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Fig.2.1 Conventional estimate test method about die wear
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Fig.2.3 Forging area in parts former



Conventional punch damage punch damage using new equipment

Fig.2.5 Change of punch damage using lubricant spray equipment
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Fig.2.10 Forging process of die damage test
Table 2-1 Forging condision about die damage test
Condision
Forging speed 85 shot/min.
Forging temperature 600~820°C
Lubricant flow Max. 4.4 L/min.
Punch hardness >50HRC
(Hot die steel or matrix high speed steel)
Forging number 5000 shot (Standard)
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3.1 FL®»IC

7 2 TR~ R B RE & REGHRIEZ MW T, REDORMEN &R OEEFREIC
FAE TR OWTIRA L., TERkOERMNARE L 13820, ARERE TITER
WRIEBRBE ABE L, DOREET A L OX D REBHENT Y XNFT LA ST R
FRIET TRMARFIMMAATRE TH 5. APATIE, REOBEHRERMEL L THES
N5 ERIERE, MM ERg, @M, @MoXmOAHOZ(LITERL, T T
NOFRMEPHESHOBEIZ RITFTHBICONTHEL L.

3.2 SRIEIRE OB

SR E OB IC xR L, SIBEM OERERA LT 5. Zhicky, &8~0
HENZEAL LR OBEREEICEELZ RIETEEZLND. A, WHEREM D4
TA~DBURFEIZ LD ELELT 2720, HEESMEEOENES L&t
IC Xk DR R~ DR LA L.

3.2.1 A

AR A S T Table 3.1 IR LFK &2 b ot~ F U v 7 A A 24 DRM1P
& L, Fig3.1 TR ELHISME T & SOHRC ICHHE L7-. FHE % OMARIE Fig3.2 12
AT X~ T U A Mk E 7o 7o MO FICBIER I N DMK e B 7ok 113 1
WIRALTH O, B 72 0 AR 713 2 IRTHR\EI TH 5 .

Table 3.1 Chemical component of matrix high speed steel DRM1

C Cr Mo \Y w Fe
0.4 4.0 1.0 1.5 2.0 Bal.
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(Quench) (Temper)

1140°C
30 min. 520°C 520°C
60 min. 60 min.
Oil quench Air cooling Air cooling

Fig.3.1 Heat treatment of DRM1

Fig.3.2 Microstructure of DRM1 after heat treatment
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3.2.2  FEBRREAM
ARG BRIT Table 3.2 (2”5 CTHEJE L7-. BEEE X, 650°C, 720°C, 820°C
D 3 KYEE N L 7.

Table 3.2 Experimental condition of punch damage test

Punch (test piece) DRM1

Work piece S53C

Forging temperature 650°C, 720°C, 820C
Forging speed 85 shot/min.

Forging number 5,000 shots

Lubricant flow 3.0 L/min.

3.2.3  FEEREEH

BBOE RS 12 K D RS & Fig3.3 107, $REIRE D LRI, BEMENME T
L7z, T, #xEM o EFHICX Y, BB ED LBEMENMETLIZE W
5.

Forging load / ton
—_ [\
()] ()

—_
(e

500 600 700 800 900

Forging temperature / °C

Fig.3.3 Change of forging load by forging temperature
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%vijt@@%%ﬁﬁéﬁ,fém%

HaERE Ok D, WMUWEEMREN Z > TEENMRI L 25 Z LR E L
=, Zh %L?EWODL% WD @R E O B, #Em EOK T :ié@m@z
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Forging temperature 650°C Forging temperature 720°C

Fig.3.4 Outlook of punch after 5000shots forging
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Fig.3.5 Wear depth of punch after 5,000 shots forging
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Fig.3.6 History plot of wear depth of punch of forging temperature 650°C
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Fig.3.7  History plot of wear depth of punch of forging temperature 720°C
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Fig.3.8  History plot of wear depth of punch of forging temperature 820°C
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Forging temperature 650°C

100pm

Forging Temperature 820°C

Fig.3.9 Microstructure at surface area of top of punch
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Forging temperature 650°C

Forging Temperature 820°C

Fig.3.10 Microstructure at surface area of top R area of punch
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Forging temperature 650°C

Forging Temperature 820°C

Fig.3.11 Microstructure at surface area of taper area of punch
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Fig.3.12 Distribution of Vickers hardness at surface area of top of punch
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Fig.3.13 Distribution of Vickers hardness at surface area of top round of punch
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Fig.3.14 Distribution of Vickers hardness at surface area of taper area of punch
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0 RN B ITINEN U (Z PR B BERENEIT T 2R H 5. KERTIE,
VFICEBET M OEFEELREL TN FOBERICKIT TR @%ﬁﬁut.

