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Abstract

In this contribution, we present an additive manufactured robotic gripper with sensitive
force control. The gripper is based on a wedge-hook mechanism, resulting in a compact
and cost-effective design. A key feature is an integrated force sensor located in one of the
gripper jaws, which enables precise control of the gripping force directly at the gripped ob-
ject. The control feature in form of accuracy, precision, and overshoot is analyzed. The
sensor-integrated system is compared to a conventional approach. The results demon-
strate that combining additive manufacturing with integrated sensing and controlled ac-
tuation enables a capable mechatronic system. Its accuracy exceeds that of current-based
force estimation methods. This allows accurate and precise gripping without the need for
complex traditional manufacturing processes.
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Summary: In this contribution, we present an additive manufactured robotic gripper with sensitive force control.
The gripper is based on a wedge-hook mechanism, resulting in a compact and cost-effective design. A key feature
is an integrated force sensor located in one of the gripper jaws, which enables precise control of the gripping force
directly at the gripped object. The control feature in form of accuracy, precision, and overshoot is analyzed. The
sensor-integrated system is compared to a conventional approach. The results demonstrate that combining additive
manufacturing with integrated sensing and controlled actuation enables a capable mechatronic system. Its accuracy
exceeds that of current-based force estimation methods. This allows accurate and precise gripping without the need

for complex traditional manufacturing processes.
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Introduction

Additive manufacturing, also known as 3D print-
ing, has made significant technological progress
in recent years. In particular, its ability to fabri-
cate complex, functionally integrated structures,
and fully realized mechatronic systems repre-
sents a significant advancement in manufactur-
ing technology [1,2]. Especially in robotics, this
opens up new potential for the development of
innovative and complex systems [3—6]. Build-
ing on these advantages, additive manufactured
robotic grippers with sensitive force control can
be realized. Conventional mechanical grippers
typically require extensive subtractive manufac-
turing processes, which are associated with high
costs and long lead times [3,7]. In contrast, ad-
ditive manufacturing enables the direct fabrica-
tion of functional structures, including guiding el-
ements. This allows the realization of modular
and cost-efficient gripper designs that are partic-
ularly suited for sensitive handling tasks. A key
aspect of such systems is the control of gripping
forces directly at the gripped object. Industrial
grippers commonly rely on motor current-based
estimation methods, which are inaccurate at low
force levels and under varying friction conditions
[8,9]. Integrated sensing approaches enable
more precise force measurement and improved
control performance, particularly in low-force ap-
plications.

Mechanical Design

The gripper consists of an additive manufactured
base structure that integrates all the drive and
electronic components. The sensitivity of the
system is achieved through a dedicated sensi-
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Fig. 1: Additive manufactured robotic gripper and its
force directions on each gripper jaw.

tive gripper jaw in the form of a single-point load
cell. The complete system, including the orienta-
tion of the gripping force, is shown in Fig. 1.
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Fig. 2: Schematic of the applied wedge-hook mecha-
nism and its mechanical principle.

The basic movement principle of the gripper jaws
is based on a wedge-hook mechanism, as illus-
trated in Fig. 2. The rotational motion of a mo-
tor is transmitted via a worm gear and a spindle
drive to a vertically moving wedge hook. This re-
sults in translational motion of the two symmetri-
cally arranged gripper jaws. The implemented
wedge-hook variant is based on a design ap-
proach for pneumatic grippers, which was opti-
mized for a compact installation space [10].

Additive Manufacturing

The mechanical components of the base struc-
ture (see Fig. 1, lower part), with the excep-
tion of the motor, worm gear, spindle, and
electronic components, are designed for addi-
tive manufacturing. The components are fabri-
cated from carbon fiber reinforced polylactic acid
(PLA, Polymaker) via fused layer modeling (FLM,
Prusa MK3, nozzle diameter 0.4 mm).

Integration of Force Sensing

A standard resistive aluminum-based single-
point load cell with a maximum load capacity of
30 N is used as the force sensor (see Fig. 1, up-
per part). The signal-conditioning unit consists
of a 24-bit analog-to-digital converter (HX711)
with a gain of 128 and a supply voltage of 5 V.
The measurement principle is based on applying
the gripping force to the load cell, as illustrated
in Fig. 1. The four strain gauges mounted on
the load cell are arranged in a Wheatstone full-
bridge configuration. Their resistance changes
according to the applied strain. The resulting dif-
ferential bridge voltage is measured, amplified,
and converted into a digital signal. The gripping
force is then computed by a microcontroller (Ar-
duino Nano ESP32).

