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Abstract 

Compliant mechanisms offer distinct advantages 
for agricultural robotics by reducing weight, 
eliminating joints, and simplifying fabrication. 
This study presents a parameter-driven, iterative 
design approach for developing a two-finger 
compliant gripper for kiwifruit harvesting, 
utilising two-dimensional topology optimization 
in Altair OptiStruct (HyperWorks). Key design 
parameters including geometry, boundary 
conditions, compliance constraints, material 
volume fractions, and density thresholds, were 
systematically varied and evaluated using finite 
element analysis (FEA), rapid prototyping, and 
Digital Image Correlation (DIC) experiments for 
validation. Early iterations focused on 
displacement and stress behaviour, while later 
designs incorporated gripping force requirements 
identified from harvesting studies. The final 
prototype (G8) satisfied displacement, stiffness, 
and structural performance under load criteria, 
overcoming the limitations observed in earlier 
designs (G1–G7). These conclusions are based on 
simulation results, with experimental validation 
currently in progress. Overall, the work delivers 
the first parameter-performance map for 
compliant grippers in kiwifruit harvesting and 
offers practical design guidelines for future 
agricultural robotics, including alternative 
materials, advanced additive manufacturing, and 
field-based testing.  
 

1 Introduction 

The kiwifruit industry in New Zealand plays a vital role in 
the national economy, generating billions in export revenue 
annually. However, the industry depends heavily on 
seasonal labour, making it highly vulnerable to workforce 
shortages, rising labour costs, and fluctuations in 
availability due to factors such as border closures, weather 
disruptions, and competing horticultural demands [Saeed, 
2021]. During peak harvesting periods, growers face 
increasing difficulty securing enough skilled workers to 
pick fruit at the optimal ripeness window, leading to 
unharvested crops, financial losses, and reduced market 
competitiveness. Labour costs now account for a 
significant fraction of overall production expenses, placing 

mounting pressure on growers to find reliable, long-term 
solutions 

The development of robotic harvesting systems has 
therefore become a strategic priority for the industry, 
promising to stabilise production costs, mitigate labour 
shortages, and ensure timely harvesting critical [Rajendran 
et al., 2024; Xiao et al., 2024]. Yet, unlike controlled 
industrial environments, orchard conditions are highly 
variable: fruit size, orientation, and foliage density change 
across trees and seasons, requiring harvesting robots to 
handle delicate fruit efficiently without causing bruising or 
damage. For these reasons, end-effectors or grippers have 
emerged as one of the most critical components in any 
robotic harvesting system, as they directly interact with the 
fruit and largely determine picking success. 

Conventional rigid grippers, typically designed using 
multiple mechanical joints and linkages, present several 
limitations in orchard environments. Their large mass and 
size reduce dexterity, backlash between mechanical parts 
affects precision, and frequent maintenance needs limit 
long-term reliability [Xie et al., 2022]. Moreover, rigid 
designs struggle to adapt passively to fruit variability, often 
requiring complex sensing and control systems to prevent 
damage during picking. Compliant mechanisms provide a 
promising alternative. By transferring force and motion 
through elastic deformation rather than discrete joints, they 
enable single-piece, joint-free structures that are lighter, 
simpler to fabricate, and inherently better at distributing 
contact forces. Their structural flexibility reduces assembly 
complexity, lowers friction and wear, improves reliability, 
and enhances motion precision, making them well-suited 
for orchard automation and other agricultural applications 
[Howell, 2001]. 

Several approaches exist for designing compliant 
mechanisms, including the pseudo-rigid-body method, 
analytical synthesis, and numerical optimization 
techniques [Gallego and Herder, 2009]. Among these, 
topology optimization has gained significant attention 
because it can automatically distribute material within a 
design domain to produce lightweight, joint-free structures 
without requiring predefined geometries. In gripper design, 
topology optimization enables compliant fingers to be 
directly generated from the design space rather than 
assembled from multiple rigid parts. However, its 
application to agricultural grippers remains challenging 
because performance requirements such as displacement, 
gripping force, and finger geometry are often undefined 
early in the design process. Existing designs typically rely 
on iterative adjustments and trial-and-error refinements 
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rather than a structured workflow that quantitatively links 
parameter choices to functional outcomes. 

