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POJ RATTANACHAIYASIT : THESIS TITLE. (A STUDY OF WELDING METAL POWDER
TYPES INFLUENCING ON THE LIFE OF RECONDITIONED NECK-RING MOULD FOR
GLASS CONTAINER FACTORY) THESIS ADVISOR : ASSSIS. PROF. SOMCHAI
PORJINDANATE,Ph.D, THESIS COADVISOR : , 180 pp. ISBN 974-17-2613-9.

A study of welding metal powder types influencing on the life of recoditionned neck-ring
mould for glass container factory. The experimemts were performed to study machanical and
physical property of welding area that in a best conditions to made reconditoned neck-ring
mould. That neck-rings were trailed in production line to kept record the life extension.

With reference to main variable study that treat them in to 2 factors as types of powder

welding and annealing temperature then can set their value at low, medium and high. set value
at 400, 500 and 600 degree factor level in 9 conditions in order to weld specimens in
experiment which have setting factor value.
Machanical and physic testing of experimental specimens can measur bead strengths and
keep best conditions each powders in order to test welded zone microstructure, Elongation E-
Modulus hardness testing at weld zone and study tensile strength varried in the other varriable
using statistical technique of regression analysis. Refer best conditions‘each powder to weld
and turn profile of neck-ring. Then process that in production line to study life time and
comparision of repair cost and life utilization.

The experimental results that show the powder welding Colmonoy No.225 (C) at 500
degree's annealing is a best codition. The life extension is 118.3 K(x 1,000) bottles and 49.6%
with new neck-ring life comparision. The repairing cost can reduced from 441.85 bath/118.3K
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2.3.1 NISUAUNIIHARLFITUFUAD ANMNIOULNATNLIsEINNI0L999 Wt 1HA9T
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BASIC FUNCTIONAL OPERATIONAL DIAGRAM
OF THE BOTILE FORMING CYCLE FOR BLOW & BLOW
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717 2.8 napnsztnunianasuuLiauazaln (Blow & Blow process)
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BASIC FUNCTIONAL OPERATIONAL DIAGRAM
OF THE BOTTLE FORMING CYCLE FOR PRESS & BLOW
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BASIC FUNCTIONAL OPERATIONAL DIAGRAM
OF THE BOTTLE FORMING CYCLE FOR NNPB
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2.4 NMTATITIATONDDE (Regression Analysis)
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aa = d%l : 9 o d”dzl/ o dgl
QﬁﬂWﬂﬁﬁﬂNﬂugﬂﬂuﬂqu@WV?UQquqqiﬁéNﬂum@u@ﬂ @1ﬂu

1 v " !
1. AUITENTUIUAINEAUIY ATNAITNUEBNITNAADY AINANTNT 3.2

Rewlad [1isvenaidan qmugﬁﬁﬁﬂmi@u%ym'm
1 A 400
2 A 500
3 A 600
4 B 400
5 B 500
6 B 600
7 C 400
8 C 500
9 C 600
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dl o a dl a :’/ QI/ v : v @
winewg 1. nReulaafiuniseuigoungini 3 dalue udeidEidulumen

v v
2. NIVARBINIENNGI 3 AN (3 replicate)

= = 4 X
FANTINN 3.2 meL\mu"lmsluﬂ’wmﬂmumu

2. UUWYNUAUETAABUNININITNAY A1UTLLATHNINULTAN IAENAITUNI

AAUNINTTANUUNA 3/8” 2117 2.5” NUALNAIBIAN 30 A9AN €119 1/8 ©

(Mauanslugilii 3.6)

717 3.2 uaAsn InEsTBUNAdeUNauTn L iTex

P I 4 Y o - o o o
3. sufiunadenduauainNaulaluden 1 gaduTuunaseudiuTen

A1 1HB9NANNLATUIATIIY AD LEWELELENAN 3/8” 819 37 @1NN90

o ° alln/ dll v g’/ = J o

AmupgINNsan MuAszEEsenIs@enls  Taasaniagen ANy

Acetylene 12-15 PSI 1z Oxygen 50 PSI A4udngnag]

9117 3.3 UARAY PAALTUNWTANNAFD 1
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4. pdunsnasiaTnamdeneen Taglivasduniugudnats 516” 819

1 4 v 1 v v
5 uaznandgailanaduwinunaaeuriaessnuine Ansadniugad LT

A
NULTAN

iy A =2 Ay o ¥y Ao ! =
gﬂ 3.4 LL@@Q‘HHQWUL‘H@NWWqﬂq?ﬂ@\TL?ﬂ‘ﬂ?@ﬂLL@')LL@;‘?W?@NV]'H']T]J‘V]ﬂ@‘ﬂﬂﬂqﬂ'}'ﬂﬂu?\‘iﬂ\ﬂ

3.2 N5AFIAFALTUNFI LAZNITNTZANLVDITUIAUDINAT AN AL
3.2.1 MspsraRalsinsanadanlave

\unnsAne AN UNINTRIRAERN A, B 1Az C AotnIWGNEAINLATEN

Scanning Electron Microscope (SEM) Iagilasasnnanunann 13 Jeol Co., Ltd. §u

a =

JSM-5800LV wa3AutliATasiadaeinemansiazmalulatl aWnainsniumanende

o

Tnainadanlansnaasnianane lasasiiuna lsnlddwiuguelans udatinug

|
% G

JandananalUdeagsaeiased SEM aNANNANANE uaziNdeeNnzas a1n

L1l
1

Hwinnstnan N seIng
3.2.2 M5ASIARAUNITNTEANLUDINILTDNIA N

Lﬂum?'ﬁﬂmmammﬂﬂﬁqm@wmmmﬁfau A, B laz C ﬁIQﬂLﬂ?‘ﬂdaLﬂﬁ‘ﬁtﬁﬂ’ﬁ
m:mmmmmmmﬁm (Particle size distribution analyzer) IPEILATANNANANN 151N
A o

Marvern English Co., Ltd. $1 Mastersizer S anAutliAzasiladdennanmaniuay

= s a o dl dl dl v ] & v a
walulag anIniundnedy aendasnaadouniEun s e udadaua
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e fdacliinaton azldnanisinmeiilugleasniseuaznai dauaninianszany

FR U89 U ATBILT BN
3.2.3 N9AFIAMAIUNANUDINILTAN

lunsAnundauilsznataasnation A B uay C d1tlsenaulildaesinasls
g dndawinle Ineldirsasiia XRD : m39adn Diffactogram 2a4uiTan tTnaninig

a e a g

A o oA = P ~
NANDILHAIUN 21 PIAMIGEN 2545 A01UN : @‘L&EILﬂ?@QNﬂQ@ﬂQVIE’\ﬂ’]@ﬁ]ﬁ‘LL@ZL‘V]ﬂI‘L&I@ﬂ

e

ARNAINTINIINEAT UAFAAIIEY 577 Fogl EDS Tnevinnianasadidlaiui 10

dl o TR N P~ -
[2]@’10513\1 2545 40 UN ; @u?;lLﬂ‘iﬂﬂwﬂ')@ﬂfmtnﬂ’]@Iﬂ?LL@tLV}ﬂIui@ﬂ ’ﬂW’]@\‘iﬂ?m

NUNINENAE

3.3 NSNARDUAUANUAIING UWATNILNIN

a o

va a dl o = dgj A
@mmummﬂ@m%mmmﬂwﬂumm gl AR

1. pauianlFussAvandsesEien (Tensile property of welding

zone)
2. ANLAS (Hardness)

3. N1IATIRADLULIAYRNIY (Crain size) TBITRELTANNAEUAINT

=S

PN

3.3.1 puaNL AN e lALsIRsIassasLTan (Tensile properties of welding

zone)

hiurndenaudenls mmmmuLﬁ@mm,mﬁﬁfogmmm (Tensile
Strength) ttlefifiuinanEnneis (% elongation) uazTuAA@AINERAEH (modulus of
elasticity) mﬂ\‘l%umu Tmﬂ”l,%Lﬂ??'ﬂwmmeLLNﬁq (Tensile tester) 289U5EN Hounsfield
Test Equipment Co.,Ltd. §14 H20K-W (fauanslugd 3.5) idenldudimiunis
NAAaLLIU Secant Modulus Test [PS25/50] T,mlﬁﬂ;m PS50 ﬁm%qﬁu%umummmu

14 !
AMN303AALINAY wazilafidusiAnutinugu ol 9ATWILRENA

AUTAALTUINUNDAIIBAN N19ALEA IR ENNa R LTUWEAN R9VINI988N

o lual ialdeusiagili 3.6-3.7



717 3.5 A: uAnd LATBINAABLILINAY Model: H20K-W

v
o

v 1
B: LAANNI9AAFNTLN AL LATRAY) AARLILLIY N

C: LWAPNNITAARY PS-50 NUTWNNUNAAAL liNaSaTeeIztin

dl o o :i’ dl o o K { =X a
gﬂ‘l’l 3.5 LAA °]‘J‘E”IM’J@U‘HH\‘!’]ML‘H@NZ@WM?Uﬂ\Wﬁﬂ’WluLLNﬂ\‘iLL‘].I‘LILﬂLI
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91l 3.7 UAAY FAALTUNWTINAVELNAFDLAINUUIAI NeanuuuNn iy

AvFunnmaaas il AN AR ANNIEIE UTLN1INAGaL(Test Speed) 159 1
FAANATUNT  LATTUINUNALAAININITNARDUA VS ULARZFIRENNATL 3 TN

(mm'aumqmlﬁq%ﬂ 1 %umu)

o o al' v o o O | =X al' & @ & IS 1
mmmgmwhmmummmm%mmmmmm Lﬂ‘ﬂﬁ‘LsﬁuﬁlﬂQ’mﬂﬂMQu LA

TupdaAnueaveu wandlFluannism 3.2, 3.3 uaz 3.49 AMNATALIAIN

G = e (3.2)
A
dl =3 dl a o a a
e S = WNANAATNA (Hafy/mN3NHARINAT)
F .. = YU AUBILIAITINN LT BN AR aNAINTIY (95)
‘iz a; £ o aal a Aa
A = NUNUENFATDITUINU (AT NTAALNAT)

E = (- 1) X100 (3.3)
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o\

e = = iwafiduiaauenveu (Wafidus)

1 Pl

! 4
= ANENIGEANEUIANUNTWINUATTIARENANAY

(NaALNAT)

A v e o v o I3
|O = mmmL’;‘mumﬂwmmmmmumhLﬂumtwm (Gage

length) (RaALNAT)

Moo= (Fxl) (3.4)
Ax(I=1))
e M # Tu@ﬁmm’mﬁwﬂ;u (HB/ANTNHARLNAT)
F 2 P AR TN | AN LENTDIT LN G DL

wasualaslyl | @asw)

ly : ANNNENABNAUIANT N U AAa LN M TN et (Gage

length) (HaALNRAT)

¥ 1
l = mmmqm@ﬁmmwmmuﬁmmﬂm (HaaLm9)

o a ]

S A o e = ~ a
A = NUNUUIFA LUTIDSATUNTULINAN (BT INNAALNBIT)
3.3.2 AN (Hardness)

PUNFUUT AN WINPT AAIAINLTIAREILATRINARDL AN LTIRoCkwell
hardness tester: Wilson.500-model B534-T 14 Rockwell B scale %ﬁﬁﬂﬂ?f"gmﬁﬁu 5

ALUTUIY
3.3.3 N19AFIAFAUAUIAUDILNSY (Grain size) URITALULTANANAUAINTA

Lﬂuﬂ’ﬁﬁﬂ‘]ﬁﬁﬁﬂ‘]ﬂm%ﬂﬂ\‘muﬁﬂLﬂﬁ‘uﬂl‘ﬂ\‘l?“ﬂﬂL%@Nﬂﬁﬂﬂﬁ\‘]ﬁ’m’ﬁ‘w @@@ULLNE\‘]

Tneldirsea Scanning Electron Microscope (SEM) 284131 Jeol Co.,Ltd. 114 JSM-

a v a c

e d‘ A IS Ly a o o
6400 mn@uﬂmeum@mwmﬂmml,mzmﬂiuiaﬂ ﬂWW@\‘iﬂ?ﬂ«lN‘MWQWHW@ﬂ TnEInn
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NN9AATREITANAANAINTUNNY ITRIUNALTEN0L 0.5 URINAT LafAulUdadfas SEM

NNTABNANANANTUALAN AN ENUNNZAN WAININ1TENRNINAFBINTT

3.4 NMMSAATIZARANNAD A

o

nsnssinadsatAresieyannaes NlAannmaaeuananTRA1Ls"9]

¥
o

anidaeivn 1fsie il
1. NIATZUANLLI9L99U (Analysis of Variance)
2. NNTIATIZINNTANAY (Regression Analysis)
3. NMINPINAINDNFABITBILLLIA1A8Y (Model Adequacy Checking)
3.4.1 msaszranilsilsou

\unafissidesannianiFiEnaLaznIanIn ienagaLANI
1 ! v
Weidn Aty eINaN TN LI ENNTBINTEN WAZR U NNTINNsa LT Tag

Tsunsudnidaginneans oa MINITAB Release 13 dotlunnsiiasziidays
342 MSIAIZANISaANaE

un139iAzidenaAmaNiBINa Lazn enIN AT ANN1INI

U 9

v a o

ATAANAR ST LAAIANANNUEIENI WAMANTRIENNALAZN 8N ALTHATE9N9TaN
g Rn19eLTuny sax liisannmsatinAan i lduansnuanTRiuAuantTR
TneldllsunsudniFaginieatia 7@ MINITAB Release 13 datlunnsaiasizinanu

o [

NN

3.4.3 N19MTIA ﬂ')']Ngﬂﬁl’ﬂGM’ﬂﬁ LULINADY

'
el a o/

A vy g Wy Aaa X
LN@i@@Nﬂq?LquﬂquﬁﬂwuﬁWW@W?mq Iﬂﬂﬂ'}ﬁﬂqﬁ‘m?qqa@u ANLAR

® sinisnaseudeyalnenis@iaunsin Normal Probability Plot iensaa

#auAIinlngd Outlier N 19N Az FANLLsUudATawll

®  N7AHUNIINAIUANAINAINAF LAY LINBNANTNIINNNTNTEANE

ol = 1 dl < A A o
ZQN’WL'&N@‘M?@iN WanmMagdauAnuituadszranuulIlTuAfa
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® N7 ALUNIINAIUANANALANDNAR Gﬁ\‘i‘W@W?mqLLUU@W@@\?QﬂM@\WW@iM

k1l

'
Al

TnefiansandaunnfnaiuAngniln Assaslaifizduuuvisalaseainala

a

3.4.4 nsinRaulansnaaastunnzanllaninNuwLNe ldIuas

) dl dlddl 1 dl o o ra o‘é‘ dl =®
U1 m@uimm ANGAUBILFANTNILTAN WA G’WI”ILLQJWNW"Hugﬂﬂ’m"ﬂQG’]L‘W’iﬂﬂﬂ‘]:f’]’ﬂ’]ﬂq
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TuRauNIIMAaeEe dxsoaglidunanni dreanei

YRATeN A B waz C lilvpgay YRaTeN A B waz C lilvpgay PYRaTaN A B uaz C 1

Particle size distribution Surface area & Shape ATNRABLUNGIUNANN A
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NASTLN U NI UITDNNAZ DL v
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ANENg Ma1LATed + NINIINARDULI
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UINATANGATDIWF FANTLNNNAN
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ATNATaNN TATS 2auLlng1n
A519708 TN WA 1N I TONANN
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3RELTAN RN LEAN
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\TauN
Auengnisld
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AUTDILNANA
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NANITNA[RAY Ll,ﬂgﬂ']i’a)l,ﬂi'lgﬁ

o a Ao O o a o da, %3 o | :l/ ai 1 dl 1 A 4
NITALLUNITINERAINTLNNIUIRE U VLmQﬂmuumLﬂumumuwnmqiﬂuumm 3 NANIAR 1@
o X = 4 < o o = oy o & o a Y
wraNTuumaNmuRaulann uald mMulkun1maad 3.1 udainduanunmsan liunagaes

Lﬁ@m@mmmﬁﬁﬂ@ waenNEAN duldun AnsudatTinases@an(Hardness at welding

]
=

zone) ANWINAIN9ATIA (Tensile strength) lafifusAINEiANE(% Elongation) TuARAAYINE ALIEjL

(Modulus of elasticity)

A Y = a0 oo 9 = . @
pannanauLa luuni 3 $uRaeil 1@?1’]1/1%@?’]’1‘3‘@@\1@@?1@% 2 1upaK AR ARLUN 1 Lune

a
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1. NINTIRADLIUNN LAZNNINILANETRLN ATR LT AN ANy
1.1 mmammmugﬂm\wmmﬁ@m‘ﬂ@m
1.2 HANNIAIIRFLNNINTTANBTBHILTRN AN
1.3 HONNINTAIIAVNEIUL AN D
2. m@mmmmwmmL%uiamﬁqmmﬁ@u%umuﬁmj
2.1 NANINAFDLAMANLRLTING LATNILNIN
2.2 NNTIATIEARATNADNB
3. NMIATHAMNANTUTITNINATLANTT

4. HANNINARDIDIYNITIEITUIDIUHANA
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4.1 nan1aMaaedeng g ldeussuNiniaasusasnatonn Raulanangn
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5. ﬁg‘ﬂN'ZQEI’]?’]\‘lﬂ’]?‘l’l@@ﬂ\‘l

41 m‘irﬂiqqﬂﬂugﬂws\‘l LATNITNTEANLUDIAUNALRINAL T AN A UL
4.1.1 wamsmm@ﬂ@ugﬂmwmmL%"'au'[am (Surface area and shape)

