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Distal phalanges
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Metacarpals

Carpals

FINGERS
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Grasps can be grossly classified as either precision or conformal types. The most common
precision grasps are the tip, tripod, and lateral pinch grasps, while the most common
conformal grasps are the hook, spherical, and cylindrical grasps. Note that the purpose
of a precision grasp is generally to provide dexterity, while the purpose of a conformal

grasp is generally to provide stability.

Power

Intermediate Precision

Large Diameter Power Sphere
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Medium Wrap Sphere 4 Finger

Small Diameter Sphere 3 Finger

ng Index Finger Extension
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Power Disk

Extension Type

Palmar

Adducted Thumb

Distal Type

Lateral Tip Pinch Inferior Pincer

T W TP
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Lateral Tripod Prismatic 2 Finger Tripod

Ventral Prismatic 3 Finger Quadpod
' ~‘ /sy B
Stick Prismatic 4 Finger Precision Sphere

Tripod Variation Precision Disk

Writing Tripod

E slmEla

Palmar Pinch Parallel Extension

Adduction Grip

FIROHTEE

PaperI: A Multigrasp Hand Prosthesis for Providing Precision and Conformal Grasps

the digits associated with precision grasp (digits I and II: the thumb and forefinger) should be capable of at least
11 N, and ideally up to 25 N; the composite force exerted by digits IlI-V (the middle, ring, and little fingers)
should be at least 14 N; and the digits should be capable of joint angular velocities of at least 4 rad/s.

Paper II : RoboRay hand: A highly back drivable robotic hand with sensorless contact force measurements
more than 40N lifting force and 10N fingertip force are required. The maximum finger joint speed is greater

than 500 deg/sec.

Paper III : Design of a Highly Integrated Underactuated Finger towards Prosthetic Hand
The goal of the fmgertlp force is 12 N, and the grasp speed is 120 deg/s .

v UBTECH

. . Dresm With Robot



(EUGINES

BREAMTETT, &&E, INELLRETE, B AR
RS SRIZHINRE, FBSRBNITRK,

¢» uBTECH
. . Drasm With Robots



Be Bionic ILimb ultra revolution Vincent evolution 3

Motorized Digit
active opening and i
closing of both joints due to bow springs
elastic lining for
" improved haptics
vibrational feedback
Knuckle allows for reliable access ™\

high-quality and high-strength

Palmar Fairing pinpoint accurate gripping due |~ lightweight construction

to high-precision pinch grasp

Motorized Thumb
On / Off Switch

usable with and
without cosmetic glove

\ ’
\_anatomical design

£
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active rotation and /”
flexion of the thumb

Bluetooth interface for
wireless configuration

. 7
four wrist options /
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Mechanical blade connection

Johns Hopkins' Applied Physics Lab: Modular Prosthetic Limb

Shoulder*

LR, BIRIED. Bt TABRAETER o o

HMENNATR, BREAXBATRESR, BAEES, & =gy
BAABEET . R

Electrical connection

ez
Elbow
ook
*with common connector !
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Palm @
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Removable lithium
polymer battery

Figure 12. Modular upper arm interfaces combine mechanical
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Srtaceupand down SPECTRA FIBER
and side to side.

Honeywell Spectra fiber
patented gel-spinning pr

= A bright white polyethy
= Stronger than steel anc
= Capable of withstandin
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Elu2-Hand
24-210
(speed and torque data subject to change)

1a Thumb Opposition
max speed 164 (deg’s)
max torque 0.76 (Nm)
—coupled to palm ‘cupping -

1b. Thumb Adduction
(Carpometacarpal Jomt - CMT)

max speed 83 (deg/s)

max torque 1.66 (Nm)

—coupled from a single actuator—(OR)
15. Thumb Adduction

(Proxamal Interphalangeal Jomnt - PIPT)
max speed 83 (deg/s)

max torque 1.66 (Nm)

2a. Index Finger Flexaon
(Metacarpophalangeal Jomt - MCPJT)
max speed 183 (deg’s)

max torque 0.57 (Nm)

mechanically backdrivable

2b. Index Finger Flexion (PIPT)
Max speed 112 (deg/s)

Max torque 0.20 (Nm)
mechanically backdrivable

3a. Middle Finger Flexion (MCPT)
max speed 183 (deg's)

max torque 0.57 (Nm)
mechanically backdrivable

3b. Middle Finger Flexion (PIPT)
Max speed 112 (deg’s)

