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Grain growth

• Tendency - to minimize:

– grain surface area

– specific grain boundary energy
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• General idea: Mobility & Driving force

Grain growth kinetics

ሶ𝐷 =
𝑑𝐷

𝑑𝑡
= 𝑀𝑃𝐷

- Grain size growth rate 

- Grain boundary mobility

- Driving force/pressure for grain growth

- Time

ሶ𝐷

𝑃𝐷

𝑀

𝑡
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Single class grain growth

• Single quantity: Mean grain size

𝐷1 𝐷2
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Various grain sizes need to be followed simulatneously…

Multi class grain growth
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• Class representation – as for precipitates

• Each class has identical:

- size (diameter)

- accumulated strain

- dislocation densities

- subgrain size

- etc.

Multi Class Grain Model (MCGM)
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MCGM - selection
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MCGM – class definition
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MCGM – class definition
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MCGM – class inspection
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MCGM – class inspection
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MCGM – class inspection
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MCGM – class generation
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MCGM – class export/import
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MCGM – relevant windows
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MCGM – size distribution histogram
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Single class

Mean grain sizes

Multi class
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Single class

Grain growth kinetics model

ሶ𝐷 =
𝑑𝐷

𝑑𝑡
= 𝑀𝑃𝐷

- Grain size growth rate 

- Grain boundary mobility

- Driving force/pressure for grain growth

- Time

ሶ𝐷

𝑃𝐷

𝑀

𝑡

Multi class

ሶ𝐷𝑖 =
𝑑𝐷𝑖
𝑑𝑡

= 𝑀𝑃𝐷,𝑖

- Grain size growth rate for class i 

- Driving force/pressure for grain growth

relevant to class i

ሶ𝐷𝑖

𝑃𝐷,𝑖
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Single class

Grain growth driving pressure

Multi class

- Grain size (diameter) for class i 

- Mean grain size (diameter), number

weighted

- Scaling factor

𝐷𝑖

𝐷𝑚

𝑃𝐷 = 2𝑘𝑑
𝛾𝐻𝐴
𝐷

𝑃𝑖,𝐷 = 2𝜂𝐻𝑘𝑑𝛾𝐻𝐴
1

𝐷𝑖
−

1

𝐷𝑚

- Grain interface energy

- Mean grain size (diameter)

- Scaling factor

𝐷

𝛾𝐻𝐴

𝑘𝑑
𝜂𝐻
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𝑃𝑖,𝐷 = 2𝜂𝐻𝑘𝑑𝛾𝐻𝐴
1

𝐷𝑖
−

1

𝐷𝑚

Single class

Grain growth driving pressure

Multi class

- Grain size (diameter) for class i 

- Mean grain size (diameter), number

weighted

- Scaling factor

𝐷𝑖

𝐷𝑚

𝑃𝐷 = 2𝑘𝑑
𝛾𝐻𝐴
𝐷

- Grain interface energy

- Mean grain size (diameter)

- Scaling factor

𝐷

𝛾𝐻𝐴

𝑘𝑑
𝜂𝐻
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Grain boundary mobility

ሶ𝐷 = 𝑀𝑒𝑓𝑓𝑃𝐷 - Effective grain

boundary mobility

- Grain boundary

mobility with solute

drag

- Grain boundary

mobility for matrix

with precipitates

- Grain boundary

mobility for pinned

interface

𝑀𝑒𝑓𝑓

𝑀𝑠𝑑1

𝑀𝑒𝑓𝑓
=

1

𝑀𝑝𝑟𝑒𝑐
+

1

𝑀𝑠𝑑

𝑀𝑝𝑟𝑒𝑐 = ൞

𝑀𝑝

𝑀𝑝

𝑃𝑍
𝑃𝐷

+𝑀𝑓 1 −
𝑃𝑍
𝑃𝐷

𝑃𝑍 ≥ 𝑃𝐷

𝑃𝑍 < 𝑃𝐷

𝑀𝑝 = 𝜂𝑝𝑀𝑓 = 𝜂𝑝𝜂𝑓
𝜔𝐷𝐺𝐵𝑉𝑚
𝑏2𝑅𝑇

𝑀𝑝𝑟𝑒𝑐

𝑀𝑝
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Grain boundary mobility

ሶ𝐷 = 𝑀𝑒𝑓𝑓𝑃𝐷 - Effective grain

boundary mobility

- Grain boundary

mobility with solute

drag

- Grain boundary

mobility for matrix

with precipitates

- Grain boundary

mobility for pinned

interface

𝑀𝑒𝑓𝑓

𝑀𝑠𝑑1

𝑀𝑒𝑓𝑓
=

1

𝑀𝑝𝑟𝑒𝑐
+

1

𝑀𝑠𝑑

𝑀𝑝𝑟𝑒𝑐 = ൞

𝑀𝑝

𝑀𝑝

𝑃𝑍
𝑃𝐷

+𝑀𝑓 1 −
𝑃𝑍
𝑃𝐷

𝑃𝑍 ≥ 𝑃𝐷

𝑃𝑍 < 𝑃𝐷

𝑀𝑝 = 𝜂𝑝𝑀𝑓 = 𝜂𝑝𝜂𝑓
𝜔𝐷𝐺𝐵𝑉𝑚
𝑏2𝑅𝑇

𝑀𝑝𝑟𝑒𝑐

𝑀𝑝

Grain boundary mobility is the same
for both grain size representations

(single and multi class) !
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Single class

• Volume conservation by grain
number adjustment

Grain growth driving pressure

Multi class

• Volume conservation by grain
size adjustment – Lagrange
control volume approach
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Grain growth kinetics

No obstacles
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Single class

Grain growth kinetics

Multi class
(volume weighted)

No obstacles
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Single class

Grain growth kinetics

Multi class
(volume weighted)

No obstacles

When performing multiple calculation with multi
class model:
- Save a calc-state before the start of the first

calculation (to save the generated grain size
distribution)

- Start every calculation with the saved calc-state
as the starting condition
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