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ü NSF-SGER (Small Grant for Exploratory Research) project, June 2007 
to June 2008.

ü FEM simulation has been used to analyze the effect of process 
conditions and tool edge design to improve process performance. One 
of the most crucial inputs is the material flow stress properties. 

ü Special testing methods are required to consider large plastic strains, 
strain rates and temperatures present in practical machining conditions 
(for strain rates up to 106 s-1 and temperatures up to 103 C). 
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Machining tests:

temperature:

240...900°C

strain rate:

26,000...680,000s-1El Magd:

temperature:

20...600 °C

strain rate:

0.001...10000 s-1

Maekawa:

temperature: 

20...720 °C

strain rate:

200...2000 s-1

AISI 1045

At strain = 1.0

Conventional 
compression

Oxley:
temperature: 
25...1100°C 
strain rate: 
0...450 s-1
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Objectives

ü Evaluate 2D steady-state FE cutting model

ü Develop an FEM-based inverse analysis method using 

orthogonal machining data to determine the flow stress 

for modeling of machining.

ü Explore the feasibility and the robustness of a new 

inverse analysis methodology for determining flow 

stress data on example material, AISI 1045-annealed
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2. Evaluation of 

2D Steady -State FE Model

Evaluation of Advanced 2-D Steady State Finite Element 

Model 

Ç Assume the chip flow is continuous

Ç DEFORM-2DÊ, a commercial FEM software

ÁAvailable in both Lagrangian (Transient) and ALE (Steady-State) modeling

ÁCurrent capability of Steady-State function in DEFORM-2DÊ

ÁRequirement of running a transient simulation prior to a steady state 

cutting simulation. 

ÁSteady-state function have not been extensively evaluated.

Ç Approach

ÁUsing orthogonal turning data of AISI 1045 from [NIST-AMM 2001]

ÁCompare steady-state simulation to other modeling approaches

ÁAnalyze the effects of chip flow on force predictions in steady-state model

Ç Influence of steady-state model on inverse analysis of machining 

(i.e. robustness with relatively small computational time).
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2. Evaluation of 

2D Steady -State FE Model

  

Figure 3: Schematic of modeling 2-D orthogonal cutting at  

                 kinematically steady-state conditions. 
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Schematic of modeling 2-D orthogonal cutting at 

kinematically steady-state.
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Comparison of various simulation 

techniques 

Investigate various simulation techniques

1) Transient & Steady State Simulation: Transient simulation was 

run initially until uniform chip shape was observed. Then, a one-step 

steady state simulation was run afterward.

2) Transient Simulation with Konti-Cut: Transient simulation was 

run with a Konti-Cut routine [Raedt, 2001], which is developed to 

provide auto-feed function for incoming material and auto-cut function 

for outgoing material. The purpose of this routine is to conserve the 

size of the workpiece object in the simulation and thus reduce 

computational time.

3) Steady State Simulation without Initial Stress/Strain Data:
Steady state simulation was run with the assumed workpiece 

geometries (including chip thickness and chip flow). There was no 

initial stress, strain and temperature data for the workpiece mesh 

elements. Thermal and velocity boundary conditions were only inputs 

for this steady state simulation.
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Example:  1) Transient & Steady -State 

Simulation
Workpiece: AISI 1045 (Oxleyôs flow stress equation) 

Tool: Uncoated WC, Rake angle = -7 deg. 

Cutting condition: Cutting speed (vc) = 200 m/min, Feed rate (f) = 0.15 mm/rev.

Contact Interface: Friction factor (mf) = 0.6, Heat trans. coef. (h) = 45 kW/m2C

vx=vc

vy=0

vx=vc, vy=0

vx=0

vy=0
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Initial setup for transient 

cutting simulation

Chip formed during 

transient simulation

Chip geometries 

modified for steady-

state simulation

Steady- state 

simulation is run 

and completed.
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Transient & Steady 

State

Transient with 

Konti-Cut

Steady State without

Initial Stress/Strain Data 

FC (N) 402 365 403

FT (N) 175 171 167

tchip (mm) 0.27 0.27 0.27

Computation

Time
50 min. 45 min. 5 min.

Temperature

Distribution

8

Temperature distribution 

at the tool does not reach 

steady-state.
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Step 550

Transient at Step 3000

Steady-State at Step 551

FC = 390 N

FT = 166 N

FC = 380 N

FT = 175 N

Transient Simulation

with Konti-Cut

Run approx. 3 hrs., while 

steady tool temperatures 

are not reached.

Run approx. 5 min., 
steady tool temperatures 

are  reached.


