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Wear Resistance of Borided Drawing Dies

Synopsis :

Yoshio SHIBUYA

Tool steel dies were borided and heat treated. As the drawing materials with borided and unborided
dies, aluminium wires of A2011B, A1070W and A5356 were used. The drawing characteristics (dimen—
sional change of die and wire, coefficient of friction between wire and die) of the borided and unborided
dies were compared. When the A2011B was drawn with borided and unborided dies, roughness, round-
ness of die and drawn A2011B surfaces with borided die were remarkably better than that of unborided
die. The coefficient of friction between wire and die for drawn A2011B and A5356 with the borided die

was less than that with unborided die.
severe adhesion between wire and die.

The boride layer did not show significant improvement for the
Accordingly, it is noted that the borided die is useful under the

condition of light adhesion occurring between wire and die.
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Table 1. Chemical compositions of dies used
(wt) .
Steel C Si Mn P S Cr w
I 0.92 030 LI3 0013 0012 057 0.43
1 1.2 0.28 0.26 0016 0.006 80 —

WiR 57 42 ) 22 HZ{F (Received Feb. 22, 1982)

* KRl T3 A ER I (Prefectural Industrial Research Institute, Shizuoka, 5-9-3 Komagatadori

Shizuoka 420)

— 101 —



444 £k

P |

69 4 (1983) ¥ 3 =

Table 2. Boriding and heat treatment conditions of dies.

Die Die No Steel Boriding and heat treatment conditions ., Matrix hardness, Hv Boride Layer thickness, z

1 1 950°Cx3 h Borided OQ —150°Cx2h AC. 757 FeB+Fe,B 120

Borided di 2 I 930°Cx 2. 5h Borided OQ —150°Cx2h AC, 762 " 50

(‘B"_ die‘)e 3 1 " 767 ” 80

4 n 950°Cx3 h Borided OQ — 150°Cx3h AC. 769 ” 70

5 I " 772 ” 78
6 1 850°Cx0.5h OQ —-150°Cx2h AC. 759
. . 7 1 ” —-150°Cx3h AC. 751
Unborided die 4 I 950°Cx0.5h WQ—150°C x3h AC, 807
9 ] 950°Cx0.5h OQ — 150°Cx3h AC. 769
10 n ” —-150°Cx2h AC. 734

Table 3. Mechanical properties of wires.

. YP TS El H
Wire (kgi/mm?)  (kgf/mm® (%)  (10kgh
A2011 B($5) 35.7 441 8.3 130
A1070W(¢5) 12.3 13.6 11.6 40
AS5356(p4. 5) 32.6 38.7 13.0 109
(NaCl 100 grf+ KCI 100 grf) %7\, 150°C TtoBEL

ELABII KRB TIT ok, ¥ B-x1x, U-514 2
BRI NI L SREGE L. 51X H ez 3
HMoO7 L= BHrHGE. 714 ABEYREXE
LD HEMN L LT, 471 =% A2011B
(#5mm, JIS H4040, LIF 2011B & 32 %), A 5356
(#4.5mm, JIS Z 3232, [JF 5356 Lid7) & X UMK
FEFt & LT A 1070 W (#5 mm, JIS H 4040, L F 1070 W
LiT) AV SlXkEHoMMAEE %Y Table3
ZiRT.
2.2 4R, SITHTEE, ERARE

Fig. la, b, ¢ (35| & 1 ADOMEHIRTH 5.
MECIETXTHES T 2 THD, a, b, ¢c BEREH
2011 B, 1070 W, 5356 s X 0f 2011 B 3| Xk X
FeF 1 ATHB. BT B-#1 2 & U-51 2 L2z
LAER—THO, 5|XHERBIF1 2AIVHTHD
fodb, ¢50x30mm D & A4 2 — A UNE L7 REECfF
27z, 2011B 5[ 2H XA TIL B-5 1 Ak X* U-

