Experimental and Numerical Investigation of the
Cold Extrusion of a Cup-Shaped Steel Joint Body and
the Effect of Die Geometry and Lubrication
Parameters
Elyas Haddadi'", Hossein Jafarzadeh?

! Department of Mechanical Engineering, Technical and Vocational University (TVU), Tehran, Iran
2 Department of Mechanical Engineering, Islamic Azad University, Tabriz branch, Tabriz, Iran

ABSTRACT

The feasibility of manufacturing ascup-shaped steel joint body for the Peugeot 405 from CK45 steel using cold
extrusion was investigated through, experimental and numerical methods. The main goal was to study material
behavior under various processing conditions‘and evaluate the influence of key parameters on forming force and final
component hardness. After annealing, initial billets were processed by direct cold extrusion. Results confirmed that
the process is fully capable of producing the complex geometry of the part. Findings showed that friction conditions,
punch corner angle, and wall thickness significantly affect process response. Reducing the friction factor from 0.40 to
0.13 decreased the maximum punch foree from 2450 to 1750 kN. Increasing the punch corner angle from 0° to 20°
reduced extrusion force by 56% and improved material flow. Raising wall thickness from 4.5 to 5.8 mm enhanced
stress control and further lowered the forming force from 2700 to 1500 kN. Hardness measurements revealed that
optimal friction parameters combined with effective lubrication improve hardness uniformity and final component
hardness. Numerical simulations using DEFORM showed approximately 10% deviation between experimental and
finite element results.
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1. Introduction

Withuthe continuous advancement of metal and non-
metal forming industries and the considerable costs
associated with design and experimental testing,
manufacturers are increasingly motivated to adopt
improved pre-process quality-control methods to
reduce production time and expenses while enabling
engineers to achieve.more reliable and robust design
outcomes [1-3]. As industry rapidly progresses, the
demand for components_with high strength, superior
surface finish, excellent dimensional and geometric
accuracy, complex‘shapes, high wear resistance, and
high production rates has*become more pronounced.
Various manufacturing processes—such as casting,
forging, machining, and sheet-metal forming—are
well-established methods, each offering its own
advantages and limitations. Among these, extrusion is
regarded as one of the <precise, metal-forming
techniques and, due to its significant capabilities,
serves as an efficient method for producing high-
quality components.

2. Methodology

In this study, medium-carbon steel CK45 was selected
as the base material. Owing to its favorable strength,
hardness, and machinability, this steel is widely used
in the manufacturing of industrial components and
power-transmission shafts [1]. The initial specimens
were machined from non-extruded bars with a
diameter of 24 mm and a length of 52 mm (Figure 1).

Figure 1. Initial test specimens

The extrusion process was carried out using a 700-
ton hydraulic press at lran Tractor Manufacturing
Company. In this study, several key factors were
examined to investigate the material deformation
behavior and the influence of process parameters on
the forming force. The main variables included the
friction factor (m) at four levels of 0.13, 0.17, 0.21,
and 0.40; die entry angle at 0°, 5°, and 20°; wall
thicknesses of 4.5, 6.5, and 8.5 mm; lubricant type (no
lubricant, graphite, MoS., and Zn.Fe(POa).); and the
application of annealing heat treatment before and

after the process. For all tests, the punch velocity was
set to 5 mm/s and the process temperature was
maintained at environment temperature. The forming
force was continuously recorded using a load cell, and
for each experimental condition, the load-
displacement curves were obtained and analyzed.

3. Results and Discussion

After the initial preparation of the specimens, the
extrusion process was performed using the lubricant
Zn2Fe(POs)2, which provides a friction factor of 0.17,
as shown in Figure 2. The load-displacement curves
in experimental and numerical forming processes of
the specimens were presented in Figure 3. Segment
OA represents the onset of die filling and the initial
material flow through both the walls (indirect
extrusion) and the frontal section (direct extrusion),
during which the force rises to approximately 2000
kN. This is because, in the indirect extrusion process,
the workpiece is placed inside a chamber that is
completely closed on one side, while the load is
applied from the open side of the die. As extrusion
continues, the extruded material flows in the direction
opposite to the applied load. For this purpose, the
punch is made hollow so that the extruded section can
pass through it.

