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GHX1 &b RIS Z 2RSSR - HEBsE4RsEA - 305395
Final Hardness measured 44 HRC
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SFEEVMEH TS-GHX1
m Chemical composition | ST (Wt %)

Brand C Si Mn Ni Cr Mo Vv Other
Tl ik g mw iz iR % =) # =
TS ' GHX1 0.32~0.40 0.10~0.50  0.30~0.80 - 4,70~5.85 2.00~3.30 0.40~0.70 +

General application&Size capability | —iERBBEAR T EED

o 2 & TS-GHX1 AT X s R~T 85 &
AHRREEERT (—hESH7K : BESY 2 $5 ES00 & 1 58 E640)

¢ ZHEOEENFITE (EET) [EtE ] IMERT - >Dia.300m » < Dia.510mn
¢ MHESER (FFES) T E (A 8E| WE [8x8e
& RERMENER T T | AR 7 e
¢ EENSREE S = B EE EE
o EROEENE (ARER) : I mE e
L JIE=L T ey e |
& EHEREEERN > RYBEITE wotm o A §§§ ggé
BRARZIERE - B8 « ERS N3 e Eé(g) ggg (]
BPRHHER » BCIRNSRMVEE - [ F5m#E ] O T
MERSEHAEE ORARYELZ B 0o B0 o
el e
58 /B 85 P 1 RS R - EE EEEE
Aluminum Die casting part : ADC 10 #8818 8 Hot forged : Bxdl « RE%5SH
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m Physical & mechanical properties | YDIETE EE A e B

Physical properties : #2443

Temperature ;& (°C) 24 °C 200 °C 400 °C 550 °C 600 °C
Density ZE (Kg/m3) 7,830 7,750 7,700 7,650 7,600
Modulus of elasticity

WIEAS | 13 RS (N/mm2) 203,703 - - 151,319 189,447
Coefficient of thermal

expansion 6 6 6 6
1 B 5 8 - 11.89X10 12.66X10° 13.03X 10°  13.12X10
(mm/mm °C from 20°C )

Thermal conductivity 32.56 34.64 27.25 28.80 )
BEERE (W/°C) ) ’ ) ’

Specific heat tE#h (J/g°C) 0.45 0.54 0.51 0.66 -

Mechanical properties : 4 E ( EXWEERERPEIETZ2RREMRE )

Tensile strength 0.2% Yield Reduction of

Grade Hardness (Rm) strength (Rp0.2) Elongation (A5) i
e Rs8E TP IRSRE 2 .
GHX1 44 1,480 1,210 13.0 55
BimsaE 48 1,640 1,380 13.0 55
Room temp. 52 1,900 1,560 12.5 52
0 4 Tensile properties at elevated temperature
EHEATRE THMAMNES (BH#5M)
High temperature strength 5iR3%E o
1200
1000
800
600
400
200
(]
550°C 600°C 650°C 600°C
GHX1 GHX1 GHX1 B#tH13

E Tensile strength (Rm)  ®=0.2% Yield strength (Rp0.2)

OZAEEIEE) HRC 44 ~ 46 E A ELRE TRIEE R

Rm : #ifi58E  Rp0.2 : f&R5EE A5 MEX 7. EEWMEE




Grade

Test temp. Tensile strength Yield strength

2 e Elongation (A5) Reducti&r)\ of area
GHX1 550°C 1030.8 886.0 26.0 74.5
GHX1 600°C 865.3 734.3 13.0 78.5
GHX1 650°C 565.4 451.6 - -

H13 (—fRfE conv)| 600°C |  806.7

m Heat treatment | R

GHX1 Continuous cooling transformation curves/ &

= AR
B aPehiR
GHX-1 Continuous Cooling Transformation(CCT)
1200 - T
Austenitzing:1030°C
1000 P s = ~—
TP T, \\\ \\\
¥ N Ac3:887°C
_____________ Aokl LIS L LIS L L LU bl Ll AE
_________ _.'__ﬁ_'\.._l____'T__‘_‘___* e ey T
800 Y ;
II'\I. II.'-‘. II."II. ‘.\'..
I‘-I I".. I'\. I'\.
= |I !I II II
'.I III I',I '|.
400 | t i /T—"—;n e
) |I '1I !| |
| || | ; I |
Ms i il ‘. bl |
5o Martensite Hl H | ' L
H L f : X A
mf : " - 0 :
et g L LI Foes et ek U e et R FE—
i 100C/sec + 1 10Thec + 1 1Chec 1 0.1C/sec ji 0.01C/sec 4 0.001°C/fsec
0 4 . ! ok bt el CEEEE LR D R EEEEEE AL lep=sssasa =]
0.01 0.1 1 10 100 1000 10000 100000 1000000 10000000
Time(Sec)
Austenitizing temperature ;XHTH#{ERE : 1030°C {Ri& (30 minutes)
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GHX1 Tempering chart/ X Bi$R[E]

