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Extended Abstract N

Introduction: Saffron (Crocus sativus L.) is one of the most valuable agricultural products in
Iran, contributing over 90% of the world’s total preduction. Despite its economic importance,
the harvesting process remains fully manual, laber-intensive, and time-consuming, leading to
high labor costs and potential contamination™Machanization of saffron harvesting has been
hindered by the flower’s fragility, irregular plantingspatterns, and short harvesting period. In
recent years, robotic systems equipped with intelligent end-effectors have shown promise for
delicate crop harvesting. However, no practical gripper specifically designed for saffron
flowers has been successfully implemented. Therefore, this study aimed to design, model,
and analyze the dynamic\behavior lof a three-finger robotic gripper inspired by the natural
hand motion used in manuaksaffron picking, in order to provide a feasible solution for the
mechanized harvesting of saffrof flowers.

Materials and Metheds: In this study, a three-finger mechanical gripper inspired by the
manual harvesting of saffron flowers was designed and modeled. The design, developed in
SolidWorks, replicated the natural motion of human fingers to enable accurate flower picking
without damage: Since manual harvesting involves holding the flower with three fingers to
separate it from'its sheath, the gripper was equipped with three fingers arranged 120° apart to
mimig_thisfaction. The system is driven by a single electric motor connected to a cam-—
follower“mechanism that converts rotary motion into linear movement. This motion is
transmitted through prismatic joints to the fingers, causing them to open and close
simultaneously. Two parallel springs between the slider and finger links ensure continuous
contact between the cam and follower, allowing smooth and synchronized finger motion. The
mechanism’s single degree of freedom enables all three fingers to move together, simplifying
control while maintaining stability and precision. A complete 3D model of the gripper,
including fingers, cam-follower, and springs, was created in SolidWorks and analyzed
dynamically in MSC ADAMS. All parts were modeled as rigid bodies with appropriate joints
and constraints, the cam motion was defined as a time-dependent displacement to simulate
constant-speed rotation, instead of applying a real motor torque. The spring stiffness and
contact parameters were defined based on saffron flower characteristics.
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Results and Discussion: The simulation results demonstrated that the designed three-finger
gripper performed efficiently and consistently. The maximum displacement of each finger
was about 8 cm, providing a suitable workspace corresponding to the typical dimensions of
saffron flowers. This confirms that the gripper can easily encompass the flower during the
harvesting process. The velocity analysis indicated that the finger speed upon contact with the

flower stem was less than 10 mm/s, a level low enough that the resulting force is minimal and
prevents mechanical impact or damage to the delicate flower structure. Furthermore, the

contact forces generated by the fingers were very close to the target value (0.9 N to 1.2 N),
remaining within the safe range for handling the flower without deformation or detachment.
Minor variations between the forces applied by individual fingers (lesssthan 5%) were
attributed to small geometric asymmetries in the model or numerical effects from the
dynamic simulation, both negligible in practice. Overall, the obtained results confirmghat the

designed gripper provides smooth and synchronized motion, appropeiate workspace, and" safe
interaction forces. These findings validate the effectiveness of theTproposed design for
mechanical harvesting of saffron flowers, ensuring stable and gentle'operation censistent with
the natural hand motion observed in manual picking. .
\

Conclusion: The results confirm that the bio-inspired three=finger gripper developed in this
study can effectively replicate manual saffron harvestingsmaintaining both structural stability
and gentle contact with the flower. Dynamic analysis results.xdemonstrate its potential for use
in mechanized saffron harvesting systems, reducing“labor requirements and improving
operational efficiency. Future research will focus en prototyping and field testing to evaluate
real-world performance and further optimize the. actuation mechanism for integration with
autonomous or semi-automatic harvesting systemi.
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Table 1. Comparison of the Proposed Design with a Multi-Actuator Design
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Table 2. Names and functions of the components of the three-finger gripper

o ylous ol 5 Slos
Number Name Function
\ PORX SN S5y oS o sl el bLs | ol
Fingers Connector Establishing connection between the fingers for uniform movement
¢ — J5 o5
Finger gripping the flower
y lnows3a) Ll CHeiSs &S o sl bowsial o bLS | sloal
Slider Connector Establishing connection between the sliders for uniform.motion
. o333 eSSl 0,8 an g5k
Slider Opening and closing the fingers
A wb 25 Szl ol colilanSiEnl,
Base Main support base.of the gripper components
¢ ¥ saly 225 (kolged | S eal, 4 j5ise Jlas!
Motor Base Motor connection to thexmain support base of the gripper
y S 25 kol S e
Motor Main actuator of the gripper
\
A Saloby (PP 0k po LelSl ol a5 5L
Cam Opening and closing of the fingers at a specific time