T4 AW H\ T 2011 B(#4.990 mm, glaghxEX 112
+0.3cm) ¥WEHEAE LUF, MEKELLT)3.4% T
KDED 60 k5| X\ 7o, RBEIISIZkEET, 9l
SHZERX 5.14m/min, E@Emm YK JISK
2241, 14662%5) TH5. 1070W ofBa|xR% i3 B-
FAAR, U-FA ABIV KO D BB &1 2% H
Vv, 1070 W (4.983 mm) #» BiE %L 33, 34% % 100m
(%) Skgl) #o1x Lic. /ods, AR AR HH K
T, #5|ZEEIZK 100 m/min, EiEaizgm (PD-3S
2 XFHE) THD.
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fiLs1 ADE, HFHE, »0X%thEhGEERIERH
B (UMM), HFERNES (x v e v VIR, KM
HoIit (V¥ —7NAH, -7 23— 45—, SE-4A)
TRE L. 1 AOWEERLT 72 — 7 & (K
B) <79 7% (EFE, »6X) THH, <7
VIZRMOB LG FHE HENTOCTOLBIGE L.
SlEEEHMREOS HX L LTIz A¥% 1.54mm/min
DOEETIEEZE, FIHEHRCERHROD HX
BRE LA, 51 EHXH], BOFIXEEMOEE <17
r -z (=8 OMV-25) CRIEL, 5lX# #H2H
60 E¥Fomii s, 3FEMATRIEDF ¥ E TR L 1.
Table 4 @M D5 Zth X Fthv 7.

5o vBlRRRME T, B-x1 2, U-¥1 212X %

. ’ ( \ﬂ F_‘s / |
—Pr— ﬁ T oA
a-‘t.sim c-h,-L .
o 4‘l’|, 4.4 o 7* -
v, l N\ v l L y l '
: ! T a Averoge .diue
(a) (b) (c)

a : Drawing dic for the A2011B, b : Drawing die for the A1070W, c: Drawing dies for the A5356 and A2011B.

Fig. 1.

Die shape of drawing dies.
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Table 4. Drawing conditions of wires.

Drawing speed.,

Drawing length, Reduction of area.

. . D i . .
Wire Die a;;:;_‘;ﬁs Die shape m/min o % Lubricant
A2011B B-die, U-die Draw bench Fig. 1. a 5.14 1.12 3.4 Machine oil

B-die, U-die Wire drawing . . .

A1070W Cermet carbide die  machine Fig. . b 100 100 33, 34 Mineral oil
5356 : . Tension testi . 0.05 . .
220” B B-die, U-die mzrc‘;li(:; esing Fig. 1. ¢ 0.5 0.2 3~17 Turbine oil

2011 B, 5356 04| X BH TV, BEER X KD
7o, Sl Xk XEEL 5cm/min, 50 cm/min @ 2 T
HO., FEWFTERBLE. ¥ 1 AMB Y1 A THbHI
o, BEEROEBC XV LT, 21 2 RHEAR IV
Gl xS ENTEB#EE AV LA > TIERC PSS
BEEAE (LU, BEEERLLT) THhH. BERIK
3~17% oF@H TR, 5| &P ZERE 20cm, Hilfh
(L — il (JIS K 2213, ISO VG 32) # VA, ¥
F-EEBZ 802 E. Sieble o FFR1® X h B U,

ST R EREEK,. ZuxgiEkE T (kgh), kem (3OF
WaERRIE D (kef/mm?), a1 2 RIHSf (radi-
an), fi. fo (XU EHE XA, HoOBHKE (nm?) T
H5.

3. RBRBREIUER

3.1 2011B 5| 2HEHR

B-712kr U-442LOWREOEYHHEIT DD
WL BE TR X A AOBEARAE X B S s, FR
WHTHEHEET L =2 2011B o5 XS EHT
7. 4ffid B-%1 A (Die No. 1), LTt U-41 %
(Die No. 6) i X b AL 3.4%, o|=hEHEH 5.14
m/min, {9 F Tk 60 A5 X\ 7. Fig. 2, 3
ol Xk xMoMHR RO ik 5 &, B IOHMEE
Al E kXA - oMEERT. Fig. 2 Tix gl & E A
Bommsicj XMoo 6 0MmML TV 5. 60
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AR MO F AWML 72, B X4 1 A0 BEEEIRE
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. 351EBE AT - i X A ESMMNESH LR A,
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eV X HEMEAEOEATHAEEL B-X 12 O
BEO M. VARG K EEBEOF S HEHAEME
L 60 Ky|xthx T hlo l#Tix, B-x1 2k
2.4 {5, U-#4 23 5.6 ficifmL T35, U-21 2
B ZHEM L1 ABMEN 0.2 TRIFTHD 0,
S X EABAD RGBS ER X EEH BRI RE T
BHN, ARoMME BB LTS, &K

C

% 8.G I I I l T
5 I —o— Borided die

5 x 60— Unborided die
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0 10 20 30 40 5 60
Number of drawn wire,

Surface roughness of wire: 0.7¢Rmax, Diameter of wire

before drawing d : 4.990 mm, Drawing length of wire {: 112

40.3cm, Drawing speed v : 5.14 m/min, Reduction of area

7:3.4%, Lubricant L : Machine oil, Die No. 1, 6.
Fig. 2. Relation between circumferential surface
roughness, and number of drawn AZ2011B with
borided and unborided dies.

