
International Journal of Innovative Solutions in Engineering 
2025, Vol. 1 No. 1 (pages 25–32) 
DOI: 10.47960/3029-3200.2025.1.1.25 

Research Article 

 OPEN ACCESS 
 

Contact Mario Soldo, mario.soldo@fsre.sum.ba, Faculty of Mechanical Engineering, Computing and Electrical Engineering, 
University of Mostar, Bosnia and Herzegovina 
2025 by the Author(s). Licensee IJISE by Faculty of Mechanical Engineering, Computing and Electrical Engineering, 
University of Mostar. This article is an open-access and distributed under the terms and conditions of the CC BY 4.0 
(https://creativecommons.org/licenses/by/4.0/) 

 
25 

 

A Newly Modeling Procedure for Different Morphological Distributions of Unit 
Cells in Lattice Structure with Constant Relative Density 

Mario Soldo1 
1Faculty of Mechanical Engineering, Computing and Electrical Engineering, University of Mostar, Bosnia and Herzegovina 
 

Abstract 
The rapid growth of additive manufacturing has enabled the broad 
application of lattice structures in various engineering �ields. The 
challenge of �itting lattice structures into the �inal product necessitates 
using different software packages. Rhinoceros's extension Grasshopper 
allows the incorporation of various morphological distributions of unit 
cells into simple and complex product designs. This work aims to 
design an algorithm to successfully �it unit cells on rectangular and 
curved surfaces in a lattice structure. In contrast, the relative density of 
the lattice structure remains constant. The ultimate goal of this work is 
to de�ine a Grasshopper algorithm that will allow unit cells of lattice 
structures to �it into more complex product designs while ensuring that 
the material usage for the additive manufacturing of the lattice 
structure remains constant. 
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1 Introduction 
Lattice structures have become the "holy grail" for 
various researchers over the last decade due to the 
widespread use of additive manufacturing to obtain 
�inal usable products. The application of lattice 
structures spans various spheres of engineering: 
from medicine [1], where lattice structures can be 
applied in femur implants, to the sports industry [2], 
where they can be integrated into leg guards, gloves, 
sur�boards, helmets and more, as well as in the 
aerospace [3] and automotive [4] industries to reduce 
the weight of airplane and car parts, in the �ield of 
vibration isolation [5] and so on. Many researchers 
are modeling lattice structures with a rectangular 
morphological distribution of unit cells featuring 
different patterns of unit cell multiplication, as shown 
in the review article [6]. Recently, the use of 
functionally graded lattice structures has become 
increasingly common, where, in addition to changing 
the dimensions of the unit cell, the relative density of 
the lattice structure layers is also often modi�ied [7 - 
9]. Only a few research studies describe the modeling 
procedure for lattice structures whose morphological 

distribution of unit cells is not rectangular but follows 
the �inal shape of the product design with various 
morphological distributions of unit cells, known as 
conformal lattice structures [10 - 11]. The ability to 
adapt unit cells has undoubtedly been facilitated by 
the Rhinoceros program with the Grasshopper 
extension, which has been increasingly used in 
scienti�ic research lately [10 - 19]. However, no works 
were found where the relative density was 
maintained as constant by changing the 
morphological distribution of unit cells in a lattice 
structure. Liu et al. [10] modeled a custom-�it helmet 
with different conformal lattice structures designed 
by considering von Mises and Principal stress. A 
shortcoming of this research is the relative density, 
which was not kept constant, and the use of the 
Puffer�ish plugin in the Grasshopper extension. Dall 
Fabbro et al. [11] also use the Grasshopper extension 
in the Rhinoceros program to model four different 
conformal lattice structures in an automotive part 
while relative density is changeable. Garcı́a-
Domı́nguez et al. [12] include in�ill optimization and 
examine the difference between optimization results 
with and without minimum diameter restricted in 
lattice structure embedded in a cubic sample using 
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Grasshopper extension without caring for lattice 
structure relative density. Geyer and Hölzl [13] 
incorporate a lattice structure into a gear and bicycle 
seat design using the Rhinoceros program and 
Grasshopper extension with included relative density 
calculation but do not explain the lattice 
implementation process in detail. Also, this research 
contains cutting lattice structure across the product's 
boundary surfaces, which leads to modi�ication of 
unit cell topology. Mahmoudi et al. [14] are 
investigating the possibilities of improving the 
mechanical properties of sandwich structures with 
homogeneous and functionally graded unit cells in 
lattice structures by changing the relative density 
using the Grasshopper extension. The main goal of 
this research is to design and clearly de�ine an 
algorithm in the Rhinoceros program with the 
Grasshopper extension that will enable different 
morphological distributions of unit cells in a lattice 
structure, which will successfully achieve equal 
relative density through changing crucial unit cell 
parameters. The de�ined algorithm will not use 
external extensions or plugins outside the 
Grasshopper domain and will be subject to future 
changes. 

