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Optimization of the Drive for Linear-Guide Press

Y.S. Lee and B.B Hwang

Abstract
This paper is concerned with the optimization of the drive for linear-guide press which is one of
mechanical presses. The design of linear-guide drive for a mechanical press is introduced and the drive
for the linear-guide press is optimized for the improvement of load and velocity characteristics changing
the eccentricity. The optimized drive is compared with the existing one for load and velocity
characteristics. As a result of optimization, the load capacity during stroke increases and the slide velocity
decreases in working region, respectively. The new design could be suited to many applications in

precision forming such as extrusion and the sheet metal-forming processes.
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Fig. 1 Driving mechanism of the press using linear crank-pin guide

AL FozA AMAS WIAIES e Aol
olgldt YAy e F APAZHA(Crank press), Lol
olZfelgAEY A AMIfole A PFTlo|=X A
1 5% 549 vl
Jlolem o] &% 4 3}

% 540] agamesst voloprietRa sz v

o,
N
-4
Lo
i
M
1
o
OHTI r
o
[
b
b

3, Aavto|E e sg Aslolsme e F7of
o 4% Y 24 Aelo] DAY WYAE 2
Aoy AW, FY, =29 5 9IS Y34
of A & otk B ERAAE AT eld &
ol 4w7t v ISR, 190 AdEdel 2
o QYHEE AstelEmalse] AL 2AS 4

shglow, ot el fr=zy 49 ke Aol

N
2
N
9,
[rt
[
o)
I
lo
il
i)
9
it
A
bt
oL o
o
dofn
>
o o
o,
o
o

2. AMylo|= ma|aol flE] ¥ J|FEN M5

Fig. 1& Ai7tel=zg a9 558 vk 19

172/ =AM IE8EIR/A9H A 235, 2000'd

= AYAZ(Crank shaft)? #49)® 2 =(Cormecting rod)
7b gon Ty AURE Eoly| Hste EFHUA
(Plunger) 2@ @A 7}o]=(Plunger guide)E Az <&t
oj=7} AZHo| Qlt}. Fig. 2& AHArto|=zesf 4
s Aoz TS ol Uy or FYPT Ny
2(Crank press)®} #2822 A(Crankless press)7}
7ol agazgide] dxske o Hlste, A7t
ZE2E Fig 2004 B upel 2ol 7)ofe] 4 Ot
aya9) A PE Zt% b, A L wE HAlo] Fol4
o F7)o] o 8N E A3t 1AE Jtol=

‘Main Gear Locus

A
Crank Locus /|

T +
~ ..

Rotation Direction

Fig. 2 Principle of driving part



S

x]/ﬂ7}_o]rugﬂ/\ :I-LE _4 5]7&@:}

= — Rlwsing, -[1+ L cos(a—0) 1+ Rl cos O 1

v 1@ 8 1 [ Rl Jl—(—%l)z Sinz(a—g)] [ ( \[1 ( gl )2 ] (91] ()
24 ZPIAA(Crank piny& T3 ABAE FFHA 2 Ede A ]E} 9714, A8 Lo} 7 be Zb A4
e 55% 7|7EA 7|EY FAnga 4 TEERNS Zpolezme s FER-e AAAYG HWAZE Jehdth
AMAZ 2= 9k R¥ Ree 2% fiagi?)r AYRzEe] ZHolg e
Zroj7h sHskA AAzo] Frlole spolmwg  H, E ERME 27 35mmst 1500mme AFHY
nzelAEA H PE F40E aAYA 55 vk A th Re= F7101FA 7 Z24aA Abole Ageltt. Fig.
TE &gto|mrt Aabde] Y8 o =] = 3& o83ty &Elolmy £xAF JoFsEAS Tt

dehln, A D gEel=sh ARG, A9, geelEe SR A3 ok 474, oE F
o A fAARE W, H Be V‘Hﬁ"ﬂ A YL 716]9) ZA&E2 Uehle B =2 oy 7}
o] AP YRAE vErdey, F7]0)9] 3H4E 7] £58 ¢ 21 rad/sE AP ol =

oz & 4, Z TODw shdaA-S, 7+ DOB+ 71td (20 strokes per minute, SPM)& Z%
AL, 7 BOTE AsddS Uelle 22 olch, zhzhe]l Frlo] 9X|d|A FErlo]e] EZ(Torque,
120" Wi9je] Zkolt}. FrlojE 53AE 7] HE To(0))s Zexe] Hosd wx zyysd
‘-"ﬂ 93 TD, DB, BT& A9 Z& Azt

