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YSS $i05AFvIEEH Advanced Plastic Mold Steel

CENA 7T

New Century Tool Steel
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Innovated for 21century global standard grade.
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O TIVESAVAREIC TR @Solution for Mold Rust Problem
@40HRC Prehardened Grade with Excellent Machinability
@Excellent Polishability, Crepability and EDMachinability
@Most Suitable for Weldless Molds
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Concept of CENAT"

CENAT 3R, DR CIERDERZF | BRI TS AT v IR TY .
e DRAICLDERENRL RIFERENESNET,
TUIN\—RV1KRE, A0HRCICTHHRELE T

CENA1, new concept tool steel for injection mold, breaks through with excellent
machinability and rust resistivity. Manufactured by consumable electrode
remelting process, CENA1 has low non-metallic inclusion content and excellent
mirror polishability.

CENAT1 is delivered in 40HRC prehardened condition.
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® JFMELEEL  Properties Comparison
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Grade (HRC) | Machinability | - Resistivity | Polishability | Crepability | Machinability
CENA1 37-42 ©) O (@) ©) ©)
HPM50 37-41 O X @ ©) ©)
HPM1 37-41 @) X O VAN AN
HPM7 29-33 O X A AN AN
HPM38 29-33 A @) O O O
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Application and Actual Performance

® E/LHZE Application

@ FEm. A MEMTAERE
OAREZS B EHE25 20 5A
(EHEE ETAHAT . CDIT—ZLE)
KESG (B T72 710V 5E)
BEIEERG (T T A INR A—R—HIN—1KE)

polishing, creping and EDM

{EfEs T —X Auto parts (ex.Tail lamp, Inner panel,
Transparent cover)
Cosmetics case, bottle
@ S(I7ERDARAEE @ General resin mold needs long life
@ EMBRHOLE @ Food container
@ JLE @ Rubber mold

@ EREHRE (VU1 3R E )

required (Weldless molds, etc.)

® {EHSEPI Actual performance Example
<MIFAMEIC DD BEFE  Rust Resistivity>

Electronics Parts

A & =F i
Application Comparison of Actual Performance with Conventional Grade by Customers
T -] WEDMBFD$E. EA D GREER L RFZEFDSE . HXIGEID DBV (O a3y MITRRM D4ELIE) R EEH,
M;bile%;h:r:\e Less rust and deformation during EDM. Less rust and corrosion by resins during molding.
(Mold durability increase more than 4 times compared with conventional grade.)
CDhL—% | ABSHIBERICH VT HEkA (HPM50MEY) Tld A XLl TF AL E . CENAT T A Rl D 15 F ASBE R,
CD Tray Resistant to corrosive gas generated by ABS resin, mold maintainance frequency decreased drastically.
BEFERAE REFBEIWEDMIN T, f3RkA1 35054 FRE T2 E CENATIZ BRI TIFEALSEVT , (BRIERALAIEAMN)

Least rusting during WEDM for 1 week. Rust removing process becomes unnecessary.
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Mechanical Parts

BRI TIRBE DB H VT RERkA (HPM50MEES) (ICEEN AR BT LIS BEF,
Resistant to corrosive gas generated by advanced engineering resins. Mold durability is improved.

<HI%(CB8HB5Ff Machining>

Ir7a>
74z —H
Air Conditioner Filter

WraBENTICH I3 T EERED T EERIT,
Z{LAES70HRCTHIIE/ VIR AIA A ICEEE L RIR BV,

Less tool wear during precise rib machining and better surface obtained.
Nitrided hardness 70HRC is effective to prevent mold depression by resin burr.

BEIFIIVOTEEFEN VG TEFGN2EDD,

Auto Head-light
Lense

77 = .
Lom | BREMIEOESER,

Acrviic Ledr:se Carbide endmill tool life is doubled.
i Easy to mirror polish EDM surface.

TVZE—H—%8 = O P o TR T i =

A ngE | BEMIICE) S BOMIEC TR IR, R L BB M TR,

TV/Speake::_ Many small pins ware EDMachined. Better EDM surface has been obtained compared with conventional grade.
EEE, |oARFLI R MTRS. t EFILY AT,
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SEEEIYEERTERWIE ED S,
Good machinability in ball endmilling. Smooth surface machined with 0.4R ball endmill makes polishing easy.

