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Application and energy-saving effect of diagonal dual-tie-bar single-cylinder clamping in large blow
molding machines
LU Jianguo, QIAN Wei
(Ningbo Jinge Intelligent Equipment Co.,Ltd.,Ningbo 315000, China)

Abstract : Addressing issues of uneven force distribution, high energy consumption, and easy wear of moulds in traditional
hydraulic direct clamping systems, the application effect of diagonal dual-tie-bar single-cylinder central clamping system in large
blow molding machines was investigated. A combined approach of theoretical analysis and finite element numerical simulation was
employed to investigate the mechanical characteristics and technical advantages of the system. Comparative experiments were
conducted between the diagonal dual-tie-bar single-cylinder central clamping system with external tie-bar design (abbreviated as the
diagonal dual-tie-bar system) and the traditional internal tie-bar four-cylinder hydraulic direct clamping system (abbreviated as the
traditional system) as research subjects. Systematic evaluation was performed across multiple dimensions including clamping force
distribution characteristics, mould deformation control, energy efficiency, and product quality. High-precision sensors were used to
measure clamping force distribution and monitor mould deformation, and quality inspection and analysis were conducted on 500
production samples. The results show that the diagonal dual-tie-bar system demonstrates significant improvements over the tradition-
al system in all aspects. Force transmission efficiency increases from 68.7% to 89.3%, the clamping force distribution deviation coef-
ficient under high-load conditions is only 19.7% of that in the traditional system, maximum deformation difference between the
center and edge of the mould reduces from 0.23 mm to 0.08 mm, and power consumption is decreased by 19.4% during full-load
operation. Product qualification rate improves from 85.8% to 95.6%, wall thickness variation coefficient decreases from 13.3% to

5.2%. In practical application cases, following production line transformation for water tank manufacturing, the production capacity
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is increased by 14.7%, energy consumption is reduced by 21.2%, and the investment payback period is only 7 months. The diagonal

dual-tie-bar system achieves uniform clamping force distribution and efficient energy utilization through its unique mechanical trans-

mission structure, and delivers significant benefits in production capacity increase, quality improvement, energy consumption and

maintenance cost reduction, thereby providing an important technical pathway for blow molding equipment technology upgrades.

Keywords : diagonal dual-tie-bar ; single-cylinder central clamping ; blow molding ; mould deformation ; energy efficiency
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Fig. 1 Structural schematic diagram of diagonal dual-tie-bar

single-cylinder central clamping system
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Tab.1 Mechanical characteristic parameters of diagonal dual-tie-bar single-cylinder central clamping system

Parameters Symbol Typical values Influencing factors
Central hydraulic cylinder output force/kN F, 300~1 200 Hydraulic system pressure
Tie bar included angle with horizontal plane/(°) o 30~45 Structural design
Force arm ratio Lo/Ly 1.2~1.5 Geometric configuration
Force transmission efficiency/% n 85~92 Material and machining accuracy
Clamping force uniformity/% o <4.2 Geometric tolerance and assembly accuracy
Mould deformation/mm Ad <0.08 Clamping force value and distribution

Mould space increase rate (external vs internal)/% b% 15~25 Structural design

Mould plate parallelism adjustment accuracy/mm B +0.05 Adjustment mechanism accuracy
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Tab.2 Comparison of main technical parameters of experimental equipment

Parameters Experimental group (with KGH90A external tie bar) Control group (with KGB90A internal tie bar)
Clamping equipment model KGH90A KGB90A
Maximum clamping force/kN 300 240
Clamping system type Diagonal dual-tie-bfir single-cyli'nder cent.ral clamping system Internal tie bar four-?ylinder hydraulic direct
with external tie bar design clamping system
Extruder screw diameter/mm 90 90
Extrusion pressure/MPa 10 10
Parison volume/L 6.6 6.6
Screw L/D ratio 24:1 24:1
Extruder motor power/kW 45 45
Effective mould space(Lx)/mm 800x600 700%x550

Control system

Mitsubishi SU

Mitsubishi 5U
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Tab.3 Comparison of force distribution deviation coefficients of

two systems under different clamping forces

Force distribution deviation

Clamping coefficient/% Improvement
force/kN Diagonal dual-  Traditional ratio/%
tie-bar system system

100 2.3 10.8 78.7
150 2.5 12.4 79.8
200 2.8 14.1 80.1
240 3.1 15.7 80.3
300 4.2 - -
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Tab.4 Energy consumption comparison of two clamping systems