Moreover, while topology optimization has been 
explored in soft robotic grippers, most studies target 
generic pick-and-place tasks under controlled conditions 
rather than crop-specific harvesting. Orchard environments 
demand additional considerations, including fruit 
accessibility within dense canopies, reliable gripping 
forces for variable fruit sizes, and minimal fruit damage 
under uncertain field conditions. This study addresses these 
gaps by presenting a structured, parameter-driven design 
framework for a compliant two-finger gripper tailored to 
kiwifruit harvesting. Rather than proposing a new 
optimization algorithm, it systematically links topology 
optimization parameters to displacement, stress, and 
gripping force outcomes, providing practical design 
guidelines for future agricultural robotics applications. 

2 Background and Related Work 

Several robotic systems have been developed for kiwifruit 
harvesting [Zhiwei et al., 2025]. These systems typically 
include robotic arms to reach the fruit, vision systems to 
locate target fruit, and end-effectors to detach the fruit 
gently. For instance, Williams et al. [2019] introduced a 
kiwifruit harvesting system with four robotic arms, and 
built on this platform. Ting [2018] evaluated three different 
gripper shapes and found that certain design features 
resulted in less fruit damage compared to the other designs. 
Mu et al. [2020] designed another robotic system that 
applied two bionic fingers to grab fruit. Fu et al. [2024] 
proposed a multi-fruit envelope-cutting robot for kiwifruit 
harvesting. However, this latter approach does not meet 
New Zealand’s postharvest requirements, which demand 
complete stem removal to avoid damaging adjacent fruits 
during storage and transport. 

These limitations highlight a critical design gap: none of 
the existing kiwifruit harvesting systems explore the use of 
compliant grippers, despite their potential to combine 
gentle handling with mechanical simplicity. In contrast, 
research on other fruit-harvesting and pick-and-place 
applications has begun to adopt compliant mechanisms. 
For example, Miao and Zheng [2020] presented a 
compliant constant-force mechanism for apple harvesting. 
Xie et al. [2022] developed a bionic compliant end-effector 
for cherry tomato harvesting, inspired by the tarsal chain of 
Serica orientalis Motschulsky. Zolfagharian et al. [2022] 
introduced a bioinspired compliant soft gripper based on a 
spiral spring, demonstrating its effectiveness in handling 
fruits without causing damage. 

Among the methods for designing compliant 
mechanisms, topology optimization has become a widely 
adopted strategy, particularly for grippers in soft object 
handling tasks. Liu et al. [2018] constructed a motor-driven 
compliant gripper optimized for grasping unknown objects 
ranging from 42 to 141 mm in size, with a maximum 
payload of 2.1 kg. Wang et al. [2020] applied topology 
optimization to a cable-driven soft robotic gripper for 
general pick-and-place tasks. Sun et al. [2022] introduced 
a 3D topology optimization-based adaptive gripper with a 
weight of only 180 g and a payload of 8.8 kg. Budzyń et al. 
[2023] proposed a compliant gripper designed to overcome 
the problem of lunar dust interfering with conventional 
jointed mechanisms. Liu et al. [2024] also designed a 
multi-material compliant finger for parallel grippers using 
topology optimization, showing adaptability to various 

object shapes. 
Although these previous studies have demonstrated the 

potential of compliant grippers and the effectiveness of 
topology optimization in handling soft or irregular objects, 
their applications have been confined to conventional pick-
and-place tasks or other fruit types with different 
harvesting requirements. Kiwifruit harvesting presents 
specific challenges, including the need to balance 
displacement, gripping force, and finger geometry while 
ensuring complete stem removal to meet New Zealand 
standards. These requirements are not clearly defined from 
the outset and cannot be addressed simply by adapting 
existing designs. This highlights the critical need to explore 
iterative design processes for compliant grippers, 
specifically for kiwifruit harvesting. 

