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THE DEVELOPMENT OF MECHANICAL AND
ELECTRONIC ROBOT JOINT MODULES

ABSTRACT

With China's economic restructuring and manufacturing industry changes, China's robot
sales maintain the top position in the world and it has held for four consecutive years. Although
all levels of government, research departments and related enterprises place the development of
the robot industry first, China's own brand of robot sales accounted for only 8% of total sales due
to the core technology of foreign robots monopoly,. In order to break through the foreign brand
monopoly, in order to change the road overtaking, in order to break the traditional market robots
most of the use of fixed form of mechanical structure, in order to change the individual control
system, robot modular design has been more and more users agree.

In this paper, targeting the drive and control integrated modular joint component based on
ROS, the system research and practice of the compact and lightweight electromechanical
integrated robot joint module are carried out. We plan to design a set of mechanical structure,
control, drive and communication in one of the modular robot joint unit, the main contents are as
follows:

1. Based on the analysis of the status quo of modular robot joint technologyin China and
abroad, this paper puts forward that the joint module adopts the way of the center hole to avoid
the damage of the wire due to the working environment of the robot arm and the arm movement.
The motor drive, the harmonic deceleration, the absolute disc positioning, temperature
measurement, attitude and acceleration perception adopt an integrated design;

2. The finite element theory analysis and optimization of the structural strength of the
compact man-machine integrated robot joint module are carried out. The structure of the joint
shaft is designed with the parallel shaft or vertical axis. And we avoid the use of too complex and
difficult processing of high connecting rod design. The structure of the connecting rod is reduced
ro reduce the processing funds under the premise of ensuring the diversification of the
configuration;

3. According to two DC brushless servo motor, there are two types of robot joint module a
hollow one and a semi-hollow one The modularized joint has independent driving, control and
communication system. It can rotate with a single freedom of motion. Its unique mechanical
structure guarantees integration motor driving and control.

4. Designed the absolute encoder based on Hall sensor to improve the overall volume of the
joint with reduced reliability, and innovatively add the joint intelligence and reliability of the joint
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between the temperature sensor and the gyro accelerometer in the joint module.
5. At the end of this paper, the technical indexes of the single joint module are verified
experimentally. The experimental results show that the modular joints designed in this paper can

meet the design indexes.

Key words: mechanical and electrical integration, robot joint module, servo control
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FEATURES

* Plug and Play

= Easy mechanical integration

« Torque, position, current, temperature and acceleration sensors
+ Torque, position or velocity control

* Unlimited joint rotations

« Carbon fiber structure

» Two expansion lines

« Windows/Linux Kinova SDK and ROS enabled
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AR SEHE LR B A5, AU T AME LT R R SE, SIRFEIRE, 39b T it 4T
R R, R N R, EEWRAEND, LT REN.

BRUELAGE, UG 4liR s — AN Al & T CARR RN T AT Re kG, e i oe Emh & 7 2
BRI TR, — BN TR AR R, sta HBLA A MG &R R i 8, SEm i
EHIBAT, HHSERIRKIEE, 55— g — o T L8 T ke, ik
BRAK TN TRE R, BRAR T 7 iin T ReAR .

B, FRATATULE H 8 — R s G5 M — R b 235 BLAR 3 1 2 vh 22 G5 H) FITR A 1 14
M, WRTEERE LA T PR th A M — RS IR A A AR, X BRI,
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DR I B 2 e 23 8 W B AT 22 SR80 MU, HLAE AR B /N T 2 g5 W ) — A4 56T, )
i T 58 AR p A G — RGOSR T PR RE B E S s R ek A R U e 4
SRAATIIHE, Fofm T AR S G — AR ST R A FO U, DRI e (U
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T AR M S L H AT R Q& b g, RICRIGEE SR AR5 7 (8, W & AT &
FRAS A 2 LA

gi bRk, g O B AA DN AT, KSR R B, EES
JOL St T M R ST ER B ™k, BT R R R R BT, e s g —
WAL E R ARBEM AR, 5 R MRe & BTE, BEIE & R A5 A 7=,
AN RS BERTERS, ST BRI L 17 _E T

% 19 Tl 3k 69 T



X ,‘;n---w ‘*\"{ SHANGHAI JIAO TONG UNIVERSITY HL EE;—"TZISHL%&}\%%*ﬁﬁ%EGﬁE

BT NREESHEWT

3.1 5l

TR IRB] | FE ] AR BEREEPAT T, R L D e
(HAZ, B RS A St as P S04~ B R i e iash, P 28 58 U N 2R I 1)
A, MR ER 2 A AR AT AL G, TSR] LU A ROE 3 A 8l ) 2 R K — 14
KTHLEFN -