3.3.1 fEEH
FEAMH 2N F 1% Table 3.3 IR L F A b olo~ MU w7 A4 A4 MH85 & L,
Fig.3.15 T/R 9 ZLEE S/ Crll & S9HRC IZFRE L 7=, ZULEL# OfE# S E % Fig.3.16
IZRT. ZOMBITZ AT oA MEBRTH D, HRZREER X 1 ALY, PR
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Table 3.3 Chemical component of matrix high speed steel MH85

C Cr Mo \Y w Fe
0.4 4.0 1.0 1.5 2.0 Bal.
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(Quench) (Temper)

1140°C
30 min. 520°C 520°C
60 min. 60 min.
Oil quench Air cooling Air cooling

Fig.3.15 Heat treatment of MHS85

Fig.3.16 Microstructure of MHS85 after heat treatment
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3.3.2 FEBRRSEM
L RUHE 5 BR 1T Table 3.4 (/R 95 CTEfE L7z, HEEHEESIX, 1.5L/min.,
3.0L/min., 4.4L/min.?® 3 K¥EFENE L 7-.

Table 3.4 Experimental condition of punch damage test

Punch (test piece) MH85

Work piece S53C

Forging temperature 820°C

Forging speed 85 shot/min.

Forging number 5,000 shots

Lubricant flow 1.5, 3.0, 4.4 L/min.

333 EBRAER

Btk O F ONBEE A Fig3.17 ([T, BRETEEHEECLS T, STk
Uit R BE CHRAICHEIT L TV D Z BRI N, T — 38T, —RRICE T micin-
T AR OBEFENBEZ S LT,

B B OB eV, BERENMH S A EmICH D Z LBl I . BiEima
L/min. CiX, /v F % R HOBEREREFITM L, 7= SBOBMEREH LI L.
THCH LT, M EA NS E D &, SN F R TTOMMERE A MmE S, SR
HOBRELMHE SNS Z EAMR SR, ZoELY, EEHEOHEMNCE > T
MEREORE EFZMEI L, @MEREOBILIC L 2BMEREIZ M T 508035 - 72
EEZBND.
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Forging oil flow; 1.5L/min.

Forging oil flow; 3.0L/min.

Fig.3.17 Outlook of punch after 5000shots forging
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Fig.3.18 Wear depth of punch after 5,000 shots forging

0.40
035
030
025 r
0.20 r

0.15 r [ ]

Wear depth / mmr

010 | ®

005 F @ o

0. 00 . | | | | |
0 1000 2000 3000 4000 5000 6000

Forging number / shot

Fig.3.19 History plot of wear depth of punch of lubricant flow 1.5L/min.
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Fig.3.20  History plot of wear depth of punch of lubricant flow 3.0 L/min.

0.40

035 |
030
025
020 | o ®

0.15 r [ ]

Wear depth / mmr

0.10 (@] o ®
0.05 o)

0‘ 00 . | | | | |
0 1000 2000 3000 4000 5000 6000

Forging number / shot

Fig.3.21  History plot of wear depth of punch of lubricant flow 4.4L/min.
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Forging oil flow 1.5L/min.

Fig.3.22 Microstructure at surface area of top of punch
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Forging oil flow 1.5L/min.

Fig.3.23 Microstructure at surface area of top R area of punch
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Forging oil flow 1.5L/min.

Fig.3.24 Microstructure at surface area of taper area of punch
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Fig.3.25 Distribution of Vickers hardness at surface area of top of punch

46



900
800
700
600
500
400

Vickers hardness / HV

300
200

900
800
700
600
500
400

Vickers hardness / HV

300

200

900
800
700
600
500
400
300
200

Vickers hardness / HV

1.5L/min.

0.5 1 1.5
Distance from surface / mm

- 3.0L/min.

0 0.5 1 1.5

Distance from surface / mm

- 3.0L/min.

0 0.5 1 1.5
Distance from surface / mm

\S]

Fig.3.26 Distribution of Vickers hardness at surface area of top round of punch
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Fig.3.27 Distribution of Vickers hardness at surface area of taper area of punch
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ikt BHERIC X B X5 IS AR & SOmE BV, mEk b2 SICHENH H . AW
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3.4.1  HERH

FEAG A N FIRIR B SBEH STICEH S 2 RFE e 3 SAFEZSIRL7Z. LHM
7AW T HEECH 5D 5Cr-1.5Mo 2D SKD61, MH#RILMEIZEN 7 4+ —~ —72 IR &
L5 3Cr-3Mo %2 ® SKD7, £ L CHORBRTHEH L~ MY v 7 A A 28] DRM1 &
L7z 3239 260 k%% % Table 3.5 [Z/R7. FEliH/SF & LT, SKD61 (%
Fig.3.28 |Z /7~ #ULHE X % — > T 50HRC (7%, SKD7 i% Fig.3.29 (Z/x ¢ VLB < &
— > C 51HRC (Z3’E, DRMI (% Fig.3.30 (Z /R~ #LEE X % — > T S9HRC (ZFH&E L 7=.
ZTNENOEBMIE OMMEE E % Fig.3.31 ([Z/R"T. T X T~ /7 %A Mk E 72 o
7.

