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toaeadl) 428 ANSYS ) Gub oo Julailly Cald) lgale Juaa Al it} 2.2.3.2
gntll sleal on LIS Ui s 51.197 Mpa el ) e il slead alic¥) sall o
.250Mpa & Slasy) gyhall 3Yeall
.0.03704mm Jaall (seadll Lal3Y) @
.250/51.197 = 4.883 oY) Jle o
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JUN 14 2014
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NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SEQV (AVE)
PowerGraphics
EFACET=1
AVRES=Mat
M¥ =,066983
SMX =88.50%
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559.004
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) Aylie 2.2.4

Crigingd | Oprimized | Weight
. . Diexign Design Reducti
! .. .
SE.No | Component Weight Weight o
Kg) (Kg) Kg)
1. Vertical 48.59 14.58 34.01
Column
2. Top Frame 20 =54 R 1o 8o
3. Moving 2939 9.79 1960
Fratme
4. Bottom 5.52 5.52 NIL
Support
3. Press Pin LR ¥ 2o .59
Working :
= 77 77
. Table 226 226 NIL
7. Eab 15.71 10.29 H.42
5. Side Plate 659 6.59 MIL
o, Top Table 1.57 1.57 MIL
10, Total 14335 .84 H2.51
(2-1) Jpaal

L8l Gt dgiall daally Y asaail) G3g5 (Lea¥) maensil (s (o Abjlhe gy (Y-)) Jsaad)
st sl k] Ayl At

100% (Lo manaill o35 [03l) mitas)
(82.51/143.35)x 100 = 57.56

%oV.on. ) duai Ogialdl lang ) O3sl) Candds L () (8
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30Rs = 1kg J<I aoiail) 42l
8314.8Rs = 143.35kg X! algall 42l

4300.5Rs = 143.35kg JSI auieail) 44l

12615Rs :¢ gaxall

Cpendl) 3 Adlaal) bl
58Rs = 1kg J<I algall 44l



30Rs = 1kg J<I aoiail) 42l
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5354Rs g senal
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cAlgall Limida 43K Lys Cad] Larveai ANSYS dasy ¢ gunial)
oo Sl GaSll Uil 57.55% Aty A (a2i55 ¢57.56% Gawsiy sl iy 15al8 3
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[5] STRUCTURAL OPTIMIZATION OF LATHE MACHINE BED
Ghlid) 8 oMl pny Gih oo AN 3835 LeliS pulesall (50 Ayl 3208 ()5 (asidl Ciagy
BRI

a =1 500008 o

Jlea¥l we Aayiall 53018 pracsil CAD ) z35a3 cpam (2-12) JSa)
b Adal) Bac il At )l ey 2.3.1

28



13)gall iliialga

Material properties Young’s modulus Poisson Ratio Density

Cast Iron 160 Gpa 0.3 7340 kg/m3

JSgll 82e B 8ol Gilbalse (an (2-2) Jsaall

nabiadl) s K 8 Jlea) Gadai o (2-14) J<a)
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Cpenill aay ddajadll Baeldl 4 gl an (2-29) J<all

ot vl | Tobe by v
Bt § 5 | 83

Sozane 2w otk 12 F e ST BT
Frampd: &nge ' E DN

Cpeanill 2y ddajaal) Baclal | aagll cpm (2-26) J<A

Moz i 1 Usthesl 81 rnoal - b

Razat ) Ushedl S modal - hag
Sizasa 1 linas: Mods 3. = = £ ATTREADS

Frans d

Ol aay ddajaal) aeldl Baiagll (pa (2-28) <Al
LBy i) 2.3.3

Material

Initial model (mm)

Optimized model (mm)

Cast Iron

0.00714

0.0094

Ol dany ) maecatl) B AaBY) G Al G (2-3) saall

el 8 AalY) daali cppntl) sy JiaY) z3sailly ol z3gaill daly) kel (2-3) Jsand) miass
Sl e 55 Y sall eda 81y cByaa 5L 4nal e

Cast lron

49,12

6391

Ol 2y o) manail 8 slga) o 35le cou (2-4) sl
¢ 63120 0 BV z3sailly 4912005 g (Wl 7 3gaill 2leay) o Dlel (2-4) Jpaal) maass

A zgamse (el 2 alg alga) Ll ) 4l

Material

Initial model (Kg)

Optimized model (Kg)

Cast Iron

753.6

7125

Ol 2y el) el (35 O A)lae c (2-5) saad

A1.1kg e dlayaall A1 (Sl JiaY) Gl (il Jaals (2-5) Jsaall & oDkl )5S0 il (e
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Gikly saelil o il gall b cufn ) (Sl Lgale Jpemnll & 3l dag pall geilial) b Leshy
<) e sl el e Jaal