3 Methods and Materials 

3.1 Topology Optimization 

The compliant gripper was designed using two-
dimensional topology optimization in Altair OptiStruct 
(HyperWorks). The approach followed the method 
proposed by Budzyń [2024]. The gripper was synthesized 
under two loading cases and was modelled as 
displacement-driven. To simplify the analysis, only the 
first load case, aligned with the intended motion, will be 
considered and presented in this study. A minimum 
member size filter of 3 was applied to avoid creating thin 
or non-manufacturable features. Since the gripper has two 
identical fingers, only half of the design space was 
modelled to reduce computation time (Figure 1). The 
resulting compliant mechanism works as follows: in its 
neutral position, the gripper is semi-open. When the input 
port moves downward, the fingers close, and when it 
moves upward, they open. This motion allows grasping a 
kiwifruit of different sizes. The design was intended to 
work with external soft sleeves for fruit protection, 
although sleeve development is outside the scope of this 
study. Nylon White (nylon 6) filament was selected as the 
material for fused filament fabrication. 

3.2 Parameter Selection in Topology 

Optimization 

Several parameters were varied to refine the optimized 
structures based on existing literature. These included: 
• Design space (DS): Six design spaces were tested, 

representing simplified versions of a single finger. 
Some were inspired by existing rigid gripper layouts 
[Ting, 2018; Williams et al., 2019], while others 
were modified geometries. In total, eight designs 
were generated. 

• Boundary conditions: Input/output ports and fixed 
supports were adjusted to study how constraints and 
loads influenced structural behaviour. 

• Compliance constraint (CC): Target values were 
tuned to balance output displacement and overall 
stiffness. 

• Volume fraction (VF): Different material ratios were 
tested to explore density distribution and geometric 
complexity. 

• Density threshold (DT): Applied in post-processing 
to eliminate intermediate densities and yield clear 
manufacturable shapes. 



3.3 Finite Element Analysis 

The 2D topology optimization results were refined in 
SolidWorks by increasing the gripper thickness to 10 
mm. The gripper models were then imported into Ansys 
Workbench for FEA. Each model was evaluated in terms 
of displacement, stress distribution, and gripping force. 
The simulation process was carried out in two stages: (i) 
an early phase focused on displacement and stress 
distribution, and (ii) a later phase where gripping force 
was added once it was identified as a critical requirement 
for secure fruit handling. These analyses were used to 
evaluate whether the gripper achieved the desired 
displacement, whether the stresses had not exceeded the 
material yield strength, and whether the gripping force 
was sufficient for harvesting tasks while still preserving 
the desired motion of the compliant structure. 
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Figure 1: Design space configurations and boundary conditions 
for six gripper models. The shaded regions define the design 
spaces (DS1–DS6), with din and dout indicating the applied input 
and output displacements, respectively. Fixed boundaries are 
shown at the base, while non-design spaces are marked where 
applicable. (a) DS1, (b) DS2, (c) DS3, (d) DS4, (e) DS5, (f) DS6. 

3.4 Prototyping and Functional Testing 

Based on the results of topology optimization and FEA, 

eight gripper prototypes were fabricated using in-house 3D 
printing on a Markforged Mark Two printer with 100% 
infill to ensure structural integrity. After fabrication, all 
grippers were conditioned at room temperature to eliminate 
residual thermal effects before testing. Their functional 
performance was first evaluated under controlled 
laboratory conditions to characterise displacement and 
gripping behaviour. To investigate the influence of long-
term moisture exposure on structural performance, one 
representative prototype (G6) was selected for additional 
experimental validation. This gripper was tested using 
DIC, which provided full-field displacement 
measurements for direct comparison with FEA predictions. 

