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Thermal-Mechanical Coupling Analysis and Structural Improvement Design of
Horizontal Multi-Layer Hot Press Frame
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Abstract: Compared with the vertical multi-layer hot press, the horizontal multi-layer hot press has
achieved a new breakthrough in production capacity and is more suitable for the development of plywood
industry. This paper takes 80 layers of 4’ <8’ horizontal multi-layer hot press as the research object and
determines the load condition of the frame in the closed pressure maintaining stage based on the plywood
hot pressing process and the structural characteristics of the horizontal multi-layer hot press in order to
study the influence of thermal-mechanical coupling effect on the mechanical properties of the horizontal
multi-layer hot press. To analyze the frame state under the influence of force load and thermal-mechanical

coupling effect, finite element analysis methods is used. The results show that the stress and deformation
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of the frame increase significantly under the action of thermal-mechanical coupling effect, and the frame

cannot meet the strength and stiffness requirements of the horizontal multi-layer hot press in the closed

pressure maintaining stage under the actual working condition. The frame structure is improved based on

the above analysis results, and it is verified that the improved frame structure meets the design

requirements, which provides a new design idea and means for the improvement design of the horizontal

multi-layer hot press frame structure, and has practical engineering application value.

Key words: horizontal multi-layer hot press; frame; finite element analyses; thermal-mechanical

coupling analysis; improve design
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Fig.1 Schematic diagram of main structure of horizontal press
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Fig.2 Schematic diagram of stress state of the frame
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Fig.3 Static analysis model of the frame
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Tab.1 Performance of material
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Fig.4 Static analysis results of the frame
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Tab.2 Maximum stress and location of different

structures of the frame
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Fig.5 Thermal-mechanical coupling analysis model
of the frame
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Tab.3 Collection temperature of the frame under actual
working condition
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Fig.6 Temperature field model of the frame
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Tab.5 Maximum stress and location of different

structures of the frame
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Fig.7 Thermal-mechanical coupling analysis results of the
frame
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Fig.8 Structure model of the improved frame
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Fig.9 Schematic diagram of stress state of the improved frame
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Fig.11 Temperature field model of the improved frame
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Fig.12 Thermal-mechanical coupling analysis results of

the improved frame

7 BHEENREEMGRANNIRAE
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tures of the improved frame
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Tab.8 Results comparison of thermal-mechanical

coupling analysis before and after frame improvement
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WE RS N J3/MPa 587.75 681.51 15.95

a7 N 71/MPa 386.76 237.68  —38.55

BT N 7/MPa 276.65 22401 —19.03
R SCPER N J)/MPa S 272.74

I N 3/MPa 385.75 276.59  —28.30

AR N 1/MPa 380.08 27478  —27.71

i N J1/MPa 376.67 339.56 —9.85

b N S T ST S ) SR /R ST R R 7N
FEHLLE P 5 OR e B B R IE W A A, 1K 3] 1L
IR R e e H



52 AMt R EEA

378

4 g

D X80 /24" x8' K2 = # R UM AL 45 1) i3k
T, SaRERAIETS, e T ILZEHE K
FOBCIRIL ;L RN R AL R 45 4 fEi A A Y, X
H A R EBY B ALEE R ) 5 A8 T8 43 A i AT 5 )
TR IFEE T SRR MUZANAE )13
WPER T, Aes i 2 B R AL A& R E B B AT
T ) P RN SR s AELTE B B RN A
T MLEERIR ) E AT &R N, SEPR T
PUZEAS Be % 2 b =X Bl A & DR R B B 7 221 5
JEFINIEE B R . BRI IFEE BN, 75T
MUER SR AT s BT o

2) B EF RN IR G 0 45 R b A
E Y £ rh FTI FEAS 2 0 1) R, 3 et 19 i L 22
SC PSS KRN S5 R A 52 3 T AR () T VE UGB AL EE 52 7
T, FIHA R IERAT 2 AR, e
THLER MO 7 5, 0Bl IS MR AT T #4
JIREE TR . S5 RR . TEHR IR A NAE
R, ok e A28 45 k4 RE % 2 b XL A& AR
JE B B o B AN B LR . BT 4 RN BN 2 2
AT 22 45 A6 200 T v $ 44 7 8 R 1 v L B A
FB, BA LB TN FHMME .