Table 3.5 Main chemical component of test piece punch

Material C Cr Mo v W Fe
SKD61 0.4 5.0 1.3 0.8 - Bal.
SKD7 0.4 3.0 3.0 0.6 - Bal.
DRM1 0.5 4.0 1.0 1.5 2.0 Bal.
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(Quench) (Temper)
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Oil quench Air cooling Air cooling
Fig.3.28  Heat treatment of SKD61
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Fig.3.29  Heat treatment of SKD7
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Fig.3.30 Heat treatment of DRM1
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DRM1

Fig.3.31 Microstructure of SKD61, SKD7 and DRM1 after heat treatment

51



3.42 FEBREAF
LR BR X Table 3.6 (2R354 T3 L7=. 7S F M ¥ % SKD61, SKD7, DRM1
D 3 KRAESEE L 7.

Table 3.6 Experimental condition of punch damage test

Punch (test piece) SKD61, SKD7, DRM1
Work piece S53C

Forging temperature 820°C

Forging speed 85 shot/min.

Forging number 5,000 shots

Lubricant flow 3.0L/min.

3.43 EBRAER
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Fig.3.32 Outlook of punch after 5000shots forging
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Fig.3.33 Wear depth of punch after 5,000 shots forging
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Fig.3.34 History plot of wear depth of punch of SKD61
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Fig.3.37 Microstructure at surface area of top of punch
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SKD61

Fig.3.38 Microstructure at surface area of top R area of punch
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SKD61
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Fig.3.39 Microstructure at surface area of taper area of punch
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Fig.3.40 Distribution of Vickers hardness at surface area of top of punch
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Table 3.8 Surface treatment condition

Surface treatment

Condition

Salt bath nitride

550°C X S5hour

Radical nitride

550°C X Shour

CrN hard coating

Ion pleating method

Coating thickness; 5 © m

Table 3.9 Thickness and hardness of surface treatment layer
SKD61 DRM1
Thickness Hardness Thickness hardness
No treatment Oum 550HV Oum 720HV
Salt bath nitride 75 um 1030HV 100 . m 1180HV
Radical nitride 25um 1020HV 25um 1060HV
CrN hard coating Sum (2200HV) Sum (2200HV)
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100pm

Radical nitride

Fig.3.43 Microstructure of surface treatment area of SKD61
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Fig.3.44 Microstructure of surface treatment area of DRM1
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Fig.3.47 (a) Mapping of Cr at surface treatment area of SKD61 punch
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Fig.3.47 (b) Mapping of Mo at surface treatment area of SKD61 punch
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No treatment Salt bath nitride
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M '..,,j' W W

Fig.3.47 (¢) Mapping of C at surface treatment area of SKD61 punch
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Fig.3.47 (d) Mapping of N at surface treatment area of SKD61 punch
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No treatment

Salt bath nitride

Fig.3.48 (a) Mapping of Cr at surface treatment area of DRM1 punch
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Fig.3.48 (b) Mapping of Mo at surface treatment area of DRM1 punch
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No treatment Salt bath nitride

Cone

Radical nitride CrN hard coating

Fig.3.48 (¢) Mapping of C at surface treatment area of DRM1 punch

No treatment Salt bath nitride

H  e— 100 um

Fig.3.48 (d) Mapping of N at surface treatment area of DRM1 punch
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3.5.2 FEBRSFAM

&R 5 5B 1 Table 3.10 (2R 35 T30 L 7= . &R RA 13 B % 4 A 8 SKD61,
~ U w7 AA A DRM1 & L, ZRZEnICEREs, 7o vEpne, o
Fo T V=T 4 BRI D N HEEBEOREMEZEHA L, T 0 NERICKIE
WA RAE L.

Table 3.10 Experimental condition of punch damage test

Punch (test piece) (Material)
SKD61,DRM1
(Surface treatment)
No treatment
Salt bath nitride
Radical nitride

CrN hard coating

Work piece S53C
Forging temperature 820°C
Forging speed 85 shot/min.
Forging number 5,000 shots
Lubricant flow 3.0L/min.

3.53 FEBRER

WiER O/ F OB EE % N F R SKD61 1220 T Fig.3.49(a)ll, 73> FR:4F
DRM1 {22\ T Fig.3.49(b)(Z /1~ 7".

XU F R SKD61 TlE, B E £ O/ F O NS 7 — SERI T TERE, 1
PEGRE), E— hF = 7 BNHARMICEAE L. ThICH L, NSO T, v
TR E O BN O L, 7 — /S oBERE b R v ERE S, 70
WVEACRRBETIE, N FRuE, T E BICERIIM EEONN T LD O
FEAMEI L 7o S IR 0BT BRI R S A b o 7o, CiN i B T
X, RNUTFREEE, T N EBICHMEET O T LY OREENKE L,
WEACLBSS, TV VELERR & e U CERERES RIS o T,

Ny FRH DRMI TlE, B, 70V, CNBEEKE bIZ,
PN FRIRE N D T — N NERIT T TEERE, WMERE), t— M F =y 7 OFERRICH
MeREFBEIN R o T.
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No treatment Salt bath nitride

Fig.3.49 (a) Outlook of punch of SKD61 after 5000shots forging

76




No treatment

Salt bath nitride

CrN hard coating

Fig.3.49 (b) Outlook of punch of DRMI1 after 5000shots forging
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No treatment

