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The Design of PC Strand Cold forging machine with Hydraulic System
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Assoc. Prof. Chamlony Prabkeo Advisor

ABSTRACT

This project is a development of strength efficiency at connection point of an aluminum bar by
increasing a diameter of the aluminum bar, A former aluminum bar is 16 mm’ in diameter which is
increased to a various diameter by using a pressure from hydraudic cylinder. The aluminum bar is
shaped in block set until it is an acceptable shape. Then, this aluminum bar is tap for bonding with nut
which assume for conntection point between the aluminum bars. Finally. this model is tested by tensile to
find out a failure point. In conclusion, the most failure point may not occur at the point which is

completely shaped
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mumﬂuﬂ:Mmmﬂanmuﬁmmmmm‘%‘unﬁé’mmsm;ﬂ Tamialaludninle

& o '3 F] ] t M ar 9

0.2 Wlofidud uasouaAInIIANA ST IR TIIAUTI AN 13 AuRI MY
[ = = W o o EI. dd o a4
amussasnsn T l¥dgdnualunuaiunduiizatanias 0.2 Wedidud nisen
a - . ¥ a ] dd o ¥ ] .
BEndUTNANUAURTI 0.2 08 SIFUAR LA IUNIUUTIAIATIN (Yield strength)

LY Q o i or o <
vl queuifewizdmiuudas Yaqdmisun 2.6

243 ﬁ’ﬂuq&’u {Young’s modulus) nie Iugﬁ'ﬁmmﬁﬂﬂdu (modulus of elasticity)
[ 1 1 1 -l L] F" 1 o
Lﬂuam1mu:izHnm'nmﬁunammmmﬂlumunﬂﬂﬂtﬂusﬁuma A4

o Qe o s [ & A
Tugdmzll quai@nnizdmiunsaz fagdeaiswi 2.5

ar o o 1 g
2.4.4 Tugdifiow (Shear modulus) 170 Tugdanannuudaunsy (modulus of rigidity) Tu
msnareuiudu lanlfusadeuudiBounssennen g uidon (Shear
ar d o o
Stress) AUANUIATUAIREY (shear strain) A9 1Ens MdnyaRutuMINAToY
@ o ' ! [T ' - - ' -
U338 Sms sz IvanuduiReudsanuinl sadeulugd mnns il

iduase Gundt Tugdmiey

2.4.5 amnulanasdy (Safety factor ) Tasia liludrdmamtaensonanils &
J L O d
wymhlilnsamrudnussdanieaud s measnuesiag e ildau
A’ ] -J o _ o/ A :: 1
11994 (Working stress) Tugudaufimidsesnuuu dusunduq 41 amdy

89N (Design stress) H3oa A 19910
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A15741 2.5 Modulus of Elasticity

Modulus of Elasticity
Metals

MPa (Mib/n?)
Aluminum and alloys 69 x 1P 10
Cast iron 138 x 1P 20
Copper and alloys 110 x 1¢° i6
Iron 209 x 10 30
Lead 21 x 10¢ 3
Magnesium 48 x 108 7
Nickel 209x 108 30
Steel 209x 109 30
Titanium 117x 1P 17
Tungsten 407 x 108 59

@157137 2.6 Yield Strength & Tensile Strength

14

Yield Strength Tensile Strength
Metals

MPa (Ib/n?) MPa (ib/r?)
Aluminum, annealed 28 4,000 69 10,000
Aluminum,CW 105 15,000 125 18,060
Aluminum alloys 175 25,000 350 50,000
Cast iron 275 40,000 275 40,000
Copper, anncaled 70 10,000 205 30,000
Copper ailoys 205 30,000 410 60,000
Magnesium alioys 175 25,000 275 40,000
Nickel, annealed 150 22,600 450 65,000
Steel, low C 175 25,000 300 45,000
Steel, high C 400 60,000 600 90,060
Steel, alloy 500 75,000 700 100,000
Steel, stainless 275 40,000 650 95,000
Titanium, pure 350 50,00 515 75,000
Titanium alloy 800 12,000 900 130,000
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2.6 ManArsufaEHiAMIIAINITUYe I Tag