SE I :

[1] RS, B, PR IE R, 55 . 2800t M A EA L FHELL N ) 43#7 M He 4
FIERALLT]. HLH LREHER, 2015, 44(7): 137-140, 158.
ZHANG J, HUANG Z X, FEI G Q, et al. Stress analysis and structure
optimization for the main frame of 2800t board hot-press machine[J].
Mechanical & Electrical Engineering Technology, 2015, 44(7): 137-
140, 158.

[2] FEFF, Z0RE, BT . 2T ANSYS Workbench 1 £ 2 4 FE HLAE
BRGER ST BT B ARAL D], FLIEBAR SHUR, 2018(2): 77-81.
WANG Y P, LI X G, QIAN H N. Analysis and optimization of
multilayer hot press frame structure based on ANSYS Workbench[J].
Manufacturing Technology & Machine Tool, 2018(2): 77-81.

[3] BRdufh, 240, 165, 55 L EALE S WA 5 MO & 45
PEWFFTD). BR77 00k, 2020, 57(4): 14-18, 46.
CHEN G W, LI Y N, HUA J, et al. Study on the deformation and

(4]

(3]

(6]

(7]

(8]

[10]

(1]

[12]

thermal mechanical coupling characteristics of the movable frame of
the continuous press[J]. China Forest Products Industry, 2020, 57(4):
14-18, 46.

FIRTS, BRI, B, 55 T AR RN N S PR B &
A PR T AT (0], MUR ST, 2019, 47(16): 157-161.
LIZJ,LID S, AO J, et al. Research on thermal mechanical coupling
deformation law for guideway of truss welding robot[J]. Machine Tool
& Hydraulics, 2019, 47(16): 157-161.

PRI, AL, KB, & TG hiliG 2 2 HENIL AL S5 1
7T [I]. ARB I, 2012, 23(6): 18-22, 40.

ZHAI'Y L, HUA J, GUAN X P, et al. Optimization analysis of frame
structure of based on green manufacturing multilayer hot-press[J].
Wood Processing Machinery, 2012, 23(6): 18-22, 40.

TRV, A5t . B SRR VA R IEALHLEE A9 R 7T 43 e AR Ak e v
[9]. MUk T3, 2012(5): 62-64.

ZHANG T, LI M G. Optimized design and finite element analysis for
frame of mouldless cold spinning Machine for vessel end closures[J].
Machinery Design & Manufacture, 2012(5): 62-64.

TRIGEWE, WK, RIS 6 o JEAELILAL S SN 02247 9 ). 2
P TAE2EAR, 2011, 18(6): 41-46.

SONG X B, HU S P, LIN P F. Research on mechanical behavior of
plate rolling-mill sectional
Engineering, 2011, 18(6): 41-46.
TRBTIN, FEens i, BN, A5 R AUHE 2245 BR 70 43 T AR B8 B iE [J]. L
W, 2012, 29(3): 11-15.

ZHANG X Z, JIANG Q H, WU K, et al. Finite element analysis and
experimental verifications of press frame[J]. Journal of Machine
Design, 2012, 29(3): 11-15.

E MK, #h 37, sCEL. EAURE LA IR 70 23 Hr B s M AL A6 D). HLIR 5
i, 2011, 28(4): 79-84.

WANG S B, SUN Y, WU K. Finite element analysis and structural
optimization of press frame[J]. Journal of Machine Design, 2011, 28
(4): 79-84.

WA, BN E, T, &5 WA G T 6 O B U G R
9 55 5 AT LA AT D). ARAA AR, 2019, 41(4): 128-134.

LEI C K, CHEN X Y, WAN H X, et al. Simulation analysis on static
strength and fatigue life of lifting hydraulic cylinder of gravel pile
construction platform[J]. Ship Engineering, 2019, 41(4): 128-134.
Tk, b, ke, S TR A R AL MR OCEE S HUR A
BOH[T]. _E#EYIZARHY, 2016, 44(8): 57-59.

WANG Y Y, YANG L, ZHANG K Y, et al. Optimized design on key
parameter of cylinder in carding machine based on temperature field
[J]. Shanghai Textile Science & Technology, 2016, 44(8): 57-59.
PEEA, 7R A, VARG, A5 IR SIS TR 7 HOE 2R A5
BIPEALLT]. HUB BT 5 i3, 2018(8): 166-169.

PANG S T, ZENG D J, WANG J Z, et al. Temperature test and thermo-
mechanical coupling simulationto optimize structure of piston[J].
Machinery Design & Manufacture, 2018(8): 166-169.

(AU Tk o f 55)

housing[J]. Journal of Plasticity