UNaEaNAI9ENg A B Uay C 1iATas SEM: JSM-5800LV snAn®giling uaziui
Anaagramen Tlundeqaimin asmeugs wasyinnsauNMANIAIIENeN 90 Uay 450 AN
A inlinsusaazidsnrenameNusazaie lnanudn nadenusassiadansuAeudianan

a o

IS 1 o ] a z
HfuninuARINAN T IWARZ L Ta N A
o o dll 3 1 -
o Aufunation Adurihugudnalaatlszanm 77.78 Tulaswns
o Awiunuman B iduinugueinatslneilszaim 80.10 Tulasiumg

o Auiunaaen C idurnuguinaalagilszanns 50.00 Tulasiums

'
a o

917 4.1 uansgilinauaznutarasNamon A (No.22) Annaaent 90 i




9117 4.2 UAASILITIUAZNURITDINAUTEN A (N0.22) NINNAIEN2 450 i

9107 4.4 uanagrdauaTNUENIBINATAN B (N0.24) NNNAEN 450 7
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9117 4.6 ULAAYILITNUAZNURITDINATAN C (N0.225) AnAdaeIng 450 Win

4.1.2 HANTATIARAUNTITNTZANLUDINALT AN AN (Particle size distribution)

HATRN A B uaz C IHdnnnmsaadanaunn nNanssantfinted i asnge) 1ekadien
IpeinNmaNuFAazala NNITULNaaNFA1at19ay 3 Faatng Waninimaaal lasldiATas XRD WA

LAANAIFITG 4.1

AMNANINA 4.1 waz N 4.7-4.9 aniudn Anadean A Haualaaads (D[4,3])
49.91 lulaswms ﬂ"}ﬁﬁﬂgm (D(v,0.5)) winnu 42.88 (CERTE :ﬁgﬂmeqﬁ‘m‘zmm'ﬂwmmim’i

WeNALUNNTNEAnawUUNRA (Normal Distribution) @99n13n32aneifia 9.00-409.45 lulasiums
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Heimen B Haunlneiade (D[4,3]) 50.06 tulaswns AMsiaegiu (D(v,0.5)) Wiy
42.94 lulAsums ﬁgﬂLLuuma?mmﬁmmmmmsl,ﬂﬁlﬁmﬁvumﬁmmmu:uuﬂﬂﬁ (Normal Distribution)

199N19NTEANEAY 9.00-409.45 T lpsiims

Huaden C Rawnlaaiade (D[4,3]) 49.42 lulasiumns AnsTaegIu (D(v,0.5)) Winry
42.83 lulasums HgtluuunisnszansaasaunnindiAesiunisnszatauuuing (Normal Distribution)

09N1TNTLANEFD 9.00-351.46 T lATiums

Mean Diameter (um)

1A199K9T8% [Run No.| D D D D(4,3) | D(3,2) Span | Uniformity
(v,0.1) | (v,0.5) | (v,0.9)

A (No.22) 11 2716 42.83] 69.78| 49.40( 40.43 0.9952 0.3864
8 26.17| 43.79 79.37| 52.07( 40.37 1.2150 0.4467
6 26.19 42.01] 69.91| 48.25[ 38.92 1.0410 0.3921

Average| 26.51| 42.88| 73.02| 49.91| 39.91 1.0837 0.4084

B (No.24) 1 27.30f 42.01} 70.37| 49.66( 40.19 1.0250 0.4092

8 27.60f 44.09] 73.22| 50.48( 41.49 1.0350 0.3806

16 27.00f 42.73] 71.07| 50.04 40.43 1.0310 0.4064

Average| 27.30| 42.94 ’{ﬂ.755 50.06| 40.70 1.0303 0.3987

C(No0.225) 7 28.37| 4242 68.37| 48.45| 40.80 0.9429 0.3582

9 28.07| 42.06| 69.49( 49.59| 40.63 0.9850 0.3970

11 28.33| 44.01( 72.92| 50.23] 41.95 1.0130 0.3667

Average| 28.26 42.83| 70.26( 49.42| 41.13 0.9803 0.3740

WHIEE : Teyad1Beuaziinifinainisag Waanaiaulan n

A519N 4.1 LL@mma;ﬂmim‘mqmmmﬁ@u ABuar C
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‘ Range Lens: 300 mm

| Presentation: 3RHA

Analysis Model: Polydisperse

Modifications: None

System Defatls

Eeam Length: 10.00 mm

{Particle.R.1. = { 1.4500, 0.1000}; Dispersant R.l, =

! Distribution TypeNolume

Result Statisfics

Concentration = 0.0051 %Vol Density =

Sampler: MS64 Obscuration: 3.8 %
1.0000)

Residual:  0.365 %

Specific S.A. = 0.1484sq.m /g

1.000 g / cub. cm

| Mean Diameters: . Div, 0.1 5 27.16 um Div, 0.5) = 42.83um Div, 0.8} = ©8.78 um |
i D43 = 49.40um DI3.2] = 4043 um Span = 8.952E-01 Uniformity = 3.864E-01 ]\
Size Low {Um] % | Size High {um] Under% Size Low {um] "% Size High {um]) Under%
| “0.30 0.00 : 0.58 0.00C 22.49 488 28.20 B.Z7
[ -0.58 0.00 0.67 0.00 26.20 8.65 30.53 16.82
0.67 0.00 ©.78 0.00 30.53 13.03 35.56 . 29.85
0.78" 0.00 .91 .00 | 35.56 16.26 41.43 46.21
.91 0.00 1.06 . 0.00 ! 41.43 17.28 48.27 63,48
1.08 0.00 1.24 0.00 | 48.27 13.58 58.23 77.486
1.24 0.00 1.44 0.00 I 56.23 9.65 65.51 87.11
1.44° 0.00 1.68 0.00 1 §5.51 6.01 . 76.32 93.12
1.68 0.00 1.85 0.00 76.32 3.37 88.91 96.49
1.85 0.00 2.28 | 0.00 8g.91 1.52 103.58 98.01
2.28 Q.00 2.65 0.00 103.58 0.34 120.67 28.36
12,65 0.00 3.08 0.00 120.67 0.00 140.58 98.36
" 3.09 . 0.00 3.60 .00 140.58 0.00 163.77 98.36
3.60 0.00 4.19 | 0.00 163.77 0.00 190Q.80 98.36
4.1%8 0.00 4.88 : 0.00 1580.80 0.10 222.28 8&.46
4.88 0.00 5.68 | 0.00 222.28 | 0.37 258.95 398.83
"5.69 0.00 6.63 ! .00 258.95 | 0.48 301.68 89.31
6.63 0.00 7.72 | 0.00 301.68 0.41 351.46 i 98.73
7.72 0.00 8.00 { 0.00 351.46 0.23 409,45 99.95
9.00 0.02 10.48 0.02 , 408.45 0.05 477.01 700.00
10.48 0.04 12.21 i 0.06 | 477.01 0.00 555.71 100.00
| 12.21 0.13 14.22 ; 0.18 558.71 i 0.00 647.41 100.00
P 14,22 0.35 16.57 0.54 §47.41 0.00 754.23 100.00
16.67 0.80 19.37 % 1.44 754.23 0.00 878.67 100.00
18.31 2.16 22.49 3.59 1l
A o
AT 4.2 LAAINANNTATIREDALNITNTZANUABAIYUIATBINITAN A (N0.22) run 11
- Volusime (%% )
=20 100
SO
N s
/ i -
i [Sle}
1 o 50
<.
{ B3O
}
{ =0
/
"/' 1O
o Rl . . .
o.071 O 1.0 10.0 100.0 T0O00.O
) FParticle Diameter (m.)
Malvern Insiruments Lic Mastersizer S long bed Ver. 2,18 ]
Maker K Serigi Number, D6 Op1 02 3

Tel08B4 Ba245% Fan0664 452768

U 4.7 neUARUANIINIMARELINIINITANLIBITUIATAINTEN A (N0.22) run 11



T#l'0804 BOZASE Fax.0864 52788

System Delails
Range Lens: 200 mm Beam Length: 10.0C mm Sampler: MS64 Obscuration: 4.2 %
Presentation: 3RHA {Particle R.I. = ( 1.4500, 0.1000j; Dispersant Ri. = 1.0000)
Analysis Model: Poiydisperse Residual: --0.426 %
Meodifications: None:
Reésult Statistics
Distribution TypeMolume Concentration = 0.0066 %Vol Density = 1.000 g/ cub, cm Specific 5.A, = 0.1483sq.m/g
Mean Diameters: D (v, 0.15 = 27,30 um D v, 0.B) = 42.0%um Di(v,0.8) = 70.37 um
D4, 3] = 498.66um D{32,2] = 40.19um Span = 1.025E+00 Uniformity = 4.082E-01
Sizé Low {um] n % Size Aigh {um] Under% + [Size Low {um] n % ‘T Size High {um] | Under%
0.43 U.00 0.58 U.0o i PN:L) 7% ] 26720 B T1Z
B 0.58 0.00C 0.67 0.00 i 26.20 9.22 - 30,53 "17.34
; . 0.7 .00 0.78 0.00 | i 30.53 14,12 35.56 31.46
i " 078 Q.00 0.91 0.00 B! 35,56 16.95 41.43 48.40
.91 0.00 1.06 Q.00 L 41.42 16.89 48.27 65.30
1.06 0.00 1.24 0.00 ? 48.27 12.96 56.23 78.25
1.24 0.00 1.44 0.00 | 56.23 8.80 €5.51 87.05 .
1.44 0.00 1.68 0.00 aii 65.51 5.57 76.32 92.62
1.68 0.00° 1.95 o.co || 76.32 3.24 88.91 95.86
1.95 0.00 2.28 0.00 | 88.81 1.55 103.58 97.40
2.28 .00 2.65 G.00 103,58 0.43 120.87 37.84
2.65 0.00 3.09 0.00 120.67 0.00 140.58 97.84
3.09 0.00 3.60 0.00 140.58 i 0.00 163.77 87.84
3.60 0.00 4.18 Q.60 163.77 0.00 150.80 97.84
4.19 0.00 4.88 C.c0 190.80 0.39 222.28 88.22
4.88 0.00 5.69 0.00 222.28 0.63 258.95 98.85
5.68 0.00 6:63 Q.00 il 258.95 0.58 301.68 99.44
6.63 C.00 1572 0.00 i 301.68 | 0.38 351.46 99.82
7.72 0.00- 9.00 0.00 351.46 0.16 408.45 85.98
.00 0.01 10.48 6.01 | 408.45 0.02 477.01 100.00
10.48 0,64 12:21 Q.05 ) 477.01 0.00 555.71 100.00
12.21 0.1 14.22 Q.16 i 555.71 0.00 647.41 100.00
14.22 0.31 16.57 { 0.48 i 647.41 0.00 754.23 100.60
16.57 0.82 19.31 | 1.30 754.23 0.00 878.67 100.00
L 18.31 2.07 22.48 | 3.36 il
- <
MT17199 4.3 LABNNANITRFTIRARLNITNTLRNUVAILUNATDINILTAN B (No.24) run 11
Volume (9%o)
20 1TO0
20
A
80
rde)
SO
10 S50
) a0
/
20
20
10
o R
.ot .1 1.0 10,0 10070 10000
Farticle Dimrmeter (prrm. )
Matvem instruments Lic Maslersizer S long bed Ver, 219 n
Maiver, UK Sermai Nurnter 08 Oor 2o 1y

gﬂﬁ 4.8 NT1IILAAINANITATIAGBLNITNTZANETAITUNATBILSITAN A (N0.24) run 11



System Details

Range Lens: 300 mm Beam Length: 10.00 mm Sampler: MS64 QObscuration: 5.1 %
Presentation: 3RHA [Particie R.). = { 1.4500, 0.7000); Dispersant R.l. = 1.0000]}
Analysis Model: Polydisperse Residual: 0.422 %
Modifications: Nong
A
Result Stabistics
Distribution TypeMolume Concentration = 0.0070 %Vol Density = 1.000 g/ cub. ¢cm Specific S.A. = 0,1470sq. m/ g
Mear Diameters: D{v, 0.1} = ' 28.37 um Div, 0.5} = 42.42 um D(v.0.9) = 6837um
D 4,3l = 48.45um D[3.2] = 40.80um Span = 9.429E-01 Uniformity = 3.582E-C1
Size Low {umj In% Size High {em]) Underk [ Size'low fum} | In % Size High {um] Under%
0.49 0.00 U0.58 : 0.00 [ 2249 7 388 26.20 6.24
0.58 0.00 0.67 . 0.00 | 26.20 8.86 30.53 , 1810 ]
0.67 0.00 . 0.78 . 0.00 | 30.53 14.52 35.56 ; 29.62 i
0.78 ! a.00 c.g1 ! 0.00 35.56 17.58 41.43 i 47.18
091 | 0.00 1.06 | 0.00 41.43 17.67 48.27 64.74 |
1.06 i 0.00 1.24 ! 0.00 48.27 13.79 56.23 E 78.53 |
124 0.00 144 | 0.00 56.23 9.50 65.57 | 88.04
1.44 0.00 1.68 0.00 | 65.51 5.87 76.32 | 93.80
1.68 0.00 1.95 0.00 | 76.32 3.18 88.91 §7.08
1.95 0.00 2.28 0.00 88.91 1.33 103.58 98.41
2.28 0.00 2.65 0.00 103.58 0.21 120.67 38.61 |
2.65 0.00 3.09 0.00 120.67 ! 0.00 140.58 98.61
3.09 0.00 3.60 0.00 i 140.58 i 0.00 163.77 98.61 :
3.60 0.00 4.19 - 6:00 163.77 0.00 180.80 98.61
4.19 0.00 4.88 0.00 150.80 C.14 222.28 98.75
4.88 0.00 5.69 0.00 222.28 0.36 258.95 98.12
5.69 0.00 §.63 0.06. - 258.95 0.41 301.68 98.52
6.63 0.00 7.72 0.00 301.68 0.29 351.46 98.82 |
7.72 0.00 9.00 0.00. 351.46 0.18 409.45 100.00 {
2.00 0.01 10.48 0.01 408.45 0.00 477.01 100.00
10.48 0.02 12.21 0.03 477.01 0.00 555.71 100.00
12.2% 0.06 14.22 0.09 556.71 0.00 647.41 100.00
14,22 0.19 16.57 0.28 647.41 0.00 754.23 700.00
| 16.57 0.53 19.31 0.81 754.23 0.00 878.67 100.00 ]
i 19.31 1.47 2248 | 2.28 {

A3 4.4 WAAINANITAIIREBLNITNIZANLTBITLNALBIENITRN B (N0.225) run 7

Q
Q.O1

Malvem instruments L6,
Maiver, Ui
Tel0884 QU245 Fax 0864 BR2769

WVaolume (26) <00

/\\ s0
/ f. : 7o
/ 50

50

ke o

20

10

o.1 ' LT 7070 " 100.0 1000.0
Parmicle Diameter (larmvm.)

Mastersizer S Jong bed Ver. 2.18 P
Serial Number 08 Ot 82 1

gﬂﬁ 4.9 N3 LAASNANITATIAGELNNTNTERILUBITUIAIBIITAN A (No.225) run 7
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4.1.3 dyudsznauniaAiaadnatiaN

ANNTIATILVRIALTZ NN AR TBNATEN A B LAY C I ldiATee XRD uae

EDS UaNaN1anaglunfAamnngei 4.2

. 5uruasrilsznaunanil (Sagaz)
FUAUDINITAN
Ni Si C O P
A Balance 18 4.8 5 6.3
(Colmonoy No.22) | Balance 18.5 4 6 7.8
Average Balance | 18.25 4.4 5.5 7.05
B Balance 10 3.8 5 0
(Colmonoy No.24) | Balance 10 5 5 0
Average Balance 10 4.4 5 0
C Balance 11 3 5.2 19
(Colmonoy No.225) | Balance 11 3.5 5 26
Average Balance 11 3.25 5.1 22.5
NEUR LBNE17819BI I NIARUIN

AN9197 4.5 LAPNAIALIZNAUNINANIBINUTAN A B 1A C

4.2 NANNSVNARDIVDINATANTANSNAURNNALTUIIUF
4.2.1 HANTYAFAUAANLALTING LASNLNIN
4.2.1.1 WNAINAALA (Tensile Strength)

. 2 y y e J 4 . ,
inTuasNnaaaUmNRenlanfimualy 9 Reula taennRenlarinnig Annealing

dl le o 1 dl o ZJ/ v & o v o -\3’ dl v

Pgnuunginnmualuwsazteula Iaeinniseu 3 au. adntuliifusolumien udaiduwaui b

NARDYL UINANTILATENNIAILINAN H.T.E, Model: H20K-W | unu 27 Tuani laesisAngusunig

v
o’ o o

= X = =2 A ) oo o o A o = o
NEADLLLTIAIAIU FIN W?WWQWNL?Q&LuﬂW?Q\‘]W 1 mm/min. FNAARNAAABILINNNINITAS 19,000 N. BN

PUNATRINUIAN 516”7 LATANIUNIFRART PS50 AUTWNUNAZRL Wanszastn Taanin1smaans

FINUKLNNINARed 3.1 Taansuingn 3 A% Thunadsnguandlumisned 4.3 uaznanaouduiug

Tugih 4.10 waneliidiug

|
el 1%

ANNNANNINAABLILTIANTINY WUANATMBUINAITUINUTANNANR VESUFRTHITANTAIL
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® [iTaN A (Colmonoy No.22) figrumni 400 “C Tensile strength 1 6,254 N
® aiEaN B (Colmonoy No.24) ignuugd 400 °C Tensile strength 71 6,612 N

® a@eN C (Colmonoy No.225) Nigrungil 500 °C Tensile strength 71 9,210 N

TUAVBINUTANTHAFDAMUUN VI AIUGUUYRININIaUT N URNA sudn  Na

o o

nnaen 16 TUnnnsmaziaanuulsnu inanaaeuanuiitdadn Ay ludatnsa

Type of powder | N15NAADY Load (N)
welding psad 400 °C 500 °C 600 °C

1 6713 6383 5840

A (Colmonoy 2 6770 6075 5948

No.22) 3 6730 6105 5923
Average 6,738  +29 6,188 +170 5,904 +57

1 6545 6345 6210

B (Colmonoy 2 6750 6337 6270

No.24) 3 6787 6524 6372
Average 6,694  +130 6,402 +106 6,284 +82

1 7700 9230 8940

C (Colmonoy 2 7937 9130 8770

No.225) 3 7600 9256 8885
Average 7,746 +173 9,205 +67 8,865 +87

i v

B3NN 4.6 UARKATENAILINANATIR (Tensile strength) 199TWNUWITAN A, B

ez C-NguunNausil
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WHUNHUAAIAMNANNUS AN ULTIAIUBINATDNUAS
AUUYRNYINMsay
10,000
z —_
=z | D e a—
< 6000 —
‘3“3‘
Ag —m—A
= 4,000
© B
—X—C
2,000
0
400 500 600
qmugﬁﬁ'v‘hmsau (C)

