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Optimization Design of Hinge System for Large Scale Die Casting Machine
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Abstract: The problem of impact during the mold opening and closing was analyzed due to the low expansion ratio
under 25 000 kN clamping force, and optimization design on the hinge system was carried out. Firstly the me-
chanical model of the clamping mechanism was built up and the stress and displacement were calculated using fi-
nite element method in order to validate the stiffness and strength of each component. A rigid-flexible combina-
tion multi-body dynamic model of the hinge system was set based on the parameter of elbow stiffness. Finally the
optimized design was built up upon the multi-body dynamic model using elbow hinge coordinates as design varia-
bles. As the results of comparison with the origins, the optimized design has enlarged the expansion ratio from
21.45 to 24.57, and the stroke is increased from 1.03 to 1.08. The impact during mold opening and closing of the
optimized design is decreased greatly.
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Tab.1 Physical property parameters of the materials

N/ PRVERTE/ Ak JRIREE/  BUBRAL/

R (kg * m %) MPa It MPa MPa
QT500 7 000 1.62X10° 0.292 320 500
45 S 7 890 2.09X10° 0.269 355 600
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Fig.2 Mechanical model of clamping mechanism
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Fig.3 Displacement contour of clamping mechanism
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Fig.4 Stress nephogram of clamping mechanism
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Tab.2 Stiffness of clamping mechanism components

and sub-systems
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Fig.5 Motion relationship of hinge system
L5$ifl7+L,1Sin€D:hl (2)
L,sinf+h, + L,sind =h, (3)

Loy A B BHE R Z BRI E . mm; L. B.C £
PR Z BB mms Ly o B D B A2 (6] Y B R
mm; L, D E SHE R Z F B E .mm; L 4 AD £
Pl Z A BE RS smmsh o A CE 0 5 2 [ Y I B
B o mmis o, N IRKIAEA - )5 g 9 BLE R BC K- J7
e i () sy NEHE R AB 5 AD 3 ff. ()30 R
. C) s ML R DE 5KFIr e, ).

HMTRGEAMEN 1BEE ¢ N SCATR U H Al

AN
)’Zasin(hl_lﬂ) 4)
6':asin(hl —Ifjslngo) *acos(%) (5
B=
_aqin(hZ —h —Q—Llsin[asin(h1 7LI: Smﬁp) *acos(L{ _'Z_LI:JLT Ls ):|)
, L
(6)
MG & 5 AAR R . ABCDE s AL bR Jr FE 24 -
x4 =0, 3y, =h, 7
xp=1L,cosf , yg =h, — Lsinf (8)
xe =L cosf + L,cosf s yc =h, 9
xp =Lscosy y yp =h, — L,sing (10)
xp =LscosA —L,cosg » yp =0 (1D
Xf AR AR T R AL 53 5 4% s W RE AL RS A
0xa=0,0ys=0 (12)
dxp = —Lsinfdf , Syp = — L,cosfd0 (13)
dxc = —L;sindd0 — L,sinBop » Syc =0  (14)
dxp = —Lssinydy , Syp = —L,cosgdp  (15)
xp = —L;sinAdy + L singdp,0yr =0 (16)

RGEF I RGN R -
DV6W =P6xr — Proxc =Q,0¢ (17)
K P IR G A J1 kN P, oy B8 kN, |
FHLE R G A R 56, W) X Q=0 Bl 13 5

PLECHIA R Ge i 1 T a8 R

L,L,sink;cosgp L,L,sink;cosgp
bt DLk, 1%
&761‘(7 « 245 1 Lg
P, oJxg L/lsingDJerosso(hl—Lmingp)
Lk,
(18)
A
(h, — L,sing)*
k, \/1—‘L;9" (19
kgzhgih1+lllsink3 (20)
. h, —L,sin L:+4+1L:—L%
kazaSIH( ] L: g‘))_CZCOS(#)
21)

LIRHLES RS8R ol AT RS0 45 BITE R G048 B 511 %
HE T foe 20 IR SUT L A B A T R R O AT R 4
ARTE TS s IR B IR WAL E R R T L AR TR
L3NS N i N = S g = T Y B
6. FIERNSFHATHIEAS s Lo FIEART . Yo
N @+ A, BB A5 N B+ AR, il 13 AR T3 B 1
B PR R AL SR BT ) Bk B R
P A o AR

go,,:goJrZAga,v (22)
i=0

EHEEBAHE

fEH A
| R

i BT HALE

BH6 S#ATAAER
Fig.6 Flow chart of clamping force calculation
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Fig.7 Kinematic simulation model of hinge system
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Fig.8 Kinematic simulation results of hinge system
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Tab.3 Variate design
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Tab.4 Sensitivity of design variates on design objectives
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Tab.5 Coordinate of elbow hinge points
B4 DV, DV, DV; DV, DV DV EPAKT 1T
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Fig.9 Comparison curve of property index of hinge system before and after optimization
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