2 744 o

| Ssl (Frame capacity, P)#2] #A42 2(2)eF 2t
17 #4749 2(Quick approach), 14EZ%(Slow pacity, BASE AR e
drawmg) F2£7 8(Quick return)< A Atk
a9, WY 3, WaAe Lo 947 bE WA To(0)= R,p b1t cos 0y tand ),
oz AGT el A geol=e) HE 2 Sl cos 0
z4% £ Aty AF Bof H PY YAZ F]o] =
Ard #E ez FUS uEe Sgladul detd ez a3 Heteld  7]7(crank-slider
(Bliss Shear Machine)?3} Zro] 2rdFzbell A 14:2] mechanism)& AMgaHE Ly 2oAE sRAM-EA Fa
Solole £EE W2 = 4D (Shearing)ol A gol 7ltsae 24 SA o2 RE 13mm 99 %)
e To2 FHE AT 5 9ok Mol efol=rt Qlem EYBYel WAHES s,
Fig. 3& AXrto|loZere TERE Erl8H7]7 ol I8} EAZE FEEIA(Drving torque)E 5+
7IbeE e Ak 234 %2(Nominal capacity) A%
N 2 A9 1Bmme AT olfE 31 ARl 9%
'/";‘{’ o AYE z2te zZysdAeE gAY 249 13mm(eF 12
<I’\:;},f/b vel\\\ N inch)oll A ZaYdsd £ EFTH(Torque capacity)S
et A7) RtV olRe F2 FE(ER 43 o
& P Ry el 458 7]%0|", American Joint Industry
Conference7} A& 71%o] waw 53589 HAH
£ 02%5inch & 0.5mch7} H7|E gheHFr FrAY
® %) B RN Flole PEEIE EFol=st o
_ AA$ 13mm SR FAPse] 10080 HES A
> AT £, Sehol=o] T0ES sFgHo] HEHO
N 2 A9k JHgatel JAFA ek EaE P
SN a3, olAel U ez 2 PPl e
b g9e 78 4+ k1 42 gest g
' T

P(§) = —f"j”x 700 (ton 3)

Fig. 3 Equivalent link mechanism to the linear-guide
drive

)

e A MTIE SIS AI/A98 A25, 2000/ 173



oA7|4 PE Zxd stsdels, T ,& F7]07t
OF A& A4 B, T, 58 Sdol=rt
S 13mmell AT we] E=, 281 7002 23
9] 7kt (tonf)o] ok ?
Avbgo g gl Hu 21k
o oF 1/3 Arolth £ =FolMe WA’ 650mm

< A YA

12

o

of ®tp & T F7] fste] C29F G4 28 3§,
Clz C3% 12 ste] A58 DAsigich

Fig. 29} Fig. 3224 H & 4 3dxo] #ANAG Lo
agazelnc 2 HE Zelrg FFo| BrsE
"o} w23 Ty av) FE5HT AS=2d 35S &
&< 87l HelX= Fig 2914 2R354 P7F 5719

A 09 §5 ol HAxstolof vt EF, L2

ol AATAE WA Bl oF 1/30] H=E sl B gqoigipe) 545y v AW Tegel Felrt seix
APH # 210mmFE 2 FIAR(EENY A A nE Zgxe ZigHsEe 5458 E£E Tyl
Bmm7HAE R A% JiksES At TNES Y] Golor gt} whebA], thed 2o Aoz
2AHAM ol e HdsHEe dHs o] Fojh,

fFART FEEI AT 7IsEo] Y ot A

e ZYYsd Brt I HuE A4 Aol = Do <L <R

A5 olgel 4T AL w Hrosy 0= L=k

Z](Overload protecter)ell olate] Za29] Zeto]=of

Agde S| A 200 <6<

3. Exgre Met=xA 30 < P <700 (tonf)

oA AFE ule} o] AXyjolETgas FER] A71M, L3 b 2 wdAzeh d474e vehia
AAAL)S BAZDE ZAFoRN AR Ri2 AYaZols yehdn Pe Sefo|=7} ol 4
3% 2 S5 548 NAE F Atk wEA, B =i Aol & wf EZe29] 7R ‘E%ﬂé vebdch