1}

Lg 80 S
2 | —— Borided die
60— 4,Tgr‘,b0r_lded d|$

\
46 | | -
|

401

Z.Ob/i/‘
0 10 20 30 40 50 60
Number of drawn wire,

Roundness of drawn
T

Roundness of dies : Borided die 4.5/, Unborided die 0.2 g,
Roundness of wire : 2.5z, d:4.990mm, /:112£0.3cm, ¢:
5.14m/min, r: 3.4%, L : Machine uil, Die No, I, 6.
Fig. 3. Relation between roundness, and number
of drawn A2011B - with borided and unborided
dies.
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glEHNTHG, I EHEG, BickiT s 51 ADE,
B AR, MEBTES | 2k X X b &L EREHSS
LB Tl s, GlEEHEZC IHBLORERIES
L THTEDL EELD. Ik, #14 ADOHEEMZL
TVVYIHTHDH. £ AR B-F1 ATRHTMiC
WMmMLTw5. ¥ U-21 ATk 5 B LTV 3
A, THXEFS ACEMPBE LTS THAS.
F oy T EHEOFEBHIE B-2 1 A& 4.905
mm, U-&"1 2 Tix 4.903mm cH b, #£14 2R~
B-21f AG[2HEMILFEEH 134, U-51 25| EHE H
12 10 BEHEMULTGS., ZHUIRE R IeER/ X
Wbz £ A b H EEMEHHEIHRE S b,
A ARCHANBERBOINKEL LB TR B
HEUDTHAS. HABIK OV TR ZEEfCH
| X EEBIZ B-F 142 Tk 1.2, U-%1 2 T
1.8y BEMIMLTVAS. TOL5KE~NT7TY v Z7fico
WL E &R, BTt B L Tuv K

Table 5. Diameter and roundness of dies before
and after drawing of A2011B.

Diameter, mm Roundness, g

Die
B.D A.D BD AD A.D/B.D
Borided die 4, 890 4, 895 4.5 5.7 1.3
Unborided die 4. 895 4, 890 0.2 2.0 10.0

B. D : Before drawing, A. D : After drawing, Number of drawn
wire with same die : 60 pieces, d:4.990mm, /: 112+0.3cm,
v:5.14m/min, r: 3.4%, L : Machine oil, Die No. 1, 6.

Photo. 1.

% 69 4 (1983) 313 =

\'. Photo. 1 {3 2011B # B-%1 = ,6 U-%71 27T 60
A X EBD XA ANED SEM EHTHL, 770
—FWMORBLEROBM LB THE. ¥ 1 2z ot
MEEWT - Lz b, ko Photo. 5 12wt X 5
2, F A ANHO ™R E R B X MMESHH
Hfe. LiesioT B-#1 2t g{&xhxmlwcroTX
HOME, BIUDLIRRENE LTV B EEZ LR
5. all B-#12THh, ZHAGHRELLEHEL L
. Lo LM Taicv. biz U-#1 2 Thh.
BEREREVEBCED S RMM LM LV RE B, oo
Lo s M ADBEREREOERML L B-#1 20 )i 7
FRITHBZ EAHLRT.. UEoRERLD B-x1
AXGHEEM DT ZH XD L1, F1 A~DARIK
X, HAVIEFOE LT VERA&EC LTH Y
THAHS5. LHLl, @ 5B s» g+ 5
Abietcd, BECEBRENE LD L 5 I B &M T
CHEBTHAH S, LEXLRS.
3.2 1070W D3| 2K

B-# 4 % (Die No. 2, 3), U-#1 = (Die No. 7)
F X UHBEE % 1 A% T, 1070 W & dEifi K 33, 349
DELVERBTHRIINERBEIT oM. B, Hig
i2%7 100m/min, 3} X7 100m TF%. Table 6 &
gl Hli, BoF1 20R%, BEFERSIUCLLE2RT.
WEBATIL 4 AADHBE L b 8mm DT (B&)
THH, HAECHOWTL, BIZ0BcE L AR
NETHHH7 7 e —FHD 6.8mm(AR) OEHT
WTCHBE L. 7, OIS EHAOHHE %
BIE L. #1 AFRiL Fig. 1b Th5. x4 A{%iL
WAL, ®BT U-21 22 b FncfmL—cyw s

a : Borided die, b : Unborided dic, Number of drawn wire with same die : 60 pieces, 4 : 4.990 mm ,! : 112+0.3 cm,
v:5.14m/min, r:3.4%, L :—Machiqe oil.

