luvasiivun Chunk Size
Avaitumneemarhms Embeddings enaasnihah
ussnananUaviduaantesla

2. Embedding Model

PNNANINAaeY linawuuil 3 fitiuue
Embedding Wu Text-embedding-3-large
Wieuduluaauwuud 4 fid1mun Embedding
1\ bge-m3 wua1 n15MuA Embedding
i bee-m3 Tihmeuiifiauughannnhiifmue
Embedding Ju Text-embedding-3-large LW31%
bge-m3 §945UNWILAINANTAIYAIBILINAT
wazdivszansaindnialusiuAianuAineu
gl Text-embedding-3-large SiUsz@vs WA TU
NUUNUTZAN WU NISUUANIB1ERLUIR

ajulad1n1518en Embedding Model
Tmnzauifunwaseildasiinalisyarsnm
VBINAENSATY

3. Generator Model

NNANITNAADY TUAawuUT 1 wae 2
ﬁﬁmum Generator t0Ju Claude-3-sonnet-20240229

Defence Technology Academic Journal, Volume 6 Issue 14 / July - December 2024 R28



Wieusulumauuuil 3 uae 4 it1vun Generator
W gpt-d-turbo-preview WU NTSAAUA Generator
vJu Claude-3-sonnet-20240229 T A1mau
fidaruny ugruinndafitanun Generator
\Ju gpt-4-turbo-preview iW51% claude-3-sonnet
UsEANSAMNAFINTUNITRDUAIOIN LA gpt-d-
turbo-preview HUsz@ndainddinsuinu
UNUITTLAN 10U A158519UANM

aw%’fdmmﬁaﬂ Generator Model
T munzaufuniwinazuiildasinald
USEAMB AN B IWAEWEATU

Imednsnaaunun (Chatbot) Hauaiie
dunaluladtesiulseinannlglminuselowd
TemaneBlunmsimureyenlusuAn fsegauTu

1. nsaduayuauniineusy Insna
aunuauisadiglinmsidifadeyanisin
sususeriiensiinugunsalma 4 Wegasing
uazene

2. mMslAALuzdLazAImeU dnIna
AUNUIEILNTINRUAIANUL A UTURBUNTS
UfuRluanunisalpniduvisenisidaugunsal
NNAS

3. msliusnisgnen dmduniieau
1'7iLﬁ'msz’faaﬁ’umamw%amﬁm%amqﬁ dnsna
aunuiansansuAauLazliveayauignAn
pgdiusEANS AN

nmsunalulad LLM way RAG anlglu
Frunusiunsd@Isa oL inUssENS AN
Tugusing « il

1. n1sasieiwagyszuianatoya
4130504 LLM anansatdlunisinsigvideya
Y1INTBINNUVETRYAAN 9 U 51897UU N
unany viedeyaludeailife ieadateya

fiddauazieider fenuansaves RAG
Tumssteyaiiietosngruteyavuslvg)
uazasUfaya LLM annsoadnessnuiidy
n3edu taziauming

2. MinsIvduuaztesiudunnaiumia
lowues: LLM anansalalunisiases Log Files
wazdeyanslinuszuuifionsraduiansuiiin
Un@videsianudes Ainsevidheneianisuay
aeenuAiunginssuuaanuz e’

3. Msatvayunsdndulaluaniunisal
anidu: LLM wag RAG annhsaldlunissivsu
wardAsIendoyanunasng q luanats
wielvidoyaiiulselowiungindula aansa
17 LLM Tuni9as19kuudnaninazdnasy
anunsalifioUsziiunanTenuLazAIY
deea1nnisinaulanig o

4. NSANBUSHLASNAIUIINYY: LLM
annsaatadoninislneusuiiiauaings
LATATOUARUUATIEAIY LU NISHNBUTUATY
ausiupsmslaues nsdesfunaznould
foanau RAG anunsafsteyaiiiades uay
LLM anuisanaumiaiukazlidiuinueinn
hdluaanunisalsng q la

5. Msdoasuazmsianisteyanielu
99ANT: LLM arursaldlunisdanisuazdn
szLlouenaIsdfy SINDINITAURILALAY
Toyaidesnisidognamnniiteairstenin
wazsisnufidalaunazgndes Liteldlunns
doansneluesdng

nsunmalulad LLM waz RAG w1
Tdludumnuiuasiidneningslunisidia
U32anSn1n andolanan Lazldiuas1aniny
fuasliiuesdng nsusegndldinaluladd

R29 215msivImsmaluladdesiuszmea U7 6 avvuil 14 / nsngimu - suaiau 2567



asmdaiannududiuiuaranudasade
vostoya telsinnsldnufuluegraasade
wawiluseanSnmesan LLM uag RAG @13150
Uszalanauardinseidayadinurastoys
nangunaslunandudy daaoliidmiad
aunsanevauessadeanaulasIniuay
fiuszAvBnmnniu RAG taelanunsafisdaya
fiAgadeuaviivavangrudoyasuinlvg
Sattuatnamsindulafiiussavsamanniu

M3 LLM wag RAG wlddasAnidi
anududiusivesdeyadiuynna ietosiu
nsindedeyalaglilasueunn deosinisly
walulaBuagFSmsfivieundestoyadiuyana
Wu NMsinsviadeyauarmsnuAlnMIntslea
FewinmsshwinnuUaensitveseyastnading
Wetesiumslaimileeiuasnsyilvevosdoya
AeaiinsnagauuazUsiiiuaiuUaenieves
szuvegnaiiae e lulohoyauazszuy
YosesAnsiiauUaeniugaan

M15°99 1 FuuteNneugnyianun neulnviavun wagnoURnudINYesTEUUININaaunu tngld

luwalunisnaaag 4 198

SIENITHAGNG

Model 1

F1UUTBNINDUYNNIVIUA

Uszianvadsluna

Model 2 Model 3 Model 4

FIUIUYBNADURANINUA

FIUIUYDNRDURAUIIEIU

A19199 2 % Accuracy U94n13UANINYEITEUUINTNadunUl Ingldlunalunimeass 4 luea

wlannugAAaUUsarUsTLAY

USLLANVDIAINIY
Model 1

Extraction Test 13 U8

Usginnuodlang

Model 2 Model 3 Model 4

Logic Test 10 4o

Hallucination Test 5 98

Robustness Test 11 99

Instruction Test 10 U8

UNNUA 49 T8

Defence Technology Academic Journal, Volume 6 Issue 14 / July - December 2024 R30



6. LPNEITDN9D

[1]L. Ouyang et al., “Training Language
Models to Follow Instructions with
Human Feedback,” 2022, arXiv:2203.02155.

[2] X. Ma, Y. Gong, P. He, H. Zhao, and
N. Duan, “Query Rewriting for Retrieval
-augmented Large Language Models,”
2023, arXiv:2305.14283.

[3] A. Vaswani et al., “Attention is all you
need,” in 31st Conf. Neural Inf. Process.
Syst. (NIPS 2017), Long Beach, CA, USA,
2017, pp. 6000-6010.

[4] C. C. H. Chan, Y. - C. Lin, and P. - C. Shih,
“Natural Language Processing for Supply
Chain with Chat GPT,” in 2023 [EEE 5th
Int. Conf. Architecture, Construction,
Environ. and Hydraul. (ICACEH), Taichung,
Taiwan, 2023, pp. 28 - 31, doi: 10.1109/
ICACEH59552.2023.10452639.

[5] M. Chen et al., “Evaluating Large
Language Models Trained on Code,” 2021,
arXiv:2107.03374.

[6] A. Chowdhery et al., “PaLM: Scaling
Language Modeling with Pathways. J.
Mach. Learn. Res., vol. 24, pp. 1 — 113,
2023.

[71 W. Yu et al., “Generate rather than
Retrieve: Large Language Models are
Strong Context Generators,” 2022,
arxiv:2209.10063.

[8] S. Yao et al., “ReAct: Synergizing
Reasoning and Acting in Language
Models,” 2023, arXiv:2210.03629.

[9] O. Press, M. Zhang, S. Min, L. Schmidt,
N. A. Smith, and M. Lewis, “Measuring
and Narrowing the Compositionality
Gap in Language Models,” 2022,
arxiv:2210.03350.

[10] O. Khattab et al., “Demonstrate-Search
-Predict: Composing Retrieval and Language
Models for Knowledge -intensive NLP,”
2022, arXiv:2212.14024.

[11] W. Shi et al., “RePlug: Retrieval
-augmented Black-box Language
Models,” 2023, arXiv:2301.12652.

[12] Z. Li, B. Peng, P. He, M. Galley, J. Gao,
and X. Yan, “Guiding Large Language
Models via Directional Stimulus Prompting,”
in 37th Conf. Neural Inf. Process. Syst.
(NeurlPS 2023), New Orleans, Louisiana,
USA, 2003, pp. 1 - 27.