2 Dif�iculties in de�ining unit cell 
parameters in Grasshopper 

By starting the Grasshopper (Included in Rhinoceros, 
Version 7.0. Robert McNeel & Associates, Seattle, WA, 
USA) extension and de�ining a "Geometry" block, the 
previously created wireframe model of the Simple 
Cubic unit cell is selected in the Rhinoceros (Version 
7.0. Robert McNeel & Associates, Seattle, WA, USA) 
program. A simple Cubic unit cell was chosen as one 
of the most straightforward representatives of the 
unit cell topology and as one of the most superior unit 
cell types for potential future investigations of 
compression properties [20]. By de�ining a 
"Multipipe" block and connecting the output of the 
previously described "Geometry" block to the �irst 
input of the "Multipipe" block called "Curves," the 
wireframe model is given a circular cross-section on 
the struts, which encompasses the entire unit cell 
topology (Figure 1). The "Multipipe" command has 
several characteristic inputs that need to be well 
understood to achieve complete control when 

de�ining the morphology of the unit cell, which affects 
the overall relative density of the lattice structure. 

The second input of the "Multipipe" block is called 
"NodeSize," and by connecting it to the output of the 
block "Slider," which determines a numerical value 
(Figure 2), the radius of the node – the place where 
the struts connect, is de�ined. According to the 
automatic settings of the Grasshopper extension, the 
de�ined node radius is set to a value of 0.50 mm. The 
closely related input of the "Multipipe" block, 
"SizePoints," can be used for more complex topologies 
and morphologies of unit cells with multiple nodes 
whose radius does not need to be de�ined by the same 
value. By de�ining the node points, it is possible to 
manipulate which node will occupy which radius. It is 
important to emphasize that by selecting the 
"NodeSize" value, the radius of the strut is directly 
de�ined. Another valuable note in the later analysis of 
the unit cell is the "Flatten" command within the 
"Multipipe" block. The "Flatten" command allows the 
unit cell to behave as a single unit after generating the 
solid model (using the "Bake" command). In this way, 
all supports will be connected to de�ined nodes and 
will not behave as separate units. 

A signi�icant problem can occur while de�ining 
"StrutSize" if a larger or smaller strut diameter is 
required because the node size remains constant (by 
default, the node has a radius of 0.50 mm). It is 
important to note that "StrutSize" de�ines the strut 

Figure 1 Connecting the "Geometry" block to the "Curves" of a 
"Multipipe" (left) and Simpe Cubic preview (right) 

Figure 2 "NodeSize" setting by adding "Slider" block with value 
1.00 (left) and Simple Cubic preview (right) 
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diameter, and "NodeSize" speci�ies the node radius. 
The issue of de�ining larger "StrutSize" values is 
illustrated in Figure 3, where the node size remains 
determined by the program settings. 

