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Abstract. Titanium alloys, with their excellent corrosion resistance, light weight and high strength, have become a core
material in the aerospace industry. With the rapid development of modern equipment manufacturing technology, the
manufacturing technology of titanium alloy castings has also reached a new height. Not only is the complexity significantly
improved, but the scale of the castings also tends to increase. The trend of large-scale, thin-walled and complex titanium
alloy castings undoubtedly brings challenges to the numerical simulation of the casting process. The mesh is the
computational domain of the numerical simulation process, so the primary issue is how to efficiently generate high-quality
meshes. To address this problem, this paper proposes an algorithm aimed at efficiently generating hexahedral uniform
meshes suitable for finite difference methods. The algorithm combines the octree data structure, which has the advantage of
spatial division, and the classical ray piercing algorithm. The octree data structure is first utilized to perform fine spatial
delineation of the 3D model of titanium alloy casting, and an accurate surface mesh is quickly generated through a mapping
relationship with a finite difference mesh. Then, the ray piercing algorithm is used to accurately construct the internal mesh
based on the surface mesh and the intersection information between the rays and the interior of the casting. After testing
and verification, the algorithm can efficiently and accurately generate high-quality finite difference hexahedral uniform
meshes, which provides an accurate and reliable computational domain for subsequent numerical calculations.
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class Octree {
Octree* children[8];
vector<Triangle> triangles;
double position[3];
double length;
}
Horp“children[8]” 7 1% /\ XA 45 i A 19 8 A>T
T 5L, “triangles” fEA# AL T R S TP Y = MATE A
Ifil , “position[3]” &/~ 1% /\ U 25 [A] 7 = 4 25 [A] T i
{37, “length” Fe 7 /\ OB 28 [1] (1 RSE
1.2 REMEER TR
A PR 22 43 7 TR ) A 2 = 4 S 1) 9 s ok S
EOESE S Y TR D P B SAN T VAN
SUAR B 235 7 1 SRR = 4 2 ) 3 VA b ) 43 8
AIES TR, X E BT AT DL T4 R 22 4 A% A4
Bo AU 1A ZLEBIRULE AR 1S /N SR AR 5 A

WM HEREE T AN RN ET T M
B RN o i 25 A e e J2 1 A RAR B T AT B 2
Gy N TR A

STL MR i (R A7 T K i = M8 A i i 7 B A
B XS =M R AL T = AR R i, B STL
SCFAU A TRIRL G R mE B PR flf O\ SURG 45
FaXF STL AR AU 47 43 fff i AR I hy 2 TG P46

2 101 A% 1) A B R AR 0T gl s 0 ) /S
PR EE A AL AR 2%\ U RIEE SE e |, 45 5 R
R T A, BT RS AR B AR A 2 B
1.2.1  WiRe s 4544

51 BIEARTY A MR AL PIIRIRES
TR 8 AT SANEAE 4 A3 fH NULL,

552 A, mdk STL B AL = ff1 Fr 1, 5] s 4 o2
STL A7 iy i B, R STL A5 A0 SO, i3 i H o
FRA W) =8 B, A7 2\ SRR 15 82 19 “trian

PR 2 ST P A AR R AR i A 1

Fig.2 Flowchart of the surface mesh generation process
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Tab.1 Pseudocode for recursively creating sub nodes of an octree

Pseudocode comment

No.
1 function mesh(Octree parent)
2 if parent is NULL
3 return
4 for each triangle in parent.triangles
5 for each child in parent.children
6 calculate child.position and child.length
7 if triangle collides with the space child
8 if child is null
9 create child
10 add triangle to child.triangles
11 if child.length == voxel size
12 calculate child's index {Xx, y, z} in the voxel[nx][ny][nz]
13 set voxel[x][y][z] = 1
14 return
15 else
16 for each child in parent.children
17 mesh(child)

> Input octree root

>If root is empty

>Process end

> Traversing triangle facets

I>Traverse the space of eight child nodes
> Calculate information of child nodes
> Triangle collides with facets

D> 1f child node is not created

> Create the child node

> Add the triangle to triangles of the child node
> Recursive termination condition
>Map the node to voxel array

> Save voxel information

>Process end

> Traverse child nodes

> Recursive processing of child nodes
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Fig.3 Internal mesh generation flowchart
x 2 NEBMIE ER AR

Tab.2 Internal grid generation pseudocode

Pseudocode comment

No.
1 function padding()
2 for each x in range(0, nx)
3 for each y in range(0, ny)
4 calculateRayOrigin(x, y)
6 for each z in range(0, nz)
7 if voxel[x][y][z] is black
8 leafNode = getLeafNode(x, y, z)
9 for each triangle in leafNode.triangles
10 if ray intersects triangle
11 store(intersectionPoint)
13 calculateInnerVoxelPositions(intersectionPoints)
14 updateVoxelArray(innerGridPositions)

> Traverse along the x-axis direction

D> Traverse along the y-axis direction

P> Calculate the source point of the ray

P> Traverse along the z-axis direction

B>1f it is a black node

> Get triangular facets

D> A Traversing Triangle Faces

D> If ray intersects triangle

P> Storage intersection points and remove duplicate
P> Calculate internal voxel coordinates

> Update the voxel array
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Tab.3 Parameters set for the model and generating grid

information
Test number  Voxelsize ~ Voxel number Time Result
1 5 mm 4943 120 1.667 s Fig. 5
2 4 mm 9526248 1.960 s Fig. 6
3 3 mm 22049918 2.730's Fig. 7
4 1 mm 572 148 990 14.629 s Fig. 8
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Fig.5 Mesh result (5 mm)
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Fig.6 Mesh result (4 mm)
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Fig.7 Mesh result (3 mm)
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Fig.9 Solidification simulation results: (a) after 3.65 s of solidification; (b) after 39.74 s of solidification; (c) after 171.98 s of
solidification; (d) after 1 205.92 s of solidification
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