[13] J. Wei et al., “Finetuned Language
Models are Zero-shot Learners,” 2022,
arXiv:2109.01652.

[14] T. B. Brown et al., “Language Models
are Few-shot Learners,” in Advances in
Neural Information Processing Systems, H.
Larochelle, M. Ranzato, R. Hadsell, M. F.
Balcan, and H. Lin, Eds., Curran Associates,

Inc., 2020, vol. 33, pp. 1877 - 1901.

R31 215msivImsmaluladdesiuszmea U7 6 avvuil 14 / nsngimu - suaiau 2567



[15] J. Wei et al., “Chain-of-thought Prompting
Elicits Reasoning in Large Language
Models,” in Adv. Neural Inf. Process. Syst.,
S. Koyejo, S. Mohamed, A. Agarwal,
D. Belgrave, K. Cho, and A. Oh, Eds.,
Curran Associates, Inc., 2022, vol. 35,
pp. 24824 - 24837.

[16] J. Chen et al., “M3-Embedding: Multi
-lingual, Multi-functionality, Multi
-granularity Text Embeddings through
Self-knowledge Distillation,” 2024,
arXiv:2402.03216.

[17] L. Merrick, D. Xu, G. Nuti, and D. Campos,
“D. Arctic-Embed: Scalable, Efficient, and
Accurate Text Embedding Models,”
2024, arXiv:2405.05374.

[18] M. Enis and M. Hopkins, “From LLM
to NMT: Advancing Low-Resource
Machine Translation with Claude,”

2024, arXiv:2404.13813.

Defence Technology Academic Journal, Volume 6 Issue 14 / July - December 2024 R32



o

UNAIINTY

= ¥ v o & @ wa
N1ANYN LLagaaﬂLL‘UU‘U‘uGI‘uﬁz‘UUUuLaﬂEﬂ’J‘e‘)ﬂIuﬁJGl

T3l Toen ' ileaiiey 823500A3 | o33aNa LaSeyNa |
Wias aynsans * uag ssalyiiand qusideu

Fuii3u 5 oy 2567 Yuilwdly 31 ganes 2567 Yunauiu 31 nanau 2567

UNANED

M ingusrasdlunisfnyuasinutindnendnludfuuussuuiunssis Gas
Piston) ilelvmsuismssenuuuitaunsathludesenldluouan Ingnslinquismdunssuiunis
$raesnaadouiivestiu Emtan MaA1 Wushdslumstmunfulsdmsunmsesnuuuiasfing
auduiuduassyaznsiadeuiivesiunseysiosnsniss Amsivesauis usdufunsesfs aua
yesginuAa :1nsansAnwInuIn sreznsiadeuiivesitunseysiinasesuysduluuulidadu
Tudrsszordniinrsaranunsovssnandudaduldlutissesdniidu elviduiinadnuus
Gulumuerudesmadosiu TneddnsmsBarniu 950 dasewnl swerfunssiiivuyaazoglutas
1.3 - 1.5 ih susiniseanuuuiidiesns wadwsildannisiiemesiiliilueenuuuludosiuuay

e

ihnsdaesnsrdeunnud Afladanudenndedlunuvgul wididownnsnsiidadluwag

Warusold

£ o

Addgy : Yudne1dnlud®, Aunsesls, Sr31n1384, ganuia, AAsiauss

q

P dunuidmnssuenusy, aandumalulagvesiulssma
? U3 gRaunITURER1YE 3110
" fusle, BLa: watchaphatedti.or.th

R33 21smsivinmsmaluladiesiuszma U7 6 avvil 14 / nsngima - Suateu 2567



A Study and Initial Design of Automatic Small Firearm
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Abstract

The purpose of this study is to research and develop a gas piston automatic rifle
to understand the design that can be further developed in the future. This is achieved by
using theory alongside the motion simulation of the Emtan M4A1 rifle as a starting point for
determining variables for design and studying the relationship between the motion distance of
the piston rod, firing rate, spring constant, force in the piston rod, and the size of the gas port.
The study found that the motion distance of the piston rod has a nonlinear effect on other
variables over a wide stroke range, but it can be approximated linearly over a shorter stroke
range. To ensure that the rifle meets the initial requirements with a firing rate of 950 rounds
per minute, the suitable piston rod length should be between 1.3 to 1.5 inches according to
the desired design specifications. The results from this analysis have been used for preliminary
design and motion simulation, showing that the obtained values are consistent with theory,

although there are still discrepancies that need to be addressed and further developed.

Keywords : Automatic rifles, Piston rod, Firing rate, Gas port, Spring constant
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The Improvement Mechanical Properties
of Pressure Tube by Induction Hardening Process
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Abstract

The aim of this study was to explore the impact of induction hardening on the microstructure
and mechanical properties of AlSI 4130 steel improvement strength of pressure tube application.
The primary objective is to enhance the strength of the tube ends, which are susceptible to failure
due to excessive loads during service. However, due to the shape limitations of the pressure tube,
traditional electric furnace hardening methods cannot be used to increase its strength. Therefore,
there is a need to study induction hardening methods that can apply localized heat treatment.
The investigation commenced use of finite element analysis to predict the result of the process.
In experiments the samples were heated with a 15 kHz medium frequency induction hardening
process, followed by water quenching. Subsequently, the samples underwent metallographic
preparation, microstructural analysis, hardness testing and tensile testing. The findings revealed
that the microstructure of Hardening Zone, HZ exhibited lath martensite and retained austenite
in their microstructures. The average as-rolled was mechanical properties measured at 284.65 HV for
hardness and ultimate and yield strength 749.39 MPa, 685.17 MPa respectively for tensile properties.
In contrast, Hardening Zone, HZ containing lath martensite, experienced an approximately two-fold
increase in mechanical properties compared to the as-rolled state. The finite element analysis
results are closely align with experimental findings. Conclusion, induction hardening proved to be
an effective heat treatment method for enhancing the mechanical properties of the AISI 4130 steel,
as evidenced by the observed changes in microstructure and mechanical properties. The above
method can be applied to improve the mechanical properties of pressure tube to application
more responsive to usage. Furthermore, it confirms the usefulness of finite element methods in

the design process.

Keywords : Induction hardening, Quenching, AISI 4130 Steel
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voswunuiagyhlidunuiigungiivilegnings
Aeluian 3 -5 Jurd anndusinld g udn
Tnensnuazees Feesrusznaudrglunsesuiu
o | L X 5y YR U oAy v
Aanamilazuegiuladusiig g dsnlananiluwen
Tuthasiu 1u vneamilen vnadurugudnans
Funu nsznalunsnienit 1anunveyn

'
=

wdedne nafildlunszuiuns gumgifiindu
VLT SRsnsIuEn (9]
gangilunisevazarealiidu
paawnulud (Austenitizing) Y8 LMANNA 1WA
AISI 4130 Tun135%uuda (Hardening) Aaenauy
(Furnace Heating) fgaumaiilugie 830 - 870
ssrnwalua dmsulunszuiunisyuudanuy
ﬂsxLLamﬁmﬂwzé’aﬂsﬁqquﬁﬁLﬁmqﬁsﬁu
ietdunsvaelifinsnszanedivesgungi
aeluguau Lﬁaamnqmmﬁﬁﬁuﬁua&m
39057 s‘ﬁwﬂ%@mmﬁg’m,wi 900 ALY
Julv [2), [10]
TumsuSunauauRmenssuITnInuseu
Foyadrdgyildfansundennszuiunis
fidsnalasnssionmautfivesdunu Ao ununm
1518w (Cooling Diagram) Tneluunaaud
wvendisaukun mnIsiBuideles dudu
Snvarmaduivesduemilunuided
wanAsusseiies (Continuous Cooling
Transformation Diagram: CCT) Wudnwauzianiesn
yeumdnndranusazeinfilineasdenieiunms
Wasuwadlassanmdimsidushanniaesamlug
(Austenite) ignsnsidusasnaiu Faelsanunse
mansallassainsgamaifiniuld Tnedidlds
s 9 Wusunudnvarmadusiishsnsdus
uaneneiy anwarn1sidudiaziduiifivun
Taseadefiindu wazd swalnonsen oauda

1

YDUNENNANEY U NNISLEusseasdmsu

o
o

WIANNAWEY AISI 4130 wanenagui 2 Tuauidedl
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Tdnwarnsidusiauuuidulsy (Hardening
Zone: HZ) BafudnuaizmsvhnssaiomernuSeu
Tuguuuunisyuuds (Hardening) Tnefduneudy
nnmsazanawlalidussawulud (Austenitizing)
Y % o9 vR o \a . |
udIilduiedssdenn (Quenching) Tutas
dnsnswasuwlasings (Critical Cooling Rate)
dwiSumanndwes AISI 4130 Siregluag 170 - 200
= U a = 124
aeAngaluaneunil [2] aglalaseainegania
nilassasreiwdunnsinuled (Martensite)
Feanusasunmsnssulaaninlasiainmanisie

