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DESIGN AND EXPERIMENTAL RESEARCH OF POSITIVE
PRESSURE EXPLOSION-PROOF SYSTEM FOR INDUSTRIAL
ROBOT

ABSTRACT

In recent years industrial robots are widely used in grinding, welding,
handling, spraying and other industrial fields, which can effectively improve
product quality and productivity. When industrial robots are used in painting
operations or other hazardous work environments, they pose a safety risk if the
sparks, static electricity, high temperatures and other hazardous sources generated
by their internal electrical components come into contact with flammable and
explosive gases emitted by the paint. Aiming at the above problems, this thesis
adopts the positive pressure type explosion-proof method to design and optimize
the explosion-proof system of industrial robots, and the main work is as follows:

(1) The explosion-proof principle and basic theory of analysis, according to
the cause of the explosion, the national standards on the classification of
explosive places, the characteristics of various explosion-proof type and
applicable occasions, and combined with the structural characteristics of
industrial robots and the working environment, to determine the explosion-proof
type of industrial robots for the positive-pressure type.

(2) According to the flow field theory, a periodic pulse air intake cleaning
and ventilation method is proposed, and a flow field simulation model is
established to simulate the finite element simulation of the explosion-proof
industrial robot cleaning and ventilation process using FLUENT software to

compare and analyze the effects of the period and amplitude of the pulse air intake
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on the efficiency of the cleaning and ventilation. According to the analysis, when
the period is the same, the larger the amplitude of the pulse inlet, the higher the
efficiency of scavenging and ventilation; when the amplitude is the same, the
smaller the period of the pulse inlet, the higher the efficiency of scavenging and
ventilation.

(3) Based on the impact of periodic pulse air intake on the efficiency of
explosion-proof industrial robot cleaning and air exchange, a positive-pressure
explosion-proof system for industrial robots was designed, specifically including
the design of the positive-pressure explosion-proof air circuit system and the
design of the control system. According to the design scheme, complete the
selection of core components, draw the electrical schematic diagram, and design
the software human-computer interaction interface, which effectively realizes the
efficient cleaning and ventilation function of the industrial robot as well as the
positive pressure maintenance function.

(4) An experimental platform was set up to conduct experimental studies on
the finite element simulation results and the designed positive-pressure
explosion-proof system. The accuracy of the finite element simulation analysis is
verified by comparing the experimental data and simulation results. In addition,
the safety and reliability of the positive-pressure explosion-proof system is
verified through experimental studies of positive-pressure compensation, safety
valve pressure relief, and fault alarm functions.

After the research of this thesis, the positive pressure explosion-proof related
technology of industrial robots has been further developed to provide guidance
for practical engineering applications, while the subsequent research work

provides experience and reference.

KEY WORDS: industrial robotics, positive pressure explosion-proof, fluid

simulation, pulse ventilation, system design
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2.00e+00 2.00e+00 2.00e+00 2.00e+00
1.80e+00 1.80e+00 1.80e+00 1.80e+00
1.60e+00 1.60e+00 1.60e+00 1.60e+00
1.40e+00 1.40e+00 1.40e+00 1.40e+00
1.20e+00 1.20e+00 1.20e+00 1.20e+00
1.00e+00 1.00e+00 1.00e+00 1.00e+00
. 8.00e-01 . . 8.00e-01 . 8.00e-01 . 8.00e-01
6.00e-01 6.00e-01 6.00e-01 6.00e-01
4.00e-01 4.00e-01 4.00e-01 4.00e-01
2.00e-01 n 2.00e-01 2.00e-01 2.00e-01
0.00e+00 0.00e+00 0.00e+00 0.00e+00
[m/s] [m/s] ] [m/is]
(a) t=10s (b) t=30s (¢) t=60s (d) t=120s
B 3-7 Tk 1 AP IR Ml VR A i 7 B I ) AR AR s T A
velocity velocity velocity velocity
Velocity Magnitude Velocity Magnitude Velocity Magnitude Velocity Magnitude
2.00e+00 2.00e+00 ... 2.00e+00 2.00e+00
1.80e+00 1.80e+00 |39 1.80e+00 1.80e+00
1.60e+00 1.60e+00 1.60e+00 1.60e+00
1.40e+00 1.40e+00 1.40e+00 1.40e+00
1.20e+00 1.20e+00 1.20e+00 1.20e+00
1.00e+00 1.00e+00 1.00e+00 1.00e+00
. 8.00e-01 8.00e-01 . 8.00e-01 . 8.00e-01
6.00e-01 6.00e-01 6.00e-01 ‘ 6.00e-01
4.00e-01 4.00e-01 4.00e-01 b 4.00e-01
2.00e-01 2.00e-01 2.00e-01 2.00e-01
0.00e+00 0.00e+00 0.00e+00 0.00e+00
[m/is] [m/s] [m/s]
(a) t=10s (b) t=30s (¢) t=60s (d) t=120s
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TR

