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Study on the Deformation of Die and Product
in Closed Die Upsetting

By Lee Kang—Hee, Park Yong-Bok

Abstract

The study has been performed for the relation between die and product in closed die upsetting
by the experiment. The strain of die has been given by the simple experiment using the strain
gauge located at the outer surface of die and the deformation history of die and product has
been given by the experiment and Lame's formula. The product with accurate dimension and
shape can be obtained by analysing elastic deformation of die during upsetting process. The
deformation of die during metal forming process has been usually predicted by the experience of
industrial engineers or finite element analysis. But it is difficult to predict the dimension of
product at unloading and ejected states. The study has given useful result for the deformation
history of die and product through the experiment and Lame's formula at closed die upsetting,

and can be applied in the die design for product with accurate dimension

Key Words : Cold Forging, Deformation of Die and Product, Closed Die Upsetting, Strain

Gauge
A2 olof n}E AF W T3 FHIF FBr) e
3w, ol& EoZ st AFo FALEAY 33
W gxg F¥E L WA 2AE AAE st Ao] AFs] Fasi
H‘%é}l ‘IH% A 7h qEel mE LAHE A NgArsle) Az @AM Pz AEe
doz wyol dojuy oj= AF AF FHH 2¥o) dE VIEAEd g8 TAAG] FYH
Lo AP FFE T T 4o 3, g8 dAg A Fo] MNPH:
oelr A Ao HFE BAS A7) A 71M Zlsae] A on Y Ao HFH
ME dYE 1 FEHE 79 g8y L 4 AFEY] st Faidly BAEE PFgos

s R EIL FFAYEAY
sx FROER FAN ) AT

-94-



A oue A AAY 48 xdHdn A

Wrtgzo] glojye F89 geAHd A W
W SusEy] Yste AE AYA HE g o
gutol ofuye}, GEEEN B HBE Ao
Basit o g5 & 3 ¢4¥ BE
of e APH Aret M PHoR FEME
o] &3le] s1M3tR, A. Kocanda 5-& 3
7tz QojA 23 WA o F4E FEM
oz mastdrh”

e ARHe nd AFEE Fileg 39
HEo) AL mAE FFL of FHHo=m
Agg 8kt it

E AdAyeE Y9 ¥ §¥E 2
g g de Wgor 3 §£E’.i°ll AE aIOJ 71‘
o] A (strain gauge)E FHslod EHAHsn, =9
Hgo dolHeE o] Lamed o2 NE 39
Ui wagse dog Aasd, AEe APS
12 3 A3 AAE v B T A A
M 2 238 AAZ & 5 dE 71xARE A

2.1 7heteiel HA?
wy e o Wa g AN, gury
o hgpd P2 A o] verdd

P,=A+pn,=A-C- K,

A71M Ax ¢E T b3 wHFola, p,
HiF bt ¢EE vEde, Ce BH As
Ve @, gubdel ¢ g 10 o8 AR
gk K& 3 ¥y Fxolth

44 Wt o

T
\\ \ j}

/,

H>»Do C-12 H2>Do C=24 H=03Do C-4-7
H=08D0o C-15-27 H=03Do C=35 H=04Do C=6 9

g 1 A gAddN UA A

22 2dol Hales yA?
#xo " P, ok 28 Ui sexE W
3t p, &9 BAE HQ)FH 2o

714 Ke 7HE 344 o) F&E 23
ALraxd ddy == 99y gdxdgMe K=1
2 Ait€d.

23 3¥e| SaHY

¥ 73 e wgel Agstw Lame
Ao A5l e A @3 @ Lol A
AR A5YY Bgug sl Fojun,
- AT BAULF b

2
Di T

'T(T——i'[(l =V)+(1+V) ]21'
......................................... 3
- e gAHEE g
5 pr
b0 or T TE( rol-
.......................................... 4

o714, P WHkg/mm), r;e W9
{mm), r,& 2494 (mm), ET FTEdA+(kg/
mm®), vE Eopdnlo|t},

3 A¥ Uy

H 2 (PUNCH))
Strain gauge

N
ST O |

Sigice BN *
@8- (~4mm) @/

FHDIE)  qu(¢35%15)

a9 2 488 949



B oAy AlE3 AlgH ARE THE ¥F
o &5 (AB0B1-0)0ld, 82 ¥ 92§ FEA
88 %ol AgHn e SKDIIE Alzsld 1,
HOE S387] date 9 gAS tEew
2~Eg}el Alo] X (strain gauge)E I 29 o]
Haret o

Ad FAZMe= AEE ZAgsiEd 50Ton
fFraa s ABAYVE AHestE o, WY
& 2E#9 Ao} A(strain gauge) A& 7|2
ol g3t Ay WHE wF AFE AP o
oz AAd HAEE 38 AAsi, MoS,
2 #4849 AN¥E& ¥2 F 05Ton/ming] £x2
AAE L st o A Y @4¥E wE AR
Alg7iol A dded, HPE&L FYY THo
ddd 2E#HA Ao]A(strain gauge)} F 7|
g Fst AFHAA Jige] APHE EFQ 9
o8 7t AelHAt JdAde] € AHEL AY &
g stk g 39 AR AT ¥
3 #AE 9 Edr] H3A s JdE G W=
AHH L P

