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A G E H Development of simulation method of the spinning process for cylindrical

to hemispherical shape of aluminium alloy at room temperature
(T3 =7 2 5E&DOMED» B EHRBRNOERAE = 7LDV I 2
L—3a Y EORS)

i X # A ZE R ZHE % E A A

ESS

Z B # & &l 5
Z H % & ®A T
Z H M # ok JOF EE
Z B AN MR ERER

Yannis P. Korkolis

MXDARDRE

Tube spinning is an efficient and steady method of incremental metal forming processes, which are
widely used to produce near net shape symmetrical products using the action of rollers that stretch and
compress a tube /specimen through consecutive stages. It is one of the best methods for complex shape
product manufacturing, such as hemispheres, cones, oblique, cylinder, and combinations of these shape
configurations. The spinning procedure strategy involves selecting several process parameters such as product
diameter, thickness and material, roller path profiles and passes, roller shape, axial feed rate, radial feed rate,
spindle speed, etc. These process parameters play an essential role in the successful manufacturing of desire
products with the desired thickness. For the section of proper process parameters need a lot of trial and error
analysis. In order to understand the material deformation mechanics and the effect of process parameters
on tube spinning, many aspects of the process have been investigated to-date. The virtual manufacturing
concept needs to develop to improve production efficiency, which is now one of the most effective methods
of minimizing processing time and improving the goods' quality. Numerical simulation of incremental tube

spinning processes as part of the virtual production phase significantly reduces the lead time.
High precision is essential for space products because the thickness uniformity directly connects with

the vessel’s strength and weight reduction. Thickness changes in the specimen during spinning pass

operations play a vital role in forming processes. It is becoming more critical to control thickness changes



to optimize the following processing route and produce an efficient product. The study aims to develop a
simulation modelling method based on establishing process parameters, identifying the formability limits,
and understanding the deformation mechanics to produce qualitatively operative miniaturized components
necessary in real production time. Since the vessel is formed in several continuous spinning passes, it is
difficult to experimentally determine the effect of different process parameters on the shape and thickness
changes. Finite element (FE) analysis is a useful tool for estimating the thickness and shape change due to the
roller action throughout spinning. The FEA model ability for the thickness change evolution of the specimen
during spinning would significantly reduce the process schedule's cost and production time. The reliable
and detailed quantification of deformation mechanism and real-time thickness evaluation has the potential
to support the pathways and manufacturing strategies of the proposed production technique and the overall
performance of the product.

The research is conducted different phases though a collaboration work with industrial and academic.
This research first phase is based on a series of experiments and numerical analyses on thin cylinder large
diameter tubes, with a diameter to thickness ratio is 144. Generally, this process is done by hot spinning using
moderate strength materials such as AA6061-T6. Here, cold spinning was performed on annealed material
AA6061-0, a soft material, as a first way of validating numerical and material modelling, including forming
limits. About forty passes are needed for producing the full hemispherical shape. However, in this study, up
to eight passes are considered for the spinning process's experiment and simulation, as the tube wrinkled
severely after that. Spinning are interrupted at four stages: after pass 2, pass 4, pass 6, and pass 8, obtaining
partial hemispherical shapes. Local strain measurements on the spun tube in different spinning passes
were also accomplished by a scribed grid inside tubes before spinning. The purpose is to understand the
deformation after every roller pass, measure the shape and thickness change, and compare it to simulations.
Since tube spinning simulations involve large strains, the pre-necking true stress-strain curve obtained by the
tensile test is not enough. For obtaining the actual material response after maximum load, the identification
of the hardening response of materials at large strain is described. Due to the complex, incremental plastic
forming in tube spinning and the very time-consuming simulation by fully-3D methods, axisymmetric
modelling was firstly evaluated. The ability and limitation of an axisymmetric FE model as a prediction
method of the final shape and thickness in mandrel-free, multi-pass tube spinning is examined through
simulations and experiments. Furthermore, the effects of roller pass number on shape and wall thickness and
the stress and strain distributions are discussed. After that, the 3D model with different types of elements
is developed for predicting wrinkle. A comparison of axisymmetric and 3D modelling on the deformation
mechanism is also described. This process's deformation mechanism is explained by analyzing the history of
plastic strain on an element of the numerical model.

This research second phase is based on a series of experiments and numerical analyses on small diameter
with different diameter to thickness ratio (d/t = 50 and 34). The purpose is investigation of the forming of

hemispherical shape from pure aluminium at room temperature by mandrel-free multi-pass linear spinning



pass and understanding process parameters' effect. The experiments were conducted mandrel- free tube
spinning for large deformation (diameter reduction 70%) with different process parameters and have
measured the evolution of shape and thickness during the process. This study focuses on the fundamentals
of finite element flow formulation to the main aspects of computer implementation and modelling of three-
dimensional tube spinning processes. Significant research and development are based on a comprehensive
analysis of a wide range of FE (Finite element) modelling such as selecting solution procedures, model
elements, meshing, contact algorithm procedures. Besides, to clarify the capability of virtual tools prediction
in shape and thickness, three different finite element models (using axisymmetric, shell, and solid elements,
respectively) are developed and compared the prediction results with the results of the experiments. The
results found that the axisymmetric model offers very good first estimates of the tube response to the process
parameters. The shell element model is much slower but not much more accurate. Finally, the solid element
model is only slightly slower than the shell but offers the best to predict shape and thickness. The analyses
exposed that specific processes are preferable for obtaining more satisfactory products depending on the

workpiece geometry and dimensional properties.

This research demonstrates that the axisymmetric model is the most feasible FEA model for the shape
and thickness changes during multi-pass, mandrel-free tube-spinning. For the existing case, the shape's
prediction accuracy is ~99 %, the thickness change ~98%, and the plastic hoop strain ~92%. Among the
axisymmetric, shell and solid element model, the solid element model successfully predicts all aspects of
the plastic deformation during tube-spinning, including the shape and thickness that result under different
process parameters. The shell element model cannot capture well the effect of axial feed-rate on the resulting
shape and thickness; instead, it overpredicts both. This might be due to its fundamental assumption of
zero out-of-plane loading. The solid element model is about 500 times slower than the axisymmetric one
and about 2 times slower than the shell one. The FEA models can provide a distinct insight into the tube-
spinning process. The stress and strain distributions are highly localized under the roller contact, and that the
stress components are compressive for the most part. The maximum compressive stress is in the thickness
direction; the stress and strain distributions show a considerable increase locally, over =5 degrees along
the circumferential direction and +5 mm along the tube's longitudinal direction under the roller contact.
The strain-rate distribution is highly localized near the roller contact region. The highest value is observed
beneath the roller at the middle of the spinning pass is around 90 /s. The plastic strain gradually increases,
attaining a maximum value of over 12 at the tube's free end. The effect of the friction coefficient between
the roller surface and the workpiece surface is minimal for the outer shape of the spun tube but somewhat
more significant for its thickness. The optimal precision of process numerical predictions should control the

necessary degree of model sophistication.

In conclusion, the research describes a combined numerical/experimental effort to develop simulation



method of complex production process conducted by the collaboration industrial and academics. The
intent is to develop a realistic virtual method for selecting spinning process parameters. A trial basis target
shape is selected to examine the virtual capability of shape and thickness prediction. Material tests and
material parameter estimation approaches are established. Precise prediction of product geometry (shape
and thickness) depends on the future development of fast, accurate FEA models. As future work, to ensure
the optimum process parameters for producing a smooth product with high quality in addition to select the

proper spinning path for designing target shape.
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