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Abstract. This paper describes a methodology for assessing the applicability of
the flow forming process for the manufacture of specific components. The process
starts by filtering potential candidates for flow forming from a component
collection (e.g. company catalogue) and then carries out a detailed assessment of
quantitative, technological and economic feasibility before determining a viable
process plan. The process described uses analytical relationships and empirical
criteria drawn from the literature.. A process time model (based on an analogy
with CNC turning) is used to develop a hybrid cost model in order to evaluate
economic feasibility. The paper concluded with a brief summary of the results of
applying the process to an industrial case study.
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1. Introduction
Essentially flow forming is a deformation process carried out by rollers that
compresses and stretches a blank (called a preform) over a rotating mandrel, usually in
a number of consecutive stages. The appearance of heavy duty CNC flow forming
machines has provided both the capability to fulfill small-medium batches and a
flexibility which allows production of a wide range of rotational shapes and near-netshape components. The process is very efficient in terms of material usage and its
adoption often allows reduction of component’s weight and costs (both important
considerations in many industrial applications) [1].
Investigations into flow forming are frequently connected to the manufacture of
near-net-shape parts that are finished using traditional machining. The avoidance, or at
least the minimization, of machining and raw materials can be delivered by the
adoption of flow forming of technology but only if applied to appropriate components.
Thus a flow forming feasibility assessment methodology is critical to allow
evaluation of how easy, or difficult, it is to produce a component with this cold forming
technology. Steps of the feasibility assessment methodology are:
1. Find potential products were flow forming could be used.
2. Design a nominal flow forming process (e.g. specify a sequence of reduction
ratios) for the candidate components.
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3.

4.

Establish the feasibility (technological, qualitative and economic) for the
production of the components, selected in step 1, by considering:
a. Technological feasibility: verifying if it is possible to realize a specific
component using current flow forming technology.
b. Quantitative feasibility: analyzing theoretically the final proprieties of
flow formed product.
c. Economic feasibility: evaluate the cost and lead-time of flow forming
designed processes.
Explore variations on the nominal process plan generated in Step 2 to identify the
one that is most likely to produce the required quality of product.

2. Flow Forming Feasibility Methodology
The proposed flow forming methodology is composed of three main parts (Figure 2)
that can be characterized as: Product selection, Process analysis and Differential
analysis.

Figure 1. Flow Forming Feasibility Methodology.

The product selection step identifies potential products from a large number of
candidate components (catalogues or assemblies), using high level criteria. This
permitted a selection of components in which the flow forming manufacturing process
could result in added value in term of, say, quality enhancement and/or savings.
The manufacturability analysis requires both component dimensions and a process
design. For the components that reach the final step of the feasibility assessment
number of different potential flow forming process plans are developed for every part,
in order to evaluate alternative forming strategies. A geometric representation of each
component is used to provide the dimensions needed to allow selection of the most
appropriate process plan. The quality targets incorporated in the system described here
are the final material strength and the surface finish. Manufacturing cost and time have
been developed via an industrial case study that provides information for a hybrid cost
model.
A comparative analysis selects the best flow forming process designs in terms of
feasibility and impact on quality and costs. Process design selection was made by
comparison between forming forces and defect rate, used as evaluation parameters that
determine the technological feasibility. During the process design selection phase, the
final products’ ultimate strength and surface roughness can be compared with target
performance values between the designed flow forming alternatives. Similarly, flow
forming costs and lead-times can be evaluated, also comparing them with real process
parameters. At this stage, it is possible to detect best possible flow forming solution,

depending on the target requirements. The following sections now describe each step
shown in Figure 1 in more detail:
Product selection procedure is based on four stages (Figure 2). Initial screening flow
chart (Figure 2): enables high level filtering of components to identify potential
candidates for further investigation. The flowchart assess the main geometric constrains
for flow forming applications (e.g. hollow circular axial symmetry and length and
diameter ratio) while taking into account near net shape considerations (low internal
complexity). Stacked production (i.e. the formation of several components from one
preform) has been considered as alternative for uneconomic batches of one.
Brainstorming: reduces further forming candidates and includes unconsidered
components. Decisional Tree (Figure 4): synthesis of acquired knowledge (i.e.
literature and industrial applications) through critical flow forming application features
identification. It investigates the initial material selection, technological and
geometrical constrains, production volume and possible benefits related to flow
forming application, in order to evaluate the initial feasibility of the process. Technical
Meeting: discussion with production facilities or process expert about previous
decisions (i.e. decisional tree developments).

Figure 2. Product selection procedure chart (left).Flowchart for flow forming product screening (right).