917 4.10 UAAY NUANAINANNUSATNUUIIPN VB NITANUAZA UM NNTINNN9D1

4.2.1.2 Ao uEinvieTassaE@aN (Elongation)

o Qsj dl ﬁl dl o v dl dl o .
iniuudenagaunuReulannunly 9 Raula TnaynEeulaniainis Annealing

- T L4 . Y e a o v o 2 s
gnuuganiuun uusaReuly Tevinnisay 3 an. anuuliifuialueney wdiduwaunlaun
NARDL LINPNTNLATANUIAINIAY H.T.E, Model: H20K-W /7101 27 Fwanu lasisiaAg1uiunng
= o XYoo < =2 . > o o A o = >
NARDLUINAIAIN FIFRIIANNNEIUNIANA T mm/min. FAIRKNARALAILINANANITAL 19,000 N. 5
PUIATUNWIAT 5/16” UAZANHLNNIAAGY. PS50 TLTUINUNAGRL IWanNTelstin TALNINIINAADY
- . ¥ YL, - v e .
FINUHUNNINARedW 3.1 Tanseingn 3 a3 Thuadsnguandlumised 4.4 uaznanaauduniug

Tugiln 4.11 uanaliiviuan

A ~ P a A A ~ a
NALEAN A, B LAy C UNARNDANTSHSEANRNTRLILTIAN WALEAN B LLlay C LN@@QMMQN@U

TUNWANGIIW  denaliAnsvinresseadaniiingy  dounaden A Sananiamaaedldsudnl
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awn9nagU s nanismaaasnlii livinnnstimesianuulstsou inenasauaudiadAny

anmsiall

Type of powder | N1SNAAAY Elongation (mm)
welding ASad 400 °C 500 °C 600 °C

1 0.044 0.031 0.055

A (Colmonoy 2 0.040 0.026 0.053

No.22) 3 0.035 0.024 0.067
Average 0.040 +0.005 0.027 +0.004 0.068  +0.008

1 0.040 0.059 0.064

B (Colmonoy 2 0.046 0.055 0.056

No.24) 3 0.044 0.062 0.069
Average 0.043 +0.003 0.0569 +0.004 0.063  +0.007

1 0, = 0.092 0.097

C (Colmonoy 2 0.098 0.098 0.093

No.225) 3 0.093 0.095 0.089
Average 0.101  £0.009 0.095 +0.003 +0.093  +0.004

AT 4.7 LAPINATR9ANTZEZER (Elongation) 284TUNWTAN A, B LAz C

UNNHALIFAY

U
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NS NLAAIAMNAUNUS URITL AT AUDITRUTANNDUA

AIANDUNNNALTUUFAN ] URILTAN A, B uaz C

0.120
0.100 /
0.080 ——A

= 0060 ‘,_L/ =B
3
0.040 :/ .

0.020

A (mm)

T8

0.000

400 500 600

AUNANYINIsaL (C)

917 4.11 UaAY LNUNAAINANAUAN sz I Rln TR NAITAN AL DM RNTINNNFDL
4.2.1.3 TugAapINE vl (Elastic Modulus)

. 2 4 e - 4 \ ,
iTuuTieunasaumNNaRlanniuatd 9 aula Inavnteulavinnis Annealing

dl le o 1 dl o :J/ v & o/ v o :i’ dl v

Nguuginnmualuwsazteula Tagnianisey 3 gu. aanmulfigusalumneay udainmuaui b

NARDL WINPNTNLATAIUNAILIIAN H.T.E, Model: H20K-W [a7uqid 27 Twanu lasidiaAnguiunng

¥ v
o o

2 o A = =2 A ) ¥ Ao o A o = 4
NEADLLLTIAIANL FIN [ﬂ?qﬂqqﬂlﬁq&l’uﬂqﬁ‘ﬁ\?w 1 mm/min. FNAARNNAABILINNNINITANL 19,000 N. BN

PUIATUIWIAN 5167 UAZANLLNIIAAFY PS50 FLUTUNUNAZRL WauITzatn TALnINIImAaes

FINUKLNNINAS9Y. 3.1 Taanszindn 3 a3 Thnadanguandlumisnsd 4.5 uaznanaouduiug

Tugiin 4.12 uapalimiiugn

a

BTN A, B uaz C AnasiaaTuaAAANEANE LUD0LITAN LAYH U LTI

a

be

1 o

A a X v P o & ' LA A a P
VILWN@]\?%H ZQ’]SJ’W?OZQi;iﬁm’mN@ﬁlﬂﬂﬂs\l@@mﬂmmﬂmﬁﬂu ﬂmqWe)LM@QHAMQNM?@ULWN“WMIN@@@
=

a
o o

1 dl S/dy o a '8 dl A o a
AN AU UNAN m@mimmvﬂ,mu 1ﬂ1/]’1ﬂ'1ﬁ‘ﬂ]Lﬂﬁ"]tﬁﬁ')’mLLﬂﬁ‘ﬂﬁ"lu anaaauANuNad1ATy Tl

o

anmsall
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E-Modulus (MPa)

Type of powder | n1sNAAAY
welding pSadl 400 °C 500 °C 600 °C
1 610227 679680 486857
A (Colmonoy 2 558621 657500 448868
No.22) 3 574433 674375 458840
Average 581,094 +26440| 670,518 +11582| 464,855 +19,696
1 583625 427542 186250
B (Colmonoy 2 524545 435218 187472
No.24) 3 588913 425225 192348
Average 565,694 +35,734| 429,328 +5231| 188,690  +3,226
1 269369 105761 92227
C (Colmonoy 2 280990 93163 94301
No.225) 3 281720 97431 99831
Average 277,360 +6,930| 98,785 +6,407| 95453  +3,931

N3N 4.8 UARINATEIATTNAAAANNEIANE L (E-Modulus) T84TWNWITRN A, B

uaz C Nenm

a '

HNAUR

N
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700,000
600,000
500,000
400,000
300,000

E-Modulus (MPa)

200,000
100,000
0

e e d 1 1 =
NN ULAAIAMNANNUETZUINAT E-Modulus URINILTDN

800,000 -

A, B uaz C Nauu)iausiige

N
- o
N7 ~
‘\ ——C
M

400 500 600

AUUYANYIINNsaLTUNU (C)

91N 4.12 uans UEHBRANANAUEAN T A ABAINNEIAVE UTRINSLT N LAY U

a

a

dl o
NnNINITAU

4.2.1.4 A3 NLdN (Hardness)

AINNNTNARDLNNATAINN LEGLFII LT DLNTANADITLNNU AU 27 T TAiT14a11

WrENANNLELNNINAaed uAT1eN 3.1 lagnseingl 3 ASe InemadeuAINLIINININITIAANANM

udafneLATaINARaLANNNITIRockwell hardness tester: Wilson 500 model B534-T 14 Rockwell B

scale A¥M11N133ANNAY 5 AaALWTWIU A Fdsang l1uan9199 4.6 wazns PR NS lugLy

413

THALDINATONIANTUATUNYRNN N PRLT U UNg U AN unulidanasie

! v

1 1 1 v v
ANHLINLFN TR TAN TAUNANAN LFALANANARINNIN $9HANALLAIN1IANNNIFALT WY
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(ANABNANTE19D AN WIS ANANAY FAINNAINILAL UUNTA 3 A19197 3.1) WAy

o o

1 v 1
HanNInaaesn 16l lunnnsiimaziannuudsisu enaaeuanuiidadAny ludadnsa ld

Type of powder | N1SNARBY Hardness (HRB)
welding ATaN 400 °c 500 °C 600 °C

1 94.58 94.55 95.21

A (Colmonoy 2 94.36 94.61 94.98

No.22) 3 95.21 94.87 94.56
Average 9472 +0.44 94.68 +0.17 9492 +0.33

1 94.95 94.90 94.42

B (Colmonoy 2 94.47 94.75 94.57

No.24) @ 94.36 94.34 94.23
Average 94.59 +0.31 94.66 +0.29 94.41  +0.17

1 93.94 94.05 94.27

C (Colmonoy 2 9412 94.00 94.15

No.225) 3 94.31 94.66 93.88
Average 9412 +0.19 94.24 +0.37 94.10 +0.20

A1519% 4.9 LLZ\?@\‘IN@‘U@\‘]@I’WﬁQ’WNLL%QUA‘J‘L'JMTEHﬁ'ﬂﬁ\l"ﬂ@\ﬁ%uﬂﬁuﬁ'ﬂﬂ A, Buar C #

AN NALANNIU
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a v @ ' [ y [y
LLN‘H{‘INLLﬂﬂ\?ﬂ'J"INﬂNWNE‘JZ“Q'N AN LLANUBRITAE L%ﬂ&lﬂll

AUUYNNYINNMTAUTUNULDINUT AN LA RS TUA

95.00

94.80 .
—

\\ A
94.60 R

9440 + T®A \:\
94.20 H \A
\l

_bB

Hardness (HRB)

94.00

+C

93.80 1

93.60

400 500 600

Annealing temp (c)

UM 4.13 uAAIUNUNRANNANRUT AN AINULT LB IRITON LA g RNVINNN 7L

au

4.2.1.5 HAN1IATIAERLIUIATBILNGY (Grain size) VB9TDLTANAENAINITA

=

AN IFYINNNINARD LU ANUUIIATANTUINY ARELATENNAABLILIIAY TNTUIUNYNAIAU

1 dl a d‘ 1 =X & :ﬂl .
10 IBUAATNATN AN IUNAILLINANEIgANIABIRsatLATEY  Scanning  Electron
Microscope (SEM) 1nnaeng 600 i azlenn@ananaliiuiaae 11 an I w1 aauiasaaiTon A

wanalugiin 4.14-4.16

ANANIATETNREITAN A B LAY C ANNAa9980e1vinne wandliiudnmanuvenunuiinaes
208TON A ABUTINNINTIAN 9998911 TBINATON B LAY C AINAAL LAAITNTLNANII(Grain size)

29ENTAN C azBaANIndsnaliAINULsRIgInIasat (Tensile strength)



Lo

BSPRECS »as i

9117 4.15 wansAnezIATNaF 198990 TANNAIN1INAFDULINANIDIHITAN B 71 400° C

52
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917 4.15 uansdneuTATA519U9990 8 TANNAINIINAFDLLINASTAINSLTAN C 71 500° C

4.2.2 NMSIATITAHANIIAD A

4.2.2.1 NM3ATITRAINULTLIIUIBIBLAR AN TANINNENIN UATITNNA

\HNINANIINARIIBIATUANTIANINIENIN  UATINNATEIT0ETEN 1IN
nnsdsziauulslsouaesdeya  Iaeldllsunsudndaginieatid @ MINITAB  dozlunng

a Y v a Y [ till
Anazidays azldnanisiiasiiieyansil
1. N9IAsIzIiAYINLLsLlauaesdasyaLsaneianann (Tensile strength)

\HENINANNINAABLAILIAINAATIATWANINT 4.3 WBAIIETAN

wilstsouansdaya aglinannaiiaszifienanlumnsied 4.7 uaalidiatinaesnadanlavy denag

o Pl 183 V0 OF L 49/ o e
flarLNAanIInTRsTatiaNat WHTEAATY AsrAuANTedu 95% lurnggunnATvianisay
FuuliinaseAiusanananean - daulAiugion (Interaction)  szMdNTRATENSTRNLAL

AR P el b G TN QU KT B TN TR T G A ag

]

HAZAINNIMN U R AN AN U AN WIS PR NLT BN WAL U RN
nsau Tugiin 4.10 uaznan1saamziaanLstsaulumnged 4.7 arunmedunglitenansenuaey
a 1

a tﬂl Qndl o : t:ll =S -dl : Y o -&j A
“ﬁuﬂ"ll’ﬂx'iN\‘lL“ﬁ'ﬂllt@ﬂSLLZ\]3’@‘m1ﬁﬂmﬂﬂﬂqﬂq?’ﬂﬂ°ﬁu\ﬂu%iﬂ[ﬂ’ﬂﬂWWuLL?ﬂﬂQVI’ﬂﬂﬁI’]ﬂﬂ@\iﬂju\ﬂu 1@@\‘1% AR

= o P = o s = = °o o
atavasuaaanlany C HAMULTNANNAATIAGINDT paanlany B uaziamaniave A panaisau
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1
o

At WHUEANATY  UATMRNTINNNIALTUITUNINTURINAFATMULINAINAATIATATNTNARAIE)

ANNNIINANNE NS

Degree of[ Mean
Source of Variation Sum of Squares F, F
Freedom | Square
Type of welding powder 30,181,288.67 2| 15090644 550.3484 4.46
Temp of Annealing 316,037.56 2| 158018.8| 5.762867 4.46
Interaction 4,529,323.11 4] 1132331 41.29555 3.84
Error 219,361.33 8| 2742017
Total 35,246,010.67 "

dl a o ¥ =2 dl
19190 4.10 N@ﬂqﬁ‘ﬂlLﬂ‘i’\ﬁﬂﬁ'ﬂ&lLL']J‘J“]J?’)H‘IJ@\?‘H’E]N”@LLN@\W@WEI’]@

2. mswzdmnuutlslssuansdeyaninutinngi (Elongation)

1
=

WathnanmedauA1AINE aveunqaaalunsei 4.4 Taaulasde

yaanidefidusiuilumalnfudony  wadmziasanmlslouresdeys  arldnanismssis

' |
A =

waAalumI9n 4.8 wasslidnatinaanad@anlany lddanasaniANtiavtuRanaAIa9TasIT AN

El a

at NNy NezduAMmeN 95% uaramunRINInIsaLu LA AU IRINanTA

1
aa o

AoulJANRUSIIN (Interaction) TEMAINTRATNENEIANUATATUNRTINNNFALTWNY TAINARDUIS

= A | e
ANAAUA LT UN T

q

!
=

uazannIWURBRIANNANRUS AN AN E ARE UIa R Ta N LAz a M RTIINNaY Tugii
411 BATNANITAIAITIAMNLLIUMUILANTNT 4.8 @1:H23085 U LA DNNANILNLARTLATAIN
= ~o o . rau = o 2 v X A .
N IANZLA LR U RNINNITAL TN U HFARANNULINANNAAYIATBITUINY 1669l A TiAaINs
Fﬂ@u‘l@mLmz@qmuqﬁﬁﬁﬁmmﬁmmmN@ﬁifﬂﬂ'ﬁmmﬁmuﬂm@m%mm%mmimmm /7NN N

v o & \ = a = , = \ = =

ANANTUS WU JemaNTany C NANANEANEUIBITRETANNINNIN HTANIANT A LAZNLTDHN
lany B mua1sulunaus LL@zLﬁ@fqmuqﬁﬁﬁﬁm@@U%mmmn%uqﬁumm@ﬁi@m'ﬁmmﬁmmju

WNTUAN AN190gANNIHAINANT USR8
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Degree of| Mean
Source of Variation Sum of Squares Fo F
Freedom | Square
Type of welding powder 0.015 2| 0.00728[ 109.2006 4.46
Temp of Annealing 0.001 2| 0.000347( 5.207222 4.46
Interaction 0.002 4 0.000383| 5.744722 3.84
Error 0.001 8| 6.67E-05
Total 0.017 11

F1979N 4.11 HaNM3AAERaINLLs I nIdRya AN AKE AE LTRsTe R TEN

3. naspsagiannulalsuresdeyalugdaninneaneu (E - Modulus)

\WeaNannIMadaUAIlNgdaANE AL ULeIT W TaNIUANIN 4.5

wdAszimnulssuresdeya azldnanismaginauanilumaned 4.9 uanslidnalinuedns

= gy P o = I = | Aae o o oA o & o
wanlane VLMNm@mmimﬂ@mﬁmmmuﬂqummmmmmﬂLsn'amm\muﬂm B NICAUAIMNLTANL

95%  uwargaunNNnnseLduuliiNaseAIuIReanIn  doutljdniugian  (Interaction)

a
|
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Degree of| Mean
Source of Variation Sum of Squares Fo F
Freedom | Square
Type of welding powder 780,211,536,661.41 2| 3.9E+11[ 590.9863 4.46
Temp of Annealing 236,284,990,952.07 2| 1.18E+11[ 178.9786 4.46
Interaction 111,145,424,317.04 4| 2.78E+10| 42.09463 3.84
Error 5,280,741,689.33 8| 6.6E+08
Total 1,132,922,693,619.85 11

R399 4.12 Han13diAsnziAfnnLslsuresdayamt lngdanauE AvieulassatiTaN

4. N19LAIITIIRANALLTL9IUTRITDLAAINIES (Hardness)
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Degree of| Mean
Source of Variation Sum of Squares Fo F
Freedom | Square
Type of welding powder 1.76 2 0.881448| 4.683157 4.46
Temp of Annealing 0.01 2 0.007359 0.0391 4.46
Interaction 0.22 4 0.055543| 0.295099 3.84
Error 1.51 8 0.188217
Total 351 11

;3199 4.13 nan1sATziAYINLl s suasdayaftANIdNIEIN e T AN

4.2.2.2 N391A1LYiNNT0AReY (Regression Analysis) 14dayaAMANTRNINNILAIN LAY

HNA

Watihdayanuantifnaan1sn W UazINa189etITaNNdn lHNINN1ITATIzINIg
nanezvasteys taeldlisunsy MINITAB @ailulilsunisatifdrSasndaslunsiesed uazldis
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Stepwise {lAtnnaenfaudsindnazldnanisassinal

1. NM33AIANINATREYBNAIINANNIAATIA - (Tensile Strength) WAZNN96ITIA

AINNYNHBNTDIRTILIIAE

1.1 N993ATISNII0ANBETONAIUINAIIAATIA (Tensile Strength)
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TUAVBINUTANA LY UUN AN TaLTUY THANNNIDANEEIAIN
Y, = 6230 -5284Type + 18 Temp + 1009Type2 +5Temp*Type....coooevviinnnn. 4.1)