Material Initial model (Hz) Optimized model (Hz)
Mode shape 1 4385 4527
Mode shape 2 4722 4882
Mode shape 3 5142 5230
Mode shape 4 5538 5621

oA sl Sl dag il sl il s (2-6) Jsaall

Bl Y dly slgaY) Jas alall 2353 805 o5 sl Ly ol Ayl 3 G daadls
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o)l sl dy el 2all
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A6 Jge xa Bl Ledic
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o 258 itk & Gas el 2l ol Al ) e ISl s 5 ¢ 7.86 T2 34l
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LS N 3% I W

e (padsal e Bat ehal Gl BB Gaadeall cpe daa 2l
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SV Aspall 3 aslgaghll (sl

(2-32) JSaH O LS USeall gl s ) Isbeags ginlall Lga 18 s ny

Al yal) 03¢] Faeartl) Aagall CuilS 3] ¢l a8 aladdiad aglgrghall el (ga (1Y) Alsyal) & O Can
paiias) lld (3aanly dacssiall HUY) IS8 (e ORY) 8 gl oLl 8 Laaiieadll gl AaeS il o
Leaglgrglal) Cpuunt = 35ai oLl avacad AalisaS Jacsgiall UM =35
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“section C

~section B

| section A |
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- to section A - '  sectionB v- f  section C

SV Ayl (8 oaglgaghall Gl da (2-32) J<al
:altl) Alayall 3 oaslprghall (el
dSa ge Hle YIS (Al lavssiall HUY) (e B3LY slsall A1) 58 dangloish (et QIS LaEl) Alsyall (S
paacsl Bale) iy (Bagmge dalitia e JSLag A2d) IS 5235 e llia 23 o) GlM (miloa ) auske
Aasal) b aglgashall Cpuuenl) Aninl Gy ISagll 52550 Ssall 13) 2y CADJI galing 3 paall (S
Al

plate-like structure

A section A plate-like structure

Ta L™ ; T ? section A
Al syl 3 asdgsshall Cpntl) dagi c (2-33) U<l

dgaal 4l Jgll aalh 31 s ¢ paall Aunled) UsSall aal () IS ey rdiupll) Add 2.4.3
g Sl g Man) o Jli o ISagll Cadall (sl old (g i Cligllg Janl) 483 lasal 38
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pladialy cpeeanl) A0 Ao lua o @lld dang (dapaill dagiial) palial) dndal dspaall 2okl paad o
il AWl e 83l sreail) Gl pany oo Whans CidS Ally LasY)

Osinll A8 1A ¢ aadl paia Aalilg praagl (psSy daii o Jouanlly 438K DS aa Jalailly
Maga 193 ptiaaill a9 Caal 3 ¢yl e cuuenill el

G oaliail Gaan 2 4 dagiidl yealiall Qilas jelals <l puna CAD z3sad el & Lileil g
b LY Alie Sl el 3 i ¢13.66% dawiy aaal)

eleSh Auyall Jalada iy (2-34) U<l b Lasd

I Two-stage topolo gy

Testing topology Design SDace mode' optimization procedure
optimization procedure V=12.2698mm’

/ \
o “ - '

Tcstmg optimization result First stage optimization result Medmm frame structure

(Extrusion constraint was applied V=5.73284mm’
to get a desirable rcsult)

Difficult to be interpreted
.

Second slage optimization result Fmal frame structure

(Extrusion constraint was not V=4.475] lmm*
applied to fully optimize the structure.)

LeleSy duahyall Jalada oy (Y-Y£) S

Lurigll 4K o (Zongsheng sai, Guifei Wang, Ming Cong) (sialill o8 sdaldd) Ayl 2.5
paal) Cpuny Linslasghal’ clying Gy 2013 ple pal) b LinglySall (s Anals 3 2SS
[17] 'NC dhjaa (gl

Topology and Size Optimization for Landslide Body in NC Lathe

NCab a4l Landslideawal (axall (puasy @j{’i’ﬂ\) Oeenill Caagy
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Al J8 NCJ) ddajia Lgd (5680 Als Canal &4 Landslide L (ailad

,— guide screw

JSerew net

Landslide awall 4 o (2-36) J<al
IV 1 Saliad) Jdatll 8 Jlaa) e sl 2D lia o) 3] ¢dadadd) (g5l Olenly 3891 Cang
ade Jguanl) 2y Calilly SE Jaad) W caslin Jges ddlall Jas ezl cpilatia Cllilly S cAudlal
panll e dddaall Jlea) (2-37) JSall 8 ek ezl Sabiad) Jlail) dass DA
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SEEEEESER= |
" EET [

Landslide awall Je didaall Jlaa¥) con (2-37) I
3 0.01829mm 58 aB aBY) aall of a3 3 ¢ ol Jbaill Ao o (2-38) JSall Ll
25.117Mpa i1 ssiall 05 ua Landslide awal) o ) cailall Jac Y1 aasl
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Landslide awall 4 Cpa 21w b 3ol

