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Soft pneumatiayrippers are made froftexible materials that deform upgressuriza-
tion to generate a passively complid@ndingmotionanalogous to graspir{d]. The

soft fingers caradaptto objectsof varying shapes and delicaag their morphology
interack with the target objeciTheinherently safe and adaptallatureof thisclass of

grippersencouragefts usein applications thatequiregentleinteraction withdelicate

targetsof variablegeometriessuch as biological samplifg] andminimally invasive

surgerieg3]. An interesting applicatiofor theagrifood sectoris thesak handling of

delicatecropswithout causing any damage or bruising

Commonly softpneumaticgrippers are made of stretchable silicone rubbers that are
shaped using 3D printedoldsto create the required morpholofpllowing a multi
stage lamination and curing procg¢4k This fabrication process is sitepand inex-
pensive to implemenyetit is limited in terms ofts accuracy and repeatability due to
its manuamulti-stagenature. Thus, morautomatedabrication approaches are desired
for afaster more accuratandconsistent outpudf various soft robotic componer§.
Anotherkey challengerelated tosdt grippers is the limited feedback and control over
their graspingbehavior[6]. A sensorguidedsoft gripper would be more reliabksit
can detect contact with the target obgndautomaticallyadjustthe pneumatic supply
accordingly This wayexcessive bendintpat could damage delicate tag@tresult in
unstable graspcan be avoided

In this work we present@ustomizablesoft grippemwith integrated bend sensiogpa-
bility , which can beentirely 3DprintedusingcommonFDM printers and commercially
available material filament3he softness of thgripper fingers enables fruits and veg-
etables to be grasped gently, while the integragetisensors are calibratéal provide
bendingfeedbackand contact detectiofMhis wayexcessive pressurizatidhat could
bruisethe crops can be avoided, as the supplied pneumatic pressure is adjusted based
on the continuous sensdeedbackThereforethepropcsedsoft gripper not only ben-
efits fromthe passive compliancef its soft body but al® utilizes additionalsensing
capability fora more controllable and reliable performance

A standard FDM printer wassedto directly printatwo-fingered soft gripperfollow-

ing thepleated morphologyfrom aflexible material filament (NinjaFlex). By tuning
the print parameters highly flexible air-tight soft gripperwas successfully printed
(Fig. 1) with a shell thickness of only 0.6 mm and sidewall thickness of 0.9 Furt
thermore using a duakxtrusion FDM process, ftéble resistive strain sensors were
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alsosuccessfully printeftom thesameflexible material while simultaneously printing
the conductive trackfom conductive PLA filamen{Fig. 1). Bending thesensor
causes a change in theerallresistance of the conductive tracks, which caarbpli-
fied and converted to a voltage outpLite sensos responsexhibitssome driftdue to
heatingthat becomes more evident fongeractuation durationsas it is the case with
resistive sensorg.he advantagef printing the sensor lies in the ability toistomize
low-cost sensorflexible sensas based orthe desired dimensions of theft gripper
fingers, rather than being limited to the commuially available flex sensor#lso, the
printed sensor can be easily welded toliheeof the gripper fingers since they are
both made from the same flexible materidiis results in a printable soft gripper that
can beintegrated with bend sensing edgility andcustomizedaccording to thappli-
cationneeds.

Fig. 1. (a) A directly printed twefingered softgripper gently grasping a tomaid) A printed
flexible strain sensor sample showing the conductive tracks (black) aitdelbrdy (yellow).

An experimental setup involving a pneumatic control board and a calibigtesideed
camera was used to systdinally testindividual printed soft finger sampleswith the
integrated strain sensoir order to calibratthe sensds feedback against real bending
angle valueslt wasshown that using basicregression algorithms, simple empirical
modelscan be derivedo accuratelydescribe the frebending response afidividual
printed actuata based on theombinedsensory feedback from the integrasbdhin
sensos and onboard pressure sersjdi]. Thus,contact with the grasped object can be
detectedby simply monitoring the difference between theasuredbendingresponse
andthe previouslynodelled freebending respaseat the same input pressufairther-
more, currentinvestigationshave shown that the distanbetweenthe two opposing
soft gipper fingers can be described using simple empirical mbdeéd on the com-
bined sensory feedback from those two fingers andrtbasurednternal pressure
Hence the bending of individual soft fingers Imeeasurediuring graspingd detect
when contact occursyhile thegrasped object size can be estimdtased on the com-
bined feedback from both gripper fingeTherefore the addition ofuch sensing ca-
pability to printablesoft grippes would enableamorecontrolled graspingrocesghat
benefits fromthe softnessof the fingers t@assivelyconform to graspedrops while
utilizing the sensory feedback meaintain agentle andstablegrasp
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