Ae AAztelsze s ?%—‘?—94 ANAR LY A7

bE AAWeR st AJFIE M £ H EF & 4. z|X3} 0| =

e A AE &‘Wi}ﬁ Rt BAgsE

AL WA S Hash s sl 1 Aduinoz Az FaAl= ZA A% EA(Linear
af_" R e %?}%ﬂ Axstg Al problem) ¢} H]/41 % FA)(Non-linear problem)® o)zl
FatEs A@)e 2ol AASAH. A71M, Vias, Viin, o AREAE FAGre) Az o] Aoy, A
wei A2 AL U] A‘EHAE Ao, BAEE 3} o2 Simplex technique?o] @ol ARggt)
& YR, Faax, Fuin, Fae'ls 27 2970 W Hoi7} HNYEAE EAEFY A2 o] HlHPH e @
WoH, AWITH, aHR RAAATHS AR o gag gap) ol sein uAgEAE TN AR
L e, G, 2elm C4b 74744 @ell vie weighting 22(Constrain)®] 5ol wek LhrojzIth Algzzlol
factore] . VOLQ} Fe ) 271U 11)01] e 9= FA(Unconstrained problem)ol]l o] &5+ w
H2 9 e Y s ‘%E}WE} HorRE & £ Uxol, Hel o2, BAEee o gkl 44U o A
E'_;j'EULTL o‘j?ﬂ i —LE“OI tﬂf KRS }?J Gradient method®} Conjugate gradient techniques A}
= o = > =)

SHe My, 1w WEIAATHA I FEA W gg)e powell methodsh FR method, Hessian matrix$
o2 olfold glom, 4 I& AT 27t o]43l= DFP method, 2|2 Newton-Raphson
g gER rolgogs Fardgath Cl, C2, C3, method 0] 9Jth?

:LE_qﬂ C4_7} S Ad W, Ase A9L 2715 Agtzzio] 9l EA(Constrained problem)olls F2
o] Halgo] o o By F S Wer = 7tz wo] AMgEnh 3 WA= 92 8=(Penalty
B o=RddE AYT W &% 2 skbsde BEg ST e

( Vmax _ len) Vai/e ( Fmax - Fmin) F (z)we
F(L b) K- [C:l(‘/(l)nax_l/?mn)-}—C‘2 Vgue+C3 (F‘E'nz«lx_}?(l)'mn)—+_CZ1 Fave] (4)

174] =247 83EX/A198 A25, 200008



O

Aol nrd s FER) 43

(st ) 5. XXz 23

Set search poin B g AE Aol Ena e S5 2 sl
to starting point of gt A& M) fEte] AT el &
(L0, 6% = (1, 5 o Hash, sokedel Ao, S5 WHZe Has,
~ — SEa A9EsE MaEd Hashs dl kA v1Ze
) L= metel 2@t 2e ZHPRE dYelgon, PLBA

A - 1o s s
Find search direction Algorithm e #-&3he] #A3E A5t 249 Cl,

dO=(dL", db) L0 104 5. O C2, C3, 4= 779 o] tidt weighting factors
to reduce the cost b= bt 4. gh® Cl3 C38 1E, C29 (4E 3272 HA HAHgE A
l A3tgic
PR 800 -
Converge? Calculate €2,C4=3
step size a

Set optimum point
to (L o™

Conventional drive

Load Capacity
P
o
o

End

Fig. 4 Flow chart of the search program

function)\t et1grz= e Fe}o]o)(Lagrange multiplier) . Ssegsesgsessesgs
£ o|g3le] AFNZAL EHES EIA|T)E w0 svoke T
o, % oAE AREAE BRG] TAAIA g

=24 o _

$HE2A oldl= Gradient projection method, Seque Fig. 5 Relationships between stroke and load

nce of linear programs method, Random search capacity

method 5°] Utk olHd WHEL 7 A(step)mith
A48k (search direction)® 2o W& step size® A
AsHA FHW, FEzAE 92T 47X dHEHoR
AR Fopzin?

2 =AY EAE AgxEd
A] Quasi-Newton method®] 4%
Lim-Belegundu-Arora) method”

Fig. 5& Cl, C3& 18 nAskal, C29F C49] W] up
& VM sgAdze] HA3 slE YERd Zlojth o]&F
o7, Zyxof Ho AR AA PA 13 A
o|2gh APAY "o FHE AFE mEshd dA
Zdrke AA A 143 wol A @ik uhEhA,
Fig. 5ol A= A 349 1/49 AP ¢ 170mm7H=]
teeE s ZAEIH o, olf AA FPFteg A