900

800

700 E%\\\' “’X?S""

2 N RN
: - -,\(\"(—*-*%iv%‘\ N\
2O -
el R WA WA\ S A

N B EAMVAWV WA

ol HZ 10 \ 100 \\103 \\\ 104 \ |0Is \ 108

Time, s
FU7 2 sukuunIsidudalunisyil Hardening 197
wannaIaas AlSI 4130 (AAuUasaIntena 1581989 [2])
= aaal 3 a 6 2 o a

sudouisinludiedudidunisimuianda
favnasstuieldfnymgAinssuvedian way
ueanudululdveangfinssuantuguuuy
A9 9 saudenavdsundasluainaniizuni
ludannzlui auiuvessuideuisinludiediumd
Ap andunuLaza lulunaUYDINITOBNILUY
InguanUTNveuUTIasaRlikayauila
VUADHURIFDTLNUNTATIAULUUDI MTIATIEN
v ~ aa ¢ a ¢ o ) ~ °
sese deudslnludieduddmsunisiuiiett
Anufou TiMsinneinannswenlustoya
waneaguan 3 1Suannnsdndndeyalielfiu
mMstugULuuaeaznsIaRnEITRveIan
91nTUINITIATIEIUIING N1 TRIMI I IMAN
In#Tuszuu (Electromagnetism) wazaond
YMANFIATIZINNTENEMANS Ul USTUU (Heat

Transfer) Tagas1anuduiusvedoulonis
UTIUAULUUT (Global Convergence Condition)
AshAsIER LA Azt uneuarsdunsaeld
fa"auisusuaaﬂ'ﬁxmuﬂﬁﬁwsgﬂ (Iteration Process)
iielilanadngannnszuaunsianun dildld
Jushudsiudgmsuaunisuenisilasunlas
YSuuvaanlanazlAsiaseniendainnisyu
wsantusaimadnsluduiiaodlumuim
ArAuwdesialy (3], [11]

Material properties System geometry
Elect: gnetism
b iy
e enmenem e e El 55;?:35:::": %, iterations,”
i Current densities *, conci%lon .
and
Joule loss m— l
distribution :
: are ;
: obtained here
H g mp bl Heat transfer
L
e Heat transfer ‘Imer,nal \’
H convergence “iterations/
Temperature condition
profile 3
is ST I
btained 5 Clobal /“External ™,
here h convergence \iterations,+
condition e

| Results |

JUN 3 pmdupeunsiinszvidiesedeuisinlusg
wawudmTUn e nhnusou 3]

dwsvaumslumlieseionmainiiniu
luduauuaznisnsyaedivesaungiiniely
Qy 14 = aal & a
Fuaunlesudsudsinludedwudlunssuiuns
wilgaiausou Wunisuszendldaunis
WiFes - tAasvenifl (Fourier-Kirchhoff's) a13130
wanalansaunisi (3) - (6) [12] RasuImIuaau
Y89nsTUINNSIRTUL e INaLRasnaly fadl
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NITUIUNITINAIINSOU (Heating) ;

meludue -
prce ——/1 V2T + Qg ©®
Eu%umu :

p-c —A V2T + Qg —S- 0" @)

5(T4 Tair) =S - a(T = Tair)

ns3UIUNISYULTS (Hardening) ;
msﬂ.u%umu :

p-c: —A ViT (5)

NATFUIIY

prc-Si=2-V2T+S- a(Tyaeer — T) (6)

g O i A1AUVUILIL, CAB AR
4 o = a Qs/ =l
souduwy, T Ao gauunivestuay, T i

y

ammmaqmmﬂ T
water

S Ao WUVIN’J‘U@Q‘U‘UQ’]U O fo 194A ’W’N‘VI

Ao amWﬂWUEN‘Lﬂ

awmvu-luandsiul, a fe ArduUsEANS AT
ANUSEU, £ Ap nIINSUESeE, A Ao A
NTUIAMNTOU LAz deﬁa ANATUNUILU U
WAIUANTOU

nsesziaiiint undanisiuda
ngeeanuludldaunisAiuirnunsndy
1F9UTuIRS (Volume Fraction) U098 W13l wag
0% UFU-1U9a (Avrami and Johnson-Mehl’s)
Faaunisii (7) uag (8) [12]

wisndudaUSinmsvesnadiialad (Pearlite) :

yp (T, t) = y4 (1 — exp(=b(T) t"™)) (7)
wisndudelSinesvaslauulud (Bainite) :
s (T, 6) =y, (1 —yp)(1 — exp(—b(T) t"™)) (8)

dusuunsndudalSinesvaanansmules
1 N15AUIUAILANNITVRIAREE ALUULAY

11351U931n095 (Koistinen and Marburger’s)
Faaun1sii 9 [12]
yu = Ya(l =y —yp)(1 — exp(=k(Ms=T)™)) (9)

el Y, V., Vg Y, f0 tirlsndulis
USumsvessla, b(T), N(T) Ae Ardulseans

Tuedivaumngll uaz K, m @e Arduuszans

Doy

Do

%
a

W’ﬁuagjﬁuﬁumu
AsyungA1ALdsLuuIninesagld

N15ATIEiAINannesLUUNan (Multiple

Regression Analysis) fsaunisii (10) [12]

HV = Co + X(Cyi - - Fe) + X(Ci- ¢ - Pe) + (10)
2(Csi - ¢ - Ba) + X(Cyy - ¢ Ma)

c,C,.C,C,C, e Anduuszans
A0DY, CI. e Seuazvessianay, Fe, Pe,
Ba, Ma #e Sesavvounawslsd iisalad
wulus wazunsinuled
3. 351533

M539LANTUNTANULNUNINUEA AU
7l 4 TneriFudhutowdnndsau AlS| 4130 iy
ns3atulasnisiva Svuiadurituguenans
Aguen 125 Tadiuns idurugudnalanigly
115 fadmns g9 220 Hadlung uansfagud 5
uanfiunisinsievieasd Usenauniadl
TeSsudiouivesiusznoumaeinassu iy
Juhnisesnuuy/Muuansiimesiuniseuyy
nFRUANENTRNINanauN AN SIS UL
WALYINI9ILATIEWNTZUINNITOUYUA 18
sudouisliludiefiuud udaTahdudiuvie
widnnduau AlSI 4130 w1viin1seuguaIy
wdwesaldimualy nsieseilassaing
9001A LagNAFBUAMENTANIINAILANTUNIS
Snafandsandunuiiuniseuruuda antuy
ihnansiisziiaznaaeuillivdsanougy
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Flow Forming

'

Anasddeznaunaail
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mMeaaALUWAMMUANISIHLnES
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H
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2
3
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P
5

- ao = .
ANHAMANUANTNNRTUITUNE UYL

'

- )

< v w
7!l.ﬁi"l:'ﬁﬂi‘:‘l.l’!'ufﬂ!‘ﬂ'l.lﬁ;'].lﬁ’ﬂlli‘ﬁ‘uﬁ’ﬁl

A ao o 5 e
SLUHUISATUIULEIAILAY

{

AndunirauguATRSay

'

Aarzilasaaiieaama uaznday

ANANTANIINAUAIRINa LYY

.

aAnluanisiaa

FUN 4 unun M idun15398

Stop

Induced Direction

Start

FUA 5 Fuduiiilivimsmaass
wwdIsuiisuiuneun1seuyu afusiena uag
#5UNan15IdY

3.1 n1saiiun1sauyu
nseuyUANNTousIen LAl

Fuanidudauviefiiunssuaunistugy

Taenslvausihmsmidenihaudoudioazais

wiaiailiTussaymilui(Austenitizing) feiaseuy
ASRULUUN AN TEnthewAnans (~15 kHz) B
Issnannmsduamaannnsi (2) fieesdiigs
Iyl 160 Alaadi mutunuermuidasen 70 sou
st shmisdlumaedeutunusnuenmamien
1h 3 fadwnsiedunil sasnnuenlunisivie
11N aULYINAY 80 Nadwms (Start-Stop) auU
YU B AU 5 yhmamilenhmiuioutu
auaunseigamgdl 1,000 ssmieaiea asiviaua
Suiingumpiuinaimiunudendosisnm
arufou five Fluke Ju Tid00 Mnthufevhlsdu
feg1adaeandaenn (Water Quenching) 58U
Unaasuuen fauandlusuil 6