Biabis Biemimad UETETE

Sl Jalaal dais cpw (2-38) J<al)
(srdall Jids DS 530l ) aalgs 8 NC adajaad) G Cigjaal) (a1 oSaalial) Jalaili2. 5.2
2 g8y (el 1Y) Bae dshy g8 Saaluall ddaill (e Caagll 08 131 ¢lgia (addih Cigw &3 (e
ASaalinn e Jesy JS8 areiail )
prend Laaandall a3 ) Loses Wy casedil) (e 2R ZalaB jall ey At dag piad) bl aasiy
oo palially dlgle adlall Qi o clansl eda (e alail) e Cpassadl S8 S (g9 Landslide
Byshall sand claguall of culylial)
Mode 1 2 3 4
Frequency(Hz)  546.03 1395.5 1441.1 1966.5

leas) Landslide awald Zuashll Sl il caw (2-7) Jgaal)

23002 o bl olyss Ao el GY g 546.03 HZ 58 Landslide pual orude 235 i
S dals dllia JIE Y oSy coma 235 el Gl ) g laun Lewds a5 of NC J) ddajadd (Say
DaS haas s 38 Il Al (ailiadll oY A3l (ailadll JLaal) (me o3

pnll ) sl 2 1y ¢ Saalipally  Ssbtiad) ol it ) ol 1 J5aY) asaail)2. 5.3
.Landslide

B Franes Birmevaes i (RESTE] _‘5“"_"'-'"-""‘
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I Ys daa e Lead s Jg¥) 205l « NCJI ddajae clilbiie ) Jowashl S50 Lo ia g ¢ Sailiad)
2l 358 G LIS B LS g
Objectives ~ Mass (Kg) Deformation(mm) First Frequency(Hz)  Stress(MPa)

Initial 54.995 0.018291 546.03 25.117
Result 52.783 0.017244 573.92 21.53
Comparison -4.02% -5.72% 5.1% -14.28%

Liaslgashally aaall (pend any ) cpp (2-8) Jsaal)
sl e ol Landslide awad aaal) Grends Gangloish L)y Gsiald) 8 tdual) 453 2.5.3
) bl Jgealinuly o Sualially Sabod)
& cpnall Lgiidll yualiall 23508 el Jgall o ¢ Saalinally Sobiad) Jalaill didee Ciags 150 @
Sl s ehals 150l 8 diall Jaall L 58l Jlaa¥ly ail) Alla Galaty 1508

cOpendll U8 Saaling
Omeny 19ald dunglgighall Ay ) aliiy clandslide awall (i) Laglsish it Jsld o
caaal

3 4 alially AKabll paibadl) of daall culSy dLandslide (e s IS8 asaal; lsali o

U P L 3. P PP VS - WSWON (VI S PR WK
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ple digh 8 KL joueY VIsS dasls 8 durigh GS 8 cpaclus 53500 a8y (Veeranjaneyulu

1Olgian Eay 2017

[18] "cwibal) wSou/ 5 araalll (fani )b e dbysie bac & Gjgll fuuns "

Weight Optimization of Lathe Bed by Design
Modification and Epoxy Granite

Make
E Model MNo.

Overall
Dimensions(LXB XH)

Mass

ddayda saclal ()l Canedn Cangs

gyl Alaidl g (2-41) IS

South Bend Lathe Co
SB 1007
1550 x 724 x 559 mm

246 kg

CADUI gl aal e dh i) (Sed 73503 el ginlll A6 3)

40



g aly (A1 Adajall (CERY) JSa Com (2-42) Ji)

gy Ofiald) 26 ) Al i) (S Clialge L Lads

Crwerall 1420 x 174.5x 215.7
Dimensions(iLXBXH) mm

Mass 105.816 kg

Material Gray Cast Iron

rdfpal) cluzayd 2.6.1

lgmran SlalatY) L sade Adajaall 5328 ()l o5 Gag i)Y o e Ao iall 5ac B 1apaal) Loyl
(UX = UY = UZ = 0)

Apanll Jag ) ool JSal peagy 3) ¢ I O30l Caseas ogitilly lga) auiss ALY cAudlal) 58 (3ol
zisail e didadl
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e AN

L) Aullal) gy Anjaall J<a o Lghulai o3 A Laal) g pdl) G (2-43) <)

BaclB & Goan Al sailly clagdally cllagaall dalaty dolad) (8 (sl ol da Al S2e 8 aesa]
e ol & bl ey @llyg Jaall Aadad Jelinig adadll 8o e Aailil) adadl) (558 s dda il
E\Ja‘);.aﬂ Lf;’\")és ﬂ‘);.a Zda.u.:b.a 9)3‘9:1 L.SJS‘ U‘\)JJ
el iy 858 ) sl ynal) Aanddgs slgi oSan (3 (B sl e J3an 3)
Ao S35 Y elliy (Lajdl) oY) As e G JEI (sl kS al) Atk
jliag (Jlaal) (anddty asdi Y s (4agiial) jaliall Juda3) Finite Element Analysis
(A2 Gun o JBT Ol 130 Anjaal) (< s

fease b LS diball (5501 aaan Cun dndlal) 598 e Al JSigd I G dliag
A

NODES AN

MAR 27 2017

11:40:139

dh A J<a Ao didal) el Gaw (2-44) J<&
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tasaailly Jaail) Jed gg€‘$1>‘3319 9;51*¢=:s:g\ Jaladl) milis 2.6.2