SEM micrographs of die surfaces after drawing of A2011B with borided and unborided dies.
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Table 6. Diameter, roundness and roughness of dies before and after drawing of A1G70W.

Diameter, B, mm Roundness, A, ¢

Roundness, B, g

Roughness, B, pRmax Layer

Reduction

Die thickness
B.D A.D B.D A.D B.D A.D B.D A.D u
Borided die (Steelll) 4,071 4. 069 4.7 5.0 4.2 3.4 0.04 0. 02 34 45
Borided die (Steel 1) 4.093 4.092 3.6 3.6 2.9 2.3 0.04 0.03 80
Unborided die (Steell )*  4.091 4. 095 1.5 1.6 1.2 1.4 0. 10 0.02 33 —
Cemented carbide die 4. 094 4. 094 — — 0.6 0.4 0.02 0.03 —

A : Approach part, B : Bearing part, B. D : Before drawing, A. D : After drawing, d: 4.983 mm, 1:96.5m, * 79.6m, v: 100 m/min, L :

Mineral oil.

Table 7. Dimensional change of drawn A1070W with borided, unborided and cemented carbide dies.

Diameter, mm Roundness, g Roughness, gRmax Reduction
Die - -
a b b a b %
Borided die (Steel ) 4. 055 4. 057 3 3.9 0.54 0. 55 34
Borided die (Steel I) 4,078 4. 080 2. 2.4 0. 50 0. 50
Unborided die (Steel 1) 4,085 4. 085* 1. 1. 5*¢ 0. 49 0.53* 33
Cemented carbide die 4. 089 4. 087 1 0.8 0. 47 0. 45
Wire 4. 983 5.3 0.73 —

a : Part of drawing length 9m of drawn wire. (early stage part) b: Part of drawing length 144tm of drawn wire. (final stage part)

* Measurements for part of drawing length 118 m of drawn wire were carried out. d:4.983 mm, »: 100 m/min, I.: Mineral oil.

o> # 1 2L MEBREDORETIZ LA iz, 3L
FseonTid AL B {5, i@yl & Th 2 Lic X 54
Enish bR B, —RRCHRIRCELT S o 22 < 7
Sl X, BT E RS bhlov. Foh b Il
ST L FERETH S, Table 7 (28| X0 (5| x
PEBE Om) L0 IR (BR0| XEHEE 144 m) OfRH
Bl Ths., By 12, U-2 1 A MoBE L%
v, BEC LR & B o A0k 2 T
Hbh, MEHEORMCH L. BHEIC>LTH AR
Lp LI, B2 ThKEAbizid o b h /e
V. F R A LM OB T X AR SRR
O —EE 10 BE/NE L e ZORERIZMIA
ENRKE I BT A I KE e, 2o
AR H AR ER R Ao, TORB LA A
BRI IE_BED AV E L e DG EMIY G a4 Ur
teh b EZ bhA, OO EiE 187 T 20m
BEH X Lisk o s, 21 AREBR oMz -
AEFEN D, BEWIL 1~2p OXETHOZ L L
DHEZE I WD, /o841 A LBEMO B SVTRE
FAER LA, bHh oo inREFTHOR
LLEo&ER L, 1070W A4 33, 34%, #olX
MEH) 100 m/min T 100m BEH#G] X LT 1 Ak
BE, BHEICEET 2 Lol 81 ~OBERHE, ¥ 1
A-BHMBIOE I AE U T2t & R LTS, O
DX sl R EERENAE L T RE T & ik
AN B XS EREMETIL, (25N SRS
A WEEZBRS. B LV Ao X E e

