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A Gripper Capable of Screw Fastening and Gripping With a Single Driv-
ing Source
Ji-Hun Meng, Inhwan Yoon, Sung-Jae Park, and Jae-Bok Song* ■

Abstract: As the range of applications of robots expanded, they began to be used for complex assemblies such as
screw fastening and pin assembly. Most specialized screw fastening tools are sensitive to external influences and
require additional instruments to prevent screw dislodgement when working in unstructured environments. To ad-
dress this challenge, we propose a screw fastening gripper (SFG) capable of screw fastening and small pin gripping
with a single power source. The proposed SFG is divided into a fastening part for screw fastening and a gripper
for grasping, with power distributed via a magnetic gear. It is designed to temporarily separate the gripper and fas-
tener using the magnetic gear’s features, so it can be used to fasten screws of various lengths if necessary. Through
gripping force measurements and screw fastening experiments, the proposed SFG showed sufficient performance
in grasping and screw fastening.
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1. INTRODUCTION

Collaborative robots are increasingly being used in
complex operations such as assembly as well as simple
parts transfer [1-3]. The assembly operations involve the
assembly of small components such as screws and pins,
and algorithms for this are constantly being developed.
For stable peg assembly using a robot, the peg is grasped
with a gripper and then a force control-based peg-in-hole
strategy is used [4-7]. This strategy involves locating the
target hole by interfering with the floor, so the gripper
should be able to grip the peg tightly. The screw is a repre-
sentative part used for assembly. In the case of automatic
screw fastening devices [8,9] suited to previously devel-
oped robots, fast and stable screw fastening in a specific
position is possible. However, when a screw is fastened in
an unstructured environment, where the position of the as-
sembly object is not fixed, it can be fastened using vision-
based recognition task and peg-in-hole strategy, similar
to the peg-in-hole process. In previously developed auto-
matic screw fastening devices, the screw sometimes devi-
ates when interference occurs in the screw located at the
robot end.

The following two methods can be used to fasten screws
using a robot in an unstructured environment. The first
method involves using two robots equipped with a grip-
per and an electric fastener, similar to how a human works

with both hands. However, using two robots for the simple
task of screwing can be perceived as inefficient. The sec-
ond method involves attaching a gripper and an electric
fastening device to the end of the robot to execute the fas-
tening work. However, because two devices are attached
at the end, this method requires different power sources
for the gripper and electric fastening device, increasing
the price, and making it difficult to fasten screws at var-
ious angles in a narrow space. For example, a screwdriver
of Onrobot [10] is 322 mm height and 114 mm width, and
uses a spring-based holding mechanism at the tip of the
tool to secure the screw position. This mechanism is not
suitable for the peg-in-hole operation presented above as
interference may cause the screw to deviate. To prevent
this, an additional grasping tool can be used. For Schunk’s
compact parallel gripper [11], the stroke is 12 mm and the
height is 88 mm and the width is 26 mm. When using both
of these tools in parallel, a minimum height is 322 mm
and a width of 140 mm would be required. Additionally,
a screw tightening process becomes complicated because
two tools must be controlled simultaneously.

This study proposes a screw fastening gripper (SFG)
that allows both screw fastening and gripping with a sin-
gle driving source to address this problem. The proposed
system is significant in that two devices, which were pre-
viously operated independently by separate mechanisms
such as a fastener for screw fastening and a gripper for
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screw gripping, were merged into one system and exe-
cuted two functions via a single driver. However, SFG is
designed to leverage some of the strong rotational force
required for screw fastening to drive the gripper, allowing
screw fastening and gripping operations to be performed
in parallel with a single motor. Because a single driving
source is used, the system’s size and price can be consid-
erably decreased, while the user convenience is increased.

The rest of the paper is organized as follows: Section 2
describes the SFG’s overall operating sequence and mech-
anism. In Section 3, the kinematics and statics of the SFG
are analyzed. Section 4 examines the gripping force using
a force/torque sensor, and the performance of the peg as-
sembly and screwing using a robot. Finally, conclusions
are drawn in Section 5.