55.0

o GHX-1EIX H 8 H
/M Tempering chart

| 1

50.0 LR
b
Lo

45.0 .
Vo
Lo

40.0 : i
b
|

35.0 —
o
1
Lo

30.0 P ]
b EIX1%(2 hours) —Z=%

--1020°C-60min-3i;% --1030°C-60min-3i;%
25.0
300°C 400°C 500°C 525°C 550°C 575°C 600°C 625°C 650°C 700°C

VEAFREFR - 60min (Soaking in Muffle furnace, then oil quenching) Bk 1 & » 3% 2 /\BF ‘

Dimensional change during heat treatment ZEIEBIEHRHRTEL
\ While hardening X R~ E1E (AHTH#EE / EAEES2) Sample size: 100 X 100 X 25(mm) \

——0il quenching from 1000°C J&Z/Min. &
—&—Qil quenching from 1000°C &% /Max. X
0.40%

0.30%
0.20%

0.10%

0.00% -
0100 W D@5 THICKNESS E
e

a
m
2-

-0.20%
- Oil quenching / ili% -




0.40%

0.30%

0.20%
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0.00%
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-0.20%

0.40%

0.30%

0.20%

0.10%

0.00%
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-0.20%

—=\/ac. hardened from 1030°C E 228 4/ Min. &M
—8—\/ac. hardened from 1030°C EZ= R /5/Max. & K

WIDTH &

LENGTH &

- Vacuum hardened | EZ®S -

THICKNESS E

—de— Air hardened from 1020°C ZE 5 /Min. &/
— Air hardened from 1020°C ZE/&/Max. &~

R
7

» ,\
pa A
WIDTH & ENA E |

THICKNESS E

- Air hardened / 2§ -

TSGenk
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While tempering/ BIXEFR <T84

0.12%
0.08%
0.04%
& o & & > s @
0.00%
-0.04%
-0.08%
-0.12%
4 & @8 & ¢ 8 8 & 2 B b s o U
o) o ) o o) =) o) o o o o o o) o [
b (=] b S 0 =] ) S o =] ) S ) =’ !
-~ — ~ o~ m m = =t ) Ty = w ~ ™~

| Beg BRENLRE G068 SFENTRE - IRTBLEEESREBR |
HE R KERIDIA (H / IBNEM) EHEIEE (B /> HRC30 M E)

ETRERSAEY SWMMMBEIT RE-
Softannealing 850°C (L EEIE) B UB/NEF2L
BCEN 10°CH#R/2 % 650°C » A% o (BLEM
#=ERISE 600°C)

Stress relieving TEHEMIN T8 > BsEMINZEAE) 650°C (B | REMMAIERBRE —ROABEL

Sy DERER ) 18 > 3508 2 /N\BF » ARG © 15~30°C > FLEPELRBER 2 /MR > A
ngj/#”;l% BES o
& EEHEIEFM MBI NEE T REF > FE/HFRRE R E 278K 30~50°C ©

Heat checking resistance / Thermal fatigue(Net-working)

TEK 200X FERERE(ELAE (R AER )
H13

AEHEER (BIRER)

BIERG . @B RNE 2V
600C-2min - 7K;% 3 sec/ Cycle
EIEMESAD lOBO =R (Cycles) baum 50 pm

EE KEm EEN WEE KM EEEE
HRC 45.6 16.6 (J) HRC 45.6 26.0 (J)




07

HEEE(HRC)
a7 -

46

45 +

43 +
42 +
41 +

40 +

EAE()

Impact toughness at different austenitizing temperature

FARFENGHE TSR

GHX1 &% NADCA( It=EHIR T ) 152 » S FEEIET HRC 44~46 KF »
ERFREMNBET > BREEE -

FEFARE 8 BBELLE

Hardness at different austenitizing temperature

1020°C 1030°C 1040°C  FBEIA2RK

High temperature x2

= ZREA = GHX1 = @B

1020°C 1030°C 1040°C
u @hEA m GHX1 = mhEB

Mother block size 883 R~F : 310mm X 600mm
Sample location BRI E : (03P

m Tempering resistance | e ERE

WE MEAEEEER: 600°CRER24/\EHRIEE 21
(HRC) Tempering resistance at 600°C( holding 24 hours)
48
EEBERIBEST
46 r— (Hardening X 1)
(Tempering X 2)
44
42 \‘\\/
40 \g
GHX1
38 \\
36
34
32
30 5]
R4 1HR 4HR 9HR 24 HR(Time)