At the front end of extrusion, due to the additional
forcesrequired to overcome frictional resistance, the
pressure in the indirect extrusion region reaches its
maximum. Therefore, the highest force is required at
the beginning of the process, after which the load
gradually stabilizes. Segment AB corresponds to the
uniform flow in both the indirect and direct extrusion
regions. Segment BC.ndicates the complete filling of
the corners and_the final shaping of the part. The
subsequent increase in force is attributed to the
additional load needed” to transform the initial
specimen geometry=into the final shape. Figure 4
shows a cross-sectional view of regions OA and BC of
the final extruded component.

Figure 2. Step-by-step images of the specimens during
the extrusion process
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Figure 4. Cross-sectional views of the specimens during
the extrusion process

Variations in wall thickness can influence the
hardness of the extruded section. In general, reducing
the wall thickness tends to increase the hardness of the
extruded part, whereas increasing the thickness may
lead to a reduction in hardness. This occurs because a
thinner wall requires a higher deformation force,
thereby resulting in greater hardness. Table 1 presents
the effect of wall thickness on the final hardness and
FPS of the workpiece in FEM and experimental
methods. The results indicated that increasing the wall
thickness accelerates the extrusion process and
reduces the forming load, leading to lower hardness
compared with specimens having thinner walls. This
hardness difference varies across different regions of
the part and is approximately 20%.

Table 1. Hardness and EPS of specimens at various
points as a function of different wall thicknesses in FEM
and experimental methods

4.5 6.5 8.5
HV EPS HV EPS HV EPS
P1 308 53 270 2.7 262 1
p2 305 51 282 1.88 264 1.2

Positions

P3 310 55 295 4.8 290 2.3
P4 273 2 275 2.85 274 2.8
P5 275 2.9 273 1.99 276 3

4, Conclusions

The results of this study demonstrated that the cup-
shaped joint body used in the front-suspension system
of the Peugeot 405—an industrially high-demand
component—can be successfully manufactured
through the cold extrusion process. The findings also
revealed that the cold extrusion parameters have a
significant influence on the forming load and
mechanical properties of CK45 steel. The punch force
decreased by approximately 40% when the friction
factor was reduced from 0.40 to 0.13, and MoS:
lubricant outperformed graphite and the unlubricated
condition. Hardness measurements and simulation
results indicated that the hardness distribution in the
final component is directly correlated with effective
plastic strain, and high friction conditions lead to
increased heterogeneity in both hardness and plastic
strain distribution. Pre-extrusion annealing reduced
the material’s yield stress, thereby lowering the
required forming force and enhancing hardness
uniformity. Overall, the findings of this study
demonstrate that, with optimal selection of process
parameters, cold extrusion of CK45 steel can serve as
a reliable method for producing cup-shaped industrial
components for automotive applications.

5. References

[1] V4 Modanloo, B. Akhoundi, and Y. Dadgar Asl,
Minimizing the required forming force in the sheet
hydroforming process using a fractional factorial
design. /lranian. Journal of Manufacturing
Engineering, 2023. 9(12): p. 1-9.

[2] V. Modanloo, Ve« Alimirzaloo, and M. Elyasi,
Optimal® Design of Stamping Process for
Fabricationof Titanium Bipolar Plates Using the
Integration. of Finite” Element and Response
Surface Methods. Arabian‘Journal for Science and
Engineering, 2019. 45.

[3] E. Haddadi, H.¢Jafarzadeh, and M. Shameli,
Numerical and Experimental Study=ef Backward-
Radial Extrusion Process for Flanged Brass Alloy
C26000 Parts. Journal of Materials Engineering
and Performance, 2025: p.'1-22.