2. SCREW FASTENING GRIPPER MECHANISM

2.1. Work sequence
Fig. 1 shows the screw fastening process using a SFG.

After placing the gripper in position at the screw box
where the screws are aligned (Fig. 1(a)), the screw is
gripped with the gripper as shown in Fig. 1(b). Then the
screw is moved to the screw hole where the fastening will
be performed in Fig. 1(c). Finally, as shown in Fig. 1(d),
the screw is fastened by rotating the fastening part while
releasing the grip. At this point, because the screw’s head
is lowered in proportion to the rotation of the screw, the
robot end must also be synchronized and lowered by the
same distance.

As shown in Fig. 2, SFG can also be used for peg-in-
hole assembly by gripping pegs instead of screws. First,
after placing the gripper in the target hole in Fig. 2(a),

Fig. 1. Screw fastening process: (a) positioning, (b) grasp-
ing, (c) hole finding, and (d) fastening.

Fig. 2. Peg-in-hole assembly process: (a) positioning, (b)
searching, and (c) inserting.

the robot applies force vertically and attempts to find the
exact position of the hole by making a spiral motion near
the hole in Fig. 2(b). Because of the vertical force, friction
occurs between the peg and the surface, and a radial force
is formed to push the gripper’s tip. The proposed gripper
is designed to withstand this force while maintaining the
grip. Finally, as shown in Fig. 2(c), the robot lowers the
gripper and completes the peg insertion.

2.2. Power transmission mechanism
The developed SFG is characterized by the fact that it

uses both the rotational motion for screw fastening and the
gripper’s motion for gripping as a single driving source.
Since the gripper inevitably has a mechanical range of
motion, if the gripper’s operation is completely restricted,
the screw fastening process will also be stopped. There-
fore, when fastening a long screw, the screw’s rotation is
also stopped when the gripper first reaches the limit of its
range of motion. This can be solved using a mechanical
solution such as a torque wrench which limits the trans-
mitted torque, but the size of the system increases due to
the complexity of the configuration. In addition, wear may
occur due to mechanical friction, making it difficult to ap-
ply when limit situations occur repeatedly [12]. In this
study, magnetic gear [13] is used in the power transmis-
sion mechanism to deal with this problem. The magnetic
gear mechanism is shown in Fig. 3.

As shown in Fig. 3(a), the N and S poles of magnets
are repeatedly attached to the gear surface to serve as gear
teeth, and torque is transmitted using attractive and repul-
sive force between the poles. In this configuration, the gear
ratio may be determined by the number of poles, and the
transmission torque can be adjusted by changing the dis-
tance between the driving and driven gears. Furthermore,
even if the driven gear is restricted by external factors and
cannot rotate, as shown in Fig. 3(b), applying more than
the transmission torque required to the driving gear causes
a slip between the driving and the driven gears, allowing
the driving gear to rotate. The magnetic gears used in the
SFG are MGS3514 and MGC2112 provided by Gaon So-
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Fig. 3. Magnetic gear state of (a) gearing operation and (b)
slipping operation.

Table 1. Torque transmission according to the air gap be-
tween magnetic gears.

Gear Pole Air gap (mm) & Torque (Nm)
0.5 mm 1.0 mm 1.5 mm

G1 20 0.441 0.294 0.196
G2 12 0.196 0.157 0.098

lution [14], and are referred to as G1 and G2 in this study.
Unlike mechanical gears, magnetic gears use the attractive
and repulsive forces between magnets, so it is difficult to
calculate the transmitted torque using a simple formula.
Table 1 shows the maximum torque that the gear can trans-
mit depending on the air gap when using the two identi-
cal magnetic gears. When two different types of magnetic
gears are combined for torque transmission, the delivered
torque of each gear needs to be obtained experimentally,
which is described in detail in Section 4.

Therefore, if the screw fastening part is connected to
the driving gear and the gripper holding the screw is con-
nected to the driven gear, the screw fastening and gripping
process can be performed. When the gripper stops oper-
ating, the torque required for slip and the torque required
for screwing the driving gear must be supplied at the same
time. To this end, the transmission torque need to be set
appropriately by adjusting the air gap between the mag-
netic gears.