Fig.3.50 (a) Microstructure of top area of SKD61 punch
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Fig.3.50 (b) Microstructure of top round area of SKD61 punch
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Fig.3.50 (¢) Microstructure of taper area of SKD61 punch
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Fig.3.51 (a) Microstructure of top areca of DRM1 punch
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Fig.3.51 (b) Microstructure of top round area of DRM1 punch
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Fig.3.51 (¢) Microstructure of taper area of DRM1 punch
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Fig.3.54 (a) Mapping of Cr at surface treatment area of SKD61 punch
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Fig.3.54 (b) Mapping of Mo at surface treatment area of SKD61 punch
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Fig.3.54 (d) Mapping of N at surface treatment area of SKD61 punch
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Table 4.1 Materials of compressive test for database

Material Hardness
Die steel SKD61 50HRC
SKD7 51HRC
DRM1 59HRC
Work piece S53C 20HRC
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Him'ttﬂ - Hpresent
Xsoften = 7 (5)

initi. aneeled

: : 76‘9 Hiniti ; *}J;H‘;qﬁjii é ’ Hpresent ; ?&mﬁﬁ?—f@ﬁﬁ é ) Haneeld ; %éi%% foci L/HE é ) VC‘
»5D.
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Fig.4.2 Equipment of hot working simulator

Table 4.2 Specifications of hot working simulator

Maximum load

500 (kN)

Heating type

Induction heater(IH)

Heating temperature

RT~ 1200 (C)

Heating speed

Max. 10 (“C/sec)

Forging speed

20~600 (mm/sec)

Stroke

50 (mm)

Forging process

Max. 5 stage

Cooling

Water quench
Brower cooling
Air cooling

Controlled cooling rate with IH
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Upsetting
temperature  Upsetting

5C/sec

Www

120sec

Air cooling

Material

S53C SKD61, SKD7, DRM1

Upsetting temperature | RT, 500

, 600, 700, 800°C | RT, 100, 200, 400, 500, 600, 700, 800(°C)

Upsetting reduction

50% 30%

Strain rate 6.5, 40 sec’! 0.5,6.7 sec’!

Fig.4.3 Heating and forging pattern of compressive test

Heating temperature

Holding time

Water cooling

Heating temperature

625, 650, 675, 700, 725 (C)

Holding time

60, 600, 1800, 3600, 14400 (sec.)

Fig.4.4 Heating pattern of softening test for die steel
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433 FEHERER
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& S53C DM O IR J1-OF A Hi#f % Fig.4.5 1T/~ 7. VR SR I C i, s
BEN EATFZEIENFRTTL2IENERINT. 20722 AREFRT I =
L—y g CEHTS.

SRIMEL OIS -0 FT AR L0 BEREEZRD, £ 0K &R B O EKGFEE
F@A6K%#.%Mﬂ&%m,ﬁﬁ@iﬁ&&%’%ﬁiﬁ?bk.%’ém%ui
TIT AT T L 700C Tix &M EHc X 5 91F DR & o7z, 2L, 600°C
MLTiAmHﬂ@@é%%ﬁLT%tFM%®I%# T2 LT XY RIICHRE %
Jeh Z L2k D, 700C~800°CDFEIL TIL, A— AT F A MET D720, &5ITHE
DIETT2bDEEZ NS, PIHEI NEE L7 SKD61 & SKD7 Tl 400°C~600C
T SKD7 O T 2% SKD61 (2R T/NS W Z ERMRINTZ. ZiiE, SKD7 Dk
531X Mo &Y 3.0% & SKD61 D 1.5% KV w5 <, 2 kHTH Mo IRAEM N L < 2572w, %
DIBEHTHHEIDERTHOEVRECKRTAMA LN LIZED2EDTHD. DX
2, SKD7 i% SKD61 X Y fiffk{btEn @& vz 5.

Flo, FRBMELE I, OTHABEEN SV ERBFRRIEMmME S m <, O AEE
DI S R STz,

($Mt>$)

SRR O WAL E R ERE R & FigdT IR T . LT, BENEVITE, FRFEF
R AR VIE EERFM CTHEfT9 5. SKD61 & SKD7 Dbl Cidk, &)L R (R 5 E o
fE S & [FERIZ, SKD7 O RN #Ab OHETT N <, MEbMEICEN D 2 & DR I iz,
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Stress / MPa

Stress / MPa

1000
900
800
700
600
500
400
300
200
100

1000

900

800
700
600
500
400
300
200
100

Strain rate; 6.5 sec™’
L —a— 500C
—a— 600°C
—e—700°C
—0— 800°C
0 0.2 04 0.6 0.8 1 1.2
Plastic strain
. . -1
Strain rate; 40 sec = 500°C
L —&— 600°C
L —e—700°C
i —0— 800°C
E Wﬂ\n
0 0.2 0.4 0.6 0.8 1 1.2

Plastic strain

Fig.4.5 Stress — strain curve of S53C in hot temperature
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2500

2000

1500

1000

500 Strain rate; 0.5 sec’!

Compressive yield stress / MPa

0 1 1 1 1
0 200 400 600 800 1000

Temperature / °C

2500

2000

1500

1000

Compressive yield stress / MPa

500 | Strain rate; 6.7 sec™!

