Journal of the Korean Society of Manufacturing Technology Engineers 35:4 (2026) 261~272

https://doi.org/10.7735/ksmte.2026.35.4.261

(( Best Paper of This Month ))

J. Korean Soc. Manuf. Technol. Eng.
ISSN 2508-5107(Online)

"m Check for updates

Design and Kinematic Analysis of a Multi-Degree-of-Freedom Robotic
Hand with a Linearly Actuated Thumb

Hyunmok Jung®, Kyungmin Lee™’, Jongwoo Park®, Hyojae Kang®, Jeongdo Ahn®

“ Department of Robotics and Mechatronics, Korea Institute of Machinery and Materials

b Department of Mechanical Engineering, Chungnam National University

ARTICLE INFO ABSTRACT
Article history: This paper presents the design and kinematic analysis of an ambidextrous,
Received 3 July 2026 multi-degree-of-freedom robotic hand with a linearly actuated 1P3R thumb. The
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mechanism uses one prismatic joint to reposition the thumb base, and three revolute
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joints to generate the thumb contact position and orientation. Conventional 4R

thumb and proposed 1P3R thumb kinematic models were created using modified
Keywords: Denavit-Hartenberg parameters. The thumb workspace, finger-thumb
Robot hand . . .

] overlapping workspace, and number of feasible thumb configurations at each
Ml_ﬂtl_D_OF hand overlapping position were quantified using uniform joint sampling and
Prismatic thumb voxel-based analysis. The proposed mechanism has a smaller overall workspace
Ambidextrous design and multiple finger-thumb overlap volumes compared with conventional
Workspace analysis structures. However, the proposed thumb provides more feasible configurations
Overlapping workspace at the same overlapping positions for all finger pairs, demonstrating that the 1P3R

mechanism can actively relocate the thumb workspace along the prismatic direction

and provide greater configuration diversity at shared contact positions.
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Fig. 1 Prototype of a biomimetic robotic thumb incorporating
a flexure hinge-based CMC joint"!
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Fig. 2 Humanlike adaptive robot hands with fixed and translational
thumb-base mechanisms"!
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Fig. 3 Examples of robotic hands with 4-revolute-joint thumbs
(robot hand of ROBOTIS HX5-D20)®!
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Fig. 4 Modified HX5-D20 robotic hand incorporating a prismatic
thumb mechanism
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Fig. 5 Overall dimensions of the proposed robotic hand
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Ball Screw

LM Guide

2-Revolute

3-Revolute

(a) Front view

Ball screw
Motor

(b) Rear view
Fig. 6 Configuration of the proposed thumb mechanism
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(c) Thumb bending

(d) Grasp completion
Fig. 7 Grasping sequence of the proposed robotic hand

A= w7YZo= 2719 LM 7lo|=g WY= vjx|sigith

)
e
N
Ji
rlo
o]
%
1o,
L
PNI
ol
rir
i)
oX
=
>

&o AET 4 U= FAHAL.

M

-

2.3 IfA| SAf AAAE HiAEH MA|
AR 2ERAEL] 3A] FA2 dA| HolA A A A

ot ARl HZ A A AR kT WA o E4l9) 7]

265

Fig. 8 Configuration of the proposed ambidextrous robotic hand
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Table 1 Kinematic parameters used in workspace analysis

Parameters Value (mm) Description
ay, 46.07 OF base to L-F-
a, 19.08 OF base to R-F-
Ay, -7.94 OF base to M-F-
@y -34.93 OF base to I-F-
d; (4R) 85.25 HF base to L-F-
d;, (4R) 104.25 HF base to R-F-
dy,, (4R) 110.03 HF base to M-F-
dy; (4R) 102.25 HF base to I-F-
dy, dy; (IP3R) 95.00 HF base to L-F- & I-F-
d,,, dy, (IP3R) 100.00 HF base to R-F- & M-F-
d, 14.50 DF base to all F-
d, (4R) 4425 OF base to T-
dy (1IP3R) 37.00 OF base to T-
d, (4R) 28.00 OF base to 4R Hand T-
dy (1P3R) 32.00 OF base to 1P3R Hand T-
a, 23.50 Offset of MCP joints
as 35.50 LO F-Proximal P
a, 35.50 LO F-Middle P
as 38.00 LO F-Distal P
ay’ (4R) 24.00 LO T-Metacarpal P
a, (4R) 35.50 LO T-Proximal P
a;’ (4R) 57.00 LO T-Distal P
a, (1P3R) 24.00 LO T-Metacarpal P
as’ (1P3R) 35.50 LO T-Proximal P
ag (1P3R) 57.00 LO T-Distal P