2.3. SFG mechanism
The SFG mechanism proposed in this study is shown

in Fig. 4. In the figure, G1 and G2 represent the driving
and driven gears composed of magnets. The motor is con-
nected to G1 and is directly connected to the fastening
part, while G2 transmits a torque for the gripping opera-
tion. In the figure, V is the end of the fastener for screw
fastening, P is the end of the gripper, and L1, L2, L3, L4,
and L5 are the links of the gripper. Link L1 slides up and
down through the rotation of the slide screw connected to

Fig. 4. Proposed SFG mechanism: (a) gripping motion
and (b) screwing motion.

G2. Because the gripper tip must move in parallel to grip
pegs of various diameters, a parallel four-bar linkage is
constructed between the gripper body and L3, L4, and L5.

The gripping motion is shown in Fig. 4(a). When G1

connected to the motor rotates counterclockwise, G2 ro-
tates clockwise, and L1 rises via a slide screw. Then the
parallel four-bar linkage rotates via L2, closing the gripper
and performing a gripping operation. The screwing mo-
tion is shown in Fig. 4(b). Because the commonly used
right-hand screws are tightened when rotating clockwise,
G1 rotates clockwise and G2 rotates counterclockwise for
fastening the screw. Since the gripper opens when the slide
screw connected to G2 rotates and L1 attached to the nut
descends, the gripper is designed to open automatically
when the screw is tightened. G2 stops rotating when L1

reaches its operating limit and no longer descends. In this
case, if G1 is subjected to a torque exceeding the transmis-
sion torque between magnetic gears, G1 continues to ro-
tate while overcoming slip, allowing the screw fastening
to continue. Therefore, since the fastening part can also
be rotated, screw fastening of various lengths can be per-
formed.

The design guidelines for SFG are as follows:

1) The gripper must open at a sufficiently fast speed so
as not to interfere with screw fastening.

2) The effect of magnetic gear slip on screw fastening
must be minimized.

3) The gripper end must provide sufficient gripping
force for peg-in-hole tasks.

During the screw fastening process, SFG should not in-
terfere with the fastening target. Therefore, the gripper
must be opened through the rotation of driven gear while
the driving gear directly connected to the fastening part ro-
tates for screwing. According to ISO 724 [15], the pitch of
each screw is approximately 1/6 of the diameter, and the
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Fig. 5. Structure of SFG: (a) front view and (b) A-A cross-
sectional view.

fastening depth of the screw for fastening is generally at
least 1.5 times the screw diameter. Therefore, most screws
require at least 9 rotations for tightening, during which
time the gripper opening must be completed. Fig. 5 shows
the structure of the designed SFG.

In this design, the gear ratio was set by adjusting the
number of poles of the magnet gear to 5 : 3 to increase
the rotation speed of the driven gear G2. Therefore, while
the driving gear G1 rotates 9 times, G2 rotates 15 times.
Furthermore, the pitch of the slide screw connected to G2

was selected to be 1 mm to reinforce the gripping force,
and as a result, the slide nut moves 15 mm by 9 rotations
of the driving gear.

3. KINEMATICS AND STATICS

In this section, the gripper operation is identified us-
ing kinematic and static analysis of the designed SFG,
and the final gripping force is estimated by calculating the
thrust of the slide screw. Through this, the material and di-
mensions are determined to ensure sufficient strength and
durability when designing the gripper.

3.1. Kinematic analysis
Fig. 6 shows a vector-loop diagram of the gripper mech-

anism. In the figure, lt is the relative position of the slide
nut from the origin, l1, l2, l3, l4, l5, and l6 represent the link
length, and θ1 and θ2 represent the link angle. The vector
equations of the driving unit are as follows:

OI + IJ+ JK = OA+AK, (1)

OP = OA+AB+BE +EP, (2)

where a=∠CAO is constant, and the position P(px, py) of
the final gripper tip is determined by θ2. Since θ2 is depen-
dent on lt , forward kinematics is defined as the problem of
finding (px, py) for a given lt . The point V that is the end
of the screw fastening part must satisfy |vy| > |py| to pre-
vent the gripper tip from colliding with the part to which
the screw is fastened.

Fig. 6. Vector-loop diagram for gripper part.