Closely related to the "StrutSize" input within the 
"Multipipe" block is the "EndOffset" input. It de�ines 
the distance between the �irst loop of the strut and 
the node. If a value of 0 is de�ined (as shown in Figure 
4), there will be no distance between the �irst loop of 
the strut and the node, and thus the transition will be 
ideally smooth. This results in the rounding of the 
angle of 90° in a Simple Cubic unit cell. If a value 
greater than 0 is de�ined, the speci�ied value will be 
multiplied by the node size value (Figure 5). This 
value defaults to 1 according to the Grasshopper 
program settings if it is not de�ined. In the research 
presented in this paper, the "EndOffset" input is 
omitted; thus, the original Grasshopper program 
settings are employed. 

By increasing "EndOffset," a bubble appearance of the 
unit cell can be created, known as the bubble effect. 
The issue with de�ining unit cell parameters by 
combining the "NodeSize" input and the "StrutSize" 
input is that the "bubble effect" of the strut may be 
produced, making it preferable to avoid such an input 
de�inition. In addition to the de�ined input data 
within the "Multipipe" block, there is the "Segment" 
command, which describes the number of segments 
between two "EndOffsets," and according to the 
program settings, it is 1; the "KinkAngle" command, 

which represents the precision of the curves on which 
the "Multipipe" is based; the "CubeFit" command 
which is used when the "Multipipe" is de�ined by 
cubic shapes to ensure that the angles are as precise 
as possible; and the "Caps" command. The "Caps" 
input is determined by the program settings with a 
value of 1, indicating the closure of the unit cell at the 
open ends. It can also be set without closure, with a 
value of 0, or when the end of the cell is cut off 
straight, the value is 2. The parameters listed will not 
be the subject of further study. 

By examining the "Multipipe" command in detail, it 
can be concluded that the most signi�icant in�luence 
on the precise de�inition of a Simple Cubic unit cell, 
for this research, comes from "Flatten" and 
"NodeSize." "Flatten" allows all struts to behave as 
compact units while connected to nodes. By de�ining 
the radius value of "NodeSize," the strut diameter 
value is automatically set without creating an 
unwanted bubble effect. These two settings are 
considered crucial parametric settings for de�ining 
the morphology of the unit cell. 

3 Methodology for generating different 
morphological distributions of unit cells 
in lattice structures 

Figure 6 illustrates the methodology employed in 
creating the Grasshopper algorithm. The topology or 
unit cell type is de�ined in the �irst phase. In this 
research, the focus is on the Simple Cubic unit cell. In 
the second phase, the upper and lower surfaces are 
de�ined, which will serve as the boundary surfaces of 
the volume of the design. An essential enhancement 
of this algorithm is that the upper and lower surfaces 
do not necessarily have to be �lat but can also be 
curved. In the third phase, the morphology of the 
lattice structure is de�ined. The lattice structure's 

Figure 3 De�ining the strut size diameter via "NodeSize" (left) 
and a node issue in the preview of a Simple Cubic (right) 

Figure 4 "EndOffset" de�ined with a value of 0 (left) and 
preview of a Simple Cubic unit cell (right) 

Figure 5 "EndOffset" de�ined with a value of 2.00 (left) with a 
preview of a Simple Cubic with visible bubble effect (right) 
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height, width, and length shape the morphological 
distribution of unit cells. Then, the product design 
volume is divided into sections. Surfaces can be �lat or 
curved with varying distances. The heights of the unit 
cells are precisely de�ined by the distance between 
adjacent surfaces within the speci�ied volume. The 
multiplication pattern in the x and y directions in 
Grasshopper determines the length and width 
distribution. The node's radius is established after 
de�ining the unit cells' dimensions. In this research, 
an algorithm was developed to automatically 
determine the value of the relative density by 
assigning a node radius value. Since relative density 
is closely related to material use, this approach 
in�luences total material consumption in product 
design production. A desired relative density of 0.2 
was selected, indicating that the lattice structure's 
porous (hollow) part constitutes 80%. The 
established relative density determines the radius 
value, yielding an optimized lattice structure ready 
for additive manufacturing. 