X IR A A AR SR ST RSN, FENURES I R, BR T
EA KT, BT BERAA, R AT AT ILOERE, LA
JUR] AR SERUR —FEE AR R — AR TR A

5L s A B E B TAES L (e B B L A 28 TR A S B R AR 38D AR EL,
— AL ST EE A TT AR P O R TR SR O fEUM A b, R B 1
P AT RIS — AR ST BEAT 2 R 2 FERO AL, eIt 2 R0 B . 2 R LR ST AL as
N5 MR SEBRER AR 22 R AN AR S TR AN, FH P AT DU — AT AE R AL AR ) R 5 2k
AT IAEAEI, L 2 TOUESR o XA — AL T LA N BERS AT 5 (A Y, B
PR IAE R T WL Ao R A, B RN ST T A= R

3.2 EEBEMEIt

3.2.1 Wk E R AT

ERAMAE R — R T HLER NI B NS, Rt B EA DU 2K

(L —EBHM, ERE M

AP AR R ERA RN — R, HAETRRE M T NS N . 78
ERAM L RRE T, BERSFE-EERA, BEZSF AN TAT .

(2) BHE, Ko wHEEAE

TEFEE— A ST N R A, O Z (R AU 32 37 4 250 T34, B HLEs A
FIEERC YIS AT . FFH, YUMOERE AT A YREN, J7 (8 75 75 L oL A B () 5
B Re e,

(3) g5, PRuEE B NI

TE— R TTHLAS NFE TRl , A 75 B 2L A Nis AT I RE i i — R4k
KA BIEATE R, 58 EARUE B A 2 R A A W R R SR AR, T B EH 2N T IR
UE— A ST HLAS N IR S AT AS B, R A 77 B A ORI NI

(4) PR, Lz El

— RO AR A A AEN U S5 44 b L R R — A ST LSS N, FE SR UEE R AR o T
NIEERI RIS, R R PRAIE R A B, o] AR RS — AR OG5 A A e i), g 754
ML NAEIZAT NS -

(5) FFINL, FEEEA

AR — RO &, IR AR A RO TT BN N B4 B, W v T In A Uk
ghire, BRARILAR =G AR, 7 1) s A e v 2R A S, X T4 — AR ST AL AN
R, WHEAEHEERSLRE .

&
S
b=
H
3
=



@) Fiary
NITE/ SHANGHA JIAO TONG UNIVERSITY HUHL— PR HL B8 A S TR T 5
3.2.2 HIEMBTH

IS RERA AR BRI R 00T, EH T ER S S RTEM KL, BE SR AN X
R AR, SEARFAERATN R TR,

Fh2E EAEEBALE S IS EEFRN A AT,

HIEM BB ESRVIEIRE, BT 5B TSN TER:, @EEN— i
RTTHLAS NI R RN, 2 e T AL N AR 25 (8] 1 2 R o AR F HH 0o BE d (RIS,
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THE DEVELOPMENT OF MECHANICAL AND
ELECTRONIC ROBOT JOINT MODULES

With the sales of robots in China for four consecutive years ranked first, the robot industry
has become the focus of development of all sectors of our country. Limited by the core technology
and innovation, the core components of the robot has never been able to break through foreign
brands monopoly. Service robot as one of its common core technology, one of the robot joint
module technology has not yet formed a monopoly, the joint component is a key component of the
joint robot, is the smallest unit of its movement. Single joint structure integration refers to the
mechanical transmission structure, drive module, sensor communication and other components
integrated in the same structure, to achieve the modular design of the joint. Currently on the
market selling traditional robotic arm is limited by the comprehensive cost, market demand, batch
and other restrictions, often not conducive to the user according to their own application scenarios
custom robot. To this end, the concept of robot standard integration joints came into being. The
use of integrated joint free combination of ways, not only can shorten the robot development cycle,
but also to adapt to all kinds of special tasks, while reducing the cost of purchasing commercial
robots. Therefore, the breakthrough of one of the robotic joint components will bring the huge
market of service robots.

Compared with the traditional manipulator technology, the integrated joints have the
advantages of light weight, compact structure and large torque, and make the robotic robotic arm
do not need to be redesigned. Only need to choose the appropriate integrated joints to assemble
and shorten the research and development Cycle, further reducing costs. The modularity of
structural integration also reduces the cost of arm manufacturing and maintenance, and
manufacturers no longer need to produce robots with different structures, but only need to produce
a series of modular joints that reduce the difficulty of production, while the user to repair It is only
necessary to replace the broken module can be, reducing the cost of maintenance. However, this
also makes a lot of demands for the design of an integrated joint.