Diagonal dual-tie-bar system

Traditional system

Operating Status 8-hour total consump-

Average power/kW

Energy saving

8-hour total consump- rate/%
0

Average power/kW

tion/kWh tion/kWh
No load 4.8 38.4 5.7 45.6 15.8
Low load 9.3 74.4 11.5 92.0 19.1
Full load 15.8 126.4 19.6 156.8 19.4
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Fig. 6 Power comparison of two clamping systems during full-load

cycling operation
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9.8%. BRBAHT IR LGRS A B i R
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FEIR 7= b RE S SIPE R AR TR G R G, At i 22
(0.11 mm){UNE%E 245(0.28 mm)ft) 39.3%, 78 5 5
BOMMEGE R G019 13.3% [ 2 5.2%.
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Tab.5 Wall thickness distribution statistics of products produced

from two systems

. Diagonal dual- Traditional —Improve-
Statistical parameters R
tie-bar system system ment/%
Average wall thickness/mm 2.12 2.10 -
Maximum wall thickness/ 23 263 B
mm
Minimum wall thickness/ 1.95 162 B
mm
Wall thickness range/mm 0.37 1.01 63.4
Standard deviation/mm 0.11 0.28 60.7
Variation coefficient/% 52 133 60.9

JE S35 5 R, X SR 2R 4o 7 i
iR IR R R 97.3% ME G RGN 92.1%, A
JEE RGN R FE 0, %k XU AT 22 45 4 72 1 7 i S

RAT G830 83.7% ML B R G0N 65.2% , X 1 XL
FER G RS HS B B 14255 T 28.4% .

LU eE TR I B 9.8% BB R A Y T
BEA 10 000 1277 A AP G TN 980 145 4 i, # 5f
PF7=dh 25 JCTHEL, AT R In={E 24 500 7"
4 KRARGISH

S ARG A Mk 3 224 77 500~5 000 L 3R
KA S T 4848, F 2™ A4S 500 LA /K AR (142
800 mm. /5 & 1 000 mm). 1 000L fi% KA (4% 1 200
mm. 5 JF 1 100 mm) .2 000L £ KAl (EL 4% 1 400 mm
5 & 1300 mm). 5 000L & &Y fiff 7K A ( E 45 2 000
mm ., & % 1 600 mm) % Z FHLAE , %Ak A Ak
LA MGG UG S HIER R R (A fE— S 2
R R« AR ) o3 A N 25 R BU™ b BE A 25 80K
BEEL S PN 0™ H A5 0 %, BR IR IS AEAL T
i = RS AFE AT AR R T o 2023 4E97% A
M B GER L 85 i Te Xt — 4% ) A AT R AR
T, SR FHORE BT AT PR Hh O AR R e B AR
BERGE, HE S8R T Az ™ T2 i 4 1 s A9, A=
P T AT F AR L3R 6 (R 6 1Y S 918 R
BTz Ak 2000 LKA fiff K A 2E 77 £ 1 ol ik
B
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Tab. 6 Comparison data before and after transformation of large water tank production line

Indicator category Specific item Before After Improvement/%
Monthly output/pieces 15 000 17 200 +14.7
Production efficiency Molding cycle/s 85 78 -8.2
Monthly downtime/h 32 18 —43.8
Qualification rate/% 83 94.5 +13.9
Product quality Wall thickness standard deviation/mm 0.38 0.15 —60.5
Dimensional accuracy/% 76 91 +19.7
Power consumption per unit/kWh 8.5 6.7 -21.2
Energy efficiency Monthly electricity cost/(10* yuan) 11.5 9.2 -20
Hydraulic oil temperature/°C 65 52 -20
. Mould repair cycle/months 3 8 +166.7
Maintenance cost .
Annual maintenance cost/(10* yuan) 18 12 -33.3
. Monthly added profit/(10* yuan) - 12 -
Economic benefits .
Investment payback period/months - 7 -
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Al sk o k& e B ARVEH T B STk, %R et
R 2 2 TR (o Al B AT R e B 5 T IR 8K
Fehit
5 X MRLFT BT AR R SRR T 1)

B AR A RCRL T BT Hp O AR 2R S8 AR 0L R
JRER T W e A TR SE R AHE b R 1% &R
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Fig.7 Comparison chart before and after structural optimization design
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