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ABSTRACT

The continuous and nonstop process of cutting silicon steel 27DH100 causes a rapid
deterioration of mold which makes molded parts burr and thus, creates effect to the value of
electrical testing. The molds imported from overseas are very expensive. However, the SKH51 steel
molds, which are sold locally, are generally preferred as an alternative instead of importing.
Nowadays, the technology of film hardness coating and the use lubricant can be utilized to extend
the mold life.

The scope of this study was to determine the lifespan of 27PH100 silicone steel punch with
the thickness of 0.27 mm. The simulation testing used was SKH51 steel punch without TiCN,
TiLAN coating and PVD process installed in the same mold. During the punching process, three
kinds of lubricants were used which were housing oil, mineral oil and coconut oil. The study was
separated into nine trials then a comparative analysis was conducted by measuring the rate of
deterioration of punch and the weight of punch. The deterioration of punch was measured from side
surface and then compared to the quality of molded parts edge.

The results showed that the coating of punch and lubricants affected the deterioration of
the punch resulting in an increased of gap in the cutting edge. Furthermore, the results revealed that
no punch coating and lubricant has the highest deterioration rate while the punch coated with
TiALN and coconut oil has minimal deterioration rate. In order to increase the profitability of this
product from the production process, it is recommended to use the new punch method if the
production requirement is slightly over than 25,000 pieces. However, if the production requirement

is greatly over than 25,000 pieces, it is recommended to still use the traditional punch method.
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2.6 MIMMIUNUIINA ( Cutting Force )
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M3197 2.1 qasandanInaveslatiz¥ian

MATERIAL SHEAR TENSILE
STRENGTH STRENGTH  PENETRATION
SOFT HARD SOFT HARD %
LEAD 2-—3 = 25 -4 - 50
TIN 3-4 = 4-5 - 40
ALUMINUM 7-11 13 - 16 8§-12 17 60 -30
DURALUMIN 22 38 26 - -
ZINC 12 20 15 22 50 -25
48
25
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SPN 1 8 26UP 26 UP 28 UP 28 60-38

SPN 1 3 26UP 28 UP 28 UP UP 60-38
MILD STEEL , DEEP 30 -35 - 32 - 28 28 60-38
DRAWING 27 -36  27-36 33 - 44 UP 40 - 28
SS 34 33-42 33 -42 41 -52 - 40 - 28
SS 41 33

44

33

44
STEEL 0.1%C 25 32 34 40 50 -38
STEEL 0.2%C 32 40 40 50 40 -28
STEEL 0.3%C 36 48 45 60 33-22
STEEL 0.4%C 45 56 56 72 27 -17
STEEL 0.6%C 56 72 72 920 20 -9
STEEL 0.8%C 72 60 90 110 15 -5
STEEL 1.0%C 80 105 100 130 10 - 2
STAINLESS STEEL 52 56 65 - 70 - -
NICKEL 25 - 44 - 50 57- 55

63
MIC t= 0.5 mm. 8 > -
MIC t=2 5 - -
FIBRE 9 -18 - -
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gag P, = PPE |
P, = UNAATINAINA1TAAYY Shear (A1)
Y
t = ANURUIVOIFUNY (WN.)
£ = gnMINi 2.3 1Az 2.4
A 9 g U ~ Y
£ = 3zozi Punch naihluiie Tavgneunazvineonniu
S, = ITHZANNBEIvEIANAR (W)

Tunsaimsdailugnauy

p. = mtloscota
(04 = shear angle
Sh
uag tan X = —
an p

~ SR o .
M3191 2.2 Woesimua penetration VYDV steel

1000

METERIAL IN. 1| 34 58 12 I/ 31 1/ 33 U/l 1/3
THICKNIES 4 6 8 2 6 2
S MM 25. 19. 5. 12, 6. 48 3. 24 16 08

1 (= AN 4 2
PENETRATION % 25 31 35 37 50 56 62 67 75 87
15197 2.3 1o IFU penetration Y94 steel 11INATUAIVO shearing strength

