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A Study on Characteristics of Bending Deformation in Cylindrical Die

Yong-woo Kim*, Dae Su Lee”

{ Abstract

This paper has proposed a new parameter to interpret the effects of plastic deformation in bending of strips in
cylindrical die and punch. With reference to the parameter, we have provided an insight on the separation between
strips and punches, the occurrence of the multi-point bending during the process of deformation, the final shapes of
strips, and the springback ratios. Also using the parameter, we have considered the different effects between the bending

deformation in the cylindrical die and the bending deformation due to pure bending.
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Fig. 1 NMlustration of elastic springback which occurs
when an eriginally straight rectangular bar is
released after undergoing large plastic bending
deformation
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Fig. 2 Moment-curvature relation for the rectangular

beam
A M
ag=3ar,
Mb ””””””” \ —— — - -
My g Loading E
e
Uploadmg
i
l oo
0 1 1 1
= —_ = 1
{ P Iy Hp Rp )
A B

Fig. 3 Moment curvature relation for the complete
cycle of loading and unloading the rectangular
bar in Fig. 1;43[0, (1/p),], B3((1/p)y, 1/R,]
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ness(h), width( W) and length(Z) of strips

AFEE AR 20mm/ming] $E2 EHAA S55
AAsH: S ANEH Ade 23k 5 3U
Aldo] $84-5 TE3tA ggen] 23y §¢ 289
o Wy, HAAT AJHe U Aol FA, HA
9| 53t olFARIee] WA} Lz o] Yojit F.9f
T84 & st wES

4, dgidat 9l nE

4.1 QEAEZ 0|25t 3o ALt

AFAEE Bof & SH-HEEIAH 2 EE w47
= B9 0.2% offset FEHE Y5 T3ty tho]g HAY
SAEE BE AL getE 58 A4let Table
20§ Aejstgick

4.2 E HEd

Zol 251.5mm, 574 3.2mm¢! FejAjHo] HYE= 7}
A& Table 39 A2 A5ttt Table 39] 1HL A

(el
1
Ho| 2zAre], 2We HA] Aok AEY o] EA7} ¢
& 3% FU(3-point bendingi e, 349 Fo] AR
of utg} B2 Atk AEYO ZYE Aol EA7E LAY
(first separation)dto] HA+= 473 78 (4-point bending)}

h[mm] | Zfmm] | Wmm] | Djfmm] | Dpfmm] e A4 E-@%EJL 5¥-2 ﬁ%’«%ﬂ Fago] thole} Hz
6 3508 .‘é’:‘.‘g}% & 7Hprimary bottoming) 22 o] ThAREE 53
e F(5-point bending) e 7t A1ZtE| 1, 6HS AEYHY] ¢F
32 1 ss | g | oase ERTS L qeln be gae melk 53 BuA, 1w Axe)
45 | 2450 %ol AET Apolof|xf 22} E2(secondary separation)Z}
6.0 242.0 THAEle] AE s AL B A0E o] HHi7t & 1
Table 2 Material properties and 2 of strip specimens
Material Tzi[c:;e]ss % Younéi/g;dulus Yiifl[c}vls}izss % P
1.6 160.7 81674 216 0.002645 0.4250
32 78.05 75258 233 0.003096 0.2416
Copper
4.5 55.59 77629 269 0.003469 0.1926
6.0 42.07 76265 168 0.002203 0.09268
16 156.7 73041 360 0.004929 0.7724
3.2 78.05 67360 340 0.005048 0.3940
Brass 45 5534 68711 315 0.004584 02537
6.0 41.72 60061 357 0.005944 0.2480

62



Bt B 5| A &8 =B E Vol.17 No.4 2008. 8.

Table 3 Typical defermation process of a strip in a
cylindrical die
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Fig. 5 Experimental P-D curves; (a) Whole curves, (b)
Details after the first bottoming
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(a) Brass

(b) Copper
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Fig. 8 Final shapes of strips after springback

Table 5 The largest punch load P’

. Punch
Material T}tnirl?ln:s —?« % B8 load
' P [kef]
1.6 160.7 10.002645| 0.4250 | 800
32 78.05 10.003096| 0.2416 | 900
Copper
4.5 55.59 10.003469| 0.1926 | 2500
6.0 42.07 10.002203{0.09268 | 5700
1.6 156.7 10.004929| 0.7724 | 700
32 78.05 10.005048| 0.3940 | 900
Brass
45 55.34 10.004584| 0.2537 | 3200
6.0 41.72 10.005944| 0.2480 | 3300
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Table 6 The radius of tool R, the parameter (, spring-
back ratios 7,,,,, and 7,

ThICk R nth(ﬁm’y nexp
Material | ness [ T] B by by
h [mm]| ™ Eq.(10) | Eq(11)
1.6 125.15 | 0.4250 ;0.03205 | 0.6563
32 12527 | 0.2416 | 0.3315 | 0.9134

Copper
45 124.79 | 0.1926 | 0.4507 | 0.9456
6.0 124.11 | 0.0927 | 0.7251 | 0.9969
1.6 125.15 | 0.7724 | 0.5261 | 0.3528
3.2 125.27 | 0.3940 | 0.06270 | 0.6931

Brass
45 124.79 | 0.2537 | 0.3042 | 0.8154
6.0 124.11 | 0.2480 | 0.3171 | 0.8919
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Springback ratio (n)
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Fig. 9 Springback ratios, 7., and 7,

Table 7 Stages of deformation and the shapes after
springback (brass, 3.2 mm, 5 = 0.394)

=] After springback

Before springback

3-point bending

4-point bending

5-point bending
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