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DESIGN AND RESEARCH ON BENDING MOULD OF HIGH-STRENGTH PLATES

Abstract. CNC bending machine is a kind of molding pressure equipment, which is widely used in the
process of sheet metal bending, it can press the sheet metal into different angles and different geometric
shapes. Equipped with the corresponding industrial equipment, it can also achieve stretching, punching,
such as corrugation processing technology. With the development of production technology, people become
more and more pursue the quality. High-strength plate tensile strength and hardness is very high, When
using a common mould for bending, would first destroy the mould and can't be bending. In this paper, the
initial design of high-strength plate bending mold is carried out, the 3D model of each part of the mould is
established, and the simulation analysis of the stress is carried out. The bending principle of the mould and
the calculation formula of the bending force are introduced, has the very important economic significance

for the reasonable selection of bending mould.
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Introduction

High-strength plate, as generally recognized in the
industry, is the plate of very high tensile strength, which
at present mainly includes WELDOX high-strength
structure steel plate and HARDOX wear resistant steel
plate. The BW series of hot rolled wear resistant steel,
independently developed by Baosteel Group, also belong
to high-strength plate family. Compared to common
plates, high-strength plates have some advantages, such
as high strength, high hardness, and light weight, which
make them increasingly used in industries that require
high material performance, e.g. automobile, engineering
machinery, shipbuilding, and aerospace [1; 2].

Research Objectives and Methods

With extremely high strength, higher strain
hardening capacity, stronger homogeneous deformation
capacity, and higher fatigue characteristics, high-strength
plates have been widely used. But in the application of
high-strength  plates, particularly in  precision
manufacturing, the significant increase of their strength
has brought a variety of new challenges to the forming
technology and mould design. If common bending
moulds are used for bending, the moulds are often
damaged first, then the bending process cannot go on.
Therefore, the bending mould of high-strength plates is
designed and manufactured to meet this demand.
Compared to common bending moulds, the bending
mould of high-strength plates has the following
outstanding advantages [3; 4]:

1. Upper and lower mould parts are made of low

alloy high-strength structural steel, easy to machine and
assemble.

2. The rounded part of the punch (upper mould) is
selectively quenched to improve its surface hardness, and
therefore there will be no compressive deformation
occurred in that part during bending.

3. Scratch proofing design is used for the orifice of
the lower mould, which can reduce damage to the steel
plate surface during bending.

4. Tt can reach the bending capacity of 300 — 500
t/m.

A method combining theoretical design and
simulation analysis will be used to design and
manufacture the bending mould that meets the bending
requirements for high-strength plate, reaches the bending
capacity of 300 — 500 t/m, and guarantees the bending
precision.

Research Process
Structural Design

Based on the preliminary design of the bending
mould for high-strength plates, the following
improvements are made [5], the shape of the mould as
shown in Fig. 1 and Fig. 2:

1. The upper and lower mould parts are spaced and
assembled by use of template. For easy processing and
assembly, the template is directly cut into desired shapes
by laser cutting machines.

2. Use high-hardness materials to improve the
wear resistance capacity of lower mould. The orifice of
the lower mould is provided with scratch proofing design
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by installing two rollers, which are made of alloy round
bars and difficult to wear, on each side of the V shaped
groove. During the operation of bending, the two rollers
will rotate as the work piece bends, so there will be no
sliding friction between the work piece and the rollers,
but only rolling friction, which can protect the surface of
the work piece from being scratched [6];

3. Use arelatively large radius for rounded part on
the upper mould, so there will be no press marks on the
work piece when bending;

4. Use a larger rounded part (than the common
one) on the upper mould, otherwise there will be cracks
in it during bending. According to the parameters
provided by the suppliers, the R should be no less than
4xs, wherein s is the thickness of the plate.

Figure 1 — Outline view of mould

Figure 2 — Side view of mould

Bending principle

Bending modes mainly include free bending and
sole pressing bending. This mould is made for common
free bending, which is flexible and easy. In this bending
process, the shape of the concave mould is fixed, while
the plate is placed on the mould. When the sliding block
of the bending machine drives the punch to move
downward to bend the plate, the plate will be bent into a
certain angle in the concave mould. The bending angle of
the plate depends on the depth that the punch enters into
the mould, so it is feasible to use a mould to bend the
work piece into different angles. The bending mechanism
is as shown in Fig. 3:

upper mould

Bending steel plate

|ower mould

Figure 3 — Diagram of Bending principle: F — Bending force;
S — Thickness of the plate; V — Opening width of the lower
mould; r — The inner radius of the plate bending;

K — Horizontal projection width in bending deformation area

Calculation and application scope of bending force

Bending force is an important basis for bending
process design and selection of equipment and design of
mould. The bending force is affected by many factors,
such as material properties, shape of parts, bending
method and mould structure.Fig. 3 shows the bending
mechanism. In case of free bending on the common
mould, the plate normally is bent into 90°, so in this
paper, only the theoretic computation of the bending
force for bending high-strength plate into 90°will be
introduced.