JUN 6 nisyuudedaenseuaidenhyuaiuyonld
lunsnaaes

3.2 Mmauweuazdaszinleseiieudsinlud
LoALIUA
Tumsiserdtildvhmsieseinessdous
TlludieBuug Tneldlusunsy FORGE® NXT 3.2
Werhuwswariaseidnvarn1snssateiives
gamnifiindututuduielusswisniamilenth
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Amafou Uhinaueaaiunngudsniadusesns
Seem iamﬁaﬂ'wmmLﬁaﬁlﬁmﬂmzmumiausqu
FumeUBLNTINSE LU a8 DITUNY B
11391ua@s1uuUINaeInsAnaA1ans (FE
Model) LLamﬁagUﬁ 7 Fausznausnensiines
fifutoyavestunu (Billet) Toyaynineids
Tl (nductor) anmizwandeulunis
yA@aY (Room Mesh) Mndurhnsifeslssdioya
Honuaddaedy iehnsinsgiliaseunqu
W fiwesiisvun (Global Mesh) wéa3ewinis
WATIEREMTUTIWILLEALUUA TN TS
e 9 melunuusiaes wansensei 1

s

P
LY

ey
R
! \%’5}“‘5 4
%

{
1

Vi S o
g2

YN 7 wuudraeanadamans (FE Model) 7l
lun1siimsiey

5197 1 1un (Node) waziaduius (Element) NG
AUrnsnasluIATTALUUI AN NALAAERS

N19ELADS Tvua oAU
Billet 3545 7090
Inductor 14314 28624
Room Mesh 1423 2842
Global Mesh 19267 111930

3.3 MsAATIEHeIAUsENaUNILAL
aqﬁﬂizﬂaumqmﬁmm%umugﬂ%miwﬁ
Feiedes Optical Emission Spectrometer S
Bruker $1 Q4 TASMAN Han153tAsgsinauansly
M15°991 2 91nnsiUSeuLisunanisiasies

fupslszneuvnamiinmsg uueavanna AISI 4130
wudneglunuaiunsgiu

ﬁ’]‘i’]\?ﬁ 2 KA IATEVRIAUSENE U AT U
meLAaBd Optical Emission Spectrometer iW3guiiiey
fuumsgIuTeuMaNNaT AISI 4130 [13]

asAUsENaU AUINTFIY Fudauvieilld
maadl (Y%owt.) INNTNARD
Min. Max. (%wt.)
AU 0.28 0.33 0.318
Fanau 0.15 0.35 0.250
Nl 0.40 0.60 0.531
Tasiilen 0.80 1.10 1.071
Tududi 0.15 0.25 0.231
Noanosa - 0.035 0.0047
Az - 0.040 <0.0050

3.4 M5AATsilaseainegania

AT ElATIERANAMIENTR AN TIAAY
Bvo Olympus 1 DSX510 way AT e idugIuive
MundoganssAudidnasounuudeinsia (Field
Emission Scanning Electron Microscope) fvo Carl
Zeiss §u Sigma 500 VP mMaia3eaduuiitefing
Tassasraganiadulumuninsgiu ASTM E407
Bunnmstaneiusonszaenaiein dnazden
Femsogiun uasipiouihtunuieamsaranslunea
(Nital) #igasrdrunnududusosas 2 lagns
Aaseilasiasngania ssanfunsilseudieu
S%MﬂNU%L’JmﬁlﬂlﬁaU‘qu (Non-Hardening Zone: NHZ)
LLazﬁnmﬁMumiawu (Hardening Zone: HZ)
3.5 MmagauauUAnIng

n1snadeuamantAnianauyseanidy
2 Bms el

3.5.1 MIVNAFIUANAUTIRANIA

AsNAABUANANNLTI AN TuA Ui TR
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nsquidedenspuamioninndaduiua
fetndnunzdiguil 8 nsnageuduIAluly
PUAASEIL ASTM E384 ¥insvaaeusnelaes
Micro Vickers Hardness Tester 8t INNOVATEST
$u FALCON 400 Tdiiwiinnanmaen 1 Alansuuse
VAaNANAFBU 10 IWd vihnisnanadeumLIULUY
flaguil 8 wiaduudnadlilsvihnseuyu (NHZ)
wazUinadiviinseuyy (H2) Fsluwsiaziina
nanAgeUmITWILTFaTeITuNadey F
Radhuuentuay (Outer) Aananstuay (Middle)
waRnulutuny (nner) siuwmisay 3 99 udaTs
theniildinmeanade

Ul 8 dwmisnsindunagey uazzUuuunisng

, -
NAaOUAIAIIULTI98N A

3.5.2 NMSNAHDUAMULDIUTS

MsvREaUANLLT s weudYIRR LR
FlallFougy (NHZ) uartuduviesumisisums
Uy (HZ) Fee3ea Universal Testing Machine
Do Test Ju 113 Shs1dlumsisvagou 5 Toduwns
soundl larAusiumuLsIfasEn (Ultimate
Strength) A1A13LAY 84 3AATIN (Yield Strength)
UAZ3IOUaZENIINITEARAL (Percent Elongatlon)
Tnousazvielinsonduiunnaoveteas ¢ Tu
w§imsnageuhmiildhumaneds Sunadeu
AL UYNUUS T ALREL N TR ULAY
NAINYU vioag 4 Fu nsuma 0%, 90°, 180°
uay 270° muddy Idununansdeguil 9

+5 +2 +5
15 0 20 0 15 0
2709 90° ’7 _|
I
@240.1

180° Gauge length = 16 mm

5"1/14 9 ﬁ)'/LLWZJGﬂ'/ﬂW?Ul/ﬁD'ZJVlWﬂaU Uazanvalzyed
?f‘lJW@ﬂEJUﬂ?’]lILL‘Z/\?LL?\?
4. HAN1TVINADILAZIATIZINANITNAGDY
4.1 wan15aseiaesedeudsinludeduud
MylAsegamginintutuduiean
a ° 1% % N A s a s
mawieathenufeumessleudsinludoduue
WARIRAgUR 10 (n) Wud UShaRauenlagianie
Ushaeglnaiuueainiloumgiingegalasien
aglutie 1,020 - 1,042 aarnwaitea Usasiimnuly
fouunieglugie 911 - 933 asAlwafea
Ineisaesshumidmuusnsmsdnitudnduiosas
10.4 - 10.6 Bgaumgiinildanns i sesiiliisae
non1sazatowannliiduesamuluddimiv
widnndmau AISI 4130 AfiAeglugas 830 - 870
IS L a oA Y a
asmgaldea [2] wazdanudnindanulndifes
AUKANII T IRgaMn U TUIneNdes
snenmanuieu lnsgaumiiiauuuduviedn
BESVITN 866 - 1,066 Berniwailia fuandluguin 10 (@)

3D Quenching
ol

FU7 10 gaumpdiiianviusiulunisnaaes
(n) wan159 11180 18521 08UI5 Wl s iodiud (v)
gamplvuduauiiialaeinnaesn1gnimnaiusou



msvhunelassaigamarestudiuiadionng
willenthamudeu wuh mawienhanuSourils
Fudwvieillasseidussamiludldiomm uas
dlevilfuinegnadeen Junuillasadraiu
il 3ovas 99.96 ) uansiaguil 11 () wewify
weeaamulusvForms (Retained Austenite) aglu
USunaudniles (Seway 0.04) LLamﬁagUﬁ 11 ()
ludiuresmsyhuemeanuudamdnisdusieeng
Beenavedtun wdmsusdstumuefimanuuds
whitu 601 Inines LLamﬁa;m‘ﬁ 12

3D Quenching 3D Quenching

— I \

JUT 11 mamsvinemaiinluiusundmsevy
sesdeuIsinludioawus (n) wanisviuemaus
wulasivdinisevyy (v) wanisviuginaoaanulud
GRRERI A

Piidiiiiiii
i
H

3D Quenching

Hardness
601

601
601
601
601
601
601
601

601

601

601

FUA 12 wan19viuIenInkdanainiseuyusd sy
wdovIsinludiodiumd

4.2 uansAnwlaseinegania
Tssasgamauinaithilfouyy (NHZ) W
Tessehmdimsaiuszneuiemeslsd (Ferite) uay
wiaUesunsimiles (Tempered martensite) 7ifins
Bashueunsumaiimmensiannnssuaunsiugy
Tnenslvia uanasteguil 13 (n) defiansandaug e

