
Mechanical Model:

• Complex tool geometry

• Contact & tool stiffnesses: Beam model

• Equations of motion: Nonlinear modally reduced 2-DOF model

Time Integration of Numerical Model:

• Equations of motion:

System of nonlinear Delay Differential Equations (DDE)

• Solve DDE by implicit time integration scheme:

Appropriate initialization procedure at 𝑡 = 𝑡0

Limit Cycle Oscillations in 
Drilling Processes: Simulation 
and Experimental Validation
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Task:

• Improved physical comprehension of nonlinear vibrations in drilling processes

• Prediction of limit cycle oscillations and experimental validation
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𝑖=1

𝑁

𝑲𝑐𝑖 𝒙 𝑡 + 𝒙 𝑡 − 𝜏

delayed time 𝑡 − 𝜏

Tool / Workpiece Interaction Considering Real Tool Geometry:

Absolute Velocity of Tool Tip:

𝑭 𝒙 𝑡 , ሶ𝒙 𝑡 , 𝑡, 𝜏 =

𝒗 𝑡 = ሶ𝒙 𝑡 + 𝛺 𝒆𝑧 × 𝑅𝒆𝑟 + 𝒙 𝑡 +
𝑓𝛺

2𝜋
𝒆𝑧

+ 𝑭𝑊,𝑒𝑙𝑎𝑠𝑡𝑖𝑐 𝒙 𝑡

+ 𝑭𝑅(𝒗 𝑡 )

+ 𝑭𝑊,𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑣𝑒 𝒗 𝑡

𝑴 ሷ𝒙 𝑡 + 𝑫 + 2𝑴𝛀 ሶ𝒙 𝑡 + 𝑲 + 𝑫𝛀− Ω2𝑴 𝒙 𝑡 = 𝑭 𝒙 𝑡 , ሶ𝒙 𝑡 , 𝑡, 𝜏

tool properties & process parameters

tool / workpiece interaction

Equations of Motion in Rotating Frame:

unstable trivial solution for 𝑡 𝜖 [𝑡∗ − 𝜏, 𝑡∗]

small perturbation 

force at 𝑡 = 𝑡∗
generation of limit cycle

Numerical Starting Procedure:
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Simulation: Measurement:Simulation vs. 
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𝑡

(tool fixed frame)

𝑥

𝑦 (space fixed frame)

Tool Tip Motion
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stable limit cycle with 

2.9 cycles / revolution

cutting force

process damping

elastic contact

dissipative contact
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