2.6.1 113984 (Tensile Propertles)

=% ar o o G a
Arsmaraumsds dumsfovmuduiufees anudu fuanuaioe vesiag ums
- oe - al d.’. 9 o -l - J L}
narou 18 lasmidsiagluundesune nisaaiiin i Saglianuuadiniu uasidumu
o = -l =l o o of
guinavaaasuTnafvaidnvaniiurenoadegilii 2.2
o T r " d

Minaaeuiidsil Ao mTsutunaneuiidnuardiglf e 1zoe Lo duszsyniw

2 1 4 d ow. - 2
envasdunageunewhimimadey Ao dluiuimiWaresiunassunauhimmagey 1y
-1 A = < Y 2 & & o ar
ih¥udnutuntemanou lavsziiuusdsfiazfosluunade sunssisduauiinaaeusia dagy
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A0 == =t ¢f
i [ _l-!— Fixad crogshead
L 1
F' ]
- i - Test gpacimen
3
_|-4— Moving crosehaas
Lt 1]
! jost.-— Table
Ao
Tf e} Basg and
r acuator
(') tE) Er s rddt
{8) (c}
o a
U 22 MInAToUsIRIMINLUIAY
ArF £ —
T =T

| |

e Nack : ﬂ L,

i-ﬂ——- 4 - h-l

i T_; 1. J o

(1) @ @ 4 5} (B}

1% 2.3 Saguagiuusssuniziina

» ]
nanTmaneuiise 1&dmaauidves3anfidinay 2 A1 Ao Engincering stress —strain 1Az True

stress —strain
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2.62 ANUAY HAZANMINTIAMIIAINTT (Engineering stress —strain)
1] H v A ) ] 18 3
Wusfimneunamih il esauuy wiesdsnieeudaanssuy winuw wada awnse

a d L] = T
ATUINIINAUNTIN (2.1) rﬂuﬂun‘limﬂﬂmﬁuma'amnsw ﬁ'ﬁ.l'l'ﬁﬂﬁ'lﬂ’lﬂ’fl'li.llﬂ?i!]ﬁ'lgﬁ maunid

ey
F
o, =— 2.1)
4,
amudunwdnnisy = a,, MPa(lb/in?)
< 1 A' -
usannsziiusunaney = F, Ib(N)
Aunmidavesunaasunsudntnadeu = 4, mm’(in?)
L-1
2 2.2

ArmATuaMimIngsy = e, MPa(lb/ in’)
ATNINYBIMATRINSse Tl = I, mm.(in)
ATNUTINRSEUNATELABUN IS TS = L, mmin)
i lrmnsdnouiiouns Mz Sz daii 2.4

* —— Maximum load
TS+~ ——=
— Fracture

& Y- - ‘
c Ptastic region
5 9
=
©
) :
g i
wn i

" ¢ Elastic region

!

—s||+— 0.2% Oftset T
Strain, e

i‘l.lﬁ 2.4 s '™ Engineering stress —strain



w

thilanesyananIvsseaninaiansey v

; K
910091 Engineering stress —strain 9zn31UAIANAIN

L. 399900 (Maximum load) ugaiisunacenunr1¥qags

2. uFudunnidagilueaiag (Vieid point) :.ﬂuqaﬁi’;wﬂﬁau Sudanms@uglves fie By
Lﬂ%‘uuuﬂmmnin Elastic region ual,1q"lh~1 Plastic region

3. ¥asFunsaneumuiegivea g (Elastc region) uvaeil Sepittenameudusuns sitiuid
ardovaufiege v namilushsiionfhuduase

4. YanmdoglvesTon (Plastec regom iusasfineiileannon Elastic region Tusa9ii Taq Al
naveuseiuussae lifovq SageziSmdogl uazezvalufiqa ns lughail szuendeni
milyavedinquaazyiaday

. o
5. Tensile strength %38 Ultimate tensile strength At 1dnneun1si (2.3)

I18§= L (23)
4

Tensile streagth = TS., MPa(ib/ in®)

nisqeqa = £, I6(N)

fuinindavesiunageudewiminaaau = A, mm*(in?)