O 1 1 1 1
0 200 400 600 800 1000

Temperature / °C

Fig.4.6 Relationship between compressive yield stress and forging temperature of die steel
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Softening rate: Xsoften

Softening rate: Xsoften

Softening rate: Xsoften

1.0

0.8

0.6

0.4

0.2

0.0

1 10 100 1000 10000 100000

Hold time / sec

1.0

0.8

0.6

0.4

0.2

0.0

1 10 100 1000 10000 100000
Hold time / sec

1.0

0.8

0.6

0.4
0.2

0.0

1 10 100 1000 10000 100000
Holding time: ¢ / sec

Fig.4.7 Softening rate of die steel
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43.4

(ETUBF B} 0D v ik A% B AR 5 )

Fig.4.6 T%

B AL O v 1R e R 9 B & kA =R o 7 Ak

BRTAER LY, &RBSEE o F M R R 58 A o R AR 7 M o [ X 2 R

DX .

YS,

initi.

=YS\ (AT + A,T> + AT + A4,) (6)

T, YSyu ; PIHAEMERARTREE, T ILE(K), A4;, A, A5, Ay ; ERTH D, %47
MBLD YSpr & & EHIT Table 4.3 1T 2BV THAS.

Table 4.3 Value of YSkr and constant for each die materials about equation (5)

Material Strain rate YSrr A; A, A; Ay
[1+sec'] | [MPa] [1-+K7] 1 K? [1-:K']

SKD61 0.5 1845 | -4.37x10° | 7.10X10° | -4.07x 107 1.70

6.7 2076 | -2.88X107° | 4.20X10° | -2.38x107° 1.41

SKD7 0.5 2057 | -4.76 X107 | 7.24X10° | -4.34x10 1.76

6.7 2122 | -4.20%X107 | 7.12X10° | -4.27x10 1.74

DRMI1 0.5 2350 | -5.47X107 | 6.77X10° | -3.66 X107 1.59

6.7 2410 | -3.67X107° | 5.56X10° | -2.95%x10° 1.48

(BRSO #R L ER)

Fig.4.7 TH LN ERIMELOEALE LV, Avrami B ORE# 2 AW CTEUFA Z KD
7. Avrami B OB R OB TH 5720, FEEY O BB EAS LG RE
R Ialb—varOdET AT ALNCHET HOAHTH 5. #ILZE Xsoften D
EIL G E e - AT Bl

Xsoften=1— exp{B1 (t/t,,) } (7)
t, =B, 'eXp(R_QTj (8)

T, ot REREER, £ BRAER 10% R O EREER, o WYL T, O EM b=
FX—, R; RIKER, B By ERTHD. EEHMEOEMH(L= R L —0 L&
EHE Table 44 (RSN D KO IR SN,
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Table.4.4 Value of Q and constant for each die materials about equation (6), (7), (8)

Material Q B, n B,

[J + mol] [sec]
SKD61 352161.2 (<675C) 0.127 | 0.50 (<675C) 1.07 X107 (<675C)
173097.3 (Z675C) 0.55 (<725C) 8.25X10% (=2675C)

0.60 (=725C)

SKD7 376301.7 (<675°C) | 0.0778 | 0.60 (<650°C) 1.25X 107" (<675C)
306663.9 (= 675°C) 0.50 (=650°C) 8.00X 107" (=Z675C)
DRMI 377888.9 (<675°C) | 0.0959 | 0.45 1.38X 107" (<675C)
362615.2 (Z675C) 9.56 X 107" (=2 675°C)

(AL 2 B 8 U 7o & TR BE 0 & I 6 B IR i )

EEREOHESRL, BHT~1 Fyay MEEEBHICEHEIND Z ERZ V. 205K
BRTFCIE, BEBICSLINIBHEEMSSRICHEERELOEE2 52, £RMEZKT
EHLHEENETDH. Z ok, éﬁéaﬁrgwﬁrgc:ﬁkﬁLf%ﬂ#ﬂ%ta‘ééiﬁ9:57\
FTEETREDHL. 2o, HHEZ2HEL T OWLELEZE L - EiRTE
fape R E 1x86), MHEHAVW Tk TEEINS.

YS = (1- Xsoften)-YS,,.. )

44 BHAREE I a2l — 3 ryEFTI
AIETIE, AREZI I 2L —a v fAVWESREBRETHZE T HICHIZY, &
BRRRERMEN 2 —F, BIrET7 L, BERARFOREIZOWVWTERS.

4.4.1 fEfr=a— R EfEiTET v

AT = — R1% SFTC #L 848 A IR EHE AT Y 7 b 7 = 7 DEFORM-2D™ % fiv /-,
AWFTE TR LR 2 MG @ MBERBRIEEZ T T T 2720, SR FIEZIS -2
WAL, WEBMMEATE R T L E Lis, ARER Y I 2 b— v a U THWIZIREE %
EETEERBRO 2 TREO% MM LEEET V% Figd8 IZ/RT. ZOMEITET IV
TEE I PRIZIR TH D, BRI FIEAR, PE M IR, 2 23R & L7z,

442 AMREF Il — 3Kt
AREHE L I 2 b—3 3 2 K DMHT/KMEIL, Table 4.5 127373 X 512, XU FHE
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DRM1 T#IE IR 4 2k S 7oK ¥, #0E iR A 820C TV FM Bt 2 2k S ¥ 7ok HE &
L7z, ZHhicky, BEREICIDIEBEREDEN, @RMEHILIEBEREDOELE R
MR B R & FERGE T 2 Z E B AETH 5.