4 Algorithm for generating different 
morphological distributions of unit cells 
in lattice structures 

In the Rhinoceros program, using the "Surface" 
command, the Top and Bottom surfaces are de�ined, 
representing the limits of the product design volume. 
The length of the side (a) of the de�ined square 
surface is 50 mm, and the distance between the 

square surfaces is 50 mm. These two surfaces 
represent the boundaries of the product design, 
precisely the boundaries of the cube design (Figure 
7). The two surfaces are perpendicular to the Front 
view and parallel to the Top view in the Rhinoceros 
program. After de�ining the boundary surfaces, two 
different morphological distributions of unit cells are 
established through surfaces whose distances are 
speci�ied in Figure 7. The values of the distance 
between the adjacent surfaces determine the height 
of the unit cells. The morphological distribution of 
unit cells according to a parabola, as shown in Figure 
8 on the right, was chosen precisely to show that it is 
possible to distribute unit cells not only according to 
a rectangular spatial distribution, as shown in Figure 
8 on the left, but also according to the curved 
geometry of the product design. 

 

 

In the Grasshopper extension, two "Surface" blocks 
are further de�ined and connected to the de�ined 
adjacent surfaces in the Rhinoceros program. In this 
way, the �irst "Surface" block is connected to the lower 
surface, and the second "Surface" block is connected 
to the adjacent surface, i.e., the �irst surface above the 
lower surface. After that, the "DivideDomain2" block 
is de�ined. The block consists of three inputs: "I" 

Figure 7 De�ining the volume boundaries of product design 
across surfaces 

Figure 8 Dimensional characteristics of surfaces for rectangular 
(left) and parabolic (right) unit cell morphological distributions 

Figure 6 Grasshopper algorithm methodology 
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which indicates the domain; "U" which represents the 
number of segments in the U direction, and "V" which 
represents the number of segments in the V direction. 
The inputs "U" and "V" de�ine how many parts the 
surface will be divided into in both directions. Two 
"Sliders," each with a value of 5, are de�ined since the 
surface is divided into �ive equal parts in the x 
direction (i.e., the U direction) and in the y direction 
(i.e., the V direction), as shown in Figure 9. The Slider 
values for "U" and "V" can differ. 

Additionally, the space can be divided into many 
smaller parts. The "Sliders" (with a de�ined value of 
5) are connected to the inputs "U" and "V" of the 
"DivideDomain2" block. The same procedure is 
repeated for all subsequent adjacent surfaces using 
the same principle. 

Next, the "BlendBox" is de�ined, which consists of 
four inputs: "Sa" which indicates Surface A, "Da" 
which indicates Domain A, "Sb" which indicates 
Surface B, and "Db" which indicates Domain B. Label 
A in this case refers to the surface that is at a higher 
height (upper surface), while the label B refers to the 
adjacent surface below (lower surface). Therefore, 
the "Surface" of the upper surface connects to the 
input "Sa", and the "Surface" of the lower surface 
connects to the input "Sb". The output of the 
previously de�ined "DivideDomain2" block, called "S" 

for Segments, is connected to the input "D." The 
output of the "DivideDomain2" "S" of the upper 
surface (that is, surface A) is connected to the input of 
the "BlendBox" called "Da", and the output of the 
"DivideDomain2" "S" of the lower surface (that is, 
surface B) is connected to the input of the "BlendBox" 
called "Db", as shown in Figure 9. 