METERIAL THICKNESS (mm)
UPTO 1 1-2 2 -4 4 AND OVER

STEEL
(O4=50-70 kg/mm’) 75-70 70 - 65 65 - 55 50 — 40
(Og=50-70 kg/mm’) 65— 60 60 - 55 55— 48 45 - 35
(O4=50-70 kg/mm’) 50— 47 47 - 45 4438 3525
ALUMINUM 80 - 75 75 - 70 70 - 60 65 - 50
COPPER }

o, = shearing strength
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Wear Volumes

Sliding distance or Number of contact cycles
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TYPE OF COATING BUILD-UP

Single layer

Workpiece

i 2.25 uﬁﬂwumaaumiuiﬂgm‘uma 9

‘ﬁm : Sulzer Metaplas

CUSTOMER ADVANTAGE

Product quality
Productivity
Tool life

Hardness

Wear rate
Coefficient of friction
Surface reaction
Tool costs

‘ljﬁ 2.26 uﬁmﬂmﬁuummmmaau

ﬁm : Sulzer Metaplas
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SELECTED COATING PROPERTIES
Coating material TiN TiCN AITiN

Hardness HK (1N) 2500 2900 3000
+400 +400 +400

Temperature 550 450 800
resistance °C +50 +50 +50

Electr. resistance pQcm 6020 8420 640 4000-
7000

Thermal conductivity 8800 8100 8100 7000 L]
(Ws93)/m2K +1000  +1400 +2600 +400 +1000

Coefficient of 0.65- 0,40- 0.50- 0.50- 0.55- RIS
friction (100Cr6) 0.70 0.50 0.60 0.60 0.65 0.30

Layer thickness (pm) 2-4 2-4 3-8 2-4 2-4 1-5

Colour gold- red-brown/  silver  light gold anthracite anthracite/
yellow  grey blue-grey

Ductility good satisfactory  very good good satisfactory -

310 2.27 nagudnyuzvIHINAR LA YTIA

31 : Sulzer Metaplas

2.9.2 malulad PVD 111Ul ARC
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BIAS-voltage
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3 1 2.28 PVD ARC Technology

31 : Sulzer Metaplas
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2.9.3 wmalulad PVD 11uY Sputter
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¥
Hound

Argon plasma

jﬂﬁ 2.29 PVD Sputter technology

W1 : Sulzer Metaplas

511 2.30 PVD Sputter AoumaouA? 31U 2.31 PVD Sputter CeN coated (1.6 pm) HauAd01
= ~
N1 : Sulzer Metaplas U : Sulzer Metaplas

2.9.4 walulad PVD 1uY ARC and Sputter
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Planetary Substrate
holder supplied with
BIAS vollage

Rectangular
Sputter Source

Rectangular
Sputter Source

Vacuum Coating
Chamber
3 Circular ARC Evaporator

317 2.32 M391191WYBI PVD ARC and Sputter

1 : Sulzer Metaplas

317 2.33 1A509 PVD ARC and Sputter

1 : Sulzer Metaplas
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M99 2.5 :Symbol of quality

Symbol of quality Remarks

SPCC Commercial quality

SPCD Drawing quality

SPCE Deep drawing quality

SPCEN Deep drawing special killed quality (non-aging)
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GREEMNFACK TECHMOLOGY CO., LTD.
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GREEN PACK : 906 SYNTHETIC GREEN COOL

DESCRIPTION

GP - 806 SYNTHETIC GREEN COOL & a costeffective, fully syntheliz metalworking fuid
applicable to a wida range of machining pperations and metals: It s ideal for operations that
darnand excelent cocling, lubricly, extreme pressure activity and rust protection. it contairs
bofh chlorne and sutfer 1o protect e 1ol and faciilate chip fomation. GP ;908 SYMTHETIC
GREEN COOL mines easily wih water to form a fransparen: Elue-green solution which
provices excaliant visibility of the work piece:

APPLICATION

GP : 906 SYNTHETIC GREEM CD'DL_iS suitabie

= For high spead machiniag operations requitng good cooling and lutricty.