9 JSCb Sleid Juako 45 50V o8 axdad  pw (459w | Sl (g0ue 9 (2T oy p

531y 9 B it 5o yiol sy i antllane

To.bb‘).fu.? Cypn> 9 ® golas> oW

Sl el ol oo o3l (Sl _cosiigee 05,5 -

L)‘)"‘ s).)).u ‘).:).».a ~.\>‘9 ‘Ga){.w‘ O|)—‘ oKl ‘g;“‘*?r" 9 ij ouSlils =Y
ehadadi@tvu.ac.ir AV FYOVEYAVY iy oo «lps #

oS

A gy (GO g (2,75 Oy90dy S s SenShais] 3 5l oolaiul L CKAS 08 iz 51 T 0 g (59,095 UK Slxid Jate 45 o dgi oo Sl
ol Slbos 5l ey alsl sladisad o5 anlily Sles S5eas (30D (5558 2 Al B ulS Sl el HT e 5 e Lalid o oole 18, Ll B
FUVES I S U - F YRR [ J= Ry B Sals aglas oduzey dusdid adsl (gl anld ol as ol las bl g a8 S 18 0 e (59 ST s
axg BB cdl el o VY 4y ¢ e 5l SEhol copo tals sils ainl s aul sl pxe ),ul; 0,30 Ceoles g duws dligS aygly (SKlasl gla il )y
5 039S Sy (590,0 OF (halS czrge az )0 Vo 4y jho jl dnis adS ol (Al81 457 (- 50 oy igeishS WO 4 VFO jl dts ooy Sl (59,0
55 SaS iy VDe e 4 YV 1 s IS (g5 28lS 5 a5 e, el AD 4 FO Sl ol Caalind Gl 000 osle ol S5t
D9 g0 axkd ol (B G, 5 LB Gl cge S5 Glosliznl g SKlaol (glo il )ly coslio oS 5 a5 ol L 5 b B (5 505l
D91 1V sgam 0 (gous g S gl 20 S (g9, OS] AT ol lis goae (gilwand | ol s

‘5.&3.15 Slols

axlad o598 Caolius (B Al (S5 S Jakodis «SKbaol e g S g 359 yiunsS



doddio -

a5 Gady mlio (028 slagseil plnl 5 (b az g b sleanie 5 Sl oSS Caro (538, il b
&5l w2l B 1) JYL CoteS b Gledad @y ol el wdgs anse 5 oloy el Ges oS aiis alabs, Jlisa loanlss
P9 ole 4 Cuglio iogllas mdaw Blo icuslio cwiin 5 (golul cds YU plSouiul b Sledad adgr 4y 55 Laly ol o Ly-y]
568 gesle (o SRl g Fas ) ol il glaanl g o Geba iy 5l i csilug st mlio 5 ohisa Vb oy
s Jh il alecosgiee Glls st o Sblse Seg b oSy o a5 Wsdpe a8 51 @ (o3 Slabad wdgs sl 5,5 G
Jedo 4 oS8 &8, oo S8 sla s, 5l (S Glyear 039 5eST 08 lee cal jo e Slge BN e b (Sl (pls>
Gl a8l Friowlalad 0o o slotrg ol aBlogy (Sl plst 5 oy awaie b Slahad ades o LB

arg sl Sllos BlumglliCasly (o5 Slebad wdys ;o sl S glaanl 8 51 (S plgiear o ()39 ST 3 glalo o
Sl 8ol s 121 eli5 (5,385 Slalab i 40 o al ol el 03,8 i 055 4 o Kinis 5 o Kikngiy
aS wilosls Hlas goas 5 e Olllasts 18 o 1,8 colaiul 5 50 00 ,5uS jebdy oaory dwain L (JB g Slakad 5 Jlasl
YL (59 Wiz 5d Dlalad (Fhuipes g pabd plovinl (l3dl (Sl olsS S 4 e Wl oo S (g ST
diey 5o godate sloiagy [0 Fhog) eflesa auls ol ol slajtly ks o Il ol ol Skl 5 20 S
Ul (so0e (gilwad g bl > sla g, sleslaiul b ol Sen g gbloge ol suds aloil Sl3ls oS 5 5 0 s (59 S|
539551 5 5 g3e aalllan b 55 olyiSem 5 o [ oS 5155 U318 o S5 (slawnld o 1y (S5 (550
So sitnt 3 6098 Jelo Sl a8 ol il Ll 5 sileand @S G (elie il @i ST sladusSias
sl a5 el T Sle oS 5 (eSSl posin s riaShagrBlis sl Slallas 505 (s 51 IT] dms o las 1) aul
L1871 09 )5 5 5 395 (K0l 5 (15958 (595 I3 4 i g ge (sl B (sl el camilial

