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The Work Hardening Curved Lines of Various
Metals by Cold Working

By Hiromu Ogawa, D.S.E.
Hitachi Works, Hitachi, Ltd.

Abstract

The writer has made public in the article the calculation formula of the drawing
force in both cases when the drawing material is hardened and not hardened during
drawing proceeding. He has obtained the most reasonable die shape by which the
minimum drawing force is reached. Studies disclosed are also concerned with conical
and curved surface dies, although the relation between calculation formula and draw-
ing material not touched.

Here he has made clear the work hardening curved lines of various drawing
materials showing how the hardenings are raised in accordance with drawing proceed-
ings. The results are as given below :

Copper and alminium show nearly equal strengths over all drawing proceedings,
and lower, medium alloy steel and monel metal give work hardening lines curved so
slightly as appearing as almost straight lines. Austenitic stainless steel, brass, Halman
(Cu-Al-Mn alloy) and nickel sbhow remarkably curved work hardening lines, and
phosphor bronze alone yields a complex line.

Moreover, he refers to some investigations of work hardening which were carried

out to examine his above experimental data.

669-124 ; 539.89

IO TIIC B D 2 &\ 5 BB U TR -SRI 3632

(1) %8 =

T ORI DT, O NS 10 ¥EEOE
b TN bR 2 SR t- & & Ak, DLCEH
A OFER EHIC e s L b 3, BB AD S HE]

FEL X0 D, ZOZ LIXTEESRE O BRI L
TH  LWCHERAIE R 2 FuAT 0 & L Tdd CHEfT X
X &EEHbits,
LELIFICDO—H e LTHEREICEI L TET D
HEAT 2 OO D T ORRE A A I R
LT % & L eBlE LIS EGob KR A0k K
Too Bd I b4e TS & LA EE
WTHER U TWDDThH B0 ML L OFEEE D BHEEHT
*  HSrSUERT H AL T T

NI L TCHZBCRAH53DEH L NEHHT HK
BThb,

Is BRBC M T LB Lotk To i Es
FER L Tk, TEELMZ BT DBHE L Lic,

() £EZF o5 DFAEX

FFF & L THEEN & SRt Sl OB & fisid 341
1y BTHEEX A RACEFWTRD 3ENS D,

— 107 —



1244 3 #n 28 4F 8 H H AYA

e
[u]

S T NGAE N
R =5 [t D 4%
c=HHEX 4 ATEH[D 1/2
p=5 & X4 ABE X OEICHh < BEERE
k=5 B 05 |[BEEAIG S
Ty =5 B OSTEIREIRIG ST
T=Bil§E
G' =5 [H OS5I J1— iR AT 2 EERA T
R DRE (1 ED
A, B=5 [JF OFMTIS T 1— Bl e 2 dhiaa T
AL DS (382 )
p=5 [P HERR T B3 5157
L2LTa bixzhrhx 4 AHARCHNG BE%
FHT DL THuE,
CA) BB OUEERBEE 2 —5%E & (58 L7340

Rb 2\1
R.'3,3

Pm:2nR”,‘~’-k{ (1+n cot @) log X 3} (1)

¥

(B) MO D7 & 1HRRAE
{RICE HHEG)

Ly = ﬁRttz{er"l“ﬂ cot J(Jr-m—pbgb;)'l"prz } ( 2)
o AT
Irm=2Pu +4{Tf blog—Ri—J
RUJ
R, 34-R,3)2/3
126! log! T “f__}
. %/4}?(!-}{)?)
2% 4 i
Pa=g gka=g 2 (T70TTaC)2 ..(3)
2a 4
g D B, D
P 3,/ 3 * 3’/373«”
_ 2(Ry’—R*)
e T T

Rb3+Ra3

CC)  BIHHMH DI LREERF OIS T3 & HiFRAIBIRIC
3 B H AW
— 2 ( ha :
pm—ﬁRa {J;'Q}L+ﬂ cota . g rm—Pu —I‘?—j) +pﬂ.} ( - )
. a,
. e

2A R
rm =P 4( g/ - '—) ot
g D+ Ty +1-%—2B log R,
— 16_"(:1 log 5
3(1—-4B%) “(1+2B)F (R./R, *(1—-2B)
2d 4 4 AT, )
D = —'—_";k P Tragt=— e Try et o
: 31”3 ! 3y 3 . 3y 3<~ & +1+BT.«1
2d
'y = . ka o )
Pi 3,/ 3" 3,7 3Tfr1