The integration of joint development is divided into four parts: institutional design, electrical
hardware, drive control, software algorithms. For the service industry for the joint component of
the application requirements, the function of the joint required a detailed analysis to determine the
subject of the study to achieve the desired joint component function. The overall design simplifies
the following functional objectives:

1. The mechanical and electrical connections between joints can be easily plugged quickly
and plug and play

2. Joint structure can provide a variety of connections

3. Can collect the location, speed, current, temperature, acceleration sensing information

4. The user can use the position, speed control mode to control joint movement

5. At the same time provide CAN bus and EtherCAT dual communication mode

The institutional design mainly includes the design of the joint drive and transmission
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mechanism, as well as the joint shell and the design of the joints between the joints. Driving one
of the joint components as the smallest unit of the robot, the user can be our integrated joints
applied to a variety of scenes, so our integration of the joint structure needs to provide users with a
variety of connection programs, while the structure needs to be as compact as possible, Reduce
weight, achieve lightweight design, and have high torque, allowing users to easily integrate our
integrated joints in their own design. Through the quick connection of the joint link to achieve the
robot assembly, thereby simplifying the user to develop custom robot arm steps. Compared with
the fixed working parameters (such as the overall configuration, the working space and the
maximum load of the end) of the common robot products, the integrated joint robot can meet the
more flexible working conditions of the user. In the mechanical structure, Can be a variety of
integrated joints for a variety of combinations, thus the construction of a variety of degrees of
freedom, a variety of configuration of the joint robot; according to the actual operating space and
workload requirements, the user can integrate the joint and connection components Models to
adjust and select to meet the requirements of the conditions. This will not only enable the
integration of joint robots can have a wider range of use, but also greatly shorten the development
cycle of the robot products, effectively enhance the production efficiency.

The electrical hardware is controlled by the drive, and is limited to the design of the
mechanism, which integrates the electrical components required for the drive control system into
the joint mechanism and simplifies the connection of the joints. Standard robotic joints not only
need to integrate the mechanical structure of the joint, for its corresponding drive system also has
special requirements. Such as: the electrical connection between the joints to be able to easily
connect, in the completion of mechanical installation at the same time to complete the electrical
connection between the joints; drive circuit board to fit with the mechanical structure, reasonable
layout in the joint structure; drive system in accordance with the host computer instructions
Accurately drive the motor movement within the joint; drive system for the host computer
feedback more inside and outside the sensor parameters for the host computer to do advanced
control and planning to provide data reference; between the joints and joints and the host
computer to be able to exchange in real time Data, so that control instructions and sensor data in
the communication line stable and fast transmission. Single-joint drive system to ARM board as
the core processing chip, by forwarding the host computer program to calculate the speed, current
instruction to achieve the function of driving DC brushless motor. Periodically collect data from
multiple types of sensors, the sensor data and drive feedback data via the CAN bus or EtherCAT
bus to the host computer. The entire system by the robot joints of the bus power supply, the system
to achieve 5V and 4.3V buck regulator, the supply of various types of chip operating voltage.

We build intelligent and connected building blocks for creating robotic solutions and uses
these building blocks to deliver these solutions faster, better, and cheaper than current
technology. Well-defined interfaces, internet-enabled connectivity, and smart software tools
allow implementers to spend their time focusing on the task at hand rather than low-level
implementation details, resulting in faster development. The flexibility and reconfigurability of
these tools allow robotic solutions to be more appropriately customized for their tasks, resulting in
better robots. Finally, these both result in solutions that are cheaper, both due to reduction in
development time and because customization means that only necessary parts are purchased.

The mechanical and electronic robot joint modules that we develop allow engineers,
researchers, and industrial integrators to quickly and easily create world-class custom robots of
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any configuration. These actuators are packed with sensors that enable controllable position,
velocity, and sensitive torque control as well as three axis inertial measurement.

Each module is a series-elastic actuator that integrates a brushless motor, geartrain, spring,
encoders, and control electronics into a compact package that runs on anything 220V and
communicates using CAN/EtherCat.

This module is designed to function as a full-featured robotic component as opposed to a
simple servo motor. The output rotates continuously, requires no calibration or homing on
boot-up, and contains a thru-bore for easy daisy-chaining and wiring. This enables these modules
to be used in everything from wheeled robots to multi degree of freedom collaborative robotic
arms.

To sum up, this thesis develops a series of mechanicaland electronic robot joint modules,
whose key thought is to develop multiple types of modular robotic joint, and combine these joints
to meet particular needs of configuration and parameters in a similar way as building Lego blocks.
After determining the use requirements, users can select the desired joint according to the
selection table. Users are free to program and control the robot through short-time learning of the
software, thus broaden the application of robot in service, medical and industry.
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