« Az a coclant in meny “rnaad'nnmg cperafions guch as dilling; tapping, boring, milling,
turring. sawing. threading, reaming and grinding

s For machining a wide range of malerials including cast iron, carbon steels, high alloy sieels
and sizinlzs: sleals.

RECDMMEHDEE-BIJ:HTIQH
et el I (SR
. Emachng,lhreﬁﬂlﬁg*arﬂ Isap.':ur"ﬁ' 1:10
= Tuming, ariling and milliog 1:25
s Grinding 140
BENEFITS
» |mprovad eodling and faster machining.
= Excellent wiaibility of the work pheca.
= Longertool Ife

Wide range of applications in cuting and grinding.

BT 1-1.1'1 ETUSEIENT SWABECET Fnrirnuanil e e
I:u'!l:l llnnalLumlukka LIJI."1|il.|'|:lt.B FatuTrtanae '!215:]
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GREENPACK TECHNOLOGY CC., TD.
e T e T e

Empac
HEALTH HAZARD INFORMATION
HEAL TH EFFECTS ¢
Swallowed Harmful if swallowed — imtafion t the stemach fning, feeing of discormdart
and possible nausea.
Eye: Ml irritant.
Skin; Mild irvitant with profonged or repeated contact,
Inhaled: It mist and fumes enerated - imfatiot 1 mucous membranes and
respiratiny tract may neour
FIRST AlD :
Swallowed: Contact @ doctor or Poisons Infomation Center,
Eve: Fluz with wister far 15 minutes — it imitalion persists call a doclor
Shin; Remove contaminated slothing and shoes —wash off with saap and
Inhaisd: Ramave from ares to fresh air - keep af rest until fully recovared. Loosen
tight cothing,
Adwioe o doctor: Treal for mild alkaliniy and mineral oil effects,
PRECAUTIOMS FOR USE
EXPOSURE LIMITS: 1f st ancior vapours Generalec. < kesp bedi 5 mg fcum,
NT : Work, ifl & wel| venfilaied areg, ]
FE k Ayl saturale clofhirg in contact with the skin. Use chemical rasistant
protective claihing such as apen ', gloves, foobwear,
Wear safsty goggies.
FLAMMABI Mot damer able —containg waler,
SAFE HANDLING IHFORMATION
STORAGE & TRANSPORT: Storein & pool, dry area sway from sirong ouidants — no spedial
requiraments for transpor.
SPILLS & DISPOSAL: Coritain spill wilh sandiearth &ic. Transfer beck ta containers — wash
away residial — contagt supplier Tor suitabilily for nther use,
FIRE/EXPLOSION HAZARD: Mot consldered a hazard,
OTHER INFORMATION: Mot considered hazardous under nermal condifions of industrial use,

6120 veit 4 g Snisigen Sorlanaiad 12150
B30 Moo 4 Lumlukka, Lumlukka. Patumtanea 12150

Tel : 0-2987-1150.1 Foor : 0-266T-1152

W rreanackco ih [ e graanpeckinchdal g com

Exmail | gresnpschEnotmnil comr
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GREENPACK TECHNOLOGY CO., LTD.
i ity bl g b s

capnac
COMPANY
Company Nams :  GREENPACK TECHNOLOGY GO, LTD
Address ' B/20 MOC 2 LUMLUKKA, LUMLUKKA, PATUMTANEE 12150
Tel, o 0-2087-1150-1
Fax. d 0-2887-1152
IDENTIFICATION
PRODUCT NAME :  GP : 806 SYNTHETIC GREEN COOL
TRADE NAME As above
USE : Matal Cutting Fluid Concontrate
UN.NUMBER: NiA
DANGEROUS GOODS.CLASS Nia
SUBSIDIARY RISK: NiA
POISONS SCHEDULE N/A [N/A = None allocated)
PHYSICAL PROPERTIES: « - =« AT =
Appearance Chear, Amb&liqﬁd = Lt:‘;,vllv-l L RPN ii."{@ St}
Ceur Mikd ) | Nap Prassurs mmHg 25 C Yery low
Density 30 C.(kg!) 1.045 © Flammabgity Limits: LEL Nil
Flash Point C. {N/A) Closad : UEL Nil
{N/A) Cpen
Solubility in water  Migsible
INGREDIENTS:
INGREDIENT NAME CAS NO, PROPORTION
Trigthanolamine 102714 >15%
Falyether . > 15%
Monethanalaming 141-43-5 > 5%
Fhosphate Ester - <10 %
Eiocide & Defoamer . < 5%
Ciher - > 5%
Water - > 40 %