WODAL SOLUTION AN

s MAR 27 2017
g 11:44:14
TIME=1

USTM {BVG)
RSY¥S=0

DMY =.286E-04
SMY =.286E-04

| :
0 _€35E-05 .127E-04 .130E-04 _Z54E-04
.3172-05 .352E-05 L159E-04 .222E-04 .22EE-04

Jasail) 16 Ajaal) JSa 03 (e (2-45) JS

WODAL SOLUTICH

STEP=1 MAR 27 2017
SUB =1 11:48:18
TIME=1
3Y (AVE)
R3Y3=0
[M¥ =.2B86E-04
SMN =-.134E+08
SME =.223E+07
—.134E+08 =.935E+07 = _.E47E+07 - _.293E+07 4B87BST
—.117E+0B —.B21E+07 —.473E+07 —.125E+07 -223E+07

il J8 Y olas) 8 ddayaall sac W aleaY) mis cuw (2-46) J<a)
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AN

NODAL SOLUTION

MER 27 2017
11:56:32

182132
.204898

@
045533
022766

=i
.091066
062299

.136599
.113832 .159365

AN

NODAL SOLUTION

o MAR 27 2017
S = 11:57:14
FREQ=474.156

USTM {AVE)

RS¥5=0

DMK =.20441

MR =.20441

0

42 090843

045424 . 136273 7
.022712 068137 113561 158985 20441

AN

MER 27 2017
11:58:06

NODAL SOLUTION

(BVE)

0 .07168

el
.14336
.03584 1

215041

3
10752 .322561

AN

MER 27 2017
11:58:50

NODAL SOLUTION

FREQ=634.894
TSI (BVG)

L]
0 050358 100715
.025179 075537 .125894

I
151073 .201431
.176252 22661

AN

NODAL SOLUTICN

s ¥AR 27 2017
ok 11:59:40
FREQ=794.158

.218397

@
. 048533

.024266 .072799

94131
.218397

.097065
.121332

145598

.169865

AN

MAR 27 2017
12:00:47

NODAL SOLUTICN

FREQ=1031.78
UsT (ave:

I3
X
¥
™
Jid
=y

.|
0 07427 148541

Z 3 ]
.037135 .111406 .185676 .259947 .334217

el U (spdll) calal) 335 & Liagl oy (2-47) IS
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:exx CENTER OF MASS. MASS, AND MASS MOMENTS OF INERTIA s
CALCULATIONS ASSUME ELEMENT MASS AT ELEMENT CENTROID
TOTAL MASS = 1@5.82

MOM. OF IMERTIA MOM. OF IMERTIA
CENTER OF MASS ABOUT ORIGIM ABOUT CENTER OF MASS

B.71598 T4X 2.295 T4K
B.11946 Ity 75.24 Ity
-B.95680E-B3 1ZZ 76.82 1ZZ
Iy —-7.08806 I4Y
IYZ B.1998E-61 IYZ
1ZX B.7284E-81 1ZX

B8.7853
21.88
21.86

-B.2921E-A1

B.781VE-B82

8.4871E-83

s MASS SUMMARY BY ELEMENT TYPE ssex

TYPE MASS
1 185.816

Jaaell U8yl IS8 AES y (2-48) IS

il il e 2 dgailly Alasy) Julatl) @it 2.6.3

NODAL SOLUTION AN
S BPR 11 2017
OB o1 10:15:24
TIME=1

UsTM (EVG)

RSYS=0

DME =.302E-04
SME =.302E-04

5 4
_335E-05 101E-04 _168E-04 _Z35E-04 _302E-04

sl Joamil) aay i jaall JSb 055 cpan (2-49) J<al

NODAL SOLUTION AN
STEP=1 LFR %%"EC‘}‘T
SUB =1 10:22:2 8

TIME=1
s¥ (2VE)
RS¥5=0

DMR =.302E-04
SMN =—.10BE+08
SMX =.238E+07

—
-_108E+08 ~_790E+07 - 4GEE+0T = 202E+07 913496
-.837E407 —. 643E+07 —.348E+07 -554871 23EE+07

praaills Joaaal) 2ay Y olad) 8 ddajaal) sac W 2lea) aiss cn (2-50) J<a
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NODAL SOLUTION

avG)

AN

APR 11 2017
10:35:06

AN

NODAL SOLUTION

STEP=1 APR 11 2017
Ak 10:36:46
FREQ=507.51

UsmM (avE)

RS¥5=0

DX =.24797

SMX =.24797

L — [— L —
o 052804 .105808 158712 .211616 .05510% .110208 165313 .220418
.026452 .079356 .13226 .185164 068 027552 .082657 137761 .192866 24797
NODAL SOLUTION s hi S a— AN
:ﬁpil 10:37:49 STEP=1 Amléﬁfiz
= SUB =4 :
FREQ 573263 FREQ=649.254
(AVE) TSUM (2VE)
36216 225292
36216 225292