The optimal width of the V shaped groove during
bending is about 8 to 10 times the thickness of the plate.
Too small distance between the mould orifices may result
in fractures in the bending layer due to the reduced
bending radius. Too large opening will reduce the
bending force and the press marks, but it will increase the
spring-back value. Rebound is an inevitable phenomenon
in plate processing because the shape and size of bent
work piece will be changed after it moves from the
mould. Therefore the rebound of the plate must be
considered for opening of lower mould. During bending,
the value of the inner radius r of the work piece is
normally equal to (0.16 — 0.17) V, so in the paper, the
selected width-to-thickness ratio V/S is equal to 9 and the
radius width ration 1/V is equal to 0.16 [7; 8].

In the bending process, the deformation zone is in a
highly plastic deformation state, and is bent into a certain
angle around the center line. Apart from the area near the
center line, the stress values in all other parts in the
deformation zone are close to the tensile strength of the
material, and the part above the center layer is
compressed, while the part below the center layer is in
tensile state [9; 10]. The cross section of the deformation
zone and the stress distribution during bending are shown
in Fig. 4.
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Figure 4 — Diagram of Bending Stress

The bending moment on the cross section of the
deformation zone is:

3 Sl
M1 = 2'[02 la'bydy :70'17 (1)

The bending moment produced from the bending

force in the deformation zone is:

JFVoK _F g
2 2 4 @)
M 1= M2 , then it can be obtained:
2
F= Sl o,
V-K (3)

In case of bending into 90°:

K= \/§(r+§) =2(0.16V +%) =0.305V

(4)
Put K into the above formula to obtain:
_ S 2] _ S
- o, =1 ~; b
0.695V

(5)

Wherein, F — bending force, kN; S — thickness of the
plate, mm; /- bending length, m; V — opening width of
the lower mould, mm; Op — tensile strength of materials,
MPa.

The actual bending force is higher than the
theoretical one, which is due to the bending stability.
When the bending force is small, the sliding block of
the bending machine is subject to load and begin to
vibrate; as the bending force increases, the vibration
will weaken. And, the higher the tensile strength and
hardness of the steel plate are, the higher the bending
force it needs.

Simulation Analysis

A 3D model containing all mould parts is
established in Solidworks software, and an analysis on
the stress is made, as shown in Fig.5, Fig.6.
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Figure 5 — Stress analysis of the upper mould

Figure 6 — Stress analysis of the lower mould

According to the analysis, from the stress diagram,
it can be seen that all the stress values in the upper and
lower mould parts are within the allowable range, with
only relatively large localized stress. Based on the
actual experiment results, there is no fatigue damage to
the mould.

Conclusion

In this paper, based on the theoretical design of the
bending mould, a detailed deduction and calculation of
the theoretic bending force is conducted, and through the
method that combines theories and simulation analysis, a
mould that meets the bending requirements for high-
strength plate is designed and manufactured. Also, the
advantages compared with the common mould are
introduced, which has an enormous economic
significance for rationally selecting bending moulds.
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MMPOEKTYBAHHS TA JOCJIIXKEHHSA 3r HHAHHSA ITPEC®OPMHA BUCOKOMIIHUX IIVIACTHH

Anomauia. I'nyuxuii cmanok 3 UI1Y € c6oepionum npucmpoem 015 npecy8y8anHsl, AKUU WUpoKo 3acmoco8yemvbCs 8 npoyeci
SHYMMSL TUCMOBO20 MEMANLY, 6IH MOJCe GUSUHAMU MEMAIONPOKAm nid PIHUMU Kymamy ma Cmeopeamu pisHi 2eomMemputHi
gicypu. Ochawjenuii 8iOnNOGIOHUM BUPOOHUYUM OONAOHAHHIM, GIH MAKOJIC MOJICEe BUKOHYEAMU PO3MALYS6AHHS, UWMAMNYEAHHS,
HAnpuKaIao, mexwonois obpobku eogpoxapmony. 3 pozeumkom GupoOHUYOT mexHono2ii nodu ece Oinvuie i Oilbuwe ysazu
NPUOLIAIOMb NUMAHHAM AKOCHI. Bucoka miyHicms Ha po3mse ma dyoice 8UCOKAa meepoichs npu UKOPUCIAHHI 36U4AlIHOT popmu
0151 32UHAHHSL CROYAMKY 3PYUHYIOMb POPMY i He 3MOdCYmb 3ieHymu. Y 0aHitl pobomi 6UKOHAHO NOYAMKOBULL OU3ATIH BUCOKOMIYHOT
@dopmu 015 32UHAHHS NAACMUH, 6CMAHOBTIEHO 3D-Mo0enb KOJHCHOT YacmuHu npec-opmu ma RPOBOOUMbCS CUMYTAYIIHUTL AHATI3
Hanpyeu. Bnpoeadcyemovca npunyun 32uHauHs opmu ma Gopmyia po3spaxyHKy CUU 3eUHAHMA, WO MAE OYiHCe BaAMCIUEe
EeKOHOMIUHE 3HAYEHHS 05l PO3YMHO20 8I000PY SHYYKOT (hopMmuL.
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