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Effect of die approach angle and drawing speed on the quality

of 4043 aluminum alloy wire
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Abstract
The purpose of this research is to study the effects of the die approach angle size and the drawing speed on
the quality of 4043 aluminum alloy wire. Initial specimens, with a diameter of 2.0 millimeters, were tested by drawing
through the dies with 3 different die approach angle sizes: 16°, 18°, and 20°. The insert die was made of tungsten
carbide grade K20 (ISO) and inserted into the casing draw made of material graded D2 (AISI). The design defined that

the die characteristic conformed to the 1ISO2084 standard. The drawing speed values studied were in 3 levels: 0.10,
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0.25 and 0.40 meter/second. While forming, Renoform MZA30 lubricant was used to obtain a finished wire diameter of

1.9 millimeters. In the conducting research, it was the application of experimental design by 3 full factorial experiment.

The results showed that the drawing force was proportional to the die approach angle but inversely proportional to the

drawing speed. Drawing an initial workpiece through a die with a smaller die approach angle yields a better mean

surface roughness of the finished wire than drawing through a die with a large die approach angle. Drawing through

a die with a large die approached angle results in redundant plastic deformation which increased residual stress in

the wire, thereby increasing the strength of the finished wire, especially for wire drawings that use high drawing speed.

Keywords: wire drawing process, die approach angle, drawing speed, aluminum wire
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Figure 1 Schematic illustration of the internal

longitudinal section structure of the wire die.
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Figure 3 Drawing die for the wire pass experiments (a) Die insert and (b) Schematic illustration of the

die insert.
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Figure 4 Experimental set-up of the wire drawing test.

ADUBALUAINITNAADININITATIAEDU

%

JUIALEURIARILAA

o

alulasfiimad (digital

a

micrometer) WAA 0-25 HARLNAT ANNAZIBEA 0.001
f0dms Bife Mitutoyo (ﬂizmmjﬂu) LAYAIIRADL
ANUMENUE S0 AEe 9T ad AR A NN LR
(surface roughness measuring device) ;:‘u SURFTEST
SJ-410 Series E%8 Mitutoyo (ﬂizmﬂn‘jﬂu) Ansu

dl ¥ =2 dy < =<
Lmﬂﬂummwugﬂ BASAITNLUILIIAIUAN

3179313l 1E L ATean Aday

al

WEUAIANDULAZY

3

=3
UNANAUNL T AA

v

g% Zwick / Z020 111A 2 Fid

< a = o 1 o
sﬁQN@miuﬂizLWﬂLﬂ@ﬁ‘Nu‘LuﬂqTQ@lﬁ’] NINITNAXBN

o as 5 A
NgnuunAdieclaelfarsnaedusiia Renoform
MZA30 HAnAonumilnfigruinniivieaviniu 141.63
=2 v < ' o o A
cSt. NAABIAIAIEAIINTIFN9AU 3 92D Aa
0.10, 0.25 waz 0.40 WAZAUN
=2 o v A o
nsAnENansenuansaul sfusizaiiadt
(factor) e luaruddad ldun yuluatdinuay
@ =2 d’/ dld ' o A
AruFalunisfeliugl Adsesaulsanuvie
HARBLAUBY (response) ANY 7] TUNIELAUNIAS
Augl 1y Aussgagan 1 lunshsiugil Araaw
WEUHI 18989041159 LAZAIAIIN UTIUIITD S

adnd 5 InsusaviladaNnAnen 3 72AU (level)



116

2.4N34. 10(2) : 108-124 (2565)

lEsdununismasasuuuunnnezaa (factorial
. A o =
experiment) AaqLULLTRNTNARRILNNNDTEA
WANgd 3% (3 full factorial experiment) VAN
NANTLNUMAN (main effect) LASHANTENUIIN
\ G aa . . prp
s NUaqy1saauwnsnaen (interaction) N
o day 2 .
HARaUANEIAaAILIan 1 lun1saugL Apanu
NeNURILRAE (arithmetical roughness, Ra) Lka¥
1 [~3 o [~} v d‘
ANAINLTIuITedandNTa Tnanie i el
WPEAUEN1MAae9TN (replication) 91191 4 A
NNTAANLLLNNINARBILAZNINARDLNNAT B LI
AR lEsansiain19adi (Minitab 2020) D98
lunireenuuuwaziAszinielfiszAuaau
W3R 95% tnaanfuniInaasdazn1uum L4
N34« (randomization) ANNLNYITNGNTTRBNLLL

(design matrix) AlEanganfiniaans

NaNIsANELAazanlsana
U

W TR UNAN TN AZALNIIAT AU

TafayanuiniiiAsyil A9ATRdaLAIAINY

Normal Probability Plot

) . )
30 30
E E
L) g s
£ £
10 10
-
L
2 1 [} 1 2 bow 0.005
Residual
(a)

Normal Probability Plot

a = | = . P

HANAIAYTBEIULNAL (residual) 12918y a
TURARETANIINAABIAILUUBAINNTEAE
wLULnA (normality probability plot) 189d91ae

wamdAv (Figure 5) tae (a) 1lugniayaiie

'
a6 v

FATIEINARBUAUDIANTUATUTIgIgAT 1E
Tunsnatugy (o) \ugadayaiiedinsnyi
NARDUAUBIANUTLANIAINUENLENLDIAIAANTA
I A a 'S
way (c) \ugndeyalnedlAssiNanauaued
ANNFUAI AN LTILIITDIAIAFLER T991NNT
NARAUNLINNY 3 gadayalinnsnszanasfiages
ANANHRANAIANNNTNIZANE AN L UILE RS
L ~ a ~
WAAIILRYANNITLANLAIULLLNR waziie
NANTUNAM LT UAINLRIANAINNEANANA
souteaNiiudaszriaiu (Figure 6) wudndinya
wiazgadaannulslsouaasdiauianann
aNaNe AULAT AN HUTIDIUNUNRAILANTIA
= o v o’ 1 B " [
ashdayagadinaaliiipssdiznansznumnan

o Ao \
LAYHANTENUTINTzUINNTadaNuNase

= o = :
HARALIALAINNNNsANEsa Y

Normal Probability Plot

Percent
=

L] 0,005 0.010 -2 -1 0 1 2
Residual

Residual

(c)

Figure 5 Normal probability plot of residuals for, (a) drawing force, (b) surface roughness, and (c)

strength.
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Figure 6 Plot of residuals versus fitted value and observation order for, (a) drawing force, (b)

surface roughness, and (c) strength.
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Figure 7 Pareto chart of standardized effects (0L.=0.05), (a) response is drawing force, (b) response

is surface roughness and (c) response is strength.
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Figure 8 Main effects and interaction plot for drawing force.
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Table 4 Calculation result of the delta factor (A) and the redundant factor ().

die approach angle (2a.) drawing ratio (r)

delta factor (A) redundant deformation factor (¢p)

16 0.903
18 0.903
20 0.903

20.36 6.497
22.91 7.186
25.45 7.872
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Figure 9 Main effects and interaction plot for surface roughness.
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Figure 10 Main effects and interaction plot for strength.
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Interaction Plot for Ys/UTS Ratio
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Figure 11 Variations of Ys/UTS ratio as a function of wire drawing speed for the die approach angle.
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