3.5 Structured Iterative Design Workflow 

The design process followed an iterative workflow, 
captured schematically in Figure 2. It began with topology 
optimization in Altair OptiStruct (HyperWorks), where the 
DS, boundary conditions, and optimization parameters 
(CC, VF, DT) were specified. The initial screening 
involved a visual inspection to identify and eliminate 
designs with disconnected features, overly thin members, 
or excessively dense regions that produced unrealistic 
stiffness. For any discarded design, parameter refinements 
were introduced, and the optimization cycle was re-run 
until feasible outcomes were obtained. Throughout this 
stage, design feasibility and performance criteria guided 
the selection of promising configurations. 

 

 
 
Figure 2: Structured Iterative Design Workflow. 
 

Feasible topologies were then converted into 3D models 
with a uniform thickness of 10 mm and subjected to FEA. 
Based on these analyses, selected designs advanced to 3D 
printing using in-house fabrication facilities. Prototype-
level testing involved closing-opening cycles and gripping 
motions under laboratory conditions, complemented by 
visual inspection to ensure compliance with harvesting 
requirements. Any prototype failing to meet motion or 
gripping criteria triggered a return to the optimization stage 



for further parameter adjustment, ensuring progressive 
refinement of the designs. When all performance metrics 
were satisfied, the final design parameters were 
established. 

Building on this iterative workflow, diverse parameter 
combinations were systematically explored to generate 
multiple gripper models, each incorporating unique DS, 
CC, VF, and DT settings. These configurations were 
screened using FEA before physical prototyping, and the 
complete set of parameters with corresponding model 
identifiers is compiled in Table 1. 

 
Table 1: Summarises the representative design spaces generated 
during the iterative design process. G represents the Gripper 
model. CC unit is N·mm. 
 

Model DS CC  VF DT Description 
G1 DS1 30 0.4 0.3 Thin fingers. 
G2 DS2 30 0.4 0.7 Wider finger. 
G3 DS2 15 0.2 0.5 Lower VF. 
G4 DS2 15 0.2 0.5 Upward input. 
G5 DS3 15 0.2 0.5 Rigid gripper M4 DS 

[Williams et al., 2019]. 
G6 DS4 10 0.2 0.5 Shorter than DS5. 
G7 DS5 8 0.2 0.6 Curve finger with non-

design space. 
G8 DS6 15 0.2 0.8 Output point at the 

middle of finger, M5 
finger shape [Williams 
et al., 2019]  

4 Results and Discussion 

4.1 Parameter Effects in Early Designs (G1–

G4) 

The first design iteration, G1, used a narrow finger (3 mm) 
with the output at the fingertip and the input at the bottom 
corner (Figure 1a). The design was too fragile, and the high 
compliance constraint (CC = 30 N·mm) required large 
input forces for relatively small displacements (Figure 3a). 
This highlighted the combined effect of narrow finger 
geometry and high compliance settings on excessive 
stiffness and limited motion. A wider finger profile (20 
mm) was evaluated in G2 (Figure 1b), even though this 
geometry was previously reported to reduce accessibility in 
fruit clusters by Williams et al. [2019]. This change 
isolated the effect of finger width while keeping the same 
CC and VF = 0.4. G2 satisfied displacement and stress 
conditions in FEA but contained excessive material due to 
the high-volume fraction (VF = 0.4, Figure 3b), 
demonstrating that finger widening alone did not address 
material efficiency. 

 

 
 
 a) b) c) d) 
 
Figure 3: Resulting 3D model. a) G1, b) G2, c) G3, d) G4. 
 

Reducing VF from 0.4 to 0.2 in G3 improved flexibility 
and allowed full closure motion while maintaining 
acceptable displacement and stress conditions (Figure 3c). 
This parameter change confirmed that VF = 0.2 provided 
sufficient compliance without excessive material use. 
Finally, G4 reoriented the input point upward instead of 
downward (Figure 1b). This modification produced an 
internal beam connecting the two fingers (Figure 3d), 
increasing local stiffness and causing stress levels to 
exceed the material limit. Moreover, an experiment 
involving the removal of this beam demonstrated that a 
downward input produced the closing motion, while an 
upward input introduced the opening effect. 