Equation (1) can be expressed in terms of the parame-
ters and variables in Fig. 6 as follows:

l1 − l2 cosθ1 = l3 − l4 cosθ2, (3)

lt − l2 sinθ1 = l4 sinθ2. (4)

Elimination of θ1 by combining (3) and (4) yields

k11 cosθ2 + k12 sinθ2 = k13, (5)

where k11 = 2(l1 − l3)l4, k12 =−2lt l4, k13 = l2
2 − l2

4 − l2
t . If

t1 = tan(θ2/2) is defined, then (5) can be rearranged for t1

as follows:

(k11 + k13)t12 −2k12t1 +(k13 − k11) = 0. (6)

The above equation can be solve for θ2 as follows:

θ2 = 2tan−1

(
k12 ±

√
k12

2 + k11
2 − k13

2

k11 + k13

)
. (7)

Next, (2) can be expressed in terms of the parameters
and variables in Fig. 6 as follows:

px = l3 + l5 cosθ2 − l6 cosα − l7, (8)

py =−l5 sinθ2 − l6 sinα − l8. (9)

Finally, (px, py) can be obtained as a function of lt by
substituting (7) into (8) and (9). The dimensions of SFG
given in this study are shown in Table 2.

The length lt , which represents the distance from O to
the point I, by the linear drive of the slide screw is given
by

lt = lt,max −GPs/R, (10)
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Table 2. Dimensions of SFG (α in deg and others in mm).

Parameters l1 l2 l3 l4 l5

Value 22 15 21.2 8 25
Parameters l6 l7 l8 vy α

Value 35 4 8 −36.4 36.8

Fig. 7. Position of gripper tip according to the number of
rotations of the driving gear.

where lt,max is the distance to I when the gripper is com-
pletely closed, G is the number of rotations of the driving
gear, R is the reduction ratio of 5 : 3, and Ps is the pitch of
the slide screw. In this study, lt,max = 21.6 mm, and Ps = 1
mm. Therefore, (7), (8), (9), and (10) can be used to calcu-
late the position P(px, py) of the gripper tip as a function
of G.

As mentioned above, screws generally require at least
9 rotations for tightening. A graph of px and py with G
is shown in Fig. 7. After 3 rotations of the driving gear,
the condition of |vy| > |py| is met, so the gripper can be
opened at a sufficiently high speed, which is the first re-
quirement given in Subsection 2.3.

3.2. Static force analysis
In this section, a static force analysis [16] of the gripper

mechanism was performed to demonstrate that the grip-
per mechanism can generate a sufficient gripping force for
the peg-in-hole task. Fig. 8 shows the free-body diagram
(FBD) of the gripper mechanism. In the FBD of the link
PDB, the reaction forces f54, f53x, and f53y can be obtained
by

∑Fx = fe − f54 cosθ2 + f53x = 0, (11)

∑Fy = f54 sinθ2 + f53y = 0, (12)

∑TD = l6 fe sinα − l61 f54 sin(θ2 +α) = 0, (13)

f53x = fe

(
l6 sinα cosθ2

l61 sin(θ2 +α)
−1
)
, (14)

f53y =− fe
l6 sinα sinθ2

l61 sin(θ2 +α)
. (15)

In the FBD of the link IJ, the reaction forces f1y and f12

are given by

∑F
′

y = f1y − f12 sinθ1 = 0, (16)

Fig. 8. Free-body diagram of SFG.

f12 = f1y/sinθ1. (17)

In the FBD of the link JK, the reaction forces f21 and
f23 are given by

∑F = f21 + f23 = 0. (18)

Since f32 = − f23 = f21 = − f12, f35x = − f53x, f35y =
− f53y in the FBD, the reaction forces f32, f35x, and f35y of
the link KAB are described by

∑TA = l4 f12 sin(θ1 +θ2)+ l5 f53y cosθ2

+ l5 f53x sinθ2

= 0. (19)

Substituting (14), (15), (18) into (19) yields

fe =
l4 sin(θ1 +θ2)

l5 sinθ1 sinθ2
f1y. (20)

As shown in (20), it is necessary to calculate the thrust
of the slide screw f1y to obtain fe. In general, the efficiency
η of changing the torque applied to the slide screw to the
thrust is given by