4. A Zu o DE

AN JAHA F A dAE 19 3
oM ®o Fi gt}

50.00 Lot Tisieg. M Lone
Load P dauRR 4.zn
i 298.71 .2
{Ton) 3] 29.78 alze
oy 2979 a.30
A ralal a23n
| =29.83 4.z0
29.86 .20
o 29.86 4.30
o 24 2988 430
N 20.91 4.20
e 29,91 4.za
29.93 4.20
-] =29l93 a4 zo
' 29.93 4.30
4 29.98 430
I e
i i
:
0.00 i
0.00 ao0.00
Disp.lmm]

a9 3 SIABA SF-uAS5A

29 4= ARl FPEeNA "ol HA: o
4gss 397 448 2d 73 AT A Lol
Ao s AWo] grEe Wi A, WA
7 AH A olgd AH, & TRE 4d, 45
Hoz NAL FFoIA ol HFY ezt Ao

ey

=

-96-

o] }YE& 89 ®Hwlo Fag ~EHA Aol
A (strain gauge)E F3dlol =ASH Z3o) Wy
oldg & £ Ut HF FHFd e wWAx
239 ¥ &o] Frstclrl R HeiolA
dGe 7R @3 Bo]| o|FolxH ol A
Aoz 283 AlHe HEHY7 v HZ 4}
Huy z7] A2 EBEE ¢ F Utk o
HoZ Lamer & o] 43ta] WHY HPL A
stoid AlEle) MiFeld e & 4=

=

e

o FRR(2)

-4 $(3)

(—mﬂ

73 HHE(x10° gg)
-8 8EEE883E8

21 27 30 F¥s o)A g A
749t &2 kg/ mm?)

a9 4 71 A e 7 Wy oy

12 15 18 24

Eoo pe®a—— » il ' .
o 0.02 1p 15 H.’ 21 24 27 34
g :

k8 [ R
- o 4
004 T - WEw AE A7

7t 43 (kg/mm?)

295 7Igsbyd 97 uygs

aY 55 71k A"l disl 386 Aeles W
Ge AN KE 12 7HAsty Aaers,
Lame® 2 (4ol 2|3t ®H &L AN Has)
A8 deolHE v¥asty A FEFY) wISE
o] AatRe] #% AHA#HTt A dEGE o
7Ht 4E S g A FUR WEo] Hol
Auk el A4S HoFch 2YA

L

L

Pofup



2 K71 19 o9 Lame
53% o g e grte=
%ol AMgstar Qe

B
Ao
Herd 7] o YmHoz

£ 12 H98ae de) 39 WgeR 339
B WYE wess Ae Teolw wed
240 Bz

L ‘'
b .I. HEd AL 93

~0.04
-0.06 [m} 1
-0.08

74t 48 (kg/mm?)

29 6 w83 AT wIF

18 62 2% FEFAA AL FREAY
AFE 974 dPFR AEE a3 3?1 A¥EA
g AE 7Y WYHFE vusty BdFEd 3
FAHA AFY AR AFE FRAANNY 58 A
% uoﬁOll A AFY AB A 4

dAZE dEE ¢ & Adv MEH AFE
9] 917@!{-’: Z271 29 dAd H& Fod=e Z
ke A7 Aok ol AlEE JISHA
o] WA kA @R 28 o)
stodl 2Y7HEF ZE B dig Arsy
& Aol A& FHe gy ‘”3&03& 44
of Wladstd gEHog s, Zudkd o
HMe Soluves 4ged, 94 ‘%%Wl oh & A
Hb7 ol Fhste ware g dojdr
7hdHol #Z2 Aejd M= wAENgoz o) A
5ol Adizog 7] wfie FHFoZo
FIE dgor AF Aol w39 ARy
ZrolzlAl @t ZidEe] AAFE oM =
gl B AAHE TR el Aldo)
%339,] AHG ug gloma ojHuld HF73 vl gk

of

o &L 4 2
oo

1.

[

. A58 %o] ojfoldth weN YAE T
%MH AELAG ol wE FHUAG o]

AN AES AR Aol ArerE 2

-97-

A 58 A+E BAGAo g

5. 4

2

4 JAHANY F834 AL 88 dAE F
ol A 2E#HQ Ho]A(strain gauge) & &
o 7vEA EA35, Lamed-g o] 83t WY
ﬁ]ﬂfi}% $d-E AAstg oy, o] Hyo

7t g 7hets #AoA FAFH EHHo)
51}3??} AE) ANUE o]H G A& F 9l
At

AA HE 8L K7 1Y w9 oj8x HIdgy
g 2L gtoz ey mFol] dukyo
2 AIEER i KE 12 748 9e gy &
A Wgor 99 HAY dg e ngss A
& Fgoln vzl 340 #Hg sy

A dAMEF Eg AE AL sigtEol
AAFE ool FHa AejolM Ao F
ol ¢ i glona o|HEE utAubgo
2 X Fo] o]Fojx=d FHe fA
#H HA" THAME dF FE o139 &Fo)
Agstng 33 Ao A A" 5 o§
=29 AE A A7t AxA ®@oh whepy
2 A" FHANA AE dA9 o)) wa F
HAAE 87 HalMe AEY dARY 9
o] vt A 39 AFE BAHo}l s B
B Qs F o gL A7 FPgojer &
Ao g wadc

AuEs
(1) A.Kocanda; R.Cacko; P. Czyzewski, 1996,
Some Aspects of Die Deformation in
Net-shape  Cold Advanced
Technology of Plasticity, pp.367-370
(2) R4 8L, 1974, AHEEEN ki mHE, B
A, EREt EH.

Forging,