——THhA —o=GHX1 —e=THEB

TE)ENEE N EE (SEREN 23)
7a EhEA GHX1 Ehe B
HEWNGBE  WEE HRC BE HRC B E HRC

1020°C 46.1 45.9 42.9
1030°C 46.3 46.6 44.1
1040°C 46.6 46.9 44.1

EEEEE 46.1~46.6 45.9~46.9 42.9~44.1

R AEAGREE B9 81 ( BREK 2 K )
B EMA  GHXL | EMB
AR FERME (J) BRI () HRIE ()

1020°C 30 26 36
1030°C 22 26.3 29
1040°C 15 23.3 29

O HEEMEIREHET » B EEEERER 2 HRC

mEIXNYE  TEA GHX1 EhE B
[RIGTEE

(HRC) 46.3 46.1 44.3
1 hours 45.8 45.7 43.7
4 hours 44.9 44.4 42.3
9 hours 43.1 42.4 40.7

24 hours 40.2 39.8 38.3
E')%Lté?)g -6.1 -6.3 -6.0

& ERBEEERGHET - B HEE(EAY 2HRC ©
& 1824 /)\F5R > 3 EIIMBEEREA 6HRC ©
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Welding | BRI

Welding method J¥#75 3¢

Filler metal {23EMHE} (JS45%E48) UTP73G2 UTP73G3  UTP73G4  UTP6T73 QRO 90
Hardness as welded Y8 #&5ERE | 55~58(HRC) | 45~50(HRC) | 38~42(HRC) 55~58(HRC) | 48~53(HRC)

@ Above welding rods were for TIG method/ it

RIS SRR

Steps of welding

Soft annealed condition iBA#EE} ( HBHREE

#11)

, B K R (L R £5)

Stress relief :
e By A/ wir 0w
cooling rate 10~20°C /per :ﬁ:’;‘;‘j’lﬁf ;'ru“_:"fr‘“h:’u‘:"“g
hour(in protected atmosphere = P
furnace). Then freein air. .

) FazH = “~.

Pre-heating Alter-haating i

FEFT3B: | BEME 4ES 350400 'C 400450 °C fE 1 5H BR
ERFERSVEPRRN > 199N 7004 s
%1 850°C ( 2 /\BF ) PRI& ‘gl\%’Vij Air copling Air cooling
600°C ( &/\Rp)% 10~20°C) » 100-150C 25~100'C

BES o

Hardened condition B EI2RM (BEEE)
BT (i + Bk

Steps of welding

Stress relief :

Tempering 15~30°C below the 1258 welding  TR5/B0S 0308 /81859 20-40°0)

previous highest tempering / oo CHTMNESRES Putlime on welded area

temperature(min. 2 hours). { = \ Slow cooling / Ash coeling

Then free in air. _ |II.l' \ 253 howuns f 20~40°C peer hour

| \ EREXEZ15~30'C

Fre-heating I,"I I'. Lower than tempering 1530 °C

FETHRR 350-400°C [ "\ /

12t 152 (BRER) 29\ / seseier \2#

ﬁﬁﬁﬁﬁ’:‘%%ﬂ'ﬂ@kiﬂfﬁ%’\] Ajr r_uullnq h"/ Air cogling

15~30°CHYRE » &/DFEER 2 /) Y/ 100~150'C 25-100'C

By > RRZEL ©

[Notice FFEEIH]
@ Maximum interpass temperature <475°C to avoid cracking.
JBERAEE 475 (°C) REBBRBZIEH -
@ Post welding cooling(While the after-heating can’t proceed) :
20~40°C /per hour for the first 2~3 hours, then free in air.
IFEEIE A (BERAMEBAEIER ) [ IRHERHREIR » §/\K2 20~40°C / 4EFF 2~3 B » 241

YN
%/7 °

N



Machining data : The following cutting data was based on GHX1(HRC 44~46)
BN TR - TIOMIIEHRGHX1ZAEEFEIHRC 4446 -