4.2 Validation and Material Effects (G5–G6) 

The next designs, G5 and G6, were based on an existing 
rigid gripper layout from Williams et al. [2019] (Figure 
1c). In G5, placing the input at the right-top corner with 
minimal fixed support left insufficient room for actuator 
integration (Figure 4a). This design examined how actuator 
placement affected finger stability while still meeting 
simulation constraints. To study stiffness effects, G6 used 
a shortened version of the same layout (Figure 1d), 
reducing palm length while keeping VF = 0.2. The smaller 
design space increased stiffness and therefore raised stress 
levels for a given displacement. To counter this, the CC 
was relaxed to 10 N·mm. FEA confirmed these trends: G6 
produced slightly lower output displacement and higher 
stress than G5 but still met preliminary design 
requirements used in the early stages of this study.   

 

 
 

 a) b)  
 
Figure 4: Resulting 3D model. a) G5, b) G6. 
 

Despite these limitations, G6 was fabricated and tested 
using DIC to directly compare experimental displacement–
force behaviour with FEA predictions (Figure 5b). Three 
tests were performed under a 500 g (4.91 N) load, recording 
displacements until mechanical equilibrium was reached. 

 
 
 a) b) 
 
Figure 5: FEA and DIC setup for G6. a) FEA, b) DIC 



Table 2 shows that DIC consistently recorded larger 
output displacements than FEA under the same nominal 
input, with discrepancies in the x- and y-directions 
reaching nearly twice the predicted values. When the actual 
DIC-measured displacements were used as FEA boundary 
conditions, the differences reduced to within 15%, 
indicating that boundary assumptions, rather than the FEA 
model itself, caused the initial errors. Importantly, all 
simulated stresses were far below the manufacturer-
reported tensile yield strength of 51 MPa, confirming 
structural safety even under the largest observed 
displacements. 

The observed differences were primarily attributed to the 
hygroscopic nature of Nylon White (nylon 6) used in fused 
filament fabrication [Jia et al., 2004]. Moisture absorption, 
combined with porosity from layer-by-layer printing 
[Naresh et al., 2024], likely reduced stiffness and 
contributed to the larger experimental displacements. 
Consequently, while nylon was suitable for rapid 
prototyping, it proved unreliable for high-load or long-term 
applications. 

 
Table 2: Compares FEA and DIC results for G6 
 

Method 
dy_in 
(mm) 

dx_out 
(mm) 

dy_out 
(mm) 

Stress 
(MPa) 

DIC1 -3.79 6.91 -1.58 – 
FEA1 -3.79 8.18 -1.87 37.53 
DIC2 -4.31 7.88 -1.75 – 
FEA2 -4.31 9.31 -2.18 42.74 
DIC3 -3.78 6.81 -1.54 – 
FEA3 -3.78 8.16 -1.86 37.43 
FEA (input 
= -4.91 N) 

-1.95 4.19 -0.87 – 

DIC displacements were consistently larger than FEA 
predictions, with differences up to ~15%, but all stresses 
remained below the material tensile stress at yield (51 MPa). 

 
Overall, G6 highlighted two critical insights: (i) 

reducing gripper length increased stiffness, which raised 
stress concentration and lowered output displacement, and 
(ii) material selection strongly affects mechanical 
reliability. These findings informed subsequent designs 
(G7–G8), emphasizing the need for moisture-insensitive 
materials, optimized geometry, and careful parameter 
tuning to balance flexibility, stiffness, and structural 
performance under harvesting conditions. 

