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A Study on the Application of Thermal Insulation Composite
Frame for Welding in Enclosed Space

Jae-Youl Lee*,**, Kwang-Woo Jeong**, Sung-Ho Hong**, Kwang-Bok Shin**

ABSTRACT: In this paper, the design application for the lightweight and insulation of the manipulator of the mobile
welding robot for the closed/narrow space is presented. A variety of robotic platforms have been developed for weld-
worker using a welding robot outside a workpiece for welding work in a complex and narrow space such as a ship or
an offshore plant. Normally, The development process of robots consists of machine development, electronic device
development, control algorithm development and integration verification considering application environment and
requirements. In order to develop the robustness of the welding robot, the lightweight design of the robot manipulator
considering the environmental conditions was performed in the basic design of the robot platform. Also, The results
of the robot selection and validation, analysis and testing for the insulation performance and cooling performance and
the results of the research are shown.
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Fig. 6. Max. drive torque calculation using multibody dynamics
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Table 1. Stacking sequence of composite frame - design level

Stacking sequence

T300 woven [WSN 3KY] T700 UD [USN 200B]
Count | Direction | Thickness | Count | Direction | Thickness
Ply 1 Fill 0.23mm | Ply1 0
Ply 2 Warp | 023 mm | Ply2 90
Total ply 0.46 mm | Ply3 0
Ply 4 45
Cork mat Ply 5 -45
Count | Direction | Thickness | Ply 6 90 0.195 mm
1 None 2 mm Ply 7 90
Total ply 2 mm Ply 8 -45
Ply 9 45
Ply 10 0
Total ply 2 mm
BE71 24 HESATHIL Y BT Vo 4
BAS Fo) Table 13} 2-& A% 50) Wl Aje] 4HE 5
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Fig. 9. Mechanical properties test considering temperature
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Table 2. Heat transfer coefficient of applied materials

. Thermal
Materials[Product name] conductivity (W/mk)
CFRP [Hexel/SK Chemical 2.0-35
- USN 150/WSN 3K]

GFRP [HFG/GOOKDO- NF/RS] 2.3~3.5
CORK [KIRUNG - Cork roll 2t] 0.045
AEROGEL pad [Aerogel - pyrogel XT] 0.02
ALUMINUM 205
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Table 3. Specimens of thermal insulation test

Specimens Considered materials Thickness (mm)
1 CFRP
2.5
2 GFRP
3 CFRP + Cork
4 GFRP + Cork 2.5+2
5 CFRP + Aerogel pad

// Outer face 1: T300 CFRP WOVEN 0.46t or NF4000/RS3232

~ Outer face 2 : T700 CFRP UD 2.0t or NF4000/RS3232
" Inner insulator : Cork 2t or Aerogel 2t

Material cutting(Pre-preg) -> Hand lay-up -> Vacuum bagging ->
Compaction -> Curing

h=190mm

o1 SOmm‘

Fig. 12. Specimen fabrication and fabrication process

| S |

Chamber DAQ

@ Pr outer : Temperature sensor inside the chamber

@ Pr inner : Temperature sensor inside the frame

(® Pr dummy : Temperature sensor inside the dummy

@ Tc outer : Temperature sensor on the outer surface of the frame

® Tc inner : Temperature sensor on the inner surface of the frame

® Tc dummy : Temperature sensor on the outer surface of the dummy

Fig. 13. Test equipment for insulation performance test and
preparation of test object
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Table 4. Combination of test conditions for test materials and
conditions for insulation performance

C Specimen. Temperature| Frame
ase pecimens (chamber) Cooling
CFRP 2.5T
GFRP 2.5T
Case 1 CFRP 2.5T + CORK 2T 120°C None
GFRP 2.5T + CORK 2T
CFRP 2.5T + Aerogel 2T
CFRP 2.5T
GFRP 2.5T
Case 2 CFRP 2.5T + CORK 2T 120°C IO(Z)I?;M’
GFRP 2.5T + CORK 2T
CFRP 2.5T + Aerogel 2T
CFRP 2.5T
GFRP 2.5T
Case 3 jopec | 10OLPM.
CFRP 2.5T + CORK 2T 21°C
GFRP 2.5T + CORK 2T
70
- mmorR 7
60 |- CFRP* Cork %
W GFRP + Cork /
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~ 50 F /
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Fig. 14. Results of insulation performance test (a) Difference
temperature, (b) Degradation ratio of temperature
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Table 5. Define analytical conditions for case studies

Boundary condition Case 1 Case 2 Case 3
Cooling jacket [I/min] 20 50 20
Cooling jacket mat. Al7075 | Copper | Copper
Cooling jacket working fluid Air Air Water
Out temp. [°C] 100
IC Chip temp. [°C] 70
Motor temp. [°C] 95
Cooling pipe flow rate [I/min] 100
Cooling jacket [I/min] 20
Analysis type Steady state
Domain type Fluid & Solid
Turbulent model k-¢
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Fig. 16. Define of boundary conditions and case studies model
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Fig. 17. Composition of material components of analysis model

Table 7. Thermal properties of analysis model

Materials Specific heat Thermal conductivity
capacity [J/kg-K] [W/m-K]
CFRP T300 795.492 3.5
CFRP T700 753.624 3.5
AL7075-T6 960 205
EPDM 2,200 0.36
ABS 1,590.98 0.17445
PC 1,256.04 0.19771
SUS304 502 16.3
Cork 1,900 0.043
Epoxy 700 0.04
GFRP 1,310 3.5
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Fig. 19. The velocity distribution analysis result - case 1
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Table 8. Temperature results according to position of CFD

Mark Domain Case 1 Case 2 Case 3
No. [°C] [°C] [°C]
1 Internal fluid 55.9 59.05 47.35
Cork 69.8 76.35 65.55

2 GFRP UD 84.4 83.75 75.45
GFRP Wove 86.0 85.15 76.65

Motor housing 84.5 83.85 62.05

Cooling jacket 91.3 89.15 27.75
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Fig. 21. Test equipment for evaluating insulation performance
of unit module

Table 9. Case studies for evaluation of the cooling system

Test Frame cooling | Cooling jacket | Ext. cooling unit
Case 1 On(Air) Off non
Case 2 On(Air) On(Air) On
Case 3 On(Air) On(Water) On

*Environment chamber temperature is 90°C.

Water tank

Thermoelectric
module
Pump

X1 “4
1 iy 1968
W’””W |

£ ] & 095 200 [0523:16 [20:05:04
Cooling performance test for cooling jacket(thermal camera measurement)

Fig. 22. Configuration of external cooling support unit and
thermal imaging of cooling jacket

Thermal chamber (3

» Contact type temperature sensor probe
B Non-contact type temperature sensor probe

Fig. 23. Temperature measurement position of test object
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Fig. 24. Thermal insulation test results (hysteresis curves by
measurement location) considering test conditions
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(b) Performance and active test

Fig. 26. Active checking after performance test for thermal
environment test
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