620 vl 4 ¥niwagnn funshgnim forlmimed 12150
6/20 Moo 4 Lumlukka. Lumlukka. Patumtanee 12150

Tal - O-2887-1150.1 Fax - O-3RET-1153
Wi JrEEnpacho s N /. waw greenneckicchnology. com
Examll | groonmack@&haimail oon
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3 GREENPACK TECHNOLOGY CO., LTD.

RIS
CERTIFICATE OF QUALITY ANALYSIS
PRODUCT @ SOLUELE CUTTING OIL CUSTOMER : \AaunTedng Thuse T
BATCH bo. ¢ B6042015/GT-0020 ORDER Moo =
MANUFACTURING DALE x RIS AC Moo . Lo
PHYSICAL DESCRIPTION / PROPERTIES

Appoarane: - coneenimbe R Clenr, Amber oil
Speilic Grvdly @ 30T Y]

Spominnety Fxecllont

Copper Coreosion test, T-130 (2

Ph {100 ppim. Wates [(Cale,)
2% diluion A

1% dilutipn 4.1

Ernulsion Stubilizy | [P 263
S i A00 ppn, Waler (Calod)

nl il / ml crean) 005 7 mil

Foeminglml] (50-ml skhaken sof 15 8201 1)
Th L0 ppoo. Water (CoCo.]
lnitial 0

Adler S0 ses, i

WEIGHT CONTROL
] A~
FACSCIn

PREPARED BY / §milag APPROVED 1Y/ eydifitan ;

T 7y
L TANARY A PHONCITAROEN 3 YICITAL PARSTUFSRI)

maie bibDG Dirte E;ﬁbr‘?’?-

B2 vl 4 s g Enreangnn deafimbpuzd 12050 Tradmd o208 1161 Tmsa . o-2an7-1152
i

A Man A Lorelabba Lisvalisbn Debendmans AA4EMN Tei | M ARAT 44 TR A P s b e
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cpeopece  CREENPACK TECHNOLOGY CO.. LTD.

TEL kALY - T

SOLUBLE CUTTING OIL
DESCRIPTION

A phenol not rote free general purpose soluble oil, From & milky emulsion to
cover the widest range of metal working aperation, Suitable for metal cuttng and
grinding of ferrous and non - fermous metal , Good corrosion protection and

excellent spontanaity,

TYPICAL PHYSICAL PROPERTIES

Appearance Ncat [ Clear, Amberoil

Specffic Gravity @ 30 °C 0.88

Sponiancity . Excellet
| Copper Corrosion test, 0-130 1A

Emulsion Stahilty | IP 263
5 %% in 40C ppm. Water (CaCod)

(il all  ml crean) - o opsfm
Ph {100 ppm. Water (CoCO))
2% dilubion - N\ 8.8
10% dilution. i) "di N
| Forming {ml) {50-mi sha!‘angﬁf 1&52!} 1'_|
(100 ppm Water CaCo.), W8l
| Initial ] 20
Afpdisiea \ 0" /sl A\ O gl
COMPOSITION
Mineral il
Emulsifier Package

£40 I‘kﬁ 4 i‘:mﬁ‘lﬁn'l" 1"..1F|a"||a|1r|' f'.r'm’..‘uh}ur'u'.' 12950
620 Moo 4 Lumnlukka, Lumlukka, Pateriones 12450
Tel : -2837-1180-1 Fax - 028871152
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MATERIAL SAFETY DATA SHEET

PRODUCT NAME : SOLUBLE CUTTING OIL

COMPANY DETAILS

Company Name © GREENPACK TECHMOLOGY CO.LTD

hdgress T B0 MO 4 LUWLLMLUHM FA TUMIANEE 12150
Tal, ' (-2987-11501
(=1 | (-2987-1152