@® Mold reguiring sensitive surface as mirror
OA equipment, Communication equipment

(ex.Mobile telephone, Video camera, CD case)
Home Electronics (ex.Cleaner, Air conditioner)

@® Molds for which temperature control is
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Rust Resistivity

CENA1EHERMDA40HRCTU/\— RV Hl[CLLERL TRz [CBN it ZE LE T,

CENA1 has improved rust resistivity compared with conventional 40HRC prehardened grade.

OBIEICLDIHRBRITE e Improvement of corrosion problem on mold surface by resins.
® Decreased rust formation at cooling water hole makes cooling

@ SHKILDRFBERE . SHMRDOREIL

effect stable.

1 g T
O L HORE. WX O RLEG SR ® Fewer rust problem in storage, transportadion, or usage of mold

@71V —h v EFDREFER ® Much less rust formation on WEDM surface

<CENATEZE®DEE> A M Rust Resistivity of Polished Surface>

HPM504824
L] CENAT

K&K
24hi2i&
Dip in Water
for 24Hrs

® PETIKRIVINUY 2/ BIK 5B DB RES]

Actual Performance Example of Rust Decreasing at Cooling Water Grooves of PET Parison Mold
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Cooling Water Grooves  Injection Mold Product

<CENA1R23R#E Result>

HPM118Z#4+Crth - &
HPM1 equivalent grade+Cr plating

Mold after 2 Months Use | Rust is removed easily by wiping.

HPM 1482444
CENA1 HPM1 equivalent grade
FREUIE Bl Créh- &
Surface Treatment No Plating Cr Plating
Crb > EDHNZDER L SER.
245 REAROBEIRR FRVWEP HEDF CEHEICIRNS, FTE-THENL L,

Cr Plating came off
and material was rusted deeply.

BEHI36F rENDS>53F vEZCENA1, 3% vEEHPM 11841 +Crid o X T2 B RIRF LB B ERB DK S BRI T,

Photographs show water cooling grooves of the molds after 2 months use.

(8 cavities...CENAT1, 3 cavities...HPM1 equivalent grade + Cr Plating, Total 6 cavities with one molding machine)
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CENA1 increases mold durability against corrosion by gas generated from resin.

RIEBIEISRETIEEITRILSBRNICIEMHMINST Gas generated from resin often becomes high

EAEL T LIEUIZ B A ER LEEE DL Y R E S D temperatu.re by |n]ec.t|on pressmIJre and corrode the
mold. It brings cloudiness of mirror surface and burr of

NIREEH-HLET, injected parts.
CENA1 I EEBEC&ICKY . MAHABET 2R EEET CENA1 improves above gas-corrosion resistance by
(AY: 3 i alloy combination.
e HPM5048 2
i CENA1 HPM50 equivalent grade
@ e
<BE>
HAzHEICALADS L B z{/F->
THHERERBRZITE2EHD, POM

POM#BIIE LR T L — N DABSHEIIEL ALV TTh
$3000>3vh D ORELA-EDEBEIREDE
ZHRERTY,

<Figure>

Acceleration gas-corrosion tests by a mold that is
made to shut gas intentionally.

Observation results of the mold surface after
3000 shots of POM and ABS flame retardant

grade. 30
ABS

77 ABETIDREER - FTHARF R OSHRNKRBEZEIL . \
Change on surface of specimens after & LI g
injection molding tests

® JI)VRS1xERECENAT
CENAT1 and Weldless Molds

CENAT1°IZ. KGFLOMRPARETBDT. VIR BH TR ELE
BREEEOBEULVRICRETY,

ZD7=8 . PDPH R ET A I AT ERBINERD LB EFELNTOET,
CENA1°® is most suitable for weldless molds for which temperature control is
required, bucause surface condition of heating and cooling holes comes to be
less corrosive and more stable.

CENA1° is widely used for the products such as PDP (Plasma display panel) &1L KL X4 EO—fF|
and video cameras for better surface condition is indispensable. Weldless Molds
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Machinability

CENA1 [T E&Em cleskixitb2Eil EnEns
IVRIIVINIHZBLTHD. SEINIICKLDINTEEZRRP EHAEETT
Excellent machinability of CENA1 doubles tool life compared with
conventional 40HRC grade tool steel in endmilling.