Process analysis has been defined by four phases (Figure 4): product design, flow
forming process design, prediction models and flow forming feasibility.
Nominal Process Design Feasibility In this phase, the final component’s geometry
and material selection are considered. The first is fundamental for designing the
forming steps, while the latter has an enormous influence on the overall process
definition (i.e. process parameters and intermediate forming steps).
Flow Forming Process Design. Different processes are developed for every
component, in order to evaluate different forming strategies. Process parameters and
reduction ratios (i.e. diameter reduction for every forming step) first selections have

been based on literature and industrial examples. A geometric modeling method (i.e.
using volume constancy) is used to select suitable intermediate dimension for every
designed reduction step in a multistage flow forming process.

Figure 4. Decisional tree for flow forming product selection.

Prediction Models. Using empirical models, the defect rate, ultimate tensile
strength and surface finish, can be deducted. Key to this process is the S/L ratio,
developed Gur and Tirosh [2] and validated by several authors, expresses plastic flow
quality for given process parameters. If axial contact length (L) exceeds the
circumferential length (S), circumferential plastic flow dominates (S/L<1) and
geometrical inaccuracies and defects are common [1]. Hollomon's power law [3,4] and
Erasmus law [5] are deployed by authors for predicting the ultimate strength of formed
components and shows good agreement with experimental data (particularly the latter
one). [6] develop an empirical formula for flow forming, evaluating the surface
finishing. Using such analytical models, working forces and powers can be deducted,
using component and roller geometries, materials and process parameters. Three main
analytical models have been proposed in the literature: energy model [7]–[9], upperbound method [10] and slip-line field [11]. Energy is the most frequently applied and
developed by researchers so it has been applied in the case studies reported here. This
phase also provide also feedback to the process parameters and the intermediate
process steps. Different combination of process should be needed for obtaining a
suitable flow forming sequence.
Flow Forming Feasibility Analysis. A process time model has been developed by
assuming the forming tool motion exhibits similarity between flow forming and turning
processes. A hybrid cost model has been used for calculating the process costs. The
complete cost and time models can be found in [12]. Process time is obtained by the
developed model, meanwhile the idle times and indirect costs have been estimated

based on industrial case studies. Flow forming costs and lead-times can be compared
with current process parameters. Some idle times and setup costs are also inferred from
similar and dual cases (e.g. CNC machine set-up). Forming powers (i.e. analytically
calculated in the previous phase) have been used for calculating energy expenditures
during the flow forming process.
Comparative Analysis of Process Plans. Depending on the quality target, the
designed flow forming process alternatives can be compared for defining the target
optimal solution. Although, flow forming designs must be filtered for the defined
technological feasibility (i.e. the upper limit of forming forces and the S/L threshold)
and after evaluate qualitative (S/L threshold, UTS increasing threshold, surface
roughness acceptable limit) and economic feasibilities. A weighted average of these
different parameters can be realized, for summarizing the comparison between different
flow forming process plans (i.e. sequences of reduction operations).

Figure 4. Flow forming process analysis chart.

3. Case Studies
Products from Weir Group PLC have been used for investigating the flow forming
feasibility. Product selection has been applied on assemblies and catalogues. After
filtering with the flow chart (Figure 3), 27 components were selected. Brainstorming
reduce them to 5, mainly due to the repetition of certain components in the assemblies.
Decisional tree reduced them to 2: a riser pipe and valve seat.
Riser pipe is essentially a very long flanged pipe (i.e. main potential advantage:
removal of the need for welding of the flange). Many process alternatives were created
(i.e. forming in one, two or three steps and creating the flanges in different steps).
Technological feasibility was only positive for one case (i.e. high forces involved),
although even then the likely defect rate was very high. In conclusion although the
process might enhance the tensile strength and surface roughness and reduce lead times
the cost increase resulted in the conclusion the process was not a feasible proposition.

Similarly a flow forming process for a valve seat was designed to be produced in a
stack (i.e. 4, 6 or 8 from the same preform) with a proportional increasing of forming
steps. Technologically, the process was deemed acceptable for many combinations.
Although ultimate strength and surface roughness have been considered as acceptable
as well as the lead time (i.e. almost halved), the cost has doubled in comparison with
the current cost (based on forging and machining).

4. Conclusion
This methodology provides a reliable guidance for finding opportunities an evaluating
the feasibility of flow forming process. Although the analytical model can formulate
the process in a complete way, they are not sufficient for analyzing completely the flow
forming process. Process parameters and design selection should interact directly with
the feasibility study, giving an immediate feedback and not acting as hypothesis. A
more complete framework should be developed in this sense, including numerical
capabilities and approaches.
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