PRODUCT |DENTIFICATION

Aot Mame SOLUBLE QUL LFT SPY LN HUMEZR LY
Diher Nari Mot Availabie DANGERDUS GDODS CLASS M
Trade Mame #e sbova SLBSIDIARY RISK hliA
Prohuct Type Genara parpees Cisting and Grinding Fluid HSZCHEM CODE Wiy
Metal Cubling Flud Bdpzantzs POISONS SCHENLLF Ml
Srpdict [es Metal mmm b :
Wethod of Applicatiog i wizh wate NiA = NOINF ALl DDATED
PHYSICAL AND CHEMICAL DATA
s ans ClearFuids a4 in 100 g water FRE
ok Ligh; smbae Sowbiiiy i Watsr Emulsifizbie
Coauar M Flammabiliy Limits LEL LEL
Specitc Gravity @ 157G kgi) 08 ot ko Mot K

Flash Point {*C Clozad Cup) >{10  after water evaporaed  Viapour Pressure (mm, Hg @ 25°C) Very iow
CHEMICLE COMPUNENTS =

MAME LA5 No. PROPORTION
Mimesal Cil G4740-50.5 > B0 - 90 %
Sukorats Emulsiti Confidantia =10 - 20%
Fatiy i > < 2+ 5%
Binzida : < J- 5%
Dhefamer (non Slicone Type) - Trace

20 Wy & ArumEgrn dweshena Sl 1215
A'30 Moo 4 Lumlsicka, Lumlukka, Petumtenes 12153
Toi © 0-2987-115051 Fax ; 0-2987-1152
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GREENPACK TECHNOLOGY CO, LID.

GRE TR

TR Oy

HEALTH HAZARD INFORMATION

Health Effects ¢

‘ngastion = Hamhi I swallmwed — irreation bo the stomanh - finirg, fesing of discemiont and possible

NeisEea,

zya May cause mild irkation:

Fkin Wil iritant wilh rapeaied o prokoged sontad,

nhalalion A sl aned Funigs guoecabad = inilalioe fumusows cesobrar s sod vesgrivaiory bact gy

oerar.

First Al

‘ngashon Contast & doctor or Possone Information Cenbra. Do nat induct vomiting.

tye : Flushiwith frash wates for 15 minubes, fivitation persists call 2 cockr,

Shin * Remove contaminatad clothing anc shoss. wash off with soap and water,

‘mhalation - remewe o fresh air if effioct persist, seak medical assistanca.

Tirst Ald Faciliies Vilster sullable for eyes snd sk should be swailabis in, or near, workslage.

PERCAUTION FOR USE

Exposure Limiis .

Othar Zsposurainin TV -5 moicam., Hmisk antorvapaurs generated — keep the level beiow 5 mgicu,

Vandilation : Ensoe verilston is sdeqoate o maintsin sir concenrations below TLY,

Personal Protection " )

Srotecton Equipment  © Aved satueated clothing in conlaciwith the skin. \Whevs nacassary, fo prolonges contact,
uge chemics! rmeetant prefecive cloting sweh 25 apmn, ghavas, faobvear, salely Jo0gies.

Flammakifity . |

~lia Hazards ! Low hegrard ciassified = combustils - Class(2

SAFE HANDLING INFORMATIDON -

Storapa Frecaution &mnamt&amﬂmﬁammmﬂmm keep clear of sirong
Diilants. Ho perial requivestints far fransped,

Spis and Disposs! mmmmmm Said, parth elc )
Transfer back to containars - contact supplier for sutabitty for dispasal

“irafExplosion Hazards Fignited —wil gave aff furnes of owigas of carhon
: Fireflighters wesr Tespiatons use B]é_‘l}wmﬁmltiﬁ Foam eatingalsher.