concentration-percentage concentration-percentage concentration-percentage ooncentranon peroemage
Mass fraction of he Mass fraction of he Mass fraction of he Mass fractiol
8.00e-01 4.00e-01 2.00e-01 2. OOe 02
7.20e-01 3.60e-01 1.80e-01 1.80e-02
6.40e-01 3.20e-01 1.60e-01 1.60e-02
. 5.60e-01 | 2.80e-01 I 1.40e-01 1.40e-02
4.80e-01 2.40e-01 1.20e-01 1.20e-02
4.00e-01 2.00e-01 1.00e-01 1.00e-02
3.20e-01 1.60e-01 i 8.00e-02 8.00e-03
2.40e-01 ‘ 1.20e-01 6.00e-02 6.00e-03
1.60e-01 — 8.00e-02 L 4.00e-02 4.00e-03
8.00e-02 : 4.00e-02 2.00e-02 2.00e-03
0.00e+00 0.00e+00 0.00e+00 0.00e+00
(a) t=10s (b) t=30s (¢) t=60s (d) t=120s
B 3-9 Jrik 1 AR IR I (] 22 A7 B 1A
concentration-percentage concentration-percentage ooncentranon peroemage ooncentranon peroemage
Mass fraction of he Mass fraction of he Mass fr:
8.00e-01 4.00e-01 - 2 OOe 01 2 OOe 02
7.20e-01 3.60e-01 1.80e-01 1.80e-02
6.40e-01 3.20e-01 1.60e-01 1.60e-02
. 5.60e-01 | 2.80e-01 I 1.40e-01 1.40e-02
4.80e-01 2.40e-01 1.20e-01 1.20e-02
4.00e-01 2.00e-01 I 1.00e-01 1.008-02
3.20e-01 1.60e-01 8.00e-02 8.00e-03
2.40e-01 ‘ 1.20e-01 & 6.00e-02 6.00e-03
1.60e-01 8.00e-02 4.00e-02 4.00e-03
8.00e-02 ‘ 4.00e-02 2.00e-02 2.00e-03
0.00e+00 0.00e+00 0.00e+00 0.00e+00
(a) t=10s (b) t=30s (¢) t=60s (d) t=120s