. o d
6. Elongation 1103 Area reduction A3071N139 (2.4), TUNTIN 2.5)
EL="L_2 24

AT IEuANITIVEYUNaTeY = EL
» 1]
aMmumvsIFunameunInvIaiavingaifmua aeuusn = L,,mm.(in)

ATINUTIVEIFUNATRUNOUMST UL = L, mm.(in)
AR = ——r (2.5)

L 1 a .d '
daduvesiunuida = 4R

Pl o S a = ,
Auinihwavesiunaerusnausesavesiunasey = A , mm*(in?)

. 4 A' ] .
Aufwhiavesiunacoudenhnimages - 4, mm’(in?)

62471
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e 1 0 Y ‘4 A - Pt
ansohmarg T Myiiail weenuumaissienaimnisy lassensnida Aneu
= o ' -4 1 o o o 1 . ] '
msiduylvesing sinanuniles uaz Awssnsevhgegaiiaoqiuld A1 Elongation Tifiuen

Gy ar a o
ANAVUALANIZVONITARIAIT NN 2.7

J
131N 2.7 Elongation

Y% Ye
Material Elongation | Material Elongation
Metals Metals
Aluminum, annealed 40 Steel, low C 30
Aluminum,CW B Steel, high C 10
Aluminum alloys, annealed 20 Steel, allay 20
Aluminum alloys, heat trested 8 Steel, stainless, austenitic 55
Aluminum alloys, cast 4 Titanlum, nearly pure 20
Cast iron, gray 0.6 Zine altoy 10
Copper, annesled 45
Copper,CW 10
Copper: brass, annealed 60
Magnesium alleys 10
Nickel, annealed 45

2.6.3 AINAU HAZAINAIBA03 (True stress —strain)
J ar L) 1) 1] 1 L]
duamminzfumsildesnuuunszuaumandaiogaien  srnudusisewise

AUINTINTUAIIN (2.6)

F
A
anufuie= o , MPa(lb/in’)
J o » ﬁ' nd
usavnsznusUnaaey = F /h(N)
P A v 2 _
fufimihdavesunaner = 4 . mm’(in?)

1 =4 -~ o A
AR TUATURITITIRNTOATUIUTINTUAITN (2.7)
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ANIRIoA = £ . MPa(lb/ in®)

L=1L,

True sifess, o

£= j‘ ar. _ In L 2.7
A
P “\;\: Projected curve
P - il negking had
not occurred

“-— Start of nacking

Yiald point, start of plastic region

— Elaslic region:
o= Ef

v

Truea strain, e

1% 2.5 n3 ™ True stress —strain

; 3
90U 2.5 09N True stress —strain 2sNTUA A AT

' i o 4 & o da & 1 4
1. Eiastie region 1flusasfiYagfildmaneuduiuussfiiuiufiasdervuiega Y nsmiludaeiies

Wuiduase

de  d a - a - 1
2. Yied point flugaiiSmgitldmaney sudanmidogtves Ae Sunldsuutasnnyas Blasic

region ol Tq"lhi Plastic region

o al 4 - a 1
3. Start of necking Wingafiioghlimaceusuilnensaunziznaluuiinui

1da1ufuNusves Engineering strain fi True strain #30un157 (2.8)

e=In(i+e) (2.8)

ar . a o |
uaz 1¥nmduRuF¥09 Engineering stress fiUl True stress facumaf (2.9)

o=0,(l+e) 2.9
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TunszvrumimeTaqenaas st Plastic WA IR Strain hardening Taptiy
031 True stress — strain 3715 lunsAmnes ud Tl 150105 ™ Engineering stress ~ strain IN5 12