'
a

VIfMasenes 3,000 W ﬁgﬂuﬁiyzmmmwmﬂalﬁﬂmau
VRl (Secondary Electron Image: SEI) uageftyayeu
AMANNBENMSEUNIIRNAU Backscattered Electron
Image: BEI) LLamqﬁagU‘ﬁ' 13 (A) Uz 13 (@) amnsaiu
ﬁﬂwmsmsuﬁ?m’;mﬂmiﬁugﬂlﬁsﬁﬂlﬁ]uu'msﬁyu
21N SEI ansnsadanaiiunisnszanesiues
aslusihlassadns Fsmaindumsludminen
N38UIUNMIYULTT (Quenched and Tempered)
19 Preform ﬁaums’%mﬁﬁugﬂ [14] feulothudn
Sﬁuguﬁﬂﬁmﬂuﬁmmsmszmaﬁﬂﬁmﬁu
%nmm‘mmLL‘Liu“I,uﬂﬁmsﬁnaﬁa%sﬁua@iﬁuﬂ%mm
n53ntugy [15]
Tnssedsaniauinaiiunse Uy (H2)
Tessetnawanihenimulsiuuuins Lath Martensite)
ﬁﬁaaamuluﬁmﬁaﬁwwamag LLamé’qgﬂﬁ 13 (),
13 (1) uez 13 (2) JsdenmdasiuNaNIVILIERY
sulouliludiedunsd fgui 11 () uaz 11 @)
iomniunmidishsmsdushiinnnsnsinisiu
finge Tnewidnnaiau AISI 4130 Somsmsidusi
INgRUIEAU 170 - 200 BeFBaLBaasia U [2]
wndmulaiuuussiiindull annsadaneldoioy
WnBeTuaNAM SEl wae BEI meﬁaguﬁ 13(9) g
13 (&) auaeiu InInuleRuuLRSiaNuaRNIZe,
fiAntuiumsnnEnguiiviinamesniveuna
aglusedutunan viail Tnngeumeavasnslud
demnifansaanesilussnimsavanawalidu
poawulug [16] dmsulSunvesnaesamulud
W0 (Retained Austenite) inutuianiugan
NmdNNANEN AISI 4130 Taamaiiunsimuled
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\@59@u (Martensite Finish Temperature: M)
anngaungiivies Jlsemnsniissninulesls 100%

M Retalnedraustenite

U 13 Tnseasregannduaudiosniluvivn NHZ
lag HZ
(n) - () amaganndosganssadia (OM)
(A) - (3) 77w SEI 990 FE-SEM
(9) - ®) 779 BEI 990 FE-SEM

4.3 wamsAnwANUANING

4.3.1 ANUuTeganA

nansvadeuALdsganialimauud
WAsuanasgU 14 wuh UinasililFeuru (NHZ)
fiednanuudaadonittu 284.65 nines laglu
wiagsuwnidimamaundeireuindndfeetu Fadu
navnnalnnsdnsesilmivesezneunelundn
pdansEUIuMITUUTUUeR0Ea ndinsty
wihenszuamieindosuisuiuuiinm
filsilfouyu (NHZ) wud1 vnadiiumseuyy
(H2) feenunduadodiutu 2 uh Taeusea
Tneflawinfu 582.24 3nine$ Tutsnadsiumis
Rauen (Outen) fimamuudsgsiian 1osmdu
Mumisiduiariuansyuisdsnnnaduigeian

drusuniainly (nner) Saranuudefininda
dlesndidnsnisidusafisaninsunisiauen
Fanuuanshevesmanuudsinuluinaiin
Wudndiudesay 10.7
dlewssuifisuainnuudeiildannis
nadgounuMsineseselouisiludiodiuud
oﬁ’agﬂﬁ 12 WUt Aeaudaedsiinuuanisan
Wudndiusesay 3.12 UShiiauen (Outer) Lag
U3haAsnans (Middle) fiandilndiAsssnniian
il (nnen frmsusnsanniiasandu
dndruesar 10.2 lesanlunaujoinas
vidofuiisstuiesliannsailrdunudus
agnadseniniuldiituauy

g aruudovasiuom Al 4130
. 0311:1%4 (HV) el
0 HZ - 58224
600

mudilavafy [INHZ
94 NHZ= 284.65

4

300 ‘ ) —AvgNHZ

20 —hughz
2109 27848 28439

604.47 60261 539.63 ‘ Munimagey

Outer Middle Inner

FUT 14 usiunmuan1sinaInuudenanin

4.3.2 ANUUTIUTS

KamsnaaeuALATILTwsBunagey
lailévinnseuu (NHZ) uagtumageuiisinums
oUU (HZ) wanasiagui 15 wudn Ustanitlallel
9UTY (NHZ) Sunndeuiidianadinumuusei
geanwiniu 749.39 wngUnaaa A1AINLAY
 IAATIN 685.17 nzlania wazdnIInIg
fafevay 14.56 USMARIUNTOUYY (H2)
AUATUNIUNIULTIAIEIEAR WATAIAIINLAY
w gae91n Sanfutudu 2 v Tnedauviiy
1,783.75 aw 1,529.35 lwngUna@nna muaau @i
SnsnsBasileniianas Ineflaiiuesas 9.1
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sty Wiuldihduneaeundeinsyuudediaiang
v = & X 2

FUNTULSIRTETU FadunaunaInnszuIums
auguiiusInglassasnandmuled el s
YOUNUNLAINNTEUIUNTOUYULREINDHBNS
FunsenssumieRuUS UMY ULTILY 2 U

. wan1smagouATmMudwse
anuudause
(nzvada) % nsBaia
14.57

3200 15
mNHZ —=-Elong

1600
1200

800 1,529.35

400 68517
o L

YS (MPa) UTS (MPa)

-}

1,783.76

FUA 15 wan15maaeounI Ik sivestuaIu NHZ
ay HZ

5. @gunan1maag
nsgundssaenszuanilenidanali
Wiannan AlSI 4130 §lAsea3naganin wazaIy
< A A a
uPawsamUasunasluanniy Tunisneassnis
o % = adl 2 a I3 gj 1
Brunemesudevishludedwudnedudiuves
gaumall Inseadnegania wazAAuwdedinng
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3D Numerical Simulation of the Effect
of Shaped Charge Liner Thickness on Penetration into a Steel Target

Tassanee Tubchareon I Thanach Khantong ' and Weerachart Kulsirikasem '
Received 5 August 2024, Revised 13 December 2024, Accepted 8 January 2025

Abstract

The explosion of a high-explosive charge in a shaped charge warhead rapidly converts the
explosive material into gaseous products with extremely high pressure through a chemical reaction.
This high pressure can damage the shaped charge warhead's structure, causing natural fragmentation
of the casing and collapse of the liner, which leads to the formation of a jet. Generally, experimental
testing of shaped charge detonation processes is more expensive and dangerous than computer
simulations. This work presents three-dimensional (3D) numerical simulations of shaped charges based
on the Smoothed Particle Hydrodynamics (SPH) method. The effect of liner thickness on jet formation
and penetration depth into a steel target was investigated. The charge had a diameter of 36 mm
(CD), and the stand-off distance was set to 3CD. The copper liners had uniform wall thicknesses of
0.5, 1.0, and 2.3 mm, based on the explosive-to-copper weight ratio, with a cone angle of 45°. The
results showed that pressure increased after detonation and reached the liner within 4 microseconds.
The maximum jet velocities observed were 10,780, 9,070, and 6,520 m/s for liner thicknesses of 0.5,
1.0, and 2.3 mm, respectively. Increasing the liner's thickness resulted in a decrease in the maximum
jet tip velocity and jet length. Additionally, the slug size increased with liner thickness. Regarding the
penetration performance of the shaped charge, all liner thicknesses successfully penetrated a 10
mm thick steel target. The effect of increasing the target thickness was also investigated. The liner
thicknesses of 0.5, 1.0, and 2.3 mm were able to penetrate steel targets up to 7 mm, 10 mm, and
50 mm, respectively. The results demonstrated that the ability to penetrate the target increased
with liner thickness due to the increased momentum balance and kinetic energy. However, as liner

thickness increased, the borehole size decreased.

Keywords : Shaped charge, Liner, Numerical simulation, Penetration, High explosive
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Chatchaphon Sae-ngow ' Paisan Apinhapat '
Phimraphas Ngamsantivongsa * and Chesda Kiriratnikom °

Received 13 September 2024, Revised 17 October 2024, Accepted 21 October 2024

Abstract

In this research, composite materials were studied and developed for application in the
aerospace industry. This project aims to develop thermal insulation materials for rocket motor nozzles.
Solid rocket motors are designed to withstand the high temperatures produced by combustion.
Thermal insulation materials based on phenolic composite materials have the properties of heat
resistance, ablation resistance at temperatures up to 3000°C, and good decomposition resistance,
which are the most commonly used. The properties of silane-modified phenolic resin (PR-S) were
studied in this study to improve ablation resistance, and the types and main chemical components
of the modified phenolic resin have been investigated using Fourier transform infrared spectroscopy
(FTIR) and hot compression molding techniques, respectively, to assess the ablation properties of
these composite materials. Standard experimental methods were employed to determine the
mechanical properties, radiographic tests, and static tests of the phenolic composite materials. According
to the FTIR analysis based on ASTM E1252-98, the energy absorption of polysiloxane (Si-O-Si) and silane
Si-O-C bonds was 1184.19 cm”, which indicates the modification of silane in phenolic resins. Results
showed that the modified PR-S composites significantly increased ablation resistance based on ASTM
E285-08 test using oxyacetylene gas as a high temperature source. Modified phenolic resin materials
still possessed sufficient mechanical properties to meet the standard requirements. The radiographic
test results confirm the uniformity of the extruded insulation, and the static test results confirm the
ability of the modified phenolic composite materials to withstand the heat load generated by rocket
operation, with a confidence level of not less than 90%. Thus, the results of this research can be used

to confirm the potential for domestic production of parts and thereby to achieve true self-reliance.