η =
1−µ tanβ

1+µ/ tanβ
, (21)

where b is the lead angle of the thread and m is the co-
efficient of friction. Since the effective radius of the slide
screw is 2.8 mm and the pitch is 1 mm, b is approximately
3.25◦. Since the slide screw and nut are made of stainless
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steel and brass, respectively, and no lubricant is used, m is
assumed to be 0.5 [17]. Therefore, the efficiency h is cal-
culated as 9.74%. The thrust of the slide screw is obtained
from the transmission torque of the driven gear as follows:

f1y = 2πηTg/Ps, (22)

where Tg is the transmission torque of the driven gear, and
Ps is the pitch of the slide screw. Therefore, f1y = 96 N
since Tg = 0.157 Nm and Ps = 1 mm. By substituting this
into (20), the gripping force according to the gripper mo-
tion can be estimated. The results will be discussed further
in Section 4.

4. EXPERIMENTS AND RESULTS

In this section, the first experiment was conducted to
measure the accurate transmission torque of G1 and G2.
Two experiments were then conducted using the SFG
manufactured as shown in Fig. 9 to check whether the de-
sign guidelines presented in Subsection 2.3 were satisfied.
Maxon’s EC 60 flat motor with a torque constant of 53
mNm/A and a current efficiency of 85% was used for the
experiment. A GP 52 planetary gear [18] with a 26 : 1 re-
duction ratio and the gear efficiency of 83% was also in-
stalled to secure torque for screw fastening. The final size
of SFG, including the motor and driver, is 230 mm height
and 90 mm width.

4.1. Experiments on magnetic gears
If two different magnetic gears are combined together,

the transmission torques shown in Table 1 may not be fully
generated. Therefore, some experiments shown in Fig. 10
were conducted to accurately measure the transmission
torque of the magnetic gears used in the SFG. The exper-
iments were conducted by applying a torque to the mag-
netic gear connected with a handle while fixing the relative
position with the other gear. As shown in Fig. 10(a), G1

was connected to a commercial force torque sensor (FTS)
[19], G2 was rotated by a handle, and the maximum torque
generated by G1 was measured. Next, the same experi-
ment was conducted after changing the roles of G1 and

Fig. 9. Photo of the proposed SFG.

Fig. 10. Maximum tramsmission torque measurements of
(a) G1 and (b) G2.

G2, as shown in Fig. 10(b). In both experiments, the angle
at which the magnetic gear was rotated when measuring
torque was 1 pole pair, which is 36◦ and 60◦ for G1 and
G2, respectively. To minimize the effects of vibration, the
handle was rotated at a slow speed over approximately 5
seconds, and each test was repeated three times. The mag-
netic gears mounted in the SFG has an air gap of 1 mm.

As a result of the experiment, the average maximum
transmission torque measured was 0.248 Nm for G1 and
0.130 Nm for G2. This is about 83% of the torque of 0.294
Nm and 0.157 Nm in Table 1. The change in maximum
transmitted torque appears to be caused by changes in the
attractive and repulsive forces between magnets due to dif-
ferences in the number and size of poles of the magnetic
gears.

4.2. Experiments on screw fastening

As mentioned before, slip between the two magnetic
gears occurs at the limit of the range of motion, thus gen-
erating a repulsive force during the rotation of the fasten-
ing part. Therefore, this interference was minimized by
adjusting the gap between the magnetic gears. In this ex-
periment in which the M5 screw was fastened using the
SFG attached to the robot as shown in Fig. 11, the repul-
sive force due to slip was indirectly obtained by estimating
the motor output torque from the measured motor current.
In Fig. 11(d) a low-pass filter with a cutoff frequency of
25 Hz was applied.

As shown in Fig. 11(a), the average current supplied to
the motor during the process of rotating the screw while
opening the gripper at the beginning of fastening was 2.4
A. At this point, magnetic gear slip did not occur, so only
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Fig. 11. Three stages of SFG operation of (a) screw rota-
tion with gripper opening, (b) slipping operation,
(c) screw fastening, and (d) computed torques es-
timated in three stages.

the current required for screw rotation was used. As shown
in Fig. 11(b), the gripper reached its motion limit in the
middle of fastening, causing the magnetic gears to slip,
and the average current rose to 3.0 A when the screw was
rotated.