Aol Y& BHAIEAR
¢] PLBA(Pshenichny-
% AHESle] A A E

3t weight7} AdSE 2 20 W HTE JbedEe

= - H
33ttt Newton methods= FHEERES FPA7)7 S Al Gaole ¥ -
Aall FmAeot AGEA 5 22 EHE o] &8, jAaloﬂ/‘ﬂ Q& 2= glEo] &% Ul 7}?}36194 At gkl
Quasi-Newton methodv &4 g9} z]]§_ AxE 9 o € T MK, FE R 559 "
) gH(Hessian) S 130 B3k 22 E] ZAl3lsle] & ; E
g8 B =2 Hegy A zZzode) 52 F7retainh EE, AAAQ Aol AA AAY o
142 St3S o, 719ede] WstE £ 24 ¢

E(Flow chart)?} Fig. 4] yelpaict

R AMTIBEEX|/A97 A28, 200081/ 175



°o|%
5
Crank Center
Starting point
~—
\ /
\ \ Optimum point
Crank Locus
Fig. 6 Trace of main gear center during
optimization
+ ik T, C2, Ca7t 3BT AA =W, A3t
HellA 7its ol 345 & Zyid el

9 2
WES 2 72l BABL SE FHAME,
C2% C49] ol ADES AYTH | FTLEE B
du &= wsEe g, Aoz &
HelAlE e oA, ¥ ERAAE Q29 Of
3oz ggstgon], o2 49T UM Ha
SRS se ooy A9 49057 e

& a3k GEPIRA 25 AY

]

N
FAHNY RS Agshe HH3) oY
# A A (Local

A
minimum) & 3¢ 4 ok webd, M Bae] ol
g u

Fig. 62 }Vdﬁ} 76_5301] LEP %7101#‘3 o] W34
& Yepd agelth JRlA & ¢ ke, WAzl
Aojx = ko2 Ty BAZRE FolR]= o
237 Ao, HAAHL 27)gl B ¥
A&7} o 33mm F7tetki, A
2 vebstth

Fig. 7& 7|& Ax7te|=xa 2~ 559 /b4
ot HAFE b YMREE HAFErh "N &
T o], HAG Fo v EdRdME ARITIr
WellA 7tbzeel Walyl dukeiAl A& ez et
= ° ¥l 712 71EeksE ARdAe AT A
2AARE A 9 o S0mm AT JHtEE e ws

n>;
N
L

o

X

N I
B

o

176 =AM 5kEX)/A4948 A2%, 2000d

800

700

600

500

400

Load Capacity(tonf

300

200

100

After optimization

Before optimization

- - - v = = =

Stroke (mm)

Fig. 7 Relationships between load capacity and stroke

Fig. 82 zlw Az} Fo) sojolre] HEA
e, olzE A5 Fol Seol=el L5

T el A

WL, Nmm °13P:‘E1 i

ek

oz il Ushge o 4
| sEe) WEE oA Axs Fol uh A e

th A3 U Sdlol= £5r} 7adh] ulel 2

1200
1000
800
600
400
200

Velocity (mm/s)

-200

-400

-600

-800

Fig. 8 Relationships between slide velocity and stroke

After optimization

Q feeeireria

Before optimization

o

Working region
after optimization

.

.........

Working region
before optimization

o

-
[yed

-
[{+]

- = = > =
O N WO O — <
- - = &N N

Main gear angle {(degree)

271
301

331
360



O

Axrtele ez F55 A%

AAHE= A7to] ¢ ZEIAT &, &elol=r) FAE

Table 1 The comparison data after optimization of Hoelaw AsHE o AMEEE ide timeo] &
Ak olE ZAATF WelA Stel=e] £2E ZA ¢
Before After -1 =) =
& A% AHsly TR iAo B Erie AE
Ecc. length )
- 195.6 2293 - ojmjai},
Ecc. Angle( )| 581 50.3 - R i e A e
i d AEE Al Ae9uts Ml &5 2 Rt
Avg. velodlty | o006 | 1744 22% down ot entol Hase
(mm/s) 8 EAY ﬂ—@r’é AgstR o, e o A =
I g A 23 5ol gt 2"y HdAZ e #
Velocity change| 45 7 1963 |5% down o B E o
(mm/s) Azt gk 2R 4= 90 Fouk oo g velrbA, 7t
T AYY EFA HAl7 BAZMS WA ¢
Avg. load 508.4 622.4 18% up oL O\i/] CRil I up2} 4?4% 4 - 3 1‘
capacity (tonf) A FdeHllexible) AA7tol=zee] Aiw s
Load capacity o g 7o},
change (tonf) 236.7 250.7 6% up
Driving torque | g759 9 | 576034 15% down &7l
(tonf - mm)
Tl ddske F71o Axsh 71Ee o 110" (F 5 2 =E2 AR AREY SN sa(dee)
Yol Al ok 1357 (oF 2957 ~360° ) AEE & A QAL 9j3te] 1999 AstuEtw il A7H] A
Fenk &, Frlofrt 2 dra AT q, v|Ed SR FHIHAE
=z Brhs AAH) Zazte] Fulkstn HEH A
o] BRF Azte] AAHSS & & Uk 2123
Table. 1> &3l AFe ztzhe] dlo|e]E H|aLste]
Ueld Ao|tl ezt ] HEsrs A3 F (1) W. P. Lee, 199, "Press Engineering”, Korea
2% AE7}F AAENen, S50 WMIET oF 5% A Industrial Information Center, pp. 451 ~452.