@ YIEIDFIE(L A ATBE @ CENA1 can promote cutting efficiency
- = PN, @® CENAT1 can decrease tool-change
= kA = B ]
©® T RIRAR ORIBLRIRH I frequency drastically.
@ UIHIALY RiF CRRIIRDEE THERA AIRE @ Smooth cut surface of CENA1 makes after-
polishing easier.
1. VT@:{@? VT Curve
Co/\1L X 2NKR s10 283 HSS-Co 2NKR ¢10 2teeth
QWZ AT AL : 48tX120WX250L Machine : Matsuura MC-800VF
BH:U S S NI #E%E : #AHMC800VF (F2ABT40. +ét#Eh/7.5kW) Side Surface Cutting, Wet (Soluble), Downcut,
OO ) mmyl. 8% (kiEtE) . £ >Hy b, OHE35mm Overhang: 35mm
TEHGHTE | H%EF0.3mm Tool Life Definition: Tool Wear 0.3mm

MIEET7 v

% Cutting Speed Up
30
25 -
g 0
i \E; 20 |- IE:%E%“T, Vi 7
®E Doubled Tool Life
T O 15
52
SRR~ @ CENA1 GEiEE | % Y | WWda MR
3 5 | —e— HPM50748 247 Cutting Verocity |  Feed Cutting Depth | Cutting Efficiency
HPM50 equivalent grade (m/min) (mm/teeth) (mm) (cm®min)
0 | | | 15 0.055 15Hx1W 0.80
0 100 200 300 400 22.5 0.055 15HXx1W 1.19
TEEGE COYBHHE 30 0.080 15HX1W 2.30
Total Cutting Volume (cm83)
#BE+I—7 2 EPP4100 410 487 Carbide+Coating EPP4100 ¢10 4teeth
AT A1 : 48tX120WX250L Machine : Matsuura MC-800VF
DN T#ERE : #ABMCSB00VF (E#HBT40. #4Eh7/17.5kW)  Side Surface Cutting, Dry, Downcut,
AIEYIEl. X, £ H v b, OHE35mm Overhang: 35mm
TEHEGYHE : F5%EEF0.15mm Tool Life Definition: Tool Wear 0.15mm
MIEET7 v 7
Cutting Speed Up
160
= 140
FRES
ME‘ 100 Iﬂ%ﬁ;T Y 7°
®s Doubled Tool Life
T o 80
B>
£ 0  _e cenat
2 ay B TIHLRE ® ) V) A wIEIEIES
o —@— HPM504E 247 Cutting Verocity | Feed | Cutting Depth | Cutting Efficiency
20 — HPMS50 equivalent grade (m/min) (mm/teeth) (mm) (cm®/min)
0 1 1 1 80 0.080 15Hx1W 6.11
0 500 1000 1500 2000 113 0.080 15HXx1W 8.64
TEHaE COYBHEHE 150 0.080 15HXx1W 11.47

Total Cutting Volume (cm3)
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1ARDI LRIV T228FEYIHEIL  UIRIALS REFCTT o
This sample was machined by one endmill for

22 hours.

Machined surface roughness is very smooth.

EFAIE Tool : BEI—T 1> J V7RI RII

$3.0 2MH

HiY—J)v IRy 757 1—777 X (EPDR2030-30-05-TH)
IR TH#%E Machine : MAKINO V33
IEIERE Cutting Verocity : 50m/min (5300min')
2% V) K E Feed : 0.06mm/tooth (640mm/min)
H)iA # Cutting Depth : 0.06mm
By 77 1« — K Pick Feed : 0.12mm
g (Z7—70—) Dry (Air Blow)
SN TR$RE Cutting time : 22Hr
T E{#FH% Number of tool use : 1

8. FUJVINT

Drill

0.12mm
—» || <+

Incline : 1.5°

30mm

<FET DT R14H Deep hole machining condition>

7 THLRE | )@ | 2579 T 74—R IBSE =3 eA))

KULE Mg ’(\nﬁs (cr>n/minT ’(;r:];;a{% szm)‘ O PR s ki w =

i uttin i

dia. gread hole depth Veroci?y feed step feed step back ma%rmqegjepole Remarks

$0.6 SKH51 (M2) 10 (16D) 15 0.001 0.1 AAO 20 *RBIFESE  Procedure
$1 SKH51 (M2) 10 (10D) 20 0.003 0.2 RAE 60 DEERD (RE—F 1 TRKUIL)