N
074715 149429 224144

E—
298859
037357 .112072 186787 261502

.336216

- [—
a . 050065 10013 150195 01
.025032 075097 .125162 175227 225292

NODAL SOLUTION

STER-1
SUB =5
FREQ=038.73
usm (BVG)
RSYS=0

DX =.346006

.346006

AN

LPR 11 2017
10:41:58

.0768% 15378 23067
.038445 115335 .192225 .269116

307561
346006

AN

LFR 11 2017
10:43:57

NODAL SOLUTION

e =
o 0955399 191997 287996 383995
047999 143998 239997 .335596 431994

el el sns (spall) andall 235 g Lol (2-51) <)
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s#x CENTER OF MASS, MASS, AND MASS MOMENTS OF INERTIR sesesex
CALCULATIONS ASSUME ELEMENT MASS AT ELEMENT CENTROID
TOTAL MASS = 97.992

MOM. OF INERTIA MOM. OF INERTIA
CENTER OF MASS ABOUT ORIGIN ABOUT CENTER OF MASS

A.68270 I8% A I8%
8.11824 IYY 65.42 IYY
-8.18261E-82 I1ZZ 66 .88 |
IXY -?.956 IXY
IYZ A.1984E-61 IYZ
IZ% A.7245E-81 IZ%

B.74%
19.75
19.84

-8.4538E-0A1
8.7952E-82
8.3807E-82

soxx MASS SUMMARY BY ELEMENT TYPE s

TYPE MASS
1 97.99208

mranailly Joaaill syl JSoa AES (G (2-52) ISl

P o) Coihad) aladialy Ol Caead e,adyul\\g FHuasy) Jaladl) =il 2.6.4

NODAL SOLUIIOH AN

G MRY nsﬂznl?
e 10:23:214

a -135E-04 _Z271E-04 _406E-04 _S4ZE-04
_§77E-05 .203E-04 _338E-04 _474E-04 _§03E-04

Caslall SsaV1 alasicdy doaill aey dlajaall (b 05 (e (2-53) JSal

NODRT. SOLUTICH AN

STEE=1 MRY & 2017
SUB =1 z26:
TIME=1

S¥Y {AVE)
R5Y5=0

DY =.609E-04
SMN =-.10BE+08&
SMX

=.241E+07

.
—_10BE+08 —_7R4E+07 —_4S1E+07 —_19BE+07 547001
—.831E+07 —_€asE+07 —.245E+07 -518243 _Z41E+07

Cathall S5 plasialy Jaaeil) 2a0 Y olad) b Akl 5aclal aleaY) st (2-54) ISl
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AN

MAY B Z017
18131226

B -, 528341

L20828

«248%

«3332

) 117631

L17E447

S
.335263
294079

S353R84

4705246
579341

L] 12028

06014 L18043

360841
1 L4209

481121

a1 541261

HODAL SOLUTION
STEP=1
STE =2
FREQabEE. 125

s (AvE)
REYS,

82

TTFTE]
043141

L129423

B —
-172564

258846
708 £

Te=——n
345138
a87 3

HODAL SULUTION
STERal
S0 =4
FREQ=T24.330
T [RVG)

0
DM =, 354313
X =, 354513

AN

MAY 8 2017
15:34:46

L196841

L236208

2314945
75577 L354313

075356

150713

—
3 301425
176069

4
LETETED

52138 607
537404 .6T207|

) eSsa¥) aladialy Jaail) ey (spdill) andall 235 g Leagl o (2-55) J<a)
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,xxst CENTER OF MASS. MASS. AND MASS MOMENTS OF IMERTIA sesse
CALCULATIONS ASSUME ELEMENT MASS AT ELEMENT CENTROID
TOTAL MASS =  37.467

MOM. OF IMERTIA MOM. OF IMERTIA
ABOUT ORIGIM ABOUT CENTER OF MASS

8.8538 IR4
26.35 Ivy
26.94 1ZZ

-3.204 1Y

a.7991E-@2 IVZ

8.2918E-61 1Z4

CENTER OF MASS

a.68278 124
A.11324 IvY
-0.18261E-82 1ZZ
1Y
IYZ
1Z4

8.3012
7.954
7.991

-B.1828E-61

A.3203E-02

8.1533E-82

sx MASS SUMMARY BY ELEMENT TYPE s

TYPE MASS
1 37.409%8

Cushal) S5 oty sensilly Jaaail ey ddajiall (S8 AES (pu (2-56) U<l

sl Ajlia 2.6.5

138 97.992[kg] aeaills Jsaeill 2235 ¢105.816[Kg] asanails Juaill Jd dajiall Ja (339 il
Lol ) Z3saill O3g ga £ T4 (ol (s (B maial