In the Rhinoceros program, the volume between two 
adjacent surfaces is divided into �ive and seven equal 
parts in the U direction and �ive and seven equal parts 
in the V direction, resulting in 25 small cubes for a 
rectangular spatial distribution and 35 small cubes 
for a parabolic spatial distribution, which are 
embedded in the volume between the two adjacent 
surfaces. The procedure is repeated as many times as 
there are adjacent surfaces in the volume. In the 
Grasshopper program, the wire model from the 
Rhinoceros program is �irst assigned a circular cross-
section of nodes via the "Multipipe" command for 
both lattice structures with a radius of 1.43 mm by 
connecting the "Slider" value 1.43 to the "NodeSize" 
input. In Grasshopper, the "Box" block is also de�ined 
via the origin coordinate 0,0, then the second 
coordinate 10,10 (de�ined square area), and by 
assigning a height value of 10 mm. The preview in 
Rhinoceros shows how much the unit cell extends 
outside the 10mm x 10mm x 10mm dimensions. To 
successfully �it the unit cell into the 10 mm x 10 mm 
x 10 mm dimensions, the "SolidIntersection" block is 
used to cut off the parts of the simple cubic unit cell 
that go outside the "Box" (Figure 10).  

Using the "Box Morph" command, a Simple Cubic unit 
cell can be embedded within the divided volume. 
Since the relative density is calculated as the 
proportion of the volume of the lattice structure to 
the total volume, the Grasshopper algorithm was 

Figure 10 "SolidInterection" block 
Figure 9 The process of de�ining a "DivideDomain2" (up) and 
de�ining a "BlendBox" (down) 
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designed accordingly. By using the generated 
algorithm (Figure 11) for determining the relative 
density of both lattice structures (value of 0.201732), 
it was proven that the de�ined node radius achieved 
the target value of the relative density (0.2). The node 
radius should be reduced if the relative density value 
exceeds the predicted value. Conversely, if the relative 
density value falls below the expected value, the node 
radius should be increased. The relative density of 0.2 
was chosen due to the assumed potential for high-
quality printing of lattice structures, as a lower 
relative density also signi�ies a smaller unit cell node 
radius. Thin struts are very dif�icult to print 
accurately using the additive process of material 
extrusion layer by layer without distorting the 
appearance of the unit cells. A higher relative density 
(e.g., 0.4, 0.5, etc.) means lower porosity; therefore, 

the dimensions of the cross-section of the lattice 
structure would be more signi�icant, and the unit cell 
would lose recognizable shape. Consequently, the 
lattice structure would then lose the characteristic of 
a porous structure. A lower relative density would 
also result in smaller dimensions of the cross-
sections, which would most likely distort the �inal 
appearance of the lattice structure during printing. 
The �inal model of the cubic sample (after "Boolean 
union") with embedded Simple Cubic unit cells, 
according to the rectangular spatial distribution, is 
shown in Figure 12 (left) and according to the 
parabolic morphological distribution in Figure 12 
(right). This demonstrates how the designed 
algorithm can de�ine different morphological 
distributions of unit cells within the lattice structure 
while maintaining the same relative density. It has 
been proven that, with the Grasshopper extension, it 
is possible to de�ine an algorithm that enables �itting 
unit cells in lattice structures on curved surfaces. It is 
crucial to consider additive manufacturing when 
designing products for additive technology during the 
earlier stages of product modeling, as done in the 
research [21]. 

5 Conclusion 
 This paper explains step by step the different 
morphological distributions of unit cells in lattice Figure 12 Filling the distances between the �lat (left) and 

parabolic (right) surfaces with Simple Cubic unit cells 

Figure 11 A complete Grasshopper algorithm for generating lattice structures with different morphological distribution of unit cells 
and constant relative density 
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structure using the Rhinoceros program and adding 
the Grasshopper extension but without external 
plugins. Since the previous research did not explain in 
detail the various morphological distributions of unit 
cells in lattice structures, the problem of identifying 
the crucial steps needs to be carefully studied for 
successfully incorporating the different 
morphological distributions of unit cells in lattice 
structures' �inal product design. The parameters 
affecting the relative density of the unit cell are 
explained in detail, and the unwanted bubble effect is 
avoided. With this Grasshopper algorithm, it is 
possible to successfully integrate different 
morphological distributions of various topologies of 
unit cells into curved product designs to achieve 
comfortable lattice structures, which is the goal of 
future research. 
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