A 1 dl =® o dl a %
LB Yy = ﬁWL@l@HVluLLNﬂQVI’ﬂﬂ?.IWﬂ@ﬂﬂ?UNQLﬁ@NI@‘VIZ X (WIF1)
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Type = siprasnaimenlany Tnad welane A = 1, B=2, C=3

PR A

ANNNTDADNRLANAIIN  (4.1)  AZRINITDNIUNELANRAL LT ANNAAUNAUDITDELTANAQEI AN

q

1
o o = o

Audsr@naaednnsAnuans (Coefficient of determination, R°) 94.6% atinailtiadnfAty Aszaumanu

o

\Tans4 95%

Response Surface Regression: Tensile versus Type, Temp

The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile

Term Coef SE"Coef T P
Constant 7526 2laBil*3"/ 2.388 0.026
Type -5200 6 Saf*3 -7.914 0.000
Temp 13 12 4818 1% 025, 10, B/
Type*Type 981 1aPF. 38 8.015 0.000
Temp*Temp -0 0.01 =98 5 28 N0 07,8
Type*Temp 5 0.87 5.643 0.000
S = 299.8 R-Sq = 94.6% R-Sg(adj) = 93.4%

Analysis of Variance for Tensile

Source DF Seg SS Adj SS Adj MS F P
Regression 5 33358960 33358960 6671792 74.25 0.000
Linear 2 24416855 5906622 2953311 32.87 0.000
Square 2 6080471 6080471 3040235 33.83 0.000
Interaction 1 2861633 2861633 2861633 31.85 0.000
Residual Error 21 1887051 1887051 89860
Lack-of-Fit 3 1667690 1667690 555897 45.61 0.000
Pure Error 18 219361 219361 12187
Total 26 35246011

31l7 4.16 uamINsATUInIasTlsuNTN MINITAB 989ALINAINAATNA
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lideanisiimszimnnuul sl sauiadiaulyl
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o 1

mﬂgﬂﬁ 4.20 wWAAINTINIBIEIUANANS (Residual) AUAARNAR NWLGIN9INITATLZURITRYA

1=l A % [ 1 Y a 1 1 dl o 4
azldigUuuuviralaseainila duneliiiauanssnusertiiiuiels
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Histogram of the Residuals

(response is Tensile)
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Normal Score

Residual

Normal Probability Plot of the Residuals

(response is Tensile)
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Residuals Versus the Order of the Data

(response is Tensile)

500 — ®
]
[] []
[ ]
[ ]
[]
L] []
[]
0 : ]
® ®
L [}
[]
(]
L]
L}
L]
L] ®
®
-500 —
I I I I I
5 10 15 20 25

Observation Order

dl ] % o 1 dl < ¥
gﬂ‘V] 419 ﬂﬁ"]WLL@ﬁQ@Qu[”]ﬂﬂ’]\‘]ﬂUmQ\‘]LQZQ’W]Lﬂ‘LI’lI‘ﬂNu@

60



Residual

Residuals Versus the Fitted Values

(response is Tensile)
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Residuals Versus Temp

(response is Tensile)
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2. NNFIAILANNINANRLBIAIAINEANEL (Elongation) WAZNNIATIAAIINYNEB

YRILLLANAD
2.1 N53AIISINIs0ANBETBNAIAIINEANE (Elongation)
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0.000068 TYPE TBMPD. ...ttt e e (4.2)
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Type = siprasnaimenlany Tnad welane A = 1, B=2, C=3

ANNTDANRLANNIN  (4.2) %mmmﬁﬁmm’qmmﬁmmjmmi@ﬂLfﬁ@mé’fmmﬁmﬂ?zaw%mmmi

o

AU (Coefficient of determination, RY) 91.1% ag9liad1Aty NIzAuANNTan 95%

Response Surface Regression: Elogate versus Type, Temp

The analysis was done using uncoded units.

Estimated Regression Coefficients for Elogate

Term Coef SE Coef L P
Constant 0.113537 0.090177 1. 25 9=l il
Type 0.004417 0.018804 0.235 0.817
Temp -0.000428 0.000354 - 1. 209%, 07240
Type*Type 0.013944 0.003502 3.982 0.001
Temp*Temp 0.000001 0.000000 1L745 0.096
Type*Temp -0.000066 0.000025 - 286 SR WANO%Q "5
S = 0.008578 R-Sq = 91.1% R-Sg(adj) = 89.0%

Analysis of Variance for Elogate

Source DF Seq SS Adj SS Adj MS F P
Regression 5 0.015774 0.015774 0.003155 42.88 0.000
Linear 2 0.013864 0.000116 0.000058 0.79 0.466
Square 2 0.001391 0, D=0 0.000695 9.45 0.001
Interaction 1 0.000520 0.000520 0.000520 7.07 0.015
Residual Error 21 0.001545 0.001545 0.000074
Lack-of-Fit 3 0.001012 0.001012 0.000337 11.38 0.000
Pure Error 18 0.000533 0.000533 0.000030
Total 26 0.017320

91l7 4.23 uanannaAananimasilsunsd MINITAB 289A1A2I0EAMEWTD97D21T 0

2.2 N19ATIAAINGNADNYBNBLLAIAEN
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ANzl 4.27 wanananaeddauAnAng (Residual) AuAgnin wudinsnszanavesdoya
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Histogram of the Residuals

(response is Elogate)

Frequency
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Residual

Normal Score
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Normal Probability Plot of the Residuals

(response is Elogate)
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Residuals Versus the Order of the Data

(response is Elogate)
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Residuals Versus Temp
(response is Elogate)
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3. M9IRLiNNInAneLadA ) INgAaRNNEIANLY  (E-Elongation) UATNIATIA

AINNYNFBIUDILLILIAIABY
3.1 NMsaAzIsinIsnanesaesAlugaanaINERaEl (E-Elongation)
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FENINTRAVBINITONALAUUNNINN9R BT R I annIsnnna LRl

Y, = 179487 — 5819Type + 2938Temp — 29893Type’ — 4Temp’ — 164Type*Temp......(4.3)

e Y, = Aads g Aarautinvg uaesandaN X (MPa)

i 14
Temp = QOIMNANTINNNTELTUI A19EMIN 400-600 BIANLTATHEA

Type = ainrasnadanlave lnah walave A = 1, B=2, C=3
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ANNNINANAUANNTN (4.3) AZANWNIDNIUNEAIANE AL UTIBITaEITaNALAdNLITYAND

'
o o =

2189N17ANUINU (Coefficient of determination, RY) 90% asnaliiadAty Nezauanumianiyi 95%

Response Surface Regression: E-Modulus versus Type, Temp

The analysis was done using uncoded units.

Estimated Regression Coefficients for E-Modulu

Term Coef SE Coef T p
Constant 179487 771819 0.233 0.818
Type -5819 160942 SQL0Zel @ o 1
Temp 2938 2085 09y P 44
Type*Type -29893 29972 -0.997 0.330
Temp*Temp -4 24 -1.246 0.226
Type*Temp -164 2. -0.775 0.447
S = 73417 R-Sg = 90.0% R-Sg(adj) = 87.6%

Analysis of Variance for E-Modulu

Source DF Seqg SS Adj SS Adj MS F P
Regression 5 1.0197E+12 1.01973E+12 2.03946E+11 37.84 0.000
Linear 2 1.0028E+12 5147777954 2573888977 0.48 0.627
Square 2 1.3733E+10 13733162877 6866581438 1.27 0.300
Interaction 1 3234214668 3234214668 3234214668 0.60 0.447
Residual Error 2171.1319E+11 1.13192E+11 5390092921
Lack-of-Fit 3 1.0791E+11 1.07911E+11 35970403216 122.61 0.000
Pure Error 18 5280741689 5280741689 293374538
Total 26 1.1329E+12

717 4.30 uananmsAcwaniaedilsunss MINITAB 289AnTug AR NE At u1adsas o
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Histogram of the Residuals

(response is E-Modulu)
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Residual

Normal Probability Plot of the Residuals

(response is E-Modulu)

Normal Score
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Residuals Versus the Order of the Data

(response is E-Modulu)
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Residuals Versus the Fitted Values

(response is E-Modulu)
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Residuals Versus Type
(response is E-Modulu)
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Residuals Versus Temp
(response is E-Modulu)
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4. NNFIATILINIINADBLUBIAIAYINLIN(Hardness)  WATNITAIIAAINNYNHADITD

BULANAB
4.1 NMINATIZUNITOANDLUNAIAIINLIN (Hardness)

WathdayarANNLINTassatmaNnInla WA 4.6 N1MINT3LATIZIENNI0A

nasaadaya azldnanisimssinauanslugili 4.38

Angi 4.38 azatusnaglslunuandiiussendneAia Nl Tessedan

SN NI AT TRNA LMY RNINNTRLT R IFannIsnane LAt

Y, = 93.0469 + 0.3419 Type + 0.0060Temp — 0.0926Type2— 0.0006Type*Temp...... (4.4)

e Y, ANRALANAINHNLTITD9798T AN X (HRB)

i 14
Temp = QOIMNANNNNITALTUI A9 400-600 BIANLTATHEA

Type = aiipaasnadanlave lnah welave A = 1, B=2, C=3
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Response Surface Regression: Hardness versus Type, Temp

The analysis was done using uncoded units.

Estimated Regression Coefficients for Hardness

Term Coef SE Coef T P
Constant 93.0469 2.98274 31.195 0.000
Type 0.3419 0.62197 0.550 0.588
Temp 0.0060 0.01172 0.516 0.611
Type*Type -0.0928 0.11583 -0.801 0.432
Temp*Temp -0.0000 0.00001 -0.427 0.674
Type*Temp -0.0006 0.00082 -0.682 0.503
S = 0.2837 R-Sg = 51.8% R-Sg(adj) = 40.3%

Analysis of Variance for Hardness

Source DF SECnsS Adj SS Adj MS F P
Regression 5 1.81502 1.81502 0.36300 4.51 0.006
Linear 2 LT3 () 0.04190 0.02095 0.26 0.773
Square 2 0.06631 0.06631 0.03316 0.41 0.668
Interaction 1 0.03741 0.03741 0.03741 0.46 0.503
Residual Error 21 14869050 1.69050 0.08050
Lack-of-Fit 3 0.18476 0.18476 0.06159 0.74 0.544
Pure Error 18 1455 Q5"/8 1.50573 0.08365
Total 26 3. JUSB2

Unusual Observations for Hardness

Observation Hardness Fit SE Fit Residual St Resid
3 95.210 94.699 0.147 0.511 2.10R

R denotes an observation with a large standardized residual.
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ANNITNADDLANNNTN (4.4) ALAINITONIUNEIAIANNANN LTI UDITRE TN A AN AN T2 AN
2189N17ANUINU (Coefficient of determination, RY) 51.8% agelilaanAty NrzAuAu@angu 95%
19 R* HAnainldianunsaasuieanuduiusvesdeyaluglannis (4.4) ednfiaasunnnadt 80%
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Histogram of the Residuals
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Residuals Versus the Order of the Data

(response is Hardness)

0.5

0.4

0.3

0.2—

0.1

0.0

I I I I I
5 10 15 20 25

Observation Order

917 4.41 namluassdausnAaiugasaiiudays




Residual

Residual

Residuals Versus the Fitted Values

(response is Hardness)
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Residuals Versus Temp
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T, = 19427663 - 407555 H - 151818Type + 2138H — 1218Type” + 1567H Type......(4.5)

Py 0 = =< = = e
e T, = ANLRALILIIAINAATIAT X (HF)
H = ANNLINLB I RELTRN (HRB)
Type = sipaesnadanlane lneh walave A = 1, B=2, C=3

ANNNIDANBYANNGTN (4.5) AxANNNIONUILANLINAITDITRL L TENTAT ARG A AN sEEND

f
o o =

2189N"17ANUIEUL (Coefficient of determination; RY).87.4% atlaeliludAty NsxAUanuimangu 95%

Response Surface Regression: Tensile versus Hardness, Type

The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile

Term Coef SE Coef T P
Constant 19427663 13714927 1.417 0.171
Hardness -407555 288398 -1.413 0.172
Type -151818 88806 -1.710 0.102
Hardness*Hardness 2138 1516 1.410 0.173
Type*Type 1218 250 4.872 0.000
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Hardness*Type 1567 934 1.678 0.108
S = 460.3 R-Sg = 87.4% R-Sg(adj) = 84.4%

Analysis of Variance for Tensile

Source DF Seqg SS Adj SS Adj MS F P
Regression 5 30797205 30797205 6159441 29.07 0.000
Linear 2 24678287 630434 315217 1.49 0.249
Square 2 5522397 5038949 2519475 11.89 0.000
Interaction 1 596521 596521 596521 2.82 0.108
Residual Error 21 4448806 4448806 211848
Lack-of-Fit 20 4052756 4052756 202638 0.51 0.823
Pure Error 1 396050 396050 396050
Total 26 35246011

Unusual Observations for Tensile

Observation Tensile Fit SE Fit Residual St Resid
19 7700.000 8639.304 217.631 -939.304 -2.32R
21 7600.000 8518.742 208.693 -918.742 -2.24R

R denotes an observation with a large standardized residual.
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T,=25098657 - 531665 H + =261 1.9.19.22N09 A0 1N Q... (4.6)

b

©
—
|

. = o 4 A e
= ANLRAEILINANNAATIAN X (WIFL)
H = ANNLINLT IR TRN (HRB)

F-Mo = ATuRAAANE ARUTIBITALLTAN (MPa)
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ANNNTDADDLANNNTN (4.6) AZIUIIANNANAUS Imanaadsiaunls E-Mo TuRluann1g way

o 1 =2 dl-dl ¥ 1o a £ o .
@WNW?DWWHWEQWLﬁﬂ@ﬂﬂ@ﬂ?@ﬁnﬁﬂmﬂﬂ@ﬂqﬂﬂQﬂﬂqﬁﬂﬂﬁimmﬁﬂﬂﬂﬂqﬁﬂunﬂi (Coefficient of

1
o o a o

determination, R®) 76.4% as4RNuad1Aty NTzAUmNNT@aNsy 95% Aaudnes (ANndn 80%)

@

aun3nagllidn Aussnenqania lddanduiusiua g daaautinnguaesseaimion

Response Surface Regression: Tensile versus Hardness, E-Modulus

The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile

Term Coef SE Coef T P
Constant 25098657 14388605 1.744 0.096
Hardness -531565 305736 = lwi@9% (0 .097
E-Modulu 0 0 0.976 0.340
Hardness*Hardness 2816 1624 1.734 0.098
E-Modulu*E-Modulu 0 0 3.174 0.005
Hardness*E-Modulu 0 0 -1.006 0.326
S = 629.9 R-Sq = 76.4% R-Sg(adj) = 70.7%

Analysis of Variance for Tensile

Source DF Seg SS Adj SS Adj MS F P

Regression 5 26912580 26842580 5382516 13.56 0.000
Linear 2 21301279 1527717 763859 1.92 0.171
Square 2 5209547 39996 28 1999912 5.04 0.01le
Interaction 1 401754 401754 401754 1.01 0.326

Residual Error 21 8333431 8333431 396830

Total 26 35246011

Unusual Observations for Tensile

Observation Tensile Fit SE Fit Residual St Resid
16 6210.000 7396.832 227.360 -1186.832 -2.02R
18 6372.000 7587 .474 200.658 -1215.474 -2.04R
24 9256.000 8367.678 504 .250 888.322 2.35R

R denotes an observation with a large standardized residual.
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ANgUN 4.47 azarunnagUstunuanudniusAussRsianaanulsAnszdng

1 ! 1
AN INLINTR9TAE I TAN AL ANE AVEUTBIIBEITN HANNNIDANDYAIL

T = 21429764 - 449122 H + 5119385E + 2354H° +779488E° + 53397H*E............ (4.7)
e T, = ANLRALILIIAINAATIAT X (HF)

ANNLINLT IR TRN (HRB)

T
Il

ANANNEIAE LBRTRLIETN (mm)

i (~3 ' o U y i
ANNTAANDEANNISN (4.7) ALAUINFINITANIUILATUSIAIUDITRLLTANNRAUA

preAFNszANEIaIN19ATUIN (Coefficient of determination, R?) 70.7% asineduadAty 0

FTAUANNTANNUY 95% AAUTIIF (NI 80%) dxnsaasiladn aunisanuduwusgls

a o @ 1 = : a 1 [ y 1 '
ANTaE U F"I'J']Nﬂ&lwuﬁ(ﬂ’]LL‘J’\?ﬂQﬁ"}ﬂ‘H"IﬂﬂU ATANNLAURITRULTANUASAIAINE NNEU

UYRITRELLTAN

Response Surface Regression: Tensile versus Hardness, Elogate

The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile

Term Coef SE Coef -~ P

Constant 21429764 16924829 1.266 0.219

Hardness -449122 355602 S0 . 22 U

Elogate -5119385 4070336 ST ORo2

Hardness*Hardness 2354 1868 1.260 0.221

Elogate*Elogate 779488 374509 2.081 0.050

Hardness*Elogate 53397 42704 1.250 0.225

S = 700.9 R-Sq = 70.7% R-Sg(adj) = 63.8%

Analysis of Variance for Tensile

Source DF Seqg. SS Adj SS Adj MS

Regression 5 24930457 24930457 4986091
Linear 2 22366329 854159 427080
Square 2 1796118 2164585 1082292
Interaction 1 768011 768011 768011

Residual Error 21 10315554 10315554 491217

Total 26 35246011

Unusual Observations for Tensile

Observation Tensile Fit SE Fit Residual

19 7700.000 9384.272 442 .385 -1684.272
24 9256.000 8384.638 561.014 871.362

R denotes an observation with a large standardized residual.