Max torque 0.20 (Nm)
mechanically backdrivable

4a. Ring Finger Flexion (MCPJ)

max speed 76 (deg’s)

max torque 0.30 (Nm)

—coupled from a single actuator— (OR)
—-both mechanically backdrivable—

4b. Ring Fmnger Flexion (PIPT)

Max speed 112 (deg/s)

Max torque 0.20 (Nm)

5a. Small Finger Flexaon (MCPJ)

max speed 76 (deg's)

max torque 0.30 (Nm)

—coupled from a single actuator— (OR)
--both mechanically backdrivable—

5b. Small Finger Flexion (PIPT)

Max speed 112 (deg/s)

Max torque 0.20 (Nm)

6. Spreading Dizits 2-4-5 (not mdicated)
max speed 162 (deg's)
max torque 0.55 (Nm)
compliant spring in sevies with actuator

$» UBTECH

Speed ratings are based on nominal motor speed ratings for all motors used.

Torque ratings are based on a 14 input current for movements labelled; 1a,
1b, 1c, 2a, 3a, 6; and a current input of 0.54 for the movements labelled; 2b,
3b, 4a, 4b, 3a, 5b.



Shadow Dexterous Hand NASA Robotnaut hand

Enabling Technologies

*Tendon Driven Finger Actuation System
—Compact Remote Actuation
—Hybrid Vectran/Teflon Tendon Material

ARIRIES KR
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* Capabilities Enabled

— Human-Like Size, Strength
and Range of Travel

—  FingerTorque Control

Motor
Gear Head

Ball Screw Assembly

Ball Nut
Ball Screw

Teflon Liner

. N —  Braided Polymer Tendon
Tendon Hook
— Tendon Terminator

Tendon Loop

For Official NASA Use Only

The required tendon forces are
ranging from 60N for the
metacarpal joint of the little finger
and rising up to 350N for the DIP
joint of the index finger. All joints
should have a passive range of 30
degrees without tendon slack.
Hence one mechanism must
provide 60 degree tendon travel at
the finger. Despite all these
requirements the mechanism must

Py remain compact, with low friction
.\/. UBTECH and minimal inertia.
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adaptive fingers
(underactuated)

[
! Embedded force
"W i sensing and control

Finger

Tendon
Slider

Screw
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DLR Dexhand

= EERARRL F 15,
BRFIE=D 5 HE.
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Fig. 9. Section view of Dexhand Fig. 6. Drive unit with ILM 25 and harmonic drive gearing

~ DOF-1-MP-PAN

B DOF-2-MP-Flexion

5 MOT-3 (PIP)
q MOT-2 (MP)
MOT-1 (MP)

Fig. 5. Actuation principle of the fingers

The Dexhand fingers are design to actively
produce a fingertip force of 25 N (for the
stretched finger it corresponds to about 3kg at
finger tip1 while withstanding 100 N passively.
The motor unit for Dexhand has been developed
based on the DLR / Robodrive ILM 25 motor
including the gearing of a harmonic drive HFUC
8 with a transmission ratio of 100:1. The whole
unit fits into a cylinder of 27 mm diameter and a
length of 17.5 mm with a weight of 46g (Fig. 6).
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Sandia Hand
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F1link _
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spring
electrical §

__ F3circuit board
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bearing
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- finger motor
control board
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IRIM Lab Koreatech: RoboRay hand

KFIERIETN R A T 55~ BIpose motion,

FEFR B9 grasp motionFroll motion=BH

JEO FEREZERVMLMFHIEIEHRE,
BESCINASTRAIEN1E,

P Pitch  Roll /. TABLE II
i —@ : Motion. Motion SPECIFICATIONS OF THE ROBORAY HAND
| Items Specifications
‘Weight 1.59 kg
Dimensions Hand (HXLXW) 160 X 80 X 45 mm
Forearm (HXLXW) 186X 76 83 mm
Finger 12 DOF / 5 fingers
DOF Wrist 2 DOF
Firger A5 AEunierin Payload Peak Eir}gertip force 15N
Actuators Motion Speed / MPR :]o.mt 800deg/sec, 47:1
Reduction rafio MPP joint 700deg/sec, 57:1
f PIP joint 450deg/sec, 82:1
7 ) Actuation Motor, ball screw, wire and pulley
el Minimum force sensing
Sensing without Compensation : 0.735N
‘ with Compensation  : 0.196N
>, Pose motion 1.8Watt DC motor
Actuator Pack Motor Grasp & roll motion 8 Watt BLCD motor
Roll motion 12Watt BLCD motor
. DC 12V, DSPTMS320F2812
Electronics EtherCAT communication