S iagh sl o3litul 3590 0y, £55 9 SBhasl Ll )l 5S SlasYgE o (59 ST Cuise 0 sulS Jalse 5l (S
LDy ] oS Wyl QB iolo 5 oye,aST o LialS 50 sloaisS cpnns (i wilgice comlin (5, S0lg, a5 wilosls ylis SewdlS
Sz Slalllae .l 4l G Coj Larzeo b j5Le g Jaid i sl Cooko iy lagtingsy 35 05 13l slalo ) (> (0
Ol S92 A7 F B )""l’ (S e Sla)lSly) 5 el sla gy «land e oSSl 5l oolitul a8 wlos 57 3155
DY T o)ls )5 sloo¥sd o (159,451 0 0l pee ial3dl g ooke

Sy O39S Al gy 5o wed )08 )l Glsrsar Sgamme Slizl gy (el el e Dlallhe 5y ogdle
S ) (g Sealud Sl (Sadly 555 9 A @98 039S T 958 (i OBl Gy, Gal el 0ads (B
Silwdis 4 yonie Wlg 0 0y sinlesl g goae Judos oS 5 aS wilools jlas sl oolalllas Silues p2l 30y oles aslad (o
o0e o b baagy ol el gzg ol L VO V] 59 Jpamms annss slaanso az g b5 2al5 5 gonld slayiall se
Ay alflas & )god el )b gw, » 4 b Wlosy

ol ()l Slles ol o 4 lug 095 5 (Sl @lie ;0 955 5 (055 Slas¥s 5l (S plgre sy CKAS sYgh
Aol (J ol b V8] 555 oo gmime (Seolis 6ol o Sladad wdsi gy calin (gl 35« Jped L 4 LSS 5 uslis
Gors Ll el Sla il b sy dawain b lala )5 o594 o] S 2SS 4 395 so o 9Y53 1l @YU s
Sl Slbee Ll g ul g sla el Sl Glojes () p gy culil ol ol pon (Sl (els (oKeal g )1l ol 1059 ST

Gl 10,95 1 (Glotng Cusal 1 ad¥gd nl o s g yinST S



Boos Jodow g (6, S0lg ) ¢ s )5 (sloo¥ed o (g ST die) 10 (gouxie Dlalllas 4> 5145 wao o lis gy Slosl jg e
S 22595 9 Bi9 5] 9y p (Sl Sldes g o)l culs (LB agly Sy, g5 S Glojen (ow)p Ll sl oals ploxil
GEngyy o 3529 Sl £9090 (nl ol 00 315 308 CKAB 3Yss (gl o9t « JS o awain b (09,395 Slakid o
D3l oo (Slabad iz 0 pe 35 ST a8 (iluatgy 5 Sl sl (AL 5 pelr 009, Gl e o
Vg oz 5l ¥o0 55 55,095 SShSlrid fate 4 ankad 5y (459 5T Sl pw) p Rog5 (ol Sae el (nl
(S 22395 5 O39S S950 p (il Sldes go)la0 Culs (LB Al STy, g0 losen S Eado (pl yo ol CKAS
FE80 Sho el o 25 slagasl S 0 dgamme sl Julowi (650554 058 0SB (om0 990 SO0 g (9278 D50

il oo p2ly8 |y Sl ankad Coa S dgps 9 LB jae 201580 (655l B pae ialS wols LS,
W g; 9 Olge —¥

Laiges (g jlwoslel Y-
5 et plSorinl caslin olem ddo Y8 pland Ol gl oole ylgie 4y CKAS lagin 5,5 o¥ed o imgh ol jo
9581 slaalis 51 adgl sloasges L] oo @los nSio 15 g5 Jlisl slacis ¢ guto Slaad cilo o (ol 65 eile
Frog Pl o sl adiged (alooedh oS 5 sl sl () JS2) Wad 6,5 Gedle e e OF Jobo 5 jio e VL8 L oo
3 yincd im0 1S ol ol B sl oslii (5L ygi ST S8 55 4 Bl T yesbie Joe 5 eyl
3 ot aiges adsl s5ew 0)ls Gl UNS C1045 o )lliulh a5 el ooy &3l)l V- Jga ;0 ool adrive slads,0 b 0,565
Sl bdiged ueew V() JS2) del Cowdds Jum YAY baogio jlode 5 58030l Jo Qyﬂ L osg st anlyd alol
@l oleaS )53 L g ASTM E3 g ASTM E407 o Jaibws] bl adel sladiges S1,5 gl il gy ails o3lusl 5 (g Limle