- - Positioning(Starting drill)

1 | Z+3-F715 | 10 (10D) 20 0.003 0.2 ARAO 220 130°

41 |#BE+3—7<>7 |10 (10D)| 25 0.003 0.2 RAO 820 N‘f%

$2 SKH51 (M2) 20 (10D) 10 0.05 0.9 AAO 55

@t EMT (£ ERUIL)

$3 SKH51 (M2) 30 (10D) 12 0.05 1.2 ~AO 60 Machining dfrill

¢4 SKH51 (M2) 40 (10D) 12 0.05 1.3 AAO 83

$5 SKH51 (M2) 50 (10D) 12 0.06 15 AAO 105

$7 SKH51 (M2) 42 (6D) 15 0.1 2 ANAO 200

¢ 10 SKH51 (M2) 90 (9D) 13 0.13 AAO 50

MI#RE R~ =T 52—

Y& T3>

<AV KU IIIZ K BFTDITRHH Deep hole machining condition example by Gun drill >

) HE X 115 )3 IHIRE HE TEZD
cung| A THERE R (MPa) Ry "%
) (mm) (m/min) (mm/rev) _— IIRER
dia. \ . Ejection pressure of . Remarks
hole depth Cutting Verocity feed cutting fluid machined hole number
$3 80 25 0.007 4.9 6
1>+ 43 m 20°
$5 150 19 0.005 4.9 6
$11.5 500 48 0.012 3.6 8 S %
$18 600 35 0.014 34 7 75 —§)7% 30°
$25 700 47 0.02 2.9 6 BHHOBHEEONA &
430 800 55 0.03 2.9 3 FoTLESL,
INTHEREINCH RIS > BIH
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Mirror Polishability

CENA1 I TRIFFEFEZHL. #8,000DFHEE (CHIHLE T,

CENA1 has very low non-metallic inclusion content and excellent mirror polishability.

60— —
EEMMNBDITEESH
HPM38
g 2 50—
T2
=T
BE 40— HPM- CENA1
MAGIC HPM50
30— HPM7
| | |
#3000 #8000 #14000

$EEE (FEFINo.)

Polishing Grain size No.

NI %

Crepability

CENAT D RS EDDEL FEFZIOMEBZRL.
BV NINIEZRUET . BEVRINIICESMMRULET,

CENA1 has homogenized micro structure and good crepability.
CENAT1 is suitable for precise creping.

2RI L5 Photo Etching Sample / > L 758 Non-glare treatment Sample
HEMTEDIyF T B RTFTAMIED T HAMIEEE TS TEILY,
CBREEDIyFT - BRI EAM (CENAT-W) ZFV . 200C L EDREEIT T ZE,

+ EDM surface Etching ««+ Sand blasting treatment is needed before etching.
- Welded Surface Etching - -+ Post-heating (22007C) after welding is needed before etching.
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EDMachinability

CENA1BFRIFFHMEMIMEZBLTLET,
KEBLEZEUICKLVeH ETIETODEEHEZTI

CENA1 has good EDMachinability. As surface hardened layer is much less than
conventional grades, CENA1 is able to be polished easier after EDMachining.

CENA1 100x100x50(mm)

(/NI 2% 7E/Condition]

& B # 4% Machine: HQSF(MAKINO), EDGE2S #108

il I & Solution: /¥Z %+ —JL250

& i & Additive: xSC (0.8-1.0g/L)

E #® Electrode: Gr 78.0mm (- {8li%~f/EDM depth 1.0mm)
Cu 79.2mm (F{8lig~/EDM depth 0.4mm)
Cu 79.7mm (K fAlli&~/EDM depth 0.15mm)

HE AN LA EDMachined Sample

={bi4

Nitriding Property

CENA1XZ{LIEICKD 1,000HV LOSEELEZICESN.

ASARAT7 P[RS AT+ S5 —ADEIIEIE EDMHEFERZEICEMN T,
By nitriding, 1000HV surface hardness is obtained easily on CENA1,
that is effective against wearing of slide core or mold for reinforced resin.