(S| R ARER)
Turning with carbide
BRI » .
ERmx{CISTI 2 EH|
Parameter Rough turning | Fine turning
INI2% HHE FHEE
YIHIERE (VC) Cutting speed (VC)
m/min 40~60 70~90
f.p.m. 130~195 230~295
BHAE () Feed (f)
mm/rev. 0.2~0.4 0.05~0.2
i.p.r. 0.008~0.016 0.002~0.008
PIHERE (aP) Deep of cut (aP)
mm 1~2 0.5~1
inch 0.04~0.08 0.02~0.04
il r il Carbide designation
ISO P20~P30 P10
us C5~C6 C7
Coated carbide
s Coated carbide (Zre?;'n);?g
Remark REEE EEEBDR
MERE
- Type of carbide drilling
hix1CE5EEFL SRR
Indexabl Solid Carbide
Parameter |ns:rt(ec)(:rb§je) Carbide Tip(*)
BEX —RE= -
2 » - /1N I;%\,E
MISH (i) (Rebs)  PRRER
YIHIZRE (VC) Cutting speed (VC)
m/min 60~80 68~80 40~50
f.p.m. 195~260 | 195~260 | 130~160
HBARE (f) Feed (f)
mm/rev. 0.05~0.25 | 0.10~0.25 | 0.15~0.25
i.p.r 0.002~0.010 | 0.004~0.010 | 0.006~0.010
2 FIEI=REY Drill diameter
mm 20~40 5~20 10~20
inch 0.8~1.6 0.2~0.8 0.4~0.8
(*) Drill with replaceable or brazed
&5 Remark carbide tip.

RN ZRIRRIRICIH TR EFL

Milling with carbide

#HERINT - N
fERAR{CIET] A HEH
Parameter Rough milling | Fine milling
Mg ik =k
YIHIERE (VC) Cutting speed (VC)
m/min 50~90 90~130
f.p.m. 160~295 295~425
HLEE (fZ) Feed (f2)
mm/tooth 0.2~0.4 0.1~0.2
Inch/tooth 0.008~0.016 0.004~0.008
TIHRE (aP) Deep of cut (aP)
mm 2~4 ~2
inch 0.08~0.16 ~0.08
BRiCsH AR A Carbide designation
ISO P20~P30 P10
us C5~Cé6 c7
Coated carbide
s Coated carbide (Zre?;lrz;eig
Remark REHEE EEEED
P& RIE
o Type of end milling
g7 ) ey p
Indexabl Solid | H.S.S.TiCN
Parameter | juser(carbide carbide | coated
BEX —fe= .
2 " " 5 2 5 iR
MISE (geis)  (mepsg) HESEE
TIHIRE (VC) Cutting speed (VC)
m/min 70~90 60~80 5~10
f.p.m. 230~295 @ 195~260 16~33
HLEE (fZ) Feed (fZ)
mm/tooth  0.08~0.20 A 0.03~0.20 = 0.05~0.35
Inch/tooth | 0.003~0.008 ' 0.001~0.008 ' 0.002~0.014
ix1CE5 4R A Carbide designation
ISO P10~P20 -
us C5~Cé6 -
Feed: Depending on radial depth
f&5F Remark of cut and cutter diameter.

ERE  RUHFEATRERRE
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e High speed steel twist drill (TiCN coated)
SPESiE: = s =
e LG SESERTES (REEAILE5)
HEEEEE Drill diameter
mm ~5 5~10 10~15 15~20
inch ~3/16 3/16~3/8 3/8~5/8 5/8~3/4
TIHIERE (VC) Cutting speed (VC)
m/min 4~6 4~6 4~6 4~6
f.p.m. 13~20 13~20 13~20 13~20
Eia= (f) Feed (f)
mm/rev. 0.05~0.10 0.10~0.15 0.15~0.20 0.20~0.30
i.p.r 0.002 ~0.004 0.004~0.006 0.006~0.008 0.008~0.012
&5t Remark
Grinding : Wheel recommendation
HREEMT e
HREE . fbemiEEiEEeR
Type of grinding Soft annealed condition Hardened condition
tREETELE RAGKRES (8 ) BERIE (BEE)
T E R EE Face grinding (Straight wheel)
(B4R E ) A 46 HV A 46 HV
T E R EE Face grinding (Segmental wheel)
(R ) A24 GV A36 GV
— Cylindrical grinding
HHE ~ E i
EEs A 46 LV A 60 KV
Internal grinding
E i
POl A46 JV A60 IV
Profile grinding
BURREE
R A100 LV A120JV
&% Remark
Nitriding (Surface treatment) & 5| Hidig AR R
S (REERER) -2 FHRERALECEREATEIB0. 3m
Nitriding process . . Depth of
(The case depth avoid to over 0.3mm) Ofparitien g [RE nitriding
Eap (et =)l] Type IZRE B (/NEF) | |IEERE (mm)
REERIE Gas nitriding 510°C 10 h 0.12
bk (v Gas nitriding 510°C 30h 0.20
BEFa1t Plasma nitriding 480°C 10h 0.12
BFait Plasma nitriding 480°C 30 h 0.18
ka2 (mig) Nitrocarburizing (in gas) 580°C 2.5h 0.11
hxE 12 (854 ) | Nitrocarburizing (in salt bath) 580°C 1.0h 0.06