Kl 3-10 7592 2 R IR EERE N ] A2 Ao = B
3.3.2 BRSO IRIE LT AL X SR AV S0
AN F B SRR 0 T Ak Y T B I 8] 1 AR AL B i 1] 3-11 B, ATLAE L 1
FiiE 2y i 3 A 4 R, AR R JIAE 0-40 FP BT B, Fodh ik 2 1 BT
TR, T7k 3 IR, Jiik 4 W ETRERE R . 40s ZJ5T7E 2. U5k 3 MIUTIE 4
fs A P K 3B 23 B 4E 0.051-0.056MPa. 0.05-0.054MPa Fll 0.048-0.051 AWl 251k .
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velocity velocity velocity
Velocity Magnitude Velocity Magnitude Veloc:ty Magnitude
2.00e+00 ... 2.00e+00 2.00e+00
1.80e+00 [ b | 1.80e+00 1.80e+00
1.60e+00 1.60e+00 1.60e+00
1.40e+00 1.40e+00 1.40e+00
1.20e+00 1.20e+00 1.20e+00
1.00e+00 1.00e+00 1.00e+00
8.00e-01 8.00e-01 8.00e-01
6.00e-01 6.00e-01 6.00e-01
4.00e-01 4.00e-01 4.00e-01
2.00e-01 2.00e-01 2.00e-01
0.00e+00 0.00e+00 0.00e+00
[mis] [m/s]
(a) J7i%2 (b) J7ik3 (o) Tt 4
B 3-12 30s AN [FIRMEE 0 T JEAAR A I 20 A s 2
velocity veloci velocity
Velocity Magnitude Velocity Magnitude Velocity Magnitude
2.00e+00 oy 2.00e+00 2.006+00 gy
1.80e+00 (AR 1.80e+00 1.80e+00 [P
1.60e+00 1.60e+00 1.60e+00
1.40e+00 1.40e+00 1.40e+00
- 1.208+00 1.20e+00 - 1.20e+00
1.00e+00 1.00e+00 1.00e+00
8.00e-01 8.00e-01 8.00e-01
6.00e-01 6.00e-01 6.00e-01
4.00e-01 4.00e-01 4.00e-01
2.00e-01 2.00e-01 2.00e-01
0.00e+00 0.00e+00 0.00e+00
[m/s] [m/s]

(a) Hik2 (b) H¥k3 (¢) Hit4
3-13 31s B AN [EHR IGO0 T Ak N 3 20 A o s B
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0.040
202530354045 5055606570
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I 18] (s)

Kl 3-15 AR WG DL T 1A A s 7324 iih £&

K 3-16 7y 30s I CBIDAAHE A IR AR N T8N A F RIS O N AR iz o
AiznZ B, B 3-17 4 30s Ja DA A 15 i 1A Py 78 SO AN IR 01 i 1A P i 32 23
AinE B WEFRTE 5k 2 TR A E bR . it s T M E R AR T
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velocity velocity

6.00e-01
4.00e-01
2.00e-01
0.00e+00

6.00e-01
4.00e-01
2.00e-01
0.00e+00

6.00e-01
4.00e-01
2.00e-01
0.00e+00

velocity

Velocity Magnitude Velocity Magnitude Velocity Magnitude
2.00e+00 . 2.00e+00 2.00e+00
1.80e+00 [N/ 1.80e+00 9 1.806+00
1.60e+00 1.60e+00 1.60e+00
1.40e+00 1.40e+00 1.40e+00
1.20e+00 1.20e+00 1.20e+00
1.00e+00 1.00e+00 1.00e+00
8.00e-01 8.00e-01 | 8.00e-01

[m/s] [m/s]

(a) 7712 78 30s NI (b) J7¥% 5 1F 30s Wi (c) J7¥ 6 7 30s I AL
K 3-16 DAIAME 72 S AN F R IS 0 R B4Rk N i3 o A s 7=

velocity velocity velocity
Velocity Magnitude Velocity Magnitude Velocity Magnitude
2.00e+00 oy 2.00e+00 2.00e+00 ___
1.80e+00 (AR 1.800+00 | 1.80e+00 N
1.60e+00 1.60e+00 1.60e+00
1.40e+00 1.40e+00 1.40e+00
- 1.208+00 1.20e+00 1.20e+00
1.00e+00 1.00e+00 1.00e+00
8.00e-01 8.00e-01 . 8.00e-01
6.00e-01 6.00e-01 6.00e-01
4.00e-01 4.00e-01 4.00e-01
2.00e-01 2.00e-01

2.00e-01
0.00e+00

0.00e+00

[mis] [m/s]

(a) J7¥k 2 78 31s WL

(b) 715 1F 33s B )i/

0.00e+00
[m/s]

(¢) 771k 6 1E 35s I (AR %

B 3-17 DAUEAE 78 U AN TR 018 0 T s 1Ak A it 20 A s T 1
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