Control Concept and Electronics

The microcontroller is utilized for both force sig-
nal processing and motor control. The force-
control strategy is based on a combination of PID
control of the PWM signal, a time-limited pulse
actuation scheme, and a hysteresis band around
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Fig. 3: Schematic of the experimental setup for evalu-
ating the grippers’ force control performance.

the setpoint. The PID controller determines the
required control effort. The pulse-based actua-
tion reduces continuous corrective actions and
prevents overshooting of the system response.
The hysteresis band avoids unnecessary control
activity for small force deviations around the set-
point.

Experimental Setup

The gripper’s performance is evaluated based
on the force profiles obtained at nominal val-
ues of 5 N and 15 N, applying a reference force
sensor (Type 8431-5100, Burster). For each
nominal value, 10 measurements are performed
to ensure statistical significance. As a bench-
mark against the state of the art, the gripping
force profiles are compared with those of a con-
ventional force-controlled gripper (CRG 200-85,
Weiss Robotics). The reference system is evalu-
ated at two distinct force levels representing the
lower and upper regions of its operating range,
specifically at 80 N and 180 N. The experimental
setup is shown in Fig. 3.

Results and Discussion

Fig. 4 and 5 show the gripping force profiles for
the applied nominal force values. Since only the
force acting on a single gripper jaw is considered,
the expected force values are halved (from 15 N
to 7.5 N and from 5 N to 2.5 N). The correspond-
ing results for both the proposed and reference
gripper are summarized in Tab. 1.

The analysis of the gripping force profiles of
the proposed gripper demonstrates that increas-
ing the nominal value improves performance in
terms of accuracy, precision, and overshoot. The
most significant improvement is observed in ac-
curacy, while precision and overshoot show only
minor variations. The results confirm consistent
behavior across repeated cycles. The observed
overshoot indicates stable and well-damped con-
trol behavior. For a visual comparison of the two
nominal force levels (5 N and 15 N), Fig. 6 illus-
trates the gripping of a kitchen sponge under the
two different force settings.
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Tab. 1: Evaluation results of gripping force measurements for the proposed gripper (nominal values 2.5 N and 7.5 N)
and the conventional reference gripper (40 N and 90 N), considering the force on a single gripper jaw.

Proposed force- Conventional force-
control gripper control gripper
Nominal value 25 75 40.0 90.0
(N) . . . .
Mean accuracy
Precision
(% RSD) 0.82 0.76 0.42
Mean overshoot 209 104 4.23 203
(%) . . . .

Accuracy and precision evaluated in steady-state, overshoot calculated relative to the steady-state value.
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Fig. 4: Gripping force profile for a nominal force F of
5 N (single gripper jaw: 2.5 N).

A comparison between both systems reveals
similar qualitative force profile characteristics.
The additive manufactured gripper provides
higher accuracy due to direct force measure-
ment, particularly at low force levels. This im-
provement further suggests that the integrated
force sensing and appropriate control strategies
can compensate for manufacturing-induced tol-
erances inherent to additive manufacturing.

Conclusion and Outlook

In this contribution, we have proposed and ex-
perimentally investigated a novel additive man-
ufactured sensitive robotic gripper based on a
wedge-hook mechanism. The results demon-
strate that the gripper reproducibly achieves de-
fined gripping forces in the range of 5 N to
15 N. The comparison with a conventional ref-
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Fig. 5: Gripping force profile for a nominal force F of
15 N (single gripper jaw: 7.5 N).

erence gripper shows that the proposed proto-
type exhibits good sensitivity, particularly in the
low-force range, with a maximum deviation of
5.96% of nominal = 0.82% RSD. In addition, the
results highlight the potential of integrated force
sensing and control for improving robustness in
additive manufactured grippers. This enables the
realization of functional gripping systems with-
out the need for complex conventional precision
manufacturing. In summary, the gripper demon-
strates the potential of additive manufacturing for
functionally integrated robotic end-effectors.

In future work, the conventional force sensor
will be replaced by a fully additive manufactured
sensitive gripper jaw. This will enable a fully in-
tegrated system with individually adaptable pa-
rameters, including customized force ranges and
gripper jaw geometries tailored to specific work-
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(a)

(b)

Fig. 6: Demonstration of grasping a kitchen sponge at nominal force levels of (a) 5 N and (b) 15 N.

pieces. The integration of sensing and structure
within a single additive manufactured part also
opens up the possibility of reducing the overall
assembly complexity of the force sensing sys-
tem.
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