F P
.15 .000
.87 .434
.20 .135
.56 .225

RN OO
o O O o

St Resid
-3.10R
2.07R
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T,= 21609787 - 458671 H + 707Temp + 2433H° - THTempP. ..o (4.8)
e T, = ANLRAEILEIPINAATIAT X (Has)
H = ANNLINLUB IR DENT AN (HRB)

Temp = QOIMNANNNNITALANIN A9 400-600 BIANLTATHEA

ANNTOANBHANNGN (4.8) AZHUINAINITNVNUNEATUIIFIUBITRELTANTIAAA
praAduLszAnaaninisAruan (Coefficient of determination, R%) 56.7% atinafiviad1Azy 7
STALAMNITANNU 95% ABUEN96 (AIN9T 80%) dnsasgladn annisanNduNuslal
ANNT0RRLNEANNANNUAAILSIAINIAAIN AN LATANNLTTIasTas T auara MU RTYiNN

SAUTUINU

Response Surface Regression: Tensile versus Hardness, Temp

The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile

Term Coef SE Coef T P
Constant 21609784 10315748 2.095 0.048
Hardness -458671 218078 -2.103 0.048
Temp 707 500 1.415 0.172
Hardness*Hardness 2433 1153 2.111 0.047
Temp*Temp -0 0 -1.294 0.210
Hardness*Temp -7 5 -1.326 0.199
S = 852.3 R-Sq = 56.7% R-Sq(adj) = 46.4%

Analysis of Variance for Tensile

Source DF Seq SS Adj ssS Adj MS F P
Regression 5 19989597 19989597 3997919 5.50 0.002
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Linear 2 14626499 4879498 2439749 3.36 0.054
Square 2 4084952 3884507 1942254 2.67 0.092
Interaction 1 1278147 1278147 1278147 1.76 0.199
Residual Error 21 15256413 15256413 726496
Lack-of-Fit 20 15256269 15256269 762813 5E+03 0.011
Pure Error 1 145 145 145
Total 26 35246011

Unusual Observations for Tensile

Observation Tensile Fit SE Fit Residual St Resid
24 9256.000 6785.450 306.480 2470.550 3.11R

R denotes an observation with a large standardized residual.
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T,= 8771 - 4575 Type + 32763 E + 1398Type’ — 635164E" + 129404Type’E........... (4.9)
e T, = mmﬁlmmﬁqﬁ%mmﬁ X (W9613)
E = ﬁhmmﬁmmjum@wﬂﬂﬁﬂ'ﬂu (mm)
Type = sfinresnadonlas el wslave A = 1, B=2,C=3

X [~ 1 o 1 y i
ANNITAANDEANNITN (4.9) ALLHUNFINITOYINUILATIUSIAIURITRLLTDNNAAUA
preAdNszANEIRIN1AIUIN (Coefficient of determination, R?) 89.6% asinaduadAty
FEAUAMNTRNNU 95% AnTaaglladn anmsanuduNusaNIsoaBLINEANNENNUEA

WSIANTIAATIAN LT U AURINATRNUAZANANNE AN UUDITRELT DN

Response Surface Regression: Tensile versus Type, Elogate



The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile

Term Coef SE Coef T p
Constant 8771 760 11.543 0.000
Type -4575 1012 -4.523 0.000
Elogate 32763 25146 1.303 0.207
Type*Type 1398 500 2.799 0.011
Elogate*Elogate -635164 428309 -1.483 0.153
Type*Elogate 12904 22622 0.570 0.574
S = 417.2 R-Sq = 89.6% R-Sqg(adj) = 87.2%
Analysis of Variance for Tensile
Source DF Seqg SS Adj SS Adj MS F P
Regression 5 3 1.5 9. TN ST 6318304 36.31 0.000
Linear 2 24786695 3973592 1986796 11.42 0.000
Square 2 6748202 3119209 1559605 8.96 0.002
Interaction 1 56624 56624 56624 0.33 0.574
Residual Error 21 3654490 3654490 174023
Lack-of-Fit 19 2258416 2258416 118864 0.17 0.990
Pure Error 2 1396074 1396074 698037
Total 26 35246011
Unusual Observations for Tensile
Observation Tensile Fit SE Fit Residual St Resid
9 5923.000 5802.698 342.660 120.302 0.51 X
19 7700.000 7738.944 364.098 -38.944 -0.19 X
21 7600.000 8784 .703 FoDR662 -1184.703 -3.06R

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large influence.
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paeAdNszANEUaIN1AIUIN (Coefficient of determination, R?) 92.8% asinalivadAty
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Response Surface Regression: Tensile versus Type, E-Modulus

The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile

Term Cogf SE Coef
Constant -140.8 4335.04
Type 3373.4 2658.17
E-Modulu 0.0 0.01
Type*Type -78.4 426 .42
E-Modulu*E-Modulu -0.0 0.00
Type*E-Modulu -0.0 0.00
S = 347.3 R-Sg = 92.8% R-Sqg(adj)
Analysis of Variance for Tensile
Source DF Seq SS
Regression 5 32712511 32
Linear 2 24682622
Square 2 7536554
Interaction 1 493336
Residual Error 21 2533500 2
Total 26 35246011
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T P

-0.032 0.974

1.269 0.218

1.238 0.229

-0.184 0.856

-0.431 0.671

-2.022 0.056

i e i

Adj ss Adj Ms F
712511 6542502 4.23
196266 98133 0.81
32877 16439 0.14
493336 493336 4.09

533500 120643
A A
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O O O o

p
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.056
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Response Surface Regression: Tensile versus Temp, E-Modulus

The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile

Term

Constant

Temp

E-Modulu
Temp*Temp
E-Modulu*E-Modulu
Temp*E-Modulu

-0

87.8

o°

S 452.6 R-Sg

0.
0.
0.

Coef
17118.
-15.

4
1
.0
0
0
0

SE Coef
7344 .

26.
0.

0.
0.
0.

97
50
01
02
00
00

R-Sq(adj)

Analysis of Variance for Tensile

Source DF
Regression 5
Linear 2
Square 2
Interaction 1

30
24
6

Seq SS
945120
457918
253844
233358

30
4
6

Adj ss
945120
084051
265912
233358

T
.331
.570
.529
.200
.690
.067

P
.030
.574
.002
.844
.000
.298

O O O o oo

Adj MS
6189024
2042025
3132956
233358

F P
30.22 0.000
9.97 0.001
15.30 0.000
1.14 0.298
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Residual Error 21 4300891 4300891 204804
Total 26 35246011

Unusual Observations for Tensile

Observation Tensile Fit SE Fit Residual St Resid
16 6210.000 7194 .705 168.493 -984.705 -2.34R
17 6270.000 7181.619 168.508 -911.619 -2.17R

R denotes an observation with a large standardized residual.
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T,=4031 + 31Temp — 178610E + 507433E° + 313TeMP E. . (4.12)
dl 1 dl =i dl dl = o
e T, = ANRRLUINAINIQATIIAN X (HIF)

Temp = AIUNARTNININITBLTUIN ANTZI19 400-600 B9ANLTALTEIA

= = ANAYINEIAVELBRITRLITAN (mm)

=i @ 1 [ 1 = y a
ANNITOADDEANNITN (4.12) Az RUTIFINITAVIIUIL AL TIFIUDITRENTANNRALIA
AreAF NSz ANEIaIN1TATUIN (Coefficient of determination, R?) 91.6% asineluadAty
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Response Surface Regression: Tensile versus Temp, Elogate

The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile
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Term Coef SE Coef T p
Constant 4031 4108 0.981 0.338
Temp 31 16 1.969 0.062
Elogate -178610 30007 -5.952 0.000
Temp*Temp -0 0 -3.289 0.003
Elogate*Elogate 507433 151253 3.355 0.003
Temp*Elogate 313 42 7.492 0.000
S = 374.9 R-Sg = 91.6% R-Sg(adj) = 89.6%

Analysis of Variance for Tensile

Source DF Seq SS Adj sS Adj MS F P
Regression 5 32295168 32295168 6459034 45.97 0.000
Linear 2 22250157 6349193 3174597 22.59 0.000
Square 2 2157389 4077926 2038963 14.51 0.000
Interaction 1 7887623 7887623 7887623 56.13 0.000
Residual Error 21 2950842 2950842 140516
Lack-of-Fit 19 2922792 2922792 153831 10.97 0.087
Pure Error 2 28051 28051 14025
Total 26 35246011

Unusual Observations for Tensile

Observation Tensile Fit SE Fit Residual St Resid
19 7700.000 838, L5 276.808 - . T35 -2.50R

R denotes an observation with a large standardized residual.
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ANNNINANDUANNTN (4.13) ALWIUINANNNIONIUNL AP TITDLITANTIAATIAFEIAN
Aulse@ngananisAauan (Coefficient of determination, R) 90.2% agnaliiadnAty AszAuAINy
AN 95% WAARINANTUNANN1T(4.13) wudrAFauLslimanaas E-Mo (E-Modulus) 13J1Ja?fm§]
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Response Surface Regression: Tensile versus Elogate, E-Modulus

The analysis was done using uncoded units.

Estimated Regression Coefficients for Tensile

Term Coef SE Coef ap P
Constant -5630 3927 -1.434 0.166
Elogate 234350 67115 3.492 0.002
E-Modulu 0 0 1.696 0.105
Elogate*Elogate -Tvs13 307356 A TSy, U"e1 o
E-Modulu*E-Modulu -0 0 -0.560 0.581
Elogate*E-Modulu -0 0 -2.960 0.007
S = 405.7 R-Sq = 90.2% R-Sg(adj) = 87.9%

Analysis of Variance for Tensile

Source DF Seg SS Adj SS Adj MS F P

Regression 5 31789601 31789601 6357920 38.63 0.000
Linear 2 21954083 2326183 1163092 7.07 0.005
Square 2 8393124 1088559 544280 3.31 0.056
Interaction 1 1442393 1442393 1442393 8.76 0.007

Residual Error 21 3456410 3456410 164591

Total 26 35246011

Unusual Observations for Tensile

Observation Tensile Fit SE Fit Residual St Resid
19 7700.000 7765.150 345.925 =65 .150 -0.31 X

X denotes an observation whose X value gives it large influence.
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T89UNNINNTHER: TG.185 640 ml. Chang beer bottle

Item no.| Life time (Bottle) | Average SD.
1 48,430.00
2 49,740.00
<
~ 3 19,388.75
N
N
o 4 18,270.00
c
o 5 35,065.80
g 34,251.01 {12,264.70
3 6 45,093.75
o
g’ 7 24,106.25
°
o) 8 24,850.00
=
9 45,339.25
10 32,226.25

FIN9999 4.14 UAAIBNEYNI9 IEIUBBIUNANHATINNIEBNALNAUTAN A (Colmonoy No 22) Nansmng

400 °C

60,000.00

50,000.00

Y
T VHNI
A

30,000.00

Bottle

20,000.00

10,000.00

0.00

—— | ife time
No. of N/R
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64

917 456 nawuaneg N liLIeUN NS @aNFasNaLEaN A (Colmonoy No 22)

a
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Item no. Life time (Bottle) Average SD.
1 46,247.00
2 34,872.50
<
N 3 47,632.50
(@)
c 4 35,597.50
o)
g 5 48,865.00
o) 52,860.90 | 15,802.81
o 6 54,085.00
2
= 7 64,032.00
()
= 8 87,113.75
9 44,370.00
10 65,793.75

FN9797 4.15 WAANBNENNTIENUIBSLENNETINANI 9T ANAINUTEN B (Colmonoy No 24) Ngmungi

400 °C

100,000.00
80,000.00 R
60,000.00 / \ ’

e
40,000.00 Y Y

20,000.00
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—— | ife time
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Lx
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a

a
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Average SD.

118,355.55(14,839.82

Iltem no.| Life time (Bottle)

1 127,455.00

2 152,721.25
Yo}

N 3 119,625.00
N

S 4 107,010.00
o)

.g 5 128,832.50

S 6 110,200.00
(@)

f= 7 109,678.75
S

o 8 116,688.75
<

9 108,097.50

10 103,246.75

B399 4.16 WAAIANY NS 1V IUNAH

No 225) #igangi 500 °C

a

G
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g1l7 4.58 nsMUAAIRIENNT TN UIDIUNNNAN AN 91TaNFEINeEaN C (Colmonoy

No 225) faasuni 500 °C

3
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5.1 HATRIAUANUALTING UWATNIENTN
5.1.1 u,ieﬁaﬁfiﬂmm (Tensile Strength)
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5.1.3 IlNpaAANEAEY (Elastic Modulus)
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Hardface Alloys, Inc.. About Thermal Spray.[Online].2001, Available from:

http://www.hardfacealloy.com/aboutthermalspray.htmi[2001,February 20].

Hardface Alloys, Inc.. Spray process.[Online].2002, Available from:

http://www.hardfacealloy.com/systemdescription.htm![2002,May 8]

Swain Technology, Inc. Spray Welding Cuts Cost[Online]. . Available from:

http://www.ingress.com/-astanart/pritzker/pritzker.htmi[1995,June 8]
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%mmﬁ'
1 Hr 2 Hrs 3 Hrs
1 6,673 6,640 6,645
2 6,670 6,638 6,634
3 6,685 6,682 6,650

FININ W-A-1 WARNANUISATIAATIATISZHEIAND LA

Regression Analysis: Annealing T versus Tensile

The regression equation is
Annealing T = 208 - 0.0309 Tensile

Predictor Coef SE Coef T P
Constant 207.69 76 .24 2.72 0.030
Tensile -0.03090 0.01145 =2 . 70 0.031
S = 0.6482 R-Sq = 51.0% R-Sq(adj) = 44.0%

Analysis of Variance

Source DF SS MS F P
Regression 1 3.0588 3.0588 7.28 0.031
Residual Error 7 2.9412 0.4202

Total 8 6.0000
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AWNRINTENMINURY

Suimmmariuazimalulsd
nestdwe 16330 IS 2102225.32 2ECT0

Awmemn 100 62 angnin dnudu wamis

Scientitic and Technological
Buiding 2-3  Chuls Sai €2

Chuialongkorr  Jmversiy
10330 Tel. 2188025-32, 2128101 Fax 264CC1

Research Eguipment Cenire

Phaya-Tnas Rd.  Phatumwan Danghos

Result: Analysis Report

Sample ID: 22
! Sample File: POJ
i Ssmple Path: A:)

; Spmple Notes:Test by Pranse : 5

Sampie Uelails
Run Number: 11
Record Number: 10

Measured: Tue Oct 8 2002 9:13AM
Analysod:Tue Oct 8 2002 9:18AM
Result Source: Analysed

cientific and Technalogical Research

Equipment Center Chulaiongkorn University
Dry feeder unit ’
— Sysiem Defails
Range Lens: 300 mm Beam Lengri: 10.00 mm Sampier- MS64 OCbscuration: 2.8 %%
Presentation: 3RHA {Panicie R.|. = ( 1.450Q, 0.1000}; Dispersant R.l. = 1.0000}
Anelysis Modei: Polydisperse Rasidupl: 0.365 %
Modifications: None
Resulf sfatistics .
Distribution TypeVolume Concentration = 0.0051 % Vol Density = 1.000 g/ cub. cm Specific $.A. = 0.1484sq.m/g |
Mean Diametrers: Div. 0.1} = 27.16 um Div, 0.5) = 42.83 um Di{v,0.8) = 63.78um :
D4, 3] = 49.40um D(3,2] = 40.43um Span = 9.952E-01 Uniformity = 3.864E-01
{TSae low um] % Size High [um] | Under® | [ Size Low Juml T R | Size High tumi Under
U.45 [oXo[ U.58 i 0.00 I 2233 4.58 T 2620 8.7
0.58 0.00 0.67 0.00 26.20 8.65 | 30.53 16.92
0.67 0.00 0.78 9.00 30.53 13.03 35.56 28.85
0.78 Q.00 0.91 0.00 35.56 16,26 ! 41.43 48.21
0.91 .00 1.06 0.00 { 41.43 17.28 48.27 i 1 63.48
1.0& 0.00 1.24 ’ 0.00 : 48.27 13.98 | 56.23 77.48
1.24 Q.00 1.44 | 0.00 56.23 89.65 | 65.51 87.11
1.44 0.00 1.68 ! 0.00 65.51 6.01 76.32 i 93.12
1.68 Q.00 1.95 | 0.00 76.32 3.37 | 88.91 $6.49
1.95 .00 2.28 i Q.00 88.91 1.52 102.58 98.01
2.28 ©.00 2.65 ! Q.00 103.58 0.34 120.67 §8.36
2.85 .00 3.09 r 0.00 120.867 0.0C 140.58 98.36
3.09 .00 2.60 i 0.00 140.58 0.00 ! 163.77 58.36
3.60 0.00 4.19 i 0.00 163.77 .00 180.80 88.36
4.19 0.00 4.88 i 0.00 190.80 Q.70 222.28 98.48
4.88 0.00 | 5.869 0.00 222.28 Q.37 258.95 98.83
5.69 0.00 i 6.63 g.0¢ 258.95 0.48 301.68 89.21
6.63 0.00 r 7.72 0.00 301.68 0.41 H 351.46 99.73
{ 7.72 0.00 2.00 Q.00 351.48 Q.23 408.45 99.95
l 9.00 0.02 10.48 i 0.02 409.45 0.08 i 477.01 ! 100.00
{ 10.48 0.04 12.21 0.06 477.01 0.00 i 558.71 i 100.00
1z.21 i 0.13 14.22 0.18 553.71 0.00 i 647.41 : 100.00
14,22 ! 0.35 16.57 0.54 647.31 2.00 H 754.23 100.00
16.57 , 0.90 ‘ 18.31 1.44 § 754,23 0.00 878.67 100.00
19.33 i 2.16 i 22.49 3.59 i |
=0 \/otur.ne (%) 100
20
80
7o
SO
3O = SO
a0
30
20
10
(=] . : 5 5
O .01 C.1 1.0 10.0 100.0 1T000.0
FParticle Dimmeter (irm.)
Mavetn instrymenis L3 Masiersze: S long ped Ver, 2.19
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TeiC684 £P2456 Fan 0565 BIITER
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Building 2-3

Pnatumwan Bangkok 10538

Chula Soi 62 Phaye-Tnai Ra.