I-: Index, M-: Middle, R-: Ring, L-: Little,
T-: Thumb, F-: Finger, P: Phalanx,

OF: Offset from, DF: Distance from,

HF: Height from, LO: Length of.
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Table 2 DH parameters — four DoF little finger

i i1 @i—1 d; 0;
1 0 ay dy, 0
2 —n/2 0 d, 0, —r/2
3 —r/2 a, 0 0,
4 0 as 0 0,
5 0 a 0 05
6 0 as 0 0

Table 3 DH parameters — four DoF thumb of 4R hand

i a1 a1 d; 0;

1 0 Qy; ay 0

2 — /2 0 dy 6, +r
3 —r/2 0 0 6y

4 /2 ay 0 0/

5 0 ay 0 05

6 0 as’ 0 0

Table 4 DH parameters — four DoF thumb of proposed hand

i a1 a1 d; 0;

1 0 Qo; dy 0

2 /2 0 0 /2

3 /2 0 ds — /2
4 —7/2 a; 0 6/ +n/2
5 /2 a) 0 05

6 0 as’ 0 0

7 0 ag 0 0
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Table 5 Each finger’s range of motions
Types Variables Range
0, —7n/18 ~ Tn/18
Four DoF 9, —237/18 ~ 0
finger
04,05 —/2 ~ 0
92/ —n/2 ~ 7/2
Four DoF thumb 0.
B —r ~0
(4R hand) -
6,,04 —r/2 ~ 0
dy 0 ~ 81 (mm)
Four DoF thumb 0
4 -1 ~0
(proposed)
05,04 —7/2 ~ 0
AA g B,
3.3 MY 24 § )
7 £713e) AP 31§ BAUS UolH Y 715e B
o A9 Ao I 71 (/€ domorlt)e] B
37 @ ¥ u, AYYY Wk vg} 2ol EFWLL

Wi=p; | py=FEq)).qy €

~
w
~

2 A ollMs RS HAE FUsH
718k Ajtstol At Fejo
7]& 4R GA2H AIQE 1P3R PAJol Thal
3 x| =

4R H=9F AR 1P3R
B2ZE YEdth 7]

)
ol
o
H

o
i

2
L]

zé Ak

o 19
3 o

fu :'_;l__‘:i
ok
8
in)

ot 4
el
)
2]
it
o

!

o
>
> e

EERE

st

=

_l

1
0@
i
N
I
<
rt
1o
ox fr n 32 ©
>
=)
2 N

Mg
p

f1
i)
o

4

o2
)
,
rE

ogh

ful

rir

(RO
—_
N,
-0,
™
i_rl‘
N
N
o,
it
ol
iel)

o

[0 o o

hu

B
of

\1_18.
1o

4
-

N

N 2
1o
2N 4

Jo
2
=)
o

offt
rE

o

Iths Aol 9l
P3R QA1 A5l wet 21
91517} ol53ta 2, SUsH
wslo} sawd xgos

of Wt 7]

3

—

o]

=

Pioz ST 4 ot 5, AEVA

o =

2

268

View A

-100 0

X (mm)

(b)

Fig. 10 Reachable regions of (a) conventional 4R thumb hand
and (b) proposed 1P3R thumb hand
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Table 6 Workspace volume based on voxel and joint sampling

Voxel 4R thumb 1P3R thumb
4 5° 2.5° 5° 2.5°
3,090,000 | 3,245,000 | 2,465,000 | 2,512,000
10.00 mm 3 3 3 3
mm mm mm mm
2,280,750 | 2,488,625 1,818,750 | 2,097,125
5.00 mm 3 3 3 3
mm mm mm mm

N 200 N 200
3 3
3 3 100
0
o 0 o
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Fig. 11 Overlap workspace based on overlap pair (a) 4R hand,
(b) 1P3R hand
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Table 7 Overlap workspace density (poses/voxel)

Thumb to | Thumb to | Thumb to | Thumb to

Thumb index middle ring little

4R 2,422 2,326 2,727 2,006

1P3R 3,640 6,353 6,302 3,592
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