4.3 Geometry Refinement and Load Testing 

(G7) 

Building on the parameter insights gained from G1–G6, the 
G7 prototype (Figure 6) incorporated what appeared to be 
the optimal configuration: a VF of 0.2 for material 
efficiency, downward input direction for reliable closure 
motion. The finger width was increased to 4 mm, providing 
more material distribution along the fingers and improving 
stability. Additional non-design regions were introduced to 
preserve finger geometry and allow future integration of 
protective sleeves (Figure 1e). FEA confirmed that this 
configuration achieved the desired displacement and stress 
performance, satisfying all preliminary design criteria. 
However, physical testing against the gripping forces 
reported by Ting [2018] revealed a critical shortcoming: at 
an applied force of over 50 N, the fingers bent outward, and 
the gripper failed to securely retain the kiwifruit during 
closure, leading to fruit slippage. 

This outcome highlighted two key limitations. First, the 

finger width should gradually increase from the tip to the 
base to maintain stiffness during gripping while still 
allowing access to fruit clusters. Second, locating the 
output at the fingertip provided higher displacement but at 
the cost of reduced stiffness and less effective force 
transmission. These findings confirmed that even with 
parameter optimization, geometric stiffness and load-
distribution characteristics required further refinement for 
harvesting applications. 

 

 
 

Figure 6: Resulting 3D model of G7. 

4.4 Synthesis of Insights from G1–G7 

Table 3 summarises the results across all prototypes (G1–

G7) and illustrates the iterative learning process that 

informed the final design. Several trends emerged: 

• Finger geometry and width: Narrow fingers in G1 

produced excessive stiffness and deformation due to 

high CC, while wider fingers in G2 and G3 improved 

displacement but reduced accessibility in fruit 

clusters. The introduction of non-design regions in 

G7 preserved finger shape while enabling sleeve 

integration and force transmission. 

• Material distribution: High VF (0.4) in G1–G2 

produced unnecessary stiffness and material waste, 

whereas VF = 0.2 (G3–G7) achieved sufficient 

flexibility for closure while limiting material usage. 

Low CC values concentrated material less at the 

flexure hinges, making the mechanism more 

compliant and lowering input force requirements but 

also increasing local stress. In contrast, higher CC 

values distributed material more evenly, reducing 

stress concentration but limiting displacement and 

requiring higher input forces.  

• Input direction and output position: Upward input in 

G4 produced undesirable loading and internal beam 

formation, while downward input consistently 

produced reliable closure motion across all 

subsequent designs. Relocating the output from the 

fingertip to the middle of the finger is necessary to 

balance stiffness and flexibility. 

• Material and environmental effects: DIC–FEA 

comparisons in G6 revealed that nylon prototypes 

exhibited moisture-induced softening, leading to an 

increase in displacement under load. This 

emphasized the need for material selection to 

complement geometric optimization. 

Taken together, these findings defined the requirements 

for the final design: downward input for closure reliability, 

middle of the finger output for balanced displacement and 



stiffness, new finger shape to prevent bending, non-design 

regions for geometry control and sleeve integration. These 

requirements directly informed the development of the 

final prototype, G8. 
 
Table 3: Performance summary for prototypes G1–G7, 

highlighting displacement behaviour, stress margins relative to 

yield strength, and qualitative insights guiding parameter 

refinement toward the final design (G8). 

 

 

Model 

Max 

Displacement 

Stress and 

Yield 

Performance and 

Insights 

G1 
Low (fragile 

design) 

Exceeded 

limit 

Too stiff; narrow finger; 

high CC limits motion 

G2 Moderate 
Within 

limit 

Wide finger improves 

stiffness but reduces 

efficiency 

G3 
High (full 

closure) 

Within 

limit 

VF = 0.2 gives better 

flexibility & closure 

G4 Low 
Exceeded 

limit 

Upward input creates 

internal beam; high 

stresses 

G5 Moderate 
Within 

limit 

Limited actuator space; 

rigid reference design 

G6 Moderate 
Within 

limit 

DIC > FEA by ~15%; 

moisture-sensitive nylon 

reduces reliability 

G7 High 
Within 

limit 

Failed at high loads; 

finger bends; and 

insufficient stiffness 

Preliminary physical gripping force was only evaluated for G7 

since earlier designs failed functional criteria (finger shape). 