1 -J - A -
ﬂ'l‘ﬂ‘lﬁi?u’ﬂﬂ‘ﬂﬂ JAUBIINATNAREADA

2.6.4 Strain hardening or Work hardening
lusefilsznaviidglunisdefiagiicvesioglunszuriunaia nsfnisan
- - . [ . [ <
NOANTTU VB4 Tany 921115 1 True stress-strain 14429 Plastic 1 Wsu Tagldan log 92 1dns ity

iduarafsgdii 2.6 nimlezueaangAnssunis TnavesTaalusas Plastic

e
Lo

100G -  Start of neck:ng
i
§ K-~ mm o e
= {
U. ‘/I\ |
£ 10 B | |
2 a ;
= Slope n= b , |
1 | o .
0.001 0.01 01 a/b 1.0

True strain, ¢

11 2.6 nsmaudiiuini ue
a o
MnanuduNusauntms naee WEdsaqunn 2.10)
o=Kg" 2.10)

Anueisatie = o , MPa(lb/ in®)
1 - g a
AR = K
ATNFUYBINT N = n
Strain hardening or Work hardening iusgaimuidiemizvoswdas fagqausouaas s

Fl
AT 28
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Als 'Is'lﬁ' 2.8 Strength Coefficient, K & Strain Hardening

Strengih CoefTicient, K Strain Hardening
Metals

MPa {ib/in*) Exponent, n
Aluminum, annealed 175 25.000 0.20
Aluminum, CW 240 35,000 0.15
Aluminum alloys 400 60,000 0.1
Copper, pure, annesled 300 45,000 0.50
Copper alloy: brass 700 100,000 0.35
Steel, high C, annealed 500 75,000 0.25
Steel, low C, annealed 850 125,00 0.15
Steel, alloy, annealed 700 100,000 0.15
Steel stainlessaustenitic,annealed 1200 175,000 0.40

2.6.5 4338A (Compression Properties)
ar o ﬂ ¥ o @ ad nf [ -4
ﬂ']?“ﬂﬁﬂ‘ﬂn'lsﬂﬁﬂﬂﬂ?ﬁﬂ § uﬂ’lfi‘ﬂLL?QIulliQﬁﬂﬂigﬂ_lﬂll'ﬂu“ﬂﬁﬂﬂﬂﬂiﬂ“ 2.7
@ - § d o o o o " .
runszsiohIdFunaaeudvinauimi@anuin 91115014 I%M 181 Engineering stress — strain

Y &Faanmsh 210,212

l 2.11)
o, =— .
14
4,
AMUANNIIRINTTY = o, , MPa(lb/in?)
wsahnszfudunamel = F Ib(N)
A d » .y e .
Aunmlwavesiunaaounoushinsnageu = 4,, mm’(in?)
h—
e= hﬂhﬂ 2.12)

paAIsAaNImIngsy = e, MPa(lb/ in®)
>
AeIvEduNAYRUNAINIINARRL = A, mm.(in)

ATIUUTIIVESIUNATRUABUMINATEL = A, mm.(in)
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b ¢
T' *F Morving crosshead
A I— ‘/‘ T frre = - Upper platon
; h —— Tabt spacimen
_L i Lower platen
?F fF Le— Tetia
{1 2 F
Lo ey o
) (b

4 a
110 2.7 nminaaeumsda

Stress, o

~ - Yigld poim, sian of plastic ragion

-4——— Elastic region:
o= Eg

-~

Strain. e

71/ 2.8 ns MEnginecring stress-strain vos Taaudvanniida

24.6 midalanlnifuiwyila (Open die forging)
ar - 4 ra o - A' - ar [ A’
nsgalagldmiRamiuyuda wiRudestl 2 Sunondusnindu uasdnsazivausziu
nsanszuendiifi 29 myhmszdnsdauimuiiuudariiunuirsamganssunis Inaves

o ) QO ¥ ol 4
Jaquarda deguil 921881 True strain Feerunish 2.13)
£= ln%— 2.1

True strain =& , MPa(lh/ in®)
* -
AT uAUYRIUNATOY = Ay, mm.(in)

AugIvasImstavesunaaeau = A, mm.(in)
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+ ‘-m#.
<o) o] =0~
S S i el (A e