LchH&TH7 . Lo L 1070 W(#4.5 mm) % i
18%, W& 5cm/min O F Ty EHBG, W -0
2 A, RN R BT L R AR L TR | & ASHT T
Taht 2L T A1 AN BT L. BEfF X0
AU T io, SR bRy & S E A RIS S ER
Getth, Tich LR, B ESBUSAELS L5 el
Tz e, Th oAk IH -2 haiown
ZEHERLTWA. LieaioT, fiidk Lic X 2 wlEf»
BECE UB Ko iR &bt LT, B- 21 ALERIC
HAThHroEELBRD.
3.3 ERHRM

3.3.1 2011B

Fig. 4 iz 2011 B (% 4.990 mm, | X} %} X 20 cm)
% B-x%14 A (No. 5. U-%1 A (No. 100 = 50cm/
min, ¥ XX 5cem/min OFE T ZH 7B 0 ERE
G DA AT, Ml g — ¢ vl (JIS K 2218,
ISO VG 32) TH%. RAPK L B-%1 25 7.75%,
U-41 25% 5% Thh, 14 2OFEFFiMAILES
BCehn. #1421k Fig. I, c TH5H. | ZH X
D F A AD ARG B-# 1 A BRI TH D U-2 1 A
(3B OASFIE O fe S IC /s Ly PO XA LT
M B Btk LT B-xwr AL U-51 A&
DOEBEGEROEALIE#ICIL T XL B X -0Ml
LR TE D L EZ LB B-y o 2 X5y &KX
REETIXEH O ¥ A-~DEE. HDVIL L1 ADEEE
HEBEOWmS T 14 Kog| Xk T/ Lol
U-#14 2Tk B-g 14 A~ £ 1 B g L
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| Borided die (Die No.5) | Unborided die (Die No.I0)
| v+50cm/min, r: 7.75%, | 5Ocrvmin, 5.07%, 8.10°,
o 8.50° I
2l Ave. Ave. 0.214
: 0.198
§ o[l ll | HIII [ _{m
‘3’ as J7 ) 2 23 18 2 29 26
@ a Borided die (Die No.5) rUnborIded die (Die No.10)
W | Scm/min?. 75%, _5cm/min, 4.94%, 8.10°
7.75° Ave. 0.273
| Ave. ”m H.ﬂ.”
- 0.210
o 022, l | [ ll ’ l ﬂﬂT
s 17 19 2l 23.23 .25 .27
Frictional coefficient

Fig. 4. Distribution of frictional coefficient between
wire and die when drawn AZ2011B with borided
and unborided dies. Number of drawn wire with
borided, and unborided dies: 14, and 8 pieces, 4 :
4.990 mm, !/ : 20cm, L : Turbine oil.

MHOBBI L 23 e
& X wfrofe. B

T, Fhuc LB F A A,
B, ThoOEEOPiy 8 Aoy
BERCIELSEN @i, | XX 50 cm/
min TiIEEEEEIL B- 2 1 2484 0.158~0.225 o
@WPH—H b, FHHIZ 0.198 ThHo, Fiho U-41 2
iX 0.184~0.257 o> bz b b VL 0.214 TH
oo gl E EE Scm/min Tid B-4 1 A DB H
0.192~0.234 oMz H b EHfti 0.210 TH o7,
Fio U-#1 272 0.234~0.314 o ElHic » h Vi
12 0.273 TtHot i U-21 2 ltNX B-2 1 20
FHnEGER A LA, oo Bt B-x 1 2k U-x+1
AN KRB X, SESE DI £ A - B o
BENLE LIS EXNEZONSL. TORE, Jlxtk
EHMEAL LU X1 ADHEEBH DI 7o b RERRIC EE
FRLEFLICTHSH S, 5l XHEER LEBBEEKED
BRI ol & X EEXAMTH - Lickh B-x1 =,
U-% 1 23 BRI E T LA EHEO MMz X b
B-#A 23T K FT 550 U-41 ATl k& <K
FLl7. COBEHIE B-7 1 AT EHEN NI THLE
Bhvb o foovic, EREES N U s et g X
hTh K&K Blbaileroik. Lol U-514 2 Tz
BENBLU L, EEMMC X 58 mitE o By EE
DR, BREMAEILLEFLILEE X B
5.