Therefore, the average current difference due to slip
was 0.6 A, and the average torque required for slip gen-
eration was estimated to be 0.58 Nm based on the reduc-
tion ratio and efficiency. The indirectly measured torque
loss was 0.33 Nm higher than the maximum transmitted
torque of G1 measured in the experiment of Fig. 10(a). It
is presumed that this error is due to the change in fric-
tion according to the screw fastening length and the oc-
currence of torque offset compared to the motor current
due to friction inside the gearbox. As shown in Fig. 11(c),
the average current used for screwing was 5 A, so the out-
put torque during fastening was calculated to be 4.8 Nm,
indicating that 4.2 Nm was used for screwing excluding
0.58 Nm required for slip. Therefore, it was confirmed that
there were no problems with grasping and fastening the
screw using the proposed SFG.

4.3. Experiments on gripping force
An experiment was performed as shown in Fig. 12 to

examine the gripping force of SFG described in Subsec-
tion 3.2. Because SFG is designed to grasp small pegs

Fig. 12. Measurements of fingertip force.

Fig. 13. Result of gripping force.

such as pins or screws, the gripping force was measured
when the gripper stroke was 4, 8, 12, and 16 mm, respec-
tively, and the position px of the gripper tip was 2, 4, 6,
and 8 mm, respectively. The experiment was performed
by using a FTS to measure the maximum force applied to
one gripper tip.

The gripping force for each location can be calculated
by substituting the thrust of the slide screw calculated in
Subsection 3.2 into (22). In the same way, the gripping
force for each tip position can be calculated using the max-
imum transmission torque of G2 measured in the experi-
ment in Fig. 10(b).

Two computed gripping force and the measured data are
compared as shown in Fig. 13. The actual gripping force
was approximately 81% of the computed A value based
on Table 1, and almost same with computed B value basd
on Fig. 10(b).

An actual assembly task using an IKEA wooden chair
was performed using the manufactured SFG. The SFG
grasped a wooden pin with a diameter of 8 mm and in-
serted it into the hole using the peg-in-hole strategy.

Fig. 14(a) shows the peg-in-hole strategy applied to pin
assembly using SFG, and Fig. 14(b) shows the result of
measuring the radial force generated by friction, using a
FTS attachted at the end of the robot. As shown in Fig.
14(b). the maximum radial force exerted on the pin in the
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Fig. 14. Assembly experiments using (a) peg-in hole strat-
egy and (b) axial force measurement using a
force/torque sensor.

pin assembly was 14 N. To grasp a pin with a diameter
of 8 mm, the tip position px of the SFG must be 4 mm.
The gipping force measured at that position is 29 N in
Fig. 12, confirming that sufficient gripping force can be
provided, which is one of the design guidelines specified
in Subsection 2.3.

5. CONCLUSION

Most screw fastening devices have weak holding forces,
making screw fastening difficult in an unconstructed envi-
ronment. This can be solved by using an additional small
gripping tool, but the problem is that the system becomes
larger and its control becomes more complicated. The
SFG proposed in this study was designed as a mechanism
capable of gripping and screwing in parallel while using
a single driving source. Based on the kinematic and static
analysis of the gripper mechanism, and experiments on
screw fastening and gripping force, the following conclu-
sions are drawn.

1) SFG was designed to open the gripper at a speed high
enough to prevent interference between the gripper
tip and the fastening object during screw fastening.

2) The torque loss of the fastening part caused by the
magnetic gear slip from the time the gripper reaches
the motion limit was measured 0.248 Nm, which is

only 7% of fastening torque, so there is no problem
for screw fastening.

3) The SFG mechanism can provide more than 20 N
gripping force, which is sufficient to use the peg-in-
hole strategy.

Therefore, torque loss during screw fastening was min-
imized, and sufficient grasping force could be provided
through an appropriate air gap between magnetic gears. In
addition, by implementing two operations through a sin-
gle driving source, the entire system for screw fastening
was simplified and reduced in size.
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