(Y US8) ca )8 alol

adol colakad 1) JSCi

Fig. 1. initial test specimens
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Table 1. Chemical composition (wt.%) of CK45 steel

S P Si Mn C Fe o
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1. Power Metal
2. Metavision
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Fig. 2. a) specim ness measurement, and b) spheroidized-annealed specimen after hardness testing
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Fig. 4. Microstructural observations of the annealed specimens at various magnifications: a) 100, b) 250, and c)
400
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Fig. 5. Engineering drawing of the cup-shaped steel joint body

1. Punch
2. Die
3. Physical Vapor Deposition (PVD)
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Fig. 7. a) Copper piece used as the EDM electrode, b) Hexagonal cavity created in the die by EDM
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Fig. 8. Schematic of the cold extrusionsprocess ofsthe cup-shaped steel joint body
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Table 2. Lubricants used in the present study
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Fig. 9. Vickers hardness measurement points onsthe final extruded specimens
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Fig. 12. Comparison of load—stroke curves in experimental and numerical forming processes
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Fig. 13. Step-by-step images of the specimens.during the extrusion process
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Fig. 14. Cross-sectional views of the specimens during the extrusion process
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Fig. 15. Load-displacement curves for lubricants with different frictionfactors in experimental method
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Fig. 16. Effect of friction factor on maximum forming force in experimental and numerical processes

RO 95 AL wgly SI-F-¥

s ol pl a8 055 o (YL Slali Hlars adlog ST oole (il S oS jlows a5 Lo SoalsS (i 4yl o 50
ST el il oo gl cnl o> 5 G @09 Sy e ilie 502385 (o0 (59 7S T a8 (ol 51980 9 (359 ST (950 I8l @
e SloatisS (o oo g ai pgly S Sl IS jsboay 0,08, e Sl 55721 (55505 ke 2 5 00h Slsa (2 59
9 03be (b2 (ST s ek 42 )0 Jho 4l 50 095 a9 ST (59 Al g Slge by (SHIHS) Sgn crge Ak
IRl 4 e g ools (Al ) JK s Canglie ooy G0l 45 055 0 e Sl 55 9 (S Mo 3 oS crge B oS
Bl AT (B sladdlie 5 o el (a5 ©)gol odlagliE e S (B agly Al L 005 (o0 s (9
330 b Jlo ol b agce (2SS sle 3l 8,90 S50 SRS 5 Sty (S SESIES @i el ol ol a0
oolaiwl 8 50 (3l 5 Jasl il 5 59 ST B Slal ool 09,5 solaiaisle alisee Jalge 4y ol e (59 ST (59,08 2 a5
PSS9y gl Gl Ll 00t 0l (L VY S o 5 S| malISh (59, auly b Bl axals (Ko
oS Conl (FgdghS VP e 4z )3 Ve aygl) )3 9 (gnighS YO- + dg0 ez 0000 gl jo Jlao (69,5 45 (5 ek (8L als
ol asgly x50 O aiw aygly el 4Bl alS wo e BF sgam B e ST (69 ,milanlin gl SO QLI s oo ol
Ll Lo ool
3000 1

2500 A T i

2000 A
2 -
=3 R il -
3 1500 .
- a4
1000 i ' ’l ........... ).w 4{31).
500 f,l — o 4

0O 2 4 6 8 10 12 14 16 18
Stroke (mm)



S B9y 30 el — g Jloged ooy asgly pST Y USS

Fig. 17. Effect of die angle on the load-displacement diagram in experimental method
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Fig. 18. Effect of different wall thicknesses on the maximum forming force in experimental and numerical

processes
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Fig. 19. Load-displacement diagram as a function of workpiece wall thickness in experimental method
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Table 3. Hardness and EPS values at different points of the produced specimens using various lubricants in EFM
and experimental methods
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Fig. 21. Load-displacement diagram for annealed and unannealed specimens in experimental methods
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Table 4. Hardness and EPS of specimens at various points as a function of different wall thicknesses.in FEM and
experimental methods
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