4.43 WIMSEM, BREMEORE

AFREHREY I 2L —r a3 VOIS ME Table 4.6 12737, 72, ARBRTHW=
IR—= T p— < — D BEHRE L Table 4.7 [2R"T. KEHTET LV OBEREMETH 5 BE#E
FRf & BVR R BT R OR M E S ERR L v ko7, BEERIL, EEO
REMEGE 3 ¥ Fig33 2LV AREHZE VI 2L —v a O PRBENELZ S DY
Al Lin. R F L gERIER, XU T LB A O BB ERET Figd.9 12”77 X
NN TF O LY 8mm O EICEE X &2 B0 1), EEOEFIREORE Y, 1~
NWNEARBERL I 2L —ra O TPHIREY A 7R =T 5 L5 ICHbE Z ikl
L7z, 2 b OB S % Table 4.8 (2777 .

Fo, BEREABELTAREZ S I 2L —2a VICBVWTHIEESML 1 VA
INVDBENEFIREE 2D ET20REVIRLEFREZER L. Z 0OV K LGRS
REFMAL, REBETHRAOEEN )T —4% & L.
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Table 4.5 FE analysis model for die damage test

Forging temperature
650°C 720°C 820°C
SKD61 O
SKD7 O
DRM1 O O O
Before forging - After forging
Punch

Die
(Rigid body)

\

Work piece
(Elastic-Plastic body)

hN

i

EEEiEH

(Elastic body)

Fig.4.8 FE analysis model of die damage test for DEFORM-2D
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CO.S\ R1 7 /j>0_5

¢ 6.04

60° |6 22.0 — #osozgdsosodzsclEs :—:-:—:{—:-:::e:e: szozsash
519 o 16.2$ 0 14'“%

\i/
e\%\

6 14.2

35.0

104.0

3.0 (5.827)

Fig.4.9 Punch shape with hole for thermo couple

Table 4.5 Initial conditions for FE analysis

Forging temperature
650°C 720°C 820°C
Initial temperature of work piece 650°C 720°C 820°C
Initial punch temperature 300°C 300°C 300°C
Die temperature 250°C 250°C 250C
Environment temperature 50°C 50°C 50C

Table.4.6 Parts former spec for die damage test

Stroke (mm) 180
Crank length (mm) 150
Rod length (mm) 720
Forging speed (shot/min.) 86
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Table 4.7 Boundary conditions for die damage test model

Forging temperature
650°C 720°C 820°C

Shear friction coefficient 0.4 0.4 0.4
Thermal transfer coefficient (kW/m?*K)

Punch-work piece 90 90 90

Punch-lubricant 2.1 2.1 2.0

Punch-air 0.2 0.2 0.2

Work piece - air 0.2 0.2 0.2

Work piece - die 25 25 25

4.4.4 X TF OIEESA &R A S R

AREFERTIab—Ta U CHEBERESRMICE T 21HEES % Figd.10 ([ZR7.
HEE S F 0 R ICBW TR KEZ/RL, 7— N ~H-> CABICHEL L, 7—°
HTIEEm L VBN ES RDIFEERSHICHADT D ERMRE I, EERED
FRICEVHESMDBBMEICBNTRTT2 2 L bERI N, £72, Figd.11 [ZH#
EH1YV A7 NMCBTHANCTFREOLEH IV 0.2mm 3 L T 4.0mm O A7 {E O T & %
R IS EE R RFIC O B384 L, TR TR Z 7R3, mEDKE X3 Fig.4.10
TR L7240 A0 & RIS e 00, 2mm (7 8) C i <, 7 — /385 (4.0mm {7 ) TIE < 72 o 7.
Fig.4.12 [T /N F e in 6 OBRBEEC K 58 FREOWRE 54 2 R~ . RifiREIL SV
FhME LD 04mm (L& CTHRAREEZRL, 7 — /X520 o THRERSMNIIK T35 2 &0
RSN, BEREDO EFICEXVIRESA L EMEICBNTCES T2 & bR
Tz, Figd 13 IZ#E 1A 7 VBT DN FREOKHEL Y 0.2mm 35 X O 4.0mm
DOALIE ORI 2 73, IREBRIZEHmE Y 0.2mm A7E I 0.4mm L E LV 151 2
JVETE LU TR A0~50CE W2 ENRfER SNz, N FIREBMOEEL %1 T 5/
FWH SN TRENMET L, RPE CRIEMEZ 7T, & OIZH8EMRET O TSR
ECHREMEEZRTN, ZOH%O vy 777 FEBREEHRAEZEINDL Z LITXD A
VIRBIREITIKRTT S, £, ZOHREERET Osec & 0.71sec THREMFIT—HK L
e, AREZEVI 2 L—a VO8I UG I EBERER & FRICERIRE &
ol LA MER LT,
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Normal stress (MPa)
3000 650°C 720°C 820°C

1800 F —0—650C
—0—720°C
—A—820°C

2400

1800

1200

600

0.000

2000

1600

1400

1200

1000

800

Normal stress; P /MPa

600

400

200

0 1 1 1 1
0 1 2 3 4 5

Distance fromtop of punch / mm

Fig.4.10 Distribution of normal stress for each forging temperature at dead center point
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1400

Forging 0.2mm
> - -4
1200 | mm
1000 . : . .
Oil cooling Oil cooling
o < > < >
S
- 800
s
= '
g 600 f I\
]
Z 1
400 o]
200 :
0 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Time / sec.