Resuit: Analysis Report

audinsaieiirinmrnaasuannallsl  awiRansainingidy
QRITAANTL 7 WIRINTOI 90U G2 O wANDY  umndu g 19320 LY 21EEQ29-32, 1eg0n
Sciantific and Techinologica! Ressarch  Equipment Centre Chulaiongko:n  University

Tol. 29E8022-32, 2788101

Fumpln 1D: 22
Sample File: POJ
| Sample Path; Al
Sample Notes:Test by Pranse
Equipmant Center
Dry tesder unit

Sample Details
Run Nurber: 8
Record Number: 7
Scientific end Tachnologicul Aesearch
Chulalongkorn University

Maasured: Tue Oc! 8 2002 8:11AM
Anatysed:Tue Oct 8 2002 $:1 1AM
Resuft Source: Analysed

i Rangs Lens: 300 mm
Presentation: 3RHA

Sysfem Details
Beam Length: 10.00 mm

{Particle R, = { 1.45060, 0.1000): Qispersant R.l. =

Sampler: MS&<4

Obascurotion:
1.0000]

5.5% |

Anglysis Modsl: Polydisperse Residusl: 0.338 %
| Madifications: Nore :
Resull Statistics i
Disuibution TypeMolume Concentration = 0.0074 %Vol Density = 1.000g/cub. cm Specific S.A. « 0.1486sq. mig 5
Meon Dismeters: Div, 0.1} = 26.17 um Div. 0.5l = 4373 um D{v. 0.9} = 79.37 um £
i DI4, 3] = 52.07um D3, 2) = 40.37um Span = 1.215E-00 Uniformity = 4.467E-0)
{"Size Low {um] n % Size Righ {um] Urder% i S1z¢ Low {um] | N % T Size High [um] | Under%s
T.39 0.00 U.5¢ 000 ] <239 i 5728 2820 10.08
0.58 0.00 0.87 0.00 i 26.20 i 8.72 30.53 18.78
0.67 Q.00 0.78 0.00 30.53 | 11.88 35.56 30.72
0.78 0.00 2.3 0.00 H 35.56 i 13.92 41.43 44.84
0.91 0.00 1.08 0.00 41.83 | 14.59 | 48.27 59.23
1.06 0.00 1.24 0.00 48.27 i 12.58 | 56.23 71.80
1.24 0.00 1.44 0.00 56.23 : 8.77 | 65.51 81.56
1.44 0.00 1.68 0.00 65.51 : 7.03 76.32 88.59
1.68 0.00 1.95 0.00 76.32 4.70 88.91 93.30
1.8§ 0.00 2.28 D.00 88.21 2.82 103.58 386.11
2.28 0.01 2.68 0.01 t 103.58 1.41 120.67 87.52 i
2.65 a.01 3.08 0.02 } 120.67 0.52 140.58 28.04 §
3.08 0.02 3.60 0.04 140.58 | Q.08 163.77 93.13 i
3.60 0.02 4.18 0.06 | 163.77 i 0.04 180.80 98.17
4.19 0.03 4.88 0.c8 | 180.80 0.2 222.28 38.43
4.88 0.03 5.69 0.12 ( 222.28 i 0.47 258.95 98.30
5.69 0.03 6.63 0.15 H 258.95 0.51 301.68 99.41
6.63 0.02 7.72 0.17 ; 301.68 i 0.37 351.48 §98.78
7.72 .01 8.00 0.18 | 351.46 1 0.17 409.45 $9.85
9.00 0.02 10.48 0.20 4092.45 6.05 477.01 100.00
10.48 0.07 12.21 0.27 477.01 { 0.00 555.71 100.00
12.27 0.9 14.22 0.46 i 555.71 0.00 647.41 100.00
14.22 0.49 16.57 .25 ; 647.41 0.00 754.23 100.Q0
16.57 1.18 18.31 | 2.9 : 754.23 0.00 878.67 100.00
19.31 2.66 22.48 478 :
zo Do ik ik o 100
sSo
830
7o
S0
2o S0
<O
20
20
10
o 2 5
©.01 o1 1.0 10.0 100.0 T0Q0.0
Particle Olameter (juam.)
Maivern tostruments L waslerscer S long bes Ver. 2.18
Serial Number & Get
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Building 2-3 Chula Soi 62 Phaya-Thsi Rd.

Result: Analysis Report

- - . - . - - - ~
AuBlATBeeIdEInEnEaafuszinalulat IFTRINTNUTINIAY
S 2 ponanend sen 82 owgnln dmefu nraeweo330 Tns 2iseozse sz 2izetn Tyaenn oba02te
Scientific and Tschnalogical Research Equipment Cente Chufalongxaern  Umiversity
Phptumwan 3ongeok 10330 Tel. 2188025-32. 218£10% Fax 3543211

Sample Delang
Run Number: &

Ssmple 1D: 22
Aecord Number: 6

Sampie Filz: POJ
Sampie Path: A\
Sample NotesTast by Pranee : Scientlfic snd Technological Resaarch
Equipmem Centar Chulelongkem University
Dry feeder unit

Myasured: Tue Oct 8 2002 3:04AM
Analysed:Tue Oct B 2002 S:04AM
Result Source: Analysed i

Systent Defails
Beam Length: 70.00 mm
[Particle R.I. = { 1.4500. 0.1000):;

Sampier: MS64

: Rsnge Lens: 308 mm
Disperssm R.. = 1,0000]

Preseniation: 3RHA
Analysis Madei: Polydisperse
Modifications: None

Obscuration: 5.B % ’

Residual: 0.398 %

Resul{ Statistics )
Distribution Type¥olume Concentration = 0.0075 %Vol Density = 1.000g/cub. cm Specific S.A. = 0.1542sg.m /g |
" Mean Diametars: D{v.0.71) = 26.1%3um Oiv. 0.58] = 42.01 um Div,0.9) = 68981um
Di4, 3] « 48.25um D{3. 21 = 3882um Span = 1.041E~00 Unitormity = 3.921E-01
Size Low fum) n 5 rze Hy, um ~Under% Sizo Low (um). | n % 7 >ize High {um] Under%
G.435 0.00 U.58 1 U.00 22,43 i 328 [ 2520 i 10.02
0.58 0.00 0.67 0.00 26.20 ! 9.38 ! 30.53 19.40
0.7 0.00 0.78 0.00 30.83 i 13.34 35.56 22.74
0.78 0.00 .91 0.00 35.56 | 15.76 41.43 ! 48.50
0.91 0.00 1.08 0.00 41,43 | 16.21 48.27 64.71
1.06 0.00 1.24 0.00 48,27 | 13.17 56.23 77.82 i
1.24 0.00 1.44 .00 56.23 ’ 8.28 £8.57 87.11 i
1.44 0.00 1.68 0.00 | 65.51 i 5.96 76.32 83.06 |
1.68 0.00 1.95 0.00 76.32 i 3.42 88.91 ' 96.483 H
1.85 0.00 2.28 0.00 ! 82.91 J 1.53 103.58 98.07 |
2.28 0.00 2.68 0.07 103.58 1 0.42 : 120.67 98.49 i
2.85 0.01 3.09 0.02 120.67 | 0.00 | 140,58 88.49
3.09 0.02 2.60 0.04 140.58 | 0.00 163.77 98.49
3.6Q 0.03 4.18 0.06 163.77 i 0.00 150.80 i 3B.49
4.19 0.03 4.88 0.10 190.80 i 0.19 222.28 H 98.68
4.88 0.04 5.69 0.13 4 222.28 | 0.38 258.85 '99.07
5.68 0.03 6.63 0.16 258.95 0.43 301.68 99.50 i
6.63 0.e2 7.72 .19 ¢ 301.68 | 0.33 351.46 99.81
7.72 0.02 8.00 i 0.20 351.48 | 0.19 409.45 100.00
8.00 0.02 10.485 | 0.22 409.45 [ 0.00 477.01 100.00
10.48 0.07 12.21 0.29 477.01 0.00 555,71 100.00
12.21 .18 14.22 0.7 555.71 0.00 547.41 100.00
14.22 0.46 16.67 0.83 647.531 ! 0.00 754.23 100.00
16.57 1.12 19.31 2.05 754.23 ! 0.00 878.67 100.00
19.31 2.59 2248 | 4.64 |
20 ... e e bR 100
. s0
. so
Ed =]
SsSo
10| - so
<O
30
20
TQ
o . 3 >
o.0"1 o ] 3.0 10.0 100.0 1T000.0
Particie Diasmvreter (urm )
Matzem Instrumenss Lis Mastersizer § lang ded Ver 2.1¢
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AulirTasieTeinuwnanfuszinaluled ﬁﬂﬁmnfrjum’mmﬁ‘nr »
DIMUAONIN D AWIRINIR 3L ED by UNRAU N9einm 16200 inS D1ee0ze3l 211 nrmae itz
Scientific and Technological’ Ressarch Etauipment Centre Chulaigngkars  Universay
Building 2-3  Cuhwuis Sor 62 Phaya-Tha: Ao, Phatumwan 3anoxok 10338 Tal. 2388026.32, 2788101 San. 2860210
B
Result: Analysis Report
; Sampie Details T
! Sempte 1D 24 Run Number: 1 Measurad: Tue Oct 8 20CZ 9:19AM
Recard Number: 11 Anslysed:Tue Oct 8 2002 9:19AM

| Ssmple File: POJ
| Ssmple Path: A\
Sarupie NotesTest by Pranee : Scientific and Tachnological Ressarch
1 Equipment Center Chuleiongkarn University

Dry teeder unit

Result Source: Analysed

System Uetais .
Range Lens: 300 mm Beam Length: 10.00 mm Samgler: MSB4 - Obscurstion: 4.2 %
Presantation: 3RHA {Particie R.l. = { 1.4500, 0.7000): Disporsant R, = 1.0000]
Analysis Model: Poiydisperss Residual: 0.426 %
Kadifications: None
Resull SIBUSHIES
rDinribuﬁon TypeVolume Concentration = 0.0056 %Vol Density = 1.000 g/cub.cm Specific S.A. = 0.1483sq.mig
Mean Diameters: Div, 0.1} = 27.3Cum Div,0.5) = 42.01um D (v, 0.9) = 70.37 um
D (4.3} == 48.66um 013.20 = 40.19um Span = 1.025E+00 Unitormity = 4.092E-01
f Size Low Tuml n% Size High {um] | nder [ Size Tow (um] | n % Size High fum] | Undervc
| (X 3] U300 U.5Y o | ZZA5 375 26.20 ‘ T2
; 0.58 0.00 0.87 ; 0.00 ] 26.20 H 9.22 30.53 17.34
i 0.67 0.00 0.78 | 0.00 l 30.53 ! 14,42 | 35.58 [ 31.46
0.78 0.00 0.9 i 0.00 Fil 35.56 16.95 i 41.43 = 48.30
0.81 0.c0 1.06 0.00 { 41.43 | 16.89 H 48.27 | 55.30
1.06 0.00 1.24 0.00 “ 48.27 | 12.96 56.23 / 78.25
1.24 0.00 1.44 | 0.00 | 56.23 { 8.80 | 65.51 i 87.08
1.44 Q.00 1.68 0.00 ! 65.51 f 257 i 76.32 | 92,62
1.68 0.0 198 a0.c0 || 76,32 3.24 i 88.91 ; 95.86
1.88 0.00 2.28 0.00 i 88.91 1.56 i 103.58 ! 97.40
2.28 0.00 2:65 0.00 1 103.58 0.43 120.87 §7.84
2.65 Q.00 3.09 0.00 | 120.67 0.00 140.58 87.584
3.09 0.00 3.60 0.00 | i 140.58 i .00 | 163.77 97.84
3.60 0.00 4.19 0.00 I 163.77 | 0.00 ! 180.80 87.84
4.19 0.00 4.88 0.00 O 190.80 C.39 ! 222.28 88.22
4.88 0.00 5.88 0.00 | 222.28 0.63 H 25g.35 | 38.85
5.69 0.00 6.63 0.00 : ! 258.85 0.53 | 301.68 98.44
§,63 0.00 7.72 0.00 i 301.68 c.38 . 351.46 58.82
7.72 Q.00 9.00 0.00 f | 351.46 0.16 ! 408.45 99.98
9.00 0.01 10.48 0.01 1 409.45 0.02 £ 477.01 100.¢G
10.48 0.04 12.21 0.05 H 477.01 .00 f 555.717 100.00
12.21 0.11 14.22 0.16 i 5585.71 .00 647.4% 100.00
14.22 Q.31 16.57 0.4B ! §47.41 0.00 | 754.23 100.00
16.57 0.82 19.31 1.30 I 754.23 0.00 878.87 100.00
18.31 2.07 22,48 . 3.36 | | : !
20 FE i i St et h¥eTo
S0
B0
7O
SO
10 50 -
2ol
30
20
10
(@] .
o.0"1 Q.1 1.0 10.0 100.0 hlelale Ne)
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PAMATAAIIY 7 IWIRNTAL DEO 67 Amardn  Uwmnfu  nramwe 10330 Ini 1pgelsdn 218810 Tnosns 2840711
Rasearch Eguipment Centra Chulaiongkarn  University

Tel, 2182029.32, 218E101 Fex. 254C21:
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Result: Analysis Report

Sample Uelars
Run Number: 8 Measured: Tur Oct 8 2002 9:374M

{ Sample I0: 24

Samgle File: POJ Record Number: 16 Analysed:Tue Oct B 2002 $:37AM
. Ssmpie Path: A Result Source: Anulyswd
| Sample Notes:Tast by Pranes : Scientific and Tachnological Resgarch G

Equipment Centar Chulalongkom University
Dry {eeder unit

i
!
|
f System Uetans '
i Aange Lens: 300 mm Beamn Length: 10.00 mm Sampler: MS64 Obscuranon:. 4.1 %
! Presentation: 3AHA [Particie R.I. = { 1.4500. 0.1000}; Dispersant RJ. = 1.0000; i
: Analysis Model: Polydisperse Residual: 0,391 %
{ Modifications: None :
I Result Stallstics
5 Distributian TypeNoiume Concentration = 0.0056 % Vol Density = 1.000 g/cub.cm Specific S.A. = 0.1446sq. mig
! Mean Diamaters: Div. 0.1} = 27.60 um Div.0.5) = 44.09 um DIv,0.9 = 73.22um
! D4, 3] = 50.48um D3, 2] 41.485um Spen = 1.038£+00 Unitormity = 3.BOGE-01
T Siz& Low {um] N % Tixe High (um] * Undary T [ Size Low Jum] | —in Y% | Size High (um] | Undears
i 0.5 a.on U.58 T.UC 272.48 ] 440 ! 26.20 T7Z :
5 0.58 0.00 0.67 0.00 26.20 B.06 30.53 16.78 i
i 057 0.00 Q.78 0.00 30.53 12.14 | 35.56 ©27.82 !
i 0.78 0.00 91 | 8.00 | 35.56 15.24 ! 41.43 4318 |
| 0.81 0.00 1.06 | 000 | 41.43 16.85 48.27 59.81
1.08 0.00 1.24 ! 0.00 | 48.27 14.26 | 56.23 74.07
1.24 0.00 1.44 0.00 56.23 10.54 65.57 84.61 '
i 1.44 0.00 1.68 Q.00 65.51 6.97 76.32 91.58
[ 1.68 0.00 1.85 0.00 78.32 4.15 : 88.91 93.73
i 1.895 0.00 2.28 Q.00 88.81 | 2.08 103.58 87.82
2.28 0.00 2.65 0.00 103.58 0.72 | 120.67 98.54 4
2.65 0.00 3.08 0.00 120.67 0.00 | 140.58 98.54 :
3.08 €.00 3.60 0.a¢ 140.58 0.00 } 163.77 i 98.54 i
3.60 0.00 4.18 0.00 163.77 6.00 180.80 i 38,54
4,33 Q.00 4.88 0.00 180.80 g.10 | 222,28 | 3$8.64
4.38 0.00 5.69 g.0C 222.28 0.36 i 258.95 { 88.99
5.68 0.00 6.63 0.00 258.95 i 0.45 301.68 i 99.45
6.63 0.00 7.72 0.00 301.68 Q.37 351.46 39.82
! 7.72 | 0.00 8.00 c.ga 351.46 0.18 409.45 100.00
H 3.00 ] 0.01 10.48 0.0 402.45 Q.00 477.01 100.00 !
10.48 i .03 1221 0.04 477.01 2.00 j 555.71 H 100.00 I
12.21 i 0.11 14.22 0.15 555.71 | 0.00 | 647.41 H 102.00 i
| 14,22 0.31 16.57 0.47 647.41 | 0.00 | 75423 100.00 -
' 16.57 0.83 19.31 1.30 754.23 0.00 i 878.67 100.00
H 19.31 2.02 22.48 3.32 | i i
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Scientific and Tachnologice! Ressarch Equipment Centre Chulslongkorn  University
Building 2-3 Chuia Soi 62 Phaya-Thai Rd. Phatumwan Bangkok 10336 Tel. 2188026-32, 2388101 Fax, 2540711