_ 2(Rp3—Ry*)
o= Rf}3+R(r,3

A5

= g 35 % 8 &
? A
2o’
/
|
a z
0 e
. 7 7
e

1R ERES M LEAE T2 56 05K
IS H—E B X

Fig. 1. Shearing Stress-strain Diagram when
Material Shows Straight Work Hardening
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Fig. 2. Shearing Stress-strain Diagram when
Material Shows Curved Work Hardening
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Table 1. Analysed Componenis of Ferro-

Alloys (%)

No.| # B 1c ‘ Sihvml P| s ﬁNi}Cr
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5[%- 35 47 0.10 0.03 0.25 0.016 0.019 0.09 0.06
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Table 2. Analysed Components of Non-Ferrc-
Alloys (%)
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Table 3. Dimensions and Drawing Elongations
of Ferrc-Alloy Drawing Materials

‘ 2R(mm) 2R (mm) |
No | ) 7S €4 |— - Eq
n| 2R, 7| 2R, |
| 0|68 0 |5 390 2.0
‘ 1] 6.00 | 0.300| 6 | 3.45 | 2.940
1 | B % 5&‘2 5.35‘0640 7 | 3.15 | 3.730
3| 4.87 0.980 8  2.79 | 5.040
4| 437 1.460 9| 2.56 | 6.180
0]615/0 | 5| 348|213
| \ 1554 0.230 6| 3.30 | 2.475
2 | S 5 R 3N | 2 | 4.90 | 0.573 \‘ 7| 2.79 | 3.530
3| 4.41 | 0.940 | 8| 2.62 | 4.500
4| 4.03 1.330 |
0| 6.8 |0 |5 391 2.070
| 1| 5.96 | 0.322 6 | 3.57 | 2.680
3 |%3 B % 4| 2| 549 (0555 7 | 3.14 | 3.260
3| 4.82 1015|| 8 | 2.94 | 4.420
. 4| 432 1515 9 | 2.67 | 5.590
10| 3.56 0 '; 4| 2.84 | 0.574
|1 844 0.072] 5| 2.54 | 0.970
LIARTEM 5| 308]0.178|| 6| 2.20 | 1.400
3| 2.98 0.428| 7 | 2.00 | 2.170
| 069 0 |5 3882240
I g : 5.92 | 0.395 | 6 | 3.50 |3.130
5 |PRFEM | 2| 544 0.650 | 7| 3.07 | 4.190
| 3| 4.75 | 1.170| 8 | 2.3 | 4.700
4| 4.25 | 1.705 | |
0| 7.05/0 | 5] 4.03|2.060
11 6.05 0.355|| 6 | 3.45 |3.180
G |Wata £ 2| 5.45|0.675|| 7| 3.15 | 4.020
| 3| 5.00|0.990 8| 2.€5|5.120
| /8 4.50 | 1.460 '“ 9| 2.20 | 6.950
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Table 4. Dimensions and Drawing Elongations of
Non-Ferro-Alloy Drawing Materials
2R(mm) | | 2R(mm)|
No.| # ® | ea | e
| n | 2R, | I n‘ 2R,,
0 5980 | 5| 3.45|2.000
| 1| 5.238 10.235 6 | 3.15 | 2.610
7 7 2| 4.81 |0.545|| 7 | 2.75 | 3.720
| 3| 4.35|0.800 | 8 2.55 | 4.500
| 4| 3.85 | 1.410 |
06970 | 5] 346 ' 3.060
1] 6.000.352| 6 | 3.21 | 4.000
8 | # #| 2| 540 |0.665| 7 | 3.00 | 4.400
| 3| 4.85 [1.070 | 8 | 2.80 | 5.200
4| 3.88 [2.230 9 | 2.58 | 6.300
0 7.15 |0 5| 3.90 | 2.360
1| 6.00 | 0.420| 6 | 3.47 | 3.250
9O |88 H #9|2| 540 (0.755| 7 | 3.20 | 4.000
3| 4.89 [1.140 | 8 | 2.80 | 5.520
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0| 6.45 |0 4| 4.96 | 0.684
1| 6.02|0.144| 5| 4.50 | 1.050
Wt o e
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0!600 0 |5/ 345202
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4392 |1.340
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2 325 0515 5 2.50 1.565
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1 5.97 0.355 6 3.45  3.060
13 |' Frsava|2 ' 5.36 !0.682 | 7| 3.15 3.870
| 3| 4.82 1.080 | 8 2.73  5.480
4| 4.34 1565 9 | 2.54 | 6.500
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Fig. 6.
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Table 5. Constants Determined by Curves of Various Ferro-Alloys
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Table 6. Constants Determined by Curves of Non-Ferro-Alloys
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