£ ANEASE & 5 stk s S 49 () S Yossifon, and R. Shivpuri, 1998, "Optimization
W ks s o 6%AR 371

IS RARE of a double knuckle linkage drive with constant

D7l sEmEolA oF 18% Ax HFHAUE E£F, & mechanical — advantage for mechanical presses”,

AsH WW T00E9 7IHsde 271 43 F71019] Int. J. Mach. Tools Manufact., Vol. 33. No. 2, pp.
TEEAE B2Y HAF T F 5% 7Y FAaITh 193~208.

&, B —} L FTEEAR KU} & ¢ES 9 4 vt (3) S. Yossifon, and R. Shivpuri, 1993, "Design consid

st £ PEEAN} A2 Fe TEYY F4% -eration for the electric servo-motor driven 30

TE B UA AAT ¢ duke oA Zyxe Az Ton double Knuckle press for precision forming”,

A7 & ¢ gde Aot Int. J. Mach. Tools Manufact., Vol. 33. No. 2, pp.
209~222.

6.2 = {(4) S. Yossifon, and R. Shivpuri, and T. Altan, 1990,

The AC Servo-Motor Drive Double Toggle Press:
Mechanism Analysis and Optimization, Rept. No.

AA A HAlZbe] Z2AH0E AM7tojlexg it 5 o
bo AMsE T3 |29 TERUG BAT7 O I ERC/NSM-B-S-90-33. Engmeen?g Resear(?h
# 2ol PF Jksde] BE ok %7t FAEYY Center ff)r Net Shape Manufacturing, The Ohio
o, m@, PEe Ued TEEI oA E0u, ol State Univ., October.
. (5) Niagara Machine and Tool Work.,, 1988 Link

G732 el A FEH-9] 71 A& & (Mechanical efficien X )
N Driven Press Catalog, Bulletin 51, Buffalo, N. Y.,

eyl BAHREE ngh 77 o BESEs} A
wopzlel mel PERe @ @A (one cyce)5e Dol U. 5. A

(6) J. M. Kim, and S. H Kang, 1993, "Linkless Link

st AMIIZstEX|/A97 A235, 20008/ 177



ol - gE

Motion Press”, SSTR-TC-93-12, Technical Report, (9) E. W. Bliss Company, 1971, “Press Division, Bliss

SSangyong Precision Co., LTD., Korea. General Catalog Power bar Press”, Grand Rapid,
(7) B. B. Hwang, H. S. Oh, and H. Y. Lee, 199, "A Michigan, p. 31.

driving mechanism of the press for deep drawing (10) G. A. Na, 1989, "Press Handbook”, Electro-

and forging”, Advanced Manufacturing Processes, mechanics Co., Korea, pp. 159~176.

Systems, and Technologies (AMPST 96), The (11) E. Hamilton, 1960, "Power Presses, Their Design

University of Bradford, pp. 685~6%4. and Characteristics”, Sheet Metal Industries, Vol.
(8 H W. Koo, B. B. Hwang, J. Y. Lim, and H. Y. 37, pp. 501~513.

Lee, 1997, "Kinematic Analysis of several Linkage (12) J. S. Arora, 1989, Introduction to Optimum

Drives for Mechanical Presses”, J. of the Korean Design, McGraw-Hill, New York, pp. 403~410.

Society for Technology of Plasticity, Vol. 6. No. 6, (13) J. S Arora, 1989, Introduction to Optimum

pp. 471 ~481, Design, McGraw-Hill, New York, p. 285.

178/ H=E2M7KZ3sIXI/A98 A28, 2000