Othar information - Met congiderad harardsus under normal conditicns of industral use,

MOTE Thi infarmalion presemed = befeved to o8 conectand refable. However no

-epregentafion, wamanty of quarantes ig rade g tothis acooracy. relishilite or
completaness. Condition of e and sufatility of the praduet or particular uses sre
eyond our contiol AN sk ot ues of the product are tharefore sssemed by the
st

BVEC wafft 4 Fusdgnn: £ranaanand ) Srafubpid 12150
6720 Moo 4 Lumiukles  Lanviukic, Patumtance 12150

Tal | 1-2387-1150-1 Fa : 0-3987-
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GREENPACK TECHNOLOGY €O, LTD.

REEMPAT
TeC-H2W0EY
CERTIFICATE OF QUALITY ANALYSIS
PRODUCT  ; SYNTHETIC GREEN COOL USTOMER : qaaniaTad sz Ts
BATCH Ma, o 060624 5/GP-90s CRIDER No, o
IMANUFACTURING DATE k 662015 QAT i, i i
PHYSICAL DESCRIPTION / PROFERTIES
Appearance - convenlrele Clear, Amber Liquid
Specilic Gruvity @ 3070 1045
Eotubiliny in waler Miscible
Wap. Pressurs mmHg 25 %C Very low
P (100 pom. Water (Coln, ) 9.2 ({H 3%}
Franumbility limits : LFET Mil
1 UED M1l
Flash Point C{NGA Closed
(MiAd Open

WEIGHT CONTROL : .
o, EET
PASSED

e

PREPARED BY ¢ fnaiilin = APPROVED BY /ousiilan «

e S

T

iﬂ (£ P r/’ : ﬁf’l!;:’if_//?

e == L
¢ TANANYA PHONCHAROEN ) [ MESUVICHAL PAKSUPSRI]
Dal:_brb:’--':‘:é- nae b/ b5

8120 w3 4 Fundigna STindngna SerinlmeaTd 13150 Tvradond © 0-2387- 11801 nans - 0-o8E7-1152
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d‘ o =R J %,‘ v A 1a 4
MINN N.1 UUNDATUIUUNINAAAIUDIUUNWUN

¥Ha Ywinuifiand anag
astnaey vnstundeau AU 1aq

Nifiesindey | thiuduasizd 52.171 52.074 0.097
lifieansindou vafuus 52.076 52.072 0.004

Nifiasindey | vnfuuzndn 52.094 51.994 0.1
TiCN dhifudaunsied 52.096 51.88 0216
TiCN Vg 52.096 52.094 0.002
TiCN iz ndn 52.096 52.026 0.07
TiALN dhifudaunsigd 52.082 52.066 0.016
TiALN Vg 52.076 52.062 0.014
TiALN vz ndn 52.064 52.063 0.001
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AN 0.2 mmﬂﬂmmwmﬂwamﬂ%mmﬂmmsmaaumuaz%m

v

(2

d

VUTUNTIEH

%u‘ﬁ' Edge Radius Shear Surface Fracture Surface | Burr

300 67.343 178.861 31.581 0

600 47.357 126.257 76.811 0

900 47.345 95.742 122.044 13.677
1200 50.512 123.101 92.591 15.782
1500 39.994 162.028 64.179 17.886
1800 50.512 92.591 78.915 31.581
2100 72.603 87.331 117.841 38.928
2400 43.149 116.789 85.227 42.084
2700 73.647 73.655 167.285 43.136
3000 59.97 74.7 150.451 52.616
Lﬂé&l 55.2432 113.1055 98.6925 25.569
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BUN Edge Radius Shear Surface Fracture Surface Burr
300 69.447 139.93 61.022 0
600 37.89 114.68 90.487 12.625
900 103.112 75.759 107.625 12.625
1200 50.501 125.201 74.7 16.834
1500 89.429 101.002 76.811 23.146
1800 68.387 125.205 72.595 27.355
2100 59.979 135.726 55.772 27.355
2400 132.57 86.273 59.97 33.667
2700 44.188 117.841 102.054 38.928
3000 67.343 159.924 58.918 49.46
mﬁa 72.2846 118.1541 75.9954 24.1995
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BUN Edge Radius Shear Surface Fracture Surface Burr