Fig.4.11 History plot of normal stress in forging 1 shot on surface of punch
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Temperature(C)

700
650°C 720°C 820°C

600
500
N ! SR S — —
300

200

800

780 —0— 650°C
—m—720°C

760 1 —A—820°C

740

720

700

680

Temperature / MPa

660

620

600 1 1 1 1
0 1 2 3 4 5

Distance fromtop of punch / mm

Fig.4.12 Distribution of maximum temperature for each forging temperature on punch

surface
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800

0.2mm
700 = = = +4mm
600
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e
E
< = S
£ 400 | ~—
g \ : ~.‘~~._-~~--
5 L N LT - J -
() il I S
300
Oil cooling Oil cooling
200 F Eorging
100
O 1 1 1 1 1 1 1
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8
Time / sec.

Fig.4.13 History plot of temperature in forging 1 shot on surface of punch
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4.5 @O BEYEFE) T RE(De i)
% 3 EOAeRMEBERGERICK WV TEIE Lté”ﬁﬂ@%@@? % < DKHE

TSN AL TWVWDH I L ﬁ’ﬁﬁum -, ER eI fELH#@/f}ﬁE & B B
DEE 1 #ft-7- L@ 9 @iz %mﬁﬁﬂﬁb@ﬁﬁﬁm IEETHHLETHS.

ZOBGITRIC, BFBEEICEWT, @RERENAICLVEILT A2RE TICE W TH
BEINDZENZ.

”%@@gim@i Lw 5B oM EEIZIERT 2 BEIC K2R eilsk
HOMELZBRZDHERICHRETDIEEZOND. &R OEMMNEIC X DEEICL DN
ﬁiﬂhﬁﬁﬁ@ﬁﬁkbfﬁﬁ?%éhé.

r=3mP (10)

ZIT, o BBICKDIST, my SAMBERERE, P, EHETHD.
*@ﬁ%%“f YRV E) T JME De TR TERIND. DefEN 1 2B T-%4A,
PEREN N AET HZ L2 ERT 5.

De=—"->1.0 (11)
YS

4.6 FEFET A O RKi#E
4.6.1 FEE R FEHEE

53 W CHEN Lo BRI RKER K U, Table 4.5 IZ/R L7 KHED X FEERE
B% Fig4.16 [Z/RTMETHA L7z, RUFOBERESIE, F2ETCrRLEL) I
I LD R TFERAFMONEELEZREME L, SHICAREHRES I 21—
g VR DM E RS ICT D20, SN FFREOME S I S L BT
SOWMEMEBEIE L. EBEREOELIC L DEERI DL E FigddT (7. &
IR 650 C TR KV 0.2mm (L& CRRKOEMES ZRL, 7=/ TiEbLT 7
ICEEAEIR S Th o 7. BEEE 720°C TIE, i L 0 0.2~0.4mm D7 E The KD EFE
X ZR LT, 7 — O BEFER S I38BE 650°C L D oL 2o 0. #RIEIRE 820°C
TS LV 0.4mm OB CTRADOBERES 27 Lz, 7 — O BREGE S 13 8#E R
JET20C L 1IZIERE CThoTo. ZORBELY, HEREDO LR ICHE, BFERTE S MY
MT2Z&nn, BEMICHTEDOZIZKIE L TWR WD ERMER I, £z, RE
AT EBREIR S A A B RIEL TS Z D, (o 0OIRER T DNEREEIICE
BEHZTWDHAEEREVWEEZEZDLND.
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SR DA X D BEFEIR S OELE Figd.18 (/-9 . T X TONRFHMETHo
Uk VD 0.4mm DNLE CTHRRKOEEEZ /R L. £72, 00L& TR S I1X SKD61 T
HIEL, WWT SKD7, DRMI DJEE 72> 7=, FRIZT — NEROBEFER & Tk, SKD6I
DO N FHEFE O BAEITRNZ LR R I N, ZORREY, @M OZ
IC X O EBERIEISNET DD, &R OMBHSENERERICEEL 5 2 TWD 1|
REEAFEVEEZLND.

» Distance from top (mm)

Fig.4.16 Measuring point on punch surface
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—0—650C
02 —m— 720°C
—A—820°C
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53
=
g 0l
=
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—n
0 1 1 1 I o_
0 1 2 3 4 5

Distance fromtop of punch / mm

Fig.4.17 Distribution of wear depth on punch surface in case of change of forging

temperature
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0.35

@
w

Wear depth / mm
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O 1 1 1 1
0 1 2 3 4 5

Distance fromtop of punch / mm

Fig.4.18  Distribution of wear depth on punch surface in case of change of die material
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4.6.1 €K D EEFET X D H MR

KB TR LR ERETHXNZ AN TARRICBIT D5 FOERES THIL7Z.
ATk @ Y, A S THE TIREMZR S RN 212> TV DA, HAL[N/mm’]
DENLTWSD., KO)TIE, k BPEERTLERDLEIIC, HE PBFEIUEA - KILTES
NDHZERARELTWD. £, RO S TR L TITHFIERICH D L
ni, JC(3)EPO>/£§ME§ H ZSMEERRE YS ICE S| R 2 H W THBESE S
Salb—yvaryETAICEMLE.

