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Fig.1  Microstructures of pure titanium grains before (a) and 

after (b) cold rolling (reduction=9%); (c) grain boundary 

comparison between experimental observation and Taylor 

description 
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Table 1  Orientations and misorientations of the grains before 

and after 9% rolling (°) 

Before rolling  After rolling  

Grain 

ϕ

1

 Φ ϕ

2

  ϕ

1

 Φ ϕ

2

  

∆ω 

G1 143 85 297  140 79 299  7 

G2 173 68 235  170 66 237  4 

G3 164 102 351  161 103 352  4 

G4 38 62 359  32 64 0.5  6 

G5 175 123 49  174 119 51  5 

G6 146 63 272  143 59 277  6 

G7 73 133 290  71 138 292  6 

G8 34 123 249  22 128 236  13 

G9 57 42 304  52 47 307  6 

G10 43 78 314  36 78 310  9 
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Fig.2  Observation and analysis of active slip systems in grains G1 (a) 

and G4 (b) (RD-rolling direction, ND-normal direction) 

a 

b 

c 

1000 µm 

Main slip system 

Pyramidal slip system 

–B2 

RD 

–C1 

ND 

( )

1101 1120 

 

( )

1101 1120

 

 

( )

1212 1213 

 

ND 

RD 

C1 

D3 

( )

1101 1120

 

 

a 

b 



� 12�                       �  �¦#=>TbccU[456789;<=>?@7CB]^                    �3897� 

� ��������	
�

Table 2  Numbering of main slip systems 

Type of 

slip plane 

Slip plane Number 

Slip 

direction 

Number 

Basal 

( )

0001

 

A 

1120

 

 

 

1 

   

1210

 

 

 

2 

( )

1010

 

B 

2110

 

 

 

3 

( )

1100

 

C 

1120

 

 

 

4 

Prismatic 

( )

0110

 

D 

1210
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2110
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Table 3  Observation of active slip systems in grains and corresponding simulation calculations (9% reduction) 

Experiment 

Grain 

Penetrating slip Local slip 

Sachs model RS model 

G1 –B2, –C1 

( )

1101 1120

 

 

,

( )

1101 1120

 

 

,

( )

1212 1213

 

 

 

–C1 

–A1, A2, –B2, –C1, 

( )

1101 1120

 

 

 

G2 B2 

( )

1011 1210

 

 

,

( )

1101 1120

 

 

 

B2 

A1, –A3, B2, –D3, 

( )

1011 1210

 

 

, 

( )

1011 1210

 

 

 

G3 C1 

( )

1011 1210

 

 

 

D3 

C1, D3, 

( )

0111 2110

 

 

 

G4 C1, D3 

( )

1101 1120

 

 

 

C1 

( )

1011 1210

 

 

, C1, D3 

G5 B2, –D3 

( )
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, A2 

B2 B2, –D3 

G6 –C1, B2 
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( )
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Fig 3  Analysis of intergranular reaction stress during rolling of 

grain G1: (a) intergranular interaction and activation of 

penetrating slip and (b) activation of penetrating multi-slip 

and non-penetrating local slip made by combination of 

external stress and reaction stress 
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Fig.4  Orientation evolution and corresponding simulation of 

grain G1 during rolling: (a) {0001} and (b) {1010} 
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Table 4  Orientation evolution simulated based on Sachs and RS models (9% reduction) 

Sachs  RS Reaction stress coefficients 

Grain 

ϕ

1

/(°) Φ/(°) ϕ

2

/(°)  ϕ

1

/(°) Φ/(°) ϕ

2

/(°) 

∆θ(Sachs)/(°) ∆θ(RS)/(°) 

α

12 

α

13

 α

23

 

G1 146 85 300  141 79 299 9 1 0.1 0.9 0.1 

G2 174 70 239  173 66 237 6 3 0.4 0 0.4 

G3 165 101 355  165 103 352 5 4 0.6 0.3 0.8 

G4 33 65 356  34 63 1 4 2 0 0 0.1 

G5 176 120 55  175 119 52 4 1 0.3 0 0 

G6 149 61 265  143 57 272 11 5 0 0.6 0 

G7 73 138 290  72 137 291 4 2 0.6 0.2 0.9 

G8 30 122 248  32 126 241 12 8 0 1 0.1 

G9 59 38 304  51 48 304 10 4 0.1 0.5 0.5 

G10 40 79 309  39 78 310 4 3 0 0 0.3 
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Effect of Intergranular Reaction Stress on Orientation Evolution 

of Pure Titanium Grains After Low Rolling Deformation 
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Abstract: The grain orientation and grain shape changes of commercially pure titanium after low rolling deformation were observed using 

scanning electron microscope and electron backscatter diffraction techniques, and the actual active slip systems during deformation 

process were analyzed statistically. The mechanical interaction between grains and its influence on the slip system selection and 

orientation evolution of grains were studied. The active slip systems and orientation evolution of rolling grains were simulated using Sachs 

model and reaction stress model. The results show that the plastic strain of grains in the polycrystalline commercially pure titanium is not 

in accordance with Taylor deformation principle, and the Sachs model can partly reveal the mechanism of slip and trend of the orientation 

evolution. The plastic deformation of grains depends not only on the external stress, but also on the reaction stress between grains, which 

influence the selection of slip systems. The reaction stress model based on the interaction of grains can be used to reveal the activation 

process of the slip systems more comprehensively, and to predict the grain orientation after deformation more accurately. The reaction 

stress between grains is influenced by many factors, among which, the orientation of grains and its relation to the grain orientation have 

important impact on the magnitude of the reaction stress. 

Key words: polycrystalline pure titanium; cold-rolling; dislocation slip; reaction stress; plastic deformation model 
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