Keywords : Composite materials, Nozzle insulation, Ablation resistance
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3,074,904 1adevuuiiudulefinnisususe
AMAINAIUNTZUIUNITIULENA1S US Patent
3,454,453 [18] mﬂﬁuﬁﬂlﬂaué’a8qmuQﬁLLazLaaﬁ
fitmun ievhuFiSentusu daFent B-Stage
v sduiildarliavansludviazanedundd
usiannsavasumanlinufeu [19] 91ndu
thTuau B-Stage dasdududn o udailulaly
Wl AU v‘hms‘ﬁugﬂﬁumuﬁa&ﬁ%msé’ﬂma%ﬁ”
anasilumssilaitionnd 4,500 Ueusremnatia
(310 U19) MWBwNLteIMURTIMSUNSHENL LN DS
9597130V Sidewinder v9anigaLusng
MIUNINTFIU MIL-STD-2126
N19ATIVADUALNTNYDITUIIUAITTNS
naAeUSHIINsIFEANToU (Ablation) ARsdiAne
prvdeuLieTandendosqansimisidnnsou
ATdeuMIBEiNiiiafenndaueancsediie
psrmsesimmeluieanfenmsteatsnw
$i@i8nd (X-Ray) iileTannelufinnuaiiave
AUNINII U MIL-STD-2126
fn1snageuTeuiiteudunislyddan
poslndninsaialy wut efanniglufiana
aiauetiosndi devnludseneutunewesasn
ileganedeuniAaiinLazATINdeUNSIAANTOU
YomunnNianeenlndnluvierheaTianSeuiiey
funuin auruluvievieasadlsfuednisdu

R75 sarsivmsmeluladiesiudszne U7 6 avui 14 / nsngind - 51Ru 2567



' v

PdwAs1zRIuundssesdunnsautagninauiu
ananmeulndninsnvialuynaiumie [20]

2.5 szauausiula (Confidence Level)
seAuAuiTUle (Confidence Level) iluen
M58y “AMAIN” YBIUHUNITNAFBULAL LN
v ¢ & =
gousunldlunisnsivaeugunsal Tuiilnuneds
i 2 A ! Y ot
Anuu1azdunagliseusugunsaldaussying
fsgduanulindaldaininnusiveusy
Tngdindulannuanisnaaeugunsniidudiegg
wndudwudnia [21] dwdugunsalldnsauden

Y '

Azt P() ﬁasqumaaawaqﬂﬂﬁzﬁuw n %y
uddulFgunsal Defective r fu LfulunueadR
N15NIEYLHUU Binomial [22]
3. ANTUNITIY

st uednisTunuAINTouge
dmsunanauuiuanuSeuluiemeasn AEus
Tnsdaaszsitnefluednisdunuaiudouss
fednmsmsaUadinensiiiswendistuasluau
nanduianauiuwuuaeulndndmiurionieves
590 e uNAEDlagllnaTT YN 122318
sy 30 NI YNIARANNTENIINADAUIUNIBTNY
I5nTNERTY Lte TnrunnuasifnuEsmeves
awnuazldmsmunamsadinenansitofiansan
anuduldlalunisiivuauazgusnmesauiy
Ulgluasinvun 122 . szezda 40 nu. seld
Fauansluguil 2

3.1 MIduATIZERUDANLITY
MIAUATILILRANTUB N FNEUns
US 3,074,904 yinn1sway Paraformaldehyde
way Hexamine e wdwiufn3ensae
Phenol Minasssmenasniniaeiinafesain
nsinufAselaenisaliunisaeldaniiy
ananna (Vacuum) flaaumgdl 85 arniwaldea
¥ntulsulssanausAlagnsiiu Bisphenol

o g3 A s
msdunsiziheiuednsdu

« Sanzimmliudpuaniativednsdu

#umaiin FT-IR
2
- wiouBuanumareumanalavldiduloeiunse

mswaanuIudmiuvenessan :
- msmageunsiduansenvesiagaonIndn
o v &
- asimnuszduauiuly @
malszgndl$asanszessa 40 nu.

« nsAmnunuuieeesa Meds
weIMBT03A 122 1. 330z 40 N1,

« mnagoudsnmiad

mMsnageUMAAIn

+ mInageumaaia

FUi 2 38nsaniueidy

Epoxy Ua'aEJWmiﬁWUfjﬁ%awma‘iﬁ?jiyiywmﬂﬁ
gunnfig mntuiafiu Phenyltrimethylsilane
(PTMS) wazvituiseneldaniizgeyyinie
flgungil 85 ssAiwaldoa dollaunseiiels
Huednisdunildivdosseu

mMsATzivianazesalsznaunan
munfivesfiuednistuiidaulasielaau (PR-S)
Tngldauenpdutnadunisus (Fourier Transform
Infrared : FT-IR) §e1p384 FT-IR (Spectrum One,
Perkin Elmer) TagUARANNIAIDENNU Potassium
Bromide (KBr) mmﬁuﬁmwé’m%ugﬂtﬁuLLw'umﬂ,a
uwEwhnsaaeusefeiniesiiofingd anmily
MsaATzRlurasnLlauastae Middle Range
Infrared (4000-600 cm™") Resolution: 4 cm’*
Detector Ao lasnagudamn (TGS) 819890
UINTFIUASTM: E1252-98 Ingd1anndaudioda
fmAnsgidaaiuaziinm deatuayumaie
Mulieseianuazianzvesian audmelulad
Taviwuas Yanuvisv feiaes FT-R Spectrometer
(?jﬁa : Perkin Elmer, ju : Spectrum One)

msvageUAMENTRANINaTesTannaulngs
Huednatuusemedanuliadulowid wwes 200

thinSeadewiulluludirmadieaiu S 24 5u
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uazdntuginelinnudou 170 esrmiwaidoa neld
W59 300 Uausamsnin serileadiunan 30 wfi
Aowhlusahitununeaey Ussneusnenisnageu
AMUATUYIUNNTARID WAZANAUINUNITASLAY
gunidmnssulannisuazian fheddeuasiiniu
aontumaluladiosiuussmea snewees Universal
Testing Machine &% TEST BAND ﬁ;‘u 112.100 U9
100 Alafiiu figaumgiives

3.2 MsuARTUURLILEMSUYIe BTN

fluednsduiiduaszidliazsiuwausu
Faneulaeenlea (Silicon Dioxide, SIO2) 31uU 8%
vonhntingy wavthluguiedeufuiuduloud
o3 600 LLazaUﬁqmmﬁ 85 aerwada Wuan
10 w7 whlliSeuntmiangn (Prepreg) ndanniy
dliounauszann 1.5x1.5 9. ettty ingivlu
m’:té’m%ugﬂmuLLﬂﬁuﬁsuaaauauﬁm%’waﬁwai'm
Feldfunaweiarinuunn 12213 526583 30 1. U89
anv. Tnelsiaudeu 170 ssrnwailua uazdni
AN 4,500 Uouddemsnaii (310 und) seriles
Junan 5 Falus

FuruauERUYRTER T 2 Uy
lAun duvievineasinaIunii (Front Nozzle) uay
druvioTheasandumds (Rear Nozzle) thuey
wansldvmsdnusditeliudlentunuaylid
sovdmvdeiinlesegluiiotunu mnduianly
Uszneuliduatiuveeaniasell nsusznau
sywinstudiuaestutesitudndisenin aovie
MeaT2m (Nozzle Throat) viainnsilnsduazidu
dufinenunniigavesvievineasin Fumuiiasin
TUdszneututewmesann wetilunadeunia
adwludumeugniine

3.3 ANSNAFDUAIAEGNA
UBIABTATIN 122 1xl. Seerds 30 Ny, gnti
1T UTUEIUYDINETIATNHENIINAUIUIN

Sanpenlndniiuedn Liosn any. fideyalunis
maaumﬂaammaLmaifaasmﬁ?iqﬁ%a;gaﬂﬁWLLiq
Fusazanusuiieldiunandndrnudou uas
MNTAUIAINSEIANTOUVDIAUIUVIBYINEATIA
Tneldnaanshvesauuituednying
ntwhnsegeunAERnLeLRDIaTIN
ynassnanfigamgiiviestae Tarusedu anudu
FReTuanasunlug wazsthnsldwssudiou
TudeyaannnIseanwuy
¥nsaestuduvierheasimilusiiaie
wavvhmsinszavdoansouiiiniuede wasiian
WIBUEUAUAIAINAITATUIN