PV
W, = aj(ﬁjdt (12)

T, W, BlEE, o; EETHDL. EHMald, BERERKOBERL LN
EOBEMERE THHERN BT 2E0ICH B L. ROTZEM o % Table 4.8 1777,

WSR2 2B b S 7256 OBEFER S TR R4 Figd.19 ([ZR-7. 612, KA
O TR % Figd.20 (IZ-7. AEIFKRATRD 2.

Error(%) = (I;VV IJXIOO (13)

T, W, BEEODFERMETH L.

E o B Ui KOBREEN &N O T, BEICRZED K E O TR
Elpodo. FFIZ, LV 0.6mm L EONLE TIEERT —X LT, FLAE—
HBL2WZ ERMREINTE., £, BERENMET T2 EZO@EMMBTRN T & D3
mEhn.

WNUTFMB 2B S ETGEOBEE TR L Figd.2l 27T, S HIZ&HMO
THIFAZE % Fig.4.22 (257, _m%%% FREICHENE L0 0.6mm UL LD E CTIXERT
—H LB LT, ZEAE—HEH LW ERERINT.

INLORRIY, REEFHEOLOICHFH LB LA O &#EEE N FI
Archard D % X — 2 & U 72 pE M O BEFE 7RI HEMR W Z E MR S L.

Table 4.8 Value of constant &

Material 650°C 720°C 820°C
SKD61 - - 0.0909
SKD7 - - 0.0714
DRM1 0.0361 0.0507 0.0769
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Fig.4.19 Comparison experiment with prediction about wear using equation (12)

in case of change of forging temperature
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Fig.4.20 Error of wear prediction based on equation (12) on each measuring point
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Fig.4.21 Comparison experiment with prediction about wear using equation (12)

in case of change of forging temperature
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Fig.4.22 Error of wear prediction based on equation (12) on each measuring point
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4.6.2 @OV E) T B (De 18) D 528

R (1) THR S 72 ARG O VBT ) T WE A 4R O BRI RIETREBIZ OV T
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. ZOoRBLY, BUERBREAERML 2D Dexl ITHEBT, De EOHEME & HITE
FEENBIMNT 2 2 ENMER I, 2, @BRBOMEREN N HEAET 55T De
ERREVFEEBRRELRESRDLI L E2RT. De HOMRIL, KA)ICEHEENLHH
(P/YS) L HL T 2 LMERATE, FAWMBERREDS —EOLEERKOE®REZ LS. L
UMD, AHFFETIEE K LW, $EN T o v F Kot A K EERR T,
A OGN ECRBMICENT 561D, £2C, HEMLPOSREHEIC
HAMBEAEA A LS EL T, wAZEH L.

WDC = a'J' \/gz/lPV dt

(14)
ZIT, Wp; BRE(ERIERK), o ERTHS.

—>
Plastic flow

—e— SKD61
—3— SKD7
03 | |——DRMI

Real wear / mmr
(e
o
T

0.0 0.5 1.0 1.5 2.0

Maximun Dc value

Fig.4.24 Relationship between Dc value and real wear
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RT)\ S
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Cy, Cs DEALIX[1/shot] TH 5.
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Fig.4.25 Relationship between maximum temperature and constant « of equation (12)
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L (18)IC ] L 7= ¥ % Table.4.10 |77 .

Table 4.10 Value of constant C5, Cs, C,

Material 0 C, Cs
[J/mol] [1/shot] [1/shot]
SKD61 1.8X107
SKD7 5.5%x10" 2.5x10* 0.8 X107
DRM 1 0
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FRBOBEN T 7 7 A VO REERS THIT 22 LB ARRIZR ST,
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FHH L oEE#EE T, EROSRERE TN TET LI NZEE, HFT Y
W, SR OMEDRNFIZT TR, FRCIEBROZBELEETHZ L TEEED T
HIRSEE #BFICM EC& b2 L 2R L. £7-, WIS THE De AT 5 &
EBICHERBERELHEMT A NG, S@RREHTOWEMEREGERELEEND 5 2
EERIRIEB LT,

ZOFH LW TRHIRIIEESH A FH - CThiiE, HERESCHIEN LR L5E THHE
PlofE TETHE, WHMICFIHTE 2 2R AEThH EBEZLND. F,
SRR EAL T BB AR, SRME 2L OEIREMBRINEE L bR FT — % &5
B X, #ioeeRpeicxt L Ch#EAETH 5.
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Fig.4.26 Comparison experiment with prediction about wear using new formulation

in case of change of forging temperature
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Fig.4.27 Error of wear prediction based on equation (18) on each measuring point
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Fig.4.28 Comparison experiment with prediction about wear using new formulation in case

of change of punch material
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Fig.4.27 Error of wear prediction based on equation (18) on each measuring point
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