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Optimization on rigidity-flexibility coupling motion characteristics for
hyperbolic elbow clamping mechanism in die-casting machine
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(1. School of Mechanical Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China;
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Abstract: The production efficiency and service life of hot chamber die-casting machine, and the forming quality of die-casting part are influ-
enced by the performance of its clamping mechanism. Therefore, using the multi software collaborative creation method, the crosshead rod,
brace, rear elbow, front elbow and pull rod were taken as flexible bodies by software Ansys, which was import into the software Adams for rigid-
flexible coupling dynamic analysis, and the influences of elastic deformation on the locking accuracy and motion characteristics of clamping
mechanism were studied. Then, by comparing the locking force and dynamic template displacement, velocity and acceleration curves obtained
from the simulation of rigid body system and rigid-flexible coupling system, the locking force of the rigid-flexible coupling system was greater
than that of the rigid body system, with a maximum displacement difference of 0. 573 mm, and the velocity of the rigid-flexible coupling system
fluctuated during the start-up phase after collision with mold, with a peak acceleration of 1282.2549 mm - s, Furthermore, the high peak ac-
celeration led to a large dynamic load in the motion pair, and the input scheme of the drive speed for crosshead rod seriously affected the motion
characteristics of clamping mechanism. In addition, a drive optimization scheme by using sine curve acceleration, high-speed motion midway,
cosine curve deceleration and finally low-speed motion was proposed to complete the mold clamping motion. The optimization results show that
the speed changes smoothly, and the peak acceleration decreases to 237. 0416 mm - s, which is 81. 51% less than that before optimization, ef-
fectively optimizing the motion characteristics of clamping mechanism and reducing the wear of motion pair.
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Fig. 1 Physical diagram of 1250 kN hot chamber die-casting machine
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Fig. 2 Assembly model of hyperbolic elbow clamping mechanism
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Table 2 Material and its properties of each component for

clamping mechanism
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Table 3 Constraint setting of each component for

clamping mechanism
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Fig. 3 Comparison of simulated clamping force between rigid model and

rigid-flexible coupling model

I SR 5 A8 ) ISR AR A M T 2 e
BRI A/ MEIRS), HER ERERE SR BT, B
B AE AT AR R 1 5 L4455 — 8, A 3
IrMT s T RO 18 R G R A s T 0 B
JIRGRENR, R, ST BN TG S
JFTHLRY 1 R B, sk (2) B



140 B IR VN 495
P,=n-F (2) A= (4)
K, PONBUEBE T n NINFFHLIY T1 R L

F WM ELHE S

MRAEC (2) THE R BUE B ) e BUE -5 W
AL 5 B B BB &

NI RS BER S JE T e, G B
SN EHAR AN, PRSI R4
P ARIE AT ) 2 R M A B R LB ) 2 AL
FIRYIRAT | PEFTAFAT A 32 g s A8 I i 7 A
[, A TR BB HL W EE AT S MR e 1 L
PRI, ARIERFF A 19 TARRRME S, B
B, = (3) Fis:
wD’ )

P,=m- E-A (3)

X, m PR D ORPIFF EAR; E PRl
fitg, FrFFAE R R 40Cr 9, E=2.1x10° MPa, RJ
210 GPa; A NHIFFRLf A AR IE & R 8, X T
K% R LM A& BHL A, LU FE 0. 00036 ~
0. 00040 = [a]'"*)

W (3) TR B PR BUE S W
FHE G B A 5 .
2.2 EhiEWRAL R T EL 44T

SRR T FL TR AN 4 B, KGR A
BT 2R, Herh, WAL A iR #
281. 639 mm, WIZEHESHRIAIBIEAIAL N 282, 212 mm,
BRI I ST B BT rh SR (67 78 KT NI R rh 2y
BRI, XA ZEME M 0.573 mm, Z5RFKW, NI
TN R AR IR ) VR R ROAT A2 Py i i R
0.573 mm, PIATAHK T R SRR 2SIk

300

— ﬁﬂﬁiﬁ%
yso| ~ FIRMA
200
g
§ 150
&
100
s0r 2751
20 22 24 26 28
, /s
0 1 2 3

B ) /s
4 WA I 22 R AR 1) BhAREAR A5 B T Ze kit

Fig. 4  Comparison of displacement curves for dynamic template

between rigid model and rigid-flexible compling model
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Fig. 5 Comparison of velocity curves for dynamic template

between rigid model and rigid-flexible compling model
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3 Wz F EWH®A

3.1 fifkigit

SRR, AFH LA 15 3 1 S AR N
B, XA T RS SRR 27 A A AR
P HOREBOT L A 388 9K 8l R K000 4 BB 2 1
W BeR HITE S T 4 fm ,  DASkE 55 455 T i I 3 B 2
ASPEAE IR 5 2 BB A s s g, DAY
AEREIIRE S 55 3 B BOR Ay 3% it 28
TR SR A PR AR, B AR B
4 BrBfz s, GH8aR, LA/ NS R ] i flf i |
TRAUEBIORT BE

FRAELL B3 b, B AR R AR S AT
if{time—1.2; 65 % [ 1+sin(5 * pi * time/6-pi/2) ],
130, if[ time—1.7; 130, 130, if(time—3.3; 30+50 =
(1+cos(5 * (time—1.7) *pi/8)), 30, 30) ]|, #HJF
IXBh R WA 7 s,

140

120

100

80

60 -

S /(m-s 1)

40 -

20 -

0 1 2 3 4
B [8)/s
7 ALK Stk

Fig. 7 Speed driving curve for crosshead rod

300 200 4250
270 {180 {200
240 f {160 {150
210f 1140 £~ 1100 %,
E180}, {120 5 {50 §
E G =
3 150 1005 {0 &
&120} 180 = {-50 ®
90+ 160 {-100 %
60 {40  {-150
30 7 {20  {-200

0 1

2
I [A)/s
B8 fufb)a shisinis shih £k

Fig. 8 Motion curves of dynamic template after optimization
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