3.3-2 5356

Fig. 5 = 5356 (#4.495mm, /| XX E X 20cm) %
B-#1 2 (No. 4), U-%1 % (No. 8) T 50 cm/min,
Scm/min OEE T X\ B EOEBERDO ik

3. ERMIETE L RETHSH. MEEY 3%, ¥IH
B3EREBTHY, BOBDT ADS| XX AT ot

69

i

(1933) ‘i*:

| Borided die (DieNo.4)

| Unborided die (DieNo.8)
v:50cm/min, 3.31%,3.32°,

44
+ Ave. 0.103
2r
>t
cO0 ! li | .
gon'r o7 09 u 43 15
g4[ Borided die (DieNo.4) | Unborided die (Die No.8)
& | Sem/min, 2.92%, 4.18°, | Scm/min,2.99%, 2.86°
i Ave. Ave,
2r o.o9 h| onz
- |
I
O 1 N . ] im
Q07 09 1 3 07 09 3B
Frictional coefficient

Fig. 5. Distribution of frictional coefficient bet-
ween wire and die when drawn A5356 with
borided and unborided dies. Number of drawn
wire with borided and unborided dies: each 7
pieces, d : 4.495mm, [ : 20cm, L : Turbine oil.

jlZkEHE 50cm/min TiX B- 21 ADBH, FH
ffiix 0.094 <h b, U-%1ATi3 0.103 THot. F
72 5cm/min Tt B- 21 x84, Ktz 0.091 ¢
BHh, U-q 2Tz 0.117 THof:. BELHETICL
A% IS B-5 1 2D S U-2 1 2t~ 6o X hv)
e Bl R R Lic. 5356 | X & T 41 Aiiz
SEABE T 5 - L ks B bhs. Lol
FHOMITBE LX<, 2011 By XX T SRl
I LB Ry, CoBRIREELL 3
% THEH/NEL, 71 A-BHBOBGEOBEL M
THA T2tz &, XU 5356 13 2011 B o e ~{550
BHThrirhENEL NS, ZhitERo 5356 oM
Mg 17% ol x%, X0Xbh &S8R (2011B)

Dy EFHZTIL, BEEFEBIAE xR L, B-F1 2
E U-514 A LDEEEKENEH NI L L b
N, Fh U-51 ATyl EHIBE, BEREERZWIL
AHHBA/PNZV, L Ly ZHEEAIEMT 5 Ll
b REL LB HPIMNED SRt 5| EHXEE L BEEIE
BLoBFREEOHINCY ) U-21 20BHir Kk
CETFL, B-2 1 AT Lr. 52k
AT 5 L ER Mo ftEs L b o e b BEEBR K
LNEL I B EELBH, B-F14 2DBFHixb oo
hn UBARETgs.

Photo. 2 (1 B- %1 o, U-% 1 22 X b AL 3.1
% THlEHhhicBHEAOXBEHETHS. U-21
AHAN B-5 1 2D Hp, F7-EES Sem/min I
50cm/min TH| XK\ BED SN BEEOK K L
Mz, zhbix U-212Xbh B-51 20 )
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a : Borided die used, v : 30 cm/min, g : 0.090, b: Unborided die used, v : 50 cm/min, g :0.116,

Ll

& #

¢ : Borided die used, ©:5cm/min, g :0.096, d: Unborided die used, v:5cm/min, p:0.127,

d:4.495mm, /: 20cm, L : Turbine oil.

Photo. 2. Surfaces of drawn A5356 at about 2.19; reduction of area with borided
and unborided dies. ¢ : Coefficient of friction between wire and die.

g gy e S B

=

: Borided die, b : Unborided die, Number of drawn wire with same die: 8 pieces, d:4.495mm, {:20cm,
: 5cm/min, 7 : Borided die 2.9%, Unborided die 3.0%, L : Turbine oil.

sy Lt

IR

Photo. 3. SEM micrographs of die surfaces after drawing of A5356 with borided and unborided dies.

Table 8. Coefhicients of friction between wire and
die when drawn A5356 at about 179, reduction
of area with borided and unborided dies. d:
4.495mm, [!:20cm, »:50cm/min, L : Turbine
oil.

Semi-die  Coefficient of
angle. friction.
degree I

Die Red;:lion.