125 . 39.469 [kgl ) dSell Oys sl casbhadl (oaSou¥) aladinlg salall (8 yuas ) 2y
L) Z3saill G3g e 4 6227 (golew (38l (b mnianl
Ogialdl Ging . ISl dilatl) chaly ddajial) (< & (midiall Laall (3halieg 3l algaY) 23ag )
Al ALl JS asenal (8 daaed 2e JS5al) bkl shlie Al aleaY) s
) dda i) U<l CADz 35ai e Cipaty ¥ Jaaall dda il <ol CADz 3903 b (i) o530
CilS daglly o (Lumpudal) Clonsil) ¢ Lol died dag pdia Julat elyal &5 s (9158 2nedil) daas Can (1
LS Cuihall Bale alasinls oz 3gaill Jaat Alla el duanla @lang e lslaas o
-adill 5y Jagaally O35l Cus e Jad) g8 aSoul) Cuihall 83l ge Jara) g 3sall o

X.TABLE 1

PARAMETER

LATHE BED
(BEFORE WEIGHT
OPTIMIZATION)

LATHE BED (AFTER
WEIGHT
OFTIMIZATION)

MODIFIED LATIE
BED WITH EPOXY
GRANITE

STRESSINY
DIRECTION (MPa)

13.4 (Compressive)
2.23 (Tensile)

10.8 (Compressive)
2.38 (Tensile)

10.8 ((‘mnprcssi\-‘c)
2.41 (Tensile)

VON-MISES STRESS

<

D 15.9 13.6 139

DISPLACEMENT 0.0286 0.0302 0.0609
(mm)

MASS (kg) 105.816 97.992 39.469

Structural analysis results comparison

el g 0B Julal) il (e (279) s
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So¥) e Lala e Blie gag ¢ e lilaa¥) Cuihall auls Liad Cag ey reuilall uSpa)
DN sl e Yy dwladiiad o Gua ¢ YY) aelal Al agaS a8lE (<0 aadiy ccuiliallg
aeteal) 4S5 i g 8O skl yacy clilaY) anedd (el 3Ysills

Property

Value

Young's Modulus

T0c9 M/m”

Poisson’s Ratio

0.25

Diensity 290 kg/m”
XI. TABLE 2
LZ;TEI;]{E)E%D LATHE BED WEIGHT OPTIMIZED
PARAVETER WEIGHT | (WFTERWEIGHT | LATHE BED (EPONY
OPTIMIZATION)

Mode | Frequency (Hz) 211.24 23040 256.652
1 Displacement (mm) 204.898 238.068 374.85
Mode | Frequency (Hz) 474.16 507.81 566.325
2 Displacement (mm) 204.41 24797 388.27
Mode | Frequency (Hz) 595.13 572.46 640.062
3 Displacement (mm) 322.561 336.216 529.341
Mode | Frequency (Hz) 634.89 649.25 724.329
4 Displacement (mm) 226.61 225292 354.313
Mode | Frequency (Hz) 794.16 838.73 936.961
5 Displacement (mm) 218.397 346.006 541.261
Mode | Frequency (Hz) 1031.8 938.13 1046.17
6 Displacement (mm) 334217 431.994 678.207

Modal analysis results comparison

Jeanl) Sy I8 i) Ajlia cpu(2-10) Jgaall

Ayl adle 2.6.6

gk A ah Rl JSe o cBllat ehal Igel & cddajie JSiel CAD z3gai sl sialill o8
IS &3g i) 5Slaall il alasialy 15ad 3¢ ANSYS APDLU) galiy alasiiasls (seail) Janll
il JSugl) & clasd elaly Clac] dila] 3k g (Auedall )8 2Kl g yoa (50 dajial
ehak Ofisl) Al 5 ccahad) KoV Bale Igaasials (soboyl) a3l sanll Bale iy Ioald o3 (035l
<ol paddg ogdilly Aaslil) Lagriall Cua (e Giolall LIS Lllad 45 )l5e

i) dasg careeaill Jaad dasg coraailly Jaail) (8 rclabie J<8 e il aye ogiall) 6
cihall S

LY asaeaill Jsa bl Gadlaiul Jseld &

Sk 3k Sk Sk sk sk sk ok sk Sk sk sk sk sk gk sk ok k sk
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] 7 dgaig Alilhy cial) dge 3.1

aaling e zageill (st (gal ¢ CADUI el aaf e Sy ae ISigl 35 3ae]
J<g! O3l Cpamen) Lpmayall Ayl bz 3gail diliie Ji lalgaY) S5 KL ddjaal ANSYS )
clath eha) o3 s (bl SouY) platinly asacailly el ae Lgiiall jealiall Lok dajie
danh paaicd ) slSlaally dadaill zal pal 2af 585 Topological J alasials O3l Casianl (Sl 8
(I sl Bl g Lagh 3 Aaalipall IV AN Aadys &3 3 (pag eDlal) ohaY Aagiiall yalial
B il salels

o Sila gl uSall CAD g isai dlxe) 3.2

Huangshi Huali Metal Forming Machine 4$& J@8 (e i (e JSigd Ely& i)
cauadl (Sl 3ias ¢ Solid works ) CADU) 7y aal Tool Inc
& SR enls