300 59.97 83.123 108.372 10.527
600 42.097 87.331 125.205 14.729
900 62.083 113.632 85.227 19.99

1200 62.074 163.08 51.564 20.018
1500 71.543 83.123 115.732 21.042
1800 71.543 127.309 78.915 29.478
2100 38.942 71.543 133.622 35.772
2400 56.824 115.737 78.908 35.787
2700 46.305 160.972 57.343 36.839
3000 44.201 70.499 155.715 43.136
mﬁa 55.5582 107.6349 99.0603 26.7318
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v o 4

VUTUNICH

BUN Edge Radius Shear Surface Fracture Surface Burr
300 30.511 116.789 103.112 0
600 58.927 128.361 64.187 0
900 57.875 96.794 132.565 0
1200 69.439 78.908 116.784 0
1500 75.752 109.424 86.279 14.729
1800 46.293 105.455 61.022 22.094
2100 82.071 123.097 93.643 22.119
2400 70.499 118.893 84.175 26.324
2700 38.928 96.8 125.205 27.355
3000 57.866 71.551 127.305 33.667
mﬁa 58.8161 104.6072 99.4277 14.6288
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BUN Edge Radius Shear Surface Fracture Surface Burr
300 57.875 133.622 78.915 0
600 75.752 142.038 69.447 0
900 89.435 105.211 91.539 0
1200 85.277 106.268 75.759 0
1500 102.606 147.299 37.876 0
1800 65.231 113.632 94.69 19.92
2100 43.136 109.419 108.372 25.251
2400 122.044 126.257 67.343 33.667
2700 76.804 108.372 98.904 41.046
3000 79.795556 121.34644 80.31611 13.3204444
m?;a 57.875 133.622 78.915 13.32
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BUN Edge Radius Shear Surface Fracture Surface Burr
300 56.814 150.451 88.383 0
600 79.967 110.467 79.96 0
900 51.564 93.643 107.315 8.417
1200 45.247 118.893 90.481 14.229
1500 98.904 92.591 95.742 24.221
1800 82.064 112.58 66.283 25.251
2100 45.253 149.403 81.019 25.727
2400 43.136 90.487 143.09 26.324
2700 94.69 130.466 61.022 28.407
3000 110.476 86.279 74.707 157.663
mﬁa 70.8115 113.526 88.8002 31.0239
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<§m’7i Edge Radius Shear Surface Fracture Surface Burr

300 70.499 137.83 63.135 16.834
600 25.272 120.997 117.841 23.17

900 29.459 113.632 114.685 24.198
1200 37.876 165.767 99.956 27.375
1500 44.201 108.367 118.893 28.407
1800 37.89 115.377 116.784 36.839
2100 68.395 167.285 42.084 76.804
2400 70.499 130.466 54.72 78.915
2700 96.794 117.836 67.434 133.622
3000 71.551 114.685 88.377 162.028
m?ia 55.2436 129.2242 88.3909 60.8192
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BUN Edge Radius Shear Surface Fracture Surface Burr
300 43.149 76.811 158.868 0
600 51.564 120.997 90.481 0
900 70.499 209.372 25.272 0
1200 50.501 137.83 85.221 22.064
1500 55.772 87.331 135.726 23.17
1800 58.927 94.695 111.528 24.221
2100 46.305 109.424 124.153 32.632
2400 45.253 104.159 111.523 38.928
2700 87.331 112.58 62.074 43.149
3000 36.772 134.67 95.748 62.083
mﬁa 54.6073 118.7869 100.0594 24.6247
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BUN Edge Radius Shear Surface Fracture Surface Burr
300 56.814 200.955 0 0
600 69.447 113.628 72.595 0
900 70.499 93.643 94.69 0
1200 73.647 108.372 82.071 0
1500 83.123 86.273 107.32 0
1800 48.408 107.32 103.106 10.521
2100 52.605 114.685 89.429 22.094
2400 52.161 154.663 73.655 24.24
2700 84.169 89.429 86.273 31.563
3000 75.759 70.499 108.367 39.980
mﬁa 66.6632 113.9467 81.7506 12.8398
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