Fig. 1. RoboRay, a humanoid robot with two life-size dexterous robotic Wrist actuators | . |
hands developed in Mechatronics Center of Samsung Electronics [9][10]. in straight pose ® Wrist motions




IRIM Lab Koreatech FLLEX Hand

- 3 DOF per finger
- fingertip force 40 N

- Repeatability 0.2 mm
- Impact absorbing capability

DIP rolling

PIP (Q"

Volar frame

Pcton

MCProll ~

rolling joint

> M ) o03/115

lasic Concept of FLLEX Hand

DY
MCP Y By L7
Volar frame 4 i )

joint

PIP
rolling
joint

MCP pitch
¥ rolling joint

MAORBEMLTFIERT, ERRENTURERES.

Flexible
pulleys

Wires for .
3-DOF

actuation

“h ) oo7/1as

3asic Concept of FLLEX Hand

Simple mechanism with a minimum
PIP-DIP e < number of rigid components:
SCupE S ; - only six rigid frames, several polymer wires,
q and flexible sheets.

Kinematically accurate mechanism with
Impact absorbing structure:

- Center ligament and spring absorb the impacts.
- Flexible pulleys enable exact modeling.

Center
. ligament

Extention B Latex skin containing fluid lubricant
cEe Y 4 - reduces frictions similar to the operation of
the synovial fluid of humans

3asic Concept of FLLEX Hand



DLR/HIT Hand II
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HIT-adaptive finger

BRECIRTIKEN R B | MBS EMLFIEESEN T
RN | BRI

D
C
Distal Media Proximal Self-locking  Actuation
phalanx phalanx phalanx unit unit
(a) Initial position

Signal disposal Coupled-adaptive Self-locking

circuit board transmission unit Coupled Coupled-adaptive

four-bar linkage multi-bar linkage

\,, ) K
; x e ) E l o B
(c) Contacting object (d) Adaptive motion - —J%— - ‘GQ%A
H
a _D“
T—% E

Fig. 5. Coupled-adaptive motion. (a) The finger is in the initial position.

(b) The finger carrying out humanoid motion in free space. (c) The

proximal phanlanx is contacting the object. (d) Another phalanx coutiue to

adaptive motion after the proximal phalanx contacted object till the travel Fig. 4. The coupled-adaptive mechanism of the finger. The red arrow
is exhausted. reprensent the direction of rotation of the bar.

Tactile sensor  Angle sensor  Torque sensor  Actuator unit

$» UBTECH
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Asimo hand

NHK WORLD

Asimo handi@
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Festo — BionicSoftHand

Bioni

icSoftHand
Highly integrated soft robotic components

SHFEELE
SARZBERLR,

Pneumatic
swivel modules




IRIM Lab Koreatech: AMBIDEX

LIMS2-AMBIDEX Hand
4-DOF 3-finger hand
Underactuated finger mechanism
Loosely coupled Joints for constant free motion
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Robotiq

BASIC
MODE

DIFFERENT
GRIP
MODES

PINCH

MODE MODE

Kinova Gripper
KG-3

PaCoMe Adaptive
Mechanical Fingers
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DLR, Prensilia IH2 AzzurraFlRobonaut Vincent handfliLimb BB A AL FFi5te T N B
handiB1d ZAT BB s Fi50%Es), B bR %S bR AT IR B F 35455 &)
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A TEHEMSE EF
AATALLARAAILS (AL AR RAN /
77, Z 7
I SH
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==F } MCP Jomt
.- : «
j Z '1’9 ” Tendon ¥ .'”' ——
= A\ Slider .
AN \ Screw Gearbox
=% 3 ITER ®F

Worm Gear Bevel Gear Worm Gear

2 DLR &AEIRghas A , ; : ; s T : .
AGHiEHoR GE Vincent Finger Drive Mechanism iLimb Finger Drive Mechanism

Ball Nut

BTN 2 AL dR%e AT A 25 77 AR o IASCELANLAR B 3L,
EETAAETERSHFSHENARSR, thmmi
M. EEEHIERRK, BHEDR.