] (2 3
U 29 msSauuifnida

aunsadmwanusansalas R nsaus wdvaniu 1&&saun1sn (2.19)
F= YfA (2.149)

usafisa= F JUB(N)
Fiow stress =Y . MPa(lb/ in?)

r
=

» 1 d
Wuimhdavestuem = 4, mm*(in?)
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A w J - d’ P W oar n' a J
tisussdamuiuIzild aamguus siunaneuasas uaziuimhdavesTunacavssiuiv lu

™ ey g t - ) 1 o a <
ﬂTiBﬁiztﬂﬂlﬁ\!laﬂﬂ‘ﬂ'luﬂ'uizﬁ']'NW‘ﬂﬂﬂﬂﬂﬂllﬂ“ﬂﬁ mmnﬁmnmmwa‘lﬁ'mﬂumsﬂ (2.15)

F= KIYIA (2.15)

wsida = # ,Ib(N)
Flow stress = ¥ ., MPa(lb/ in®)
Aquiassvesmida = K, 118y naunisit @.16)

d oA o & .
wuinidavesiuam = 4, mm>(in?)

_]+O.4yD

K. =
4 h

2.16)

' ol a

ATRINLETAAYAN N = 1

; - ¥ oW n’ o L) ta o .
Auhndwavesiuruiduiasmaifum = D, mm.(in)

Ageraimssavestunaaey = 4, mm.(in)



24

un 3

msesnuuumoluniRudimzaadinnsvuse

3.1 nrieenuuamseTamghuifa
t - da v
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o gd I
iR Wndesinsiuplvesegiiiouuazmindedee

3.1.1 YeyanumniRvesegiinion
sqiliinui1dmaneuszdss1degdilnunaRuaiuaneauns i
amniaienzvssdusaiteioyad Idfieuns Tuaunsu ABAQUS Taus)

amniRisnvssagiiiioni imameufideyadeqili 3.1

O BO MO e 18R B R

o -
107 3.1 arduerasnamdiud aomudu-anunaion

2INN3 1ﬂmo=H’qmﬂnﬂ'n’mﬂwumsqﬁtﬁwﬁﬁnnﬂsuﬁaff
Stress @ Yield = 178.273N / mm’
Stress @ Peak =180.283N / mm’
Young Modulus= 2,4351N / mm*
Strain @ Yield =7.3 %
Strain @ Peak = 12 %
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3.1.2 deyagumnifveundnvedes

Stress @ Yield = 366N / mm*
Stress @ Peak = 585N / mm’®
Young Modulus= 4,160 N / mm*
Strain @ Yield = 0.088 %

Strain @ Peak = 0,310 %

3.1.3 NIATIUA M NUATHANI1OAN (Plastic strain)
S 1HNTOMIAIANMATIANDIAAN(Plastic Strain) TAvANNIAT AN TAANE U

AATuAThu IR I e A Ineeyan N d AR 3.2

Stress
iy~ T

Straindi
A o ? ar =]
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1 A Q‘d‘ o F
fangu(Young’s Modulsieasniamiauniana 3 sfuldudryadaunu x exiflua,

AN DANDITANMIWE LS 9T IR TR MRS sAN AN Ve e Qi andl

a
qafi 1

s 4
aunsiduasydan1si G.1)

v=mx+c¢ .1

Tamnmdu (o) umuunu y Aarieioae ) unuuny x /1 lugdanudangu (£)

o) 1 - ar B W J
LNUATAY, AR sam AN niiugadaveufuasetunnus e sadaaun1sh
(3.2)

o, =Eg +¢ 3.2)

A w yad 1 anwdussdluniunduasiniiay 178.273 wonsthaaa, aausivaiian

7.3 wlesidud, s Tugdanmdanguiinn 2,435.1 wnnzhania
1.78273x10° =(2.4351x10° x0.073) +¢,

0

H

<

aunsnssuaumsduas I Ini 1ddsaunsi ¢.3)
o, = ke, {3.3)