_J; SDLI’DWORKS‘ P‘ a0 -®- = ' 8 & - 100 TON HYDRAULIC PRESS * ? - 3 X
C & /-0 n-@x @ ¢ e
B RS RO RN Enties ottt - Rapid | InstantzD
@ - & - Surface

PLIPEB - T-»- & -2

Assembly | Layout | Sketch [ Evaluate | SOLIDWORKS Add-Ins | MBD |

s[BB[e[€]
7.

i 100 TON HYDRAULIC PRESS (Default<
History
[ Sensers

3 Annotations

[ Front Plane

[] Top Plane
[ Right Plane

L. origin

+ & () 100 TON HYDRAULIC PRESS.str:|
i) Mates
z
Y-l.x
< b3
[T Model [ 30 Views | Motion Study 1 |

SOLIDWORKS Premiu m 2019 5P0.0 Fully Defined  Editing Assembly MMGS - t

B ooy t ¢@m0 A Bow s @ v O O &4 » s ‘ e ﬂ

oS53l eSall CADU) z3gas ¢ (3-1) IS

oSl O3 (e 51% ISl IS dus
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872 -5 x

J/%SDLJDWORKS‘ d A0 Fm-B-8- - 8 & - 100 TON HYDRAULIC PRESS [® search sOLDWORKS Help. D -
¥ o = o@g ® » ¢+ @ a @& & W O p B % - S

E;E'gy” Interference  Clearance  Hole  Measure Markup  Mass  Section Sensor Assembly Performance Cunvature Symmetry Compare poo.io SimulationXpress FloXpress DriveWorksXpress Costing >
Detection  Verification Alignment View  Properties Properties Visualization  Evaluation Check Documents Analysis Wizard ~ Analysis ‘Wizard
Wizard

CARE G-+ -SR-T- oo -

Assembly | Layout | Sketch | Evaluate | SOLIDWORKS Add-Ins | MBD |

>
_?.
€1 100 TON HYDRAULIC PRESS (Default- *
History
Sensors

Annotations

[J Front Plane

[) Top Plane
[] Right Plane
1, origin
~ % () 100 TON HYDRAULIC PRESS.st <
History
Sensors

nnotations

L2 T

[1] Front Plane

[1] Top Plane

[1] Right Plane

1, origin

& () man_step.stp< 1> (Default
€ () PLATE 1stp<1> (Default H
€ () PLATE 2:stp<1> (Default< 9
€ (7) PLATE 4stp<i> (Default<

& (A PLATE 5.stp<1> (Default< ¥
>

<

TI10 Model | 3D Views | Motion Study1 |

SOLIDWORKS Premium 2019 SP0.0 Fully Defined MMGS  ~ t

S - |

ool USsell 7 3903 G (3-3) J<all
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:100 ton Sy gl (uial) JSigd Sbiad) Jalail) 3.3
FAE) Clglaall (385 dunglgaghall ABY) eha) Ly (el S (Kot Jilas (aum
t A Al pal)

Osmls Jalzaag 11000000 Mpa sy dalae s caall das (e g giaall Galall (o 83l Ciujas
7200 kg/m? aatsi; 0.28

Outline of Schematic A2: Engineering Data * 0 X
A B | C D E 4
1 Contents of Engineering Data BRI ] Source Description
3 % Gray Cast Iron [ Gzeneral_Materials, xml
Fatigue
Data at
ZErD MEEN
stress
Comes
4 % Structural Steel [ General_Materials, xml ESQI'T"I-IEEES
Code,
Section &,
Div 2,
Table 5
-110.1
* Click here to add a new material Vv
Properties of Qutiine Row 3: Gray Cast Iron ¥+ 0 X
A B C D|E|”®
1 Property Value it || IR
2 E Material Field Variables =3 Table
3 T Density 7200 kam~3 =[] |[]
4 |B l{ﬁ Isotropic Secant Coeffident of Thermal Expansion [
5 E| Coeffident of Thermal Expansion 1, 1E-05 Co-1 j [
6 |E 1A IsotropicElasticty [
7 Derive from Young's Modulus and ... j
8 Young's Modulus 1. 1E+05 MPa j ]
g Poizson's Ratio 0.28 [
10 Bulk Modulus 8.3333E+10 Pa [
1 Shear Modulus 4,2969E 410 Pa ]
12 E Tensile Yield Strength 0 Pa j 1
13 E Compressive Yield Strength 0 Fa j 1 y

Ansys 4iSa (pan cuall mas sale alsd Gan (3-7) J<all
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: 40 Al yal)

il vy Parasolid 4aadl abisg solid Works zaliy aladiul #gidell avecaill (389 (uSall IS8 o)
Ansys workbench zali)u 3l design modoler zaliy

Tree Qutline L i 1

= ,, A Static Structural

iy
/B 6 Parts, 6 Bodies

s ZXPlane ANSYS

s YZPlane 2020R1

Sketching  Modeling

Details View 1
=| Details of Import1 A
Impart Import1
Souree C\Users\User..\ iz K STEP)
Base Flane XYPlane
QOperation Add Frozen
Solid Bodies Yes
Surface Bodies Yes
Line Bodies No
Cimnlifi Canmatn: b
Section Planes px 2.000(m)
|ta e X W&