Nitriding for different conditions(Vickers hardness)

SCEAEARR IR (EKER)

For aluminum die casting application $EEESIZEAVFER - FAEAIL ( E#1 HRC47~48)

GHX1 (Matrix Avg. : EMFIIEE Hy 477)
Hv/mm @ 0.02 0.04 0.06 008 0.10 0.12 0.14 0.16 0.18 0.20 0.25 0.30
/T Left 1176 | 883 626 552 516 491 496 488 491 487 481 478
F Middle | 990 849 592 | 543 530 509 500 | 481 499 | 481 473 471
£ Right | 1134 720 554 522 523 497 496 497 481 480 477 472

200X 1000X

oo oS - 3 T ey U e ol e
—RBREEARBREE  FUEDREXMRERNR(CARE (Brittle white layer) o
Depth of case = distance from surface where hardness is 50 HV0.2 over the base hardness.
BEUACEEE (€% )= EMEE (HRC47.5~Hv 477) +50 Hv 527

For aluminum extrusion application $B{ERIEAMFER : RERIL

(Hv)
e GHX1 E#MiEE
1000 Matrix hardness
HRC 47.7 (~ Hv 480.1)
T FEEE: 0.16-0.20 mm
——eft (HV)
" ~&—-middle (HV)
400 |- e right (HV)
wEEE 5
0 | Vickers hardness !
0 | iloading:300g |

0 002004006008 01 0120.140.16 018 0.2 (mm)

& —REEFHENEARICE - FLURBBILEMERME(CEE (Brittle white layer) o
& SEEREA > SREEAERE (> Hv 1000) > 23% <0.09 mm °
& HSREE > SEEAILE (> Hv 1000) » % <0.02 mm o

N

SHMER 1

TAIWAN STEEL GROUP



A7 @A

Case study of AL-extrusion : $BIEBIEFRAES

OfFHE H13(conv.) £EMZEFEEMF AL-T005 FIIRAF® © 10~15 SRR IEA T S FRARRE -
(—MERIE#1R)

Case 1 fR{ERMEAREAES : A3 : 2,100 tons

GHX1 (HRC 48.5) 2B &It (No nitriding) - B5+4EES58 8 ©

Kl

-_—

L

a2k : j 0 m
BERE (Times) H 1N PN FIX B4R R Z:t (Summary)
HEA (Date) 2022-12-16 | 2023-01-09 | 2023-01-16 | 2023-02-07 ' 2023-06-05 TERMA

$781 (AL ingot) 10 15 11 15 7

CP & s | e JERRA /R A /7 ETE /R FEEERE BRI
2.71~4.26 =00/ S DS 3,000 10,000 5,000 XE H13 / GHX1
GHX1 58 70,000 0 0 5,000 70,000X1 75,000

%
%"rfi:'l?’ 10 40,000 16,500 55,000 27500 | 40,000X5.5 MRERCRN
%
%'r‘;f’aTB 15 40,000 10,500 35,000 17,500 | 40,000X3.5 SEPIEN0
Case 2 ﬁﬂ?ﬂéﬂﬁaﬂ'ﬂﬂﬁﬁﬁ%w . * U EHRAAGEEE  WIESHEEE -

GHX1 (HRC 48.5) 2B &It (No nitriding) - 25+4%&E 120 ££ -

= N

= - . Paxand - Paxand - Paxad - ~r - Pl - Paxand - jg%;-l-
=L U U U U U U F
BENRE (Times) H$1X F2R B3IR Fa4Rx B5R BoR Sy
H#A (Date)  2023-03-14 2023-04-10 2023-04-17|2023-04-20 2023-05-17 2023-06-05 Bt eL
$E8L (ALingot) 3 (H#) 18 8 25 35 31 120
CP{&E = - IR /| X EHEA / x ETE /R FERER EipeSNib)
6.19-928 =00/t REMA /& 3,000 10,000 5,000 XE H13 / GHX1
GHX1 120 70,000 0 0 5,000 70,000X1 75,000

&4t H13 min. 10 40,000 36,000 120,000 60,000 | 40,000X12 EECIloHe[0[0)

&4t H13 max. 15 40,000 24,000 80,000 40,000 40,000X8 464,000

KU ERAEAGLEE > LIFBREE -