»
w a

Fuasaduilszdanou anueisafidmudusiy o

& piastic = 0
: ) ol - ﬂ" L ol = d'
mizRstuar NI oanaranvoaduntaduiife 0 Anrnuas vana1a@n a gah 1

' 1 A = ¥ w a + el <
wzdinudu 0 uaasd1 u Wesgiliflsunadimdsninfisgans nszestadave TunlGeu 4.

duldannqui
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A 2
auNITIEUATY

o, =Fg, +c,

L] J = 1 i 1
A & AR 2 Ranudueziag 179 wenzihaaa, areieatin 117 aledidud, d

Tuadanwtianguiis 2,435.1 wnnzthas
1.79x10° = (2.4351x10°x0.117) +,
¢, =—-105906700
amnsafourumaiduaselmi18&aun1sfl G.4)
o, = E¢, +(~105906700) (3.4)
dunsaduilezdaunu aruarSuaiimnudud o
0=(2.435x10"), ., +(~105906700)
€ e = 0.044
mwaziumm AT madn o §97 2 925 0.044
Q@i 3
aunadunsy
o, = Lg, +c,

N J J - al r
unuA a 30 3 arudusziduranndugegaiint 180243 wanzthana, S uaiis

12 wofiiud, s Tugdaniudanguiia 2,435.1 wnnzthania

1.80243x 10" = (2.4351x10° x 0.12) + ¢,

¢, = ~111969000
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annsafrvaunisiduassmil&dsansd (3.5
o, = Ee, +(~111969000) (3.5
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Modulus of Elasticity
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Modulus of Elasticity
Metals
MPa {MIb/n?)

Aluminum and alloys 69 x 1) 10

Cast iron 138 x 10° 20

Copper and alloys 110 x 10° 16

Iron 209 x 1Q? 30

Lead 21 x 10? 3

Magnesium 48 x 1 7

Nickel 200 x 10° 30

Steel 209 x 1¢? 3o

Titanium 1n7x 1@ 17

Tungsten 407 x 1Q? 59

Yicld Strength & Tensile Strength
Yield Strength Tensile Strength
Metals
MPa (Ib/n?) MPa {Ib/n?)

Aluminum, annealed 28 4,000 69 10,000
Aluminum,CW 105 15,000 125 18,000
Aluminum atloys 175 25,000 350 50,000
Cast iron 275 40,000 275 40,000
Copper, annealed 70 10,000 205 30,000
Copper alloys 205 30,000 410 60,000
Magnesium alloys 175 25,000 275 40,000
Nickel, annealed 150 22,000 450 65,000
Steel, low C 175 25,000 300 45,000
Steel, high C 400 60,000 600 90,000
Steel, alloy 500 75,000 700 100,000
Steel, stainless 275 40,000 650 95,000
Titanium, pure 350 50,00 515 75,000
Titanium alloy 800 12,000 900 130,000
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Elongation
[ % | %
Material Eilongation Material Elongation
Metals Metals 1
Aluminum, annealed 40 Steel, low C 30
Aluminum,CW B Steel, high C 10
Aluminum alloys, annecaled 20 Steel, alloy 20
Aluminum alloys, heat treated 8 Steel, stainless, austenitic 55
Aluminum alloys, cast 4 Titapium, nearly pure 20
Cast iron, gray 0.6 Zinc ailoy 10
Copper, annealed 45
Copper,CW 10
Copper: brass, annealed 60
Magnesium alloys 10
] Nickel, annealed 45
Strength Coefficient, K & Strain Hardening
Strenpth Coefficient, K Strain Hardening
Metals
MpPa (Ib/in®) Exponent, n
Aluminum, annealed 175 25,000 0.20
Aluminum, CW 240 35,000 0.15
Aluminum alloys 400 60,000 0.1
Copper, pure, annealed 300 45,000 0.50
Capper alloy: brass 700 100,000 0.35
Steel, high C, annealed 500 75,600 0.25
Steel, low C, annealed 850 125,00 0.15
Steel, alloy, annealed 700 100,060 0.15
Steel stainless gustenitic.annealed 1200 L75.000 0.40
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