A g 5bglade B p e o (a 08 o 4 Salol Slyge oS> oS

Cam Follower Conversion of the cam'’s rotary motion into linear motion in the
) s gripper mechanism for opening and closing
\ RTHENRE NS bnows 33 Lol a4y Saloly (g, (g0 Jlas!
Follower-Slider Connector Connects the cam follower to the slider connector
W CuSl-al Ll oSl byly 4 Lol g0 )lagS sl goains Jlas!
Base-Finger Connector Connects the main support base to the finger connector
\
'y 5 slaal, RERE RPN
Spring Guide Prevents spring deflection
" P gt 9 Seloly (e (03l ol 2lon)]
Spring Maintains continuous contact between the cam and the follower
Ve Sy b L, Sy ik & 8 Jlail 4 S
Robotic Arm Connector Assists in connecting the gripper to the robotic arm
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Table 3. Input Parameters for Gripper Mechanism Modeling

‘;):5 Slos Hlade a>lg Fevs
Property Symbol Value Unit Reference
eSSl o, £S5 5kS b 9959

Finger Mass Mfinger 0.02 kg CAD / Design Input
PP Fe R e U RUETIY
Spring Stiffness k 245 N/m Design Input
sPse (Shsd e b obsl, = sos%s
Motor Rotational Velocity Q) 1 Rad/s Design Input\

olre) 5 (Sl g (S0 3 (plgs -F Jgu
Table 4. The physical and mechanical properties of the saffron flower

S B9 olos JIREN a>lg > &
Property Symbol Value Unit Reference
S bagio 0> PRakS &zl 5l oSl
Average Flower Mass Mrlower 4.69x10 4 kg Average from literature
il o b LR
Critical Stem Diameter Ostem 2 mm Hante et al. (2018)
oS @l pY o g
Flower Detachment Force Fdetachment 2.3 N Hante et al. (2018)
il Jx S ey S5hS
Stem Density Pster 154 kg/m?3 Emadi & Saiedirad (2011)
. \ -
aBlos iVl oo N JSube Calibrated (based on
Stem Young's Modulus Estem 12 MPa Hante et al. (2018)
Bl Hgulyy 02 2P
Stem Poisson's Ratio Vstem 0.49 - Assumption
(=525 (Seelos Sl s 0
Dynamic Friction Coefficient L 0.65 - Emadi & Saiedirad (2011)
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Fig 6. Gripper designed in ADAMS software environment for dynan{ic\analysis
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Fig 7. Force applied to the flower stem by each finger
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Fig 8. Total forces applied to the flower stem .
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ftotal =F
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Table 5. Symbols and Descriptions of Quantities Used in thesdEquations

(Y doles)

(¥ doles)

(F doles)

(O doles)

o
Description / Definition / Meaning

Slos

Symbol /\Notation

Sy 693k Lawgs IS (ga8les 4y 00l 05l (59,4
The force applied to the flower stem by the robotic arm

The friction force between the first finger and the flower stem &

The friction force between the second finger andythe flower stem
The friction force between the third finger and the flower stem
5 sadlo 4y ol ciSSl lansgs 0ady 0)ls (g5
The force exerted by‘the first finger on theflower stem
gl pgo ciRilNansi 0ol o)l (59,4
The force exerted by the seeend finger on the flower stem

\
S5l & o S 008 3 f5 (635
The force exerted by the.third finger on the flower stem
Jf Lgd._'éle Xl O SKhasl oo
The coefficient of friction between the finger and the flower stem
4 LSSl G,k 5l a8l s ouls ol (sla 1o (54500
The impact force applied to the flower stem by the fingers
oligS ywled (gly o lasbint 5,8
Standard assumption for brief contact
ewSl o8 o Ce o Sl oS
Changes in finger movement velocity
oSl 8 > ol
Finger movement acceleration
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Fig 9. Overall displacement of the fingers over time
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Fig 13. Temporal alignment between the fingers’ displacement, velocity, acceleration and contact force
with the instantaneous cam position
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