<ZB(tHTEIEE DM Hardness Profile of Nitrided Cross-section>

1200
B XZ1k / Vacuum Nitriding

510CX10h

1000

800

600

400

f#& Hardness (HV)

200

o
o
bS]
o

0.05 0.1 0.15 0.2
KEHSDEERE Distance from surface (mm)

O/NEATELRRZARAT DY v—T Ly V8B EISBRIBLICL BB RNTEFBPVBETT,
DPUBDH DUITEEPREB(ILFAEHROLET,

@The care is necessary to avoid breakage by over-hardening especially for small dia. pin or sharp edge part.
It is recommended to apply lower nitriding temperature or soft nitriding condition.
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Weldability

BEBICE(EEDECICKVL/cHEINTHEZT
AEIEEILBICLVFEZRBLE T,

As welded area hardness variety of CENAT1 is less than conventional grades, mold
is able to be repaired and finished easily.
@ BEETIGEICKY BIEEICIZHFT (CENAT-W) @ Welding repair is recommended to be done

DERAEHREBLEY, by TIG welding with CENA1-W rod.
atE
Weldin P
e S ERC smogmys z %0
Pre-heating Post-heating 5545501 @ I i
200~450C 200~400C £ 400 WA v
1h/25mm\ oea 3 vV vV
=7 T 300 o p -
>100C Air XU [S2%] HAZ AL ER HAZ|  B#
Cooling ] 200 Welded zone ! .

1
20 -15 -10 -5 0 5 10 15 20

*GERVREIFBANCL)BIRTEET D TIEHRES N, di> 1 5 DEEBE Distance from Center (mm)

BEREIA TR HEEEREE & BIES
Welding Procedure Example Measured Surface Hardness of Welded Area

® T LEETMIAB] Welding Repair Surface Example

° ° ° ° ° ° |
L o0
145 wEEm] | 10
7P
O [pst1]O O [ues,7]O O O |
20 20

BRI A0mmMOBEMER. EEmMmLI. >
AIMIT.EDMIIT. T RIIIVII T 2FTH 7=
B TIVTEY,

B2 LI TEGERE TEEEELT R L
FFshTnEd,

Photograph shows mirror polishing, creping,
EDM and endmilling finished sample after
welding repair (10mm width).

No weld mark is obserbed on each finished
surface.
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Hardness Distribution and Machanical Properties

® BT Hardness Distribution

@ TEDKZLHDTEHEY—LIEE P ERLET,
@ CENA1 shows almost uniform hardness distribution even in large cross-section material.

F200X5100 Measured hardness
ESEIES of flat bar

X
40.2
X X % x X (HRC) 200'x 510" cross section.

40.2 40.3 40.0 40.5 403

X
40.4

® REWBYIFIE  Mechanical Properties

@ HPM50ERIEDHEMAVIFETT .

@ Machanical properties are almost same as HPM50. FHM~TiE § F50X4001C & F 3 KFRME
Representative value of flat bar 50t>X400W.

E & | rE &| BlRmES 0.2%1M 73 1 (O % o |2US v ILE—ET A
Hardness | Tensile Strength | 0.2%Yield Strength | Elongation | Reduction of Area| Charpy impact value

Grade (HRC) (N/mm2) (N/mm2) (%) (%) (J/cm?)

CENA1 40 1,225 1,150 15 50 20

YIRS

Physical Properties

® [EE  specific Gravity 7.78

® FMnEZFE  Thermal Conductivity
W/ (m-K)
$f%E Grade 20C 100C 200C 300°C 400°C
CENA1 20.5 22.9 25.9 28.2 30.5
F= . o o o ~ 60
® FERIFZL  Thermal Expansion Coefficient (30°C 75 DF4H, X10°/C)
Average value from 30°C, x10¢/°C
$#1E Grade 100C 200C 300°C 400°C
CENA1 10.8 11.5 12.0 12.4

® 17>JZF  voung's Modulus 205GPa

11



[ D=y
MARHICHATHIRBH A LIS BEIHRE
BMARHESR-
ABEHAMCHERSEEANAIREMSE ' AX&EH
ERFEMAXEBITFEMR o
ABRHCBATRELEERBFES -

http://www.promaxs.com