4.5 Final Design (G8) 

The final design, G8 (Figure 7), was developed using DS6 
(Figure 1f) and incorporates all insights gained from 
prototypes G1–G7, with the exception of moisture 
sensitivity, which remains an area for future investigation. 
Subsequent studies will examine alternative 3D printing 
methods (e.g., Selective Laser Sintering (SLS) with 
polyamide 12 (PA12, nylon 12) powder, which offers a 
strength-to-stiffness ratio similar to that of the current 
material) as well as other moisture-resistant materials to 
mitigate environmental effects on structural performance. 
 

 
 

Figure 7: Resulting 3D model of G8. 

The G8 configuration was specifically designed to meet 
the 50 N gripping force requirement identified in kiwifruit 
harvesting studies [Ting, 2018]. Finite element analysis 
(FEA) first confirmed that the final design satisfied all key 
performance criteria: displacement, stress limits, and 
gripping force, while remaining safely below the material 
yield strength (Figure 8). Building on these findings, initial 
testing of the 3D-printed prototype demonstrated that the 
bending and stiffness limitations observed in G7 were 
successfully resolved in G8, validating the geometric and 
structural refinements introduced during the iterative 
process. Quantitatively, the simulation results showed that 
an input force of 190 N produced a displacement of 7.79 
mm at the middle of the finger, corresponding to an 
estimated gripping force of 54 N, which satisfied the 
required threshold for secure fruit retention under 
operational conditions. Experimental validation is now 
underway to confirm these simulation predictions through 
controlled laboratory testing, followed by field trials under 
realistic harvesting environments to assess long-term 
performance and durability. 

 

 
 

Figure 8: FEA of the G8 gripper stress distribution at a grasping 
distance corresponding to a minimum-sized kiwifruit. 

 
Overall, by integrating parameter and geometric 

refinement, G8 represents the final outcome of the iterative 
design process. It provides the first prototype to 
simultaneously satisfy flexibility, stiffness, load capacity, 
and harvesting functionality requirements. The current 
gripper is designed for orchard conditions with dense fruit 
clusters and operates across the commercial size range of 
green and gold kiwifruit. The scalability of the gripper is 
considered based on the characteristics of each fruit species 
and the requirements of other systems. 

Future work will focus on extended field-based 
validation, evaluation of alternative materials beyond 
nylon, and fatigue-life assessment under repeated loading 
cycles to establish the long-term suitability of G8 for 
robotic kiwifruit harvesting applications.  

5 Conclusion 

This study presented a parameter-driven design 
exploration for developing a two-finger compliant gripper 



for kiwifruit harvesting using 2D topology optimization. 
Through eight successive prototypes, systematic variation 
of design space, boundary conditions, and optimization 
parameters established clear relationships between design 
choices and functional performance. Among the key 
findings, mid-span output placement achieved the best 
balance between displacement capacity and structural 
stiffness, while downward actuation consistently produced 
more reliable closing motion than upward input. A VF of 
0.2 maintained adequate flexibility without unnecessary 
material use, and careful tuning of the CC improved stress 
distribution while preserving structural integrity. The final 
prototype (G8) successfully met all displacement, stress, 
gripping force, and functional requirements, demonstrating 
the potential of compliant grippers developed through 
structured parameter exploration. Initial comparisons 
between simulation and experimental results, particularly 
for moisture-sensitive nylon prototypes, underscore the 
importance of investigating alternative materials to ensure 
reliable field performance. Ongoing experimental testing 
will validate the G8 design under laboratory and orchard 
conditions, while future work will extend this approach 
toward a standardized design workflow integrating 
alternative materials, advanced additive manufacturing 
methods, and comprehensive field trials for robotic 
kiwifruit harvesting applications. Furthermore, pneumatic 
actuation will be used to enhance responsiveness and 
simplify control. Efficiency will be monitored and energy 
consumption reduced through leakage reduction, flow 
control, and timing optimization, while preserving grip 
performance. 
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