Qutline : e e R w QOx

Details of "Mesh" w0z

El

womomm

design modoler zaliy (pain Guall JSa 7 3ga1 cpu (3-8) J<al)

O palic axdiul 3 dugiiall ealial) At clalae) T 2 cuall min ) el (o Bale i aay
3ie 68452 5 yaic 36114 A< yalie 23e by 50MM s tetrahedron g

Qa @u ® % O-H Q@@ @ Sdet kModer TR B @@@ B | = [FCipboard~ [Empty] &3Extend~ 9 SelectBy~ M

MName | Search Qutline | v _

e tat ANSYS

5, Geonery 2020 R1
[ Part
/[ Materials
3K Coordinate Systems
- ‘,@ Connections
B @ Mesh
[ -~ Patch Conforming Method
i i@ Body Sizing
B9l Static Structural (A5)
,/ﬂ Analysis Settings
E-9{&) Solution (A6)
(3} solution Information

vnpOx ‘ : 00020 ()

Defaults A

Physics Preference | Mechanical

Element Order | Program Controlled g, 8885500 L 00 0 58850 v - x

|| Element Size | Default Text Association Timestamp

Sizing

Quality

Inflation

Advanced

—

[ Nodes [68452

{ >
v Selection Information | Messaaes

" Elements 36114

dagiall junlial) A5 (n (3-9) U<l
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daglyl) A yall

i) Jaas S AL e e aS 858 padagy S ] (e paSall Cant @ Can Gpaal) dag ydll Java

ANSYS

2020 R1

2000.00 {rrn)

Apsnl Ll s cys (3-10) <
sdaldl) Al pall

il lgaly cilagilly LIS Clalga¥) Glua &3 Cus Jall dlaye

0.013444 Min

200000 (i) z kS
]

S slgal) c (3-11) U<
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ANSYS

2020R1

21407 Max
1.9029

1,685

14272
1.1893
0.95143
0.71358
047572
023786

0 Min

200000 (i z* %
[ ]

ALl clagaall cpw (3-12) J<a

12/05/2023 05:13

13.019 Max
10373
7730
50863
24422
-0.2n34
-2,8461
-5.4902
-8.1343
-10.778 Min

2000.00 {mm) z/k X

saill slgal cpn (3-13) sl
dunslssshall Y1 Alaje M JEN) &5 Sobid) Jdaill (g olgi¥) aey

P Selaotgl) Guesall JSgt duaglgushal) ALY 3.4

29 Y ddee e BUl SV 1s AT didee haY duacadall maall hlie Cids

caall AaDly (Sl Calgag dyaaldl Jagyil) (SL
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ANSYS

2020R1

3000.00 {rem)
2250.00

Laaglgaghal) A8 Jag yd ke G (3-14) J<adl

ANSYS

2020R1

3000.00 (rrrn)

225000

bl Adee 8 S5 5ael) el o (3-15) J<a)

spaceclaim maliy alaaiuly gasall Likal Jalag gl L maad Sl (<8 Calad Lo,
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Click an object. Double-click to select an edge loop. Triple-click to select a solid

ANSYS

2020 R1

s
;.ﬁ"‘x
z

Clatll Al 3 (el JSa o (3-16) UK

g Bgaall Jag pll g Bogiial) yealial) 3l pan edis Jiagall JSgll (Sitbin Qs (5a] laaay

ANSYS

2020 R1

0.00020869 Min

200,00 {rrr) 7 %

dnlgashall el aas AUSH Clalga¥) o (3-17) ISl
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Abstract
One of the main components or the main part of any machine is its structure, as
the structure of the machine is the base on which the various parts are installed.
And the demand for machines with high specifications (low price, high capacity
to withstand when operating), is required in order to obtain an innovative design
of the manufactured machines.
The structures of the machines are exposed to different loads and multiple
vibrations, which leads to a very large deformation in the metal of the machine
as a result of exposure to these stresses, and may lead to its collapse. Therefore,
it is advisable to carry out a study of the structures of the machines, and take the
results and compare them with the digital analytical study that is carried out
using computer programs for scientific research, which saves effort, time and
cost for researchers and engineers, which gives engineers a clearer vision of the
stresses that the structures of the machines are exposed to, so that they can
design them properly. and economically.
In this research, it was done Perform an analysis and optimization of an existing
100-ton hydraulic press structure, and then compare the original design of the
hydraulic press with the design that was improved using the software tool
(ANSYS), and it is demonstrated that under the same loading conditions,
constraints, and intended purpose of the design, ANSYS specifies a lighter
design with reduced Material cost.
In this project, it has been shown a 33,31 % weight reduction & 33.39% cost
reduction This was achieved by changing the design of the existing hydraulic
piston, and studying it in the case of modal static and dynamic loads, using
topology, while maintaining structural balance of the hydraulic press and
without affecting on performance.

Keywords: Finite Element Method, Topology Optimization.
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