3.4 n1sussendldauiuriariieasiaiuuainas
579M 122 Ui, S28289 40 NY.
FUSUNBMBSATIA 122 14l S¥8ze 40 Nl
any. Iloyanan1snaasuninain Jairvaya
AINATILAIWIN NSIEEANTBUINNSIHT TR
LewMa$asInvTing mauns (1)

dablation = Tablationrate X tburn (1)

Tagd
Loy o = SATIMSIEBANTOY
t = szgEnainvtiienna

burn

d! :j ¥ a .
"ZIWNSUEJGNQRIWJ’] Fab]ation rate x q total

ANULUUIIADINAMAAEASLNDYINUIEERIING
a ' & a | oA a X
@eansay [23] Wmsgasiunisidennsounindy
939909 UUAEAIULARIANNTT (2)

dtotal 2)

Tablation rate — Tablation test X —
dtest

Tagd

v a !
rablation test E]G]i?ﬂ?'iLﬁEJﬂﬂ'ﬁIE]u‘V]f]ﬁE]U
. £ s ¥V a a = a
q total = WANYAIUITDUNLNAYUDI
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q = Wandarusaunisvnaau

test

(8.25 MW/m?)
Ndnganusauinduasaveviolanu

A5IAAIINKNATINTENINNENTAUSBUINN

A15LNS9E (Radiation) wagnanga1u5auaN

ANSNIANNS B (Convection) ¥B4R1958U

aunsaAuilaannaunns (3)
Qtotal = Yconvection + Qradiation (3)

AFNTANUS BUIINNITHE TIFA1U1D
AMuadlaNauNITNISLESIEANUSBU (4)

Gradiation = € G(T4 - va;) @

e

€ = Emissivity Coefficient unuadu 1

O = Stefan-Boltzmann Constant unu
Andu 56703 10° (W/m” K )

Bartz laWaiuluus1a8s Semi Empirical
dMTUAIUIUNUT Heat Transfer Coefficient
Tuvievheasn [24] lutagtudsadduuudansi
Tunsdrmaiisidestunisaemainuien
neluvieyieasin (5)

Qconvection = hg (Taw — Tw) (5)
Li‘i@
hg = Heat Transfer Coefficient

(BTU/in.’sec®F)
T = = suugiihawuiumiuseu

T = quvgiilhawuiunruseunsil
Wandanufouduaud
lng
Y=1lpar2
Taw — 1+ 2 RM (6)
To 1+ 2m2

¥ = Heat Capacity Ratio vasfiilvialu
MovNEaTIn

R = Adiabatic Recovery Factor Fanw
35983 Bartz 19A1 = 0.89

M = Mach Number vosfsiilnanielu
vierheasin ol eiiiansan Anasnlsnnaums (7)

A_ 1 {1+[(y_1)/2]M2}(Y"’l)/(}’—l) 7)
M 1+[(r-1)/2]

b
%

\ile

A = fufividanislva o ol
(in.%)

A, = tudiniida Throat (in.%)

TO = Stagnation Temperature U84A1%
lnameluviovheasin dsfudiugaumgiivesineg
o Funsifinnsn T (Free Stream Static

Temperature) A9a1N15 (8) waz (9)
T, -1
2=1+1- M2 (8)
T 2

1/(y-1)
Ay 1T 1 T
£ (20 R o
A 2T y-1

P

e

T1 = Adiabatic Flame Temperature
Yaaiganm s lvsinnglureanludvesasin

ANUITWUUI1a09U8Y Bartz AN Heat

Transfer Coefficient lamuaunis (10)

=15 ) ()" () 1(5) e 10

el

D, = Throat Diameter (in.)

U = Gas Viscosity (lb/in.sec) dmiufing
s ingd Ussanaenleseannis (11)
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Cp = Specific Heat at Constant Pressure
(Btu/lb F) unup1dae 0.339
P_ = Prandtl Number = uCp/k

UsgaauAlagld Kinetic Theory of Gas ety
P-5
r
9y5

PC = Chamber Pressure (psi)

g = Gravitational Acceleration (32 ft/sec’)

C* = Characteristic Velocity (ft/sec)

r, = 9199399 Throat Radius of
Curvature (in.)

O = Dimensionless Factor Accounting
for Variation of P and y

i = (46.6 x 10710 (M) /2(T°R)® (11)

4. uan1sNaaaLazniIsandsIgna

4.1 HaN1931AT1EWN15UTUUTIAAUTRA

Nuadnisgu
INNTIATIERTUEANsTUR AL e

@

vianfl uednisBuslindnuasdleleiau

Do De

{ o ¢

PNENATILNVY A28WALA FT-IR Auadnistu

Qe

a

AUALATIINUMIAANTUNE N TUYINTHMUUEAY
naulansenda (OH group) luilueanvisniiu
3326 cm™ wun1sRANauNdIuYeInauluYlg
2925 cm™! wanafansEansduazfiouvesiusy
e C-H Twaavnuiila uaesiuse CH wuuegavhin
A 1% A A -1

NUNIIPANAUNAINUYBIAAUN 1506 cm - LheM3
= a ) P o

fensianisduazifiouveswuse C-C Turawmiu
pzlsundnvesluianailuea N1IRANAUNGIIU
Yp9nauluYI9 1237 cm™ Uatdeiuse C-O U949
Husalansenda wazn1sdunuviauaaiuse C-O
dwsuiluealansendaiiinde nun1sganiu
NI UVDINUSY C-O vasuuTalensendana
ABU 1100 cm™ WUNISAANGUNSIIUTDIAGY
7 812 way 756 cm’' L@ADY Para-substituted

wag Ortho-substituted VBWUUTY wazIan
Husdnisturladaudasmeleiau nunmsganay
NauYeINsnvesiuselndlyanniyy (Si-0-Si)
wagloiau Si-O-C lurasvesndu 1184.19 cm’!
WUmsmﬂﬁuwé’amumamﬁﬂuﬂm 1044.48
e’ Usiiansgandundanuvesiusy S-O-Si
WAENUNIAANTUNAIUYBINUSE Si-O-C lugas
Y09AAY 1099.30 e’ Fawansdensdaulasig

lotauluTanfuefnis@udagun 3 warn15199 1

2925

3326

Transmittance (%)
3
1

1506

L L e L

4000 3500 3000 2500 2 1500 1000 500

‘Wavenumbers (cml)

FUI 3 wan151A5I99 FT-IR uedantsduvilndnuuad
mglmau (V) uagiluedanisdunaay (a19) [25]
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o

A
N

o

v s

M15197 1 myfilsndunduiusivannesunisduvedluanandnvesiiuednisunsauyas
\@uAaY (cm ) nyilardy (Possible Assignments) 81994 (References)
3367.67 Stretching vibrations of hydroxyl (OH) groups A. H. Pullichola et al. [26],
in phenol H. Jiang et al. [27]
3326 Stretching vibrations of hydroxyl (OH) groups A. H. Pullichola et al. [26],
in phenol H. Jiang et al. [27]
2925 Stretchingvibrations of C-H group bonds in
B. Erzen et al. [25]
phenyl rings and aliphatic C-H
1506 Stretching vibrations of C-C in the
B. Erzen et al. [25]
aromatic ring in phenol molecules
1237 The C-O bond of phenolic hydroxyl, and
stretching vibration peak of C-O bond for B. Erzen et al. [25]
residual phenol hydroxyl
1100 The C-O bond for benzyl hydroxyl in phenol B. Erzen et al. [25],
formaldehyde S. Wang et al. [28], J. Yun et al. [29]
812 and 756 para-substituted and B. Erzen et al. [25]
ortho-substituted of benzene
1184.19 Stretching of the polysiloxanes (Si-O-Si) and W. A. W. A. Rahman et al. [30]
Si-O-C bonds
1134.77 Si-O-Si bonds in a cage structure with a bond A. Grill et al. [31]
angle of approximately 150°
1099.30 The Si-O-C bond stretching S.Y.Jingetal [32] T. Lu et al. [33]
1044.48 The Si-O-Si asymmetric stretching S. Y. Jing et al. [32],
C. Arslan and M. Dogan [34]

A5199 2 LLamwamswmauqmauﬁ'ﬁmma

4.2 Han1INAaUANMENUANING

MIvAgeUANELURINaYTanARLlNER AauEUA \nUNAIUAN Glass Fiber+
A e v o oAy v . n19Na MIL-C-81251 Phenolic
Huednatuwseneiaguiiaduloniy wes 200
UsENaUMEMIVAFBUALATUNILNITAA Way LAY - 205
AIUAIUNIUNTTAY NaNITNAdDUAILARIlY n13nnse (MPa)
M1597 2 uansliiuinTaneoulndns finde
X v o S a4 s AUFAUNILNT
JuudauantAninavesianneulndnilusdn P 83 140

flagegn (MPa)