Ball Screw

Tendon Hook

Tendon Loop
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DLR Dexhand 813 FIgRR AR B +1E K + SR 2097 UREN F15 fill [,

Digit I: Flexion/Exten:

Digit I: Opposition/Repositio

£\ DOF-1-MP-PAN

|
r ‘,‘ - ' + 1
e - y
‘

L i
DOF-3-PIP- Flexion

DB DOF-2-MP-Flexion
5 MOT-3 (PIP)
q MOT-2 (MP)

DOA3

MOT-1 (MP)

DLR_Hand Arm System iBiZ i T/ NE B HE s R & 2RI F 15 x

| e
Digit II: Flexion/Extension Digits I11-V: Flexion/Extension

support bearing
clutch bearings
support bearings I g

brushless DC moto
‘ oo W
T input :shaftj output pulley

T clutch housmg

V U B TE CH planetary gearhead
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(b) Kinematics

Fig. 1. A multifingered robot hand, the NAIST hand: the hand has four fingers and 12 DOFs.

Motor1: MP (adduction/abduction) Motor2: MP (flexion/extension)

DIP Joint

5 PIP Joint
(coupled with PIP)

Fig. 2. Finger module (without the fingertip).

Naist handF| 552, [EXm
AR EFSEM=1"EHE
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MITCSAIL Origami Robot|c Gripper
TJ??EE*M’H =5

Skin

Skeleton

A vacuum collapses the gripper around the object
Air flow

NHK WORLD

b
Its origami-inspired
design allows it to
grasp a wide variety
of objects

“

Its origami-inspired - -

design allows it to = =

grasp a wide variety RS SY e forrare A AR v UBTECH
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of objects
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Driving
backbone

| Driven backbone /

Continuum
Differential
Mechanism

Battery pack

Fig. 3. The single-actuator prosthetic hand

Fig. 2.

pulley-based one. (¢) a pinion-based one. and (d) a continuum one

Differential mechanisms: (a) a lever-based mechanism. (b) a
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i M AWLNER NSNS FieXxTiEs. EEEIRN, B8R, RN
R, RREAME, —HMRE FEKE

Tendon _# %
” o

Actuator

EA D RRINEA, RITRER. DEFROARK, BRESAZEHE.

Distal Media Proximal Self-locking  Actuation
phalanx phalanx phalanx unit unit

P \ MCP l

lI E \B
K | e ==l &
S T o

-
g
/

H b7 c E
Coupled Coupled-adaptive
four-bar linkage multi-bar linkage

R
D
¢ 1T—% E

Fig. 4. The coupled-adaptive mechanism of the finger. The red arrow
reprensent the direction of rotation of the bar.
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MLVDS to Upper Arm
and Brainstem

MLVDS Communications

? \}-L\_l_ Link (50 Mbit/s) \
g’ -LX-L High Speed Serial Link |

5 Mbit/s

Motor Driver Board

High Speed
¥~{ Serial Link
50 Mbit's

DLR/HIT g
RIS, LR - ERERSE B% ) Coiiiie

>,

s
R e I e
Proximal
ﬁﬂ@z /I{_:—'\ |3$ Finger
5%):5 Medial
Finger

FHRWIRL

EHAR AL E
ERERTIIN

Sensor & Control Update Rates
Tension — 350Hz

Phalange — 50Hz

Hall — 350Hz

EE;:)? Imped?nce Control - 350Hz Finger
o Cartesian Control — 50Hz Phalange Finger
gg:\csir Hall Position Tendon Force
VASA Use Qndsr Sensor
M40
CAN 11

PPSeCo $%11
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@ turn Left

@ stand up from the front

00: .01 00:00:02 00:00:03 00:00:04 00:00:05 00:00:06 00:00:07 00:00:08 00:00:09 00:00:10

@ stand up from the back

@ Right punch

@® push-up LRy ns I 4 + FFEE

@ move Rightward L _
1D9 ID10 ID11 ID12 ID13 ID14 ID15 ID16 ZETESE(ms) EET[8(ms)

@ move Leftward

@ move forward

@ move back

@ Left punch

@® default

fiEdN. ID:

N
F Pl
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