Resuit: Analysis Report
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Sample UsQlls
Sample ID: 24 Run Number: 16 Measured: Tue Oct 8 2002 5:48AM {
Sample File: POJ Record Number: 21 Analysed:Tue Oct 8 2002 9:49AM i
Sample Path: A\ . Resuit Sourca: Analysed i
Sampls NotesTest by Pranes : Hie and Tachnologicat Rasaarch ,
Equipment Center Chuislongkam University i
Ory teeder unit ’ H
j
System Delas !
Range Lens: 300 mm Beam Length: 10.00 mm Sampler: MS64 Cbscurstion: 4.9 %
Presentation: 3RHA [Particle R.1. = { 1.4500, 0,1000j: Dispersant R.l. = 1.0000}
Analysis Model: Polydisperse Regidusl: 0.386 %
Modifications: None ;
Result S@listes E
Distribution Type¥olume Concentration = 0.0066 %Vol Dsnsity » 1.000g/cub. crn  Speacific S.A. = 0.1484s5q. m/g
Mezn Diameters: Div. 0.1y = 27.00 um Div, 0.5) = 42.73 um Div,0.9) = 71.07um
| Df4, 3] = 50.04um DI3, 2] = 40.43um Span = 1.037E+00 Unitarmity = 4.064E-01
STze Law {um} | Tn % iTe Figh Tum der i "Size Low (umf | % ite High [um Under®
0.49 .00 [*R-1:4 0.00 [N 42.43 L%:1:] 28,20 2.37
0.58 0.00 0.67 0.00 | 26.20 8.82 30.53 17.44
0.67 G.00 .78 0.00 | 30.53 13.20 35.58 30.64
0.78 .00 .91 0.00 35.56 15.94 41,43 46.58
0.91 c.00 1.06 0.00 | 41.43 16.60 48.27 53.19
1.06 0.00 1.24 0.00 i 48.27 13.54 56.23 76.72
1,24 0.60 1.44 0.00 i 56.23 8.61 65.51 B86.34
1.44 0.00 1.68 i a.o0 | 65.51 3 6.16 76.32 82.50
1.62 0.00 1.85 0.00 76.32 i 354 88.91 96.04
1.95 .00 2.28 0.00 88.91 1.67 103.58 87.70
2.28 9.00 2.85 0.00 103.58 046 120.67 38.16 i
2.85 0.00 3.08 0.00 120.67 Q.00 140.58 98.16
3.09 0.00 3.80 0.00 140.58 0.00 163.77 98.76
3.60 .60 4.18 0.00 163.77 Q.00 180.80 98.18
4.19 0.00 4.88 0.00 190.80 0.14 222.28 $8.30
4.88 Q.00 5.69 0.00 222.28 0.40 258.95 98.70
5.69 Q.00 6.63 0.00 258.85 0.51 301.88 99.2% :
6.63 c.00 7.72 0.00 301.88 Q.45 351.4¢ . 89.66 v
7.72 0.00 2.00 0.00 351.48 0.26 409.45 89.82 |
9.00 0.01 1048 0.01 409.48 Q.08 477.01 106.00 i
70.48 0.04 17221 0.05 477.0% 0.00 555.71 100.00
12.21 0.12 14.22 0.17 565.71 0.00 647.41 100.00 H
14,22 0.34 18.57 0.51 547,41 0.00 754.23 100.00 ,
16.57 0.90 19.31 1.41 754.23 Q.00 §78.67 100.00 :
191 2,23 22.43 3.64
20 \/‘oéumc. (°/.o) ~oo
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Scienlific and Tachnological Ressarch Eguipment Centre

Result: Analysis Report

Chulalongkorn
8uitding -2 Chula Soi 62 Pheya-Thai Ad. Phatumwan Sangkok 1933C  Tel. 2188025-32, 21881
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Fak. 2540231
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-bamplz Uelails

Sempie ID: 226 Run Numbar: 7 Mensured: Tue Oct 8 2002 10:36AM
Sampie Flle: POJ * Record Number: 29 Ansiysec: Tue Oct 8 2002 10:36AM
Sampis Path: Az Resuit Spurce: Analyssd
Ssmple NotesTest by Pranee : Sciantific and Technological Resesrch »
' Centar Chulal, korn University
Dry feader unit .
System Defails
Range Lans: 200 mm Beam Langth: 10.00 mm Sampler: M564 Cbscurstion: 5.1 %
Preazntation: 3RHA [Panicle R.J. = { 1.45CG0, 0.1000); Dispersant R.I. = 1.0000]
Anelysis Modet: Poiydisperse Rasidual: 0.422 %
Modifications: Nona
Result Statistics
Distribudon TypeNolume Concentration = 0.0070 % Vol Denshty = 1.000 g/ cub.cm Specific S.A. = 0.1470sq. mJg
Mesn Dismaters: Div. 01} = 28B.37 um Div,0.5) = 42.42um Div,0.91 = £837um
D {4, 3] = 4845um {3, 2] = 40.80um Span = 9.429E-01 Unitormity = 3.582E-01
o Low fum, % TTe High (um Tndar Sixe Low lom] | n % Size Figh fum] Under %
[S:4:) [sl ¢4 0.b8 O. ) 335 820 L
0.58 0.00 0.67 0.00 28.20 8.86 30.53 15.10
0.67 0.00 0.78 0.00 30.53 14,52 35.56 29.62
0.78 0.00 0.91 0.00 35,56 17.56 41.43 47.1B
0.91 . 0.00 1.06 .0.00° 41.43 17.57 48.27 64.74
1.06 © 0.00 1.24 0.00 48.27 13.79 56.23 78.523
1.24 0.00 1.448 0.00 56.23 9,50 65.51 88,04
1.44 0.00 1.68 0.00 65.51 5.87 76.32 93,80
1.68 0.00 1.95 .00 76.32 3.18 88.91 87.08
1.85 0.00 . 2.28 0.00 8E.97 1.33 103.58 98.41
o228 .00 2.55 0.00 103.58 0.21 120.67 98.61
2.55 0.00 - 3.09 0.00 120.67 0.00 140.58 98.61
.08 0.00 3.80 0.00 140.58 c.00 163.77 a8.61
) 360 0.00 4,13 0.00 163.07 0.00 150.80 58.61
R I 4.19 0.00 4.38 Q.00 180.8¢ 0.14 222.28 98.75
" 4.38 .00 5.69 0.00 222.28 0.36 258.95 89932
’ 5.69 o.co 6:63 -0.00 258.95 0.41 301.68 99.52
6.63 0.00 7.72 0.00 3¢1.68 0.28 351.46 99.82
7.72 0.60 9.00 Q.00 351.486 0.18 408.45 100.00
9.00 0.01 10.48 0.01 408.45 Q.60 477.0% 100.00
10:48 0.02 12.21 0.03 477.01 a.00 555,71 10¢.00
12.23 0.06° 14.22 8.09 555.71 Q.00 647.41 100.00
14.22 0.19 16.57 0.28 647.21 €.00 75¢.23 100.00
16.67 0.53 19.311 0.81 ! 754.23 1 0.00 878.67 100.00
19.33 1.47 22.49 2.28 i
>0 \/Oltjlmﬂ (.‘Va) 100
20
80
7O
SO
10 so
<O
te)
20
10
o] . . " o
Q.01 G 1T0.0 100.0 1T00Q.0

1.0
Parilcie Diameater (um. )

MEsiencizer S long bad Ver 219
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Sarist Numper.

Mawam. UX
Te10B84 BGI456 Fax D883 EUTIAE

o8 o7 1

123



124.

s - s - . - ’ - .~
autiaFosilnidumemaniussnalulad  @Asansa Mgy )
CEMIMOMIUZ  DARnmi2u & nwanin vy rsanes 0330 s nizseasaz, menior lriwys 28a0em

Scientific and Technological Research Equipmeant Centre
Building 2-3 Chula Sci 42 Phaya-Thai Rd. Phatumwan Bangkox 10332

Chulalongkorn  University
Teol. 2188029-32, 21881C* Fax, 25¢6217
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Resuit: Anaiysis Report

Sample Detalls .
Sampie D: 225 Run Number: 9 Maeasured: Tus Oct 8 2002 10:40AM
Ssmpie File: POJ Record Number: 30 Analyzed:Tue Oct B 2002 10:40AM
Samply Path: ATl Resuft Source: Analyssd
Sampie NotesTest by Pranwe : Scientific and Technoiogical Resenrch »
Equip Centar Chulal University
Dry teedar unit
System Delails i
Renge Lens: 300 mm Beam Length: 10.00 mm Sampier: M564 Obscueation: 5.0 %
Presentation; 3RHA [Panicie R.I. = [ 1.4500, 0.1000j; Dispersant R.i. = 1.0Q00} !
Analysis Madsl: Polydisperaa Residual: 0.332 % ‘
Modifications: None
Result Stafistics
Distribution TypeValume Concermtration = 0.0068 %Voi Dansity = 71.000 g/ cub. cm Specific SA. = 0.1477sg.m/g
Maan Diamaeters: Div, 0.1} = 28.07 um Dliv, 0.5) = 42.06 um D(v,0.8] « 6949 um
Di4,3] = 43.53um D221 = 40,63 um Span = 9.850E-01 Unitarmity « 3.970E-01
Suze Law [um) n % Size High [uml | Underta Size Low {um] | n % i Sike High Tum] Under%
~ U.49 U.00 0.5% T.og LAY T E LN R 286720 .58
0.58 0.00 0.67 0.00 26.20 i 9.30 30.53 15.58
0.67 0.00 0.78 0.00 30.53 ! 14.82 35.56 30.80
.78 0.00 0.91 0.00 35,56 17.46 41.43 48.25
0.91 0.00 1,06 0.00 41.43 16.98 48.27 65.23
1.06 - 0.00 1.24 0.00 48.27 13.15 56.23 78.38
1.24 0.00 1.44 Q.00 56.23 3.08 65.51 87.45
1.44 0.00 1.68 0.00 65.51 5.69 | 76.32 1 93.14
1.68 0.00 1.95 0.00 76.32 3.17 . 8881 | 96.32
1.95 0.00 2.28 0.00 |1 88.891 1.41 103.58 97.72
2.28 .00 .2.65 0.00 i 103.58 0.29 120.67 - 88,02
2.68 . 2.00 3.08 . 0.00 120.67 0.00 140.58 98.02
3.08 .00 3.60 0.00 140.58 c.00 163.77 98.02
3.50 .00 4.18 0.00 163.77 0.00 180.80 98.02
4.19 0.00 4.88 0.00 120,80 0.20 222.28 98.22
4.88 -0.00 5.63 Q.00 222,28 0.55 258.95 98.77
5.69 0.c0 6.53 | 0.00 258.88 0.59 301.68 89.36
6.83 0.00 7.72 0.00 301.58 0.41 351.46 88.77
7.72 0.00 $.00 i €.00 351.45 0.19. 409.45 859.56
2.00 0.01 10.48 0.01 402.45 0.04 477.01 100.00
10.48 0.02 12.21 0.03 477.01 0.00 555.71 100.00
12.21 0:07 14.22 0.10 §55.71 0.00 647.47 ~ 100.00
14.22 0.20 16.57 H 0.30 847.41 0.00 754.23 100.00
16.57 0.56 13.31 | 0.86 754.23 £.00 878.67 100.Q0
' 19.37 1.58 22.43 | 2.44 i i
20 - L At : ; . 100
- 20
80
TOo
SO
10 i
<O )
30
20
SO
O " : Fi o =
.o .1 o 0 = 16.0 100.0 1To0Q0.0
4 Particle Diameter (Hm.)
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Sceientific and Technological Resasrch Equipment Cantre Chulalongkorn  University
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Resuit: Analysis Report

Sample Uealls
Sampie ID: 226 Aun Number: 11 Measured: Tue Oct 8 2002 10:42AM
Ssmgple File: POJ Record Number: 32 Anolysad: Tue Oct 8 2002 10:42AM
Semple Psth: AN\ Rexuft Source: Analysed |
Sampia Notes:Test by Pranse : Scientific snd Tschnalogical Resenrch It
Eguipmant Center Chulsiongkom University
Ory foeder unit
System Details
Range Lans: 300 mm Seam Length: 10.00 mm Samplar: MS64 Obscuration: - 5.4 % i
Presentation: 3AHA [Particle R.. = { 1.4500, 0.1000}); Dispersant R.l. =« 1.0000] i
Analysis Modsi: Polydisperse Residusl: 0.471 %
Modifications: None
ResUlt Statistics ]
Distribution Type¥Motuma Concemration = 0.0076 % Vol Density = 1.000 g/ cub. cm Specific S.A. = 0.1330sq. mig |
T Mewn Dinmmaters: Div, 0.7} = 28.33um Div,0.5) = 44,01 um Div. 0.9 = 72.82um i
D {4, 3]-= 50.23 um D3.2) = 41.35um Span = 1.013E+00 Uniformity = 3.667E-01 |
™ i
Siza Low (Um] n % Srze High (um] | Under%k ["Size Low {um] | Tn 3% Sixe High {um] Under%
’ TAY 0.00 U.5% i T.oT 22,59 I —3385 5.0 5.27
D.58 0.00 Q.87 0.00 26.20 8.10 30.53 14.37
0.67 0.00 0.78 0.00 30.53 12.91 35.56 .27.28
©.78 0.00 0.81 0.00 35,56 15.98 ! 41.43 43.26
- 69 .00 1.06 0.00 41.43 16.82 48.27 60.08
1.06 0.00 124 .00 48.27 | 14.186 56.23 74,23
1.24 0.00 © 144 0.00 56.23 10.52 65.57 84.75 ‘
1.44 0.00 1.68 0.00 86.51 7.02 76.32 21.76
.68 " 0.00 1.9% 0.00 76.32 4,17 | 88.91 85.53
1.95 Q.00 2.28 0.00 88.91 2.08 | 103.58 ge.01
228 0.00 | .. 2.6F 0.00 103.58 0.71 120.67 88.72
2.65 0.00 . 3.08 ©° 0.00 120.67 0.00 144.58 98.72
3.09 0.00 o 3.680 0.00 140.58 C.00 163.77 98.72
3.860 0.00 4.19 0.00 163.77 0.00 190.80 98.72
. 4,18 0.00 4.88 0.00 180.80 0.10 222,28 88.82
4.88 0.00 ' 5.68 0.00 222.28 0.32 258.95 99.14 -
B8.69 0.00 £.63 ' 0.00 258.95 0.38 301.68 98.863
6.63 - 0.00 4 7.72 0.00 .301.88 0.29 351.46 98.81
2.72 0.00 9.00 Q.00 381.48 0.19 409.45 100.00
8.00 0.01 30.48 0.01 409.45 0.00. 477.01 10€.00
10.48 0.02 1221 .03 477.01 0.00 555.71 14Q0.00
12:.21 0.07 14,227 Q.10 555,71 0.00 §47.41 100.00
14,22 0.2% 16.57 0.3¢0 847.41 Q.00 754.23 100.00
16.57 0.57 19.31 Q.87 754.23 H Q.00 878.67 100.00
18.31 1.53 22.49 2.41 } |
DO o e e S SN KPR . . .. ..100
N 20
ao
7O
SO
1o : so
-0
30
20
: 1O
Q. . A L. .
O.0" ©.1 1.0 TO.0C 100.C 1T0C0.0O
Particie Diametar (urm.)
MaiverT instrumenta Lia. Mastarszer S iong bec Ve 218 z
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Operalor : Bang-on

Client : Poj

Job : EDX - Qualitative Analysis
samplé 22-2 (10/8/02 14:58)
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Operatod : Bang-an
Client : Poj
Job : EDX - Quafitalive Analysis

20

sampls 22-3 (10/8/02 15:17}

=

Enetgy {keV)

AN




cps

100 - -

60

© 40 -

20

Operator © Bang-on

Giient : Pof

Job | EDX - Quakiative Analysis
sample 24-1 (10/8/02 15:01)

Ri

Ni

Energy (kaeV}

gel



cps

60

40+

20

Qperator : Bang-on

Client : Poj

Job : EDX - Quatilative Analysis
sample 24-2 (10/8/02 15:03)

i
i N
i
i
i

Hi

3y

|
|
r
|
|
|

8
Energy (veV)

BEL



cps
80 -~
80|
] .
40 -
f‘ﬂi
20 !
|
1
L]
C (0] Jr | Si
Q- R A o

Operalor : Bang-on

Clent: Poj

Job 1 EDX - Quathalive Analysis
sample 24-3 (10/8/02 15,04)

—Z

Enerqy (kaV)

ot



NIANUIN U

SYURAIBHABNANTNITAN A B UAZ C



142 ¢

MATERIAL SAFETY DATA SHEET

Wall Colmonoy Corporation .
30261 Stephenson Hwy.
Madison Heights, Michigan 48071-1650
Phone: 248-585-6400 FAX: 24B-585-7960

This sheet has been designed to mast the requirements o! OSHA Hazard
Communication Standard 29 CFR 1810.1200 and OSHA Form 174.

Section . Identity:
Product Name: COLMONOY No. 21, 22, 23A and 24 Fuseweld Powder
MSDS Date: January 10, 2000 Page 1.0f 3

Sectian ii. Ingredients/identity Information:

Nickel - - 7440-020 1 mg/m3 15mg/m3 . balance
Carbon 7440-44-0 None 10 mg/m3 -1
Chromium 7440-47-3 1 mg/m3 0.5 mg/m3 1-5
Iron 7435-89-6 10 mg/m3 10 mg/m3 51
Silicon 7440-21-3 10 mg/m3 10 mg/m? 2-4
Boron 7440-42-8 None None 1-2

Section llf. Physical/Chemical Characteristics

Bolling Point: Not applicable

Specific Gravity: #21=8.34, 22=8.40, 23A and 24 = 8.560
Melting Polnt: . #21=2050°F, 22=1925°F, 23A and 24 = 1950°F
- Evaporation Rate: Not applicable

Vapor Pressure: Not applicable

Vapor Density: Not applicable

Solubllity: Not water soluble

Appearance and odor: Dark grey metallic powdsr. No distinct odor.
Section IV: Fire and Explosion Rata

Flash Point and Method Used: None
Extinguishing Media: Do not use water on metal fires, use dry chemical, dry sand

or CO2 to smother fire.

Special Fire-Fighting Procedures: Do not breathe fumes. For largs fires
involving this material, fire fighters should wear self contained breathing apparatus.

Unusual Fire and Explosicn Hazards: Fires or explosions may be initiated by
exposing any concentrated dust suspension in an enciosed area to a spark or flame.
Do not allow dust accumulation from welding, grinding or machining processes.

U n-1-1 uanedananiunazaenidan Colmonoy No.22(A) Uay Colmonoy No.24 (B)
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2roduct Name: Colmonoy No. 21, 22, 23A and 24 - Page 2 ot 3° -

Section V. Beactivity Data
Stability: This product is stabie. :
Conditions to Avolid: Under special conditions, Nickel can react with carbon

monoxide in reducing atmospheres to form Ni (CO)4.

Incompatibility: Acids, strong oxidizing agents.

Hazardous Decomposition or Byproducts: During the welding process, one or
moare of the following fumes may be produced, in the fo!lowmg order: iron oxide, nickel,

oxide, chromium oxide.
Hazardous Polymerization: Will not occur.