Julusmuunnsgiu MIL-C-81251 udinunsgiu
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fananagAvualrldiduloasuuseuingdng
Feflmnuauisalunisiasuarnuudassing
dilouiadsldlunuide udnislédaniiuedn
sBurindnulasmeloaudinaasunnuudass

vosfanlnduluinasiuasgiuls

J :' ‘- 8 : —( ] ‘, \".\,
FUA 4 wEwsniihmsiabETsmYssanay 1.5 X 1.5 v
4.3 NamIVAgaUMSIduANToUTaIanARNIWER
' A & oo &
wiunsininfidad uiusuinUszunu
1.5 x 1.5 gy, gnihluliduingavlunisdadugy
FuumageUnsdennIou Ny vRINEINGn
du @ & g 1Y o 5
neALdUTULAN 9 LA Lansasgun 4
NINAgeUNSIdgANT oW ALTUAITEN

€

%umuamumu%umaumsé’m%ugﬂamuahuvia
¥199590 LT LIUNAdDULHUEIMEL A
100 x 100 x 10 33, $1W2U 3 T HANITVAAEY
fauandlunnsedl 3 Sagdisisasmsmuniusionts
W@eansoutiounin 0.200 UU./AUNY F99xiiean
Jutaamunisidennsou (Ablative Material)
fanunsathu i duawiutunudeuluewes
a520ld 1351 Dnuaiildnuin Yanaoulnans i
ﬁﬁwagiﬁ 0.117 uy./Au7 Fawrumunasieiu

anunsahlUlddulanawiudiuvierheasinls

4.4 HANISNAFIUAWATNTIE

v

PHIINYIA1TOATUINURUIUEINSU
NameasIn Fawuadu 2 3u leuwn druveimeasia

AN5197 3 WARSNATDINISNAABUNISNUNIUADANS
deonnseudwiuTanaeulngn

ITYSEIAN DNTINTNUNY
ANURUN o . o .
msenlud  denisideansau
(mm)
(s) (mm/s)

1 12.717 107.9 0.118

2 12.756 110.8 0.115

3 12.643 108.5 0.117

Average 0.117

STDEV 0.001

FUN 5 Juauauadsrienessina sy umas

A UMM EIUN DT 199TINEIUNAT anwY
maa%umuﬁu’qaaqdauﬁuﬁqgﬂﬁ 5
%umuﬁqaaqa";ugﬂﬂﬂﬂmﬂaauLLUU
lalvanemeismsidnueansseduaznageusiey
msmenmsidiond lnawdesuringad YXLON
Y.SMART 200 wHusunm VIDISCO FlashXPro
13.5x 17 inch W39 130 - 170 KV nszua 2.0 - 3.0 mA
HaNISLENBLsENUIN L eavuIuT ﬁé’m“gugﬂﬁu’u
fiemuahawe fifteswuawineian Front Nozzle 2
finsranuifimstuguitlisshiae (Uil 6) Gases
aulliiadianeiinsanuaonedosiunanisnsia
FOUMBLDANBTRa Han1TIATIEILUUlvinane
Waeissesanaliainaneintuduluny
\NuTNATEIU MIL-STD-2126 fauanslunsedl 4
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JUN 6 wanmaeiidiont

= a ¢
N13199 4 LLEANNAILATITUNANIN X-ra

soulsissiuaue
Front Nozzle 1 N/A Pass
Front Nozzle 2 | 1 Defect, Area less

than 0.12 inch2 Pass
Front Nozzle 3 N/A Pass
Front Nozzle 5 N/A Pass
Front Nozzle 6 N/A Pass
Rear Nozzle 1 N/A Pass
Rear Nozzle 2 N/A Pass
Rear Nozzle 3 N/A Pass
Rear Nozzle 5 N/A Pass
Rear Nozzle 6 N/A Pass

4.5 NANINAFBUAIAGDAN

msviRdeUMAEDR (JUT 7) uandliiiuinusediy
gaqmaaaﬁﬂﬁy’q 51 Slraeisewing 29 - 30 Alathiy
WSPIGEREIEVIN 180 - 190 winglara uaensm
sUussULazLs U sITInTivaaeu Suudlth
voguTndulluiianiafeadunisesnuuy
Juteysdimertisasnaiunsnrheunauny

P ' 5 \ \
FU 8 VoV 19959AUdIN15ATOUN1ATIH

A1sNnaaUsEmnele
mMsnsadniadenuenvevievineasia
wismsnaAsUNAERRSEANEA (UA 8) MU
anufuanuSouiovneanafidiiun1ssatugy
Pnfluednsiufilesunmssaulasinelsaumels
ANTIYANLNTANUSUNTEANUFTDUINNTYINU
YDIRTINVUIN 122 1. Teuzde 30 Nl V83 any.
Ieegheauysal wan1sinvuiauasifauiudiu
ongasianansbiiukuldunisidennseu
ity luduiuavasnnindeansougeni
duiine wazsuiidumstvasinnisdeansou
wnnddumne Taefisses 100 - 140 fadwns
snifnnisdeanseudiliaenndasiu iesn

'
a

Jaoioglutrsiinaidutanauazaiindu wan

A95UT

U

4.6 namssuInszAuawiile
PNNANITNAABUAAADATIUIU 5 1R bl

wuranIsAABUTiAan s euRanatn Tnetan

awIuMeTEITIIRUNSEUIUNSTINALY Sanu
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0 50 100 150 200 250 300

svgrnsidennsauvesauIuluviesedluinTy
----- NITATUIN

—a—Nozzle Assembly No.02

—a—Nozzle Assembly No.05

svazvpanuiuluviaseadly, mm

UM 9 svgzmmdennsouvesauuluyengsIneInmsaaeunInain 959U 122 ua.
2289 30 nal.

gANIBDU, mm

o o
o o
S o

STELFIANIDUIINATAIUINUAITLNTINDTIN MKII-40km —

90, 5.15 — szpzavauiifansideansen - 30.00
—Safety Factor - 25.00
L 20.00
- 15.00
/ 260, 2.40 14 o9

Minimum ’S‘F5'00
= = ; i 0.00

0 50 100 150 200 250 300

Safety Factor

svevvpsauIuluvioseasly, mm

FUM 10 szgzmnidennsouvesauluyionIgasineInnIsA NG ULeIeT93In 122 1.
52889 40 Ny,

A15799 5 WARINISAILISEAUALLULR

Reliability ~ @mdauvas Defective = ATUIUATDENN 41u7U Defective Confidence Level
90.0% 10.0% 5 0 40.95%
90.0% 10.0% 9 0 61.26%
90.0% 10.0% 16 0 81.47%
90.0% 10.0% 22 0 90.15%
90.0% 10.0% 29 0 95.29%
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Phslalaldtiaendn 90% amuinsysuainy
Julamueafinn1snseanenuy Binomial aglaka
ANSAUIUNINNSIN 5 1198 NABINITTEAUAINY
fulageaiudsanansaldnissusznaunisiiansan
o o | A v o o Ay '

nusetaiislassuanutulandanssaly

4.7 wamsuszgnaldauiuvieieasiaiulames
2590 122 wy. s2ezde 40 ny.

dlewzeuiieunanisiuiunisidensou
YDIRUIUNNANNAERNS lagldiaweasinuun
122 3131, 5984 40 Nyl Y83 an. Wudl MeFUe
LarAULTeIRIILlALdINsaL e Tiay
NUSUANTEANNTIUINNITVINNUYBIATIALADENS
auysal eeudnaiduianauiuuunesTnand
AAudaonsie (Safety Factor) Advasnan 2.40
Feogilsvey 260 . MnuMThewievneaTIn
LLamé’fﬂgﬂVi 10

5. dyUNan1sIY
AuednisTudmndydlasunisaaulas
Frednendisdunarlnau lnefvundnuasiiie
Wineusununsdennieuvesianmesindn
Wulowds nsiinujisemediuelswdusuy
AIULLLY LLasrwwm%aaﬂ&niuimm%wuaﬁaQT‘/\Iuaaﬂ
figadlaannn1siesegd FT-IR wunsganiy
naIuYemyiuse OH Tue 3367 cm™ way
msbavesiusyinglvasniwu (S-0-5) wazlalau
5i-0-C Tuthswesndu 1184.19 cm™ msgandu
WAMWVoMY Si-O-Si Ture 1044 cm™ warny
nMIpANAUNEINUYDITLSY S-O-C FaUaamnis
MUfAsenseninedaineunasusdnlugisves
AL 1099 cm™ Fauansdemssnulasielsau
Tutanfiuednis®u miveaeunaaudininaves
Tanroulndnilusdnlneiasuwsiiodulonis
LWe3 200 JANUATUNIULSIALAZAUAIUNIY
nsese WulUmunnnsgiu MIL-C-81251 ugin

Thauloasuusminduloufiiamuudusios
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