Borided die  (Steel 1 16. 8 4. 85

17.8 5.38

) 0.121
Unborided die(Steel 1 ) 16. 3 5. 03 0. 344
) 0. 16
) 17. 4 1.97 0. 31

Borided die (Steelll
Unborided die(Steel

P, B EXIEEEEIENTE £ 1 A-BHHO B
Mo, BB E 1 AR Lo ERR L
Ty A, Photo. 312 B-x1 ~, U-51 22X bl %
X@E S5cm/min THDOFBO 8 K| XLk XED 7 1 A K
Fyio SEM 4riTchDH. B-# 1 ATk BERILIZ S
AR Hivtounhy U-2 1 A TIREER O BERER A D
Sh ML Ao 2 ALl b,

2430 B0 A X U- 2 1 A0 i BEREHHE A
U4 w2 &g LT\ %, Table 8 {1 B-x1 A, U-
74 A4 X b 5356 A HMRF 7Y Tl EHRV IS
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&i\d‘
a : Borid
L : Turbine oil.

ed die used, g :0.121, b: Unborided die used, ;e : 0.344, d : 4.495 mm, o : 50 cm/min, ! : 20 cm,

Photo. 4. Surfaces of drawn A5356 at about 16.5%, reduction of area with borided and

unborided dies.

a: Steel 1 die, Layer thickness 93y, b : Steel IT die,Layer
thickness 65p.

Photo. 5. SEM photographs of cracks formed in
boride layer of inside the borided Steel I and Steel
II dies.

DEBEROHETHIS. 1 ALEMAIKSETHHHE
WML ATE LR THD. 5356 | 2EBEHMCH D T

BHLRKEVIDICHA ADATIKEL, &1 A5
HMEO®H LA U, Licai>T Table 8 (314
GIEHRGIRTRTH A, BEEEBUL Steel [, T 21 2
i B-# 1 ATy EHC o BED a U-2 1 2T g
EHEGCICBHTEN RV o LA, L L
Fig. 5 oiiRE) 3% TylZkCIBE LDz

MWETHD. ZOBBITRLIEYMHEBERSAKEIVITEE
BEHAELRTL, Zo/RER U-51 20 Jp B-54

AHNKEVCZEETRLTWS LE 2 s, Photo.
4 (X Table 8, Steel] © B-%14 =2, U-51 AT %k
PHICBEHREOXFEFEETHL. BEEKE D K X v
U-5 1 2D BEEO MMM Ly FEEERK S 9]
SHEHRMORE L THIE B 0. BEER K E L
I2ERED TRAIDIC WL

2011B 05| X EXRBR L0 B-5 1 ~ADOEEREHEBILLL
T THbHrEELHNSD. Steel [, Steel]l 2z
e T &, iz 5 LBE XY 30 UL

z : Coeflicient of friction between wire and die.

i, R X285 U520, Photo. 5 (342 5 1k
DE Uz Steel [, T %1 ANE DR 5> LBz U
#o SEMYECchHD. B 950°C x 150 min (3 9
LA Bahess, 150°Cx Lh %2l Th 5. Steel [, |
A AR FRUI R E AN E R T % M b
(0.2~0.3mm RIfR) @ Hhte. LT AR
D B-21 A TOG|EFHEFXTRTIDX 5 e fflliife X
HBOBDB A ATHOMNR., COF1 AT XY ESIFS
LI X EOBIC 1 2 ich B Al X h X EHIR L
T4, T LTl ZHXARORM & iz Photo. 1az
DL XS EHUBMCERBH AU, Ik
HEREOBN, BACZBEORKNLLS. F1LT, +
NOEEBOETZ LI X1 ADEBELT W LEL
bha., LaL B-#1 ANEICH: Ui 2O @
WMOBFICKECHBMLTWAEEL LR, B-x 1 %
T & hicBEH O U-51 2Ca|Zkmir:
ThiclERIEFC A0k, ZoElmsEH & ok
FEELLBREETVWAEDLFEKRDOOLHTHS 5.
U-%1 20> BB 9| I AROMI & St ¥
1 72-BHEOBE, BHobh, 71 A0BEBI L
L AR TIZERNBEICRETLHBE T e v
7 WThicel, ThopEUEIEIRBEC Fic X
DAL ADBRELTWL LELZLRS. £ 1 ABEYN
HT sk, EMTHEECHSN, XhE®ED X 1 =
THCLLENSD. EKHE X1 AL HREEE 21~
DOHNBEIECICS W EHR IR, BENEUTY ¥
1 ADBRBIVITHAHS. o714 2HBEI LU B
L, IOBEBELELRTVWEELLRS. LiaiHoTH
DEERNHL T4 ATz 5B EB L, X bEkEE:
THEZ LR ABERICH LTRSS TEHER TH D -2
¥ (0
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129 B L UBUE (83 51b) 2R LA #4mm
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