Section V], Heaith Hazard Data

" Expected Route of Entry: Inhalation of fumes when heated would be main route of
exposure. Dust can be created if grinding or machining parts after welding. '
Health Hazards (Acute and Chronlic): Chronic inhalation of dust or fumes may
cause upper respiratory irritation. Repeated handling of powder can cause skin rash
(dermatitis) in people sensitive to nickel or chromium.

Carcinogens: The National Toxicology Program (NTP) lists chromium as a known
carcinogen. NTP indicates that nickel and certain nickei compounds may reasonably
be anticipated to be carcinogens. IARC lists chromium as carcinogenic to humans and
niickel as possibly carcinogenic to humans.

Signs and Symptoms of Exposure: Respiratory--sneezing, coughmg Skin
contact: rash. :

Medical Conditions that May be Aggravated: Allergies

Emergency and First Ald Procedures: Inhaiation: Remove to fresh air. Skin .
contact: wash thoroughly with mild soap and water. Eyes: flush with water until clear
of particles. Ingestion: notlikely to occur if any significant amount. If symptoms

- persist after any route of exposure, seek medical attention.

Section VI, Precautlions for Safe Handling and Use

Procedure in Case of Spill: Take up by method that will not create airborne
particles, such as wet sweeping or vacuuming with HEPA filter. Save in labeled
container for re-use or disposai.

Waste Disposal Method: Normally reclaimed for scrap metal values. If disposal is
necessary, follow rules for regulated waste of this nature.

Precautions for Handling or Storing: Keep away from strong oxidizers. Avoid
repeated handling. Do not eat or smoke in areas of use.

Section VI, Control Measures .
Resplratory Protection: If exposure limits are exceeded wear NIOSH approved
respirataor giving fume protection. If grinding after welding, dust mask should be worn.
Recommended ventilation: Local exhaust needed for welding.

Gloves: As required for welding. Eye Protection: Shaded lenses appropriate for
welding process being used. If grinding after welding, safety goggles or face shield
should be worn.

Other: Wear clean work clothing that is laundered separate!y

U w-2-1(Ala) uwanItayaNIUNATBILITEN Colmonoy No.22(A) uaz Colmonay No.24 (B)
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Product Name: Colmonoy No. 21, 22, 23A and 24 Page 3 of 3

General Health and Satety Warning: THE FOLLOWING IS A PRECAUTIONARY .

STATEMENT THAT APPLIES TO ALL WELDING/BRAZING PRCDUCTS, keep your
head out of the fumes. Use encugh ventilation, exhaust at work, or both, to keep fumes
and gases from your breathing zone. Heat rays (infrared radiation from flame or hot |
metal) can injure eyes. Wear correct eye, ear and body protection. Before use, read,
understand and follow the manufacturers instructions, the material safety data sheet .
and your employer’s safsty practices. See American National Standard 249.1, "Salety.
in Welding & Cutting” published by the American Welding Socisty, 550 N.W. LeJeune
Road, Miami, FL 33126 and OSHA 29 CFR 1910 available from the Superintendent of
~ Documents, U.S. Government Printing Office, P.O. Box 371 954 Pittsburgh, PA 15250.

DOT Shipping Intfoermation: This product is not regulated for shipping.

Health: 1 Flammabllity: - 0 Reactivity: 1

* The following matenals are subject to the repomng reqmrements of Sectxon 313 of
Title #il of the Superfund Amendments & reauthorization Act of 1986 and 40 CFR

© . Part 372. They also appear on the CanaCian Ingredient Disclosure List:
‘Nickel and Chrormum

Cailtornla; This product contains a chemical known to the state of California to cause
cancer.

New Jersey: This product contains the following materials listed on the New Jersey
Right-To-Know Hazardous Substances List:

Substance 0432, chromium, CAS 7440-47-3, DOT No. None

Substance 1341, nickel, CAS 7440-02-0, DOT No. None

tr t if

" This product complies with all applikfabée rules or orders under TSCA.

51 w-1-1(5i8) me\rﬁﬂzg@mwmmamL%ﬂu Colmonoy Ne.22(A) waz Coimanoy No.24 (B)
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. MATERIAL SAFETY DATA SHEET

Wall Coimonoy Corporation -
30261 Stephenson Hwy.
Madison Heights, Michigan 48071-1650
Phone: 248-585-6400 FAX: 248-585-7960 |

This sheet has been desigrned to mes! the requirements of OSHA Hazard
Communication Standard 29 CFR 1910.1200 and OSHA Form 174.

Product Name: COLMONOQOY ALLOYS 225, 226, 227 and 228 :
MSDS Date: October 26, 1898 Page 1 of 3

COMPONENT . CAS No.  OSHA PEL  ACGIHTLY  Percent

Nickel ' 7440-02-0 1 mg/m3 1.5 mg/m3 B0-95
Boron 7440-42-8 None None

Silicon 7440-21-3 10 mg/m3 10 mg/m?

inert Material Trade Secret None None -

Section i1, Physical/Chemical Characteristics

‘Bolling Point: Not applicable

Specific Gravity (Hp0a1): 8.5

Melting Paint: 2330-2380°F

Evaporate Rate: Not applicable

Vapor Pressure: Not applicable

Vapor Density: Not applicabie

Sclubliity: Not water soluble

Appearance and Odor: Silver/grey metallic powder, no distinct odor.
Section [V: Fire and Explosion Data

Flash Polnt and Method Used: None

Extinguishing Medla: Do not use water on metal f:res use dry chemical, dry sand
or CO2 to smother fire.

Spec»al Fire-Fighting Procedures: Do not breathe fumes. For large fires
mvolvmg this material, fire ftghters should wear self contained breathmg apparatus.

Unusual Fire and Explosion Hazards: Fires or explosions may be initiated by
exposing any concentrated dust suspension in an enclosed area to a spark or flame.

I3

31 w12 uanedayamsmAveanndian Colmonoy No.225(C)
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Froduct Name: Colmonoy 225, 226, 227, and 228 Page 2 ot 3

Section V. Reactivity Data

Stability: This product is stabie.

Conditions to Avoid: Under special conditions, Nickel can react with carbon
monoxide in reducing atmospheres to form Ni (CO)4.

Incompatibllity: Acids, strong oxidizing agents.

Hazardous Decomposition or Byproducts: During the spraying or heating
process, nickel-oxide fumes can be produced. ' ,
Hazardous Polymerization: Wil notoccur.

Sectiop V. Health Hazard Data

Expected Route of Entry: Inhalation of dust ar fumes (if heated) would be main

route of exposure.
Health Hazards (Acute and Chronic): Chronic inhaiation of dust or fumes may.

cause upper respiratory irritation. Repeatad handling of powder can cause skin rash
(dermatitis) in people sensitive to nickel.

Carcinogens: The National Toxicology Program (NTP) indicates that nickel and
certain nickel compounds may reasonably be anticipated to be carcmogens IARC
lists nickel as possibly carcinegenic to humans. ’ '
Signs and Symptoms of Exposure: Respiratory--sneezing, coughmg SKin
contact: rash.

Medical Condltions that May be Aggravated: Allergies

Emergency and First Aid Procedures: inhalation: Remove to fresh air. Skin
contact: wash thoroughly with-miid soap and water. Eyes: flush with water until clear
of particles. Ingestion: if large amount, induce vomiting. If symptoms persist after
any route of exposure, seek medical attention.

Sectlon VI, Precautions for Safe Handling and tse

Procedure in Case of Splil: Vacuum with HEPA filter or damp sweep so as not to
create airborne dust. '
Waste Disposal Method: Normally reclaimed for scrap metal values. if disposal is
necessary, follow rules for regufated waste of this nature.

Precautions for Handling or Storing: Keep away from strong oxidizers. Avcid
creating airborne dust, avoid repeated handling. do not shake clothing or rags to
remove dust. Do not eat or smoke in areas of use.

Section Vill. Coptrol Measures

Respiratory Protection: i exposure limits are exceeded wear NIOSH approved
dust/mist respirator. Follow OSHA Respiratory Protection Plan, 28 CFR 1910.134
Recommended ventilation: Local exhaust needed if spraying. Spraying should
be done in a spray booth with dust coliection system.

Gloves: Skin barrier cream or work gloves recommended.

Eye Protection: Shaded protective lenses suitable fcr spraying application being

perfarmed..
Other: Wear clean work clothing that is laundered separateiy

g ©-1-2 (m‘@)me%y‘ﬂmdmmmmﬁ@u Colmonoy No.225(C)
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Product Name: Colmonoy 225, 226, 227, and 228 Page 3 of 3

Geperal Health and Safety Warning: THE FOLLOWING IS A PRECAUTIONARY

STATEMENT THAT APPLIES TO ALL WELDING/BRAZING PRODUCTS; keep your
head out of the fumes. Use enough ventilation, exhaust at work, or both, ta/'k’éep fumes
and gases from your breathing zone. Heat rays (infrared radiation from ffame or hot
metal) can injure eyes. Wear correct eye, ear and body protection. Before use, read,
understand and follow the manufacturers instructions, the material safety data sheet
and your employer's safety practices. See American National Standard Z49.1, “Safety
in Weiding & Cutting” published by the American Welding Society, 550 N.W. Ledeune
Road, Miami, FL. 33126 and OSHA 28 CFR 1810 available from the Superintendent of
Documents, U.S. Government Printing Office, Washington D.C. 20402.

DOT Shipping Information: This product is not regulated for shipping.
HMIS Numbers:

Heaith: 2 Flammabliity: 0 Reactivity: 1 .

SARA Title lli and Canadian lngredlent Disclosure List information:
The following materials are subject to the reporting requirements of Section 313 of
Title 11l of the Superfund Amendments & reauthorization Act of 1986 and 4C CFR
Part 372. They also appear on the Canadian Ingredient Disclosure List:

Nickel and Chromium.

i i rimati

Callifornla: This product contains a chemical known to the state of California to cause
cancer.

ﬁmﬁm This product contains the following materials hsted on the New Jersey

Right-To-Know Hazardous Substances List:
Substance 1341_, nickel, CAS 7440-02-0, DOT No. None

Toxic Substances Control Act Certification:

This product complies with all applicable rules or orders under TSCA.

: y i
1) -2 (AR)UAM LDy AN NMATDINAUTEN Colmonoy No.225(C)



Glass Packaging

BEST PRACTICE

ACI MOULD MATERIAL SPECIFICATIONS MANUAL

rornorisen | £S A i\ | REV: 00 ISSUE DATE: 27/3/7

-

MATERIAL TYPE:. MT-BZ-01
ACI SILICON BRONZE

CHEMICAL COMPOSITION: Target (%)

. Nickel ' 15.00

. Aluminium 9.50

- Zinc 8.5C

. Silicon 1.00

- fron 0.90

. Manganese C.10

- Tin 0.00

. Lead 0.00

. Phosphorus 0.00

- Sulphur ' 0.00

. Copper Balance
HARDNESS BHN220

Reter to Appendixes for Compositional Influences

END

Issued by AC! Operational Development Group
SPPRMO0C.00T

U 1-2-3 uanstaya Specification 484 Silicon Bronze

Range (%).
+1.00
+0.50
+1.00
+0.10
+0.10 -
+0.05
+0.10
+0.15
+0.15

+0.02

COPYRIGHT RESERVED 'NAT 1O BE COPIED'IN U‘HOLE» OR PART WITHGUT WRITTEN PERMISSION FAOMACIGLASS. PACKAGING - I
Page 7 af 7
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Input lncluded for connection of op I/om;l
extensometer and displacemens ircniccers

W-Series partable testing machine with wall
starage option

Outions availotle Include. Clear protective sereen,
dust caver, grips and azrachmenis 1o hold 1est
specimens, printer and RS232 cabie

Horld-whle arer 19000 satlsfed uszry of Hour ifield
mgtertals testing wachiner, Or=lne teckines! sugpori
Lo Hounsfis Id enginezes angd represencatives
availuble frec afdmrye

FEUMINIVAL OFCUITIUATTUIN

Models H20K-W ¢ H10K

W

159

r_'_

FRAVE

CONTROL
PANEL

FORE -
VEASUREMENT

H9K.W Cagacity 206N (2000kg]
Proaf tesicd 1o 40k N*® )
HIOK-W Capsaty 10N (00Skg)
Proa? tested to 20EN®
HIK-W Capasity SkN (500ks)
Proof tosted to 10N
Styl= Hortzonte! Beach Mounted
Construction sofid s(eel-croszhends wish
shoot steel praclling
Preculor Gear Speed Raduction wita
Low/High Recuction Mode
Pracition Stee) Lezd Screwz
Pz oaded Lezd Secew Tarust Racas
Frams $hilfass SCKNfmom 9t acmei foed poiny

. Prciion DC Moier

Programimabke mosshead Limit Switciey

Emorgency Stog Swinck .

Maxamura erassitead trovel excluding grips
iz {00

Mazimue sample Sze | Stmm Wide s
{60mm Decp

*1 Note Copadtiv it v kigh cediiciion fioge cd i

redeeed 1e 1116 &8 love ducilon mcds

Force Programmable Extersicn of
Auxlisry Bregi Detector

Programmable Limits, Forca, Extersioz.
Auxilisry aad Jog

4 Alaka Numeewe 20 Character Samyple [oriSes

§ Programmable Coincidence Poirs

Force. Extension and Auxliary Units Select

Storage and reireval of S test profiles

Multi-laaguage

High resalution graphical owtpul diceet ta priter

Force, Buiznsion Auto Ranging or graphical
paniey:

Mu'tple test rzsel stoage facclity

Serial Datg Logger Quipu: Mode for Curve and
Reszlis Data m ASCH

3C Charester 7 Row Superiwis: LCD
Alpiza Numeric Display

4 Multi Fync:for Data Ertry Keys wh
Raised-Positive Key Action

C tosshead Lett. Right, Stop and Text :('v:

LED Dircztion and Alaczx indizatons

S_\mn: Wach Dog Timer

t Asxdliary agtios shot for cuierea! squipment

Barzilel Priater Por:

- 1€ Bit Micresontrolier wita Banery backed

memory
Audible alarmz

Load Celi Z Beam Consruction

Cozforms to ENION2.2, ASTM E4,
DINS1221.[SO Tseee

EZUX-W Machice Raage (XN w XN,
Ascuracy | Ghof Applicd For:

HITK W Machize Rasze S0CN 10 10kN. -
Azuney 0% <l Apphod Foree

HIK W Macame Rangs 260N 2 54N,
Accureey | Chel Azplied Force

30t Treasduze: A/D Comertar

Tane pepling vle fypoal'y €6 Tices per Secord

te3d cel mesolition | sart i 3208
wzsion ar Comprassion)

O:ra Lead Ta - 229, whilst
mzintziniag Uf load cell eopzaity

§ gt Actve rorse Display

5 g Forve Peak Hald Displey
{Tagion or Comoreuion;

Mol Ve Nawseat, Clagrors Rayade
P kil e

Zrazrammabie L2aC Limigs

- ?nogrammabiz Pre-Losd

Extzasion Measurement 3y optical encoder
Single mevsurement ran22 020 (000mm
Revolation 0.0tmm seceracy 0. L/ 309may
6 Drgut Active Exteasion Display

EXTENSION .
- (Crosshicad o Auxitiary)
ME‘:&SL'EEME.\T 6 Dugit Extension ! bresk display
l {Croushead o7 Auxiliacy)
i Cispiay Units, Miilameres, Incher
Programvosbie Extension Limits

—

i

i
SPEED

coNTROL

HARDWARE
OPTIONS

_I

i

i
i
i
—
\
t
§
|
!
i

1 Programansble taat spesds
High Reduction Mode: | Sramfmin to SOrar/on

Programmable jog speed
High Reduction Mods: 1.Smrvrme to SUnm;m“

Digisa! clesed Isop velosity control
- 9pzad sacurecy berter an +~ 1% of fal} Spaed
Dual $peed Fuaction whilssuader teg

fetlt dexction aed over coment prorction

Houasficlé rge of Clip on Extensometers
Hozasficld ange of Displazement
Transducers

- Hounsfeld racge of Grips and Atschoants
Clear pmecnvc screen .
Wall mounting srackess
Duii cover
Prinier HP GLUPCLS ecmpsub

t Printer cabis
—— RS23cable

o Loagth 1100, Depts 370mm,

DOHENSIONS

REIGHT

TRMPERATURE

HUMDY

PORER

Hright 210mm
kg

Qperatmg 0°C to 3$°C
Staragn -{F°C 10 45°C

12 0 5% Non-Cozdensing Wet Bulb Metaod

43v SUOHz 0V
Srandard Oztioeal Vollages DUUV. ! OIIZ.SV

G MARRED

*Gpticral caltbrition ceriificases e ailabie inved i cecardonce
itk posifc tondards or K{UAS. :

HOW TO ORDER
To .perform mechanical tests
quickly and easily on materials.

such as metals, ptastics,
coimpusites, -rubber, wood,

textils, paper and p'!ckagmg._
y ldDB

leather, helts, wirg,
yam, fixings, cables, con-
nectars, adhesives, com-
ponants and applications within

- .education, -contact Hounsfield

Test Equipment e-mail:sales
@hounsiield.com or
fax: ++ 44 (0)1737 764768 or
tel: ++ 44 (0)1737 765001

Low Reduction Mode: 1Starvmic to ‘Oﬁ-nmm

Low Reduetion Mede: | Smmitam to S0/

Drive sytzm: 4 Qusdran: Matar Dave %tk oto



HOUNSFIELD TEST EQUIPMENT 160

" (| ) ~ PROOF STRESS EXTENSOMETER

Specification, Cli someter.
£33 Al
: : ,—‘:"c| ? P l =
[ ’ i i o
- [
Saugs hegh e .
) -0 e Y e ! E—_—_ %
I o
; e ‘if—‘_lllﬁ
3y —
N N
UNITS PS25 PSSO
Gauge length mm 25 50
Range(Tensile) % 0to 10 Oto 10
Calibrated travel mm 2.5 5
Calibration specification | - BS 3846 BS 3846
' Grade C Grade C
‘Sample diameter mm 2to 16 - 2to 16
Force at maximum travel N - 05 05
Length . - mm 54 54
Height | mm - 25 25
Width ‘ - mm 40 68
Weight g 70 | 90
Cable length . m 1.5 1.5

Mo

o7 FEAT A v
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